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II. Overview of the Research and Development
1. Summary
This project aimed to establish a Japan—origin platform for RNA-targeted drug discovery by developing:
1. a “Comprehensive Database for RNA-Targeted Drug Discovery’ that integrates diverse data on
- RNA-small molecule / RNA-protein interactions,
IncRNA functions, and
- RNA expression in pathological tissues and organoids; and
2. an “RNA Target Prediction AI” and a “Compound Prioritization AI” that explicitly take off-
target effects into account
2. Background and Objectives
The ENCODE project has revealed that approximately 80% of the human genome is functionally relevant
and that a large fraction of this functionality is mediated by non—coding RNAs (ncRNAs), which are
now recognized as promising new drug targets. In parallel, the clinical success of antisense
oligonucleotide drugs (e.g., nusinersen) and small-molecule drugs (e.g., risdiplam) has made “drug
discovery targeting nucleic acids” a realistic strategy. However, several key challenges remain:
e Which RNA species, and which sequences or structural elements, should be targeted?
e How can off-target effects be avoided?
e What kinds of small molecules can selectively bind to specific RNA structures?
While venture companies and major pharmaceutical firms in Europe and the United States are actively
entering the RNA-targeted drug discovery space, efforts in Japan have lagged behind. Establishing a
Japan—origin technological foundation for RNA-targeted drug discovery and securing international
competitiveness has therefore been an urgent issue.
In this study, we set out to build and provide to pharmaceutical companies:
e a “Unified Database” that integrates information on disease—associated RNAs, structural
elements, and therapeutic modalities,
e an “RNA Target Prediction AI” that proposes target RNAs and target sites while considering
off-target effects, and
e a “Compound Prioritization AI” that selects compounds likely to bind target RNA structures
from large—scale compound libraries,
with the goal of shortening the time and reducing the cost required to progress from seed
identification to lead generation.
3. Overall Concept and Data Flow
The research and development program consisted of six components, A-F:
A: Analysis of interactions between RNA and small molecules
Functional analysis of 1ncRNAs by knockdown and related approaches
Analysis of RNA expression in pathological tissues and organoids
Construction of a unified database for RNA-targeted drug discovery

1
2
3
4.
5 Development of an Al system for predicting RNA drug targets
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Validation and demonstration of the database and prediction system for disease—associated
1ncRNAs

Proprietary data obtained in A-C, together with external omics databases, were integrated in D to

construct the “Unified Database.” Based on this database, we developed and refined the RNA Target

Prediction AI in E, and then evaluated the performance of the system in F using actual disease-
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associated IncRNAs and compounds. In parallel, we constructed the Compound Prioritization Al using

RNA-compound interaction data obtained in A.

4. Research Components A-C: Data Acquisition and Preparation of Fundamental Information

A) Analysis of interactions between RNA and small molecules / proteins

A-1: Analysis of RNA-small molecule interactions

In collaboration with participating companies, standard compounds covering structural diversity
were selected
Standard RNA structural elements, such as stem—loops and hairpin loops frequently found in
1ncRNAs, were defined
Using SPR instruments such as Biacore 8K+, interaction data for combinations of standard RNAs
and standard compounds were systematically acquired

“Partially randomized RNAs,” generated by randomizing parts of the standard RNAs, and resins
immobilized with key compounds were used for pull-down followed by NGS to comprehensively

identify “RNA sequence motifs preferred by key compounds.”

A-2: Interaction analysis and binding—site identification by NMR

Interaction analyses by NMR were performed for 47 test RNAs and 5 compounds. Changes in imino
proton chemical shifts, line broadening, and related parameters were quantified and integrated
into the database.

For RNA-compound pairs whose interaction had been confirmed in A-1, NMR spectra were acquired
under standardized conditions to validate the interactions

A method was developed to efficiently identify binding residues using residue—specifically

isotope—labeled RNAs

B) Functional analysis of lncRNAs by knockdown and related approaches

Using insoluble RNA-seq, numerous candidate arcRNAs forming nuclear hub structures were
comprehensively extracted from various cancer cell lines and clinical specimens

A CRISPRi-based functional screening system was established, and genome-wide knockdown analysis
of IncRNAs was performed to identify functional IncRNAs, including arcRNAs required for the
proliferation of cancer cell lines

arcRNAs that form nuclear hub structures were identified, and their interacting proteins and
candidate target genes were obtained

RNA regions involved in arcRNA expression and hub formation were determined

C) Acquisition of RNA expression data from pathological tissues

Genome—wide analysis of 1IncRNA expression was carried out in regenerative regions and
bronchiolar metaplastic regions within lung biopsy specimens from patients with chronic
interstitial pneumonia.

Expression in pathological specimens was validated by in situ hybridization.

Lung—derived organoids (alveolar and airway) were established, and transdifferentiation from
alveolar to bronchiolar epithelium was reproduced in vitro by inflammatory stimulation; changes
in IncRNA expression during this process were analyzed.

Insoluble RNA-seq was used to obtain information on arcRNA expression in pathological tissues
and organoids

Candidate 1ncRNAs were knocked down or overexpressed in organoids, and changes in metaplastic

transformation were analyzed to identify functional lncRNAs.
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e For IncRNAs presumed to be functional, their relationship with target molecules was examined
by immunostaining combined with in situ hybridization.

5. Research Components D-F: Construction and Demonstration of the Unified DB and AI Systems
D) Construction of a unified database for RNA-targeted drug discovery

e A unified database was constructed that integrates RNA expression and omics data from public
databases (TCGA, ENCODE, etc.) with proprietary data obtained in A-C, and stores information
on disease—associated RNAs, candidate drug target RNAs, and structural elements.

e In addition to comprehensive selection of disease—associated RNAs, omics information on RNA
modifications, RNA-binding protein interactions, RNA structure, etc. was incorporated, and
indices of RNA structural stability and conservation were derived and registered.

e A user interface was developed that enables stepwise narrowing down of candidates along user—
defined scenarios.

e Security functions, including user management, were implemented.

E) Development of an AI system for predicting RNA drug targets

e Software was developed to search arbitrary RNA structures, and a system was constructed to
support on—target and off-target prediction.

e A novel Al-based method was developed to identify conserved RNA structures and regions.

e Al techniques were developed to predict cryptic binding sites

e By integrating omics information, AI methods were developed to predict and interpret disease—
specific changes in gene expression.

F) Validation and demonstration for disease—associated 1ncRNAs

e The target diseases were focused on chronic interstitial pneumonia and lung cancer, and the
effectiveness of the Unified DB, Target Prediction AI, and Compound Prioritization AI was
evaluated.

e Disease—associated 1ncRNAs in chronic interstitial pneumonia and lung cancer were identified
and functionally analyzed, and:

o compounds binding to these 1ncRNAs were searched and their interactions validated,
o functional effects were evaluated in organoid and other disease models, and
o based on the obtained results, the Compound Prioritization AI and Target Prediction AI
were further optimized.
6. Expected Outcomes and Societal Impact

e A Japan-origin foundational database for RNA-targeted drug discovery was constructed by
integrating high—quality comprehensive data on RNA-small molecule / RNA-protein interactions
IncRNA functions, and RNA expression in pathological tissues

e Through an AI system that predicts target RNAs and target structural elements while accounting
for off-targets, and an Al system that efficiently prioritizes compounds binding to target RNA
structures, we aim to:

o increase the hit rate for seed and hit compounds, and
o shorten the time and reduce the cost required to obtain lead compounds,
thereby strengthening the international competitiveness of domestic pharmaceutical companies

e By targeting arcRNAs, aberrantly expanded repeat RNAs, and related species, this platform

opens the possibility of developing novel therapeutics for diseases that have been difficult

to treat, such as hereditary neurodegenerative diseases and cancers driven by epigenetic
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dysregulation.
The development of RNA-targeted therapeutics based on purely domestic technologies will reduce
dependence on imported high—cost medicines and contribute to building an ecosystem that

promotes domestic circulation of medical expenditures and acquisition of foreign currency.



