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Multisystem proteinopathy (MSP) is a systemic degenerative disorder with adult onset,
presenting various clinical manifestations. It includes inclusion body myopathy (IBM) in over 90%
of cases, Paget’s disease of bone in ~50%, frontotemporal dementia (FTD) in ~30%, and ALS-like
symptoms in ~15%. A hallmark of IBM is the presence of VCP-, ubiquitin-, and TDP-43-positive
inclusions in skeletal muscle, yet the pathomechanism remains unclear and there is no effective
treatment.

This study aimed to elucidate the disease mechanism of IBM associated with MSP and to develop
therapeutic strategies using disease-specific induced pluripotent stem cells (PSCs). The research
focused on the effects of VCP mutations on intracellular protein quality control, and included three
research components and two technology transfer plans.

[Research Item 1: Establishment and Differentiation of Disease-Specific iPSCs]

1PSCs were successfully established from a patient with a VCP R191Q mutation using an episomal
vector. After karyotype validation, three clones were deposited at the RIKEN BRC and distributed
to collaborators. Muscle differentiation using a MyoD vector achieved over 90% efficiency.
Additionally, skeletal muscle stem cells (MuSCs) were derived and purified via CDH13+ FACS
sorting, cryopreserved, and used to successfully model disease phenotypes.

[Research Item 2: Generation of Isogenic Control Cells via Genome Editing]

Using HDR-based CRISPR editing with RNP complexes, the VCP mutation was corrected in 14
clones, of which three with good proliferative capacity were selected and used for iMuSC generation.
The planned off-target analysis was omitted due to the high specificity of the method and a strategic
shift toward pathomechanistic analysis.

[Research Item 3: Disease Modeling Using iPSCs]

Autophagy (3-1): Autophagic flux was elevated in differentiated VCP-mutant myotubes compared

to controls. Under heat stress, these myotubes showed significant accumulation of protein

aggregates, indicating impaired clearance mechanisms.
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RNA-Binding Proteins (3-2): TDP-43 was mis-localized from the nucleus to the cytoplasm under
stress in mutant myotubes, with reduced expression levels. RNA-seq revealed VCP mutation-
dependent gene expression changes, and new iPSCs with C-terminal Spot-Tags were generated for
interactome analysis.

Stress Granules (3-3): Mutant myotubes displayed delayed degradation (but not formation) of
stress granules induced by heat shock or arsenite, suggesting a mechanistic link to disease pathology.

[ Technology Transfer Plan 1: Muscle Cell Induction]

The doxycycline-inducible MyoD vector developed by Kyoto university was successfully
transferred to Teikyo university, enabling efficient myotube induction. Cryopreserved iMuSCs were
also provided and used for disease modeling, validating their utility.

[ Technology Transfer Plan 2: iMuSC Differentiation Protocol]

Muscle stem cells were induced from both healthy and patient-derived iPSCs using a
developmentally inspired protocol. Although FACS-based purification was limited by equipment
access, sphere culture methods allowed the collection of differentiated muscle cells, achieving partial

success.

This study revealed that VCP mutations impair stress granule clearance and promote protein
aggregation under stress, offering new insights into IBM pathology. The collaborative approach
using disease-specific iIPSCs and genome-edited controls demonstrated the power and feasibility of

1PSC-based disease modeling, particularly for rare neuromuscular disorders.



