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1. Introduction

Oligonucleotide therapeutics control gene expression at the RNA level and are expected to treat refractory diseases. However,
delivery technology and ensuring safety have become challenges. In this research, we developed chemical modification
technology, as well as ligand conjugation technology and toxicity reduction technology, to establish a platform for creating

"antisense oligonucleotides that ensure safety in humans and exhibit efficacy in organs other than the liver.”

2. Results

2-1. Synthesis of conjugates and development of novel artificial nucleic acids

Successful synthesis of conjugates by conjugating ligands to antisense oligonucleotides (ASOs) was achieved, and their
efficacy was confirmed in vitro and in vivo. In the development of novel artificial nucleic acids, efforts were made to avoid
phosphorothioate (PS) modification, evaluating nuclease resistance and duplex-forming ability. ASOs modified with novel

artificial nucleic acids remained efficacy even with partial removal of PS modifications, leading to reduced hepatotoxicity.

2-2. In vitro activity evaluation using cell panels, in vivo activity, and pharmacokinetics
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We conducted in vitro activity evaluations on 10-11 different cell lines from various organs using a luciferase luminescence-
based screening system and identified 742 combinations of cell-ligand with potential activity enhancement. Additionally, we
analyzed the in vivo activity of conjugates administered to BALB/c mice, revealing that 31 samples exhibited significantly

enhanced activity compared to unmodified ASO, and 8 ligands across 9 samples showed reproducible organ specificities.

2-3. Development of toxicity reduction and evaluation technologies

Through ASO sequence design, we have identified strategies for reducing off-target toxicity. Additionally, we have developed
in silico toxicity reduction technologies and established a new evaluation system using human liver chimeric mice for
hepatotoxicity assessment. This evaluation system has proven to be a valuable method for predicting hepatotoxicity in humans,

undetectable in conventional animal tests.

2-4. Evaluation of the platform technologies

The platform technologies were evaluated using models of liver fibrosis, refractory cancers, multiple system atrophy (MSA),
and adult T-cell leukemia (ATL). For liver fibrosis, ASOs targeting specific genes were screened in vitro, with the most
effective ones selected. When administered to mice with liver fibrosis, these ASOs not only suppressed the expression of
target genes but also inhibited the expression of fibrosis-related factors like collagen. For refractory cancers, highly efficient
Arl4c ASOs were selected via in vitro evaluation, with one showing superior suppression in vivo compared to previously
discovered ASOs, without apparent hepatotoxicity. The levels of ASOs within tumors were assessed, revealing equal or greater
tumor penetration compared to existing sequences. For MSA, ASOs targeting a-synuclein were synthesized based on platform
technologies, demonstrating target suppression upon intracerebroventricular administration in mice. For ATL, ASOs targeting
HBZ were developed and optimized based on their RNA degradation and transcriptional inhibition abilities. Several high-
activity ASOs were identified and further optimized to enhance efficacy.

3. Licensing-out of the platform technologies

We conducted surveys and FTO investigations. We filed six patent applications for the novel artificial nucleic acids and one
patent application based on collaborative achievements. Additionally, one patent application was filed for the ligand
technology. We also held closed meetings with collaborating companies and individual closed meetings with non-
collaborating companies. Through these activities, we successfully licensed our technologies to two companies within the

project period.

4. Summary

The platform technologies developed in this project facilitate the development of oligonucleotide therapeutics for challenging
diseases in various organs and tissues. Additionally, the toxicity reduction and evaluation technologies are essential for
minimizing dropouts during the development of oligonucleotide therapeutics. These platform technologies will greatly

contribute to the revitalization of drug development.



