FHEMEFHENEICBIT 5
SMN # X7 'BOEENCET A%

T

H



B &

\

EH—a—a DT VY —LERRIZEBIT 5 SMN # X7 B OKE

<

il

KB R OT5 ik
ES e
HER

S Y TICBIT A SMN Z X7 E OE|

=]
KB B R OT7 ik
ES e

FERpAR

5 K OV

51 F STHR
E Bk

I

|



Frif
FHEMERS ZEMEE (spinal muscular atrophy: SMA) 1%, JES = = — 1o L OEM K
OVE R ZEME & B L 3 2 W ERSIERIREE TH D (1,2). SMA Tixfh /)
BT ZERE L mEshfEE BfiE, s, SR - W THEER & DT
PEDTER DBV, EIEG] TIXFFUBERERE R ICE 5, SMA IXEOEHRIENED 5
FREHER ] OOELDTHY, HIEEERBIEFRICID TR D TV AT

SN (Table 1) (3),

FEAEF i B BRAE AR

REERTHY . EEOHFNETZED D,
SMA |2 0~6MA BRAADLGWNGES, SELMEREFET S
ERFFAETHD D ESND,

SMA 11E 7~18NA BERDIGEEERIL. HTERARTHD.

BERT, —BMICEISTEESTSELD
SMA INE 18M A ~205% D, 1HE6NALREFICERE LYvTL, H1THE
#LOVS-EFEENRRIZCHLOHOND,

INREARIERI & LB L . ETHAEONTH S

SMA IVE! 207% LARE BAMS Y,

Table 1 Clinical classification of SMA (FHEMEMZNHIEZE~==27 /L (4) 2UE)

SMA DFEJEJFIAIL, survival motor neuron (SMN) % L /X7 B & a— R4 5
SMNI BT DO REBEGHER K ETITLERITERNT 5 2H D SMN # 237
BORBULTTHD (5), SMNI BAG T35 5 Yot R R 5q13 ICfFFE L, [RIFH
BUCR C SMN # 37 E i a— RT 2HFEIG - Th D SMN2 Bi5F b FE
T % (6) SMNI BIn+ 7 bITFTERER DRGNS 100%E4E S V5 —F7 T, SMN2

%

B HROEEBEEWIT 90% 07 V2 7 #/RELTEBY ., RNEEREHER



SMN Z U X7 EBNFREN D720, SMNI B FOERE-IIREEZAETSH
SMA HE TITfER & L TSMN Z U R EORBEMNME T T2 (Fig. 1) (7, 8).

Healthy individual SMA patient
100%@ 10%/ ﬂ 90% 10%/ @ 90%
exon~-6 7 8~ exon ~6 8~ exon ~6 8~
I — —  — — exon~6 7 8~  — —
 — — —  I—— T  I— —
e e e e e e L R
I — —  — —  I— —
Full length SMN mRNA A7 SMN mRNA Full length SMN mRNA A7 SMN mRNA
= b
O © @) B 4 © = s
O O » B =
Stable SMN protein Unstable SMN protein Stable SMN protein Unstable SMN protein
Normal level of SMN protein Low level of SMN protein

Figure 1 The transcription and translation of SMN gene

SMN & X7 E1F 294 7 X VNG5 38kDa DX XV ETh D,
1995 5212 SMN1 & 5+-7% SMA DOJFERE R & L THE SN 7ZRFIZIT SMN ¥
VXY BITER = — 0 VRER R Y VX TH D E PR ENTN, RIS
BHOMMTIESFEET L2 LRGN ER ST (9), SMN & /37 B OiReE
ELTHRANCHIA ENTZDE, AT T4 Y Y —LOMEKK T Th D ENES T
RNA-% 737 B4R (small nuclear ribonucleoprotein: snRNP) D&% & i
ZINLIZRNA AT T4 2 7 ~DRAETH %, SMN ¥ /37 E X Gemin ¥
WNIBT7 7 IV — L EEERETER LAIIE TD snRNP OFERICHET D L L
HiZ, 5l &K< snRNP DN ~OHkE A 9 (Fig. 2) (10, 11), & Dk EH SMN
B Ry B IEAR & IR ITE BN B B 2 L s S 4L, RNA U (12),
microRNA FEAE (13), EH=o—a U IZH17 5 B-7 7 T mRNA O#iZRRE

(14) 2 E~FAET L2 EBPLNER>TVD, —J7 T, SMA JREEZIRED



75 SMN ¥ X TEOMKRE & F D0y BRI OV TIE I ST
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Figure 2 The role of SMN protein in assembly and transport of snRNP
[Workman et al., Brain Res. 2012 (15), M OFBIMEMHZEMIEZ R~ =27 /L (4) & %Z]

FREVER ZRDEIL 1995 FITRREAR TR S TH 5 b RAFEA N2 76
N UNAE YT =g N K DEREMERF R BB B, R E B &8
IRIBIRIE L SNTE T, 2010 FFARIEFND 2020 FI2NT T, Xk y
(Spinraza®, /NA AT =), ATFEL T U T UVULRARY (Zolgensma®, /N
VT 4 AT 7 —=), UATT T L (Bvrysdi®, B =)&) 3 FEOH IR
AR THGR S, FEIRIE ORI N K E SRR o7, 26 ORI,
WTIL S SMN Z UV EORBEL NS WO BRE AT 5, X
FIVE AIHEENICE S-S5 antisense oligonucleotide (ASO) T V. SMN2
mRNA RiEEDA > ha v 7RG L, BBEEM~DT 7 VT O %R
M2 2 LT, WEMEDRESE SMN ¥ U RV EORBELAZHINSES (16),
WWTHEBEINTZAT B L) FUoT~UULRART (X b SMNI &5 1 % A A
WIET T I REFED ANV ZB-FITH Y . FARNICREG S5 2 & TREMIIC

SMNI ELF%2EAL, 588K SMN ¥ VRV EORBAEZENSES (17),



U A7 T 5% 2020 4212 FDA IZ K 0 KRR S 7ok B B R oKy 7R A AL ©
&Y. SMN2mRNA HiEkEEZ X —5 > & LI AT T4 o JEMIERZ AT
% (18, 19), ZHHDIREHKOMEHIZE Y, %< OB TEBIEIE O SLESE
IROZEAGRD BT, IBFDENE SN THLEBEFE L L, TRIEH
WIZIRES H D (20), L7eho TRFZE EEZDLRWERLZ B 2720I121F, 16
PAEOUE & FiELA RO HIL TV 5D,

L EDOWE RS SMA JREDFEM 2B N EEIED I B 5 M L9
(21, SMN & R 7 B OFEMRBEREDIRAN L E THDH L EZXBND, WED
BEHZIRBW T, 2D SMN DRZ ZF# LT 5 SMNAT ~ U 3, HREET
= AL LT SMA JRREEOMOT-DIZAS Hnb T, v U A iFe k
SMNI BIGFITHE T2~ T R Smn BIn T2 HT 257, & b SMN2 Ba1 24
LI HMABREFIIALTELT. YU R Smn ORKITHMAEBEEZF Sk Z
T, £ 2 TSMNA7 ¥~ 7 ATlE, ¥ A Smn i1 % KESHE, »Ob b SMN2
B MO b SMN247 cDNA %8 AT 5 2 & T, LEMIZ SMN # /37
DFBL VR TFSHETND (21), BHEOHEY SMA JHREIZIBWT SMN #
VRTEOEWRZNRRD BN D, SMA O EIFREBALITHBE S OVE A&
ThbH, BEOHEIZEB T, SMNAT7 v 7 A% L, ASO ZREFENEES- L,
TR D SMN & L /X7 B ORB B2 NS5, AN ER L,
EIEEREIR T2 Ml S22 LR RE SN TVD (22), & HIT, Kim bITER
FHRFFERY 72 SMN K~ ¥ AN EE A H OMEE | B HEREZ L. 21
HORBAN SMN Z X7 BOFICLVEEET H 2 E2RE L T05D (23),
IO OMEIT, HHEKOEICAFIET D SMN X X7 B ORI, SMA
DIFRE RN K & e B a2 RFTZ 2R L TWD, LEB->T, Zhbo
HALIZEBT D SMN & U X7 B ORMOMREZ RIS 5 Z L 1T, EFMERN



REWEZZBND, £ T, AW TIZ SMA OFEREFALTH 5 HFHME N
BRI R T D SMN & 7 B OFBIEREZ 5N L, InRIEBFE IS H R
TAHZEAAME L, 18T, Ei=2—r 81T 5 SMN ¥ 7
BORZNTA YV — LOBERRIZ KT T OW TG LTz, # 2 =TI

B ET 232707 ) TIZBIT D SMN & L 37 B ORI OV TR L
7o % 3 BETIE. SMN & 7 EPVERE G RE T RBIC OV Tl &
L7,



F1E HEH—2—m D71 Y Y —AEERIZEIT D SMN Z 37 B o4 El
H1E S

TA Y = NIEBEYMOMBN/NEE Th D . NWIEEIZIHEEER 25 7,
RAPNIZHR Y GA E L7z MBSk i SR B oM K 1 D2 AR 73 & % Sy i3 D 1
RREHT D (24,25), T4V —LOWEH R ERMENOREFEZ 22— R
9~ % i&fs1% Transcription factor EB (TFEB) & W 9 #E K12 L W ZDFHN
HfE S THY . TFEB IZ L - THIEIS LD T A VY — LABEOBE T v b
7 — 2 % Coordinated Lysosomal Enhancement And Regulation (CLEAR) network &
FEE TV D (26), E72. TFEB IIERFL/ v a—Z 7 X /g7 EOH
BN DRBYEIIRE LT, MR OMEi 2> Tndte v s AL
%= %+ —¥ CTH 5 mammalian/mechanistic Target Of Rapamycin (nTOR) & 1
FHL T, FRICHUERS T OMBBARE ORI, 4— h7 7 U—iEEIcB
THERERZRIZLTND Q7). REZNVLEE TIA Y Y —LITBITL X2
NI BEOWBRTEL TWAHERETIE, 74 Y Y —2WBEOT I J7BIZE - T
[EME L S 4072 mTOR AR 1 28, FiEdD T 7 F /L Th 5 ribosomal protein S6
kinase beta-1 (p70S6K) <> S6 ribosomal protein (S6RP) @V »Eg{ba LT, #
NI EERRZEET D (28),

PR ZE MR BT I T 2 RE L LT MRS N IS B 2R & R B DR
MRBOOLNDZENRETONDL, EFRMEMENTIR, 74 Y Y — L4 —
N7 7 D= RIPREIR G XM/ NRE 2 L TR, b Dy
R D BH NIRIE R O — /2> T\ D E B2 BN D, FZEfE!E SR IE
(amyotrophic lateral sclerosis: ALS) BH KT /LY A <~ —JBE DOKIZ I
T. TFEB 2342 2 LA MEIN TR Y | TFEB ¥ 7 FVRE Rt D 7 A

A

Y — DERE DR EVE~DR G AR STV D (29, SHIZ, 7 F



SRRBIGFERZFR L 2 HREHMEN ZMREERETRO LR Y 7L
ZIVORFEHELEERAT v Na U8 K1E, TFEB ORRGIE % [
THIERHESNTEY 30), E#=a—a OB WTT A YV — A
DEERER DDV K72 TFEB S5 il DB G- R ST, —J7. SMA
JRRECER) = o — 1 VPRI D T A VY — AREEER TFEB IZ DWW T Z
FTEITHLNITR > TR o T2,

ARETIL, SMA JRBIZRIZE T 2T A VYV — LEREDEFNZDOWT, KR
TFEB & Z DY 7 FMRERBICESEZ Y T, vV R EH =2 — v Ul
NSC-34 &L~ 2 SMA E7 /L& HWT, SMN ¥ /X7 BEDR:Z7)S TFEB D%

BT A Y — DO RIET IS THRE LT,



F 28 EBRME KOG
2-1 EEAE

AREERIZ N HY) R OASKIT LT o Y Tdh %, 6-amino hexanoic acid, tris
hydrochloride, sodium chloride, sodium dodecyl sulfate (SDS), protease inhibitor
cocktail, mouse anti-B-actin, phosphatase inhibitor cocktail II, phosphatase inhibitor
cocktail III, Igepal CA-630, ¥ 7 F > (% Sigma Aldrich (St. Louis, MO, USA),
proteinase K solution | Qiagen (Duesseldorf, Germany), ~~=3"U > X MLk
~ A 03 Meiji Seika 7 7 /L~ R Ft (Tokyo, Japan), 2-7' 173/ —)L =
% 7 —/b, ImmunoStar LD [3E =7 A /L AFEMBEEA S (Osaka, Japan).,
Lipofectamine™ RNAIMAX Reagent, Smn fER) RNA 4V =, Tfeb ) RNA 4
U =, Opti-MEM, Stealth RNAi™ siRNA Negative Control Med GC Duplex #2.
BCA protein assay kit, horseradish peroxidase-conjugated goat anti-rabbit antibody.
horseradish peroxidase-conjugated goat anti-mouse antibody, horseradish peroxidase-
conjugated goat anti-rat antibody, horseradish peroxidase-conjugated rabbit anti-goat
antibody, Alexa Fluor 488 goat anti-rabbit antibody, Alexa Fluor 488 donkey anti-rat
antibody, Alexa Fluor 633 goat anti-rabbit antibody, ProLong Gold Antifade reagent.
DQ-Red BSA. Live Cell Imaging Solution {% Thermo Fisher Scientific (Waltham, MA,
USA). Blocking One-P |37 7 7 A 7 A2 (Kyoto, Japan), bovine serum albumin
IX Vector Laboratories (Burlingame, CA, USA), Can Get Signal Solution 1, Can Get
Signal Solution 2 X H 745 (Osaka, Japan). mouse anti-SMN antibody (£ BD
Bioscience (Franklin Lakes, NJ, USA), rabbit anti-TFEB antibody (% Proteintech
(Rosemont, IL, USA), rat anti-Lamp1 antibody /% Abcam (Cambridge, UK), goat anti-
cathepsin D antibody /¥ R&D Systems (Minneapolis, MN, USA). rabbit anti-

microtubule-associated protein light chain 3 antibody, rabbit anti-B-Tubulin III %



GeneTex (Irvine, CA, USA) . rabbit anti-p-mTOR antibody ., rabbit anti-mTOR
antibody, rabbit anti-p-p70S6K antibody, rabbit anti-p70S6K antibody, rabbit anti-
p-S6RP antibody. rabbit anti-S6RP antibody I% Cell Signaling Technology (Danvers,
MA, USA), rabbit anti-green fluorescent protein antibody (£ MBL Life Science (Aichi,
Japan). NucleoSpin® RNA . PrimeScript RT reagent Kit, TB Green Premix Ex Taq
II (X Takara (Shiga, Japan), A7 A K7 7 R IHARAE T T3 (Osaka, Japan), PFA
IZ Electron Microscopy Sciences (Fort Washington, PA), Hoechst 33342 |34k
R AL ZAFEET (Kumamoto, Japan), Phalloidin-iFluor 594 |% Cayman Chemical

(Ann Arbor, MI, USA) 7 HHEA L7,

2-2 FEBRITIE
2-2-1 FEBREW
~ 7 A Smn (mouse SMN: mSmn) &5 1 DO~7 v KEHM~ 7 2 (mSmn'",

SMN2*"* . SMNA7*) % Jackson Laboratory (Bar Harbor, ME, USA) 75 EA L 7=,
FERIIT, BT (mSmn™t, SMN2Y*, SMNA7Y, WT ~ w7 ) Kk O\WEEME mSmn
RERE~ T A (mSmn™, SMN2'", SMNA7"*; SMNAT ~ 7 &) ZfH L7z, WT
MOV SMNA7 = U A1E, ~T e X\~ U XA L2 &0 5 2 &2 Ko THERF
L7ce REXRBERI~ T ZDHD SMA TREAZ KB E LTHTLHVYIATHY
LI SMNA7 ~ 7 A L3 5, G5 REIIER EIRE: 24°C Fradi: 22 ~
26°C), FXEILIE: 55% (FFAHPH: 40 ~ 70%), FAREA 12 BER (FREA: ZFRT 8:00 ~
T4 8:00) IZHERF L, 77X CToO~ v A THBIK FICEBEEZ 52 THRE L
Tzo TRTOFERIL, BBIERKFEMET - BFEREB S ICEYMER S
ATV, FFAl &30 72 ECHEM Lo, B FlE@HmiE, I RIS
A It =77 4 —ZERTEE AL ERAFE 21T, P25 TR L



77*4
—o

2-2-2 SMNA7 ¥ U A Di&Ax-1-BUEHT

BAERlw T A ~T aKER~ T 2L SMNAT ~ U A OG- % fifghr 4
B2 K~ T ADFRRE D S mm YK L7, Il U722 1 Cell lysis
solution (25 mM Tris-HC1 pH 8.0, 10 mM EDTA pH 8.0, 1% SDS) & X Proteinase
KIZLKVIBREE, 75M BiET VB ABIKIC LV EAEYREL, 2-7
2N =), 10%TH J—Z XY DNA =i L7z, £Dtk, LLTESO

FA~<—%FH\WTPCR 1T\, v U R8I EZFE LT,

5’-CTCCGGGATATTGGGATTG -3’ (mSmn forward),
5’-GGTAACGCCAGGGTTTTCC-3’ (mSmn Reverse),
S>-TTTCTTCTGGCTGTGCCTTT-3" (lacZ Reverse)

HAME St 1Z TAKARA PCR Thermal Cycler Dice® Gradient (TAKARA BIO INC.,
Shiga, Japan) Z T 35 %A 7 W4T o7, 1 A 7 )V ORERLIE DNA 2814 94°C

30F, T=—U27:62°C 60F), =7 A7 3 :72°C 60 FbE LTz,

2-2-3 Ak

~ 7 AEHEj = o — 1 UARE (NSC-34, Cosmo Bio Co., Tokyo, Japan) (%, 10%
FBS. 100 U/ml penicillin T} 100 pg/ml streptomycin % #sA1 L 72 DMEM (high
glucose) & VYT, 37°C, 5% CO, FIZTHEE LT, 2~3 HBZIZ M) 7o

[N S AL TRy

2-2-4 RNA T

BAR T AL, Lipofectamine™ RNAIMAX Reagent (Thermo Fisher Scientific)
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EHV, IS~ =2 7 VIV T o 7, Smn FER RNA 4 U = (siSMN#1, Cat#
Smn1MSS209213; siSMN#2, Cat# SmnIMSS209214) & Tfeb FEf) RNA # U =
(siTFEB#1, Cat# TfebMSS238271; siTFEB#2, Cat# TfebMSS238272) 1., Th ¥
Thermo Fisher Scientific f1: & ¥ f A L7, NSC-34 flifalZHtEME A~ 10% FBS-
DMEM (high glucose) % FV T 96 well plate, % L < i 12 well plate (Z#EfE %

37°C. 5% CO2 54 C 24 Wil 5558 U 7=, 85 -8 A HEEH Opti-MEM (Thermo
Fisher Scientific) #7{Z Lipofectamine /&% U" Stealth RNAi ™ small interfering RNA
(siRNA, Thermo Fisher Scientific, Calsbad, CA, USA) DIEEIRIRZ/ER L, &g
J£73 2 nM Stealth siRNA & 722 X D IZHHUSHINL . —EHIA] 37°C. 5% CO2
ST CEEL, FERRCH Lz, F72, BM & LT Stealth RNAI™ siRNA

Negative Control Med GC Duplex #2 (Thermo Fisher Scientific) z Hv 7z,

2-2-5 UTRZT oy MET
2-2-5-1 FUBHRHR

In vivo O 7Y > 7 |ZIL protease inhibitor cocktail, phosphatase inhibitor
cocktail 2 2 T8 3 % & T¢ RIPA (radioimmunoprecipitation assay) buffer [SO mM Tris
HCI (pH 8.0), 150 mM NaCl, 0.5% 7 A4 F > a— V) ~U 7 A 0.1% SDS,
1% Igepal CA-630] & W\ o, ~ 7 AEREZ R, ~1 /70 F a2 —T7 OFTHE

WG LTz, o 7V E A E R £ T-80°C (IZRAF LT, EAEHIC
FLAREK 2RI 6T L C 100 uL A L. A€ 25 A ¥ — (Physcotron, Microtec Co.,
Chiba, Japan) % VT 30 #PEMeAe, WEAL L7z, ZD%, 20 5 EPOKHPIZEHE
S, 12,000 x g, 4°C, 20 sy OoBE L7, =0 mBE L7z BiEA R L, &
HER S LTz,

Invitro %> 7 WL BE &2 B Br& | PBS T—[R%E¥ L 7214 . protease inhibitor

11



cocktail, phosphatase inhibitor 2 2T} 3 % 7 ¢ RIPA buffer [50 mM Tris HCI (pH
8.0). 150mMNaCl, 0.5% T4 F v a—/fig) FU A, 0.1%SDS. 1% Igepal
CA-630] DIRBIRZ % well 1225 uL TOWML ., Mz £y kDl ThnE
E o TR Lz, 15 23Rk HICERE L2, 4°C, 12,000 x g T 15 53[5z 0y

HEL., T Riga 2 o7 Btk s Lz,

2-2-52 HUNUHEER

& X7 G BT BCA protein assay kit Z VN CTIT o 72, FEHERER O ERLD
7=, 0, 25, 125, 250, 500, 750, 1,000, 1,500 ug/mL D2 IZFHEL L 7= bovine
serum albumin % FH\ N2, FNEID F 87 BERIHRIZ Working reagent % ¥
MUL72#%, 37°C DA > F 2= —HT 30 RIS S, £DO% 532 nm O
WS¢ % Varioskan Flash (Thermo Fisher Scientific) % HWCHIE L7z, # /37
BRI FH -5\ T Sample buffer solution }2 Y RIPA buffer % VN T & > /X7 B R

AV L= VTR L -80°C IZERTE LT,

2-2-5-3  ERIKE L QHRT

By ERE R LY SV E K ETCRR S B, R~ — T —
25uL, FY TN 2ue DEE lwell T2V LT, Yo7z imgE,. 7
RS T2 D 20 mA T 80 43 fHIEEIKE) L 72, BEXUKENR . 77 /L % cathode buffer
(25 mM Tris, 40 mM 6-amino hexanoic acid) (2 15 />R IE L 7=, #s5 [
Immobilon-P membrane (Millipore, Billerica, MA, USA) (£ A % / —/LIiZ 30 #P[EIR
& L. 15 45 MilliQ [Zi&% L . anode buffer 2 (25 mM Tris) (2 15 5 EliRiE L7,
[5HR{H| 2> 5 . anode buffer 1 (0.3 M Tris) (Zi&&E L 7= A#%, anode buffer 2 |ZiR{E

L7- A, 855, 7L, 2 ¥ D cathode buffer |Z127& L7- AREDNEICE R, #x

12



B A4 7- 0 100 mA T 60 4R E LT~

2-2-5-4 UL REUTayT 4T

B4 DOREIE, 0.05 % Tween 20 &7 50 mM Tris-buffered saline (TBS-T: 10 mM
Tris, 40 mM Tris hydrochloride, 150 mM NaCl) T#E# L, Block One-P [ZiR{E L |
10 77 ay X7 Lz, £D%, TBS-T THiF L. Can get signal solution 1 T
AR LT —REUASIRIZIRIE L, 4°C TBpIS S ¥z, £D%, TBS-T TUE
% L. Can getsignal solution 2 CHAR L7z “IRPUAAIZIZIRIE L. EIE T 3 KEf
FOiis &7z, TBS-T THeid L7-1% . ImmunoStar LD (Z 10 47 [i)i={& L. Amersham
Imager 680 (GE Healthcare Life Sciences, Chicago, IL, USA) M} the Amersham
Imager 680 Analysis Software (GE Healthcare Life Science) % HWT 32 R &g
L7,

— R PR IZ X, mouse anti-SMN antibody (1:1,000 dilution; BD Bioscience,
Cat#610647), rabbit anti-TFEB antibody (1:5,000 dilution; Proteintech, Rosemont, IL,
USA, Cat# 13372-1-AP). mouse anti-B-actin antibody (1:100,000 dilution; Sigma-
Aldrich, St. Louis, MO, USA, Cat# A2228), rat anti-Lamp1 antibody (1:10,000 dilution;
Abcam, Cambridge, UK, Cat# 1b25245), goat anti-cathepsin D antibody (1:5,000
dilution; R&D Systems, Minneapolis, MN, USA, Cat# AF1029-SP). rabbit anti-
microtubule-associated protein light chain 3 antibody (LC3B, 1:10,000 dilution,
GeneTex, Cat# GTX127375). rabbit anti-p-mTOR antibody (Ser 2448, 1:10,000
dilution, Cell Signaling Technology, Danvers, MA, USA, Cat# 2971S), rabbit anti-
mTOR antibody (1:10,000 dilution, Cell Signaling Technology, Cat# 2972S), rabbit
anti-p-p70S6K antibody (1:500 dilution, Cell Signaling Technology, Cat# 9234S).

rabbit anti-p70S6K antibody (1:1,000 dilution, Cell Signaling Technology, Cat# 9202S),

13



rabbit anti-p-S6RP antibody (1:1,000 dilution, rabbit, Cell Signaling Technology, Cat#
48568S). rabbit anti-S6RP antibody (1:2,000 dilution, Cell Signaling Technology, Cat#
2317S) K TX rabbit anti-green fluorescent protein antibody (1:50,000 dilution, GFP,
MBL Life Science, Aichi, Japan) & 7z, ZIRFUAIZIT horseradish peroxidase-
conjugated goat anti-rabbit antibody (1:1000 dilution; 32460, Invitrogen) ., horseradish
peroxidase-conjugated goat anti-mouse antibody (1:1,000 dilution; 32430, Thermo
Fisher Scientific), horseradish peroxidase-conjugated goat anti-rat antibody (1:1,000
dilution; Invitrogen) A TF horseradish peroxidase-conjugated rabbit anti-goat antibody

(1:1,000 dilution; Invitrogen) % HV 7z,

2-2-6 U 7 /L% A I RI-PCR
2-2-6-1 RNA it

RNA filifHiZ1% NucleoSpin® RNA (Takara) % f 7=, ¥ 702 350 uL @
RAlbuffer ZNx ., Z VXV ERERDO IV B AT T HT KB L, 12,000
xg T2MEL LTc, BT LRV BRE ., AUKIZ 350 L D 70% =% /) — /L%
A HIRAE L% RNAWER O Y I AT 55T KB L. 12,000
xg CloMEL L, ILWF 2—712h 7 %811, 350 uL OBt AR
MDB buffer Z 1z, 12,000 x g T 1 4pfiliE L7z, £ D%, 90 uL @ Reaction
buffer & 10 uL @ DNase I ARAEK A M2, |IR T 15 5 A FaX—FL
72 200 puL @ RA2 wash buffer Z /12, 12,000 x g T 1 sl L7z, R
Fa—T7&RZH L, 600uL @ RA3 washbuffer Z 1%, 12,000xg T 1 55z
L7z, &6, BIHTF 2 —7 2 5H L, 250 uL @ RA3 wash buffer 2/l %,
12,000 x g T 2 il Uiz, HZIZ, RNABWIREIWNHOF =2 — 712 7 L%

v kL. 30 uL ® RNase-free HoO Z /12, 12,000 x g T 1 47l L, total

14



RNA ZfhH L7z,

2-2-6-2 RNA HH#ZE5

fH L 7= total RNA &% NanoVue Plus (GE Healthcare Bio-Sciences AB,
Uppsala, Sweden) % F T 260 nm 3% £ D43 HHIEH 53K D, RNase-free H,O %
MMATHKY 7D RNA RENFLL 0D LI L., RNA RS2
PrimeScript RT reagent Kit (Perfect Real Time) (Takara) % H\V 7z,
6.5 uL @ total RNA (2 2 uL @ 5 X PrimeScript Buffer (for Real Time), 0.5 uL @
PrimeScript RT Enzyme Mix I, 0.5 pL. @ Oligo dT Primer (50 uM), 0.5 uL @ Random
6 mers (100 uM) &z, RE L7z, £ D%, Takara PCR Thermal Cycler Dice®
Gradient Z IV T, 72°C T 15 A OWHESG LIS, iV T 85°C T 5 B D idis

BEEFITER S 21TV, cDNA & {Eil L7~

2-2-6-3 U T V%A I RT-PCR

U7 V%A I RT-PCR IZ1& TB Green Premix Ex Taq II (Takara) z= HV> 7z, 10
uL @ SYBR® Premix Ex Taq II (Tli RNaseH Plus) (12477 A ~— (0.2 uM),
MilliQ. cDNA A &= TNz, 28 % 20 uL ([ZHHL L 7=, £ D%, Thermal
Cycler Dice Real Time System (Takara) % VT 95°C, 30 ¥ % 1 A1 7 /1, 95°C
T 5P, 60°C T30 #l% 35 %4 7LD PCR G &IT 272, A FDTZ A
~—&EZTnZTHHW,
Gapdh-forward: 5’-AACTTTGGCATTGTGGAAGG-3'
Gapdh-reverse: 5’-ACACATTGGGGGTAGGAACA-3'
Tfeb- forward: 5°-TCAGAAGCGAGAGCTAACAGAT-3'

Tfeb- reverse: 5-TGTGATTGTCTTTCTTCTGCCG-3'

15



Lampl1- forward: 5°’- CAGCACTCTTTGAGGTGAAAAAC-3'
Lamp]1- reverse: 5’~ACGATCTGAGAACCATTCGCA-3'
Ctsd- forward: 5°- GCTTCCGGTCTTTGACAACCT-3'

Ctsd- reverse: 5°- CACCAAGCATTAGTTCTCCTCC-3'

T RTOMINE Gapdh 12 L DWEHHIEAIT > 121, £ OFMEZE V-,

2-2-7  Mifuse gt

NSC-34 #ifdiE 0.2%+¥E 7 F > (Sigma Aldrich, G2500) %\ CT=a— K L7z 12-
mm A7 A K7 Z7 X No. 1-S, IIRAEF L3, Osaka, Japan) b TH;#E L7,
PBS Tl 2 ey L7214, =R T 10 47 [#. 4% PFA (Electron Microscopy Sciences,
Fort Washington, PA) C[EE L. SOmMNH4CIPBS CTZ = F > 7 %24T-7-, #i
VT, 0.5% bovine serum albumin (BSA), 0.5% saponin } UF 0.2 mg/ml sodium azide
GH PBS #HWT 30 mfil7myF o/ Lk, Otk —kbilkz 30 /UG
S, PBS T3 [EFeiE#E, kP O 8.1 uM Hoechst 33342 % 30 43 [ SOt &
7=, 1 IRPUIARIT rabbit anti-TFEB antibody (1:200 dilution; Proteintech, Rosemont,
IL, USA, Cat# 13372-1-AP). rat anti-Lampl antibody (1:400 dilution; Abcam,
Cambridge, UK, Cat# 1b25245), rabbit anti- 3 -Tubulin III (1:2,000 dillution, GeneTex
Inc., Irvine, CA, USA, Cat# GTX130245) % H\ 7=, —RPUKIZIZ Alexa Fluor 488
goat anti-rabbit antibody (dilution, 1:400) , Alexa Fluor 488 donkey anti-rat antibody
(dilution, 1:400), Alexa Fluor 633 goat anti-rabbit antibody (dilution, 1:400) %
Thermo Fisher Scientific #:22HHEA L, 1/ L7z, F-actin DYLERFZIL, K
PLik & & 412 Phalloidin-iFluor 594 (Cayman Chemical, Ann Arbor, MI, USA,

1:2,000) % )ix &, ProLong Gold Antifade Reagent (Thermo Fisher Scientific) %
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AWTHE A LT, ZRGURLIEOEREIT ISR T TIT o 72, #BHT Zeiss

LSM700 microscope (Carl Zeiss, Germany) % i H L THgse L7z,

2-2-8 T A VYV — NEHERIE

F AV —ADOiEMIL The DQ-Red BSA (Thermo Fisher Scientific) % F V> CHll
E LT, RS 72 DML, 37°C 4o F T 3 Iff]. 10 pg/ml DQ-Red BSA & X
ISz, HIED 15 43AMZ, 8.1 uM Hoechst 33342 #iRIML7=, 74 7 &/
A A=V 7DD, Hfia 5.5 mM 73 —Z KT 1% FBS &4 Live Cell
Imaging Solution (LCIS, Thermo Fisher Scientific) (ZAZ# L72, EifR1%
Lionheart FX H#E)7 v # VA% (Bio Tek Instruments, Winooski, VT, USA) %

AW THz L. Gen5 software (Bio Tek Instruments) (Z K U f#4T L7z,

229 FT7AIRDNADRINI VAT ay

pEGFP-NI1-TFEB (X Addgene (Watertown, MA, USA, Addgene plasmid# 38119)
2 B . pAcGFP-C1 vector (L % 717 /N A A &t (Shiga, Japan, Cat#
CLN632470) b= ENA LTz, 77 X I N DNA OB FEH AL
Lipofectamine™ 2000 % I\, it~ =2 7 /VICE > TYT o T2, B FE AR
Ht Opti-MEM (Thermo Fisher Scientific) 100 uL H(Z 1.5 uL @ Lipofectamine & O}
05 ug D77 AI FEFTIRATRKREZ/FERL, |ET20 51 v F=2X—FL
7ok, MR ZHEFE L 7= 12 well plate I[CUSIN L7z, D% 37°C, 5% CO 514 F

T EHIMEE L, ERICA LT,

2-2-10  HEEHAEMT

BRI £ AEYERRGE (SEM) T/ L7c, M7 tbiid, SPSS
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IBM, Armonk, NY, USA) % FI\ T Student’s t-test (2 X W {T -7~ fERERD 5%HK
( 9 ] ) )

WEAEAAY & LT,
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F3HE ORER

3-1 vy REB) =2 —w CERMRIZEIT S SMN O/ v 7 XD 28 % TFEB
DIEBL~D 5

= 2 — 1 2B D SMN Z L7 BOFELN TFEB I MIT T 2 4 fh
AET D720, ~ U ZEE) = 2 — 1 R NSC-34 |26 T siRNA (21 D SMN
DFBLE ) v I H T LT, iRNAD TR T =72 a Ui 24, 48, 72 I
HEDOWTINDZ A LARA L MZEBNTH, SMN ¥ ANV EHOREBEPAE
23 L7z (Fig. 3A, B), #t\C TFEB DR H &% 514l L 725 5. siRNA O ~ F
VAT v a st 48 FEEB LD 72 BB O X A AR A v MTBWN T,
SMN @/ v 7 272k TFEB ORBENAEICHED L7 (Fig. 3A, C),
SIRNAD hT VAT =733 05 48 Wil D TfebmRNA &% U 7 /L2 A L
RT-PCR IEICEVMFELTZE 2 A, SMN D/ v 7 X7 02X Tfeb mRNA &
IIH R L= (Fig. 3D), EHIREETIE TFEB LM EICREL TR Y | ik
PEALT D LN~ LS ST A VY — ABEE R T OS2 RET 5 (26),
Ht TFEB $iik % AW 7o o dE Yo ik K 0 . NSC-34 fifalz 351 % TFEB O JRTE
ERRGEEL7Z & 2 A, HU TFEB HUiH sk O HOE RS 2SI E L OBN THER S h
7= (Fig. 3E)y —J5. SMN O/ v 7 X7 280 Zh b OIS 28 8 LT
(Fig. 3E, F)e T O OREEND, EHj= 2 —n1 2B\ T SMN # 37 BT
TFEB OFBLAHI#E L TH Y . SMA JHREIZIBVNT SMN & > /37 B DFEBLD

NZ XV TFEB OB T 5 Z L DRB I T,
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Figure 3 TFEB expression levels decrease in SMN-depleted NSC-34 motoneuron-like cells.
(A-C) Immunoblotting of cell lysates, obtained from NSC-34 cells, transfected with either negative
control RNA (- or NC) or siRNA against SMN (siSmn + or SMN KD), for the indicated times.
Representative images of the blots are shown in A. The quantitation of SMN (B) and TFEB (C)
signals were normalized against -actin and are shown the fold-change compared with 0 h. (D) The
mRNA level of Tfeb, at the 48 h time point, normalized against Gapdh. (E) Immunostaining for
TFEB (green), in SMN KD cells. Nuclei are stained with Hoechst 33342 (blue). Arrowheads
represent TFEB-positive foci. Scale Bar =20 um. (F) The ratio of TFEB foci-positive cells, in either
NC or SMN KD. Data are expressed as mean = S.E.M. (n = 6). *P < 0.05, **P < 0.005, ***P <
0.001 vs. NC (Student’s z-test).
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3-2 MEEO~ U AEH) =2 — 0 VRSB T 5 T A VY — LD 5A L TP

~a
iy

TFEB 1374 VYV —AOHAE L DAICB W TEERBELH S Z &0 5,
NSC-34 iz 4172 SMN @/ v 7 X7 1%, TFEB OFBUX TAT LT, 7
AV = LD REIZ B A K IE T D TIXZR W) & ARG A 32T 72, NSC-34
FMARIE, all-trans retinoic acid DF(E FCoL L, MREEZMESEL Z &N
MHENTWVWD (31), AMFITIE, siRNA ZHWTSMN %/ v 7 X o S8
#. all-trans retinoic acid DIRMNC L W NSC-34 fifaz b &, 0% 714 Y
V= A —J1—Td 5 Lampl ORI YL I 0 3l L7 (Fig. 4A),
Al &7 NSC-34 HjR IRt~ — A —TdH 5 B-tublin 1T ZFHIH L THY . F-
actin |Z X o TIER S AR ZeL 2 A LTV /2 (Fig. 4B-D), = > b — /L
TR IRALERIZ BT, Lampl O FERIN ZEGE O AL (Fig. 4B),
XHHRJIZ SMN /v 7 X0 U BETIE, MR ZERENEIC IV TE D K 9 72 iis
RIFRDO BN o7 (Fig. 4C), —F. SMN / v 7 X0 U REOMIFUKIZ B
T, R LEERET Lo l-T 4 V) — A OZEMENRD - (Fig 4C),
BIZTFEB D/ v 7 X7 AL > Th, RO T A Y Y — LA DTEHRE K O3~
DEBENRO Lz (Fig. 4D), T b OfERNS, SMN % 3783 TFEB

DOIBIHNZ I LT, T4 Y — LORBEHIET 5 Z E P RBE ST,
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A SiRNA
Transfection

72h
24h
4 4 50 uM Retinoic acid |T>
Cell Medium Harvest
seeding change
B NC C SMN KD D TFEB KD
Lampl/ / B-Tubulin 11 Lampl/ B-Tubulin 111 Lampl/ / B-Tubulin 111

Soma

Figure 4 SMN and TFEB KD alter the distribution and morphology of lysosomes in
differentiated NSC-34 cells.

(A) A schematic diagram for the timeline of transfection and induction. NSC-34 cells were
differentiated by treatment with all-trans retinoic acid, after transfection with siRNA against either
SMN or TFEB or negative control RNA (NC). (B-D) Representative images of immunostaining
against Lamp1 (green, top left), F-actin (magenta, top right), Tubulin III beta (cyan, second lane left),
and Hoechst 33342 (blue). The boxed regions at the soma (S) and neurites (N) are enlarged in the
third and bottom rows, respectively. Asterisks and arrows represent lysosomes at the neurites and

soma, respectively. Arrowheads indicate the abnormal structures of lysosomes. Scale bars = 100 pm.
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33 T4 Y Y —LBEERFKNT AV — LiEEO R

ARE3-1 DFER LY SMN &/ v 7 ¥ 2 872 NSC-34 #ifi Tl TFEB @
BT HZ EEP LM LTz, TFEB (X7 A1 VY — ABEIBR T O %
WREHHTZ 28 mbNTWD72) (26), ARTETIE NSC-34 #li T SMN %
oI ZBT L LIEBED T A Y Y — ABERAF ORI OV THREL Tz, U 7 v
% A L RT-PCRIEDFEFR, SMN D /) > 7 X7 ALY T4 VY — AR EER
F T 5 Lampl K Ctsd D mRNA FEEEX W H A EIZED L7 (Fig. 5A),
FlvTAZ T uy MEIZED Z R E L)L TORBE L RGE L i
R SRNAD T VA7 27 vay T2RM#%IC, 2> b a— U RE L Rl L SMN
J w7 27 UERZEBV T Lampl &N cathepsin D (CTSD) DR BLEN A E I
b L7z (Fig. 5B-D),

TFEB 1X7 A V V' — ABEBE I A — b 7 7 U —EE R T ORI %
FEL, A— b7 7 V—2FETD 32), 2> bu— A REL HE L SMN / v
7 F 0 URECIE LC3-ii/ LC3-i I L TH Y (Fig. 5B,E), A — h 7 7 2V —
LRFEHLTWD Z &R STz, VT, DQ-Red BSA Z#HW\WT, F14 Y
V= LEEZFHME Lo, 2 b —VBEL R L, SMN /v 7 Z U UREIZ RV
T DQ-Red BSA HIRDH IR EAE DA E 2B 23580 Hivle (Fig. 5F), 24 H
DFEFA B NSC-34 FIEIZI VT SMN Z LRI EIN T A V) — AR HIE R T
DOFBEHET D L L blc, —HEOA— N7 7 —IEEEHIET 5 2 & 23R
STz,
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Figure S SMN KD affects lysosome-related gene expression, lysosomal degradation, and
autophagy flux.

(A) The mRNA levels of Lamp1 and Ctsd at the 48 h time point, normalized against Gapdh. (B)
Immunoblotting of NSC-34 cell lysates, transfected with either negative RNA (- or NC) or siRNA
against SMN (siSmn + or SMN KD), for the indicated time points. (C) The quantification of the
signals for Lampl in B. (D) The quantification of the signals for CTSD in B. The signals were
normalized against that for -actin and are shown as the fold-change relative to the level at 0 h. (E)
The ratio of LC3-ii (lower band) vs LC3-i (upper band). (F) The fluorescent intensity of DQ-Red
BSA in NSC-34 cells, transfected with negative control or siSmn, for 72 h, shown as the fold-change
vs. non-transfected cells. Data are expressed as mean £ S.E.M. (n = 6). *P <0.05, ***P < 0.001 vs.

NC (Student’s z-test).
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3-4 TFEB OB L DT A V' — ABHER KO mTOR ¥ 7 /LB
ISR 7!

NSC-34 flifid> SMN / v 7 XU NI KD T4 VY — ABERK - ORBBUL T
M. TFEB Z 41 LB NG E G T 5728, SMN J v 7 X0 VTR
TF7AIRDNA DT AT 273028 TFEB #3887 (Fig
6A,B), TFEB 77 A3 KDNA ®EAIZ XY, SMN /J v 7 X712k % LC3-
i/ LC3-i JbOEEINASE Izl S v b & & 61T (Fig. 6B, C). Lampl OFEHK
Tl & 7= (Fig. 6B, D), —J. SMN J v 7 X7 544 F C TFEB % % 8,
SHTH SMN OFRIEITEILITRO 2o 72 (Fig. 6B), ZiLH DFER &
D NSC-34 fflZEHB 1T H SMN D/ v 7 XU AL VRO LNTZT A Y — A
DIEMEAR TR OA— + 7 7 V—[EEIX, SMN KIRIC X D EEN2RER T
<. TFEB OFRELHD 2T 5 iR mN & B B,
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Figure 6 Exogenous expression of TFEB rescues the depletion SMN in NSC-34 cells.

(A) The experimental design for siRNA and plasmid DNA transfection. After 24 h transfection with
either negative control (NC) or SMN (siSmn) siRNA, cells were transfected with either TFEB-GFP
or GFP and incubated for an additional 48 h. (B-D) The harvested cell lysates were analyzed by
immunoblotting. Representative images are shown in B. The ratio of LC3-ii vs LC3-i and the fold
increase in Lampl levels, normalized against the -actin level, are shown in C and D, respectively.
Data are expressed as mean + S.E.M. (n =4 or 5). *P < 0.05 vs. NC + GFP (Student’s #-test). TP <
0.05 vs. SMN KD + GFP (Student’s r-test).
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3-5 mTOR 7 F VB K DI~ D s 8

AREE 3-1, 3-2 KON 3-3 OFERN D, NSC-34 {175 SMN D/ » 7 47
ANZEY . TA VY —LERENME T T A Z EBHALNI R T, T4 Y — 4
X mTOR ¥ 7 /L ODARZEIZB W T, EHELREEZHH O 729D (27), SMN / v 7
B0 R O NSC-34 fifRiZ 3517 5 mTOR v 7' /VBHHEA 1 D FEBLUZ DU T
BEt L7z, SIRNA D RT AT 27 g 48, 72 BB DX A LR A v
RMZBWT, SMN O/ v 7 X280 U gk mTOR OFBLENSH B
U7z (Fig. 7A,B), & HIZFEIZEME T T, mTOR O Mg~ 7 = 7 Z —K+Th
% p70S6K KX S6RP D U U RALAKDIBEIS Mt LR, WInb AR
(2 L7 (Fig. 7A,C, D), 2B DOFERNG, #HE#= =2 — 1 28T 5 SMN

DOIEEPANT LV . HIIN mTOR > 7 F AN BEIT 5 Z L BRI S NT-,
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Figure 7 SMN KD suppresses mTOR signaling in NSC-34 cells.

Immunoblotting of cell lysates, obtained from NSC-34 cells, transfected with either negative control
(- or NC) or SMN (siSmn + or SMN KD) siRNA, for the indicated times. (A) Representative images
of each blot. (B-D) The ratio between the phosphorylated form and the total protein is shown as the
fold change relative to the level at 0 h. Data are expressed as mean = S.E.M. (n=5). *P <0.05, **P

< 0.005 vs. NC (Student’s #-test).
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3-6 SMAET /L~ U AKEREICEITDE T4 VY — AB#EK 1 & N mTOR ¥ 7'
JVEE A D FEH,

IHNETORFHZ L Y, NSC-34 FlAZIZ VT SMN N gD 3252 LT, 74
VY — AREREDMEE L, [FIRFIZHEAE N mTOR & 7 F L3595 2 & 3 5
Epolz, ZIHDOBGN invivo D SMA JFIET LD LD SN EMEET
Hl2®, SMA ET7 /N~ U ADOFRMKICK T D T4 Y Y — LBERF K Y
mTOR ¥ 7 F/VESEA 7 DI BLE 2 7l L7z, ARFETIE & o SMN JE 8
BEORTZFHEE L, SMA OFRBET L~ T AL LTESHOLR TS
SMNA7 ~ 7 Az H L1= (21), B4R~ 7 2 L il L, SMNA7 ~ 7 A DR
2B\, TFEB i (N Lampl OFRBLEN A EICHEA L7 (Fig. 8A-C), 2415
DFERLED . SMNAT v~ T ZAOFERIZEBNTTA VY — BT 52 LR
e STz, %2V T mTOR 3 7 F/VEAE R F- DR BUZ SOV THRES L7z, B/ER~
X L HlE L, SMNAT = 7 2 DFBEIZIV T, mTOR, S6RP, p70S6K D U
BiLEOBBEEITNT NS AREICEA L (Fig. 8D-G), HEREWI &I
p70S6K 122\ Tik, U VBBIAD A T/ | MEBIZB W TH AR R
B B AV (Fig. 8D, H), 24U 5 OFERN S SMNAT = 7 A DFHEIZ T mTOR
STFARRITT D 2 ENRE S LT,
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Figure 8 SMA model mice exhibit defects in the TFEB and mTOR pathway, in lumbar spinal
cords.

(A) and (D) show immunoblots for lysates obtained from P11 SMNA7 (mSmn”-, SMN2"",
SMNA7%) and WT (mSmn™"*, SMN2"*, SMNA7""") mice. The quantifications of (A) and (D) are
shown in (B)-(C) and (E)-(H), respectively. Data are expressed as mean + S.E.M. (n=7). *P <0.05,
**P <0.005 vs. WT (Student’s z-test).
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AWFETIL, EE=2—w 28T 5 SMN ¥ /37 E & TFEB O#RE D
FRIZOWTHET L7z, NSC-34 HifEiZHB W T SMN @/ v 7 X7 2 X Y TFEB
DFBENHD L2 &b, EE=a—n 2BV T SMN ¥ 37T
TFEB OFRBLAFIHT 5 Z L3RIz, S6IZ, SMN &/ v 7 XU v 34
72 NSC-34 fifaic N TT A VY — LAREBELFORBUK TR OA— K~ 7 7
DRI ARED H AL, 51X TFEB OFEHIEIBUC LV B Lz 2 &2
5.SMN # > /327 B3 TFEB OB OHiIE 2 LT A VY — LEREKR O A —
N7 7 O—IEEEFIET S EE X HD (Fig. 9). SMN Z 2 /37 B X RNA A
7T A 2 7% microRNA FEAIZEE G5 Z L AmMbNTWS2Y (10, 13), &
D X D 72BEHE T TFEB ORI A {2 OIA B OMFRETH 2,

Motor neuron

0 000,000 |

CLEAR Y v
network

\I/

Lysosomal function  Protein synthesis Local degradation
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Figure 9 Summary of TFEB actions in SMN deficient motor neurons.

SMN % / v 7 Z 0 X872 NSC-34 iz B\ TlX, 74 Y — L D554 &
REIZEE N bz, =2 RY A b — 3 ARREIIHRAR ZYE O i ;Y
(2T T AR OMERF I, EE R AZ R7-T (33), HRMEOWERIC
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W, BB DT A Y — Ak~ ad— N7 7 VRN EEREREE BT
ZEDBHLMNTENTEYD (34, 35), MRFHEGHOMRICENTH T 1 Y
V= ANEBETHDL I ERFEINTND (36), EH#j=o—n U FR VIR
BTHI LD, 74 Y — AOWRITER = = — 1 > DL L EREHERICE
HTHLAREREWEEZ HILD, TFEB X7 A VY — LDk & Hili#E 4 25
Z & T, FOMBENSAEZTEET S 37). LLEOFEMNS MIZRENICEBIT ST A
Y — L DOEEREREDOFEM A B 50T 5 2 & T, SMN KIBITxT 5 iEH)
= a—u rOEFEEDJRE OIS N D RN H L LB BND,

FTA V= NTHENOBBLIEED 7 VT 7 A% ST 5, ALS Z13
U &3 DR MR BIC B T, AR IS EERALAEE O N 7S TE f
—a—aYOEMICTFEGTHZENRBRINTED (38)., SMA EFHOFHEH
MR WTH  IBBEIRE SO 1 FEThHDH 4-v Rafi2-) xF— /LR

HEMT 20 HESINTVD (39), ZNOLDHRNLREIICEZ D &,
HEE) =2 —1 0D SMN X I EDORZIZEDTA Y Y — LADORERER
WELIEEOEMESI X L, O CHEE == —a VD —K & 78> T
WD RREMENE 2 B b,

AW TIL, SMN % / v 7 X0 SH72 NSC-34 i e OV SMNA7 = 7 A D
FHICFB T mTOR ¥ 7 F 03 @ssd 2 Z & 2B 62 L, p70S6K [T &
ZDHDOMREAD Lz, mTOR ¥ 7 F /LD FHICALE T S6RP 1L HHEARRERIC
BNWT=a—r O 7P AREOHFHIZHGT 52 &5 (27), mTOR 7
FTVOTEMEIR T LY p70S6K O FHL & DA 25 SMA JREEIZI T 5 EH)
Za—n ORMIESEES T2 RERH L LEZBND,

AREIZBWTIL, EH =2 —1r 28T 5 SMN # /N7 HORZ A, TFEB
DRBGIHZ N LT T4 VY — L ORERFE RO — N7 7 V— DK T %5
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SEZITZEZHALNT LT, LLRA D, SMAJREE CIREER =2 —12 >0
FIL B I OFF AL 2 AR D MR 2 & T DM T SMN & o8
JEORBNRT T2 MmO TND, £ZT, H2ETHER =a2—B1
v DS OFRERERRRE R, R 7 m 2 Y TIZER L, Ml ToO SMN #

27 BOBREIC OV TR 21T 5 7=,
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2 278vrYTITRITS SMN & v Ry B OEE|
H1E S

SMN Z /37 BORZIZE DER = 2 — 1 U2V SMA O HULEY 722 hE
ThdHEZZLNTEEN, MIFFCK L CGEB = 2 —n VR 72 SMNT &5
T OEAIZL D SMN & R 7 EOMFEIL, SMA 7 /L~ 7 ADJiie% +4712
IXEE SR oT2 (40), TOHEMBE L GEE=2—o UM EBITS SMN
B NI ERZD SMA HBIERA~DBG N E 2 b, FHHikiCsW T,
EE =2 — 37 TR ENCTFEET D, =2—a 37 U 7R
L OEIICKER S NS L L bIC, 207 ) THIIC X 0 AEHEEIOMKAE S K&
<HIENTWD, ZU THIlIZT A hat A b, 2702707 KA I35
YRt oa MIGEEShD, TA Mt A MIBEBEOA F 2 BREOE YR
(41), RS E OBV AT (42) R EDOEEEZA L. AV A7 Frt A b
(TR IR A I T 2 REA T T 2, — . X7 17 U T IEHAR RIS
B2 RBELHIEHT 5 EAET D (43), ZNHbD=a—n U ZHY &<
BRI 2 A9~ 2 MM RE O BERE DARKEDS . PR ZMER B DI RETZ AL « HEAT D — i
EHoSTEY, SMA OJFEMAICE VN T HER =2 —n U LSO/
% SMN # U X7 B OBEEIZOWTH LMNITAHAZ ENEETH S,

AR, flx OMREMRBIZBWT, 27827 ) 7 OIEMAKIZ X 2 RIAERG
DICENRBIZEIC L KT Z L MG S Tn5, Bl IL, ALS T /v
INAZ—IRICBWT, 27a 7 U7 OEMHIZ X0 RIEKSDITTE L,
Za—ua rOEMIZEGT 5 Z ENWE STV D (44,45), SMA ET /L~ T
ADFEMIZBNTHI 7 a7 U T OEMMBRD I TEY (46, 47), FRITHHRE
EEA (SOEIEHERL) O M1 27 a7 ) 7N L, MRk OER (PLARER) o

M2 27 a7 TRl d sl ERMEINTND 48), ZNLDHAESFE
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25L FHOI 7 v s )7 OIEELIZ X D RIEEOTLED, SMA OIFRE
BB G D REMENREZ 2 DD, L Lenb, I 7u 7 U 7285 SMN
BRI DOBEENZONWTIIZ & A EFE ST R,

ZIZTARETIE, 37827070 SMN ¥ 237 EOREB RIS %tk
TAHDTIERWLERHEZT-T, 2707 TICBIT5H SMN # 37 B Ok
REIZ DWW TR 21T o 72, BIfE, SMA (Zxd 2% EH e EE L L C, antisense
oligonucleotide (ASO) T# % X R/t o (Spinraza®, /SA A2 =) R
HNTND, X RE UL, SMN2mRNA RiBEADA > har 7 12FA L,
ERGHEY~DT 7 Y T OERERET HZ & T, HEEMEDTERR SMN 4
YORTBORBEELEINIELEHEZH L TW5 (Fig. 10) (16,49, 50), AHFFE
Tl Xyt LFAEY]. FEMZ AT 25 SMN-ASO #4#% 2 HAD
SMNA7 ~ 7 RN F - L, JRREIC KT T B At LT,

(A) (B)

( Ul snRNP i
S

21Is dNYUs TN| /J U0X3

nusinersen
ISS-N1

ISS-N1 | —

Exon 6 Exon 7 Exon 8 Exon 6 Exon 7 Exon 8

Exon 6  Exon 8 Exon 6 | Exon 7 | Exon 8

Figure 10 Mechanism of action of nusinersen
(A) Exon7 skipping in SMN2 gene. (B) Exon7 including by nusinersen.
[Talbot et al., Gene Ther., 2017 (49) S X Singh et al., Future Med. Chem., 2015 (50) % 28]
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F 28 EBRME KOG
2-1 EEAE
AREBRICHNWTZEHA KR OREIZLLTO#EY Th 5, Lipofectamineg™

RNAiIMAX Reagent, Opti-MEM, Stealth RNAi™ siRNA Negative Control Med GC
Duplex #2, Alexa Fluor®488 donkey anti-rabbit [gG, Alexa Fluor®546 donkey anti-
mouse IgG, Alexa Fluor®546 goat anti-rat IgG, horseradish peroxidase-conjugated
goat anti-rabbit antibody ., horseradish peroxidase-conjugated goat anti-mouse antibody
CM-H,DCFDA % Thermo Fisher Scientific (Waltham, MA, USA), <=2V A
L7 b~ A 2 Meiji Seika 7 7 /b~ BERE AR B AR 1T O IF R kR
24t (Tokyo, Japan), 1 mM Tris-HCI (pH 8.0), X2 ~/3N/L ¥ % —/L (pentobarbital),
-7 X)) —NiEx ST T A7 A7 (Kyoto, Japan), U Vg IKFEA Y T A
(potassium dihydrogen phosphate: KHoPO3) U U ig/ksE —F R U 7 A - 12 KFn)
(disodium hydrogen phosphate 12-water: Na,HPOs3 + 12H,0), U > fig /K3 F K U
7 A KF%) (sodium dihydrogen phosphate dehydrate: Na,HPOs « 2H,0), ¥4~
U 7 2 (sodium chloride: NaCl) (35 B b P24t (Osaka, Japan), O.C.T.
compound (X427 7 7 7 A RS (Tokyo, Japan), AT A K7 T AIIANIRAH
¥ T.2¢ (Tokyo, Japan), Super PAP pen & KJ# PE KX S+ (Tokyo, Japan),
Mouse on Mouse (M.O.M.) Blocking Reagent, M.O.M. protein concentrate, normal
goat serum, normal horse serum, horse serum | Vector Labs, /LA u~ 17 |k
I'X Diagnostic Bio Systems (Pleasanton, CA, USA), rat anti-CD68 monoclonal antibody
X Bio-Rad Laboratories (Hercules, CA, USA). mouse anti-SMI-32 monoclonal
antibody I¥ BioLegend (Dedham, MA, USA), mouse anti-GFAP monoclonal antibody
rabbit anti- p-NF-xB monoclonal antibody, rabbit anti-NF-kB monoclonal antibody

rabbit anti-TNF-a monoclonal antibody I% Cell Signaling Technology (Danvers, MA,
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USA). mouse anti-8-OHdG monoclonal antibody ., rabbit anti-p-JNK polyclonal
antibody, rabbit anti-JNK monoclonal antibody (& Santa Cruz (Dallas, TX, USA),
anti-SMN monoclonal antibody & BD Biosciences (Franklin Lakes, NJ, USA), rabbit
anti-HO-1 polyclonal antibody I Millipore (Billerica, MA, USA), mouse anti-B-actin
monoclonal antibody |3 Sigma Aldrich (St. Louis, MO, USA), RAW264.7 #lifieiZ
American Type Culture Collection (Manassas, VA, USA) X U Zi 1 lEA L7,
Phosphate buffer (PB) 1%, NaH,PO4* 2H,0, Na,HPO4 * 12H,0 % ik (MilliQ)

(SR L . R LT,

2-2 FEBIE
2-2-1 FEBREW)

EBREW)IE, F 1 F 2-2-1 ([TRe# L2 AR <~ 7 AW ONE SMNAT v 7 A %
U7z, B BREE IR E IR : 24°C (FFAHIPH: 22 ~26°C), BREMEL: 55% (FF
HIFH: 40 ~70%), BIKEAS 12 RfE] (HRBA: 1R 8:00 ~ P& 8:00) IZHEFRFL . 7
RTO~ U ATHBAEK FIZEESAEZ 52 THE Lo, T X TOERIE, I
BERPRZEDEA T - B ERZBXICEMERPFE LTV, 2207k
THEM LTz, FBEFRETWIL. BEFEBRINA A —T7T 1 —LER
(T TR 2 FEBRAGE 21TV, Pl &S TR L7,

2-2-2  SMNA7 ~ 7 A Digfs+ g

SMNA7 < U A DB BIUENTILE 1 & 2-22 [IZHEL TIT o 7=,

2-2-3 Al ks

v A I 0Ty — VIR (RAW264.7) 1X. 10%FBS. 100 U/ml penicillin
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K O 100 pg/ml streptomycin Z #8J0 L 72 DMEM % T, 37°C, 5% CO, F1ZT

&Lz, 2 HZ &I trypsin ALEIZ L AR 21T - 72,

2-2-4 RNA T

RAW264.7 #lR I I EWE A S 10%FBS DMEM % HV T, 96 well plate &z OY
24 well plate [ZHEFH L | 37°C, 5% CO» 5o/ T 24 FFfHj35% L 7=, Lipofectamine™
RNAIMAX Reagent (Thermo Fisher Scientific), #&1{x 13 A 5 H# Opti-MEM
(Thermo Fisher Scientific) & OV Stealth RNAi™ small interfering RNA (siRNA,
Thermo Fisher Scientific, Carlsbad, CA, USA) DIREGIRRAZER L, iz usinL
C 2nM Stealth siRNA DEFEAZIT 72, fiifH L7z Stealth siRNA OFLSIIZLLT D
WY THD,

Smn siRNA : 5'-GGC CAG AGU GAU GAU UCU GAC AUU U -3' (& > A §H),

5'-AAA UGU CAG AAU CAU CAC UCU GGC C -3' (7 v F & A$4).
F 72, Stealth RNAi™ siRNA Negative Control Med GC Duplex #2 (Thermo Fisher
Scientific) ZfaMExtl e L THW, BiaFEA 48 WL TG MEREREfE O H

B, fiate et Ny A X T a7 0 U ZIER L,

2-2-5 AT~ T A~D ASO DR S

A2 B HOB A F~ 7 AT L, 34G O 5815 AT ASO (8 ng. B
AFREIK) ZIMENES L7z, SMN-ASO K& OVatExt# ASO (mismatch-
ASO:MM-ASO) X FFEDESNEZA L TEY . 17 OX 7 LATF REFEGIET
TRAFRBFFT— NPT ATV TH D, PFEFERET TR 2-0-2-A FFT =
Ty TEMZIL, ¥ M UEED 5 R TRTATF A LI TND (22),

SMN-ASOQO; 5'-TCACTTTCATAATGCTGG-3'
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MM-ASO; 5'-TCATTTGCTTCATACAGG-3'
ASO |E Gene Design Inc. (Osaka, Japan) (2 CHE K L7z, BpAEM~ T 2 2i%, FE
DEFRRIRR ARG LTz, BBRTIEL. SMNAT ~ U AR OBAR < & 2 % (18]

~ U A LIITET L,

2-2-6 AT~ U A O EBEERER M

BT~ U 2 OEEERETHN & U CEm AR 21T o 7o, B STRER O
BOSHFRIE, A E 23 T B U TR 2 F TICE L2 (K 60
By LEFR LT, E% 4 HE, A% 8 B A AOAER 11 A BIZRISHFF ZHIE L
76

2-2-7 ~ U ZAF R O R L
2-2-7-1  AHARE) A 1R

VRN RV X — b R U T A 50 mglkg ERERENSE G L, RRE
ST, ~UAZBBL, XU RAZR T RO 34G DG EHWTELEN
(K PBS ZiEA L, VLN L7z, RIZ 4%PFA &4 0.1MPB (pH7.4) % 6
SEEAN L CHEREE AT 70, EBREZ R L72%% . 4%PFA &4 0.1 MPB I
T 4°C T24BMFHE L, DU\ T25% A7 u—RAE4 0.1 M PB (pH 7.4) &I
4°C T 24 WRFFE L7, WIAEFEEZ MW T 0.C.T. compound (2 X ¥ #Hifh L.
Y35 F T-80°C IZ CTHRTFE L7z, O.C.T.compound {Z L - Tk L7 IEkE %2
EL, Z7UAFAZ > I (Leica, Wetzlar, Hesse, Germany) % VT, -20°C TE X
10 um O F Z/ER L MAS 2—F 4 V7 SN R—TF 2 (IR F T2,

Osaka, Japan) (Z#H, -80°C TIRTFE L 7=,
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2-2-7-2 SRR G

Yefal, -80°C LV WEUI T 2B L, -20°C T 2 B fE L7, 4°C T
1 REfEEE L. & B ICEIE T 1 Rz & 872, £ D%%. Super PAP pen (KiH PE
SRR AL, Osaka, Japan) (2 TRUSHERDFEH &2 BG < 72 028 O JA B & P A T2,
~ U AHKD 1 kL EZ W HERIZIE. M.O.M Blocking Reagent (Z & 0 1 I¢fH]
Tayx L, v AR DAL, 10% horse serum (2 XV 1 K[ 7
0y X7 E4To7, 5% goat serum ([Z LV 1 BT 0 v ¥ S AT, T
0w 7%, —IRPUA (A M.OM protein concentrate 2 PBS TR £ 72 1%
10% horse serum) % AT 4°C T—BEUE S0, £DO%., “IRPUK (AL
M.O.M protein concentrate Z PBS TR £ 721 10% horse serum) & U Hoechst
33342 % | BRISG SE 7z, Yefats, 7t u~or b OKEME AL T
AL,

=g

—RPUARIZ 13 rabbit anti-Ibal polyclonal antibody (1:300 dilution; 019-19741, &

Il

+7 A v AT ERRE S AD), rat anti-CD68 monoclonal antibody (1:200 dilution;
MCA1957GA, Bio Rad), mouse anti-SMI-32 monoclonal antibody (1:500 dilution;
801702, BioLegend). mouse anti-GFAP monoclonal antibody (1:300 dilution; #3670,
Cell Signaling Technology) ® L < X mouse anti-8-OHdG monoclonal antibody
(1:100 dilution; sc-66036, Santa Cruz) # 7z, —IRPUAIZIX Alexa Fluor 488
donkey anti-rabbit IgG (1:1,000 dilution; A21206, Invitrogen), Alexa Fluor 546 donkey
anti-mouse IgG (1:1,000 dilution; A10036, Invitrogen) % L < (& Alexa Fluor 546 goat
anti-rat IgG (1:1,000 dilution; A11081, Life technologies) %= 7=, X H T 47 =
> b=, IRGUA & R < DM R RER O #AE 24T - 7o, Ye s L7291 f 13 BZ-
9000 HS A — LA > U a0 % SE (Keyence, Osaka, Japan) % VW THs L

7’9—
—o
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2-2-8 UTRZ Ty MElt

VX AKX T ay MENIX, B 1R 2-2-5 ICHEL TITo 7, —IRPUKICIE,
anti-SMN monoclonal antibody (1:1,000 dilution; 610647, BD), rabbit anti-HO-1
polyclonal antibody (1:500 dilution; AB1284, Millipore) ., rabbit anti-p-NF-xB
monoclonal antibody (1:200 dilution; #3033, Cell Signaling Technology). rabbit anti-
NF-kB monoclonal antibody (1:1,000 dilution; #8242, Cell Signaling Technology).
mouse anti-f-actin monoclonal antibody (1:2,000 dilution; A2228, Sigma—Aldrich),
rabbit anti-p-JNK polyclonal antibody (1:500 dilution; SC6254, Santa Cruz), rabbit
anti-JNK monoclonal antibody (1:500 dilution; SC571, Santa Cruz) & UX rabbit anti-
TNF-a monoclonal antibody (1:1,000 dilution; #11948, Cell Signaling Technology) %
A7z, “IRPUARIZIZ horseradish peroxidase-conjugated goat anti-rabbit antibody
(1:1,000 dilution; 32460, invitrogen) A U horseradish peroxidase-conjugated goat

anti-mouse antibody (1:1,000 dilution; 32430, Thermo Fisher Scientific) % FHV 7z,

2-2-9 IEMEFRFEFE (reactive oxygen species: ROS) DHIE

RAW264.7 ffNIZ BT DIHTERRFEEORE D=, FKIEE 10uM 725 X
9 1Z CM-H2DCFDA (Thermo Fisher Scientific) % B icysoin L7z, #INE% &
W1 KEgICwVTF AR ha~vA 7 a7 L — kY —F— (Varioskan Flash;
Thermo Fisher Scientific) % W THIER & 488 nm (B3E K 525 nm) OEOLHK

REHE L,

2-2-10 FEFHFHIMRAT
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FEERAE X EE + AEYERE S (SEM) TR L7z, #EEH2A0722 ek, SPSS
(IBM, Armonk, NY, USA) % H\ T Student’s t-test F7-1% Welch’s t-test {2V

1ToTe, EBRERD 5% ARz AEAAD & LI,
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3T SEBRAGH
3-1 SMNA7 ¥ U A|ZH1F 5 SMN-ASO DIEH

SMN-ASO 7% SMNA7 v U 2 KIF T HEZFTT 5720, SMN-ASO &/
%2 HH® SMNA7T v 7 AZHENE G- L2 (Fig. 11A), A% 11 B BICHER %
L. SMN # o RV EORBELZ VT A X 7 uy MEZKYER LT, %
Bl 2 LR L SMNAT < 7 ADFREIZIIT 5 SMN & /X7 B O3B &
(XA LTH Y, SMN-ASO OFHIZI Y SMN & >RV B ORBL &N EIC
¥ L7z (Fig. 11B, C),

SMNA7 ~ 7 ADERFHEA L U, AR O CEYAEFRIR; 13.6 H).
REJRD, EEEIEIS T2 E M BTV D (21), SMN-ASO OEM & MRFEd
D72 AWFETIL SMNAT ~ 7 2 DRE K& ONEEIEEE 2 74T L 72, 4% 10 H
HLAKE, SMN-ASO DO 51250 SMNA7 ~ & A DOREIZITHIME R 23588 5
iz (Fig. 11D), BEMF~ U A OEBERESEMI D72, EMBIRFRER (righting
reflex test) Z1To7-, TNLIVRIERS, THICH-544% 4. 8 HE TIL.
SMN-ASO #¢5-8f L MM-ASO #& 5B B 1E [A) S5 O SO IR 0 221378
D oo Tz (Fig. 11E), —J7 . IWHERINZ H7= 2 4% 11 H H TiZ MM-ASO
Be G L i L. SMN-ASO #5-HEC 38\ TUE A SRR O RS RER O 1 72
FBRENFRD b7z (Fig. 11E), 2 HOFER LY . SMN-ASO % SMNA7 ~ 7 A

DI RERE O EEIHEREIX T 24l 5 2 L SRR S vz,

43



A

i.cv Sampling
Birth 4 |
PO P2 P3 P4 PS5 P6 P7 P8 P9 P10 P11
| | | | | | | | | | | .
I A A A
| A : Righting Reflex |
B D
WT MM SMN
pr— - 37 kDa
SMN — 8r —WT
7F MM
B-actin -37 kDa - SMN
C 2.
E 5¢
12¢ 2
1 s 4
1F > 3F
= 3
"g 08 m 2+
< 0.6 1F
Z
= 0.4 * ol——
e T 2 3 456 7 8 91011
02r iiid Postnatal days
0
WT MM SMN
E
P4 P8 P11
H#t
60 iy 60 i 60 -
50 T _sof T 50
g 8 [ b
&40 r 840 340} T
230 &30 230
[} S S
§ 20 § 20 E 20
10 10 10
WT MM SMN WT MM SMN WT MM SMN

Continued on the next page
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Figure 11 SMN-ASO ameliorated motor function deficits of SMNA7 mice

(A) Scheme for the intracerebroventricular administration of ASO. MM-ASO or SMN-ASO (8
pg/body) were administrated at P2. The mice were weighed daily. The righting reflex test was
performed at P4, P8, and P11. (B) Representative immunoblot images of SMN in the lumbar spinal
cord. (C) The quantitative analysis of SMN protein level in the lumbar spinal cord (WT group: n =
8; MM-ASO treated group: n = 7; SMN-ASO treated group n = 7). #P < 0.01 vs. WT group
(Student’s #-test). *P < 0.05 vs. MM-ASO treated group (Welch’s t-test). (D) The body mass curve
of SMNA7 mice (WT group: n = 8; MM-ASO treated group: n = 7; SMN-ASO treated group n =7,
Student's #test). (E) The latency of the righting reflex tested at P4, PS8, and P11. (WT group: n = §;
MM-ASO treated group: n = 7; SMN-ASO treated group: n = 7). #P < 0.01 vs. WT group (Welch’s
t-test). **P < 0.01 vs. MM-ASO treated group (Welch’s #-test). Data are expressed as the mean +
S.E.M. MM; mismatch-ASO, SMN; SMN-ASO.

3-2 FHET =2 —n KO Y THIRIC)T % SMN-ASO OfEH

FHEAAMIAFAET DM Z L4 & D K 512 SMN-ASO DIER & %1F %
MERRET D720, ASO I E B DEH =2 —n > T A bt A hEI 71
7V T O AT Lz, HEREMICHI-DER 5 BBROBFAR < T X L
SMNA7 ~ 7 AJEREIZ I T, SMI-32 (50 = = — v A3XF AT I 0Am L
TUW/= (Fig. 12A, B), ¥~ X LIklg L, SMNA7 =7 ZAEFREIZIBN T,
SMI-32 [P = = — v VB A RIS LTc, L L7 6 SMN-ASO O
FHIZ XD SMNA7 ~ 7 AFFRED SMI-32 tEiESh = = — v VI H B2 b
LR B L7 Ny - 72 (Fig. 12A, B),

FEWTIbal Bt 7 v 77U THITHOW TG LT, BEH & [RIERIC (46,47) B
A~ 2 L L. SMNAT = U ZAFRATAIZB W T Ibal I 77 U7
BHOAEIHEM LT (Fig. 12C, D), BEREW Z & 12, SMN-ASO D52 L1 |
SMNA7 = 7 AFRRTA O Ibal BtEI 7 v 7 U THBAEICHED Lz, —F.
FREZAIFET S Ibal BEI 7 027 ) 7TV T RORMIZEB N TH EIX

D HIL7e o 7= (Fig. 12C, D),
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D3N T CD68 [t AL I 7 v 7 ) TH A L7z, B4R~ T 2 & g
L. SMNA7 ~ 7 AFHRTAIZIV T, CD68 BathiGt b 7 v 7' ) 7 i3 g R
HM L7 (Fig. 12C, E), SMN-ASO O#:5IZX YD, SMNAT ~ U A FKHERIA D
CD68 BHIMHIENEAL I 7 v 7 ) T WA B Lic, —F ., EH%AICHFET S
CD68 [HEIEMEL S 7 v 77 U TITWF R ORERIZ BN T H AT b o
7= (Fig. 12C, E),

W%, GFAP BEtET 2 b e MRARGET Lz, BEOHRERIR & FERIZ
(51). BRI~ 2 Ll L, SMNA7 ~ 7 AFHRITAIZIB VT, GFAP [GiET
A baYA FAEEICHEM L (Fig. 12F, G), SMN-ASO D#5-(Z X ¥ . SMNA7
~ U AFHERTA O GFAP [T A h vt o MR AR L2y, HEEHE
MR BEETRD N o e, —J7 . FHikAIAFET D GFAP BitE 7 2 K
2 FUIW T OREMICB W T S ZTRRD b v - 72 (Fig. 12F, G),

IHHDOREND, SMN-ASO 23R R DB Tl = = — 1 07 A k
2 A MAEH L22nw—07, 27 a7 U TIHEM LZO% O EEIFERER T
FWEMR 27”8 LTV 5 AlREME DS RIE S T2,
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Figure 12 The effect of SMN-ASO on motor neurons and glial cells.

(A) Representative immunoblots of SMI-32. The upper scale bar shows 300 um. The lower scale bar
shows 100 pm. (B) The quantitative analysis of SMI-32 positive cells/Hoechst in the spinal cord of
SMNA7 mice at P5. Data are expressed as mean = S.E.M. (WT group: n = 11; MM-ASO treated
group: n = 7; SMN-ASO treated group n = 8). “P < 0.05 vs. WT group (Student’s #-test).

(C) Representative fluorescence image of Ibal and CD68. The upper scale bar shows 300 pm. The
lower scale bar shows 100 pm. (D) The quantitative analysis of Ibal positive cells in the spinal cord

of SMNA7 mice at P5. Data are expressed as mean £ S.E.M. (WT group: n = 11; MM-ASO treated

Continued on the next page



group: n = 7; SMN-ASO treated group n = 8). #P < 0.01 vs WT group (Student’s z-test). *P < 0.05
vs MM-ASO treated group (Student’s #-test). (E) The quantitative analysis of CD68 positive cells in
the spinal cord of SMNA7 mice at P5. Data are expressed as mean £ S.E.M. (WT group: n = 11;
MM-ASO treated group: n = 7; SMN-ASO treated group n = 8). P < 0.01 vs WT group (Student’s
t-test). *P < 0.05 vs MM-ASO treated group (Student’s t-test). (F) Representative immunoblots of
GFAP. The upper scale bar shows 300 um. The lower scale bar shows 100 um. (G) The quantitative
analysis of GFAP positive cells in the spinal cord of SMNA7 mice at P5. Data are expressed as mean
+ S.E.M. (WT group: n = 11; MM-ASO treated group: n = 7; SMN-ASO treated group n = 8). P <
0.05 vs WT group (Student’s ¢-test). MM; mismatch-ASO, SMN; SMN-ASO.

3-3 SMNA7T ¥V ADFHI 7 v 7 ) TIZBIT DBEA N L A= —I— D3
]

SMNA7 ~ U ZDFRMI 71 7 ) 7 OFFMR R 8z A 60T 5720, IEME
55812 X 5 DNA O~ —H—Th % 8-OHAG DFIHLE WAL L71=, #ER~
U A LWL, SMNA7 ~ 7 ZADOFREICEBV T, 8-OHAG BED I 7 a7 U 7o
HEDAEICHEIN L7 (Fig. 13A,B), —J. SMN-ASO O 5128V SMNA7
~ U AFREICIIT D 8-OHdAG Btk X 7 v 77U 7 oEIG 3 LTz (Fig. 13A,
B).

LU EDFERNS, SMNAT ~ U ZOFHI 7 v 27 ) 7 TIIMAN O A k
VANTLEL TEY . SMN OMFEIZ LY 2T L2k A b L R 13 BnH &
N5 Z &R I NI,
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Figure 13 SMN-ASO suppressed oxidative stress in the spinal microglia of SMINA7 mice

(A) Representative fluorescence image of Ibal and 8-OHdG. The upper-scale bar shows 300 pum.
The lower scale bar shows 100 um. (B) The quantitative analysis of 8-OHdG positive cells in Ibal
positive microglia in the spinal cord of SMNA7 mice at P5. Data are expressed as the mean + S.E.M.
(WT group: n = 11; MM-ASO treated group: n = 7; SMN-ASO treated group n = 8). #P < 0.01 vs.
WT group (Student’s #-test). **P < 0.01 vs. MM-ASO treated group (Student’s r-test). MM;
mismatch-ASO, SMN; SMN-ASO.
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3-4 RAW264.7 ffdZF1T 5 SMN / v 7 &0 DIEH

INETOERMERLD . SMNA7 ~ U AFHTIEII 7 v 7Y 7 AEMLT
DT EMRSNTL, SHIZ, ZTRH ORI SMN-ASO (2L vl sz Z
EMB, SMAJRIEIZE TSI 277 )T D SMN Z N7 EOXREN, 171
7V T OEM LA EEZ L, WEEECEG TR H 5 B2 6D,
ZOEFRIZOWTHRGEST 27280, vV A~ 7 17 7 — Uil RAW264.7 [ZF8 1T
% SMN # > /37 B % siRNA Z /- RNA T kD /v 7 XL, 2D
H%ORBAIZ R LT,

SMNSiRNA O kT v A7 =7 3 3 48 Witk Bt ay ho—LiEL
LB L, SMNSIRNA 7 VA7 =7 v a VRECEBWTHER SMN # 37
DO % Wi L7z (Fig. 14A, B), Hi\ T, in vivo T H 172 SMA JHEE T D
a7 T OBEA N ZADTUHEIZ, SMN Z XV EREET LGN E
EHERICHREET 572, SMN % / v 7 X0 Lz RAW264.7 MifldiZ 31T 5k
fEA L ZBERF DR B2l L 72, SMN / v 7 #0721 ) RAW264.7
NN OFEMERR A XA EICHIN L7 (Fig. 14C, D), & 512, LA L RIC X
VFEEIND LA X7 F —F (heme oxygenase-1: HO-1) D IFEHL ¢, |
RAW264.7 HMIfRIZHIT D SMN J v 7 XAl X0 GEICHIN L 7= (Fig. 14E,
F), Z2NOOfERND, 27u 2 U TIZBIT5 SMN ¥ o) 7 ORI
£ UM ROS PEAE DR L (LA N L ARTUET 2 Z L AR ST,
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Figure 14 ROS production was increased in SMN-depleted macrophage cells

(A) SMN protein expression was examined by western blot analysis in RAW264.7 cells. (B)
Quantitative analysis of the expression level of SMN protein (n = 4). **P < 0.01 vs. NC (Student’s
t-test). (C) Representative fluorescence image of CM-H,DCFDA. Scale bar shows 50 pm. (D) The
quantitative analysis of CM-H,DCFDA positive cells (n = 6). **P < 0.01 vs. NC (Student’s #-test).
(E) HO-1 protein expression was examined by western blot analysis in RAW264.7 cells. (F)
Quantitative analysis of the expression level of HO-1 (n = 4). **P < (.01 vs. NC (Student’s #-test).
Data are presented as the mean = S.E.M. NC; Negative Control, SMN KD; SMN knockdown.
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3-5 SMN J v 7 &7 2 F D RAW264.7 FIEIZ 31T D 2B K 1~ D 3

27 a7 T IEHHEAER R O SIE OS2 HIE S S L i T h v . I
77 U 7N TOMBANEEA L 2AOTLHEIX INK X° NF-kB O U U fefb a4t L
TRIEMAT 4 = —F —ORHZRET HZ NN TS (52, 53), £ 2
T, 277 U TS5 SMN % 87 EORBEDIC L Y INK KT NF-kB
DY BERTUET D NENERIET D72, SMN /v 7 X7 UFET O
RAW264.7 #JEICI1F D INK KON NF-kB O U VbR ORBEE G %2, v
Zr7my MEZEIVFHMEiL7Z, SMN %/ v 27 Z0 LT- RAW264.7 #fidiZ
BT, INK L O'NF-kB OV U EEARDOFRBLEOFIE N A EIZHEI L. (Fig
15A-C)y FEWTRIEAT 4 =— X —D 1 i TH 5 TNF-0 DFIEE T LT,
UIAL T 0y MER ORI YA K D R R OB & O
DFER, SMN % / v 7 Z 7 L= RAW264.7 A28 T TNF-a DR B &N
AEIZHEM LU (Fig. 15A, D-F),

PLEDOFER LV RAW264.7 MIfEIZ3517 5 SMN & > /37 BH DR B X
W INK L OYNF-kB D U Al 3 it L, & SIZ Tt TNF-o O EEAE BN R

THIEEZHOLMNI LI,
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Figure 15 SMN-depleted macrophage cells mediated inflammatory response

(A) p-NF«B, p-JNK, and TNF-a protein expressions were examined by western blot analysis in
RAW264.7 cells. (B) Quantitative analysis of the expression level of p-NF«kB protein (n = 4). *P <
0.05 vs. NC (Welch’s t-test). (C) Quantitative analysis of the expression level of p-JNK protein (n =
4). *P < 0.05 vs. NC (Student’s t-test). (D) Quantitative analysis of the expression level of TNF-a
protein (n =4). **P < 0.01 vs. NC (Student’s #-test). (E) Representative fluorescence image of TNF-
a. Scale bar shows 50 pm. (F) Quantitative analysis of the fluorescence intensity of TNF-a (n = 6).
*P < 0.05 vs. NC (Student’s ¢-test). Data are presented as the mean = S.E.M. NC; Negative Control,
SMN KD; SMN knockdown.
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RGBT, SMA ET /L~ T ADFERHICBNTHEMLZI 70707
23, SMN-ASO DEEIZL VR T 5 Z ENHOLNITRoT, Hi4 5 HEHDE
BETIiE. SMNA7 ~ U ZAFRICB N T, EHF =2 —a OBD KT A hat
A N OBMABFED BTz b DD SMN-ASO DEHIZ L 2T/, 2/ n s
U 7HE D773 SMN-ASO DEEZ W2 T o, MEOHFHIHBNT, I/ 1
70 T HROHIE Clq #AER & L72Pt Clq A DOEEIZ XY | SMA v T 2D
BEEREIC T 2R S Z e SN TEY (549, 27r 27U 7L SMA
JRAEDIRRIE L 72D Z ENRB I TV D, L2 > T, AR TRD b
72 SMN-ASO IZ £ %5 SMNA7 ¥ U ZADEEIEREDUGEIZ, I 717 U T OflE
N TFE LTV 5 AR R ST,

AEIOBIEZ LY, SMNAT =~ U ZAFHOI 7 v 7 ) 7 TIHBEA F L AR
JLEELTH Y, SMN-ASO OEHIZ X VN L7z A b U A3 Sh s 2
EMIABINETR ST, BT, SMN &/ v 7 XU LTz RAW264.7 #ifldiZd
WT, ROS FEABEDR K OBILA b L A2 XV FHE S5 HO-1 OFRBLAEY
MLTHEY , ZNLORRND SMA JHRE T TIL SMN # /X7 HDRZIT
T 77V T7HOBA FVANTLHET D EEZEZ NS, HEHj=2—1 (i
BWTH SMN ORI X VAN O ROS FEAENTLET 2 Z L BAMLNTE
D (55, 56). FEAx OFILIZEBVT SMN # X7 EREEA b LA EIHT 5
WA AT LI ENTIRIND, H 1 ETHib/m&BY, SMN ¥ 37 H
I microRNA FEAEICEA G5 (13), THATRERICI T 2 MlamNmt 2 kLRI
% LA 72 B BE 2 3 % microRNA @ 1 ffi & L C microRNA-375 2351 54T
FY (57). SMA £ iPS Allfa i ESB) = = — 1 > Tl microRNA-375 OFEHL &

WA T 5 (58), L7273 - T SMN Z X7 DORBENEAD LIz E# = = —
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a7 v s Y 7 T, microRNA-375 ORI 2/ L CRIKEN DR A
NUADEINT D RN H D EEZX BND, LML, SMN Z R T7EIFA
T AT TS RNA G2 SI2 6B -> T Y (10-12), FHM 78848 O fi
IS HROMANBETH D,

27 u s ) TNTOMBNEREA L ADTTi#EIL, INK =° NF-kB OV fg
BZ I U TRIEVERA T 4 =— X2 — O ZRET 5 (52,53), vV AI
U 7l BV2 IZ8WT SMN @/ » 7 #5728 - T NF-kB 23EME(ET 25 2
EMEEINTED (59), ABFFETH SMN % / v 7 X7 L7= RAW264.7 #l
B2 F T INK S OYNF-KB O U {23 7T L, SMN % > 237 B 53 NF-kB O
EMEEZHIEL D 5 2 EAVRE S NTZ, E3 X% F 2 U H—E ThD TRAF6 I
NF-kB Z{EMAL S & 21EFHZA L THY (60), SMN ¥ > /37 E L TRAF6 D%
REZIHIT 5 Z e TNS (59), TRAF6 I INK Z{EMH LS L1EH
BT DI LD (61), AREFED LI INK OIEME(LIX, TRAF6 OFSREE A L
TWHAREMEDR B D & X biILD,

AHFFEIZ IV T, RAW264.7 IS D SMN D/ » 7 #5721 Y TNF-
o ODFBENEINT L2 EBHLNERoT, ZOREIL, WEICHRESINT
W5 BV2 flifdiZsiT 5 SMN /w7 X0 2 KD TNF-o OFBLEOHNN L 5
JEL7Z2W (59), THNHOFEEMNS, SMN OKRBIZEY I 7127 Y 7O TNF-a
DOEEAERPHAR L, BEf= 2 —n Ok LIEENICERT 5 2 L BRg S s,
TNF-o #5% = = — 12 L [ 3|2 %F L | neuronal apoptosis inhibitory protein (NAIP) 73
PRAHEMICER T2 Z LR HE SN TWHDN (62), NAIP En1X 17 SMA
FHDK 50% TRENDBOHHILD (63), WZIT, TOX ) RBIETFHIEREA
T HHEETIE, EE =2 —1 O TNF-o (2T DN L0 &< 72 5 alRetk

WD EEZOLND, LIEN>T, AFETHLNI LI 7 m 7 Y TIZB1T
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LI RE A HIET 5 Z & 13 SMA O RBVRIBFIEIKIZ /20 5 2 & BEZ HiLD,
ARETIE, 2707 U 7IZBIF% SMN Z > X7 BN OBIEA K LA
MORIEVEAT 4 =2 =DMl T2 Z L 2W\ 6L, 1EEGDYE
PHSHERRIZ IS D SMN & L7 B OMRED EHENEZ R Lz, IRETIXS HIZ
KIYFAFER T D SMN ¥ > 37 B OBREZ fE T 2 728 SMA O FIHRAEINLO 1

DTH D EA TD SMN X X7 EDOABEREIC DWW TREEEZ T2 7,
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F3E CBERHOICEBIT D SMN X7 B OEE

SMN % > /R 7 B TER) = = — 1 > DAL OFERE D HERF I e e B &
7L THY., SMAJREE T CIL SMN # U X7 DO RBIZE Y EBj==2—1 O
FEENAEC D (2, 64), SMA RIS D EHHZEMIL, B % il 2 i
= a—n ORKITER TS FEMEZEN) ERFEICDIVEXALNTE
7z, —7Ji. Cifuentes-Diaz &%, ~ 7 A FIHFFFEN7Z2 SMN OXKEN, BHE R
EHARLRROZEFZSI X T2 2N LTS (65), X HIZ Kim ©
IZ K> TERGREANZ SMN ORIBIZE YD ~ U 2AOMRHEA T ORE & &
HAEMPRD OGN LN RSN E EBIT, 2O ORBAN SMN & >
NIBOMFBICLVUET L 2 Enltrsns 23). MLEOARIE, SMA i
BEICBWCTEKZ O b DOIZHELT 5 SMN & 287 B OWD IS E RN B #
MR BT DA RRENRH D Z L 2R LTS, L LD, B

o

BT D SMN Z L R DORENZOWTRIEE A EH LM EN TR,
EARSAFARAR I I, AR I T O R P A (AR AN EE LS
FELTEY ., HHEANEE LB I8 O i 25 L, ko
A HET D (66), Wi RAINITIHAZMILTH 0 | AP O hfHE DS e L1
K OIEMET D &, B - M L2 L 72 5, & OITHEEROF Hialm L
PGS 22 8T EMIE 720 | BT RERY 72 B RS AR 2 TR R D
SO TH DM~ b T 5 (Fig. 16) (66-68), Z Dok - ik
ROMFEIZIBNTIE, Akt &7 FIVDTEHEALZ I LTe & X7 B A OB EEDS
HE LD (69), Tz, IFMIEE L ORAEIZ X 5 2EITIX, caspase-3 DIE
MR HZHTH D (70),
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Figure 16 differentiation of muscle stem cells (Satellite cells)

s 2R O I, B EMRSIE TICB T 2L TFEL TS L
EZOLNTWD, BlxiX, HiZEfz FEREE T OBBMEEETHLIMUA be
T4 —DET VT AT T, B AR oo i S R ONC i AR o

RN

TEIZOWNWTIE, ~ U ZADOBREHFFENZ SMN Z X7 O RBIZE Y,

TAEDHEIND Z I AEMSEEET S (71), SMA JRREIZE

=

BAEDOZEALDEGWIMET T 5 Z ERFEINTWND (23), & HICHHEEH

&

o B EE 3 5 D in vitro EBRGRIZEB W TH, SMN O KIEDSHIE 2124k % 3
THZERRSINTWD (72, 73), LA > T, SMA JHEEICI N CTILiES)
Z=a—u O EIFMSL LT, ERHMO SMN Z o7 ERRET 5 Z
TRV MEREAME T L, JWBIZRICH ST 2 rREEREmWnEEZ biILD, L
INLZRIS B, SMN Z /87N ED X ST bz flis 2 D £ OFEH7e
BRI AACH D, 22T, B3 ETITERMHMILOSIZIEBIT S SMN &

ST BEORENZ DOV TG LTz,
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F 28 EBRME KOG
2-1 EEAE

FBS. Lipofectamine™ RNAIMAX Reagent, Opti-MEM, Stealth RNAi™ small
interfering RNA, Hoechst 33342, Alexa Fluor 546 donkey anti-rabbit [gG, Alexa Fluor
546 goat anti-mouse IgG, horseradish peroxidase-conjugated goat anti-rabbit antibody .
horseradish peroxidase-conjugated goat anti-mouse antibody., Alexa Fluor 546 donkey
anti-mouse IgG ¥ Thermo Fisher Scientific(Waltham, MA, USA), horse serum, -~
~ h¥T U, =4 T, mouse anti-B-actin mouse monoclonal antibody /% Sigma
Aldrich (St. Louis, MO, USA), U % /K377 U 7 A (potassium dihydrogen
phosphate: KHoPO3) . UV Eg/AKFE T N U 7 A - 12 KF04 (disodium hydrogen
phosphate 12-water: Na;HPOs3 + 12H20), U Y[ —/Kk%E T+ MU U A K
(sodium dihydrogen phosphate dehydrate: NpxHPO3 * 2H,0), % 3/ L >3 v #{b5
T EE#R 4L (Osaka, Japan), rabbit anti-cleaved caspase3 monoclonal antibody .
rabbit anti-p-Akt monoclonal antibody, rabbit anti Akt monoclonal antibody /3 Cell
Signaling Technology (Beverly, MA, USA), <> h/S)LE X —)L TritonX-100 (&
T3 747 A7 (Kyoto, Japan), ~=U > A K LT h~A T L Meiji Seika
7 7~ R4 (Tokyo, Japan), PFA, =% /—/L A7 ua—RX|TE L7 AV
LR REERR A S 4L (Osaka, Japan), /X7 7 ¢ >, O.C.T. compound (X% 27 7 7 7
AT w7V XU EEE (Tokyo, Japan), AT A N7 7 A IMIRIE T L3
(Tokyo, Japan), super PAP pen |3 K18 (MR (Tokyo, Japan), goat serum |3
Vector Labs (Burlingame, CA, USA), anti-Ki67 polyclonal antibody {% Merk Millipore
(Billerica, MA, USA). mouse anti-myoD monoclonal antibody ¥ Santa Cruz
Biotechnology (Dallas, TX, USA). mouse anti-SMN monoclonal antibody (% BD

(Franklin Lakes, NJ, USA). mouse anti-myosin heavy chain monoclonal antibody %

59



R&D Systems (Minneapolis, MN, USA). C2C12 #fif@diZ European Collection of

Authenticated Cell Cultures (Salisbury, UK) X 0 B§A L 7=,

2-2 FEBITE
2-2-1 FEBREW)

SMNA7 ~ 7 A5 1 & 2-2-1 TRLUEEME AW, BERRILREIRE:
24°C (FFA#iPH: 22 ~ 26°C), X TILLE: 55% (FFAFH: 40 ~ 70%)., ARG 12 I
il (BB 2Rl 8:00 ~ “F1£ 8:00) IZHERF L. X ToO~ 7 A XA B#AK TICEH
Btk a5 2 THE Lic, T X COERIL, IERERKFEMEE - B)FE5HR
ZEXCEYERPTE LTV, 2% ECEM L, B s S s)
Wi, I RIER R ANAL A —T7 7 1 —FADCTEB A M EBRHGE 21T
W FFRT AT LTz,

2-2-2 = A E

BETRLHEITE 1 2222 ICHEL TTHo 1=,

2-2-3 HifukEEE
~ 7 AR FEMINERE (C2C12) 1 10% FBS. 100 U/ml penicillin & T 100 pg/ml
streptomycin % #8J0 L 72 DMEM % T, 37°C, 5% CO, IZ THEE L7z, 60%

AN NMIELEEE TR IV B K DR EIT o 72,
2-2-4 RNA T
C2C12 MR EME AR E 10%FBS DMEM % FV T, 96 well plate J2 O 24

well plate [ZHEFE L, 37°C, 5% CO: 5/ T 24 IffH]55# L 7=, Lipofectamine™
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RNAIMAX Reagent (Thermo Fisher Scientific), i&{x 18 A HE5H# Opti-MEM
(Thermo Fisher Scientific) M OV Stealth RNAi ™ small interfering RNA (siRNA,
Invtrogen-Thermo Fisher Scientific, Calsbad, CA, USA) DIRSTERZERL L, £5ih
(AN LT 2 nM Stealth siRNA OFAZ1T 572, Stealth siRNA (355 2 & & [Fl4R
Db D& LT,

BAR THA 48 IKFH I HUAEME AN 2% horse serum DMEM (215 HiLZ A5 #3 L |

MlRgERea RN o2 Z Ty T 4 IR LT,

2-2-5 ~ U A B O
2-2-5-1 JEWREE

VRS hoLEHE — b MY 7 A 50 mglkg EMEPENT G L, RREY
X, ~URAEBWL, XU RAXR T RO 34G O E O TELEN
(oK% PBS 1 EA L, #EVlIm L7z, ¥IZ 4% PFA &4 0.1MPB (pH7.4) % 8
SYFHEAN U CHERIEE 21T > 7. WERERS 241 L7=%. 4% PFA & 0.1 M PB
I27C 4°C T 24 BERIERE L. DUV\T25% A2 m—AE4H 0.1 M PB (pH 7.4) &

|2 4°C T 24 W& E L7,

2-2-5-2 ARG R TERL

D% T0%T 5 ) —/ 2 K, 90% =% / —/)L 2 FFfH, 95% =% / —/L 2 Ik
M. 99%=% 7 —/v 12 ], KT % /7 — L 2 RFffx2 [A], F L2 2 IEfHx2
[\, F L 12 FEHE, @R T 7 ¢ 2 2 RefE]x2 [\, @R T 7 0 2 12 R
DNEIZRESETe, NTT7 4 A THEERZ O L, 278 h—2A (Leica,
Tokyo, Japan) ZH\W\T, 5um OUIFZER L7, AT A4 7T A2 (IMREET L

H#) IO 37°CIZT 1 Hig L, =IBICTRIE LT,
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2-3-53 A~V RFUY U mF VUYL

WRIT 4 VO EX L ACR L, NT T 4 TR Lz, fitl O CTEFERIIC
T —VREZ T TERICR L, R KICRE L%, ~~v hFv U U)K
25 . =AY UARIC S pRIR LT LT, Ok, BEREIC T L a— L

REZ PIF7-WRIIRUTHAKL, ¥ L TEMLIEE, BAZIToT,

2-2-5-4 KA

HERE 5 D W FE S Fe K T do o T E T 2 KA B 3 mm OALEIZIS W T
REFERL, T2 iTo7o, J0BIId — A U a GBS (Keyence,
Osaka, Japan) % H\N Tl Lo, ABRHERTERE 2 -3 5 72, 20 (FDfFERT
R AT o T2, FhRRHEWT I AE 1 X Image J (National Institutes of Health, Bethesda, MD,
USA) Z MW TR L7z, EM FICBW TH—OHEHE 1 8174729 100 A&
O MR AME A 2 HIE L7z,

2-2-6 VU AFHRES O G A
2-2-6-1 EPREE

VRN RV EH — b R U T A 50 mglkg B RERENSE G L, RRE
SHz, v RAZBML, XU RZ R T RO 34G OFGEH 2 OV TLELEN
\ZoK#% PBS Z1EA L., #EWAGIN L7=, ¥KIZ 4%PFA &4 0.l MPB (pH7.4) % 8
SrEAN U CHERIE E 24T - 7o BENERS 24 L721%. 4% PFA %A 0.1 M PB
2T 4°C T4 BEEHE L, DU\ T25% A7 1 —AE4 0.1 M PB (pH 7.4) %

|2 4°C T 24 FEfEE LT~
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2-2-6-2 AR ERL

Wilk2E# % AV T O.C.T. compound (T & 0 #i#E L, #H)94 5 % T-80°C 12T
rfF L7z, O.C.T. compound |Z X » THifE LIZBEEfZEE L, 7 VAR Z > b
(Leica, Wetzlar, Hesse, Germany) % FHV T, -20°C T/E & 10 um OUIH Z/ERLL |
MAS Z—7 4 T SN AN—27 T A (FAIRAET 12, Osaka, Japan) [Z#H,

-80°C CTHRTE L 7=,

2-2-6-3 SRS

JefalRy, -80°C LV BRASUIA ZHeY H L, -20°C T 2 BpfElfki&E L 72, 4°C T
1 RFFE L. & BICEIR T 1 Rz X872, £ D%%. Super PAP pen (Kif FE
¥Rt TSRO 2R T DIZB R O EZ AT, 5% goat
serum (2L VD 17 0wy X T 5ToT, 7R yX 7k, —IREUE GBI
5% goat serum A PBS) Z MU T 4°C T—HuUL W70, Dk, _IRPUE
(FAE; 5% goat serum & 45 PBS) & OF Hoechst 33342 % 1 B G S W72, Yufn
%, ZrAu~v s b OKIEEEAEM) TEH ALK,

— PR IZ X anti-Ki67 polyclonal antibody (1:250 dilution; AB9260, Merk
Millipore) [ U} mouse anti-myoD monoclonal antibody (1:200 dilution; sc-377460,
Santa Cruz), _IRFLIKIZIZZLZ 41 Alexa Fluor 546 donkey anti-rabbit IgG (1:1,000
dilution; A11040, Invitrogen), % L < I¥ Alexa Fluor 546 goat anti-mouse IgG
(1:1,000 dilution; A11018, Invitrogen) Z= 7z, £z, X7 472> bua—L
T, —RGUERZ bR < LOMIFERRO#EMEZAT > 72, Get L7281 /13 BZ-9000 HS
F—v A T EEBEE (Keyence) & AW THrsZ Lz, g ®ilIcE £ 5
B PEAia gk % Image ] CH U FLEE LT, B FIZBWTH—ORIESE N

HE L,
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2-2-7 UTRZ Ty MElt

VAL 7wy MEFTIE, 1 E2-2-5 1 E TTo 7,

—IRPLARIZIE. mouse anti-SMN monoclonal antibody (1:1000 dilution; 610647,
BD Biosciences), mouse anti-myosin heavy chain monoclonal antibody (1:250 dilution;
MAB4470,R&D Systems), rabbit anti-cleaved caspase3 monoclonal antibody (1:200
dilution; 9664s, Cell Signaling Technology). rabbit anti-p-Akt monoclonal antibody
(1:1,000 dilution; 9271s, Cell Signaling Technology). rabbit anti Akt monoclonal
antibody (1:1,000 dilution; 9262s, Cell Signaling Technology) & O® mouse anti-B-
actin mouse monoclonal antibody (1:2,000 dilution; A2228, Sigma Aldrich) Z HV 7=,
T IRPUARIZIL horseradish peroxidase-conjugated goat anti-rabbit antibody (1:1,000
dilution; 32460, Invitrogen) A OF horseradish peroxidase-conjugated goat anti-mouse

antibody (1:1,000 dilution; 32430, Thermo Fisher Scientific) Z HV 7z,

2-2-8 s Yt

PBS Tz ¥ L7-1% ., 4°C T 2043, 4%PFA (T 747 A7) T
£ L. PBS THEWH Lz, X2, Mlaz 4 °C. 30 7M. 5% goat serum &
U 0.1% TritonX-100 (74 7 A4 7 A7) &4 PBS T, HRIZT1 M7 =7 v ¥
Y7 LT, ZHWT, fit\ T, 4°C T, —RPUKRE UGS BT, D%,
TWRYUEREEIR T 1 REEOS &8z, 1 IRPUAIX anti-myosin heavy chain
monoclonal antibody (1:400 dilution; MAB4470, R&D Systems)% V7=, —IKFLIK
(21X Alexa Fluor®546 donkey anti-mouse IgG (1:1,000 dilution; A11056, Invitrogen)
Z 7o, KU tld Hoechst 33342 Z2 IV TAT o 7o, IRBUARLIFE O 1E3E 1308

WS TFTITo 72, BB PBS T3 EIPEH L7=1%. HS A— /LA U 8
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M#i (Keyence) ZfHH L T L7,

2-2-9 HEEtERISRAT
EERRGE L + AEYERRZE (SEM)Tor L=, #EH 72 beikiZ. SPSS
(IBM, Armonk, NY, USA) % H\ T Student’s r-test £ 721% Welch’s t-test {2V

1ToTe, fEBRZFN S%ATMEBEEZRYD & Lz,
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553 Hi FEBRAGE
3-1 SMNA7 ~ U ZBFEFHIZ I T 2 fh#RHENT K O FEAT

SMNA7 ~ 7 AlX, 2HMED SMN % > 7 EDOXKE% ET 5 SMA T /L
v AL LTHEHENTWD (21), SMNA7 < 7 2D F R ZEME OREEIZ O
THAFET 5729, A% 11 B B O SMNAT ~ 7 A ORE J O RRHERT I FE 2 7 F
filiL7z, %% 11 HHIZBWT, BAEM T 2 L L, SMNAT ¥ U7 ZA DR
FITAZITHAD L= (Fig. 17A, B), #\\ TR D SMNAT7 ~ &7 2 DREIE R D
FRRMERT RS 2 FHAI L 7o fE 3, BpAEM < & X L L, SMNA7 < 7 A JERE )
D N-H AR MEWT A 136 B L7 (Fig. 17C-E),
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Continued on the next page

66



Figure 17 Myofiber atrophy in the gastrocnemius of SMA model mice

(A) The image of wild-type (WT) and SMNA7 mice (SMA) at P11. (B) Body weight of WT and
SMNA7 mice at P11. Data are expressed as mean = S.E.M (WT group: n =4; SMNA7 mice: n = 3).
**P < 0.01 vs. WT group (Student’s #-test). (C) Representative hematoxylin and eosin staining for
gastrocnemius muscles of WT and SMNA7 mice at P11. Scale bar = 100 um. (D) Mean fiber cross
sectional area. Data are expressed as mean = S.E.M. (WT group: n=4; SMNA7 mice: n = 3). ¥*P <
0.01 vs. WT group (Student’s #-test). (E) The distribution of fiber cross sectional area. Data are
expressed as mean = S.E.M. (WT group: n =4; SMNA7 mice: n = 3).

3-2 SMNA7 v U ZFH& AR I81T 2 i o0 BEE R 1 D FE Bl

ARE 31 OFER LD A% 11 BHO SMNAT ~ 7 ABEMEICR VT, i ZEHE
PEITLTWVD Z EZMBIMNT LT, £ 2T SMNAT v 7 AD B ZEME D 47
THFEZAONCT 5720, FREO SMNAT ~ 7 2B 555t
LR T OFEEL A G L 7=, Mg~ — 5 — T o 5 Ki67 PRl o B4 1%
A% 11 HEIZBWT, BAM < T 2 L HEg L SMNAT ~ 7 ZAHEER CTHEIC
J> U7z (Fig. 18A,B), & LIZHLZEMA~ — 7 —Tdh % MyoD Brthililatik o E|
AT AR~ 7 R Ll L SMNAT7 ~ 7 APEIER CHREIZH LT (Fig. 18C,
D), ZAUHDFE I D | SMA JRRE T OFEREAIZ IS T, i 4k B K D FE L
DR T IR 592 Z L SR STz,
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Figure 18 Expression of muscle differentiation related factor in the gastrocnemius of SMA
model mice

(A) Representative fluorescence image of Ki67 in gastrocnemius muscles of WT and SMNA7 mice
at P11. The scale bar shows 75 um. (B) Quantitative analysis of Ki67 positive cells. Data are
expressed as mean = S.E.M. (WT group: n = 4; SMNA7 mice: n = 4). **P < 0.01 vs. WT group
(Student’s #-test). (C) Representative fluorescence image of MyoD in gastrocnemius muscles of
wild-type and SMNA7 mice at P11. The scale bar shows 75 um. (D) Quantitative analysis of MyoD
positive cells. Data are expressed as mean = S.E.M. (WT group: n = 4; SMNA7 mice: n=4). * P<
0.05 vs. WT group (Student’s z-test).
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3-3 U RAMEFMIIZEITHSMN /v 7 X T Al K DI K DT b~ D52
ARFE 3-1 LN 32 IZBWT, £ 11 BHEH®O SMNAT ~ U ZOBEIEFHIZ BV
T, o LB R F DR BUR T & £ 5 B ZERE 1RO b d Z & 2B 6T
L7z, —J5, A% 11 H HO SMNA7 ~ U ABEIER) ClEd Cll#Es = = —r 37
FLOBBEDREITL TND ZERHESNTEY (21). @O b iITES)
Za—n U OREORELZZIT TN EEZ BN, £ CEHl=2—r D
WA CE DM T T EERMMIEN SMN & o 7 BOfhsrt~D 5
LT D70, ~ U AFHFEMIL C2CI2 IZBWTSMN % /) v 7 X7 L
Z DB DB IAEDFEFET OV TR L 72, 20 LBAkA 48 FEREI# 20 5 96 RefI#4 12
2NF T, SMN X U R EOHBUIR T T 7 22 hr—/L siRNA B ARE L L
L, AEICKT L7z (Fig. 19A,B), #i\ T, SMN %/ v 7 X7 U7 5 354
R D% D% Do bREZ MRAET D 72D, /3L HESHE (2% horse serum 2 A DMEM)
TEER. B b~ —h—TH 5 I A HEH (myosin heavy chain: MHC)
DOFRBLEA N L7z, BBV 212, 0 kBits 48 FEE L, SMN /v 7 X'
VERICBW T hr— LRE L R L. MHC OFBLA EIZHEMN LT (Fig.
19A,C), —77., s3fbBiah 72 kTN 96 FFffZIZB W\ Tlk, = b r—/LffE L SMN
J w7 Z Y CREOET, MHC OREBREIIA B RAEITRO bLRhoiz,
AR D 43I PR B 2 MR 235 A L. S5 L 72 A iRAE 2 T K
SNDTD, ML OB O3 & IEOMB 2R3 (67,68), SMN %
S 7 BT LTe BRI COZBALORRE 2 REET 272, 1 HHES72 1
OB AT L7z, 2> b — LR L I L, SMN /v 7 % 7 URETIL,
1 BRHES 72 0 OSSN A E IR L= (Fig. 19D, E), LA EDOFERENS, &
KM TO SMN ORBURTIZ LV . F/bGAGERBEE S D 2 & VR

i,
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Figure 19 Altered expression of MHC and impaired fusion in SMN-knockdown C2C12

(A) MHC and SMN protein expression were examined by Western blot analysis in C2C12 cells. (B)
Quantitative analysis of the expression level of SMN protein. Data are presented as means = S.E.M.
(n=5or7). *P<0.05 vs. Negative Control siRNA group (Welch’s #test). (C) Quantitative analysis
of the expression level of MHC. Data are presented as means = S.EM. (n=5 or 7). *P < (.05 vs.
Negative Control siRNA group (Welch’s #-test). (D) Representative fluorescence image of MHC
after 6 days differentiation. The scale bar shows 200 um. (E) Quantitative analysis of Average
number of nuclei in each fiber. Data are presented as means £ S.E.M. (n=8). **P <0.01 vs. Negative

Control siRNA group (Student’s #-test).
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3-4 < U AGIEFEMEICIIT H SMN /v 7 X7 2 KD cleaved caspase-3 D ¥
Hl~ D

BRI D Z AL OIFRIZ I\ T, caspase-3 DIEMEL R METHH Z &
PHILITWD (70), SMN %/ v 7 20w LT Fiilin C 22 b o R E %
KT S E-MEEZH S NI T 5729, cleaved caspase-3 DX 237 & & sl L
7o Y b — VRETITOMEBEA N D 48, 72, 96 KERI&IZHMT T, cleaved
caspase-3 DX /X7 BNKREIKAFIIZIB L7 (Fig. 20A, B), SMN /w7 &
T UREIZB W TG AR K AEA) 72 cleaved caspase-3 D & L /X7 DO/ A
WD DT, S bBAs 72 Rk, =2 b — L BE L iR L TR E R X X

7 mOWAFED LT (Fig. 20A, B),

A B 14
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Figure 20 Caspase-3 activation was impaired during differentiation in SMN-knockdown
C2C12 cells.

(A) cleaved-caspase3 and SMN protein expression were examined by Western blot analysis in
C2C12 cells. (B) Quantitative analysis of the expression level of cleaved-caspase 3. Data are
presented as means + S.E.M. (n=5 or 7). ¥*P <0.05 vs. Negative Control siRNA group (Student’s -
test).
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3-5 U AHFMAICIIT D SMN /v 7 A8 D U Ul Akt DFEBLA~
DO

BEAS AL D S0 b K O SRHE D IEIAL DR IT IV T, Akt > 7 /L A3 EME
T 22 eRMBATND (69), SMN %/ v 7 X0y LicERHMIZEN
THMMGITIEENE C ST OFEM 2R3 5720, U Uk Akt DIEBL
AP U7z, 0 bBRAR 48 I OBPETIZ, 2 br—L L SMN / v 7
20 UBEDORIT, U R L Akt DFEBLEICH] 5272 213580 b ivZe o 72 (Fig.
21A, B), Zr{bBR%A 72 WL, = b — LBEL BB L SMN /v 7 X0 R
IZBWT, U Uk Akt ORBLEDNAEICEAD Lo (Fig. 21A,B), DWW Tk
A% 96 T CTlX, /22> ha—LfitE SMN / v 7 X 7 U BEORIT, U v
it Akt OFBLEICH B R ZITRO o7z,

A B
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Figure 21 Akt activation was impaired during differentiation in SMN-knockdown C2C12
cells.

(A) p-Akt and total Akt expression were examined by western blot analysis in C2C12 cells. (B)
Quantitative analysis of the expression level of p-Akt and total Akt. Data are presented as means +

S.E.M. (n=5 or 7). *P < 0.05 vs. Negative Control siRNA group (Student’s 7-test).
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ARFETIEL, SMN Z /37 B OFEEED LTz SMA JRRE T Tlg k& mimiie 7>
LEEME T 52 L 2L L, ZOMME L LT caspase-3 &Y Akt OIEME
KTBREET S L2 TH LN L,

HIOIZ, ARFFETH% 11 B H D SMNAT ~ 7 A BRI 3\ T 5
B R O\ EEMRa OB A DT Z E 2SN Lc, A% 11 B HIZRER 72
7 U ARTIERZ S EEEEE L2 BT O REN TH D L L BT, FEAH
723 13.6 BRI Td D SMNAT ¥ 7 RZEB W TIEMDHET LTREZRHITh 5
2L, Lo T, ZHNHORFRIT, FEROIKT & ZFMRMtETICBIT 2 H/E
RO TO HEEZ AT 2R THL LEXOND,

TN T in vitro DFEBRRE VT, SMN # U X7 BHORBUKFIZL Y ~ T A
B RN D oAb D ZBALRENME T T2 2 L 26T L, Z ORI
shRNA # AWl EDmMRA & —BT 5 (72), Mkt & BHEN O D
BUIHRET 5728 (67, 68), SMN # L /X7 E DR ZIZ & D EEALREDIK T,
SMA BEMMRMEOIEIK F 28T\ D LB b5, BRENZ L1, fiZE
AR D53 L B D BePE Tl SMN /w7 X0 2 ) MHC OB 5
DD, AR %D MHC OFBLEICITZETE L) o, 2D &%
SMNA7 ~ U ZHROE RIS Al plid~ — T — 2 0 BRI 63 BT 5
HRE—=HLTND (73,74, THOOFRERLY, HHFEMIICIKIT S5 SMN ¥
VR B ORI LY MHC OREBLRFH & MHC O%BLHIH#% D 22 I FE
BT, Z ORERA R E 234 C 2 aTREME D R S vz,

AWFFEIE. SMN D/ > 7 X0 A2 80 F2ERE O caspase-3 & N Akt DI
M IND Z & R LTSRNV OME Th 5, Hi HMIIZ I T caspase-3 D

TEMEAGITIER 2 E S, SCEEREEZH ) 2 LhHE STl
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(70). SMN / v 7 &' 7 U HHIBIC B W TERO BT SEALEEDIK T, 21t
WIHID caspase-3 DIEMAK FIZ LD L &2 b5, —J., caspase-3 137 4 h—
VADBRIZB T 2B T 2 7 X —L LTHHNTEY (75), EBIHE
=2 —1o 2B D SMN DRZIL, caspase-3 ML ST R F— A%
FETHZLERMEEINTWD (76, 77). £ > T, SMN ¥ XU E|IZ L5
caspase-3 1HTED RS & = D> 7T AR ER K IC I T D MK B0 72 G
WZDOWTIEHE R DR BB TH D,

I BIZSMN /v 7 B AZ X0 b RHI O Akt IEVEDME T 5 Z 38 6
INZ72 o7, AKUmTOR ¥ 7 F ix & o7 AR AT L, i b Ok
MENER ZRHET D720 (69, 78). Akt IEMEARTIE. SMA JREIZ IS 1T & kA D
KTICBEGT 2 AEEERENEB X OND,

F1 BELROEE 2 ECTIR723@Y . SMN ¥ L 87 B3I 4 O microRNA A
BN F LM AN % 2 & T, microRNA FEAEICBEG45 (13), BRI
PIZFEAES 2 fl 2 O microRNA 2 E R Ry b U — 7 ML, fisr b4 fil4E
THZERMBNTEY (79,80). SMA ~ 7 A B KO SMA B ML T
(I b % HI 3 2 H%RE 2 A9 5 microRNA-206 23800192 Z & 3 ST
W5 (81)s L7=Ao T, SMN # U N7 EHOWAZ LY ik Z il %

oot

microRNA v b7 — 7 OEHEAEHE L. T caspase-3 &N Akt IEMEIZ 2
N5 L TRAEHNIT ALREDME T T 2 v RetE i & 5 L & 2 b, A%
IRHERIRD B D,

AMFFETIZ SMN Z 22X 7 B DOFEELN D U Tz B4 i Al 253 (b BRARE A E
FTFBZEERL, TOMHEL LT caspase-3 KON Akt DIEMHEAK FRBEEHT 5
ZEEWLMMT LT (Fig 22), L7=28-> T, SMA JREEICX 9 2 BRI & L

T, R ORI A, BHAALRRD SMN & X7 Hains 5 2 &
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Figure 22 The signaling activation in SMN knockdown C2C12 cells
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HFE K& O am
SMN % /37 B IE, £ ORED SMATRREIZKO RN & 70D Z L3 b T
W5, Ll SMN X 2 37 BOBRRITAI RSN E <, 728 SMN # v /37
BORBIZE VB = 2 — 1 o OEMECEHGHZEN L & D SMA JRREDNZAL S
NDODTH SN > TR, £ 2T, ABFETIE SMA O EJFAEHNL T
B DR VBRI D SMN & 287 B OHHBEREEELH LN T 5 2 &
HIE LT,

H1ETHE, E#l=a—m BT D SMN Z U RTEDT A VY — LR

~DOFE 5 ZRET LT,

1) NSC-34 MifidiZHiF D SMN D/ » 7 X0 A28V TFEB OF B &N HD
L7z,

2) NSC-34 fifaizd17 5 SMN D /) v 7 X AZE0, T4 VY —LDJHERE
WROT A Y — LOMBANIAT DO ZEARTRD bz,

3) NSC-34 flalCd1T %5 SMN D/ v 7 X ALY, T4 VY — LEEER
TRHOFBBEND L, T4V —AEEMET Lz,

4) NSC-34 fifEic31T D SMN D/ » 7 X742 8 Y mTOR ¥ 7 /L BHE A
FORBLENRA LT,

5) SMNA7 v 7 ZADOFHHMICINT, AR TR LG L, 714 Y Y — A
[B38[K] - & OV mTOR 3 7L BE3E IR 1~ DI Bl B3 kb L7z,

92 O, FHMRICFET 217027 U 72815 SMN # VX7 EHD

PERE 2 BT L7,

1) SMN-ASO O# 512XV, SMNA7 ~ 7 ADOFRMKICI 1T D SMN # 2]
7B ORBLENEN L EEFERRR T AN S 7,

2) SMN-ASO D#¥EIZ LV SMNAT ~ 7 AF#HMIC B IT LI 70 /) 7K
O ST,

3) SMN-ASO O HIZ LV SMNAT ~ 7 AFHHkICKIT 61707V 70
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MRAEA b LA~ —J —ORB RN Lz,

4) SMN % / v 7 X7 L= RAW264.7 #iiZB VT, ROS FEAENEI R L
776

5 SMN %/ v 7 #'7> Liz RAW264.7 M I T RIEMEA 7 == —
DEABNPER LI,

55 3 ETIL.SMN & ™7 B OEIE T BIC BT 2K ENZ SV TG LTz,

1) SMNA7 ~ U ZDOBEREFHIZIUNT, FifiERrmfE A B AR < & 2 & g L
TRALTEY, & OICHIREIE~ — & — & OWh 3~ — 5 — B
B LT,

2) SMN %/ w7 X7 L= C2C12 MIEIZHB W T, ZEAVORENED L,
MHC DO#ERFYFE L N 2 — o DAL TR BTz,

3) SMN % / v 7 X7 L7z C2CI12 ffEIZFU T, caspase-3 DIETEIL T 2338
W ohiTz,

4) SMN % / v 7 X7 Lz C2C12 MBIV T, Akt OIEMEIR T80 5
e,

AHFFENZEBNT, SMN & 2 X7 N EE = = — 1 28\ C TFEB O3l
I Z I LT A Y — AOWRBHERF ICH G T2 L 2o L, £,
SMN # /37 B3 7 v 7 ) 7 OIEMLIZE S L TEY . SMAJRRETIZ I 7
77 U7 D SMN # X7 BRI T D 2 LI K0 RIEEY A M A DFEE
PR U REBERRICE 592 2 E AR Sz, & IS BREHICR O TR,
SMN % > 737 8738 caspase-3 MO8 Akt DFEM:HIEI 2/ LT, B h 5k 2 sh
TLZEEH LM LT,

VL b, ARAFFETIE SMA O FIREFALIZIBIT D SMN & X7 EOFRO%E
T2 R LTz, 20 OBEREDHRERICHFET 5 Z LI2 XV . SMA JFEDSIZAL
ShbHEEZBND,
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