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aﬁplication of induced mesenchymal stem cells from human iPS cells to cell
therapy in muscular dystrophy
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Mesenchymal stem cells (MSCs) may improve the efficiency of transplantation
of myogenic cells into dystrophic muscle, because they have anti-inflammatory and immunomodulatory
properties, protect cells from apoptosis, and secrete factors which support muscle growth. We
induced MSCs (iMSC) from hiPSCs. FACS revealed that iMSC express MSC markers, CD73, CD90 and CD105.

iMSC could be induced to differentiate into osteogenic, chondrogenic, and adipogenic cells.iMSCs
showed higher proliferative potential than human bone marrow-derived MSCs (BM-MSC). Both MSCs
promoted the differentiation of human myoblasts, when co-cultured by using the transwell, suggesting
that MSCs secrete soluble factors which promote muscle differentiation. Unexpectedly,
co-transplantation of iIMSC with hiPSC-derived myogenic cells into immuno-deficient DMD model mice
did not produce dystrophin-positive myofibers. The factors which inhibit differentiation of
hiPSC-derived myogenic cells in vivo remain to be clarified.



¢ X C—19, F—-19—1, Z—19, CK—19 (#m)

1. WFFEBALA S0 DO 5

~ U R RS D B IE R TR L A B CRE AR EI A BT — T, Y
A b7 4 —OIFEICHIESEG L TWD Z ERME I TS (Nat Cell Biol. 12:143-52,
2010; J Cell Sci. 124:3654-64, 2011), F x4 1L, ~ 7 ADOFH AN & MEERE - RIESMAN 2 LR
W42 L BRI EA3 D 2 & 2HE L TU 5 (Am ) Pathol. 173:781-91, 2008), L4228 7>
IV A ha 7 4 U RB mdx ~ 7 AEEERE - jIEMIRE BT 5 L RBEAEZLE L L0
IEENDH D (Valadares et al., Stem Cell Rev. 2014; Fujita et al., Stem Cells, 2015), — 5. bt ME
FH SR Je OV IGRELAS F SR 3 R 8« RBRMIAGI G - ®CE AR, A RREECLRBE, < OEA
TERIZEBAERFICHWO N TR Y, SEEMIBIC b 2 EEICIN A2, PFEAT DA 72k R 1
Lo THRMEE AT DR ONT 7 T4 U 3hR) CaEifiEEE N RE I TV D,

2. WO EM

R MRS YR BB A 27 5 Duchenne muscular dystrophy (DMD) DyE#EHENG & L Tix, 7o F &
VAFVTERHWLZ I Vs ARy B ZEERE ] BV A M T 4 o ORBLRIE Z X
THHLOBRHLTHLIN, 508 ZAMRITRENTH 5, MEERT - BISKAIIIXAZFIEO
HEGH - AU HE, HIRSh~ N U 7 2R OFAEEE, B ROGHI 21T 5 2 & TR R 2 RS 5 75,
AT LY A b7 0 — 5 CIXMEERE - gulHilE B A0SR 22 b &, #HELCIENE
ZRAE L, A ZIRE L T, MIRBHEODEZINT S 25 ERMNRE AR T 5, A
ZeCIX T RAEZRAE L, RIE - SRESSEIEIT 2 MEERE - AIBKHIM) A b N Rtk
JainDamE L, TERHEL ORI L 22 L T 2 INFEME O ZE 25 - auBlAe ) (CHsPT, &
LERIE D FHE Y A a7 4 —DIFBOWFICHRN TH L E ) D E RGeS D,

3. WO HE

1) b b iPS A (2 BR) 2> D FZERE - BIBKMAR 2355 Lz,

2)  FHELU-MIEER - USRI OMEE 2 s BB kD MSC & bl U7z (v — 7 — 8B,
JERE. bR .

3) b N iPS#lifaN 5 Sphere B2 A FWT E MBI L/~ (Sakai-Takemura et al.,
2018) .

4)  FHEE L 72 MSC (iMSC) . ‘H#MSC (BM-MSC) & b hE#/haibkAne R As2EmAa, #ik e
NGEERIR . BB e NETEEIR) A2 RS AW 2 L& FWT in vitro THESE L, Bk
{LAREVER 2 MF20 (LI A U HUR) thi~A 4 = = U PuR % FHVCFMII L7z, (fusion
index)

5) iMSC #=t NAIRIEAMIRE & ZREAREH YA ha 7 4 —< T A (NSG-mdx™) DFRET~IHL
BT 5 Z & TBEZIROM EXRRD N0 ERE LT,

4. WFFEE R

b N iPS fiEL HE A, weE e, TRIGRIRE A~ kT D R R E I O R A FE O MR 2 7
X7 (IMSC), iMSC BBk MSC (BM-MSC) & Hrk LT, BEREASEHVME A3 > 7, 3
FEEE O IR (B S S ZEAIAE, Hub/Kd3 KRkt SARZEAIAE. & b iPS ARAE H Sk mibkHm
fa) & DR & A F DA DIFIE T E B transwell Z W TITo7= & 2 A BM-MSC & iMSC
X2 ORIPAD I ZARE L2205, BM-MSC D E BT k% L 0 REET 5 2 L3S o T,
BM-MSC K OV iMSC % & b iPS Hifd B S plibk e & G ARE DMD €7 /L~ A (NSG-mdx™) O
BREH~EBE L7 2 A, b MEEROMIIIREICE EF 0 BHE L IS FhRRMEIZ S
LU TWABITIFE A ERD o7, iMSC & BM-MSC 1E in vitro Tld b NERAL BB D53
REEANS 2120 BT, in vivo TIIBAEMIEOFH 0L MERE S 72 - 72 JRIK %2 B
HMZ LTV LERNH D,

5. ERFEEKmILE

UdEssam ) (Gt 81F)
1) Motohashi N, Uezumi A, Asakura A, Ikemoto-Uezumi M, Mori S, Mizunoe Y, Takashima R,
Miyagoe-Suzuki Y, Takeda S, Shigemoto K. (2019) Tbx1l Regulates Inherited Metabolic and
Myogenic Abilities of Progenitor Cells Derived from Slow- and Fast-type Muscle. Cell Death Differ.
26:1024-1036. doi: 10.1038/s41418-018-0186-4. 7t A
2) Sakai-Takemura F, Narita A, Masuda S, Wakamatsu W, Watanabe N, Nishiyama T, Nogami
K, Blanc M, Takeda S, Miyagoe-Suzuki Y (2018) Premyogenic progenitors derived from human
pluripotent stem cells expand in floating culture and differentiate into transplantable myogenic
progenitors Sci. Rep. 8, 6555. doi: 10.1155/2017/7906843. &t
3) Miyagoe-Suzuki Y, Takeda S (2017) Skeletal muscle generated from induced pluripotent
%em cells - induction and application. World J Stem Cells 9: 89-97 DOI: 10.4252/wjsc.v9.i6.89 %% #¢




¢ X C—19, F—-19—1, Z—19, CK—19 (#m)

4) Miyagoe-Suzuki Y, Nishiyama T, Nakamura M, Narita A, Takemura F, Masuda S, Minami N,
Murayama K, Komaki H, Goto Y, Takeda S. (2017) Induction of pluripotent stem cells from a
manifesting carrier of Duchenne muscular dystrophy and characterization of their X-inactivation
status Stem Cells Int. 2017:7906843. doi: 10.1155/2017/7906843. i f

5) Uezumi A, Nakatani M, lkemoto-Uezumi M, Yamamoto N, Morita M, Yamaguchi A,
Yamada H, Kasai T, Masuda S, Narita A, Miyagoe-Suzuki Y, Takeda S, Fukada S, Nishino I, Tsuchida
K. (2016) Cell-surface protein profiling identifies distinctive markers of progenitor cells in human
skeletal muscle. Stem Cell Reports. 7:263-78. doi: 10.1016/j.stemcr.2016.07.004. & A

6) VIkr g, SRR, sREH—: #EERMEMZERICH T 2B RRELEOR%. . b
2T 68 (7): 19-23, 2017

7) AR A, RHEM—: YA a7 r—. MR - EMIEIC X 5858, CLINICAL
NEUROSCIENCE, 36 (3): 351-355, 2018

8) AT, ALK T, RAM—: YA b7 4 —OBMLEFIEE, MnBHEED K

BifE. NEREL, BEOEESA, 480 12, 1910-1914, 2016

(Fa¥E) Grefr)

1) Sakai-Takemura F, Nogami K, Matthias Blanc, Ahmed Elhussieny, Takeda S,
Miyagoe—Suzuki Y: Stable induction of myogenic progenitors from human iPS cells using
modified EZ sphere method. 11th Japanese-French Workshop, Kodaira Tokyo, 6.15, 2018
(Poster)

2)  MkPdET. B BfE—RR, Ahmed Elhussieny, sHfH—. $SAATS : B iPS AR E#
i AT AR e D HE il & S LIS O FRAT 55 13RI A b v 7 ¢ —1RRIFZE 2 B 11. 3,
2018

3)  HrAfSs-, Ahmed Elhussieny, ¥f Bf—RR, ®HE{H—, $8ARKF : b b iPS HifE b g
A ATERAR AL O A - 3L HIEEAE OREAT. 25 41 [0 A A0 AT FEa. ik, 11.30
2018

4)  PrRfPEs-. B LE—BR, Matthias Blanc, Ahmed Elhussieny, JIMmEEAR., HEMH—. K
KA ¢ B MALZEEMESME ORI D B RTBEH AL OB & o3 Ll o
fiftir. BRI R 4 B ES. JIRERRY:, 8.11, 2018

5) SRR A: b NMERAATESMALOHEE L b I O/ENT . 5 18 8l H ARFAER
F. MFEBREEY 3,23, 2019

6) SARAT TZREVEERMIAG 2 7o BEATER R R D A e RIE OB R R
VUL 15 VEASHIHERR - T A T = X LD & RIS D BAEERBEA~DOISH ] H
17 [8] A ARFAEER SRS Bk 3.21, 2018

7) Miyagoe-Suzuki Y, Masuda S, Narita A, Sakai-Takemura F, Suzuki M, Takeda S: Robust derivation of
transplantable skeletal muscle progenitor cells from human induced pluripotent stem (iPS) cells
using a stirring bioreactor.. International Society for Stem Cell Research Annual meeting
(ISSCR2017). Boston, MA, USA: 6.14-17, 2017

8) Miyagoe-Suzuki Y, Narita A, Masuda S, Takemura F, Nishiyama T, Ito N, Takeda S: Derivation of
myogenic cells from human induced pluripotent stem (iPS) cells using a stirred bioreactor.
Molecular Mechanisms Modulating Skeletal Muscle, Development and Homeostasis in Health and
Disease Society for Muscle Biology Frontiers in Myogenesis, Pacific Grove, USA, 6.7, 2016

(MFE] G214
1) Nogami K, Blanc M, Takemura F, Takeda S, Miyagoe-Suzuki Y: Making skeletal muscle from human
pluripotent stem cells. Muscle Cell and Tissue, IntechOpen, London, 117-132, 2018
2) Miyagoe-Suzuki Y, Takeda S. Stem cell-based cell therapy for Duchenne muscular dystrophy.
eBOOK Translational research in muscular dystrophy, SPRINGER. Editors: Takeda, Shin'ichi,
Miyagoe-Suzuki, Yuko, Mori-Yoshimura, Madoka (Eds.) 2016

6. WFFTHHLRR

(1) WFgesr s

WP HERA - RE fh—

o —<7K4 : Takeda, Shin’ichi

FTBAFZEREE4 « [EINCRE R - PR IESRIF I & o & —Fi A ZE T
R4 B s R BRI IRIFAE

T4« #E

WFoeE 5 (8 Mr) : 90171644


https://www.ncbi.nlm.nih.gov/pubmed/27509136
https://www.ncbi.nlm.nih.gov/pubmed/27509136

¢ X C—19, F—-19—1, Z—19, CK—19 (#m)

(2) WFFEH 117
WHIEW /18 R4 - R ey

1 —< K4 : Takemura, Fusako

KB IC K D058, RO AR L FEICEOTEMT 25D T, 207D, RO EMLVIERRDAKEIC
SWTIE, EOEFFEFICES GO TR TONFEERICET 2 RAPEMEL, IHREEACRE S ET,



