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This research and development initiative aimed to accelerate the development of high-functionality nucleic acid
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therapeutics in Japan and enhance their international competitiveness. Under a collaborative implementation framework
comprising three groups (including 33 institutions) from industry, government, and academia, comprehensive R&D was
conducted covering the entire spectrum from manufacturing, purification, and analysis of nucleic acid therapeutics to
regulatory affairs. Furthermore, research platform was established in The University of Osaka to develop analytical methods
for active pharmaceutical ingredients (APIs) of oligonucleotide therapeutics, collect quality data, and facilitate the sharing of
valuable information for manufacturing process development and quality control. As a result of these efforts, we have reported
over 50 academic papers and over 250 conference presentations.

Research Findings of Group (I)

As foundational technology development for oligonucleotide manufacturing, we conducted five research and development
initiatives: 1) High-purity production of phosphoramidites (development of crystalline phosphoramidites), 2) Development
of active pharmaceutical ingredient (API) manufacturing technology (API production using microwaves), 3) High-efficiency,
high-purity manufacturing of APIs incorporating functional nucleic acids, 4) Development and optimization of
oligonucleotide synthesis equipment, 5) Establishment of API separation and purification technology.

Notably, we successfully established a process enabling the crystallization of Amido-bridged nucleic acid (AmNA)-
phosphoramidites. Specifically, for phosphoramidites of AmNA-MeC and AmNA-G, we established crystallization
manufacturing methods and successfully produced several hundred grams of extremely high-purity crystalline products. In
addition, a productivity study using Multi-Column Counter-Current Solvent Gradient Purification (MCSGP) was conducted
for the purification of oligonucleotides. Compared to conventional single-column purification, this resulted in a 30%
improvement in recovery rate and a 60% increase in productivity per unit time. Furthermore, manufacturing simulations of
MCSGP achieved significant reductions in purification time and material costs, including a reduction in the number of
analytical samples. These developed technologies on the crystallization of AmNA-phosphoramidites and the MCSGP have
been applied for patents. Furthermore, we have established four collaborative Clinical Development Project A-D. Through
these partnerships, we have conducted medium-scale production of oligonucleotides for non-clinical and clinical trials,
verifying the manufacturing technology established through this research and development. Specifically for the
oligonucleotide therapeutics in Clinical Development Project B, we have carried out in silico analysis using GGGenome and
in vitro microarray analysis to identify off-target genes requiring risk assessment in nonclinical and clinical trial safety
evaluations.

Research Findings of Group (II)

In analytical research platform was established in The University of Osaka to enable industry— government — academia
collaboration in discussions on impurity control for oligonucleotide therapeutics. The facility was equipped with analytical
instruments such as LC/MS, and the necessary environment was developed, including non-disclosure agreements and systems
for sample/data storage, management, and distribution. Quantitative analysis of impurities in oligonucleotides synthesized by
various methods were performed using LC/MS, revealing important findings for quality control. Specifically, that
chromatographic separation is desirable for reliable quantification, and that recovery rates differ depending on analysis
methods and therefore require careful attention. Based on these insights, more optimized analytical conditions have been
developed. Furthermore, the identification of target-derived impurities present in conjugated oligonucleotides and double-
stranded nucleic acids such as siRNA was achieved, and a sequencing analysis method for oligonucleotides containing
morpholino nucleic acids was developed. Building upon the test methods established throughout the project, analytical-
method validation was completed for desired product-derived impurities, residual solvents, and water content in development-
stage oligonucleotide therapeutics candidates, enabling the establishment of quality specifications required for practical
implementation.

In the development of new analytical technologies, innovative methods were established, including optimized separation
and analysis using 2D-LC/MS, circular dichroism (CD) spectroscopy, and detection of structural impurities by calorimetry
(DSC, ITC). These approaches successfully improved impurity quantification and limits of detection, demonstrating their
utility. A rapid evaluation method using MALDI-TOF/MS was also established, and two patents related to the application of
MALDI were filed. In addition, an LC-MS/MS method enabling individual quantification of short-chain impurity isomers
was developed, and results indicating the relationship between short-chain impurity levels and gene-expression suppression
were obtained. Based on the achievements, a draft technical guidance document on analytical procedures was prepared in
collaboration with the JPMA Oligonucleotide Quality Task Force. The guidance was jointly developed not only by the
analytical group but also by Group (I), Group (III), and the PMDA, and is scheduled to be published after the completion of
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the project. This guidance is expected to significantly contribute to the implementation and further advancement of nucleic
acid drug development in Japan.

Research Findings of Group (III)
Nucleotide deletion or insertion impurities may hybridize with off-target RNAs, potentially causing hybridization-

dependent off-target effects, such as unintended changes in gene expression. In this study, we obtained foundational data to
establish off-target assessment strategies for these impurities and derived the following insights. (1) We showed that
transcriptome-wide gene expression profiling conducted during off-target assessment of oligonucleotide drug substances (a
desired product) could also predict and evaluate off-target effects attributable to nucleotide deletion and insertion impurities.
(2) We theoretically calculated the amounts of nucleotide deletion impurities in oligonucleotide drug substances and indicated
that analytical characterization and biological risk assessment should particularly focus on single-nucleotide deletion
impurities (N—1 impurities). (3) Studies using human cells demonstrated that both N—1 and N+1 impurities can indeed elicit
hybridization-dependent off-target effects. Based on these findings, we proposed a scheme for the assessment of off-target
effects of impurities that combines biological and analytical assessments.

As a regulatory outcome of this project, we compiled analytical methods for oligonucleotide therapeutics and key points to
note and developed a technical guidance document on quality evaluation (a supplementary document to a notification by the
Ministry of Health, Labour and Welfare.)



