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Development of functional gold nanoparticles towards targeted alpha therapy and elucidation
of sphingomyelin molecular species as a novel immunomodulator
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|Topic 1: Development of functional gold nanoparticles towards targeted alpha therapy (TAT)I

There is growing interest in radionuclide therapy, particularly targeted alpha therapy (TAT), owing to its potent
anti-tumor capabilities. One of the most promising radionuclide for TAT is astatine-211 (*'*At), which has a
relatively short half-life of 7.2 hours. 2*At emits high-energy alpha particles with a short flight distance
spanning only a few cell diameters, resulting in significantly more DNA double-strand breaks and damage to
cancer cells. By the selective accumulation of 2*At in cancer cells, this approach minimizes off-target damage
without compromising effectiveness and avoids issues associated with relatively long-lived daughter products.
A major challenge is the efficient delivery of 2*1At to cancer cells. Similar to iodine, 21*At quickly disperses
throughout the body and accumulates in the thyroid gland and stamach. To address this issue, functionalized
gold nanoparticles (AuNPs) were used as carriers for delivering 2**At to cancer cells. In this study, AuNPs
modified with polymers or tumor-targeting molecules were developed for the delivery of 2!At to cancer.
Various functional AuNPs were developed, each tailored for specific administration methods, including
intravenous (i.v.), intratumoral (i.t.), and intraperitoneal (i.p.) injections. The internalization, cytotoxicity, and
DNA damage of the 2*!At-AuNPs were evaluated in vitro. Additionally, the biodistribution and anti-tumor
effects of the 2!At-AuNPs were evaluated in vivo. 21*At-AuNPs showed significant anti-tumor effects through
diverse administration routes in vivo. The results demonstrated that AUNPs serve as excellent carriers for 21*At
delivery.

|Topic 2: Elucidation of sphingomyelin molecular species as a novel immunomodulator|
The innate immune system serves as the body's initial defence against invading pathogens, providing a non-
specific immune response to foreign objects. However, the regulation of innate immune responses by
endogenous molecules within the body remains unclear. Sphingolipids, key components of cell membranes
and tissues, play a crucial role in modulating cellular responses. Among these, sphingomyelin (SM) is the most
abundant, characterized by a diverse range of molecular species in the serum. In this study, various SM species
were identified as novel immunomodulators. SM species induced cytokine release or modulated
lipopolysaccharide (LPS)-induced cytokine release in an acyl-chain length-dependent manner through Toll-
like receptor 4 (TLR4)-myeloid differentiation factor-2 (MD-2). Specifically, it was found that N-lauroyl-D-
erythro-sphingosylphosphorylcholine (SM C12) and N-myristoyl-D-erythro-sphingosylphosphorylcholine
(SM C14) activate macrophages and induce inflammatory cell death, pyroptosis. SM C12 was then identified
as a novel ligand for caspase-4. SM C12, similar to LPS, was found to activate caspase-4/11 and GSDMD,
thereby inducing pyroptosis. On the contrary, SM species with longer acyl chain lengths suppressed cytokines
release induced by LPS. These results unveil a dual role for SM in mediating inflammation or suppressing
LPS-stimulated inflammation through both the cell surface TLR4/MD?2 interaction and intracellular caspase
signaling pathways.

(1) Kato, H.; Huang, X.; et al. J. Nanobiotechnology 2021, 19 (1), 223.

(2) Huang, X.; Kaneda-Nakashima, K.; et al. Pharmaceutics 2022, 14 (12).
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