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(3% §%) Modeling early-onset cystogenesis using kidney organoids derived from a patient with

polycystic kidney disease harboring unusual mutations
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Background

Autosomal dominant polycystic kidney disease (ADPKD) is the most common inherited cause of renal failure. Mutations
in PKD1/2, which are mainly expressed in primary hair cells, cause the gradual dilation of collecting ducts and tubules,
resulting in cysts forming in adulthood. Although vasopressin receptor antagonists are available, there is no curative
therapy, and novel therapies are needed. PKD1/2 suppresses cyst formation; however, in mice, heterozygous deletion of
Pkd1 does not result in cyst formation, while homozygous deletion causes embryonic lethality. However, it is difficult
to reproduce cysts in patient-derived kidney organoids (i.e., human heterozygous), so induced pluripotent stem (iPS)
cells with homozygous deletion of PKD1 or PKD2 by genome editing are mainly used in experiments. This has been a
bottleneck in stem cell research. Dr. Miura, a co-investigator of this study, has been working with a patient who has had
multiple renal cysts since the fetal period. Based on the timing of cyst onset, the patient was presumed to have autosomal
recessive polycystic kidney disease (ARPKD). However, it was found to be a compound heterozygous missense mutation
of PKD1, i.e., ADPKD (Taniguchi et al., Kidney Med., 2024). Therefore, we devised a plan to produce kidney organoids

from this patient.

Aim

This study aimed to reproduce cysts by generating kidney organoids from iPS cells derived from a patient with compound
heterozygous mutations in the PKD1 gene. We established iPS cells from patient blood and induced kidney organoids to
recapitulate early-stage cysts. Furthermore, we established iPS cell lines with repaired mutations using genome editing
technology. In parallel, we transferred the iPS cell technology to Dr. Miura and established a collaborative research

framework.

Results

Establishment of Patient-Derived iPS Cells

After receiving approval from the ethical review committees at Kumamoto University and Tokyo Women's Medical
University, we established four iPS cell clones by introducing the Yamanaka 4 factor into patient blood cells using the

episomal vector method.

Reproduction of Cysts Induced by Renal Organoids

When several clones of patient-derived iPS cells were induced into kidney organoids and treated with the cAMP activator
forskolin, cysts formed within a few days and grew into large cysts within two to three weeks. However, individual
differences and differences between cell lines may affect the results. Therefore, we decided to repair the genetic mutation

to study the phenotypes under the same genetic background.

Repair of the Mutations

Since there are many pseudogenes in human PKD1, we must repair the mutation at the real locus, not the pseudogene.
Therefore, we designed a gRNA that cleaves only the mutated sequence, as well as donor DNA that is not cleaved by the
gRNA. We introduced these into patient iPS cells and designed PCR primers that can amplify and detect only the
authentic gene. We then performed sequence analysis. Using this method, we isolated corrective clones of the maternal
mutation and corrective clones of the paternal mutation. Kidney organoids were then induced from these clones. It will

also be necessary to establish clones in which both the maternal and paternal mutations are corrected.

Transfer of iPS Cell Technology



We shared videos of the kidney organoid protocol and experimental procedures, held Zoom meetings, and invited young
researchers from Tokyo Women's Medical University (TWMU) to Kumamoto University for hands-on training in iPS
cell maintenance culture and kidney organoid induction. The iPS cells were then sent from Kumamoto University to
TWMU. These efforts enabled us to transfer iPS cell technology and establish a collaboration framework between disease

researchers in Tokyo and iPS cell researchers in Kumamoto.

Perspectives

Autosomal dominant polycystic kidney disease is the most common genetic disease that leads to renal failure and dialysis.
The social and economic health impact of this disease is significant. However, cyst research has primarily relied on
organoids with a homozygous PKD1 deletion created through genome editing. Organoids derived from patients, which
produce cysts less frequently, have rarely been used. This project uses patient cells with lower PKD1 activity than simple
heterozygous cells due to compound heterozygous mutations. The iPS cells are not completely deficient in PKD1, but
PKD function is insufficient presumably due to impaired migration to the cell membrane. The patient-derived iPS cells
will be deposited at the RIKEN BioResource Center, where they are expected to be widely used by researchers and
companies. Additionally, patients with hereditary renal diseases from all over Japan visit Tokyo Women's Medical
University, led by Dr. Miura. Therefore, it is of great significance for Dr. Miura to master basic iPS cell technology and

understand its strengths and weaknesses. We would like to expand our collaboration to other renal diseases.



