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1. Research background and aims

We previously achieved "differentiation based on organ reconstruction" by utilizing the spatiotemporal interaction
of multiple cellular lineages, and world-firstly developed the foundational technology to artificially create human
organoids from hiPSCs (Takebe T, Taniguchi H et al., Nature, 2013). This project aims to advance the clinical
application of hiPSC-liver bud (hiPSC-LB) for treating metabolic liver diseases and liver cirrhosis by establishing
a stable and large-scalable system for producing clinical-grade LBs entirely from hiPSCs, developing the most
suitable transplantation process for clinical application, obtaining the non-clinical Proof of Concept (PoC),
confirming the non-clinical safety, and preparing frameworks for the clinical trial implementation.

2. Research and Development for Urea Cycle Disorder Treatment

Urea cycle disorders (OTC/CPS1 deficiency) are congenital metabolic disorders caused by abnormalities in
ammonia metabolism, while the current definitive treatment, liver transplantation, cannot be safely performed until
the liver reaches a certain size. In this project, we have promoted the development of a bridging strategy for urea
cycle disorders with portal vein transplantation of hiPSC-LBs.
2.1 Development of the production method of hiPSC-LB for clinical administration

In this project, we established a production system using cells entirely from hiPSCs, built an industry-academia
collaboration system within the project, and developed a culture vessel that enables large-scale preparation and
a differentiation medium that is suitable for clinical application in collaboration with our industry partners (Cell
Reports, 2017; Sci Rep, 2020). Moreover, we developed technologies to ensure the safety and quality of hiPSC-
LB by constructing a highly sensitive detection system for residual undifferentiated cells using novel marker genes
we identified (Sci Rep, 2020), establishing heterogeneity analysis methods based on single-cell RNA sequencing
of the differentiated cells (Nature, 2017), and setting up a cellular metabolic flux analysis system with mass
spectrometry (Methods Mol Biol, 2022). With these technologies, we have successfully established a stable
manufacturing method for hiPSC-LB that is suitable for clinical administration.
2.2 PoC confirmation for treating Urea Cycle Disorders through hiPSC-LB Transplantation

We confirmed the therapeutic effects of hiPSC-LB transplantation in mild and severe OTC deficiency
immunodeficiency mice, created through collaborative research with the Experimental Animal Research Institute.
Transplantation of hiPSC-LB under the renal capsule significantly improved ammonia metabolism function in mild
and severe OTC deficiency model mice, and metabolic flux analysis showed that the OTC activity of hepatic
lineages in transplanted areas is comparable to human hepatocytes. Moreover, in severe OTC deficiency mice,
we also detected a significant improvement in survival rates and confirmed the presence of ammonia-derived
metabolic products in the urine. Furthermore, we have found that portal vein transplantation of hiPSC-LB could
also significantly improve OTC activity in the liver of mild OTC deficiency mice. Thus, we confirmed that hiPSC-
LBs demonstrate therapeutic effects for urea cycle disorders.
2.3 Preparation for clinical trials of Urea Cycle Disorder treatment

To realize the clinical trial of hiPSC-LB transplantation for urea cycle disorders, we set up a Cell Processing
Facility within Yokohama City University for large-scale manufacturing. Through trial manufacturing of hiPSC-LBs,
we verified the Standard Operating Procedures of manufacturing and quality testing and confirmed the safety of
hiPSC-LB transplantation by evaluating general toxicity, tumorigenicity, and in vivo distribution with
immunodeficient models. We also established a collaborative framework with clinical physicians and strengthened
the patient recruitment system by establishing the Urea Cycle Disorder Consortium. Based on these efforts, we
applied Class | Regenerative Medicine to the Specially Certified Committee for Regenerative Medicine, achieving
the initial research objectives.

3. Research and Development for liver cirrhosis treatment

Liver cirrhosis represents the advanced stage of various liver diseases, and it is estimated that there are over
400,000 to 500,000 patients in Japan. Furthermore, liver cirrhosis lacks curative treatments other than liver
transplantation, emphasizing the urgent need to develop new therapeutic approaches. Considering the potential
risks associated with the portal vein transplantation of hiPSC-LB in cirrhosis patients, we developed a large-size
hiPSC-LB that can be transplanted onto the surface of the liver and investigated the therapeutic efficacy and safety
of hiPSC-LB using liver cirrhosis models.



3.1 Development of Fused hiPSC-LO for liver cirrhosis treatment

We have successfully developed a large-size hiPSC-LB (Fused hiPSC-LB) by aggregating and fusing
conventional hiPSC-LB. These fused hiPSC-LB exhibit enhanced resemblance to the native liver by presenting a
well-developed vascular network and maturing into bile duct-like and sinusoid-like structures in vivo.

3.2 PoC confirmation for treating liver cirrhosis with Fused hiPSC-LB Transplantation

To confirm the effectiveness of fused hiPSC-LB transplantation for liver cirrhosis, we developed drug-induced
liver fibrosis models with mice and rats, which accurately reproduces the pathological conditions equivalent to
Child-Pugh Grade B/C. We also advanced technologies to peel the liver surface membrane (Int J Mol Sci, 2021)
and fix transplanted LB on the liver (Sci Rep, 2020) that help transplant Fused hiPSC-LB safely and reliably. With
these developed technologies, we detected significant improvements in survival rates, liver fibrosis, and blood
coagulation activity by surface transplantation of Fused hiPSC-LB in cirrhosis models. Additionally, we shed light
on how Fused hiPSC-LBs transplantation improves fibrosis. Furthermore, to ensure extrapolation to humans, we
also developed a drug-induced liver cirrhosis model in the cynomolgus monkey (Sci Rep, 2020), and confirmed
the therapeutic efficacy of cynomolgus monkey Fused iPSC-LBs on liver fibrosis with allogeneic transplantation.
Thus, our results suggest that Fused hiPSC-LBs show promising therapeutic effects against liver cirrhosis.

3.3 Preparation for Clinical Trials of liver cirrhosis treatment

Not only for model transplantation, but we also generated a larger fused hiPSC-LB suitable for clinical
administration. Because about 10*9 cells derived hiPSC-LB would be necessary for one cirrhosis patient, we
established a manufacturing system by utilizing multiple cell production facilities to scale up the production. To
address the increased risk of unintended cell contamination associated with the scale-up production, we developed
an ultra-sensitive detection method for undifferentiated cell contamination and a high-sensitivity detection method
for low-quality cells using single-cell RNA sequencing technology. Therefore, we have established foundational
technologies to produce Fused hiPSC-LB for treating liver cirrhosis.

Moreover, we established a collaborative framework with clinical physicians in preparation for the clinical trial.
Yokohama City University Hospital has been designated as a collaborative hospital for liver disease treatment and
is @ major center for the diagnosis and treatment of chronic hepatitis, liver cirrhosis, and liver failure in Kanagawa,
ensuring sufficient cirrhosis patients of the clinical trial implementation. Since 2019, the International Clinical Liver
Disease Center has been established within the hospital, and researchers from our program have participated in
the center's activities and built a collaborative framework for the clinical trial implementation. These results suggest
that we have achieved the foundation for liver cirrhosis treatment using fused hiPSC-LB transplantation. Through
close discussions with clinical physicians, considering medical and social needs and patient recruitment, NASH-
induced liver cirrhosis would be the most targeted patient of the clinical trial. In 2023, we were adopted by the
AMED Program for Accelerating Regenerative Medicine, Cell Therapy, and Gene Therapy Realization to obtain
robust PoC for treating NASH-induced liver cirrhosis and develop a clinical therapeutic strategy for NASH-induced
liver cirrhosis.

4. Significant of achievements

The successful development of hiPSC-LBs in this project represents a groundbreaking achievement in the
flourishing "organoid research" field. In this project, we pioneered highly accurate single-cell RNA sequencing to
reveal the stepwise differentiation of hiPSC-LB towards liver-like organs within the living body (Nature, 2017).
Moreover, in preparation for clinical trials, we have established a stable and large-scalable manufacturing system
for generating homogeneous hiPSC-LBs, taking significant steps toward the industrial production of human
organoids (Cell Reports. 2017). By fusing these hiPSC-LBs, we have created functional fused organoids (fusion-
type human iPSC liver buds) capable of large-scale liver surface transplantation, promoting their clinical
applications in liver disease treatment. These research achievements belong to the world's highest level and hold
tremendously high social, scientific, and medical value. Furthermore, these advanced organoid technologies can
also be applied to generate other organs, including kidneys and pancreas, and develop organoid disease models,
significantly contributing to various research areas beyond regenerative medicine.



