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BER IR 2 A b v R B/MER (ER) ICHTD 7o 7z AMRAIERER (unfolded protein)
OEER bI267T, ZORER ER A MR R, ML Z Ot TR & U CE BRI,
vy R0 VEATEE, IMNUAREESSE L w5 3 D0 unfolded protein response THGT 2. &
NODKIGTER A PV AEZERTERWEEICE, EREZEFET 57 R b=y A0RH I L

% 2 kiCin b, AT, BEIRGN, REIMMERE,

ANV AREG I % L OB ORENZ D ER A b

VRIS THEIND LD X >TETWS, BHFEBICBVWTY, 7Y NL v K%
Z U8 &3 % MR A P o BB OFRREA~D ER X b LV ADBIGNHE SN TV,

F2 T ER A bV RZEDWBIBEICE D A, KIEEROFBHREBGEREORMFE 2D S L
Twd, WRPBFAFKE LT v~u iFEAl (BIX) 1 ER X b VAT & 2 #HHH st & 15
T5IEMRINTEY, BHHEEERRAOIGABIRI NS,

<HRBIAEE L MIEA P VR, TYNA = —iE, BREREE, vvu s, RS>

1. 3 C & IC

MBNRED 1 >Th 5/ EE (ER) X540
EECBEAERE N 2 EDHT Y 727z A0 FRRERE
2ITHOEAD [FHANTIE] O X k&%E 2
5. MAAILTTH] POz [REM] 34%b
LWl ADBR+0hd s WERIEREH
(unfolded protein) OHBIFBEHDO L I b D
ThHs, HEIRND, Hryw ABREOZE, Bk
KRB DZE L, SR OWEREFEE, 7 F ok
RZ, FEIIMOZEZEDA MV AIZER A b1
2 Ebh, ER N unfolded protein D&%
X9, DL 5% [ARM&] » [THEET] Shigwn
FSWERIWCIEERA MV AKIEDH % W id un-
folded protein response (UPR) &9 [fWVEE
B BRRERHE T 5. TF, BERE, IR,
T A WA E, BRR FREN ER A MLV AD
e HAPSHHEISN OO D 5, MREEN
WRICEL T, Bxo7ve=1 1 (PS1)
£ ER A + v ZDBRIZ O W T DO 2 g1,

TN INA =R/, N=F YV R, R) TNy
2 R EOREEEIC ER A bV AREEL T
WD EDWEBHR AT WS, 512, FEHEE
12OV T b PURBREREE S ER 2 b L 2 2Rb 59K
B CHHENS X H ko TE ., AT,
ERAPVARAEZDOWTHRIEDHAZHFH L, 2D
FE AR R O HELERR A DB 51 D W T DA
BHENT B, 512, LAWY HA TV S ER
A bR BEMINC U 7R AR R D FTRRIA R
iz oWnWTsh3,

2. 32N ERXFLAFG (UPR)
(1K)

HAETIE 3 DD ER A bV ANIGHEE ST
W3, iz OBfECE>TER A MLV A
ZHRL LD &0, Mo5rOEETINS DS
FEEE L 20w EMfifIZ R 3 2 7R b — & ARRBEA
Ehanbd,

HHEIE - RICRFARF BT R FE R IR S
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Translational attenuation Transcriptional induction ERAD
¥ ER '\ (%D PROTEASOME
‘h\ Accumulation of unfolded protenﬁ unioded  EDEM @@D

elF2q ¥ 4_ elF2a-P

GADD34- PP/ \

ATF4 Translatlonal
attenuatlon
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r]GADDMHCHHP

;RKI///Z|ATF6 IR\\\

ﬂ

ERS!EI ER chaperones |

1 /NfEZ ~ v A K (unfolded protein response : UPR)

a. EHEHERHNH] (Translational
tion)
1 O & LT, unfolded protein 73 ER N

attenua-

IR EERE LWL 912, f#E, BEEER
S EIFEIT 2 &S HEREFEC L, I, B

SREAEAT elF2a OV YFLIC k> TH 25 &
h %) 7,26)'

b. ¥ yRuYEHFEL

B2 OMigE LT, MldZER A b RAICL S
unfolded protein ® ER N TOERZZEHL,
ER 2 o EAfIEN Y 7 F VinE Z b s ¥,
Yy Xn viEHTDH 5 BiIP, calnexin ®
calreticulin 7 £ 2 FEHFHFE T2, I oy ¥
o >EAIZ, ERICER L 72 unfolded protein @
oIt b BtED 2 WITEIET 527,

c. /MNMEkBESS# (ER-associated degrada-
tion : ERAD)
R 12 L7z unfolded protein 24U L & h
ﬁm%m,%ﬂ%ﬁER@%fm?Ty—AKE
oI 32, BEEHDEE, ¥ v Xu Vi
Tz 5 &z calnexin P calreticulin 13 un-
folded protein IZfE& L, UDP-glucose-glyco-
protein glucosyltransferase & OEC calnexin/
cycle # # & 3 % calnexin/
calreticulin cycle IZ » % $5&E H 1¥, « - man-
nosidase 112 & Y mannose BYIH H&En 3 &,
calnexin/calreticulin 241, ER degradation-

calreticulin

enhancinga - mannosidase - like protein
(EDEM) :#E& L, unfolded mE % R &
n%5% EDEM IZ X b unfolded protein & #25%
SN 7-PEE I 1E translocon % > CER W 5

Mg~ L#EiFn, E1-E2-E3 ubiquitin system
XD 2EFF 152, 26S Furt Yy —A
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ToHfREIN 5™,

3. ERXPLREXY—HF (K12H)

ER X b vV A K& ER N @ unfolded protein
DEBERAT 2 2 e oMmHT 5, BEET,
ER i FI1cF4E L, unfolded protein ® & > 4 —
£ LT PERK, ATF6, IREl kiGN Tw 5,

a. PERK (pancreatic ER kinase or PKR-

like ER kinase)

PERK 3 ERE Lo I BIEHEEEHT, N
Ui D ER WHESEIBIZ ER A b v A2 v —ThHD,
C Kl eukaryotic translation initiation fac-
tor 2a (elF2a) %2V 8t 32k /A Vv A4
—rFF—CiEEEFEOY, ZOPERKDA b
LV AL v —EE L BiP (OaA) BEEL Tw
L2 TARERIEENTWS, ER A bV A9
U % &, ERWNIZE R L 7z unfolded protein
(Accumulation of unfolded proteins) % BiP %
PERK 2» 55| &#t L, PERK 0% mikfbB L Of
oY vBfbzi# 239, ) Bk s/ PERK
i elF2a D 511D %) VbS5, V>
@it &7z elF2a (elF2a-P) 1% 43S initiation
complex DI 2 HE L, BIREABZHEEYT 5
(Translational attenuation)?®, Zhizk b, %
COEHIFZER A MV AT TIRELEMET T 225,
B RT O ATF4 7o 3 EEN EH L, R
EOBEFOHES FRIE2Y, 26D 1D
@ GADD34 (growth arrest DNA and damage
protein 34) I protein phosphatase 1 & #H&K
(GADD34-PP1) =Rk L, elF2a % U0 Y
YL T, BABRETTIKEL, ERZXA ML X
FUNEY S R

b. ATF6

ATF6 b ER I LD I AEEEEATH %3,
DN TIWZHIEER A MLV AT TR BIP (D
A) PHERNICEE L TBY, IVIERBITY S
FNUEHEFLTHE®, ERX MLV RIZEL,
ATF6 13 BiP & 054 2 S /INaistic T2

117

VR IT M, site-1 protease (SIP) ¥ & O
site-2 protease (S2P) 12 k- CHifE M OEE
WEHEGT B CYI 25200 %, T &7z N KinfEiR
X ER &2 & B 11T L, ERSE iE& 3 %
Z & T BiP % calreticulin O & % (E#E 9 %39,

c. IRE1

IRE1 4 ERELO [ BEHEEO LY /A VA
=UFF—¥ThHY, TNV RXZVLVT—X
(RNase) ¥ % % £f >, IRE1 @ PV J §8 55 1%
PERK &z L MAMEDE <, APV ATT
WERY ¥y Ru vYEHTH S BIiP (MDA
IRE1 ONEEEICHEE L TWwd EHFEZoNTnwd,
ER W2 unfolded protein 233 % &, BiP »
B, IRE1 =& % L RNase {E M1 &
S>THGY Y®Bibz175. FHEOMIETIE, 2
DY b & 7z IRE1 25 XBPImRNA @ 1 >~
For YD T LTIV —AY 7 MR
¥, CKinlCEERAERTF 2 FF O L 72 XBP1
(mature - XBP1) 28 i Bl 3 %439, Z @ B 2
XBP1 31217, BiP 2 XDy v~<no v EH
BIEFO 7 uE—8 —#icdH % UPR elements
(UPRE) ZfsEL, choDyvyRu YE{HD
HPW{Tbh %20, & 5, KH#XBPL X
EDEM 7 £ ® ERAD B#RN T OFHE 1T 5 2,

UED X512, ER X b v RA¥ ¥ —DiEHAL
BREELTCWIBIPBENG ZicL V&L 2
EWVIHIFD A = AL ESNT VS,

4. ER X b L R EHHBEFE
(K128 R EBRTRT)
ER X bV A KIS TIXALEE L & e il 7 b
Z20IFEF| K ER A b v 2zt U CHIfEIE 7 R b
— VAR LU TEROKE N5,

a. CHOP o0&

CHOP/GADDI153 1% ATF6 ®° PERK &1 X -
TERAMVATIHEESNIEERFTH S,
CHOP % DR5 (death receptor 5) 7 & #5RE L,
caspase # A7 — R ZEHLLTCT7 R = 2 %
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gz,

b. ¢-JUN NH2-terminal kinases (JNK) #%
DAL

WEMEAE U7z ER 5 _E o IRE]L 1% c-Jun-N-ter-
minal inhibitory kinase (JIK) & TRAF2 & #&
&L, tumor necrosis factor receptor-associated
factor 2 (TRAF2) 1% apoptosis-signaling kinase
1 (ASKD) %M b3 220, Mk L 7z ASK1
X INK oM (JNK-P) £ b KD 7
IZ X % caspase OIEMHALE & < 39,

c. caspase 12/4 DiEMHEAL

Caspase 12 OiEHALIZ ER 2 b v ARG %
caspase # A7 — R DF| &4 &7 %Y, ER A b
L 2 & TRAF?2 % Pro-Caspase 12 7 & it & L
o, EHILL 2 IREL &S ¥ %, TRAF2 8
HEG U 72 Pro Caspase 12 3 ERJEET2 52 %
— 2B L, Wi E»N 37, Pro-
Caspase 12 1%, A bV 212 X > CTER X Y it
ENTeAHANY AL > THEHIILE T m-
calpain IZ & - TYIWr & iE MR O caspase 12 &
7£ %% Caspase 12 |& caspase 9 %, & 5 IZHE
FIIWZHIAEZEIZ 3 < caspase 3 DIEMHEILESI S 2
9. & MZBI S caspase 12 D7 iR b —¥ A
OS5 IR 53 % £, caspase 12 Dt b ik
Tu /L L THAIZ caspase 4 ZFEEL T35,

5. ER X b L R & fEftaiEeEs

DQER APV RETVYNA~—IF (AD)

KIEWET VY4 = —fx (FAD) O b HE
DEWHKNERTTHE 71 E=Y > 1 (PS1)
WBERIZEZLFET D EVWIEENLS, TLZ
ERZA MV R L PSIZEEDOERIZOWTEH
L7z. FAD TRO» -7 PS1 BEKR 2 E{ETE
AU 7= fiegfa iy, ER X b v 2o LES: %
T T EDIRE LY,

& 51z, PS1 O FAD Z B AR % B A U 7 A
faTid, ER XA MV 2ICHT % ¥ v_o v FEEY
% B BiP O mRNA FEL/IGHI S5 2 &
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REN, BiPFHEO L TH 5 IREL 132
HEE L HO ) YR X - THE s 3,
FZTERA MV RIZXBIREIOHD Y » 1L
IZDOWT, PSIZEALE A M CHRE T %
&, 2D YEBALPEEST 5, § bbb, PS1
ZEKIZER A b L 212 & 3 IRE1-BiP %% D
ER X PV AKIGZEET 2 Z LR S i1z,

FEERD BiP O L~V IZ DWW T AD BERK
CREEERENM TRE Lz £ 2 %, BiP 1k FAD
BEMTHEALTB Y, IWFEED AD THED
T2 EeNADH SN, ER A b L AR GOEE
5 ER ¥ vy _u > DOHEN AD OJREO—ETH
LATHEMEDSRIZ S LT 510,

%7z, PS1 OZEEMEIMD ER R bV A K
Th2 PERK 213752 ATF6 213 2% b
FHES 2 2 28, X DR TR I N T 51280,
Db X1z, PS1 0ZEEIZETO UPR 374
bbb ER A M AKRIGEEEL, SO 2 »
VZMEFIERFE T L BRI NT WS, Tz,
MHAMEADKTH AT Y vy Xu Y BMEFLTW
722 &5, ER 2 b v AHEFIHES AD O
BIcBE5 32 2 &%, BEfERENLTW S,

@ER A b VR & BEREREE

PR HEREE ORI GRE TH 530 7 g
oy McEET 5 &, BiP, GRPY, H 5w
calreticulin 23¥3 55, RUEHIECHIEIE CEINT 2
ZEDHEREINTWBEY, Fi, NV 7ol
ERX br RGBS NIMIEE T R =3 A5
EEICHD ZE bRENTWBEY, Zh s DHEE
1, U PERESE OREEIC ER A bV AWME & D
B5 %23 2AlREME 2 REBL T3,

2003 FEHHFOIHFE S 13, —IIMEDAE I B/
PEREER—E D 2 fHH S ERE L 7255388 ) > o83
HRe~Afr7u7v A THENLI:EZ 5, XBP1 &
BiP 2R MEEE TR T2 £ FER LY, &5
2, XBPIEETF O Fu € —¥ —4fEHEH 0 %1
-116C—> G », HEADHEEZEY > 7V dH % 0»ik
KE MNIH © ~ V) 4 (W8 & Fhsg) ¥ > 7
TEEICED>N, ZO-116G7VLhd b &
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ER X MV ARz B 5 XBP1 OFEHMET 32
EERE L2, Lo T-116G 7 Vv idh b &
ER X bV RACHEFFIC R % £F 2 5505, /)L
7ulgi 513 XBP1 Lo ATF6 2¥i0s ¢,
ZOMEgEEWET 5 L g L0,

ZDONEES OIME IR E L KERIEY, (R %
EREBTON, BTH, KEE:I—uy Ot
FIWFSEIE, KEOD 323 KR, 7AHV 7D 173 b
VA, SSWEEDIS M)A, BLUI—uy
NOBH 1181 {exfi@E 1717 Kk 57— 2
VIRV AY T4 IERBIARL S DTH o725,
XBP1 0-116 £ A & WUk M4 R o B i 1378
SNk olzbffEIn®, LaL, JLL-116
ZEDPHANETATRESED Lo e NEE
WE2EELFEZON, IV REEYA4XOHAK
AN & 23BN,

Wolfram J5 iZ¥EIRIE, FIAEZEE 2k 35 3
RSB RERTH 505, BED LRI S TREA
HTHOORPEBENGWESNTWS, F7e,
Wolfram J5 D JRKER F WFSI 13 BB PR E O
BRI E ST W2 4 BYRBE LICHFET 5 2
EMIRENT W B, 3T4E, 2 O Wolfram 5 O
JRNE LT WFSI I ER A bV A2 L D FHE &
N5 ENREN®, Wolfram §% @ hetero-
zygote IZAOD 1% % 5D, HEERL S DK
TABERDOBEZFD 25 %13 Z DBELTEROERN
HEORBELVLH DD, ZhoDfEEL ER A
MU R EDBENEHENT VS,

6. DF r_ROUFEFINER

Bz, FlombEESY —7 v b LT, ER
APVARIGD S bOFyr_u YFHICEHL,
AFY v v r BiP FEHIOME 217> 7z, BiP
D7’ —F —EHNZ luciferase Fid % D72 1T 7z
ViIR—8 =7 v A REMSLL, 22N
ATT7V)V="NAAN—=Ty N AT ) ==
THWRL:., R BPOXAYy R —YE2FHEHEL
a o877 > K% BiP inducer X (BIX) &% fF07
TEHRALY,

Z @ BIX z= i ZrfifafE SK-N-SH ic#& 53
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% & BIX OEEMKRFHIC BiP 25583 2 2 &8
RNz, G 2KHE®Z» ORI D 4 R %
E—Z7IZHEL TV ZERBEESN, BIXD
R —1ETH 2D Z ERI NI,

b L 20 BIX 28 BiP LI4F @ ER X b L X2 &
S THREI NN TFREETIIE, ER A MY
AL BT R =Y RAZERY T, BEEE
BavBEw, £27T, BiPLUOER X LA
4y + XBP1, CHOP, ERdj4/MDG1, PDI iz ©
W, BIX %R % #ET L 7z, BIX % SK-N-
SH#ifg e 5 L T, BiPIZsEE T 3 23,
XBP1DORA7Z 4 v 7 (FEMHAL), CHOP OF
&, ERdj4/MDG1 OF&E, PDI OFE T & %
W ENTER SN, 72, BiPHE LAY 3
EEBFRIG 2 2 3 elF2a 0V Y EELIZ DO W
TH BIX OB E#EI L72A, 20V YEB{bix
BEsNW o, LMEOFEERE» 5, BIX X
BiP DA %FHEL, i ER 2 bV ARG T %
FELTWI ERS NI,

BIX DER R b v Z{RFEEH T 2 B
T, BIX Z#iRsFiaositicaimyL, 12 K
#12 tunicamycin 2#% 5. L CTER A b L A & »
g7, BIXZ2# 5 L Twiwiilld Tk
tunicamycin 5% 36 BF[E% L 0 IS L
a7z, BIX #5MIET 1A = 2 Ml a5t O
PBEINI:, ERAMVADLSFEEINET
R M=y A THEMAEE LS caspase 4 IZDWT ¥
IAY VHETHRE LI 25, BIX#BS5HET
3% OIEHEALBIIH SN T WS 2 EDFERS R,
BIX I3 ER A MV RIZX D 7R b=y X &HH]
L, WS EREST 2 LIRS TV,

MMEEIMIZ ER A b v R 2% S % DT, BIX
OB EMET 2 in vivo DEEZRELT, ©v
2 DO FAEIIREAZE (MCAO) €7 V2L
7z. ' MCAO # 24 e T %, HITA07], K
KAl O fEElES), R E OWEREE, b2
WITHRER 2 L O W I O MERREE DD &
M, %< O~ AIHEEEETEE O MRS %R
7, BIX #5~ 7 2 ClRRAEEEIZRE & X
DR OEEE 2R L Tz, MCAO 24 K
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VEHICLE BIX

2 BIX OREZEREIER
K MEIIREAZE ~ 7 212 BIX & vehicle 2% 5 L T, ##
FEH 2 H L 7z,

BOREIR 2 ER L, TTC etz & v fxfEZEES
MOFHIZ{To72 L 25, BIX#EG5 <V ATk
PSS AR DB B IR 3580 o4, FHICHE

SR IMEEL (penumbra) DA WEEE TH - 7o,

%7z, MCAO 24 5Bt O MIEE I D W T b RET
L7zt 2%, BIXEEE~Y Y XA CIRAEECKEE
MBS Tz, s OfERIZ, BIX O
HENHTHE 528 MCAO 1T X 2 A2 o (258 % 5
U CHRHERFIR 22 5 2 2 L BRL T W5,
BIX O#hHR I HHZER UFEE (penumbra) Dk
DITHEE TR S b, ZFDEALTD ER A b
VAWREBT RN =Y RAZOWTHE LT, 7K
Py 2RBEMEERZL-DCKUA %
TUNEL et CHeb /2 & 2 %, BIX#E~ v 2
® penumbra 12 B 1} 5 TUNEL Mgz 6=
WAL Tnwa 2 EPBEsh:, &5, ER
AMNVAWREEZTRN =Y AFESTTH D
CHOP O I D W T in situ hybridization IZ
THEtL7z & 2%, CHOP 0&FE b BIX &5~
7 2 @ penumbra IZ B W THECIIH I L TWw
LI ENBEIN, ThoD I s, BIX
% 503 B4 FE 2E B 0 48 3 penumbra @ ER 2+ v
AR L, ZHICE D7 RN —v 224069 5
ZETCHZER DR EIMZ L ENTEL I L%
w~L, i vivo CBWTH BIXIZER A b RIZ

L7 KRN =V RZBRB DS LR LTS,
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Tex OBIFE L7z BIX 1%, MM~ OGS
U ADMENREET L2 EIED, ERX
VAWEBT7 R =Y AHIEER 2 7253 2
EWIRENT, S, BRIGHICERET 272012
i%, BIX H& OMEME OB MBI o
Bt S I BN OERER ¥ % < O/N— R v
PEET S, LaL, HEHENOREELAERE
—>ER R bV 2A->MEMIESE L v S a2 A F
AD O H7% & THHRAMEEEBE OB L2 b D TH
D, YyROYFEEICL S ER A MV ADORFIX
I CEERIG A EARF T & 5.

7. B b Y IC

KRR L7z k512, ER X2 bV R IZEEL,
MR OER X ER A b v AN & W9 survival
signal & 7 R b — ¥ X @D death signal D /N7 >~
ADETHY > T3, ER A bV ABEMT
hiiE, ER A b VARG ER &IHD 7 K » —
VA RBERT B OICHIlIZERFT 54, ER X
b LV AR TR NIET R b — ¥ A5
ez stz z %,

AR, BERRIE, MEIMEEEE, VA VAR
DIFENER A b L AL > THHE B X
%o 12, AR IO W TR IO W
En0 THIRIED RV, S5k, FHEBOR
BEMRIH OB EERAFE I ER A b v 2 OFER A6
ENDZERARFT 5.

X 23

1) Bertolotti, A., Zhang, Y., Hendershot, L.M., et
al.: Dynamic interaction of GRP78/BiP and the ER
stress transducers in the unfolded protein response. Nat
Cell Biol, 2; 326-332, 2000

2) Bonifacino, J.S., Weissman, A.M.: Ubiquitin
and the control of protein fate in the secretory and
endocytic pathway. Annu Rev Cell Dev Biol, 14 ; 19-57,
1998

3) Bown, CD., Wang, J.-F., Chen, B., et al.:
Regulation of ER stress proteins by valproate: thera-
peutic implications. Bipolar Disord, 4; 145-151, 2002

4) Calfon, M., Zeng, H., Urano, F., et al.: IRE1l



e TRE D /NIAR R b v R E e

couples endoplasmic reticulum load to secretory capaci-
ty by processing the XBP-1 mRNA. Nature, 415; 92-96,
2002

5) Cichon, S., Buervenich, S., Kirov, G., et al.:
Lack of support for a genetic association of the XBP1
promoter polymorphism with bipolar disorder in
probands of European origin. Nat Genet, 36 ; 783-784,
2004

6) Deprez, P., Gautschi, M., Helenius, A.: More
than one glycan is needed for ER glucosidase II to
allow entry of glycoproteins into the calnexin/
calreticulin cycle. Mol Cell, 19 ; 183-195, 2005

7) Harding, H.P., Zhang, Y. Ron, D.: Protein
translation and folding are coupled by an endoplasmic-
reticulum-resident kinase. Nature, 397 ; 271-274, 1999

8) Harding, H.P., Novoa, 1., Zhang, Y., et al.:
Regulated translation initiation controls stress-induced
gene expression in mammalian cells. Mol Cell, 6 ; 1099-
1108, 2000

9) Hitomi, J., Katayama, T., Eguchi, Y., et al.:
Involvement of caspase-4 in endoplasmic reticulum
stress-induced apoptosis and A S-induced cell death. J
Cell Biol, 165 ; 347-356, 2004

10) Kakiuchi, C., Iwamoto, K., Ishiwata, M., et al.:
Impaired feedback regulation of XBP1 as a genetic risk
factor for bipolar disorder. Nat Genet, 35; 171-175, 2003

11) Katayama, T., Imaizumi, K., Sato, N, et al.:
Presenilin-1 mutations downregulate the signalling
pathway of the unfolded-protein response. Nat Cell
Biolog, 8; 479-485, 1999

12) Katayama, T., Imaizumi, K., Honda, A, et al.:
Disturbed activation of endoplasmic reticulum stress
transducers by familial Alzheimer’s disease-linked
presenilin 1 mutations. J Biol Chem, 276 ; 43446-43454,
2001

13) Kim, A.J., Shi, Y. Austin, R.C.: Valproate
protects cells from ER stress-induced lipid accumula-
tion and apoptosis by inhibiting glycogen synthase
kinase-3. J Cell Sci, 118; 89-99, 2005

14) Kudo, T., Kanemoto, S., Hara, H., et al.: A
molecular chaperone inducer protects neurons from ER
stress. Cell Death Differ, 15; 364-375, 2008

15) Lee, R.J., Liu, C-W., Harty, C,, et al.: Uncou-

pling retro-translocation and degradation in the ER-

121

associated degradation of a soluble protein. EMBO ],
23; 2206-2215, 2004

16) Ma, Y., Brewer, J.W., Diehl, J.A., et al.: Two
distinct stress signaling pathways converge upon the
CHOP promoter during the mammalian unfolded pro-
tein response. ] Mol Biol, 318 ; 1351-1365, 2002

17) Macejak, D.G., Sarnow, P.: Translational reg-
ulation of the immunoglobulin heavy-chain binding
protein mRNA. Enzyme, 44 ; 310-319, 1990

18) Molinari, M., Calanca, V., Galli, C., et al.: Role
of EDEM in the release of misfolded glycoproteins from
the calnexin cycle. Science, 299 ; 1397-1400, 2003

19) Nakagawa, T., Zhu, H., Morishima, N, et al.:
Caspase-12 mediates endoplasmic-reticulum-specific
apoptosis and cytotoxicity by amyloid-beta. Nature,
403 ; 98-103, 2000

20) Nakagawa, T., Yuan, J.: Cross-talk between
two cysteine protease families. Activation of caspase-
12 by calpain in apoptosis. J Cell Biol, 150 ; 887-894,
2000

21) Nishitoh, H., Matsuzawa, A., Tobiume, K., et
al.: ASKI is essential for endoplasmic reticulum stress-
induced neuronal cell death triggered by expanded
polyglutamine repeats. Genes Dev, 16 ; 1345-1355, 2002

22) Novoa, 1., Zeng, H., Harding, H.P., et al.:
Feedback inhibition of the unfolded protein response by
GADD34-mediated dephosphorylation of elF2«. J Cell
Biol, 153; 1011-1022, 2001

23) Oda, Y., Okada, T., Yoshida, H., et al. : Derlin-
2 and Derlin-3 are regulated by the mammalian unfold-
ed protein response and are required for ER-associated
degradation. J Cell Biol, 172 ; 383-393, 2006

24) Polymeropoulos, M.H., Swift, R.G., Swift, M. :
Linkage of the gene for Wolfram syndrome to markers
on the short arm of chromosome 4. Nat Genet, 8 ; 95-97,
1994

25) Shen, J., Snapp, E.L., Lippincott-Schwartz, J.,
et al.: Stable binding of ATF6 to BiP in the endoplas-
mic reticulum stress response. Mol Cell Biol, 25; 921~
932, 2005

26) Shi, Y. Vattem, K.M. Sood, R, et al.:
Identification and characterization of pancreatic eukar-
yotic Initiation factor 2 a-subunit kinase, PEK,

involved in translational control. Mol Cell Biol, 18;



122

7499-7509, 1998

27) Sidrauski, C., Chapman, R., Walter, P.: The
unfolded protein response: an intracellular signalling
pathway with many surprising features. Trends Cell
Biol, 8; 245-249, 1998

28) Swift, M., Swift, R.G.: Psychiatric disorders
and mutations at the Wolfram syndrome locus. Biol
Psychiatry, 47 ; 787-793, 2000

29) Tirasophon, W., Welihinda, A.A., Kaufman, R.
J., et al.: A stress response pathway from the endoplas-
mic reticulum to the nucleus requires a novel bifun-
ctional protein kinase/endoribonuclease (Irelp) in
mammalian cells. Genes Dev, 12 ; 1812-1824, 1998

30) Wang, X-Z., Harding, H.P., Zhang, Y., et al.:
Cloning of mammalian Irel reveals diversity in the ER
stress responses. EMBO J, 17 ; 5708-5717, 1998

31) Yasuda, Y., Kudo, T., Katayama, T., et al.:
FAD-linked presenilin-1 mutants impede translation
regulation under ER stress. Biochem Biophys Res Com-
mun, 296 ; 313-318, 2002

32) Yamaguchi, H. Wang, H-G.: CHOP is

involved in endoplasmic reticulum stress-induced

RS (2012) 114 &2 5

apoptosis by enhancing DR5 expression in human car-
cinoma cells. J Biol Chem, 279 ; 45495-45502, 2004

33) Yamaguchi, S., Ishihara, H., Tamura, A., et al.:
Endoplasmic reticulum stress and N-glycosylation
modulate expression of WFSI1 protein. Biochem Bio-
phys Res Commun, 325 ; 250-256, 2004

34) Yoneda, T., Imaizumi, K., Oono, K., et al.:
Activation of caspase-12, an endoplastic reticulum
(ER) resident caspase, through tumor necrosis factor
receptor-associated factor 2-dependent mechanism in
response to the ER stress. J Biol Chem, 276 ; 13935~
13940, 2001

35) Yoshida, H., Haze, K., Yanagi, H. et al.:
Identification of the cis-acting endoplasmic reticulum
stress response element responsible for transcriptional
induction of mammalian glucose-regulated proteins.
Involvement of basic leucine zipper transcription fac-
tors. J Biol Chem, 273; 33741-33749, 1998

36) Yoshida, H., Matsui, T., Yamamoto, A., et al.:
XBP1 mRNA is induced by ATF6 and spliced by IRE1
in response to ER stress to produce a highly active
transcription factor. Cell, 107 ; 881-891, 2001




e IR D /MR b v R LRSI R

ER Stress and Neuropsychiatric Disease

Takashi Kubo

Department of Psychiatry, Osaka University Graduate School of Medicine

Various stresses cause the accumulation of unfolded proteins in the endoplasmic
reticulum (ER). For this serious “ER stress”, cells have unfolded protein responses (UPR)
consisted of the translation block, the induction of chaperones, and ER-associated degrada-
tion (ERAD). If cells do not overcome the ER stress by UPR, ER-mediated apoptosis occurs.
Recent reports showed that several diseases, such as diabetes, ischemic diseases, viral
infections are caused by ER stress. In neuropsychiatric disorders, it was recently reported
that ER stress involve in neurodegenerative diseases, such as Alzheimer disease and bipolar
disorders.

We are developing new drugs based on UPR theory to get the next generation drug for
neuropsychiatric diseases. A molecular chaperone inducer (BIX), which we recently invent-
ed, prevents neuronal death by ER stress, suggesting that it may be a potential therapeutic
agent for neuropsychiatric diseases by ER stress.
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