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CHAPTER 14

Parkinson’s Disease and ER Stress
Yuzuru Imai, Ryosuke Talabashi
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Figure 4 Pael-R is hig h':y expressed in the substanta nigra of the brin. Immunolocslization of tyresine
byds ox',r fase (A, 31'""':1, and PaekR (B and C, brovn) in a corens] section of the murine brain, Pasl-R is
mainly ap*es;ec in the dopaminergic neirons in the substanta nigm per cempacta fSNC) and ventrsl
tegmental area (YTA) in the midbrain, C) High power magnification of (B} in the SNC. Originsi magri-
fication, x 40 (A and B} 0r 2 200 (Z). D) The dis ribution of Pael-R-immunoreactive neurons and other

cells was determined in para'ﬁr-—\.m zd 'e& sections. The strongly steined regionsin the brain areshown as
do;s. Upperand lower SCI}S?T"atd.I dicate brair: coronal and sagittal ssctions Ancl-.ld‘ng the substantia nigra,
respectively A color version of this fizure can be viewed at wwwEu ckah.com.
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cultured neuroblastoma SH-SYSY cells was dramaztically shortensd from one hour to less than



Parkainson’s Disease and ER Stress s

T

tlﬂ'r'yminums by Parkin ceexpression (Fig, 5C). Purs 1crmo*e,aprutca,somcir1wi’ bitor, lactacysnn,
significantly decelerared the rate of Pael- R de gradation even in the P&Lp-cvcl—expr\.ss ing ceils
(H1g $C). These results suggest that Parkin is invelved in Pacl-R degradation Lough the
proteasome pathway

Pael-R Unfolding and Accum ulation

The Lblqa*tln—protcascmr- ps.tl""i’»fa.}' plays an imporzant role in the dcgrada...on of me
brane or sccretory proteins at the level of Fihe e bnuoplasn- ic reticulum (ER}. Abous mﬁ,t}«m; oF
newly synznesize\. proteins in cells enzer the ER, where ;,hapcrones such zs BIRAIBP78 bind
and ensure the proper folding of these proteins. P W

y #ilowed to
enter the normal secretory pathway composed of the L_olr——' pparatus, pl asmg, m____mo-,.r-f- and
various intermediate transport compartments.® On the other hand, the angfd 5c proteins that
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Tégeins in the ER mqy result from various stimuli in
the cel.ula' environmen &nown ss unfoided protein stress 3 (UPS) ~= type of
ER stress. Suffering celt o overaome UPS tl‘rough va r.o.zs pmtl"1 W EYE includi ing
wanscriptional uprefufésgion of ER cFiifrones such as GRP72/BiP and com ponents of ERA_*.J
such as UbcT andfetiers) translational suppressiorn. These cellular sesponses are kneown as the
unfolded proweinipcimonse {LJPR).? "‘1 excessive smount of accurnuiated unfolded p :;ro-,c B, OF
chronic or gxckegiviunfolded protein seress {UFS) might resule in cel ] dexth accompanied by
- e, activation, 2 TIPS in the cells could be monitored by the u cguia.ion of
it response-regulate ed genes such as o8op, wbe7, Hsp70 and others. An ER chap-
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cdl; aorcgulatcd by UF3.~ 7 Alchough the upregaiation of BiP protein during UPS ic not so
eat as its transcript, OiP is a good LIPS reporter at both the mBINA snd .,robcfn level

‘.Jff'hcr: Pael-R over-ezpressing cells are treated with lactac;\rstm or UPS-inducing resgents,
BiP upreguiation is observed with gooﬂ' correlation to the amount of detergent-insohuble Pasi-R,
indicating thas sccumulation of the unfolded Pacl-R in celis can stimulate substanzial UPS.
Mereover, prolonged incubation with lactacystin ot UPS-inducing reagenss leads to neuronal

“ﬁi
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is easily unfelded and rend ered insoluble
" ‘i Pael-R {+) for 20 hrs. Cells were then
D or2-3E (1 mbd) for 16 hes. The calis
taining 5 b EDT. } 195 Triton X100
1,- m}O zgfoe .,0 mn_. L ne su:‘yef‘n TANTS & e.*'td

Figure5, Paei-Riendsoben
by BR steess, SH-SY3Y cel
incubszed with or withoy,
were lysed in fracti narjo‘

ith proteaseinhibitond }
theineoluble epeller washed Yaur timain
contalnino' .48\; v 2-ME, Em,“ Freg

T]y Western Blott d asing «'1"1*"0:‘1:-:3 agams'c the
ted feom insoluble fractions of the same saraples
s {upper panel om the righs).

death (Fig. 7). Immung ﬁemical studigs support the notion that the accumulation of
over- xprcsscd Pael-R !

ieads ro unfolded protein-in r41_-~:e:'E ER»stress, as indicated b}r
BiP upregulasion, £ final

';1:1

sﬁlﬁaszng cell deash {Fig, 7). Arthe zarl v stage (-6 hi) , of Treatment with
i

ulstes in the ER. Recent findings have led vo models of ER-membrane
he u'biquitimprcms:omc pathwsy ™ Fael-R sccumulation in the ER ac
the carly stage of th# proteasome bleckade isin agreement with some reports suggesting thar
proteasomes function in driving the cxtraction of retrograde prote eins from the ER during
RAD.#2 Purther treatment for up w0 8-16 hrs results in the formadon of inclusions ar the
3uxtanuclcax site of the cyosci—the so-caulcd aggresome,”” which suggests thar unfoided Pact-R
is quickly retrotranslocated from the B tn the cytosol. ﬁLc this stage, cell bodies b\,come shrurken
and round, showing apoptotic mor::.n togy “’F g. 7). These observations clearly indicate that

the accumulazion oi‘ unfolded Pacl-R is highly toxic for neuronal cells

4
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T-IS'&

)Y celis rransfected writh Pasl-R.

ion of Pael-R and Subsequent
Cell Death

As ""ﬁ.'w.c ion g
that sccumulation
trast. i.prem.la*l

ik lesd to selecuve neuronal ¢ °§1 dessth, it is sssumed
afolded Pael-R-would be abserved in degenerating neurens. In con-
af Par'_r;:r mQ:\A has been ohserved during Up 23, and u*'zFoxde Pael-R1s

de gfadpd & i proteclytic pathway: CO"IS‘S"E‘I" with these resuits, ceil
death ind el-R s signiﬁcanti}r aileviated by Parkin coc::pres.,iOﬂ
{Fig. 8AF Taeif in the total insoluble fraction is reduced in the

presence, conparm with in the absence, of Packin (Fig, 8B). These findings imply thar Parkin
funcricns not only in "ﬁn.ugitlor of ubiquitin to :E.cl R but also ir the promotien of
proteasomal degradation before the accumulation of insoluble Pael-R, which has toxic con-
sequences for the cells.

-
._‘!
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y unfolded gei R A

Figure 8, Parkm suppresses the accumulation of unfolded Pag R sird \,eﬂ de,
Fo nt;o[" W G-Parkin

V actos plasmid (u; or gonstruct for rac] R +) \.orfbmcd wmh oy

eus Wak

Aru_1<:aro. g\.m:, Ac-f‘48 fire. About 200 GFP- po:mve cells
us’ on ailegy ).brror barg

detarmined by czll morphplogy (Morphology) and pse:

represent standard G‘eviation $.D) catculated frore accumulation
of insoluble Pacl-R in the celis, STI-SYSY cells toapmifer g"“ o id of wiCt for Pagl-R-THA

'3nd separated into
ble} feapt y Western blotting
with an anti—HA mA‘c.T\_Ib,-.-Paci-R indicaréy polysibicuigna, Ri oiuble fraction.

{ '—-cl R combmed with ﬁonvtruct trcu‘ n*oczs.

Clinical Evidence of Involyé [
Based on these nn...mgs, aced ?ﬁ“& tion o; o ¥ pas hocrcm,..ic mechom sm
undetlying AR-TE Support i £ '
not -soluble Pael-R wss 10-3) fol higher in A% JP braingthan in ﬂO‘Lij" bia,,n\. RF S Sh In
three out of four svailaff 1 peased level of BiP was observed
surrgcsting that AR} by the accurnulation of Lnroldcd
Paei-R. Giver thatn By UPS-induced celf desth, cytoplas-

mic inclusions com d Pae £'Be formad before ceilular demise, pro-
viding reasonable ¢zplanati Az a r Lew¥ bodies ot other types of neuronal inclu-

sien bodies in AR-IR

4

éfl oF thc L.blqu tin pathway, the substrate(s) of
Pafkm could theoretics - nigra of the brain. Although the accu-
malation of oro,.e:n-\
LBs do not scegn
findings of AR
neurodegeneratid
A putative seventh transmembrane protein, Pael-R, which interacss wich Parkin, is
ubiquitinated through 2 Parkin-mediated ubiquitxrﬁmoq pathway. Parkin is likely to be in-
volved in ERAD since it is uprepulated along with BiP during UPR and it speciﬁca.l binds to
the ER.resident ] 25, Ubcs and Lbf‘; Animm LI‘O"})’EOC}}CTICS._ =ndul tr tructural study show-
ing close assoclation of Parkin with the ER slso supports this notion *! although Parkin is stifl
localized in other parts of the cell such as the cytoplasm or presynapse {(dats not shown ).

tl‘e dc;rﬂrﬁratma neurons in AR-IP The fact that ths pat]‘ologica]
167 from that of commen P suggests that the mechanism of AR-JP
Ziso different from thet of common P,

T
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}obecortezfr\.'r:non’ral rAR-JF
as cescﬁbed *hen nmmu.nopre-

 anti-] -acl F ar anti-Gh uPc-} mAb The

_{ ';\.vce*e
against anti-GluR4-immuynoreactive

a'i Wak QUAL t;&-d

razzerial fnr ac?- say

If Parkin’s

; L 1€ crrenuatsd, by genetic Fy tition or meci fic cizcumstances, Pael-K may
accumalate in '’

: bstaqth, rigra due t3 f"igf‘ expression in the dopaminergic neurons.
Both neurons®nd ‘10‘1*1»°Lr01:“i cells { \‘nost likely glial ¢ \.\.l;.s},
the neuronal expression ¢ R s restgictd to dooa‘m‘%“ra’ neuons in ,nc \,t.bs*a tiz *z.b&

nerable than renewableditd celis ot ar.ml-v cx**.:m the scieg.twc cegﬁne*ancn of dopama
merggc LEurcns, wh Apefunli kv: giial cc“-s}.
Anumberof d¢n -'s;,rn-“l‘c:izv; Pael-Rs are liable to be unfolded even under physiclogical
conditions, causingthem o be constitutively degraded through the ERAD sysrem, If the amouns
of accurulgred slded Pael-R in the ER becores too farge 1o control, The cells respond by
UPR thers argaciivases rnﬂ..ip':ﬂ penes, inchid ding raciscular chaperones and ERAD -asscciased

FeLeah

molecules 3 Bevond the capacity of UPR, the cellswill die due o the unfolded Pae-R-induce
ER stress. 2 The mor hology of most cells is apoprotic, being round, shriveled and formin
P Por g 2

cyroplasmic apgrogat tions at the lare stage of unfolded Piel-R accumulation {Fig. 7).
Auvo-protection of neurons from the accurulasion of abrosmal polypeptides thatwill disturb

. al sz.[f;f.w' ecessarily invoives highiy lex svsteme. " The capscisy of che ER
notrasl eeiiular function necessarily involves highly complex systems.™ The capscity of the

to deal with protein agpregates might be rather srr.aJ, and the ER appears to have spcrim_
spoptotic pathways against BR stress induced by various stimuli, such as the disruption of

internal calcium hon=ostasls or accumuhm:n—- of unfolded ER—W:)tmrs Ther=fcre, ER
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Figure 10, T—]ypot'l::es softhep P
atnenuation of Parkir's ubiquitin
in the ER of the dopaminergic n
{atypeof ER stress). Transciiptiona
A\ _',P ) .Am‘.a*u.—..«P?['-
) T8
degradadon system, known as the unfelded p
When nzuronal cells face insurmountgbie
medisted by aspeciﬂcamp;ot_c pathway fHgh .”' Lsrich #minergic nevrons toalarge
axrent leade 1o Parkinsen’s disease '

Ances cause the

s subswaze, Pael-R.

¢pstemand protessornal
Hdon of Pask-Rlin the ER,
initsied, which may be

sggregation, and individuals

.hicted "'1""1 f‘lR-'"P rm:r"; s S %IPR a-:-:hnuhtx:s in tl‘c :‘.R tl‘r"-wr“l

eurons, In the SLbS{«.}T... : B ik ra‘oie to u*lfo lde pr'"-t‘-m mdu»:ed
ER stress and u‘ldP?‘gs ER & ing 2 : orate Fc._matlor This scenatia
"'cl c.—_,,mhs the r‘cu'f "“&"’"10 ogb,,a i .L‘mg“ of AT ized by selective nigral degen-

Cofactors of Parkin
TheFarkin rdcpenden
The reaction using Pa
more eficient than thy
Pacff-“\ more heavi fe latter chsc obsc vaticns sugcres- that t.blqu tm atien b;r E rkm
in vivo under I;cf'}’& wgical conditions requires an additicnal companent(s] that might be
copurified wit i from the cels.
“Two Parkin coféfors have been purified biochemically to explain the differences desceibed
above.’S One of them is the 17 box % protein, ..,I-IP 1c9.*boxv—tcrmr*m of Hep70-interactin
protein) (Fig, 114} A U bex, which was originally identified in the yeast E4 T 6dZ, is  variant
of the RING-finger meuf Although 2 U box morif sppesrs to lack the impossant residuss for
metal-chelating, “the RING-inger fold is thoughs to be maintained structurally and the
R&u-hng&r—hkc seructure is believed to have the commen funstion of protein L,blqutnwuon a7
CHIP wss previously identified 532 negative regmlator fﬂr chaperone AT Pase sctiviy,™ snd has

39-@2:

a U boz-dependent B3 sctivity Puithcfmwc, it has been shown that CHIP ubiguitinases

g reaction: of Pael-K can be reproduced in vius.
ﬂmrob]x o*na or braur ;SS'JC, is "nuch
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R and 2 TThox at

Fi‘__,""e: 11, Parkin cofacters, CHIP and Hep7 0. A) ¢ "'P,II'
FPR.and inhibite

the N~ and C-terminus, revbﬁcm'el\r CHIP 'I:»'Dcs £

cc_fl.i Pase activity of f‘3°p7“ The U “o*«:lsaR N-H rel ; 58 5 } Wity by recruiting
specific B2 e(’J"‘c4 and UbeHS). Thu i roteasome sysiem,
B Hs ?!‘C s a stress-inducible nolcrmar a,hap AT : i ¢ chaperone, Hec7 ()
is constivutively erpressed in cells, Althoughafi jotional difference remagl inown, they sre thonght

o assietthe F ngor"nﬂ“v]"synmcalb FOTEAECITIAL cl egradation.

AT Pase; ATP

TTTD

v chapgiGpes) suggest ing that CHIP is an
s ste sysiems, hoth of wi
arv:men\,d aged ubigulitinatio

of its specific p artner uz,, J_,cé

unfolded
l*npor*a
with misfo

ri PI-R (Fi .1

'ZT‘

cal

Pigure 12, CHIP promotes
Parkin-mediated Pacl-Rubiguitin-
ation. In viteo ublqm\i tion: as-
say of Pael-R using recombinant
CHIF, Parkin and E2s {—‘ch4
Ubef and Ubd7y. Pael-R-FLA
generated in robbit red 'lo-:yte
lysate was immobilized on
snti-FLAG sffinity gel. PaclR on
the gel was incubated at 30°C for
20 roin with Ub, B1, Eds sndfor
increasirz smounts of CHIF ’1, 2
3pgt ‘ogethsr with GST or
ub_! used Parkm flcr the reac-
tion, the gel vras washed and su't
jected to Western blot analysis us
-

ing an:i-'ﬁael—RAb.
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coperate with Farkinin n.r'l*\vn'.g unfelded Pasl-R, A} T-"ael R and increasing
' cells wese lyeed in fractionation buffer containing 1% Thiten-X 100, and
inscluble fractions. Each fraction was subsequently Western blotted using
doug AP and ﬁaspase-d {Csep-3} were also detectad w 1t.. aml—-zil P or ani-Casp-3
eacing amount of Hsp7{ were transfected into the cells, Detergent soluble and
msoluble Pa —R was dotscted asin n (A, C) Celis wansfected with the cINAs in theindicaied combinstion,
were lysed and ecparated into sol uble and insoluble fractions. Each fraction was Western bloted a5 :z“ A).

The~120 ¥Daand 180 kDa forms of Pacl R (22 Pacl Rand Bx Pacl-R, respectively), which are most likely
S8 resistant diter and trimer ofPas E.R areshovm inthe panel of thesohublefraction, Feavily ubigu tinatud
wrating STE-PAGE gel and stayed inthe ,tackm,-,___ gel, is shown
in the inscluble fractions. I The viat ..ty of SE1-SY5Y ce 13 after 36 hes reansfection with the indicated
cDINAs was sssessed by mitochondrisl dehydrogensse activity us rg ST reagent {(Roche Dizgnostics)

and expressed as 2 parcentage of the vishility of the vector control. Data express mean = .0,

Figure 13. CHIP and "_I‘”"‘.
LTOUNTS ofu,u iF -tran

PaslR, which could not migra-.e inte
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Anozher cofaeror is the 70-kDa hear shock protein Hap70 (Fig, 11B) In the fly model of
PD, Hsp70 protects against nevrotoxicity of oves-expressed -synuc clein without chvious sup-
prerSS‘C‘Tl Oa‘p its AFC]uS‘On FOrMp.UC' 27 in a"lOu:]C; neurod Co'evl"f:a ion event CaUSCd .b:f PrOtCin

inclusion, Hsp7C or Hsp40 allcv*atc the tozicity of pol}r:rlyam ne proteins despite no inhibi-
tory effect on the formarion uclear inclusions. 4445

Although Hsp70 appears to inhibit ublqu tmatlon of 'faf’l-R in vitze, Hsp7G effectively
suppresszs the insolubilizetion of Pac-R in vivo {Fig, 12B). The effect of over- xprESSFd Hsp?l_;
tesern bles that of over-zxpressed Parkin. Moreow:-, Hsp70 inhibits CHIP-mediated degrada-
tion of soluble {probably functional) Pael-R, so that on by inscluble aggregated I’"clr:& is re

4

novea‘ Concominntly, unfolded Pasl-Reinduced cell toxicizy i suppressed in anaddizi#e manner

Hsp70 appcaxs 1o bind Parkin or CHIP direcs ET;, and ER’aszohla:\,d ‘-I et
found as a cofacror of Hsp70in Lhc Parkin-Pael-R
the Parlin c&mplax::-:oﬁfv';f irnpiies thar part of ':'",rznn’ ;

the ER roward the cytosol. Immurnoelectron mic

Roles of Hsp70 and CHIP during E

T [nder plﬂrslo.‘ogcsl conditions, most ﬂo.'
and other rocqapcronc:s The Hsp70 s systery
fo‘d'r'g nd intraceliular localization of 1 ! .dcr unfo]dcd
protein stress, Hsp70 is one of the most "&pqd ,wdu bl 3 %70 funcrions as
2 major cellular defense molecule agaitips pie scoum x,;t and sf’":;;agation of dsrasped

protein caused by a d verse array of gpred condt 5, by retarctnd prowein degradarion and
promoting proper refolding, 4952 T £ 7 ink 3 factor that T suppresses
the abiqam ation of Pacl-R migd; hances the c.;.vlc‘u-"y of
folding of aver-expressed Pasl-R ¥ 570 may play a role in che
transfer of unrecoversble pol§ ex Taking the results of our
studies into considerstion s“ﬁa;:f '1stﬂte c-°1 low Hep 70 and cochaperone
b . F
Hdj-2 to recruic newl v gntifesiz i SSIng unwanted ag "éo-at.or and
° & 29

promotln:r rransiocg { <e*1 'v'v'nen Parkin is ql"ca ¥ 28soci-
ated with the Paei-R. : somg it inhibit it E2 activity. Upen un-
foided protein stregs is migh v indugs Fsp70, th:rec‘f suppressing t}:c aggrega-
tien and ac-:umula, islogat »:l rom tl-c ER. Su'_,sequﬁnt’y ’“HIP and
s ) “2 actvicy (l";m 14, ]ow"r} A,ccordfr- 0
the 1‘}"“091'1&91& SP own in ( . in the x_,hIIP level is a decisive event in
prowotmo the transitior - the su .stl.d_,\. (nascent gcptldca)fchpﬁronc bomplc,{ to the

lded pep séompien. In additon, Hep70 has a dual function

subserate (unfolde
in '} 12t lt tran x‘ler‘ti}r Szed polypeptides at the ER surface or in the cyrosol,
& or In the cytosol,

i

contro} celiv f:"t calcium hﬁmcostasis and

brain, neuron o.l cclis need to proc: UCE VaIious ransmiters
in the L,:c. dur CTUVItY: Thﬂrcf'orf:; it is ne wonder ynat ER dysfunciion causes
Variols NEUropa ho logica p'-_" cesses, Recently ER stress including T7FS has been s suggest ted
to be involved in Alzheim er’s disease, 26,5238 Furthermore, neural injury thac results from
transient lschemis has been implicared in ER dysfunction.”® Thus, emergi ng pathological
and biochemical ev}dcncc ndicate that ER function is disturbed in acute and chronic dis-

ezses of the brain.

(1]
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Figure 14, Hypothesis for qubliny co‘q'rr*l of 7 ae) R. Uppss & symthesized Pacl-R s assisred in entering
into the ER by chaperdngs, Fsp70 di-2 J.,. "Isn?‘,_ also bind to Parkin to protect Pael-R from

ubiquidnation by Parki zene gifd in the ER, uﬂf"‘\ld&d L*a»-]-R is
retrotranslocated *rcmtacERtu th, sransiently bind to retrotransiocated Pael-R
to prevent theunfoided Pael-R from ;,.mmghzvoltsh«la CHIP d1cn inds to Hsp7 {, prometing therelease
of Hep70 and Hdj-2 from Padhgind i, CHIE Parkin, snd their partner E2s such as Ubed,
Ubc6 and Ube? form compts s cf lo promote umquitmation of Tael-R,

l‘?

been implicared in human disesse, confirmasion of ER stress in-

resting is difficul. No apm‘opria e ‘nar.-zﬁr for BR stress iz awatlable for

on of tiﬁuc ccuions BiE CH OE hosphorylazed [KEI or phosphory-

isted P.,R( are often us sed as ER stress markers in NQ ern and Wastern blot analysis. How-
ever, the p}‘osph ryfation of IRE] or PERK might be a sransienz event during ER sress S I
conerast, BiP and CHOP wanscri pr.s arc d"ama sics .}’ up eghla-.cd when cells are exposed o
acute ER stress. XBP-1 mEINA processed by activated {phosp no';natec,l IEEien co:'es a tran-
scriptien factor with strong UPR tn'ft;r The derection of processed XBPI mRNA or its

product seems to be useful for anafvsic of E ER stress, in particalar unfolded protein stress. Thus,
cne might easily estimate ER stress response by the detection of activation of these genes,

Ll
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whereas whether these genes are still being upregulated during chronic ER suress is unknown.
Mereover, in secretory tissue such as the pancreas, the UPR-related pathway s constitutively
sctivated. Furthermore, the upregulation of scme kinds of molecular chaperone appear wo de-
pend on ghucose homeostasis or dietary condition,”® which suggests that variation in daily food
content causes the level of these chaperones to fluctuate, Assessing only the weli-known ER
stress-inducible genes may result in failure to correctly estimate the neurcpatholegical status of
cach patient. In contrast, some pact of UPS-related neurodegeneration may be atiributed to
the failure or suppression of UPR transduction, which may result from genetic murations in
UPS sensing molecules or environmental conditions,
Recently, Parkin was found in LBs in PD and dementia with LBs, impiv
sequestered in LBs of affected neurons,™ lu&d‘l’lg o the possi! ibility that the
is itpaired in sporad dic PD. To obtzin solid evidence of the involverens
dic PD, appropriste diagnostic tests of ER stress need to be developad

* Parkin is
T .
o mrkm

L SIresEs 1N £00-

Therapeutic Strategies for AR-JP

ARJP develops easly ir life, compared to general #E), stggesti the eticlogy of ARLIP
consists of the maost direct mechenism of & _c%emi roic neuLons. }-Lthoug“l

atroducing the pene for Parkin or CHIP intg
stzble exprcssion therein is rx,l velv sz:alghtf ' Fccntl}’ L.awl-
! sing antisense
: s bance of the

1

Intll now, severs!

or sli\N y vwhn"'u\,s ccn.ld o ’T‘:’ldu 2 pOT
ph ysiolog;cai functions of Pael-R. mightt
survival facrors againstunfeided P«sl R#

ing of cell desth assay of unfeld d apoprotic pathway
has been ::ro*‘oscc; ge‘lcral ant- _ Fic inhi ot seem 1o bc powcr‘ﬁ_ai
survival factozs. On thz other t : : s 1a1 eath

b}r‘ unfolded Pael-R, and Hspf
of SCE- -t7pe E3 complex by
protein.*” This furcton
passibility that there gam
Giver that such qu
co*zf'c_vame that de

¢ status ofsu:ra" chaing of: ER
zed prﬂtuns The & inding raises a
nitor the :}ua\ ity of ER proteins.
: part for the loss of Pa_x:m furiction, itis
¥aperones isa key step in the prevention
of neurcnai dea t}' res might be the most promising pro-
phylactic therd _ In light of this ides, the facs thex
dietary-restricii: -_ L offghaperones provides clues o the fature develop-

We have provided st# i hatkecumulation of unfoided Pasl-Ris causative of AR-JE
Recently, the accumilaglon of densmurdd#roreins has been 1'rp1-ca red in many neurodegenerative

ar‘t\s‘otr:)p ic fateral sclezosis, Alzheimer's clsease} Parkinsor’s disesse and
poijrg"u:aminc d 3561 Evidence obrained from exvensive analysis of AR-IF has elicited com-
mon pethogeriée, mi¥chenisms of PD and other neurodegenerative disorders involving distur-
bances of biguidn-proteasome pathway ami molecular chaperones.

dis-sascs, Ln\.ludin
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