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Abstract

DNA double-strand breaks are one of the most lethal lesions to a
cell that can be repaired by one of the two cellular pathways; non-
homologous end joining or homologous recombination.
Homologous recombination genes are particularly attractive targets
for precision cancer therapy because these genes have altered
expression patterns in cancer cells when compared with normal cells
and these genetic abnormalities can be targeted for selectively
killing cancer cells while leaving normal cells unscathed. Synthetic
lethality is thought to be the new frontier of cancer therapeutics
because it overcomes the limitation of chemotherapy, which is
unable to discriminate between cancer cells and normal cells. Two
genes are synthetically lethal when simultaneous disruptions of both
genes gives rise to a lethal phenotype, while the disruption of either
gene alone is viable. Many homologous recombination genes have
synthetic lethal relationships with oncogenes and tumor suppressor
genes, which can be targeted for the development of cancer therapy-
an approach referred to as combination therapy. In my presentation,
I will summarize recent progress in understanding both the
functioning and the regulation of the DNA repair machinery and
elaborate on the clinical applications of these proteins in cancer
therapy.

Smad4 is a central mediator of TGF-f signaling, and its expression
is downregulated or lost at the malignant stage in several cancer
types. In this study, we found that Smad4 was frequently
downregulated not only in human head and neck squamous cell
carcinoma (HNSCC) malignant lesions, but also in grossly normal
adjacent buccal mucosa.

To gain insight into the importance of this observation, we
generated mice in which Smad4 was deleted in head and neck
epithelia (referred to herein as HN-Smad4—/— mice) and found that
they developed spontaneous HNSCC. Interestingly, both normal
head and neck tissue and HNSCC from HN-Smad4—/— mice
exhibited increased genomic instability, which correlated with
downregulated expression and function of genes encoding proteins
in the Fanconi anemia/Brca (Fanc/Brca) DNA repair pathway linked
to HNSCC susceptibility in humans. Consistent with this, further
analysis revealed a correlation between downregulation of Smad4
protein and downregulation of the Brcal and Rad51 proteins in
human HNSCC. In addition to the above changes in tumor epithelia,
both normal head and neck tissue and HNSCC from HN-Smad4—/—
mice exhibited severe inflammation, which was associated with
increased expression of TGF-B1 and activated Smad3. We present
what we believe to be the first single gene—knockout model for
HNSCC, in which both HNSCC formation and invasion occurred as
a result of Smad4 deletion. Our results reveal an intriguing
connection between Smad4 and the Fanc/Brca pathway and
highlight the impact of epithelial Smad4 loss on inflammation.
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