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The molecular basis for replication-
induced DNA damage in early stages of
cancer development

Folate deficiency enhances oncogene-induced
fumorogenicity in mouse 3T3 cells

Anchorage-independent growth in soft agar
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Chromosomal instability is a hall mark of cancer. In early stages of cancer development the
instability is caused by stress on the DNA replication. However, the molecular basis for this
replication perturbation remained unknown. We have studied the replication dynamics in
cells enforced to proliferate by aberrant activation of the Rb-E2F pathway. We found that
oncogene expression enforces cell proliferation with an insufficient pool of nucleotides to
support normal DNA replication resulting in replication perturbation, DNA damage and
genome instability. An exogenous supply of nucleosides rescued the replication stress,
decreased the replication-induced DNA damage and reduced transformation.

We further analyzed the effect of folate, an environmental factor essential for nucleotide
biosynthesis, on early stages of cancer. We show that suboptimal levels of folate, which are
associated with increased risk of cancer development, lead to concentration-dependent
replication-induced DNA damage. Folate deficiency significantly enhances the replication
stress caused by aberrant oncogene expression, leading to significantly increased DNA
damage and tumorigenic potential.
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