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INTRODUCTION

Melanins have been classified into eu- and pheo-melanins. The former are black in color, while the
later may be red, brown or yellow. Until recently human and mammalian melanocytes were considered
to synthesize only eumelanin, although the existance of pheomelanogenesis was known in birds and
other vertebrates. The initial step in both types of melanogenesis was the conversion of tyrosine to
dopa and then to dopaquinone by tyrosinase. During eumelanogenesis dopaquinone is converted to
dopa-chrome and then to a series of other intermediates which enter into polymerization leading to
black eumelanin. In pheomelanogenesis, however, dopaquinone forms either cysteinyldopa directly by
the nucleophilic addition of cysteine or indirectly via glutathione-dopa. The cysteinyldopas are then
further oxidized to cysteinyldopaquinones, benzothiazine-compounds and then to reddish-brown to yel-
low colored pheomelanin. With the discovery that cystinyldopas are present in melanomas and is ex-
creted in the urine of both normal and melanoma patients, pheomelanogenesis within human pigment
cells has acquired great biological and clinical significance.

IN VIVO STUDIES
I. Detection and quantitation of 5—S—CD in Mongoloid subjects:

Initially the spectrofluorophotometric method of estimation of 5—S—cysteinyldopa(5—S—CD), the ma-
jor type of cysteinyldopas formed within mammalian pigment cells was standardized. The levels of 5—
S—CD in tumors and urine of melanoma patients of Mongoloid origin were estimated and compared
with those of non-melanoma subjects. All melanotic melanomas, both primary and metastatic were
found to contain substantial amounts of this amino acid. Urinary excretion of 5—S—CD increased with
the duration of melanoma. In contrast none of tumors of non-pigment cell origin contained detectable
levels of 5—S—CD. Further non-pigment cell tumor bearing subjects showed rather low urinary excre-
tion levels of 5—S—CD. These findings established that 5—S—CD is an excellent biochemical marker for
the detection of melanoma and its progression in all human beings irrespective of their race(Publication
1).

Ili. Melanoma stage and 5—S—CD excretion:

Melanoma patients classified into different stages were investigated for their 24 h urinary 5-S—-CD
excretion levels. These studies revealed that stage III patients could be easily identified by their high
urinary 5—S—CD levels(Mean = 5203.7 # g/24h), it was difficult to identify clearly, on the basis of
5—-S—CD excretion values alone, melanoma patients in stage I and stage II from controls.(Publication 2).
lll. Dopa-loading test and establishment of an animal model for melanoma:

Based on our in vitro experiments(See below)we devised the dopa-loading test for clearly differentiat-
ing stage I and II melanoma patients from control subjects. The values in this test are expressed as

percent increase of 5—-S—CD excretion after 50mg iv dopa-loading as compared to before dopa-loading.
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In control individuals the percent increase of 5—-S—CD excretion was found to be only 40.0% in con-
trast to stage I melanoma patients where the percent increase was 128.7%. However, in stage III mela-
noma patients the increase in 5—S—CD urinary levels after dopa—loading was only 70.45%. This could
be due to the comparatively low concentrations of dopa shared by a large number of metastasized mela-
noma cells. In view of the clinical limitations on the use of dopa, an Hamster-bearing Greene’s melanotic
melanoma model has been established. Dopa-loading of 500mg/g body weight injected intraperitoneally
led to its complete utilization by the melanoma cells and an increase of 145.8% in 5—S—CD excretion
was found(Publication 3 ).

IN VITRO STUDIES :

IV. Tyrosinase and Y—glutamyl transpeptidase in the synthesis of 5-—~S—CD:

In addition to clinical aspects of 5--S—CD, enzymes and factors involved in the synthesis of this ami-
no acid has been investigated. B—16 murine, Greene’s hamster, and human melanoma cells have been
found to secrete substantial quantities of 5—~S—CD into their medium. In contrast amelanotic melanoma
and non-pigment cells did not secrete this amino acid. In the presence of sodium diethyldithiocarbonate,
a tyrosinase inhibitor and iodoacetamide, a ¥ —glutamyl transpeptidase inhibitor, the melanotic melano-
ma cells failed to produce and secrete 5—S—CD. These findings indicate that the above two enzymes
are involved in the biosynthesis of this amino acid. In further support of this, we have found that ame-
lanotic melanoma, which does not contain 5—S—CD and does not produce 5—S—~CD in culture, is poor
in both tyrosinase and 7 —glutamyl transpeptidase(Publication 4).

V. Effect of dopa and glutathione on 5—S—CD genesis:

Since cysteinyldopas are conjugates of dopa and cysteine, the effects of dopa, cysteine, and glu-
tathione on 5—S—CD genesis by melanoma cells cultured in cystine-free media away from the intricate
influences of the whole biological being were investigated. Individually none of these chemicals en-
hanced the secretion of 5—S—CD into the medium of cultured melanoma cells. In the presence of dopa
and cystine media incubated with and without melanoma cells showed the presence of large amounts of
5--S—CD. In the presence of dopa and glutathione, however, only the media containing melanoma cells
were found to contain 5—S—CD. Further in contrast to in vitro non-cellular tyrosinase systems where
the optimum condition for 5—S—CD production was 1:2 for dopa:thiols on the molar basis, in our cell
culture system it was 1:1. This finding of higher concentrations of dopa requirement for producing
optimum conditions for 5—S—CD yield in our cell culture system indicates that both eu- and pheo-
melanogenesis are taking place simultaneously within melanoma cells(Publication 5).

Further work as to the premelanosome as the actual site of 5—S—CD genesis and thus pheomela-
nogenesis has also been carried out. Taken together, our findings indicate that the regulatory mechan-
isms involved in the production of eu- and pheo-melanin according to genetically pre-determined prop-

ortions may largely be due to the availability of free sulfydryl compounds within pigment cells.
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