R MEIR FBURBRIC I3 1T % VGF nerve growth factor
inducible D& E| & {RE(EH

BH 0






ER/N

J¥- i 1 H
F1E NUF U R RETVICKT D VGF OEH 4 H
EIE RS
F2 8 EBAME K O E
%3 H EBRAEH
A B

R ZEAEIE MR B LIE© 7 Wkt 35 VGF k7 F ROEH 29 H
A=

FERBBE S O 55

FEHR B AR

Eg

&

[\

il
B ¥ B
AW N =
Zomom

H
=

F3F b MEREICEIT D VGF BEEAMBE O AEA K OV ZERa AR R B JE  (ALS)

JRREIZIS1T 5 VGF B Okt 125

HHE S

F 28 EEM B OTTE

53 HT EBRAH

AR B
AN AON 59 H
e 62 H
7 | Sk 63 B

E—ER =



/A

2

p=((|1§

PR R FBI R, AR D KR E O AR AR IOHE DS AT RIS A - VR 5 0%
BHECTHY , MABOHERECRESR EX2FIR L U TRA ORI & 0
& L@zt e O S EA TS Z A2 Z EIC XV RIET A L STV 5,
TRAEEAII X 0 BRIR - fERI RIS SN TR Y . KiK - R TR 27V
VA 7 —IERPATBBEE AN, N—F Y IR, N TF U R IR T
Fe 2 D F R/ MZENEE, ZRMEMIE. FHE Tl 2 2 i) Za e SR i fLiE
(Amyotrophic lateral sclerosis: ALS) CHHEMER) ZMIE /R EARk % IRIREDFET D
(1-6) BIRBRDOEDIIEA 1 = A LIZHOWTIE, WEERHRENE S FET
Do FEOFRBARFHMIFEIC LV | JRR & 22 5B FARS Y 27 K3 [F
ESNTEY, O FEYMFIIMNIEIZ L > THERICBWTRED X /X7 ED
PERETE I M OVHEAS, IS RFECRFEREENE L TRV | £ < OMRREMER S
TIHBRE X RV EOEREPHALDICENTND (1) LNLENRL, WTho
WAL TH, BIEETOTrERIREMAINTELT, ZbDEHEE
DIGHEHG & U CTHRREL BRI E LIEFER FE STV D (8, 9), ABFET
X, Z O ORE L B & L7 IRk & L CLMRRERNFO—HTH 5 VGF
nerve growth factor inducible (VGF) (2% H L 7=,

VGF 1%, 7 v MRS AR B TRtk R A+ (Nerve growth factor:
NGR)IIZ L W REFEHEINDIK T & LTRIE SN (10), VGFiL, B hT6157
W, vUAKOT y RT617T T X /R O S, N KRG 122 7 X/ g
(e 7 NVEIN BT D W ORI S RN TH Y (11), T ORIBRH
7327 '8 Prohormoneconvertases1/3 }2 T8 2 (PC1/3, PC2) D7 r 7 7 —H |2 k

YW A, Fa OREBEESTTF RREASIND (Fig. 1) (12),
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Figure 1. The VGF gene and its derived peptides.

The VGF polypeptide is the precursor of several biologically active peptides, which are released and
play a role in intercellular communication. The gene contains a number of specific sequences, which
are highly conserved between the species and these represent potential cleavage sites for the

convertases of the kexin/subtilisin-likeseries proteinases family, namely prohormone convertases
-1/3 and -2.

REFEM R AFIEME~TF K & LT, Neuroendocrine regulatory peptide-1, -2
(NERP-1, -2), TLQP-62, TLQP-21, AQEE-30, LQEQ-19 %2 % % (12-14), fEl 4
OAEBYEM: L LT B = 2 — o OF KT (15). 515 S1EM (16,17).
T A (17) OBEHR B RIIRIZ T 24 A U U 3uMEtE (18) s ST
WD TV DEBEMEARTTF RIEFH &S 2 WIIARRE O IO, T
RRTHE, RIBHEE. HILESONSWMIIZHEBL L TR Y | s IR B RO
FeRAMENFRD TS (19,20), FTHHRARERICKIT 25BUCEE L TOH
R < M FERER, KRIMEESOWEE S ORI, BRI S
WRBIN A HND (21,22), ITEDHIFEIZEBW T, FFEDIHIE T T VGF DR HE
(LR D DTN D, FlZIEX, ALS OMAKIE, o D% & VGF R &
EORFRERMPRIE S, TEAL A~ —D— & L TCOREZ A 2 ATHErEN
EZHITWD (23-26), F 7=, VGF D53 Bl Mt SfAE o A7 o5t L
THRHER 2B R AR LI2 2 & VGF BB 2Rt SE 5 HANC L v | /MafE A k



L ZAFHF OMREAIRAFEDNIH SN 2 EERME SN TS (27), & HIZ VGF
I%. BMH SRARRE S K+ (Brain derived neurotrophic factor: BDNF) <°
Neurotrophin-3 % DR K TSI SZ A RIMER T2 2 LickviFEsh
% (1528), ZH DM LY | VGF HRAT'F i, ki O FIZEHEE
BEIZRIZ L TNWDZERBZONL, L L, BUEMRAEMER BT 5 VGF
HRARTF ROEMZ MG L& 1372 <. EDORRARBEEITKE U Tl 23 AT e
ThoHON, FT8HDH VGF XTF RO H L, MiMriEERHZET 500 H
LIROIXEDRFEEAT O MEN B D,

AWFFETIE, £TH 1 REICBWNT, A" F o P IRET MTHT S VGF 388
FEH N O VGF B3R T F R OLRGENE Ot K& OME T OB 217 - 7=,
552 BT, ALS &7 VAl 2 ] Lo E M 2 /79 %5 VGF R 7F |
DORFZEN LT-, HIFETIE, b~ ALS BEFRHBIEAZ AT, IS
BT 5D VGF D434 KON ALS & TIZH1T % VGF DI BIZE(MIZ DOV TG 21T

7,



FIE NUF 2 MRET KT D VGF OIEH

TR UFIE RIS B R L LTV D Huntingtin & 73 7 BH O
IR E T MR B OMREMERETH D (3), TOETIHFFERBICRE
SNTEY ., BHARANDOHRRRIL 100 T AIZ 5~6 AR THH—T7, WL <IZ
H A (Caucasian) DAHZENE <, 10 TAIZ 4 A~10 A EWbiILTW 5 (29),
ZRGBRIA T 2RO 1T 40 TRATR I SR THIE L. 10~20 Fn T THEITT 2
(30), Huntingtin & > /X7 & % 22— K92 Huntingtin 8151 DH 1 =7 V ZiE,
CAG (/' VH I v a— N1 5%) ORERIIDFET 5, HFREMEREF TR
11~34 2 =D ERH TH 2 DIZxE L, W MR Is 7 Tl 37~876 2 "= DX
WESIDFAEL, D IELBZWIEEREENOEFERIETH D Z EBNMHNT
W5, 75 Huntingtin (Mutant Huntingtin: mHtt) [Z8EEEREZ KT 5 Z L2k Y
FREAR D 90% % 15 6D B R AR RAMAE (Medium spiny neurons: MSNs) O fifiE
gl & Z L, MSNs O L 5iEH), R LK OYTEIORE %2 K7 (31),
Flo. NUTF U RRIEIC T D ARSI ORI O —> L LT, mHit O
EERERINZET LD, mHit OESEEREIITRE 7 o R D —>T
& % /NIAABE 45 f% (Endoplasmic stress-associated degradation: ERAD) (D73
TRIEEZNTWAEBRRERP L RBZ (32), BUE, ~Fr hRIcxtd 5k
Bk & LT, BENED SRR ED L ORI GE AR B E L RS vz
RAEWER 2~ T U3 2 WO e xHERIEDM Thil T b, £o, IF
NCTF N URITHE D BESEEB ORI L LTT F I F U Unipsh T &
D E D20  FAETS 2017 FIAKR S iz, £ Ofth, BisBRIZI VT
J VT F L CoQuon Uy —/b T IETRER, SRRSO G013 R A DT
WAHR, BUUED & ZARMEFH G E o TR, ZO LT, ~"vrTF v



N RIS RES DIR I IRHERIEIZRE SN TE Y | RIEDHIFFTE DR IED
FAENEENTND,

T NA =95 (33). X—F 2V N (34). FHZEREIER R BT
(Amyotrophic lateral sclerosis:ALS) (35) 2 DRRM AR BITM A, N>
F 2 M AIRDIRRBIZE A 71 = X DN/NAEA B L ZAREET 2 2 L RdmE S
TV (36), /MafkA b L AL, PMAENETERICITY cicghz kol
RNEZ R BOERICL > THEL DMIAREERDOA FLATHL, ~NrF v
R IR OFIEIE mHtt OFFEITER T2 Z &b b, /MakA F LR EBHER S
52 EERGIBTED, L, MUEA R L AZIf& D WIEBEET D
EIEAIL, BRI TR,

WEDHREIZBN TN T, MR MR BT 28R OLEY SUN
N8075, (2S)-1-(4-Amino-2,3,5-trimethylphenoxy)-3-{4-[4-(4-fluorobenzyl)phenyl]-1-
piperazinyl}-2-propanol dimethanesulfonate 73 L\ M S 4172, SUN N8075 (X HiREAL
fEM &, Na" MOV T B Ca®*F ¥ * VO EME 2 H T 266 TH S (37), SUN
N8075 13 in vivo \ZF5 1T % —1@ M R IMEAREAZE(38), /S—F Y 9K (39).
N-methyl-p-aspartate (NMDA) #5756 M OVer IR 35 FE M 0 25 (40) . ALS DA FEE T
XL, Sl b EHIRS (38-40) iRk I=IKIF VGF nerve growth factor inducible

(VGF) OFHL EFAZ X o THRRREERZ R L7- (27), £72. SUNN8O075 |

«

RIEMAFE SHSY-5Y Ml BWT, Y=~ A VRIS X A/ k2 Lz
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BRI U CTHREERZ R LT Q7)) ZHHOME LY, N F b

3

IR OIFET IR A 1 = X BIZ/NEAE A N L ANELS 5952 &b, SUN
N8O75 IZREER 2/ L, N TF v b Uimicxtd 2 # i ER S ORI Wi
RNELEEZBND,

AKEETIX VGF LY VGF 583K TH 5 SUNN8O75 DN F o b UIRICXkTT 5



REER ZME LT~ BRI, invitro BBRZB TV T2 kN IRE T /LAl
STHdhQI111/Q111 } OYZF O %R TdH 5 STHAhQ7/Q7 Z W T, £7=. in vivo iABR
RIZBWTIEIANA TV FUIRET A~ T ATHD RO ~T A (mHtt BEIFEH~

U R) W T, SRR ORI & PRt L7,

H2H FEBME L O
2-1 EBRAE

AR W36 L OB IT LU N 0 Y Tdh 5, Dulbecco’s modified Eagle’s
medium (DMEM), K U 773> (Trypsin), Mouse anti-B-actin antibody, Radio
immunoprecipitation assay (RIPA) buffer, Protease inhibitor cocktail, Phosphatase
inhibitor cocktail Il , MI{X Sigma Aldrich (St. Louis, MO, USA), Fetal bovine serum
(FBS) I Valeant (Costa Mesa, CA, USA), ~X=3U > (Penicillin), A hL 7 k=~
A 3 (Streptomycin) (% Meiji Seika (Tokyo, Japan), Hoechst 33342, Propidium
iodide (PI) % Molecular Probes (Eugene, OR, USA), Dimethylsulfoxide (DMSO),
Blocking One-P (& NacalaiTesque (Kyoto, Japan), BCA protein assay kit, Peroxidase
conjected goat anti-rabbit IgG antibody. peroxidase conjected goat anti-mouse antibody
IZ Thermo Fisher Scientific Inc. (Franklin, MA, USA), N7 JLRREE T KU 7 A
(SDS), 2-A/NH 7 hx= & ) —/)LEA 4xsample buffer solution, 10%
SDS-polyacrylamide gel, ImmunoStar®LD % Wako (Osaka, Japan), polyvinylidene
difluoride membrane (Immobilon-P) (% Millipore (Bedford, MA, USA), Can Get
Signal 1, 2 {X TOYOBO Co., Ltd. (Osaka, Japan), Rabbit anti-phospho-extracellular
signal-regulated kinase 1/2 (ERK1/2) antibody, Rabbit anti-total-ERK1/2 [ Cell
signaling technology (Danvers, MA, USA). PrimeScript RT reagent Kit (Perfect Real

Time). SYBR® Premix Ex TaqTM II /% Takara bio Inc. (Shiga, Japan), U0126 |Z



Promega Corporation (Madison, WI, USA), SUN N8075 % Asubio Pharma Co., Ltd.

(Kobe, Japan) (Bl — =3k a4t) KV ELESNZ DM LT,

2-2 FEBRJTIE
2-2-1 s

STHdhQ7/Q7 K UF STHdhQ111/Q111 #HAE (X, Coriell institute for Medical Research
(Camden, NJ, USA) L VA L7, AMifRix~ 7 ABRERRTBGMILZ LI & 55
HIM T, STHAhQ7/Q7 M ¥ STHAhQL11/QL11 IZFNFh 7 £7-1% L1 HD 7 v #
IV E— M2 HFT 5t b Huntingtin % > /N7 H 2B L TV 5,

STHdhQ7/Q7 & T} QI11/Q111 fEiX, 10% FBS, 100 Uml ~<= U > K& T* 100
png/ml A L7 h~A &Y L7 DMEM % W C, 33°C, 5% CO, 2 TH;

L, 3 HEIT MY 7V U AARBIZ L VR AT o 72,

2-2-2 MRaFE D FFAh

STHdhQ7/Q7 % U STHdhQ111/Q111 i@ % 5,000 cells/well T 96 well 7' L— K
(ZHEFE L, 5% CO2, 33°C T 24 FFfHiE:# L7, £ D%, Hiili 4 FBS 1~ © DMEM
t L<1%3%FBS %A ® DMEM IZ43H# L7-, Z MFE, SUN N8075 L DMSO IZ
VAR L. 1% DMSO % 4 Phosphate buffered saline (PBS) THIEE 0.1, 0.3, 1.3 uM
IR D LI L TN L7z, ¥£72. MEK BHFHE U0126 2 V72 525 Tl
U0126 1% DMSO |21 <. 1% DMSO PBS THOIEE 10 uM & 725 X H ML,
SUN N8075 & [RIRFICEEHIZ N L 7=, VGF ~X7°F R & H\V 7= 56k Tld, AQEE-30,
TLQP-21 % PBS (ZiAfif S CTHEEHUZIRIN L=, SRR 12 B . 55EMiuic
%t L Hoechst33342 (f&IEE 8 uM) & PI (F&IREE 1.5 uM) 2R3 56 Z LIZ X Vi

Yt 21T o7z, EOREILEBEMEL (Olympus, Tokyo, Japan) Z W CTHEIZE L



7o, FERIE=ERIE, Rsg L7251 L0 | PLIGVEMIOE (FEMIN) M OF Hoechst 33342
BEPERRRRE (A MARSERRRR) 2 3l L. Hoechst33342 BEPEMIARIZ X9~ 2 PI Btk
Mok LT R Lz, EHEEERETRD, 2R ENOEMILR % M
B L7,

2:2-3 T AZ T 0y MET
2-2-3-1 aUBHER

STHdhQ7/Q7 }2 TNSTHdhQ111/Q111 #lific & 24 well 7L — K Z 2.5 x10* cells/well
TR 7o, B5gk 24 By, B5Hia FBS R& £7213 3% FBS &4 O DMEM &
R L, 2-2-3-2 L[AFRIZ SUNNSO75 Z AR L, KIREE 3 uM & 725 & 5 1IN
LTo6KfHA o FaX— K LTz, £D%, PBS T 41T > 721% RIPA buffer (50
mM Tris A% pH 8.0, 150 mM NaCl, 1.0% Igepal CA-630, 0.5%7 4% 23—/
e KU ™A 0.1% SDS % A) 1 ml {Z%F L Protease inhibitor cocktail, Phosphatase
inhibitor cocktail Il X TN & Z L4110 uM ¥ DiRG U723 % 25 pl il 2 TR
L. A7 aFa—7 2B LT, D%k 30 /2K EICHE L, 4°C, 10,000 xg
T 10 47z 0 L TH 5-80°C TERAF L 72,

2232 XN B ER

& o8y EEY, BCA protein assay kit & VN CTIT o7z, BREMIER D7D
120, 125, 25, 50, 125. 250, 500. 750. 1,000, 1,500 %O 2,000 pg/ml O
[ZF#L L 72 Bovine serum albumin % V7=, ZHEND HF 37 EHHIKIE
RIPA buffer T 2 {5247 L TH 7=, BCA protein assay kit @ A i & B & 2 B/
7'v k3 — U ZiE-> TIRA L7z Working reagent %> 7 /UIZIRIN L, 37°C DA

VX 2 _R—Z—hT 30 S 8. D% 532 nm O GE 4 Varioskan Flash



(Thermo Scientific, MA, USA) % HWTHIE L7z, ¥ > /37 EIREEIT Sample

Buffer Solution & U RIPA buffer Z FWCTHH#EE L. -80°C IZfRAF L 7=,

2-2-3-3  FERIKE KL QRS

BN EIRE R RHE LT T VA -80°C 2 HELY L, K L CREliE S wic
%, 100°C T 5 /3 IABLE LRRICTES AL XU L, Twell H720 O
WXy FE~—h— 5ul, V70 15ul & Lz, Y7 Amnk, 7
V1 LHT= Y 20 mA T 90 srfHEXIKE) L7z, vk#EIt:, 7 /L% Cathode buffer (25
mM Tris, 40 mM 6-Amino hexanoic acid) (Z 15 7pEIRIE L7, BB A ¥ /) —
IV 30 BOIFRE L. BHIKIC 15 /0 flIRIE L7z, £ D%, Anode buffer 2 (25 mM
Tris) (2 15 43 R1E L 7=, BHi{f 2> 5 | Anode buffer 1 (0.3 M Tris) (Zi% L 7= A&,
Anode buffer 2 (ZiR L7z AHL, B2G M, 7L, 2 Hd Cathode buffer |ZiZ L7 5

MONEIZER, B 124729 100 mA T 45 5Bz E Lz,

2234 VARG TR YT 4T
R 5%, 0.05% Tween 20 &4 50 mM TBS (T-TBS: 10 mM tris, 40 mM Tris

hydrochloride, 15 mM NaCl) T#Ei L. Block One-P £ 7213 T-TBS T 10 %4 R
Lic7my 72— LT, TREN30 g EIX 17w vy F 7 LT,
% D1 T-TBS T 15 43fdl. 3 [FIPE{d L. Can get signal solution 1 F 721X T-TBS T
10 fEAR LIz vy 7 2= 2 THR L7z —RPUKIZIR L, £ ZHUEIER Tt
RE& S Lic, D% O T-TBS T 15 47, 3 [AIPEH L Can get signal solution 2 %
72X T-TBS TLOMEANL7z7 my 7 =— A THR L7 ZRPUEIZIR L, E|IRT
1 IFRR & 5 L7z, T-TBS T 1577/, 3 FIYEE L7, ImmunoStar®LD (2 5 57

12 L7, & ®D% . Luminescent image analyzer LAS-4000 UV mini (Fujifilm, Tokyo,



Japan) K OY Multi Gauge Ver. 3.0 (Fujifilm) % W CHH, #2175 7=,
—RHLRIZ 1L, Rabbit anti-phospho-ERK1/2 (1/1,000), Rabbit anti-total-ERK1/2 (1/
1,000). Mouse anti-p-actin (1/2,000) % . —KFUAIZIE. Peroxidase conjected goat

anti-rabbit IgG (1:1,000), Peroxidase conjected goat anti-mouse (1/1,000) % Hu 7,

2-2-4 jE&ERY RT-PCR £
2-2-4-1 BHREUKL UF RNA fifiH

2-2-3-1 L[ABRICHIf OREFE, BiihagHi, SRERINMz1T o7, £72. U0126 &
MW= FEBRTIX, U0126 1L DMSO IZHi# . 1% DMSO PBS THREE 10 uM
72D X OB L, SUNNSO75 & RIRFIZEEHICIRIN L7z, RNA OflHIX

NucleoSpin®RNA II (Takara bio Inc., Shiga, Japan) % F\ T RNA i 217> 7=,

2-2-4-2 WA E i
i L72 RNA OFREEIX, 260 nm D THYERIE Lk, % 1 84 cDNA

I% PrimeScript RT reagent Kit (Perfect Real Time) % V> 10 pl &5 L 7=,

2-2-4-3 U7 )4 A4 PCR

U7 )vZ A L PCRIX, Thermal Cycler Dice Real Time System TP800 (Takara bio
Inc., Shiga, Japan) % VN T1T->72, PCR i iE SYBR® Premix Ex TaqTM I 10
ul, 4% primer 0.08 ul, 7/ 1 pl, WREEZEREK 8.84 ul DFF20 ul 1IT725 K 51T
AL L 72, PCR BUSIFHIIZEMEZ 95°C T 30 BfHITT - 7214, 95°C T 5 B, 60°C
T30MEAZ 1A 27 0E LT40 A 7 W4T o7z, PCR UM H Nz primer D
FiA % LU R ISRT,

VGF mRNA; 5’-GGCTGTTCTATTTAATCGTCTGAAG-3’ (forward)

10



5’-GGGTAAGTTCACAGCAATTTGGA-3’ (reverse)
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA;
5’-TGTGTCCGTCGTGGATCTGA-3’ (forward)
5’-TTGCTGTTGAAGTCGCAGGAG-3’ (reverse)

723, GAPDH [ ZANEMEH#E L L CHW =,

2-2-5 HOLHEYL

STHdh #iJld & Lab-Tek II Chamber Slide system % AV T 24 W52 U A2
HaDRFRIZ SUN N8075, AQEE-30 Z Z N EIKIRE 3 uM L7225 K H Il L7z,
BRI & 12 Kfff1#% . PBS TYEE L. 4% Paraformaldehyde 2 iV TR T
15 4> ME E 217 > 72, PBS THIR L 72 0.2% Triton X-100 % FHV T 10 43 D i
JUBR %47 > 729 . 3% Normal goat serum &4 @ PBS T30 77l 7 v v & 7 %47
57z, Can Get Signal®Immunostain solution A TAVR L 72—k FUKIZIR L, KR T
—WBpiRE 5 Lz, £k, T-TBS T3 BTV, T-TBS TAMR L 72 —RFUL
IR L CHE LN IR T 1 RERIR & 5 L7z, T-TBS C 3 B L=,
Hoechst/PBS (0.12 pg/ml) ZiRANL, #E LN H=R TS oA o F2X— 1
L7z, PBS TS EIBEHZITV, AT7A4 RT TR RIZ7VvAa~w Y FaHNT
FHAZITo T,

—WRHLRIZIZ, Anti-huntingtin Monoclonal antibody, clone 4A4. 2 (1/400) %, —

WHUARIZIZ, Alexa Fluor 488 rabbit anti-mouse antibody (1/1000) % Fu 7=,

2-2-6 In vivo F¥Afi %
2-2-6-1 SEEREY

HEVE K OV 0> R6/2 (B6CBA-TgN[HDexon1]62Gpb) ~ ™7 A& Jackson

11



Laboratory (Bar Harbor, ME, USA) LK VA L7z, R6/2 ¥ 7 AT F v b i
PRIERZ7R L, 13~14 B CHRET H52MTHD (41), TXTO~ U RITERE
R 24°C (FFPa #iP: 22-26°C), BXEMLE: 55% (FFA#i: 40-70%), BARES 12 FF
M (FRE: AR 8:00-F-1% 8:00) (ZHERF S 7ol BIER K PO I E & ClE
Lo VRIS TAF v 78O — (fiE24.5x $17.5x &S 12.5ecm) &
W HHB#K FIC CHEEEE (CE-2; CLEA Japan, Tokyo, Japan) (2 & W A& L7,
FRERIL TR THRT 10:00 2> 54 6:00 OIZIT > 72, 97T O EBR L B3R
RFBHEE - B FEREEXICHYEGAGERFE LTV, i E210729 2
THEM L, o, B HEBE2EMIE, BREERRKFIAAS I v—T77 4 —F
BSITEE T X EREFHEEITV, FFAI 25 TR Lz,

2-2-6-2 FYy¥e 5

SUN N8075 & 6% Captisol solution |Z#fif SH, A% 4 /BT T D E T30
mg/kg/day TH T $¢5-%1T > 72, Control #£1Z1% 6% Captisol solution % 10 ml/kg C
BTG Lc, 7ok, ARFEANTEEOBFHIIB W T 3-30 mgkg TREEG-DMT
LT, AR OEFERHER SN TS (27, 38-40),

2-2-6-3 FEIE & A A7 ]
30 PRIEM RN DNRBO oo e R a T e AR L, T ETOHEE
Rlgk L7c, F7z. Clasping response (fOBE ) A FIEDFELE & L THW -,

Clasping response [~ 7 A & Hif > 5 30 cm DfF & T 14y RS L THEZ LT,

2-2-6-4 m—H —n1a v Nkl

AR/ N B e — 4% —ua v REE#E (Bio Medica Ltd., Osaka, Japan) % fu»

12



T, EAR3em OEERA T v R EA#R Y K UAMT S, EEIEEEIRFERE ) & A
T5HETHD, 21 B o 1#HF, 5rpm THEZS ¥/ v K E& 5 51T
SH (FIFERTT), WEFATIX, Stpm CTEEZSE 7oy R EZB T, v U
AN T T 5 E TOMERERFZHEE Lz (k10 20 ), —EoFITIC o X 3 [
TV, I b RVVIERERH] 2 Fodk U7z, BRI 1 [BI5EH6 L7z,

2-2-6-5 BREARBRE MR O Fr 1Y

A% 10 H D R6R2 T A% koL E X —)LF R U w7 A (80 mg/kg, i.p.)
THRRELS , 2% /3T RV LT VT b R CREVR U, fifH U7 2 RiE i 24
IFEIRIE L 72, 0V T 25% A 7 11— A2 4°C C 24 FFE)i2 & L 72, 0.C.T. compound
IC TR Z @I L, TR IR E R THRS S, ¥ 25 £ T-80°C THRAFL
72, Bregma +0.14 mm OEEIGI R Z M GMAEOI & Lz,

2-2-6-6 Cresyl violet %44,

BAEY) A2 -80°C L 0 B 1 L-20°CC 1 BRI E L7=% . |IR T 1 B R
72, 0.01 M PBS (pH 7.4) (Z{27& L T O.C.T. compound % i L 7=, D%k,
0.1% Crecyl violet #K (T 10 43 fHliR L THYu %  ZKRE87K T2 77 [ 2 B L. 70%.
95%. 99%., KT H /=L DOIEIZ 3 T ORIELIRA L, F L1255

fi] 2 [EIRE Lt L7-%% . BUKITT I CE A L7,

2-2-7 HeatFHIfEAT
HEEHFRIAENT I Student’s #-test, Dunnett’s test (JSTAT for windows; Vector, Tokyo,
Japan) K TF log-rank test (StatView-J 5.0 for windows; SAS institute inc., NC, USA)

& T, BRSO + BUERGE TR L fEMR S WA T2 A L L1,

13



3T FEBRAGE

3-1 STHdh I35 SUN N8075 DIRFEEH]

INCT U N URTIEE LA R LR (42), NIEIRA R LA (43) FEoFEA DA b
VANRBEGT 22NN TEY, AU TIXE D IL#HR A ML A2 H T
2 MIERZE 2 AV T in vitro DERZIT o7z, 1ZLHIZ, mHt IZ XV FEFHEIH
% MIREZEIZ X9 % SUN N8075 DR ERINZ DU THERT L 7z, SRS G B %
Fig. 2A |2, MR x4 % Pl B tEflfadi %z Fig. 2B 127~ L7z, STHdhQ7/Q7
KON STHAhQ111/Q111 #AE D i J5 T Control FEIZ % L T Vehicle BE CldA & I/l
JRZEAEENN L T 7= (Fig. 2B), SUN N8075 1% 0.3 uM X 0 A& (ZHIRSE Z M

L. ZOREFEMITRERARIZH R L (Fig. 2B),

14
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Figure 2. The effects of SUN N8075 on STHdh cell survival.

(A) Representative fluorescence microscopic image of Hoechst33342 and propidium iodide (PI)
staining. Scale bar represents 100 um. (B) The number of cells exhibiting PI fluorescence was
counted, and positive cells were expressed as the percentage of Pl-positive to Hoechst33342-positive
cells. SUN N8075 treatment significantly decreased PI positive cells. Values are mean £ SEM (n =
5). P <0.01 vs. Vehicle group in STHdhQ111 (Dunnett’s test), “P < 0.01 vs. Vehicle group in
STHdhQ7 (Student’s #-test), 7TP < 0.01 vs. Control group in STHdhQ?7 (Student’s t-test), 3P < 0.01
vs. Control group in STHdhQ111 (Student’s ¢-test).
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3-2  SUNN8075 ¥z & % ERK1/2 U Rk L~V D 2L

SUN N8075 DAEHIHEITZ B b s 3 5701, Ml E(FIZBE 595 ERKI1/2
DY IOV T Y =2 Z 7 ay MEZRWTHRE L7, Fig. 3A IZEBR~
B h3—/LZ 7R L7z, SUNN8O75 HMALE 1 Kff# #4123\ T, ERK12 O Y
fEv L EH-L7c (Fig. 3B), #tW\ T, M{EFRESMAIZI VT SUN NSO75 D
ERK1/2 V VBRI MIAE T 5B 2 Mgt L7, Fig. 3C ([C#AIB % | &R % Fig.
3D IZ7r L7z, STHdhQI111/Q111 AAEIZIS VT, IiEFRE 1 KEfilt: © ERK1/2 Y
VEEE LAV R L CE D (Fig. 3D). SUNNS8075 OINIC L Y ERK1/2 DV

VERE LUV A EIC ER LT (Fig. 3D),
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Figure 2. The effects of SUN N8075 on phosphorylation of extracellular signal-regulated

kinasel/2 (ERK1/2).

SUN N8075 treatment increased phosphorylated ERK1/2 (p-ERK1/2) in STHdh cells. (A)

Schematic depiction of the experiment in Fig. 2A. (B) Time-dependent change in p-ERK1/2

expression level was assessed by western blotting. Treatment with SUN N8075 (3 uM) upregulated

the phosphorylation of ERK1/2 1 h after treatment. "P < 0.05 versus 1 h control group in
STHdhQ111 (Student’s ¢-test). (C) Membranes showing the immunoreactive bands of ERK1/2. (D)
p-ERK1/2 expression was significantly increased 1 h after treatment with SUN N8075 (3uM) under

the starvation stress condition. Values are mean = SEM (n = 4). *P < 0.01 versus control group in

STHdhQ111 (Student’s #-test), “P < 0.01 versus vehicle group in STHdhQ111 (Student’s #-test).

ERK1/2, extracellular signal-regulated kinase 1/2.

17



3-3 STHdh Ml (2%} 9% VGF ~7'F R DOEH

BHFFEEICIBV T, ALS JRREIC I 1T D EEh R FEE 12 6F LT, SUN N8075 13
WA Y XTF R ThDH VGF DB LFH 2 I L THRREER 2~ 2 & &)
H Lz 27, £Z T, N TF U R UIRIREEIZEIT D VGF X7 F RORGEIEA %
Fiml L 72, Fig. 3A Tl% STHdh f#iii 315 % SUN N8075 @ VGF B /EAIZ DU
C RT-PCR % W THiGT L 7=, STHdhQ111/Q111 il @ Control #f & Lhifs L T,
M ERRZE 6 BifE#% O Vehicle #EIZ BT VGF mRNA &34 EIIK T L7- (Fig.
4A), F7=. Vehicle BEIZxF L., SUN N8075 WS TIX VGF mRNA E03A EIC B
5 L7z (Fig. 4A), VGF [3EEBIC X v Ol Clix O~7F K& LTHERT 5
ZEBRmENTWATZD, KFMW 72 VGF BT F R TH D AQEE-30 KO
TLQP-21 [T DWW Tt & W TR PREE(E 2 15t L 72, 4% Rat VGF DI
X % Fig. 4B |2, B4t & Bf% R4 Fig. 4C, 4D (2R L7z, VGF & C R~
F FT& % AQEE-30 X, STHAhQ111/Q111 REIZ F8U > T R A 72 MR %
EM %7~ L7z (Fig. 4C), L2 L. [F U< VGF Hk~_7F K Téh 5 TLQP-21 1%

STHdhQ111/Q111 AR I3\ THIFRFE A Fifi] L 72 5> > 7= (Fig. 4D),
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Figure 4. The effects of SUN N8075 on Vgf mRNA expression and neuroprotective effects of
VGF peptides.
(A) Schematic depiction of the rat VGF precursor protein and peptides. (B) The graph shows the
relative quantity of Vgf mRNA (folds to control of STHdhQ?7 cells). The Vgf mRNA level in
STHdhQ111 cells was significantly increased 6 h after treatment with SUN N8075 (3 pM). Values
are mean = SEM (n = 4). #P < 0.01 vs. Control group in STHdhQ111 (Student’s t-test), P < 0.01 vs.
Vehicle group in STHdhQ111 (Student’s #test). (C) The number of cells exhibiting PI fluorescence
was counted, and positive cells were expressed as the percentage of Pl-positive to Hoechst
33342-positive cells. Treatment with AQEE-30 significantly decreased the number of Pl-positive
cells. SUN, 3 uM SUN N8075. Values are mean = SEM (n = 6). "P < 0.05 vs. Vehicle group
(Dunnett’s test), P < 0.01 vs. Vehicle group (Dunnett’s test), P < 0.01 vs. Vehicle group (Student’s
t-test), P < 0.01 vs. Control group (Student’s t-test). (D) The number of cells exhibiting PI
fluorescence was counted, and positive cells were expressed as the percentage of PI-positive to
Hoechst33342-positive cells. TLQP-21 exerted no effects on cell death of STHdhQ111 cells. Values

are mean + SEM (n = 4). 3P < 0.01 vs. Control group (Student’s #-test), P < 0.01 vs. Vehicle group
(Student’s t-test).
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3-5 VGF ~{7F K & SUN N8075 M7 ¥ Huntingtin EEEE I 1EH

INCF N IRIRIZEBIT D RS AHIISEDJHIK & LT, mHtt DEEEDF B AL
TW5, % Z T, mHtt OHEIZKT D SUNN8075 & VGF H13k~<27F K AQEE-30
DYERIZ DWW T, st de a2 -V CTRat L 72, STHdhQ111/Q111 AlifE D Yufa,
DA % Fig. SA I, BMaPORERE SOMBEEZREL, E&LIZLO
% Fig. 5B {27k L7z, Control B & iz LT, IMIERRZE%1T > 7= Vehicle B CTlkE
EIRTERR OB AT 5 41, SUN N8075 & 8 AQEE-30 DALEIZ L 0 A EITEEE
IR AR A < 4v7= (Fig. 5B).

Huntingtin Hoechst33342 Merge

Control

Vehicle

% cells with aggregation
-

SUNN8075

Control Vehicle SUNNB8075 AQEE-30

AQEE-30

Figure 5. SUN N8075 and AQEE-30 inhibited the aggregation of mutant huntingtin.

(A) Images of confocal microscopy are shown. (B) The percentage of cells that include the
aggregates to whole cells. Serum deprivation increased aggregation of mHtt in STHdhQ111 cells. In
contrast, 3 uM SUN N8075 and 3 uM AQEE-30 inhibited the aggregation of mHtt. Scale bar = 50
um. Values are mean + SEM (n =3 or 4). P < 0.01 vs. Control group (Student’s #-test), P < 0.01
vs. Vehicle group (Student’s t-test), “P < 0.05 vs. Vehicle group (Student’s -test).
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3-6  SUN N8075 Oifffi i it 1 /] 12 & iE - MEK PHLFEHE D 278
IHNETOMRFHZ LY, SUNNSOTS iF/ > F o b IiE T /VHIREIZ 35\ TRl
NN R AR Z LR SN, £72. VGF OFBl&EIT MEK/ERK + 7'
IR ZT L THIE SN D Z B MmoN TS (44), £ 2T, MEK FHEFETH
% U0126 & SUN N8075 % [AREIZALE L 7= B> VGF FBLFEEIE A & Ol iufr#
TERIC KT TR Z MG L7z, VGF mRNA % Fig. 6A (T~ L7z,
STHAhQ111/Q111 M@= I T, U0126 DFSNIE SUN N8075 12 & % VGF mRNA
DOFBLEFZWE Lz, F7-. U0126 OHEIMFSINC & - T VGF mRNA D351 &
13254 L7 hro T2 (Fig. 6A), VT MRS % PIREMNNEL % Fig. 6B
IR L7z, U0126 OEHNZ LV, SUN N8075 DUHI TR L 7= SEHI IR 3 H40
L7= (Fig. 6B), F7=. U0126 OHAIRFIIZ L » THMIaZRIIZEL Lo Tz
(Fig.6B), U0126 IX SUN N8075 (2 & 5 VGF M3l [ 5-% Vehicle ff & [FIZFEE £
THZ D07, HRRFEIMHIZH R L CITss RIS IH L <o vz, Lo

FNRIE. SUN N8075 OMIRFLHNH] A 1 = X LD —ERIZ, VGF O3B EH- 235

LTWAZEEREBLTWND,
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Figure 6. MEK inhibition suppressed the upregulation of V'gf mRNA and neuroprotective
effects which are induced by SUN N8075.

(A) The graph shows the relative quantity of Vgf mRNA (folds to control of STHdhQ7 cells). U0126
(10 uM) suppressed the upregulation of Vgf mRNA expression induced by SUN N8075 6 h after
treatment. Values are mean + SEM (n = 4). ¥P < 0.05 vs. Control group for STHdhQ111 cells
(Student’s t-test), P < 0.01 vs. Vehicle group in STHdhQ111 (Student’s #-test), 5P < 0.01 vs. SUN
N8075-treated group in STHdhQ111 (Student’s t-test), TP < 0.01 vs. U0126-treated group which
was not serum free in STHdhQ111 cells (Student’s ¢-test). (B) The number of cells exhibiting PI
fluorescence was counted, and positive cells were expressed as the percentage of PI-positive to
Hoechst33342-positive cells. U0126 suppressed the neuroprotective effects of SUN N8075. Values
are mean + SEM (n = 4). #P < 0.01 vs. Control group in STHdhQ111 (Student’s t-test), ~P < 0.01 vs.
Vehicle group in STHdhQ111 (Student’s #-test), 5P < 0.01 vs. SUN N8075-treated group in
STHdhQ111 cells (Student’s #-test).
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3-7 R62 NV F v FMUFET L~ A% % SUN N8075 DIEH]

In vitro DFEFR XV SUNN8SO75 1%, N> F o b IRTT ISR L CE#EE
MERLIZ, £EZ T ANV TFUMRETAYTATHLD R62 VT A% HNT
Bmt 21T > 72, R6/2 = 7 A~ SUN N8075 £ 5-1%, A% 4 8 ) 5 B46 L7-, Fig.
TAIZ R6/2 ¥ 7 ADRRIF 72 7% % | Fig. TB \ZIREE(L %, Fig. 7C ([2N>F
> N UIRRIE DOFRRE & 72 5 Clasping response D BIEE % Fig, 7D |2/~ F
IR OFRIERF A | Fig. 7E 2 n— & — v v Rk & O 7 B RE O RS R
{fb% 7~ L7z, SUNN8075 ®#%5- (30 mg/kg/day, s.c.) 1% R6/2 <7 AD-1FHam %
25.0%JE R 7= (P=0.014) (Fig. 7A) 2. KEIZITHEL KT S -T2 (Fig.
7B), ¥7z. Clasping ;&S DBIEL A ATV, FIERF A MFE L7 & Z A, SUN N8075
DOEHZ L0 FIER N A EICERIE L7272 (P=0.039) (Fig. 7D), B —X —1 v

REBRIC L D IEENRRE O RN TIXP & 072 21358 O b v )» - 7= (Fig. 7E),
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Figure 7. In vivo experiments to investigate the effects of SUN N8075 in R6/2 mice.

(A) The effects of SUN N8075 at 30 mg/kg/day, s.c., on survival in R6/2 mice. The mean survival of
vehicle-treated and the SUN N8075-treated mice were 109.3 + 8.7 (n=16) and 137.2 £ 6.5 (n = 18),
respectively. (B) The body mass curves from R6/2 mice during treatment with SUN N8075 did not
differ from those of the vehicle-treated mice. Values are means = SEM (vehicle group, n = 16; SUN
N8075 group, n = 18). (C) R6/2 miceat apresymptomaticage (age 8 weeks) and at the time of
symptom onset (age 11 weeks). (D) Percentage of mice clasping in the vehicle-treated and SUN
N8075-treated groups. Treatment with SUN N8075 significantly reduced the clasping phenotype in
R6/2 mice. Values are means £ SEM (vehicle group, n = 11; SUN N8075 group, n = 8). (E) The
effects of SUN N8075 at 30 mg/kg/day, s.c., on motor performance of R6/2 mice in the rotarod test.
There were no significant differences between the vehicle-treated and SUN N8075-treated mice.
Values are means + SEM (vehicle group, n = 16; SUN N8075 group, n = 18).
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3-8 R6/2 ¥ 7 AD#REMAHMIISEIZ T % SUN N8075 DIFEH

10 D R6/2 = 7 ATIUNT, MREEFRHIL O B 12 %9~ % SUN N8075
DER Z Gt LTz, Fig. 8A-F 12~ U AKD Cresyl violet et diilff] % | Fig. 8G
SRRk O E EfE R Z R L7z, SUNNB8075 D F 512 L 0 fRGIKICEBIT 5
FRRRARIASE DD 358 BTz,

WT Vehicle SUN N8075
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Figure 8. The effects of SUN N8075 on the decreasing numbers of striatal neurons in R6/2
mice.
(A-F) Cresyl violet staining performed in coronal sections through the striatum of R6/2 mice; (A, D)
wild-type (WT), (B, E) vehicle-treated mice, and (C, F) SUN N8075-treated mice. Scale bar = 50
um. (G) The numbers of neurons in the striatum were significantly increased in SUN N8075-treated
mice. Values are means = SEM (WT, n = 3; Vehicle group, n = 3; SUN N8075 group, n = 3). #P <
0.01 vs. WT mice (Student’s ¢-test), *P < 0.05 vs. Vehicle-treated mice (Student’s #-test).
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AWFRIZBNT, N F o M RET VM TH 5 STHAhQI11/Q111 HifEIZ
%t LC, VGF KO VGF #FE3KCTd 5 SUNNBO7S BMA#IEH 2/ rd Z & 2 5

L7z, ZOMIRAEER X, ERKI2 OV V(LA L= VGF OFEL EH
ICERTHEEZHND, E7o, SUNNSOTS #5128V R62 N TF v b Uit
TV U ADBREMIZIS T DA RS OH] FEIEREH O UEN QN F
DIEF TR BTz,

VGF [3HHX & 2 W IRFE O HIIa P, T EARTE, BITHE. HILE
SEOWNDWAIIBIZFBL L TW D WA Y XT7F R THDH (19,45), VGF IE
Prohormone convertases1/3 & (Y2 (PC1/3, PC2) ([ X W Uk &2 1), Ak Sz
iz DRTF RPAERERZHT 5 (12), ZHE TIZ VGF IXERITEIC= 3L
F—EFEDOMFFICEET 2 Z LBWME SN TWD (45), £z, #hRREIEM
BT D0, 9 OROUERLUEE T 7 A O T YAV K OIStk [E] o4
AT Z ERmbLR TS (15),

AR TIL, CAG Y ¥'— b & A9 % STHdhQ111 AAIZ IV T, SUN N8075
I% mHtt 7S 2 30 L (Fig.2). MiEBREA b LV AT TR LT- VGF
mRNA OBl &L FH SH7- (Fig. 4), £7-. VGFXTF FO—>Th D
AQEE-30 (X MiEkRZE A b L A5 7 C STHAhQI11 HIAE OHIIEAE Z ] L7223,
A U< VGE X7F R ToH 5 TLQP-21 [T E#ERIIRD bne o7z
(Fig. 4), S 512, SUNN8075 TN AQEE-30 X, mHtt O¥EEAIH I L=, Zh
SOFERMME, N F U R IRFRRETIX VGF ORBLENME F L TH Y, SUN
N8075 1% VGF D3 & b H- 2 L CHlflafri# (R 2 325 2 LR S iz,
N F B IRIRTEIC BDNF OG- L TWDH Z b, N F U by
ERFEN B BENE 2 DTN D (46), ARFHZ L &R 1D —
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ST % VGF & BDNF & [FIFRICINREIEIE & OBAEN +3ICEZ BN D, L L,
Z OMGEROSLREIZ VL, BRIRY o 7V & 2 VGF OFBIED % fes8 9™ 5 B0
b, SHERDBHAPLETH D,

Vef 815113 BDNF I E M OBIA T TH Y (25). BDNF, MEK, ERKI1/2 %%
L TEMEEEN D, SAFZEEIZIV T, SUN N8S075 iX MEK/ERK ¥ 7 /Lif%
FEDOIEMAIZ KX D VGF OFEL EFH- 25 LT, /MafkER b L AR5 2
T2 2 E 2B LN LT (27), & BT, mHtt OEEICTHER I 2 i
FEIZIE ERK1/2 %2 ARiEM L S % MKP1 (Mitogen activated protein kinase
phosphatase 1) DT 1 o U FRFENL U VI LFER OFRBL EH B E LT\ 5
(47,48), AW TlrX, STHdhQ111/Q111 HMifZIZF VT A b L ASA: T D ERK1/2
DV AL 2R LTV D23, O 2 SUN N8O7S5 1LBEZE (24l L 7=
(Fig. 3), %72 MEK [HE3£ U0126 1%, SUN N8075 (2 X % VGF mRNA D381 L5
Z il L7 (Fig. 6) & HIT.ERK1/2 ® U ki SUN N8075 AN 1 FEfii#% 12
VGF mRNA OFEBL EFIZIRIN 6 FEfIZ 1258 Bz (Figs. 3,4), ZiLH ORGSR
£ V. SUNNB8075 |% ERK1/2 DiEM (A4 LT, VGF O¥IEL LA ST
D ENRR ST, HiRIZ, MEK [HESZ B2 2 &2 K-> T SUN N8075
(2 X DM REVER A — ] & v7- 2 &y, SUNN8075 1% ERK1/2 OiE
fbZIr L CHifafrREER 2R LT=2 LB 2 50D (Fig. 6),

AREBROFEF LV, SUNN8S075 1L ERK1/2 OiEMHE(L %/ LT VGF O3Bl %
ERESHLZ N S22, SUNNS075 23 MEK/ERK 77 - /U K % 15 4
LS DFIERATH D, YIHFRE OB EOHE X ¥ . SUN N8075 i BDNF,
Glial cell derived neurotrophic factor (GDNF) K U8 Neuropeptide Y (NPY) £&D##if%
KERTORBUCEEE KT S 72\ (27), 5%, SUNNS07S O LV #fi7e/EH
AT = A LE BT H7290121E, MEK/ERK & 7 /LR O S 512 B A

27



TET HRFAZONTORE 21T > TS BERH D,

In vivo DFRFHIEVT, SUNNSO75S OFHIZ LV | R6/2 ¥ T AD NV HMmIL
250%ER STz, U=y YA 7 U RV AL I EORE A Y3
R62 ¥ T AKX L THEIESNTEY . TN 102%, 14.0%. 19.5%D 1575
MIERNREDNRE SN TND (49-51), 2N DHDOHER LV, SUNN8075 DIBHEL
KL, BECHRFIESNIHE s DLEMEHBR L TEV@BIThole, 61T,
R6/2 ~ 7 A2 SUNNS075 ZHLET 5 Z L1 LV, FIEDELE (Fig. 7D) M OV
SAARA AR FE DO HNHI AN B LT (Fig. 8), — 77, B M ONEBIHEAE I % L T
SUN N8O75 IIEH AR E 2oz, ZHHLDORERN G, SUN N807S LA
FEOI 2 I U CRIERF A BIE S5 Z E0VRIB S, S B OBRFHIBWT
TBIRENEDERMMDIEIRTE & OOFIC L > TV F o b RIBIRICHE LSS
AREMEDN B D

R6/2 ~ 7 AZF1F % SUN N8075 DAL FAFEIANE N VGF & F o b
PIRREDBIMRMEIC DWW TITE R ZRETBMETH D, AEORFTLY .~
T2 B IR DOIRIEIC VGF BBLOB G-3RI Sufz, & 512, VGF #E 3K SUN
N8075 23 DIEFIEDBAH AWM V15D Z L ZH B MIT LT, 5 2 BT,
INTF N VPR L RER ORI MR 0D —-D T b S M ZEia M SR LAE 12 F 1

% VGF O&ENZ SN THRE LT,
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B2 hFEMEIE SR LAEE T VIS kD VGF HSk~<7F RO/ER
&

i ZEME A Z L JE  (Amyotrophic lateral sclerosis: ALS) 1% B2 % N AL iEHE)

=3

if{

2

= a—n USRI DM TIEICZENE - BiVE L. SN OZERECH KT, )
BT HETIEOMRENIRB THD (6), A28 FEOHEFHT LD L. A
ZHT B BEEIT 9,600 A& SN THRY | FExBIMEAZ R LT\ D, AKEE
PSHAELURRIC RIEBEEE DS L, 60~70 5 CE— 27 2312 5 Z &b mln bttt
RCHEERDBEBEOMINTHEIND, BEOKLEUTRIER 3~5 LN
T ETII N TR A S LB RABIZ 22 0 | ERRMEER 72 & FEEERE D = 2
TV 72D, ZOREMIYEIRIIRE VW, B DK 90%203FIKARHDIMFEM: T H
V. FRY D 10%FEEDFFE DBIG FERNE 5 & 70> TRIET D FIEME ALS C
o5 (52), MFEME ALS DIFREKNIRTEH I SN TWRWR, T E I W
RO DOZ IR b A N LA /NafEA S LA TDP-43 O % F
AN ST BEER OB RS & IR B MRE STV D (6), 2 < OFEIEM
ALS OFRE G A ME SN TE Y, ALS ([ZBT 222105 1 ea B 23 IL
ASnTnD, FTHEBEME ALS DK 20%% 5O TWDH DA, 1993 4 IC[AE S
#U7= Cu/Zn superoxide dismutase (SOD1) B DERThH 5, SODI B ILE1L
A NV REWADSHELEENRH Y, SODI BEHR OFiFE{LEERE R 2K T SOD1 # >
NI EOEBIZ L DFMEN ALSIHEFR RO ERD—>2 L I TWND (52), T4,
ALS JHE TS SOD1 D F 87 BEEETER AL TS Z &6 (53).
ALS [Z/PMaEA S U ABERSBAE LTS 2 ENREBEZBND,

SOD1 A 5121 G93A Z ] L LT, G37R, GS85R (54). & D1t H46R (55) %
MAE SN TWND, ZTHETALS D =DHIZ, ALS BRIEREZ T 28T T

JVDBRZFE TR DIVT & T2, FEFR. SODIMRLEZEA Llc~ v 2L TR DR
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WA Utk WROBZEREZ R L, RN TIEIZED (56), SODIA L 2iE
AL~ T A&, EHE= o — U EITHEICHE 3 5% ALS BRI 2380, 20
> SODIMRZBFIE A~ 7 2 L0 S RIEN T | KV DERNRERPFAETH D
(56), E£7=. SOD19A EH <7 2|28\ T, 5 SODI1 & /37 B HN T
SART =T 4T (X RTENELLITY 7272 F 0720 T 1B LUVEEE
RSN &) ZAEU/MMURIZERE T2 Z LTIV /MakR N L REZEET D
ZERFBINTWD, T b DOREHIL, SODIPA LR <~ 7 273 ALS (253 2%/
JAE A N L ADOMEEFET D201 LB ET L THDLZEERLTND,
E72. invitro FBRTIE~ U AFkE = = — = & HSRMIaRR & JH V) T SOD19%34 28
RERGITHEANTE, MDA =X L EMRIET 5D 2 ENARETH 5,
BUERR IR IZ I W T ATRE 2R VR IX, 7V # X 8 N-methyl-D-aspartic acid
(NMDA) S RIRFEHE DV L — v (VLT v 7®) K ORT PN AR Y
XY —ThLHTHTIR (TVHy R Thd, VY —EK3 7 A OAFH
FIERE., =& 7R 1% ALS OIEREE S H 28R 038 0 —E OF 2P e
RINTNDDS, WITHRHERIEICI|E T, KR E L TRIRITRES 2 i 2 BV
W (57-61), D72, ALS [THHURRIERR I 12 ER3 20N AR X O R 72iR
WIEORENLESINTWDOIRATH D, 1 EORFNI LY VGF FEHE K
NVGF H3k_T7F R TH D AQEE-30 1, N F o hdmtT L flaioxt LT
EIERZAT 52 L EW G Lz, KETIT VGF OPRENE DN EIZJLE O Af
RN KT T D ANMEZRGEET D Z & R OVNaR A N U A EEET 5 ALS (2%t
L C VGF HERTF RNAZDEEDNTOW T, SOD13A ZE BUTHE R 5 in vitro
FEBRETNEZANTRGEE LTz, 612, VGFHIEEY RV ENbEASIND S
D VGF X7 F RO, REEREZFT 27 F FOERRKOZ DF/Mb
iRz, Al L7= VGF ~X7°F K% TLQP-21, AQEE-30, AQEE-11,LQEQ-19,
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QEEL-16, LENY-13 X O'HVLL-7 C& 5% (Fig. 9).

Mouse, Rat VGF

precursor peptide
1 556 576 588 599 617
éH;N—'I‘ TLQP-21 . AQEE-11 LQEQ-19 -COOH
N AQEE-30 :

SLQEQASand e

‘ derived peptide _...**""

HzN-I LQEQ-19 COOH
QEEL-16 (602-617)
LENY-13 (605-617)

HVLL-7 (611-617)

Fig. 9 Schematic depiction of the rat and mouse VGF precursor peptides, and their derived

peptides, used in this study.

F2 8 ERME R OTTE
2-1 EBRAE

AR AW Y ORI, LT Oy THDH, a7 e
(ECOS™ Competent E. coli DH50) {3 Nippon gene (Tokyo, Japan), Pure Yield™
Plasmid Midiprep System, Rabbit anti Halo-Tag polyclonal antibody (#G2981, Lot:
5301) (& Promega (Madison, WI, USA), 7 >t U > (Ampicillin), Lysogeny broth
(LB) £5H#h, 2-7'm X/ —)L (2-Propanol), =% / —/ L (Ethanol), ¥if# (Hydrogen
chloride;HCI), 7 A% 2 —/LfigF kU 7 A (Sodium deoxycholate), K7 /LA
s LAY T 7 YT I K5V [Sodium dodecyl sulfate (SDS)
polyacrylamide gel]. N7 3 /VRiEET U 7 A (SDS), 2-ANVH S =& ) —/VE
A 4xsample buffer solution, ImmunoStar® LD, A % /—/L (Methanol)/Z Wako
(Osaka, Japan), Lipofectamine 2000 Reagent, Opti-MEM I Reduced-Serum Medium
(Opti-MEM), Propidium iodide (PI; #P3566, Lot: 1126449), Hoechst 33342 (#H3570,

Lot: 35598A)(Z Invitrogen (Carlsbad, CA, USA), 7 v A{FIL{E (Fetal bovine serum:
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FBS) (& Valeant (Costa Mesa, CA, USA), ~X=3/V > (Penicillin), A h L7 k<A
v (Streptomycin) X Meiji Seika (Tokyo, Japan), Dulbeco’s modified Eagles’s
medium (DMEM) high glucose, K U 73> (Trypsin), Tris-HCI (pH 8.0), Protease
inhibitor cocktail (#P8340), Phosphatase inhibitor cocktail II (#P2850), Phosphatase
inhibitor cocktail III (#P5726), % Sigma-Aldrich (St. Louis, MO, USA), Blocking
One-P, 7' U 2 (glycine), Can Get Signall, Can Get Signal 2 |3 Toyobo (Osaka,
Japan), Tween 20 Solution (Tween), K U A (Tris) |% (Hercules, CA, USA), ~ 7
AEFR = = — 1 U HRMaRE (NSC-34 #iifid) X Cellutions (Tront, ON, Canada)
X0 ZhEEEA L7=, PBS (Phosphate buffered saline) i, KCl, KH,PO4, NaCl,
Na;HPO4 + 12H,0 ZifliZk (MiliQ) (Mg L. % L 7=, Myc ¥ 721% Enhanced
green fluorescent protein (EGFP) 15k~ 7 A X K (Mock) M OV H SOD19%3A g5
7T A RiE, A EERFESRFBEFSRT TR RN R AHARTTT
RIVELEENT-bDEEM LT (62),

2-2 FEBRJTIE
2-2-1 MiflaREE L OB In -5 A

NSC-34 #fgi%, 10% FBS, 100 U/ml <=3V > K100 pg/ml A b L7 b=~
A 2> &P L 7= DMEM high glucose % VT 37°C, 5% CO, I TH#E L7z,
F72.3~4 BIC Y 7Y BT K DM ZAT o 72, NSC-34 #ifldid 96 /X7 L
— NI 7,000 M@/ well, 24 737 L— kHIZ 35,000 Aifd/well 1272 5 & 5 I2Hi4E
WEARER ORI A VTR L, 37°C. 5% CO, D&M T CT—BriEE Lz, #
H 47 50 ul @ Opti-MEM, 0.2 pg @ Mock F 721% SOD193A 7' Z 2 I KL
0.5 ul @ Lipofectamine 2000 Reagent Z & & « IR L, B T EAZIT- T2, B

TN 6 BRI I HU/EME S AU A L 7ot2, SRR 3V TRlla & 1Y
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LRBRIC AW, 7236, 24 X7 L — M2 WA OMIE, DNA KO RIED
HIL, ENENI6RTL— D5 EREE Lz, BIr8A 6 K& ICHU/EWE
EAETHICAH L, S 5T 42 FEREIZ IS 1%IM{E R U E 72 13 iy 55 2 v C
BEHiAZ a2 1T\ 588 VGF BT F RE KR 0.1-3 uM L7225 X H i

77, BYufa )T 1 B 222 ICHEL CTHEE L 7=,

222 V= AB LT wT 4 VT RNT

AFRBRIT, 1 3 2-2-3 OTFIEICHE L TIT - 72, —IRPLIARIZ, Rabbit anti-ERK1/2
polyclonal antibody (1/1,000), Rabbit anti-p-ERK1/2 monoclonal antibody (1/1,000),
Rabbit anti-Akt polyclonal antibody (1/1,000), Rabbit anti-p-Akt monoclonal antibody

(1/1,000) & OF Rabbit anti-B-actin polyclonal antibody (1/1,000)% {55 F L 7=,

2-2-3 Rt ERIMENT

HEEHFAIAENT I Student’s #-test, Dunnett’s test }2 T8 Tukey’s test (JSTAT for
windows) & FHV o, EERAE FIFTEME £ EERRZAE TR L, ARE S %A T2 H
B L,
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3T FEBRAGE
3-1 Invitro ALS &7 /WIZxF7 % AQEE-30 DIRFE/EH

In vitro ALS &7 V2% % AQEE-30 K O LQEQ-19 OfMiuR#IER 2 Figt L
72, Hoechst 33342 K& O PIAZ YL EIZ L 2wt Geta g o MG 4 Fig. 10A 12, 43
fa%giz %45 PI B PE#E %% Fig. 10B, C 127k L 7=, Control #£Z%f L T Vehicle
BECIXA BICEHIER N EN L7 (Fig. 10B, C), AQEE-30 1% 0.3 uM X v |
LQEQ-19 % 1uM X 0 A EIZHIASEZ il L. & OLRFEER IR BRI
L7z,

A Mock SOD1693A + Serum deprivation
Control Vehicle AQEE-30 (3 uM) LQEQ-19 (3 uM)

o ---

PI

B #

2 8 78

] [
-] o2
=E = E
g3 83
o 6 356
23 2=
HE =8
13 « i34
- - S
o

s &

e 2 82

0 0

> e 01 03 1 3 3 UM @ 01 03

NERY AQEE-30 ‘\\o LQEQ 19
@ Serum deprivation 0° g Serum deprivation

Mock SOD16G93A Mock SOD16G93A

Figure 10.Effects of AQEE-30 and LQEQ-19 on the survival of NSC34 cells with mutated
SOD1.

(A) Representative fluorescence microscopic images of nuclear staining. The scale bar represents 50
um. (B, C) The numbers of propidium iodide-positive cells were counted and the results are
expressed as percentages of Hoechst 33342-positive cells. AQEE-30 and LQEQ-19 were added at
0.1-3 uM. Values are means + SEM (n = 5). "P < 0.05 and “*P < 0.01 vs. the vehicle group
(Dunnett’s test). P < 0.01 vs. the control group (Student’s ¢-test).
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32 Invitro ALS &7 /WVIZ%I %5 TLQP-21 K& N AQEE-11 DA&#/E A

AQEE-30 O N Rl iE 7 5 ABEME~T7F R Toh 5 TLQP-21 & TNAQEE-30

O N R 11 7 2 e b7 5 AQEE-11 O MR #IER 2 et Uiz, &l

Bizxt3 5 Pl GPEMIIE %% Fig. 11A, B (27~ L72, Control #EIZ%f L T Vehicle #f

TIXABEIZIEMINERNEIN LT\ = (Fig. 11B), TLQP-21 & TN AQEE-11 i/

LT b MRasE i3t S g, MltREEH 2R S22 h > 7= (Fig. 11B), Fig. 10 ®

FERLESE 2. VGF kT T ROREIEHIZ LQEQ-19 ICHKTH LD TH D

Z LRI E LT,

10 ¢
A ” B
e n
g% s
1]
O = E
Q@S 23
[+] c 6 s =
o — o —
2 Z 8
= o
95 23
88 4| 23
2 a2t =2
. 01 03 1 3 M
\‘o 6‘0 5 . IJ
& é{s‘ TLQP-21
oo 3 Serum deprivation
Mock SOD1693A

b
[\M)
T

-
o
T

i 01 03 1 3 3 uM
& Q®
& AQEE-11

Serum deprivation

<Y
Mock SOD16%3A

Figure 11.TLQP-21, AQEE-11 arenot neuroprotective of NSC34 cells with mutated SOD1.

(A, B) The numbers of propidium iodide-positive NSC34cells were counted and the results are

expressed as percentages of Hoechst 33342-positive cells. The peptides were added at 0.1 to 3 uM.

Values are means + SEM (n = 5). #P < 0.01 vs. the control group (Student’s ¢-test).
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3-3  Invitro ALS &7 /L% % QEEL-16, LENY-13 2 (N HVLL-7 OAF:#/E
PRI R EVE ] 2 A7 D/ N O AEFEME ST T RERET 5720,
LQEQ-19 ® N K7 2 / BN SE1-AR U _X7F RE/ER L, M EER
DOF L RF LT, i L7275 FlX QEEL-16, LENY-13 %, 'HVLL-7 T&%
. FNELILQEQ-19 ® C K _XT7F R TH 5, SMIEIZxI3 2 PI LM
%k % Fig. 12A-CIZ/R L=, Bat L72W o275 R & flinsE 4 Jf) a9,
IR EIER 2R S 72 o 72 (Fig. 12A-C),

A 10 # B 12
w
g .| 710 ##
n Q o
2 24
g c o E 8 1
23 ° g =
25 =887
&2 4 g e
Elo— 9'2 4 -
° [
2 (=]
2 r Ea) 2t
0 0
N ae 01 03 1 3 3 HM R ° 01 03 1 3 3 UM
& & QEEL-16 &L & LENY-13
o N Serum deprivation o W Serum deprivation
Mock SOD1683A Mock SOD1G%A
C 14
it
12
o
" 2 10
3 E
o2 8
[} —
i3
g5 °
20
o 4
-}
E 2t
0 81 83 1 3 3 uM
N 1 e u
& & HVLL-7
® Qé'o Serum deprivation
Mock SOD16%A

Figure 12. Shorter peptides derived from LQEQ-19 are not neuroprotective of NSC34 cells
with mutated SOD1.

(A-C) The numbers of propidium iodide-positive NSC34 cells were counted and the results are
expressed as percentages of Hoechst 33342-positive cells. The peptides were added at 0.1 to 3 pM.
Values are means + SEM (n = 5). #P < 0.01 vs. the control group (Student’s ¢-test).
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3-4 LQEQ-19 O&EAFY 7 izkt4 51EH

LQEQ-19 IZHilafriEEH 28 T 2 5/ hNOABENET'F R TH D 2 L BRIE
ST, WIEIN O OERBTF OME 21T o7z, EFEV 7 T AEES T Th D
Akt LOVERK1/2 DU UL L~ ZHNWT, xR Z T ay MEZFWTH
S L7z, Akt © U VR L ~ULIE, LQEQ-19 % B CALE L 7= | BRI ICA &
IZ EH-L. ERK1/2 ® U VB L% LQEQ-19 % Hijh THLE L 7= 5 514 ICh
B2 EH L7 (Fig. 13A, B), LQEQ-19 OHIIALREIEH A3 Akt £8#% K& OF ERK #%#%
LTS Z L ZHfFHT 5729, Phosphoinositide 3-kinase (PI3K)FH 2 $
LY294002 K O* Mitogen-activated protein kinase (MEK) BHE 2K U0126 & HW\T
LQEQ-19 O lafti(E MR A HE 5 &2 /ET Lz, MlaEcxt7 5 PI B
%k % Fig. 13C 1278 L7172, LQEQ-19 {2 & 2 i /E 1%, PI3K BHLESR (20 uM)

M ONMEK BHEZE (0.1 uM) ORTALE TR S 47z (Fig. 130),
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A LQEQ19(3kM) B 45 - (o4

- - ##
E 1r " Sk
p-ERK1/2 - 10 L T
& 7 ° ™
w 05 4
a 08 8
t-ERK1/2 — 3E 7
Control LQEQ-19 28 5
0w
p-Akt 27 23 4
—— — * By 4
g 15 | £,
t-Akt £ 9 1
— — 0
& o5 | LY294002 (20 uM) - - + - - + -
U0126 (0.1 uM) - - - + - - +
B-actin — e 0 LQEQ-19(3uM) - - - - + + +
Control LQEQ-19 SOD16%3A - + + + + + +

Figure 13. LQEQ-19 activates Akt and extracellular signal-regulated kinase (ERK) 1/2
resulting in neuroprotection.

Changes in phospho (p)-Akt and p-ERK1/2 expression levels in NSC34 cells were assessed by
western blotting. (A) Typical images showing immunoreactive bands of Akt, ERK1/2, and B-actin.
(B) Quantitative analysis of p-Akt and p-ERK1/2. Each column represents the mean = SEM (n = 3).
*P < 0.05 and “P < 0.01 versus the control group (Student’s ¢-test). (C) Evaluation of the effect of a
phosphoinositide 3-kinase inhibitor (LY294002) and a MEK/ERK inhibitor (U0126) at final
concentrations 20, 0.1 uM each other on the neuroprotection induced by 3 pM LQEQ-19. The
numbers of PI-positive NSC34 cells were counted and are expressed as percentages of Hoechst
33342-positive cells. Values are means = SEM (n = 5). #P < 0.01 vs. control (Student’s t-test), “P <
0.01 vs. SOD19%3A NSC34 cells treated with LQEQ-19 (Tukey’s test).
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ARFFEIZ XV . VGF H2k~_T7F K Th D AQEE-30 X N LQEQ-19 i, K
FEHINT ALS BRMIfEE 7 L2kt L CRIIRGRGEIE I 2R 2 L 26T Le, —
J. F DD VGF ~X7F K (QEEL-16, LENY-13, HVLL-7) IZHIBR#/EH %2
RE /o7 (Figs. 10-13), £7-. LQEQ-19 O i&#/EHIL. ERK K& TN Akt
BBEOEMEALZ N L TND Z LRI S NT2,

BEHICIUN T, ALS B K OET L~ U ZADONFF IR, F 72 fLiE & OFRHE S
HIIZ B W T VGF ORFENFHAD L TWD Z ERHLMNIENTWD (23,26),
X 512, VGF #E 3K SUNN8075 (X SODIPA N T v AV x =y 7~ T ADIEH)
BWREDIN T ZfI L, AFHIHAZIER ST 2 2B LML TS (27), =
S ORERITVGF OFEHLAY ALS RRETE RS- L T\ D Z L AR L T\ 5,
L22L. VGF ZD b D7 ALS JRRBIZKRT LT, EER L MIatR#E R 2 H T 50
BINCHONWTIERH TH - 7= ARFHZ L Y VGF H3k~<7F KT 5 AQEE-30
KM OYLQEQ-19 1&, EEMZMIREEN A AT 52 L2 BN LIz,

F1EORER LY, VGF BiRIE Y L7 E D C Kuifll 0T F K Th D
AQEE-30 IL, "> F ¥ N IRET VHIBIC KT L CHRERRGEIEH 27~ 923, VGF
FTER{A &2 X7 D C Rl 2 & £ 72\ TLQP-21 XA EER 2R S e o 72,
ARFETRUIZERIZ, ALS E7 /M 2 MEHT B W T H AR OR R E B,
BT T RFIGEOERZ /T U CTHRAGEERZ R L2 2 LRI S
72o S 51T, AQEE-30 ® C Kiiffll~<7"F FT&H 5 LQEQ-19 (T 2>\ T & i fa i
TERRED N, ZOZ & XD, VGF O C K7 F NIZMIa RN R D%
BICEECTHDLZ L2/ LTW5h, UL, LQEQ-19 (2B L Tix. G

CBET 2 MEND R ABI DL RIBFDBLETH D,

7 v M XY i L7z C K VGF X7 F RIZIZLQEQ-19 & & iz, +1 F&kk
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DT F R(RLQE-20), -2 kD ~7F K (EQEE-17) L3 KED T F
(QEEL-16) WFEETHZ ENMESINTVD (12), 2N HDXTF RIZHONT,
BEENIC AR SN TN D D0, IEEEZA LTV D ONEIIRIERHATH D |
LQEQ-19 X VW 4\ 2 RTF NIz oW LI F Y RTF X —F |2 L Y LQEQ-19
DRI NTHELTZLDTHDL ETRIND,

LQEQ-19 A EM: & L Tid, EREMBE~OERIZ X 22V R #HE S
NTEY (63), ZOVEHAIX AQEE-30 IZH 3B LT\ 5, L L7 5, AQEE-30
& LQEQ-19 DIEMIXIZIEFE TH 208, EHAFEBLL OFHGRFRIC AR B D |
LQEQ-19 I3EMFE AR | AEHDIHK B F W2 LvD (63), LQEQ-19 11X
DN R 2 S T IEME 2 2R O FTREMEN B 2 b v b, UL E X Y  EQEE-17 X° QEEL-16
PRICAEBEMEZ A L T2 E LThH, BRIABENATLEN, REML L
THRDO BN TR B 5,

S BIZ, LQEQ-19 difiafri#EHIZREE L T OIEHBEFIZ oW T b a2 1T
> 72, TLQP-62 |31 7 VB[R Tdh 5 Akt & ERKI1/2 OIEHALICRE G-
%HZ L, F£72 LQEQ-19 X p-38 OIEMALEHIHT 25 Z L HEINTEY, VGF
RTF RIEMAP ¥ F—EBDOIEME(IZEE G35 Z LRI TW (63), Atk
FFCIEL. LQEQ-19 O HMAMEZ L 0 A7 7 VBB T Th D Akt D U R
B L~V RERTSIN O 1 RE %12 ER- L. ERK1/2 O U b L~ L3RRI
D 55%IZER Lz, 512, PBKAFHK KO MEK HEFOEIMZ LY
LQEQ-19 O EAMNILE S = Z 225 LQEQ-19 Ol iu A /EH X
Akt ## M O MEK/ERK #8821 L T\ Z L AVRIZ S Tz,

VGF B3~ T7'F ROVEMAUZE L Tik, TLQP-21 O BN HE SN TED |
TLQP-21 {IffiAZ 21K C3aR1 % & D& %I LT, Phospholipase Cy (PLCy) &

U* Phospholipase A2 DtV b 2758 T 5 (64), S HIT, TLQP-21 2 k5%

40



BIROTEMEALIZ, Ca® &/ NaiE B MIAICE S ¥ % (64), VGF Hk~T7'F
ROMRIREERIL. ZHOOEREFZ LW SRR ExbNd, —
J7. LQEQ-19 WMEMT 2% BRAKZENZSOWTIEBA B 22722 > T 7Ly, LQEQ-19
Z ALS DIERIICHT 2721213, A%, ALS OFRBIZEIT 5 VGF D5 %
SN L, AERRIZOWTHAR DG 21T 9 LERH D,
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H3F b NFRHECHET D VGF EAMILOfEY] K O ZMa MEMISRER{LAE (ALS)
TREIZ 31T D VGF S B L O

552 BT, VGF BT F R in vitro ALS &7 /VHIRRIZ R L CHA#EME
AZERTZEZH 5N LT, Brancia b, M ALS OB K OF BN ALS
ET L (EF SOD19Y) <~ 7 ZDEFRERIZIWN T, VGF HRk~7F ROIEEL
DD L TWDZ EEHELQ23), 72, ZOER SOD1A < 7 2 D
I 1T D VGF # 87 O3 HIL, EIFEREOIX T M S 5424 90 B X
D RO 75 BERIZBW TR FLTWS (26), L7235 T, VGF ORFK T35
JEIZHEATLTIRT L, ZRIC K D IWRBETEZRESE TV D AREERS 2 b
Do LU, Fim Chib_72& 512, & M VGFIX 6157 I /L S,
N R 122 7 X B 2wy 7 T NABS 2GS 250 WRORTERZ 7 BT
HY (11), ZDORIER4 > 77 1% Prohormoneconvertases 1/3 & T8 2 (PC1/3, PC2)
FOTuT 7 —BIZIV Ul EZI. CRisflld VGF R~ TF R TH D
TLQP-62, TLQP-21. AQEE-30, LQEQ-19 % & ¢ offi # DA BRI~ T F RREAE
Sb, Lienn-> T, C Kb VGF BlA 2 785% 9 551 VGF ~7'F RHuREZ v
TSR TlE, MM W L CARICREL TWD VGF b L TL % 9
ZEnn, HBEMRERET DI LT LY, £7o. ALS BEOHFREATMICE
(7% VGF O RJTEICDOWT, FHMICHE LI A EL RV, LA -T,
N ALS BFEFHEIZ 1T D VGF B L K O F D JRITEIZ DWW T B 2T T 5 N E
DD,

ARETIX, ALS B L O RIS MR B BRF RO~ 7 v & v
T, FHEIZH T D VGF mRNA KON VGF % U X7 B DJRE, & HIZ ALS JRRET
\ZHT B IEHAEAL % in situ hybridization ¥ & O Ytk 2 O TREF LT,

42



5 2 Hi ZBAEL K O 5k
2-1 Bk

AFRERIC W38 e O3 1%, LT o@b Ths, =% /—/)b (Ethanol),
XL (Xylene), ¥ifb# VU 7 2 (Potassium chloride; KCI), b7 KU 7 A
(Sodium chloride; NaCl) % Kishida Chemical (Osaka, Japan), VU > fig " /KFEH U ¥
2\ (Potassium dihydrogenphosphate; KHoPOs), U U ERKSE ~F FU T A - 0K
(Sodium hydrogenphosphate 12-water; Na;HPO4 + 12H>0) (& NacalaiTesque (Kyoto,
Japan), Horse serum (#S-2000, Lot: ZA0414) X Vector Laboratories (Burlingame, CA,
USA). RNAscope® 2.5 HD Detection Kit, human VGF Probe (RNAscope® Probe-
Hs-VGF; Cat # 466111), Negative control probe (RNAscope® Negative Control
Probe-DapB; Cat #310043) [ Bio-techne (MN, USA), Alexa Fluor 546-conjugated
goat anti-mouselgG antibody (#A11030, Lot: 1736960, RRID AB 2534089). Alexa
Fluor 488-conjugated rabbit anti-mouse IgG antibody (#A21204, Lot: 1366500, RRID
AB_1500750), Alexa Fluor 488-conjugated goat anti-rabbit IgG antibody (#A 11008,
Lot: 1672238, RRID AB 143165) (& Thermo Fisher Scientificinc. (Waltham, MA,
USA). Mouse anti-neurofilament H non-phosphorylated monoclonal antibody (SMI-32)
(#NE1023, Lot: D00168792, RRID AB 2043449) |& Millipore Corporation (Bedford,
MA, USA), Rabbit anti-VGF polyclonal antibody (Cat #ab69989, Lot GR130693-3) %
Abcam (Cambridge, UK), DAPI (#40043, Lot: 10D1005-69115) X Biotium (Hayward,
CA,USA), 7/)vAua~ 17k (fluoromount) | Diagnostic BioSystems (Pleasanton,
CA, USA) L v ZinZ1EA L7, PBS (Phosphate buffered saline) (%, KCI,

KH,PO4, NaCl, Na,HPOj * 12H,0 Z#AfiA (MilliQ) \[ZiAfEL ., AR L7-,
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222 FEEITE
2-2-1  AfifmER
ARBRIT, ~LY U FEE (http://www.wma.net/en/30publications/10policies/b3/)

oy U CHEM L7, ANFFRIEHTE R EMATFERT T TR BRI O B A
A7 & 2O AT 2K BELRTWDIERZ AV, R RKFEEF 0
BEBSOEE GRKRBE T 2523) IO BRI KA MmmEE B2 O
(KGR 5 I BT E 334 B) 21372 L Ciro7z, BEICARBRO B ZH
L, BEHICEZFAE (fv74+—AbFartrb) 2570, BEAGBRE
THZENTERVEAIL., FRELITBIRN S OREZE1-, Ao
L7eDld, &THBRY TN Th 5, FHEMRE Z 5 X O O/ERL IR K

SRR B CTH o 7,

2-2-2 ALS BHEROXMEREOHFRE T 7 ¢ ARG 7R

X PRIEMIR AP BB 9 44 (4D @ 69.8 £ 4.6 1%). C&ETHR El Escorial 21k
e (65) Ziiilz L7-fNFEME ALS B 94 (fhlp @ 70.9 2.7 %) M ONR IR
TME ALS B 34 (- 76.3 £2.3 %) ICOWTHGETZ1T> 7 (Table 1), 3%
6 FFILINIC AR LU, &9 4 B, 20% % E AL~ U 22 Lic, MERE,
B, SEBEICEIMr L7 ECRT 7 0 el LB 21T B ERLE TR, TR
KM FEFTIZ IV TR LT, BT RFIMBIZERT T, JEE 4 um O bR Wi b
REER L, MAS 2—7 ¢ > 7 (BUKMERIBER =2 —F ¢ > 7)) SNTATA
K 27'Z A (Matsunami Glass Ind. Ltd., Osaka, Japan) (Z#t7-, 1ERL L7240 i,
TS RS BRI FERT 70> B g BLFEBL R P RN BT T JE B\ ik L7212 in situ

hybridization & UM YL 44T > 7=,
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Table 1. Spinal cords from patients with sporadic ALS or other diseases.

Long term survival

Characteristic Control ALS patients ALS patients
Patients (n) 9 9 3
Male (n) 6 8 3
Female (n) 3 1 0
Age (years) 69.8 +4.6 70.9+2.7 76.3+23

Age data are presented as mean + S.E.M. Spinal cord samples were acquired from nine patients with

sporadic ALS, three ALS patients with long-term survival, and nine patients with other diseases.

2-2-3  In situ hybridization

RNAscope® 2.5 HD Detection Kit DL 7" 1 b 2 —//LZhit > CTHEi L=, /37
7 4 YR % 60°C T 1 BRI S, v L (543, 20, 100% T4 J —)b
(245 LIED, QR ULBLNT 7 4 o &BITo T2tk 5 iRz S Wiz, &Y I
bARFEAKEHIFTRIET DLW T L, EIRT 10 06 S72th, KK T2
[BIYEE L 7=, 100°C [Z/NEA L 7= 1xTarget Retrieval solution (A7 4 K& 153% L.
ARRKT2MEL 100%™ % 7 —/LC 1 [EBEH L 7% J8lGz S 72, 490712 Protease
Plus %+ ZIRIET D L 20 F L., 40°C T30 01 > Fa—h Lok, KK
T2 [\ L7z, RNA 72— & LT Human VGF Probe & 7213 Negative control
SIRNA Z i [l L7z, & 7m0 — 7 &0k T %, MBS T T 40°C T 2 el o
V¥ 2X— kK L, 1xWash Buffer Z W THEF L2 247, 218, HW TS
BTy 7 A HE5EREE Ampl (40°C, 30 47). Amp2 (40°C. 15 43). Amp3 (40°C,
30 43). Amp4 (40°C. 15743). Amp5S (ZFiR. 3047). Amp6 (Fik. 15%) %A
IS SH, KA o F 2= 3 O%IZIE 1xWash Buffer 2 W T 21T 572
(2 4y, 218, FEEHE O RED solution (RED-A:RED-B = 60:1) % F & Aif (< 7 #u

LEAUHICHETLTEIRTIONA > FaX— | LT BREKT3 EHE L,

N

DAPI Z & HE 757K T 1,000 (AR L7-%., |IET10 014 > F2X— L, &Y
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%4757z, PBS THEH (54, 3M]) Licth, ZAdm~ Uy PTHALL,

i3 L — I — L SBEMSBE (FV10i; Olympus) % HWTIT- 72,

2-2-4  SpEY

NI T 48R ExT L (1540, 3E), k=% 7 —/ (10 B, 2 [F]), 99%
=X =)L (10 ¥, 2 [\]), 90% =% /—,L (10 B, 1 [a]), 70% =% /—/L (10
o 1 ED), ZRZEK (10 ) DIEIZREL, BT 7 4 r&2fTo7, HURMEAL
E L LT, YA % pH 6.2 OV = U BBFEEK (7 o BR O =@ ) v
Dz BRI U TER) ITIRIEL, 120°C T 15 A4 — M7 L—7 2 %E i L
7o Z|IRIZERE L, PBS THEE (547, 21E) L7, 10% Horse serum PBS (2 ]k,
1K) ZHWT 7 ry ¥ 7 %1757, NFH LT VGF @ 2 B GL A OFRIC
I, PBS TWH (5 4. 2 [F) L7k, —k$ufk L LT Anti-neurofilament H
non-phosphorylated (1/1,000, 4°C, —H#f) A TY Anti-VGF polyclonal antibody (1/500,
4°C, —MR)ZMEH L7z, PBS T (570, 2[0)) L7ct&, —kPilk & LT Alexa
Fluor 546-conjugated rabbit anti-mouse IgG antibody (1/1,000, =&, 1 Kffi]) &Y
Alexa Fluor 488-conjugated goat anti-rabbit IgG antibody (1/1,000, =i, 1 KffH) %
S &7, [8—Y) 7 T in situ hybridization & 0% Yuth % [RIRFIZ 5266 L 72 BRIZ 1%,
2-2-3 DIFVEITHE > T RED solution DG M O E TEATV, 71y % 7L
BEDEEZIT > 72, —RBUAR L LT Anti-VGF polyclonal antibody (1/500, 4°C,
—Mh) &, “WkPufk & LT Alexa Fluor 488-conjugated rabbit anti-mouselgG antibody
(1/1,000, =R, 1 K 20072, WTFho7a ba—cBnTh, -
RIUARBOEH I PBS TH (547, 3[E)) L. DAPI Z3KE 75 7K T 1,000 f5 AR
L7, S| TI0 01 v Fax—h L, BERz{To72, PBS T (577, 3

By L7ctg, 7vAdAn~vur P THEHALL, 30— — 3 E R BAMEE
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(FV10i; Olympus) % HWTIT-o 7,

2-2-6 HEHIE
ALS FEE N O IRR BB O ESE, ot SHEBE (Fig. 14A) ZZ iz W,
Fig. 14B DOARWIUA TR L 723 SOV TR 247 > 72, Figs. 15, 16 LM 18 1T

BT, AT 7 | Image J (http://rsbweb.nih.gov/ij/) & HAWT, B T Tl

B3 % VGF etz fE Lz,

(B)

(A)
Cervical spinal cord Posterior horn

Thoracic spinal cord Lateral horn

'...""",'I'I”"""

}Lumbar spinal cord Anterior horn

““. [ [} ...' .".“.“ Sue -

~a

Figure 14. The schematic image of human spinal cord.
(A) Upper is an illustration of the spinal cord. We evaluated the lumbar, thoracic, and cervical spinal

cord. (B) Lower is a sectional view, and red squares show the analyzed regions. Anterior horn of the

gray matter and the white matter were mainly evaluated.

2-2-6  FEHFAIFREAT
ERRAE L. EMEHERERZE TR LT, MEH AR X, Student’s r-test

7

IZEDITHo Tz, fEREN SR OHEEHEEZRD & LT,
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3T FEBRAGE
3-1 ALS FBFEHBEIZIIT D VGF mRNA D J{TE

EHEBFRICIIT D VGF AR L O ALS WHE TR 5 VGF OFRHA IS
DWTHRFT D720, o IRIEMIR MR BB S OV ALS BBE e > 7
Jv% FVNC in situ hybridization % 3%f@ L 7= (Fig 15), 1IEHSAREIZHBW T, VGF
mRNA [ IHFFERTMA . A4 L OB AIZRE L TWe (Fig 15A,B), £72. FHE~
DT E A ERD BN o 7= (Fig. 15A, B), — 7. ALS BREFBERIA I
BT, MREEL el LT VGF mRNA O 7 LME R L, BBHEfinE I3 A/ &

(238 LTz (Fig. 15C),
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Figure 15. The localization of F'GF mRNA in the human cervical spinal cord.

Representative images of in sifu hybridization using RNA probe of human VGF. The upper images
(A) represent the results of control patients and the lower images (B) represent the results of sporadic
ALS patients for gray matter of the anterior horn and white matter in the cervical spinal cord. Scale
bars in normal and high magnified images represent 100 or 10 pm, respectively. (C) VGF
mRNA-positive neuron in anterior and posterior horns, which localized in motor neuron and sensor

neuron, respectively, were quantified.



3-2 ALS BFMEREICIS 1T D VGF mRNA D JRifE

In situ hybridization Z VT MEHEIZI51T D VGF mRNA OF8L 4 fiEt L7z (Fig.
16), SABEORE R L [FFRIZ, VGF mRNA [XFHEATMA L OFREG A IS REL Tz
(Figs. 16A, B), ALS BEEHRIAIZI VT, RIREE L LR LT mRNA O 7
JUIMET L. BB 34 = 2B LTz (Fig. 160), [REEOE 23 a8 D
BIERTH A ONTA, EEFREAIIG 2 T LT 2 SR M OVBERE & b L T
BRI A D 72 < L MBI B/ S Wb DI O G CIXSERE & OERE I o
WTHGETZATO 2 & & LT,
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Figure 16. The localization of ¥'GF mRNA in the human lumbar spinal cord.

Representative images of in sifu hybridization using RNA probe of human VGF. The upper images
(A) represent the results of control patients and the lower images (B) represent the results of sporadic
ALS patients for gray matter of the anterior horn and white matter in the lumbar spinal cord. Scale
bars in normal and high magnified images represent 100 or 10 pm, respectively. (C) VGF
mRNA-positive neuron in anterior and posterior horns, which localized in motor neuron and sensor

neuron, respectively, were quantified.

51



3.3 HBERTA KL OEAICET D VGF mRNA O JRH(E

B 7TV MBIER ST B M OMERE IS D T BSR4 T D
% K OSEBIR N34T 5 FRERTAIZ 31T D VGF mRNA O JRTE & (k714 &
X LT R D EEMICBIZE LT, FREMZAIZHUV T VGF mRNA 1%, Sl K& OV
EBICIER X E ALS BE I O R BB E DO ZITRD bR o Tz, Fiz,
FRERTA BT ALS B TlE VGF mRNA OFRBLEMET LT\, BT
ATIE, —D—=2DY 7 FANRRKE L, AR E 225/ Ia T & 2 @) e o
(ZJEAE LTz (Fig. 17),

Control ALS

(A)

Cervical spinal cord
Anterior horn

(B)

Lumbar spinal cord
Anterior horn

Figure 17. The localization of F'GF mRNA in the human spinal cord.

Representative images of in situ hybridization using RNA probe of human VGF in the gray matter of
the anterior horn. The upper images (A) represent the results of the cervical spinal cord and the
lower images (B) represent the results of the lumbar cord. In this figure, we show overlaid
fluorescence and phase contrast images to observe the localization of V'GF mRNA in detail. Scale

bar =100 pm.
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3-4  VGF FEAMIAORE K O ALS JHREIC BT 5 R8BI L

Fig.17 OFER IV . VGF FEAMI S EEFREAR TH D Z LR ST,
% 2T, EEMERMIE~ — 5 — T 5 P Neurofilament heavy (NFH) iz FHu
7o g Yett & in situ hybridization % [FIRFIZ1TVN, VGF mRNA O JRTE % fEsd L7
(Fig. 18A, C), NFH [51%:7>> VGF mRNA BEEa A 510 L 72 /5%, ALS B3
DOSARKE K ONERERTA 123\ T T VGF FBLMfa 238 L Cu7e (Fig. 18B, D),

(A) cCervical spinal cord (C) Lumbar spinal cord
Cotrol ALS Control ALS

NFH

VGF mRNA
l .:'_ .
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g ‘
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(% of tortal motor neuron)

o

VGF mRNA positive cells &
(% of tortal motor neuron)

Control ALS Control ALS

Figure 18. VGF mRNA was localized in motor neurons.

The upper images represent the results of in situ hybridization and immunohistochemistry in the
cervical and lumber spinal cord. The lower graphs represent VGF-positive cell number of
NFH-positive motor neurons. Values are given as mean = S.E.M. (n=9). P < 0.05, P < 0.01

versus control group (Student #-test). Scale bar = 50 um.
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3-5 ALS BREFHICIIT D VGF & v X7 B O JRTE

ZHE TOMFHI LY | VGF (355 #l1% A M Ol OB bR TREA S 4.
ALS JHHEIZ IV T VGF mRNA [ o @ g i 238 L Cuiz, £ 2 T VGF
mRNA OFEBIZALNZ X7 L~V TRIEE TN DD, £72 VGF # X7
HRED XD REZ R T O R il 2 O TRET L7, BT
T T T OB RN VGF (514 TH Y | VGF mRNA & IFIE[F CJRfEZ R LT,
Fio, EBEHROFEFIZEWTHLRENICEWERBINES bz, —F., ALS
BB TRV TIE VGF [P0 IEBEM RS2 580 B v, Rl B ahRe E I
BT VGF BELEME T L TWe, 51T, ALS EMIALFECIIsFEah it
[ZBWT VGF OEWRELNRO bivz, 72, @ D ALS B & i LT, &
AR O JE I I BLT D VGF WEVMHANC B - 72, — 7, Fhitk AKX O HEIC
BT, HHE, ALS BE R ORBIAELFBIE T VGF DI 5 227018 EHE
D BV Tz (Fig. 19),
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Anterior
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DAPI/ VGF/ NF-H DAPI/ VGF/ NF-H DAPI/ VGF/ NF-H
Dorsal

Figure 19. VGF protein localized in motor neurons and decreased in spinal cords of ALS
patients.

The images represent the results of double immunostaining using VGF and NFH antibodies. We
observed VGF expression in the anterior and dorsal horns in gray matter and white matter using
controls, sporadic ALS patients, and long-term survival sporadic ALS patients. Scale bar = 50 um.
Arrows and arrow heads represent intracellular and extracellular areas of motor neurons, respectively.
The dotted line represents the profile line of motor neurons. Arrow heads and arrows show

intracellular and extracellular areas, respectively.
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AWFZEORER KV . VGF IZFREATA O FIEEBMRMI TEAS N TS Z
EMHADLNT 0Tz, S BT, VGF BN & OHIlas O VGF 13, ALS H
FRERTAICBWTEAD LTS ZEaH NI L, ALS BERDET L~
A DFBENL (Cerebrospinal fluid: CSF) & OMILiE T VGF 238925 Z LW ONT
SODIPA hF v AV x =y 7<=y A TIIMRE & HIZ VGF ORBLENME T
D EDRHE SN TS (23,26), & HIT, VGF ERIFEELIZ LD SODI* <~ T X
Sk OB #E B A8 1X, NMDA <° a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) #F D MEIZK L ClHEEEST 5 (26), 2415
DEFRLE Y [ VGF & ALS OUEITIZIIE B2 BRI IRE STV A, il
F 721X CSF IZ351F 5 VGF OEFETR & O ALS HiHE T VGF 235843 2 R IR 3
Thole, WMEDEHEMTIEZHNWTZHENIIBWT, 2K VGF LU C R~
7'F R NAPP-129 (VGFuss615) 73~ 7 ASHBEHARRICEEILL TV D (23), YIT&
ZF TN W E I E E Sy T B D VGF T F RBFIET D2 &0 b,
CSF HIZAFET D VGF IZEFMEIC W Sz b D Tlde <, FREL D msh
TbDTHHIENBZLND, BHMIZEIT D VGF OREAIZOWTIL, R
FRAIZ DN T DO BFERM 72 R ET 3T LT Y | Spared nerve injury (SNI) €7 /L2
W, FBERAR O EGEARE C #HEC VGF ORBLEN T 5 (66).

ARFZEIZIN T, ALS FBFEFRER A TIL VGF ORBL&EIZ, 2 hr— L L
THW =5 FRIEFRRZE MR BB L DR ZEVFRO LR & 0D, ALS
JiRE T T D VGF O IT% L CERARRIZI T D VGF EADEITEHF S L7
W PR S T, EEMRRHII S D REATA 2BV T, VGF mRNA [ iEH)
PESMIAL ~ — 1 — Td 5 NFH BtEfifa & L/RE L Tz, 2hbnZ & LD,
FREATA BT VGF IX RITEEBRMINE CHEASNTND Z LR EX BN D,
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F 72, ALS ¥ Tld VGF mRNA [GPEEE RGO 3 LTz, Lo L7
M5, ALS FIZI1F D VGF mRNA BB A M Aa o0 Js A 1 X LB IR T o
V. VGF & v /37 BGMEER M DWW T b ARO[ N A b itz —F
T, EEFEHINEE P IZ B D VGF & 2 X7 B O KOGPEIX, ALS B ICE
WTERIZEA LTz, Zhucxi LT, BHIAESF ALS B OFREICI VT,
BRI O VGF BHEEITE T L TR 57, MBI EREBEE & 13
EFRRE TH o7z, VGF IT/METBR 2 il U, #es = E S O 53l % HiliE
% Chromogranin B (CgB) EAMHAAEMAT A Z ENPALMNIEINEY . ALS J[ET
I CgB OFBENW/D L, FERFENEZ D Z ENHEINTWD (67, 68),

INHDOZ L XY ALS JWHE T CIREEIF RGN 5 D VGF 3R T L, Z
AT LV CSF L OFBEFAARIZ 31T D VGF OFBLEN D LTV D Z &R S
e,

1 L2 BOMRGBHER L0, MIast L 0 /EA S 872 VGF 3k~ 7F R o3sf
BRGEEH LR T 22N L, 2 &Y, Mgt VGF Ol LT %
ALS JRHE T Tl VGF OMRRGEMFEHITIEF ICRE SN T, ZORR & LTk
DT T D REEME N B 2 LD, MEDOKRFHIEB W T, VGF ORBLEZ NS
2P EHFEES N TEY , WERICHOFTRENREZEZ BN TS (27), L
URND, ARFTOMERELY ., VGF OFBEZBINSEZL LTH, Miast
ASOLWIRNIEFITE Z BRI RGO e WaTeHER H 5, Z D
[/ Z R4 2 T DI MR E 2 A9 % VGF ~7'F R % CSF HIZAHli £
DT ENBZOLNDN, AT TF ROYRHLER DR TH 2 FHATHE TOD
BEL WO EENRD D120, RKINCITZRIRE D VGF <7 F FO/EH S %
LT L. £ R EER & LTRSS FALE W72 EORIMZ1T 5 WED D D
EEZD,
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PLE, AREIZBWT VGF A EIZ e M EFGEISRMIEN S EA S, ALS &
HIZBWTEFORIEANHD L TWDEZ EEHLMNII LT, 2N DOFERIL. VGF

DS ALS OFHRIGES —/7 v b 2B L ARIBL TS,

58



S NN

FRRRASPESR BIE, HARARR OO RE I DRI A DS A TR IS E - B3 D 9%
BEETH V. Huntingtin D285 X 0BRGP RGRIEDIE S DN T B U
R0, EAL K OV AL IE BRI 23 B S 4 D A ZEME VSRR LIE (ALS) D
0%, FRREVERBIZ. FFED X 280 G OBRETE I S Q8. A B g 0 1L
HEMENEL D ZERMOBN TN, WL OFR B S RN 72 5 KU T
WRESIC AR 2SN S, RIBITIEE > TV ey, ALS BFIZB W T, WA
U RTF R VGF OFBLNELT 5 Z &2 % T, VGF UM SN TAET 57
F ROFIZITEN R O BEASCHIEORHITER 26T 2 b OB FHETHZ L
PGS TWD,

AIFFETIE, REAORREMIRETH DT bR LY ALS JHEEICE
7% VGF OGN DOMEREER 2 O 0NCT 5 Z Lz ARy L LTHISE
%Ik L7,

51 B TIL. VGF X VGF #HEHE KL N VGF X7 F RO F o b RIS

LIREFH et LTz,

1. mHtt FREMIIFEI 3 LT, VGF iFE1EH 2 A9 % SUNN8075 (L& %
AL, VGF O3BlEZ B SET,

2. SUNNSO75 1IN F v R ARET AAIIIZIBW T, AfES 7 VB R T
& % ERK1/2 DIEMALZFHE L, AR O EX SUN N8075 DM EH
I S W,

3. VGF Hi3k~27"F K AQEE-30 (%, mHtt F ML I 6T U CIR#EEA 2R Lz,

4. SUN N8075 K O AQEE-30 (%, mHtt D%EHE 2 i L 7=,

5.SUNN8SO75 IZ/ N> F o P UIBET IV~ 7 A DFRIE A BIE X, BSR4

59



flel 58 2 J0ii L 72,

552 FCIL, EEMRAIE T H 5 NSC-34 ([ZF M ALS O FRES 7O —

D TH H A SOD19%A % A L7z invitro ALS E7 /L% VT VGF X7 F KD

PR RGEMER 2 ET L. AIE~DO ML BE L TUYHATTF Rog/IMEa i

IR

1. SOD19%A 555 NSC-34 il sEiZxf L C. VGF H¥k~X7F K AQEE-30 &K}
LQEQ-19 1TIREARAFHI 2 RFB 22 o” L T2,

2. TLQP-21, AQEE-11%£® LQEQ-19 £ ¥ N KI#HlD~<7F KK QEEL-16,
LENY-13, HVLL-7 %@ LQEQ-19 ® N K¥mff| 23 EAE S 7= _X7'F RidHmfa e
HIER RS 7207z,

3. LQEQ-19 I% Akt &2 O ERK1/2 DIEMHA L Z 5| & Z L, PI3K PHFHK &K TN MEK

P H T Z 1240 LQEQ-19 O A#1EH 2 3l L7,

53 IR, e ALS B KOS BGEMR AER BABE R O FREY 7 v

AW T, HFRlZIBIT D VGF ORTEKL UYRRE T TORBE A BE L T,

1. b NSEABE M OMEREICIS U T VGF mRNA (ZFFRERTA K O A B L, ALS
FREIC I B 2N BIE T D A CHRBL RN D L,

2. b NFHEATAIZIV T, VGF mRNA (XIEBIFFRIZHEL L TV | ALS JHEEIC
BUNTIL VGF B O @B R AN L 7=,

3. ALS JHEEIC BT, FREATA D VGF ¥ v X7 B ORBUIBMEIIZ & 5 73,
EHIAELT ALS BB I8\ TIE VGF ORBLINHERF STz,

AAFFE LD | VGF BT F R F o b Uiise ALS %5 O F8iE 5K S0 2
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SN D AIRLFED F g DR MR IR LT, REEHZA L Tz, Eio,
Z O EEER 243 5 VGF lisk~<7F K& LT AQEE-30 & (' LQEQ-19 %
[FIE L. Z OMIarRENE 2 ERK1/2 #8558 K& O Akt BB OIE (L2 L7 b DT
& > 7=, SOD19%A FH 5 O fafE 12 L Tk fR#EIEH 235 VGF X7 F K
& LTI, LQEQ-19 /N Th o7z, EHIT, ALS DETZDHIWRETI Th 5 #
BERTAIZI VT, VGF X RITEEHFRIZ W TREEA S L, ALS JRRETITZ D3
BENBDTHZ 26N LT,

UUEOFRERE D, VGF HRATF R, " F U PR ALS 23 Lo &
D MRS BB ORI IZ IS T & 2 AIREME DS R S 72,
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A

ARz #& 2 DT, AWTEDZTIZH T2 0 RAGTHERTE 72 D HFEE, THifE
20 L7z BEN Iz BRI AAE R REARATT 7RG A SN AT A Je == 3
JRIE M EICRE LR D E 2R L £7,

ARBFFEICER U CRABEIZR G 72 2B 5 205 0 £ L 72 E T 2t s = HeEu%
WEEEHE S A R OB B A E I ISR B L 97, £z, SO T &0
T2 & F LT SRR A FE =58 D B B L £,

KL DOFEEIZHTZY . AR ITHE 2V £ LI BRI S R 5
KB A = AR A=, RRERARFE e — L F a7
N U = = RAEAFGAFE T L OIS R IRR KSR R SRR KGR R SR TR
PRI SENEFA AL R TR L £77,

ARWFFEDZATICHTZ Y | HHEE, HESERT NS ERAM B OEfE 2B £ L
T2 TR R IR FE PTG % FEEE A IR ATT 720 i 82 Aty FH P S 30 CNSHTR R
R TERT I RE AR AL IR P B SR BRRA RS D DI O E 2 R L £

RIS, APEOBEIZEF L ZH A FSWE Lz ALS BERE OHEHZEED
BERRICIR S BEGHIEL £77,

ARBFFED — ERIIHTR R AT 3L R 7 8 i B & DBk (2016-2523, 2017-2523,

2018-2523) (2L » T ThivE Lz, AWMHEICEB W TR TR EFILSHH K
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