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EA BRI E S (EERNERLREIHTEESR)
BEREHEE
NDDP X 0 8 DfsZEMEIAIZRE A IZx 3 5 EAT HEER RIS
WrRARERE E EE
HIENFESH EEEFERS TFEMES

R E

MBI BT (ALS) 13 BA7 & TALOEE RO AN 2 B & T 2 FE A OEE
PEEERRERER TH D, BEEZ 2END FETRICWEIBEERKRETHY . ZORKFEE
TSR HEST LT eV, ALS ISR ORI, ALS BE L FOFREOHMER., BHE, KEFENEA
HErREE, EFEOEORLLEREREOERBICKESERTLOILDOTH D,

WEE, ALS DFIE L EATONFE R L LT, BEA M LV AREERREICL B —a—1
DOEMEREMHTAMENEEL TS, RelZInE Tl EEMLEY NDDPX08 ((EEW4 .
bromocriptine mesylate) Z23ER{LA b L AMEEREMAEILII R L CGEREDO & WIIRITEE 2R3
Z . F LT, ALS(SODIF46R) <= 7 AEFT N CORER KGR T, EFHREERELOT
WCRIES AR OEE T BER R A RET I AEBERAZET S LEFEZRELTY
%, X 5|2, bromocriptine mesylate [T/3—F% Y L IEDORERE L L TEFEITOR Y BRTHE
ATk, zoREELERIN TN D,

REGFERIZECIL. SRR - ATREIENTESL L TR WALSIEEIZRB T 25 EECRE %
HEgL L. ZEEMS GUERSE. LERZE, BHHRKE) [TBWT, BB I UOFEBEED B A
AN ALSEEZRE L L, BEMEL SV —AVHFEZESHA CKE FDA OfESHIEL
7= Phase 2a 7o ha— L& @A) %EHE L., bromocriptine mesylate DEEME & KR Z
RREE LTz, ERLR0EEE~234EE (EHSEEIIIELERYE) 1B 2 KRR~ OZIMICF
ERE LN BEOREITAL Th- T, BIEY (128M) 2R CARBSEEZ N LB
5B ORENI8L Tho T, REBERTIEHRT, HBEL ORRBERPEZONOAEER
RS h o T, BEIMER VREEORFHEITSEOT — # BERICKREFHR =2 — P2
TLTn, EESERIIEM, AERERIITESF Th-oTz, TOW, BOERITdSRER L L
TIE. BRRENTRIFREE (FAS) 36iE(R] (EIBEE20ER . BEREHTER) Tholz, FASEE
e CT e ha— A EE (PPS) T o 72, SRR & 2 ARER KRB OFEF R R Z ALS
IEESHE I ZEE S84 L, bromocriptine mesylate MEEMEEAREDHEZZ QT € |
DOFER . [EARALSEFE C5HS Dbromocriptine mesylate MZEMEIZ DN TIX, FRAERZE
MR B VW TEE TR BEIRD b TEEEIIhERE SN T 5] . DRERHET &
TORNHRERN D, EEHBEALSEFRICB O TR LBEZ A BERND LA T REEOHER
% hE DB DOQLEREIZERD b TN D, & HIZALSFRS-R h—# L2 a7 SHEHAMERICR
THEEERPHER SN TWNS, - T, bromocriptine mesylate MALSHEE L L TOHEZMEL
FIZ Phase3 BFERB TRILT2FERHE TH D & OREFTHIERHT

AEEEN LR EITEDEFMBR CORBETH D P, et FMIZ bbromocriptine mesylate DRA
By BEERZHE (EE) AR ENTWS, (E-oT, IV EL DEFET, LVIBRIZEWET
@ bromocriptine mesylate DZE & 44 T (Phase 3 BEKRER) 7752 & T, ALSIHIED
HRVEER L L COBEEREFTE D,
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JEEE) FEAT
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KRB MENE B#E

A. BFFERH

PN R EE(LE (ALS) 1E BfriEEi— =
— a1 EONTFEE = o — 1 OB 2
PERLTE & B & T B EITHEO RS MESR T
HD, ALSORFBIIIMEETH U, F910%MNFE
BHETH D, ZHE CICEEEALSOES OE
RELTFOEE S, & SIZIEMHALSOIREE
WCEE T B ONDOERRFAHFE ST
HIZHEL 6T, REEH 22— ORE
WITABATHY, I LICHERIBETIELE
SEEIVTWRYY, BIFE, ALSTRREICIZ U vy —

NBER SN TWVAEN, DT NREMshESY
b2 OTORTH D, ALSITREEDEAZSIL . ALS
BE L COFEORER., B, BEDHA
HERY BRI TR, AFEOE (QOL) @

MLk & EREEREOBEBICREERT A
DTHDH,

T, ALSOFRE - #ITOH0FER L LT,
Bfb A R L ARIEBEREIC L A EE =2 —
o DB - HEENKESBEboTnA 2
EEREMT BRGNS ERE L TE TV 5,
FxTINETIZ, FHEGEREORERE
LB D KFF & LT neuronal apoptosis
inhibitory protein (NAIP : t&#r NLR) % [BlE
L. NAIP OEfb A b L AEHIIRFEIC S5 5 %
A 72 PNHITE M & R AR R RE IC >\ T
BB MZ LT (NMature (1996) 379, 349-353.
Nat. Med. (1997) 3, 997-1004), + L7T. ¥
eI MR E MR BIGEERE OB AN, W
RPENATP DIEELILEH DA T U —= 0 TR
(NATP-based ALS Drug Screening) Z B % L.
MR BB 2 a T OR NS —BEDOE &
MEE®ERE Lz, T, L-745,870 (R
—/33 U D4 ZEMAEBUA & NDDPX0S (BEfE D
R RBIREE . MR#EO-»a— K
4 TRELT D) ITEEMER TOBILA L
AVERBBEFEIC R U TV @B & 38\ PEE
MERLE, £/, in vivo 2B W T4,
L-745, 870 1ZEE(L A b L AL AAFSE L %
L CEhRA R MGIEE & i B A R L
( J. Cereb. Blood Flow Metab. (2005) 25,
794-806) . FEREITE ALS T < T R
(ALS(SODIHA6R) ~ 7 A) x4 B FIEERT - 3
FERL AR OB DI F T, FERWECTIERE
TFHMIEE (GEm) ZICESTH o7 (Exp.
Neurol. (2008) 211, 378-386), & & |Z.
bromocriptine mesylate [Z-DW\W T, ¥4
IDFEFE ALS BF V< 7 A~DEHENE AT
BT ALS BF /L~ 7 A DIEEHEEE 7 B O
QOL Dfre, BIEHEFHH OERICAE R R
MBELN TS,

ALSTRIEZEE D BRI BT, BRI ZE
B TR, —EOEBEREITE X OEERRE
PRIBICALSTETF < A (B FEASODIE
BFEA~TR) ZRWT, AR SALSE
TIw U ADESEEDRER LUV
DIERLZTEEL LTEELLEY (b5 0ITEE
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FEREST) OESPFmEND, ZINET
1220040 % BT ALSE T /L~ 7 A TOERAR
BHEI N TS, TDIZEAEDILEY (B
FOEAD 13, MREERT (BE) fird
DEEFCBNTOHEDRRBD bIL, TO
% DERRIIZE S 5\ OIXEBR CITEBEREN
BHITUVR,

NAIP-based ALS Drug Screening TiEig &
FL7-bromocriptine mesylate 1. (1) BEFF
DOHREMREBIREECHs Z L. (2) X
YEANIEECEVFERINTEY, 22k
IO TEWI &, (3) RIERREER TALSE
F = U A TOEPRBEICBNT, BEEE
BB W TEZERERWE L EES R mas
EHMENELNTWAZ &, (4) EXIHEE
B~ 2A0FHMFREIX. & MBI LHE
ISEEHEICHDHZ L, (5) BLARLR
PR SE & mIRAIC IRl %, IR OFE
EMEZAELTCNAZEREBALE, 260
Fi-rpmRCESE, RERIFE TR, M
PR L OFREEDOALSEFE ZxZE LT, #HE
BEAGBLETA CEERABRIZLY.
bromocriptine mesylateDEEFRZNRZMET L.
ALSTREEEO RHBHE » B

M. AFEEEWFZE CHW S bromocriptine
mesylate (XIRBIREE & U CEIERK THEA
ENTEY., REEMEIZSINTEROALSE
FH DT # ~DHEEE L TR L]
\ZEHEEE OB AN D, AREERLGIC
REB TOERLORTEZBET, 2—F3
—. (NDDPX08) %fFEHT 5, Fiz., EELN
BEVCEHTE AAREEND 5 LERT (&
IR EL . EMAE) IMREFREE LT

B. B3 HE

AEEEFFRIT L EE MR & LR L Tso
& DIMEMER LOFBEEDALSBE ZHR &
LT, BEERE (KOTFTF=I/VERA Y —)
B LT A _EEBRABRITLDY
bromocriptine mesylate DZZEM L EEEREZ)
BERBRIETHLDOTH D,

AEERIFFEIX38~98 A 2 51 L7z, &R
HEBHED Y 5, B 12BBIIREEEH
e L, BEALSOIRIEERE L LTSN T

LINT v (—A. VY —) 25
L 7=, Bromocriptine mesylate ®#& 513,

1. 25mg/ B GBALE L, 6 BfE (FEXFET2. bmg
HE) OSBRI AR, 15ngE THE

Hk#EPe B 7~ Bromocriptine mesylate MDff
FAHEIIEESGEM & Lz, KEERMEOE
BESss TSI AT AGE, R REEER, FEE
EERGIEL A BhEE B O B R BRE REMG.
BENFERFMEEEDIES, T L Lz, U
LT 7 BEEF]. bromocriptine mesylate B
AR IR EHEY, BERTRIZER
WT, B EEEE (ALSFRS-R, %FVC, Modified
Norris Scale, ALSSAQ40, MMT, B> T 77, 2
F1. ALSEIEE ) B L ORLEFHME (BE
=5 (B, O, BR. B, - BERRR
E). ME., DA BERE, DREE S
) BTV, LEHMEEE O x ik Uigsd
L7z,

1. BEFERFZEOEMEMAH] 722 b TN ALS JREET
HEFHMEEEDRE

ABEHRIEBERFEFHHREZES
(72 B ONCHERIFZCH DR EEEES) T
AR SN T-FEERF R EERMER 1 BRR
W7 e ha— GEHERFEFE SR
FHEDICHERH., FRR0FE12H25 B T T,
WETER225:8 A 10H) . HATEMRB X UZEXL
R ESW T, FERFEFEMNBRE S B
PREFZEE iR GRMERFENEFRb, HHAB
REEFRY V¥ — KR, ALRRFRRR)
WCBWTERLE (H1) .

E72. 1) AREEFREOFE - EY - R
WCxT B BB M A K B 72 D OV FE
R - SMEZES [ALSTREFTEFHMEZES] (
ZEE . £EB—B. BAENSESE - BN
FEEEEEZRELTE - EEEEEWLRFE
KREREF, £8 . BEEE. SEERRF
KEAEEEZRERELHTREE. 5
ARILEA, BExxE® - #RtE 7wk,
ZB  ARIT T, AHBRFRFREFH
ZRMRNEER) TRE. 2) ZShigkitHE
BEREFZE O M B2 21T & AR M AR O F
B LSO BB EZTERT 272D ORKRIG
Bru ha— LU RBEREa—T 4 %
—&— (CRC) #EA, 3) ABRHEEER
(FeGALS, HMERZ) ZFE L. FRL205E12
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RiZBm L (KD .

Fides et Gaud,
NDDPXOS
ALS
Clinical Res. Project

e '\
srmumen  §
‘ X >

!ﬁx& "-’ TSM
L NEFGIRR ‘ : CRC

ALINRA

Feeals office
MHR/EF/DRRE

| ans

| Clinicat

| Research fLREHRN
\ .ulhuu‘ M

2. XBREERE OBFELED L OB
KRS DOHEERE 1X, Airlie House D2
WrALYE|ZHE U CRRMr S NN & 72 13 50
PEALS BE L LT, MBREEITALS OEEE
SR (BAE FERERA MR B
PE1998 ) OEEE 1 O EEE I L TE L,
BRI O bromocriptine mesylate #5510
BUEHI ISR RERETT 23R R VWE
FIEERAS LT,
FEREOBREREELFZ L., XEICL-TE
WRATZE~ DB IO RE IS LR E %
Xt b Lie (BSHEEN 2 BRI 2k i ~
DHAXEL LIOREELE) |

ERARATZE BALERTIL, B2 B Ahm 1o Bk
FEOBMBELZHEL, 12 B OB S8R5
FlL7c, LT, BIBYRTHEIICEELE-
THERFE (2O T, bromocriptine mesylate
DGRB8 LT,

3. ERIRBTZEICHR 5 BEE R R OFuRE
ARERARBTIEIZ LR D BEE ﬁ&@@%iﬁ%
B L7z (IRAHERE3 : BRI IR D ST
EER, BB 4 BRMEERICRLE
Bl IRAPESRES AR A EED

W

4. FHEmEEE

ALS B3 % X8I bromocriptine mesylate
DA X b (HSLBRITREE, ERSBEEEHE,
IFREBHRHBEBOKR LS, BREXE
ffe, REROMRFEEEBOEE. EL X
FET) FBAEE TOHRE L OEE) - iEkgeE
QOL NFIEE (HAFERRILE ALS Functional

Rating Scale(ALSFRS-R). %FVC. Norrris &
T, EERHIRE M), EBH BT
77, ALSAQ-40) 122\ T, ZhaskitfE. #E/E
B, UYLt BR AT LB T
REET 5, #HEBREEIT 50 & (BEH: A, 10
LTV N = LAEE (FLFE) 2%E) %
EL7,

5. BEEB LU EHIRK

U — L OFENEITAME TRV, HIR
FE2HEE I THWDHBREDEIEITZ W, #
BEOMEmELEEL, - bromocriptine
mesylate DFZNEE BBANCRIET 5729
AERRMFFRIC I T D WhrE iﬁ%iﬁfﬁfﬁ%ﬁ
MR TREEZIXFIEEE T LY
—NVEGERAES (100mg/H) Lz,

Bromocriptine mesylate MO¥FE | #ZH
HCTE® X VI{To 7~ Bromocriptine mesylate
DEREFZEDRAVOMEL K 2-1 IZFE LTz,
Bromocriptine mesylate O O % &5 &%
1.26mg/ B2 556 L. 6 BEFE (2. 5mg, 5mg.
7.5mg, 10mg, 12.5mg. 15mg) O IEE 221
ZET CTERMERICHEE L B L Bl2iE
10mg/ HEEERFIZE ULWEWERA AL U, iz
BHERE D NBE & Hlr S A 5803 7. 5mg/ B &
MERFRE L Lz, ®. Wilgh CHEIcX vIE
REERH LN LTSN D558, 20
REBZHEREE LT, REERPFIEOEA G
HAMIIE 26 ALL BAR 86 B ZFE L T\ 5
2, ERRARU N GHMEREEESR) 3%
ALEREERTHREELRET L/_o X, K
KRR CE R CTHER L -
bromocriptine mesylate DRI & BYPEH 72
BHEZIZEIZ L,

W, BAEREFIES0H D 5 H10BITHEE (3
) PR LTRBY., HERFE2HE, LR
f%ﬁ%ﬁ\%ﬁﬁigﬁ?VQWkﬁﬁ%

(2RI 2 R ERBE OB H BRI > TIED

b= gn BT NE AL T L T2 e B
bromocriptine mesylatefifH & A HEH DE|
%, FHERFALSERIRIFZEEH (FeGALS) 23
AR Z AV TITO., B IEHIZFeGALS THk
ERE - BTHELT,

RERIRAFSE TIE. WRk2141 B IZBRRIFSE %
BRLE L. R4 B ICBRE2EMIZHB VTR
BREOCEREERSEZHRT L, k. #B
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EOBERIL., TEREGKTHR4EBLUNICE
TL., RBREERESETH 4 HEMOEBHHEE
B oM b o CTREEERMZEEZ T L
77

2—1 EEEZ0RL ERESR) : NIIPX0S BRRER S Ya—)
YT~ AR (66~98 B
100mg/1 B RERS
NODPX08
25meg/fR

1smg/ 18
40~7238%

ES

B i i e

e i i o ies
gl o i oi ol oiooiooio0
gET awaiEm BTN (14 M)
e TGOPROE £ 54~ B, BEEE
"R
E4 FETEREN (102 87) SRORSIT 17 NEFT

6. A, BEMBLIOFOMIER OBRE
AFHA

AEERFE T, EREEEEICBWNT
bromocriptine mesylate &I, HZHIEFHME.
Z2AVERE, R ONEE) - FER#EE, QOL R &
FAIE LTENENMSL LY E (2T
bbb 14) BEBLE, 61T, M
2-2 [ZESWT, FEBORBEELRH ; 812
HloBkEE L 6 EE BH. bromocriptine
mesylate % 5-BAf40E & BRAATE 2. 4. 8, 1448
RE., BEAEBERETHRIT 2 7AE, 1V
R AERE TR IR LB, Beikl
FNFNOLERFE A E LT,

S hiz, BEHRT EEFIEE, 4 BBUAN
DEEBEZIZHOVWTHEE L,

SR IR AR T 1EK LAAIC FeGALS 23]
L, g8,

22 BERZEORL (FERERUAZER YV a—)

JU HEOPICS SRA ot
p— TE B0, 1 ERE
Wik (058 TEE A5G |02 | 4EE | 2788
FERW. 50 o) o] ]
=RRuE
2rE ) 16 e
Blzee BEE
|” (2R cRes
ALSTRER ©
HFVG
1sGlied Vot Scale
# [ALSATA0
2 [#erngz Gun
[P5%) e | 6
BA @ [
| _[ns3EERR
AEaE 5 )
= [oBEEERE X
é s -hEE 8 [ [-] 8 (] ] [-] 2 [
FERR v

*1 OEETERIERENCGS.
*2 fF 3

T1 s REETOH REEET 3.

7. BB 5 DAL

Bromocriptine mesylate DZENE & HZE
S AR b 72 B BEERETFE BB T — & DR
FENTALVERIC AT C, AFHITE E T — ¥ OftR

fEATH Y 7 S~D AT 21T o7z (BTE R 6
L BERMRITRIEE) . |

8. FHMIEE DT

AN EOFFHETIIBREE THE SN
TU 5 Natural History 285 x 2 EBBERL LV
RIERBEEEZZFOLIICHKELLBENS
DB EFAWTIT>7, BL., BEHESTIIS
HHERIC R L (RTERE6  HEHRENTET
BE), WEHETERE [ALS JAEETEREMMZE
BS) [CHREE., REERITFEHETER L
HIRRERDHE RS2 RA0ICHRET L.
bromocriptine mesylate DEEVE & BHRIMEIZ
DUVTEEE - HIEE T o 72,

9. fmEE~DEE
AEEPRIFFE D EHEIZ S - T, ERERIFIEET
BHE (Fo ha—n) ZEHRL. KERFE
ZEEEMEEEZE S b NCER T
T ORI EERES TOAEEZET
Eh Uiz, £72. RERPFIEOEY & UK
BT, R IC/MN RN Z B2 TALS 1878
HEFMREES] TOFMEIEY . BEMZE
DA, BERZTER T, MEZESO
Bt EESF L, BAME~OB N ZHET S
ALS BEZHT UL, BRRSCH BN E DO R
RMAEZITV, EOERLEFEE (AEE~
DEL) ZHBFBRICERFEISMLTH L
7, EEEREFZEW 1 ALS B L OB B OBE
ZEY . WFOBEVEFRRICE SV ERRPIE
BT LT,

C. WFgiER

1. ERIRBFZCOZEN

AEEEREIFZT, BARFEEFHHEEEZES
(72 b NCERA B IEBBREZES) T
AR ENT-EEMFE T 0 k22— CKEFDAD
REPRFREAFESHICYENL L | Phase 2a fHY @ WfT
e 1) IZESWT, BRFEEFEHMER
B & BEERARZTH, IHEER CRIBE RN EFIRL.
B RFEERY VX —RKEFRE, LERFEER
ke 72 B ONT TALSTARESHERMEEE S &
DEHEL R LT, REERMFFEL £ LT,
NDDPXO08-ALSERFRAFFEETEITl, HUAIREIRAT
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FeW IALSIRFE SOIER & 51 L7z (BRFEAT7EH
[ FR208E12 A ~FERk2383H) . LA L7R
D35, ALSTSIE T OEI TR BE I B
L, BEY GrH) 2RAEEAT
BB R R E I T IV EF SR L, X
BT, BUSRAEEC & A ALSER R SRER A3 A ER FRAF
FREERFEITHTH D Z LIVHA L-, KEE
RF3EE L UBE R RRBOMNICS N E
BT 50NFALSEEFEORBEBINTH D Z &2
b, KERMEICEMEFET H ALSEERN
LD TR RFBEGEE TE 2 0 & DBEMN
AU, ER22FEI0AREE T, THETDH
BEEYRGIES e BRI TEREER L
HE LR, YO E L 1IERZEE TS
=N MR &Eﬁmﬁwfﬁ%%méﬁf
DL DOFEmERL, Lo T, REKRFE
M%@ﬁﬁ%(ﬁﬁﬁﬁéiwmﬁmﬂﬁj)
ZHEE Lo (ERR23EE B A F @it st & B
SRR REEIRT - WRRe3E2H250)
AEEREE R, BAREORKBHRE RSO
St ﬁﬂ%%ﬁn@@ﬁkﬁOTﬁﬁk
LizthEw AL _ouxfﬁ%ﬁ“é 72T, ALSTESE
- FHEFEGZE B OB PR 95 %hié&s
B PR F 2T HA%%UTmaﬁf%%Lt,
1A ERR21E 1 A2TH (GLEMITNANTE
) | 2 : FRk21FE6H30H, FE3E : 9H2
9H. 584la] . ER22FE2H 238, E5E - FEE2
24E6 H29H ., E6lEl - 9H21 8., F1HE : k23
F2H8H., FHOE : FR23FETAI9B ., FoH -
10A25H (BrBrLVEEBRELSKSEICR
VTR

F. ERERFIERERT — % DR 225 mIC
AT T, REERF O REEE (CERR23EE,
EIEE RFEEAR) ICALSTRESTEREMER I
X HFHEE %%%@Lﬁ@ﬁﬂ@JﬁQ%($
FR24E2 A 10H . By B ENVEERERZ KL
IZRAWTEME) Tid, REERMFEORERT —
FERBEL., MEHABEICEIT =T — 2 8HD
AR DWW T ORE DT, F2EFHhIE
= <5Ff15§‘z24$3ﬂ 168, BrBEENVEIBRER

SEEICRWTEME) TiX. FIEREHEmE
ROER T, FIEFEMEE (Fri2aE
3A29H ., EEEBREAKFZIZRVWTEE) 12
BT, NDDPXO8DZ2M: 7 & NZHZIEIC D
WTOHIERM T (BR) ,

2. BBRE~OHALE, AEXLERLVIC
ALSERERARFEIZ 4R B SRsEH O 1ERL
KERRA IR G T D 2D DWERE ~ DR

BRI R ABHATEB I OREXE (K

HER2) BERR LT,
ik\mﬁ%ﬁ%hﬁéuT®22@ﬁ@
FLEREEAER LT, BEEE, 2. &

BHkZE, 3. %ﬁ‘%ﬁ@f&m\ 4. MHREFH
FrR. 5. fBEFTmE-1 (2% | 6.
BREMmER-2 Bz . 7. REMFE
i1 (BEERMRE) . 8. ZAeMEi a2
(DEEER) . 9. BeMiTmes-3 (F
EFEL) . 10. PHHE - SFAEE. 11 5ER
HEFZEEE (HH) | 12. EERFAES
SREE (B #) . 13. BEEHEE (EF
L) | 14 SIMBEEERM R -EF) |
15. BEMEHRETE-1, 16. BIMERTE-2. 1
7. WFEREEINHERER (SEF) | 18, BYRE
EE, 19. ZEMEFEHRREICETIMESE, 2
0. Query Form, 21. A7 U—= 741D A
Mo22. BEERRERHEE FMEREEH
EEROUEM) . REEFECHO L REGE
& REERPFFCOME, A8 EZE (B
ZREERRALSSAQ40, ALSFRS-R. Modified Norris

Scale) 7& %()\ *—%ﬁ%@%’\@ﬁ:fﬁ%’ﬂ' ((/f\
ATEE&%L . BEERBIZEENY — K. kE

E!‘Eff;cc’)io%[ﬁoﬁ) ZETER 3 ITH LT,
SIS, AERRITIED A ZHEFHAE D 7= H1C
R 2B EOER 2 IR ER 41263 LTz,

3. BBERHFZE3E4] NDDPX08 I ONZAZEDOTH
EEB X OMBIEORANE L BBER 50N
ERFEBR T2 Fa— LB LU TIORT, E£i2,
FRNRDER (RGEES) 22EEE L
LCHF L7z,

[FEA1]

REGRBFFCICBER T 543 (L4 : 250mgks
L U%B00mg) 72 & XiTbromocriptine mesylate
2.5mg BE X B Al & L 7~ . Bromocriptine
mesylate 2. bmgfE., IEEDEE1L140mgTH 5,
HABERRN BB D (RAEAS &R
=&/ ET D) 72 bromocriptine
mesylate 2. bmgfE, 1 880 ORA| (140mg) 4
720 110mg DFLIEZ N 2 250mgl 8 & L7~ 1[H]
@ (bromocriptine mesylate 2.5mg8g) ARA
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£730. 588 (1.25mg) DHAEIL, HL¥E180mg%
N % 250mg |2 ¥ & L 7= . Bromocriptine
mesylate 2.5mgfEDRRAN 2 EEOHEIL, 2
B2 B 280mg |12 L FE220mg % 0 2. 500mg & L
7~ . Bromocriptine mesylate ( B % |
bromocriptine mesylate 1. 25mg. 2. 5m. 5. Omg)
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Amyotrophic lateral sclerosis (ALS) is an adult-onset neurodegenerative disease characterized by a selective
loss of upper and lower motor neurons. Since oxidative stress plays a crucial role in the progression of motor
neuron loss observed in ALS, anti-oxidative agents could be an important therapeutic means for the ALS
treatment. We have previously developed a drug screening system allowing the identification of smail
chemical compounds that upregulate endogenous neuronal apoptosis inhibitory protein (NAIP), an oxidative
stress-induced cell death suppressor. Using this system, we identified the dopamine D2 receptor agonist
bromocriptine (BRC) as one of NAIP-upregulating compounds. In this study, to prove the efficacy of BRC in
ALS, we conducted a set of preclinical studies using a transgenic ALS mouse model carrying the H46R mutation
in the human Cu/Zn superoxide dismutase (SOD1) gene ALS(SOD1"#%R) by the post-onset administration of
BRC. ALS(SOD1H46%) mice receiving BRC showed sustained motor functions and modest prolonged survival
after onset. Further, BRC treatment delayed anterior horn cell loss, and reduced the number of reactive
astrocytes and the level of inflammatory factors such as inducible nitric oxide synthase (iNOS) and tumor
necrosis factor (TNF)-c in the spinal cord of late symptomatic mice. I vitro study showed the reduced level of
extracellular TNF-a after lipopolysaccharide (LPS) exposure in BRC-treated mouse astrocytes. BRC-treated
ALS(SOD1H45R) mice also showed a reduced level of oxidative damage in the spinal cord. Notably, BRC
treatment resulted in an upregulation of anti-oxidative stress genes, activating transcription factor 3 (ATF3)
and heme oxygenase-1 (HO-1), and the generation of a glutathione (GSH) in SH-SY5Y cultured neuronal cells
in a dopamine receptor-independent manner. These results imply that BRC protects motor neurons from the
oxidative injury via suppression of astrogliosis in the spinal cord of ALS(SOD1 H46RY mice, Thus, BRC might be a
promising therapeutic agent for the treatment of ALS.

© 2011 Elsevier Inc. All rights reserved.

Abbreviations: ALS, amyotrophic lateral sclerosis; ANOVA, analysis of variance;
ATF3, activating transcription factor 3; AUC, area under the curve; BRC, bromocriptine
methylate; ChAT, choline acetyltransferase; CMC, carboxymethy! cellulose; DAB, 3,3-
diaminobenzidine tetrahydrochloride; DMEM, Dulbecco's modified Eagle's medium;
DNP, dinitrophenyl; FBS, fetal bovine serum; FDA, Food and Drug Administration;
GCLM, glutamate-cysteine ligase modifier subunit; GFAP, glial fibrillary acidic protein;
GSH, glutathione; GSSG, oxidized glutathione; H&E, hematoxylin and eosin; HO-1,
heme oxygenase-1; Iba-1, ionized calcium binding adaptor molecule 1; iNOS, inducible
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deoxyguanosine; PBS, phosphate-buffered saline; PPIA, peptidylprolyl isomerase A;
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PCR, reverse transcriptase-polymerase chain reaction; SOD1, Cu/Zn superoxide
dismutase; TNF-g, tumor necrosis factor-cu.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a devastating neurodegen-
erative disorder characterized by a selective loss of upper motor
neurons in the motor cortex, and lower motor neurons in the
brainstem and spinal cord. The majority of ALS cases are sporadic,
while 5-10% of patients are familial ALS (Cleveland and Rothstein,
2001), among which approximately 20% have mutations in the gene
encoding for Cu/Zn superoxide dismutase (SOD1) (Rosen, 1993). Thus
far, riluzole, an antiglutamatergic agent, is the only Food and Drug
Administration (FDA)-approved drug for the treatment of ALS, but it
has only a modest impact (Bensimon et al., 1994; Miller et al., 2007).
Therefore, there is a clear unmet need for effective therapeutic
interventions to cure or even significantly improve symptoms and the
quality of life for patients.
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While the precise etiology of ALS remains unknown, a complex
interplay of many pathogenic factors, including oxidative stress,
excitotoxicity, mitochondrial dysfunction, disruption of neurofila-
ment network, neural inflammation, non-cell-autonomous damage
and protein aggregation (Barber and Shaw, 2010; Barber et al., 2006;
Boillee et al., 2006a; Pasinelli and Brown, 2006), have all been
suggested as potential factors. Remarkably, an elevation of reactive
oxygen species (ROS) is known to be associated with mitochondrial
dysfunction (Barber and Shaw, 2010; Barber et al, 2006). ROS
generated in motor neurons contributes to the reduction of glutamate
uptake through glutamate transporters (Rao and Weiss, 2004; Rao et
al., 2003) and induces oxidation in neighboring astrocytes (Rao et al,,
2003). Further, recent findings have suggested the link between
oxidative stress and inflammatory response in ALS (Barber and Shaw,
2010; Liu et al., 2009). Thus, oxidative stress plays a pivotal role in the
ALS pathogenesis, and could be a main target for the development of
novel therapeutic agents for ALS.

We have previously developed the neuronal apoptosis inhibitory
protein (NAIP)-ELISA-based drug screening system (Okada et al.,
2005). NAIP is a founding member of anti-apoptosis AP family (Roy et
al, 1995) and selectively suppresses oxidative stress-induced cell
death (Liston et al, 1996). Using this system, we have identified
several compounds that transiently upregulate NAIP, including L-
745,870, a dopamine D4 receptor antagonist, and bromocriptine
methylate (BRC), a dopamine D2 receptor agonist (Okada et al., 2005).
Indeed, we revealed that the L-745,870 treatment alleviated disease
progression of a transgenic ALS mouse model carrying the H46R
mutation in SOD1 gene (Tanaka et al., 2008). However, the efficacy of
BRC in the ALS treatment remains untested.

It has been reported that BRC inhibits prolactin-secretion with
resulting suppression of lactation, binds to a dopamine D2 receptor
and is thus used as a treatment for Parkinson’s disease (Radad et al.,
2005). It has also been shown that BRC confers protection against
oxidative stress-induced cell death (Lim et al., 2008). Further, BRC
exerts protective activity against ischemic neuronal insults in gerbils
(Liu et al,, 1995; O'Neill et al,, 1998). These findings suggest that BRC
could be a therapeutic agent for ALS besides Parkinson’s disease.

In this study, to evaluate the efficacy of BRC in the ALS treatment,
we initiated intraperitoneal administration of BRC after the onset of
symptom in ALS(SOD17®R) transgenic mice. The BRC administration
remarkably sustained the motor performance and prolonged 12% of
the post-onset survival interval of the mice. The BRC treatment in ALS
(SOD1546%) mice also resulted in a suppression of motor neuron loss
in the spinal cord accompanied not only by a significant reduction of
activated astrocytes but also by reduced levels of inflammatory
factors, inducible nitric oxide synthase (iNOS) and tumor necrosis
factor (TNF)-o, and oxidative damage. We also demonstrated that in
mouse primary astrocyte cultures the release of TNF-a after
lipopolysaccharide (LPS) exposure was reduced by the BRC tretament.
Further, in vitro studies using SH-SY5Y cells suggested that the
neuroprotective efficacy of BRC in ALS(SOD1746R) mice attributed, at
least in part, to the upregulation of several anti-oxidative-stress
genes, nuclear factor related erythroid 2-related factor 2 (Nrf2),
activating transcription factor 3 (ATF3), and heme oxygenase-1 (HO-
1), and mediated an effective synthesis of glutathione (GSH).
Collectively, BRC might be a potent therapeutic agent for the
treatment of ALS.

Methods
Chemicals and antibodies

We purchased (5'S)-2-Bromo-12'-hydroxy-5’-isobutyl-2’-isopro-
pylergotaman-3',6',18-trione monomethanesulfonate (2-bromo-a-

ergocryptine mesylate/bromocriptine mesylate) (Molecular Weight:
750.70), SCH23390, Sulpiride, and Raclopride from Tocris bioscience,

2-amino-6-(trifluoromethoxy)-1,3-benzothiazole (riluzole) from
Apollo Scientific Limited, c-naphthoquinoneand okadaic acid from
Wako, cisplatin and etoposide from Calbiochem, staurosporin from
Alexis Biochemicals, and dimethyi sulfoxide and menadione sodium
bisulfate from Sigma-Aldrich. All other chemicals are from commer-
cial sources and of analytical grade. Primary antibodies used for
immunoblotting included rabbit polyclonal anti-SOD1 (dilution
1:50,000) (Santa Cruz Biotechnology), rabbit polyclonal anti-NOS2
(iNOS) (M-19) (dilution 1:1000) (Santa Cruz Biotechnology), rabbit
polyclonal anti-glial fibrillary acidic protein (GFAP) (dilution
1:50,000) (Biomeda), rabbit polyclonal anti-ionized calcium binding
adaptor molecule 1 (Iba-1) (dilution 1:1000) (Wako), anti-Nrf2
(EP1808Y) (dilution 1:2000) (Epitomics), anti-ATF3 (C-19) (dilution
1:1000) (Santa Cruz Biotechnology), anti-HO-1 (H105) (dilution
1:1000) (Santa Cruz Biotechnology), anti-NAD(P)H dehydrogenase
[quinone] 1 (NQO1) (A180) (dilution 1:1000) (Santa Cruz Biotech-
nology), anti-glutamate-cysteine ligase modifier subunit (GCLM) (FL-
274) (dilution 1:1000) (Santa Cruz Biotechnology), anti-lamin B1
(dilution 1:10,000) (Abcam) and anti-R-tubulin mouse monoclonal
(dilution 1:500,000) (Chemicon) antibodies. For primary antibodies
for immunohistochemistry, goat polyclonal anti-Iba-1 (dilution
1:100) (Abcam), Histofine rabbit polyclonal anti-GFAP (Nichirei),
goat anti-choline acetyltransferase (ChAT) polyclonal (dilution 1:100)
(Chemicon), goat polyclonal anti-TNF-o (dilution 1:50) (R&D
Systems), mouse monoclonal anti-8-hydroxy-2-deoxyguanosine (8-
OHAG) (2 pg/ml) (Nikken Seil Co., Ltd.) and rabbit polyclonal anti-
microtubule-associated protein 2 (MAP2) (dilution 1:500) (Abcam)
antibodies were used. For double immunostaining with anti-8-OHdG
antibody, rabbit polyclonal anti-GFAP antibody (dilution 1:200) (Lab
Vision) was used. Secondary antibodies used in this study included
ECL™ anti-rabbit IgG, Horseradish Peroxidase linked whole antibody
(dilution 1:5000) (Amersham Biosciences) and ECL™ anti-mouse IgG,
Horseradish Peroxidase linked whole antibody (dilution 1:5000)
(Amersham Biosciences) for immunoblotting.

Animals

Transgenic mice carrying the H46R mutation in the human SOD1
gene(SOD1H46R) ‘were used as a familial ALS mouse model. ALS
(SOD1"6%) transgenic mouse exhibits rather slow disease progression
with widespread axonal degeneration in the spinal cord (Chang-Hong
et al,, 2005; Sasaki et al,, 2007; Tanaka et al., 2008), when compared
with ALS(SOD1%34) transgenic mice. Since genetic background is one
of the important factors modulating disease phenoctypes in mutant
SOD1 transgenic mice (Heiman-Patterson et al, 2005), we first
generated a congenic line of ALS(SOD17%R) transgenic mice by
backcrossing more than 15 generations to C57BL/6N mice. The line
was maintained as hemizygotes by mating ALS(S0D1745%) males with
C57BL/6N females. Offsprings were genotyped by PCR using genomic
DNA from tail tissue. Mice were housed at 23 °C with a 12 h light/dark
cycle, in which water and food was available ad Iibitum. All animal
experimental procedures were approved by the Institutional Animal
Care and Use Committee at Tokai University.

Administration of the compound and assessment of the onset of the
symptom

BRC was suspended in 0.5% carboxymethyl! cellulose (CMC)-Na
(carmellose sodium, Maruishi Pharmaceutical Co., Ltd.) and injected
intraperitoneally at a dose of 1 mg or 10 mg/5 ml/kg body weight. In
parallel, animals treated with 0.5% CMC-Na (vehicle group, 5 mi/kg)
were used as controls.

Two other mice groups were treated with vehicle or 10 mg/kg BRC
in combination with riluzole, which was given in drinking water
(100 pg/ml) ad libitum (Gurney et al., 1996).



