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Genetic control of chromosomal stability in mammalian cells
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Chromosome aberrations including gene amplification and translocation are a cytogenetic
characteristics of tumor cells. Bloom's syndrome, Fanconi's anemia, ataxia telangiectasia, and
xeraderma pigmentosum that are cancer prone autosomal recessive disease, are in fact called
chromosome instability syndrome, indicating that chromosome stability is controlled genetically.
In order to identify genes and their products that are associated with control of chromosome
stability in mammalian cells, (i} we isolated temperature-sensitive mutants form Chinese hamster
CHO cells which showed high frequencies of chromosome aberrations and/or sister chromatid
exchanges when exposed to a non-permissive temperature of 39°C. By genetic complementation
test 25 mutants were classified into 7 groups; Mutants of group I, 2, and 3 were characterized as
high frequency of chromesome aberrations, sister chromatid exchanges, and both, respectively.
At non-permissive temperature, some mutants were arrested in S phase and some in other phases
of cell cycle, indicating that chromosome stability is controlied by many genes associated with not
only DNA replication but also chromatin condensation/decondensation, and chromosome disjunc-
tion. By introducing human DNA into some of these mutants attempts to clone the human genes
responsible for chromosome stability is under way. (ii) We found that a physiological distortion
of nucleotide metabolism leads to chromosome instability in mammalian cells. When cells were
starved of thymidylate by treating with deoxynucieoside analogues such as FdUrd or mutant
cetls deficient in thymidylate synthase were cultured in the absence of thymidine, a rapid
intracellular imbalance of 4 dNTPs was provoked that was followed by an accumulation of DNA
fragments of 50-150 kilobases in length and cell death. We demonstrated in vitro that
an unknown endonuclease responsible for such specific double strand DNA breakage is induced in
the thymidylate starved cells. From these results we discuss about a possible mechanism of
programmed dealh in somatic cells that is tightly associated with chromosome replication.
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