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[Purpose of R&D]

The ultimate goal of this research is to develop a new cell therapy for Duchenne muscular dystrophy
(DMD). In order to achieve this goal, we aimed to obtain the POC whether the produced iPS cell stock-
derived skeletal muscle stem cells iMuSCs) exert a therapeutic effect without side effects such as
tumorigenesis by transplantation into DMD model mice. In addition, as a step toward the formulation
of cell therapy, we also aimed to develop a technology that enables cryopreservation of iMuSCs while
maintaining high muscle regeneration capacity. Furthermore, for the purpose of conducting preclinical

studies, we aimed to produce immunodeficient DMD model rats that can accept human cells.

[Achievement]

First, we identified new surface marker MCAM for the purification of iMuSC by deep analysis of
RNAseq data taken from PAX7 positive cells derived from iPSCs. MCAM positive cells showed less
fibrogenesis than previously used CD82 positive cells, while they retained muscle regeneration
potential as well as CD82 positive cells. Then we transplanted MCAM positive iMuSCs into the
gastrocnemius muscle of one side of immunodeficient DMD model mouse to obtain POC for cell
therapy. At 24 weeks after transplantation, the effect of improving muscle strength was analyzed in
comparison with the gastrocnemius muscle on the non-transplant side. Unfortunately, no data were
available to show improvement in muscle tension. A histological analysis was also performed 26
weeks after the transplantation. The maximum number of dystrophin-positive muscle fibers was
400, and the average was about 240, which was less than the target of 1000. Since no tumorigenesis
was observed in all 8 cases, a certain level of safety was shown for tumorigenesis, which is the
greatest concern of iPS cell-derived cells. However, in 7 out of 8 cases, progression of fibrosis and
adipogenesis was observed, which was clarified to be due to transplanted cells. These results
suggest that muscle regeneration may be repressed by fibrosis and adipogenesis caused by the
contamination of non-target cells in MCAM+ cells.

Regarding the establishment of the cryopreservation method, we first selected Banbanker as a
good candidate to keep cell viability after freeze-thawing. Combination of the programmed freezer
and optimal reagents improved cell viability after freeze-thawing over 90%. As for comparison of
muscle regeneration, the iMuSCs after freeze-thawing showed about half muscle regeneration
potential than the iMuSCs immediately after purification.

Regarding the production of model rats, we obtained eight female DMD heterozygous/nude rats
and nine male DMD-KO/nude rats. Histological analysis was performed using DMD-KO/mude
hetero rats, dystrophin immunostaining confirmed a deficiency of dystrophin expression, and HE
staining showed inflammatory cell infiltration and an increase in necrotic muscle fibers. Sirius red
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staining of the diaphragm sample revealed that the fibrotic region was increased All these

histological results revealed usefulness of DMD-KO/nude rat as a DMD model.
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