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Inverse radiation dose-rate effects on somatic and
germ-line mutations and DNA damage rates
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DREs on specific locus mutations induced by low LET ionizing radiation

in mouse spermatogonia.

the overall dependence of induced mutations being parabolically related to

DR(Dose Rate), with a minimum in the range of 0.1 to 1.0 ¢cGy/min.
This general pattern can be attributed to an optimal induction of error-free DNA

repair in a DR region of minimal mutability (MMDR region).

These estimates suggest a genetically programmed optimatization of response to

radiation in the MMDR region.

The adapting (priming) dose is usually at a level of one or several cGy and/or is
delivered at a low DR, e.g., 1 cGy/min. There is evidence for the dependence of an




adaptive response on DR with an optimal response of somatic cells, at some (but
not all) conditions, near 1 cGy/min, i.e., at a minimum value of mutation rate.

This minimum could be a mutational signature of the antimutagenic
radioadaptive response, as supported by studies of factors that can inhibit both
radioadaptation and mutational DREs. Protection against induced mutations
decreases with further decrease in the DR of the priming dose into a very low DR

range .

the optimal induction of DNA repair and other defense mechanism(s) in the
DR range of 0.1 to 1.0 cGy/min, and at certain doses (the interplay between doses
and DREs is not considered here).

Therefore, a signal for induction of the antimutagenic radioadaptive response
must be recognized by a cell against a “noisy” background. Such recognition
should be most effective in the presence of a relatively low (but probably not too
low) background. If our explanation of the DR pattern in Figs. 1 and 2 is correct,
then such a maximum would be realized in the region of minimally mutagenic

DRs (MMDR).

Attention has been focused on the TP53 gene, because its level is increased
after radiation of cells in the G 1 phase of the cell cycle.

The molecular analysis of DREs(Dose Rate Effects) on mutation should be
connected with DREs for cell killing, which we have not considered here but which
could have significant implications for radiotherapy.

The MMDR is approximately one million-fold higher than the background
radiation level. Why and how was this high level of 0.1-1.0 ¢cGy/min for the
MMDR selected during evolution?

Could it be that selection for protection against DNA damage occurred as a result
of exposure to radiation delivered at such high DRs during some earlier age, or
that it resulted from coselection by another, perhaps chemical, agent? Thisisa

problem for further research.
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Endogenous DNA double-strand breaks: Production,
fidelity of repair, and induction of cancer
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Radiation dose-rate effects, endogenous DNA
damage, and signaling resonance
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the only mechanism common to all of these phenomena is the double-strand
break (DSB) in DNA, we refer to our previous analysis of the endogenous
production of DSBs, from which we concluded that 50 endoge-nous DSBs occur
per cell cycle, although most are repaired without error. Comparison then reveals
that their rate of production falls within the range of minima for the several end
points pursuant to radiation-induced DSBs. '
We conclude that the results reflect a physiological principle whereby signals
originating from induced DSBs elicit responses of maximal effectiveness when
they are produced at a rate near that of the production of endogenous DSBs. We

refer to this principle as “signaling resonance.”
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The pattern of the DRE on clonogenic cell death of human PC3 prostate cancer cells exposed
to 5 Sv of low-linear energy transfer IR in vitro.

Asynchronously growing cells were exposed to 5 Sv of low-DR vy rays or by 5 Sv of x-rays
in the case of the highest DR.

100% (control cells) — % of cells remaining clonogenic.
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