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At the start of the study, the brain penetration routes and mechanisms of blood-brain
barrier (BBB)-permeable HDO were not clear. First, we examined whether there was any
damage to the BBB. When the Brain vascular endothelium was artificially damaged with
compound, the brain penetration of low molecular weight dextran was observed; however,
after the administration of BBB—permeable HDO, the brain penetration of low molecular
weight dextran was not observed, confirming no damage. We then elucidated the mechanism
using imaging techniques. Initially, using a FRET system, we observed the dynamics by
attaching fluorescence to the main strand and complementary strand, respectively. In
BBB—permeable HDO, separation of the main strand and complementary strand occurred in
brain vascular endothelium and neurons. It was speculated that after entering brain
vascular endothelium, some dissociated, while others moved into the brain intact as
double—stranded structures and then dissociated within neurons. Similarly, gradient was
observed from the brain surface to the cerebrospinal fluid (CSF) in imaging analysis. It
was thought that there might be a route of transition from the brain surface, suggesting
a possible transition of BBB-HDO from the CSF. Additionally, various molecules related
to brain penetration were investigated for changes in efficacy of BBB-HDO using knockout
mice or inhibitory antibodies. Decreased efficacy of BBB—permeable HDO administration
was not observed in any knockout mice or inhibitory antibodies tested. However, in some
organs, caveolin—1 or LDL receptor was suggested to affect internalization of BBB-HDO.
It was considered that the transition mechanism of HDO might differ depending on the
organ, and for brain penetration, the possibility of other mechanisms (molecules) or
direct passage through the lipid bilayer was also considered. Furthermore, protein
binding of HDO was investigated. In the case of HDO without lipid binding, the protein
binding capacity was lower than that of single—stranded nucleic acids (ASO). Additionally,
analysis by HPLC revealed differences in the proteins bound between ASO and HDO. In ASO,
binding to proteins with phosphorothioate bonds was strong, inhibiting ligand binding,
but HDO showed an improvement in ligand binding affinity. To improve the effectiveness
of BBB—permeable HDO, a search for new ligands was conducted. Molecules that cross into
the brain similar to cholesterol were identified, and a new patent was applied for.
Additionally, optimization of HDO modifications resulted in improved efficacy of BBB-
permeable HDO. While previous lipid ligands did not improve efficacy compared to ASO
when administered intracranially, a ligand newly attached to HDO improved efficacy
compared to ASO when administered intracranially. This 1ligand showed improved
effectiveness only when bound to HDO; no improvement was observed when bound to ASO. We
successfully improved safety by finding modifications to avoid significant acute toxicity
in central nervous system diseases by intrathecal administration and applied for a patent.
Furthermore, by using newly provided nucleic acids from the Obika group, we improved
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neurotoxicity and applied for a patent. In the production and evaluation of target cell-
specific ligands in the brain, evaluations using low molecular weight or peptide—based
ligands targeting neurons and microglia were conducted. Internalization was observed in
all expressing cells for ligand Y against receptor X. The effect of the ligand Y was
also confirmed in the brain when bound to HDO. Additionally, development of a labeling
agent for Y derivatives was advanced to assess binding strength in the brain. Moreover,
for ligand W against receptor Z, not only cellular uptake but also the effect in the
brain was confirmed. In the development of ligand U against receptor V, imaging evaluation
of fluorescently labeled U was promoted. Additionally, in imaging applications, mice
were administered the same compounds intracranially and intraventricularly, brain tissues
were cleared and observed using light sheet microscopy, demonstrating binding to receptor
V within the brain parenchyma. Decreased binding was observed in model mice with reduced
receptor V expression. Furthermore, a 11C-labeled compound of ligand U was created and
applied as a PET ligand for mouse brain imaging, revealing decreased probe retention in
a wide area of the brain compared to control mice in the model mice mentioned earlier.
This ligand U also showed improved gene suppression effects when bound to HDO in the
brain. Additionally, the dynamics of BBB—permeable HDO were observed. Radioactive
labeling was performed by chelating 64Cu (physical half-life of 13 hours) to a complex
(DOTA) attached to BBB—permeable HDO. After intravenous administration of the labeled
compound to Wistar rats, time—course imaging was performed using a small animal-dedicated
positron emission tomography device, showing low concentrations of the labeled compound
in the brain parenchyma, below the concentrations in the brain periphery or blood vessels.
Subsequently, similar evaluations were attempted in C57BL/6J mice, where HDO uptake was
confirmed by antibody staining. Unlike rats, relatively high accumulation was observed
near the brain ventricles, but no clear differences were found between HDO and ASO. It
was considered that after intravenous administration, labeled HDO was not sufficiently
stable in vivo, and administration methods such as intrathecal injection might be
necessary. To examine which cells take up ASO in the brain, fluorescently labeled ASO
were administered into the brain ventricles and subarachnoid space, and after a certain
time, brain tissue was excised to examine the distribution of nucleic acids. After
intraventricular administration, uptake of ASO by neuronal cells near the brain surface
and macrophages around blood vessels was observed starting at 4 hours. We have discovered
that co—administration of peptide oligomers with BBB—permeable HDO can mitigate
hemorrhagic side effects caused by HDO administration. The peptide oligomer is designed
to fit into the major groove of A-type double helixes like HDO, and it inhibits binding
with proteins through internucleotide phosphorothioate bonds and electrostatic
interactions. Thus, an optimal length of peptide oligomer was found depending on the
length of BBB—permeable HDO, demonstrating the ability to reduce side effects such as
prolongation of APTT and reduction of platelets. Furthermore, in in vivo experiments,
complete avoidance of necrosis in brain cells was also found. In contrast, when co—
administered at high doses, a new problem of forming aggregates was discovered. It is
considered that positively charged peptide oligomers bridge negatively charged BBB-—
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permeable HDO to form aggregates. Therefore, investigation of peptides that do not form
such aggregates was conducted. Substitution of side chain substituents led to the
development of new peptide oligomers that suppress aggregate formation, currently under
optimization. Research has also begun on introducing ligands into peptide oligomers to

facilitate delivery to targets.



