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1. Background and Objectives

This research project aimed to establish a novel treatment for liver fibrosis associated with metabolic
dysfunction-associated steatohepatitis (MASH) liver fibrosis through the transplantation of fused human
iPSC-derived liver organoids (hiPSC-fLO). By leveraging a world-pioneering human iPSC-derived liver
organoid (human iPSC-LO) reconstruction technology developed by the principal investigator, the project
sought to obtain a highly robust non-clinical Proof of Concept (PoC). This was pursued by optimizing hiPSC-
fLO manufacturing for clinical use, refining transplantation methodologies, and verifying therapeutic efficacy
across both mouse and human MASH models.

2. Core R&D Achievements

1) Construction of Pathological Evaluation Systems

To properly validate therapeutic efficacy, we successfully established a progressive mouse MASH model by
optimizing the administration of a choline-deficient, high-fat diet (CDAHFD) to immunodeficient mice. In
parallel, we developed a human MASH organoid model that faithfully recapitulates human pathology by
establishing novel differentiation protocols from human iPS cells into Kupffer cells and quiescent hepatic
stellate cells.

2) Robust Manufacturing Process for hiPSC Liver Organoids

Using our proprietary fabrication technology, we engineered genome-edited human iPS cell lines that highly
express anti-inflammatory cytokines. These lines successfully generated modified hiPSC-fLO, which
demonstrated a strong ability to induce inflammation-suppressing (M2) macrophages. We confirmed
excellent manufacturing stability and consistency across multiple lots. Furthermore, provisional safety
evaluations in mouse models showed no tumor formation. Additionally, based on expert feedback obtained
during a site visit, we established a large-scale manufacturing process for porcine transplantation and
performed additional experiments to optimize high-quality simian fLO production protocols.

3) Optimization of Safer Transplantation Protocols

To maximize clinical safety, we optimized the surgical approach for organoid delivery. Our studies
demonstrated that host liver surface abrasion is completely unnecessary for the tissue engraftment of
modified iPSC-fLO or for the systemic circulation of secreted therapeutic cytokines. This insight allows
surgeons to entirely avoid bleeding risks associated with abrasion. The surgical safety of this protocol was
successfully validated in a large-animal (pig) model using large-scale modified hiPSC-fLO, showing no
abnormal deviations in vital signs or post-operative blood biochemical indicators (including AST, ALT, and
NH3).

4) Acquisition of Non-clinical PoC

A clinical retrospective analysis using patient data from Yokohama City University indicated that suppressing
fibrosis progression from level F2 to F3, or reversing it from F3 to F2, is critical to reducing clinical event risks.
In vivo experiments demonstrated that transplanting modified hiPSC-fLO into mouse MASH models achieved
significant therapeutic reversal from F3 to F2. Furthermore, in vitro co-culture assays with human MASH
organoids showed a marked decrease in inflammatory cytokines, proving that modified hiPSC-fLO exert
powerful anti-inflammatory effects against human MASH pathology. Together, these findings successfully
secured a highly robust non-clinical PoC for this advanced transplantation therapy.
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