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Considering the societal costs of diseases and the sustainability of healthcare systems, medical technology is required not only to ensure diagnostic
accuracy and treatment effectiveness but also to enhance cost-effectiveness. We believe that the design of material systems—chemical motifs capable
of specifically recognizing affected sites, emitting signals on-site, and exerting therapeutic effects—is crucial in this context, and we have extended
our focus to the biomedical field. Among these endeavors, this year’s highlights include: 1) a heteronuclear 4-nuclear Ca-Yb-TCAS complex, 2)
platinum complexes encapsulated within nanoparticles for tumor-selective treatment, 3) a metal-organic framework-based MRI contrast agent for
tumors, and 4) guidelines for drug design in safe chelation therapy.

Kinetic stable heterotetranuclear
Ca-Yb-TCAS complexes
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Metal complexes are useful for bio-imaging probes. However, the metal
center tends to dissociate to free metal ions and ligands in a biosystem
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Fig. 1 Structure and kinetic parameters of
heterotetranuclear Ca-Yb-TCAS complexes.

Fig. 2 Photothermal conversion and cell-killing ability of
polymeric nanomicelles loading diradical-platinum complexes.
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Fig. 3 Certificate of Poster Award at Fig. 4 Mn-MOF-74 and T1-weighted
the 76th Annual Meeting of Society MRI of tumor.
for Free Radical Research JAPAN.

Group Photo

Development of nanoparticles loading diradical-
platinum complexes toward tumor-specific
cancer therapy

Photothermal therapy has attracted attention as a cancer treatment
method with minimal side effects compared to conventional modalities.
This method uses therapeutic agents that convert bio-penetrable near-
infrared (NIR) light into heat to kill cancer cells. Achieving tumor-
selective delivery of these agents can restrict the heating area to the
affected sites, enhancing therapeutic efficacy. We focused on the
diradical-platinum complexes showing NIR absorption and developed
the complex-loading nanoparticles based on the enhanced permeability
and retention effect, allowing easy accommodation in tumors. These
nanoparticles absorbed NIR light and generated heat stably. Consequently,
the viability of cancer cells containing these nanoparticles decreased due
to NIR irradiation. In addition, the complex-loading nanoparticles
exhibited minimal cytotoxicity, implying the potential for the safe
delivery of platinum complexes (Figs. 2, 3).

Metal-organic framework (MOF)-based MRI
contrast agent for tumors

Approximately 40% of MRI examinations use gadolinium (Gd) contrast
agents. However, concerns about safety have arisen due to the accumulation
of Gd in the brains of subjects and the development of nephrogenic systemic
fibrosis in dialysis patients. In addition to safety, our research group has
developed a contrast agent based on the metal-organic framework Mn-
MOFEF-74, characterized by high relaxivity and ease of functionality. This
has enabled superior relaxivity and tumor-selective imaging compared to
Gd contrast agents (Fig. 4, Mol. Imaging. Biol.).

Guidelines for Drug Design in Safe
Chelation Therapy

The treatment of iron overload leading to the onset of liver cancer involves
the administration of iron chelators such as deferasirox (DFX), employing
chelation therapy to excrete complexes. However, iron chelators also
remove essential metals from the body, including zinc and copper. In this
study, we have examined the dissociation reaction rate of the DFX metal
complex to propose guidelines for drug design in safe chelation therapy
based on kinetic selectivity (Fig. 5, J. Inorg. Biochem.).
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Fig. 5 Solvolytic dissociation kinetics of
DFX complexes.
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