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(I #B) Study of exploring pathological mechanisms and developing drug discovery
system for periodic paralysis using disease—specific iPS cells.
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This study aimed to elucidate the mechanisms underlying periodic paralysis by establishing disease-
specific induced pluripotent stem cells GPSCs) from affected patients. Using these iPSCs, we investigated
intracellular changes caused by electrical abnormalities and their downstream contribution to myopathy.
We also integrated existing drug discovery technologies to construct in vitro models of muscle-specific
phenomena, such as gating pore currents and paradoxical depolarization, to facilitate therapeutic
development.

1PSCs were established from 7 of 9 recruited subjects, including patients with HypoPP type 1 and 2,
Andersen-Tawil syndrome, and a healthy sibling. Three of these lines were deposited in the RIKEN BRC,
and an isogenic control line was generated through ssODN-mediated gene correction. Differentiation
from iPSCs into skeletal muscle stem cells GMuSCs) was successfully conducted, and cryopreserved
stocks were provided to partner institutions for further assays, creating a stable foundation for reliable
disease modeling.

At The University of Osaka, gene expression analysis was conducted using iMuSCs derived from both
patient and control iPSCs. Under thyroxine (T3)-excess and low-potassium conditions, RNA-sequencing
revealed upregulation of myogenesis-related genes. Electrophysiological analyses by whole cell patch
clamp technique were also performed at The University of Osaka using myotubes differentiated from
iMuSCs. Although leak currents suggestive of gating pore activity were detected, similar currents in
control cells precluded conclusive evidence of pathological specificity, highlighting the need for isogenic
comparisons and further technical refinement.

Juntendo University focused on visualizing intracellular changes using fluorescent indicators.
Calcium indicators (e.g., G-GECO1.1, R-GECO1) showed high sensitivity in RyR1-expressing HEK293
cells. However, traditional viral transduction was ineffective in iMuSCs, prompting the development of
an mRNA transfection method, which significantly improved gene delivery. This allowed successful Ca?*
imaging in patient-derived myotubes, although indicators for membrane potential and pH lacked
sufficient sensitivity.

Both Juntendo University and The university of Osaka explored methods to analyze paradoxical
depolarization. Juntendo demonstrated reduced calcium responses under low-K conditions with
electrical stimulation, partially replicating the HypoPP phenotype. Meanwhile, The university of Osaka
applied the voltage-sensitive dye FluoVolt in time-lapse imaging and successfully observed abnormal
membrane depolarization in patient-derived myotubes, indicating successful reproduction of this disease
hallmark in vitro.

To support these research activities, technical transfer was conducted. All methods for 1IPSC-to-iMuSC
differentiation were transferred from Kyoto university to Osaka and Juntendo university, including
FACS-based purification. Although initial challenges such as cell detachment occurred, troubleshooting
efforts enabled successful induction at all institutions, with CDH13-positive cells exceeding 30% and
efficient myotube differentiation achieved.

This research represents a significant step forward in modeling hereditary periodic paralysis using
patient-derived iPSCs. The ability to simulate disease phenotypes, especially through Ca?* imaging and
membrane potential analysis, validates the utility of this platform. Furthermore, the successful
implementation of mRNA-based gene delivery in muscle cells provides a valuable tool for future studies.
Through meticulous protocol sharing and on-site support, the collaborative nature of this study ensured
a smooth technology transfer, laying a foundation for autonomous disease modeling and therapeutic

screening by partner institutions.



