
A comparative study of putative
melanogenic and melanogenesis inhibiting
substances in the vertebrate integument.

Item Type text; Dissertation-Reproduction (electronic)

Authors Johnson, Warren Carl.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:02:36

Link to Item http://hdl.handle.net/10150/186225

http://hdl.handle.net/10150/186225


INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI 

films the text directly from the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter face, while others may 

be from any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 

illustrations and photographs, print bleedthrough, substandard margins, 

and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand corner and 

continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 

xerographically in this copy. Higher quality 6" x 9" black and white 

photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly 

to order. 

V·M·I 
UniverSity Microfilms International 

A Bell & Howell Information Cornpany 
300 North Zeeb Road, Ann Arbor, M148106·1346 USA 

313/761·4700 800.'521·0600 





Order Number 9322735 

A comparative study of putative melanogenic and melanogenesis 
inhibiting substances in the vertebrate integument 

Johnson, Warren Carl, Ph.D. 

The University of Arizona, 1993 

Copyright ©1993 by Johnson, Warrcn Carl. All rights rcserved. 

V·M·I 
300 N. Zeeb Rd. 
Ann Arbor, MI 48106 





A COMPARATIVE STUDY OF PUTATIVE MELANOGENIC AND 

MELANOGENESIS INHIBITING SUBSTANCES IN THE 

VERTEBRATE INTEGUMENT 

by 

Warren Carl Johnson 

Copyright Warren Carl Johnson 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF ANATOMY 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

199 3 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

2 

As members or the Final Examination Committee, we certify that we have 

read the dissertation prepared bY ___ W~a~r~r~e~n __ C~.~J~o~h~n_s~o~n~ ____________ ___ 

entitled A Compara ti ve Study of Pu ta ti ve Melanogeni c and 

Melanogenesis Inhibiting Substances In the 

Vertebrate Integument 

and recommend that it be accepted as fulfilling the dissertation 

requirement for the Degree of Doctor of Philosophy 

Datel ) 

~/LS-/ f 3 

Date 

Date 

Final approval and acceptance of this dissertation is contingent upon 
the candidate1s submission of the final copy of the dissertation to the 
Graduate College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 
requirement. 

Oat!? ' 



3 

STATEMENT BY AUTHOR 

This dissertation has been submitted in partial 
fulfillment of requirements for an advance degree at The 
University of Arizona and is deposited in the University 
Library to be made available to borrowers under rules of the 
Library. 

Brief quotations from this 
without special permission, 
acknowledgment of source is made. 
extended quotation from or reprod 
whole or in part may be granted 

SIGNED:-ttmH~~~~~jP~ __ T-______ _ 



4 

ACKNOWLEDGEMENTS 

There are many people who have helped me in countless 
ways toward the completion of this work. It seems that it 
would be impossible to accurately or adequately thank each 
person for their individual contributions to the realization 
of this important component of my personal and professional 
goal. Many quiet encouragements have enabled me to continue 
when I might otherwise have turned away, and for all these 
reassurances I will remain ever appreciative. 

I have had the privilege of knowing Dr. Joseph T. Bagnara 
for eight years. His courses and personal confidence inspired 
me to continue with graduate studies when I finished my 
undergraduate work. The many experiences he has provided with 
a bountiful knowledge of the flora and fauna of Arizona on 
outings to the Chiricahua mountains, the White mountains, and 
the Santa catalina mountains contributed to my education in 
untold ways. He remains a model of the curious and vigorous 
generalist which I hope to emulate as I continue on as a 
scientist and instructor. 

I was fortunate to have two exceptional graduate office 
rna tes. Forest Wayne Morr isett, Ph. D. was completing his 
graduate work when I was beginning mine. I admire his talent 
and devotion to education, and cherish his friendship and 
ability to tell the story of his life. Philip Joseph 
Fernandez, Jr., Ph.D. joined the lab shortly after I did, and 
he gave me encouragement, stimulating research suggestions, 
and crucial editorial comments all the time he was in the lab. 
He has continued to do so in his position as professor at 
Grand Canyon University. Most importantly, though, I cherish 
his friendship. 

I am indebted to my other committee members, David E. 
Blask, Ph.D., M.D., Gail D. Burd, Ph.D., Mary J.C. Hendrix, 
Ph.D., and Christopher A. Leadem, Ph.D., for their 
recommendations and unwavering guidance. They have all 
generously provided me with their time and talents. 

Much of this work would have been impossible without the 
impetus provided by Toshihiko Fukuzawa, Ph.D., and the 
biochemical knowledge of Preminda Samaraweera, Ph.D. Their 
direction as a post-doctoral fellows provided many of the 
techniques which allowed me to conduct this research. 

I also wish to thank Scott Boone for his skill in the 
darkroom and his patient photographic assistance. 

I am most thankful to the support of my family. My wife, 
Sharmie, helped me with her love and continuous understanding 
of my often unconventional thoughts, and as the one who best 
recognizes my abilities and frailties. My parents, Robert and 
Joy, my sister, Laura, and my cousins, Suzanne and Arden, gave 
me their attention when I needed it, and they provided a 
strong foundation for me as they listened to my ideas and 
encouraged me with my interests which some might have thought 
absurd. 



TABLE OF CONTENTS 

LIST OF ILLUSTRATIONS • 

LIST OF TABLES 

ABSTRACT 

INTRODUCTION 

CHAPTER 1. THE EFFECTS OF MEDIA CONDITIONED WITH 
EITHER PALE VENTRAL COAT SKIN OR DARKLY PIGMENTED 
DORSAL COAT SKIN FROM THE MOUSE, PEROMYSCUS BOYLEI, 
ON THE DIFFERENTIATION OF XENOPUS LAEVIS NEURAL 
CREST CELLS . . .. .... . • • • 

Abstract .... .... . . • • 
Introduction . . . . . . . • • • 
Materials and Methods . . . . . • . • • • 

Animals " " " " " " " " " " " " " " " 
Collecting Mice . . . . . . • • • 
Generation of Conditioned Media . 
Neural Tube Explant Procedure . . . • • . . . 
General statistics . . . . . . . . • . 

Results " " " " " " " " " " " " " " " " " " 
Media Generated on October 20, 1988 
Media Generated on January 20, 1989 ...•• 
Media Generated on April 23, 1989 ...•.• 
Media Generated on June 20, 1989 •••• 
Media Generated on October 20, 1989 .•• 
comparison of Results from Different Dates 

Discussion . . . . . . . . . . . . . . . • . 

CHAPTER 2. THE EFFECTS OF MEDIA CONDITIONED WITH EITHER 
WHITE OR BLACK SKIN FROM THE LONG/EVANS HOODED RAT 
ON THE TYROSINASE ACTIVITY OF B16-FIO MURINE 
MELANOMA CELLS . . • • • 

Abstract . . . . 
Introduction . . 
Materials and Methods . . . . . 

Animals . . . . . . . . . 
Preparation of Conditioned Media 
Melanoma Cells . . • . 
The Experimental Design . . 
The Tyrosinase Assay 
Histology . . . . . . 
General statistics 

Results . . . . . . . . . . 
Discussion . . . . . . . . 

5 

Page 

7 

9 

10 

12 

38 

38 
39 
40 
40 
41 
42 
44 
49 
50 
50 
51 
53 
54 
56 
57 
58 

80 

80 
81 
81 
81 
82 
83 
84 
86 
87 
88 
88 
91 



CHAPTER 3. THE EFFECTS OF THE AMPHIBIAN VENTRAL 
INTEGUMENTAL MELANIZATION INHIBITING FACTOR 

6 

(MIF) ON CULTURED MAMMALIAN MELANOMA CELLS • 106 

Abstract . . • . . . .. ..••••.•• •• 106 
Introduction . . • • . . • • • . • • • • 107 
Materials and Methods • • • • • 108 

Cell Lines. . . . • • • • •. • • • • • • 108 
Cell Cultures • • . . . . . •. • • • •• 108 
The Experimental Design . .••.•. •• 109 
The Tyrosinase Assay. . • . • 114 
General statistics . • •. •• • . 116 

Results . . . . . . . . . . • • •• 117 
Discussion • • . . . . . . . . • • . 126 

CHAPTER 4. THE EFFECTS OF CONDITIONED MEDIA AND PARTIALLY 
PURIFIED CONDITIONED MEDIA MADE FROM THE INTEGUMENT 
OF THE CATFISH, ICTALURUS PUNCTATUS, ON THE 
DIFFERENTIATION OF XENOPUS LAEVIS NEURAL CREST CELLS 
AND ON THE TYROSINASE ACTIVITY OF MAMMALIAN MELANOMA 
CELLS . . . . • .... 147 

Abstract . . . . . . . . . .. .••... • • 
Introduction . . . . . • . . . . . . . . • • • • . 
Materials and Methods . . . . . . . 

Preparation of Conditioned Media 
Partial Purification 
Neural Tube Explant Assay . . . • • . • . 
The Tyrosinase Assay. 
General statistics .•.. 

Results . . • . . . . . . . 
Discussion . . . . . . . . . . . . . . . . . . . . 

147 
148 
150 
150 
151 
152 
154 
157 
158 
167 

CHAPTER 5. GENERAL CONCLUSIONS AND FUTURE DIRECTION 190 

General Conclusions 
Future Experiments 

REFERENCES 

190 
193 

197 



7 

LIST OF ILLUSTRATIONS 

Figure Page 

1.1 October 1988 Results 72 

1.2 January 1989 Results 73 

1.3 April 1989 Results 74 

1.4 June 1989 Results . . 75 

1.5 October 1989 Results 76 

1.6 Photographs of £. boylei dorsal and ventral 
coat surface (a,b), dorsal and ventral hairs 
(c,d), and sections of dorsal and ventral 
integument (e,f,g,h) at 200 x magnification. 77 

1.7 Photographs of X. laevis neural crest cells 
after migration: (TOP) control; (MIDDLE) DCM 
treated; (BOTTOM) VCM treated . .•• •• 78 

2.1 Results of Full Strength Media 103 

2.2 Results of 1/10ili Strength Media 104 

2.3 Photographs of black and white hair bulbs. • 105 

3.1 Tyrosinase activity and cell count data of 
B16-F10 murine melanoma cells exposed to 
crude amphibian VCM and DCM . . . . . • 139 

3.2 Tyrosinase activity and cell count data of 
B16-F10 murine melanoma cells exposed to 
active DEAE MIF fractions . . . • . . . 140 

3.3 Tyrosinase activity and cell count data of 
Cloudman S-91 murine melanoma cells exposed 
to active DEAE MIF fractions. • . . . • 141 

3.4 Tyrosinase activity and cell count data of 
Hendrix human melanoma cells exposed to 
active DEAE MIF fractions . . • . . . • 142 

3.5 Tyrosinase activity and cell count data of 
B16-F10 murine melanoma cells exposed to 
active phenylsepharose MIF fractions. . • •• 143 



3.6 

3.7 

3.8 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

4.9 

4.10 

4.11 

Tyrosinase activity and cell count data of 
Hendrix human melanoma cells exposed to 

8 

active phenylsepharose MIF fractions. • 144 

Tyrosinase activity and cell count data of 
B16-F10 murine melanoma cells exposed to 
active phenylsepharose MIF fractions 
after considering MIFfS tyrosinase activity. 145 

Tyrosinase activity and cell count data of 
B16-F10 murine melanoma cells exposed to 
immunoaffinity column purified MIF. • . • •• 146 

Neural tube explant assay of crude catfish 
conditioned media . . . . . . • . 177 

Neural tube explant assay of Sephacryl 
S-300 gel column fractions (screening). 179 

Neural tube explant assay of Sephacryl 
S-300 gel column fractions (focused). • 180 

Neural tube explant assay of DEAE ion 
exchange chromatography fractions . . . 181 

Neural tube explant assay of two stage 
fractionation of DCM using DEAE and S-300 
(screening) . . . . . . . . • • 182 

Neural tube explant assay of fraction 
34 from the two stage fractionation of 
DCM (focused) . . • . . . . . . . 183 

Neural tube explant assay demonstrating 
the effects of heat and trypsin on an 
active DEAE MSF fraction. . . . • . • . 185 

Tyrosinase activity and cell count data of 
Cloudman S-91 murine melanoma cells exposed 
to crude catfish VCM and DCM. . • . • . 186 

Tyrosinase activity and cell count data of 
Cloudman S-91 murine melanoma cells exposed 
to several concentrations of catfish DCM. •• 187 

Tyrosinase activity and cell count data of 
B16-F10 murine melanoma cells exposed to 
crude catfish VCM and DCM . . . . . • . 188 

Tyrosinase activity and cell count data of 
Hendrix human melanoma cells exposed to 
crude catfish DCM . . . . . . . • . . . 189 



1.1 

5.1 

LIST OF TABLES 

Percent Melanization Summary Table 

Summary Table . . • . . . . • • . . 

9 

79 

196 



10 

ABSTRACT 

It has been suggested that vertebrate pigment patterns 

are determined and maintained by factors which are present in 

the integument. The research reported in this dissertation 

provides some evidence in favor of this supposition. 

Examination of the deer mouse, Peromyscus boylei, demonstrated 

that its pale ventral coat integument appears to contain a 

melanization inhibiting factor (MIF) , and that its dark dorsal 

coat integument has variable melanization inhibiting factor 

activity. Additionally, factors present in the dorsal 

integument appear to permit a greater level of melanization, 

in vitro, than do those in the ventral integument. The 

factors, therefore, may be responsible for the dorsal/ventral 

pigment pattern of this species. 

Analysis of the Long/Evans hooded rat revealed that its 

dark coat integument appears to contain a factor which 

promotes activity of tyrosinase in cultured melanoma cells. 

This promotion of enzyme activity is greater than, as well as 

additive to, that produced by the addition of a maximally 

stimulating dose of a-melanocyte stimulating hormone to 

melanoma cell cultures. This stimulatory activity is absent 

in the regions of pale coat integument. Again, such a factor, 

by its presence or absence, may be responsible for the coat 

pattern observed in this species. 

Investigation of an amphibian MIF demonstrated that it 

appears to have melanization inhibiting activity in mammalian 



melanoma cells. 
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The amphibian MIF is able to reduce the 

activity of tyrosinase in cultured mammalian melanoma cells. 

The inhibitory activity was evident in both the presence and 

absence of a-MSH. That the amphibian MIF has activity in 

mammalian cells suggests that pigment pattern regulatory 

factors may be similar between species and classes of animals. 

Examination of the channel catfish, Ictalurus punctatus, 

revealed that its darkly pigmented dorsal integument contains 

a melanization stimulating factor (MSF). Partial purification 

of this factor has demonstrated that it is a large molecule 

(>200 kD) and that it is a protein. Its size and character 

implicate the catfish MSF as a potential member of the 

extracellular matrix which could be responsible, at least 

partially, for the discrete and well-defined dorsal/ventral 

pigment pattern of this species. 
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INTRODUCTION 

"The color-relations of earth, sky, water, and vegetation 

are practically the same the world over, and one may read on 

an animal's coat the main facts of his habits and habitat, 

without ever seeing him in his home." 

Abbott H. Thayer, 1909 

Pigment patterns established in the skins and coats of 

vertebrate animals have their genesis in the generation, 

migration, and differentiation of prospective pigment cells 

from the'neural crest, a collection of pluripotent stem cells 

which temporarily resides dorsal to the embryonic neural tube 

(Le Douarin, 1982; Bagnara, 1987). The existence of a 

definitive mechanism which regulates pigment pattern formation 

has received abundant speculation for many years, and 

reasonable suppositions have been proposed for quite different 

means of pigment pattern establishment (Twitty, 1966 i Wolpert, 

1969, 1981; Murray et al., 1990). Two mechanisms stand out as 

the most plausible explanations for the pigment patterns 

observed in vertebrate species: potential pigment cells 

migrate preferentially to certain regions of the integument 

and not to others; or potential pigment cells migrate 

uniformly to the integument and their differentiation into 

functioning or non-functioning pigment cells depends upon 

factors encountered during migration or present in the local 
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tissue environment or both (Lehman, 1952; Wilde, 1955; Le 

Douarin, 1977; Bagnara, 1978, 1987; Murray, 1981, 1986, 1988, 

1990; Richardson et al., 1989). The great majority of 

experimental evidence suggests that the second mechanism more 

accurately accounts for what is seen in nature (Le Douarin, 

1982; Maderson, 1987). 

Some of the newest evidence favoring a role for the local 

tissue environment in pigment pattern formation is the recent 

discovery of a putative melanization inhibiting factor (MIF) 

in the pale ventral skin of two frog genera, Xenopus laevis, 

Rana pipiens, and Rana forreri (Fukuzawa, 1986; Fukuzawa and 

Ide, 1987a; Fukuzawa and Bagnara, 1989; Bagnara and Fukuzawa, 

1990). Potential pigment cells from Xenopus laevis neural 

crest explants will not differentiate into melanophores when 

exposed to crude skin extracts or partially purified fractions 

from a gel column which contain the putative MIF. The MIF 

also decreases the migration of potential pigment cells; fewer 

neural crest cells migrate from neural tube explants into 

media rich in MIF than in the absence of MIF. Therefore, it 

is believed, from these in vitro results, that the putative 

MIF inhibits melanin synthesis in pigment cells of the pale 

ventral skin of these species. 

The focus of this dissertation was to test the hypothesis 

that other vertebrate species have integumental factors which 

can influence pigment cell function and, therefore, pattern 

formation, whether that influence be analogous to the 
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melanocyte inhibition observed in the pale ventral skin of 

frogs (Fukuzawa, 1986; Fukuzawa and Bagnara, 1989) or of a 

stimulatory nature, an influence which until now has been 

linked primarily to the activity of the pituitary 

melanotropin, alpha-Melanocyte stimulating Hormone (a-MSH) 

(Bagnara and Hadley, 1973; Hadley, 1988). Further, if 

integumental factors have a role in pigment pattern formation, 

it is hypothesized that they are available for study when they 

are removed from the integument, and that their effects can be 

studied with in vitro systems that measure pigment cell 

function--either differentiation or enzyme activity. 

with the exception of pigment cells found in the retina, 

the neural crest is the site of pigment cell origin in 

vertebrate species (Le Douarin, 1982). The neural crest 

origin of pigment cells was first proposed for several species 

of bony fishes in the early part of this century (Borcea, 

1909). Experiments involving amphibians, birds, and mammals 

have clearly demonstrated that the neural crest is the origin 

of pigment cells in these classes, too (DuShane, 1934; Dorris, 

1936; Eastlick, 1939; Rawles, 1947). 

In the developing vertebrate embryo, shortly after the 

neural tube forms from the closure of the neural folds, cells 

associated with the dorsolateral portion of the tUbe, the 

neural crest, migrate to distant sites to produce several cell 

types. The cells have been classified as collections of 

related cell types (Le Douarin, 1982), but, as will be pointed 
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out, differentiation of neural crest cells into individual 

cell types and collections does not necessarily prohibit a 

cell from later exhibiting characteristics of a cell from 

another distinct group. The neural group includes the Schwann 

sheath cells, postganglionic cells of the autonomic nervous 

system, and the sensory cells of the dorsal root ganglia. The 

pigment cell group includes black or brown melanocytes, 

reflecti ve ir idophores, yellow xanthophores, and red 

erythrophores. The mesenchymal group includes osteocytes of 

the face, chondrocytes, cells of the dermis, and loose 

connective tissue cells. There is also a group of amine 

precursor uptake and decarboxylation (APUD) cells, which 

includes the calcitonin secreting cells (C-cells) of the 

thyroid. 

The pigment cell is one of many cells with a neural crest 

origin. Its pattern of migration is similar to that of the 

other neural crest cells (Le Douarin, 1982). The neural crest 

cells that will become pigment cells of the integument follow 

a migration from the neural crest dorsal to the somites and 

beneath the ectoderm-dorsolateral migration. The neural 

crest cells that will supply pigment to the viscera and 

peritoneum migrate between the somites and the neural 

tube--dorsoventral migration. 

Once the prospective pigment cells have fully 

differentiated into pigment cells, they will, depending upon 

the species and upon the cells' locations, produce pigments 
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such as eumelanin and pheomelanin, pteridines, or crystalline 

purines which, when packaged into organelles (melanosomes, 

pterinosomes, or reflecting platelets, respectively), provide 

color to the animal's integument (Bagnara and Hadley, 1973; 

Bagnara, 1983). 

The color afforded an animal by its pigment cells has an 

important role in the regulation of body temperature (Norris, 

1967) and background adaptation (Fernandez, 1990). Even the 

most general pigment pattern (a dark dorsal surface and a 

light ventral surface) appears to have an important role in 

crypsis and predator avoidance (Hadley, 1972). More elaborate 

patterns may provide a means of defense by arming an animal 

with illusion--for instance, the appearance of horns or teeth 

which do not exist (Hadley, 1972). The pattern an animal 

displays, while it may seem a trivial matter to those of us 

with apparently little pigment pattern, confers upon it 

character, pride, security, and recognition. 

The color adaptation of an animal is often regulated by 

the response of its pigment cells to circulating hormones. 

Alpha-Melanocyte Stimulating Hormone (a-MSH) increases the 

production and dispersion of melanin in melanocytes (Bagnara 

and Hadley, 1973; Hadley, 1988), and melatonin can produce a 

lightening reaction in the integument of certain animals by 

causing the melanin bearing melanosomes to collect in the soma 

of the melanocyte (Bagnara, 1963). Catecholamines also have 

a role in melanocyte regulation. Epinephrine and 
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norepinephrine can produce a darkening or lightening reaction 

in amphibian melanocytes depending upon whether beta or alpha 

(respectively) adrenergic receptors are present on melanocytes 

(Bagnara and Hadley, 1973; Hadley, 1988). Recently, another 

blood borne factor has been implicated in the regulation of 

melanocytes. Bovine serum contains a factor (approximately 

60,000 M.W.) which is able to stimulate melanocyte function 

and which is different from a-MSH (Jerdan et al., 1985). It 

has also been demonstrated that a comparable factor is present 

in the serum of Rana pipiens and Xenopus laevis, and this 

factor, serum melanization factor (SMF), is distinct in size 

(approximately 30, 000 M. W.) and character from a-MSH (Fukuzawa 

and Bagnara, 1989). 

The events associated with neural crest formation and 

migration of neural crest cells occur early in vertebrate 

development (Le Douarin, 1982). The tremendous number of cell 

types which arise from the neural crest and the few pathways 

available to the cells (Serbedzija et al., 1990) during 

migration compels one to consider that these cells may not be 

fully determined when they form at the neural crest. Their 

determination may involve interactions with molecules along 

the migratory pathway as well as molecules located in the 

environment of their ultimate site (Le Douarin, 1977; Perris, 

1985) . 

If neural crest cells were determined prior to migration, 

and if each cell had a specific site to which it must migrate 
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in order to fulfill its fate, the initial genetic message of 

determination would need to be quite intricate and enormous, 

and hypothetically there would be little room for error or 

correction. The nature of the limited population of 

determined cells would very likely be such that failure of one 

cell to migrate correctly to its designated site could result 

in a severe developmental malformation, especially if that 

cell were necessary to generate a specific population of 

cells. If, on the other hand, migration were a general event, 

and there were initially more migratory cells than minimally 

required for the establishment of a specific derivative, and 

the cells which successfully migrated received appropriate 

signals for differentiation or death (if they were redundant), 

less information would be required to accomplish the same 

task. Each migratory cell would not require a personal set of 

relocation instructions. The second scenario is reminiscent 

of what has been observed in the development of the nervous 

system, where many motor neurones send out projections, and 

the ones which successfully complete a functional synapse 

survive while the others are eliminated (Hamburger, 1975; 

Pittman and Oppenheim, 1979; Pilar et al., 1980). This system 

ensures that all necessary circuits will be formed and that 

the information required to accomplish the task is general 

rather than specific. The genetic code is large, but its 

information is bounded--each cell cannot have a unique set of 

instructions. 
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Despite what has been learned from the development of the 

nervous system, and the attractive character of its 

generalized information guidance system, there is more than 

one way to conceivably account for the lack of pigment in 

certain areas of the vertebrate integument. One could assert 

that the unpigmented areas of the skin never receive potential 

pigment cells from atop the neural tube. Perhaps neural crest 

cells fail to migrate from certain regions of the neural crest 

because they never receive a migration signal; perhaps there 

is a premigratory programmed cell death which eliminates 

certain neural crest cells which may have otherwise migrated 

and given color to the integument; or perhaps the migration of 

certain neural crest cells is physically obstructed. While 

each of these hypotheses may appear to have attractive 

features, they each seem to suffer from a condition requiring 

intricate regulation prior to neural crest cell migration. 

Instead of a complicated mechanism for manipulating 

neural crest cell migration, a more attractive hypothesis 

would account for pattern formation using modest means. 

Therefore lit is possible that prospective pigment cells 

migrate into all areas of the integument, but that these cells 

compete for a limited amount of a trophic substance present in 

the integument. In this scenario, patches of integument that 

lack color may also lack the specific trophic sUbstance 

required to sustain pigment cells (acti ve stimulation and 

passive inhibition); or perhaps there is a specific inhibitory 
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element which acts oppositely to a potential trophic sUbstance 

to restrict pigment cell function (active inhibition and 

passive stimulation); or possibly a specific trophic sUbstance 

and a specific inhibitory sUbstance compete in the integument 

(active stimulation and active inhibition), and the dominance 

of one over the other, and thus pigment pattern, is determined 

by localized gradients. Gradients such as this were first 

conceived of by the mathematician A. Turing (1952), and there 

is new chemical evidence that his theoretical gradient 

framework is viable (Pool, 1991; Lengyel and Epstein, 1991). 

These related proposals are straightforward mechanisms; they 

operate through the passive diffusion of molecules in the 

developing embryo to create fields which the migrating neural 

crest cells encounter and to which they respond. 

The theory that neural crest cells, 

their fate determined when they near or 

in general, have 

arrive at their 

destination is supported by many experiments (Le Douarin, 

1982; Maderson, 1987). Neural crest cells appear to migrate 

uniformly from the crest in the anterior/posterior dimension 

(Maderson, 1987). The neural crest cells that will become 

pigment cells are thought of as pluripotent stem cells; their 

function is determined by their environment (Bagnara, 1979; 

1983; 1987; 1988). The environment that the neural crest cell 

enters may endow it with more than one function. The 

presence, in some vertebrates, of mosaic pigment cells, 

pigment cells that produce more than one type of pigment, 
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indicates that these cells may have responded to two or more 

different cues in the local tissue environment to determine 

their function (Bagnara, 1972). 

Skin grafting experiments in piebald mice (piebaldism is 

an inherited pathological condition in humans, too, different 

from vitiligo, in which unpigmented spots are found on an 

otherwise normally pigmented individual (Pawelek, 1982», have 

demonstrated that pigment cells do migrate into the areas that 

are free of pigment. Labelled neural crest cells migrate from 

the neural crest to occupy the site that is normally occupied 

by pigment cells i however, they fail to produce melanin 

(Mayer, 1967). The presence of a localized melanization 

inhibiting substance in the area of the unpigmented patch is 

an engaging possibility. 

other genetic defects that affect pigmentation have 

demonstrated that, despite a lack of pigment, white hair 

follicles still contain inactive melanocytes (Silvers, 1958). 

Again, it is quite captivating to imagine that a melanization 

inhibiting substance, localized to the hair follicle, keeps 

these melanocytes from synthesizing melanin and pigmenting the 

hair. 

Neural crest cell derivatives retain the ability to 

change, to adapt to a new environment, well into the life of 

the individual. This ability can be demonstrated during 

disease or with cell culturing that exposes. the potential of 

the cells. Melanoma cells in neurotropic melanoma take on 
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morphological features of another neural crest cell 

derivative: the Schwann sheath cell (Warner, 1981). When 

fully differentiated post-ganglionic neurons of the superior 

cervical ganglion are exposed to chemical changes, in vitro, 

they change from cells which secrete norepinephrine to cells 

which secrete acetylcholine (Landis, 1980; Landis and Keefe, 

1983). These cells apparently retain the potential to switch 

from an adrenergic phenotype to a cholinergic phenotype based 

upon their local environment. Transplantation of sensory 

ganglia, in vivo or in vitro, allows certain cells of the 

ganglia to migrate away from the main body of cells. Fully 

differentiated cells of the sensory ganglia will then 

differentiate into pigment cells after migrating away from the 

ganglia (Cowell and Weston, 1970; Nichols and Weston, 1977; 

Nichols et al., 1977; Glimelius and Weston, 1981). It is 

believed that the cells differentiate into pigment cells when 

migration removes them from the tissue specific chemical 

environment of the ganglia. 

The ability of neural crest derivatives to alter their 

function after differentiation (in Le Douarin, 1982) argues in 

favor of an environmental factor to maintain the 

differentiated condition of these cells. This explains, 

perhaps, the presence of the putative melanization inhibiting 

factor (MIF) in the pale ventral skin of adult x. laevis, R. 

pipiens, and R. forreri (Fukuzawa and Bagnara, 1990) where it 

may have an important role in maintaining the differentiated 
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state of iridophores (reflective pigment cells) and inhibiting 

melanization in these cells of neural crest origin. 

In the d~scussion of vertebrate pigment patterns, man 

provides an interesting illustration supporting the concept 

that pigment cells reside in areas of the integument which are 

not normally pigmented. It has been pointed out that the most 

common vertebrate pigment pattern is one in which the dorsal 

surface is darkly pigmented and the ventral surface is pale. 

Humans are no exception. The dorsum of man's hand is 

pigmented while the ventrum (palmar surface) is pale. The 

dorsum of man's foot is pigmented while the ventrum (solar 

surface) is pale. This pigment pattern is clearest in well-

tanned or darkly pigmented indi viduals. It is possible, 

however, for the pale ventral surfaces to become pigmented. 

One of the features of primary Addison's disease and 

secondary Cushing's disease is the excess production of 

Adrenocorticotropic hormone (ACTH) in the pituitary (Hadley, 

1992). In primary Addison's disease, this is a result of the 

loss of negative feedback from the adrenal gland to the 

pituitary resulting in the stimulation of ACTH production and 

release. In secondary cushing's disease, it is the result of 

a pituitary adenoma which secretes ACTH. The increased ACTH 

produces one quite visible effect: along with generalized 

hyperpigmentation of the skin, there is pigmentation of the 

ventral surfaces of the hands and feet, especially in the 

creases, as well as pigmentation of the lips, buccal mucosa, 
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and tongue, surfaces which normally have no melanin 

pigmentation (Addison, 1855; Strakosch and Gordon, 1978; 

Keynes and Fowler, 1984). Apparently there are pigment cells 

in these locations which normally do not produce melanin. 

Under conditions when ACTH levels are chronically elevated, 

any putative melanization inhibiting influence of the local 

environment is conceivably overpowered-since the first 13 

amino acids of ACTH are the same as the tridecapeptide 

sequence of a-MSH, it possesses considerable melanotropic 

activity (Hadley, 1992), and can stimulate pigment cells to 

produce melanin. Additionally, it is possible for primary 

melanomas to develop in the solar and palmar surfaces (Saida 

and Yoshida, 1990), indicating that melanocytes are present in 

these areas, and that they can be altered by environmental 

insult (U.V. or chemical exposure) just as the more obvious 

pigmented melanocytes over the rest of the body. 

The presence or absence of melanocytes in the integument 

and the level of melanin synthesis within melanocytes is 

critical to the discussion of pigment pattern. It is 

important to remember, too, that in order for a melanocyte to 

produce melanin, it must have the copper-containing enzyme 

tyrosinase (monophenol monooxygenase, 1.14.18.1). Tyrosinase 

is the rate limiting enzyme in the synthesis of melanin, and 

it is involved in the first two steps of melanin synthesis and 

one of the late steps. Tyrosinase is synthesized on 

melanocyte ribosomes and is then transported to the Golgi 
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it meets the 

premelanosome, the potential melanin synthesizing organelle of 

the melanocyte. When tyrosinase is incorporated within the 

premelanosome, it initiates melanin formation by contacting 

the amino acid tyrosine. In the first step of melanin 

synthesis, tyrosinase converts tyrosine to dopa (Hearing, 

1976; 1987). This reaction hydroxylates tyrosine at the 3 

position of the phenol ring, a reaction which yields a water 

molecule, and which is the basis of tyrosinase assays 

(Pomerantz, 1964). Tyrosinase then oxidizes the dopa to 

produce dopaquinone. The dopa is oxidized at the 3 and 4 

hydroxyl groups of the phenol ring in this reaction. The dopa 

is a cofactor in the first step of the reaction, the 

hydroxylation of tyrosine to dopa. The action of tyrosinase 

in these first two steps has been given two additional names 

which reflect the specific activities of the individual steps: 

tyrosine hydroxylase activity and dopa oxidase activity. 

Dopaquinone passes through several other steps in the 

synthesis of melanin which are not dependent on tyrosinase. 

This series of reactions leads to the generation of 5,6-

dihydroxyindole. Tyrosinase then catalyzes the conversion of 

5,6-dihydroxyindole to melanochrome (Geigy Scientific Tables, 

1986). Polymerization of many melanochrome molecules results 

in the formation of a melanin molecule. 

Another important aspect of melanocyte function is the 

response of the melanocyte to a-melanocyte stimulating hormone 
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The plasma membrane of the melanocyte contains a 

for a-MSH. When a-MSH binds to the receptor, 

cyclase activity is stimulated leading to an 

increase in cyclic adenosine monophosphate (cAMP) levels. The 

increase in cAMP leads to activation of cAMP dependent protein 

kinase. It is still not clear how the activation of the 

protein kinase produces an increase in tyrosinase activity, 

but it is believed that transcriptional and translational 

processes are involved (there is an increase in synthesis of 

tyrosinase in response to a-MSH) (Hadley, 1992). 

It has recently been observed that a clone of the JB/MS 

murine melanoma cell line (JB/MS-w) is completely amelanotic, 

while the parent cell line (JB/MS) is darkly melanized 

(Kameyama et al., 1989). The JB/MS pigmentation phenotype is 

unstable, and continual passage of these cells eventually 

leads to cells which are amelanotic and unresponsive to a-MSH. 

It has also been observed in this cell line that while tumors 

growing in mice are heavily melanized, extracts of the tumors 

showed negligible tyrosinase activity, but when the tyrosinase 

is partially purified from a tumor homogenate, normal 

melanogenic activity returns. This suggests that there is a 

heterogeneous population of cells in the tumor, and that a 

subpopulation of melanoma cells produce a tyrosinase inhibitor 

that binds to tyrosinase to prevent melanogenesis (Kameyama et 

al., 1989). The tumor is dark because the cells which produce 

the tyrosinase inhibitor are a small subpopulation which, 
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while contained in the environment of the tumor, does not 

proliferate at a greater rate than the heavily melanized 

cells. However, when the tumor is homogenized, the inhibitor 

is able to bind to the active tyrosinase from the pigmented 

melanoma cells, too. The inhibitor apparently binds 

transiently to the tyrosinase, and can be removed from the 

enzyme to permit the enzyme to assume its role in 

melanogenesis. When these cells are grown in culture, the 

nonmelanized cells can overgrow the melanized cells, 

effectively taking over the culture. The significance of this 

observation to pigment pattern formation is that it further 

demonstrates that the cellular and chemical environments of 

the pigment cell may be important in maintaining the 

melanogenic phenotype. If a suitable environment is lost, the 

melanogenic phenotype may be lost, too. 

It is possible for normal pigment cells (non-cancerous 

pigment cells) to alter their phenotype in vitro (Ide, 1986). 

When melanophores are isolated from bullfrog, Rana catesbiana, 

tadpoles and maintained in culture conditions which include L-

15 media and fetal bovine serum, they maintain their 

phenotype, but if iridophores or xanthophores are isolated 

from bullfrog tadpoles and then maintained under the same 

culture conditions, they will transdifferentiate into 

melanophores. Here, too, the environment that the cell is 

subjected to determines or promotes a particular phenotype. 

It has been demonstrated that in a line of cancerous 
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pigment cells, the erythrophoroma cell line GEM 81, it is 

possible to induce the appearance of melanized cells 

(Matsumoto, 1984). When goldfish erythrophoroma cells are 

cultured in fetal bovine serum, they maintain their 

erythrophore phenotype: they continue to synthesize orange- to 

red-colored pteridine pigments. If these erythrophoroma cells 

are treated with serum from the gold carp, cyprinus carpio, 

melanized cells can be seen in the culture. It is believed 

that these cells represent a clonal population of determined 

melanoblasts or melanoblastoma cells. However, the 

environment that these cells were presented with was vital to 

their phenotypic expression. When the cells were grown in 

fetal bovine serum, the melanoblast or melanoblastoma cells 

did not express the melanogenic phenotype; they were an 

invisible population w'ithin the erythrophoroma culture. When 

the culture conditions were favorable, these cells were able 

to express their phenotype and become melanized. This example 

seems to support the contention that a degree of 

differentiation may be occurring prior 

potential pigment cells from the neural 

to migration of 

crest, but final 

differentiation is either permitted or denied based upon the 

local tissue environment. 

If melanized cells which arose from the GEM 81 

erythrophoroma cell line when the GEM 81 cells were treated 

with fish serum are isolated and treated with fetal bovine 

serum, they will undergo a dedifferentiation and lose their 
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melanization phenotype (Chou, 1989). The melanized cells lose 

70% of their tyrosinase activity after just one week in 

culture with fetal bovine serum, and they lose all of their 

tyrosinase activity if they are maintained in fetal bovine 

serum for a year. The unpigmented cell line that results from 

this treatment (P15D) can redifferentiate into a melanized 

cell line if it is treated with fish serum. Tyrosinase 

activity returns to the cells after just one day in the 

presence of f ish serum. The environment of the cells dictates 

their function. 

Work on the Japanese flounder, Paralichthys olivaceus, 

has demonstrated that normal development results in the 

appearance of adult-type melanophores on the ocular side of 

the fish and absence of these melanophores on the non-ocular 

side (Seikai, 1987). When these fish are fed a diet of 

Brazilian Artemia nauplii, a diet used in fisheries, the 

flounder will lack adult-type melanophores on both its ocular 

and non-ocular sides. It is believed that this diet may spawn 

a subtle modification of the tissue environment, and that this 

has a profound influence on the expression and differentiation 

of flounder pigment cells. 

Recently it has been demonstrated that certain 

extracellular matrix defects can alter the differentiation of 

neural crest cells (Morrison-Graham, 1990a). When neural 

crest cells from a mouse are placed onto an extracellular 

matrix derived from cultured skin cells of normal mouse 
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the neural crest cells exhibit an enhanced 

melanogenesis. However I if mouse neural crest cells are 

placed onto an extracellular matrix produced by cultured fetal 

skin cells from the Steel-Dickie (SId) mutant, there is no 

enhancement of melanogenesis. Morrison-Graham et al. (1990b) 

have shown IIthat collagen bundle morphology and the 

hyaluronidase sensitivity of the glycosaminoglycans associated 

with the collagen fibrils differ between normal and mutant 

dermis. II Here, too, it appears that the extracellular 

environment of the pigment cell is important to its phenotypic 

expression. When the environment provided by extracellular 

matrix proteins supports their full differentiation, the 

prospective pigment cells from the neural crest undergo 

melanogenesis. 

Studies of quail and chick embryos and chimeras of these 

two species have demonstrated that unpigmented neural crest 

cells migrate to all feather papillae, and that it is possible 

to detect the presence of undifferentiated (unpigmented) 

neural crest cells in the papillae which produce white 

feathers (Richardson, 1989, 1990). It is interesting that 

white feathers of the chick and quail are found on the ventral 

surface of the animals, while the heavily pigmented feathers 

are associated with the dorsal surface, which demonstrates 

that these animals manifest the most common pigment pattern of 

vertebrate species. It again appears that the local tissue 

environment determines the ultimate function of the neural 
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crest cell which migrates to the integument. 

The basis for the belief that pigment cells 

(chromatophores) had their fate determined at the level of the 

neural crest derives from early experiments which demonstrated 

that all of the various chromatophore types differentiated in 

neural crest isolates (DuShane, 1935). The discovery of 

mosaic pigment cells, pigment cells that produce more than one 

type of pigment and that may have organelles which contain 

more than one type of pigment, suggested that these cells had 

responded to more than one cue in their environment (Bagnara, 

1972). The presence of all the various chromatophore types in 

cultures of neural crest isolates is then explained as the 

expression of the full potential of neural crest chromatophore 

stem cells--the lack of specific direction in differentiation 

resulting in all the possible differentiated states, or the 

presence of all the cues needed for differentiation along the 

several chromatophore lines. It is possible to favor 

differentiation of particular chromatophore types based upon 

the presence of certain elements in culture media (Fukuzawa, 

1986), and so Dushane's explanation, while a reasonable 

inference based upon his data, is no longer experimentally 

supported. 

Studies on the control of vertebrate pigment cell 

function have revealed several hormone receptors (Hadley, 

1981) . Recent work has resulted in a density analysis of 

certain receptors and the variability of density between the 
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pigment cells of diverse species (Ghanem, 1988). The 

receptors described work alone or in conjunction with one 

another to regulate the amount and cytoplasmic distribution of 

melanin produced by the melanocyte. Among the hormones and 

receptors included in the regulation of melanin production and 

distribution in the melanocyte are a-Melanocyte stimulating 

Hormone (a-MSH), Melatonin, Prostaglandins, B-Adrenergic 

Agonists, and a-Adrenergic Agonists. Not every melanocyte 

will have each of these receptors, and the presence of certain 

receptors may be obscured by the activity of the other 

receptors. However, it appears clear that the melanocyte 

responds to many influences. 

In considering the sensitivity of the pigment cell to its 

environment, as evidenced by its response to several hormones, 

it seems reasonable to hypothesize that the pigment cell could 

be regulated by other, as yet undiscovered, factors. These 

factors could be produced by the pigment cells themselves 

(Kameyama, 1989) or by the cells which surround the pigment 

cells, and could then influence their activity in a purely 

local manner (Fukuzawa, 1989). Such factors, if they were to 

remain local, would probably need to be large molecules, so 

that they would not readily diffuse from their site of action. 

This appears to be the case with the MIF found in the pale 

ventral skin of Xenopus laevis, Rana pipiens, and Rana forreri 

which has a size estimated at 300 kD (Fukuzawa, 1987, 1989). 

The study of pattern formation has an interesting history 
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of biology (embryology), chemistry, and mathematics. By 

employing known properties of chemical diffusion in "a 

mathematically convenient, though biologically unusual 

system, II it is possible, with a one-morphogen system, to 

generate two-dimensional patterns which resemble those found 

in the integument of vertebrates (Turing, 1952). The 

mathematical model of chemical morphogens devised by Turing 

has been modified to generate a pre-pattern formation 

mechanism which can account for most of the integumental 

patterns observed in vertebrates (Murray, 1981, 1988; Murray 

and Maini, 1986). The pre-pattern formation mechanism 

sUbstantiates an hypothesis put forward by Bard (1977) which 

proposed that a single mechanism could be responsible for 

species differences in pattern, and that the differences are 

the result of pattern formation occurring at different times 

in embryonic development. 

In the pre-pattern formation mechanism, the initial 

conditions (corresponding to times in embryonic development) 

guide pattern formation. For instance, in three species of 

zebras, it is possible to explain the variation in pattern by 

simply altering (theoretically) the time at which a pre

pattern message is encoded in the developing integument. This 

concept proposes that the width of the individual stripes 

remains constant (like a sine wave at a constant frequency), 

but that there is a difference in the size of the field upon 

which these are initially organized. If the time at which the 
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pre-pattern formation occurs is the third, fourth, or fifth 

week of development, depending upon the species, the three 

species specific striping patterns can be explained (Bard, 

1977). Therefore, taken to it fullest potential, it appears 

the size of the field (the embryo) at the time of pattern 

formation determines whether the field can yield stripes (and 

even variable numbers of stripes), spots, blotches, or no 

apparent pattern (Murray, 1981). A very small field supports 

no pattern; a small field supports a simple pattern, perhaps 

a single stripe; an intermediate field supports multiple 

stripes; a larger field supports spots; and a very large field 

supports no apparent pattern. That there have been sightings 

of zebras with spots indicates that the pre-pattern formation 

mechanism may have been slightly delayed in these animals such 

that the field was altered from an intermediate size to a 

large size, and the potential pattern was thus modified from 

stripes to spots (King, 1965). 

A recent study of size-dependent pigment pattern 

formation has demonstrated that embryos of Alligator 

mississippiensis incubated at 33°C have more stripes than 

those incubated at 30°C (Murray et al., 1990). The embryos 

incubated at 33°C display pigment eight days earlier than the 

cooler embryos, and the warmer embryos are also longer than 

the cooler embryos at the moment prior to pigment deposition. 

"If the stripe formation is size dependent this explains why 

hatchlings at 33°C have more stripes than hatchlings from 



35 

30°C." Although this data is indirect evidence for the 

regulation of pigment pattern by localized inhibitory or 

stimulatory factors, it is an exquisite example of pattern 

variability in a species--the number of stripes is not fixed 

in the genome, but appears to be based upon physical 

characteristics (length of the embryo) at the time of pattern 

formation. 

In speculating 

vertebrate species, 

pattern formation 

about pigment pattern formation in 

the more general phenomenon of pigment 

in 

background information. 

wings has provided a 

animals provides some interesting 

The pigment pattern of lepidopteran 

theoretical framework as well as 

biochemical evidence for molecules which are responsible for 

pattern formation (Nijhout, 1980; Murray, 1981; Koch, 1990). 

It is proposed that a morphogen, present at the pupal stage, 

diffuses across the developing wing surface, and that as the 

morphogen diffuses it is degraded in proportion to its local 

concentration (Murray, 1981). As the molecule diffuses, the 

cells of the wing respond to the local morphogen level, and a 

gene may be activated to produce a product in a manner which 

resembles a switch. If this mechanism is operating, it seems 

reasonable to expect that some product of the gene would be 

present in certain areas of the wing and not in others. As it 

turns out, it is possible to find liB proteins" in the black 

and grey regions of the lepidopteran wing, but not in the 

white regions (Koch and Nijhout, 1990). The production of 
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these proteins in the black regions of the wing corresponds to 

the incorporation of Me-tyrosine into the black scales, 

implicating these proteins for at least partial responsibility 

in the generation of pattern-as the gene product of the 

putative diffusing morphogen. 

The research presented in the following chapters is 

comparative. The potential presence or absence of bioactive 

integumental pigmentary factors is examined in a xenospecific 

fashion. The frogs, Rana forreri and Xenopus laevis, the deer 

mouse, Peromyscus boylei, the Long/Evans rat, and the channel 

catfish, Ictalurus punctatus, all have a role, whether it be 

providing skin for conditioning media or embryos for neural 

tube explants. with the exception of the Long/Evans rat, the 

animals used to generate media, Rana, Peromyscus, and 

Ictalurus, 

integumental 

were chosen for 

pigment patterns. 

their clear dorsal/ventral 

Established cell culture 

techniques were used to sustain isolated neural crest cells 

and melanoma cells (Jones and Elsdale, 1963; Abdel-Malek et 

al., 1985). The similarities and differences in the responses 

of potential pigment cells and differentiated melanocytes to 

the putative integumental factors are noted. It was 

hypothesized that putative integumental melanization 

inhibiting factors would inhibit melanocyte differentiation of 

neural crest cells or decrease the tyrosinase activity of 

melanoma cells, and that putative integumental melanization 

stimulating factors would promote melanocyte differentiation 
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of neural crest cells or increase tyrosinase activity of 

melanoma cells. comparative work of this type is useful in 

explaining the commonalities observed between species and 

classes of animals I which strengthens the predictive abilities 

of the science. In furthering the understanding of pigment 

cell regulation and the development of pigment pattern, it is 

hoped that this research may lead to a fuller comprehension of 

hyper- and hypo-pigmentary disorders (melanoma, piebaldism, 

vitiligo, grey hair) and factors which may contribute to these 

conditions. 

The experiments described in the pages which follow 

represent work with biological in vitro assays. As such and 

at best, the findings provide a glimpse of what occurs in the 

animal in vivo. with some of the work, the results appeared 

concrete and specific, but the findings must be tapered with 

the reality that the work involves crossing of species lines 

and isolation of cells which have an in vivo environment which 

cannot be completely mimicked. with the partial purification 

of putative factors and the retention of biological activities 

comes the hope that initial observations were the result of 

activity of the putative factors. The work presented is based 

on the hypothesis that a factor or factors in the skin provide 

instruction to potential melanocytes and their production of 

melanin. And while it is believed that the results support 

the initial hypothesis, the limiting factors mentioned above 

must be considered in the concluding analysis. 
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CHAPTER 1 

THE EFFECTS OF MEDIA CONDITIONED WITH EITHER PALE VENTRAL 

COAT SKIN OR DARKLY PIGMENTED DORSAL COAT SKIN FROM THE 

MOUSE, PEROMYSCUS BOYLEI, ON THE DIFFERENTIATION OF 

XENOPUS LAEVIS NEURAL CREST CELLS 

ABSTRACT 

Xenopus laevis neural crest cells, migrating from 

isolated neural tubes, were exposed to media conditioned with 

either pale ventral coat skin or dark dorsal coat skin from 

the mouse, Peromyscus boylei, to test the hypothesis that 

putative factors present in the mammalian integument have a 

role in determining the differentiation and function of 

potential pigment cells. The neural crest cells exposed to 

pale ventral coat skin conditioned media (VCM) were inhibited 

from differentiating into melanocytes. The neural crest cells 

exposed to dark dorsal coat skin conditioned media (DCM) 

differentiated into melanocytes in a manner which indicated 

that there may be a seasonal factor in melanocyte regulation 

with this particular integument: in October 1988 and April 

1989, the DCM allowed differentiation of melanocytes equal to 

the control and greater than the VCMi in October 1989, the DCM 

permitted differentiation of melanocytes less than the control 

and greater than the VCMi and in January 1989 and June 1989, 
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the DCM provided differentiation which was less than the 

control and equal to the VCM. It appears, therefore, that the 

integument of E. boylei contains a factor or factors which 

influence differentiation and function of potential pigment 

cells from the neural crest. These putative factors may be 

responsible for regulation of melanocytes and the deposition 

of melanin in hairs leading to coat patterns. It appears, 

too, that there may be seasonal expression of the factor or 

factors, perhaps related to the hair growth cycle and seasonal 

molting. 

INTRODUCTION 

A melanization inhibiting factor, which has been 

preliminarily designated MIF, was recently discovered in the 

pale ventral skin of two frog genera, Xenopus laevis, Rana 

forreri, and Rana pipiens (Fukuzawa, 1986; Fukuzawa and 

Bagnara, 1989; Fukuzawa et al., 1991). When potential pigment 

cells from the neural crest are exposed to the MIF, they will 

not differentiate into melanocytes--they do not produce the 

pigment melanin. The MIF also decreases the migration of 

potential pigment cells from explanted neural tubes; fewer 

neural crest cells migrate from a neural tube into a culture 

droplet environment rich in MIF than one which lacks MIF. It 

is believed, therefore, that the MIF exerts a strong negative 

influence on melanin synthesis in the pale ventral skin of 

these frog species. 
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The focus of this research was to investigate the 

likelihood that adult mammals possess an integumental factor 

or factors, 

responsible 

homologous to the MIF observed in amphibians, 

for pigment cell differentiation and the 

maintenance of the differentiated s'tate. There has been much 

research which strongly suggests that the mammalian integument 

has a role in pigment cell differentiation and regulation, but 

there has thus far been little direct evidence implicating 

putative factors in the integument of mammals. This research 

involves the application of putative mammalian integumental 

factors to prospective amphibian pigment cells. The 

experimental design is justifiable due to the commonality of 

pigment cell origin in vertebrate species (Bagnara, 1987) and 

the comparable response of pigment cells in these species to 

hormones (Bagnara and Hadley, 1973). 

MATERIALS AND METHODS 

Animals 

Adult Xenopus laevis were maintained for the majority of 

the year in large outdoor tanks (250 gallons) with running 

water. When the summer heat required that the animals be 

relocated, they were maintained in 50 gallon indoor tanks with 

water changed every three days. They were fed beef liver 

(City Meats, Tucson, Arizona) and frog brittle (Nasco Inc., 

Modesto, California) three times a week~ There was always an 

excess of food, so the individuals received as much as they 
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desired. 

It was important to monitor the temperature of the water, 

because if the water became too warm ( > 21° C ), the eggs in 

the ovaries of the female X. laevis spoiled. In the summer 

months, therefore, when Tucson becomes quite hot ( » 21° C), 

the frogs were maintained indoors at a water temperature below 

21° C to maintain optimal reproductive readiness. The animals 

can very easily survive at temperatures from 21-25° Ci 

however, it is difficult to collect viable eggs from such 

relatively warm female X. laevis. 

Female and male X. laevis were maintained throughout the 

year in separate water tanks. This ensured that breeding did 

not occur spontaneously. 

Collecting Mice for Conditioned Media 

Conditioned media for treating the X. laevis neural tube 

explants was generated using the skin of the mouse, Peromyscus 

boylei. 

The mice were caught live in the Santa Catalina mountains 

north of Tucson, Arizona, at an elevation of approximately 

5000 feet. They were trapped in the Molino Basin in a canyon 

on the north side of the Mount Lemmon Highway i the canyon 

begins at the number 13 road sign, approximately 5 miles from 

the base of the mountain. Because of the moderate winter 

climate in this area, this animal does not hibernate as its 

relatives in the northern latitudes do, and so the ariimal was 
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E. boylei was 

chosen because it is abundant and has the common pigment 

pattern among vertebrate species: a dark dorsal coat and a 

pale ventral coat. This pattern is shared by Xenopus. 

When the daily high temperature was above 32° C, traps 

were set in the evening to avoid overheating the mice, and 

animals were collected the following morning. When the daily 

high was below 32° C, traps were set shortly after sunrise, 

and the mice were collected the following morning, again 

shortly after sunrise. All individuals were collected in good 

condition. 

After the mice were collected in the live traps, they 

were returned to the lab. In the lab, the mice were 

anesthetized with ether and shaved to expose the skin which 

was later used for generating conditioned media. The mice 

were then maintained for three days in appropriately sized, 

individual cages with rat chow and water ad libitum. 

Generation of Conditioned Media 

Three days after the E. boylei had been shaved to remove 

their fur, they were sacrificed with a laboratory decapitator. 

The skin from the dorsal and ventral surfaces, corresponding 

to the dark coat and pale coat regions respectively, was then 

removed with dissection scissors (Roboz, #RS-5882). The 

region of skin which serves as the division between the darkly 

pigmented dorsal coat skin and the pale ventral coat skin was 
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not included with either the dorsal or ventral skin in an 

attempt to avoid ambiguity as to where the dorsum ends and the 

ventrum begins. After the skin was removed, the integument 

was manually separated from the underlying muscle and 

sUbcutaneous tissue, and only the integument was saved for use 

in the conditioned media. Immediately following separation of 

the integument from the sUbcutaneous tissue, it was placed 

into sterile steinberg's Basic Salt Solution (BSS). 

Steinberg's BSS 

appropriate for 

explants (Jones, 

was chosen because it has 

the culturing of X. laevis 

1963; Fukuzawa, 1986). 

proven to be 

neural tube 

The BSS was 

sterilized in an autoclave prior to use, and it was stored in 

a refrigerator at 2° C, for a maximum of 2 weeks, until it was 

needed. The tissue was momentarily removed from the BSS and 

weighed on a Mettler scale; it was then returned to the beaker 

of BSS and prepared for conditioning. 

Skin in sterile BSS was transferred to a sterile bench 

(Labconco, #36000 Sterile Bench) for the remainder of the 

conditioned media preparation process. The skin was washed 

three times with sterile BSS and then transferred to a fresh, 

sterile 100 ml beaker. The skin was cut into small pieces 

(approximately 4mm2). cut skin was transferred to a fresh, 

sterile 100 ml beaker and sterile BSS was added to bring the 

concentration of skin in BSS to a level of 0.10 gm/ml. This 

concentration of skin in BSS was chosen based upon work with 

X. laevis (Fukuzawa, 1986). The beaker was capped with 



44 

parafilm to prevent evaporation, removed from the hood, and 

placed onto a shaker table for 24 hours. This time interval 

for shaking was also based upon work with X. laevis (Fukuzawa, 

1986). After 24 hours of agitation on the shaker table, the 

conditioned media was returned to the sterile hood. The 

conditioned media was passed through a filter (Gelman 

Acrodisc, 0.45~m) for sterilization. The sterile conditioned 

media was placed into a sterile 15ml conical (Corning, #25319-

15) and stored frozen (-20 0 C) until needed. 

Neural Tube Explant Procedure 

When embryos were required for a neural tube explant 

experiment, a female and a male X. laevis were removed from 

the storage tanks and placed together in a separate 25 gallon 

tank. The water in the tank was approximately 6 inches 

deep--ample water to cover the animals and permit them to go 

into amplexus and lay fertilized eggs. To stimulate the 

animals to reproduce, they were each given an injection of 

Human Chorionic Gonadotropin (HCG) (1.0 ml--500 I.U. for the 

females and 0.75 ml--375 IoU. for the males) (Sigma, st. 

Louis) in their dorsal lymph sacs. The injection was 

delivered at about 5:00 p.m. two days (approximately 39 hours) 

prior to the morning embryos were desired for an experiment. 

The HCG stimulates the female X. laevis to ovulate and also 

arouses the male. The female begins to lay eggs about eight 

hours following the HCG injection. The male responds to the 
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injection by grasping the female with his forelimbs from 

behind near the junction of her trunk and hind limbs, and will 

remain attached to her for many hours (sometimes days) in 

amplexus and fertilize the eggs as they are laid. 

The morning following the HCG injection, after the eggs 

had been laid, fertilized, and deposited on the walls and 

bottom of the water tank, the embryos were collected and 

inspected to determine if they were viable. The viable 

embryos, those that were in various stages of cleavage, were 

transferred to a small dish with fresh stood water. The water 

had been exposed to the air at least 24 hours to evaporate any 

chlorine. The embryos were then allowed to mature at 25° C 

(approximate room temperature) until the next day. Because 

the eggs are laid and fertilized over a period of several 

hours, there were generally embryos at stage 22-23 (X. laevis 

staging series, Nieuwkoop and Faber, 1967) from 8:00 a.m. to 

1:00 p.m. the next day. This range allows plenty of time for 

the explantation of the required number of neural tubes 

(usually 30-50). If it appeared that the embryo development 

was advanced such that they would be beyond the proper stage 

for explantation beginning at 8:00 a.m., the embryos were 

placed into a refrigerator at 15° C for several hours to 

restrict the rate of their development. The X. laevis embryos 

develop at approximately one-fifth (personal observation of T. 

Fukuzawa) of their usual rate (Nieuwkoop and Faber, 1967) when 

kept at this temperature, and this temperature did not appear 



46 

to be detrimental to the survival of the animals-there was no 

noticeable increase in mortality, just delayed development. 

The extraction of neural tubes followed the procedure of 

Fukuzawa (1988). In brief, the procedure was as follows. 

stage 22-23 X. laevis embryos, still covered with their jelly 

coat and fertilization membrane, were dipped into 70% ethyl 

alcohol for 10 seconds to sterilize the jelly coat and 

fertilization membrane. The embryos were then placed into a 

petri dish containing sterile Steinberg's Basic Salt Solution 

(BSS). The jelly coat and the fertilization membrane were 

removed using No. 5 watchmaker's forceps. The great majority 

of each embryo's yolk was removed by making two cuts with a 

tungsten needle (fashioned in the lab with Pasteur pipets and 

tungsten wire sharpened in boiling sodium nitrite). One cut 

was just ventral and parallel to the somites and the other cut 

was caudal and parallel to the pharyngeal arches. If, after 

the two initial cuts, it appeared that yolk still covered the 

ventral surface of the somites, this layer of yolk was 

disturbed with the tungsten needle to further expose the 

somite and neural tube region. After the yolk had been 

removed, the embryo was transferred to a sterile 0.10% (w/v) 

type IV collagenase solution (Sigma type IV collagenase in 

BSS) for 30 minutes at 25° C. The collagenase loosens the 

developing tissues from one another. The embryo was then 

returned to a fresh, sterile petri dish with sterile BSS. The 

ectoderm caudal to the head region was then easily removed 
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from the embryo with a tungsten needle and micro dissecting 

forceps (Roboz, #RS-5090) so that the somites and neural tube 

were exposed. 

separated from 

The somites and the notochord could then be 

the neural tube. At this point in the 

operation, it was quite easy to determine if the collagenase 

had been effective, for if it had, the somites came away from 

the neural tube with little effort. The neural tube, with 

neural crest cells seated atop, was then cut at approximately 

the level of the 7 ili somite pair and the 21~ somite pair. The 

region between the 7ili and 21 s1 somites was then transferred to 

the center of a waiting culture droplet using a sterile 13.5 

cm Pasteur pipet. 

The culture droplets had a total final volume of 100~l. 

Neural tubes were initially placed into droplets that had a 

volume of 50~l (40~l of sterile BSS and 10~l of sterile BSS 

containing 0.2mM tyrosine and 1000 ug/mlstreptomycin and 1000 

units/ml penicillin). The BSS with tyrosine and antibiotics 

was filter sterilized instead of autoclaved to preserve the 

tyrosine and the antibiotics. After 10 hours in the 50~l 

droplet, to allow for attachment of the neural tube to the 

petri dish (Falcon, #3002), a 50~l treatment was added. 

control neural tubes received an additional 50~l of sterile 

autoclaved BSS. Experimental neural tubes received 50~l of 

either darkly pigmented dorsal coat skin conditioned media 

(DeM) or pale ventral coat skin conditioned media (VCM). The 

final concentration of tyrosine in the culture droplet was 
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0.02 roM, and the final concentrations of the antibiotics were 

100~g/ml streptomycin and 100 units/ml penicillin. 

All neural tubes were initially placed into identical 

50~1 droplets. The treatments were randomly assigned to 

droplets 10 hours later. 

Explanted neural tubes were stored in an airtight 

container (Rubbermaid, Servin' Saver) lined with distilled 

''later-saturated tissue paper to provide a humid atmosphere. 

The container was then placed into a humid incubator 

(National) set at 25° C. 

Explanted neural tubes were observed once a day for the 

following three days (24, 48, and 72 hours after explant). 

Results are therefore reported for days 1, 2, and 3 following 

explant for each experiment. Neural tubes and emigrated 

neural crest cells were viewed with an Olympus CK2 inverted 

microscope. The total population of emigrated cells was 

determined with 100 X phase contrast optics. This made the 

individual cells easy to resolve, for the limits of the cells 

are well defined with phase contrast. The conclusion as to 

whether a cell was melanized was made with 200 X optics 

without phase contrast. The melanized cells appeared black, 

and black granules (melanosomes as previously concluded, 

Fukuzawa 1988) were apparent in these cells. The total number 

of cells which emigrated from the neural tubes was recorded, 

as was the number of melanized cells which appeared in the 

culture droplets. The percentage of melanized cells in the 
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culture droplets was then calculated and recorded. 

Each experiment involves the use of eggs from a single 

female Xenopus. This was done to limit the influence of 

genetic differences between individuals on the outcome of the 

experiments. 

General statistics 

The differences between the mean values for the total 

number of emigrated cells and the percentage of melanized 

cells were determined using a two-way analysis of variance 

(ANOVA), since there were two potential variables (time and 

treatment). If the two-way ANOVA demonstrated that there was 

no significant interaction effect between the days and the 

treatments, a one-way ANOVA was performed for each day to 

analyze the effect of the treatment on each day--in all cases 

when the two-way ANOVA revealed that there was no significant 

interaction effect, it indicated that there was a significant 

effect among treatments. Two-way ANOVA testing was also 

performed to determine if differences existed between 

experiments. The ANOVA testing was performed with the STAT 

computer program written by Christopher A. Leadem, Ph.D. 

(Department of Anatomy, University of Arizona). The results 

were considered statistically significant at p < 0.05 as 

determined with the Student Newman-Keuls multiple range test. 

The confidence limits depicted in the results section and the 

graphs are standard error of the mean, unless otherwise 
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indicated. In those cases where there was no difference over 

time between two compared groups, only day one data is 

presented in the verbal results section, unless otherwise 

indicated. 

RESULTS 

Media Generated on October 20, 1988 

The two-way ANOVA test indicated 

between days 

that there was no 

for the three days significant difference 

following explant for 

melanization data, and 

the cell count data 

that there was no 

and percent 

significant 

difference between treatments for the cell count data, but 

that there was a significant difference between the treatments 

for the percent melanization data. These data were therefore 

analyzed with a one-way ANOVA for each day of the experiment. 

Results are presented in figure 1.1. 

X. laevis neural tube explants treated with mouse VCM had 

the same total number of cells emigrate from the cultured 

neural tubes as the BSS control. The culture droplets that 

were treated with VCM had a decreased percentage of melanized 

cells (0.8% ± 0.6) compared to the control (22.1% ± 3.1) (p < 

0.01) • 

Neural tube explants treated with DCM also had the same 

number of emigrated cells as the control. On the first day, 

culture droplets treated with DCM had the same percentage of 

melanized cells (17.9% ± 1.8) as the BSS control (22.1% ± 
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3.1). On the second day, however, the DCM treated cells had 

a lower percentage of melanized cells (15.3% ± 2.4) than the 

control (31.1% ± 5.6) (p < 0.01). And on the third day of the 

exper iment , the OCM trea tment group had a percentage of 

melanized cells (23.3% ± 2.8) which was not statistically 

different than the control (29.3% ± 5.7). 

The DCM treated neural tubes had a greater percentage of 

melanized cells than the VCM treated neural tubes on day 1 

(17.9% ± 1.8 vs. 0.8% ± 0.6), day 2 (15.3% ± 2.4 vs. 0.7% ± 

0.4), and day 3 (23.3% ± 2.8 vs. 1.3% ± 0.7) (all values p < 

0.01) • 

Resul ts reported are typical for media generated in 

October of 1988 i batches of eggs from different Xenopus 

yielded similar results (Table 1). 

Media Generated on January 20, 1989 

The two-way ANOVA test indicated that there was no 

significant difference between days for the three days 

following explant for the cell count data and the percent 

melanization data, and that there was no difference between 

treatments for the cell count data, but that there was a 

significant difference between the treatments for the percent 

melanization data. These data were therefore analyzed with a 

one-way ANOVA for each day of the experiment. Results are 

presented in figure 1.2. 

The ~. laevis neural tube explants which were treated 
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with VCM had the same number of cells emigrate from the neural 

tubes as the control. The VCM treatment group had a decrease~ 

percentage of melanized cells (0.6% ± 0.6) compared to the 

control (22.1% ± 3.1) (p < 0.01). 

The neural tube explants which were treated with OCM also 

had the same total number of emigrated cells as the control. 

The OCM treated cultures had a reduced percentage of melanized 

cells (6.6% ± 3.3) compared to the control (22.1% ± 3.1) (p < 

0.01). 

The OCM treatment resulted in a greater percentage of 

melanized cells (6.6% ± 3.3) compared with the VCM treated 

group (0.6% ± 0.6) on the first day following explantation (p 

< 0.05). On day two, however, there was no significant 

difference between the OCM treatment (8.4% ± 3.2) and the VCM 

treatment (2.4% ± 1.8). And on day three there was again no 

significant difference between the OCM treatment (7.9% ± 2.7) 

and the VCM treatment (2.5% ± 1.4). 

These results differed from the October 1988 conditioned 

media. While the January VCM typically inhibited melanocyte 

differentiation in the neural tube explants, the January OCM 

did not allow for as much melanization as the October OCM, and 

it only differed from the VCM on the first day after 

explantation. 

Resul ts reported are typical for media generated in 

January of 1989 i batches of eggs from different Xenopus 

yielded similar results (Table 1). 



53 

Media Generated on April 23, 1989 

The two-way ANOVA indicated that there was no significant 

difference between days for the three days following explant 

for the cell count data and the percent melanization data, but 

that there was a significant difference between the cell 

counts for the treatment groups, and that there was a 

significant difference between the percent melanization for 

the treatment groups. These data were therefore analyzed with 

a one-way ANOVA for each day following explant. Results are 

presented in figure 1.3. 

The X. laevis neural tube explants treated with VCM had 

the same total number of emigrated cells as the control on the 

first day following explant. On the second and third days 

following explant, the VCM group had a greater number of cells 

than the control group. On the first day following the 

explant operation, the VCM treatment produced a percentage of 

melanized cells (3.7% ± 1. 3) which was not statistically 

different than the control (6.9% ± 1.9). On the second day, 

the VCM treatment group had a significantly lower percentage 

of melanized cells (9.3% ± 2.3) than the control (21.0% ± 3.8) 

(p < 0.01). And on the third day, the VCM treatment 

maintained its significantly reduced percentage of melanized 

cells (9.3% ± 1.9) compared to the control (32.5% ± 4.2) (p < 

0.01). 

The DCM treatment had the same total number of emigrated 

cells as the control on days two and three following explant, 
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but on day one, there were fewer total cells in the OCM 

treated cultures than in the control. On day one, the OCM 

treatment produced a greater percentage of melanized cells 

(11.3% ± 2.5) than the control (6.9% ± 1.9). On day two, the 

OCM group had the same percentage of melanized cells (23.0% ± 

3.7) as the control (21.0% ± 3.8). And on day three, there 

was still no difference between the OCM group (25.0% ± 6.4) 

and the control (32.5% ± 4.2). 

On all three days of the experiment, the OCM treated 

group had a greater percentage of melanized cells than the VCM 

treated group: day 1 (11.3% ± 2.5 vs. 3.7% ± 1.3, P < 0.01); 

day 2 (22.9% ± 3.7 vs. 9.3% ± 2.3, P < 0.01); and day 3 (25.0% 

± 6.4 vs. 9.3% ± 1.9, P < 0.05). 

Results reported are typical for media generated in April 

of 1989, with the exception that no difference in cell count 

was noted between the VCM treated groups and the control, 

suggesting that this was an isolated finding; batches of eggs 

from different Xenopus yielded similar results (Table 1). 

Media Generated on June 20, 1989 

The two-way ANOVA indicated that there was no significant 

difference between days for the three days following explant 

for the cell count data and the percent melanization data, and 

that there was no significant difference between the cell 

counts for the treatment groups, but that there was a 

significant difference between the percent melanization for 
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the treatment groups. These data were therefore analyzed for 

each day following explant with a one-way AN OVA test. Results 

are presented in figure 1.4. 

The VCM treated neural tubes had the same total number of 

emigrated neural crest cells as the control. The VCM culture 

droplets had a decreased percentage of melanized cells (2.3% 

± 1.2) compared to the control (18.4% ± 0.3) (p < 0.01). 

The DCM trea'ted neural tubes also had the same total 

number of emigrated neural crest cells as the control. The 

DCM treatment group had a percentage of melanized cells (6.3% 

± 2.8) which was lower than the control (18.4% ± 0.3) (p < 

0.01). 

On the first day following the explant operation, the DCM 

treatment group had a greater percentage of melanized cells 

(6.3% ± 2.8) than the VCM treatment group (2.3% ± 1.2) (p < 

0.05). On the second day after explant, the DCM treatment 

retained its greater percentage of melanized cells (6.9% ± 

2.1) compared to the VCM treatment (2.3% ± 1.2) (p < 0.01). 

However, on the third day after explant, there was no 

significant difference between the percent melanization in the 

DCM treatment group (6.3% ± 2.5) and the VCM treatment group 

(2.8% ± 1.3). 

Results reported are typical for media generated in June 

of 1989; batches of eggs from different Xenopus yielded 

similar results (Table 1). 
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Media Generated October 20, 1989 

The two-way ANOVA indicated that there was a significant 

interaction effect between days and treatment groups for both 

total cell count and percent melanization data. Results are 

presented in figure 1.5. 

The VCM treatment group had the'same number of emigrated 

cells as the control. On the first day following explant, it 

had a decreased percentage of melanized cells (1.1% ± 0.4) 

compared to the control (13.9% ± 1.9) (p < 0.01). On day two, 

there was still a decreased percentage of melanized cells 

(2.0% ± 0.4) compared to the control (28.9% ± 3.9) (p < 0.01). 

And on the third day, the VCM treated group retained a lower 

percentage of melanized cells (1.9% ± 0.3) compared to the 

control (31.6% ± 4.5) (p < 0.01). 

On the first day, the OCM treatment group had a greater 

number of cells (165.5 ± 20.9) than the control (124.0 ± 14.9) 

(p < 0.01), and the OCM treatment group's percentage 

melanization (8.1% ± 0.8) was not significantly different than 

the control (13.9% ± 1.9). On the second day, the OCM 

treatment group maintained its greater population of cells 

(173.3 ± 23.1) compared to the control (99.8 ± 14.6) (p < 

0.01), but the OCM treatment group's percent melanization 

(13.6% ± 3.0) was less than the control (28.9% ± 3.9) (p < 

0.01). And on day three, the OCM group still had a greater 

population of cells (157.0 ± 19.6) than the control (85.7 ± 

12.7) (p < 0.01), and the OCM group retained a lower 
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percentage of melanized cells (13.3% ± 2.3) compared to the 

control (31.6% ± 4.5) (p < 0.01). 

On the first day following the explant operation, the OCM 

group had a greater population of cells (165.5 ± 20.9) than 

the VCM group (98.3 ± 28.2) (p < 0.01), and the DCM group also 

had a greater percentage of melanized cells (8.1% ± 0.8) than 

the VCM group (1.1% ± 0.4) (p < 0.05). This remained true on 

days two and three. 

Resul ts reported are typical for media generated in 

October of 1989, with the exception that the DCM treated 

group's cell count was not always greater than the control; 

batches of eggs from different Xenopus yielded similar results 

(Table 1). 

Comparison of Results from Different Dates 

Two-way ANOVA testing of the data from October 1988 and 

January 1989 revealed that there was a difference between the 

two dates for the OCM percent melanization data on all three 

days following explant (p < 0.01). 

Two-way ANOVA testing of the data from October 1988 and 

April 1989 revealed a difference between the percent 

melanization for the control groups on day 1 (p < 0.01) 

following explant, but not on days 2 and 3. There was also a 

difference between the percent melanization for the VCM 

groups on days 2 and 3 (p < 0.01), but not on day 1, following 

explant. 



58 

Two-way ANOVA testing of the data from October 1988 and 

June 1989 revealed a difference between the percent 

melanization for the DCM groups on all three days following 

explant (p < 0.01). 

Two-way ANOVA testing of the data from october 1988 and 

October 1989 revealed that there was no significant difference 

in the percent melanization data for these two dates. There 

was a significant difference in the cell count data for the 

DCM groups on all three days following explant (p < 0.01). 

DISCUSSION 

The results of this study demonstrate that the mechanisms 

of pigment pattern regulation may be quite similar for 

vertebrate species. That conditioned media generated with ~. 

boylei integument is able to inhibit the differentiation of X. 

laevis neural crest cells into melanocytes suggests that the 

integument of ~. boylei contains a putative melanization 

inhibiting factor, and that this putative factor is related to 

the amphibian MIF. Since it appears possible to remove the 

putative factor by gently shaking the integument of R. boylei 

in basic salt solution, when the integument is isolated from 

its usual underlying tissues, the factor may be part of the 

basement membrane or other extracellular matrix exposed by 

isolation of the integument. 

Studies have revealed that certain components of the 

extracellular matrix are important to the normal hair growth 
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cycle, and that they are present at various times during the 

hair growth cycle (McDonagh, 1990). It is not, therefore, 

difficult to believe that the extracellular matrix could 

contain factors which affect the dermal melanocytes of the 

hair bulb, and which regulate and maintain coat pattern. The 

melanocyte regulatory factors could be present in the 

extracellular matrix at critical times during the hair growth 

cycle to stimulate or inhibit the production of melanin by the 

hair bulb's melanocytes. 

In considering the previous studies on pattern formation, 

it was anticipated that the pale ventral coat integument of ~. 

boylei would contain a factor which could inhibit 

melanization. The work of Fukuzawa (1986) which demonstrated 

the presence of a melanization inhibiting factor in the pale 

ventral skin of X. laevis provided much of the impetus for 

conducting this research. However, it was not expected that 

melanization inhibiting activity would be seen in the dorsal 

integument, but in light of the coordination of melanocytes to 

the hair cycle, this activity seems quite reasonable. 

It appears that there is a putative factor (or factors) 

present in the integument of adult ~. boylei which may have a 

role in controlling the function of pigment cells which 

normally provide melanin to hair follicles. The evidence for 

this is indirect with respect to hair follicles, but direct 

with regard to melanocyte differentiation and function. This 

putative factor appears to inhibit the differentiation of 
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potential pigment cells from the neural crest, a measure of 

melanocyte regulation (Fukuzawa, 1986). It seems, too, that 

this putative inhibitory factor, while perhaps not limited to 

the ventral integument, exerts its greatest inhibition of 

pigment cell function (melanin synthesis) in the ventral 

integument of £. boylei. The greatest, and most consistent, 

inhibitory activity was obtained from ventral integument 

conditioned media (figs. 1.1-1.5). Even in the instance when 

the VCM treated group had a larger population of cells than 

the control (fig. 1.3), the VCM inhibited the differentiation 

of melanocytes-the larger population of cells did not obscure 

the activity of the putative melanization inhibiting factor. 

The results of this investigation suggest that the 

instructions for mammalian pigment patterns may involve this 

putative regulatory factor (or factors)-for £.boylei has a 

coat pattern which suggests that melanocyte inhibiting 

activity could be found in the ventral integument. They 

demonstrate, as well, that the pigment pattern formation 

mechanisms in vertebrates may be closely related; the X. 

laevis neural crest cells appear to be sensitive to the 

putative mammalian factors. 

The pale ventral coat integument and the darkly pigmented 

coat integument exert distinct influences on the neural tube 

explant assay (figs. 1.1-1.5). The pale ventral coat 

integument conditioned media (VCM) consistently inhibited the 

differentiation of melanocytes from the neural tube's neural 



61 

crest population of potential pigment cells when compared to 

control values. This indicates that at all the times 

examined, the ventral integument contained an active 

melanization inhibiting factor. If the VCM had not differed 

from the OCM in its effects on melanization, the same could 

not be said, for then the noted effects could have been a 

general consequence of the media on the cells. However, this 

was not observed. 

The OCM permitted differentiation of melanocytes that 

was, depending upon the day following explantation, 

characteristically greater than that permitted by the VCM 

(figs. 1.1-1.5). The melanocyte differentiation permitted by 

the OCM once exceeded the melanocyte differentiation provided 

by the control (fig. 1.3, day l)--this was an isolated case in 

which the control value was statistically lower than usual for 

day 1 following explant, and so this piece of data is very 

likely insignificant. The differentiation of melanocytes 

permitted by the OCM many times equalled the differentiation 

seen in the control (figs. 1.1, 1.3, and 1.5). The 

differentiation of melanocytes permitted by the OCM several 

times yielded less melanocyte differentiation than the control 

(figs. 1.1, 1.2, 1.4, and 1.5). The data indicate that the 

regulation of the melanocytes in the dorsal integument is 

distinct from that in the ventral integument. The control 

media (Steinberg's Basic Salt Solution, BSS) contained 0.02 roM 

tyrosine which has been demonstrated to stimulate melanocyte 
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differentiation in the neural tube explant assay (Fukuzawa, 

1986). Tyrosine has also been implicated in the stimulation 

of tyrosinase, the rate limiting enzyme of melanogenesis, 

activity in the Bomirski melanoma cell line (Howe et al., 

1991; Slominski et al., 1991), which indicates that this may 

be a more generalized effect of tyrosine upon melanocytes. 

That the melanocyte differentiation permitted by the DeM was 

usually equal to the control and greater than the VCM or less 

than the control and greater than the VCM suggests that the 

effect of the DCM upon melanogenesis is a lack of inhibition 

or at least a lack of the same degree of inhibition. The 

implication is that there is active inhibition of 

melanogenesis and passive stimulation of melanogenesis by 

integumental factors in £. boylei. 

In the experiments which examined conditioned media from 

January 1989 and June 1989, the VCM and the OCM provided 

similar levels of inhibition (figs. 1.2 and 1.4). This 

indicates that both integuments are capable of inhibition of 

melanocyte function. Perhaps at those times in the hair 

growth cycle when the hair is not growing, the melanocytes in 

both the dorsal and ventral integument are inactive. 

Therefore, it does not seem unreasonable that inhibitory 

activity is associated with both the dorsal and ventral 

integument. Histological studies of fully pigmented hair 

follicles (follicles which yield completely black hairs) have 

demonstrated that the melanocytes are transiently active, that 
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their activity is related to the growth of the hair (Fawcett 

and Bloom, 1986). Based upon the hair growth cycle, it would 

be expected that hair follicles which are inactive will have 

inactive melanocytes. 

to pattern formation 

This inactivity is probably not related 

mechanisms, but more appropriately 

related to the properties of the follicle during generalized 

hair growth. 

The lack of melanin in the distal portion of g. boylei's 

ventral integumental hairs, however, could very well be the 

result of pattern formation mechanisms, for this indicates 

melanocyte inhibition in conjunction with hair growth, a quite 

different situation than melanocyte inactivity coupled to 

follicle inactivity. 

A histological study of g. boylei's hair follicles in 

October of 1989 (fig. 1.6), with tissue from the same animal 

used to generate conditioned media (fig. 1.5), revealed that 

the dorsal integument's hairs were filled with melanin, while 

no melanin was seen in the ventral integument's hairs beneath 

the surface of the epidermis. Melanin did appear in the 

proximal portion of the ventral integument's hairs above the 

surface of the epidermis, suggesting that the follicles of the 

ventral integument have associated melanocytes, and that these 

melanocytes are active for a portion of the hair growth cycle. 

It appeared that the dorsal integument's follicles were 

actively synthesizing melanin, but that the ventral 

integument's follicles were not producing melanin at this same 
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time. Based upon the appearance of the hairs, this suggests 

that the hair follicles were active, that the dorsal 

integument's hairs were receiving melanin (that their 

melanocytes were active), and that the ventral integument's 

hairs were receiving no melanin (that their melanocytes were 

inactive). The histology and the explant assay provided data 

that appeared to agree: the histology showed no melanin in the 

ventral integument's hairs beneath the epidermis and the 

explant assay showed that the VCM inhibited melanocyte 

differentiation; the dorsal integument's hairs were filled 

with melanin beneath the epidermis and the explant assay 

showed that the DCM permitted greater melanization than the 

VCM (the DCM was equal to the control on day one). 

These findings correspond well with what is seen in the 

individual hair. If the hair is to be white at its tip, the 

melanocytes at the base of the hair follicle need to be 

inhibited from secreting melanin (and perhaps from 

synthesizing melanin) during the initial phase of the hair 

growth cycle. For the last half of the hair growth cycle, 

then, the melanocytes need to be stimulated, or released from 

inhibition, to secrete melanin into the hair. After melanin 

has been distributed to the proximal half of the hair, and as 

hair growth terminates, the melanocytes must prepare for the 

next growth cycle, and so the melanocytes must enter an 

inhibitory phase. It seems, then, that the melanocytes of the 

pale ventral coat hairs are active for only a brief period 
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This could explain why melanization 

inhibiting activity was seen in the ventral integument for the 

majority of year. 

It appears that the environment of the melanocyte has a 

role in this cell's function. That it is possible to extract 

putative regulatory factors from the integument of £. boylei 

and apply them to X. laevis neural crest cells resulting in an 

effect on the cells' differentiation demonstrates that these 

in vitro conditions have a role in melanocyte function; it 

indicates, too, the potential that these extracted factors may 

have a role in the in vivo regulation of melanocytes. It has 

been demonstrated that the extracellular matrix of normal and 

mutant mice have different effects on melanocyte function 

(Morrison-Graham, 1990a and 1990b). It has also been 

established that the extracellular matrix is dynamic during 

the hair growth cycle (McDonagh,1990). Taken together, the 

implication is that the hair bulb in the hair growth cycle is 

actively producing extracellular matrix molecules, and that 

these have a role in hair growth, and that this ever changing 

matrix may have a role in melanocyte function as well. In the 

generation of pattern, the hair bulbs of the dorsal and 

ventral surfaces of £. boylei may be producing different 

matrix molecules, or different concentrations of matrix 

molecules, to affect the function of the hair bulb melanocytes 

during the hair growth cycle, resulting in ventral hairs which 

have a white distal portion and black proximal portion, and 
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dorsal hairs which have a brown distal portion and a black 

proximal portion. The ability of the hair bulbs to generate 

these matrix molecules could be the result of pre-pattern 

formation gradients (Murray, 1981). The gradients of 

promoters or inhibitors in the embryo could establish the 

capacity of the hair bulb to generate certain matrix 

molecules, or concentration~, creating differences between 

dorsal and ventral surfaces. As the hair bulb is activated, 

then, it could respond to the explicit commands encoded by the 

pre-pattern message's effect within the hair bulb. Thus, as 

the hair bulb is activated, it could produce a blend of matrix 

molecules which affect the hair growth and its pigmentation; 

and since the composition of matrix molecules is dynamic 

during hair growth (McDonagh, 1990), the change over time 

could result in the altered function of melanocytes during the 

hair growth cycle, ultimately yielding white tipped hairs from 

follicles with viable melanocytes. 

The study of amphibian MIF demonstrated that fewer neural 

crest cells will migrate into an environment rich in MIF than 

one which lack MIF (Fukuzawa, 1986). The research involving 

the mouse, £. boylei, has not yielded a similar result. There 

are possibly two explanations for this finding. The first is 

that a population of melanocytes must reside in the pale 

ventral coat's integument, because the hairs of this 

integument contain melanin in their proximal half. The second 

is that the explanted neural tubes were treated ten hours 
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following the explant operation, which could have been enough 

time for the migrating population to be established, although 

not yet determined. The means for responding to this question 

have not yet been worked out. Treatment of the neural tubes 

immediately following explant results in a lack of attachment 

to the culture plate, and so earlier treatment does not appear 

to be a viable option. However, the generation of monoclonal 

antibodies directed against the amphibian MIF (Samaraweera et 

aI, 1991) could provide a means for studying the putative 

mammalian MIF without using the explant assay. with the 

monoclonal antibody, it may be possible to examine the 

integument immunohistochemically for the existence (perhaps 

temporal existence) of the putative mammalian MIF. Since the 

X. laevis neural crest cells respond to the putative £. boylei 

melanization inhibiting factor, it seems reasonable that the 

monoclonal antibody directed against the amphibian MIF may 

recognize the putative mammalian factor. 

Further research related to the control of pigmentation 

in the hair follicle of £. boylei could include a study of the 

levels of expression of tyrosinase in the hair follicles of 

the dorsal and ventral integuments during the hair cycle. 

This sort of study may improve the understanding of the 

regulation of melanization in the hair cycle. A study of 

melanogenesis in the completely pigmented C57 Bl-6 mouse has 

revealed that melanin formation only occurs during the growth 

portion of the hair cycle (Slominski et al., 1991). It was 
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demonstrated in this study that tyrosine hydroxyiase activity 

is low and dopa oxidase activity is undetectable on day 0 of 

the hair cycle, but that both these activities increase 

rapidly on day 3 of the hair cycle (both of these activities 

are due to tyrosinase, EC 1.14.18.1 (Hearing, 1976, 1987». 

Using similar methods of investigation, it may be possible to 

further dissect the events associated with the melanogenesis 

of the hair follicle, the melanization of the hair shaft, and 

the generation of coat pattern. 

While there is good evidence to suggest that the 

amphibian MIF is an essential molecule in amphibian pigment 

pattern formation (Fukuzawa et al. 1991), it is possible that 

the putative factors extracted from the E. boylei integument 

are integral to pattern formation in a somewhat distinct 

sense. The estimated size of the amphibian MIF (300 kDa) 

causes one to think that it could remain localized 'in the 

ventral frog skin for physical reasons. The dynamic nature of 

the hair bulb (Fawcett and Bloom, 1986; McDonagh, 1990; 

Slominski, 1991), suggests that the putative mammalian pattern 

regulatory factors may not require the same physical 

characteristics. The active matrix contains transient 

elements (McDonagh, 1990). One of these transient components 

may be responsible for melanocyte regulation. The 

establishment of a pre-pattern during embryogenesis could 

involve the distribution of molecules which direct the genetic 

code of matrix forming cells (fibroblasts, melanocytes, 
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keratinocytes)--cells in the dorsal integument receiving 

different instructions than those in the ventral integument. 

During the hair growth cycle, they could generate matrix 

molecules in an established order so that they would provide 

an extracellular matrix environment which would favor or 

inhibit the production of melanin in hair bulb melanocytes. 

Thus the pre-pattern formation molecules might indirectly 

affect melanin synthesis by controlling gene expression in the 

hair bulb, and the resultant extractable regulatory factors 

(putative proteins of the extracellular matrix) might directly 

affect melanin synthesis. The apparent active nature of the 

hair bulb's extracellular matrix causes one to think that some 

element of its melanocyte regulation may differ from that of 

amphibians--the ventral surface of E. boylei suggests that it 

has hair bulb melanocytes which are transiently active, a 

situation unlike the amphibian. However, because the putative 

regulatory factors of E. boylei do affect X. laevis neural 

crest cell differentiation and melanin synthesis, it is 

possible that they are related to the amphibian MIF, that they 

work through similar mechanisms (perhaps the active site of 

the putative factors has a similar code). continued study in 

this area will help to elucidate this matter. 

Although the question of seasonality has not been 

directly addressed in this discussion, it is seems apparent 

that the effect of the E. boylei integument on the Xenopus 

neural crest cells was different depending upon the time of 
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year that the conditioned media was generated. The 

statistical analysis confirmed this impression. It appears, 

therefore, that there is a seasonal component to the 

regulation of melanization in the integument of £. boylei. 

While this study did not attempt to correlate melanization 

with seasonal molting, it appears that the greatest 

melanization in the dorsal integument occurred at times during 

the year that may be associated with the winter (October) and 

spring (April) molts. This make intuitive sense, for the 

production of a dense winter coat or a delicate spring coat 

does not change the overall appearance of the animal (as 

judged by this author), and therefore at both of these times 

during the year, the coat has a requirement for the production 

of a dark dorsal surface and a pale ventral surface, which 

requires the production of more melanin in the dorsal coat 

than in the ventral coat. 

In addition to the intrinsic worth provided by a basic 

understanding of the relatedness of species and their methods 

of pattern formation, the ultimate value of this research may 

be in the understanding of pigmentary disorders. The 

discovery of melanization inhibiting activity in the ventral 

coat integument of £. boylei suggests the possibility that 

certain hypopigmentary disorders (vitiligo, piebaldism) may 

have some relation to pattern formation. Perhaps melanization 

inhibiting molecules, homologous to the putative melanization 

inhibiting factor of £. boylei are formed in the pale areas of 
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the affected integument, and perhaps these molecules interfere 

with the melanocytes ability to generate melanin. One of the 

most aggressive cancers is melanoma (cancer of the 

melanocyte). Its treatment meets with little success after 

metastasis (Roses et aI, 1991). A greater understanding of 

the factors which affect the melanocyte and melanization could 

yield critical information in the treatment of this disease. 

The potential creation of molecules which specifically 

recognize the melanocyte, and which would thus be invaluable 

in melanoma treatment, could benefit greatly from an improved 

comprehension of the mechanisms of pattern formation. 
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Figure 1.1 Results of neural tube explant assay with E. 
boylei conditioned media generated in October 1988. Bars 
represent the mean cell count or mean percentage of melanized 
cells (± S.E.). There was no statistical difference between 
groups in the cell count. The * compares the VCM and OCM to 
the control (P < 0.01). The + compares the VCM to the OeM (P 
< 0.01). The 1, 2, and 3 below the X axis refer to days 
following explant for one experiment. 
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Figure 1.2 Results of neural tube explant assay with £. 
boylei conditioned media generated in January 1989. Bars 
represent the mean cell count or mean percentage of melanized 
cells (± S.E.). There was no statistical difference between 
groups in the cell count. The * compares the VCM and DCM to 
the control (P < 0.01). The ++ compares the VCM to the DCM (P 
< O. 05) . The I, 2, and 3 below the X axis refer to days 
following explant for one experiment. 
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Figure 1.3 Resul ts of neural tube explant assay with !:. 
boylei conditioned media generated in April 1989. Bars 
represent the mean cell count or mean percentage of melanized 
cells (± S.E.). For both graphs, the * compares the VCM and 
OCM to the control (P < 0.01), and the ** compares the VCM and 
OCM to control (P < 0.05). The + compares the VCM to the OCM 
(P < 0.01). The 1, 2, and 3 below the X axis refer to days 
following explant for one experiment. 
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Figure 1.4 Results of neural tube explant assay with E. 
boylei conditioned media generated in June 1989. Bars 
represent the mean cell count or mean percentage of melanized 
cells (± S.E.). There was no statistical difference between 
groups for the cell count. The * compares the VCM and DCM to 
the control (P < 0.01). The + compares the VCM to the DCM (P 
< 0.01). The ++ compares the VCM to the DCM (P < 0.05). The 
1, 2, and 3 below the X axis refer to days following explant 
for one experiment. 
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Figure 1. 5 Results of neural tube explant assay with E. 
boylei conditioned media generated in October 1989. Bars 
represent the mean cell count or mean percentage of melanized 
cells (± S.E.). For both graphs, the * compares the VCM and 
OCM to the control (P < 0.01). The + compares the VCM to the 
OCM (P < 0.01), and the ++ compares the VCM to the OCM (P < 
0.05) . The 1, 2, and 3 below the X axis refer to days 
following explant for one experiment. 



Figure 1. 6 (a) dorsal surface of .E. boylei; (b) ventral 
surface of E. boylei; (c) hairs from dorsal surface showing 
brown distal half and black proximal half; (d) hairs from 
ventral surface showing white distal half and black proximal 
half; (e) transverse view of dorsal hair follicles showing 
melanization at the core of each hair shaft; (f) transverse 
view of ventral hair follicles showing a lack of melanin in 
the core of each hair shaft; (g) sectioned hair follicles from 
dorsal surface showing heavy melanization below the epidermis; 
(h) sectioned hair follicles from ventral surface showing no 
melanin below epidermis. 
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Figure 1.7 (TOP) control neural crest cells after migrating 
from explanted neural tube (200X)i (MIDDLE) neural crest cells 
exposed to DCM (200X)i (BOTTOM) neural crest cells exposed to 
VCM (200x). Melanized cells are marked with an arrow (--»). 
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Date Group Day 1 Day 2 Day 3 n 

Oct 88 C 22.09 ± 3.05 31.12 ± 5.59 29.28 ± 5.65 3 
Exp #1 V 0.83 ± 0.62 0.88 ± 0.45 1.41 ± 0.73 3 

D 17.86 ± 1. 83 15.28 ± 2.44 23.27 ± 2.77 3 

Oct 88 C 36.48 ± 9.59 53.06 ± 6.91 48.86 ± 5.62 5 
Exp #2 V 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 5 

D 11. 29 ± 4.53 12.12 ± 5.39 20.59 ± 5.44 3 

Jan 89 C 22.09 ± 3.05 31.12 ± 5.59 29.28 ± 5.65 3 
Exp #1 V 0.62 ± 0.62 2.39 ± 1. 82 2.53 ± 1.42 3 

D 6.64 ± 3.26 8.42 ± 3.18 7.91 ± 2.71 3 

Jan 89 C 20.44 ± 5.37 22.45 ± 5.11 24.16 ± 5.69 5 
Exp #2 V 1. 09 ± 1. 09 0.46 ± 0.46 0.00 ± 0.00 4 

D 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 4 

Apr 89 C 6.87 ± 1. 86 21. 06 ± 3.75 32.53 ± 4.24 7 
Exp #1 V 3.65 ± 1. 30 9.29 ± 2.26 9.30 ± 1. 92 5 

D 11.34 ± 2.50 22.92 ± 3.67 25.04 ± 6.41 3 

Apr 89 C 13.28 ± 2.18 27.73 ± 2.35 51. 04 ± 7.06 4 
Exp #2 V 2.44 ± 0.75 3.09 ± 0.79 10.67 ± 1. 75 6 

D 12.67 ± 1. 60 22.18 ± 1. 49 29.91 ± 2.94 5 

Jun 89 C 18.43 ± 0.32 36.41 ± 1.27 44.50 ± 5.61 3 
Exp #1 V 2.33 ± 1.17 2.31 ± 1.19 2.75 ± 1.32 5 

D 6.30 ± 2.75 6.89 ± 2.06 6.33 ± 2.45 5 

Jun 89 C 9.09 ± 2.55 19.31 ± 2.06 22.78 ± 4.36 8 
Exp #2 V 1.18 ± 0.39 2.19 ± 0.71 3.12 ± 1.09 8 

D 2.54 ± 0.70 1. 85 ± 0.57 2.84 ± 0.64 8 

Oct 89 C 13.89 ± 1. 99 28.99 ± 3.95 31. 59 ± 4.50 6 
Exp #1 V 1. 06 ± 0.36 2.03 ± 0.43 1.99 ± 0.30 4 

D 8.14 ± 0.79 13.65 ± 3.04 13.34 ± 2.39 6 

Oct 89 C 18.17 ± 4.62 29.83 ± 6.45 27.67 ± 5.70 6 
Exp #2 V 1. 25 ± 0.48 2.00 ± 0.41 1. 75 ± 0.48 4 

D 13.17 ± 1. 78 21.17 ± 3.27 19.67 ± 3.02 6 

Table 1.1 Percent Melanization Data for Experiments with 
Peromyscus boylei. In all cases, Exp #1 data was used in the 
graphs presented elsewhere in this chapter. Exp #2 data is 
provided as a comparison to each Exp #1. C = Control; V = 
Ventral Skin Conditioned Media; D = Dorsal Skin Conditioned 
Media. The n value is the number of neural tubes in each 
experimental group. 
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CHAPTER 2 

THE EFFECTS OF MEDIA CONDITIONED WITH EITHER WHITE OR BLACK 

SKIN FROM THE LONG/EVANS HOODED RAT ON THE TYROSINASE 

ACTIVITY OF B16-F10 MURINE MELANOMA CELLS 

ABSTRACT 

It has been suggested that vertebrate pigment pattern 

formation is the result of factors present in the integument 

which either suppress or encourage the production of melanin 

by melanocytes. In order to examine the hypothesis that a 

putative melanization stimulating factor resides in darkly 

pigmented mammalian integument, and that a putative 

melanization inhibiting factor resides in the pale mammalian 

integument, cultured B16-F10 murine melanoma cells were 

exposed to growth media that had been conditioned with either 

the black or white skin from the Long/Evans hooded rat, a 

mammal with a distinct black and white integumental pattern 

expressed in its coat. This study demonstrated that there is 

reason to believe that a melanization stimulating factor, 

distinct from alpha-melanocyte stimulating hormone, resides in 

the darkly pigmented integument, and that it is quite possible 

that a melanization inhibiting factor is present in the pale 

integument of this same animal. 
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INTRODUCTION 

The research described here was designed to compare the 

effects of media conditioned with either darkly pigmented 

integument or pale integument from the Long/Evans hooded rat 

on cell growth and tyrosinase activity in B16-F10 murine 

melanoma cells. It was hypothesized that the differently 

pigmented portions of the integument contain a factor or 

factors which affect the expression of pigment to provide the 

observed pigment pattern, and that the conditioning process 

would extract the putative factor or factors from the 

integument. If the putative factor or factors in the 

conditioned media produced an effect on cell growth or 

tyrosinase activity, it would implicate them in the regulation 

of melanocytes, and provide evidence for the existence of 

integumental pigment modulating factors in mammals. 

MATERIALS AND METHODS 

Animals 

The Long/Evans hooded rats used in this study were 

purchased from Sprague Dawley Corporation. The rats were all 

males approximately 6 months old, and they each weighed 

approximately 250 g. They were housed in individual cages 

with a 12:12 light dark cycle, and were fed rat chow and water 

ad libitum. The rats were maintained in their cages for one 

week prior to any manipulation. 
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Preparation of Conditioned Media 

The rats were shaved to remove all the fur on their 

trunks (thorax and abdomen). They were shaved so that it 

would be easier to work with the skin. The animals' coat 

patterns were still obvious after shaving, for the hair shafts 

beneath the epidermis of the black fur bearing regions 

contained melanin which made those regions of shaved 

integument appear blac]c. The epidermis of the darkly 

pigmented regions does not appear to contain pigment bearing 

melanocytes. The white fur bearing regions appeared pink 

after shaving; the hairs beneath the epidermis had no melanin. 

Three days after being shaved, the animals were 

sacrificed by decapitation with a laboratory guillotine. This 

method of sacrifice was necessary to avoid any possible 

effects which a chemical used for euthanasia might have on the 

experiment. 

Immediately following sacrifice, the shaved skin was 

removed from the animals and any muscle that was attached to 

the skin was dissected away. The skin was then trimmed to 

isolate portions of all black or all white skin. The skin at 

the interface (approximately 5mm to either side of the 

distinct boundary line) between the black and white regions 

was not used. Large pieces of white and black skin were 

placed into separate beakers which contained sterile Ham's FlO 

media (sigma). After the skin had been collected, it was 

removed from the beaker and weighed. The weighed skin was 
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returned to the beaker of Ham's FlO. The skin was then 

prepared to condition Ham's FlO media. It was washed three 

times with fresh, sterile Ham's FlO, and then the clean, well

moistened skin was placed into a fresh, sterile beaker. It 

was cut with sterile scissors into small pieces (approximately 

9mm2). The small pieces of skin were transferred to sterile 

500 ml bottles, and fresh, sterile Ham's FlO media was added 

so that the concentration of skin in the media was O.GO glml 

media. The bottles were then tightly capped and placed onto 

a shaker table to gently agitate the skin for 24 hours. After 

shaking, the conditioned media was removed from the bottle 

with a sterile pipet and filtered with a 0.02 Mm vacuum filter 

(Nalgene, 156-4020) in order to ensure that it was sterile. 

The sterile conditioned media was poured into sterile 50 ml 

tubes (Corning, 25310) and stored frozen (-20°C) until it was 

used in an exper iment. The Ham's F-lO which had been 

conditioned with white skin was called white skin conditioned 

media (WSCM) and with black skin was called black skin 

conditioned media (BSCM). 

Melanoma Cells 

The BlG-F10 murine melanoma cells used in this experiment 

were a gift from the lab of Dr. Mary J.C. Hendrix. The cells 

were stored in liquid nitrogen (-l95.8°C) until needed. Live 

cultures of cells were maintained in a humid incubator at 37°C 

with 5% CO2 and 95% air. The cultures were maintained with 
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Ham's F-10 media at pH 7.40 (Sigma) which had been 

supplemented with 2% heat inactivated Fetal Bovine Serum (fbs) 

(Hyclone), 10% heat inactivated Horse Serum (hs) (Hyclone), 

100 ~gjml streptomycin (Gibco), and 100 unitsjml Penicillin 

(Sigma). The growth media was changed every two days, and the 

cells were passed 1:10 once a week (the cells were 

redistributed such that the population was reduced to 1j10th 

of the original level). Cell cultures above the twelfth 

passage were discarded and replaced with stored cells at a 

lower passage number. 

The Experimental Design 

Two days prior to the treatment phase of an experiment, 

2 x 105 B16-F10 cells (5 x 104 cells/ml growth media) were 

plated onto 25 cm2 culture flasks (Gibco, 925-1030XT). The 

cells were then stored in the incubator until the treatment 

was initiated. 

On the first day of treatment, two days after plating the 

melanoma cells, the growth media that had been used for 

plating was replaced with fresh growth media. The control 

cells received 4 ml of fresh growth media alone. The a-MSH 

(Sigma, M4135) control cells received 4 ml of fresh growth 

media and 10-8M a-MSH, a dose which produces a maximal a-MSH 

induced tyrosinase activity in this cell line (Hadley, 1981; 

personal observation). Two WSCM groups were used. The first 

received 3 ml of fresh growth media and 1 ml of WSCM. The 
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second received 3 ml of fresh growth media and 1 ml of WSCM 

which had been diluted to l/lO~ strength with Ham's FlO media. 

Both of the WSCM groups had an a-MSH counterpart which 

differed only by the addition of lO-8M a-MSH to the WSCM 

treatments. Two black skin conditioned media groups were also 

tested. The first received 3 ml of fresh growth media and 1 

ml of BSCM. The second received 3 ml of fresh growth media 

and 1 ml of BSCM which had been diluted to l/lO~ strength with 

Ham's FlO media. Both of the BSCM groups also had an a-MSH 

counterpart which differed only by the addition of lO-8M a-MSH 

to the BSCM treatments. 

On the second day of treatment, three days after plating, 

the above procedure was repeated; each flask received the same 

combination of media with or without a-MSH as it had on the 

first day of treatment. Each flask also received 4 ~Ci of 

tritiated tyrosine (Amersham). Four flasks without cells were 

added to the experiment on the second treatment day; they were 

included to provide information on background radiation, and 

received 4 ml of growth media along with 4 ~Ci of tritiated 

tyrosine. 

Twenty-four hours later, the experiment was ended. The 

media with the tritiated tyrosine was collected from each 

flask and stored frozen (-20 0 C) until the assay could be 

finished. Cell counts were then determined for each flask 

which had cells. The flasks were treated with 5 ml of 

Tyrode's Ethylenediaminetetraacetic acid (EDTA) solution for 
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15 minutes to loosen the cells from the bottom of the flasks. 

The flasks were then firmly jostled to separate the cells from 

the flasks and to place the cells into suspension. An aliquot 

of the suspended cells was then placed onto a hemocytometer 

slide, and a count was made of a field which represented 1 ~l 

of the suspension. The cell counts were used to determine 

tyrosinase activity relative to the number of cells in a given 

flask. 

The Tyrosinase Assay 

The tyrosinase assay 

modification of the Pomerantz 

used for this 

(1964) assay. 

study was a 

The tyrosinase 

assay measures the amount of tritiated water produced from 

tritiated tyrosine in the first step of the melanin synthesis 

pathway. This step is the rate limiting step of melanin 

synthesis. 

the level 

since water diffuses freely in and out of cells, 

of tritiated water in the culture media is 

considered a measure of the level of tyrosinase activity 

within the melanocyte. Approximately 4 ml of media was 

recovered from each flask at the termination of an experiment. 

From each 4 ml sample, two 1 ml aliquots were placed into 

separate 12 x 75 mm test tubes (VWR, 60824-568). One ml of 

10% (wjv) activated charcoal (Mallinckrodt, 4394) in 0.20 M 

citric acid was added to each test tube to adsorb organic 

molecules, and then vortexed. They were next centrifuged at 

1050 rpm (200 x g) for 10 minutes to drive the charcoal to the 
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bottom of the tubes and permit access to the supernatant. One 

ml of supernatant was collected from each tube and passed over 

a separate Dowex (Sigma, 50X8-200) resin column to remove any 

lingering organic molecules (0.20 ml resin resting on top of 

a cotton plug in a 13.5 cm Pasteur pipet). Each column was 

then rinsed with 1.0 ml of 0.10 M citric acid. The fluid 

which passed through the columns was collected in 20 ml glass 

scintillation vials. After the citric acid rinse had passed 

through the columns, 16.0 ml of scintillation cocktail (IeN, 

Ecolite 882475) was added to each scintillation vial. The 

vials were then capped, labeled, and placed into a Beckmann 

model LS8000 beta counter. 

Beta counts were considered the crude data. The 

background activity from the blank flasks was averaged and 

subtracted from all the flasks which contained cells. The 

remaining activity was then expressed relative to the number 

of cells in a particular flask. The values reported for 

tyrosinase enzyme activity are expressed as a percent of the 

control value, the control's activity being 100 percent. 

Histology 

Pieces of pigmented and unpigmented skin were placed into 

Bouin's solution for fixation at the time of conditioned media 

preparation. These pieces of skin were then dehydrated in 

graded alcohols, embedded in paraffin, cut on a microtome (10 

J.Lm), mounted on slides, and stained with hematoxylin and 
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eosin. sections were examined and photographed using an 

Olympus CK2 inverted microscope set at 200 x magnification. 

Photographs of hair bulbs from pigmented and unpigmented 

regions of the integument are shown in fig 2.3. 

General statistics 

The differences between the mean values for the average 

tyrosinase activities and total cell counts were determined 

using a one-way analysis of variance (ANOVA). The ANOVA 

testing was performed with the STAT computer program written 

by Christopher A. Leadem, Ph.D. (Department of Anatomy, 

University of Arizona). For the data which had negative 

values, the results were analyzed with a one-way ANOVA test 

which was written on a SuperCalc4 (tm) spreadsheet (copyright 

1986, Computer Associates International, Inc.) and based upon 

the one-way ANOVA test which appears in Biometry (Sokal and 

Rohlf, 1981; Rohlf and Sokal, 1981). The results were 

considered statistically significant at P < 0.05 as determined 

with the Student Newman-Keuls multiple range test. The 

confidence limits depicted in the results section and the 

figures are standard error of the mean, unless otherwise 

indicated. 

RESULTS 

The cell count data revealed that both full strength 

medias--WSCM and BSCM--increased cell proliferation compared 
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to the control during the 48 hour treatment period (P < 0.01) 

(fig. 2.1). The 10-8M a-MSH treatment produced a decrease in 

cell proliferation (P < 0.01) compared to the control. The a

MSH added to the full strength WSCM and BSCM did not produce 

a decrease in proliferation which is normally seen with 10-8M 

a-MSH. with both these treatments, the cell proliferation was 

increased above the control (P < 0.01) and was not different 

than the full strength media treated cells without Q!-MSH. The 

1/10ili strength WSCM produced a slight increase in cell 

proliferation (2.21 x 106 vs. 1.97 X 106 , P < 0.05) compared to 

the control (fig 2.2). However, the 1/10ili strength WSCM with 

10-8M a-MSH had a cell count which was no different than the 

control. It appears, too, that the a-MSH effect on cell 

proliferation was absent in the 1/10ili WSCM group with 10~M a

MSH, for the a-MSH did not produce a decrease in cell 

proliferation when combined with the 1/10ili WSCM. The 1/l0ili 

BSCM treatment had a slightly reduced cell count compared to 

the control (P < 0.05). Additionally, the 1/10ili BSCM 

treatment with 10-8M a-MSH also had a somewhat reduced cell 

count when compared to the control (P < 0.05), but it was the 

same as the 1/10ili BSCM treatment without a-MSH and greater 

than the a-MSH control (P < 0.01). 

The tyrosinase activity is expressed relative to the 

control-the control is 100% (fig 2.1). The la-8M a-MSH 

control treatment resulted in a significant increase in 

tyrosinase activity to 369% of the control value (P < 0.01). 
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The full strength conditioned medias both produced a decrease 

in tyrosinase activity: the WSCM at -61% and the BSCM at -60% 

(fig. 2.1, P < 0.01). While the full strength medias seem to 

have been equal in most of their relationships, the similarity 

split with the addition of 10~M a-MSH to the medias and the 

resulting tyrosinase activities (fig. 2.1). The WSCM plus a

MSH had a tyrosinase activity which was 18% of the control 

value (P < O. 01) . The BSCM plus a-MSH had a tyrosinase 

activity which was 200% of the control value (P < 0.01) and 

less than the a-MSH control activity (P < 0.01). 

The 1/10 ID strength WSCM and BSCM provided some 

fascinating results (fig. 2.2). When the tyrosinase activity 

for the 1/10 ID strength WSCM is analyzed along with the other 

groups, its activity is considered equal to the control value. 

If, however, this group is isolated from the majority of the 

data and compared to the control group, the statistics affirm 

that these two groups are different, that the 1/10ID strength 

WSCM inhibits the tyrosinase activity (fig 2.2 ***, P < 

O. 01) . The l/lOtll strength BSCM increased the tyrosinase 

activity of the BlG-FlO cells to 553% of the control value (P 

< 0.01). This value for tyrosinase activity was also greater 

than that produced by the la-8M a-MSH control group-369% (P < 

0.01). The addition of a-MSH to the 1/10lli strength 

conditioned medias also yielded intriguing results. When 

viewed along with all the other data, the a-MSH combined with 

the 1/10tll strength WSCM produced a tyrosinase activity which 
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was equal to the a-MSH control group. If, however, this data 

is analyzed in a test which compares only the control a-MSH 

group and the 1/1001 strength WSCM plus a-MSH group, it 

indicates that there is a difference between these two groups, 

that the diluted WSCM plus a-MSH group has less activity than 

the a-MSH control group (P < 0.01). The 1/10ili strength BSCM 

plus a-MSH had an activity which was 927% of the control 

value, which places it significantly higher than the control, 

the a-MSH control, and the 1/1001 strength BSCM group (P < 

0.01) . 

DISCUSSION 

The decrease in cellular proliferation coupled to the 

increase in tyrosinase activity has been a regular observation 

of B16-FI0 cells following a 48 hour treatment with a-MSH 

(personal observation). This detail is not the principal 

thrust of the chapter, although it seems worth noting, for it 

may have a bearing on some of the results. Published reports 

seem to confirm this relationship between proliferation and 

tyrosinase activity in melanoma cells (Pawelek, 1976; Halaban, 

1977), albeit the time frames differ. It seems that a 24 hour 

tyrosinase assay of this cell line exposed to a-MSH does not 

yield this same result (data not shown); it appears that this 

is too little time for the effect to be noted. The cell line 

has a doubling time of between 18 and 20 hours (data not 

shown) which may be crucial to the effect. 
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The treatment of the B16-F10 cells with full strength 

conditioned media (WSCM and BSCM) resulted in an increase in 

cellular proliferation (fig 2.1). It appears that the media 

was enriched by the conditioning process with both the white 

and black skin. Alpha-MsH did not alter the proliferative 

effects of the full strength conditioned medias. Both of the 

medias blocked the a-MSH induced decrease in cellular 

proliferation. Treatment with both types of full strength 

conditioned media eliminated cellular tyrosinase activity. 

since the conditioned medias produced a marked increase in 

cellular proliferation (39% increase in cell number compared 

to the control over 48 hours), perhaps the relationship 

between proliferation and tyrosinase activity is completely 

revealed. It is possible that both the conditioned medias 

contained a high concentration of a growth factor (such as 

epidermal growth factor, EGF) which promoted proliferation of 

the cells with a complete concession of the tyrosinase 

activity. 

The addition of a-MSH to the full strength conditioned 

media provided evidence that there is a difference in the 

composition of extractable molecules (such as the 

extracellular matrix) in the black and white integument which 

may affect melanocyte function. without consideration of this 

treatment, it might appear that the full strength conditioned 

medias were equal in their effects. Although both of the full 

strength conditioned medias with 10·8M a-MSH had cell counts 
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which equalled their conditioned media counterparts, and each 

other, there was a distinction among the tyrosinase activities 

of these groups. The WSCM with a-MSH added had a tyrosinase 

activity which was significantly lower than the control, 

whereas the BSCM with a-MSH added had a tyrosinase activity 

which was double that of the control. It appears, therefore, 

that the environments of the conditioned media were equal with 

regard to cell proliferation, but that the environment of the 

BSCM was such that it permitted an increase in tyrosinase 

activity in response to the a-MSH treatment notwithstanding 

the increase in cell proliferation. Both of the conditioned 

medias treated with a-MSH produced a tyrosinase activity which 

was greater than the respective conditioned media without a

MSH. However, the tyrosinase activity of the cells treated 

with WSCM and a-MSH remained below the control value, 

indicating that it was still inhibited. The tyrosinase 

activity of the cells treated with BSCM and a-MSH was twice 

that of the control, and although this value was less than the 

a-MSH control, it indicates that some tyrosinase stimulation 

occurred. 

When the data are considered as a whole, it seems that 

the full strength media contain factors which influence 

melanoma cell proliferation and tyrosinase activity, 

suggesting a role for the integument in melanocyte regulation. 

Both of the media appear to be qui te suitable for cell 

culturing, as they both provided a dramatic increase in cell 
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proliferation. And while there was an absence of tyrosinase 

activity in the cells treated with WSCM and BSCM, it seems 

that the environments provided by the media differed such that 

the WSCM was still inhibitory to tyrosinase when augmented 

with a-MSH, while the BSCM permitted an increase in tyrosinase 

activity when augmented with a-MSH. The tyrosinase activity 

of the cells treated with BSCM and a-MSH was less than the a

MSH control, but when one considers that the cell 

proliferation was approximately twice that of the a-MSH 

control, the increase in tyrosinase activity was 

substantial-these cells were highly active in growth and 

melanogenesis. 

Treatment of the B16-F10 melanoma cells with the 1/10w 

strength conditioned medias provided quite different effects 

on cell proliferation (fig. 2.2). The 1/10th strength WSCM 

produced a slight increase in cell proliferation, while the 

1/10 th strength BSCM produced a modest decrease in cell 

proliferation. Once more, there may be some relation between 

the cell proliferation and tyrosinase activity. The 1/10w 

strength WSCM with a-MSH had a cell count that was not 

different than the control, but which was significantly 

greater than the a-MSH control. It appears that the a-MSH 

induced decrease in cell proliferation was prevented. The 

1/10th strength BSCM with a-MSH had a cell count that was 

slightly less than the control, no different than the 1/10w 

strength BSCM without a-MSH, and greater than the a-MSH 
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control. Here, too, it appears that the a-r.1SH induced 

decrease in cell proliferation was obstructed. Just as with 

the full strength conditioned medias, the 1/10lh strength 

conditioned medias appear to have provided a suitable 

environment for cell growth; neither one resulted in an 

extraordinary decrease in cell count, and both allowed a 

greater cell proliferation than the a-MSH control. 

The tyrosinase activity of the cells treated with 1/10lh 

strength WSCM was analyzed two ways: with consideration of all 

the other groups, and with consideration of only the control. 

When the statistical analysis was performed with all six 

groups shown in figure 2.2, it revealed that the 1/10lh 

strength WSCM group was no different than the control. Yet, 

when the 1/10111 strength WSCM group was analyzed with the 

control as the only comparison, it asserted that there was a 

decrease in tyrosinase activity in the 1/10lh strength WSCM 

group. It is possible that the exceptionally high levels of 

tyrosinase activity in the other groups could have masked the 

relatively minor decrease in tyrosinase activity produced by 

the 1/10lh strength WSCM. The significance of this result is 

that it indicates the potential presence of a tyrosinase 

inhibitor in the pale skin of the Long/Evans rat (active 

inhibition), and at the very least it demonstrates that the 

pale skin of this animal is neutral with regard to affecting 

tyrosinase activity (passive inhibition). The narrow range of 

tyrosinase activity values (small standard error) generated by 
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this group favors the proposition that the inhibition is an 

active process. 

It is quite interesting that the examination of the 1/10ili 

strength WSCM with Q-MSH revealed a potential masking which 

mimicked that in the 1/10m strength WSCM without Q-MSH. When 

the 1/10ili strength WSCM with Q-MSH is analyzed with 

consideration of all six groups, it is not considered 

different than the Q-MSH control. However, when the 1/10ili 

strength WSCM with Q-MSH is compared to the control Q-MSH 

group without regard to the other groups, there is a 

significant decrease in tyrosinase activity (p < 0.01). As 

with the 1/10m strength WSCM without Q-MSH, the decrease in 

activity relative to the respective control is modest, but the 

tightness of the numbers, the small standard error, provides 

compelling evidence of real inhibitory activity. Once again, 

therefore, the importance of this result is that it 

demonstrates the potential presence of a tyrosinase inhibitor 

in the pale skin which can conceivably reduce the a-MSH 

induced increase in tyrosinase activity in the B1G-F10 cell 

line. If the separation of individuals in an experiment for 

statistical purposes is considered inappropriate, then the 

data demonstrate that the pale integument is neutral with 

respect to affecting tyrosinase activity. The consistency of 

the numbers within the isolated groups suggests that their 

statistical isolation is justified, and that the tyrosinase 

inhibiting activity is real. 
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The tyrosinase activity of the 1/10~ strength BSCM 

treated cells provided, perhaps, the most convincing evidence 

for the existence of integumental factors which may affect 

melanocyte function. The 1/10~ strength BSCM increased the 

tyrosinase activity of the B16-F10 cells to more than five 

times that of the control value. This stimulato~y effect is 

much greater than that provided by the maximal a-MSH induced 

tyrosinase stimulation which served as the a-MSH control. It 

appears, therefore, that the putative stimulatory factor of 

the black integument accomplished its stimulation in a manner 

which is distinct from the a-MSH stimulatory pathway. This 

suggests that the environment of the black integument's hair 

bulbs is stimulatory to the essential enzyme of melanin 

synthesis. 

The degree of tyrosinase stimulation provided by the 

1/10~ strength BSCM appears to differentiate it from a-MSH. 

Additionally, the tyrosinase activity of the cells treated 

with 1/10~ strength BSCM plus a-MSH makes the case somewhat 

clearer. The effects of the 1/10~ strength BSCM seem to be 

addi ti ve to those of a-MSH. The a-MSH control had a 

tyrosinase activity which was 369% of the control value. The 

1/10u1 strength BSCM plus a-MSH had a tyrosinase activity which 

was 927% of the control value, while the 1/10~ strength BSCM 

had a tyrosinase activity which was 553% of the control value. 

In both these instances, the a-MSH provides a similar level of 

increase in tyrosinase activity (over the control value and 
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over the 1/10m strength BSCM). This assertion may be clearer 

using radiation counts per minute, instead of percentages, for 

each of the treatment groups. The control level of tyrosinase 

activity was 779.06 counts per minute per 1,000,000 cells. 

The a-MSH control had 2,875.96 counts per minute per 1,000,000 

cells. The difference between these values is 2,096.90 counts 

per minute per 1,000,000 cells. The 1/10m strength BSCM 

produced a tyrosinase activity of 4,310.13 counts per minute 

per 1, 000,000 cells. The 1/10u, strength BSCM plus a-MSH 

generated an activity of 7,218.90 counts per minute per 

1,000,000 cells. The difference between the 1/10m strength 

BSCM plus a-MSH and the 1/10m strength BSCM is 2,908.77 counts 

per minute per 1,000,000 cells. It appears that the values 

for the two differences are quite close, that the increase in 

tyrosinase activity following the addition of a-MSH to the 

control conditions or the 1/10m strength BSCM conditions is 

the same. Accordingly, it appears that the a-MSH pathway 

remained intact during the 1/10m strength BSCM treatment, and 

that another tyrosinase stimulating pathway was used by the 

putative tyrosinase stimulating factor in the BSCM. 

It is interesting that the 1/10m strength BSCM provided 

the greatest stimulation of tyrosinase acti vi ty. It is 

sometimes assumed that if a small dose produces a given 

response, then a larger dose will provide an even greater 

response. Such is obviously not the case with the BSCM: the 

full strength BSCM completely inhibited tyrosinase activity, 
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while the l/lOili strength BSCM increased the tyrosinase 

activity more than five times above the control value. It 

appears that the concentration of the putative tyrosinase 

stimulating factor is important to its activity, and perhaps 

the concentrations of other neighboring elements, too. The 

concentrations of many elements in the full strength 

condi tioned medias (such as EGF) may have disrupted the 

expression of tyrosinase stimulating activity, while the 

diluted form may have permitted a more complete, perhaps 

normal, display of tyrosinase stimulating potential. 

Based upon the evidence provided by the rat skin 

conditioned medias, it appears that an extractable element of 

the integument may have a role in the regulation of the 

melanocyte. The white integument of the Long/Evans rat may 

contain an element or elements which is inhibitory to 

melanocyte function; it is certainly not stimulatory. The 

black integument of this animal appears to have a considerable 

stimulatory effect on melanoma cell tyrosinase activity, which 

suggests that it contains an element or elements with a 

melanization promoting role. 

The histological study of the black and white integuments 

supports this conclusion (fig. 2.3). The melanocytes 

associated with the black integument appear to be actively 

synthesizing melanin and depositing it in the hair shaft. 

This is the same integument which when used to condition media 

resulted in increased tyrosinase activity in the treated 
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The white integument does not appear to 

contain melanocytes producing melanin. Again, this is the 

same integument which when used to condition media resulted in 

a decrease in tyrosinase activity in treated melanoma cells. 

studies of the hair bulb have shown that extracellular 

matrix components are dynamic: the composition of the matrix 

changes during the hair growth cycle (McDonagh, 1990). Since 

it appears that extracellular matrix molecules may have a role 

in melanocyte regulation (Morrison-Graham, 1990a and 1990b), 

it is possible that the putative regulatory factors reported 

here are constituents of the hair bulb extracellular matrix. 

This suggests that the extracellular matrix environment 

differs between the black and white integumental hair bulbs, 

at least during the active phase of the hair growth cycle when 

the hair bulb melanocytes of the black integument are 

synthesizing and secreting melanin. 

Inactive hair bulbs have inactive melanocytes (Fawcett, 

1986; Slominski, 1990); this is not necessarily linked to 

pattern formation, but to the character of hair bulbs and the 

lack of any need for melanin when there is no hair growth--the 

melanocytes have no place to secrete the melanin in the 

absence of growth. The activation of a melanocyte during hair 

growth, or the absence of activation, could be the result of 

pattern formation mechanisms which regulate the composition of 

the extracellular matrix such that it either promotes or 

restrains the hair bulb melanocytes during hair growth. The 
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cells which produce extracellular matrix molecules (such as 

fibroblasts) could produce a repertoire of molecules organized 

during embryonic development by diffusing morphogens. The 

morphogens could affect transcription such that the black 

integument's matrix possesses a melanization stimulating 

factor, and the white integument's matrix possesses a 

melanization inhibiting factor. If only one factor had a role 

in this process, the presence or absence of a melanization 

stimulating factor during hair growth would represent active 

stimulation and passive inhibition. The opposite case would 

be the presence or absence of a melanization inhibiting 

factor, which would represent active inhibition and passive 

stimulation. If more than one factor had a role, then there 

could be active stimulation and active inhibition of the hair 

bulb melanocytes during hair growth. 

Additional research related to the regulation of pattern 

and putative integumental factors could include a study of the 

levels of expression of tyrosinase in the hair follicles of 

the white and black integuments during the hair growth cycle. 

It has been demonstrated that melanin synthesis occurs only 

during the growth portion of the hair growth cycle of the C57 

BI-6 mouse, a fully pigmented mouse (Slominski, 1991). A 

similar study involving the Long/Evans rat, designed to 

compare white and black hair bulbs during the growth phase, 

may further expose the details of the regulation of 

melanocytes in the hair bulb and the generation of pattern. 
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In addition to the intrinsic value of basic research into 

the fundamentals of pattern formation mechanisms and the 

responsible molecules, the ultimate value of this research may 

lay in the clarification of pigmentary disorders. The data 

which suggests that there is a melanization promoting factor 

in the black integument of the Long/Evans rat implies that 

certain hyperpigmentary disorders (liver spots, cafe-au-Iait 

spots) may have some relation to pattern formation. Perhaps 

melanization stimulating factors, analogous to the putative 

stimulatory factor in the Long/Evans rat, are produced in the 

darkened areas of the skin and stimulate the local melanocytes 

to produce greater amounts of melanin than the melanocytes 

elsewhere in the body. Melanoma is one of the most aggressive 

of all cancers, and its delayed treatment meets with little 

success (Roses et al., 1991). By furthering the understanding 

of factors which have a role in melanocyte regulation, it may 

be possible to identify molecules which could prove to have a 

significant role in the treatment of this condition. The 

continued study of pattern formation mechanisms could yield 

valuable information both to developmental processes and 

certain disease states. 



-co 
0 .... 
X -.oJ 
c 
::J 
0 
0 

"ij 
0 

~ c 
0 

0 -0 .... c 
CD e 
CD 

a.. 
I 
~ .s: 
:p 
0 
< 

CD 
OJ 
0 
c 

'0; 
0 ... 
~ 

3.00 

2.50 

2.00 

1.50 

1.00 

0.50 

0.00 

4aO 

350 

300 

250 

200 

150 

100 

50 

0 

-50 

-100 

e 
.oJ c 
0 
0 

~ c 
o o 

* 

* 

aD c 
I ~ 0 

.s :I: 
I/) ~ ::a 

* 

* aD 

b 

* 

c 
:I: :x 
I/) I/) 

::e ii + ., 
iii 

lie 

~ 
+ 

+ 

* 

:I: 
I/) 
::e 
+ 

+ 

* 

103 

Fig. 2.1 Effects of full strength conditioned medias on B16-
FlO cell growth and tyrosinase activity. The * designates a 
statistical comparison to the control, P < O. 01. The + 
designates a statistical comparison to the a-MSH control, P < 
0.01. The n value for the cell count data = 4; The n value 
for the tyrosinase activity data = 8. 
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Fig. 2.2 The effects of l/lOili strength conditioned media on 
B16-FIO cell growth and tyrosinase activity. The * designates 
a statistical comparison to the control, P < 0.01. The + 
designates a statistical comparison to the a-MSH control, P < 
0.01. The ** designates a statistical comparison to the 
control, P < 0.05. The *** designates a statistical 
comparison to the control evaluated isolated from the rest of 
the data, P < 0.01. The +++ designates a statistical 
comparison to the 1/10ili BSCM group, P < 0.01. The n value for 
the cell count data = 4; The n value for the tyrosinase 
activity data = 8. 



Fig. 2.3 Histological comparison of pigmented and unpigmented 
integument. The pigmented integument shows an abundance of 
melanin in the hair bulb and hair follicle. The unpigmented 
integument shows a lack of pigment in the hair bulb and hair 
follicle. 
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CHAPTER 3 

THE EFFECTS OF THE AMPHIBIAN VENTRAL 

INTEGUMENTAL MELANIZATION INHIBITING FACTOR (MIF) ON 

CULTURED MAMMALIAN MELANOMA CELLS 

ABSTRACT 

106 

The pale ventral skin of the frogs Xenopus laevis, Rana 

forreri, and Rana pipiens contains a putative melanization 

inhibiting factor (MIF) which is believed to be at least 

partially responsible for the dorsal/ventral pigment pattern 

of these species (Fukuzawa and Bagnara, 1990). Research 

designed to purify the putative factor from the ventral frog 

skin yielded several stages of partially purified factor. In 

order to investigate the potential activity of the MIF outside 

of anuran species, the factor, in its various degrees of 

purification, was applied to mammalian melanoma cells. The 

working hypothesis held that since the MIF molecule is 

implicated in amphibian pigment pattern formation, it, or a 

similar molecule, may have a role in mammalian pigment pattern 

formation and pigment cell function, and therefore may inhibit 

tyrosinase activity of the mammalian melanoma cells. The 

activity of the enzyme tyrosinase, the rate limiting enzyme of 

melanin synthesis, was measured after application of the MIF 

to the melanoma cells. The experiments initially revealed 

evidence which indicated that the MIF increased the activity 
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of tyrosinase in the melanoma cells. Following evaluation of 

contaminating tyrosinase activity associated with the MIF, 

with what appeared to be amphibian tyrosinase in the 

conditioned media and the partially purified samples , it 

appeared that the amphibian :r-'lIF was able to decrease the 

activity of the mammalian melanoma cell tyrosinase. 

INTRODUCTION 

There is a rapidly growing body of evidence which 

implicates the putative amphibian melanization inhibiting 

factor (MIF) in the development of pigment pattern formation 

in amphibian species (Fukuzawa, 1986; Fukuzawa and Bagnara, 

1990; Samaraweera et al., 1991). Studies have demonstrated 

that the highest concentration of this molecule is found in 

the extracellular matrix which surrounds ventral integumental 

chromatophores (Fukuzawa et aI, 1991). It appears to inhibit 

the differentiation of melanocytes from precursor neural crest 

cells as well as stimulate the growth of iridophores, the 

reflective pigment cells which help to impart the white 

appearance to the ventral surface of many amphibians. 

since it has been observed that the amphibian MIF appears 

to be at least partially responsible for the dorsal/ventral 

pigment pattern of some amphibian species (Fukuzawa and 

Bagnara, 1990), the research presented here wa~ undertaken to 

test the hypothesis that the amphibian MIF, or a closely 

related molecule, may have a role in mammalian pigment cell 
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regulation. If this were true, then it would be expected that 

the amphibian MIF would have an inhibitory effect on mammalian 

pigment cells, an effect similar to what has been observed in 

amphibian melanophores. 

The measurement of mammalian melanoma cell tyrosinase 

activity has long been used as a bioassay (Pomerantz, 1964). 

Studies of melanotropins have confirmed their melanocyte 

stimulatory activity by demonstrating increases in tyrosinase 

activity following application to mammalian melanoma cells 

(Hadley, 1992). Therefore, this assay seemed appropriate for 

experiments designed to assess the effects of putative 

melanocyte regulatory factors. 

MATERIALS AND METHODS 

Cell Lines 

Three melanoma cell lines were used: B16-F10 murine 

melanoma cells, Cloudman S91 murine melanoma cells, and 

Hendrix human melanoma cells. The B16-F10 cells were a gift 

from the lab of Dr. Mary J.C. Hendrix (no relation to the 

human cell line) and from the lab of Dr. Mac E. Hadley; the 

S91 cells were a gift from the lab of Dr. Mac E. Hadley; and 

the Hendrix human cells were a gift from the lab of Albert 

Leibovitz at the Arizona Health Sciences Cancer center. 

Cell Cultures 

Reserve cells for each of these lines were stored frozen 
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in liquid nitrogen (-198.5°C) until needed. The procedures 

for maintaining active, incubated melanoma cells differed for 

the murine and human cells. 

The human melanoma cells were maintained in M13 growth 

media, a variation of modified L15 media (American 

Biorganics), with 10% heat inactivated fetal bovine serum 

(fbs, Hyclone), 100 J,Lg/ml streptomycin (Gibco), 100 IU/ml 

penicillin (Sigma), and 2.5 J,Lg/ml Amphotericin B (Fungizone, 

Gibco). The media was changed once a week and stored in 75 

cm2 flasks (Gibco, 925-1040XT) in an incubator at 37°C with 

the lids tightly applied to produce an air-tight seal. The 

M13 media requires a CO2 free atmosphere. 

passed 1:5 every three weeks. 

The cells were 

The two murine melanoma cell lines were maintained in 

Ham's FlO growth media with 10% heat inactivated horse serum 

(hs, Hyclone), 2% heat inactivated fetal bovine serum (fbs, 

Hyclone), 100 J,Lg/ml streptomycin (Gibco), and 100 IU/ml 

penicillin (Sigma). The cells were fed every two days and 

stored in 75 cm2 flasks (Gibco) in an incubator at 37°C with 

a 5% CO2 and 95% air environment with the lids loosely applied 

to allow for gas exchange. The cells were passed 1:10 once a 

week. 

Experimental Design 

The tyrosinase assay used was a modified version of the 

Pomerantz assay (1964). Because of the nature of these 
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experiments--they were conducted in conjunction with NIH 

funded research pertaining to the purification and 

characterization of the amphibian melanization inhibiting 

factor (MIF)--the application of the MIF to the cultured cells 

varied depending upon the state of MIF purification. The MIF 

appeared in several forms: conditioned media (Ham's FlO or 

M13) made with the ventral skin of the frog, Rana forrerii 

partially purified fractions from diethylaminoethyl (DEAE) ion 

exchange chromatography; partially purified fractions from a 

phenylsepharose gel column; and partially purified material 

from an MIF monoclonal antibody immunoaffinity column. 

Conditioned media was generated by placing pale ventral 

frog skin (cut into 4mm2 pieces) into growth media (Ham's FlO 

or M13, both without serum) such that there was 0.07 gm of 

skin/ml of media. The serum free media with skin was shaken 

for one hour to condition the media. It was filter sterilized 

(Nalgene filter 245-0045, 0.45ILm). Conditioned media was 

applied to cultured melanoma cells in a 1:3 ratio (one part 

conditioned media to three parts growth media),' unless 

otherwise mentioned. Melanoma cells were plated onto 25 cm2 

flasks (Gibeo, 925-l030XT), which held 4 ml of growth media, 

at a density of 5 x 104 cells/ml growth media (murine), two 

days prior to the application of conditioned media. The cells 

were incubated for 48 hours in the presence of the conditioned 

media, and for the last 24 hours, 1 ILCi/ml tritiated tyrosine 

(L-[3,5-3H)Tyrosine, Amersham) was added. At the end of the 
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experiment, cell counts were conducted for each flask of cells 

using a hemocytometer. The assay of tyrosinase activity was 

then performed--see details in the general description of the 

tyrosinase assay section below. An a-MSH (Sigma) control (10· 

8M) was included so that the results could be compared to that 

of a known stimulator of melanoma cell tyrosinase activity. 

Diethylaminoethyl (DEAE) ion exchange fractions were 

obtained by passing conditioned media (generated with 

steinberg's BSS as the foundation) over a DEAE ion exchange 

chromatography column. The fractions were examined for 

optical density at 280 nm, and they were tested for 

bioactivity with the Xenopus laevis neural tube explant assay 

(Fukuzawa, 1988). Part of the fraction which possessed the 

greatest melanization inhibiting activity in the neural tube 

explant assay was used in the tyrosinase assay. The partially 

purified fraction was applied to the cultured cells such that 

the fraction was less than or equal to 5% (~ 50 ~l) of the 

volume of growth media (1.00 ml). Melanoma cells were plated 

onto 12 well cell culture cluster dishes (Gibco, 925-3140XT), 

which held 1 ml growth media/well, at a density of 5 x 104 

cells/ml growth media (murine) or 1 x lOs cells/ml growth 

media (human) two days prior to the addition of the active 

partially purified MIF DEAE fraction. The cells were cultured 

for 24 hours in the presence of the active fraction and 4 

~ci/ml tritiated tyrosine (Amersham). At the end of the 

experiment, cell counts for each well were determined with a 
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hemocytometer. The tyrosinase assay was then performed. An 

a-MSH control was included to insure that the assay conditions 

were proper (that the cells were viable and responded to a 

known tyrosinase stimulator), and so that the results could be 

compared to that of a known stimulator of melanoma cell 

tyrosinase activity. It is important to note that a-MSH had 

a dramatic stimulatory effect on the murine cell lines used, 

but had little to no effect on the Hendrix human cell line. 

Phenylsepharose fractions were obtained by passing the 

most active DEAE MIF fraction (see paragraph above) over a 

phenylsepharose gel column. The fractions were examined 

photometrically for protein at an 0.0. of 280 nm, and they 

were tested for bioactivity with the Xenopus laevis neural 

tube explant assay (Fukuzawa, 1988). The fraction which 

contained the greatest melanization inhibiting activity in the 

neural tube explant assay was used in the tyrosinase assay. 

The partially purified fraction was applied to the cultured 

cells such that the fraction was less than or equal to 5% of 

the volume of the growth media. Melanoma cells were plated 

onto 12 well cell culture cluster dishes at a density of 5 x 

104 cellsjml growth media (murine) or 1 x 105 cellsjml growth 

media (human) two days prior to the addition of the active 

partially purified MIF phenylsepharose fraction. The cells 

were cultured for 24 hours in the presence of the active 

fraction and 4 J.Lcijml tritiated tyrosine. When the experiment 

was ended, cell counts were determined for each cell well with 
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a hemocytometer. A tyrosinase assay was then conducted. An 

a-MSH control was included to insure that the assay conditions 

were appropriate, and to permit comparison of the results to 

a known stimulator of melanoma cell tyrosinase activity. 

The immunoaffinity sample was obtained by passing 

conditioned media (generated with Steinberg's BSS as the 

foundation) through a column with bound anti-MIF monoclonal 

antibody molecules. The MIF molecules were then separated 

from the monoclonal antibodies by treating the column with a 

pH 2.3 buffer. The partially purified immunoaffinity 

preparation was tested for bioactivity with the Xenopus laevis 

neural tube explant assay (Fukuzawa, 1988) . The 

immunoaffinity partially purified MIF sample (gel analysis 

yielded two bands) was added to the cultured cells such that 

the sample was less than or equal to 5% of the volume of the 

growth media. Melanoma cells were plated onto 12 well cell 

culture cluster dishes at a density of 5 x 104 cells/ml growth 

media (murine) two days prior to the addition of the active 

partially purified immunoaffinity MIF sample. The cells were 

cultured for 24 hours in the presence of the active fraction 

and 4 /-LCi/ml tritiated tyrosine. When the experiment was 

terminated, cell counts for each cell well were determined 

with a hemocytometer. The tyrosinase assay was then 

performed-for details of the assay, see the following section 

for a general description of the tyrosinase assay. An a-MSH 

control was included to insure that the culture conditions 
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were appropriate, and to permit comparison of the results to 

a known stimulator of melanoma cell tyrosinase activity. 

General Description of the Tyrosinase Assay 

At the time cell counts were established for the cultured 

melanoma cells, the growth media with tritiated tyrosine and 

tritiated water which the cells had been cultured in was 

collected and stored frozen (-20 0 C) until the assay could be 

performed. The tyrosinase assay determines the level of 

activity of the enzyme tyrosinase, the rate limiting enzyme of 

melanin synthesis (monophenol monooxygenase, 1.14.18.1) at the 

first step in the synthesis of melanin from tyrosine. 

Tyrosinase catalyzes the first two steps of this synthesis 

pathway, and in the first step it hydroxylates (tyrosine 

hydroxylase activity) the tyrosine molecule at the number 3 

position of its phenol ring. The tritium atom at this 

position in labeled tyrosine is incorporated into a water 

molecule yielding tritiated water. It is then possible to 

measure the level of tritiated water in a sample and ascertain 

the relative activity of the tyrosinase-the greater the level 

of radioactivity, the greater the activity of tyrosinase. 

The frozen cell culture media contains both tritiated 

tyrosine and tritiated water. Since the culture media most 

likely contains a gross level (tritiated tyrosinase plus 

tritiated water) of radioactivity that is equal between all 

groups, it is necessary to remove all the radioactivity that 
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is not due to the tritiated water. Any radioactivity not due 

to water represents tyrosine that has not entered the melanin 

synthesis pathway, or tritiated tyrosine which has had one of 

its two tritium atoms removed. 

The frozen cell culture media samples were first thawed. 

When the sample size was 4 ml (conditioned media experiments), 

the samples were vortexed and two 1 ml samples were 

transferred into separate 12 x 75 mm test tubes. When the 

sample size was 1 ml (12 well cell culture cluster dishes), 

the sample was diluted with 2.5 ml of distilled water, 

vortexed, and then two 1 ml samples were transferred into 

separate 12 x 72 mm test tubes. The remainder of the 

procedure was the same despite the culturing conditions. Each 

1 ml sample then received 1 ml of 10% (w/v) activated charcoal 

in 0.2 N citric acid. The samples with added charcoal were 

vortexed to thoroughly mix the charcoal and the culture.media. 

The charcoal binds all the organically bound tritium (tritium 

still associated with tyrosine) (Pomerantz, 1964). After 

vortexing, the samples were centrifuged to force the charcoal 

out of solution and allow access to the tritiated water in the 

supernatant. One ml of the organically cleared solution was 

passed over a 0.20 ml Dowex resin column (Sigma, 50X8-200) 

formed in a 13.5 cm Pasteur pipet, and the column was then 

rinsed with 1 ml of 0.1 N citric acid. Each sample had its 

own column. The samples were collected in 20 ml scintillation 

bottles. sixteen mls of scintillation fluid (Ecolite, leN 
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The samples were 

analyzed on a Beckmann model LS8000 Beta counter. 

Blank flasks or culture wells were included with each 

experiment to provide a background level of radioactivity. 

The background radioactivity was subtracted from the raw beta 

counts. Beta counts were divided by the cell count to yield 

a radioactivity per cell. 

group was then determined, 

experiment were analyzed 

The average value for the control 

and the various groups in the 

relative to the control value. 

Tyrosinase activity was expressed as a percent of the control 

value--the control equals 100% activity. 

General statistics 

The differences between the mean values for the 

tyrosinase activities and total cell counts were determined 

using a one-way analysis of variance (ANOVA). The ANOVA was 

performed with the STAT computer program written by 

Christopher A. Leadem, Ph.D. (Department of Anatomy, 

University of Arizona). The results were considered 

statistically significant at p < 0.05 as determined with the 

Student Newman-Keuls multiple range test. Student's t-test 

was also used in analyzing certain data, and in those cases, 

it is mentioned specifically in the results section. Results 

were considered statistically significant at p < 0.05. The 

confidence limits depicted in the results section and the 

graphs are standard error of the mean, unless otherwise 
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indicated. 

RESULTS 

The initial experiments conducted with crude conditioned 

media applied to B16-F10 murine melanoma cells demonstrated 

that the skin conditioned media appeared to contain a factor 

or factors which affected the melanoma cells' tyrosinase 

activity (fig. 3.1). The dorsal skin conditioned media (DCM) 

produced a slight increase in the proliferation of the 

melanoma cells, while the ventral skin conditioned media (VCM) 

had no effect on cell proliferation. Both of the conditioned 

medias prevented an a-MSH induced decrease in cell 

proliferation (Pawalek, 1976). The VCM, which contains a 

melanization inhibiting factor (MIF) (Fukuzawa, 1986), produced 

a two-and-a-half fold increase in tyrosinase activity (262.8% 

± 8.3 of the control value, p < 0.01). The effect of the VCM 

appeared to be dose dependent. A half strength preparation of 

VCM produced a very slight increase in tyrosinase activity 

(120.2% ± 6.1 of the control value, p < 0.05). A one-quarter 

strength preparation of VCM produced no effect on tyrosinase 

activity. And a one-eighth strength preparation of VCM 

resulted in a decrease in tyrosinase activity (69.7% ± 5.9 of 

the control value, p < 0.01). Although the DCM produced a 

statistically significant increase in tyrosinase activity 

(124.2% ± 6.2 of the control value, p < 0.01), the increase 

was slight and much less than the increase in activity 
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produced by the same concentration of VCM (262.8% ± 8.3, P < 

0.01) . 

When a-MSH was added to the VCM and the DCM, there was no 

decrease in cell proliferation like that seen in the a-MSH 

control (fig 3.1). The VCM + a-MSH group had a cell count 

which was no different than the control, and much greater than 

the a-MSH control (p < 0.01). The DCM + a-MSH group had a 

cell count which was greater than the control (p < 0.01) and 

much greater than·the a-MSH control (p < 0.01). Both the VCM 

+ a-MSH and the DCM + a-MSH groups had tyrosinase activities 

which were greater than the control value (263.2% ± 3.1 and 

128.3% ± 5.3, respectively, p < 0.01), but much lower than the 

tyrosinase activity of the a-MSH control (1126.0% ± 42.4, P < 

0.01). These values were no different than their associated 

VCM and DCM groups which lacked a-MSH. It appears that the a

MSH effect on cell proliferation and tyrosinase activity was 

blocked in both of the conditioned media groups. 

Since it appeared that the ventral frog skin conditioned 

media had a distinct stimulatory effect on the tyrosinase 

activity of the B16-F10 melanoma cells, the initial 

conditioned media experiments were followed with studies 

involving partially purified conditioned media. The first 

study of partially purified ventral frog skin conditioned 

media involved ion exchange chromatography with a 

diethylaminoethyl (DEAE) column (fig 3.2). A Sephacryl S-300 

fraction with potent MIF activity, as determined in the 
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Xenopus laevis neural tube explant assay, was passed over an 

ion exchange column. These fractions were tested with the 

Xenopus neural tube explant assay, and three concentrations 

(10~1, 20~1, and 50~1) of the fraction with the greatest MIF 

activity were applied to B16-F10 murine melanoma cells for a 

24 hour tyrosinase assay. The cell count data showed that 10· 

8M a-MSH had a slight effect on cell proliferation compared to 

the control (1.34 x 105 ± .03 and 1.49 x 105 ± .02, 

respectively, p < o. 05) . The 10~1 MIF treatment did not 

affect cell proliferation. The 10~1 MIF + a-MSH group had a 

lower cell count than the control (1.34 x 105 ± .01 and 1.49 

x 105 ± .02, respectively, p < 0.05). The 20 ~l dose of MIF 

also had a lower cell count than the control (1.34 x10s ± .04 

and 1.49 x 105 ± .02, respectively, p < 0.05). The 20~1 MIF 

+ a-MSH, 50 ~l MIF, and 50~1 MIF + a-MSH groups did not affect 

cell proliferation. 

The DEAE partially purified MIF fraction treatment 

appeared to increase tyrosinase activity in the B16-F10 cells 

in a dose dependent manner (fig 3.2). The 10~1 treatment of 

MIF produced a tyrosinase activity which was 290.9% ± 5.7 of 

the control value (p < o. 01) . The 20 ~l treatment had a 

tyrosinase activity which was 494.2% ± 10.9 of the control 

value (p < 0.01). And the 50 ~l treatment resulted in a 

tyrosinase activity which was 771.1% ± 30.1 of the control 

value (p < 0.01). The 10·8M a-MSH control had a tyrosinase 

activity which was 513.7% ± 13.5 of the control value (p < 
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O. Ol}. At each dose of MIF, 10·8M a:-MSH increased tyrosinase 

activity above that of the MIF dose without a:-MSH, although 

the difference between the MIF with a:-MSH and without a:-MSH 

decreased with increasing dose of MIF. 

The active, partially purified, DEAE ion exchange 

chromatography MIF fraction was also applied to Cloudman S-9l 

murine melanoma cells. The results resembled those seen with 

the B16-F10 murine melanoma cells. There was, however, no 

effect on cell proliferation (fig 3.3). 

As with the B16-F10 cells, there appeared to be a dose 

dependent increase in tyrosinase activity with application of 

the partially purified DEAE MIF fraction (fig 3.3). The 10~1 

MIF treatment produced a tyrosinase activity which was 161.4% 

± 1.7 of the control value (p < O. Ol) . The 20 ~l MIF 

treatment resulted in a tyrosinase activity which was 173.7% 

± 2.8 of the control value (p < 0.01), but which was no 

different than the 10 ~l MIF treatment's tyrosinase activity. 

The 50~1 MIF treatment produced a tyrosinase activity which 

was 228.6% ± 5.6 of the control value (p < 0.01), and which 

was greater than the 10~1 MIF and 20 ~l MIF treatments (p < 

O. 01). The 10·8M a:-MSH control had a tyrosinase activity which 

was 382.6% ± 3.2 of the control value. The a:-MSH induced 

stimulation of tyrosinase activity decreased with increasing 

dose of the partially purified DEAE MIF fraction. The 10~1 

MIF + a:-MSH group had a tyrosinase activity which was 354.2% 

± 9.4 of the control value (p < 0.01), and which was less than 
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The 20~1 MIF + a-MSH 

group had a tyrosinase activity which was 341.4% ± 1.5 of the 

control value (p < 0.01), and which was less than the a-MSH 

control value (p < 0.01), but which was no different than the 

10~1 MIF + a-MSH group. The 50~1 MIF + a-MSH group had a 

tyrosinase activity which was 295.4% ± 5.6 of the control 

value (p < 0.01), less than the a-MSH control value (p < 

0.01), and less than the 10 ~l MIF + a-MSH and 20~1 MIF + a

MSH groups (p < 0.01). 

The active, partially purified, DEAE ion exchange 

chromatography MIF fraction was applied to Hendrix human 

melanoma cells. The results resembled those from the B16-F10 

and S-91 murine melanoma cell lines, in that there appeared to 

be a dose dependent increase in tyrosinase activity (fig 3.4). 

The DEAE fraction produced no effect on cell proliferation 

during the 24 hour assay. 

The one-way ANOVA test was used in the initial evaluation 

of this data. The large increases in activity seen with the 

highest doses of MIF appeared to obscure the statistical 

analysis of the more subtle changes at the lower doses (fig 

3.4) . Therefore, the following results were also analyzed 

with student's t-test. This statistical test was performed 

for curiosity's sake and did not affect the final analysis of 

the results. It would by inappropriate to choose a 

statistical test after performing an experiment with the hope 

of proving a result. As the findings of this experiment are 



122 

due to contaminating tyrosinase activity, any analysis of 

tyrosinase increases is actually moot, for the activity is due 

to the contaminant in the study and not the object of the 

study. with this in mind, the 10~l MIF treatment produced a 

tyrosinase activity which was 215.5% ± 8.2 of the control 

value (p < 0.01) (no statistical difference using one-way 

ANOVA) . The 20~l MIF treatment resulted in a tyrosinase 

activity which was 394.5% ± 34.9 of the control value (p < 

0.01), and which was greater than the 10~l MIF group (p < 

0.01). The 50~1 MIF treatment produced a tyrosinase activity 

which was 1,478.8% ± 276.3 of the control value (p < 0.01), 

and which was greater than the 10~1 MIF and 20~l MIF 

treatments (p < 0.01). The 10·8M a-MSH control produced a 

tyrosinase activity which was no· different than the control. 

When a-MSH was added in conjunction with MIF, it produced an 

increase in tyrosinase activity above the comparable MIF group 

in only one instance: the 50~l MIF + a-MSH group. The 50~l 

MIF + a-MSH group had a tyrosinase activity which was 2,793.3% 

± 204.8 of the control value (p < 0.01), and which was greater 

than both the a-MSH control and the 50~1 MIF group (p < 0.01). 

The next level of MIF purification involved passing the 

DEAE fraction with the greatest MIF activity, as determined in 

the Xenopus laevis neural tube explant assay, over a Sepharose 

gel column, and then the electroelution of the various protein 

fractions from the gel. The protein fractions were all 

analyzed using the Xenopus laevis neural tube explant assay, 
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and the fraction with the greatest MIF activity was applied to 

B16-F10 murine melanoma cells in a 24 hour tyrosinase assay. 

This partially purified MIF sample had no effect on cell 

proliferation at the concentration tested (fig 3.5). 

The partially purified phenylsepharose MIF sample 

increased the tyrosinase activity of the B16-F10 cells to 

320.5% ± 15.3 of the control value (p < 0.01) (fig 3.5). The 

10·8M o:-MSH control had a tyrosinase activity which was 172.0% 

± 3.1 of the control value (p < 0.01). Addition of o:-MSH 

along with the MIF fraction resulted in a tyrosinase activity 

which was 315.6% ± 23.5 of the control value (p < 0.01). This 

level of activity was no different than the MIF group without 

o:-MSH, but it was greater than the o:-MSH control (p < 0.01). 

The partially purified phenylsepharose MIF sample was 

also applied to Hendrix Human melanoma cells (fig 3.6). Just 

as with the B16-F10 cells, this sample had no effect on 

proliferation of the Hendrix melanoma cells. 

The phenylsepharose MIF sample increased the tyrosinase 

activity of the Hendrix human melanoma cells to 2,503.0 % ± 

23.3 of the control value (p < 0.01). The addition of 10·7M 

(Nle4
, DPhe7

) o:-MSH (a superpotent analog of o:-MSH) to the 

Hendrix cells produced no change in tyrosinase activity. The 

analog was used to emphasize the failure of this melanoma cell 

line to respond to o:-MSH. The inclusion of 10·7M (Nle4 , DPhe7) 0:

MSH along with the phenylsepharose MIF resulted in a 

tyrosinase activity which was 2,431.1% ± 33.7 of the control 
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value (p < 0.01), and which was lower than the activity in the 

phenylsepharose MIF group without (Nle4
, DPhe7 ) a:-MSH (p < 0.05) • 

Partially purified phenylsepharose MIF samples were 

tested at different concentrations on melanoma cells (fig 

3.7). Other aspects of the partially purified sample were 

revealed: the possibility that it had intrinsic tyrosinase 

activity, or that there might be contaminating tyrosinase in 

the sample. The intrinsic tyrosinase activity was analyzed by 

including a group that had no cells, but which received the 

MIF treatment. As seen previously, there was no effect on 

cell growth when the phenylsepharose MIF sample was applied to 

the B16-F10 murine melanoma cells. 

Three concentrations of the phenylsepharose MIF sample 

were examined: 10~1, 20~1, and 50~1 in 1 ml of growth media 

(fig. 3.7). The intermediate value (20~1) was analyzed in 

culture wells without cells. When the tyrosinase activity of 

the group without cells was subtracted from that of the groups 

with cells, a dramatic change was observed. The 10~1 

phenylsepharose MIF treatment produced a tyrosinase activity 

which was -337.2% ± 26.8 of the control value (p < 0.01). The 

20~1 MIF treatment resulted in a tyrosinase activity which was 

-163.1% ± 11.7 of the control value (p < 0.01). Since the 

20~1 treatment had the same amount of MIF as the cell free 

group, this particular group is perhaps the best 

representative of the noted effect. The 50~l MIF treatment 

resulted in a tyrosinase activity which was 28.0% ± 28.3 of 
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the control value (p < 0.01). The 10·8M o:-MSH control had a 

tyrosinase activity which was 175.2% ± 10.1 of the control 

value (p < 0.01). The 10j.LI MIF + o:-MSH group had a tyrosinase 

activity which was -305.8% ± 37.0 of the control value (p < 

0.01), and which was less than the o:-MSH control value (p < 

0.01). The 20j.LI MIF + o:-MSH group had a tyrosinase activity 

which was -163.8% ± 15.2 of the control value (p < 0.01), and 

which was also less than the o:-MSH control value (p < 0.01). 

And the 50j.LI MIF + o:-MSH group had a tyrosinase activity which 

was -37.0% ± 10.1 of the control value (p < 0.01), and which 

was also less than the o:-MSH control value (p < 0.01). 

Negative values suggest that the enzyme activity was 

completely inhibited. 

As of the writing of this chapter, the purest samples of 

ventral frog skin MIF were generated with an immunoaffinity 

column. The immunoaffinity column became available following 

the generation of monoclonal antibodies to the frog skin MIF 

(Samaraweera et al., 1991). The immunoaffinity column 

generated MIF was analyzed using B16-F10 murine melanoma 

cells. This material had no effect on the proliferation of 

the cells (fig 3.8). 

The immunoaffinity column MIF had no intrinsic tyrosinase 

activity, which was confirmed by testing for tyrosinase 

activity in the absence of melanoma cells. This suggests that 

the tyrosinase activity associated with previous partial 

purifications may have been due to contaminating amphibian 
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tyrosinase. The B16-F10 melanoma cells treated with the 

immunoaffinity column MIF had a tyrosinase activity which was 

88.3% ± 2.6 of the control value (p < 0.05) (fig 3.8). A 

second control which consisted of the buffer used in the 

immunoaffinity column had a tyrosinase activity which was 

115.0% ± 5.1 of the control value (p < 0.01), and which was 

greater than the immunoaffinity MIF (p < 0.01). This suggests 

that the decrease in tyrosinase activity seen with the MIF 

sample is not due to the buffer. The la-8M a-MSH control had 

a tyrosinase activity which was 239.6% ± 5.6 of the control 

value (p < 0.01). The immunoaffinity MIF + a-MSH group had a 

tyrosinase activity which was 214.1% ± 3.1 of the control 

value (p < 0.01), and which was less than the a-MSH control 

value (p < O. 01) . The column buffer + a-MSH group had a 

tyrosinase activity which was 219.4% ± 1.9 of the control 

value (p < O. 01), and which was no different than the 

immunoaffinity column MIF + a-MSH. 

DISCUSSION 

The initial experiments performed with crude frog skin 

conditioned media provided results which appeared to be the 

exact opposite of the principal hypothesis (fig 3.1). Darkly 

pigmented dorsal frog skin conditioned media elicited a mild 

stimulation of B16-F10 murine melanoma cell tyrosinase 

activity. Pale ventral frog skin conditioned media produced 

a striking stimulation of B16-F10 cell tyrosinase activity. 
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Although these results were surprising and apparently contrary 

to what had been hypothesized, it did appear that the 

conditioned medias had an effect on the murine melanoma cells, 

and so this research was followed with experiments involving 

partially purified ventral frog skin conditioned media. 

Previous reports on the tyrosinase activity of amphibian skin 

have demonstrated that the pale ventral skin of some species 

has greater tyrosinase acti vi ty than the dark dorsal skin 

(Chen and Chavin, 1968), and the potential significance of 

this will be discussed presently. The ventral skin 

conditioned media was chosen for the continued study because 

it had produced the most dramatic results in the tyrosinase 

assay system, and because partially purified active fractions 

were being produced for a parallel project. 

While the stimulation of tyrosinase activity in mammalian 

melanoma cells by the frog VCM was an interesting finding, an 

intent inspection of the data from the initial crude 

conditioned media experiments does reveal one piece of 

evidence supporting the preliminary hypothesis: the 1/8ili 

strength VCM produced a decrease in tyrosinase activity. This 

data provided evidence that the VCM might contain more than 

one factor which affected the melanoma cells' tyrosinase 

activity. Perhaps at high concentrations a stimulatory factor 

in the VCM was effective at producing the increase in 

tyrosinase activity and prevailed over an inhibitory factor, 

but at low concentrations the stimulatory effect was lost and 
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the inhibitory activity was exposed. Alternately, a single 

factor with distinct effects at different concentrations could 

account for the observed results. It is likely, too, that a 

contaminating factor (such as amphibian tyrosinase) in the VCM 

could account for the stimulation of tyrosinase activity, and 

that this activity masks the tyrosinase inhibiting potential 

of the VCM. When the concentration of the VCM reached a low 

level, the contaminating effects may have been dissipated. 

So, while there are paradoxically high levels of tyrosinase 

activity in the pale ventral skin, the chromatophores of that 

integument do not produce melanin, and therefore the 

tyrosinase activity could very well be an external, or 

extracellular, event, which has no role in intracellular 

melanin synthesis. 

The next set of experiments performed with partially 

purified MIF revealed that the fraction with the greatest 

melanization inhibiting activity in the Xenopus laevis neural 

tube explant assay produced a tremendous increase in 

tyrosinase activity in all the melanoma cell lines tested 

(figs. 3.2-3.4). The tested fraction had been purified on a 

DEAE ion exchange chromatography column. As with the initial 

crude conditioned media experiment, there appeared to be a 

dose response: the higher the dose of VCM, the greater the 

tyrosinase activity. It remains unknown whether or not a dose 

of partially purified MIF less than 10~l would have produced 

an inhibitory effect on tyrosinase activity, since 10~l was 
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It is possible that there is 

contaminating tyrosinase activity within the sample, and 

possibly this activity is lost when the sample is diluted 

enough. 

Some of the sharpest evidence for the possibility that a 

contaminating sUbstance with tyrosinase activity is involved 

can be seen in the Hendrix human melanoma cell tyrosinase 

activity experiment (fig 3.4). Here it appears that doubling 

the MIF dose doubles the tyrosinase activity, and that a five 

times increase in dose produces approximately five times the 

tyrosinase activity. These results might be expected in a 

dose response experiment of an enzyme where the substrate is 

not a limiting factor. The results seem to be independent of 

the cell activity. If the potential contaminating substance 

had intrinsic tyrosinase activity, then the result may have 

been an extracellular event (which may have been the same with 

or without cells) . 

This result was not as clear with the B16-F10 murine 

melanoma tyrosinase experiment (fig 3.2). There did appear to 

be a dose dependent increase in activity, and the 20~1 dose 

produced a level of activity which was approximately twice 

that of the 10MI dose, but the 50~1 dose produced and activity 

which was only about three times as great as the 10Ml dose. 

It could be that the substrate was a limiting factor in this 

instance, and that the activity due to a potentiallY 

contaminating substance could not go above that seen with the 
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Of these three experiments, the results of the 

Cloudman 8-91 murine melanoma cell tyrosinase experiment may 

provide the richest motivation for thought (fig 3.3). With 

regard to tyrosinase activity, there was no difference between 

the 20J,LI and the 10J,LI doses. The 50J,LI dose produced about 

double the activity of the 10J,LI dose. The most intriguing 

portion of this experiment was the decline in a-M8H stimulated 

tyrosinase activity with increasing dose of MIF. While the 

50J,LI MIF produced the greatest activity in the absence of a

MSH, when a-MSH was included with the 50J,LI dose, the lowest 

activity among the MIF + a-MSH groups was seen-perhaps a 

result of dose dependent MIF induced a-MSH inhibition. With 

this possibility, the dose of a-MSH stimulates a certain level 

of tyrosinase activity. In this instance, the MIF produces a 

certain level of extracellular tyrosine metabolism (which is 

read as tyrosinase activity). Each time MIF is applied to the 

cells, a particular dose results in a specific level of 

activity. When a-M8H is added to that MIF dose, the MIF 

activity accounts for the same portion of total activity. If 

this is occurring, then the a-MSH stimulation is significantly 

blunted with increasing dose of MIF (the difference between 

the MIF + a-M8H and the MIF at each particular dose). 80 even 

though it may appear that there is an MIF induced stimulation 

of the melanoma cell tyrosinase activity, it may be that an 

inhibition of activity results from MIF exposure. If the 

results from the BI6-FIO melanoma cell experiment are viewed 
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in the same manner, a similar result is obtained (fig 3.2). 

It appears that one of three possible conclusions may be drawn 

from this group of experiments: 1) the ventral skin MIF has 

the ability to stimulate intracellular melanoma cell 

tyrosinase activity; 2) the MIF molecule itself possesses 

tyrosinase activity; or 3) that there is contaminating 

tyrosinase activity in the partially purified sample, and that 

the MIF is able to inhibit a-MSH induced stimulation of 

tyrosinase activity. 

The data suggest that doses less that 10Ml would provide 

lower levels of tyrosinase activity, and it is possible that 

these levels of activity could have dropped below the control 

value (as was seen with the lowest dose of crude conditioned 

VCM). However, even in the case of the higher doses, it seems 

that if it were possible to remove any potentially 

contaminating factor, the true activity of the MIF on melanoma 

cells would be revealed. 

The next stage of purification involved passing the 

active DEAE fraction through a phenylsepharose gel column. 

The addition of a-MSH to the MIF fraction did not produce an 

additional increase in tyrosinase activity. It is possible 

that this means a maximal activity was achieved with the MIF 

sample alone, and that there was no further stimulation 

possible. Al ternati vely, the substrate for the reaction, 

tritiated tyrosine, may have become a limiting factor. Since 

the MIF + a-MSH sample had an activity no greater than the MIF 
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sample alone, this could also indicate that the MIF inhibited 

the a-MSH stimulation. with this experiment, it seems that 

all these explanations are candidate interpretations, and 

while it is hypothesized that actual inhibition of activity is 

possible, it does not seem clear at this point in the 

investigation. 

It is interesting that in all of these experiments, the 

MIF sample, whether it was crude conditioned media or a 

partially purified sample, produced an apparent increase in 

tyrosinase activity, while all of these samples inhibited the 

differentiation of melanocytes 

explant assay. If the MIF 

in the Xenopus neural tube 

sample had a contaminating 

sUbstance with intrinsic tyrosinase activity, the tyrosinase 

assay would measure that activity, and it would be recorded as 

if it had occurred within the cells. The neural tube explant 

assay does not measure extracellular events, and so the 

effects of an extracellular substance with tyrosinase activity 

go unrecorded; the effects on the cell are quantified by cell 

morphology. It would appear, therefore, that the samples 

tested had a component which adulterated one of the assays. 

Perhaps this argument is pointless, for it may seem that any 

increase in tyrosinase activity should be connected to some 

change in color, whether it be intra- or extracellular. 

However, there is tyrosinase activity in adrenergic neurons 

which is not connected to melanin synthesis. So it is 

possible to have tyrosinase activity which is not associated 
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with melanin production. In order to clarify this issue, and 

to examine whether or not the two assays could agree, it was 

necessary to investigate the effects of the MIF preparations 

on cultures without cells. 

with the production of greater amounts of active MIF 

fraction from the phenylsepharose gel column, it became 

possible to examine the effects of several doses of the MIF as 

well as test the extracellular effects (tested in the absence 

of cells) of the material. These results (fig. 3.7) 

demonstrate that when the extracellular activity of the active 

phenylsepharose MIF is subtracted from that produced in the 

presence of cells, there is no longer an apparent stimulation 

of tyrosinase activity within the MIF exposed melanoma cells. 

This strongly suggests that the apparent stimulation of 

tyrosinase seen in earlier experiments may have been an 

artifact of those preparations. This experiment also 

demonstrated that the a-MSH induced stimulation of tyrosinase 

activity was completely blocked by the MIF preparation. 

Amphibian MIF appears able to inhibit tyrosinase activity in 

a mammalian melanoma cell line. This suggests that such a 

factor could play an important role in pattern formation. For 

when it inhibits tyrosinase activity, it inhibits melanin 

formation (for while tyrosinase activity is not limited to 

melanin synthesis, it is required). Areas of the integument 

equipped with such a molecule could have melanocytes which are 

prevented from producing melanin, whereas areas free of the 
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molecule could have melanocytes with full melanin synthesis 

capability. This experiment also demonstrated that the MIF 

preparation was apparently able to block a-MSH induced 

stimulation of melanocyte activity. In a patterned animal, 

this would be significant, because any circulating a-MSH would 

not stimulate melanocytes in areas of pale integument-it 

would not induce melanin synthesis in areas where it is 

apparently not required or desired. 

The purest amphibian MIF sample at this time has been 

produced with a mouse monoclonal antibody column. The 

activity of the monoclonal antibody was demonstrated by its 

ability to inhibit MIF activity in the Xenopus neural tube 

explant assay. 

As the results demonstrate (fig 3.8), there was a 

significant inhibition of tyrosinase activity in the MIF 

treated melanoma cells. The purified MIF sample had no 

intrinsic tyrosinase activity, and so the inhibition observed 

is not one that is generated following subtraction of 

intrinsic activity-it is a straightforward result. There was 

also a significant decrease in the a-MSH induced stimulation 

of tyrosinase activity following application of the MIF. 

Taken together, these results suggest that the amphibian MIF 

has the ability to decrease tyrosinase activity in a mammalian 

cell line. 

It may appear that the inhibition was mathematically 

significant, but perhaps not great enough to be biologically 
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significant. However, the amount of material applied to the 

cells was small (only a small amount was available), and so a 

modest inhibition is probably all that can be expected. with 

this degree of inhibition it is important that the effects of 

the buffer solution be accounted for, and the buffer by itself 

actually produced a slight increase in tyrosinase activity. 

Therefore, it cannot be said that some alteration of the media 

accounts for the decrease in tyrosinase activity, as it 

appears to have a slight stimulatory effect on the tyrosinase 

activity. If the buffer solution is taken to be control, then 

the degree of inhibition due to the MIF is somewhat greater 

than when compared to the non-buffer control. 

It is difficult to say, based upon these results, that 

the MIF is able to inhibit a-MSH induced stimulation of the 

melanoma cell tyrosinase activity. As the results 

demonstrate, the MIF + a-MSH group had a lower tyrosinase 

activity than the a-MSH control, but the control buffer + a

MSH group had a tyrosinase activity which was the same as the 

MIF + a-MSH group. Therefore, it appears that the buffer 

solution may have had an inhibitory effect on tyrosinase 

activity in the presence of a-MSH. 

It appears that the amphibian MIF exerts an inhibitory 

effect on mammalian melanoma cell tyrosinase activity. 

Perhaps the most appealing conclusion suggested by this data 

is that mammalian pigment pattern may be regulated. in a manner 

similar to that which has been proposed for amphibians 
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This is probably an extreme 

suggestion based upon the available data, but not altogether 

unreasonable. If some other mechanism were responsible for 

mammalian pigment pattern formation, would it be likely that 

mammalian pigment cells would respond to a factor which has 

been isolated from an amphibian and which potentially 

regulates pigment pattern? It seems that if the mammals had 

no counterpart to the amphibian MIF, their cells would be 

unlikely to respond in a predicted manner to the amphibian 

MIF. If, however, mammals possess a molecule analogous to the 

amphibian MIF, it seems reasonable that they would respond in 

a predictable manner to the amphibian MIF. And if mammals do 

have such a molecule, then it seems reasonable, based upon 

what is known of the amphibian MIF and pattern formation, that 

a putative mammalian MIF would have a similar role. 

One difference between amphibians and mammals is that 

while members of both classes may share a common pigment 

pattern, the pale integument of amphibians contains 

chromatophores which enhance that appearance, while the pale 

coat areas of mammals do not seem to require pigment cells. 

Therefore, to suggest that pale areas of the mammalian 

integument contain pigment cells which are in a state of 

inhibition appears wasteful. However, the pale areas of the 

coat on many mammals are composed of hairs with more than one 

color (see chapter 1 of this dissertation). The hairs which 

provide a pale ventral coat to Peromyscus boylei, for example, 
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contain no melanin in their distal half, but are rich with 

melanin in their proximal half. This suggests that there are 

melanocytes within the hair follicle of the integument which 

are active during a portion of the hair growth cycle and 

inactive during the other portion. An MIF type factor present 

in the hair follicle during the initial stage of hair growth 

could account for the absence of melanin in the distal portion 

of the hair shaft. The important point here is that this 

mammal's pale ventral coat's hair follicles contain 

melanocytes even though the ventral coat appears white. 

Furthermore, to assume that the melanocytes in pale areas of 

the integument are useless, and that the animal is better off 

without them seems unreasonable, for the melanocyte may have 

roles other than melanin synthesis which require its presence. 

It has been established that it contributes to the 

extracellular matrix, and this function may still be required 

in the absence of melanin synthesis (Yaar et al., 1988; 

McClenic et al., 1989; Havenith et al., 1989). 

As purification of the amphibian MIF continues, more MIF 

will be available for melanoma cell studies. At this point 

the availability of the MIF has been a limiting factor in the 

melanoma cell studies. However, with the production of a 

monoclonal antibody to the MIF, the molecule should become 

more readily accessible. Of course, there are many studies 

which will be conducted with the purified MIF, but 

continuation of the melanoma cell studies is important. It 
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appears that the data collected so far indicate that the 

amphibian MIF has great potential as a regulator of mammalian 

melanoma cell tyrosinase activity and as an antagonist to Q

MSH stimulation of melanoma cell tyrosinase activity. with 

increased availability, it should be possible to work out 

information on the potential dose response of the MIF with 

respect to melanoma cells. It appears that the molecule is 

quite potent. The studies to date have employed small amounts 

of the molecule and relatively large cell numbers. That 

inhibitory effects have been noted suggests the molecule is 

active in very small amounts. Future studies should work out 

the effective dose of the MIF. 

While this research has intrinsic value in that it 

provides another clue to help resolve the quandary of pigment 

pattern formation, it may have other applications, too. There 

are several pigment cell disorders for which there have been 

indecisive explanations. The potential existence of a 

mammalian MIF, a molecule which conceivably accounts for 

discrete pigment patterns, could provide an explanation for 

vitiligo, a disorder which presents with discrete patches of 

unmelanized integument which may still contain melanocytes. 

The potential existence of a molecule which interacts with 

normal melanocytes and cancerous melanocytes, suggests that it 

could be used in the identification and treatment of melanoma 

(much as has been attempted with Q-MSH). 
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Figure 3.1 Tyrosinase activity (n = 8 for each group) and 
cell count data (n = 4 for each group) of B16-F10 murine 
melanoma cells exposed to crude ventral (VCM) and dorsal (OCM) 
frog skin conditioned media. The * indicates a statistical 
comparison to the control at p < 0.01. The ** indicates a 
statistical comparison to the control at p < 0.05. The + 
indicates a statistical comparison to the a-MSH control at p 
< 0.01. 
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Figure 3.2 Tyrosinase activity (n = 8 for each group) and 
cell count data (n = 4 for each group) of B16-F10 murine 
melanoma cells exposed to an active MIF fraction from a DEAE 
ion exchange chromatography column. The * represents a 
statistical comparison to the control at p < 0.01. The ** 
represents a statistical comparison to the control at p < 
0.05. The + represents a statistical comparison to the a-MSH 
control at p < 0.01. 
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Figure 3.3 Tyrosinase activity (n = 8 for each group) and 
cell count data (n = 4 for each group) from Cloudman S-91 
murine melanoma cells exposed to an active MIF fraction from 
a DEAE ion exchange chromatography column. The * represents 
a statistical comparison to the control at p < 0.01. The + 
represents a statistical comparison to the a-MSH control at p 
< 0.01. 
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Figure 3.4 Tyrosinase activity (n = 8 for each group) and 
cell count data (n = 4 for each group) from Hendrix human 
melanoma cells exposed to an active MIF fraction from a DEAE 
ion exchange chromatography column. The * represents a 
statistical comparison to the control at p < 0.01. In the 
analysis of this data set, student's T-test was employed. 
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Figure 3.5 Tyrosinase activity (n = 8 for each group) and 
cell count data (n = 4 for each group) from B16-F10 murine 
melanoma cells exposed to an active MIF fraction from a 
phenylsepharose gel column. The * represents a statistical 
comparison to the control at p < 0.01. The + represents a 
statistical comparison to the a-MSH control at p < 0.01. 
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Figure 3.6 Tyrosinase activity (n = 8 for each group) and 
cell count data (n = 4 for each group) from Hendrix human 
melanoma cells exposed to an active MIF fraction from a 
phenylsepharose gel column. The * represents a statistical 
comparison to the control at p < 0.01. The + represents a 
statistical comparison to the a-MSH control at p < 0.01. 
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Figure 3.7 Tyrosinase activity (n = 8 for each group) and 
cell count data (n = 4 for each group) from B16-FIO murine 
melanoma cells exposed to an active MIF fraction from a 
phenylsepharose gel column after adjusting for tyrosinase 
activity in the MIF fraction in the absence of melanoma cells. 
The * represents a statistical comparison to the control at p 
< 0.01. The + represents a statistical comparison to the a
MSH control at p < 0.01. 
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Figure 3.8 Tyrosinase activity (n = 8 for each group) and 
cell count data (n = 4 for each group) from B16-F10 murine 
melanoma cells exposed to an active MIF preparation from a 
monoclonal antibody immunoaffinity column. The * represents 
a statistical comparison to the control a p < 0.01. The ** 
represents a statistical comparison to the control a p < 0.05. 
The + represents a statistical comparison to the a-MSH control 
at p < 0.01. 
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CHAPTER 4 

THE EFFECTS OF CONDITIONED MEDIA AND PARTIALLY PURIFIED 

CONDITIONED MEDIA MADE FROM THE INTEGUMENT OF THE 

CATFISH, ICTALURUS PUNCTATUS, ON THE DIFFERENTIATION OF 

XENOPUS LAEVIS NEURAL CREST CELLS AND ON THE TYROSINASE 

ACTIVITY OF MAMMALIAN MELANOMA CELLS 

ABSTRACT 

It has been postulated that animal pigment patterns are 

at least partially the result of localized integumental 

factors which suppress or promote the production of melanin in 

integumental melanocytes. A preliminary compilation of data 

generated over the past few years suggests that this 

supposition has justification. Experiments using the skin of 

the channel catfish, Ictalurus punctatus, which has a pigment 

pattern that is the most common among vertebrate species 

(namely, a darkly pigmented dorsum and a pale (even 

reflective) ventrum), have provided some interesting results. 

To test the hypothesis that putative melanization stimulating 

and inhibiting factors exist in the integument of the catfish, 

conditioned media made from the integument was applied to 

potential pigment cells from the neural crest of Xenopus 

laevis and to mammalian melanoma cells. It appears that the 

darkly pigmented dorsal integument from X. punctatus contains 

a factor which is able to promote the differentiation of 
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melanocytes from X. laevis neural crest cells and increase the 

activity of tyrosinase, the rate limiting enzyme of 

melanogenesis, in mammalian melanoma cells. 

INTRODUCTION 

A putative melanization inhibiting factor (MIF) has been 

partially purified from Rana forreri, and a monoclonal 

antibody has been generated (Samaraweera, 1991). This has 

been used to demonstrate the ventral localization of the MIF 

in Rana pipiens (Fulmzawa et aI, 1992). It is believed, 

therefore, that the inhibition produced by the MIF provides 

the basis for the dorsal ventral pigment pattern of this and 

other amphibian species. 

While the presence of the amphibian MIF suggests that a 

counterpart to it may exist in the darkly pigmented dorsal 

integument, the initial studies of Xenopus did not provide 

evidence for an integumental melanization stimulating factor 

(MSF). However, studies of B. pipiens have demonstrated that 

the dorsal integument contains MSF activity, and the activity 

is greatest in the deeply melanized spots on the dorsal 

surface (Mangano et al., 1992). The channel catfish, 

Ictalurus punctatus, shares with Xenopus and Rana the most 

common of vertebrate pigment patterns: a darkly pigmented 

dorsal surface and a pale ventral surface, with a clear 

demarcation between the two regions. 

The initial studies reported here on conditioned media 
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made from the dorsal (DCM) and ventral (VCM) catfish 

integument revealed that both contained MSF activity. 

However, MSF appears to be more prevalent in the DCM than in 

the VCM (zuasti et al., 1992). The work of Zuasti also 

provided evidence that an MIF is more prevalent in the VCM 

than in the DCM, and that the dorsal/ventral pattern of this 

species may result from the relative distribution of the two 

factors. 

with this direction, an attempt was made to extend the 

initial studies by partially purifying the catfish MSF. This 

species was chosen because of its obvious dorsal/ventral 

pigment pattern, the presumed presence of both MIF and MSF, 

and the availability of catfish skin in large quantities. The 

specific experiments involve appropriate biochemical 

fractionation based upon molecular size and charge, and the 

biological assessment of the activities of these fractions on 

the expression of melanization in the Xenopus neural tube 

assay system (Fukuzawa and Ide, 1988; Johnson et al., 1992). 

Further, in a preliminary attempt to address the 

potential molecular mechanism behind the stimulation of 

melanization, unprocessed conditioned media was applied to 

melanoma cells to evaluate the effects of the media on 

tyrosinase activity. 

In the examination of putative integumental elements, 

Xenopus laevis embryos and their neural tubes are the basis of 

a biological assay system. These embryos are not necessarily 
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the conclusive focus of this study, although they provide the 

cells which permit analysis of putative regulatory factors. 

The neural crest cells which migrate from the X. laevis neural 

tubes and differentiate give an indication of the melanocyte 

stimulating or inhibiting activity of the culture media. If 

the potential pigment cells from the neural crest are 

inhibi ted from differentiating into melanocytes, this is taken 

to signify that melanization inhibiting factor (MIF) activity 

is present in the test medium. If the potential pigment cells 

from the neural crest are stimulated to differentiate into 

pigment cells, this is taken to mean that there is melanocyte 

stimulating factor (MSF) activity present in the medium. 

Therefore, while the experiments in the study employ elements 

which cross taxonomic lines I the elements are used in a 

sensitive assay system which provides a strong indication of 

what may be contained within those elements. 

These experiments were ventured with full realization 

that pigment pattern is usually determined in embryonic and 

larval stages (Bagnara, 1982). Therefore, any conclusions, 

based upon knowledge gained with factors isolated from adult 

skins, need to be appropriately tempered. 

MATERIALS AND METHODS 

Generation of Conditioned Media 

Conditioned media applied to explanted X. laevis neural 

tubes and to mammalian melanoma cells were generated by 
I 
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shaking small pieces (4 mm2 ) of catfish skin, at a 

concentration of 0.07 gm skin/ml media, in either steinberg's 

basic salt solution (BSS), Ham's FlO media (without serum), or 

M13 media (a variation of modified L15 media, without serum). 

The conditioned medium generated with BSS was used in the 

neural tube explant assays, and the conditioned media 

generated with Ham's FlO and M13 media were applied to the 

mammalian melanoma cells. All of these unprocessed 

conditioned media were filter sterilized (Nalgene, 245-0045, 

0.45 ~m) prior to use in the assay systems. 

Generation of Partially Purified Conditioned Media 

Partially purified conditioned media were generated with 

small pieces of darkly pigmented dorsal skin (4 mm2 ) , at a 

concentration of 0.80 gm skin/ml BSS, shaken for one hour. 

The concentrated conditioned media were passed through various 

columns. Fractions, representing various qualities of the 

molecules in the media, were collected over time. Two gels 

were used in the process of partially purifying the 

conditioned media: Sephacryl S-300 gel, which separates 

molecules by size; and Diethylaminoethyl (DEAE) ion exchange 

chromatography, which separates molecules by charge. While 

these two purification steps were used individually, it is 

believed that the purest samples were generated when a 

combination of DEAE ion exchange chromatography and Sephacryl 

S-300 gel fractionation was employed consecutively (Johnson et 
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al., 1992). 

Initial fractionation of OCM was performed successively 

on OEAE Bio-Gel A (Bio-Rad Laboratories, Richmond, CA) and 

Sephacryl S-300 HR (Pharmacia LKB Biotechnology, Inc.). OCM 

was dialyzed against 25 roM 2- [N-Morpholino] ethanesulfonic acid 

(MES) , pH 6.5, and applied to a column of OEAE Bio-Gel A (2.5 

cm x 14 cm gel bed) which was equilibrated in the same buffer. 

After washing the column to remove unbound proteins, it was 

eluted with a linear gradient of 0-500 roM NaCI in 400 ml of 

the buffer. The flow rate was 1 mljmin and 5 ml fractions 

were collected. The elution of proteins was monitored by 

measuring optical absorbance at 280 nm, and the fractions were 

analyzed by the Xenopus neural tube assay. The active 

fractions from the OEAE column were pooled, concentrated, and 

applied to a column of Sephacryl S-300 HR (1.5 cm x 100 cm) in 

BSS. The column was then developed at a flow rate of 10 mljhr 

and 2 ml fractions were collected. Again, the elution of 

proteins was monitored by absorbance at 280 nm, and the 

fractions were assayed for their biological activity (Johnson 

et al., 1992). 

All of the fractions were filter sterilized (Gelman 

acrodisc, 0.45 ~m) prior to use in the neural tube explant 

assay. 

The Xenopus laevis Neural Tube Explant Assay 

The full details of the Xenopus laevis neural tube 
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explant assay were provided in Chapter 1. Briefly, the assay 

involves the removal of the neural tube from stage 22/23 X. 

laevis embryos and its transfer to a culture droplet where its 

development can be monitored for several days. This was 

accomplished by first removing the yolk from the embryo and 

then exposing the embryo to a 0.10% type IV collagenase 

solution (Sigma). The collagenase loosens the developing 

tissues from one another, so that it was relatively easy 

remove the ectoderm, somites, and notochord from the neural 

tube. Neural crest cells, which are the precursor to several 

cell types, including melanocytes, reside on the dorsal 

surface of the neural tube. These cells migrate from the 

neural tube in vivo to many sites throughout the developing 

embryo; they also migrate from the neural tube when it is 

cultured in vitro. The neural tube was cut at the level of 

the 7Ul and 21s1 somites, and the segment between these somite 

levels was transferred to a culture droplet. 

The culture droplet has a total volume of 100 ~l. It is 

composed of 10 J..I.l of filter sterilized (Nalgene, 0.20 J..I.m, 

cellulose acetate) BSS with 0.20 roM Tyrosine, 1000 I.U./ml 

penicillin (Sigma), 1000 ~g/ml streptomycin (Gibco) and 90 ~l 

of control BSS, conditioned media, or concentrated conditioned 

media fraction. The final concentrations of tyrosine, 

penicillin, and streptomycin are 0.02 roM, 100 I.U./ml, and 100 

J..I.g/ml respectively. 
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Description of the Tyrosinase Assay 

For a full description of the tyrosinase assay, please 

refer to chapter 2 of this dissertation. What follows is a 

brief description of the significant elements. 

Two days prior to the treatment phase of an experiment, 

5 x 104 (murine) or 1 x lOs (human) cells in 1 ml growth media 

were plated onto 12 well cell culture dishes (Gibco, 925-

3140XT). The cells were then stored in a humid CO2 (murine) 

or cO2 free (human) incubator at 37°C until the treatment was 

initiated. 

Because these experiments were all 24 hour assays (the 

cells were exposed to the experimental factors for 24 hours), 

there was only a single treatment. Two days after plating the 

melanoma cells, the growth media that had been used for 

plating was replaced with fresh growth media. The control 

cells received 1 ml of fresh growth media alone. The a-MSH 

(Sigma, M4135) control cells received 1 ml of fresh growth 

media and 10·8M a-MSH (murine cells) or 10·8M (Nle4 , DPhe7 ] a-MSH 

(human cells), a dose which produces a maximal a-M8H induced 

tyrosinase activity in B16-F10 cells and Cloudman 8-91 cells 

(Hadley, 1988; personal observation, 1990). The experimental 

groups received between 500 and 875 ~l of fresh growth media 

and 125 and 500 ~l of conditioned media (either dorsal skin 

conditioned media (DCM) , ventral skin conditioned media (VCM), 

or muscle conditioned media (MCM», such that the total amount 

of media equalled 1 mI. For the initial studies and the dose 
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response studies, the combination of 750 ~l of growth media 

and 250 ~l of conditioned media was called 100% DCM (also 

referred to as full strength). Tritiated tyrosine (Amersham, 

TRK.200; L-p-Hydroxy[3,5-3H]phenylalanine) was added to each 

cell well equal to 4 J.LCi/ml. A group without cells was 

included to provide background radiation information. 

Twenty-four hours following the initiation of treatment, 

the experiment was ended. The media with the tritiated 

tyrosine was collected from each cell well, placed into 13 x 

100 mm culture tubes (VWR, 60824-568), covered with parafilm, 

and stored frozen (-20 0 C) until the assay could be finished. 

Cell counts were then determined for each cell well which had 

cells. The cell wells were treated with 1 ml of Tyrode's 

Ethylenediaminetetraacetic acid (EDTA) solution for 15 minutes 

to loosen the cells from the bottom of the cell wells. The 

cells in each well were jostled by repeated discharge from a 

Pipetteman micropipettor (250 J.Ll) to encourage the separation 

of the cells from the cell wells, and to place the cells into 

suspension. An aliquot of the suspended cells was then placed 

onto a hemocytometer slide, and a count was made of a field 

which represented 1 J.Ll of the suspension. The cell counts 

were used to determine tyrosinase activity relative to the 

number of cells in a given flask. 

The tyrosinase assay used for this study was a 

modification of the Pomerantz (1964) assay. Approximately 1 

ml of media was recovered from each cell well at the 
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termination of an experiment. To each 1 ml sample, 2.5 ml of 

distilled water was added to dilute the sample and allow for 

the generation of duplicate material for the beta counter. 

Two 1 ml aliquots from each diluted sample were placed into 

separate 12 x 75 mm test tubes (VWR, 60825-550). One ml of 

10% (w/v) activated charcoal (Mallinckrodt, 4394) in 0.20 M 

citric acid was added to each test tube to adsorb organic 

molecules, and the tube was vortexed. They were next 

centrifuged at 1050 rpm (200 x g) for 10 minutes to drive the 

charcoal to the bottom of the tubes and permit access to the 

supernatant. One ml of supernatant was collected from each 

tube and passed over a separate Dowex (Sigma, 50X8-200) resin 

column to remove any lingering organic molecules (0.20 ml 

resin resting on top of a cotton plug in a 13.5 cm Pasteur 

pipet). Each column was then rinsed with 1.0 ml of 0.10 M 

citric acid. The fluid which passed through the columns was 

collected in 20 ml glass scintillation vials. After the 

citric acid rinse had passed through the columns, 16.0 ml of 

scintillation cocktail (leN, Ecolite 882475) was added to each 

scintillation vial. The vials were then capped, labeled, and 

placed into a Beckmann model LS8000 beta counter. 

Beta counts were considered the crude data. The 

background activity from the blank flasks was averaged and 

subtracted from all the flasks which contained cells. The 

remaining activity was then expressed relative to the number 

of cells in a particular flask. The values reported for 
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tyrosinase enzyme activity are expressed as a percent of the 

control value, the control's activity being 100 percent. 

General statistics 

For the neural tube explant experiments, the differences 

between the mean values for the total number of emigrated 

cells and the percentage of melanized cells were determined 

using a two-way analysis of variance (ANOVA), since there were 

two potential variables: time and treatment. If the two-way 

ANOVA demonstrated that there was no significant interaction 

effect between the days and the treatments, a one-way ANOVA 

was performed for each day to analyze the effects of the 

treatments on each day--in all cases when the two-way ANOVA 

revealed that there was no significant interaction effect, it 

indicated that there was a significant effect between 

treatments. For the melanoma cell tyrosinase assays, only 

one-way ANOVA testing was performed, since the treatment 

provided the only variable. The ANOVA testing was performed 

with the STAT computer program written by Christopher A. 

Leadem, Ph.D. (Department of Anatomy, University of Arizona). 

The results were considered statistically significant at p < 

o. 05 as determined with the Student Newman-Keuls multiple 

range test. The confidence limits depicted in the results 

section and the graphs are standard error of the mean, unless 

otherwise indicated. In those cases where there was no 

difference over time between two compared groups, only day one 
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data is presented in the verbal results section, unless 

otherwise indicated. 

RESULTS 

The initial experiments for this project involved the 

application of media conditioned with skin from the catfish, 

Ictalurus punctatus, to explanted Xenopus laevis neural tubes. 

The results suggested that the integument of Ictalurus 

punctatus may contain a factor or factors which can affect 

pigment cell function (fig 4.1). The conditioned media was 

applied at two concentrations to the neural tubes: 10% and 

25%, with a concentration of 0.07 gm skin/ml BSS representing 

100%. The 25% darkly pigmented dorsal skin conditioned media 

(OCM) produced an increase in the number of cells in the 

culture droplets compared to the control (306.8 ± 45.7 vs. 

86.3 ± 24.0, P < 0.01). The number of cells in the 25% OCM 

treated neural tubes was also greater than that of the 10% 

OCM, 25% VCM, and 10% VCM treated neural tubes (306.8 ± 45.7, 

197.8 ± 28.6, 138.8 ± 16.0, and 260.0 ± 24.9, respectively, p 

< 0.01). All of the treated groups had cell counts which were 

greater than the control (p < 0.01), but the 25% OCM group had 

the greatest number of cells, suggesting that this treatment 

provided the greatest stimulation for mitosis or emigration of 

neural crest cells. The 10% OCM treatment produced fewer 

cells in culture than the 25% OCM, which indicated that the 

proliferation of cells prompted by the OCM may be dose 
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It was interesting to note that the 25% VCM 

produced the fewest number of cells in culture, other than the 

control, on the first day following neural tube explantation. 

The 10% VCM provided the second greatest number of cells in 

culture, and this data indicated that the VCM may have an 

inhibitory effect (when compared to the 25% OCM) on cell 

proliferation that is dose dependent (Zuasti, 1992). 

The number of melanized cells in each group demonstrated 

that the 25% OCM and the 10% VCM groups were able to increase 

this number above the control on all three days following 

explantation (fig 4.1). The 10% OCM group had more melanized 

cells than the control on day one, but was not significantly 

different than the control on days 2 and 3. The VCM 25% group 

was never significantly different than the control using this 

measure. The 25% OCM group was never significantly different 

than the 10% VCM group, however, it was significantly great~r 

than both the 10% OCM and 25% VCM groups on each day of the 

experiment (except for day 1 when compared to the 10% OeM). 

The percentage of melanized cells in culture for the four 

treatment groups showed that on day 1 following explantation, 

all of the treatments were able to increase the percentage of 

melanized cells above the control value (fig. 4.1). On the 

first day, there was a significant difference between the 25% 

VCM and the 10% VCM groups--the 10% VCM had a significantly 

greater percentage of melanized cells. On day 2 following 

explantation, the 25% VCM group had a significantly reduced 
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percentage of melanized cells compared to the control (p < 

0.01). The other three groups had the same percentage of 

melanized cells as the control (although the control seems to 

have been artificially high in this experiment, and this will 

be considered in the discussion). The percentage of melanized 

cells in the 25% VCM group was also lower than the 25% DCM and 

the 10% VCM groups (p < 0.05, and p < 0.01, respectively). 

The data from day three was statistically identical to that 

from day 2: the 25% VCM group was still below the control as 

well as the 25% DCM and 10% VCM groups. 

The tremendous increase in cell number in the treatment 

groups necessitated that the melanization effect of the 

treatments be analyzed in more than one manner. To say that 

the 25% DCM group had the same percentage of melanized cells 

as the control implies that the two groups were the same; 

however, the 25% DCM group had almost four times as many cells 

as the control did, and so to say that they were the same 

would be misleading. 

The initial findings with the catfish skin conditioned 

media prompted a more detailed examination of the material. 

It was decided that the dorsal skin would be studied for the 

presence of a putative stimulatory factor, as it had provided 

the greatest stimulation of the explanted neural crest cells. 

The first purification technique attempted was to collect 

fractions of the DCM after it had passed through a Sephacryl 

S-300 gel column. 140 fractions were collected, and beginning 
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with the 50 lli fraction it was possible to record an optical 

density at 280 nm (fig 4.2). Fractions 41-140 were examined 

for effects on neural tube explants. Because of the nature of 

the explant operation (it is critical that the embryos be at 

the appropriate stage, there is a limited amount of time that 

they will remain at this stage, and the embryos should all be 

from the same batch of eggs-it is therefore difficult to 

perform more than approximately 60 explants at one time), this 

study combined five fractions to produce one test sample (41-

45, 46-50, 51-55, etc.). This large sampling provided a 

screening of the samples with a low n value (n ~ 2). 

Several of the test samples produced a modest increase in 

the number of cells in culture to approximately 125 (61-65, 

76-80, 86-90, 101-105, and 106-110) (fig 4.2), which was 

greater than the control value of 90 cells. One of the test 

samples (76-80) produced a tremendous increase in the 

percentage of melanized cells in culture (74.2% compared to 

26% for the control). Because test sample 76-80 produced both 

a modest increase in cell number and a tremendous increase in 

the percentage of melanized cells, it was determined that the 

individual fractions that made up the sample should be studied 

separately. 

The study of the individual fractions revealed that 

fraction 79 was able to increase the number of cells in 

culture to 139, which was greater than the control value of 50 

(fig 4.3). The percent melanization was increased in 
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fractions 79 and 80 (75.5% and 77.9%, respectively) above the 

control value (13.8%). Photographs of the cells from fraction 

79 revealed that these cells were much more deeply melanized 

than the control cells, and it appeared that these cells had 

more dendrites than the control cells (although that was not 

quantitatively measured in this experiment) (fig 4.12). 

The next step in the purification of the putative 

melanization stimulating factor involved passing the DeM 

through a diethylaminoethyl (DEAE) ion exchange chromatography 

column. It was determined from this process that several of 

the generated fractions had melanization stimulating activity 

(fig 4.4). These fractions were combined and passed through 

a Sephacryl S-300 gel column, and the fractions were again 

analyzed using the Xenopus neural tube explant assay. 

Following the two-step purification, it was observed that 

fraction 34 increased the number of cells in culture (318.0 ± 

6.0) compared to the control value (90.5 ± 4.0) (p < 0.01) 

(fig 4.5). Fraction 34 also increased the percentage of 

melanized cells in culture (60.2% ± 12.3) above the control 

value (32.0% ± 5.9) (p < 0.05). 

The nature of the neural tube explant assay is such that 

when a large number of samples need to be examined, each 

sample is tested with few neural tubes-the n number is 

low-as low as 2 neural tubes for each sample reported in 

figure 4.5. This produces a screening test of the samples. 

While it is possible to generate statistically significant 
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data, the low n number needs to be approached cautiously. For 

this reason, fraction 34 was examined in detail to ensure that 

it truly contained MSF activity. When this fraction was 

examined by itself, it was possible to raise the number of 

neural tubes to 6 (fig. 4.6). Since each neural tube had 

approximately 250 cells, a total of 1500 cells were counted to 

generate the data on this fraction, and therefore, 80% 

melanization means that 1200 of the 1500 cells were melanized. 

The study of fraction 34 from the DEAE ion exchange 

chromatography and Sephacryl S-300 gel column revealed that 

this fraction had a dramatic effect on the explanted neural 

tubes (fig 4.6). The cell count in the group treated with 

fraction 34 (182.8 ± 15.1) was greater than the control (106.6 

± 12.6) (p < 0.01, n = 6). The cell count increased in the 

treated group from day one to day two following explantation 

(182.2 ± 15.1 to 245.7 ± 31.9, P < 0.01), while the control 

group had a decrease in cell number from day one to day two 

(106.6 ± 12.6 to 30.8 ± 7.4, P < 0.01). On the third day 

following explantation, the fraction 34 treated group still 

had more cells than the control (261.2 ± 38.1 and 22.8 ± 7.7, 

respectively, p < 0.01) I although neither group was different 

from day two. 

On the first day following explantation, the percentage 

of melanized cells in the fraction 34 treated group was 

greater than the control (37.6% ± 2.6 compared to 1.8% ± 0.6, 

P < 0.01) (fig 4.5). The control value is normally quite low 
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on the first day. Both of the values increased on the second 

day, but the fraction 34 treated group still had a greater 

percentage of melanized cells than the control (75.6% ± 3.5 

compared to 14.4% ± 2.6, P < 0.01). The melanization 

percentages for the fraction 34 and the control groups 

remained unchanged on day three (83.8% ± 2.0 compared to 25.6% 

± 2.6, P < 0.01). 

The partially purified OCM fraction seemed to promote the 

population of cells in culture as well as the percentage of 

melanized cells. It was interesting to note that the OeM 

fraction appeared to encourage the dendritic morphology of the 

melanized cells as well; the OCM treated cells seemed to have 

many more dendrites than the control cells. This feature had 

been noted in the earlier conditioned media experiments, but 

a quantitative analysis had not been performed. Because of 

the limited number of groups in this experiment, it seemed the 

ideal opportunity to test this previous observation. On the 

first day following explantation, the fraction 34 melanized 

cells had more dendrites and the control melanized cells (4.7 

± 0.1 and 2.7 ± 0.4, respectively, p < 0.01). On the second 

day, the fraction 34 treated group had a decrease in its 

dendrites per melanized cell, although it still had more than 

the control; the control did not change significantly from day 

one (3.4 ± 0.1 and 2.1 ± 0.1, respectively, p < 0.01). And on 

the third day, the fraction 34 treated group had another 

decrease in its dendrites per melanized cell, but it still had 
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more than the control (2.7 ± 0.1 and 2.3 ± 0.1, respectively, 

p < 0.01). 

A second assay was used in the study of putative 

melanization stimulating and inhibiting factors in the catfish 

integument: the melanoma cell tyrosinase assay. The 

application of conditioned media to Cloudman 8-90 murine 

melanoma cells demonstrated that none of the media had an 

effect on cell proliferation during the 24 hour assay (fig. 

4.8). However, the OCM increased the tyrosinase activity of 

the treated cells to approximately 160% (p < 0.01) of the 

control value. The VCM did not change the tyrosinase activity 

of the 8-90 melanoma cells. The MCM produced a decrease in 

the tyrosinase activity to approximately 60% (p < 0.05) of the 

control value. There was also a difference between the 

tyrosinase activity in the OCM treated cells and the VCM 

treated cells (p < 0.01). 

When the OCM was applied to Cloudman 8-90 murine melanoma 

cells in three concentrations, none of the applications 

produced an effect on cell proliferation (fig. 4.9). However, 

the 50% oeM produced an increase in the tyrosinase activity of 

the melanoma cells to approximately 150% (p < 0.01) of the 

control value. The 100% DeM increased the tyrosinase activity 

to approximately 200% (p < 0.01) of the control value. The 

200% OCM increased the tyrosinase activity to approximately 

215% of the control value. There was a significant difference 

between the 100% OCM value and the 50% DeM value (p < 0.01), 
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as well as between the 200% OCM and the 100% OCM (p < 0.05), 

such that tyrosinase activity increased with increasing dose 

of OCM. 

When the OCM and VCM preparations were added to cultures 

of B16-F10 murine melanoma cells, there was no effect on cell 

proliferation (fig. 4.10). with this particular cell line, 

both the OCM and the VCM produced a decrease in tyrosinase 

activity to approximately 60% of the control value. 

The catfish OCM was also applied to Hendrix human 

melanoma cells. There was no effect on cell proliferation 

(fig. 4.11). Normally, a-MSH produces 

increase in the tyrosinase activity of 

Likewise, the superpotent a-MSH analog, 

a modest, if any, 

this cell line. 

[Nle4 ,OPhe7 ) a-MSH, 

produces little if any response in the tyrosinase activity of 

these melanoma cells (Hadley, 199_). When catfish OCM was 

applied to these melanoma cells, there was a modest increase 

in the tyrosinase activity to 130% (p < 0.01) of the control 

value. The [Nle4 ,OPhe7 ] a-MSH treated cells, which served as 

a second control, had a slight decrease in tyrosinase activity 

to approximately 75% of the control value. The combination of 

catfish OCM and [Nle4 ,OPhe7 ] a-MSH produced the greatest 

increase in tyrosinase activity seen in the experiment. with 

this group, the tyrosinase activity was increased to 

approximately 175% (p < 0.01) of the control (no MSH) value. 
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DISCUSSION 

This research has been part of an innovative approach to 

the study of vertebrate pigment patterns. It utilizes 

pigmented and nonpigmented skin as a source of potential 

melanization 

respectively. 

stimulating or inhibiting substances, 

The skin patterns examined have a definite 

boundary between pigmented and nonpigmented regions, and the 

factors examined, because of their apparent localized 

distribution, may be responsible for the observed pattern. 

This study carries with it the assumption that an MSF or MIF 

is either active in embryonic stages, when specific patterns 

are determined (Bagnara, 1982), or in adult animals where they 

may maintain specific melanization patterns. One of the 

difficulties with this type of study has been the restricted 

methods for analyzing activity of putative factors. Because 

the Xenopus neural tube explant system of Fukuzawa and Ide 

(1988) has proven reliable for both MSF and MIF (Bagnara et 

al., 1992), it was utilized for much of the reported study, 

with the admonition that the study crosses species lines and 

developmental stage. The melanoma cell tyrosinase assay, 

which has proven reliable for the study of amphibian MIF 

(Kreutzfeld et al., 1989), was also utilized because of its 

demonstrated potential for sensitivity to factors which cross 

species' lines. Despite the possibility for obstacles, it is 

important to note that both assays were sensi ti ve to the 

putative catfish skin MSF preparations, and the Xenopus assay 
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gave evidence for MIF activity in the catfish skin as well. 

The initial studies of the catfish integument (Zuasti et 

al., 1992; Fig. 4.1) indicated that there was MSF activity in 

the dark skin conditioned media. The data was interesting in 

that it provided evidence of both MSF and MIF activities, both 

of which appeared to be dose dependent. The control was 

normal in most respects in that it provided a typical number 

of cells from the isolated neural tubes, and the pigmented 

cells were bipolar with melanin localized to the center of the 

cells (typical punctate pigmented cells). However, the 

percentage of melanized cells was greater than usual for a 

control group. This was somewhat distracting, however there 

was enough difference between the control group and the other 

groups (cell size, number of cells in culture, and 

distribution of intracellular melanin) to suggest that an 

active MSF was present in the DCM, and that purification 

should be pursued. with all subsequent experiments, the 

control group was typical and the DCM group retained all the 

features it had in the initial study. The evidence for an MIF 

in the VCM from the catfish was seen in this initial study as 

the most concentrated VCM had the least number of cells of all 

the treated groups, and it had a melanization percentage which 

was lower than the control. As an MIF had already been 

identified in pale ventral amphibian integument (Fukuzawa, 

1988), the MIF was not actively pursued, and the majority of 

this study involves the putative MSF from the darkly pigmented 
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dorsal integument. 

Several steps were involved in the process of partial 

purification of the catfish DCM. As stated above, the crude 

conditioned media gave evidence about the existence of the 

putative MSF. The next step in purification utilized the 

Sephacryl S-300 gel column (figs. 4.2 and 4.3). This study 

confirmed the belief that an MSF existed in the catfish DCM, 

as activity ascribed to the MSF was present in certain 

fractions of the DCM eluted from the S-300 gel column. That 

all the MSF activity was confined to a particular segment of 

the elution band promoted the concept that the MSF may be a 

single factor, and that the witnessed activity was not an 

artifact of preparation. 

Crude conditioned media was also passed through DEAE 

biogel to separate the molecules in the media based upon their 

charge. Once again, it was seen that the MSF activity was 

confined to a small region of the elution profile (fig. 4.4). 

This finding also helped to validate the belief that the MSF 

was more than an artifact, and that the activity may be due to 

a single factor. with two methods of partial purification 

which provided narrow bands of activity, it seemed reasonable 

to combine the two to amplify the partial purification. 

Therefore, the fractions in the region of greatest MSF 

activity on the DEAE biogel (fig. 4.4) were passed through the 

Sephacryl S-300 gel column yielding a two step partial 

purification (figs. 4.5 and 4.6), yielding another narrow band 
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of MSF activity. 

The preparation of fraction 34 (figs. 4.5 and 4.6) from 

the DEAE and S-300 columns represents a major step forward in 

the purification of MSF. These two purification steps have 

yielded a vigorous fraction with all the biological 

characteristics of the crude conditioned medium (Zuasti et 

al., 1992), namely, increases in cell number and percent 

melanization. with fraction 34, a dramatic morphological 

change, which had escaped detection previously, was 

appreciated. There was a distinct increase in the number of 

processes (dendrites) which extend from each neural crest 

cell. The significance of this morphological change is not 

yet understood, but it seems reasonable that it represents an 

exhibition of the well being of the cells under the trophic 

influence of MSF activity. It is quite possible that all the 

activities attributed to the MSF (increased cell number, 

increase percent melanization, increased number of dendrites 

per cell, and distribution of melanin) are the result of more 

than one component of the active material. And while such a 

possibility is recognized, the retention and amplification of 

these activities in fraction 34 argues for a single substance 

having all these activities. It is possible, too, that all 

these activities are the result of a single action of MSF on 

the neural crest cells-perhaps a single receptor with a 

cascade of activity following binding. 

While the purification of MSF proceeded utilizing the 
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Xenopus assay for analysis, the melanoma cell tyrosinase assay 

was utilized to attempt to explain at least some of the 

findings about MSF activity, namely, how the MSF leads to an 

apparent stimulation of melanocytes. Of the cell lines 

studied, the Cloudman S-91 murine and Hendrix human melanoma 

cell lines appear to respond to the MSF with an increase in 

tyrosinase activity (figs. 4.8, 4.9, and 4.11). However, the 

B16-F10 murine melanoma cell line does not appear to respond 

to the MSF in the same manner (fig. 4.10). This suggests that 

some melanocytes may have the capacity to respond to MSF and 

others may not. Alternatively, some melanocytes (melanoma 

cells) may lose the capacity to respond to certain stimulatory 

factors in the process of mutation. 

The work with the melanoma cell tyrosinase assay provides 

a hint about the mechanism of action of the catfish MSF. It 

appears that MSF is able to increase the production of melanin 

as it is able to increase the activity of tyrosinase. It 

still remains to be seen if levels of melanin are increased in 

the melanoma cells following exposure to MSF, however, the 

likelihood of this, while not indubitable, is considerable. 

It also appears that the MSF may sensitize the melanocyte to 

the effects of other stimulators of tyrosinase activity (fig. 

4.11) . The Hendrix human melanoma cell line is generally 

unresponsi ve to stimulation by a-MSH and analogs of this 

hormone. However, in the presence of MSF, the activity of the 

Hendrix melanoma cells' tyrosinase is increased 75% above the 
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control levels. Perhaps the MSF has a role in determining the 

melanocytes ability to respond to other melanocyte stimulatory 

or inhibitory factors present in the body of the vertebrate. 

The melanocyte and the melanocyte's extracellular 

environment, as with most other elements in living systems, 

are dynamic: nature's invective provides a constant influence, 

and the cells respond to maintain themselves and the organism. 

It is not difficult to imagine, then, that the extracellular 

environment of the melanocyte has an influence on its 

behavior, its enzymatic activity, and its production of 

melanin. The melanocyte can respond directly (intracellular 

response to u.v. radiation) and indirectly (receptor mediated 

response to 

(extracellular) 

environments. 

extracellular factors) to its immediate 

and remote (outside of the organism) 

Therefore it is not difficult to imagine a role 

for MSF in the functioning of the vertebrate melanocyte, and 

in the development and maintenance of pigment pattern. 

studies of the extracellular matrix have demonstrated 

that certain known elements can influence melanocyte behavior, 

while others apparently have no regulatory role (Fukuzawa et 

al., 1991). It is possible, therefore, to imagine that as the 

extracellular matrix is formed or altered by external (U.V. 

radiation) or internal (matrix protein production and 

degradation) causes, the melanocyte may respond with increased 

or decreased melanin production and increased or decreased 

contribution to the extracellular matrix structure (Yaar et 
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al., 1988 i Havenith et al., 1989; McClenic et al., 1989). The 

formation and maturation of pigment pattern, therefore, may 

reside in the establishment of the elements of the 

extracellular matrix, and components which have a direct 

effect on the melanocyte. It is possible, too, that changes 

in the external cellular milieu can affect the sensitivity of 

the melanocyte to circulating hormones (e. g. a-Melanocyte 

stimulating Hormone), which may help to explain some 

interesting observations on hormonally induced tanning in 

humans (Levine et al., 1991). 

The partial purification of an MSF from the integument of 

the channel catfish, Ictalurus punctatus, helps to establish 

a role for the integument in regulating pigment cell function 

and potentially in determining pigment pattern. 

The development of coat and skin pigment patterns has 

provided a major impetus for this study. As such, it may seem 

curious that adult animals were the source of integument and 

putative integumental factors. However, the factors which are 

involved in the development of pigment pattern may be the 

same, or similar to, factors which maintain pattern throughout 

ontogeny. It is interesting to note that several studies have 

demonstrated that pigment cells do not seem to be locked into 

a specific function even in the adult animal, and that it is 

possible for these cells to transdifferentiate (Le Douarin, 

1982; Ide and Hama, 1976; Ide, 1986). Knowing this, it seems 

possible that the extracellular environment of the pigment 
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cell has a role in maintaining a particular state of its 

differentiation. And so, it seems tenable to suggest that the 

MSF activity of the darkly pigmented dorsal catfish skin has 

a role in the development and maintenance of pigment pattern. 

At this point, it is known that the active MSF factor(s) 

is protein since its activity is destroyed by heat treatment 

and trypsinization (fig. 4.7). While the size of the putative 

MSF has not yet been determined, the greatest MSF activity is 

seen in the early fractions of the Sephacryl S-300 gel 

columns, which indicates that the molecule is large (> 200 

kD). This is in line with reasoning that a large molecule 

could be responsible for determining pigment pattern because 

it would be less likely to diffuse in the extracellular space 

than a small molecule (Fukuzawa, 1988). A molecule that does 

not diffuse could account for the precise separation of 

pigmented and unpigmented regions. A small molecule, such as 

that suggested by Turing (1952) may be implicated in the 

initial development of a pre-pattern, and may have a role in 

programming cells for later protein production, but it seems 

unlikely that a small molecule could be responsible for the 

maintenance of pattern, as it would be prone to diffusion 

(which may be a proper quality for pre-pattern formation, but 

not for pattern maintenance). In fact, according to Murray 

(1981 and 1988), a diffusible molecule is necessary for the 

pre-pattern formation mechanism and the mathematical modeling 

of Turing (1952). So the presence of active MSF in adult 
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skins seems to indicate that the role of MSF is probably one 

of maintenance of pattern secondary to as yet unidentified 

involved in the generation of the pre-pattern. 

Of course, the MSF may still be involved in the 

development of pattern in the embryonic stages (Bagnara, 

1982). However, with this possibility, a new and ~nified 

hypothesis emerges which blends the pre-pattern formation 

mechanisms of Turing (1952) and Murray (1981) and the specific 

boundary proposal of Fukuzawa (1988). And so it is possible 

to imagine that a pre-pattern forms in the embryonic stages 

with small diffusible molecules that produce pattern based 

upon the size of the field at the time of initial diffusion. 

These pre-pattern factors then affect integumental cells, 

including melanocytes, involved in the production of the 

extracellular matrix (McClenic et al., 1989; McDonagh et al., 

1990) and lead to the production of localized, large, non

diffusible molecules (such as the amphibian MIF and the 

piscine MSF) which inhibit or stimulate melanocytes and the 

production of melanin. 

The work reported here is an attempt to examine the 

environment of the pigment cell to see if it has a role in the 

regulation of the pigment cell's activity, and therefore 

pigment pattern formation. The partial purification of the 

catfish integumental MSF points to a role for the integument, 

possibly the extracellular matrix, in the normal regulation of 

pigment cell activity. continued purification of the MSF and 
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the generation of a monoclonal antibody against the MSF will 

permit the construction of a more discriminating analysis of 

the role of this factor in pigment cell regu~ation. 
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Figure 4.1 Xenopus laevis neural tube explant assay of crude 
Ictalurus punctatus skin conditioned media. Data for the 
total number of neural crest cells, total number of melanized 
cells, and percentage of melanized cells. The * represents a 
statistical comparison to the control at p < 0.01. The ** 
represents a statistical comparison to the control at p < 
0.05. The + represents a statistical comparison to the VCM 
25% group at p < 0.01. The ++ represents a statistical 
comparison to the VCM 25% group at p < 0.05. 
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Figure 4.2 Xenopus laevis neural tube explant assay of 
Ictalurus punctatus dorsal skin conditioned media fractions 
from a 8ephacryl 8-300 gel column. Data points represent 
combinations of five fractions beginning with 41-45. The 
greatest melanization percentage was in the data point which 
corresponds to fractions 76-80. 
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Figure 4.3 Xenopus laevis neural tube explant assay of 
Ictalurus punctatus dorsal skin conditioned media fractions 
generated on a Sephacryl 8-300 gel column. Fractions in the 
range of 76-85 were tested individually based upon results 
from a previous experiment. Fractions 79 and 80 exhibited the 
greatest melanization promoting capacity. 
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Figure 4.4 Xenopus laevis neural tube explant assay of active 
Ictalurus punctatus dorsal skin conditioned media fractions 
from a DEAE ion exchange chromatography column. The * 
represents a statistical comparison to the control at p < 
0.01. 
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Figure 4.5 Xenopus laevis neural tube explant assay of 
Ictalurus punctatus dorsal skin conditioned media fractions 
generated using a DEAE ion exchange chromatography column and 
subsequent passage of active fractions through an 8-300 gel 
column. The * represents a statistical comparison to the 
control at p < 0.01. Fraction 34 provided the greatest 
stimulation of both cell proliferation and percent 
melanization. 
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Figure 4.6 Xenopus laevis neural tube explant assay of 
fraction #34 from a DEAE ion exchange chromatography column 
separation of Ictalurus punctatus dorsal skin conditioned 
media with subsequent passage of active fractions through an 
8-300 gel column. The * represents a statistical comparison 
to the control at p < 0.01. Fraction #34 was analyzed 
following the results reported in figure 4.5. 
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Figure 4.7 Percent melanization of neural crest cells from X. 
laevis demonstrating the effects of heat and trypsin treatment 
to an active DEAE fraction of DeM from the catfish, .I. 
punctatus. The active fraction provides much greater 
melanization that the treated fractions. The * represents a 
statistical comparison to the active fraction at p < 0.01. 
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Figure 4.8 Tyrosinase acti vi ty and cell count data from 
Cloudman 8-91 murine melanoma cell exposed to Ictalurus 
punctatus conditioned media: dorsal skin (DCM) , ventral skin 
(VCM) , and skeletal muscle (MCM). The * represents a 
statistical comparison to the control at p < 0.01. The ** 
represents a statistical comparison to the control at p < 
0.05. The + represents a statistical comparison to the DeM 
group at p < 0.01. 
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Figure 4.9 Tyrosinase activity and cell count data from 
Cloudman 8-91 murine melanoma cell exposed to various 
concentrations of Ictalurus punctatus dorsal skin conditioned 
media. The * represents a statistical comparison to the 
control at p < 0.01. The + represents a statistical 
comparison to the DCM 50% group at p < 0.01. The ++ 
represents a statistical comparison to the DCM 100% group at 
p < 0.05. 
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Figure 4.10 Tyrosinase activity and cell count data from B16-
FlO murine melanoma cells exposed to Ictalurus punctatus skin 
conditioned media: dorsal skin (DCM) , ventral skin (VCM). The 
* represents a statistical comparison to the control at p < 
0.01. 
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Figure 4.11 Tyrosinase activity and cell count data from 
Hendrix human melanoma cells exposed to Ictalurus punctatus 
dorsal skin conditioned media. The * represents a statistical 
comparison to the control at p < 0.01. The ** represents a 
statistical comparison to the control at p < O. 05. The + 
represents a statistical comparison to the [Nle4,DPhe7 ] a-MSH 
10·8M control group. 
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CHAPTER 5 

GENERAL CONCLUSIONS AND FUTURE DIRECTION 

General Conclusions 

In summarizing and extracting general conclusions from 

the data presented in chapters 1 through 4 (Table 1), the 

broadest statement would be that the vertebrate integument 

appears to contain factors which have an effect on the 

production of melanin by melanocytes. Additionally, it 

appears that vertebrate species produce integumental 

melanocyte regUlatory factors which have some degree of 

homology. 

The data presented in Chapter 1 demonstrated that the 

pale ventral coat integument of the deer mouse, Peromyscus 

boylei, inhibits the differentiation and melanization of 

potential melanocytes from the neural crest of Xenopus laevis. 

The dark dorsal coat integument of £. boylei is also able to 

inhibit differentiation and melanization of Xenopus neural 

crest cells, but at various times during the year this 

inhibiting activity is lost from the dark dorsal coat 

integument. This distinction in melanization inhibiting 

activity in £. boylei's integument may account for the pigment 

pattern observed in this species: a dark dorsal coat and a 

pale ventral coat. Considering that the putative mammalian 

melanization inhibiting factor demonstrates activity in the 
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Xenopus neural tube explant assay, and inhibits the 

differentiation and melanization of potential amphibian 

melanocytes, it is quite possible that this putative mammalian 

melanization inhibiting factor is closely related to the MIF 

found in amphibian species (Fukuzawa, 1988). 

In Chapter 2 it was established that the integument of 

the Long/Evans hooded rat has an effect on the activity of the 

enzyme tyrosinase. The effect suggests a mechanism of action 

for the integumental melanocyte regulatory factors. The white 

coat integument of the Long/Evans hooded rat had a slight 

inhibitory effect on tyrosinase activity in the melanoma cell 

tyrosinase assay. The black coat integument had a profound 

stimulatory effect which was greater than, and additive too, 

a maximally stimulating dose of a-MSH. Again, the distinction 

in effect on tyrosinase activity seen in the white coat and 

black coat integuments suggests that the integument contains 

factors which have a role in determining coat pattern. The 

data also suggest that the integumental factors may work in 

concert with melanotropic hormones, such as a-MSH, in 

generating pigment pattern. The suggested mechanism of action 

for the putative integumental factors is through the enzyme 

tyrosinase. By inhibiting or stimulating its activity, the 

synthesis of melanin is controlled, as this is the rate 

limiting enzyme in melanin synthesis. 

The data presented in Chapter 3 was generated in 

conjunction with analysis aimed at purifying an amphibian MIF. 
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This work led to the production of a monoclonal antibody 

against the amphibian MIF, with the distinct benefit that pure 

samples of amphibian MIF could then be generated by exploiting 

the molecular recognition of the antibody. The antibody 

generated amphibian MIF samples displayed the ability to 

inhibit tyrosinase activity in mammalian melanoma cells. It 

had been seen previous to the generation of the pure MIF 

sample using the monoclonal antibody that when background 

contamination was appropriately accounted for, partially 

purified samples of amphibian MIF inhibited mammalian melanoma 

cell tyrosinase activity. While this preliminary data was 

encouraging, the conclusion that the amphibian MIF inhibits 

mammalian melanoma cell tyrosinase activity was not as 

incontrovertible as the data generated with the monoclonal 

purified sample--a sample which contained no background 

contamination. Again, that the amphibian MIF has activity on 

mammalian melanoma cells suggests that putative vertebrate 

integumental regulatory factors are related. 

In Chapter 4 the data established that the dark dorsal 

integument of the channel catfish, Ictalurus punctatus, 

contains a potent melanocyte stimulating factor (MSF). The 

pale ventral integument of the channel catfish appears to 

contain both MIF and MSF activity (Zuasti, 1992). The MSF 

activity of the dark dorsal integument produces a profound 

increase in the differentiation and melanization of Xenopus 

neural crest cells as well as an increase in tyrosinase 
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activity of mammalian melanoma cells. The pale ventral 

integument produces less differentiation and melanization of 

Xenopus neural crest cells and has no effect on tyrosinase 

activity of mammalian melanoma cells. Taken together, the 

difference in effect on Xenopus neural crest cells and on 

tyrosinase activity of mammalian melanoma cells suggests that 

the integumental factors could have a role in determining and 

maintaining the pigment pattern of the channel catfish. In 

addition, the ability of these putative piscine factors to 

affect amphibian and mammalian cells suggests that vertebrate 

integumental melanocyte regulatory factors are related. 

Future Experiments 

since it appears that integumental vertebrate melanocyte 

regulatory factors may be homologous, the generation of the 

monoclonal antibody to the amphibian MIF presents much 

potential for future research. When sufficient quantities of 

the antibody have been generated, it will be possible to 

conduct labeling studies of vertebrate embryos and adult 

animals (amphibian, mammalian, and piscine) to check for the 

presence of MIF. This type of study would analyze not only 

the presence or absence of the MIF in these species, but would 

establish the temporal appearance of the molecule in the 

integument. 

Another line of research would be an extension of 

previous work on hair follicles and melanogenesis (Slominski, 
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1991). using a wild-type animal such as Peromyscus, studies 

of hair bulb tyrosinase activity could further the 

understanding of how the hair bulb is able to produce a hair 

with a non-melanized (white) distal half and a melanized 

(black) proximal half or a lightly melanized (brown) distal 

half and a melanized (black) proximal half (depending on 

whether it is ventral or dorsal). Studies of uniformly 

pigmented (all black) mice have shown that hair bulb 

tyrosinase activity is present during active hair growth 

(Slominski, 1991). with Peromyscus, however, it appears that 

there must be a time when hair bulb tyrosinase activity is 

absent in the presence of active hair growth. 

The continuing purification of the MSF from Ictalurus 

will eventually permit the generation of a monoclonal antibody 

against the protein factor. When this happens, research 

resembling that suggested for the amphibian MIF antibody will 

be possible. It will be possible to label the MSF antibody 

and use it to tag tl").e MSF in vivo and discover where it 

resides within the integument. Embryonic studies employing 

the MSF antibody would generate information on its temporal 

appearance in the integument. 

In closing this chapter, it would be fascinating to know 

which cells in the integument produce the putative melanocyte 

regulatory factors. To address this question, it seems that 

culturing the individual cell types of the integument and 

analyzing cell culture supernatants for the presence of the 
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regulatory factors would lead to an answer. Pure cultures of 

fibroblasts, melanocytes, and keratinocytes could potentially 

yield factors from each which have a role in melanocyte 

regulation. Cell culture supernatants could be analyzed with 

both the Xenopus neural tube explant assay and the mammalian 

melanoma tyrosinase assay. These two assays have proven 

themselves in the initial evaluation of putative melanocyte 

regulatory factors from the vertebrate integument. 



Summary of Results 

Neural Tube Explant 

Peromyscus VCM -» Inhibition 
boylei of Melanization 

OCM -» No Inhibition 
Chapter 1 of Melanization 

Long/Evans 
Hooded Rat 

Chapter 2 

Amphibian VCM and Purified 
MIF MIF Fractions -» 

Inhibition of 
Chapter 3 Melanization 

Ictalurus VCM -» Inhibition 
gunctatus of Melanization 

OCM -» Profound 
Chapter 4 stimulation of 

Melanization 

Melanoma Cell 
Tyrosinase Assay 

VCM -» Potential 
Inhibition of 
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Tyrosinase Activity 
OCM -» stimulation 
of Tyrosinase Act. 

VCM and Purified 
MIF Fractions -» 
Inhibition of 
Tyrosinase Activity 

VCM -» No Effect 
on Tyrosinase 
OCM -» stimulation 
of Tyrosinase 

Table 1 Summary of Results from Chapters 1 through 4 
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