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Letter to the Editor

Radiation-resistant Tumor Cells May Be More Sensitive in Vitro

A recent paper by Barranco et al. (2) published in CANCER
RESEARCH described the radiosensitivity of 3 malignant
melanoma cell lines grown in vitro. Compared to normal
Chinese hamster ovary cells, proliferative capacity after
X-irradiation was very similar, although the larger shoulder of
the melanoma survival curve indicated a greater potential for
accumulation of sublethal damage. Several possible
explanations of the resistance of the melanoma in vivo were
discussed, and it was concluded that altered growth fraction,
with cells in a noncycling state where radiation damage could
remain unexpressed, was the most attractive hypothesis. A
noncycling population can also be produced with many cell
lines in vitro when the cells reach confluence. Most cells
irradiated in this phase have an increased sensitivity although,
when cell cycle progression after exposure is inhibited, survival
is often enhanced (3, 6, 8). This demonstration of in vitro
repair of potentially lethal damage provides some support for
the hypothesis.

More recently, Hornsey (7) demonstrated that the wider
shoulder had profound effects if radiation was given in
numerous small fractions, thus showing that Barranco's data

did explain the well-known resistance of melanomas to
conventional radiotherapy. She further suggested that survival
curve shoulders, as quantitated by the parameter Dq, of many
cells in vivo are often much greater than those of estabished
cell lines in vitro. This may not be a general phenomena, and
may depend on cell type as well as irradiation conditions. For
example, Barendsen's data (1) for survival of

rhabdomyosarcoma cells grown and X-irradiated both in vivo
and in vitro showed that the aerobic survival curve shoulder
was greater when the cells were grown as a tumor, but under
anoxic conditions no difference was observed.

If a wider shoulder can in fact be demonstrated for any
tissues irradiated in vivo, the possibility exists that the highly
radioresistant in vitro melanoma cells might be even more
resistant in vivo. This may simply be a result of intercellular
contact. We have developed an in vitro culturing system in
which cells grow in 3-dimensional structures or multicellular
"spheroids" (10). At large sizes these develop a decreased

growth fraction and a necrotic center. Irradiated spheroids
have been reduced to single cells by exposure to trypsin and
assayed for survival by colony formation. Radioresistant cells
were found and were determined to be the result of hypoxia,
intercellular contact, and cell cycle alterations (9).
Intercellular contact effects were investigated in small
aggregates of 5 to 15 cells grown for only 24 hr and free of cell
cycle alterations and metabolite deficiencies (4). Cells grown
as spheroids had a wider shoulder, characterized by a 20-fold
increase in extrapolation number and a doubling of the Dg
value as compared to single cells on plates or in suspension.
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Similar increases were demonstrated under hypoxic
conditions. Subsequent experiments have demonstrated that
the "contact effect" varies with position in the cell cycle and

that repair capacity is increased in spheroids (5). In contrast to
the prediction of Barranco et al, larger spheroids irradiated
when the growth fraction was much less than 1.0 were more
sensitive to radiation due to cell cycle effects and did not show
an increased survival (repair of potentially lethal damage)
when assay was delayed.

Intercellular contact in the spheroids prior to and during the
radiation exposure was essential for maximal resistance,
suggesting that the contact may increase normal repair
efficiency or somehow "activate" additional cellular

mechanisms for withstanding ionizing radiation. The detailed
mechanism of this "contact effect" has not yet been

established, but it has been shown that the enhanced repair
requires active metabolism since it can be almost completely
eliminated by irradiation of the spheroids at 4Â°.Since the

intercellular contact or communication in the spheroid system
may simulate that of some tissues in vivo, the effect may
represent another component of the radiation resistance of
many tumors such as melanoma. If such an enhanced survival
could be demonstrated in vivo, it is tempting to speculate that
radiotherapy of such tumors in conjunction with an
appropriate communication "blocking" agent may have highly

successful results.
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