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Research Background

Previous studies of kidney disease have relied on cultured cells or mouse models that do not necessarily reflect the
pathophysiology of the disease. For example, the expression of filtration slit proteins in commonly used immortalized
podocyte cell lines is less than 1/1000 of the original level. We were among the first to successfully induce 3D kidney
structures from human iPS cells in vitro (Mae et al. Nat Commun 2013, Taguchi et al. Cell Stem Cell 2014). We have also
shown that human iPS cell-derived glomeruli connect to blood vessels by transplantation into mice (Sharmin et al. J Am Soc
Nephrol 2016) and also successfully expanded nephron progenitors (Tanigawa et al. Cell Rep 2016). This project will establish
a center for the elucidation of disease mechanisms using iPS cells derived from hereditary kidney disease by creating a
collaborative framework between two research institutions (Kumamoto University and Kyoto University) that have led these
studies.

Research Aims
Finnish-type congenital nephrotic syndrome is an autosomal recessive glomerular disease characterized by severe proteinuria
from birth and renal failure within a few years due to mutations in NEPHRIN, a component of the glomerular filtration slits.

Autosomal dominant polycystic kidney disease, in which mutations in the membrane proteins PKD1 and PKD?2 cause dilation
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of the tubules and collecting ducts to dilate and form cysts, is the most common inherited disease leading to kidney failure.
Alport syndrome is an X-chromosome-linked inherited disease caused by mutations in glomerular basement membrane
collagen type IV (COL4A3/4/5) leading to renal failure. The purpose of this study is to induce kidney organoids from human
iPS cells derived from these three inherited kidney diseases to recapitulate the early pathogenesis of the diseases and to

elucidate the disease mechanisms for drug discovery.

Results

1. Finnish-type congenital nephrotic syndrome

We established iPS cells from a patient with congenital nephrotic syndrome who has a point mutation in NEPHRIN, a
component of the glomerular filtration slit, and induced nephron organoids including glomeruli via nephron progenitors. This
successfully recapitulated the original pathology of the disease. Patient iPS cells did not show formation of filtration slit
precursors, and the expression of NEPHRIN, which should be translocated to the plasma membrane, was attenuated and
remained in the cytoplasm. Transplantation into immunocompromised mice resulted in the formation of filtration slits in
normal podocytes, but not in patient-derived cells. Further correction of the point mutation by genome editing eliminated
these symptoms, confirming that this mutation was the cause of the disease. Thus, the point mutation prevents NEPHRIN
from translocating to the membrane of glomerular podocytes, resulting in impaired filtration slit formation and proteinuria
(Tanigawa et al. Stem Cell Reports 2018). We also established iPS cells from a patient with a point mutation at different
position of NEPHRIN and a patient with a complete loss of NEPHRIN, and recapitulated the same pathology (Ohmori et al.
Sci Rep 2021). Four iPS cell lines from these two patients were deposited at the RIKEN Bio Resource Center. In parallel, we
developed a method for highly efficient (>90% purity) induction of glomerular podocytes from iPS cells (Yoshimura et al. J
Am Soc Nephrol 2019) and a method to expand and freeze nephron progenitors derived from iPS cells (Tanigawa et al. Stem
Cell Reports 2019). We applied these technologies to disease-specific iPS cell-derived kidney organoids to construct a
screening system for compounds that restore the abnormal localization of mutant NEPHRIN. In parallel, a two-dimensional
screening was performed using cultured cells overexpressing tagged mutant NEPHRIN. The effects of the compounds

obtained in these experiments are now being verified.

2. Autosomal dominant polycystic kidney disease

In polycystic kidney disease, renal cysts are often formed from the collecting ducts in addition to the tubules. We have
reported a protocol to induce ureteric buds, the progenitors of collecting ducts, from iPS cells (Taguchi et al. Cell Stem Cell
2017), and applied this induction method to recapitulate the pathogenesis of autosomal dominant polycystic kidney disease.
We treated the induced ureteric buds or nephrons (glomeruli + tubules) with cAMP activators, both of which formed cysts
(Kuraoka et al. ] Am Soc Nephrol 2020): the former consisting predominantly of dilatation of the ureteric bud/stalk and the
latter consisting of dilation of the proximal tubules. Furthermore, vasopressin treatment of ureteric buds lacking PKDI1 also
resulted in cyst formation. Cyst formation was also observed in ureteric buds derived from heterozygous deletion iPS cells or
iPS cells derived from heterozygous patients with point mutations. This is the first report of vasopressin responsiveness and
cyst formation in patient-derived iPS cells. In addition, we developed a method to increase the frequency of cyst formation
and identified a candidate compound that can inhibit cyst formation. These results are expected to provide a basis for

identifying drugs beyond the vasopressin receptor inhibitors currently used in clinical practice.

3. Alport syndrome

Nephron organoids were generated from patient-derived iPS cells carrying a point mutation in COL4AS5, the causative gene.
Although no abnormality in the formation of glomerular filtration slits such as NEPHRIN was observed, decreased COL4AS5
expression in the glomerular basement membrane was confirmed. In parallel, we established a two-dimensional screening
system capable of detecting the extracellular secretion of tagged COL4A proteins (Omachi et al. Cell Chem Biol 2018). This
luminescence system exploits the finding that COL4A3/4/5 is secreted only after forming a trimer. By introducing various
mutations found in patients, we also found that the secretion capacity correlates with the severity of the symptom (Kamura et

al. Kidney Int Rep 2020). We used this system to screen a library of natural products, and obtained several hits. These were
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added to kidney organoids, but no clear effect was observed, so we are continuing the two-dimensional screening using the
chemical compound library. We also aim to establish a three-dimensional screening system based on the same priciple. In
addition, our study showed that COL4A3/4/5, the causative gene of this disease, is a good indicator of current immaturity of
kidney organoids (Yoshimura et al. ] Am Soc Nephrol 2019). Therefore, we are improving culture and transplantation methods
to increase COL4A3/4/5. This will lead to organoid maturation, and the more this progresses, the more accurately the

pathogenesis of this disease will be reproduced and the more diseases will be analyzed.



