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The ubiquitin ligase (E3) HRDI protein levels were significantly decreased in the
cerebral cortex of patients with Alzheimer’ s disease (AD), and that the brains of these
patients were under ER stress. Furthermore, HRD1 levels negatively correlated with A
levels. The present study revealed that the decrease in HRD1 levels was due to its
insolubilization. A reactive oxygen species (ROS)—induced insolubilization of HRD1 and
SEL1L may be involved in A generation in the pathogenesis of AD. Neural stem/progenitor
cells (NSCs) reside in the subventricular zone (SVZ) and subgranular zone of the
hippocampal dentate gyrus in adult mammals. We found the localization of HRD1 in the NSCs
of the adult brain.We found that several 4-phenylbutyric acid 1 (4-PBA) derivatives
demonstrated anti—aggregation activity as a chemical chaperone activity higher than that
of 4-PBA.

S IRTERR
(EHHAL : 1)
RS frlf2eE 2 S

2009 4 HE 1, 300, 000 390, 000 1, 690, 000
2010 4FHE 1, 300, 000 390, 000 1, 690, 000
2011 4FE 1, 000, 000 300, 000 1, 300, 000

R

R
&t 3, 600, 000 1, 080, 000 4, 680, 000

WFZE5Y B« R AREL 2

BHFEOSEL - I : K5 - AWRIET
F—U—R:/PMaEARNVA FIANTyRa . ML, TN, N—F Y
VIR, PR MR I



1. BFSERRAEYS WOy 5

NR=F U VI VFRT VY A ~—JFB &
OHFEZE 72 & O fiR « FERZEMER BIZ BN T
/MR RE E A E OB « BEENRD
DAL, ZAVDMN - FRRRZS PSR SR DI HE I E
BRREAZH L TWD Z ENHEESND
EoChotz, ZOXD REENLEMEE
FEDOEHE - ERMABIET 238, KR/
fefk 2 b v 2z i3 2 RO N HE
FNTW5,

726 OMFFEE Tll/Mak A L2 %
T DR & LT, BEARERENEA
Ba/haR Lo gL, SR EEET 50
fa & B8 # 4 fi#  ( ER-associated
degradation; ERAD) IZf 59 52 EFF
YU H—EDO—-FTHLHHHBELET HRDL
D7 a—=27ZB L, HRDL 23/ Ma kA
LRI K DM & ol 5 2 & & 5L
L7z, F7o, W EES RIS
— % Y RO RN B ST Parkin (2 B
Fr U H—EO—F) OEEHTDO—DT
&% Pael R 1L, BELHVWVEHET,
Parkin {ZEENH HEE121% Pael-R 234>
fift S TP RICE RS S v a ik A b
VALY MREEEET S & STy
%, FAT=HIEA T, HRD1 2% Pael-R & AHA
EA$2Z &, BELO Pacl R ZiEFEIHEIL
T 52 & THEL DM E HRDL 23 H]5
HZEERM UL, 70, T < KIEHLHRDL
Fik % VT HRDL D~ ™7 Z PSR R7E
BRI LRGSR, BE L M. R
FE . /NI L S e A oD A A e e
BREZH B LTz, 512 HRDL 431+
ORI AR R E R AL, 2
MO DOBEREMRIT 21T o 1o H, =%
F o) —BIEMEEROM, ZEILE
7pfEik, 6 K OVEMEE AE OWiIEICE DY
152 88 E L LT,

Fo, B bidEbk, EHEOITY 2
TehAARdE L, HEEAEOREA D H)
EEFOMEMTHL I N ¥
VD =D ThHDH 4T = =R
(4—phenylbutylic acid, 4-PBA) 73 Pael %%

RRDERBZE ., —F 0 IRCINE
M€ 7 /W KX 5 I 3E 2 i T & %
ZEEWLMNI LT, RRIEHOHE D%,
Science FEIZIUNT 4-PBA /A A - L
2O BE-3 D PERFICH M Tod 5 ATRetE
MDHE TS,

—J7 . AR AR SIS R D /N e
RA R LR 36 KOV AR B 45 g i 1 oD
B HAZ DWW TIIFA EHiE S Tunzeny,

2. WHEOHEM

(1) 7 nAg ~—IREE RIMEEICRB U
TR BT 22 e F U A
—+ (E3) HRD1 & /X2 E D FmiE Al
AIVEPEE P IZ BT DA E R BRD 5
Niz, = Z T, HRD1 A bS5 N+
B U AR IEREMAE (Neuro2a) % Hu
TR 2,
(2) HRD1 HLiAds L O e il fa 4oy SL A o4
Z T BRI S AEAE T 2 ki Lo
HRD1 23 RET 2 & a3 5, £7-, HRD1
(2 X 2R L O IS 2 f it 5 7
DI AREIEET L E L TO~ T A8
PERESS AR P19 AfE K Ok A4~ o A
H Sl ARt D 2 F O C L AR AL AR I
1T % HRD1 D FEBL &5 L UMHRDL KRBT K
HAER DK~ — T — % X T E D%
REZMNTT 25, £72. HRD1 (2 X D4Rk
S E D HI RS & B 5 ST 2 7291
182 D53 bR < B§ 5 LT\ % bHLH
B FREB X Notch &7 F Lo+ %
HE42EET LTI 5,
(3)4-PBADFHE R K~ DL AT
WTC¥ v Sm R AMIT T 5 2 & T,
FIHNTyXa sl LTOENE R
ET D0 THEEEZIH OIS, 4-PBA
DFEREDOCFERIL, RFIHFEHE
AR & O RIS TIT O,
SIHIZ, TN =B L O —
X2V UIRIRREEEOIEY R N alk
WCAERELZ AT D0 E DD T
Batd 5, BRI EEY o7 E



D Z M T 51FEH (v _m JE
) 2/ T D0 ENICONTHRAT 5,
3. WDk
(1) ~ v A EEMAE (Neuro2a) % H
VT, APP B KOV HRDL Z & FIFRE B9~ 2 M A
EREEL, xR ML AREEZAMN LT,
HRD1 ¥ b 2 fst L7z,
(2) HRDL Hifdeds & OVt i e S A BT 4R
Z VT BRI AFAE T 2 Fh i Al
HRD1 2NRTIET D Zimat L, £z, whifkes
AfE T L & LT~ o A PRVEEEE K
P19 Ml IS KONG4~ 7 A i e Ah R sl i &
FWNT, /MR A N L AR HRDT O 455t
R EERE LT,
(3) FI Ay v a AEREOHIEITEEIC
ffex2. L7~ Lactalbumin Z W /-E HEREE
DOHRIEIZ X VT 7,

4. MR

(1) 7ynAg~—JpBERKEEIZB W
T, PR BT 22T ) T —
¥ (E3) HRD1 & > /X7 ' O SR & PEA v sk
BB D H BRI RRD LT,
HRD1 Z AL EE DR FD—>& LT, #ifk
BHEEATH ABNBEZLND, £ T, £
FARRHIRIZ R L A B B & 2 T 7o R
HRD1 & > /37 B DI BIFEE s K O/ ik 2
U ADERDRD HIL72H3, HRD1 DAL
IR SN oTz, DEIT, AD BEF DR
Jibd K8 BB 3 N AR A b L R ARRBIC B o T2
Zenn, NMEEA N L AIZE D HRDL AR
{EDORERS &AT o T, BRI L, /)
Jafk A b L AFFERETHDLY = I~ A v
VEBLORE TS UINX BRI RER, )
Bk 2 b L ZASZIC L D HRDL OFFEIER
S8, HRD1 D REAGITIRD BTz,
—J7. BBfbtA ML AIZL D HRDL & >R
NOFBEENTT D720 I & 554

FHRRARAG (R R L 7S . HRD1 oD ¥ 3 58
oz, Fio, W LKEOREIZLY
HRD1 BRI ZTERT 2 Z L b B E
o, LTEloT, AERLY, BBfbA FL
ZIZ XD HRDI DOAREL ERAD PR Z D &
NI A B LU R SREDERE L. A B D PEAEY
IR ZIUTHED E B2 2 /NMakA R L 2D
BN & AR IR M DMEIE S AU, AD DS FEIET D ]
REMENE 2 bz,

(2) M= FHBAEMIC BT, Rk
(L2 B ORE B HRD1 & > 727 /B & nestin
(eI D~ — D — & L X7 E) D%
BN LTz, L7z23> T HRDL AR
faDI7e &3 FREREHIIIC REL TV D 2
ERHLMMNE ST, P19 MAIZIS VT, #
AL~ D HEFHERNIC HRDL &/ v 7 XY
VLT A it L, i~ D58 %
5 HBIZHWT, MRHIIIZ ok L7 fRiE T
» 5 B-M tubulin & HRD1 /HHLFE L Tz
23, B0 tubulin FEMEARAREUE, XFHREE &
LT LT e, e, vmAX T
0y T TEDORREIY HRDL & v o &
U2 LIS T b EREEE W L OREH]
ZBWThH, fhRksrflan~—o—% 3
BTHD nestin LOT A b A hdO~v—
H—H NI EThD GFAP OFBLEITE(L
Lo iz, —J5. B-1I tubulin OFIIL,
XERRIE L e LT, fE#iE& 3 HA KO B
HH CTH LA LTV, 2 iR
D, MR IZFEBL TS HRDL Z v /87 H
VAR e~ oD Sy Al AN B B 2R AR A&
STV D ATREME DS R S Tz,

HRD1 {2 & 2 #hifk o0 b D il A A 2 it 3= %
fols, MRSHHIEET L E L TOY T AR
PERESZ A kR P19 fllfids L O A~ v A Hk
PHRRER ARG 2 T B IC 1T 5
HRD1 OFEHLEF L OV HRDL KIBIC L 5 R
DR~ — T — & 27 E D FE LR & AT



L7z, /MEKRA ML AFERIETHDLY =D
~ A%, 24 HBIONMNAER R L A=
— N —DOFRBLEEINEE5 L & BT HRDL O
FHAWMI ST, Liehi-> T, /MMakx b
L A%, HRD1 O % L THEHIIE ~D 55

bzt 5 rlRetE s #HEZ STz,

B) ANy n KA T2 H
BT, 4-PBA DRFEFHDZEN (n = 3~6)
IZE V., invitrolZBW T n A RKEWTEH
BEEMMEEERS SV L B35
toégmy:ﬁv4yy%%w\m@%x
b LA THE L2 sE 12 59 5 PR
TEA S n PRENFERS . /MaER F LR
~—J—"T& 5 GRP94 & GRP78 DIEHE L[
ERIZHA LCuvie, S BIT pael-R OIEHIFE
BUAAR 2 FAVN T, H5IC 3-PPA & 4-PBA A3ZE
BN BOBITEHREIEDLZERHL
mETpol, S HITEMEY R BEREMT
ERZEATHILEmITIE, A ¥ R—BiO
3P T v A A B0 YK02-34 & [AIERIC
A = EH 3T 7V VLS D
YK02-35 [ZZh 3 db ~ 7=, F£72. GRPT8, 94 D
BN DA A b LRI LTI
FEDN S SR~ LR EERFRICEIR L TV
LHZEDRHBEMNE ST,

VNI E

5. ElpdEEGm L

(WFFEARFE . AFSE 38 K ONEEEAF 9E 8 1
=)

Estams) G 810)

(D Kaneko, M., Koike, H., Saito, R.,

Kitamura, Y., Okuma, Y. and Nomura, Y. :
“Loss of HRD1-mediated protein
degradation causes amyloid precursor
protein accumulation and amyloid-beta
generation”, J. Neurosci., 30: 3924-3932

(2010).
@ Saito, R., Kaneko, M., Okuma, Y. and
Nomura, Y.: “Correlation between decrease

in protein levels of ubiquitin ligase HRD1

and amyloid-beta production”, J.
Pharmacol. Sci., 113: 285-288 (2010).

® Hosoi T, Tamubo T, Horie N, Okuma Y,
Nomura Y, Ozawa K. TEK/Tie2 is a novel
gene involved in endoplasmic reticulum
stress. J.  Pharmacol. Sci. 114,
230-2233 (2010).

@  Tada, E., Toyomura, K., Nakamura, H.,
Sasaki, H., Saito, T., Kaneko, M., Okuma,
Y. and Murayama, T.: “Activation of
ceramidase and ceramide kinase by vanadate
via a tyrosine kinase-mediated pathway”,
J. Pharmacol. Sci., 114: 420-432 (2010).

® Kawada K, Kaneko, M, Nomura Y, Mimori,
S, Hamana, H, Ogita, K, Murayama, T, Fujino,
H, Okuma Y. Expression of the
Ubiquitin Ligase HRD1 in Neural
Stem/Progenitor Cells of the Adult Mouse
Brain J. Pharmacol. Sci.
117(3) :208-12. (2011)

® Mimori, S, Okuma Y., Kaneko M, Kawada,
K Hosoi, T, Ozawa, K, Nomura Y Hamada, H,

“Protective effects of 4-PBA derivatives
on the neuronal cell death and endoplasmic

reticulum stress.” Biol. Pharm. Bull.
35(1) :84-90. (2012)

(@ Kaneko, M, Saito, R, Okuma Y., Nomura,
Y.: “Possible involvement of ubiquitin
ligase HRD1 insolubilization in amyloid
B generation, ©  Biol. Pharm. Bull.
35(2) 1269-72. (2012)

Kaneko, M, Okuma Y., Nomura, VY.:
“Possible involvement of HRDI, a novel

molecule related to endoplasmic reticulum
stress, in Alzheimer’ s disease.” .
Pharmacol. Sci. (in press)

Fa¥EER] G 3514F)

O M, TR, KEERERE, A
TN, =R BEMIZBIT 52X F
U A—FHRD1 & /37 E DA & A B FEAR
HE, 36 H AR, &R (2009456 H 12
H)

QFERRR, &FHEsE, BPATEESE, RAEEE,
KIMRE BT H2EXF U F—FHRDID
BO N T IV oA = —IRFIEIC B 53 5 Al hE



PE, RHEARAAR S AIEE - ERGEKELY Ry Y
520009, #uU (20094824 H)
@/, GfREsE, BPRTEE, KRERE
&, /M5 (ERAD) (ZBA5-T 5=
FF U A —BRNFIBIZE 57 I v A RFRIEK
G578 (APP) DRIZOWT OGRS, H
1 2 1[0 ARSEHA LB S, HO (2009
10 10H)

@®Omura, T., Kaneko, M., Okuma, Y. and
Nomura, Y., Human HRD1 involved in the
degradation of unfolded proteins has other
functions than ubiquitin ligase activity
in its transmembrane and proline-rich
Neuroscience 2009, Chicago
(October 19, 2009)
(®Kaneko, M., Koike, H.,
Y. and Nomura, Y., Loss of HRDl-mediated

domains,

Saito, R., Okuma,
protein degradation causes amyloid
precursor protein accumulation and
amyloid— 3 generation, Neuroscience 2009,
Chicago (October 19, 2009)

©/NEF ez, eFHEsE, BPAEEEE, KBRS

HRDID AT K D & A B PEAR & & D
B, Neuro2010, #/7= (20104£9H2H)
OHREEE, JIEE—, DL, &15H
35, KEEFEEE, /MaEA s RICB5+ 5=
v F U H—FHRDI O EMIIC BT 5
FAE & 2 OFBAMGNC K 2 1R b~ D
R, WRIARZHE S AR - [ERGEP Y AR Y
7252010, 5UE (2010594 11H)
OLARIER, 1M, NI AREZ, B
32, KREEE(E, = v ¥ U H—ER\F19BE
L ODorfin3 T /WY A <= —JF{JRIK & X0
H7IuA B PEAICEG$ 5 RN, kil
REHE DA - ERIEHT R T7L201
0, H#S (20104F9H11H)
QFERRR, & FHEsE, SR SE, RAEEE,
2 EXF U A —FHRDI DRI Xk DI
ETNINAZ—IRRRZ R ET IrA
N BPEA L DFRE, WHERZHE S A% - R
R VR L2010, EHE (2010429
H11H)

3Kaneko, M., Saito, R., Yamamori, M.,

Okuma, Y. and Nomura, Y., Involvement of

&, =vxF VU T—ERFIBIZL ST I
A R BRIERE S » /X7 & (APP) D3RO,
HF583[] 0 AR 2y, KPk (2010423 16
A)

DM EE, &7, BAEE, KEEREE,
ZEXF U A —BHRDIFEBAHNIC X
ParkinDZ#BLFHE, H A FERE 13042, W
[ (20104£330H)

®@& TR, NEFOREZ, BAERE, KA
&, /NraspIE sy fiE (ERAD) (B35 3 5= b
XF U A—ERNFIBEEMFNC L D57 I v
A FB (AB) DA, Hl122[A] A AFEP 2
BAAGZ, #hid (2010426 H5H)

ORI, & FHEsE, BPAfEESE, RAEFE,
v NRMEEICBIT X TF Y A—8

endoplasmic reticulum—associated
degradation in amyloid— b generation,
ISPC-Nara, Nara (September 15, 2010)
NS —, WERIE, Feplmibe, &1k
=, SR EE, KEBER(E, /PMEEA b LRI
BG4 2T ) U —EHRDIFEBLHIIC
X DR b~ DR, 12a] s HSK B
VYR TY T L, B (2010529 19H)
O, a7, BAfhesE, KEEHE,
¥ F U A —EBHRDI DO AREAIZ K DD
ET NI NA = —IRFIED ARENE, H 1208
M ARy A, BE (2010429 19H)
(®Kaneko, M., Saito, R., Okuma, Y. and
Nomura, Y., Correlation between amyloid-—
B production and decrease in levels of

ubiquitin ligase HRD1 due to its



insolubilization, Neuroscience 2010, San
Diego (November 16, 2010)

@NIHE—, WERME, Fepklmibe, &1k
3, BpAEeE, KREEEREE, #RgsRHIIas LI
FAE /MRS R T2 e F U
77 —BHRDIDBHE, 5584101 H ASLH
B (20114E3H22H)

7R, e FHEsE, BPATuESE, RARREE,
TN NA T —IRBIEICHBT 57 Iv A R B
DOPEAHINITEVERBARIC L D20 F )
A —BHRDI DAL A B G- % wleeE, #3584

o] H A SEHR S22 , i (2011434 24H)
B4 HzE, KA %@,%H , /RO
BN B R RIEREIZ LD T VY N~ —

JRSETEEAE, H A AR B 13142, #li (2011
E3H31H)
OFERRR, & FHEsE, BPAEEsE, KIEFE,
FRLA B L RIZ XK DT VYA ~—JFEE
E%F U H—FHRDIDOAREAL, K%
DA - EREEEL R T LA201 1, K
50 (201148 A27H)
@I LARIER, &M, N AR, B
32, KREEE(E, = v ¥ U H—ER\F19BE
K ODorfinN T WY A ~—JRIRK & D
BT InmA b BEAICEST 2 ATREN, Wi
RZEHE DA - ERIEHT R TL201
1, HAU (201148 H27H)
Q@& THEE, REEFHE, A=, Mok
HSFEERADRAEIZ K D 7 VY A ~ — TR S IE
B, 84l H ARAE e RE VMR b
L Z DA LR, D (20114F9H 22 H)
@ILFRIER, 1M, AR, B
32, KREEE(E, = v %52 U H—ER\F19BE
K ODorfinN T WY A ~—JRIRK & T
BT InA b BEAICES T 2 ATREN:, 2554
[ B AR bR, I (2011489 H 27
H)

@eFHEsE, KABEEE, Bprfuis:s, /DMafko
B IR G ESRERADD T L A 2 P~
DL, FH5ARI AR LR RE (PR
BRI T DM AR A b LA EE OB,
hE (201149 A 28H)
CeFHESE, TR, KABEE, BPAf
FbA b L RIZ KD F Y T —EHRDI
DR & T Y A = —JF, 538081 A A
Fersx, h#E (2011481009 H)

TR, eFHEsE, PR SR, KRARREE,
FbA b L RIZ KD e F Y T —EHRDI
DAL & BERARTERL, 25 125[RI 3K HEE AT 2,
iRt (20114210 165H)

@R ER], & THEsE, NP, BRI
3, KRREFEE, =v%F U —PRNF19BE
K UDorfinZsA B PEAEICEEG-9- % araeltt,
125 A B O %, fintl (20114F10H 15H)
COAREFRAE, JIIHTE—, BOKIEER, &7k,
RABFRIE, LIS oY =~ A
s A b LR OB, 51250 SR
HEhZ:, A (201142107 165H)

@Saito, R., Kaneko, M., Nomura, Y. and
Okuma, Y., Possible involvement of
ubiquitin ligase HRD1 insolubilization in
the pathogenesis of Alzheimer’ s disease,
Neuroscience 2011, Washington, DC
(November 2011).

@NIHWE—, BOKELD, REFRIE, & 1HE,
BphdvEaE, KEEFEE, Extraordinary progress
of neuronal differentiation and maturation
by tunicamycin—induced endoplasmic
reticulum stress], 20114 BHFE 5 E fE Ik
WHIET & 2R 7 Ok | B, A HET (2011
F11A211)

COILAR R, & THEsE, /NP OREZ, BRI
3, REEFEE, = v%F U 7 —PRNF19BFE
BN XD, 7 ImA FBEAMG, 558



5 [A] A AR 2y, RURR (20124E3 1 14
A)
CDHEFEAE, JIHWE—, BRKELD, &1HEs,
REEFHE, #hiRbIcktT Y =h~A v
P MR N ADRE F8 5 AA
WPl Sy, R (2012483 15H)

@1 HEzE, KAEEEE, ¥rhhdsE, /Matko
2 X G RFRERAD & T LY A < — I,
%8 5[ A A R E S (AIFRO X —7
e LTO/NaEA N LVR A —HFAP—),
JHER (20124E3H 16 H)
@RI, NI B —, & 7R, SR
REEFAE, Mk~ U 2 OFREHIICE T 5
HRDIDFEH, H AL 255132482, ALIR (2012
FE3H29H)

COTERIE, w7 HEsE, BPAuEE, KREHHUE,
TN, < —JRBEER I LR TF
U 77 —EHRDI N A, HOAR 55132
L, FLIE (2012453 A 30H)

@ =AM, FREFEAL, BRVSEM, IIARIER,
W, JIHEVE—, @7, KERIE,
b LZRBUL, JEAAVE, SRR MER BRI A A
i LRSS TL e oA L7 (2), BA
PR320, AL (2012423 A 30H)

(XF) Gto fF)

(PESERA PEHE]
OiiRdt Gto )

HFR
I
HEFIZ -
T -

HHo
HEEFEH B -
ENSADR -

OBAFRIL (G0 )

HFR
HE
HEFIZ -
T -

&5
BASHEH H -
ENs D5 -

(Z Dfth)
R B s

6. W7

(1) WFgEfR s

KRE  FEE
THERFE R - FFHS - H%
WrgeE s 1 20127939

(2) WHFEsy
L

(3) R I

w4 ¥
THERF R - FET - BfR
&% 5« 00383472



