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Figure 1. Overview of ALS.

Amyotrophic lateral sclerosis (ALS) is a
severe intractable neurodegenerative disease
characterized by the degeneration of upper

and lower motor neurons.
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Figure 2. Number of ALS patients.

In Japan, the number of patients with ALS is increasing every

year, with the aging of society.
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Figure 3. Drugs for ALS. CANMHEATD 5T R B5D
Riluzole as an anti-glutamate agent and edaravone as A (Figure 3). LorL, T3
a free radical scavenger. o .
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< M copper—zinc superoxide dismutase 1
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tarosp  (Figure 4) 7. 2 20 £ T, SODI LISHZ
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Figure 4. Percentage of gene mutations in ALS. PN A

In Asian FALS mutations are in SOD1 (30%), FUS
(6.4%), COORF72 (2.3%), and TARDBP (1.5%). 2



Symbol FREEEF BT EE EirER

ALST SOD1 21q AD
ALS2 Alsin 2933 AR
ALS4 Senataxin 9q34 AD
ALS5 Spatacsin 15921 AR
ALS6 FUS 16p11 ADAR
ALS8 VABP 20q13 AD
ALSS Argiogenin 14911 AD
ALS10 TDP-43 1p36 AD
ALS11 FiG4 6q21 AD
ALS12 OPTN 10p15 ADAR
ALS13 Ataxin-2 12924 AD
ALS14 VCP 9p13 AD
ALS15 UBQLN2 Xp11 XLD
ALS16 SIGMAR1 9p13 AR
ALS17 CHMPB2 3p11 AD
ALS18 PEN1 17p13 AD
ALS19 ErbB4 2q34 AD
ALS20 HNRNP1 12913 AD
ALS21 Matr3 5q31 AD
ALS22 TUBA4A 2q35 AD
ALS23 ANXAT1 10g22.3 AD
ALS24 NEK1 4933 AD
ALS25 KIF5A 12913.3 AD

Figure S. More than 40 genetic variants identified in familial ALS.
In the last 20 years, C9ORF72, SOD1, TARDBP, and FUS have been revealed as the most commonly
mutated genes in ALS.

AD: dominant, AR: recessive.
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(Ubiquitin Proteasome System; UPS) 23 & (F 5415 . EERAYZ2 PS5 § SALS X°
FALS Mo T HBED A =X L& LTH T EOREOZEIZHE S, BE X
PRVEOEENBIEIND. E6IT, BERE X TENEBEO 7Y TR
B ESNDZ b, ALS OEITICIIRESBEEGT 5 EE X 515 (Figure 6)
WP RS, EBRMAL PN ORI N OEEEAREEZ I35 2 &3 ALS
KT DA S —T Y FThHEEZEXLND.
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Figure 6. Motor neurons and glial cells in the patientswith ALS. 7). Z 31 % TIZ 150 2 X 5 2N
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In motor neurons of the patients with ALS, accumulation of

BpHE SN TEY, BEREME

abnormal proteins has been observed. In addition, the transport of

abnormal proteins into surrounding glial cells is thoughtto playa ~ ORI IIELRIC L VEEA TH D
major role in the progression of ALS. \
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Figure 7. The structure of SOD1. WV, 2O X 91T, ALS OFHIGEE DI R,
Wild-type SOD1 forms a stable dimer. VLS R B B
ALS TBIRE DTN HRE L T D FK E LTRELS3IRBZZOND. £7, 1
DHIX ALS O Wi ERIZIE, BEICZ < OB R i i L, ek
METLTWDHZETHD. ALS s & LTCMRAEMERB T, FERISIE
T HHAAERTD O MIANEEROEEN RO, TOETEMEIT2 2 E0NE
BTHD. D%, FIELUFIN D THEFZOBR X OB, BEE21T 9 LR
bHn. WIZ 2 SHIT, BEETHDLTY TR OBEPRD CTIREMTHD Z
EMEBEZOND. EDH, =X TR LY IRRR AT MV ERET LAY
DYERPMIETH D, BIZ 3 DX, ALS OIIEMK NE OHEFTHY B —FKA,
By 7 7L THHTEDIZLRMTIIRNIENRBEZILND. DA,
ALS %46 &3 HIREESEME R R BICK LT, EEWICIER LT 2 il
HIEFNOWREAT O LER B .

ZIZT, EFIFIINOOFEZTR L, ALS (23T 25 EIZA R R iGEIEOAH
MO OARIFRE B /o7, 55 1 BT, ETEAOHIMEL EfEIZH,
BEUZFHT 2720 OFETF VIaZER L., S6I2, ZoOET AHIlaE W
TALS T 2 AR R PRI — XL RR LIz, ATy — Xz FE
T5ZENTEIUE, HIAMEOMREMIRBIIKT 2 TPRIEOBA L 72 BE
DQOL # LH-SEDHZENTE S 5. H2ETIE, HiMLIEHOBIRL LBRE
wAToT. BFREFAE, b L<EENU LOREGE T HIbEMEHET D
LT, ABENDLE YR LTI LICAMNRIBRERENTE LB 2T
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W5, 3 ETIE, EERR MR IRIE(EH 2 B L il 2 VO CORRE 21T
ST, WHIBIIFAERBEOZETHOHWLNTEY, ALS 2 & 5 #ifRE
PR BT T D IRE R ERO D Z LA TENE, 4% S bICwmMaofF2TE
ANFRETHLLEZBND.



F1E SEERELEZHAWTCPHEZRCRHT T

B1H S

ALS ZhH® & LTS MERE BIC BV T, FAELAAT X 0 MR NI B &
NI ERERBLTEY, EIUTHEOMHRHIAL OB 23 AR a i I T LTV D
ZERMBILTWD (Figure 8) 2. Z DA, FIELLAIN O AR NEEER DEFE,
FETLIUE D B E A R LA/ NMAR A LR E2TRIT 5 2 & T ALS RBIE
OIFNZ DN D L B2 BID. £z, REEFRIERMA L ALS (2% L THZ)
PR ARRT H BT, @A THLEAICHD, AEMNICERAETHD
ENREETHD.
ZOLIBEENPOHEREERLOT I UNVES Y — 7 vl Y A (EBGP) 12
EHLE., 7aR) REIYNTFREDTROECRKR S, B D OERZRE
BAbE TESTZEEOME THSD. 7r R ) ZIEMSCEFREYIC LV EamK
DIRNBIRDNL DODDEA TRFET DH. AXFD, RENRNE & AFERR
ENG EBGP 2, AARENOZ R Ao 8 E#lZ2 5D TS, Fukl A
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Figure 8. The accumulation of aggregation proteins, before the onset of the disease.
In neurodegenerative diseases such as ALS, it is known that aggregation proteins accumulate,

before the onset of disease, which leads to the irreversible progression of neuronal loss.



FLRIEE RO L IER 72 E DL < O AW FHIRLHMH A IER 2 > T\ 5

16171819 ERBGP |Z1X 7 TR/ — /LUK, FERIBFHYIK & Ok 72 KELE N

BEICEAINTWD (Table 1). 2T, & 1 ZEIZBWTIX EBGP XY, D
GHRM T D7 TR —/VHE, HREEFEAROZER SOD1 I3 5 At
(RN RO TRE LT,

7 TR — VR B BRI IR K o THRIEBCIERI N e 2728, %<
R IRTIRILER 2 Ff > TRV, LR SICbIEHIND. FIThHE
XV, TR —NEIZZ NI GRERO—DTHLA— 7 7 —DiEMEAL
TERR® 5 LG I T 202 FERZEEFHERIZIT artepillin C (artC), p-
coumaric acid (p-CA) 72 ENEENTEY, 7T K /7 — /VHRRRI KBS SR

PURALIEH, F— 7 7 P—DOEM LR EXEEZ @G I Tn D 2824
T, TR R EDE— T 7 U—IEELER T VYN, =, /N—
X2 R OMBRENET T VBB T, B2 R BREOREZ (LT
52 & TIREDRZAL TOVDERRE SN TND P 2072w, ALS I8
WTHREZ ST EZ NI EGRERE OBEEIZOWTHE S E ST
BY, BEEEMHO 1 DL LTAH— N7 7 V—OIEMHEER RS I TN D 2.

T IR — VR, FERMFHEARIC IV TE R SODI (2R 5 (R B 4 e
WTHZENTENE, TNHE2EFA LTS EBGP ITIEE HIZAHIMlfEA >
ToNDEZEZTNAD. RO ELY, ALS i &9 DA MERE BITER
PIFIE L THOEITEMET 2 Z LN THD. 20k, ZOL57RAFN
IZEBEATRE CT®H D EBGP 72 EDOHY T U A RSB DO TIHERD =D O #H»
NERVE5.



EBGPHDERIDIEZHE= (mg/ g)

Ingredients
Artepillin C 69.92
Baccharin 21.35
Drupanin 15.69
Kaempferol 0.75
Dihydrokaempferide 7.87
Betuletol 7.11
Kaempferide 14.27

Table 1. Quantitative value of each component per extract (weight) measured by HPLC method.



B2f EBRMEROHIE

2-1 Wy R OGAEE
REBRCTIZLL T OIY R O3 &2 H -,

A X ) —)L (methanol), =% /—/L (ethanol), KT > /LIfilEF kYU 7 A (sodium
dodecyl sulfate: SDS), ¥ift.7 K U 7 A (sodium chloride: NaCl), A% A I /L7

(skim milk), F U A b Fa X T XA F )T A AKX [tris (hydroxylmethl)
aminomethane: tris], VY @ ~ K%+ F U U LA - K (sodium
dihydrogenphosphate dehydrate: NaH,POs4 + 2H,0), VU VEE/KFET N U 7 A - 12 /K
% (disodium hydrogen phoaphate dodecahydrate: Na,HPO4 + 12H20), VU > 7K
F 75 U U AL (potassium dihydrogenphosphate: KH>PO4), HEFE (hydrochloric acid:
HCl), R AFT=F LV )LEH FE 7 F 7 L — | (polyoxyethlene sorbitan
monolaurate: Tween), 2-A /L7717 h =4 / — /L (2-mercaptoethanol), 7 H2E 7 =

/ — V7 )L — (bromophenol blue), 7 vt 7 = =/ X F /L AL 7R =)L (phenyl
methylsulfonyl fluoride: PMSF), Ultrapure DNase / RNase-Free Distilled Water (DW),
N,N-dibutyladenosine 3’ , 5’-phosphoric acid (dbcAMP), I /LXA NAT A 2 T,
protease inhibitor, phosphatase inhibitor /& Nacalai tesque, Inc (Kyoto, Japan) X ¥ i
AL, =2F L7 I MUEERE = N Y U A - ZKFY) (ethylenediamine-
N,N,N’ ,N’-tetraacetic acid disodium salt, dehydrate EDTA), 7 4% 22— /Lfig) b

U 7 L (sodium deoxycholate), 77— b (acetate), 7 7 AF L 7T I [N,
N, N’ , N’ — (tetramethylethylendiamine: TEMED)], /KE&ft7F ~ U 7 A (sodium
hydroxide: NaOH), #&E{k7 U o A (potassium chloride: KCl), ~/LA % YV ik 7
> <& =1 A (ammonium peroxodisulphate: APS), Dulbecco’s Modified Eagle Medium
(D-MEM), D-MEM (Low glucose), 1E% -7 ¥ IML{E (Normal Goat Serum), Iron (II)
sulfate heptahydrate, Lipofectamine 2000, Opti-MEM X Life Technologies

Corporation (Carlsbad, CA, USA) KL Vg A L7z. Rib=F ¥ 7 A (ethidium

10



bromide: EtBr), precision plus protein dual color standards iX Bio-Rad Laboratories,
Inc. (Hercules, CA, USA) X VA L7=. BCA protein Assay Kit, 7 II{E7 /L7
XV (bovine serum albumin: BSA), 7 AR IAIME (fetal bovine serum: FBS), Cell
ROX®GREEN, Mito SOX® RED (& Thermo Fisher Scientific Inc. (Waltham, MA, USA)
KXOEA L. 77 v F = (aprotinin), = A -2 F > (leupeptin), B-actin
antibody % Sigma-Aldrich Corporation (St. Louis, MO, USA) X Vi A L7-. ECL
Prime western blotting detection system [% GE Healthcare UK Ltd (Buckinghamshire,
England) & Y i A L7=. Living Colors®mCherry Monoclonal Antibody /& Takara Bio
Inc. (Shiga, Japan) £ Y i A L7-. HiSpeed® Plasmid Midi Kit {3 QIAGEN (Hilden,
Germany) &£ Y i A L7-. Cell Counting Kit-8, Cytotoxicity LDH Assay Kit-WST (3
Dojindo molecular technologies, inc (Dojindo, Tokyo, Japan) £ ¥ i A L 7z.
kaempferol, kaempferide, p-CA, artC, Silver Stain Kit, Chloroquine, 18F£{l 7Kk 3% (H202),
fiEE Sk £ /K Fn#) (FeaSO4)iE, Fujifilm-wako chemicals company (Fujifilm, Tokyo,
Japan) J Vi A L7=. LC-3 antibody, p62 antibody, CHOP antibody, Bip antibody |3
Cell Signaling (Danvers, MA, USA) X W liE A L 7. 5,5-dimethyl-1-pyrroline N-Oxide
(DMPO) (& Tokyo Chemical Industry Co., Ltd. (TCI, Tokyo, Japan), Jeol Resonance [,
JEOL Ltd (Tokyo, Japan) & ¥ [ A L7-. EBGP I% API #k: &4t KRV —F &
=X TG L TR,

11



2-2 FEEITE

WFZE )7 = ORI, Figure 9 127~ L7=.

N2a il & £ E N OEECTHefE L 72 %% . kaempferol, kaempferide, p-CA, artC %
e OIRETILE L, 20 24 Kl L <13 48 RERI AR, Mifagt,
AL A b LA, NREA R L AR A — T 7 D= OO DR A

1T-7-.

2-2-1 SODIWT-mCherry 77 A 3 K & —{Efl
pOTB7-SOD1 R % —Z§5H L L primeSTAR® MAX DNA Polymerase 25 pL,

K OTZ A ~<—10pmol Z T SOD1 ® cDNA %7/ a—=71L7. 7%
J—R7IAw—K RN R—RAFF f~<—|F Table 2 |\TR LT-. KISSMHIT01H
BEME (98°C, 10 BD) th, BVEME (98°C, 10R)), 7=—U 17 (55°C, 5F), &
UM RBUE (72°C, 5% 45 A 7 ATV, &R (72°C, 547) %
1ol ZD, 1%7 Hu—A7)LCPCREWE 100V, 30500kEh L7-. vk
BTN EE 2T T I—AT A L KANTOIZ 555122 L, milliQ /K Thifafh N
NOWMERZIT>72. /N> &8I0 H L, wizard SV Gel and PCR clean-up system
(Promega, Madison, WI, USA) Z W TR L7, L7 PCR EY 25 uL, il
[RE%3% (BamHI, HindIll) % #4240 1 pL, }% O 10xSURE / Cut Buffer B 2 pL % i
oL 37°CC 1 B[ E L7=. pmCherry-N1 X7 % —2 pL KO milliQ /K 14 pL %
BAL, 37°CT 1 RFfEIEHE Uiz, HIREESRAHEEY % 1% 7 H v — A7 1T 100
V, 304y, K%L EE 2T 7—ATF A KANTOIZ 553757 L, milliQ /K
ThiAAE DN ROMEREITo72. /N K290 H L, Wizard SV Gel and PCR
claen-up system (Promega, Madison, W1, USA) Z FHl W\ THERL L 7=. £ D%, PCRE
WO HIBREE B AEFEY) 5 ul, N7 X —OHIREEREFEY) 5 pL, MK O Ligation

high 5 pL Z{EF1 L 16°C, 30 73&#E L7=. K L TE.coliDH-5a = > 7 h&/L

12



MRS, TA =T a VEY SuL UL, 1 B L. KETS
SEEE L, BEHIT 42°C, 45 PIEE L. | PR E, 2852~ A1 v
VER LB BREH T L— MBI L, 37°C, 16 BiEIRE L. A ~A v
R LB #BREM L — NIERSNzan=—%2y T v 7L, hF~vA
VA LB AR 2 mL T 37°C, 17 HER, 250 ipm THRE D EEE L. RE
FEEELIZBODH S 1.5 mL & 347, 10000 rppm T LArEEL, EIE AL
L7-. Z®%, Pure Link Quick Plasmid Miniprep Kit (Life Technologies) Z i H L
T SODIVT-mCherry 77 A X K7 X —Z 58 L TH7-. 1572 SOD1Y -mCherry

TITAI R Z—L, =7 = ATTHER L.

Table2 7 7 n—=_ 27 PCR 7' 7 A ~—H i ¥

Primer sequence (PRI ILHIREEE A 1)

HindIII-SOD1  5°’-GTTAAGCTTATGGCGACGAAGGGGCCGTGTGC-3’

SODI1-BamH1 5’-GCAGGATCCGGTTGGGCGATCCCAATTACACC-3’

2-2-2  ZEHI SOD1-mCherry 77 A 3 R & —{Efl

SODIWT-mCherry 77 A 3 K7 % —2 uL %2 L C, primeSTAR® MAX
DNA Polymerase 25 uL, %W Z A ~—10 pmol, milliQ 7k 23 pL % {&f1 L PCR
HATol. 74V —FRTI7A4~—K QNI NR—=2FF f~—[T Table 3|T R~ LT,
BOGSAFITATINENZEYE (98°C, 10 ) #%, BAEME (98°C, 10 #), 7=—VU 7
(55°C, 5%), MOMBEBUG (72°C, 60F)) % 30 1 7 VATV, &R iR
J& (72°C, 5 43) TiTole. D%, A7 —a, WHEH, 77 A FX
7 B —Df58 % FEL 2-2-1 IZHEWV TV, SODIS*RmCherry 77 A X R —

5. B FENENOTTAI KR H—L, V=7 T RITHER LT-.

13



Table 3 Primer sequence (BH AL Z LN DL FERST)

SOD1 G85R Forward 5’-GACTTGCGCAATGTGACTGCTGACAAA-3’
SOD1 G85R Reverse 5°-CACATTGCGCAAGTCTCCAACATGCCT-3’
SOD1 G93A Forward 5’- GCTGACAAAGATGCTGTGGCCGATGTG-3’

SOD1 G93A Reverse 5°- CACATCGGCCACACCATCTTTGTCAGC-3’

2-2-3 B LR BETT VA

~ U AR IEFIENE T 5 Neuro2a (N2a) #fE@lZ Lipofectamine 2000 % Fu T
mCherry (mock), SODI""-mCherry (SODI""), SODI°®*F-mCherry (SODI®), &
BFEZENETVEALL. B EAL T 24 KRRZRICA /A U a0 g
BT THIZEET 5 Z & T mCherry [GEDZE SOD1 OE AL ZHER TE /2. Fz,
BARTEA LT 24 I, H5HUZ 2 mM dbcAMP % il 2 7= low glucose DMEM
DIRA B (low glucose DMEM : DMEM=4 : 1) ([Z&H#a L, %Dk 48 BR4FiE sy
{bFESH5 2 LTt Ao, wmEOHRE LY, £E SODI #in 7
SOD1 £ ARTERL, MM ZFHE STV D b O &L R SOD1 # k-t 7 Vi &

L= 2.

2-2-4 SODI % > /37 BFEHE

LB LT D N— 7 A &8 7= 12 well plate (2 N2a il 2 #&FE L,
70~80 %2 7T NI AHETEE LT-. £ D%, Lipofectamine 2000 %
T mock, SODI"" K%, SODIRELRTH#ZTNZENEAL, BETEALT
24 WFfEI% 12 kaempferol, kaempferide, p-CA, artC ZfE~ ORELNE LTz, ZD
24 FEAZIZ 4 %X T ANV LT VT B REHWTHEE L7, In Cell Analyzer 2200
(2T, 17872 2000 Ml 2 fkss L, MRS 2 8 LA _E D mCherry B5 1

RN RSN DM E DTk LT

14



2-2-5 Reactive Oxygen Species (ROS) OH|E

IEMEREFEFIC LV EAIND ROS ZMH T 272D CelROX® GREEN,
MitoSOX® RED % /=, #EEE L= 3— 07 2 &8\ 7= 12 well plate (2
N2a HEfIZ4EFE L, 70~80% 2> 7T MR A ETE#E L. F0%,
Lipofectamine 2000 % VT mock, SODI"T XX, SODI®RER % FNZ
ALz, BIEFEALTHD 24 KFf#1%, kaempferol, kaempferide, ArtC, p-CA
ZHE A2 ORFEALE L7z, CellROX® GREEN [ZDW T, p-CA ZALE L7- 24 K
%12, IR SuM & 725 X 91T CellROX® GREEN % ffifidiZ 37°CC 30 4y R4l
B L7, 4% TRV AT AT e REHWTHEEL, VECTASHIELD Mounting
Medium TEAL7Zb D &2 7 & L TRIE LT, MitoSOX® RED IZ-OW T,
p-CA ZALE L7- 24 FEEIFIZ, HIBFE S uM & 725 X 912 MitoSOX™ RED % il
FulZ 37°CT 30 L& L7z, 4%/ X7 RV A7 V78 REHWTEEL,
VECTASHIELD Mounting Medium TEALZH D ZH 7L & L TRFELTE.
Yo 7R L — P —BAREE (LSM700) (2 THIZE, ks L721%, Imagel

(http://rsbweb.nih.gov/ij/) % T EoR e 2 I E L 7=.

226 UTAZ T ry ME

N2a #lifid % 6 well plate [ZHEFE L, 70~80% 2> 7 /L NI/ 5 £ THE L.
%D, Lipofectamine 2000 % A\ T SODI"T, SODIR s+ % FHEA
L, & 7E A LT 24142 kaempferol, kaempferide, ArtC, p-CA % ff 4 D
IREEALE U7z, 24 Wefil#: PBS TUEA L, # o /X7 Bl % T-80°CIcfRfrE L 7.
& N7 G X, 0.1% TritonX-100, protease inhibitor, phosphatase inhibitor %
& ¢ RIPA buffer [SO mM Tris HCI (pH 8.0), 150 mM NaCl, 0.5% 7 4%+ a—/L

)~ U v A, 0.1% SDS, 1% NP-40] Z 7z, RIPA buffer 2 150 uL % 6 well

15



plate D% well IZUSIN L, 15 3K A Iz ffE 1.5SmL~A 27 8vF a—7I(Z[F
W L7, ZD%, 12,000xg, 4°C, 30 srfi L7z, &0 L7z EyEE R L,
Yo LTV, E£72, SODI # v _ 7 EfEAFHIET 5 BT 1% TritonX-
100 % A/72 TNE buffer [50 mM Tris HCI (8.0), 150 mM NaCl, 1 mM EDTA, 1 pg
/ ml aprotinin, 1 pg/ml leupeptin, 1 mM PMSF] Tiafg Lz 0%, i % soluble
HE L. F£72, R ORI 2% SDS % il 2. 7= TNE buffer % 100 uL I %,
7R E VA % — (Psycotron, Microtec Co., Chiba, Japan) % T4 E 7 — MLEE
L7286 D% insoluble 77 H & L 7.

SDSARUT 7 UNT I R NVEIKENEEEICE » b L, A48 running buffer (25
mM Tris, 190 mM Glycine, 3.5 mM SDS) Z A#L, 7 /L% B0 17T 7o ik B2 |2
= L7, KENEEE OHIZ S running buffer 2 A7z, 1 well 4720 OWINEITSy
FEY—I—%5uL, FV TN E ISug &R DHLOIIFMLE. BT vk
WINtR, 200 V, 300 mA, 453D TEKE) L7-. BERIE, A%/ —/N1IZ15
FoRNRE L, @Kz 10 R L7z, £ 0%, transfer buffer (25 mM tris, 192
mM Glycine, 20% (v/v) methanol) (2 10 73ffiR L7z, Bl 6, A#K, transfer
buffer (2= L7225, 70, SMONAEIZHZ, 100V, 500mA, 60 75 DA
THAG L7z, B854, 5 HEA 5% skim milk (23R L, 604370y ¥ 7 L,
0.05% Tween TBS (10 mM Tris-HCl, 150 mM NaCl) TyHei§%, 5% skim milk THy
U7z —RGUEZ AN T 4°CT—BEUS SH 72, 0.05% Tween TBS TULiH%,
3% skim milk T ZIRHUIRZ AR L CEEIR T 30 /0 MAUR S 72, 0.05% Tween TBS
Ty L7, ECL prime I& 5 /32 L7z, & D%, Fusion system (Fujifilm,
Tokyo, Japan) # W TR L7z, 7eds, U Vb & o "7 EZ2KRET 56,
skim milk TIT> CTWeb D%, £ TBSAICAER LT,

—RPUARIZIE, mouse anti-mCherry antibody (1:2000), rabbit anti-LC3 antibody

(1:2000), rabbit anti-p62 antibody (1:2000), rabbit anti-bip antibody (1:2000), rabbit
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anti-chop antibody (1:2000)% F\ 7. —IRFLIRIZIE HRP-conjugated goat anti-rabbit
antibody (1:2000), HRP-conjugated goat anti-mouse antibody (1:2000) % FH\ 7=.
& X B OFBIFRAE L, Multi Gauge Ver 3.0 (Fujifilm, Tokyo, Japan) & F T

fEtr L7z, N FomEzHEtl, Exozfib Lz,

2-2-7  HRATFRIE

96 well plate |Z N2a #ifd & 1.0x10*M# / well (2725 X O ITHERE L, 24 KEfifjf%ic
Lpofectamine 2000 % T mock, SODI"", SODI®R&InT- % FNEHEANL
7o, B EALT 24 BRI I1Z, H55HC 2 mM dbcAMP Z 1 272 low glucose
DMEM & DMEM OIEARFHIIZE#L L, Z D% 48 RER 2 T ALAE 2 555
72, F72, kaempferol, kaempferide, ArtC, p-CA ZFfli~x OPREME L, 24
BE ., AR EO E 3R (Cell Counting Kit 8) %45 well (2 10 L 32N L,

37°C, 2WFH 3004 v F 2 _X—F —THE Lok, Mild/EFRa2 e L.

2-2-8 Mg EERTHI

96 well plate |Z N2a fild % 1.0x10*M# / well (2725 X O ITHERE L, 24 R
Lpofectamine 2000 % FVNTC mock, SODI"™, SODI®R&n+ &N EIEAL
2. B EALT 24 FREfE#& 12, H5HZ 2 mM dbcAMP % /Il 2. 7= low glucose
DMEM & DMEM OEGEHIZERL L, £ Dtk 48 FEf 2T TRt 2 358
SH72. F72, kaempferol, kaempferide, ArtC, p-CA Zfli~ OIEFEALE L, 24

REfEItg, IR(FO7a s a— VW LDH 7 v &4 F v &AW TEHIIL 7=

2-2-9 BT AV BRI (ESR) # W=k RaXxoZ U h /L (-OH) DHEIE
Center field 330 mT, sweep width 1.5%10 mT, sweep time 4 min, field modulation

width 2x0.1 mT, amplitude 5.0x100, time constant 0.3s, microwave power 4.0 mW
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DEMETHIE L=, -OH MEREIZ~ v T ~—h =Tk 2% 7R Fikic &
DRRFET L7z, "OH X7 =¥ MU ROSZ X W AR S w72, BTV v 7 Rk
(50 uL), 72 mM DMPO (50 uL), 2 mM H>O; (50 pL), 0.2 mM FeSO4 (50 uL) % &

B3, BAAZWIL L o EERE LT21%, 5 % Jeol Resonance (2 & W HIE L7=.

2-2-10  $RYuta % B T RYETE ST B O E &
KEhth, VIVRANATA U OT 0 ha—EN SV ERG L. 1§
DIt %, A% v — TaiAiAA Imagel (http:/rsbweb.nih.gov/ij/) & H W

TE BT 21T~ 7.

2-2-11  #REHFRORENT
ERRAGE I P EAEER S CoR L. a7 kX, Stat View 2 W
TEEEMENTIZ DOV T B HT LA#., Bonferroni / Dunn test (2 X V1T o7=. f&

BRERDS S% ARz AR AEDY & L.
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Figure 9. Time course for experimental procedures including cell seeding, treatment of

kaempferol, kaempferide, ArtC and p-CA, and analysis by using N2a cells.
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The transfection of mCherry, SOD1WT-mCherry, and SOD1%¥R—mCherry in N2a cells was performed

using Lipofectamine 2000 according to the manufacturer’s instructions. After transfection, the cells

are incubated with or without kaempferol (0.3 uM, 1 uM, 3 uM and 10 uM), kaempferide (5 uM, 15
uM, 30 pM and 50 pM) p-CA (1 nM, 100 nM and 1 pM) and ArtC (50 nM, 500 nM and 1pM).
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B3 R

3-1 25 SODI #EE 7 /Ll DA% 5

Z5 5 SOD1 LI x T 2R R AT D Ichiz by, MifE Tl 2ET v
FROERNEECHH EEXTZ. TZTET, SODICRBEIRTHEANLT-AR
SOD1 #MEE 7 /LA (SOD19R i) Z1ERL L7=. Lipio#E@EY SODI" &
a1 % B A L7z N2a fiifd (SODIWVT fifim) & bhifgs LC, SODI1S*R fifa CiZfmiam
IZZEH SOD1 # v R 7 DOZERMN R o7 (Figure 10A) 2. F7=, VT RAZ T
7y MEE AW TAIERICAE R SOD1 FHE 2 Mt L7-. SODIGR Hifin ¢i3R
TAMED insoluble 77 |2 CEMOEI S M L TV 7z (Figure 10B). X 512, AR
SOD1 (T & 2 M#EHIFESEIZ DV TR L 7. SODIWT flifia & i LT SOD19%R
HIE CIEH 60% F THAAFERME T LT 7z (Figure 10C). JRERAT I TR
FILZ 22 50 2 Ml B N R AR 1R O BAE-OHF R M I SE 2 HEL L 72 2 & v, AR
SOD1 #ME & 5l 3 2 fli S 727 VlilaR A ERTE 7o B2 bhb.
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Figure 10. Mutant SOD1-induced neurotoxicity.

(A) Representative fluorescent microscopy images of N2a cells expressing mCherry-SOD1WVT or mCherry-
SODI1%R, The arrowheads indicate the intracellular SOD1 aggregates. (B) Immunoblot analysis of
mCherry with a 1% Triton X-100 insoluble fraction. (C) N2a cells expressing mCherry-SODIWT or
mCherry-SOD1%%Rwere incubated for 48 h in the differentiation medium. The cell viability was measured

by MTT assay. SOD1%Rcaused neurotoxicity via the formation of insoluble aggregates. **p < 0.01; ***p
<0.001.



3-2 ZEH SODI1 mMEIZ%IT % EBGP OIRFELR

3-1 CHERLEET AR EZHWT EBGP O R %2 Kt L7z, SODI"T <
SOD 1R D51 % 8N L 7= 24 Fifi]# EBGP (20 ng /ml) Z L& L, Ha & oo
2B DEFE~D EBROMIRAR N IOV THRE L=, 5%, EBGP ICLk V&
5 SOD1 AN EEE R O LN & 7= (Figure 11A,B). & 512, AALZEMIIC
b [FIRRICHET L7z & & AREEMED insoluble 43 B3V CTAE R SOD1 O EFEH MK
b LTz (Figure 11C,D). & B2, MFEAEGFRIZ OV TR 21T - 25 R,

EBGP |Z X ¥ Z 5 SOD1 HR Ok E e Hi] S 4172 (Figure 11E).
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Figure 11. EBGP protected SOD1%%5R-induced neurotoxicity via the reduction of the aggregates of
SOD1¢8R_ (A) Representative fluorescent microscopy images of N2a cells expressing mCherry-SOD1685R
incubated for 24 h with 20 ng/mL EBGP. The arrowheads indicate the intracellular SOD1 aggregates. (B)
Quantified data of intracellular SOD1 aggregates are expressed as mean = S.E.M from three independent
experiments. In each experiment, at least 2000 cells were counted. (C) Reduction of Triton-insoluble mutant
SOD1%¥R by EBGP. After treatment of 20 ng/mL EBGP, N2a cells expressing SOD16%R were lysed with
1% TritonX-100. Triton-insoluble fraction was resuspended with 2% SDS and analyzed with
immunoblotting. (D) The density of Triton-insoluble mutant SOD1983R is given as mean + S.E.M from three
independent experiment, based on the density of Triton- insoluble mutant SOD1WT. (E) N2a cells expressing
mCherry-SOD1985R were treated with 20 ng/mL EBGP. The cell viability was measured by MTT assay. ***p
<0.001. Scale bar: 10 pm.
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3-3 A H SOD1 FMEIZ %7 % kaempferol, kaempferide D PRiERN F

EBGP (21X 7 7K /A4 RO Ts 7 77K/ —/VHA (kaempferol, kaempferide)
DB E IS FA4L TV 5 (Figure 12A Table 1). % ZC, kaempferol M OY kaempferide
D F A B F Liz. SODI" K> SODI®R O is 1% 8 A Lz 24 Wil 4
kaempferol (0.3 uM, 1 uM, 3 uM, 10 uM), kaempferide (5 uM, 15 uM, 30 uM, 50 uM)
DYRPETHE L, 52 37 B OERAD BRI RN ROV TG
L7z, f5, SODI®R Hilfid TITHIMEPIZA S SOD1 HEHIla P EEE 7 7 B
DEEN R 61 7-. —J T, kaempferol X° kaempferide Z/LiE 35 Z & TEILD
DOZEEHRIH STz (Figure 12B,C). S 512, (LRI b [REBEICHG L2
& 2 AREAEMED insoluble 43 12 331 T kaempferol X° kaempferide (2 & V) ZFE AN
» LTz (Figure 12D,E). AIAREMEICBI L T%, SODI9R il C 1Ml fu A= 17
BNHEIMET LzDITxt L, kaempferol M TN kaempferide % JLiE L 7= FEIZEI L

TiX, MR EIE LT/ (Figure 12F).
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Figure 12. Kaempferol and kaempferide prevented SOD1¢¥R-related neurotoxicity. (A) Chemical
structures of kaempferol and kaempferide. (B) Representative fluorescent microscopy images of N2a cells
expressing mCherry-SOD19R incubated for 24 h with 3 uM kaempferol or 15 pM kaempferide. (C)
Quantified data of intracellular SOD1 aggregates in N2a cells expressing mCherry-SOD1685R incubated for 24
h with kaempferol (from 0.3 uM to 10 uM) or kaempferide (from 5 uM to 50 uM) are expressed as mean *
S.E.M from three independent experiments. In each experiment, at least 2000 cells were counted. (D) Reduction
of Triton- insoluble mutant SOD19%3R by kaempferol and kaempferide. After treatment of 3 uM kaempferol or
15 uM kaempferide, Triton-insoluble fraction of N2a cells expressing SOD1%%R was resuspended with 2%
SDS and analyzed with immunoblotting. (E) The band density of Triton-insoluble mutant SOD1933R group is
given as mean £ S.E.M from three independent experiments, based on the band density of Triton-insoluble non-
treated mutant SOD19%R group. (F) N2a cells expressing mCherry-SOD19%5R were treated with kaempferol
(from 0.3 uM to 10 uM) or kaempferide (from 5 uM to 50 uM). The cell viability was measured by MTT assay.
Data is expressed as mean = S.E.M from three independent experiments, based on SOD1YT group. p < 0.05.
vs. WT, *p < 0.05; **p < 0.01; ***p < 0.001. Scale bar: 10 pm.
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3-4 [B{bA N L RIZxd % kaempferol, kaempferide D %)5:

BEfb A b L 2 &4 5 2 &%, ALS OEITZHHEIT 2 ERH L5 L EZS
nTng N 22T, BIBLERZET 22 E0NHLTWD kaempferol & T
kaempferide 23R{LA L RAZBET L TV D EE X, I har KU THNOERLA

N LR EEERAICEIT D MitoSOX® RED i % i\ T SODI*R sk
Reactive Oxidative Stress (ROS) Z /i L72. SODIWT il & ki L C SOD19R
faCliE, ROS OREHZMENN L TV 7z, Kaempferol X° kaempferide (2 & ¥ Z O H
N EAZHNH] & 72 (Figure 13A,B). RIZ, kaempferol & O kaempferide (& & 2 2
LA b L RADRAD DA T = X L &G 572012 ESR Z iV THREf L7z, Al
DREFHZIBWTIZ ROS OF THHFITHEMED E W -OH (25 H L, kaempferol <9
kaempferide DR AR L7-. FE%, kaempferol & ON kaempferide 134 512 -OH
DK T SH7= (Figure 13C,D). LA EX U, kaempferol <> kaempferide |3 -OH % EH
T2 2 LT, A5 SODI IZLHE{bA L A ZFEICHHI L TW5D alEe
MEnd 5.
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Figure 13. Both kaempferol and kaempferide suppressed SOD1%¥R.induced superoxide in
mitochondria. (A) N2a cells expressing mCherry-SOD1%8R were treated with 3 pM kaempferol
or 15 uM kaempferide for 24 h. Subsequently, MitoSOX Red was added to the cell culture to a
final concentration of 5 pM to the cells and incubated for 30 min at 37 °C. (B) The relative
fluorescence intensity was quantified by computerized image analysis with Image]. Data are
expressed as mean £+ S.E.M from three independent experiment, based on the fluorescence intensity
of SOD1WT, (C) Traces show typical spectra of DMPO-OH spin adducts generated from H,O» plus
Fe?* in the absence (control) or presence of kaempferol and kaempferide. (D) The amount of *OH
was semi-quantitatively measured as the formation of DMPO-OH spin adducts by ESR
spectrometry. Data is expressed as the mean = S.E.M of three determinations, based on control. *p

<0.05; **p <0.01. ***p <0.001. Scale bar: 50 pm.
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3-5 kaempferol (34— k7 7 P — %/ L CHIRIRH#EDRZ AT D

RO L3 0, ALS ICBWTITRE Z V7 ERERMT 52 LT, ki
FEaplEH T eNmMbTWnD., BEZ RV ENEET HRAITH LT,
RIEEDZ R B S D 2 L BHRREIC SRR D EEZ LN TEDY,
Z DUFEER O VRSB RE DO — D DHRIE 272 5 252627 2% ZC, kaempferol
S O kaempferide 2 HIWNTH U NI BDRRZRD—DTHLA— M7 7 V— L&
& SOD1 Kk § DR IRaERN IR & DB HIZ DWW TIRET 21T 7. A— h 7
7 V—DIEMEALOFEIE L LT LC3-1I, p62 BNEbNTWD., A— 77 V—%
EMALT 5 2 & T LC3-IITNT 5. £/, p62 i34 — b7 7 V—DiEME ¥
¥ VT —=ThV, &A= 77 V—0EMALT D L& p62 1T ST 5. #E
-, kaempferol (2 X Y LC3-I1 MM, p62 OBV ZHERB L. — 5T,
kaempferide |23\ TlX, LC3-II, p62 & HIZEA L2 R 577> - 7= (Figure
14AB). LLEDZ &5, kaempferol (34— k7 7 U —&IEMEAL LT\ 5 AliE
MEnd 5.

Wi, A= 77 O—MERTHD 3 AT LT T =2 (3-MA) Z HW TR &
To72. 3-MA OILALEIZEB VT, kaempferol (2 L DA — b7 7 U —DIEMEALIX
Pl S 472 (Figure 14C-B). & BT, MRANEREIR, MlaEfrE, MlamEtEosl
B DIRE LTz, #55E, kaempferol Z#ALE T 5 Z & C, MIEANZERILRELD Lz
—J7C, 3-MA (10 mM) ZALE L 78 CIEZERAHN L Tz (Figure 14C-E).
F 72, kaempferol ZALET 5 Z & THIFIAEFRENEIE L7z—H T, 3-MA & ALE
L7ZRETIE, MAEFERLIE T L7 (Figure 15A-C). UL EDZ &b,
kaempferol |£4— k7 7 U —&IGMALT 5 2 & T, MRNEEZ D S, 1
AR A LTS Z LR ST,
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Figure 14. Kaempferol, but not kaempferide, reduced the intracellular aggregates via the activation of
autophagy. (A) Induction of LC-3-II by kaempferol, but not kaempferide. N2a cells were transfected with
SOD1G8R "and then incubated with 3 uM kaempferol or 15 uM kaempferide for 24 h. The lysates were analyzed
by immunoblotting with anti-LC-3 and anti-f-actin antibodies. (B) Relative levels of LC-3-II/LC- 3-I normalized
by the expression of B-actin were quantified, based on the band density of SOD1WVT, (C-E) Immunoblotting analysis
of autophagy. N2a cells expressing SOD198R were treated with kaempferol for 24 h with and without 3-MA. The
lysates were analyzed by immunoblotting with antibodies for LC-3, p62 and B-actin. Relative levels of LC-3-1I/LC-
3-T and p62 normalized by the expression of B-actin were quantified, based on the band density of SOD1WVT, *p <
0.05; ***p < 0.001. N.S..; not significant.
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Figure 15. Kaempferol, but not kaempferide, reduced the intracellular aggregates via the activation of
autophagy. (A) Representative fluorescent microscopy images of N2a cells expressing mCherry-SOD1685R
incubated for 24 h with 3 uM kaempferol with and without 3-MA. (B) Quantified data of intracellular SOD1
aggregates are expressed as mean + S.E.M from three independent experiments. In each experiment, at least 2000
cells were counted. (C) N2a cells expressing SOD19%R was incubated for 24 h with 3 uM kaempferol with and
without 3-MA. Cell viability was determined. Data is expressed as mean + S.E.M from three independent

experiments. Scale bar: 10 um. *p < 0.05; **p < 0.01. ***p <0.001.
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3-6 Kaempferol /& AMPK-mTOR #%#§ %/ L CA— b7 7 O —&IEMELT 5

7 7R — VL mTOR OIEMEZLE T L2 LT, A— 77 UV—&2Ml L
TWAHZENR, TNETOMIRTHLIZESNATWND 2 LLRRb,
kaempferol ® mTOR DLE A H = X AIZHOWTIFAHTH 7. £ T,
kaempferol DA — 7 7 U —IEMALIEF 2 I+ 572912, AMPK, AKT ¥ 7
FMIZEHR LTz, AMPK I3 mTOR ZRIZHHHEIT 5 2 & TH— M7 7 V— & iEMH
b9 %. ¥£7z, AKTIEmTOR Z EIZHHEIT 52 & TH— M7 7 UV— &2 RNEML
T 5. SEOHBETOFER, kaempferol 1X mTOR % RiGFMALT 5 Z & &2/R LT
(Figure 16A,B). & 512, kaempferol |& AMPK ¥ 7 /L Z{EMHEALEIEL L O D
AKT ¥ 7T B b RIEFS W 2R L. ZROHDOREND,
kaempferol /X AMPK-mTOR #%# % L CA— ~ 7 7 U —&{EMHL 9 5 alfett %

7~ L72 (Figure 16A,C and D) %8,
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Figure 16. Kaempferol increases AMPK phosphorylation. (A) Immunoblotting analysis
of autophagy regulators. N2a cells expressing SOD19%5R were treated with 3 uM kaempferol
for 24 h. The lysates were analyzed by immunoblotting with antibodies for phosphorylated
mTOR (p-mTOR), mTOR, phosphorylated AMPK (p-AMPK), phosphorylated AKT (p-
AKT), B-actin. (B) Relative levels of p-mTOR normalized by the expression of mTOR were
quantified, based on the density of SOD1WT, (C,D) Relative levels of p-AMPK and p-AKT
normalized by the expression of B-actin were quantified, based on the band density of

SODIVT, *p < 0.05. **p < 0.01. N.S.; not significant.

31



3-7 Z85. SODI X7 5 artC, p-CA OIRGEZNR

3-1 TR L 7= BT L %% VT EBGP DO G HILAEM TH % artC, p-CA D
R ERF L=, SODI"T SODIR D& fn 1% A L 7= 24 BEH# p-CA (1 nM,
100 nM, 1 pM), artC (50 nM, 500 nM, 1 uM) DO TUE L, B &7 g
DZFE DB ROV THRET L7z, 55, SODI1%R e ¢ il
RN IZZE 52 SOD1 H KM NEEEE & o /X B OERMN R S iiz— T, artC, p-
CA IZ X W AR SOD1 BHERDOZEREMN A L7z (Figure 17A,B). S 512, Ak
B B [FERIZHRET L7 & 2 A p-CA 12XV insoluble 43 E/IZH5 U CHERENWA L
7= (Figure 17C,D). M@ FMIZBI L TH, artC, p-CA ZULiE L7-fETlE, AR

SODI1 |2 & 2 #hik stk 2 4 L 7= (Figure 18).
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(A) Imaging of cytoplasmic mCherry—SOD1 aggregates (white arrowheads) in the presence or absence of p-CA
in N2a cells. (B) Quantified analysis of imaging. “#p < 0.001. vs. WT, ***p < 0.001. (C) Immunoblot analysis of
mCherry with a 1% Triton X-100 insoluble fraction. (D) Densitometric quantification of mCherry. Scale bar: 10
pum. *p < 0.05 vs. WT; Tp < 0.01; 'p < 0.001. ArtC : artepilinC, p-CA : p-coumaric acid.
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Figure 18. p-CA protected against SOD1-induced neurotoxicity.

(A) Cell viability was measured by MTT assay. (mock = 100%) (B) Cell toxicity was measured by LDH assay.
(G85R = 1) Differences were evaluated by one-way ANOVA (mean = SEM, n = 3) ## p <0.001 vs. SODIWT, ***
p <0.001, * p<0.05 vs. SOD193R, ArtC: artepilinC, p-CA: pcoumaric acid.
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3-8 LA N L AIZxT 5 p-CA DRhE

PIRRIEME L LTHH TS p-CA IZBWTY, BEA ML AZWET LT
WHZEEBZ, HMRNOREA hLAZBIET S %IZ Cell ROX® GREEN,
oy R U TREEZREREA b LA ZRIET 5729512 MitoSOX® RED 3% H
T SODISSR 3D ROS Zfll7E L7=. SODIVT flifid & khiiz L T SOD1%R ffifim
TIE, ROSDOEMMNEML Tz, 61T, p-CAIZX YA SODI (2 X % ROS
A BEZINE S 7= (Figure 19A-D). RIZ, p-CA I L DE{LA N L ADEAD D
AT = AL TGS 272D ESR Z HHW TR L7z, AEIOKBEHIHB W TS
ROS OHFTHHRHCHMEDEW-OHIZHEH L, p-CADZNREMR L. R, p-
CA XA EIZ-OH DK T &7 (Figure 20A,B). LA EX Y, p-CA L -OH % EE:H
fil9 %2 & T, A% SOD1 IZXD{bA F L 22 FEIZIHI L T\ 5 Wit %
~ LTz

35



A CellROX c MitoSOX

mock SOD1wr

SOD1%%R SOD1¢e%
+ p-CA 1nM

SOD1GBSR SOD1GSSR
+ p-CA 1nM

SOD1¢&R S@P1SR
+ p-CA 100nM | + p-CA 1uM

SOB16%R SOD168R
+ p-CA100nM | + p-CA 1uM

98
&)

25 25

. ok ok f

T 20 S 204 *kok
= o)

o) £

£ . ~
= I =
=18 1 T 3

@ S

2 £

c

g 101 o

c @

o @

2 o

S 05 g

=) i

L

0.0 v X &
O 3
& & — \&5 = \§ p-CA
§ A
SOD16R SOD16esR

Figure 19. p-CA reduced mutant-SOD1-related oxidative stress.

(A) Confocal imaging of CellROX in N2a cells transfected with mCherry—SOD1985R with p-CA for 24 h.
(B) Quantified analysis of CellROX using Image J. (C) Confocal imaging of MitoSOX in N2a cells
transfected with mCherry—SOD1685R with p-CA for 24 h. (D) Quantified analysis of MitoSOX using Image
J. Differences were evaluated by one-way ANOVA (mean + SEM, n = 3) *** p <0.001 vs. SODIWT, *fp
<0.001, T p<0.01, T p <0.05 vs. SOD168R, Scale bar: 100 um. p-CA: p-coumaric acid.
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Figure 20. p-CA reduced mutant-SOD1-related oxidative stress.
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(A) Typical spectra of DMPO-OH spin generated from H>O; plus Fe2+ in the absence (control)

or presence of p-CA. (B) The amount of hydroxy radicals was semi-quantitatively measured as

the formation of DMPO-OH spin adducts by ESR spectrometry. Differences were evaluated by
one-way ANOVA (mean = SEM, n=3) " p <0.01, T p <0.05 vs. SOD193R, p-CA: p-coumaric

acid.
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/A (Endoplasmic reticulum: ER) A~ L A 1% ALS OJEIRMEFT A B = X L d—
DTHY, FERFERIGE LTRBINTWS L SODI®R X% ER A |k
L AICHT D p-CA OZFEEZFHD720I, Mk A ML 2A~—D—& LT
5N TUVW5 BiP, CHOP DU =X & 7 ry MEN Z4T-7=. %, p-CA Tk

Y BiP ¥ X UY CHOP O3EELAM ] 4172 (Figure 21A-C).
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Figure 21. p-CA reduced SOD16%5R-related ER stress.
(A) Immunoblot analysis of BiP and CHOP relating to ER stress. (B,C) Densitometric quantification of

BiP (B) and CHOP (C). Differences were evaluated by one-way ANOVA (mean = SEM, n = 3) *** p <
0.001 vs. SODIWT, " p < 0.001, T p < 0.05 vs. SOD193R, p-CA: p-coumaric acid.
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3-10 p-CAIA—F 7 7 V—% N L CTHREDREZHTD

p-CA ZFANWTH VRV BEDOBREFRD—D>THHA— b7 7 — L ZEH SODI
LT T 2 AR R RN B L OBEIC SO W TS Z 1T o 72, 3-5 DRE & RS,
F—F7 7 = DIEMALDE L LT LC3-II, p62 % fHWi=. p-CA IZL D,
LC3-II DN, p62 O % feid L 7= (Figure 22A-D). LLED Z &5, p-CA X
F =77 =T EE L TS T e MR LT .

W, fER L7725 SOD1 7 VAIIZEWT, 4 — b7 7 U — 03 ik {R#
NRICEHG L TWAZ L E2HEND DD, — 77 P—HERTHL 7 1
2% 2 (CQ) & W THIRIINEEEE IR, MIM/EAFR, Ml OBLE O REF Lz
fEiA, p-CAICXY, MIIWNHERITIEA Loz L, CQ ZALE Lo Tl
¥ SOD1 OFEENHEIM L T\ 5 Z & 28 L7- (Figure 22E, F). %72, p-CA I
XU MRAAFRNENE LIDIZH L CQ ZALE L7-#E TlE, MiAFRGIKT
T 5 Z &R S vz (Figure 22G, H). LA EDZ &b, p-CAIZA— 7 7V
—EIEMEALT 2 2 LT, MRANEEL D S, MREESIREFALTNDZ
MR S Tz
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Figure 22. p-CA prevented SOD1%3%R-associated neurotoxicity through autophagy.

(A) Immunoblot analysis of LC3 and p62 relating to autophagy. (B) Densitometric quantification of
LC3 and p62. " p <0.001 vs. control. (C) Immunoblot analysis of LC3 and p62 relating to autophagy
with SOD1983R expressing cells. (D) Densitometric quantification of LC3 and p62. 7" p < 0.001 vs.
control. (E) Imaging of cytoplasmic mCherry—SOD1 aggregates (white arrowheads) in the N2a cells
with CQ (1 nM) before p-CA (100 nM) treatment. (F) Quantified analysis of imaging. (G) Cell
viability was measured by MTT assay. (H) Cell toxicity was measured by LDH assay. Differences
were evaluated by one-way ANOVA (mean = SEM, n = 3). *** p <(.001 vs. SODIWT, 7" p <0.001,
' p<0.01, " p<0.05. vs. SOD1G&R ## p < 0.001, # p <0.05. vs. SOD19%R + p-CA. Scale bar: 10
um. p-CA: p-coumaric acid, CQ: chloroquine.
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ERL WD, BELEREY R OE-ERDLTZ LT, ALS ORIESCHE
TS ZENTELAEENRENW ENBL LS. £7-, EBGP R°FDFH
B4y Td 5 kaempferol ° p-CA 1% & L R E S5 RZD—DOTHDHA— T 7
—ZEMH LT 2 b HME SN TS, £ 2 TARIFIETIL, N2a Moz &
SOD1 % i@ RIFBL S 72 ALS OMIEET /LIZEW T, SODIR sk o i w it
& kaempferol X N p-CA OBREZRE T HZ LA B E L.

TZIRIA ROT7 YV —F VN OMEIFIZIF bFEENRE EE LT
HZEDRINTND., TNETOMIEIZEBNT, 3-8 K% (OH) E&H T
57 7R A RRHIRBLIEEICHEERER 2 R-T 2 e PHEISN TS 2
Kaempferol & Kaempferide (%, 3-OH & Fi>7 7R /A FThHDH. Len-T,
3-OH Rz f3 257 T7H /A FOFHEEL, 225 SODI i BIGMERER I 2
PUBILIEPEIC T B L TV D REMER S 5. —JF, Kaempferol X AMPK-mTOR #%
WAaEI LTIoA— b7 7 U — %35 Liz. kaempferol & kaempferide Db FA# i D

WiE, BERIZHDEREROATH D, Kaempferol 1L 4-OH £, kaempferide I%
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4’-methoxy #:% B BRIZFFD. L7203 - T, BERIC 4°-OH % Ff> kaempferol |
F—=h 77 V—ICBRLTCND EZEXLNDLN, 77K A ROFEHE L+
—F 77V —OBBRICONVWTIE, SOLRLIWFAENLETHDL. —F,
kaempferol X° kaempferide &1~ 7R / A4 KNEE SODI (/b vy e
ETRERT D LV I MEIIRER . A5, VU=are v MER SOD1 & H
WA BRI EBROZEMICOWTE SR RN TH S,

ZIVE TITHRIEIEH, TiAAER, FLEBEIER 72 & D p-CA OfF HAMEIZD
T, WL ODDORFFERHAE ST D 2433 LasL, ALS O X 5 7 iR Zs
PR E p-CA EDOBEIZOWTITIZE A EHESN TV, FEEFEFINE
TOWME EFEEIZ, p-CANA— b 77 V—%iFETHZ L 2L LTz B2
AMPK (¥, mTOR OJEMEALZIHEIL, 4 — ~7 7 O—2AICHIETS. FHEDS
X EBGP IZEEND 77 = —/Lis AMPK DU VLA N LT, A— k77
VBT HAREMENH D Z L ER LB £, p-CADS AMPK FIEME(L T
HZENRHEESNTWS S LI EDZ LD, p-CAlL AMPK-mTOR %5 % /i
LTA— 77 V—%2FETLH2L0F26N15. £72, AKT-mTOR &R & A
— 77 O—OIEHAIZIZRE ST A 2 ERmLER TV D Y. 2k TOWET,
p-CAIXAKT > 7 F N ZHETHZ ERMBINLTWNS 3. L= ->T, p-CAIlL,
AMPK-mTOR & 721) T/ <, AKT-mTOR R L L TA— 7 7 V—%&7hiH
THRREMEND D LHER SN D.

AMPK (3252 SOD1 OE 7 /L TIEIAEMEL STV D 23940 I 61T, RNEME
b L7= AMPK % IE%# L-ULE CRIE S5 Z & T, SODI A RIZfE S fhik etk
(2% U TR R R A R 5 2 L R HE STV D 240 AMPK DIEMEAL
X, A= 77 V—EFET LMY, =X R CiRA< 5T 5.
LLEDHENG, ALS OEITE < ECTIHFFICHERER Z R L TWDL Z LR
REEND.
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NTWD 2 EFRIZ, UPS OIEMALNRT & R B O L~V S8, )
HEMIZEH L TWD Z s SN Tnsd 20 ARV T, p-CAICLD
UPS OIEFHEALIZOW TR L TEH T, T E TIZH UPS Gt b & 5 s
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T5HZ LT, EMRMICBIEA L AEME, S OIITEEROERE L MmET 5
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BWTHLMNZ Lz, BEX 7 EOERESL, BEA N L ADOHEKIXALS 72
F T A O MEIRBIZIB N T S, FERDIFIET HLIRT L 0 FERIC R S
LR CTHD. HEEBFERST TR ) A RipELL ORIy &R LT
% EBGP X HEH X W KHRIZEET 5 Z ENAEETH Y, THEROBLA LV E
FDOR LA & OFBRETIIET 2R MR BT U CIERICE R 22 TR
ELTCOHEEIZH S Z L3E 2 B b (Figure 23).
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Figure 23. The search for preventive medicines from the perspective of preventive medicine.

kaempferol and p-CA degraded SODI1 aggregates and suppressed their formation via the activation of

autophagy.
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Figure 24. Oxidative stress and protein aggregations are associated v T ¢, positron

with ROS.
emission tomography

ROS is produced by abnormal protein aggregation, abnormal
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Figure 25. Chemical structures of each DHPs.

K562 i iZ % L CIEMIR N OFE R R R E A FHET L C7 AR b —2 2 &35 7T %
TERHEINTND O Lo T, 12AC30 (XIEMERESEN EAIE L TEH
THAREMEDN DD EEZXBND. AETIE, Z£HE SODI 1T X DM E Tk
% DHPs OHEE{LIEAIZ DUV CTREF L7=. DHPs I%, C-12 +U—X (12AC20,
12AC30, 12AC40, 12AC50, 12AC60) % fiV 7= (Figure 25). =& 7R D X
ICHBILIER 2 AT 26 WmaE AT 2 L cEiuE, 4% OEHRE —X
RRICBIT DN VIZRVBELEERD.
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—PEICHBL 72 N2a fillfaiz 30 Th SOD19R & [F] L~ L ik 3 2 el
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Figure 26. 12AC20 and 12AC30 protect against SOD1%R induced neurotoxicity.

(A-F) mCherry, mCherry-SOD1WT, mCherry-SOD1%8R or mCherry-SOD19%34 expressing N2a
cells were differentiated under culture medium (2 mM dbcAMP, 2% FBS) in the presence or
absence of each DHPs (0.1, 0.3, 1, 3 uM / 24 h). Cell viability was measured by MTT assay.

Results are presented as the mean = S.E.M of the three independent experiments, or as percent

of mock (mock = 100%). *** p < 0.001 vs. WT, " p < 0.001, 7" p < 0.01, T p < 0.05, n.s.: not

significant.
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b=, —F T, 12AC20 (2L W ZF SOD1 DOEEARDOERE )N L= (Figure
27AB). & 61T, EALFEMIRRAT TH, REEMED insoluble 432 F5 VT4 K
SODI1 HHE X L X7 B OERENEIN L T2, 12AC20 12 L W = O ZFEN B

L 7z (Figure 27C-F).
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Figure 27. 12AC20 reduces the aggregates of SOD1%R and SOD1%%3A, (A) Representative
fluorescent microscopy images of N2a cells expressing mCherry-SOD 18R and mCherry-SOD 16934
incubated for 24 h with 12AC20 (0.3 pM, 3 uM). (B) Quantified data of intracellular SODI1
aggregates are expressed as the mean = S.E.M of the three independent experiments. In each
experiment, at least 200 cells were counted. (C and D) After treatment of 12AC20 (0.3 uM or 3 uM),
N2a cells expressing SOD158R and SOD19%4 were lysed with 1% TritonX-100. Triton-insoluble
fraction was resuspended with 2% SDS and analyzed with immunoblotting. (E and F) The density of
Triton-insoluble mutant SOD1985R and SOD16%34 is given as mean + S.E.M from three independent
experiment, based on the density of Triton-insoluble mutant SOD1WVT, *** p < (0.001 vs.WT, T p <
0.001, " p<0.01, Tp < 0.05. N.D.: not detection. Scale bar: 10 um.
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3-3 A b L RITxd %5 DHPs D& H

AL A N L RZMEIT 5 2 L1, ALS OETEIHIT 2R NH D EEZ D
TG 31 22T, B EWE & L THH LTV A DHPs, HFIZ 12AC20
IZBWTC, BILA ML 2AZEFH L TWVDHI %25 X, Cell ROX® GREEN,
MitoSOX®™ RED 73 % i\ C SOD1%R (i3 ROS % #I7E L7=. SODIVT fllfia &
Lb#E L C SODISR i ¢i%, ROS 23 L Tz, & 512, 12AC20 %D
ROS %A EZHH# L 7= (Figure 28A-D). ¥RIZ, 12AC20 2 X HEE{L A b L 2 D
WA B = RN ERETT D729 ESR AWV TREF L2, ARIOKRFHZE N T
[X-OHB L0 ICE B L, 12AC20 DR EMR LTz, #R, 12AC201THE
IZ-OH, Oy DFREZLT St/ (Figure 29A,B). LA EX Y, 12AC20(%-OH & -

CEBEERT 228 T, FUMNMMBENR LD, £ SOD1 2K 5 kA
MAZHEEIZHHI L TWD Z EEH BN L.
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Figure 28. 12AC20 suppresses SOD1%R and SOD16%A -induced oxidative stress. (A) N2a cells
expressing mCherry-SOD198R and mCherry-SOD 1634 were treated with 12AC20 (0.3 uM, 3 uM) for
24h. Subsequently, CellROX Green was added to the cell culture to a final concentration of 5 uM and
incubated for 30 min at 37°C. (B) N2a cells expressing mCherry-SOD1%%R and mCherry-SOD16%34
were treated with 12AC20 (0.3 uM, 3 uM) for 24 h. Subsequently, MitoSOX Red was added to the cell
culture to a final concentration of 5 pM and incubated for 30 min at 37°C. (C and D) The relative
fluorescence intensity was quantified by computerized image analysis with Image J. Results are
presented as the mean + S.E.M of the three independent experiments, based on the fluorescence intensity

of the mock. (mock = 1). *** p <0.001 vs. WT, "T p < 0.001, 7p <0.01, T p <0.05. Scale bar: 100um.
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Figure 29. 12AC20 possesses direct scavenging effect against *OH and *O;. (A) Traces show

02 +12AC20 3.0 uM

typical spectra of DMPO-OH spin adducts generated from H,O, plus Fe?" in the absence (control)
or presence of 12AC20. DMPO (72 mM/50 pL), H,O2 (2 mM/50 pL), FeSO4 (0.2 mM/50 uL), and
sample solution (50 pL) were mixed and transferred into an ESR spectrometry cell. Exactly 1 min
after FeSO4 addition, the ESR spectrum of DMPO-OH spin adducts was recorded. The amount of
*OH was semi-quantitatively measured as the formation of DMPO-OH spin adducts by ESR
spectrometry. (B) Traces show typical spectra of DMPO-OOH spin adducts generated from
hypoxanthine plus xanthine oxidase in the absence (control) or presence of 12AC20. DMPO (500
mM/50 pL), hypoxanthine (5 mM/50 pL), xanthine oxidase (0.4 units/ml/50 pL), and sample
solution (50 pL) were mixed and transferred into an ESR spectrometry cell. Exactly 1 min after
xanthine oxidase addition, the ESR spectrum of DMPO-OOH spin adducts was recorded. The
amount of - O,” was semi-quantitatively measured as the formation of DMPO-OOH spin adducts by
ESR spectrometry. Results are presented as the mean = S.E.M of the three determinations, based on

control. *** p <0.001.

56



4.5 5

ARETIE, RPOHBEEMIE PRI TRIESNTHFE DHP © 1 > Th
% 12AC20 % FV T SODI1%R 35 LU SOD19%A 12 X A i stE I st 3~ 2 R &
MREt L7z, #ESE, 12AC20 1A R SODI H KOk 25 Liz. F5lZ,
12AC20 IFHIfAN OZE R SOD1 12 &L 5 Ml NEHE RO EFE A A RIS S Wiz,
S HIZ, 12AC20 1%-OH BL-Orloxt L CESZMICEMN T2 2 & T, Hifgk
TEREZRLT-.

5% SOD1 DEEEIE, FEMERS L OFEHEMED ALS ICH 65703, £ DFFE~
DREEITNWETEARHATH D 7. ZHETOWRETIX, ALS ET L~V ZADH
BEIZHBT, SOD1I DO AREMEEHERDN LS, B FRIPANT 4 NG T
BENTWVDZERPAL NI o TG 0 ALS ETF LT AD LI IZ,
AREBRTHWCHIE T LICEBWNTE, Z5 SOD1 ik S TW\WD Z & 2HE
P SH, BEHE L72 SODI 2D S5 2 L 1% ALS (2K 2 A 3h 7 R kg O —
DL LTHIfHEN TS, 22T, 5 2 ETIFELR SODI1 1T X 2 ik E It
TR L L THIMILAITH D DHPs OFFRIREDNREEZHA ST D E L
(2, ALSIZx 3 D HHUARELZIRE T2 2 L2 AR E L THIE AR T o 72,

BIfE, FAD THRREINTWVDIDIL 2 DORBEOALTH Y, FLr/ Nz I Uik
HThrIny—nl, V=S HNVHERTHLZ X TR THD 2 L
2L, WIANE ALS (28 L TR O NTIBRANR LS L. FE OWFETIE
12AC20 Z# 0.3 pM B L 3.0uM THE 5 &, £ H SOD1 DEEIRIZ L - TH
FINDHEEA L A%EHFT LT (Figure 28). 3.0 uM @ 12AC20 (%, Z 4 SOD1
DAL NEREER &2 ) S, SODI 12 Xk Db mtt 2306 L7225, 03 uM &
12AC20 TiFMfl SN2 hr o7z, ZORERN G, BEA ML ALSMT S, 5

SOD1 OHIANEEES SODIIZ X 2 MR EMZ 5 S Z T A W= X LNFET D
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AIREMENEZ Z BILD.

ARBFFETIL, 12AC20 75-OH & -OymE#ZHEME L. — T ¥ TR 1%
OHDOAZWIET HZ ENRENTND B Zh b O RABMIZ T 5 &,
12AC20 N=X TR L0 HIEMIZ ROS ZHE TE 5 Z L 2VRIBE N, ALS
IR — XL LTOWREMEZ R LTV 5.

INETOEL OWFEIZEBNT, ALS ET /A~ ARETHE, I har KV
T OFELNERENHER S TND 460 F7- BESODIIE, I har N7
NOMER N B DEERERZTERT D7D I har R 7T OKERICEE%
2% T8 ZnbOMAEELD L L, AR SODI A har YT O
BECEBE 52, BEA ML AZFERLTCONDLIERNBEZOLND. AT
1%, SODI9R FE7-i% SOD19%4 Z —ifi 112 L7z N2a #ifid T, MitoSOX, CellROX
DEIEDHM U=, Z D MitoSOX, CellROX D NOHNNIE, 12AC2012 X - T
BAEICHH ST DLEOFENS, 12AC20 IAHE SOD1 [2L5H har R
T ORI L THIREENEZA T2 EnEILND.

AHFFETIE, 0.3 pM @ 12AC20 % ESR & AW ZHFHT IV Tix ROS Z#il
TLHZENTE R o7, L, FHRED 12AC20 (%, #MfukFESM T TiF
PERESE AN L7z, L7235 T, 12AC20 I TANIEES 2 41 CIRMERE & & M5
DT TR, MaNT 72 iEH L LTI LA b L R 20 5 aTREME DS
Ex N5, FATHIZETIX, DHPs 2SN O MAPK 72 EORIfAN S 7 L%
T2 2 EDRENTND 5% AMPK 1IN ETIZ, Hiigby 72kt
ET22ENMBENTNDZ LD, 12AC20 IFEEMICER{EA b LA Z Il
THET TR, MENO Y 7 FEEMLT 2 2 & T, MRRERICIER L
TWDHREMED & 5.
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fiam & LT, AMFIETIL 12AC20 73EH SODI #FFEMED-OH, Oy & fRET
52 LT, MBNEEEREZIHIL, & 5IIEZR SODI 1T K 2D b
faZ R+ 52 L ZHALNT LIz, b DORERIE, 12AC20 2% ALS OH#EfT%
BOLEDHLRIRRIEREMTHDH L, T LU TEEA N L ANRN TRET S
MR B AR T D 72D OF - bbb &M & LT o #ifF S d (Figure

30).
12AC20 blocks the Protein aggregation
vicious cycles (mutant SOD1)
2 |12ac2o HES
mitochondrial ER stress excessive

dysfunction

Figure 30. 12AC20 reduces the intracellular aggregates of mutant SOD1 by scavenging mutant
SOD1-induced *OH and *O;". 12AC20 protects cells from mutant SOD1-related toxicity. These findings
support 12AC20 as a promising candidate to slow the progression of ALS and as a novel ROS scavenger
agent to treat neurodegenerative diseases triggered by oxidative stress. Although the pathophysiology of

ALS is heterogeneous and complicated, 12AC20 will be a promising candidate in combination with other

agents against ALS.
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B3E b MILEEBEEMRE A OIREEBOEE

B1H S

ZHETIZE K OWFEHE D ALS IGFEEDOBATE 237273, Tilig DV < 1B
R RHE AT 2. Vv —b, = Z TR N ALS ICRT DR E L
TRAISNTIIND OO, ZTOBMEITMO TREXNTHY, £/, @mlbt:
2EMZHBRICEBNTIZDOBRFEEORBIZIEHE THDH. FEHEIZXZDL DI
TEIRAEBIRE NI L TV A IO —2 & LT, ALS &\ 9 RIS HE— D 3KHAl,
—ODEMZHIEIT 5721 TIRIETE 5 L 9 2 HMREE TR EEZ T
L. T, TAYANA T —IRIZE DTS ZHOFEIEIC K0 MR ORE D RS
BNV HELINTND @ L, EEBERNZ W ALS 120 T
1%, ZAIFHT 2 DITEFEICY A7 REnWZ EnFTRIND. 22T, FHIX
ALS Z 4R & DR EME R R IEIT LT, — D OFF THREDIGRIER %
HIECT&E 2 & 9 RHEHIORR & I T,

BRI — X L LC, E@lia, Frice bl s fMia (Stem cells
from Human Exfoliated Deciduous; SHED) (2% H L7-. SHED (XL ekt o i 5
HIZRIET DMl ToH Y, 2003 FIH)D THEES 7. SHED [ZRAEERD
BTHIRAS WL TEY, SMlapRIcB W T RERBIRZ T 6Ty
%. F7z, SHED [F#KE ML, PEGHA, FREAilas Sk % 2o/ 12 2h2RAYIZ
ML TE BN T E COHRE TIE, SHEDIIMRREER 172 &L < ORT-XR
T VY=L E R L, PIMRIEER D OWBEZMRMEST H L AERE S
NTCWnWp 2B X512, SHED O iEL55E % (SHED Conditioned Medium;
SHED-CM) 131 > A U =0, JHIRusE5EA 7 (Hepatocyte growth factor; HGF) 72
EhR & TR BERE IR - 5 B HORER A i o i 1 jE £S5 BT (BMSC-CM) LV $ %<

BHEINTWDLZ RSN TEY, EENRMERZN LI RERRI BT
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SITWD ™ L, TV ~—F, BYEMRESCHEIRFE OB ET LA
W72 ARG IR BRI Z 3T SHED-CM DFf 4 22 [RFI2 K D 7 7 /ViiRIEE LT
DAEIENRTR ST 77077 ALS TIE, E7 /b~ 7 A2 T HBEE I H Sk
DOEMIERE LIEPEIEEOR T 2HET LI LR HRE SN T VDN,
SHED-CM % MW T2 BTERIRFRER 722 1T AR T2 7200 78,

AWFFEIZIBWTIE, SHED-CM DZE# SOD1 T L 2 AR #1259~ 2 Mk i
IRE, MIRET VB L0, B HCREERRA iPS M A H VTG L7z,
N2a i 2 7o E 7 VAR C OGO A7 5, B HOREEFERA iPS Al
fazMns Z&T, It FORKRIZIWET /LE LT, SHED-CM DA
O TE D, SHED 7 b SN D kR4 22K 7 OB A28 % 1 6 5
2952 & T, ALS ITHT D HHIBIREDOHIIC SRR H L EZXTND. S BIT,
SHED-CM @ ALS (Zxt 9 B MEEMNLT 5 2 LN TENIE, FFKMIC SHED
ZDOHLDEBIET D Z LIZ X DFHRIRIBRIEDRTREIZ RN 5.
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B2f EBRMEROHIE

2-1 fwEt

iPS Mifdds X OV SHED-CM IR 2 9" X T OEERIT, I FIER K6 KOV R
RFOMHBEESTERENTEY, AR TANEZXRETDHEY - @FEHT

FRICBET D fmBEREREE) B Tk b7 A - AR TMATHFZEIC BT 2 (B e
F) IS L TIT o 7o (B RERERFRGEE 50123 BB L TF 1-25, IR RIS
FF1-25). I BIEFL RO RRBE 123 BLOV-25, IR RKFEO KB :29-
501 35 U8 2020-162. I BB RS2 AGRA 5:1-23,  1-25, IR R SKGERE 57:29-
501, 2020-162, &% ID:UMIN000038561and 000030101,

SHED-CM [ZB3 5 X ToOERIL, KREF KT, MERFOMEEZEES
(3269-1) THF EH, AARD TANZxG L3 HES - @R AIZEIZET 5 M
MR BELORAD v M7/ o Bl FHATRZEIC B3 2 mBlfast) (cHE
WL i,

t b iPSC DERL LI, W2 S AR OmiEZ B S DKRZ 5
TW5. iPS Al Z W7 iF e, AR Ol & B & DK (RO0II,
G259) &%, TANERGETLHEST - (RMEFTROTZO OfmEtEEE) B LT
(e N7 A BB TRRTIFSE O 7o D OfmEFE ST 1ICiE > THEE S -,

2-2  HWY R OGRS
H1E2-1 EYRKOGRETHEH LY & NIRRT B
iz 2

like Growth Factor-II (IGF-II) antibody (& R&D Systems, Inc. (Minneapolis, USA) X ¥

7 4 —/L K SODI Hif&k (MS785 / MS27), Pifithrin mu (Pi-mu), anti- Insulin-

A L7z, p-AKT antibody, AKT antibody, p-ERK antibody, ERK antibody, p-GSK-3p

62



antibody, GSK-3p antibody, p-Insulin-like Growth Factor-I (IGF-I) receptor antibody,
HSP60 antibody, HSP70 antibody, HSP90 antibody ¥ Cell Signaling Technology
(Danvers, MA, USA) £ U i A L 7. IGF-II Human recombinant {3 Wako pure
chemical industry Ltd (Osaka, Japan), ReverTra Ace qPCR RT Master Mix (X TOYOBO
(Osaka, Japan), StepOne Real-Time PCR System |X Wakenyaku Co.,Ltd (Kyoto, Japan),
SYBR Green /% Takara Bio Inc. (Shiga, Japan) & Y i A L7=. Protein G i & — X
I% Millipore (Massachusetts, US) J Y fi§ A L7=. STEM Fit X Ajinomoto (Tokyo,
Japan) L VA L72. N2 #7°U X > |, Neurobasal Medium, TrypLE (% Thermo
Fisher Scientific Inc (Waltham, MA, USA) L VA L7=. ~ KU Z/LiX Corning

(Arizona, United State) J 0 liEA L7z,

2-3 FEBRITIE

AFFE 7 OBEEE X, Figure 31 12Kk L7=.

MR % #5678 L7212, SHED-CM Zflix OIREETHRE L, Z0 24 %S L <1
48 R[4 IR ATV B HIRMT 21T o 7.

2-3-1 SODIWT-mCherry 77 A 3 K7 & —{Efl

Bl 2-2-1 C[REERICEm L.

2-3-2  ZEEI SOD1-mCherry 77 A 3 KX & — kil

B 2-2-2 C[EBEICH b L 7=,

2-3-3  HE &Ry EEET LA
H1E 223 LEERICERL-.
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2-3-4 SODI1 % L /87 Ll s

B1E 224 LEERICEMm L.

2-3-5 Reactive Oxygen Species (ROS) DHIE

H1E 2-2-5 CIRIEEIC T L7z,

2-3-6 VITAZ T u v bk

1R 2-2-6 L[RIRRIC N L7z,
PUAIZES LTI, rabbit anti-p-AKT antibody (1:2000), rabbit anti-AKT antibody
(1:2000), rabbit anti-p-ERK antibody (1:2000), rabbit anti-ERK antibody (1:2000),
rabbit anti-p-GSK3p antibody (1:2000), rabbit anti-GSK3f antibody (1:2000), rabbit
anti-p-IGF-I receptor antibody (1:2000), rabbit anti-HSP60 antibody (1:2000), rabbit

anti-HSP70 antibody (1:2000), rabbit anti-HSP90 antibody (1:2000) %z I\ 7.

2-3-7 AR ATE SR E

1 2-2-7 LRI FE i LT,

2-3-8 ML

B 2-2-8 S [RARICIHEM L=,

2-3-9 U T /LH A I qRT-PCR %
N2a ffalc Ry Z—% AW NS v A7 =7 3 a > L7-%, SHED-CM % 24
FREIALE L 7= (30%, 50%, 70%). ZiL5H D RNA Vo 7 /L ZHitH L, ReverTra

Ace qPCR RT Master Mix # T, 7' b 23— LIV R G 21T 572, qRT-
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PCR /% SYBR Green % HV T StepOne Real-Time PCR System ET7'm ka2 —/L{Z
VT o7z, BIn 77 A4 ~—ORSIL Table4 (27718 Y THSH. mRNA DFE

B/, B-actin mRNA OFEL&EZ AW CTHIIE L7z,

2-3-10 SHED-CM, Fb-CM D%

TR KPR B S FeE ALk F AR A 50 B B IR LY
THEE L TIEWE. 70~80% 2 7L MI72 57~ SHED & #ifESEHA %
PBS TUE L, E5&ii% HIMiE DMEM (ZAc#a L7-. 48 WfijE5##%, HiihZ [E]
L, 440X g T4-5 M LorpE L7, RiEZBEIL, 4°C,17,400Xg T 15

GIBEINGS L A Ol

2-3-11  Phospho-receptor tyrosine kinase array (RTK array)

iz ORI 1T 5 RTK OF v o U b O L L 2 J1E Lz, Hilg
% SHED-CM T 30 sp[HALE L7z, JUEifg, Tdhy — MCRidsh T o e~
VBRI K ORISR 2 W2, BH, AT L2 Ny 77 —T 2 [k
Ll Wiy 77 —2EERSBRELCE, AN L7H phospho tyrosine-
Horseradish peroxidase (HRP ) Z 1 2. 7=. £ IZ, ECLprime CA > F=2X— L

T HRP Hilk Db 53 24 C X4, Fusion VA7 A THH L.

2-3-12 SfETkkEE

Al Z RIPA /X 7 7 — T L7, 15,000Xg, 4 CT 30 il DorHE L
7=, SIEVERREIEY, TuT A v GERE—REHW T T, a4 G,
FEBEDPLI AT +—/L F SODI1 ik (MS785/ MS27) LftEaT 5K 91275
FT, 4CT—HpA U FaX—h L7 FBH, ©—X&/ATHEILL, 3EHE

L7, 9418 —F%2 10%2-ANV AT v H ) —)LaEGieth o TNy 77—t
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JBA L, 12%SDS-PAGE %#1T->72. PVDF % BlockingOne T/ 12 v ¥ 7 L,
SOD1 HUA (1:1000) TA &/ 71y b L=, H#IZ ECLprime TA > &F = X— |

L, HRP#HIE LF3 24 U S, Fusion VAT A2 HW TR LT-.

2-3-13  iPS M D IEB R ~D 531k

LIM Homeobox 3 (Lhx3), Neurogenin 2 (Ngn2), islet 1 (Isll) &/ DAY A K
0y H— (LNL At v b) 28 A7 iPS flfid % iPS AAEFE & > % — (CiRA)
BB o b TR L TR W, 2O TrypLE 2 iV C 7 HZ
SR L 72, 206 oMl 23 EE RIS 50k L72Kf 0 C, STEM Fit % M
WC M va— LT vy allFv—T 47 L. #BH, §3TD
Bz N2 70 2 > b KO doxyeycline (1 mg/ml) % & &» Neurobasal Medium

(CEEL, 7THREREZIT-.

2-3-14  EENHRE A 7o

LNI &% v b ZA3 % iPSC % TrypLE THLAMM I A7RE S B7-1%, N2 #HFeng &
doxycycline (1 mg/ml) % & ¢ Neurobasal Medium & & {2~ h U Z/Lva— L7z
Rwell 7L — Kk BIC7'V—F 0 > 7 L, THEEEZ{T- 7. EHEPEHIIRIC
fbL7=L Z AT, SHED-CM# /1%, 14 HBIZYf L7-. SHED-CM & #RiE AT
el H & CM (Fibro blast-conditioned medium; Fb-CM) 13RS+ 512 L ¥ 9 20 512
PefE U (5120, 4ml & 200 pl (CHEHE L7-). iPS MK A - ABFZE TI, 1
Mg L7z CM %, N2 #7U x> k& doxycycline (1 mg/ml) % & ¢¢ Neurobasal
Medium 1 ml{Z 25 Wl TORM L7 b D EALE LT, AfFEE = = —a > O,

EERRF R~ — I —TdH D SMI-32 DY %2 W TEHR LTz,

2-3-15  HRHFRIMRNT
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H1E 2-2-11 L RBEICFEE L7=.

HHraPEEE A, 2D ML AT O ML

12well FL— || SOD1 (WT.G85R,GO3AVES AL T A=

10/71Bl/well T3 LN NOHF— NS ATT o3>
Day 0 Day 1 Day 2

e

\ SHED-CMZALE

96well S L— IC SOD1 (WT,G85R,GO3A)VE SAIC TS A= I

fHfREFE, #M|SE 0N

1 EIwel TEWE NIG=a S ATT 7232
Day 0 Day 1 Day 3

)

N SHED-CM#Z L&

Figure 31. Time course for experimental procedures including transfection, treatment with

SHED-CM and analysis.
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Table 4 Primer sequence

Gcelm Forward 5-'"TTGGAGTTGCACAGCTGGATTC-3'
Gcelm Reverse 5'-TGGTTTTACCTGTGCCCACTG-3'

Nqgol Forward 5-CGCAGACCTTGTGATATTCCAG-3'

Ngol Reverse 5'-CGTTTCTTCCATCCTTCCAGG-3'

Ho-1 Forward 5'-CACGCATATACCCGCTACCT-3'

Ho-1 Reverse 5'-CCAGAGTGTTCATTCGAGA-3'

Hspdl Forward 5'-GATATGGCTATTGCTACTGGTGGTGC-3'
Hspdl Reverse 5'-CCTAAGTCATGAGCTTGAACATCTTC-3'
Hspal Forward 5'-TGGTGCAGTCCGACATGAAG-3'

Hspal Reverse 5'-GCTGAGAATCGTTGAAGTAGGC-3'
Hsp90aal Forward 5'-ATGACAGCGGCAAAGACAAG-3'
Hsp90aal Reverse 5'-AGGTCCTCGGAGTCAACCAC-3'
B-actin Forward 5'-CGTTGACATCCGTAAAGACC-3'

B-actin Reverse 5'-GCTAGGAGCCAGAGCAGTAA-3'
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B3 R

3-1 SHED-CM |32 5 SOD1 O NEEEE AR Z I L, 258 SODI1 1T & 24k
FIE A BT 5

H 1%, H2EOMIEICESE, SODIRE L SODI3A &8 A L 72 N2a il
fu%x 285 SOD1 E7 /Vffiffde LTHER L 2% Zo®e7 vtz Hwe, £
¥ SODI1 (2 & iR EMEIC K45 SHED-CM O &Mt L=, Z DOfEE,
SHED-CM (¥5# &5 L T 50%~70%4LE, e.g. 1ml DEFHIFIZ 500 pL~700 ul)
1%, SODI1%*R 35 L TF SOD1954 D EEERDETE 4 ) S ¥ 7= (Figure 32A,B and
Figure 33A,B). SODI1%R 5 1. (8 SOD19%A |2 X B ik #tki2 %9 % SHED-CM
R ERBIT D720, MIT 3L O LDH 7 v & A %47 > 7= (Figure 32C,D and
Figure 33C,D). < D&%, SHED-CM (X SOD1R 35 L OV SOD16%A (2 X 2 ik 7
ME SO%REEEMEI T2 Z LR bhoTz. S HIT, oM ERE BIE & DL
4T 9 72012 Fo-CM OZMREZFI L= & 25, Fb-CM (B E 2% LT 30%%L
&, e.g. 1 ml OEZHIFFIZ 300 ul) 1% SHED-CM 1 & CldZen o723, A SODI
OMBANEEEERZIIH L2, L L7235, Fb-CM IXHIfa O£ ITxE LT

TRAREN A 78 & 72 o 72 (Figure 34A-C).
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Figure 32. SHED-CM protects against SOD1¢%R.induced aggregation and neurotoxicity.

(A-D) shows data on the G85R variant. Representative fluorescent microscopy images of N2a cells
expressing mCherry-SOD198R incubated for 24 h with SHED-CM (5%-100%). Arrow heads show SOD1
aggregates. (B): Quantified data on intracellular SOD1 aggregates (expressed as means = SEM of three
independent experiments). In each experiment, at least 2,000 cells were counted. (C): Cell viability was
measured via a CCK-8 assay. (D): Cell toxicity was measured via an LDH assay. N2a cells were
differentiated under culture medium (2-mM dbcAMP and 2% FBS) in the presence or absence of SHED-
CM (5%—100% / 24 h). Results are presented as means £ SEM of three independent experiments or as a
percentage of “mock” (mock = 100%). ## p < 0.001 vs. WT; *** p < 0.001, ** p < 0.01, and * p < 0.05

vs. G85R. Scale bar: 10 um.
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Figure 33. SHED-CM protects against SOD1%%3A-induced aggregation and neurotoxicity.

(A-D) shows data on the G93A variant, whereas Representative fluorescent microscopy images of N2a
cells expressing mCherry-SOD19%R and mCherry-SOD15%34 incubated for 24 h with SHED-CM (5%
100%). Arrow heads show SODI1 aggregates. (B) Quantified data on intracellular SOD1 aggregates
(expressed as means = SEM of three independent experiments). In each experiment, at least 2,000 cells
were counted. (C) Cell viability was measured via a CCK-8 assay. (D) Cell toxicity was measured via an
LDH assay. N2a cells were differentiated under culture medium (2-mM dbcAMP and 2% FBS) in the
presence or absence of SHED-CM (5%-100% / 24 h). Results are presented as means + SEM of three
independent experiments or as a percentage of “mock”™ (mock = 100%). #* p < 0.001 vs. WT; *** p <

0.001, ** p<0.01, and * p < 0.05 vs. G93A. Scale bar: 10 pm.
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Figure 34. Fb-CM does not protect against SOD1¢3*R-induced aggregation and neurotoxicity.

(A) Representative fluorescent microscopy images of N2a cells expressing mCherry-SOD1685R-
incubated for 24 h with Fb-CM (30%, 50%, 70%). Arrow heads show SOD1 aggregates. (B) Quantified
data of intracellular SOD1 aggregates are expressed as the mean £ S.E.M of the three independent
experiments. In each experiment, at least 2000 cells were counted. (C) mCherry, mCherry-SOD1WT,
mCherry-SOD1935R expressing N2a cells were differentiated under culture medium (2 mM dbcAMP, 2%
FBS) in the presence or absence of Fb-CM (30%, 50%, 70% / 24 h). Cell viability was measured by
CCK-8 assay. Results are presented as the mean + S.E.M of the three independent experiments, or as
percent of mock (mock = 100%). ## p < 0.001 vs.WT, * p <0.05 vs. G85R, n.s.: no significant Scale
bar: 10 um.
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3-2 SHED-CM |32 % SOD1 |2 L AL A R L 2 &% 5
b2 h L 2AZ2MEI+T 52 LT, ALS OEITEIEITA s nTx B 0, =

Z T, CellROX Green, MitoSOX Red & fH T, Z % SODI 2L 5 (LA F L&
\Z%9% SHED-CM OZh R %2~ 7-. Z DR, SHED-CM (30%, 50%, 70%) (2
X, Z5 SODI HKDOELA N L AR S D Z & 2R L 7= (Figure 35A-
D). S HIZ, LA N L 2O & FilbER DRI E OBRZ BT 57
DIz, PifEA PV AD~w—H— L L THMBITWD Gelm, Ngol, Ho-1 12
WT, UTNAHALGPCR ZTHo T2, TOfER, SHED-CM X215 DEE 1D

FHBUC B L 5. 2 702 & 03D 72 (Figure 35E-G).
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Figure 35. SHED-CM suppresses SOD1%¥R.induced oxidative stress.

(A) N2a cells expressing mCherry-SOD19%R were treated with SHED-CM (30%, 50%, and 70%) for 24 h.
Subsequently, CellROX Green was added to the cell culture to a final concentration of 5 uM and incubated for 30 min
at 37°C. (B) MitoSOX Red was added to the cell culture to a final concentration of 5 uM and incubated for 30 min at
37°C. (C and D) The relative fluorescence intensities of CellROX and MitoSOX were respectively quantified by
computerized image analysis with Image J. Results are presented as the means + SEM of three independent
experiments, based on the fluorescence intensity of the “mock™ (mock = 1). ## p < 0.001 vs. WT; *** p <0.001, ** p
<0.01, and * p < 0.05 vs. G85R. Scale bar: 100 um. (E-G) Expression of Gclm, Ngol, and Ho-1 are presented as a
ratio of B-actin, respectively. N2a cells expressing mCherry-SOD1983R were treated with SHED-CM (30%, 50%, and
70%) for 24 h, and mRNA expressions were analyzed using a SYBR Green-based RT-qPCR assay. The expression
levels of mRNAs were normalized to the expression level of B-actin mRNA. Results are presented as means = SEM

from three independent experiments based on the fluorescence intensity of the “mock” (mock = 1). n.s.: not significant.
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3-3 SHED-CM [3Z8 % SODI1 (2L % ER A F LA &I L, HSP70 L~L % |
A5

T2 IXLHTOMIET, A5 SOD1 £ 7 /VHIIE Cld/NMafE A ~ L 238145
TLERELE Y. o, MAEA R LRI ALS RREEOFHE L LT LT
5 P 2T, £R SOD1 HRO/Mafk A kL AT 3 5 SHED-CM Oz %
Rt L7z, SHED-CM (50%, 70%) I, Z % SODI1 & L Z/Mafk A b L R Z il
S (Figure 36A-C), A4 SOD1 O 2 #i| L7=. SHED-CM 7 2 & DL
REMEIT DA D= LEZHLNZT A7, MIICEASFEL, SFES
F7oHREZ FFO HSPIZTEH L7=. HSP90, HSP70, HSP60, HSP40, HSP277:&
O HSP L, vxXarZ R E LTHEL, MIRNO X X7 BOIE LW
WS MR D EEIZ R LT 5 % FEFIE, £ H SODI ICXI9 % SHED-CM
DHFIITHSP NG LT b & &%, RFEM7 HSP TH 5 HSP60, HSP70,
HSPOO DV T AX T ay hafTol-. TOFER, K2 HSP70 D% H7)3 SHED-
CM (30%, 50%, 70%) 12 & 0 B9 L TV /= (Figure 37A-D). £ 7=, HSP70 OHEN
DB BB LB L TWD ZEZRRDDIZ, ZNEo HSP &xfii LT
W% Hspdl, Hspal, Hsp90aal ®V 7 /W% A L qPCR %#1T-7=. Z DfEE,
SHED-CM |& 21 & OB T DORBULE A 5. % 727> 1= (Figure 37 E-G).
2254 SOD1 IZ%4° % SHED-CM DRFERN IR ~D HSP70 DRI 52 5202 %
728, HSP70 BHEH (Pifithrin mu) % AT, FIREREIR & A ER 2 7.
SHED-CM & HSP70 FLFEAIZ DFHIC L0, 255 SODI1 12 L 2 Ml EtE 4R h3 s
L, SHED-CM O{f::#2hEA3659 L7= (Figure 38A-C). Zi5H DftFi%, HSP70

73 SHED-CM ORFENRO—E 2 H > TWNWDH Z L HZRL TS,
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Figure 36. SHED-CM suppresses SOD1%R _induced ER stress.

(A) N2a cells expressing mCherry-SOD1933R were treated with SHED-CM (30%, 50%, and 70%)
for 24 h. Subsequently, immunoblot analysis of Bip and Chop was conducted in relation to ER stress.
(B and C) Densitometric quantification of Bip and Chop. ¥ p < 0.001 vs. WT; ™" p <0.001, ™ p <
0.01,and * p < 0.05 vs. G83R.
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Figure 37. SHED-CM suppresses SOD16%5R _induced ER stress and increases HSP70 levels.
(A) Immunoblot analysis of HSP60, HSP70, and HSP90. (B-D) Densitometric quantification of
HSP60, HSP70, and HSP90. Results are presented as means £ SEM of three independent

experiments based on the fluorescence intensity of the “mock” (mock = 1). ** p <0.001, ™ p < 0.01,

and * p <0.05 vs. G85R. n.s.: not significant. (E-G) N2a cells expressing mCherry-SOD 18R were
treated with SHED-CM (30%, 50%, and 70%) for 24 h, HSP-related gene mRNA expression of
HSP60, HSP70, and HSP90 (Hspdl, Hspal, and Hsp90aal, respectively) were analyzed using the

SYBR Green-based RT-qPCR assay. The expression levels of mRNAs were normalized to the

expression level of B-actin mRNA. Results are presented as means = SEM of three independent

experiments based on the fluorescence intensity of the “mock” (mock = 1). n.s.: not significant.
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Figure 38. HSP70-related protective effects of SHED-CM.

(A) Representative fluorescent microscopy images of N2a cells expressing mCherry-SOD1983R incubated
for 24 h with SHED-CM (30%, 50%, and 70%) and the HSP70 inhibitor Pifithrin mu (Pi mu) (1pM / 24h).
Arrow heads show SOD1 aggregates. (B) Quantified data of intracellular SOD1 aggregates are expressed as
means + SEM of three independent experiments. In each experiment, at least 2,000 cells were counted. *# p
<0.001 vs. WT; *** p < 0.001, ** p <0.01, and * p < 0.05 vs. G85R; T p < 0.05 vs. G85R treatment of
SHED-CM. Scale bar: 10 um. (C) mCherry-, mCherry-SOD1W%T-, and mCherry-SOD1985R-expressing N2a
cells were differentiated in culture medium (2-mM dbcAMP and 2% FBS) in the presence or absence of
SHED-CM (30%, 50%, and 70% / 24 h) and the HSP 70 inhibitor (Pi mu) (1uM / 48h). Cell viability was
measured via a CCK-8 assay. Results are presented as means = SEM of three independent experiments or as
a percentage of the “mock™ (mock = 100%). ## p < 0.001 vs. WT; *** p <0.001, ** p<0.01, and * p < 0.05
vs. G85R; T p < 0.05.
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3-4 SHED-CM |3 IGF-1 Z A& %z I L CTHRE ORI 2 5o

SHED-CM (Zi3kk # el R R 3 T d P £ Z T, SHED-CM O#i%
RN R & ZRRTEMEAL & ORRZT D721, ZRED U b 2 il fE i
2Kt 9% RTK array 217> 72, $5% < OZFROH T, SHED-CM (2L Y IGF-
IR EHEAL SN AHEMICH -T2, S HIZ, VZAZ T ry MNETYH SHED-

M (Z X % IGF-1R OiEMAL % #ei® L 7= (Figure 39A-C and Figure 40A). IGF-1R &
PEAIZ K D ¥ 7T RERE A 58T 5729012, IGF-1R O Ry 7 F L4
YNTETHY, o ALS ICBHE T H AKT & ERK IZiEH L7z 81828 SHED-
CM (50%, 70%) 1% AKT Z3EMH b L, DO Fiky 71 Th D GSK-3p &V ik
{B L 7= (Figure 40B-F). ZiLE COMFSET, SODI ¥V AET/LZEWT AKT-
GSK-3B R D U U b AR RSN R A FF O Z LV RSN TV D ¥ Lo
C, SHED-CM DR {R#N 1T, IGF-1R, AKT, GSK-3p DV »{biz—H5E
BLTWDEEZLND. 51T, SHED-CM & IGF-1R & ORIREZ A 52N
57912, b ML Z IGF-2 (hrIGF-2) & H#n IGF-2 Hifk % fH T SHED-CM @
A RE L. hrIGF2 1X, SHED-CM IZE A SN TWVHEEELL 2D LD
(W2, hrIGF-2 (3 SHED-CM DOERF#EZNRIE & TR0 As, PR R DR 23
b5 L& LT (Figure 41A). & 512, SHED-CM OfRFERNRITHF1 IGF-2 it
RIZ K > TEIF S 7= (Figure 41B). 215 OFEFIL, SHED-CM OFRFERNFIZ

IGF-1R N5 L TWA A[REMEZRIZ L TV 5.
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Supplemental figure 3 Ueda et al.,

RTK array

Coordinate Receptor Family |RTK/Control Coordinate Receptor Family |RTK/Control
A1,A2 Reference Spots C17,C18 Tie Tie-1
A23,A24 Reference Spots C19,C20 Tie Tie-2
B1,B2 EGFR EGFR Cc21,C22 NGF R TrkA
B3,B4 EGF R ErbB2 ©23.C24 NGF R TrkB
B5,86 EGFR ErbB3 D1.02 NGF R TrkC
B7,88 EGFR ErbB4 D3.D4 VEGF R VEGF R1
B9,B10 FGF R FGF R2 D5.D6 VEGF R VEGF R2
B11,B12 FGF R FGF R3 D7.08 VEGF R VEGF R3
B13,B14 FGF R FGF R4 D9.D10 MuSK MuSK
B15,B16 Insulin R Insulin R D11,D12 Eph R Eph A1
B17,B18 Insulin R IGF-1R D13,D14 Eph R Eph A2
B19,B20 Axl Axl D15,D16 Eph R Eph A3
B21,822 Axl Dtk D17.D18 Eph R Eph A6
B23,B24 Axl Mer D19,D20 Eph R Eph A7
c1.c2 HGF R HGF R D21.022 EphR Eph A8
c3.c4 HGF R MSP R D23.D24 Eph R Eph B1
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Figure 39. SHED-CM activates various receptors, especially IGF-1R.
(A-C) To comprehensively detect for receptor phosphorylation by using RTK array, N2a cells

incubated for 30min with SHED-CM (70%). SHED-CM activates many receptors, especially IGF-
IR (blue box).
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Figure 40. SHED-CM effects the activation of IGF-1 receptor.

(A) N2a cells were treated with SHED-CM (50%) for 5, 15, and 30 min. Subsequently, immunoblot analysis of p-
IGF-1R was conducted. (B and E) The lysates were analyzed by immunoblotting with antibodies for phosphorylated
AKT (p-AKT), phosphorylated ERK (p-ERK), phosphorylated GSK-3p (p-GSK-3f), and B-actin. (C, D, and F)
Densitometric quantification of p-AKT, p-ERK, and p-GSK-3p. Results are presented as means = SEM of three

independent experiments based on the fluorescence intensity of the “mock” (mock = 1). * p < 0.05 vs. G85R.
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Figure 41. SHED-CM effects the activation of IGF-1 receptor.

(A) N2a cells expressing mCherry-SOD1%%R were treated with SHED-CM (30%, 50%, and 70%) and human-
recombinant IGF-2 (same amount as included in SHED-CM) for 24 h. Cell viability was measured using a CCK-8
assay. (B) N2a cells expressing mCherry-SOD1%%R were treated with SHED-CM (30%, 50%, and 70%) and
neutralizing anti-IGF-2 antibody for 24 h. Cell viability was measured via a CCK-8 assay. Results are presented as
means + SEM of three independent experiments based on the fluorescence intensity of the “mock™ (mock = 100).

p <0.001 vs. WT; *** p < 0.001, ** p<0.01, and * p < 0.05 vs. G85R; T p < 0.05.
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3-5 SHED-CM i iPS fillfa H1 sk O @B R MAn 2 (RFE T 2 20 R 03 d %

b NEKROMARIZK T 5 SHED-CM O R &2 FH <25 7=, FALS B3
(F144LVX) Hi3k D iPSHEIEZ HVy, 7 B 2T ClEEh AR I b S g7 .
IO, EERMEO~—H—ThDH SMI-32 &@LUV THRELL
TW=. 7 B D3 bt#%, SHED-CM (50%) & Fb-CM (50%) % 5528122 C
X527 BEREE L, 14 B HIZ SMI-32 Ot % AV CTALF LT 5 i)
—a—wrZHE L. 72721, iPSHildL SHED, Fibro OFRIKITE D72
¥, SHED-CM, Fibro-CM IZ[RAF AT X 0 #2052 8 fE L7-. Z Ok E, 4
LPRFETIL 14 A BITIXIE & A EORIRE2FEIR L TW D% L, SHED-CM AL
HERECITAEFRIK 60%E CTRIE L7, — 5T Fb-CM 12 X D R#EDRITA S
N720>- 7= (Figure 42A-C). & 512, SALS BEHED iPSHII CTH AT L= 2
&2 A, SALS IZxF L T%H SHED-CM (2 &L 2 [REEDZh R % e 78 L 7= (Figure
42D,E). & 51T, SHED-CM DO Rz~ 2572012, 4 L7z SOD1 & %F
AR DIUR A W B BREIC L0, EE RIS 31T D BE
SN BOER R L. ZOREE, SHED-CM % FALS @ X A7+ —/b
K SODI1 /b &H7=. —FH T Fb-CM IZ X 2B LT A b7 h - 7= (Figure
42F). LLE XY, SHED-CM A3EABRFFERY iPS Alfc hokiEEh Ik L T H IR
ESNRAEATDHZ L, F72 SHED-CM 78 FALS 7217 CT72< SALS ICH A% TH
HTLERBELTEY, ALRIBREL — XL RN ® 5.
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Figure 42. Neuroprotection of ALS motor neurons using (or treated with) SHED-CM.

(A) The scheme of this study. (B and D) Generation of motor neurons from iPSCs derived from ALS
patient. Representative images of ALS motor neurons on day 7 and day 14 after treatment with vehicle,
ultrafiltered SHED-CM (50%), or Fb-CM (50%). Treatment with SHED-CM increased survival of ALS
motor neurons compared with the survival of vehicle-treated ALS motor neurons. Scale bar: 200 pm. (C
and E) Cell viability was measured by staining SMI-32. Results are presented as means = SEM of three
independent experiments based on the fluorescence intensity of the “mock” (mock = 100). *#p < 0.001 vs.
Day 7; *** p <0.001 vs. Day 14. Scale bar: 200 um. (F) Accumulation of misfolded SOD1 protein in ALS

patient iPSC-derived motor neurons was detected using an immunoprecipitation assay.
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ZHE TIZER T N2a fifaz T, B OB AL ORI LTz
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MR NERE R 2D S8 72, & 518, Z OEEOIHNITIT HSP 285 LT\ 5
bRl IRETO®RETIE, HSP FHE A ThH 5 arimoclomol 23,
SODITg ¥ 7 A DIEBERE & AR A B &7 Y. E£72, ¥ SODI D7 H
AT D ALS BT U TRIER PR TE 2 2. L Led b, ALSHEH
% KFG:Z arimoclomol & W\ e “EEM Y 7 B ARREBRTIX, MEHICARER LA
VTR S e o 7. ABFFE T, SHED-CM #6512 X0 HSP70 LU

&L, HSP90 & FFME[MZ < L7-. HSP70 OHEHRZ W I-MEhaB i,
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SHED-CM IZ X 2RV S 7z, b OfERIE, £# SODLIZxT 5
SHED-CM DOfri#&Zh (2, HSP A —#AE L TW\WD Z L 2Rl LT\ 5. JE1T
WFZEClE, HSP WA SODI Hi3k?D FALS OiE#)= = — 1 Ik LTI TR
<, SALS BEFHDOEH) = 2 — o X L THRENREFOZ LRI NT
W5 IRHORR LY, SHED-CM IE, FALS BEF7Z1FT<, SALS B3
THARERIBRE =X R VBLZENEZILND.

SHED-CM (21X, A > AV Y, HGF, MENEMKER T (VEGF), &HE/ A A4
ABNIRE, SEISERRERFPEENTNS., 22T, RTIK 7 LA ZHW
T, SHED-CM (Z X > TVU VB b SN DB IR E~Tz. ZDf5ER, SHED-CM
I% IGF 7¢ ChEx e IR IEME(L L 72 (Figure 39). ZAUE TOME TIE, ALS
~ U RAET BN TIGF-IR BEEL I D & AFHIINER T 5 2 L3RS
T3 82 SEOFERIX, SHED-CM IZ L% IGF-1R, AKT, GSK-3p %o
TEMEALDAIE D EFICRELSFHELTCNWD Z L AREL TS, it Z< o
ffF4EC, GSK-3p 2% SOD1 OBURMEDIFAENHE ST 5. GSK-3p FHLE
#llX, SODITg ¥~ U ADT R b— AZMfl L, EEWERROIX T 722 & & 7
% B b ORERIE, SHED-CM TR S Ri#Z F 12 GSK-3B D U i
fER—HBI5 L TnD Z EERBL TN,

ZIETIZ, HGF BAFIZEBWT ALS OIFEEHEDO—>2 & L TR FE S h
TW5. HGF [T S 7 v—= 7 SRR A Th 5705, T8I 72
#N+ & LTEMT 5. SODITg ¥ A& HGF #£HITBEZEHT S Tg~ v
A ERZEEHESH L SODl ~ U ADFMMBZBEFITHMT 2 Z LB LN T
W5, 6L, B MUY a3 v N HGF ¥ /37 'EH % SODITg 7 v ~ O
WNIZFHiR G- Lo & 2 AT 2 A RISl L7z 2 VU ar vF 2k HGF #
RIBiE~—Tty FOFHBEEETT MBWLTHLARERRD LA TWD 7.

AR O#FZEClE, SHED-CM (% N2a #ifa > HGF B IKZIGMAL Lgho 7z
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(Figure 39). Z#Uid N2a #fifd> HGF ZBROFE &N D72 e LHERI SN D.
iPS HEfE H Sk OEE MR D HGF Z AR FHBL L TV o 02 S %R T 2 LB
H5H.

T4, iPS MfEAY ALS ORIFMFEIZHWOND L9 IChoTE 2. ZORRER,
R=F 2V UFEORIEE Th b = —/L3, ALS OFBIGEEDOGERE L
TRES Lz . 8 3 B TIE iPS Mifuns & /(b S & 7o @ ik &2 v C SHED-
CM DIR#EZN R AT L=, A% SODI (2% L C SHED-CM & iPS flfia 2 v 7=
WD TOMETH 5.

ABEIOMFITITELERFT T NEmN L < H 5. SHED-CM (& L 5 FALS,
SALS HIREE) = = — 1 KT 2 HZMEZE in vitro THRETLTZR, 57225
SHED-CM DA 4% B 50023 5 70121, MoZZRA (kT < @il Sh
TS Corf72, FUS 72 L) ZFi2EBEHRD iPS Ml T HITHEFTT 2 M B0
o, IHIT, MRS Tl AERRNO 7Y Tl & D3RR R E VLT
AT ONE LD D.

SHED-CM % F\ =i FE1350% < AT T\ 5238, SHED Z D D& Lz
AR N E TR EAEHESI N TV W, L L7223 s, SHED DK
JISHZ BT 2 BT ORI THONTE 2. BlfE, SHED OBEHE DL
RIGHIEHAEROER > TS P SHED IRIEOEME=%V 72k
v, BETRERAN 2N ERNbhro TG 100 X5z, SHED (X, A
) - WEERIE ML U 72 PRI 2 5 Tokk & 7o fiialc /b 72 2 &3 TE 5.
L7273 > T, SHED (FEpiflainiRICHH TE 2 RERAREZ MO TWD . fF
FH)lZiE, SHED-CM 7213 T72< SHED 2D b DIZ L 5, kxR BEEBIZR LT
IR A TE DR L— FOEA L LTHBEINRD Z EBHFHEINTVD

(Figure 43).
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Figure 43. SHED-CM is a promising treatment for amyotrophic lateral sclerosis.

we reveal that SHED-CM is a promising candidate for the treatment of ALS using iPS cells. SHED release
factors such as neurotrophic factors. The efficacy of SHED and SHED-CM are now being actively studied
worldwide. However, the effects of SHED-CM on the nervous system, especially in ALS, had previously
not been investigated. In the present study, SHED-CM exhibited protective effects in mutant SODI-
transfected N2a cells and ALS patient-derived iPS cells. Few clinical trials in which SHED was used have
been reported to date. However, many studies have been conducted for the purpose of developing the
clinical application of SHED. Now clinical application of SHED into patients is a focus of regenerative
medicine. Indeed, SHED exists in young human bodies. In addition, long-term monitoring of SHED
treatment shows that it is safe and does not produce adverse reaction. Moreover, SHED can differentiate
into various cells including chondrocytes, endothelial cells, and functionally and structurally active
neurons. Therefore, SHED has great potential for use in stem cell therapy. In the future, SHED and SHED-
CM are expected to be developed as clinical grade agents that could be widely used against various

diseases.
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MR & O

ZIVETIZ ALS BT VEW) 72 & & VY 100 %48 2 D IR AR S ST
7. Lovl, & b CTHARSEBLAD ZHEANIRIEAHI TR, Z
DM ELTUTOIEANEZLND.

- WIREICIEBEIC £ < OIEBMHIR AN R RIS B L, SERDET L T 5.
s BEF ORI T 5= X TR TR 3D TIREM TH 5.

« ALS DFEIE DS B —FRAN CTHIHI T & 513 E MR RIE, WITHRE CTid e,
EREOBBEICK L, THIETIChRA RAENDIRREREICINT T T n—F %
fToC&iz. 9, EHOIT ALS #512 FALS TR BEBENR LN E ST
55 SOD1 EF VMM AERL L7z, ZOFT VAN T, EBEO ALS B HIMH
TROLILD XD 7R SOD1 DEEKRDER, fix DX ML 2RI EHRT D
ZEMTE., ZOETVMBEEANT, 1 ®)poHH 3 ®ETELOBREY
R T E D HIEFOBEEEZIT-T2. S HIT, LV E MOGEWET LV TORGE
11572012, # 3 W Tkt MEE HRRERRD iPS Mla s HW Ciidt 217 -
7.

1 ETIE, BEUFD» OMRESZMHT 2 ENEETH LD, T
EEOBLR L VRS, BREITo. BlE TH HEMNICEIATETH D &
HBIAD EBGP IZEH L, AR SODI T X b #tEicxt3 2 RN FIZ DN T
BEF LA DR R 2157
1) 255 SODI1 %e4E1K % EBGP £ 7% DG ARy Tl % kaempferol, kaempferide, p-

CA, ArtC 23 b &, S BICHfamEE 2 mfl L7,

2) 25 SOD1IC KX Db A + LA, /IMaf& A | L A % kaempferol, kaempferide, p-

CA 2 L 7=.
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3) kaempferol & p-CAII A D—D>THDHA— b7 7 V—&IEMLTHZ £ T,
225 SOD1 S D FAE 2 i) S H 7.

B SODI wEICK LT, p-CAIZA— 7 7 U—DiEMAL, WONHERLIEA
(2D ARRRORERICHE 5 2 & 2R WFEIZ BV TH 6202 L7z, Kaempferol
R p-CAZT T, DL DA Z2EHA LT % EBGP 13 H B X 0 5
ICEBERT5Z LN THY, TPHEROBLE LY EFEOR LR EDOERK
THRIET DR MR BITK U CIERITHER 2 PRI S L ToREIZH S Z &
BHEZBID.

B2 BT, BEFRTHLITL TR L0 bEDRIBREIC OV TR L.
AR &30, BUE ALS OIEHIEE LTI X TR BEICHW LTV DA,
FFHSBE M T LTV 2 BE IS C& ey, FAAFHMS 3 hAREER
THRT R EHBEE LIS L OTH D, T2 T, EHITHRIBHEE Y —
RE L THRAOBRIERMEN 28T 21668, RIS 1A% (gem-DHPs) (24 H
LIRRZATOLL T DR 21572
1) 225 SOD1 BREEIR, Z1UC K D0kt % gem-DHPs (12AC20) 3B/ S ¥ 7-.
2) 5 SOD1 2 K 5L A kL A % gem-DHPs (12AC20) 23 il & H7=.

3) gem-DHPs (12AC20) %-OH B L V0212 b EHEMIIEA 45 = & THREMNIC
TER L7z,

ABFIETIL 12AC20 1K H: SOD1 #FHREMD-OH B LU0y & fRrET 5 Z & T,
AR ERER AR Z 40 L, S HITIFER SODI 12 X 20kt & e 2 (R
HZEEHLMILT. RO ORERIE, 12AC20 2 ALS OHE(TEELE LA
BERRRERE#E CH DL 2 L, £ LTREA M L ARRK TRIET D AR MR
BERIET D10 O TR IEMBRHEEME L THEIff SN S.

90



3 ETIL, ALS E WO RENHE—0OIRE], — oM ZHIET 5720 Tih
BTED L) RBMRERTIERNEEZEX TS, 22T, FEH LI ALS #4h
D & DR EHERBRITHK LT, BEEROIGHFIRN 2 H# T 2 X 5 7354
DR EAT -T2, iRy — XL LT, SHED IZ#H L=, ARO%E
TlEA AU R0, HGF 72 Efkx 2885 1A BB IZE N TV % SHED-CM
EHOTHRAZITOUTOMEEET-.

1) 225 SOD1 BEEEIR, ZhUZ K Dttt £ -4 DA h L A% SHED-CM 78
P &7z

2) SHED-CM (% HSP70 O#4/l1, IGF-1-receptor/AKT/GSK-3p 3 27 F /L7 & % &Mk
b3 52 & THIlRED R EZB LTV,

3) SHED-CM (% iPS @ H R OB B R IC I W T H R IREI R Z A L T 5.
SHED-CM 7328 B SOD1 #1412 5%F L C HSP70 <° IGF-1-receptor 72 & ZhE72 A+ b

LLFTv 7T s LTIREFEHEZA LTS Z LRSS, E6IZ, iPS
MRS 2 FHW 2 BEHZ 38U Tl FALS 7217 T72 < SALS M HOROIEBMHHRRIC &
SHED-CM MRFERIIER T2 2 & n, 285 SODI 7217 T/ < ALS fE
TCHNRIBFERIZZRVELZ EnEx D, 41%, SHED ORI HIC
HZr, ALSIZXT 2 EICAHARRIBREL 25 Z L 2 EA TN D.

Lk, RBFEIZBWTIXAER SODI 7 VAR ZERL L, fEx OFANOMG %
1o/, B 1 BETETPHEFZOBN, & 2 ZETIIBAFELY L2238 H 05R
HOBLR, # 3 ECTITEAWICIERT 2 BRI OB OBLEN O ZNEGRGT A
1oz, ZNENOETRHE LKA R OVARIEX, Z£5% SODI IZxtd % fhi#
MREAETDHEBEZOND. LLE, AWIECHLLI-ET AR, Eofxo
TREZNIR 2279 2 HANT ALS FOMBREMIREICBIT D T A L—va )b
WRICEATHD EBEZHLND.
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