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In recent years, direct reprogramming, wherein transcription factors that govern the fate of one
cell type are ectopically expressed to induce conversion into another cell type, has been
demonstrated across a variety of cell types. If hepatocytes could be efficiently generated from
easily accessible cells via this method, it would offer a promising foundation for the development
of cell transplantation therapies using these cells as donor sources. Moreover, if direct
reprogramming could be induced 7n vivo within the livers of patients with liver diseases, it
could enhance endogenous regenerative capacity and potentially enable rapid and efficient
treatment of even advanced liver diseases

In previous research, we have successfully generated human induced hepatic progenitor cells
(iHepPCs) from human umbilical vein endothelial cells using direct reprogramming. These iHepPCs
exhibit high proliferative capacity and bipotential differentiation potential toward both
hepatocytes and biliary epithelial cells. With the goal of advancing the clinical application of
iHepPC—based cell transplantation therapies, we focused on establishing a method to induce iHepPCs
without causing insertion of introduced genes into chromosomes. As a result, we successfully
generated iHepPCs with functional properties comparable to those previously reported, employing

a non—integrative approach, and additionally established an experimental system that allows for



the removal of the introduced genes themselves

Given that the reprogramming efficiency toward iHepPCs remained suboptimal, we conducted
investigations to enhance the efficiency of this process. Through this effort, we identified
small-molecule compounds that markedly improved reprogramming efficiency. We demonstrated that
these compounds facilitate cellular state transitions at both the epigenomic and transcriptomic
levels, thereby promoting more effective reprogramming toward the iHepPC state. In the future,
by standardizing the iHepPC induction method using the relevant small molecules, we aim to
establish a versatile protocol for efficiently obtaining large quantities of iHepPCs in a shorter
period, and use this as a stepping stone toward clinical applications

Additionally, we pursued the development of therapeutic strategies for liver diseases based
on In vivo reprogramming. We established a protocol for the delivery of reprogramming factors
using adeno—associated virus (AAV) vectors and evaluated both therapeutic efficacy and potential
adverse effects following AAV administration. As part of our broader efforts to innovate disease
treatment strategies through 7n vivo reprogramming, we also worked to improve genome editing
technologies by modifying the CRISPR-Cas9 system. Specifically, we developed a novel activity—
regulatable guide RNA (gRNA) platform, enabling the construction of a next—generation genome
editing system that maximizes both safety and editing efficiency under controlled gRNA activity.
With the remarkable advancements in gene therapy techniques in recent years, the integration of
these developments with the findings of this research is expected to lead to the establishment
of a novel liver regeneration—inducing method that promotes the restoration of liver function.

Furthermore, we aimed to develop next—generation reprogramming technologies that do not rely
on transcription factors. We successfully induced the conversion of hepatocyte cell fate, isolated
from adult mouse livers, into intestinal progenitor cells by culturing them solely in a specialized
medium containing a combination of small molecules, without the need for gene introduction. This
discovery 1is expected to contribute not only to the advancement of hepatology, enhancing our
understanding of the liver, but also to the research and treatment of related diseases such as

ulcerative colitis and intestinal metaplasia.



