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SUMMARY

The three malignant melanoma cell lines used are
characterized by having high, intermediate, and low quantities
of pigment production. The response of these malignant
melanoma cells to X-ray in vitro does not correlate with a
model of the classically radioresistant tumor cell that clinical
experience might predict. The in vitro melanoma cells were
only slightly more resistant to X-rays than the nontumor in
vitro Chinese hamster ovary cell line tested. The responses to
X-rays of all three melanoma lines were the same (11= 40,
â€˜Do= 100 rads).

The response to ultraviolet light varied with the amount of
pigment present in each cell line. The strain producing a high
quantity of pigment was the most UV resistant (ii 3, b@, 57
ergs/sq mm). The strain producing alow pigment quantity was
the most UV sensitive (ii 3, D0 31 ergs/sq mm). All
melanoma strains were more resistant to UV than the Chinese
hamster ovary cell line (Ii = 10, D0 = 20 ergs/sq mm). Survival
determinations made as a function of time between two
fractionated UV doses of 100 + 100 ergs/sq mm indicated that
these melanoma cells possessed ability to recover from
sublethal UV damage.

INTRODUCTION

Human malignant melanoma cells in vivo are considered to
be only moderately sensitive to both radiation and drug
treatments (7). The reason for this â€œresistanceâ€•is unknown,
but it may be due to fundamental differences at the cellular
level such as the existence of an extremely efficient repair
system or to the change in length or absence of a particular
phase of the cell cycle, normally present in nontumor cells. In
fact, very little is known of the cell kinetics and survival
characteristics of human malignant melanoma cells.

A persistent problem in obtaining clinically important data
on cell kinetics and survival in human malignant melanoma
cells has been the absence of an in vitro model test system.
Recently, the first permanent cell lines of human malignant
melanoma were isolated from human solid tumors and
cultured in vitro (9). Through the use of this model system,
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information can be obtained at the cellular level which may be
pertinent to the control of growth in this neoplastic
population.

MATERIALS AND METHODS

Monolayers of human malignant melanoma cells growing
exponentially in modified McCoy's SA medium and
characterized as being capable of heavy (strain 19-4),
intermediate (strain 9-4), or light pigment production (strain
26-4) were used in these experiments. The uniquely different
properties of the individual strains are summarized in Table 1.

In addition, strain 26-4 has a cell cycle time of 17.9 hr
(G1 = 2.8 hr, S 11.4 hr, and G2 3.7 hr). In light of these
differences and because it has been shown (8) that all 3 strain
types occur simultaneously in any 1 tumor site, it is important
to determine whether each strain may also exhibit a
differential response to radiation.

UV Irradiation. Monolayers of cells growing logarithmically
in plastic Petri plates were washed with Hanks' balanced salt
solution (without phenol red) to remove UV-absorbing
material and then UV irradiated (General Electric germicidal
lamps operating at a dose of 5.6 ergs/sq mm/sec, at the
exposure level of the cells). The treatment doses for
asynchronous survival determinations ranged from 0 to 200
ergs/sq mm with doses of 50 + 50 ergs/sq mm and 100 + 100
ergs/sq mm used in the fractionated dose recovery
experiments.

X-Irradiations. Asynchronously growing cells we re irradiated
with a General Electric Maxitron therapy unit, 250 kVp, with
0.5 mm Cu and 1.0 mm Al added filtration. The doses for
survival determinations ranged from 0 to 1000 rads at a dose
rate of 184 rads/min. For fractionated dose recovery
experiments, doses of 375 + 375 rads were used.

In all cases, survival was determined by the ability of the
irradiated cells to form colonies. Irradiated and control cells
were removed from the treatment plates by trypsinization
(0.025% for S mm), and known numbers of single cells were
plated into plastic Petri dishes (containing conditioned
medium mixed with an equal volume of fresh medium) and
incubated for colony growth at 37Â° for 14 to 16 days.
Colonies were fixed, 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. Control plating efficiencies of 40 to 50% were obtained.
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StrainQuantity of pigmentChromosome No.Cell morphologyDoubling time(hr)19-4Dark76Polydendritic249-4Intermediate76Oligodendritic3826-4Light78Cuboid32

Radiation Response ofHuman Melanoma Cells

Table 1
Variations in some properties of the individual strains ofhuman malignant melanoma cells

RESULTS Hours Between Doses

UV Survival and Split Dose Recovery between Fractionated
Doses (Asynchronous Cells). The survival of the 3 in vitro
melanoma strains after exposure to UV irradiation is shown in
Chart 1. Strain 19-4 (high pigmented) exhibited the greatest
UV resistance, having the least sensitive slope n = 3, D0 = 57
ergs/sq mm). Strain 26-4 (least pigmented) was the most UV
sensitive of the 3 strains (n = 3, b@ = 3 1 ergs/sq mm). Strain
9-4 (intermediate pigmented) exhibited an intermediate IJV
sensitivity (n = 3 ,@ = 54 ergs/sq mm) but more closely
approximated the sensitivity of strain 19-4. A UV survival
curve for the CHO2 cell line is included in Chart 1 for
comparison. It is characterized by n 10 and D0 20 ergs/sq
mm and is more UV sensitive than any of the melanoma lines.

Chart 1 also shows the results of fractionated dose
experiments with asynchronous melanoma cells (strain 26.4)
in which cells were given initial doses of 50 or 100 ergs/sq mm,
incubated for various lengths of time, and then given a 2nd
dose equal to the 1st one. Cells receiving 50 + 50 ergs/sq mm
UV exhibited a 1.5-fold increase in survival when the 2 doses
were separated by 3 to 4 hr. Cells irradiated with 100 + 100
ergs/sq mm showed a 3-fold increase in survival when the 2
doses were separated by 4 hr. These results seem to indicate
that human malignant melanoma cells are capable of recovery.

X-Ray Survival and Split Dose Recovery between
Fractionated Doses (Asynchronous). The X-ray survival curves
presented in Chart 2 indicate that all 3 melanoma strains
exhibit similar radiation sensitivities (Ã±= 40, D0 = 125 rads).
The melanoma lines have a slightly larger shoulder than do the
CHO cells, but the overall X-ray sensitivity of in vitro
melanomas is not significantly different from that of the CHO
line.

Also included in Chart 2 is the fractionated dose recovery
curve for strain 26-4 (asynchronous). An immediate increase in
survival is observed at 1 hr, reaching a 4-fold increase in
recovery when the 2 radiation doses are separated by 2 or 3 hr.
Sensitivity increases to a maximum when the radiation doses
are separated by S or 6 hr.

DISCUSSION
Recovery observed between fractionated doses of ionizing

radiation in mammalian cells was first described by Elkind and
Sutton (3) in 1959. Others (2, 6, 11) have since confirmed the

2 The abbreviation used is: CHO, Chinese hamster ovary.
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Chart 1. The in vitro UV survival and recovery of human malignant
melanoma cells (asynchronous). The CHO cell line is included for
comparison. â€”, survival as a function of increasing UV dose (lower
abscissa). Fractionated dose survival (- - - -) is expressed as a function of
time between 2 equal UV doses (upper abscissa).

phenomenon. Several reports (4, 13) have shown either none
or equivocal recovery between fractionated doses of UV.
Humphrey et aL (5) have recently reported that the CHO cell
line is capable of recovery from UV irradiation. A 5- to 6-fold
increase in survival was observed in CHO cells when the 2 UV
doses of 50 ergs/sq mm were separated by 4 hr. The 3-fold
increase in survival noted in melanoma cells when the 2 UV
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Chart 2. The in vitro X-ray survival and recovery of human malignant
melanoma cells (asynchronous). â€”, survival as a function of increasing
X-ray dose (lower abscissa). Fractionated dose survival (- - - -) is
expressed as a function of time between 2 equal X-ray doses (upper
abscissa).

doses of 100 + 100 ergs/sq mm were separated by 4 hr
indicates that these cells are also able to recover from sublethal
Uv damage. However, the enhanced survival may be due to
the fact that the cells had progressed into a more resistant
phase of the cell cycle by the time the 2nd dose was given.
Therefore, experiments on synchronized cells are being
performed to test this possibility.

The UV survival response of these 3 melanoma strains
appears to be correlated with the relative amount of pigment
that is present in each strain, i.e., the less pigment that a strain
has, the greater is its UV sensitivity. Therefore, the presence of
pigment might afford some attenuation and protection from
UV.

Although the amount of pigment may influence the
response of melanoma cells to UV, no effect of pigment on the
response of these cells to ionizing radiation was expected or
observed. All three strains exhibited the same sensitivities to
X-rays. A most interesting observation was that the melanoma
cells showed about the same response to X-rays as the CHO

cells. The presence of a slightly larger shoulder on the
melanoma survival curve (and the larger extrapolation number,
n = 40) indicated a greater potential to accumulate sublethal

damage. This could be attributed to the existence of
polyploidy or to changes in chromosome or nuclear volume in
interphase cells (1 2). It could also be due to an extremely
efficient repair system; however, the 4-fold increase in survival
observed in the fractionated dose recovery experiments was
not unusual.

Most likely the in vivo and in vitro differences in sensitivity
to ionizing radiation are due to variances in the cell cycle and
tumor growth fraction. Under â€œidealâ€•tissue culture
conditions, strain 26-4 has a cell cycle time of 17.9 hr
(G1 = 2.8 hr, S 1 1.4 hr, G2 3.7 hr). The cell cycle times of
the other 2 strains have not been determined experimentally,
but it is estimated that they will be between 15 and 24 hr in
duration in vitro. Shirakawa et al. (10) have recently
determined that the median in vivo cell cycle time of human
malignant melanomas is 3 days, with a G2 period of 5 hr, an S
phase of 2 1 hr, and a@ period of approximately 48 hr. The
growth fraction was 20%. Therefore, the radioresistance of this
tumor in vivo (as compared to our results in vitro) may be due
to the fact that,,at any one time, about 80% of the tumor cells
are in a nondividing phase of the cell cycle and therefore
would not necessarily express radiation damage. It is also
possible that in vivo melanomas contain a large population of
anoxic cells. It is well known that the radiosensitivity of many
mammalian tissues decreases as the availability of oxygen to
the tissues decreases (I ). However, with the optimal conditions
for in vitro growth in tissue culture systems, almost all of the
cells in the population are maintained in an exponential
growth phase and are therefore forced to repair quickly or
express the radiation damage and consequently exhibit a more
sensitive X-ray survival response.
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