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Alagille syndrome (designated as intractable disease 297) is a rare disease characterized by
abnormalities in the bile ducts at birth with a low incidence, with 200 to 300 patients in
Japan. Cholestasis, which often triggers diagnosis, tends to gradually improve with growth
in many cases, but about one—third of cases persist with severe cholestasis beyond one year
of age, progressing to cirrhosis, and complications such as varices, hypersplenism, and

hepatopulmonary syndrome due to portal hypertension become problematic. Therefore, preventive



or progression—stopping treatments other than surgical methods are sought for Alagille
syndrome. The aim of this project is to elucidate the pathogenesis and construct disease
models to achieve this.

The causative genes for Alagille syndrome, JAGGED1 (JAGl) and NOTCH2, are ligands and
receptors of the NOTCH signaling pathway, which is suggested to be involved in the main
molecular pathogenesis. It is expected that combining existing animal models and human cell
models will advance the understanding of the disease and the development of treatments.
Culturing and analyzing the patient’s own bile duct tissue in vitro has not been done yet
and is ethically and technically challenging. Additionally, there are no useful immortalized
cell lines derived from bile duct tissue. Therefore, to develop disease models and conduct
drug discovery research using patient—-derived cells, it is essential to induce bile duct
tissue derived from human iPS (induced pluripotent stem) cells for analysis and evaluation.

In this project, peripheral blood samples were collected from four patients with Alagille
syndrome. Mononuclear cells were separated by centrifugation and cultured, and iPS cells were
generated by infecting with Sendai virus vectors carrying iPS cell factors and replacing with
iPS cell-specific medium. Furthermore, colonies were picked, and iPS cell lines derived from
single cells were established. After expanding these iPS cell lines, frozen stock vials were
secured. The basic characteristics of these iPS cell lines, such as self-replication,
pluripotency, and karyotype, were analyzed and evaluated. From these analyses, it is
considered that iPS cell lines of sufficient quality for analysis such as disease models were
created from these patients. Also, iPS cells with JAGGED1 gene mutations, specific to Alagille
syndrome, were generated using genome editing technology. Using these iPS cell lines,
differentiation of liver organoids including bile ducts and blood vessels, and related cell
types from iPS cells was carried out. As a result, hypoplasia of the bile ducts, a symptom
of Alagille syndrome, could be reproduced. Analyzing these bile duct cells and bile duct
organoids will form the basis for elucidating the molecular mechanisms of bile duct tissue
formation abnormalities due to abnormalities in the NOTCH signaling pathway involving the
JAGGED1 gene, which is responsible for Alagille syndrome, and for developing new treatments
for Alagille syndrome. Additionally, technology transfer related to iPS cells was conducted
to medical researchers participating in this project

Through the execution of this research project, iPS cells derived from patients with
congenital bile duct abnormalities were established for the first time in Japan, and their
disease models were created. These results indicate that sufficient outcomes were achieved
as planned. Furthermore, the development of disease models and their analysis using iPS cells
derived from Alagille syndrome patients are the first achievements in the world, and the
value of future progress in this research is expected to be high. Through the research
activities of this project, iPS cells derived from Alagille syndrome patients with bile duct
abnormalities were created, and disease models using them were developed, leading to the
expectation of further development of the following future research and development outcomes:
(1) Utilization of iPS cells derived from patients with bile duct abnormalities. There have
been no examples of iPS cells derived from patients with bile duct abnormalities such as

Alagille syndrome being established in Japan, making them very important as bioresources for



research. It is expected that patient—derived iPS cells can be utilized and contribute to
research in the future. Furthermore, since Alagille syndrome is a rare disease, understanding
the mutations in the target genes is very important for future research to elucidate the
molecular mechanisms. (2) Phenotypic analysis of bile duct tissue created from iPS cells
derived from patients with bile duct abnormalities. There are very few research examples
showing models that reproduce bile duct abnormalities under culture conditions. In particular,
this is the first example of a disease model using iPS cells derived from Alagille syndrome
patients. By using these differentiation induction techniques, it is expected that further
abnormal phenotypes can be identified under culture conditions as useful indicators for
future treatment development. Additionally, by comparing the occurrence patterns of these
abnormal phenotypes with the above genomic information, it is expected that the involvement
of each candidate gene in the disease can be elucidated. (3) Exploration of molecular
targets/compound screening. The abnormal phenotypes discovered during this research project
period and future research will serve as clues for developing treatments for bile duct
abnormalities using patient—derived iPS cells. Therefore, after the end of this research
project, it is planned to further advance the exploration of molecular targets/compound
screening to find promising targets. Furthermore, after testing with model animals, the
vision is to proceed to preclinical trials and then clinical trials. These technologies and
findings greatly contribute to the development of treatments for Alagille syndrome and other

bile duct abnormalities, which currently have no fundamental treatments



