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Abstract

Cyclin D1 is a cell cycle protein that often overexpresses in several type of human
malignancy. A large fraction of overexpressing Cyclin D1 from human cancers is a result
of genetic mutation such as translocation, or amplification of Cyclin D1 gene, suggesting
that overexpression of Cyclin D1 is not merely a result of highly proliferative stage of
cancer cells, but is a major contributor of tumor formation. However, the precise role of
Cyclin D1 in cancer formation is still unclear.

Immunoaffinity-protein purification coupled with LC/MS/MS analysis has shown
that Cyclin D1 purified from several types of human tumors interacts with several novel
interacting proteins that work in the DNA-damage response (DDR), including RAD51. We
found that depletion of Cyclin D1 by short-interfering RNA (siRNA) confers DNA damage
hypersensitivity to cancer cells after treatment with DNA damage agents. This finding
suggests that Cyclin D1 may contribute to the cancer formation by protecting the cancer
cell from DNA damage agents. This finding was seen in cancer cells lacking the
retinoblastoma protein, which do not require D-cyclins for proliferation and it was found to
be independent of cyclin D1-CDK Kkinase activity, because treatment with a CDK4-specific
inhibitor PD 0332991 has no effect on DNA damage sensitivity.

We found that cyclin D1 directly binds RAD51, and that cyclin D1-RAD51
interaction is induced by DNA damage. Like RAD51, cyclin D1 is recruited to DNA
damage sites following radiation in a BRCA2-dependent fashion. Interfering with cyclin
D1 function impairs recruitment of RAD51 to damaged DNA and impedes the homologous
recombination-mediated DNA repair. Reduction of cyclin D1 levels in human cancer cells
increased sensitivity to radiation in vitro and in vivo, in solid tumors. These findings reveal
an unexpected function of a core cell cycle protein in DNA repair and suggest that
targeting cyclin D1 may be beneficial also in retinoblastoma-negative cancers which are
currently thought to be oblivious to cyclin D1 inhibition.
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