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FERIRIRRE R DRFEIC B 1T AL A + L 2 DR

ity WE, KiE KFH, KNG e

IS EEZ RGOS, LS 2T OARREIRICE A, LA ML A (0S) hfisy<
H 5. IMOFEELIRITHNC B T 2 i B o FENigITE I, OS I3ED X ) IZBhH L Tw
DDA 9. TIINA 2 —IFHICE S N2 BT O R AR R T, R CBRBTEE A
D% A0S ERREL TH Y, MEFREHYE TV, BEHKIPS ML, 7 o O FE TR
B DR RN 2> & WHIERREIC B 1T 5 0S OFBELRG BRI T w5, i)y, FEE TR
EIIE 7 & NTBURPERETE 2 95 D Ze E DRI B W T, PR OB T2 &P
L OB BIEZMEIE T DISCT, NRGI 72 £ & OS L OB ESHHI TS, Zh
5 EARTERICIN 2 CERETE & OS & Bt b /R X, MNP AR - Py —
FHEZIMIET 0S v — 4 —DZLRE SN TV 2, 51, HEAETECIZEH R PS M
BT OSHMbHMEIN TS, £/, NMDAZAEKayF4vaFi-/ vy 7277 Mk
DRI € TOVEIICBREESEA & L RSN 2SN 2 &, ATEIRB O FEBlIC—E L T
KINEZEE parvalbumin FEBIANTERFAIIET OS 2389 L, Pulgb3ERe 5.2 X > TR B0 E
MENDZEBBIEINTVE, ZDEIHITOSIF, MHEEZETER BRIz B\ TRISE R
EBEBR DI RICALE T 2R TH D, BB - BEMAHZRE T 2HEL X A= LD
12ThdEEZLND, 5%, 0S ZIEIC L 72 FIE TN~ — 5 — DT 0S Z I L
7 SeHlE RIS OREEE IR S 1L %

<ERBIRRE LA LV R, P ANA 2 —iE, WGIHEE, FoeREg, B - BUREHAER >

I L & I

%, HEDOK 2% DEETEED 20~25% D
R 2T 2D, LS e T OARIAIAEE
ICE T ) 2RO TIREALIFEE O FE B flulsds 1<
AT (catalase D& IS AT LD 10~
20% 1T E %), LA L A (oxidative
stress : 0S) (Mg TdH 2599 L 22p3->T, g
DOMFEMZ I EF ORFERETcI bary FY 7E
TFIEER D 6 EAE I N5 superoxide (05°7),
hydrogen peroxide (H,0,), hydroxyl radical
(eOH) 7 EDIHMEMEFERE (reactive oxygen spe-
cies : ROS) icffEEIN sz FHIcAL Tw
%8%9 08 DFEMAICK L TERICIE, P
1L (superoxide dismutase (SOD), catalase,

glutathione peroxidase (GPX) 7 &), JEMEER
P L E (Jilg{. e ¥ 3 » % glutathione (GSH)
%E), BXOBMLBEBEEE» ORI NS
OS BHIEERE 3/ 2 & 1T 219 OS IR 12
X o THE AR L ~)VICHERF S 7z ROS 1, filfg
DY T F AR, REFEE, ) &R IREERE
b oTEYD, &L AEEOEE R
HLTws, La»L, ~HROSFEAEHED N
¥ ADBHILTOGRTE 2 ROS 3L % &, BEDE
1y, & v R0 EOMAY), NREBRIELY), #R
WL EEY) (advanced glycation end products :

AGEs) ZEDARICEEG L, £ Z2HET

2 89,96,99)

7L A = —J (Alzheimer’s disease : AD),

FHHPE © IHBLR ARG LA A P e iR e o
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N—=F v U, MR e &,
& BT 2 MR AR B TIE, JRTEIC OS 2352
Wb oTw3 2 EBMEIL M Tw
72899699 M TIEAR, e J:F8E (schizophrenia :
SZ), 9 O¥E, BUERVERE, ALEE, HHEE,
VB RE 2 SRS WHER DGR B 0S
DEET 2 L0y MEBEHFI AT
7203281102 KpE-cix AD & SZ ZHUIZ, 0S
L TS RS IR R o0 SR B R BRES T ko
BifiticowTE o, & ICHERERIT 2
0S DEENZHOWTEZET 5,

I. ZIWINA<—%& (AD) & OS

1. AD #H#EKIcE 1T 5 0S v —Hh —

{LAAINIC AL E 7% ROS 2 D b O % AR N THE
B9 % 2 L IZREETH %28, ROS IT & 2 Ay
DAL HAEHIEY) DSHHARAL 2 72 & DI B LIS
I, OSv—A—¢ LT INT w3,
AD HitRliacix, Moy (B DNA 2 7
L 4> FTdH % 8-hydroxydeoxyguanosine (8-
OHdG) ®®{LRNA X 27 L 4> K TH 3 §-
hydroxyguanosine (8-OHG) 7z £)8389%69) 5
NIBEDOWAY (A NR= ALy V30 8), B &
Ve Bk (4-hydroxynonenal (4-HNE),
8-isoprostane (8-Iso), acrolein, malondialde-
hyde, thiobarbituric acid reactive substances 7
E) BEHIZHEML Tw3 Z EARESINTY
2 648792100125) % 2~ 3-pitrotyrosine (3-NT) @
AL 1 ROS &M% HEFR (reactive nitro-
gen species : RNS) 23895.L, AGEs (carboxy-
methyl-lysine, pentosidine 7 &) D4R IS
H ROSVHETEHZ E05, INH6H 0S~v—
A=A oNTED, ADMIZEIT 2 HMD3H
22 X 41T L 2 48T92100125)

il /i, OS BifHlZDZAbIZD VT AD AN
IZBWTHETE 4, SOD, GPX, GSH reductase,
catalase 7 £ OFLEALIFEE O TP D 5\ I3IEE
2SR ST %, F7z, ROS ARSIED
it & 72 2 BB 2B 1K T % transferrin %
ceruloplasmin  OS Pifll:Z D —# & & 2 51,

AD HIIC B W TELRE I N T 0D, 20
EC, EHRRMIB L E CcHIEY IV E L
GSH %, B {uiEEEERSE (human 8-oxoguanine
DNA glycosylase 1:hOGGl) b g &N TWw 5,
F /04, MR A7 br 2 at—%Hwn4gR
N GSH ot bl I niTtw s, LaL, In
5 OS Bl %~ — 7 — I AUE IR N AsBlZZ S
225D, ADNIC BT 28I 1d—E D
% R 2 L 25T & 2200010 AD R o
PUER{LAE (trolox equivalent) (&, BOREEDMEST
EEBITTLAMIMT 2 L) H 21D,

2. AD HRREIC BT 5 OS D5

OS %3 AD DM O L HPRETH %
EERRBT RPN E TIEEERI N TV
22 LIREHTRETH )28 - AD A R
117 % amyloid B (AB) &HHE (EAHHILE) & X
) VML tau HhE (IREIERRAEZILIEERD) & OS
& DBSHMEIC DO W THIRTE L T = ME S T w»
% (£1). FEEICIE, KEM~D 0S ffific
L 2 MM AB B &) VR tau D
¥ AD HFHE induced pluripotent stem
(iPS) MHAEIC 31T 2 B HY AD B (RigAt e m
AP oligomer #H%) & —BL 7z OS WyhPY 23@ize
INTWVE, F7, KEWE AD 25 & 2 98K
FAREZEAL BIETHRE AD € 7T LEYT
1, MHEIREN ABEEZ AT H 5 W 2 EAZHL
AT LT OS & 3 hay B PIEREEE H I
ENTw2™ i, BEETWE AD £ FLHY
\Z Manganese-SOD ® 7 v 27 777 +9 (% 2\ 1%
WREFEBRY) 23 abe s, Mo ABERD
PEME (B 2 WILEBIE) SN D 2 E AN TS,

INSDERF—ZIc—%L T, BAFRHIC
AD W% 59 2 Down At 16 fF BB 5 I D Wit ¢
X, ABILEBIRICHIT L TOS~—4— (8
OHG, 3-NT) o B2 HEI% S Nk, JE4E,
amyloid imaging /34 & < — A — DS IC
X 0, mild cognitive impairment (MCI) B X
D & 5 IZill- 72 HilEKR T H % preclinical AD A
FT—=YICHEHDPEE 5T\ 5%, preclinical AD
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#1 BREA LA (0S) BTNV NA <= (AD) OFUYEIEICBISG 5 C & 2RRd 2 Wit

(EERVOSES

it W

i 7 v

OS 1Z I HIIN AB B & L W tau © Y Y IEL® 2 FHE T 2

iPS il 7L (APP
EHEFIEL X OIS
1 AD BE k)

iPS > & 23k & & 7 K B B R < 1%, MRS AB oligomer FHE & [IINFIZ, OS )i
EE{ET PRDX4 72 EDFBEM (=4 70 7 L A 12 X 2 WRAGEIS FFEBUARNT), 0OS v — A —
B (72 Ay v 7uy Mok 38 VX2 EL VDN, L ROS MIBHOEERIKIC L 2K
ISRl S h ™

M T UL 7L

1) APPER= I ZEFNVIZEWT, BERBLY OBIINA AB VG2 J64Td 210

2) BEF IV AY 2=y 7 (APP AR X PSI AR X tau 2F) =7 Z12E T, MFEHEN AB
Lz a0 d oW AWIEICETLTOS &3 Fay FY PHEEE S EHEsh ™

3) APPZESE<™ 212 Mn-SOD / v 7 7 b= A% KRS ¥ 2 2 LIz k> T AB P& N
@‘559)

4) APPZES=" A1 Mn-SOD Z#MFIRB I 2 2 LI2 L > T, OS B LR AB MBI L,
SR s T 250

5) APPER<I ZICEY I VERBET B LICE ST, ABLRAB LN AB G T
%130)

6) APPZER =™ 2 1c8ilZ 5323 2 LI k>, IMND Cu/Zn-SOD iEMEA3Z25E{k L < AB FE
LT %Y

7) Mn-SOD Null =™ ATl tau V) VIB{LASEW I &S 2™

8) I tau BRI AICEY IV ERBELS TSI EICL o T, tau AMAELE X O tau Btk
B AR X 1 250

Down AR RN

AD DRI E 7V TdH % Down AEBERERGIC B T, EL S v 8 7 E OIS AB
WA Sed 19 2%

preclinical AD i

1) MR B X OISEER LY Y 2B L T v
2) PSIZEEAH L35 AD FIEHNCIEE L 75 CRBIB LY DRI siR o & 1550

preclinical AD %%

KIEME AD O{E 2% %21 5 preclinical AD I -CHER T D IFELEBEALY R M AR O 5 11
%115)

MCT #U i

RERERA AP0, 8 o oS 2 B 19, 8 X ONREDBRL 23 L T %

MCT #iiifg, M, Jx,
¥ L ORA I Bk

1) ¥, M8, & X OB IEEDER LSBT L T 519
2) IigEhoFimE (t¥ v A, C E AuFy, SOD%E) 2 LTwa!
3) AR BRI 35 v > TR L A L T 27

U AD FIRUNG

1) B8 v 3 7 B OB, AB VA EEEEDRER & % v (XTI AR AEH T &
hiIECH Y

2) WML ORI, R AB #BE & - MIMINICRRD 505 23, FIRIEIEZAL
P MREAIIE & O b MHRIRRAEZ (L fEb 2 LRIl T X D T H 5P

U AD #R

BEEREAL OBEIE, R 2S5 REG] & 2 W IZRAIKAE R 2 7 AN WIER T X D SETH
2D

AR, amyloid 8 ; APP, amyloid precursor protein ; Cu/Zn-SOD, copper/zinc-superoxide dismutase ; iPS cells, induced

pluripotent stem cells ; MCI, mild cognitive impairment ; Mn-SOD, manganese-superoxide dismutase ; PRDX4, perox-

iredoxin 4, PS1, presenilin 1 ; ROS, reactive oxygen species

SER O IR 2 T b 0S v —H—

BXNT\WD 859197,101) (#1).

Bt E T3, AT, MCI & X O

AD 5l O FIRRG LB O M 2> & b, OS A3
BEICEBOTX D BHFHAINLIEETH S 2 LIVR

3. AD DEEEIN - BRI & OS
— BB RIE AR VER T, IR 2
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PR EACRE I BT B Copper/Zinc-SOD JEILT
DERDFENES—F >V VIKICBIT 5 0S & v~
Y =58 R0 DJ-1 BIETFOERD K HIZ, 0OS
Bl R DR T RE DFEEE T IR > TWw 58
B3 2 B9%69 gk AD OFEE T, T4
bbb, amyloid precursor protein (APP) &IsT
EW, presenilin 1 (PSI1) BIETAR, XU
presenilin 2 (PS2) BrTARICEAL T, 21
ZDS AL DEARBONMN, 2 \vIdEHEED
HWABTETH 2 AB42 DEEA KOS
T2 DS, WEICHLNZRRE 25T
wrEEZSNTREY, Lrl, ZZTHEAT
NEI LI, BERTARZEAL EEM
Jaso4870) o3 {5 T BB E 7 LR T, filsh
75 < OS DM D % > 1d OS 1§ 2 Mags i H 7
DB ETHB,

¥ 7, RiEZHEZ7-08)17% AD BEZIEEET L
L THIS TV B apolipoprotein E (APOE) 4 18
B2 Th, Z0EETEYTHS APOE4
£ OS L OBEEBHSICEINTVDS, T4b
Y, in vitro T APOE Z Db DI HIFEIL/EH 2332
Do, L2 ZOWMEIIZTAY 74— LKF
PSS 5415 (APOE2>APOE3>APOE4) ™,
Vi L EH @ 5 T APOE4A AR TH %
APOE3 1% % Z &£ 13 AD DYRAEIC OS DB §
5 EWVIHIRFIC LK AEET 5. In vivo T,
APOE /7 v 779 b= RI2ET 5 IEE @
Vi % e b APOESBIZ T HATHIHITE 2
2, & M APOE4BIETEATIIMHEITE xR
WO S, APOE2 {5113 AD OB 10
FHEMED D D0, HURRLAE @ 5T APOE2 %3%f
HERITH S APOE3 ICES Z & AD @ OS K
KESCAHL TS,

AD OBRERIE X N2 Ot D EBE T 122w
THDE, Milln, SERSME, B REE, N,
M, BERWE, WA v A VIE, L AT
o —)VIMfE, B, B HRINERE, kbKkdo 7o
S A, mAawY) B, EEAER X, W
TNy 0S DD 513 OS BHfHIAE D fgy & BY
LT 28890 2 AD oG HIE T Al HERE

PREEINTORHER, T4hbt, ©F IV,
Y% 3 VE, ZEW, B, 74 vEEER,
FE 7@ 7 Uk, wdTed OS PifHlsg oy im & BY
@ L‘/Clﬂ %87,88,90).

B 2 202, AD kNSRRI e w1
BRTHBEN—F VY VRICBWTYH, WL DOh
DUEIERN (Parkin {512 %, PTEN-induced
putative kinase 1 (PINKI) BinT2£%¥, DJ-1&
B4R E) LB (SEEAME, Al -
PREAIETR, SEWEFERL) X 0S LRHL Tw
%88)'

. MEXRFE (SZ) &£ 0S
1. SZHEBMIZ BT 2 0S v —h—
SZOHMmM T, OSe—Ah—, LT, &
OHAG® & 8-OHG?Y (#5)5), 4-HNE (HiHFIRE
B, B X OV3-NT (RHRAT R E) Y D RN HsiE
OoND, £, MEEDWEOME T, FTEEHT
FEPSHHENAZI bay FY 7HmiicE ) 2
SNTO¥EME XN Y v yliic B} % 4-HNE
DHMAERD 5 T35, flf7, OS BifilR D%
L LT, GSH & X O GPX (Rigmi Y & X
VCRIREEY) o7 & N2 GSH reductase (F
WEZ) DA B INT LS,

2. S7 BUEEEIC BT 2 0S D5

SZ BFE DI 0S ~ — A —DZ{LARD &
N5 EITMAT, EHE, OSHSZ DL ICH
JEREICREG. T 5 2 L 2T 2N ER I NT
w3 (#£2). Thabb, BEHKIPS fillTii,
PRI~ D L DT OS I B 5 7D
B, ROS DY, BXONs Fav Ry 7k
REREONEIEIN TS, £, BIETUEH
Y7V TlE, OS Bl 0M{RRIEIC X 3 SZ
FHEMOWE (€71 1), BXOT TSN
7= SZ W TS ET 25O OS HBL(E TV 2)
DRI 6, SZ FHPFRIEIZE T 2 0S DRGH
BEEINTW3, TFIL 1ML LT, GSH #E4
452 glutamate cysteine ligase D catalytic subunit
(GCLC) 7 v 777 k= A GEIGHE GSH 73 60~
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#2 BLA LR (0S) HMEAKIHE (SZ) OFMRIEICESE. 45 2 & 2RRd 28
M NR e R

SZ B35 ik 1PS i
T

1) iPS A & 40l X & - R AT < U, OS JBEMET TXNFIE 5 v S 7L LD
B3RS 5159

2) iPS #5401t X 7w TI1E, ROS DBINNAERD 50 %1%

3) iPS i, F— 83 AEBMED 5\ I3 708 3 U IBIEBITE R~ D LEEAME S, 3
Fav R PR R 510

iR TREEY e 7Y

1) OS BhifHiR DEIGINREIC X 5 SZ £ OB : GSH FEAEMEE GCLM 7 v 7 77 b= A
T,

DSZ BFEHRIDMIEEZY (BRI~ BRAERAIWIEIIC B 2 RS o PV FBINTEmEE
MO EERNETE) & X OELEBSIEL (y-oscillations U OBEE) ASHIEL§ 2129

@SZ HFEHP DML (FIEHFRMICB T 2 RMEE VY SV, Ty 2 Ui, 7
WY v/ TN S VBB ORI A MRS IC X > CBIZE I 583, Z DZ8Mkid GSH i
B NAC Z Al 5153 2 L FHish 32

BSZ BEHEFUOFTHEBI (FHABE T2 A b L A TOBIFEEEB, amphetamine 2
PG X 2 R PEE RN, B X OCHEA1TEIZ{L) % prepulse Tl & & b 5 JEAE
TR AR A s S A SR AR I 12 380 & L 257

@PV FEBINEMAII D 75 13, BEFLATH 2 W IZBEN D X 54 % OS AR X > TR X
o (BAEI O 0OS B CIIHIIR S e w), NACHRGIC k> TP ns?

2) MESLE N7 SZ BT T NITE T 2 R OS B 1 GABA B /16wl g0 s 1 12
NMDA Z%EY 72122y b (GluNI) #EL7zavFsvati- /v 277 v
T,

OAERFIHIC KIS T ROS 238N 2

QHEALB DOIRIERT GEAWINT) 12 & > T, frBfRBIRISEEL L [HR KRR PV B
TERREAINEC ROS A3 B4 2

BROS DERFEHA apocynin EMH% 512 X - TITEIR B O—BasfEi < L 5

@RI E PV FBANEAMRENE 0 OS Iiggtkix, S Fay FY 7o 20X —{0EH & OS B
H oo RGN BEEEEINT) Th2 PGC-lad¥F 7L ¥ al—vavic
BhHE L T3

ARV A LAY
ARMS 4

#920% 0 SZ BEIZ AN RZ VA b L A (0S MRFHHEET) 23300 5N, HYARED ARMS
Bz b ANRZIV A b L ADED 5179

HEWAIEREE - Plnl T ©

1) I SOD & X U catalase Jifith (%, f@HSHRAIC AR T SZ #FTRV25, SZ BHOHTIX

vV — R Sz ¥ R SZ BFICHANTRIBE SZ TE W E T L T2
2) 44 BIRIFTE D X 7 BT &, I3y - MEFEORITEELRE, 72 & CISRIMERT catalase B & O
SOD ey — F SZ BETHBIEFLTWw 3
FEIE B HAE LI @ SZ | NSl rh o AlAEME SOD AME R L Tv 2%
BE

ARMS, at risk mental state ; GABA, y—aminobutyric acid ; GCLM, glutamate cysteine ligase modulatory subunit ; GSH,
glutathione ; iPS cells, induced pluripotent stem cells ; MRS, magnetic resonance spectroscopy ; NAC, N-acetylcyste-
ine ; NMDA, N-methyl-D-aspartate ; PGC-1a, peroxisome proliferator-activated receptor y (PPARY) coactivator-1
a ; PV, parvalbumin ; ROS, reactive oxygen species ; SOD, superoxide dismutase ; TXN, thioredoxin

70% IZHHA) 23T S0, SZ BEHPUDITEL
b (O R N e 35 R M BE 0 Jhiv% ) 129, B

TR T 2=y b GIuN1 #WELa vy 7«
Tatie v T b A pRFo NG,

BRI ZEAEO) | mRLA A, B X 0T
BB DR INTOS, EFL 20461 L
TI3 GABA fEBE/ e MRS 291 NMDA

BRI, 2 OB TOUVICEEFLSE O R
B (WAL 24 % L, SZ BEHELOITH)
FHIRIFEE & [RIRF I8 R B 9 il e e <
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ROS 3FHIZIMT 2 2 L TH S, Thbb, T
DEYE TN, SZ OBIZTER & BT O
HAEFA OS 1IN L, SZIERZHBI S5 2 &
2RI R LT 51,

INSEBRT =7 I LT, EYRIEHE -9
HZEY—FDSZEBEIZEWLT, izl 0S
2= —DBLLTWB Z ERXYEITICE - T
WEESN TV (£2). £/, bYEDS DM
Ik > THANVR=Z LA b LAY (AGEs ##51E)
SZ BEDEENH S IC I N TV 200, Yk
JBHED at risk mental state (ARMS) #lo i
ANVEZINVA L AZRTIEFNPFER I T
27,

3. SZ DE{ZHA - BN & OS

SZ Tl%, AD @ X 9 \CHERE 19 72 IR RGBS T &
ZIBRIETFIFVER I Tu v, Figt
FEEZa—Fd28ETOLIPa Y — LM
(copy number variation : CNV) 73 SZ 12 B3
BIEMWEIN TS, Thbb, MuSOD?,
GSH FE L5 glutamate cysteine ligase D cata-
Iytic subunit (GCLC)™ % X O modulatory sub-
unit (GCLM)™, NADPH quinone oxidoreduc-
tase 2 (NQO2)', 7 & OV IZ paraoxonase 1
(PONI)® O&IE %%, GSH S-transferase
(GST) ®» CNVY"siFoh s, S512, SZHE
FHREMIIC B T 2 kv A F LD )
LT8R 77 AN T, microsomal GST i8R
FTOLEY 22T 4 v 7 I BIRE RE LS 5
iIcENnTw Y i, ROS EEARIINZ 4 U 2
BERE LT, T Fav Y7 DNA sl o2
3 mitochondrial NADH dehydrogenase 4 (MT-
ND4) E{ZFICRI SN, SZICBET 5 2 &
WEENTLEY, X512, RNS EERE nitric
oxide synthase 1 (NOSI1) DBnT-%/Y SZ 1T
BlE S 515, —m{L4EHR (NO) 13, AEHNICE
WTHEBEZEMEREEZIEY —J, RNSELT
superoxide & K L, lHE{GE 4 D& per-
oxynitrite (ONOO™) %JBRT 2%, %7, A1
RNV A F LA SZ BHEDO—EIC A VR =L

B IR glyoxalase 1 (GLOI) EinT D7
L—Ahy 7 MERS RSN TW3Y,

SZ DEEEA & OS & DRHfEIX, 245 ROS
PEAS - BN BRI BT 2B RS & L %
57\, BBREZE 2 B2, SZ OF f17 A2 MER
TR E L THASNTWVE WL DhDEETE
OS ¥ dp 2 \ > 1% OS BHfHIBE D59 & DB b
HENT LR8I0 L5 Q7 AZPHBET- L L
TiOIEH SN, MFED Y - 7 ATEHGBEIC
BT 2 BB DH S T B Disrupted in Schizo-
phrenia 1(DISCI) B TIZOWTAS &, DISCI
I bay R 7RO & > o8 28 mitofilin D%
FEAEMZA L, S havy FU PEREIC Y YA
BEEALTW2Y, x50, FIFYb2A
F4 7RIDISCI N5 VAY 2=y 7= ADW
Z0 6, AR EDTEREOER L LT,
%W glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) 7/ A7 — FOBMMBEM I T
W39 2@ GAPDH A A% — FlE, 0S 38| %
&L SHMBEIED X H = RN ELTHIS LT
2 DISC1 WA D SZ A2 B 5 -l b OS B4
d 5\ ik OS BifHIRE DIy LB L TWw 5, §
7%, Neuregulin 1 (NRG1)®” & proline dehy-
drogenase (PRODH)* & ROS #ifaztE 1< x4 2
PR o LB L, G722k fav Ry
THEBERE 2 /v F % ROS il & B L Tw 3,

fth s, SZ DEREIEN & LT, AT - FEMO
Yy (SEintE L), KRR, REARP, HAEW
OYEMABEER ENFEIToN D, ok
OS ¥4 & 2 \ 1 OS BifiaeE D ikss & Bl L T v
LATREMEDSH 219%) F 72, DEHAA L A
oW TIE, BT FLCEAS OREEEE (H
LNARNT) HIEEIRGHAZD ROS % BN S 4, fsk

AR L ARZIZH ROS I T 2 LG ST w
2,1849)

. WEEEELS LV D DKEE 0S

1. WHPEREE S X 009 DiEIc 812 0S v —
ﬁ —

UG RE S O MK T 1E, 8-OHG (HEHE)2Y,



848

4-HNE (Bi#5REE) Y, 3-NT (Riigesipe)?
BXOANVRZLSY v o828 (HiTERT ) Y 23
WML Cwa, F7, ffddsmomkstci, i
VAR E D st E o+ 7~ v — A4 B
FaANER= MLy 2o, S hayv R
U7 EC BT B 3-NT o8, Bz v
SYIIC 3517 % 4-HNE # X O 8-Iso DRI D
S5NTWw3Y, s, OS Bz 270 % GSH (#if
BHRTRVED) 13 L Cw0 ¥ F72, wiHE Y —
F25 6 7 H DA O TSR [ ERES] 12 8 o
T, MR PIERLRE DR T & ARELEIR LY lipid
hydroperoxides (LOOH) D#MASEED &3 T >
27 5 NEOHIFN T b 8-OHG RN ()2,
B X0, GSH & GPX D (RiSHRTEE) > 23
HINTD,

2. PIMEREE X 09 DM OBEER - B
E SRR

SZ & FIRRICBBPERESE & 9 DT, OS BYi
BETOLTEEREZIEICBEEL Tws, §4k
b, OS Mtk O —E<TdH 5 MnSOD, GPX,
B LU GST DL R L 9 DiF & DB,
%% 6 N PONI BT 20 & MR PERREE S L O
9 O & DBIHETEDIH S iz ST WL BB %
72, ROS B XU RNS DEERICL 2D D, KIE
FHHVED eyclooxygenese-2 (COX-2), myeloper-
oxidase (MPO), ¥ X OFFEEM nitric oxide syn-
thase (NOS2) DEZT-%T L 9 DF & D BHE
b s Twa%® Nz <, DISCI, NRGI,
PRODH, BXWG721z2oWwTlX, SZ7ZIF Tl
72 OB MRS 9 O & OB b fER S T
BD, 0o OBBEZIEE{ET D 0S OiEDH
%13 OS FifHIsE Dikss L B L Twa 2 L3y
TR E BN TH B,

) ORDEIEHER & LT, DB A P LA
DI, AD & o o Az 75 E IR GHENA R,
PR, B SPREARYEER (M, /O AE
&, AT, BERE, %) BT o hs s,
NS IFVTND OSEd 5\ 1% OS BhifHiaE D
g & BEL Tw 3™ DA A L 2® e
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A2 0%, BRI B S T & oo B TR &
NnaTwn3,

DEpZ hs, WPEREER X0 2iFics
WThH, AD  SZ LFERIZ, W< DO 0EEHA
X BIEAP I3 OS 1K T 2 AIREMED 5 5 .

V. ZOMOEMERE 0S

Sz, WS, 8L O) >fniEsic, HEA
HEZ R b5 AREEISID g R - % B
8L 7 o 2 i (8= 2, R
REpadE, HEERE, LA EE A b L Ak
SENITSD oL g — )L - PR R SEATSD 2 2 o)
MR E OS Lok bml s niTws, 2
D & 512, OSIF)AHZ fE e R O HEBEINRED 1
DOTHHAHMNEDH D, SHS S IR DBET
b5,

V. 0S ZiZ/Ic L7=RBHEN A DRI REM

1. OS %l & T 2NEAH =X 4

T O PRFR RIS 2 iR A BRI 7 & DA
2k > T, SZ, MmikEREE, & XK OfikRE
EoHRE» SR Y — N, 5120
BRI BT 2 ETERMEEINEH SN Tw»
2570 g B O EIT YRR RE 12, D TERE
WL RIS E & R L T 2 RS R R R
LIBETH D, ARICEEDONEAELS,
L5 AR R OB E SR & BT SR D IR
D121F0STHHY, 0S IHESE - B AR
AT HIHOLNRBEA D =ALD1DOTH S
EEZons (M1), OS BHREEEEEE L O
R RO RIYHRREICEG L (R1, 2), Mg
P TR REZ B SR TR A = A L2 E5
T2 0T KIEMYBINIPary Ry PR
FHA6S06T) L OS L o B ICER TR ET
b2, Tbb, OS ERAE, OSEI Fav Ry
TEE, HoONKEE I Fa v FY 7HEEI,
—J7DMBTT DRI HFEFRIC S 72 D 55 720,
IS 3EDHHFENICHERE % AT I ¥ % ATAE Y
R LT 577120
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EIEER

RIEER

E

APP, PS1, PS2, APOE4
Parkin, PINK1, DJ-1
DISC1, NRG1, PRODH, G72
MnSOD, GPX

GCLC, GCLM, GST
PON1, NQO2, GLO1
MT-ND4, NOS1, NOS2
COX-2, MPO

HAERT - BEERORE - BEER - REAR
2B - AEVERSE, MEFEAEE
DI - HEMX FLX
EE), REER, BE
B|HIME, BMOEREE, £EBIER

e 1
BIER kL X ]i REARRAORILEE |
RIS T XA ORI |

z/im“ ROS/RNS 4 A METE ; R
1

S :'A\/ FYU7|ivicious cycle
HEERTE |~ “
Ix )b#‘—EEK%—E\ %
Caspasei& 41t RIE

Cytokines

ARRIEREREE BEEBICHTD
O EER

1
1
i
E ETIERRRRE
1
]

1 SRR RS - BREEEK LB A b L A
TR RIC B 2 8B EKN (G) LEBREERE (E) OMAMEM (GXE) &, BMEA ML R T
2, LA NL A, I bay Y PHEEEREE X OSE & ORICHEICRRERS S D, s sd

2 ISR DHEATIERGN B DR I 2 D 1532

APOE4, apolipoprotein E4 ; APP, amyloid precursor protein ; COX-2, cyclooxygenese-2 ; DISCI, dis-
rupted-in-schizophrenia-1 ; GCLC, glutamate cysteine ligase catalytic subunit ; GCLM, glutamate
cysteine ligase modulatory subunit ; GLOI1, glyoxalase 1 ; GPX, glutathione peroxidase ; GST, glutathi-
one S-transferase ; NOSI, nitric oxide synthase 1; NOS2, nitric oxide synthase 2 ; MnSOD, manganese
superoxide dismutase ; MPO, myeloperoxidase ; MT-ND4, mitochondrial NADH dehydrogenase 4 ;
NRGI, neuregulin 1; NQO2, NADPH quinone oxidoreductase 2 ; PINK1, PTEN-induced putative
kinase 1 ; PONI, paraoxonase 1 ; PRODH, proline dehydrogenase ; PS1, presenilin 1 ; PS2, presenilin 2,

RNS, reactive nitrogen species ; ROS, reactive oxygen species

2. AD Z2WiicE1F 5 0Sv—Hh—

AD BRI T2 L T3 0S v —H —D—Ef
UG ORI IR T H AL L T 523,
INFEFTICAD ZWi~—h—& LTI N
OS> —h—d & 75 w0 iy, B
DI EELY) 8-Tso 1X, MCI 5 AD Tl W IH
ICHARTHIML T2 213 T% <, MCI4 6 AD
ANOBTHIRRICERICNT 2 2 EBHEHE N
T 3B3810 = k9 REERIETEE AL
7-BEW T 8-Iso DEBFMEIXBER H AB ° tau 121
BNV THD, #iET8Isolc k3
AD HiEKEAD & A TOMITEE =% V) v 7

BEDSIRE X 1210 F 722 50F, I MRI 2%
WK E s S v EiREZHAGbE - 44 iR
W3, IERERE 98.2% (KL 98.8%, FFHFE 97.7%)
TAD B XUMCI & f#E S IRZ 8 L, ErERE
90.7% (JKEE 91.8%, Fr#JE 895%) T MCI & fift
WA ZENTE 2 2 MG I NES, X5
ZOMAEDLEEIEICX 5T, 1ELICEHKN
AD IZB4T7F % MCI ® 85% % I [dE T &
2099 Zhns oz, 0Sv—7h—7,
AD DFIERTZHI P> TR THZH ~— A —& LT
HRATH AR Z RB L T\ 5,
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3. AD ITx 2 HiEg bk

TNFETICOS ZEEMIC L7z AD IGHHED 2 »
13 AD FERESIHIZR & U<, HiRgkiFM, S hav
Y 7HERESGEE M, PRI, &2 wideis
L — MEHZH T 2WEH ORISR S T
¥, Thbbt, EYIVE AFavEILFR
(Ginkgo biloba extract), melatonin, docosa-
hexaenoic acid (DHA), curcumin, resveratrol,
catechin, coenzyme Q10, mitoquinone (MitoQ),
latrepirdine (dimebon), acetyl-L-carnitine, o~
lipoic acid, ibuprofen, naproxen, celecoxib,
clioquinol, PBT2 7z £'1%, AD ois&Efllae 7
PEYIE TV & O 7 IR T RHE e iR R
2 AR BERWAER 2R T 2 LHE ST
%89 JTAED PS HINEE T & b FEE D
DHA %3 ROS %A &, MgEEREZHRT 2
BEPEE SN TV, Lirl, ADH B0
MCI B#F 2RI L 2/ AWZETIE, s ol
B ORAER P UCERI L AD FEIEIIHIRIH 1%
F T HENL X AT 0M®)  AD EE % RIS
L 72 DHA %50 7 v & LB (random-
ized controlled trial : RCT) TRRAKRESGERIH
X3 5N, DHA (1,700 mg/H)
& EPA (eicosapentaenoic acid) (600 mg/H) #f
5 (6 » HE) @ RCT T, 78 AD B
o THMER RS WY, £/, E¥IVE
#5.0 RCT Tl&, MCILIZXF % AD FAEINHl%)
DR AD (2509 2 R RE B S it S 120
RO SN D oD, AD O HH AT E)
(ADL) B &I HHIEIR TR D & 1 f3H10,
BIETZE T, RHIB (n=5395) - BRI (Capil
M S 9.6 4F) oA & a2 & — Fiff%E (Rotterdam
study) TRFHEE Y I~ E D AD FEAEMHIZ)
BAVRIBE D FUBLEEED AR, B
DR, Wk, AR L AA, HEHL— o3
Hloarver—varvkl, IFIFHEREIC
Ko TELAINATREMEDH 5.

4. FEREEIRY 2 Hie b
R T b B T2 L Tw» 5 0S v —
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7 — O—FBIEFIIF O R R IR T b 2 L
TH OIS s BTERTZ NP TR TR
Wie—h—L LTHAMEI D, SBRHNT 2R
3 5.

FERIEE R 2 iR - PigiE OB RICo
WX, HEFTREEOMBIEL & LT EEVR
ZMETT 2 HETRCT Aibh T3, Sz iz
WFzes Iy C¥, fFavELF 2, GSH
Bk N-acetylcysteine (NAC)?, # X ¥ mino-
cycline® % J\v 72 RCT, & %\ 1d, 9 S 0
PEREE D 9 DR HIC R T 2 NACY1D % w-3 5
1% (EPA Bifhid % >3 EPA & DHA o fffj12H129)
#£5.0 RCT 1T & > TEH O FEREIRETAM A 7 —
IV EDUEEDSRE T35, NACIZOWTIE,
FZ L7 A T 3 — DR RIS R T 2 R
BESCIchifr TR b, Sz, BimpEREE, 5
DRI Z T, WEMEREE, HEE, EEXA -
LEhPERRE, WEMAEE (as4 v, KK, %
N ), RN 7 & T R RE o RS R R ST A
7 =)L EOWERYEIEE DR E oD
WEINTWL MY s NAC DR D—
HIZRCT TH B, WIFhb/IETHD, 5
HE D KRB RCT I X 2325 T 3,

HHTRENAED 1 01F, KEeEtkEED
ultra-high risk #f (5l 13~25 js%) % NRICHTT
XNz w-3 %G D RCTYThH 3., Thbd
5, 41 floFEHERE (1 HE EPA 700 mg, DHA
480 mg, BLUOEY IV E76mg) & 406l07
7 RFHC LT 12 Mk 5%, 40 BEEEH L
72l A, KRR ERERS 7 7 2 X
(275%) & AR THEIER (49%) THEIETL
LGS INTVS, oW, S, HEB - i
FIEFEENC & 2 e Il PR o I REVE 3 e
NS, S5 ultra-high risk B ARMS BE#
WNRIZ LI AR DERI D72 5.

bW
OS 1Z)AHiZe /1 7 3V — DAE MR I B T
ZHEOFHRETH D, RPEEDBERER LB
IR QIR ) B 2\ 1d “central hub” #7Icf
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ET2HRLDWEETHZ LEZ NS, EFE, Al
B PR IRIC BT, FEERTRE~D
FHAN A & 2\ 13 el BRI o 2 1 H 238
FoTWw3, ADBEIZEB W TIX, preclinical
stage |2 F Cilll o 7z AB FREBHHIE O 2h ik < R
PEE SN D MRS, BEENE AB DD
JNF 5 2 EDMBEEDEM SN TED, OSIFE
BB D 1 2 TH 2599  IElgo 5 2Rk icxt
T2 w-3 NGNS G- D6 L Z etz W Lk
RCT 738 % 73, Hilgfl - FiLIHEE D WE
2x, ERHERADICHZER T 25810 H
Yk Th b, 5%, KRR B W,
OS Z 4RI L 72 J80hE g W~ — 1 — DL
OS Z BEIVIC L 7= Jatfil R HIg O HEEE DS I RE S
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Role of Oxidative Stress in the Pathophysiology of Neuropsychiatric Disorders

Akihiko NUNOMURA, Toshio TAMAOKI, Nobutaka MOTOHASHI

Department of Neuropsychiatry, Interdisciplinary Graduate School of Medicine and Engineering,

University of Yamanashi

The brain is particularly vulnerable to oxidative damage because of its high rate of oxy-
gen consumption, abundant lipid content, and relative paucity of antioxidant enzymes com-
pared with other organs. It has been well established that oxidative stress (OS) is involved in
the pathogenesis of age-associated neurodegenerative disorders such as Alzheimer’s disease
(AD). Indeed, a large number of genetic and environmental factors of neurodegenerative dis-
orders are associated with OS. Of note, studies on the levels of oxidative damage in patients
with the prodromal stage of AD, transgenic animal models of AD, and induced pluripotent
stem (iPS) cells derived from AD patients support the early-stage involvement of OS in the
pathological cascade of the disorder.

Recently, a growing body of evidence suggests that a considerable number of genetic and
environmental factors of psychiatric disorders such as schizophrenia (SZ), bipolar disorders,

and depression are associated with OS. Not only genetic polymorphisms in genes encoding
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antioxidant enzymes but also several known susceptible genes for psychiatric disorders, i e,
Disrupted-in-Schizophrenia-1(DISC1), Neuregulin 1(NRG1I), proline dehydrogenase(PRODH),
and G72, are all associated with increased levels of OS or decreased antioxidant capacities.
Moreover, environmental factors such as infection, hypoxia, malnutrition, illicit substance use,
and psychosocial stress are possibly associated with OS. In fact, increased levels of oxidized
nucleic acids, proteins, and lipids have been described in the postmortem brains of patients
with SZ and bipolar disorders, and decreased antioxidant capacities have been described in
blood samples obtained from patients with first-episode psychosis. In concordance, iPS cells
from SZ patients show an increased level of OS.

Of particular interest is a conditional gene knockout mouse model of SZ with the func-
tional elimination of NMDA receptors specifically from cortical interneurons. The NMDA
receptor knockout mouse shows behavioral phenotypes resembling symptoms of human SZ.
Importantly, a marked increase of OS, particularly in the cortical parvalbumin-positive inter-
neurons, is rapidly exacerbated by post-weaning social isolation, but treatment with antioxi-
dants abolishes OS and partially alleviates the SZ-like behavioral phenotypes.

Therefore, it is suggested that OS is a convergence point for genetic and environmental
susceptibilities to not only neurodegenerative but also psychiatric disorders. In other words,
OS potentially plays a central role in the pathomechanisms that integrate gene-environment
interactions in neuropsychiatric disorders. Further investigations into the development of use-
ful OS biomarkers and efficacious OS-targeting interventions may shed light on a promising
approach for establishing preemptive strategies against neuropsychiatric disorders.
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