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Ub: 2E*F> (Ubiquitin)

E1: Ub-activating enzyme

E2: Ub-conjugating enzyme

/\EB: Ub ligase

(2]
o o
@
@
F3 aAbEXxF 70577/ -LEEETRSE
IEXFF
RUIEFF 88

lE

\ =
2 AT+ —J FPael-R /AR

4 /pERREEED R (ERAD) & Parkin DiRE|

Ubc6, Ubc7 i&/NaEEOMIRERICH 2 ERADICH P HBE2TH B, I X 74 —Jb KL/STIL2EE (Pael-R) i
P AODLE@E> THEEICEIIEEN, AEXF L 7077V —LRICL > THREN B,

YT T = ARORE SRR A 5| 2 PHML L TRAELTAaZ (F6). £
ZLTW356LWIEEbhroTE, S OO T OREEMEZ 2 L ER 2 1
ZDXDEFREM S—F 2 VIS DMK VZRED, a-v X2 L4 voifbickd 3
% LITIRM S —F v VIROR RN A A7 F = Mg I NS, I 2T 4 —LF

450 | BZ S FEEER  vol.15 no.5 2005.5.




EMEICRKR OO N DR HOMBE |

Neuroscience

Misfolded Pael-R
DEREEE

E5 AR-JPREDSFAHZZL

ShaALRUTREE
}
ER{ER9 AL X
4
a-I XA DI AE
(3R TA—IVF12%)
J

a-IXTLA L DEE

EREoRHEREET

<£::L,Mm@%xhpx>

R—/ 32 1AM AR SE

RIEENSN—F ) VRICED (/N—
F ) RO REIRE

X 6

ftLiza-v 2204 vid7asr7y—4I108
ERAHEIPTBZETTUT T Y — LHEEEE
TA#BIE#I L, ZhAERAD OHES & /M
KA MV ZEFREL, RENEFEI S L0
EERHTH 5.

ZOFRFEERIEL TN ZEIZE > TI=F
VU VROWERI DR S, 2 DEIZH DI

Properly folded Pael-R

misfolded Pasl-R

R—Iv3 g

Pael-R I 1E®
BEEx R /-7

11¢

> R

A

INERR ML X T
ks

BRRNERT S AR ENh 5.

X Wk

1) Baba M, Nakajo S, Tu PH, et al: Aggregation of alpha-
synuclein in Lewy bodies of sporadic Parkinson's dis-
ease and dementia with Lewy bodies. Am ] Pathol
152: 879-884, 1998

2) Bonifati V, Rizzu P, van Baren MJ, et al: Mutations in
the DJ-1 gene associated with autosomal recessive
early-onset parkinsonism. Science 299: 256-259, 2003

3) Chung KK, Zhang Y, Lim KL, et al: Parkin ubiquiti-
nates the alpha-synuclein-interacting protein, syn-
philin-1: implications for Lewy-body formation in
Parkinson disease. Nat Med 7: 1144-1150, 2001

4) Dawson TM, Mandir AS, Lee MK: Animal models of
PD: Pieces of the same puzzle? Neuron 35: 219-222,
2002

5) Dawson TM, Dawson VL: Rare genetic mutations
shed light on the pathogenesis of Parkinson disease.
J Clin Invest 111: 145-151, 2003

6) Goldberg MS, Lansbury PT: Is there a cause-and-
effect relationship between alpha-synuclein fibrilliza-
tion and Parkinson's disease? Nat Cell Biol 2: E115-
119, 2000

7) Tmai Y, Soda M, Takahashi R: Parkin suppresses
unfolded protein stress-induced cell death through its
E3 ubiquitin-protein ligase activity. J Biol Chem 275:
35661-35664, 2000

B REESR  vol.15 no.5 2005.5.

451



452

8) Imai Y, Soda M, Inoue H, et al: An unfolded putative
transmembrane polypeptide, which can lead to endo-
plasmic reticulum stress, is a substrate of Parkin. Cell
105: 891-902, 2001

9) Plemper RK, Wolf DH: Retrograde protein transloca-
tion: ERADication of secretory proteins in health and
disease. Trends Biochem Sci 24: 266-270, 1999

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

11) Dawson TM, Dawson VL: Molecular pathways of neu-
rodegeneration in Parkinson's disease. Science 302:
819-822, 2003

12) Honbou K, Suzuki NN, Horiuchi M, et al: The crystal
structure of DJ-1, a protein related to male fertility
and Parkinson's disease. J Biol Chem, in press, 2003

13) Kitada T, Asakawa S, Hattori N, et al: Mutations in
the parkin gene cause autosomal recessive juvenile
parkinsonism. Nature 392: 605-608, 1998

14) Lansbury PT, Brice A: Genetics of Parkinson's dis-
ease and biochemical studies of implicated gene prod-
ucts. Curr Opin Cell Biol 14: 653-660, 2002

15) Mizuno Y, Hattori N, Mori H, et al: Parkin and
Parkinson's disease. Curr Opin Neurol 14: 477-482,
2001

16) Mori, K: Tripartite management of unfolded proteins
in the endoplasmic reticulum. Cell 101: 451-454, 2000

17) Nagakubo D, Taira T, Kitaura H, et al: DJ-1, a novel
oncogene with which transforms mouse NIH3T3 cells
in cooperation with ras. Biochem Biophys res
Commun 231: 509-513, 1997

18) Polymeropoulos MH, Lavedan C, Leroy E, et al:
Mutation in the alpha-synuclein gene identified in

REESELEER  vol.15 no.5 2005.5.

families with Parkinson's disease. Science 276: 2045-
2057, 1997

19) Sakata E, Yamaguchi Y, Kurimoto E, et al: Parkin
binds the Rpn10 subunit of 26S proteasomes through
its ubiquitin-like domain. EMBO Rep 4: 301-306, 2003

20) Shimura H, Hattori N, Kubo S, et al: Familial
Parkinson disease gene product, parkin, is a ubiqui-
tin-protein ligase. Nat Genet 25: 302-305, 2000

21) Shimura H, Schlossmacher MG, Hattori N, et al:
(2001) Ubiquitination of a new form of alpha-synucle-
in by parkin from human brain: implications for
Parkinson's disease. Science 293: 263-269, 2001

22) Steece-Collier K, Maries E, Kordower JH: Etiology of
Parkinson's disease: Genetics and environment revis-
ited. Proc Natl Acad Sci U S A 99: 13972-13974, 2002

) MRE " T AT 2 R F VOB, FER
K% 21: 330-339, 2003

24) Taira T, Saito Y, Niki T, et al: DJ-1 has a role in antiox-
idantive stress to prevent cell death. EMBO reports 5:
213-218, 2004

25) EORE R 1 % — % v OMRE. AL 74 471476,
2002

26) Valente EM, Abou-Sleiman PM, Caputo V, et al:
Hereditary Early-onset Parkinson's disease caused by
mutations in PINK1. Science 304: 1158-1160, 2004

27) Yang Y, Nishimura I, Imai Y, et al: Parkin suppresses
dopaminergic neuron-selective neurotoxicity induced
by Pael-R in Drosophila. Neuron 37: 911-924, 2003

28) Zhang Y, Gao J, Chung KK, et al: Parkin functions as
an E2-dependent ubiquitin- protein ligase and pro-
motes the degradation of the synaptic vesicle-associ-
ated protein, CDCrel-1. Proc Natl Acad Sci U S A 97:
13354-13359, 2000



@ E HEREIL

LUFRF YT UTT Y — AEIVESIRT & AL Vs B i +

%T% Eqiﬁ B

Key Words : protein folding, conformational disease, Parkinson’s disease, ubiquitin

ligase, endoplasmic reticulum

F LI

[z e B R R O i O R4 F T
BHol, FTREFEOFELVERICLY, 0
20 413 & O M F B A B VEAB AR A VR O I
EEE T2 bhlzFE sh, £ORMEFEYDT

& BN EHEORBERRPEACRR, SFL

F R MR B Lol o0 TN D
BHHLWIED RN EFFEE LTHELLT
X7- [HmosTHE] Lid, T bbbl
wriRo L-&HEoERTH L (Fig. 1). &
Ak OB RE % 723 72012 0E L v 3 ki
L BLOIRY I END (TH—NT A VT
EY) TEMNRETHED, TA—NT AT
WCHMLU-EHRE (R A7+ — )V FEA” LT
N5) 32k TR, M- TH
ERE R EEL, MRERETIEREITLL
WP BERRBEOEGEIAESHICHBIND L
I, BEFERIZL-TT IV BRENIEDS
ol WHRBAEIEIA 74—V FET A, &
IAHAPENLI EICERAED I A7 =V ML
73RS LEETH, BREATH-oTH, W
WKHELTWS, SHRIET74+—VTF 4 v 7 Evn)l
BAI00% I T 5 7O ATIE RV &I Lo
TWh, HLLTELHEHENHZ0%IEI AT

= FALT % &) $iiE? EBERHMBR s T
WAHD, EEIZIAT A= FMEPEL TS
ZERHENITHE. TDOLHIBRIAT =L
EHEE, R0 xFFr7raTT Y — AEH
R0 E 2L o THMLE ST, #
HWEATIIREA R 2w, L 2HP, HHRA
BF+2E, IA74+— FELAEALIZER
RBBL, ZREREEALLIH)CHEEREHET
MR 25 SR T RENS S, I
MR ENERORKNZEEWICHHL I S
(Fig. 1). L A2 PR B i 2 v
— OB NE YA T I —TdhbHN, M
LRI FF U T TV — AROERET
THIEDWbRoTEY, BEHEENL L HHR
T ICIFEIERBORRZ KD B E 2 I1TH 2 /HT
WhHEHIZEDNS, SHITINEE & b ITHILIY
APUVADREBTHI LD ILHBNIHEETH
B, BALIA LA EA Y Y BR{LIBE LT,
IAT =V NMEREES S 2 L HEHITEE
s (Fig.1). o kHicaeFFrror
TYV—LEHAEASRREF-T-FELTERS
E, EEMEEIEMOMBEERBFEDIZIA
74—V FEAHEOEE CTH—MWICHBETE S
oL RBAEDS, AREMRBIEEDEOR

* Ubiquitin-Proteasome System and the Strategies for the Therapeutics of Neurodegenerative Diseases.
" Pk A R SRR R R R AR RS (AEMRL)  Ryosuke Takaasmi : Department of Neuology, Kyoto University Graduate

School of Medicine

Y FFrTUTT ) — LR EMEENERR 697



Parkinson’s

. Alzheimer’s
Disease

PolyQ disease Disease

~ N 7/

Accumulation of
Misfolded Proteins

Prion

Protein damage by
oxidative stress

The impairment of
Ubiquitin-Proteasome
System

Fig.1 Common pathogenetic mechanisms for various neurodegenerative diseases
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(Bence N, et al. Science, 2001)

Fig.3 Misfolded proteins inhibit proteasomal activity
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Ubiquitin-Proteasome System and the Strategies for the Therapeutics of

Neurodegenerative Diseases

Ryosuke TaranasHI

Department of Neuology, Kyoto University Graduate School of Medicine

A growing body of evidence strongly suggests
that accumulation of misfolded proteins consti-
tutes the common pathogenetic mechanisms un-
derlying various neurodegenerative disorders.
Since ubiquitin-proteasome protein degradation
system (UPS) plays a principal role in the degra-
dation of cellular misfolded proteins, the impair-
ment of UPS associated with aging may lead to
development of sporadic neurodegenerative dis-
eases. Moreover, mifolded proteins inhibit prote-
asomal activity when over expressed in the cell.
Based on these lines of data, accumulation of
misfolded protein and proteasomal impaiment
form a vicious cycle, leading to a catastrophic
neurodegeneration and neuronal death. Familial
Parkinson’ diseases (PD) provide excellent ex-
amples for the involvement of UPS in Parkinson’
s disease. Missense mutaions and gene multipli-
cation mutations of ¢-synuclein, a neuron-spe-
cific presynaptic protein, are responsible for
PARK1, an autosomal dominant form of familial
PD.a-synuclein turned out to be a major compo-
nent of Lewy body, suggesting that accumulation
of «-synuclein leads not only to familial forms
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but sporadic form of PD. Systemic or local stria-
tal inhibiton of proteasome induced dopaminer-
gic cell loss accompanied by a-synuclein-posi-
tive intracellular aggregates, providing evidence
that proteasomal impairment may be causative
in sporadic PD. Parkin is the gene responsible for
autosomal recessive familial parkinsonism (AR-
JP), or PARK2. Parkin turned out to be a ubiqui-
tin ligase, which specifically recognizes substrate
protein (s), ubiquitinate them to promote their
degradation. Among 10 different Parkin sub-
strates, misfolded Pael-R is one of the best char-
acterized one. Misfolded Pael-R is ubiquitinated
with the help of Parkin in the endoplasmic retic-
ulum (ER)-associated degradation (ERAD) path-
way. When Parkin is mutated, misfolded Pael-R
accumulates in the ER, leading to ER stress-in-
duced apoptosis. Pael-R induced dopaminergic
cell death is recapitulated in transgenic Dro-
sophila and mice. Based on these findings, future
therapeutics against intractable neurodegenera-
tive diseases should include downregulation of
the causative misfolded proteins and/or en-
hancement of UPS.
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[EL&HIC

7A=Y A EE O EE Wylle, Kerr
BT & o TREBEMICHlE EA, 7o~ F VB
g 2 R e & AHIIESE & L CECER, A
st BEEERIC I 7 R b — ¥ Ao Hi%
Wz NG LD, VI FIVIREIE XD BB
R ShAHlEsETHh 5. SHEYTE
FAEWBICBWT, ZLOMEBT RV A%
L2 L TIELWERBERSTONS Z EBNFo N
THBY, Turs 7 sl LRETCHEDNS Z k
LHo, —FH, THENYRAFRERELZ T TR
S, Bk -oTo» 5 b DNAEGEZEI LM
e, B - T RAEMRE R EDBRFEDLNT
B, ZOHEFZELEHORERBICDORNL L
Ezohd, Flo, TR —Y ADTERNE
ThRWIEE ALz 5 &, AIDS oML
EEROREICHEV D EHFEZONS,
ZDEIBEENS, TR =Y ADHFFVN
LVTOEBIIRER 2 e b ORBOFE A A =X A
OfE & BRI EFCEETH LY, 0
FTOWRICED, 7TRE—VAFHANN—EL
WIVRAFA v TuT 7 —YOFRERIC L > Tl
B EDNHSENCE S TET,

AT, TNETICZFOMEBPHEL»ICIN
727 R =Y ADY T FIVEERKOERERZ
B A= ¥ OBEE R FUMIZIRR, DWBTH AN~

wmoE RO

VIR GERMBAE I DWW THEAL, 8517 K
b e A b MRS DEEICOWT A ERT
%,

TR =S RADT T FIRERRR (1) !
REERER (intrinsic pathway)

COWEDT R —Y AT THS DK -
FELEELILO—DF, T hIAFITHEYT
Kb =Y 2Dy —E U TERERBREZRIL
TWAHEETH HY, HfLCRR 27 R b= A
FFERN RERTRE, BIERA VX, DNA
BEYSb S L, & ha ¥ RYT7ONEOER
M b5 (mitochondrial outer membrane perme-
abilization : MOMP) »35#&2 2 0, BEREIAR—AIZ
BAET A EHEO—HMiE RS 2 L
Lo Tl & &055 s, MOMP D4
TEBERSTWEDEBd277 3 —KE
+2Bax £ Bak tWIE R A4 YEHETD
%. BAX ¥ BAK ¥ BH 3-only protein & i
N7 RN =Y AFEFHKMEB-27 73V —0F
OEEICL > TREG ) Iv— L, ZOFERE
MOMP B4 LU %5, MOMP B—Hi#EZ % &,
Fay R 7OEBAS—ZAMEY M7 O AW
Mg s h, 7RN—Y A0 T 7 — K
MEALRF (APAF-1) 04 ) I~ —{LE2E#E L T,
7R 7 bV — A (apoptosome) & I 5 EEHE
EEERBIERENE, TR NV —LEGHIET

* Apoptosis Research: The current status and future prospects
1 Bk A AR IR (F 606-8507 TR ZE SUX B 3ER% )1 [JFAT 54) Ryosuke Talkahashi : Department  of
Neurology, Kyoto University Graduate School of Medicine
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AEMERE (intrinsic pathway)

DNA RS, MEREREDIANL X

NRERMERREE (extrinsic pathway)

Death receptor

A
Bax, Bak 72 & @
lc &k B3EMEL

BH3-only protein

I hIVRUTFHE
EEE LR (MOMP)

Cytochrome ¢

+APAF 1
Apoptosome
s +procaspase-9
- +dATP

TRO effector caspase D3HMEAL

BID VIMTIC & &ML E t-BID E4A

Fas, TNFR 72 &

Death receptor ;&{4E1{b

7575 —5F (FADD, TRADD &2 &) %
SIEEES

Procaspase-8 % 5| Z & 3

)

Caspase-8 ;&1L

X 1

U HAN—X 9 25 EFHE THEROH R 8—
Y-9WEHL, HAN—Y-9 ZTHROEFTHEY
A X — ¥ (executioner caspase) TH % H R /83—
V-3, -7 B ERRENHT 5 2 L1z & - Ttk
Ly, 7R M=V ADFEBEINSG, T bavy Ry
ENT 5 I0LD RN R MR (intrinsic
pathway) E N TE Y, L xEEO 7 K
NV ROERYTFNVERSTWS(F L)Y,

TRb—=S DT FIAGERER (2)
SHEMERERE (extrinsic pathway)

— 75, MRECRET 2ZFEOV F > Fick
LRIBTT R =V ADRFEHKINB I EHIHS,
Wi ->TEb, Zh% KM% extrinsic
pathway) £ R (1), #2113, HIEBEFERF
(TNF)B #2054k TdH 5 | 8 TNF Z K&K
(TNFR 1) &#& 9 % &, TNF-associated death
domain(TRADD) % FAS-associated death do-
main(FADD) 35| & &HH¥ o, Fah A/8—¥-

TR b — ¥ 2O REMAER & SRR

8 OFEF LR b2 6T, OB DOIEEL
DR Fp =X LTI EEEEE 7V (induced proxim-
ity model) CHEHE LT W39, T bbb, T
WO TH 2 70 h AN — ¥ -8 5 F 0
TRADD %7232 FADD D Lk 5% 7 875 —43+
O k>l &FEoh, FEbLTAY T
AR TS LIk o TIEMEENE Z 5,
DES L THEELENI D A —E-8 AR
AR D H ANXN—X¥ -9 LRIBEDBRE 2 B L,

KITHA AN — P 2 iE L L CT R b — v A %3]
I, Larl, b2EOMIETIIRMERRE
WRIET 5720 TR, AAN—¥-8E2NT 3
BEMWC X 5 7 7 NV OBIESLBERIBENH
5, ZHEEMKE ICHEET 5 BH 3-interacting
domain death agonist(BID) & >% BH 3-only
protein 234 AN—¥-8 1 & - CTBREDMEINT
t-BID £ WS EEA 2 ELHTRETH 5, t-
BID i Bax ®® Bak Of&EZE b5/ & 2 L T,
MOMP #3893 %, 20 t-BID »E < g T

-
L.
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caspase~12
CHOP

MBEEA ML A
BEREAOEE

NS P R OVEREIE AL

AR 2 TR SFIHE NS 2 &

Wit B,
TR b= AN T T IRERR 3) !
IR EE (ER pathway)

MNakidEERE R MEEAEONEEE 2
75 Hfap/ NS ETH D, HELLPWMRERE
DIEHER & A U CE/ N ERR B 2 D A E 1,
NEEY e v B ED LD RS TOHFDEA
(folding) =BT Tw 5, /NIRRT D B A
52T L CWwig s (unfolded protein) & 72134 D
B B2 S B U 72 B B8 (misfolded protein) %3/
Hafds RSN BRE U IR R /IR A b v A E R
23590 JNEEA PV AFA P VAREELT, D
Hik ¥ > % —45FIRE1l, ATF6, PERK 7% &
BALT, INAEY v 2o OEEEEL, BIER
DOLEMIEL Y 2B S I L, A VA zEE
LESET28, Zhs0OFERTHICEDLRVE
ST RNy RAERIT (X 2)°,

7R b — AR TREICIEEER D B8, X
O 3FEOBRBEIE N L wbhTws, #Blidt
vy —4HFIREL N7 ¥ 7% —4F TRAF2 &

A1, TRAF 228 ASK 1 2 ML U < Mg
FEMNCE S BEE ¥ — ¥ INK 2iHET 58
BTk 5D, 21k ATF 6 £ & PERK & O
i CHEENHEE X N LEEKRTF CHOP I X %
BT h 58, CHOP DTFWMOY 7 FVid /2 &
o TWwiRy, F3FH A —E-12 20T
DR TH DY, H A—¥-12 1F /N
FE R ELE L, ANEEA N v 2 OB S
n, EEALS L C/NMEED S BEEL, 2 A8 —E-
9REMATEHE LY, HAN—E-12D/ v 7
7 MR T/ NMER A b v A & B REZE AT
Hahsd, b NTREHANS—Y-12ZHEET LA
A=Y 3 EiEEE RS> Tnw b2, B hTE
H A =¥ -4 BN A b v ARER ML D
HWF LT 2HEDDH 50,

78 b= ABAERTF & % Dl
FEHEOEIRTEN—YRAFT K= RAEE

- A (inhibitor of apoptosis proteins : IAP) &I

I WEED A AN —PIHERTFIC L - THIE
NBZERMSNTWAY, IAP ik BIR(Bac-
ulovirus IAP repeat) F % A > EWEE L 2 ©J@fE
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BES =7 2FD I EHEE FORT, 8
Hohsde bOIAP D5 B, i b HIKESEHIHIE)
B3 & I d XIAP 34 A8—¥-3,-7, -9
PIRET S, YavPauNnd AP I3FEEH
FROMBIZE = HIE S 2 5 2 THOR R RE R R
LTwah, xTADIAPIFX/ vy 2777 LT
LELWERHEAIR L, I EEGEREDIK X
BN EERRLTWL SO0, FHUSTIC XD
BENTWLd0h, BHEPTIEZ W, 7
72, EbDI M ar R PR — X1 second
mitochondria-derived activator of caspase (Smac)
& high-temperature-requirement potein A2
(HtrA 2)/Omi & M % 2 FE4E O IAP BHENR
FWEEL, TR =Y AP BEICITE DI
MOMP i & > THIIEE W H & 1L T IAP O#
BEEHIGIT 2 2 eBHON TR Z En6, L
BBV TH IAP I T R b — ¥ R B HEICHIH 9
LR T & L T—EDOBEZ R LT»b b
DEFEZDLDIBFLETH 51219,

1 AN —EIERFFIEHRRESE

TR =Y REFU BT ELISIH R
N—PIRFR MRS 2k 2 325, My R
W= OWEWZIHI U IRETT R b — v AFIE
BRI THHRATLEDI ZENH L., TnEH A
X — PIEIRFHAMBISE (caspase-independent cell
death : CICD) £ FEA TW 3Y, RO 70 7 5
LRSI A A X =B W KEFERTH D, CICD 28
TFAET % &0 S BByl 7o v, Lo LEHE
Bl A —EHEF O GFAET P Apaf-1,
B AN—X-9, HAN—E¥-3EDS bayy
V7 DFRDT RN =AY 7 FNHFERREBL
TMIET, S ha NV 7270 RT ORI
HORREK: E2REE 35, BEMIZT R
PV R EFRELS B IMIENEHE I NS,
SHRMEREBRIC B W T D, FADD % receptor-inte-
racting protein (RIP) IKFZMEW 2 X8 — ¥ iEM:%
FEELZLETCCICD BEEE NS, 2Oy
T F VORI TH 50, TRE—V X
RiIes rary P 7rofil@Eclmtians
apotposis-inducing factor (AIF), endonuclease
G, HtrA2/Omi BBES L Tw2 L DFEZ b H 5.

Flo, REREFEHEROFRACHEL L3N 3
autophagy DML 2B E 3 2 A REME b 2R &
n, HHENTWBEM,

NEAGERRER & AR b —2 R

Rk gR BHE B ClE, &iT, acute respiratory
distress syndrome(ARDS), 184EAZE iz B
(COPD) iz 5 fifikiiE, Wis, FIARHEEIC BT 5
7RM=YZAOEGBEHENRTWEYD, Zhs
DFEY 7 AL TEARBESTEFRZRLD
BHHOHEMRP WL EHFEONTHEDT, HUF
W EHEICHENT S, ARDS TR F 8 HMEk
DT RS — ZAOBHEE L WE - MO 7 R
N = AR ANC B G L T 5 2 L PRIE
NTWwae, JiFHCIEEREFER2FE>
granulocyte colony-stimulating factor (GCSF)

% granulocye/macrophage colony-stimulating
factor (GMCSF) ORHG 23, 143812 13 SRR
(Fas/Fas ligand system), PR (X b v
), nitric oxide 78 EDBESGREE LT W5,
COPD kS ikECEHL g, Yur7—¥
B L UOZ OMERFOALHE, BIEKNA N X,
B, w7 a7y —y, [, CD38REM: T M
fC & 2 EMREZ EMWEE E LTET s Tn
575, M5UEC 381 5 MtiflbE DR i i L
BELUONEMIED 7 R b= A0PES 2 & 3EE
FRERENTW B, COPDEBIT 5T K
=Y AR & U CERR), M9 B L %
LA PV ADMEI AT B D EBbhs, KR
DIRANEAHED, [EDOVET ) ¥ 7 L&
W DOIFERER, CD4 G T kg, ~ X MlifdoiE
7z fE S BHRENRRICEbL > Tws EBbh
%18, ex vivo DWIFETIE, WEBRFIZBITLF
MO CD4 BB T MR BRERO 7 R b — v 20D
BWAODPELZEIN, REFELZLTHWION»d LA
T, BIBKERT uA FOFRIE, —EBIEKE
KBGO 7 K=y A A2FEHT L2
WHdbDERLNDY, in vivo OWFETIE,
COBRIEL2T RVvF ) UEERRT T =R MNZ
Lo THPishd LOFEEITREMENLINT
VWA RRMERE W B 1 B RRMEIR I, e A
FED7 R~ — & 2 RN A U % ATREE D S
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ENRTW»2, il EEMEO T K b= A DH
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SHFRUHREETL A5, BEEL 7R
by A b EHE LY H A8 — ERHEANC & - TH
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kB AR, Ty YAT vy, L
T 40 ¥ 28 € 42 4 % perforin, interleukin-13
W, transforming growth factor g1 O¥EMALE
¥ ORISR ST n 520,

Ehhic
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ORE BT BEEIC R D 350, ¥4 307
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WwWEEKSEIERAEZRT AL D S, SBRIEBERE
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LR EAT A LEND L.
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7o BEEER EOREMA BEREE R PllaFEEsE L, &
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PRENT B, SOD 1 EEERIE T 2 HifgEtD
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chat-GluR2-Tg x hSODI%4-Tg TH L N 12 littermates [{ TD

chat-GluR2-  Transgene GlUR 2 A B FAERSEA® - EFHARI OB (B S, Mean® SEM)
— PR u =
TES> aE—H T hsopjeasq  Chat-GluR2/+ GIUR 2 HEIni= "
; hSOD 694/ + & BEBEMR pvale
w7 o 0,95 FEREREHER 0 219.7+3.0 262.2%2.9 +42.5(=19.3%) 0.000!
g ’ T £7EHAR . 262.5%4.5 300.1%3.9 +37.6(=14.3%) 0.000!
e 10 " ' 478 FAERSHT  219.8%2.6 238.5+2.7 +18.7(=8.6%) 0.000|
8 : ‘ : A7FHARY  264.5%2.2  279.7%3.] +15.2(=5.8%) 0.0005
' FEREREER  225.6%1.0 230.4%1.0 o
Tg3 ‘ 2 |.58 A 7 HARS 267, |+5 | 273.345.2 not significant >0.05

e HEEET S a—mvi
¢ L’Ci‘%ﬂ

5ir% G/uR2 mRNA ’f’t“%& 21tL,

* ® Rotarod test |2 bH%R: (Eﬂ iD#%ﬁTTéﬁ%tLT#

non transgen[c httermates CHTBRBEE(=1.0) 2347 B HExHE

° %1§13%9*” littermates. 10~15 (1= 5 [f BB & ANOVA+ post hoc Flshers PLSD 3% THE.
CUERICEVTIEITER S 2 — 0 VBRI GR2EET FRIIRERT 5 FSURS T Iy TR chat-GluR2-Tg & BRIRNE
ALS EFILT T A hSOD/G”’1 TEEDT TN LT RSy 279 AT, GUR2FMEBICH L TRERN: £FBOER

. b\n'b&) bnf_g)

INTWD,

HILS ™ LEBE AMPA S8%ICL S
ALS BIEREMR

L, BEREHRETOAERSOD1 ¥ v 37 Dk
(BB DENEDEAS,», SOD1ZERERE H D ALS BF
RENIF VAV Zw IR TATIE, BRI VS7EFDH5
AEBEOHBETHERLTwA., wHlbsd, R S0D1
PRI RC RS - T T 272513, HRER
B REERN P 2R TH S, ORI L THL
i, R ALS it LRI o RIBS N T Wi vy
S YBESICEE L™, vy 7 ABR R S 7V
¥ 2 VB Y ;S ABREE D VY L BERERCH
& EMAT AL TEHERNBEEBZ A, SNVF IV
@x@%@ﬁE@WﬁuwﬁH@%%m%tuiﬁwﬁﬂ
TR VY S VBRI T B MEEEE 1 e o R
XoTRi25, ALS CEEINIBHWES 2 —0 i
TNy VB L RS THIITH B 2 &, MFEH ALS
BEOMEHR B TCIZIVS S VBEENIRL TS
tﬁE#%}ﬂSKﬁU%ﬁ@;J—UVWﬁKfW&E

EESEE L TWAAREESER I TW, 36K
ﬁﬁ%%%ﬁﬂe,%%@Ewlwm/@ﬁw7wysy
ERNEES T 4 VY Y AT D AMPA &R AL T
27 e RIS, AMPA ZRBIBEE VY v LI

SEELTEH, BHEH - —n YRS, JLRon
v—:L—D/“C‘biﬁ)l//ﬁﬁ\l_l_f”%)%IEL“CW%@“C%
5.

FITHZE, TOHNY Y LAERE AMPA S258E L
ALS B 2 EE =2 —u v EH L OBEREERT S 2
YL, AMPA Z2EE G 4BEOY 72=y b GluR 1-
AWT VT ACEE LI ARKTHY, Ay LAERNE
WEEGUR2Y 7oy bOBEETHRES NS, AlB
GluR 2 # B S REIFEERE, SETWEET 5 LER
By s  HAIEHESH =2 — 20 GluR 2 FKHESR
BRI FT5 2 EiC XD AMPA 2RED I VY Y LE
EHEMET L N9 VAY 2=y 77 A (chal-GluR2-
To) ER LY. # L TRFEWRE ALS ETNVITATH
% hSODI%%A-Tg(93F/HD 7'V ¥ > &7 7 = VICEEL
7t MEESOD 1 EET2EA) LRI L, ALS FIER
B - AR D W T littermates B THE L 72 (]).
GluR 2 HKHENZ WA L7 4 v (Tg 7 BEM <Y X
@%S%N%L%%ﬁﬁzl—mym’i%AMHVﬁ\
EOFRENH VY7 AFEFERB 2R L, FERHEN 42.5 H
(=19.39%), A% 37.8 H (=14.3%) biBIET 5 Z &
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Abstract

Epileptic seizures cause severe and long-lasting events on the architecture of the brain, including neuronal cell death, accompanied
neurogenesis, reactive gliosis, and mossy fiber sprouting. However, it remains uncertain whether these functional and anatomical alterations
are associated with the development of hyperexcitability, or as inhibitory processes. Neurotrophic factors are probable mediators of these
pathophysiological events. The present study was designed to clarify the role of various neurotrophic factors on the pilocarpine model of
seizures. At 4 h following pilocarpine-induced seizures, expression of NGF, BDNF, HB-EGF, and FGF-2 increased only in the mice
manifesting tonic —clonic convulsions and not in mice without seizures. NT-3 expression decreased in pilocarpine-treated mice experiencing
seizures, tonic—clonic or not, compared to mice with no seizures. Neuronal cell damage, which was evident by F luoro-Jade B staining., was
observed within 24 h in the mice exhibiting tonic—clonic scizures, followed by an increase in the number of BrdU-positive cells and glial
cells, which were evident after 2 days. None of these pathophysiological changes occutred in the mice which showed no seizures, although
they were injected with pilocarpine, nor in the activated epilepsy-prone EL mice, which experienced repeated severe seizures. Together, these
results suggest that neuronal damage occurring in the brain of the mice manifesting tonic—clonic seizures is accompanied by neurogenesis.
This sequence of events may be regulated through changes in expression of neurotrophic factors such as NGF, BDNF, HB-FGF, and NT-3.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Severe or repeated seizures cause various pathophysio-
logical changes, including neuronal cell death, accompanied
neurogenesis, reactive gliosis, and mossy fiber sprouting.

Abbreviations: NGF, nerve growth factor; BDNF, brain-derived neuro-
trophic factor; EGF, epidermal growth factor; HB-EGF, heparin-binding
epidermal growth factor-like growth factor; NT-3, neurotrophin 3
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Enhanced neurogenesis was demonstrated in various models
of epilepsy, including chemical [2,15,18] and electrical
kindling [15,19,24]. Hippocampal sclerosis, including acti-
vation of astrocytes and microglia [28,30], is often observed
in temporal lobe epilepsy with a concomitant marked loss of
hippocampal neurons [5.15]. Mossy fiber synaptic reorgan-
ization is the commonly encountered change in human
epileptic hippocampus [8], and in an animal model of
epilepsy [27]. However, the relationship of these events
remains unclear. Furthermore, it is still controversial whether
these functional and anatomical alterations may be associated



