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During deep space exploration, personnel will be exposed to charged particles of intermediate and high atomic number,
often collectively referred to as densely ionizing radiations. For a given dose these are almost certainly more likely to
cause cancer than the sparsely ionizing types of radiation typically encountered on Earth, such as x- and gamma rays.
Since it is not possible to determine directly the carcinogenic potential of such radiations, it becomes necessary to rely on
surrogate experimental systems to provide this information. For a number of reasons, the formation of nonlethal
(transmissible) chromosome aberrations, mainly reciprocal translocations and inversions, is considered by many to
represent the best surrogate endpoint. And yet, only recently have we begun to really understand the molecular processes
governing their formation, including possible differences that probably exist in the way that aberrations produced by
sparsely- versus densely-ionizing radiations are formed. We propose using advanced molecular methods, including
genome sequencing, to characterize structural changes to the DNA of human cells that accompany the formation of
transmissible chromosome aberrations caused by exposure to various types of radiation likely to be encountered in deep
space.

Radiation-induced reciprocal chromosome translocations and inversions are particularly important in that regard as they
relate to crewed space activities. In addition to causing cancer, their appearance also accompanies ongoing genome
instability processes associated with their progression. The fact that these particular chromosome aberrations are
transmissible (non-lethal) also makes them ideal candidate biomarkers of accumulated radiation exposure. We argue that
molecular analysis of breakpoint junctions formed as the result of translocations and inversions is vital to understanding
the process of exchange aberration formation, since it is here where underlying repair/misrepair pathways leave their
“molecular fingerprints.” Regarding relevance to NASA’s concerns, the study of chromosome aberrations stands to tell
us much about mechanisms underlying the cancer process itself. The relationship between particle energy/track structure
and radiogenic changes to the genome represents an important first step in understanding 1) basic dose-response
relationships at low fluences and 2) fundamental carcinogenic processes that may ultimately form the basis for
subsequent mitigation strategies.

Humans activities associated with deep space flight are exposed to a variety of radiation types not found on Earth. These
include ions of heavy elements stripped of their electrons. These HZE (high energy) particles damage the DNA of cells
to produce chromosome aberrations, most of which involve broken pieces of one chromosome rejoining with similar
broken pieces from a different chromosome. These rearrangements can cause mutations and cancer. To understand more
about the processes causing these types of chromosome aberrations, it becomes necessary to study, at the molecular
level, changes in the DNA that occur precisely at the junctions where the two broken chromosomes rejoin with one
another.

The basis for this study involved a comparison between the type of damage caused by HZE radiations compared to that
produced following exposure to more common terrestrial radiations, like gamma rays. The type of chromosome damage
under investigation involves illegitimate rejoining of genetic material from one chromosome to another in the form of
chromosome translocations. We investigated the DNA sequences surrounding the new junctions produced when such
translocations are formed. For gamma rays we found that the junctions could be characterized by the resection of 1-6
basepairs of DNA, containing short stretches of sequence homology between the pieces of chromosomes being rejoined,
and that the initial breaks in the chromosomes frequently occurred in repetitive DNA, as opposed DNA coding for genes.

Ed. note July 2021: Project continues as Directed Research project, "Molecular Characterization of Transmissible
Chromosome Aberrations Produced by Ions of Intermediate and High Atomic Number: grant SONSSC21K0679," with
the same PI, Dr. Michael Cornforth. See that project for subsequent reporting.
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