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Stimulation of Tyrosinase by Dihydroxy Phenyl Derivatives
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Isoprenaline (0.3 mM) moderately increased the tyro-
sinase activity of cultured human melanoma cells,
while another S-adrenoceptor agonist, terbutaline (1-3
mM) and a catechol compound, dopac (0.1-0.3 mM)
induced a several fold increase in the enzyme activity.
Isoprenaline (0.3—1 mM) and dopac (0.3—-1 mM) also
exerted pronounced toxic effects on the cells. The data
suggest: 1) a possible role for S-adrenoceptors in the
regulation of human melanogenesis; 2) two different
ways of action for isoprenaline in inducing tyrosinase
elevation; 3) the possible usefulness of dopac as a che-
motherapeutic agent. Key words: Melanoma cells; f-
adrenoceptor agonists; Isoprenaline; Terbutaline; Do-
pac; Theophylline

(Accepted May 22, 1989.)

Acta Derm Venereol (Stockh) 1989; 69: 521-524.

H. Rorsman, Department of Dermatology, Lasaret-
tet, S-221 85 Lund, Sweden.

The tyrosinase activity of the melanocytes can be
increased by several substances (e.g. cholera toxin,
prostaglandin E,, theophylline, MSH) which raise the
intracellular levels of cAMP. p-Adrenoceptors also
operate through cAMP-dependent mechanisms, and
indeed, pigment cells in lower vertebrates are known
to be controlled by both - and e-adrenoceptor ago-
nists (1). Recently, murine hair follicular melanocytes
have been reported to possess f-adrenoceptors, (2),
while the iridal melanocytes of rabbits were proved to
be under a-adrenergic control (3).

In a previous experiment we observed a 4—7-fold
increase in the adenylate cyclase activity in homo-
genates of human melanoma cells after treatment
with isoprenaline (4). The present data demonstrate
the effect of this drug on the tyrosinase activity of the
human melanoma cell line IGR 1. We also investigat-
ed the effect of another dihydroxy phenylamine, ter-
butaline, that has f-adrenoceptor stimulating proper-
ties without being a catechol. Furthermore, since the
tyrosinase activity of amelanotic Bomirski hamster
melanoma cells has been reported to be increased by
L-dopa (3). dopac. a catechol compound without f-

adrenergic effects was also tested. Theophylline was
used as the control substance of our model system.

MATERIAL AND METHODS

Terbutaline sulfate was kindly supplied by Draco Co. (Lund,
Sweden), (-)-isoprenaline HCl was purchased from Sigma
Chemical Co. (St. Louis, Mo., USA). Dopac and theophylline
were obtained from Labkemi AB (Géteborg, Sweden) and
Serva Feinbiochemica (Heidelberg, West Germany), respec-
tively.

The test substances were added to the melanoma cell cul-
tures 2 days after replating. Tyrosinase was extracted from
the cells after a 48-h treatment with the drugs by adding 3 ml
0.2% Triton-X in 0.5 M phosphate buffer, pH 7.4. Determi-
nations of the tyrosinase activity (6) were performed in ali-
quots quantifying the amount of 5-s-L-cysteinyl-L-dopa spe-
cifically produced when 2 mM b, L-dopa was incubated with
3 mM L-cysteine in 0.5 M phosphate buffer, pH 7.4, main-
tained at 37°C and gently areated. The contents of 5-s-L-
cysteinyl-L-dopa were determined by HPLC with electro-
chemical detection. The quantity of the formed 5-s-L-cys-
teinyl-pD-dopa gave information on the non-specific dopa oxi-
dation. Protein was analysed ad modum Lowry et al. (7), the
vitality of the cells was determined by the trypan blue exclu-
sion test.

RESULTS AND DISCUSSION

The tyrosinase activity of the untreated cells was
13.0+ 3.4 nmol/mg protein-min (mean +S.D. of all
the control flasks). This is lower than the value
(39+7.1 nmol/mg protein-min) found in the same
melanoma cell line in a previous experiment (8).
However, the number of seeded cells (0.75x 10° ver-
sus 1.5-10° cell/flask) also differed on the two occa-
sions. The basal tyrosinase activity in the Cloudman
S91 melanoma cells has also been reported to be
dependent on the density of cells in the culture (9).
The proportion of dead cells among the adhered cells
was about the same (7-10%) in both the control and
test flasks.

The phosphodiesterase inhibitor theophylline
(0.3-3 mM) induced a 7-fold elevation in the tyrosi-
nase activity (Fig. 1). After a 48-h treatment with 0.3,
1 and 3 mM concentrations the protein values were
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Fig. 1. Effect of theophylline on the tyrosinase activity of the
melanoma cells. Values are expressed as a percentage of the
controls (mean +S.D. of n=12, 9, 12 and 9 samples in order
of the columns).

98 +3 %, 84 +4 % and 72 =4 % of the controls, respec-
tively. Both the induction of melanogenesis and inhi-
bition of cell proliferation are probably cAMP related
effects of the substance (10), though other mechan-
isms have also been suggested (11).

Isoprenaline (0.3 mM) induced a moderate rise in
the enzyme activity to 129 = 13 % of the controls (Fig.
2). An increase in the tyrosinase level induced by
cAMP elevating agents can be detected only after
9-12 h of continuous stimulation (12). Catechols are
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Fig. 2. Effect of isoprenaline on the tyrosinase activity of the
melanoma cells. Values are expressed as a percentage of the
controls (mean*+S.D. of n=10, 9 and 5 samples in order of
the columns).
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Fig. 3. Effect of terbutaline on the tyrosinase activity of the
melanoma cells. Values are expressed as a percentage of the
controls (mean+S.D. of n=10, 10, 10, and 8 samples in
order of the columns).

readily oxidizable compounds and the moderate ef-
fect of isoprenaline may most probably be ascribed to
this phenomenon. Furthermore, the oxidation of the
catechols produces semiquinones and quinones toxic
to the cells. Indeed, in a pilot study we have found the
1 mM concentration of isoprenaline to kill all the cells
in the cultures. Pronounced cell loss (to 46 +9% of
the controls), as indicated by the protein value, could
be observed even with 0.3 mM concentration. By
further reduction of the dose (0.1 mM) this toxic
effect disappeared (the protein value was 96 + 3 %).

The resorcinol compound terbutaline is more stable
to oxidation than are catechols, and indeed, this sub-
stance (0.3, 1, 3 mM) increased the tyrosinase activity
up to about 3-fold of the control value in a dose-
dependent manner (Fig. 3). The protein values were
96 +29%, 98 +3% and 92 + 3 %, respectively.

The stimulating effect of the two S-receptor agonist
compounds, isoprenaline and terbutaline constitutes
further evidence of the possible role of f-receptors in
the regulation of human melanogenesis. However, the
effect of isoprenaline on tyrosinase may be mediated
through some other type of mechanisms, too, since
the other catechol compound studied, dopac (0.1, 0.3
mM) also induced a pronounced and dose-dependent
increase in the tyrosinase activity (Fig. 4). According
to Slominski et al. (13) L-dopa has little or no effect on
levels of free intracellular cyclic nucleotides in the
Bomirski amelanotic melanoma system. This may
also be the case for dopac though the action mechan-
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Fig. 4. Effect of L-dopac on the tyrosinase activity of the
melanoma cells. Values are expressed as a percentage of the
controls (mean +S.D. of n=10 samples).

ism of this latter substance is still to be elucidated.
Besides stimulating the tyrosinase activity, dopac also
exerted toxic effects on the human melanoma cells. In
a pilot study 1 mM concentration of the drug killed
about 90 % of the cells. In the present experiments the
amount of adhered cells according to the protein val-
ues was 97+3%, 108 4% and 58 +7% of the con-
trols after the treatment at 0.03, 0.1 and 0.3 mM
concentrations.

Previously, Wick (14) showed that catecholic com-
pounds related to dopa and dopamine possess signifi-
cant antitumour activities against melanoma cells,
both in vitro and in vivo. Catechols also have system-
ic toxicity that may be due to their auto-oxidation.
Since tyrosinase is unique to the melanocyte, a ration-
al approach to develop anticancer drugs for melano-
mas is to apply catechol analogues that are activated
by this enzyme. And indeed, several catechol com-
pounds have been shown to be effective antitumour
agents, probably with fewer side effects than dopa and
dopamine (15). Since the cytotoxic effect of these
agents is dependent upon their intracellular activa-
tion by tyrosinase, tumour cells with low melanogenic
activity are less susceptible to them.

Dopac, which, in the presence of L-cysteine, can be
converted to 5-s-L-cysteinyl-dopac by tyrosinase and
subsequently be co-polymerized, stimulates its own
intracellular activation by elevating the tyrosinase
level. Thus it may also prove to be toxic to melanoma
cells with originally low melanogenic activity.

Short reports 523

ACKNOWLEDGEMENTS

This investigation was supported by grants from the Swedish
Cancer Society (project 626-B89-17XB), the Swedish Medical
Research Council, the Walter, Ellen and Lennart Hesselman
Foundation for Scientific Research, the Edvard Welander
Foundation for Scientific Research, the Thure Carlsson
Foundation for Scientific Research, The Crafoord Founda-
tion for Scientific Research, the donation funds of the Uni-
versity Hospital at Lund, and the donation funds of the
Faculty of Medicine, University of Lund.

REFERENCES

1. Eberle AN. MSH receptors. In: Shulster D, Lewitzky A,
eds. Cellular receptors for hormones and neurotransmit-
ters. Chichester: John Wiley & Sons Ltd., 1980: 219-231.

. Burchill SA, Thody J. Melanocyte-stimulating hormone
and the regulation of tyrosinase activity in hair follicular
melanocytes of the mouse. J Endocrinol 1986; 111:
225-232.

3. Odin L, O’Donnell FE. Adrenergic influence on iris stro-
mal pigmentation: evidence for alpha-adrenergic recep-
tors. Invest Ophthalmol Vis Sci 1982; 23: 528-530.

4. Karg E, Johansson L-H, Hindemith-Augustsson A, Ro-
sengren E, Rorsman H. Adenylate cyclase activity in
homogenates of human melanoma cells. Effect of a-MSH
and isoprenaline. Acta Derm Venereol (Stockh) 1989;
69: 288-291.

5. Slominski A, Moelmann G, Kuklinska E, Bomirski A,
Pawelek J. Positive regulation of melanin pigmentation
by two key substrates of the melanin pathway, L-tyrosine
and L-dopa. J Cell Sci 1988; 89: 287-296.

6. Wittbjer A, Dahlbdck B, Odh G, Rosengren A-M, Rosen-
gren E, Rorsman H. Isolation of human tyrosinase from
cultured melanoma cells. Acta Derm Venereol (Stockh)
1989: 69; 125-131.

7. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Pro-
tein measurement with Folin phenol reagent. J Biol
Chem 1951; 193: 265-275.

8. Rorsman H, Albertsson E, Edholm L-E, Hansson C,
Ogren L, Rosengren E. Thiols in the melanocyte. Pig-
ment Cell Res 1988; Suppl 1: 54-60.

9. Wong G, Pawelek J. Control of phenotypic expression of
cultured melanoma cells by melanocyte stimulating hor-
mones. Nature New Biol 1973; 241: 213-215.

10. Kreider JW, Wade DR, Rosenthal M, Densky T. Matu-
ration and differentiation of B 16 melanoma cells in-
duced by theophylline treatment. J Natl Cancer Inst
1975; 54: 1457-1467.

11. Hu F, Mati K, Teramura DJ. Electron microscopic and
cytochemical observations of theophylline and melano-
cyte stimulating hormone. Effects on melanoma cells in
culture. Cancer Res 1982; 42: 2786-2791.

12. Halaban R, Pomerantz SH, Marshall S, Lerner AB. Ty-
rosinase activity and abundance in Cloudman melanoma
cells. Arch Biochem Biophys 1984; 230: 383-387.

13. Slominski A, Moelmann G, Kuklinska E. MSH inhibits
growth in a line of amelanotic hamster melanoma cells
and induces increases in cAMP levels and tyrosinase
activity without inducing melanogenesis. J Cell Sci [in
press].

[

Acta Derm Venereol (Stockh) 69




524 Short reports

14. Wick M. An experimental approach to the chemotherapy
of melanoma. J Invest Dermatol 1980; 74: 63-65.
15. Kern DH, Shoemaker RH, Hildebrand-Zanki SV, Dris-

coll JS. Structure—activity relationships defining the cy-
totoxicity of catechol analogues against human malig-
nant melanoma. Cancer Res 1988; 48: 5178-5182.

Acquired Pigmented Macules in Human Piebald Lesions. Ultrastructure

of Melanocytes in Hypomelanotic Skin
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Department of Dermatology, Osaka City University Medical School, Osaka, Japan

Two cases of piebaldism are reported. The first patient
was a 9-month-old girl with inborn hypopigmented
areas on the frontal region of the scalp and both knees.
There were no melanocytes in the lesions. In the sec-
ond case, we observed the patient from 2 months of age
for a period of 9 years. Many hyperpigmented spots
appeared on the hypomelanotic areas on the frontal
region of the scalp, abdomen and both knees. Electron-
microscopic examinations of the hypomelanotic skin
disclosed an area with regularly distributed melano-
cytes as well as an area with no melanocytes. Most of
the melanosomes were ellipsoidal and lamellar. They
were in stage II to III, which signified delayed pigmen-
tation. Hyperpigmented spots were slightly enlarged
following PUVA treatment.
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Piebaldism is a rare, autosomal dominant inherited
disorder, characterized by inborn hypopigmented
skin and hair. The lesions are usually found on the
forehead, ventral aspect of the trunk, and the extrem-
ities. Accepted knowledge of this disease is that white
macules and hair do not change throughout the life
time and that there are no melanocytes in the affected
skin (1). Herein, we report 2 cases of piebaldism, in
one of which we found the spontaneous appearance of
hyperpigmented spots and the presence of well-dis-
tributed melanocytes in piebald skin.

CASE REPORTS

Case 1

A 9-month-old girl was brought to the dermatological depart-
ment of Osaka City University Hospital with a problem of
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white skin and hair on the frontal region of the scalp and on
both knees. In the hypopigmented area there were hyperpig-
mented spots. No macroscopic changes of the hypomelanotic
skin were seen during next 3 years. An electronmicroscopic
study failed to detect any melanocytes in the hypomelanotic
skin.

Case 2

A full-term female baby was noted at birth to have depig-
mented lesions on the forehead, abdomen and knees. Six
months later, in the absence of therapy, pigmented macules
appeared on the knees (Fig. 1). Over the next few years, the
pigmented macules gradually increased in size and number
(Fig. 2). Light brownish macules also appeared on the depig-
mented lesions on the abdomen and forehead.

An electronmicroscopic study of hypopigmented skin in
the left knee disclosed regularly distributed melanocytes (sev-
en melanocytes out of 50 basal keratinocytes). Most of the
melanosomes were in stage II to III (Fig. 3), and a small
number of stage I'V melanosomes were recognized in some of
the dendrites. They were ellipsoidal in shape and had regular
lamellar structures, but a few were irregular in shape and had
irregular melanization. Several melanosomes were found dis-
integrating in a limiting membrane in one of the dendrites

Fig. 1. Case 2 (6 months old). Pigmented macules appeared
on the leukoderma, there being no such spots at birth.




