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Selective Toxicity of 6-Hydroxydopa for Melanoma Cells
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The growth inhibitory effect of 6-hydroxydopa, a cy-
totoxic analog of L-dopa, was studied in melanotic and
amelanotic Cloudman melanoma, mouse fibroblast L.929
and Chinese hamster ovary cells. A marked sensitivity
of pigmented cells to 6-hydroxydopa was observed with
a 10-fold increase in sensitivity of pigmented cells. Sen-
sitivity correlated with the capacity of cells to incorpo-
rate radiolabeled exogenous L-dopa. The drug affected
primarily DNA and RNA synthesis with greater inhibi-
tion observed in pigmented cells than the nonpigmented
control cells. The mechanism of action may involve in-
teraction with the melanocyte specific enzyme, tyrosin-
ase, as a false substrate.

Melanocytic cells possess a unique biochemical apparatus for
the conversion of L-dopa to the biopigment melanin [1]. Since
this reaction is mediated by the enzyme tyrosinase which is
restricted to normal and malignant melanocytes, a potential
basis for a selective chemotherapeutic approach may exist. We
have previously reported the efficient incorporation of exoge-
nous L-dopa-"H into pigmented S-91 Cloudman melanoma cells
in vitro and in vivo [2,3]. L-dopa itself had been reported to be
toxic to melanoma cells although no selective action [4,5] was
noted until exposure times were reduced [6]. In vivo activity
against the B-16 melanoma was observed when the more soluble
ester of L-dopa was used [7].

Since L-dopa itself was cytotoxic at concentrations above
1000 mcg/ml, it was of interest to examine analogs with poten-
tially increased potency. 6-Hydroxydopa was chosen as the
prototype analog since it is known to be cytotoxic in vivo
causing degeneration of adrenergic nerves [8,9]. Furthermore,
it closely resembles L-dopa differing only by the addition of a
hydroxyl group in the 6-position. Evidence of a stereochemical
similarity is further supported by the results of Swan who has
shown that 6-hydroxydopa is a substrate of the enzyme tyrosin-
ase and is rapidly converted first to a deeply colored red
intermediate and then to a melanin [10]. Recent results of
Graham and Jeffs [11] have confirmed that 6-hydroxydopa is a
substrate of the enzyme tyrosinase although it is probably not
an intermediate in the conversion of L-dopa to melanin. Figure
1 summarizes the relationship of 6-hydroxydopa and L-dopa in
the biosynthesis of melanin.

Evaluation of pharmacologic injury to cancer cells in vitro
has been measured by a variety of techniques. In order to assess
the relative sensitivity of melanoma cells to these agents, we
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examined the effects upon doubling time which in general are
dose-dependent and correlate well with other methods [12,13].
We present the results of our study of the effect of 6-hydroxy-
dopa upon the growth of melanotic clone of S-91 Cloudman
melanoma as compared to the non-pigmented control cells,
mouse fibroblast 1.929 and Chinese hamster ovary cells.

MATERIALS AND METHODS
Drugs
L-dopa and 6-hydroxydopa were obtained from the Sigma Chemical

Co., St. Louis, Mo. All other materials were reagent grade and used
without further purification. :

Cell Lines

S-91A, a pigmented line, was obtained from the American Type
Culture Collection (CCL 53.1), Rockville, Maryland. S-91B, a grossly
amelanotic clone was a gift from Dr. Jewel Cobb, Conn. College, New
London, Conn., and has been fully described [14]. Mouse fibroblast
1929 and Chinese hamster ovary cells (CHO) were from Gibco, Grand
Island, New York. All cell lines have been maintained in our laboratory
in McCoy’s 5A medium supplemented with 15% fetal calf serum and
100 units/ml streptomycin, and 100 pg/ml penicillin.

6-Hydroxydopa Toxicity

Single cell suspensions were inoculated into 60 mm Falcon Petri
dishes and cells were allowed to attach for 24 hr prior to drug exposure.
The 6-hydroxydopa was freshly prepared in cold 0.9% sodium chloride
solution containing 2-3 drops of 0.1 N HCI and filtered (Millipore
Corporation, Bedford, Mass.) before use. Plates were washed once with
HBSS and 1 ml of HBSS containing 0.5, 1, 10, 25, and 50 pg of 6-
hydroxydopa was added and cultures were incubated at 37°C. Cells
were harvested by trypsinization with 0.25% trypsin-EDTA at 0, 24, 48
and 72 hr after exposure and counted in a Model Z Coulter Counter.
Viability by trypan blue exclusion was about 90%. Results are expressed
as % growth inhibition by comparison to parallel control cultures that
were manipulated similarly except that they did not have drug added.
Standard errors for triplicates were always less than 10%. Under the
experimental conditions control cells had the following doubling times:
S-91A, 22 hr, S-91B, 20 hr, 1L929, 24 hr and CHO, 16 hr.

L-dopa Incorporation

Experimental cultures were used 72 hr after plating, washed once
with HBSS and 1 ml of HBSS containing 10 °M L-dopa plus 2 uCi of
tritiated L-dopa (s.a. 21 Ci/mmole, New England Nuclear, Boston,
Mass.) added. Cells were incubated at 37°C in CO. huniidified air for
30 or 60 min and medium removed. The monolayers were then washed
3 times with 0.9% sodium chloride solution and cells precipitated with
10% trichloroacetic acid for 30 min. The precipitate was washed twice
with 0.9% sodium chloride solution, followed by addition of 1 ml of 1.0
N KOH and let stand at 4°C for 24 hr. An aliquot was added to
scintillation fluid (Aquasol, New England Nuclear, Boston, Mass.) and
counted in a Beckman LS 335 scintillation counter. Quenching was
corrected by addition of an internal toluene standard. Values for
incorporation represent mean + SEM for 3 samples and are expressed
as dpm/10° cells after 60 min incubation.

Macromolecule Biosynthesis

At the specified times following exposure to drug, 2 pnCi/ml of either
lhy111i(line~lnethyl—"H s.a. 2 Ci/mmole, uridine-5-"H, s.a. 25 Ci/mmole
or leucine-"H, s.a. 41 Ci/mmole (New England Nuclear, Boston, Mass.)
were added. After 60 min at 37°C medium was removed, cells were
washed once with HBSS and 1 ml of 10% trichloroacetic acid added.
The precipitate was washed 3 times with 0.9% sodium chloride solution
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and 0.5 ml of 1.0 N KOH added. Following digestion at 37°C for 4 hr, an
aliquot was added to scintillation vials containing Aquasol (New En-
gland Nuclear, Boston, Mass.). Counting efficiency was about 30% and
values are expressed as % of control for triplicate samples and represent
the mean of 3 separate experiments. For examination of the immediate
effects of 6-hydroxydopa upon precursor incorporation, drug and la-
beled material were added simultaneously and incubated for 30 min at
37°C and then processed as previously described.

In Vivo Antitumor Evaluation

6-Hydroxydopa was evaluated against the B-16 and S-91 melanomas
in vivo according to standard National Cancer Institute protocols
[15]. The method has been fully described and compares the survival
of tumor-bearing mice as compared to nontreated controls [16].

RESULTS
6-Hydroxydopa Toxicity

Figure 2 represents the dose response curve for growth inhi-
bition of melanoma cells 48 hr following treatment with 6-
hydroxydopa. A selective inhibition of growth of the melanotic
S-91A melanoma as compared to the nonpigmented S-91B and
non-pigmented control cells is observed. Longer exposure times
resulted in increased toxicity but decreased selectivity. It is
apparent from these data that S-91A are at least 10-fold more
sensitive to 6-hydroxydopa than nonpigmented control cells.
Growth inhibition patterns were similar at 24 and 48 hr.

Table I compares the results of incorporation studies of
radiolabeled L-dopa with sensitivity to 6-hydroxydopa. A cor-
relation of the ability of the various cell lines to incorporate
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Fic 2. % Inhibition as a function of 6-hydroxydopa concentration.
Values represent mean of triplicate samples 48 hr after drug exposure.
Standard errors have been omitted for clarity but were less than
#+ 10%. Similar curves were obtained at 24 and 72 hr.
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TaBLE 1. Comparison of growth inhibition by 6-hydroxydopa with
L-DOPA-*H incorporation

Cell type L-dopa-"H incorporation” % Inhibition of growth”
S-91A 1531 + 151 80%
S-91B 236 + 21 18%
L1929 80 + 15 0%
CHO 92 + 8 0%

“Values expressed as dpm/10° cells following a 90 min incubation.
Represent mean + SEM for triplicate samples.

* % Inhibition of growth of each cell line observed at 6-hydroxydopa,
10 pg/ml, 48 hr after exposure.

TaBLE IL. Effect of 6-hydroxydopa upon thymidine, uridine and
leucine incorporation by S-91A melanotic melanoma during and 4
hr following exposure

Concentration 6-hydroxy-

dopa (ug/ml) Immediate 4 hr
Thymidine® 10 13+2 11+5
25 33+1 80+ 6
Uridine” 10 12 42 22 + 10
25 29 + 10 74 + 10
Leucine” 10 5+4 156+ 13
25 35+3 33+5

“ Values represent mean + SEM for 3 separate experiments and are
expressed as a % inhibition as compared to control.

TaBLE III. Effect of 6-hydroxydopa upon thymidine incorporation 4
and 24 hr following exposure

Concentration Thymidine
Cell line
6-hydroxydopa (ug/ml) 4 hr 24 hr
S-91A 10 20 £ 5 17+ 3
25 80 = 6 64 + 11
S-91B 10 26 = 10 31
25 61 + 2 305
L1929 10 4+5 5+2
25 13+£7 20 =4
CHO 10 224+ 1 6+2
25 40 £ 7 19+ 2

“ Values represent mean = SEM for 3 separate experiments and are
expressed as % inhibition as compared to control.

exogenous L-dopa with their respective sensitivity to 6-hydrox-
ydopa is apparent. There is approximately a 10-fold increase in
sensitivity of the pigmented S-91A as compared to the amelan-
otic S-91B and this corresponds to a 7-fold increase in radiola-
beled L-dopa incorporation.

Effects Upon Macromolecule Biosynthesis

Table II summarizes the effects of 6-hydroxydopa upon the
pigmented melanoma cells during and 4 hr following exposure.
It was apparent that at the concentrations examined, the degree
of inhibition is a function of time following exposure to drug.
There is almost no effect noted immediately but at 4 hr signifi-
cant inhibition of thymidine and uridine incorporation is ob-
served. The effect upon all 3 classes of macromolecule biosyn-
thesis is consistent with a general disruption of cellular metab-
olism.

In order to confirm the selectivity observed in growth exper-
iments, the effect of 6-hydroxydopa upon the non-pigmented
control cells was also studied (Table III). Although inhibition
of thymidine incorporation at 4 and 24 hr is observed it is less
extensive in the nonmelanocytic control cells 1.929 and CHO
with the amelanotic clone S-91B, which does have measurable
tyrosinase activity. (approximately 2% of that observed in the
S-91A line) intermediate. These results confirm the observa-
tions made in the growth experiment regarding the relative
sensitivity of each line to 6-hydroxydopa.

When tested against the B-16 and S-91 melanomas in vivo,
no significant prolongation of survival of treated animals was
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observed. The maximal tolerated dose for repeated injections
was 75 mg/kg.

DISCUSSION

Melanocytic cells are unique in possessing the enzyme tyro-
sinase and a metabolic pathway for the conversion of L-dopa to
melanin. Several agents have demonstrated selective toxicity
against melanocytic cells in vivo and are in clinical use as
depigmenting agents, e.g. hydroquinone and monobenzyl ether
of hydroquinone [4,17]. Each has a quinone moiety as a common
structural feature as does the prototype compound L-dopa
itself.

In our studies, selectivity was apparent in both the effect
upon the growth of pigmented as compared to nonpigmented
control cells, and also in the corresponding greater inhibition of
thymidine incorporation in pigmented cells. In contrast to L-
dopa, a subsequent general cytotoxicity is supported by inhibi-
tory effects observed upon incorporation precursors of each of
the 3 types of macromolecules.

As compared to L-dopa, 6-hydroxydopa is approximately 100
times as potent, however, in addition to increased potency,
there is also an increase in toxicity. It is this latter phenomenon
that possibly accounts for the lack of in vivo antitumor acitivity.
The toxicity is most likely neural, since 6-hydroxydopa is known
to cause degeneration of adrenergic nerve endings, centrally
and peripherally [18]. A possible method of limiting this toxicity
might be to pretreat animals with inhibitors of catecholamine
uptake such as imipramine since these agents are effective in
limiting the neural effects of 6-hydroxydopa.

Although the mechanisms of action of L-dopa and 6-hydrox-
ydopa are still undefined, toxicity appears to parallel the ability
of the cells to incorporate L-dopa-"H which in turn is dependent
upon the presence of tyrosinase activity. Melanin exists as a
complex polymer of 5,6-dihydroxyindole, which can undergo
reversible oxidation reduction with formation of quinone-like
free radicals [19,20]. 6-Hydroxydopa, a member of the class of
compounds known as orthohydroquinones, can also form free
radicals readily. It is possible that radicals are generated by the
interaction of 6-hydroxydopa with melanin and/or tyrosinase,
with consequent damage to cellular integrity.

Recently, Graham et al have discussed the mechanisms of
cytotoxicity of melanin precursors [21]. They suggested that
orthoquinones appear to operate as sulfhydryl group scavengers
and thereby inhibit enzymes such as DNA polymerase. Our
results with L-dopa and 6-hydroxydopa are in accord with their
findings. 6-Hydroxydopa-quinone was shown to be a much less
effective inhibitor of the polymerase than the catechol quinone
which is consistent with our observations that L-dopa, its ester
and dopamine, unlike 6-hydroxydopa cause a rapid inhibition
of thymidine incorporation.

In summary, 6-hydroxydopa appears to be more potent than
L-dopa as a melanocyte toxin, although unlike dihydroxy-deriv-

GROWTH INHIBITION OF MELANOMA CELLS BY 6-HYDROXYDOPA 69

atives of L-dopa, 6-hydroxydopa does not exhibit in vivo activ-
ity. Clinical evaluation of the therapeutic potential of this
approach should focus, therefore, upon L-dopa and derivatives.
We are presently evaluating the therapeutic potential of these
compounds in humans.

We wish to thank M. Gorman for expert technical help and J. Walker
for assistance in preparation of this manuscript.
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