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Telomeres, the capping structures that stabilize linear chromosome ends, are distinguished from damaged
DNAs. The so-called end replication problem occurs at each DNA synthesis in human somatic cells, which
results in gradual telomere shortening and eventual cell senescence or apoptosis. This machinery has been
postulated as one of tumor suppressor mechanisms. Because most cancer cells reactivate the
telomere-synthesizing enzyme called telomerase to stabilize their telomeres, they can grow infinitely. Dr.
Hiroyuki Seimiya (Japanese Foundation for Cancer Research), principal investigator of this research project,
focuses on (i) G-quadruplexes, which are formed by guanine-rich repetitive sequences such those in
telomeres and (ii) tankyrase, a poly(ADP-ribose) polymerase, which enhances function of telomerase, as
molecular targets whose manipulation can induce telomere dysfunction in cancer cells. Goals of this research
project are (i) to develop novel synthetic G-quadruplex stabilizers (G4 ligands) and verify their anticancer
effects in vivo and (ii) to develop a molecular cancer therapeutic model with tankyrase inhibitors, which
have been developed by this research group.

Prof. Kazuo Nagasawa (Tokyo University of Agriculture and Technology) and co-workers analyzed the
physical properties for macrocyclic 6- and 7-oxazole compounds, which have been synthesized so far, and
identified G4 ligands that exhibited efficient interaction with telomeric G4 DNA. Then in collaboration with
Dr. Seimiya’s group, they identified additional novel ligands that showed an antiproliferative effect on
cultured cancer cells. These results gave them the direction for further structural development of the
macrocyclic compounds for an anticancer activity. Dr. Seimiya and co-workers further analyzed the
relationship between antiproliferative effects on various cancer cell lines and physical properties for the
above-mentioned compounds, and identified several cell lines that were hypersensitive to potent G4 ligands.
While these G4 ligands induced telomeric DNA damage in glioma stem cells, which we have been focused
on as G4 ligand-sensitive cancer cells, the same ligands did not induce significant DNA damage in the
hypersensitive cell lines identified in the present study. These observations suggest a novel mode-of-action
of G4 ligands.

Meanwhile, Dr. Seimiya and co-workers analyzed the effects of several tankyrase inhibitors on the
growth of various cancer cell lines. As a result, cancer cells that retained very short telomeres exhibited the
highest sensitivities to tankyrase inhibitors. However, the Glso values of these inhibitors were relatively high,
which suggests that combination with a telomerase inhibitor or other drugs would be required to gain
sufficient efficacy of tankyrase inhibitors. Accordingly, Dr. Yoko Yashiroda (RIKEN) and co-workers
performed a genome-wide pooled and barcoded short-hairpin RNA (ShRNA) screening to determine
synthetic lethal interactions with tankyrase inhibitors. This approach will help to identify predictive
biomarkers for the efficacy of tankyrase inhibitors and molecular targeted drugs that enhance the antitumor
activity of tankyrase inhibitors. After barcode sequencing of inhibitor-treated and untreated cells, many
candidate genes were identified.
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