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(1) Background

Recently, the development of nucleic acid therapeutics has been advancing rapidly worldwide. In Japan, the regulatory
framework for nucleic acid therapeutics is advancing and these therapeutics have been approved for seven consecutive years.
Among nucleic acid therapeutics, antisense oligonucleotides (ASOs) are a modality with many approved drugs and active
ongoing research. Gapmer ASO specifically binds to the target mRNA and induces its cleavage by a nuclease called RNase
H. ASO sequences can be designed logically and quickly. However, target discovery is the rate-limiting step, and there are
concerns about a future shortage of targets. In this study, we aim to accelerate and improve the efficiency of ASO drug
discovery by developing a method for the efficient synthesis of ASOs.

(2) Results
FY2023 (R5)

First, we synthesized several types of nucleic acid monomers. We confirmed the synthesized products using NMR and LC-
MS. Next, we investigated the ASO synthesis reaction. As a result, we successfully synthesized ASOs by novel method. The
synthesized ASO was confirmed by LC-MS. The synthesized ASO was used to evaluate its cell-free RNA cleavage activity.
As a result, there were no problems with RNA cleavage induction by RNaseH. Additionally, the novel ASO synthesis method
allowed for the parallel processing of several sequences. We investigated the extraction of ASO from the solid phase and

found no problems. In summary, we developed a novel method for synthesizing ASO.

FY2024 (R6)

We evaluated the target mRNA knockdown activity of ASO synthesized using a novel synthesis method. The ASO
synthesized by novel method was applied to A549 cells expressing a certain enzyme. The results showed that the ASO could
knock down the target mRNA at the same level as ASO produced using conventional synthesis methods. Furthermore, to
evaluate the adaptability of the novel synthesis method, numerous ASOs were synthesized for three targets and screened. As
a result, although the synthesis efficiency differed depending on the sequence, it was possible to create ASOs capable of
decrease the target mRNA. We could synthesis ASOs using various modified nucleic acids. Dr. Ogi, a co-researcher, worked
on developing microfluidic technology to efficiently evaluate ASO. They designed the microfluidics, determined process
conditions, and created prototypes for the development of the PDMS-based fluid pathway. Water droplets with a diameter of

50-100 nm were created by flowing fluorine oil and water in the appropriate ratio.

FY2025 (R7)

Some samples showed low knockdown activity in the evaluation of ASO activity. Therefore, we improved the reaction and
re-evaluated the knockdown activity. As a result, sufficient mRNA knockdown activity was confirmed, demonstrating that
ASOs of sufficient quality for screening could be synthesized. Furthermore, we have developed a technology to enhance the
hit rate of ASO. Dr. Ogi optimized the experimental conditions using microfluidic devices. The encapsulation of cells in water
droplets was achieved using a microfluidic device. We were able to develop foundational technologies for efficient ASO drug

discovery.



