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

Ryosuke TaxanasHI

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

702 ke Vol. 22 No.6 (2005)

but sporadic form of PD. Systemic or local stria-
tal inhibiton of proteasome induced dopaminer-
gic cell loss accompanied by «-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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FRERRBRICSITD P IRNN—2 ADRFMAR

7R b= AMEDHIR EABRDEE"

(S &IZ

7R b= A FEEOFREFEE Wylie, Kerr
S X > TEREBEMICHE fEa, ZaxTF
BiET 2R ES L A5 L U CECHE, m
Zant, BEMIR TR -y REHEOEE
Hlzensd ko, Y7 FIVREC XD BEERY
WHIEHZ s 2 MIfE3ETH 5. SHMEEY T
HEBRWCBNT, ZLOMANT R =2 %
U TELWEBEERMTONS Z E8Hsn
TBY, FYurs 7 il ATETCEDODNLE I L
bdHb, —FH, TRV ARREREBRELF I TR
{, o> Th»ed DNAESGRLZ LM
fd, REWZ >l REMIEZ EDBRECHELNT
BY, ZOHEEFZECHOREERICORNS L
FEzonb, i, WIZT R —¥Y ADNFERNE
THROWIEE ISR Z 3 &, AIDS RHREEE
EEROFEFEIFEUO DL EHFEZO6ND,
ZDLIBEEMIS, TRMN—YADHTLAN
WTOEBIIRER 2 N DEBOFEEA B =X L
DR L IEREFRBCIFECEETH S, Th
FTOMFTICED, TR =Y A HANN—X &
WIHITRTA T 7 —E¥DEEIC L o TiE
IBZENHLMITE S TET,

FETIR, INETICZOEBNESMCEN
2T RN =Y AD Y T F MRERROEAER %
H A=Y OBEE FLITIRNR, DOTH A S—

=B RO

F—y R EEREEEEE Y O EICOWT A ERT
5,

TR b= AN T FIVRERR (1) -
AIEMERERR (intrinsic pathway)

COWEDT R —Y AWETHS B>
TERLVEERIED—DE, S I FRUYTHY
RN—Y 2D —E U TEERBE 2R L
TWEEXETHZ?, HIfCHEL TR —Y A
FFAB CRERTFRE, B{LR VX, DNA
BE)Nb 5 e, 2 hay Y7 OHNEDER
14 5 (mitochondrial outer membrane perme-
abilization : MOMP) #5#2 2, BEERIRA ~<— 12
FET 2EHEO—HME CREIT 2 2 L2
o THIlESED 5| & &35 5. MOMP D43
FEBEZSTWEDIEBd-277 2V — 2B
TH5Bax £ Bak E WS H N XA VEHETH
%, BAX & BAK X BH 3-only protein & B¢ X
NET R =Y AFEREMEBl-277 3 ) —45F
DEEL-oTEEH VT L, ZOHER
MOMP 34U %, MOMP »#—HEZ % &, 3
NV R FOREBAR—ZAhSEY F 7O s et
wREECHREE N, 7RN—=YX 7077 —¥E
HIERT (APAF-1) 04V I —{bE2ERLL T,
7 R7 YV — A (apoptosome) & FHEIEN B EEE
BEEBIERENS, TR NY —LEEBIZT

* Apoptosis Research: The current status and future prospects
I T RFREFLHRAR(T 606-8507 RETH AR XK EER/FNT 54) Ryosuke Takahashi : Department of
Neurology, Kyoto University Graduate School of Medicine
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PIEMERERR (intrinsic pathway)

DNA 188, MBEREZREDA ML X

AR (extrinsic pathway)

Death receptor

l

Bax, Bak 72 & @ BH3-only protein
lC & B5EE

IhaYRYTHE
ERE EE (MOMP)

Cytochrome ¢ f¥iH
+APAF 1
Apoptosome
W +procaspase-9
- +dATP

THD effector caspase DEMEAL

BID tI87Ic & B3EM(LR -BID EXE l
------------------- Caspase-8 J&ME(L

Fas, TNFR 73 & m

Death receptor S&1E1L

P& T —5F (FADD, TRADD &) %
51EHE 3

Procaspase-8 5| &5

1 7R b= 2 ORNRERER &SRR

O AN—¥ 9 &5 & FE TEMCE DA 28—
Y- EHL, HANN—¥-9 ZTHROETES
AN — ¥ (executioner caspase) TH 2 H X /¥—
-3, - TR ERRESHET 5 2 L&k - TEHAL
L, 7RV APFEHEINSE, Sba N7
2NT 520 LD 2 REBITNEMERE (ntrinsic
pathway) E FEIEN T E D, A EEO 7 K
M=V ADERY T FLERS>T0S (H 1),

TRI=S DT T IVRERE (2)
SHENMEARRER (extrinsic pathway)

—77, MRBECRET 2ZEEO VA Fick
LRIPBTT RN =V AVFEHINL L HEHS»
Wi o TEBY, Ih %4 KK (extrinsic
pathway) & HER (X 1), #l 2 1E, EEHELAET
(TNE)DBZ0%BRTH 2 1 8 TNFZEKE
(TNFR D) #&7 % &, TNF-associated death
domain(TRADD) % FAS-associated death do-
main (FADD) M5 & F¥ 5h, Fubh A/N—¥-

SOFEELEELE LT, ZOBEDEHEL
D A 7 =K AT EFEE € 7V (induced proxim-
ity model) TERBHEI LT W 3Y, Thbb, NG
WORERAETH B S0 AN—¥ -85 F»
TRADD #7213 FADD D L S5 %7 5 7% —45F
DMz L - THIEFR SR, LT Y T
v ETS I LI Lo TEEEBEI S, Z
DI > L TEEbLEN A AN—E-8 AR
HREDOH AN—¥-9 LRBEORE 2R L,

ETRA AN EEEELTT R = A %5
ERIT. LrL, b ZHEOMIETIEANRERR
WRIGT 57200 Tkl, DAN—X¥-8%NT 5
AR L2 Y 7 VOBIEXBERSEENH
%, INEMREE ICELE T 5 BH 3-interacting
domain death agonist(BID) &v>9 BH 3-only
protein A A/X—¥-8 12 &k > TRESEINT
t-BID t WO EHRBEEZEALTRETH 5. t-
BID i& Bax % Bak OBERE{LE5 &R I L T,
MOMP »3E$ 5, O t-BID M@ filg Tl





