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The development of nucleic acid drugs using antisense methods and RNA interference is progressing. However, nucleic acid
drugs face the challenge that oligonucleotide molecules cannot enter cells directly. Various methods have been developed to
introduce nucleic acid molecules into cells. The most widely used method is cationic liposomes, a type of lipid nanoparticle
(LNP). Mixing cationic liposomes with negatively charged oligonucleotide molecules forms complexes that are introduced
into cells via endocytosis. However, liposomes present several problems: 1) Oligonucleotide molecules are taken into
endosomes through endocytosis and have a low efficiency of escaping, taking more than four hours to reach the target
mRNA in the cytoplasm. 2) A 5 to 10 times greater amount of liposome material is required relative to the nucleic acid
molecules. 3) The complex has an undefined molecular weight. 4) Positive charges can cause cytotoxicity.

To solve these problems, we have invented a method that allows direct introduction of oligonucleotides into the cytoplasm
without going through endosomes, bringing innovation to oligonucleotide delivery research and development (Angew.
Chem. Int. Ed. 2019, 58, 6611.). We believe we have discovered a novel intracellular introduction pathway for
oligonucleotide delivery. Elucidating the molecular mechanism of MPON uptake, further enhancing its activity and uptake
efficiency, and clarifying its advantages over existing methods in in vivo applications are important research tasks for the
medical application of this disulfide method.

This study aims to demonstrate the superiority of the developed disulfide method as a platform technology MPON for
nucleic acid drugs. In particular, we will clarify the molecular mechanisms of uptake pathways and efficiency to establish its
uniqueness and advantages over other technologies, aiming for the corporate spin-off.

1: Optimization of MPON molecular structure 2: Elucidation of the cellular uptake mechanism of MPON

3: Establishment of a mass synthesis method for MPON  4: Evaluation in animal experiments

1: Optimization of MPON Molecular Structure
We synthesized various MPON derivatives using phosphoramidite with disulfide units and evaluated their cellular uptake

and gene knockdown efficiencies. We enhanced lipophilicity by introducing straight-chain alkyl groups at the MPON's 5'
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end, observing a synergistic effect with cyclic disulfides that improved performance even with fewer disulfide repeats than
the first generation. We also created second generation MPON with increased disulfide repeats, showing increased
knockdown activity and non-cytotoxicity. Additionally, we developed multi-branched derivatives of compound X,

enhancing membrane permeability and knockdown effectiveness.

2: Elucidation of Direct Cytoplasmic Uptake Mechanism

We synthesized biotin-labeled MPON and identified proteins enhancing MPON uptake through pulldown and LC/MS/MS
analysis. By examining the cellular distribution and cysteine presence, we identified several membrane proteins fitting our
uptake mechanism, including a significant protein involved in crossing the blood-brain barrier, suggesting potential for

central system delivery.

3: Establishment of Mass Synthesis Method for MPON
We optimized the synthesis route for first-generation disulfide phosphoramidites, establishing a stable large-scale supply.
Despite initial challenges with disulfide integrity during synthesis, we improved the yield by developing a post-modification

method with compound X's succinimidyl ester, significantly enhancing production efficiency.

4: Evaluation in Animal Experiments

We tested the first generation MPON in mice, targeting liver-expressed Factor VII. The introduction of disulfide units
significantly enhanced the gene silencing effect. We also confirmed improved intracellular uptake and distribution in the
brain. Our tail vein injection evaluation showed a substantial increase in uptake into liver and blood cells compared to

unmodified nucleic acids.



