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FEER
AD: Alzheimer's disease, 7 /LY A ~—JF
ALS: amyotrophic lateral sclerosis, 7 Z=ffa A2 A%V IE
ARE: antioxidant responsive element, FHiEE{LY/E It EC A
BDNF: brain-derived neurotrophic factor, fijiH e o2 K+
BSA: bovine serum albmin, ZFIiE 7 /L7 I >
BTB: the Broad complex, Tramtrack and Bric-a-Brac
CA: carnosic acid, /v / Mg
cDNA: complementary DNA, fH##i$4 DNA
COSY: correlation spectroscopy, FHBE/> %
CS: carnosol, Z/v/ YV —)L
DGR:; double glycine repeat region
DMSO: dimethyl sulfoxide, A F /LA T 4 F T K
DN: dominant negative, NI JF7 > N3 A7 47
Egr-1: early growth response protein-1, #JHiHEFEIGE & /)7 & -1
ELISA: enzyme-linked immunosorbent assay, #3560y 1] E
EpRE: electrophile responsive elemen, & W I EEC S
Erk1/2: extracellular-signal-regulated kinase1/2, #ifia4t < 7 F L FH#
JF—+¥ 1/2
FBS: fetal bovine serum, 415211
GCL: v -glutamylcystein ligase, v 7 /VZ I )V AT A U T—E
GCS: vy -glutamylcystein synthetase, y 7 /v % I )V AT A Gk
GSH: reduced glutathione, =7t 7 /L% F4
GSSG: oxidized glutathione, E&{L! 7 /v % F 4
GST: glutathione S-transferase, 7 /V % T4 S--ifElE#
HA: haemagglutinin, ~~ 27 /L=

HD: Huntington's disease, /~>F > b /&

HPLC: high-performance liquid chromatography, EREIAZ o~ K7 Z
74—

HS: horse serum, 5 IL{F

IP: immunoprecipitation, %k

IVR: intervening region

Keap1: Kelch-like ECH-associated protein 1

Maf: musculoaponeurotic fibrosarcoma oncogene homolog
MCAO: middle cerebral artery occlusion, ' AxEh ik EHZET B8 35



MEK: MAPK/Erk kinase, MAPK/Erk &% 7 —+t

miR: micro RNA, ¥ 7 12 RNA

NEM: N-ethylmaleimide, N-=F /L~ LA I R

NF: neurofilament, ==—n1 7 ¢ 7 Ak

NGF: nerve growth factor, f#e%E X7

NMDA: N-methyl-D-aspartic acid, N- 2 F/L-D-7 A7 X [

NMR: nuclear magnetic resonance, Zh5 0

NOE: nuclear overhauser effect, £%4—/3— 7 —%h5

NOESY: NOE correlated spectroscopy, NOE #4845 1%

NQO-1: NAD(P)H quinone oxidoreductase-1, NAD(P)H &% / > 4%+ K

i ITliERR-1

Nrf2: NF-E2-related factor 2 [NFE2L2]

NT: nontreatment, AWLEL

NT3 (4/5): neurotrophine 3 (4/5), #keFE N1~ 3 (4/5)

p62/ZIP: p62/PKC- { interacting protein, p62/PKC- { tfH A/EHEH

PBS (-): phosphate buffered saline, Mg, Ca free, V iz fE 4B A HHE K
(Mg, Ca ¥

PCR: polymerase chain reaction, 7" U A 7 —B#H )&

PD: Perkinson's disease, /X—F 2 Y Vi

PI3K: phosphatidylinositol 3-kinase, ;" A7 7 F /LA /¥ Fh—/L 3-F%

F—F

PKC: protein kinase C, a7 A > %) —1& C

qPCR: quantitative PCR, &&E PCR

RT-PCR: reverse transcriptase-PCR, #i#s5- PCR

SDS-PAGE: sodium dodecyl sulfate polyacrylamide gel electrophoresis,
RTUREET N O LARY 77 VLT I R VERIKE)

siRNA: small interfering RNA, 15>+ T-# RNA

sMaf: small Maf, /|» Maf

SQSTM1: sequestosome 1, > —27 = A K Y —A1

SUL: sulforaphane, AV 7 45 7 =

Trk: tropomyosin-related kinase, 27K I 4 B —+F

WB: Western blotting, V= A¥ 7 av7 7

WT: wild-type, B4
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1— 1. FEAYA b LR & RRERIE MR R

15 MR (reactive oxygen species: ROS; B K% /LT UhL, A—s3—
FXURT =Fy, —HHEBFE, BRKESE) TEERERR S 2 BT 5
BrxAL TRV, BRXEsFOBRE, RIEMIL, AR OBEIRT %
SlEE T, 2072, ROSIIM{ELIIA LV AZAEL SH, HExREBESIBHIZ
TEBEOFRE R D EEZLNTNWD, £72. —BILEHZELEZH LAY
235 ROS & S LU CTA U ATEMZE T (reactive nitrogen species: RNS) % ROS
FIRRICER LD A R L 22 23 (D), B A BRITIE, 1EET X TOHEK Lo
AGEIIBRELZMA LI har R 7T0EFEESR (FRE) TZxrrX—
(ATP) #f3TV 528, ZORFIZ ROS BRAETH Z ENHMLNTNDQ), £z,
HOERIR EOESBIIVNFATLE THY 200, MEEKILTAHILEIZED, b
S ELEN72ROS THDHE FrF LT U NVERASE, AERYEZEL S
DI ENFEINTNDEB, 4, DL, LAREO BRI DIRIN E 720
ROS ’FAET 22 &b FHNTNDB), ZDXIITEEIA N L RIX, BRE
TR —JHE UCHAT 2HER EOAMERICB OIS L 5 0N LT
»H D,

e b A b L 23R MR B O RIEREEOHKN T2 5 Z LRI TWND
6-10), FlIZIET YA ~—JF (AD) °/8—%> V9 (PD) OFAE, 72
0A RBRLHTVEA, a VX T LA VEOEWN - ERBICE > TRIETDHEEZD
NTWDEN, ZORFIZLAA RV AN Z 5 Z EDRmBREN T\, £7-,
PRSI IE O 5 7o B 12 L 0 AT D ROS/RNS IZX » THRRAEMENEZ 52
EVRHBLINTEY BBV LI TV DD, B A 7228 PR H O B 3k
MG LTWLZ EbRIBENT VD, —J7, ARITITRER R b L 2T
LHPEEEREDME o > TR Y | A 7 RRE TIRAERIEY BT P b a5
BEBIC LV EFMEDRT- TV D, Ly L7 & i & Mo # o BiEIRE 13K
TT2ZERNRINTEY, TADBMERZ IR R BT Uk~ 2R R
MHERTDHERDOOE DI TND EEZ LN TNDHAL), A TR
WL DOMEITIZ E B WIRZEMEIC K > TR Z 2B TH 5B HE D TR ER )N E
LLEESTEBYRERAESHMEE 72> TS, MRREMHEEDZ  I3HG

PETH VIRFRIESLTUIES A BHL SN TV RVONRERTH 5,
1




1 — 2. Nrf2 A RE5 R

BT OWFFE S, BALEI A b L 2 ZE Z3%WE (ROS X° RNS, RV EE MY
'H) XIS B A7 AR N S S oo b D (BRI BIE Y
Boa, DNA RSELEZBRbEN LA S 27D HEE2 BET D)
(12-15), Z DY AT ATIL, IREK+ NF-E2-related Factor2 (Nrf2) 73
PRPEE| A2 S T D, Nef2 1E, 125 2 MBS (R PUR(bIc B b D BER %)
ZHETHEERTTHY, EERLLOLE LTI, ~a AT F—E—1
(HO-1), NADP)H &%/ v A% RU X7 Z—E-1 (NQO-1) ENnH 5, #l
BN Z B TOIRBBIZ R D Te DICHE R AR A R L TW D 7V Z F 4 OE B
FYINEINTATA LY I—E (GCL) R NVEZ T A igiiksx (GR),
BIITRFH D IV TF A bl (TNVETFAH L —S— TV RT
=7—8 :GST) /7 u i (UDP 7 v/ a=)L hF3 AT =7
—¥ : UGT) %0#FiEE Nrf2 12K > THIE ST 516, 17), ROS &
YWV E S OB E ST 2 EEARPIRL - i85 AT ME Nrf2 240 L7224 K
BAAREAE OHIE T2 d 528, Nrf2 OFEPETIE & 42 LT 2 EAURE
NTED, Nrf2 iHHIEK T2, B A b U AZx HbrE2ME T3 5 K &
o TWDHEEZEZ BN TNA(AS), 1> T, Nrf2 24 LB G D57k
REEBERE DR T 2225 b L <ITEHE(LT 2 Z I3 THIE 2L S AT
HELWZ EEEDbIS,

Nrf2 A (RBA S OS2 Fig. 11278 L7z, Nrf2 A RBHEBERE 2350 T,

Keapl &9 Z X7 EN, fMldNO LV Ky 7 2 —& LTHE, Nef2 %
PP L TWD Z L35 00o T 5(19), Keapl 1E. FIEIC H 2 ffaE &
TIFT ARG LTNDN, REX A ~—L72 0 Nrf2 ZF R b
ToTTHHEER LTS, O Nef2 [TfaEICERBIND, LA
235 Keapl (21X Cullin3-Rbx E3 U 7 —EB#EEIK HEE L. EHUZ L - T Nrf2
DEXF AN D, TOFREER, Nef2 (T2 ExF -7 usr7 VY —LRICE
S THESID, Nef2 [XTEFIINCHEBL L ODF TWAE 0N, EfLO v AT AT X
DL OIRS D T2, L 20 4 PL R L IEEICE S . Wi odkEe Gk
ARVAT) TIENf2 EHEITKLLZBE AN TS, LrL, Wolz
AROS 2 EICE Y, Keapl D —L b AT A VKK (FA4—) DR
fbani=v ., HEFEWEIZ XL > T Keapl DY AT A VEIEDNBRVIESS S L7
D32 & Keapl EAICT L 74— A— 2 VDN Z 5(20,21), Z OfEH,
B HENTZ Nef2 137 0T 7 Y — M X D0 %% 172K 720 | NI

1T L electrophile responsive element (EpRE) % L < /& antioxidant
2



responsive element (ARE) & X415 DNA _EDOESIZ sMaf (MafK <° MafG)
EnT A v—%BR L A LS - JUBLICEED 2B FHEORBLL T
15,

Reactive Oxygen Species,
Electrophilic Componds

EMBECRETHNE (D) 1

I2& > TKeaplDt > n

SoEBOTH BN i
ftEhd &, Keapllc . L

& BNif25 R AE AN Actin fiber
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BEOIRE T, Nif2
MR E 12 & HKeapl
IZkSyFEh, 2E
FFUEESIH. 0
FTT7YV—LTEPMIC
=~ #BIhDE (Nf203

‘llllllllllllll

#FizITHE S nf=Nrf2(E,
KeapllZ &k » THEINAL
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@r)‘i s Ea g > Degradation
Nrf2lEMAPK®R % £ (2 uciear E
U UBIEE S H. BAICE Catalase by Proteasome
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Fig.1. Nrf2 & {KBh {42 BT RS



BT TSIV

Keapli &4
* Neh2(Z[ZETGEEDLG EFFIE N / / DNA#E & fELE
BEF—THBY. ChHDE RS
?—7&Keap?1i)0))DGR%E?§t7s“.‘ﬁ§ lencacticticy /
245 Neh2 domain NLS bzIP
N I ooon
[0} w
5 &

oY —EAiBCysTEEL
KeapllZIEEFTIE27{A (X RAR YTV E25{E) Doyshidh B8,

HS ZF055t Y —ELTEERDILCIS51, 273, C288THDEEZ
\o BNTLB(ER, XA, SYRTHE).
Keapl1f# & 5815 / \\ Nrf2 & & $E 18

w REAS AT TR \ c151 C273 C288

\_/ cccec c \cccccc e seeec cRE © 66
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N reoon DGRODB-/ L JLEEE
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Fig. 2. Keapl, Nrf2 D#EER VO RICHEE (FE-BETETIL)

Keapl I, BTB {8 CHA LERES A ¥ —%#MB L. Nrf2 ® Neh2 $8i5(Z4% % DLG & ETGE EF—7
IZ#87F %, Cullin3 E3 1) H—EHEKIF, Keapl EHEAL N2 ORYIEXFLERLR L., Nrf2
DTATTYI—LDEERT ., ROSOREFHEMEIZL Y Keapl DFEFA—IL (Cyslsl, 273, 288)
MEILEHIN S L DLG EF—T & DGR DFEEHNN. N2 D EFXF e llf S h 5, 51
24 £ YR (—HHE)



BT, IUARZEIZ X0 . Keapl-Nrf2 O GRS IZ DWW TIER I BLRIEWE T L
hinge and latch mechanism (% & F9) 28 X7z (Fig.2) (22-24), Keapl
\Z1E N RKuff] 22 5 . BTB, IVR X O DGR & R 2 fHI A AFAE L TU 5, Nrf2
® N K¥fliziL Neh2 & FEEN 2 IR AMF/E L T\ 5, Keapl I% BTB ik %
L THREL A ~—%TEH L, Nrf2 ® Neh2 i8I & 5 ETGE £ —7 & DLG
EF—TDOWMEF—7 LFEA L, T L > T Cullin3-Rbx = X% F U —
PORERPICEE SN Ve F kT 5, AET /ML, DGR-ETGE
W% DGR-DLG #F2f]z T\ 5, DLG £F—7 & Keapl O E/EMAIE.
ETGE €7 —7-Keapl DFHAEH LY K2 4 —&—55< ., P40 1E Keapl
DRI T A= a VEIC L > TOEGITHRBET 2 L vsn b, Z
AUC KV EE & 705 Nef2 U UV RO ZEMBLE A LI, Nrf2 O B % F 1k
FHESND, BriclTfES iz Nef2 135 Siv7e < 72 5 72 Nrf2 sy g Kd
52 &%, Nrf2 8O RIZT THIEIEMHEAITE Z 525, Nrf2 [38k4 72 U
VgfkEE#%E (PISK. Erk1/2., PKC. JNK. p384%) 2Ly U vgfbansz &
HLHHNTEY U Uikt Nef2 OfEZ D - T D Z &R S TU (25,
26), Lo X9 7 figd - PRLICBID 5% < O#s 1 O Ltk i% EpRE Fl4
DIFELTEBY ., U Ul 7z Nef2 I3ENICBITL sMaf & ~T XA ~<—
2 LT, EpRE ICHEAT A Z L IC k> T b 0BG FEBLZHET 5Q7),
ZD X 512, Keapl-Nrf2-EpRE #Ri#&1%, A RBIEAEIC & > TEREREE 2R
7L TW5,

1—3. NGF v 7 )V ni#E L p62/ZIP
Z—a—u a7 g b ERAREEICEE 2R E R LTS (28), =a—
oha g b, AESIICER L R R R A BB L2 Y . B bR
FFE, TR M=V AMBINRELRET LT F R THDLH, =a—m Fhr>7
A IR D AEFFHERFIC R D R VWK TH Y, =a—ra ha 7 ¢ U3
BT D LARRAMENE S D, REMNR=a—a ba 7 ¢ ThHMRERERN T
(NGF) 1%, #ffiaRmmicd 5 TrkA (E#ifnt: NGF 21K & p75NTR
(EBFME NGF Z &) 126 L CTEAT 2 (Fig. 3) - NGF 23 TrkA (256
THE TrkAOHCDY UEESEZ D, Ml ~EBITT 528, Zhod NGF
DY T FIUREICE > TRATH D Z ENAHNTNDH(29,30) , i, NGF
7 FIVAREEIZ p62/ZIP/A170/SQSTM1 (LA R, p62/ZIP LHEd) L9 g
RENEZ 2 EEZ L2 LT D Z ERHE X 7-(81), p62/ZIP 1% TrKA 15k
AL, TrkA IZ TRAF6 E3 UV H—€ % U 7 v— ~ T 5, ZOfEE, TrkA @ K63

5



AEXFF AN D, 2KV, TrkA OMBANBITAS & Z S, il
NAT T T NABBEIN TN, ZORER, MRZEEOMEMERCHIRLEESR

. TR b AMHIERA SRR S AL, F0 D BRI O A A HERR I A -

LTW5s,

p62/ZIP / v 7 7 U b~ AlX, WREE (AD#R) OIEREZRTH 2 & bHlE S
TR, p62/ZIP X NGF O 7 F /UREIZB W TR TR WK LB 2 b
%5(32), T/, p62/ZIP 1%, ML D L RBIHMEAE O — i A U AR A
T H2WE R LTS, £, BBRENZ &2 p62/ZIP 1%, Nrf2 21V
IREHE XD 2 &L SN TV 5(83),

p75NTR

NGF®D 1R

fIEME MEEE R
S R R AR
HIZ RS T HE
7 R b— X
SOD, GSHE D& HR#E

Fig. 3. p62/ZIP %4 L 1= TrkA NGF 2B AN MEATE
,—

ITHERE

NGF A%, #IfEfEIZ#H D NGF ZRRICHEET 5 & TrkA (BHRFE NGF ZERK) 0V VBRI
%,p75NTR (EEHFIE! NGF Z84K) (. UbcH7/TRAF6 AL EXF > 1) H—+ L& . TrkA [Z p62/ZIP
[3#EA L. p62/ZIP %4 L T UbcH7/TRAF6 M#E4& 3 %, UbcH7/TRAF6 (X TrkA D K63 LEFF >

EZEIL. FhIZE>TMNaAEITEE S, TrkA IZHBRANEBITLO T FILEE (Erkl/2 ¥
PIBK M) VERILE) A5, 5IAXE 31 & YUk (—KE)



1—4. n—XA~VJ—

0 — A~ U — (%4 : Rosmarinus officinalis L., 354, : rosemary, fl4 : <>
Army, A RKIER) IR AR EEPE & WV DIV T D RO R
TME R AR L HHON—T L LTHEATHD, ZORETH LV AZEE LTH]
ﬁﬁéhf%f:o Fo, BHICHLAASAL R LT—RMICHBN TS, B—
A=V —2iE, Zr=VEST7 TR AR, TAX) A R EOZFELER2 R
)7i/~Wﬁ§<aith@\ﬁ“ﬁ%ﬁ@%%ﬁf@%@ﬁﬁ%é;&
MDEOBNTNWD, £7o, dREVEENZHRT L Wb TR Y, FREER
ENRDP D H 2 L bRRSNTNS(B4), L L7 b L OOV TIEAH
IR,

1—5. RO HEBY

BT, OMORY 7 = ) — VEOHERCYE DS, Nrf2 A RS 2 15 b
95 Z ENHE S NT=(85-87) . TNODHFIIINGFIERREN RN 5 Z &
MHE SN TND D H H 5HB7-39), Ak &35 0 NGFIXMRERkIZ & > THE
KB Z 5] 5K Th b D BEERTZEV,

ZI T, KX TIE, =A<~V —IZHENDHRY 7=/ — LRI HNrf24:
IRBTEAETE PEALAE T SONGRERREEN R H 2 Dy, D ETHIXED X S
AT ALK DD ERATHZ 2 BIE LT,

Aim LTI

(1) ==V —ICEENDIRY 7= ) —LDEFS THD N ) 2
(CA) 238NI AR IR O AR S EpRE A TH M L2 2 & [
2% ]

(2) CAIZ. BLAYA b L AT X AR ENVE% In vitro) Y 1n vivo T4 5
Z & 3]

(3) CADEMRBLIAETEMELIEA I IZKeapl-Nrf2 iR B 3B 5 L T\ 5 2 &
(47

(4) CASNGFHRIFHZ34ET 5 2 & [55%]

(5) CAIZ X ZNGFHRAEH « ARBHEBERETE P L/ERIZIE, Nef2Z2Jr L Tk
ENDp62/ZIPHRHEEG L T\WAb Z & [H5%E]

IZDOWTak R 5,
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0 — X< U — O AR AL AE A

2—-1. JFr G

0 —2Av U —iX, TR ENEE S SNDFEHKEDERARTH D, ZOEND

BONDREMITMER FEZ T, "—T L LTHAALTHLIN, B (AN

AR) LLTH—MICHWLN TS, e E LT, Huifb/EH. 9

RAEM. 910 AEH. SLEIER. RIEMHIR L ENR LMo TH 0 (@A-6) |
tekED ., BRMOFHRERAIMZ 2 BRI THWSLNIZY | BRIN TIEFEITRIE

MHZHME LTY a—~FHOEEKLE LTHLHNLNA TV,

H— A~ ) =3I EHELIRA R 7= ) — AR EENTWDH, FER
Byl LTI 722 = ThHr A~ U (rosmarinic acid) °7 7
<% (caffeicacid) . 7 E =X LT N ) 4 RTH DI/ ¥ Uk (carnosic
acid) °# /v / Y —/v (carnosol), = A~ /—/L (rosmanol), 7774 /A R
ThbHYr 7 U= (genkwanin) , /L7 4V > (luteolin), 7 U > > (chrycin)

KOENSOBRHHERH D (&% Fig. 4, v — X~ U —=x% XD HPLC 7747
Mik%Z Fig. 5 12RL72) (N, n—A~ V=R 7= /) — Vs OP Tl b &
BINZVDOBRAN v T (CA) THY | FRETIT 3~5(w/w)%d £ TN D,

CAlL, I 7T a— VEKEZA L TEY MmO EEELZ =T 720, RO
BB TRERLEIME LTHRH SN TWD, oM CA 2l il
SRR PUETENE, PUOIECEM., RIS EE IEV S RmAR R B i R
F7e Ehk 2 ip15 D B D Z & S STV 5(8-18),

T, BRI KIRD 7 F R 7 A4 R(14,15) . var Oy Thbs 717 2 2(16)
R EONDRY 7 = ) — Ve N LR LA CTH Dtert-7 F Lk R/
(AT ANrf2-EpRERE K 2 EMAL T2 Z L Sz, £/2, Tr A4 77
VF 4 I P D, BRI s X T ) U ERT AT ORRTT T 4
(18, 19°CH EHICEEN TV IHEBEB T HEWE THHA VT AT 3 — MFER
(20, 21) ANrf2-EpREREE A 1E LT 2 Z & b@EIN TN D, ey e v
J—DHREIEL GEENDIA Y TFA LT X — FFEKTHDHAN T T T =
> (Fig. 4 ; sulforaphane : SUL) ONrf2-EpREEMAVAERE 2> CIZEE 72
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WFzen e Eh T 5(22, 23) .
ZZ T, RETIE, n—A~V—IZHEENTWHLARY 7= /—v® EpRE %4
LB BT 2ROV TR 21T o 72,

Caffeic acid derivatives Flavonoids Diterpenoids
OH
o OH
OH
HO
. . OH O
Catfeic acid Chrysin Carnosic acid
OH
= OH OH
H O OH _ A |
(o) OH
HO OH O
Rosmarinic acid Genkwanin Carnosol
O\/\/O\/G[OH 4
_. ................................................................... H | e | OH
i well-known Nrf2 activator | 2
{ (ingredientof broccoli) oH O OH
if Luteolin Rosmanol

/S\/\/\N=C=S

Sulforaphane

Fig. 4. O—X< 1) —(Rosmarinus officinalis L.)I[IC&ZE N T
WBELRY T/ — LS

* )L T+ 57 x> (sulforaphane) [T Ay —IZEFENTLVS Nrf2-EpRE EFELMETH Y
RESF4Jarvro—LELTERLT,
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Rosmanol Genkwanin Carnosol

\ A W
. . \ hS
Rosmarinic acid . AN ,/'
A Y . .
N “\ Y ,/ Carnosic acid
\\\ : : f’ s’
1 I 1 s
I ' i i /s
| i I ! (
600 ¥ H i ] H
1 1 1 1 I
] 1 1 1 1
—~ ] | i i |
2 : | .
O 400 1 | | ! i
© ] : 1 1 :
N i 1 1 1 1
= ] ' | l I
& | i S
S 2001 : l
2 '
o 1
2 J\
< ] A k A\ A | arh I
g 07
0 10 20 30 40 50 60

Retention time (min)

Fig.5. A—X< ) —#itH#¥ (90% T %/ —/LiEE) D
HPLC F¥— b

Rosemary dry leaf was extracted with 90% ethanol for 1 h at room temperature with agitation. The
extract was analyzed with HPLC. <HPLC condition> HPLC: LC-10AVp (Shimadzu), Detector:
photodiode array, columne: micro Bondasphere ODS (Waters), flow rate:1 mL/min, elution: 2% acetic
acid (A), acetonitrile (B). Gradation: 10%B (0 min)— 70%B (60 min)
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2 — 2. EBRMBEROLIE

CES R

H 7 xff (CF), A7 477 x> (SUL) I% Sigma-Aldrich kW AF L7,
X<V (RA), V74V > (LU), 7Y vy (CH), v 27 U= (GK)
X7 Fa XA LT, v v (CA) KON/ Y — (CS) 1Fr—
XU —2 0 SEpER Uz CRERUGEIZLLTICEE# LD, £ ofh—iak 3T,
FTHITAT A7 H LM MELIY AF LT,

miV ) RO TV ) — L DR

2kg DR —A~v U —DHBEEDOHER (FPFEE) IZ10L D 0%~ ) —/L %
WAL, —BefEHE L2 O IRERIN B E A T o 72, Al LRI A BRE LT21%.
n—# ) —T R L—4%— (RE-10M, IWAKI) %\ 2 L2 & CRME%., K
BUOKZ 2LIMUEIZZNR L — LA 2LICETRME L= X /) — L DkrEZ
Tole, =M ACTHELHE, AT 52 LIZX o> TKNEW ST, BT
f#s (FreeZone6, Labconco) TR ZBRE LTk, KANBEWE =5 ) —I)VIZH
ML, RIADT03E (VDTN T T4 T7 A7) <EHEE . ~%
P HEEE TV AN ERE A Y T a X —b (90+9+1) >IZ XK o THrBERG
WAEITH-T2, L= DX, HPLC (LC10Avp, Shimadzu) (2L > CE=#
— U7 L., CAAE & CS HEIZS T, CABiAEZ RT7A4 7T v 7 Lictk («
— A MR ATV BTN S S 2 LI X 0 IREAORNLZ 572, CS
BESENL, NTAT v TRICHRT=F L 2P BINA D Z LIZ&E > THEDR
EE ST, FNENORE S 2 DMSO0-d6 I[ZEfi#% . NMR (Bruker AMX-400,
M 7 b : Avance-series) (27> TH-NMR, 13C-NMR., CH-COSY., HH-COSY
fENT 54T > 72, F7-. LC-MS (M-8000, HITACHID) #% F\>Th 1 &t 21T
272, fFH A7 NMR & MS OfER & BEHRT —# Q)% T 2 Z L 12X - T
BT AEEED CAKONCS ThHZ L &2FRIE LT,

sHPLC

HPLC 3L F D> 27 L& vz, HPLC v A7 A : LC10Avp (Shimadzu) .

BT LA—T VIR 40°C, JiEE 1 mL/mim, BRHE : 74 R A A — KT LA

UV fr g (SPD-M20A, Shimadzu) : ODS # 7 A : nBondasphere (Waters) .

JRBAVSHE . v — X~ U —DxF 2D 5 TIE 2%HEE (A#K) + 7k F=FV L
(BiR) #fEAL 10%B (0 %3) 76 T0%B (607%3) OV 75— a V&HET

15



ST LTz BRIZEEEH OB WR Y LI N HPLC 4#rid, 2O AT A% V-,

miffa R

Z v MHCRMRESIE  PC12h 1%, B #dR (25) L 0L T\ 2niz,
bt MFESKH#aEE HepG2 kN~ 7 Ak LML, bt a—~ 2 ¥
VARG A 7 (MHAEAE a—~v oA = ZERME) Lo AF L,
HepG2 #ifa & O L-M #ifaiZ. Dulbecco's Modified Eagle Medium (DMEM,
Sigma-Aldrich) 2 10%FE@L4-EEIME (FBS, GIBCO) M OWiAEWE (100
pg/mL A F L7 h<A 2 +100 units/mL =3V > : GIBCO) #wINL7=
B Hh A 958 K OGRBR I N 72, PC12h Ml oo 885 55 ik . DMEM (2 3E
Bt L7z 8% &1l (HS, GIBCO). 8% FBS+Hi4AME (100 pg/mL A L7
F~A 2 +100 units/mL <=2V ) Z{RIN LT & D& o, SRR IS,
WThofifnt 77 2AF > 77 4 v 2 (SUMILON) IZ#FE L, 5%C02 1
FaX—F— ZTCOFMFTEM L7, PC12h ki, #ERFFIZIX 1% FBS,
1% HS Z %N L7 DMEM 8i#t (Kiygss) . 1Mo —Fra— 7 vy
2 (IWAKID) <NGF iSINZ L o THEFFER TR R R > 2 Lic, Wi
OFfnt 24 7=l H L6 7 =7 L— F (IWAKI) IZZ1F41 1 X 105 {8,
5 X 105" > #FfE Lakp & 9266 L 7=,

mlLR—F—8BIntT vEA
LiR— 4 —~_7 % — (pGL3-SV40prom-luciferase) XNV 7 7 L > AR X —
(pSV-beta galactosidase) |ZPromegad V. FEIHH7 ¥ —pEF6IL,
Invitrogen&k W AT L7, EpRED LR —F —_X7 X —%AERT HT20DIZ,
Wasserman %50 J57{%(26)IZ % U C~ 7 Aglutathione-Stransferase (GST) Ya
BIRFDOEpRE = 7Rl 2 B efilk (27 S22 T# CTRLZ) OilcEREh
il BRI 2 Bl A Mul }o ) BgMIEc Y 2 501 L 72DNAD& - 2 $H : 5-CGC GTT
AGC TTG GAA ATG ACATTG CTA ATG GTG ACA AAG CAACTTTA -3’ &
7T A8 5- GAT CTA AAG TTG CTT TGT CAC CAT TAG CAA TGT
CAT TTC CAA GCT -3’ % &5k L (Sigma-Aldrich) . 415 ZTE buffer (10 mM
Tris, 1 mM EDTA, pHS8.0) 1 CY4 CIZINEL THH=RIFEICRT & T
MIul-GSTYa EpRE-Bglll —AREHDNAZ1G7-, ZRBEIZIC = 7 fEE LA D0
SITWDHDIEL, a7 HIRLSIMIEE 7 Z & ITEHID F 70 0 B 7o FLRI P 23 L
HENTHW RN DDEEIEMRICEEZ 525 ZENME S TS
Td %5(26),
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KIZpGL3-SV40prom-luciferase~X 7 % —% Miul & Bglll (TAKARA) T/ L
=%, BRIKBIC & o> COBEREEL L 7=, Z4 % MIul-GSTYa EpRE- Belll A g
DNALRALT4Y 7—F (TAKARA) TI7A 0 —Ta VLB A TS 2 LT
pGL3-EpRE-luciferase X7 ¥ — %437z, K7 A7 =7 3 »|3ITrans Fast
(Promega) % L < IZLipofectamine 2000 (Invitrogen) %M\, ~==7 /L
> THTo T, RT VAT =7 ¥ a EE2AREGIC KA T VBRI L
Bk 2 Tl U7z, FRICRLEDN R Y o 7OV L 7o 12 242 I Ly T =
T—BEER NN T VAT =7 v a URERDT2ODBHT T 7 v H—EE
MEXy hO~=a 7 M- THIE L7z (Luciferase assay kit/beta-GAL

assay kit, Promega),

mRT-PCR kO~ A 7 a7 A7 kA
RT-PCROCcDNAL, WRDOFIEIZ & - TR LTz, B GEF6Y =7 L — |k
ZHWEROFIEICE > TiTo 72, HepG2% L < 1ZPC12hfifaiZ CAZ ¥ L 24
RFRES R 21T o 7ok, BiABRE LB HICTRIzol (Invitrogen) 1 mLZHINL
TRIzolD~ = = 7 )V OFERIZHE S Ttotal RNAZE72, 1 pgPDtotal RNA%
Transcription First Strand cDNA Synthesis kit (Roche) % W\ CifilsE L
cDNAZGTZ (774 ~—1FF% > MIBEDpoly dTZEH L72) . cDNADHEIE
IZ. 20 nLOPCR reaction bufferiZ50 pmol DRI T A ~—%& FHWTHEi L
7= ($—~nY¥ A2 7 —Chromo4 : BioRad) , LA FIZMH L7277 A ~—Fic4
LTz, 7 v FGCL-#E#H (GCL-h) :5- GTC TTC AGG TGA CAT TCC AAG
C-3 (> R) /5-TGT TCT TCA GGG GCT CCAGTC -3 (7 FtEr &),
7 v GCL-#8H (GCL-1) : 5- CTG CTAAAC TGT TCATTG TAG G -3’ (&~
A) 15- CTATTG GGT TTTACCTGT G -3 (7> Tk &), 7 v NHO-1:5"-
CAG TCG CCT CCAGAG TTT -3 (2> &) /5- TAC AAG GAG GCC ATC ACC
AGC-3 (7 FEA), 7> FNQO-1:5- GTG TAC AGC ATT GGC CAC AC
-3 (B R) /5-AAATGATGG CCCACAGAAAG -3 (TvFEBUVRAR), Tv
k27w 7 41U A:5-ACAGGT CCT GGC ATC TTG TC -3’ (> &) /5- TTC
ACCTTC CCAAAGACCAC -3 (FvFrrR), 2B, ©£¥FE%1@ U CPCRIE
IZE DB FHRE L NVHIERIZ X, WEERERRTFE LTy AF—E 7
Bt Thbody a7 40 AL LLIEBTY 7 F o2z, RT-PCRIZ., FFiT
LA NN AT, FRLOFIEIC L > TUTo 7o, A 7 =T LA figfriE, CA (10
pM) T24FFfEALEE U 7= HepG2fifa 2> 51572 RNAZ Human1A ver.2 Oligo
Microarray (Agilent Technologies) {2/ F 5 Z LIk > TiTo7=, =2 br—
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JLY 7L & L CUniversal Human Reference RNA (STRATAGENE) % fifif
L7z,

HEZAMEIL, Student’s ¢-testiZ K> TIro72, p<0.03DLEEHE RN
b LY LTz, REOREEREIL. FFZWH D OENRY | [T > 72,
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2—3. # B

n— X< —EH/ S D EpRE IEEM{LIER
=A< U =3I ZEERR AR 72 ) =AM EENRTND Z ERFHILTY
HMW, FOEBERKTTHD., v/ > B carnosic acid (CA), Tv/ Y —
JL i canosol (CS)., /7 A4V :luteolin (LU), 7 U > : chrysin (CH).
P U= : genkwanin (GK)., @ X~V & : rosmarinic acid (RA). #
7 =% : caffeic acid (CF) (Fig.4) »3. EpRE O&Efs FRIIEMICE % 5 2
DINE D NI OWTHRFE 21T o 7o, AR TIIA AR Td % PC12h fifid
R Lz, 582 MHEEEO—>~ v A GSTYa i&fs 7@ EpRE = 7 fEik O EL 4
% pGL3-SV40prom-luciferase X7 % —@ SV40 7' E— X — D EFIZEA L
feRy B —F LAR—4—BIRTELTRI AT =7 v a v L, BEGFEHE
BNV T 27 —EDOIEEEETHZ LI o TRk, 70, VAR—F—H
IGFDRNT AT 27 v a R OMIEDT- ., pSV40-Bgalactosidase % [F]Ff
R ART 2 a L, BT M —BIERZNE LTz, BiExif e L
Ti&, 58V Nrf2-EpRE IEHAKIEA D 5 Z E BHME SN TWDHL AL T+ T T =
> (sulforaphane : SUL) (Fig. 4) =M\, FEARMIZE:HIHF OBRRIKR O H &
PREES 10 pM 272 D K 912 U TARZEBRIT I L 7275, CF&&%impMTm
HEIRFGINERO bRy -> 7272 50 pM TOERFE R 2~ Uiz, EHHE
PRI 24 BRI I2IT o 72, FEER % Fig. 6A (ZxL7=, SUL (10 pM) Tl
KIBEDON Y7 =T —BIHEERD EAPEO N, —FH, =X~ U —DKpK
DETIINY T =27 —BiEEZ A SEHERNEO b0, KR CAILE
L<FRWVHRDBGRO B, V7 = 7 — BRI 25 fFIcE TR L7z, CA
DL EM TH D CS DLGAEITK THETH D FEERIZEEL TV DI H D
BTN OENED Livl, KRIZ CA OIREKFH EpRE IETECIEH 2 HE
u‘:o Fig. 6B 7 L=k 912, CA I 20 uM £ CItEE(R/EMIC EpRE L A —
BIATRBZFHE L7, 40 pM L ETIEBmMEN THELEOME TEX o7z,
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|_\
(6]

10 _
5 5

0 0_”_|_|_|_|_u_u| AR N

22 26 852 88 1 10 100
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Rosemary Ingredients

Fig.6. A—X<T I —D 512 & % PC12h #if2 M EpRE
BB EMEEA

Ingredients of rosemary, rosmarinic acid (RA), caffeic acid (CF), genkwanin (GK), chrysin (CH),
luteolin (LU), carnosol (CS), carnosic acid (CA), and sulforaphene (SUL) as a positive control were
subjected to EpRE reporter geen assay in PC12h cells. 10 or 50 yM of compound (CF, RA: 50 pM)
were added to the cells transfected with EpRE-reporter gene vector and then luciferase activity was
measured 24 later. The value of nontreatment (NT) was arbitrarily set as 1 and the relative values
were presented (A). 0.6-20 uM of CA was added to PC12h cells transfected with GSTYa EpRE core
region-luciferase reporter vector. After 24 h luciferase activity was measured (B).

wiNV ) T UBRDE 2 HEER R BT E
AIZEL > TEpRE- VA R—Z —BzfFZEALIMRONLVY T =27 —BiEED
imj(ﬁ)mu??')%?fbﬁo ZDZ L%, CA2 EpRE OIREIEMEEERIES Z LT
JIOT%2*H%7@L4K%@%\E‘£E%W&)57 MERTHEOThoTe, £ T,
ICE > THREFEINDIBETFHECRIINHDLDONE~A 717 LA -DNA

F o T ERHWTHE Lz, RFERIT, & ]\H?HJ&"EEI% HepG2 Mifatk 2 FH N T1T -
7o FERO—H% Table 1 (TR LTc, BN EH Lzb oL, Z7v2F4
By R—BRYy INEINVATA LY H—BEH (GOL-h) KkUZF O

(GCL-1 ), NADP)H &% / > A R X7 Z—F-1 (NQO-1) 72 E D 2 #
MEREBETFRZ RO BT,
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Table 1. AL/ o VEEA HepG2 Bz FHIFIC
BEZ5%E . 3407 LA 9%

Gene name Accession#t Increase (%)
NQO1 NM_000903 166%
thioredoxin NM_ 003329 167%
glutathione reductase NM_000637 175%
GST A3 NM_000847 181%
GST A5 NM_153699 196%
EGR 1 NM_001964 201%
GST A1 NM_145740 229%
thioredoxin reductase 1 NM_003330 317%
GCL-I NM_001498 355%
GCL-h NM_002061 367%

NQO1:NAD(P)H quinone oxidoreductase 1, GST: glutathione S-transferase,
EGR: early growth response, GCL: glutamate-cysteine ligase

Wiz, PC12h fifiic CA Z¥RINL 6. 24, 48 Fff# 12 RNA Z [ L RT-PCR
2k > T8 2 ME#%E (GCL-1, GCL-h, HO-1, NQO-1) DB HE L ~L % Fx
7l ZA WE LA TOBEMB TN CA RN 6-24 FFRZICMT T EF LT
W7z (Fig. 7).

NT CA NT

Time(h) 6 6 24 48 48
gcl-1
gcl-h
ho-1
nqo-1
CYypA

Fig. 7. hIL/ S VBN PCl12h $IFADE 2 HHEEREIEF
RBICTH5EZHEE

CA: carnosic acid, NT: non-treatment, gcl-I: y glutamyl cystein ligase-light chain, gcl-h:
y glutamyl cystein ligase-heavy chain, ho-1: hemeoxygenase-1, ngo-1: NAD(P)H
quinine oxide reductase-1, cypA: cyclophilineA
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wi v/ ¥ B EpRE BEVEME(LIEA OMBRREIZ L 580

FETRLE L 5T CAIROBEMIKIZ T PC12h ® EpREIEH%# 2 L < &
Wiz (Fig. 6), L2 L7325 RESMHE T HepG2 % VT EpRE LR — X —i&(&
FT oA EEmLT-E Z A, CAD HepG2 IZ2xt3 5 EpRE I&MEEA L, Bt
K TH D SUL &l L 1.5 (FRREDZ LG D Loz (Fig. 8), HiT
CA & ZDHEULEW TH D CS @ EpRE iEMAEMH 2 HepG2 J O L-M Hif %
AWTrEE L= 2 A, CA & CSDIEHIXIFIERIZETH - 7= (Fig. 8),
LLE?D X 512 CA @ EpRE IHHAL/ERITMIAFEIZ X - THfEEV R H Y | CA

1L PC12h (Zx%f L CRIZOREERERAZRBEL TWD X oI b,

OH
HepG2 HepG2 L-M P
H
6 '|' 5
51 - I

5T 4 }
Q 4l Carnosic acid
S @ 4 OH
HG_J % T 3| OH
S 2 3t
3e 3
= 2 t
x $ 2f 21
[@ g
LUl Carnosol

1t 1t
| I
S\/\/\ _
0 0 0 / N==C=s
CA SUL CA CS CA CS Sulforaphane

Fig. 8. hIL/ > UM HepG2 R U L-M HifgIZx 3 %
EpRE [EM41E4EA (CS RU SUL & DEEE)

HepG2 or L-M cells were transiently co-transfected with mGSTYa-EpRE-luciferase reporter plasmid.
The cells were treated with 10 uM of SUL, CS or CA for 24 h. Reporter activity was expressed as fold
increase in luciferase activity, which was normalized to beta galactosidase expression used as an
internal control.
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2—4. & %

FEBRIZHE Lo — X~ U — D5y 3 TIZ PC12h iz EpRE #z5E AL AEH
MFRO BTN, FEIZ CA OBHRIFE L -7 (Fig. 6), KEOEBRTH
Wz LR — 2 —B5F121% EpRE O =2 7HEIGE /0 24 A L CHE Y . EpRE (]
éfé%%l%ﬁNﬁx{%é_&W%\$ﬁriNﬁ2_%fbfmék%b
niz,

PR AMARER DME 2 L2 Mifakk T 5 PC12h 1IZxH9 5 CA @ EpRE #5515
LAEAIE, 38U Nrf2-EpRE IEHALER RN & 5 Z L B3 ST SUL & bt
RTHEFELLHENEDOTH o7 (Fig. 6), LorLAaans, BBRENZ & 2o
AHREEK : HepG2 (FFAlAEAK) K O L-M (BRI (2% L Cix, CA & SUL,
CS DIFMEICF T ERE 22T b - 7= (Fig. 8), CA & CS 3fkiE
MNHEELLLTEY ., PC12h (%9 5 EpRE {EMALIERIC Z D &k 5 7a K& 2228 T
T2 EIEBHREVE R TH o7, 220, CAIZPCI2 O X 9 7l
2t LT B 2D R B2 E 2 R4 2 rTaetED & 5 & bz, 5 5 7 (Fig.
18) \ZT7 — X &R LIz, REBRSEMIZHBWL T, CA X PC12h Milaicx L&
IR R R LR EER 2R LTs, ZOERIE, 850 O TIEH - 723
CS THRWD BT, PC12h (2% LT CS i% CA [T ~FUEFI & D D LR 58
W EpRE IEHALER 7~ L= Z &6 (Fig. 6). PC12h O bifhE &
Nrf2-EpRE & OTEMALORICIZ 2 A S OBER S 5 L ) IcBbhiz, £h
BODOFIZHOWTIL, 55 FEICFEH L 72O TARETIIEIRT 5,

T YA = =I5 (AD) 08— Y 95 (PD). #hZEkstE s biE (ALS)
7R ETE, RSN c B L TV SRR, WD AMRAEKEETH Y B
BB A B L RANFRIE « IR E LTV D Z EDVRIB SN TV A(27), £ 72 M
FE72 ENFIN T U 2B I FHRTEIC L AR A S LA b L ARFK T
o ENMBITN(28), Miflidtkx 2B LRER MR EIEE, V4 T
VIR E OB E 2 H LB LR X F L AL L TWD, R4
F A TN mM B CHEEL TWDH Z ERmonTRBY , LA F L
Xﬂ%ﬁ%%%@?ékwﬁﬁ’%mf%%ﬁl%f&é@Q&D?%ﬁ@#@
LEESEC 7 V2 T A AR B D 58510 Efiticix EpRE 2MFEL, &2

IW&%?E%ﬁ@%?é;k;iofﬁﬁﬂﬁ@éﬂfwéoL#LM@/E
ROFURALIEMIE, s & LD LT ZEnmsnTn5s81), £7/-. =
DOIMERIZ L 2 HERE IR T & Nef2 iR~ (BENEAT Nrf2 L~V DK )
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ORNZITHEMED &V | INis 2 X 2 HIRR 6 ) ORI Nef2 IEHEICEKFE L T D
AIREMEANEVNE2), Lo LZ2ndh, Ml L CTH, Nrf2 IS AN L 0 | Nrf2 %
EMALT 5 Z SIEARETH D 2 E DRI T 5 (82),

IR, BFHBIZEEVD AD <0 PD 72 & OIS 2 038 3 2 iR 2 MR B HE K
LTRY, 2MICb RERMBELE > TS, LOLERL, ZHAbDER
(IR A R L ADREE L TWAD Z &b, ML R L A &2MHdT5 2 &
THR ELRIEDO TS L ITEROEITEBETE A R[EMERH 5, -
T, WIZEIZE L 5 21669 T Nrf2-EpRE R EEIEMHALIEAZ B 325 b Oix, Mk
BMHIREBDO TR D EB 2 bILD, £ T, % ~D CA ® Nrf2
AERBA RS 2 0 U 7o AR FE MR RS S & & CLARE DI e & D 5 Z &
L7,
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— B 3E—

KA E BRI (in vitro) O (in vivo)
(XD T v R DR S ME R 2 B

3—1. FF G

INETORELY ., CAIXEpRE A#IEME(L L 2 FAfEE OBRF R 2T
Z L& o T, AEREBERE TS T2 2 LRI ST, F TR AR A
PR PC12h (Z%f L CTRRICITRWVIRZ R L7 Z Evh | BEBIA R L AEITE - T
L Z DMRREMED G IRET DERNHIRF S, MREMRE & LTIZ, AD X
PD., HD. ALS K OKIM & fEE (MFEEZE - fd2cH) (ZEKR T2 6 OENH D 73,
D OFEBITITMLIIA R LAREE L TCWDHZ ERMBATWSQ),
AFNZIBW TR OK) 1/6 1%, MMM EFREFITER LTV | HEZEEIZ L > T
REMEDNE LD LB LRNVE THEEBRBBIENIED Z &LV, HiHZE
DA, FENE Z >8I0, Wolz VRMIREBICE B WY | 2Dk, FHE
A3 BR o 7o RIS ARRE A R N CHROIREIY A b L A D3 F8AE L AR AR 23 FE k4~
Do THNEBERNE L5 (Q,8) o RIFTIE, AD X° ALS St OAffR 28 %
BB W THRERMENES L TWD 2 ERNbhroTE TS (4-8) , BE:
PRI, FRIEICFIET D N- A F/L-D-7 235 X i (NMDA) %27 #
SUVEBESRENEGELTEBY  FOTI=A N THH VL I UHERS NMDA %
PRI R EITININT 2 2 & CHlEHME 2 MR ER CTHET 22208 T
X5, — . F 2 MEEREBICIIERI A N LA AT AERR S5 2 &0 b,
EpRE {&MALIEH 2 A7 2L ST ITINFEZE S 1T L o TE 2 2 miR Z2ME & il
TOHRPEIFCTE D,

Z 2T, BEA N LRI R T DR R B A IE L D 20 E D D E it
T2 7212, WUREFFRARAI A J O I FRE T 7 V& Vv, CA 0% I
WTCERZIT- T2,
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3— 2. FEEBMEIROGIE

ma K

TNE I U N-AF-D-7 AT F B (NMDA) . 27/ o Hoechst 33,258,
2, 3, 5- triphenyltetrazolium chloride (TTC) (%, Sigma-Aldrich % L < |ZF1
TR D ANF LT,

w R BB MR A AR 2%

f4R17H HDSDZ > K (charles river) Dfafr (E17) XV KAMEZE A RN L
7=, Ml % 433 % 728 0.01% DNase I (Sigma-Aldrich) | papain (9 units/mL,
Sigma-Aldrich) . 37°C, 1557 [EIEERMLEE L 7=, 700 rpm, 5%y HlE LIS
SN L y b E5%H AT T VIiE. 5% HS% & DFE# (GIBCO)
W USRS HEFE L CREE 21T o 72,

28 H (DIV2) & L<II21HH (DIV21) (2GR A~CAZRINL, 7
N E—VRAEFET HI20, ZO1IRFRIZICNMDA, 7 v I Ufigs L<ixa T
/v %G ieEarle’s balanced salt solution [V > > (5uM) . Hfbh oo
2 (1.8 mM) i) (A L16HEsE Lz, £ D%k, O CAZ IR L 72k;
TR A U 2005 ]S L7z, AR S 7 AN b —2 A2 Z LTV
E D DOMETRIL, AP R 1) ~ — I — Z PiNeuNFLIA (M HIaEE ~ — 7 —)
M OHIMAP-25UA (#pffliZe il ~—h—) ZHOWTHERAET L2 LITL > TIT-o
7o

wifffl i O g

BB O E TN 8% /3T BRIV AT VT b RIFIRT 20 /3 T->7-, 3 8] PBS()
TU VA L%, PUEOREEE LT 5728 0.2% TritonX100 T 5 4y RIALHE L
Too WIZ—WPURZ UL 4°CT—BfikiE L7z, 0.2% Tween20 - PBS(-)T 3 [
Peid Lott, 2 RPURZ N2 S|IR TR AOG S 872, %@ (DNA ut) (%
Hoechst 33,258 (5 ng/mL) ZHW=IE 5 IS5 Z LItk > TiITo 7,
— PRI, B NeuN Hifk, #i MAP2 iRz L7, Zh 6 O—kPiikx4
% 2 PRI, m—& 2 UE BT~ 7 A 1gG Fiik (SantaCruz) % WV CTYM
EITo77, Higld. BEEE T (Eclipse TE-2000E, NIKON) T1T-7-,
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wilfk o U EREORIE

CA MO G CTHMNICE TRET LN E I D EERT D720 UL FTOERE
1To7=, 7K C6TBL/6 ~ 7 A (charles river) Z =R 23+ 3 °C., 12 W[l
P EZMBAD AT /AT 28 0 IR BREE IS CTHE L7, BH3@EH &5 e MF
(A V= ZVEERE) |, KITAKEKRE G 2, TN ENHBEBIRCES X211 Lz,
REIZHNLSE 5720 FRisM Tl PHEE Lo, 18 iR 2 320 L
oo AV —TAAMIZ CAZEMLIZH O (10 mg/mL) % CA 100 mg/kg A
2B TERACTRAOEKE Lz, ary he—LBRiciE, AV —7 %
ANDHEHG LTz, CAFE 11 L< L 3 EM%Ic=—T /LRI T COM L
BERIMZITV, 2 OEZITIKE O Z Y H U7z, B H L7 OV igilc
TEhr=hrI+x& /=) (9+1) ZHEIL, AU b ALBZ I0 RAhh
HaAT > 70, WOEE LS B2 EFE K0 FCiME L 200 pL O= % ) — /L
HIAfRSw7-b 0% HPLC oW e Li-, miglTiiiEa L, o
BICEEOTE =N IAZMAAZ EICE s TEAZEES S, =LA
FVBRER LALNT B2 HPLC HY- 7 v e L,

sHPLC

HPLC : LC10Avp (Shimadzu). ODS 77 7 A : nBondasphere (Waters). f&
e : 7+ FEA A — 7 LA UV g (Shimadzu) . ERREE : 0.1% K~V
TNAaEEEA) + 72 =YV (B)55%B A V7 T F > 7 iiE: 1 mL/min,
BT LA =7 R 40°C, DFMT CA DRIEZEIT T,

wCA Bt 5~ 7 ZADOMN T VX F74 2 J O 2 FHlESE

CA % 0.03(w/w)% & A SE7- (MF, AV = X )VEERE) ZA{ERk L., 8 i
M C57BL/6 ~ 7 A (Charles river) (Z—fEiIZH7= 0 HHERI Y-, —HD
EEREIT 256~3.0g ITETHY . CAEZEH L TR WEEE BRI (=
v hue—Lff) L CAREEAZ BRIV IEHOBICET o T, TDH%, =—
TOVIHREE FIC OB D 2RI T 5 Z Sl kv i L, e Lz, il
TR AT/ T Uy 52l RNA i RGAEE  (TRIzol, Invitrogen) %
MR THREVFTA X LHKERT LT B FRELVSLVHERY 7L E LT
), JNETFALDOERIIZ TN T A UHES > b (Dojin) ZHV, <
=a T IS TH TN L v 2 T4 'aElE Lz, 7 vZ T4 8l
EHOY T AFEINIUT O L 1T o7, TNVETF A D LEEET D728,
NPT LT MR E HIZ 10 mM HEEE, 5% 5- AV 7 4% U FOLRRIAIR Z2 i L
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ANURN = /Tﬁﬁﬁhﬁﬂﬂjf?ﬁf/ﬁ%ﬁb‘ BB IR ZE T CTHGRE L-80C T—RRE L
Too RS, HOBMEZITWE OGN RIGE 7 Vv FA R EMY 7 e L
f:o
5% 2 HEER OB TR L~V 2T 572, RNA i FHFAZE TRIzol

(Invitrogen) D~ == 7 /L |ZHEV RNA Z i L7c, 15 54172 RNA 7» 5 cDNA
i L, PCRIEIZK VB TFRELL V&2 Lo, PCRIZE 2 3 & [AEk7Z
FHECXvEB L, FHL-Z7F9 A ~—:~7AGCLh:5-AGG CTC TCT
GCACCATCACT -3 (> %) /5-TGG CAC ATT GAT GAC AACCT -3 (7
»FrUR) . v AHO-1:5-TACACATCC AAG CCG AGAAT -3 (&
A) 15-GTT CCT CTGTCAGCATCACC-3 (FvFEBLSR), SURABT
F > : 5- AGC CAT GTA CGT AGC CAT CC -3 (£ RA) /5-CTC TCA GCT
GTG GTG GTG AA -3 (T Tk R) ,

w/iXFEZEE T L
FBR D18 AT Bt B 7-C57BL/6~ 7 A (8 i, MM, charles river)
(210% DMSO-PBSOIZfifift L 7= CAZ JEEN# 5- L 7= (CA 1 mg/kgfh ) , =
Y bR A BEHTITEE O B - UTe, RRINEIREAZE (MCAO) /&
(reperfusion) 1%, LAFTD X HIATo72, 4V 7T 0 +T0%HRILEFEIZ X
DRI ~ 7 2L MOMCAO Z AR FAIC K 0 F2hi L7z, MCAOALBHIZ
IRFfE] e L7z, Mifi&E (rCBF) %R d 5720, L—%— M v 7ilish
(Perimed) IC K2 E=F—V I &{T>7c, TOROLMKMMIEEIT, MCAO
AID25%LL FIZE TR T L7c, EDOHEMCAOZfREX FHER LT- & 525#?31;{7\]
(M EITE0% L, LICRITE Uiz, FRHEF24RFHI . BRI N IC TR LIEHITH
IO L, 1mmEOAT A AR LTz, AT A AL, 2.6% TTCYZ\?{@_
105 R T Ye e L=, BRAFET D1 04% KV AT VT b R CHEERIEZIT- 72,
TTCY XN T=3R8 7 DA DR EIINIHA A — (version 1.62; Bethesda) I
LoTUToT,
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3—3. # %

ISR MR T B v ) U BROBRE A b L A HHIRR
KRB MALE V. NMDA, 7V X Uik a T /22 OFfld#
PRV 2 CAD B % Infz, WIRED 7 V4 2 U ERR°NMDA % kAl 5 %
HETRMN=VARFEEINLSD, ZHUFHEFEEICER T D EZEH T
TN DRHDH T ENHMBNTWND, T77b5, HEEMRNMDAR 7L 4 I
VBRI NCRE L TS SEAICIE, BB EEICER T 2L A kL
ADFGARSE O FIRIRIZ 72 D (2-8), — . NMDARL 7 v % I sz AR D %%
B~V R 3B 81id, MIlN V2 F 4 o nsfhig 5 Z L ik - TR
FENCEREAI A b LA K AHIIREENTER SND Z LN BN TV 5(9-12),
NMDAR 7' )L % I R AR DFE L~ E . e I R & B8 L7 |
¥ (day in vitro: DIV) (2477 L TR0 | 558 A EDE K TR IREET
IREREM 2R Z RIED 3 ITIT B L TR, @Rl 7 v I UERESINC

X o Tl Z 2 st L B2 7R L ié%@fi&m ENRENTWS (10,
12), AEBRTIL, 2N S OMEIHE- T 4EE17TH B DSDZ v h O+ (E17)
L0 KRB ZEL L, $#%20 H (E17, DIV2) OMREAZ SN H3 8 L
TV W EESEMRMIRZ Wiz &7 v a2 I U/ NMDAIZ X % st %
‘BB IR EME" & L, B5#821H BIiZiE, #iiia (E17, DIV21) (ZHERERY
IANMDAML 7 v 7 I VR FARD o3BT 2728, DIV212 W o 56
PR E LTz, T /03, S har R 7 OEHRERESRIZIEES
HZEIZE o TROSZHASHLIHEANITHY . BLHIA N L AFEFRAIE LTH
Wiz,

AFATIZ 10 pM LA ED CA TREL L 723546, DT nIZ %ﬂmwghttw
FMENFRO Lo 72 3 uM ’C;’%%ﬁ%‘fﬁo 7, Fig. 9l a DR R 2R L
72o DIV2Z 7V % I 2mM) KO'aeT /> (0.3 uM) TOEE L7284
MAP-2/NeuN 5D ARMREIIE L <R L, ORI E s R S D
ZEWRENT, ZoEMEE, CAEZRMT LI EICX o THE LI INT,
TN I UL LIEe T /) o CREE L7254, MAP2/NeuN Batflin X
av hu—b CRALBERE) X LT, ZE 30.8+2.6% (VX I ) Kk
W25.841.9% (7 /YY) ETHA LW, FVvXI Ui/ a7 7 +CA
THRBEL7-REE, NN 73.8+3.7% KN 80.4+3.4% CTh -7z, ZiLbDhE
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ik, CAIZITHHAI R OMEZ BRI A B L ANSIRET2@BERNH D2 L
Zog LTz (Fig. 9A, B)
RIAZ, B L7 NMDA B 7L & 3 s 558K 2 00 IS B L T 2 fIAREE 2
f (DIV21) % M\, NMDA |2 J 2 BEH MK T 5 CA DR EZMRFEL T2,
NMDA (Z X - CTAEMIEE (MAP-2/NeuN [5%) 1% 15 £ 1.6%2 F Tl L7228,
CARMUT-HE1X36+2.3% L7220 | Mfastid A =izl & (Fig. 90) .
UEOREREIY, IVE I/ a7 ) Al L5 BEIFKGROEE L)
NMDA B 7 v 2 I sz ¥R 2 LT B IS L - Tl 2 28 LA L&
WFAUZK L TH CAFIMBER 23T 5 Z LR ahiz, BT, KIKMKE
WA O EpRE 257525 CA 3 pM TH BIZIEME L &b 2 & DIERR
iz (Fig.9D) ., ZDOZ B 2 fHEEE OFBIFHEED LR OB O MG %
HLTWAZ ENREBINT,
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Control (DIV2) Control (DIV18)

Glu (2 mM) Glu + CA NMDA (50 uM) | NMDA + CA

Control (DIV2)

Rotenone (0.3 uMJ Rotenone + CA

Luciferase activity (Fold)

Control CA

Fig. 9. A/ DU BOXRNEENRIEEMEICX I HBR1E
A FLRARVEZESHINFIZE & EpRE EREEHL/EA

CA (3 uM) or vehicle was added to cerebrocortical cultures (E17, DIV2) 1 h prior to exposure to glutamate
or rotenone. The cultures were then incubated for 20 h and stained with antibodies for MAP-2/NeuN
neuronal markers (red) as well as with Hoechst DNA dye (blue) (A and B). CA (3 uM) or vehicle was added
to cerebrocortical cultures (E17, DIV21) 1 h prior to exposure to NMDA. The cultures were then incubated
for 20 h and subsequently stained (C). Cortical cultures (E17, DIV21) were transfected with
EpRE-luciferase reporter vector DNA. CA (3 pM) or vehicle (control) was then added to the cultures. After
a 24-h incubation, cell lysates were used for luciferase reporter gene assays (D). Values are mean + SEM;
*n < 0.01 by ANOVA.
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wiN ) T BRDORBEE G K DHABIT
P EOFEBFERD CA T A b L AT L » Tl Z 5 KM E w2
PAMBE O ZEVEZMEIT 2 Z EAURENTZ, L LR LIERN~EET D545,
a2l E 5 720 AR O A IS X R e N U T iR AM B P
(blood-brain barrier : BBB) & 572, KIEMNHEE L THHMXIZE TH
ETHNE I DERINE ST, £ TRICRIB L V5 L7z CADIENIZET
BETHNE 9% invivoirBRIC X o THET L7-, CA 205 L., 1
Je O 3 KRR IS = — T VIR NS TOIR LV 2RI T 5 Z &2 K » Tk A 13
EEEICREL, AR H L, [\ L 721k & Z 2 ofiifkds o CA &
EAPE LT, ZORR, &5 1 FfZ IR, iR, MEnZnns 44.3+4.8,
4.8+ 1.8 pmol/kg MMEE (FHE + FEHERE) O CAESh, fRkE
255> T CAMBKICETEET S = LR ant- (Fig. 10), £7-. Fig. 9D
DFEFR LD CA3uM IZ X > T EpREIEMHALNEZ 5 Z 006, ZHUH ORI
%2 PR OB ZFHET DT RIBETH D L& X b, 3 REIZIZIL,
N D CA BT FA T LTz,

Serum Brain Fig. 10. hL/ 2 UF%
i DEOIZE1Z & BRHA
Vehicle s Vehicle o)iz?i_

. C57 BL/6 (4 mice, fasting for 18 h),
E Sample: carnosic acid in olive oil (10
1

g ﬂ CA . CA mg/mL)), 0.3 mL /mouse, p.o. (oral
o i 44.3 pmol/kg i 4.8 umol/kg administration), After 1 and 3 h, blood
% ] 5 was removed from heart under
D‘ 1 Afterlh : i Afterlh anthemia with ether and then the brain
. S S Y . was eviscerated. Carnosic acid was
O extracted with acetonitrile and ethanol.
CA CA
9.5 umol/kg 2.4 umol/kg
/ After3 h l After3 h
J A—A—/\__’" ‘J LLA‘/\_/\
o 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (min) Time (min)
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WA DTN ZF A ROE 2 HMRBLFRBEICEZ DNV ) VO BRORE

Wi, CAZ RN OHEKETDHZ LIck - T, IMAND 7 V2 F 4 8K O LE
JCLEIZEBNE Z 5 E 9, KOS 2 MR DFEINLHME D NITHONT
it a2 T o7c, ZNAETF AT, RN Z B TKEIZR DT DI HE & H %

RI-LTEBY, BE2MEBERERTHL I NEZ T AEEFE (GCL) R/ VT4
YIUE T —RBIZ Lo TSN TS, CA% 0.03 (Ww%iEE LT-fia~ T
2B HZ 0 HHERESE, Fig. 10 DERFEREICERIL TS Z Lick-
TIMEZBRE LI, MEEY L 2/ L, ZvZF 4 JIER &8 2
FAEER B L~ VHIER IS L7, fER%E Fig. 111 Lz, CAx 5z~ v
A& ay hr—fE (CAREKGHE) OMANKR I VZF A& DRI V2 F
4> (GSH) +@b vz 4 (GSSG)] #ltig Lzt Z A, ENLTIED
HMAHREICEH LT, —JF ., GSH,/GSSG DL, CA 5T L - TH

FIZEH LT, ek, JIE LIRS i 7 v 2 F A4 A2t T % GSSG D
R OFERIL 0.34-0.65 % Th-7-, i, MIEAN GSH/GSSG ki 0.1-1.0%

ThHDZEnb, VU7 VRIEICE LWRIITZ T Thane Bbonl, &

2. CAZ 272~ v ZADMKD% 2 tHE#F# (HO-1 XU GCL) OBz B L~
W% RT-PCRIEIZE > THIEEZ A, ERLTWAZ RSN, LLED
fERlL, CA RIEFEGIT XLV | WA O AR E N FE SN2 L 2R L
TWz,

wfidE ML EE I & BRI R B v ) ¥ U ERDINHIZN R

AT MR PRI L > THE Z 2L CA MfI TE 2008 5 D Ofgat %
Eht L7-, AFEBRTIX, CA b L <X vehicle (10%DMSO-PBS(-)) # g e #
H 1. £® 1 K/#%IZ MCAO / reperfusion (FEIMLFEE) % Ehe L7-, 24 K
I AR LA T A4 ZEAER L7222, MG OMERZ + 572012 TTC
Yt FihE Lz GRS SN2 hotol ZAN, HIENEZ > TV D),
fi k% Fig. 12 127~ L7z, Vehicle # 5-HEOHEEEIL, 51.2+24% Tho7- (£
il Dféﬁu LTV % 100% & L7z & & oA D U7={4] oEEE
DEIE), FHUxt L, CA 25 L~ 7 Z0OHE AT 34.5+3.6% & AEITD 72
<. @nﬁlﬁ@m Lo Tl Z 2 FHROBEIX CABR G- TRl Tt 5 2
EIMTRE T,
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Fig. 11. AL/ ¥ VBB OKREIZ & D E KL EBEEHEL/ER

Mice were fed 0.03% CA for 1 week and then blood was almost completely removed from their hearts. Then
their brains were lysed and subjected to quantification of glutathione (A). Total RNA was extracted from the
brains and subjected to RT-PCR using the indicated primers in the methods (B).
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A: Representative TTC staining of brain sections after stroke in CA- versus vehicle-treated mice.
CA (1 mg/kg body weight) was administrated intraperitoneally in vehicle solution (10% DMSO in
PBS) 1 h prior to MCAO. After 24-h reperfusion, coronal sections, 1 mm in thickness, were
prepared and stained with TTC. B: Quantification of infarct volume by TTC staining. CA decreased
infarct volume compared to vehicle-treated mice. Data represent mean + SEM (vehicle-treated, N =
9; CA-treated, n = 9; 'p < 0.05 by ANOVA).
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3—4. & %

52 EORERNG . CAIX, MEERMIIUEE PC12h (23T EpRE 41 L 724K
B fEASAS 2 58 IS L 375 2 L AR Zdu, MRS BRI 2 B S
FEE Tz, MRAMRBIIIEA X A TRB DN, MEZED L7253 AD,

ALS X° HD FOFIE - M b BB HEEIC X HM(EI A R L AREE L TWD
ZEDURE SN TVWAH(2-8, 13), T 2T ARE TITHMESZE AR & O in vivo
BEEETT L (MEEET V) ZHNWT CADOMREZRFNTHZ &L L,

FT AERASOBEEEG ORI KM E OPE MR A A, BUE IRk
PER OB TR &> TRE 2 2 A9 R b L AT kE U CHmIh B A 644 5 />
E ) MITHONTHRET 21T - 72, FEBRIT NMDA B 7L & I sz AR 431236
BLTWRNWEZX DINDMA S+ L TEZ BN BB L TWnDH EE %
LNDOMINE L MWD Z & T, B KA mME L OB B 4 D R A 1
REL7228, WU\ T CAIFENELZEM L7z (Fig. 9A-C), ®IZ CA I,
KIS E WG M % LT H EpRE LN — % —& 5 7 OEE G 4 7554
5 Z MR SN (Fig. 9D), - T, AERBIEER OISHL 3 ER(E A L
ADERIC T 5 L, Rzl Li-botEx N, CAEE T VAL A
ARV —THH 570 (14), ZOEA N L 2mHlzhfizix, [1] CA
\C X DERENR T DTN AT R VR KON 2] AEIRBLAERERE A TE AL L5 2
FIBF AR A LT 2 SIS K DB A b L AHIZIE., b — 0% EnN%E
HLTWsEEZ LN,

S EIR THIMEERIET 720120, RS L D EIEe, B Y
T EBEWTE LN E I DR EZONOREE 7 VT — LT e b, Fr
W2 1X U s & 75 it 2 o s 121X i - MBI 9 (blood-brain barrier:

BBB) WFET 5720, B L THMNICE TRET D Z LN TE RV ATREM:
HE, Lo, CADOHE, BOFEGIZL > THIZE TBITT 5 2 & 3R

7= (Fig.10), & 512, CA B 52 X > TN DR 7 v & F 74 &8 (GSH+GSSG)
KO OETTR O (GSH/GSSG L) MR L Tnwa Z & bk s iz (Fig.
11A), EpRE ZJ/ L CTRENFE SN DHHERICIT, I NAE T A OEKRIETT
B LR N H Y . Fig. 11A OFEFITE 2 fHFEE ORBFEICER LTV 5
b, TR, CAE®RG Lo~ U RO CIIMENE 2 HEEE TH
D HIRBCIER 2554895 HO-1 L OV V2 FF o AR O EEE#E Th 5 GCL O
B FHRBZEAKL e (Fig. 11B), b OfERIT, CAILRME 51T XL
S TS £ THRIE LRI 255845 2 & 2" LTz, ®IZ in vivo [k
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FEZEE T VKR I PR R SEBRIZ W) T h CA ISRk O HESE 2 A B2 L7z
(Fig. 12), LA EORERIT, CA SRR BITH T 280725 M b L <13%
DY — AT 952 & AR L T,

Z 2T, RIZ CA OFRREMEIHIZ R OEIZOW T, o FEWTHRT 7'm
—FIZLDEta 7o 2 L& L,
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— 4T

T ) 2 FROAEARBEBAETE AL D A T = X L
(ZD1)
—Keapl-Nrf2-EpRE #& I OIE AL —

4—1. JF i

CZETOMRIL Y, CAITMIMIED EpRE S5 515 1E %2 LE X8 AERE5H

Btk iE b UL BRI A b L AISWER 2384 95 2 L 2VRShiz, £ 2T,

AREFETIL, CA DAEKPHHBEEE LD X 1 =X LD %2 B L LT, EpRE
IZAEE T DIRER 1 CTh D Nrf2 &2 ORI Th 5 Keapl IZHH L. I
Keapl IZx13 % CA ORISICEREZ H T TR EZED -,

551 FICFLE L7z £ 912 Keapl 1&, MIFEIZREIL L THBY . Nrf2 L5 L=
EXF oAb T D Z LI AL L Nef2 ONBITZMH L COWDHERTH
5, LML, Keapl D —LR B AT A4 UIMERi SIS & Nrf2 43fi#fE
TS S A, S RAIC Nref2 3R L, BENICBITT 52 LI2 XY EpRE @
EHEAENEE Z %, 3725 Keapl X Nrf2-EpRE #&5 OTR AL O §E 24 > Tu
HRFENVWZ D, Keapl ITIXTV AT A VN, v T ARLT v RN TIE 258, B T
2T HBIELCTWVND, TNHD VAT A VFRIEN, BHE OABRRELET GEX
FLAT) IZBWCZ U —DFA—LE LTHEELTWDLDN, VAT 4 K
FEEHE L TWD 00, MAERHIC ED XL 9 2REE THEEL TW D DTS
WTIEELEARHR SR Z D, Ll sErh—E LToREEZ FICEZL
T2 DI, SUGHER IV BTB #8128 5 C151 & IVR Al & % €273, C288
ThHO., %ONOBETHEMEN, TAH—NEOT /2T H2—L LT, 7L
IS L, Keapl v A7 A Ui LROERTT 5 Z & 12 X > T Nrf2-EpRE
EIEHALT 5 2 RS ShTna(, 2).

CA BEIRITHEFHEWE TIIRWn, BbESn 7T a— U iEERF 7 ALz
CA 1T o, B-REfn7 b o D% & 5720, BIEFHEWE L LT Keapl ¥ A
TA VL~ A FVAIIOEEE Z L, TS Nef2 B O (L& 51 & =
L CWDATREMENE 2 BTz,
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4—2. EBRMEKROT L

ma K

Fr.V 41fiE7 /v ~7 2 > (BSA) 1% Sigma-Aldrich KL VEEA L=, 7 F T4
Y. N-=Fnr~vrAIF (NEM) (FROGMIE LD AF L7, Ht Nrf2 Hiik
O Keapl HUARIEOVRESZ (GLATKE) L0 G L TWeiniz, £ofhoht
&%, Calbiochem % L < % SantaCruz £ VA L7z, 2 &kHiiAIL, FITC ik
i~ A IgG Hifkd L < 1L HRP 1E#%$T IgG Fifk s Hv7- (Sigma-Aldrich)
Z OMILAFRILIE Sigma-Aldrich & U < IFF0eMiz L 0 A L7,

wiff o B2

COS-71%, fifa N7 b a—v oA ZEFE A7 WHEAE 22—~
YA = ZRFE) L AT L7z, B5#iX, DMEM (Sigma-Aldrich) |
10%FBS Lk UOWtAWE (100 pg/mL A S V7 h~A > 100 units/mL <=3
U GIBCO) Zin L 7852 Y5 & OB S 7z, 2 O oo fiifais
T, 2 EICFHEOFED LBV IZHE LT,

LR —RETT A
H2EE L [FRR R TR TAT o T,

7 S —

Nrf2 (wild-type: NI > b3 AT 47 L XKBIT 572N f2WT & HES) LY
Nrf2 K> b3 A7 47 (Nrf2DN E#8T) OB X —OERkIX, Alam
FOFE@IAE> T T 72, Nef2WTHOA % — RDNAIZLLF DT A ~—
ZfEAH LPCRIC L » Tz, =7 ANrf2WT : 5 - GCC ATG ATG GAC TTG
GAG TTG CCA CCG CCA -3 (&> A) /5-GTT TTT CTT TGT ATC
TGG CTT CTT GCT TTT -3 (7> FtE>RA) ., Nrf2DN|L, Fig. 13iZ
R LTZARIENT 2 ONFKRINZ & 2 EAGEMHACIZ B 0 2 sl A & TR S, CR
Nz & D8N BAT S 7 )0 EDNARE G ICB D D HEIRO 2 255 L2 b D& Fuvie,
Nrf2DNHDOtE > 2AH 77 4 ~—I%, 5- GCC ATG GGT GAA TCC CAA TGT
GAA AAT ACA-3% W, T T AHT 74 <—IINf2WT LR L H D%
FAWTHERL L7z, Keapl3 I OpEF-Keapl X7 # —DIERIZIZLL FDT 7 A
~—%&MH\A o — FDNAZ/ER L7z : 5-ACC ATG CAG CCC GAA CCC
AAG CTT AGC GGG -3’ (£ R) / 5-AAG CAA ATT GAT CAA CAAAAC TGT
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ACCTGC -3 (7 v F X)) G611 ¥ — FDNAIZ, pEF6-TOPO V5/His
(Invitrogen) ~~==a 7 /LIZfE-> THA L, ZNENDRBLR T ¥ —
(pEF-Nrf2WT. pEF-Nrf2DN. pEF-Keapl) %157, => b —/LHIEH A~

7 A= A STV R W pEF6 empty vector (pEF-EV) & U =, -~

~ 7 NVvF=r (HA) Ei#Keapl I~ % — (pcDNA-HA-KeaplWT) KO

HABGR /KB A B Keap1 B~ ¥ — (pcDNA-HA-ABTB-Keapl,

pcDNA-HA-AIVR-Keap1, pcDNA-HA-AIVR- Keapl) %, /MMREREA CGRIEKR

2) kofits L Tnw=Enwiz (Fig. 15),

m AT AEHA I U BED AL

CA (90mg) #7Ehr=1FVU/L 2mL) IZHEMHL, 7 a~FINTNLRY
A X K (67mg) RFEALTHE) 2L 3 2K E TS S ®T, EHIT 80%
T R= MU WICEM LT 5- (B4 F 7 I R)_F 07T 2 2 (41 mg) (Pierce)
2Nz, BIOKET 10 pRS S, SOz FIES 7 MR 7 1
~ ~ 277 7 4+— (ODS column consisting of ODS-S-50c¢; Yamazen) (277,
UV280 nm TE=X—U 7 LR35 B4 F A% CA /i a4 157=, RBAVALE
IZiX. 7 F=RFUL+1 mMEERE (2+8) MW, BRSO
B IZ T TEATF AR CA 26572, Bohic¥ 7 uiE, NMR (5 2 EiZ
FLE D FIEIZ L D) T DZ EICL o TEAFTF U CA THD Z & =R
L7z,

ml AT A UFRIL & DREA R

VATA L DFA—NVEILLFESTENE I N EERT LD, [1] VAT A
YEGL N RTFRTHLIINVETH L, [2] VAT A ORI T 4 —1
BEAE DAL TWAIEHE THIFIMFET V7 I (BSA) & OREEFERD 2
FRAH TR L7,

[1]:&cM 7 %54 (GSH, 18 mM) & CA (6 mM) # =% / —/L+PBS(-)
pH7.4 (14 1) [ZEfESE-, =% 7 —ERA PBSCO) & L7=Dix CA »
PBSOITIHIRFIZS Wb TH D, 3TCITTA v FaX—hLERL XA L=
—2%&FBo>TH 7Y 7 L, HPLCIC THER L7 (HPLC O4Fi. BHER
23 30%B isocratic TH5H Z L ZFRZFHE 3 HELIF L), HPLC THRH S vz KA
R — 7 G570, MESEES T A (ODS column ODS-S-50c; Yamazen)

Tl LT, mlRLEbDEe—F ) — /R L — X —TRME L., BIZ%
BICHIRSE DT OIHEHER LTc, /o HEMRELE 2 Bililo LT
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MS 75341 & O NMR 4341 ({H-NMR, 13C-NMR, CH-COSY, HH-COSY,NOESY)
(ZDNT G 24T > T2

[2]: ©4F 4E#% CA (1-100 pM) K OXN-=F /L~ LA I K (NEM: 10-1000
pM) & BSA (1 mg/mL) % 23°C T 5 K[l > F =~— K L, SDS-PAGE (27>
iz, ©FF U CA ORHIE 2 REUADMRD D IZHEFEY e~ LA F o
—PE@HA ML TV ERAWEDANIT A Z T T 0 TR
DIjE L AR 72 7 ETIT» 1o, £, [V 7V & [REk72 0715 T SDS-PAGE 7
F7eth, 7~ =7V I T T A=Y A TS 2 L T BSABEBHOMR AT
7o

nPCR
2 N ONBE L [[IRE/2 T IETIT o T2,

w5 L
v AT U CA H L <13 vehicle THLEE L7-ffifid % PBS() TV > R L7-%&,
RIPA #Zf# % [150 mM NaCl, 50 mM Tris-HCI, pH 7.4, 0.25% deoxycholic acid,
1 mM EDTA, 1% Nonidet P-40, 50 mM NaF, 1 mM Na3zVO,4, 50 uM MG132
(Calbiochem) , protease inhibitors (Complete, Roch Diagnosis) 1Z#shNL
Tzo TDOTA&— N EEBEELE L 15000 rpm, 4°C, 10 /yiE O#E LT, £
DIAEL—FEFICANT FTEVUERT T —A =X 2L 4CT1
Rl o F 2= L7, fi\TU A2y 77— [150 mM NaCl, 50 mM
Tris-HC1 (pH 7.5), 0.1% Nonidet P-40, 1 mM EDTA, 0.02% NaNs] T¥-7-%
DHEY AR Ty T 4y TOF T e LTHWE,

Ry AX Ty 47 (WB)

Mo Z A — MZ SDS-PAGE V> 73> 77— (Pierce) Z¥M L,
SDS-PAGE (27> 7=, EXUKEN% . Hybond-P PVDF £ 77 (Amersham
Pharmacia) -~ iBlot system (Invitrogen) % MW THEE L7=, HW\ T, x5
ST A7 T % BlockAce (1X) (KHAARFEARIE) T=HRE 1FHE 72 v ¥
> TRBR A T o 72, 0.1%Tween20 PBS(-) (PBS-T) TV > & L7=t4, &MHLIA
ANA, =il TR S LR 4 C BB L7, U A LR, TRV L
I A — PR 2 IRBUAC=EIE 1 FFfALEE L. ECL Western Blotting
Detection Reagent (Amersham Pharmacia) % HAWCHH%E1T-72,
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wifffl i st gL,

958 3 L HEANICFBIETIT 72, 7272 L., CA % 24 Wil BT L7-#%. HEEL
HIEFIZ MG132 (50 uM) ZiIN L7z, B3 tIZiZ DAPI (4,6-7 X /-2-7 =
=A v R—=) W, Nrf2 OfHiZiEst Nef2 §ifk & O FITC #&E5#%fi~
7 A IgG ik &= 7=,
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4—3.

it A

aNrf2 R IJF v b X AHTF 4 7 RO Keapl DEE
%9, CA ® EpRE #=57EMALER I Keapl-Nrf2 OFRKE NG L TN DN E
IMEMEND DT, EpRE- VY 7 =7 —8 LR — ¥ —8{x 1 &2 Nef2DN
L < 1% Keapl DFBEARY X —ZHl3E A L, CA#%E EpRE iEMHALIERIC
5.z D
(pEF-Nrf2DN, pEF-Keapl) OxfHIZITIHHFEAL THRNART X —
(pEF-EV) Z A=, D%, CAIZ L% EpRE =575 MHALIEA IE. Nrf2DN
H LT Keapl I SELZ LICL o TEHE LI SN, ZDZ & 1E,
CA 12 L % EpRE iEMHABAEAIZ Nrf2 }2 Y Keapl 23B5- L TWAH Z &R LT
W7 (Fig. 13),

Luciferase activity
(Fold)

12

[N
o

(o]

»

EV

NT

>
L

Nrf2DN
Keapl

— )

CA10 uM

IOV TR 21T > 72, Nrf2DN K& ) Keapl JE~ 7 Z —

Transactivation
Neh2 domain NLS bZIP
I I N
Nrf2 wild type N+ [—————#  l-cooH
Nrf2 dominant negative NH2-=.—‘-COOH

Amino acid scale ! t t t t t 1
0 100 200 300 400 500 600

Nrf2DN O f&18;

Neh2: Keap1 binding domain, Transactivation domain:
the essential domain for transactivation, NLS: nuclear
localization signal, bZIP: DNA binding domain.

*The domains of Keapl are shown in Fig. 2.

Fig. 13. AL/ o U BEEE EpRE EMEIE/ERIZx9 % Nrf2DN

R U Keapl BEIFIFED

B2 488
T

PC12h cells were co-transfected with [EpRE reporter vector] and [enmpty vector (EV), Nrf2DN,or Keapl
expression vector]. After 24h 10 uM of CA was added to the cells. The luciferase activities were measured 24
later. The value of NT/EV was set as 1 and the relative values were presented. N=3, mean + SD, *; p < 0.03



N UBDUART A v TFA—NERTER

BIfyE T V7 2 (BSA) (TIZE MO T A — VK (VAT A VR —o
HDHTENMBNTEY, Nref2 IHHUIER 26 28 &E 1Y ED BSA &b
BETHZERFEINTND (B), £Z TBSADTFA—Iit CABNKEET D
ME IR T DI, L TFTOEREZITo7T2, £, CADUNRF I VEIT
EAFUEME SRS T AR CAZEM L, T1vad BSA LIBRE LA %
aRX— L7z, TOH%, VD RAZ T vT 4 U TIEICL > TEAF U 4EH CA
& BSA OfEGIRERE LTz, 12, FA—NEDOHRI)72 T VI LA THD N
-TF <l A I K (NEM) 2T 52 & TRISHIHI SN (Try 7 &
2) MEDIDORE A EM LT, TORE, A F 4% CA & BSA ZERG L
bDiF, 7w —7 VU7 T —TRrH &7 BSA LR ULEICT B Y
Y EROGT BN Rz & iz, F72, NEM BERGTFIICE DN RITIHK
L7 (Fig. 14A), T b DfEFRIL, CAREHED Y AT A VEKICHEART S
Z BRI L T,

RIZ, CAMFEBRICT AT A VEREEFEAT D200, THETHILEDL D 2B
TREAT DONEHRT D7D EEREMR AT A VEHTF R (GSH)
ZFHOVTRETET o 7o, BSOS, SRERRIIEN O BREE IS WS, 772> 5 GSH
R mM A4 —4%—, pH7.4, 37TCOEMETIT>72, CA & GSH % FEl&MF TR
JEEHE, XA La—REBSTH 7Y 7L HPLC CEBMLEE 2 A, kA
AR SN RN —7 N B L7z (Fig. 14B), 18 Kffilt2., W L7 CA @
95 175 mol A EN Tz, ZOE—7 258 HR L, WEERT 4 £ L
7o TOREE, [1]1 CA ® 'H-NMR THiH &5 6.332 ppm O E—72 (C(14)
IR LTWDHIKE) BDHEL TWe, Z0Mo CAIZRET 5/KFITETH
&7, [2] 13C-NMR T CA @ CADIZIR/ET H E— 27 28 119.3 ppm 25

147.1 ppm ~ & RE EKEHIZ 7 P LT\, o CAHRDOE— 7|2 KX
REAITERD Do Tz, 12, [3] KIS NOESY fi#fr L7- & Z A, C@15)
—C(21), C(15)—C(22), C17—C(21), CA7—C(22)DKHZEDMTNOE
TAPBRHENTZZ X0, SR EE L, ZNODOREBITHEA L TWDHKEN
THELTWD Z ENRENT, £o, 0 F&I1X GSH & CABILARE LI2GE
ERIT 637.8 TH o7, LLEDORER L ZDMhd 2D-NMR O/ #rfE 1L, CA &
GSH % A= BRAY 70 S ISV R T RS S/ TR B VT2 IS EER A3, CA @ C(14)
EVATA T A NVEREERES LT EWTH D Z L AR LT (i
% Fig. 14B 2R L7T2)
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1 2 3 4 5 6 7 8
A X . .
WB: Streptavidin - e au o R sl

Coomasie blue stain B —— B——

BSA(ug 1 1 1 1 1 1 1 1
Biotinyl CA(uM) 0 1 2 5 10 20 50 100

WB: Streptavidin D W e e

Coomasie blue stain ... - S——— p—

BSA(ugg 1 1 1 1 1 1 1
Biotinyl CA (uM) 0O 10 10 10 10 10 10
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Fig.14. hiL/ D UBD VA T4 > —SHREIZHT 5

7 ILXILIE{ER

BSA (1 yg/lane) was incubated with various concentrations of binotinyl CA for 5 h at room temperature (r.t.).
The obtained samples were subjected to WB (upper panel). BSA was preincubated with NEM for 30 min at
r.t. Vehicle (lane 1) or biotinyl CA (lanes 2-7) was then added, and the samples were incubated for 5 h prior
to WB (lower panel). A duplicate gel was stained with Coomassie brilliant blue (A). GSH and CA were
incubated and slowly mixed in 50% ethanol-PBS(-), pH 7.4, at 37°C. GS-CA formation was then quantified
by HPLC. The chemical structure of the GS-CA adduct was confirmed by lH-NMR, 13C-NMR, and nuclear
overhauser effect (NOE) analysis. NOE signals were indicated by arrows (B)
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v v UBD Keapl ~DFES
Wiel kb, VATA v OF A= E CAITRBREERTIIRAT O LN
IRE T, TliE, FEBERIZ CA X Keapl EHIIENTREAE LD DD THA I, =
DEER &R H7-012, CA ZBHT&E 5 L 9 v 4T ik CA 2 VW CTRgt
AT o7,
AREBHRZRTIE, Keapl ORIEENEN>T2720, Keapl BEAT ¥ —
(pEF-Keapl) # F 7 A7 =7 v a3 L Keapl & K& IH7- PC12h
faz s Z L2 LT, Keapl AN X —F T A7 =27 v a v 24 FfE#&IZ
B F AR CA Z M IIN Lz, BT 24 FFfEIIEER L7 IS/l 7 A & —
FaEFRE L, GEREE IP) Ik TT ey EiEaTo2b0, bbby
FF UMb E R RIN L, ENE T = AX T a T 4 TIEIC K o ToOlT
L7o, BHNZIEPT Keapl $URZ L L7z, £ ORR, B4 F 2k CA 230
L7z M D56 O A5t Keapl HUiRIZ L » THBEZR N sk sz (Fig.
15A), Z OFERIT. CA 2SN T Keapl IZFEAT 2 Z & 28 RIB L TV,

KIZ, CA @ Keapl fEEEBROREEZTHZ L2 HNE LTEREI T, <
TARLT v FD Keapl IZIZ 25 HDO Y AT A > (B N T 27T) nH 2 Z &2
MBI TWD A, N Rk, C RimEi o /MIZZ D% 5 BTB, IVR, DGR
I D 3 >DmEENH S (Fig. 15B), =D 5 H BTB & IVR fElilcH 5
AT A v OFF—H (BTB: C151. IVR : C273. C288 [Fig. 15B RFETH
R]) DL Ry 7 2o —E LTEHEREEZRIZLTEBY . ZhoBmRE
flicihvdZ e Tarryr—A—Ta BRI Nef2 D5 @RIE S s 2
ERHEIN TS (6), 2T, BTB, IVR, DGR fHiZNZh % KE S
fe~<w 7T = (HA) £ Keapl 38~ ¥ — (Fig. 15B) =M\, & HE
WO FEEE R AT (Fig. 15C), fMlRIZENENORY X —%EAN LT, ©F4
F A CA THEL, TOMEOT A — M2, 7TV EHRe— X%
AWTIP (IEILRIE) Z1To7-, 2OV T NE T2 RAZ L TayT 47
T, FTHA JUR TR L7z, £ OfER. HA-Keapl WT R ELA~ 7 & — %38 A
L 72 AR CIEBHBR 223 RV S 7=zt L, BTB K4H Keapl FE A7 ¥
—IE G TIE N RAFIENE R LTV, IVR K48 Keapl SEHA 7 # —H A
M CHEN 2D LD N E O BTz, DGR K4 Keapl BEA7 X —E A
AL TR TR O LR o T,

CA W AT A XRXTF ROFA— LIS L2 & (Fig. 14B). XU CA
1% KeaplWT IZFEA L7y, ZOfEAHEIL BTB 82 KIBTHZ L2k > TH
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LLWFI L2 & (Fig. 15C). 2N HDfERIZ, CA 2 BTBEIED S AT A
WBRIRAICHRE ST 52 & 2R LTz,

A

B

Biotinyl CA - + [Wild Type] Cysl51 Cys273  Cys288
HA'KeaprVTCc ® | € e a6 s BEEEEEEEE o oo
75kDa - NHz»M -COOH
el = BTB IVR DGR
e
50 kDa - _
[Deletion Mutants]
HA-ABTB Keap1
75 KD - = O =N —— " —
'— g HA-AIVR Keap1
s0k0a- S || ™= -
HA-ADGR Keap1
NH,- =\/=-COOH
C 1 2 3 4 5 6 7 8 9 10
75kDa =
e el
— gy
50kDa =
37 kDa - -— -

INPUT P

Fig. 15. AL/ L VEED Keapl—BTB fBEADRIRWES

Biotinyl CA was added to PC12h cells. After 24 h the cells were harvested and then the lysates were subjected

to IP with strept avidin beads. The streptavidin-binding IP samples were subjected to WB using anti-Keapl

antibody. CAB: byotinyl CA, INPUT: no IP treatment (A). The structure of mouse Keapl wild Type and deletion
mutant Keapl with HA Tag (B). Biotinyl CA was added to COS-7 cells transfected with wild type or deletion
mutant Keapl expression vector. The cells were lysed 24h later and then the lysates were subjected to IP with
streptavidin beads and WB using anti-HA antibody. IP: immunoprecipitation, INPUT: no IP treatment, Lane 1,

6: empty vector, Lane2, 7: HA-Keap1WT, Lane3, 8: HA- ABTB Keap1, Lane 4, 9: HA-AIVR Keap1, Lane 5, 10:

HA-ADGR Keapl (C)
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w3 U BRD Nrf2 #RBITER
Keapl IFHIMEICH DT 7 F 2 7 7 A4 N—ITHE LTV D72, Nef2 (3l H o
IREETIE Keapl IZ b7 v P EVIIE I RELT 5 (7), LaL, ROS OHE
THEWEIZ LD Keapl MEffi SIS &, Nrf2 13 Keapl IZ X B0 % 91772 <
20 BRICBITERE TS L0185, £ 2T, CALEIZ X - T Nrf2 28N
WZBATT 200 E D D EiED D DT 0RBRZ2 AT o 7o, Nef2 O A 2 i 5729,
[ E L 7= AR A Hi Nef2 PUik CALBE L7-#4 . 306k 2 PR (B KO DAPI
(Bt - ) AWz Lz (Fig. 16), RULHE DA, HFoEtix
AREIZRTEL TV e, CARBRIZ K W BNICERBIND Z LRI,
PLEDOFERIL, CA X Keapl DY AT A » &fEffiT 5 Z L12 X > T Nrf2 DN
BATA#E L Nrf2-EpRE ORREE OTEMHAL 200 LT 2 tHEERBEO T B2 (i
ERPTEBE R 25589 5 2 & 2R LTV,

Nrf2 Nrf2/DAPI  Fig. 16. AL/ 2 VD
(merge) Nrf2 % RBITRIENR

COS-7 cells were either not treated (NT)
or treated with CA for 24 h and then
stained with anti-Nrf2 antibody (green)
and 4’, 6-diamino-2-phenyliode (blue)
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Keapl & O Nrf2DN DI L - T CA @ EpRE IEMHAVIER 238 7z
Z &5 Keapl-Nrf2-EpRE #%# % CA [Z{EMHALL TWD Z EVRI2 X iz
(Fig. 13), %2 [1] CAIZv AT A VKL LAEEET HEHZA LTV
(Fig. 14), [ 2] Keapl (21% BTB, IVR, DGR = EINDMEKIZ T AT A 5
EET 55 (Fig. 2, 15). BTB }O'IVR 8l (3512 BTB fEIR) (@8 IRAITHE
BT 5D ENREERE Keapl ZHWIZFEROFE R D 6 27z (Fig. 15B,0),
INHORERENS, CA X Keapl-BTB v AT A VLD F A — L ZER/i+ 5 =
L2k, Keapl-Nrf2-EpRE &R 0iEMALZ5l &R+ B2 607,
ZHIVE TIZBIE - HEWEIC X 5 Nef2 iEM kX, 2 Keapl @ C151 (BTB f#
) ZEMTHZEICL o TRIAZENRENTWVDE11), ZnAHDmmAE
SREGELONTEEREHDOE TEANIL, CA LLOBE FHEWE RIS
Keapl1-C151 ZEfidT 5 b d, LLAERL, ZNERAMEIZT L7201
1%, il 21X Keapl @ C151 % & U NNIEXTZEREEZHWTOFERL ETOM
AENMETH D,

CA L FF— NN EFHEETHEICHOWTIZ, UTOLIcELBND  F
9. CApfbanx /i bd e (CAX V), o, B-REafmsr bz &5
TEOBETHWE 70D, CAX ) L, ~A T AIEIGED T 7872 —& L
TE, CAXx /2D C(14) (k) NTFA—NVIEORBKELEZ HIFL AT A&
LHEEEGT 2 (Fig. 17).

RATIL
e IR
2H Cys-SH
(Keap1)
CA CAx/> (BEFE)

Fig. 17. hIL/ D VBRE DR T4 > —SH & D RIGHERE (HE)
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UbDZ &t UITORMNBEZ bz [1] B EA N L AR E REEC
bhéx, CAIZEHERILINEZLIZE>TROS A AU L, bRy A
NURZRJT 5, 2O CAITFx 2 MfbEins, [2] wiZ, Keapl OFFZ BTB
IR DT A — v (C151) 28, ¥/ b L7z CAIZT % v 7 L Keapl-CA 11
KRR EIND, CABMSINTHZ LIZL»TKeapl REX A ~v—D I 7
— A= g VEAENET., Kepal @ Nrf2 % b7 v 74 567103k biv, Keapl
BN L2 X F o —7nT T Y — LR D Nref2 [Zikiv s, Nrf2 (3 1E
HHICHH L TV DT, RIS Nef2 BEOH KA Z 5, Nrf2 13U VRl
) ITERASEAT, VT 2 SR OB FREFLENE Z 5, 0 2 tHEFR
(X B LAY A b L R EAERBIE OB E A R, oE 0 CAIKIL] &[2]
D 2 BePEDAHFAIAT K - TR 2 BRI 72 A B L AN BSF - TV 5 ATREMED B
Do [1] 1TEPHITEZ Y, [2] OBEFERBLAEE D BERRONTD LiEN
DRFHANCE Z 2 & F 2 bvd, FFE RS T Tl o CA 13 24
FILAPIZIE R Lo, EahiEld 24 IFRICL BFsfe L CWe (Fig. 7). FefkAaY =
RUABEWIGINZE CAIXF / AL LBE FHHEICZ DT W EEZ 2 6N
L7, BERA R LA Z S TR0 TVWRETICE VLT, CAIFE Y i<
Keapl-Nrf2-EpRE #2# 2 1E AL LR 22 AR 2 J6 L 5 2 D0
LAV,

ROS 2 £ 5 Nrf2-EpRE OIEMEALIEM X, @% ., BETHEWE LI LH N &
DRI TNDA2), Fo, FEFICHROEE FHEWE. 121X NEM 084,
Keapl IZHEA LN B 10 LA Nef2 IEMEEZ MG T2 2 03H 62 L b b T
Wb, TOERKRE LT, SERENMES K, Nrf2 DV 2T A VIR EMT 5 Z
WS TARIEMAELTLE D Z LAURENTWAH(13, 14), Ml
Keap1-Nrf2-EpRE % /1 U 72 AR PHHHIEERE 1 & - TRIFIINETR 2 @V iz SR gL
b, WL A L 22 TWd, Lo, KEDO ROS M7 E T
PEMEICHE S NG, IEERIERICE VR X ICEIRENES H 5P 5 H O
ZALEAT L T L X O 72omEN L <, Nref2 OFFEMHAE Z DI o)
H LALRN,

— 5. CAlIrn—A~ ) =l bEZLFENTNDLRY 7= /) =L ThHD, v—
A2V —lTHLSMBANRL AL LTHWLNTEZNA—TThH, EVERER
WD EnD, CADOHEHRITENEEbNDS, EECAZERLE LY RICH
PEIZERO LTV, /o T, CADE IR Y 7= ) —LDFHE, BFHL
ML SN THRETFHEWEICZ2 > THZOBEFHIZEUTERLS TRV,
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BZMOE N o — & LT & AT A 2585 (Keapl-C151 %) 125/ LT
BIRAITAEA L, BESHIC VWoss Ly, E72, Nrf2 I2k - T s
NSRS (Fl2IEF /2 ) X0 2 —Pr) RNEMEHIcES LTV 5 e
MLEZ NN, FEARARANLETHS,

PC12h fifRlzxf L, CAIIMMORY 7 = ) — o8l W E 12 LTl C
5\ EpRE S5 515 LIER 278 Lz, L L, oo LT, gy
5\ EpRE fEMEALERII R & evo 72 (Fig. 6,8), ZDZ &b, BEHL

CA/CA %/ X, PC12h #faiZkt L Cix Keapl IAMZHIER T2 Z Lk
T, Nrf2-EpRE OiEMHALZFHE L TWAHATREM N B 5 & Bbiiz, = Okt
ERES 5 Z ERTE UL, BMEOE WIS OBRFIZ DR D0 L7,
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— B bE—

TV RO RS R b
AEARBE AR TR PEAL D A T = X A
(D 2)
—Nrf2 RO F— BRI 2 A L7 iR L & A (R R D T 1AL —

5—1. & i

FRAGHEIEIL, FRRRZSE 2 iR S, & ORISR D felnili /Ty T 7 A &Rk
L. M THBRIDELIT > TV D, TS & - TRUIBTEECSCH A 2 879 %
DEERMREREN TR SN D1, FTHE, PRI CHIRR O ARSI
o THERKEZRIZTRY l=a—n br7 ) REAHENE @), =
—u a7 g 0, HRREER T (NGF) BEEER 77 7 2 U —O/RHTH Y,
NGF. BDNF. NT-3, NT-4/5 23 6TV D, MRS O AfF#ER: . srbds X
OHERERBLUZ L > T=a—u b7 4 NILHEDOKTFTH Y | MR L
THIRE IS R 5 BRSO LR TS B R . 7R b — 3 AMHIE A 55 &2 %8
i 5, £lo, MRRAMEICH L THIREM Z T 25 2 L0 h MR ZErER A
DIEFE~OICHP RS TS, LnLens, =a—wa ha > ¢ Ry
F R ToH O RMEEE TR 2 @45 Z LA TE W), RIS
(CE S THAICEIE L =2 —r bu 7 ¢ URRIEM 238§ 2 AIDOBI RN E £
nTVnD

e == V&i*ﬂﬂﬁ%ﬂiﬂ@%ﬁa:%é:1~m Fa 7 IR (TrkA,

B. C%) I8 L TIEHT %, NGF 084, TrkA ICHEA L. TrkA DEE Y
VIRfbEOEE Z L, ®IZ Erk1/2 X° PISK iﬁkﬁ%ﬁ 72X —EOEM L EZET
(8), TrkA 1%, NGF BfEAT 2 LN~ EBIT LY 7 T RiEE i 23, NGF
[X p62/ZIP &£\ 5 BIGEAORBEAFHFET 52 LMo TV @), Filr,

FREL R AMIRER PC12 J O HiB5 128\ T, p62/ZIP £ & NGF 1 & ORI HIBE
PEDN S D Z & 3 S 3U(5-8). p62/ZIP 73 TrkA OFMIAN~DBATD b U v F—
ELTHEEREHER LWL Z ERAHEN (Fig. 3) 9,10), 7=, =

2—8 ha T 4 BT D EMREMNEZ D T ENA LTV DN,
p62/ZIP / > 7 7 U b~ A1X, AD BROJER R 2 & A S Tunw A1),
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—J5, Nrf2 {2 X > T p62/ZIP ORBNFEIND Z &N, ~7/r 77— Ufild
Bk RAW264.7 & W= EBRTHE SN T2 b D 0(12), Mk RMiEIZ BT
p62/ZIP DOFEBL Nrf2 OFE T2 D E 2 I AHTH - 72,

PC12 R OMifEIL, TrkA #3H L TH Y NGF I[ZIHE L THREEAMET D
EWVOREE A LIZMIlR CTH D72, NGF/TrkA OfEREREICBI 3 285812 L
EUIEHWSN S, BEENZ &2 Nef2 iIEHALER 25T 5R) 7= ) — L=
BETHEWEOHFIZIL, “WMED NGF 775 17, PC12 O Zefifif & 2 it <
FHEM., 77205 NGFHEERARH 2 Z EBHMEINTWEILORH S
(13-16), L L72n35, Nrf2 & NGF {EH & o BIEEIC B3 2 8 137 E L T
Wiginolz, £Z T, CAIZH NGF #RIEHIZH 5 D0, 65 & 94T Nrf2 X
p62/ZIP 23> TWDH D TIEAR W E WS G % 72T, PC12h % HWCTHF5E
ZAC IRy et
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5—2. EBRMEIMOLIE

miA K

NGFB i R&D systems & Y A L 7=, LY294002, U0126, K252a & X MG132
IZ Calbiochem £ YW AF L7z, DM F72383K1% Sigma-Aldrich X9 AFL
7o

m b - RS R D B 22 M OV i fif R AR O FIE O E

PC12h MifEi%, %5 2 B & [FIER/R 515 TR L7o, MARFEAE 48 FEM#IZ CA
L <X NGF-B ZEHUZHIN L . Fes ORFIET#E L7, &K 200 # OHMIfE Dk
REAZBZ LT, MROER (REFEOHAITEWST) L0 b EVMREE %
— AL B L TWDGA L fRRZEEDMPR L TV 2l (neurite-bearing cell)
EHIIL AT o LTe, MR ORI ZBER (Eclipse TE-2000E NIKON)
WZX VT2, NI U AT =7 v a a2 0501, e 24 FFREIZIZ - Z
VAT 27 a UEMEE SR L. O 24 G IR Z TN L CRIER AT o
776

7 7 A N RO EFEHIRIS L
pGL-hNQO-1 promoter-luciferase 77 A I K7 Z —DO1ERZ LLF O AT
X VHE7-, ADNQO-1 #EEE T L7 vE—F —ilkd 96 EpRE £ TD
Wy PCRICEVEME L7z, PCR CIZLLFO 7T A4 ~—%2H L7z : 5-GGA
CGC GTG CAG TCA CAG TGA CTCAGC AGA -3 (wild type H B> A 7"Z
A4 ~<—). 5- GGA CGC GTG CAG TCA aAG TGc CTa AGC AGAATC -3’
(mutant EpRE fi-v > A7 T A ~—[/NCFITE B Z ANT-55 &2 ~:3 1) (17),
5- GGAAGC TTT TTA TAT ATC CTG TCC GGC CCG -3 (7> Ftr o R) (4
), KPCR e X7 MIIZNZE1 Mlul kO HindlIl (F#CrL7T) #filfR
BEYA MG ATEBY., ~=a2 7 UZHEV, pGL3-basic vector (7 1 A 4)
D<wNFIrua—=T% A MNMIHA L pGL3-hNQO-1 promoter-luciferase
(wild type & L < 1% mutant) %757-,
PC12h {0 cDNA 7> 5 p62/ZIP HFA~ 7 2 — % (k3 2 7= 512 p62/ZIP O F
BT E LT T T4 ~v—%H\WTH7=, 5- CCG CCATGG CTT CGC
TCA CGG TGAAG -3 (2 &) /5- CAATGG TGG AGG GTG CTT TGA ATA
C-3 (7FrFtrR), PCRIZKVIEHE L7 DNA &~ =2 7 /LZHEW
pEF6-V5-His TOPO <~ % — (Invitrogen) |4A L. pEF-p62/ZIP (p62/ZIP
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AT X —) 3T,
p62/Z1P ReFi) /) ~ 7 % %7 H micro RNA BHI~7 % — (pcDNA-p62miR)
%1525 728, BLOCK-IT Pol II RNAi Expression Vector kit, Gate Way System
(Invitrogen) ZfEH L7-, LLFO—AE DNA : 5- TGC TGA TAA TTC TTG
GTC TGT AGG AGG TTT TGG CCA CTG ACT GAC CTC CTA CAC CAA
GAATTAT -3’ (ZIPmiR H top strand) & O* 5’- CCT GAT AAT TCT TGG TGT
AGG AGG TCA GTC AGT GGC CAAAAC CTC CTA CAG ACC AAG AAT
TAT C -3 (ZIPmiR M bottom strand) (KZFIIAF v k Gate Way (GW)
AT LDOZEH K 27 =—U 27 LdsDNA & L7k, ~==2T7 /Wt~ T
pcDNAG6.2-GW-miR X7 # —|ZHiA LV a—=2 7 %47 > 7=, 15 b4 7= ZIPmiR
FEHL~ 7 % —|% Lipofectamine 2000 (Invitrogen) #fHW T K I A7 =7 ¥
arylL., 77A MYy (30pg/mL) (2 2 BMRE (2 BB |TH#AH) &
% Z L2 X o T ZIPmiR ZEFRBIMR 2B LT,
Lipofectamine 2000 % &5 4 Fata O pEF-Nrf2WT, pEF-Nrf2DN,
pEF-Keapl X7 % —% PC12h ffifla~F 7 A7 =27 3L, 8% FBS + 8%
HS DMEM |27 5 % k33> 30 pg/imL 2 VRH01 L7554 2 MG % 2600 (2
HIs & (TG HAS ) . £ E 40 Nrf2WT, Nrf2DN, Keapl D% EFEHFE
PC12Nrf2WT, PC12Nrf2DN, PC12Keapl #flifid & 37 L 7=,

Wl 7 27— vkA

ARBEORERTIX, LR—¥ —i&f{s 1% pGL3-hNQO-1 promoter-luciferase
(wild type & L < 1% mutant) ZH\W7=Z ELDAME, FH2EER U HEICE-

TIT> 7,

mSmall interfering RNA (siRNA)

Stealth siRNA % Invitrogen {2 UK T 2 Z L2 K> TULTEAID T v b
Nrf2 Fr 89 siRNA 2437 : 5- GGG CUG UGA UCU GUC CCU GUG UAAA
-3, FERFEA 2 b —)L stealth siRNA (47 472 ba—)L: NC) 1%
Invitrogen L VEA L7 DOEZHWZ, siRNAD N F7 A7 =7 23 UiE,
Lipofectamine2000 % v~ == 7 /LIZHE > TEE L 7=,

nE &M PCR (q-PCR)
cDNA OFRHEIL, 2 2 FRL# D Tk & Rk HIETITo 72, 55472 ¢cDNA I
50 pmol D7 T A <~ —Z I U &N 20 nL (2725 X 9 RT-PCR ANy 7 7
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— (SYBR Premix EX Taq, TAKARA [Taq. SYBRGreen #%de]) ZWINL
77 77A4A—IZIZULTFTOLDOEH W Ty h=a—a 747 A M

(NF-M) : 5-AGG AGA AAG GGG TGG TCA CT -3 (> %) / 5- CCT CAA
AGGTCT CCTCATGC-3 (vt R) ., 7v k Egr1: 5-CCTGTG
ACATTT GTG GGA GA -3’ (£ RA) /5-GTG CAG GAG ACG GGT AGG TA
B (TrFrUR) Ty hMafK: 5- AAG TGA GTT TTC TGT CTT GTT -3’

(> R) I5- CAA AGA TAC AAAAGC AGT CACGG -3 (7 FkrR) |
Z v bk p62/ZIP : 5- TTG GCC ACC TCT CTG ATA GC -3’ (&> &) /5-GGT
TTG CTGACTTCCGAAG-3 (7Tt X)), v hvru7 U A5
ACA GGT CCT GGCATCTTGTC -3 (> &) /5-TTC ACC TTC CCA AAG
ACCAC-3 (7F>FER),Zv BT 27 F 2 :5-GTC GTA CCA CTG GCA
TTG TG -3 (> R) /5- CTC TCA GCT GTG GTG GTG AA-3 (7> F &~
A) o WEMEHIL. Chromo 4 Real Time-PCR analysis system (Bio-Rad) %
Mz, PCR &%, 94°C (1 43#) | #iv T [94°C (156 FH) . 60°C (1 %
[#1) . 72°C (1 22[#]) 1% 40 A 7 MTo 7o, ZNENOBIGTREL LU,
2EITOHEL, ZOYIUETT —ZIFTR Lo, £ X —FIVAZ U F— RIZiX
rm 74U AEHWEB L LORIEE LT,

aNGF ® RT-PCR
PC12h ML, 55 2 HiCdoo HiE L [ U 5L TH#E L7z, PC12h #iflaic CA %
WML, 24 FEfES# L7=%. TRIzol (Invitrogen) % F\>C RNA Z[RIIX, %G
(ZREE D HTET cDNA Z1ERk L. RT-PCR %5 L7=, BMEXIE L TT v b
(8 1ikn, 1) DOZEARETF A X LT1%, TRIzol IZ LY fliti L7 RNA & H W
7o 7I9A—13UTOLDOEMFEH LT : 7~ b ngf: 5 - CAACAG GAC TCA
CAG GAG CA- 3 (> A) /5- CAC ACA CGC AGG CTG TAT CT -3’ (7~
FrLR), Ty hBTZF 5 GAT CAT TGC TCC TCC TGA GC -3 (&
> A) |5- CAC CTT CAC CGT TCCAGT TT -3’ (7> Tk RA), TISG #ifz
X, 96 U = /L7 L— MZ 2 X 104E T >FkfE L7, £5H11%. Eagle’s minimum
essential medium (MEM) Z FBS (10%) , v vzt R oA (1X) &
WIERAET X /7 (1 X) (GIBCO) Z@mLizboia vz, 3 AREEE L
#%. Opti-MEM 4t (GIBCO) (BSA 5 mg/mL &4) I2A3HL L 6 0 L=,
Bt Az #alx 3 HE XX T o7, £ D% CA ZIRIL 24 KfE5#E L7-1%. Lito
J71E 7T RNA #[FIX L RT-PCR %17-72, 774 ~—IZLLFOH D% HW\ - -
t N NGF D77 A4 ~—% Promega fL L VAL, E N BT F 1 5-
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GAT CATTGC TCCTCCTGAGC -3 (&) /5-CACCTT CAC CGTTCC
AGTTT -3 (Vo FER),

wif B P R

PC12h. PC12NrfoWT # L < 1% P12Nrf2DN % 96 7 =)L 27—~ a—F 4
77—k (IWAKI) [ZFEFE L (5530 : 1%FBS + 1%HS il A DMEM £54#1) |
24 FEEG#E L7-RICZ VX 2 VR 1-5 mM & IR L 7=, 20 BEEZICHIBR D /S A
TEUT 0% MITT 7 &A% > b (Roche Diagnosis) (2% > CHIE L7,
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5—3. FERKUFHE

mbv) VORI X DR ERMERESE
PC12h iz CA 2RI LEEE L= & = A NGF RO ST, KA
IR RO ENFEI N (Fig. 18),

) =

E g0

2 2

= = 40

(V] ()]

Ke] o]

i g 20

S5 5

% O A L L ] % 0 L 1 5

0 &5 10 15 20 0 1 3 10
CA (uM) NGF-B (ng/ml)

Fig. 18. )L/ L VEED PC12h Hfa MR Ticm RS E

PC12h cells were seeded onto 24-well collagen- coated plates at a density of 10° cells per well in DMEM
supplemented with 1% FBS and 1% HS (low-sera medium) and cultured for 2 days. Then cells were
treated with CA, CS or rat NGF-b for 24 h at the indicated concentrations, followed by observation of the
cell morphologies by microscopy. Scale bar, 25 pym (A). The cells that have neurites after treatments are
counted and the means of three independent experiments are shown with SEM (B).

66



BRI EER 2 272 L 2 A, NGF O54 . 3ng/mL TEOEIT
7T h—IZELEZOIZ L, CA D4 15 pM TIFIER L -L O &
BN R A RIE LT, CA15 pM F CIIHII OAEFRICEEITRB O LR -T2
23, 20 pM TITEN 2D L BMERRO Lo, REOFERRIL, W 23y
fRY CA15pM THEJE L7z, MREEDOHEREIL, 2 —X~ U —Dy Th D H v
J V= (CS) TLIOLNT=A, FDREIX CAIZEE L THLMNIZFHWEL D
TH-oT,

miV ) RO Nef2 241 L= NGF #/EH

F2-4 O FEERTII~ 7 AD GSTYa s EpRE = 7 i@k & - L AR— 4
—ELTFT oA AN TERL TEZN, AETIE, £ F NQO-1 D7 11—
% —tEl (EpRE #&Tr) KOV D EpRE BlANIC LR A AN b D% HWTH
FRAEZAT > 72, £72 NGF 28 Nrf2-EpRE RIT/EH T % & 9 #1323  NGF
b FRIRFIZIRET 21T > Thiz, ZORER., CA IXIREEFNIZ NQO-1 V' rE—4
—IEME AR FHE L (Fig. 19A), ZOiEMEIZ, NQO-1 @ EpRE (2 R4 A
Nz iR —4%—#8r7 (mutanat) TIEERD LN o7=2Z &5 EpRE K75
MThHdZ ErrEn (Fig. 19B), 25 OEMEIZIZIE GSTYa @ EpRE =
THEE A W R L RS CThH o7 (Fig. 6. 2 %3), BEENZ L1c, CA K
VIRV H DD, NGF & I EMEIFAIIC EpRE Z 58 IciEMib+ 52 L 2 RHL
7= (Fig. 19A),

PC12%0#fla (PC12hiZPC12MIfEDFEDO O E D) 13, NGFIZIEF L CiEfs
THBAZEZ LT HEVIFEEZAE LTS Z Enb, NGFY 7 /Lt
DT LIFLITAWS NS, NGFIRIMZ X > THRERZMESED &0 9
etz b b, Z OMRKROMRIEE DR & ko b~ — I — RO MITITR
WHHBAMER & 5 Z & A3 BT 5 (18-20), S, Fig. 19 C, DITR Lz Xk 91z,
NGF & O'CATALEE L 7=PC12hfiifi TlE, #if& b~ ——CTH HNF-ME
NF-HOE [ VUL PR RMKTERIICEE R L, BRICNF-MOZEB A BHE Th - 7=,
FRE o b~ — I — KL, B - B HLICCAENGFOR TR E 223380 b
2o te, —J7. CARONGEF CHLEE L 7= Hifd CNef2 & [ L UL ESH L7203,
ZOFEIE, NGFIZHARCAIZ ) NEEFEICE - 12,
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Fig. 19. L/ S VB /NGF IZ& % PC12h @ Nrf2-EpRE
EHIEERARUMEFEEA

Cells were treated with CA or NGF at the indicated concentrations for 24 h and then performed luciferase
assay (A). CA (15 uM) or NGF (10 ng/ml) was added to the PC12h cells transfected with wild-type NQO-1
promoter-luciferase or mutant EpRE promoter-luciferase construct (B). Cells were treated with CA or NGF
for 24 h prior to luciferase assay. (C and D) PC12h cells were treated with 15 uM of CA (C) or 10 ng/ml of

NGF (D) for 0.5-24 h, and total cell lysates were then prepared. The lysates were subjected to WB
analysis using anti-Nrf2, anti-NF-H, anti-NF-M or anti-b-actin. NT: non-treatment. *p<0.03.
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CA 2L > TNF-M KW Nrf2 EEANGFHE SN AR Z i35 &, Nrf2 1
VAR DI D DNERE R o 723, XA Ao —ATHBMERH 5 X HIcBbh
7z (Fig. 19C), £ ZT. PC12h #i#¢53{kiZ Nrf2 235 L TV D O TiX7ZR2 e
EWVOGERE T CEREZT T2 L LT,

F9. Nrf2 Z siRNAICLY ) v 7 ¥ 7352 LI2L-> T, CAERKONGE IZ
L VFHEEIN D PC12h Ml D S GIZ N TH N E 5 ikl Lz, £ ORER,
CA OE S NGF 0566, MR OME (Fig. 20A) R UM&EMb~—7
—% 8 (NF-M, NF-H, MAP2) (Fig. 20B) (X, Nrf2 / v 7 Zv7 Z k- T
fil S, ARFEFRIE, Nrf2 PSR BICEE R Z R L TnDH T EERL
TV,

NT CA NGF

A

NC

SiRNA

Nrf2si

NT CA NGF

Nrf2siRNA -+ -+ -+
NCsiRNA + - + - + -

Nrf2 o e e
NFE-H o o S 0 o o

NF-M s o S S = =
MAP? TR T W =
B-Actin S S s s -

Fig. 20. AL/ VB NGF DD LEEERIZX T 5 Nrf2
VOB UDEE

PC12h cells were transfected with Nrf2 siRNA (Nrf2si) or negative control siRNA (NCsi) and then cells were
treated with 15 uM of CA or 10 ng/ml of NGF. After 6 h cell morphologies were observed under microscopy;
scale bar: 25 ym (A), and the whole cell lysates were subjected to WB analysis with anti-Nrf2, anti-NF-H,
anti-NF-M, anti-MAP2 or anti-b-actin antibody (B).
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mh v/ U BO Erkl/2 RO PISK %4t L= b BE/EH

NGF 1% Erk1/2 X° PI3SK-Akt 272 EDOFF—F DV UL (FF—F¥ DiEME(L)
EHETLZENMONTEY NGF oABMER (B 2 13 b EER)
FIZBWTINLOU VIMEOBBENEELRERH LRI LWL Z ERmbh
TWb, 2T, CARZINHEDOXFF—BEIEMHALT 50 E I MDITHOWNTHHL
7o FERZ Fig. 21 12k L72, CA X Erk1/2 KON Akt (PIBK DX —747 > kL7
5¥%F—E) oV ol (Erk1/2-P, Akt-P) ##EL7/7-, CAIZX5 b0
U UBALAERIE NGE (ICt~nidss <. U o4 5] &k 24 HFHIL NGF LV
HHEFFEN TV (Fig. 21A)

CA K ONNGF (2 L 240855k~ — 7 —NF-M O#F#E %, PISK KO Erk1/2 © Y
VAL & BT 5 364 (LY294002 K (X U0126 : U0126 % Erk1/2 @ L d

MEK1/2 BHEHRD) (2 k- Thflanse (Fig. 22A) . 2O Z L1, Erk1/2 KXW
PISK 7% CA 12 £ % PC12h S fbFFBICHH L TWAH Z & ARz LT\,

RIZ.CANREDLIZLTINbDF ST —ED Y bzl 23 OnEiE L
720 TrkA OFEEHSIE L TH LTV D K252a Tllfaz W L7-& = A, NGF
IZ & % NF-M, Erk1/2-P, Akt-P OFFE | IEAZE ITHH S vz, CA 054 H NF-M
OFEIL, K252a (2 X > Tl &7 (Fig. 21B) . 2O Z LiX CAIC L A0
FRMEFEIERIZ BN T TrkA IEHERMETH H Z L BRI LTz,

L2 L7235, CAIC L % Erk1/2-P #5813 K252a TlidlE & A EHEFE AT T
72inoitc, —J. NGFIZ XD Erk1/2-P OFFE I lEIN T\, 20
ZEnn, CAIZED Erkl/2-P OFFEIZIE, TrkA IXHF VG L THE LT,

BIDOKRHDI/INAT 2 A DHFHENRKRENEZZ LN, CAIZLD Akt DV U R1E
I3 K252a CTHERTAIZR N HELE SN TV Z & kY Akt-P #5811 TrkA 235455
BITIEHDENHE L TNDZ ENRB I,

Nrf2siRNA Z T Nrf2 % / v 7 7 > L, Erk1/2-P X O Akt-P OFFE|IZ 5.
Z D58 % Hi= (Fig. 21B) , NGF 4LEE L7= e Tl Akt-P 3 TE0 R0
il T2y, Erk1/2-P iEICITRENT O b o7, CALE LT
M CHIRIERERERTH Y . Erkl/2 © U Uk, 2% 517 Tk
D Tholein, Akt-P I3 LT\, 2o OfiRIZ, CAIZKL % Erkl/2-P
L TrkA K ONNrf2 &3R5 RI12ED D TH L0, PISK-Akt 2DV >~
ikl H5 AT Nrf2 O TrkA ORFBITEKFEL TWE D THDH T & &R L
TV,
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Fig.21. L/ O UBRIZ &k % PIBK R U Erk1/2 ;&ML /E A

PC12h cells were treated with 15 uM of CA or 10 ng/ml of NGF for 0.5-24 h, and whole cell lysates were
prepared. The lysates were subjected to WB analysis using anti-phosphorylated Akt (P-Akt), anti-total
Akt (t-Akt), anti-phosphorylated Erk1/2 (P-Erk1/2) or anti-total Erk1/2 (t-Erk1/2) antibodies (A). PC12h
cells were treated with 150 nM of K252a for 1 h (left panel) or Nrf2 siRNA for 24 h (right panel).
Subsequently, the cells were treated with 15 uyM of CA or 10 ng/ml of NGF for 6 h and the lysates were
analyzed by WB analysis (B).
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CAIZ L% Erkl/2-PHEED A I =X LI ARHFTH DM, &L, HxREAICE
W, VAT A VEREOBRALIHERG N S 7 MR E LA E & B L
TWNDLZENRLN->TETNDH@QD, BlxIX, RasiZix, o —& L THL &~
AT A NGBV . NGF 12 L5 Erk1/2 i&MALiZ. Ras OELAERICE KX
THZEPRBEEINTNDQ2), 1E-T, CAb Ras DV AT A U EEHMiT 5 Z
LI Ko T Erk1/2-P OFELEZ T O LiLeu,

F£72. TrkA-P L PTPIB EMEEND 7+ A7 7 X —BIZ Lo THY b
DM, T, A Y FATT — NHERN PTP-1B O AT A VLA Efifid
HZEILESTTART 7 2 —BIGHZLE LRI NGF IZX > THE S
5 TrkA-P O L~V % B Erk1/2-P L~L a2 mEbh 5 2 & N S n7-(23),
CAICHRBERMERR B Db L\, 72720, CAICk->THEIND
Erk1/2-P X TrkA [HEA] (K252a) OEEZIFILEAE I T RhoTZ &b,
bolzL LThENtbD L Ebhs,

miv ) VBRI KB Nrf2 EFEEA & Erk1/2 RO PI3K DBER

BLERZRN 2 L IZCALZ L D Nrf2D EFE(EtE & Erk1/2-P, Akt-PifED ¥ A L2 —
A FFFE—FE LTz (Fig. 19C, 21A) . ZHALE TIZEODOBUE HEYE N
Erk1/2-°PI3K-Akt OFRHE 2 TEME(L 35 2 & N ST 5(24, 25), & 2 T,
CAIZ L DNrf20 Ik 5 F T —EBHEA ORI OV TR Z1To 72, £
DOFER Fig. 22A1Z77 L7= X 912, CAIZ kX ANF-MOFHE K O'Nrfe &1L PIsK
K OMEK1/2MHEH] (LY294002% 1*U0126) (& - Tl Sz, NF-M#siE
FWTHOER S HE L7223 4% 120012612 & - T LE S vz, — 5. Nrf2
HIEITFFICLY 29400212 & - Tl < B S L7, [AARIZCAIZ X 2 EpREHS B IS ME
{EVER 5 O % F—ERREANT X - T S 47z 23, LY294002(2 L - CHHFE
WZPH <A, U012612 X A FHFILE 28 & O T Lo 7 (Fig. 22B)
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Fig. 22. AL/ L UB&IT &K B PISK - Erk1/2 4 L 1=
Nrf2-EpRE ;&L R O3 LEFEEER

PC12h cells were treated with 30 uM of LY294002 (left panel) or 10 uM of U0126 (right panel) for 1 h and
then the cells were untreated (NT) or treated with 15 uM of CA or 10 ng/ml of NGF for 6 h. The whole cell
lysates were analyzed by WB analysis using anti-NF-M, anti-Nrf2 or anti-b-actin antibodies (A). hNQO1
promoter-luciferase construct were transfected into PC12h cells. After 24 h LY294002 (30 uM) or U0126 (10
uM) were added to the cells 1 h prior to addition of CA. Cells were treated with 15 uM of CA for 24 h and
then luciferase assay was performed. *p<0.03 (B).
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U bfEREZFE DD E, CAICKD PCL12h /MbisEmiE Iz & b

[ 1] Nrf2 {47 T PISK-Akt {EVEITER /AU L TV D %

[2] Nrf2 FE4cfEi, Erk1/2 - PISK &M (%712 Erk1/2) {K1F%
DIFELTWD EEZ BT, [1] 13 Nrf2si 1< Xk 550 basEmdl (Fig. 20)
Nrf2si (2 L %5 Akt-P B (Fig. 21B) . PI3K FHEHNIC L %5 NF-M #FE 0
il (Fig. 21A) OfERMOHEE SN, [2] ENref2 / v 7 X0 LIEGA,
CA &8l - NGF /L4 Erk1/2-P OEINTIZITESB) L 72> 72 (Fig. 21B,
Akt-P 3BT HBICIED - [1] oFR) 126 B 53 MEK1/2 BEEHAI - PI3K
FLEFDO & H 6 T L7-84 b CAIC XD NF-M#FEiTEd L2 & (Fig.
21A) oI,

Erk1/2 & PI3K (%, CA 2 X 550{btih8/EM & EpRE i&MACIEN O 712 % 5-
LT 52, CA#BY NF-M i Erk1/2 [HERID1X 2 2358 < #1iil L7 DT, 431k
FEMERICHR LT Erk1/2 DIEH5 8 K F > MMofE, —F5,CAIZ X 5 EpRE
TEPE(RIE PISK FHERIOIZ 9 23 L 0 & < #1ii L7 T, EpRE {EPEL/EH IR L
TIHEPIBK DIEH N RIF v M TV D EE 2 BT,

niv ) v B E NGF Oz Bb 2 BEFREOFEIEH OFEN
MRRIMEIZ B D 2 B T ORI H T2 2 2 EBIZCAENGFORTED XL 9 7¢
HEWD D DD EHERT DO T DOERZIT 572, NGFIdkk~ 7285 788
ZHET 5 0N26). HbiHEICEfR L TV Degr-1, p62/zip, mafK & b~ —4
—ToHHnf-MIZHOWTqgPCRTH A Lha— R &> THEf L7z, MafKM&
p62/ZIP I3 i i ENGFIZ X % 0 bFF RIS HWATH 5 2 & APCI2M Iz BV TR
SHIEEATHHME,T,27), p62/ZIPDFEBUINI2IC L » THII SN TWD = &
N~ a7 7 —URHIERRAW264. 7THiE TR ST\ 5(12), FEH %4 Fig. 23
(TR LTz, ikl L7240 D& 5+ D% BT, CARUNGFIZ L~ TaT kL,
CAMKONGFIZ L U nf- MBS FHEBLIL24FFH] T12-146512 & EH L, CAL
NGFIZRERZETRO b oTe, £o, ZORERIL, Fig. 19C, DIZ/R L2
NF-MEHA LSV DH A La—ADFEREIZIE—F L Tz, —F., egr-lDiF
EFRBEFEDRIINGFDIT O NEEEIZ S o7, ZHUsx L, mafKE O
p62/zip DR ELFFHENFIXCADIT O NWEEFEIZHEm N >To, T HORERIL, CAIC
KD MMEF B IINGF E B L TV Db 2 b0, BIfIZEReD 2 &
R L TUW T,
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Fig. 23. AL/ L VEER T NGF 2 & 3R MEFEREE
EFHEBENEDLLE

15 uM of CA or 10 ng/ml of NGF was added to the cells and then RNA was extracted at the times
indicated. The mRNA levels of neurofilament-M (nf-M) (A), egr-1 (B), mafK (C) and p62/zip (D) were
examined using quantitative PCR. The value of NT at 0.5 h was arbitrarily set as 1 and the relative values
were presented.

miv ) T UBRIZ K B ALEEICRT D p62/ZIP DR 5.

NGF £V & CAIZ X > TX V< BB FREDFHEE S L7z p62/ZIP K O MafK
IR, R REE AT Z ERBRICHE SR T2 D, CAIC K
% PC12h O/ LB B ICIL. 2N O MG ORF A TFE L TS LB b,
MafK |3 Nrf2 & ~7 1 ¥ 1 ~—%fk L EpRE |Z#5& L EpRE #8255 2 3%
BT HEATH L0, MafK O EIREEMIZIL, Nrf2-EpRE £ O 41b
WL TWH00s Livivy, —J, p62/ZIP I% Trk > 7 F/VICBH LT
HEATHHHN (Fig. 3) . AHFZEICIBWTIE pb2/ZIP DR ENTIE S % & THIZE
DD L L Lz, Fig. 24A 2R L7z XK 912, PC12h fifid % Nrf2 #5511
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siRNA TULEEJ % & CA K U'NGF I X 5 p62/ZIP DR BB E I TH S iz,
Z OFERIL, PC12h MRSV T, p62/ZIP DIEHLN Nrf2 (KfFHITHH Z &
R LT, IS, CAIC &k 200 bF 8 &k O ZE M R aH 8 RT3 5
p62/Z1P DB % 5 7=, p62/ZIP FF 1K) microRNA  (ZIPmiR) D% ER
81 PC12h #jukk (p62/ZIP / 7 &' w7 PC12 #llR) Z 13 L CTat 21T - 72,
FALTZ@ Y, p62/ZIP /v 7 #1712 k- T CAIZ k% NF-M OFE Tk
L. fMiloEbZEMEMESNTILNEE TH-7 (Fig.24B,C) ., T
5O, CAIC X DMEFFEIC p62/ZIP NEEAREEZ R L TWHZ L%
AL TV

A NT CA NGF B NT CA NGF
Nrf2zsi - + - + - + EV ZIP Ev ZIP Ev ZIP
NCsi + - + - + - miR miR miR

ZPwmelWWw P WS
B-ACtin — — N ——— I\“:'I\/I_

B-Actin — — N ——

C

ZIPmiR

Fig. 24. AL/ L UBED p62/ZIP FZEZ N L -t H1tH
BEH

PC12h cells were transfected with Nrf2 siRNA (Nrf2si) or negative control siRNA (NCsi) and then cells were
treated with 15 yM of CA or 10 ng/ml of NGF for 6 h. The lysates were subjected to WB analysis with
anti-p62/ZIP or anti-B-actin antibody (A). ZIPmiR or empty vector (EV) stable transformant of PC12h cells
were treated with 15 uM of CA or 10 ng/ml of NGF for 6 h and then the morphologies were observed under
microscopy. Scale bar, 25 pym. p62/ZIP and NF-M protein levels were examined by WB analysis (B, C).
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maNrf2 & p62/ZIP Z N LR TT 4 T 7 4 — KR 7 A—T DR
RGBT I T, p62/ZIP % PC12h #IRIZ &K JEH S % & EpRE #5557k
MENFEIND Z 2R L7 (Fig. 25A) . Nrf2 (2 X - T p62/ZIP OFEELA
FEEINDZ LS (Fig. 24A) . Z D3 GIE, p62/ZIP-Nrf2 O TR T ¢
TT7 4 =R I =70 PR EINDZEEREBTIHHLOTHoT-, Fiz,
CA X O*NGF |2 & % EpRE B 5IHMHACIENIL, p62/ZIP / v 7 X0 12 k- T
milEn/=Z &5 (Fig. 25B) . CA/NGF #:& EpRE i&EMA0IC p62/ZIP M3 %
HLTWAZ ENWRENT=,

HIZ p62/ZIP |2 X 5 EpRE S5 GYEMA/EM L, LY294002 (T K - Til < #7ifi] &
Nz Z &b PIBK-Akt IKFHITH D Z L v S /- (Fig. 25C) . NGF I
TrkA Z &K% U CHER$ 572, NGF #%% EpRE fz 5% AL /E A 1% TrkA
IHEFE L TWD EEZ BN D, FHENGF (2 X% EpRE iz ZiEMALEM 13 K252a
IZE > TR LIZZ b, RERRIZBWT K252a 1358412 TrkA O 7'
VAW LTV D Z LRI STz (Fig. 25D NGF vs K252a + NGF) , — 57,
p62/ZIP 1Z X % EpRE DiEMALIZ. K252a TIELMHLE S e - 7= (Fig. 25D: ZIP
vs K252a + ZIP) , LA EDORERNG ., p62/ZIP-Nrf2 R T 4 77 4 — R\ 7
N—7"@) 1% TrkA FHEFHINTR Z % £ B2 bz,

FRORST 4 77 40— Ry 7 —70) 1%, TrkA FEEFHINC p62/ZIP |2 X
STHIVIBDZLETHIN, CARFOEAICIE, BTk ) —DDRIT 47
T 4= KR I =T @)DIEEBE Z > T D ARENENE 2 b7, 7872 6
Geetha ZElX, TrkA ¥ 7 T VGEEIZIE p62/ZIP BV ZETH H Z & 2WmE L T
5(10), ARFZEERICHE VT, NGF 2L > T EpRE{EHLAFHESIN L Z L&
R LA, 2T TrkA 7L EpRE ZiEME(L L TV A Z L 2R LT
W, —JF. CAIZ X % EpRE #E0EMHALIER &, K252a 12 X - THHI Tl
Holen, AEICHEINTZZ 006 (Fig. 25D: CAvs K252a+ CA) . CAZ
X % EpRE #5758 2 TrkA N ES5 L TWD Z ENREBEINTZ, ZHHDT —
Z X0 CAXEEL 7= PC12h #ifa CTlE, TrkA {772 p62/ZIP-Nrf2 AR 7 4
T7 4= RNy —T7G0) bERIN TS EEZ LR,
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Fig. 25. AL/ L VBRIZ &k % EpRE SEMILERICX T 5
p62/ZIP DR E|

hNQO1 promoter-luciferase construct (wild-type or ARE mutant) and the expression vectors (pEF-p62/ZIP
or pEF-EV) were co-transfected into PC12h cells. Luciferase assay was performed 24 h later (A).
hNQO1lpromoter-luciferase vector and the knockdown vector (pcDNA-ZIPmiR or pcDNA-EV) were
co-transfected. After 24 h cells were treated with 15 pM of CA or 10 ng/ml of NGF for 24 h and then
luciferase assay was performed (B). hNQOZlpromoter-luciferase vector and the expression vector
(PEF-p62/ZIP or pEF-EV) were co-transfected into the cells. After 24 h, the cells were treated with 15 pM of
CA or 10 ng/ml of NGF in the presence or absence of 30 uM LY294002 or 150 nM K252a for 24 h and then
luciferase assay was performed (C, D). ZIP: ZIP expression vector, ZIPmiR: ZIP knock down vector, EV:

empty vector, NS: not significant. *p<0.03.

78



wlv ) v BD NGF EEARESR

EROFEFFER LY. CA ® PC12h Mz x 3 5 ERICIE TrkA 12447 L TV
DN DD Z ENTBENT, NGFIXZTrkA DU B> RTHDHZ Enb,
PC12h (2 NGF FAHiRZ I L THEE L TAILEZA CAHV R LIZED S
TR L T LE T, 2D Z LI, REBRSIFTIX PC12h OAAFIZ NGF
INLEATH Y EEHFIZ NGF MFEL TS Z & AR LTV, B iirh o NGF
NEIN L= MGk TH % D>, PC12h 355 L7126 D DI ARHZ 728, CA
I PC12h @ NGF BHZ2FHET 5D TIIRODEWIGERO L & B Z 399
T2 o AR 2 BRFET < CA THLEL L 72 PC12h #ilL ngf &1 3% RT-PCR
THER LT-, fii%% Fig. 26A 1k L7=, = hr—/L (vehicle) Tix. PCR 35
YA 7V THENT ngf OB EHERTHZ ENTEXTDIZRI L, CA TRE L
PC12h #a Tl &M ngf 3N L5 LT,

A B
PC12h T98G

genes vehicle CA Dbrain genes vehicle CA

ngf-B8 - NGF-8 [
B-actin ee— —— — B-ACHN  sess Sn  Beas e
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Fig. 26. hJL/ L UEEIZK B
PC12h ##ZHHIE R 1A T98G &
) 7#IRA D NGF HIHFEHE

PC12h cells were treated with 15 uyM of CA or vehicle for
24 h and then ngf gene expression level was examined
by RT-PCR. PCR was performed for 35 cycles. The
obtained products were subjected to agarose
electrophoresis and were detected with ethidium
bromide. cDNA obtained from rat brain was used as a positive control (A). T98G human glioblastoma
cells were treated for 24 h with vehicle or 50 pM CA and then were examined by RT-PCR. PCR
products were detected with ethidium bromide. PCR: 25 cycles (B). T98G cells were treated with 50
UM of CA or CS and then NGF content in the cultured supernatant was measured by ELISA. The value
of no treatment (NT) was set as 1 and the relative values were presented (C).

=
(62

ol

NT CA CS
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PRAEAR 2 TERC T DAL, MM (=2—r ) 2L ORI (7Y
T) AT B D, AR Tl NGF OFEAIFTIC 7 U THaA#H - T b
EBZDLNTWSD, 22T, & M7 U THIKK TH 5 TISG Ml NGFHELC
DOWNWTHBFTEIT- THhT, ZTOREE, PC12h TiX 35 VA 7 WM ETHHT-
Dzxt L (Fig. 26A, vehicle) . T98G #fin TiL 25 A 7 /T NGF %*ﬁb’jTZS
Z L Tcx 7= (Fig. 26B, vehicle), Z ™ Z &1, T9I8G #ifuix PC12h Hifaic
LT NGF%EBBELLT\WAH Z & &R LTz, #iZVWziX PC12h -'rﬁﬂ’mv\
WL TS NGF BIZ < ENRETHLZ EE2TT HDOTHoTz, £72.TISG
HIFIZ BV T H CA THLHE L7 MifE CIiiE L < NGFRBN EH LTz (Fig.
26B)., EFs. CA TRHE L 7= TI98G DEsif o> NGF D& 118 % B s i E Vs
(ELISA) IZX > THIE LIz & ZAZFE LW bz (Fig. 26C),
KT, U A2 CA B LHRE57 252 L THANO NGF BN EFTHZ L
RS S 7-(28), if: =AM TISG Hifn % V- EER T CA 2k 5 NGF
RN Nrf2 (RAFAICHE 2 5 2 L 2 ME LTV 5((Q9), it-> T, CA&H#E LT
%, CA ifrﬂaf%fﬂﬂﬂﬁ ZIE B X D) Nrf2 AR EiseE 2 i b3 5 L3k o
UT7HRICOIERT 22T, 77U THIBE2 GO NGF BB AFHE L, £l &
S>THhMRREFER L RET b0 L Ebh D,
NGF 78 TrkA ZRIKICEAT2 &, TrkA IZHCY Vb a Z L, U UERfk
TrkA (TrkA-P) 23FFE S5, PC12h fllEIcB VT, CA M NGF B Z3HHE
THZERBOOLNT-Z LD (Fig. 26A) . CAIZ X > T TrkA-P AFFiE &
HARBMENB X biLle, 22T, Yz AZ T uavT 4 728> THER
T3, TrkA-P OV RERET 2 Z L3 TE oo dz, Ziud, CAlck-
THEIND NGF BIFADENRETH Y | FHE S D TrkA-P 2RI
BELTWRNTZeO TIERWNEHEE L TS, FE, NGF 74 Erk1/2-P
23 K252a THA L7=DIZH L, CAFHE Erk1/2-P 13, 12 & A LR LigiroTz
(Fig. 21B) ., 3725, KIZ PC12h fifdd NGF BENFHEIND Z LT X
> T TrkA-PFENK Z 0 208 TrkA 3 7 F /A7 = A OIEMHEILICE S L
T2k LTh, Erkl/2-P Z H3 Il TERWEI EENICLEZ o T
WZ L2l b, LLEnG, TNEEFATL7-DICIIRRDMAENLETH
Do
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mNrf2 FZH PC12h R OB EEMEER

PC12 Mg D/ bFHEIC Erk1/2 RS PIBK 72 E O X F—E NG L TWnWDH Z &1X
BEE7p 2 L CThHo7=2, Nrf2 BB E L TWA Z L3 mAchotz, 22
T, Nrf2 OJFEHALDOHTEH PC12h O3t/ HERMEIXFEINLIOTHAH
N2 LW BRI -T2, £ Z T, pEF-Nrf2WT, pEF-Nrf2DN X7 % —%
PC12hflifla~ T A7z varvl, NIV AT727varyREBFILTND
Mz 77 2 b CIRINZ Ko TiER, Nrf2, Nrf2DN 3B A 7 —7 v
N7 VAT p—~r M (PC12Nrf2WT, PC12Nrf2DN) % #f37 L SE6R |2 it
L7,

T D ORI UM 2 Bestks . (8% FBS+8%HS-DMEM) Th:#E L CHIE
REFOICHFET 2 L 0 BT SN o=, L L7265, PCI2Nrf2WT 1%
KifyEE:H (1%FBS+1%HS-DMEM, =27 —% > a—7 1> 77 L — bk :NGF
R CA THMEFHEENAIREZR &) TEER AR ThIo & 2 A, B 24 Ff#% T
TFFICEGITRR O Do 7oy, BRI HAE L C 72 IR A ki 25 2 &
TH & 23 e iR M E DR HiLd X 5 127> 7= (Fig. 27A) , Tkt LT,
PC12Nrf2DN 1%, RS THREELTH 2B L IWVEREEDOEETH o7,
JEREBI g%, MlaZ B L, Fig. 26A O & [FZfF0 RT-PCR (2 X Y NGF @
IR TRB L~V EfHEGR L= 2 A, PCI2Nrf2WT | PC12h (2T ngf ¥
ENEHLTWDZ L 75%%% 7= (Fig. 27B), Z PC12Nrf2DN TiZ ngf
FHUTEA LTz, ZofiRIL, PC12h #ifigl i\ Nrf2 OIEVELIZ L Y NGF
RHENHERL, TORMESMEFENEL D Z L 2RBR LTV, 2B, Zhb
DEFERD 7NV I o gmtt (FERY R b L 2) 1T i a2 A7 & 2 A,
TAEEY . PC12Nrf2WT 1358Vt 27~ L, i#(2 PC12Nrf2DN (X, PC12h i
EAREREICHENME T LT (Fig. 27C),

L2rL. CAXNGF 04, HfE/2iE iz sz# L CA/NGF i1 L T 6 Fef
BITITARME 72 =R ENEERTE20lzx LT (Fig. 20A) . PC12Nrf2WT
fald 72 REfEEEEE Lo & R GEMEDRD IR -7 2 &6 Milans
B c i35 NGF D00 A A VIRERSHFRE FRTHZ LM E
2D L7,
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Fig. 27. PC12h flifa D #iZRiEMmE KR U NGF RIRIZx I %
Nrf2 D E

Nrf2WT, Nrf2DN - stable transformant cells (PC12Nrf2WT, PC12Nrf2DN) or PC12h cells were cultured onto
6 well collagen-coating plates in 1%FCS+1%HS DMEM medium for 72 h. (A) The shape of cells were
confirmed with microscope (phase-contrast) and then (B) the cells were subjected to RT-PCR. Lane 1:
PC12h, Lane 2: PC12Nrf2WT, Lane 3: PC12Nrf2DN. (C) Cells were treated with glutamate (1-5 mM) for 20
h and then the each cell survivals were quantified by the MTT assay. *; p < 0.01
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AR TIE. Nrf2 OiEMHALIZ X > T PC12h MilBD b N B E SN D Z & &R
L7z (Fig. 27) . ROS & Nrf2 OiEMALEFHFET 5, LrL22A b, PC12 1
ROS ##IL T NGF #-EH (ObFECEEMEMRE) TEZ67, 74/
F— ANRFHEIND Z ENSHEEE N TV 5(80), Nrf2 1 X ROS 12 & - THH
NDRIANL Ry 7 AT v A BB LR T 27 DICEEREE 2 R LT
WA DS, Ml T g 72 ROS (2l S 7= 5a12idde LA Nref2 O7EMAL 2 #idil L
TRV RAEFETHI ORI 73TV 5H Z LA Villeneuve %5
DIFFEIZ L > TR S TW5H(BL), — K. BETIEWE O Nrf2 IEMELIEAIX
ROS (ZHARTHR D ENZ ERENTNS(B2), 1iE-> T, ROS 2L > T NGF
BREFIDNE Z 720 ix, ROS 12X > TEFHEFREZ Nrf2 O L~UL73 CA 12k
XTI\ L Bbihbd,

BLIREN - 212, NGFIEE LAY 2 R L Aokt UIIHIVER 2 4832 = L3 b
NTWAMR, —F 7T, NGF % PC12 Mifliciimns 2 & X b= KU 7 Tk
KRFEDRFEAEL, TOWMBACKIENEEMEREICKNETHDL ZEPHRESNT
W5(22), BF 5L, ZoHEOwBEILAKEIX, NGF v 7 FufilfE =, R (2
kar RU7T) T, BobDH XA I TENRERETDILOTHY, V7
THUREE L LTHEINSIHDOEZE XL (Ras HMELIZEE L TnH 2
ENRBREINTND) | Nrf2 DIEHEIZIZH E D FE L T ent b b,

ni v /) 2 BRD Nrf2-EpRE #E#AL « L EIEH OHEEHE

UL EDOFRICESE | AE SN D CAIZ X% PC12h Moy i B e i K DR
EpRE JEMEALVEA O % Fig. 28 1I/R LT, fEICE DD &, CAL, (a)
Keapl 2/ T 5 Z 128 - T Nrf2 OiEMEbE 5 2 2§, (b) Nrf2 K7
SIS F—F (D7 < &b Erk1/2 KO PISK-Akt) #i&MAbT %, (c)
Nrf2 OIEMHALIZ X - T p62/ZIP %755 L, Nrf2-p62/ZIP-TrkA O TR T ¢
TT7 4= RNy I NV—=T%BRT D, THUOPHEMIEHNTL2ZLI2L-T
58772 EpRE BRGIE M M O RSl REA sl s 2 Sh b LB b,
A X B bFFEIEMIT, Erkl/2 OTEHAAET 5 2 & Tl sl S hzo
WZxf L. PISK FHEFANZ & 20X ER 22 b D Th - 7= (Fig. 22A), —77.

CA |2 X % EpRE {EPE(L/EA X, PISK BLEAICTHIZHH S -olx L,

Erk1/2 [REH TR LEE SN2 (Fig. 22B), £7=. p62/ZIP
IZ & % EpRE i&MALER & PISK (1298 < {77 L Tz (Fig. 25C), it~ T., kB
Z 5L MEFBEIERICE LT Erk1/2 OFEMHAEA K2 > ~iZ. EpRE &
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{LAERIZR LTk, Nrf2-p62/ZIP-TrkA (PISK % &) N LRy T 477
4= RNy 7 —=TRN RIS M5 &b,

In the case of NGF

NGF
Erk1/2 _
PI3K
1 N\
Nrf2 TrkA
l PI3K
p62/ZIP

|

EpRE/Phase 2 Enzymes

EpRE/Phase 2 Enzymes

Neurite Outgrowth/Differentiation

Neurite Outgrowth/Differentiation

Fig. 28. L/ L UEEIZ Kk % PC12h #If2 D EpRE (55 ;E& 1%
EERRUHBEERRE/MEFEEROEEA N =X L

CA activates Nrf2 via the direct modification of Keapl. CA also activates Erk1/2 and PI3K by yet
unidentified mechanisms. The activation of theses kinases leads to the enhanced Nrf2 accumulation.
Activated Nrf2 induce p62/ZIP that enhances TrkA signaling and facilitates neural differentiation. p62/ZIP in
turn activates Nrf2 pathway, establishing the positive feed-back loop in TrkA-independent (i) or -dependent
manner (ii). NGF also activates Nrf2 via TrkA in an Erk1/2- and PI3K-dependent manner. CA promotes
NGF synthesis, but it is not clear whether CA-induced NGF contribute to EpRE transactivation and
differentiation in PC12h cells. See also RESULTS and DISCUSSION section (Chapter 5).

84



CA @ PC12h (Zxf7 % EpRE {EMAEM L, 72D BT~ TE L < 580
-7- (Fig.6), ZOFERKE L TiL, CA Lctofa;’%fé;hé NGF (Fig.26) @
HENRREWE-EbNh D,
7275, [1] PC12h X TrkA 3B L CTH 0, EBRIH Lo hoMife & 132
720 ZOIEMEL (TrkA U U k) X Vb FEIND EW O FEEZ A L
AR R AR T H D Z &, TrkA Z1EM LT AK 7+ THDH NGF I k> T
PC12h ® EpRE &ML FHE S /=2 & (Fig. 19), CA @ EpRE i&ME(LIEA
%, TrkA BHEANC K> Tl &z 2 & (Fig. 25D), 2o Z L%, PC12h
DA EpRE {EHALIZ D 7203 B TrkA IEHERHFH L T0DH Z & 2R LTz
(Nrf2-p62/ZIP-TYkA R¥ T 4 77 4 — Ry 7 v—7), I [2] CA & CS
(ISR HERL LI kA TH Y (Fig. 4). PC12h A OHIFEIZS LTk CA
& CS @ EpRE iEEALEAIC K E RBEWTIRD b o7 (Fig. 8), 2D
Enb, BZHL CA L CSOBETEWE & Lf@ﬁ%‘: T THY, CA L
CS @ Keapl %#41 L7 Nrf2-EpRE i HL/ERIZIZIZR%E CTH 5 & bz, L
22U, PC12h fAE OB AICIRY . CA 1% CS 12k~ L < 5V EpRE IGMEALAE
%z~ L7- (Fig.6), [3] NGF 33L& Nrf2 {EMEICIKFEL T Z 5, LavL,
T98G 7 VU 7 Mifaiz T, CAIZL D NGFBEILCS LV HEL @7
(Fig.26C), ZZ 1%, kit [2] oHftimE b ETEZLDHE, CAIZLD
NGF #HLZ 1% Keapl-Nrf2 SO R 72BN H L WD Z L AR LT
72
INHDZENG, MOLEWITHRT, CA OLE . NGF FHEIEMENE T
B, Nrf2-p62/ZIP-TekA RIT 4 77 4 — Ry 7 —7 RN L0 il < IEPE L S
I A(TrkA 290 LTEARR YT 4 77 4 — RN 7 b—T OIEMALIZIE, & HFEE
D TrkA-P BNV THY | #ED NGF N7 — 22 —{Ic@< ), TORE,
7172 Nrf2-EpRE OVEMEAL R OMEFHENE Z 5 & W ) RGN E 2 BTz, Nrf2
HIEMAET 2R Y 7 = ) — ARBE - HEWE D PC12 Ok 2 i B e ErE A
AT I ENHE I TND23(18-16), Wb, b AE I S AW ERE O
w2 NGF OIRMESLEET5H, 2OZ LD ERIGUITIFFEND L -bhb,
LU AREFAENGET DICIXE R DRRGEN ML ETH D,
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TSI NA 7 —Ji o —F Y L, ISR J o TRE 2 DR A ﬁ@%
JE « PEEEIIIRRIE A PV ARBEE L TWD ZENRBREINTWS, 207D
%@%@M%@%%%%ﬁfé*kﬁ%%i?%’i%ﬁ%ék%i%ﬂfw

—J7, M IIEENER SR 7 Nef2 (NFE2L2) % L CHBRLBES iR i
%%(%2%%%)@%ﬁ%%@#éwﬁfém%ﬁwﬁj@%é_t@ﬂg
LTV 5, Nrf2 (X DNA OB E-EMEISERS] (EpRE) IHEETHZ &
2L o T, HZE < OEKRBEICE D 2 B85 T OBGIEMH L Z5H8 T 5, Ll
7R S Nrf2 WP I & IR T LT Z AL TE D Nrf2-EpRE
TR OTE AN (TR AR EE O TP - InEIENRf S Tnb, 22
T. Nrf2-EpRE Z 75 b L, #fREMEEBEZIEI L 5 2{b5maE i+ & %
HigE L CEREIT- T,

1. CA @ Nrf2 %41 U 72 i B R TRA R TS 53 5 I Zh R
TP, MR PC12h Z W, flix DR %
EpRE Z#HWit LR —% —8BIa17 v,
0 — A~ U — (Rosmarinus officinalis ..) D43 T
DIV W (carnosic acid : CA) 73 EpRE @
B TFORELRFET L 2/ LT,

JMFEZE e I K 0 B RS EZ 5 &, kA B W (CA)

P LA K > THRRAEMEN R Z 5 (BEEM), Z OmMEREHEI2IZ NMDA & 7
VB USRI OIEHAE NS L CWA Z ENmb N TWAH 2D, gk
B KN R AR RAMIIC s L. CA N VH 2 URIC X D@2 4H L 9 5 )
EDMMOREEAT T, ZORER, 7 I UFRIZ X DML CA XA EICHD
Hil L7, F72. CAITHMREESRMRMIZIZI W TH EpRE OEGIEM (LA =
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