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Instead of animal derived matrix, using Xeno-free New Generation Laminin, we established a highly
efficient differentiation system for myocytes and muscle stem cells induction from hiPSCs. This
research will be very useful for disease modeling and cell therapy based on hiPSCs.

In this study, we aimed to use a xeno-free matrix establising a highly
efficient differentiation system for inducing myocytes and muscle stem cells from hiPSCs. Instead of
animal derived Matrigel, the NGL (New Generation Laminin) increases muscle progenitor cells,
subsequently, increase the amounts of myocytes and muscle stem cells from hiPSCs in the stepwise
differentiation protocol. Our results demonstrate that the unique crystal structure of NGL supports
the highly efficient myogenic differentiation through FGF receptor signaling pathway regulated by
heparan sulfates (HS). These novel effects of NGL can’ t be replaced by treating with high dose of
FGF2 or coating the mixture of laminin42l E8 and perlecan. Using this NGL, we established a highly
efficient differentiation system for myocytes and muscle stem cells induction from hiPSCs for
disease modeling and clinical application.
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Duchenne muscular dystrophy (DMD), the most common and severe form of muscular dystrophy,
accompanies with muscle degeneration that can not be combated until now. It may be
treatable with stem cell therapy, if healthy muscle stem cells be generated from human
induced pluripotent stem cells (hiPSCs).

Our group has established a strategy for generating skeletal muscle stem cells from hiPSCs.
In this system, hiPSCs were developed into muscle stem cells which can regenerate
dystrophint fibers in DMD model mouse. However, this approach shows low efficiency and
requires Matrigel (MG) which is derived from mouse tumors. For clinical application,
establishing high efficiency and xeno—free (animal derived substance-free) environment
is necessary.

Laminins are a family of glycoproteins present in the basement membrane. All laminins
are large heterotrimeric glycoproteins composed of «, B, and vy chains that assemble
into a cross— shaped structure. Recombinant Laminin E8 fragments (LN-E8s), serving as
a functionally minimal form, has been used as xeno—free coating substrata for in vitro
cultures of hiPSCs in numerous studies. In previous study, we sought to replace Matrigel
from our system by using LN-E8s (LN111E8, LN211E8, LN332ES, LN411ES, LN421E8 and LN511ES8).
Unfortunately, all of these LN-E8s provided relatively lower efficient myogenic
differentiation comparing with Matrigel, indicating Matrigel contained heparan sulfate
proteoglycan (Perlecan) supporting the differentiation in our system.

Perlecan is a multifunctional heparan sulfate proteoglycan that controls cell-signaling
events by interacting with several growth factors, cytokines, and other signaling
molecules. Cooperating with Dr. Sekiguchi in Osaka University, we designed new generation
laminin (NGL) which combined perlecan to the C—termius of Laminin—421 E8 fragment (p421).
We found that p421 provided highly efficient myogenic differentiation in our
differentiation system.

However, the mechanism of p421 increasing myogenic differentiation is still unclear. The
p421-dependent new differentiation system still needs well established.
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1. Using new generation laminin (NGL), establish a highly efficient differentiation
system for myocytes and muscle stem cells induction from hiPSCs for disease modeling and
cell therapy.

2. Elucidate the mechanism of NGL regulating myogenic differentiation from hiPSCs.
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Compare p421 with other laminin—perlecan fragments which contain different «, B or y
chain, then establish a xeno—free system for myogenic differentiation from hiPSCs. Knock
out heparin sulfate (HS) in p421 by heparitinase. Screen the cell signaling pathway which
can be regulated by perlecan, then check the downstream of this pathway.

Fig. 1 p421 provided the most efficient myogenic differentiation
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Immuno-staining of myosin heavy chain in D38 of differentiated myocytes derived from hiPSCs.




By screening all of the NGL (New Generation Laminin) isoforms which could be obtained,
we revealed that p421 provided the most efficient myogenic differentiation [Fig. 1]. Using
p421 we successfully established a more efficient differentiation system for myocytes
and muscle stem cells induction from hiPSCs. p421 promotes the development of paraxial
mesoderm, dermomyotome, myogenic progenitors and muscle stem cells from hiPSCs in the
stepwise differentiation protocol. The Heparan sulfates digestion experiment revealed
that the unique effects of p421 is provided by HS (Heparan sulfate) [Fig.2].

Fig. 2 p421 provided primitive streak, paraxial mesoderm and dermomyotome differentiation by HS
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p421 increased the marker genes expression of T (day2), TBX6 (day6) and SIX1 (day21). The effects of p421
were significantly decreased by cutting HS by heparitinase.

By screening the pathways of FGF, WNT, BMP, TGF B, PDGF signaling, we revealed that p421
regulating myogenic differentiation by regulating FGFR signaling pathway. HS bind to
fibroblast growth factor—2 (FGF2), form a stable high affinity HS-FGF2-FGFR complexes
on cell surface, then strongly stimulate FGFR signaling pathway. These effects depend
on the unique structure of NGL, that could not be replaced by treating with high dose
of FGF2 or coating the mixture of laminin421 E8 and perlecan.

Fig. 3 p421 provided myogenic differentiation though FGFR signaling pathway
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Screen the pathways of FGFR, WNT, BMP, TGFB, PDGF signaling pathway were screening by chemical
inhibitors. Only FGFR inhibitors remarkably decrease gene expression of T (D2) and TBX (D6) in p421
provided myogenic differentiation.

Using this xeno—free matrix, we established a highly efficient differentiation system
for hiPSCs induced paraxial mesoderm lineage, subsequently, paraxial mesoderm derived
myocytes and muscle stemcells. It will be useful for iPSCs derived skeletal muscle disease
modeling and clinical application.
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