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Integration of high-resolution 3D organoid engineering and spatial transcriptomics as a next-generation
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This research project aimed to establish a next-generation, human-relevant drug discovery platform for intractable respiratory
diseases, with a particular focus on pathological lung remodeling. Chronic respiratory diseases, including pulmonary fibrosis,
involve complex interactions among epithelial injury, aberrant repair, fibroblast activation, immune-mediated inflammation,
and progressive disruption of tissue architecture. However, conventional animal models and two-dimensional culture systems
have limited ability to reproduce human-specific lung biology, cellular diversity, and spatial cell—cell interactions. This gap
has hindered the accurate prediction of therapeutic efficacy and mechanisms of action in humans.

To overcome this challenge, we developed an integrated platform combining human induced pluripotent stem cell-derived
lung organoids with single-cell and spatial omics technologies. This platform enables multidimensional assessment of disease-
associated changes, including three-dimensional structural remodeling, epithelial cell-state transitions, fibroblast niche
reorganization, inflammatory and fibrotic responses, and spatially defined cellular interactions. Unlike conventional assays
that rely mainly on cell viability or selected molecular markers, this approach allows pathological remodeling and drug
response to be evaluated at the level of human-like tissue dynamics.

In this project, disease-associated stimuli were applied to human iPSC-derived lung organoids to model pathological
remodeling from early injury to chronic fibrotic-like states. Integrated single-cell transcriptomic, spatial transcriptomic, and
imaging analyses demonstrated that the organoid model recapitulated key epithelial and stromal cell-state changes observed
in human lung disease. Importantly, the system enabled spatial visualization of disease-relevant transitions occurring in the
distal airway—alveolar region, capturing human-specific pathological processes that are difficult to evaluate using animal
models.

Insights obtained from these analyses were then used to optimize the organoid system by reconstructing disease-relevant
cellular niches, including epithelial, stromal, and immune-related components. This optimization improved the ability of the
model to reproduce complex human disease-like responses and revealed that inflammatory and fibrotic activity, as well as
drug responsiveness, can vary depending on the cellular context. These findings highlight the importance of evaluating
respiratory disease using models that reflect tissue-level complexity rather than simplified cell culture systems.

The optimized platform was further applied to explore therapeutic intervention points involved in the maintenance of
pathological remodeling. For intellectual property reasons, specific molecular targets, compounds, and detailed experimental
conditions are not disclosed in this public summary. Nevertheless, by integrating spatial proximity analysis, epithelial-stromal
interaction mapping, and disease-associated molecular network analysis, multiple promising candidate pathways were
identified. Some of these candidates may represent mechanisms not sufficiently addressed by current therapeutic strategies.
The platform was also used to evaluate approved and investigational agents. Drug responses were assessed using integrated
endpoints, including organoid structural changes, fibrotic and inflammatory responses, epithelial functional status, cell—cell
interactions, and single-cell-level molecular responses. Agents with established or emerging clinical relevance showed
disease-modifying effects in this system, whereas agents with limited clinical efficacy showed less pronounced activity. These
results support the potential of this platform as a clinically translatable preclinical evaluation system.

A major strength of this research is its ability to resolve drug responses by cell type, disease state, and pathological endotype.
Rather than evaluating anti-remodeling activity as a single uniform outcome, the platform can distinguish whether an
intervention primarily affects stromal activation, epithelial repair, tissue integrity, or disease-state normalization. This
capability may contribute to mechanism-informed drug selection, patient stratification, and precision medicine.

Overall, this project established a human disease-relevant, spatial omics-enabled lung organoid platform for next-generation
respiratory drug discovery. The outcomes provide a foundation for disease mechanism discovery, therapeutic target
exploration, pharmacological evaluation, toxicity assessment, and biomarker development. In the future, this platform is
expected to support broader applications in pulmonary fibrosis, drug-induced lung injury, chronic obstructive pulmonary
disease, environmental lung injury, and lung cancer microenvironment research, while maintaining appropriate protection of

intellectual property and proprietary know-how.
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