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Creation of activatable photosensitizers toward next-generation photodynamic therapy

Thesis Summary

Photodynamic therapy (PDT), which utilizes photosensitizers and non-harmful light to induce selective
destruction of target tissues, is a promising therapy for diseases such as cancer due to its advantages of minimal
invasiveness and high spatiotemporal selectivity. However, non-specific photodamage caused by sunlight
exposure to healthy tissues remains a significant issue. In this context, activatable photosensitizers, which can turn
on their photosensitizing abilities by reacting with a specific biomarker expressed in the target tissues, have
attracted much attention as candidates for next-generation PDT agents. In this thesis, creation of tumor-related
biomarker-activatable photosensitizers based on natural products are described.

First, the 2-naphthol moiety of neocarzinostatin chromophore was found as a protein photodegrading agent
which can be excited with long-wavelength UV light. In addition, the structure-activity relationship study
revealed that the 1,3-dicarbonyl enol moiety is the key structure for the regulation of the photosensitizing ability,
and the protection of the hydroxyl group of the 1,3-dicarbonyl enol moiety suppressed the photosensitizing ability.

Next, a tumor-related biomarker, H>O»-activatable and hybrid-type photosensitizer based on the 2-naphthol
moiety of neocarzinostatin chromophore has been developed. The hybrid possesses a HO»-reactive arylboronic
ester conjugated to the hydroxyl group of the 1,3-dicarbonyl enol moiety through a benzyl ether link. After
chemical synthesis of the hybrid, its photosensitizing ability was examined under long-wavelength UV light
irradiation. As a result, it was found that the hybrid showed negligible photosensitizing ability. In addition, the
reactivity of the hybrid against H-O, was evaluated, indicating that the hybrid effectively reacted with H,O,, and
released the photoactive 2-naphthol moiety of neocarzinostatin chromophore. Furthermore, the photo-cytotoxic
activity of the hybrid against normal human-lung fibroblast WI-38 cells and mouse melanoma B16F10 cells,
which express H>O; at a higher concentration, was examined. As the results, it was found that the hybrid exhibited
selective and effective photo-cytotoxicity against B16F10 cells upon photo-irradiation, indicating that
purpose-designed and synthesized the hybrid is a novel H,O»-activatable photosensitizer.

Finally, a H,O»-activatable and hybrid-type photosensitizer based on a photosensitizer, hypocrellin B, has
been developed. The two hydroxyl groups of the 1,3-dicarbonyl enol moieties of hypocrellin B are masked with a
H,0»-reactive arylboronic ester. After chemical synthesis of the hybrid, its photosensitizing ability was examined
under visible light irradiation. As the results, it was found that the hybrid showed negligible photosensitizing
ability without H,O,. However, release of hypocrellin B from the hybrid by reaction with H,O; regenerated the
photosensitizing ability. Furthermore, cell viability assays against WI-38 and B16F10 cells showed that the hybrid
exhibited selective and significant photo-cytotoxicity against BI6F10 cells upon photo-irradiation with highly
tissue penetrating visible light. These results indicated that purpose-designed and synthesized the hybrid is a

less-invasive H,O»-activatable photosensitizer.




