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SUMMARY

Four permanent strains of human malignant melanoma,
derived from a single melanoma nodule in one patient,
exhibited different survival responses to the S-phase-specific
drug, arabinosylcytosine. In one strain, survival was reduced
by a fraction equivalent to the proportion of cells in S phase.
The other three stains were much more resistant to drug doses
as high as 100 Mg/ml treated for 1 hr; however, treatments of
longer duration (up to 8 hr) did cause a reduction in the
surviving fraction of one resistant strain tested. Different
mechanisms of cell killing by arabinosylcytosine may be
responsible for the differential responses observed in these
four melanoma strains.

INTRODUCTION

The 4 permanent cell lines of human malignant melanoma
used in this study were isolated from a single solid tumor in a
patient (17) and have been grown in vitro for 5 years. The
strains have retained the ability to produce various quantities
of pigment and have different population-doubling times, cell
cycle times, and growth fractions in vitro (S. C. Barranco, J. K.
Novak, M. M. Romsdahl, and R. M. Humphrey, unpublished
results). Through the use of this model system, information
has been obtained that may be pertinent to the selection of
the proper chemotherapeutic drug for the control of growth of
this type of neoplastic population at the cellular level. This
paper reports the effects of ara-C2 on the survival of human

malignant melanoma cells in vitro.

MATERIALS AND METHODS

Cell Strains and Growth Conditions. Monolayers of human
malignant melanoma cells were grown in modified McCoy's

Medium 5A supplemented with 20% fetal calf serum. The
various strains used in these experiments were characterized as
being capable of heavy (strain 194), intermediate (strain
26-5), or light pigment production (strain 39-5 and 49-5). The
strains were derived originally from a single melanoma nodule
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in a patient (17). The growth kinetics parameters of the strains
growing under these conditions are shown in Table 1.

Treatment and Survival Assay. Drug solutions were always
made immediately prior to use. The pH of the treatment
medium was adjusted to pH 7.2 to 7.4. In all cases survival was
determined by the ability of the treated cells to form colonies.
Known numbers of single cells were plated into Petri plates
and were incubated at 37Â°for 14 to 21 days. Colonies were

fixed and stained with crystal violet and counted. A cell was
considered to have retained reproductive capacity (viability) if
it gave rise to a colony of 50 or more cells. The plating
efficiency was 40%.

Enzyme Assays Procedures. Melanoma cells growing
logarithmically were collected, washed 3 times with 0.9% NaCl
solution, and sonically disrupted for 30 sec in 7 volumes of
0.25 M sucrose. The preparation was centrifuged for 1 hr at
100,000 X g at 4Â°,and the supernatant was recovered for the

assays of ara-C deaminase and ara-G kinase activities. The
kinase assay mixture contained Tris buffer, pH 8.0, 40 AmÃ³les;
ATP, 4 jumÃ³les; 3-phosphoglyceric acid (sodium salt), 2
jumÃ³les; MgCl2, 26 jumÃ³les;phosphoenolypyruvate kinase, 6
units; ara-C, 80 nmoles (1.0 ÃŸCiof the generally labeled
tritium compound); tetrahydrouridine, 0.04 /umole; and an
appropriate amount of the enzyme preparation in a total
volume of 0.4 ml. The deaminase assay mixture contained Tris
buffer, pH 8.0, 40 Â¿moles;ara-C, 80 nmoles (1.0 pCi of the
generally labeled tritium compound); and cell-free supernatant
in a total volume of 0.4 ml. The reaction mixture was
incubated at 37Â°for 60 min, and the enzyme activity was

linear for at least 60 min. The separation and identification of
the radioactive peaks (ara-C, phosphorylated ara-C, and ara-U)
have previously been described (11).

RESULTS AND DISCUSSION

In Chart 1 it can be seen that survival in strain 194 was
rapidly decreased to about 50% following a 1-hr treatment
with ara-C, 10 Mg/ml. No additional reduction in the survival
fraction was observed with doses as high as 80 /ug/ml, although
at 100 Mg/ml the survival fraction was slightly lower. The
labeling index (fraction of cells in S phase in an asynchronous
population) for strain 194 was 44% and this closely
approximates the fraction of cells killed following a 1-hr
treatment with ara-C. Since the killing effect of the drug was
produced so quickly in strain 194, it is possible that ara-C was
either incorporated into the DNA or that it irreversibly
inhibited DNA polymerase, although we have no proof to
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Table 1
In vitro cell kinetics parameters of 4 strains of human melanoma

isolated from a single nodule in a patient

Strain19^26-539-549-5Doublingtime(hr)24304348Cell
cycletime

(hr)2517.92024.5G,(hr)22.863.75S(hr)2111.41119.5G2(hr)1.53.22.750.75M(hr)0.50.50.50.5Labelingindex(%)44484044

39-5
26-5
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DOSE ARA-C (yg/ml for Ihr)
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Chart l. Effect of ara-C on 4 strains of human malignant melanoma
growing asynchronously in vitro.

support either possibility. It has been shown by others,
however, that ara-C can be phosphorylated to ara-CTP in some
cells and that this product causes rapid cell killing by
interfering with DNA synthesis (16). Chu and Fischer (2, 3)
have suggested that the enzyme that phosphorylates ara-C in
murine leukemic cells is deoxycytidine kinase, and they have
shown that a mutant resistant to ara-C was deficient in that
enzyme. Furthermore, it has been suggested that inhibition of
DNA synthesis might result from the effects of ara-C at the
DNA polymerase level (8-10,15).

In Don C cells, ara-C has also been shown (12, 19) to kill
cells primarily in S phase of the cell cycle. However, the
decreased killing effect of ara-C on KB cells (12) was
attributed to the fact that the drug was rapidly converted to
an inactive product, ara-U, by cytidine deaminase. This
deamination has also been shown in animals and man (1, 6.

18). Strain 194 was found to contain 3777 nmoles of ara-C
deaminase (D) per g cells per hr and 63 nmoles of ara-C kinase
(K) per g cells per hr, yielding a K/D ratio of 1.7 (Table 2).
Since the deaminated product, ara-U, has no therapeutic
activity (2, 3), our data further suggest that the amount of
kinase present was adequate and that ara-C was able to enter
the strain 19-4 cells and exert its lethal effects more quickly
than it was deaminated to ara-U.

Strain 49-5 exhibited some sensitivity to ara-C (Chart 1);
however, since the labeling index of this strain was 44%, ara-C
may not have killed as many of the cells in S phase. Also, in
Chart 1 it can be seen that ara-C had even less effect on the
survival of strain 26-5, and its labeling index was 48%.

Doses of ara-C as high as 80 ng/m\ (1 hr) had no lethal
effects whatsoever on strain 39-5, and there was only a slight
reduction in survival at the 100 /Jg/ml dose (Chart 1). If the
action of ara-C was the same in strain 39-5 as in strain 19-4,
then 40% of the cells should have been killed by the treatment
since the labeling index was 40%. The enzyme assays revealed
that the K/D ratio for strain 39-5 was the same as that for the
most sensitive strain (Table 2); however, the quantity of kinase
present in strain 39-5 was about 50% less than in strain 19-4.
Therefore, our data would suggest that strain 39-5 is more
resistant to ara-C because of a reduced kinase activity,
resulting in a reduced rate of phosphorylation. Furthermore,
response to ara-C in various tumor-bearing mice was found to
be related to the rate of its phosphorylation (13). Patients
with metastatic melanoma and s.c. mÃ©tastases(D. H. W. Ho
and E. Frei, unpublished results) were treated with 5-day
courses of ara-C (continuous i.v. infusion at 3-week intervals).
Three out of 12 patients who responded to ara-C had high
kinase activities in tumor tissues obtained by biopsy. From
this fact and from our own studies, it appears that deaminase
activity plays only a modest role in the overall killing
efficiency of ara-C. Therefore, K/D ratios are not as important
in determining ara-C sensitivities as is the total activity of ara-C

kinase.
Treatments of longer duration on strain 26-5 with ara-C,

100 Afg/ml, did ultimately reduce survival to 50% after 8 hr
(Chart 2). However, a different killing mechanism than that
occurring in strain 194 may be responsible for this effect in
strain 26-5, since longer treatments were needed to exert a
killing effect. Cohen and Barner (5) have reported a type of
unbalanced growth in a "thymineless" state in bacterial

systems that appeared to be correlated with a substantial
decrease in cell viability. ara-C may induce a condition of
unbalanced growth resulting in cell killing without being
incorporated into DNA. It has been shown (7, 14) that ara-C
caused a loss of cell viability, which was accompanied by an
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Table 2
Kinase and deaminase activities in 2 human melanoma strains with

different sensitivities to ara-C
The enzyme activity is expressed as nmoles of ara-C nucleotide

(ara-C kinase) or ara-U (ara-C deaminase) formed per g of cells per hr at
37Â°.The values are an average of 2 samples determined in triplicate.
For the assay, see "Materials and Methods."

Enzyme activity (nmoles/g cells/hr)

Cell line Kinase (K) Deaminase (D) (K/D) X 100

39-5
19-436 632127 37771.7 1.7

100n

50-

10
3456

LENGTH OF TREATMENT (Hours)

Chart 2. Effect of length of treatment with ara-C, 100 Mg/ml, on
survival in strain 26-5 human malignant melanoma.

inhibition of DNA synthesis. The drug did not affect RNA and
protein synthesis for long intervals and permitted considerable
enlargement of cells without division (4).

There is always a chance that the differences in ara-C
sensitivity expressed by these melanoma strains are due to
changes at the membrane level that alter the rate at which the
drug enters the cell. This possibility cannot be ruled out.

Because of the differences in doubling times and cell cycle
times of the melanoma strains, it might be suspected that their
differential sensitivities to ara-C are due to differences in cell
kinetics parameters. This is unlikely, however, since regardless
of the other cell kinetics parameters the labeling indices for all
4 strains of melanoma are between 40 and 48% (Table 1), and
ara-C did not kill that many cells in all of the strains. Since
ara-C specifically kills some cells in S phase and others by
unbalanced growth, these kinetics data suggest instead that the

differential sensitivity to ara-C is due to more than 1
mechanism.

Regardless of the mechanism by which ara-C kills
mammalian cells, the importance of the data reported here lies
in the demonstration of differential sensitivities to ara-C by 4
strains of human melanoma isolated from a single nodule
coming from a single patient. These data suggest, and indeed it
has been reported (6), that treatment of some human cancers
with ara-C may kill only the sensitive cells in the tumor,
leaving another population of tumor cells completely resistant
to further ara-C treatment. Data such as these should be
considered when selecting chemotherapy drugs for the control
of growth in neoplastic populations at the cellular level.
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