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Development of non-invasive nucleic acid nanomedicine targeting pathogenic protein propagation within

brain for neurodegenerative diseases
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The aim of this study was to develop nucleic acid medicine that can be administered intranasally to regulate the expression
of genes related to pathogenic propagation in the olfactory bulb and brainstem, which are the initial regions of pathogenic

protein propagation, using nose-to-brain micelle technology and neuron-targeting ligand-modified HDO technology.

1. Optimization of ligand-modified HDO-loaded nose-to-brain micelles and their validation in mice and primates.

In this study, promising ligands were identified from HDO libraries modified with various neuron-targeting ligands by
investigation using cultured neuron cells. In addition, the particle properties of the nose-to-brain micelle with a high
suppression of target gene expression in the brain, especially in the olfactory bulb and brainstem, by intranasal administration
were determined. Next, in order to examine species differences, the distribution of nucleic acids and the inhibitory effect on
target gene expression in macaque monkeys were validated by intranasal administration of nose-to-brain micelles with
optimum particle properties. As a result, distribution of nucleic acids and suppression of target gene expression in olfactory
bulb and brainstem including the medulla oblongata, pons and striatum were demonstrated in macaque monkeys as well as in
mice by intranasal administration of nose-to-brain micelles. Therefore, ligand-modified HDOs were loaded into optimized
nose-to-brain micelles. The ligand-modified HDO-loaded nose-to-brain micelles demonstrated the desired good physical
properties, with an average particle size of 30-40 nm and a polydispersity index of around 0.1, as well as suppression of target
gene expression. Finally, a-synuclein (SNCA) gene expression suppression was investigated by intranasal administration of
ligand-modified SNCA-targeted HDO-loaded nose-to-brain micelles in a mouse model of SNCA propagating pathology. As
aresult, SNCA gene expression was suppressed in the olfactory bulb, striatum near the brainstem and frontal region including
the cerebral cortex, indicating that the ligand-modified SNCA-targeted HDO-loaded nose-to-brain micelles developed in this

study could be a promising therapeutic seed for the treatment of neurodegenerative disorders.

2. Collaboration with DDS and PK research projects

First, the combination of ionic liquid technology as a mucosal absorption enhancer was investigated to improve the
permeability of HDO-loaded nose-to-brain micelles in the nasal mucosa and distribution in the brain. As a result, the
permeability and retention of HDO-loaded nose-to-brain micelles in the nasal mucosa were greatly improved by the combined
use of ionic liquids, leading to their rapid and sustained distribution in the brain. Next, in collaboration with the PET imaging
technology using ®*Cu-labelled HDO, the distribution of HDO in the brain after intranasal administration of HDO-loaded
nose-to-brain micelles and HDO alone in mice was investigated. As a result, HDO alone showed higher distribution to the
olfactory bulb and olfactory nerve. In contrast, HDO loaded to nose-to-brain micelles was distributed not only to the olfactory
bulb region, but also to the brainstem and cerebral parenchyma. These differences could be relevant to transfer through the
trigeminal nerve pathway, which leads directly from the nasal mucosa to the brainstem region, and subsequent diffusion into
the brain via cerebrospinal fluid. This collaboration revealed that HDO and HDO-loaded nose-to-brain micelles differ in the
regional distribution of HDO in the brain after intranasal administration, and that HDO may be widely delivered in the brain
to the brainstem and cerebral parenchyma by nose-to-brain micelles. In collaboration with the ultra-sensitive CE-MS and
imaging mass spectrometry technologies, the detection of brain tissue sections from mice intranasally administered with
HDO-loaded nose-to-brain micelles was not achieved, but the conditions for analyzing trace amounts of ligand-modified
HDO-loaded nose-to-brain micelles in brain tissue sections were successfully identified. These analyses can be expected as

important techniques in the drug development process.



This project has laid the foundation for intranasal nucleic acid medicine to regulate the expression of genes involved in
pathogenic protein propagation in key regions such as olfactory bulb and brainstem. This achievement will contribute to the

development of nucleic acid medicines for neurodegenerative disorders as a novel approach of drug discovery.



