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Development of Supramolecular Photosensitizers Driven
by Near-infrared Light and Their Application to Theranostics

Hajime SHIGEMITSU*

Photodynamic therapy (PDT) is a minimally invasive cancer treatment that uses light-activated
photosensitizers to generate reactive oxygen species and selectively destroy tumor tissues. However,
conventional PDT is limited to superficial lesions due to the poor tissue penetration of visible light. To overcome
this, near-infrared (NIR) photosensitizers have been developed, but further improvement in light absorption
and photosensitization efficiency is required for deep-tissue applications. In this study, we developed a
supramolecular NIR photosensitizer based on an amphiphilic phosphorhodamine derivative, PR-Et-C18,
which self-assembles in water to form J-aggregates with enhanced optical properties. Comparative analysis
with a non-assembling analog, PR-Et-C2, revealed that PR-Et-C18 exhibits red-shifted absorption and quenched
fluorescence in water, indicating supramolecular assembly formation. The assembled PR-Et-C18 demonstrated
over 1000-fold higher photosensitization activity compared to PR-Et-C2, as confirmed by ABDA degradation
experiments. Mechanistic studies using ESR spectroscopy revealed that the enhanced activity originates from
charge-separated states within the assemblies, leading to superoxide generation without singlet oxygen
formation. Furthermore, PDT experiments using melanoma-derived cells showed effective therapeutic
outcomes. Our results highlight the potential of supramolecular assembly-based design to overcome current
limitations of PDT and offer a promising strategy toward deep-tissue phototherapy and theranostic applications.
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