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Autosomal dominant polycystic kidney disease (ADPKD) causes the progressive formation of numerus
renal cysts, leading to end-stage renal failure that requires renal replacement therapies such as
dialysis therapy or kidney transplantation. The total number of ADPKD patients is estimated to be
about 31,000 in Japan and over 10 million worldwide. However, the mechanisms of renal cyst formation
remain to be elucidated, and curative treatments have not been established. Therefore, the development
of novel therapies and medical technologies for ADPKD is a challenge because patients are currently
undergoing renal replacement therapy or symptomatic therapy. For the goal, the development of novel
disease models that reproduce renal cyst formation in human is required. Although primary cultured
cells derived from ADPKD patients are very useful tools in disease research, the access to the patient
samples is limited and the phenotypes of primary cells often change after in vitro cultures. To
establish suitable human disease models, iPS cell technology is a powerful tool because iPS cells can
expand forever and differentiate in vitro into the injured cell types or tissues including those of
kidney.

Cyst formation has been reported by applying forskolin stimulation to ADPKD-specific iPS cell-
derived ureteric bud (UB) organoids that develop collecting duct (CD). However, it is unclear whether
forskolin stimulation accurately reflects actual pathology of ADPKD. In order to more accurately
reproduce the pathology of ADPKD, it is necessary to create a model in which spontaneous cyst formation
occurs as in patients and tolvaptan, the only approval drug for ADPKD, is effective in suppression
of cyst enlargement. Therefore, we set the following goals: 1) to develop a novel model for spontaneous
formation of renal CD cysts from human iPS cells, 2) to generate renal cysts using ADPKD patients-
derived iPS cells, and 3) to identify the compounds that suppress cystogenesis in ADPKD.

First, we developed a method to advance the developmental stage by long—term expansion culture
of UB tip cells to produce late—stage CD organoids. Next, by applying this method, we developed a
model for spontaneous cyst formation from PADI homozygous mutant iPS cells and succeeded in forming
multiple cysts in 100% of the CD organoids. We have elucidated the mechanism of cystogenesis by single
cell RNA sequencing and gene expression knockdown using siRNA, and established expansion culture
method of cyst cells. Then, we attempted cyst formation from three previously established lines of
ADPKD patient—derived iPS cell lines and observed cyst formation in one line, although the frequency
of cyst formation was low. Therefore, iPS cell lines carrying heterozygous or homozygous PKDI mutations,
which were the same as those of ADPKD patients who showed cyst formation, were established. The PADI
heterozygous and homozygous mutant iPS cell lines were used to generate CD organoids in the late
stages of renal development, and the heterozygous mutant lines showed almost no cyst formation
Moreover, we developed a high—-throughput screening (HTS) system to identify the compounds that
suppress cyst enlargement, and successfully identified the compounds by HTS using the existing drug
library. In the process of developing a method for passaging of cyst cells, we found that retinoic
acid receptor (RAR) agonists can significantly inhibit cyst enlargement. RAR agonists suppress cyst
enlargement by stimulating the expression of cellular senescence markers. RAR agonists administration
significantly suppressed renal function decline in ADPKD model mice, confirming its therapeutic effect.

The establishment of an 7n vitro model that reproduces cystogenesis in the CD organoids, which
has never been reported before, has opened the door to a wide range of applications, including not
only the discovery of new therapeutic compounds, but also drug pharmacology evaluation of therapeutic

candidates, elucidation of the mechanism of cyst formation, and discovery of new therapeutic targets.



