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Opverall Rationale: The overall goal of this proposal is to investigate whether homologous recombinational DNA repair
(HRR) contributes to the repair of double-strand breaks (DSBs) generated by the radiation types found in the space
radiation environment. This proposal is a continuation of our previous work demonstrating that recombination is induced
in human cells exposed to Fe ions. Here, we aim to directly assess the role of HRR in the repair of DNA damage after
high linear energy transfer (LET) radiation in mammalian cells, an investigation that has never been carried out before.
High LET charged particles deposit large amounts of energy along the ion trajectories, leading to the induction of highly
localized DNA damage. These spatially correlated DSBs rejoin with slower kinetics and to less completeness than DSBs
induced by low LET radiation. In mammalian cells, X-ray induced DSBs are primarily repaired by non-homologous end
joining (NHEJ) in G1, but HRR plays a critical role in S- and G2-phases of the cell cycle. Several reports indirectly
suggest that HRR, generally a precise form of DNA repair, plays an important role in the repair of correlated DSBs.
Importantly, radiation-induced human tumors arise through a multi-step process of genetic change, and defects in HRR
leading to the stimulation of error-prone DNA repair pathways may accelerate this process. For this reason, it is
important to investigate directly whether alterations in the ability to perform HRR can sensitize humans to HZE particles.
Approach: We will determine in syngeneic human cells whether defects in HRR affect the extent of cell killing and the
mechanism of mutagenesis by densely ionizing Fe ions. RNA interference technology will be used to impair HRR
(targeting XRCC3, Rad51D or Rad51) in the human lymphoid cell line WTK 1. For comparison purposes, NHEJ will
also be targeted, and X-rays will be used to test high vs. low LET radiation effects. The Fe particle-induced mutation
frequencies will be determined at the autosomal TK1 locus and at the X-linked HPRT locus for parental WTK1 cells
and for one representative derivative of WTK1 cells with a ‘loss-of-function’ phenotype for HRR and for NHEJ. Sets of
TK1 mutants will be collected and the Fe ion-induced, X-ray-induced and spontaneous mutation spectra will be
compared to discriminate between recombinational and deletional events. Furthermore, we will investigate in hamster
and in human mutant cells whether impaired HRR enhances the cytotoxic effects of Fe ions. Wild-type CHO cells and
CHO mutant cell lines impaired in HRR (Rad51D, XRCC3) or in NHEJ (DNA-PKcs) will be compared. Both
asynchronous and synchronous cell cultures will be used and the relative contributions of both DNA repair pathways to
cell survival will be assessed. DSB repair in CHO mutant cell lines and wild-type cells will be measured using a
recently described assay that quantifies DSB rejoining by gH2AX foci formation. The effect of the loss of XRCC3 on
the cellular sensitivity to Fe particles in an hTERT-immortalized human fibroblast strain will also be determined.

Please note that this is a new grant for the FY 2006 year. The investigator will provide a task progress at the time of the
one year anniversary of the grant. If you need more information, please contact the Task Book Help Desk at
taskbook(@nasaprs.com.
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