TR ZRIERRIZEIT D
7V 7 R RRE DBENZ BT S5

KA —H






ER/N

iPS fHf %2 FHV M= in vitro SMA &5 )L DT

=]
FEAMEH R O TR
D%

5

e

FHIE AL ZE N R

FEMEH R O 5T
ES AN

s
f‘?éi
=
S
i
m}
o
=

AVNY

e E M OV

e

CIVEEBE

|}

IS

ol

Efaak

WZBITHT A bAoA ~O®RE

WZBIFAAY 57 Fat A sO%&E

\
/

~N
\
/

>~

101 &

111 5






FREVERRZENGIE (spinal muscular atrophy: SMA) 1%, a-IEBIFREE D2 K O
ITHED RN 2 T DAREMERETH D (1), AFLAIL, SMN (survival motor
neuron) 1 &5 DRI O FIZ L 5 SMN 55 FEY OFEBLEAR T THIET D
(2-6), HERAYRHNIREATER S L, A% 2 FLUNIZE T T 201 6O b
WA 72 R EB T H D, SMN EAE 11215 SMNL 15 - K O SMN2 B = 1~ AMFET D,
EHHRE 2 FF o5 2K SMN R HE X, SMNL BB 7205 100%FR S b, —
77 SMN2 BARF13 SMNL YR+ £ (X5 DX 7 AT F3s/e v 584k SMN
EEEIT 10% LOFER S 72\ (7)., £ D7=8% SMA B Tlidse R SMN & H
BN 10% LovEA SRV (Fig. 1), SMN & A I3 NS+ RNA-E A E#E
A (snRNP) ZJEK L, RNA 27 Z 4 > o 7255 %, 725 SMNL #
BADRRETNIERIZE D snRNP OEA RN EREBEIR DA T T4 2
TR LG EEI L, EEMRAEAERE TS LB OND, SMA IXEEE,
FEIERFH N O AT OFRREEICHESWT O, 1 1L ROV RSN T
VW5 (8, 9), | B Werdnig-Hoffmann 95 & FEIE 2 ic EIER (BPEFLIERY) ©h
D, A% 67 HETITRIE LEERED Z LN TE R0, AT, [EYRICX
DN LR EREEE N METH D, £z, 1 SMA OHFIZIETENTHRIET 54

SMN2  ——
SMN2

100% 10% 90%

FEHOER) -
AR SN L3

Full-Length SMN (IEFH¥8E)  SMNA7 (R 7E)

[_Exons |okisonu] Exons| | Exons | Exons ]

Fig. 1 The etiology of spinal muscular atrophy



DIFEL, 0B EFRESND (10,11), 1AL A (8rEEL M) < Dubowitz
I 1R FsE R (8 © Kugelberg-Welander 55, 1V Bk AT & 4348 &
WD, 1 BIDOFRIEIL 1% 6 7 H LR CHITIXTE RV, | B L B0 LI
BHNC T <222 2 L1320 I RLIDFSEIX 175% 6 7 A ABE THILATTE D73,
RREDERIZAEVIRORT < 720 | BITARRBICAR D, BREMICFERETH 2 L
HINEEZ 72 D, IV RLTTE EDNIIEME T B LARIR 2 (IR BN EIT T 5, L
BN DR ZEMEDAGE U | RHEAPEIGHE . MERCHRSS 2 "8 b H D, IV AL
SMA IZFB W T, FTRIC EATES = = — v U828 2556, SMA LV b
FhZEREIERIR B L E  (amyotrophic lateral sclerosis: ALS) % %& 9 , SMN1 E{x 11X
%5 Yt AR 5913 IC/7/E L. SMN2 {5 1-1%. SMN1 &1 & M IMEICEE
LA IS/ ET D (Fig. 2), SMN2 B FIZIXEHO =2 ©—2RH Y, SMA D
ERRAOESER L MBI L T D, SMN2 51D a2 BE—HA L WEE SMN EH

BORB RPN, EEEPEBIND, 72L& 2 SMN2 B5F231H D

WI2zae—TIH 2H5WE30a =TI, 3-6 D=t —T A KW

12 13
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Fig.2 Location of SMN gene
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IV R OJFER %2 "3 (12,13), 2D X D ITkkA IRl A2 H 925 SMA IZB LT,
WIRE 72 2 W Ve & A WL D BN H U | 1992 FRIZEEE SMA 2 XL 5
PWIRENER SN2, D%, SMA ORFFEN A, FRIAEEF (SMNL Eis
1) WRFE S AL, BIR TREIATREIC AR o T, BRARIER D> 5 SMA O ATREME D
bHo &, ERE O AR L OREBRRE LY L& s T2E2E8E L TIT)
ZENHRETH D, AT HMREMLRBICET 2HENZEIEZ L - T SMA
ZBET A RRELESER S s (Fig. 3). BIfE CILIMIRIRZ ., KRR ER
., HAmEX. FEmGg A 217V, multiplex ligation-dependent probe

amplification (MLPA) %12 X 5 SMNL Efm FATICEE S < fEERZM AT O (5,

1. EFEIHE

(1) ERARIT AL
OFFLDO LS 2 FET = = — 1 VIEBEEZRD D,
IR
RS
& o PR OMHMESREIHE (fasciculation)
TS SR L5 2> B TH 2
@TRD & 97 ALES = = — v UEEITFERD 220,
HE
e S St T
o3 I S Bt
OfBITETETH B,
(2) ERA R AT R,
R C A IRIR BN ARV 72 & OMIRIE AT LA RO 5
(3) A= T2l
SMN R ZEREZRBD D,
2. BRI
(L) A ZEHa A SR B LA
(2) BRI ZEHEAE
(3) MMfES; - FFREYR R
(4) FEMESE, HERIB A~V =7 MR OFFREIESS . B BE2SIMiE
(5) AAHARRA R
(6) ZHMEMRRCGEIRME: - FEEEME), RN = = — 1 /T —(multifocal motor neuropathy) 72 &
() FIRBIE Y A ba 7 o —, ZRFRRE
(8) JERYWEIZ B U7 PALEB) = = — 1 VRS AN U ARIEBER R &
(9) CRIEISIE BE
(10) SR AEZF8 M PR i 4
(12) PR BE SR AR
3. ZWOHIE
EFELoQ)D-@DF T &=, (). ) DUABRLLEETZT, 20V THRV,

Fig. 3 Criteria for diagnosing spinal muscular atrophy

FREEM ZRHEZW~ =2 7 /L X 0 &5 H



14), SMA IZEKEE EMTH D OO, 72 SMA EF AN &
PIEIFRIEBAFE DOIFRE & 72 5 TN D, ZHLE TO SMA FEAE HI B R #rAf 25
(fibroblast cells: FhC) <°F 7 /L~ 7 Z % F U= VAW SEBE 36 I HifiafE & O\dhy
HEOEWDREERICHIZHE OO WEBO—2LEX b d, EF. ZnbD
MREZ fRIR T 5 EER Y — L b LTk M A TZHREMEMAE (induced pluripotent
stem cell: iPSC) % W\ AP DSFERMRIIIZAT O D K 91272 > TE 72, iPSC v 6
SMA DIRZEEALMAN T & 2 BRI OFILN vTRE & 70 0 | FRADE %
R LT D, ZHETOIPSC 2 MW FFEIZ L0 . SMN En 1 D% Bl % 1
MEHE 2507 afg (varproic acid: VPA) OHEASE 2 il 3~ 5 caspase-3 BH. 5 3E
J2 OY N-acetylcysteine 28 SMA IgREM{LAEM & L THE I LTV D (15-17),

VTEE, SMA OIRIEFER L LTX IRty (RAE Y THO RS F ¥ 4)
DK S, BB E LT L LTS, Xk % SMN2 S5 10
YA LU —ICHEEMASED 2L TSMN EAEORREZZE LM
BT TFH AR LAF RTHD (18-20), & HIZX bt T RO
BAATIREEE LTHEREZROTERY . 5 THRREFEN R > 72 SMA D
BIHIZRIRIEIE T D, X U/ R RBUGE DO RE R R IGRIE Td 523, 51%
DEF THEBENRD BT, IR E LT SMAJRRBIZIS T 287 L UWVAIZEAERY
DEEBNRO LTS, ZILE T SMA OWFFRICIN T, EEIERSHL 2
DNZAT O T E 72, SMA JRHEIZ I\ T, SMNL BAR T 1E 28 Ol TRIET 5,
T SMNL B s RAAIS & 2 B i &) BH oD i el Fe 23 S Bl et 28 e
CHETLWRRMEREZ OND, £ 2T, A TIE SMNL R FRIBIC L D
7V T MR DZEAICHE B LT,

7V 7 R TP AR AR R SR AR T D ARSI DRI TH D . T A hr A
M (BRBME), AV A7 Fet g b (mREBEMR) KO 7e s )7



CNBARE) (SN D, T A M a o M, RO > 7 A HERE (21-24),
PR DELY 1AT: (25), v F AR DA F o BRELOHMER (26). MLk
B L LCofdl 27) 29, LT A hath A MISEER MR EDE
SRMEFRB L, —o—a U OIFENZSZE LT, B 5 adenosine triphosphate
(ATP) 72 & DIREW)E (gliotransmitter & FEITIL D) ZilERET 5 2 &1 L » THf
PIREN 2 &R 5 (28), AV 7> Ka¥ 4 MIBEIERIC X D158 BN Ofs
EDREAREE (29,30). 27 w2 U 7RG AT ARG O BrE OB B RE
(31,32) LKA AT D N MESINTND, TOHFTHLT A bR
YA ML, SMA OJFRREAEIIZIHB W THLAR&EEIZH 5, SMAET /L~ T A
IZBWTT A hat o MERIIZSMN EREEZRIE ST &, A&
ONEBEREDOUGEN B D, — 7, EEMRRFEAYIC SMN 5 FVE & % (A48
SHETHLHEE LGRS Sy (33,34), ZO#HAIL, SMA OFFIE AL
(T A bat A PPEEREE ZRTZ LA L TWD,

Z 2T, 7 U TIRED SMAJRRED F.LYEEI A H > TV D ERFLA LT,
F9°. B 1% T SMA B iPS M IR Ch 2 FERM A KT 2 Ml %
HAEHEE L, SMA JRREZ L2 invitro SMA T /L &N LT=, SHICZ
DET N FANT, SMATRIED EHZA T 2 SMN FBLEDOHD, EB)
FAZEDEM, TEBHRE OHIER R ORHE XL T A et A~ OBINE G LT,
ARFNZFBUNT SMA D EFIRFAER T—EBZI R TRD 53T 2 LR AT AR L€
VAR /L 2 (tyrotropin-releasing hormone: TRH) $U5I oD S EEM 2170,
SMN & HE & O SMN mRNA OFEITN 6 DAEH 2 at L, % 2 BT, 2
1ETHRDONIZT A bt A FOWEINCEHR L, £D X B =X LOFEM A iR
L7, SMA =5 /L~ A K Ninvitro SMA £F/LICEBWT, T A A

N DAL EIEERE T A Notch & 7 F LD b E T A Z 7 a v MNEKROYE



g ayEE W CTRET L7z, & 512, Notch &7 LELESKD SMA £ T /L~
T A DEAFHIR e ONEEIERE L D A2 #iEf L7z, Notch &7 /uid 4V
I7 v RatA hoSbic bR 525, 22 TH3IETIE, SMAIZEIT
540 7 Rt A hosEicER L, SMA 5 b~ 7 AERICEIT 54

Va3 RathA FOSMEEE 2T 5 Notch & 7L DFEENZ DWW THET L
7=,



H1E PSS A BNz in vitro SMA BT L O REST

Yaivax

FL1HE S

BIFED SMA (2553 2 1A HHRIS 13, SMN2 B {s1 D7EME L (35, 36). SMN1 i
zFDHEAN (37,38) . X F= FU 7 {ki# (39) M UF Rho-kinase B (40, 41)
FERIZL TS (Table. 1), 2N H0HED > B, 2 hay R 7 R#EEH

Table. 1 Research reports of spinal muscular atrophy using in vitro and in vivo SMA models

bk HMmER

Chang et al. ) SMN23& 15 F DEREJEMAY, 2001 Proc Natl Acad Sci USA 36
<=7 A Smn SMN2=T7A

Brichta et al. bR EEREIEMEE SMN2iE 5 FOEEEMAL 2003 Hum Mol Genet 35

Azzouz et al. ~ ™2 SMNAT< 7 A SMNIGBEEDE A 2004 J Clin Invect 37

Passini et al, =7 A SMNAT= 17 A SMNIEEFDE A 2010 J Clin Invect 38
~ %A SMNF7/FT~ 7 A B

Bordet et al. 4 B R ) T hraFY T ORE 2010 Pharmaceuticals 39
Fwvb 7w MESHEE

Bowerman et al. ~ WA Smir SMN2~7A/Smn’? <72 Rho Kinase[l 2= 2010 Hum Mol Genet 40

Bowerman et al. <A Smn’P = Rho Kinase[ 2 2012 BMC medecine 41

% -2 olesoxime (RG7916) DVRHE FIREMES HIFF S 7228, BRRFABRIZIW T
motor function measure (MFM) Z#5#E & L7277 4~V —x2 > KA > N & iE
KT DI ENTERN-oTE (42), Z O FITIT SMA BFH OEE R 2 FEL L
Te BB IRBET ADBFIE L 72N 2 EMZET b ivh, EH, iPSC 76 SMA I
RBIZ B 5 2 @B R AL S bR 5 Z & M ATRE L 2R o 72, iPSC

PO VERL U 7o BRI 2 B e RE R 2 2R L LT, VPA R
casapse-3 LEIHK OGN/ EOREN TV D (15-17), FFIZ VPA I1X SMA B3

(2 % BRIREABR THRIME AR LTV D (43),

ARFETIE, HIRIAL A VT VA ALVE Y TRH 798 70O SMA #B3E O
AITHERE - AFSBEIR T 2 EH 2T L7z, TRH 70 = 73t 2 m S,
MRGEER 2R 2 RIS N TWD OO, SMAIZEITSH TRH 7)1
7 OFEMRERBETIIATH 5, AIFEEIZ SR 256, (LEMOIEINE
PEZ RARD 7208 DML EW 2wt 3 2 BT ERE R AT v I Th D, £2



T, SMA B3 Z81FT 5 TRH 7 v 7 OMEEESCEIER 2 it L, [REFE 2k
iPS Al (SMA-IPSC) 7> 5 43k S 7= JEEh A A 2 5 T o BE AR AR
(spinal cord cell derived from SMA-IPSC: SMA-IPSC SpC) (28745, TRH 77 &

7 OMRENR M RAEHA LK OE DIER A 1 = X L% Gt LT,



% 2 81 EERAME RO
2-1 Afnfm
RN TRH 7 1 7R EDREIRIFZEIL, I B FIREBE O B2 B4 TRR
. MG/ NREBFEOWBICA V7 —2 Rarvky Mz, ZnbI3EAE
A O TEERAITTEIC BT D fmBfaEr) (206> TIT o7, F7o. BEHSKIPS
MR DRESZ K DY RER#AT (b DB FARTIT7E 2 3 ) IZERDHEER R R IE
et X —OfmIEFEEEES L VAR EMS T (KRE S 26-15), BATHE D
Mt hepiife 2z O 2 BRIRBTZEIZ B3 2 F8$ T O UGTh 1IS1E> TIT o 72,

2-2 W o OGASE

AREBIZH WY R ORIET, L TO#EY Th b, FRIHES (embryonic
stem) sffffia 5% HilE ReproCELL (Kanagawa, Japan), knockout serum replacement
(KSR), 2-ANA 7 hx=& ) —)v IENMZHT X /B (non-essential amino acid:
NEAA). Dulbeco’s modified Eagles’s medium (DMEM) F12+GlutaMAX, phosphate
buffered saline (PBS), N2 supplement, ~='U /A L7 h~vA
(penicillin/streptomycin; PS). Alexa Flour® 594 rabbit-1gG. Alexa Fluor® 594 donkey
anti-goat 1gG. Alexa Fluor® 488 donkey anti-mouse IgG. Alexa Fluor® 488 donkey
anti-rabbit 1gG. Alexa Fluor® 594 donkey anti-mouse 1gG. Alexa Fluor® 488 Donkey
Anti-goat 19G, A VU = (dT) 12-18 77 1 v—, dNTP mix, Hoechst33342 |7 Life
Technologies (Carlsbad, CA, USA). pluronic F-127. dorsomorphin, dimethyl sulfoxide
(DMSO), B-A /77 k=& /7 —/L_ retinoic acid (RA). ascorbic acid (AA). 50 mM
tris hydrochloride, 150 mM sodium chloride, 0.5% sodium deoxycholate, 0.1%
sodium dodecyl sulfate (SDS). protease inhibitor cocktail, phosphatase inhibitor

cocktail 11, phosphatase inhibitor cocktail I11, Igepal CA-630, mouse anti-B-actin %



Sigma Aldrich (St. Louis, MO, USA). Y-27632. i Wt SRHe i s X+ (bFGF:
basic fibroblast growth factor), E{R7 7 7 > > — U B (CAMP: cyclic-adenosine
monophosphate), 7 = = 75 /L A% Wako (Osaka, Japan), SB431542 (SB) 3 Cayman
(San Diego, CA, USA), 7 U 7 fllfaik ks #2 K1 (GDNF: glial cell line
derived neurotrophic factor), xR # K- (BDNF: brain-derived
neurotrophic factor). goat anti-homeobox transcription factor nanog (NANOG), rabbit
anti-choline acetyl transferase (CHAT). goat anti-sry box (SOX) 17, mouse
anti-stage-specific embryonic antigen4 (SSEA4), mouse anti-SSEA1, goat
anti-BRACHURY . goat anti-OCT3/4 & R&D Systems Inc (northeast Minneapolis,
MN, USA). accutase (& innovative cell technologies (San Diego, CA, USA). matrigel
basement membrane matrix growth factor, mouse anti-SMN (X Becton, Dickinson and
Company (Franklin Lakes, NJ, USA), /X7 KRV A7 0T K (PFA:
paraformaldehyde). Blocking One-P (X Nacalai Tesque (Kyoto, Japan). rabbit
anti-p-Tubulin 111 (TUJ1), mouse anti-SMI32 [ X Biolegend (Dedham, MA, USA),
normal donkey serum, rabbit anti-SOX2, mouse anti-tumor-related anyigen (TRA)
1-60, mouse anti-TRA1-81, mouse anti-NESTIN (& merck millipore (Billerica, MA,
USA). ReverTra Ace, Can get signal solution 1, Can get signal solution 2 (% Toyobo
(Osaka, Japan), mouse anti-Glial fibrillary acidic protein (GFAP). rabbit anti-cleaved
caspase-3. rabbit anti-phospho-glycogen synthase kinase 3 (GSK-3f). rabbit
anti-total-GSK-3p (X Cell Signaling Technology (Danvers, MA, USA),
purmorphamine (PMN) (% Miltenyi Biotec (Bergisch, Gladbach, Germany),
10xbuffer, Ex-Taq (X Takarabaio (Shiga, Japan), Thyrotropin-releasing hormone
(TRH) (taltireline) I mitubishi tanabe pharma corporation (Osaka, Japan), mouse

anti-human SMN (X Abnova (Taipei City, Taiwan), rabbit anti- TRH receptor

10



(TRHR)1 I'X Alomone labs (Jerusalem, Israel), mouse anti-HB9 /% Developmental

studies hybridoma bank (lowa city, IA, USA) X W = ZiEA L7z,

2-3 EBpIiE

2-3-1TRH 77 1 7' D SMA BFEZxt3 2 B THERERA

ARBEIZK LT, TRH 7F 12 (Protireline) Zia#HE (0.1 mg/kg/H) T
20 AMEHE L7z, 20k, B—va v F v 7 F ¥ —I2 KD 3 WICEIEMAT > A
72 (Vicon motion capture systems Ltd., Oxford, UK) (2 X - CaHti L7=, HEHD
BEBAR DU < IZ~—H — 2255 L, IBRIERT R TERIER O~ — I — O(LE
OAENG OB & 2508 Lz, 26O D 3 >OBTHREEIZET 5
FEAME R F (BAZRFRRT S 72 0 oA HMATIREE . AE) 2 FH L7z,

2-3-2 iPS il o> {5

2-3-1 T TRH 7 7 1 7 OBTRERESGENE M 27 L 72 SMA BB 10 b BB HE
HHA A BRI L7z, 5 x 10° {8 D Bz J@#afE Hfila 4 RV v o Tidn L, EiEo
Tl hriRb—a o HORTHZERE L%, ¥ =Xy kb (Lonza, Basel,
Switzerland) (2% L7, =L 7 faR L — 3 »HOWKIE Human CD34 Cell
Nucleofector Solution, Supplement (Lonza) A O Plasmid /& &%
(PCXLE-hOCT3/4-ship-F, pCXLE-hSK, pCXLE-hUL, pCXLE-EBNAZ; Addgene
Watertown, MA, USA) % & ¢¢, Nucleofector Il Device (Lonza) (2% =X k&7
LAz, =L 7 bRl —va rahllhLic, =7 hrRlb—a SRR T,
500 U/mL @ PS (Life technologies) & A S2 &4 ES Milai i (ReproCELL) (ZHH
fuffEik 2 F R Lo, iPS MO 2 v =—BRIZIZ~ & A PRHHE SR A
(murine embryonic fibroblasts: MEF) & ILE8 20BN H S (44), HHLDH
TNy MIRDHETHELTBWE MEFIZ, oL hrARL—

1



g VD IPS filA 1.5 mL/iwell T6well 7L — MR L B2 2 BRAG
L7z, BBt G 2, 4, 6 HBICEESE ES Mo HES M CREHIAHA L 7=, 8
HHBEURKET 2 BB E\THEHAZH L 7=,

2-3-3 iPS lilfic 7> & B FRRE AL~ D Lk

iPS Al 2 v =—%_ 4 ng/mL ® bFGF (Wako) & Y500 U/mL @ PS (Life
technologies) A S2RFH ES MfaE 2 W CTHERF L 72, iPSMiflm =2 o =—|X
37°C. 5%CO A FTHiE L7z, 7 B Z LI L7, ABFE CITEBE R D
FAEAB LR 7 0 b 3 —v & [Tz (15, 16, 45, 46), i — BT,
48 110 V5 RS RS R 1 (serum-free floating culture of embryoid body-like
aggregates with quick reaggregation method: SFEBq %) (45, 46) #EH L7-, 2L
®IZ 2 uM dorsomorphin (Sigma Aldrich), 10 uM SB & TF 10 uM RhoK
(Rho-associated coiled-coil forming kinase) FHZEZED Y-27632 (Wako) THLEE L
5,000 cell @ iPS #lifi %, 5% KSR (Life technologies) } Of 500U/mL PS % &4
B H Ny B A — 7 VEEH (DMEM)/F12 (Life technologies) C iPS #llfu %
ffit% 2 H 55 L 72, 5,000 cells/well THEFE L 72, 2-3 H Z & 122 uM dorsomorphin
J V10 uM SB % 3 T I 2 35 Az #a U 72, SFEBQ VA THIRREA S IA T 7 H 1%,
B LIEMEER L~ N S va—TF ¢ 27 L7296 well 71— K (Becton
Dickinson and Company) (Z# L. 2 uM dorsomorphin & ¥ 10 uM SB T 512 7
HFRLEL L 7o, 2Dtk 7 H#., fhfkEriii 2 DMEM/F12, 1% N2 supplement (Life
technologies) } O 500 U/mL PS % & TeE2H11Z 0.1 pM RA Z ¥ L CTHEEE L 7=,
TERR ST puBE AL, 5127 B, 1 uM PMN & T0.1 uM RA %5
LEFHICER S U 7o, MFR U 72 S P RSHI AR L, 10 ng/mL BDNF, 10 ng/mL GDNF,

1 uM cAMP J2 T8 200 ng/mL AA % & Tels i T2 L7, 2-3 H S scH# L

12



77*4
—o

2-3-4 FERUFRAT
2-3-4-1 B3

SMA-IPSC % #lfil5#% 7 7 A 22 (AGC TECHNO GLASS co, Ltd, Shizuoka,
Japan) T SMA-IPSC % 6 HIMERIE ES MM T L=, R 7 7 A2
NTIPSC A3 300cell/l=mn=—T20 an=—LI bFEETDH 2 & 2 B CTHEGR L
Too LR, 2-3-4-2 ~2-3-4-5 | G N N & A ARE{=#F5EFT (Sendai, Japan)

WICEKFEL U THo e, BARBMEFUEATNCKIT S 7' m ha— L afdi L7,

2-3-4-2 N—_ A~ (FRIFEAERD)

kIR (DHEEERK) ZRINL —ERMER SE2, NY 7Y TRl
AR DB S EmML Fa—T ~EIR L, =L, REEBREL, KRR
AR —ERFRIRAEE 2T > 7o, BV TEER (Wg 1A% ) —/v3) &
DEMABEML, O L, REZREL, v/ TRERERZMZIERM LT,

FEEO L, BB ERE L, EE - Db— EEREOEEZ M0 IR LT,

2-3-4-3 TN —3 gy (RATA FH T ZEARER)
YU TVOREFFEL, WERELFE LI, X7A4 NIF AT

T L. BRI LT,

2-3-4-4 G kit (Ytd)

NU YRR E R RTE LAEE L, AKIEL, Ky &L Lz, $A4
WY — E IR S LYt Lo, KVEL. KRB L Lictk, # A0 7
ETATA RTTADKKIEWY . ZAT7A NI T A i IHi,

13



2-3-4-5 YeafKo3 AT
G NV RIC X D5 AT % 20 Mk, & — RoAT (ko v M)%
30 M, G+ 50 MR 24T - 7o, JEAFMBERI L > X 10xTA T A A
TAENOAZ T 2 =A% LT, AZT 2= A& @O OlEAA V%
T Uiz, SERBEMET L v X 100x YO A5 & AT 21T > T2, o7
N % Fosk AR ICFE# L7, ISCN2016 (Z4E Ui ieps IRt L7z,

2-3-5 fupEiage

PBS THifu A JEF L7-1%. 4°C T 20 57, 4% PFA (Nacalai Tesque) TE &
L. PBS THEWEH LT, OZIC, Mila%z 4°C, 30 47f]. 5% donkey serum }z
Y 0.1% TritonX-100 (Nacalai Tesque) ZHW\\ T, 7 v v ¥ 7 &{To 7, fiW T,
4°C T—Wt, —RPUKRL A o Fa~— L, YR “RPUA TR L, =ET
1 FFRAOG S8 7=, 1 RBLIARTT goat anti-OCT3/4, goat anti-NANOG, goat
anti-BRACHURY ., rabbit anti-CHAT, mouse anti-NESTIN, rabbit anti-SOX2, goat
anti-SOX17, mouse anti-SSEA4, mouse anti-SSEA1, mouse anti-SMN, mouse
anti-TRA1-60, mouse anti-TRA1-81, rabbit anti-cleaved caspase-3. rabbit anti-TRH
receptor (TRHR)1, rabbit anti-TUJ1, mouse anti-SMI-32, mouse anti-GFAP., mouse
anti-HB9 % i\ 7=, ZIRPUARIZIZZ 7124 Alexa Fluor®546 goat anti-mouse 1gG.
Alexa Fluor®488 goat anti-rabbit IgG % fv 7=, Y fai3 Hoechst 33342 (Life
technologies) z M\\\TIT o7, “IRPUKLURE DIEZEITHOLSIFE T TIT o 72, &
#%1Z PBST (PBS/0.1%TritonX) T 3 [HIBE L7212, HS A —/bA U 8O BETS
#% (Keyence, Osaka, Japan) Z#fEfl L T Lz, 7A BV FARAT 7 4 —F

(alkaline phosphatase: ALP) %:t&i%, Alkaline phosphatase detection kit (Chemicon,

14



Temecula, CA, USA) % HW\TiT-o 72,

2-3-6 AT

R & #AE SR (fibroblast cell: FbC) % W= fEHTICEA L CIZ TRH 7 &
7% 24 Wik g S ¥ 7=, D1k PBS T 1 [l wash L. B> 2-3-5 (2 faz Y
) IZHEWVEHMI AT > 72, —&RPLIAIE mouse anti-human SMN (Abnova, Taipei
City, Taiwan), —HifAIZ Alexa Fluor® 488 donkey anti-mouse 1gG Z i f L 7=,
SMA-IPSC SpC % HIW = fighTic B L Tk, /b ikigbin 42-56 A% £ CTRH 7
J v 7 E721% VPA & FEARESH (10 ng/mL BDNF, 10 ng/mL GDNF, 1 uM cAMP,
200 ng/mL AA T} 1% N2 supplement &4 DMEM/F12) (2RI L 72, AALE A
fa e OMEEH (TRH 77227 1uM TN VPA 1 mMM) THALE L 7=/l % PBS
(Life technologies) Ty L. UNEE L7, GFAP Jx UY HBO [ fu L O EI& D
HricBd L Cid, &~ — —Biia% > Hoechst 33342 (Life technologies) B
AR 28IG & LTRI L, Mlao v > MiX Image-J, version 1.33f
(National Institutes of Health, Bethesda, MD, USA) % W TAT > 7z, JHSE L 72 [ iE
FehR % 3TV L7e, Eiz, BRIRZEE LR OB EL T gems [A 7T 1 &
> 7 %47 5 small nuclear ribonucleoprotein (sSnRNP) & SMN % H'E % & TN
FIET HHEEIR] O ZRET 572D, TUIL BRI O mig &k O H 7= 0
® gems DAL ZHIE LTz, & %3 DOMSL LI KEEBRZITV, gems OFEk
Fo O TUIL B o> i F 1 Keyence (CNJEDANA 7 U AT Y 7

MV E LT,

2-3-7 #GIEME(L L Y — % — (FACS) 25T
R A 1T accutase (Innovative Cell Technologies Inc.) ~CHL—#ll e |2 fF8E L .
0.1% PBS (Life technologies). 7 > {tF U 7 A (Wako). 2% donkey serum % &
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i¢ FACS buffer TP L7, Wi, Millaz 4°C T 20 43f#. Cytofix/cytoperm
fixation and permeabilization solution (Becton, Dickinson and company) T/LEE L |
anti-cleaved caspase-3 antibody (Cell Signaling Technology) % HT—MtA > %
22— L7z, HifZ 3 [EIPEss L. Alexa Fluor®488 donkey anti-rabbit IgG & &
H1Z 15 A > F = X— |k L7z, cleaved caspase-3 [l (74K h—v A%
i 2 L7=Hika) o%|4 1% BD FACS Canto Il (Becton, Dickinson and Company) %

W THERT L 72,

2-3-8 WHAG AR U AT —B@#H L (reverse transcription polymerase chain
reaction: RT-PCR) }% OVE & PCR (quantitative PCR: gPCR) 2 L % aFfi

TEEN PRI 2w U 7o W BS 28 U721, Isogen (Wako) (Z¥&ME L. RNA % fil
M35 FT-80°C CHRAF LT, BAERD % 7 =i/l h (Wako) ZHWTER
%L, RNA % 2-7' 1%/ —/L (Wako) }& O} 70% =% / —/L (Wako) CTHfLL
72. fHH L7= RNA O X NanoView Plus (GE Healthcare Bio-Sciences AB,
Uppsala, Sweden) Ti#lJiE L7z, complementary DNA (cDNA) %, ReverTraAce
(Toyobo) ZA#H L T RNA1 ug 726G H L7z, Thermal cycler 2720 (Applied
Biosystems, Carlsbad, CA, USA) % f\ T cDNA > 7 /L7225 PCR i &1T -
CTHINE X7, PCR 1% 25 % 7 /L C Ex-Taq (Takara) % f>C4T - 7=, positive
control @ glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (Z(8 L Ti& 94 °C
%247 30Fb, 94°C % 30 #>, 60°C % 14y, 72°C % 30 ¥, MLOBI=TFIZTOW
TlE. 30-40 ¥ 7 /LT 94°C % 30 b, 58~62°C % 60 F», 72°C % 30 Fb, i
%12 72°C % 10 4y TR IS 21T > 72,

524 SMN (Full-length SMN; FL-SMN), =7 ~ > 7 K48 SMN (47-SMN) K

WWHBY O 77 A ~— (250 nM) % & ¢e power SYBR green PCR master mix
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(Applied Biosystems) % /T gPCR %475 72, FL-SMN & A7-SMN (ZE8 L TlX
50°C % 2 57, 95°C & 10 725l &fi &, 95°C% 15 %), 60°C & 10 73 T 45 ¥
A 7 WA T o7, HBIIZBI L TiX, 95°C, 10 /325 & #ix 95°C, 15 Fb, 60°C,
A0V A T NMT o T, U T IVE IR OF BRI IE CT (AACT) LA
FALUTHNT LTz, S L7277 A4 ~—0OEHNIILL FIZR LT (Table. 2),

Table. 2 Specific gene primers used in this study

Genes Sequences (5’ to 3°) Genes Sequences (5° to 3°)

F GAAGGTGCTCACATTCCTTAAAT F GGAACCGTGGCTCGGCCICATTTC
FL-SMN PAX6

R ATCAAGAAGAGTTACCCATTCCA R AAAAGGCCTCACACACATCTG

F CCACCACCCCACTTACTATCA F GGCGGGTGCATTGTAGTTAT
A7-SMN OLIG2

R GCTCTATGCCAGCATTTCCAT R GTTACACGGCAGACGCTACA

F CAATGTGGCCGAGGACTITG F CCTAAGATGCCCGACTTCAA
B-ACTIN HB9

R CATTCTCCTTAGAGAGAAGTGG R TCGTCCTCCTCGGGGTCACTGTCC

F CCCCAGGGCCCCATTTTGGTACC

OCT3/4 CHAT
R CTTCCCTCCAACCAGTTGCCCCAAAC

F CGACGTCGGAGGCCCTGCCGG

R CAAGTGTCGCATGCACTGCAG

F CAGGAGAAACAGGGCCTACA F GAGTCAACGGATTTGGTCGT
NESTIN GAPDH
R GGAGCAGAGAGAGAGGAGCA R GACAAGCTTCCCGTTCTCAG

2-3-9 Y AZ 7y MEIZXK D
SMA-IPSC SpC D338 1% 2-3-3 [T SV TITV Y, AM{biFEpiss 8 M A 1o

TV T AT T, Y 72 protease inhibiter cocktail,  phosphatase
inhibiter cocktail 2 }2 T} 3 % & ¢ RIPA buffer [50 mM Tris HCI (pH 8.0), 150 mM
NaCl, 0.5% T A4 F v 22— L) F U 7 A, 0.1% SDS. 1% lgepal CA-630] % M
Wie, Ty TVITE R B £ T-80 °C IR FF LT, A EEMICIE R
% 100 uL iV /=, EiE% 12,000xg. 10 43 Cim OBt L. _biF 2 vkEic i H

L 7=, 2 F'E £ 13 Bicinchoninic acid assay protein assay kit (Pierce Biotechnology,

Rockford, IL, USA) Z W TIRIE L7z, £7o. BAEOREFIZIT, FHEER
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HEELTUVMIET VT I &M L. sample buffer containing 20%
2-mercaptoethanol (Wako) TH > 7 LVOEHAEEHIR LT, =D, SDSKY
T UNT I RNV KEASEICE v b L, AEICUKEHRRER CH 5
1xTris/Glycine/SDS Buffer (Bio-Rad Laboratories, Hercules, California, USA) % A
AU, TV ER B AT T vk BN EEEIIR Lo, vkEDEEE O W & vk E HREE iR 2 A
Nz, 1well %0 OFMEIZD FE~Y— D —%5uL, V7% 10ul & L
Too BTNV ERME, 7V 1BCET-0 120V, 60 /3 fEFkE) Lo, x5
AL )=/ 10 7R L, 10% A # 7 — V& & Te 1xTris/Glycine/SDS Buffer (2
10 /MR L7z, BREHEIX Immun-Blot polyvinylidene fluoride membrane (Bio-Rad
Laboratories) Zfiif L7z, A#k, #HE, 71, AHONAIZHA, 15V, 10 7
MOSM TG LT, #x5t%. #5505 % Blocking One-P [Zi# L. 30 07 v »
X7 L7z, 0.05% Tween TBS Tk 1%, Can Get Signal Solution 1 (Nacalai
Tesque) CT—PiIRZ IR L. 4°C T—Bafis 7=, —kPiA L LT mouse
anti-human SMN (Abnova, Taipei City, Taiwan), mouse anti-B-actin (Sigma-Aldrich),
rabbit anti-phospho-GSK-3p. rabbit anti-total-GSK-3f (Cell Signaling Technology)
A L7, ¥H. F00.05% Tween TBS T4 4. Can Get Signal Solution 2
(Nacalai Tesque) T _RPFUIARE IR L C=IEL T 1 REM S 872, btk E L
“C mouse anti-goat 1gG conjugated to horseradish peroxidase (HRP) } UX goat
anti-rabbit 1gG conjugated to HRP (Life technologies) % {# f L . & BR% =% 1/2000
TIT > 72, & D% 0.05% Tween TBS Tl L 72 1% | #0795 S/ > R % enhanced
chemiluminescence., ECL™ prime western blotting detection reagent (GE Healthcare)
ZHRWTHH L L, 23> R, ImageQuant LAS-4000 mini image analyzer (GE
Healthcare) % AT L7z, SEEEOFREBRELIL, Image-J, version 1.33f %
HAWT A ROBEEZRE LT,
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2-4 FLEt T

SMA BB X & T2 FRT — 213, BUEEXMTRLEZ, T —Z Okt
FHEOA EMEIL, Student’s t-test 2 FHHWNTooT L7c, fEBREE 5% A2 A B 20 Y
& LT, EREUSNO BRI IL ) + fEUERAZE (standard error of mean: SEM)
TR LTz, 7 — X OMFHHAEEMIL. Student’s t-test 2 TY Dunnett’s test (JSTAT,

Tokyo, Japan) Tikii L7z, fGRFESWRMEZAEAZAGY & LT,
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55 3 Hi FEBRAGE
3-1 SMA BFIZxHT 5 TRH 7 ) 1 7 O EEEEE T

XG0 SMA FBFIL, 4 I 1A SMA O E W 25217 7=, 4% 18 A
REE CIER BB ZR LD, SITRHCHBICERET 5 L 512 o 7z, xRk
FIZ.TRHT F 12 (0.1 mglkg/day) DFFENRTEZ 475%5 22 Kb 32k L7z,
5 HER CoHEL, 2 ARET DAV a— & 47—\ ITo, E—¥
3 X ¥ T v — AT K DA TRERE AT I FERIE 1 B H OB 0%
FERIERAE B O G EHRIAT o7z, ZOREE, TRH 71 7 OIR#EIL SMA &

B OB, BATHE R OBIEZ A EICSE L (Fig. 4),

>
oo

160 - p=0003 12 ¢ p=001 10 p=007
o 40 F g 10 - T o0s |
E 120 T =
5 100 f FE %ﬂ o6 T
2 a0l @ 06 - =
L) 3
3 -4 S 04
5 60 Z 04 G =
S 40 | =
© o | ® 02 | 02 ¢

0 0.0 0.0

Before therapy After therapy Before therapy After therapy Before therapy After therapy

Fig 4. Clinical effects of the TRH analog therapy on a SMA patient

(A) Gait cadence, step/min. (B) Walking speed, m/s. (C) Gait stride length, m. Walking
parameters significantly improved after therapy. Data are shown as the 95% confidence intervals,
n=>5.
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3-2 SMA- iPSC D37

EANT, %15 SMA [ O B2 SEMIa 2 & iPSC A FR L7z, BEMICHE
U, RIREE O L ERFEIFM (SMA-FbC) 12, =B Y —< L7 ¥ —%
WCHIHHBIR - (OCT3/4, SOX2, KLF4, LIN28, L-MYC K p53 shRNA) %
O L IPSC Z{E#L L 7= (47) (Fig. 5A), SMA-IPSC 1%, IE# et &= L 7= (Fig.
5B), FbC & iPSC ZH W\ T, SMA BF LEFHE AL L& Z A, SMA £
T SMNL1 & SMN2 OHRGHEY) Tl % FL-SMN OFBL L~ /L 3ME < . SMN2 DR
‘BHEY) T D A7-SMN 3 @3B L Cu= (Fig. 5C), AR Tl s & iPS Hifi
1% 36 7% AN LM D B2 S RAE SRR 2> O #8ES7 S 47z 201B7 2 L 7= (15, 16,
45, 46, 48), = 512, SMN2 mRNA 7> 5 A5 L TH372 cDNA % FrE a2 )k
% Ddel T FL-SMN & T} 47-SMN #2813 % & . SMA-FbC & U SMA-iPSC
IZHB1F 5 FL-SMN &= 7OFE &N HE LTz (Fig.5C), TN HDRER LY | AF
FLL7ZiPSC 78 SMA DI FH R Z B L TWD Z LRSS hT,

ST, AER L 72 SMA-IPSC DRI K D et DA B 2 Bist L7,
SMA-PSC {23\ T, ALP Y&l CToH v (Fig. 5D), OCT3/4, SOX2 &KX
NANOG DN F7E, SSEA4, TRAL-60 K TN TRAL-81 DI E R E TR H v,
BRI~ —H —1F SMA-IPSC TH 8L L T /= (Fig. 5D), —J5. ERLL 7=
iPSC 23t N iPS T Z & 83 2729, SMA-IPSC %~ 7 AR /b~ — 71—
Th D SSEAL TYtE L SSEAL DFRELN A LR & & fifEid L= (Fig. 5D),
& 512, SMA-IPSC 75 /EHL L 7= EB (embryo body) % #MREE, PRI K& ONHIR

D~—H—"Tdh% TUIL, SOX17 %1 BRACHIURY TH:tt L, SMA-iPSC 23

- 3
ZHEMEEZ A LTV AH Z EEZH L MIC LT (Fig. 5E),
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C WT-FbC SMA-FbC WT-iPSC SMA-iPSC
FL-SMN
A7-SMN
[
after Ddel digestion
FL-SMNI1
FL-SMN2
A7-SMIN2
FL & A7-SMN2
D

OCT3/4Nuclei NANOGNuclei SOX2Nuclei

L S, 2 ] R
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TUJINuclei SOX17Nuclei BRACHYURYNuclei

Fig. 5 Proof of iPSC derived from SMA patient
(A) Newly generated iPSC fully reprogrammed from fibroblasts of SMA patient. Scale bars show

200 um. (B) No karyotypic abnormalities were found in SMA-iPSC used in this study. (C)
RT-PCR indicating SMA-iPSC and SMA-FbC showed decreased SMN1 gene transcripts after
Ddel treatment. (D) ALP enzymatic activities in SMA-iPSC. Scale bars show 200 pm.
Expression of pluripotent markers including OCT3/4, NANOG, SOX2, SSEA4, TRA1-60,
TRA1-81. Scale bars show 100 um. (E) Expression of ectoderm, endoderm and mesoderm

markers in SMA-iPSC by embryonic body formation. Scale bars show 100 um.
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3-2 EEHFMEIE~D L5 E
iIPSHIAE S & ERL U 7= BB R S B DO~ — I — B RBLT 5 i g

REHT 572912, WT-IPSC (201B7) 7> & iEEh i Hifa O (ERL 2 37 7=, i Ehid
MO bFE T v a2 —/ VIISFEBgik# £ 4 L (15, 16), dorsomorphin, SB.
RA. PMN, BDNF, GDNF, AA ¥ ("cAMP % #iL A& ot C B PRI 528 L 7= (Fig.
6A), FE7obiBE%K4A2A HIZRBW\W T, RENES MR O~—0— (TUJ1,
HBY) K OV pkvEEh AL D~ — A1 — (SMI-32, CHAT) 2381 L 7= (Fig. 6B),
—J7. GFAPIGMET 2~ u o NI baha L 7o EEhifMia o 8IS 2 B,
IHAEFRE U7 O & A EIETUILE OSMI-32& FE681 L T 7=, CHATES
PEIBEIRAILOIE & A EAHBIZ ILRELL TH Y . 24 b OMEHIi I LIES)
MR TH D Z L AR LTWD (Fig. 6B), F7-. RT-PCRAENTIZIS W THEH
FiPSHIL D HAERL U 7= B A A (WT-iPSC SpC) dPAX6, OLIG2, HB9X
OCHATDIEHL L~ RN L 72 DIZx LT, Rl ~ —J —OCT3/4 D3 iRg Y
(2 L7z (Fig. 6C), LA EX Y A7'm k3 —)uid, IEB RGO B 75 o

FOFEMETR & OSMAIZE R 2R RefrIc A A & B2 b b,
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Fig. 6 Spinal motor neuron induction from WT-iPSC

(A) Schematic of spinal motor neuron differentiation from iPSC. (B) Immunostaining using early
motor neuron marker (HB9), mature motor neuron marker (SMI-32), mature neuron marker
(TUJ1) and astrocytes marker (GFAP).  Scale bars show 50 um.  (C) RT-PCR analysis indicating
spinal motor neurons induction. PC: Positive Control, RT (-): without ReverTra Ace.
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3-3 iPSHifia & FH v 7zin vitro SMAE 7 /L DfifE T

In vitro SMAE 7 V& ffENL T 5 72 9D1IZ, SMA-IPSC2> 5 SMA-IPSC SpC~43 1k
S, WT-iPSC SpC & DR BV D2 31l L7z, /3 bFhEBIAR14 H 2, ARk
AL D~ — 5 — T HNESTINIZSMA-IPSC K& 'WT-iPSC 1 3k D 153l i
IFEAETREL TV (Fig. TA). Z DOfEHRIX. SMA-IPSCK O'WT-iPSCHi 3k
DOEEFE N I NESTINBGEM R I /b L7 2 L 2RI LT 5, £
72, SMA-IPSC SpCIZEB W CTHIZR D S & & Te iR R 2 D12 T H 5 TUIL
Hfa o fEIE N F B A Lz (Fig. 7B, C), WT-iPSC SpCiZ ft~X, SMA-iPSC SpC
HIZGFAPEMET A bt R38N L 7= (Fig. 7B, D), & 512, SMA-iPSC SpC
BT DT AR M=V ANRTLHE L TV DS E T 572012, st mE it
15K Z#H L Ccleaved caspase-3[5 MR DEIG Z Mgt L7, & DRER,
SMA-IPSC SpCIZBWTT AR h—3 2 &4 U=/ L (Fig. 7B, E).
CHAT/HBO —E [ o B4 2358 L= (Fig. 7B, F, G), 3Lk EBH 4456 H 4
IZB VT, WT-iPSC SpCiK140-50% D HBFG AN 23 7% 541, SMA-IPSC SpC
I34910-15% DO HBOFGMEMIFE A A 7= (Fig. 7B, F), Z L6 OFEBAI OE T,
BRI A W2 T H e AL TE Y (15, 16), & < IZSMA-IPSC SpCiz st
HGFAPIGIET A b a A b OINE, HEEMHFREAIOE DRI H G LGS &
RIS, LEEB->T, TA MaY A NOMINIER Lotz ER S5

Z LT LT, FERITE2EICHENT 5,
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Fig. 7 Comparing investigation between WT-iPSC SpC and SMA-iPSC SpC

(A) Comparison of differentiated WT-iPSC and SMA-IPSC 14 days after motor neuron induction
using neuronal stem cell marker (NESTIN). Scale bars show 100 um. (B) Comparison of
differentiated WT-iPSC SpC and SMA-iPSC SpC 56 days after motor neuron induction using
SMN protein, astrocyte specific marker (GFAP), mature motor neuron specific markers (SMI-32,
CHAT), apoptosis marker (cleaved caspase-3) and early motor neuron specific marker (HB9).
Scale bars show 50 um. (C) Quantification of dendrite and axon development of spinal motor
neurons derived from WT- and SMA-iPSC SpC by analyzing area of TUJ1 positive cells. (D)
GFAP-positive cell proportion in differentiated WT- and SMA-IPSC SpC. (E) Cleaved caspase-3
positive cell proportion in differentiated WT- and SMA-iPSC SpC using FACS analysis. (F) HB9
positive cell proportion in differentiated WT- and SMA-iPSC SpC. (G) Quantification of HB9
expression of differentiated WT- and SMA-iPSC SpC by real-time PCR (WT-iPSC SpC 1,
SMA-IPSC SpC 0.43 + 0.0056). Data are shown as means + SEM, n=3. Data are shown as
means = SEM in (C), (D), (E), (F) and (G), n = 3, p-value versus WT-iPSC SpC (Student’s t-test).

DOEIZ, SMA-IPSC D7 n— M DZEREEZFHRDH7-DIC, 370 —00
SMA-IPSC (#2~#4) Z BB~k S W72, T ORR, IR~
DI R K ORHINT, 7 a— MG E A L ERERD 2> (Fig. 8).
Fig.7 B-G T/ L= KRB DEWL Y 1 — U MO LA T2 < SMAJRRE L O
BIE ARV T L A2 R LT 5, BLEDOKERN S, SMA-IPSC SpC 23t 72

SMAJRREEZFHBLCTE 5 Z R gho Tz,
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SMA-1PSC #2 SMA-iPSC #3

SMA-iPSC #4

A

G

TUJ1Nuclei

SMINuclei

CHATHBONuclei

Fig. 8 Clone-to-clone variability among 3 SMA-iPSC lines
Little clone-to-clone variability among 3 SMA-iPSC lines from our patient (SMA-iPSC #2, #3, and
#4). SMA-IPSC #2 was mainly used in this study. Scale bars show 200 um (Phase contrast

images), scale bars show 50 pm (immunofluorescence images).
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3-4 Invitro SMA E7 /L2 L7= TRH 7 F 1 7 O ROt
SMA-IPSC SpC IZ51F % TRH %2 %/K 1 (TRHR1) O JHTEIZ DWW TH Y th ik

ZHWTHRE L7z, SMA-IPSC TiX TRHRL O3 BLIZFRD B 72 o 7223,
SMA-iPSC SpC & T SMA-FbC 233\ T TRHR1 838 L T 7= (Fig. 9A), SMA
TRHE CHIAN BT 5 SMN EHE L, BNAT T4 L 7HEEIETH S gems
ZHERKT D (2), TRH 7 v ZALERIC I - TEEN gems O ELE S HIINT 5 7>
ERRFT LT, TOME., TRH 7127131 KON 10 uM THEIZ gems (BZNIC
BT 5 SMN) OB E% FF X7 (Fig. 9B, C), LAEOKGFHEL TRH 7 &
T OWEZE 1 UM IZFEE L TfT> 72, SMA-IPSC SpC 2B\ T 1 uyM TRH 7
o 7 CHULER 5 & BICRIET D SMN EFRE ORBLENEI L7z (Fig. 9D),
IHIZTTZRE Ty MEZE > TEHEORIEEZ KRG Lz, /5{bikE6H
5 42-56 H# D TRH 7 1 Z4L#E 2 X > T, SMA-IPSC SpC @ SMN & FH/E O

O EITA RIS L7 (Fig. 9E, F),
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Fig. 9 The TRH analog efficacy in reversing SMA pathology

(A) Expression of TRHR1 in SMA-FbC and SMA-iPSC-MNs, but not SMA-IPSC. Scale bars
show 50 pm in SMA-FbC and SMA-iPSC SpC. Scale bar shows 200 um in SMA-IPSC. (B, C)
Analysis of increased gems in response to TRH analog treatment using SMA-FbC (%, WT-FbC
59.7 £ 5.1, No-treated group 5.5 + 1.32, 1 uM TRH analog-treated group 41.8 + 8.41, 10 uM TRH
analog-treated group 41.3 £ 11.3).  Data are shown as means = SEM, n = 3, p-value versus
WT-iPSC SpC (Student’s t-test) and p-value versus no-treated SMA-FbC (Dunnetts’s test). Scale
bars show 12.5um. (D) Expression of SMN protein in WT-iPSC SpC, No-treated SMA-iPSC
SpC and TRH analog-treated SMA-iPSC SpC. Scale bars show 50um. (E, F) Western blot
analysis of SMN protein expression of WT-iPSC SpC, No-treated SMA-iPSC SpC and TRH
analog-treated SMA-IPSC SpC. Data are means + SEM, n = 3, p-value versus WT and
No-treated SMA-IPSC SpC (Student’s t-test).
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3-5 SMAJRREIZH 1T 5 TRH 77 1 7 OfE R
TRH 7 F 1 773 SMN EHE ORI EZHINS TP EIO0IT D7

DT, FL-SMN & 47-SMN mRNA (22T qPCR T 247> 72, oAb iEE B A
# 56 HH® WT KU SMA-iPSC SpC @ cDNA %> 7L Z{#H L T, FL-SMN
MRNA & A7-SMN mRNA OFExi Bl EZ EE LT, £ORERIE, TRH 77
1 7L 0 SMA-IPSCs SpC (238 T FL-SMN mRNA (I A Z 2L .
A7-SMN mRNA & B8 E[m) 27~ L7= (Fig. 10A, B), TRH 7 u 7 3i# 7 » b
MHE=a—m BN THZ DY UiRb AN GSK-3p DD A5 Ei 32 &
DA SN TS (49), F7=. GSK-3B PLEHKIL SMN EHE 2 LTS5
ZEIZXY, SMNEHEDRH L LR IEL 2 EnMmE SN TS (50), £
T C. SMA-IPSC SpC (Z%f 9% TRH 77 v Z4LE )N GSK-3B DIEMEIZ KT T 5
Br, vxAFr7my MEEZRWTHE Lz, TORFR, ROHREL i L
TRH 7 v 7 iLEit: ., U »Ee{k GSK-3p (phosphprelated-GSK-3p: p-GSK3B) @

HIMEE A58 B 7= (Fig. 10C),
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= — =0 —-
& No-  TRH & No-
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C . .
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No- TRH
treatment (1puM)
phospho-GSK3[ | e . c——— |
total-GSK3p | — |

Fig. 10 Mechanism of the TRH analog efficacy in SMA

(A, B) Quantification of FL-SMN and 47-SMN mRNA of WT-iPSC SpC, No-treated SMA-iPSC
SpC and TRH analog-treated SMA-iPSC SpC using gPCR. Data are means £ SEM,n = 3. N.S,,
not significant. p-value versus WT-iPSC and No-treated SMA-iPSC SpC group (Student’s t-test).
(C) Western blot analysis of phosphorylation of GSK-3f in WT-iPSC SpC, No-treated SMA-iPSC
SpC and TRH analog-treated SMA-iPSC SpC.
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3-6 TRH 7 1 7 OiEEIHRR D il B %t~ 5 1EH
A, SMN & B3R b o T, & ITHHRORBEEIILETHD Z

EMHESNTND (BL), L7eA-> T, TRH 7 F 1 7 & VPA HERIRZEE K Y
HHER DI B A M AE TGOV TR L=, VPA (X, SMN2 &5 D
BB OIEMELEZ N LT SMN EAED L~ L EHNESE L XA NPT 8F 5
— (histone deasethylase: HDAC) fHEH CTH Y (35), WRMEEAZHT S
REOREEMTH D, EHIT, BUE SMATEIRIED K 1a FH IR R 2 1

BY . IREEHEAMO O BD 1 >THD, Liznd>T, TRH 7T 1 7 Ok
(R AF % LEBORTT 5 72012 VPA 2 L7z, RHIRZER & ilsk % 2812kt
T HEHIT TUIL M A sk O i FE 1S & 0 7R L, TUJL B PEffnaa ki, A&
RLBRD WT-IPSC SpC K O} SMA-IPSC SpC. 43tk EBH#A 42-56 H 412 TRH 7
J v 7 F 7213 VPA THLE L 7= SMA-IPSC SpC @ 4 B CTHisf L 7=, WT-iPSC SpC
I3 SMA-IPSC SpC T Eb R THilisk R 3 & < VBl SRS DS R & Wil 238152 S 4
FEREZARIIZ R L T 7= (Fig. 11A, B), WT-iPSC SpC (23517 B BRIk ZZiHe & fifk
¥ 1L, SMA-IPSC SpC & thifs L CHE N m N - 7= (Fig. 11A-C), TRH 7)1
7" F 7213 VPA ALEERETlX. SMA-IPSC SpC (23517 % TUJL BRI A fE et 23 H5 in
L. WT-iPSC SpC IZHfl L 7= KBV 3 15 b7 (Fig. 11A-C), £7=, TRH 77
1 7} O VPA DIERI DRIZH B 72 135380 b v inotz, DE D TRHT
Fu ZE T2 VPA VA EIC TUIL B O AR R & ¥E N S &, SMA-iPSC
SpC ORPIRZEEE L R DR ELRET HZ L ZRmR L T 5D,
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A WT-iPSC SpC SMA-iPSC SpC

No-treatment TRH (1uM) VPA (1ImM)

TUJ1Nuclei

B p=0.01
‘€ 40 »=0.008 ’ =003
3 [ I 1
S 30
X 20
S 10
: B
=14 ]
E No-treatment TRH (1IuM) VPA (ImM)
WT-iPSC SpC SMA-iPSC SpC
WT-iPSC SpC SMA-iPSC SpC

No-treatment TRH (1pM)

VPA (ImM)

TUJ1Nuclei

Fig. 11 Dendrite and axon development efficacy of TRH analog

(A, B) Analysis and quantification of dendrite and axon development of WT-iPSC SpC, No-treated
SMA-iIPSC SpC and TRH analog or VPA-treated SMA-iPSC SpC. Scale bars show 50 um.

Data are means + SEM, n = 3. p-value versus WT-iPSC and No-treated SMA-iPSC SpC group
(Student’s t-test). (C) Representive images of the axonal development from cell bodies in
WT-iPSC SpC and No-treated, TRH analog-treated or VPA-treated SMA-iPSC SpC. White

arrows indicate the cell bodies. Scale bars show 100 pm.
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B %12, SMA-IPSC SpC (2551 % cleaved caspase-3 [hMEflInDE 4 % FACS

AT CTRET L7225, TRH ZUshn LT % cleaved caspase-3 Bl o 412 224k

RO Lo T, VPATRINEET B [REEROME R DG Bz (Fig. 12),

A

SMA-iPSC SpC
No-treatment 1pM TRH 1uM VPA
- Specimen_001-Mo treatment N Specimen_001-1uM Specimen_001-VPA
<g La Lo
Q- o o2 :
® 2.1 P3 2 | P
Casp-3 Casp-37 -Casp—é' Casp-3~
2 3 10 0 102 a N 0% §o a n e
FITC-A FITC-A FITC-A
N.S.
p=0.64
[ - —
s 40 p=044
L
= 35
T
Q
Z 25 ¢
£ 20
a3
@15 F
2
§ 10
< L
S 5
0
No-treatment 1uM TRH 1mM VPA
SMA-iPSC SpC

Fig. 12 Restorative effects of TRH analog and VPA against the increased cleaved

caspase-3-positive cells

Cleaved caspase-3 positive cells proportion in No-treated, TRH analog or VPA-treated SMA-iPSC
SpC using FACS analysis.  Data are means = SEM, n = 3. p-value versus WT-iPSC and

No-treated SMA-IPSC SpC (Student’s t-test).

35



i

IR
2

A B

AIFFZIZF VT, SMA-IPSC % U 7= in vitro SMA 5 LV & HeSr L T-,

._l

SMA-IPSC 7 & {EHE L 7o s B s8I 2 & Lo BERE LA (SMA-IPSC SpC)
IZFBWT, SMN EABEORBUK T, EBMROBRR IS & OhER R O 8,
GFAP [t 7 A ket ~ O, caspase-3 B O EEINNFED H 4L, SMA
TREFERR A 71 = X LD 03 & )T 72 o 72, & 512 SMA-IPSC SpCi2xf L T,
TRH 7 7= 7775 SMN FEIHENER L ORI RIEHZ AT 5 Z L 2B LI
L7,

TRH [ XK T B it &4, 7' Z 7 5 & thyrotoropin % 733~ %7
FRARLVESTHY, ERHESCHEORHHFEICEELTHD (62), TRH T J 1
JILERE ECBT R NN EME BB OIRRE L LTSN TEY . SMA &
FIZBWTH —EOFMERRBD LTS (53), EHEMFILICHNTSH TRH
TrhaZOEARRESNTEY, TRHT e /70— Tho
3-methyl-(S)-5,6-dihydroorotyl-L-histidyl-L-prolinamide 1%, 7 v b #F BT fA I
% L CHRMEERZET 2 (54), & HICTRHFBERTH 5 cyclo (His-Pro) 73,
ARV MY M UBERET R b= 22T S 2 ERMBNTWS (55),
ZO XD, TRH 7 J o 3R BUE (EH K O PREEIE I 2, LasL,
SMA JHEREDEEHRAIAIZ T 5 TRH 7 1 7 OERITRFT S Tunzen,
AETIX SMA B3 H sk o EB e Hifd 2 5 £ SMA-IPSC SpC (2%f9° % TRH 7
o 7 OMmREEER 2 S L, TRH 77 1 273 iPS flin 2 v 7= in vitro
SMA E7/VIZEIT 5 TUIL Btk 2 ¥n <&, SMN & HE & U FL-SMN
MRNA OFE B &4 HIN S 7, SMN & HE I REROMEICHNETH Y |
SMN EIsFD /) v 7 X2 & - T PCL2 Ml filiZmENHLE SN D (56),
726 TRH 7 7 1 713 SMN2 815 7 D EIE AL 24t L C SMN & FH'E D%
Bafnsy, sRMEERE R LIZEE X BN D, TRH 7)1 7 O R#E
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TEH OB & LT GSK-3p OFAEN A SN THE Y (49). GSK-3B 1% SMN EH
BOSRERET S, GSK3B DY RN ka5 & GSK-3B D&MD
FHE =41, SMN EBE OB i =i d (57), £Z2C, TRHTFr
12X > T SMN E BB OFRELNEMNT 287 %2 atd 5728, GSK-3p DV ik
LIZEH L CThigtZ2tEDd 7z, ZOREER. TRH 7)1 71X SMA-iPSC SpC @
PGSK-3p DRI AWM S 7=, b OFERIL, TRH 77 1 71X SMN2 i&s1
DERFIEMAL K O GSK-3p DIEMERRE(EH 21 L T SMN & AE O %2 E b & e
HEL, MRRR A MRS EIZ I EE2REB L TWD, lEIC, BRI A
W22 7 ) —= 0 702 & o T/ B REEFER 1 (platelet-derived growth
factor: PDGF) 73, SMN ZEHE ORI L~ L& ERESEHRERF L LCRHE
SNTWD (50), L2xL7en s, mEEhshftifeiZI% PDGF XA EEL L Tk
57 (58).PDGF 2 EFFICEEM RS /ER T2 2 L 1i3E 212 W, £ 2T,
TRH 7 1 7 2N EE RS B R L 5 2 WIREME 2 MGET 2 7201
SMA-IPSC SpC {Z81F 5 TRH Z A DR B 54 gt L7z, TRH XX TRH 7
Fa BT ORRRIL 20T A4 VX AT T H TRHRL & TRHR2
DHONTWD, TNOZERITe RV /BT RuF U o/ kG ERE
HBERZRIKT7 72U —IZ@ L.t F TIETRHRL DA %3814 % (59), TRHR1
IX. SMA JHRE CHE SN 5 FHE a- BB 0MT 5 2 &R mbi, TRH Y
FTr I RRERICESE L. GEREEN Ly 7 VREERE AT L CTE-T
% (59-61), £ZC, TRHZEAKOHFTEH TRHRLIZEH L T2 D 5 Z
12 L7z, TRHRL X SMA-IPSC TITRBLN D A2 h> o 7253, SMA-IPSC SpC T
WHLT 5 Z L&D, TRH 7 u 7 EES RSB % TRHRL I
A LT, SMN & FVEZBUINEN K Ot ORaE ] 2R L 7o vlBEMEDS B 2 6

N5, SMA-IPSC SpC IZH17 5 TRHRL D /) v 7 X /e B\ L > CTRH 7
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07 OFFEIERR XY 2L TE D0, 5% LVEFEMRRFENLETH D,

SMA DEFRIRFRER TR Z R LIALEYI D5 T A = A Lz [AlEE OEH)
PR AR 2 FV T B 20 L7513 700, SMA R3S OIEB) il i 2 B L
T2 EIIAREETH DA, B IPS MO LiFE s 2 Auviu, Bisr
B 2 SO U 7o SN ARSI A B E N TR FIRE T D, 200 L 9 I/
U 7o @B R 2 e U, BRIRI R & R LT LG OFER 72 A J7 = X 4
IZOWTHREETE 5, AWFIEHEBEC TRH 72 ZRIETHIROH - - BF
D R FERFHELERIRE 2> 5 iPS MR & 48637 L | R B sk O TEEh AP iin 2 /ERL L 7=,
ARETHO NI LIZTRH 7 J- 1 7 DRz R RAE M & OV SMN O Jg B IR
FRAR N R A KT 2B GE Ch Y . EFEO TRH 7 e 7 OBFIZHT 54
e L R L CH REINRAER E B 2 b D,

F1ETIX,. SMA-IPSC% fV 7zinvitro SMA &7 )V DFENLEZIT > 7=, FEIZ
GFAPIGIET A hr¥hA FOHIEX, SMAET /L~ ADOAGFHMICEET %
HERFT R THD (34), L7cR-> T, HFH2ETIL, AFETHENL LIZin vitro SMA
EFETNVKRPSMAET L~ T A% HWVT . SMAFE FOT A2 hat A kO

WREDSFAEAA T =R LZHOWNTHRE LT,
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FH2E HH
18 5

AR DI@ Y | EENVHREAIIL TIER < T A bt A MIBIF 5 SMN EEE &

(@t

PERPZARIEINRBICIIT 57 A Fu A F ORE|

il

DN SMA ET /v~ 7 ZAOEFHIM 2R URELZET 5 (34), S HIC
H1ETRLEEL DIZ SMA-IPSC SpC 12BN T, GFAP BtET 2 h A kA3
4% (Fig.9), L7=3-> T, 7 A ha¥A L SMA R RO F.0R 722 1%
T2 5 AR B D, £ 2T SMAJHRE O T A kA MEIIOIH 23,
EEEFORIELAEGFHMOEREZ b b BT,

Notch o 7" uik, 1 EIEEER O Notch 2 AR % B3 HHlla & ikt
T 5V REFHRETHMEEOT 771 Ths (Fig. 13), Biziialk Fi2%s
B4 25U H RFe Notch ZFEEBHEFERTH L, -7 LA —EIZLoT
Notch 5z & A3 BBy < 41, Notch i N K A 1 > (Notch intraceller domain: NICD)
BEMRT D, ZONICD BEBITTHZ EICED, a7 7 F—F2—Thbs
Hairless supressor [Su (H) 1& i L T, #ERYE S F (Myc, p21 x (P Hes 7 7 X U
—) WEHELESN D, ZOEIL, BAEBOMRRELISEI L, HAEBEZDOT
Z baYA ML RET S (62-65), T2 Notch ¥ 7 T /L DiEMAKIC &
- T Notch ZRERFEHAME DT 2 st A4 M biedEEE T (GFAP & TN S100
72 E) MBIBTHET L (66-68),

Notch * 7" F/LidfE # DFEBIZEI G- L, Notch & 7 /L &R & L 72 TEHEHE
DEFARRBREIT LT D, Bl 21X, Notch 2 FIROTEME(LISRAE I, T A4
fa2rt U oo EEERME MY (T cell-acute lymphoblastic leukemia: T-ALL) @ J5tAl
(272 %, T-ALL 28T, Notch Z AP HD (heterodymerization) #HIED 2 5
12 X v Notchl 23 FFEIEr S, B2NIC NICD D45 X =9 (69), BIfE.
Z D T-ALL Z %512, Notch ¥ 7' /L EHE S RO4929097 % A\ 7= [ PR AR 73
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HEITLTWD (70), E7204F, MIERIZR T S EGm a0 ES 7 e L
T.Notch > 7 F )V ERET 5 Z & N R &4 (71-74), Notch o 7 F L HESE
DNA 7 /L& )ALA e OMb 7k & RO 72 OF R O BRI ERER 23 HE D H T
% (75), SMA T, Notch ¥ 7 /L5 SMNAT ~ 7 A DR HER TG ML S,
SMA JRREICEE 53 2 FIRBME S R S LTV D (76), L72h3 > T, SMA JiRtE
DT A haHA MEFEIZET D Notch 3 7 F L D&EIHH & A2 72 401E . Notch
AR & DI ILATRE & B 2 B LD, AWFFETIX. SMA JHRED GFAP
Bt 7 A kYA MEFEIZIS T D Notch & 7 L O FE| K O Notch o 7 /L %
PR 2T BAE L7200 SMNAT ~ 7 A ZF 1T 5 EE) il K OV FE BRI M F
ER-4 Yoo Oyt

Signal-sending cell \ / \ /
mand
ReceptoA— - /I% »
X Inhibition of neural differentiation
Nuclei )_E Promotion of astrogenesis

(GFAP, S100)

Signal-receiving cell

Ligand (Delta, Jaggged)
Notch extracellar domain (NEXT)
Il Notch intracellar domain (NICD)

Su (H)
K y-secretase

Fig. 13 The Notch signaling in the neuronal and glial differentiation.

Notch receptor (Notchl-4)

When the Notch receptor of the signal-transmitting cell interacts with ligand proteins, the Notch
intracellular domain (NICD) is cleaved from the Notch receptor by y-secretase and transported to
the nucleus, where it activates the expression of target genes associated with neuronal and glial
differentiation. This mechanism suppresses embryonic neurogenesis and promotes

astrogliogenesis immediately after birth.
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H 28 FEBRME RO
2-1 i fi L

B K IPS MR ORSZ K QYR REARAT (b b B IsFITITE 2 & Te) 1XESL
BT R RER Y o 7 — RO RIER R EOMBEEZ B S LV AR 25
T (K#RHE 5 26-15, 27-213), JEAETBIE O [ MEpfila 2 v 2 BRRIFIES
B4 2FREFOUGTI (20> TIT o 72,

2-2 FEERENY)

~ U A SMN (mouse SMN: mSMN) J&{5FD~7 v KEF~ 7 2 (mSmn*",
SMN2*"* SMNA7**) % Jackson Laboratory (Bar Harbor, ME, USA) 7> 5 A L 7=,
FEIE, BAERD (mSmnt*, SMN2F, SMNAT, WT ~ 7 2) & O'WNIENE mSMN
ERETTKE LI~ A (mSmn”, SMN2**, SMNA7*"*; SMNA7 ~ 7 &) % {#
L7z WT KOPSMNA7 =7 A%, ~T rREM~ T AR L2/ T 52 &1
£ o THERF L7z, REXRIH~ T ADOHN SMA TRIEZ KT 5~ T A TH Y |
LIBE SMNAT = 7 A L RE# T 5, T X TO~ 7 A LR TIRE: 24°C (FFA#iPH: 22
~ 26°C). K ETLSE: 55% (FFrA#ili; 40 ~ 70%)., FARFS 12 R (WREA: AT 8:00
~ T4 8:00) IZHERF S L7l R FEMEE & CH BiAK T ICERER 2 5 %
TEHE L7c, T X CTOFERIT, BEERRKFHMEE - BIMEREZBE S KON
A F =77 4 ZEEDOERBEE TITo T2 (K§E 5 2014-236, 2015-154,

2015-155, 2016-163, 2017-090, 2017-196),

2-3SMNA7T T ADY = ) XA T
WT ~ 7 A, ~T7 e KER~ 7 2 R OSMNAT < 7 ADEGFRIFEET 57

WIT, F~UAORBEEWHPSEmmUID, = ) 2L ZIfFEH LT,
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BT U 7= LR X Cell lysis Solution (25 mM Tris-HCI pH 8.0, 10 mM EDTA pH 8.0,
1% SDS) J% UF Proteinase K I L D IR &1, 7.5M FEfR 7 o E = AEIRIZ &
DWEAEEREL, 22718 —)L T0%T X / —/LZ LY DNA ZfhiH L7z,
D%, LLTESND T 7 A ~—%HWTPCR 21T\, v U A B HA[FE
L7,

5-CTCCGGGATATTGGGATTG -3 (mSMN forward),

5-GGTAACGCCAGGGTTTTCC-3"  (mSMN Reverse)

5-TTTCTTCTGGCTGTGCCTTT-3'  (lacZ Reverse)

HEE i1 X TAKARA PCR Thermal Cycler Dice® Gradient (TAKARA BIO INC.,
Shiga, Japan) ZHWT 35 %A 7 W T 72,1 %A 7 )L ORERLIT DNA £ 1E: 94°C

MW, T=—U27:62°C 60F), =7 AT a2 :72°C 60FE LT,

2-3 i B O

AREFRIZ AN R O3, LT Ol Y Th b, TRFH ES Mla i
IZ ReproCELL (Kanagawa, Japan), KSR, 2-A /W7 h=X /) —)v FEMIET 2
/ B (NEAA). DMEM F12+GlutaMAX. PBS. N2 supplement, PS. Alexa Fluor®
594 donkey anti-goat IgG. Alexa Fluor® 488 donkey anti-mouse 1gG. Alexa Fluor®
488 donkey anti-rabbit IgG. Alexa Fluor® 594 donkey anti-mouse 1gG. Alexa Fluor®
488 Donkey Anti-goat IgG, AU = (dT) 12-18 777 A ~—. dNTP mix,
Hoechst33342 X Life Technologies (Carlsbad, CA, USA). Pluronic F-127,
dorsomorphin, DMSO, B-A/V 77 h=% /—/L RA, AA, 50 mM Tris
hydrochloride, 150 mM sodium chloride, 0.5% sodium deoxycholate, 0.1% SDS,
protease inhibitor cocktail, mouse anti-B-actin, phosphatase inhibitor cocktail 11,

phosphatase inhibitor cocktail 111, Igepal CA-630 /3% Sigma Aldrich (St. Louis, MO,
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USA). SB (& Cayman (San Diego, CA, USA). GDNF, BDNF, goat anti-OCT3/4,
goat anti-NANOG, rabbit anti-SOX2, goat anti-SOX17, mouse anti-SSEA4, mouse
anti-SSEAL X R&D Systems Inc (northeast Minneapolis, MN, USA). accutase (&
innovative cell technologies (San Diego, CA, USA). matrigel basement membrane
matrix growth factor (X Becton, Dickinson and Company (Franklin Lakes, NJ, USA).
rabbit anti-TUJ1 (X Biolegend (Dedham, MA, USA). ReverTra Ace, Can get signal
solution 1, Can get signal solution 2 | Toyobo (Osaka, Japan), 7 4 ®—Z S,
50xTAE |3 = v 4" ¥— > (Tokyo, Japan), goat anti-Notchl, mouse
anti-VIMENTIN, rabbit anti-SOX9 3 Santa Cruz (Star county, TX, USA). mouse
anti-GFAP, anti-cleaved caspase-3, rabbit anti-cleaved Notchl (NICD), rabbit
anti-phosphorylated-signal transducers and activator of transcription (STAT) 3 (X Cell
Signaling Technology (Danvers, MA, USA). PMN /3 Miltenyi Biotec (Bergisch,
Gladbach, Germany), 10xbuffer, Ex-Tag, TBS (X Takarabaio (Shiga, Japan), mouse
anti-human SMN (% Abnova, (Taipei City, Taiwan), Igepal CA-630, 7 A% U R
X7 L7 —=% I, Poly-D-lysine hydrobromide, 474 =21 K, normal donkey
serum, mouse anti-NESTIN, mouse anti-TRA1-60, mouse anti-TRA1-81, rabbit
anti-Ki67 (% merck millipore (Billerica, MA, USA), kU 7> > b U U A
Hhe, A7 u—A_ X /—)L  PFA. sample buffer solution 2ME+) (X4), *
B )=, A L) AX=CLD, TAFTaT—AEF M) UL SDS, RT v
T N O AR T 7 UNT I RV 6-7 X/ ~F 4 U, Y-27632, bFGF,
CAMP. lIsogen. 7 &= w7/ A% Wako (Osaka, Japan)., U 8 KB W U 7 A,
UUBAKFE T MU D LA oK, U Ul ZKSET R U UL ZIKEY), PRA,
Blocking One-P i3 Nacalai Tesque (Kyoto, Japan), fiftF F U U A L-v AT A

X Kishida Chemical (Osaka, Japan), HBSS., Hoechst 33342, BCA protein assay kit
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I% Thermo Scientific (Waltham, MA, USA), ~=>U ' XML T hvA T Ui&
Meiji Seika (Tokyo, Japan). Mouse on Mouse (M.O.M.) Blocking Reagent, M.O.M.
protein concentrate, normal goat serum, normal horse serum (& Vector Labs
(Burlingame, CA, USA), 7 /L7 wm~ 17> I Z Diagnostic Bio Systems (Pleasanton,
CA, USA). proteinase K solution (& Qiagen (Duesseldorf, Germany), ~ U R x|
Triton X-100 /X Bio-Rad Laboratories (Hercules, CA, USA), O.C.T compound /%
Sakura Finetek Japan (Tokyo, Japan). rabbit anti-S100, rabbit anti-interleukin-1p
(IL-1B) % Abcam (Cambridge, MA, USA). rabbit anti-goat IgG conjugated to HRP
antibody, goat anti-rabbit IgG conjugated to HRP antibody, goat anti-mouse IgG
conjugated to HRP antibody {& Thermo Fisher Scientific (Waltham, MA, USA) X ¥

ZTNENEEA LTz,

2-4 FEBR 1A

2-4-1 iPS e > & EE A ~D (i E
iPS RG> & BRI~ D /L FFE L 1 3 2-3-3 IZHEL TiT o 72,

2-4-2 RN
AT I 1 5 2-3-4 ICHE L TAT o -,

2-4-3 A~ U A D EERERT A

AERTIE. SMNAT ~ U R[EE T2 R~ 7 A LIICET Lz, Hidff~o
2 DEEFEREFAM & U CIEm SO R & OMERMRIE 21T > 72, 1Em BB O
BOGKREEIE, AT IS & T B WU THEMS % £ TIZEE U 72 RFf# (oK 35
By LiEFR Lo, A% 2 HE2 BB LT, BOGKR ZHIE U7z, ERIE,
TR~ T AOFH % FIZAT T 17.5°OBEANIE -, A% 6 HED D
L, ROSKRZRE UTe, BOSKERNITITEEE A2 B ) O F st L CTIER DAL
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BZEET 5 X5, 180°[EET 5 £ TORM 2308 Lz (K 180 B), 1EMIK
B K OMEBEI LB D~ T ADFEENHER SN D £ THHIT- 7=,

2-4-4 LY-411575 @ SMA BFEHRT 2 b m ¥ A MMIxtd 2 aHl

ARG 42-56 H1% F T 5uM L TV50 nM @ LY-411575 % FEARERH (10
ng/mL BDNF, 10 ng/mL GDNF, 1 uM cAMP, 200 ng/mLAA T} 1% N2
supplement & DMEM/F12) (ZIBE TR L7z, RALE &Y LY-411575 CHLE
L 7= & Mifid % PBS (Life technologies) T¥aid L. UNEE L7z, TUJIL Bl AE o i
TR EMEH OREICEI L <, 4 well 124 L T2 T o TUIL BEPEEIER O A FHE
AR L, EHEEERE LT, GFAP HUROMHTIZB L THh A7 v FEL
T S T ZFH Lz, Mo v > i Image-J, version 1.33f

(National Institutes of Health, Bethesda, MD, USA) %\ T{iT-> 7=,

2-4-5 o B FIHE A0 1R R

Ry R E R =S B A (IERENIC 5 mglkg) CREER L 7mv o R A
FRAH K T 345, RV T 4% PFA &4 0.1 M PB (pH 7.4) T 6 2y BIVER L 72,
~ 7 AER A L, 4% PFA &4 0.1 MPB (pH 7.4) (2 C—MBiAL@E L=, =D
%, 25% A7 n—Z2&4 01 MPB (pH 7.4) KR L 24 ReRiikiE L=, Wik
F% H T O.C.T. compound (Z X U B3fifE L, )9 % % T-80°C ITTHRAFE LT,
O.C.T. compound |2 & > CTHifE L-EgZFHE L, 7 VA RAH v |k
(Leica,Wetzlar, Hesse, Germany) % i\ >T.-20°C CT/E X 10 um OB 2 /ERLL |
MAS =—7 4 > 7 &7 /N—27"F A (Matsunami, Osaka, Japan) (Z#t,

-80°C THRTFE L 7=,
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2-4-6 TG

utalif, -80°C LV BAEEI 2 B L, -20°C T 2 Fefili&E L 7=, 4°C T
1RFRGE L. & BIZEE T 1Rz S 72, £ D%, Super PAP pen (daido
sangyo, Osaka, Japan) (2 CRUNR DI 2 <T=dizU o B Z AT, ~
U AHKD 1 RPUEE WV SERIZIZ. M.O.M Blocking Reagent (2 & 0 1 B[~
7yX 7L, w7 AHKRUADEETL, 10% goat serum = 721 horse serum (2
FVIRHT ey X T BTl TryX Uk, —kEUR (B M.O.M
protein concentrate % PBS TR E/ L7 1 v X 7 Hl) ZH\ T 4°C T
SRS T, EO%, IRPUA (AL M.O.M protein concentrate % PBS THi R &
721X 7 1 v JAl) KO Hoechst 33342 % 1 B[RS S ¥/, Yetatk, 7L
Fru~v b OKEHEEARM) TEHA LK,

—RPUARIZIE mouse anti-GFAP, goat anti-Notchl, rabbit anti-p-STAT3. rabbit
anti-S100, rabbit anti-IL-1B, rabbit anti-Ki67 % i\ 7=, “RPUAICIZZENRZE N
Alexa Fluor®546 goat anti-mouse IgG. Alexa Fluor®488 goat anti-rabbit 1IgG % >
Iz Flo. RAT 4 7T ary bu—id, —REUEZFR < LAMIFERRO#IE 21T
STz Yt L= 91 F713 BZ-9000 HS A — /LA > U 8 G BEMEE (Keyence, Osaka.,
Japan) Zz MWW Ty LTz, iR fiiica EnsBttiiiaazn o P LERL
Teo E7o. HEOEEAAT O BRITIL, EHIIENE, RISV T, JKEE
PR AND K 9512, Image J (National Institutes of Health, Bethesda, MD, USA) %

AWTHIE LT,

2-4-7 PE MOl X 2 B
F R s Yufa K TN ALP Yufa 345 1 25 2-3-5 |[ZHE L CTiT o 7=, i L7 1 k¥

&% goat anti-NANOG, mouse anti-NESTIN, rabbit anti-SOX2, goat anti-SOX17,
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mouse anti-TRA1-81, mouse anti- SSEA4, mouse anti-SSEAL, mouse anti-TRA1-60,
mouse anti-VIMENTIN, goat anti-OCT3/4, rabbit anti-TUJ1, mouse anti-GFAP,
goat anti-Notchl, rabbit anti-S100, rabbit anti-IL-1B, rabbit anti-SOX9 TH 5, —
WHURIZIZZ N ZE 4 Alexa Fluor®546 goat anti-mouse 1gG.  Alexa Fluor®488 goat
anti-rabbit 19G % 7=, #4413 Hoechst 33342 (Life technologies) % FVCTAT

o7, TIRGUBLAEEDIESITHES R T TIT - 72,

2-4-8 U= AZ T my MEIZ K DEH

Invitro IZHBIF AV AZ 7 ay MNIE 1E2-3-9 LT TITo72, BT,
invivo 4> 7V b v A2 T n Yy MEDOTEERET S, 7Y T
|21 protease inhibitor cocktail, phosphatase inhibitor cocktail 2 & T8 3 2% T RIPA
buffer [50 mM Tris HCI (pH 8.0), 150 mM NaCl, 0.5% 7 4% 2 —/Lfig) KU
7 2, 0.1% SDS. 1% Igepal CA-630] #H 7=, £z, ~ 7 A HF 70 (&4,
BTN OBER) 2ftg, v~ 7 nFa—7OofR Tl Lz, o7
(THE BB R £ T-80 °C (2fRfF L7, EAEBEMICIT ERLs 2 2ot LT
800 uL, FHEIZxF L C 100 uL, BEREAHIZHR LT 200 uL VY, HE T A Y—
(Physcotron, Microtec Co., Chiba, Japan) % F\>C 30 FbRiflH:, HEL LT-, %
D, 20 /oK FRICEE X+, 12,000 x g, 4°C, 20 5y OBt L7z, O
SEEL 7. BiE &R L, EEER®RE Lz,

SDS AU T 7 VT I RT7/VZKERGEICE v b L, BasCIRE) R
(25 mM Tris, 190 mM Glycine, 3.5 mM SDS) % AL, 7 /L% BV fiF i) 7= vkEhdE
AR LT, VRENEEE O & KB R 2 ALz, Lwell 720 OINE
I E~—D—%5uL, &V 7m0l & Lz, 7R, 7

1 B4 7-0 20 mA Tk L7z, vkEh% ., 77 /L % cathode buffer (25 mM Tris, 40 mM

47



6-7 2 ~FH MR, 20% A X —V) 1T 15 R LT, IRERT, A X ) —
JUZ 15 BPRR L, EiKIZ 15 o iR L7, £ D1, anode buffer 2 (25 mM h
U A, 20%A % 7 —/V) (220 50RHE L7, BEt@filn~ 5. anode buffer 1 (0.3 M k
URA, 20%A % /) —/V) 123z L7 A%, anode buffer 2 (272 L 7= Ak, #5555,
7)v . cathode buffer (217 L 7= ARKDNEIZKL A, 0.8 mA/ecm? D 5:{: THRE L 7=,
HR5 % . 0.05% Tween &4 0.00 M TBS TA 7 F » Z i L. Blocking One-P
2R L, 30 07 e w27 L=, 0.05% Tween TBS TyLE#%. Can Get Signal
Solution 1 T—RFLAEZ AR L, 4°C T—Bu/E SH 72, 0.05% Tween TBS Tt
{##% . Can Get Signal Solution 2 T _RFuiAz AR L T= T 1 R bUS S ¥z,
0.05% Tween TBS TULif L7, A L/ AX—LDIZ5 MR LTz, £ Dk,
LAS-4000UVmini (Fujifilm, Tokyo, Japan) % W TR L2, —&FUERIZIX
rabbit anti-cleaved Notchl (NICD), rabbit anti-p-STAT3, mouse anti-GFAP, rabbit
anti-S100, rabbit anti-1L-1B, mouse anti-SMN } TF mouse anti-B-actin Z v 7z,
TWRPLIA & LT rabbit anti-goat 1gG conjugated to HRP antibody. goat anti-rabbit
IgG conjugated to HRP antibody. goat anti-mouse IgG conjugated to HRP antibody %
i U, A RAFER1E 1/2000 T1T - 7, EEEOFBRE X, Multi Gauge Ver3.0
(Fujifilm, Tokyo, Japan) % FVNCHENT L7z, /N> RO 2 3B b L, f# %~ OfE
AEM LT,

2-5 Wt PRI
FEERERE LT E + YRS (SEM) TR L7z, #EHPa72belix, SPSS
(1IBM, Armonk, NY, USA) % H\Cififfl] Student’s t-test {Z L W 1T o7z, fElR=RM

5% R A A BEZA D & Lic, AR LN SMA £ 5 L~ 7 A IE A R ER &
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OMERHRIE DRI RIT, A "3 () BUEIZ & VAT -7, 2x2 D4y RIFR 2 1Bk

L. Peason’s i 7E CHEAT L. BIEDOIR I % ¢ fHIC L > THRE LTz,
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5 3 8 FEBRAAE
3-1 SMNA7 ~ 7 AZH 1T % sk Flllgigs B 2L

ERDE Y . SMA [ZEE R D ZEMEITHE < BRI DM EIRE TH D,
SMA ET7 /L~ AL LTHHAT 2 SMNAT = 7 A28 T b R AR O
FEEDERERG AT T D G MOV THET L7z, B4R~ 7 2 L 1Y SMNAT
~UADEMW, B (F 1~5 MRE). PIEMROEELROEREAZRE Lz, E
s o7V 7134 % S BH G8EM) AON11 HH (WHEH) TiT-o7-
(Fig. 14A), 7 DOt H. #EEFAYIC SMNAT ~ 7 ADFENEE SN D 2 L 3 EIER
T& 7 (Fig. 14B), SMNA7 ~ 7 ZADREITA% 5 H B TIIZ L L7 WAs, ikl
OFBE O EREIIAEICHD L (Fig. 14C, D), —J7. BEMEM O EREITIL(L L7
otz (Fig. 14E, F), A% 11 A H TIAEIZAEICHE D L, BHMEOEE S
D L7z (Fig. 14C-F), T HDREERMNS, Dp< &b 4% 5 H BIZRIT 2 X
PRRDEVENTHERMEC AT T D 2 &R I iz, R, A% 5 H B 2 iexs
JEHL, At 11 B B 26 H

oo

T L L TRET 2Dz,

&
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Fig. 14 Central nervous degeneration in SMNA7 mice precedes gastrocnemius atrophy.

(A) The sampling points of brain, spinal cord and gastrocnemius in WT and SMNA7 mice. (B)
The typical images of WT and SMNA7 mice at Post natal days (PND) 5, 11 and 15. (C-F) The
quantitative analysis for the weight of brain (C), spinal cord (D), gastrocnemius (E) and body

weight (F) of WT and SMNA7 mice at PND5 and 11.

PND5; n=5 or 6, PND11).

*:
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Data represents mean + SEM. (n =3 or 4,

*, P <0.01 versus WT mice (Student’s t-test).



3-2 SMNA7 <~ 7 AFBECBIT 57 A hat A kO
7 A hatA N OHESER IE astrogliosis & astrogliogenesis (20 FETE 5,

Astrogliosis [T RECEH L 72 & O BRI EZICHEET 27 XA hahA Fo
B Td v | astrogliogenesis 1d_EFEIZMSE U CAEFAISMET O & THGET 5 X
JSZEFET (7). SMAJHRBILT A ot A b OMEGENE T4 2R (4% 3 A H)
[CHEATT 5. Fo. SMATRRBIZKIT 57 X but A hoOISEOZE X, NTE
PED SMN B KRIBIC L o> THEE SN D Z & 225 astrogliogenesis T 5 & .
ZNLTCTlz, SMNAT = U AFREICHIT AT A hathA NORSHEX, 4% 5 H B
TEMALT D (78), L2rL. SMAIZEKIT AT A huat A ~ORIGHEZ kI iE
Bl PREE L AE) 2o TR S TRy, 22T, Rl (E#% 118 H)
(BT LT A FatA FREINT DA SN 572012, GRAP (kT
A badA O —A—) OFEBRBELARE LTz, GFAP BT 2 Fa¥A b,
% < OIEEMIIA Z G Te K A (gray matter: GM) CTHREFEMIZEEML, A&
(white matter: WM) Ti3ZZAL L7 - 7= (Fig. 15A-D), 12, GFAP & Kt
PEDIMNT A Fat A MO TH D Z & Z2RmT 72D, L0 RENGH
BPA 57 A YA h~—0—8100 &3 E§ DMtz B L7z, S100 Bt
fasRi%, FREPOEEM TN L7225, B E 723N & O RIsEE T

AR - 7= (Fig. 15E-1),
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Fig. 15 SMN-depleted astrocytes were abnormally increased in the spinal cord of SMNA7
mice.

(A) GFAP-positive astrocytes were increased not in white matter (WM) but in the gray matter
(GM) of spinal cord of WT (mSmn**, SMN2**, SMNA7**) and SMNA7 (mSmn”-, SMN2*/*,
SMNA7*"*) mice at PND11. In addition, Ki67-positive cells were not detected. Scale bar shows
200 um. (B-C) Quantitative analysis of GFAP immunoreactivity in the GM and WM in the spinal
cord of SMNA7 mice at PND11. Data are shown as means + SEM. (n=3or4). “p<0.01
versus WT (Student’s t test). (D) The quantitative analysis of GFAP-positive cells in the GM of
the spinal cord of SMNA7 mice at PND11. Data are shown as means £ SEM. (n=3 or 4). “p <
0.01 versus WT mice (Student’s t test). (E-I) Quantitative analysis of S100-positive cells in the
whole, ventral, dorsal and central canals in the spinal cord of WT and SMNA7 mice at PND11.
Data are shown as means + SEM. (n=3o0r4). “p <0.05 versus WT mice (Student’s t-test).

Scale bar shows 100 um.
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3-3SMNA7 = 7 AZE1F 5 NICD-pSTAT3-GFAP/S100 * 7 F /v DiE AL,
Astrogliogenesis |3, Notch & 7 /L &K TR p-STAT3 a5 Z & CEES NS

(63-65), ##= Tk 7= Y . Notch ¥ 7 L EMEAL S % & NICD O FEELAS N
T5, SHIZEDOFT, GFAP XNS100 72 ED 7 A ha ¥4 M BEE
LT DIEEIL SIS (68), £ 2T, Fig. 15 T/RL7ET A huthA MEINO
TERA I =X L% 5T 272012, BAR KT SMNAT ~ U AHFHEIZBIT 5
NICD-pSTAT3-GFAP/S100 DN FFHELAZ U = A X 7 my METHF LT,
A% 5 HAB KO 11 HBIZEBIT S SMNA7 ~ 7 2@ NICD, p-STAT3, GFAP
KON S100 DI B EN B AR~ 7 A HE_FRICHEM L7 (Fig. 16A-1), —

Fig. 16D (Z351F % S100 DFEHENEAL Lo 7= DL, S100 & - O 5 BN
IR DB BEOR T LI Lo Totzb & & 2 Bbhvd (Fig. 15G), ©F
2, %5 HELETO Notch & 7 F AV ZRETT 572012, V=RAZ7ay b
2 AW THZAERIZIIT 5 NICD ORBLEIZOWTRE L7z, £ DK, NICD
DIFNTH AR T L7222 > 7= (Fig. 16J, K), Notch-pSTAT3-GFAP/S100 #% 1%
DOIEMALD T A oA MNEREAICAE C 20BN ERET 57201, BAER K
O'SMNA7 = 7 2K 2 T, GFAP (57 X F ¥ A ~MZEIT % Notchl &
N pSTAT3 D JRITE & o Yetalh Tirat L7, FHK AEIZH1T 5 GFAP Bt T 2
ka4 R, pSTAT3 X OY Notchl 23 /&7E L 7= (Fig. 16L-M), 2 F VD, 7 A b &
A N EFFEAIC Notch-pSTAT3-GFAP/S100 B OTEMAL N FE SN L B2 5
N5, FEWT, SMAJRREIZER T AT A hut A MR A AT 2 0B D% [F
ET DI, IR D~ — 71— T 5 Kib7 DFBUZ DWW TG LT, 1%
5 HH® SMNA7 ~ 7 AFBEIZIBW T, GFAP/KI67 —EFGIEREIET A ha oA
RRFEFE L CTWD Z LRS- (Fig. 16N, 0), LA EXL D SMNA7 =7 AD
7 A ~aYA FOUSEZE{LIL. Notch-STAT3-GFAP/S100 & DI HALIZ X 5
H D ToH Y L astrogliosis Tld 7z < astrogliogenesis & D BE 23 RIE X j7= (Fig. 16P),
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Fig. 16 Notch signaling was activated in the spinal cord of SMNA7 mice.

(A-D) Notch signaling was dysregulated in the spinal cord of SMNA7 mice (PND11; late stage) by
western blot analysis. Data are shown as means + SEM. (n=5or 6), “ p <0.01 and " p < 0.05
versus WT mice (Student’s t-test). (E-I) Expression of NICD, p-STAT3 and astrocytic markers,
including GFAP and S100, were increased in the spinal cord of SMNA7 mice (PND5; early stage)
by western blot analysis (n =3 or 4), ™ p < 0.01, " p < 0.05 versus WT mice (Student’s t-test).
(J-K) Expression of NICD did not change in the spinal cord of SMNA7 mice (PNDQ) by western
blot analysis (n = 3). Data are shown as means + SEM. (n = 3) (Student’s t-test). (L) The
representative fluorescence images of spinal cord in WT and SMNA7 mice (PND5). Almost all
of GFAP-positive cells expressed the p-STAT3.  Scale bars show 100 um. (M) The
representative fluorescence images of spinal cord in WT and SMNA7 mice (PND5). Almost all
of GFAP-positive cells expressed the Notchl. Scale bars show 100 um. (N) The representative
fluorescence images of spinal cord in WT and SMNA7 mice (PND5). GFAP-Ki67-positive cell
rate was increased in SMNA7 mice (PND5). Scale bar shows 100 um. (O) The Quantitative
analysis of GFAP-Ki67-positive cell rate in the spinal cord of WT and SMNA7 mice at PND5.
Data are shown as means + SEM. (n =3). *p <0.05 versus WT mice (Student’s t-test). (P) The
model of Notch-STAT3-GFAP/S100 axis which may be dysregulated in SMA pathology.
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3-4 SMA 3 B kil B8 15 5 Notch > 7' v oiEMAL
Notch o 7" /L A3 FhikEp D CIEMA L 415 & . #hRkEpiiin B & Xk iuae

OREFF L, BT 2 ek i 2 R p B IS b S 5 (79-82), 2D &
2L Thorb U oAb it BRI A & ARkl i 23 AL M BB DAL /S & —
U % (Fig. 17), Notch > 7 /IO BN D, ZOMBl 2 =2 =7 —
g AT & R, MR O E MR EICEE TH D, Notch 27 F/vd
SMA B3 HR AR IR 3 1T DIEMAL 2 T D 7212 fEH FH KU SMA &
F R ORI 2 F VT NESTIN (ke o~ — 1 —) K UOYNOTCHL
DRB G — o lpat LT, moAbihE% 14-17 H o 3 HI#], EEMHFRIZ b S
FHLTF A U (RA) ZIRIN LB CEEZE L7-, AIBRIE > NOTCHL %
BET, /bFE% 17 B BHICBW TN L7z (Fig. 18A, B), /fbasEtk 14 H

H T WT MU SMA B3 SRR A iE o i 712 33T NESTIN 3 E £ 1321k

D
T

D N D

N N
—_— D >
N N

D N D
1
D

Neuronal stem cell Neuron precursor cell N Notchl (Receptor)
. Neuron Astrocyte D DLL (Ligand)

Fig. 17 This short-range intercellular action specifically in Notch signaling is called lateral
inhibition and occurs during cell differentiation.

Once Notch signaling is activated in a stem cell culture, neuronal stem cells turn into neuronal
precursor cells, which send inhibitory signals to neuronal stem cells, resulting in a location pattern

in which differentiated cell and neuronal stem cells are always adjacent to each other.
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Lo fendy (Fig. 7). sEaBEsk 17 B B3\ T, (& kit i i &
el LT, SMA B HRA IR IZ 35 1F 2 NESTIN BEMERIRL 23 A = I b
L7z (Fig. 18A, C), NOTCH1 23 ilAafE bz 58l 24k (Notch1Mcell) &
UYNESTIN 233859~ 2 #fa (NESTINM cell) 1%, SMA-iPSC 7> 540 ks L
T BEFIIIC BUWCHWICEERE L. Fig. 17 TR L7z & 9 28580 2 0= L=,
Notch > 27" F /LA K DG Ml OFE S, SMA B ORI L, & Ol
fatEZ Ko Tclm 2 R Lo & B2 bivd, srbikE% 17 B B TiX, GFAP itk
DREAT A v A NIl &2 -7- (Fig. 18D), % Z T Notch 7 /v
INT A S wa YA S EESHE O S b A 5 TR A FREET 5 72, NOTCHL1
FEEMIIZ T X b e A b RiEGHE THIL T D SOX9 N ILFHL T 2 )& 1
U7, /b 17 B B2\ T, SOX9 73 NOTCHL BA I flE iz R 5 L |
SMA-IPSC 7> & /L% L 7= 8538 Ml NOTCH1-SOX9 — B BA Al A3 A &I
HANL7= (Fig. 18E-G), LA EDOFE R M 5 SMA-IPSC D3 LikE 17 H BIZHB\W T,
Notch &7 /W37 A b u ¥ FEIESHIE & T 2 bAoA koo bl
BT 52 LRI,
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Fig. 18 Notch signaling was dysregulated in SMA-IPSC culture system.

(A-C) NOTCHZ1-positive cells were increased and NESTIN-positive cells which indicate neuronal

stem cells was decreased in SMA-iPSC SpC (n =3 or 4).

<0.01 and " p < 0.05 versus WT-iPSC SpC (Student’s t-test).

Values represent the mean + SEM.

Scale bars show 50 um. (D) At

*k

p

day17 after motor neuron induction when NESTIN-positive cells were abundant in WT-iPSC SpC,

GFAP which is expressed in also neuronal stem cell was not detected. Scale bar shows 50 pum.
The scheme of cell fate of NOTCH1Me" SOX9-positive APCs (astrocyte precursor cells) and

NESTINN9" cell.  MNs indicates motor neurons.
increased in SMA-IPSC SpC. Scale bar shows 50 pum.
Notch1-SOX9 positive cells (n = 3).

WT-iPSC SpC (Student’s t-test).
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(F) NOTCH1-SOX9-positive cells were

(G) The quantitative analysis of
“p < 0.05 versus
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Fig. 16 2> 5 H17-12 SMA 3 2 ] (SMAO0G; | 1 SMA, SMAO7; 11 i SMA) 7>
5 iPS ML Z BN L TRET 2 ED T\ D, £ 2T, FriciBin L7z 2 o Es
iPS M DRI RE K O = IREEVE 272, T OfER, BFEHK IPS il
(SMAO06 2 OF SMAQ7) 1%, Kbtk & =IRBEME (FMRIE, WIRZE K N IREE) %

HL, IEH¥ 7R %Z/R L7z (Fig. 19A-C),
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Fig. 19 Proof of iPSCs derived from SMA patients (06 and 07)

(A) Expression of ectoderm (TUJ1), endoderm (SOX17) and mesoderm (VIMENTIN) markers in
SMA-IPSC for embryonic body formation. Scale bars show 50 um. (B) ALP enzymatic activities
in SMA-IPSC. Scale bars show 200 um. Expression of pluripotent markers including OCT3/4,
NANOG, SOX2, SSEA4, TRA1-60 and TRA1-81. Scale bars show 100 um. (C) The karyotypic
analysis. No karyotypic abnormalities were found in SMA-iPSC (SMAO06 and SMAOQ7) used in
this study.
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3-4 SMNA7 ~ 7 212 81F % Notch > 7 F )LIEMAL O e Bk
SMA JREEIZEB W T, SMN EAENET TR T AICHEHL L1, ZaEES)

PR AN 23 IR AT~ 2 IR TH D, Notch & 7 L 3 FRELISL TIE

P SN D S EREET 27212, B OWEIE R D NICD 83 L~L % f

L7, NICD ®F38E, SMNA7 ~ 7 AFHETHIIN L7=2 (Fig. 15A, B, E, F).

MR OWEIERS TIEZ L L722hy» 7= (Fig. 20A-D), ZNHDOFEHRIT, HFHT

Notch & 7 VIMiEMAL ENT2Z L 2RI L TND EB X BbILD,
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Fig. 20 Notch signaling was not activated in brain or gastrocenemius.
(A-D) NICD expression in whole brain and gastrocnemius of WT (A and B) and SMNA7 (C and

D) mice at PND11.
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3-5SMN KB 7 A b v A b S EEE RN K IE 3 2
3-3 LN 34 OFERAESE 2 5 & Notch > 7 F LV OIEMEALIC X AFRET A

2 A NOEPIRERRICEE L E X bhb, £ 2T, EEIC SMA BEE:
BT A but A FSEEFRMIAE A2 TEE T D G A et Lo, AMEHIIE K
OSEARIR O )5 0O~ —F1 — T % Hoechst33342 & OSEHifldO~—H—Tdh % =
vib7'm B2 7 L (propidium iodide: Pl) Z#lAAibd CHRETH I LITLD .,
EERSHIRE D EIS Z 3 L 72, £3°. SMA-IPSC SpC (235 T, GFAP 5
PET A b at A R T2R<, S100 5T A ket F OB ERD 7 (Fig.
21A-C), & H{Z SMA-IPSC SpC Hizk D53 iF (SMA-IPSC SpC -derived
conditioned medium: SMA-CM) %~ 7 Z BB TH 5
neuroblastoma-spinal cord-34 (NSC-34) (2N L7= & Z A, NSC-34 @ Pl [ H4E
HERE DML B SR OB 2% EIE TR LR CTHREICHEM L7 (Fig. 21D-F), &
HIZ SMA-CM H D IL-18 OFEBLMEIN L (Fig. 21G).  SMA-iPSC SpC Hi2kd
GFAP BtET 2 F a4 MTEWT IL-1 28 F(E L7 (Fig. 21H), £7=. SMNA7
Y UAFRT, IV UHENRERERMEAY 270 Fed o hTidel
GFAP 57 A h ¥+ MZBWT IL-1p 2NFE L= (Fig. 211), L7223 -> T,
SMA-IPSC SpC & T} SMNA7 ~ 7 ZAFREIZIHB VT, IL-1 4 L72JWRET X b

YA b ORI~ DB G- R S Tz,

64



A B C

WT-iPSC SpC =~ SMA-iPSC SpC 01

=1)
S
b}

)
S
&
bt
3
53
o
=

Hoechst

FAP mean intensity (WT:
~
h

20
= 15
5] 10 |
o S5t
0
WT-iPSC SMA-iPSC WT-iPSC SMA-iPSC
SpC SpC 01 SpC SpC 01
D E WT-CM SMA-CM
01 06 07
Dav0 Day42 Day52 Day56
No- " k
M?t:rne.uron growth =
induction B
-
sma-iescspc G
conditioned I 3
medium <
>
Day0 Dayl Day2 g 6 WTI-CM SMA-CM
I = > c 4 Medium 01 06 07
10%FBSDMEM N 104FBS DMEM 2 |
high glucose high glucose z 2 IL-1p q alk
(=5
=0

Medium 01 06 07

WT-CM SMA-CM

SMA-iPSC SpC 01 GFAP astrocyte MEP Oligodendrocyte

IL-1pHoechst

Continued on the next page

65



Fig. 21 GFAP-positive astrocytes in SMA-iPSC SpC induced motor neuronal cell death.

(A) The representative fluorescence images of WT- and SMA-IPSC SpC stained for GFAP and S100
at Day 42. Scale bar shows 50 um. (B) The quantitative analysis of GFAP immunoreactivity in
WT- and SMA-IPSC SpC. GFAP immunoreactivity was increased in SMA-iPSC SpC (Day 24, n =
4; Day 42,n=60r8). Values represent the mean + SEM. *p <0.05 versus WT-iPSC SpC
(Student’s t-test).  (C) The quantitative analysis of S100-positive cell rate in WT- and SMA-iPSC
SpC. S100-positive cells were increased in SMA-IPSC SpC. (Day 42, n=3 or4). Values
represent the mean + SEM. “p < 0.05 versus WT-iPSC SpC (Student’s t-test). (D) The protocol
of cell death assay using conditional medium of SMA-iPSC SpC (SMA-CM). (E) The
representative fluorescence images of NSC34 cells stained with Hoechst 33342 (blue) and propidium
iodide (PI; red) after 24 h WT- or SMA-CM treatment.  Scale bar shows 50 um. (F) The
guantitative analysis of the ratio of Pl-positive cells to Hoechst 33342-positive cells treated with or
WT- or SMA-CM treatment. Each column and bar represents mean + SEM (n=6). *# p <0.05
versus WT-CM (Student’s t-test).  (G) Representative images of Western blot analysis of 1L-1p
expression in WT- or SMA-CM.  (H) The representative images of IL-13/GFAP in SMA-iPSC SpC.
IL-1B was localized in GFAP-positive cells. Scale bar shows 50 um. (I) The representative
images of IL-1B/GFAP and IL-1p/ myelin basic protein (MBP) using WT and SMNA7 mice. IL-15
was localized in GFAP-positive cells (astrocytes), not MBP-positive cells (oligodendrocytes).

Scale bars show 100 pum.
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3-6 SMASEE T 2 h a1 ~REIERHIEIC %3 5 Notch 7" F /LR ZE K D 45
EH

Notch 7 F /L OFKBAHIIAE X, & MRMEHIAE (human embryonic ctem
cell: hESC) DiEBEMFEML~D b 2T 5 (83), Notch 7 F /L IHEIEH
%9 % N-[N-(3, 5-difluorophenacetyl)-I-alanyl]-S-phenylglycine t-butyl ester
(DAPT) IZ.hESC 558281 5 TUIL (B-IIl F =2 —7 U ) BtErhictamie 2 H5 0
S5, L7edi-> T, DAPTIZIIA TR L Notch > 7 A BEERZ AT 5
L-685458 K U8 LY-411575 % FV T, SMA-IPSC SpC (2% % & & 8\ il 2 {f =
e #4345 Notch ¥ 7 FIVLEHKD A 7 U —= v 7 % Eli Lz, & OFEE,
7 Notch o 7 F )L E S D T LY-411575 75, SMA-IPSC SpC (2% 5 & b
587178 TUJL Bo Akl 38 (R R AR R OV B 8 PE I 2 7= L 72 (Fig. 22A-E),
L7eloT, LABEOFEER T LY-411575 Z#{E 4 L7z, SMA-iPSC SpC Hi3k GFAP
Btk 7 A b YA FEEEIC 1T D Notch & 7V DR 5 2B 5 M2 572012,
LY-411575 75 GFAP (517 A b e ¥ A b bl RIET B2 a LTz,
LY-411575 (%, JREEIKTFHIC GFAP BT A b a4 oo {bz il L7- (Fig.
22F-G), & 51T, GFAP [HMERIIRfEI I FEmIZ BV T, LY-411575 237 A ko
A N ORBIIE 75T D ATRENTEZ BRIV 5 72 D12 GFAP [ A8 Ik A MRS C Al
1E L7z, LY-411575 (X GFAP BhtEaalk 2 A2k L7e (Fig. 22H-)), Ziub o
FERDN G| LY-411575 (X SMA-IPSC SpC B3k 7 A b a A kD b & 44 %
Z e E T,
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Fig. 22 Notch inhibitor, LY-411575 inhibited the GFAP-positive astrocyte abnormality.

(A) The assay of TUJ1-positive neurite outgrowth and branching point to identify the most potent
y-secretase inhibitors (GSIs) which canceled the activation of Notch signaling using SMA-IPSC
SpC. Scale bar shows 100 um. (B-C) The quantitative data of TUJ1-positive neurite outgrowth
(B) and branching point (C) in WT-iPSC SpC. Values represent the mean + SEM (n = 3,
Student’s t-test).  (D-E) The quantitative data of TUJ1-positive neurite outgrowth (D) and
branching point (E) in SMA-IPSC SpC. Values represent the mean + SEM (n=3). ™ p<0.01
and " p < 0.05 versus NT (Student’s t-test). (F) Representative images of GFAP-positive
astrocytes with low magnification (X 2). Scale bar shows 600 um. (G) The quantitative
analysis of GFAP-positive area with or WT- or SMA-iPSC SpC (NT and treated with LY-411575
groups). Data represents mean + SEM. (n=3). *# p <0.01 versus WT-iPSC SpC (Student’s
t-test) ™, p < 0.01 versus NT (Dunnet’s test). (H and I) Representative images of GFAP-positive
astrocytes and TUJ1-positive neurite with high magnification (X 20 andX 60). Scale bars
show 50 um. (J) The quantitative analysis of GFAP-positive area/nuclei with or WT- or
SMA-IPSC SpC (NT and treated with LY-411575 groups). Data represent mean £ SEM (n = 3).
# p < 0.01 versus WT-iPSC SpC (Student’s t-test). ™, p <0.01 versus NT (Dunnet’s test).
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3-7 Notch 3+ 7 F L BHZESK D SMNAT = 7 A 2331 2 A1F R L OSEShRE |2 %t
T 51EH

SMNA7 ~ U ZIZF 1T 5 AEAF IR K ONEBIERE 1C M 1E T LY-411575 D%
Pl S 720Is, A% 2 HH KOS HHIZIW T LY-411575 Z M= 5 L
(intraventricular administration: i.c.v.), 1E[MHFRER (righting reflex) M OMERMK
% (negative geotaxis) (2 & - CHEBIFERE 4 FFM L7~ (Fig. 23A), LY-411575 AL
BRI, REZE R OISR E L KF S 20> 7273 (Fig. 23C, D). 1E[AIX
R N OMBURMRIE S F6 1 2 BOSIRFIR] 22 A7 R Jfe S 72 (Fig. 23F; IETAI
FHEABR, Fig. 23H; BIRHMRIE), £/, £~ U X BEIZB W TR B & OMER
BRIEIZ 3T D SR 2 B & L7z, LY-411575 ALEREIC K > TIERR SRR
D13 4% 3, 5, 6. 7. 8, 10, 12, 13, 156 HHA T, HAMIEICKIT D&
B ROSREMER T A% 12, 13, 15 H H THEICWE Lz (Fig. 23E; 1EM
FCHFBR, Fig. 23G; HIRHRIE), T 725 LY-411575 12 L 5> T SMNA7 < 7 A
B D EEERRIK T OEITAIE S ND Z ENRB SN, VEAZ TR
v MET, WT & SMA-IPSC SpC (281 % LY-411575 @ SMN & /8 H &
R DIERERE LTZ, ZOEE, LY-411575 (2 X > T WT & O SMA-PSC
SpC IZH1F 5 SMN EHE L~V ERMERITR® b/ h- 7o (Fig. 231, 1),
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Fig. 23 LY-411575 ameliorates the motor functional deficits of SMNA7 mice.

(A) The scheme for the LY-411575 administration. Injection of either vehicle or LY-411575 (1.4
ng/body) were administrated at PND2 and PND5. Righting reflex and negative geotaxis assay
were performed from PND2 and PNDG, respectively. (B) The representative image of negative
geotaxis test. (C) The body mass curve of SMNA7 mice during treatment with LY-411575 did
not differ from those of vehicle-treated mice. Data represent mean + SEM (n=60r9). (D) The
effects of LY-411575 (1.4 ng/body, i.c.v.) on survival in SMNA7 mice. The mean survival of
vehicle-treated group and LY-411575-treated group mice were 15.56 + 0.97 (n = 6) and 15.50 +
1.18 (n =9), respectively. (E) The success rate SMNA7 mice in acquiring righting reflex tested.
" p<0.01and ", p <0.05 versus vehicle-treated group (one-tailed chi-square test). (F) The
latency of righting reflex tested using SMNA7 mice at PND2 (pre administration), 3, 5, 6 (post
administration) and 13 (late stage). Data represent mean + SEM (n=6o0r9). ™, p<0.01and ",
p < 0.05 versus vehicle-treated group (Student’s t-test). (G) The success rate SMNA7 mice in
acquiring negative geotaxis tested. ~, p < 0.05 versus vehicle-treated group (one-tailed chi-square
test). (H) The latency of negative geotaxis tested using SMNA7 mice at PND8, 10 12 and 13 (late
stage). Data represent mean + SEM (n=60r9). * p < 0.05 versus vehicle-treated group
(Student’s t-test).  (1-J) SMN expression in WT/SMAQ6 and 07-iPSC SpC. Values represent the
mean £ SEM. (n=3). # p<0.01and* p<0.05 versus WT-iPSC SpC (Student’s t-test).
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3-7SMNA7 = 7 A28} 5 Notch > 7 F ABHEHKO T A b a4 ~o{binififE
H
HIR DA Y . LY-411575 1Z SMNA7 ~ 7 2 OIEFEREMS N OMEIT 2 L 7=

(Fig. 23E-H), Notch > 7} /VEHEIL O EEWEREIZ X9~ 5 /EHIC GFAP 517 2
e A b DAL 2B 5 D A NI OV TR S 729012, LY-411575
#5050 GFAP [HPET A v A M2 L7z, LY-411575 Z2A4:4% 2 5
HH CIKMENKRG%, £% 6 HHOEMZY 7Y 7 L, GFAP [T 2 b
2 A N O¥AEFHI L7z (Fig. 24A), B4R~ w7 Z3FHE & ik LT, SMNA7
~ U AFREIZIIT D GFAP [T A b et NS EICHIIN L 72, LY-411575
WEIZ K> T, 20 GFAP BT A ~ oo MDA A B S iz

(Fig. 24B-D).
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Fig. 24 LY-411575 inhibits the GFAP-positive astrocytes in spinal cord of SMNA7 mice.

(A) The scheme for the GFAP-positive cell assay when Notch signaling was inhibited by
LY-411575. Injection of either vehicle or LY-411575 (1.4 ng/body) were administrated at PND2
and PND5 and sampling was performed at PND6. (B) Representative fluorescence images (X 4)
of GFAP in the whole spinal cord of WT mice, SMNA7 mice and SMNA7 mice treated by
LY-411575. Scale bar shows 50 um. (C) Representative images of GFAP-positive astrocytes in

the gray matter of spinal cord with high magnification (X 20). Scale bar shows 100 um. (D)
The quantitative analysis of GFAP-positive cell/nuclei with or WT mice, SMNA7 mice and
SMNATY mice treated by LY-411575. Data represent mean + SEM. (n =3). # p <0.01 versus
WT mice and *, p < 0.05 versus vehicle (Student’s t-test).
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54 fi B

ARETIE, 7TA Mt A NOKYEDN SMA TFREOETIHENZ SR 5 & ARG
Zl=C, T A ha¥A hOSb K OBEE %2 #l#4 5 Notch o 7 vz oW T
L7z, SMA 3 iPS Ml Z F v 7= invitro SMA £ /L &L Y SMNAT ~ 7 AT
BT Notch > 7 F VDML E T A b N OWIHEBRO bivic, £,
Notch + 7" /LA EIKIE SMNAT = ¥ A DIEEIFEREX T OHEAT 2 #nifil L7z,

SMA JRREIZ I\ T GFAP DIESUGHEN T 5 Z LITHmES N TS b
DD (84). GFAP AEREE DM E , 7 A butA MO E I A ZDH
m, F2ZENLOMAEDEDONTNNEZ(LL TWDENIAATH S, L
NoT, TAbaYA NEigimd 2D GFAP 2 TlEAR+49Thd, £2T
GFAP LN D~ —T1—% VT, SMATRRBIZEHIT 57 A hu A Otz i
Wic, 7AMaHdA MI RS DIRIEET A hat A & IKRAEIS
TFAET DRUHEMET A v A MCHBEIND (85), ARMEMET A hr A kD%
EITFERE T 2 A M ROMER <, 237 < FHiidic AV A AT
FET 5, BHEMET 2 et A ML GFAP NEHL L, JFIEET A hudA k
(1% S100 NEIHT 2D Z ENME SN TS (85-87), T Z T, SMNA7 ¥ A
FHEZ R D GFAP I T S100 BT A hath A F OFEIEG & e taih:
Bt L7z, ZOfER., SMNA7 ~ 7 2 DFEEIK H'E T GFAP 5T 2 ka4
ROMEEINL . FHH LA AT T S100 BEET A R et A R AN D Z & &4
HDTHEMT LT, L7a2-> T, SMNA7 ~ 7 2ADOFEBEIC B THEE K& O
HEVET 2 b A RSMEINT 5 2 LR ST, MEICAFRIRME T TO
7 A MaYA hOilEE, IR O EONE — U RnlE STV S (88), Z D
WETIE, 7 A bud o MEiES#iaE, BAR 14 A EBA% 3 HEOMIC

HLME (central canal: CC) J&EIBH @ ventricular zone 2> & Wi g lcifEE L. HiE

THOEDTLET B (Fig. 25), SMA JEHE T C S100 F51ET A R a1 M A%

75



11 A B CCARTTHIN L7z, A% 11 B A LAATIZ CC A THI%H - 70k L
o7 A YA BERGFEL TWERERE X bND, T A et A MMk
O3 % {EE 9~ % Notchl O RIGHED SMNAT ~ o 244 11 H H C E5A-7
HZENHEIITND (76), LML, £ LLATO Notch & 7 /L D%
BIZOWTITIRE R v, £ 2T, HAERKOAER S HEIZBWT, BARK
N SMNA7 ~ 7 2B NICD-STAT3-GFAP / S100 f& i D& {b & MGt L7z, %
Difii F. NICD-STAT3-GFAP / S100 #2#%134:#% 5 H A THEMAL L, %plZ4#% 5
H HIZET % S100 DFBLIA% 11 A BICHA_ TR o7, S HIE#S5 B A
D BT BRI~ 7 2T T SMNAT ~ 7 AFBED Ki67 BEtEiEsErt 7 2 k
YA RBHEIL CW e, ZORENS HAE%S B HO SMNAT v U AT
X, 7A Rt A FOMIERHERE L TWD I ERBE X HND,
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Fig. 25 The pattern of astrocyte proliferation in the spinal cord.

The radial glia (RG) proliferate extensively at early phase (E12-13). The intermediate astrocyte
precursor cells (IAPs) proliferate at a later phase (E14-P3). These two modes of astrogliogenesis
are proposed. (Tien AC etal., 2012, Development 2 V) — i)

76



BHIZBWT SMN EAE SO T2 5, A RIITHRE N
D HILD DL SMAJRREDRHE DO —D>Th 5, AHFIETIE Notch & 7 F /L3 ik
K OWERE A TIIEE(L 3580 ST, FHEO - THEM(LDRO BN D T & 24
DT L7z, 725, Notch v 7 F/Ld SMA JRREIZ IS 1T 5 F iR B0 72
TRRETE R~ D B 5 RE S iv7e, Iz CHLBREWZ L1, HAERFTIE Notch @
RHBUZALITFRB® b 72, Notehl i3IA 4L~ 7 A K O e b OJid T &3
T2 M Bk~ 7 A ORI RARRR L 35 1T DR BUTIRY (89, 90), L7=23 - T,
AR Notch & 7 F V3 a4 D BRI . SMA JRE TIRE AR +431272 5 T
W5 EZEZBID, SMATRREIZESIT D Notch & 7 v M L) TiX7ze<

TR A2 PDEETWH ETPHRIND, Lo X 512, SMAJHERED Notch
T FNVOPREBARITD R E B HAERNSAZRS BRI TEZ S Z &R
B2z bbb, E% 2 BEGA%K S B BIZHT TO Notch 7 F /L DR EITA
IR A RIE S e hro 723, EEEREIR T O T2 Lz, £, &£
#% 2 HENSAEH S HBIZHTTO Notch & 7 /VELEIL. SMAJREEIZIS IS
L7 A v tA NEFEOTTEZIH Lz, Z ORI Y. Notch &7 /Lol
FNWZLoTT A bad A MR L, ZHITS CTIL-1p O&EMAEA L, E
ERGASE S I S T2 2 E BRI SN D, EORER, EENRAIL O BLYE
P S, SEEEREIR T OETAMH Lo EZA DN D, ERICT X bry
A M BO IL-1P W & B BEIEE OFBIC O W TS B OMFHREE E LT
[

SMN & HE DR B EHNIL. SMNAT7 = 7 2ADLEGFHM A IER S8 5 2 &0
HBATND, SMNAT v 7 ADOAEFHIITN 13 FRRETH D, —F. SMN
WRIEHAR 7 ¥ —E BN G35 &AM 187 B £ TEE TS (91),

Notch > 7" F /LFHZED SMNA7 ¥ 7 A DAEFHIRICEE L MIF X o =D,
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SMN & HE ORBEMMBERD Lotz LB 2 HLD, ©F Y Notch
DT VFEIL. SMAJRRBIZIS T DI L CTIEM 2R S 22007y, s
REAK T OEIT 2445, SMNEAEZBINSED X bt ik, 51%0D
SMA B OEEEEE IR 2R S22 2B Notch & 7 LBREIL X o %
I RS DRI e D RRMEA WV E B X Hivd, Notch 7 )L R
ES SMN FEIKAFHIC T A ket s OB BHE &4 5 2 & CrEBMEREIK
TOHITZMEI L .SMAEFZFD QOL 2 LV M Exw25 Z LA TE S (Fig.
26), Z DX 51T, Notch v 7 F NV HEIRKIL, X xtr2mET 50D
BHWIEBURTX U3 VR ZEgh Lawy SMA BBE X9 5 B RE B3R
0L LRI,

F2RTIISMATRREICBIT 27 A buth A N OKENCBET 20584 1T o 72,
SMNA7~ 7 2 F#hIK ' & in vitro SMAE T /UVIZEIT 57 A ha A ks
(2, Notchv 7 AN h4 252 La R L7, 5612, Notchs 7 /LBHFIC
Lo TT A buHA MEFEIHE S 70, SMNAT~ & A D IEEFERER T DOHEAT 3
S Z &2 R L7z, SMNXRIEIZT A ha o MIxt L TNotchs 7
IV OFREIAR G %A U7 ARG 2 e U 300 L 72 1L- 10D 73 16 B 20 Sl ool
JBE 2 LT D 2 L NSMATRREDO—llii & L TH X Hvd, SMNKHEN
Notchs 7 F /L DFHEi R 272 S NS T A2 b aH A ORIl 2 il S 551 A
= AL L TS B OBFREE CTH S, Notchs 7 /LidA Y 27 R
A FOFMIC O EEZ RIFTZ LD (92), FBIETIISMARE TFTOA Y 2

Ty RaFA BT B REE T > 1,
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Fig. 26 The putative mechanism underlying increase in astrocyte number in gray matter of
SMA-spinal cord. SMN-depletion induced the dysregulation of Notch signaling, which
promoted astrocyte proliferation in spinal cord of SMNA7 mice. Notch inhibition by LY-411575

inhibited the astrocytic abnormality.
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W3 AR EERIEICRT 5 7 Fad o bRl

FVITFrRathA MEI =Y AbEREL, BB REOFBELZITO 2 &
THIX MR OMRE 2 MEFF 95 (93-95), F7=. FHORAEEMIZIHBWT, 4V
7 Rad A FRIERMIES = = — v L EES T TR EEE TS (96),
L7e-> T, E#=a—n EETHDH ALS X° SMA DJFIET, AU 7 |
B A FORBIEERE 2 b, EBRIZ ALSJRREIZREWTA Y 2750 M
YA FORBFRIEFE IR E LTS (97-101), [F#H S Tl super oxide dismutase
(SOD1) 6BA L 24544 ALS EF /L~ 7 ZAFREICIHW T, FIERNCA Y 25
yraY A NERZALDLZEDNTRENT WD, —J7 SMAJRTEIZI W T
TARaYA NERRI 707 )T ORGBEE (GFAP GET A ka4 hod
SRR E O 7 a7 ) 7 OEHE(L) BN I TE 20 (34,78,
102-105), AV IF > FaH¥A MIOWTIEHALMNZER TV AR, LER-
T, AETIISMAIZKIT 2 A ) A7 Rt hoRBAER LT, it
1T o7,

PR B DRER & LT, ZHRMMLIENZFE T b D, HORERFITEY
ST U UBEE S, WENEH TS (106), TNETAHY AT Rad A b
ATBAARA 2 A L, AN T = U U 2R kA ) 37 0 R oA b
AL SEDMENTHOITE = (107, 108), FEBEIZZ MM WIEETT L~ T A
XL TAY 7 Red A A 2 B 5 & EEERE)S & 2 R[]
R IRDBRERTH D Z LBHE S TWD (107, 108), £ DJFIA & LT,
F V7 Fath A MR O REA Y 7 Rath A h~D5{khE
ZLWZERELRINTWD (107,108), T772bb, WEMDO A 25 Fn
A MRIBEMIAE Z A A Y 7 Fa YA Mok S/ 5 2 &3, EEKEE
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BIERICEETHD Z L2 LT D, BBREEWZ L1, Notch &7 F /1%
F VU F7 2 Fath A MR O Y 7 Fat A h~D5 bz

T2 ENHESNTND (92, L7ZA->T, Notch 7 FAEIZE T
NIEMEA Y 250 R o R EiBRMIL 2 BRECAE Y 250 Ra Ak~

bR+ 25 2 & T, JEERRROBRZAEMED I S 4, EEERE R E T 5 2
EMBZBND, REIZBWT, SMAJFRETA Y 27 Fa¥A oo bk
FEOFREAZMEEL, Notch > 7 FABAEN, AU A7 Rudh A MAiEGHIa )

SEGEAA Y T7 2 Fa A h~D LAt S LGS OV TRRES L7,
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%281 BB R O5A
2-1 Afnfm

B HR IPS AR ORISE K DR REMRAT (b M B A= FIEATIIE &2 & de) 1ZELL
TR R RER Y o 7 — RO RIER R EOMBEEZ B S LV AR 215
T (KFEFE75: 26-15, 27-213), JEAT5 @A @ e hEsfilaz v 2 BRRATIEIC
B9 D 4EE DUGTHRI (298> TIT - 7,

2-2 FEEREN

FEREMIZE L T, ARICBWTHH 2T 2-2 [IRH LT WT v 7 AR 5T
IZ SMNA7 ~ 7 R &M Lz, T XTOERIT, IKERBRFEMEE - 8%
EREZEESR O, =TT 4 FESOEKRB G TUUTo7c (K& =

2015-155, 2016-163, 2017-090, 2017-196),

2.3SMNA7T V¥ ADY = ) XA T

SMNAT ¥V ADY = ) ZA L TITFE2E2-IITHEL TITo T,

2-4 W B O

AREBICHWZE Y R ORI, ITo®@Y ThoH, TR ES Mifla s
IZ ReproCELL (Kanagawa, Japan), KSR, 2- A /L 7 7 k= % 7 —/L _NEAA, DMEM
F12+GlutaMAX. PBS. N2 supplement, PS. Alexa Fluor® 594 donkey anti-goat 19G.
Alexa Fluor® 488 donkey anti-mouse 1gG. Alexa Fluor® 488 donkey anti-rabbit 1gG.
Alexa Fluor® 594 donkey anti-mouse 1gG. Alexa Fluor® 488 Donkey Anti-goat 19G.
AU = (dT) 12-18 77 A ~—, dNTP mix, Hoechst33342 /% Life Technologies

(Carlsbad, CA, USA), Pluronic F-127, dorsomorphin, DMSO, B-A/WV 7 f =4
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/ —/V RA., AA. 50 mM Tris hydrochloride, 150 mM sodium chloride, 0.5% sodium
deoxycholate, 0.1% SDS, protease inhibitor cocktail, mouse anti-f-actin, phosphatase
inhibitor cocktail I1l,  phosphatase inhibitor cocktail Ill, Igepal CA-630 /% Sigma
Aldrich (St. Louis, MO, USA). Y-27632, bFGF, cAMP, 7 o a7/ A Wako
(Osaka, Japan), SB | Cayman (San Diego, CA, USA)., GDNF, BDNF (% R&D
Systems Inc (northeast Minneapolis, MN, USA). accutase | innovative cell
technologies (San Diego, CA, USA). matrigel basement membrane matrix growth
factor (X Becton, Dickinson and Company (Franklin Lakes, NJ, USA), mouse
anti-SMI-32 (X Biolegend (Dedham, MA, USA). PFA. Blocking One-P /3 Nacalai
Tesque (Kyoto, Japan), ReverTra Ace, Can get signal solution 1, Can get signal
solution 2 /% Toyobo (Osaka, Japan), 7 v —2A S, 50xTAE (I=v R T —
(Tokyo, Japan), goat anti-Notchl, mouse anti-platelet-derived growth factor receptor
(PDGFR) B X Santa Cruz (Star county, Texas, USA)., mouse anti-GFAP [ Cell
Signaling Technology (Danvers, MA, USA), PMN [ Miltenyi Biotec (Bergisch,
Gladbach, Germany). 10xbuffer, Ex-Taq. TBS X Takarabaio (Shiga, Japan). protease
inhibitor cocktail, phosphatase inhibitor cocktail 11, phosphatase inhibitor cocktail 111,
Igepal CA-630, 74X UAR X7 L7 —=F I, Poly-D-lysine hydrobromide, 47
2L zA R, normal donkey serum (Z merck millipore (Billerica, MA, USA), K~V 7
U AR U A R, A7 e — A =&/ —/ L PFA, sample buffer solution
(ME+) (x4), AX /)= A L) AX—CLD, TAFva— /LS~ T LA,
SDS, RF I EEFT R Y D ARV T 7 VAT I KTV 6-T X ~FH U,
Y-27632, bFGF., cAMP. Isogen, 7 & 1z7k/L A% Wako (Osaka, Japan)., U i
TAKRFBAV UL, VWAKFEZT R UL K, U CERZIKET R

7 L KFn#) ., Blocking One-P i Nacalai Tesque (Kyoto, Japan). #i{t7 b U o A

83



L-3 A7 A > 1% Kishida Chemical (Osaka, Japan), HBSS. Hoechst 33342, BCA
protein assay kit /% Thermo Scientific (Waltham, MA, USA), <=2 > A ML
7k~ A 1% Meiji Seika (Tokyo, Japan), M.O.M. Blocking Reagent, M.O.M.
protein concentrate, normal goat serum, normal horse serum % Vector Labs
(Burlingame, CA, USA), 7 /L4 v~ 17 KX Diagnostic Bio Systems (Pleasanton,
CA, USA). proteinase K solution | Qiagen (Duesseldorf, Germany), ~ U RHFE |
Triton X-100 /X Bio-Rad Laboratories (Hercules, CA, USA), O.C.T compound /%
Sakura Finetek Japan (Tokyo, Japan), rabbit anti-goat IgG conjugated to HRP antibody.
goat anti-rabbit 1gG conjugated to HRP antibody, goat anti-mouse 1gG conjugated to
HRP antibody (& Thermo Fisher Scientific (Waltham, MA, USA). rabbit anti-
nerve/glial antigen (NG2). rabbit anti- prospero homeobox 1 (Prox1), mouse anti-O4

% O mouse anti-myelin basic protein (MBP) % Abcam X W L ZHEEA L7-,

2-5 BTk

&
)
S
3
=
é%‘
i

2-5-1 iPS i A> & EE A A
iPS AR & BRI~ D L FEE L 1 3 2-3-3 IZHEL TiT o 7=,

2-5-2 S sy F/AR ) A VR
G et AR U 138 2 8 2-4-5 |2 HE U CTERL L 7=,

2-5-3 Sy kgL

SRR L (B35 2 B 2-4-6 |2 HE U T T o 7o, —IRFUAITIE mouse anti-GFAP,
rabbit anti-NG2, mouse anti-MBP, mouse anti-PDGFRB., mouse anti-O4, mouse
anti-SMI-32. goat anti-Notchl & v 7=, ZRHUKICIZZENZE 4 Alexa Fluor®546
goat anti-mouse 19gG. Alexa Fluor®488 goat anti-rabbit 19G % F\ 7=,
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2-5-4 U= AZ Ty MEIZ XK DEH

DIAK Ty MEIXE 2 % 2-4-8 1T LU TfTo 72, —RILIKIZIT rabbit
anti-NG2, mouse anti-MBP. rabbit anti-Prox1 } U mouse anti-B-actin zZ Hv 7=,
—RHLIAR L LT rabbit anti-goat 1gG conjugated to HRP antibody., goat anti-rabbit
IgG conjugated to HRP antibody. goat anti-mouse IgG conjugated to HRP antibody %

fEF L. ffRfE=R1% 1/2000 T{T- 7=,

2-4-5 Rt FHIMENT
FRAGEITEAIE + EVERE (SEM)T/n Lo, #EHFRYZRERER I, SPSS
(IBM, Armonk, NY, USA) % H\ Tl Student’s t-test 2 U8 Turkey’s test {12 & 0 1T

STz, fERFEN SN AT A B BEEZRYD & Lz,
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5 3 8 FEBRAAE
3-1SMNA7 = U7 AFRIZIBIT 24U T7 2 FathA FRiEOI LR

AR (mSmn*™*; SMN2H* SMNA7*) J TN SMNA7 ~ 7 A (mSmn”"; SMN2**
SMNA7') DA% 5 B BICBIT A EFRZY 7V 7 L (Fig. 27A), 4V =2
T Ret A MEiBEMifIZ = Re A FUBE T w7427 Y T NG2 %
FET D (109, 110), T 725, NG2 x4V I5 v Ka¥ A Mo~ —
=L LTHERTHY., SMNAT ~ 7 ADHFBEIZBNTAY 25 FatA b
AIBRHIL D LR E DN E X TO D E D 72012, NG2 DRI Z Ft L7,
B AR < 7 2 L il L C SMNAT = 7 A DOFF T NG2 & BB O R BN A BT
U7 (Fig. 27B,C), BFAA Y F7 v Rt A MII =V VIEEMEEAE %
WL, IV UEREEAERMEAS Y S5 Ret A MEAY 37 Fat o
MATBRAIIL 2 Do b L, AREREISR OB 2 TR % (111,112), £ ZTU TR
Z o7 my MET, SMNAT v U ZFHICK T2 I = U R EAE OFREL
BEMRE L, S =V VIR A ORBUIA EIZHED L (Fig. 27B, D).NG2
DFERELPFHE T, SMAJRRETA Y 7 Fat A hogbnfEEIhD 2 &
DRI S T,

V37 Rat A MaiBlaZ#D &35 NG2 HELHlaIZ NG2 7' 7 &
LTHLNTEY, 7A MY A b AVITFT g NERI 777
W< HE 407 Y THilaE LTHE L TW5 (109, 113, 114), NG2 7'V 7%
~T7alpfER CHY, AV ITFT o Fat A FETF TR RS A R, TR
~at o b RORRHIIC 36T 2 2Rtk a A 2 (115, 116), % Z T, SMA
JRREIZ I 1T 5 NG2 HEBLMfufE 2 [FE 3 572D flix offifid (7 A hadA k|
ARU A N EERRE L A Y T Ra YA R (2881 D NG2
D JTE % o Yyl CRa L 7=, GFAP, PDGFRpB, SMI32 KX 04 %, £ %
T A RaHA b AR FA b EERA RO Y IF 2 Rrd o L aibE
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HMifgD~—J—& LTHER L7z, £OREHE. NG2 1% O4 Bl o A1 /ifE L
72 (Fig. 27E-H), L7228 T, NG2 % SMNA7 ~ 7 A DHFREAFMET DAV I
Ty et A MR CHEILL, 7 A hatA ~, RU A bR OSEB R
AR ITRE L oW Z E R LR 5T,

87



Birth PND5

A (PNDO)
| | , Western Blotting
% % Immunostaining
Genotyping Sampling
WT  SMNA7
B [ = 7| C D
1.5 15
£ =
MBP 2 1 #i 2 1 T
iy 3 #
S 05 o
e g 03 l = 05
z =

0 0
p-actin | SEEG—_— q WT  SMNA7
PND5

E GFAPNG2Hoechst

SMNA7 PND5

&

£

=

F PDGFRBNG2Hoechst

s -

° :

=

2

Tt

QP

G SMI32NG2Hoechst

SMNA7 PND5 z

- ¢

=

O4NG2Hoechst
SMNA7 PND5
¢
o

Continued on the next page

88



Fig 27. Oligodendrocyte lineages were disrupted in the spinal cord of SMNA7 mice.

(A) The scheme for the western blot analysis in the spinal cord of SMNA7 mice at PND5. (B-D)
The expression of NG2 (a marker for oligodendrocyte precursor cell) and MBP (a marker for
mature oligodendrocytes) were significantly decreased in the spinal cord of SMNA7 mice at PND5.
Data are shown as means = SEM. (n=3). #p < 0.05 or #p < 0.01 versus WT (Student’s t test).
(E-H) The immunostaining analysis for identification of the cell types of NG2-positive cells using
GFAP (a marker for astrocytes), PDGFRp (a marker for pericytes), SMI-32 (a marker for motor
neuron), O4 (a marker for oligodendrocyte precursor cell). NG2 was co-expressed not with GFAP,
PDGFRp and SMI-32 but O4. Scale bars show 100 pm.

32 AV A7 FuHtAa FRiEOMEIEEFEICIIT S Notch 7 F L D5
Notch 7 F/LIENG2 IZ L » THifficah D, v a vy a U AT O R
FEEIE D L, NG2 AT 7 ThD Kontiki (Kon) 134 Y 5 RatA K
AIBRHIA D HEFR A IEHE L, Notch o 7 FLBAFITA Y 72 Re ¥ s
fao sz HET 5 (110, 117), 3725, Notch > 7 F A HEIX, 4V 2757~
Fato MaiE s Sk Y 7 0 Fa oA b~k 2R3 5, SMA
JRREICIRIT 24 Y F7 » Rt A b RIEGHAL O 1 Notch 233 59~ 2 225 7
ERRETT A7, SMNA7T w7 A (4% 5 HE) OF#Z W TNG2 KO
Notchl DYt 217 - 7= (Fig. 28A), SMNA7 ~ 7 ZF #1235\ T Notchl A3
WEREIFEH D Z NS o 7 (Fig. 28B, E), Z OfEFIL SMNA7 ~ 7 A
DFREIZIIT D Notch & 7 T )L DIEFMALIZ —E3 % (Fig. 16), e\ T, HEKH
%725 Notchl 25EFIFEEL T 2 MIAIZ ISV T, NG2 DHfE SUSHENERNZ &

M B 2C e 5 7= (Fig. 28B°-D’, E’-G?),
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Fig 28. Notch was involved in NG2 reduction in the spinal cord of SMNA7 mice.

(A) The scheme for the immunostaining analysis in the spinal cord of SMNA7 mice at PNDS5.

(B-E) The representative images of Notch1/NG2 expression using WT mice. (F-1) The

representative images of Notch1/NG2 expression using SMNA7 mice. Notchl expression level

was low in NG2-high-expressed cell in WT mice, while NG2 expression level was low in

Notchl1-high-expressing cell in SMNA7 mice.

(B’-D’, E’-G").

Scale bars show 100 um (B-D, E-G) and 50 um

90



3-3 iPS MRz 7= in vitro SMA £ VIZEIT 54 Y 257 Fad A hosy
LS w

E MZBWTH SMAJRRETH U 37> Fath A MO LERENRBD L5
D ERETT D722, SMA-IPSC SpC IZB1T 5 2 = U UM E BB D3
Blaat Lz, WTho SMA BEH KD SMA-IPSC SpC IziW\WTH I =Y &
R E A ORBUIMEF 12T L7 (Fig. 29A, B), & 512, SMA JF
BIZBTL2A4Y) 37 Rad A bOSMEEF DA T = XL EZFHRDHT-DIT,
Prox1 OB & fREt L7z, Proxl 134 Y 257 > Re A Mk L TofbigdEric
< EEERTTHD (117, 118), SMA-IPSC SpC (23T Prox1 DO FEBLIT L &
IZHARTHEIZED L2 (Fig. 29A, C),

04 -

pactin (DD
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E =
06 07 T g | F
L &
MBPM E- 06 - =
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Fig 29. The expression of MBP and Prox1 in SMA-iPSC SpC was decreased.

(A-C) The expression of MBP (a marker for mature oligodendrocytes) and Prox1 were
significantly decreased in the s SMA-iPSC SpC at 56 days. Data are shown as means + SEM. (n
=3). *p<0.01or*p <0.05 versus WT-iPSC SpC (Student’s t test).
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3-4 SMNA7 v 7 Z1Zx$9 % Notch & 7 /VHEFEF D I = U 3R EAM R B E L
R k9 2 1R
Notch > 7 F/VBHEMN A Y 27 > Fa ¥4 Maiiiflfa o4 ) 97 0 Ra
A SOOI ED XD 75 A RIET AT~ D5 72912, Notch & 27 F /L1
EIRTH D LY-411575 H G0 I = V) UM E AEBEA Y 25 Ra b g
N ARl L7z, LY-411575 #/E#% 2 A A X OS5 H H TIM=WIG1%. 4% 6 H

ACHMZY 7Y 7L, 2=V UHEMEE A ERILE 2 0 L 72 (Fig.
30A), RALERED SMNAT ~ 7 AT T MR AR BLMEER N B L,

LY-411575 #& 5-8£D SMNA7 ~ v R 384 < 7 X L FRIZEO L~)LZEE LTz

(Fig. 30B, C),

A

Birth PND2 PNDS5 PND6

(P0)

H Notch inhibition . ; > Immunostaining

Genotyping Sampling

B C
SMNA7
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S N A N

MBP area (% 104 pm?)

WT Vehicle LY
SMNA7

Fig 30. Notch signaling inhibition rescued the MBP expression.

(A) The scheme for immunostaining using MBP antibody when Notch signaling was inhibited by
LY-411575. Injection of either vehicle or LY-411575 (1.4 ng/body) was administrated at PND2
and PND5, after that sampling was performed at PND6. (B-C) The expression of MBP was
rescued by Notch inhibitor, LY-411575. Data are shown as means + SEM. (n=3). “p <0.05
versus WT mice and “p < 0.05 versus Vehicle-treated SMNA7 mice. (Tukey’s test). Scale bar

shows 100 pm.

92



i

IR
2

6AHE B

AMFFENZ LD . SMATRRER BN 24V 27 > Rt o bR & AL

pi

RAAY IF o FadA bOSMUEELZYO TR L, AV 37 Fada bo
IMEBEEIZ Notch 28 592 Z L 2B S/ Lz, F&UIZ SMNAT ~ 7 A1ZH
FTANG2 KON =V UIEREMEAEORIEZ Y 2 AZ 7 ay METHRE L
Too TOREFR NG2 KO = U UM E P EITEIC, 1% 5 B H O SMNA7
D ADERTHAD LTI, NG2 /v 77U v~ ATIEAY 25 FadA b
AIBEMEIE N AU 27 > Rat A b~ bBEE IS Z L0 b NG2 134
Va7 Rata hossbicbBTH D (117, 119), L7223 > T SMA JREEICES
W, NG2 OFEBUEAD A Y 7 0 Ra A MBS A Y 7 et
A PO EEFLIZZLNEZXDND, SHIZ, SMNAT ¥ T AZEBIT S
HEENEREMENE X RO L2 A I ZIF3EK I A E LGS TWD (120),
L7z oTAEKS HETAELESMNAT v~ 204 Y 25> Ruad A b
FiX, BEREMEICEIT T A E 2 oD,

DEI|Z, Notch ¥ 7 F VALY 7> Rat A b~ b &2k 3 2% =
EDD (92), SMAYRREIZEIT A A Y 27 Fat A hOs L% 2 Notch 23
BET 20 E0E e Lz, ZORE, SMNAT v 7 2AOFHITIIT 5 Notch
B O HIZ NG2 D5 SUSHEMRWRII B2 < B bz, 70T
AIRREESRIZ 35U T, NG2 1B #H2 Notch 28145 Z £ 225, SMNA7 v 7 A
BIF5 NG2 7'V 7 Oid 3 Notch OIEMALIZEER T 5 AIREMEN B 2 b b
(Fig. 31), T 72bH. SMAJHHRE T T NG2 OB L, NG2 @ Notch #if
WRBR S TR R, AV I7 v Fad A hOSEDMEE LT Z EnEZILND
(Fig. 32), SMAJREEICBIT 54U a5 RKath A hOLRFE DA T =X L%

FTRD7=DIT, AV ITF Rt A FOSbEIEEET S Proxl O3 A2 MET L
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a Gene network in normal undamaged CNS b Gene network response to injury
(2)
(4)
P | o
I‘O/,".er (\f}\
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(1) (2) Positive feedback (3) (4) Negative feedback

Fig. 31 The gene network of glial regeneration response in Drosophilia
(Kato et al., Developmental Dynamics, 2018 X v 5[ )

72o SMA-IPSC SpC I8\ T, I = U UHEHAMEE B8 & O Prox1 O3EHLIEED
L7z, L7EER-> T, SMARREICKITHA Y 7 Ruad A s bEEIC,
Prox1 OV 238 5- L TV D TREERE 2 b s (Fig. 32), LA EX V., SMA K
BICkiT24Y) 7 Fad A MM A Y 257 Rath A h~Dsy
LR K ORZEDG AT = A LD & 60 L,

AREETIX, Notch & 7 OiRMHALR A Y 257 > Fa A FOp bR EIZE
H.L., Notch 7 FWaESTHZ ETHIY T Rath A hoEr RS
IWHZ L ER LT, Notch & 7 /WL FALEE) = = — 1 OB Z LS o~
=2 T RO b5 (121), L7223-> T, Notch 7 F W BHEILA U
IF Rt A T TR, Y2V MO EBRET S Z ER TSN
b, AV AT Rt g by a U sfilaonbfEtix, I =V Azt d
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Fig. 32 The putative mechanism of glial cell differentiation in SMA patholgy

In SMA pathology, the low level of NG2 expression induced Notch activation and inhibited Prox1

expression, leading to the impairment of oligodendrocyte differentiation.

52 LT, = 2 —u UEEOEITAMET S LB A DND, EORE. B

2 T C/R L72 & 912, Notch o 7 /L BHESR L SMNAT7 ~ © A O JiREHELT % il

L7 TPHETEXS, L= -> T, Notch 3 7 F L FHE L SMA O A 7 15ERE

72 V155 T & DR S Tz,
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MG K O

FREMERZEMEE (SMA) 13, TR OET ML GFREnTA M) oM
£ DG L EATHEO R KT & £ & T 2 Wik ahsEdism cb b, £
% JE KL SMNL S5 1~ & SMN2 {5 112 k> Ta— K& 5 SMN & HE O
WD, I SMA DIRIEFEE L LT, I SMN2 a1 O %A L o —IZ
AL, BEEEZILETLIT VTR UVAXILAF R, Xk y (RAE VT
YO NS AT = 4) PERBIN, —EORFEIRETRLTWVD, LnL2RR
DINRBRD LR WVEFE AR L, FTeRipRZ —7 > k6T 5D,

AWFFETIX, WEICH/ LN EZ R, 7 U Tkt - H5E & 5 8l

B SMA DR REMERR &2 5 A 7=,

%1 FE T, IPS M A V72 invitro SMA 5 V&L L, TRH 71 2
> SMA B3 iPS i i RmE B R e 5 e i 2 W R T 2 Rt R i
(SMA-IPSC SpC) (Zxf7 2 1EM &Mt L7z,

1) SMA-IPSC SpC IZ, SMN EHE DO/, #izR D&M, 7 A hut A ho

HIMZAAE ZN D SMAJREE R LT,

2) TRH 71 7'1% SMA-IPSC SpC (2%} L T, SMN2 &5 7 OHREIEHEA L Y

PGSK-3p H#INEM 2/ L T SMN & HE ORI E 4 I S 872,

3) TRH 77 J 1 7'|% SMA-IPSC SpC (2% L T, TUJL [l s O fE s 2 #0 S

7,

%2 FTIX, SMAJHRET A A Do EF 2T D Notch & 7)1
DEENZ DWW THRETE2T o 72,
1) SMNA7 = 7 ZAFREITIBWN T, JKABEFRRANZT A batA R L7,
2) SMNA7 ~ 7 A %5812 35\ T, Notch-pSTAT3-GFAP/S100 &1 28 AL L 7=
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3) SMA L HREF ML O 5, EERRGINIE 2 Ak S E e,

4) Notch > 7 F /VEHESRIL, SMA BFEH KT A a4 ~o#Einz ik L7,

5) Notch & 7 F/LFHAESK X, SMNA7 ~ 7 2 DALEHIRE] K OMEE A L 2 25 b &
WMo Toid, EEREEE 2 UGE LT,

6) Notch <+ 7/ F /L ZE 413 SMNAT < 7 ZFEBEIC31F 57 & b a A kOHN
Z i L7z,

F3ETIE, SMAJRREICEK T A4 7 R A hMRiEOLRFIZH T
% Notch > 7 F /L DOEFNZ O\ TG 21T > 7o,

1) SMNA7 <= 7 ZAFREIZB VT, NG2 L UREA Y 25 FaHhA +o
~—H—ThDHIx ) AEEMEREORENBD LI,

2) SMNA7 ~ 7 A HEIZH\ T, Notehl F5 8192 Ml T NG2 OFRBLOK T
DFR BT,

3) SMA-IPSC SpC (2B W TH, I = U UERMEAE &K Proxl OFBUL T M
Hoiv, AV ITTF o Ruat g NOSERFE RGO b,

4) Notch > 7 F /L BHEHIT SMNAT v~ 7 2ZB T H I = U UHEREMEEAEOR

B 2 [21E LTz,

AWFFEIZIBN T, SMAJHEE T DT A k¥4 ki, Notch-pSTAT3-GFAP/S100
TR DIEPEAIZ Lo THIHEED HERF STV Z L 2B 6T Lz, FT-,
Notch o 7" /VBRESRIL SMNAT ~ 7 AR BT 57 A2 b oz
ML, EEERESGEERZ AT 2 2B o NIC Lz, S 62, SMA JETE
WZRTLFV AT Rt FOMERFEEZRIL L, TOAT=ALE LT,
Notch DFEH 2 M4 25 NG2 DIEHN WD L TWHZ 2/ LT, Zhbd
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RN D, Notch DRBHIMA, A4V TF 2 R A ko5 fbil Lz &
ETE D,

PLEX Y, SMAJREEIZIS T D Notch o 7 L OfRHALIZ, 7 A ha¥A |k
DOFEREDHERF R A Y T7 0 Fad A FOMEREOREICHFLET L2 &
MRS Tz, & 5T, Notch FHFEHKIL SMNA7 ~ 7 2 OIEBIEERE K 4 Ui
T2 LB, SMAIZKT D RUEE B REc K & L Co ettt lifr S h
Do
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AWFEOEITIZH T2V | HEEE, HERI N ERT — & K OVEBRE O
et 250 & U2 ENRPbiists R BERY 7 —BRIRDIEEE &1 J5pErE
+ HARRIIEEER M EMEE L IR R G A HE R I A
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EFE—RE

AA ascorbic acid

ALP alkaline phosphatase

ALS amyotrophic lateral screlosis

BDNF brain-derived neurotrophic factor
bFGF basic Fibroblast Growth Factor
cAMP cyclic adenosine monophosphate
CHAT choline acetyl transferase

DMEM Dulbeco’s modified Eagles’s medium
DMSO dimethyl sulfoxide

FbC fibroblast cells

GAPDH glyceraldehyde 3-phosphate dehydrogenase
GDNF glial cell-derived neurotrophic factor
GFAP glial fibrillary acidic protein

GM gray matter

GSK-3p glycogen synthase kinase 3

IL-1P interleukin-13

iPSC induced pluripotent stem cell

KSR knockout serum

MBP myelin masic protein

MEF murine embryonic fibroblasts

NAIP neuronal apoptosis inhibitor protein
NANOG homeobox transcription factor nanog
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NEAA non-essential amino acid

NG2 nerve / glial antigen 2

NICD notch intraceller domain

OCT3/4 octamer-binding transcription factor 3/4
OLIG2 oligodendrocyte lineage transcription factor 2
PAX6 paired box gene 6

PBS phosphate buffered saline

PCR polymerase chain reaction

PDGF platelet-derived growth factor

PFA paraformaldehyde

PMN purmorphamine

PND postnatal days

Pl propidium iodide

Prox1 prospero homeobox 1

pSTAT3 phosphorylated-signal transducers and activator of

transcription 3

RA retinoic acid
SDS sodium dodecyl sulfate
SFEBq serum-free floating culture of embryoid body-like

aggregates with quick reaggregation method

SMA spinal muscular atrophy

SMA-IPSC IPSC derived from patient with SMA
SMA-IPSC SpC spinal cord cell derived from SMA-IPSC
SMN survival motor neuron
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SOX2

SOX17

SSEA4

SSEA1

TRA1-60

TRA1-81

TRH

TRHR

VPA

WM

WT

sry-box 2

sry-box 17

stage-specific embryonic antigen 4
stage-specific embryonic antigen 1
tumor-related antigen 1-60
tumor-related antigen 1-81

thyrotropin releasing hormone
thyrotropin releasing hormone receptor
varproic acid

white matter

wild type
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