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Using Xeno-free next generation laminin, we establish a highly efficient differentiation system from
hiPSCs, providing a universal differentiation protocol for disease modeling and cell therapy. We
also elucidate the role of FGFs in the next generation laminin inducing paraxial mesoderm from
hiPSCs.

hiPSCs provide an attractive cell source of cell therapies and disease
modeling for muscular dystrophy. We has established the protocol of generating muscle stem cells
(MuSCs) and myocytes from hiPSCs. In this project, using next generation laminin (NGL, p421), we
established more efficient protocol for generating myocytes and MuSCs. We revealed that the heparan
sulfate chains (HS) in p421 regulate myogenic differentiation from hiPSCs, by regulating FGFR
signaling pathway before paraxial mesoderm formation in the step-wised protocol. Utilizing the
exogenous bFGF and endogenous FGFs, HS in p421 stimulated the phosphorylation of ERK in the
downstream of FGFR, regulating the gene expression of primitive streak and paraxial mesoderm. In his
project, we elucidated the mechanism of p421 regulating myogenic differentiation from hiPSCs and
established a universal myogenic differentiation protocol for skeletal muscle disease modeling and
cell therapy.
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1. WHFERHAG S OE

Human induced pluripotent stem cells (hiPSCs) need to culture on suitable extracellular
matrix (ECM). ECM is a dynamic and complex environment characterized by biochemical
properties able to regulate stem cell differentiation. Laminins are a family of glycoproteins
present in ECM. Laminin E8 fragments (LM-ES8s), serving as a functionally minimal form of
laminin, has been used as Xeno-free substrate for maintaining undifferentiated hiPSCs.
However, LM-E8s provided ineffective hiPSCs differentiation to myocyte and muscle stem
cells (MuSCs) in established protocol. Thereby, we designed next generation laminin (NGL)
which has unique structure: perlecan D1 domain with three heparan sulfate chains (PInD1-
HS) conjugate to the C-terminus of Laminin E8 fragments. Heparan sulfate side chains (HS)
are highly sulfated polysaccharide in ECM, that act as essential co-receptors with various
factors, allows embryonic development and stem cell lineage-specific differentiation. By
screening all of NGL isoforms (p111, p211, p332, p411, p421, p511, p521) which could be
obtained, we revealed that p421 provided the most efficient myogenic differentiation. Using
p421 we successfully established a more efficient differentiation system for myocytes and
MuSCs inducted from 201B7 hiPSC line. Our previous research also showed that p421
significantly improved paraxial mesoderm (PM) development from hiPSCs by regulating
FGFR signaling pathway.

However, the deeper mechanism of p421 regulating FGFR signaling pathway is still unclear.
Also, we did not establish a universal protocol for hiPSCs-MuSCs for disease modeling and
for cell therapy.

2. WEoOHB

In this project, we were seeking to elucidate the mechanism of p421 regulating hiPSCs
differentiation, elucidating the role of HS in PM differentiation in vitro, and establishing a
highly efficient differentiation system of hiPSCs-MuSCs for disease modeling and clinical
application.

3. WD HikE

(1) In order to investigate the effects of HS in the downstream of FGFR, we inhibited the
FGFR downstream phosphorylation of PI3K, ERK1/2 and PLCy.

(2) Transcriptome analysis during hiPSCs differentiation was performed by RNA sequencing
in step-wised differentiation stages.

(3) The effects of exogenous bFGF were confirmed by treating hiPSCs with mutated E96A
and K125E bFGFs.

(4) By using Duchenne muscular dystrophy (DMD) and Miyoshi myopathy (MM) patients
derived hiPSC lines, we established a universal protocol for myogenic differentiation from

hiPSCs.
4. WHIERCR

(1) In order to confirm the period of HS regulating FGFR signaling, we passaged PM cells
which was cultured on p421 at Day 7 of differentiation to MG, LM421-E8 or p421. The
immuno-staining of myosin heavy chain (MHC) and MYOD1 data showed that MG or LM421-
E8 provided effective myogenic differentiation after cell passaging from p421, indicating that
the effect of p421 is in the period before PM formation [Figure 1. Al. To investigate the effects
of p421 in the downstream of FGFR, we treated hiPSCs with PI3K inhibitor (PIK90), ERK
inhibitor (PD0325901) or PLCy inhibitor (U73122) in the period of primitive streak formation
or in the paraxial mesoderm formation [Figure 1. Bl. ERK phosphorylation inhibitor
remarkably decreased the marker genes expression of primitive streak or paraxial mesoderm,
whereas PI3K inhibitor and PLCy inhibitor had no effects, indicating that HS regulating
FGFR through phosphorylation of ERK.



Figure 1. HS regulate FGFR pathway through phosphorylation of ERK before paraxial mesoderm formation
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(2) The transcriptome analysis during hiPSCs differentiation showed that p421 significantly
increased marker genes expression during primitive streak (Day2) and paraxial mesoderm
formation (Day4). Comparing to p421, LM421-E8 highly expressed undifferentiated and
neural markers (SOX2) on day 2 and day4, indicating the importance of FGF signaling in the
primitive streak [Figure 2. Aland paraxial mesoderm formation [Figure 2. B].

Figure 2. p421 increased marker genes expression of primitive streak and paraxial mesoderm

A Day2 421 vs Day2 p421 B Day4 421 vs Day4 p421

50

40 & WNT3A

TBX6 |

30

i *HOXB
0 \ \

.
HOX§8  HOxca

-log;o(P-value)
-log,o(P-value)

logy(Fold Change) log,(Fold Change)

(3) Since bFGF was not added into the stimulation medium from Day 0 of differentiation, we
hypothesized that the bFGF in hiPSCs maintain medium (from Day -3 to Day 0) and
endogenous FGFs secreted by differentiated cells has the paracrine function to regulate
FGFR signaling. To confirm this hypothesis, we utilized the mutated bFGFs (E96A and
K125E), which has the FGFR binding mutation. E96A, K125E or the double mutation in the
hiPSCs maintain medium significantly decreased primitive streak genes expression on Day
2 of differentiation, indicating the effect of exogenous bFGF in primitive streak formation
[Figure 3. Al. The transcriptome analysis by RNA sequencing indicated that the paracrine
FGFs (FGFS8, FGF17) were remarkable increased on Day 2 of differentiation, indicating the
role of endogenous FGF in hiPSCs differentiation to primitive streak and paraxial mesoderm
[Figure 3. Bl.



Figure 3. Exogenous and endogenous bFGF regulated myogenic differentiation from hiPSCs
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(4) Disease modeling and cell therapy need a universal differentiation protocol not only in
the specific hiPSC line but also in patient derived hiPSC lines. Here we used DMD patient
derived hiPSC lines and its gene corrected cell lines (CKI) to test the differentiation protocol.
And also, we tested MM patient derived hiPSC line and its normal control cell line (NOR).
P421 showed robust and stable myogenic differentiation in all these 4 cell lines comparing to
in MG and LM421-E8 condition [Figure 4. A, B, suggesting the establishment of a universal
method for patient derived cell by using this NGL.

Summary:

Muscular dystrophies are a Figure 4. Establishing universal protocol of myogenic differentiation in hiPSCs
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In conclusion, in this project we elucidated the mechanism of p421 regulating myogenic
differentiation from hiPSCs and established a universal myogenic differentiation protocol for
skeletal muscle disease modeling and cell therapy.
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