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Human iPS cell (hiPSC)-derived skeletal muscle stem cells are expected to promote drug discovery screening for
muscle diseases, many of which develop due to genetic mutations. However, it is difficult to reproducibly induce
skeletal muscle stem cells from the hiPSCs derived from muscle disease patients using existing protocols. It is
therefore strongly desired to develop a robust method to induce skeletal muscle stem cells from the patient-derived
hiPSCs. Kiyotoshi Sekiguchi, the principal investigator, has focused on the basement membrane that constitutes the
niche for skeletal muscle stem cells and developed a next-generation laminin fragment, i.e., a chimeric laminin E8
fragment conjugated to the growth factor binding domain of perlecan, which harbors heparan sulfate chains that
capture a variety of growth factors including basic FGF (Fig. 1). Hidetoshi Sakurai, the co-principal investigator,
found that the differentiation efficiency of skeletal muscle stem cells from hiPSCs is significantly enhanced when
hiPSCs are induced to differentiate on the plate
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fragment. In the present investigation, we sought to

develop a robust protocol for inducing skeletal i
muscle stem cells from hiPSCs derived from muscle Y

disease patients, by optimizing the cell-adhesive

matrix for individual stages in inducing skeletal Q
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muscle stem cells. To achieve this goal, we divided .\ o Coptured growth factor
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the entire process of skeletal muscle development
Next-generation laminin E8 fragment

into the following three stages: (1) induction of

paraxial mesoderm, (2) induction of dermomyotome, Figure 1. Construction of the next-generation laminin E8
fragment by conjugating the heparan sulfate-attached domain of

and (3) myocyte maturation, for each of which we perlecan to the integrin-binding E8 region of laminin.

optimized the cell-adhesive matrix. In addition, we

sought to enhance the differentiation efficiency on the next-generation laminin fragments by utilizing Al
technology and robotics. The major results and achievements obtained in this study are as follows. First, a CHO
clone that stably expresses the highest level of next-generation laminin-421 E8 fragment (P-421ES8) was
successfully isolated to ensure the large-scale production of P-421ES. A protocol for purification of the
recombinant P-421ES8 secreted by the CHO cells was also streamlined. Second, P-421E8 was found effective in
inducing not only paraxial mesoderm but also dermomyotome. We also found that the cells committed to skeletal
muscle lineage could be enriched by replating on the plate precoated with the next-generation fragment of laminin-
221, the laminin isoform comprising the basement membrane of mature skeletal muscle cells. We also isolated a
CHO cell clone that expresses the highest level of next-generation laminin-221 E8 fragment (P-221ES8) to enable
large-scale production of P-221ES. Third, the five kinds of patient-derived hiPSCs, i.e., those from Duchenne
muscular dystrophy, myotonic dystrophy type 1, facioscapulohumeral muscular dystrophy, congenital myasthenia,
and laminopathy, were induced to differentiate into skeletal muscle stem cells on either P-421E8 or Matrigel using
the protocol we optimized. The differentiation efficiency was assessed in ten trials (two independent trials for each
patient-derived hiPSCs). The differentiation efficiency exceeded 40% in 9 trials on P-421ES, achieving 90%
success rate with 18% of CV, while only 6 trials achieved >40% of differentiation efficiency on Matrigel with 47%
of CV, endorsing the advantage of P-421ES8 as the matrix for skeletal muscle stem cell differentiation over Matrigel.
Finally, it was confirmed that differentiation efficiency increased approximately 50% by using an automated
medium feeding device adapted to 6-well plates when employed at Day 38 after induction of skeletal muscle stem

cell differentiation.



