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B. #fgEHk
S2U4A R F v a L A NT 7 FDERK

ARy (4 - ERE) 2 A7 7 b
% & 12, Quick Change Kit (Stratagen)% & HU 7z
PCRIEIZE - T, S214AEEEZEA LT,
BT KU S214A ZERA Y U DHIIi~DFA

COS-7 #liia % 5% FCS %2 D-MEM (Gibco BRL)IZ
THEFE L. Lipofectamine2000 (Invitrogen, Carlsbad, CA,
USA)ZAWT, BFARIB L OERM S o2 N T AT
=7 varliz, NIVAT I avERBIROI
24 Ffii#4d6 KON 48 FEfiIR . Z Offiid % RIPA Ny 7 7
— (50mM Tris-HCl, pH7.4, 150mM NaCl, ImM EDTA,
1mM EGTA., 1% Triton X-100, 1% Sodium deoxycholate,
0.1% Sodium dodecylsulphate, Protease inhibitor cocktail
(Sigma) 0.5ul/ml, 10nM Okadaic acid) |2 TY¥EME L7
lysates % 4°C, 40K x G {2 T L L, £ D supernatant
%, O supematant ZEKIKEIL, S bIZHLF U
BARY 7 va—F V& H150 (SantaCrus, CA, USA)
EbhbWervz2Z T ay ML T VERDHE
B~V E AT LTz,
I YVAF xA RIRT S o TS REREORRT

NIRRT = a BRI ol 24 B, Met-free
medium (GIBCO) (ZC 1 ReffiEEE L, 20 3 Befdifglc
EXPRE35S 35S Protein Labeling Mix (Perkin Elmer Japan,
Kanagawa, Japan)Z iV 72 40 uCi @ [°S]Met %&¢e A
F 4 U AT TEE L PBS IS TR & Bl LD BiZ,
0 B3 L 0V 24 BRI DM A RIPA Ny 7 7 —IT
TR L7z, % L CREROAIRIZ T supernatant % [EIY
Lizobic, i vERE /7 2 —F K Taus

((Calbiochem, San Diego, CA, USA)3 X U Protein
G-Sepharose (GE Healthcare, Uppsala, Sweden)% % H1
T REEE B IRV, TUVENTZ Y UERZEEIL
Lz, ZOV I NERWTERKEIZITV., A —h
TFOFT T T 4—&ITo T, ¥ VERADHRBBREEIR
L7
MR PR EORES

& 7 EBOMIBPICEIT A REERETT 572DIT,
ProteoExtract™ Subcellular Proteome
Extraction Kit (Calbiochem) % A V™ T, FiRSHE
MIBER I 2olz, NTIVART =L alERBINRo
7o 24 BEfEE, MR ZVERIC TUGE L. buffer [ 2R
SNL 4°C T 10 R H &, 500x G 12T 10 /fEED
L. supernatant % fractionI & L7z, FI#RDLIEE buffer
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OB XL buffer I IZ TR IRV, F3FT supernatant
% fraction I BXUI & L7z, ZZ T, fractionl, II
BIUO M L, #0th, MESE, B/AADxT
SE, BHECFHE LTS, ZbE2HZ vERR
U7 m—FAHuE HIS0 2w =% Jay b
2 & o THRHT L7,

C. WroufER

BARLZ ETIISQUARER Y 2B ALZLD
ERIUART 7 vary LA UVERRY Ju—Fu
JULK HI50 b bVWevzmxFZrTmy MILoTH
VEHDOFERLIVEMBT LT L 2 A, 24 BB X
O 48 BRIV TH DERADN Y ROBEIZEL
13724, BEERD LNz, T T, LVEERIC
RETT 2 72D AT A AHEI L S THfBEREAIER L
T PiE VERE ) 7 a—FAFE Tau-5 2 H BV R
BRI 720, TV ENEF YERREI L,
=R GV T T T4 —EToCERLIZEZA, ¥
UEBHOEERIT 0 E 100% s LT BEREZ T
I$ 57.8% THDDITx L, S214A ¥ 7Tl 25.8% L 5%
FRII DI -T2, ZDZ L1, Ser2l4 BV VL E
O DREBIZHDHDEY U VB L SRV IREEIC
BDFBRHETRNT L EERL TV 5,

W, DFEEREDZEN, FATIZ 7B LUS214A ¥
T DOFNFNOMBRICIT D REDEIZHRT 5T
REMEZEBE L C, HIIRSEEIC X ABF%ITo7, ¥
v MZXVSBE SN E TV TAZ 7y MIX
DIRET LTz, MEIBBAINEZZ VERIL EbbHbE
\Z fraction I GREAREZ0E) ZIFEL. fraction T (/4
VAR Z5E) BIOM EEHE) I E LR
P BAERY URIUEER (S214A B L UP30IL)
ZUERADREOEIIHER TE R o T,

D. ZBZ8ritHm
BeXZUvEALHETAERE LT 433 FAK
HEL, 2UVERL 433 BERIEATHAFUVEAD
BRI 2 &b 2 FFFEL. 1 DMV INERES R
AL, BIVEDT SR ENTHHZ L BESET
WZBA 572N LTV 7= (Sadik G, et al. J Neurochem
108:33-43,2009. ), FRHEIZ) VBT HZ LK
STHRETEEEZAET DI 0 b, ZORO Y Vb
IZE - T 1433 BB & OFAHRENRT 5 Z &2 HE
Bz, 14-3-3 ERIIHAFEEERD 1 %% L
LHEEEOZVVERTHY, A REREFBELTS
—Fy NEADEEEIT-oTWA, FZ T, SEITH



JARIZ BT 27 VEROHCEGB I UOORERICE
Bh B 2 TNADTIZRVE WD FTREREE B 2 T,
BEtEiT ol BRE LTE, 7 NATF oA ZRILST
SFRERREN UL 2 A, ¥ U EHORITE AR X
mED Y QUALERZ TOFRENEVNI BDTH-
7o DFEVY ., Ser2ld TNV LEMLIN D DIKEICH
25050 b U UEREENRVIREEIZ B D 5 DS R
HNZ EEFERL TV, SbIC, MIRSEIEICLS
BREtH1Tol- & 25, MAIRE I VERIEAE
Rz S ERL L EICHREICREL, FRHRET
D BRI,

AF TOFKL DHEHBIE, FIDP-17 BER Y vE
ROSMEITEE L TRY ., TOREILY S Ekhs Tk
L= T2 DO ETHEMNTIE L7z D TRV E NS b
DT o7~ (Yanagi K, etal. Psycogeriatrics 9:157-166,
2009.), 41E, Ser214 23V VEEL &5 DIREEITH D D
DLV B Y UEMEENRVIREEIZ B B T FRITEV
PUVNOFERIT, 2 DORREMEETREL TWVWD, e
X, Ser214 MY LUEMEEND & 1433 BA L OfEEH
FIMEATIE L, MR TORWEERTRIEhD Z &
Mo, 2 ODEANMEARREHR T L TTRTT
—BICRET BORRMHENTTET 5 &V D FIREETH D,
Bl 1F. NO synthase |3 HSP90 & EAEERETET DT
& C. calpain IZ X ANMRICHHEE 2952 LAF LI
T\ A (Avema m, et al. FASEB J 274:6116-6127,2007.),
ToEHT, FUEAL 1433 L OREREE R
NFaF 77— OUBEAL~DT 7 EAEZEEL, £
DIER L LTHRISEBIET B REMAZ 2 bG, b
SOk, U UBMEE DS ONEADSRREETL
ST AN THD, EOEMIOY VELIEER
RETH AT LN TIIARW, FUERILY VEME
BT LI ko T calpain |2 & B 4EMHE % TOE S &
% (Litersky JM, et al. J Biol Chem. 267:1563-1568,1992.)
ZOHA, Ser2l4 EMINEEEML ChIVUI, MR T
ONYEBEORERITERZFDLODME THDH LEX
BIENTED, EHLORREENRE Y REREKRE
BONITHATH D, 5ElE LA7DIlidsbilin
vitro DRFRNETH D EE 2 BND,

SEDBEND, ¥ VEROSRLELTIESED
72 DITIE. Ser214 EhrE U VEAMLEE VWL DITT D
LWH T Lz B, LnL, ZD Serl4 FLD Y
(LB EEAZMAET S L bHbA TS, XoT,
IBEEARRNZ U L O AER B Th 2 MIHFRT
BB TRV, AR, ZOEAIOEHELY VLT I
JBEL LT Ser & Asp E7712 Glu ICE# L -EEF U
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SV A REER L, &DICEHBRRN AR 29 NE
NoHbD, TORPBARE 2L, TAYNS A%
B H T ANF—IHT B, B ONREER L OE
AHEC T B IEENER SN TREERE L bR
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i) % 54 EHAMREFERRS 2011,09,25
AR (RJIR)

HTRA FrFarteir— o045 TR
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WACAT, BUNREET. ZRERIE, R, X
FINIERE, HPfA. TS, REMHE Abeta
ZHEEMRE ST KLC1 splicing variant DFEE

Association,

(1) APP Tg =~ 7 2 % AV BREAYARIT 55 30 |

HARREESS 2011.11.11-18.
JURRSE GROERTF)IX)
BUNEEET. HFEABE, BT, ARRZ, 7’
B, BATBRZE, ALE—. R, SRR
1B, A7, REE— IREX, RE&S.,
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Tg < v ZORERAFEITIZC L W RIE X N7 A beta
LrEEME(ST KLC1 splicing variant OD[FIE
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WMEREE : : :
TNV A w—FF (AD) TRHERIRRMEEOWE, EITIH & & bIOETBIREICH T 5%
BLAETAHILENEE LW, SEE, Fhx X RIRFREZLH BRI R LS
PSSE RS LI T AV A < —IF (AD) FRES0HI L . ADDRIERRE L B 2 b DREEBAIEE
(MCI) B3 16{1% x4 iNeuropsychiatric Inventoryd VN CREMATEIRE 23 LTz, €D
R ADEMCIOEE CEY R BMTHRELZ 2T Z ERHLNC BT, TR, &BIT
A BE. RENEL . SRITRDRI-T, BTBHEELH T 5 BEORITADEE DS
AMCTERE X 0 b oo, FMITEBIREE 2 A 5 BE TRV T, SRR O & BEE T
HCRBERETh-o7, PLEXLY . MCIIZRBW T HADESE & RO E & BEEORBMMTEIRS
BELYBZERHLNCR T, BIE, BRFOAICKT 2 RBEMIIL, T E TOET
MEEE L 0 BMCIN L 5 72 L 0 REI OB THRERBENS Z L BBEIN TV D, KRR
B IV, ZOMCIOEBEM CHEEL IR ET ABICIDBHTEEE IO T 2R bFmT & TH

bLEZDBNI,

A. BFEEHY

T A< —175 (Alzheimer’s disease: AD) &
FIIERAREES T TR, BHTEEELE 15,

$e-T. ADERE DRI, RAEELIT T
FETEIREE T A A SMED P E LR T TR
B, SEE X 1%, ADBE L EDRIEIETHD
158 FE SR 5N 2 (Mild Cognitive Impairment: MCI) £&
F OB TEIEEDORREEZIALNITL

B. BrEFik
 RIRKR SR E SRR R B AR B R R R R RO
HEAREZDBL., LT OADEMCIOB R EHE
Zips -+ B 2% L TNeuropsychiatric Inventory
(NPD) CHE#{TEIE E DR &1T o7, ADDRE
HHEIININCDS-ADRDADprobable ADDE2WT £k
WA THREL U, FI-MCIDZ W Y I Peter
senDEYET, WEhE B R, FMEL THDHA,
H % AE7EIZH L TWA, Mini Mental State Exam
ination (MMSE) >23, Clinical Dementia Rating
$30. 5. Wechsler Memory Scale— Revised DF@#R
FIEC IR CREE H O A1, 5SDELEEW
TrlL7, F-FEEEMagnetic Resonance Imaging

SOfMILFESingle Photon Emission Computed Tomo
graphyDFERL B DS E LU,

(B ~DBLRE) |
EAANFBRIC OV THEICERL, 7 —F ORI

- B&{ELTIToT
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%5 & 72 o T ADIFE0BI T o o, SEEIFERITT
3.0%8. Tk, MMSEDEFHRDHIX17. 2£5. 6
HCholz, NPITHHE Lz 120 TEIREE %
B4 HBEORZ, ZVIREIC, B (44%) |
B (42%) . &R (32%) . =5 B0%) . o
> (30%) | EHEATE) (19%) . BRI (17%) |
BITBIRE (12%) | HREE (9%) . Wil
(8%) . %1% (4%) . £FE (0%) THoT,
FNENOERER LIZBEFIZ OV TNPIOHE
L EREEOFHERUTE LD,

2. MCIO¥EH{TENESE

S8 b Ao TEMCLIZ 166 T o 7o, EHFEERILT4.
1£9. 55%. MMSED& &AM DEH1325.911.6 R
Thol, NPI T L- 120 TEEELF
TABREORIT, ZWVIEIC, BS (63%) . B



Z (38%) . R%& (25%) . 92 (19%) . ¥
B (13%) | MEREE (6%) . SiEE 6%) |
EEITE (0%) . BITEBIERYE (0%) . B
(0%) . I (0%) . %3 (%) Thol,
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ADDFHFRERER DN, BE, RE, EH, Gl
HWHETH o7z, MCIOFTBEE THAHERIT. 9
DTHo7,

4 B DHFFE TMCI D B T b 2 I iEHITE)
EELETHZENRHELNIRoTz, BIE. AD
R AR BEMHENRRE IO D, ZD
X9 RETETMHIE I VL, L BHOMCID

BRSO ERBBT A ENEELVEEX

ENTW3, SEIOKERL Y., REEMEDS
FHIEOBICIE, RBAERERE OWE, RED

EITOMFNZT TR BTHREEOWED
TURILIMADREEEZRD,

E. f&%

AD & MCI B 26812 NPI & F W CET
EELFML7-, FORKE,. MCI OBETY
ZERBHITHEELETHZ ERHLICAR
o, ZORERED, SBBERINET ALY
A = —IRIBEEDO IS O E I I TEREE
T 5REME & LEX BN,

F. BF9eHE

1. @ - EERK

« Kazui H, Yoshida T, et al. Different
characteristics of cognitive impairment in
elderly
disease in the mild cognitive impairment
stage. Dement Geriatr Cogn Disord Extra
1:20-30, 2011.

2. ¥ERR

*Nomura K, Kazui K, et al. Classification of
delusions in Alzheimer’s disease . International

schizophrenia and Alzheimer’ s

Psychogeriatric  Association  15% " International
Congress, The Hague, The Netherlands, 6-9
September 2011.

*Nomura K, Kazui K, et al. Classification of
delusions in Alzheimer’s disease and the neural
correlate . Korean Association for Geriatric
Psychiatry annual meeting 2011 'exchange program
with Japan, Seoul, 2011.11.18. ‘
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| SRR ~
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SEWEE  RERE  KRROERERE SRR

WRES: MIKER)A b VA Z AR LR Ty vEREO EF 58
&b, ZOBBIE ERA FLRAICE o TEVICHEATDE3 I F—ATHD
CHIP BEBBA L, # VDX FULBEES N, TuTT Y —LCBIT 55
Y ONRAIHEND T LIk BT ERPRSE, AEEORFICEY . ER
Z B VAT TRERICS TICH#E LTS CHIP DEOETARD b, # 70

SIRISRIET 5 2 LARE SN, ThHBOZ LY, ER A FLVAERIET D
LT, FEMIRA O S U OREEIIEY D AREIERE X Bh b,

F—U—K: ¥V, RAFLR, TRFTY—h 2EFFY

A, BIEEH CHIP Hitk7z FickAvx=rZ Ty

JRIBERER) R R LRI T VYANAL <

—IHAD)Z X U & T DR R
DFEBRICES TS L ShTna,
AD OFRMRICBEINDZ VDR
HE1X T DREE L DIRD T ADTERE
L b EZ DD, AR TIE, FREEM
WRICESBEETSsEshD ER A b
VADEZ I DEERB L OSE~DRES
ICoOWTHE L, ER A hLAZEN LI
2 7 ERERERICOVWTEET D,
REEEEE TOMBI T, ER X h L X[Z
LV FUOaEXFUALERD B3 TA

B2 ChD CHP BRSO TBIET

2yDTaTT Y — MBI BN
WA B2 L RFRENTV S,

B. #FRGIE ;

HEK293 #IF1I= % 7 D> ORF 27 & —
HVRT =2 arTChRIVART Y
varvl, 24 KERET DS, HEho
TN a—REER{To%, 24 K%
IZHIfE% RIPA Ny 7 7 —CEIRT 5,
TAU-5 Fiikic & 2 0@l z1T0, #T
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r&fToT,

C. BrofEE

24 B Z NV a—RABRERITIHEICK
D, elFR2a DV VEBILBAET, ER A b
LABRIME N = L SR STz, &
DX 57 ER A MLV RAEBFETTHI Y
Hifk (Tau-5) 12X o CHRELEINT
CHIP 13B» LTV, F732bb, ER
A RVATCRE UICHEET % CHIP
BRHLTEY ., # 02T LB
LT 0T T Y — BRI D 0RINE
ET A LR EINT,

D. BE ;

T IwA R — NEFHIT AD O
Rt & L TR ZITANDLNTE T,
B EM L L7 Disease-Modyifing
Therapy & LC, 73 uA KU ZFR
y s L a—PRERR ¥ O
ERIEINIThh TV 5, L LIRS
T &, T D% < DOERRIEEE R
FLWHDOTIERY, o T, 7IA
R BEDRERGLZEEL L



AD ORBEEEMERSNAD LI
2o TETWVD,

AD i CHIMR MR LB S
BEO,F U VEBBL S U R
FIRANIZERE T D &V D tauopathy D
W &R, TE, A UD) v I T UM
TATIET IaA FBREE L THHR
MlEaEERAEERVWERIRIN

(Roberson, et al. Science, 2007 ) .
 tavopathy 7B F U DORHES TR X
—Fy e LTEESND X OT-
T&TW5, Tauopathy %E’—a‘?‘é%'@%ﬁ
FBIX AD iE0 D Tide<| By 7t
TTHERE ERRELR S BT RSB IT L A
EDr—ARMRETHY , ¥ VEED
A=A ROV THEHAHATH 5,

—J. AD 3L & T HEMEMEDOR
HE DR ERBRIZ ER X b LAREE
LTWaEWVWS AN, Fox O

(Katayama, -,Kudo, et al. Nature Cell
Biology, 1999) (Katayama, -, Kudo, et al. J
Biol Chem 2001) (Yasuda, Kudo, et al.
Biochem Biophys Res Commun 2002) 73
WL RV EABRLNTE TS,
Tauopathy & ER A b LU AR LTk
Hoozemans & D 7 /L—71, U V(b #

DUFEIZESLD BER A P VABAET
TWHI &% AD Y TRy
7 s & OFRBIEARZ AV TORR LT
% (Hoozemans, et al. Am J Pathol
2009) (Nijholt, et al. J Pathol 2012),

AMFFEITER A b L 23 tauopathy % b
b TADZAACONTHRE T
7zo 7V — RAfRZE, tunicamycin .
thapsigargin, DTT T ER A b L A &%
MR T 2 L2 TTH VEHD LS
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RBEENE,
BRELLTORSE LT, FU0
mRNA Zf5Et L7223, ER X b LRI X
LEIIRD otz

ER A MLV ATTIE, R FLUAKRE
L TRESDOEAOHRIMEI S D
M, ATF4 72 EDO—HOERIZENLL D
5’UTR DFeBR72AEEIC XV WIFIERD
EHA B Db H D (Harding, et.al., Mol.
Cell, 2000), = Z T, ¥ UV ® SUTR OFH
EIZED ER A FLATTOX UIE
DWW THERE Lz, 24 BFeffldH D50
1% 48 BFR D 7 — R i & B s
TiX, SUTR OFEZ L 57 VEBEHR
BROETRD DM olc, ATFA %5
43 elF2a % U VER{ET 5D PERK O
J v 7T U MR TH Y
BEHOFEIXTETEET 26RO b
2o TNHEDZELXY, ERAMVAT
CReNDF VEAD ERIIEROK
BCIIRNT EIRR SN,
IuFT Y —AEWEETHEY IR
HIZER LT BT ENL, FUITEI
ZEXRFUMENT BT T Y —BTH
BENDZEPRENT, Z VU EZEF
FALT D E3 T4 —A & LT GHIP
BEEIHLTND (Peﬁ'ucelli, et al Hum
Mol Gen2004), #Z T, ER A R LA TF
2815 CHIP Z{lz oW TR L
LA, BERIZAZVIZEALTND
CHIP A LTWiz, §72bb, ER
A BMLRIZLY CHIP BB L, ZUD
AbEXFFUARBIOYTeT TV —LT
SENEBEL T VERD EFICE
WofzbBx bk, |
EXY, BR AP VRRFECZVOD



SIRERICEE BB L. Z VERD
EREIERZTLEELLN, ER A b
LRI HH B 1691E tauopathy DIEHRIC
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ER 2 FLRICED X VICRETS
CHIP i3l L, 2 EXF U ALB LT
Ty Y — AR Do OREIC X
DX UEENEFRT D,
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Let 2011; 487: 354-357. |
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Brain Pharmacology & Pharmacy,
2011; 2(1): 10-16.
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Nishida K, Nishimura G, Suzuki T,
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Wakana S, Ikegawa S ENU-induced
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We analyzed the association between PPP2R2B gene CAG repeat length and Alzheimer disease (AD) sus-
ceptibility in the Japanese population. Blood samples were collected from 218 late-onset AD patients and
86 controls. DNA fragments containing the target CAG repeat region were amplified using polymerase
chain reaction (PCR). PCR products were sequenced using ABI PRISM 310 genetic analyzer. The mean CAG
repeat length did not differ significantly between the control and AD groups. In contrast, the frequency
of CAG repeats shorter than 15 was significantly higher in AD group, specifically in the AD with APOE4
subgroup, than in the control group. The results suggest that CAG repeat lengths in the PPP2R2B gene
may be potential genetic markers for AD susceptibility in the Japanese population.

© 2010 Elsevier Ireland Ltd. All rights reserved.

Alzheimer disease (AD) is the most common cause of dementia in
the elderly, and is characterized by progressive cognitive decline
and cerebral atrophy. The primary pathological feature of AD is
the presence of neurofibrillary tangles and senile plaques in the
brain [26]. The presence of the &4 allele of the apolipoprotein
E (APOE) gene (APOE4) confers a heightened risk of late-onset
AD in multiple genetic backgrounds [4]. Although trinucleotide
repeats are common features of the human genome, the trinu-
cleotide repeat number varies among individuals and the lengths
of these repeats is associated with many genetic diseases, including
Huntington disease (HD) and Dentatorubral-pallidoluysian atro-
phy (DRPLA) [25]. A majority of spinocerebellar ataxias (SCAs) are
" caused by the expansion of trinucleotide repeats. SCAs are a group
of autosomal dominant progressive neurodegenerative disorders
that are characterized by overlapping and variable phenotypes [20].
Spinocerebellar ataxia type 12 (SCA12) is caused by CAG repeat
expansion in the non-coding region of the PPP2R2B gene [11]. Clin-
ical symptoms of SCA12 include dementia, upper limb tremor, and
extra pyramidal symptoms. Brain magnetic resonance images of
the affected individuals revealed cerebral and cerebellar atrophy
[11,23].
 The PPP2R2B gene, which encodes a brain-specific regulatory
B subunit of the serine/threonine protein phosphatase 2A (PP2A),
is located on chromosome 5q31-33 and is widely expressed in
brain neurons [21]. PP2A has been implicated in cell cycle and -
proliferation and development and regulation of multiple signal

* Corresponding' author. Tel.: +81 6 6692 1201; fax: +81 6 6606 7000.
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transduction pathways [30]. In addition, PP2A dephosphorylates
the hyperphosphorylated tau protein [7]. It is suggested that PP2A-
mediated dephosphorylation of tau is facilitated by the B regulatory .
subunit of PP2A [6]. Tau, an axonal microtubule-associated pro-

~ tein, promotes microtubule assembly and stabilization [17], and
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tau phosphorylation has been implicated, to varying degrees, in
AD pathogenesis [12]. Because of the overlap between the SCA12
phenotype and certain aspects of AD, including the functional role
of PP2A, it is important to determine the association between the
PPP2R2B gene and AD. Recently, Chen et al. reported that the pres-
ence of short alleles of the CAG repeat in the PPP2R2B gene is
associated with increased AD susceptibility in the Han Chinese [3].
However, the existence of such an association among other pop-
ulation group is uncertain. In the present study, we investigated
the association between PPP2R2B gene CAG repeat lengths and AD
susceptibility in the Japanese population.

Patients with late-onset AD were diagnosed with definite or
probable AD according to the criteria of the National Institute of
Neurological and Communicative Disorders and Stroke Alzheimer’s
Disease and Related Disorders Association [22]. The control group
consisted of non-demented elderly subjects from the general pop-
ulation. After written informed consent was obtained, peripheral
blood was collected from 218 late-onset AD patients (mean age:
79.0 years; women: 65.6%) and 86 control subjects (mean age: 74.7
years; women: 52.3%). The protocol for specimen collection was
approved by the Genome Ethical Committee of Osaka University
Graduate School of Medicine. )

DNA was extracted from peripheral blood nuclear cells using
the phenol-chloroform method or the QIAamp DNA Blood Kit
(Qiagen). CAG repeats in the PPP2R2B gene were identified
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Fig. 1. Distribution of allele frequencies against the CAG repeat numbers in the
PPP2R2B gene of control subjects and AD patients.

by polymerase chain reaction (PCR) amplification using 6FAM
dye-labeled forward (5'-TGCTGGGAAAGAGTCGTG-3') and reverse
(5-GCCCGCGCACTCACCCTC-3) primers. The PCR was performed
with 36 cycles consisting of two cycles of 30s at 95°C and 30s at
70°C,two cycles of 30 sat95°Cand 30sat 65 °C,two cyclesof 30 sat
95°Cand 30sat60°C,and 30 cyclesof 30sat95°C,30sat56 °C,and
30s at 72°C preceded by 10 min at 95 °C and followed by 10 min
at 72°C. PCR products were electrophoresed in a capillary in an
automated ABI PRISM 310 genetic analyzer (Applied Biosystems).
Analysis was performed with GenScan analysis software (Applied
Biosystems) [11]. The APOE genotype was determined using a PCR-
RFLP method [15].

Statistical analysis was performed using JMP (version 7.0, SAS
Institute, Cary, NC). The 2-sided Mann-Whitney’s U-test was used
to evaluate the difference in CAG repeat distribution between the
AD and control groups. The difference in the CAG repeat allele fre-

quencies between the groups was further tested by the Chi-square

test. Each value represents mean (standard error). A p-value of
<0.05 was considered statistically significant.

The frequency distribution of CAG repeat alleles in the PPP2R2B
genes was analyzed in 218 LOAD patients and 86 controls. InFig. 1,
the CAG repeat number (X-axis) is plotted against the frequency
of distributions (%) (Y-axis). The repeat range was 5-37 and 8-35
in the control and AD groups, respectively. Pathological expansion
of CAG repeats was not detected in the AD and control groups.
The most common lengths were 9 (15.3%) triplets in the control
group. Similarly, in the AD group, the most common lengths were 9
(20.0%) triplets. The mean CAG repeat lengths in the AD and control
groups (14.2 and 16.6, respectively) were not statistically different
(p=0.158). In addition, when we divided the AD group into APOE4
and non-APOE4 subgroups, we found that the mean CAG repeat
lengths of both subgroups (13.9 and 14.5, respectively) were not
significantly different from that of the control group (Table 1).

Table 2.

355

Short (<15) and long (15>) alleles: CAG repeat number in PPP2R2B; the short and
long allele repeat numbers in the AD and control groups were compared.

Group Allele number pvalue OR
Total Short(£15) Long(>15)

Control 172 110 (64%) 62 (36%)

Control with APOE4 24 16 (67%) 8(33%) 0.267

Control without APOE4 148 94 (64%) 54 (36%) 0.022" 1.58

AD 436 320(73%) 116 (27%) 0.021° 155

AD with APOE4 212 163 (77%) 49 (23%) 0.005" 1.87

AD without APOE4 224 157 (70%) 67 (30%) 0.197

Differences in the allele repeat numbers in the AD and control groups were deter-
mined using Chi-square test. :

* p<0.05, statistically significant.
OR, odds ratio.

Because the mean CAG repeat length among all subjects was -
15, we dichotomized the alleles into short (<15) and long (15>)
categories. Statistical analysis revealed that the frequency of CAG
repeats shorter than 15 was significantly higher in the AD group
than in the control group (p=0.021, odds ratio=1.55) (Table 2).
Compared to the controls, the AD subgroups, APOE4 and non-
APOE4, each had a significantly higher frequency of CAG repeats
shorter than 15 (p=0.005, odds ratio = 1.87). However, there was no
significant difference in the allele frequency distribution between
the non-APOE4 AD group and the control group (p=0.197)(Table 2).
Additionally, a comparison of the allele frequency distributions of
the control subgroups, APOE4 and non-APOE4 with that of the AD
revealed that the frequency of CAG repeats shorter than 15 was
significantly higher in the AD groups than in the control without
APOE4 groups (p=0.022, odds ratio=1.58) (Table 2). )

SCA12 is a relatively rare late-onset neurodegenerative disor-
der characterized by diffuse cerebral and cerebellar atrophy [11].
The phenotype typically involves action tremor of upper extremi-
ties and various symptoms, including dementia. SCA12 is caused by
CAG repeat expansion in the non-coding region of the PPP2R2B gene
[10,11]. Pathogenic CAG repeat expansions have been detected in
SCA12 patients in the range of 55-69 to 66-78, but normal individ-
uals from different ethnic populations have exhibited ranges from
7-28 to 9-45 {2,3,5,11,27-29]. A correlation between the SCA12
phenotype and certain aspects of AD has been suggested. However,
the lone study that analyzed the association between CAG repeat

- expansions in the PPP2R2B gene and AD susceptibility reported that

the frequency of the Han Chinese individuals carrying the short 5-,
6-, and 7-triplet alleles was notably higher in AD patients [3].

In the present study, we investigated the length of PPP2R2B gene
CAG repeats in AD patients and control subjects in the Japanese
population. The mean CAG repeat lengths in the AD and control
groups were not statistically different. In contrast, we found that
the frequency of CAG repeats shorter than 15 was significantly
higher in the AD group, specifically the AD with APOE4 subgroup

Table 1
Comparison of CAG repeat numbers in control subjects and AD patients.
Group Control AD
Total APOE4 (+) APOE4 (—) Total APOE4 (+) APOE4 (—)
Number 86 12 74 218 106 112
Allele range 5-37 9-34 5-37 8-35 8-35 8-35
Allele with maximum frequency
Allele 9 9 9 9 9 9
Frequency (%) 153 14.2 16.7 20.0 201 17.5
Mean (SE) 16.6 (0.8) 14.4(1.8) 16.9(0.8) 14.2 (0.5) 13.9(0.6) 14.5(0.7)
p value 0.942 0.114 0.158 T 0110 0.362

The differences between the CAG repeat numbers in the control and AD groups were assayed using Mann-Whitney's U-test.

SE: standard error of the mean.
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than in the control group (Table 2). Our results suggested that AD
is associated with a lower number of CAG repeats in the PPP2R2B
gene, This was similar to the findings of a previous report by Chen
et al. [3]. However, in our AD patients, we did not find short 5-7
triplet alleles which detected in AD patients in the Han Chinese
population. This discrepancy may reflect a genetic differentiation
between the Han Chinese and Japanese populations.

The presence of the g4 allele of APOE gene confers a heightened
risk of late-onset AD [4]. As compared to individuals without the
£4 alleles, the risk for AD is 2- to 3-fold and about 12-fold higher in
individuals carrying one and two &4 alleles, respectively [1,14,24].
Though several studies have attempted to elucidate the mechanism
for this increased risk, how APOE4 influences AD progression has
yet to be proven. In particular, we found that the frequency of short
CAG repeats (<15) was higher in the AD with APOE4 group than in
the control group. Therefore, it is likely that a short number of CAG
repeats of PPP2R2B gene play an important role for the progression
of late-onset AD with APOE4.

PP2A is composed of three subunits: a catalytic subunit (C) a
scaffolding subunit (A), and a regulatory subunit (B). Assembly of
the complex with the regulatory B subunit is required for the speci-
ficity and regulation of PP2A [31]. In addition, PP2A is the major tau
phosphatase that dephosphorylates tau at multiple sites, and its
activity is decreased by 30% in the frontal or temporal cortex of AD
patients compared to controls [8,18]. This down-regulation of PP2ZA
activity in AD brains is thought to be partially responsible for abnor-
mal tau phosphorylation. Therefore, differences in the CAG repeat
lengths in the PPP2ZR2B gene may regulate PP2A activity, leading
to AD progression. Through a reporter assay, the short 5-7 triplet
alleles were shown to be associated with decreased PPP2R2B pro-
moter activities [3]. However, it has not yet been demonstrated that
the short CAG repeat lengths in the PPP2R2B affect PP2A function
directly.

APOE plays animportant role in the distribution and metabolism
of cholesterol in the human body [19]. APOE4 has also been associ-
ated with tau hyperphosphorylation in several animal models [9].
In particular, high cholesterol such as in Niemann-Pick C disease
might be involved in decreasing membrane fluidity [ 16]. Therefore,
itwas recently supposed that signal transduction through the inter-
action of APOE4 with the neuronal cell membrane mightinvolve AD
progression through various kinases and phosphatases {13].

In conclusion, our results suggest that CAG repeat lengths in the
PPP2R2B gene may be potential genetic markers for AD susceptibil-
ity in the Japanese population. Further investigations are required
to confirm the role of the PPP2R2B gene in AD using a larger sample
size and a different population group.
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ABSTRACT

Depression is a significant public health concern but its pathology remains unclear. Previously, increases in an endo-
plasmic reticulum (ER) stress-related protein were reported in the temporal cortex of subjects with major depressive
disorder who had died by suicide. This finding suggests an association between depression and ER stress. The present
study was designed to investigate whether acute stress could affect the ER stress response. Mice were immobilized for a
period of 6 hr and then expression of ER stress response-related genes was measured by real-time PCR. We also used
enzyme-linked immunosorbent assay for concomitant measurement of the plasma corticosterone levels in the mice. The
 effect of corticosterone on ER stress proteins was further investigated by treating mice with corticosterone for 2 weeks
and then measuring ER protein expression by Western blotting. After a 6 hr restraint stress, mRNA levels of ER
stress-related genes, such as the 18-kilodalton glucose regulated protein (GRP78), the 94-kilodalton glucose regulated
protein (GRP94), and calreticulin, were increased in the cortex, hippocampus, and striatum of mouse brain. Blood
plasma corticosterone level was also increased. In the-corticosterone-treated mouse model, the expression of GRPT8
and GRP94 was significantly increased in the hippocampus. These results suggest that acute stress may affect ER func-
tion and that ER stress may be involved in the pathogenesis of restraint stress, including the development of depression.

Keywords: Corticosterone, Depression, Endoplasmic Reticulum Stress, Restraint Stress

1. Introduction teins and may trigger stress responses in the cell (ER
stress). To overcome ER stress, an unfolded protein re-
- sponse (UPR) is invoked by the activation of several
signaling pathways; this UPR promotes an adaptive re-
sponse to ER stress and reestablishes homeostasis in the
ER [2,3]. Molecular chaperones such as the 78-kilodalton

Major depression, along with bipolar disorder, has be-
come a common psychiatric disorder in modern society.
About 1% of the population is estimated to be affected.
by major depression one or more times during their life-

time [1]. Even though extensive studies have led to a : !
variety of hypotheses regarding the molecular mecha- glucose regulated protein (GRP78) and the 94-kilodalton

nism underlying depression, the pathogenesis of this dis- glucose regulated protein are induced and promote cor-
order remains to be fully elucidated. ' rect protein folding. If the damage is too severe to repair,

The endoplasmic reticulum (ER) is the cell organelle ~ C/EBP -homologous protein (CHOP) and other factors
where secretory and membrane proteins are synthesized are activated and induce cell apoptosis [4]. On the other
and folded. Tt also functions as a Ca?* store and resource ~ hand, if misfolded protein aggregates into insoluble
of calcium signals. The disturbance of ER functions higher-order structures, it can give rise to various dis-
through events such as disruption of Ca** homeostasis, ‘eases. For example, rhodopsin misfolding causes auto-

inhibition of protein glycosylation or disulfide bond for- somal dominant retinitis pigmentosa [5], while the ac-
mation, hypoxia and viral or bacterial infection, can re-  cumulation of amyloid B-peptide is associated with Alz-
‘sult in the accumulation of unfolded or misfolded pro- heimer’s disease [6].
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Some reports have also suggested a relationship be-
tween mental disorder and ER stress. In bipolar disorder
patients, DNA microarray analysis of cell derived from
twins discordant with respect to the disease revealed a
down-regulated expression of genes related to ER stress
responses such as x-box binding protein 1 (XBP1) and
GRP78 [7]. In schizophrenia patients, a similar abnor-
mality of these genes was found [8]. In addition,
mood-stabilizing drugs such as valproate and lithium
have been reported to increase the expression of GRP78,
GRP94, and calreticulin [9]. Similarly, olanzapine, one
of the second-generation “atypical” anti-psychotic drugs,
appears to potentiates neuronal survival and neural stem
cell differentiation by regulation of ER stress response
proteins [10].

A recent study reported that significantly increased
levels of GRP78, GRP94, and calreticulin were found in
the temporal cortex of subjects with major depressive
disorder who had died by suicide compared with control

subjects who had died of other causes [11]. In addition, .

hippocampal atrophy [12] and reduction of glial density
in the subgenual prefrontal cortex [13] were found in
patients with major depression. Stress, a risk factor for
depression, has been shown to induce atrophy of the api-
cal dendrites of the hippocampal neurons [14], and to
promote neuronal apoptosis in the cerebral cortex [15] in
animal depression models. These findings suggest that a
stressful situation, which may increase the risk for sui-
cide, serves as an ER stressor. To clarify the relationship
between exogenous stress and ER stress, in the present
study, we investigated the expression of ER stress-related
genes after restraint stress. We also focused on the eleva-
tion of corticosterone in the plasma and used a corticos-

terone-treated depression model to clarify the relation-

ship between chronic corticosterone elevation and ER
stress. '

2. Materials and Methods
2.1. Animals

Male 9-week-old ddY mice and male 6-week-old ICR
mice (Japan SLC, Hamamatsu, Japan) were used for all
experiments. Mice were housed at 24 = 2°C under a 12 hr
light-dark cycle (lights on from 8:00 to 20:00) and had ad

libitum access to food and water when not under restraint.

Animals were acclimatized to laboratory conditions be-
fore the experiment. All procedures relating to animal
care and treatment conformed to the animal care guide-
lines of the Animal Experiment Committee of Gifu
Pharmaceutical University. All efforts were made to
minimize both suffering and the number of animal used.

2.2. Restraint Stress
Male 9-week-old ddY mice (Japan SLC) weighing 30-40
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g were used for real-time PCR studies. Mice were placed -
into 50-mL perforated plastic tubes, which prevented
them from turning in any direction. Each mouse was
maintained in the tube for 6 hr without any access to food
or water.

2.3. Sampling

After this restraint stress, a blood sample was collected
from the tail and the mouse was decapitated. The brain
was quickly removed from the skull, briefly washed in
ice-cold saline, and laid on a cooled (4°C) metal plate.
The brain was rapidly dissected to separate the hippo-
campus, striatum, and cortex and stored at -80°C until
use.

2.4. RNA Isolation

Total RNA was isolated from frozen brain using High
Pure RNA Isolation Kit (Roche, Tokyo, Japan). RNA
concentrations were determined spectrophotometrically
at 260 nm. First-standed cDNA was synthesized in a
20-pl reaction volum using a random primer (Takara,
Shiga, Japan) and Moloney murine leukemia virus re-
verse transcriptase (Invitrogen, Carlsbad, CA, USA).

2.5. Reai-Time PCR

Real-time PCR (TagMan; Applied Biosystems, Foster
City, CA, USA) was performed as described previously
[16]. Single-standard cDNA was synthesized from total
RNA using a high capacity ¢cDNA archive kit (Applied
Biosystems). Quantitative real-time PCR was performed
using a sequence detection system (ABI PRISM 7900HT;
Applied Biosystems) with a PCR master mix (TagMan
Universal PCR Master Mix; Applied Biosystems), ac-
cording to the manufacturer’s protocol. A gene expression
product (Assays-on-Demand Gene Expression Product;
Applied Biosystems) was used for measurements of
mRNA expression by real-time PCR. The primers used
for amplification were as follows: GRP78: 5°-GTTTG
CTGAGGAAGACAAAAAGCTC-3’ and 5’-CACTTCC
ATAGAGTTTGCTGATAATTG-3’; CHOP: 5’-GGAG

- CTGGAAGCCTGGTATGAGG-3’ and 5°-TCCCTGGT
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CAGGCGCTCGATTTCC-3’; GRPY%4: 5’-CTCACCATT
TGGATCCTGTGTG-3’ and 5’-CACATGACAAGATT
TTACATCAAGA-3’; calreticulin: 5’-GCCAAGGACG
AGCTGTAGAGAG-3’ and 5’-GGTGAGGGCTGAAG -
GAGAATC-3’; ERdj4: 5’-TCTAGAATGGCTACTCCC
CAGTCAATTTTC-3’ and 5°’-TCTAGACTACTGTCCT
GAACAGTCAGTG-3’; EDEM: 5>-TGGGTTGGAAAG
CAGAGTGGC-3’ and 5’-TCCATTCCTACATGGAGG
TAG-3’; pS8IPK 5’-GAGGTTTGTGTTTGGGATGCAG-
3’ and 5’-GCTCTTCAGCTGACTCAATCAG-3’; ASNS:
5’-AGGTTGATGATGCAATGATGG-3" and 5-TCCC
CTATCTACCCACAGTCC-3%; B-actin: 5’-TCCTCCCT

PP
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GGAGAAGAGCTAC-3’ and 5’-TCCTGCTTGCTGAT
CCACAT-3’ The thermal cycler conditions were as fol-
lows: 2 min at 50°C and then 10 min at 95°C, followed
by two-step PCR for 50 cycles consisting of 95°C for 15s
followed by 60°C for 1 min. For each PCR measurement,
we checked the slope value, R* value, and linear range of
a standard curve of serial dilutions. All reactions were
performed in duplicate. The results were expressed rela-
tive to a B-actin internal control.

2.‘6. 'Measurément of Plasma Corticosterone

Plasma was obtained as described previously [17] and
the concentration of corticosterone was determined via a
corticosterone EIA kit (Assay Designs, Inc., Ann Arbor,
MI, USA) according to the manufacturer’s protocol.

2.77. Chronic Corticosterone Treatment

Male 6-week-old ICR mice (Japan SLC) weighing 20-25
g were used for chronic oral corticosterone exposure as
described in a previous report [18]. Briefly, corticoster-
one (25 pg/mL free base; 4-pregnen-113 21-DIOL-3
20-DIONE 21-hemisuccinate; Steraloids, Inc., RI, USA)
was add to tap water and the pH was brought to 12-13
with 10 N NaOH (Kishidai Chemical, Osaka, Japan),
followed by stirring at 4°C until dissolved (3 to 7 hr).
Following dissolution, the pH was brought to 7.0-7.4
with 10 N HCl (Wako, Osaka, Japan). Group-housed
ICR mice were presented with this corticosterone solu-
tion in place of normal drinking water for 14 days, re-
sulting in a dose of approximately 8.7 mg/kg/day (p.o).
Animals were weaned with 3 days of 12.5 pg/mL, and
then 3 days with 6.25 pg/mL, to allow for gradual recov-
ery of endogenous corticosterone secretion.

2.8. Western Blot Analysis

At 35 days, each mouse was decapitated and its brain
was quickly removed from the skull, briefly washed in
ice-cold saline, and laid on a cooled (4°C) metal plate.
The brain was rapidly dissected to separate the hippo-
campus and stored at -80°C until use. Brain samples were
homogenized in 10 mL/g tissue ice-cold lysis buffer [50
mM Tris-HCl (pH 8.0) containing 159 mM NaCl, 50 mM
EDTA, 1% Triton X-100, and protease/phosphatase in-
hibitor mixture] using a homogenizer (Physcotron; Mi-
crotec Co. Ltd., Chiba, Japan). Lysates were centrifuged
at 12,000xg for 15 min at 4°C. Supernatants were col-
lected and boiled for 5 min in SDS sample buffer (Wako).
Equal amounts of protein were subjected to 10% SDS-
PAGE gradient gel and then transferred to poly (vi-
‘nylidene difluoride) membranes (Immobilon-P; Millipore,
MA, USA). After blocking with Block Ace (Snow Brand
Milk Products Co. Ltd., Tokyo, Japan) for 30 min, the
membranes were incubated with primary antibody. The

Copyright © 2011 SciRes.
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primary antibodies used were as follows: mouse anti-BiP
antibody (BD Bioscience, CA, USA) for GRP78, mouse
anti-KDEL antibody (Stressgen Bioreagents Limited
Partnership, B.C., Canada) for GRP94, and mouse anti-
actin antibody (Sigma-Aldrich, St. Louis, MO, USA).
Subsequently, the membrane was incubated with the
secondary antibody [goat anti-mouse (Pierce Biotech-
nology, IL, USA)]. The immunoreactive bands were
visualized using Super Signal West Femto Maximum
Sensitivity Substrate (Pierce Biotechnology) and then
measured using LAS-4000 mini (Fuyjifilm, Tokyo, Ja-

pan). «

N

2.9. Statistical Analysis

Statistical comparisons were made by Student’s z-test
using Statview version 5.0 (SAS Institute Inc., NC, USA),
with p < 0.05 being considered statistically significant.

3. Results and Discussion

Real-time PCR was carried out to investigate whether the
expression of ER stress response-related genes in the
brain was changed by 6-hr restraint stress. In this study,
we investigated the expression of GRP94, carleticulin,
ER degradation-enhancing o-mannosidase-like protein
(EDEM), protein kinase inhibitor of 58 kDa (p58™%),
asparagines synthetase (ASNS), GRP78, ER-localized
DnaJ 4 (ERdj4), and C/EBP homologous protein (CHOP).
The expression of GRP78, GRP94, and calreticulin
mRNA was significantly increased in the hippocampus,
striatum, and cortex (Figure 1). In addition, there was
significantly increased expression of p58"~ mRNA in the
cortex, but not in the hippocampus or striatum.

We next investigated whether restraint stress affected
the plasma concentrations of corticosterone, as previ-
ously reported. Immediately following the 6-hr restraint
stress, significantly higher plasma corticosterone concen-
trations were found in stressed mice compared to un-
stressed mice. Seven days after the restraint stress, the
plasma corticosterone recovered to the normal control
level (Figure 2).

To clarify the mechanism of ER stress-related mRNA
elevation, we artificially elevated the plasma concentra-
tions of corticosterone in mice for 2 weeks and then
measured the levels of ER stress-related proteins. In the
corticosterone-treated animal model, the expression of
GRP78 and GRP94 in the hippocampus was significantly
increased compared to control levels (Figure 3).

Restraint stress is used widely to induce stress re-
sponses in animals, and it is known that a number of
stresses, including restraint stress, can cause depression
in animals. In the present study, we found that several
ER stress-related genes were increased in the mouse
hippocampus, striatum, and cortex after restraint stress.
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Figure 1. The expression mRNA of ER stress-related factors
in the mouse brain after 6 hr restraint-stress. Mice were
immobilized for 6 hr in a 50-mL perforated plastic tube.
White and black bars represent the control group and the
restraint group, respectively. Immediately after restraint,
mice were killed and real-time PCR was performed on
brain tissues from the (a) hippocampus, (b) striatum, and (c)
cortex. Data represent means and S E.M,, n =3 to 5. *p <
0.05, **p < 0.01 vs. control group. GRP94: the 94-kilodalton
glucose regulated protein, EDEM: ER degradation-enhancing
o-mannosidase-like protein, pS8IPK: protein kinase inhibi-
tor of 58 kilodalton, ASNS: asparagines synthetase, GRP78:
the 78-kilodalton glucose regulated protein, ERdj4: ER-
localized DnaJ 4, CHOP: C/EBP-homologous protein.

The significant increases in expression of GRP78,
GRP94, and calreticulin agreed -with the findings of a
previous report of changes in the temporal cortex of sub-
jects with major depression who died by suicide [11].
However, no study has yet specifically investigated ex-
pression changes of these genes in the hippocampus or
the striatum in subjects with depression.

Copyright © 2011 SciRes.
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Figure 2. The effect of 6 hr restraint stress on the concen-
tration of corticosterone in mouse plasma. Mice were im-
mobilized for 6 hr. Immediately after restraint and 7 days
later, blood samples were collected and concentration of
plasma corticosterone was measured by ELISA. Restraint
stress significantly increased the concentration of corticos-
terone in plasma. The corticosterone levels decreased to the
normal control levels 7 days after restraint stress. Data
represent means and S.E.M., n = 7. *p < 0.05 vs. control

group.

GRP78, otherwise known as BiP, is one of the best-
characterized ER chaperone proteins and is regarded as a
classical marker of UPR activation. Overexpression of
GRP78 has been reported to inhibit the upregulation of
CHOP, which plays a key role in regulating cell growth
and which has been implicated in apoptosis [19,20].
GRP94 and calreticulin are also ER chaperone proteins
and show protective effects against ER stress {21]. The
increase in these chaperones after restraint stress (Figure
1) may represent an attempt to oppose the toxic effect of

" prolonged stress and the high concentrations of glucocor-
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ticoid, such as corticosterone, on the brain. Dysregulation
of the hypothalamic-pituitary-adrenal (HPA) axis, which
controls glucocorticoid levels, has been reported in most
depression patients and glucocorticoid level of depres-
sion patients was higher than those of normal ones
[22-24]. In the mice in the present study, 6-hr restraint
stress elevated the concentration of corticosterone in
plasma, suggesting that restraint stress induced a re-
sponse similar to depression.

Recently, corticosterone has been reported to exert
immunostimulatory effects on macrophages via induction
of ER stress [25]. Following corticosterone treatment, the
glucocorticoid receptor (GR) binds onto B-cell lym-
phoma 2 (Bcl-2), a protein that affects cytochrome C and
calcium release from mitochondria. Subsequently, this
GR/Bcl-2 complex moves into mitochondria and regu-
lates mitochondrial functions in an inverted “U”-shaped
manner—i.e., a high dose treatment with corticosterone
decreased levels of GRs and Bcl-2 in mitochondria and
intracellular calcium was increased [26,27]. Substances

PP



14

Corticosterone

Control

GRP%4

GRP78

B-actin

Ratio (GRP94/actin)

Control Corticosterone

(b)

25 r

1.5 f

Ratio (GRP78/actin)

Control Corticosterone
© ’

Figure 3. The expression of GRP78 and GRP%4 in the hip-
pocampus in a mouse model of chronic corticosterone in-
duced depression. (a) Representative band images show
immunoreactivities against GRP94, GRP78, and f-actin. (b)
GRP78 expression was significantly increased by corticos-
terone exposure. (¢) GRP94 expression was also increased
by corticosterone exposure. Data represent means and
S.E.M., n =5 or 6. *p < 0.05 vs. control group.

that deplete the ER Ca”" stores, such as thapsigargin, are
widely used an ER stressors. Therefore, elevation of Ca**
via GR may be sufficient for control of ER stress re-
sponses. In the present study, the restraint stress induced
the expressions of only GRP78, GRP94, and calreticulin,
but not other ER proteins. GRP78, GRP%4, and cal-
reticulin function as Ca®* binding proteins [28]. Under
the high concentration of corticosterone, the intracellular
Ca?* level might be higher, therefore, the expressions of
GRP78, GRP94, and calreticulin might be increased.
Intracerebroventricular administration of thapsigargin
has been reported to produce a depressant-like behavior

Copyright © 2011 SciRes.
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[29]. A 14-days corticosterone treatment has also shown
to induce depression symptoms in mice [18]. We used
this animal model to investigate the effect of chronic
elevation of corticosterone on ER stress responses in
brain. As expected, significant increases in GRP78 and
GRP94 proteins were observed in the hippocampus (Fig-
ure 3). The increase of GRP78 was consistent with the
result of a previous report [30]. On the other hand, no

" change in these proteins was observed in the cortex (data

38

not shown). Mineralocorticoid receptor (MR) and GR,
which are the targets of corticosterone, are known to be
well expressed in the hippocampus [31,32]. These reports,
together with our findings, indicate that the hippocampus
may be more sensitive to corticosterone exposure than
are other brain regions. Many reports have referred to
hippocampal atrophy in patients with depression [12,14].
In the cortex, it had been reported that chronic stress in-
creased the caspase-3 positive neurons, in other words, -
exogenous stress was contributing to the cell apoptosis
[15]. In our study, corticosterone exposure was per-
formed for 2 weeks, but, in fact, long-term cortisol eleva-
tion has been observed in most depression patients. More
extended corticosterone treatment may affect the expres-
sion of ER stress proteins in the cortex.

Recently, many experiments have focused on the rela-
tionship between depression and neurogenesis. Interest-
ingly, ER stress also affects adult neurogenesis in the
brain [33]. Brain-derived neurotrophic factor (BDNF),
which promotes neurogenesis, is also known to inhibit
neuronal cell death induced by ER stress [34]. These
reports may also point to an involvement of ER stress in
depression.

4. Conclusions

Restraint stress, which may contribute to depression in
mice, may up-regulate the ER stress response vig corti-
costerone elevation. This suggests the possibility of an
ER stress involvement in the pathogenesis of stress-related
depression disorders.
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