


SCE INDUCED BY «-RADIATION

Table 1 Dosimetry for a-particle irradiation

Exposure Absorbed Mean no. of

time (s) dose (mGy) a-tracks/nucleus ¢
0.067 0.16 0.0004
0.125 0.31 0.0007
0.250 0.61 0.0014
0.500 1.23 0.0028
1.000 2.45 0.0056
2.000 4.90 0.0112

4 CR-39 track etch plastic was used for measurements of particle fluence and
field uniformity. The dose rate was 0.0054 a-track/mm?/min, and the average size
of the nucleus was 62.2 pm?, yielding 0.366 tracks/nucleus/min.
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Fig. 1. Induction of SCE by irradiation with plutonium-238 a-particles. In-
duced frequencies of SCE were obtained by subtracting background from observed
frequencies in each experiment (see text). x2 test yielded P < 0.005 between
control and cells irradiated for 0.125 to 2.0 s (0.31 to 49 mGy). Points, mean of
3 to § individual experiments representing a score of a total of 375 cells for each
(except 2 s = 295 cells, and points without bars represent single experiments);
bars, SEM.
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hamster cell lines (5). In all of these cell lines, a comparable
elevation in SCE required approximately 1.0 to 2.0 Gy of X-
irradiation. Thus, the relative biological effectiveness is very
high (>100) for this end point. This is consistent with earlier
findings of the induction of SCE in resting human lymphocytes
(6) and with the conclusions of Kadhim ef al. (1) in mouse
hematopoietic cells. In these latter cases, however, no effect
could be demonstrated with X-irradiation, suggesting a relative
biological effectiveness approaching infinity.

The significance of SCE in mammalian cells is not clear,
though it does represent a type of genetic change within the cell.
Clearly, however, the kinetics of the induction of SCE differ
from those for chromosomal aberrations. In a previous study
(5), we observed a linear increase in the frequency of chromo-
somal aberrations in CHO K-Ic cells irradiated with doses of 20
to 300 mGy. As the aberration frequencies observed are much
lower than those for SCE, the findings were consistent with an
increased frequency of aberrations occurring in cells traversed
by one or more a-particles. Interestingly, however, most of the
cells containing aberrations following irradiation with 20 to 60
mGy survived; in the present study, no evidence of cell killing
was observed at any of the doses studied (up to 4.9 mGy).

The mechanism by which elevated frequencies of SCE occur
in irradiated cells in which the nucleus incurs no direct inter-
action with an a-particle is not clear. It is possible that com-

munication among cells may occur at the molecular level
through autocrine signaling processes, perhaps through activa-
tion of signal transduction pathways following a-particle inter-
actions with the cell membrane or cytoplasm. Peroxidized un-
saturated fatty acid products have been found in subcellular
fractions of rat liver immediately after irradiation; the amount
of these products increased markedly during postirradiation
incubation at 37°C (7). Asaoka et al. (8) reported that unsatur-
ated fatty acids and diacylglycerol activate some members of the
PKC family of enzymes at the basal level of Ca2* concentration.
PKC plays a critical role in cell growth, and PKC activated by
phorbol ester tumor promoters can produce a cascade of events
including O, free radicals and alterations in gene expression.
Frenkel et al. (9) reported that the tumor promoter 12-O-tet-
radecanoyl phorbol-13-acetate induced radiation-like DNA
base damage in human polymorphonuclear lymphocytes. It has
been shown that phorbol ester tumor promoters can induce
SCE in cells at concentrations which produce no other measur-
able genotoxic effects (10, 11).

SCE are thought to reflect the activity of recombinational
processes (10), and there is evidence that such recombinational
activity may be induced in both yeast and human cells by ion-
izing radiation (12, 13). This activity might be turned on by
signals arising outside of the nucleus (14). Long-lived free rad-
icals such as superoxide (O,~) may be produced when a-parti-
cles interact with cell membranes. A cascade of free radical
reactions may then occur including the production of hydrogen
peroxide (H,O,) and organic peroxides that results eventually
in the production of hydroxyl radicals within the nucleus caus-
ing DNA damage. It has been proposed that the clastogenic
effects of phorbol ester tumor promoters are mediated through
the production of O, (15). Evidence for an indirect effect of
irradiation in producing SCE has also arisen from studies with
heterokaryons following fusion of irradiated and nonirradiated
mouse and CHO cells (16).

Though the mechanism remains unclear, the fact that genetic
changes can be induced in cells by such low levels of exposure
to a-radiation offers further evidence that the risk to occupa-
tionally exposed individuals may not be easily extrapolated
from epidemiological data for low LET radiation (1). These
findings may also have important implications for exposure
standards for the general population. The dose range yielding
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Fig. 2. Distribution of frequencies of SCE among individual cells irradiated
with plutonium-238 a-particles. 4, nonirradiated controls; B, 0.125 s (0.31 mGy);
C, 1.0 s (2.45 mGy). The hatched bars in the histograms represent a-particle-
induced SCE while the open bars represent background frequencies of SCE based
on the distribution observed in nonirradiated cells (4). The results are from a
single experiment (No. 220-6), but similar results were observed in all other
experiments.
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significantly increased frequencies of SCE in the present study
(0.31 to 4.9 mGy or 31 to 490 millirads) is well within the range
of exposure reported to occur from radon in many homes.
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