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ABSTRACT

Investigation of the relationship between Fanconi anaemia and
homologous recombination repair
by Xiao Yu Xuan

Fanconi anaemia (FA) is a rare heterogeneous genetic disorder characterised by progressive
bone marrow failure and increased cancer susceptibility. To date, thirteen complementation
groups have been classified (FA-A, B, C, D1, D2, E, F, G I, J, L, M and N) and the genes for
all of these groups have been cloned. The diagnostic test for FA is increased chromosomal
aberrations in response to interstrand crosslinking (ICL) agents such as mitomycin C (MMC)
and diepoxybutane (DEB). Chromosomal and cellular hypersensitivity to ICL agents is the
defining characteristic of FA cells implying that the FA proteins participate in the repair of
interstrand crosslinks.

It is believed that ICL removal requires multiple repair processes including homologous
recombination repair (HRR). However, FA cells are thought to exhibit little or no
hypersensitivity to ionising radiations (IR), which induce double-strand breaks (DSBs), whilst
a major pathway for the repair of DSBs in mammalian cells is HRR. Nevertheless, recent
research on FA has shown that some FA proteins interact with proteins required for HRR
whilst others like, FANCD1 (BRCA?2), are HRR proteins themselves. The aim of this study
was to further investigate the relationship between FA and HRR. A modified growth
inhibition assay was developed and used to determine the responses of DT40 chicken cell FA
mutants to DNA damage induced by ICL agents, radiomimetic agents (phleomycin) and
PARP-1 inhibitors. Where possible the sensitivities of the DT40 mutants were confirmed in
human FA cell lines. The data from the growth inhibition assays suggest that some FA proteins
are required for the repair of DNA damage other than just ICL and the requirement for these
FA proteins depends on the precise nature of the damage. FANCG and FANCD2, as part of
the BRCA2-D2-G-X3 complex are required for phleomycin induced damage whilst, FANCD2
and FANCI, but not FANCG, are required to resolve DNA damage resulting from PARP-1
inhibition. Using a vector (SCneo) based HRR assay, it is shown that a Chinese hamster
fancg mutant exhibits reduced levels of HRR after MMC and phleomycin treatment, but not
following PARP-1 inhibition. Conversely, a human FA-D2 cell line is severely reduced in
performing HRR following treatment with a PARP-1 inhibitor. The data from the growth
inhibition and HRR assays also indicate that the non-ubiquitylated form of FANCD2 may
have an active role in DNA repair and does not always require activation by
monoubiquitylation. ~ Finally, data is presented to show that FANCD2 can operate
independently to FANCI, which challenges the current view that FANCD2 and FANCI act
exclusively in complex with each other.

This study is the first demonstration that certain FA proteins are required for the repair of DNA
damage other than ICL and that this repair is mediated by HRR. It is also the first
demonstration that non-ubiquitylated FANCD2 is biologically active with functions in DNA
repair, and furthermore, that it can operate independently of the FANCI protein. These
findings provide significant new insights into understanding the molecular defect in FA.
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