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Development of Chemical Motifs for Biomedicine
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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 exert

ing 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) heteronuclear 4-nuclear thiacalixarene complexes, 2) Gd

nano-particle for neutron capture therapy, and 3) intracellular behavior of a platinum complex having photothermal conversion ability.
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Synthesis of heterotetranuclear thiacalixarene
complex with transition metal ion and
lanthanide ion

Our laboratory has previously reported that a mixture of thiacalixarene
(TCAS) and lanthanide (Ln) ions form a trinuclear Ln cluster complex
(LnsTCAS>), which exhibits good luminescence property through an
energy-transfer mechanism, high relaxivity, and kinetic stability. This
year, we found that mixing the Ln;TCAS; complex with transition metal
ions (M) results in the formation of the novel heterotetranuclear
complexes (Fig. 1, MiLn;TCAS;, M = Mn*", Fe**, Co*", Ni*, Cu?*’, Zn*").
In the case of Ln = Tb* and M = Zn?*", the Zn,Tb;TCAS; complex exhibited
Tb-centered luminescence with good luminescence properties (quantum
yield ¢ = 0.17 and lifetime t = 1.12 ms). Additionally, the ZnTbsTCAS,
complex could be selectively synthesized under pH conditions of 6.0 ~
6.8. In contrast, other M,Tb;TCAS, complexes showed diminished or
weak Tb-centered luminescence due to paramagnetic quenching. In
conclusion, the heterotetranuclear M, Ln;TCAS, complexes can potentially
add multimodality and enhance functionality through metal-Ln
interactions. Moreover, the kinetic stability of the M;Ln;TCAS, complexes
surpasses that of the Ln;TCAS, complex depending on the number of
metal centers (RSC Adv., 2025, 15, 3849).
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Fig. I Formation of MiLn;TCAS.

Fig. 2 ANP for MRI-guided NCT.
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Reunion party commemorating the 10th anniversary of the group.
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Fig. 3 Hyperspectral imaging of human breast cancer MCF-7 cells containing
diradical-platinum complex PtL: solubilized by bovine serum albumin.

Gadolinium Nanoparticles Enabling Neutron
Capture Therapy for Cancer

Neutron capture therapy (NCT) selectively destroys cancer cells by
irradiating neutron capture agents with thermal neutrons, generating
high-energy particles. The success of NCT depends on the selective
accumulation of neutron capture agents in tumors. We developed
Gd;TCAS;-loaded albumin nanoparticles (ANPs) for MRI-guided NCT,
leveraging gadolinium’s (Gd’s) dual properties of magnetic relaxation
and neutron capture (Fig. 2). TCAS forms a stable complex with Gd
(GdsTCAS,), which enhances MRI contrast and binds strongly to
albumin. The synthesized ANPs (158 nm) exhibited 8% Gd loading, and
10.7-mM-'s MRI relaxivity. In 50-uM ANP-treated MCF-7 cells, 1.3 nmol
of Gd was delivered per 1 x 10° cells. Upon thermal neutron irradiation, cell
viability significantly decreased. These results support further in vivo
studies to evaluate ANP-based NCT efficacy (Colloid Surf.
A-Physicochem. Eng. Asp., 2024, 699, 134579).

Observation of intracellular behavior of non-
fluorescent agents using hyperspectral imaging

Our group has studied cancer photothermal therapy applications of
diradical-platinum complexes due to their photothermal conversion
properties. Hyperspectral imaging which can construct an image with
spectral information in each pixel was used to evaluate the performance in
the cells of these non-fluorescent complexes (Fig. 3). We successfully
imaged the intracellular distribution of near-infrared absorption derived
from the hydrophobic complex PtL, after incubating human breast cancer
MCEF-7 cells with the complex. Furthermore, we clarified the subcellular
precipitation of complexes by extended incubation time from the spectral
change in the region of the cells in images. This method will provide
significant insights into molecular design and performance evaluation for
non-fluorescent agents (Anal. Sci., 2024, 40, 1857).
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Fig. 4 Certificate of Tohoku
Encouragement Award for
Analytical Chemistry presented to
Prof. Sawamura.

Fig. 5 Nanomedicines for Effective
Cancer Therapy, featuring our
contributed chapter, "Multifunctional
Metal Complexes for Cancer
Theranostics."
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