FrfE T REE AR RIS & RS E

HE BHERBOHLOXDZALZRET S

ﬁ‘
HHE

T

MiERIC

859

Eéﬁﬁﬁkmﬁfu
72 1 ZBIRDEE O \WT —

i

B\F 5 & AE N EE PR 13 unfolded protein response (UPR) &\wabi, I DRk

PEMEREDOIIEICG T 2 L INTw 5, R4 1L, ¥ 7~ 1 REERDOFEBFEL D UPR O
—HEHE) ZEERRL, MOKMIER £ T 2o S Te s iR R R L 22, 7,
TNVRFY I VY T~ 1 RERERBEELT 2 2 LR SN, FuMEARA P L AR T Rb D
HAEWEEHIR 2T 24 L CHIfFCE 5 2 L2 RET 5.

<%5|H
(UPR), IhakEzE>

& C & IC

STINEE B IRE R, Mafk (ER
LTWwBYARAY—LTHEIN, ERNT7 #+—
WT4/7%§T IVVREE, MIlERm, &2
13— L E Dt H LN X duiRe
%%t?ﬁ,:ﬁ%%%%@%ﬁﬁﬁﬁﬁ&%%
Z W77 DITIFVEREEDITE L v 2 & DT
H3, ZDXHIZ, ERIFEAD A TILY,
DL hBEEH>TEY, AR, TH 2
7 F =T 4 v WAIEREN (unfolded pro-
tein) 2% THIf, Sz Xk H IR, T4bb
FEEN 2T ofilEoEFE2 > Tw5, R
ICERAPLAEVONSEEEZEDPT LI &
ffi 2 DB T Cl%, unfolded protein 2SEEMNIL,
o THWEEM) PEHELEZSTLS, ZnsD
B VRS PRBERE 1 unfolded protein response
(UPR) Lwbh T3y, OO 7
K= 22 L, HRE2ZRICOE LS
 DEEBOFEBIRICE ST 5 2 LNEFEH X
ncws (X1). 4k, EREEICHEET ST

) ISHES

E LU 1AW, NMERA P LA, 70X XY I, unfolded protein response

2 1 ZEMED UPR IS 2R85B 6 I L,
ZFNEEEF ZTH 7 BRI I O WA T

%5, 8, UPRBLXUPERA ML ARIZKE TR
k= ZDFMIC O LTI 2B E N,

I. U7 128K

UK, ol AR E 02 ZRIED 2D
DY 74 THAESNTLEY, v 7Rk
WiE 1%, RIS ER P RICEE I Nz 223 o 7
S JBD 24-kDa Dy FEEREZa—FLTWw
BBR) AR, U 1 AR, ZAE, R,
HDB0IEA A T v v RO E FEE T 55
TrryROyBIMEITRRZINE LI I
T T8N o e 2 SRR, RO,
7ay AT a v BEKBERSPY L LCHE SN
TEh, HlZIE, ¥iH, 7R b= A, BRI,
> F TATGEE X O RTAEYE, & 7 1 4 P450
DOFENEAL, HBVIFATOAL FOY 7 FIARER
ED% L OMIEERICBESG L Tws EINTW
221218 o o 1 RIE RS A A

FHEHEE © RICR Rt v & —



860

Kl EE (2014) 116 %10

ERAD

S1P/s2P [

NUCLEUS

Sigma-1R

BiP/GRP78 etc.

PROTEASOME

mature-XBP1

Chaperone

1 UPRICBIIZL 72 1 RZEIRE 7 VRXY I v ONEDT
ER A kL ZIZ X o T unfolded proteins 23&fi$ % & (accumulation of unfolded proteins), PERK, ATF6, & %\»i%
IRE1 % EDERBE LD+ 7 v AF 2 —4 =75 BiP 23i##ft L, #FWIHI (translational attenuation), > v w2 Y EHFE
Bl (translational induction), & 5 ZiZ/MaikBIHSrfi# (ER associated degradation : ERAD) &\ 7 UPR (unfolded
protein response) C & > THINIDMEMETEDMEZ- %, L L, UPRDMEHEST 2 &, 7R b — ANFEL T, ML
%, ¥~ 1 ZAEHIE ATFL O TIICHIE L, ATFAIE7 VA ¥4 S v e ns,

L, folE, B, &G, B X OHEBEEIcRES
% PR R 00 B 7 B BEIR IS & 4§ 2591629
Lo L, BEOMEATOA Fi3s 7~ 1 25K
LHEAERT 258, > 7= 1 SREICNT 5 58
MMEOWNREY v RO TS X F 72 ANHT
%%13).
CDORREED S 7= 1 ZHE) B v R oFfilE
FADIRIAGARY b7 L5%HDI L0, Pkt
B L ORMEEICE T 5 2 OZERD NS
ST DL 2T A, CORBMEICHENER
% T 5D, B2 BB OBEN G L L
TREINTEEBD, chon% ik, Hiak
FRE, 9 O, FEMIMRTE, B D IR TR R

hE, BMEFFEEO b0 TH 2% choo
WRDIIER, 72 1ZERV TV R 206D
DGO L 2DTIERL, Y72 1R
Forrvxuy e L ToliEz s L T 285155
FOREENALES Z R LRI % EREX
NTETCLMY 2T, v/~ 1 ZEROD
ERIZE T2 v_XuUHiEE LTERSS S
Ay PV 7ADHNT T L % i % inosi-
tol-1,4,5-triphosphate (IP;) Z&EED LD
HanTws®? Thbb, v 1 RERIES
Fay FY 7 e#Ed % ER P (mitochondria asso-
ciated membrane : MAM) LICHFEEL, @D
HIREETIZY v Ra vk LColiE2hIks v



FrfE T REE AR RIS & RS E

TWVBD, RN A b L RIREEIC 4 B & REE R
IPySZ RN A ¥ R LIPS AR D o3 fif % il 1k L
THMALL, S havy FYT7ADH LS T LK
IR L CER WD AV ™7 LSBT 2 Bt 4
2LENTVS, MAMICHEET 2 /< 1 %R
FIZERY v Ru Y EATH S BIP &1V F L,
> 7= 1 RERORERIRZ i TW»T, ahaA
VREDTIZA MDY T2 1 ZEEINEN:
b9 % & BiP i<, #%, MIER, &2t
MMM RL TR S 15 £ S nTw 352,

n. ¥J<1%8%k&E UPR

ER M ® unfolded proteins %Z#%1 L UPR % ¥&
HWT2 b7 A7 2= =13 ER K LICHFAEL,
EHIRIETIX BiP &AL T, unfolded pro-
teins D&M, T4bLLERANL A% E
BiP D fffensitl & TRt S M9 HiFEcibR
Tk H ey < 1 ZEROIEELD UPR FB &
T3, 22T, iy 7~ 1 ZHMEE UPR
DRI OWTHRT 5 2 & Lok,

%9, HEK293 (& hBH@EfMifE) ICER A b L
A% Z 9 tunicamycin (HESHAHINFHESR) % 4L
HLT, BEFNICY Vv 1 ZEBREADOFKIZ K
FL7EZA ERAFLRICKDS V2 1RA
HEHRFEINL LRI NE (M2)., 2D
BRI, ERAMLRAZDTBHEAAZEZLTY,
$H A\ 13 Neuro2a (= ZAMifEEEfafE) 7 &
PIRERINEIC 2 2 CH FRRICEIEZ SN S 2 L 68
WARBHEREEZEZ o, 561, ERAML R
BB DY 7+ 1 ZEE mRNA 12D TG
L7k 22, BEL UL THEEL»» S I IR
INF, TOERAFLRICESTY /2 1%A
RE2FEETL2EHEERTFEIMTH S I »?
HEK293 fiifidic, ER A b L A T T AIEE A
TTH 2 ATF4, ATF6, X512 XBP-1 22N *%
BB TEAL TERBEE 5 L, ATF4 OEF
BTy V< 1 ZEERVFELEIND T LRI
7. —7, sSiRNACTAFT4 % /) v 7 ¥ v L1
HEK293 Ml TIZ ER A F L AZ 0T TYH, v 7
VI XEROFEVBBEINT, ZOBRE

861

Tunicamycin (1 ug/mL)
0 15 30 60

120 (%)

Sig-1R i —
p-PERK . h

PERK e B N —
p-elF2a

e e Ehes .
GRP94- . -
GRP78- - — — -
GAPDH =~ il i S —" a—

K2 ERAFLVREFY 7 1 ZEERERILT 2
HEK293 Ml i tunicamycin TER A b L A% Al 7 %
& (Y 1k PERK : p-PERK, VY v#{l eIF2a : p-
elF2a, GRP78/94 OHIINTRT), BRIz 7= 1%
BEDFEBFEE I 15, GAPDH (dNETRHE,

ATF4 QBN TIEESBIETH 5 2 & RS
szf:w)_

M. UPR ELTOIIY 1 RBHZE

COERAFLVAZAMLAIRIEZ 23 7~
| ZEFRFEZ DR IBEEZDLOTVRLIDTH
29 ? v 1 ZEEE HEK293 Ml & R
TEA L CEFEIFHZE 3 L, tunicamycin 12 X
% ER A b LRI Pitt %2R L, HMIHESEDS mock
AR R T T 2 2 Enm ik (K
3). ¥4hbb, ERAFLAICkSTHEIN
PR 1 ZARIE MO UPR E LCHER A ML
2EE B ST EEZ SN,
REFTPER TN a— VKIEETIEs V< 1%
Bk 7 n € — 8 —fHBIC BT 286 TSR
HENTWS (T-485A, GC-241-240TT) 1),
INSHEETEME b o 7uE—5 — LA
DTRE—F—% LT 7 27 —YHEGBFIZL 2—
ALV EA=Y =T v A Z%ZHEL, ER AL



862

50 . %

@40
1h 2h 6h

[P
5 30
12h  24h

% 20
ERZRL X & TrTBEE]
Omock 039~ 1SR ARIEME

X3 >7~<1ZHREOHEIULIER A L
AT & B MifEsE z Ji 3 %

> 7w 1 ZENE EETEA L % HEK293

ff@lX, tunicamycin i2X % ER A b L

A B & 2 MR BE 28, JEE A A

(mock) (ZIEL, #MIfIE T3,

* 1 p<0.05

T

10

T

TR XY I 2 RICHEEE
0 2 6 12 24

— __w

XAkl

GAPDH a— _——l—‘

B _aCtin m

K5 7VRFHIVICLk By~ | REGREFHE
TAURFH I e v 1 ZEEZEAL L (BB
BIUEEGL L (VB CREFMICHRBGZEET 2 2
&R &7, GAPDH 3 & Hfi#HT o NI AR HE, -
actin 1 mRNA O NERiEHE,

LAWK By 7= 1 ZEERFATITO W TG L
7. InoSiEb ok uE—y —Cl3EpARR
WL, ¥/~ 1 ZEROFHEIMEL, ER A b
LAWK DY 72 1 BT L W9 BN K
ISR E T WD 2 EDs, 2o DORHEED
JERBICEHE. L TV A Z EWRmBREInTWn3 (X
4) 14) .

K #EaE (2014) 116 % 10

/ / Vard /
m xR T
O T-485A

[]GC-241-240TT

IR SRHTOE—52—

Tunicamycin E I+ }*

5 10
75—t iE M
K4 7= 1REED70E—y —HMOBESS
BIZ ER A b L 2T X 2582015 2

T-485A, GC-241-240TT, B X OWERDL /< 15
KMEDTuE—Y—% LY 7 257 —REIETICE 2 —
AL, tunicamycin iIZX % ER A b L AERIZHT S
U 1 REROFIE ST 2 &, DMSO B
LB R Rl R BRI I NS, s 4T
IFZ Nl Tz,
* 1 p<0.05, **:p<001

N. ZIWERFYIVICKBTI~Y 1 ZBE
RIRFE

FERE v b= LD IAAHES (selective
serotonin reuptake inhibitor : SSRI) T®H % 7 )V
RX¥Y IV e | ZREBRITBRENE DO T
HuEubiTwg, 22T, RADBBELLY
72 1 ZEBOFRBEFE L 7 VA X 2 v O
IZOWTHH L, BukZdic, 7ZVAFH 3
VAMRBY 7 1 REEREFRBFEET 5 2 LAVR
Sz (K5).

CDO7IVERFH I VKDY 7w 1 ZEMBHI
FHEOBTIX D2 5bDTHAH) 0 ? Wikl
72XIICERAPLVATTIZATF4IC k> T 7
v | ZERIRBFEE2Z T 5. 22 TATF4
)2 VRIS T 7 VR ¥ 2 v ORI R 2R
FLEZ A, vrv ] ZEEHKBFEIX v~
LN ENDZEDIRENT, —J, ATF4 DE Lk
WALE T % elF2a DY) VG D W TiRE L 72
LA (®1B), 7VRXH I v bt ko<



FrfE T REE AR RIS & RS E

YU ZREORBRFE

4
V
[ emrem

U1 BRI
K6 7VRXYI ks s~ | ZEKIEEL
TLRFH IR 1 ZEKICHAL, Z0IC
KO CTATFA%FHET 2, FEI N ATF4IEY /=1
ZEE T - —IEM L CRBFEZE T,

U UBED L RVIZZEM L BWn T E SRS N,
INLEBETBE, 7ARFY I IFEE
ATF4 23R8 L, ¥ 77 1 SEEOFIHFEE ICH
BB ENRBINL (K1), ZO7VRXY
SV X B ATFA FEOBET IZFEHAHTH 2
03, v 1 ZEED 7 v 7 7+ MEF #ilid (=
v Z R ARHESERIIE) R U~ 1 AR DR R
FHEMHRTH 2 NE-100 2 HEI T TE L &,
ATF4 FHEBBIEINRL 55 2 6, BME
DA TIVARXFH I VIFS V2 1 ZEEZNLT
ATFA ZFHEL, 2D ATFAR IS V2 1%
AR HBFLET 2T "B E NS (K6)'7.

V. IUWRFYIVORER A ML AXIR
B L 72 & 912, ¥ 7= 1 ZEEROFBUIPIER
APLVARE DL 5T, 7VFEFY I I
HPLER A b L AR WIFCTE 5. FHEE, #iet
PRI 7 VR X9 3 v 28510 T L ER
A b LRI & B B 2 T & 5 2 L AVR
It E51T, =7 ADHNKINBINREIZEIC X %
% E TNV ZHWT 7 LRXY I VD ER 2
FUABIFIZ O W THET L7, BBEZER D R % v
7 M TIZ ER A b L A E, BZEHROIEK
IZORNBZEINTVED, 7LEXFY I VDl
e 5.0 X D, PHZE 24 IR D BHIEH DA L
T (N7,

863

TIVRFHIL

7 rRORBKEIIREAZE IC X 2 afgiZE
— D R IMEIIR % 27 CRRZE L, 24 KR8 Il A
Z TTC #eta L7z (OB MIgER ), 7 LR ¥ 2
VLSRR RRESRIC L, BRI 2B
INns,

bW

EHEMEE MM CH 2 UPRICBIFL YV
< 1 ZAEEROE G % IR 7, SEfEN L
> 7 1 REBOFKBEEEIE o UPR &z
5N%., HOKRIMERETHEDBH LY I~ 1%
KE7oE—5 —DBETLIHIIIOEMNE b
W) RE UPR OFILZ BT S 1] & 2> D iEE
FUCBE- L T3 2 ERB I,

EHICTARIY I UL I 1 BRI FHB
THET 5 EDRE N, HERD SSRI & I3E 5
FFTo, #LER A b L A%R, T4bbEAE
PEMNRESHIF SN2 2 L 28E L. 7R
U v RHBEHREG b TELHETH
D, LT L IARIE L & 2 RENH
5,

nE, AGSCUTBRE L CRIR T NS ARSI 22,

X [N

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) Cahill, M. A. : Progesterone receptor membrane
component 1 : an integrative review. ] Steroid Biochem
Mol Biol, 105 ; 16-36, 2007

3) Harada, Y., Hara, H., Sukamoto, T.: Receptor



864

binding profiles of KB-5492, a novel anti-ulcer agent, at
sigma receptors in guinea-pig brain. Eur ] Pharmacol,
256 ; 321-328, 1994

4) Hayashi, T, Maurice, T., Su, T.P.: Ca’*" signaling
via sigma l-receptors : novel regulatory mechanism
affecting intracellular Ca?" concentration. J Pharmacol
Exp Ther, 293 ; 788-798, 2000

5) Hayashi, T., Su, T.P. : Intracellular dynamics of
sigma-1 receptors (sigma 1 binding sites) in NG108-15
cells. ] Pharmacol Exp Ther, 306 ; 726-733, 2003

6) Hayashi, T, Su, T.P.: Sigma-1 receptor ligands :
potential in the treatment of neuropsychiatric disorders.
CNS Drugs, 18 ; 269-284, 2004

7) Hayashi, T., Su, T.P. : Cholesterol at the endo-
plasmic reticulum : roles of the sigma-1 receptor chaper-
one and implications thereof in human diseases. Subcell
Biochem, 51 ; 381-398, 2010

8) Hayashi, T, Tsai, S. Y., Mori, T., et al : Targeting
ligand-operated chaperone sigma-1 receptors in the
treatment of neuropsychiatric disorders. Expert Opin
Ther Targets, 15 ; 557-577, 2011

9) Hellewell, S. B, Bruce, A., Feinstein, G, et al : Rat
liver and kidney contain high densities of sigma 1 and
sigma 2 receptors : characterization by ligand binding
and photoaffinity labeling. Eur J Pharmacol, 268 ; 9-18,
1994

10) Ishiguro, H. Ohtsuki, T., Toru, M, et al. : Asso-
ciation between polymorphisms in the type 1 sigma
receptor gene and schizophrenia. Neurosci Lett, 257 ; 45-
48, 1998

11) THE & /MEfk2 b L2 &S hmis sl i
#Fas, 1145 115-123, 2012

12) Losel, R. M., Besong, D., Peluso, J.]. et al : Proges-
terone receptor membrane component 1-many tasks for
a versatile protein. Steroids, 73 ; 929-934, 2008

13) Maurice, T., Su, T.P.: The pharmacology of
sigma-1 receptors. Pharmacol Ther, 124 ; 195-206, 2009

14) Mitsuda, T, Omi, T, Tanimukai, H., et al : Sigma-

K #EaE (2014) 116 % 10

1Rs are upregulated via PERK/elF2a/ATF4 pathway
and execute protective function in ER stress. Biochem
Biophys Res Commun, 415 ; 519-525, 2011

15) Miyatake, R, Furukawa, A., Matsushita, S. et al.:
Functional polymorphisms in the sigmal receptor gene
associated with alcoholism. Biol Psychiatry, 55 : 85-90, 2004

16) Novakova, M., Ela, C., Barg, J. et al : Inotropic
action of sigma receptor ligands in isolated cardiac myo-
cytes from adult rats. Eur J Pharmacol, 286 ; 19-30, 1995

17) Omi, T., Tanimukai, H,, Kanayama, D., et al :
Fluvoxamine alleviates ER stress via induction of Sigma-
1 receptor. Cell Death Dis, 5 ; 1332, 2014

18) Rohe, H.]., Ahmed, I.S., Twist, K.E., et al :
PGRMCI1 (progesterone receptor membrane component
1) : a targetable protein with multiple functions in steroid
signaling, P450 activation and drug binding. Pharmacol
Ther, 121 ; 14-19, 2009

19) Shen, J. Snapp, E.L., Lippincott-Schwartz, J., et
al : Stable binding of ATF6 to BiP in endoplasmic reticu-
lum stress response. Mol Cell Biol, 25 ; 921-932, 2005

20) Su, T.P, Hayashi, T.: Understanding the molecu-
lar mechanism of sigma-1 receptors : towards a hypoth-
esis that sigma-1 receptors are intracellular amplifiers for
signal transduction. Curr Med Chem, 10 ; 2073-2080, 2003

21) Su, T.P., Hayashi, T. Maurice, T., et al : The
sigma-1 receptor chaperone as an inter-organelle signal-
ing modulator. Trends Pharmacol Sci, 31 ; 557-566, 2010

22) Tsai, S.Y. Hayashi, T., Mori, T, et al : Sigma-1
receptor chaperones and diseases. Cent Nerv Syst
Agents Med Chem, 9 ; 184-189, 2009

23) Wolfe Jr., S. A., Culp, S.G., De Souza, E.B.:
Sigma-receptors in endocrine organs : identification,
characterization, and autoradiographic localization in rat
pituitary, adrenal, testis, and ovary. Endocrinology, 124 ;
1160-1172, 1989

24) Xu, J., Zeng, C, Chu, W, et al : Identification of
the PGRMCI protein complex as the putative sigma-2
receptor binding site. Nat Commun, 2 ; 380, 2011




FrfE T REE AR RIS & RS E 865

Protein Quality Control and Psychiatric Disorder
—Involvement of Sigma-1 Receptor—

Takashi Kupo

Osaka University Health Care Center

The protein quality control mechanism in the endoplasmic reticulum is referred to as the
unfolded protein response (UPR), and its failure may be involved in the onset of some psychi-
atric disorders. We showed that induction of the sigma-1 receptor plays a role in the UPR, and
suggested the possibility that this mechanism is impaired in disorders such as schizophrenia.
We also demonstrated that fluvoxamine induces expression of the sigma-1 receptor. Therefore,
it has the potential to be developed as a drug which exerts an anti-ER-stress effect, i. e., pro-

tein quality control effect.
< Author’s abstract>

<Keywords : sigma-1 receptor, endoplasmic reticulum (ER) stress, fluvoxamine,
unfolded protein response (UPR), cerebral infarction>
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