BASBHREHER NS GHRNEREIT O HEENREHE)
TR 17 EE SEMEREE

T A — IR T~ — 7 — ORESLIZ BT 2 BRI ST
Gy FE B JBNERKREEEE EERLER
§j\

HRAFICH & Ak BE B BRI E RO E R B
i —& B ERKRFEFRERHRER B F

et EE

F oA <= —fF (Alzheimer Disease, AD) O B A RIS D )
Bl —h — OFESLDTZHITIEL, AD DFFERRH N X — FOK EFUICAET S
WEH AT EET 2 D ERNEETH D, bivbiud, IFEE - FHEMEAD B
FOBERROEIRME AT, BA F LA (0xidative Stress, 0S) 2% AD
DEMERICB VN TRHEEOE(LTHE L EHLMNII LI, RN T, 05 <
— 97— & LCHR™ 8-hydroxydeoxyguanosine, L& CoQ10 FR{L=R (ubiquinol {Z
%4 % ubiquinone M) . B LU serum total antioxidant status (STAS) %
BTE U AD B CIRSeMLIE & IV T 0S ORI Eh D Z & ZH LML
- AMEEEIE T NGO 0S v —H—DOEMBKI~— L — & LTOFAEZRET
% ERC. (1) {7 o BREE (39 1], 3 65 1%) . (2) BREERAEE (nild cognitive
impairment, MCI)EE (1041, ¥ 723%) . (3) ADEE (334, FH IR . B
FUN(4) BUSEMMIEERYZRSNSE (frontotemporal dementia, FTD)&E (4 fl, ¥ 63
) O 4 BEEANBICRI L, TORR. RYP 8-hydroxydeoxyguanosine 1% AD
B LG IMTE CoQl0 ML MCT B L AD BE T, STAS [X MCT B, AD BER LV
FID BEC. SIREICHANTERICEI LTV, U EDZ b, 08 v—0—
D—BRS AD O BLIBWTA FI T D ATERMEASRIR STk, 08 v — X — DOIRIESF
Bz oW, A% I bIiciE~ DB B A BRI T DUELD D,
F—T— K TAYNA IR, BERMEE, BRILA PR, Y FRI2E

=

A. WFFEEHY WEECTHD, (EH. AD OEMFER

F U N A = — 5 (Alzheimer | ZWrv—H—& LTI, AD B CHIE
Disease, AD) DEHIBW A AAEICT S | Sh B EAEOHREBREELOE
WS~ —h — O D) | BEEREATHLT IS FRRH
TIE. AD OB A — ROR | VICEESEES TV, b L AD M
LRI BT AELEEAT L | TRV TEARRLHRRRELLO

19




A AT T 5 R 2 B (L% B
H&Z enTEhid, RHZIOR
ERTRZWIE DN IZHET 2 2 & n
HFsih b,

T, AD OFRREICE(L A R LR
(Oxidative Stress, 0S) 2NEE LT
WO Z L BRBRT 5MENHKNT
WD, bbb, MR L 0%
1B AD <2 AD B D R AT B L

B/ IMRRIFBEE O F A & B v T

TSRS OERLAYEEDS AD Bl 7S
HBBIZE W TEREOLEY 2
EIbThHhrZ 2HLMILTET-
(VR 13 FREERS K OVEERR 14 SR BE DR
) . N Thhbhid, BEORS
& CTRIEFTRER 0S = —H—& L
T, JRH 8-hydroxydeoxyguanosine
( 8-0HdG ) m & CoQl0 @& {p =
(ubiquinol {Z%F4 % ubiquinone O
k) . B X serum total antioxidant
status (STAS) ZWIFEL/=& Z 5, AD
BETINL NEESREIC T
FEICELTHEZ ERH LM
IRote (B 15 FEEDRE) , F-.
INHD 0S ~—h— DT FERE
D AD THREBH O (B 16 FEED
R
SEEILIINLD 08 v—H—DER
Highr~—F—L LToFAER &
WRBRRELZRFT5 BT, AD
DRIEME & B 2 b 5 RERmMEE
mild cognitive impairment (MCI) <
AD LIF IR DEMEMERAETH B EI
58 A0 B8 Y 38 40 JE (frontotemporal
dementia, FID)IZHI1TH 0S ~—H—
DEGIZHER LTz,

20

B. #F3EFikE

BRI D, XBRELITO 4
B, bbb, (1) @EESTER (39
B, ¥ 65 %) (2) MCI &t

(International Working Group on
MCI i W EYE Winblad & 2004)
’5:(?&571 L. Cllnlcal dementia rating
(CDR) 2 0.5 T mini-mental state
examination (MMSE) 2324 S LI EFC¥H
5 10 B, SEH 72 %) . (3) AD Bt
(ICD-10 & %EE%%LL CDR 7% 1
UEHBVIMISE 2N 23 LI F T3 % 33
Bl. ¥ 71 B) . BLUN4) FTD B
(Lund-Manchester Group {= k& 32
HYE (Neary &, 1998) 2573 4 {51,
) 63 mR) IS4 THRE L, &8
DXEED HEAR BN R B & O R M
L (£ T—70°C 1T .
LIF®D 0S v —H—iZoWTHRE LT,
bbb, 0S MEDEEL LTRSD
8~0HdG (ELISA ¥£) ¥ L ML CoQl0
BR{L=R (HPLC %) ZWIE L. 0S =%t
THRHEBE I DIEFE & LT STAS (bt
%) ZRE L,

W Bt fE AT 1k . ANOVA (post  hoc
Fisher’ s PLSD) # T 4 BERID
Ba1To 7,

(R E ~ DB E)

JENEH K ZGEEES DR (L
R 1641 B 17 A&, Z{13EE 104)
Db LI EIT 572, BRFEH D
LOBM - |RICHT-> Tk, T&
WTARMAOBRE 2 BER L OME#
E (HRRBEIIARAOL) IZHBE L. W
AT DM ORE%* B, BhH
DEBOEEIZL > T, BENERE
B ARRIREHEDZ NN L S
BCRE L7~



C. WHoemR

FRH 8-OHAG 1%, xFHEFE, MCI &, AD
T FTD BEONEIZ . 7.9(4.2).9.3(5.2),
12.3(7.4).9.8(6.4) ng/ml, [F¥ (IF
WREZE) 1THY., SREICHERLT
AD BEDO B THEBILEBE TCH- 720 (b
< 0.01) ,

Mg CoQl0 BALERIL, XTREEE. MCI
B AD BE. FID BEOJEIZ, 4.8(0.9).
7.8(2.4). 7.9(2.3), 5.1(1. 1) [y

(EXERE) 1THY . SRR
LC MCI 8 (p < 0.03) &2DVZ AD
B (p<0.02) CTHRICEETH T,

STAS I, %IFR&E. MCI &£, AD £, FID
BEOJEC . 1398(129) . 1223(167) .
1124 (101) . 1220(124) uM[F¥) (Y
w#) ] ThH Y MR LT MCT
2 (p <0.002) . AD# (p < 0.0001)
HAUMIFID # (p < 0.02) THEIE
BETHoT, _

7233 STAS TIZMCI B & AD B & DfH]
THHEEENRD LT (p < 0.03),
F 7. R 8-0HAG . MLiE CoQl0 AL
BB L NSTAS DWFIIZEB N T,
MCI B£d A UNMTADEE & FID#£ & DORIC
BEZIIFBDO N7,

D. #EE&

AD 3 OEEER B OFI BRI
LIRS D . B{vAIEEL AD DK
PEBRRIZ W T R EAB S D BRI 7R
B THAZ ENRTRRENTND, L
N oT, 0S8 v —Hh—IE, AD B
Wi~—H—& LTEEREMDOLIDOT
horEZOND, EHK 156 FEET
ORI Lo T AD B ORB LU
I\ T 0S BREE OBENNRC 0S 12X
% BEHIRE 1 DA T A3E88 B AL, AD FRFE

21

CIERCMIE % VT 0S OIEINA
HERNBZERXHELNZRLTW
Do
AEl, AD ORTERE L E Z b D MCT
IZEBWT, 0S BREDIFIZE CTh D MIE
CoQ10 EE{LER DML 0S (X7 5B
HHBe I DIEECH D STAS OIET 23
WHNTEZ EnD, ZThbdMiF 0S
< —H—2 AD ORBWHICERNTH
2 AR N RIR S LT,

% 7= STAS 1% FTD T % FREEIZ
TEAL LT =28, 08 ~— I — DR
B EMEIZHOWTIE, A% S HICELD
HEER B A RIS EH 2 A
BEINRLETH D,

N ra= A
=N

MEFEO 0S8 v—H—TH D CoQl0
Fe{l =82 STAS 1. MCI IZRWTAD &
FREIZ (L L TR Y AD O RHIZE k|
ThHD 0SS v—h—PERATHLA]
BEMEDSRIR X Tz, 0S = — B — DR
BRI HOWTIIS RS DICEAXD
SAER B A B LR BLE
TH D,

E.

FERRfE IR IE
2L,

F.

BFoe3EsR

1. BRICHER
B, BR{LA b LA %
N LT YN, < —IRIGERT
7 u—F OFR L TREE. EE
R EZMEEE 16 (8T 5 111):
126-134, 2005

Nunomura A, Tabata K, Chiba S,
Moreira PI, Zhu X, Smith MA,

Perry G. Temporal primacy of



oxidative stress in the
pathological cascade of
Alzheimer disease. In:
Oxidative Stress and

Age—Related Neurodegeneration,
Luo Y, Packer L (Eds) CRC Press,

Boca Raton, 2006, pp 365-372

. FRHER
TININA < — B RS
6 EIZEWRT R A (L 17
4816 B, X)) —ERER
B < HERRE. BLR & FrEEE,
REEEZX H—
FATEAE. B LA b L R &
MUTIBRT 7a—F OBk e
RIREME.

46" Annual Meeting of the
Japanese Society of
Neuropathology (12-14 May 2005,
Utsunomiya)

Nunomura A, Chiba S, Smith MA,

Perry G.
accumulation of amyloid B and
oxidative RNA damage in

Intraneuronal

Alzheimer disease
Neuropathology 25(2) 1 A43,
2005

20" Annual Meeting of the
Japanese Psychogeriatric
Society (16-17 June 2005,
Tokyo, Japan)

Tabata K, Yamaguchi K,

Sakamoto K, Takada T, Takasaki
H, Ishimoto T, Ishimaru Y,
Nunomura A, Chiba S.

22

Improvement of depressive
state with milnacipran in two -

patients with dementia.
Psychogeriatrics 5(4) A85,
2005

% 107 ElALHEE R MR 2 S (O
1746 A 26 A, JB)I)

Him—&, fftRE, TE &
BRERNEERL I OREET LV
VoA = —HFIZB T A MTE - R
HFEE{L R N L Rw— B —DEt
FEmtR s (FIRIH)

5% 24 EIHARERFE (FR 16
£9H30H-10A1H, KR
MMHE, T#E %, Mark A
Smith. George Perry. JIEMIZfE
9 R BB A& MG P RNA DR
{k.. Dementia Japan 19(2):172,
2005

4™ Tnternational Congress on
Vascular (20-23

October 2005, Porto, Portugal)
Nunomura A, Chiba S, Smith MA,
Perry G. Intraneuronal amyloid
B accumulation in Alzheimer
disease: a compensatory

response to oxidative stress?
Abstracts p 20, 2005

Dementia

58 108 [E{LvE AR s (F
FCLT 412 A 4 B, FLIR)
H¥m— &, mATHE, T8 X,
HRAE, BILFE . BHIC
DT % PABERAR EE O %
(W RTERIER R 2R & 38 E LTz 3
JEB. KRR MRS (ENR)



H EE9RAEHE D HRE - BRI
72 L,

23



BREH LA A M4 BREA BB A=y HEREE
bS48 D% T TR AR OBH ARmEaRRAER 136 | 0% | 005
W Lwsk, oty TSI A —IHDREHIR B, AARESESW | 4247 | 33-36 2005
N —iTFI SN : 3 =y
i Lh%‘%}f}%ﬁ;\%ﬁgg‘f@ : BERMEI BIC I DA B~ — 7 — JCLS 103-106
TITNA—J7 (AD) T NI A o L Z DR
; s e BT A B2~ —h—: B s
L, A EhT T;iyf\’jjj;ﬁ%g? 4:£ﬁ fﬁ;ﬁﬁﬁg Fas s n 40-42 | 2005
Wr~e—J—
BRALARL A &N LIZ T VYA~ — TR TRIR T | A e 20 16(8 5
ikt Bz Fr—FOBIRE A fa my | 126-134] 2008
FHEA By (s, FREEOERE s migs | e | e | <o
Temporal primacy of .
Nunomura A, Tabata K, oxidative stress in the Oxidative Stress and Boca
Chiba S, Moreira PI, Zhu . Luo Y, Packer L. Age-Related CRC Press 2006 365-372
X, Smith MA, Perry G paiﬁ?gﬁi%ﬁgig: of Neurodegene-ration Raton

24




SERRLTHERE
R BROTITICB 5B

RREL WA, pREE | EE | v | b
Toshihisa Tanaka Multiple pathogenesis of frontotemporal dementia PSYC]%(I)CGSERIA 5 15-17 2005
T.Nakajima,S.Takauchi,K.Ohara,M.Kokai,R . . . . .
Nishii,$. Macda, A Takanaga,T Tanaka, ot-Synuclem-posmvei jgzzgxiztlsnduced in leupeptin- RE]Z%AAIISICH 1040 73-80 2005
M.Takeda,M.Seki,Y .Morita
A fERA ¥R, Begum Nurun
Nessa,Golam Md Sadik, T, #8752 | 508 EMET R — S ALER TICBES 57 ORI e 6974 | 2005
A RITNIERE, B LER, @Rk, NS oA~ IR TR TR IE DO BE RS #
SRPE, ZeRRAE, ARRIE, R
Klgakaml,H ..Aral,K Ishiguro,H Cerebrospinal fluid phophorylated tau protein at | Recent Progress
ono,Mtaniguchi, K Wada- ine 199§ ful di ic biomaker i . Lo Chapter
Isoe, Ywakutani,$ KuzuharaH SasakiK serine . isause dllagnostlcf biomaker in in Al.zheuners 23 177-1821 2005
Nakashima, Kimahori Alzheimer's disease and mild cognitive impairment Diseases
Kastuya
URAKAMI, MiyakoTANIGUCHI,Masashi . . . L
INOUE, Kenji WADA- Studies on dlagnost(l; Sl::;l}(ers for Alzheimer's PSY?r}Ii?CGSERIA 5 99-102 2005
ISOE, YosukeWAKUTANI and Kenji
NAKASHIMA
Masashi INOUE Katsuya
URAKAMI,Miyako Taniguchi, Yuki Evaluation of a computerized test system to screen |PSYCHOGERIA 5 3641 2005
KIMURA Jun SAITO and Kenji for mild cognitive impairment TRICS -
NAKASHIMA
e, e AT
LN IR, KFHE, TINA2—RBEC 7T — .
EA)IIAT WL, WA B AT, 25 DA Dementia Japan | 19(1) | 77-85 1 2005
AT FHAES MER T, LR
PORE, H R, WEEE, AnEbhE | . .
AFFR . R, BERE T, ““‘kﬂﬁ?"w%@“%”z’%i%%@*’m“’E‘E"mﬁ Dementia Japan| 19(2) |177-186] 2005
TR BT WA, T BOK
T A Tl R D B
B, A1 EWT e BREOCEFE® IR 2HRE Rk | R MEssT R 95(5) |879-884] 2005
0] b
s N NAZ 2= — XTI A —BIF R ORI P | BERWE 2 1658TE )
W B, B akihT W12 0 OB A S| 49054 | 2005
MR ARty T INA— RO BRI Demantia Japan | 19(1) | 52-59 | 2005
2 nn
Tk ADEMCID AR i~ —J1— déqa*ggjﬁg% M 16(6) |731-733] 2005
ﬁt%%ﬁﬁ%@%ﬁéﬁégmgm TIVI A OBIGHESE iR 49(3) |395-401{ 2005
el A REHEODHOREEDIETE T ﬁEME:g%%’ 357 |784-788] 2005
" s : - FRIEDR OO D EBNHE N E s
AR, I S JCH W, A Aoty PAEEEER oy |a09-a10] 2005
~ <HERIRE O : SERRAYHECE R E> A
W ETEA. WA, FEE T, PR TR BT LI O L 1467-
" = Ul R HANRPHERE  94®) | |4y | 2005

25




PSYCHOGERIATRICS 2005; 5: 15-17

EDITORIAL

Multiple pathogenesis of frontotemporal dementia
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Along with the recent development in basic research
on neurodegenerative disorders and dementing dis-
eases, a new classification of dementing diseases
should be considered and established. Lewy body
disease and frontotemporal dementia (FTD) have
been clinically separated from senile dementia of the
Alzheimer type and now qualify as independent clin-
ical entities.

After many discussions on dementing disorders
involving frontal or temporal lobar atrophy, the Lund
and Manchester groups, pioneers of the study of FTD,
have clinically assigned a generic term, frontotempo-
ral lobar degeneration, to inciude FTD, semantic
dementia and progressive aphasia. FTD remains a
heterogeneous clinical entity that includes dementias
of the Pick type, motor neuron disease type and fron-
tal lobar degeneration type. This classification has
been constructed based solely upon clinical symp-
toms, clinical courses and brain imaging. The point is
that the characterization and classification is princi-
pally based on clinical features. In order to understand
the molecular mechanism of neurodegeneration in
these diseases, findings in neuropathology, neuro-
chemistry, cell biology and molecular genetics shouid
be taken into account.

In the case of spinocerebellar degeneration, the
previous classification was based on clinical features,
and it included olivopontocerebellar atrophy, late cer-
ebellocortical  atrophy,  dentatate-rubro-pallido—~
juysian atrophy (DRPLA), myoclonus epilepsy of the
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degenerative type and so on. However, after the
establishment of the concept of triplet repeats dis-
eases, the classification of spinocerebellar degenera-
tion has been reorganized using the causative genes
with repeats expansion. Actually, DRPLA and myoclo-
nus epilepsy of the degenerative type have the same
causative gene DRPLA; however, the number of
expanded repeats is different between these two dis-
eases. Therefore, clinically differentiated diseases are
grouped according to the causative gene. Likewise,
FTD, which probably has several causative mecha-
nisms of neurodegeneration, will be eventually reclas-
sified depending on the molecular neurodegenerative
mechanism.

Recently, neuropathological studies have shown
that a clinically diagnosed form of FTD is character-
ized by intermediate filament inclusions in neurons.
Neuronal intermediate filament inclusion disease
(NIFID) is a novel neurological disease with clinically
heterogeneous phenotypes, including progressive
early-onset dementia, and pyramidal and extrapyra-
midal symptoms.’ There is focal atrophy of the frontal
lobes and, to a lesser degree, the temporal and pati-
etal lobes. Microscopically, there are intraneuronal
cytoplasmic neurofilament inclusions which are vari-
ably ubiquitinated, but these inclusions contain nei-
ther tau nor synuclein. In addition, accumulation of
alpha-internexin, which is also one of the intermediate
filaments, in NIFID has been reported.? The inclusions
are present both in the neocortex and subcortical
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nuclei and spinal cord. NIFID has many clinical symp-
toms, inciuding behavioral and personality changes,
memory loss, cognitive impairment, language deficit
and impairment, motor weakness, extrapyramidal
features, perseveration, executive dysfunction, hyper-
reflexia and primitive reflexes.?

Genetic studies have also revealed the causative
genes of FTD, such as tau, presenilin-1 and VCP. In
1998, mutation of the tau gene was found in familial
FTD patients, and the term ‘“frontotemporal dementia
with Parkinsonism linked to chromosome 17’ (FTDP-
17) has been proposed.* FTDP-17 is a familial neuro-
degenerative disease with links to chromosome
17921-23. In addition, molecular genetic analyses
have revealed mutations in the tau gene in chromo-
some 17g21. The mutations were found in both exons
and introns, and it is speculated that either the amino
acid replacement by missense mutations, or changes
in the expression ratios of 3-repeats/4-repeats may
affect the alternative splicing of the tau gene. The
detailed mechanism of change in the splicing ratio is
being investigated. The acceptor site for the alterna-
tive splicing of mRNA has hairpin conformation and
the exon 10 is spliced out at a ratio of approximately
1:1. Furthermore, 4-repeats and 3-repeats tau pro-
teins are translated and produced from tau mRNA
with and without exon 10, respectively. Because of
the mutations, the acceptor site for alternative splic-
ing of exon 10 is not able to have the hairpin confor-
mation. Therefore, exon 10 is not spliced out, and this
results in the production of 4-repeats tau from all the
MRNA containing exon 10.

The important point to note is that variable clinical
and neuropathological phenotypes are observed in
cases of FTDP-17. Clinical phenotypes of FTDP-17
are similar to those of Pick disease (K257T, G272V,
V337M and K369l), corticobasal degeneration (P301L
and S305N), pallido-ponto-nigral  degeneration
(N279K), multiple system atrophy (+13(A—G)), pro-
gressive subcortical gliosis (+16(C—U)) and Alzhe-
imer's disease (R406W). This implies the possibility
that one gene may trigger neuronal and/or glial dys-
function in several areas in the brain, causing different
clinical and neuropathological phenotypes.

Presenilin-1 (PS-1) and presenilin-2 (PS-2) are
causative genes for familial Alzheimer’s disease (AD)
and they are localized in chromosome 14 and chro-
mosome 1, respectively. More than 80 mutations have
been found in PS-1, and eight mutations have been
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found in PS-2. The pathophysiological mechanism of
PS in familial AD has been extensively investigated,
and PS is considered as the major component of the
gamma-secretase complex. Gamma-secretase is bio-
logically important because it cleaves Notch, amyloid
precursor protein (APP) and many other proteins at
intramembrane sites, and this involves intramembra-
nous proteolysis, which is one of the main topics of
research in the field of intracellular signaling biology.

Recent reports have indicated that some mutations
in PS-7 (L113P, G183V and insertion of R352) cause
FTD in which no senile plaque, only tau inclusion
bodies, can be found.>® One report has indicated that
the insertion of R352 decreases amyloid beta produc-
tion; however, its neurodegenerative pathomecha-
nism is not yet fully understood.”

Valosin-containing protein (VCP), a member of the
AAA-ATPase superfamily, has been associated with a
wide variety of essential cellular protein pathways
comprising nuclear envelope reconstruction, cell
cycle, postmitotic Golgi reassembly, suppression of
apoptosis, DNA damage response and ubiquitin-
dependent protein degradation. Recently, mutations
in VCP have been found in patients with inclusion
body myopathy associated with Paget disease of the
bone and FTD.® Patients with this disorder display
behavioral abnormality and cognitive impairment, and
neuronal nuclear inclusions containing ubiquitin and
VCP can be found in these patients. However, no
fibrillar materials are present in neuronal or glial cells,
and there is no amyloid deposition. Presumably, the
pathological mechanism may involve impairment of
the ubiquitin-dependent protein degradation system,
but further study is required.

Other genetic loci of familial FTD have been
reported in chromosome 3 and chromosorme 15; how-
ever, the genes have not been identified yet. Familial
FTD with a large pedigree was found in Denmark and
its gene locus was linked to chromosome 3.° Neuro-
pathological investigations revealed tau inclusions in
the neurons and some glial cells in the frontal lobe.
However, no amyloid deposit was observed. FTD
linked to chromosome 15 is related to myotonic dys-
trophy (DM), and is called ‘non-DM1, non-DM2
multisystem myotonic disorder with FTD’ (DM-3).1
Myotonic dystrophy is characterized by progressive
myopathy, myotonia, posterior subcapsular cataracts,
and other specific clinical features. The causative
gene for this disorder has now been identified in
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chromosome 19g13.3 (DM protein kinase gene with
cytosine-thymine-guanine (CTG) repeats expansion)
(DM-1), and in chromosome 3g21 (ZNF9 gene with
cytosine-cytosine-thymine-guanine (CCTG) repeats
expansion) (DM-2). The third gene is linked to chro-
mosome 15q21-24 (DM-3). In these cases of DM,
microvacuolar and macrovacuolar spogiform degen-
eration have been observed in frontal, temporal and
insular corticies. But tau inclusions are rare, and no
amyloid deposit has been found in cases of DM-3.
The recent findings in neuropathological and
genetic research have been summarized above. As
indicated, further investigation of the roles of tau,
neurofilaments, PS and VCP in the cellular process
of neurodegeneration is necessary to understand the
molecular pathogenesis of the neurodegenerative
disorders described previously. As has been shown,
FTD has many variations and subgroups, and one of
the clinically important aspects of FTD is the man-
agement of behavioral and psychiatric symptoms of
dementia (BPSD). The problem-solving approach for
the management of BPSD is based on the adminis-
tration of appropriate medicine and sufficient under-
standing of symptoms by caregivers. FTD has
several variations in symptoms, and the regional pat-
tern of neurodegeneration, rather than the type of
histopathology, influences the clinical syndrome in
FTD." Brain imaging analysis is also important for
understanding the regions of the brain that are
impaired. Therefore, advances in our knowledge of
biochemical and/or genetic causes of FTD may lead
to a more accurate and appropriate reclassification
of FTD for future pharmaceutical therapeutics, and
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current brain imaging analysis may provide important
information for understanding the pathogenesis of
clinical symptoms.
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Abstract

Abnormal accumulation of a-synuclein is regarded as a key pathological step in a wide range of neurodegenerative processes, not only
in Parkinson’s disease (PD) and dementia with Lewy bodies (DLB) but also in multiple-system atrophy (MSA). Nevertheless, the
mechanism of «-synuclein accumulation remains unclear. Leupeptin, a protease inhibitor, has been known to cause various
neuropathological changes in vivo resembling those of aging or neurodegenerative processes in the human brain, including the
accumulation of neuronal processes and neuronal cytoskeletal abnormalities leading to neurofibrillary tangle (NFT)-like formations. In the
present study, we administered leupeptin into the rat ventricle and found that a-synuclein-positive structures appeared widely in the
neuronal tissue, mainly in neuronal processes of the fimbria and alveus. Immunoelectron microscopic study revealed that a-synuclein
immunoreactivity was located in the swollen axons of the fimbria and alveus, especially in the dilated presynaptic terminals. In addition
colocalization of a-synuclein with ubiquitin was rarely observed in confocal laser-scan image. This is the first report of experimentally
induced in vivo accumulation of a-synuclein in non-transgenic rodent brain injected with a well-characterized protease inhibitor by an
infusion pump. The present finding suggests that the local accumulation of a-synuclein might be induced by the impaired metabolism of
a-synuclein, which are likely related to lysosomal or ubiquitin-independent proteasomal systems.
© 2005 Elsevier B.V. All rights reserved.

Theme: Disorders of the nervous system
Topic: Degencrative diseasc: Parkinson’s

Keywords: a-Synuclein; Leupeptin; Protcase inhibitor; Immunohistochemistry; Immunoclectron microscopy

1. Intreduction however, aggregation of a-synuclein is also demonstrated
in the brains of Alzheimer’s disease (AD) patients [17]. In

Lewy bodies (LB) and Lewy neurites are universally addition, two recent cases of patients with diffuse neuro-
recognized as pathological hallmarks of Parkinson’s disease fibrillary tangles disease with calcification (DNTC) have
(PD) and dementia with Lewy bodies (DLB). Although L.B shown that neurons containing «-synuclein-positive struc-
can be observed microscopically with hematoxylin-eosin tures are widely distributed, especially in the amygdala,
stain, an immunohistochemical method for detection of LB hippocampus, and upper temporal gyrus [32]. Because the
with either anti-ubiquitin or anti-a-synuclein antibody is pure form of DLB, that is, DLB without or with very few
recommended [1,6]. a-Synuclein has been proven to be one of neurofibrillary tangles or senile plaques is known [13], the
the major components of LB in PD and DLB [9,26]; process of Lewy body formation would not comprise a simple
linkage of NFT formations. On the contrary, the frequent

* Corresponding author. Fax: +81 798 45 6053, coexistence of NFT and LB in AD brains indicated that there
E-mail address: taka528i@kcc.zaq.ne jp (T. Nakajima). may be a relationship between the mechanism of tau

0006-8993/$ - see front matter © 2005 Elsevier B.V. Al rights reserved.
doi:10.1016/j.brainres.2005.01.099

30



74

accumulation and that of a-synuclein accumulation in the AD
and DNTC brains, although these mechanisms are so far
unknown.

Leupeptin, a protease inhibitor, is known to cause (1) the
accumulation of lipofuscin-like granules in the neuronal
perikarya and (2) the degeneration of neurites [4,7,27].
Furthermore, we previously reported that the long-term
infusion of leupeptin into the rat ventricle caused cytoske-
letal changes that included the formation of abnormal
bundles of paired helical filament-like filaments with 20
nm diameter and periodic constrictions at 40 nm intervals in
the cortical neuron [28]. We reported that these changes had
some morphological resemblance to neuropathological
features of Alzheimer’s brains.

In the present study, we found, by the administration of
leupeptin to the rat brain, that a-synuclein-positive structures
appeared in various portions of the brain in response to the
degeneration caused by leupeptin. Immunoelectron micro-
scopic studies revealed that «-synuclein-positive materials
accumulated in the swollen axons, especially in dilated
presynaptic terminals and in the neuronal cell bodies. These
results revealed that a disturbance of protein degradation
causes not only cytoskeletal abnormality, as we reported
before, but also a-synuclein accumulation in the neurons. In
this study, it suggests that impairment of protein degradation
might be closely related with neurcdegenerative diseases
including AD that is characterized by cytoskeletal abnor-
mality with accumulation of tau, amyloid B, and a-
synuclein. It was reported that decreased activities of
proteasome were observed in AD brain {12], and that in
cultured cells protease-dysfunction induced neuronal degen-
eration [10]. Therefore, we would like to raise the hypothesis
that disturbed protein-degradative activities are initial
causative events leading to neurodegenerative disorders,
even though the cause of dysfunction of protein degradation
was not clarified. Recently, in the study of polyglutamine
disease, one of neurodegeneration diseases, dysfunction of
proteasome was found to be an initial event in the
degenerative processes, and it might support our thought.

Previously accumulation of a-synuclein was reported in
transgenic-model mouse [25,30], or rodents injected with
MPTP or rotenone [3,5,16]. Both of chemical compounds
were not well characterized in biochemical function on the
mechanisms of cytotoxicity yet, even though oxidative stress
mechanisms are thought to be mediators in either compound.
This is the first report of experimentally induced in vivo
accumulation of a-synuclein in non-transgenic rodent brain
injected with leupeptin, a biochemically well-characterized
protease inhibitor, by an infusion pump.

2. Materials and methods
Twenty 8-week-old Wistar rats, weighting about 300 g,

were used for the present study. Leupeptin (Peptide Institute
Inc., Osaka, Japan) solution, dissolved in phosphate-
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buffered saline (pH 7.4) at 25 mg/ml, was infused with an
osmotic minipump (Model 2002; Alzet, California, USA).
The outline of the operation was described elsewhere [27].
The pump was connected by means of a Silastic tube to an
intracerebroventricular cannula and implanted subcutane-
ously in the neck. The cannula was implanted stereotaxi-
cally (0.8 mm posterior to the bregma, 1.2 mm lateral to the
midline) into the right lateral ventricle. Five rats were
implanted with pumps containing only phosphate-buffered
saline (PBS) and served as controls.

2.1. Immunomicroscopy

Following infusion for 14 days, the rats were anesthe-
tized and killed by perfusion through the left ventricle with
4% buffered paraformaldehyde solution.

For immunomicroscopic study, brains were dissected
and fixed for 24 h in 4% paraformaldehyde in 0.1 M
phosphate buffer (PB) (pH 7.4). The brains, including the
brain stem and the spinal cord, were cut coronally at 3
mm thickness. The slices were rinsed with PB, dehydrated
through graded alcohol, and embedded in paraffin.
Paraffin sections at 10 pm were made, deparaffinated,
and prepared for immunostaining. Immunostaining was
performed with monoclonal anti-a-synuclein antibody
synuclein-1 (1:500 dilution) (Transduction Laboratories,
Lexington, USA) as the primary antibody [20]. Sections
were incubated overnight at 4 °C. For the immunohis-
tochemical detection of the primary antibody, sections
were incubated with a secondary antibody (1:100 bio-
tinylated anti-mouse; Vector Laboratories, Burlingame,
USA) for 2 h at room temperature. After rinsing in PB,
the sections were then incubated in avidin—biotin—perox-
idase complex (Vector Laboratories, Burlingame, USA)
for 1 h at room temperature. After three subsequent
washings in PB, sections were visualized by diaminoben-
zidine tetrahydrochloride.

2.2. Immunoelectron microscopy

For immunoelectron microscopic study, the rats were
perfused with 4% paraformaldehyde, 0.1% glutaraldehyde,
and 15% picric acid in 0.1 M PB (pH 7.4). Brains were
fixed for 24 h in 4% paraformaldehyde, 7% sucrose in PB.
The leupeptin-treated rat brains were cut by vibratome to
make 50-um-thick coronal slices and there were washed in
PB. Sections were first incubated overnight with the anti-
a-synuclein antibody (1:500 dilution) at 4 °C, then
incubated for 2 h with the secondary antibody (1:100
biotinylated anti-mouse; Vector Laboratories, Burlingame,
USA), and treated with the avidin-biotin—peroxidase
complex for 1 h at room temperature. After three
subsequent washings in PB, sections were visualized by
diaminobenzidine (DAB) tetrahydrochloride. For the post-
fixation for electron microscopy, sections were incubated
with 4% paraformaldehyde and 0.1% glutaraldehyde in PB
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(pH 7.4) for 3 days. And then, sections were osmicated
with 2% 0sO04 in PB and dehydrated through graded
alcohol.

DAB-development was rigorously performed for 10
min, and the slices were fixed with 2.5% glutaraldehyde
and 4% paraformaldehyde in PB (pH 7.4). They were
slightly washed and post-fixed with 2% OsO4 in PB for
L h at 4 °C, then flatly embedded in Spurr’s  resin
(TAAB, Berkshire, UK) between aclar films (Nissin EM,
Tokyo, Japan). Polymerization was performed overnight
at 70 °C, and the specimens were pre-cxamined by light
microscopy. The areas including positive reactions in
CA4 and fimbria were trimmed, and ultra-thin sections
were made with an Ultracut UCT microtome (Leica,
Solms, Germany) and examined by transmission electron
microscopy with a JEM 1200 EX (JEOL, Tokyo, Japan)
at 80 kV.

2.3. SDS-PAGE and Western blotting

Respectively five leupeptin-infused rats and control rats
were used to study the expression of a-synuclein in
fimbria. Operated rats were deeply anesthetized with
diethyl ether and killed by decapitation. Their brains
were removed and immediately washed with ice-cold
PBS. Hippocampi of the right cerebra were dissected and
the fimbriac were removed. The frontal quarter of the
fimbriae were cut and immersed for 3 h in 4%
paraformaldehyde, 7% sucrose in PB, for overnight 20%
sucrose in PB to study confocal laser-scanning micro-
scopy. Three quarters of the remaining fimbriae were
homogenized in 0.05 M Tris-HCl (pH 7.4) containing
0.1% Triton X-100 with a Potter type glass-Teflon
homogenizer. Specimens were genily centrifuged (at
900 x g for 5 min) to remove the debris and the
proteins were precipitated by the addition of 9 volumes of
cold methanol. They were centrifuged at 10.000 x g for
10 min and re-suspended in deionized water. The protein
concentrations of each extract were determined by using a
spectrometer Smart Spec ™ 3000 (Bio Rad, USA) and
adjusted to 1 mg/ml with 0.05 M Tris=HC] buffer (pH
7.4). The samples were denatured with Laemmli’s sample
buffer (Laemmli, 1970), carried out SDS~PAGE in a 15%
acrylamide gel, and transferred to a polyvinylidene
difluoride membrane (Boehringer Mannheim, Germany).
The membrane was blocked with Block Ace™ for 1 h,
and then incubated with anti a-synuclein antibody and
mouse anti a-tubulin (Oncogene, USA), as an internal
standard, for 2 h at room temperature. After washing, the
membrane was incubated with HRP-conjugated goat anti-
mouse IgG (Vector Labs, USA) for 2 h at room
temperature. The signal was detected by using chemilu-
minescent detection system (ECL™ + Plus, Amersham
Pharmacia Biotech, UK) and visualized by exposure on
X-ray film (Fuji Photo Film, Japan). The signal intensities
were quantified using densitometric analysis by Scion
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Image program (Scion Co., NIH, USA), and compared by
student ¢ test (P < 0.05).

2.4. Confocal laser-scanning microscopy

The frozen frontal quarter of the fimbriac was cut by
cryostat to make 20-pm-thick slices. These sections were
simultaneously incubated for 3 days with mouse anti-a-
synuclein monoclonal antibody synuclein-1 (1:4000 dilu-
tion) (Transduction Laboratories, Lexington, USA) and
rabbit anti-ubiquitin polyclonal antibody (1:4000 dilution)
(Chemicon, USA) at 4 °C, then simultaneously incubated
for 2 h with Alexa Fluor 488 donkey anti mouse IgG
(1:1000 dilution) (Morecular Probes, USA) and Cy™3-
conjugated donkey anti rabbit IgG (1:1000 dilution)
(Jackson ImmunoResearch, USA) at room temperature. A
Zeiss confocal laser-scanning microscope (LSM510, Carl
Zeiss, Germany) was used to visualize the fluorescent
materials. By scanning simultancously with two lasers (488
and 543 nm) and by using x20 objective, we obtained a
two-color image of the fimbriae.

3. Results
3.1. Immunomicroscopic findings

a-Synuclein-positive structures appeared as evenly
stained sporadic granules or spheroids with clear contours,
They were distributed in the alveus (Fig. Ic), fimbria (Fig.
1d), as well as in the external capsule and the deep layer of
the cerebral cortex on the infused side of the leupeptin-
treated rats. Qualitatively the a-synuclein structures appear
to be abundant in the alveus and fimbria. F urthermore, they
appear to be numerous in the external capsule than in the
deep layer of the cerebral cortex (data not shown). From the
present observation and our previous electron microscopic
study [28], these a-synuclein-positive structures seem to
correspond to the degenerated axons originating from
pyramidal cells in the hippocampus.

In contrast, no a-synuclein-positive structure was
observed in other regions of the central nervous system
(CNS) of leupeptin-treated rats (Figs. le and ) or in the
whole CNS of control rats (Figs. la and b). To evaluate
specificity of the antibody, the staining procedure without
application of the primary antibody was performed, and
only background staining was observed in leupeptin-treated
(Figs. lg and h) and leupeptin-non-treated rat (data not
shown),

3.2. Immunoelectron microscopic findings

The accumulation of dense bodies in the neuronal
perikarya and in the swollen neuronal processes, which
we had previously reported, was also detected in the
specimens for the present experiment.
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Fig. 1. (a~h) Immunohistochemical staining in rat fimbria and alveus. (2 and b) Immunohistochemical staining of a-synuclein in control rat brain
hippocampus. No a-synuclein-positive structure was observed in alveus (a), and fimbria (b). (c~f) Immunohistochemical staining of o-synuclein in leupeptin-
treated rat brain hippocampus. (c and d) Leupeptin infused side. (¢ and f) Leupeptin non-infused side. a-Synuclein-positive structures (arrows) were observed
in alveus (c) and fimbria (d) of the infused side. No a-synuclein-positive structures were observed in the corresponding areas of the non-infused side (¢ and f)
(scale bar = 100 um). (g and h) Immunohistochemical staining without primary antibody (scale bar = 200 pm).

Anti~a-synuclein immunoreactivity was found exclu- as small granules or more fuzzy electron-dense material
sively in the neuronal component of the leupeptin-treated filling the spaces among accumulated mitochondria and
rats, mainly in swollen axons of the fimbria and alveus of dense bodies observed in the so-called degenerated neurites

the hippocampus (Fig. 2a). The immunoreactivity appeared (Fig. 2b).
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Fig. 2. (a and b) Immunoclectron microscopy for a-synuclein in leupeptin infuscd rat brain hippocampus. (a) A transverse scction of a swollen axon in the

fimbria (SP*) (scale bar = 2 pm). (b) A higher resolution immunoelectron micro

hippocampus (scale bar = 2 um).

3.3. SDS-PAGE and Western blottings

Western blot analysis showed a 19-kDa a-synuclein band
in both the leupeptin-infused and the control rat hippo-
campal extracts (Fig. 3a); however, the densities of these
reactions were obviously different. No band with higher
molecular weight was observed in both experimental and
control rats (Fig. 3a). This finding suggests that accumu-
lation of monomer forms of a-synuclein was induced by
leupeptin. The densities of these bands were quantified by
Scion Image software (Fig. 3b). The integrated density of
the leupeptin-infused specimens was 0.606 % 0.08, and that
of the control specimens was 0.421 + 0.14. This indicates
that the a-synuclein concentration in fimbria of the
leupeptin-infused rats is significantly higher (P < 0.05)
than that of the control rats.

3.4. Confocal laser-scanning microscopic findings

In the control rat fimbria (Figs. 4a—c), a-synuclein-
positive structures (green) and ubiquitin-positive structures
(red) were observed as diffusely distributed small granules.
In the leupeptin-treated rat fimbria (Figs. 4d—f), a-synu-
clein-positive structures and ubiquitin-positive structures
were observed as various sized and amorphous structures,
and some cells were strongly labeled with anti-synuclein
antibody only (arrows), or with anti-ubiquitin antibody only
(arrowheads). In the merged images, colocalization of o-
synuclein with ubiquitin was rarely observed.

4. Discussion

a-Synuclein, which is one of the presynaptic proteins, is
composed of 140 amino acids [8] and is known to be
identical to precursor (NACP) of the non-AB component of
AD amyloid (NAC) [9]. The accumulation of a-synuclein
has been demonstrated in Lewy bodies appearing in PD and
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graph of a swollen axon in the fimbria (scale bar = 1 um). (c) Control rat brain

DLB [1,6,26], as well as in degenerated neurons in the
frontal lobe of AD [2]. In contrast to AD, in cases with
multiple-system atrophy (MSA), these immunoreactivities
were detected predominantly in glial cytoplasmic inclusions
[31]. Moreover, neurons containing o-synuclein immunor-
eactive structures have been reported to be widely dis-
tributed in the amygdala, hippocampus, and superior
temporal gyrus in DNTC [32]. These findings on the
neurodegenerative process in general suggest that over-
production and disturbance of degradation of «-synuclein
might play important roles in neuronal degeneration.

In the present experiment, leupeptin, a potent thiol
protease inhibitor, was infused into the rat lateral ventricle.
For two decades, leupeptin has been known to inhibit
cathepsins and neural calcium-dependent protease and to
cause various neuronal changes similar to those seen in the
aging process or neuronal degeneration. By using the same
experimental model, we have reported the accumulation of
lipofuscin-like dense granules in the neuronal cell bodies,
widespread degeneration of neuronal processes in the
neuropil of the rat cerebral cortex, and formation of intra-
neuronal inclusions consisting of abnormal fibrillar struc-
tures, and we proposed that disturbances of protein turnover
induced by leupeptin may have some pathogenic mecha-
nisms in common with neuronal degeneration [27]. In this
study we focus on a-synuclein. On the normal distribution
of a-synuclein, the highest concentrations of a-synuclein
mRNA are in the substantia nigra, the dentate granule cells
and CA3 regions of the hippocampal formation, and the
deep layers of the cortex [21]. Our immunohistochemical
analysis in normal control revealed no obvious staining in
DAB staining and dotlike structures in fluorescent staining.
In the leupeptin-treated rat, immunolabeling of a-synuclein
was observed in the neuropil of the fimbria, alveus. In
stained neuronal cell bodies, the intense staining was
distributed in whole cells, not as small punctate structures.
Ultrastructurally, in normal rat brain, a-synuclein was
present in synaptic boutons; however, in the leupeptin-
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Fig. 3. (a and b) Western blotting analysis shows an increase of a-synuclein
in leupeptin-infused rat fimbria. (2) Western blot analysis of a-synuclecin
shows an increase of a-synuclein in leupeptin-infused (lanes 1, 3, and 5) rat
fimbria comparcd with PBS-infused (lancs 2, 4, and 6) rat fimbria. Total
protein stained with Coomassie blue (lanes 1 and 2) and «-tubulin used as
internal standard (lancs 5 and 6) indicates the same amount of applied
sample proteins. A band of a-synuclein is detected in both leupeptin- and
PBS-infused rats (lanes 3 and 4); however, the reaction density of the
antibody is much more intense in lane 3 than in lane 4. Results are
representative of five similar experiments. The numbers on the left indicate
the molccular weight markers. The presented Western blot represents a
typical result from onec control and one leupcptin-treated rat brain. (b)
Densitometric analysis of the Western blot is expressed as mean + SD from
five sets of experiments (*P < 0.05).

treated rat brain, a-synuclein immunoreactivity was
observed especially in the swollen axons in the fimbria
and alveus, and in the enlarged presynaptic axon terminals
as fine granules filling the spaces among the dense bodies
and other organelle.

Western blot analysis showed a 19-kDa a-synuclein
bands in both of the hippocampal extracts from leupeptin-
infused and the control rat; however, the intensities of
these bands were obviously different. No other band with
higher molecular weight was observed. Scion Image
sofiware revealed that the intensity of the band in the
leupeptin-infused rats was significantly stronger than that
of control rats. This finding suggests that accumulation of
monomer forms of a-synuclein proteins was induced by
leupeptin in the neuronal cell body by the infusion of
leupeptin and this event might be a trigger to the
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formation of a-syn accumulation previously described in
this model.

In confocal laser-scan imaging, both of the a-synuclein-
positive labeling and the ubiquitin-positive labeling were
visualized in cell bodies in leupeptin-treated rats, while
they were visualized as dotlike structures in cells in control
rats. In the merged images of double labeling, colocaliza-
tion of a-synuclein with ubiquitin was rarely observed.
These findings suggest that a-synuclein accumulation
might not be related with ubiquitin-proteasome pathway.
It is possible that c-synuclein accumulation might be
caused by lysosome or ubiquitin-independent proteasome
[29]. Leupeptin is known lysosomal protease inhibitor;
however, biochemical study previously showed that leu-
peptin binds not only with lysosomal proteases, but also
with the non-lysosomal degradation system prolease,
namely the proteasome [24], suggesting that it might affect
the protcosome activity, even though inhibitory effects of
leupeptin to proteasome were not confirmed yet [19]. In
this study, ubiquitin-positive labeling seemed to be
accumulated as well as a-synuclein-positive labeling in
the fimbria in confocal laser scanning. This finding
suggests that leupeptin, an inhibitor to several kinds of
proteases, can affect metabolic processes of neuronal
proteins, and that o-synuclein and ubiquitin might be
influenced with different process by leupeptin, as the o-
synuclein-positive labeling and ubiquitin-positive labeling
were not co-localized.

As we did not find any fibrillar structures that are the
usual components of typical Lewy bodies, the accumu-
lation of a-synuclein cannot be directly connected with
the mechanism of Lewy body formation. In addition, it
remains unclear whether a disturbance of degradation of
a-synuclein is one of the early steps in the generation of
Lewy bodies prior to nitration or other modification of -
synuclein, or not. To clarify these questions, further
experiments are required.

Normal o-synuclein immunoreactivity often forms
deposits or small granules, but not fibrous structures.
Lewy bodies from postmortem PD brains are largely
composed of the insoluble form of a-synuclein which has
fibrous structures. Misfolded or damaged proteins are
potentially toxic and are generally degraded in an
ubiquitin-dependent manner by the proteasome, Lewy
bodies are ubiquitin-positive structures and a-synuclein,
one of its component, is reported to be degraded by
proteasome [2]. Several studies have suggested a link
between ubiquitin-proteasome proteolysis system malfunc-
tion and an increase in ubiquitinated complexes [11,23]. a-
Synuclein was aggregated and formed fibrous structures,
when it accumulates up to a certain concentration [15,16].
Therefore at this moment the most plausible hypothesis on
the pathological pathway is that down-regulated proteo-
lysis causes increased a-synuclein and other misfolded or
damaged proteins, and that completely insoluble forms -
synuclein attenuate ubiquitin-proteasome proteolysis sys-
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Fig. 4. (a—f) Confocal scanning images of the fimbria of rats at anti-o-synuclein (a and d; green), the anti-ubiquitin (b and ¢; red), and the merged images of
double labeling(c and f). (a-c) The same section of fimbria in the PBS-infused rat. (d-f) The same section of fimbria in the leupeptin-treated rat. Some cells
were strongly labeled with anti-synuclein antibody only (arrows), or with anti-ubiquitin antibody only (arrowheads) (scale bar = 50 um).

tem, leading to vicious cycle. Our results also support this
hypothesis because accumulation of a-synuclein in neuro-
nal cells was induced by leupeptin, one of well-known
lysosome inhibitors, which was reported to bind with
protcasome also [24]. However it is still unclear which
kind of protease is predominantly involved in the
accumulation of a-synuclein and formation of fibrous
structures, unfortunately.

In addition to the disturbance of degradation of «-
synuclein, the disturbance of axonal flow caused by leupeptin,
which was demonstrated in the previous studics [28], should
be taken into account as another possible mechanism in the
formation of a-synuclein-positive structures.

Recently, point mutations of the a-synuclein gene at
position 53 (Ala53Thr) [22] position 30 (Ala30Pro) [14]
and position 46 (E46K) [33] have been detected in the
families of autosomal dominant Parkinson discase
patients, which may be a cause of disturbed a-synuclein
metabolism. On the other hand, a marked decrease of
proteasomal function by 34-42% has been reported in
sporadic PD cases [18], and the degradation of mutant a-
synuclein as well as of wild-type a-synuclein through the
ubiquitin-proteasome system was inhibited by a selective
proteasomal inhibitor, B-lactone [2]. Moreover, proteaso-
mal activities are decreased in the para-hippocampal
gyrus, upper-middle temporal gyri, and frontal cortex in
AD cases [12]. These findings indicated that dysfunction
of the ubiquitin-protcasome system may cause the
accumulation of a-synuclein; however, our findings

suggested that dysfunction of lysosome system or
ubiquitin-independent proteasome pathway might influ-
ence the accumulation of a-synuclein [29].

Experimental a-synuclein accumulation has previously
been reported in vivo [3,25]; however, previously
accumulation of a-synuclein was reported in transgenic-
model mouse [5,16], or rodents injected with MPTP or
rotenone [3,25,30]. Both of chemical compounds were
not well characterized in biochemical function on the
mechanisms of cytotoxicity yet, even though oxidative
stress mechanisms are thought to be mediators in either
compound. This is the first report of experimentally
induced in vivo accumulation of a-synuclein in non-
transgenic rodent brain injected with leupeptin, a bio-
chemically well-characterized protease inhibitor, by an
infusion pump. The leupeptin infusion rat model is
thought to be a useful material for studying several
neuronal changes resembling the aging or degeneration of
the central nervous tissue. The accumulation of o-
synuclein protein in the rat brain is a finding of new
interest for research on the pathogenic mechanism of
neurodegeneration.
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