L-Dopa: Selective Toxicity for Melanoma Cells in vitro

Abstract. In a study of the effect of L-dopa, an intermediate in the biosynthesis of
the pigment melanin, on the growth of human and murine melanoma cells a highly
selective inhibition of growth was observed for pigmented cell lines (S91A and hu-
man melanoma) as compared to the nonpigmented control cells (amelanotic mela-
noma S91B, mouse fibroblast 1929, and Chinese hamster ovary). There was a corre-
lation between toxicity and the extent of incorporation of radioactively labeled -

dopa by each line.

Melanocytic cells possess a special
biochemical mechanism for the con-
version of L-3,4-dihydroxyphenylalanine
(L-dopa) to the biopigment melanin (7).
Since this reaction is mediated by the en-
zyme tyrosinase, which is restricted to
normal and malignant melanocytes, a po-
tential basis for a selective chemo-
therapeutic approach may exist.

We have previously reported the high-
ly selective incorporation of [*H]L-dopa
by pigmented murine and human mela-
nomas in vitro (2), and thus it was of in-
terest to evaluate the effect of L-dopa it-
self on the growth of pigmented mela-
noma cells.

Evaluation of pharmacologic injury to
cancer cells in vitro has been measured
by a variety of techniques. Effects upon
doubling time are, in general, dose-de-
pendent and agree well with other meth-
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Fig. 1. Comparison of sensitivity of each cell
line to L-dopa. All cell lines have been main-
tained in McCoy’s 5A medium supplemented
with 15 percent fetal calf serum, 100 units of
streptomycin per milliliter, and 100 ug of pen-
icillin per milliliter. Single cell suspensions
were inoculated into 60-mm Falcon petri dish-
es and cells were allowed to attach for 24
hours prior to exposure. L-Dopa was freshly
prepared in Hanks balanced salt solution
(HBSS) at its limit of solubility and was steri-
lized by filtration. After washing, 1 ml of a so-
lution containing 300, 600, 900, or 1200 ug of
L-dopa per milliliter was added, and cultures
were incubated at 37°C for 1 hour. Cells were
harvested and counted in a model Z Coulter
counter. Results are expressed as the per-
centage of growth inhibition according to the
formula [(number of control cells — number of
treated cells)/number of control cells] x 100
by comparison with parallel control cultures
that were manipulated similarly except that
they did not have L-dopa added; values repre-
sent mean + standard error of the mean of
four to six determinations.
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ods (3). Figure 1 shows the dose-re-
sponse curve for growth inhibition of
melanoma cells 48 hours after treatment
with 1.-dopa (). A highly selective inhi-
bition of growth of the melanotic S91A
melanoma line (4) as compared to the
nonpigmented control cells is observed.
There was a 62 percent inhibition of
growth of pigmented S91A and a 35 per-
cent inhibition of human melanoma,
while nonpigmented control cells includ-
ing the amelanotic melanoma (S91B)
were essentially unaffected. Longer ex-
posure times resulted in increased tox-
icity but decreased selectivity.

The relation of the extent of incorpora-
tion of exogenous [*H]|L-dopa (specific
activity, 2l ¢/mmole) to sensitivity to L-
dopa, after a 60-minute incubation, is
given in Table 1. Pigmented cells incor-
porate up to 20 times the label of control

Table 1. Comparison of growth inhibition by
L-dopa and incorporation of [*H]rL-dopa. Ex-
perimental cultures were used 72 hours after
plating; they were washed once with HBSS
and then in 1 ml of HBSS containing
unlabeled 107°M 1-dopa and 2 uc of tritiated
material. Cells were incubated at 37°C in
CO,-humidified air for 60 minutes, and
the medium was removed. Cells were washed
and precipitated with 10 percent trichloro-
acetic acid for 30 minutes. The precipitate
was washed twice with normal saline, fol-
lowed by addition of 1.0N KOH, and let
stand at 4°C for 24 hours. A sample was added
to scintillation fluid (Aquasol; New England
Nuclear) and counted in a Beckman LS 335
scintillation counter. Quenching was cor-
rected by addition of an internal toluene
standard. Values for incorporation represent
mean * standard error of the mean for three
samples and are expressed as disintegrations
per minute per 10° cells after a 60-minute in-
cubation. The cell lines are S91A, pigmented
melanoma; human, human melanoma; S91B,
amelanotic melanoma; 1.929, mouse fibro-
blast (¢); and CHO, Chinese hamster ovary.

Percent-

. age of

Cell Incorporation inhibition

type of PH]L-dopa (6.0mM

L-dopa)
S91A 1531 = 151 62
Human 1021 = 21 35
S91B 236 + 21 S
1.929 80 = IS 0
CHO 92 £ 8 0

cells and display a corresponding in-
crease in toxicity.

Melanocytic cells are unique in pos-
sessing the enzyme tyrosinase and a
metabolic pathway for the conversion of
L-dopa to melanin. Several agents (for
example, hydroquinone) have demon-
strated selective toxicity against melano-
cytes in vivo and are used clinically as
depigmentary agents (5). These agents
all have a quinol moiety as a common
structural feature, as does the prototype
compound L-dopa itself. Previous stud-
ies in which L-dopa was used for long ex-
posure times have demonstrated a gener-
al cytotoxicity without selectivity for
pigment cells (6). Presumably, with brief
incubation periods the decomposition of
L-dopa is minimized and selectivity is en-
hanced.

Although the mechanism of action of
L-dopa is still undefined, toxicity appears
to parallel the ability of the cell to incor-
porate [*H]L-dopa, which in turn is de-
pendent on the presence of tyrosinase
activity. Melanin exists as a complex
polymer of 5,6-dihydroxyindole, which
can undergo reversible oxidation-reduc-
tion with formation of free radicals (7).
Since L-dopa is an o-quinol and can form
free radicals readily, it is possible that
radicals are generated by interaction
with melanin or tyrosinase (or both),
which results in disruption of cellular
metabolism (8). Alternatively, the high
concentration of 1.-dopa made available
serves to alter the biologic properties of
the melanin formed, rendering it toxic
un.
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Bacteriophages in Live Virus Vaccines: Lack of Evidence for

Effects on the Genome of Rhesus Monkeys

Abstract. Four juvenile rhesus monkeys were inoculated with 102 plaque-forming
units of the bacteriophage ¢V isolated from live virus vaccines. After ¢V1 had been
cleared from the blood, DNA’s were isolated from the livers and kidneys and ana-
lyzed for the presence of bacteriophage by plaque assays, and for the presence of
é&VI DNA by DNA-DNA reassociation kinetics. No evidence was found for per-
sistence of the bacteriophage or for replication of the phage genome in these rhesus

monkeys.

In 1972 Merrill reported that bovine
serums contained bacteriophages as con-
taminants (/). This finding was con-
firmed by Chu et al. (2), and it was sub-
sequently shown that live virus vaccines
frequently contained bacteriophages,
presumably due to contamination in the
serums used to grow the cells in which
the vaccines were produced (3). Further
studies showed that the three bacterio-
phage plaque types isolated from 161 lots
of vaccines were indistinguishable by
physical and immunological assay ().
Our work was, therefore, limited to the
original vaccine isolate designated ¢pV1.

Previous studies with ¢ X174 as a pro-
totype bacteriophage had indicated that
no bif)logical or clinical effects were
noted in mice, monkeys, or humans on
exposure to high titers of the bacterio-
phage (5); however, more recent evi-
dence has suggested that ¢ X174 can rep-
licate in monkey livers and human lym-
phocytes, and can become associated,
perhaps transiently, with the host ge-
nome (6).

Because of the above findings with
$X174, we attempted to determine
whether ¢ V1 injected into monkeys had
any effect on the host genome or, indeed,
if this bacteriophage were capable of rep-
licating in a primate host. Our data show
no evidence for replication or per-
sistence of the ¢ VI genome by bacterio-
phage titration with the use of DNA’s
isolated from these monkeys or by nucle-
ic acid hybridization studies. These re-
sults suggest that ¢ VI might play a use-
ful role as a safe vector in recombinant
DNA research.

Four 6- to 8-week-old rhesus monkeys
were studied for presence of neutralizing
antibody (K value) to ¢ V1 as described
for other bacteriophages (7). All were an-
tibody-negative. One week later, a par-
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tial hepatectomy and unilateral nephrec-
tomy were performed on each animal.
These tissues served as preinoculation
baseline materials. Biopsies of these or-
gans were assayed and found to be nega-
tive for the presence of $V1 by means of
the agar overlay technique with Esche-
richia coli C-3000 (3). DNA was extract-
ed from the remaining tissue by a modifi-
cation of the Marmur method (8). Three
weeks later, after recovery from surgery,
each monkey received 1 x 10'* plaque-
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Fig. 1. Clearance of ¢ V1 from the peripheral
circulation (@) and antibody response (K val-
ue)topVI1(-- O - -) after inoculation of 1 X
102 PFU into a juvenile rhesus monkey. For
inoculation, ¢V1 purified by CsCl banding,
was grown in E. coli strain K12 F~ (CR 63) at
a multiplicity of 0.1 in a volume of 2 liters.
The titer of the bacteriophage was ascertained
as described (/7).

forming units (PFU) of ¢VI intrave-
nously in a volume of 1 ml.

Serum samples were obtained 15 min-
utes after inoculation and daily there-
after. A clearance pattern for ¢ V1 typi-
cal of that seen for the monkeys in our
study and the antibody response to this
bacteriophage are shown in Fig. 1. The
phage is cleared from the circulation by 5
days, and antibody begins to appear by 4
days after inoculation. Nine days after
the phage inoculation the animals were
killed. The remaining liver and kidney
and the serum of each animal were as-
sayed individually for the presence of
®V1, and DNA was extracted from liv-
ers and kidneys.

The organ DNA’s before and after in-
oculation were assayed by the plaque
method on E. coli C-3000 for the pres-
ence of infectious ¢ V1. No evidence of
bacteriophage was found in any of the
DNA'’s at any of the dilutions tested (un-
diluted to 107%). Thus, there was no in-
tact, infectious ¢ V1 present in the sam-
ples which might reanneal in the hybrid-
ization reaction mixture.

Quantitation of viral DNA copies by
acceleration of reassociation had been
described by Gelb ¢t al. (9). In order to
use this approach, we first examined the
reassociation behavior of radioactively
labeled ¢ V1 DNA in the presence of an
excess of unlabeled salmon sperm DNA.
It reassociated with a C,t,, of 2.17 X
1072 (C,t is the concentration of nucle-
otide in moles per liter times the time in
seconds) and followed typical second or-
der kinetics [see Fig. 2 (open circles) and
Fig. 3]. A reconstruction experiment to
show the effect of adding copies of unla-
beled V1 DNA on the reassociation is
illustrated in Fig. 2. The control reaction
contained the equivalent of 7.64 copies
per cell of 3*P-labeled V1 DNA, calcu-
lated by the formula of Gelb et al. (9),
with the use of salmon sperm DNA at ab-
sorbance A g of 19 A units per milliliter
and a ratio of 7.26 x 10* for the molecu-
lar weights of monkey DNA to ¢VI
DNA. Addition of known amounts of un-
labeled ¢ V1 DNA resulted in an acceler-
ation equivalent to the number of copies
of V1 DNA added (Fig. 2). In the rean-
nealing experiments reported below, ra-
tios of unlabeled monkey cell DNA to
#3P-labeled ¢ V1 DNA were such that we
would see a 1.4-fold increase in Ct,, if
there were one copy of V1 DNA per
cell.

We analyzed DNA from organs re-
moved from monkeys before and after
inoculation with ¢VI1. Representative
data are shown in Fig. 3. In no case for
any of the four monkeys tested was there
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