EONIKO & KAITOAIZETPIAKO MANEIIIXTHMIO AGHNQN
YXOAH OETIKQN ENNIXTHMQN

TMHMA BIOAOI'TAX

Topéag @vororoyiog Zowv & AvOpomov

Eniopaon TS EKKPIVOUEVIS 0-GVVOVKAEIVIS 6TV
OLLOLOGTUGT] TOV VEVPIKAOV KVTTAPOYV -

Yvoyétion pe T voco tov Parkinson

Awoaxtopikn AtoTpipn
Awkatepivng X. Meraypoivov
BioAoyov

AbBnva 2013



NATIONAL & KAPODISTRIAN UNIVERSITY OF ATHENS
SCHOOL OF SCIENCE

FACULTY OF BIOLOGY

Department of Animal & Human Physiology

Effects of secreted a-synuclein on neuronal
homeostasis -

Correlation with Parkinson’s Disease

Doctorate (Ph.D.) Thesis
Aikaterini C. Melachroinou

Biologist

Athens 2013



Emprénov Kadnyntmig

EvBupomoviog Zrvpidwv

Kabnyntg, Topéag dvcioroyiog Zowv &
AvBpomov, TuMqpa Brodoyiag, EKITA

Tpweig Xoppovicvtikny Emrponny

EvBopiomoviog Xmvpidowv

[Momalaeeipn [Havayudta

Ytepoavng Aewvidog

Entapec E€etactikn Emtpom)

Boaocthokomodiov Ad®

Bekpéling Kovotavtivog
(Emotpovikdg EmPAénwv)

EvBuponoviog Zmvpidwv

Madroa Peékka

Moralageipn [Hovayidta

Ytepavig Aewvidag

Yrpaforndong Anuntplog

Kabnyntg, Topéag dvcioroyiog Zowv &
AvBpomov, Tumqpa Broloyiag, EKITA

Avaminpotpia Kabnyntpro, Topéag ducsroloyiog
Zoov & AvBpomov, Tunuo Bioloyiag, EKITA

Kabnyntg, Topéag Kowvavikng latpikng,
Yoyatpikng - Nevporoyiag, latpikn XyoAn,
EKIIA

Avaminpotpia Kabnyntpo, Topéag Broynpeiog
Evkapvotikov Opyavicpav, Tunue Broloyiog,
EKIIA

Epevvntg I, Topéoc Baowkav Nevpoemotnuov,
LIB.E.A.A.

Kafnyntg, Topéag Pvcioroyiag Zowv &
AvBpomov, Tunquo Broroyiag, EKITA

AtevBovipla epevvav, YrehOvvn tov
Epyaoctmpiov Kvttapikng & Moprakng
NevpoProroyiag, Tunpo Broynueiog, EAANviko
Ivotitovro Tactép

Avaminpotpia Kadnyntpua, Topéag dvcioroyiog
Zoov & AvBpaorov, Tunua Bioioyiog, EKITA

KaOnynmg, Topéag Kowwvikng latpikncg,
Yoyarpung - Nevporoyiog, latpikr Zyoln,
EKIIA

Enikovpog Kabnyntrg, Topéag Bioroylag
Kvttépov & Avantuéng, Tuqua BioAoyiag,
EKIIA

H éyxpion g Awaktopwne Awtping, amd to Tunuoe Broloyiog, g ZyoAng

Octikdv Emomuav (ZOE), tov E6vikod & Kamodiotpiaxot ITavemotnpion AGnvov

(EKITA), 6ev vmodnAdvel amodoyn TV amoyemv tov cvyypaeéo. (N. 5343/1932

apbpo 202)



2THV OIKOYEVELQ LLOD



ITPOAOI'OX



[TPOAOT'OZ

ITPOAOI'OX

H moapodoa Owaxktopikn owtpipn ekmoviOnke otov Topéa Baocikov
Nevpoemiomuov tov Idpouatoc latpofroroyikdv Epevvav g Akadnuiog AOnvaov
(LIB.E.AA.), xotd to oddotuo 2008-2013. O k. Kmvortavrivog Bekpéhing,
Epgovntg I” tov Topéa Baoikdv Nevpoemomuonv tov LIB.E.A.A. elye avardfet
Vv emotnuovikn enipreyn g dwrpPnc. Tov gvyopiotd Oepud yio v gukopio
TOL MOV £0MCE VO OMOTEAEG® UEAOC TNG EMOTNUOVIKNG TOV OWAOOC, Yo TNV
K000 yNom, T TOAVTIUEG CLUPBOVAES TOV, OALY KoL TNV EUTIGTOGVUVT, TV ool LoD
éoeie. Tov evyopotd Yo v Ayoyn ovvepyoosio, tnv MOWKN Kot Yoyoroytkn
evBdppuvon ce d0oKoAEg «emotnuovikd» otrypés. Kupimg, opme, Oa nbeka va tov
EVYOPLOTICM GE TPOCHOTIKO EMMEDO YL TN CLUTAPAGTOCT TOV, GTLG OVGKOAIES, TOV
amoTeEAOVV avamOoTacTO KOoppdatt g Cong kabe avOpomov, Katd TiG omoieg pe
VTOLOVT] KO KOTOVONGN LoD APNGE YPOVO TPOGUPLOYTS.

Oa 1MBera, emiong, va evyapiomom tov EmPrémovia Koabnyntm g
Awoxktopikng Aatpipng, tov k. Xrvpidmve EvOopomovio, Kabnynt tov Topéa
dvororoyiog Zowv & AvOBpomov, tov Tunuatog Bioloyiog, tov IMavemiomnuiov
AOMvav, yio TIc TOAVTIYLES TAPATNPNCELS KOl GLUPOVAEG TOV. XTO EPYACTIPLO TOL K.
EvBvpuiémovrov ciyo v npdm emaen pe | Baown ‘Epevve, ota miaicwo g
TPOTTVYLOKNG OMAMUOTIKNG epyaciag. TELOC, TOV gvyaploT®d Yo TNV gukaipio TOv
pov €dwoe 10 €tog 2006, va. cuvepyaostd pe tov k. Ev@opo Xxoviaxn, Epsvvn
tov Ivotitobtov Kvutrapikrg & Avomtv&lokng Proroyiog, oto gpguvntikd KEVIPO
«AMEEaVOPOg DAEULYK». O1 YVAGELS TOL OMEKTNGN EKEL ATOTELECAY GNUAVTIKT Bdon
Y0 TN LETEMELTO EXIGTNLOVIKT] OV TOPELQL.

Evyapiotw, Oegppa v k. Hoevayiote Hemaloeeipn, Avoarinpotpuo
Kanynrpia otov Topéa dvcroroyiog Zowv & AvBpaomov, tov Tunuatog BioAoyiag,
tov [Tavemotnpiov ABnvav, yio v moAvtiun fondeta, T coUTAPAGTACT, KAOMDS Kot
TNV EMGTNUOVIKT TNG Kabodynon oe OAn ) ddpkela g Adaktoptkng AtatpiPng.
Oo MBera, OU®G, VO TNV ELYOPICTHCH WIITEPWS, YTl YvOPLoH Evay VTEPOYO
dvBpwmo, 0 omoiog otdOnke dimAo pov, PE LITOUOV Kol KOTOVONGTY, GE eEAPETIKA
KPUTIKEG OTLYHEG Yo TV mopeio TG mapovoag épevvas. H mapovsio tng cuvéPare
KaBoploTikd oe KAOe emimedo.

Oo Mbeha vo ekQpPAc® TIG €VYXOPIOTIEC LOV OTOV K. Agmvida Xte@avi,

Kabnynm tov Topéag Kowwvumg latpwkng, Yoypuarpwne — Nevporoyiag g
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latpikng ZyoAng AONvov, Yoo TNV OLGLNOTIKY] GUUUETOYN TOVL, ®C WEAOG TNG
Tpuerovg E&etaotikng Emttponng. Ot enokodountikég cupBovAéc, ol TapatnpnoELS
KOl Ol TPOTAGEIS TOL GLVEROAOV KaBOPIGTIKA OTN JUOPE®SN TNG TAPOVGOS
Adoktopikng Atatpipnc.

Evyapiotow, emiong, Oepud tov Emikovpo Kabnynt, tov Touéa Bioroyiog
Kvttédpov & Brogpuoikng, tov Tunuoatog Biodoyiag, tov Ilavemotuion AOnvaov, «.
Anmitpro Xtpofoméodn, t6co yw ) ovupetoyn tov oty Entopel E&etaotikn
Emutponn, 660 kot yio 10 evolapépov mov £5e1Ee amd To TPATA YPOVIOL TNG POITNONG
pov oto Tunua g Blodoyioc. ZuvéBaie onuovTiKA oTn S1EDPLVOT TO YVAOGEDY LOL
Kol eVIoYLoE TNV amOGOCT HOL VO, GLVEXIC® GTOV TOUEN TNG £peuvag, 1dwitepa,
eEMTPEMOVTAG Lov, to £tog 2007, vo mapakorovdnow e0ehoviikd poplakés TEXVIKES,
070 £pYacTNPLO T0L, 6€ cuvepyacia pe tov Ap. I'. Bovtowd, oto Epguvntiko Kévtpo
dvowkaov Emomnuov «Anudkpitoo.

EmumAéov, evyapiotd daitepa v Avaminpotpio Kabnyntpio tov Topéa
Bloynuetog Evkapvotikeov Opyoviopov tov Tunuotog Buooioyiog, . Ad®
Baowakomoviov, kobng kot t Atevbovipla epguvav, Yrevbuvn tov Epyastnpiov
Kvttapikig & Mopraxng NevpoProroyiag tov Tunpatog Broynueiog tov EAAnvucod
Ivotitovtov Tlootép, k. PePfékka Mdtoa, ywo v T mov POV £Kovav Vo
ovppetéyovv oty Entapern E&etaotikn Emtpony g Awdaktopikng Atatpifng kot
Vv Katavonon mov £0e1&ay og pio wwitepa tapaymon mepiodo mov emkpatel o6TO
[Havemoto.

[MopdAinia, Bo MBeha va egvyopiomom tov YmevBuvo 1ng Movadog
Mukpookomiog tov LIB.E.A.A. k. Ilaykdkn Ztapdatn yo v moAlvtiun Bondeid tov,
kabmg Ttovg ovvepydateg pog K. Aovkd Mapyapitny, Koadnynm Kotropiumg
Buokoylag, Kvuttopwnig Awgopomoinong, Padiofioroyiog war  HAektpoviknig
Mwpookomiag, v k. Xpovn Ayyehmkn, Epsoviipie B’ tov Ivotitovtov
Bilogmomuov & Egappoyov tov Epgvvnrikov Kévipov «Anuoxpitocy, kot v K.
Roser Masgrau, Epsgovitpuow A’ tov  Ivotitovtov  Nevpoemomudv — tov
[Movemotnuiov g Bapkelmvnc.

‘Eva peydho gvyoapiotd ot Ap. Mapia Teayaxn, otnv omoia opeidm peydio
HEPOG TV 00OV €M KOTOPEPEL, OO TNV TPATN LOV ETOQPY| LE TOV EPYACTNPLUKO
naryko, puéxpt onuepa. H Mapia fjtov ekeivn mov e VTOUOVT, EXOVN, QYO Yo TV
épevva kat Tavta BeTikn ddbeon, pe kabodnynoe, pe copPfodAeye Kot pe evOApPPLVE,

OTO0 TPMOTO OV EPELVNTIKA PrpoTo, KoTéd TNV €KTOVNOY TNG OMAMUOTIKNAG OV
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epyaciog. Kvupimg, v guyaptotd yia ) ¢Aia TG, Tov datnpeitor votepa amd Toca
xPOVIO, TOPO TN YAOUETPIKN amOCTOCT, TOv pog yxopilel, kobodc ocvveyiler v
EMGTNLOVIKN TNG KOPLEPX 6TO EEMTEPIKO.

Idwaitepa, Oa Bk va guyapioTom ™ GiAn pov kot cvvadelpo Ap. Mapia
EvAiovpn, 1 onoio VINPEE 0 «PVAOKAG AYYELOCH GE OAN TN SLAPKELN TNG EKTOVIONG
™G AWaxtopikng Alatpiffg Kot 16xvpOg KOHaToOpahoTnG OTIC MO KPIGIUES OTIYES
NG TOPOLGIG 1oL 610 gpyactiplo. H emotnuovikn g fonbeta vanpée eEopetikd
onuovtikr. Evyapiotd, tov Ap. Lee Clough, ndvem amd 6Aa yio T @hio Tov Ko TIg
TOAVTILES SLUPOVAEG TOV € OAa Ta emimeda. Emiong, Oa nOeia va evyoplotiom
Ap. Evayyehio Eppoavooniidov, yio tmv ayoyn cvvepyosio tnv omoia elyape Kot yio
v dueon Ponbeld g, oe emayyeAHaTikd Kot Prlko eminedo. 'Eva peydio uyoplotm
ot Ap. Mativa Mavidtn, yuo T onuavtikny vrostpién g, OAo avtd to ypovia.
Evyapiotd Bepud tov Ap. Hardy Rideout, yio v emotnpovikn tov Bonbeia, v
VROGTNPLEN KoL TV EUTIGTOGVVN TOV LoV EJEIEE.

Ag Ba pmopovca va mopareiy® avOpdmovg e TOVg 0moiovg Holpdlopat Tig
idtec avnovyieg, Tov 1d10Vg EOPOVG, AAG Kot TNV 1010 aydmn Yo TV épevva, TV Ap.
‘Olya Movpo@pdon kout v Yrnoynoew Awdktopa k. I'ewpyio Nteppevrldkn, n
ompién ko N evBdppuvon tev onoimv vanpée eEapetikd onuovtiky. [HopdAinia 6o
Nnoeha va egvyaplomom Eexymplotd tovg YToyneovg Adktopes, K. Adapavrtio
Kopapnétoov, k. MegBoowo Enpepaxn, k. Nopfava Apiavoyrov, k. Kepomat
Mopio kot k. Baowr Xvoki@tn, and 10 gpyactiplo 1ov K. Kovetavrivov Bekpédin,
kobog ko v k. Are€io IMolveidn, tov k. Niko IMemaywavvaxkn kot k. Oystein
Brekk tov epyaoctnpiov 1ov k. Ae@Vide ZTEQAVI], LE TOVG OTOIOVC GUVEPYUGTNKOLE
Gyoya Kol 01 0TToi01 EKavaY gVYEPLoTN TNV KOONUEPIVOTNTO GTO EPYACTNPIO.

H mopovca épevva €xet cvyypnuatodotBel amd v Evponaikn Evoon
(Evponaiké Kowoviké Tapeio - EKT) xor ond €Bvikovg mdpovg pécw ToL
Emyeipnowokot Ipoypaupatog «Exnaidevon kot At Biov MdéOnon» tov EBvikov
Yrpatnywod [Thosiov Avapopdg (EXITA), Hpaxierrog 11, Enévdvon oty kowovia
mg yvoong pésom tov Evpomaikod Kowwvikov Tapeiov. H mpocomkn pov
OLKOVOLLKY] EVIGYLON, HECH TOV TOPATAVE TPOYPAUIOTOC, KATH TO ¥POVIKO S1AGTN LA
2010-2013, vap&e kaBoploTiKn, Yo TV TEPAT®ON NG AOAKTOPIKNG AlaTpiPnic.

‘Eva peydro evyopiotd, otoug @ilovg pov, mov Ppiokovtal mavto dimho pov
kot omnpiCouv v KaBe mpoomdbeld pov. Tovg gvxaPIoT® Yoo THV KATOVONGN TOL

éoe1&av ta televtaia ypdvia, 1060 OTIG OloPKelS amovsieg Hov, 6GO Kol 6T HOVILA
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ayyouévn oovumepipopd pov. H mapovsioa toug ot {on pov ocvvéPare oty
amo@OPTION TNG TTEONG KOl TG £VTAOTG TG KaOnUeEPIVOTNTOC.

Téhog, BEA® va guyoploTom TV KvnTiplo dHvaun oe 6,1t Exm KAvel Péypt
TOPA, TNV OIKOYEVELD LOV, TOL VTEUEVE TO AYYOC, TN VELPIKOTNTO KOl TNV £VTAoN
oAV avTdV TV Ypovev. Evyopiot® ™ puntépo pov, mov oTEKETAL TAVTO BPayog
dimha pov, otnpilovrog Tic emMA0YEG pov, pe kdbe TpdTO KOl TOV TOTEPA OV, TNV
TapoLGio ToOL omoiov VIMB® og 0,Tt Kot av Kave. Tovg guyoplotd mov pe fondnoav

VO TPOYUOTOTOO® TO TPMTO HOL UEYAAO OVELPO.

Mehaypotvod Atkatepivn

Oxtowfprog 2013
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ABC: ATP-binding cassette

AD: vooog tov Alzheimer, (Alzheimer’s disease)

ALS: apvotpo@ikn mievpikn okAnpuven, (@myotrophic lateral sclerosis)

AMPAR: vrodoyéag oo AMPA, (AMPA receptor)

ANT: petagopéog vovkieotidiwv adevivng, (adenine nucleotide translocator)

APCs: avtiyovorapovoilaotikd kbtrapa, (antigen-presenting cells)

APS: vrepOetikd appmvio, (@mmonium persulfate)

ATP: tpipoceopikn adevooivn, (Adenosine-5'-triphosphate)

AXYN: a-cvuvoukAEivn

BDNF: mtpogpyopevog amd tov eyKEQPOLO veupotpopikds Topdyovtag, (Brain-derived
neurotrophic factor)

bGAL+dox: kbtrapa paptopeg, mov eKepalovy evOOyeVN ERITEIA TG PLGIKOD TOHTOL
0-GLVOVKAEIVNG Ko 6TOL 0moia TO dtaryovidlo g B-yaraktootddong sival
OTEVEPYOTONEVO, TOPOVGTO HOELKVLKAIVIG

bGAL-dox: kottopa pdptupeg, mov ek@palovy EVEoyevT| EMIneEdO TG PVGIKOD TOTOV
0-GLVOVKAETYNG Kot vITEPEKPPALOVY TN B-YOA0KTOGLOAONG, 0movsios S0EVKVKAIVIG
BSA: aAfovuivn opod Bodg, (Serum albumin, bovin)

Ca’*: 1vta acPeotiov

[Ca2+]i: oLYKEVTPMOT EAeV0EP®V 1OVTOV 0GPECTION GTO KLTTAPOTAAGLOL

CaBPs: tporteivec mov deopevouy vt Ca?t, (Ca®*-binding proteins)

Cch: Kappayoin, (Carbachol)

CCE: eiopony Ca®* Aoy yopnrcotntag, (Capacitative Ca’* entry)

CMA: awtogayio dtapecorafovpevn omd mpoteivec cuvodovg, (Chaperone-mediated
autophagy)

Cl: Avactoléog kodraivav, (Calpain inhibitor)

CM: xvuttapkod péco kodlépyeog, (conditioned medium)

CM, WT+: Opentikd péco and kotrapa WT+dox

CM, WT-: Bpentiko péco amd kotrapo WT-dox

CM, bGAL+: Opentikd péco amd kottopa bGAL+dox

CM, bGAL-: Opentikd péco and kottapa hGAL-dox

CM,WT-/ Syn-1 IP: 6pentikd péco and kottapa WT-doX, koatomy eneéepyociog e

10 avticopo Syn-1
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CM,WT-/ c-myc IP: 6pentikd péoo and kottapa WT-doX, katomy enelepyociog e
TO OVTICOO TO C-MYC

CM, UCHL-1: Bpenticd péco and dwupovpeva SH-SYSY kottapa, empoivouéva pe
a0evoio mov emdyet v vepékepaot tg UCHL-1 npmteivng

CM, EGFP: 0pentiko péco and dtoupodpeva SH-SYSY kottapa, empoivcpéva e
00evoid mov endyel TV vepékepaot ™ EGFP mpmteivng

cyt ¢: 1o xutdypoua ¢, (cytochrome ¢)

DMSO: duebvro-covipoieidio, (dimethyl sulfoxide)

dox: Ao&vkvkdivn, (Doxyxcycline)

DTPA: diaBvrevo-tprapvo-nevto&ikod o&o, (diethylene-triamine-pentaacetic acid)
DTT: 618€100peitorn, (dithiothreitol)

E.A.: Evdomhaopotikd Alktvo

ECL: evioyvuévn ynueopotavyesia, (Enchanced Chemilluminescence)

EN.Y: eykeparovotiaio vypod

EthD-1: Awyepég tov aubidiov, (Ethidium Homodimer)

EtBr: Bpopodyo cbidro, (Ethidium bromide)

FBS: Opoc euppvov pooyov, (Fetal Bovine Serum)

FCCP: Carbonyl cyanide p-trifluromethoxy-phenylhydrazone

GBA: B-yAvkooepeBpooiddaon, (B-glucocerebrosidase)

GDNF: vevpotpopikdg mapdyovtag mov mpoépyetal amd yAolakd kuttopa, (glial-cell-
line-derived neurotrophic factor)

GPCR: vrodoyéag culevypévos pe G mpwrteiveg, (G-protein-coupled receptor)
GWAS: pelétec ovoyétiong ohkov yovidioparoc, (Genome Wide Association
Studies)

HBSS: 1coppommuévo Hank's diddvpa arkdteov, (Hank's balanced salt solution)
Hepes: 4-(2-vdpo&u-aifuvro)-1-mmepalvo-atbavo-Oetikd oév, (4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid )

HD: véoog tov Huntington, (Huntington’s disease)

HLA: avtiydvo Agvkokvttdpmv avOpmdmov, (human leukocyte antigen)

HMW: vymA6 poproko Bapoc, (High Molecular Weight)

HRP: vepo&eiddon g aypropagavidag, (Horseradish Peroxidase)

IL1B: wreprevkivn-1p, (interleukin-1p)

IL6: wtepievkivn-6, (interleukin-6)

INOS: cuvvOetdon tov virpucov o&gog, (inducible nitric oxide synthase)
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ILVS: kvotidio Tov aviot twv MVBS, (intraluminal vesicles)

lono: Tovopvkivn, (lonomycin)

IP5: 1,4,5-tprpwopopikn tvoosttorn, (inositol 1,4,5-triphosphate)

IPsR: vrodoyéag g IP3 (IP3 receptor)

KNX: Kevtpikd Nevpikod Zvotnua

KRH: Krebs-Ringer-Hepes

LB: coupdatia Lewy, (Lewy bodies)

LMW: yaunAé popraxéd Bapog, (Low Molecular Weight)

LN: vevpiteg Lewy, (Lewy neurites)

LRRK?2: leucine-rich repeat serine/threonine-protein kinase 2

MAPK: eroydpevn omd purtoyova Tpoteivikn Kivaon, (mitogen-activated protein
kinase)

Mon: Moveveivn, (Monensin)

MPTP: 1-ugbvro-4-pavoro-1,2,3,6,-tetpaidpomrvpidivn, (1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine)

MSA: atpogio tolomAdv cuotnudtov, (Multiple System Atrophy)

MVBSs: mtolvkvotidiakd copdtia, (multivesicular bodies)

NACP: un-Ap apvrogdég cvotatikd Tmv TAaK®V ¢ vosov tov Alzheimer, (non
ApB-component of plaque of Alzheimer’s disease)

NGS: opdg aiyag, (normal goat serum)

Nif: Nwpeourivn, (Nifedipine)

NMDAR: vrodoyéag too NMDA, (NMDA receptor)

NMS: un xvntikéc datapayés, (Non-motor symptoms)

Oligo: oAryopvkivn, (Oligomycin)

PARKZ2: parkin

PBS: dudAvpo poceopikdv ordtov, (phosphate buffered saline)

PD: véoog tov Parkinson, (Parkinson’s disease)

PDGF: vevpotpo@ikdc mapdyovrag aiponetolmy, (Platelet-Derived Growth Factor)
PFA: topapoppardstion, (paraformaldehyde)

Pl3K: xwvaon g 3-pmcpatidvio-vooitodng, (phosphatidylinositol-3 kinase)
PINKZ1: PTEN-induced kinase protein 1

PIP;: 4,5-819wc@opiki] poc@atidvAio-tvoottorn, (phosphatidylinositol 4,5-
biphosphate)
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PIP3: 3,4,5-1p1pwo@opiki] pmc@atidvio-tvoottorn, (phosphatidylinositol 3,4,5-
triphosphate)

IP,: 4,5-61pwopopikn poopatidvrio-vocttoAn, (phosphatidylinositol 4,5-
biphosphate)

PKB/Akt: npwteivikn kivaon B/AKkt, (protein kinase B/Akt)

PKC: npwrteivikn kivaon, C (protein kinase C)

PLC: pocpolndon C, (phospholipase C)

PMCA: ATPéaon Ca?* tng mhaopotiknig pepppavng, (plasma membrane Ca?*
ATPase)

PrP: npwteivn prion, (Prion protein)

R.A.: all-trans petwvoixd o0&V, (all-trans retinoic acid)

RIPA Buffer: diéAvpo padtoovocokotokpiuvione, (Radioimmunoprecipitation
Assay Buffer)

ROI: meproymg evolopépovtog (region of interest)

ROS: evepyég popeéc o&uyovov, (reactive oxygen species)

RT: Ogpuokpacio dopatiov, (room temperature)

RTK: vmodoyéag pe dpdon kivdong tupooivng, (receptor tyrosine kinase)

RyR: vrodoyéac pvavodivng (ryanodine receptor)

SDS: dwdekvro-Oeukod vatpio, (sodium dodecyl-sulphate)

SD: tvmikn andxion, (standard deviation)

SEC: ypopotoypapio d1idnong mnkrng, (size exclusion chromatography)
SERCA: capro-/evdo-mhacpotikii ATPGon Ca*, (sarco-/endo-plasmic reticulum
Ca*" ATPase)

SKF: SKF 96365 hydrochloride

SNCA: yovidio a-cuvovkAgivig, (a-synuclein gene)

SNpc: cupmayng poipa g péravag ovsiag, (Substantia nigra pars compacta)
SNPs: yovidiakoi molvpopoicpoi, (Single-nucleotide polymorphism)

SOC: kaval Tov eAéyyetal omd TNV TANPOTNTO TV amodnk®v, (Store-operated
channel)

TEMED: tetpapebvr-pedui-arbvrevo-duopivn, (tetramethyl-ethylene-diamine)
Tg: Oayrykapykivn, (Thapsigargin)

TH: vdpo&vAdong g Tvpocivng, (Tyrosine Hydroxylase)

TLR2: vrodoyéag 2 mov mpocopotdlel tov vrodoyéa Toll, (Toll-like receptor 2)

TNF-a: napdyovtog vékpwong a, (tumor necrosis factor-a)
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UCHLZ1: ubiquitin carboxyl-terminal hydrolase isozyme L1

UPS: ohotnua amoddunong ovfikovitivng-npmteacopatog, (Ubiquitin-proteasome
system)

UV: veepidrdng, (ultra violet)

VOC: taceo-gheyyduevoc diowiog, (voltage-operated channel)

VIV: ovykévipwon kat’ oykov, (ml dtadvpévng ovsiag ava 100 ml dtodvtn)
WT+dox: kbtrapo paptopeg, mov ekepalovy evooyevn ETImeda TG PLGIKOD THTOL a.-
OLVOVLKAEIVIG, Tapovsia S0EVKVKATVIG
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dOKLKLKAIVIG

W/V: cuykévipmon Kotd Bapoc, (g dtaAvuévng ovasiag ava 100 ml dtodvtn)

o-cntx: m-kovoto&ivn GVIA, (o-conotoxin GVIA)
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|. EIZATQI'H

1. H Néoog tov Parkinson

1.1. KAmwika ocvunrouata

H vdoog tov Parkinson meprypdoenke pe mAnpdtnta, yio mpdt ¢opd, omd 1o
Bpetavo wtpd James Parkinson to 1817 otn povoypagio tov pe titho «Eva dokiuio
o v Tpouwdn Iopalvon» (“An assay of the Shaking Palsy”). TTpokettar yio o
TPo0dEVTIKE  €EEMOGOUEVY] VEVPOEKPLMOTIK] VOGO TOL €yKeAAOv, 1 omoia
emnpedlel TNV KvnTIKOTNTO KOl HEYPL onuepa dev €xel arttoloyikr| Oepaneio. Eivor
devTEPN OE CLYVOTNTO EUEAVIoNG, LETE T vOco Alzheimer, pe m0c0otd ekdNAmONG
1-2% yw dtopo dve tov 65 gtdv, T0 omoio avépyetar 610 3-5% Yo dtopa dve tov
85 (Alves et al., 2008; Gasser, 2009a).

H xhwvikn dudyvoon g vocsov Baciletar, kotd kOplo Adyo, otnv a&loAdynon
dTopaYdV OTIC KIVNTIKEG Agttovpyieg mov ekdnidvovv ot acBeveis. Ta kdpla
KAMVIKG yapokTnploTikd ivol n Bpadvkivnoia, n duekopyic, o TPOIOG Npepiog Kot 1
dwtapayn g otdong Kot g Pddiong. Emiong, mapatnpodviar duckoAia 6to Adyo
KOl TNV KATATOOT], AVEKPPAGTO TPOcMTO, KAOME kat duokolieg ot ypaen (Jankovic,
2008). H dudyvwon g vooov emPefoidvetor mepattép®m amd TV KOVOTOTIKN
amOKPIoY GTN YOPNYNOYN VIOMOUVEPYIKOV Qopudkmv. Qotdco, PBifAoypoagikd
dedopéva Toyidvouy v dmoyn OtL 1 voéoog tov Parkinson eivor puo mo cvvletn
acBéveln Tov mEPIAAUPAVEL, EKTOG OO T KAUGIKE KIVNTIKG GUUTTONOTA, £VOL GOVOAO
N Kwnukov  derapoyv, Omwg katdbiwym, oatapoyés Tov VIVOL Kol TOV
aoOnocemv, dLGAEITOVPYIDL TOL OVTOVOUOV VEVPIKOV GUGTNUATOG, KOl EKTTOCT TMV
yYvooTikdv Asttovpyudv (Langston, 2006). To un kwvntikd copntodpoto exnpedlovv
O6A0VG TOVG acBeveic, Evd 1 cLYVOTNTA TOVG AVEAvVETOL avaAoya pe T BapyTnTa TNG
vocov (Dexter and Jenner, 2013). X¢ avtifeon pe TIC TOPOUTNPOVUEVES KIVITIKEG
ekdNAmoelg TG vooov tov Parkinson, ot aitieg tov pun KvnTikov dlotapaymy £XouV
epeuvnBel eddiota.

Méypt ko onuepa dev Exel Ppebel n Ogpaneion yio T voéso tov Parkinson.
Evtovtolg, vmdpyovv Oepamevtiké mpooeyyicelg ot omoleg oToXedOLV  OTNV
emPpdovvon g EKONMA®ONG KOl TNG KOAVTEPELONG TOV KIVNTIKOV GUUTTOUATOV. Ot
TEPLOGOTEPES OO AVTEG EIVOAL OYESOGUEVES £TCL MOTE VO, ALEAVOLY TNV TOCOTNTO TG

viomopivng otov eyképaro, &ite avtikabotovtoag T viomapivn eite divovtag
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AYOVIOTEG LTS  €ite  Tapateivoviog v emidpacn TNE  OVACTEALOVIOG TO
uetaforopd ¢ (Lim and Zhang, 2013). H «xvpro. Ogpoamevtiky 0060¢ mov
akoAovOeitar eivan n Oepaneio vrokatdotaong pe tn yopnynon Aefovtona (Levodopa
or L-DOPA), n onoio amoteiel mpddpopo popo ot ovvheon g vromopivng. H
AePovtoma, yopnyeiton poali pe Tov avacstoréa g amokapPovAdong g viomauivng,
HE OTOYO TN UEIMON TOV TEPIPEPEIOKDY TAPEVEPYELDV KL TNV OTOTEAEGLATIKOTEPN
amoppoéenon g Aefovtona. Qotdco, ypovia yxpnon e Aefoviona, givar duvatdv va
TPOKOAEGEL OVETIOOUNTES TOPEVEPYELEG, OTMG A.Y. HEWOWUEVN amdkpilon o€ kbbe doon,
eMimoveg KpAumes, koOMOC Kol TO QOVOUEVO TNG Yopeiag, ONA. TV OKOVGI®V
Kwvnoewv. o avtdv t0 Adyo M xpnon ¢ Kabvotepeitor HEYPL Vo ELPAVIGTOVV TO,
EVTovo KivnTikd TpoAn oo

Agdopévav TV ovemBOUNTOV TOPEVEPYEIDV TOL TPOKLATOVV OO 1N
QOPUOKEVTIKY OVTILETOMION TNG vOooov tov Parkinson, n avdéykn dwatipnong evog
OTOOEKTOD  EMITEDOV  AEITOVPYIKOTNTOS HE TIG €AAYIOTEG dvvatég O00CElS elvan
emtoktikn (Fernandez, 2012). ITlpog avtiv tv katedBuvon, onuoviikd poro
dwdpapatiel ko n ertioon tov Tpdémov Long. AAlayég oty TototTao LONG, OTMOC N
Eexobpaon kot M Aaoknomn, M @uolobepameio, 1 gpyobepameio, kKabdg wor 1
AoyoBepamneio etvar duvatodv va amodetyfodv eEapetikd gvepyeTucéc.

Ye oplopévec UEUOVOUEVEC TEPUITAOOCEL HE  TPOYOPNUEVA,  CYEOOV
aveEéAeyKTo KvNTIKE @avopeva, 1 YEWPovpyikn mopéupfoacn eivar dvvatdév va
axolovOnBel g p popen cvuntopatikng OBepomeiog. Mo tétold mpPocEyyiom
amoterel M ev T PaON di€yepom Tov YKEPAAOL, KATA TNV Omoia E101KA NAEKTPHOLN
EUPVTEVOVTOL GE TEPLOYES TOL EYKEPAAOV OV EUTAEKOVTOL 6T pLOUIGT TNG Kivnong,
TPOKEEVOL VO TIG Oleyeipovv. Mol evoALOKTIKY TTpocéyyion, anotedel 1 Bepaneia
TOV EUPPLIKOV EUPLTELUATOV UEANIVAG OLGIOG, 1 OTole PEATUOVEL GNUOVTIKG TO
ooUTTOUATO TNG 0oBEvelng. MAAMoTa, PHEAETEG GE VEKPOTOUIKO DAMKO 00HEVOV TOL
elyav vroPAnOel oe téroov €idovg eyyeipion £di&av ™ dnNUovpyio VE®V GLUVAYEDY
amd To PETAROGYEVEVO 10T0. Evtovtolg, vdpyovv kou peréteg ot omoieg BEtovv vd
apeepnnon avtoév tov tomo Bepanciog. 'Etot, mapdio mov n xprion tov PAACTIKGV
KUTTAPOV €Yl LEYAAEG TPOOTTIKES, EIVOL EMTUKTIKN 1) OVAYKT Y10l TEPOLTEP® EPEVVOL
mpog Vv Katevbuvon avty, TPOTov OmOKTAGEL TN ofovca Bepamevtikn aio.
Ievikotepa, OGOV a@opd ot Topomdve  yepovpyikés uebodovg, mapd T

TAEOVEKTNLATA TOVG, Vo onpelwdel 6Tt epappoloviol oe meplopiopévo apldpo, o0t
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vrdpyel o kivovvog TpokAnong Prapav, akdun kot BavdTov tov achBevois, evd ot

HaKPOTPODECUES TAPEVEPYELEG OEV UTOPOVV VO, TPOPAEPOOVV.

1.2. IIaBoloyoavatouikés ailotmoelg

[MaBoroyoavatomkd, 1 voocog tov Parkinson, yapaxtmpiletor amd v
anmAgla vog peydiov mtocootol (50-80%) vevpikdv Kuttdpmv, To omoia edpdloviat
ot ovumayn poipa ¢ péhovag ovciag tov eykepdaiov (Substantia nigra pars
compacta, SNpC), evd ot vevpikég amoAnEelg TOVg KATOANYOLV G6TO PaPdmTd GO
(striatum) (Jankovic, 2008; Lesage and Brice, 2009). Kabmg, ot ev Aoym vevpmVES
napdyovv to vevpodlafipacty vtomopivi, 0 EKEUAMCUOG TOLG OTAPACOEL TN
vevpodwaPifaocn kotd pnkog g pelawvopaPdwthig 0dov (swkéva 1A, B) kar tov
KUKA®UOTOG TOV BOCIKOV KIVNTIKOV YayyAl®V, 00Ny®OVINS GTOV KANGIKO KIVNTIKO
eawvotono g vooov (Jankovic, 2008; Johnson et al., 2009). Xtovg evamopeivavteg
VTIOTOULVEPYKOVG VELPAVEG 1TNG CLUTAYOVS HOIpAG NG UHEANVOS OLGIOG TOL
EYKEPALOV, EVTOTILOVTOL EVOOKVTTAPLO TPOTEIVIKA £YKAEIOTA, £(TE OTO COUOTO ElTE
otovg vevphaéoveg, ta coudrtio Lewy (Lewy bodies, LB) (swkéva 1I') 7 vevpitec
Lewy (Lewy neuritis, LN) (swkéva 1A), avtictotya, to 0noio awoteAodV T0 KVpiopyo
TaBOAOYIKO YOPUKTINPIOTIKO GTNV TAEOYNGI0 TOV TEPUTOGEMY TNG VOGOL TOV
Parkinson (Conway et al., 2000b). IIpdokeitar Yo MOCWOPIAL TPOTEIVIKA
CUCCOUATMOUOTO, TOL OTO{0l, GE OLVOGOIGCTOYNUIKY XPADOCT, QOIVETAL VO ATOTEAOVVTOL
and évav mukve mupniva TEPPOALOUEVO amd £V ayVO QOTOCTEPOVO OKTIVOTMV
widiov (swéva 1T, A). KOpio ocvotatikd tov TeptypapOlevmv evOOKLTTAPIOV
CLUGCOUATOUATOV gival 1 AavOAGUEVE OVASITA®UEVT] TPOTEIVY] 0-GUVOVKAEIVT, Yo
mv omnoia. Oa yiver ektevig Adyoc mapakdte (PAm. evotyra 2). O polog mov
dwdpapoatiCouv ta copdtio Ko ot vevpiteg Lewy oy maboyéveln e vooov, dev

éyel amocapnvioTel puéypt kar onuepa (Dexter and Jenner, 2013).
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Yyuég dropo Acbevijc ps voco
A B.  tov Parkinson
Kepropopog
Topipvag \
Kénqos s

Mehavopafoorrs
0dbe

T. Eu)p(n]o Lewy 0 \\

0 20y

" 4 n
o o .
\ yi; \

-
@-Euvoucivy (AS) Ovfimorizivy Y 50 pm

Ewéva 1: Zynpatikn avomopdotaon g euotoloywkng (A) kot g maboroywng (B) om vdco
Parkinson pelowvopafdwtig 0d00. YTOpYEL EKTETOUEVI] OTMAENL VIOMOUIVEPYIKDV VELPOVOV TTOL
TPoPAAlovY 0TO KEALQOG KOL LUKPOTEPT EKEIV@V TOL TPOPAAALOVY GTOV KEPKOPOPO TLPTVO TOV
popdwtod copotog. (I) Ewoveg avoooictoynueiog, 6mov emionuaivoviol to copdtie Lewy pe
avticopo évovit NG a-cLVOLKAEIvG (aplotepd) kot €vavit g ovPiovttivig (8e&1d). (A)
AvVO00c0IGTOYNUIKT ¥pOOT TOV VELPITOV LeWy pe avticopo Evavtt TG 0-GUVOUKAEIVIG.

H oanoiewo tov viomopuvepyikav vevpovav (gikéva 1B) ko n dmapén tov
couatiov Lewy (ewkova 1T, A), Béata, dev mepropiletor puovo ot copmayn poipa
™ pélovag ovoiag (substantia nigra pars compacta), aAAG Kot 6 GAAEC TEPLOYES TOV
gykepalov Ommg otov vropédawva tomo (locus coeruleus), to poytaio KwnTied
nmopnvo. (dorsal motor nucleus), tovg moupnveg g paenc (raphe nucleus), tov
ocppntikd PoAPo (olfactory bulb), tovg cvumabntikovg kot mopoacvumadNTIKODS
peTayoyyAlovikovg vevpwveg (parasympathetic and sympathetic post-ganglionic
neurons), tov mopnva. tov Meynert (Meynert nucleus), v apvydoin (amygdaloid
nucleus) kot tov eykepoalikd erowd (cerebral cortex) (Jellinger, 2012). Enusiwtéov,
otV moboroyio TOV TOPOTAV®, UN VIOTAUIVEPYIK®V TEPLOYDY TOL EYKEPAAOVL,
opeidovtal TOAAG amd To POCIKA PN KIVNTIKG GUUTTMOUOTE TOV GUVOEOVTOL LE TNV
ekdniwon g vocov. ['a mapddstypa, n am®AElo TS OGEPNONG GLVOEETAL LE TNV

TOPOVGiD TOV COUOTIOV Kol veupltdv Lewy otov oocppntikd BoAPo kol oe kévipa
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TOL EYKEQAAOV, OTMMG M GpLYOOAN Kol 0 meppvikoc muprvog (perirhinal nucleus)
(Witt et al., 2009). O evromioudc tov couatiov Lewy oto peceviéplo midypa
(myenteric plexus), avtavakAd Tig StoTapoyég TNV KIVNTIKOTNTO TOV YOOTPEVTIEPIKOD
GLGTNUOTOG, TOV amovToOV otn voco tov Parkinson. H dvekotmotnta, A.y., éva amd
TOL KUPLOL U1 KIVNTIKO COUTTOUOTO TS VOG0V, mlavov oyetileton pe v ammAEln
VELPOVOV Kol TNV Topovcio couatiov Lewy oto poywaio xivntikd moprva tov
nvevpovoyactpikov (dorsal motor nucleus of the vagus), o omoioc mapéyet
TOPAGLUTAONTIKN VEDP®GN TOL oTOopdYOoV Kat Tov eviépov (Braak et al., 2006).

O1 maBoroykég depyaocieg g vocov tov Parkinson eEglicoovtal oe Babog
YPOVOL KOl TPOOOEVOLV  OVOSIKE, GE OVUTOUIKE ETKOWVMOVOVCEG OOUEG TOV
gykepaiov, pe mpoohiodpopukn| (anterograde) kotevbuvon (Braak et al., 2003). Exovv
o¢ amotéhecpo v e&amiwon g poplakng maboroyiag oto avOpodmvo vevpikd
CUGTNHO KOl TN GLVETAKOAOLON emPdpuvorn Tng KMVIKNG €KOVAG TV 0GHEVOV.
MetoBavatio e&étaon eykeedAov acBevdv amokdAvye OTL 1 0vVOOIKN Topeia
eEamlmong pmopel va dokpdet og €61 otado TN KAMpokag Braak (ewéva 2). Kotd
0 TpoOa otdd g acBévelng (otddo 1-2), copdtio kot vevpiteg Lewy
eupaviCoviol 6To KOTOTEPO TUNUO TOL GTEAEYOVLS, UEXPL Kot Ta 6Tdd 3 1 4 ota
omoioa. M maBoroyia €xel OTAGEL OTN GLUTOYN HoOipa TG HEANVOS OLGIOG Ko
OULVOOEVETAL OO OMMAELL VELPOVOV, AOY® TNG omoiag sueavifovtol to TpOTo
KINTIKA KAMvikd cvumtopote (ewéve 2). Katd ta oyyo otddie g vosov 1
naforoyio evromiletal Kol 6 TEPLOYES TOV VEOPAOLOD, KOl GLVOSEVETOL Kot ol -
KIvNTiKd cvpntopato. Baogt g maboroyoavatopikng kAipakog Braak, n maboioyia
Lewy oe o meproyn elvor ocuvOnkn amoapoitnm kot kavr oote 1 maboroyio vo
eEomhmbel oV enduevn, ®otdG0 aVTd dev 1oyvEL e Oheg TIC Teputtwoelg (Burke et
al., 2008).
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Npoovprropernikd  Evprroparikd
Eradw Lradw

VEOPAOIOZ

VEOPAOIOS

UEGOPLOOC
fad.apog

MELOINVT OVGL
aprydakn

KQTOOA ‘

TOPTIVES Paens

TPocihos KIvnTikog
mopnvag XX
6

4 3.9 3%

B

Ewévo 2: Zynpotikn omeicovion g mtpoodevtikng edmimong g moforoyiag g vOGou Tov
Parkinson, copewva pe v khipoko Braak.

(A) To otddio 1 avTImPOoOTEVEL TPOYN OTASIL TNG VOGOV OTOLGI KIVITIKOV  KAVIK®OV
CUUTTOUATOV, VGO Katd To otddio 3-4 yivetal epikt 1 didyvoon g vocov. (B) Avodwkr mopeia
eEamlwong ¢ maboroyiag Lewy o€ cUYKEKPILEVEG TTEPLOYEG TOV EYKEPAAOV, AVAAOYO LE TO GTASLO
™¢ vooov. Ipocappoyn and (Braak et al., 2004).

1.3. Aitia kat wapayovres KIvévvov

Mo weprocotepo amd 100 ypoévia vapyovy evOei&elc Yoo TNV KANPOVOIKN
evon g vocov tov Parkinson, motdco, 1 EPELVE TV YEVETIKDY LOPO®V TNG VOGOV,
péYpL TpOGPaATO TOVAGYLOTOV, £lye 10l 6TO TEPB®PLO. AVTd 0PeireTal, APeVHS oTNV
eni pokpdy apeiBoliio yio To oV 01 GAVIEG OIKOYEVEIS LOPPES TNG VOGOV aOTEAODV N
Opr ™ «yvipolwa»y voco tov Parkinson kot agetépov  ota  amoteEAécpata
EMONUOAOYIKOV UEAETMV, TOL GLGYETILOVV TEPIPAAAOVTIKOVG TOPAYOVTIES UE TNV
nafoyévela TG vOoov, OTm¢ 016.9opovs 100G Kot vevpotolives. Zoppova pe peydio
OYKo BPAOYPaQIKOV avapopdV 1 GLUYVOTNTO EKONADONS TG acBévelag avEavetan pe
mv nAio (Tanner et al., 1999), wotdéco onuaviikd poro dadpapoatifovv 1660

nepParAovTiKol 060 Kat yeveTikol Tapayovteg TpodidOeong (Gasser, 2009b).

1.3.1. I'evetikés poppés s vésov tov Parkinson

Kabog 1o «xovnym tov yovidiov mov oyetiCovtor pe v maboyéveln g
vooov tov Parkinson ocvuveyiletal, OmOKOAVTTOVIOL OAOEVO KOL TEPLGGOTEPEG
vevetwég artieg (Hardy, 2010). Méypt otiyung, 1 HEAETN KAPOVOUIK®V TEPIMTOCEDY
EXel amoKaAVYEL TEPIGGOTEPOVG ad 13 yeveTikovg TOTOVG Kol 9 yovidia Tov paiveton
va oyetilovtor pe HopeEG TG VOGoL Tov  akoAovBovv 1O pevIEAED TOTO

KAnpovopwotntag (Lesage and Brice, 2009). Xtnv katnyopio avt avikovv yovidio
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OV KMOIKOTOOVV Yo TIS TPMTEIVEG a-cuvovkAgivny (a-synuclein, SNCA), parkin
(PARK2), LRRK2 (leucine-rich repeat serine/threonine-protein kinase 2, LRRK2),
UCH-L1 (ubiquitin carboxyl-terminal hydrolase isozyme L1, UCH-L1), DJ-1 (DJ-1),
kot PINK1 (PTEN-induced kinase protein 1, PINK1) (ITivakag 1). MetaAldéelg ota
yoviore SNCA xor LRRK2 axolovBohv tov emikpaty TpOTO KANPOVOLUKOTNTOG,
odnydvtog oto oynuatioud copatiov Lewy (Greggio et al., 2011). Aedouévov 6tL
Kot ot 600 TpwTEIveEG oyeTilovTal TOCO LE TIG OTOPASIKEG OGO KOl LE TIG OIKOYEVEIS
HOPOEG TNG VOGOL, OTOTEAOVV €EQUPETIKOVG GTOYOVS Yo OEpATEVTIKES TPOGEYYIGELS.
SNUEIOTEOV, TO YEYOVOS OTL 1| 0-CLUVOVKAEIVY evToTmileTon VIEPPOGPOPLALOUEVT] GTOL
copdtio Lewy, oe cuvovacpud pe Ty evepydtnta Kwvdong g npoteivng LRRK2,
VTOONA®VOVY pla TV GLGYETION TV OV0 TPMOTEIVOV, OYL amapoitnTe GueoT
(Greggio et al., 2011). And v dAAn TAeVPA, petarddéelg ota yovidio PARK2, DJ-1,
kot PINK1 éyovv voreumduevn dpdor, odny®dvTog G amMAEL TG AELTOVPYIKOTNTOGC
(a recessive, loss-of function mechanism) (Gasser, 2009b).

Emiong, tig tehevtaieg 000 dekaetieg, otolyeion mov €yovv mMPokLYEL omd
emONUOAOYIKEG HEAETEG €xovv avadeilel peTOAAAEEIS TOV YOVISIoV TOL KOIKOMTOLEL
Y T0 Avcocwkd Evivpo B-yAvkooepefpooiddon (B-glucocerebrosidase, GBA) wg
évav omd TOLg MO KOWOVG Taplyovteg mpodldbeons yioo TNV ekdNA®oN g vOGoL
(Sidransky, 2005; Sidransky and Lopez, 2012). Ot petaiidéelg tov yovidion GBA
napadootakd €xovv  evoyomonbei vy T voéco Gaucher, po  avtocopiky
VIOAETOLEVT draTapayn) Avcocopukng anodnkevong (Goldin, 2010). H copfoin tov
petaAraéewv g GBA oty maboyéveon 1oV TAPKIVGOVIGHOD TOPUUEVEL AYVOOTY,
oAAG €xel mpotabel OTL vEApPyYEL poL APPIOPOUN CLGYETION UETOED EAAELUUOTIKNG
Mocoocoukng dpdong g GBA kot maboroyikng a-cvvovkhieivig (Mazzulli et al.,
2011).
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IMivaxog 1: Cevetikoi tomot Tov oyetilovron pe m voco tov Parkinson.
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I'eveTikoi Tomol mov gpmrékovran 611 voco tov Parkinson kot mbavoi poror avtdv

IeveTikog
Toémog

PARK1/4

PARK?2

PARKS
PARKS

PARKG6

PARKY7

PARKS

PARK9
PARK10

PARK11

PARK12

PARK13

PARK14

PARK15

PARK16

GBA

I'ovidwo

a.
synuclein

Parkin

Ayvooto
UCH-L1

PINK1

DJ-1

LRRK2

ATP13A2
Ayvooto

GIGYF2

Ayvooto

Omi/Htra2

PLA2G6

FBXO7

AyvooTto

GBA

Xpopoocopkn
Evtémon

4921

6025.2-27

2p13
4pl4

1p35-36

1p36

12p11.2

1p36
1p32

2p37

Xq21-g25

2pl3

22913

22q11

1032

1921

[pocapuoyn amd (Gasser, 2009b).

Tpomog
Kinpovopkétnrog

Emxpotig

Ynoheuwépevog

Emxpotig
Emxpotig

Ynoheurépevog

Yroheuwopevog

Emxpotic

Yroheuwopevog
Emxpotic
Emrucpatiig
TvooyeTiiopevog pe 1o ypopdcopa X (X-linked,
pviokadopiopevoc)

Ayvootog

Ynolewtopevog

Ynolewtopevog

AyvoeTog

Evemgopétnro

IMBavog porog

Ipocvvantukn
TPOTEIVI, KOPLO
GUGTATIKG TOV
copotiov Lewy,
petaporopog
Mmdiov,
avVaKOUKA®ON
KuoTIdimv

Avydon E3 mng
ovfkourtivyg,
progayio
Ayvootog
Ayvootog

Mutoyovoproxn
Kivaon

O&edOTIKO OTPES
INpatodoTiKn
KIvaon, Suvapiki
T0V
KVUTTOPOOKEAETOV),
PETAPPACY TOV
TPOTEIVOV
AyvooTog
Ayvootog

Inpatodoétnon
Tov IGF-1

Ayvootog
Mutoyovoproki)
TPOTEAN TNG
oepivig
Ddocpomdon

Avydon E3 mng
ovfuovrtivig

Ayvootog

Ydpolraon

[TapdAinio, 0 cuVOLOGUOG TV EEEMYUEVOV YEVETIKMOV TEXVIKMOV OVAALGTG,

TOV TTPOGPEPOLV TN SVVATOTNTA TOVTOTOINGCNG YOVOTOHTTOV YWPIG 1O1HTEPO OIKOVOLULKO

KOGTOG, e TOV oAoéva av&avopevo aplBud acbevav mov AapuPdvovy péPOg GTIG

épevveg, Ommg Ay, M Aebvig Tevetkrp Kowonpa&ia yioa ) véoco tov Parkinson,
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TPoP0od0TEl HEAETEG cvoyETioNg oAkoD yovidiopatog (Genome Wide Association
Studies, GWAS), mov agopovv meputtdcelc ¢ Womafodg vocov. TEtolov tHmov
peAéteg €xovv amokoAVyel 14 yevetikohg TOTOLG TOL AMOTEAOVV TAPAYOVTEG
Tpodtifeong yloo TV EKONA®ON TG VOGOV, HETAED TMV OMOIMV 1 0-CLUVOVKAEIVN, M
LRRK2, 10 avtiydévo Agvkokvttapmv avBpomov (human leukocyte antigen, HLA),
ko 1 Tpoteivn tau (2011; Nalls et al., 2011). H vmapén 11010V YEVETIK®OV TOTOV dEV
EmeTol amapoitnTa TV ekdNAmon ¢ achévelng, woTdc0 ToVILEL TNV TOALTAOKOTNTA
™mg  oaoBévelng Kot TOV  OAANAETIKOALTTOMEVO POAO TV  YEVETIKOV Kot
TEPPUALOVIIKDOV TapayOVImV 6TV artioloyia e vocov tov Parkinson.

[Tapott vdpyetl Evog awEavOreVog aptBUdg YEVETIK®OV TOT®V oL oyeTilovtan
ue v ekdnilwon ¢ acBévelag tov Parkinson (BAzn. ITivakag I), to peyaidtepo
TOGOOTO TOV TEPUTTOCEMY OPOPE OTOPAdIKES HOPPES NG vocov. Eviovtolg, o
KAMVIKOG kol maBoloyoovaTopIKOS (OVOTUTTOS TOGO NG GTOPOdIKNG OGO KOl TNG
KANPOVOIKNG HOPPNS THG VOGOV Tapovstalovy e&atpetikn opotdtnra. [Ipokeévon
va eEnynbet 10 Tapddo&o avtd, Tpotddnke TpdGPaTa pia vVIGOeon 1 omoia oTnpileTon
oTnV £VVol, TOV COUOTIKOV peToAlaEemy (Somatic mutations) kot Tov pOoAIKIGUOD
(Proukakis et al., 2013Db). Xe avtifeon pe 115 KANPOVOUNGULEG LETOAAAEELS, OL OTTOTEG
etvar mapoHoeg dlopk®dG 6€ OA To KOTTOPO EVOG ATOUOV, Ol COUOTIKEG LETOAAAEELS
TPOKLATOVY KOTA TN HETAlLYOTIKY] AvATTUEN OMOKAEIGTIKA € COUATIKE KOTTOPO
(Engeholm and Gasser, 2013; Erickson, 2010). Ady® g MIKPHG GLYVOTNTOG
EULPAVIONG TOVG, OEV AVLYVEDOVTOL EVKOAN LE TIG TOPOVCES TEYVIKES. O 0 pOAOG Ko 1
eMOPAC] TOLVG GTOV OPYOVICUO, €E0PTOVTOL OO TNV TOTOAOYiDL KOl TN YPOVIKN
enpavion toug (Proukakis et al., 2013b). To kot TOGOV T£T0100 TOHTOL UETAAAAEELC
B pmopovoav va amotehovv ™ PBdomn yia v exteTapnévn taboroyio TS vOGou Tov
Parkinson, etvor axopn vrod depedvnon , kabdg HEXPL Kol GNUEPE OEV VTAPYOLV

dedopéva mov va emPefardvovy v mapamdve vrddeon (Proukakis et al., 2013b).

1.3.2. IIeprfaiiovtikol mapayovres KIvOUvov

[Tépav TV YEVETIKOV TOPOYOVI®MV TOV GLVIEAOLV GTNV EKONAMGT THG VOGOL
tov Parkinson, vtapyovv cuykekpipévol mepBaALOVTIKOL TOPEYOVTES, Ol 0TTOT0L £XOVV
gvoyomomBel yio v eumiok”] TOvg otV ekdNAwon kol €EEMEN  SpOp®V
VEVPOEKPVMOTIKOV 0acbeveldv. To mo yopaKTNPIoTIKO TOPASELYHO. U YEVETIKOD
napdyovta omoteAel n o&ela N Nma (vmoeia) €kBeon oty purtoyovdplaxn to&ivn

MPTP (1-peBvro-4-parvvro-1,2,3,6,-tetpadddpomvpidivn) (Hubble et al., 1993; Ikeda

17



EIZAT'QI'H

et al., 1992). Katd ) didpkeia tov 1970-80 ypHotec VOPKOTIKOV 0VOIHOV avETTLERY
CUUTTOLOTO, TOPKIVCOVIOUOV, YEYOVOS TOV amododnke otnv mpdouén pe v ovcia
MPTP (Langston et al., 1983; Ramsay et al., 1986). H ovcia avth, av kot gv yével
afAapne, etvar MTodeAVT] Kot SlomEPVE TOV QUUOTOEYKEPOAIKO QPayHd OTOov Kot
oewwdvetar ond v ofewdon B tov povoouwvov, €vivpo mov dwbétovv Ta
aotpokvTTOpa, 610 ToEIkO 1 péBLA-4 eowvvr-pyridinium (MPP+) 16v. H emihektikn
evaoOncio. TOV VIOMAPIVEPYIKOV VELPOVODV otnv Ttolivn avty oesiketon otV
TpocANYn g oamd To petagopéo NG viomapivng. Méca o100  vevpmva,
OLYKEVIPMOVETOL OTO MITOYOVOpla. Omov mpocdévetar ot NADH debdpoyovion
aVOOTEALOVTOG TO GOUMAOKO | TG 0ALGId0G LETAPOPAC NAEKTPOVI®DV KO 0O YDOVTOG
TEMKA 6€ duoAElTovpYia TV ptoyovopiov. To evpnua 6Tt dropa mov Exovv ektebel
o MPTP oavontdocouv cuopntdpate oxedov movouoldTumo e VTE TG VOGOV TOL
Parkinson, omoteAei £va apy£Tumo TOPASELYHA Y10 TO TMOG pLo TEPPAALOVTIKY TOEIVN
pmopel va punBet ta KAvikd ko wafoAoyikd YopaKTNPIoTIKA TG VOGOL, oV Kot 1
nafoloyia Tomov Lewy dev amavtd otovg ypnoteg MPTP.

Extoc and 1o MPTP, vrmdpyoov war GAleg Tto&ivec mov mPOKOAOVLV
pitoxovoplaxn  dvcAsrtovpyion kot €xovv  cvoyetiofel pe  avEnuévo  kivouvo
gkONAmong ¢ vocov tov Parkinson, mopott o akpirig unyavicpds dpdong touvg
napapével apeiieyouevog (Franco et al., 2010). Toco 1o (ilavioktévo paraquat
(McCormack et al., 2002), 6co kot n potevovn (Tanner et al., 2011), mov &youvv
ypnowonomBel ®g yewpywkd eviopoktova, mpocopordlovv dopikd 1o MPP+.
Emdmuoroyikéc peréteg £xouv cuvoéoet TNy €kBec GTU TOPATAVE® EVIOUOKTOVA LE
avénuévo Kivéuvo eupdaviong g voocov tov Parkinson. ®aivetar 6Tt ot &v AOY®
vevpotoiveg mpokalovV 0EEWMTIKN BAAPN 0TOVG VELPDOVES TNG HEANVOS OLGTOG KOt
TOPKIVGOVIGHO, TOGO G€ TTEPapatdlma, 660 Kot 6ToV dvOpmTo.

Artiohoyikd €xovv culntBei emiong ko dAleg to&iveg, TpoPikol mopdyovted,
TPOWUATIGHOL TOV KeEVTPKOL vevpwkoL ovotuatog (KNX), woyevelg oAeypovég
(eyke@OAITION) KO TPO®PN YNPAVOT TOV VELPOVAV NG HEAavag ovciag. Emiong, n
nlkio amotedel évav amd TOVG MO CNUOVTIKOVS Tapdyovieg mpodidbeong otnv
mAeoynoeio tov teputtocewnv (Dexter and Jenner, 2013). Qotdco, mapapével oo
acaQEC TO KATA TOGOV 1 YPOVOAOYIKN MAkio 1 m dwdikacio ™G yNPAvong
gvBouvovton v avtd (Kempster et al., 2010). Télog, mpénel vo. avaeepbel katl to

EYKEPOMKO  TpadUd, ©G £€vag OoNUOVTIKOG  moapdyoviag mpodidbeong,  mov
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emavelnuuévo €xet avaderydel péoa amd emdnuoloykéc peréteg (Lehman et al.,
2012; Savica et al., 2012).

1.4. Myyavicuoi vevpoekpviions ety voco tov Parkinson

Me Bdon ta mopamdve, eivor TAEOV GaEEGg OTL N auttoloyia TG maboyévelag
¢ voéoov tov Parkinson eivon e&aipetikd moAdTAOKN Kot Yoo avTtd PHéEYPL KOl GTIUEPQL
dev €xel mMpwg amocapnviotel. Qotdco, M TANOOPO TOV  ETONUOAOYIKOV,
YEVETIKOV Kol UETAOOVATIOV EMIGTNUOVIKOV HEAET®V ©€ OVTO TO TEdi0, £yovv
OLUVOPALEL ONUOVTIKA GTNV KOADTEPY KOTOVONGTN TOL HOPLOKOD LIOPabdpov TN
acBévelog. Ot pehéteg avTEG KOTAOEIKVOOLV TIS OOTOPOYEG OTH  UITOXOVOPLOKN
Aertovpyio KoL TO CUGTNUO TNG TPAOTEOGTACNG WG TIS KUPLEC GUVIGTANEVES Yo TNV
gkONAmon g vocou tov Parkinson, pe 1o 0&gdmtikd otpeg va. dtadpopatilet To poro
70V Pactkod cuvdETn neTa&d TV 800 Tapamdive Tadoroyikdv yeyovotov (sikova 3)

(Lim and Zhang, 2013). ITio avoivtukd:

Avciertovpyio Tov mroyovopiov: H PBAAPN ot Asttovpyio tov pitoxovopiov
amotelel Eva evpL TEDIO EPELVOG OTIS TEPUTTAGELS TOV VEVPOEKPVAICTIK®V VOS®V. Ot
VELPAOVEG TAPOVCIALOVY €vtovr UETOPOAIKT) €VEPYOTNTO KOl Ol EVEPYELNKES TOVG
arontoels eEaptavol amd tov aepofro petafolopd. Ta ptoydvopla GLGGOPELOVY
TAN00G PETOAAAEE®V KATA TN GLGIOAOYIKT O1001KAGIO TNG Y PAVONG, LE OMOTEAEGLLOL
™mv averapkn mapayoyn ATP kot t dnuovpyio evepydv popeav o&uyovov (reactive
oxygen species, ROS). X voco tov Parkinson apxetég evoeiEelg vrootnpilovv v
avemdpkel Tov cLumA&ypoatog | g avomveLOTIKNG OALGIdOS, €VM  UELOUEVT
dpaotnploTTd TV £XEl Ppebel ot péhouva ovoio acBevov (Mann et al., 1994,
Schapira et al., 1992). Opiouéva yovidlo mov £xovv GYETIOTEL pE TN VOGO TOL
Parkinson pmopovv emiong va cuvoebovv kot pe Tn Aertovpyio TV HIToyovopiomv.
‘Etot, n PINK1 kou n Parkin @aivetar va dpovv oto idt0 povomdrtt, pubuilovrag
Aertovpyia tov ptoyovdpiov (Silvestri et al., 2005). Awayovidikoi pbeg 6Tovg 0moiovg
éxer apoupedel gite to yovidro g PINKI gite g Parkin, mapovoialovv peimpévn
OVOTTVELGTIKN AEITOVPYiQ, EVAO 1 HOPQOAOYio T®V HITOoYovopimv elval QLGIOAOYIKN
(Gautier et al., 2008; Goldberg et al., 2003; Itier et al., 2003; Kitada et al., 2007).
Emumdéov, povtého Drosophila, 6to omoio €xel amocimmnOel to yovidio tng Parkin,
YOPaKTNPILETOL OO EKPLAICUO VOGS VTOTANBVGLOD VTOTOUIVEPYIK®OV VELPOV®V. O gV

AOY® QOVOTLTOG EVIEIVETOL TOPOLGIO HETOAAAE®V TOL TPOKOAOVV OTMOAELD TN
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Aerrovpyiog g S1-tpavepepaong g yhovtadeiovng (Whitworth et al., 2005). Télog,
o€ KLTTAPIKA cvothuoto £xel detybei 6tL ) Parkin emdyetl tnv ekAektikn omoudkpovvon
TOV QLGAEITOVPYIKDOV UITOYOVOPI®V, SIUUECOAAPOVTOS TV EVOOKVTTAP®GT TOVG Ad
T avtopayoodparto (Narendra et al., 2008).

AVGAEITOVPYIO. TOV GUGTINUATOV OTOIKOOOUNGNG TOV TPMOTEIVAOV: O pOLOC TNG
TPOTEACOUIKNG — Amotkooounong &xet  peietnOel, eKTEVOC, O©E TEPMTMOELG
VEVPOEKPVMOTIKOV  voowv. H JdvcAettovpyla TOUG GLOTAUATOG  OmOdOUNONG
ovPovitvng-rpmteacopatog (Ubiquitin-proteasome system UPS) éxet mpotabdei ot
eumdéketol oty maboyévela tng vooov tov Parkinson. Ta cvcoopatdpoto Lewy
&xel Bpebel 6T mepi€yovv ovotatikd tov UPS, 6mmg ovfikovitiviy Kot vrootpdpota
TOV TPMTEACDOUATOG, EVAO G€ DAIKO amd Proyieg &xet Bpebel 40% peiowpévn evepyotnra
TOV GLOTHUOTOG, OV eviomiletar emlektikd otn pélawva ovoio (McNaught and
Jenner, 2001). H ovocwoioyikn dSwdikacio g ynpavong odnyel o€ petmpévn
dPACTNPLOTNTO TOV TPMOTEACHUOTOS WLTEPA GTN LEANVO OVGIML, YEYOVOS OV TavA
v cUUPAAEL oTNV EMAEKTIKN gvatctncio TV vevpmvev g pnélawvag ovciog (Zeng
et al., 2005).

H oanowodounon tov mpoteivov pécm Tov GLeTNUATOS ovtopayiog /
Avcocopatog  eaivetor  vo  dwdpapariler, emiong, onuoviikd polo o
VELPOEKPLMOTIKY dtadikacio, mov yapaktmpilel ™ voco tov Parkinson. Onog kot
OTNV TEPIMTOGN TOV TMPOTEACAOUOTOS, 1 CLTOPOYIO HEIDVETOL GTASOKE HE TNV
dadwkacio g (Nixon, 2013). Eniong, ivar yvwotd 6t cupPariel otn poduion tov
EMMEOMV KOl TNV OTOKOIOUNGT TOV SPOPETIKMOY HOPPOV TNG 0-CLUVOVKAEIVIG
(Vekrellis and Stefanis, 2012).

e in VIVO pelétn, otnv omoio poeg vréotnoav ypovia ékbeon otnv to&ikn
ovcioc. MPTP, mapatnpfnke cucGodpevuon TG 0-GUVOVKAEIVIG GE VELPAOVEG Kot
TOPOVGI0. OVGAELTOVPYIKAOV AVCGOCOUATOV, VTOONADVOVTOG OTL TO. AVGOCMOUOTOL
LITOPEL VO GUUUETEXOVY oTNV amoddunon maboloyikng a-cvvovkieivng (Meredith et
al., 2002). EmumAéov, éxer deyybeil otL o1, oyetilopeveg pe m voco tov Parkinson
HETOAAQYUEVES HOPPES TNG O-ouVOVKAETVIG AS3T kot A30P, (PAm. evotyra 1.3.1.),
KoODC Kol 1 TPOTMOMOMUEVY] OO TN VIOWOUIVI] QULGIKOV TOTOV TPMTEIVN,
napepmodilovy éva mo €£e101KELVUEVO HOVOTTATL avToPayiog, Tn dlapuecoAafovuevn
amd mpoTeivec ouvodovg avtogayio (Chaperone-mediated autophagy, CMA) (Cuervo
et al., 2004; Martinez-Vicente et al., 2008; Xilouri et al., 2009). Katd cvvéneia,
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TPOKAAEITOL GLGGOPEVSOT TOV VIOGTPOUATOV THG CMA Kol Tepaltépw aOENCT TOV
TPOTEIVIKOL POPTIOL.

O&eooTikd otpeg: H avénuévn evmdbeia mov mapovstalovy ot VIOTOUIVEPYIKOT
VEVPMOVEG, Ol omoiol TpooPaiioviar otn voco tov Parkinson, ogeiietan, g eni to
migiotov, otov vynAd pvdud petafolopov Tovg, KaBDg Kot TovV 0&E0MTIKO
YOPOKTAPO TOV TOparpoidviov tov Kotafolopod ¢ vromauivng (Lotharius and
Brundin, 2002). Yné cuvbnkec £€viovou 0EEBMTIKOD GTPEG, TPOTOTOUNUEVEG LOPPES
TOV TPOTEVOV, AYx. vitpoloMouéveg mpwteives, kobiotavtolr evdAmTeS 01N
dwdwasio ™ AavOacuévng avadimiwong, He GUECO €MOKOAOVOO TNV TPOTEIVIKN
ovoooudtoon (Uversky, 2007) kot telMkd tnv kuttopik] ek@Olon. H 6Okn
Katdotoon emPopOveTonr amd ol OLOPOIVOUEVY OVETAPKELDL TOV EVOOYEVMV
avtio&eldoTikdv cvomudtov (Jenner, 2003). Télog, onuavtikn Tyn 0EEBOTIKOD
otpeg oamotehel m Odleyepoipotobikotnta  (excitotoxicity), m omoion mOovov va
SLUPAALEL GTOV EKPVAMGUO TV VIOTOULVEPYIKMDY VELPOV®OV 6T voco tov Parkinson
(Beal, 1998; Bonifati et al., 2003; Sonsalla et al., 1998).

®lheypoviy: H pleypovn givor pia dtadikacio mov Ppicketor og cvuveyn eEEMEN 6TOVG
gykepdlovg towv aocBevov pe Parkinson. Toupewvo pe pelétec, mapatnpeiton
gvepyomoinon tov kuttdpwv pkpoyroiog (McGeer et al., 1988), kabmg kot avEnon
TOV EMTEIOV TPOPAEYUOVOIDV HEGOAUPNTOV, OTMOC O TOPAYOVTOS VEKPOONG o
(TNF-a), n wrepievkivn-1B (IL1B), n wrepievkivn-6 (IL6), cuvbetdon tov vitptkod
o&éog (INOS) kot 1 kvkhoo&vyevaorn o610 VEO-pafdwtd kot TN péEAOvO ovcio
(Whitton, 2007). Yo @uoioloyikég cuvOfkec n dladikacio Thg @AEYHOVG givat
LoTiKng onuaciog Yo T pUGLOAOYIKY] Asttovpyia Kol TNV Tpoctacio 1060 Tov KN,
0060 Kol TOL TEPLPEPIKOV €LPIKOV ocvotnuatoc. Eviovtolg, oe maboAroyucécg
KOTOOTAGELS, Kol 70 OGLYKEKPEVH ot vooo tov Parkinson, n dwadwkacio vt
pmopel va givor aveEEleyktr, He TNV LVREPPOAIKT EVEPYOTOINGT) TOV KLTTAP®V TNG
piKpoylolog, TEPOUITEP®  TOPAYM®YN TOV  KLTTAPOKIWVAV, KoODG Kol  GAA@V
QAEYLOVOO®MV LECOAAPNTOV, Kol ATEAEVOEPOON KATACTPENTIKAOV Hopimv, Onwg .y,
ROS.

"Eldewyn vevpotpo@ik@dv mapayovtov: Ot viomopivepytkol veEvpdveg eEoptdvTon
Omd KLTTAPOTPOPIKOVS TAPAYOVTEG TPOKEIUEVOL VO SLOTNPNGOVY £V PLGLOAOYIKO
eomtepkd mepiBdrrov (Brundin et al., 2008). Zopupwvo pe apketég ovapopés To
Baowd yayyMa tov acbevov pe voso tov Parkinson ekepalovv peiopéva enimeda

VELPOTPOPIKAOV TTAPAYOVTWV, HETAED TOV OTOI®MV 0 VEVPOTPOPIKOS TOPAyoVTaS TOV
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npoépyetal and yhowokd kotrapa (GDNF) kot o mpoepyduevoc amd tov eykéPalo

vevpotpopikog topayovtag (BDNF) (Siegel and Chauhan, 2000).

Mepifdaihov
VTOTTOUIVERYIKLY VEURLWVOOY

yhouTaopmvikg ofo

AryeprmipotolikdrnTa ;
Parkin®

- J'.‘ [ DMK _— 1 ___——"f-f
Evepyotmomysiva = Tapay
HipoyhasTes & —{ \ *
KiFr o | NEYPOEK®YAIZMOE ]

Bheypovy

Ewdévo 3: Kopot popuokoi punyovicpoi mov copfdilovv otn Stodikooio. VELPOEKQUMGLOD T@V
VIOTOUIWVEPYIKOV VELPOVMV TNG HEAAIVAS 0Voiag Tov eyke@dlov otn véoo Tov Parkinson.

Ta dwhd yoralio PEAN avTITPOCOREVOVLV HOPLIKOVG UNYOVIOHOVS, Ol 0moiot oAANAETOpovY Kol
emnpedlovy poplokég dradikacieg, mov Aaufdvovv ydpo otn voco tov Parkinson. Ot dumhég élkeg
amelkovilouy TIC KVPLeg YEVETIKEG UETAAAGEEIG TOV amavTOVY GTIC OIKOYEVEIG HLopeég g vooov. Ta

Kapé PEAN ameucovilovy TEPUTTMOELG, OTOL Ol LETAAAAYUEVEG TPWTEIVEG £lval SUVOTOV Va ETSPACOVY
0TI KUTTOPIKEG AELTOVPYIES KoL VO EXAYOVV UNXAVIGHLOVG KLTTapkoD Bavdtov mov yapaktnpilovv
mOavov Kot Tig 6Topadikés Lopeéc TG vooou (Dexter and Jenner, 2013).

Agdopévou Tov HeYAAOL aplBol TV «HOPLaKOV» VoYWV, KabioTatol capis
ott M maboyéveln ™G vocov mepthapfavel éva eapetikd mepimAoko SikTvLO
aAAnioemnpealOUEVOV LOVOTOTIOV, TOPA Lo YPOUUK: oelpd yeyovotov. Kotd
GUVETELD, 1] KOADTEPT] KO 7TLO OVGLAGTIKY KATOVONGT TOV SpOP®Y LOVOTOTIOV TOV
oyetilovtar pe voco, Kabmg Kot 0 TpOTOG pe Tov omoio emdpd To £va 6TO GLANO,

duvntikd Bo propovcav va emTilovy véeg 0000¢ Yo BEpameVTIKEG TPOGEYYIOELS.
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2. Kvrrapixkn Bioloyio kai Broynueio tns a-2vvovkigivyg

2.1. Aouij kat EVTomGUOS THS A-GOVOVKAEIVG

H a-cuvovkieivn amotedel 10 TpOTO HEAOG TNG 0IKOYEVEING TV GOVOVKAEIVOV
(a-, B- kou y-cvvovkAElvn Kot cuvopetivn) (ekéva 4). Ot cuvovkieiveg amotelobv
HIKPES, WO1oiTEPA GUVINPNUEVEG TTPOTEIVEG, Ol OTOlEG EUMAEKOVTOL GTN PUOION TG
OLUVOTTIKNG Aeltovpyiog Kot oyetiloviow pe v TaboyEVELD VEVPOEKPUAMGTIKMOV
VOONUAT®V, TOV OTOKOAOVUEV®DV «ovvovkieivoraleiwvy. Tlapadetypoto téTolwv
VOGOV AmOTEAOVY 1| VOGOG TV copoTiov Lewy, 1 atpopio TOAATADV GLUGTUATOV
(Multiple System Atrophy, MSA), n mapaiiayn tg vocov Alzheimer pe copdrtia
Lewy, 1 vELPOEKPUAIOT LLE GLYKEVIP®ON GLONPOL 6TovV eyKéparo THmov 1 (vooog
Hallervorden- Spatz) xai, guoikd 1 voocog tov Parkinson (Dauer and Przedborski,
2003; Galvin et al., 2001; Vekrellis et al., 2004).

H Owcovéveara tav Lovovrieivav atov avlpmmo

appipLiy Temoypij NAC meproyy wapfodvreiikij ovpd
] . (vdpopofy)
0140 | S U WU O
a-112 [
: : : : L0 131 140
ﬂ : — - I By I fl ];L;”I: :
E 20% S0% P 929 33% 134
b i i I
E T5% : 574, ' 6% 127
KorTikoume 1 (1} 72 84 95

Ewéva 4: Tynpotikh) ameicdvion e otkoyEVELNS TV GUVOVKAEIVOV (a-,B-.y-) otov dvBpwmo.

O dwopopetikég ovvovkieiveg amekoviloviar g papdor. O aplBudc tov apvoéik®y Kotaroinmv
amewcoviletar 610 TéA0G NG KGBe mpwteivig. H apeipiin apwvotedikn mepoyn, to vopopoficdé NAC
mentido kot M kapPoutelkn ovpd  Sroywpiloviar pETAED TOVG HE KATOKOPLOES OLOKEKOUEVEG
ypoppég Kot ametkovifovrat e dtapopikn dtaypdupon. H minpovg pikovg a-cuvovkieivn (a-140), to
TPOTOV EVOALOKTIKNG @PILOVOTG TG 0-GUVOVKAETVIG (a-122) ard 1o omoio Agimovv 28 apvoééa and 10
KkapPo&utelkd g dKpo N P- Kot 1 Y-cuVOLKAEIVY omekovifovtal 1 Hid KAT® amd TV GAAN. Amd T
B-cuvouvkAgivn Agimovv 11 apuvo&éo amd ™V kevipikn mepoyn tov vopopofikod NAC mertidiov
(apvo&ikd katdiouro 73-83). O Pabuodg g apvoEkig oporoyiog HeTa&h TV GUVOVKAEIVOY, (Bdoet
avéAvong petalhd SlopopETIKOV €100V), divetal ¢ m0cooTd Kdtw and kdbe emkpdreio (Avatdmwon
and Lucking and Brice, 2000).
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To Ovopa «oVVOLKAEIVIY, OQeileTonl € pio €01KN VELPIKN TpwTeivn 143
QUVOEIKOV KATOAOIT®Y, 1 omoie amopovadnke omd 10 MAEKIPIKO Opyovo TOL
niextpikod yehov Torpedo californica. H ev Aoym mpwteivn iye evtomiotel 1660
oTIg oLVVAyelg, 0G0 KOl GTOV TVPNVIKO GAKeEAO, €5’00 KOl 1 OVOHOGio TNG. XTOV
AvOp®MTO N 0-CLVOVKAETVT, TOL EKPPALETOL TPOTAPYIKA GTOV EYKEPAAO, OMOTEAEITOL
amd 140 apwvoéikd katdroura (George, 2002). O axpipnig eviomopog e HEoH 6T
VELPIKA KOTTOPO TOPOUUEVEL AGAPNC.

Y10 opwo KNX 1 a-cvuvovkieivn oaivetor vo evtomiletor Kvpiog oTIg
VEVPOVIKEG  OMOANEELS, OE TPOCULVOMTIKEG TEPOYEG OE  TMOPUCKEVACUATO
TPOGVVONTIKOV KVOTOIWV, Yopig Oumg vo avevpioketon péco oe ovtd. [Hapd v
Koplopyn €KQPOCT] TNG GTOVG VELPMOVEG £XEL EVIOMIOTEL Kol G€ MOWKIAOVS GAAOLG
KLTTAPIKOUE TOTOVG, OTT®S, KOHTTAPO, YAOING, aupometdlia katl epvBpokvttapa (Clayton
and George, 1998; Clayton and George, 1999; Mori et al., 2002; Park et al., 2002a).

Ytov avBpwmo, 0 yovidlo g a-cuvovkAeivng, SNCA, edpdletor oto pakpd
Bpayiova tov ypopocopatoc 4 (4021.3-922). H mpwteivny oamoteleitor amd 140
apvoikd KatdAouro kot amaptiletal amd Tpelg Slokpltég meployés (ewova 5). Oépet
éva eEapeTkd cLVTNPNUEVO apEiPA0 apvoTelMKd akpo (apvo&ikd katdiowro 1-
60), 10 omoio mapdTL 68 d1dAVLA TOPOLGLALETOL YWPIC CLYKEKPLLEVT OPYAvVMOT Elvan
oe 0¢om vo petaPet og dapopemon a-Elkag katm omd tpovmodécelg (George, 2002).
210 apIvoTEMKO GKPO TNG 0-GLVOVKAEIVNG evtomilovtal Ol YOpOKTNPLOTIKEG ENTA
emovoAnyelg tov ocvvrinpnuévov potifov KTKEGV. Avtég ot emavoliyels €xet
Oeyyfel amd perétreg OTL ovuPdAiovv 61N Onovpyios TG SOUNG A-EMKOG GTO
OUIVOTEMKO GKPO TNG 0-GLVOLKAEIVNG Kol OTL givon amapaitnteg Yo TNV TPOGOEST
™m¢ mpoteivng oe Amidwo (Perrin et al., 2000). Exiong, 1o apivotelhkd akpo g o-
GLVOVKAEIVIG Qaivetal vo evBhveTal Yo TNV 0cOeV] GUVIEST] NG LE TO. GLVOATTIKA
kvotidla (Jensen et al. 1998, Geo,p.19). To kevipikd TUNUO TNG €V AOY® TPOTEIVIG
elva vVOPoPOPikd (apvoéikd Katdroura 61-95) kot etvan Kupiwg yvootd o¢ to un-AP
AUVAOEIOEG GLOTATIKO TV TAAK®Y TG vocov tov Alzheimer (NACP) (Vekrellis et
al.,, 2004). Xto tufpo avtd, oeeileTtonl Kol T IKOVOTNTO TOL HOPiOL NG o-
oLVOLKAEIVIG va petafoivel amd por Sapdpemon Tuyxoiag mePEMENS o o
dapdpemon B-troymtig empavelag (el-Agnaf and Irvine, 2002; Serpell et al., 2000;
Walsh et al., 1997) ko vo dnuovpyel tpwtoividio kot vidia mov opotdlovy pue avtd
Tov apviogdovg (Conway et al., 1998; Ding et al., 2002; El-Agnaf and Irvine, 2000;
el-Agnaf and Irvine, 2002; EI-Agnaf et al., 1998; Giasson et al., 2001; Giasson et al.,
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1999; Harper et al., 1997; Hashimoto et al., 1998; Narhi et al., 1999; Walsh et al.,
1997). To kapPo&utehkd Grkpo ¢ a-cuvovkAgivne (opuvoéikd katdAouta 96-140),
&xel Wwitepa petafint) Swpdpemon Kot givor mAovclo og apvo&én TPoAivng,
yhovtapvikod kot acmaptikov o&Eog (Cookson, 2005) (ewkova 5). EmmAéov, eivor
vrevbuvo Yoo TNV EvePYOTNTA NG ¢ TP®TEIVI-cLVodOS. Télog, Oa mpémer va
avaeepBel OTL 1 IGOLOPPN TNG A-GLVOVKAEIVNG, TOL EKPPALETOL KVPIWG GTNV Kapdld,

TO OKEAETIKO [V KOl TO TAYKPENS, amotereitol and 112 apvolukd katdhotma.

E46K Gs1p
A30P |HS0Q | AS3T
1 A A A A 05 140
T
NH, . —CO0H
(AP LAY TEpLOE MAC mepuoy v mepLog

! 4 f

B Gueppiapapoom) femmoyoeTic cmupavong
o a-dhaeg T exnpeiTy T e
mEisiom) oo pecpoiarifo T Supengrria v

EVE[FMITI| T Mo TEVR G aansd o
AXCTTRETIN TH| GUFCs| bl T ]

Ewéva 5: Zynuotikn oneikovion g TpoToToyons SOUNG ThE 0-GUVOVKAETVIG.

To apwotedikd dxpo mepihapPdver po covenpnuévn aiiniovyio. To kevipud, vIpOEofo TUNHO
nmeptrapPaver v meploy] NAC kot to 6&vo KapPoluterikd dkpo drabétel poro Tpwteivg Guvodov.
Inuetdvovtol ot Bécelg Tov 5 onuelakdv petaAraewv A30P, E46K, H50Q, G51D wor AS3T.
Avanpooappoyny omd (Greggio et al., 2011; Recchia et al., 2004) ko Vekrellis, Minakaki and
Emmanouilidou, 2010 (Book Chapter, Effects of Alpha-Synuclein on Cellular Homeostasis).

AvoouVOLOCHEVE LOPLOL 0-CLVOVKAETVIG G VOOTIKO dldAvpa dev AmOKTOOV
eviaia kol otafepn devtepoTayn doun Kol ®¢ €K TOHTOL M TPWOTEIVN Bewpeitanr OTL
Bpioketar puowkd oe avadiatayuévn popen (Weinreb et al., 1996). IMapodia ovtd,
LEG® TOVL OULVOTEAIKOD TNG GKPOV £YEL TNV KAVOTNTO VO TPOGOEVETOL OVAGTPEYILLOL
oe MIOKEG pepPpaves kot vo amoktd dgvtepoTayn doun oynuatiCoviog aperoadeic
a-éMkeg mpocouotalovtog Tig anommonpmteivec (Eliezer et al., 2001). IToAlamhég
oAANAemIOpdoelg PETAED OUVOTEAIKOV Kot KopPoEuTeEAKOD GKPOL 00MyOoUV GTO
oyNUaTicpd TANOOPOS TOPOSIKMOV SAUOPPDOGEMV, OTOIIO0VTAG GTO LOPLO Lo LOPON
dopkng mAacTikOTNTOG €E0PTMOUEVNC TOGO OO TOV EVIOMIGUO TNG OGO Kol OO TIG
TPOTEIVES E TIG OTTO1EG OAANAETOPA, YEYOVOS TTOV SIKALOAOYEL TO YOPAKTNPIGUO TNG
o¢ TpoTeiv «yaporéovtay (Bertoncini et al., 2005; Dedmon et al., 2005; Lee et al.,
2005b; Sandal et al., 2008; Uversky, 2003). Ot dopikéc avtég 1010TNTEG KO M

EVOOYEVNG QPULGIKN TNG TAGT Y. GLCCOUATMON, givol TOAVOV v eUTAEKOVTAL GTNV
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TOOOAOYIKT HETOTPOTN TNG TPOTEIVIG OO TN LOVOUEPT LOPPN GE QLT TWV, OPYIKA
OWALTAV, OAYOUEPMOV KOl €V GUVEXEID TOV OOAALTOV VNUOTOEWOV Hoppmv. Ot
TEAEVTOIEG OVELPIOKOVTOL GTO GLGCOUATOMATO Lewy kot oyetilovtal pe eK@OALON

Ko veupmvikd Odvato (gtkova 6).

e
(I-GUVOUKLETVY) s Sapdppoon
P-mropemic smupiveuag

Lopmpuca
RPOTOIVIOW

Kuxkhaxa Mporoividu Ividw
TPOTOTVIOUE e popen arNeidas

Ewkéva 6: Awdikosio mopnveoonc.

H pn avadumlopévn a-cuvoukAeivn (ETavm) amoKTd [io TPOPOVY GOOLPIKT SoUdOpP®oT, 1) omoia ivat
dvvatdv vo ovcompevbel oto kuttapdémiacpa. Kabdg n cvykévipoon g avdvel, ol oQaiptkég
pnop@és etvar duvatd va evwbodv petald Toug Yo va oynuoticovv ev duvapetl to&ikd tpwtoividio o
ofpe cAvGidac. AVt To S10AVTE OALYOLEPT), EV GUVE)ELD, LTOPOVV ElTE VO SMDGOVV YEVEST] GE KUKAIKA
TPOTOWVIdLN, HLECH CAANAETIOPOONGS TNG KEQAANG TOL EVOG UE OVPA TOV GAAOVL &iTe OAANAETOPDOVTOG
mAEVPIKA TO €va Ue TO GAAO, vo dnpovpyncovv addAvta wvidla, to omoio amotelovV TO KOO
ovotatikd TV copatiov Lewy (Giasson et al., 1999).

In vitro peiétec mov 6ToyEHOLY GTNV KATAVONGT TOL UNYXOVIOUOD, HEGHD TOV
omoiov po T060 SAVTN TPMTEIVN KATOANYEL VO amoTeAEl TO BOGIKO GLGTATIKO TV
TPOTEIVIKOV eYKAEIoTOV, £(0VV 0gi&el OTL TOCO 1 PLGIKOV THTOV O-GLVOVKAEIVY OGO
Kot ot petoddaypéves g popeés AS3T wor A30P, mapovoidlovv peiwpévn
StAvtoéHTTO, VoTEPQ OO EMDOCT GE VOATIKO OdAVL, GE PLGLOAOYIKT Beppokpacia.

Avt] 1 oAlayn oTIC QUOIKEG TNG W10TNTEC 00MYyel, TEMKE, O©TO GYNUATICUO
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emyumkvpévov wdiov (gwéva 7). Tlapdho mov m doun G a-GLVOLKAEIVNG €xel

YapaxTNPLoTel in Vitro, Alya eivon yvootd yio T UGIKn doun TG 6To. KOTTOPO.

Ewova 7: Hlexktpovikéc owtoypopic wvidimv

0-GLVOVKAEIVNC oL dnuovpynOnKay in Vitro.
(A), (B): ®vowov tomov a-cvvovkiegivy. (I),

(A)  Metodhaypéveg  Hopoég TG O-
ovovoukAeivng, AS3T (I) wor A30P (A)
(Giasson et al., 1999).

H apvo&ikn adAniovyio kot 1 Sopn piog TpoTeivng eivol cuvuQAGUEVES IE TN
Aertovpyion g, Ta tedevtaio ypdvia, yivovior OLVEXELG KOl GUVTOVIGUEVECS
TPOoTADELES, TPOKEWEVOL Vo dtadevkavOel 1 dour TG a-cLVOVKAEivg, IN VIVO, pe
OKOTO VO YOPAKTNPIGTOVV Ol SIUOPPAOCELS EKEIVES TTOL KOBOPILOVV TIC 1010TNTES TNG
TPOTEIVNG HEoH OTO KOTTOPO, KOl EKEIVEC TOL TOPEKKAIVOLV Kol 0OMyovvV of
noboroyikég  kataotdoslg, Ommg M vocog tov  Parkinson, koi  dAdeg
OLVOVKAEIVOTTAOEIEG. XE aVTA TOL TAAICLL, O OAYOUEPIGUOG TG O-CUVOVKAEIVIIG 1 1
aAAnienidpacn g e dAleg Tpwteives £xel mpotabel w¢ mBovOg UNYOVIGUOGS, LECH
TOL 0moioL M A-CLVOLKAEIVN glval og BEon va AapPavel SLOPOPETIKEG SUUOPPDCELG
Kot Aettovpyieg in vivo (Lashuel et al., 2013).

Zopeova pe 3o TPOGPOTEG HEAETES, IN VIVO, VIO PLGIOAOYIKEG GLVONKES, M
0-GLVOVKAETVY, BpiokeTal VIO T LOPET| EVOG avadimAwuévoy teTpapepovs (Bartels et
al.,, 2011; Wang et al., 2011). O Bartels kot o1 cvvepydteg tov, pe ™ Ypnom
ypopotoypaeiog ombnong mnkmc (SEC), native PAGE (clear kot blue-native
PAGE), xabmg kot pétpnong mg tooppomiog kabilnong, £0ei&av 6Tt 1 amopovmuévn
0-GLVOVKAETYN amd KVTTAPIKEG GEPEG ONAACTIKAOV 1| A £puOPOKHTTOPO, VITAPYEL OG
otafepd tetpouepés and a-EAkeg, poplokov Bapovg 58—60 kDa (Bartels et al., 2011).
> devtepm peAétn, mn opada tov Wang, Pacilopevn omnv TLUPNVIKA HOYVNTIKY
topoypapioc (NMR), ™ pébodo g ymukng ovlevéng kou t SEC, €dei&av 6t

napayopevn amd to Poktiplio Escherichia coli a-cvvovkkeivn amavtd og éva
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«uvapkd tetpapepécy mAovolo o€ dopéc a-éakeg (ewkova 8) (Wang et al., 2011).
Kot ot dvo peréteg vmoompilovv OTL M TETPOUEPNS EMKOEWONG OLOUOPOOOT,

avBioTatal 6T GLCCOUATMOT Kot T ONovPYia WIdiWV.

Ewova 8: IIpotevopevo LoviEAo Te TETPOUEPOVC
dOUNC TNC 0-GLUVOVKAETVIC.
Ot éhikeg avomopotovial ®¢ KoAwvdpol. To

apvoteMkd  Gkpo g mpoteivng  (N-)
QVTITPOCOTEVEL TO GKPO pe TV TPOTN EAika al
(KOAWVOPOG ONUACUEVOS LE TPACLVO YPDUO) VO
tedeldvel 610 apvo&ikd katdlouro 43. H devtepn
o 02, (KOAMVOPOG CNUUCUEVOG e UTAE YPMLLOL)
Eexwvd oto katdlouto 50 ko katoinyet oto 103
(ne v évdegn C). To tunpa tov ToAvmenTdiov T0
omoio avopévetal va otepeitol otadepng doung dev
\F Val 82 anewoviCetar. Ipocapuoyn and (Wang et al.,
N 2011).

Qotdéc0, ta mopamdve evpruata ogv  €xovv  emPeforwbel amd dAleg
gpeovnikéc opddeg. O Lashuel wkor ov ocvvepydreg tov, amopdvocov v a-
GLUVOVKAEIV amd KLTTAPIKEG GEPES ONAaoTik®V, ard epvBpokiTTopa, Omd EYKEPAAO
HLOG, eMipvog N avBpdmov Kot and dtayovidtokd (mikd poviéla. To amoteléopota
™G HEAETNG TG €01V OTL 1 KIVINTIKOTNTO OV TOPOVGIOCE 1) OTOUOVOUEVT O-
oLVOVKAEIVY o€ amodlatakTikég | un (native gels) cuvbnkeg Ntav TavopoldTuan e
NV avTIGTOLYT TG U1 OVOOITA®UEVIG LOVOUEPOVS 0i-GUVOLKAETVNG TToV &lye mopayDel
oe Paxtnpa E. coli (Fauvet et al., 2012b). EmumtAéov, ue Paon ta omoteléopata g
NMR, mov apopovv otV a-cuvovkAEivn 6 dBikto KOTTOPO, AmoKAEiETOL 1] TOPOLGiD
oTafEPAOV 1 LEYOAOLOPLAK®Y OAYOLEPDV OOUMV, EVA eMPEROIDOVETAL 1] EYYEVNG TAOT
™e TPOTEIVNS Yo EMAenym kaboplopévng dapdpemong (Fauvet et al., 2012a). Télog,
o Burre kot ot cuvepydtec tov, pe TN PO CLVOLAGUEVOV PLOYNUIKAOV TEYVIKOV,
amoppiTTOVY TN SO TOV TETPOUEPOVG G PACIKY SUOPO®CN NG TPMOTEIVIG Kot
EVIOYDOVV TNV GIOYN TOL U1 avadtmlopévon povouepote (Burre et al., 2013).

Yvvoyilovtog, €lvol EMTAKTIKN 1 OVAYKT Yo TV ovOTTUEN VEWV EPYOAEI®DV
Kol LeB0dOAOYLDVY, LE GKOTO TOV AUECO EVIOTMICUO Kol TNV Tapakolovdnon ailoymdv
OTN OOUN TNG O-GVVOVKAEIVNG KOl TOV OLPOPETIKMOV OAIYOUEPDV OLOUOPPDCEDY TNG
oe {ovtovd kdtTapo Kot in Vivo. Mévo pe autiv v mpocéyylon gival ouvotn 1
KOTOVONOT TNG QLUGIOAOYIKNG AELITOLPYIOG TNG O-CUVOVKAEIVIG KOl TOL UNYOVIGLOV

HES® TOV omoiov avtn petafdAleTal 6T TAOOAOYIKES KOTAGTAGELC.
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H o-ocvuvoukAeivn pmopel vo vmootel  SlGQOPES  UETO-UETOPPOOTIKESG
TPOTOTONGELS, OMMG POCPOPLAI®GT|, 0EEIOMON-VITPOLLAI®MOT KOl KATATUNGY TPOG
11 kapPoéutehkég meproyés (KoloPwon). Oswpeital de OTL AVTEG Ol TPOTOTOMGELS
HETAPAAAOVY TNV TAGN TNG A-GLVOVKAEIVNG VO ONUIOVPYEL OALYOUEPT] KO TPMTEIVIKA
ocvooopoatopata. [To cvykekpluéva, O10PKNG POOPOPLAIMON TNG O-GUVOVKAEIVIG
ot ogpivn 129 (Ser-129) mopotmpnnke opyikd o€ KLTTOAPIKEG KOUAMEPYELES
avOponvov HEK-293 ko PC-12 xuttapov enipvog (Okochi et al., 2000). EmutAéov,
N POCEOPVAIMOY GTO GLYKEKPIUEVO KaTdAomo £€de1Ee OTL aw&dvel TV Tdom S o-
OLVVOVKAEIVIC Yoo oynuotiopd widiov. To yeyovog avtd miotomombnke pe ) ypron
OVTICOUATOV EVOVTL TNG QOGPOPLMOUEVIG HOPONG TNG MPWOTEIVNG, OE TOWEG
EYKEPAAOV, CLVALVAOVTAG VTEP TOL POAOL NG POWGPOPLMMOONG GTO GYNUOTICUO
CLGOOUOTOUATOV Kol TPOTEIVIKOV eykieiotov (Fujiwara et al., 2002). IMopauévet,
TapOAO AVTA, AYVOGTO TO KATO TOGOV 1 TOPOVGIN POCPOPLAOUEVOV HOPPDV EXEL
KAmolo a1todloykd poAo otn Omuovpyio TV eykAeiotov 1 mpoOKETOL Yoo Lo
devtepebiovsa emakdOAovOn Tpomomoinon. Mu devtepn 0éomn POoEOPLAI®MONG GTO
apvoéikd KatdAouro tvpocivn 125 (Tyr-125) and v Src owoyéveln Kvooov
TVPOGIvNC €yl OeLyBel OTL OO KOTAGTAATIKG GTNV IKOVOTNTA TG 0.-GUVOVKAEIVNG Y1
ovocopdatonon (Negro et al., 2002). @aivetat, Aowwdv, 6TL | POOPOPLAI®OT UTOPEL va.
OLELKOADVEL 1] VO KATOGTEIAEL TNV IKOVOTNTA TNG O-CLVOVKAEIVIG Vo oMyouepiletan,
yeyovog mov oyetiCeton pe ™ B€om Kou to apvoéikd kotdAoino kdbe popd.

Ot Mo Kowég amd TG VITOAOITES LETAUETAPPOACTIKES TPOTOTO|GELS, OTMG M
vitpoluAmon kot n KohAOPwon, eaivetar va epgavifovial mo cvyvl g ToOOAOYIKES
Toapd 0€ PLOIOAOYIKEG kaTaotdoels. 'ExBeon oe ofedmtikovg mopdyovies M o€
napayovieg vitpoluAimong mpokaiel Owwepopd kol otabepomoinon widiov -
cvvovkAeivng in vitro (Hashimoto and Masliah, 1999; Souza et al., 2000; Takahashi et
al., 2002). Inueiwtéov de 0Tt 1 VitpoLLMOUEVT O-GUVOVKAEIVY aTOTELEL GLOTATIKO
otoyeio Twv cvooouatopdtov Lewy (Giasson et al., 2000a). Télog, n koAOPwon
Eyel ovoyetiotel pe avénuévn taon yuo oAtyouepiopd (Hoyer et al., 2004; Li et al.,
2005; Liu et al., 2005).
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2.2. O pv61040YIKOS pOLOS TGS O-GOVOVKLEIVYS

O @LGLOAOYIKOG POLOG TNG O-CLUVOLKAEIVIG OV £XEL TANPMG OTOGOPNVICTEL
HéYPL Kot onuepa, kaBmG To HOVIEAD HLMV GTOVS OToiovg £xel amocsionmndel m
EKepaon TG &v AOY® TPOTEIVNG deV TOPOVGLALOVY KATOOV 1O104TEPO POVOTLTTO
(Chandra et al., 2004). Emiong, sivar yvootd 01t katd tnv avamtvén tov KNX n
EKQPOOT) TNG 0-GUVOVKAETVNG émeTon TG dnpovpyiag Twv cvuvayewnv. Katd cuvénela,
1N SLUPOAN TOV GUVOVKAEIVOV GTO GYNUOATICUO TOV GLVAYE®MV d& QaiveTal va givol
onuovtikry (Murphy et al., 2000). Q61600, 0 EVTOTIGUOC TNE 0-GVVOVKAEIVIG OE GTEVN
OLOYETION UE TOL CUVATTIKA KLGTIOW TOV TEMK®V OTOANEEDY TOL VELPAEOVA, KOOMG
KOl 1 TOPOVGio TOV EmavOAaUPavOUEVOL HOTIBOV TOV TPOGOUOLALEL TO AVTIGTOLYO
TOV  OTOMTOTPOTEIVAV, OTO OUIVOTEMKO 1TNG GKPO, £YOVV TAUICIOGEL TNV
emKpoTESTEPT Bewpia, OYETIKA LE TO PUGIOAOYIKO TNG POAO GTO KVTTOPO, TOL 0POPA
otV aAAAETIOpacT TG e Mmidia Kot 11 SoKivnon TV GLVORTIKOV KuoTwimy. In
Vitro peléteg €yovv deifel 0Tt M a-cvvovkAgiv umopel vo. mpocdebel oe OEwva
POCPOMTIIIKA KLOTIOW, KATd TPOTO OV £mMNpedlel SPAATIKA T dELTEPOTAYY| dOUN
™me, petapdirovtag and 3% ce 80% 10 TOGOGTO TV 0-eAMK®V OV OWTN Synpatilel
(Davidson et al., 1998). EmuAéov, éxet derybei 6Tt 1660 M a- 660 Kot 1) f-GUVOVKAETVT
dpovv ®¢ oyvpol avactorelc g eooeoMmaong D2, n omoia evtomiletar otnv
TAOCUOTIKY]  HEUPpavn, KoOMG Kol o€ VTOUEUPpavIKG KLOTIOWL Kol Topdyst
POoEATIOKO 0&D pPeTd amd vopdIvoN TG PocatidvioyoAivng (Jenco et al., 1998).
Méow g aAdnienidopacng g pe ™ owceoAraon D2, éyer mpotabel 6tL N a-
ovvovkAeivn Ba pumopodoe vo cuppeTEXEL 0T PloyEvesn Kot ToV EAEYYXO TOV KOKAOL
TOV GLVOTTIKOV KLoTiov, kabmdg o HeTABOMOUOS TOV POGPOTIOKOV 0EE0G

EUMAEKETOL EWOIKA GE QLTNV T O10OIKAGTOL.
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Mivaxag 2: [TBavE UGIOAOYIKES AEITOVPYIEG TG 0-GUVOVKAEIVIC.

2ovartiky TiacTikoTyTo: AAMNAETIOPOCT) TG 0-CUVOVKAEIVIG e EYKEPAAMKE KLOTIOW Ko
POCPOMTTIOUEG pLepPpavec.

Avdrroén ko dratijpyon Ty covayewy: EVIOTIGUOG GE AVOTTUGOOUEVES TPO-GUVOATTIKES UTOANEELG.
Nevpwvikiy drapoponoinen: Enctepyacio kuttapmv PC12 pe tov avéntikd vevpikd mapdyovra (NGF)
avEAQVEL T ETIMES D TNG O-GVVOVKAEIVIG.

Mezafolicuos Jimdiowv: AvEnpévn tdon Tpdcedecns TNG 0-GUVOVKAEIVIG LLE LOPLO. LoYLPOV VIPOPOoV
nepleyoprévov N pe ektebeléveg vOPOPoPeg TePLOYES.

Avvauixn tov kvetidiov: H peioon tov emmédnv EKppaong Tng a-cuVOLKAEIVIG cuVodeVETAL ad
Lelmon Tov aplfpod TV KUGTOI®MV OTIS TPOCVVOTTIKES OTOANEELS.

DIeyuovamoels O1001KaAGIES Kal avoco-amokpion: Xopnynon wiepievkiving-1p oe avBpdmvn kutTopikn
oElPB AGTPOKVTTAP®Y 0KOAOVOEITAL 0O aVENGT) TOV EMITESWDV TG A-GUVOVKAETIVNG.

Tpomomoinon tns Acitovpyias T mpwteivys tau: poceopvAimon g tau ot cepivn-262 amnd Vv a-
GLVOVKAEIV] avaoTéALEL TV TPOGOEST] TNG taU G6TOVG LUKPOGMOANVIGKOVG.

Zouucroyn ot ovykpotnon tov coumioxkov SNARE: Ze poviého poog oto omoio €xet amocimnmndei n
ékppaon g tpoteivng CSPa mapatnpeitol TPOOdEVTIKOS EKPVAIGLOG TMV CUVAWE®V, LEGH GTOVG 6VO
TPMTOVG PNVES Kot TeEAKE BGvaTog. H vepékppaon g puotkod TOTOL 0i-GUVOVKAEIVIG GTO TAPATAVED

oo povtého, kabuotepel TNV EKONAMON TOL TEPLYPUPOUEVOD PALVOTVTOV.

Ipocappoyn arnd (Chandra et al., 2005; Hegde and Jagannatha Rao, 2003)

Mveg mov dev ekepdlovv v a-cuvovkAeivn (KO), mapovsialovv avénpévn
anelevfépwon ¢ viomauiving oto pafdmTd GOUO, YEYOVOG OV LTOSEIKVOEL TOV
mOavo poLo TG TPOTEIVIG WG apvntikol puButoth g vevpodwafifacnc (Abeliovich
et al., 2000). Yrdpyovv eniong oyxvpd dedopéva mov KabieTodv TNV 0-GLUVOVKAEIVY
KPLTIKNG onpaciog pubuiot) g SUVOUIKAG TV cuvarTik@v kuotiov (Burre et al.,
2010; Chandra et al., 2004; Murphy et al., 2000). "Eyet derybei 011 1 a-GuVOLKAETVT
dpa g uwe  un  Klooowkn  mpoTeivi-ouvodog  (nonclassical - chaperone),
ocvpumiAnpavovtog ) dpdon g Cystein-string protein (CSPa) (Chandra et al., 2005).
H CSPa dievkoriver T cwot cvykpdton tov cvpmidkov SNARE, to onolo pe
OEPA TOL GLUUETEYEL OTNV OomeAeLBEpmon TV cuvanTIK®V KuoTtwiov. Emiong,
TAVTOYPOV OTOCIOMTNGCT TOV YOVISI®V ™G a-, B- KOl Y- GLUVOUKAEIVNG TpoKaAel
nloeaptodpevn vevpovikny dwtoapoyn oe poeg (Greten-Harrison et al., 2010).
Téhog, mpémer va avoaeepbel 0TI cOUPOVO pe gvpruaTe OVEEAPTNTOV UEAETADV,
STAPOYES TOV TPOGVVORTIKOV AKp®V THAVOTOTA VO, OTOTEAODV TPMIUO YEYOVOCS
vevpoekuMopov (Gray et al., 2009; Nemani et al., 2010). Eropévog, n advvapio
drnpnong ¢ opdng Aettovpyiog tov mpoteivodv tov cvopumiokov SNARE, ocov

aQopd otV amelevfépmon TtV vevpodafipactdyv, duvnTikd o pumopovce va
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npokaréost ™ voco tov Parkinson (Sharma et al., 2012). H agetpia de, g
aAANAovyiag TV Topardve Taborloyikdv YeYovoTmv Bo umopovce va eVIOTIGTEL 6T
Aertovpyikn mapékkAion g a-cuvovkAieivng (Burre et al., 2010; Greten-Harrison et
al., 2010; Nemani et al., 2010).

2.3. O ma00oAoyikos porog TS A-GOVOVKAEIVYS
2.3.1. Zvoyétion ue ™y voco tov Parkinson

H ovoyétion g a-GLVOLKAEIVNG e TO VEVPOEKPUAGUO TTposkvuye amd 0Ho
OVGLMOEIS TTAPOUTNPNCEIS: 1) TNV TOVTOTOINGN ONUEK®V UETOALAEE®MY, OAAG Kot
JMAACIACUAOV Kol TPUTAAGIOCU®V TOv YeveTkol g tomov, SNCA, oe éva pikpo
aplOUd OKOYEVELDV HE OVTOCMUIKY] ETIKPOTY] KANPOVOMIKOTNTO Yo, TI] VOGO TOL
Parkinson mpowung évapéng kat 2) v avakdAvyn 0Tt 1 0-GLVOLKAEIV amotele
Baocwkd cvotatikd Twv copatiov Lewy, mov avevpickovial TG0 GTNV 01KOYEVT] 0G0
KOl GT1] GTOPOOIKT LOPPT] TNG VOGOU.

H #podtm onueokny petdhhaén aviikatdotaong Ala53Thr  (A53T)
avokoAOEONKe o€ pia peydin rtakhikn otkoyévela amd to Contursi g votog Itokiog
KO TPELS EMANVIKEG otkoyéveleg TG opevig KopwvBiag (Polymeropoulos et al., 1997)
(ewova 9). Ev cvveyeia, dvo akoua onuetakés petolhaéelg, Ala30Pro (A30P) kot
E46K (ewova 9), meptypdenKkov o€ 10, YEPUOVIKY KOl L0 IOTOVIKY OIKOYEVELD
avtioToryo, He ovyyeveig macyovteg amd tn VOG0 TPOUNG EVapENG Kol QVTOCOUKO
emkpath Tpomo kKinpovopkomrog (Kruger et al., 1998; Zarranz et al., 2004). IToid
TPOCPOTO, aviyvevdnke Kot o véa onuelokn petdAloén, m G51D amd Svo
aveEdptntec epevvnrikég opdodes. H Lesage kot o1 cuvepydTeg TG avaKAALYOV TV €V
AOY® onuelokn HETAAAOEYN, GE O YOAMKY] OWKOYEVELD PE GUVOPOUO TLPAULOIKOV
nopkiveoviopov (Lesage et al., 2013). Mdiota, ékavav Adyo yio Evav acuvidieTto
QovdTLTo, TOL YopokINPileTtal amd TPON EKONAMOTN NG VOGOV, UETPLO. ATOKPIoN
ot Bepancio pe Aefovrona, paydaio eEEMEN TV cuunTOPdTOV Kol Odvato péca o
obvtopo ypovikd ddotnua. O Kiely koi ot ovvepydteg tov eviomoav ™ G51D
HeTAALOEN o€ o G€ [o. PPETOVIKY] OIKOYEVELD, HE EMIONG TPOIUN EKONAWON TNG
vooov. O TOTOG KANPOVOUIKOTNTAG £IVOL OVTOGMOUIKOS EMKPATNG, EVO TO KAMVIKA
YOPOKTNPIOTIKG TPOGOUOALoVY HE €KElvA TTOV TOPATNPOVVIOL GTNV TEPITTMON
TpumAactocuod Tov yovidiov tg SNCA 1 g onuetoknc petdAraéne AS3T (Kiely et

al., 2013). O Proukakis kot o1 cuvepydteg TOV, TOVTOTOINGAV KOl KOTEYPOWOV [LL0L VEQ
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onuelKkn HeETAAOEN oto eEmVio 4 Tov yovidiov g SNCA, mov Kwdkomolel yio v
avtikordotoon H50Q (swkéva 10), oe p kavkdow ayyAido acBevn, yopic
nponyovuevo owkoyevelokd totopikd (Proukakis et al., 2013a). Tnv idwo petdAhaén
(H50Q) evtomioe po ave&dpttn €peLVNTIKY opdda, emione, oto eEdvio 4 Tov
yovidiov g SNCA, oacbevodg pe  TPONYOOUEVO  OIKOYEVEIONKO  10TOPIKO
TOPKIVOOVIGUOD, OO THY TAELPA TNG UNTEPAS, OYYAIKNG / OVOAIKNG KOTOY®YNHS, TOV

etye Oeticn andkpion ot Ogpancio pe Aefovtoma (Appel-Cresswell et al., 2013).

‘ASOP
E46K

HSiC;aT & M
Vhuwwev”

Ewova 9: Movtého doung e 0-GUVOLKAEIVIG.
Inuetdvovtor or petaArdéelg E46K, H50Q kot A53T, ot omoieg Ppiokovtar oty idtor mAgvpd g
apeieiing éhkac. Ipooappoyn and (Appel-Cresswell et al., 2013).

To yeyovog 0TL 1 a-6VVOLKAETVT amoterel TO BOCIKO GLGTATIKO TV COUATIOV
Lewy kot TG GTopadIkég TEPIMTMOGELS ELPAVIONS TNG VOGOV, 001YNGE GT GKEWYT OTL
KOl 1 QUGIKOD TOTOV O-CLVOLKAEIVN &givar duvatdv va OmOKTNoEL KAmol U
(QULGLOAOYIKY] Agltovpyia, M omoio EVIEiveTal OTIC TEPMTOGES TV HeTaAAGEemy. H
OLYKEKPIUEVN LOBeon evioybONKe HETO TNV TEPLYPOUPN TOVL TPITAACIOGHOD TOV
YEVETIKOV TOTOL TNG 0-GUVOVKAEIVNG, G€ o TOALUEAN otKoyévewn omd tnv lowa.
Tpumhoocacpds v aAAnlopdpeov eiye ¢ amoTEAECUO TO OUTAOGCLOICUO TOV
emmédov 1000 Tov MRNA, 660 Kot TG TPWTEIVNC, Kol TNV Tapovsio SDS-adidivtwv
TPOTEIVIKOV CLGCOUATOUATOV GE VEKPOTOUIKO DMKO amtd delyloTo €YKEQPAAOV TMOV
acBevav. KAvikd, to péAN TOV OKOYeEVEIOV €U@EVICOV TUTIKG GUUTTMOUOTO TNG
VOGOV pE o TPOIUT EVOPEN Kot TLO YPNYOPT| EMOEIVOON GE GXEON LE TIC VITOAOUTEG
omopadikég mepurtdoelg (Miller et al., 2004; Singleton et al., 2003). AutAactlooudc
TOV YEVETIKOV TOTOVL TG 0-CLVOVKAEIVIG TopatnPNONKE apyOTEPO GE OIKOYEVELES OO
™ FodAia kon v Itadio, otig onoieg or acBeveig giyav tpia avtiypaea Tov yovidiov
(Chartier-Harlin et al., 2004; Ibanez et al., 2004). H niwia évapéng g vocov cg
OVTEG TIG TEPUTTAOGELS TOALATANGLOGHOD TOV YEVETIKOD TOTOV, OEiYVEL LU0 GLGYETION
pe tov apliud tov avtypdenv, eved ot acbeveig mapovsialovv o cofapr| maboroyia

Lewy (lkeuchi et al., 2008).
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[ToAvpopeiopoi 6tov vIoKVNTH TOL Yovidiov g a-cuvovkieivng (Repl)
avaeépnkay yio Tpdt eopd to 1996 (Xia et al., 1996) (ewkova 10) kot cuvdEOnkay
ue ovénuévo kivovvo eupdviong tg vocov tov Parkinson (Farrer et al., 2001;
Hadjigeorgiou et al., 2006; Kruger et al., 1999; Mellick et al., 2005; Pals et al., 2004;
Tan et al., 2000). TIIpokertow  yoo  OIWVOUKAEOTIOKEG — EMOVOANYELS
(TOX(TT)TC)Y(TA)Z(CA)W, omov X,Y,Z xor W dnidvovv tov oplBud tmv
emavoaiyeny kot tomobetovvtar ~ 10Kb otov avdappov tov yovidiov. Mehéteg
ovoyétiong £oe1&av 6tL 1o avénuévo péyebog tov Repl oyetileton pe emtdyvvon Tov
ypovov évapéng tng vooov (Kay et al., 2008) ko avénuéva eminedoa MRNA a-
ovvovkAgivng (Chiba-Falek et al., 2003).

EE1 EE] EE2 e EE 1 EE 4 " EE 5 EE ¢

[y [/
Eal Ea 3 Em 4 Ea 5

N i AL
[lodopioprpregide: i p———

-.’"ll.t'l.ll.lr-:.'.l_:l.lhr\lhl-:--. ATG l]l.l._'.l_.lpl_.l|'lq'l-l.ﬂ|.|-.*{ TAA

exavithi|yemny bl - -
whobmas as TC I kb

Eucéva 10: Zynuotikn omekdvion Tov yovidiov g 0-GUVOVKAETVNG.
Ta pavpa kovtid svpporilovv ta eEdvia (EE), evad ta Aevkd ta eodvia (Eo). Ta keva ecovia 2 ko 4

emonuaivouy To PEYAAo LEYEDOC TOV TEPLOYDV AVTAOV, IOV deV £youv TANP®S KhmvorowmOel. To pikpd
pavpo kouti cupPoArilel ™ dvovkieotidkn emavainmTiky] akolovbion NACP-Rep 1, molvpopeiopol
™G omoiag £xovv mpotadel mg mapdyovtag Kivdvuvov yua ekdNAmon g vocov tov Parkinson (Xia et al.,
2001).

Meléteg YeVETIKNG OCUVOEONG KOl YEVETIKNG OLOYETIONG, £xovv dei&el OtL
yovidrakoi molvpopiopoi (Single-nucleotide polymorphism, SNP), mov gvtomilovtot
1660 Kovtd 6to 3”7 660 Kol 6T0 5 'dKkpo Tov Yovidiov, oyetilovtal pe Tpodidbeon Yo
™m voco, avédvovtag to emineda tov MRNA g a-cvuvovkigivng (Holzmann et al.,
2003; Mizuta et al., 2006; Mueller et al., 2005; Myhre et al., 2008; Wang et al., 2006;
Winkler et al., 2007). uvoAikd ta dedopévo omd TIg YEVETIKEG peAéTeC viootnpilovv
mv dmapén aTloloYIKNG 6YEONG TG a-GLVOVKAEIVNG e T voco tov Parkinson. H gv
AMOY® oLOYETION OMOKTO OAoéva Kol 7o yepd Oepélio, Votepa omd TIG VEOTEPEC
GWAS, ot omoieg kabiotobv 10 yovidio ¢ SNCA, o¢ évav omd Tovg To
OTUOVTIKOVG Tapayovieg Tpodidbeong yo. v ekdnAwon ¢ vocov tov Parkinson
(Simon-Sanchez et al., 2009).

H o-cuvoukietvn, O0mmg avaeépbnke kot mopamdve, omotelel 10 Pocikd
oLOTOTIKO TV ocopatiov Lewy, ta omoio, He Tn GEPA TOVG, GLVICTOVV TO

YOPOKTNPIOTIKO UIKPOOKOMIKO €OPNUO. OTN GTOPUOIKN HOPEY] NG VOGOL TOL
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Parkinson. O gpgvvntéc g ouddac tng Spillantini, to 1997, £édei&ov 011 Ta coOUATIO
Lewy ypopatifoviol avoGoicTOYNUKA HE TO OVTICMUOTO, EVOVTL TNG 0-GUVOVKAEIVNG
(Spillantini et al., 1997) (ewéva 11). BePaing, mpénet vo avapepbel 611 1 ev AdOy®
TpoTEiVN oynuatifel widto ta omoic € GUVOLAGUO HE GAAEG TPMTEIVEG, OTMG 1|
ovPwovttiv, 1 UCH-L1, n synphilin xouw n parkin, dnuiovpyodv 1o KuTTOPIKA
€yKAeloto 6to0 KLTTOPIKO oopa. [TapdAinia, Bpédnke O6tL Ta copdtic Lewy sivon
TAOVGLO GE 0-GUVOVKAETVT], 1 omoia &yl ydoetl ta televtaio 20 apvo&éa (Tofaris et
al., 2003). H onpuovpyio widiov g 0-cuvoukAeivng ennpedletot amod Tig HETAAAGEELS
AS53T ko A30P, o1 omoiec av&davouv v tayvtnTa molvuepicpov. H mapovoia g a-
OLVOVKAEIVIC ot coudTio Lewy avtikatontpilel pio onUavTiKy GVoYETIoN HETOED

OTOPASIKTG KOl OIKOYEVOVS LOPPNG TNG VOGOV,

—>Q v Ewéva 11: Avocoictoynuikn ypdon évavit g a-
OUVOUKAEIVIG NG péAowvog — ovoiog  eyKepdAov
acBevav pe voco tov Parkinson.

(A) Avo diboTiKTo VEVPIKA KVTTOPO, KaBéva and To

omoio mepléyel copdtio Lewy Betikd ot ypoon yo
a-cuvoukAEivny (Aemtd BéAn). Ogtikol ot ypdon yio
0-GLVOVLKAETVT Tapovcidlovtol Kot ot vevpiteg Lewy
(moyd BéAn). Kiipoka: 20um. (B) 'Eva didotikto
veupikd KVTTOpo He dVo copdtio Lewy Betikd otn
xpwon vy o-cvuvovkieivn. Kiipoxa: 8um. (C)
Eéokuttdplo copdtio Lewy Betikd ot ypdon yio o-
ovvovkAgivn. KAipoka: 4um. (Spillantini et al., 1997).

Meléteg o SOPOPETIKA KLTTAPIKE cvotiuata, £0e&av Ot 1 ékppocn TG
QLOIKOV TOMOL 1 NG MUETOAAAYUEVNG O-GLVOLKAEIVNG, 00NYel ©TO GYNUATIGUO
TETOLOV OAYOUEPDOV LOPPOV, 1) TOPOLGIN TOV OTOIMY GLUVOOEVETOL OO KVLTTAPIKO
Oavato. H yopnynomn ymukov ovacsTtoAé®y ToLv GYNUoTIcHol idiov 1 N mapovcio
TPOTEVOV-GLUVOIDV,  OVATPEMOLY  TO  QOWVOTLTO NG  KLTTOPOTOEIKOTNTOG
(Emmanouilidou et al.; Lee and Lee, 2002; Outeiro et al., 2008). Ilaviwg, M
KLTTOPOTOEIKOTNTO KOl 1 ONUIOLPYio OATYOHEP®Y OV €ival gUQavig o€ OAEG TIg
neputtooelg (Hsu et al., 2000; Petrucelli et al., 2002; Saha et al., 2000; Zhou et al.,
2000; Zhou et al., 2002). Mw mbavy e&Nynon ywo TNV ACLUEOVID TOV
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amOTEAECUATOV elval o emimedo vIEPEKPPOUONS TS TPpwTeivns. 'Etor o Seo kot ot
ovvepydteg Tov (Seo et al., 2002) mpotevay 6Tt LdVo OTaV T EVOOYEVT| EMIMES TNG O
oLVoLKAEIVIG BpiokovTol Tve amd €va KaTtdEAL, eu@aviloviol ol UN-QUGLOAOYIKES
emdpaoelg g npoteivng (Lee and Lee, 2002).

H in vivo vrepékepaon &ite g @uoikol TOHNOL €ite TOV UETAAAAYUEVOV
HOPQOV NG 0-CLVOVKAEIVNG o (owkd poviéha, mpokoAel KAvIKA Kot
veLPOTAOOAOYIKG CLUTTMOOTO, TOL TPOCOUOLALoVV ekeiva TG vosov tov Parkinson.
H ypnon térowwv mpoceyyicewv oToxedel GTNV KATAVONGT TOV UNYOVIGUOD HEGE® TOV
omoiov Opa M 0-CLVOVKAEIVN, TPodyovTtag TNV TaBOYEVELD TG VOOOV. Xg €va oo
ovtd To. povtéda, M vmepékepoon ™ AS3T petdAiang TG a-GLVOVKAEIVNG o€
dtayovidlakovg poeg vd tov édeyyo tov vrokwvnty Thy-1, odfqynce o€ vevpiko
EKPUAIGHO, KLTTOPIKT TafoAoyia pe coudtio Lewy kot kvntikég duoAettovpyieg,
YOPIC, ®GTOGO, VO VIAPYEL EKEPACT TOV Yovidiov otn pédawva ovaio (van der Putten
et al., 2000). Ot d1ayovidiakoi poeg, ot 0moiot VIEPEKPPALAV TI PLGIOAOYIKOD THITOV
a-GVVOVKAETYN, vd tov €leyyo tov vmokwvnty PDGF, mapovsiolav mpoodeutikn
GLUGOMPELGT GLGCOUATOUATMOV TOV TEPIETYAYV O-CLVOVKAEIVN Kol ovPikovttivn oTig
TEPLOYES TOL PAOLOV, TOVL WTOKOUTOV Kot TG HEAavas ovoiag. Emiong, eiyov peioon
TOV VIOMOPVEPYIKOV omoAEewv oto Pactkd yayyAa, eved akoun epeaviiov Kot
KinTikég dvorettovpyieg (Masliah et al., 2000). Evtovtoig, n maboroyio ekdniwvotay
and v nAkia Tov 6000 unvov. H vrepékppaon g AS3T petaArlaypévng Hopoeng
NG TPOTEIVNG GTOV EYKEPAAD EMIHLOV, LTO TOV EAEYYO TOV VIOKWVNTY TNG TPOTEIVNG
prion, odnynoe oe avENUEVN TOPOVLOID GLGCOUATOUATOV 0-GUVOVKAEIVIG OTIG
TEPLOYEG TOV VAOTIOHIOV HVEAOD, TOV EYKEPAAKOD GTEAEYOVG, TNG TAPEYKEPAAOOS Ko
oV Baddpov amd v nAKia Tov entd unvov Kol 6€ cofapn Tapondpecn oe peydAn
nicio (Giasson et al., 2002). H dnuiovpyio dioyovidlok®dV exipvmy, HE 6TOXELUEVN
EKQPOOT TNG 0-GUVOVKAEIVIG GTOVG VIOTAUIVEPYIKOVS VEVPMVES, EYIVE LLE TN YPNOM
TOL VIOKWVNTN NS VOpo&vAdong ¢ tupooivig (Tyrosine Hydroxylase, TH). H
VIEPEKPPAOT] TNG A-GLVOVKAEIVNG, M omoia otepeitan T tedevtaio 20 apvoééa Tov
KapPo&utelkoDy TG GKpov oE Soyovidlakovg HOEG, OlELVKOADVEL Tn Ompovpyio
widiov Kot TV TaBOAOYIKY] KOTOVOUN TNG TPOTEIVNG. ZTIG TEPLOYES TNG UEANVOG
ovciog kol Tov 0cEPNTIKOV PoABoV TapaTNPNONKOV CLGCOUATOUNTE KOl GTO
pafowtd mapoatnpnOnke pelwon TV emmédwv vromoapivng. Téhog, or  pveg

TopovGiocay KIvTikég duoAettovpyieg o€ nhikia 18 unvov (Tofaris et al., 2006).
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2.3.2. O pblos tns a-evvovkisivys ety raboyévela T vocov tov Parkinson

Agdopévov  TOL  KUPLOPYOVL  EVIOMIGUOD  TNG  O0-GLVOLKAEIVNG  ©OTO
KutTopomAacua, ot Pacikés maboroywkég dpdoelg g mpwteivng, eival €bAoyo, va
evtomifovtar oto evdokvttaplo eminmedo (Pacheco et al.,, 2012). Meta&d tov
UNYOVICUMV TOV  UITOPOVV Vo TEPLYPAYoVV TO pOAO TNG EVOOKVLTTOPLNG O-
oLVOVKAEIVIG otV TaBoyévela TG vooov tov Parkinson eivor ot e€nc: 1) avaotoin
TOL GUGTHLOTOG TPOTENCOUATOS-0vkovttivng (ubiquitin-proteasome system, UPS)
(Emmanouilidou et al., 2010b), 2) dwtapoyés g owtopayiog mov dlapecoraPeiton
and mpwteivec-ouvodong (Chaperone-mediated autophagy, CMA) (Cuervo et al.,
2004; Xilouri et al., 2009), 3) oAloyég omnVv OMEAELOEPMON TOV GUVOTTIKMOV
kvotdiov (Murphy et al., 2000), 4) dwtapoyf ™G AELTOVPYING TOV UITOXOVIPI®V
(Elkon et al., 2002), 5) dnuiovpyia apvroedovg ndépov (Quist et al., 2005; Volles et
al., 2001), ko 6) mopayoyn ROS (Junn and Mouradian, 2002) (BAn. evotnta 1.4.).
Oleg o1 mapamdve dwtapayés (ewéva 12) odnyodv omn vevpovikny duciettovpyia
Kot TeEMKa v kuttapikn ékmtmoon (Cookson and van der Brug, 2008). Katd v
TeEAEVTOI0 OEKOETIO, OGTOGO, OAOEVA OLEAVOUEVOC OYKOC OedOUEVOV, TIGTOTTOLEL TV
Topovoia g a-cuvovkieivng otov eEmkvttdplo yopo (EI-Agnaf et al., 2003; El-
Agnaf et al., 2006). To yeyovog avto, KATEPPIYE TNV APYIKT ATOYT, GCOLP®VO UE TNV
omoio. M 0-GLVOVKAEIVN dpa, ovoTNPd, HEGOH OTO Oplo. TV KLTTAP®V TOL TNV
eEKQPPAlOLV KOl OVOOEIKVOEL TNV TOPAKPWVY] OpAct, oG £vov emmAéov mbavo
unyaviopd e&amimong g maboyévelag g vooov tov Parkinson (BAs. evotnta 3.5.)
(Lee et al., 2008b; Lee, 2008; Luk et al., 2009).
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Ewkéva 12: YroOetikd povtéro e vevpotofikne 8pdong tng a-cuvovkAgivine otn voco tov Parkinson.

Ynd guoiohoyicég cuvbnkes 1 a-cvvoukieivn Pploketat og po SteALTy TuYaio SLUOPE®ST), OG 1N
avadmAopuévn  mpoteivn. Yrd moboloyikéc ouvvOnkeg, veiototor  AavBaopévn  avodimAwon,
petomintoviog otig mafoloykég ohryouepeic popeéc (duyuepeic, Tpuyepeic, olryouepeic), ot omoieg
nohvpepifovrar mepattépw, oynuatilovtag VYNAOTEPOY TAEEMY CLCCOUATOUEVEG OOUES (TPOTOTVIdLO,
gvdldpeca  widiw ko opvrogdeic tveg). TEAOC, 10, CLCOOUATOMOTO OVTE  OTOTEAOVV  TOVG
aKpoyviaiovg AiBovg yio t dnuovpyio T@v Taboloyikdv gykieictwv, mov yapaktmpilovy ™ voco
tov Parkinson, to copdtio kou toug vevpiteg Lewy. Tevetikég avopotiss, kabmng kot meptBoilovtikol
mapdyovteg glvar duvatov va emtaydvouv Ty maparndve dadikacio. Ta cvotipoata gA&yyov tov
KUTTApOV  (TPp®TEIVEG-CLUVODOL, GUGTNUA  OVPIKOVITIVIG-TPOTENCOUATOS, GOCTNUO  OVTOPOYioG-
AVCOCOUATOV), KOODG EMOTPATELOVIOL TPOKEWEVOL VO KOTOATOAEUNCOLV TIG AavOacuéva
AVOIMA®UEVES TTIPOTEIVEG, VIEPPOPTAOVOVTOL OTO TO OALYOUEPT TNG 0-CUVOLKAEIVNG (S1AOTIKTEG
vpoupég). Ipdceata dedopévo vrootnpilovy OtL M e€dmlwon g vocov tov Parkinson kot twv
oyetilopévav aocbeveldv, Thavd vo opeiAetal ot SOKVTTOPIKT LETAPOPE TOV TOOOAOYIKOV HOPODV
™¢ a-cvvovkAeivig. Ilpocapuoyh armd (Irwin et al., 2013).

Eivor mBavév 1 a-cuvoukAeivn va €yt duttd poro: €va UOIOA0YIKO, TOL
oyetileton pe ™ puOUoN ™G cvvanTIKNG vevpodaPifacng kat Evav Taboroyikd, Tov
EUMAEKETAL OTI VELPOEKPVAMGOTIKEG Olepyacieg (ewkova 12). Eivor dvvatdv avtol ot
oo porol pe kamowo tpdmo vo. cvvdfovtar; IIpog 10 mopdv, dev VIAPYEL CAPNG
AmAVINGN, WGTHGO, ival TOAD TOAVOV VO VITAPYEL VOGS «CLVOATTIKOG SLOKOTTNGY, O
onoiog va. opilel v ekdnAmon ¢ acbévelog (Pacheco et al., 2012). Erouévmg, 1
KOTOVONON TOV OUOOTATOV KOl TOV JPOPOV UETOED TOV (QLGIOAOYIK®V Kol
TAOOAOYIKAOV UNYAVIGUAOV dpAomng TG a-cuVovKAETvNg xpnlet Wiaitepng mpocoyns. H
amAvVINGoY, TOVANYIOTOV &V Uépel, eivar dvvatdv va Pploketar oty gveléia

OLUOPPMONG OV EMOEIKVVEL 1] O-CUVOVKAEIVI] KOl M omoila NG EMTPEMEL vV

38



EIZAT'QI'H

petofaivel amd T ULGLOAOYIKY SHALTH HOPPN TNG, OTI] CLGCOUATOUEVT Ad1EAVTN

kot Taboroyikn dour (Pacheco et al., 2012).

2.3.3. Toéikég poppés tng a-covovkieivyg

H a-cvvovkkeivn, vrd @LGOAOYIKEG GLVONKEC Kol o€ VOOTIKO OldAvua
Bpioketar oe oavadiataypévn popery (Weinreb et al., 1996), émwg Mon aveépbnke
(BAm. evéotqra 2.1.), wotdéco yopoktnpiletonr omd Eviovn €vOOYEV TOOT TPOG
ohyopepiopd (Vekrellis et al., 2004). H emixpatovca Oempia yio ) cuvdeon g a-
OUVOVKAEIVIC HE TO VELPOEKPLAICUO PacileTon 01N dladtKacio HETOTPOTNS TG Omd
TNV VOOTOOAVT] HOVOUEPT TNG MHOPPY], G€ OSWALTd 1M 0dldAvTe OAlyouEPT
(TpoToividln) kol otn cvvéxew o€ adldAvto cuoo®pTOUATe (Vidl), PE TEAKN
KatdAnén to oynuoationd cvoocopatopdtov Lewy (eikéva 13). O unyoviouds péom
TOV OTO10V TO LOVOUEPY| TNG 0-GUVOVKAEIVIG HLETATPEMOVTAL GE TOEIKA OALYOLLEPT] KO
gv ovveyeia apvlogdn widwo mapapével dyvmotog, og eni to mieiotov (Tsigelny et
al., 2007). Qot6c0, bewpeitar O6tL N TOPOTAVE Sradikacio EEKVE 6TO Eminedo NG
TAAGLOTIKNG HeUPpdvne oe Mmidikéc pkpooyedieg (Bar-On et al., 2008).

Yopeova pe in vitro peAéteg, 1 Swdikacio. GLGCOUATOONG TG O-
oLVOLKAEIVIG, akolovBel éva unyavicpud mupnvoong (gwkdéve 6, 13), o omoiog
yapaxtpiletor amo ua apyn évapén (Cremades et al., 2012), wo axdAovdn @don
EMUNIKLVONG, EVO KOpueaveTal 6tav enéABovv Ta Pacikd enimeda 1coppomiog Heta&y
TV dlapopetikdv popemv (Wood et al., 1999). H g&éMén tov yeyovotov e€optdtot
and TN VoM TG 0-GLVOVKAEIVIG (PLGIKOG TOTOG 1 petolhaypévn popen) (Li et al.,
2001), xabd¢ ko and cvvOnkeg 6nmg to PH, 1 Bepuokpacia (Uversky et al., 2001a)
Kot 1 ovykévipmon Tov petodkav ovtov (Uversky et al., 2001b). H doun tov
CLCCOUOTOUATOV TNG 0-GVVOVKAEIVIG, Ta omoia  dnuovpyovvtor in  Vitro,
TPOCOUOALOVV VTV TOV AVTIGTOY®V TOV OTOHOVAOVOVTIOL OO TOV EYKEQOAO,
enpavifoviog v Tumikn pop@oioyia tov apvrosdodv widiov (Conway et al.,
2000a). MetaAldEelc mov oyetiCovral pe t voco, ommwg n AS3T wor 1 A30P,
TPo®OovV TN dMUIoVPYID TPOTOIVISIK®OY OAYOUEPOV HOPPOV (g1KOVE 7), evd 1
E46K, 6nwc ko 1 tpoceata dnpoctevpévn G51D petdiiaén eaiveton vo petdvovy
10 oynuatiopd oy cvocouatdoemy (Bisaglia et al., 2009; Lesage et al., 2013).

Apykd n mapovsio TV copatiov Kot vevprtov Lewy Bewpnbnke andppoia
™G EKPLMOTIKNG dtadikaciog mov yapaktnpilel T vocso tov Parkinson. O gvtomiopodg

TOV ONUEWKAOV UETOAAAEE®V TNG 0-GLVOLKAEIVNG, TOL KUPLOV GLGTATIKOV TMV
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EVOOKVTTAPIOV CLUCGCOUUTOUATOV KOl 1) GLGYETICN] TOVG UE TIG KANPOVOUTGUES
HOPPEG TNG VOOOV, OMOKAAVYE LU0 OLTIOAOYIKT) OYE0T TNG €V AOY® TPMOTEIVNG UE TN
voco tov Parkinson (Bendor et al., 2013). Qotdc0, puéypt kot Gpepa 0 akping pOAOS
TOV GOUATIOV Kol ToV veupltdv Lewy dev gival yvwotdg, vd v €vvola, Tov av
elval TPooTATELTIKOC 1 OV 0EVVEL T VEVPOEKPVALGTIKY d10O1KAGTL.

[To ouykekpipéva, 1N ATOAED TOV VIOTAUIVEPYIKOV VEVPOVOV TNG UEANVOG
oVciaG TOV €YKEPAAOL TpoMyeiTol TNG EKONAMONG TOV KIVNTIKOV GUUTTOUATOV,
YEYOVOS TOV VTOONAMVEL OTL 1] TPMTEIVIKN) CLGGMPELGN JEV VAL GNUOVTIKNY Y10 TOV
KUTTOPIKO ek@LAMonO. EmmAéov, 1otodoyikn eétaon VEKPOTOUKOD VAKOD omod
OCLUTTOUOTIKOVG VIEPNAKEG, £XEL ATOKAAVYEL TNV £VTOVY] TOPOVGI0 COUATIOV Kot
vevpuov Lewy (Ding et al., 2006). Katd ocvvémewn, vmapyer n mhovotmra m
OLGGOUATMOON TNG 0-GUVOVKAEIVIC VO OmOTEAEL Lol EVOOYEVH] VEVPOTTPOGTOTEVTIKY|
AmOKPIoT TOV KVTTAPWV, € avtifeon pe GALEG SLOUOPODOCELS TNG TPMOTEIVNG, A.X. TO
ST olyopepr), ot omoieg mBavOV vo £(0LV VA VELPOTOEIKO OLVOUIKO. Xg
oLUE®VIO LE TO TOPOTAVE, HEAETEG TOV TTpayportomo|OnKay o (KA HOVTEAD TNG
vooov tov Parkinson, &deiav OTL 1 CLGCOUAT®ON TNG G-GLVOLKAEIVNG Of
OLVOOEVETOL TAVTO OTO KVTTAPIKT ATOAELOL.

[MopdAAnio, m oa-cvvovkAetvn eivor dvvatdv va vmootel évav  apBpd
LETAUETAPPACTIK®V TpoTtonotoemV (BAm. evétnta 2.1.), o1 onoieg pe T oelpd Tovg
UTOpovV Vo ETNPECGOVY TNV TACT NG TPOTEIVIG Yoo OAtyouepiopd, kabmg Kot To
10&1KO dvvapkd . TTo cvykekpyiéva, ot cuVONKEG 0EEWBMTIKOL GTPEG UTOPovV Vo
TPOKAAEGOLV TN ViTpoluAimon 1 kot TV 0&eldwon og KatdAouro pebetovivng g a-
OUVOVKAEIVIG, OV KOl Ol TPOTOTMOWCELS OVTEC O Qaivetor vo TpomBodv ToV
oMyouepiopd g (Breydo et al., 2012; Giasson et al., 2000b). Ao v dAAn Trevpd
N ewcopLAiwon otn Ser 129 evioybdet eapetid v TAOT TG 0-CLVOVKAEIVIG Yo
olyopepiopd (Smith et al., 2005). Qotoc0, péYPL Kot onpepa 1 ToEKOTNTO TG €V
AMOY®  QOOQOPLAIOUEVNC HOpONG Ogv €xel amocapnviotel, dedouévov OTL TO
amoteAéopoto  aveEaptntov UeAETOV Tapapévouy avtikpovouevo (Azeredo da
Silveira et al., 2009; Chen and Feany, 2005). Avtibétog, 1 poceopvrioon ot Ser 87
N mv Tyr 125 amotpémovv 10 oynuationd olryopepmv (Negro et al.,, 2002;
Paleologou et al., 2010). EmmAéov, £xer mpotabei 6Tt 1 viomauivy evioybel Tov
OMYOUEPIGUO TNG O-CLVOVKAEIVNG, Ol OUMOC TO CYNUATICUO OUVAOEO®V WISI®V,
KaOdg otabepomotel oL OAryopepn NG OTO OTAOO TOV TOEKAOV TPOTOVIdI®MV

(Bisaglia et al., 2010; Herrera et al., 2008; Norris et al., 2005; Rekas et al., 2010).
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[MapdAinio n xoatdtunon tov KapPoluteAlkov dxpov NG TPOTEIVIG emdyel
ocvoowudtoon e Mdlota, €xel dsrybel in VIV 0TL T£T0100 TOTOV TPOTOTOINON
OLVOOEVETAL OTO TO GYNUATIGUO GLOCOUATOUATOV Kot Todoroyikéc adldowwoelg (Li
et al.,, 2005; Murray et al.,, 2003; Ulusoy et al., 2010). Télog, m wavoTTQ
OALYOUEPIGHOV TNG 0-CGLVOLKAEIVNG €ivorl duvatdv vo  emnpeactel kol omod
OVLYKEKPIUEVOLC TTEPPaALOVTIKOVG TapdyovTec. In Vitro pueiétec éxovv deiet 0TL TaL
Bopéa pétodha emdyovv TV TpOTEIVIKY cvocoudtoon (Breydo et al., 2012).
[Ipdopata dedopéva, KGvovy AOYO Y10, TNV TAGT TNG PLGIKOV TOHTOV TPMOTEIVNG
va Onuovpyel  teTpopepr], To omoia €ivor avBekTikd ot Odkacio  TNg
ovoooudtoong (pir. evéotnra 2.1) (Bartels et al., 2011). Me Bdon to mopandvm
evpnuata, £xel mpotadei n vobeon, copE®va pe TV omoia M aroctadeponoinon Twv
TETPOUEPDY EAKOEWODV SOU®mV TTponyeitol g AavOacuévne avadimhmong Kot g
GLOGMUATMOCNG TNG C-CLVOVKAEIVIG KoTd TV Taboyévela g vocov tov Parkinson.
Téhog, éxer OeyBel OTL dwwAvtd OAryopepr, Om®G OWePY|, TPLUEPY|, TETPOUEPT,
nevtapepn Kot e€apepn], TV onoiwv to poplakd Papn xvpaivovror peta&h 20-100

kDa, eppaviCovv to&id duvauko (Danzer et al., 2007).
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Ewova 13: Zynuotikn aretkdvion e S1od1kaciog OAMYOUEPIGUOD TN 0-GUVOVKAETIVIC.

"Exet mpotabel 0Tt To Tp@dToTvidia Kot Oyl Ol 10 MPES CLEGCOUUTOUEVES LOPPEG amOTELODV TNV TOEIKT|
HOPPN TNG A-CLVOVKAEIVNG. XTotyeio 0md HEAETEC GLVIYOPOUV GTO GUUTEPAGHLO OTL TO CMUATIO. Lewy
dev mpokolovv, aArG avtifeta Tpostotedhovy amd vevposkpvioud (Goldberg and Lansbury, 2000).

SVUTEPAGHATIKA, £ivol KOOGS amodekTd OTL 01 SHAVTES OAyOUEPETS LOPPES
NG A-GUVOVKAEIVNG, mopd Ta adtdAvta widia, gvfovovior yuoo T veELpoToLikn NG
dpbiom, yopic va amokAeleTon TO YEYOVOS KO Ol LOVOUEPEIS LOPPES TNG TPOTEIVIG VA
ovpPdAarovy mpog avtiv v kKotevBovvon. Na toviotel oto onueio ovtd OTL OL
LETAALAEELG TOAAATANGLOGLOD ELPOVILOVY TTOAD TTLO £VTOVO POIVOTUTO GLYKPLTIKA LE
TOV avTioToro TV onuelokmv petodhdéewv. Katd cuvénela, to evooyevr| emineda
NG HOVOUEPOVS O-CLVOVKAEIVNG givorl KaBoploTikdg Tapdyovtag Yoo TNV gvaicOncia
OTIG VELPOEKPLAICTIKES O100TKOGTES.

Algpopot amd Tovg mTapAyovTeS OV ENNPEALOVV TN JAOIKOGI0 GUCCOUATMOONG

NG 0-GLVOVKAEIVIC 0T0d1d0VTOL GUVOTTIKG GTOV TOPAKAT® TIVOKAL:
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Mivexog 3: Hapdyovieg Tov exnpedlovy ) dNoVPYio CLECOUATHCEDY 0-GUVOVKAEIVIG.

(Chandra et al. 2003, Davidson et
(_,_) al. 1998, Heiser et al. 2000)

Inpeokég
petarragers (A30P,
A53T)

(Lin et al. 2004, Lindersson

Mcsim H
toonp 2004)

AvEnon (Lindersson 2004)

Oeppokpaciog

O&erdmTikég (éyxherota and cuvovkAeivomddeteg, (Murray et al. 2003, Narshi et al.

TPOTOTOUN|GELS virpoluAimon) 1999, Paik et al. 1997)

AvOpomvy B-/v- (Paik et al. 1999, Papp et al.
GUVOVKAEIVY (in vitro) 1989)

Iotéveg, p25a, Tau +) (in vitro) (Perrin et al. 2001)

(Sirover et al. 1999, Snyder et al.

Evropoktéva + (in vivo o€ TpwKTIKG
" +) poKTiKd) 2003

H snoayoyn onuewwvetar pe (+), evd M ovactod] g ovocopdtoons pe (-). [pocappoyn amnd
(Lundvig et al., 2005).
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3. H Exkpion tig a-2vvovkieivyg
3.1. Kiaooikd kai uy kiaocikd povomaria EKKPIGHS TPOTEIVOY

H éxkpion tov tpoteivov aroteAiel Oepelmon diepyacio yio T SOKLTTOPIKN
eMKOw®Vio kot ovpPaivel QUOOAOYIKE, HECH KAOGIKOV KOl  UN-KAOGIK®OV
pwovomatidv (Hebert and Molinari, 2007). Ou mpwteiveg mov mpoOKeETaL va
OKOAOVONGOLY TO EVOOKLTTOPIKG Kol EKKPITIKG HOVOTATIH, VO KOTAANEOLY oIV
TAOGLOTIKY] HEPPPavn 1 TEAOG Vo ekkplBoHV QUGIOAOYIKA GTOV €£MKLTTAPLO YDPO,
dtB€TouVV 610 OpIVOTEAKS TOVG Gkpo (N-AKpo) o ahAniovyio-odnyd otdyevong. H
ONUATOd0TIKY OAANAOVYia GTOYXEVEL TA PPOCMOUATO, TO OTOlo HETAPPALOVY TIS &V
Myo mpoteiveg, oto Evdomhacpatikd Aiktvo (E.A.)), kot pe avtdév tov tpdmo
emupénel Vv €i6000 tovg 6ToV 0WAO Tov E.A. Ev cuveyeia, akolovBolv to kKhookd
ekkprtikd povormatt (ewkova 14) (Lodish et al., 2008). Apyiwkd, ov mpwteiveg
JKIVoUVTOL 6T0 GOUTAOKO trans-Golgi, 6oV E1GEPYOVTOL GE EKKPITIKA LETAPOPIKA
kvoTtid. H éxkkpion péom kvuotidiov pmopel va givar cvveyng 7 puulouevn. Kotd
™ ovveyn EKKPIoN, TO HETAPOPIKA KULOTIOW UETOVOCTELOVV OUECHOS OTNV
TAACLATIKY] LePPpavn Kot eEAevBepdvovy 10 TEPLEXOUEV TOVG e eEOKLTTAP®OT (TTY.
ouveYNg €KKplomn KoAAayovov). Xtnv mepintoon g puOulduevng éxkpiong (my.
emayoOpevn €KKplon vevpodoPifactr]), To EKKPITIKA KLGTIOW GUVINKOVTOL UE TNV
TAOCUATIKY]  HepPpvn, katomv epeBiocpatog (my. avénom Ttov  €VOOKLTTAPLOV
aoPeotiov (Calcium, Ca®") mov mpokadeital, Adym mpdodeong popiov ot €8O

VITOO0YEN).
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Ewova 14. ZYMUOTIKN
OTEIKOVION OV KAOGIKOD

LLOVOTOTION £KKPIONC TPMTEIVOV.

Koatd ™ petdopoocn tovg, ot
npwteiveg Tov Ba akolovbncovy
10 EKKPITIKO povomdrt,

odnyovvtat pHéc® ™mg
OTLLOTOJOTIKNG TOVG aAAAOVYia
ota pliocopata tov adpov E.A.
Exel, pe mv oloxinpmon ng
LETAQPAONG, Ol TOAVTETTIONES
dlomepvoivv ™m

E.A.

0AVGideg

T0L Ko

pHepppavn
gloépyovtatl otov avro. Kdmoteg
amod ovtég, Ty £viupa Tov adpov
EA. 7 douwég mporteiveg,
nopopévouy ekel. Ot vmolouteg
TOKETAPOVTOL O  LETOQOPIKA
KLGTIOW, TO Omoio. UE TN CEPa
TOVG GLVINKOVTOL TPOKEWEVOD
v OMUIOVPYAGOLY VEX KLGTIOWL
tov Cis-Golgi. Kdbe éva omd
avtd, pall pe 10 TPOTEIVIKO TOV
TEPLEYOLLEVO, LETAPEPETAL ATTO TN
ciS omv trans mhkevpd NG
ocvokevfc Golgi (kdkkwva BEAN).
Koatd t OSudpkelo avtmg g
dradikooiog, moAAEG pepPpaviKég
TOL

TPOTEIVEG 1N TPOTEIVEG

avAoD voioTovTot

TPOMOMOW|GELS,  KUPI®G — OTIG

TPOGKOAALEVEG

OALYOOOKYOPLTIKEG aAvcides.

Kémoleg amd avtég mapapévovy oto trans-Golgi kol kamoleg HeTakvouvTal, LECH WKPOV KUOTISIMY,

OTNV KLTTOPIKY EMLPAVELD 1| OTO. AVCOCOUATO. X€ OPIOUEVOLS KVLTTOPLKOVG TUTOVS, A.X. VELPIKE

KOTTOPO 1 KOTTOPO TAYKPENTOS, SWAVTEG TPMTEIVES €ival dLVATOV VO AmOBNKEVTOVV GE EKKPLTIKA

KvoTidlo Kot vo. anelevbepwBolv katomy Ayng Tov katdAAniov onpatog, (puoulopevn ékkpion). X

Olo TO KOTTOPW, OVYKEKPUEVEG TPMOTEIVEG UETAPEPOVIOL OTNV  KULTTOPIKY EMPAVELD, HECH

UETOPOPIKOV KVOTISIWV Kot ekkpivovtar cuveymg (ouveyng ékkpion). [pocappoyn arnd (Lodish et al.,

2008).
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Ol mpwtElvEG TOL KVTOCOAIOL GTEPOVVTAL GAANAOLYIOG CNUATOOOTNONG Y10
tov avAd Tov EA. Qotdco, €xel mopatnpnbel 0tL apketéc amd avtég ekkpivovton
ovveymg M katdémy gpediopotog, péom EA/Golgi-aveédpmmrtov unyovioudv (Hebert
and Molinari, 2007). Ot unyoviopoi ovtoi cuvolkd ovopdlovior pn-kKloaotkol
unyaviopol €kkpiong (etkéva 15) kot mopapévouy PPl Kot GUEPO LEPIKADS LOVO
tavtomoinpévol. Kdamootr and avtovc mepthapfdvoov v 16000 TPOTEIVOV TOL
KUTOGOAIOL G€ HIKPOKLOTIOW, To omoio amooyiloviol GUECH amd TNV TAUCUATIKY|
pepppavn. T'a mapddetypa, 1o Tpddpopo poplo g IL-1B, sioépyetar oe Kvotidia,
LETOTPEMETAL LECO GE OTA GTNV OPIUN HOPPT TOV Kol EEEPYETOL TOV KLTTAPOV MG
evepyo popio (Rubartelli et al., 1990). Opoing, N mpwteiv Acbl otovg poknrec,

EIGEPYETAL G EVA E100G KEKKPITIKADV QUTOPOYOCOUATOVY, KOl EKKPIVETOL LLE TO

Eioxurtapog Xapog

=

®: ‘@
L]

e -

2l

Erkprosd @ Metagopsls e @ FEmobuata @ Evereifiue mon exoayilov
.-l'.'lll.".'q."-ﬁl':-_l.l.u{l.l AT T lHil-lF-li;'-l"f]'-' DO T fr.;'.ll:l"l.l.\.LTl.'l.l] }u:p[!flu'v
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Kuvrrapomiaeopa

Ewova 15: Zynuotiky oredvion 1@V un KAUGIKOV UNYaVIGUOV EKKPLOTNG TPMTEIVAV.

Ot k0pot punyavicpoi pn-kAootkng €kkpiong mov £xovv mpotabei givar ot e€ng: 1) H mpwteivy
EI0EPYETOL OE EKKPITIKA AVGOCHOUOTO, TO OTOi0 LE TN CEPE TOVG GLVTHKOVTOL UE TNV TAOGULOTIKNY
peuppdvn, anerevdepdvovtag To TEPLEXOUEVO TOVG GTOV EEMKLTTAPLO YDPO. 2) O deVTEPOG UNYAVIGHOG
dgv meplopfavel eykielopd oe ekkpitikd kvotidle. H €Eodog g mpwteivg amd 1o KOTTOPO
Swpecorafeitor and petagopeic g TASpHOTIKAG pepPpdvng. 3) H mpoteivn eykiofiletor ota
TPOYLO. EVOOCOUOTO, KATA TN Sodikaoio ToV Jado K@V TPOG T0 €60 EYKOATMGE®DY TOVG, TPOG
GYNUATICUO T®V TOAVKVGTIONKOV cmpatiov. Akolovdel chHvinén Tov mToAVKVGTISINKOV COUATIOV e
TNV TAOCUATIKY PepPpdvn Kot amelevfépwon Tov IKp®dV KuoTdIOV (e£0oMUTE) 0TOV £EOKLTTAPLO
x®po. 4) Téhog, glvarl SvvaTOV 1 KLTOGOAKT TPWTEIVT Vo eEEADEL TOL KLTTAPOL HECH KLOTIOIWV TOL
armooyilovtot amd v mAacpatiky peuBpavn. Ipocappoyn amd (Nickel, 2005; Nickel and Rabouille,
2009).
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KvoTid Tov avtd elevBepdvouv dtav cuvinyBovv pe TNV TAACUOTIKY HepPpdvn
(Locher, 2009; Nickel and Rabouille, 2009). Ermiong, mpwteiveg 00 KVTOGOAIOV
e€EpyovTal Kot Kot TV amdGyIoN AIOTTOTIK®OV 0oK®V omd maboroyikd kdttapa. O
Tpoikdg mapayovrog FGF2 elvar pio xvtocolkn mpwteivn, n omoio ekkpivetan
otafepd, yopic ™ Sopesordpnon Kvotdiov. AAMnAemidpd dueca pe ta PI(4,5)P2,
0TO0 €0MTEPIKO TNG TMAOGUATIKNG UEUPPAVNC, OTOL  POGEOPLALOVETOL KO
oMyopepiletar (Nickel and Rabouille, 2009).

H éxxpion mpoteivov, eniong, dievkoAbveTal and evolqueca popia, Onme ot
petapopeic ABC (ATP-binding cassette), o1 omoiot petaTpémovy TV eVEPYELD OO TV
vopolvon tov ATP, oe evépyslo HETOKIVIIONG LTOCTPOUATOV KOTO HNKOG TNG
MdKNG dSumhooTPddag Tpog To KuTTaPOTANSHA (ELG0YWYN) 1 TPOS TOV EEMKVTTAPLO
xdpo (e€aywyn) (Locher, 2009). In vivo, n avénon TV eXES®V TOV LETAPOPEDV
ABC éyetl ouvdebei pe ta eminedo Tov apvrod®v tentdiov AB40 kot AB42 (Wolf et
al., 2012). TéLog, TOAVUOPPIGHOL GTO YEVETIKO TOTO TOV YOVISIMV TOV KOIKOTOIOVV
vy Toug petapopeic ABC, N petouévn Asttovpyio tov yovidiov mov odnyel o€
pelwpéva emimeda Ekppoong, ocvvoéovtar pe T voco tov Parkinson (EIAli and
Hermann, 2011).

Méypt onpepa, 0ev givol YvooTd ov 01 KOTOGOMKES TPMOTEIVEG £XOVV KATTOL0
«mpotipnon» o€ €vav amd Tovg mpoavapepOEvTEG UNXAVICHODS  UN-KAOGGIKNG
ékkpilong. Avtifétmg, paivetal va e£EpyovTal omd TO KUTTAPO LE TUPATAVE® Omd EVOV
unyoviopots.  Ilpoceota, ovakoidednke m  Vmopén  MmTOIKOV  KLoTWiv
EVOOKLTTOPIKNG Proyéveonc, ta omoia HeTapEPOVY OxL LOVO TpmTeiveg aALd kot RNA
Kol glval ikavd vo emnpedoovy T PLOAOYIKTY EVEPYOTNTA YEITOVIKAOV KLTTAP®V, Y®PIig
evoikn emaen (Simons and Raposo, 2009). H tpitn avtf katnyopio pun-KAoGtkoy
punyovicpob €kkpiong agopd to eEowcopota (PAm. evotnta 3.2). Acdopévov Tov 4TI N
TAOGHOTIKY] pepfpdvn eivar adwomépactn, N avakdioyn TETO0V TOTOV KLOTWIMV

elval eEopeTid oNUAVTIKN Y10 TN OOKVTTOPIKT EMKOIVOVIO G€ EMMESO CLOTHLATOG.

3.2. E¢éwowuara: Broyéveon kal poeloioyikos poios

Ta eéwomdpata sivor pikpokvotiow, 1 Proyéveon tov omoiwv EeKvd oTo
moAvkvoTtidlakd copdtio (multivesicular bodies, MVBs) tov ocvotiuoatoc tov
evoocoudtov (ewéva 16). ITo avarvtikd, TpOTEIVEG Kot GOUTAOKO GNUOTOSOTNONG

OTOLLOVMVOVTOL GTOV TEMEPAGUEVO YDPO oL optlobeteitoan omd TN pepPpdvn twv
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MVBs. Ev cuvveyeio, pmopodv va eveopotmbovv ota HiKpd £vOoKLGTiod, ta omoio
Bpiokovtar otov owAd Twv MVBs (intraluminal vesicles, ILVS) ko tpokdmtovv amnd
T1G SL0PKEIC, TPOG TO €00, EYKOATMGELS TG HeUPpdvne towv MVBS. 1o onueio avtd,
1o MVBS givar duvatdv va cuvinyBodv pe T AVGOCOUIKY] LEUPPAVY, LE OTOTEAEG LA
mv amowkooounon tov ILVS kol tov mepieyopévov tovg. Evaliaxtikd, to MVBS
pumopel va cvvinyBovv pe v mAacpatiky pepppdvn kot va amelevbepdcovv to
EVOOKLOTIOW TOVG OTOV EEMKLTIAPIO YMOPO, HE TN HOPON TV eEOcOUATOV

(exosomes) (Bellingham et al., 2012; Schneider and Simons, 2013).

O Mixpoxvotitw

Ewova 16: Zynuotikn anewcovion g Proyéveons 1oV eE0coudty.

A) Ta pkpokvotidio anokdntovrar amevbeiog omd ) pepppdvn. Ta Tpdipa evéoocouata veicTavTal
S1080y1KEC, TPOG T 6 AVAUSITADGELS, TPOG CYNUATIGLO TMV TOAVKLOTISOK®Y couatiov. Avtd, gite
GUVTNKOVTOL UE TO. AVGOCMUATO, OTOTE KOl TO TEPLEYOUEVO TOVG OTOIKOOOUEITAL EITE GLVTINKOVTOL L€
MV TAOCUOTIKY] HEUBPAvVN TOL KULTTAPOL, omelevdepdvoviag To HIKPA €VOOKLOTIOW Kol TO
TEPLEXOUEVO TOVG OTOV EEMKVTTAPIO YDPO, LLO TN HOpeN TV eEmompdtov. Ot KOKKIVEG KOVKKIEG
amekovilouv v KAaBpivn, mov cuvdéeTor pe KuoTid 6To eminedo TG MAOCHATIKNG HepPpdvng. Ot
HeUPpavocuVOEOEVES KOl Ol SIAUEUPPAVIKES TPOTEIVES TAV® ot KVGTid cupPoAilovTal @G Tpiywva

kat opBoydvia, avtictorya. To BEAN anekovilovy TIG TPOTEWOUEVEG KOTEVOVVOELG TOV TPOTEIVOV Kot
TV MmSiov petaé&d Tav opyovidiov Kot petaé&d TV TOAKVGTIOKOY COUATIOV KOl TNG TAAGHOTIKNG
peuPpavnc yuo v ékkpion tov eEncopdtav. Ipocappoyn ond (Raposo and Stoorvogel, 2013). B)
Ewova amd nAekTpovikd PIKPOGKOTIO 0V amelkovilel £vo TOAVKLGTIONKO COUATIO GE VEVPDVO TG
neployng CAl tov mmdkapmov evijiikov emipwoc. Eivatl epgavig n mpog ta é6m avaditAwmon mpog T0
OYNUOTIONO €VOOKLOTIOL (mhved 6e&id), kabdg kot ot pepPpdvec mov mepifdlovv TOG0 TO
evdokvotidia, 660 kot cuvorikd o MVB. Kiipoxa: 100 nm. Tpocappoyn amd (Chivet et al., 2012).

To péyebog tov eEwcopdtov sivor pikpd kot mowiier and 30 g 120 nm.
[Mopovcidlovv  Og, YOPAKTNPIOTIKY HOPPOAOYID GOAPIKOD 1 KUTEAAOEIOVG

OYNUOTOG, OTTMG TPOKVTTEL OO TIC EIKOVEC NAEKTPOVIKOD UIKPOOKOTIOV (stkéva 17)
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(Emmanouilidou et al.,, 2010a; Russo et al., 2012). ITAnbopa JSaPopeTiK®V
KUTTOPIK®V TOT®V £KKpivouy eEmompoatoa, tOco in vitro and in vivo, 6mwg vevpoveg
(Faure et al., 2006), kottapa pkpoyroiog (Potolicchio et al., 2005), actpokvttapa
(Taylor et al., 2007), xoBd¢ wor pun vevpika KOTTOPA, 7). AEUEOKVTTOPO KOl
novokvtrapo, (Bobrie et al., 2011; Simons and Raposo, 2009). Zoupwva pe tpdopata
dedopéva, ta eEmoduata petapépovy MRNAS (messenger RNA), microRNA, kabag
KO TPOTEIVIKA Kol GNUOTOS0TIKE GOUTAOKA, TO, OTTO10l GTO GUVOAD TOLG Eivat duvatdv
vo puOuicovv T Yovidlokn EvEPYOTNTO Kl TNV TPMTEIVIKN £KPPOACT TOV KLTTAPOV

nov ta TpochauPavovv (Bellingham et al., 2012; Simons and Raposo, 2009). To

A. B. Tetraspanins
CD9, CD81. CD63

hsp70, hsc70,
hsp20 etc

Ewova 17: Mopeoioyikn kot Btoynuikn TouTotnTe TV eEOomUATOV.

A) Ewdveg nAekTpovikoh HIKPOSKOTIOV, GTIG 0Moieg TOPOLGAlovTal EOOCOUATA [LE XOPUKTPIOTIKT|
oea1pikn N KumeAlogdn] popeoroyia. Kiipaka: 100 nm. TIpocappoyn amd (Emmanouilidou et al.,
2010a). B) Zynuatikn anekovion g douNng Kot Tov Teplexopévon tav eEncmpdtov. Ta eEnchpata
Tapovclalovy TapOUO TOTOAOYiD e OGLTAV TNG TAUCUATIKNG HEUPPOVNG TOV KLTTAP®OV OV T
exkpivouv. ITepiéyovv MRNAS, microRNAS kot o tepdotion motkihia and SloQopeTIKEG TPWTEIVES,
avolOY®G TOV KVLTTAPKOD TOHOV oTov omoio Procvvtibevtotl [evikd, dpmg, eivol eumlovTicpéva o€
TPOTEIVEG MOV EUMAEKOVIOL GTN OMUIOLPYi TOV TOAVKLOTISK®Y copotiov, Ay tetraspanins,
TPOTEIVEG amapaitnTteg Yo TN MHETAPOPE Kot T ovvinén Kot TEA0G KVUTOGOAKEG TPWOTEIVEC.
Ipoocappoyn and (Bellingham et al., 2012).

eEooopkd @optio mepAapPavel GUYKEKPIUEVEG TPOTEIVES, HEPIKEG OO TIG OMOLES
elval Kowég v OAa o eEMOMUATO Kol YPNCLLOTOI0VVTOL EVPEMS OC TPOTEIVIKOL
deikteg, petaéd tov omoimv n Alix, n tetraspanin (CD63, CD81) kot ot mpmTeiveg
Bepuikod ook 70 kou 90 (heat shock proteins 70,90, HSP70, 90) (Lee et al., 2011;
Simons and Raposo, 2009). Alkeg eivar €01kég Ko 1| Tapovcio Tovg €aptdtol and

TOV KUTTOPIKO TOTO GTOV OMO{0 ONUIOVPYOLVTOL KOl EKKPIvOVTOl TO £EMCMUOTOL
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(Keller et al., 2006). Xe avtd to mhaiota, éxel avaeepbel 0Tl Ta eEMOOUATO TOV
amEAEVOEPOVOVTAL OO  OVTIYOVOTOPOVCIOCTIKA KOTTOPO HETAPEPOVY TO UEilov
obumioko totocvuPatomrac (Thery et al., 2001), evd avtd mov ekkpivovrol amd
OAYOdEVTPOKDTTOPN LETAPEPOVY TPpmTEIVEG puelivng (Kramer-Albers et al., 2007).
Ta eEwoopota sivar Proroykd evepyég ovidtteg Ko dwodpopotilovv
eCAPETIKA  ONUOVTIKO pOAO Yoo TANOopo  QuGOAOYIKOV  depyacidv. Il
ovykekpipéva, 1n oovinén tov MVBs pe to Avcooopoata, odnyst ovemBdunta
KUTTOPIKG GLGTATIKG TPOG amotkoddunon. Emtpénetat, tpémov tivd, 1 amopdkpouvon
SlLeUPBpovIK®V TPOTEIVAOV, 1 omoia givol amoapaitnTn yio T peimon tov aplfuov
TOV EVEPYOTOMUEVOV VTTOSOYEMV GTNV EMLPAVELD TOV KVTTAPOV, OTMG T.). TPOPIKOL
napdyovteg kat popla mpookoiinong (Dello Sbarba and Rovida, 2002). [Tapdrinia,
etvat, TAéov, amodedelyUévog 0 AELTOVPYIKOG POAOG TOV EEMGOUATMOV GTN VEVPMOVIKN
avartoén kol avayévwnon (Marzesco et al., 2005), kabdg kot TN GLVOTTIKA
TAOGTIKOTNTO T®V VELPIK®OV KLTTAP®V TOV QAOOD Kol TOV WAOKOUTOV, GTOV
eyképaro (Lachenal et al., 2011). Otav, de, ancievbepdvovtarl and avocokvTTAPA,
TPOKAAOVV 0LVOGOAOYIKEG OMOKPIGELS, KPITIKNG ONUAGTIOG Yol TV EVEPYOTOINGCT KO TN
LETAOOON NG QAEYLOVIG OE AmOKPIoN KAmoov mofoydvov epebicpotoc 1 kdmolov
tpavpotog (Raposo et al., 1996; Thery et al., 2009). To tekevtaio ypovia, M
dlepevuvnon TV TOAVOV TOHOLOYIKOV dPaGTNPLOTHTOV TV EEMCMUATOV £xel Tebel
OTO EMIKEVIPO TOL EPEVVNTIKOV EVOLOPEPOVTOS, KOONDS PAIVETOL VO GUUUETEXOVY OTN
LETAO0ON TOEIKMV TPOTEIVAOV GE JSUPOPETIKEG TEPLOYEG TOV EYKEPAAOVL KO GTNV
e&dmimon g TafoAoyiog TOAVTAPAYOVIIKOV VELPOEKPUAIGTIKMV 0GOEVELDV, HETAED

TV omoimv kat 1 voéoog tov Parkinson (BAx. evéotnra 3.4) (Bellingham et al., 2012).

3.3. H éxkpion TS a-60VOVKAEIVHGS

H o-ocvuvoukAeivn, eEottiag tov  Kuplopyov  €VIOMGHOL TG  OTO
KLTTOPOTAACLLO KO TNG EAAELYNG ONUATOOO0TIKTG 0AANAoVYiag oTdyevong Yo to E.A.,
péxpt Ko mpooceata, Oempeito pol TUTIKY TEPIMTOON KAUCIKNG KVTOGOAMKNG
npwoteivng (Vekrellis et al., 2011). H og Gve dmoyn KAOVIGTNKE, e TNV aviyVEVOT| TNG
o€ Broroywd vypd OTmG T.y. TAGCKA aipaTog Kot eykepaiovoTiaio vypd (ENY), toco
acBevov pe ™ vocso tov Parkinson, 6co kot vyidv atdpmv (Borghi et al., 2000; El-
Agnaf et al., 2003). Xta 610 mhaiowa, amd in VItro uehétec oe KLTTAPIKO GLOTHUATO,

Bpénke o611 M a-cvvovkAeivn elval duvatdv va ekkpivetal oto Opentikd HEGO
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VEVPOVIK®OV KVTTApwv. MdAota, 1 mopovsio g oto eEwkvttdplo péco eivor
aveEbptnn omd Tov TpOTO VIEPEKPPOOTS NS, A.x. otobepn (EI-Agnaf et al., 2003) 1
nopodwkn (Danzer et al., 2011; Sung et al., 2005) vmepékppacn, vVREPEKPPAO
katomy enaymyng (Emmanouilidou et al., 2010a), 1| pe ™ xpnon tikov eopéa (Lee et
al., 2005a).

Me mowov tpoémo ekkpivetal dpaye M o-cvvovkAgivr; To epdtnua oo,
amOTEAEL OVTIKEIPEVO EVTOTIKNG £pEVVaG Kot OV €Yl amovinOel e KaTnyopnUaTIKO
Tpomo. Qo1660, &ivar YVOOTO OTL €évo KPS, TOVAYIOTOV, TOGOGTO 1TNG O-
OUVOVKAEIVIC  eKKpiveTol OTOV €EOKVLTTAPIO YOPO HEGH €VOC U KAOGIKOV
HOVOTaTION EMKLTTAP®ONGS, aveEdptnTov amd T petopopd pécw E.A. kol cvokeung
Golgi, to onoio meptlopfavet T cVUVOEST TG A-GUVOLKAEIVNG LE pikpa Kuotidlo (Lee
et al., 2005a). [Ipdcpatn dnpocievon, Kavel AOYO TOGO Y10 LOVOUEPEIG OGO KOl Yo
OAlyOUEPEIS HOPPES 1TNG 0-CGUVOUKAEIVNG, ol omoleg amelevBepdvovior GTo
KOAMEPYNTIKO HEGO KLTTAP®V VELPOPAACTONOTOS AVOPOTOV, €V UEPEL LEGH KPDOV
kvotdiov (Emmanouilidou et al., 2010a). Ta. 6& KvoTidLO PEPOVV TO, LOPPOAOYKE. KOiL
Broymuikd yapaxmmpiotikd tov eEocoudtov (Emmanouilidou et al., 2010a). Xty
Ol perétn, n €kkpilon €EoptdTol Omod TO EMIMEDD TOL EVOOKVLTTAPLOV Ca® xa 10
EVOOKVLTTOPIKO LLOVOTATL, GTOLXEID TOV GLVAOOLV LE TN CUUUETOYN TOV EEOCOUATOV
oto punyaviopud eEmkuttapmong g a-cuvovkAgivng (Emmanouilidou et al., 2010a).

[Mapd v 1Wwitepn onuacio yo v kotavonon g taboyévelag e vosou
tov Parkinson kot mfavotata g eEGmAmong TG, 0 UNYOVICUOG TG U GUUPATIKAG
éKKpong mov  akoAovBel M a-cLVOLKAEIVY TopapEVEL  AdlELVKPIVIGTOG. TNV
npaypatikdtnTo 0o umopodoav vo VIEPYOLV TEPICCOTEPOL TOL EVOG UNYOVIGLOV
(Nickel and Rabouille, 2009), wavoi vo Teptypdyovyv TO0 QOIVOLEVO TNG EKKPLONG TOV
SLAVTMOV KOl GUGCMOUATOUEVOV LOPO®V TNG 0-GLVOVKAETVNC (elkdva 18). H éxipiom
B pmopovice va AapPaver yopo VIO ELGLOAOYIKEG cLvOnKeS, ®oTOGO Ba MTOV
dvvatdv va evtadel vTd TABOAOYIKEG KOTAGTAGELS, OTMG OVTEC TOV GYETILOVTOL LE TIG
HLTOYOVIPLOKES OVGAEITOVPYIEG KO TIC SLUTAPUYES TOV TPMOTENCMUATOS KOL OITOVTOVV
ot voco tov Parkinson (Lee et al., 2005a). H a-cuvovkAeivn mov cuvdéetol oe
EKKPLTIKA KLOTIOW TOpoVStdlel avEnpévn Téon Yo CUGGMOUATMCT GLYKPITIKA LLE TNV
erevBepn kvtocolkn mpwteivn (Lee et al., 2005a). Avo Paocikég vmobéoelg sivar

dvvatdv vo Teptypdyovy 1o povopevo avtd: 1) Me €i60d0 ¢ ota KuoTtidwo, e&outiog
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Ewéva 18: TIpotetvopevo LovTEAO UNyovIGU®V £KKPLONG TNG 0-GUVOVKAEIVNG Kot TBOVEG TopoKPLVEiG
dpdoeig .

H a-cuvoukieivn exkpivetar HEom [N KAOCIKOV EVOOKLTTOPIKMOV 1 EEOKVTTAPIKOV [LOVOTOTIDV. XTO
apoo evéocmparta (early endosomes), to TpOTEIVIKO GOPTIO €iTE AVAKVKADVETOL, EMIGTPEPOVTOG
mow otV TAUCUOTIKY HeUPpavn, eite axoAiovbel S10Aoyn TOL OTO TOAVKLOTIOWKE COUATIO
(multivesicular bodies, MVBS). Z¢ avtd 10 onueio, o1 eAedbepeC KVTTOPOTAUCHATIKEG LOPPEG TG O~
GLVOVKAEIVIG elvan duvaTov vo eleéABovy ata MBS, péom g mpog to é0m dadikaciag avadimimong
TOV TPOWOV EVOOCOUAT®OV. X1 ovvéyela, ta. MVBS cuvtikovial €ite pe ta AVGOCOUATE TPOG
amokodounon, €ite pe TV TANCUATIKY peuPpdvn, amelevBepdvoviog To e£OOMUOTO  GTOV
eEOKVTTAPLO YDPpo. EVOAAOKTIKA, 1) 0-GUVOVKAEIVI pmopel va evomuatmbel oe eKKPITIKG KUGTIOW Kot
va e&élbel Tov KuTTApov pécwm efmkuttdpwong. Molg Ppebei otov ewkvttdplo ydpo, 1 o-
GLVOVKAEIVN elvan 6 BEom va ennpedcel TNV OLOIOGTOOT] TV YEITOVIKAOV KLTTAP®V. AVTo amattel Tnv
GAANAETIOpOOT] TNG HE GyvwoTOVG, PEYPL OTIYUNG, VILOdOYXEIS, TV eviokvttdpmon g nécw clathrin-
coated pits, 1 T dnpovpyia TOp®V 6TNY TAAGHATIKY HEUPPavn TV KLTTAp®V-OdekT®V. [TopdAinia, N
0-GUVOVKAEIVY, TPOKAADVTOG TIV EVEPYOTOINGT TOV KUTTAP®OV LIKPOYAOLOG, UTOPEl Vo TOPOSOTHOEL
VEVPOVIKES QAEYHOVDOES omokpioels. TEAOG, M eKKPVOUEVN] O-GUVOVKAEIVN etvar dvuvatdév va
amopaxpuvlel amd Tov €EmKLTTAPIO YDPO, HEC® NG EVOOKLTTAPMOONG OMO T AGTPOKVTTOPOL.
Ipocapuoyn arnd (Vekrellis et al., 2011).
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tov 0&vov pPH, M Thomn NG A-GLVOLKAEIVNG YLl OATYOUEPIGUO YIVETOL EVIOVOTEPN
(Hoyer et al., 2004). 2) Ot 10N oYNUOTIOUEVEG OALYOUEPEIS LOPPEC TNG TPMTEIVIG
LETAKIVOOVTOL OTO EKKPITIKA KLOTIOW, OTOL KOl TPOYLOTOTOLEITOL TEPULTEP®
CLGGOUATMOON TOVG. XTI GLVEXELD AMEAELOEPDOVOVTUL GTOV EEMKLTTAPLO YDPO, OOV
SLVNTIKG UTOPOVV VO, TVPOOOTHCOVY TANOMPO TABOAOYIKDOV YEYOVOTWV GE YEITOVIKA

kottapa (Feng et al., 2010; van Rooijen et al., 2010).

3.4. llapakpiveis OpaceElS THS EKKPIVOUEVHS A-COVOVKAEIVNG

Av&avopevog O0ykog PBiproypapikdv dedopéveov vrootnpilel 1 Ploloyikn
OTUOVTIKOTNTA TOV EKKPIVOLEVOV LOPO®V TNG 0-CLUVOLKAEIVIG, KAVOVTOS AOYO Yo
mOavEG TopaKpIVELS OPAGELC, LE GUEGO OVTIKTUTTO GTNV OUOLOGTACT TOV YEITOVIKMV
kuttdpov (ewkéva 18) (Vekrellis et al., 2011). Toppova pe omoteAécpOTO TOV
TPOEKLYOV OO KVLTTOPIKA HOVTEAQ, €ival, TAEOV, AMOJEOELYUEVI] 1) TKOVOTNTA TNG
EKKPIVOLLEVNG 0-GUVOVKAEIVIG VO LELDVEL CTULOVTIKA TN PLOCIUOTNTO TMV VEVPOVIKOV
KUTTAPOV-0ekTOV. MAMoTa, T0 TOEIKO duvapkd TG TpOTEIVNG vl avdAoyo g
oVYKEVIPOONG TG oto eEmkvttaplo péco (Emmanouilidou et al., 2010a; Sung et al.,
2005) ko o@eiletar o€ peydio Pabuod otig olyouepeic popeéc (Danzer et al., 2011;
Emmanouilidou et al., 2011; Emmanouilidou et al., 2010a).

‘Evag amd Ttoug EMKPATESTEPOVS UNYAVICHOVG TOEIKNG Opdong TV
EKKPIVOLEVOV LOPPAOV TNG 0-CLVOVKAETVNG glvor 1 TPOSANYN TOVG 0td TO KOTTOPO LE
T omoia épyovtar og emagr, (Emmanouilidou et al., 2010a; Lee et al., 2008a; Luk et
al., 2009). To dg yeyovdg, OTL €va MOGOGTO TNG O-GUVOVKAEIVIG EKKPIVETAL HECM
eEMOMUATOV EVIGYVEL TNV VIOBECT NG SLUKLTTOPIKNG HETASOONG TNG TOHOYEVELNG
™m¢ voocov tov Parkinson (Vekrellis et al., 2011). Onwg Mo avagépbnke (PAm.
gvotnra 3.2), o mhavn Asttovpyia TOV £EOOCOUATOV €lval M OTOUAKPLVOT] TOV
BraPepod Tpmteivikov poptiov gvog kuttdpov (Putz et al., 2008). And ™ otiyur| mov
10 Told «poption Ppebel oTOV €EWKLTTAPIO YDPO KOl GTO TANUGLOL TNG
SLOKLTTOPIKNG EMKOVOViaG, Eivol duvatdv va TposAngbet and mopakeipevo KoTTOPOA,
emdpmvtag otn evotoroyia tovg (Ghidoni et al., 2008). H vrndbeon avtn, mov £xet
EMKPOTAOEL Ue TOV 0po «Ymobeon tov Aovperov Trrovy», a@opd YEVIKA TO AUVAOEION
TOV KLTOGOAIOL, TO. omoio &oépyovtol ota eEOOOUOTO KOtd TN Stodkacio
Broyéveonc tovg kot anedevBepdvovtar otov e&mkvttapto ympo (Ghidoni et al., 2008;

Smalheiser, 2007). Avtog 0 pUNYAVIGHOG EVOEYETOL VO AELTOVPYEL TPOOOEVLTIKA KOt
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ovoowpevtikd (Emmanouilidou et al., 2010a). Awdpopec npwteiveg mov oyetilovtat
Bloynuikd pe 10 VELPOEKPLAICUO £xel oeybel OTL ovvoovion pe to eEWOMOUATO
(Mathivanan et al., 2012). Opiopéveg €& avtdv gival To TenTidlo Tov apvAiogdovg AR
(Rajendran et al., 2006) kou | Tpwteivn prion PrP (Fevrier et al., 2004), kabmdg kot ta
npoddpopo poptd tovg, M tau (Saman et al., 2012), oAAd Kol 1 0-GLUVOVLKAEIVN
(Emmanouilidou et al., 2010a). EvtoOtolc, 1 cUGYETION TOV TPOTEIVOV QVTOV UE T
eEoohpota dev givar apketn yio va emPefoidost 1| va aroppiyel Ty vtodeomn Ot Ta
eEoodpota Aettovpyovv kol g «Aovpelot Tamow mov cuvelcpépovy oy e&EMEN
TOV VEVPOEKPVAIGLLOV.

Qo10060, T0 KOTE TOCOV 01 vevpwveg elval oe Béon vo mpooAapPfdavouy
(QLGLOAOYIKG EKKPIVOUEVT] 0-GUVOLKAETYT givar vtd cvltnon (Vekrellis et al., 2011).
H Emmanouilidou kot ot cuvepydteg g €6€1&av OTL | PUGIOAOYIKG EKKPIVOUEVT O
OLVOLKAEIVY, evd mpooiapfdvetar queca amd dwipovpeva SH-SYSY kdttapa
VELPOPAACTOUATOS OVOPAOTOV, OEV EIGEPYETOL GE VEVPMOVIKA  Ol0POPOTOIUEVOL
KOttapa N wpwtoyeveic vevpmves (Emmanouilidou et al.,, 2010a). Xe ave&aptntn
HEAETN, TPOKEWEVOD va OlevkoAvvOel 1 €i06000G NG €EWYEVADS YXOPNYOVUEVNG
OVOGLVOVAGUEVIC AVOPATIVIG 0-CUVOVKAEIVIIG GTO KLTTOPOTAAGLO TOV KOTTAP®V-
JEKTMV, EMOTPATELTNKE 1) YPNOT TOV Katlovikdv Mmocopdtov (Luk et al., 2009). Ta
TOPOTAV® OEOOUEVE. GTO GUVOAO TOVLG, GLVIIYOPOUV otnv Vmopén kot GAA®V
UNYOVICU®V, TEPAV TNG EVOOKVLTTAPMOONS, HECH TOV ONOIMV 1 EKKPIVOUEVT -
GUVOVKAEIVY €MIPE GTNV OLOOGTAGT) TMV KLTTAPWOV-OEKTOV, OTWS T.X., 1| EMOPOAON
0T0 €mnedo TNG MAAGUOTIKNG UEUPPAVNG T®V KLTTAPOV-OEKTAOV, THUVOG HECH
ereyyOuEVTS didyvomng 1 €101kNg Tpocdeong (Emmanouilidou et al., 2010a; Lee et al.,
2008a). Téhoc, &xet derybei ot emPraPeic LOPPES OVAGVVIVOCUEVIG O-GUVOVKAEIVIG
(oMyopepels Kol CLGCOUATOUEVEG LOPPES) etvar duvatov va dpdcovy Tapdpote pe
GAAec emppeneic, 66 GLGCOUATMOON, TPOTEIVEG, OMMG TO TMEMTIOO TOL AUVAOELOOVGS
AP xotr n mpoTeiv prion, daTaploooviog TV OKEPOLOTNTO TNG TANCUATIKNG
HeUBPavNg TV KLTTAp®V, HECH TNG dNpovpyiog apviosdikodv toépov (Danzer et al.,
2007; Tsigelny et al., 2012) (BAxm. evéotqnra 4.1.2.). Evolioktikd, t€t0100 TOTOL
npwteiveg Bo  umopovoav  va  EMNPEACOVY TN AEITOVPYID  KOVOALDV ca**,
STAPAGGOVTAG TV 1GOPPOTIL TOV 1OVI®V ca®* HETOED TOL EVOOKVLTTAPIOV KOl TOV
eEmxvttaplov yodpov (Demuro et al., 2010) (Bix. evotnra 4.2.4, 4.2.5).

H o@Aeypovr kot gvepyomoinorn tov HIKPOYAOLOKAOV KLTTAP®V G Oldpopa

Cowd HOVTELD VEVPOEKPVAIGUOD, GUUTINTEL e guprpota TG vosov tov Parkinson
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(Langston et al., 1999). Ymdpyovv dedouévo Ot 1 emyevdg mpooTIOEUEVN
OVOGLVOVOAGIEVT] O-CUVOVKAEIVI] TUPOOOTEL TNV €VEPYOMOINOT TOV UIKPOYAOLOKDV
KUTTOP®V, ETAYOVTIOS TNV TOPAYOYN KLTTOPOKVGAYV, 6nwc 1 IL-1B kot 1 IL-6, kabdg
ko eviopmv mov oyetiCovral pe ™ eAeypovn (Su et al., 2008; Zhang et al., 2005).
MdaMmota, edvnke 0Tl 1] TOPOVGio KPOYAOLNKMV KUTTAP®OV ival amapaitntn yio v
101K} Opdom TNG G-CLUVOVKAEIVIG OE GULYKOAMEPYELEG, VLTOJEIKVOOVTOG OTL TO
VEVPOTOEIKO SLUVOUIKO TNG OPeidetal, KVPlMG, oTNV OmOKPIoN TOV UIKPOYAOLOK®DV
kuttdpov (Zhang et al., 2005). Qot1660, Pacikd HEOVEKTNUO OAOV OLTOV TOV
HEAETMV OMOTEAEL M YPNON AVACLVOLOGUEVNG TPMTEIVIIC KOl Ol PUCIOAOYIKA
EKKPIVOLLEVNG, TNG OTTOL0G O1 1O10TNTEC UITOPEL VOL SLOPEPOLV.

Otr unyaviopol pécm twv omoimv M a-cLVovKAEiv dlevepyel Tig TO&IKES
TOPOKPVEG dpdoelc NG  evdéyetor va  mepthopuPdvovy v gvepyomoinon
GLYKEKPIUEVOV VTOOOYEWMV 1| TNV TPOGANYN NG TPOTEIVNG amd KOTTOPO, OTMG EXEL
npotofel ywo TV TPOGANYN NG TPOTEIVNG amd HIKPOYAOLOKA KUTTOPA L€
eayokvtmon (Zhang et al., 2005). Eyet deiyfel 011 M povopepng a-GLVOVKAEIVN
umopel va €10éABel og kKuTTOpO o’ gvbeiog, ywpilg evookHTWOOTN, EVM 1 OALyorEPNG
popoen pe evookvtmon (Lee et al., 2008a) © dwavoiyovtag mdpovg ot pepPpdvn
(Lashuel et al., 2002). EmmAéov, 1 0-GLVOVKAEIVI) TOL EKKPIVETOL GO VELPIKA
Kottapo Bo umopovoe vo TPocAAUPAVETOL OO AGTPOKLTTOPO, UE OTOTEAEGUO TNV
EMAYMYN PAEYLOVOIDV avTIdpAcemv 1 TV enakOlovdn arnowkodounon g (Lee et
al., 2010). Tékog, po ToOAD TPoOGEaTN HEAETN, pe TN cvvdvacpévn ypnon in silico, in
Vitro xou in Vivo mpooegyyicewv, £0eiée Ot 1 €£®KLTTAPLO 0-GVVOLKAETVY, TOVL
EKKPIVETOL OO VEVPWOVIKA KOTTOPO, OTOTELEL EVOOYEVH Ay®VIGTY TOL VITOdoYEn TLR2
(Toll-like receptor 2, TLR2) (Kim et al., 2013). O TLR2 evepyomoiei Ttig
QAEYLOVAOELS amokpioelg ota KOTTapa NG Hkpoyroiag. H woavotta mpdcsdeons g
a-cvvovkAEivng otov TLR2 glaptdrar and tn dapdpemon g npmTeivng, Kabdg
HUOVO GULYKEKPIUEVEG OMYOUEPELS HOPPEG OAANAETIOPOVV LE TOV VTOOOYEN KOl TOV

evepyomotovv (Kim et al., 2013).
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3.5. H géamimwon tng naboloyios ThS a- 6OVOVKIEIVYS

H moforoyoavatopkn kiipakoe Braak (BAm. evétnra 1.1), avadsikvier v
eEamlmon g maboroyiog TV copatiov Lewy katd pnkog Tov veuptkov d&ova, g
KEVIPIKO aboyevetikd yeyovog kotd tnyv eEEMEN g vocov tov Parkinson (Braak et
al., 2003). [Tpocpateg HeAETEC-KAELLA, EVIGYDOVV TO TOPUTAV® GYALLO Kot SivOLV pia
véa Bepnon oyeTikd pe v e&amiwon g taboroyiag g a-cvvovkAeivng. E&étaon
TOV VEKPOTOUIKOV LAKOV acbevdv, ot omoiot mpv amd 11-14 ypoévia giyav dexbel
EUPLTEVUOTO EUPPVIKDOV VIOTOUIVEPYIKDOV VEVPOVOV GTO PoPfOmTd cmua, £0e1&e OTL
Ol OPYIKA VYIELG EUPLTEVUEVOL VEVPAOVES avETTLENY cmpdTtio Lewy, mov mepieiyav a-
OLVOLKAETVY Ko ftay Oetikd yio T ypoon g thioflavin-S (ewkova 19) (Kordower et
al., 2008; Li et al., 2008). Ta mapomdve gopiuote TPOTEivovy TV VIOBEGT NG
petdooons ¢ maboroyiog TG 0-CLVOLKAEIVIG amd To KVTTOPO. TOL OEKTN OTO
euPpoucd pooyevpo. Kabott og, n nhikia tov epputevpdtov nrov veapn (11-14 €m),
dev etvan mhovov 1 maboroyia mov avartuyONnKe Vo OQEIAETAL GTNV A-GUVOLKAETVT,
™V omoia evdoyevag ekepalovv ta gpputedpata. H mapovsio tov copatiov Lewy
Nrav aveEapm amd 10 TPOTOKOAAO TPOETOYOGIOS TOV 16TOD TOL aKOAOLONONKE 1)
T0 TPOTOKOAAO OVOCOKOTOGTOAG 1 TEAOG TO €mimedo 1Tng evepyomoinong tmv
wkpoyrotok®mv kuttdpwv (Kordower and Brundin, 2009).

Ye avtifeon pe to mopomave evpriuata, o Mendez kol ot cuvepydreg Tov,
LUEAETAOVTOG TIG TMEPMTMGES 5 achevdv mov VIEGTNGOV EUEVTELCT] EURPLIKAOV
KUTTOPOV peceYKEQPAAOV 9-14 ypovid mpwv 10 Bdvatd tovg, o Ppnkav otov
eUELTELUEVO  10TO  coudtio Lewy kot yevikdtepo TO OMOLOONTOTE  GMUAOL
vevpoekuiopov (Mendez et al.,, 2008). H mopovcio, xabdc kot o Padbuodg
ekdnAmwong g QAeypovng, Omwg emiong kot m péBodog peTAPOGYELONG TOL
axorovOnOnke, Oo pmopovcov va amoterécovv mOovEG eEnynoelc Yy TIC
avapepBeioec Swpopés, peTald tov Eeyopiot®v peretav. Ilpog avtiv v
Kkatevhuvon, KMveL Kol pio aveEapTnTn HEAET GE VEKPOTOMKO DAIKO amd YKEQPAAO
acBevoic, o omoiog eiye dexbel epputedpata mpwv amd 14 ypovia (Ahn et al., 2012).
Yg auTV TV TEPIMTOON M Topovsic copatiov Lewy oTtovg VIomopvepyukovg
VELPAVES TOV EUPLTEVUOTOS NTAV GTAVIO KOl KLPIWG GTNV KEVIPIKY TEPLOYN TOL
HOGYEVUOTOC Kol Oyl otnv meplpépeta. Avtibeta, €viovn ftov 1 Tapovcio. TV
TPOTEIVIKOV EYKAEIGTOV TNG 0-GLVOVKAEIVIC oTal KOTTOPO YAOlag OV TeEPEPaiay TV

ev AMoym meployn. To cuykekpipévo ehpnua avTikpovet T PEYPL TPOTIVOG KPOTOLG
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Bewpio TG daKLTTOPIKNG HETAdOONS TNG TaBoAOYiNG TNG O-CLVOVKAEIVIG Ad TOVG
TAGYOVTEG VELPMOVES GTOVG VYLELG TOL EUPLTEDUATOC GTNV TEPLOYN TNG TEPLPEPELNG.
And ™V GAAn mhevpd, avadelkvoel 0 pOAO TOV KLTTAPp®V NG YAolag otnv

na0oyEVETIKY| dlodkacioL.

5 A." : - .‘ o I
1", "
- 2 X .

R

- -

: \ Y
 pébava oveia - g ../'
dinty) poayiviareg -

B : ( .
-~
- SRS
. » - '

péayzvpa ‘

Ewova 19: EEanhwon tng taboroyiog twv couotiov LEWY og euoutedpato vyimv euBpuikav

VELPAVAV.
A,B) Zopdtio kat vevpiteg Lewy, pe xpdomn évovtt g a-cuvoukAEivng, mapdvta (A) 6TOVG VEVPDOVESG

™me pélowag ovoiog tov Oéktn kot (B) otovg eufpuikold VIOTOUVEPYIKOVG VEVPMVEG 7OV
EUELTEVTNKAY 6TO0 POfd®TO oMo ToL £yKeEAlov acBevodc pe vooo tov Parkinson. I'.) Meydin
peyébvvon copdtiov Kot vevtitn Lewy, pe ypodon €vovtl TG 0-GLUVOLKAEIVIG, GE EUQVTELUEVOLS
VTOTOUIVEPYIKOVG VELPMVEG peceyke@dlov. Ipocsapuoyn amd (Kordower et al., 2008; Olanow and
Brundin, 2013).

Amd v GAAn mhevpd, M mopovsio TOV TPOTEIVIKOV eykielotov ot
epeutevpata Oo propovoe va etvar amotélecspo Tov «wafoyevois tePBAALOVTOCY, TO
omoio Kuplapyel oTov eYKEQPAAO TOV OEKTN. L€ ovtd T mAaiowa, 1 Desplats kat ot
ovvepyateg ¢ (Desplats et al., 2009) katopbwoov va Seiovv SaveELPOVIKA
egamlmon ovooopoToudtov TG  o-cvvovkAegivng. Ilopoatipnoav v  dueon
HETOPOPE TNG O-CLVOVKAETVIG oTal EUPPLIKA PAAGTOKVTTAPO TTOV EUPVTEVTNKAY GTOV
WMROKAUTO OlOYOVIOIIKAV, YloL TNV 0-GLVOVKAEIVY, poav. [TapdAinia, n epguvntikn
opada tov Brundin (Hansen et al.,, 2011), ce o mpoomdbeia vo mpooeyyicel

TEPICCOTEPO TNV KOTAGTOON TNG HETAUOCYKEVONG otov AvBpwmo, e&étace, yo v
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TOPOVGIO  O-CLUVOVKAEIVIG, EUPPLIKOVS VELPMDVEG TOVL KOIMOKOD HEGEYKEPAAOV
VoTEPO OMO TNV EUPVTEVCT) TOVG OTO POPO®TO CAOUN OlOyOVIOIOKADV HVMV.
Awmictooov 0T 6€ £vo LIKPO TOGOGTO TOV EULPLTEVUEVOV NTAV OLOKPLTH 1) TOPOVGIN
KOKKI®V 0-GUVOLKAEIVIG, DTOVODVTOG TV TEPITTOCN TNG UETAOOONG A TO OEKTN
ot0 pooyevpo. MAAota, cOUPOVO HE TPOGPATO OEOOMEVO, OALYOUEPT) TNG

OVOGLVOVAGIEVG Oi-GLUVOVKAETVIG TPOGAUUPAVOVTAL 0t TOVG AEOVES VELPDOV®OV
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Ewova 20: Mnyaviouoi e£dnimonc tne tafoloyiag Tne 0-GUVOVKAEIVIC.

Yndapyovv mokilot unyoavicpol e&amimong g mtaboroyiog Tng a-cuvovkAeivng, neta&hd tmv omoimv n
EVOOKLTTAP®OT, 1 GecN S1eiodvon, 1 SICVVATTIKY] LETAPOPA 1} 1| LETAPOPA HUECH TNG LEGOAAPNONG
pepppavikod vrodoyéa. H a-cuvovkdeivn katdmy g €16080V TG 6T0 0TO KOTTOPA-OEKTES, €lvat
dvvatdv va Tupodothosl T Olodikacioo TupHvmong, Tpodyovtag v e&dmAwmon ™¢ maboyévelag.
Ipocapuoyn arnd (Lashuel et al., 2013).

QA0 KOl HETAPEPOVTOL OVASPOLO TPOS TO. CAOUOTO TOV OVIIGTOL®V VELPOV®OV,
endyovtag vevpoto&ikotnta (Danzer et al., 2011). Evtovtoig, 6mwg avaeépbnke kot
wponyovpeEves (BAm. evéotnta 3.3), n IKOVOTNTA TOV VELPOVOV VA TPOCSAAUPAVOLY T
(QLGLOAOYIKG EKKPLVOUEVT 0-GLVOVKAEIV Ttapapével vt depedvnon (Vekrellis and
Stefanis, 2012).

[Té€pav g vdBeoN g ™G TPOSANYNG, Eva dOYUA GYETIKA pe TNV eEAmAmon Tng
vooov tov Parkinson, to omoio kepdilel oAoéva kat mTePIocdOTEPO £3APOC, APOPA GTNV

npoimOOeoT NG CLOCOUATMONG TNG EVOOYEVOVS 0-GLVOVKAEIVIG (sikéva 20)

58



EIZATQI'H

(Vekrellis and Stefanis, 2012). Ta npdécpata mepopatikd dedopéva tov Volpicelli-
Daley kot tov ocvvepyoat®v Tov KaTédEEoy OTL 1] XOPNYNON TPOCKNUOTICUEVOV
wWidiov  avacLVOLAGUEVIC 0-GUVOVKAEIVNG Mtav o€ 0€om vo TPOKOAEGOLV TN
CLGGOUATOON TNG EVOOKVTTAPIOG TPMOTEIVIG KOl TEAIKA Vo €MOEPOLY TO Odvarto,
uoévo omv mEPImT®Mon 7oL T KOTTOPO-0EKTeG €&éppalav TNV 0-GLVOLKAEIVN
(Volpicelli-Daley et al., 2011). Qo1660, d£d0UEVOL OTL OTI] GLYKEKPIUEVT UEAETN
YPNOLOTOONKOV TEXVNTA KATAGKELAGUEVA VIS0 Kot Oyl PLUGLOAOYIKA EKKPIVOUEVT
0-GUVOVKAETVN, T amoTeAécpaTa aVTA SV UTopovV va, a&lodoynfodv TANpms, Kabndg
dev givar yvowotd av TéToov TOMOL HOoPEEG oynuatilovtol kot eV cuvexeia
ekkpivovtat, in Vivo.

Télog, ta evpnuata g Emmanouilidou kot tov cuvepyatdv Thg TETOTOI00V
™ Svvatdtra PETPNONG TG ONADTNG O-CLUVOVKAEIVIG, N VIVO GTO €YKEPUAIKO
TOPEYYVUO TOGO HVGOV, 060 Kot Tov avOpomov (Emmanouilidou et al., 2011). To
YEYOVOS OQUTO EVIGYVEL TNV KPOTOLGA OvTIANY™M, oOUe®va pe v omoio 1 o-
OLVOVKAEIVY, HECH 1TNG TApPoKPvoLS NG Opdong, dvvatol Vo ETOEWVAOVEL TNV
naboloyia g vosov tov Parkinson. Katd cuvéneia, n S1otpnon e ouyKEVIpmoNG
™mg €EOKVLTTAPLOG O-CLUVOLKAEIVIIG G€ QUOLOAOYIKA emimeda, &ivor dvvatov va
amodeyfel kpitikng onuaciog yo v opodotacn TtV Kuttdpov. Emopévmg, ot
unyoviopol mov Si€movv gite TV omEAEVOEPMOT NG O-CLUVOLKAEIVIIG TPOG TO
eEokvttdplo mepfailov gite v amopdkpuvon g and ovtd, o mpémer va
Bpiokovtatr vd avotnpn pHOwon. Eivar mbavdv, ot mapdyovieg mov dataplocovy
TOVG TOPOTOVED UNYXOVIGUOVUG VO TUPOOOTOVV 1N VO GULVEIGPEPOLV, TEMKE, GTNV
eEdmiwon tov vevpoekLAlopov. Kat’eméktaon, tpoceyyicelg mov KatopOdvovv va
TEPLOPICOVY TN HETASOON TNG O-GLVOLKAEIVNG, ovvntikd 6Oo umopodoav va

ATOKTHGOLY TpoANTTiKn kat Oepamevtikn onuacio (Vekrellis and Stefanis, 2012).
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4. Emiopacn THS EKKPIVOUEVHS OA-GOVOVKLEIVIIS OTO EMIMEOO TNHG
TAQGUOTIKNG UEUPPAVHS KAL THY OUOLOGTAGH TWY 1OVTOV Ca*

4.1. Emiopaocny THS a-GUVOVKAEIVHG OGTHNYV OKEPAIOTNTA THS TAOGHOTIKNG
HEUPPaAvYS TV KOTTAPWV

4.1.1. Aliniemiopaocn TG A-CVVOVKAEIVNG UE JITIOIKES UEUPPAVES

H a-cuvoukAeivn, amodedetypéva, oAAnAemdpd pe Mmdwég pepppdvec,
Koplog efattiog Tov apvotedMkoy ¢ dkpov (PAm. evétnra 2.1). Mdlota, 1
wKavoTTd TG ot €xel BewpnBel mbavog unyoviopdc, TEpav TG EVOOKLTIAP®ONG,
HEG® TOV 0moiov devepyel TIC TOEIKES TG OPAGELS 0T KOTTOPA-OEKTEG (PAT. evoTnTO
3.3). [T ovykekpyéva, €xet derybel 6t1 M ev Adyw mpwrteivn oyetileton pe
QPOCPOMTIOIKES STAOCTIPAOES, 1010iTEPO AVTEC, TOV TEPIEXOVY OEWVO. POGPOAMTION
(Davidson et al., 1998), kabmhg n MTOPIAN apvoteMKn Tepoy ™G eivar Oetikd
eoptiopévn og ovvinkeg euotoroyikov pH (Rhoades et al., 2006). EmmAéov,
otabepomoinon otV oAAnAemidpacn mPoodider M adénomn Tov  GYNUATIGHOD
devTEPOTOYONG doUNG a-EMKag tng a-cvuvoukAgivig (Chandra et al., 2003; Davidson et
al., 1998; Eliezer et al., 2001; Jo et al., 2000). Ev®d n 0-cvvovkAeivn Tpocdévetal o
Kvotid pukpng dapétpov (20-25 nm) (Davidson et al., 1998), ocouewvo pe
TPOCPOTES ONUOCLEVCELS, 1| TPOGOEST ALTY| Elval YP1YOPT KOl OVIIGTPENTH KOl Etvan
duvatov vo mpayuatomombel pe dropopetikovg pnyaviopovg (Shvadchak et al.,
2011).

Ye ovdétepeg pepPpdvec, M a-GLVOVKAETYN €xel deryBel OTL TPoodEveTal MG
TEPIPEPEIOKN TPWTEIVN, He cuvomtikd kvotidlo (Maroteaux et al., 1988), kvotida
agovikng petagopdg (Jensen et al., 1998), otayovidia Mmdiwv (Cole et al., 2002) kot
kvotido {oung (Outeiro and Lindquist, 2003). H npoécdeon mpayuatomoleitor 6to
e€oTtepKd QOAALO NG TAAGHOTIKNG HepPpdvng, kvpimg otig Mmdwkég oyediec,
TEPLOYEC TAOVGLEG G YOANOTEPOAN kot cpryyolmtidio (Bar-On et al., 2008; Fortin et
al.,, 2004). Ot Mmdikéc oyediec eumiékovion otV aAAnAemidpaocn petald TV
Mrdiov Kot ToV VOPOPOPRIK®V KATOAOIT®V NG aUEIPIANG o-EAMKOC Tov  givol
TOPOVGO GTO OUIVOTEAKO GKpo TG a-cuvovkAeivng (Tsigelny et al., 2007). H
e€AAEYM TOV APIVOTEAIKDOV KOTOAOIT®V TNG TPOTEIVNG LELDOVEL TNV TOEIKN TNG dpdon
oto KOTTOPO TG COUNG, LITOJEIKVOOVTAG OTL TO TOEIKO OLVOUIKO TNG 0-GUVOLKAEIVNG
eCaptdror amd TN AEITOLPYIKN TEPLOYN TPOCOEONS G UEUPPAVES TOL OUIVOTEMKOV

g akpov (Vamvaca et al., 2009). To yeyovog avtd emPePfordOnke amd TIG oNUELOKES
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HETOAAGEELS 01O Yovidlo ¢ a-cuvovkAieivng (A30P, E46K kow AS53T, ), ot omoieg
uetappdlovtal 6TV TEPLOYN TOL QUIVOTEAIKOD TNG Gkpov (PAm. evotnrte 2.3.1.,
gwova 10) kar oyetiovron pe TIc 01KoyeVeEig Loppéc T vocou tov Parkinson (Kruger

et al., 1998; Polymeropoulos et al., 1997; Zarranz et al., 2004).

4.1.2. Movtéia cxuaticuov uepfpavik®y Topwy a-coVovKAEivVNG

H £é\ewym  kpuotoAloypo@ik®dv OedOUEVOV  YloL TNV  O-GLUVOULKAEIVN,
mbavotato eEoutiog TG TOAVTAOKOTNTOG TOL OEMEL TNV KPLGTOAAAOYPAPNON
OUVAOEODV LOPOOV, OTOTEAEL TPOYOTEDT GTNV KATOVONOT TNG OOUNG T®V TOPW®V TOL
avti oynuotilel (Pacheco et al., 2012). Qotdc0, puéypt Kat GHUEPT, VILAPYOVY KVPIWS
2 OOl LOVTEA®V LEUPBPavIKOD TOPOV, 0 6TEPOELONG Kot 0 Paperoedng (Yang et al.,
2001) (ewéva 21). To pOVTEAOL TOV OWEPOEBOVG TOPOL, TEPINOUPBAVEL TNV
TPOGOEST] TMV LOVOUEPDV 1TNG 0O-CLUVOLKAEIVIIG o Aumdikég pepPpdveg, pe
AMOTELEGLO, TO CYNUATIONO TOp®V M Kavoldv pe doun a-élkag (Zakharov et al.,
2007). Mdéhoto, emkpotel n anoyn 0Tt ot Pacikég emavainyelg Tov potifov KXKE
TOV OUIVOTEAKOD GKPOL TG 0-GLVOVKAEIVIC dpovv ¢ acOnTpag g HEUPPavIKNG
taomng (Zakharov et al., 2007). Xe avrtifeon pe 10 mOPATAV® LOVTELO, £PYETAL OVTO
T0V0 Poaperogdod TOpov, GOUE®VOE HE TO OMOI0 OAMYOUEPT) TNG O-GLVOVLKAEIVTG,
TAOVG10. GE OOUEC B-TTLYOTNAG EMPAVELNS SYNUOTICOVY OUKTLUMOEIDELG OOUES e
kevipko mopo (Volles and Lansbury, 2003). Avtd 10 GLGCOUOTOUATO TPOGOEVOVTAL
otn peuPpavn (Volles et al., 2001), xabiotdvtdg ™ Swmepaty, HE TPOTO 7OV
e€aptdtor amd TNV TPOTEWVIKY GLYKEVIPWON, OnmG &xel Ogybel oe Mmochpota
(Volles et al., 2001) kot teyvntég pepPpavikéc dimhootiPadec (Kayed et al., 2004).
Emiong, pe m ypnon atopukng pukpookomiog £xel oeybel 6Tt n a-cuvovkieivn, ce
TeEYVNTEG  pHepPpives, oynuotiler mopovg eEmtepikng owpétpov §-10 nm ko
gowtepikng 1-2 nm (Quist et al., 2005). Enueiwtéov, de, 0VTOG 0 TOTOG SUUOPPOOTS
elval ToAD mopOUOL0G HE aVToNE oL oYNUATilovV Ol TPWOTEIVEG TOPp®V, OTWG T.X. M

amylin (Quist et al., 2005) ko 1y gradamicin (Diociaiuti et al., 2002).
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Ewova 21: Movtéha oynuoTioudv TOp@V 0md TNV 0-GUVOVKAETVT.

(Emdve) Tlpwtotoyng dopn g a-cvvouvkieivig. (A) To omepoedés poviédo meptlopfdver
1000y IKT| TPOGIEST TOV LOVOUEPDV TNG 0-CUVOVKAEIVIG TNV TAAGLOTIKY LePBpavn, e amoTEAEC LA
10 oYNHATIOUO TOPOV 1 Kavoldv, pe Swupdpemon a-ékag (Zakharov et al., 2007). (B) Zopepovo pe
10 Poapehoeldéc LOVTELO, TOL OALYOUEPY TNG 0-CGUVOLKAEIVNG (TAODG Of PB-TTUYOTEG EMPAVELES),
oynuatifovv daxtulioedeils dopopemoelg, pe kevipwkd mopo (Volles and Lansbury, 2003). H
dnupovpyio TV EUTAOVTIOUEV®V, GE PB-TTUXWOTEG EMPAVELIES, OAYOUEPOV TNG O-GLVOLKAEIVNG gival
dvvatdv va AapPavel ydpo eite otov gEwkuttaplo yopo (1) eite oto eminedo NG TAUCUATIKNG
pepppdvng (2).

ATo ™V avAALGN HELOVOUEVOV PEVUATOV KOVOA®MV O TEXVNTEC LepPpdvec,
TPOEKLYE OTL TOL GLGCOUATAOLATO TNG O-CLVOVKAEIVIG dNELOVPYOHV TOPOLG TOIKIANG
ayoyoémros. To yeyovdg avtd vmodeikviet T GLUUPOAT SAPOPETIKMOV OALYOLEPDV
HOPQAOV TNG TPMTEIVIIG GTO GYNUOATICHO TMOV TEPTYPOUPOUEVOV UEUPBPAVIKOV SOUDV
(Quist et al., 2005). IMapdAinio, upeAétec mov mpayuaTOTOMONKAV HE TIG
petaAlaypéveg Hopeés TG o-cuvovkAeivng, AS3T xar A30P, toviouv 6t1 eivan
duvatdév va petafdArovy Vv apyltektoviky Tov Topwv [ datproswv (pore /

perforations) ¢ mAAGHOTIKAG HEUPPAVIG TTOL QVGLOAOYIKG SMUIOVPYEL 1| PLGIKOD
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tomov pwteivy (Furukawa et al., 2006). Avtég ot dopéc mOpov, OV SlATEPVOVV TN
pHeUPBpavn, kavovikd o Empene va EMTPETOVY TNV EMAEKTIKY O1EAELOT HOpiloV, LE
Bdom ™ popilakn tovg didpetpo (Pacheco et al., 2012). T'a napdderypa, 1060 T 16VTO
Ca®" 600 kou 0 vevpodoPiPuctic viomopivy eivor Suvatdv va Swmeploovy T
pHepPpdavn, mapovcio. TPOTOIVIOIWV a-GLVOVKAEIVNG, o€ avtifeon pe Ta pOPLOL TOL
kutoypopoatog ¢ (Volles et al., 2001).

Yvvoyilovtoc, 1 0-GUVOVKAEIVN, OTMG Kol GAAEG TPWTEIVEG LE TAOM Yo
oMyouepicpud (prone-aggregating proteins), eivar oe 0éomn vo aAAnAemidpd pe to
Mmidl TG TAACUOTIKNG UEUPPAVIG TOL KLTTAPOV, av&Avovtag Tn HeEUPPOVIKN
SmePUTOHTNTO HEG® TNG ONUIOVPYING OOUMY, Ol OTOIEC HEYXPL Kl CNUEPO OEV £YOVV
yopokINplotel TANP®G. Ot ev AOY® SOUES Eivat SLVATOV VAL TPOKOAEGOVV SLOTOPOYES
OTNV OHOLOCTOCT TOL Ca®*, alhé ko TN UETOKIVION UETAAA®V, HE TEMKO
emokOAovbo v ToEKOTNTO GTO EMMEDO TG CLVAYNS KOL TNV KVTTAPIKT EKTTMOON.
Kotd ovvémeln, m xotovonon tov UnNyovicpuov mov  OEmovv T ddikocio
OYNUOTICHOV TV TOPp®V, B0 UTOPOVGE VO TPOCPYEPEL VEN YVAOGCT Y10 TN dnutovpyio
pwGg  véag yevidg  kawvotopmv  Bepamevtikdv  mpooeyyicemv, ot omoieg O
napepPaivouv oto eminedo g pepPpavne, ekel Omov Kol EEKIVOLV Ol VELPOTOEIKES
depynoiec, TPOKEWEVOD VO OVTILETOTICOVV TN VOG0 Tov Parkinson, kafmg kot dAleg

vevpoekuMoTikég acbéveleg (Pacheco et al., 2012).

4.2. Emiopacn TS a-GOVOVKAEIVS 6TV OHOIOGTACH TV IOVTOV ca?
4.2.1. O pv6100Y1KOG POLOG KAl | OVVOUIKY TWY IOVTWY Ca*

Ta 6vro Ca?* anotedodv éva OgVTEPO UNVLUO, TOV GULUUETEXEL GXEOOV GTO
OUVOAO TOV KVLTTOPIKAV AELTOVPYU®OV (Y. YOVIOWKN £KOPOCT, UETOPOMGUOC,
KUTTOPIKOG TOAAUTAAGLAGUOC, O10pOpPOTOINGT, OpYAvVMGT TOV KVLTTOPOCKEAETOV,
éKkpiomn Kot Kuttoptkog Bavarog). H avtandkpion evog amhov d160evoig katidvtog o
éva. 1060 UEYOAO €VPOC JPOPETIKMOV AETOVPYIDV, TOAAEG Omd TIS OTOIEG
OlEVEPYOUVTOL TALTOYPOVO GTO KOTTOPO, EMITVYYOAVETOL HEG® E€VOC TOADTAOKOL KO
AVGTNPE EAEYYOUEVOL SIKTUOL OUOLOGTOTIKMY UNYOVICU®V. X cuvONKes npepiag, N
OLYKEVTIPMOOT] TOV 1OVI®V ca’* o10 Kuttopomiacua eivar 55-100 nM, evod katd ™
d€yepomn tov KLTTAPOL owEdvetal, Kotd mpocoéyyion, oto 1 uM. AvtiBeta, otov
eEOKLTTAPLO YDPO, T EMiMEdQ TOV Eemepvovv mepimov Katd 20000 popég ta Pacikd

Kuttopomiacuatikd, oyyiCoviag to 2 mM. H dwmpnon avtig g owfaduiong
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OVTOVOKAG TNV  OMOTEAECUOTIKOTNTO T®V  pnyovicuwv, mov pvbuilovv v
OUOLOGTACT] TOV 1OVTWMV, Y10 TOVG 0TOI0VE TO KOTTOPO S0BETEL Eval LEYOAO LEPOG TNG

evépyeldg tov (Clapham, 2007; Rhodes and Sanderson, 2009).

4.2.2. Myyovicuoi opo166tacns Twv 10vtwy Ca®

[Ipotaywvicotéc ot pvbuion g dokivnong Tov 10vIwv ca**, TPOKEYLEVOD
va dtatnpnOei n opotdotaon Kot va e£00PUMOTEL 1] GOOTH KLTTAPIKH GNUOTOSOTNON,
etvar éva TOADTAOKO GUGTNUA KOVOADV, OVIAMOV KOl 1OVTOOVTOAAOKT®V, GTNV
TAaopoTikn peppavn kot to E.A. (sukova, 22).

H amopdkpovon tov ca® and 10 KUTTOPOTAOGHO €VOL 0L EVEPYNTIKNY
dwdikacio, mov mpayupoTomoleiton apevoc péow ™ aviiiag PMCA  (Plasma
Membrane Ca?* ATPase) kot tov tovioovtadlaktdv Na*t/Ca®* (NCX) kor Na*/Ca?'-
K* (NCKX), o610 eminedo TG TAAGHOTIKAG HEUBPAVIG, KOl GQETEPOL HEC® TNG
avidiog SERCA (Sarco/Endoplasmic Reticulum Ca®* ATPase) ot pepppdvn tov
E.A. Ot avtdiec PMCA kot SERCA, petagépovv cuveyme Ca’t otov eEokuttapto
Y®PO Kat Tov awro tov E.A., avtictowya, avtibeta mpog tn dafdduicn cuykévipmong,
ue TopdAAnin vopoivon ATP (Clapham, 2007). Ot ovtikoi ovTOALAIKTEG KATEYOLV
e&loov BepeAddn poLo 6TV OLOOGTAGT] TOV Ca?*. O NCX avtodrdooet 3 1ovro Na*t
npoc 1 16v Ca?*, evéd o NCKX avtadidooet 1 16v KF kot 1 16v Ca®* mpog 4 dvta Na*
(Belkacemi et al., 2005). H d1apopd otovg poAovg TV 600 GUGTNUATOV UETAPOPAC,
gykerron oto yeyovog 6Tt 1 PMCA givor vrehBovn yia ) paxpoypdvia dothpnon tov
YOUMAGY emmédmv Kuttapomhaopatikod Ca’t, evd ot aviodAdktes omokadoTody
TOAD YPNYOPO TNV 1GOPPOTIQ, VOTEPO OO GTIYUIOHEG OUTOPAYES, OTMG 1| EKTOAMON
v vevpovov (Hilgemann et al., 2006).

H av&non tov kuttapomiacpoticod Ca®* TPOAYULATOTOLEITOL LLE ELIGPOT| LOVI®OV
and tov eEmkuTttdpilo ydpo 1 / ko pe anehevbipwon tovg omd 1o E.A. H é£0d0¢g tmv
wWvtov Ca** ond 1o EA, 10 omoio amotelet ™ PBoocikn amwodnkn Ca* o10 KOTTOPO,
EMTLYYAVETOL UEC® OVO SOUEUPPOVIK®OV VTOdoYEwV: Tov vrodoxéa g 1,4,5-
TPLP®SPopikng voottoing (IP3R 1 InsP3R) kot Tov vodoyéa g pvavodivng (RYR).
O IP3Rs evepyomolovvtar pe mpdcsdeon Tov devTEPOL pnvouatog, IP3, to omoio
TopAyeTal omd KOTOPPOIKA ONUATO LTodoyEémv, mov &ivor ovlevyuévor pe G
npwteiveg (GPCRS). Ot RyRS, mov gvtomifovtal, 1060 6TO EVOOTAAGLOTIKO, OGO KOt
0T0  oopKOMAOoUATIKO — OlkTvo,  gvepyomolobvion  omd  younid  emineda

, 2+ . , . ,
ICD’E’C(XpOTE)uO.GH(XTlKOU Ca , EVO Ol 1)\|l1’|7»8g GUYKEVTPWGELS TOVG kataotéAlovv. Ko ot
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00 TOTOL LTOSOYEMV S10BETOVY OYKMON KLTTOPOTAUCUOTIKA TUNUOTO, HE HEYAAO
aplud  pvOoTIKGOV  TEPLOYOV Kol BEcEwV TPOGOEONE TPOTEIVAOV, OTMS N
Kaipodovivn (Clapham, 2007). Emiong, mapovoidlovv vynin evaicbnocio, otnv
o&eldoovaymyiky Katdotaon Tov Kuttapov, Tic ROS kot t1g kivoveg (Waring, 2005).
Ta kovéia ew66dov Ca?t NG TAUCUOTIKNG HEUPPAVIG EVEPYOTOLOVVTAL LETA
amd KotdAnio epébiopa kot TephapuPavouvy ta taceo-eleyyouevo kavaiio (vVoltage-
gated Ca®* channels, VOCs), tv vrepowoyévela towv TRPS (transient receptor
potential) kot o kavdAio Tov EAEyyovTAL amd TV TANPOTHTO TV amodnkmy (Store-
operated Ca”* channels, SOCs). Ot VOCs amokpivovtat todtato oTic arhayée Tov
SUEUPPOVIKOD SUVAIIKOD Kot, AOY® NG MEYAANG dwfdOuiong ot cvykévipwon
tov Wvtov Ca?, sivor wavol va dekamhaoidcovy ta KUTTOPOTAUCUATIKG emimedo
TOV 10VI®V, 6€ Alya LOMS y1Aootd Tov devteporéntovn (Catterall, 2011). Tao uéin g
vrepowkoyévelag tv TRPS emdyovtar oamd mepiforriovikd epebicpata, Omwg ot
petafolrés g Beppoxpaciog 1 tov pH, o1 TINTIKEG OpYOVIKES EVAOCELS KOl TOWKiAO
QLTIKA cvotatkd. [Ipoxettar yio pn €101KA KOTIOVIKA KOVOALDL, TO OTTOI0l EKTOADVOLY
TNV TAAGUOTIKY HeUPpdvn kol avEAvouv Tn GLYKEVTIPOGON Ca** kot Na' ot0
kuttopomiacua. H dpactnpiottd tovg endyeton andé GPCRa 1 vrodoyeic pe dpdon
Kwaong topocivng (RTKS), péow evepyomoinong g owoeolmdaong C (PLC)
(Ramsey et al., 2006). Télog, ta kavaiio SOCS gvepyomolovvtal omd TNV EKKEVMOON
tov E.A. a6 16vro Ca??, TPOKELUEVOD VO avamANp®BodV o1 evooKVLTTAPLES oo KeG.
H odwodwacio avt, yvoom o¢ «gicodog Ca®* AMyo yopntkomntacy 1 CCE
(Capacitative Calcium Entry), ivaw {otiknig onpaciog yuo T S10o@diion g Opoing
KLTTOPIKNG ONUATodOTNoNG. O unyoviciog TOv GUVOEEL TNV EKKEVMOOT) TOV AmodnK®V
pe NV €16pon eE®KLTTAPLOV Ca® dev €xel dtevkpwviotel TApws. Qotdco, Kpicyo
poro paiveTar va dadpapatilel n dwopepPpavikn tpoteivy STIMI tov E.A., ) omoia
Aertovpyel ¢ «ooONTAPAGH TOV EMTESOV Ca®", o10 eontepkd tov E.A. kar, kot
TNV EKKEVAOGT TOV, OYNUATILEL CLGCOUATONOTO, AKPPOG KAT® omd Ta KavdAe SOCS

(Putney, 2009; Putney, 2007).

65



EIXATQI'H

Expon Ca**

......... i SEMPTP  Mutozévipio
Thaopiemc ~ Kutrapémiaopa %:.
nepPpavn ot

Ewova 22; TynuoTiky] omeicdvion ToV UNyovisudY opoldeTacnc tov Kuttapicot Ca’.

Hapovosia kuttaptkod epediopatog, Ta w6vro Ca’* povy Tpog 10 KLTTHPOTAACHA PHEGH TS S1EVOIENG
v vrodoyéwv INSP3Rs kat RyRs, tov E.A. (ER), kovn tov vrodoyémv VOCs, ROCs kot SOCs, kot
1oV kavoldv Ca?* e mhaopotikic pepPpavg, evd petokvobviar amevdsiag otov avid tov E.A.
péo® tov cvpmhdkov Stim-Orai. H exkadapion tov kvttapomiaspatikod Ca?t ompiletar oy
ATPaon Ca?* g mhaopotikic pepPpévng (PMCA), tov ovroavtodrdakty Na'/Ca®* (NCX), v
ATPaon Ca®* 1ov caproevdomhacpatikod diktoov (SERCA), kabdg kar tqv ATPaon Ca?t tov
EKKPLTIKOD povomatiov g cvokevng Golgi (SPCA). Ot peppphveg Tov cuvaEovTal U To. LToXOvopla,
nepiEyovv vynAd eninedo calnexin (CNX), calreticulin (CRT), ko BiP, npwteivdv mov deopedovy to
grev0epo Ca?*. To 16vta Ca’* mov amehevdepdvovtar amd tovg INSP3RS, dNpovpyoly, Tomkd, PIKpéc
AEITOVPYIKES  TEPOXEG LYNAGY ouykeviphoswv Ca®, ov omoieg yivoviar avtinmtés amd To
prroxovdplakd avroddktn Ca?* (MCU). H odvdeon tov INSP3RS e 10 TOGEOEAEYXOHEVO KOVEAL
aviovtov (VDAC), péow g Grp75, xabmng kat n npdcedeon tng Mitofusin-2 (MFN2), dwtnpoivv ta
onueio emoeng peto&® tov EA. kot tov puroyovdpiov kot tn dnpuovpyio  eEeldikevpévav
pcpodiapepiopdrov. H anehevdépoon tov Ca’t mov emdyeton omd v InsPs, pubuileton amd
TpOTEIveg cLvodovg tov E.A., netaéd tov onoimv n Erola, n ERp44, ko1 1 Sig-1R, xabdg ko amd to
KutOYpwue ¢ (Cyt €). H evicyvuévn cusodpevon 10viwv ca®* ot prtoyovdpla vrootnpilet T odvheon
00 ATP. Qo1660, VITEpPoAKn ADENGT TOV HITOXOVIPLOKOD TEPLEXOUEVOL EVEPYOTIOLEL T O1GVOIEN TOV
prroyovoplakod mopov dwmepototntog (MPTP), ue emaxdiovbo v anerevfépwon tov Cyt C Kot tnv
enaymyn g anontwons. O pnyoviopudg ekpong Ca?* and 1a prtoyovoplo e&aptdtal, ©¢ €mi TO
meioTov, omd T dpoaoTikdTnTo TV 10vToavtodldktn Na/Ca®’, evéd oe peptkolc KuTTapUCOvS THTOVG
givan evepydc ko avtdg tov H/Ca?*. Tlposappoyn amo (Cali et al., 2013).

[Ma peydho ypovikd dastnua 1 16poT| 1OVILV ca® Bswpeito mg M kOpLo TN
onudtov Ca?*, WuTépme Yoo tovg vevpmves. Evtovtolg, aviavopevog 0yKog
OedOUEVOV TTOYUOVEL TN OTOLOOOTNTO NG OmeAEVBEP®ONG OVI®V ca®t om6 TG
evookvttapleg omobnkeg, pe 10 E.A., va emutehel to porko ng wuplopyng
vrrokvttapikic deEapeviic (Patel and Docampo, 2010). H eheyyopevn expory Ca?* amd
10 E.A. mpog 1o Kutrapdmhacua puOpilel onUavtikég veupmvikég Asttovpyieg, netald

TOV 0oimV Kat 1 vevpovikn mAactikdétra (Bardo et al., 2006; Zundorf and Reiser,
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2011). Enuovtikdc apwydg oto pubuotikd poro tov E.A. givar to ptoxovopia, ta
onoio Bpiockovtol o€ LOIKN Kot Asttovpyikn eroen pe o E.A. (eikova 22) (de Brito
and Scorrano, 2008; Lamarca and Scorrano, 2009). Ta onueia eraeng peta&d tov
E.A. xou tov pitoyovopiov amoteloOv eEeldIKELUEVEG TEPLOYES, OTIG OMOIEC Ol
HeUPBpaveS TV 00O opyovidimy, Tov Bpickoviol amévavTtl, cuvosovtal e T Pondela
EOIKOV TPOTEIVAV, Ol 0TToieg dlaTtnpovV TN UETAED TOovg amodctacn o vpog 10-30
nm (ewévo, 22) (Csordas et al., 2006; Friedman et al., 2011; Rizzuto et al., 1998).
[MAéov, ivar yvootd 0Tt o1 TePLoyEg oHVOEoNS S10BETOVY YOPUKTNPIGTIKES PLoynIIKES
1010TNTEC KOl EUTAEKOVTOL GE TOIKIAEG ONUOVTIKEG KVLTTAPIKEG OEPYOCIES, OTMC M
Blocvvheon Mmdimv, 1 dwipeot TV prtoyovopimv, 1 pOOon g SLVOIKNG LETAED
Tov 300 opyovidiov kat TEAOC T onpotodotkd povordtio tov Ca?* (Rowland and
Voeltz, 2012). Katd cvvéneia, n dathpnon e euoikng ovvoeong petald tov E.A.
Kol TOV Ptoyovopimv elvatl KouPikng onuaciog yio I GLGGMOPELGT TOV LOVIOV ca?t
a6 ta teevtaio (Cali et al., 2011).

[Tépav tov E.A. ko tov ptoxovopiov, og mnyég 10viov Ca™, HTopovV,
EMIONG, VO AEITOVPYNGOVY T EVOOGMUOTA, TO EKKPITIKA KLOTIOW, T0 AVGOCMLOTOL,
Kvotidla tov cvotiuatog Golgi kot ta peravosopata (Rizzuto and Pozzan, 2006).
[T ovykekpyéva, ta Avcocopato, TAEOV, TOTOBETOLVTOL GTO KEVIPO TOL
eVOlPEPOVTOG, KoOMG qaivetal va dwdpapatitovv évav mo mepimioko puOUIoTIKO
pOAO amd avtdV TOV aTA®V opyavidiov Katafoiicpov. [Hapdtt n Epguva Tpog avtv
v katevBvvon Ppioketan 6 vmokd 61ao10, TPpOGPATH dedopUEVE VITOYpappilovy T
omovdAdTNTA TOV POAOV TV OEIVEOV 0pYaVIdiOY 6T GNUATOdOTNOT TOV ca?* (Patel
and Docampo, 2010). H cwot) Aettovpyion OV €VOOAVGOCHOUIKOD Kol EKKPLTIKOD
povomatiov, eaivetal vo facileton o peydio Pabud oy katdAinin diayeipion tov
Ca®* mov Ppioketar 010 eowTEPKd TOV GEmV opyavidiov (Holroyd et al., 1999;
Patel and Docampo, 2010; Peters and Mayer, 1998; Pryor et al., 2000). Té\og,
TOPOVGio. KATOOL OmONTOMTIKOD £peBioUOTOC, TO AVGOGOUOTO OTOKPIvVOVTOL LE
aneAevfépwon vtV Ca*, 00MNYDOVTOG GE TEPUITEP® OVENCT TOV EMTEOWV TOV

KUTTOPOTAAGLLATIKOV Ca®* ko emoxdroL00 kuttapikd Oavato (Mirnikjoo et al.,
2009).
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4.2.3. Xopuctoyn twv 10vrwv Ca* o¢ HOVOTATIO CHUATOOOTHONS KOl KUTTAPIKOV
Oavarov

H xvttapikr] onuatoddmnon péco 10VIov Ca®, Omwg avaeEépinke Kot
nponyovpéveg (Pam. evotnto 4.2.2.), Baciletar oty omehevBépmon Tovg amd TIC
gvooxvttdpleg amobnkes. H evepyomoinon g PLCg xor g PLC, amd tovg
pepPpoavikovg vrodoyeic GPCRS kot RTKS, avtictolya, odnyel otnv vopdAven ToL
PIP, ko v mapaywyn tov dgdtepov unvopdtov, 1P3 kot dtakvioylokepoin (DAG).
H npdcdeon g IP3 otov vmodoyéa IPsR tov E.A., emtpénel v anelevbépwoon
Wwvtov Ca®* oto KUTTAPOTAACO, OVEAVOVTOS TN CLYKEVTPMOT TOVG TePimov oto 1
uM. Ta ehevBepa 10vVTaL Ca** aAANAemdpovv pe v Tpoteivikn kivdon C (PKC) kot
EMAYOLV TN LETOPOPA TNG OTO EMMESO TNG TAAGHOTIKNG HEUPPAvNG, OOV evepyomotel
m DAG, péow owopopviioong. Kotd v emelepyacia e DAG amd e1dikéc
KIVAGES KOl POOPATACES, TPOKOTTOLY dV0 Progvepyd LOPLO: TO POGPATIOKO Kot TO
apoydovikd o&s, oavtictoyo. AVTO TO ONUATOJOTIKO HOVOTATL KIVNTOTOLEITOL
KOTOPPOIKG TNG EVEPYOTOINONG TOV TEPIGGOTEP®OV VTOOOYEMV TNG TANGUOTIKNG

uepuppdvng (Clapham, 2007).

H enidopaon tov ca®* omv emPimon Tov KLTTAPOL £xel dTTO YOPOKTNPO.
Mukpég, ereyyoOLeveS AVENGELS GTNV EVOOKVTTAPLO GLYKEVTIPMOOT| TOV WOVTIWV, LTOPOVV
Vo EMEyouV TNV KLTTAPIKY| EMPIOOT Kol TOV TOAAATANGLOGUO OAANAETOPOVTOG LE
avtiotoyo onpotodotikd povomdrtio, (w.y. PIsK/AKL) kot petoypagikovg mopdyovtes
(m.x. NF-xB, HIF-1). T mapdoderypa, to Ca** GUUUETEYEL OTNV EVEPYOTOINGN TNG
Kwvaong Akt, péowm tov évlupov koipodovrivn (Deb et al., 2004; Perez-Garcia et al.,
2004). H koahpodovrivn evepyomoleitar amd ta 1dvo Ca®* kot TPOGOEVETAL GTNV
avevepyn AKt pHeTa@éPOVTAg TNV 6TV TAAGUATIKY HEUPPAVT], OOV POCPOPLAIDOVETOL
and 11§ avtiotolyeg Kvdoes. Evailaktikd, &xet mpotabel Tt 1 KOAPLOOOVAIVY emdyet
anevBeiog v evepyomoinon Mg PIK, n omoia axoAovBwg pecorafel
pwoeopvrioon g Akt (Perez-Garcia et al., 2004).

Qo1660, N polIKN Kol TOPOATETOUEVN E1GPOT Ca?* oo KUTTOPOTAAGLLOL,
TLPOJOTEL 0L GEWPE YEYOVOT®V, TTOL EVOEYETAL VAL EXOVV KATACTPOPIKEG GUVETELES Y10l
T0 KOTTOPO (Ekéva 23). XTI TEPWMTMGES OLTEG, TOPATNPEITOL  EKTETAUEVN
npoTedILOT, péocw evepyomoinone Ca* -eEaptdpevov TpoTeac®V (T.y. KOAToiveS),
KaOdg kot dvolettovpyia twv ptoyovopiov. ‘Eva ond ta vrmootpodpote TV

KoAmalvov elval 1 tpokacmdon-12, n omoia evromileton ot pepPpdvn tov E.A. H
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Kaomdon-12, pe m oepd NG, EVEPYOTOlEl TPWTEOALTIKA TIC KOUOTAGES TEAEGTEG,
EMAYOVTOG TNV OMONTMOTIKY Oladkacio, aveéapmrta amd v amelevbépwon Tov
kutoxpopatog ¢ (Moserova and Kralova, 2012). IMapdAinio, to pitoxovopla
OVTOTOKPIVOVTOL GUECH GTNV LYNAN GLYKEVIP®ON Ca* o10 Kuttopomiacpo. H
déhevon TV 1OVTOV Ca®"  omb mv  eEOTEPIKN  MTOYOVOPLOKT  HEUPpdvn
TPOYLOTOTOEITO LECH TOV TOGEOEAEYYOUEVODY Kavalmy, VDAC. Apov 1o 16vta
dmepdoovy TV e€MTEPIKN HEUPPAVT, UTOPOVV VO EIGEABOLY 0N UNTPOa, €iTE HECW
tov wvtoavtoilaktdv Na*/Ca?* ko HY/Ca?*, eite péom evog e1dikob petopopéa mov
EMTPENMEL TNV €16000 1WOVIOV, AOY® TNG OWPOPAS OLVOIKOD eKATEPWOEV NG
peUPpavnc. X UIToYovOploKy UNTpa, TO Ca* OAANAETOPA pe TN KLKAOQIATvn D
endyovtag tv evbuvypdpon tov petagopéa adevivng (ANT) e ecwtepikng
pepppavne, pe to kavédir VDAC g eEmtepikng pepufpdvng kot t dnuovpyio tov
nopov PTP (Permeability Transition Pore). To yeyovdg owtd, mpokodel didykmon Kot
PNEN TG HITOYXOVOPLOKNG LEUPPAVIG, ATEAEVOEPMOGT) TOL KVTOYPMUATOS C KOl GAAWDV
TPO-amonTOTIKOV Tapayoviav (AIF, gvdovovkdiedon G) o010 KLTTUPOTAAGUO Kot
emaymyn Tov amontmtikov Bavdtov (Jeong and Seol, 2008). ErutAéov, to dvoryua tov
nopov PTP, €yl ovvoebel xon pe pia éxpnén mapaywyng ROS amd 1o ptoyovopuo,
AMOy® ™G datdpoing ™G oAVGId0S UETOPOPAS NMAEKTPOVI®OV, LE OMOTEAECUA TNV
emaymyn £viovov 0&EdMTIKOD GTPEC Kol TN yevikevorn g Prapne (Adam-Vizi and
Starkov, 2010).
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Ewéva 23: Zynuotikn Oomekovion TV UovoroTidv  HavAdTov mov  EVEPYOTOlOLVIOL Omd TNV
TOPOTETOUEVT ADENGT TS GVLYKEVTPMOTG TOL KuTTapomAacuotikod Ca’,

Teveticol 1 meptPariovikol mapdyovieg, odnyodv o aLENUEVN KLTTOPOTAAGLOTIKY] GUYKEVIPMON
Ca®*. H enaxdLovdn evepyomoinon Tmv KOAToiveY, TpokaAel aAoinoT TOV AGOCOUKOY HELBPavOY
Kot oeLeVBEPMOT TOV AVGOGMOUIKOD TEPIEXOUEVOV 6TO KuTTapdTAacio. H tavtdypovn anelevdépwon
AVCOCOUIKDY TPMTEOATIKGOV gviDU®VY, 68 cLVILOOUO pe TV GELVGT TOV KVTTAPOTAAGLOTIKOD PH,
dwopecorafel otny KutTOpikn Kotaotpoen. H adénon g kuttapopayiog pmopel vo, Exel GUVEPYATIKN
dpdon pe T AVGOCHOUIKG TPOTEOAVTIKG HOVOTATIO, O1EVKOAHVOVTOG 6T O1AAVGT] TOV KVTTOPLKOD
nepieyopévov. Ipooappoyn and (Vlachos and Tavernarakis, 2010).

T Avtopayic

4.2.4. Awatapoyés THS OMHOIOGTAGHS TMOV 1OVTOV Ca® oric VEVPOEKPVAIGTIKES
VoG0S Kai 10taitepa ot voco tov Parkinson

Awtopayéc otnv OpoldGTACT] TOV Ca? &xovv mopatnpndel oe MOAAEC
TEPWTAOOCEL VEVPOEKPVMOTIKOV acbeveldv, petald tov omoiwv 1 vOGOG TOL
Alzheimer (AD) (Bezprozvanny and Mattson, 2008; Green and LaFerla, 2008), n
vocog tov Parkinson (PD) (Hallett and Standaert, 2004; Surmeier et al., 2010;
Thomas and Beal, 2007), n vococ tov Huntington (HD) (Bezprozvanny, 2007; Fan
and Raymond, 2007), kaBmg Kot 1 GULOTPOQIKT TAEVPIKT oKApLVen (amyotrophic
lateral sclerosis, ALS) (von Lewinski and Keller, 2005). Tétotov tomov droapoyég

nepAapPdvouv ducAeltovpyieg 6e pio TANOGOPA UNYOVIGU®V, OTOG OAAAYEG OTNV
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wKavOTNTO. POOIONG TOL KLTTOPOTANGHATIKOD ca’*, amoppvOon TOV KOVOMOV
Ca”, | Sweyepowototikdmra (Marambaud et al., 2009). Zmévio eivor ta
TOPOOEYHOTO TOV TEPUTTOCEMY, Ol OMOleG MPOGdIdOLY o1 dTOPaY NG
opowotaong tov Ca®*, évav  akpipy cmodoyikd poro oty Sadwooio
vevpoek@uMopov.  Evtodtolg, avlavopevog  aplOuog  dedopévev mopEYEL
aOLOUPIOPTNTEG OMOOEIEELS YIOL TN GULUUETOYN TOV ca®* otV moaboyéveln TV

vevpoekeLMoTIK®V acbeveidv (Marambaud et al., 2009).

AD, PD, HD

,AD. PD, HD, ALS
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Ewcova 24: Awatopoyéc g opoidotaong tov Ca2* otig vevpoekguhotikéc aobévelee.

TTC  VEDPOEKPUMOTIKES VOGOV  emnpedlovion o Kuttapomhaopatikd emineda  Ca?t, kabdg
amoppvduifovral o1 opotoctatikol unyovicpoi eAéyyov, 6mwg n dpactnpotnte tov NMDAR kot
AMPAR, ot npwteiveg déopevong Ca’’, kat 1 wroxovdplaky Aerrovpyio. H a-ovvovkheivn kot to B-
apvrogdég ot voco tov Parkinson kot ) vooso tov Alzheimer avtictorya, pmopodv va oynuaticovy
OVIKG kavého otV Thoopatiky pepPpavn, Swamepatd oto Ca’'. Emmhéov, mapatnphonke
vrepPorikty expor; Ca?* oméd 1o E.A., Moyo g vaepevonsdnromoinong tov InsPsRs kat v RYRS, 1
g amevepyomnoinong g avtiiog SERCA. Tlpooappoyn and (Marambaud et al., 2009).

[Ipdopata dedopéva kaBoTovV TIG drTAPAYES TNG OHOOGTACNG TOV ca?t g
™V KOpLo NAUKIOEEAPTAOUEVT] dVVAUN TOL KIVEL TO VEVPOEKPUVAIGIO GTI GTOPAOIKN
voco tov Parkinson (Zundorf and Reiser, 2011). Avty 1 dmoyn vrootnpileta,
TEPUTEP®, OMO TO €VPMUA OTL Ol VTOTOUIVEPYIKOL VEVPMOVEG, TOV EKPPALOLV
VYNAOTEPO EMMEDD TPMOTEIVOV TOL OEGUEVOVY 1OVTOL Ca?* (Ca®*-binding proteins,
CaBPs), onwg, A.x. n calbindin D28K, n calretinin kou n parvalbumin, mapovcialovv

ueyaAdtepn oavlektikdtnra omévavtt otov ekeuioud (Surmeier et al.,, 2010).
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Emniéov, €xel derybel Ot O1 Viomopuvepyikol VELPMOVEG TG GLUTTAYOVS HOipag NG
HEAOVOC OLGTOG KOl O1 VOPAOPEVEPYIKOL TOV VITOUEANVA TOTOV, Ol OTTO101 TANTTOVTIOL
ot véco tov Parkinson, mapovctdlovv pio owtdvoun dpactnplotnTo Pnuatoddt
mov kotevdhvetar and ta CaV (1.3) L-tomov taceorereyyopeva kavito Ca?t (L-type
Ca®* channels) (pAs. evotnta 4.2.6) (Chan et al., 2009; Mosharov et al., 2009). Koté
OUVETELD, Ol MPUOL VELPMVEG TNG HEANIVAG ovoiag TpEmel va aviameEéAbouy ota
eEonpetikd vymhd Kkdpote Kuttopomhaopotikod Ca’t, yeyovoc mov kubotd 1o
ovykekpuévo mAnbvoud vevpovov evdiwto (Chan et al.,, 2009; Mosharov et al.,
2009). Télog, éxer mpotabei, 61t o CaV(1.3) L-tdmov taceoskeyyduevo Kavailo
OLVOEOVTOL LE TNV TTOPOUYMYT HTOYXOVOPLOKOD 0EEWOMTIKOV GTPES, LITooTNpilovtos T
Bewpio NG pitoyovoplokng dvcettovpyiag otny maboyévela tng vooov tov Parkinson

(Chan et al., 2009; Kang et al., 2012; Mosharov et al., 2009; Surmeier et al., 2010).

4.2.5. Zooyétion TG a-GVVOVKAEIVIIG HE O1ATAPOYES THS OHOIOGTAGIS TV 1OVTOV
ca?t

Awtapoyéc TG OpodGTACTG TOV WOVI®V ca?*, mov TOPOTNPOVVTOL GTN VOGO
tov Parkinson (fAm. evotnta 4.2.4), égovv ouvvdebel katd kopodg pe v o-
GUVOUVKAEIVY, TOV KUPLOTEPO «UOPLOKO TPOTAYOVIGTI TNG VOGOoVL. ZUUQOVO LE
EMICTNUOVIKEG  aVAPOPEG, 1 O-CLUVOUKAEIVN emnpedler 1N Aestovpyion TV
taceoeeyydpevov kavatibv Ca?* (voltage-dependent Ca®* channels, VOCS) (eikéva
25) (Adamczyk and Strosznajder, 2006; Hettiarachchi et al., 2009; Kang et al., 2012).
[T cvykekpyéva, £xet deryBel 6TL 1| 0-CLVOLKAETVI EMAyEL TNV €16pOT] 1OVTOV Ca®* o¢
CLUVOTTOCAOUOTO ETIHLOV, HEGH TG HecOAdPNnong Tov N-timov taceosheyyopevmv
kavolav (N-type VOCs ) (Adamczyk and Strosznajder, 2006). EmutAéov, in vitro
TOPOUCKEVOGUEVO, OAYOLEPT] TNG O-GVVOVKAEIVNG TPOKAAOVV E1GPOT| 1OVT®V Ca?* kot
emoKOAOLON EvEPYOTMOINGON TOV KOCTAGMOV GE TPMOTOYEVEIS VELPAOVEG OAAG Kol OF
KOAMEPYELEG KLTTAP®V vevpoPfractodpatoc avOporov (Danzer et al., 2007; Furukawa
et al., 2006; Martin et al., 2012).

H emppon g a-cvuvovkieivng ot pubuion tov 1dviov Ca’*, méEPAV amd TV
enidpaon g ot kavéio Ca®, tomoBeteitoan kat 6TO EMiMESO TNG TAAGUOTIKNIG
ueuPpdvnge. In vitro, éxet derybei 6tL o1 TOEIKEG HOPPES TG TPWTEIVIG, OAYOLEPT KOt
GLGOCOUATMOUOTO, EXOVV TV IKOVOTNTO VO OAANAETIOPOVV pe Mmdkég pepppdves. Xe
avtd to mhaiola, €xel mpotabel n vdBeon GVUE®VA e TNV Omoio OAYOUEPEIS Kot

WIOLOKEG HOPPEG TNG O-GLVOVKAEIVIG EVOMUATMOVOVTIOL GTNV KLTTOPIKY UEUPpovn
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oynpoatifoviag mOPovg Kot GAAOIOVOVTOG TPOTOV TVE TV akepodtntd ¢ (PAm.
evotnra 4.1.2). EvOALoKTIKG, 0OAANAETIOPOVTOG LE TO LEUPBPOVIKG KOVAALLL Ca®* ko
odAGlovtag T Aettovpyia Tov, dtotapdocovy TV wwoppomio. v Wvtav Catt
AVAUESH 6TOV EEMKVTTAPLO KOl TOV EVEOKLTTAPLO Ydpo (swkdva 24, 25) (Danzer et al.,
2007; Hettiarachchi et al., 2009; Huls et al., 2011; Kayed et al., 2004; Kostka et al.,
2008; Tsigelny et al., 2007; Tsigelny et al., 2008; Tsigelny et al., 2012).

H Aettovpywn kot @uotoloyikn emikowvovio petaéd tov EA. kot tov
LITOYOVPimV, KOTEYEL KEVIPIKO PO GT1) pUBLLIOT TMV EVEOKLTTAPIOV enutédov Ca’.
Méow ™G OHOANG HETOPOPES TV 10VIW®V Ca®* and 10 éva opyavidlo 6to GAAO,
eréyyetal TANOMPa. KLTTAPIK®V depyoactdv (PAr. evotnta 4.2.2.). YO QUGIOAOYIKES
ouvOnieg €xet derydel O6TL 1 0-CLVOLKAETVY dlEVKOADVEL TN cVVIESN UETAEL TV 5O
opyovdiov. AvtiBétwg, 1 VIEPEKPPACT TNG TPOTEIVIG 00NYEL 6€ avadL0pYIvOSN TG
péca 6to KOTTOPO, aAAOiwomN NG emkowvmviag petad tov dvo opyavidiov Kot
EMaKOAOLON OmOPPVOION TG OHOOoTAUCTG Tov pToyovdplakod Ca?* (Cali et al.,
2012). IMapopoing, m oamooidmENon TG o-cvvovkAeivig ue SIRNA peidver v
TPOGANYNG ca®* a6 1a HITOYovoplo, €V TOPIAANAQ TPOKOAEL GNUOVTIKES
TPOTOTOMGELS GTN LopPoAOYia Tov opyovidiov. H kakn dwayeipion tov kotactdoemv
VIEPPOPTMOONG TOV KIWTTAPOTAAGLATIKOD ca® &xel ouvoebel e T TOYOVIPLOKD
dvoiertovpyia Kot tov emakdAovBo KutTapkd Odvato, Tov aravtdtal 6T VOGO TOL
Parkinson (Benner et al., 2004; Cali et al., 2012; Vekrellis and Stefanis, 2012; Zhou et
al., 2004).

H aveEéheykn eiopon tov 10VIOV Ca®* givon Suvatov va EVEPYOMOMGEL L
karnyopion Ca®*-eEaptdpevay TpoTeasdv KuoTteivne, tov kalrnaivdv (Medeiros et
al., 2012). Av&ovopevoc aplOpog avapopdy mayldVeEL, GTAdIOKE, TV GIToOYN COLPOVL
LLE TNV OToiaL 1| 1] PUGLOAOYIKT) EVEPYOTOINGT) TV KAATAIVAOV amoTelel Evav omd Tovg
KOPLOVG «OTOTTOVCY, GE £€va VPV PACHO SUTAPOUYDYV TOL EYKEQPAAOV, UETAED TV
omoimv M vocog tov Parkinson, tov Alzheimer ka1 tov Huntington, oAld kot 1
woyoiio, 1 oeyEPSIUoTOEIKOTNTO Kot To eykepahkd tpovpo (Camins et al., 2006).
[Tpog avtv TV KatedlBouvon cuVASOLY dEGOUEVO COLPOVO. LLE TO. OO0, OVOGTOAEIS
TOV KOATOiVOV dpovv mpootatevtikd o€ (wwd povtéda MPTP, ta omoia
Tpocopotdlovy yopaktnploTikd ¢ vosov tov Parkinson (Camins et al., 2006; Li et
al., 1998; Nakamura et al., 2003). TéAoc, véa EMGTNUOVIKA EVPTLOTO AVAIEIKVOOVV
o aAANAEVOETN oxéom uHeta&d NG 0-CLUVOLKAEIVIG, TNG €vePYOmOiNoNng TV

KOATTOAVOV Kol NG vevpoto&ikdtrag (ewkéva 25). Qot660, 0 axpiPng punyaviopos
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pécw Tov omoiov ot KoAmaiveg pvOupilovv Ta povomdtio KLTTAPKOL OavdTov

TapaUEVEL uEYPL Kat onuepa adievkpiviotog (Camins et al., 2006).
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Ewkéva 25: a-cuvovkheivn kat dtotapoyéc e opotdotaonc ov Ca?* ot vooo tov Parkinson.

Ot olyopepeig popeég TG a-GUVOLKAEIVNG Bewpeitol 0Tt TPo®OOLY TO GYNUOTIGHO TOPOV GTNV
oAtk peppévn, péco Tev omoiov To Wvto Ca’t ewoépyovial oto KOTTOPO. AvENUEVES
GUYKEVIPOOE KuTTopomhacpatikod Ca? eivar duvatdv vo enmpedoovy ) Asrtovpyia Tov L-tomov
VOCs (Cavl.3), mpokahdviag v mepartépm ewopo Ca’’, pe omotéhespa TV evSoKLTTapIOL
GLGGMOPEVGN TOV KOl TNV EVEPYOTOINGT KATAPPOIKMDY HovomaTidhv Bovdtov, ota omoio EUTAEKETOL Kot

N evepyomoinomn TV KeATaivodv. EmmAéov, 1 kotdTunon e a-cuvoukAEivig oto KopPfo&utedikd g
Gxpo amd TG gvepyomompéveg KoATaiveg, umopel va dMoEL yéveon Ge HOPPEG e EVTOVI TACT Yo
GLGCOUATOGT, Ol OTOIES Eivan oe B€om Vo evicydoovy TV elepot] Wviev Ca?’, péoo tev L-tomov
VOCs. Ipocappoyn and (Vekrellis et al., 2011).

4.2.6. O 10100TEPOS POAIVOTVTIOS TWY VTOTOUIVEPPIKDV VEVPOVOY THS GOUTAYOVS
HOIpaS THG uéiarvag ovoiog TOov EYKEPdLOv w¢ aitia THS gvomdldsias mov avTol
emoeIkvvovy oty véco tov Parkinson

Ye avtifeon pe v mAsloyneio TOV VELPOVOV TOV EYKEPAAOVL, Ol MPLOL
VELPMOVEG NG GLUTAYOVS HOIpag TS LEANVOS OLGIOG TOV EYKEPAAOL TAPOLGLALOoVY
évav acvvioioto eawotumo (Chan et al., 2009). Eivor avtdvopa evepyoi, mapdyovtog
dvvapikd dopdong, HE TPOypappaTIcpEVo Tpomo (2—4 Hz), amovcio cvvomtikng
dpaong (Grace and Bunney, 1983). H cvykekpiuévn 1dtotnta frpotoddtn Oewpeiton
OTUOVTIKN Yol T O10LTPNON TOV TOTIK®V EMTEOWDV VIOTOUIVIG OE TEPLOYES O OTOLES
VELPOVOVTOL OO TO, GLYKEKPILEVO KOTTOPA, OTT®G A.)X. T0 paPdwtd copa (Romo and
Schultz, 1990). IMopott n dpactnpoTa TOV PNUATOSOTN TOV TEPIGCOTEPMV
vevpavev otnpiletor oe KaviAo HovosHevdv KaTOVI®V, Ol €V AOY® VEVPAOVEG

I ’ ’ . ’ , 2+
EMOTPATELVOVY, ETIOMNG, KOVOALDL TTOV EMTPETOLYV TNV gicodo wvtov Ca OoT0
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kuttapdémiacpa (Bonci et al., 1998; Puopolo et al., 2007), av&avovtag tnv
gvookvTTapla ovykévipmon tovg (Chan et al., 2007). Ta L-tdnov taceoeheyydueva
kavého Ca’* mov ypnolomoodvial ®¢ PIATOSOTES OO TOVS VIOMAUIVEPYIKOVG
VELPMVEG NG HEAOVOG OVLGIOG, OBETOVY pid YOPAKTNPIOTIKY VTOUOVAd, TNV
Cavl.3, n omoia oynuatiler Tov mOPO TOL KOVOMOU Kol KOOIKOTOIEITAL Omd TO
Cacnald yovidio (Chan et al.,, 2007; Striessnig et al., 2006). H ocvykekpyévn
vrokatnyopio. L-tomov toceogheyyopevov kavoldy Ca®, Swpéper omd  Tig
VIOAOITES, KOOMDG EVEPYOTOLEITOL GE GYETIKA LIEPTOAMUEVA SVVapIKA, ®ODOVTAG TO
Kottapa vo Eemepdoovv 10 katdeAl diEyepong (Chan et al., 2007; Puopolo et al.,
2007).

H dwpxng déopevon tov Cavl.3 VOCs 610 porio tov Pnuotodotn omoteiet
onuovtikd petafolkd koéotog (Surmeier et al.,, 2010). XEtovg mepPlGGATEPOLC
VELPOVEG M OAvOLEN TV KOVOAL Ca?* eivar éva yeYovog mov cvuPaivel omdvia,
Kupiwg katd ™ didpkela cuvtopmv duvaukmv dpaong (brief action potentials). Katd
OULVETELD, TO KOTTAPO eivan og BEom var Slayelplotobv €0KoAM TO PETOPOAIKO KOGTOG
(Chan et al., 2009). Avtifétmc, 0TV TEPITTOOT TOV VIOTAUIVEPYIKMOV VEVPOV®V TNG
péravag ovoiag, otoug onoiovg to. Cavl.3 VOCs Bpickoviol tov mepiosdtepo ypdvo
0€ EVEPYOMOMUEVT KATAGTAGT, TO UEYEHOS KOl 1 YOPIKN €KTACN TNG EGPONS ca®
etvon e&opetikd peyorvtepo (Wilson and Callaway, 2000). Ta 600 kbpia opyavidia
mov givan empopticpéva pe T devhEtnon tov TAEovALoVTOg EIGEPYOUEVOL Ca®" eivan
10 E.A. xou to putoyovdpia, to omoio pdAioto ivor 6teEvd cuvoedepéva KoL e TV
noboyévela g vosov tov Parkinson.

Mo avoAivtikd, apéowmg HETE TNV €16000 TOL O©TO KLTTUPOTAUGUOL TMOV
VELPAOV®V, TO Ca®" eite wpomBeiton otov eE®KLTTAPLO YDPO, avTifeTa amd TNV 1GYVPY|
KAMon ovykévipoong, HECH TOV OVIMAOV 1TNg TAACUATIKNG HepPpdvng, eite
ovocmpevetor 610 E.A. ko ta ptoxovoplo (swkéva 26, apretepd) (Chan et al.,
2009). Kot ot 600 dwndikacieg amortodv evépyslo, amobdnkevuévn vmd T Hopen
popiov ATP. To petafoixd k60610¢ mOL OMuovpyeitor and ta mwapoamdve ATP-
e€OPTOUEVO LOVOTATIOL TNG OUOLOGTACTG TOV Ca?* avédvouv T dadkacio g
0&eMTIKNG POGPOPLAIMONG ota ptoyovoplo kot tv moapaywnyn ROS. Ov ROS
KATOGTPEPOVV TIC LITOYOVIPLUKES TPMTEIVES, OTWS, T.). TO cVUTAOKO I, KaBdG Kot To

prtoyovoplakd DNA, LeidvovTog GNUOVTIKE TNV ATOTEAEGUATIKOTITO TG
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Ewoéva 26: Tymuotiki] omeicdvion 1oV unyovicudv uetagopde viov Ca’’ stove viomauvepykode

VEVPMVEC TNEC CLUTOYOVS LOIPOC TNE LEAGLVOC OVGIOC TOL EYKEQAAOD.

(Apiotepd) I6via Ca?* e16p£0vV 6TO KVTTAPOTAAGHO TMOV VIOTAUVEPYIKGOY VEDPOVOVY NG HELIVOS
ovoiag, péom tov L-tomov VOCs, og pépog g Spactnpotrag tov Pnuatodotn. H avEnuévn
petafoikn {Ntnon evteivel toug puOpods g 0EEWMTIKNG POGPOPVAIDNONG, HE OTOTEAECH TNV
Tapaymyn evepydv popemv o&uydvou (ROS) kot tedikd v KutTopiky @Bopd mov cuvodevEL T0 YNpog
(ov PAGPeg, amewoviCovtal o KOKKvol KOKAOL). (Aggld) ALoypOULOTIKY OEIKOVION TNG PONG TMV
yeyovotav. I'evetikoi moAvpopeiopol 1 petaAratels, kabmg kot to&iveg mov vdpyovy 6to mepPdilov
Uopovv dpacovy KatoAvTikd 610 Teprypapduevo oyfua. Ilpocapuoyn and (Surmeier, 2007).

0ZeWMTIKNG POGPOPLAIOCNG. & 0KPOIES TEPIMTMOGEIS, TO LVIEPPOAMKO GTPES OV
vopiotavtol To  pToXOvople, TPOKOAEL TO AVOlyHO. TOL HITOXOVOPLOKOL TOPOL
SmepaTOHTNTOG KOl HETOPOPAS, TN OOYKOON TOV  TOYOVOPI®V Kol TNV
ameEAEVOEPOON TOL KLTOYPDOUOTOG C KOODG Kol GAA®V TPOUTOTTMOTIKMOV TPMOTEIVOV.
[Mopdiinia, ot ROS katactpépovv kot mpoteiveg Tov E.A., avédvovtag tpoémov Tvd
TN GLYKEVIPWOOT TV AOVOAGUEVE OVOOUTAMUEVOV TPOTEIVOV, 0l OTOlEG TPEMEL VAL
amotkodounfodv amd TO TPMOTEACOUN 1 TO OVTOPAYOSOMOTe. To YeEYovdg avto,
TOOVOTATO HEWDVEL TNV TTOPAY®YN TPOTEIVOV 610 E.A. kou odnyel otnv mepontépm
AmELELOEPOON TPOATOTTOTIKMV TOpayOovI®mV. Me Bdon ta mapamdve, lval e0Aoyn N
pelmon TV KuTTopoTAACHOTIKOV emmédwv tov ATP, pe dqueon ovvémeio

dwtdpaén g Aertovpyiag Tov E.A., 0V TpOTEACOUATOG KO TV OVTOPOYOSOUATMV,

TPOoMOHDVTOG TN CLGCOUATOCT TOV TPOTEIVOV Kol TN ONUIOLPYIN TOV COUATIOV
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Lewy. I'evetikég petalraéelc 1 to&iveg mov vapyovv oto meplBdAiov, dnwg m.y. M

potevovn, (eikéva 26, dg€id), S10TOPACCOVY TEPAUTEPM TN GMOOTY| AEITOVPYIN TOV
7 , r J r 2+

pitoyovopiov kot tov E.A., kabiotdvtag ta mo gudiwmta 6to enayouevo ond to Ca

otpec (Chan et al., 2009).
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1. XKOITOX THX MEAETHX

Me Bdon ta 66 avapEpOnkay Tapamave oTOYOS TG TAPOVGAS HOUKTOPIKNG
STPIPNg NTOV 1 SIHAEVKOVOT TNG EMPPONG TOV OOKEL 1 EKKPIVOUEVT] 0l-GUVOVKAETVT
OTNV OUOWOGTOCN TOV VEVPIK®OV KLTTdpwv. To mapomdved epdtnuo omoteiet
CUVICTOUEVT] UIKPOTEP®V VTOEPMOTNUAT®OV, TOL APOPOVYV OTN OlEPEHVNON TOL
UNYOVIoUoD €KKPIONG TG TPWOTEIVNG, TG emidpacng g ot Piooiudmta twv
KUTTAP®V-OEKTAOV KOl TEAOG TOV akpiPn unyoviopol dpdong .

[Tpokepévou vo amavtnBodv To TOPATAVE EPOTALOTO, YPNCILOTONONKE ©C
OUOTNUO-UOVTELO 10 KLTTOPIKN GEPE, Tov €xel o¢ Pdomn ta SH-SYSY kvttapa amod
vevpoPArdotopa avBpomov. Ta koTtapa ovtd elvor yeveTiKd Tpomomomuéva, £Tot
MOOTE VO LIEPEKPPALOVY, EMOYOUEVA, TN GLGIKOD TUTOV AVOPAOTIVY 0-CLVOVKAEIVT.
No onueiwbet 011, ©C €0MTEPIKOS HAPTLPAG TNG GCLYKEKPIUEVNG TPOCEYYIONG,
xpNooromOnke pio KLTTOPIKY GEPA EAEYYOL, TO KOTTAPO TNG Omoiag ekppalovy pe
Tov 1010 emayopevo TPOTO TNV KLTTOPOTAOCUATIKY] TPOTEIVY, PoakInplokng
TPOEAEVONG, P-YOAOKTOOIOAOT. XTO GUYKEKPIUEVO KULTTOPIKO HOVTEAO, OPYIKE
dtepevvninke KaTA TOGOV 1M 0-GLVOLKAEIVN EKKPIVETOL PLGLOAOYIKA GTO OpemTiKd
HéGOo TV KLTTApOV Kot Oyt e&outiog Tng LIEPEKEPACNG TNG N OC OTOTEAEGLLOL
ameAeLOEPOONG EVOOKVTTAPIOV TPOTEIVOV, AOY® KLTTapPKNg Abone. Ev cuveyeia,
dtepevvninke o PUNYOVIGUOG EKKPIONG TNG 0-GLVOLKAEIVNG KOl 7O GULYKEKPIUEVO,
€EETAOGTNKE 1 CLUUETOYN TOL EVOOKVLTTOPIKOV Kol EEMKVLTTAPIKOD HOVOTATION
anelevfépwons Tov mpoTeivev, pe wWwitepn éupoon ota eEowocopota. Emmiéov,
amopovadnKay Kot avaAvdnkKov ot TOwKIAeG EKKPIVOUEVES HOPPEG TNG TPWOTEIVNG,
LOVOUEPELS Kol OALYOUEPELG, EVD TPOGOIOPIGTNKE KO 1| OKPPNG CLYKEVIPMOT TNG
OMKNG TPMTEIVIG 6T0 EEMKLTTAPIO HEGO.

AxoroVBwg, dtepeuvinke M Proroyikn onNUAcio TOV EKKPIVOLEVOV LOPPDV
™G 0-cLVOLKAETVNG. o T0 okomd avtd, pelembnke m emidpaocrn mAovoOV, GE
EKKPIVOLEVN 0-CLUVOVKAETVT], OpenTiKod HEGOL 6T PLOCIHOTNTA OLPOVUEVOV, OALA
Kot Stapopomoinuévey kuttdpwv SH-SYSY, kabde kot Tpowtoyevdv veEupmdvmy amd
QA0 gykepdAov eufpdov emipvog. H emAoyn 1oV KLTTAPOV-OEKTOV £yve LE
TPOCOYN, £TCL MOTE VO EMTPEMETAL 1] TOPAKOAOVONGT TOV SLOUPOPETIKOV KLTTUPIKDV
amokpicemv, Kotd TN Jdpkew G petdfaocng omd T eAon Tov OlPOVLEVOL

KUTTAPOL, GE EKEIVIIV TOL TANPM®G OPOPOTOMUEVOL VELPIKOD KuTTdpov. Emiong,
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eEetdotnke 1 mMOAVOTNTA 1 EKKPIVOUEVT] O-CLUVOVKAEIVI va emnpedlel oNUovVTIKA
OTUOTOSOTIKG HOVOTATIO, KVTTOPIKNG enifimong, omwe avtd g PlsK/AKt ko tov
MAPK/ERKS, evd moapdiinia a&lodoyndnke, ymptotd, 1o toéikd Suvapukd tov
YOUNAOD Kol VYNAOD pHoplokol PAPOvg EKKPIVOUEVOV HOPO®V NG TPOTEIVNG.
Tavtoypova, €ywve mpoomdbela, OVIIGTPOPNC TOL KVLTTOPIKOD EKPUAIGHOV, HECH
OTOLLAKPVVONG TNG 0l-GLVOLKAEIVNG amd 1o Opentikd péEGO, KatoOmy avocokadilnong
LLE E01KO Y10 TNV TPOTEIVY OVTICOLLA.

Téhog, peretnOnke o UNYOVIGUOG OPACNG TG EKKPLVOUEVIG O-CUVOLKAEIVIG,
eotialovtog o€ 000 KUPLEC KATELOVLVOEIS: OTO UNYOVIGUO EVOOKLTTAPMONG TNG
EKKPIVOLEVNG 0-GUVOVLKAETVIG KOl GTY O10TOPOYY| TNG OMOLOGTACTG TOV 1OVT®V ca®".
‘Etol, o mpd @dom diepeuvinke m mOovoOTNTO TPOSANYNG TNG PUGIOAOYIKE
EKKPIVOLLEVNG 0-GLUVOVKAEIVIG, amd dtopovpevo kot dtagopomoinuéve SH-SYSY
KOTTOPO KO omd TPOTOYEVELG KAAMEPYEIEG VELPOVAOV PAO0V amtd EUPpua eMIHLOC.
Eniong, éywe mpoomdéBela vo €viomotel TO VROKLTTOPIKO OLUEPICUE. GTO ONOLO
eopaletar 1 evdokvtropouévn mpoteiv. Téhog, mpaypoTomOmONKay TEPALOTO
TPOKEUEVOD Va SLOAELKAVOEL 0 aKPIPNG UNYOVICHOG TPOCANYNG TNG EKKPIVOUEVTS Ol
OLUVOUKAEIVIIC. Xe 0eltepn @don eEetdotnke To evdeyOUevo M aQepicc TOL
VEVPOTOEIKOV LLOVOTATION TNG 0-GLUVOLKAEIVIG, va evtomiletal otnv aAANAEmiOpao
™G EKKPIVOUEVNC TPMOTEIVIG LE TNV TAOCUOTIKY HEUPPAVN TOV KLTTAP®V-OEKTOV.
Enopévmg, 060nke Paon ota mpda yeyovota, avtd, onA., mOv TPONYOVVIAL TOV
KUTTOPWKOD  ek@LMGpHOL. [o 10 okomd avtd, peAetHOnNKav ol EMOPAGES TNG
TOPOVGIOG TNG EKKPWVOUEVNG 0-GLUVOLKAEIVIG OTN PELGTOTNTO TNG TANGUOTIKNG
HeUPPpAvVNC Ko GTNV OHOIOGTOCT TOV 1OVTOV Ca®. o GLYKEKPIEVA, HETPNONKE M
€10pON OVIOV Ca” o¢ KOTTOPO-OEKTEC UETO OO YOPNYNON O-CLUVOVKAEIVIG EVOD
TOPOAANAL OTOCAPNVICTNKE 1| GLUUETOYN NG €Ae0BepNg eEKLTTAPLOG Ko TG,
GLVOEDEUEVIG LE EEMOMUATA, TPMTEIVNG, GTO PavOLEVO 0vTO. AKOUO, Le TN ¥pNoN
EOKAOV QOPUAKOAOYIKOV OVACTOAE®MVY, OEPELVNONKE 1 GLUUETOYN GLYKEKPIUEVOV
HEUPPOVIKOV KOVOAMOV Ca® xa €EETAGTNKE 1 VTOKLTTOPIKT OLOUEPICUOTOTOINGT)
TOV EVOOKLTTAPLOV ca’’. 21 ocvvéyela, pe T xpNon KATtAANAwV eviukav peboddwv
peAetnOnke 1M ovppeToyn TOV KOAmWAIvOV, pilog kotnyopiog Ca2+-8§apr(busvwv
TPOTEACOV KLOTEIVIG, OTO VEVPOTOLIKO HOVOTATL 7OV TVPOOOTEITOL OAmd TNV
EKKPIVOUEVN a-cLVOLKAETVT. TéAhog, mpokeévov vo ocvoyetiolel, meportépm, 1
TO0EIKT  Opdon TG EKKPWVOUEVNG O-GUVOVLKAEIVNG e TNV  oamoppOOuon  Tov

, . , 2+ ’ . 7
OHUO10CTATIKOV UNYOVIGUOL TV 10VTIWV Ca“" ko v EVEPYOTOLN oM TV K(X)LTE(XW(DV,
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€yve mpoomabeld avTioTpoPng Tov KLTTAPKoD Bavdtov, mov mpokaAeital Tapovcio
™G e£OKVLTTOPLOG TPMOTEIVNG, MHECE® TPOTOMOINOMNG TNG EVOOKLTIAPOG 1M NG
eEMKVTTAPLAG GVYKEVTPOONG ToV 1vTev Ca’’, kafdE Kat avaoToMC TV KOATOIVAY,
LE TN ¥PNON KATAAANA®V YNAIKOV TOPOyOVI®V KOl QOUPULOKOAOYIKOV OVAGTOAEWV.

H wawotouio ™ moapodoog peréng éykertoar otn owbeciuotro evog
avotnpd pLOULOUEVOL GUOTHUOTOG-UOVIEAOD £KKPIONG 1TNG 0-GLVOLKAEIVNG, TO
omolo  TPOGEEPEL TN SLVOTOTNTA  OlEPEVYNONG TOL POAOL TMOV  OLGLOAOYIKA
EKKPIVOLEVOV  HOPOPAOV TNG 0-GLVOVKAEIVIG OTNV OHOWOCTOCT] TOV  VEVPIK®OV
KUTTAp®V. Zvvoyiloviag, 0 OmOTEPOG OTOYOC NG TopovOoNg UEAETNG MTav 1
amOKINON YVOONS, N omoia Oa pumopovoe vo. GLUPAALEL 6TV KOADTEPT KOTAVOT O
TOV unyovicpov rtafoyévelog thg vocov tov Parkinson, kot mbavotata va eoticet

VEEC 0000C Y10 TNV AVATTVEDN SAYVOCTIKAOV 1) Kol OEPOTEVTIKOV TPOGEYYIGEWDV.
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1. YAIKA

1. Ilewpapazixo Ilpotomo

H oiepedvmon tov punyovicpudv 0pacng e eKKPIVOUEVIC 0-GUVOLKAETVTG
amoutel TN ¥PNoM €vOC TEPAUATIKOD HOVTEAOVL, TO OmOi0 Vo, TPOGOMOLALEL UE TOV
KOADTEPO OLVOTO TPOTMO T SLPOPOTOMUEVE VEVPIKE KOTTOPO TOV KEVIPIKOV
vevpwkol cvotiuatog (KNX). Apywkd, ypnopwomombnkay kuttapikés oepég SH-
SYS5Y «xuttdpov  vevpoPractopotoc  avOpdmov, pHE  UEYAAN  KavOTTO
AVOOUTANGLOGOD G EVVOTKEG cLVONKeg KOAMEPYELNS. Ol GLYKEKPIUEVES KUTTOPIKES
OEPEG UE TN YPNOT TOV PETIVOTKOL 0EEOC, 1oYLPOD HOPPOYOVOL, eival duvatov va
dpopomonBodv, ATOKTOVTOS VELP®VIKO @avotumo. Me ovtd 10 ded0péVo, OTN
oLVvEELa, TpaypatomomOnkay avtictotya nepdpata o€ dtapopomotnuéva SH-SYSY
KOTTOpQ, €vo GUOGTNUO OV TPOGOUOLAlEl TTEPIEGGOTEPO TA VELPIKA KVTTapo. Ot
KOAVTEPEG  OMAVINGEL, ®OTOGO, €EAYOVIOL HE HEAET TOV OmOKPIGE®V ©E
TPOTOYEVEIG KAAMEPYEIEG VELPIKAV KLTTAPWV. XOUPOVO HE OVTAV TN GLVONK,
YPNOLOTOMONKOV TPOTOYEVEIS KOAMEPYELES VELPOVAOV PAOLOV, 0md EUPpova EMHVOG,
vy tepartépm emPePainon tov arotedeopdtov. Ta nepapatdloma NTov ™G PLANG
Wistar (Bapovg 200-250 gr) amnd to Tunua Iepopotolowwv tov Idpvpotog
latpofroroyikdv Epguvav Akadnuiog Adnvov (LIB.E.A.A.). Ta {da oteydlovtav o
Barauovg pe Oegpuokpacio dopatiov 22 + 1 °C, oyetikfy vypooio 55 + 10% kot
dwdekdwpn Odpkeln poTomeptddov, petacy 07:00 ko 19:00. Ta oo Ppiokoviav
péoa oe kKAmPoug, ot omoiot kKabapiloviav avi TaKTd XPOVIKA SCTAOTO Kot lyov

elevBepn TpdcPacmn oe TpoPn Kot vePO.

2. Kvrrapika Xvotiuata

[Noa ™m owloywyn g mapodcoos epyaciog yPMNOLOTOMONKE 1 KOPKIVIKY
Kuttopikn ogpd, v SH-SYSY xuttdpov vevpoPractopatog avlpmmov, n oroio
TOPOVCIALEL  YOPOKTNPIOTIKE — «TPOYPUUUATICUEVOVY»  VELPIK®OV  TPOOPOU®V
(molvdvvapa epppuikd kottapa). H kuttapikn oepd SH-SYSY, petd and KatdAinin
dwdkacio Tov aPopd oTn dPoPoToincn TG, €ivar dvvatdv va dDCEL TANPMS
AEITOVPYIKOVG  UETA-HUTOTIKOVS VeEvpaveS. TEAOG, ol mpwtoyevels KoAMEPYELEG

VELPOVOV QAO0V amd EUPpuva emipvog amotédesay £vo TOAOTIHO epyalreio, KOOMG
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TPOKELTOL Y10, VO GLOTILO TTOV TPOCOLOLAlel KaAvTepo TV IN ViIVo katdotaon. ITo

OVOALTIKAL:

2.1 SH-SYS5Y Kvtrapa Nevpofiactouatos AvOpamov

H xvttapikn oeipd SH-SY5Y (American Type Culture Collection, Rockville,
MD) givar po KapKivikn oelpd avlpdmvev vevpofAacToUdT®V Tov ¥pNoLoToteital
eVPEMG G vevpmvikd poviéro. Ilpoépyeton amd v apywkr] oepd SK-N-SH,
LETOOTOTIKOV KOpKivov tov poehod tov ootdv (Biedler et al., 1973) kot dwabétet
VIOTOUVEPYIKO,  OKETLAOYOAVEPYIKO,  YAOLTAULVEPYIKO KOl  OOEVOCLVEPYIKO
yopokmpa. Eniong, ekppdlel v evdoyevn 0-GLUVOLKAEIVN GE aVIYVELGILOL EMITEDCL.
Ta wOtropa SH-SYSY moAlomiacidlovior ptoTiKa, Toxdtato o€ KOAAEpPyEL
(ewova 27, aprotepd), evd umopolv va dopoporombodv Katdmy mwpocHnkng
petvoikoV o&gog (Retinoic Acid-RA). v nepintmon avth, TadovV vo. d1oupodvTon
Kot ekteivouv G&oveg (ewkova 27, dgfud). Tavtdypova, av&dvetar 1 EKEPACT NG
VIPOEVAGONG TNG TVPOGIVIG LE ATOTEAEGHA TV ADENOT) TOV EMMESWOV TNG VTOTAUIVIG

(Jalava et al., 1990).

AwnpovpevaSH-SYSY kottapa Awgoporommpéve SH-SYSY kotrapa
(10 pM peTmvoikov 0&£og)

Ty - A

[

Ewova 27: SH-SYS5Y «kbttapa and vevpofrictoua avBpohmov.

(Apiotepd) Atapovpeva SH-SYS5Y kottapa. (Ag&id) SH-SYS5Y kittapa, kodhepyndnkov og mAnpeg
Opentikd mapovoion 10uM petvoikod o&éoc. To kOttapa peTd omd 6 MUEPES, £XOVV OMOKTNOEL
vEVPWVIKO arvotumo. Khipaka: 20 pm.

Mo v exndvnon g Tapovoag STpPng, ypnoLonomdnke o kKAwvog 2.22,
0 omoiog Kataokevdotnke amd Tovg Apg. K. BekpéAdn ko A. Ztepovn, pe Pdon v
apykn kuttapikn ogpd SH-SYSY (nmpoogopd tov Ap. Darryl Yamashiro, Dept. of
Pediatrics, Columbia University, USA) kot 0 onoiog eivar povipa S10oAVGHEVOS e

10 PLOWOTIKO TAAGUIS0 oV ekEPALEL TOV VPPWOIKO peTaypapkd mapdyovta tTa.
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ENUOVTIKO TAEOVEKTNUO. TOV KLTTAP®V givar 1o yeyovog Otl 10 cvotnuo Tet-Off
UTOPEL VO AELTOVPYNOEL KO KATOTY THG dlopopomoinong Tmv kuttapwv (Pahman S.

Etal., 1984).

2.2 Ilpwtoyeveic KAIAIEPYELES PLOIIKMOY VEVPOVWY ATTO EUPPOO ETIUVOS
KoAliépyeleg vevpdvev eyke@oikoh @Aowod mponAbov amd to QAo
euPpdov enipvog 18 nuepmv. Metd TV amoUOVOGCT TOV KVTTAP®V TOV EYKEQPAAKOD
eLo100, okolovOnoe emdaocn pe 0,05% tpoyivn (Sigma) kot 100pug/ml DNase
(Sigma) o¢ Operticd péco Neurobasal (Invitrogen) yiwa 15 Aentd otovg 37°C, ywpic va
npootebel axkoun o otdg. Katdmv axorovOnoe n mpocHnkn tov 16100 kot dAla 15
Aentd endoong otovg 37°C  (evlopatikde Soyopiopdc). H adpavomoinon g
TpLyivng emtevyOnke pe TPOoONKN TANPOLG OPENTIKOV KAAMEPYNTIKOD HEGOV
Neurobasal (Neurobasal, 0.5mM L-yAovtapivn,100pg/ml otpertopvkivn, 100pg/ml
eviKiAAivn, 2% (VIV) mapdyovtag B27). O mapdyovtog B27 sivarl amapaitmtog yo
™V KOAOTEPT EMPIMOT TOV VEVPIKAOV KLTTAP®OV Y10, LEYOADTEPO YPOVIKO SLUCTNLLO.
2T OULVEXELD, O 10TOG Ol®PICTNKE PNYOVIKE HE TITETAPIOUN, EVO KOTOTLY
euyokévrpnong ota 20009, v 10 Aentd, og Beppokpacio dmpatiov, To KOTTAPO TOV
elyav  kabildver emoavadolvdnkav oe @péoko Opemticd péco. Ta wdTTOpa

EMOTPOONKAY 6 TLATO KOADUpEVA e TOAVAVGIVY (etkéva 28).

Ewova 28: Potoypoeio omd OonTIKO WKPOGKOTIO
TPWTOYEVAV _ VELPAOVEC  omtd  QAOLY  EYKEQPGAOL
suBpiov eripvog og KOAMEPYELQ.

3. Xnuixa Avtidpaocrtipio
3.1 Kvtrapixés Kalliépysies

Mo v kaAMépyela Tov kuttdpov SH-SYS5Y kot tov Ipotoyevav vevpovmv
@AOL0D €YKEPALOL amtd EUPpua emipvog ypnotpomomonkay:
o Opentikd vAko: RPMI 1640-Roswell Park Memorial Institute (#31870025,
Gibco Life Technologies, Carlsbad, CA, USA).
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Opentico viko: Neurobasal (#21103-049, Gibco Life Technologies, Carlsbad,
CA, USA)

Opentikd VAKO pe petopévo opo yia tig Kuttapikég dtporvveels: OPTIMEM
(#31985, Gibco Life Technologies, Carlsbad, CA, USA).

Opog euppvov pooyov: Fetal Bovine Serum-FBS (#S1500, Biowest, Nuaille,
France).

Miypo oviipotikédv  mevikidivng-otpentopvkivn:  Penicillin-Streptomycin
(#P4458, Sigma-Aldrich, St. Louis, MO, USA).

SvumAnpouatikd ouvoéd: L-ylovtauivn-L-glutamine (#21051024, Gibco
Life Technologies, Carlsbad, CA, USA).

all-trans-Petwvoikd O&v: all-trans-Retinoic acid-RA: (#R2625, Sigma-Aldrich,
St. Louis, MO, USA).

DMSO: Dimethyl Sulfoxide (#100950636, Sigma)

DNAse: (DNAse, #D 4527-20, Sigma-Aldrich, St. Louis, MO, USA)
Tpoyivn: (trypsin, #T4674, Sigma-Aldrich, St. Louis, MO, USA)

25% TRYPSIN-EDTA (#25200-072, Gibco Life Technologies, Invitrogen)
[Mapdyovtog B27: (#17504-044, Gibco, Life Technologies, Carlsbad, CA,
USA)

[ToAv-Avoivn: (Poly-D-Lysine, #P1024-500MG, Sigma-Aldrich, St. Louis,
MO, USA)

Trypan blue solution (#T8154, Sigma-Aldrich, St. Louis, MO, USA)

H Swapdioven tov kuttdpov (rapodik 1 poviun) €ywve pe Lipofectamine™

2000 (#11668019, Invitrogen Ltd, Carlsbad, USA). T'a t dathpnon tov povia

SWHOAVGUEV®V GEPOV YpNoLoTomOnKay o avtiBloTikd:

Yypopvkivny B: Hygromycin B (#10843555001, Roche Diagnostics Corporation,
Indianapolis, IN)

Neopvkivn: G 418 disulfate salt (#A1720, Sigma-Aldrich, St. Louis, MO, USA)
Ao&oxvihivn: Doxyxcycline (#631311, Clontech Laboratories Inc., Mountain
View, CA, USA)

Ol T MAaoTikd ayopdotnkay amd tnv etaipio. Greiner, Bio One GmbH

(Germany).
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3.2 llepauota 6UAvVENS TOV EKKPIVOUEVOY TPOTEIVOV HE PAOIEVEPYO Ocio
(358)

Mo 1o mepduoto  padlocNUAVoNG  TOV  EKKPIVOUEVOV  TPOTEIVAOV
ypnowonomdnke tpomomomuévo Opentikd vikd RPMI, yopig wvoteivn ko
uebeovivn (#R7513, Sigma-Aldrich, St. Louis, MO, USA) ka1 16opoplokd peiypo
[**S]  «kvotstvnc/uedeovivne  (EXPRE®*S®S  Protein  Labeling Mix, [35S],
#NEGO07200, PerkinElmer Life Sciences, Boston, MA, USA). To didlvpa evioyvong
0V padievepyod onuatog frav g Amersham: Amplify™ Fluorographic Reagent
(#NAMP100V, GE Healthcare Bio-Sciences, Uppsala, Sweden).

3.3 Métpnon tns toéikotnyrog

Mo v pérpnon g 1oEIKOTNTOG YPMNCLULOTOMONKAY 01 TOPAKAT® YPWOTIKES:
e Hoechst 33342: (bisBenzimide H 33342 trihydrochloride, # B2261, Sigma-
Aldrich, St. Louis, MO, USA)
e Calcein-AM: (#C3099, 1mg/ml solution in dry DMSO, Molecular Probes,
Invitrogen Ltd, Carlsbad, USA)

e FEthidium Homodimer: (#L3224: LIVE/DEAD® Viability/Cytotoxicity Kit

*for mammalian cells*, Invitrogen Ltd, Carlsbad, USA)

3.4 Métpnon tns kvtropikys emfiwons
IMa ™ pérpnon g kuttapikng emPimong ypnoipomromdnke katdAinio ddAvpa
oV eMTPEMEL TN GLAAOYN Tupnvev. o v Tapackev Tov ypeldoTnKaV To. €ENG

aVTIOPACTNPLOL:

e Ethylhexadecylmethylammonium bromide, EHDA (C5335-25G Sigma-
Aldrich, St. Louis, MO, USA)

e Glacial acetic acid ( #537020, Sigma-Aldrich, St. Louis, MO, USA)

e Sodium Chloride ( NaCl, # S7653, Sigma-Aldrich, St. Louis, MO, USA)

e Phosphate-Buffered Saline (PBS, # 10010-015, Invitrogen Ltd, Carlsbad,
USA)

e Triton-X (#X100, Sigma-Aldrich, St. Louis, MO, USA)
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e Magnesium Chloride (MgCl,, #M8266, Sigma-Aldrich, St. Louis, MO, USA)
Eniong, ota mepduota Kuttapikng emiPioone ypnoipomomdnkay ol TopakdTm

(POPLOKOAOYIKOT TOPAYOVTEGS:

e Avaotoréog koAmaivav: Calpain inhibitor: (#A6185, Sigma-Aldrich, St. Louis,
MO, USA)

e Bapta— AM (#A1076, Sigma-Aldrich, St. Louis, MO, USA)

e EGTA (#E38889, Sigma-Aldrich, St. Louis, MO, USA)

e  Nwpeowrivn: Nifedipine (#N7634, Sigma-Aldrich, St. Louis, MO, USA)

e o-kovoto&ivn GVIA: -conotoxin GVIA (#1085, Toris Bioscience, USA)

3.5 Eneéepyacia llpwteivay

Mo v exydhon tov Tpoteivov ypnoyornominke to pelypa ovocsTtoAéwy
npwteacov oe okevacpo. Complete, Mini, Protease Inhibitor Cocktail Tablets
(#11836153001, Roche Diagnostics Corporation, Indianapolis, IN). Ztic nepumtdoeig
TPOTEIVIKOV EKYVAMOUATOV Tov Kpidnke amopaitnto, ypnoyomomnke 1o peiypo
avaotolémv poopatac®mv: Phosphostop (#04906837001, Roche). To peiyua deiktmv
YVOGTOO poplokov Bapovg yia Tic mpmteives: PageRuler™ Prestained Protein Ladder
(#SMO0671) kar dodivpo katepyaciog ostypdtov (sample buffer): DualColor™
Protein Loading Buffer Pack (#R1011) ftav tng etapeiog Fermentas (Vilnius,
Lithuania). To avtidpaoctpio Bradford (Bio-Rad Protein Assay, #500-0006) ywa ™
HETPNON NG OLYKEVIPMONG TMV TPOTEIVOV, T0 pelypa  axAiviopidiov/bis-
axpviapdiov: 30% Acrylamide/Bis Solution (#161-0157) kabmdg Kot 01 GLGKEVES
NAEKTPOPOPNONG KOl LETOPOPAG ayopdotnkoy arnd v etarpeio Bio-Rad (Munich,
Germany). To 7POKATOCKEVAGUEVO TNKTOUATO oKpLAapdiov «iiong 4-12%:
NUuPAGE® Novex 4-12% Bis-Tris Gel 1.0 mm (# P0323) kot to puOuiotikod dtdAvpo
MES: NuPAGE® MES SDS Running Buffer (for Bis-Tris Gels only) (20X)
(#NP0002) ayopdotnkav amnd tnv etoupeio Invitrogen Ltd (Carlsbad, USA). H
vitpokvttapivn [Protran BA Nitrocellulose (0.45 pM)] mov ypnoipomomdnke yu ™
HeTOQOPE TV TPOTEIVOV ayopdotnke oand tv Schleicher & Schuell (Keene NH,

USA).
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3.6 Avocodokuacio kata \Western

H opdado avtdpaostpiov ECL (Western Lightning, # NEL100001EA) mov

YPNOLOTOONKE Y10 TNV EVIGYVUEVT YNUELOQOTOVYELD, OLYOPAGTNKE OO TNV £TOLPEia

Perkin-Elmer (Waltham, MA, USA) ka1 to X RAY @uip (Super RX Film) amnd v

etarpeio Fuji Medical (Tokyo, Japan). Télog, n akpvAauion mov ypnoiporoonke
ayopaoOnke and BIORAD (# 161-0158, Bio-Rad Labortories, United Kingdom).

Ta avticopato mov ypnoonodnkay teptlapnpdvoviol 6Tov TapaKaT® KotdAoyo:

a-synuclein (syn-1): povokAmviké avticmpo 7Tov TopackeLAlETOl 68 pVG
£VOVTL TNG 0-CLVOVKAEIVIC emipvog Kot avayvopilel v gvpeio mePLoyn g
npoTEIVIG peTold Tov apvotémv 15 kot 123 (#610786, BD Biosciences, San
Jose, California, USA).

a-synuclein (C-20)-R: moAvkAwvikd avticopo mwov mopackevaletal o€
KOVVEML, €vovit cuvBetikol mentidiov Kot ovayvopiler oto kapPfovteiko
dxkpo ™G avBpomvng  a-cvvovkAeivng  (#sc-7011-R, Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA).

a-synuclein (LB509): povokAmvikd avticmpo mov TopookeLdletal 6€ Hug
Kot ovayvopilet v oavBpomvn a-cuvovkieivn (#S1G-39725, Conance,
Princeton, New Jersey, USA).

a-synuclein (211): povokA®vikd avticmpo Tov Topackevdletal 6€ UG,
gvavtt g avOpOTVIG a-GUVOVKAEIVNG Kot avayvopilet v meployn g
TpoTEivG petald tov apwvoéwv 121 wor 125 (#sc-12767, Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA).

ERK 2 (C-14): molxklovikd aviicouo Tov TopookeLAleTal o6& KOUVEAL,
évavtt ovvletikov memtidiov kot ovoyvopilel 1o kKapPfoutelkd Axpo TG
ERK2 enipvog (#sc-154, Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA).

B-Actin (ACTBD11B7): povokA®viko avticmpo mov topackevaleTal o€ Hug,
évavtt ¢ avOpomivng P-oktiving Kot avayvopilel o meployn oTo
kapPoéutehkd dxpo ¢ mpwteivng (#sc-81178, Santa Cruz Biotechnology,
Inc., Santa Cruz, CA, USA).

GFP (B-2): povokAovikd avticopo mov TopackeLAleTol 68 HVG, EVOVTL TNG

TEPLOYNG oV TEPAapPavel TV aAlnAiovyio Tov apvo&émv peta&y 1 kot 238
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™¢ mAnpovg unkovg GFP (#sc-9996, Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA).

Anti-flag (M2): povokhovikd avticopo mov mapackevaleTor o€ S, EVOVTL
™¢ apvoéikng aAiniovyiag tov FLAG (#F3165, Sigma-Aldrich, St. Louis,
MO, USA).

AKt: moAVKAOVIKO avTicopo 7oL TopacKELALETAL GE KOULVEM, £VavTl
ouvhetikov memTdiov Kot avayvopilet o kapPoduteikd dxpo g Akt
(#9272, Cell Signaling Technology, Inc.).

CREB (86B10): povokAmvikd avticopo mov mapuckeLAleTol 6€ Ho, EvavTl
nAfpovg unkovg tpwteiviig CREB, og cuvinén ue v mpoteivy GST. (#9104,
Cell Signaling Technology, Inc.).

Anti-GSK3a/g, clone 4G-1E: povokAmvikd avticope mov mopackevaletat
o€ M, £vavtt ouvheTikoD memTdiov 10 omoio avtiotoyel oto apvotén 203-
219, mov evtomilovtol 6TV TEPLOYN TOL KOTaALTIKOV KEVTpov TG GSK-3 ¢
poyag Drosophila. (#05-412SP, Millipore Corporation, Billerica, MA, USA).
RSK1/RSK2/RSK3 (32D7): povoklmvikd avticmpo mov TopackKevaletol og
KOVVEML, évavtl cuvOeTikod memtidiov, 10 omoio avtioTolyel oTo KATAAOUTO
mov mepPdiiovy v ASp659 g avOpomivng pIORSK. (#9355, Cell
Signaling Technology, Inc.).

Phospho-Akt (Ser4d73): molvklovikd oviicopo 7oL TopaokeLAlETAL GE
KOUVEM £€VOvTL, GLVOETIKOU QOGPO-TENTIOON, TO O0moio avVTIoTOWYEL OTO
KatdAowma mov meptaiiovy tn Serd73 g Akt mpoélevong puvog. (#9271,
Cell Signaling Technology, Inc.).

Phospho-CREB (Serl133): moAvklmvikd avticopo mov Topuckevaletal o€
KOVVEAL, €vavtl ovvheTkoh Qoo@o-menTdiov, 10 omoio aviiotolyel ota
katdAowma mov mepariovy ) Serl33 mg CREB avBpdmivng mpoéhevonc.
(#9191, Cell Signaling Technology, Inc.).

p-ERK (E-4): povokl@viké avticmpo mov Topookevdletar og po, évavtl
ouvheTIKOV TEMTIOioL Ko avayvopilel v oaAAnAovyic Tov TEPLEYEL TN
eoopopviopévn Tyr204 g ERK avBpomivng mpoéhevong. (#sc-7383, Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA).

Phospho-GSK-3a/p (Ser21/9): moAvklwvikd oviicopo mov mopackevdleTol

0€ KOUVEM &VOVTL GUVOETIKOO QOGEO-TENTIOION, TO OMOI0 OVTICTOWEL OF
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aAAniovyia ¢ GSK-3a avOporivng mpoéievong. (#9331, Cell Signaling
Technology, Inc.).

Phospho-p90RSK (Ser380): povoklmvikd avticopa mov mopackevaleTol 6€
KOUVEAL, €VOavTL GUVOETIKOD QPMOGEO-TENTIOOL, TO OMOI0 aVTIoTOlKEl Ot
KatdAoura wov weptPairovv ) Ser380 g p90RSK avOpwmivng mpoérevong.
(#9335, Cell Signaling Technology, Inc.).

BSA (Anti Serum albumin, bovin, BSA): povoximvikdé avticopo mwov
TOPOoKELALETOL G PG, €vavil TG aAPovpivng mov mpoépyetal omd opd
uodoyov (#HYB 267-01, ANTIBODY SHOP, BioPorto, Gentofte Denmark).
anti-UBIQUITIN: povokAovikd ovticopo Tov mapouckeLAleTor o€ UG,
évavtt ovvletkoh mentdiov kot ovayvopiler o evpeion {dvn  TOAD-
OVPIKOVTIMOUEVOV TPOTEIVOV ETiVOG Kot avOpmmov (#Z20458, DAKO A/S,
Glostrup, Denmark).

anti-Flotillin-1(C-7): povokioviké oviicopo mov mapackevdletal oe pug,
EVaVTL TENTIOIOV TOL AVTIGTOLYOVV GTNV TTEPLOYN HETAED TOV auvotémy 324
émg 427 g avOpomvng mpwteivng Flotillin-1 (#sc-133153, Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA).

anti-Alix (3A9): pHovokA®VIKO avVTIGOLO TTOV TOPUoKELALETAL GE HV, EVOVTL
™G TANPOVE UAKOVG ovacLVIVACUEVNC avOpmrivig npmteivng Alix (#2171,
Cell Signaling Technology, Inc.).

anti-Laminin: povokAmvikd avticmpo Tov TopacKeLALETUL GE LV, EVAVTL TNG
avOpdmivne npwteivng laminin (#33-5300, Invitrogen Ltd, Carlsbad, USA).
anti-Complex I1: povokiwviko avticopa mov Tapackevdletal 6e pug, Vvt
oL cupumdokov 1T and kapdid Poog (#459200, Invitrogen Ltd, Carlsbad, USA).
anti-Calnexin: povoxlmvikd oviicopo mTov mapuckevaleTor o€ KOLVEM,
évavtt ouvhetikoh menTdiov mov mepAapPavel v aAiniovyio petad Tov
apwo&éov 550 fog to kapPofutelkcd dkpo TG avOpomvng Calnexin
(#ab22595, Abcam, Cambridge, UK).

anti-Golgin-97: povoxkAovikd avticmpo mov TopacKeLAlETAL GE VG, EVOVTL
™me  avBpomvng mpoteivng golgin-97  (#A-21270, Molecular Probes,
Invitrogen Ltd, Carlsbad, USA).

anti-Lamp-1 (CD107a): moAvkA@Vvikd avticmpo mov mapuckevaleTol o€

KOLVEMO, EvavTl GLVOETIKOD TTEMTIOIOL TOV AVTICTOLYEL OE LpEin TEPLOYN TNG
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avOponivne mpwteivnig LAMP-1 (#AB2971, Millipore Corporation, Billerica,
MA, USA).

anti-caspace-3: TOAKAOVIKO OVIIGOUO OV TOPUoKELALETOL G KOLVEML,
€vavtt cuVOETIKOV TENTIOOL OV AVTIGTOXEL OTNV apIVOTEMKY aAANAOVYio
™¢ avOpamvng kaoraong-3 (#9661, Cell Signaling Technology, Inc.).
Anti-rabbit 1gG-HRP conjugated: avticopa cvlevyuévo pe vrepo&elddaon,
oV ToPAckeELALETAL o€ atyo Kot avayvopilel Tig avosoopaipiveg TaENg G tov
kovveho®  (Fc  meproyn) (#111-035-003, Jackson ImmunoResearch
Laboratories, Inc.,West Grove, PA, USA).

Anti-mouse 1gG-HRP conjugated: avticopo cvlevypévo pe vrepo&elddaon,
Tov mapackevaleTor og atya kot avoayvopilet Tig avocoseapives TdEng G Tov
kovveho¥ (Fc meproyn) (#PAB0096, Jackson ImmunoResearch Laboratories,
Inc.,West Grove, PA, USA).

3.7 MeTpnoeis Ca® ue popiououctpio

Ta avidpoaocmpla mov ypnopomombnKay yo TIG HETPNOELS TOL €AeVBEPOL

’ 2+ s J
Kuttopomiacuatikov Ca” etvat Ta akolovOa:

Xpootiki Fura-2 AM (#344905, Calbiochem)

Kappayoly - Carbachol — Cch (#sc 202092, Santa Cruz): H kapfoyoin eivou
EVOC OYOVIOTHG TOV UOVCKAPWVIK®V, YOANVeEPYIK®V vmodoyémv (PubMed:
18440028). H yopnynon g odnyel oty mopaymyn TPLO®GPOPIKNS WIGITOANG
(IP3), n omoio. pue t ogpd g evepyomotel tovg vrodoyeic g IP3 oto E.A.
(IP3R), pe aueco emaxdAovBo TNV €KPON TOL ca®* omd 1 E.A. ot0
kuttapdémiacpa (White and McGeown, 2002).

Oaywykapykivy - Thapsigargin - Tg (#T9033, Sigma-Aldrich, St. Louis, MO,
USA): H Bayiykapykivn (Tg) eivonr petofoiwcd mpoiov tov ¢@vtov Thapsa
garganica pe to&wkn Opdomn. Zvviotd  €vav  E8IKO  OVOOTOAEN NG
acPeoctoeaptopevng  ATPaong tov  (00pk0o)evOOTAAGUATIKOD  SIKTHOL
(SERCA), otnv omoia mpoodéveton un aviiotpentd. H ntpdcdeon avtn odnyei o€
anelevfépwon acPectiov amd 10 evéomiacuatikd diktvo (EA) kot cuccdpevon
Ca® 610 KVTTAPOTAAGHA KOl O TOAEC TEPUITMOELS G AMOMTMOTIKG KVTTAPLKO
Oavarto (Nguyen et al., 2002). H dpdon g Ooytykapykiving o€ vevpikd KotTopa,

nwpocopoldlel ofeiec katl ypovieg TaHOAOYIKES KOTAGTAGEIS TOV EYKEPAAOL TOV
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opeilovtal oe OLGAEITOLPYIDL TOV EVOOTAAGUATIKOD OIKTOOV, EVM GE KOATOIEG
TEPWTMOOELS 1 EMMOCT UE Boyrykopykivn odnyel o avacTtoAn ™G EKQLONG
devopumv kot a&ovev (Mengesdorf et al., 2001; Simpson et al., 1995). TéAoc,
&xel deryBel 6Tim Tg pmopel va ennpedlel TV acPectoemaydpevT anelevfépwon
acPeotiov amd6 10 EA, m omoia eivoar vmevOBovn yi ™ Snuovpyio TV
OVOOTOATIK®V  HKPOOKOTIKAOV — UETO-CUVORTIKGOV — ovvopukov, IPSPs, 1
Bpaydypovn mTAaoTikOTNTA Kol TV avBopuntn aneievfépwon vevpodafifoctn
og vevpmveg urmokdpmov (Verkhratsky, 2002).

Tovopvkivy - lonomycin — lono (#10634, Sigma-Aldrich, St. Louis, MO, USA):
H wovopvkivny (lono) eivar éva 1ovopodpo acPectiov, 10 omoio av&dver tnv
KUTTOPOTAOCUATIKY] GLUYKEVIPMOOT TV 1OVI®OV ca® anelevfep®dVOVTOG TO
acBéotio amod Tig evdokvtTapieg anobnkec (Zhu and Wang, 1999) kot av&dvovtag
™mv €16pon Tov and 1o eEwkuttdplo mepiPdriov (Dowd, 1995).

Moveveivy - Monensin — Mon (#M5273, Sigma-Aldrich, St. Louis, MO, USA):
H povevoivn (Mon) givat évo 10vopopo vatpiov oL GUUUETEYEL GTHV OVTOAANYN
w6vtov Na© ko H (avtipetopopéag Na'/HY). H é£odoc 16vimv H' odnyel oe
avEnomn tov evéokvtTaplov PH Kot ATOAE TOL HITOYOOPLOKOV OLOUELPBPOVIKOD
duvoutkod (A¥n), eved to KOTTOPO odnyeiton tehkd o amdmtmon (Park et al.,
2002b). H povevoivn pmopei emiong va ypnoyomombel yio v extipnon tov
amofnkevpévov acPectiov oe vmokvtropwd ocopatidwe pe 6&wo pH. H
emoyopuevn and  povevoivn avénuévn glcodog vatpiov, pumopel vor 0dnNynoeL o
avVOoTPOPN NG AELTOLPYIOG TOVL AVTOAAAKTN Na*/Ca?*, HE OTOTEAECUO. VO
mpaypatomoleitoar avEnpévn €icodog acsPeotiov oto kutTtaponiacpa. H eicodog
acPectiov PHEGm aVTOD TOV AVTOALAKTY QaiveTol TMG GYETICETOL UE KOTAGTAGELS
BA&Pns otovg vevpaveg (Arundine and Tymianski, 2003; LoPachin and Lehning,
1997).

Nwpedwrivy — Nifedipine (#N7634, Sigma-Aldrich, St. Louis, MO, USA): H
vipedutivny  eivonr o ddpomupdiviy Ko OVNKEL oTNV - Kotnyopio  T®V
AVTOYOVIGTAOV ca™, KkaBmg mapepmodilel v €i0000 1OVT®V Ca®* and ta L-tomov
Tace0EAEYYOLEVa Kavaia Tov kuttapav (Pinterova et al., 2010).

o-kovoto&ivn - o-conotoxin (#1085, Toris Bioscience, USA): H w-kovoto&ivn
etvar €101kdg avaotoréng Twv N-TOTOL TAGEOEAEYYOUEVOV KOVOAMDY ca® tov

KUTTOPIK®OV HEUPPAVAOV T®V VELPOVOV, 0ALL O)L TV HOik®V Kuttdpov (Herrero
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et al., 1999; Rivier et al., 1987). To mpokettat ywo. po. to&iv 0 MENTIOO TNG

onoiog amopovadnke amd to caiykdpt Conus geographus L.

e SKF 96365 hydrochloride (#1085, Toris Bioscience, USA): O SKF 96365, 51-
(beta-[3-(p-methoxyphenyl)-propyloxy]-p-methoxyphenethyl)-1H-imidazole
hydrochloride, eivar avactoréac tov kavaldv Ca®’, to onoia edpaioviat otnv
TAOCLOTIKY] HEUPPAVI] TOV KLTTAPOV KOl EVEPYOTOLOVVTIOL KATOTLY EKKEVMOONG
Tev evdokutTdplav amobnkdv Ca®’, (Storage-Operated Ca?* Channels, SOCs)
(Ye et al., 2011). H Siavoien tov kavaldv &xet o¢ omotéheopo v ewopor Ca?*
amd ToV EEMKVLTTAPLO YDPO GTO KVTTOPOTANGLLOL.

e Carbonyl cyanide p-trifluromethoxy-phenylhydrazone, FCCP (#0453, Toris
Bioscience, USA): O FCCP givar ptoyxovoplaxds arnocvlgvkrng (mitochondrial
uncoupler) (Hettiarachchi et al., 2009).

e Oligomycin, (Oligo) (#75351, Sigma-Aldrich, St. Louis, MO, USA): H
oAryopvkivn avactéldel v kotavdimon tov ATP, péocm g aviestpappévng
Aertovpyiog ¢ cvvBdong tov F1/FO (Hettiarachchi et al., 2009).

e Opoc gpppovov pooyov - Fetal Bovine Serum-FBS (#51500, Biowest, Nuaille,
France)

3.8 ELISA yta tov mpocoiopiouo tins coyKEvVIpmwens Tty a-covovKAEIVYG
I'o v ELISA tomov Sandwich ypnoiporomOnkay ta e€Ng avtidpactnipio:

e Avticopo mpocdsonc> a-synuclein (syn-1): povokhmvikd avticopo mov
TopaoKeLAleTOL o  EMPVS  €vavil NG  0-GUVOVKAEVNG  emipvog Kot
avayvopilel mv gvupeia me0y ™S TPOTEIVIG HETOED TOV opvoEEwv 15 Ko
123 (#610786, BD Biosciences, San Jose, California, USA).

e Avticopa aviyveveng=> a-synuclein (C-20)-R (molvklwvikd avticmpo o
TapacoKeLALETOL € KOVVEAL £vavTl cuVOETIKOD TENTISiOL Ko ovayveopilel 6To
kapPoéutelkd dkpo TG avBpdmvng a-cuvovkAgivng, #sc-7011-R, Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA), opotomolkd cvlevypévo
ue v mpwteivn vrepoéelddon g ayplopaeavidog (horseradish peroxidase,
HRP, #31490, Thermo Scientific, CA, US).

e [IMThokidw pikpotithodotntong: (Corning 96 well Stripwell plates, 1 x 8, #
CLS3923, Sigma-Aldrich, St. Louis, MO, USA)
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Sodium biocarbonate: ( NaHCO3, #55761, Sigma-Aldrich, St. Louis, MO,
USA)

Bovine Serum Albumin: (BSA, #K41-012, PAA Laboratiries GmbH,
Piscataway, NJ, USA)

Xnuewopotovyig vréctpmpe Aovpvoing (ultrasensitive luminol reagent):
BioFX Laboratories
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V. MEOOAOI

1. Kvtrapoxoiiiépysieg

1.1. Awatijpnon oteipwy covOnkov

Mo ™ Satpnon KLTTOPIK®OV CEPOV 0E KOAAMEPYELDL OTOLTOVVTIOL GTEIPEG
ovvOnkec (Freshney, 1993). Avtd emitvyyGvetol e TNV OTOGTEIPOOT] TOV VAIK®V
OAAG KO TOV YDPOL TOV KLTTAPOKOAAMEPYELDV, 1) OTTO10, TPOYUOTOTOLEITOL LE: o) VYPT
OepuoOTNTO-0VTOKOVGTO (Yo SHADHOTO OAAT®V, OVOEKTIKO TANCTIKO OVOAMGILOL,
YOOAVO avoA®GII Kot vePO), B) eiltpdpiopa pe ™ ypnon ¢iltpov pe mdépovg 0.2
UM (1o Ta vedAouTe SIHADUOTO) KOl V) ATOoTEIpOOT He VIEPLOdN akTvoPoria—UV
(Yo mAaoTikd avoidoipa kKo yopovg). H vypn omooteipwon pe 1t ypnon tov
A TOKAVGTOV, Tpaypatonoteitatl 6tovg 121°C yio 20 Aemtd vrd migon 1.1 kp/cmz. Me
™ HEB0S0 aTH EMTLYYAVETAL 1| VEKPWOGT TOV TEPIGCOTEPMY UIKPOOPYOVIGLMV KOt
TOV omopi®v TovG, Kuplwg AOY® omodldtaéng tev mpoteivov tovs. [ v
amooteipmon SoAvpdtov mov givol evaictnto omv vynAn Oegpudtnrta, yiveton
QuTpdpiopa péso amd mopovg 0.2 uM (cuyva pe ) Ponbeta avtiiog kevov), kATt TOL
amotpémel T dtéAevon Paxtnpinv Kot TOV TEPIGGOTEP®V GTOpimV Tovs. Me ™ ¥pron
™G VIEPIOOOVG  OKTIVOPOAOG, EMTLYYAVETOL VEKPMOON T®V KLTTAPWV AdY®
kataotpoer)s tov DNA tovg, a@od mapovsiac g vaeplddovg axtivoBoiiag,
OnpovpyovvTal decpol HeTAED YEITOVIK®OV Hoplov Tupyudvav (cvyvotepa petald
dvo popimv Bupivng) otig alvcideg tov DNA, mov eumodifovv 10 cwotd dumhaciacud
tov DNA xotd tov moAlamdlacioacpd tov kuttdpov. To dpactikdtepo unKog KOLOTOg
etvar ta 260 Nm, dnAadn To PUNKOG KOLHOTOG OV OmoppoPd péytota to DNA. Me
aVTOV TOV TPOTO OTMOGTEPDOVOVIOL OVTIKEILEVO KOl EMUPAVEIEG TOV UTOPOVV VO
extefovV dpesH 6TO VIEPLDOEG PMC, ONANOT OTAV OV KAAVTTOVTAL OO GTEPEN VAIKA
(6mwg Yol 1) TAOGTIKO).

Ta meprocdTEPO SLHAVUOTO TOV YPNOUOTOIOVVTOL GTIC KLUTTOUPOKOAMEPYELES
(6nowg ta Opentikd LVAKG) oyopaloviol OTOCTEPMUEVO, KOl OLTE OV  EVO
ayopdlovtotl amootelpopéva, yopilovtar og kKhaopata-ico pépn (6mmwg n Bpvyivn, Ta
avTifloTikd, n yAovtouivn, to un amopoitnto aptvo&én) Kol GIATPAPOVTOL TPV TN
XPNON TPOG OmOPLYNV HoAVveewv. Ta SoAdpate mov TopackKevAlovtol GTo
epyacTnNplo Kot givar avhekTikd otny vymin Beppodtra (6nwe to puOuIcTIKO S1dAVUA

PBS) amooteipdvovtal pe ) ypnon avtokovstov. O opdg mov ypnoyonoteitor (FBS,
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FCS) Oeppaiverar otovg 56°C yia 30 Aemtd, mpokeinévon vo yivel amevepyomoinon
TOV GULUTANPAOUOTOS, KOl OTN OLVEXEW HOpdleTon o KAAoUOTO-ioo. uépm Ko
QUATpdpetar KaOe opd mpv  ypron. Oleg ot dwdikacieg ektehovvtal o OdAapo
vnuatikng  pong  (hood), mov efooporiler mepdArov  amaAloypévo  amd
UIKPOOPYOVIGHOVG, OPOV OMOCTEPOVEL TOV aépa pe TN pHéBodo g ombnong,
dwbétovtog @idtpa vymAng amddoons. Ilpv v évapén g ypnong tov Bardpov
k6OBe mpwi, o yopog TOL BoAdpov koBmdG Ko OAn n  aibovoa TV
KUTTOPOKOAMEPYEIDYV, ekTiBeVTAL GE VTTEPLMON akTvoBoAiia yio 15 Aemtd. o tomikn

OOGTEIPMOOT TEPLOPIGUEVOD YDPOL ypnciponoteitot dtdivpa abavoing 70%.

1.2. Awatijpyon Kal ovakKailEPYELd KOTTOAPIKMDY GEPAY

H xvttapikfy oepd SH-SYSY Swotnpeiton og enmactikod khifovo otovg 37°C,
oe oatpoocepapa 5% CO; kar oyetkn] vypooic 95%. To Opentikd vVAkd mov
ypnowomnoteitar yio ta SH-SYSY xotrapa givar to RPMI 1640 (Gibco). T v
napackevr] 500 ml TAnpovg Opentikod doivpatoc RPMI 1640 mpootifetan emiong
opd¢ guPpvov Boodg 10% (v/v) (Biowest), piypa avtifrotikov 100 U/ml nevikidivn ko
100 pg/ml otpemtopvkivn ko L-yAovtouivny (2 mM) (Biedler et al., 1973). Ot udéviua
OLWUOAVGUEVEG KVTTAPIKES GEWPES dtotnpovvTal pe TNV mpocsOnkn avtifrotikon G418
(Clontech) og cuykévipmon 200ug/ml, yuo v dwatipnon tov thacuidiov Tet-Off kot
tov avtiBrotikod Hygromycin B (Roche Diagnostics) oe cvykévipoon 50ug/ml yuo
ta kuTTapa SH-SYSY, yuo v dtatpnon tov mhacuidiov andkpiong.

Ta SH-SYSY xottapa koAAiiepyodvior o€ mAAGTIKA TPLPAR KOAMEPYELNG
dapétpov 10, 1, 0,5 xou 0,2 cm (Greiner, Bio One), avdloya pe Tig ovayKeg Tov
TEPALOTOS, HE OVAVEDGCT TOL Opemntikod LAMKOV Tpelg @opéc tnv efdoudon. H
OVOKOAMEPYELDL TOV KUTTAPWYV, YIVETOL UNYAVIKE 1] LETA OO £KTALGT TOV KLTTAPOV
ue puOUoTIKO dtddvpa poceopikdv addtov PBS (137 mM NaCl, 2.7 mM KCI, 10
MM NayHPO,4, 1.7 mM KH3POy4, pH 7.4) kot mtpocOnin dwoidpatog Opuyivng-EDTA
[0.05%-0.02% (w/v), oe PBS]. Zvvortikd, peTd amd €n®OON TOV KLTTOAPOV Yl
nepimov éva Aemtd otovg 37°C pe 10 mopomdve SidAvpo, £tol dote va
npoypatoromfel amokOAANGN TOV KLTTAPWV Omd TO OTEPEO TOLG VIOGTPMUA, T
evlopkn avtiopaon g Opvyivng teppotileton pe v mpocHnkn mApovs Bpenticon

péoov. Ta kotTapa og evaudpnua, otopopdlovtal o véa TpuPALo KOAMEPYELOC.
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H xoAiépysio mpotoyevodv @AOUK®OV vevpovov omnd Eufpva  emipvog
avamtuyOnke Aemtopep®G 6TO KEQPAANLO «YAKA» (PAr. YAkd, evotnta 2.2.). [Ipénet
®o1660 Vo TpocsBécovpe 0Tt dutnpodvial o enmacTikd KAPavo otovg 37°C, oe
atpocpapa 5% CO, kot oyetikn vypacioa 95%. Ze avtiBeon pe TG TOPATAV®D
KOPKIVIKEG GEIPEG, TO KAAALEPYNTIKO HEGO OEV avave®VETOL EE0AOKANPOL, KOOATL o1
VEVPAVEG EKKPIVOVV VEVPOTPOPIKOVG TOPAYOVTES, OTAPUITNTOVS YO TNV OVATTLEN
Kot TV enPimor] Tovg. ATAd, kGBe dVO-TPELG NUEPES, AVOTANPAOVETAL O YOUEVOS AGY®

e&aruiong 6ykog, e v Tpocnkn epéckov BpemnticoD.

1.3. Kartawoln kot avdktion Ty KVTTAp@v

Ta SH-SYS5Y «dttapa mov ypnoiponotodviol otnyv wapohoo HeEAETN, givol
KOPKIVIKG KOTTOpO, 0mdTeE Bempntikd pumopovv va mollomlacstaloviol €n’ aOPLeGTOV
oe KOAMEPYEW, ®CTOCO Yo 1Tn Ow@eopomoinon  &ivor  mpotindTEPO v
YPNOLOTO0VVTOL KOTTAPO OV va £xouv Otupebel Alyec @opéc onv KoAALEpPYEL
(Bain et al., 1994; Jones-Villeneuve et al., 1982). T'a to okomd awtd givar amopoitnto
va Vapyovy daféoipa KuTTOpa HKPNG Yevidg og woén. Ta kottapa pmopodv vo
dutnpnBodv oto vypd Glwto (-196°C) yia peydro ypovikd Ao, HELDVOVTOG
onuovtik@ 1o petofoAcpd tovc. ‘Etol, dwwtnmpovdvior otV KATAGTOGT OV
Bpicrovtav kotd ™ otrypr g katdyvéng. H koatdyvén yivetar otadioxd [-80°C, -
196°C] yuo v amopuyn Ooavdtov peydlov apdpod KLTTap®Y, TOL UTOPEl Vo
mpokAnOel amd ™ onpovpyios KPLOTAAAWY Kol ETAKOAOLON KOTAGTPOPT] KUTTAPIKMV
peuppavov kot opyavidiov kot amd v aAioyn tov pH kot ™G ovykEvipwong
NAEKTPOALTAOV Kkatd TNV Kotdywovén. Emiong, ypnowomoteiton €01kd odivpo
KATAYVENG KLTTAPWV, TO OTOI0 TEPLEXEL TNV KPVOTPOGTOTEVTIKY ovGia dyuebBvro-
ocovApo&eidto (DMSO) mov peuwvel 1o onueio ™ENG TOL SEAVUATOG, GOUP®VO UE
0G0 avoQEPOVTOL GE TPWOTOKOAAD GYETIKG HE TO YEPWOUO KLTTOPOKOAMEPYEIDV
(Ausubel, 1991; Freshney, 1993; Spector et al., 1998). Ta kbtrapa amokorAmdvToL amd
TNV EMPAVELD TOV TAAGTIKOD TPLPAIOV KOAMEPYELOG PAACKOC, LE TN O1dIKAGTO TOV
&xel o meprypaetl (PA. evotnrta 1.2.), emavarmpovvior oe TANPES OpenTIKO VAIKO
ka1 puyokevipovvron (400 x g, 5 Aemtd). Apov apopedei To Opentikd LAIKS, TO {nua
enavadtoivetot o€ 1-2 ml katdAiniov vypov katayvéng [freezing buffer, FBS 90%
(v/v) xou DMSO 10% (v/v)] xou tomobeteiton oe €101KA TAAGTIKG OTOCTEPOUEVL

erokidio (cryovials), ota omoia avaypdeetatl 0 THTOC TOV KLTTAPMV KOl 1] NUEPOUNVIN
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KoTdyvéng Toug. Ta eraAidia torobetodvrar apyikd yio 16 dpeg otovg -80°C kot ot
ovvéyela petopépovial o€ £181kd doyeio mov mepiéyet vypod dlmto (-196°C).

Y avtifeon pe v katdyvén mov emPAAAETOL GTASIOKN Kot apyn pelmon g
Oepurokpaciag, yio v amdyuén tov KuTtdpov omorteital toyeio petdfoocn and v
eCapeTiKa younAn Oeppoxpacio Tov vypov aldtov otn Beprokpacio avamTuéng Twv
KutTdpwv, oniadn toug 37°C. Me avtdv Tov TPOTO ATOPEVYETUL KOTA TO OLVATO O
TPOVUOTICUOC TOV KLTTAP®V amd TNV amOYLEN TOV KPLGTAAA®V Tov oynuatiovrot
otav ta KoTTapo maydvouvy. Etct, 1o ¢loAido pe o moyopuéva kKottapo torodeteiton
anevBeioc otovg 37°C (og vOATOAOLTPO 1 GTOV KAPOVO), GTN GLVEYELD TOL KVTTAPO
HETOQEPOVTOL GTO TPUPAI0 KOAMEPYEING TOL TEPEXEL TANPES OPENTIKO VLAIKO
Oeppokpaciog 37°C kar tomobetovvtar otov KAiPavo. Kabdc 1o DMSO givar to&ucd
Yol ToL KOTTOPW, KpiveTal amopaitntn 1 aAloyn Tov Opentuicod vAkoy petd and 12-18

MPECS, Y10 TNV OTOUAKPLVGT] TOV.

1.4. Avapopomoinen twv SH-SYSY kvrrapwv

H dagpoponoinon tov kuttdpov SH-SYSY éywve e mpocbnikn 10 uM all-
trans petvoikod o&og (Sigma-Aldrich) (Pahlman et al.,, 1984). Ta «Ottapa
tonofetovvior  ota  KATOAANAa  TpuPAio o mokvommta 60% Kor  (EpoOcOV
TPOCKOAANO0VV) akolovBel mpooOnkn tov petvoikod o&foc. H avavéwon tov
Opentikov yivetanr kaOe dvo nuépec. H madon tov moAAATAACIOCHOD TOV KLTTAPWV
KOL 1 EUQAVION VELPIK®OV amoeuadov mapatmpeitan v 5n-6" muépa g

dLpopomoinomg.

2. Hlapooixny / uoviun orouolvven

Mo mv opdAvvon TOV KUTTAPWV HE VOUKAETKA 0&fa ypnotpomomdnke 1
uébodog drapdivveng pe opapikd Mmooopota (Felgner et al., 1987). Ta Mmocdpoto
etvat KuoTidw IOV AMOTEAOVVTOL OO POGPOALTIOKT] SIMAOGTORAdA KOt LLE TOV TPOTTO
avtOd umopoHv e0KoAd vo cuvtyHohv pe TNV KLTTOPOTAAGLATIKY] LEUPPAvN Kol va
anehevBepwdoovy 1o mepieyopevo tovg (DNA 1 RNA) oto xvtrapdémriacpa. To
TAEOVEKTNLA TNG HEBOSOV €yKeltal 6To YEYOVOG OTL, EMTLYYXAVOVTOL EDKOAN LYNAL
TOGOOTA JOUOAVVONG Kol pkpr To&ikdtnta Yo ta kvttopa. EmumAéov, pmopel va

StapoAvvOel évag peydrlog aptBpdg SloPOoPETIKMOY KLTTOPIKAOV TOT®V, 1060 e DNA
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6co xor pe RNA. H dwopdivvon tov kuttapov umopel yivel kot pe tn ypnon
SPOP®V TOALUEPDV, OEETPAVIG Kol QmOEOPIKOV acPeotiov. [a v mapovoa
neAétn ypnoiporotdnke to Amidio Lipofectamine™ 2000 (Invitrogen).

Apywd, 0,2 pl Lipofectamine avapryvoovior 6€ SOKIHAGTIKO COANVO TOTOL
eppendorf pe 25 pl Opentikov péoov OPTIMEM (omovcio avTiplotik®dv Kot opov) Kot
enmdlovtar oe Oeppokpacio dopatiov yuo 10 Aentd, ypdvog mov amouteiton Yo vo
npaypatoromfel o oynuaticpds tov Mmocoudtov. Tavtdypova, avapryvdovtol
woopoprokés moodtreg (0,2 pg) DNA 1 RNA (kotd v avoypo@Oopevn
ovykévipoon) pe 25 ul Opentikod uésov OPTIMEM. 1 cuvéyeta, o dvo peiypata
evavovtal kot enmdlovtol o Beppokpacio dwpatiov yo 1 dpa, Katd T O1dpKeLd TNG
omoiag ovvtedeitar 1 €16000¢ TV VOLKAEIKOV 0&Ewv ota Amocopota. TEhog,
npootifetan emmAéov Opentikd OPTIMEM, avdioya pe v emodveio Tov tpufAiov
ot0 omoio Ba yiver 10 meipapa, Kot To petypo mpootiBeton ota KOTTOPA, TO OMOlN
tonofetovvton Yo 16 dpeg péca otov kAiPavo endaong. Metd to népag tov 16 opdv

T0 pelypo avikodiotaton amd TAnpeg OpentiKd péco.

3. Kataokevn uoviua o1auolocuévmy exayouevmy KoTTOPIKOY GEIPOV

TET-OFF

To ocbompa Tet-off avortdydnke and tov Gossen, M. kot Tovg cuvepydteg
T0V, Yy TV pLOUIoT TG £KEPUONS OloyOVISWKAOV TPOTEIVOV o6& KOTTOPO
Onlaoctikov (Gossen and Bujard, 1992; Triezenberg et al., 1988). To Pooiko
TAEOVEKTNO. TOL GLGTNUOTOG OTOV, €IvOl 1 TOAD VYNAN Kot G€ GUVTOUO YPOVIKO
SICTNUO EKOPACT TOV YOVIOTIOV EVOLOPEPOVTOG KOTOTLY OPOIPESNS TOV OVTIPLOTIKOD
do&vkvkAivn (doxycycline, dox) amd to Bpentikd (swkova 30). AvtiBétmg, mapovacio
TOV aVTIPLOTIKOD TTOPATNPEITOL EKPPOCT] LOVO TV EVOOYEVMV EMITEI®V TNG TPOTEIVIG
evolopEpovtog  (apeintéa  dappor dlayovidiov). Ta 1o ovotquo  Tet-Off
ypnoporomOnkav dvo mAacuidwo: o) to pvOuIoTIKO TAAGHIO Kot ) To TAAGCUISO
amoKpiong, oto onoio &yet ewcaydel 1o CDNA 1oL yovidiov evdiagépovtog (response
plasmid) (ewkova 29). To pvOuicTiKd TAacpido ekepalel Tov VPPLOIKO LETAYPAPIKO
napayovrta tTa (Tetracycline Transactivator), vid tov éleyyo TOV 1GYVPOV VITOKIVITA
0V KutTapopeyokoiov  avBpomov (Cytomegalovirus-CMV). O  petoypoa@ikoc
napdyovtag tTa etvor pia teyvnt TpoTeivn, mov £xel TPoEABEL amd TV cVuVINEN TOV

KOTOGTOAEN TNG £KOPOOTG TOV YOVISIOV OvTioTOoNG 0TV TETPpaKVKAIvY (tetracycline
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repressor-tetR) tov Poaktnpiov E.coli, poli pe 1o wapPfolutelkd dGxpo TOL
uetaypoaikov wapdyovto Virion Protein 16-VP16 tov 100 tov £pnn mov mpooBaiiet
tov avOpwmov (Herpes Simplex Virus). Méow g meployng mov €xel mpoéAbel amod
tov tetR, pumopel va mpocsdévetan ota pvOotikd otoyeio TRE tov yepiot) tov
yovidiov g tetpakvkAivng (tetracycline operator-tetO), evéd n mepoyn VP16
amoteAel 1oyVPO peTaypoeikd gvepyonomth. 1o cvotnuo Tet-Off, n tpdcdeon avtn
EMTLYYAVETAL LOVO OTOVGia TETPAKVKAIVIG (1] EKOOY®V NG, OGS T.Y. S0EVKVKAIVT),
eV avtiBétmg M Tpodcdeon mapepmodiletar amd TNV TOPOLGio TOV AVTIPLOTIKOV.
Epdcov apapebet to aviiprotikd and to Opentikd péco, o tTa mpocdéveton oTov
YEWPLOTN TOL TAACUIIIOL ATOKPIONG OV AMOTEAEITOL OO €val aplOUO ETAVAANYEWV
™mg oAAnAovyiag TRE, oe ocbhvinén pe tov vmoxwvnm CMV, kot evepyomoiel v

EKQPOOT) TOV YOVISI0L EVOLOPEPOVTOC.
MlAaopiow andxpong pTRE

dox tTa

N

Meraypoon

PvOpiotiko otoryeio
cvotipatog Tet-Off

Tovidwo evorapépovrog

Ewova 29: To cvomua ékepacng Tet-Off.

Amovaio do&ukukhivng (dox), o tTa evepyomommg mpocdéveton oto puBuiotikd otoyeio TRE tov
YeP1oTh TOL Yovidiov tng tetpaxvkAivng (tetracycline response element, TREMod) xat evepyomotei
dwdikacio petaypa@nc tov yovidiov evdiopépoviog. H dox mpocdéverar otov evepyomomth tTa,
napepnodiloviog v mpdodecn Tov oTo, PLOCTIKG oTotXElo KOl KAT’® E€TEKTOCT TNV EKOPOOCT] TOV
yovidiov.

Mo v dnuovpyia poéVIHo S1OUOAVCUEVEOV ETAYOUEVOV KUTTUPIKOV GEPADV
Tet-Off, ot apywoi kAdvor SH-SYS5Y 2,22 ocvvdwporldvovior pe 10pg tov
macdiov andkpiong PTRE tight (Clontech) oto omoio &iye xhwvomombei: o) M
(QLGIKOD TUTOV 0-GLVOVKAEIVN, 1 B) N Paktnprokn mpoteivy b-Gal ko 3,3pg tov
mwacdiov pTK-Hyg (Clontech) (avaAoyia 3:1), pe ) ypnion Tov GLOTHUATOG
Lipofectamine 2000 (BA. evotnra 2). To miacuidio PTK-Hyg Swobéter yovidio
OVTIOTOONG OTNV LYPOULKIVI] KOl YPNOIUOMOLEITOL Yoo TNV EMAOYN TOV OUTAQ

SWUOAVGUEVOV KADV®VY, €pOCOV GtV ovaAoyio mov yivetor m dapdivvon (3:1)
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EI0EPYETOL GTO YOVIOI®UO TOV KLTTAPOL GTOYXOV HE TNV 10100 CLYVATNTO LE TOV POPEN
amoOKPLoNG.

Avo pépeg petd v Oapdlvvon  EEKVO 1) EMAOYN TOV  EMTLYMOG
SPOAGUEVOV KADVOV pEe TV TpocOnkn vypopvkivng oto Operntikd (50ug/ml). H
ouVINPNON TOL PLOWOTIKOD TAocoUdiov, To omoio JSwbétel avrtiotaon oy
veopvkivn, yivetar pe towtoypovn mpooHnkn oto Opentikd G418 (200ug/ml).
AxorovBel avovéwon tov Opentikod pécov avd dvo nuépeg. Metd to TEPAG TPLUDV
efdopddwv apyiCouv va oynuotifovtor HEUOVOUEVES amolkieg OovOEKTIKEG oTO
avTIBloTIKA, 01 0Toieg HETAPEPOVTOL OE VEO TPLPAID Kot KaAlepyohvtol Tapovcio N
armovcio. dox vy 4 nuépec. H emayoyn g o-cvvoukAeivng eA€yyeton e
avocoamotutwonuo kata Western. Télog, yivetar n emAoyr] kot kotdyovin tov

KAOVOV e To VYNAGTEPA EMTESD EKQPACTG TNG 0-CLUVOLKAEIVIG.

Zovdiopéioven pe To
nhacpidio pTRE tight kot
o mhoopidio pTK Hyg

Awapéloven pe o
nhaopidio pTet-Off

Tet-Off Khévor
(ovBexmikéTnTo 670 G418 kou ) B-vypopukivy)

\- Dox
\ /
~ ——

-~

J ¥ N \ TOTONIAIO AEN TOTONIAIO
C) - O o Kiévog 2.22 O O @& O EK®PAZETAI EK®PAZETAI

(ovBekmikéTTe 6T0 G418)

SH-SY5Y kirrapo

Enayori mg ékopasng

Emoyipeto x
arovsio dox

avriproniké G418 Emboyi pe o avrifroriko
B-vypopukivy

Ewoéva 30: Anovpyio kuttapikav cepdv Tet-Off.
Ta SH-SY5Y «ottopa Swpordvovtor pe 10 mAaouido pTet-Off, mov mepiéyer 1o yovidio Ttov

gvepyomomntn tTa kot emdéyovron pe 1o avtiprotikd G418, mpoxepévon vo dnuovpyndet n povipa
Swplodvopévn Kuttapiky oelpd (kKhmvog 2.22). Ta kdttapa Tov KAGVOL 2.22 cuVOIHOAVVOVTOL LLE TO
mhacpidlo pTRE tight, mov @épet 1o yovidio g a-cuvovkieivng, kot To mhacpidio PTKHyg, tov eépet
70 yovido avBextikdTTag otn B-vypopvkivn (Hyg). Yotepa and évav dgbtepo yOpo emthoyng pe B-
VYPOULKIVY, Tapdyeton 1 povida doporvouévn kuttapiky ogpd Tet-Off, ot omoia omovsio g
do&vkvkAivng (dox), to yovidio evdiagépovtoc (Gene Of Interest, GOI), vrepekppaleTa.

4. Emuoivven kottdpmy pue adevoiovg
Ta dtnpodpeva SH-SYSY kittapo koAlepyobvtal oe KOTAAANAO TAACTIKG
TpuPAia, péxpt n mokvotnTd Tovg Vo ayyier o 70%. Koatdmv, yopnyeitor gpécko

Opentikd pP€co KOAMEPYEWS, GTO OO0 OAVETOL O 0OEVOIOG, OTNV KATOAANAN
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ovykévipmon (100 M.O.1.). H empuodivvon mpayuatonoteitonr yiou 16 dpeg otovg 37
°C. Ot aodevoiol mov ypnoiwomomOnkay €ivol KOTOAOKELOGUEVOL £TCl, (MOTE VO
TPOKOAOVV TNV VIEPEKQPAOT €iTe TNG KLTTOpOTAOCSUATIKNG Tpwteivng UCHL-1 eite
™mg  PB-yoloktooddong, mPOTEIVIIG PakTnploknig TPoEAELONG. XTI GUVEXELD,
aKohovBovv ekteTOUEVEG TAVCELG e TO pLOUIoTIKO dtdivpo PBS, mpokepévon va
amopokpLVOEl TAMP®G TO 1iKd PopTio Kal TEAOC yopnyeital ppéoko Bpentikod, yo 16
emmAéov dpec. Metd 10 mépoc Tov 16 wpodv, 10 Opentikd GLAAEYETOL OTMG

nepLypaoetal 6Ny Topakdto evotnto (BAT evotynTa 5).

5. 2vlloyn Opentikod uécov KallEpyelas

[Ipoxeywévovr va yivet ovAdoyr] tov Opentikod pHEGOL KOAMEPYELOG
(conditioned medium, CM), to omoio mepPIEYEL TNV EKKPIVOUEVT O-GUVOVKAEIVT, Ta
SH-SY5Y «bttapa, mov ekepdlovv T @LGIKOD TUTOL 0-GUVOVKAEIVN, UE EMAYOUEVO
Tpomo, KaAMepyovvior oe TpuPAion dwapétpov 150 mm, mapovsio 1 amovcio
d0ELVKVKAIVIG Yo TOVAGoTOV emttd NuEpeS. Otav 1 meplekTikdTNTA TOV TPLPAioL OE
Kottopa ayyilet to 70-80%, to mANpeg Opemntikd péco avtikabiototor amd VEo
peltmpévng meplektikomrag oe 0pd (2% FBS). Metd and enmaon 48 wpdv 6100
37°C, 10 Opentid péco (CM) kar to KOTTOPO GLAAEYOVTOL. APYLKA, OTOLOKPVUVOVTOL
and to CM ta kdtTapa mov €xovv amokoAAnOel 1 £xovv mebavel, pe puyokévipnon
ota 400 x g, yw 5 Aemtd, otoug 4°C. Ev ovvexela, to vmepkeipevo
emavapuyokevrpeitoan ota 4000 x g, ywo 10 Aentd, otovg 4°C, yia v amopudKpuven
TOV KUTTOPIKOV VTOAEUPATOV. To amoAlaypévo amd to KOTTOPO KOl KUTTOPIKE
VTOAEIPHOTO VITEPKEIEVO PUAACTETOL 6TOVG 4°C, €dv TpOKELTOL VO YpNOILoTOOel
TG emdpeveg ma-0vo Muépes. o peyodvtepa Saotipata cvvrnpnong, to CM,
1oopopaleTol 6€  SOKIHOOTIKOVG cmAveg tomov falcon wor katoyvyetar oe

Oeppokpacio -80°C.

6. Zoumvkvwaon tov OpenTiKob UEGOV KAAMEPYELAS HECH VREEPOIONGNS

H ovumdkvoon tov Opentikod pécov (CM) yiveton pe tn pébodo tng
vrepdmOnong. I'evikd katd v vIEPOHMON O, TA LOPLXL TOL OHAVUATOS avaryKALovTol
Vo SlmEPAGOLY ol TOp@dN HepPpdvn Adym g mieong mov ackeital 6to dtdAvpa

péom g euyokévipnong. Mopa pe péyeboc peyordtepo amd exeivo tov moHpV

104



ME®OAOI

KOTOKPOTOOVTOL OTNV EMPAVEID. TG HeUPpdyvng, evd popla pkpdtepov peyéboug
dlmepvouy TNV HEUPpavN.  Zvykekpuuévo, Y TNV cvoumdkvoon tov CM
ypnoonomdnkay epmopikd dabéoueg otireg Amicon Ultra 3K Nominal Molecular
Weight Limit (NMWL), (Millipore). Metd v mpooOnkn tov CM ot oy,
axolovBei puyoxévipnon otig 4000 x g, otovg 4°C puéypt peimong Tov apykod 6YKov
35-40 popéc. INvetar TPposdlopiopodg TG OMKNG TOGOTNTOG TPMTEIVIG He TN HéEB0do
Bradford (pAm. evéotyra 15.2) xor 10 ovumvkvopévo CM  euldooestor o€

Oepuokpacio -80°C péypt mepartépm ypong tov.

1. Ilpoetowacia opov anallayuévov anod eEwoouato

o ™ ovAloy eémcopdtov amd Opentikd PEGO KAAMEPYEWNSG VELPIKAOV
KLTTAp®V, amapoitntn npodndeon amotedel n ¥pMon 0pov ATOAAAYUEVOL Omd TO
eavtd eEmompota (Thery et al., 2006). Apyikd Openticd péco korépyeiag RPMI,
nov  mepiEyer  20%  FBS,  L-yhovtopivn < wor  pefypo  avtiflotikov
nevikilivn/otpentopvkivn, euyokevipeiton ota 100,000 x g, yia 16 dpec, otovg 4°C.
To vrepkeipevo petoyyiletor TPOoEKTIKA GE VEO JOKIHOOTIKO GoAnva. AkolovBOet
anooTElP®OT TOL VAKOD pe TN ypnon ¢iltpov dwpétpov 0.2 um (Whatman) xon

cvvtiipnon otoug 4°C.

8. Amouovweon eéwocwudrwv omo To OpemTiKO HEGO KOIAEPYELAS

KOTTAPWY

[Na mmv omopdévoon eEwcopdtov ond wottapa SH-SYSY, 10 péoo
KoAMEpyelng aviikataotanke yw 48 opec pe RPMI mov mepieiye 2% FBS
armoAlaypévo and eEoocopato (BAr. gvotnta 7). o ™ cvilhoyn tov eEncopdtov
aKoAoVONONKE TO TPOTOKOALO SLOOOYIKDOV, OLPOPIKMDY PUYOKEVIPNGE®V TV Théry

etal. (Thery et al., 2006), pe pikpég tpomomomoelg (Evkéva 31).
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. OpenTikd péco Kekgpyeiug
3 {Conditioned Medium, CM)

| | Lb 300 x g, S demra, 4°C
SUP1 + P1

L = 4.000 x g, 10 Jenrd, 4°C
SUP2 + P2

L:a 100,000 x g, 2 épse, 4°C
SUP100 + P1OO

Ewova 31: Zynuotikn oneikdvion ToV TpOTOKOAAOD 0moUOVOONS EEMCMUATOV A KOAAMEPYNTIKO
uéoo.

AxolovBeital po oepd dlapopikdv puyokevtpnoemv. To ilnpa tov 100.000 x g avaeépetal ¢
«eEoodpatan. To ovotua ékepacng Tet-Off.

To vrepreipevo TV KLTTAP®V GLAAEYETOL Kot puyokevTpeital apyikd ota 400
x @, ywu 5 Aemtd, dote vo amoAlayel amd Toxdv KOTTOPO OLMPOVUEVO GE OVTO Kot
katomy ota 4.000 x g, yuoo 10 Aentd, ®ote va apopebodv Kuttapikd Opoavcpota
(BAm. evotnTo 5). To VAEPKEIUEVO LETAPEPETOL TPOGEKTIKG 0€ VEO cwANva. TeAkd,
10 Opentikd péco euyokevrpeitar ota 100.000 x g, yio 2 ®PES, Yoo TNV ATOUOVOOT)
eEoocopatov. To {lnua mov mpokvmtel, €xel deybel OTL Pépel ta Proymukd Kot
HLOPPOAOYIKA YOPOKTNPLOTIKA TOV €EOOOUATOV KOl OTNV TOPOVGH gpyacio Oa
avaeEpeTol oG «eEwocopatoy. Metd TV vIepeLYOKEVTPNON, TO EEMCOUATO
emavoiwpovvrol gite e 40ul PBS pe nma poiagn otovg 4°C, o nepintmon queong
xpnons (1-2 muépeg petd v amopdvmon) &€ite O10ALTOTOOVVTOL GTO OldALUA
padtoavosokatakpnuvions, RIPA, 6mote kot puidcscovtar otovg -80°C. Xe OAeg TIC

TEPUTAOCELS, Ol PUYOKEVIPNGELS £ytvav otovg 4°C.

9. Xpowuaroypagio oujbnons mnrtijs (Size Exclusion Chromatography,
SEC)

‘Evag amd Ttovg oTOY0vg NG MapoLGOS SOOKTOPIKNG STpnig NTav o
S ®PIGUOS Kot 1 ATOUOVAOGCT) TOV OLOLPOPETIKMY LOPPDV TNG 0i-GLVOLKAETVNG. Omtg
Nnom avaeépdnke (PAn. ewoaywyn, evotnta 2.3.3.), pia and 11g Pactkég 1010TNTEG TNG
0-GLVOVKAETYNG elvar M thon ™G va Oonmuovpyel molvpepr, To. omoio €yovv
evoyomoinfel yia to&ikn dpdon otovg vevpaves. [lpokeyévon va tavtoromBodv ta

dlapopa O10ALTA 1 ad1dAVTO COUTAOKA TNG 0-GVVOLKAEIVNG TTov gival TapdvTo 6TO
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Opentikd péso KutTapwV, yYpnooromonke n uéBodog e ypouatoypapiog omdnong
mnktng (Size Exclusion Chromatography, SEC), xotd v omoia o1 TpmTeiveg

TEPVOVTAG amd T oTHAN dtaywpilovron pe Pdorn to poprokn toug palo.

Mo ™mv onopdveon Tov SlOQOPETIKOV HOPPOV TNG 0-GUVOVKAEIVNG,
oLUTVKVOUEVO Bpentikd péco (CM), TAOVGIO0 GE EKKPIVOUEVES TPWTEIVES, OMKNG
TEPLEKTIKOTNTAG o€ TPOTEIVN 8-9 mg, apaidvetar oe PBS. To dsiypa eyyéetan ot
omAn Superdex 200 10/300 GL (Amersham Pharmacia),  omoio eivar Mo
e&iooppomnuévn pe PBS. H ékhovon tov Khacpdtov apaypotonoteitor pe otabepd
pvouod pong 0,25ml/Aentod, oe dSidAvpo PBS. Khdopoata dykov 250ul cuAléyovtan kot
avVOADOVTOL Y1O0L TNV TOPOVGIN 0-CUVOVKAEIVIG e avocoamotumope Katd \Western.
Kotomwv, ta kAdopata vyniod (High Molecular Weight, HMW), ka8®dg kot youniot
poptaxob Bapovg (Low Molecular Weight, LMW) mov mtepiéyovv v a-GuvouKAEivy
evavovtal g 300 dlapopetikég degapevég Tpwteivov, o HMW kot o LMW. Ta
O00 aVTE SPOPETIKA TPOTEIVIKG UEIYLATO GLUUTLKVAOVOVTIOL HE TN XPNON TOV
gumopkd Swbéoipmv otmiomv, Amicon Ultra 3K Nominal Molecular Weight Limit
(NMWL), (Millipore). Ztn ocuvvéyela to ddhvpo PBS, oto omoio ot mpwrteiveg
eKAOVOVTOL Ao TN OTNAT, avtikadiototot amd SidAvpe 0&ikov appwoviov SO0mM, pH
7.5 (50mM ammonium acetate, pH 7.5), pécom vrepdmdnong. Ta detypato voiotavio
Avopidmon, péxpt v TANPN apLddtwon tovg. Télog, To. Avopriiwpéva detypota
enavaotaAvovror oe 250ul TAnpovg Opentikod RPMI kar amooteipdvovtar pe
ypnon oeiktpov dwpétpov 0.2 um (Whatman), mpokeipévov vo yopnynbovv oe

KOTTOpO-0£KTEG 08 TEAIKN apaimon 2X.

10. AvocokvtTapoynucio

Me v avocokvttapoynueio yivetar ovvary n aviyvevon ooedpwv popiov
(avtrydovev) oe kuTTOpa TOL PpioKOVTaLl AKIVNTOTOMUEVE GE GTAOEPO VTTOGTPMUA, LE
™ (pNomn eWIKOV aviicoudtov. Etotr Aappdvovior mAnpogopiec oyetikd pe ) 0éon
N TNV KOTOVOUTR TOV TPOG UEAETN Hopiov o€ Evav TANBUoUO KLTTAP®VY Kol EAEYYETOL
eqv 6vo (N Kot TEPLocOHTEPA) LOPLOL GLVEVTOTILOVTOL GE CLYKEKPIUEVO dtopEPIGHOTA
TOV KVLTTAPOV. XNV Tapovoa epyacio, ®¢ pEBodog aviyvevong ypnoipomomdnke o
éupecog avooco®Bopiopds, OToL apykd YIVETOL EMMOOCT TOV KLTTAP®V HE Eva
Sl avVTICOUATOG 7oV avayvopilel €W0wd v TPOTEIV  EVOIPEPOVTOC

(TpOTOYEVES OVTICMUA) KO GTN GLVEXELD 0KOAOVOEL emdaom pe ddAvpa vOg dALOL
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OVTICOUOTOG (OEVTEPOYEVEC OVTIOCOUA), TOL OVOYVOPILEL TO TPMOTOYEVES Kol givat
ovlevyuévo pe po pBopilovoa xpooTIKY.

O @Bopopdc 1oL deLTEPOYEVODS OVTICOUATOS TOL EMITPENEL KOl TOV
EVTOMIOUO TNG TPMOTEIVIG eVOLPEPOVTOG YIVETOL OPATOS LE TTOPATNPNON GE EOKO
pHiKpookémo  (pikpookomo  @Oopiopov), petd omd  €kbeon tov  popiov NG
@Bopilovoag ¥pwoTIKNG 6€ aKTIVOPoAin pe UNKOG KOLOTOG E101KO Y10, KAOE YPOOTIKN.
2T HEAETN aVTN XPNOUOTOMONKOY dVO YPMOTIKESG, O TOV OTOPPOPA LEYIGTO GTO
umie (495 nm) kou ekméumnel 610 TPAcvo (519 nm) kou po wov ATOPPOPA HEYICTO
010 Tpacwvo (590 nm) kot eknéunel oto kOkkivo (617 nm) ewg. H mapatipnon kou
QOTOYPAPNON TV OEYUAT®V OTNV TOPOVCO EPYACIO TPOAYHOTOTOMONKOY OF
AVESTPAUUEVO HKpookOmio eBopiopov Leica DMIRB pe ) xpnon tov Aoyiopikoo
LAS.

To kOTTapa povyomotovvtat in Situ 6 GLOKEVEG SLOUEPIGLATONOINGNG, GTOVG
4°C yuw 15 Aemta pe 4% mapoapoppordeton (paraformaldehyde,PFA) oce PBS.
AxoilovBoOv dvo mivoelg pe 4°C PBS kot mopepmddion TV UN-E0IKOV
aAniemdpdocwv (blocking) ywo 1 dpa, oe PBS-0,1% Triton-X100 (PBS-T) pe 10%
op6 atyag (normal goat serum, NGS). IIpwtoyevi] Kot O€VTEPOYEVY] AVTICOUOTOL
dwAvdnkav oe PBS-T pe 1% NGS. Ta kOttopo enodomkov LE TPOTOYEVN
aviicopota yio 16 dpeg otovg 4°C, kot pe dgvtepoyevn o€ Bepprokpocio dopatiov og
okotédr yio 1 dpa. No onuewwdel 011 010 pelypo €m®OACNG TOL OELTEPOYEVOVG
avTioOpotog mpootédnke ko M ypootikn Hoechst 33258, m omoio ypopatilet
OTOKAEIGTIKA TOV Tupniva TV kuttdpov (PAsr. evéotnta 11). Ta avricopoata mov

ypnoporomOnkayv eivar o TopoKaT®:

e anti-GFP: moAvkAwvikd avticopo mov TopaokKeLaletol 6€ KOVVEM, £VavTl
mg  mpaowvng  ¢Bopilovoag mpwteivng, oapaiwon 1:200, #132003C3,
Goettingen, Germany.

e anti-M2 flag: povoxhwvikd avticmpo Tov TAPAGKEVALETOL GE VG EVOVTL TNG
tov ovvBetikod memtdiov FLAG (apuvolkn aiiniovyia: DYKDDDDK),
apaionon 1:400, #F3165, Sigma-Aldrich, St. Louis, MO, USA.

e CY3 (GFP-Cy3): devtepoyevéc aviicopo amnd aiya, &vovil €mtOnov omod
KouvéM, apaimon 1:1000, Jackson Immunoresearch, Laboratories, INC.

e CY2 (M2flag-Cy2): devtepoyevég avticmpo omd oiya, Evovil EmTOnov amod

KoLVEM, apaimon 1:1000, Jackson Immunoresearch, Laboratories, INC.
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11. Métpnon kvtroapixod QavdTov

H pétpnon mg to&ikdmtog £ytve e OUTA XpmdON TOV KLTTAP®V UE TN
YPWOTIKY QIOTTOTIKOV TUPNVOV, dipuepéc Tov aibidiov (Ethidium Homodimer, EthD-
1) xor v yeviky ypootikn mopnvev, Hoechst 33258. H pébodog eivon amiy,
OLKOVOLKY], Toxelor kot Oev amontel peyddlo oplOud xvttdpov avd delypa, pe
amotélecuo vo. umopel va mpoypotomoinfel uétpnon o€ moAAG delypota o HKpoO
ypovikd ddotnuo. H ypwotikn Hoechst, e€outiag g mapovoiog pog ouddoag
aldviiov o100 pOpLO TNG, Elvorl WIUTEP®G MTOQIAN KOl EMOUEVMOG UmOpEl va
JmEPAGEL TNV KVTTAPOTAAGLOTIKY Kot TNV TUpNVIKY HeEpPpdvn {oviavdv KuTtTtapov
kot 1€hog va mpoodebel oto DNA. Katomv mpodcdeong, avdystor pe vmepunon
axtivoPoiia cuyvotrag mepimov 350 NM kot ekméUmEL 0paTO KLAVO YpOUO oTo 461
nm. H ypowotikny Hoechst pmopei va ypnowomombei yio v ypodon tov Tupivev
HLOVILOTOMUEVAV KVTTAPOV 1 KLTTAP®V G€ KOAMEPYEWR. AT v GAAN peptd, M
ypwotikn EthD-1 dgv givar tkovi va dtomepdoet Ti¢ Proloyikég pepppaveg, mapd povo
oTNV TEPITTOON KVTTAP®V OV Ppiokovtal o€ dadkacio. KLTTaPKoV Bavatov. Yro
avTég TIG ovvinkeg pmopet va mpocodebel oe katakepuaticpéva popie DNA kot ot
OULVEYELD, KOTOTLY OvOy®YNS TG HE akTvoBoiion cuyvotntag 488 nm, vo ekmépyet
opaTd KOKKIVO ypmpa ota 562-588 nm. I'a to Adyo awtd, ypnowonoleital, peta&d
GAL@V, Y10 TNV XPAOOT] OTOTTOTIKOV KLTTAP®OV GE KOAMEPYELQ.

Ymv mapovoo peAETn, mpokewévov va depguvnbel M emidpaom g
EKKPIVOLLEVNG 0-CLUVOLKAEIVIG, o€ dtapovpevo kot dtagopomoinpévo SH-SYSY
KOTTOPO, KOODC Kol O TPMTOYEVEIG KOAMEPYELEG QAOUK®V VELPOVODV EUPpH®V
EMPVOC, UETA TNV ENADOOCT HE TO KATIAAANAO OpenTikKd HEGO, TO KOAAEPYNTIKO HEGO
avtikadiotator and epécko, mov meptéxel 1 uM g ypwotikrc Hoechst kot 1 pM tng
ypootikic EthD-1, yia 30 Aentd otovg 37°C. AkorlovBovv 2 ekmAdoEIS TV KVUTTAP®V
ne amootelpwpévo dtdivpa PBS kot mposOnkm véov Opemticod. H mapoatipnon kot
POTOYPAENON TOV KLTTAP®OV E£YIVE GE AVESTPOUUEVO UIKpookOTlo gBopiopon Leica
DMIRB pe ™ ypnon tov Aoyiopwkod LAS. Ot ootoypaeieg mov eAnedncov
avoAvOnKav pe T xpnom Tov Aoyiouikoy mpoypaupatog Image-J. Xvykekpyuéva,
emonoav ewtoypagpieg amd 3 OlpopeTikd, Tuyaio emAeyuéva medio yio KaOe
ouvOnKn Ko petprinkav tovAdytotov 100 kotTapa oe Kabe medio.

H mapatnpovpevn to&ikdra mocotikomodnke og €ENG:
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Nekpd kotrapo (ypdon pe EthD-1)

Kvtrapicdg 0dvatog *100% = * 100
OMka kotTapa (ypoon pe Hoechst)

Y& KATOEG TEPIMTMOELS, OTO UElYHO UE TIG XPOOTIKEC Tpootédnke Ko 1uM
™Me YPOoTikng kaAoeivng (calcein-AM), n omoia 6tav mpooinebei amd (wviovd,
KOtTopa, and pun ebopifovsa ovcia, petatpénetot oe Tpdovn eOopilovcsa KAAGEVT,

KATOTY VOPOAVGNG TOL AKETOELUEOVAEGTEPA OO EVOOKLTTAPLES EGTEPACEG,.

12. Métpnon kvtrapikns frocuotnros

Mo v mocoTikomoinon ¢ KLTTOPIKNG emMPimong £yve KOTAUETPNON TOV
GOIKTOV KUTTOPIKOV TLUPVOV, PE TN YPNON EOIKOV SOADUOTOC KUTTOPIKNG ADONG
OV EMITPENEL TNV TEPIGLAAOYT Ko dtathpnon twv mophvev (lysis buffer for nuclear
counts). H pébodog stvor amin, oucovopiky|, tayeio kot akpipnic.

2y mopovca PEAETN, dtapoporompéva SH-SYSY kottapa 1 mpmrtoyeveic
eAotikol vevpmveg euPpoav emipvog, enwdomrov pe Opentikd péco mAOVCO GE
EKKPIVOLLEVN 0-CLVOLKAEIV 1 BpemTikd pdptTupa, Topovsio 1 Arovcio EMAEYUEVOV
QOPUAKOAOYIKGOV TapayovImv. Ot ypdvol ETMACNG OVOPEPOVTOL OVAAVTIKA GTO
KEPOAOLO TOV «ATOTEAECRATOV»Y. META TNV OLOKANP®OGT TOVL YPOVOL ETDOCNC, TO
KOTTOPO. TEPICVAAEYOVTAL HE UNYOVIKO TPOTO GE €101KO OLAALUO KLTTOPIKNG ADONG
(0,1% (v/v) 10 x PBS, 0,5% (v/v) Triton-X-100, 2 mM yloprovyo payvicto, 0,5%
(W/v) a1Bvr-e£ad0dekvA-peBvA-Bpopo-appdvio, 0,28% (v/v) o&ikd o&v, 100 mM
yAoprovyo varplo, 0,02% (w/v) Kvovodv g BpopLoatvOAng), OTMS TePLypPAPNKE OE
nponyovueveg peiéteg (Farinelli et al., 1998; Rukenstein et al., 1991; Stefanis et al.,
1999). To mopomaved d1GAVLA APHVEL ABIKTOVG TOVG TVPHVES TV KVTTAP®Y, Ol 0TTOIO0L
emmAéov Papovtal, eEontiog e Tapovsiog TS ¥POOTIKNAG Kot Yivovtal, €161, 0patol
o€ onTikOd HkpookoOmo. Ot amopovouévol Tupnves umopodv vo dtatnpnbovv o6to
Stdivpa Aong yio o efdopdda otovg 4°C.

[No tov vmoloyiopud tov mocootov emPiwong towv kvttdpwv, 10 pl tov
SAVLATOG ADONG TOL TEPLEYEL AMOUOVAOUEVOVS TUPNVES, OPOV OVOOELTOVY ML,
LETOPEPOVTOL GE OVTIKELEVOPOPO TAGKO UETPNONG TV KLTTAp®V (TAdka Neubauer,

Neubauer improved #717805, Brand), 6mov kot mpoodiopiletal o apiOudc (oviavov
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TUPNVOV UE HOPPOAOYIKA Kpitnpla. (01 vekpol muprveg £xovv Uikpotepo UEYEDOG,
ouUmaYESTEPT  OYN KOU TEMAOTUOUEVO OyNuo, Kot Ogv  mpocpetpmvror). H
TOGOTIKOTOINGN TOV ATOTEAECUAT®V YiveTan vToAoyilovtog To HEcOo OPo TV ABIKTMOV
TUPNVOV Yo KaBe cuvOnkn, kabdg Aappdvovtal dedopéva amd TPES EMOVAANYELS,
oV eKTEAOVVTOL oTO 1010 melpapo kdbe @opd. XTn CLVEKEW, Ol TWWEG TOV
vroAoyioOnkav ekppdlovior wg TocooTd KLTTAPIKNG emPiwong, Bempdvtag g To
100% g emPioong eppaviovv ta KOTTOPA-PAPTVPES, ONANOT ekeiva Ta omoia elyov
EMOOOTEL PE TO OPENTIKO HEGO HAPTLPO, OTOLGIO OTOLOLONTOTE PUPLAKOAOYLKOD
avaotoréa (CM, WTH).

Ot goppokoAoykol mapdyovieg mov yopnyndnkav mopovcstdloviol GTovg

TOPOKATO TIVOKES:

Mivaxag 4: TelMKEG GUYKEVIPOGELG QUPUOKOAOYIKAV TOPAYOVIMV.

Avogoporompéva

SH-SY5Y kvrrapa

Nwpedrrivy (Nifedipine) avaoToréag TV L-thmov 1 uM

T00E0EAEYYONEVOY Kavolhy Ca’*

o-kovotoéivn GVIA avaotoAéag tv N-tdmov 100 nM
(®-Conotoxin GVIA) taceosheyxopevoy kovaldy Ca’*
BAPTA 2AM ANAKOG TapdyovTag 6écpuevons tov | 2 pM

evdokvttapiov Ca’*

EGTA IMAKOG Tapdyovtag déopevong tov | 0.25 mM

. 2
sEwrvuttdpov Ca™

A6185 (Calpain Inhibitor 1) | avaotoAfag tov KoATaivov 1 uM

*O1 TOPUTAVEO CLYKEVIPMOGELS GPOPOVV TO TEIPALLATE TOV TPOYLUTOTOONKAY GE SL0POPOTOUEVA
SH-SY5Y «bttapa.
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Nuwpedrivn (leedlplne) owacrtokeag v L-tomov

T0GE0EAEYYONEVOY Kavoldy Ca’*

o-kovotoéivn GVIA avactoréag tov N-tdmov 1 uM
(0-Conotoxin GVIA) T06E0EAEYYONEVOVY Kavoldy Ca’*
BAPTA 2AM ANAKOG Topdyovtag décpevons tov | 2 pM

) 2
gvdokvtTéplov Ca™”

EGTA IMAKog Tapdyovtag déopevong tov | 0.25 mM

gEmrvttapov Ca?*

A6185 (Calpain Inhibitor 1) | avaotoAfag tov KOATAiVOV 5 uM

*O1 TOPUTAVEO CLYKEVIPMDGELS APOPOVV TO TEIPAATA TOV TPAYLOTOTOONKAY GE TPMOTOYEVEIG
KOAALEPYELEG VELPOVAOV EYKEPOAMKOV PAOL0V amd EuPpua emipvog.

13. DOopiopouctpixog TPOGOIOPIGUOS 0V £Ae00gpov
Kvtrapomiacuatikod Ca*

13.1. Me Tn yprion pBopicuoucTpov

[No ™ pétpnon tov ehevBepov KLTTAPOTAAGUATIKOD aGPEGTION ([Ca2+]i)
ypnowonomdnke n péBodoc ™g eBopicpopetpiog, dmwg £xel meprypagel amd tov
Fasolato kou cvvepydrteg (Fasolato et al., 1991), pe pikpég TPOTOTOGE HOTE VL
nmpocappootel 010 cvotnua tov SH-SYS5Y kuttdpov. H pétpnon npaypatonoteitot
pe t Ponbewa g ypwotikng Fura-2 ce (wvtavd xkOTTOpA pHE TN XPNON EWOKOV
@OOPICUOUETPOV KOl KATAAANAOL AOYIGUIKOV G £VaV GUVOEOEUEVO MAEKTPOVIKO
vroAroywoty. To poplo Fura-2 sivon osiktng @Bopiopov pe peydain eéedikevon kot
evacOnoio yoo ta 1W6via Ca” xa yopnyeitar oto KOTTOPO HE TN HOPPN TOL
axketvlopebvreotépa, Fura-2/AM (Grynkiewicz et al., 1985). Otav 1o pdplo g
YPOOTIKNG OOMEPAGOVV TNV TAAGLATIKY LEUPPEVN, Ot OpAdES akeTVAO-pEBLVAEGTEPOL
amokomTovTol EVEDUIKE 0md €0TEPACES TOL KLTTAPOL, LE AMOTEAEGLOL TNV TTOyidELON
G YPOOTIKNAG OTO KLTTOPOTAAGUA. XE oUTN TN Hopoen, n Fura-2 mapovcidlel éva
péytoto exmopnng ota S10nm kot dvo péytota d1€yepong, £va ota 340nm (to omoio
ALEAVETOL LE TV ADENOT TNG [Ca®*];) ko éva oo 380nm (to omoio LELOVETOL LE TNV
avéEnon g [Ca*]i). O vroroyopdc g [Ca*']i o k4be mepintwon Pasileton oto
A0Y0 TV Tindv @hopropod 340nm/380nm. H uébodog emtpénet, 1060 v uétpnon
MG GLYKEVIPOONS T®V 1OVI®V ca®* oo KUTTOPOTAOCHO 1 OTIG EVOOKLTTAPLES

amofnKeg, 00O Kol TNV TOPOKOAOVONGN NG KIVNTOMOINGNG TOVG, GE TPOYUATIKO
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xPOVO, uHE €E®YEVI] YOPNYNON YNUIKAOV TOPOyOVI®V, 7TOL Ol0TOPACCOVY  UE
eEAEYYOLEVO TPOTO TNV OLOIOGTOUCT] TOV 1OVIMV.

H dwdikasio mov axorovnbnke ywoo ta SH-SYS5Y «outtapa eivanr m e€ng:
Metd 10 TEAOG NG E€MOOONG HE TO KATOAANAO Opemtikd péca, To KOLTTOPO
OTOKOAAMVTOL KOl ETAVOLOPOVVTOL GTO 1010 OpemTiKd VAKO, 6TO Omoio £yve M
EMMAOCT). XTN GLVEYELW, TO OpemTikd VAMKO OmOUAKPUVETOL UE OVO  OLOOOYIKES
evyokevtpnoelg (400 x g, 5 Aemtd, o€ Oeppokpacio doUaTiov) pe To 166TOVO ddAL L
KRH (25mM NaCl, 5mM KCI, 12mM MgSO,, 12mM KH,PO4 25mM
HEPES/NaOH pH 7,4, 2mM CaCl,, 6mM yAvkdln). Metd tn dgvtepn puyokévtpnon,
OTOLLOKPVOVETOL TO LIEPKEINEVO Kt TO Inua Twv kuttdpmv enavaimpeitar oe KRH,
o010 omoio €xer mpootebel o deiktng Fura-2/AM oe tehkn ovykévipoon 2,5uM,
kabmg ka1 S0uM DTPA (diethylenetriaminepentanoic acid), to omoio av&dver
JmepaTOHTNTO TNG TAAGHATIKNG pepPpavne. Ta kottapa emwalovtal 6to dtdAvpa
avtd yw 30 Aentd, otovg 37°C, wote o ¢@bopilov deiktng va €icéddel oto
KUTTOPOTAOGUO. XTI GUVEYELN, OTOUOKPOVETOL M mepicoew tov Fura-2/AM pe
SdoyIkéG QuYOKEVTIPNGELS Kot To KOTTOpa emovoiwpovvtor oe KRH, 1o omoio
neptEyel 200uM  covAeivomupalovng, TPOKEWEVOL VO OmOTPATEL TN OLdYLOT NG
ypootikns. Ilpwv v évapén tov peTpioemy, To KOTTOPO TOPOUEVOLV GE
Bepuokpacio dopatiov, ya 15-30 Aemntd. Qotdc0, M MOPAUOVY] €VOG OElYUATOS OF
Oepuoxpacio dopotiov wpwv T pérpnomn oev mpémel vo. EEmePvA TIC 2 MPEC. XTIC
TEPWTAOCELS TPOGIOPIGUOV TNS KIVNTOTOINGNG TOV acPECTION 0md TIG EVOOKVLTTAPIES
amoOfkeg (capacitative calcium entry, CCE), ta kOttapo EemAévovtar mpwv TV
tonofétnon tovg oto Phopioudpetpo pe dShvpo KRH, to onoio dev mepiéyet Ca?t
Kot o6to 100 OdAvpo mapapévouv oe OAn Tn Odpkew TG UETPNONG OTO
pBopopdpetpo  (KRH-Ca?*) (Papazafiri and Kletsas, 2003). Ot petprioeic
npaypotoromnkay  oto  @bopiopogacpotopwtopetpo  Perkin-Elmer  LS-55
luminescence spectometer (Perkin-Elmer, Norwalk, CT, USA), pe tn ypnon tov

Aoytopikov wpoypappatog FL WinLab.

13.2. Me t ypiion mikpockomios pOopisuot (Live Ca** Imaging)
Mo mmv mopakoAovdnon TOV KLTTOPOTAAGUOTIKOV EMTESOV [Ca®*]i oe
Tpaypatikd ypdvo pe pukpookomio eOopiopov, vevpdves amd AOO E£YKEPAAOV

euPpowv  emipvog (75,000 kOTTOPO/SOUEPIGUE)  KOAMEPYOUVTAL GE  EOIKA
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emkoloppéveg  pe  moAv-L-Avoivy ocvokevéc  dapepiopatomoinong  (Integrated
BioDiagnostics, Ibidi, Munich, Germany), ywa 7 nmuépec. Xtig 1016 GVLOKEVEG
drapopormorovvtar yuo 6L nuépeg SH-SYSY wottapa (10,000 kdttapa/ dtopépiopa).
Metd 10 TEAOG TOV TEWPAUATIKOV OAOIKACLDVY, To KOTTOPO ETMAlOVTOL pe TANPES
Opentikd péco kaAMépyetag, mov mepteyel 2 M g ypwotikng Fura 2-AM, 30 Aentd,
otoug 37 °C. T GuVE)Ewd, 1 YPOCTIKY apotpeitol Kol ppécko TANpec Opemtikd
KaAMépyetac mpootifetan Yo 3 dpeg otovg 37°C, mpokeyévov va petafolotel o
E0TEPOG TNG XPWOTIKNG. AKPIPdS TPy TNV Evapén TOV HETPNCEDV Ca®', 1o KOTTOPO
TAEVOVTOL o opd. e e101KNG ovotacng puduotikd didivua (129 mM NaCl, 5 mM
KCI, 1 mM MgCl,, 30 mM glucose, 1% BSA, 25 mM HEPES [pH 7.4]) kot katdmv
TomofeTovvTOL 6TV £6pal TOL UIKPOGKOTIOV, 1 omoia gival pvbuiopévn ot otabepn
Oeppokpacio Tov 37°C. T ™ pérpnomn g E16porc ca®* AOY® YOpNTIKOTNTOG
(CCE), o¢ ovvbnfkec amovoiag e£®KVLTTAPION ca*", xopnyovvtor 0.25 uM Tg, ko
akorovBwc 6 MM CaCl,. H ypwotik dieyeipeton o€ pnkog kopotog peta&d 340 kot
380 nm kot exméumel ota S10 nm. Ot gikdveg POBopiopov Aappdvovtal, pe tn ypron
0V piKkpookomov ehopiopod TE 2000U-inverted fluorescence microscope (Nikon,
Osaka, Japan) cvvdedepévov pe pia yoyopévn CCD kauepa (PTI-IC200) (Princeton
Instruments, USA). Xto 1éhoc g kdéBe pérpnong, ta onpata tng Fura 2-AM
KOvovIKoTolouvtat pe tautdypovn mpostnkn 10 uM ovopvkivng (lono) kot 50 mM
KCI, mpokeuévouv va Anedei o péyiotog bopropdc. Ot sikdveg happavovrar kabe 10
OELTEPOAETTO KOl TOL KOTTOPO OVOAVOVTOL, LE TN PNON TOL EPYUAEiOL TNG TTEPLOYNG
evolapépovtog (region of interest, ROI), mpokewévov va Anebodv ot Adyot
@Bopiopov. Ot ahdayég ota enimeda Tov [Ca2+]i VIoAOYiLovTOL 6TO EMIMESO TOV EVOC
KUTTAPOV, GE GUYKEKPLUEVT YPOVIKT OTLYUR, oG Adyotl eBopiopov (Smaili and Russell,
1999). Ta Boowd enineda pBopiopov (baseline fluorescence) kabopilovrar otnv apyn
™m¢ kée pétpnong, and 1o PEGo 0po TV TPOTOV 20 £IKOVOV, TPV TNV TPOGONKN
TOV QOPUOKOAOYIK®OV TOPAYOVT®V, UE TN YXPNON TOL AOYIGUIKOV TPOYPAULOTOS
Image Master Software acquisition-analysis software (PTI, Birmingham, NJ, USA).
Ta amotedéopato kovovikomolovviol pe Pacn ta Pacikd eminedo @Oopiopod Kot

eEKQPALovToL MG TOGOGTO OVTMV.
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14. Exyviion mpoteivav

Ot pébodot g ekyOLAIONG TOV TPOTEIVAOV, TEPIAAUPAVOVY TNV ETDACT] TOV
KLTTAp®V o€ €vo O1dAvpo AHoNG, To omoio TPOKOAEL TN OOUIKT KATOGTPOPY| TMV
HEUPPOVOV TOV VAIKOV, HE OMOTEAECHO TNV OMEAEVOEPOON TOVL  KLTTAPIKOV
TEPLEYOUEVOD (KOl TPOTEACOV—POOEATAC®OV) 610 OtdAvpa. Katd 1 dwdikacio
amopéVMoNG TOV TPAOTEIVOV TO OldALHO ADONG TPEMEL VO TTEPLEXEL OVOICTOAELG
TPOTEACOV KOl POCPATACHOV KOl OAEG Ol SUOIKOGIEC VO TPAYLLATOTOIOVVTOL GTOVG
4°C. Mg ovtov 0oV TpOmo petdvetor 1 mhavotnTo TpOTEOAVONC TOV TPOTEIVIKOV

delypaTwv.

14.1. Amouovwon olik@v TpOTEIVAOY

Metd 10 mEPUG TOV XPOVOL EPAPLOYNG TV EKAGTOTE TEPAUATIKOV GLUVONKOV,
to. TpuPAia pe ta KOTTOpa TomoBeTovvion 6Tov Thyo, 10 OpenTiKd LVAKO apoipeiton
KOl TO KOTTOPO TAEVOVTOL OVO QOpEg He mayopévo Oowivpo PBS. Metd v
amopdkpovven 6Ang g mocodtntog Tov PBS, ta kOTTOpa omokoAAGVTOL pUnyaviKd o
KatdAinAio oyko PBS, cuAiéyovion pe m Ponbeia katdAiniov EHGTPOL G GOANVA
tomov eppendorf kot guyokevrpovvton (15000 x g, 4°C, 5 Aemtd). X1n cvvéxeld,
npootibetarl katdAAnAog dykog daivpatog Avong (STET sample buffer) , to omoio
nepiEyel: 50 mM Tris-HCI, pH 7.6, 150 mM NaCl, 2 mM EDTA, 1% (v/v) Triton-X-
100, koBd¢ kol petypo avastoAémv TPpMTEACOV (EKYOMOUO TOYKPEUTOS, TPOVACT,
BeppoAvoivn, yopoBpuyiv ko momoivn, ¢ etoipeiag Roche). Ta deiypata
avadgvovtal woyvpd, enwaloviat yio 30 Aentd otov mdyo. Katdmy guyoxevipodviat
ota 15000 x g, yio 30 Aemtd otovg 4°C. 1o vrepkeipevo kdOe Seiyporog mepiéyovran
01 J1AVTEG TPMTEIVESG, EVAD 6TO 1IlNpa ot adldAvTeg KBS Kot o1 dfKTol TVPNVES TV
KuTTdpoVv (e 1o ddAvpa katepyasiog STET dev emtuyydveton AVoT T@V TUPHVOV).
Téhog, 10 vrepkeipevo peTaPEPETAL 6 VEO GOANVO, eV TO INUO TOL TOPOUEVEL
mAévetal Vo Popég pe dtdivpa PBS. H mokvotnta g mpmTeivng mov nepléyeton 6To
vrepkeipevo, mpoodopiletoan pe ™ pébodo Bradford (PAm. evornrta 15.2). Ta

detypota pmopodv va, Statnpndodv otovg -20°C péypt va ypnoipomomfoiyv.
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14.2. Awapopiklp oamouovweony KoTTAPOTAIAGUATIKOV KAl TUPHVIKOV
mPOTEIVOV

H oamopdvmon tov pepfpavikdv Kol KOTOCOMK®OV TPOTEIVOV Baciotnke 6To
TPOTOKOAAO OV Teptyphpetar amd o Lansbury kot tovg cuvepydreg tov (Liu et al.,
2009b), pe pepikég TPOMOTONOELS TTOV AVEAVOLV TNV OTOSOTIKOTNTO TG OTOUOVMOONG
oto SH-SYS5Y «bvttopa mov ypnoomomnkoy otnv mtopovca HEAETN. AVOALTIKA,
HETA TNV a@aipeon Tov Bpentikod LAIKOV amd 10 TPpLPAl0 KOAMEPYELNG Kol TNV
éxmivon pe PBS, ta kdttapa cuAiéyovtol pe puOotikd SIAALIO OLOYEVOTOINONG
[50 mM Tris-HCI, 1 mM EDTA «ot pelypo ovacToAE®V TpmTeac®v (EKYOAMGHLO
TOYKPENTOC, TPOVAGCT, Oeppoivcivn, yopobpwyiv kot momaivn, Roche)]. To
KLTTOPKO O1dAvpa opoyevomoteitat, Kabdg mepvd 10 popéc péco amd cvpryya pe
Berdva datoung 26-gauge. To xuttapikd exydMopa puyokevipeitar ota 600 x g, yio
5 Aemtd, otovg 4 °C mpoxeévou va amopakpuvBodv ta dfcta kdttapa. Akolovbel
VIEPPVYOKEVTPNON TOV VIEpkeipevov ota 100,000 x g, yia 2 dpeg, otovg 4 °C, mpog
dwywpiopd Tov pepPpavikod (inua) and 1o KuTocoAKd (vrepkeipevo) KAdopa. To
ueuPpavikd khdouo mAévetar 5 @opéc pe 1o didAvua mivoemv (50 mM TrisHCI,
1mM EDTA, kou 1 M NaCl), ota 15000 x g, ywa 5 Aentd, otoug 4 °C. H anopdvoon
TOV TPOTEIVOV omtd T0 pepPpovikd KAAGUA TPOyLOTOTOEITAL LE YOPTYNON 1GYVPOV
dtdvpatog Aong (SDS 4x + Pl), endaon 30 Aentov otovg 95 °C ko axdlovdn
euyokévtpnon ota 15000 x g, ywo 30 Aemtd, otovg 4 °C. H olkn mocoOThTO
npoteivng mpocdiopiletar pe ™ pébodo Bradford (Biorad). Xe kabe nepintoon, ta

TPWTEIVIKG ekyvMopata puidccovtal otovg -20°C, péypt va ypnotponondovy.

14.3. AvalvTiko TpTOKOILO KOTTAPIKHS KAAGUATWOHS

H xvtropikn kKhaopdtoon Baciotnke 610 TpOTOKOAAO TOL TEPTYPAPETOL ATO
10 Rideout ka1 tovg cuvepydreg Tov (Rideout et al., 2003), pe pepikég TpomToTOGELS,
OV APOPOVV, KLPIWG, 0TOL GTAdIO TNG OPYLIKNG opoyevomoinons. AkolovBmvrtag To
OVYKEKPIUEVO TPMTOKOAALO TPOKVTTOLV TECCEPN KAAGHOTO, TO TPOTO E£ivon
eumiovtiopévo oe mopnveg (P1), 1o dedtepo oe ptoxovopwa (P2), 1o 1pito oe
Hkpooopata (evooompota, peppfpaveg tov E.A. kot tov Golgi, P3) kot to tehevtaio
KAMdopo givat to kabapd kutocoio (P4, Sup).

AvoAvTikd, pETA TNV o@aipeon Tov Opentikoh VAIKOV amd TO TPLPAiO

KoAMEPYElOG kot TV €kmivon pe PBS, ta kdttapo cvAdéyovtor pe puOuoTiKo
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dtéAvpo opoyevomoinong [250 mM Sucrose, 10 mM Sodium Hepes pH 7.4, 1 mM
EDTA, 5 mM MgCl; kot peiypuo avootolémv TpmTeac®v (EKXVAIGUA TOYKPENTOC,
npovdon, Bepuoivcivn, yopobpuyivny ko mamaivny, Roche)]. Apywd, to kdtropa
Aovovtat, pe 4 KoKkAovg akoploiog yogng kot ThEng (snap freeze-thaw), pe dadoyikn
eupantion oe doyeio mov mepEyel ENpd mayo ko peBavorn kot Kotoémwv, o€
vdatorovtpo  Ogppokpaciog 37°C. Tt ovvéyewn, TO  kvTTOpkd  StéAvpo
opoyevormoteital, kabmg mepvd 10 popéc péoa amd cHptyya pe dratoung 26-gauge.
Télog, akolovbei opoyevomoinon otov opoyevomomtny Teflon (3 kdkhor, omd 15
bounces/kbx\o).

O mop1veg ko Tor A0PaVGTE KOTTOPO OTTOUAKPVVOVTOL LE PLYOKEVTPT|OT OTA
2000 x g, otovg 4°C, yia 15 Aemtd. To vrepkeipevo petapépetal oe véo cOANVAKL Kot
puyokevipeiton ota 9000 X g, otovg 4°C, yw 10 Aemtd. To ilnua, mov eivan
EUTAOVTICUEVO GE IToYOVOpLa, ekmAévetal oe puBuotikd ddlvpa PBS, to omoio
neplEyel avaoctoleic mpoteacsmv (15000 X g, 4°C, yio 5 Aentd/ ékmlvon) kot Advetat
oe RIPA mopovsio avactorémv mpoteac®dv. To vrepkeipevo guyokevipeiton oto
100000 x g, 4°C, yuo. 3 dpec. To ilnuo givorl epmhovtiopévo 6 evo0GOUATO, EVED TO
vrepkeipevo amotedel 10 KaBapd KvtocOAo. Akorovbel ékmivon tov 1CNpaTog e
puOuietikd diilvua PBS, mov mepiéyel kot avactoreic npoteacdv (15000 x g, 4°C,

yw 5 Aentd/ éxmivon). To inuo Avetar o RIPA mapovsio avasToAE®Y TPOTEQCHV.

15. Hoootikos mpocolopicuos
15.1. I1060TIKOG TPOGOLOPIGUOS VOVKAEIK@DY 0EEWY HE POTOUETPIGH

H pébodog avt otpileton omnv kavotto TV vVoukAETKOV oEEwv (DNA kot
RNA) va amoppopoldv péyiota oto 260 nm. Ilpokeyévov vo vroloyiotel m
OGLYKEVIPMOOT] TOV VOUKAETKOV 0E€V og kaBe delypa, KoTaypaQETOL 1| OTTIKY TOV
mokvotnta ota 260 NM kot oto 280 NM ypnoyonoldvtag Kuyeiida yaralio. AtdAvuo
DNA 7 RNA pe ovykévipoon 50 pg/ml avtictoyel o ontikny mokvotnta (O.Dago)
ion pe 1 (Sambrook et al., 1989). Me avtfv TV mopadoyn WITOopel Vo, VTTOAOYIGTEL 1|
nocotnta tov DNA 1 o RNA mov Bpioketan og kébe delypo. H xabapdmmra tov
VoukAETk®V 0&émv vtodnAdvetatl and 10 Adyo O.D.260/0.D.2g0, eV TO KprThplo yio

™V koBapotnta eivar 0 Adyog avTog va givar peyaAvtepog tov 1.8.
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15.2. locotikog mpocdiopicuos npwteivarv ue Ty uébodo Bradford

Mo tov vVIoAOYIGHO TG GLYKEVIPMOONG TOV TPMOTEIVOV GE £VO KLTTAPIKO
ekyOMopa, ypnowonoteitor n potopetpikn pébodoc Bradford (Bradford, 1976). H
ovykekpuévn uébodog otnpiletan oty 16310t TO. TNG Ypwotiking Coomassie Brilliant
Blue G-250 vo deopedetan pn OVIIOTPENTO OTIS TPWOTEIVEG, 0 OEWVO TEPIBAAAOV,
petafairiovtag to ypdpo e H ehevbepn ypwotikn £xel péyloto amoppoOPnong oto
465nm, evd T0 GOUTAOKO TPOTEWVNG-YPOOTIKNG oTo 595NM. Xg oOyKpion pe GAheg
avtiotoyeg pebddovg (6mmwg n Lowry, n Biuret v n pétpnon g amoppdenong ota
280 nm) (Lowry et al., 1951), n Bradford mheovektel o¢ mpog Tv €161KOTNTA TG Yid
TG MPOTEIvEG, O10TL emmpedletal Alydtepo amd KOWE avIIOPOCTHPIY Kol Un
TPOTEIVIKA GLGTATIKA, TOV TOUVMOG TEPLEYOVTOL GTO OETYLLOLTAL.

Amapaitnt elvar - dnpovpyio TPOTLING KAUTUANG OvapOpds, 1 omoio
npokvumtel and T pétpnon g O.D. yvootdv cuykevipdoemv Tpotinmy StoAvUdTmv
aAfoopiving amd opd Poog (Bovine Serum Albumin, BSA) oe omovicpévo vepod
(ewova 32). Zvykpivovtag v O.D. tov deiypatoc, petd and kotdAinin apaimon
tov (100 @opég), ne mmv O.D. tov mpotimmv, TPOKVMTEL 1| CLYKEVIPMOOT TV
TPOTEIVOV GE AVTO. AVOALTIKOTEPQ, YVOOTEC TOGOTNTES TNG TpwTeivig BSA (2ug,
4ug, 8ug, 12ug, 16ug, kot 20ug), kebng kot ta aparopévo ved e&étaon oetypara,
avtidpovv pe to avtdpactiplo Bradford (aporwpévo 1:4 (VIV) pe amoviepévo H,0)
vy 10 Aentd og Beppokpacio dopatiov kot petpdtor 1 O.D. ota 595nm. H apainon
TV detypdtov Ba tpénet va gival KatdAANAN, £T61 AGTE 1 ONTIKN TOVS TLKVOTNTA VO
Bpioketar evtOg TOL €0POVG TOV TIUAOV TNG TPOTLTNG KAUTOANG. Emedn ot axpiPeic
TIUEG TNG OTTIKNG TUKVOTNTAG EXNPEALOVTOL OO TO YPOVIKO S1ACTNHO TOV PEGOAOPEl
amd TV TOPACKELT] TG YPOCTIKNG UEXPL TN XPNON TNG, N TPOTLTN KOLTOAT TPETEL VOL

Kataokevdletat o ke péTpnon.
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Ewova 32: Evdciktikéc tuéc anoppoenone 0.D.(595nm) yvwotdv cvykevipdoewv daddupotoc BSA
Kou tpdTuRn KoumwvAn Bradford.

16. Hiextpopopnon
16.1. HiekTpopopnon vovkiEIK®Y 0EE@Y 6 TNKTWUA aYapOCHS

O Sy wpopdg, 1 TOVTOTOINoT), AKOUN Kol 0 KOOaPIoUOS VOUKAETKOV 0EEMV,
yivetan cuvnBmg pe TV NAEKTPoPOPN Y| TOVS G€ KT ayopding. Kabog ta popa
tov DNA 11 Tov RNA givar apvntikd gopticpéva, 1 epapuoyn nAeKTpikon tediov £xet
®G amOTEAEGHO TN MeTaKivon Tovg mpog v dvodo. H miektpopdpnomn tov DNA
yivetw og mAktopa oyoapolng 1% (Yue et al, 1999) oe edikn ovokevn
niektpoeopnong ota 70V, yia 4-5 dpeg. 1.2 gr ayapolng dwwddoviar og 120 ml
dwwAdpatog TBE [89mM Tris/HCI pH 8.0, 89 mM Bopiko 0&p, 2 mM EDTA], oote
VoL TPOKOYEL THKTOU pe ovykéEvipoon 1% (W/V) og ayapdln. H nAektpo@opnomn tov
RNA yiveton og éva miktopa ayopodlng [2%, (W/V)], omov 0.6 gr oyapolng
daivovtor o 30 ml dwidpatog TAE (Tris/acetic acid/EDTA) to omoio mepiéyet:
4.84 gr Tris, 1.142 ml o&wov o&éog, 2 ml 0.5 M EDTA, pH 8.0. To didAvua g
ayapoing Kol 6T OLO TEPUTOGELS BepraiveTol 6e OVPVO UIKPOKLUATOV HEYPL VO
S0t n ayapoln. Otov n Oepuokpacio Tg vypg oyapding etdoet otovg 50-60°C,
tonofeteitan 6TV €01KN VITOSOYT TNG GLOKELNG NAEKTPOPOPNONG. TN GLCGKELT £XEL
tomofetnOel mponyovuévag €101KO KTEVAKL MOTE KATA TNV TNHEN TOL TNKTOUATOS VO
onuovpynBovv ta epedtio dmov Ba tomobenBovV Ta detypata. Otav olokAnpwbei 1
&N, TO TAKTOUN HETAPEPETOL GE OULOKELY MAEKTPOPOPNONG OTNV  Omoid
tonoBeteitan Stalvpa TBE (DNA) 1 TAE (RNA), é161 dote va kodlveel oAdxAnpo
TO TNKTOWUA KO opotpeital o ytevakl. Xe kdbe epedtio tomobeteitan ion mocoOTNTA

detypotog DNA 11 RNA (5 pg v ké0e detypa). Metd v mposHnkm 610l patog
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eopteong [0.25% (W/V) kvavodv g Bpopoeovoing ko 30% (VIV) yAvkepoin],
akohovBel mAektpopopnon vmd otabepry thon 70V. Merd ™ AREN NG
NAEKTPOPOPNONG, 1| GLGKEVT ATOGLVOIEETOL KOl TO TNKTWHO BapeTor Yoo 15-20 Aemtd
oe Hy0 mov mepiéyet 0.5 pg/ml Bpopovyo abido (EtBr). Tt cvvéyela, to miktopa

Tapatnpeital KAT® omd VIEPL®ON akTivoBoiia Kot poToypapileTarl.

16.2. Hiextpopopnon mnpowteiveyy oe mixtoua SDS-molvakxpvlouidoiov
(SDS-PAGE)

Mo v aviyvevon ToV TPOTEIVOV TOV TEPIEYOVTINL GTO OLAPOPA delyoTaL
ypnooromdnke n nEBod0g g NAEKTPOPOPNONG, oL PacileTor 6TO OTL O TPOTEIVES
oe JweopeTikd PH amd 10 1GONAEKTPIKO TOVS OMNUELD, UETOKIVOOVTOL LITO TNV
emidpaon evog niextpikov mediov. O pvOuog pe tov omoio kivovvton e€aptdrtan and To
AdY0 TOV PopTiov TO omoio PEPOLV TPOG TN KAl TOVG Kot LAAIGTA, OGO UEYOADTEPOC
etvar 0 Adyog avtdg tOco peyardtepn eivor m tayvInTo petokivnong. Ymdépyovv
TOALGQ SLOPOPETIKA €101 MAEKTPOPOPTONG LE CLYKEKPIUEVA TAEOVEKTIUOTO GAAL Kol
LLELOVEKTNLOLTOL.

2y mapodoo HEAETN YPNOWOTOMONKE TO OAKOAIKO, ocuveyés cHOTNUA
SDS-niektpo@opnone, 6€ KAOETO TAKTOUA TOAVOKPVAAUSIOV, OTMG TEPLYPAPETAL
a6 tov Laemmli (Laemmli, 1970). Xta deiypata wov mpoKeTol va nAEKTpo@opndovy
éxel mpootebel o ddlvpa Kotepyooiag deryudtov (sample buffer), to onoio 6mwc
Non avaeépbnke mepiéyet: 1) pepkamroa®oavorn, 1 omoio SNUIOVPYEL ATOSIUTAUKTIKEG
ovvOnkeg (ovaywyn S160VAPOIKGOY decudv), i) SDS, to omoio Tpoodidel apvnTiKo
QOpTio 68 OAEG TIG MPWTEIVES, 1i1) YAvkePOAN, N onoio fonbdel otnv TomobETNON TOL
detypotog oty KT Kot iV) kKvavodv g Ppopogaivoing, to oroio emiong Ponbdet
omv tomofétnomn Tov Jelypatog 6TV MNKTH, GAAL KOl GTNV TopakoAovdnorn g
nopeiag ¢ nAektpoeodpnong. To anotédespa gival ol mpoTeiveg TV deryUdTmV Vo
OTOKTOVUV TLYOHO SLOUOPP®OT| (amodlatdoocovTal) Kol apvnTikd @optio, OmOTE O
S ®PIGUOG TOVG TPOYUATOTTOLEITAL OMOKAEISTIKG Le Pdon To poplokd tovg Bapog,
onradn mpwteiveg pKkpov poplakod PBApovg Kivodviol ToyVTEPO KOTE WAKOG TNG
TNKTNG GE oYEomn U TpwTeiveg peydiov poplakov PBapovc (Reynolds and Tanford,
1970; Weber and Osborn, 1969).

2V mopovGo EPYNcio ¥pNoUOTOONKE GLOKELT] KAOETNG NAEKTPOPOPNONG,

6mov to mKTOUN oynuatileTol avapesa o€ dvo Kabeteg mAdKeg (eminedn mnkty, slab
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gel). H mnkt) oynuatiCeton petd omd ToAUEPIGUO TOV LOVOUEPDY TOL OKPLAAULGIOV
(CH,=CH-CO-NH), mov ovvdéovtar peta&d tovg pe uopia N, N-pebvievo-
doaxpvrapdiov (M bis axpvriapido, CH,=CH-CO-NH-CH,-NH-CO-CH=CH,). O
TOAVUEPIGHOG emTLYYdveTal Tapovsio vrepBetkov appwviov (APS) kot N,N,N° N’-
tetpapefvioabvrevodtapivig (TEMED). To péyebog tov mépwv T00 TNKTOUOTOG
eoptdral amd Tt oVYKEVIP®ON TOL akpvAaudiov katl tov bis axpviapidiov. I'a o
SaymPIoUd TOV TPOTEIVOV TV SEIYIATOV, Ypnouonoteital ankt (separating gel) ue
OVLYKEVIPMOOT OKPLAAUIONG omd 10% (W/V) éwc 15% (W/V), avaloya LE TN HOPLOKN
uéla g e&etalopevng mpoteivng. Ipv v €16006 ToLg TNV TNKTH JWPIGHLOV, Ol
npwteiveg «dacyilovvy v mnktny emotoifaéne (stacking gel), n omoia éyel
SPOPETIKY]  GLYKEVTIP®ON  OKPLAaUioNG [5% (WHV)] ko dapopetikd pH, pe
QTOTEAECUO, TNV TOVTOYPOVI] KOl OUOLWOUOPEN €16000 TOV TPMOTEIVOV GTNV TNKTN
S WPIGLOV.

[MopdAinia pe Ta dstypota, nAEKTpo@opeitar Kot piypo TpoTEiVOV YvOGTNg
poptokng palog (protein markers), mov ypnoonoteitol yio. Tnv TopakoAovdnon g
mopelag NG MAEKTPOPOPNONG KOl YIoL TV KOADTEPN OVOYVOPLIOT OGS TPOTEIVNIG
dyvootg poprokng pales. H dwadikacio mov akoAovBeitor meprypdpetor mopakdtm.
Ot yvéhveg mAdkeg kaBapiCovror pe peBavorn kot tomobetovvior 6 KatdAAnAn
ovokevn omPENG. T OLVEXEW TO JdAvpo mov Bo oynuaTicEl TNV TNKT
dtymplopov torobeteiton avdpesa otig yvdaveg mAdkes. H ovotaot tov eivan: 375
mM Tris/HCI pH 8.8, 10% émg 15% (W/V) akpvrapidto, 0.275% éwg 0.4125% (w/v)
bis akpviapidio, 0.1% (w/v) SDS, 0.15% (w/v) APS kot 0.07% (v/v) TEMED. ITIpwv
TOAVUEPIOTEL, TPOCTIOETAL GTNV KOPLPT TOL La GTOPASA ATIOVIGUEVO VEPD, DGTE VO
evBuypoppotel n emEAveEId Tov. METE TOV TOALUEPIGUO, OPOLPEITOL TO ETTALOV
vepd amd TNV EMPAVELN TOV TNKTOUOTOS KoL TPOSTIOETAL TO SIOIAV L TOV TNKTOUATOG
emotoifaéng, o omoio mepéyer: 125 mM Tris/HCI pH 6.8, 5% (w/v) axpviopidio,
0.165% (w/v) bis axpviapidio, 0.1% (w/v) SDS, 0.1% (w/v) APS kot 0.07% (V/v)
TEMED. ITapdiinia, tomoBeteitor €101 «(TEVO» Y10 TO OYNUATIGUO TV BEcewv
nmov Ba tomoBetnBovv T detypota. Ot TAGKeG pe TO TNKTOU TOTOBETOOVION OTN
OULVEYELDL OTN GULOKELN NG MAeKkTpoOpnong, M omoio yepiletor pe puOuictikd
dtdAvpa niextpodiov (running buffer): 25 mM Tris-base, 192 mM T'Avkivn, 0.1%
(w/v) SDS. Kotomy, ta deiypato Bpalovtar otovg 100°C yia 3 Aemtd, avadevoviot
Kol @optdvovtol pe T Ponbewa  pikpooHplyyag Kot M MAEKTPO@OHPMOM|

npoypatonoleitor o otabepn tdon 180 V. H mopsio g mAektpopdpnong
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napakolovbeiton pe ™ Pondel TG YPWOTIKNG MOV TEPLEYETOL OGTO OldAvua
KatePYaoiag SeyudTov Ko TepUotileTor O0Tav 1 XPOOTIKN QTACEL 6TO TEAOG TOV
TNKTOUOTOG.

H nAektpo@dpnon oe TKTOUO OKPLAOUOION TOV TEPLYPAPNKE TOPATAV®
€xel 10 pEloVEKTNUOL OTL pmopel va ypnoorombet yioo v enelepyosio TpOTEIVOV
TEPLOPICUEVOD €DPOVE HOoplaK®Y Papdv, To omoio Kabopiletoanr omd v apykn
OLYKEVTPMOOT) TOL aKkpLAapdion. o mapdadetypa, Eva mKkTopa akpviapdiov 12%
umopel va ypnowonmomBel yio v avéilvon mpoteivov mepimov 10-100 KDa.
[Tpoxeévov, va avarvBohv TpoTeiveg e HEYAADTEPES OLUPOPES WG TPOS TO LOPLUKO
Tou¢ Papog, amatteitor mn ¥PNON TNKIOUOTOS KAIONG, 010 omoio &ivor dvvat) 1
avIAVON TPOTEIVOV VPVTEPOV PAGUATOS poplakdV PBapdv. ['a v nAekTpo@opnon
TOV TPOTEIVOV, 68 TNKTOMO KAiong akpviapdiov/bis- axpviapdiov 4-12% (w/v)
oTNV TOPOVo HEAETN XPTOLOTOONKE TPOKOTOOKEVAGHEVO THKTOU 4-12% (W/V)
(Invitrogen). H eneéepyacio tov mpmteivdv Eyve pe Tov 1810 TPOTO TOL TEPLYPAPTKE
TOPOTAV®, HE TN Seopd 0TI, ol TPpmTEiveG MAektpopopnnkav oe pLOUGTIKO

ddivpa MES (Invitrogen).

16.3. Hlextpopopnon o€ mixtmua fopikod oléog-molvaxpvlauidiov (Boric
acid-PAGE)

Ymhpyovv mEPIMTOGELS, OTIC OMOIES EIvVOL TPOTIUNTEES O UM OTTOSIOTOKTIKES
oLVONKEG, amOVGio AMONATAKTIKOV TapayovTev, (A.y. B-pepkamtooBavorn) Ko
anoppumavtik®v, (m.y SDS, Triton-X) (Emmanouilidou et al., 2010b). Xe avtég T1g
TEPUTAOCELS TO NAEKTPOPOPNTIKO TPOTLTO €EOPTATAL KOl OO TN SUOPPDOT| T®V
TPOTEIVOV, TEPAY TOL LOPLAKOV TOLG BAPOLG.

o 1o SyPoHd TOV TPOTEIVOV TOV Jelypdtwv, ypnolLonoteitor povo
nnkn (separating gel) pe cvykévipoon akpviapiong amd 4% (W/V) g 10% (WIV),
avéioyo pe TN poplokn palo g efetalopevng mpwteivng, kol Oyt KN
emotoifaéng (stacking gel). Otav 1 TpwTEIV EVOLOPEPOVTOG EIvVaL 1 B-GVVOVKAETVT
TPOTIATAL GVYKEVTPMOOT akpvAapiong 8% (W/v). H chotacn Tov to S1aAdoTog Tov
0o oynuatioet v k) daympiopov givar: 90 mM Tris—HCI (pH 8.8), 80 mM
Bopkd o0&y, 80 uM EDTA, 8% (wW/v) akpvAauido, 0.275% éwg 0.4125% (w/v) bis
akpvAapioo, 0.15% (wlv) APS «xor 0.07% (v/v) TEMED. H dwdwacio

niektpopdpnong mov akoAovBeitor, elvar M 00 pe MV mEPIMTOON  TOV
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amodlatakTIKOV cuvinkdv. EEaupeitar to pubuiotikd didlvpa niektpodiov (running
buffer), to omoio eivan drapopetikng ovotaong: 89 mM Tris-base, 89 mM Bopikd
o0&y, 2 mM EDTA, pe pH 7,6. H nAektpo@odpnon mpaypatomnoleital o otabepr) taon 50
V, otoug 4 -C.

17. Yypn niektpo@popntiky HETAPOPA TPWTEIVOY

Ot mpmteiveg petd TOV So0Y®PICUO TOVG GTO TNKTMUO TNG OKPLAOUIONG
LETOQEPOVTOL NAEKTPOQOPNTIKG ot uepPpdvn vitpokvttapivne. (Burnette, 1981;
Towbin et al., 1979). H pébodoc Paciletar oto OTL 01 TPWTEIVES, OV Eival OPVNTIKA
QopTIcHéEVES, AOY®D Tov SDS, xtvovvtor amd tov apvntikd mpog tov BeTikd TOAO TG
GLGKELTG.

Meto&d tov dwbéotpov pedddov petagopds, ekeivn mov emdéydnke ota
CLYKEKPIUEVO TEWPANATO, NTAV 1 VYPN petagopd. Ewdwdtepa, petd 1o mépog g
NAEKTPOPOPMNONG, TO TNKTOHO Sloy®Popod, 2 eOuALo Whatman, 2 amoppo@nTikd
VMK Kot 1 pepPpdvn vitpokvtropivng eE160ppomovvTaL Yo, TOVAN IoTOV 15 Aemtd
oto dulvpa petapopdg (transfer buffer), to onoio mepiéyer: 20 mM Tris-HCI pH 8.3,
192mM yivkivn ko 20% (VIV) pebovorn. Etn cuvéyela, Tomobetodvral omd to OeTikd
TOAO TNG GLGKELNG TPOG TOV APVNTIKO e TV €ENG oepd: 1 amoppoenTikd vAIKOS, 1
@OA0 Whatman, 1 pepfpdvn vitpokvtrapivig, To TNKTOUO OKPLAAUIONG, GAAo 1
¢@OAo Whatman kat, T€A0oc, 10 dg0TEPO amoppoPNTIKO VAKO. H tomoBétnon yivetan
pe T€TO0 TPOMO MOGTE VO OMOPEVYETAL 1| TAYIOELON PLGOAIdWV afpa HETAED TV
VMK®V. 11 ovokevn Tomobeteitan, emmAéov, To OdAvIa peTaPOpds Kot Eva doyeio
HE Y0, £TCL MOTE VA AMOTPOTEL N HeYOAN avénon g Bepuoxpacioc. H petapopa
EMTLYYAVETOL LLE TNV EQAPLOYT NAEKTPIKOD Ttediov otabepnc Eviaong Kot yivetol og
€101KN GLOKELY] pe PLOUICTIKO SBAVUA HETAPOPES. ZVVOAKA Yol TNV GLGKELY] OV
ypnooromOnke, epapudleron  peopo  évraong 400 MA  kor M peETOQOPA
oAokANpoveTol oe 2 mpec. H wvitpoxvttapivn pe TIC AMOTUTOUEVES TPMTEIVEG

Srotnpeitar otoug 4°C e didhopa yo pio wepirov efdopdado PBS.
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18. Avocodoxuacio kara \Western (Western Blot, WB)

Me 1t pébodo g avocodokipaciog katd Western, pumopel va aviyvevdel o
TPOTEIVN-0TOY0C, emdved ot pepPpdvn G vitpokvtTopiving, HE TN YpPNon
Kat@AAnAov oviioopatog (Burnette, 1981). H mopackev] €01KOV ovTICOUATOV
EMUTPENEL TNV E0IKN OVIXVELON TPOTEIVOV TOL JPEPOVLY EAGYIOTA, OTMG GTNV
TEPIMTOON TPOTEIVAOV NG 10105 OIKOYEVELNG 1 TPOTEIVOV OV JOPEPOVY UOVO G
TPOG TN POOPOPLAIMGT TOVS GE KATO0 optvo&iko KatdAotmo.

Apyikd, éva €101KO avticopo EvVavl TG VIO HEAETN TPOTEIVNG (TP®TOYEVESG
AVTICOUN) TPOGOEVETOL GE VTN, MOVEO OTN HEUPPAVN VITPOKVLTTAPIVIG Kol OTN
ouvéyelo éva dgvTEPO  ovTiowmpa (devtepoyevég), ovlevypévo pe €va évlvpo,
avayvopilel kol tpocdévetatl 610 TP®MTO. O EVIOMGUOS TNG TPOTEIVNG YiveTtol HEC®
TOV EVIOMIGUOD TOVL OEVTEPOYEVOVG OVTIGOUATOS, LUE KATAAANAN péBodo, mov o1
OVLYKEKPIUEVT TEPITTO®ON MTAV OLTH TNG EVIOYLUEVNC YnueopoTovyelag (Enchanced
Chemilluminescence, ECL). H pébodog Pacileton 010 @oivopevo g eoTodyelog,
ONAodN OV EKTOUTY GMTOG amd Eva LOPLo, KaBMG avtd ylvel evépyela KaTd N
petdmtmon Tov and pa deyepuévn katdotoon ot Pacikn. Eva yvootd cuompa yo
TNV TOPAYOYN YNUEPOTAVYELNS givor avTd TG VIEPOEEIBACNC TNG AYPLOPAPAVIOOG
(Horseradish Peroxidase, HRP), mov kataiver v o&eidworn g AOLUVOANG o€
oAkoMkéG ocuvOnkes. Apéocmg petd v ofetdwon g, 1 Aovuvoln Ppioketor oe
dleyeppévn Kotdotaon Kol KotoOmyv UPETAmintel ot Pocikn HEC® TNG EKTOUMNG
o0t0. Koatd v evioyopévn ymUEOQPOTOVYEWN, 1) OVTIOPOCT TPOYUOTOTOLEITOL
TOPOVGLO YNUKOV EVIGYLTOV, OTOG ot eawvores (Whitehead et al., 1979).

Apykd, katd v avdivon kata Western, n pepppdvn g vitpokvttapivng
emwaletal ywu 1 dpa, oe Beppokpacio dwpotiov, pe 1AV dECUEVONG UN-EWOIKOV
Béoewv [5% (W/V) KOV YOAOKTOG YOUNANG TTEPIEKTIKOTNTAG GE MTTapd, 6€ StGAVA
éxkmivong TBS-T (Tris-Buffered Saline-Tween-20), to omoio mepiéyet 20mM Tris/HCI
pH 7.6, 137mM NaCl, 0.05% (v/v) Tween-20]. t ovvéyxew, 1 pepPpavn g
vitpokvtTopivng enmdleton v 16-18 dpeg pe KatdAnAo mpwtoyevég avticwoya,
apalopévo og dtdavpa 5% (W/iv) BSA 1 5% (W/V) oxovn yahoktog oe TBS-T, otoug
4°C, v ovveyfy avadevon. Akolovbodv ekmhivoelc g peufpivng (3 x 10 Aemtd,
VO oLVEYN OVAOELOT)) KOl EMMOCT HE OEVTEPOYEVEC OVTIICOUO £VOVIL TOV
TPOTOYEVODS, TO 0Toi0 givar apatmpévo og dtlvpa 1% (W/V) okdvng YAAaKTOG GE

TBS-T, yio 1 opa, oe Ogppoxpacio dmpatiov kot vwd cvveyr ovadevon. Ta
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deVTEPOYEVT aVTICOUATA TOV Ypnoomombnkay (anti-rabbit 1 anti-mouse, aviloya
pe 10 mpwtoyeveg) etvar ovlevyuéva pe to Evlvpo vrepo&eddon (HRP). Metd v
éxmloon g pepPpdvng (3 X 10 Aemtd, vad cvveyn avadevon), epappoletor m
néBodoc g evioyvuévng ynueogpotavyeag (ECL). H opdda twv avidpacmmpiov
tovo ECL (#32106, Pierce ECL Western Blotting Substrate, Thermo scientific)
nepthapPaver dvo avtdpoaotipo. To A, 10 omoio mepiEyel 10 LVIEPOEEIdIO TOV
vdpoyovov (H203), to onoio amoterel 10 vwOGTPOUA TOL EVEDHOL-1YVNOETN, TTOL givart
ovlevypévo pe 1o OeVTEPOYEVES avTicmpa Kot To B, mov mepiéyel Aovpivorn Kot
EVIOYLTN NG YNUEWPOTOVYELNS. To avIdpacTiplo ovouryvoovtol oe ovoaroyio 1:1
Myo mpwv ™ ypfion kot akolovBel emmacn g pepPpdvne, yw 2 Aemtd, vmod
avddevon. Xtn ouvvéxeln, M pepPpavn koAvmteton pe Celotivn kou ektiBeton og
KATAAANAO @UAN péoa o€ €01kn Kacéta. O ypovog ékbeong e€aptdror amd TV Lo
peAétn Tpteivn (TNV mocdTTA TS 6TO KVTTAPIKO EKYOMGLO KOL TV EWOIKOTNTO TNG
OAANAETIOPOONG TNG LLE TO TPMOTOYEVES avTicmpa). TELog, yiveTor epeavion Tov e
(og ddAvpo epeoviotn, developer) kot otabepomoinon TOv TAPAYOUEVOL GHUOTOC
(og ddhopa otabepomom, fixer). H dwndikacio mov akolovbeital amd v endacn
¢ pepPpavng oto ECL péypt ko v epodvion tov Ouip, yivetar og €101kd Bdlopo

amovcio eMTOC.

19. Apaipeon avTiedUaATOS ATTO TH UEUPPAVY VITPOKVTTAPIVYS

Metd v oAokAnpwon g Sadikaciag eUeAvions, vdpyel 1 duvatdTnTo
aQaipecNS TOL OVTICONATOS amd TN HEUPPAVN ViTpoKLTTAPIVIG, £T61 OGTE OVTH Vo
UIopel vou xpnotomotn0el yior v aviyvevon pog dapopeTikng Tpwteivng (stripping)
(Kaufmann et al., 1987; Legocki and Verma, 1981). Avtf n dwdikoocio &ivot
wwitepa xpnotun oty nepintwon, 0mov ypetdletar vo ereyydel To 166T0G0 POPTMLLL
HeTAlD TV OEYLATOV, YPNCULOTOIDVINS OVTIGOUN EVOVTL L0 TPOTEIVIG LapTLpQ
(.. aktivn) M OTOV 1 TOGOTNTO TOV JEYUATOV OV EMOPKEL Yoo EXAVAANYN NG
NAEKTPOPOPNOTG.

2V tepintmon mov N véa TPOTEIVY evilapEpovTog Ppioketal TOAD Kovid o€
exelvn mov elye aviyvevBel mponyovpévmg, M Oadikacio. mov  akoAovdeitat
TEPAAUPAVEL TNV eTDOON TS LEUPPAVIG G SAAV OTTOKOAANGNC TOV AVTIGMOUOTOG
(100mM B-pepxamtooBavorn, 2% (w/v) SDS, 62,5mM Tris/HCI pH 6,7) otoug
55°C, ywa 1 @pa, vrd cvvexn avddevon. Akorovdet ékmivon g pepppdvng (4 X 5
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Aemtd, Vo cuveyn avadevon) pe TBS-T kot em®dooT LE TO VEO TPOTOYEVESG AVTIGM U,
OT®G 0KPPDOG TOPOVGLAGTNKE GTNV TPOTYOVUEVT EVOTNTO.

Edv 10 popraxod Bapog g véag TpmTEIVING EVOLOPEPOVTOG SLOPEPEL CNLOVTIK
amod ekelvo NG mpomyovpevns, TOTE akoAovbeitar €va MO NMO TPMOTOKOAAO
amokOAANONG. ApyiKd, N Hepppdvn erwaletoan 1 mpa, oe Bepuoxpacio dmuatiov, LLO
OLVEYT OVAOEVGT), GE SIIAVLLOL OTTOKOAANOTG TOV OVTICOUAT®V TO omoio mepiEyet: S00
mM NaCl, 200mM Glycine, pH 2.6. Akolovbei ékmivon pe TBS-T, ywo 10 Aemtd,
VO cvveyn avadevon, o€ Beppokpacio dSopaTiov, ETMacn He AV SEGUELONG KOt
T0 VEO TPMOTOYEVEC aviioouo, OmmG £&xel  meptypoeel  mponyovuévms  (PA.

avooodokipacio katd Western).

20. Xpwon mpwteivaov ue Ponceau S

Metd ™ petaopd, TpokeéVoL va ereyyBel | emttuyio ¢ dadkaciog, aAld
KOl TO 1GOTOGO POPTOUN TOV OEYUAT®V, 1 Vitpokvuttapivy Baeetorl pe ddAvpo g
ypwotikng Ponceau S. Xeg avrtiBeon pe v ypwotiky Coomassie Brilliant Blue, n
npocdect T Ponceau S otic mpwTEiveg €ival OVTIGTPENTN, LE OMOTEAEGLO VO UMV
npoKoAel TPoPANpaTE GTNV ddIKaGio TG 0vOc0doKIAGiag mov Ba akolovOncet
Kat, emmAéov, Ogv TmPokoAel oyvpd onua «wmoPdBpov», epocov 1M pepPpdvn
amoypouatiotel katdAinio (Salinovich and Montelaro, 1986).

YUYKEKPEVO, 1 VITPOKLTTOPIVY] €M®AlETOL HE TO SWIALHA TNG YPWOOTIKNG
[0.4% (w/v) Ponceau S, oe 7.5% (VIV) tpylmpoikod o&éog (TCA)] yo 1 émg 2
Aentd, Vo avdodevon. O amoypoUATIGHOS TG HeUPpdvng yivetor pe StodoytKeéS
exkmloelg pe dwivua TBS-T. Otav amoypopotiotel enapk®dg T0 «OTOPabpo»
dwakpivovron pe wovomomtiky gukpivela ol {dveg Tov mpoteivav. Me mepiocdtepeg
EKTAVGELS, EMITUYYOVETOL TANPNG OTOYPOUATIGUOC, TPOKEWEVOL 1 HeUPpavn va

yxpnoonomBel ota emdUEVA GTAGIN TG AVOGOOOKLULAGIOS.
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21. Zijuaven evooyevav Kal EKKPIVOUEVWYV TPOTEIVAY UE PAOIEVEPYO

010 35 (*S)

[Tpoxeévou va vtorloytotel 1 dtdpkela TS NUEONG TOV TPOTEIVOV PLECOH GTO
KOTTOPO, ONAAON 0 YPOVOS TOL OTOLTEITOAL Yo VO LEWWOOVV Tol EMimeda (oG TPOTEIVIG
K0T TO UGV, ypnoiporoteitar n pébodog e onuavenc/ekdinéng (pulse/chase), mov
nepLypaonke yo Tpmdtn eopd amd tovg Palade, G.E. kou cvvepydreg (Palade, 1955).
H pébodog avt emurpémel v Kotaypogn TOL PLOUOY OTOKOOOUNONG HILOG
OVLYKEKPIUEVIC TTPMOTEIVNG, IN VIVO, o€ mpaypatikd xpovo. o to okomd avtd, ot
npwTeiveg onuaivovtal Pe padtevepyd apivoléo o€ o OESOUEV YPOVIKN OTIYUN
(pulse) ka1 ot cuvvéyela, yivetal TapaKOAOVONON TOV EMTEI®V TOVC GE EMOUEVEC
TPOEMAEYHEVEG YpoviKEG oTiypuég (chase). H padioonpaven Tov Ipoteiviy entpénst
HEYOAN OLOKPITIKY KOVOTNTO, YEYOVOC TOV OmoTeAEl TO Pacikd TAEOVEKTNUA TNG
nebddov avtg. EmmAéov, dev amarteitol gpon QOpUOKOAOYIKOV OVOGTOAEWV (OTTMG
ommv TepimTOoN TG XPNONS  TOL  AvacTOAEn 1TNG oLvOeoNg TPOTEIVOV,
Kukhog&yudiov, katd tnv omoia, aeov dwukomel M mpwteivoohvOeon, yivetar o
OCUVEXELDL TTOPAKOAOVONGON TOV EMMEOOV TOV TPOTEIVOV HE OVOGOIOKIUAGIO KATA
Western), ondte amopedyovtar ot mbavég emProPeic mapevépysleg kol e GAAES
Kuttopkég Asttovpyiec. [a v mapovoa dwatpiPn, n padioonpaven emALydnke va
yiver pe [358] KLOTEIVN Ko [358] pebetovivn, kabmg t0 [358] €xet peydin nuicswa {ong
(87,1 muépeg) kot eivar apkobHVIMG PAdIEVEPYO, MOTE OKOMUO KOl GYETIKE YOUNAL
TOGOGTA EMTLYIOG TNG EVOOUATOONG TOL VO, 00N Y|GOVV GE UETPTCIUT CLYKEVIPMOT)
padtevepyol vAkov. ‘Etot, ) padioonuoven pmopel va mpaypatoromfel oe chvtopa
YPOVIKA SOCTAUOTO KOl HE WKPES TOoOTNTEG padlevepyold vAkov. Emmiéov, m
EVEPYELDL TTOL EKTEUTETOL QIO TO [*°S] eivan OPKETA UEYAAN LE OTOTEAECUO VO UMV
napepmodiletar amd O1deopa VAIKE HEGH, OM®G TO OKPLAOUIOI0, KOl ETOUEVMOG M
avaALoN TOV TPOTEIVOV UTopel va YIVEL Kol G TKTMO TOAVOKPVAALLSTOV.

Yto mhoicwo NG mopovGOS OWUKTOPIKNG OTPIPNG EKUETAALELOUEVOL TIC
apyES TG Topomdve HefdO0V CNUAVOLE TIG EKKPIVOUEVES TPMTEIVES e [*°S]. Olec ot
TPpWOTEIVEG o1 omoieg ovvrtifevtar kotd T O1dpkel Tov maApov (pulse), omwmg
TEPLYPAPNKE KOl TOPATAV®, onuaivovtal pe padlevepyd apvoléa. "'Yotepa and v
oAAoyn TOV POSIOCUOGUEVOL OPENTIKOV LEGOL, e PPECKO TTOV TEPLEYEL TEPICTELN
un padtoonUacUEVNS KLOTETVNG Kot pebetovivng, OAeC o1 TPmTEIVEG, TOL EKKpivovTaL

010 HECO Kot €lvol ONUOCUEVEG UE [*°s], &yovv mapoyBel kKatd TN OldpKEIL TOL
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TOALOV. AVTEG Ol EKKPIVOUEVEG TPWOTEIVEG YPNOIULOTOMONKOV Yol TO TEPALATOL
TPOGANYNG TNG 0-GLVOLKAEIVNG amd vevpwvikd kOTTOpa, OT®G Oa meptypagel Kot
TOPUKATO.

INo v extéheon tov nepapdtov pulse/chase, icor apiBuoi kdttapov SH-
SY5Y, mov pe emayouevo tpomo ek@pAlovy €Te TN ELGIKOD TOLTOL O-CLVOVKAEIVN
elte ™ Paxtnplokn wpOTEVN P-yoAoKTtoolddon (MG HAPTLPE TOV TEPALNTOG),
KaAAlepyovvtar o€ tpuPiia dwapétpov 150mm zmapovsio 1 amovsior doX, péypt vo
etdoovv mokvotnto 80-85%. X ocvvéyeln, 10 Opentikd pEGO agatlpeitol Kot To
Kottapo CemAiévovtar 2 @opéc pe Opentikd péco RPMI to omoio dev mepieiye ta
VTOAOUTO. GUOTATIKG TOV TANPOVLS KOAMEPYNTIKOL péGov (opod, aviifrotikd, L-
yAovtapivn). AkolovBel yoprnynon tov 01kov Bpentikov péocov vnoteiag, 10 omoio
anoteleiton and: o) tporonomuévo RPMI, ard 1o omoio éxovv aparpebei n kvoteivn
kot 1 pebetovivn, B) 1% piypa avirotikdv mevikidiving/otpentopvkivng kot y) 1%
L-yAovtapivn, ywa 10 Aentd otovg 37 °C.H TANPNG amovsio Twv 000 apvocémv amd
10 Opentikd mpokodel, €pOcov KatavaAwBovv Ta amobépato Tov JefauEveOv TOV
KUTTOP®V, TPOSMOPIVY SaKOT TG ohvOeonc Tpwteivavy, pe amotéleoua OtTav, 0N
ocuvéyela, yivet m ek’ véov mpooHNKN padievepydv, va ypnolpuonomBodv Kot
OTOKAEIGTIKOTNTA Y10l TNV GUVOEST] TV VEOV TPOTEIVAOV, GLUUTEPIAOUBOVOLEVTS KOt
™mg mpoTeivng evilapépovtog. 'Etol, petd tv oAokAnpworn NG EnMOONG GTO
Opentikd péco ynorteiog, mpootiBetar 1opoplakd petypa padlevepyng [*°S] KLGTEIVIG
ko pebetovivng (2,5mCi), kabmg kot opog FBS o telikn 1% ovykévipmon péoa 6to
Opentid Héco, Yo 3 MPES GTOVG 37°C (pulse). Katomv, to padievepyd Opentikd péco
apopeiton kot Ta kKuttapa EemAévovian pe okéto RPMI, dote va amopaxpuvBodv dha
ta eAeO0epa evamopeivavta padievepyd apivocéa amd to TpuPAio Kot TNV emPAvELN
Tov Kuttdpov. Téhog, €ytve yopmyelton véo Bpemtikd péco pe mepiooswn un
padtevepyns kvoteivng / pebetoviving (10 mM) ko axoAovBel endaon twv KuTTdpmv
yio 18 dpeg otove 37°C.

"Yotepa amd v enmaoct, 10 Opentikd pEco KOAMEPYELNS, TO OTOl0 TTEPLEYEL
OAEG TIG POOLOCTUAGUEVES TPMOTEIVEG OV £YoVV ekKPBel KaTd TO SLAGTNUA OVTO,
OLAAEYETOL OTOG avaeépetal oty egvotnta 5 (PAm. MéBodor, evotnta 5) o
AVOAVETOL PEGH OVOGOOTOTLUIMOWNATOS. [lapdiinia, mpokeyévov vor avaivbodv ot
EVOOYEVELG POOIOCUOCUEVEG TIPMTEIVES, CLAAEYOVTOL TO KOTTOPO, MUETE Omd TNV

AmOKOAANGN TOVG HE TN YPNom Tpuyivng, wote vo eohewpbel xdbe pn €0
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HEUPPOVIKT TPOGOEST) TPOTEIVOV KOl KOAOVOEL 1] ADGT TOVG OGS TEPLYPAPTKE OTNV

evotnta 14.1. Ta tpotelviKd ekyvAIoHOTA XPNCILOTOOVVTOL Y10 avocokadilnon.

22. AvoGOKaATAKPHUVIOY TPOTEIVAY

22.1. AvocoKkaTakpiuvion amo KTTapIKd EKYviicuato.

[No v aviyvevon TOV padlOCNUACUEVOV TPOTEIVOV YPNCILOTOMONKE 1|
HéEBOSOC TNG OVOCOKATOKPAUVIONG UE TN ¥PpNoN EWKOV oviicopdtov. H pébodog
VTN EMTPEMEL TNV ATOUOVMOT] KOl GUYKEVIPMOT] HOG CUYKEKPILEVNG TPOTEIVING OO
éva. pelypa, Om®G €vo KLTTAPIKO EKYOMGUM, TOL TEPEXEL €va UeYaAo aplBuod
dpopeTik®dv TpoTEIvoV. 'ETol, pumopet va yivel akping ektipnon g tocomrTds e
péca 6to petypo, akopa kol ov ot Ppiocketar o€ mOAD pKkpn cvykévipwon. [a 1o
oKOTd 0To, YiveTal TPAGOEST TOV TPAOTEIVOV-GTOY®V GTO OVIICOUOTH KOl TN
ouvéyeld To oOUTAOKO axwnrtomoleiton kou  KotakpnuviCetor pe 1t Porfewn
oc@opdinv ayapolns / cepapdling M poyvntikdv ceouptdiov. H katakpriuvion uropet
va poypotonmomfel pe dvo tpdmovg: o) dueca, kotd Tov omoio yiveTon apyikd M
OKIVNTOTOINGT TOV OVIICOUATOV TAVE GTO COOPION Kol 6T GUVEYELD 1) TPOGOEST
™G TPOTEIVNG-0TOYOV, Kot ) EUUESO, KATO TOV OMOi0 1 TPOGOESN NG TPMTEIVNG-
oTOYOL GTO AVTICOUO TPONYEITOL TNG OKWVNTOTOINoNG Tov GLUTAOKOVL. O EUpUEGOC
TPOTOG KOTOKPNUVIONG TAEOVEKTEL £VOVTL TOL TPAOTOV £POGOV €xel omooeryDel
OOTEAECUATIKOTEPOG YOl TV KATOKPNUVIOT TPOTEIVOV Tov Ppiokoviol 6e pikpn
OLYKEVTIPMOOT) LEGA GTO OElyLLOL.

[Na mv  «xotokpnuvion G POOIOCNUAGHEVNG  O-GLUVOLKAEIVNG,
ypnowonomdnke 10 povokAmViKO avticopa a-synuclein-1 - (syn-1) kot 1
KOTOKPNLLVIOT] TOV GUUTAOKOL £Yve LE TN YPNoN ceupldiov oyapolng KAAVUUEV®V
ue mpoteivny G (Calbiochem). H mpwteivi G £xet mpoédbetl and Paxtipio Tov yEVOLS
Streptococcus kot €yl MV KavOTNTO VO, TPOGOEVEL LE PEYAAN GLUVAQELD TIG POpPLéc
aAvoideg (FC) tov HOVOKA®VIKOV KOl TOV TOAVKA®VIK®OV 0VOGOGQUIPVAOV. ApyiKd,
OTOLLOVAOVOVTOL TO, KVTTOPIKE ekyvAiopata (BAm. evétnte 14.1 ) o axoiovbei o
TOGOTIKOG TPOGOOPIGHOG TV TPOTEiVOV (PAm. gvotnta 15.2). X JoKIHOOTIKO
oo va tomov eppendorf, tpootibeton To KuTTAPIKO EKYVAIGHA (200 pg), poli pe o
dtdAvpo  déopevone un-ewdwkov Bécewv  (blocking buffer) [6,5% (v/V) opdc
kovvelov], 20 pl cpapdiov ayapolng kaivupévov pe tpateivn G oe didlvpa g

dwdivpa RIPA (25 mM Tris HCI pH 7.6, 150 mM NaCl, 1% NP-40, 1% sodium
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deoxycholate, 0.1% SDS) ot teAiko oyko 300 pl. To peiypa enwdletor yro 90 Aemtd
otovg 4°C, vrd o avadevor. Akolovdei n anoudkpovven tov ceapdiov ayapolng
pali pe T mpwteives mov giyav Tpocdebel G aLTA YN E0IKA, LE NTTLOL PLEOKEVTPNON
ota 2000 x g, yw 10 Aemntd, otovg 4°C. To vrepkeipevo PETAQPEPETAL PE TPOGOYN,
®ote vo unv avatapoydel 1o inua, oe véo S0KIUAGTIKO cwANVa, Kot Tpootifetar 1
ug avtioouotog yo 12-14 dpeg otovg 4°C, vd fmo ovadevon. Xto didotnuo oavtd
oLVTELEITAL M| TPOGOEST] TOV AVIICOUOTOS OTNV TPWOTEIVI-GTOYO0. XTN GLVEYELN, TO
obumAoko axwnromoteiton pe mpocOnkn 25 pl cpaupdiov ayopolng yo 3-6 dpeg
otovg 4°C, vmd fma avadevor. Akolovbel puyokévrpnon o uérpo ToydTnTa (2000
x g, 10 Aentd, 4°C). To ilnuo mov mPOKVTTEL TEPLEXEL TG CPOIPIdIL HE TO
OKIVNTOTOMUEVO, TAEOV, GCUUTAOKO  OVTICOUATOG-TPOTEIVNG. To vmepkeipevo
apatpeitar ko ilnpo miévetar 3 @opég pe 300 pl dwdvpotog RIPA (2000 x g, 10
Aentd, 4°C ). Metd v tedevtoio ékmhvon, npootifetar oto ilnua Laemmli sample
buffer (BA. evomta 16.2), ko ta detypoata emwalovtor yio 5 Aemntd ,6TOVG 85°C,
TPOKEWEVOD VO amodlaToydel TO GUUTAOKO AVTIGMUATOS-TPOTEIVINC-cPapdimy. Ot
TPOTEIVES ATOLOVAOVOVTOL OO TO GOUTAOKO pe Puyokévipnon ota 15000 x g, ywa 15
Aemtd, otovg 4°C xor avoddovior pe mAektpoeopnon o mRKTope SDS-moAd-

akpviapdiov (PAr. evotnTa 16.2).

22.2. Avocokatakpuvicy omo OpenTiko HEGO KAAMEPYELAS

[Tpoxeyévoo va amopovwbel N eKKpvOUEVT d-GUVOVKAETVT amd 10 OpemTiKd
TOV KVTTApWV, oto onoia &ixe emoyBel n éxppact| g, epapuoletar n néBodog g
avocokatakpiuvions. e 1o okomd avtd 1 mpOTEivN omopovodvetolr and 7ml
Bpentikov péoov (CM) péow avoocokabilnong pe to anti-a-synuclein avticopo
(0,5ug avtiodpatog/ml CM), axorovbmdvtog ) dadikocio Tov TEPyplonKe TNV
napamave evotnta (BAr. evétra 22.1). To avocotpororompévo CM cuAréyeton ko
OMOGTEIPMVETOL, HE TN YPNON TOV €WKOV QIATpov pe moOpovg dwpétpov 0,2uM
(Whatman), mpotod mpoctebei oe KOAMEPYEIEG VEVPIKOV KVTTAP®OV. XV UAPTUPOG
™G €WIKOTNTOS TOV OVTICOUOTOS £VAVTIL TNG 0-GUVOVKAEIVNG, YPNOLOTOIEITOL TO
doyeto avticopo c-myc (mouse monoclonal, Santa Cruz), tov id1ov 16oTOTOV pE TO
syn-1. EmmAéov, mpokepévon va dtoc@aitctsel 6Tt To mopatnpoVUEVO, OTTOTEAEGLLOTOL
ot PLOCLOTNTA TOV KLTTAP®V-OEKTOV TOV OVOGOTPOTOTONUEVOL OpemTikoD dgv

empedlovior  amd TV mopovcic.  kdmowov  omd  TOL GLOTOTIKO  TNG
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OVOGOKOTOKPNUVIONS, MG HAPTLPAG YpMolpomoteiton Opentikd t0 omoio eivan
enelepyoouévo udvo pe opaipidto ayapdlng kaivuuévo pe tpoteivn G (Protein G
Plus-Agarose Suspension, #IP04, EMD Biosciences, Inc., San Diego, CA USA).

23. Enjpavon anKTdpaTog woiv-oKpoiouioion

Me v &Rpoavon TOVL TNKIOUOTOG €ivar duvoTt M HOVIHOTOINGN TV
TPOTEIVOV, oL Ppiokovtar péoa oe avtd. [a to okond avtd, PETd TO TEPAG TNG
NAekTpo@dpNoNG 10 mMHKTONN ToTobeteitar o€ SidAvpe poviporoinong (fixation
buffer) [40% (V/v) peBavorn, 10% (V/V) o&ikd o&O oe HpO] v 2 dpeg o€ Hmia
avadevon. Xtn cuvéxeLa, agob Yivouy 2 civtopeg ekmAvoelg pe ddH,0, petagépeton
og ddhvpua evioyvong tov padievepyod onuatog (enhancer buffer) (Amersham) yia
30 Aentd, og fma avadevon. Ev 1éhel, 1o mktoua, 2 yoptid Whatman N° 3 kot o
TAOCTIKY HEUPPAVN, TOV €YOVV TIC SUCTAGEIS TOVL TNKTOUATOG, OPPEYOVTOL LE
ddivpa Enpavong (gel drying buffer) [20% (v/v) abavorn, 10% (VIV) yhokepdin oe
H,0], ywo ™v amopuyn oylcipatog Tovg TNKTOUATOS Kotd Tnv ENpavor, Kot
tonofetovvtal otn cvokevr ENpavong, pue v e&ng dwaton: 2 yoptid Whatman-
mkTopa-pepppavn. H Enpavon yivetor oe kevd aépog yia 2 dpeg oe Bepproxpacia
72°C. Téhog, 10 anoénpapévo THKToU eKTifeTat oe PIA avtopadioypagiog, uéca oe
ed1kn kaoéta, yo 1-3 nuépec otovg -80°C. Télog, yiveral eu@dvion Tov IR Kot
TOCOTIKOTOINGT TOV PUSIOCT|LOCUEVOV TPOTEIVOV pe 0 Tpodypappo Gel Analyzer

v.1.0 (Biosure).

24.  Aoxwuoacics TmPOGIANWNG  POAOIOCHUAGUEVQOYV  EKKPIVOUEVOV
TPOTEIVOV

Ta xotdAnio Opentikd péco, mOL TEPAOUPAVOLY TIG EKKPIVOUEVES
POOTOCTLLOGEVES UE g npoteiveg (PAm. gvotnta 21), yopnyobvtor ce KOTTOPO-
déxteg v 16 dpec otovg 37°C. Metd 10 méPAG TG EXMOACTC, TO KOTTOPU-SEKTEG
ocvAAéyovtanr pe Tpuyivn-EDTA, mpokeyévov va eoderpbBodv ot pn  €101KEg
TPOTEIVIKEG aAAnAemdpdoels. Télog, ta KkOTTOPA AVOVTOL, EVO TO TPWOTEIVIKO
EKYOMOUO EAEYYETAL Y10 TNV TOPOLGIO TNG EVOOKLTTUPOUEVNG TPOTEIVIIG HECH

OVOGOKOTOKPNIUVIONG e avTicopa To SYN-1 kot avtopadioypagiog.
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25. IloGoTIKOS TTPOGIIOPIGUOS THS CVYKEVTPWGHS THS EKKPIVOUEVHS O-
cvvovrleivyg ue ELISA timov Sandwich

IMa ™ pétpnon g oMKNG EKKPIVOUEVNG 0-GLUVOVKAEIVNG 0TO Bpentikd HéGo
TV koaAlepyovpevov SH-SYS5Y kuttdpwv, ypnowomomnke n pébodog ELISA
tomov Sandwich, omwg meptypdonke omd v Eppoavouniidov kot tovg GuvePYATES
™m¢ (ewova 33) (Emmanouilidou et al., 2011). Q¢ oviicopo TPOGIEONC
YPNOUOTOIEITOL TO HOVOKA®VIKO aviicopo Syn-1, to omoio avayvopilelt évav
CUVTNPNUEVO ETTOTO GTNV O-GLVOVKAEIVI avOpdTOV Kol TPOKTIKGOV (apvo&éa 91-
99), evd dev avayvopilel TG 10opopPEG B Kot Y-GLVOLKAETVNG. Q¢ avticopa
aviyveoong ypnowomoteitar to TMOALVKAWVIKO ovticopo C-20, opolomoAkd
ovlevyuévo pe v mpoteiv vrepofeddon g ayplopagavidog (horseradish
peroxidase, HRP). To avticopa avtd avayvopilel o aAiniovyia, n oroia Ppicketat
omv mepoy] v 20 tehevtaiov apvo&Emv Tov KapPoSuteMkoy dkpov g a-

GUVOVKAEIVIIG 0vOPAOTTOV KO TPOKTIKADV.

Avticopa avigveveng: C-20 culevypévo pe Ty HRP
Ewova 33: ZYMUOTIKN

il aneikovion tne Sandwich ELISA.

Kdabe TAOKI010

UIKPOTITAOSOTNOTG EXKAADTTETOL
HE TO E01KO aVTIoMO TPOGIEOTG
Syn-1. H o-cvvovkheivy mov
meplEyeTal oto Bpemtikd péco,
deopevetol opykd amd o Syn-1
Kot €V ovveyeio amd To aviicmpo
aviyvevong C-20, mov eivon

@ AR A /
® fow o o (W,
W

opotomoMké ovlevypévo pe v
HRP. Xopnynon tov katdAiniov

VTOGTPOHOTOG €xel g
QMOTEAECUO. TNV TOPOY®YN
IMhoxidio pkpoTitAod6TNONG m HSlO(P(D‘C(ll’)’YSl(XQ.

Ka0e mhokidlo pikpotitAododtnong extkaAvmteTon Yo 24 wpeg o€ Beppokpacio
dopatiov pe 0.5 pg/ml Syn-1 (50 pL avé mhokiowo) swwivuévo oe 100 mM NaHCO3,
pH 9.3. Ta mhoakidio TAévovTon TPELG OpES e puOeTIKO dtdAvpa TAvong (50 mM
Tris-HCI, 150 mM NaCl and 0,04% Tween-20). Xt ocvvéyewn, S0 pl deiypatog 1
OVYKEKPIUEVT]  GLYKEVIPOON  OVOGVVOLOGUEVIG  0-GUVOLKAEIVNG G TPATLTO
[aporwpévn o TBS-T/BSA (10 mM Tris-Cl, pH 7.6, 100 mM NacCl, 0.1% Tween-20

kot 1% BSA)] npootiBevion ota avtictorya miaxidwa. Ta miaxidio enwdlovtol 6Tovg
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37°C yw 2.5 ®pec, ®OTE va YiVEL E101KT TPOGIEST TNG A-CLVOVKAEIVIG TV OEYUATOV
010 avticopa tpocdeonc. Ta mhakidio TAEVOVTOL TPES POPES LE PLOUIOTIKO SLAAVULAL
mAong kot akolovbwg, mpootiBevionw 50 pL HRP-culevypévov C-20 aviiomdpotog
(4000 g@opég aparwpévo oe TBS-T/BSA), yio 1 ®pa oe Oepuokpacio dwpotiov.
AxolovBolv Tpelg eKTAVGEC TV TAKWIOV pe puBuoTikd odAvpa mAbong Kot
npocOnkn 50 uL ynuelopmTanyong LITOoTPOUATOC AoVUIVOANG (ultrasensitive luminol
reagent, BioFX Laboratories)-ce kd0e mhokioo. Kotomv endaong 10 Aentdv oe
Oepupokpocio dOUATIOL, 1M YNUEOPOTAVYEW HUETPATOL GTO (QMTOUETPO UETPNONG
wueopotovyelag Lucy (Anthos Mikrosysteme GmbH) Lucy pe Aoyiopukdé ADAP
(Anthos Labtech Instruments Versionl.6). e Olec TIC TEPUTTMOOEIS, TO Oiyua
apoaroveror dvo @opég oe TBS-T. Avrumpoconevtikny mpotunn koumdAn ELISA

TopPoVG1aleTol TOPaKAT® (etkéva, 34).

KaputoAn ELISA

2500+
—_— [ |
w
S 8 20004
2%
=) s
8 3 15004
3w o .
‘?E 1000 a-0UVOUKAEgivn (ng/mL)[ Xnpglopwravyegia
= Q
25 0,10 168,5¢
S 2 5004 "
<3 0,30 618,6¢
=~ ]
0 T T T 1 0,90 2305,2¢
0.00 0.25 0.50 0.75 1.00

a-0UVOUKAEivn (ng/mL)

Ewéva 34: [IpodTunn ovimpoc®IELTIKY] KOUTOAN TPV onueimv yio tn PETpnon 0-GuVOLKAETvNG Le
ELISA.

AL0BOYIKES QPALDGELG OVOPAOTIVIIG OVAGUVOVOGHEVIG O-GUVOVKAEIVIG petpnOnkoy €1g duthovv pe
uébodo tg ELISA. KdéBe onueio avtmpocomedel v péon tiun mov petpndnke yio kdabe
ovykévipoon. Ot Tég yMUEE®TADYEWG TPoLpyovtal omd Eva Tuyxaio melpopa, OAAG eivol

XOPOKTNPLOTIKES Y10 TIG TOGOTNTES TOV XPNCLUOTOM OnKay.

26. Métpnyon tHs pEVOTOTHTOS THS TAAGCHOATIKHG HEUPPAVHS

[Tpokeévovr va €viomoToOV OoAAOYEG OTO  EMIMEOO TNG TAUCUOTIKNG
pHeuppdvne, mapovcion TNG  EKKPWVOUEVNG  0O-GLVOVKAEIVNG, okoAovOnOnke 10
TPOTOKOALO HETPNONG TNG PELOTOTNTOG TNG KLTTOPIKNG HEUPPAVNG pHe YpdOOT NG
ueuPpévng pe l-mopevodwdekavoikd o0&y  (1-Pyrenedodecanoic acid), o6moc
neprypdoetar ot Pifaoypoeio  (Dafnis et al.,, 2010; Galla and Luisetti, 1980;

Hashimoto et al., 1999), pe pikpéc tpomomomoeig (etkova 35).
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(CHp)11COOH

Kopuen dieyeppévov dipepovg
(Excimer Peak)

75000 l
Kopuon povopepoig
000 | (MonomerPeak)
1-topevedwdekavoikéd oo ; 550,00 l

450,00

5 hentd, o€ Ogppokpacio dopatiov, 6o
6KOTAL, VITH avadevon

350,00

250,00

Evtacn ¢Oopiopov
(aw0aipeTeg povadeg)

150,00

50,00

Kvtrapiké evardpnpa
Mnjkog kdparog (Nm)

Ewkéva 35: Zynuatikn ancikdvion tne uebodov.

10 KuTTOPKS evoudpnua tpootifevrar 2 pM 1-tupevodmdekavoiikod 0&Eog kat To pelypo enwmdleton
vy 5 Aemtd, 6T0 OKOTAdL, VIO avadevon, oe Beprokpacio dopatiov. Ta dieyepuéva diuepn pe v
EVOMUAT®ON TOLG 6TN MTISIKN SMAOGTIPASA, SOTAOVIOL G LLOVOUEPY], EKTEUTOVTING JLLPOPETIKN
évtaon eBopiopov.

SH-SY5Y «bttapa dwwpopomolovvror yioo 6 MUEPEG € EOIKA TAAGTIKA
TpuPAla kaAMEpyelog €51 Bécemv (10° KOTTOpo/dlapépiopua). ‘'Yotepa and enmact 8
®POV e TO KATAAANAO Opentikd péco otovg 37°C, ta kOtropa Eemiévovtal dvo
eopéc ue PBS og Oeppokpocio dwpotiov kol pe tn ypnon tov idtov puopetikod
OWAVLATOG ATOKOAADVTOL Yoo Vo HETOPEPBOVV GE €0IKN KLWEAIdD HETPNONG
@Bopiopov. Z1o Kuttapikd odAvpe tpocstiBevtor 2 pM 1-rupevodmdekovoikod 0EEog
(Molecular Probes/Invitrogen). Axoiovbei emdoon yw 5 Aemtd, oe Oegpuokpaocio
dopatiov, oto okotddl, vVmd avddevon. To deyepuévo  dyepn Ttov  1-
TUPEVOdMAEKAVOikoD 0&Eoc (excimers) dwaondvtal og povouepr] (MONOMErs) 6to
MTOPIL0 TTEPIPAALOV NG TANGUOTIKNG HEUPPAVNG EKTEUTOVTOG YOPOKTINPLOTIKO
eacpo eopiopod, To omoio divel TANPOPOPIES Yo TO EMIMEDO TNG PELOTOTNTOAG TNG
pepPpavne. Katomyv diéyepong ota 340 nm, petpndnke n éviaon tov @HopPIGHOL
netah tov 380 ko 580 nm, og €1d1kd @Oopiopopacuatopmtopetpo Perkin-Elmer
LS-55 luminescence spectometer (Perkin-Elmer, Norwalk, CT, USA). O Adyog g
LEYIOTNG €viaonS @OOPIGHOD TOL SEYEPUEVOL SYLEPOVS MG TPOS TO TNV OVTIGTOLYN
£VTOoN TOV HOVOpEPOVS TOL TTupeviov peTpdton oto 468 Ko ta 395 nm, avtictovyo.
Ooco mo pevoty eivar m mAoopoTiKy HEUPPAvVN, TOCO TEPIGGOTEPO EVVOEITOL O
OYNUOTICUOG TV LLOVOUEPDV, KO EMOUEVMG O AGYOG TNG LEYIGTNG EvTaons OOPIGHOD
TOV OlEYEPUEVOL SYEPOVG MG TTPOG TNV OVTIOTOLYN £VINGT TOV HOVOUEPOVS, €lvat

HUIKPOTEPOG.
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27. Métpnon ths evEOUIKHG EVEPYOTNTAS TV KAATAIVOY

[Ipoxeyévor va odwmiotwbel &dv  o6t0  VELPOTOEIKO  LOVOTATL  TTOV
EVEPYOTOLEITOL OO TNV EKKPIVOUEVI] 0-GUVOLKAEIVY], GUUUETEYOLV Ol KOATOIVEC,
petpninke m evlopukn evepydttd TOLG GE TPWOTEIWVIKG EKYLAIGHOTO KVLTTAPWV-
dext®dV, pe Paon 10 TPOTOKOAAO TOVL TEPLYPAENKE oamd Tov Banoczi kai toug
ovvepydteg tov (Banoczi et al., 2008), pe ehoppéc tpomomomoels (Ekova. 36).

SH-SY5Y «0ttapa dagopomotovvior yioo 6 nuépec o€ €0IKO TAACTIKA
TpuPhia kadliépyetog 6 Oéocmv, (10° KoTtopa/Srapépiopa). 'Y otepo amd Ty endact
pe 1o KatdAAnio Opemtikd péco otovg 37°C, akolovBolv VO EKTAVCELS TOV
Kuttapov pe 4°C PBS, Mon og e1dkd dddvpa (10 mM HEPES [pH 7.5], 5 mM
DTT, 1% NP-40) (BAr. evomnta 14.1) Kot T0c0TIKOG TPOGHIOPIoUOS TG TPOTEIVNG
(BAm. evomta 15.2). Kuttapikd ekyvAiopato, OAMKNAG TEPIEKTIKOTNTAG GE TPOTEIVY 2
ug, apardvovtor og 25 ul dreddpotog avtidpaong (activity buffer: 50 mM Tris-HCI
[pH 7.6], 150 mM NaCl, 5 mM DTT, 10 mM CacCl,), mov mepiéyer 10 pM
eBopilovtog vrootpmdpatoc Towv kaAmaivov (fluorogenic calpain substrate,Calpain
Substrate IV, Calbiochem, La Jolla, CA, USA). To peiyua enwaletor yro 400 Aemtd,
oe Oeppokpacic O®UOTIOL ©TO OKOTAOL, E€VO 1 TOOCN TG  OVTIOPUoNG
npaypotonoteitar pe v mpoodnkn 500 pl dwwdvpatoc 50 mM EDTA. H evlouixky
dpacTikdTTa TV KOATAivOV petpdtor ota 320 nm, Kotomy déyepong ota 480 nm,
oto @Bopiopopacpatoemtopetpo Perkin-Elmer LS-55 luminescence spectometer
(Perkin-Elmer, Norwalk, CT, USA). Q¢ udptopag g €101KOTNTOG THG OVTIOpaoNC,
mpoctédnkav oto petypo g avtiopaocng 200 pM tov €101Ko0 avacTtoAén KOATOIVOV

A6185(calpain inhibitor | A6185) (Banoczi et al., 2008).
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DOopilovvTéoTpONL KAATAIVOV

l‘i\ - 2
NH-TPLKSPPPSPRE RRRRRRH
o]

o}

NH
1NH

0=5=0
OH

40 Aentd, og Oeppokpacio dopatiov,
G670 GKOTASL

 ———

AfEN ™S avtidpaons pe EDTA
Meiypa Avridpaocng

Yynin eviopucii evepydtnra

Xapnin eviopuj gvepydtyrto

Ewkéva 36: Zynuatikn ancsikdvion tne uebodov.

Y10 peiypa g avtidpaong mpootifeviar 1o @Bopilov VIOCTPOUN TOV KUATOIVOV Kot aKoAovOEel
emdoon Y 5 Aentd, oto okotddt, og Oeppokpacio dwpatiov. H mavon g avtidpaong emtvyydvetot

pe mpoctnkn EDTA. H evlopukn| dpactikdtnta petpdrol o phopiopdpetpo.

28. Xpnyon LoyiGUIK®OY TTPOYPAUUATOV

2 ovykekplévn  SdakTopiky  dTpiP]  ypnotpomomonkay T TOPUKATE

AOYIGUKA TPOYPALLLOTOL:

Microsoft Office Word 2010, yio. T cvyypan g dtatptBig

EndNote X5, yio tnv elc0yoyn tov BIBAOYPAQIKGV avapop®dV

Adobe Photoshop CS5, yia v eneepyacio Tov KOVOVY

Gel Analyzer 1.0 xotr Imagel 1.45s, yio TV TUKVOUETPIKT) GVOALGN T®V
AmOTELECUATOV

Microsoft Office Excel 2010 kou GraphPad 5.0, yiwo tn ototiotikn eneéepyaciao
TOV OTOTEAECUATOV Kol T dNUovpyic TOV YOO UATOV

FL WinLab, yio v «xotoypa@ TOV KUTTOPOTAACUATIKOV ETTEIDV
acPeotiov

Image Master Software acquisition-analysis software (PTI, Birmingham, NJ,
USA), ywo TV Katoypoen Kol aviAuon TV OTOTEAECUATOV TNG UETPTONG
TOV EMTESMV TOV KUTTOUPOTAUGLATIKOD [Ca2+]i He pukpockomio ¢Bopiopov.
ADAP (Anthos Labtech Instruments Versionl.6), yw T pétpnon g
YNUEPOTOVYELWS pe TN uéBodo g Sandwich ELISA.
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29. Xratictiky enelepyocio

Ta amoteAéopata, mOv TAPOLSLALOVTAL 6TO KEPAANLO TTOV akoAoVOE], gival
OVTUTPOCMOTEVTIKA TOV ovTioTo®Vv mepapdtov. Oleg ot THEC cuVieTOOV TO UECO
OpO TOVAQYIGTOV TPV aveEapTnTOV HETPoE®Y £ Tumikn amdkAon (SD), ektog av
ava@épeTol KAt dtapopeTikd. [Ma 1 ototiotiky enefepyoacio TV amotelecUdTOV
ypnowonomdnke 1o Aoywopkd GraphPad Prism 5.0 kot ot 6TATIOTIKG OMUOVTIKES
SLPOPES OVAUESO. OTO EKAGTOTE OElYIO KOl TO OElYUA-UAPTVPO TPOGIOPIoTNKAY LE
epapuoyn Tov Student’s unpaired t test. H oOykpion peta&d molAamidv petafintodv
TPOYUATOTOMONKE — OTOV NTOV amapaitntn — pe ™ Pondeia g pebddov eAEyyov
dwkopavong katd €va mapdyovta (one way ANOVA), akolovBovuevn amd 10
Student-Newman-Keuls’ test. Xg kG0e mepint®on, ©G OTOTIOTIKA ONUOVTIKES

KkpiOnkav ot TiéS Yo Tig omoieg woyvet: P<0,05.

30. Opyavoioyia
2T CLYKEKPEVN  OWOOKTOPIKN OlatpPny  ypnowonomdnke o mopakdTo

epyNoTNPLOKOG EE0MMOUOG:

o  Ovuyokevipog Yo Vv emefepyacio karlepyntikov pécov Biofuge Stratos
Heraus (Thermo Scientific)

e  DuydKkevipog Yy TNV OMOUOVOCT TPOTEIVIK®OV ekyvAlcpdtov Centrifuge
5804R (eppendorf)

o Ymeppuyokevipog Yo v amopdvoon sEoocopdtov: Sorvall Discovery
100SE T8100 rotorhead (Thermo Scientific)

o Metprioceig ynuetopotavyesiog ELISA: Anthos Mikrosysteme GmbH Lucy ko
Software ADAP Anthos Labtech Instruments Versionl.6

o  DOOopiopopocpatopmtopetpo Perkin-Elmer LS-55 luminescence spectometer
(Perkin-Elmer, Norwalk, CT, USA), yia tic @OOPICUOUETPIKEG UETPNOELS
eAeVBEPOV  KLTTOPOTANCLOTIKOD ca® TIG UETPNOES PELGTOTNTOG TG
TAOCUOTIKNAG MEUPPAvNG Kot TG HETPNOELS €VODUIKNG EVEPYOTNTOS TMOV
KOATOIVOV.

e Mikpookomo @Bopiopov TE 2000U-inverted fluorescence microscope
(Nikon, Osaka, Japan) cvvdedepévou pe yoyopévn CCD kapepa (PTI-1C200)

(Princeton Instruments, USA), yia v mopakolobOnon oAlay®v Tov
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, ’ 2+ ’ r ’
elevbepov Kutropomiacuatikod Ca®’, o mpaypatikd ypoOvo, o€ EMIMESO

KLTTOPOV.
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V. AIOTEAEXMATA

1. Meiétn TS EKKPIONS TS A-GOVOVKAEIVYG

H a-ocvuvoukdeivn, onoc avaeépdnke (Ppin. Ewsayoyn, evotnrte 3.3),
otepeitan TEMTIO0L 6TOYELONG Yo TO evOOTANGHaTIKO dikTvo (E.A.). To yeyovog avtod
o€ GLVOLOCUO LE TNV KVPLopYT TOPOVGIO TG GTO KVTTAPOTAAGHLA, EIXE TOYIDGEL TV
dmoyn OTL M 0-CLUVOLKAEIVI] amoterel TLMIKO TOPAOELYHO KVUTTOPOTANGHOTIKNG
npoteivng (Vekrellis et al.,, 2011). Qotdéco, cOupwvo pe oroéva avEavouevo
dedopéva, 1 a-cuvovkAeivn ekkpivetar otov eéwkvttdpo yopo (EI-Agnaf et al.,
2003; El-Agnaf et al., 2006; Lee et al., 2005a; Sung et al., 2005), exnpedlovtag v
OHOLOGTACT] TOV YEITOVIKOV KuTttdpov. H amedevfépmon g a-cvvovkieivng oto
nepPdAlov  péco, Wutépwg oe TaBOAOYIKES KATAOTAGELS, 0o pmopovoe va
eEummpemoet mBavES Tapakpivelg dpdoelg o SPOPETIKOVS KVTTAPIKOVS TUITOVG,
EVIGYVOVTOG TO TOEIKO SLVOUIKO TNG 0-GLVOVKAEIVIC Kol TpodyovTog Ty e&amimon
™¢ vocou tov Parkinson. Katd cuvémneia, n peAétn e £KKPILonG TG 0-GUVOVKAEIVIG,
Oo pmopovoe va cvufdiiel omnv Katavomon g maboyEvelng TG VOoOvL, Kot
TOPAAANAL VO ODGEL VEEG TPOOTTIKES OTIG UEYPL TAOPO VIAPYOLGES OepamevTIKEG

TPOGEYYIGELC.

1.1. H a-6ovovKicivy) EKKPIVETAL PUOLOAOYIKA KOL KATA TPOTTO GOVEYOUEVO

H pedétn g ékkpiong g a-cuvouvkAgivng mpaypotonomdnke oce SH-SYSY
KUTTOPIKEG OEPEG VELPOPAACTAOUATOS avOpOTOL, Ol Omoieg UE emayOUeEVO TPOTO,
vrepeKPPElovy €lTe TN PLOIKOV TOTOL A-GLUVOLKAEIVY, €ite TNV TPWOTEIVY pdpTLpA,
Baktnplakng mpoélevong, PB-yoraxtoowddon (Vekrellis et al., 2009; Vogiatzi et al.,
2008). TIpokeévov va depeuvnBel n mOovOTTA EKKPIONG TNG 0-GLVOLKAEIVNG, Ta.
KOtTopa koAMepynOnkov o€ cuvOnkes omovoiag Tov avtilotikod O0EVKVLKALVT
(doxycyclin, dox) (pAm. MéBodor, evotnra 5) yio 8 nuépeg. Katomv, to mAnpeg
Opentikd LAMKO, avTIKOTACTAONKE Omd OPENTIKO LEIWUEVIC CLYKEVIPMOTG GE 0PO, Y10
48 @dpec. To wvttapikd péco koAépyelag (CM), votepo amd  GEPLOKES
(QUYOKEVTIPNOEIS, CLUTLKVAOONKE, &vd Ta KOTTOPO AVONMKOV, TPOKEWEVOL Vo
amopovmbel to mPpwTEiVKO ekyOAcHa. Toéco ta CMS 600 kot Ta KLTTOPIKA

exyvMopato avaivdnkav péow avocoarotuvndpatog Katd Western. Amovcio

140



AIIOTEAEXMATA
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Ewkéva 37: H a-cuvovkAeivn ekkpivetor guoloAoyikd kot pe tpdmo cvveyn and ta. SH-SYSY kutrapo

TOL TNV VREPEKQPELOoLY.

(A, B) SH-SY5Y «bttapa pe gvdoyevi (WT+dox) 1 avénuéva (WT-doX) enineda a-cuvovkdeivig kot
SH-SY5Y «bttopa ota omoia gixe emayBel m Oyt m ékppacn tng P-yoraxtoowddong (bGAL-/+dox,
avtiotoyo) KaAMepynonkav ce Opentikd pEGO pe meplekTikotNTa 68 0pd 2% Yo o 48 dpeg. Ta
KUTTOPIKG  exyvAicpota (A) Kot To  ovpmukvopéve Opentikd  péoa  (B), avaivBnkov pe
avocoomoTumope kotd Western pe avtiodpata vavtt g a-cuvoukAeivng (AS) kat tng ovpikovttivig
(Ubi). Ta eninedo. ERK ka1 BSA ypnoyomomnkav og paptopeg woomoong eoptwonc. (I) Avdivon
Opentikod pécov and SH-SYSY kittapa pe evdoyevny (CM, WT+) 1§ avénuéva (CM, WT-) enineda o-
GLVOVKAEIVIG pe avocoanTummpe, katd Western pe avticopata Evavtt tng a-cuvovkAgivig (C-20). (A)
AvTIpoc®ELTIKO  yphonua Tov % ®OG0oTOV NG €EMKLTTAPLOG 0-GLVOVLKAEIVNG Tpog TNV
EVOOKVTTAPLN Gi-GLVOVKAEIVN cuvapToetl Tov y¥povov. Kdabe ypovikd onpeio avimpooc®nevel 10 HEGO
0po £ SD 3 avelaptnTov HeTpnoemy.

do&ukurhivng, ta kKoTTapa vaepekepdlovy gite v a-cuvovkieivn (WT-dox) ite
B-yaraktociddon (DGAL-dox) (ewkéva 37A). Avtibétmg, mapovsio Tov avTiBloTikov,
TO O101YOViOl0 KOTOGTEAAETOL Kot £T01 EKQPALOVTOL LOVO TO, EVOOYEVT EMITES TNG O-
ovvoukAgivng (WT+dox) i undevikad enineda ¢ mpwteivig pnaptvpa (bGAL+doX)
(ewmova 37A). Xt0 dg OpentiKd HEGO TOV KLTTAP®OV OV VIEPEKPPALOLV TNV O-

ovvovkAgiv (CM,WT-), evtomilovton pe akpifeio téco povopepeic (17 kDa), 660
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Kot O1oAVTEG oAyouepeic popeéc g mpwteivig (ewkova 37B, T'). Ot popeic g
EKKPIVOLEVNG O-CUVOVKAEIVIG GLGGMPEVOVTOL [LE TO TEPAGUON TOL XPOVOL (EIKOVA
37A) oto Opemntikd péco, yeyovdg mov vmodewkviel 6Tt ta SH-SYSY kouttopa
EKKPIVOUV TNV 0-GLUVOVKAEIVN pe TPOTO GLVEXN.

[Ipéner va onueliwdei 6t 1 mopovsio TG a-GLVOLKAEIVNG oToV e€MKLTTAPLO
YDPO, OV Elval AMOTEAEGHLO TNG VIEPEKPPACTG TNG, KAONDC 1 TpwTeivn pdptopog PB-
YOAOKTOGLOA0T), TOV LIEPEKPPALETAL LE TOV 1010 TPOTO, OEV aviyvELETOL GTO BPETTIKO
puéco (ewéve 37B). TlapdAinia, mn omovcio. GVGTNPE  KVTTOUPOTAUGUATIKOV
TpOTEIVOYV, Onwg 1 ovPuovttivy (Ubi), kabdg kot ot mwoAD-ovBikouiTuvVAIMUEVES
npwteiveg (poly-Ubi mpwteiveg), amd to kuttapikd Opentikd uéco (gwova 37A, B),
ToTOTOEL OTL 1 €KKPIOT TNG 0-GLUVOVKAEIVNG &lval UGLOAOYIKO YEYOVOS, Kol Ol
ATOTEAECUO, OPPONG TNG KVLTTOPOTAAGUOTIKNG HeUPpavne, eEoutiog KLTTOPUKOD
Bavdarov. To mapoamdve edpnuoa emPeforddnke mepoutépw, KATOMY UETPNONG TOL
TOGOGTOV KLTTOPWKOV Bavdatov mpwv 1 cvAioyn tov CM, pe 1 Ponbewad oL
LIVE/DEAD Cytotoxicity kit. To emi 101 gkatd mocootd (% moG00TO) TOV
KLTTOPIKOD BovaTov NTav HiKpoteEPo 5% &ite oTol KOTTAPO GTO OOl TO YOVidlo NG
a-cLVOVKAEIVNG NTav gvepyomomuévo (amovoio. dox, WT-dox) eite oe ekeivo ota
omnoia giye anevepyomombei (mopovoio dox, WT+dox) (% kvtrapikod Bavdtov = 4.1
+0.91 3.8 £0.3 yuo tao WT+ ko too WT- xdtT0opa, avtiotoiyoe, pécog 6poc + SD, n
= 3), anokAeioviog to €vOeXOUEVO 1 TOPOLGIa. TNG a-GLVOLVKAEIVE oto CM va,
opetheTon g KuTTOPIKN AVOT.

Khlvikég peréteg mov apopoldv mepmT®celS STANGIOCUOD 1| TPUTANGLUGHLOD
TOL YeVETIKOV TOMOV TG a-cvuvovkAigivne (Chartier-Harlin et al., 2004; Ibanez et al.,
2004; Nishioka et al., 2006), kabmdg Kol HEAETEG HOVIEA®V VLIEPEKOPAONC TNG
npoteivng (Vekrellis et al., 2009), éyovv mayudoet o ypoppkn oxéon petaé&d tov
EMMESMV NG A-GLVOVKAEIVNG kat NG Papvnrtag ¢ vooov (gene dosage effect). e
avtd 10 mhaiolo, petprinke, pe ELISA, n ovykévipoon g olkng elevbepng a-
OLVOVKAEIVIG TToV €iye ekkplei 010 KaAlepyntikd péco (PAr. MéBodor, evotnra
25). Amd Vv avdAvon, mpoékvuye OTL, VIO PLGloAoYIKEG cuvnkes (CM,WTH), n
nocOTNTA TG EAEVLOEPT G 0-CLUVOVKAETVIG EKTOG KLTTAPOV givar 0.16 £ 0.02 ng/ml (n =
6), evd og ovvOnkec vepékepaong (CM,WT-), n cuykévipwon eBavet o 5.83 + 0.64
ng/ml (n = 6), yeyovog to omoio onuaivel 37 @opég emaymyn g Ekkplong (stkova
38).
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Ewkéva 38: [ToooTikomoinon tng 0AMKNAE 0-CLVOVKAEIVIC TOV EKKPiveTol 670 Dpentikd HEGO.

Opentikd péco and SH-SYS5Y kittapa pe evdoyevr (CM, WT+) 1 avénuéva (CM, WT-) enineda a-
ovvoukAgivg avaAdBnke pe ™ pébodo g Elisa. H ocvykévipwon g a-cuvovkdeivig oto Opentikod
HEGO TOV KLTTAP®V TTOL TNV VLEPEKPPALOVV EIVOL OTATICTIKA GMULAVTIKA DYNAGTEPT] CLYKPLTIKA LLE TNV
avticToyn ovykévipoon oto Opemtikd pdaptvpa. (N = 6, p < 0.001, unpaired t-test) Ot otheg
AVTITPOCOTEVOLY TO HEGO Opo = SEM.

1.2. Tavtomoinon Twv EKKPIVOUEVOY HOPPOV TIS A-GOVOVKAEIVNS

Meydroc 0Oykog PipAoypapikdv avagop®dv vmootnpilet 01t t0 TOEIKO
duvapkd g 0-cuVOLKAEIvNG, mbavd, vo o@giletar otV TAPOLGiN SAVTOV
OALYOLEPDOV LOPPAV, TAPOTL PLEYPL KAl CUEPA O UNYAVIGUOS HEGH TOV OTOTIOV OVTES
dnuovpyovvtar dev  €xel  amocoenviotei (Tsigelny et al., 2007). Onwog nom
avaeépnke (PAm. evotnra 1.1), vEapyoLV OAYOUEPEIG LOPPEG TNG O-CUVOVKAEIVIG
010 OpenTIKO HEGO TOV KLTTAPOV 7OV TNV VREPEKEPALOVV. ATOTEAEGUATO TTOV
npoékvyav amd avdivon pe avocoamotummpa kotd Western, ypnoomoldviog 1660
TO TOAVKA®VIKO OvTIc®UO £VOVTL TG 0-6uVOVKAETVNG C-20, 660 Kol TO HOVOKA®VIKO
Syn-1, emdewcvoovv 1 ocuvimapén otov eEOKVLTTAPIO YDPO TNG MUOVOUEPOVS O-
oLVOVKAEIVNG pe otabepéc oto SDS olyouepeic popeég (suova 37T).

Me oxomd TOV eVOEAEXT] YOPOUKTINPICUO TOV HOPPAV TNG EKKPVOUEVNG O.-
OLUVOVKAEIVING, TO Opentikd péco amd KOTTOPA 7OV €KPPAlOVY TO EVOOYEVN
CMWTH) N oavénuéva (CM,WT-) eminedo. ™C 0-GLVOVKAEIVIG, OPYIKA
CUUTLKVOONKE KOL GTN GLVEXEW., KAAGLATOONKE HECH YpOUOTOYpOaPiag dOnong

kg (SEC) (BAr. MéBodor, evotnta 9) (ewkova 39). Ta kKAdcpota Tov

143



AIIOTEAEXMATA

s“@ &
x&b ﬂ @Qd\ déﬁb
)
o &S o8 & Q@“ &
é\c" & ds\ o & {S)
o & e&aw}@é‘u S *G@
‘:‘g Q‘“ ?:(\ N ,{_& {_-6 e
I I [ |
mAU
i i
06
b |
800 05
A 0.4
303
6001 || B
| 0.2
— \
[ 01 | y=-0,1088Lnix) + 0,735
400 [ \ R =0,9938 -
, . .
- | \ 10 100 1000
| \ MW, kDa
200+
~
o * - N - _ -
0 5 10 15 20 25 30 35 min

Ewéva 39: Xpopotoypopikd wpdtumo Tov cLUTLkvVousvev Opsntikov pécwnv kotdmy, dmbnong

TNKTINC.
Opentikd péco and SH-SYS5Y kottapa pe evdoyevr (CM, WT+) 1 avénuéva (CM, WT-) enineda a-

GUVOUKAEIVIG oupmukvadnke Kot ovaAdBnke pe ypopotoypaeio Smbnong mnkmg. Ameikovion
OVTITPOCMOTEVTIKOD  XPOUOTOPPOENUATOS. Q¢ Tpoteiveg HApTupeg Yoo TO  poplakd  Papog
ypnowonomnkav: pumie g de&tpavng (2MDa), 1 Bupeooocparpivny (666 kDa), n anogepprrivn (443
kDa), n aikoohikny apudpoyovdion (150kDa), n kapPovikn avudpdon (29 kDa), to kutoypopa ¢ (12.5
kDa).

TPOEKLYOV amd TO SY®PISHO, VoADKV HEe MAEKTPOEOPMNOTN O TNKTOUO
TOAVOKPLAAIONG Kot €E€TAGTNKE 1| TOPOLGIO VoTEPA OO OVOGOUTOTUTMLO KOTE
Western pe to molvkhwvikd ovticopo C-20 (swkéva 40). Axorovbmdvtoac
OLYKEKPIUEVN TEYVIKT TALTOTOMONKAY KOl Omopovadnkay emtuyms, 1060 vYNAOL
(high molecular weight, HMW) (>660 kDa), 660 ka1 youniov (low molecular weight
species, LMW) (30-17 kDa) poprokod Bapovg Hopeég TG a-cuVOLKAEIVIG (EKOVa,
40). Tlopopowo dedopéva TPOEKLYOV Kol KOTOTY YPNONG TOV HOVOKAMVIKOD

AVTICOUOTOG EVOVTL TNG 0-GLVOVKAETVNC, SYN-1 (un Tapovcialopevo dedopuéva).
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Ewéva 40: Atopudévoon tov eE@KuTtdpiov Lopedv TG 0-GUVOLKAEIVNG e Ypouatoypaoio dmdnong
TNKTAC.

Opentikd péco and SH-SYS5Y kodttapa pe evdoyevr (CM, WT+) 1 avénuéva (CM, WT-) enineda a-
GUVOVKAEIVIG cupumukvedbnke kot avaivdnke pe ypopatoypaeio ddnong mnktis. Ta kvtropkd
ekyviopata (K.E.), o ocvpmokvopéve Opentikd péoo (0.M.), ta kAdopate mov dioyopictnkay,
avolOBnKoy pe NMAEKTPOPOPNON GE TKT®O TOAVOKPLAOULIONG Kol avocoorotimmpe Kotd Western,
HE TN PNOM TOV TOAVKAW®VIKOD avTICOUATOC £VavTL 6Tng a-6uvovkAeivng C-20. Ot povopepeic popeég
NG 0-GVVOVKAEIVIG GUVVTIAPYOLV HE SOAVTEG OAYOUEPEIS GTOV EE®KLTTAPIO YD PO.

H cvvomapén tov olyopep®dv e TIG LOVOUEPEIG LOPPEG TNG EKKPLVOUEVNG O
OUVOUKAEIVIIG, ©TO Opentikd WHEGO TOV KLTTAP®V TOL TNV  VREPEKPPALOLV,
emPefordbnke kot VOTEPO OO AVAALGON GE LN OTOIATOKTIKEG GLVONKES. OPENTIKO
VA6 oamd kottapo pe gvdooyevny (CM, WT+) 1 avénuéva eminedo a-cuVOuKAETvIg
(CM,WT-), copmvkvodnkay Kol ev Guveyeio dloy®pioTnKay HECH YPMUUTOYPOUPIoG
omdnong mmxrtig. Katoémy, 1o khdopato vymiov (HMW), kaBbg kot avtd tov
xopunAov poprakov Bapovg (LMW), mov mepieiyav v o-cuvouvkAgivn, evobnkay,
Eexwplotd, og 000 dPopeTIKES deCapeveg mpoteivav, oo HMW ko o LMW, Ta
00 Ol0POPETIKA TPMTEIVIKA HEIYHOTA GUUTLKVOONKOV UE TIG EUmOPIKd O1BECIES
omieg (PAm. MéBodor, evotnra 9). T ocvvéxeln 1o dwilvpa PBS, oto omoio
eKAOVOVTOL O1 TPMTEIVEG amd TN GTNAN, avtikatactddnke amd SO0MM o&ikd appdvio

pH7.5, péom vrepeuyokévipnong,
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Ewkéva 41: Avédivon 1oV eEOKVTTAPIOV HOPOAV TNG 0-GUVOLKAEIVIG LI NAEKTPOQOPNOY OE TNKTOLLO
TOALAKPLALLIONG.

Opentikd péco and SH-SYSY kottopa pe evéoyevr) (CM, WT+) 7 avEnpéva (CM, WT-) enineda a-
GUVOVKAEIVIG cuumLukVAONKE Kot avolvdnke Le ypopatoypapio d1inong nnkmgs. Ta copmukvouéva
Opentikd péca (CM) kot yoplotd, to KAAGHOTO YoOUnAoD Kot DYNAoL poplakod Bapovg avaAiddnkoy
HE NAEKTPOPOPNOT GE TNKTMOUO TOAVAKPLAUUIONG Kot avocoomotomope katd Western, pe m ypnon
TOL TOAVKAMVIKOD OVTICOUATOS EVOVTL 6TNG a-cLVOVKAEIVG C-20, ce omodlatakTikés (A) Kot un
amodtlataktikés (B) cuvOnkes.

EVO 0KOAOLONGE AMOPIM®ON TOV SEYHATOV, LEXPL TV TANPT APLOAT®SN ToVS (BAT.
Mé£6odor, evomnra 16.3). To Odeiypata emovacvotddnkov oe 250ul minpovg
Openticod RPMI, 10 omoio mepieiye ko 2% FBS ko avolvOnkoav poli pe ta mAnpn
CUUTVKVOUEVO OpenTikd HECH GE TNKTOHO TOAVOKPIAQUVIONG GE OMOOLOTOKTIKEG
(ewova 41A) kot un amodiotokTikés (swkéva 41B) cuvOfkec. Te un amodtoToKTIKES
oLVONKES 1 HOVOUEPNG O-GLVOVKAEIVT petatomiletar omd ta 17 KDa (swkéva 41A),
nepimov oto. 60 kDa, evdd ot oltyouepeic popeéc tg evtomifovtol o€ 6€ TOAD
vynAdtepa poptlakd Papn dve tov 150 kDa (ewkéve 41B). Ot peydhec omokAeicelg
TOV LoPLaK®V Bopdv petald Tov 600 cuvinkdv Tovilouy T duVoKOTNTO TNG OOUNG

NG PLUGLOAOYIKA EKKPIVOLEVNG 0l-GUVOVKAEIVIC, VTTO PLGLOAOYIKES GUVONKEC.

1.3. Melétn Tov unyovicuodv EKKpions TG A-GOVOVKAEIVYS

Ye moboroyikéc ouvvOnkeg, pe Pdaom ohoéva avlavopevoa dedopéva, M
EKKPVOLLEVN O-GLVOVLKAEIVN givol duvatdv vo dlapeGOAUPNGEL TOEIKES TAPUKPIVEIS
dpaoelg (Lashuel et al., 2013). Aedopévov 0TL 1) £KKPLOT TG 0-CUVOLKAEIVNC €lvar éva
eowvopevo mov ocvpPaivel uoloAoykd, Ommg MoM avagépnke (PAm. Evocaymyn,
evotnteg 3.4 ko 3.4.1), TPOKLMTEL TO EPAOTNUO TOG L0 CLVEYNG KOl PLGLOAOYIKN
dwdkacio KataAnyst va eivoar emquo dtav dwatapaydel n mpwtedotacn g o-

oLVOVKAEIVIIC. Mépog ¢ amdvinong KpuPetal otn UEAETN TOV UNYOVIGULOV TOL
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dwpecorafodv oI GUOIOAOYIKY] €KKPIOT) TNG TPMOTEIVNG Kol EOIKOTEPOL OTIC
UETOPOAEG QLTOV TOV INYOVIGUAOV KAT® amd TafoA0YIKES GLVOTKEC.

Me Bdomn mepapatikd dedopéva Tov EpyasTnpion Hog, 1 -GUVOVKAEIVN, TOL
QuololoYIKG ekkpivetar oto meptypagduevo Tet-Off cvotqua tov SH-SY5Y
KUTTAP®V, 0KOAOVOEL £val U KAOGIKO LOVOTATL £KKPLoTG, TO omoio emnpedleton amd
To. EVOOKVLTTAPLO, EMIMESD 1OVI®V ca®”. Emiong, onupaviikd evpnuo oamotehel 1
GUULETOYN TOV EVOOKLTTOPIKOD LOVOTTATION GTNV EKKPLOT TNG 0-CUVOLKAEIVIG, KOOMDG
éxel Bpedel 6T cuvONKkeg oL eUmOdILoVV TN LETAPOPA ATTO TOL DPLULO EVOOCHOTO GTO
Avcooopato, oavavouv  Ta  emimeda G €EOKLTTAPOC  O-GLVOLKAEIVNG
(Emmanouilidou et al., 2010a). TovAGyioTov 30O UN-KAAGIKOL UNXOVIGUOTL EKKPLONG
EMOTPOTEVOVY  UEUPPOVIKA KVOTIOW TPOKEIUEVOL VO HETAPEPOLY  KOL VOl
aneAeVOepOGOVY  TO  TMPWOTEIVIKO TOLG @OpPTio oTOoV  €€OKLTTAPIO  YDOPO, 1
eEokuttapmon kat n gvdokvttapwon (fAr. Ewsaywyn, evoryra 3.1) (Cooper and
Barondes, 1990; Denzer et al., 2000; van Niel et al., 2006). v npdn TepinTtmon
LIKPOKVLOTIOW OmOKOTOVIOL Oomd TNV TAACUHOTIKY HeUPpdvn, evd otn dedtepm,
nmolvkvotidlakd ocopdtio. (multivesicular bodies, MVBS) ocuvtikovtoalr pe v
TAACUATIKY] LEUPpavN, amerevBepdvovtog oTov eEOMKLTTAPLO YMOPO UIKPA KLGTIOW,
10 e€wompoto (Bin. Eveayoyn, evomres 3.1, 3.2). Emopévmg, éva amd o Kaipio
EPOTALATA, OUPOPOVV GTO EVOEYOUEVO 1) 0-GUVOVKAEIVN VO eEOKVTTAPDOVETOL HECH
HepBpovikdv Kuotdiwv mov anelevbepdvovial 6Tov eEOKLTTAPLO YD PO.

Bihoypagpikd, €xer miéov tekunpiwbei, n omovdatdTNTA TOL POAOL TV
eEOOMUATOV OTN UETASOOT UN GOOTH OVISMA®UEVOV ToHOYOVOV TPOTEIVOV,
dwpecorapavtag tpoémov Tivé v e&dmhwon g maboyévelag acBeveldv, OTmMS M
vococ tov Prion (Caughey, 2000). ITio ovykekpipéva, éxel Ppedel 6T o1 TpTEIvES
prion ocuvvdéovtor pe eEwodpata, ta omoio. Otav yopnynbodv oe movrtikio, sivan
duvatdv va mpokaAiécovv T voco Prion (Vella et al., 2007). Xvunepocpoaricd, eivat
moA) mhavd ta eEmodpata dvtag o€ Béon va petaddsovy to Taboyovo aitio, 1060
0€ YEITOVIKA OGO KOl GE€ OTOUOKPLGUEVO KOTTOPO, VO €(OLV TN OLVOLKN VO
evieyvoovv TV eamhmon g vocou (fAr. Eveaymyn, evotnta 3.4).

[Tpokewévovr va  depeuvnbel M ovppetoyn TV  e£OCOUITOV OV
aneAevfépwon g a-cLVOLKAEIVIG, Bpentikd péco amd KuTTOP TOV VIEPEKPPELOVY
mv a-cuvovkieivn (CM,\WT-) 1 kbttapa paptopeg (CM, WT+) cuiléyOnkav kot
enelepydomkav (Prm. MéOBodor, evotnra 8), €101 dote vo amopakpvvOodv Ta

KLTTOPIKE VITOAEIHOTA. XT1 GUVEXELN, VTEGTNGOV VITEPPLYOKEVTPTOT ot 100,000 x
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g, mpokewévoy va omopovmbovv ta eEwkvttdpla peufpavikd kvotidie (P100)
(Mehul and Hughes, 1997; Thery et al., 2006; Yuyama et al., 2008). Téco to
vrepkeipevo, (S100), 6co kat to inua (P100) avaivdnkoav yio v Tapovsio g o-
ovvovkieivng pe SDS PAGE nmiektpopdpnon kot avocooamotvmmpo katd \Western.
Onwc, paivetal otnv €ikova 42, 1 0-GLVOVKAEIVT TOVL EKKpiveTal 6To Bpentikd PECO
TOV KUTTAp®V TV vIepekPpdlovv, evtomileTan TOGO G6TO LIEPKEINEVO, ¢ eAehOep
0-GUVOVKAETVN, 6GO Kol 6TO UEUPPAVIKO KAAGHO, OC GUVOEOUEVT e TO KVOTIOW. H
npwTeiv ToL 0poy BSA, ypnowomombnke wg pdptupag 166moons OPTOoNG TOV
vIEPKEIPEVOU.

H tovtomrta tov pepfpovikddv KuoTdldv e TO ONOiol GULVOELETOL M
EKKPIVOLLEVT]  O-CGUVOVKAETVY, avoAvOnke Proynuikd, pe t ypnon O6vo Koid
YOPOKTNPIGUEVOV BLOYMUKOV SEIKTOV TOV EOCOUATOV, TNG KVTTUPOTANGHOTIKNG
npoteivng AliX, kot g mpwteivng flotillin, n omoio Bpicketon oe agpbovio oTig
Mmdwég oyedieg (Faure et al., 2006; Fevrier et al., 2004; Rajendran et al., 2006;
Thery et al., 2006; Trajkovic et al., 2008). Ot mpwteiveg paptopeg, Alix ko flotillin,
avyyvevdnkav oto kAdopo P100, 1660 TV Kuttdpdv OV €KPPALOLY TOL EVOOYEVT|
enmineda, OGO Kol QUTOV TOL vrepeKkPpalovviny mpwteivn. Emiong, mpémer va
onpewdel 6T Tpwteiveg o1 omoieg gival yvwotd 6Tt amovstdlovy and ta eEwodpata,
omowg n 14-3-3p xou n cofilin (Simpson et al., 2008), kabmg ko1 o deikTng yio Ta
Tpdo. evéocouata, Rabs, kot 0 vtodoy£ag g TPAVeEEPPIVIG, TOV OTTOTEAEL YEVIKO
Oelktn yw TV ovaKOKA®on Tev gvéocopdtov, amovciolov oamd ta P100 (un
napovcalopeva dedopéva). Téog, pe TN ypNON MAEKTPOVIKNG HIKPOGKOTIOG Kot
eoacpatookomiog  palag emoAnBevbnke M @OON  TOV  UKPOKLOTOIOV Kot
motomomnke M mopovsio TtV eEwoopdtev (U ToPoLclalOUEVO OEOOUEVA).
Yvvoyilovtog, éva Toc0GTO TNG 0-CLUVOLKAEIVIG EKKPIVETOL GTOV EEMKLTTAPLO XDPO,
HECH HIKPAOV HEUPPAVIKOV KLOTWIMV, TO OmOoio. PEPOVY TO. YOPOKTNPIOTIKA TMOV
eEwocoudtov. Avti 1 S10KPIoN VTOONAMVEL OTL LIAPYOVY dVO SUKPLTOL UNYOVIGHOL
HEC® TV omoiwv 1N TpwTEIVN eEEpYETAL OO TO KVTTAPO, YWPIG OU®S va. yvopilovpe

T0 TOGOGTO OV 0 KAOEVAG GUUUETEYEL OTNV EKKPLOT| TNG.
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CM,WT $100 P100

dox: + - CT— + -
kDa :
= o= w— —= AS
15— -
b = a» — Flotillin-1
43— :
95 — - - Alix
55 — N - — BSA

Ewéva 42: H a-cuvovrdeivn exkpivetar ev pépet péom eEmcopdtov.

Opentikd VAKO amd KOTTOPO PAPTUPEG 1 KOTTPA TOL VAEPEKPPALOLY TNV  (-GUVOUKAEIVT
KAaopoTmOnkay Tpokeévov vo amopoveobel to vrepkeipevo Opentikd (S100+, S100-, avriicTtoiymg)
Ko éva gpmdovtiopévo pe eEocmpata inua (P100+/-, aviiotoiywg). Tdéoo 1o odcd Openticd, (CM,
WT+/-) 660 xor 0. dvo khdopoto (S100+/-, ko P100+/-) avaiobnkav yo tnv mapovsio g o-
GLVOVKAEIVIG e avocoamoTiTtmpo, Kotd Western, pe m ypfion molvklovikod avtiodpotog (C-20) Ot
npoteiveg Flottilin-1 xar Alix, ypnowomomdnkav g popraxoi deikteg tov eEnocopdtov, evd n BSA,
®C PAPTUPOG 1GOTOOTG POPTMONG Y10 TO. OMKA Opentikd puéca kat to vrepkeipeva. H a-cuvoukieivn
otov eEOKVTTAPLO YMPo, Ppicketar gite o€ EAebBepn Lope1| gite GLUVOEOUEVT LLE T EEMTDUATAL.

H akpipng diepedvnon tov tpdmov pe tov omoio ot 400 avtoi pnyavicpol
empealovior vd cvvOnkeg oyetilopeves pe ™ voéco tov Parkinson €yst peydin
Broroyikn onuacia. [Ipog v katedhBovvon avt mocotikomomOnkay to eninedo g
0-GLVOVKAETYNG Tov ekKpivovtol Votepo omd 48 dpec, 6T0 OAMKO OpenTikd TOV
KLTTOpoV ov TV vrepekepalovv (CM, WT-), oto vrepkeipevo (S100-) kot téhog
ota eEwoopata (P100-), ypnowomowdviag ¢ pdptopo  (pe  kobopiopévn
OVLYKEVIPMOOT)) TNV AVOCLVOVAGHEVT] 0-6VVOVKAETVT (etkdva 43A). Kavovikomoinon,
G TPOG TN GLYKEVTIPMOT| TNG OAKNG EKKPIVOUEVNG 0-GUVOVKAEIVNG, €d€1Ee OTL pHdvo
éva eEopeTikd  kpO mocooTd cuvoéetar pe eEmoopata (%  o-cuvouKAEivig
ovvdeduevng pne eEmoopata 0.76 = 0.26), evad to peyorlvtepo Ppicketon og eAe0Bepn
nopo1| (% erevBepng a-cvuvovkAeivig 86.07 + 2.18) (ewkéva 43B). Xvvoyilovrag, Oa
Umopovce Kavelg va 1oyvplotel 0Tl To. eE@ompate GVUPIAAOVY GE EAAYIGTO PoBUo
oV €KKPLoN NG TPOTEIVIG EKTOG TOL KLTTAPOL KOL EMOUEVMG OEV OMOTEAOVV TO
Baocwo punyoaviopd éxkkplone. Eitvor mavtwg duvatd va elval peyoardtepn avaloyikd n
OPYIKN TOGOTNTO. TNG O-CUVOVLKAEIVIC 7oL ekkpivetol pécw eEmompdtov, Kol vo
axolovbei didomacn TV EEMCMUATOV GTOV EMKLTTAPIO XDPO 1 KATA TNV GLAAOYN

TOV VAIKOV, L€ OMOTEAEGLO TV POLVOUEVIKY] Lel®ON TNG GUUUETOYNG TOL LOVOTOTION
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aVTOV GTNV EKKPLOT TNG 0-CLVOVKAEIVIC. TELOC, 1] TUKVOUETPNOT TOV GLYKEKPILEV®DV
TEPOUATOV 0POPE LOVO TN HOVOUEPT HOPPY TNG EKKPIWVOUEVNG 0-GLVOLKAEIVNG,
xopic va Aopupdvovtar vmoyn GAAEC HOPEES NG TPOTEIVIG (CLCCOUUTMUOTA,
oAtyopepn). AedopEVOL TOV POAOD TNG EKKPIVOLEVNG Oi-GUVOVKAETVNG 6TV e£amilmaon
¢ moboyévelag e vosov tov Parkinson, ypnlet mepartépm diepedvnong 1 EUTAOKN

Kol GAA®V UNYOVICU®V UN-KAOGIKNG EKKPLoNG,.

A. R-AS (ng) CM, WT S100 P100 B =
051545 + - + - + - dox =
$
8 90- xk%
kDa , 3 e
— e am - —=AS c3 e
15— - S P
& | — Flotillin-1 - e
i e o> otillin- 3% 3. 3. 3 .
. 3 E 'Q'. 'Q'.
. ?.S 30- . .
95— ¢ —— - Alix O !
_ 4 E P
g o
w o
55 — . : g '
- » I - BSA g P100- $100-
W
3

Ewova 43: H o-cvvovkdieivn aviyvevetar toco oe erevbepn (S100), 660 kol oe ovvdedeusvn ue

eEwoodpata (P100), popen otov eEmkuttdplo ydpo.

(A) Opentikd péco amd SH-SYSY kittapa pe oavénuévo enineda a-cuvovkAeivig Khaopatd®Onke og
vrepkeipevo (S100-) kar og inua epmhovticpévo og eéwodparta (PL00-). Tdéco t0 olikd Opentikd
péco, 600 Kol TO SVO KAAGHOTO avolOONKOV Yl TNV TOPOVGIO. TNG  O-CUVOUKAEIVIG e
avocoamoTutopa katd Western, evdd m ovykévipmorn TG TPOTEIVNG o OAEC TIG TEPMTMOGCELS,

VIOAOYIGTNKE HE TN YXPNON OVOCLVIVOCUEVIG 0-GUVOVKAEIVIG TPOCIIOPIGUEVIIG CUYKEVIPWOOTS MG
péptopa. (B) Zto ypdonpo amewoviletar T0 mOGO0TO TG 0-CLUVOLKAEIVIIG mov Ppioketat eite og
ehevbepn popon (S100-) gite ocuvdéetan pe eEmodpata (P100-), KoTdTY KAVOVIKOTOINGTG OG TPOG TN
GUYKEVTIPOONG TNG OMKNG EKKpVOUEVNG a-cuvovkAeivng. (N = 4, p < 0.001, unpaired t-test) O otiieg
AVTITPOCOTEVOLY TO PEco Opo = SD.

2. Aigpevvyon Tov vevpoTodlkov OVVAUIKOD THG EKKPIVOUEVNS -
OUVOVKAEIVG

2opeova pe PPAOYPaQIKEG avapopEs, 1 XOPNYNOT LVYNADY GUYKEVIPOGEDV
OVOCLVOVOGHEVNG O-GUVOVKAEIVNG O VYU KOTTOPO-0EKTEG TPOKOAEL KLTTAPIKO
Bavato (Ahn et al., 2006; Sung et al., 2001; Zhang et al., 2005). Qoto6c0, uéypt
OTLYUNG OV LIAPYOLV OEOOUEVE CYETIKA Le TO TOEKO SUVOIKO TNG QUGIOAOYIKA

EKKPIVOLLEVNG 0-CUVOLKAETVIC.
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Calcein/ EthD-1
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2.1. Emiopacn TS £EOKDTTAPIAS A-GUVOVKAEIVHG 6TH Plodeiuotnta twv
KOTTAPWV-OEKTAV

[Tpoxeyévovr va odtepeguvnbel 10 10O SVVOUIKO TNG EKKPLVOUEVNG O-
OLVOVKAEIVNG, KuTTOpO To. omoia e€éppalav ta evdoyevry (WT+doxX) 11 avénuéva
eninedo g ev AMoyo npwteivng (WT-dox), gite kbtrapa ta onoio vrepékepalov tnv
npwteivn paptopo B-yoroaktooddaon (bGAL-dox), kaAlepyndniav yio 48 dpeg ot
Opentcd péoo meprektikdtrag 2% oeg FBS. Katomv, to avtictoygo CM amd ta
Topamdve Kottopa yopnyndnke oe dwupopomomuévo. SH-SYSY vy 24 opeg. H
yopriynon CM and ta kdtrapa mov e€éppalav a-cuvovkieivn (CM, WT-) tpokdiece
OPOUOTIKEG  HOPQOAOYIKEG OAAOYEG OTO  KOTTOPA-OEKTEC, Ol omoieg  elvan
YOPOKTNPIOTIKEG TOV  KLTTOPIKOD EKQLAMGHOV, ONMG T.Y. OCLPPIKVOCT TOV

VELPAEOVAOV Kot dNUovpYio UGOAId®Y otV KLTTAPIKY LEpPpdvn (ewdva 44A). O

napropag CM, bGAL-

20.04
15.04
10.04

5.04

% KuTTapikoc Oavarog

0.0-
¥ooE '
F & F

papropag CM, bGAL- CM, WT+ CM, WT- p B

Ewova 44: H ekkpvouevn 0-cuvoukAeivn tpokoAei kuttoptkd Bdvato og dapoporomuévo SH-SYSY

7

KOTTOPO.
Opentikd Péco amd KutTopa mov gite vaepékppalav (CM,WT-) 1 6yt (CM,\WT+) v a-cuvouvkieivn,
Kabdg Kot koTTOpo mov vaepékepalav Ty TpoTeivn B-yoraktooddon (CM,bGAL) yopnyndnkav ce
Swpopomompévo SH-SYSY yia 24 dpec. (A) AVITTPOCHOTEVTIKEG POTOYPUPIEG OTTIKOV LWKPOGKOTIOV
TV KuTtdpov dektdv. Khipaka: 50 um. (B) Avtimpocmnentikég ikdveg pBopiopon, Katdmy ypmong
TV Kuttdpov dektdv pe EthD-1 (kdkkvo), Hoechst (umdé) kou Calcein-AM (mpdowvo). Khipoka: 50
pm. (I') Ipdenpa mtocotomoinomng tov % mocootod kuttoapikov Bovétov (% mocoostod Tmv BeTikdv
v ™ xpodon EthD-1 xuttdpov mpog ta Betikd yo ™ xpodon Hoechst). Mopatnpeiton ctotioTikd
ONUAVTIKT 0OENGT TOV KLTTOPIKOL BovaTov, KoTOTLY YopNyNomg Opentikod TA0VG10V GE EKKPIVOUEVN
a-cvvovkAgivn (N = 4, mean + SD, one way ANOVA test followed by Tukey’s test, *p<0.001).

KLTTOPIKOG BAvaTog Tposdiopiotnke mepimov 6to 17% (% xvttapikdc Odvatog = 16.8

+ 0.6, pécog 6pog = SD, n = 4) (ewkéva 44B, I'). Ta kdtTapa-6ékteg Tov CM omd

151



AIIOTEAEXMATA

KOTTOPO. GTA OTOle 1 EKPPOCN TOL YOVIOIOV TNG a-CLUVOVKAEIVIG Oev elye emayDel
(CM, WT+) 1| and kdttapo mov eE€ppalav bGAL (CM, bGAL-), dev enédei&av kapia
avopoio, o0te mapovsiacav kuttaptkd Bdvato. To yeyovog avtd amotehel woyvpn
EVOEIEN GLGYETIONG TNG TAPOTNPOVUEVNG KVTTAPOTOEIKOTNTOG LLE TV TAPOLGIN TNG O
ovvovkAeivinc oto CM. EmmAéov, ta TpmTeivikd ekyuAMopate Tov KuTTapmv-0eKT®MV
avoAvOnkav pe avacootimopo kKotd Western yio tnv evepyomnoinon g Kaomaong 3.
INUEIOTEOV OTL KOTATETUNUEVT] KOOTAONG-3 OvViyveDTNKE HOVO OTO TPOTEIVIKA
EKYLAICLATO TOV KVTTAP®V IOV ENMACTNKAV e OpenTIKO TAOVG10 GE EKKPIVOUEVT O-
ovvovkAgiviy (CM,\WT-) (ewova 45). Zav Oetikd¢ udptopog yio Ty evepyomnoinon
™m¢ Kaomdone-3, yopnyndnkov 500 nM ctavpoomopivng (Staurospotine, Staurosp),
QOPLOKOAOYIKOD OVOGTOAED UIOG HEYAANG Katnyopiog Kwvaohv (stkova 45).
Yvvoyilovtog, M mapovsion TNG EKKPIVOUEVIG O-CUVOVKAEIVIG TTPOKaAEl KLTTOPIKO

Bdvarto, o omoiog GuvodeveTaL amd Evepyomoinon g kaordong 3.

Kvttopiwkd exyviiopoata

CM, WT CM, bGAL
- . - + Staurosp (500nM)

dox + - - -
kDa e cCleaved
P o WSS caspase-3
40— —_— _ . — B-actin

Ewova 45: Evepyomoinon tng koaomdong-3. kotdmy enmacnc tov_dwapoporomuéveov SH-SYS5Y

KLTTAP®V Ug Opentikd TAOVGI0 0€ EKKPVOLEVT Bi-GUVOVLKAETVY.

Opentikd Péco amd kutTapa mov gite vrepékppalav (CM,WT-) 1 6yt (CM,\WT+) v a-cuvouvkiegivn,
Kabdg Kot KoTTapo mov vrepékepalay TNV TpoTeivn B-yolaktooddon (CM,bGAL) yopnyndnkav oe
Swpopomomuévo, SH-SYSY yuo 24 dpec. Ta TPpOTEIVIKG KYLAOUATO TOV KUTTAPOV-OEKTOV
avoldBnKoy yio Tv mopovcio evepyomomuévng Kaomdong-3, He avocoamotinopa katd Western, pe
€O avTioOua EVOVTL TOV KATOTETUNUEVOV HOpQOV TG Kaomdong-3. H B-aktivn ypnotpomomdnke
®C HAPTLPUG 160TOoNG POPTOONG. QG OeTIKOC HAPTLPOGC YlOL TNV EVEPYOTOINOT TG KOOTAONG-3
XPNOoTOONKe TPOTEIVIKO gkyOMop0 amd KOTTOpa TOV VIepEKEpalav N B-yoraktooddon (DGAL)
Kot oto omoia glyav xopnyndet 500 nM otavpoomopivng (Staurosp, 500 nM) ya 16 dpeg.

[Mapdrinia, to topandve Opentucd péca (CM,WT+, CM,WT-) yopnyndnkav
kot o€ dwpovpevo SH-SYSY wottapa, yio 24 opeg. H mapovsio g ekkptvopevncg
0-CLUVOVKAETVNG pelmoe T Prociudomta Tov KuTTtdpmv-dektov (9.3 £ 1.2 ko 4.8 +

1.3, % xvttapikov Bavdtov TpokalovpevoL and T yopnynon Bpentikod Tov mepieiye
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exkpvopevn a-cvvovkAeiv CM,WT- kat Openticod paptopa CM,WT+, avtictoryo,
uécog 6pog = SD, n = 4) (sikéva. 46), ®GTOCO TO TOGOGTO KLTTAPIKOV OaviTov Ty
TOAD  YOUNAOTEPO  GCULYKPITIKA HE TO OVIIOTOWO OTNV  WEPIMTOON  TOV

SPOPOTOMUEVDV KVTTAPWV (E1KOVE, 45).

*
10.0+
X .
§ = =
=
Z 15
==]
lUI
g 5.0+ =g
a |
E
: 25 o=k
=
0.0

paprupus  CM, WT+ CM, WT-

Ewkéva 46: H skxpvouevn 0-cuvouvkAgivn wpokoiei kuttopikd Odvoro oe dwonpovusvo SH-SYSY

/.

K0OTTOPO.
Opentikd péco amd KutTopo mov gite vrepékppalav (CM,WT-) 1 éxt (CM,\WT+) v a-cuvovkAgivn,
xopnyndnkav ce drapoponompéva SH-SYSY yia 24 dpec. AkoroOBNoE XpDON TOV KUTTAPDV-OEKTOV
pe EthD-1 xou Hoechst. Tlocotikn avdlvon tov kvttopwod OBavatov £d€i&e 0TL M mopovsio Tng
EKKPVOLLEVIC  0-CUVOUKAEGIVIIG ©TO Opemtikd HECO UEUDVEL OMNUOVIIKE TN Plocipudmto Tov
Swpovpevev SH-SYSY kuttdpwv. (N = 4, mean + SD, independent t-test, *p<0.01).

H yopfiynom Opentikod mov mepieiye exkkpvopevn a-cuvovkieivny (CM,WT-)
o€ TPMOTOYEVEIG PAOLIKOVG VELPDOVEG amd EUPpua emipvog, yio 24 ®peg, 00NyNcE O
gvtovotatn aOENCT TOL EKQUAIGHOD TOV VELPOVOV, TOPOUO LE OVT 7OV
napatnpiOnke kot ota dapoporompéva SH-SYSY kdtrapa (% kutrapikdg Bdvatog
= 20.5 £ 3.8, péoog o6pog + SD, n = 3) (ewkova 47A, B). Téhoc, mpokeévou va
emPBeParwbel n vevpoto&ikn dpdon NG EKKPIVOUEVNG O-GUVOVLKAEIVIG, TponynOnke
eneepyacio Tov EUTAOVTICUEVOL OTNV &V AOY® TpmTeivn Bpemticod, pe T0 101K
avticopa  Syn-1, (CM,WT-/Syn-1 IP) (BpAr. MéBodor, sevotnta 22.2). H

aVOGOKOTAKPT VIO HE To SYN-1 giye oG amoTéAeso TNV ELPAVT LEIWOT TV
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Hoechst

EthD-1

pnapropog 70% EtOH CM, WT+ CM, WT- CM, WT-/Syn-1 IP CM, WT-/c-myc IP

@

25.04

20.04

15.04

10.04

5.0+

% wvtTapkéc Oavarog

0.04

Ewova 47: H avocoKatokpnvion NS 0-GUVOLKAEIVNC amd to Opentikd HEGo avEAvel oNUOVTIKG T
BlooudTNTO TOV KLVTTAPWOV-0EKTMOV.

Opentikd Héco amd kiTTapa oL ekPpalovv ta evdoyevr (CM,WT+) 11 avénuéva (CM,WT-) enineda
a-cLVOVKAEIVIG, ywpic N xatdmy enefepyaciac pe to avticopa (CM,WT-/ Syn-1 IP) 4 to c-myc
(CM\WT-/ c-myc IP), yopnyfibnkav ce @lotikovg vevpmdveg amd Eufpva emipv, yio 24 dpeg. (A)
AxorobOnoe ypdon pe EthD-1 (koxkwvo) xar Hoechst (umie). Khipoxa: 10 um. (B) H nocotikomoinon
TOL KUTTOPIKOD OavATOL OTOKAAVYE GNUOVTIKY avENGT NG KLTTOPOTOEIKOTNTOS TOpOVGio TG O-
oLVoLKAEivG 610 CM. Agaipeon ¢ omd avtd, KATOTLY aVOGOKOTOKPTLVIONG TNG EIXE TPOGTUTEVTIKN
dpaomn évavtt Tov eavotumov Tov Bavatov. Ta amoteréopata Tapovsidlovtar g o pécog = SD, n =
3, kot avoAvOnkav pe one way ANOVA test kot katomv pe Tukey’s test, *p<0.001 cvykpivovtag to
CM amd to xdtrapa mov dev eEéppalav tnv a-cuvovkreivn (WT+dox) pe avtd and to kdtTapo mov
myv e&éppalav( WT- dox), #p<0.001 ovykpivovtag o CM omd to WT-doxX pe ekeivo mov siye
avocotpomonoindei yia v a-cvvovkigivn (WT-/Syn-1 IP).

EMMESWV TNE TPOTEIVNG 6T0 OpenTikd, ota enimeda Tov paptvpa (gukova 48), n onoia
axolovOnnke amd pewwpévo eminedo BovATOL TOV EAOUKAV VELPOVOV-OEKTMOV
(ewéva 47A, B). H ev AMOym peimon ™G andAews TV VEVPOVOV, ATOTEAEL 1oYLPN
EVOEIEN OTL M EKKPIVOLLEVT] Oi-GLVOVKAETVT givan, o€ éva moAD peydio Babud, vrevbovn
YL TNV TTOPOTNPOVUEVT VELPOTOEIKOTNTO. AvocoTpomonoinon tov idov Opentiko?,
petd and ovocokabilnon pe to Pn-edKo Yo TV 0-GLVOLKAEIVN avticmpa, C-myc
(CM,WT-/c-myc IP), dev odnynoe oe abdénomn tov mocooTol emPioong Tov
vevpavev (gwkove 47A, B), cuvnyop®dviog 6To YEYOVOG OTL O (POIVOTLTTOG TOV

KLTTOPIKOV Bavatov oQeileTan GTNV TAPOLGIK TG A-GUVOVKAEIVIG 6TO OpEmTIKO.
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Opentikd

Kvttopikd Opentikd LSl

eKyvMopaTa protein-G uéca IP/Syn-1 IP/c-myc
Dox + - - + + & — =

kDa e 2 A
72—
43— - -
25—
3 & —=AS

15— — e

Ewéva 48: H a-ocvvovkieivn agoipeitor amoteieopatikd ond 1o Opentikd uéco (CM), kordmv

0VOGOKOTOKPTUVIGTG TNG.

Opentikd Péco amd koTTapa oL ekEpalovy to gvdoyevr] (CM,\WT+) 1 avénuéva (CM,WT-) enineda
0-GUVOVKAEIV] VTEGTNGAV OVOGOKOTOKPLVIGT akoAovBovpevn omd avocsoamotinopa kotd Western,
pe to ovticopa Syn-1. H o-cuvoukAgiv) 0vOCOKOTOKPNUVIOTNKE OMOTEAECHATIKG (0ploTepd,
Swdpoury 1). H mocoémta NG 0-0LVOVLKAEIVIIG TOL Topépelve oTo  OpEMTIKO, HETH TNV
avocotpomonoinot, puewwdnke (de&1d, dwdpopn 3). Avocokadilnon pe to c-myc avticopo (CM /1P /
C-MYyC) améTuye VO 0VOGOKATOKPTLVIGEL TNV 0-CUVOVKAEIVY (aplotepd, dtadpopn 2), He amnoTéAecua
va unv enéAdet kapio aAlayn ota enineda ™G eV AOY® TpaTeivN 610 Opemtind (de€id, Sodpoun 4).

2.2. Aigpevvnon Ty ToEIKOY HoPpPOY THS EKKPIVOUEVIS O-GOVOVKAEIVIIS
Onwg MO avagépbnke, ot SAeopeg HOPQPES TNG 0O-CUVOLKAEIVIG, Omd
povopepels, puéxpt youniod oAld kot vynAov poplakold Bdpovg olyopepels LopeEC,
EKKPIVOVTOL PLGLOAOYIKA Kol LE TPOTO GLVEYT GTO BPEMTIKO HEGO TOV KLTTAPWV TOV
mv vaepekepalovv (PAm. evotnteg 1.1, 1.2). EmmAéov, | mopovsio Thg eKKpvOUEVNC
0-GUVOUKAETVNG o010 Opentikd péco, HEIDVEL ONUAVIIKG TN Plrocomro Tov
KUTTOPOV-0EKTAOV, Kol pLdAoTa pe tpdmo mov goivetor va oyetiletor pe to Padbuod
dwpopornoinong tovg. Me dAda Adywa, M gvaucOncio 610 TOEKO OSLVOLIKO TNG
eEOKLTTAPLOG 0-GVVOVKAEIVIG QaiveTon va avEAveTon amd TO O0POVUEVA TTPOG TO
dwpopomomuéva SH-SYSY «ittapo kot vo KOPLOAOVETOL OTOLG TPMTOYEVEIG
QAOTIKOVG VELPMOVEG. AESOUEVOV TOV TOPOTAVED EVPNUATOV, YEVVATOL TO EPAOTNLN
OYETIKA PE TN @OON TOV PAABEPOV HOPPOV TNG EKKPIVOUEVNS a-GLVOVKAETVNG. Katd
GULVETELD, 1) TOVTOTOINGN GUYKEKPILEVAOV HOPPAOV TNG 0-GUVOVKAEIVNG, GTIG omoieg Oa
umopovce vo omodofel 1 mapatnpoduevn tolkoTNTa, E£XEL 1O0ITEPO EVOLAPEPOV,
kaBmg Bo cuvéBare otV KOTAVONGT TNG VELPOEKPLAICTIKNG TOPEiog Kol oIV

TPOCEYYIoN VEOV BEPUTEVTIKOV GTOYWV.
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[Tpoxewévovr va amavinbel 10 mapomdve Koiplo epdTNUE, CLAAEYONKE
Opentcd péco amd KuTTOPA LE EVOOYEVT Emineda a-cuvoukAEivng (CM,WT+), kabng
Kol amd KOTTapo. Tov vrepekepdlovv v mpoteivny (CM,WT-). Xt ouvvéyela, ta
Openticd péoa cvumvukvankay Kot KAacpotddnkav pécm vmepdmbnone. Ta
KAAoLLATO TOV TTEPLElYOV TIG VYNAOD Kot TIS YOUNAOD poplakol Bapovs Hopeég tng a-
GLVOVKAEIVIG evabnkav, Eexwplotd, o€ dVO SPOPETIKEG OEEAUEVEC TPMTEIVAOVY, La
vyniov (High Molecular Weight, HMW) kot o youniov (Low Molecular Weight,
LMW). Ta 00 S10popeTikd TpoTeivikd PEYIOTO COUTLKVOONKOY HE TIG EUTOPLKL

dwbéoyeg otnreg. AkolovOnoe aviikatdotacn Tov dtdlvpotog PBS, oto onoio

- -
o 3]
1 ]

% KVTTAPLKOG OdvaTog
(3.}
I

LMW, WT+

Ewéva 49: O1 anopovouéveg eKKpvOUEVEG OAYOLEPEIC KoL LOVOUEPELS HOPOES TG B-GUVOLKAETYNG
pei@vouy t froocipdtnto 1ev drapoporompévav SH-SYSY kuttdpav.

Bpentikd péco amd kvtTapa mov ekepdlovv to evdoyevr (CM,WT+) 1 avénuéva (CM,WT-) erinedo
a-cLVVOLKAEIV KAaopotdbnke pe vrepdndnon. Ot eokvttapieg HMW kor LMW popeég g o-
GLVOVKAEIVIG cuveAEYNoaVY, AopiliidBnkay Kot xopnyHtnkav og dapopomomuéva SH-SYSY kottapa,
v 48 dpeg. AploTepd, AVTITPOCOREVTIKEG EIKOVEG 0o OTTIKO pukpookodmio. Kiipaxa: 50 um. Ag&id,

YPAPN L0 TOGOTIKOTTOINGNG OV TaPOLSLalel TV adENGN TOL KLTTOPIKOV BavATov Tov TTapatnpeitat,
KOTOTLY XOpNynong, yo 48 dpec, TV EKKPIVOLEVOV LOPO®V TNG 0-cLVOVKAEIVIG vymAod (HMW) ko
yopmiov poprokov Bapovg (LMW) (n = 3, puéoog 6pog = SD, one way ANOVA test, axorovBodpevo
and Tukey’s test, *p<0.001).

elyav ekAovoBel ol mpwteiveg amd ™ omin, pe SO0MM o&ikd appdvio pH7.5, péow
VIEPPLYOKEVTPNONG KOl AvoPhimon péypt va. v TAfpn apuddtmon (BAr. MéBodor,
evomnrto 9). Katomy, ta delypota enavacvotddnkay oe 250ul nAnpovg Bpentikod

RPMI, to omoio mepielye kau 10% FBS, amootepddnkov kot xopnyndnkav yopiotd
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og dnpopomomuévo SH-SYSY kdttapa-oékteg, oe tehkn apaiowon 2X, yia 48 dpec.
Evowgépov mapovcidlel 1o yeyovog 01t 1660 ta vyniov (HMW), 660 ko avtd tov
xopnAov poptakob Bapovg (LMW) khdouato tpokdriecay eKQUAGUO 0To KOTTOPO-
dékrteg (ekova 49A), otov 1610 oyeddv Pabud, (% kutrapikodg Bdvatog = 8.9 £ 0.5 kon
11.8 £ 1.6, yio to. HMW ka1 ta LMW «khdouata, avtiotorya, uécog époc = SD, n = 3)
(ewova 49B).

3. Meiétny To0 unyoviouov vevpotolikis opaons TS EKKPIVOUEVHS a-
OVVOVKAEIVG

Ta mopamdve amoTteAEGHOTA, GE GUVOLOCUO e HEYAAD OYKO BiBAMoypapik®V
dedopévev, toviCovv T PloAoyKn OpAcT TOV EKKPIVOUEVOV HOPOOV 1TNG -
OUVOUKAEIVIIG  OTNV  OMOLOGTOON TV KUTTAP®V-0eKT®V.  Amodedetypéva, N
EKKPLVOLEVT 0-GUVOVLKAETVN givan og B€om va pLeudvel onuavTika T Plocipudtro tov
VELPOVIK®OV KLTTAPOV-OekTdV. Katd ocvvémewn, 1 O10AeOKOVON TOL UNYOVIGHLOD
VEVPOTOEIKNG dpAoNs TG £V AOY® TPMTEIVNG givan KoUPkng onuociog, Kotapydgs, yio
™mv Kotavonon g taboyévelag tng vooov tov Parkinson kot katd devtepov yio )

dNuovpyia vEwV BEpamELTIKOV TPOCEYYICEWDV.

3.1. Melétn THS IPOGIANWYNGS THS EKKPIVOUEVNS A-GUVOVKAEIVIIS wg mbavov
VEVPOTOLIKOV UNYAVIGUOV OPACHS

H mpdoinymn g ekkpvopevns o-cuvovkAeivng amd ta kbTTapo pe To omoio
épyeton oe eman oamoterel €vav omd TOLG EMKPATEGTEPOVS UNYOVICUOVS NG
vevpoto&ikng g dpaong (Emmanouilidou et al., 2010a; Lee et al., 2008a; Luk et al.,
2009). H mpocpatn vmdbeon g SOKLTTAPIKNG HETAS0ONG NG TaboyEVEWNG TNG
vocov tov Parkinson, evioyvetor, g, amd TO YeYOovog OTL évo. TOGOGTO TG O-
ocvvovkAgivng exkpiveton péow sEmcopatov (Vekrellis et al., 2011). To moapomdve
ompiletor omv mbovn Aertovpyio Tov eEOoOUATOV, VTN TNG ATOUAKPLVONG TOV
Brapepod mpmteivikon poptiov gvdg kuttdpov (Bin. Ewsayoyi, evotnta 3.2) (Putz

et al., 2008).
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3.1.1. Meiétn ™S mPOGANYNG THS EKKPIVOUEVHS A-GUVOVKAEIVHGS A0 O101pOVUEVA
SH-SY5Y kvrrapa-déxtes

Eivar yvootd 611 1 avacuvévacpévn a-cuvoukAEiv mpociapupdvetar and
KOTTOpa-0ékTes, péow evookvttapmwong (Ahn et al., 2006; Sung et al., 2001; Zhang et
al., 2005). Qotoc0, N TAelOYNPia ToV peket®voV otnpiletar otn ypnon eEmyevag
YOPNYOVUEVTG AVAGLVOVAGHEVTG Oi-CUVOVKAEIVIG Kol Oyl PLGIOAOYIKA EKKPIVOLEVTG
amd To KOTTAPO TPOTEIVNG.

Apyikd, depguvinike 1 kavotnta tv dtoupovpeveov SH-SYSY kuttdpov va
TPOGAAUPAVOLY TNV EKKPIVOUEVN 0-GLVOLKAETVN. ' T0 oxomd avtd, KLTTAPO TO
omoio. exk@palovv evdoyevn emineda a-cvvovkAgivng (WT+dox) © kdttapa mov
vrepek@palovv v ev Moyo mpoteivn (WT-dox) 1 m B-yaraxtooddon (bGAL-dox),
onuavenkav pe padievepyo Oeio 35 (S) (ewéva 50A), evd To Opentikd TOVS HEGO
OLVEAEYN, ®©C TNy OA®V T®V EKKPIVOUEV®OV POSIOCT|LACUEVOV TPOTEIVOV (PAT.
M£0o0doy, evotnTeg S, 21). Zn cvvéyela, To padltocnpacpéva Bpentikd yopnyndnkav
oe dwpovueva SH-SYSY kottapa yio 16 dpeg (BAr. MéBodor, evotnyra 24). Tdoo
To. KOTTOPA-00TEG TOL podtoonpacpuévoy Bpentikov (ewkéva S0A), 660 kol T
KOtTopa-0ékteg (etkova SOB), cuveléynoav pe tn ypnom tpvyivig, TPOKEWEVOL va
amo@eLyBovv ot Un EWVIKEG TMPOTEIVIKEG OAANAETIOPACEIS WE TNV TAAGLOTIKN
HeUPpavn TtV KLTTAp®V. AkoAOVONCE AVON TOV KLTTOP®V KOl OVAALGT TOV
TPOTEIVIKOV EKYLVACUATOV Y10l TNV TOPOLGIN PAOIOCTUAGHEVNG 0-GUVOLKAEIVIG e
0VOGOKOTOKPNUVION UE TO €01KO avticopo Syn-1 (Bimx. MéBodor, evéotnro 22.1),
NAEKTPOPOPNON GE TKTMOLLO TOAVAKPLAAUIONG Kot avtopadtogpapic. Onwg paivetal
oV €wéva 50B, ta dopovpeva KOTTOPA TPOGEAAPAY TN PUGIOAOYIKA EKKPIVOUEVN
POSIOCUAGHEVT A-GVVOVKAETVT, Tov TepteydTay ato CM,\WT-. [1pénetl va onuelwei,
OTL M TPOGANYN NG 0-GUVOVKAEIVNG 0EV 0ONYNGE GTO GYNUATICUO EVOOKVLTTAPI®DV
TPOTEVIKOV GLCCOUATOUATOV, OgTikdv yw T ypdon pe Thioflavin S (un
TaPOVCLULOUEVO OEOOUEVA). AVTIOETMG, GTA EKYVAICUATO KVTTAPWV TOL dEYTNKOV TO.
Opentikd paptopec (CM,WTH ka1t CM,bGAL-), dev aviyveddnke padloonocuévn o-

oLVOLKAETIVY (EkoOva S0B).
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Kvttapiko ekyviaopa Kvttopwkd exkyviopo
A . (KOTTOP G-00TES) B . (KOTTOPa-0EKTES)
—WT _ bGAL CM,WT CM,bGAL
dox - + - dox - + -
kDa kDa
15 \ — W —= S onuacpév AS 15 | — — S-onuacuévn AS

Ewova 50: H exkpwvopevn a-cuvovkieivn mpociaufdavetor omd droupovueva SH-SYSY kitropa.
Kbttapa pe evéoyevry (WT+dox) 1 avénuéva (WT-dox) eninedo a-cuvovkAeivng gite tng npwteivng B-
yohaktoowddone (CM,bGAL), onudavenkav pe podevepyd °S. To Opentikd péoo omd T
POSIOCNUACHEVO KVOTTOPO, 7OV TEPLElYE OAEG TIG OMUACUEVES UE %3 EKKPIVOLEVEG TPMOTEIVEG,
xopnynOnke oe dwpovpeva SH-SYSY kdtrapa-6éktes. H evdoyevig padtoonpacpévn a-cuvoukAeivny
TOV KUTTAP®V-00TAV (A) Kot ovTi] Tov TPocANeOnke omd ta kKOTTapa-6éktes (B) aviyvednke katdmy
OVOCOKTAKPNUVIONG [e TO SYN-1 avticopa Kot autopadtoypaeio.

O pnyoviopdg TpdGANYNG TG 0-CLVOVKAEIVIG amoTeAel akOpa éva pHadpo
kouti. Qotéco yivovtar dwupkelg mpoomdbeleg mpog v kotevbuven avty. Mua
TPOCOUTN dNUOGicvon Tov Lee kot Tov GuvePYAT®V TOV TPOTEIVEL OTL O1 OLUPOPETIKES
LOPOES  OVOGUVOVAGUEVIG O-GLVOVKAEIVNG akoAOVBOUV  SlaPOpETIKG  LOVOTATLIO
npooinyng (Lee et al., 2008a). Zoupwvo pe To ATOTEAEGHOTO TNG EV AOY® HEAETNG, M
LOVOUEPNG A-GUVOVKAETYN TPOGAAUPAVETOL A0 TO KOTTOPA-OEKTEC, LEGM TAONTIKNG
duyvone, oe avtiBeon pe TIC OAyopepelg Kot wISOKEG HOPQES TNG Ol OMOLES
akolovBodv 10 evdokvTTapikd povomdtt mpooAnyng (Lee et al, 2008a). H
EVOOKLTTAPMOOT] UEC® HEUPPOVIKOD VTTOJOYEN, OmOTEAEL Vo EVOALUKTIKO LLOVOTATL
TpocAny”NGs. MdaAiota, £xel mpotabel Tl otV gvokvtTdpmon tov ABR-42, mbavotara,
CUUUETEYXEL O 07 VIKOTIVIKOC vrodoyag aketvhoyoAivng (Nagele et al., 2002) 1 o
vrodoycag NMDA (Jellinger, 2002), ot omoiot ek@pAalovTol 6TNV KLTTAPIKT ETLPAVELD
TV vevpoveov. Eviovtolg, péypt kot ofjuepa, 6gv vapyovy de00UEVa Yo TNV VTapén
KOO0V GLYKEKPLUEVOD VTTOOOYEN EVOOKVTTAPMOONG TNG PLGIOAOYIKA EKKPIVOLEVTG O
GUVOVKAEIVNC.

Me Bdon 1o mopandve, TPoyUATOTOOnKE o GEPA TEPAUATOV, 1| OToid
€00 KAMOWL TPOTOPYIKE OTOTEAEGUOTO, OYETIKA pHe TNV Vmapén vrodoyéa
EVOOKVTTAPMOONG NG 0-cLVOLKAEivnG. H mpocéyyion mov akoAovOrdnke, elye ¢
Baon g v mpocHnkm mepicoelng Un POOIOCNUAGHEVNG OVACLVOLOGUEVNG -
OGUVOUKAEIVIG, TOPOAANAG LE TN (QUOIOAOYIKE EKKPIVOLEVT] POOIOCTUOCUEVT] O.-
OLUVOUKAEIVI.  Ztmv  mepimtoon  Omapéng  vmodoxéo  EVOOKLTTAP®ONS, M

OVOCLVOVAGHEVT] TPOTEIVY, AOY® TG VYNANG GLYKEVIPWONG TS, B decpevoel To
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HEYOADTEPO aplBUOd VTOOOYEWMV, HE ONOTEAECUO VO UEWOOEL TOV opldud TV
POUOLOCTLLAGUEVMV LLOPLMV OV EIGEPYOVTOL GTA KUTTOPA [LE CTOLXELOUETPIKO TPOTO.
IIpog avty v xotevBuvor, Opentikd péco, mov meplelye OAeg TIg
padtoonpacpéves e S exkpvopeves mpmteives, yopnyionke oe Sapodpevo SH-
SYS5Y «uttapa, mapovsio 1| amovcion SlopopeTIK®V cvuykevipacsewy (50, 150, 300
NM) pn padlooNUACUEVIS AVOGLVOLAGUEVNG O-GLVOLKAEIVNG (gikéva 51A). Ta
KOTTOPO  EMOACTNKOY, OLVEAEYNCOV KoL  ovoAbOnkav ywoo TNV TOpOLGia
POOIOCUAGHEVIIC  0-CUVOVKAEIVNG, Omw¢ kot mopomdve. H  mopovoic g

AVOGLVOVOGUEVNG O-GUVOVKAEIVIG, kO Kot 6T JKpOTEPT cuykevipmaon (50 nM),

Kvtrapwé exydliopa Kvttapukd sxyviiopa
Kittopo-ddtec Kitrapo-dékreg Kbtropo-dotec Kitrapa-oéktee
WT-dox CM,WT-dox B. WT-dox CM,WT-dox
kDa — - - 50 150 300 R-AS (nM) kDa - - 1 5 50 R-AS(nM)
3 i W “ .;_-:.‘a;:r: =
170 — * - ' 170 —

70 —
42— 2—
25— 5 & T | 25— —= S onuacpévn AS
: —= FS-onuacpévn AS 15—
15—
1P/Syn-1 -+ + o+ o+ 4+ IP/Syn-1 + - + o+ o+t
IP/c-mye  + - = = = - IP/c-mye - + - - T T

Ewova 51: IIBavn vmapén pepfpovikod vmodoyéa yio v mpdoANyN TG EKKPWVOUEVNG O-
ouvovkAeivng ard ta dtaupodueva SH-SYSY kotrapa.

Ye droupodpeva SH-SYSY khtrapa xopnyhonke Opentikd péco, mov mepieiye podoonpuacpuévn pe =S
EKKPIVOLLEVT] 0-CUVOVKAEIVT], TAPOLGIN 1) ATOVGI0 SIUPOPETIKMV GUYKEVIPDOCEMV 1] POSIOCT|LAGUEVNG
AVOCLVOLAGHEVNG 0-CLVOVKAETVIG Yo 16 dpec.(A) 50, 150, 300 nM ko (B) 1, 5, 50 nM. Ta kuttopikd
ekyvAiopoto cvveléyncav kot ovodvdnkav, Omwc Kot mopamdve. H mopovoio axdpe kot Tng
KOUMAOTEPNG CLYKEVIPMOONG OVOCLVOVLOCUEVNG a-cLVOLKAEVNG (1 NM), eokeiper to ofua ™G
POSLOCTHACHEVIG A-CUVOVKAEIVIG OO TO TPOTEIVIKO eKYOAMOLA. AVOGOKOTOKTLVION LE TO GGYETO
Y10 TNV 0-GUVOVKAETVIG OVTICMLO, C-MYC, ¥PNGIULOTOONKE O HAPTVPOG Y10 TOL 11| E101KEGL GTUOLTOL.

eCadeipel 10 oNua NG PASIOCNUACHEVNG EKKPIVOUEVNG O-GUVOLKAEIVIIG GTO
EKYOAIOUN TOV KLTTAP®V dekT@V. [Ipémel va onueiwbel, 6Tt axdun Kot 1 eEopeTika
YOUNAT GLUYKEVIPOGOT OVOGUVOVOGUEVIG 0-GUVOVKAEIVNG, ¢ TdEewg tov 1 nM
(ewova 51B), empépel to 100 OMOTEAEGUATO, MELOVOVTOS TNV TPOCANYN NG
POOTOCTLOGHEVNG EKKPIVOUEVNG 0-GLVOLKAETVNG. Aedopévou OTL pio 10100TEPMG
YOUNA CLYKEVTP®OT), TOL ayyilel Ta EMIMEOD TPOGOET, TPOKAAEL TOGO OPOUATIKN
avacTPOEN TG TPOSANYNG, EVicyVETAL 1] VITOBEST VTaPENG £vOg vVITodoyEa. Befaiwe,
Ol TOPOTAV®D TOPATNPNOELS, OMOTEAOVY TPOTOPYIKA dedopéva kol givar capéc 0Tt

TPOG AT TNV KatevOuvon ypetdletar TEPONTEP® Kot EVOEAEXNG LEAETN.
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Yuvoyilovtog, M QULGLOAOYIKE EKKPIVOUEVY] POOIOCTUOGHEVT] UE %S o-
oLVOVKAEV TpocAapPaveton amd to dtopovueve SH-SYSY kuttapa oto omoio
yopnyeital, mbavotata pécm g Hapéng Kamolov pepPpovikov vrodoyéa. Evioya,
Aomdv, yeEVVATOL TO €PMTNUA €AV 0T CLGGMPEVETAL GE KAMOO GULYKEKPIUEVO
VTOKLTTAPIKO opyavidlo. ['a va amoavinbel o mapamdve epdTUA, To dopPovUEVA
KOTTOPO, To Oomoio O&yOnkav to OpemnTiKd TOL TEPIElYAV TIC POOIOCTUOGUEVES
EKKPIVOLLEVES TPMTEIVES, VTECTNOAV KAUGUATMOT UE SLOUPOPIKES PUYOKEVTIPNGELS KOt
T0. KAAGHOTA OV TpoékLyav eAEYXOnKav Yoo TV Tapovsio. padlocnUACUEVNS O-
OUVOVKAEIVIC, OTMOC Kol Topomdve. Apyikd, akoAovOnOnke éva amAd TPWTOKOAAO
Khaopdtmong (etkéva 52) (BAn. Mé£Oodor, evotnyta 14.2) (Liu et al., 2002), and 1o
omoio mpoékvyav tpia KAdouaTa, T0 TPMOTO gumAovticpévo oe mopnveg (P1), to
O0e0TEPO  EUTAOVTIGHEVO ©€ O To  HEUPPAVIKA oLOTATIKA  (evooomuaTa,
wkpooopata, pepPpdaveg, P100) kot téhog 10 kabopd wvttapdémiacpa (S100).
2OUQove. e TO OMOTEAEGUOTO TNG OLTOPOSOYPOUEING, T POSIOCTUOGUEVT O-

GUVOVKEAETVT, KOTOTY TNG TPOCANYNG TNG, EVIOTMIGTNKE Kot 6TO TPio KAAGLOTOL

Kvttapikd skyviieno

Kvttapo-66tec  Kitrapa-oékteg

WT-dox CM,WT-dox
kDa P1_ P100 S100
170 — '
70—
42— e

25— |
15— . —=33S-onuacpévn AS

Ewkéva 52: Yrokuttapikdc evtomioudc TS podloonULOGUEVNC G-GUVOVKAETVNC, KOTOTY TPOGANYAS

e omd ta droupovusvo SH-SYSY kdttopa.

Ye dronpodpeva SH-SY5Y khtrapa xopnyhonke Opentikd péco, mov mepieiye podloonpuacuévn pe >°S
eKKPVOLEVT a-cuVOVKAEIVN. To kutTapikd exyviiopa Khaopotodnke og: (P1) kKAdopa ruprivov, (P2)
KAGopa evéocmpdtov/ pkpooopdtov kot (S100) kabapd xvtocodio. Ta kidopata avolvbnkoy yo
TV TOPOLGio.  TNG  PASIOCTLOCUEVIG  O-CUVOUKAEIVIG HE  MAEKTPOQOPNCT O  TNKTOUO
TOAVAKPVAAUIONG Kol avTopadioypaeio. Qg BETIKOG LAPTVPAG Y10 TV TAPOVSIN TNG PASIOCT|LOCHEVNG
0-GLVOVKAEIVNG, YPNOLOTOONKE EKYOAICHO OO TO KOTTOPA-00TES TOV PASIOCTLOUCUEVOL BPETTIKOV
(**S-labeled CL, WT-dox).
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2 GLVEKELD, EPOPUOCTNKE EVO AVAAVTIKOTEPO TPMOTOKOAAO KAUGUATOONG
(ewova 53A), oto omoio anopovdONnKe KAAGHO EUTAOVTICUEVO 6€ TVPNVES (DETIKO
ywo. Aapuvivn, laminin), oe ptoyovopila (Betikd yio Complex 1), og E.A. (Bt yuo
Calnexin), oe copmleypo Golgi (Betiko yio Golgin-97), ce evdocmpoato (BeTikd yia
lamp-1) kot tého¢ KAdopo mov avtimpoo®neve 10 KoBupod KLTooOMo (BeTikd Yo
ERK) (pAn. M£0odor, evotnta 14.3). TtV TpoKepéVn TePinTmon, eV EVIOTIGTNKE
o€ KovEva KAAGHO 1 padlooUOoUEVT 0-CUVOVKAETVY (gtkova 53B). Agdopévou oti
T0 &V AOY® TPOTOKOALO Omotel HEYAAO aplOpUd SoPOPIKOV PLYOKEVIPIOCEMY, KOTA
™ O1BPKELD TOV TEPANATOC VILAPYEL amdAELn VAKOV. Kotd cuvémela, pLetdveTol Kot 1
TOGOTNTO TNG PASIOCTLACUEVNG Bi-GUVOVKAETVIG GE EMIMEDQ U] OVIYVEVCLUO OO TNV
akolovBovpevn pébodo. Emopévoe, m amovcio onuotoc amd to KAdoupato O¢
onpaivel amapoitnTa OTL 1 PUSIOCUAGHEVT] 0-GUVOVKAEIVN amovctdlel, aAld OTL

Bpioketon 6€ TOAD kP GLYKEVIPOOT).

A. K)aopata Kvtropiké B. Kvtropwkod Kiaopota
EKYOAIONT SKX_IC))JGFIG (Kitrapa-déxteg)
kDa Pl P2 p3 P4 x H (Kitrapa-doreg) CM,WT-dox
WT-dox P1 P2 P3 P4
70— =t $==t —Laminin kDa

170—
70— M~ T e —~ Complex II
70—

93— o — - —=(Calnexin 42—
93 '
1 8 i — —_—
93— ; "‘| - —_ —=Golgin-97 25—
103— . - | ol —=Lamp-1 e e
- ) -l 15— . S-onuoopéviy AS
43— ' .-' - i e —ERK

Ewova 53: Yrmokuttoptkdc eviomioudg TS podlocnUOSUEVIC G-OUVOVKAEIVIG, KATOTY TPOCANYNS
e omd to dapovueva SH-SYSY kitrapa.

Ye droupodpeva SH-SYSY khtrapa xopnyhonke Opentikd péco, mov mepieiye podoonpuacpévn pe >°S
eKKpVOLEV a-cuVvoLKAETvN. To kuttapikd ekyOAMope VTOPANONKE o SLOBOCIKES PLCYOKEVTPNOELG
amo TG omoieg mpoékvyay ta &N kKAdopota: (P1) mupnvikd khdoua, (P2) wtoyovdplakd kidoua, (P3)
KAGGpO EUTAOVTIGHEVO og gvdocdpata/ pikpooopata Kot (P4) kabapd kvtocdo. (A) Ta kKAdopata
avolOBnKoy Yo TNV Tapovcia TG PadIOCT|LOCHEVIG 0-CUVOVKAEIVIG LE NAEKTPOPOPNON OE TNKTMOUO
TOAVAKPVAAUIONG Kol avTopadioypaeio. Qg BETIKOG LAPTVPAG Y10 TV TAPOVGIN TNG PAOIOCT|LOCUEVG
0-GLVOVKAEIVNG, YPNOILOTOONKE EKYOAICHO OO TO KOTTOPA-0OTES TOV PASIOCTUOUCUEVOL BPETTIKOV
(*°S-labeled CL, WT-dox). (B) H Aapuvivr (laminin) ypnotpomomnke og pdptopag yia 1o mopivikd
KAdopa, o Complex Il yw ta pitoxovépua, n Calnexin yw to E.A., n Golgin-97 yw to oOpmieypo
Golgi, to Lamp-1 yio ta £v800OUOTA/ PIKPOSMUOTE, CUUTEPIAAUPBOVOUEVOV TOV AVGOMUATOV KOl
tého¢ 10 ERK w¢ xuttapomlapcaticdg deiktng.
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3.1.2. Meiétq TS TPOGANWYNGS THS EKKPIVOUEVHS  A-CUVOVKAEIVHS oo
oapoporomquéve SH-SYSY kvtrapa kot mpwtoyeveis vevpmveg

21 ovvéyela eEETAOTNKE TO €VOEYOUEVO M EKKPLVOUEVT] O-CGLUVOVKAEIVI Vv
npocropfavetor  amd Sweopomomuéva  SH-SYS5Y  kbOtrapa kot mpotoyeveic
vevpoves. T to okomd avtd, kdtrapo mov ekepdlovv to gvdoyevy (WT+doX) 7
avénuéva, (WT-doX) enineda a-cuvoukAeivig, onudvinkay pe padloonuacuévn pe
¥S xvotetvy kou pebelovivi, evd ta Opentikd péca mov mepeiyov OAEC TIC
padloonuacpéves  ekkpwvopeves mpoteiveg (CMWT+, CMWT-, avtictoyo),
yopnynonkav ce dtapopomomuéva SH-SYSY kidtropa kot KaAMEPYELEG TPOTOYEVOV
QAOLIKOV vevpdvey amd Euppva emipw, yio 16 dpeg. Ta kuttapikd ekyvAiouoto
ocuveléynoay Kot avoAvdnkov Yoo TNV Topovcio. NG  POUSIOCTUOCUEVNG  O-
OLVOVKAEIVIG, O Kol mopamdve. Xe avtifeon pe to dwpovpevo SH-SYSY
KOTTOPA, 6TO TPAOTEIVIKO ekyLAICLA TV dtpoportompéveoyv SH-SYSY kuttdpov kot
TOV TPOTOYEVAV VELPAOV®V, OEV aVIXVELONKE POSIOCT|LOGUEVT] 0-GUVOVKAETVT, aKOUT
KOl VOTEPA OO TOPATETAUEVN EKOEGT TOL POTOYPAPIKOV PN (gwkOva 54). QoT1d60,
Otav  To  JPOPOTOMNUEVE  KOTTAPO-OEKTEG TOV  POSIOCNUACUEVOD  OPETTIKOV
ocuveléynoay yopic T ypNon Tpuyivng, oAAE KaTOMY TOAAGDV TADGE®V HE TO
puOotiko dwdhvpa PBS, ota kuttapikd ekydMcpa mov Tposkuye, epeaviotnke va
adLVOUO O 6TO HopLokd PBdpog g a-cvvovkAeivng. To yeyovog avtd mbavd va
onuaivel 0t vapyel o achevig aAANAETIOpaoT TS O-CLVOVKAEIVIG GTO EMiMEdO

NG TAAGLOTIKNG LEPPpbivng, n ool eEaleipeTan Tapovsio Tpuyivig.
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Kvttapikd ekydMopato

Kvtroapa-d06teg Kvttapa-oékteg
WT CM,WT

dox - + B + - + - + - .

kDa S101povpL.  SPOPOT.  VELPOV.  SLUPOPOT.
1 day exp. 30 day exp.
25 — & '
‘ —35S-onuacpévn AS

IP/Syn-1 - - + o+ + o+ o+ 4+ o+ +

IP/c-myec  + - - - - - - - - ’
+ poyivy - poyivy

Ewéva 54:_H podwonuacuévn o-cuvovkheivn dev mpociapfdvetor amd ta Swapopomomuéva SH-
SYSY Kkitropa Kot ToVE TPOTOYEVELG VEVPAVEG.

Kotropo pe evéoyevy (WT+dox) 1 avEnuéva (WT-dox) enimeda a-cuvoukAieivng onudvinkay pe
padievepyd *°S. To Opentikd péco omd Tor padIOcTHAGHEVE KOTTOPA, TOV TEPLEiYE OAES TIC OTUAGHEVES
He %3 EKKPIVOLEVEG TPpWTEIVEG, YopNYNOnke oe dSwopoduevo (d1opodiL.) Kot SlaPoPOTOmUEVEL
(drapopor.) SH-SYS5Y «bOtrapo xor oe mpoToyeveic @Aotikovg vevpodveg (vevpdv.). H evdoyevig
POSIOCTUAGHEVT] O-GUVOVKAEIV TV KLTTAP®V-00TOV (KOTTOPA-OEKTES, OPIGTEPH) KOl OULTH TOL
TPpooAEONKeE  Oomd  TO  KOTTOPO-OEKTEG  (KUTTOpPO-O0TEG,  defld)  aviyvevbnke  katdmvy
avocokatakpniuviong pe to Syn-1 avticopa kot avtopadtoypaeio. Movo ta doupodpeva SH-SYSY
KOTTOpa TPOoGELaPav THV EKKPIVOUEVT] 0-GUVOLKAEIVN. Amovcio tpuwivng (-tpowivn), aviyvedetal
POSIOCTUACHEVT] 0-CUVOVKAEIVI] KOl GTO KLTTOPKO EKYVAIGHO ToV dwpopomomuéveoyv SH-SYSY
KUTTOP®V.

[Tpokepévov va amokAelotel N mepinTmon ta einedO TNG 0-GVVOVKAEIVNG OV
TPOCAOUPAVOVTOL OO TOVG QAOUKOVG VELPAOVEG va gival TOAD YOUNAQ Yo v
aviyvevbobv pe v moapomdveo péBodo, yopnynnke oe mpwToyeVES KOAAMEPYEIES
VELPOVOV U1 POSOCIHOCUEVO OPeNTIKO LEGO, TAOVGLO GE PLGIOAOYIKA EKKPIVOLEVT
a-GLVOVKETVN, Yo 16 dpeg. Ta kuttapikd ekyvAicpata eA&yyOnioy yo v mapovcia
avOpOTIVNG 0-GUVOVKAEIVNG LE OVOCOKOTOKPNVIGT), LE TO €O1KO Y10 TNV TPOTEIVN
avticopo Syn-1, akolovBovuevn and avocoamotvmopo katd Western pe to e1dwko
ywo. v avOponvn a-cvvovkieiv avticopo LB 509 (eikéve 55). Axdpo kot vro
aVTEG TIG oLVOTKEG dev KaTéTTn duvatd va moTonom0el n TPOSANYN TS avOPOTIVIG

EKKPIVOLLEVNG 0-CUVOVKAEIVIG OO TOVG PAOIKOVG VEVPDOVEG,.
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Kvttapwka ekyviiopata
IP/Syn-1 WB 211

Kvtrapa-00teg Kotrapa-oékteg

WT CM, WT
dox + - T -
kpa i W W W
— ol un ko onpo
02—
36—
=== _— avOpoTIVN
15— AS

Ewéva 55: O mpwtoyeveic @lotikoi vevpaveg emipvog dev mpocAoufdvovy 1  @uotoAoytkd
ekkpvouevn a-cvvovkieivn. Ta kvuttapikd exyvhicpoto amd kdtrapo pe evdoyevny (WT+dox) 1
avénpéva (WT-dox) eminedo a-cuvoukAeivng avocokatakpnuviotnkay pe to ovticopo Syn-1. H ao-
OULVOVKAEIVI aviyvednke pe 1o €dwod yo v avBpodmivn npoteivn avticopa LB 509. To Bperticod
péco amd auTA To. KOTTOpO YOpPNYNONKeE O TPMOTOYEVELS KOAMEPYEEG VELPOVMOV (AOLOV EMILV.
AKOL0VONCE OVOGOKATAKPILVIOT) TNG 0l-GUVOVKAEIVIG ad T KUTTOPIKE EKYLAICLLATE TOV VELPOVEOV-
dektdV, pe 10 avticopo Syn-1 kot aviyvevon tng avOpdOTIVNG TPOTEIVNG LE OVOCOOTOTOTMUA KOTE
Western pe to edw6 avticopo LB 509.

Evtovtolg, ot PBiproypapio, vrapyel peydAog 0YKOg ava@opdV oL KAVEL
AOyo vy NV eviOKLTTAP®ON €EMYEVMG  YOPNYOOUEVNG OVOCLVOLOCUEVG O-
ocvvovkAgivng omd kvttapa-dékteg (Ahn et al., 2006; Lee et al., 2008a; Lee et al.,
2008b; Liu et al., 2009a; Luk et al., 2009; Sung et al., 2001; Zhang et al., 2005).
Qo1660, TPENEL Vo TOVIOTEL, OTL GE AVTEG TIC TEPUTTAGELS £YIVE YOPYNON EEAPETIKA
VYNADOV  GLYKEVIPMOGE®MY KOBOPNG OVOGUVOLAGUEVNG TPMTEIVIG, Ol  OmOiEg,
Eepehyovtog omd To Oplol TOL PLGLOAOYIKOV, THAVAS VO 0ONYNGAV VIO KOOEGTAOC
mieomng ta KOTTaPA-OEKTES va. TNV TpocAdafovv. Me Bdon ta mapandvm, diepeuviOnke
T0 &vogyduevo m advvapia aviyvevong g TPOCANYNG NG EKKPVOUEVNG -
GUVOVKAEIVIG VoL OPEIAETOL OTN GLYKEVTPMON NG TPMTEIVNG 610 Opentikd péco. Na
T0 OKOTO OVTO Kol OAKOAOLOMVTOG TIG GYETIKEG ONUOGLEVGELS, dVO GUYKEVIPMGELS
AVOGLVOVAGUEVIG avOpOTIVNG 0-cLVOVKAETVIG, uia yopunAn (10 nM) kot pior vynAn
(300 nM) (ewkéva 56A), yopnyhOnkav oe TPOTOYEVEIS KAAMEPYEIEG QAOLIKMV
vevpdvov. H oAMKN 0-CLUVOLKAEIVI 0VOGOKOTOKPNUVIGTNKE OO TO KLTTOPLKY

ekyvAiopato pe to oviicopa Syn-1, evd 1 avocuvovaopévn TpoTEiv Tov &iye
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TpooAneOel aviyvevbnke pe avocoamotimopo koatd Western pe to €01kd yu v
avOpomvn mpoteivn avticopo 211 (ewéva 56B, apiotepd). [lposmmdoaon Tov
avtioopoatog 211 pe mepicoeio avasVVIVAGUEVIG 0-GUVOVKAETVNG, XPNOLLOTOMmONKE
TPOKEWEVOD VO OTOKAEIGTOVV TOL U1 €101KA ofjpata (swkova 56B, 6g&ra). [lopd ™
YPNOM WOUTEP®G VYNADY GUYKEVIPOOEWMV TNG TPMOTEIVNG, OV KATEGTN SLVATO Vo
eMOVOANPOOVV Tar O vdpyovia PipMoypapikd dedopéva. Befaimg, dev mpémel va
napaAneOel o mapdyovtog TG SOUOPP®ONS, KUOMG OTIG TEPICCOTEPES AVOPOPECS,
XOPNYOVVTOL TPOKATEPYUSUEVEG WVISIOKEG LOPPEG TNG OVACLVOVACUEVNG TPMTEIVIG.
Axoua, OpmG Kot HOTEPA OO TN XPNOT OTADV TPOTOKOAA®Y Y10, TO oyNuaTiond in
VItro oAtyopepdv TG avacLVOLOCUEVIG 0-GUVOVKAEIVIG, KOl TEPUITEP® YOPNYNON
TOVG GE VEVPMVEG, 0ev emPePfaidOnke 1 TpPOSANYN TG TPOTEIVNG amd TO VIO PEAET
KUTTOPIKO ovotnuo. (Uun mopovolalopevo dedopéva). EmumAiéov, oe mpdoeatn

dnuoacigvon amd tov Kelvin C. Luk kat tovg cuvepydteg Tov, Toviotnke 0Tt yio v

A. B.

Kvtrapika Kvttapika
R-AS ekyvriopota R-AS  ekyvhicpara R-AS
(nM) 10 300 R-AS (nM) - 10 300 - - 10300 -
kDa kDa | R - o
7 : un €131K6 ofpo
72— o~
- — - —— —
36—
36 —
— o avBpdmivn
___ovBphmvy 15— ~AS
15— AS
IP/Syn-1 + + + - - + + + - -
WB 211 IP/c-myc - - - + - o owm e m

WB 211 WB 211+ R-AS

Ewova 56: O mpwtoyeveic @AOliKOl VEVP®OVES EMIUVOG dEV TPOGAUUBAVOVY THV OVOGLVIVAGUEVT O-
GLVOUKAETVY).

ADO S10POPETIKEG GLYKEVIPAOGELG OVAGUVIVOGUEVNG avBpmdTTIvNG 0-cuvoukAgivig, 10 kou 300 NM (A),
xopnyndnkov oe mpwrtoyeveic KoAMépyeleg  vevpmvev  ehotov  emipv.  (B)  AkoiovOnoe
OVOCOKOTOKPNUVION TOV KLTTOPIKOV EKYLVAOUATOV pe To avticopo Syn-1 kot avigvevorn g
OVOGUVOVAGHEVTG 0-CUVOVKAEIVIG HE TO €0KO Yoo TNV avBpdmvn mpoteivn aviicopo 211. Qg
UAPTLPOG Y10, TO L1 E0TKA GHOTO, TPOYUATOTOONKE TPOETMMOGCT TOL avTicdpatog 211 pe tepicosio
OVAGLVIVAGHEVIG 0-CUVOLKAEIVIG.

€l6000 NG TPOCYMNUATICUEVOV VBV  OVAGLVOVACHEVIC  O-CUVOLKAEIVIIG OTO

KOTTOPa-OEKTEG, omopaitntn glval 1 mapovsia katovikov Amocopdtov (Luk et al.,
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2009). Katd ovvéneia, Tpokelpévon va tpaypatorondei 1 tpocAnym g eEmyevag
YOPNYOVUEVNG TTPMOTEIVNG, KOO KOl GE OVTEC TIC LVYNAEG GLYKEVIPAOGELS KOl LTTO
avT TV WK SpOpemon, omotteital kdmolov gidovg vmofondnon Tov
GLGTNLOTOG,.

Amo v GAAN mhevpd, 1 dnuocicvon twv Desplats kot cuvepyormdv, kavel
AOyo ywoo pet@adoon ¢ moaboioyiog TV copatiov Lewy amd Ttovg macyovieg
VELPMVEG GE LY EUPPLIKE EUEVTELHATA, HECH UETAPOPAS TNG O-GLVOVKAEIVNC amd
vevpdva oe vevpava, (Desplats et al., 2009). Evtovtoig, mpénel va toviotel 0Tt oTnV
TOPUTAVED HEAETN 1 VIEPEKPPOCT] TNG 0-GUVOLKAEIVIG TPOYHOTOTOONKE e 1TKOVG
eopeic (Desplats et al., 2009). ITpokeévov va diepgvvnBel kKotd mOG0 amodotikn Oa
UTOpOoVGE Vo €IvVOL 1| GUYKEKPIUEVT] TEIPAUATIKY] TPOGEYYIOT] YO TOVG OKOTOVS TNG
TopovcOC OOAKTOPIKNG STPIPNG, TPAyHOTOTOMmONKE W0 GEWPE  TEPAUATOV.
Awpovpevo.  SH-SYSY  empoAdvOnkav pe adevoiovg mov  mpokaAoOv  Tnv
VIEPEKPPOCT €iTE NG awoTNPG KuTTapomhacpotikng npwteiviig UCHL-1 (sikéva
57A, 6g&1d), n omoia oyetiletor pe ™ voéoco tov Parkinson, site g cvvOetikng
eBopilovcac mpwteivig EGFP (ewkova 57A, aprotepd). Kapio and t1g 600 mpmTeiveg
dev ekkpiveTar VO ELGOAOYIKEG GLUVONKES. AgKaEEl MPEG HETA TNV EMUOALVOT, TA
KOTTOpO  eKTAVONKOV TOAAEG @OpPEC Kol ot GLVEXEW TPooTéOnKe  QPECKO
KOAMEPYNTIKO HEGO Yoo GAAeG 16 dpeg. To Opentikd péo® TOV EMPOAVGUEVOV
kuttdpov-dotav (Viral CM, VCM), cuvedéyn kol To KOTTOPIKG VTOAEippaTa,
amopakpOvOnkay, Ommg &xer MO avagepbel. X ovvéxelon yopnyndnke oe
KaAAEpyeleg dwpopomompévov SH-SYSY kuttdpov, yioo 16 @pec. AkorovOnoce
LOVILLOTIOINGT| KOl XPMCT] TV KLTTAPOV-OeKTOV gite vavtt g mpoteivng UCHL-1
(CM, UCHL-1) gite évavtt g mpwteivig EGFP (CM, EGFP). Ono¢ @aivetor oo
omv €kéva 57B, n mupnvikn ypoon (umhe ypodpa) Hoechst cuvevroniletor 1060 pe
™ xpoon évavtt g npoteiviig UCHL-1 (kékkivo), 660 kat [e Tn Ypdomn £vavTl NG
npwteivng EGFP (mpdowvo). AviiBétwc, ota kdttapo mov d€xdnkay to Opentikd pnéco
uaptopa (CTL, CM), dev moapovcidletor cuveviomouoc. Mg Baon to mopoamdve
amoteAéopara, to dtapopormompéva SH-SYSY kbttapa-0£KTeg TV Bpentik®dv HEcwv
CM, UCHL-1 xour CM, EGFP, oaivetar va éyovv mpocAdfet TG OvVTIoTOLYES
TPOTEIVEC. AEOOUEVOL OTL Ol GUYKEKPIUEVEG TPOTEIVEG Ogv eKKpivovionl omd Ta
KOTTOpo. To omoio TS ekepalovv, mbavotoata, KATOW KA COUATIOW v
anelevBepobnikay o100  epéoko  Opemtikd, Tmapd TG eKTEVEIG TAVGES TOL

nponynOnkav, He OmOTEAEGUO VO, EMUOADVOLV o€ UIKPOTEPO Pabud kot Atydtepo
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OMOTEAECUOTIKG TO KOTTOPO-OEKTEC. ZVVETMG, OV TPOKELTOL Y10l TPOSANYT, OAAA YO
empoivvon. I'a to Adyo avtd, N GUYKEKPIUEVT] TEWPOALOTIKY TPOGEYYIoN, YPELdleToN

AenTO YEPIOUO, EVO M epunVein TV amoteAeoudTov g xpniet Waitepng Tpocoyns.

A. Kvrtapwka skyvriopota Kvtrapwa ekyvriocpoto
(KDTTOPO-0EKTES) (KDTTOPO-0EKTES)
EGFP-adsvo - + UCHL-1-Gdgvo - +
25— ™ —GFpP 25— = —= UCHL-1
43— - - —ERK 43— - - —ERK
B. CTLM CM, EGFP CTLM CM, UCHL-1

= =
g g
=] =}
en on

&
o =
(@) 2

=

g
\c =-
© £
E B
. E
2 &
= 5
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Ewévo 57: H vmepék@pacn mpoTteivdv pe 1ikovg @opeic umopei va odnyncel oe ywevdmg Oetikd
QOTEAEGLLOTOL.

Awpodpevo SH-SYS5Y kottopo emtpodldvinkay pe adevoiong yio emaymyn TG VIEPEKPPACNS TNG
npwteivig EGFP xat UCHL-1. To Bpentikd péco and to KOTTopa-00Tteg GuVELEYT Kot YopnynOnke oe

Swpopomompévo. SH-SYSY «ottapa. (A) Ta mpoteivikd ekyvAicpoto oamd T KOTTOPO-O0TES
avolodnkov pe avocooamotimmpo kotd Western yuw v vrepékepoon tov mpoteivov EGFP
(aplotepd) kot UCHL-1 (de&1d). (B) AvImpoommeLTIKEG €IKOVEG OVOGOKLTTAPOPPOPICUOD TOV
KUTTapWV-dekTdv (xpdon Hoechst:umle, ypdon évavtt g npoteivinig EGPF: mpdocivo, ypdon évavrt
g mpoteivg UCHL-1: kokkwvo). Kiipaxa: 50 um. Zav apvntikdg pdptopog yopnyndnke Bpentikd
oo U1 EMUOAVGUEVO KOTTOPA.
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3.2. Awaropayés oOT0 EMMENO THS TAAGUATIKNG MEUPPAVHS Kal THS
OlOLOGTAGHS TV IOVTWY Ca*" wc mbavos HNyavicuov TolIkys opaons

Suvoyilovtog, M EKKPIVOUEVN 0-CUVOVKAEIVI peldveL T Plociudtto Tov
KUTTAP®V-0EKTAOV. ZNUEWTEOV O, OTL TO TOEIKO OLVOIKO TNG &ivon avdAoyo Tov
Babpov dwagpopomoinone. Qotdc0, o KOHTTOPO TOV TAPOLSLALOVY TN HEYOAVTEPN
evaoOnoio. otV TOEIKN OpAom TG EKKPWVOUEVNG 0O-GLUVOLKAEIVNG, OnA. Ta
dwpoporomuéva SH-SYSY kidttopa kot o1 TpmToyeEVElS veupdveg, 0 QaiveTal va
TPOGAQUPAvoLy TNV TP®TEIVI, o€ aviifeon HE TO TEPIGGOTEPO  «AVOEKTIKA»
dwpovpeva SH-SYSY «kdttapa, to omoior sppavifovv evioyvpévn v 1KovoTnTo
npocAnyng . Me Bdon to mapomdve dedopéva, To VEVPOTOEIKO LOVOTATL TOL
EMAYEL 1 EKKPVOUEVT O-CLVOLKAETVY, mbavotato vo evtomiletol 610 €nimedo NG
TAOCLLATIKNG LepPpdvng.

BiBMoypaiéc avapopég mTpoteivouy 0Tt o1 apvAoed0yeVeic TpwTEiveS dTmC,
T0 TEMTIO0 TOL opvAoewdovg AP, n mpwteivy prion scrapie (PrPsc) kot m o-
oLVOLKAEIV  efvor  duvatdv va dievepyobv TG TolkéG TOLG OpAoES UECH
OAANAETIOpOONG LLE TNV TAACUOTIKY UEUPPAVI TOV KLTTAP®V-OEKTOV Kol TNV
emakolovdn Satdpaén TS OVIKNG 16opPpomiog HETAED TOV €VOOKLTTAPIOV KOl TOV
eEmkvttapov yopov (Pir. Ewcaywyin, evotnta 4.2.4.) (Danzer et al., 2007; Demuro
et al., 2010; Kim et al., 2009; Marambaud et al., 2009; Quist et al., 2005; Tsigelny et
al., 2007; Tsigelny et al., 2012). Aaupavovtag vwdyn ta mapandve, eEETAoTNKE TO
EVOEYOUEVO M EMIOPACT TNG EKKPLVOUEVNG 0-GUVOLKAEIVIG OTOL KOTTOPO-OEKTEG VOl
TEPAAUPAVEL AALOIDOCELS OTO EMMEOO TNG KVTTAPIKNG HEUPPAVNG KOl OLTAPAYXES TNG
OHOLOGTACTG TOL Ca®*. Iho ouyKekpéva, d00nke Eueaocrn oty e&yviaon TV
Blodoyik®mv yeyovOT®V TTov TPoNyoHVToL TOL TPOKAAOVUEVOL ald TNV 0-GUVOVKAEIVN

KLTTOPKOD BovATov.

3.2.1. Emiopaocny TS EKKPIVOUEVHS A-GOVOVKAEIVIS GTNY ELGPON Ca* A0yw
XOPYTIKOTYTAS 6TA Jlaipovueva Kai drapoporomuéve SH-SYSY kvtrapa-oéxtes
Onwg MoM avaeépdnke, Wwitepn onuocio Yo TNV KOTOVONoN TG TOpeiog
VEVPOEKPVMGHOD TTOL TVPOSOTEL N TAPOLGIN TNG EKKPIVOUEVIG Ol-CUVOVKAETVIG, EXEL
1 01EPEVVNOT TOV TPADOUMY YEYOVOTOV TOL AAUPAVOLV YDPO, TPV TNV EKONAMGCT] TOV
(QOVOTLTIOV TOV KVTTAPIKOV Bavdrtov. o 10 okomd avtd, Bpentikd péco and KhtTopa

nov ekepalovv ta evdoyevny (CM, WT+) 11 avénuéva (CM,WT-) enineda g o-
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GLUVOVKAEIVIC, YopNYNONKE ¢ YN TOV PUCIOAOYIKA EKKPIVOUEVOV TPOTEIVOV GE
dwpoporomuéva SH-SYSY kottapa, yioo 600 dapopeTIKd Ypovikd dlooThpaTo, 8
kot 16 dpeg. Ta ypovikd daotnpoto MAEYONKAY Le onueio avapopds Tig 24 dpeg,
o6mov mopoatnpeitol 0 KLTTOPWKOG Odvatog mapovsio TG  EKKPVOUEVNG  O-
ouvouKAgivG (PAm. evotnta 2.1, ewkova 44). Metd 10 mépog G EmDOONG,
e€etdotnke M enidpoon otn POSIUOTNTA TOV KVTTAPOV-OeKT®V, ne ypdon Hoecsht
(umhe), mov PAPel TOLE TLPNVESG KOL AVTIGTOLYEL GTOV OMKO aPlOLO TV KLTTAP®V, Kot
opodipepéc tov obidiov (EthD-1, koKKivo), TOV GNUAIVEL TOVG TVPNVEG TOV VEKPDV
KutTdpoV (etkdva 58A). Katodmy mocotikonoinong tov Kuttapikov Bavatov (gtkova,

58B), mpoékvye 6T 01 8 MPES €ival TO LEYAADTEPO YPOVIKO SLAGTNLLO, KOTE T

A.CM, WT+/8dpes CM, WT-/8 dpeg CM, WT+/16Gpss CM, WT-/16Gpes  70% Et-OH

15+ XXX

Hoecsht

Eth-D1

=

= CM, WT+
=8 CM, WT-

54

% KVTTOPIKOG OGvaTog

Ewéva 58: Endaon 8 mpdv eivor to péytoto ypovikd didotnua, Kotd 10 onoio 1 tofikn dpdon tng
EKKPVOLLEVNC 0-CVVOLKAETVNC dev givan eppavic ota drapoponompéva SH-SYSY kittapa.

Opentikd Péco amd kiTTapa Tov ekepalovv ta gvdoyevi] (CM,WT+) | avénpéva (CM,WT-) enineda
a-cUVOVKAETVNG yopnynOnke oe Swupopomompéve SH-SYS5Y wkvuttapa., yuo 8 kar 16 dpeg. (A)
AVTIPOCOREVTIKEG EIKOVEG AVOCOKVTIAPOPPOPICHOD TV KUTTAPOV-3eKTOV e ypdon Hoechst (umke)
kot PI (kékkwvo). KMpoka: 50 um (B) H mocotwkomoinon tov % xvttaptkov Bavdatov amokdivye
ONUOVTIKY] o0ENom NG KuTTapoToSIKOTNTOS TOPOVGio TG 0-cuvoukAgiviig otig 16 mpeg. Ta
amoteAéoparto mapovoldloviar wg o uécog + SEM, n = 3, kot avolvdnkav pe one way ANOVA test
ko katomy pe Tukey’s test, ***p<0.001 cvykpivovtog to peta&d tov CM, WT+ kat tov CM, WT-,

Jugpkelr  TOv  Oomoiov, TO  KOTTOPO-OEKTEG, MOPOLGIOL NG EKKPLVOUEVNG  O-

OLUVOVKAEIVIG, 0V mapovsiocay PBloynuikd 1 HOPEOAOYIKA YOPOKTNPLOTIKE TOL

170



AIIOTEAEXMATA

KLTTaPIKoD ek@uAlopov (gwkova 58A, B). Katd cuvéneia, o ypdvog enmoong tomv 8
POV  ypnowomombnke ywu TN UEAETN NG EMOpOONG NG EKKPLVOUEVNG O-
6UVOLKAEIVIC 0TIV opotdoTaot Tov Ca',

Aoppdvoviag vToyn TG TOPATAVE TOPATNPNCES, Olapopomomuéva SH-
SYS5Y «ittopa enwdomnrov pe Opentikd mA0VGI0 G EKKPIVOUEVN O-GLUVOVKAEIVN
(CM,WT-) 1 Bpentiko paptopa (CM,WTH), yia 8 dpec. AkolovOnoe onuaven Tomv
KUTTOPOV-0eKTOV pe TN ypwotikn Fura 2-AM, n omoio deopevel to glevbepo
kuttapomhaopatiké Ca’’, (free cytosolic Ca?*, [Ca®]) (Bim. M#0odor, evéTnTa
13.1). AgpoV ta kOtTOpo emovoiopnnkay ce pLOUIGTIKO dtdAvua oL dev TEPlElye
ca*, 1o KUTTOPIKO  evaidpnue.  tomobetOnke o€ KvyeAida, Kot HEC® TOV
@OOPICUOUETPOV TPAYUOTOTOUONKE TOPAKOAOVONGT Kot KATAypapn TOV UETAROAMV
TOV [Ca2+]i, o€ TPOYHOTIKO ¥pdvo. Apyikd, yopnynnkav 100 nM Bayrykapyxivng
(thapsigargin, Tg) (ewova 59A). Tlpokettar Y10 QOPUOKOAOYIKO OVOGTOAEN TNG
ATPaong tov ocaprogvoomiacuatikov diktoov (SERCA), mov mpokoiel tnv
exkévoon tov E.A. and to ca®* (TpdTN KOPLEY)). XTN CLVEYEW., TPOCTEOMKAY
eEmyevic 3 mM Ca”*, vrd ) popey CaCly kat pHetpBike 1 IKAVOTNTA TOV KUTTAPMV
Vo TPOGAAUPAVOVY TO £EWYEVAMS YOPTYOVLEVO Ca?*, xaromv exkkévoong tov E.A.
(devtepn KOpLOTN), ue Ao AOYoL 1| €16poT acPeotiov Aoym ympntikdmrog (CCE)
(ewkova 59A).

Ta kOttapa mov elyav enwootel pe Opentikd TAOVCIO GE EKKPLVOUEVT O-
ovvovkieivn (CM, WT-) napovsiocav GTOTIGTIKE GNUAVTIKE o0ENCT] TOV EMITES®V
tov [Ca*]i, ovykpuikd pe to kOTTOpo-pdpTopec (CM, WTH) (ewkdva 59A).
TnuelTéov, 1 TopaTnPodHEVT avENST TG elopor Ca’t (CCE), oxetiletan dueca pe
TNV TOPOLGIN TNG EKKPIVOUEVNG 0-GUVOLKAEIVNG, KOO®MG 0VOCOKOTOKPNUVICT TG
npoteivng and to Opemntikd péco (CM,WT-/Syn-1 IP), peidver onpavtikd v
mpokohodpevy omd v Bayrykapykivi ewopory Ca?* (swcdéva 59B). Avtifétoc,
OVGOKOTOKPAUVION e TO doyeto avticopa c-myc (CM, WT-/ c-myc IP), dev

odnynoe oe avtiotoyn peimon (ewkéve 59B).
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Ewcova 59: H exipwvopevn a-covovkheiv mpokakei uénon g ewopofic Ca** ot Swagopomompuéva
SH-SY5Y kbttapa.

(A) Awgpoporomuéve SH-SYSY kittopa enwdotroy pe Opentikd péco TAoVG10 6 EKKPIVOUEVT O-
ovvovkAeivn (CM, WT-) 1§ Openticd péco papropa (CM, WTH), yia 8 dpeg kot petpndnke 1 elopon
Ca®*, katomy exkévaong tov E.A. (CCE). Avimposoneutikéc kapmodeg Ca2* mov anetkovilovv v
gwopofy Ca”* Aoyo yopntikdémrag (CCE) (apiotepd). Tocotiky aviiven tov % Toc06ToD E1GPOTG
Ca?*, katoémy Kavovikomoineng mpog v kwnromoinon Ca’* mov mpokaeitar omd Ty TPOGHIKY TG
Tg (1" kopoon), (de€1d) (n = 16; p < 0.001). (B) Awagopomomuéva SH-SY5Y khttapa enodotnkov
pe Bpentikd PéEGO Omd TO OO0 Eiye AVOGOKOTUKPNUVIOTEL 1| EKKPVOpEVT 0-cuvoukAgivn (CM, WT-
/Syn-1 IP) 1 Bpenticd péco paptupa (CM, WT-/c-myc IP), yia 8 dpeg. Aviimpooomnevtikég KopmbAeg
Cca®* (opiotepd). IMocotiky avéivon tov % mocootod ewoporg Ca?', (8ek) (n = 3; p < 0.05,
ovykpivovtag petafh Tmv KLTTapov Tov enodotnkav pe CM, WT+ ko CM, WT-; * p < 0.05,
ouyKkpivovtoag Hetaéd Tov KuTtdpov mov enmdotnkay e CM,WT-/Syn-1 IP ka1 CM, WT- 17 CM,WT-
/c-myc IP).

Téhog, endaom tov dtpodpevov SH-SYSY kuttdpov pe Bpenticd mhovotlo

oe exkpwouevn a-cvvovkAieivn (CM, WT-), oe avtifeon pe 1o dapopomotnpéva
’ e 7 ’ 2+ , I3 I
KOTTOpa, dev mpokdieoe ailayéc otny giopony Ca” (ewova 60). To yeyovog avtod
. J J o Ie r 2+
VTOONAMVEL OTL M EKKPIVOLEVN A-GLVOVKAETVN dtotapdoacet ) opoldostacn tov Ca,
pHovo og KOTTOPO TO OO £XOVV AMOKTINGEL EVOV VELPMVIKO QOIVOTLTTO KOl ELVOL TTLO

eVOA®TO GTNV TOEIKN dPAoM To EKKPIVOUEVTG Ai-GUVOVKAETVNG (E1KOVEG 44,46).
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Ewoéva 60: H eiopofic Ca®* ota Stapovueva SH-SY5Y kidttapa dev emnpedletor amd my mopovcia
NG EKKPVOUEVNG 0-GUVOVKAETVIG.

Awpovpevo SH-SYSY «ottapa enwdotkay pe CM, WT- 1 CM, WT+, yia 8 dpeg kar 1 etopory Ca>*
AOY® xopNTIKOTNTOG HETPNONKE, OTTMG TOPUTAVO. AEV VITAPYEL GTATIGTIKA GNUOVTIKY dtapopd otV %
gwopof Ca®* petald tov 800 opddov (n = 3).

3.2.2. Xouuctoyij twv Kavali@y Ca* THG TAAGHUATIKNG HEUPPAVIS, OTHY ETAYOUEVY
amo THY EKKPIVOUEVI]  O-GUVOVKIEIVN  avénen THS  E16PONS Ca2+, oTa

owapoponomuéva SH-SYSY kvrrapa-déxreg

Y10 vevpikd kuTTapa, Kabmg Kot 6€ TOALOVG GAAOVS KLTTOPIKOVS TUTOVG, TO
6vto, Ca?* eivon Suvotdv vo el6éA00VY HEcm eVOC aptBIOD SLOPOPETIKAOY KOAVOADY
010 eminedo ¢ TAacpatTikng pepPpdvng (Par. Ewoayoyn, evotnta 4.2.2). Yrdpyoovv
KOVAALDL IOV €VEPYOTOLOVVTOL KOTOMY EKKEVMOTG TOV EVOOKVLTTAPIOV amodnKkmv
Ca®*, exeiva mov EVEPYOTOLOVVTOL KOTOMY EKTOAMONG TNG TAAGUATIKNG HEUPPAvNG
(taceoeheyydpuevo Kavaala), Kabmg Kol avTé TOL EVEPYOMOLOLVTOL OO KATOOV
npocdétn (SOCs, VOCs, ROCs, avtiotoiymg).

Apywcd depevvnOnke o pOAOC TOV UEUPPOVIKOV KOVOALDV Ca?* SOCs, om
OLEVKOAVVOUEVT] OO TNV TOPOLGIN TNG EKKPIVOUEVNG 0-GUVOLKAEIVNG 16O ca*".
Mo 10 oxomd avtd, kotd T OGPKEW TNG WETPMNONG TNG EWGPONG Ca?* VG0)
YOPNTIKOTNTOG G€  JPOPOTOMUEV KOTTOPA 7OV  glyav e€m®OcTel OMMG Kot
TOPOTOV®, YpNolomomdnke o €01kdc avaoctoréog Tav kavoldv SOCs, SKF (10
uM) (Bir. Yhka, evotnrte 3.7). LOvioun npoenmacn pe tov SKF oty apyf g
HETPNONG, €lYe MG OMOTEAEGLO TN ONUAVTIKY HEI®ON NG €6PONG Ca®* 1600 ot0l
KOttopa to. omola elyav emwootel pe Opentikd MAOVGIO GE  EKKPLVOUEVT O-
ovvovkAgivn (CM,WT-), 6co kot ota kottopa paptopeg (CMWTH) (sikéva 61A,
B). Qotdéco 1 dwapopd TG €1GPONG ca® petald Tov Vo OpAd®V KLTTAP®V,

napovoion Tov avactoréa SKF, mapéueive (swkéva 61B). To yeyovog avtod
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VTOOEIKVVEL TN CLUUETOYN Kol GAA®DV HEUPPAVIKOV KOVOMODV GTNV TOPATNPOVUEVN

E1GPON ca*, TOPOVGIO TNG EKKPIVOUEVIG 0-GUVOVKAETVIC.

A. CM, WT+ CM, WT+/10 uM SKF B.
“Tg ca T Tg car
T wo | |
é o  — 5 " ..hp-f B e o 125-
& 100+
50 e — 3
Xpovoc (AeTrTd) Xpoévog (Aetrrd) E e
B 50-
CM, WT- CM, WT-/10 uM SKF I:e 254
= Tg Ca%w = Tg Ca2* o papTupEg 10 uM SKF
q 2%0 m | d 90 J{“.‘bfd‘.w'* 7 1)

250

250
0 1 2 3 4 5 6 7 o

Xpovog (AeTrTd) Xpovog (AeTrTd)

3 a s s 7

Ewoéva 61: H abdénon g ewopofic Ca®*, mopovsio g ekkpvéuevng a-cuvovkheivig, oto
dwpopomompéva SH-SYSY kvttapa, opeileton pdvo pepikag ota kavara SOCS.

Awgopormompéve, SH-SYSY «ottopo enodotkay pe Opentikd péco mAoVCI0 GE EKKPIVOUEVT] O-
ovvovkAgivn (CM, WT-) 1§ Openticd péco papropa (CM, WTH), yia 8 dpeg kot petpndnke n elopon
Ca®*, «atomv ekkévoone tov E.A. (CCE), mapovsic/amovsioc. tov  ovootoréo  SKF.
(A)AVTITPOGOTEVTIKES KAUTVAEG EIGPONG ca’. (B) TMocotikn avéivon tov % ng €10pong ca*,
KOTOMV KOVOVIKOTOINGTG TPOS TNV Kivntomoinon Ca?* mov npoxadeitar amd TV TpocsHnikn g Tg (1"
kopuen) (n =4;” p<0.01, cuykpivovtag petathd TV KLTTapoY Tov enodotkay pe CM, WT+ kat CM,
WT-, napovsio/amovsio tov SKF; #p<0.01 cuykpivoviag petaéd v KuTtdpov mov enodotnkay 1
oyt ue tov SKF).

YOUPOVO LE TPONYOVUEVES OVOPOPES M O-GLVOLKAEIVN elval dvvatdv vo
dapopedvel T Aettovpyia TV Tooeoereyyouevav kavaiov VOCs (Adamczyk and
Strosznajder, 2006; Hettiarachchi et al., 2009; Kang et al., 2012). ITpoxeyévov va
depeguvnBet ) ovppeToyn Tov L- kor N-tdmov taceoeleyydpevov kovoiimv ca’* o10
VIO PEALTN KLTTAPIKO HOVTEAO, TPOYUOTOTOMONKE QOPUAKOAOYIKY] OVOIGTOAY] TOVG,
Le Tovg €181K0VE avaotoleic vipedutivn (nifedipine, nif, 1 uM) kot w-kovoto&ivn (o-
conotoxin GVIA,cntx, 100 nM), avtictoyo. [Tapatnpridnke 611 cHvVTOUN TPOETDACN
1660 pE TN Vipedutivr, 0G0 Kol TNV ®-KOVOTO&Eiv, HEIMCE OTATIGTIKG GNUOVTIKA TV
gwopor] Ca?t Aoyo yopnrwomntac (CCE), povo oto kOTTopo oto omoia &ixe
TpoNyovUEVMG xopnynOel Opentikd TAOVO10 GE EKKPIVOUEVT] G-GUVOVKAEIVT (EIKOVA.

62A, B). Zopemva pe ta amoteAéspoto avtd, 1660 ot L- 6co kot ot N- tomot
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A.
CM, WT+ CM, WT+/1uM nif CM, WT+/100nM cntx
“19 car "Tg  ca® ng sz*
T8 T8 o m [TH
E 290 ¢ ‘ Bl I 290 l l E 290
< I < <
XPOVOg (AeTTTA) ;(pévog iAs‘rrrd) lxpzévsoé (Assns'r(;)
CM, WT- CM, WT-/1uM nif CM, WT-/100nM cntx
330 Tg CaZ+ 330 Tg Ca2+ 330 Tg Ca2+
e w 4 e | |
290 L 20 L 20
< < me <
prlévo; (}\sn;d) xpévc;g (AeTrTd) XpoOvog (AeTrTd)
B.
100- .
CICM, WT+
% £ CM, WT-

% Eiopon Ca?**

HapTUpES 1 pM nif 100 nM cntx

o
n

Ewova 62: To L- kot N- Tomov taceogheyydpevo kavého supBiilovy oty avénon g elsporg Ca’,
AOY® YOPNTIKOTNTOC, TOPOLCia NG EKKPVOUEVNG 0-CUVOVKAEIVIG oTa dtagopomompéva SH-SYSY
KVTTOpO0.

Awgopornompéve, SH-SYSY «ottopo enodotkay pe Opentikd péco mAoVol0 GE EKKPIVOUEVT] O-
ovvovkAeivn (CM, WT-) 1§ Openticd péco papropa (CM, WTH), yia 8 dpeg kar petpndnke n elopon
Ca®*, kotdmv exkévmong tov E.A. (CCE), mopovsia/omovsia tov avactoréa vigeduivn (nif) 1 o-
Kovoto&ivy (entx). (A) Avtmpocmmevtiké Kapmodeg etopofic Ca?* mapovsio tov avastodémv. (B)
[Mocotkn avdivon tov % NG €1GpoNg Ca®, kotdmv KOVOVIKOTOINGNG TPOog TNV Kivntomoinon ca?t
7ov mpokakeiton amd TV Tpoodikn g Tg (1" kopuen) mapovsio/ omovsic TV avactoréov (N = 5;
p<0.05, cuyKkpivovtag Hetathd ToV KLTTapoY Tov enwdotnkay pe CM, WT+ kot CM, WT-; #p<0.01
ovykpivovtog HeTOED TV KuTtdpmv mov enwdotnkav pe CM, WT-, mopovsio/amovsio tov
AVOGTOAEWV).

TOGEOEAEYYOUEVOV KOVOAM®DY GUUUETEYOVV GTNV TOPATIPOVUEV aOENGT TG EIGPONG
ca?. Avtifétmg, kavévag and tov 000 OVOCTOAELS 0ev EMMPENCE TNV EIGPON Ca?
AMYy® yopnTIKOTNTOG OTO KOTTOPO HAPTUPES. ZVUTEPUCUOTIKG, TOPOVGIN NG

EKKPIVOLEVNC O-cLVOLKAEIVIG, Too Kavalo VOCS mbavd va gvepyomolodviol Kot
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TPOTOV TVA VO GUUUETEYOVV/GLVEIGPEPOLY GTY| OLOUECOAABOVUEVT OO TOL KOVOALOL
SOCs giopon ca™.

AOY®D g onuavtikng ovpPoing tov L- kot N- taceoleyydpevov kavaiimv
OTO QOWVOUEVO TNG OLENUEVNG E10PONG ca*, TOPOVGIO. TNG EKKPVOUEVNG O~
OLVOVKAEIVIC, eAEyxONKe 1 AE1TOVPYIKOTNTA TOVG, 6TO LTO UEAETN cvotua. [ To
oKomd avtd, peTpnOnke M e1Gpon Ca®*, katomwv eknolmwong ue 55 mM KCI, og
dwpoporomuéva SH-SYS5Y «bOttopa, to omoio eiyov mpoemwaoctel yuoo 8 dpeg,
napovsio (CM,WT-) 1§ amovoia (CM,WT+) exkpvopevng a-cuvovkAeivng. Kat ot

300 opddeg KutThpmv amokpifnkay tayvtato otn yopnynon KCl, motdoo n

CM, WT+ CM, WT- CM, WT-/1pM nif CM, WT-/100nM cntx

320 320 320 320
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AFIF
AFIF
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XPOvog (AeTrTd) XPovog (AeTrTd) XPOvog (AeTrTd) XPOvog (AeTrTd)
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Ewova 63: Ta L- koiN- tomov taceoeheyydueva kovaio gvfivoveal yio thy emayOuevn amnd v a-
ouvoukheivy avénon e stoporic Ca’, katdmy exméroone, ota drapoporomuéva SH-SYSY khtrapo.
Awgpoporompéva SH-SYSY wuttopo enodotnkav pe Openticd péco mAOVCI0 GE EKKPVOUEVT O-
ovvovkAieivn (CM, WT-) 1§ Operticod péco paptvpa (CM, WTH), yua 8 dpeg kar petpnnie n eiopon
Ca®*, xatomv yoprynong KCl, mapovsio/amovsio tov avastodéov vigedurivy (nif) 1 m-kovoto&ivy
(cntx). (A) Avtmpoconevtikés kopmdres Ca?* mapovsio/ amovsio Tov avactoréov. (B) Mocotiky
avéloon g petaPoric Ttov emmédmv tov [Ca’l, (AnM Ca®"), katomwv yopriynong KCI,
nopoveio/amovsic TV avactorémv (n = 4;  p<0.001, cuykpivoviae HETAED TOV KUTTAP®V TOL
enodomnkav pe CM, WT+ kot CM, WT-; *p<0.05 ovykpivovrog petafd Tov KuTtdpmv mwov
smodomioy pe CM, WT+, mopovsio/amovsio g vigedmiving | ¢ w-kovotoéivng,; *+ p<0.001,
ouykpivovtag HeToED TV KuTttdpmv wov ernwdotnkay pe CM, WT-, mopovcio/amovoia tov
AVOCTOAE®V).

, e ’ , ’ 2+
Tapovola NG OL-GUVODK)\,SWHQ QOVNKE VO EVIOYVLEL OMNUOVTIKO TNV E10POM Ca

(ewova 63A, B). Xopnynon eite g vipedmivng gite ¢ o-kovotoivng, peimoe
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OTOTIGTIKA CNULOVTIKG TNV 16000 TOL Ca®* kat oTig 000 oudoeg, emPePfardvovtag TNV
opOn Aertovpyiot TV TOCEOEAEYYOUEVOV KOVOAIDV GTO &V AOY® GUGTNUA.
Inuewtéov, 1M TPOCONKN Kot TV 000 OVOCTOAEWV, Y®PLoTd, eEodeipel TV
TAPOTNPOUEVT d1apopd oty elopof] Ca®’, petald Tav cuvnkdv Topovsiog Kot
amovciag NG EKKPIVOUEVNG 0-cLVOVKAEIVIG (sukove 63B). Katd avtov tov tpomo,
vroypoppileTor 1 6TovOATNTO TOL POAOL TOV KOVOMOV CVTOV GTNV oENCT TG
gloporic Ca’" mapovoic g ekkpwopevng o-cuvovkheivig. Téhoc, mpémet va
onuemOel, 6TL 1 PLGLOAOYIKA EKKPIVOLEVT] O-CLUVOLKAETVT, dev emmpedlel Ta emineda

EKQPOONG TOV KEVIPIK®DV DIOUOVAd®V L- kot N- 10mov kovaAidv (eukova, 64).

Kvttapwkd exyvmopata
CM, WT CM, bGAL HEGEYK.

dox + -+ -

kD2 o i B 1
170 —

130 —— -

— |

Ewéva 64: H ekkpwvouevn o-cuvovkieivn dev emnpedlel to eminedoa  €kepacng towv  L-tdmov
10680 EYYOLEVOY Kavoldv Ca’.

Opentikd péco amd kutTapa mov gite vrepékppalov (CM,WT-) 1 éxt (CM,\WT+) v a-cuvouvkiegivn,
Kabdg Kot kOTTOpo oV vaepékepalav v TpoTeivy B-yolaktooddon (CM,bGAL) yopnyndnkav ce
Swpopomompévo. SH-SYSY yua 8 dpeg. Ta enineda ékppaong tov L-tomov VOCS e&etdonkay e
avocoomotumope Katd Western, pe edwkd ovticopa évoavil tng vmopovadoag Cayl.3. Zav Oetikdg
pudptopag yo v aviyvevon g vropovadag Cay 1.3 ypnoyomomBnke oAikd KuTTOPIKS EKYOAGHQ
oo LECEYKEPOAO EVIAIKO ETIHVOG,.

3.2.3. Ymokxvrropiky Olo0uEPIGUATOTOINGY TOV  EVOOKVTTAPIOV Ca2+, oTa
owapoporomuéva SH-SYSY kibrrapa-oéxtes, mapoveia THS EKKpIVOuEvnS a-

GUVOVKAEIVNG

Avénuéva.  evdokvTTAplO  EmIMEOD  TNG  O-CLVOLKAEIVNG, KabBdg ko
TPOTOIVISIKEG LOPPES TNG avacvvdvacuévng tpateivng (prefibrilar forms) avédavovy
™ OomEPOTOTNTA TG TAOCUATIKNG HEUPPAvNG o€ 10VTIa, Kol KOTO GUVEREWN, TO
eninedo. tov [Ca’*]i (Danzer et al., 2007; Furukawa et al., 2006). IIpog v
katevBuvon avtn, dlepevvnOnke o evoeOUEVO 1 aENUEVT El0pon Ca2+, mapovcio

™G EKKPIVOUEVNG O-GUVOLKAEIVNG, Vo aviikotonTpileton og avaioyn avénon tov
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EMMES®Y  TOL  EAEVOEPOV  KVTTOPOTAUGLATIKOD Ca®. Tw 710 okomd aud,
dwpoportomuéve, SH-SYSY «ittopa enwdotmkav pe Opentikd mAodGlo oe o-
ovvovkAgivn (CM, WT-) 1| Opertiko paptopa (CM,WTH), 6ntmg Kot Topandvm, Kot
katomwy petpidnkav ta eninedo [Ca?']i, o cvvbnkes mapovsiag 1 amovsiog Ca',
Qo1000, 0V EVTOTIOTNKE KO O10pOPA GTOL EMITESQ [Ca2+]i HETAED TV dVO OLAdS®V

KLTTapwV (EUKOVa, 65).

Anovoio sEokuttaprov Ca* Mopoveia sEokuttaprov Ca*
300+ 300+
_ 1
= 2004 [ = 200-
= <
& T
O 1004 © 100-
0 . — 0
CM, WT+ CM, WT- CM, WT+ CM, WT-

Ewévo 65: H exipvopevn o-cuvovkheivn Sev emnpedlet ta eninedo tov [Ca’*];.
Opentikd péco amd kovttapa mov vrepékppalov (CMWT-) 1 ot (CMWT+) v a-cuvouvkAeivn,
xopnynOnkav oe Swwpopomomuéva SH-SYSY vy 8 dpeg. AkorovOnce ypoomn pe Fura 2AM ko

VTOAOYIONOC TOV emmédoV Tov eAedPepov KuTTapomhacuatiod Calt, oe ocuvinkes omovsiag
(oprotepd) kat mapovoiog Ca2* (Sekid). Aev mapotnprdnke Kapio S10Qopd HETOED TV KVTTEP®OY TOV
enodotkav pe CM, WT+ gite pe CM WT- (n = 3, o cuvbrjkec mapovoiog Ca>’; n = 11, o cuvenkec
amovoiag Ca’").

Agdopévov 0T M TOPOVGIN TNG 0-GUVOVKAEIVIG OLEVKOADVEL TNV E1GPON) Ca’*,
yopic ®6T660 v petaPdiloviar Ta eninedo tov [Ca*'], eEetdotnke 1 mEpinTON TG
GLGGMPELONG TOV TAEOVALOVTOC Cca®* oc OCLYKEKPIUEVES EVOOKVTTAPIEG OmOBNKES
(BAm. M#00dor, evétnrae 13.1). Ze ovvBrkec amovoiag Ca’* (Ca®* deprived
conditions), yopnynbnkav, apywd, 5 uM wkapPoydéinc (carbachol, Cch,), evic
Yolvepyikov aywviot tov vrodoyéwv IP3 oto E.A. (IP3RS), pe amotéheopo v
EKPOT ca®* om6 10 E.A. o10 Kuttoponiacue. Otav m mpokaAoOuevn omd v
KapPoyoln avénon TV EMIES®V [Ca2+]i, pvOuiomke ota Pacikd emineda,
npootédnkav 100 NM Bayrykapykivig (TQ), evoc un ovTloTpentod avooTOAEN TMV
avtmov SERCA, smituyydvoviag v minpn ekkévoon tov E.A. Ev ocuveyeia,
yopnynenkav 500 nM ovopvkivig (ionomycin, lono), evoc ovopopov Ca>*. Me v
OAOKAN PO Kot avtig ¢ amdkpiong, 20 uM poveveivinig A (monensin A, Mon),
gvoc 10vopodpov tov Na* odfynoav ce amerevbépoon 1OVIOV ca®* and 1a o&wva

’ , . , , 2+ ’
GCO},L(X‘ClSlO., OomTwg Ta XDGOGLOI,L(X’E(I. AV’EITEpOGO)TCSDTlKn K(l},LTEUM’] Ca y KOTOTV NG
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OEIPLOKNG EKKEVOONG TOV EVOOKVLTTAPLOV OmoONK®V, TapovclaleTor oTNV EWKOVA
66A. Ilocotikomoinon te kwntomoinone Ca?* (avénon [Ca?']), dotepo amd
YopNyNnon Tov KAOE QAPUOKOAOYIKOD TOPAYyOVIO, YWOPIOTH, OEV  OITOKAALYE
ONUOVTIKEG OPOPEG HETAED TV KLTTAP®V UApTOPOV KOl OVTOV 7OV  Elyov
TPOETMAOTEL LE 0-CLVOVKAETIVN (s1kéva 66B). ITapdpola NTOV Kot OTOTEAEGLOTO TOV

TPOEKLY OV GE CLVONKES TOPOLGING ca® (un mapovoaldueva dedoUEVQ).

A.

CM, WT+ CM, WT-

330 330
w Cch Tg lono Mon N Ceh Tg lono  Mon
E sofl | TAW! E oo 1 } | }

250 250

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 10
Xpovog (AeTrTd) XPOvog (AeTrTd)

B.
—~ 500+
T "
3 I CM, WT
%
(]
S 2504
£
(e}
§
s
X 0d

Ewéva 66: Iapovsio tng ekkpvouevng a-cuvovkAsivig, dev mapatnpsitor suscdpevon wviov Ca’*
oto E.A. xau ta 6&wa copotidia.

Awgopornompéve SH-SYBY enmdotkov yo 8 dpeg pe Bpentikd péco TAOVGIO GE EKKPIVOUEVT O-
ovvoukieivn (CM,WT-) 1 Bpertikd péptopa (CM,WTH) kot axorovdnoe ypdon pe Fura 2AM. (A)
AVTIPocoTEvTIKES Kapmdreg Ca’t, mov amewoviouy Tig petaPoréc tov [Ca’'], kotdmy oeiprokic
xoprynong kapPayoing (Cch), dayiykapykivng (Tg), ovopvkivng (lono) kot poveveivng (Mon), cg
ouvbikeg amovsiag Ca?. (B) IMocotikli avdlvon g kwnromoinong Ca’’, katdémy mpocdikng tov
PAPHLAKOAOYIKGOY TapaydvTeV o€ KOTTapo Tov enwdotnkay pe CM, WT+ kot CM, WT-, anovsio Ca®*
(n = 3). Aev mopatnphnke kapio dta@opd pHetaéd Tmv 300 Opddmy.

EmnAéov, vmoloyiotnke 1 toydtNnTo TS KIvnTomoinong tov Ca®*, kotomv
xoprynong koapPoyxoing kot otic 000 opddeg kvttdpov. Kotd tn owbpkeia g
amoOKPIoNG otV KopPoyOAn, To. KOTTOPO TOV E1X0V TPOETMACTEL e EKKPIVOUEVT] O-

GUVOVLKAEIVY, ELEAVIGOY oNUAVTIKY KaBvuoTépnomn 610 puOUd ETavVaPOPES TOV [Ca?'T;,
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ota Pacikd emineda, mopovcio ca’*, CUYKPITIKA UE TIG oLVONKES amovciog ca®
(ewova 67). Avtibétwg, oto kOTTapa udptopeg, N oviiotoryn kobvotépnon frav
cOQ®OS KPOTEPT. Acdopévov Ot 1 kapPoaxdin mupodotel v ewopory Ca** and tov
eEOKVTTAPLO YOPO, G€ deVLTEPO YPOVO, N TTapaTNPovUEVT] Kabvotépnon emiPePartdvel
TEPULTEP® TO YEYOVOG OTL 1 EKKPIVOUEVT] Bi-GLVOVKAETVT EVIGYDEL TNV €16050 ca®* and
NV TAOGUOTIKY HEUPPpav. Enueimtéov, 1 kopPayoin eivor éva mo fmo epébioua,
CLYKPITIKA WHE TO WUN-OVTIOTPENTO 0avaoToAén OBaytykoapykivy, o omolog omoteAet

TOPAYOVTO KUTTOPIKOD GTPEGS.

A. cm, wT+

330 -

AT, , (AeTrTd)

250 ——————— 0.0

o 1 2 3 CM. WT+ CM. WT-
XPOVvog (AETTTA) XPOvog (AeTTTd)

Ewkéva 67: H mopovsio The ekKpvOUeEVNC a-GLVOVKAETVNC ernpedlel TNV ToyOTNTO KIVNTOTOINGNS TOL

Ca?*, katoémy yoprynon kapBayong.

(A) Aviimpocomevtcés kapmvideg Ca?* and khtropa mov enmaotkav pe CM, WT+ kar CM, WT-,
OMOG TOPOTAVM, Ol omoieg amewoviovy v omokplon oty KopPayoin (Cch), amovoio (kdkkivn
KapoAn) kot apovoio Ca2* (pavpn kapmodn). (B) Tpagiky amewovion g cOyKpLong Tov xpovon
mov amatteitatl, Yo va pewwbel oto piod M mpokoAoduevn amd v KapPoyoin advénon tov emmédmv
[Ca?];, & cuvenkee Tapovoiag kot amovoiag Ca?* (ATyy). Ta kbttapa mov enwdotkay pe CM,WT-,
enpaviCouv onpovtiky kabuotépnon otn poduion tev emmédmv [Ca’'i, ot cuvdiKeg mov VIAPYEL
eEmruttapto Ca?* cuykprikd pe Tic suvinkeg amovoiag Ca?* (n = 3; “p<0.05).

Yvvoyilovtog, N Tapovcia TG EKKPIVOLEVTG 0-GUVOVKAEIVIG O1EVKOADVEL TNV
glopon Ca®*, Yopic ®oTdG0, UEYPL oTLyUnG, va &gl Tapatnpndel kdmolo mpoTunTéo
VIOKVLTTAPIKO 0pYyavidlo yuo v amobrkevon tov. EmmAéov, 6e cuvOnkeg anovoiog
ca”, mapatnpnOnKe LYNAGTEPN KIVNTOTOINGN TOL 1OVTOG, KATOTY YOPNYNONG TNG
1OVOLKIVIG, 0T KVTTAPO OV Eiyov em®achel e 0-CLVOVKAEIVY, CLYKPITIKA LE TO
KOTTOpa paptupes (etkéve 66B). TTapdtt dev TPOKELTAL Y10 IO GTATIGTIKG GMUOVTIKY
dwpopd, ovt 1 TAOTN VLTOVOEl TN CLUUETOYN MG  duVNTIKNG  deapevng
CLOCMPELONG ca™, SlpopeTIknG amd avtég mov elyav egetachel péypt avtd to
onueio. Katd ocvvénela, eetdotke n mepintoon to putoydvoplo vo ETITEAOVV AT

™ Aettovpyia 610 VIO peAétn cvotnua. ' to okond avtd, yopnynbnkav 5 uM tov
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wtoyovoplaxkov amocvievktn FCCP, uali pe 2.5 pg/mL olryopvkivng (oligomycin,
Oligo) (BAm. M£00dor, evotntoe 13.1) kot otic 600 opddeg kuttdpwv. H odryopvkivn
nopepmodilel v katavdiwon tov ATP péow g ovieotpoeng Tov TPOTOL
Aertovpyiog (the reversed mode activity) tg ovvBetdong tov FL/FO. Xe cuvOnkeg
amovciog ca*, N ovvovaotikn yopnynon FCCP kot oltyopvkivng, ekkevdvel Tig
HITOYOVOPLUKES amoOnKeg Ca’*, HE emaKOAOVON NGO TOV EMITEI®Y TOV [Ca2+]i, n
omoio. avticotontpilel To proyovdplokd goptio Ca?t (Hettiarachchi et al., 2009). Ta
KOTTOPO TTOVL ELYOV TPOETMACTEL [LE EKKPIVOUEVT] 0-GUVOVKAETVT ELPAVIcAY Wtaitepa
VYNAN Kivyntomoinon ca®t votepa amd ™ yopnynon FCCP kat olyopvkivng (gukova,
68A). [Ilocotwkomoinon TG peTtafoAng TV  emmEd®V  TOL  gAeVOepPOV
KUTTOPOTANGLLOTIKOD ca”, VOTEPA. OO TNV TPOSONKN TV Papudkev (ekppalopevn
oc AnM [Ca*]i 4 min ond ™ oty C TPoohRKNC) amokdAvye OTL TO
LLTOYXOVOPLOKO (POpTio Ca®" eivar ONUAVTIKE LYNAOTEPO, TAPOLGIN 0-GUVOVKAEIVNG,
oe oyéon pe Tig cuvinkeg udptotpa (32.83 + 2.97 kar 86.36 + 9.75, cvykpivovrog
peta&h CM, WT+ ko CM, WT-, avtictorya) (stkéve 68B). Me Bdaon ta mopamdvm
aroteAéopata, Katomy &kfeong twv Kuttdpov o€ Opentikd mAOVCO GE  O-
GLUVOVKAETVY, N emakOAovON avEnuévn elopon ca®* pvOuiletar, ev pépet, péow tng

GLGGMPELGNG TOV LOVTOG GTO LUTOYXOVOPLOL.

A. B.

185 — CM, WT+
. — CM, WT-
FCCP/Oligo
" g 101 —
L 4&\ A M |‘m»" "1"-‘||l'\"'~l"h‘\ i
_u: f".\\-.' ATV '!'m
< 170 l.‘.‘lﬂnr [&]
: g 50-
c
S
:
>
155 ¥ 9 v T
0 1 2 3 4 5 CM, WT+ CM, WT-

Xpovog (Aerrtd)

Ewoéva 68: H avénuévn elspon) Ca’’, mopovsio tne ekkpvopevne o-cuvoukAeivie, eElcopponeital amd
m oveshpevon Wvioy Ca> ota proydvapa.

Awgpopormompéva SH-SYBY enmdotnkov yo 8 dpeg pe Bpentikd PEGO TAOVGLO GE EKKPIVOUEVT O-
ovvovkieivn (CM,WT-) 1 Bpentikd pdptopa (CM,WTH) kot axorovdnoe ypdon pe Fura 2AM. (A)
AVTImpocomevTiKés kapmoree Ca’' votepa omd T ovvdvootiky yopfiynon tov FCCP kot tng
ohyopvkivng (Oligo), oe cuvBrkec amovsiag Ca?t. (B) Ipaenua mov amewovilel TV Kwvntomoinon
TV Wvteav Ca’’, katdmy ekkévoong TOV [Toxovdplakdy armodnkdv Ca’t. Mapatnprdnke onpoviicd
avEnuévn kwvntomoinon Ca?* pe v mpoodhixn FCCP/Oligo oto kbttapa mov enodotnkay pe CM,
WT- (n=3; "p<0.01).
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3.2.4. Emiopacn TS EKKPIVOUEVIS O-GUVOVKIEIVRS oGTHY &ElGPON Ca® AOY®

X OPHTIKOTYTAS GTOVS TP TOYEVEIS VEVPWIVES

Onwc 10N avaeépbnke, (evotnta 2.1, etkéva 47), 1 pLGIOAOYIKA EKKPIVOUEVT
0-GUVOVKAETY HEWDVEL ONUAVTIKE TN Ploctudtto ToV TPOTOYEVOV  (QAOTK®MV
VELPOVOV. Xav emOpevo Prpa, €EETACTNKE TO EVOEYXOUEVO 1 TOPATNPOVUEVN
vevpoto&ikn Opaon, va oyetiletal Le TPOIUEG AAAOIDGELS GTNV OLOLOGTOGCT) TOV ca®".
o 10 okomd avtd, 68 7 NMUEPOV KOAMEPYELNL TPMOTOYEVMOV VELPOV®OV OO PAOLO
eYKEPALOL T, yopnynonke Opentikd TOV TEPLELYE PUOIOAOYIKE EKKPIVOUEVY -
ovvovkAgivn (CM, WT-) 1 Opentikd paptopa, yio 8 dpec. AkorovOnce ypoon pe
Fura2-AM (PAr. M£0odor, evotnto 13.2) ko pétpnon e €16poNg ca®* AMOY®
yopntikodtrag (CCE), pe pikpooskomnion pBopiopov. Onmg paiverar Kot otny eikova.

69, o1 TPWTOYEVEIG VEVPAOVEG TTOL ElYAV ETMACTEL e EKKPIVOUEVT] 0-GUVOLKAETVT,

pw v tpocOjkn Ca** Karémv npocdijkng Ca**

CM, WT+

CM, WT-

Aoyog @Bopiopol
% Rmax
3

- - 3004

o

CMWT+ CMWT-

Ewova 69: Endoacn TpmToyevedv QAOUK®OV VEVPOVAOV UE EKKPIVOUEVT] 0.-GUVOLKAEIVI avédvel thv
gwopon Ca?" Aoyw yopntikdétnrac (CCE).

Ipwroyeveic @lotikoi vevpmdveg, (7 Nuépeg o€ KAAAEPYELD), ENMACTNKOVY Yo 8 dpeg e Opentikd péco
TA0VG10 o€ ekkpvopevn a-cuvovkieivn (CM,WT-) 1 Operticd pdptopa (CM,WTH). AxoArovOnoce
yphon pe Fura 2AM kou mapotipnon e ewoporc Ca?* Aoyw yopntikétnag pe ™ Bordeia
pikpookoniog eOopiopov. (A) Aviimpoc®nevTikég €ikoveg mov amelkovilovv 1o Aoyo @bopiopov
350/380, mpwv kon petd v mpoodikn Ca?* (npdowo = adéopevtn ypootikh, younhd eninedo [Ca?'];;
KOKKIVO = SEOEVIEVT pooTikT, Vynhd emineda [Ca®'). (B) Hocotiky avéivon tov % tov Adyou
@BOPIGLOD, KATOTLY KAVOVIKOTOINoNG 10¢ Ttpog ta Pacikd exineda (N = 3; **p < 0.005).

; ; , ’ 2+ 7 ,
napovciocay afloonueimtn avénon oty gicodo Ca”’, oe oyéon pe Ta KOTTOPO

uaptopeg (% Adyog eBopiopov 143.3 £ 3.79 | 238.7 £ 17.5 yw ta kOTTOPO TOVL
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enwaotnkov pe CM, WT+ /3 CM, WT-, avtictoya), eniefardvoviog Tepottépm to

anoteAéopata ota dapopomoinpéva SH-SYSY kidtrapa.

3.2.5. Emiopacn tHS UGS TV EMAEOOY TOV EAEVOEPOV KVTTAPOTIAGUATIKOD

2+ , r e ore e
Ca oty npo:caiov,usv:y OO0 TNV EKKPIVOUEVY] a-avvovklslvq vsvporofmomm

Méypt 6TIyUNG, GVAAOYIKE, T ATOTEAECUATO, VTOONADVOLV OTL 1] EEWKLTTAPLOL
0-GLVOVKAETVT mBavd va emtedel T vevpotolikn g Opdon pEowm NG avénong g
€10PONG ca™. [Tpoxewévor va  emPePoaiwbel TO TOpPOTAV®  €VOEYOUEVO,
¥pNoomomOnkay ynAuol mopdyoviec, ot omoiol decUeHOVV EITE TO EVOOKVTTAPLO
gite 10 eEwkvTtaplo Ca?t, kafde kat avaoToAeic Tov epmodilovy Ty £ic0d6 Tov oTa
KotTopa. Awpoporomuéve SH-SYSY kottapa kot (gukova 70A) ko TpmToyeveig
KoOAMEPYELEG QAOLiKDV vevpovav (sikova 70B) emwdotnkav ite pe Opentikd péco
TAOVG10 € eKKpvopevn a-cuvovkieivn (CMWT-) eite pe Opemtikd pdapropa.
(CM,WT+), mopovcio. | amovcia vigedirivng (nif) 1 o-kovoto&ivng (cntx), 7
BAPTA-AM (ymAikog mapdyovtag 6£6UELGNG EVOOKVTTAPION ca*", BAPTA) 1 EGTA
(ynAcdg Tapdyovog décpevoNs EMKVTTAPLOV ca’h, Y 24 opeg, otoug 37°C. H
TOPOVGID. NG EKKPWVOUEVNG 0O-GUVOUKAEIVNG HEIMOE ONUOVTIKEA TNV KLTTAPIKT
Buwoipdtra kot ota S0 cvotuota. H yoprynon, ®ctdco, g vieedutivig, e o-
kovoto&ivng, Ttov BAPTA-AM kot tov EGTA avéotpeye T0v Topamdve @ovotuno,
avEavovtog ta emimedo g KutTapikng emPinong (ewova 70A, B). Tto onueio avtod
TPEMEL Vo onpelwbel 6tL n xopnynon TV TopOTAV® QUPUAK®OV GTIS OVOPEPOUEVES
OLYKEVIPMOELG OV EMMPENCE TO EMIMESD PLOGLOTNTOG GE PLGLOAOYIKEG GLVONKEG,

omwg emPefarddnke and mepdpata EAEYYOL.
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Ailagopotroinpéva SH-SYS5Y kiTtrapa MpwToyevEiG VEUPWVEG
= 150~ = 150+
B 5
3 3 i
= a e
E 1001 E 1001
Nl =
- X
a a
5 504 B 50+
5 5
2 ~
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& &

y , , /, / 2+ /
Ewova 70: Mciowon tov emmédmv tov  ghedbepov  kvttapomAocuatikov Ca™, mpootatevel o

dwpopomompéva SH-SYSY kdTrope Kol TOUG TPOTOYEVEIG AOUKODS VEVPAOVES OO TN VELPOTOEIKN
dpaom NG EKKPVOULEVNG 0-GUVOLKAETVIG.

Awgoporompéva SH-SYSY kbdtrapa (A) kol mpotoyeveic KoAMépyeleg @AOliKOV vevpdvav (B)
enmaotnkay pe Opentikd péco mAovolo oe ekkpvopevn a-cuvovkieivn (CM, WT-) 1 Opemnticd
puaptopa (CM, WTH), napovcio 1 amovcio tov ynukov mopaydviov EGTA 1 BAPTA-2AM, kabBdg
Kot Tov avactoléov Tov vieedimivny (nif) 1 o-kovoto&ivn GVIA (cntx), ywo 24 dpeg. H kvttopun

emPimon vroroyionKe KATOTY PETPNONG TOL aPLBLOY TOV AKEPULOY TUPNVOV GE OAES TIC CLVONKEG.
H mpocHnin tov yniikedv mapayoviev, kafog kot tov avactoréov tov VOCS peiooav 10 to&ikd
duvopkd tov CM, WT- (n = 3; 7p < 0.001 ovykpivovtog To S1apopomompuéve KOTTapo, Tov
enodomkav pe CM, WT+ pe avté mov toug yopnyndnke CM, WT- ; *p < 0.001, cuykpivovrag ta
Spopomompévo. kKottapa wov enwdotnkay pe CM, WT-, mtapovcio 1 anovcio 1oV QopUIKEVTIKOY
nopayoviav) (N = 4; p < 0.05, cuykpivoviag TOVG TPMTOYEVEIC VeELphVES OV enwdotnkav pe CM,
WT+ pe avtode mov tovg yopnyidnke CM, WT-; *p < 0.05, #p < 0.01, cvykpivovtog toue mpmtoyeveic
vevpdveg mov enwdomrav pe CM, WT-, tapovcio 1 amovcio Tov QapuakenTIKOY Topoyoviov). Olo
T0 dedopéva d10pmOnKkav ¢ Tpog To. acikd eninedo TV KVTTApOV poptopav (CM, WT+).

21 ovvéxewn, EEETACTNKE TO KATA TOGOV Ol SLOTAPAYES TNG OLOLOGTUGTG TOL
ca®*, mov Aoppévouy ydpo TopovGio TNG EKKPIVOUEVIG Oi-GUVOVKAETVNG, GUVOEOVTOL
GUECH LLE TOV TTAPATNPOVUEVO KLTTAPIKO Odvato. Avth ™ @opd, 01 opUaKOAOYIKOL
TOPAYOVTEG TOV EMNPEALOVV TOL EMITEDQ TOV [Ca2+]i, TPooTEI KAV LOVO Y10l TIG TPMDTES
8 peg ™G emMOUONS TOV SOPOPOTOMUEVAOV KVTTAP®V HE TNV EKKPWVOUEVY O-
ouvoukAeiv. Metd 10 mépag TV 8 wpdv, Ol QUPUAKOAOYIKOL TOPEYOVTES
aQopEtnkay, Kol eravayopnynonke ota kutTapa Opentikd TAOVGI0 G EKKPIVOLEVT
a-GUVOVKAETVN, Yo emmAéov 8 11 16 wpeg. Métpnon g KLTTAPIKNG PLocLoTNTOC,

OGS Kl TAPOTAV®, £5€1EE OTL N EMOOCT 8 WPDV, LLE TOVS YNAKOVG TOPAYOVTES Ko
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tou¢ avaotolreic Tov VOCS, Ntav apketn yio vo avTiotadpioet T vevpotoéikn dpdon
TG  0-CLVOUKAEIVIIG Kol oTo OVO  YPOoViKEC meplodove (ewkéva  71A, B).
SOUTEPAGUOTIKA, 1| TAPOTNPOVUEVT] OTOPPLOUICT] TOV OUOLOGTOTIKOD HUINYOVIGLOV
tov Ca?* tomoBeteitan oTo TPOULO 6TASLAL TOL HOVOTOTION BOVETOV, TOV TVPOSOTEITOL

OO TNV EKKPIVOUEVT] Oi-GLUVOVKAETV).

A. B.

Ern®aon pe to CM: 16 ®psg En®aon pe to CM: 24 dpsg

(Tapovaia poputkmY KoTd, Tic 8 TPOTES DPES) (rapovsio popuUckmY KOTd TS 8 TPLTES MPES)
o 150+ s T am w = 150-
=} = =}
32 s 3
Z 100 S Z 100-
E 1001 S &
= S -
] oo ]
a X a
g 501 S g 50-
5 B 5
X ; X
® ol ® 0

§‘ \‘\é\ ’ @‘.‘
& & W P
RN & é\\w
N & §

Ewévo 71: Meioon tov emnédov tov [Ca**];, kotd Tig 8 mpdreg dpeg Tng eTHAGH L1e EKKPVOUEVT -
GLVOVKAEIV Tpootatevel ta dtopopomomuéva, SH-SYS5Y kottopo omd 1OV EMIKEIUEVO KLTTOPIKO

Bdvaro.

Awgpoporompéva SH-SYSY wuttopa enodotnkav pe Opentikd péco mAOVOI0 GE EKKPIVOUEVT O-
ouvovkieivn (CM, WT-) 1 Openticd paptopa (CM, WT+), yia 16 (A) 1 24 (B) dpeg, mopovoia 1
amovoia tov ynAkov tapaydviov EGTA 1 BAPTA-2AM, kafd¢ kot Tov avacToAE®Y TOV Vipedutivn
(nif) 1 o-xovoto&ivn GVIA (cntx), udévo kotd tn Sidpkew TV 8 TpdTOV POV NG endacng H
KuTtapikn enPinon vrodoylotke KOTOTY HETPNONG TOL APBUOD TOV AKEPULMY TVPVOV GE OAES TIG
ouvOnkec. H mposbnkn tov yniikedv tapoaydviov, kabdc kot tov avactoréov tov VOCS pesiocav 1o
10E1K0 duvapkd o CM, WT- (n = 3, gig tpuhoby;  p < 0.001 cuykpivovtag Ta KOTTOPO 7OV
enodomrkav pe CM, WT+ pe avtd mov toug yopnynonke CM, WT-; #p < 0.001 ovykpivovtog ta
KkOtTapa mov enmdotkav pe CM, WT-, tapovcio 1 amovsio TV QopHOKEVTIKOV TOPAYOVIMV, o <
0.05 ovykpivovtag ta kvTTapa mov enwdotnkav pe CM, WT-, mapovsio 1 amovcia tov BAPTA
2AM). Oha ta dedopéva dopfdbnkav g mpog to Packd eminedo tov kuttdpov poptopov (CM,
WTH).

3.2.6. Emiopaocn eKKPIVOUEVHS O-CVVOVKIEIVHG O6TA GHUATOOOTIKG HOVORATIOL

PI3K/Akt ket MAPK/ERK

To onpoatodotikd povondtia, PISK/AKL ko MAPK/ERK, katéyovv koppikn

0éom o€ AmOPACELS GYETIKEG LLE TNV KLTTOPIKN EMPimon 1 Tov Kuttapikd Odvato. Me
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oTOYO TNV TEPUTEP®D OILEPEVVION TOL UNYOVICHOL OpAoNS NG EKKPIVOUEVNC O-
oLVOVKAEIVC, efetdotnke M MOOVY] TOV GLUUETOYXN TOPOTAV®D GYLOTOSOTIKMV
LOVOTIOTIOV GTNV TEPLYPUPOUEVT] TOPELR KUTTOPIKNG EKTTMOTG.

o 1o okomd avtd, dSweopomomuéva SH-SYSY «dttapa, kabdg ko
KOAMEPYEIEG TPMTOYEVAOV PAOTIKOV VELPOVOV, ETMACTNKAY LE OPENTIKO TAOVGI0 GE
a-cuvovkAgivn (CM, WT-) 11 Opentikd paptopa (CM, WTH), yia S0popetikd
xpovikd daothipoto (8 kot 24 dpeg yo Ta dapopomotpéva, kKuttopa kot 8,12,16, kot
24 HpEG Y10, TOVG TPWTOYEVEIG VELPOVES). Ta TPOTEIVIKA EKYLAICHATO TOV KVTTAP®OV-
OEKTMV, amd KAOe O1ACTNUA ETDOUONS, ATOLOVOONKOV Kot avaAlvOnKay Yo LeTaoAég
oto. enimeda ™ poopopvAlouévng Akt ko ERK1/2, pe oavocoamotdinmpa kotd
Western. Zta dtapopomompéva SH-SYSY kidttapa, to eninedo poopopviioong g
Akt Tov onuavtikd petopéva 1o amod T 8 MPEG ENMAONC, EVO avTIoTOYN HEI®ON
TOV EMMEdOV poopopLAioong tg ERK1/2 napatpndnke povo votepa and 24 dpeg
(ewova  72A). Ocov a@popd GTOVG TPMTOYEVEIG VELPOVES, TO  EMIMEdA
ewopopvrioong ¢ Akt elatt@bnkav onpoaviikd povo votepo amd v 24-mpn
TOPOVGIO TNG EKKPLVOUEVNG 0-GLVOLKAEIVNG, 6€ avtifeomn LE TIC POGPOPLAMUEVES
nopeég g mpwteiviig ERK1/2, ta enineda tmv onoiov mapovsiocoy TTmTiky Taon,

Oyl OTATIOTIKG oMpavTiKn, Hetd amd 16 kot 24 dpeg enmoong (ewkéva 72B).
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A. Awgoporompuéva SH-SYSY kitrapa
8 dpec 24 dpeg 8 hpeg 24 dpeg
W W
M 'T  bGAL iy bGAL M WT bGAL WT bGAL
+ - + - 4+ - o+ - - - - -
KDa B - + +
kDa
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55 — Akt o — = === ERK
2+
= CM, WT+ =3 CM. WT+
=53 CM,WT- = B3 CM WT-
- w
= P
< S
g M 2
< 4
[+4
w
[}
8 dpec 24 dpeg 8 opec 24 dpec
B. MpoToyeveig vevpdveg
8 hpsg 12 dpeg 16 dpec 24 dpec 8dpec  12dpec 16 Gpeg 24 dpeg
CM + - + - + - + - CM + - + - + - + -
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.
— 43— —— L —
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]
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= I8 -
< S
= e
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(=3 0.5 @ 0.5
I I :
-3
0.04 A : 0.04 =
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Ewéva 73: Metaforés tov emmnédov 9ooeopvAimong tov mpotsivov Akt kor ERK1/2. kotémv
EMMOONG UE EKKPVOUEVT 0.-GUVOUKAETVT).

Opentikd PEco TAOVG10 o8 eKKpVOUEVT a-cuvovkAeivn (CM, WT-) 1 Operntikd pdpropo (CM, WT+)
yopnyndnkov yuo 8, kot 24 dpeg oe drapoponompéva SH-SYSY kottopa (A), 7y 8, 12, 16 ko 24
wpeg, oe mpwtoyevelg kaAMépyeleg Aotikav vevpavev (B). Ta mpoteivikd ekyvAiopato tov
KUTTAP@V-OEKTOV avaAddnkay vy to eminedo g emoeopvhwuévng Akt (pAkt, apiotepd) won
ERK1/2 (pERK, d4g&1d), pe avocoamotomopo kotd western. IMocotikr avdiven tov Adyov g
TUKVOTITOC TOV TPOTEiVIKOV emmédonv p-Akt/Akt kar p-ERK/ERK £de1&e o011 o eninedo tng p-Akt
HeEW®ONKOY Kot 6T0 600 KUTTAPIKA CUGTNHHATO TOPOVGIN EKKPIVOUEVNG 0-CUVOVKAEIVIG, VA TO. EMITES L
g P-ERK gpodvicav ototiotikd onuavtikny ttdorn povo oto dtapoponompéva SH-SYSY kottopa (n

= 4; 'p < 0.05, cvykpivovtag Ta KOTTApa 1oV enmdotkay pe CM, WT+ pe autd mov tovg xopnynnke
CM, WT-).
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3.2.7. Zovuuctoyn 7TV KOATAIVOY 6TO HOVOTATI VEVPOEKPVAIGUOD, OV

TVPOOOTEITAL ATTO TNV EKKPIVOUEVI] A-CVVOVKLEIVY

O eKk@LAIOUOG TOV TPOKOAEITOL OO TNV TOPOVCIO. TNG EKKPIVOUEVNG O-
OLVOLKAEIVIG, ouvodevetal amd TNV evepyomoinon TG kaomaong 3, Oomwg Mon
avaeépinke (PAr. evotnta 2.1, etkéva 45). [Toparlinia, cOpemvo pe PAOYpapIKes
avaQopéc, ol kaAmaiveg dlaomovv v mpokaondon 3 (Camins et al., 2006).
Aapupavovtog vToéy”n To TAPUTAVE® GE GLVOLAGHO LE TNV KO, TALOV, YVMOOT OTL Ol
KOATOIVEG EVEPYOMOLOVVTIOL GE KOTAGTACELS LREPPAONG TOV AVGTNPOV  Opiwv
GUYKEVIPOOTC TOL  KuTtapomhacpatikod Ca®’, efetdotnke 10 evdexOupevo m
OLYKEKPIUEVN OTKOYEVELD TTPOTEACHV VO EUTAEKETAL GTO LOVOTATL TOL TVPOJOTEITAL
OTto TNV EKKPIVOUEVT] O-GUVOVKAETVT).

Ye owpopomompéva SH-SYSY kdttapa yopnynbnke Opentikd péco omd
KOTTapa mov ekepalovv ta evdéoyevy (CM,WT+) 1 avénuéva (CM, WT-) enineda g
0-GLVOVKAEIVNG gite @péoko Opentikd péco (paptopag) yio 8, 16 kor 24 mpeg. Ta
KOTTOpO-0€KTEG OopoyevomomOnkay Kot 1 evOLHIKY €vePYOTNTO TOV KOATOIVOV
petpnOnke oto TPOTEIVIKA EKYLAICHOTO TOV TPOEKLYAV, HE TN YPNON EVOC
@B0pilovToc VTOGTPOUATOC EOKOD Y10l TIG KOATOIVEG. ZOUPOVA LE TO SIAYPOLLUO TNG
gewkévag 73, n 24-opn endaon pe Bpentikd mhovolo og a-cvuvovkieivny (CM,\WT-),
OLVOOEVETOL OO GTATIOTIKA ONUOVTIKY adENCT TNG EvEPYOTNTOS TOV KOATOIVOV
(393.7 + 45.03, 499.8 + 17.31 ka1 679.7 + 30.47 yi0. T0 KOTTOPA-OEKTES TOV HAPTLPO,
00 CM, WT+ kou tov CM, WT-, avtictorya) (ewkéve 73, apretepd). H edikdmto
g evlopikng avtidpaong motonomonke Katdmy TpochnKng Tov 101K0H AvacTOAEN
TV keAraivav, calpain 1 A6185 (Cl). Onwg avapevotav, 1 xopNynon tov 6to pelypo
avtidpacng 0dnynce o€ onuovtikny peioon g evlopikng evepyotntag (swkéve 73,
oglra).
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Evepyorroinon KaAtraivwyv
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Ewova 73: Av&non g evOupkng evepydmntog 1@V KOATOIVOV TOPOLGie TG EKKPWOUEVNG O-
GULVOLKAETVIG.

Opentikd péco pe vynid (CM, WT-) 1 younid (CM, WTH) enineda exkpvopevns a-cuvoukAeivng 1
ppéoko Bpemticd paptupog (Laptupag) xopnyndnkav yo 8, 16 ko 24 dpeg oe drapopomompéva SH-
SYSY «kittapa. AvEnuévn evQopkn evepyotnto TV KOATOIVOV EVTIOTICTNKE VOTEPH OO ENADACN LE
eKKpIVOpEVT a-cuvovkieivny (n = 3; 7 p < 0.001, cuykpivovtag T KOTTapO OV déxOnKay Openticd
papropa kar CM, WT-; #p < 0.01, yu ta kottapa mov enmdomkoy pe CM, WT+ ko CM, WT-,
avtictoya) (aptotepd). H eldwdtmra g pebodov emPeParmbnke pe ) ypnomn tov e81kod avacTorén
koAroivév calpain inhibitor | A6185 (CI) (n = 4; “p < 0.05).

Ye TMepinTON MOV Ol KUATOIVES EVEPYOMOLOVVTIOL KOTA T OldpKeEw TV
TOEIKAOV  SdKAGIOV, Ol 0moleg TVPOSOTOLVTAL Omd TNV O-GUVOVKAEVM, 1
amevepyomoinocy Tovg, mlava vo €el mPOoTATELTIKN dOpdon. Ilpokeyévov va
ereyyBel 1 ocvykekpiévn vtodeon, dStapopomomuéva SH-SYSY kdtrapa etmdotnkay
ue Opentikd péco mhovolo o€ a-cuvovkieivny (CM,\WT-), mapovsio 1| amovsio tov
avootoréa kodmaivaov (Cl), yu 24 opec. H yopiynon 1 uM Cl Beltiooe
HOp@OAOYiDL TV KVTTAP®V dekTOV (gtKOva 74, ETAVO), evd avENce onNUAVTIKG TN

Brooodtntd Toug (EUKova. 74, KOTM).
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CM, WT+ CM, WT- CM, WT-/1.0 pM CI

120+

)

404

% Kuttapikn emiiwon

o

A

CM,WT+  CM,WT- CM,WT- 1.0iMCl

Ewova 74: H £1d01kn avooToA NS EVEPYOTNTOC TOV KOATOIVAV TPOGTATEVEL TO dLopopotomuéva, SH-
SY5Y «kottapa amd tn vevpotolikn dpaomn Tne EKKPIVOUEVIC 0i-GUVOVKAEIVIC.

Awpopormompéva SH-SYSY wottopa enodotnkav pe Openticd péco mAoVCI0 GE EKKPVOUEVT O-
ovvoukieivn (CM, WT-) 1 Bpenticd papropa (CM, WTH), mopovsia 1 anovcio €151Ko0 avacToréa
kaAnaivov (Cl). H mapovsio tov Cl adénce ) Procdmra 1@V KOTTAP®V OV X0V ETMACTEL LE
eKKPVOLEV  0-cVVOVKAETVY. Emdve, mopovctdlovial ovTmpocmTEVTIKEG EIKOVEG UIKPOOKOTIOL
avtifeong @dong TV KVTTApov-dektdv (KAipaka: 50 pm). Kdatw, amewcoviletor 10 yplonuo
ToGoTIKOTONoNG ™S % KVTTOPIKNG PLOCIULOTNTOG, KATOTIYV KOVOVIKOTOINGNG MG TPOS T0, KOTTOPO
papropec, CM, WT+ (n = 4; 7p < 0.01, petald tov kuttdpov mov enodotnkav pe CM, WT+ kot CM,
WT-; #p < 0.05, cuykpivovrag ta kottopa-dékteg CM, WT-, napovsio 1 omovsia Cl).

21 ovvéyeln €EETAOTNKE 1 YPOVIKN TOmOBETNON NG €vepyomoinomg twv
KOATTOAVOV. X€ 00T TNV TEPInTot, t0 Opentikd pé€co TAOVG0 GE 0-CLUVOLKAEIV
(CM,WT-), yopnyndnke ota drapopomomuéve kottapa, mapovsio tov Cl, povo yo 8
opec. Katoémv o avaoctoréag apapédnke ko emavorpootédnke to mhovolo o€ o-
oLVOVKAETVY Bpemtikd yuo emmAiéov 8 (gwkova 75A) 1 16 opeg (swova 75B). H
pétpnon g Puociudmrog ToV KVTTEp®mV SEKTOV OmOKAALYE OTL 1 TPOGTATEVTIKY
dpdon tov Cl e€axolovbel va voicTatol akdpa kot 0tav avtdg yopnynonke povo
Katd T 8 mpdTEC WP T™C enmaocns. [To cuykekpiéva, vTd avTEG TIC GVVONKES, M
napovcio tov Cl, elye w¢ amotéhespo o Tdon yo tpocstacia, vVotepo and 16 dpeg
OGUVOAIKNG ETMOACNG LE TNV EKKPIVOUEVT G-GUVOLKAETVT, (82.38 + 3.57 kau 94.75 +
4.39 yw 1o kOTTapa mov emwactnkov pe CM, WT-, arnovoia 11 mapovsia tov Cl,

avtiotoyn) (ekéva 75A), n omoiol KOTEGTN GTATICTIKG GTLLOVTIKY HOVO VOTEPO amd
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24 dpec ovvolkng enmaong (74.25 + 4.40 xou 118.8 + 3.58 yia to kOTTOPOA WOV

enwaotnkov pe CM, WT-, anovcia 1 tapovsia tov Cl, avtictorya) (sikéve 76B).

Emmwaon pe to CM: 16 wpeg Emrwaon pe 1o CM: 24 wpeg
(TTapouoia avaoToAéd KATd TiC 8 TTPWTEC WPECS) (rrapoudia avaoToAéa Kard 1i¢ 8 TPWTES WPECS)
150+ 150+
s —— =% — —
E 1004 wns e E 1004 [ ——
- % -
X x
a =
g 504 / S 50
5 5
2 2
X 3 X,
CMWT+ CMWT- CMWT-/1 uMCl CMWT+

Ewova 75: H evepyomoinon towv koindivov tomobeteitor 610 apyikd otddio tov vevpotoikol
LLOVOTLOTION TOV TTVPOSOTEITOL OO TNV EKKPIVOLLEVT) 0.-GUVOUKAETV.

Awgopormompéve SH-SYSY «ottopo enodotkay pe Opentikd péco mAoVCI0 GE EKKPIVOUEVT] O-
ovvoukieivn (CM, WT-) 11 Openticd pdpropa (CM, WTH), yio cuvolikd 16 (A) 1 24 (B) dpeg
TapovGio Tov €10ko avactoréa kodraivadv (Cl), povo yia tig tpdteg 8 dpeg g endaons. [Tocotikn
avalvon g % xvuttapikng Prooyomrog, katonw endacng pe CM, WT+ kor CM, WT-napovsia 1
armovcia Tov Cl, CM, WT+ (n = 4). H ctatiotikr] avéivon mpoypotoromdnke pe one way ANOVA,
akohovBodpevn omd Tukey’s post-hoc test [~ p < 0.001 kon ~p < 0.01, cuykpivovtag T KOTTOPO TOL
enodomrav pe CM, WT+ kot CM, WT- (A, B), *p < 0.001, cvykpivovtag ta kdttapa-dékteg CM,
WT-, ntopovesia 1 anovaia Cl (B)].

Téhog, mpwtoyevelc KOAAEPYEIEG QAOUK®OV VEVPOVOV ETOACTNKOAV LE
OpenTikd TAOVGIO GE EKKPIVOUEVN 0-CLVOLKAEIVY, mapovsia 1 amovoia Cl yio 24
opeg. H avactoln tov KoAmaivov avénce v eniPioon vevpdvav, ot onoiotl elyov
extelel og ekKPVOUEVT] 0-GUVOUKAEIVY, 0ALL M avEnom ot 0V NTOV CTOTICTIKA

onuovtikn (eikéva 76).
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Ewéve 77: H evepyomoinon t@v koAmoivev tomofeteitar oto tehkd oTddle TOV veVPOTOEIKOL
LLOVOTIOTION L0V TVPOJOTEITAL OO THV EKKPIVOLEVT] 0-GUVOVKAETVT.

[pwrtoyeveic KaAMEPYEIEG PAOTIKAV VEVPOVOV ETMACTNKAV LE OpenTiKd PHEGO TAODGI0 GE EKKPIVOLEVT|
a-cvvovkAgiv (CM, WT-) i Openticd paptopa (CM, WTH), yia 24 dpeg, Topovsio 1 amrovsio Tov
e1d1ko0 avaotoréa koranivodv (Cl). ITocotikn avdivon g % kuttopiknig Biwodtntag (N = 4).

3.2.8. Aiiniemiopacny TNG EKKPIVOUEVIIS A-CUVOVKAEIVIIG HE THY TAAGUATIKI

HEUPBPAVY TOV KOTTAPWV-OEKTOV

Onwc 1M avaeéptnke (evotnra 3.1.2), oty mapodoa PELVNTIKY UEAETN 1
VEVPOTOEIKN OpAcT TNG EKKPIVOUEVNG O-CLUVOLKAEIVIG O Qaivetal vo omottel v
npocANyn ¢ amd ta dapopomomuéve SH-SYSY kitrapa. ‘Etol, e€etdomke to
EVOEYOUEVO OAANAETIOPAONG TNG EKKPIVOLEVTG O-GUVOVKAEIVIG LE TNV TANGLOTIKY|
HEUPPAVN TOV KVTTAPWOV-OEKTOV.

Mo 10 oxomd avtd, Srapopomomuéve SH-SYSY kidtropa emmdotnrov pe
Bpentikd TAOVGLO0 68 eKKPVOpEVT 0-cuVvovkAEiv (CM,WT-) 11 Opentikd paptopa
(CMWTH+), yio 8 mpec ka1 mapakorovOndnkav aAdlayég otn pevotdHTTO NG
ueuPpévne, pe t ypnion tov 1-mupevodmdekavoikod (1l-pyrenedodecanoic acid, 2
uM). Ta deyepuéva dpepny tov 1-mupevodmdekavoikod o0EE0G, OlooTMVTAL OF
LLOVOLLEPT] OTO £6MTEPIKO TNG MTOPIANG LEUPPEvNG, EKTEUTOVTOG £VOL SLOKPLTO PAGLLOL
@Bopiopov, To 0omolo Elval OVIUTPOCOTELTIKO TNG PEVCTOTNTOS TNHG TANGLOTIKN
ueuPpdvng (Dafnis et al., 2010). O Adyoc tov PBopiopod TOV SEYEPUEVOL SUEPOVC
®G TPOG TO HOVOUEPES amotehel Ogiktn pevotdomroc. 'Etol, o vynidg Adyog
VTOONAMVEL pid KATACTOON otafepnc Kot dKoumne pepPpdvng, n onoio gvvoei
YETVIOGT TOV HOVOUEPDOV KOl TOV €MOKOAOLOO GYNUOTIGUO SleyepUévav OUEPDOV.
AvtiBeta, n ovEnpévn pevotdTTo EUTOSILEL TO GYMNUATIGUO OUEPDV, LE OTOTELETLOL

™ peiowon tov Adyov. Onwg @aivetor oty gwkova 77A, 0 AOY0G TOV SlEYEPUEVOL
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OEPOVE OC TPOG TO HOVOUEPES TOPOVCLALETOL CNUOVTIKA HEWOUEVOS Y10, KOTTOPOL
nov elyav extebel oe exkpwvopevn a-cvvovkieivn (1.49 + 0.07, ywo to CM, WT-,
uécog 6pog £ SEM; n = 6) ocvykprrikd pe ta kotrapo pdptopeg (1.73 + 0.02 for CM,
WT+, uésog 6poc = SEM; n = 6), vmodnrldvovtog ovENIEVT LEUPPAVIKT PEVGTOTNTA.

>
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Ewova 77: H ekkpvouevn a-cuvoukAeivn emnpedlel tn pevetdtnTo TG TAAGUOTIKNE UEUBPEVNG TV
KUTTAP@V-OEKTAOV.

(A) Agpoporomuéva SH-SYBY kiotrapa etmdomkay pe Bpentikd pHéco TAOOGI0 GE EKKPIVOLEVT] O
ouvoukieivn (CM, WT-) 1 Bpentikd papropeg (CM, 2.22+, CM, 2.22-, CM, WT+), yio. 8 mpeg. H
TOPOLGIO TNG EKKPIVOUEVNG O-GUVOVLKAEIVNG TTPOKAAECE GAAUYEG OTY PELOTOTNTO TNG TAAGHUOTIKNG
pepppivng tov kuttdpav-dektdv. To ypdenuo arekovilel o Adyo tov e€ipuepotc (468 Nm) wg mpog
10 povopepéc (395 nm) [n = 6; p < 0.001 cuykpivovtag ta kKbTTape oV enmdotnkay e CM, WT-
Ko to KotTopo paptopeg (CM, 2.22+, CM, 2.22-, CM, WT+)]. (B) Abénon g pevototrog g
TAOCHOTIKNG HeUPpavng tov Swapopomomuéveoyv SH-SYS5Y wkuttdpov, katdénv endoong pHe
pitegoovvn (HePC), yia 8 dpec (N = 5; ~ p < 0.01, ovykpivovtog T pevotoTTa TG KUTTUPIKAC
ueuPpavrc, Topovoio 1 anovsia g HePC).

[Tpoxeyévov va amokielotel n mepintwon 1N wapovsion TG O0ELKLKAIVG
(dox) oto Bpentikd paptTvpo va emnpedlel 10 anotéAeoua, GUVEAEYT Opentikd PEGO
amd tov apywkod Tet-Off kidvo SH-SYS5Y (2.22), o omoiog ekppdaler povo tov

napdyovta gvepyomoinong (transactivator factor), amovcsia 1 Tapovsio g dox (CM,
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2.22- and CM, 2.22+, avtiotoya). O Adyog TOL OlEYEPUEVOL SUEPOVS TPOG TO
novopepég, kKat otig 6vo nepurtwoelg (CM, 2.22+ kou CM, 2.22-), ftav mapopotog pe
aVTOV TOV KVTTApoV poptopav (CM, WTH), arodeikvoovtog 6Tt 1 doX dev aAlo1dvel
TIG UETPNOELS TNG PELCTOTNTOG TNG TAACUHOTIKNG pepPpavne. Télog, 10 01Bepiid
pwopolmidio, wtepoovvny (HePC), to omoio eivar yvwotd 61t odAniemidpd dueoa
KOl EVOOUOTOVETOL OTNV TANCUOTIKY HEUPPAvVN, ypnolpomombnke g 0etikdg

uaptopag avEnuévng pnepfpaviknig pevototntag (ewkéve 77B).

3.29. O poios tns &levbepys kar tHs ovvoeouevns ue to eéwocouara a-

GVVOVKAEIVNG 6TV avénon THS E16PONS Ca** A0y YOPYTIKOTHTOS

‘Eva. moAd pikpd pHEPOC NG  0-GUVOUKAEIVNG omeAevBepdvetar  GTOVv
eEwKLTTapLo Ydpo péow eEwoopdtov (Prr. evotnta 1.3, sikoveg 42, 43), evod 10
VTOAOITO, HECEH GAAMV EKKPITIK®OV HOVOTaTI®V, PBpioketal oe eAedBepn popon.
Evloya, yevvnOnke to epdmpa Mol amd TG OV0 HOPPES, 1 GLVOEOUEVN LE
eEoohpota 1 1 eAeVOEPN EKKPIVOLEVT] 0-GUVOVKAETIVY, TPOKAAEL TIG TEPLYPAPOUEVEC
oALOYEG GTNV OLOLOGTOGT] TOV Ca®*. ' 10 oKOmd ATO, Opentikd pHéco mAOVGCI0 GE
ekkpvopevn  a-cvvouvkieiv (CMWT-) ot Opentikd  pdptopog (CM,WTH),
KAaopatodOnKay, He SPOPIKES PUYOKEVTIPNGELS, GTO VITEPKEILEVO TOL TEPLELYE HLOVO
TG eAeVBepeg exkpvopeves Tpoteiveg (S100- ko S100+, avrtictorya), kot oto ilnuo
OV NTOV EUTAOVLTICUEVO G eE@odpoTo Kot meplelye Oheg TG TP®TEIVEG TOL
oyetilovtar pe avtd (P100- kar P100+, avtiotoyya). Avaivon e 0VOGOATOTOTMLN
katd Western (BAm. evéotnra 1.3, ewkéva 42), tov mAnpovg Bpentikod (CM), tov
vrepkeipevoy (S100) ko tov nudtov (P100), dmwg fHon avapépnke, £deie Ot
poévo €va moAD WIKPO TOGOCTO TNG EKKPVOUEVNG 0-GUVOLKAEIVIG CLVOEETOL e
eEwoopata (pAn. evornra 1.3, eikova 43B).

X ovvéxeln, to eEwodpata mov mponAbov amd TO EUTAOVTIGUEVO GE
eEKKPVOLEV]  a-ocLVOLKAElV)  Bpertikd  péco  (P100-)  emavodoivbvkav  o1o
vrepkeipevo (S100+) mov eiye mpoxvyel amd 10 Opentikd paptupa, divovtag yéveon
oto petypa S100+/P100- ko to avtictpoo, dnuovpydvtag to peiypo S100-/P100+.
Awgoportomuéva  SH-SYS5Y  enwdommkav pe  Opentikd  EUTAOVTIGUEVO  OF
ekkpwvopevn a-ocvvovkieiv (CM,WT-) 1 Opentikd papropa (CM, WT+) 1| éva amd
10 Topanave kidopata (S100+, S100-, S100+/P100- and S100-/P100+), yo 8 mpec.

AxolovOnoe ypdon TV KuTTapoVv-0ekTdVv pe Fura 2-AM, kot pétpnon g elopong
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Ca® Moy yopntwotntac (CCE), énoc kat taponive (stkéva 78). Mosotikonoinon
™G EIGPONG ca® amoKAAVYE OTL 1| TAPATNPOVUEVT] aOENCN OQEiAeTOl KATA KOPLO
AOY0 otV eheBepn eEmkuTapla o-ovvovkheivy (S100-) (% ewsporc Ca®t 117.2 +
8.79 xon 111.9 £+ 10.87 yia ta xVTTOpO TOL dEYOMKAY TO TANpeg CM, WT- kot avtd
mov enwdotnkav pe to vmepkeipevo S100-, avtictoya). H mpoobnkm g
ovvdedpevng e ta eEmoduata o-cvvovkieivng (P100-) oto vrepkeipevo paptupa
(S100+), dev evioyvoe v ewopory Ca?*. Katd ovvéneia, 1 ehedBepn EKKPVOUEVT O
oLVOVKAEIVN KabioTaTon ¢ 0 KUPLOg LIELHVVOS YO TV TEPTYPAPOLEVT] EVIGYLON TNG
166800 Tov Ca?*. To yeyovog avtd pmopet va givor BEpo cuyKEVTPOONCS, OEO0UEVOL
TOV €EQIPETIKG PKPOV TOGOGTOD TNG O-GUVOVLKAEIVIG 7OV «GLOKELALETA OE
eEmompata. Télog, N TpocHnkn tov Wnunotog and to Openticd paptopa (P100+) oto
VIEPKEipEVO Tov TeEptleixe v ehevbepn a-cuvovkieivy (S100-), dev mpokdrece
aMayée oty gwopor Ca’t Moye yopntkomras (% swopory Ca’t 111.9 + 10.87 ko
101.3 £ 7.68 ywo ta k0TTOpO OV emmactnkov pe S100- kot avtd mov dExOnKaV TO
uetypo S100-/P100+, avtiotoyya), vwodeikviovtag 0Tt avth Koot 1 Tepovsio Tov

eEOoOUATOV OgV EMNPEAleL TNV €10pON ca®".

150+

% Eiopon Ca?*

Ewoéva 78: H avénon g etoporc Ca?* opeidetar katd kopto Aoyo oty eredbepn eEokuttdpio. o-
cuvovkeivng ota dapoponomuéva SH-SYSY kittapo.

Opentikd PECO TAOVGLO Gg eKKPLVOueEV a-cuvovkieivn (CM, WT-) 1 Bpentikd péco paptupo (CM,
WT+) khacpotd@bnkov oto vrepkeipevo (S100-, S100+, avtictoyyo) Kol TO EUTAOLOTIEVA GE
eEwodpuato Cnpozoe (P100-, P100+, avtictoye). To P100- eravadiadddnke oto S100+ (S100+/P100-)
Kol TO avticTpoeo, mpog dnuovpyio tov petypatog S100-/P100+. Awogopomomuéve SH-SY5Y
KotTOpO. enmactnkay CM, WT+, CM, WT-, S100+, S100-, S100+/P100-, S100-/P100+, yio 8 dpeg Ko
petprdnke M ewopor Ca’, kotoémv exkévoong tov E.A. (CCE). To ypaenuoa omewoviler v
nococtikonoinon tov CCE, katémy kavovikomoinong mpog v kivnromoion Ca’" mov mpokaieitat
omd v mpostnkn g Tg (n = 3; “p < 0.05 cuykpivoviag ta KbTTOpE IOV ETMAcTKAY pe CM, WT+
Kot aTé oV Vg YopNYRONKe CM, WT- ; *p < 0.05, petaéd tov kuttdpov mov déyonkay S100+ kot
avT®V 1oV enmdctKoy pe S100-).

195



2YZHTHXH

196



XYZHTHXH

VI.XYZHTHXH

1. A&ioloynon twv anoteiecudrTy.

H mpoteivn a-cvvoukdeivn ocvvoéetor Ploynuikd Kot YEVETIKA HE TNV
naboyévela e vosov tov Parkinson (Vekrellis et al., 2004). MdAiota, cOuemva, pHe
adtboetota PPAoypapikd dedopéva, ta avEnpéva mimeda EKEPaong g Bempodviat
wKavy ouvOnkn ekdAmong vevpoekpuiopov (Chartier-Harlin et al., 2004; Ibanez et
al., 2004). Qotd6c0, 0 UNYOVICUOC HECH TOL OTOIOV 1) G-GUVOLKAEIVN EMTEAEL TN
vevpoto&ikn g dpdomn dev elval TANpo¢ katavontds. Emotnpovikéc peréteg £xovv
katadei&el ™ AavOaopévn avadimAwon Kol TN GLUGCOUATOON NG HOVOUEPOVS
TPOTEIVNG ©G KOUPIKNG ONUOGIOG YEYOVOTO GTNV TOPEIDl TOL VELPOEKPLAIGLOV,
KaBdg divouv yéveon oe SIAVTEG OAYOUEPEIS LOPPES (TP®TOTVIOLN), Ol OTTOlES LE TN
oelpd Tovg Bewpovvrar Wwntépwg toikéc (Conway et al., 2000b; Conway et al.,
2001; Danzer et al.,, 2007). E&atiag tg éAletymc oNUATOSOTIKOD TEMTIOO
otdyevong oto E.A., ka1 Tov Kuplopyov EVIOMIGHOV TNG GTO KLTTOPOTAAGU, 1) O
GLUVOLKAEIV Yo peydro dotnuo Bewpeito ®G TLTIKO TOPASELYHO EVOOKVTTAPLOG
TPOTEIVNG, 1 0moia dpa 6T0. 6TEVE TAAiG1o TOV KLTTAPOL TToL TNV Tapdyetl (Pacheco et
al., 2012). Evtovtoiwg, v tehevtaio dekoetic, ohloéva av&ovopevo dedopéva
vrootnpilovv 0Tl 1 A-GLVOVKAETVT ekKpiveTol 6TOV EEMKLTTAPLO YDPO, ETNpedlovTtag
TpOTOV TVG TNV opoldotacn Tov yertovikmv kuttapov (Desplats et al., 2009; Lee,
2008). Katd ocvvénela, n d1epedviion TOL UNYAVIGUOD EKKPLONG TNG 0-CUVOVKAEIVIG,
KaOADG KoL TOV TPOTOV LE TOV OO0 QVTH SOUOPPAOVEL T1 PVGLOA0YIO TOV YEITOVIKMV
KUTTOPIKOV TOT®V, UTopel va GOUPAALEL TNV Katovomor g taboyEvelog T vOGou

tov Parkinson, avoiyovtag to dpopo yio. kavoTopes 0epanenTikéc Tpoceyyioels.

1.1. Meiétn THS EKKPIONS THS O-GVVOVKAEIVYG

Ymv  mopovoo  OBOKTOPIKY  OlTpi]  TO  WOPOTAVE  EPMTHUOTO
npoceyylotkay e v emotpdrevorn evog Tet-Off kutrapikod cvetiuatog, mov
onuovpynnke oto epyaoctnpo  pog (Vekrellis et al, 2009). Q¢ Pdon
ypnooromOnkav ta kotrapo SH-SYSY and vevpoPfrdctope avOpdmov, to omoia
VIEGTNOOV KOTAAANAN YEVETIKN emeepyacia, £T0L MOTE 1 EKPPOCT TOV YOVIOIOV TOL
KOOWKOomotel Yoo T QLGIKOD THTOV AvBpOTIVY a-GuVOVKAETVY va Bpioketal vd Tov

avotnpo Ereyyo tov vrokvnty PTRE-tight. TTapovsio tov avtifrotikod do&vkukdivn
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(dox) 1o dwayovidlo katactéAletor, Kor ekepalovior udvo To younAd evéoyevn
emimedo TG TPOTEIVNG. AVTIOET®G, AmMOUAKPLVON TOL  OVTIIPLOTIKOL oamd TNV
KOAMEPYELD, EMAYEL TNV VIEPEKPPACT] TNG O-CLVOVKAEIVNG, £mG Kat 30 popéc (Ekova,
37A).

SOUPOVO UE TO OTOTEAEGUATO TTOL TPOEKLYAVY, 1) 0-GUVOLKAEIVN ekKpiveTal
pe tpdmo cvveyn 610 OPENTIKO HEGO TOV KLTTAP®V TOL TNV LIEPEKPPALoVV, KaOOTL
TO EMIMEDQ TG TPOTEIVNG GTO OPENTIKO ALEAVOVTAL LE TO TEPUGILO TOL YPOVOV, EVED
T0L EVOOKLTTAPLO. EMIMESH TG Tapopévouy otabepd (etkova 37A). H amovoia, dg, amod
10 OpenTIKO UECO, KOAQ YOPAKTNPIOUEVOV TPOTEIVAOV TOV KLTTOPOTAACUOTOC, OTWG
Y. TNG OLVPKoLITIVIG Kol TOAV-0VBIKOVITIVIAMIOUEV®Y TPOTEIVOVY, TG 14-3-3fB, Tng
GAPDH «.a., arok)eiet v mBavomta 1 TopatnpoOUEVT] £KKPIOT VO TPOKVTTEL MG
emakoAovfo Baviatov kot kvttapikng Avong (ewkova 37B). o v meportépm
gvioyvon tov anotelecpdtev, dnuovpyntnke ko o Tet-Off kvttapikn cepd
péptopag, o KOTTOPO TG omoiog ekepdlovv, pe mopdpHolo emaydpevo TpOTO, TN
BokTnplokng TPOEAELGONG  KLTTOPOTAOCUOTIKY TPOTEIV P-yoraktoowddon. H
amovcioe ¢ P-yoAaxtoowddong omd 1o OpemTikd HECO TOV KLTTAP®Y TOL TNV
vrepek@pdlovv, motonotel 0Tl N EKKPIOT TNG 0-GLVOVKAEIVNG €lval PLGIOAOYIKT Kol
Ol AmOPPOLA TNG VREPEKPPACTG TNG.

Ytov eEOKLTTAPLO YMPO EVIOMIGTNKOV TOGO OAVTEG LOVOUEPELG, OGO Kot
oAryouepelc HOPPEG NG  0-GLVOLKAETVNG. Ot eKKPVOUEVEG HOPQOES TNG  O-
OUVOUKAEIVIG  €EeTAoTNKAY, EVOEAEXMG, KOTOMY KAOGUATMOONG TOVL KLTTOPLKOV
Opentucod pécov, pe ypopaToypoeio OmOnong mnktng, MHECHO TG  Omoiog
amopovodnKay, younAov Kot vynAoH poplakol PBAPovg HOoPEES TG EKKPIVOUEVNS O
ovvoukAgivg (ewova 40). H mopovsio tov S10AvT®V OAMYOUEPDY HOPPOV Elvat
e€apetikd onpavtikn, kobmg, copemva pe avéovopevo Pipioypagikd dedopéva,
dwbétouv dvvntikd vevpotolkd OSvvapiko, emmpedlovtag ™ Puwopwdtmra TOV
Kuttdpov-dektmv (Danzer et al., 2007).

[MapdAindia, pe T xpron €Wkng uebddov tomov Elisa, mov avamtdydnke oto
EPYOOTNPIO HOG, HETPHONKE M OMKN GLYKEVIP®ON TNG 0-GUVOVKAEIVNG GTOV
eEorvttaplo yodpo (gwova 38). ‘Exer mpotabel 6t o1 oAryouepeic popeég g o-
ouvouKAEivC PBplokovtal oe dvvokn tooppomion pe to povopepn e Kotd
OUVETEWD, 1| OTOLOONTOTE OAAOYN| OTO EMIMEN TNG HOVOUEPOVS TPMOTEIVNG eivan
duVaATOV VO EXNPEACEL CNUOVTIKE T1 GLYKEVIPMOGN TOV OAYOUEPDV TNG, UETAED TV

omoimv cuykaTaAEyovVTOL Kot 0l S1oAVTEG ToEkES popeéc. Enopévac, n vmapén pog
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1660 evaicOntng pebdoov ekTiumong G €EOKVLTTAPLOG HOVOUEPOVS TPMOTEIVNG,
oLUPaALEL 0VOLOOTIKG GTNV AEI0AOYNGT TOL VEVPOTOEIKOD SVVAUIKOD TOL EKACTOTE
Openticol pécov.

Kpitikrig onuaociog yioo v katovonomn TOV UNXOVIGHOL OpAcns Tng
eEOKLTTAPLOG 0-CLVOVKAEIVIG, OmOTEAEL O UNYXAVIOUOG €KKPIONG. XTO VIO UEAETN
KUTTOPIKO GUGTNUA, £VO UIKPO TOGOGTO TNG O-CLUVOVKAEIVNG, amEAELOEPOVETAL GTOV
eEOKVTTAPLO  YOPOo UECH eEMOOUATOV, WKPOV KLOTIOIMV  YOPAKTNPIGTIKNG
popeoioyiag kat Proynuikng ovotacng (swkéva 42), ta omoio. TpokdmTOLY ATd ™
oOVINEN TOV TOAVKLGTIONKOV COUOTIOV HE TV TAacpotikn pepfpavn (Chivet et al.,
2012). Aedopévov, Tov HIKPOD TOGOOTOD TNE 0-CUVOVKAEIVIG TOV «CLOKEVALETALY G
avTéG TG dlakpitég douég (ewkdvo 43), kabiotatar coeéc 0Tl VIAPYOLVY Kot GAAOL
evOALOKTIKOL punyovicpol €xkkpiong, Ommg 1M eEOKLTTAP®OT HECH  EKKPITIKAOV
KuoTwiwv, N omoia glvar dvvatdv vo AopPdver yopo 6to Vo HEAETN GUGTNLC.
MdéMota, vdpyovv BiAoypagikés avapopég mov TaPoLVGLAlovY TV EVOOKLTTAPLL
0-GUVOUKAEIVT Vo GLVEVTOTLETOL e EKKPITIKA KLOTIOW, To. omoia dtapesorafodv
mv ékkpron g (Lee et al., 2005a). BeBaimg, vadpyel 10 EVOEYOUEVO 1| TOGOTNTO TNG
0-GLVOVKAETYNG oL ekkpiveTan PEcm eEMOOUATOV Vo givar peyaAdTepn apyikd, Kot
va mapovctdletor petowpévn, eéotiag g mbavig d1doTacns TV eEMCOUATOV GTOV
eEOKLTTAPLO YDPO M KATA TNV GLAAOYY| TOV VAIKOVD.

Ta eEwoapota Bewpovvror Blodoyikd evepyeg ovidtnTeG, Ol omoieg sivan og
Béon va  oAAnAemdpdoovv  pe  KOTTOPO-OEKTEG, TMOWKIAOTPOT®G, T.Y. HECW
EVOOKVTTAPWOONG, TPOGIESNG GE KATAAANAO VTTOJOYEM, TPOGKOAANOTG Kot GUVINENG
ue v mAacpatikn peuPpdvn (Keller et al., 2006; Thery et al., 2002; van Niel et al.,
2006; Vincent and Magee, 2002). EvoAlakTikd, amotkodounon e Hepppivng tov
eEooopndTOv otov eEMKVLTTAPLO YDOpo ond mpTEdceS N AMmAoeg, duvnTikd Oa
UTOPOVGE VO OTEAEVOEPDCEL TO TPMOTEIVIKO QOopTio OV PPIioKETOLl GTO £6MTEPIKO
tovg (Hughes, 1999; Mehul and Hughes, 1997). Méypt mpdtivog, n anedevfépwon
tov eEocoudtov Bewpeito ©¢ €vog KuTTaptkdg pnyovicpods exkkabiapiong tov
avembountev mpoteivov (Johnstone et al., 1987; Pan et al., 1985; van Niel et al.,
2006; Vella et al., 2008). Evtovtolg, mpdo@oteg HEAETEG AmOKAALYOV VEES BLOAOYIKES
Ae1Tovpyleg AVTAOV TOV YOPAKTNPIOTIKOV OOU®Y, UETAED TOV OTOImV 1) AEITOLPYIKN
tpomtonoinomn twv T-kuTttdpmv, N TPOTEOAVLGN CLYKEKPIUEVOV TPAOTEIVOV GTOX®V 1
OKOLOL KOt 1] SLOKVTTOPIKT UETOPOPAE TOV £EMCMUIKOD QOPTION HECH TNG GVVINENG

TV EOCOUATOV HE TNV TAAGHOTIKY HEPPpavn Tav yertovikav kuttapov (Keller et
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al., 2006; Thery et al., 2002). Katd cvvénela, n £KKPLomn TG 0-GLVOLKAEIYNG, HECH
eEoooudtov, mopéxel £€vo KOO HOVOTATL omeAevfépmong SuVNTIKA TOEIKMV
TPOTEIVAOV GTOV EEOKVTTAPLO XDPO, SOUESOAAPDOVTAG TPOTOV TIVA TNV EEATAMOT TG
naboloyiog ota yertovika vy kottapo (Ghidoni et al., 2008).

>m Piproypapio oAoéva Kol TEPICCOTEPEG OVOPOPES oLoyeTilovy TNV
ékkplon tov soocoudtov pe 1o vevpoekeuioud (Vella et al.,, 2008). Ta
napaderypa, epporlocuds oe pHeG pe EOOOUATA TOL TEPIEXOVLV PrioNS, givar tKovog
VO TUPOSOTHGEL T UETAPOPE TV PriONS 6€ VY AVETAPA KOTTOPO, TPOKAADVTOG TNV
ekdniwon g vooov (Fevrier et al., 2004; Vella et al., 2007; Vella et al., 2008). Xt
vooo tov Alzheimer, nentidia AP, Tpoepydueva amd 10 ECOTEPIKO TOV KLTTAPOL EXEL
Bpebei 011 amelevbepmdvovtar péom eEmwocmudtov (Rajendran et al., 2006). EmumAéov,
Eyel deybel O6TL IN Vitro 6t TpwToyevelg QAOLIKOl vEVPmOVEG EKKPivovV 6T0 OpemTiKd
uéoco eEwompato (Faure et al., 2006). Tvunepoopatikd, to dedOUEVA TOV EYOVLV
TPOKVYEL amd TNV Tapovca LeEAETN LEXPL ovTd TO onueio, vrostnpilovy v VOB
oV «Aovpeov Inmovy, cOpPwva e TV omoic 0 VEVPOEKPVMGUOG TPOKVITEL OO
TNV TPOOSEVTIKY] UETAS0CT] TAHOAOYIKAOV YeYovOT®V, amd KOTTAPO GE KVTTOPO, Kot
TEMKA TN SOTOPE GTIG SPOPETIKEG TTEPLOYES TOV €yKePdAov. H gv Adymw vmdOeon
éyetl emPePorwdel yio 1 acbéveieg prion, evd cvlntiétat éviova yio TV TEPIRTOON
™ vocov tov Alzheimer (Caughey, 2000; Ghidoni et al., 2008; Lee, 2008).
Kopavida tov peretdv, mov tpoteivouv yuo v e&dmimon g vooov tov Parkinson
évav unyaviopd mov TPocopotdlEl 6 OVTOV NG UETAO0ONG NG TPMTEIVIG Prion
(prion-like mechanism), amotekel exeiv Tov Brundin kot tov cuvepyatdv tov. Xt
HEAETN VTN, LYLELG VELPOVEG O1 0TTo10L ElYaV EUPVTEVTEL G€ EYKEPAAD acBevODg e ™
voco tov Parkinson, 14 ypdvia. petd t HETAROCKEVGT, ELPAVIGOV TN XOPUKTNPLOTIKY
noforoyia T a-cLVoVKAEIVIG ToL NdN Tapovsialav ot avtoi vevpmdveg (Brundin et
al., 2008).

1.2. Aigpevvnyon tov vevpotoltkov SvvauIKov THS EKKPIVOUEVHS O-
OVVOVKAEIVHGS

Ol eKKpVOUEVEG HOPPEG TNG O-CUVOLKAEIVIG HELDOVOLV OMUOVTIIKG TN
Blocomra TV VYIOV KLTTAP®V-0ekTOV (gwkoves 44, 46, 47). Xnuciotéov OTL
KoOADG To KOTTOPA-OEKTES AMOKTOVV VELP®VIKO QOVOTUTO, KaB{oTOvVTOL OAOEVA Kol

o evaicOnta 010 TOEIKO SLVOUIKO TNG EKKPVOUEVNG 0-GUVOVKAEIVNG. Me dAla
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Aoy, o Babudg Tov TOPATNPOVUEVOL EKPUAGHOV €VTEIVETAL, OTTO TA OLOPOVUEVOL
ota  Sweoporomuéva,  SH-SYSY  «Ottapo kot omd €KEl, OTIS TPWOTOYEVEIC
KOAMEPYEIEG PAOTIKDV VELPpOVOV (g1kOveg 44, 46, 47). Entiong, o kuttopikog 0dvatog
oyetiletol QuUECH PE TNV TOPOVGIO TNG 0-GUVOVKAEIVNG 6TOV €£MKVTTAPIO YDPO Kot
ovvodevetal amd TNV evepyomoinon ¢ Koomdons-3 (ewkova 45). H onpoviikn
pelwon TG EKKPVOUEVNG  O-CUVOVLKAEIVIIC omd 10  Opemtikd péco e
avocoKatakpuvion (eukéva 48), apufAdvel onuavtikd Tic ToKéG EMOPAGELS AVTNG
(ewova 47). Onwg, avagépOnKe Kol TPONYOLUEVOG, EIVOL SOLVATOV VO ATTOUOVOOODV
amd 10 OpenTiKd PEGO, YOPLOTA, LYNAOD Kot YOUNAOD Hoplokol BAPOve HOPPES TG
0-GLUVOVKAEIVNG, LECH KAUGUATOONG LE Ypouatoypapio omdnong mnkg. Kot ot dvo
KOTNYyopieg HOPPOV TNG EKKPWVOUEVNG O-GLUVOUKAEIVNG, HEW@VOLY ousOntd tnv
emPioon tov dwupoporomuévav SH-SYSY kuttdpov (ewkéva 49). H enidopaon tov
OALYOLEPDOV LOPPDV TNG O-GLVOVKAEIVG 0T PLOGILOTNTO TOV KVTTAPOV-OEKTMV £XEL
motomonfel kol and mponyovueva mepdpata 6to epyactipd poc. H katepyaoio
TOV TAOVGLOV GE 0-GLVOLKAEIVT OpemTIiKOv HEGOL HE QPOPUOKOAOYIKOVS TTOAPAYOVTES
7oV TapeUnodilovy Tov olyopeptopd, énwg to Congo Red (CR), peiwoe onpoavtikd
10 TOEIKO dvvapIKO Tov Kol avénoe Vv emPinon Tov Kuttdpwv-oektov. [Tapduota
ypnon tov CR €yet avapepbei o€ in vitro kot in Vivo puelhéteg mov otoygdovy o1
dldhvon  Oop®V TAOVGLOV OE  P-TTUYMTEC EMPAVEIEC, OVAUECO OTIG OTOIES
ovyKaTaAEyovTOL 1 0-cLVOVKAEIvY, N huntigtin kot to mentioo AP (Heiser et al.,
2000; Inouye and Kirschner, 2005; Sanchez et al., 2003).

Yvvoyilovtog, M Tapovsio TOV ELGIOAOYIKE EKKPIVOLEVOV LOPOOV NG O.-
GLUVOVKAEIVIC, YapunAod Kot vynAold poplakol PBapovg, peldvel v emiPioon Tov
KuTTapwVv-0ekTtdV. To yeyovog avtd vmoonimvelr tv Vmopén oag mbovig
GLVEPYOTIKNG GYEOMNG, HETAED TV LYNAOD Hoplakol BAPOVG V-TOAVUEPOV KOl TMV
YOUNA0D poplakod Bapovg v-oAryopepdV 1 KoL TG LLOVOUEPOVG LOPPONG, 1| OTToia eivar
o€ 0om vo TUPOSOTHGEL TOV VELPOEKPLAIGHO. Xg Evav LEYEAO aplud avagopmv, Ta
TPOGYNUOTICUEVE TPMOTOIVIO, OO OVOCLVOLOGUEVN avOPAOTIVY 0-CUVOVLKAEIVY,
&xovv vevpotolikn Opdom, Otav yopnynbodv oe KoAMEPYEEG VYDV KVLTTAP®V
(Danzer et al., 2007; Du et al., 2003; El-Agnaf et al., 1998; Zhang et al., 2005).
Eniong, coppmva pe v vrdbeon tov oynUATIGHOD ALAOEIO0VE TOPOL, N ETIAEKTIKN
TPOGOEST TOV TPOTOIVIOI®V 0-CLVOVKAEIVIG 0 KLTTAPIKEG LepPpaveg elvarl og B€on
Vo TPOKAAECEL PeYOAEG HETABOAEG OTNV 100PPOTHO TOV OVIOV Kol TV UIKPOV

petafoltadv, peta&h TOV KLTTOPOTAGACUATOS KOl TOL EEMKLTTAPIOV YDPOV, UE
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emakOAov00  TOV  EKQULAICHO Kot TOV  KuTTapkOd  Bdvoto.  EvodAdaxtikd,
CUCOMUATOUEVES HLOPPEG TNG 0-GLVOLKAEIVNG oto emkuTTdplo meplPdAiov, elval
duvatoéV Vo TUPOSOTHGOVY PAEYUOVAOOELS OMOKPIGEIS HEC® TNG EVEPYOTOINONG TNG
HkpoyAoiog, odnydviag oto vevpoekeuioud (Lee, 2008; Zhang et al., 2005). AALa
KOO KO 1) LOVOLEPNC Bi-GLVOVKAETVT €lvar duvaTdv va OpAceEL LEGH TV TOPOTAV®
Hovomatidv, Tpokaimvtag kKuttapotoéikotnto (Su et al., 2008; Sung et al., 2001). To
YEYOVOS OTL, o1 YOUNA0D HOPLaKOV BAPOVG HOPPES, Ol omoiec mePhapPdvouy Kupimg
TN LOVOUEPY] O-CLUVOLKAETIVY, €lvarl KAVEG VoL LELOGOVY TNV KLTTOPIKY Ploctudtno,
ouvdoel pe TV mopamave vrobeon. Evtodtoilg, dev umopel vo amoxAeiotel 1
mOOVOTNTO O UIKPY] CLYKEVTIPMOT OAVTMOV OAMYOUEPDOV VO GLVLTAPYEL OTO
KAMIGHO TOV YOUNAOD HOPLaKOU BAPOVE HOPOOV TNG 0-GLVOVLKAEIVNG, e&attiag TV

TEPALUTIKAOV YEPIGUADV.

1.3. M&iétn tov unyavicuod vevpotollkijs Opacis THS EKKPIVOUEVIS d-
OVVOVKAEIVHGS

Ye MOAMEG TEPMTAOGCELS, N TPOSANYM / €vookLTTApwoTn amotelel Pocikd
pnyovicpd pécm tov omoiov Toféc mpwteiveg emOPoVV, TOKIAOTPOTMOS, TNV
OLOOGTACT] TV KLTTAPMOV-OEKTAOV, T.). LEG® TNG ATOSOPYAVOCNS TOV LLOVOTATIDV
TpOTEIVIKNG amowkodounong (Inouye and Kirschner, 2005; Sanchez et al., 2003). Xta.
mAoiclo SlEPEHVNONG TNG VEVPOTOEIKNG OPAoNG TNG EKKPIVOUEVNG O-GLVOLKAEIVNG,
e€eTAOTNKE TO EVOEYOUEVO M EKKPIVOUEVT] 0-GUVOVKAEIVY Vo TpocAapfaveTat amd To
KOTTOPO-OEKTEG.

H podievepyd  onuaocuévn e g EKKPIVOUEVT]  0-GUVOLKAEIVN
npocAauPdavetor, dueca, omd Swupovpeva SH-SYSY «otropo (swkova 50). H
EVOOKLTTOPWOUEVT] O-GLVOLKAETVT evtomiletor 1660 oto pepPpavikd, 6GO Kol TO
KLTOGOMKO KAAGHa (gwkdva 52). Evtovtolg, o akpifng vrokuttaptkds vIomopos g
0-GUVOUKAEIVNG OTO KUTTOPO-OEKTEG OV KOTESTN SLVOTOC, €EONTIOG TEYVIKDV
TEPLOPICUDV (E1KOVa 53).

SOUQmVE e TPOKATOPKTIKG OEOOUEVA, 1 TPOCANYY TNG PLGLOAOYIKA
EKKPIVOLLEVIG  PAOIOCTUOCUEVNG  O-OCLUVOLKAEIVIG,  mopesumodiletor  amd v
TAVTOYPOVY YOPNYNOTN UM PASIOCTUACUEVNG OVOPOTIVIG  OVOGVVOLOGUEVIC O~
oLVOVKAEIVIG o€ Ttepicoeia (etkova 51). To yeyovog avtd, vrovoel v vmapén evoc

mhavoDd VTOdoYEN, LEG® TOL OTMOIOV 1) EEMKLTTAPLNL O-CLUVOLKAEIVI] EIGEPYETOL GTO
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dtupovpeva kutTapa-oéktes. BePaiwg, avtn 1 apykn vedbeon ypnlel mepartépm Ko
evoeleyolg depedvnone. I'evikdtepa, PEyptL Kot GUEPO O UNYOVIGLOC TPOCANYNG TG
0-GLVOVKAETYNG Topapével VIO dlepebhivnot. YTapyovv dedopéva COUP®VO HE TO
omoilo. Ol OLOPOPETIKEG HOPPEG  OVOGUVOLAGUEVNG  0-GUVOVKAEIVNG  akoAovBoHv
dwapopetikd povomatia mpdéoinyng (Lee et al.,, 2008a). ITio ovykekpiuéva, 1
LOVOUEPNG Oi-GUVOVKAEIVT) TPOoGAaUPAveETOl amd T KOTTOPA-OEKTEG, LECH TOONTIKNG
duyvone, oe avtiBeon pe TIC OAyopepelg Kot WISOKEG HOPQOES TNG Ol OMOLES
EVOOKLTTOPAOVOVTOL UE TN UEGOAAPNOT vmodoyéa, evd, Katdmy, akoAovboldv To
evookvttapikd povomdtt (Lee et al., 2008a). Qotdéco, péypt kot oNUEPO, OV
vdpyovv  dedopéva Yo TNV VmOPEN  KATOWOL  GLYKEKPIUEVOL  VTOOOYEN
EVOOKLTTAPMOONG TNG PUOIOAOYIKE EKKPIVOUEVNG 0-cLuVOLKAETVIC. H gvdokuttdpmon
pHEC® pEUPPOVIKOD VTOd0YEN, £xel TPOTOOEl ©C UNYOVIGHOS TPOGANYNG TOL
apLA0€0V¢ menTdiov AB-42, pe mbavoig VITOYNPLOVS TOV 07 VIKOTIVIKO VTOJ0YEN
g akeTvAoyorivig (Nagele et al., 2002) ka1 tov vrodoxéa NMDA (Jellinger, 2002),
o1 omoiot eKPPALovVTOoL GTNV KLTTOPLKY| ETLPAVELDL TOV VELPOVOV.

Ye avtifeon pe ta dwapovpevo SH-SYSY wottapa, ta Stapopomoinpuéve Kot
Ol TPMTOYEVEIC PAOLiKOl VeELpDVES O QaiveTOl Vo TPOGAQUPAVOVY TN QULCIOAOYIKA
EKKPIVOLEVT] 0-GLVOLKAEIVY (gwkdveg 54, 55, 56). To @awvopevo avtd pmopei vo
amodobel oe S10QPOPETIKOVG UNYAVIGUOVS TPOCANYNG UETOED TOV JOPOPETIKMV
KUTTOPIKOV TOM®V. Q0T1060, 0 UTOPElL VO  ONOKAEWOTEL TO €VOEXOUEVO T
SPOPOTOMUEVO KOTTAPOL KO Ol TTPOTOYEVELS VELPOVES VO, TPOSAAUPAVOLY KPES
TOGOTNTES 0-GUVOVKAEIVNG, O €VIOMIGUOC TV omoiwv vo Ppioketor exktdg TmV
dwkptikdv opiov Tov pedddwv mov akorlovdnOnkav. Avtd kvpiog agopd oTIg
OMYOUEPEIC HOPQES TNG EKKPIVOUEVIG O-CUVOVLKAEIVIG, ol omoleg efontiog g
YOUUNANG GLYKEVTPWONG TOVS, OeV givor dvvatov va aviyvevBovv pe ™ pebodo g
avtopadloypapiog. MAAloTa, 6e pio GYETIKN HEAETN, O Lee kol ot cuvepydtes Tov
(Lee et al., 2008a) mpdtevay OTL | GLOCOUATOUEVT] O-GUVOVKAETIV TpocAapufdvetat
TO OMOTEAECUOTIKA OO TOL KUTTAPO-0EKTEG, LEG® EVOG SLOPOPETIKOD LLOVOTATION GE
oY£0T LE TN LOVOUEPT] TPOTEIVT.

[Mopdra ovtd, peydrog 6ykog Piproypaeikdv dedopévov kdver Adyo yio
EVOOKVTTAPMOT| TNG AVOGLVOVAGUEVNG O-GVVOVKAEIVN G and kOTtapa-dékteg (Ahn et
al., 2006; Lee et al., 2008a; Lee et al., 2008b; Liu et al., 2009a; Sung et al., 2001;
Zhang et al., 2005). I1pénetl va Toviotel, ®6TOG0, OTL GTIG TEPIGGOTEPEG YOPN YN ONKAV

e€apeTikd VYNAEG GLYKEVIPOGELS KOOOPNG AVAGLVIVAGHEVNC TTPOTEIVIG, Ol Oomoieg,
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Eepevyovtag amd To. 0Pl TOL PLGLOAOYIKOD, THUVMOG Vo 0dNYNoOV VIO KABESTMOC
nieong ta KOTTOPA-0EKTEG Vo TV TpooAdPovv (PAm. Ewsoymyn, evotnrte 3.3).
MdéMota, o€ KAOmOleG OMUOCIEVCELS Ova@EPETOL  OTL Yoo TNV  €l60d0 NG
AVOGLVIVAGHEVIC 0-CUVOVKAEIVIG 6T KOTTAPO OEKTEG, ATOPOITNTN Elval 1| TOPOLGIN
Katovikov Amocoudtov (Luk et al.,, 2009). Emuwléov, kabmdg n @Uo10A0YIKG.
EKKPIVOLEVN 0-GUVOULKAEIV mopdyetol Kol omeAevOepdveTal Oomd EVKOPLOTIKA
KOTTOpQ, €lval Aoywkd OTL PEPEL UETO-UETAPPUCTIKEG TPOTOTOWOELS, TI OTOLES
otepeitar 1 PokTnploKd ToPAyOUEV] avacvvOLaouEv Tpoteivn. H ev Adyw
dwpoponoinon Oa umopovoe, evoeyouévms, vo eénynoel, g évav Pabuo, v
acLVUP®Via, OGOV aPOPA TNV KAVOTNTO TPOCANYNG TNG O-CUVOVKAEIVIIG amd To
VELPIKA KOTTOPA, HETAED TOV TOPOUTAVED HEAETMV KoL TNG TOPOVGOS, 1| OTTO10 LEAETNG
ompileTor 6T EVOIOAOYIKE EKKPIVOLEVT KOl OYL TV OVOCLVOLOUEVT TPMTEIVY).

Amod v GAAn mAgvpd, n dnpooicvon tov Desplats kot cuvepyotdv, kdvet
AOyo v petrddoorm g maboroyiog twv copoatiov Lewy ond tovg mloyovieg
VELPAVEG GE VYN EUPPLIKE ELPLTELUATA, LECH UETOPOPAS TNG O-GUVOVLKAETVIG oo
vevpadva oe vevpova (Desplats et al., 2009). Xty idwa dnuocicvon, o mepauaTo
GLYKOAMEPYELOG TTPAYLLOTOTOMONKE ETAYMYN TNG VIEPEKPPACTG TNG 0-GUVOVKAEIVNG
0E VELPIKA KUTTOPO, KOTOMYVY EMPOALVONG HE  adEVOIODS. XVuemva HE  To
OMOTEAECLLOTO TOL U1 EMUOAVGUEVO VEVPIKA KOTTAPO TNG CLYKOAMEPYELNS PAVIKE VL
TPOGAQUPAvouy TV TP®TEIV] Kol va odnyovviol o€ kKuttapwkod Odavato. H
CLYKEKPIUEV] TPOCEYYION OOTOCO EYKLHOVEL TEYVIKOLG Kvovvovs. Ommg Mom
avaQépinke oIV TOPOVGH €PYACIO, N LVIEPEKPPUCT] TPOTEIVAOV UE 1iKOVS QOPEIS
umopetl va dmoel yeudmg Betikd anoteléopata TpOSANYNS (etkéva 57). I'ia To Adyo
ovTO, TPEMEL VO YIVETOL QWOTNPOG EAEYYOS TOV TPOTOKOAAWDYV, ¥PN|OT TOV COGTOV
HopTOP®OV KOl VO ETICTPATEVETOL 1OWUTEPNG TPOCOYN OTNV  epunveio TtV
OOTEAECUATMV.

Me Bdon to mopamave, 1 evOoKLTTAP®o™ 08 Gaivetal vo amoteAel T0 faciko
UNYoVIoUO, LEGM TOV OTOIOL 1) EKKPIVOUEVT] 0-GLVOVLKAETVN OlevepYel T VELPOTOEIKY|
g dpdon ota dtapopomompuéva SH-SYSY kdttopa kot Toug TpmToyEVEic VEVPOVES.
Q061660 10 YeYovOC OTL Ol GLYKEKPLUEVOL KVTTOPIKOL TOTOL TOPOoVvctdlovy HEYAAn
evacOnoia 6to ToEIKO dSLVVOUIKO TNG EKKPIVOUEVTG O-GLUVOVKAETVTG, B€Tel g mBavo
onueio ekkivnong g mopelag VELPOEKPLAICHOD TN ATOIKY] NTAOCTIRAdN TV
KUTTAPOV-0ekT®OV. H aAAnAenidpaon, dueon N EUpeon pe T dlopesordfnon Kamolov

U1 TOVTOTOMUEVOD, UEXPL GTIYUNG, VITOOOYEM, TNG EKKPIVOUEVIG 0-GUVOVKAEIVIG pE
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TNV TAAGUOTIKY] MEUPPAVN KoL 1 EVEPYOTOINGT €VOG KOTAPPOIKOD GTUATOOOTIKOV
LOVOTaTION, amoTeAEl pio evolapépovoa vtdbeon. Evailaktikd, pe fdon 1o poviédo
TOV GYNUATIGHOD CPVLAOEDOVE TTOPOV, N QUECT OAANAEmiOpacn givor dvvatdv va
00MNYNGEL GTO GYNUATICUO TOPOV, GAAOIDVOVTOG TNV OKEPOLOTNTA TNG TANCUOTIKNAG
ueuPpbvne ko teAkd oty kvttopikn ékmtwon (Heiser et al., 2000; Volles and
Lansbury, 2003; Volles et al., 2001). Aoufdvovtac vadyn To TAPATOVE,
dlepeuvinke 1 emidpacn TNG EKKPWOUEVNG 0O-GUVOLKAEIVIG OTO EMIMESO TNG
TAUCUOTIKNAG HEUPPAVNG Kot emakOAovOeg dtoTapayEg TG OUOOGTACNS TOV OVIMV
ca*, ¢ TOAVOG UNYAVIGUOG VEVPOTOEIKNG OPAoTC.

[Tpoxeévou va dtakevkavBohv To TPOLO YEYOVOTO KUTTAPIKOD EKQPUAMGLOV,
TOL OTTOL0L TPONYOLVTOL TOV KLTTOPIKOV Bovatov, emAéydnke n endaon 8 wpadv pe
Opentikd mMAOVGL0 GE EKKPIVOUEVT] O-CUVOVKAEIVN, KaBMG KOTE TO GLYKEKPIUEVO
dronuo dgv mapatnpNONKav gpeavny onuadia KuTTtaptkng ékntmong (ewukove 58). H
TOPOVGIO TNG EKKPIVOUEVIC 0-GUVOVKAEIVIG, Y10 TO OVOPEPOLEVO YPOVIKO S1AGTN LA,
NTOV KOV Vo TPOKOAEGEL Ol0TaPOEG OTNV OUOLOGTOCT) TOV ca?*, ot Omoteg
exOnAmOnkav g évrovn avéEnon g 1GpoNg ca® AMOY® yopntikdtToag, TO60 6T
dapopomompéva SH-SYSY koutrapa (gikova 59A), 660 kol GTOVC TPOTOYEVEIS
elotikovg vevpmveg (Etkova 69). To meptypapdpevo pavopevo oyetiletan dueca pe
TNV TOPOLGIN TNG EKKPIVOUEVNG 0-GUVOVKAEIVIG OTOV €E®KVLTTAPLO Y®DPO, KAODG
OTOUAKPVVOT TNG €V AOY® TPMOTEIVNG LE OVOGOKATOKPNUVIOT, O& HeTEPare TNV
€GP0 ca’* ota KOTTOpO-0éKTES (81KOVE 59B).

Onwg avaeépdnke ce moAAd onueio TG mopovcag HEAETNG, 01O Opemtikd
HEGO  KLPLOPYOLV Ol HOVOUEPEIS HOPPEG TNG EKKPIVOUEVNG  O-GUVOULKAEIVNG.
[Tepiéyovtal, Ga®g Kot OAMYOUEPELS LOPPES, WGTOGO GE YOUNAOTEPES CLYKEVTPMGELS.
Kotd cvvénela, ol povopepeic popeég e mpmteivng mbovotata Vo EVOY0TolovvTaL
TEPLOCOTEPO Y10 TNV TOPATNPOVUEVT] OOENGN TNG EIGPONG ca®*. To GUUTEPAGL QVTO
dgV OVTIKPOVEL T amoTeEAESHATO TG HEAETNG TG Danzer kot tov cuvepyatdv g,
oVUE®VO, e TO Omoio KAOOPIGUEVES TPOTOPUCKEVAGIEVEG OMYOUEPELS HOPQOES
AVOGLVOVAGHUEVIG 0-GUVOVKAETVIC, 00N Y0V € KuTTOpkd Bdvato, Hécm dnpovpyiog
TOPOV Kot S0TAPUYDV GTNV OHOIOGTACT TOV Ca®* (Danzer et al., 2007). Kotapydg,
ONUOVTIKO TOCOCTO TMV GUYKEKPIUEVAOV TOPAUCKEVACUATOV  OVOGLVOLUGUEVIG
TPOTEIVNG, TEPIElYaV HOVOUEPEIS HOPPES, VTTOJEIKVOOVTOS OTL 1 1GOPPOTIO HETOED
TOV SLPOPETIKMOV Lope®dV dtadpapatiCel peiCova poro. EmmAéov, 6t cuykekpiévn

peAétn ypnopomomOnKoy eEMPETIKE VYNAEC GULYKEVIPMOELS OVOGLVOVAGUEVNG
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npwteivng (7 uM), mpokeévov va, mapatnpnBodv akaploieg aAlayEC oIV E10PON
ca™. AvtiBétmg, otV Topodea SIOUKTOPIKY STpIPn XPNOLOTOMONKE PLGIOAOYIKA
EKKPIVOLLEVT O-GLVOVKAETVT Kot Tapoatnpnonke 1 enidpaocn g oe Pdbog 8 wpav. H
oxéon HeTaEL G €EMKVLTTAPOG O-CUVOLKAEIVIIG KOl T®V JOTOpAYdV OTNV
OUOLOGTOCY] TOV ca®t €YOVV OMOTEAECEL OVTIKEIUEVO HEAETNG TOAADV EPELVITOV,
WOTOCO, GE AVTEG TIG TEPIMTMGELS M) £pevva Paciletal omn (pNoT AVOGLVOLOGUEV®V
HOPO®MV NG TPOTEWVNG. ZTNV €V AOY® HEAETN, YO TPATY QOPA WEYPL OTIYUNG,
GUVSEOVTOL ONTIOAOYIKG Ot TpdIpeS Satapayéc e ewoponig Calt e ) vevpototiky
dpaomn NS PLGIOAOYIKA EKKPIVOUEVNG Bi-GUVOVKAETVTG.

Oocov agopd ota olpovueva SH-SYS5Y wottopa, m exkkpvopevn o-
GUVOVKAEIVI] aPNVEL AVETNPEAGTN TNV EIGPON ca®* MOy yopnTiKOTNTOS. AgdOUEVOL
OTL Ta. Sroupovpeva KOTTaPOo RPavifovtal To avOEKTIKA ot veEupoToEkn dpdon TG
0-GLVOVKAETVNG, Ba pmopovce va 1oyvplotel Kaveig, OTL N TopOTdvVed TOPATHPNON
amoTeAel Lo EUUEST) GLGYETION TOV OATAPUYDV TNG OLOIOGTACTG TOL Ca®* kot tov
VEVPOTOEIKOD  SuVaIKOD NG  EKKPVOUEVNS O-cuvovkAgiving. Ilpog avty v
KatevBuvon, 1N SEGUELOT TOV EMMEOMV TOV KLTTAPOTANGUOTIKOV 1) £EOKVTTAPLOV
ca® pe m Ponbewa twv ymikov moapayoviov BAPTA-AM xor EGTA, avtictoya,
€XEL TPOOTOTEVTIKY] OPAGT EVOVTL TOL VELPOTOEIKOD OLVOLUIKOD TG EKKPLVOUEVTG O
ouvovkAeivg ota dtagopormomuéve SH-SYS5Y kittapa Kot toug mpmtoyeveic
vevpaveg (ewkova 70). Zvvoyilovtag, ot dtatapoyés TG OUOIOGTAGNG TOV Ca?* mov
nopaTnPHONKoY ot KOTTOPO-OEKTEG, OLOUUEGOAAPOVV, TOVAGYXIOTOV UEPIKMG, TN
VELPOTOEIKOTNTA  TNG  EKKPVOUEVNS  0-cuvoukAegivng. [hBavotata, Aowmov, n
OlPOPETIKY €vToon HE TNV omoio €mMOPE 1 EKKPVOUEV] O-CUVOVLKAEIV oTO
dwpovpevo oe oyéon upe T dagopomompéve SH-SYSY kdttopa Kot tovg
TPMTOYEVEIG VELPOVES, VO GYETIETAL LE TNV TKAVOTNTA TNG TPMTEIVNG Vo ennpedlet
TNV 1G0PPOTiL TOV 1OVI®V Ca?* o kabe KLTTOPIKO GUGTNHA.

[Tpoxeyévovr vo depeuvnBel mepartépw 10 vELPOTOEIKO pHOVOTATL TTOV
TLUPOSOTEITAL QO TNV EKKPIVOLEVT] 0-GUVOLKAEIVY, €EETAGTNKE 1] GLUUETOYY| GTO
TEPLYPUPOUEVO  POIVOLEVO, KOVOADV Ca®* mov €dpalovtal otV TAOGLOTIKN
peuppdvn. Amd ™ oTIyUn TOL 1 TAPOLGIO THG 0-GUVOVKAEIVNG TPOKOAEL avENoM NG
€10PONG ca® AOY® xopNTIKOTNTAG, EAEYYXONKE O POAOG TOV KAVAAMY TOV EEUPTMOVTOL
amd Tig evdokvTtapleg amobnkeg (SOCS), kal £vepyomoOloVVIOL KOTOTY EKKEVMONG
tov E.A. H ooppaxoroywn mapeunddion tov SOCS, pe tn ypnomn tov €101Kov

avactoréa SKF, odnyel oe onuovtikn peioon g 16pong Ca?*, 1660 Tapovcio 660

206



XYZHTHXH

KOl 0rovGio 0-cuVOVKAEIVIC. 26T0C0, 1 SlLPOPA GTNV EIGPON ca®* HETOED TV 000
OLAd®V KLTTAP®V-OEKTOV TOPEUEIVE Kol TOPOVGIo, TOL avacToAén (Ekova 61). To
YEYOVOS avTd VITOINA®VEL TNV VIapEN Kot GAL®V KAVOAIDV, TO. OTOi0l GLVOPAUOVY
STV SLEVKOAVVOEVT OTT6 TV 0-GVVOLKAETVN elopor Ca'.

‘Etot, peketOnke o porog tov L- kot N- TOmov T0c€0EAEYYOUEVOV KOVOMDY
Ca®* (VOCs). Zoppmva pe mpocoatec perétee, to CaV(1.3) L-tonov kavéa, &xovv
ouvdebel pe 1o TpoepyxOUEVO amd T TOYXOVOPLeL 0&EWMTIKO OTPES, KOUPIKNG
onuooiog yio mv Toboyéveon g vocov tov Parkinson (Chan et al., 2009; Kang et
al., 2012; Mosharov et al., 2009; Surmeier et al., 2010). An6 tqv GAAn TAELPA, Exel
derybet 011 tar N-tomOL KOVAALY, OlapecoAafoy TV awénuévn elepon Ca®** mov
TLPOSOTEITAL ATO TNV OVOCLVOLOCUEVT] A-GUVOVKAEIVY] GE GUVOTTOCMUOT ETIHVOG
(Adamczyk and Strosznajder, 2006). X& avtd ta Thaiola, N coppeToyq Tov L- kot N-
TOTOV TAGEOEAEYYOUEVOV KOVOALDY ca?*, oto0 TEPLYPAPOUEVO GVGTNUO, EEETACTNKE
HEG® TNG POPUAKOAOYIKNG OVOGTOANG TOVG WE TN XPNOT TG VIpedutivig Kat TG ®-
kovoto&ivng GVIA, avtiotorya. H yopriynon kot t@wv V0 avoctoAémv, UEI®MCE
OTNUOVTIKA TNV €10pON ca?*, ota KOTTOPO-OEKTEG TNG EKKPIVOUEVNG Ol-GUVOVKAETVNG,
EMOVAPEPOVTAS TN OTO POCIKE €MIMESD KOl TIGTOMOLDOVTIOS, TNV EUTAOKY TOLG GTNV
nepLypoeoOpeV) datapayn (swkéve 62). Xe ocvupovio pe o mopamdve, dpeon
gvepyomoinon tov taceoereyyouevoy kavaiov VOCS, katdémy ekndimong pe KCI,
TPOKAAESE ONUOVTIKA LYNAOTEPT €16000 1OVTWOV ca® ot KOTTOpO. oL €l
EMMOCTEL LE EKKPLVOUEVI O-GUVOVLKAEIVY, GLYKPITIKG HE TO KOTTOPO LAPTUPES
(ewova 63). Inusiwtéov, EOpUAKOAOYIKT ovactodn tov L- f N- tomov VOCs,
Helwoe oNUOVTIKE TNV €16pon Ca®* kotomv EKTOMMONG KOl OTIS VO OUAOEG,
ekundeviCovtog ™ peta&d tovg dwpopd (gwkova 63). To cuykekpyévo edpnua,
motonolel v opain Asrtovpyio Towv VOCS 610 &v AdY® KLTTOPIKO GUGTNUO Kol
Kuplog, emPefarmdvel ™ cvppetoyn twv VOCS ot datdpaén e opoldceTacnS Tov
Ca®* mov TPOKAAEITOL OO TNV EKKPIVOUEVT O-GUVOVKAETIVN. Agdopévovn OTL Ta emineda
éxppaong twv VOCs dev avénbnkav votepo amd ékbeon o€ eKkpvOuevn -
OLVOVKAEIVY (gtkbva 64), n TopotnpovpEV adENGN TG EIGPONG Ca’* dev umopel va
amodobel oe avEnon tov apBpov TV Kavoldv. Qotdceo, VIO TIG GLVONKES AVTECS,
napatnpnnke &vrovn adénon g PeLoTOTNTOC TNG TAUCUOTIKNG HEUPpdvNg TV
KLTTAp®V-0ekTdV (gwkdva 77). Katt té€toro mbavotata pmopei, emtpémoviog tnv
OVOKOTOVOLLY] KO TO GYNUATIGHO GUUTAOK®OV VTTOS0YEMV, GUUTEPIAAUPOVOUEVOVY Kot

. 2+ , r , ’ ,
TV KovoAldv Ca™ ot Mmdwkn dSmAootiBdoa, vo S1EVKOADVEL TNV E€VEPYOTOINOT
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TOVG KOl VO, EVIGYVEL TNV gvacOncia Tovg ota 1vTa ca™. Evtovtolg, dev pumopet va
amokAelotel 1 mOavotHTO dpeong aAAnAemidopaong petald g eEwkvtTdploc o-
GUVOVKAEIVIG KOl TOV HEUPPOVIKDOV VTTOS0YEMV, LLE OMOTEAEGLO TNV TPOTOTOINGT TNG
Aertovpyiog tovg, Omm¢ €xel mpotabel kol Yo TO TEMTIOW TOL OULAOEWOVS AP
(Demuro et al., 2010).

H wovétmrta ¢ ovaocuvovaouévng o-GLUVOUKAEIVIG Vo GAANAETIOPE e
TeEYVNTEC Ko ProAoywkég pepPpdveg, oynmuotiCoviog daxtuAlogldelg mdopovg, eival,
AoV, gupémg amodektd yeyovog (Danzer et al., 2007; Tsigelny et al., 2012). Mg avto
10 0gdopévo, efetdotnke 1 emdpOOT NG OVOUVLKIVIIG OTO. KOTTOPO-OEKTEG TNG
eKKpvOpeEVNS a-cuvovkeivne. H tovopvkivn, etvon éva tovopdpo ca*", LE OMOTEAEG LN
va Koboté OAeg TIC HEUPPAVES JOMEPATEG GE OVTO, CLUTEPIAAUPAVOUEVIG KOL TNG
TAUCUATIKNAG HLEUPPEVNG. ZTNV TEPIMTOOT TOL 1) AAANAETIOPOACT TNG EKKPIVOUEVNG O-
GUVOUKAEIVIIG HE TNV TAAGUOTIKY UEUPPAVI] TOV KLTTAPOV-OEKTOV KOTEANYE GTO
oyNUatiopd TETOIV TOPWV, 1 XOPNYNoN NG LOVOULKIVNG, VIO cLVONKES TAPOLGIOG
eEmkvttapov Ca®*, B mpokohovoe aEtoonpeimt Gvodo Tev emuédov tov [Cal'l:.
Evtovtolg, dev mapamnpnnkov dapopéc 6Ty KIvnTomoinon tov ca® HETOED T®V
KUTTOPOV HOPTUP®V KOl OVTOV OV €0V ETMACTEL LE O-CLUVOLKAEIVY. ZVVET®S, M
nepintwon ™¢ dwtdpaing e pepPpavikng akepardtrag Adyw g dnuovpyiog
JOKTLAL0E00G TOPOV, TOVANYIOTOV GE TOGO TPOUO YPOVIKO onueio, Bewpeitan
péAiov amiBovn. BePaiwg, 0 oynUaTICHOG TETOIOV SOUDV GE HETAYEVEGTEPO YPOVO
dev umopet va amokAetotel (Schmidt et al., 2012; Tsigelny et al., 2012).

‘Eva emmAéov otoyyeio mov evioyder v damoym OTL 1 QLGLOAOYIKA
EKKPIVOLEVT O-GLVOVLKAEIVN O10TOPAooEL TNV OHOAY] AElTOVPYiol TNG TACGUATIKNG
pepPpavne, omotedel o0  yopaKTNPOTIKE  apyOdg  puOudg  EmOvVOPOPAS  TOV
KUTTOPOTAAGLLATIKOV [Ca?*]; otal Baockd enimeda, mov epgaviCouv ta KOTTOPA-OEKTEC,
KATOMY YopNyNong g KapPayoins, oe cuvinkeg mopovciog Ca®* (ewéva 67). H
KapBoyOAn, oG LOVGKOPIVIKOG Ay®VIGTNG, EvEPYOomolel Tovg vrodoyeig IP3 oto E.A,
TPOKAADVTOG TNV EKPOTN 1OVI®OV ca®* POG 10 KuTTOpOTAAGU. Q¢ amdKplon o1V
exkkévoorn tov E.A., oxeddv avtavakAaoTiKd, €6€pYovial 10vIia ca®* ano mv
TAOGLOTIKY] LEUPPAVT], OONYDVTAG GE TEPAULTEP® OVENCT| TOV EMUTEIDV TOV [Ca®']i. H
TOPATNPOVUEVT] KOBVGTEPNON TNG ETAVAPOPAS 0TO PACIKA EMITED D, VTOOEKVVEL OTL T
TOPOVGIO TNG EKKPIVOUEVNC 0l-GLVOLKAEIVNG S1ELKOADVEL TN 61000 TOL Ca® ond ™mv
TAACLATIKY] LEUPPAvN, Ot LOVO KATOTLY YOPNYNONG TOV UT| OVTIGTPETTOV OVOGTOAEN

oy rykapykivn, aALd Kot VoTEPA OO TN XPNOT EVOS TO «PUGLOAOYIKOD KVTTOPIKOV
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epebiopatocy, oOmwg eivan M KopPayxdAn. Tétowov tOMOL OLCGAEITOLPYiOL dEV
TapatnPNONKE oTA KOTTAPO LAPTVPES.

H ofoonueiom adénon omv eopony tov wviev Ca?*, mov mopatnpeitat
TOPOVGIO TNG EKKPIVOUEVNC 0-GUVOVKAETVNG, 08 cuvodevETOL Ao avTicTolyn avénon
Tov Bacikdv emmédov Tov ghedbepov kuttapomlacpatikod [CaZ']i (ewkéva 66).
‘Etot, e€etdotnke 1 SOUEPICUATOTTOIMGN TOV 1OVI®V ca® OTIG KOPIEG EVOOKVTTAPLES
omodikec Ca?*. Awdoyik ekxévoon tov E.A. kat teov 6Ewav opyavidiov,
CLUUTEPIAOUPAVOUEVOV KOl TOV AVGOCOUATOV, TOPOLGIo 1| amovsio eEWKLTTAPION
Ca®™, dev ATOKAAVYE OEIOTPOCEYTES OLOUPOPEC LETAED TOV KLTTAPWV-0EKTOV KO TOV
KUTTAp®V pHoptOpwv (gkdva 66). Kotd ocvvémewn, amoxAieiommke m mepintmon
GLGOMOPELONG OVIMV Ca®* oc autd o opyavidta. AvTiBETmG, TaVTOXPOVT XOPYNoNn
oV ptoyovoplakov amocvlevktn FCCP kot tng oAryopvkivng, mov odnyel o€ Gueon
EKKEVMOT] TOV LLTOYOVOPLOKOV POPTION, £J€1EE ONUOVTIKTY] GCLGGMOPELSN WOVIOV ca®
oTO KOTTOPO-OEKTEG TG EKKPLVOUEVIG O-GUVOLKAEIVIG (gwkova 68). Mo tétola
Katdotoon sivor mhavo va TpokaAécel pitoyovoploky Suvoiertovpyia, cuoyetilovtag,
TPOTOV TVQ, TNV €£MKLTTAPLA 0-GLVOLKAETVN, pHe TN Bewplo TG HITOYOVIPLOKNG
GLGGMPELONG LOVTOV Ca’* mov cuvodevel mv maboyéveon tng vocov tov Parkinson
(Benner et al., 2004; Cali et al., 2012; Vekrellis and Stefanis, 2012; Zhou et al., 2004).
H enwowovia petaéd tov E.A. kot tov pitoyovdpiov, meprhapfdvel yeyovota
HETOPOPAS 1OVI®OV Ca®* an6 10 éva 0opyavidlo 6to GALO, €AEyYOVTOG UE QVTOV TOV
TpoOTO TS Subpopeg Kuttapikég amokpicels (Bassik et al., 2004; Cali et al., 2012;
Mirnikjoo et al., 2009; Szalai et al., 1999; Zundorf and Reiser, 2011). M mBavn
Stdpaén e HETAPOPAS TOV 1OVIWOV ca®* peta&y tov E.A. kot tov ptoyovopiov
umopel vo amofel powpaio yuoo v kvttapikn emiPioon. Eyxer deybel o6t1 vwod
(QLOIOAOYIKEG GLVONKES, 1 A-GLVOVKAETVN dtopecorafel TV emkowvovia petald Tov
o0 opyovidimv, Kot OTL HOMOTA T LEEPEKPPOCT NG Tpokoiel aAAayéc oTov
KLTTOPIKO EVIOTICUO, TNV KATAVOUT TNG HECH GTO KOTTOPO KOl TNV AEITOVPYIKN TOVG
emovovia, pe dueco emaxdAovbo T dwtdpoEn TS OHOOGTACNG  TOL
wroyovdplakov Ca’* (Cali et al., 2012). AavBacpévr Sievdétnon Tov Theovalovtog
Ca®" &yet ovoyetiobel pe T PToxovepLaKkh Suohertovpyia Kot TOV KVTTAPKS OGVOTO
ov Aoufavovv ympa ot voco tov Parkinson (Benner et al., 2004; Vekrellis and
Stefanis, 2012; Zhou et al., 2004).

H ave&éreykm eicodog 16vtwv Ca®* eivan Suvortdv va TUPOSOTNCEL TNV

EVEPYOTOINGT TOV KOATOIVOV, U0G €OKNG KATNYOPIOG TPOTEACOV KLGTEIVNG, Ol
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omoiec amokpivovtar oe ofpata Ca’t (Medeiros et al., 2012). Awpkdc avEavopeva
BipAoypapikd dedopéva Taytdvouy Ty amoymn Ott AavOacpévn gvepyomoinor twv
KOATOVOV amotelel TOV KOPLo €voxo G€ £va €Vpy PACLO EYKEPOAIK®DV OLOTOPUY DV,
ueta&d tov omoiwv 1 vocog tov Parkinson, n vocog tov Alzheimer, 1 acbévela tov
Huntington, xaBad¢ kat 1 woyoupio, 1 S1€yEPGIHOTOEIKOTNTA KOt TO EYKEPAMKO TPOOUAL
(Camins et al., 2006). Qo1600, 0 AKPIPNG UNYAVIGUOG LECH TOV OTOIOV Ol KOATHIVEG
pvOuiCouv ta povordria Oavatov, mapapével adievkpivietog (Camins et al., 2006). H
evepydTTa. TV  KOAWOIlvGV Ppédnke onuovtikd ovEnpévn oTo  TPOTEIVIKA
EKYLMGLATO KVTTAPWV OV £ly0V ENMOCTEL e OpenTIKO TAOVG1IO OE EKKPIVOLEVN O-
oLUVOVKAEIV Yo 24 dpec (ewkdva 73). To yeyovdg ovtd vmodnidver OTL 1
EVEPYOTOINGN TOV KOATAIVOV AapPdvel xdpa ce de0TEPO XPOVO, OKOAOVOMVTOG TIC
dltapoyES TG OPOOGTACNG TOV ca?". Agdopévov 0Tt ot koAmaiveg dtopecorafodv
NV Katdtpunon kot emakoAovdn evepyomoinon tov kaocnacov (Camins et al., 2006),
0€ GLVOVAGUO LE TO OTL 1] EKKPIVOLLEV O-CUVOLKAETVT, OTmG 1O avagépOnke, odnyel
otV evepyomoinon ¢ Koondons-3 (swkova 45), givar moAd mhavi 1 dmapén pog
oxéong HETOED TOV KOATOIVAOV KOl TOV KOCTOCMV. XTNV TOPOLCO UEAETN, M
(QOPUOKOAOYIKT] OVOGTOAN TOV KOATOIVOV, €lX€ TPOCTOTELTIKY] OpAoT £VOVTL TOV
KLTTOPWKoD Bavdtov mov mMPoKaAEl M TapPoVGia TNG EKKPVOUEVNG O-GUVOUKAEIVNC
(ewoveg 74, 76), evioyboviag TEPULTEP® TNV GTOWYT CYETIKO UE TN CLUUETOYN TOV
KOATOIVOV  GTNV  TEPLYPOUPOUEVT]  VELPOEKPLMOTIKY Oladikacia. H  egvepyetikn
EMOPAOT TNG AVAGTOANG TOV KOATOIVOV NTAV GOPADS ELPAVESTEPT GTNV TEPITTMOO
Tov dapoporompévey SH-SYS5Y kuttdpov (swova 74), Guykpitikd HE TOVG
npwToyevelc vevpaveg (ewkove 76). [TiBavdtata, oty TEPITTOON TOV QAOUKOV
VELPOVOV VO oTeiTo LYNAGTEPT 0OGT TOV OVUGTOAEN, TPOKEUEVOL VoL eTEVYDEl
amoteAecpATIKOTEPT  TOpEUmOdIon.  Qotdco, N xopnynon  vynAdTEP®V
GLYKEVIPOOEMY TOL OVOGTOAEN EMEPEPE TOEIKA amoteAéopata. e kB mepintwon, 1
LEPIKN TPOCTOGIO. TOV TOPEXEL 1] GVACTOA| TOV KOATAIVOV GTOVS TPMOTOYEVEIS
VEVPAOVEG VTOONAMVEL TN GLUUETOYN KOl GAA®V povomaTidv OavaTov. Xe cuppovia
LE TO TOPOTAV®, O EVEPYETIKOG POLOG TNG OVOGTOANG TOV KUATAIVAOV £xel avapepOet
Ko 68 mEPUTOGES (wikdv poviéhov MPPT yua ) véco tov Parkinson (MPP*-
induced models of PD) (Camins et al., 2006; Li et al., 1998; Nakamura et al., 2003).
210 onpelo avTo, TPEMEL VoL TOVIGTEL OTL 1] ETMACT] 8 WPDOV HE TOVG YNMKOVG
TOPAYOVTEG TOV Ca?* (BAPTA-AM, EGTA), KoODC Kol TOLG OVOCTOAElG TV

taceocheyyopevoy  kavaaidv VOCS, Mtov  wavi Yoo Vo TPOCGTATELCEL  TO.
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dwpoportomuéva. SH-SYSY kOttapa, amd cvvolikn| emmaocm 16 1 24 opov pe
Opentikd TAOVG10 o€ EKKPVOUEVT 0-CUVOVLKAETVN (ewkovae 71). Katd ocuvvémela, M
amoppHdpon e opotdotaonc Tov Ca’t Tomobeteiton ypovikd oTo TPMTA GTASIA TOV
VEVPOTOEIKOD LOVOTTATION 7OV TUPOJOTEITOL OO TNV EKKPIVOUEVT] O-GUVOVKAEIVN.
AVTIBETMOC, YOpPNYNON TOV OVOGTOAEN TMV KOATAIVOV UE TOV 1010 TPOTO, PAVNKE VO
EXeL NMOL EVLEPYETIKA omoteléopoto Votepa omd 16 dpeg GLVOMKNG TOPOLGING TNG
EKKPIVOLLEVNG  O-GLVOVLKAEIVNG (€lkéva 75A), To omoio. amEKTNOOV OTOTIGTIKN
onuovTIKOTTO povo Votepo omd 24 ®dpeg GLVOMKNG emdoaorg (swkova 75B).
Aapupavovtog voéyn to amoteréspato TG eVCLUIKNG EVEPYOTNTOS, COUPMOVO LE TO
omoio. EUPOVIG EVEPYOTOINON TV KOATAIvOV Tapoatnpeitar petd tig 16 dpeg
EMMAONG, TO TOPATAVE ELVPNUATO VTOVOOVV Mo €E0PETIKE YounAn evOuUIKN
dpacTNPOTNTA, EKTOG TOV SLOKPLTIK®OV 0pimVv aviyxvevons g nedddov, otig 16 dpec,
n omoio kopvpwveton otic 24 mpec. 'Etol, ogaiverar 6t M evepyomoinon tov
KoAToivov, tomobeteiton ota peBvotepa oTAdIAL TNG TEPLYPAPOLEVNG VEVPOTOEIKNG
TOPElOG, KATOPPOIKA TMV SATOPUYDV TNG OUOIOGTACTG TOL ca’". [Mapdra avtd,
TPOKEEVOD VO OTOGAPNVIGTEL 0 aKpIP1|g POAOS TOV KOATAIVOV GTO TEPLYPUPOUEVO
QOVOLEVO, YPELALETOL TEPAUTEP® SLEPEVVTON).

To onuoatodotikd povomdtt g PI3BK/AKt dwadpapatilel kevrpikd poro oTig
Kaipleg amopacels mov agopovy oty enPimon 1 to Bdvoto twv Kuttdpwv. Evdoyo
elvar gmopévag, va puBuiletonr avotpd. H omowdnmote extponn amd 1 6mOTA
ouvtovicpuévn Asttovpyio, umopel va odnynoel oe mTOBOLOYIKES KOTAGTAGELS, OMMC
otV zmepintwon tng voocov tov Parkinson, tov Alzheimer, kot tov Hundington
(Chong et al., 2012). ITio cvykekpuéva, o€ (owkd poviéda yo T vooo tov Parkinson,
éxel deyybel otL aAhayég oto povomdrtt ¢ PISK/AKtL givar dvvatdv vo empépovv
evepyetikn opaom (Chong et al.,, 2012; Malagelada et al., 2010). Xmv mapodoa
peAétn, Ppédnke OTL 1 EKKPIVOLEV 0-GLUVOVKAETVY Helmoe onUovTKG To Emimeda NG
ewopopviopévng Akt, Non amod i 8 dpeg enmaong (ewova 72). H mopoatnpodpevn
ueioon dwtnpnOnke péypt ko VotePa amd 24 GPEG CLVOMKNG ETMAONC (EUKOVE, 72).
AvTiBétwg, oTOVG TPMTOYEVEIG VELPOVES TaPOUOl Helwon MTaV EUEOVIAG HOVO
voteEpa omd 24 dpeg TAPOLGING TG EKKPIVOUEVIC 0-CLUVOLKAEIVNG (stkova 72). Amd
™MV GAAN TAEVPE, T0 onpatodotikd povordtt twv MAPK/ERKS puOuilel onpovtikéc
Aertovpyieg vmevbuvec Yy TOV TOAOTANGLOIGUO Kol TN Ol0pOPOTOincTn TmV
KUTTOPOV. L& OPICUEVEG TEPIMTMOGELS UTOPEL Vo evepyomomBel o amdKpion onUdToV

ca*, KOTOPPOTKG SLOPOPETIKDY oNpotodotik®v povoratiov (Marambaud et al.,
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2009). EmmAéov, ta eminedo ¢ mpoteiviig ERK  mapovoidlovv ortatiotikd
ONUOVTIKN abEnon o€ TANP®S SPOPOTOINIEVO VEVPIKA KVTTAPW, LITOYPAUlovTag,
TPOTOV TVE TN oTovdAdTNTA TNG €V AdY® TPOTEIVNG 0T dotnpnon Kot emPicoon
tov vevpovov (Marambaud et al., 2009). H mopovcio g exkpvopevng o-
OLVOVKAEIVIC pelmoe onuoavtikd to eminedo ¢ ewoopvouévng ERK, povo
votepo omd 24 ®peC EMMAONG KOl OYl Vopitepa, TOcO ot dlapopomoinpéva SH-
SY5Y «btrapa, 660 Kot Toug TpwTOYEVELG VELpDVES (gtkOvVa 72). QoTdG0, TPETEL VOl
onuewdel 6t and TN oTIyun mov oTg 24 dpeg, OTMG NON £xel avapepOel TOAAEG
QOPEG, O KLTTOPIKOG EKQPLAICUOG elval eueovhg, M Helwon TV EMTEOOV NG
ewopopvlopévng Akt ko ERK, kat yevikdtepa 0 amocuvtoviopds TV HOVOTOTIDVY
emPimong eivar copmapopaptovva.

Téhog, €xovtag dgi&el oty mapohoa epyacio OTL N A-GVVOVKAEIVN eKKpiveToL
oToV €EMKLTTAPLO YDPO, TOLAAYIGTOV €V UEPEL, HECHO TNG GUVOEONG NG UE
eEoohpata (swkdveg 42, 43), eEetdoTKe 1| GLUPETOYXN TNG OGLVOEOUEVNG ME TO
eEOOOUATO TPOTEIVNG OTIC TAPATNPOVUEVES SLOTAPOYEG TNG OLOLOCTACNG TOV ca’".
Ot petpnoelg g 6pong ca®* AOY® yOpNTIKOTNTOS, GE KOTTOPO TOL ENMMACTNKAY
elte pe v elevBepn e€mrvTTdplo a-cuVOLKAETY gite Pe AV TOL MTAY GLVOEdEUEVT
pe eEmompata, amokdAvye 0Tl | TPOTN gival TePLocoOTEPO o BEon va avénoet v
gopor] Ca’’, ovykprtikd pe T devtepn (ewkéva 78). H moparnpoduevn Stopopd
TOOVA Vo 0OQEIAETOL GE OAAAYEG TTOV VPIGTOTOL 1 TPAOTEIVY TN SOUOPPMOOT] TNG KT
™ OBPKELD TNG «GLOKEVAGING» TNG 6TA EEMOMATA, Kot Ol 0Toieg va emnpedlovv Tig
Broynmuucég w0 tég . Téhog, KabBdOG Hovo €va pkpd TUMUO TNG EKKPIVOLLEVNG O
OLVOVKAETVNG gival ocuvdedepévo pe eEwompoata, (Danzer et al., 2012), eivaw dvvatov
N eEapeTIKA UIKPN E€MPPON MOV Ookel oTnV €l10pon Ca* vt M HOPYN O-
OUVOUKAEIVIIG VO OVTOVOKAG TN HIKPT GLYKEVIP®OY NG o©T0 Opemtikd péco,
GLYKPITIKA [E TV €AeVBepn).

Yuvoyilovtog TO ELPNUATO TNG TAPOLCAS EPYNCING, 1 O-CUVOLKAEIVN
exkpiveronr 010 Opentikd HECO TOV VELPIKOV KLTTAPWV. XTOV ££MKLTTAPLO YDPO,
amelevfep@vovTal T0G0 povopepeig G0 KOt OAYOUEPEIS LOPPESG TG TPOTEIVIG, LECH
SLPOPETIKOV UNYAVIGUAOV, HETAED TV omoimv Kot 1 anedevfépmon pe eEmcouata.
H mopovcio g eAevBepng e£mKLTTAPIOG 0-GUVOLKAEIVIC, GE OMOONTTOTE LOPPN
(novopepn M oAryopepn)), eivar oe Béomn va pEIDOOEL TRV KLTTAPIKY Procdtnro,
KOO KOU GE QUOLOAOYIKEG CLYKEVTIPOCELS. EmumAéov, dtatapoyés Tov SKTOOV

, , 2+ ’ ’ . ’
OHol0oTaoNng TV 10VIOV Ca SMRXSKOVT(II, TOD)\.(XX}GTOV HEPLKMC, OTO VSl)pO‘COalKO
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LOVOTATL TOL TVPOSOTEITAL OO TV EKKPIVOUEVT] 0-CUVOVKAEIVY. XT0 TAGicI0 OV TA, O
YEWPIOUOG TOV  KOTOPPOKT®OV  GNUOTOOOTNONG  TOL Ca** eivor duvatov  va
avTImpoo®nevEL Evay mlavo Bepamevtikd otdyo Yo ) voco tov Parkinson ko tig
oxetildpeveg ovvovkAeivonddeteg, avtipetonilovtag T VeLPoToLIKn OpAcn NG
EKKPIVOUEVNG a-OLVOVKAEIVNG. EmimpocOeta, 1 cvykekpluévn HeAET Tapéyel Evav
aplpd ONUAVTIIKGOV KOUVOTOU®V UNYOVICTIKOV OE0OUEVOY, TOV A(POPOVV GTNV
EMIOPAOT TNG EKKPIVOUEVNG 0-GUVOVKAEIVNG, 6€ veELpVIKA kOTTopa. H exkpvopevn
0-GUVOVKAETYN EMOPOVTIOG, OPYIKH, OTO EMMES0 NG TMAAGUOTIKNG HeUPPAvVNC,
av&Avel TN PELOTOTNTA NG, EMITPEMOVTOC, EVOEYOUEVMGS, TNV avadldpOpmon Kot
CUUTAEYLOTOTOINGT] TOV TOGEOEAEYYOUEVOV KOVOALDV Ca*, LE OMOTEAECUO TN
SlEVKOAVVON TNG EICPONG LOVTOV Ca*". Qot6060, o8 VT TO TPO®PO YPOVIKO AT
OEV TOPATNPEITAL O GYNUOTIGUOC SUKTLALOEW®MV TOPWOV GTN UEUPPAVY. XTN GUVEKELX,
KOTOPPOIKG TOL [LOVOTATION OV EVEPYOTOLEITAL OO TNV EKKPIVOLEVT] O-GUVOVKAETV,
N evepyomoinon TV KOATAiVOV kot mOavOTATO | GLGGMOPELGT TOV Ca®* ot
HITOYOVOPLe, VO OTOTEAOVV  OTMUOVTIKODG TOPAYOVIEG TOL VO GLUVIEAOVV GTO

VELPOEKPVMG O Kol TEMKO 6TOV KLTTOPIKO Odvaro.

2. I'svika ovunepaocuara.

H maBoloyikn cucomdpevon TG 0-GUVOLKAEIVNG, LE TN HOPOT TOV COUATIOV
Kot vevpurdv Lewy kot o emakdAovBog KuTTOpIKOS eKQUAMGUOG, dtadpapatiovv
peilova poro omnv maboyevetikn dSwdikacio mov yoapaxtnpilet ™ VvOCO TOL
Parkinson, omwg 1on avaeépbnke (George et al., 2013; Vekrellis and Stefanis, 2012).
[Ipoéopata dedopéva evioybovv v VROOECT NG OOKVLTTOPIKNG HUETAPOPES TMV
TOEIKADV HLOPPAV TG 0-CLUVOVKAEIVNG 0O TAL TAGYOVTIO GTA VYU EYKEQUAKA KOHTTOPO
(Angot et al., 2012; Hansen et al., 2011). Qot6c0, péEYPL KoL GUEPO 1 TAPATAVE®
vobeon mapapéver aueireyopevn (Ahn et al.,, 2012; Mendez et al., 2008). Eivou
eOA0Y0, Aowmdv, N &V AOY® TPOTEIVI Vo amoTeAEl GTOXACTPO T®V OEPATELTIKDV
TPOCEYYIGEWV TOV APOPOVV YEVIKOTEPO OAN TV KATYOPIO TV GLVOVKAEIVOTOOELDV.

[T ovykekpéva, yivetar AdYog Yo TV KAvOTNTO TNG 0-GLVOVKAEIYNG Vo
petadioel v maboroyio Tng vooov, Le Evav TPOTO TOL TPOGOUOALEL E OVTOV TNG
npwteivng prion. H mapomdve vrdBeon tpoimodétel v aliniovyio Tpidv Kopfikov
YEYOVOT®V, HE TPAOTO TNV AMEAELOEP®ON TNG 0-CLVOLKAEIVIG oTov eEKLTTAPLO

Y®OPO, TNV akOAOVON TPOGANYY TG OO T YEITOVIKA VY] KOTTOPO KOl TEAOC, TN
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onuovpyioe TLPNVO TPOTEIVIKNG GCLOCOUATMOONG, OONYDVING OTOV  KLTTOPIKO
EKPUAMGLO.

H mopovoia g a-cuvovkieiving oe avOpomiva Broloyikd vypd mopaméumet
oTNV KOVOTNTA THG TPOTEIVIG Vo ekKpiveTat iN VIVO. Q6Td60 0 unyoviouds EKKPLong
TOPOUEVEL UEPIKMG Yapoknpopévos. H obvoeon g o-cuvoukAeiviig pe ta
eEmomnpata (swkoveg 42, 43) amotedel evpnua-kAedi, dcov agpopd oty eEdmimon
¢ maforoyiag g Ot Proymuikég 10TTEG TOV WKPDOV OLTOV KLOTIOIOV &ivat
duvatov vo Eac@aiicovy TV (0000 TNG TPMOTEIVIG G YEITOVIKOVG VEVPMOVES, OTMG
nwpotetvetal omd v vmobeon Tov «Aovpelov Immovy. Evtovtowg, pe Pdon ta
ELPNUATA TNG TOPOVCOG EPYUTING, KOOMS KOl e AALO LT ONUOCIELUEVA OEGOUEVOL TOV
gpyaotnpiov poc, mn omnedevdépwon péow efoocoudtov dev amotelel Tov KOPLO
UNYOVICHO €KKPLONG TNG 0-GUVOVKAETVNG. H dtodledkavorn eVOALOKTIKOV LOVOTOTIOV
EKKPLONG TALPEYEL TPOOTTIKES POPLUAKEVTIKNG TAPEUPAONS, LEIDVOVTOS TO EMITEDD TNG
eEoKLTTAPLOC TPOTEIVG.

210 TEPLYPOPOUEVO TEWPOAUATIKO HOVTEAO, M EKKPLOT TNG 0-GLVOLKAEIVTG
amoTeAEl PLGLOAOYIKO YEYOVOG, KAOMS 1M Tapovsio TG otov e£MKVTTAPLO YDPO deV
elvar omotéAeopo Swtdpalng g mAaopaTikNG pepPpdvng Kot emakdiovBov
KLTTOPKOD Bavatov (gkdva 37). ZNUEIOTEOV, 1) EMAYOYN TNG VIEPEKPPOACNS TG O-
OLVOVKAEIVNG, mdyet Kot TV aneAevfépwon ¢ oto Opentikd péco (gwova 37). Ta
TOPATAVE® OEOOUEVA EVIGYVOLV TNV ATOYT COLP®VO [LE TNV OTToi0 1] EKKPLoT AmoTEAEL
Kol évo HECO «OmOTOEIVMONG» TOV KLTTAPOL Ao TNV MEPIGGE NG TPOTEIVNG M
axkopa kot omo Tig emPraPeic popeéc g (Lee, 2008). Ynd avtiv v évvola, M
pOOUIo] TOV  EVOOKVLTTAPIOV EMIMES®Y NG O-CLVOVKAEIVNG Oo pmopovoe va
amoteAéoel HEGO eAEyyov NG emKkutTaplag cvykévipmong e I[lpog avt| v
katevBvvon pmopel vo cvuPdAler M evioyuon TOV GLOTNUATOV TPOTEIVIKNG
amotkodopnons. O unyavicpds amotkodounong TG 0-CUVOLKAEIVIG TOPAUEVEL
apeireyopevog (Vekrellis and Stefanis, 2012). Zouoova pe Piploypapikég
avaPOPES, 1 KUPLOL 000G AITOIKOIOUNONG, TOVAAYLGTOV TNG PVGIKOD TOTOV LOVOUEPOVG
a-GVVOVKAETYNG elvan 1 dopecorafolpevn amd poOplo. GuVOOOVG avTOPaAYio Kot M
noakpoavtopayia, (Cuervo et al., 2004; Vogiatzi et al., 2008). Evtovtoic, vadpyovv in
virto (Tofaris et al., 2003; Webb et al., 2003), aALd kot tpéceata in vivo (Ebrahimi-
Fakhari et al., 2011) dedouéva mOL OVASEIKVOOLY KOl TNV TPMOTEOCOUIKT 000

QITOKOOOUNGNG Y10 TNV 0-GUVOVKAETVT.
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Meimon Tov evOOKLTTAPLOV EMTEOMV TNG A-CLVOVKAEIVIG elvan dvvatdv va
emrevyfel Ko péow G peTaypaPtkng puduong tg. Axkoun dev eivan dtobéotun m
TANPOPOPIN TV TOOVAOV HETOYPUPIKMV TOPAYOVI®OV TOV EAEYYOVV TNV EKQPACT TNG
0-GLUVOVKAEIVNC 1N VIVO. Q6T060, KUTTOPIKEG HEAETEG Exovv Ogi&el OTL 1| TEPLOYT| TOL
eowviov 1 Kot 0 5’ AKPO TOL VITOKIVNTI TOL YOVISIOL TNG 0-GLVOLKAEIVNG dlabéTel
oTo el OmOKPIONG O UETOYPAPIKOVS Tapdyovie. O UETAYPOPIKOS TAPAYOVTOG
ZSCAN eivor amopaitntog yio ) petaypagikn evepydmra tov esmviov 1 (Clough et
al., 2009). O poéroc tov ZSCAN ot petaypa@ikn pOHOUGN TG A-GUVOLKAEIVNC
enaAn0evtnKe, kotomy wpocEyyong pe siRNA évavtt avtov, oe kuttapa PC12 ko
npwtoyeveic vevpovee (Clough et al., 2009). Enouévmg, n otdxevon tov v AOY®
HETOYPOPIKOD Topdyovia 1 Kot GAA®v mov Oa tovtomomBovv oto péddov, Ha
umopovoe vo oavoiel véeg Bepamevtikég 0000¢ otn voco tov Parkinson kot Tig
ovvageic cuvovkieivomdOeieg (Vekrellis and Stefanis, 2012).

H wovoémto mpdoinymeg g eKKpvOUEVNG 0-CLUVOLKAEIVIG e&apTtdton o€
ueyéAo Bobud amd Tov KuTTaptko THTo KabdS Kot TIg popeéc g mpwteivng (Danzer
et al., 2007; Emmanouilidou et al., 2010a; Lee et al., 2005a). 'Eyet 16n yivel uveio o€
oxetikn PPproypaeio, mov agopd oe mBovoHS UNYAVIGUOVG TPOSANYNGS, HeTalld TV
omoiwv M madnTikn Sdyvon Kot 1 EVOOKVLTTAP®GT, AVOAOY®S NG LOPENS NG O-
ovvoukAgivng (Lee et al., 2008a). Mdlota, o€ KutTOpiKa poviédlo €xel detybel OtL
OALYOLEPEIC KO WVIOIKES LOPPEG TNG O-CLVOVKAETVIG 0Py IKE EVOOKVTTAPOVOVTOL OO
TO KOTTOPO-OEKTEG Kol KOAOVO®S 001 YOUVTAL GTO AVGOGMUOTO TPOG ATOTKOOOUN OGN
(Hansen et al., 2011; Lee et al., 2008b; Luk et al., 2009; Volpicelli-Daley et al., 2011).
nueliwtéov, €£xel avagepbel OTL M YPNON  QPOPUOKOAOYIKMDV OVOCTOAE®V 1TNG
EVOOKVTTAPMOOTG, ELUTTOVOLY GNUAVTIKA TNV TPOGANYN NG 0-cLVOVKAEIvig (Hansen
et al.,, 2011; Lee et al., 2008a). Av ovtog toyvel n vwdbeon ™G Sddoong TG
nafoAoyiog TG 0-GLVOLKAEIVNG, N Helmon ™S TPOSANYNG TG armd vy KuTTapa, Ba
pumopovce mbavd va emPpaddvel o puOud eEanimong.

[Tépav g mpOoANYNMG, M CAANAETIOPOOT OTO EMIMESO TNG TANGUOTIKYG
HeUPpavnc Kot ot Slatapoyég TG OLOOGTUGNS TOV Ca®* omotehobv Kowd TOTo Yo
TOAAEG VEVPOEKPVAIGTIKEG aGOEveleg, petald Tov omoimv Kot 1 vocog tov Parkinson
(Marambaud et al., 2009). v mopoboo epyacio 1 QLOIOAOYIKA EKKPLVOUEVN O-
OLVOVKAETIVY emnpedletl T pevotdTTa TG HEUPPavng (eikdve, 77), evid S1ELKOADVEL
™V €16050 TOV 1OVTOV Ca?* kortdmy epebiopatoc (ewoveg 59, 63, 69). H siopon| tov

r ’ r , r Ie 2+
wvtov opesorofeiton amd to L- xor N-tOmov taceosheyydueva kavaio Ca
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(ewoveg 62, 63). Te cvopemvia pe To TapATAvVE, N Vitro peiétec, mov otnpiloviat
OTNV OVOGVVOVOCUEVT] 0-GUVOLKAETVT, £xovv dei&el OTL emnpedletl ™ Aettovpyia TV
N-tomov kavaiidv (Adamczyk and Strosznajder, 2006), evd olryouepeic popeég
avThc eivon og Béom va endyovv v ewopor; Ca?t ko v emaxdrovdn evepyomoinon
TOV KOGTOCMV GE TPMTOYEVELG VEVPAOVES Kol KUTTAPO VELPOPANGTMOUATOS 0vOPDTO
(Danzer et al., 2007; Furukawa et al., 2006; Martin et al., 2012). Koatd cvvéneia, n
KOTAVONGOT! TOV «UOPLK®Y YEYOVOT®V» TTOV GLUVOEOLV TIG OLOTOPAYES TOV 1OVI®V
Ca® kot T Sodikacic TOL VELPOEKPLMOHOD givar Suvatdv va vooTNPiEOLY TIC
npoomdBeleg Yo véeg Bepamevtikég mapeuPaoels.

H odéopevon tov 1dviwv ca®* He YNAMKoOS TOPAYOVTEG OVTIGTPEPEL TO
(QOVOTLTIO TNG KLTTOPIKNG EKTTmong (swkova 70). H evepyetikn dpdomn ¢ déopuevong
tov Ca?t WOUTEPOL  OTOVG  VTOMOULVEPYIKOVUG VEVPAOVEC NG MEANVOG O0LGING,
emPefordveTor amd LVPNUATO GOUE®VO LLE TO. OTOl0 TO VYNAL emimedo EK@PAoNC
TPOTEIVOV OV TPOGOEVOLV TO  €AELOEPO ca’*, toug Bopaxilovv évavtt tov
ekeuAopoy mov yoapoktnpilet ™ voco tov Parkinson (Surmeier et al.,, 2010).
[Topdpotla mpootatevtikny Opdon £xeL 1 OPUOKOAOYIK avacTtodn] Ttov L- wor N-
TOTOV TOGEOEAEYXOUEVOV KOAVOAMDY Ca’* (ewéva 70). E&aitiog tov porov tov CaV
(1.3) L-tomov kavaiimdv ca®* oTN OEYEPCIUOTNTO TOV VIOTOUVEPYIKADV VELPDOV®V
™m¢ nélowvag ovoiag (Chan et al., 2009; Mosharov et al., 2009), emidonoroyikég
perétrec eEetdlovv TN OpAcT OVOCTOAE®V  TOGEOEAEXYOUEVOV KOVOMOV, TTOL
YPNOLLOTOOVVTOL G OVTIDTEPTAGIKA QApLOKa, ©G TopayOvVI®Ov pelmong Tov
Kwvdhvov ekdnimong g vooov (Surmeier, 2007). Ta mo yvooTd avitHrepTtaoikd
QapLoKo TOL ypnolorolovvtarl givar to verapamil kou diltiazem. Xe mpooeatn
EMONUIOAOYIKT] UEAETY, O QAVNKE VO VTAPYEL GLGYETION HETOEL TOV TOPOTAVED
PUPUAK®V Kot TG ekdNAmong g vocov tov Parkinson (Ton et al., 2007). Qotdco,
Kavévo amd to. 000 avtibmeptacikd doev amotedel oyvpd avactoréa tov Cavl.3
Kavalov. Avtifétmg, avadpoukn eE€taon asevav, mov Aafav d1HdpomvupLdiveg MG
Oepaneio yio v vEpTaon, £0€1&e i YOUNAOTEPT OO TV OVOUEVOUEVT GLYVOTNTA
enpaviong tg vocov (Rodnitzky, 1999). H ev Aoy katnyopio. Qoppakov €xet
ypnoonomBel oe LOVIELD EMIHVOV, Y10 TV OVOGTPOPN TNG CVTOVOUNG IKOVOTNTOG
TOV VIOMOUWVEPYIKAOV VELPOVOV TNG HEAOVOG OLGIOG, WHE VEVPOTPOCTATELTIKA
amoteAéopato (Surmeier, 2007).

Téhog, mpémel va onpuelmbel OTL 01 SPOPETIKEG LOPPEG TNG O-CLUVOLKAETVIG

eppaviCouv dapopetikég W0 TeS. ['on mapddetypo, 6cov agopd To GLGTHLOTO
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amolkooouNnoNs, £€xer oeybel OTL To emimedo NG MHOVOUEPOVLS O-GUVOLKAEIVNG
uewwvovtal uécm g Avcocmuikng odov (Cuervo et al., 2004; Vogiatzi et al., 2008),
EVD EMAEKTIKEG LOPQES OV omoptilovral amd dtodvtd oAtyouepn (Ebrahimi-Fakhari
et al., 2011), kabdg ko1 N eocPopvimuévn a-cvvovkieivn (Machiya et al., 2010)
OTOIKOOOMOVVTOL HEG® TOV TpoTeEAcOUatos. Ilopopoing kot o pnyoviopodg
TPOGANYNG, 0 0TO10G POIVETAL VO, SOPEPEL LETAED TNG LOVOUEPOVS AVAGLVOVUGLEVIG
0-GLVOVKAETYNG, Tov akolovbel v mabnTiKn O1dyVon Kol TV OMYOUEP®DY KOl
WISKOV HopPadV ot omoieg evdokvttapmvovtal (Lee et al., 2008a). Eropévag, 1o
€100G NG a-CLVOVKAEIVNG (VOGVVOVOGUEVT | PUGTIOAOYIKE EKKPIVOLEVT), KOOMOC Ko
N Hopen ™G (LOVOUEPNS, OMYOUEPNG | VIOLOKT LOPPT) WITOPEL, €V HEPEL, va, eEnynoet
mOavEG dlopopéc Hetalld aveEapTNTOV HEAETOV, GYETIKA He TO POAO TNG &V AOY®
TpOTEIVNG ota TaBoyeEVETIKA YEYOVOTA TTOV KOTOAYOLV GTO VELPOEKPUVAGHO. T
TOPASELYLQ, 1| AVAGVVOVAGHEVT] 0-GUVOVKAEIV] GTEPEITUL TOV LETA-UETAPPUCTIKMV
TPOTOTOMGEMY TNG PLGLOAOYIKA EKKPVOUEVNG. Xto 101 mAaicw, 1 TPOGANYN
eEWyevmdg TPOCTIOEUEVOV TPOGYNUOTICUEVOV  VIOLOK®OV HOPPDV  0-GUVOVKAEIVIG
emdyel ™ ovoocoudtwon g evdokvttaplog mpoteivng (Luk et al., 2009), evod n
OTEPEOTOUKTIKY YOPNYNOT TOV 1010V LopPaV g Cmkd povtéda akolovbel to TpdTLIO
drakvttapikng e&dmlwong g vooov (Luk et al., 2012). Qotdco, dev givar yvootd av
in vivo elvar duvotov vo mapoyfodv TETOV TOHTOV HOPEEG KOl OV OKOUN OVTEG
ameAevBepdvovtal 6TovV EEMKLTTAPIO YDOPO. LVUTEPUGUATIKA, 1 AVATTUEN TEYVIKDV
YOPOKTNPIGUOV TNG SAUOPPOCNS TNS PLGLOAOYIKA EKKPIVOLEVTG O-CUVOLKAETVIG Kol
alohdynong tov towod duvapkod kabe pog amd avtég, elvar dvvaTov va

avadeiEovv vEoug BepamevTiKovs GTOYOVC.
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H vbécog tov Parkinson eivatl pio onpoviik vELPOEKPLMOTIKY acbévela.
[TaBoAoywkd, yopokpiletor amd TNV EMAEKTIKY] OTOAEW TOV VIOTAUIVEPYIK®DV
VELPOV®OV NG GLUTAYOVS HOipag NG HEANLVOG OLGIOG TOL EYKEPAAOL KOl TNV
TOPOVGIO EVOOKVTTAPI®OV TPOTEIVIK®OV EYKAEICTOV OTO KVTTAUPIKE COUOTA KOl TOVG
vevpa&oves, copdtio Kot vevpiteg Lewy, avtictowyo. H a-cuvoukdieivn (AZYN) sivan
pio. apBovn vevpwvikn TPTEIVN, N omoio evTomileTOl GTO. TPOGVVOTTIKA AKPO. KOl
eumAéketol oty moboyéveon tng vooov tov Parkinson. H AXYN éyel tqv tdomn va
noAvpepiletal, ONUIOVPYDOVTOG OAYOUEPELG HOPPES, Ol omoieg Bempovvtanl TOEIKEC.
Apywcd, N1 AZYN amotelohoe ToPASELYIO TUTIKNG KVUTTOPOTAUCLATIKNG TPMTEIVIG.
Evtovtolg, coppwva pe mpdceata dedopéva, viomileTor 6To avOpOTIVO TAAGLLO KoL
10 gykeporovotiaio vypo (EN.Y), kafdg kot 6T0 KOAMEPYNTIKO UEGO VELPOVIKOV
KLTTOpoV. Emopévmg, evioybetal to evoeyoduevo g Tapakpivovg dpdong g AXYN,
o¢ mOavod unyoviopov eEdmimong e vocou tov Parkinson.

[Tpokeévov va depevvnBel 1 emidpacn g exkkpwouevng AXYN oty
OLOLOOTOGCT] TV VELPIKOV KLTTAp®V, Ypnowonomnke 1o emayouevo Tet-Off
KUTTOPWKO ovotnua. Qg Paon tov éxet ta SH-SYSY «dttapo, to omoia
vrepekPpdlovv ™ @uowoy tomov avlpomvn AXYN, pe emaydpevo TpOmO, TOL
eAéyyetan omd ™ do&vkukAivn. Znueliwtéov, 1 ALYN eKkpiveTol QUGIOAOYIKG GTO
Opentikd péco karlépyewag (conditioned medium, CM) tov mopomdve KOTTAPOV.
"Eva pikp6 mocooto g AXYN, anelevBepdvetatl 6tov eEOKLTTAPLO YOPO, LEGH TNG
OAANAETIOPOCTG TOV HE HIKPE KLOTIOW, TO OOl PEPOLY T KVUPLOL YOPOKTINPICTIKA
tov eEwcopdtov. H de ékkpion g AXYN efoptdtor amd To €mimedo TOV
EVOOKLTTAPLOV ca®. Inuewwtéov, oto CM evromiletor mAnOdpo SoQOpETIKOV
popemv ™ AXYN, amd povopepels €mg vymiod poplakod Bdpovg oiryopepeig
Hoppés, ol omoieg dwywpiotkav pe ™ Pondewa g ypopotoypaeiog omnong
kg (Size Exclusion Chromatpgraphy, SEC). H yopriynon CM gundovticuévov e
exkpwvopevn AXYN peidvel ) Ploctomio TOV VEVPOVIK®OV KLTTOPOV KOl TOV
vevpovov. To tofwkd duvvoukd TV vYynAod Kol YopnAoy HoplaKoL BAapovg
amopovVOREVEOVY popeav TG AXYN, eivor mapopoto. 61660, 0 v AdY® QOIVOTLTTOG
avTIoTPEPETOL KaTOMY amopdkpovong g AXYN oand 10 Opentikd péco, HECH®
avocokatakpuvions. Téhog, o unyaviopds vevpotoéikng dpdong g AXYN o¢

eatvetor va mepthapfavel v apdoinyn e omd To SPOPOTOMUEVE KOTTOPM-
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O€KTEC KOl TOLG TpwTOoyevels vevpaves. AvtiBétwog, ta dpodpeva SH-SYSY
KOTTOPO-0EKTEG, Ta omoio mopovotalovv waitepn avOekTikdOTTo ©6T0 TOEIKO
duvapukd g exkkpvopevng AXYN, eaivetat va v Tpociapfavouy.

21 ovvéyeln, eEetdotnKay TVXOV GALOIDGELS GTO EMIMEDO TNG TAOCUATIKNG
HeEUPPAVIC Kol eVOEYOUEVES OOTOPOYES OTNV OUOLOGTACT) TOV 1OVIW®V ca™, O
mBavol punyovicpoi  vevpotoikng Opdong ¢  eEokvttapoc AXYN  ota
dwpoporomuéva  SH-SYSY  kdttopo-0ékteg kol TOVG TPMOTOYEVEIS (AOLIKOVC
vevpmves. H mapovsia g exkpvopevng AZYN, apyikd aAralel ) pevotdtta g
TAOGUOTIKNAG HEUPPAVIG TOV KUTTAPOV-0EKTOV Kot aLEAVEL TNV KAVOTNTA TOVG VoL
TPOGAUUPavovV Ca®*, evd o BaBog ypdvov evepyomolel TIG KOATOIVEG. ZNUELOTEOV, 1
TOPATNPOVUEVT] AOENGN NG E16PONG 1OVT®V ca®* opeiletar, o¢ ent To mAgioTOV, GTNV
elevBepn AXYN kot Oyt oe avt) mov cvvocetan pe eEmoopoto. Doapuokoroykn
avaoTor) TeV Taceoeheyyopevay kavodv Ca’t (Voltage Operated Ca** Channels,
VOCs) peidver onuavtikd tv emayouevn and v AXYN €16pon 10viov ca*",
TovifovTog TV EUTAOKT TOV €V AOY® KAVOAM®DV GTO TEPLYPAPOUEVO POUIVOUEVO. AgV
wapatnpnOnkav aAloyéc oto emimedo TOL €AEHOEPOL KLTTAPOTAACUOTIKOV ca®
([Ca?']). Evtobtolg, evromiomnke onuaviik cuocdpevon Tov evdokvtrdpov Ca’t
oT0 LITOXOVOPLOL TV KLTTAPWV-deKTAV. TEAOC, N Tapovsia yNMKOV TP yOVI®V, TOV
deopevovy T0 €AeVBgpO ca®* N PUPLOKOAOYIKOV OLGLOV TTOL OVOGTEAAOVY TOVG
VOCs 1] T1g KaAmoiveg E0VOETEPMVEL TO TOEIKO SUVOLIKO TNG ekKpvopevnc AXYN.

Yvvoyilovtog ta mapoandve dedopuéva, 1 AXYN ekkpivetal QUGIOAOYIKA GTO
Opentikd péco tov Tet-Off emayopevov SH-SYSY kvttdpov, ev pépet, pécm tng
OUVOEONC NG UE €EMOMUOTA, KOl EMPEPEL TOEIKT OPAOT GTO VELPOVIKA KOTTOPO-
O€KTEC Ko TOVG mpwtoyeveis vevpwves. H omovdatdotnta g mopovcog HeAETNG
EYKELTAL GTO KEVIPIKO KOl KOLVOTOUO €VUPMNUA, TO OTNOI0, Yo TPMTN POPA GTA
Biproypaeucd dedopéva, amodekvigl TV VIAPEN OUTIOAOYIKNG OXEONG UETAED TNG
ermayopevng amd v eokuttdplo AXYN T1o&kOTNTOG KOl TOV SOTAPOY®V TNG
OUOLOGTACTG TOV OVI®OV ca’. Yvunepacpatikd, n kkpion s AXYN copfaiiet
omv evioyvon kot v e&dmimon g maboroyiag mov oyetiletar pe ) voGo TOL
Parkinson, £éot® Kol peEPIK®MG, HEGM TNG GVUUETOYNG TOV OLOLOGTUTIKGOV UNYAVIGHMV
tov Ca”'. Enopévmg, n dwyeipion twv oNUOTOOOTIKOV HOVOTATUOV TOL ca®*,
duvntikd Bo umopovice va amotelécel pio mbavi) BepamELTIKY GTPATNYIKY Yo TN

voGo TOV Parkinson Kol TV GYETIKADV GUVOVKAEIVOTTOOELDV.
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Doctorate (Ph.D.) Thesis Abstract

Parkinson’s disease (PD) is a major neurodegenerative disease pathologically
characterized by the selective loss of dopaminergic neurons in the substantia nigra and
aggregated protein deposits called Lewy bodies and Lewy neurites. Alpha-synuclein
(AS) is an abundant presynaptic brain protein, which is implicated in PD
pathogenesis. AS has the tendency to form oligomers and these are thought to be the
toxic species in PD. Although initially AS was considered a purely intracellular
protein, recent data suggest that it can be detected in the plasma and cerebrospinal
fluid (CSF) of humans and in the culture media of neuronal cells. Therefore, there is a
possibility of a paracrine mode of action of AS for the spread of pathology in PD.

SH-SY5Y cells, inducibly overexpressing human wild-type AS, were used as
a means to assess the effects of secreted AS on neuronal homeostasis. AS is
physiologically secreted in the conditioned media (CM) of the induced cells, partly
via externalized vesicles, which bear the characteristic hallmarks of exosomes.
Importantly, a wide range of different AS species, from monomeric to high molecular
weight soluble oligomers, is readily detected in the CM of these cells, and was
isolated via Size Exclusion Chromatpgraphy. Application of CM containing secreted
AS causes cell death of recipient neuronal cells and neurons, which can be reversed
following AS immunodepletion from the CM. High and low molecular weight AS
species, isolated from this CM, significantly decrease cell viability. However, AS-
induced toxicity does not involve uptake of the protein by neuronal cells and neurons.
On the contrary, proliferating SH-SY5Y cells, which are shown to be less susceptible
to AS toxic potential, are able to uptake secreted AS.

In order to decipher the mechanism of extracellular-AS conferred toxicity in
recipient differentiated SH-SY5Y cells and primary cortical neurons, plasma
membrane alterations and perturbations of Ca** homeostasis were tested, as potential
toxic modes of action. Application of secreted AS alters membrane fluidity and
increases Ca* entry. Importantly, the increased Ca* entry is attributed mainly to the
free extracellular, rather than the exosome-associated AS. Pharmacological inhibition
of voltage operated Ca** channels (VOCs) reduces AS-facilitated Ca** entry, pointing
to the importance of these channels in the observed phenomenon. Although no change
in free cytosolic Ca** levels ([Ca®])) is observed, a significantly increased

mitochondrial Ca®* sequestration is found in recipient cells. Application of VOCs
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blockers or Ca** chelators abolishes AS-mediated toxicity. AS-treated cells exhibit
increased calpain activation, while calpain inhibition greatly alleviates the observed
toxicity.

Collectively, our data indicate that AS is physiologically secreted by the
inducible SH-SY5Y cells and that it exerts toxicity to the recipient neuronal cells and
neurons. The basic novel findings of this study show that at least in part cell-produced
AS is secreted via an exosomal, Ca?*-dependent mechanism and for the first time,
provide an etiological link between secreted AS-confered toxicity and perturbations of
Ca®" homeostasis. Taken together, AS secretion serves to amplify and propagate PD-
related pathology, through engagement, at least in part, of the Ca** homeostatic
machinery. Therefore, manipulating Ca®* signaling pathways may represent a

potential therapeutic strategy for PD and related synucleinopathies.
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Cell-Produced a-Synuclein Is Secreted in a Calcium-Dependent
Manner by Exosomes and Impacts Neuronal Survival

Evangelia Emmanouilidou,' Katerina Melachroinou,' Theodoros Roumeliotis,? Spiros D. Garbis,> Maria Ntzouni,?
Lukas H. Margaritis,> Leonidas Stefanis,'* and Kostas Vekrellis'

Divisions of 'Basic Neurosciences and 2Biotechnology, Biomedical Research Foundation of the Academy of Athens, Athens 11527, Greece, *Department of
Cell Biology and Biophysics, Faculty of Biology, University of Athens, Athens 15701, Greece, and “Second Department of Neurology, University of Athens
Medical School, Athens 11527, Greece

a-Synuclein is central in Parkinson’s disease pathogenesis. Although initially a-synuclein was considered a purely intracellular protein,
recent data suggest that it can be detected in the plasma and CSF of humans and in the culture media of neuronal cells. To address a role
of secreted a-synuclein in neuronal homeostasis, we have generated wild-type a-synuclein and 3-galactosidase inducible SH-SY5Y cells.
Soluble oligomeric and monomeric species of a-synuclein are readily detected in the conditioned media (CM) of these cells at concen-
trations similar to those observed in human CSF. We have found that, in this model, a-synuclein is secreted by externalized vesicles in a
calcium-dependent manner. Electron microscopy and liquid chromatography-mass spectrometry proteomic analysis demonstrate that
these vesicles have the characteristic hallmarks of exosomes, secreted intraluminar vesicles of multivesicular bodies. Application of CM
containing secreted a-synuclein causes cell death of recipient neuronal cells, which can be reversed after a-synuclein immu-
nodepletion from the CM. High- and low-molecular-weight a-synuclein species, isolated from this CM, significantly decrease cell
viability. Importantly, treatment of the CM with oligomer-interfering compounds before application rescues the recipient neuro-
nal cells from the observed toxicity. Our results show for the first time that cell-produced «-synuclein is secreted via an exosomal,
calcium-dependent mechanism and suggest that a-synuclein secretion serves to amplify and propagate Parkinson’s disease-

related pathology.

Introduction

Genetic and biochemical data indicate that an increase in the
levels of expression of the wild-type (WT) a-synuclein protein is
sufficient to cause neurodegeneration in Parkinson’s disease
(PD) (Singleton etal., 2003; Chartier-Harlin et al., 2004; Ibanez et
al., 2004). The aberrant function of a-synuclein is not under-
stood, although there is evidence that abnormal folding and ag-
gregation may play a role and that the toxic a-synuclein species
may be oligomeric intermediates (Conway et al., 2000, 2001;
Goldberg and Lansbury, 2000; Olanow et al., 2004; Vekrellis et al.,
2004). Until recently, a-synuclein was considered to exert its
pathogenic effects intracellularly. However, El-Agnaf et al. (2003,
2006) showed that a-synuclein species can be detected in human
plasma and CSF and that it could be secreted into the medium of
cultured neuronal cells. In another report, monomeric and oli-
gomeric a-synuclein were shown to be secreted from differenti-
ated human neuroblastoma cells and primary cortical neurons
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(Lee et al., 2005). Using a similar model, Sung et al. (2005) dem-
onstrated that secreted a-synuclein from SK-N-BE cells reduces
the viability of these cells and can be cleaved by matrix metallo-
proteases. These results suggest that the pathogenic actions of
a-synuclein extend to the extracellular space and neighboring
cells. In support for this hypothesis, exogenously added recom-
binant a-synuclein to cell culture medium can be internalized by
the recipient cells (Sung et al., 2001; Ahn et al., 2006; Lee et al.,
2008; Luk et al., 2009) and cause cell death (Du et al., 2003; Albani
etal., 2004; Zhang et al., 2005). Such studies have used very high
concentrations of recombinant a-synuclein and cationic lipo-
somes to assist its uptake.

The pathophysiological role of the secreted a-synuclein forms
remains essentially unknown. In one study (Zhang et al., 2005), it
was demonstrated that the interaction between recombinant
a-synuclein and microglia could activate these cells, which in
turn induces neurotoxicity. It has also been suggested that
a-synuclein aggregates can transmit pathology via neuron-to-
neuron interactions (Desplats et al., 2009). The secretion of
a-synuclein has been reported to be insensitive to brefeldin A
(BFA) (Lee et al., 2005), suggesting that it is secreted via an
endoplasmic reticulum (ER)/Golgi-independent, pathway. Electron
microscopy and density gradient ultracentrifugation suggested that
the vesicles containing a-synuclein have morphologies and sedi-
mentation properties similar to the dense core vesicles (Lee et al.,
2005), but their exact identities remain unknown. To investigate



Emmanouilidou et al. ® Exosome-Associated ce-Synuclein Secretion

the underlying mechanisms of neurotoxicity caused by cell-secreted
a-synuclein species, we have generated WT a-synuclein—Tet-off in-
ducible SH-SY5Y cells. We show that a-synuclein is associated
with externalized membrane vesicles, suggestive of a vesicle-
based exporting mechanism. Our results show that different spe-
cies of naturally secreted a-synuclein cause cell death to neuronal
cells. Immunodepletion of a-synuclein from the medium rescues
this death. Finally, we demonstrate that treatment of the condi-
tioned medium (CM) with oligomer-disrupting compounds re-
duces the secreted a-synuclein-related cytotoxicity.

Materials and Methods

Reagents. All reagents were obtained from Sigma unless otherwise spec-
ified. Doxycycline (Dox) was purchased from Clontech. Recombinant
a-synuclein was from Millipore Bioscience Research Reagents. Cytocha-
lasin D (CytoD) and protein G agarose beads were purchased from
Calbiochem.

Cell culture. The generation of the stable SH-SY5Y cell lines inducibly
expressing WT a-synuclein was described previously (Vekrellis et al.,
2009). SH-SY5Y cells were cultured in RPMI 1640 medium containing
10% FBS, penicillin (100 U/ml), streptomycin (100 wg/ml), and 2 mm
L-glutamine. Cells overexpressing either WT a-synuclein or (-galac-
tosidase (bGAL) were cultured in the presence of 250 ug/ml G418 and 50
png/ml hygromycin B. a-Synuclein expression was switched off by the
addition of doxycycline (0.5 ug/ml). Stock cultures were kept in the
presence of doxycycline. Neuronal differentiation was performed with
the addition of 10 uMm all-trans retinoic acid for 5 d. Cultures of rat
(embryonic day 18) cortical neurons were prepared as described previ-
ously (Vogiatzi et al., 2008). Dissociated cells were plated onto poly-p-
lysine-coated 12-well dishes at a density of ~250.000/cm?. Cells were
maintained in Neurobasal medium (Invitrogen), with B27 serum-free
supplements (Invitrogen), 0.5 mMm L-glutamine, and penicillin/strepto-
mycin (as above). More than 98% of the cells cultured under these con-
ditions represent postmitotic neurons (Rideout et al., 2001). Mouse BV2
microglia cells were cultured in RPMI 1640 medium containing 10%
FBS, penicillin (100 U/ml), streptomycin (100 pg/ml), and 2 mm
L-glutamine.

Preparation of conditioned medium and cell extract. SH-SY5Y cells in-
ducibly expressing WT a-synuclein were cultured in 140-mm-diameter
dishes in RPMI 1640 medium containing 10% FBS in the presence or
absence of doxycycline (0.5 ug/ml) until 70—80% confluent. The me-
dium was then replaced with RPMI 1640 medium containing 2% FBS.
After 48 h, the culture supernatant (CM) was collected and centrifuged at
4000 X g for 10 min at 4°C to remove cell debris. For Western blotting
and size exclusion chromatography (SEC), the CM was concentrated
using 3 kDa cutoff Amicon Ultra filters (Millipore). For toxicity assays,
the CM was used without concentration. In some cases, CM was treated
with 0.4 um of either Congo Red (CR) or scyllo-inositol (SI) for 4 h at4°C
before its addition to recipient cells.

For extraction of cellular proteins, cells were harvested, washed twice
with ice-cold PBS, and lysed with STEN lysis buffer (50 mwm Tris, pH 7.6,
150 mm NaCl, 0.1% SDS, 1% NP-40, and 2 mm EDTA) on ice for 15 min.
Protein content was estimated using the Bradford method (Bio-Rad).

Isolation of externalized membrane vesicles. The isolation of the exter-
nalized membrane vesicles was performed as described previously
(Tanudjietal., 2002). Briefly, the CM was first centrifuged at 4000 X g for
10 min at 4°C to remove dead cells and debris, and the supernatant was
further centrifuged at 100,000 X g for 2 h at 4°C. The supernatant (S100)
was collected, and the pellet (P100) containing the externalized vesicles
was reconstituted in 25 ul of radioimmunoprecipitation assay (RIPA)
buffer (50 mm Tris-HCI, pH 7.6, 150 mm NaCl, 1% NP-40, 0.5% Na-
deoxycholate, and 0.1% SDS).

Preparation of exosome-depleted medium. The depletion of the me-
dium from bovine serum-derived exosomes was performed as described
previously (Théry et al., 2006). Briefly, RPMI 1640 medium containing
20% FBS, penicillin/streptomycin, and L-glutamine was centrifuged at
100,000 X g for 16 h at 4°C. The supernatant was carefully removed and
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sterilized by filtering through a 0.2 wm filter (Whatman) and stored at
4°C until additional use in exosome preparation.

Purification of exosomes. Exosomes were prepared as described previ-
ously (Théry etal., 2006). Briefly, SH-SY5Y cells were cultured in two 140
mm dishes in 10% FBS. At 48 h before the exosome preparation, culture
medium was replaced with exosome-depleted medium diluted 10-fold
with RPMI 1640 medium containing only penicillin/streptomycin and
L-glutamine. Culture supernatants of cells grown for 48 h were collected
and spun at 300 X g for 10 min to remove cells. The supernatants were
then sequentially centrifuged at 2000 X g for 10 min, 10,000 X g for 30
min, and 100,000 X g for 90 min. The pellet (P100) containing exosomes
was washed once with cold PBS and centrifuged again at 100,000 X g for
90 min. P100 was resuspended in 50 ul of RIPA buffer. All centrifuga-
tions were performed at 4°C.

Electron microscopy. Externalized membrane vesicles were isolated
from 15 ml of CM, and electron microscopy was performed as described
previously (Théry et al., 2006) with some modifications. Briefly, vesicles
were fixed with 2% paraformaldehyde in 100 mm Na,HPO,, applied to a
Formvar-coated copper grid, and negatively stained with 2% uranyl ac-
etate. Microphotographs were obtained using a Phillips EM 300 electron
microscope.

Mass spectrometric protein analyses. The proteins were extracted from
the exosomes using an acetone—TCA precipitation procedure followed
by washes with acetonitrile and tetrahydrofuran. The resulting protein
pellets were subjected to reduction, alkylation, and in-solution phase
proteolysis with trypsin as described previously (Kouri et al., 2009). The
resulting tryptic digest was analyzed with an Agilent 1200 nano-liquid
chromatography system interfaced with an Agilent 6330 MSD ion trap
mass spectrometer system retrofitted to a nanoelectrospray ionization
source [liquid chromatography—-mass spectrometry (LC-MS)]. The cap-
illary column used for the peptide separation was the Agilent C, ¢ Zorbax
at 1.8 wm particle size, 75 wm inner diameter, and 150 mm length. Before
the analyses, the LC-MS system was tuned and calibrated to meet the
specifications of the manufacturer for mass accuracy and detection sen-
sitivity. The obtained product ion MS? peptide spectra were searched
against the Swiss Prot nonredundant sequence database. The search en-
gine used was Protein Pilot (version 2.0.1) with the ESI-Trap instrument
option, Search Effort at Thorough ID, and a detection protein threshold
>1.3 (>95% confidence).

Treatment of vesicles with Na,CO;. To remove non-integral membrane
proteins, exosomes were treated with Na,CO; 100 mum, pH 11, for 30 min
at 4°C (Fujiki et al., 1982). After centrifugation at 50,000 X g, integral
exosomal membrane proteins were recovered in the pellet fraction,
whereas the exosomal lumen proteins remained in the soluble fraction.

#S radiolabeling. SH-SY5Y cells inducibly expressing WT a-synuclein
were cultured in 140-mm-diameter dishes in RPMI 1640 medium
containing 10% FBS in the presence or absence of Dox until 70—80%
confluent. Cells were starved from methionine and cysteine for 15
min at 37°C. After starvation, 2.5 mCi of *°S-Protein Labeling mix
(PerkinElmer Life and Analytical Sciences) were added for 3 h. Cells were
rinsed twice with plain RPMI 1640 medium and grown overnight in
fresh unlabeled culture medium with excess of L-methionine and
L-cysteine (10 mwm final concentration). The CM, containing radiola-
beled secreted proteins, was collected, cleared from cell debris, con-
centrated, and analyzed by immunoblotting. To detect intracellular
radiolabeled proteins, cells were first washed for 2 min with trypsin—
EDTA to remove non-integral membrane-bound proteins. After cen-
trifugation at 400 X g for 5 min, cell pellets were lysed in STEN lysis
buffer and used for immunoprecipitation.

Immunoprecipitation of labeled a-synuclein. Cell lysates were pre-
cleared with protein-G agarose beads for 1 h at 4°C. Agarose beads were
removed by centrifugation at 1000 X g for 5 min at 4°C, and anti-a-
synuclein antibody (Syn-1, mouse monoclonal, 5 ug/mg protein; BD
Biosciences) was added for 6 h at 4°C by rotation. At the end of this
period, protein-G agarose beads were added and the mixture was incu-
bated overnight at 4°C by rotation. Labeled a-synuclein was detected by
gel autoradiography.

Immunodepletion of CM. Conditioned medium (7 ml) was immunode-
pleted of a-synuclein by immunoprecipitation with anti-c-synuclein anti-
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body (0.5 ug/ml CM) as described above. Immunodepleted CM was
collected and sterilized by filtering through a 0.2 uwm filter (Whatman)
before being applied on recipient cells. Control immunodepletion was
performed with either anti-c-myc antibody (mouse monoclonal; Santa
Cruz Biotechnology) or protein-G agarose alone.

Uptake of radiolabeled proteins. Cells were treated overnight with CM
containing radiolabeled secreted proteins (see above). After 2 min treat-
ment with trypsin—EDTA to remove nonspecific surface protein binding,
cells were examined for the internalization of labeled a-synuclein by
immunoprecipitation and gel autoradiography.

Subcellular fractionation. After overnight application of CM contain-
ing *>S-labeled secreted proteins, recipient cells were treated with tryp-
sin—-EDTA, washed once with PBS, and centrifuged at 400 X g for 5 min
at 4°C. Cell pellet was resuspended in a detergent-free buffer containing
0.25 M sucrose, 10 mm HEPES, pH 7.4, 1 mm EDTA, 5 mm MgCl,, and 1X
cocktail protease inhibitors (Roche). Homogenization was achieved first
by four freeze—thaw cycles, followed by three sets of 15 bounces of a
Teflon homogenizer. Finally, the homogenate was passed a few times
through an insulin syringe. For nuclei sedimentation, the homogenate
was centrifuged at 2000 X gfor 15 min at 4°C. To isolate microsomes, the
supernatant was further centrifuged at 100,000 X g for 2 h at 4°C. Pellets
were washed twice with PBS containing protease inhibitors and recon-
stituted in RIPA buffer. Nuclear, microsomal, and cytosolic fractions
were finally analyzed for the presence of internalized a-synuclein by
immunoprecipitation and autoradiography.

Toxicity assays. Toxicity was assessed by using the LIVE/DEAD viabil-
ity/cytotoxicity kit (Invitrogen). Briefly, cells were stained by 2 um
calcein-AM, which labels living cells, and 1 um ethidium homodimer
(EthD-1), which labels dead cells, for 30 min. Hoechst 33258 dye was
used at the same time for total nuclei staining. After staining, cells were
washed once with normal RPMI 1640 medium and immediately visual-
ized on a Leica DMIRB inverted fluorescence microscope. Images were
captured under 20X magnification with a Leica DFC-350FX digital
cooled CCD camera using the LAS AF software. Toxicity was defined in
each image as the percentage of dead cells versus the total number of cells,
counting at least 150 cells per image.

Size exclusion chromatography. For SEC, 8—9 mg of protein of concen-
trated CM diluted in PBS were injected into a Superdex 200 10/300 GL
column (GE Healthcare) previously equilibrated with PBS. Elution was
performed at a constant flow rate of 0.25 ml/min in PBS. The 250 ul
fractions were collected and analyzed by Western immunoblotting for
the presence of a-synuclein. High-molecular-weight (HMW) and low-
molecular-weight (LMW) fractions containing a-synuclein were sepa-
rately pooled and concentrated using 3 kDa cutoff filters (Millipore). PBS
was exchanged to 50 mM ammonium acetate buffer, pH 7.5, by means of
ultrafiltration, and the samples were further lyophilized to dryness. Fi-
nally, samples were reconstituted in 250 ul of RPMI 1640 medium con-
taining 10% FBS, sterilized by filtering, and applied to recipient cells in
2X concentration.

Western immunoblotting. Denaturing gel electrophoresis was per-
formed in 12% SDS-PAGE gels in Tris—glycine buffer. Immunoblotting
was performed using the following antibodies: anti-a-synuclein (rabbit
polyclonal from Santa Cruz Biotechnology; C-20 or Syn-1 monoclonal
from BD Biosciences), anti-B-actin (mouse monoclonal; Sigma), anti-+y-
tubulin (mouse monoclonal; Sigma), anti-BSA (mouse monoclonal; An-
tibody Shop), anti-Alix (mouse monoclonal; Santa Cruz Biotechnology),
anti-heat shock protein 70 (Hsp70) (mouse monoclonal; Stressgen),
anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (mouse
monoclonal; Sigma), anti-14-3-38 (rabbit polyclonal; Santa Cruz Bio-
technology), anti-extracellular signal-regulated kinase (ERK) (rabbit
polyclonal; Santa Cruz Biotechnology), anti-ubiquitin (mouse monoclo-
nal; Millipore Bioscience Research Reagents), anti-cofilin (goat poly-
clonal; Santa Cruz Biotechnology), anti-flotillin-1 (mouse monoclonal;
Santa Cruz Biotechnology), anti-annexin II (rabbit polyclonal; Santa
Cruz Biotechnology), anti-c-myc (mouse monoclonal; Sigma), anti-
cleaved caspase-3 (rabbit monoclonal; Cell Signaling Technology), and
anti-19S Rpt6 proteasome subunit (mouse monoclonal; Biomol). All
immunoblots represent one of at least three experiments. Quantification
of bands on Western immunoblots was performed using Gel Analyser
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software (Biosure). Differences in protein expression levels were quanti-
fied after standardization of all values using the appropriate loading con-
trols (y-tubulin, B-actin, ERK, and BSA). All statistical analyses were
performed using the Student’s ¢ test, and p values of <0.05 were consid-
ered significant.

Immunocytochemistry and confocal microscopy. For confocal micros-
copy, cells grown on glass coverslips were fixed with 4% paraformalde-
hyde for 15 min. After PBS washes, cells were blocked with 10% normal
goat serum (NGS) in PBS. Primary anti-GM130 antibody (mouse mono-
clonal, 1:100; BD Biosciences Transduction Laboratories) was applied
for 16 h in PBS containing 2% NGS and 0.1% Triton X-100. Mouse
cyanine 3 (Cy3) secondary antibody (Jackson ImmunoResearch) was
added for 1 h in PBS/Triton X-100/NGS. Alternatively, cells were stained
for 16 h with Alexa 633—phalloidin (1:500; Invitrogen). Cell nuclei were
stained with Hoechst 33258 dye. Coverslips were mounted in Mowiol
mounting media and visualized under 63 X magnification using a Leica
TCS SP5 confocal microscope combined with dual (tandem) scanner.

Results

a-Synuclein is constitutively and physiologically secreted

In our SH-SY5Y cell system, the expression of WT a-synuclein is
tightly regulated through the Tet-off regulatory system (Vekrellis
etal., 2009). To investigate whether a-synuclein is released from
our cells, we induced a-synuclein expression by culturing cells in
the absence of Dox for 8 d and examined the culture medium
(CM) for the presence of secreted a-synuclein (Fig. 1A). CM
was concentrated and Western immunoblotted with Syn-1 anti-
body. Secreted monomeric (Fig. 1A) and oligomeric (Fig. 1B)
a-synuclein was clearly detected in the CM and accumulated over
time (Fig. 1A, right). This was suggestive of a-synuclein being
secreted by SH-SY5Y cells in a constitutive manner (Fig. 1C). We
confirmed that the presence of a-synuclein in the CM was not
attributable to cell death by measuring the percentage cell
death before CM collection. Using the LIVE/DEAD Cytotoxic-
ity kit, cell death was <<5% in cells expressing or not expressing
a-synuclein (percentage cell death, 4.1 = 0.9 or 3.8 = 0.3% for
WT-positive and WT-negative cells, respectively, mean * SD;
n = 3). We further confirmed the physiologic secretion of
a-synuclein by analyzing the CM for the presence of cytosolic
proteins, such as ubiquitin (Fig. 1 A), protein kinase Ca (PKCa),
and 19S Rpt6 proteasome subunit (supplemental Fig. S1 A, avail-
able at www.jneurosci.org as supplemental material). Both poly-
ubiquitinated proteins and monomeric ubiquitin were absent in
the CM of SH-SY5Y cells (Fig. 1A). We also examined the CM
from SH-SY5Y cells overexpressing bGAL in a similar manner.
No bGAL was detected in the CM of these cells (data not shown),
arguing that overexpression alone was not sufficient to lead to
a-synuclein release. In agreement with a physiological mode of
release, secreted a-synuclein was detected in low levels in control
(+Dox) SH-SY5Y cells (see Figs. 1 B, 3A,B) (supplemental Figs.
S1A, available at www.jneurosci.org as supplemental material).
We also quantified the levels of a-synuclein in the CM after 48 h
using recombinant a-synuclein as standard. The concentration
of secreted a-synuclein was estimated to be 2—12 nMm, which re-
sembles the levels so far detected in biological fluids (data not
shown) (Borghi et al., 2000; El-Agnaf et al., 2003, 2006).

Having shown that our cells physiologically secrete a-synuc-
lein, we went on to investigate the manner of this secretion. It has
been suggested previously that a-synuclein exocytosis is me-
diated by a nonclassical, BFA-independent, secretory mecha-
nism (Lee et al., 2005). Treatment of SH-SY5Y cells with 2
pg/ml BFA, an effective inhibitor of the classical ER/Golgi-
dependent pathway, for 6 h resulted in a robust disassembly
of the Golgi complex (supplemental Fig. S1B, available at
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Hsp70 was observed (supplemental Fig.
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Figure 1.

assessed by Western immunoblotting. ERK and BSA were used as loading controls.

www.jneurosci.org as supplemental material). BFA-induced
disruption of the classical secretory pathway did not alter the
levels of secreted «-synuclein (percentage secreted
a-synuclein, 3.5 = 0.3 and 2.1 = 1.1% for CTL untreated and
BFA-treated cells, respectively, mean = SD; n = 3), suggesting
that a-synuclein indeed follows an unconventional secretory
pathway (Figs. 1D, 2B).

Externalization of a-synuclein is sensitive to changes in
temperature

and serum content

Facilitated protein secretion, such as classical ER/Golgi transport,
is generally a temperature-dependent process (Saraste et al.,
1986). However, passive diffusion through a pore in the cell
membrane is not affected by changes in temperature (Mel-
chior and Gerace, 1995). In addition, heat shock conditions
can induce the release of some proteins exported via leaderless
secretory pathways (Rubartelli et al., 1990; Jackson et al., 1992;
Lindstedt et al., 1993). The effect of heat shock on a-synuclein
export was tested by culturing a-synuclein-expressing cells at
40°C for 6 h. Under these conditions, an upregulation of

a-Synuclein is constitutively released by a nonclassical secretory pathway. A, SH-SY5Y cells were cultured in the
presence or absence of Dox for 8 d in 10% FBS. After that period, the culture medium was replaced with 2% FBS medium for the
indicated times. Cell lysates (CL; left) and concentrated CM (right) were analyzed by Western immunoblotting with antibodies to
a-synuclein or ubiquitin (Ubi). ERKand BSA levels were used as loading controls. B, SH-SY5Y cells were cultured asin A, and the CM
was collected after 48 h and analyzed by Western immunoblotting with C-20 antibody. C, Representative plot showing the levels
of secreted ce-synuclein, estimated as the percentage ratio of the extracellular c-synuclein versus the intracellular c-synuclein,
over time. Each point represents the mean = SD of three measurements. D, a-Synuclein-expressing cells were treated with 2
g/ml BFA (+) or without (—) for 6 h. The levels of intracellular c-synuclein (CL) and extracellular a-synuclein (CM) were

cells were cultured in medium contain-
ing 0, 2, and 5% FBS for 6 h. Quantifi-
cation of cell death verified that, under
these conditions, serum deprivation did
not affect cell viability (percentage cell
death, 2.2 = 0.6, 2.8 = 0.2, 2.3 = 0.6,
and 3.2 * 0.3% for 0, 2, 5, and 10%,
respectively, mean * SD; n = 3). How-
ever, the release of a-synuclein observed
was inversely related to the serum con-
tent (percentage secreted a-synuclein,
2.8 £ 0.4and21.7 = 1.5% for 2 and 0%
FBS, respectively, mean = SD; n = 3)
(supplemental Fig. S1D, available at
www.jneurosci.org as supplemental material).

as

a-Synuclein is released by a calcium-dependent

endosomal mechanism

To dissect the secretory mechanism of a-synuclein in more detail,
we tested whether the levels of extracellular a-synuclein were altered
after treatment with chemical compounds that have been reported
previously to influence the nonclassical secretion of other proteins.
Because the importance of the actin network on endocytosis/exocy-
tosis and vesicle trafficking has been well established (Lanzetti,
2007), we first investigated the role of actin cytoskeleton on
a-synuclein secretion. For this purpose, cells expressing a-synuclein
were treated for 6 h with 2 uMm of the actin polymerization inhibitor
CytoD (supplemental Fig. S2A, available at www.jneurosci.org as
supplemental material). The CM from CTL and CytoD-treated cells
were concentrated and analyzed by SDS-PAGE and immunoblot-
ting for secreted a-synuclein. Actin depolymerization did not affect
a-synuclein externalization to a significant extent (percentage se-
creted a-synuclein, 2.5 = 1.7 and 2.9 = 1.1% for CTL and CytoD-
treated cells, mean = SD; n = 3) (Fig. 2B). Under these conditions,
cell viability was not compromised (Fig. 2C).
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Figure2. «-Synudleinis released by a calcium-dependent endocytic mechanism. 4, Representative immunoblots showing the

exosome-mediated release (Mills et al.,
2001; Savina et al., 2003; Barclay et al.,
2005). To determine whether changes in
Ca** levels modulate a-synuclein secre-
tion, we first treated cells with 0.5 mMm
EDTA for 6 h, and the CM were collected
and concentrated. Secreted a-synuclein lev-
els were assessed by SDS-PAGE and immu-
noblotting. Removal of extracellular Ca**
did not change the levels of secreted
a-synuclein (percentage secreted a-synuc-
lein, 3.8 = 1.7 and 3.1 = 0.5% for CTL and EDTA-treated cells,
mean = SD; n = 3) (Fig. 2A, B). However, when cells were treated
with 100 nM thapsigargin (Thastrup et al., 1990), which raises cyto-
solic Ca?" concentration, we observed a significant increase in the
levels of secreted a-synuclein (percentage secreted a-synuclein,
2.6 £0.3and 7.7 £ 2.2% for CTL and thapsigargin-treated cells,
mean * SD; n = 3) (Fig. 2A, B). This result was confirmed using
the calcium ionophore ionomycin. Treatment of a-synuclein-
expressing cells with 100 nm ionomycin for 6 h led to a significant
increase in the levels of extracellular a-synuclein (percentage se-
creted a-synuclein, 3.1 * 0.8 and 6.6 * 0.9% for CTL and
ionomycin-treated cells, mean = SD; n = 3) (Fig. 2A,B). As
expected, ionomycin treatment also increased the levels of se-
creted oligomeric a-synuclein (supplemental Fig S2C, available
at www.jneurosci.org as supplemental material). To further ver-
ify that intracellular Ca*" is important for a-synuclein secretion,
we used the membrane-permeable Ca®"-chelator BAPTA-AM.
Treatment with 2 um BAPTA-AM for 6 h decreased the levels of
secreted a-synuclein, further supporting the idea that intracellu-
lar Ca** acts as a key regulator of a-synuclein export (percentage
secreted a-synuclein, 3.4 = 0.4 and 1.8 = 0.5% for CTL and
BAPTA-AM-treated cells, mean = SD; n = 3) (Fig. 2A,B). It

levels of intracellular and extracellular ce-synuclein after no treatment (—) or a 6 h treatment (+) with compounds that either
affect Ca2™ concentration or impair the endosomal pathway. Actin and BSA levels were used as loading controls. B, Graph
summarizing the effect of various chemical compounds on c-synuclein secretion after the 6 h treatments. Data are shown as
mean == SD (n = 3). *p < 0.05, statistically significant differences (independent ¢ test). C, a-Synuclein-expressing cells were
treated with various chemical compounds for 6 h. Cell viability was assessed with EthD-1/Hoechst staining. Data are presented as
mean = SD (n = 3) and statistically analyzed by anindependent ¢ test. D, e-Synuclein-expressing cells were treated for 6 h with
vehicle, PSI (10 nm), H,0, (0.5 am), or MPP ™ (0.25 mw). After treatment, cell homogenates and concentrated CM were analyzed
by Western immunoblotting using C-20 antibody. Actin and BSA were used as loading controls. One representative immunoblot
from each treatment is shown. The graph is summarizing the results of three independent experiments (n = 3; mean = SD,
one-way ANOVA test followed by Tukey's test). Stauro, Staurosporin; Thapsi, thapsigargin; Meth, methionine; lono, ionomycin.

should be noted that all compounds used for manipulation of
Ca** concentration did not affect cell viability (Fig. 2C).

We next investigated whether the endocytic pathway is impli-
cated in the process of a-synuclein externalization. Weak bases
have been shown to prevent endosomal/lysosomal acidification,
ultimately resulting in osmotic swelling and vacuolation of lyso-
somes (Poole and Ohkuma, 1981). We have initially used the
lysosomotropic amine methylamine, to impair the lysosomal
pathway (Lindstedt et al., 1993; Geetha and Wooten, 2008). We
found that blockage of the lysosomal pathway by 2 mm methyl-
amine caused a profound increase in the levels of secreted
a-synuclein (percentage secreted a-synuclein, 3.4 = 0.4 and
10.8 * 2.4% for CTL and methylamine-treated cells, mean * SD;
n = 3) (Fig. 2A, B) without affecting cell viability (Fig. 2C). This
indicated that the endocytic pathway could be involved in
a-synuclein secretion. We verified this finding by using chloro-
quine (CQ), which potentially perturbs membrane trafficking
from endosomes to lysosomes (Andrei et al., 1999; Savina et al.,
2003; Yuyama et al., 2008). Treatment with 25 um CQ for 6 h,
which resulted in obvious vacuolation (supplemental Fig. S2D,
available at www.jneurosci.org as supplemental material) but not
cell death (Fig. 2C), induced a significant increase in the levels of
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Figure3.  «a-Synuclein exocytosis is mediated by membrane vesicles that resemble exosomes. A, ce-Synuclein-expressing cells

and nonexpressing CTL cells were cultured in 2% FBS for 48 h. After ultracentrifugation of the CM, the membrane (P100) and the
soluble (S100) fractions were analyzed for a-synuclein with the polyclonal C-20 antibody. B, P100 pellets were reconstituted in
RIPA buffer and analyzed by Western immunoblotting with antibodies against the proteins indicated. TfR, Transferrin receptor.
€, P100 pellet representing pure exosomes was analyzed using antibodies against c-synuclein (C-20) and Alix. D, Externalized
membrane vesicles were prepared asin A. After fixation, vesicles were negatively stained with 2% uranyl acetate and observed by
electron microscopy. Scale bar, 100 nm. E, Analysis of externalized membrane vesicles by mass spectrometry. The annotated
product ion MS? spectrum of the tryptic peptide EGVVQGVASVAEK traceable to c-synuclein is depicted. F, The P100 fraction
containing exosomes was treated with Na,C0,. Aftera 50,000 X g centrifugation, the integral membrane proteins were recovered
inthe pellet (P), whereas non-integral and lumen proteins remained in the supernatant (S). P and S were analyzed for ae-synuclein
by immunoblotting with the C-20 antibody.

secreted a-synuclein, although the increase was not as profound
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examine the effect of oxidative stress on
a-synuclein secretion, we treated a-synu-
clein-expressing cells with 0.5 um H,0,
and 025 mM 1-methyl-4-pheny-
Ipyridinium (MPP ¥) for 6 h and assessed
extracellular a-synuclein levels by immu-
noblotting using the C-20 antibody. Our
results suggest that oxidative stress does
not affect the levels of secreted a-synuc-
lein in our cell system (percentage secreted
a-synuclein, 2.44 * 0.63, 3.48 = 0.52, and
2.28 * 0.44% for CTL, H,O,-treated, and
MPP *-treated cells, mean = SD; n = 3)
(Fig. 2D). In another study (Lee et al.,
2005), it was demonstrated that protea-
some inhibition increases intracellular
and extracellular a-synuclein aggregates.
To address a role of proteasomal function
in a-synucleinsecretion, we treated a-syn-
uclein-expressing cells with the potent pro-
teasome inhibitor I (PSI) (10 nm) for 6 h.
Immunoblotting of the concentrated CM
with the C-20 antibody revealed that protea-
some inhibition did not alter extracellular
a-synuclein levels (percentage secreted
a-synuclein, 2.44 * 0.63 and 2.86 = 0.46%
for CTL and PSI-treated cells, mean = SD;
n = 3) (Fig.2D).

In these studies, we ensured that the
levels of the pharmacological stressors
used did not lead to cytotoxicity (Fig. 2C),
so as to avoid the confounding factor of
leakage of a-synuclein from dying cells.
We cannot therefore exclude the possibil-
ity that higher levels of these stressors
could impact, in addition to viability,
a-synuclein secretion.

a-Synuclein is exported in association
with membrane vesicles that have the
hallmarks of exosomes

We addressed the question of whether the
nonclassical a-synuclein secretion occurred
via externalized membrane vesicles (Cooper
and Barondes, 1990; Denzer et al., 2000; van
Niel et al., 2006). Extracellular membrane
vesicles were precipitated from the CM of
a-synuclein-expressing and nonexpressing
CTL cells by centrifugation at 100,000 X g.
The supernatant (S100) and the pellet
(P100) were analyzed by SDS-PAGE and
immunoblotting for the presence of
a-synuclein. a-Synuclein was readily de-
tected in both the soluble and the mem-

as with methylamine (percentage secreted a-synuclein, 3.6 * 0.5
and 5.0 = 0.5% for CTL and CQ-treated cells, mean = SD; n = 3)
(Fig. 2A,B). We concluded that the endocytic pathway is in-
volved in a-synuclein secretion.

Cellular stressors do not lead to alterations of

a-synuclein secretion

Oxidative stress has been shown to increase a-synuclein levels
and apoptosis in a variety of cell models (Sherer et al., 2002). To

brane fraction of the CM, suggesting that a-synuclein is secreted, at
least in part, in association with externalized membrane vesicles (Fig.
3A). Interestingly, oligomeric forms of a-synuclein were also de-
tected in the vesicle P100 fraction (supplemental Fig. S3A, available
at www.jneurosci.org as supplemental material). To ensure that
the presence of doxycycline itself or expression of a-synuclein
does not interfere with the generation of these externalized
vesicles, we analyzed whole P100 pellets from the CM of
a-synuclein expressing (—dox) and nonexpressing CTL (+dox)
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cells by highly sensitive Coomasie blue
staining and found that protein patterns
were identical (supplemental Fig. S3B,
available at www.jneurosci.org as supple-
mental material).

Recent studies have suggested that
exosome-mediated export could play a
critical role in the processing of proteins
associated with neurodegenerative dis-
eases, because (3-amyloid (AB) peptides
and prions were found to be externalized
from cells via this pathway (Fevrier et al.,
2004; Rajendran et al., 2006; Vella et al.,
2008). To biochemically analyze the ex-
tracellular «-synuclein-containing vesi-
cles, the vesicular fraction (P100) from the
CM of a-synuclein-expressing and non-
expressing CTL cells was prepared and
subjected to SDS-PAGE and immuno-
blotting. We found that P100 was positive
for the exosome-specific proteins Alix and
flotillin, as well as for Hsp70, GAPDH,
and annexin II, proteins thought to be re-
lated with exosomes (Fevrier et al., 2004;
Fauré et al., 2006; Rajendran et al., 2006;
Théry et al., 2006; Trajkovic et al., 2008)
(Fig. 3B). In addition, proteins reported
to be excluded from exosomes, such as 14-
3-3B and cofilin (Simpson et al., 2008),
were both absent from P100 (Fig. 3B)
(supplemental Fig. S3C, available at www.
jneurosci.org as supplemental material).
Unlike cofilin, which was shown to be ab-
sent from the S100 fraction, 14-3-33 was de-
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Secreted ce-synuclein induces cell death to differentiated SH-SY5Y cells. A, ce-Synuclein-expressing and uninduced

tected in the same fraction consistent with
reports (Berg et al., 2003) showing the pres-
ence of 14-3-3 family members extracellu-
larly (supplemental Fig. S3C, available at
www.jneurosci.org as supplemental mate-
rial). P100 also did not contain Rab5, a
marker for early endosomes, or the trans-
ferrin receptor, a general marker for endo-
somal recycling (Fig. 3B).

To confirm that the CM of a-synuc-

(TL cells, as well as hGAL-expressing cells, were cultured in 2% FBS for 48 h. CM was collected and applied to differentiated SH-SY5Y
cells for 24 h. Representative phase micrographs of the recipient cells are shown. Scale bar, 50 m. B, (M was prepared and used
to treat recipient SH-SY5Y cells as in A. After 24 h, the recipient cells were stained with EthD-1 (red) and Hoechst (blue). Scale bar,
50 wm. G, Percentage cell death was determined by counting the percentage ratio of EthD-1-positive cells versus the Hoechst-
positive cells. Quantitative analysis demonstrated a statistically significant increase in cell death when recipient cells were treated
with CM from a-synuclein-expressing cells (7 = 4; mean == SD, one-way ANOVA test followed by Tukey's test, *p << 0.001). D, (M
was collected from ae-synuclein-expressing cells as in A and applied to differentiated SH-SY5Y cells for 24 h. Cell death was
quantified by EthD-1/Hoechst staining. The amount of secreted c-synuclein present in the (M was determined by Western
immunoblotting and recombinant c-synuclein as standard. The average of three experiments is shown. E, (M from a-synuclein-
expressing or uninduced CTL cells were applied to cycling SH-SY5Y cells for 24 h, and the recipient cells were stained with EthD-1
and Hoechst. Quantitative analysis showed a reduction in cell viability from ce-synuclein-rich (M (n = 4; mean == SD, independent

lein-expressing cells contained exosomes, ~ {test,p <0.01).

we isolated pure exosomes from the CM

using a validated differential ultracentrifugation procedure (Th-
éry etal., 2006). Western immunoblotting revealed that purified,
Alix-positive, exosomes (P100) contained a-synuclein (Fig. 3C).
The morphological characteristics of a-synuclein-positive vesicles
were analyzed by electron microscopy. Electron micrographs of
P100 revealed uniformly rounded, cap-shaped vesicles with diame-
ters in the range of 50—140 nm (mean size, 89.1 = 2.3 nm, mean =
SEM; n = 77), further arguing for the exosomal nature of these
vesicles (Fig. 3D) (supplemental Fig. S3D, available at www.
jneurosci.org as supplemental material). These results are in agree-
ment with previous reports (Théry et al., 2002, 2006; Fauré et al.,
2006; Vingtdeux et al., 2007; Yuyama et al., 2008). The protein
composition of externalized exosomes was also analyzed using
mass spectrometry. Proteomic analysis confirmed the presence of
a-synuclein in the exosome pellet of a-synuclein-expressing cells
(Fig. 3E). In agreement with previous studies (Wubbolts et al., 2003;
Valadi et al., 2007; Simpson et al., 2008; Gonzalez-Begne et al.,

2009), LC-MS proteomic analysis of our exosome preparation
identified common, as well as cell-type-specific, proteins (supple-
mental table, available at www.jneurosci.org as supplemental
material).

Together, these data demonstrate that a-synuclein is exported
via membrane vesicles that possess the characteristics of exo-
somes. To examine the topology of a-synuclein found in the
exosomes, we treated the P100 fraction with Na,CO;. Interest-
ingly, a-synuclein was present both in the membrane (P) and the
lumen (S) of Na,COj;-treated exosomes (Fig. 3F).

Medium from a-synuclein-expressing cells is toxic to
differentiated SH-SY5Y cells and primary cortical neurons
Recombinant a-synuclein can cause cell death when added to
recipient cells (Sung et al., 2001; Zhang et al., 2005; Ahn et al.,
2006). We wanted to examine whether the physiologically se-
creted a-synuclein from our cells could affect cell viability.
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Immunodepletion of a-synuclein from the CM reduces CM-induced toxicity. A, a-Synuclein-expressing and nonexpressing CTL cells were cultured in 2% FBS for 48 h. The CM was

cleared from cell debris and immunoprecipitated with antibodies to c-synuclein or ¢-myc. Immunodepleted and control CM were applied to rat embryonic cortical neurons for 24 h. Recipient
neurons were stained with EthD-1 (red) and Hoechst (blue). Scale bar, 10 m. B, Quantification of the cell death revealed significant increases in cytotoxicity when ce-synuclein was present in the
(M. Immunodepletion of a-synuclein from the CM was protective against the death phenotype. Data are presented as mean == SD (n = 3) and analyzed with one-way ANOVA test followed by
Tukey's test; *p << 0.001 comparing CM from WT+ with CM from WT—; *p << 0.001 comparing CM from WT— with a-synuclein-immunodepleted CM (WT-/Syn-1 IP). €, Cell lysates (CL) of
a-synuclein-expressing (—dox) or nonexpressing CTL (+dox) cells were immunoprecipitated and Western immunoblotted with the Syn-1 antibody. ce-Synuclein was successfully immunopre-
cipitated. c-Synuclein presentin the CM of these cells was similarlyimmunoprecipitated. Under such conditions, the (M was almost completely depleted of ce-synuclein (CM/IP/Syn-1). As expected,
control immunoprecipitation using the A-14 c-myc antibody (CM/IP/c-myc) had no effect on a-synuclein levels.

a-Synuclein-expressing and nonexpressing CTL cells, as well as
bGAL-expressing cells, were cultured for 48 h in 2% FBS, and the
CM was applied to differentiated SH-SY5Y cells for 24 h. Appli-
cation of the CM from a-synuclein-expressing cells induced
drastic morphological changes to recipient cells, characteristic of
cellular degeneration such as process retraction and membrane
blebbing (Fig. 4A). Cell death was determined to be ~17% (per-
centage cell death, 16.8 = 0.6%, mean * SD; n = 4) (Fig. 4B, C).
Cells treated with CM from uninduced SH-SY5Y cells or bGAL-
expressing cells did not exhibit any abnormalities or cell death,
suggesting that the observed cytotoxicity could be associated with
the presence of a-synuclein in the CM. Using recombinant
a-synuclein, we estimated the concentration of a-synuclein in
the CM. Interestingly, cell death correlated with the amount of
secreted a-synuclein present in the CM (Fig. 4D). Neuronal
death was verified by assessment of caspase-3 activation in the
CM-treated differentiated SH-SY5Y cells. After treatment
with CM, the recipient cells were lysed and analyzed by West-
ern immunoblotting using an antibody against the cleaved
caspase-3. Caspase-3 activation was only evident when cells
were treated with CM containing secreted a-synuclein (sup-
plemental Fig. S4 A, available at www.jneurosci.org as supple-
mental material).

CM from a-synuclein-expressing and nonexpressing CTL
cells was also applied to cycling SH-SY5Y cells. Treatment of

cycling cells with secreted a-synuclein-containing CM for 24 h
affected cell viability (percentage cell death, 9.3 == 1.2 and 4.8 =
1.3% for CM from a-synuclein-expressing and CTL cells, respec-
tively, mean = SD; n = 4) but to a lower extent compared with
differentiated recipient sister cultures (Fig. 4E). Treatment of rat
primary cortical neurons for 24 h with secreted a-synuclein-rich
CM resulted in a profound increase in neuronal degeneration,
similar to that of differentiated SH-SY5Y cells (percentage cell
death, 20.5 = 3.8%, mean * SD; n = 3) (Fig. 5A, B). Impor-
tantly, effective immunodepletion of a-synuclein from the
CM using the a-synuclein-specific antibody Syn-1 (Fig. 5C),
before application on recipient neurons, significantly reduced
neuronal loss (Fig. 5A, B), indicating that secreted a-synuclein
is, to a great extent, responsible for the observed neurotoxic-
ity. Control immunodepletion using an irrelevant antibody
did not rescue primary neurons from the secreted
a-synuclein-induced toxicity (Fig. 5B), further arguing that
the death phenotype was attributable to the presence of
a-synuclein in the CM.

Extracellular a-synuclein is internalized by proliferating
SH-SY5Y cells but not differentiated SH-SY5Y cells or

cortical neurons

It has been reported that recombinant a-synuclein can be inter-
nalized by cells via endocytosis (Sung et al., 2001; Zhang et al.,
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2005; Ahn et al., 2006). We used *°S-
labeled CM as a source of secreted
a-synuclein to investigate whether cell-
produced externalized «-synuclein was
uptaken by recipient proliferating cells.
Labeled CM from bGAL-expressing cells
was used as control. After >°S labeling of
intracellular a-synuclein (Fig. 6A, left),
cells were grown in fresh medium for 16 h,
and the CM containing secreted labeled
a-synuclein was applied onto proliferat-
ing SH-SY5Y cells for 24 h. After a 2 min
treatment with trypsin—EDTA to remove
nonspecific surface protein binding, cells
were lysed and immunoprecipitated with
Syn-1 antibody. Autoradiography dem-
onstrated that labeled a-synuclein could
indeed be uptaken by recipient cycling
cells (Fig. 6 A, right). The uptake of extra-
cellular a-synuclein did not result in the
formation of intracellular inclusions as
was confirmed by negative Thioflavin S
staining (data not shown). Interestingly,
inhibition of the lysosomal pathway of re-
cipient cells by 1 mm NH,CI for 24 h ex-
acerbated the toxicity of CM from
a-synuclein-expressing cells, suggesting
that uptaken a-synuclein may be de-
graded by the lysosome (supplemental
Fig S4B, available at www.jneurosci.org
as supplemental material). Subcellular
fractionation demonstrated the pres-
ence of labeled a-synuclein in the mi-
crosomal fraction of the recipient cells
(data not shown). To investigate
whether neurons also uptake secreted
a-synuclein, we applied the CM con-
taining labeled a-synuclein to differen-
tiated SH-SY5Y cells and rat cortical
neurons. Unlike proliferating cells, cell-
produced labeled a-synuclein could not
be detected inside neuronal cells even
after prolonged film exposure (Fig. 6 B).
To rule out the possibility that the levels
ofinternalized a-synuclein were too low
to be detected, we applied “cold” CM
from «-synuclein-expressing cells on
rat cortical neuronal cultures for 16 h
and checked for the presence of inter-
nalized human a-synuclein. Lysates
(600 ug) were immunoprecipitated
with the Syn-1 antibody and Western
blotted with the human-specific LB 509
antibody. Internalization of human
a-synuclein was not evident even under
these conditions (supplemental Fig.
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Figure 6. Externalized a-synuclein is uptaken by proliferating SH-SY5Y cells but not neuronal cells. 4, a-Synuclein-
expressing (—dox) or nonexpressing CTL (+dox) cells and bGAL-expressing (bGAL-dox) cells were *°S labeled. CM from
the labeled cells, containing labeled secreted proteins (see Materials and Methods), was applied to recipient cycling
SH-SY5Y cells. Endogenously expressed (left) or uptaken (right) labeled ce-synuclein was detected in recipient cell extracts
by gel autoradiography after immunoprecipitation of the cell lysates with Syn-1 antibody. B, As in A, but c-mycimmuno-
precipitation was used as a negative control and CM from cells, containing abundant labeled secreted proteins, was applied
to both recipient proliferating (prol) and differentiated (diff) SH-SY5Y cells. The recipient cells were either treated with
trypsin—EDTA (+trypsin) or washed thoroughly (—trypsin). Gels were exposed for 30 d. C, Left, BV2 cell lysate was
analyzed for the presence of a-synuclein by Syn-1immunoblotting compared with cells expressing (— dox) or nonexpress-
ing (+dox) a-synuclein. CM from a-synuclein-expressing cells (WT-dox) was collected and applied to BV2 cells. Uptake of
a-synuclein by recipient BV2 cells was assessed in the cell lysates by Western immunoblotting using the Syn-1 antibody.
Actin was used as loading control. Right, a-Synuclein-expressing (—dox) or nonexpressing CTL (+dox) cells were *S
labeled (**S-labeled WT CL). CM from the labeled cells was applied to recipient cycling BV2 cells, which were subsequently
treated with trypsin—EDTA (3*S-CM-treated BV2 cells). Cell-produced (first and second lanes) or uptaken labeled
a-synuclein (third and fourth lanes) was detected in cell extracts by gel autoradiography afterimmunoprecipitation of the
cell lysates with Syn-1 antibody. c-mycimmunoprecipitation was used as a negative control (fifth lane).

S4C, available at www.jneurosci.org as supplemental mate-  ine whether naturally secreted a-synuclein could be uptaken by
rial). However, a very small amount of uptaken a-synuclein  microglia cells, murine BV2 microglia, which normally do not
could be detected in differentiated SH-SY5Y when trypsin~-EDTA  express a-synuclein (Fig. 6C, left), were treated with CM rich in
treatment was replaced by extensive (three times) washingwith cold ~ a-synuclein or labeled a-synuclein for 24 h. Uptaken a-synuclein

PBS (Fig. 6B).

was assessed by immunoprecipitation and Western blotting. As

It has been reported that recombinant a-synuclein can acti-  depicted in Figure 6C, BV2 cells did not uptake extracellular
vate microglia cells (Zhang et al., 2005; Su et al., 2008). To exam- a-synuclein.
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Figure7. Extracellular a-synuclein oligomeric and monomeric species are presentin (M. c-Synuclein-expressing (WT—) and
nonexpressing CTL (WT+) cells were cultured in 2% FBS for 48 h. The (M was cleared from cell debris, concentrated, and
fractionated by SEC. The cell lysates (CL), the concentrated CM, and the SEC fractions corresponding to WT+ and WT— cells were
further analyzed for ce-synuclein with the Syn-1 antibody. Arrows show c-synuclein present in LMW fractions, and arrowhead
shows a-synuclein present in HMW fractions.
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Figure 8. Treatment of secreted a-synuclein-rich CM with oligomer-interfering compounds reduces C(M-induced toxicity.
A, a-Synuclein-expressing cells were cultured in 2% FBS for 48 h. The (M was cleared from cell debris and equal parts were treated
with vehicle, CR (0.4 um), or SI (0.4 wum) for 4 h at 4°C. (M was then concentrated and analyzed for c-synuclein with the C-20
antibody. After treatment, the levels of secreted ce-synuclein oligomers were quantified (7 = 3; mean == SD, one-way ANOVA test,
*p < 0.01). B, (M was collected and treated as in A. After treatment with the compounds, CM was applied to differentiated
SH-SY5Y cells for 24 h. Survival was assayed by EthD-1/Hoechst staining. Data are shown as mean = SD (n = 3). Statistical
analysis was performed using the one-way ANOVA test followed by Tukey’s test (*p << 0.001 comparing (M, WT+ with CM,
WT—; *p < 0.001 comparing CM, WT— with CM, WT—/CR or CM, WT—/Sl).
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clein oligomeric species were readily de-
tected in the CM of a-synuclein-
expressing cells after concentration and
immunoblotting with the polyclonal C-20
antibody (Figs. 1 B, 7). These results were
confirmed using the monoclonal Syn-1
antibody (data not shown). To provide
additional evidence for the identity of
these species, the concentrated CM from
a-synuclein-expressing and nonexpress-
ing CTL cells was analyzed by SEC (sup-
plemental Fig. S5A, available at www.
jneurosci.org as supplemental material).
SEC fractions were then subjected to SDS-
PAGE and immunoblotting for the pres-
ence of a-synuclein using the C-20
antibody. Using this technique, HMW
(>580 kDa) and LMW (<38 kDa)
a-synuclein species, migrating under re-
ducing conditions as (potentially) tet-
rameric and monomeric a-synuclein,
respectively, were effectively identified and
separated (Fig. 7). Similar results were ob-
tained with the Syn-1 antibody (data not
shown).

Treatment of CM with
oligomer-interfering compounds
partially rescues recipient cells from
a-synuclein-induced toxicity

To investigate whether extracellular a-sy-
nuclein oligomers are critical for the
observed secreted «-synuclein-induced
cytotoxicity, we treated the CM with two
oligomer-interfering compounds, CR and
SI. CR has been shown to effectively dis-
rupt preformed oligomeric/aggregated
forms of various proteins, including mu-
tant a-synuclein or Huntingtin (Carter
and Chou, 1998; Sanchez et al., 2003;
Emmanouilidou et al., 2010). SI, a cell-
permeable sugar, can successfully neutral-
ize the adverse effects of A oligomeric
species, possibly by stabilizing a nontoxic
conformation of Af3 oligomers (McLaurin et
al., 2000; Townsend et al., 2006). CM
from a-synuclein-expressing cells and
nonexpressing CTL cells was treated with
0.4 um CR or SI for 4 h at 4°C. SDS-PAGE
and immunoblotting analysis of such CM
after concentration revealed that, consis-
tent with previous findings, treatment of
the CM with CR caused an obvious reduc-
tion of extracellular a-synuclein oligo-
meric species and a simultaneous increase
of monomeric a-synuclein, possibly at-
tributable to the collapse of oligomers to

Both oligomeric and monomeric monomers (Fig. 8A). No change in the levels of the a-synuclein
a-synuclein species are found extracellularly oligomers was observed after SI treatment of the CM (Fig. 8A). In
It has been reported that the presence of soluble oligomers of  addition, CR or SI treatments did not affect the membrane integrity
a-synuclein may account for the pathogenic actions of a-syn-  of exosomes present in the CM (supplemental Fig. S5B, available at

uclein, although the mechanism through which this occurs  www.jneurosci.org as supplemental material). When CR- or SI-
remains unresolved (Vekrellis et al., 2004). Interestingly, a-synu-  treated CM was applied to differentiated SH-SY5Y cells for 4 h, this
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resulted in a significant, ~50%, reduction of A
toxicity from secreted a-synuclein (Fig. 8 B).
When CM was treated with chiroinositol
(CI), an inactive isomer of SI, there was
no promotion of survival of the recipi-
ent cells (Fig. 8 B), indicating that the
rescue effect of SI was indeed related
with its anti-oligomeric action. These
data suggest that naturally secreted
a-synuclein oligomers are, at least in
part, responsible for the a-synuclein-
induced cytotoxity in recipient cells.

SEC fractions containing either HMW
or LMW secreted a-synuclein species
reduce the viability of differentiated
SH-SY5Y cells

Our data using CR and SI supported the
notion that a-synuclein oligomers could
be involved in secreted a-synuclein-
induced toxicity. Because we detected sev-
eral distinct a-synuclein species in the
CM (Fig. 7), we wanted to examine
whether the toxicity observed could be at-
tributed to particular a-synuclein species.
For this purpose, a-synuclein-expressing
and nonexpressing CTL cells were cul-
tured in 2% FBS for 48 h, and the CM was
concentrated and analyzed by SEC. HMW and LMW fractions
containing a-synuclein were pooled, buffer exchanged, and ly-
ophilized. After their reconstitution in growth medium, HMW
and LMW fractions were applied separately on differentiated
SH-SY5Y cells for 48 h. Interestingly, both HMW and LMW
fractions induced cell degeneration to recipient cells (Fig. 9A)
almost to the same extent (percentage cell death, 8.9 = 0.5 and
11.8 = 1.6% for HMW and LMW fractions, respectively,
mean * SD; n = 3) (Fig. 9B).

Figure 9.

Discussion

Because of the lack of an ER signaling peptide from its sequence,
a-synuclein was considered to be exclusively localized and exert
its pathogenic effects intracellularly. However, there is emerging
evidence suggesting that a-synuclein can be secreted in the extra-
cellular space, thereby affecting the homeostasis of neighboring
neurons possibly by a neuron-to-neuron transmission mecha-
nism (Lee, 2008; Desplats et al., 2009). In the current study, using
an inducible WT a-synuclein SH-SY5Y cell line, we investigated
the mechanism of a-synuclein secretion and the effects of this
secretion in the homeostasis of recipient neurons. Importantly,
the levels of secreted a-synuclein (2—-12 nm) in our cell system
were similar to those reported in biological fluids (Borghi et al.,
2000; El-Agnaf et al., 2003). Our data strongly support that
a-synuclein is physiologically secreted in the extracellular space
in association with membrane vesicles. The protein composition,
morphology, and size of these vesicles were found to be similar to
exosomes, small (40—-100 nm), endosome-derived vesicles se-
creted by a multitude of cell types during fusion of multivesicular
bodies with the plasma membrane. In support of this idea, im-
pairment of the endocytic pathway by weak bases resulted in a
profound increase in a-synuclein secretion. Exosome-mediated
exocytosis is a calcium-dependent process (Raposo et al., 1997;
Savina et al., 2003, 2005). By using Ca?t ionophores/chelators,
we have found that a-synuclein secretion is greatly affected by
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% cell death

LMW, WT-

Isolated secreted ce-synuclein oligomeric and monomeric species decrease the viability of differentiated SH-SY5Y
cells. A, a-Synuclein-expressing and uninduced CTL cells were cultured in 2% FBS for 48 h. After removal of cell debris, the CM was
fractionated by SEC. Extracellular HMW and LMW a-synuclein-containing species were collected, lyophilized, and applied to
differentiated SH-SY5Y cells for 48 h. Representative phase micrographs are shown. Scale bar, 50 wm. B, Quantification graph
presenting the increase in cell death after application of extracellular HMW or LMW -synuclein species for 48 h (n = 3; mean =
SD, one-way ANOVA test followed by Tukey's test, *p << 0.001, **p = 0.001).

changes in intracellular, but not extracellular, calcium concentra-
tion. However, we cannot exclude the possibility that alternative
mechanisms for a-synuclein secretion, such as secretory vesicle-
mediated exocytosis, may also operate in our cell system. Indeed,
part of intracellular a-synuclein was found previously to be lo-
calized in secretory vesicles (Lee et al., 2005).

Exosomes are considered to be biologically active entities that
can interact with recipient cells in a variety of ways, such as en-
docytosis, receptor-ligand binding, attachment, or fusion with
the plasma membrane (Théry et al., 2002; Vincent and Magee,
2002; Keller et al., 2006; van Niel et al., 2006). Alternatively, ex-
tracellular degradation of the exosomal membrane by proteases
or lipases could allow the release of proteins from the exosomal
lumen to the extracellular matrix (Mehul and Hughes, 1997;
Hughes, 1999). Initially, the release of exosomes was considered
to be a cellular mechanism of clearing unnecessary proteins (Pan
etal., 1985; Johnstone et al., 1987; van Niel et al., 2006; Vella et al.,
2008). The novel finding that a-synuclein can be exported from
the cell via the exosomal pathway provides a common pathway
for the delivery of a potentially toxic protein in the extracellular
space, thereby spreading its pathogenic actions in neighboring
healthy cells. Interestingly, exosomes bearing prions were effi-
cient initiators of prion propagation in uninfected recipient cells
and produced prion disease when inoculated into mice (Fevrier
etal., 2004; Vellaetal., 2007, 2008). B-Amyloid peptides of intra-
cellular origin were found to be released in association with exo-
somes (Rajendran et al.,, 2006). Moreover, cultured cortical
neurons can secrete exosomes (Fauré et al., 2006). In this context,
our data support the Trojan Horse hypothesis in which neurode-
generation results from the progressive propagation of patho-
genic events, cell by cell, throughout brain areas (Caughey, 2000;
Ghidoni et al., 2008; Lee, 2008). The finding that grafted healthy
neurons can gradually develop a-synuclein pathology as host
neurons many years after transplantation provides additional
support for a prion-like mechanism for the spread of PD
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(Brundin et al., 2008). However, it remains unclear whether in-
ternalization of released a-synuclein or some other factor is re-
sponsible for the development of a-synuclein deposits in the
transplanted cells.

We show that CM containing soluble secreted a-synuclein
can cause cell death to healthy recipient cells that is associated
with caspase-3 activation. Degeneration was greatly amplified
when the recipient cells have a neuronal phenotype, such as dif-
ferentiated SH-SY5Y cells or primary cortical neurons. The cell
death was associated with secreted a-synuclein because immu-
nodepletion of a-synuclein from the CM significantly amelio-
rated the cytotoxic effects. Importantly, death correlated with
extracellular a-synuclein concentration.

CM from WT-expressing SH-SY5Y cells was found to contain
soluble monomeric and oligomeric a-synuclein. We isolated
HMW and LMW secreted a-synuclein species and evaluated
their toxicity. Both species decreased the viability of recipient
differentiated neuroblastoma cells. Our data indicate that pres-
ence of either cell-derived HMW or LMW a-synuclein species
extracellularly can decrease cell viability, suggesting that high
n-oligomeric or low n-monomeric a-synuclein could act in a
synergistic way to trigger neurodegeneration. Importantly, the
molar amount of HMW a-synuclein was much lower than that of
LMW a-synuclein, suggesting that, on a molar basis, HMW oli-
gomeric a-synuclein exerted greater cytotoxicity.

Further supportinga critical role for the extracellular a-synuc-
lein oligomers, treatment of the CM with oligomer-interfering
compounds, such as CR and SI, partially rescued the recipient
cells from a-synuclein-induced toxicity. In a number of studies,
CR has been used to disrupt S-sheet-rich species, including
a-synuclein, huntingtin, and AB (Heiser et al., 2000; Sdnchez et
al., 2003; Inouye and Kirschner, 2005). Indeed, CR dissociated
the a-synuclein oligomeric species contained in the CM. Al-
though CR did not affect the integrity of the exosomes in the CM,
we cannot exclude the possibility that CR may also act by pre-
venting the interaction of exosomes with the plasma membrane.
The mechanism by which SI interacts with B-sheet conforma-
tions is not known. In our hands, SI did not disrupt the extracel-
lular a-synuclein oligomeric species, nor did it affect exosomal
integrity. This is consistent with our previous finding that SI does
not disrupt intracellular a-synuclein oligomeric species despite
its survival-promoting effects (Vekrellis et al., 2009). It has been
hypothesized that SI could stabilize a nontoxic oligomeric con-
formation preventing the production of the more toxic protofi-
brils (McLaurin et al., 2000; Townsend et al., 2006).

Critical to the understanding of the toxic effects of secreted
a-synuclein is the issue of whether it is internalized by recipient
cells. In our hands, secreted a-synuclein appears to be readily
uptaken by cycling SH-SY5Y cells but not to any significant de-
gree by neuronal cells or microglia. This difference may point to
cell-type-specific mechanisms of uptake. This may be especially
applicable to oligomeric species, which, because of their low
abundance, cannot be detected by autoradiography in our hands.
Recent evidence suggests that a-synuclein uptake by neuronal
cells depends highly on its fibrilarization state. Furthermore, cat-
ionic liposomes have been shown to be necessary for the delivery
of fibrillar recombinant a-synuclein inside neuronal cells (Luk et
al., 2009). Because we can only detect soluble but not fibrilar
a-synuclein species in the medium of our cells, it is possible that
these do not efficiently enter recipient neurons. Lee et al. (2008)
have also suggested that aggregated a-synuclein is internalized
more efficiently, and via a different pathway, compared with the
monomeric protein. However, caution is needed in the interpre-
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tation of these results, because they are based on very high
amounts of the recombinant protein.

Although we cannot exclude the possibility that secreted
a-synuclein exerts its toxic effects by uptake into recipient cells,
in which it could impact cellular homeostasis in various ways, for
example via disruption of protein degradation pathways
(Sanchez et al., 2003; Inouye and Kirschner, 2005), the fact that
these effects are more pronounced in neuronal cells in which
limited uptake is detected raises the possibility that they are me-
diated extracellularly at the level of cell membrane. It is tempting
to speculate that extracellular secreted a-synuclein could trigger
degeneration via a specific signaling process. This process could
be initiated by an interaction of secreted a-synuclein with the
plasma membrane, possibly through a specialized, so far uniden-
tified, receptor. Alternatively, and according to the amyloid pore
model, the interaction of secreted a-synuclein with cellular
membranes could result in pore formation, which greatly com-
promises membrane integrity, and lead to neuronal degeneration
via the creation of significant alterations in the equilibrium of
ions and small metabolites between the cytoplasm and the extra-
cellular space (Heiser et al., 2000; Volles et al., 2001; Volles and
Lansbury, 2003). In support of this idea, in a number of studies
pre-formed a-synuclein protofibrils generated from recombi-
nant a-synuclein have been shown to cause neurotoxicity when
added to the culture medium of healthy cells (El-Agnaf et al.,
1998; Du et al., 2003; Zhang et al., 2005).

In conclusion, we demonstrate here that a-synuclein is se-
creted from neuronal cells in a calcium-dependent manner by
exosomes and that, at physiological concentrations, it can impact
theviabilityofneighboringneurons. Oligomericsecreted a-synuc-
lein species are in part responsible for these effects. These findings
provide an understanding of the mechanism of spread of pathol-
ogy in PD and offer the opportunity to modulate this process at
either the level of secretion of a-synuclein or the level of its im-
pact on neighboring cells.
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Supplemental material
Figure S1

(A) The presence of a-synuclein in the CM is not due to cell membrane leakage. SH-SYSY cells were

cultured in the presence or absence of dox for 8 days in 10 % FBS. After that period, the culture medium
was replaced with 2 % FBS medium and the CM was collected after 48 hours. Cell lysates (CL) and
concentrated CM (CM) were analyzed by western immunoblotting with antibodies to PKCa, 19S Rpt6
proteasome subunit and a-synuclein. ERK and BSA levels were used as loading controls. (B) BFA

disrupts the Golgi compartment. a-synuclein-expressing cells were treated with 2 pg/ml BFA or vehicle

for 6 hours. The Golgi compartment was labeled by immunostaining using anti-GM130 antibody (red).
Nuclei were stained with Hoechst dye (blue). After staining, cells were visualized with confocal

microscopy. Scale bar: 10 um. (C) a-Synuclein secretion is increased in elevated temperatures. o-

synuclein-expressing cells were cultured in 2 % FBS at 37 or 40 °C (top) or 37 or 25 °C (bottom) for 6
hours. Cell homogenates and concentrated CM were analyzed by Western immunoblotting with
antibodies to a-synuclein and Hsp70. Actin and BSA were used as loading controls. Data are presented as

the mean + SD and analyzed by an independent t-test (n = 3, p < 0.05). (D) a-Synuclein secretion is

affected by changes in serum content. a-synuclein-expressing cells were cultured in 0, 2, and 5 % FBS

for 6 hours. Differences in the levels of % secreted a-synuclein following serum deprivation are shown (n
=3, mean = SD, independent t-test, *p < 0.0005).
Figure S2

(A) CytoD treatment results in retraction of cell processes. a-synuclein expressing cells were treated with

2 uM CytoD or vehicle for 6 hours. Cells were stained with phalloidin conjugated to Alexa 633 and

visualized by fluorescence microscopy. Scale bar: 10 um. (B) Staurosporin inhibits PKC phosphorylation.

a-synuclein expressing and non expressing CTL cells were treated with 100 nM staurosporin for 6 hours.
Cell lysates and concentrated CM were subjected to SDS-PAGE and immunoblotting using antibodies

against a-synuclein, pMARCKS and PKCa. y-tubulin and BSA are shown as loading controls. (C) CQ



treatment causes vacuolation in SHSYSY cells. a-synuclein expressing cells (WT-) were treated with 25

uM CQ or vehicle, for 6 hours. Characteristic photomicrographs are shown. Scale bar: 50 um. (D)

Ionomycin-induced secretion of oligomeric and monomeric a-synuclein species. Representative

immunoblot showing the levels of extracellular oligomeric and monomeric a-synuclein following 6-hour
treatment with ionomycin (100 nM).
Figure S3

(A) o-synuclein oligomers are present in exosomes. a-synuclein expressing cells (-dox) and non

expressing CTL cells (+dox) were cultured in 2 % FBS for 48 hours. After ultracentrifugation of the CM,
the membrane (P100) and the soluble fraction (S100) were analyzed for a-synuclein with the polyclonal
C-20 antibody. A low (left) and a high (right) exposure of the immunoblot are shown. (B) a-synuclein
expressing cells (-dox) and non expressing CTL cells (+dox) were cultured in 2 % FBS for 48 hours.
After ultracentrifugation of the CM, the membrane (P100) pellets were reconstituted in RIPA buffer and
analyzed by SDS-PAGE. Protein bands were stained by SimplyBlue Safestain (Invitrogen). (C) 14-3-33

and cofilin are excluded from exosomes. CM was ultracentrifuged as in (A). The membrane P100

fraction, containing exosomes, and the soluble S100 fraction were analyzed by western immunoblotting

with antibodies against 14-3-3f and cofilin. (D) Frequency distribution of exosomes isolated from

SHSYSY cells expressing a-synuclein. A total of 77 vesicles were measured (mean = SEM = §9.1 + 2.3,

minimum value = 48.8 nm, maximum value = 141.4 nm, Skewness = 0.263, Kurtosis = -0.005).
Statistical analysis was performed using SPSS 15.0 software.
Figure S4

(A) Caspace-3 is activated in the recipient cells following application of a-synuclein-rich CM. CM was

collected (see Materials and Methods) from a-synuclein-expressing and uninduced CTL cells, as well as
bGAL-expressing cells and applied to differentiated SH-SYSY cells for 24 hours. The recipient cells were
harvested, lysed and analyzed for the presence of cleaved caspace-3 by western immunoblotting using an

antibody that specifically recognizes processed forms of caspase 3. Actin is used as loading control.



Staurosporin (2.5 uM for 16 hours) was applied at bGAL expressing cells as a positive control for

caspase-3 cleavage. (B) Lysosome inhibition exacerbates CM-induced cytotoxicity. Cycling SH-SY5Y

cells were treated with CM from a-synuclein expressing (WT-) or non expressing CTL (WT+) cells in
the absence or the presence of the lysosomal inhibitor, NH4CI (1 mM), for 24 hours. Cell death was
determined using EthD-1 / Hoechst staining. Data are shown as mean + SD (n = 3). Statistical analysis
was performed using the one way ANOVA test followed by Tukey’s test (*p < 0.05, comparing CM,
WT+ with CM, WT-, #p < 0.05 comparing CM, WT- to CM, WT-/NH4Cl, NS, no significant difference

comparing CM, WT+ to CM, WT+ / NH4Cl). (C) Rat cortical neurons do not uptake secreted -

synuclein. Cell lysates (CL) from a-synuclein-expressing (-dox) or non-expressing CTL (+dox) cells
were immunoprecipitated with the Syn-1 antibody. a-synuclein was detected by western immunoblotting
using the human specific LB509 antibody. The CM from these cells, containing secreted proteins, was
applied to rat cortical neurons. Following cell lysis, a-synuclein was immunoprecipitated from cell
extracts with Syn-1 antibody and precipitates were analyzed for the presence of a-synuclein by western
immunoblotting using the human specific LB 509 antibody.

Figure S5

(A) Chromatographic profile of concentrated CM following gel filtration analysis. a-synuclein-

expressing (WT-) and non-expressing CTL (WT+) cells were cultured in 2 % FBS for 48 hours. The CM
was cleared from cell debri, concentrated and analyzed by SEC as described in Materials and Methods. A
representative chromatograph is shown. Protein markers are: blue dextran (2 MDa), thyroglobulin (669
kDa), apoferritin (443 kDa), alcohol dehydrogenase (150 kDa), carbonic anydrase (29 kDa), cytochrome

c (12.5 kDa). (B) CR and SI do not compromise the membrane integrity of exosomes in the CM. CM

from a-synuclein- expressing cells was treated with 0.4 uM CR or SI for 4 hours at 4 °C. Following
treatment, CM was centrifuged at 100,000 xg for 2 hours at 4 °C to pellet exosomes. The pellet was
diluted in 25 pl of 2 % PFA / 100 mM Na,HPO, and further analyzed by electron microscopy for the

presence of intact exosomes.



Supplementary Table

Proteomic results frpm LC-MS/MS analysis of exosomes from SH-SYS5Y cells expressing o-synuclein.

Proteins of SH-SY5Y exosomes were isolated as described in Materials and Methods section, trypsinized
and analyzed by mass spectrometry. The experiment was repeated three times. All proteins identified are

shown in the table.
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SUPPLEMENTARY TABLE

Accession No | Protein name Location Pathway
Q16512 Serine/threonine protein kinase N1/ Protein | cytoplasm activation of JUN kinase
kinase C-like 1
Q8N568 Serine/threonine protein kinase DCLK?2 / cytoplasm protein phosphorylation
CAM kinase-like 2
Q9H792 Tyrosine protein kinase SgK269 / Sugen cytoplasm protein phosphorylation
kinase 269
P23443 Ribosomal protein S6 kinase beta-1 cytoplasm protein phosphorylation
P27448 MAP/microtubule affinity-regulating kinase | cytoplasm microtubule-based
3 movement
Q2KJY2 Kinesin-like protein KIF26B cytoplasm microtubule-based
movement
Q8WXXO0 Dynein heavy chain 7, axonemal cytoplasm microtubule-based
movement
QOVDDS Dynein heavy chain 14, axonemal cytoplasm microtubule-based
movement
Q8TE73 Dynein heavy chain 5, axonemal cytoplasm microtubule-based
movement
043237 Cytoplasmic dynein 1 light intermediate cytoplasm microtubule-based
chain 2 movement
Q96NW7 Leucine-rich repeat-containing protein 7 cytoplasm unknown
Q8ND23 Leucine-rich repeat-containing protein 16B | cytoplasm unknown
Q9CO0D2 Leucine-rich repeat-containing protein cytoplasm unknown
KIAA1731
075334 Liprin-alpha-2 cytoplasm cell-matrix adhesion
Q96JP2 Putative myosin-XVB cytoplasm unknown
P12882 Myosin-1 cytoplasm filament aggregation
Q6Q759 Sperm-associated antigen 17 cytoplasm microtubule organization
Q92619 Minor histocompatibility protein HA-1 cytoplasm Precursor of the
histocompatibility antigen
HA-1
075167 Phosphatase and actin regulator 2 cytoplasm phosphatase and actin
regulation
014513 Nck-associated protein 5 cytoplasm signal transduction
P20930 Filaggrin cytoplasm calcium binding / filament
aggregation
A1L390 Pleckstrin homology domain-containing cytoplasm Rho protein signal
family G member 3 transduction
060292 Signal-induced proliferation-associated 1- cytoplasm GTPase activator
like protein 3
P69905 Hemoglobin subunit alpha cytoplasm oxygen transport
014559 TC10/CDC42 GTPase-activating protein cytoplasm intracellular trafficking
060890 Oligophrenin-1 cytoplasm Pho GTPase activation
POC2W1 F-box/SPRY domain-containing protein 1 cytoplasm protein ubiquitination
Q70EL4 Ubiquitin carboxyl-terminal hydrolase 43 cytoplasm processing of ubiquitinated
proteins
P40818 Ubiquitin carboxyl-terminal hydrolase 8 cytoplasm processing of ubiquitinated
proteins
Q70CQ4 Ubiquitin carboxyl-terminal hydrolase 31 cytoplasm processing of ubiquitinated
proteins
000458 Interferon-related developmental regulator 1 | cytoplasm differentiation
Q99490 Arf-GAP, GTPase, ANK repeat and PH cytoplasm protein transport
domain-containing protein 2
QI9BTCO Death-inducer obliterator 1 cytoplasm apoptosis

10



QIONYFO0 Dapper homolog 1 cytoplasm Wnt signalling
Accession No | Protein name Location Pathway
Q14765 Signal transducer and activator of cytoplasm transcription regulation
transcription 4
P51911 Calponin-1 cytoplasm actin binding
Q8WWKO9 Cytoskeleton-associated protein 2 cytoplasm cytoskeleton
Q8N3K9 Cardiomyopathy-associated protein 5 cytoplasm cytoskeleton
075147 Obscurin-like protein 1 cytoplasm cytoskeleton
094833 Bullous pemphigoid antigen 1, isoforms cytoplasm cytoskeleton
6/9/10 / Dystonin
Q03001 Bullous pemphigoid antigen 1, isoforms cytoplasm cytoskeleton
1/2/3/4/5
Q12955 Ankyrin-3 cytoplasm cytoskeleton
Q01484 Ankyrin-2 cytoplasm cytoskeleton
075122 CLIP-associating protein 2 cytoplasm cytoskeleton
QI96PK2 Microtubule-actin cross-linking factor 1, cytoplasm cytoskeleton
isoform 4
P20929 Nebulin cytoplasm cytoskeleton
Q01082 Spectrin beta chain, brain 1 cytoplasm cytoskeleton
Q8NEF9 Serum response factor-binding protein 1 cytoplasm transcription regulation
Q8Wz42 Titin/connectin nucleus / cytoplasm protein phosphorylation /
cytoskeleton
Q8WYP5 AT-hook-containing transcription factor 1 nucleus / cytoplasm transcription regulation
QY96EB1 Elongator complex protein 4 nucleus / cytoplasm transcription regulation
P15822 Zinc finger protein 40 Nucleus transcription regulation
Q86UP3 Zinc finger homeobox protein 4 Nucleus transcription regulation
060281 Zinc finger protein 292 Nucleus transcription regulation
P10071 Zinc finger protein GLI3 Nucleus transcription regulation
ATE2V4 Zinc finger SWIM domain-containing Nucleus transcription regulation
protein KIAA0913
Q86VM9 Zinc finger CCCH domain-containing Nucleus unknown
protein 18
QINYV4 Cell division cycle 2-related protein kinase | Nucleus protein phosphorylation
7
Q5VT06 Centrosome-associated protein 350 Nucleus microtubule organization
QI9H7N4 Splicing factor, arginine/serine-rich 19 Nucleus mRNA processing
QoUQ35 Serine/arginine repetitive matrix protein 2 Nucleus mRNA processing
P38159 Heterogeneous nuclear ribonucleoprotein G | Nucleus mRNA processing
Q96191 E1A-binding protein p400 Nucleus chromatin modification
Q86U70 LIM domain-binding protein Nucleus transcription regulation
Q15652 Probable JmjC domain-containing histone Nucleus transcription regulation
demethylation protein 2C
Q77589 Protein EMSY Nucleus transcription regulation
QINSC2 Sal-like protein 1 Nucleus transcription regulation
Q12905 Interleukin enhancer-binding factor 2 Nucleus transcription regulation
Q15424 Scaffold attachment factor B1 Nucleus transcription regulation
Q14938 Nuclear factor 1 X-type Nucleus transcription regulation
P46013 Antigen KI-67 Nucleus cell cycle
Q6KC79 Nipped-B-like protein Nucleus cell cycle
Q8WWL7 G2/mitotic-specific cyclin-B3 Nucleus cell cycle
Q5UIPO Telomere-associated protein RIF1 Nucleus cell cycle
QONTIS Sister chromatid cohesion protein PDS5 Nucleus cell cycle
homolog B
Q13428 Treacle protein Nucleus nucleolar-cytoplasmic
transport
Q8IVLI Neuron navigator nucleus unknown
060287 Nucleolar pre-ribosomal-associated protein | nucleus unknown

11
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Q8TE9%6 ATP-dependent RNA helicase DQX1 nucleus unknown
Accession No | Protein name Location Pathway
Q86WZ0 HEAT repeat-containing protein 4 nucleus unknown
Q8TCO05 Nuclear protein MDM 1 nucleus unknown
P98161 Polycystin-1 intracellular membrane | cell-matrix adhesion
000592 Podocalyxin-like protein 1 intracellular membrane | cell adhesion
QI9NZR2 Low-density lipoprotein receptor-related intracellular membrane | receptor-mediated
protein 1B endocytosis
P98164 Low-density lipoprotein receptor-related intracellular membrane | receptor-mediated
protein 2 endocytosis
Q13936 Voltage-dependent L-type calcium channel | intracellular membrane | calcium transport
subunit alpha-1C
Q00975 Voltage-dependent N-type calcium channel | intracellular membrane | calcium transport
subunit alpha-1B
QI9P0X4 Voltage-dependent T-type calcium channel | intracellular membrane | calcium transport
subunit alpha-11
060840 Voltage-dependent L-type calcium channel | intracellular membrane | calcium transport
subunit alpha-1F
Q14028 Cyclic nucleotide-gated cation channel beta | intracellular membrane | ion transport
Q14CX5 Transmembrane protein 180 intracellular membrane | unknown
QO6UXYS Transmembrane channel-like protein intracellular membrane | ion transport
Q9UMZ3 Phosphotidylinositol phosphatase PTPRQ intracellular membrane | protein amino acid
dephosphorylation
060353 Frizzled-6 intracellular membrane | Wnt signalling
Q6UX68 XK-related protein 5 intracellular membrane | Unknown
Q96Q45 Amyotrophic lateral sclerosis 2 intracellular membrane | Unknown
chromosomal region candidate gene 4
protein
P69849 Nodal modulator 3 intracellular membrane | unknown
Q4KWHS 1-phosphatidylinositol-4,5-bisphosphate intracellular membrane | lipid degradation
phosphodiesterase eta-1
Q6P1J6 Phospholipase B1 (membrane-associated) intracellular membrane | lipid degradation
014828 Secretory carrier-associated membrane intracellular membrane | vesicle-mediated transport
protein 3
Q99805 Transmembrane 9 superfamily member 2 endosome membrane protein transport
Q9HS598 Vesicular inhibitory amino acid transporter / | vesicle membrane neurotransmitter transport
Vesicular GABA transporter
Q5T5U3 Rho GTPase-activating protein 21 vesicle membrane / GTPase activator
cytoplasm
P02765 Alpha-2-HS-glycoprotein precursor Secreted phagocytosis / insulin
receptor signalling
P17948 Vascular endothelial growth factor receptor | Secreted differentiation
1
P01023 Alpha-2-macroglobulin Secreted protease inhibition
P02788 Lactotransferrin / Lactoferrin (precursor) Secreted iron transport / cell
proliferation
P02787 Serotransferrin Secreted iron transport / cell
proliferation
Q92954 Proteoglycan 4 Secreted cell proliferation
P56706 Protein Wnt-7b Secreted Wnt signalling
P02771 Alpha-fetoprotein Secreted pl. membrane transport
P01024 Complement C3 Secreted G-protein coupled receptor
signalling / complement
activation
P01009 Alpha-1-antitrypsin precursor Secreted protease inhibition
P20848 Alpha-1-antitrypsin-related protein Secreted protease inhibition

precursor

12



QI9HC84 Mucin-5B Secreted cell adhesion
Accession No | Protein name Location Pathway
Q8WXI7 Mucin-16 Secreted / plasma cell adhesion
membrane
P04275 von Willebrand factor Secreted cell-substrate adhesion
P02768 Serum albumin precursor Secreted cellular response to
starvation
Q14031 Collagen alpha-6 (IV) chain precursor Secreted cell adhesion
P02452 Collagen alpha-1 (I) chain precursor Secreted cell adhesion
Q01955 Collagen alpha-3(IV) chain Secreted cell adhesion
QIP218 Collagen alpha-1(XX) chain Secreted cell adhesion
QI9BWVI Brother of CDO precursor / protein BOC plasma membrane cell adhesion
Q96JQ0 Protocadherin-16 plasma membrane cell adhesion
Q6VO0I17 Protocadherin Fat 4 plasma membrane cell adhesion
QIYSIl Protocadherin alpha-11 plasma membrane cell adhesion
060245 Protocadherin-7 plasma membrane cell adhesion
Q86SQ6 Probable G-protein coupled receptor 123 plasma membrane G-protein coupled receptor
signalling
060242 Brain-specific angiogenesis inhibitor 3 plasma membrane G-protein coupled receptor
signalling
P41587 Vasoactive intestinal polypeptide receptor 2 | plasma membrane G-protein coupled receptor
signalling
Q9Y4G8 Rap guanine nucleotide exchange factor 2 plasma membrane GTPase mediated signal
transduction
Q86XX4 Extracellular matrix protein FRAS1 plasma membrane calcium binding / cell
communication
Q2M3G0 ATP-binding cassette sub-family B member | plasma membrane plasma membrane transport
5
Q13508 Ecto-ADP-ribosyltransferase 3 plasma membrane (lipid | protein amino acid ADP-
anchor) ribosylation
095057 GTP-binding protein Di-Ras1 plasma membrane (lipid | GTPase mediated signal
anchor) transduction
Q96Q06 Protein KIAA1881 plasma membrane / lipid storage regulation
cytoplasm / lipid bodies
Q70E73 Ras-associated and pleckstrin homology plasma membrane / cell-matrix adhesion
domains-containing protein 1 cytoplasm
(cytoskeleton)
Q9Y4G6 Talin-2 plasma membrane / actin binding / cytoskeletal
cytoplasm anchoring at plasma
(cytoskeleton) membrane
095425 Supervillin plasma membrane / actin binding / cytoskeletal
cytoplasm anchoring at plasma
(cytoskeleton) membrane
060610 Protein diaphanous homolog 1 plasma membrane / actin binding / cytoskeletal
cytoplasm anchoring at plasma
(cytoskeleton) membrane
Q8TDM6 Disks large homolog 5 cell junction / plasma cell adhesion
membrane
Q99959 Plakophilin-2 cell junction / nucleus cell adhesion
QI9Y566 SH3 and multiple ankyrin repeat domains cell junction / cytoskeletal anchoring at
protein 1 cytoplasm plasma membrane
Q2M173 Cdc42 GTPase-activating protein cell junction / GTPase activator
cytoplasm
P55196 Afadin cell junction cell adhesion / cell-cell
signalling
P49448 Glutamate dehydrogenase 2, mitochondrial | Mitochondrion oxidation reduction
Q99714 3-hydroxyacyl-CoA dehydrogenase type-2 Mitochondrion tRNA processing
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QI9H845 Acyl-CoA dehydrogenase family member 9, | Mitochondrion oxidation reduction
mitochondrial
Accession No | Protein name Location Pathway
QINTG7 NAD-dependent deacetylase sirtuin-3, Mitochondrion protein amino acid
mitochondrial deacetylation
A4D1P6 WD repeat-containing protein 91 Unknown Unknown
094967 WD repeat-containing protein 47 Unknown Unknown
Q2LD37 Uncharacterized protein KIAA1109 unknown unknown
060303 Uncharacterized protein KIAA0556 Unknown Unknown
Q9Y4B5 Uncharacterized protein KIAA0802 Unknown Unknown
QS5JPF3 Uncharacterized protein KIAA1641-like 2 Unknown Unknown
Q8IXWO0 Uncharacterized protein C11orf35 Unknown Unknown
QI9BRU9 Uncharacterized protein C8orf53 Unknown Unknown
Q67021 Uncharacterized protein FLJ44048 Unknown Unknown
A6NGGS Uncharacterized protein FLI34931 / Unknown Unknown
Uncharacterized protein C2orf71
QS5ST5F5 Uncharacterized protein Clorf138 Unknown Unknown
Q8TET4 Neutral alpha-glucosidase C Unknown
Q6UXS53 Methyltransferase-like protein 7B Unknown Unknown
Q53SF7 Cordon-bleu protein-like 1 Unknown Unknown
Q9CO0A6 SET domain-containing protein 5 Unknown Unknown
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a-Synuclein (AS) plays a crucial role in Parkinson’s disease pathogenesis. AS is normally secreted from
neuronal cells and can thus exert paracrine effects. We have previously demonstrated that naturally
secreted AS species, derived from SH-SY5Y cells inducibly overexpressing human wild type AS, can be
toxic to recipient neuronal cells. In the current study, we show that application of secreted AS alters
membrane fluidity and increases calcium (Ca®*) entry. This influx is reduced on pharmacological inhi-
bition of voltage-operated Ca%* channels. Although no change in free cytosolic Ca>* levels is observed, a
significantly increased mitochondrial Ca?* sequestration is found in recipient cells. Application of
voltage-operated Ca®* channel blockers or Ca’>* chelators abolishes AS-mediated toxicity. AS-treated
cells exhibit increased calpain activation, and calpain inhibition greatly alleviates the observed

Keywords:
Parkinson’s disease
Alpha-synuclein

Secretion

Exosomes toxicity. Collectively, our data suggest that secreted AS exerts toxicity through engagement, at least in
Calpains part, of the Ca?* homeostatic machinery. Therefore, manipulating Ca?* signaling pathways might
Membrane fluidity represent a potential therapeutic strategy for Parkinson’s disease.

Mitochondria

Neurodegeneration

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

The pathological hallmark of Parkinson’s disease (PD) is the loss
of the dopaminergic neurons primarily in the substantia nigra pars
compacta and the presence of proteinaceous inclusions, termed
Lewy bodies and Lewy neutites, in the somata or axons, respec-
tively, of the remaining neurons (Dauer and Przedborski, 2003;
Spillantini et al., 1997). The primary structural component of
these intraneuronal aggregates is a-synuclein (AS), a small acidic
protein that is mainly found in presynaptic terminals. AS is genet-
ically linked to familial and sporadic disease (Gasser, 2009; Nalls
et al, 2011). Importantly, AS is detected in human biological
fluids and in the culture medium of neuronal cells, suggesting a
possible paracrine mode of action in the extracellular milieu
(Vekrellis et al., 2011). AS has been found to be secreted, via a
nonclassical, calcium-dependent mechanism that partly relies on
exosomes (Emmanouilidou et al., 2010), small extracellular vesicles

* Corresponding author at: Division of Basic Neurosciences, Biomedical Research
Foundation of the Academy of Athens (BRFAA), 4, Soranou Efessiou Street, Athens
11527, Greece. Tel.: +30 210 6597523; fax: +30 210 6597545.

E-mail address: vekrellis@bioacademy.gr (K. Vekrellis).

0197-4580/$ — see front matter © 2013 Elsevier Inc. All rights reserved.
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which derive from endosomes after fusing with the plasma mem-
brane (Chivet et al., 2012). Extracellular AS can be toxic to recipient
cells, and has assumed an augmented importance, for the reason
that it might be involved in disease propagation, otherwise known
as ‘spreading’ in the context of PD (Kordower et al., 2008; Li et al.,
2008).

It has been shown that aberrant forms of recombinant AS
(oligomers, aggregates) can create pores that compromise plasma
membrane integrity, much like other aggregating-prone proteins
such as amyloid beta peptide and prion (Danzer et al., 2007; Tsigelny
et al., 2012). Alternatively, such proteins can interact with calcium
(Ca®*) channels, thereby altering their function and compromising
Ca®* equilibrium between intracellular and extracellular spaces
(Demuro et al., 2010). Ca** ions play a pivotal role in neuronal
plasticity and survival (Berridge et al., 2003; Greer and Greenberg,
2008); thus, an extremely complex homeostatic network operates
to regulate intracellular Ca®* levels. Ca** influx has long been
considered as a key source of Ca®* signals, and together with Ca®*
release from internal stores, such as the endoplasmic reticulum
(ER), plays a major role in Ca*>* homeostasis (Patel and Docampo,
2010). Acidic organelles have also been shown to be intracellular
Ca®* stores (Churchill et al., 2002; Yamasaki et al., 2004) and
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emerging evidence highlights their important role in Ca®>* signaling
and cell physiology (Patel and Docampo, 2010). Additionally, mito-
chondria play a very important role on Ca®* signaling, being phys-
ically and functionally linked to the ER, thus shaping intracellular
Ca®* responses (de Brito and Scorrano, 2008; Lamarca and Scorrano,
2009).

Deregulation of Ca>* homeostasis has been recently proposed as
a major age-related condition driving neurodegeneration in spo-
radic PD (Zundorf and Reiser, 2011). This view is supported by the
finding that dopaminergic neurons expressing higher levels of
Ca®*-binding proteins, such as calbindin D28K, calretinin, and
parvalbumin, seem to be resistant to degeneration in PD (Surmeier
et al., 2010). Moreover, recombinant AS has been shown to trigger
Ca* influx and induce caspase activation in a variety of neuronal
systems (Danzer et al., 2007; Furukawa et al., 2006; Martin et al.,
2012). However, the effects of cell-derived naturally secreted AS
on Ca’* homeostasis in a neuronal cell context have not been
assessed.

To address this issue, we have used the human SH-SY5Y neuro-
blastoma cell line, in which the expression of human wild type (WT)
AS can be induced, as a source of naturally secreted AS (Vekrellis
et al., 2009). We have previously shown that these cells readily
secrete a wide range of AS species, which are toxic to recipient
neuronal cells (Emmanouilidou et al., 2010). Here, we show that
application of medium enriched in secreted AS on neuronally
differentiated SH-SY5Y cells and primary rat cortical neurons, is
accompanied by perturbation of Ca** homeostasis and neuronal
death. These effects are ameliorated by blockage of voltage-operated
Ca®* channels (VOCs), Ca®* chelation, or calpain inhibition. The in-
crease in Ca®* influx is mostly attributed to free extracellular, rather
than exosome-associated AS. We further show that extracellular AS
alters membrane fluidity properties of the recipient cells, and evokes
Ca** sequestration into the mitochondria. Collectively, our data
suggest that secreted AS is toxic to recipient neuronal cells, at least in
part, through the disruption of the Ca®* homeostatic machinery.

2. Methods
2.1. Reagents

Reagents were obtained from Sigma-Aldrich (St Louis, MO, USA)
unless otherwise specified. G agarose beads, Fluorogenic Substrate
IV, and Fura 2-AM calcium indicator were purchased from Calbio-
chem (San Diego, CA, USA). Carbonyl cyanide p-trifluromethoxy-
phenylhydrazone (FCCP), w-conotoxin GVIA (cntx) and SKF 96365
hydrochloride (SKF) were purchased from Tocris Bioscience.
1-Pyrenedodecanoic acid was obtained from Molecular Probes/
Invitrogen (Eugene, OR, USA).

2.2. Cell culture

Stable SH-SY5Y cell lines inducibly expressing WT AS were
generated as previously described (Vekrellis et al., 2009). Cells
were cultured in RPMI 1640 medium containing 10% fetal bovine
serum (FBS), penicillin (100 U/mL), streptomycin (100 pg/mL), and
2 mM L-glutamine. AS expression was switched off by the addition
of doxycycline (dox) (1.0 pg/mL). Neuronal differentiation was
performed with the addition of 10 uM all-trans retinoic acid for
6 days. Cultures of rat (embryonic day 18) cortical neurons were
prepared as previously described (Vogiatzi et al., 2008). Dissoci-
ated cells were plated onto poly—D-lysine-coated 24-well dishes
at a density of 150,000—200,000 cells per cm? and maintained in
Neurobasal medium (Gibco, Invitrogen), containing 2% B27 sup-
plement (Gibco, Invitrogen), 0.5 mM L-glutamine, and 1% peni-
cillin/streptomycin.

2.3. Preparation of conditioned medium

SH-SY5Y cells inducibly expressing WT AS were cultured in 140
mm dishes in RPMI medium containing 10% FBS in the presence (1.0
ug/mL) or absence of dox until 70%—80% confluency was reached.
The medium was then replaced with RPMI containing 2% FBS. After
48 hours, the culture supernatant (conditioned medium [CM]) was
collected and centrifuged sequentially at 400g for 5 minutes at 4 °C
to remove unbroken cells and at 4000g for 10 minutes at 4 °C to
remove cell debris.

2.4. Exosome purification

Before use, FBS exosomes were depleted from the culture
medium as described previously (Thery et al., 2006). Before exo-
some isolation, the culture medium of SH-SY5Y cells was replaced
with exosome-depleted medium diluted 10-fold with RPMI con-
taining only penicillin/streptomycin and L-glutamine for 48 hours.
The culture supernatant was collected and sequentially centri-
fuged at 400g for 10 minutes, and at 2000g for 10 minutes, 10,000g
for 30 minutes, and 100,000g for 90 minutes. The obtained pellet
(P100) containing mostly exosomes was washed once with ice-
cold phosphate buffered saline (PBS) and centrifuged again at
100,000g for 90 minutes. The final P100 pellet was resuspended in
PBS buffer or lysed in radioimmunoprecipitation assay (RIPA)
buffer.

2.5. Immunodepletion of AS from CM

AS was immunodepleted from CM as described previously
(Emmanouilidou et al., 2010). The anti-AS antibody (Syn-1, mouse
monoclonal; BD Biosciences; 0.5 pg antibody per mL CM) was used
to immunoprecipitate AS from the CM overnight. Immunodepleted
CM was collected and sterilized through a 0.2 um filter (Whatman)
before application to recipient cells. Control immunodepletion was
performed using an anti—c-myc antibody of the same isotype
(mouse monoclonal; Santa Cruz Biotechnology).

2.6. Western blot analysis

For Western blot analysis, CM and exosome-depleted superna-
tants (S100) were concentrated using 3-kDa cutoff Amicon Ultra
filters (Millipore). The P100 containing exosomes was reconstituted
in 25 pL of RIPA buffer (50 mM Tris-HCl, pH 7.6, 150 mM Nacl, 1%
NP-40, 0.5% Na deoxycholate, and 0.1% sodium dodecyl sulfate).
Denaturing gel electrophoresis was performed in 12% sodium
dodecyl sulfate polyacrylamide gel electrophoresis gels in Tris-
glycine buffer. Immunoblot analysis was performed using the
following antibodies: anti-AS (rabbit polyclonal; C-20), anti-bovine
serum albumin (anti-BSA) (mouse monoclonal), anti-Alix (mouse
monoclonal), and anti-Flotillin (mouse monoclonal). All antibodies
were from Santa Cruz Biotechnology.

2.7. Assessment of survival

Six-day differentiated SH-SY5Y neuroblastoma cells or 7-day-
old rat cortical neurons were treated with AS-containing (CM,
WT-) or control (CM, WT+) CM in the presence or absence of Ca®*
modulators or calpain inhibitors. Concentrations of the compounds
are mentioned in the figures. Recipient cells were lysed in a
detergent-containing solution, which enables the quantification of
viable cells by counting the number of intact nuclei in a hema-
tocytometer (Farinelli et al., 1998; Stefanis et al., 1999). Cell counts
were performed in triplicate.
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2.8. In vitro assessment of calpain enzymatic activity

Six-day differentiated SH-SY5Y human neuroblastoma cells,
grown in 6-well plates, were incubated with control CM or CM
containing secreted AS for 8, 12, 16, and 24 hours. Recipient cells
were washed with ice-cold PBS and homogenized in a buffer con-
taining 10 mM HEPES (pH 7.5), 5 mM DTT, 1% NP-40 on ice for 30
minutes. Cell lysates (2 pg) were mixed with 25 pL of activity buffer
(50 mM Tris-HCl [pH 7.6], 150 mM NaCl, 5 mM DTT, 10 mM CaCl,)
containing 10 uM fluorogenic calpain substrate (Calpain Substrate
IV; Calbiochem, San Diego, CA, USA) and incubated at room tem-
perature for 40 minutes in the dark. The reaction was stopped by
adding 500 pL of 50 mM EDTA. Calpain activity was measured at
320 nm after excitation at 480 nm in a Perkin-Elmer LS-55 lumi-
nescence spectometer (Perkin-Elmer, Norwalk, CT, USA). To test the
specificity of the assay, 200 uM of the calpain inhibitor I A6185 (CI)
was included where indicated (Banoczi et al., 2008).

2.9. 1-Pyrenedodecanoic acid fluorescence measurements

1-Pyrenedodecanoic acid labeling of plasma membranes and
fluorescence measurements were carried out as described else-
where (Galla and Luisetti, 1980; Hashimoto et al., 1999). SH-SY5Y
cells were seeded on 6-well plates at a density of 1.0 x 10° cells
per well, and differentiated for 6 days. Subsequently, cells were
treated with secreted CM, WT- for 8 hours at 37 °C. At the end of
the incubation period, cells were resuspended in PBS and trans-
ferred into a fluorimeter cuvette. 1-Pyrenedodecanoic acid (2 pM)
was added for 5 minutes in the dark at room temperature (RT).
After excitation at 340 nm, the fluorescence intensity was scanned
from 380 to 580 nm in a luminescence spectrometer. The ratio of
the maximum fluorescent intensity of excimer and pyrene mono-
mers was calculated at 468 and 395 nm, respectively.

2.10. Free cytosolic Ca®* measurements

Cells were loaded with Fura 2-AM as described (Papazafiri et al.,
1994). Briefly, 6-day differentiated SH-SY5Y cells were treated with
control or secreted CM, WT- for 8 hours, harvested in RPMI culture
medium and centrifuged at 400g for 5 minutes at RT. Cell pellets
were suspended in Krebs-Ringer-HEPES (KRH) buffer (125 mM
NaCl, 5 mM KCl, 1.2 mM KH,PO4, 1.2 mM MgSOy4, 2 mM CaCl,, 6 mM
D-glucose, and 25 mM HEPES-NaOH [pH 7.4]) containing 2% FBS,
counted in a hemocytometer and loaded with Fura 2-AM dye (2.5
uM), for 30 minutes at RT in the dark. Cells were resuspendend in
KRH supplemented with 250 mM sulfinpyrazone to prevent dye
leakage, transferred to a thermostatted cuvette (37 °C), maintained
in a continuous stirring condition, and analyzed in a Perkin-Elmer
LS-55 luminescence spectrometer. To estimate capacitative cal-
cium entry (CCE), 1.8 x 10° cells were resuspended in a CaCly-
deprived KRH medium and 10 uM EGTA was added. Thapsigargin
([Tg] 100 nM) was added to deplete ER Ca®* stores; CaCl, (3 mM)
was reintroduced into the medium and the ensuing CCE was
recorded. Results represent the maximal peak values normalized to
ER content as exemplified by Tg-induced Ca®* efflux of at least 3
independent experiments. Nifedipine ([nif] 1 uM), cntx (100 nM), or
SKF (10 pM) was added after EGTA normalization and before the
addition of Tg. VOCs were stimulated with 55 mM KCl, in the
presence or absence of either 1 M nif or 100 nM cntx. To estimate
Ca®* load in the diverse subcellular compartments, intracellular
Ca®* pools were depleted sequentially with the addition of the
appropriate pharmacological compounds: 5 uM carbachole (Cch),
followed by the addition of 100 nM Tg, 500 nM ionomycin (lono),
and 20 uM monensin A, in the presence or absence of extracellular
Ca®*. To estimate the mitochondrial Ca?* load, 1.8 x 10® Fura

2-loaded cells suspended in Ca®*-deprived KRH, were treated with
5 uM of the mitochondrial uncoupler FCCP, together with 2.5 pg/mL
oligomycin (Oligo), to prevent ATP consumption via the reversed
mode activity of the F1/FO synthase.

2.11. Live Ca®** imaging

For live Ca®* imaging, 7-day-old rat cortical neurons (75,000 cells
per chamber) plated on poly-L-lysine-coated 8-chamber slides (In-
tegrated BioDiagnostics, Munich, Germany), were incubated with 2
UM Fura 2-AM in culture medium for 30 minutes at 37 °C, then
returned to culture medium and incubated for 3 hours at 37 °C. Just
before Ca** measurements, cells were washed once with microscopy
buffer (129 mM NacCl, 5 mM KCl, 1 mM MgCl,, 30 mM glucose, 1% BSA,
25 mM HEPES [pH 7.4]) and positioned in a temperature-controlled
microscope. During measurements, CCE was assessed using stimu-
lation with 0.25 uM Tg, followed by the addition of 6 mM CaCl,.
Fluorescence images obtained at 340 and 380 nm excitation and 510
nm emission were acquired by using a TE 2000U-inverted fluores-
cence microscope (Nikon, Osaka, Japan) coupled to a cooled charge-
coupled device (CCD) camera (PTI-IC200) (Princeton Instruments).
Atthe end of each experiment, the Fura 2-AM signals were calibrated
with the simultaneous addition of 10 uM Iono and 50 mM KCl, to
obtain the maximum fluorescence. Images were acquired every 10
seconds and cells were analyzed using the region of interest tool, to
extract the fluorescence ratios. Changes in Ca** were determined
using temporal analyses of single cells to express the data as fluo-
rescence ratios as described (Smaili and Russell, 1999). The baseline
fluorescence was determined at the beginning of each experiment by
obtaining the average of the first 20 data points before compound
addition, using the Image Master 3 Software (Graph-Pad Prism 4.0)
acquisition-analysis software (PTI, Birmingham, NJ, USA). The re-
sults were normalized in relation to the baseline fluorescence and
the data expressed as a percent of increase relative to baseline. The
histograms represent the average peak response.

2.12. Statistical analysis

All data are expressed as mean =+ standard error of the mean
(SEM). Statistical analysis for multiple comparisons was performed
using a 1-way analysis of variance followed by Tukey honestly sig-
nificant difference (HSD) post hoc test. Nondirectional Student t
tests were performed for comparisons involving only 2 groups. All
statistical analyses were conducted using the Graph-Pad Prism
software. Results were considered statistically significant at p < 0.05.

3. Results

3.1. Secreted AS induces an increase in capacitative Ca®>* entry in
neuronally differentiated SH-SY5Y neuroblastoma cells

We wanted to investigate whether the mechanism via which
secreted AS triggers the neurotoxic cascade involves alterations in
the Ca®* homeostastic machinery. As a source of cell-secreted AS,
we used CM from SH-SY5Y cells inducibly overexpressing human
WT AS (Emmanouilidou et al., 2010; Vekrellis et al., 2009). To
elucidate the events that precede AS-induced cell death, we
applied CM from the induced (CM, WT-) or the control uninduced
cells (CM, WT+) to differentiated SH-SY5Y cells for 8 hours,
because this was the longest incubation time during which the
recipient cells did not exhibit any morphological or biochemical
characteristics of cell degeneration (data not shown). After the 8-
hour treatment, free cytosolic Ca®t ([Ca®*];) recordings of the
recipient cells were obtained using the Fura 2-AM dye. After ER
depletion by Tg (100 nM), we measured CCE using exogenous
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Fig. 1. Application of secreted AS increases CCE in differentiated, but not in proliferating recipient SH-SY5Y cells. (A) Differentiated SH-SY5Y cells were treated with CM, WT— or CM,
WT+ for 8 hours and CCE was measured as described. Representative Ca>* measurements depicting CCE are shown in the left panel and quantitative analysis of the percentage of
Ca?* influx, normalized to Tg-evoked Ca* release (first peak), is depicted in the right panel (n = 16; *** p < 0.001). (B) Differentiated SH-SY5Y cells were treated with AS-depleted
(CM, WT—/Syn-1 IP) or control immunodepleted (CM, WT—/c-myc IP) CM for 8 hours. Representative Ca>* measurements are shown in the left panel and quantitative analysis of the
percentage of Ca?* influx is depicted in the right panel (n = 3; * p < 0.05, comparing cells treated with CM, WT-+ and CM, WT—; # p < 0.05, comparing between cells treated with
CM, WT—/Syn-1 IP and cells treated with CM, WT— or CM, WT—/c-myc IP). (C) Proliferating SH-SY5Y cells were treated with CM, WT— or CM, WT+ for 8 hours. The difference in
percentage of Ca®* influx between cells treated with CM, WT+ and CM, WT— was not statistically significant (n = 3). Abbreviations: AS, a-synuclein; Ca>*, calcium; CCE, capacitative
calcium entry; CM, conditioned medium; CM, WT+, control CM; CM, WT-, AS-containing medium; c-myc IP, control immunoprecipitation; F/F, fluorescence ratio; Syn-1 IP, alpha-

synuclein immunoprecipitation; Tg, thapsigargin.

addition of 3 mM CaCl, (Fig. 1). Treatment of differentiated SH-
SY5Y cells with the secreted CM, WT- resulted in a statistically
significant increase in [Ca®*];, compared with cultures incubated
with CM, WT+ (Fig. 1A). Importantly, this increase in CCE was AS-
dependent, because effective immunodepletion of AS from the
CM, before its application to recipient cells, greatly reduced the Tg-
evoked Ca®" entry (Fig. 1B). Control immunodepletion with an
irrelevant antibody (c-myc) failed to reduce CCE. In contrast, in-
cubation of proliferating SH-SY5Y cells with the CM, WT+ or the
CM, WT- resulted in similar CCE responses (Fig. 1C), suggesting
that secreted AS only disturbs Ca>* homeostasis in cells that have
a neuronal phenotype.

3.2. Secreted AS-induced increase in Ca®* entry is amplified by the
L- and the N-type voltage-operated Ca®* channels

In neurons, as in many other cell types, Ca** ions can enter cells
via a number of channels, such as storage-operated channels
(SOCs), VOCs, and receptor-operated plasma membrane Ca?*
channels. To assess the contribution of such channels to the AS-
facilitated Ca®* entry, we first examined the participation of SOCs
by blocking them with the SOC-specific inhibitor, SKF (10 uM).
Addition of SKF resulted in a significant reduction in CCE, in

secreted AS- and control CM-treated cultures (Fig. 2A and B).
However, the difference in CCE between the 2 groups in the pres-
ence of SKF, was maintained (Fig. 2B), implying that other plasma
membrane channels might participate in the observed Ca®* entry in
the presence of secreted AS.

Previous reports have suggested that AS modulates the function
of VOCs (Adamczyk and Strosznajder, 2006; Hettiarachchi et al,,
2009; Kang et al., 2012). To test such a hypothesis in our cellular
system, we used the L- and N-type specific VOC blockers, nif (1 pM)
and cntx (100 nM), respectively. We found that nif and cntx reduced
the Tg-evoked Ca®* entry, only in cells treated with secreted AS
(Fig. 2C and D). These results imply a participation of both L- and N-
type Ca>* channels in the observed CCE increase. Neither inhibitor
affected the CCE of cells treated with the CM, WT+. Based on these
findings we could surmise that in the presence of extracellular AS,
VOCs might become active, thereby contributing to the SOC-
facilitated Ca®* entry.

To directly investigate the role of VOCs, we stimulated the
cells with 55 mM KCI. Control and AS-treated cells responded
to KCl stimulation robustly, yet Ca’>* entry was significantly
greater in the latter (Fig. 2E and F). Addition of either nif or
cntx, significantly reduced KCl-induced Ca®* entry in both
groups, verifying the functionality of these channels. Notably, the
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Fig. 2. L-type and N-type VOCs are implicated in the observed secreted AS-induced Ca®* entry. Differentiated SH-SY5Y cells were treated with CM from AS-expressing (CM, WT—) or
control (CM, WT+) cells for 8 hours. (A and C) Representative Ca?>* measurements depicting CCE in the absence or presence of SKF (A) and nif or cntx (C). (B and D) Quantitative
analysis of the percentage of Ca®* influx normalized to Tg-evoked Ca®* release (first peak) between groups in the presence/absence of SKF (B) (n = 4, in duplicate; ** p < 0.01,
comparing cells treated with CM, WT+ and CM, WT- in the presence/absence of SKF; ## p < 0.01 comparing SKF-treated and SKF-untreated cells) and nif or cntx (D) (n = 5, in
duplicate; * p < 0.05, comparing cells treated with CM, WT+ and CM, WT—; ## p < 0.01 comparing cells treated with CM, WT— in the presence or absence of nif or cntx). (E)
Representative Ca?* recordings on KCI stimulation in the presence or absence of nif or cntx. (F) Quantification of Ca?* influx (AnM) after KCI addition, in the presence or absence of
the inhibitors (n = 4, in duplicate; *** p < 0.001, comparing cells treated with CM, WT+ and CM, WT—; # p < 0.05 comparing cells treated with CM, WT+ in the presence or absence
of nif or cntx; +++ p < 0.001, comparing cells treated with CM, WT— in the presence or absence of the inhibitors). Abbreviations: AS, a-synuclein; Ca®*, calcium; CCE, capacitative
calcium entry; CM, conditioned medium; CM, WT+, control CM; CM, WT—, AS-containing medium; cntx, w-conotoxin GVIA; F/F, fluorescence ratio; nif, nifedipine; SKF, SKF 96365
hydrochloride; Tg, thapsigargin; VOC, voltage-operated Ca>* channel.

difference in Ca®* influx between control and AS-treated cells
was abolished in the presence of VOC inhibitors (Fig. 2F), high-
lighting the important role of these channels in secreted AS-
facilitated Ca®* entry.

3.3. Naturally secreted AS induces mitochondrial Ca®* uptake

Increased intracellular AS, and prefibrilar forms of recombinant
AS, have been shown to induce higher plasma membrane ion
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Fig. 3. AS-facilitated Ca®* entry is driven to the mitochondria. Differentiated SH-SY5Y cells were treated with secreted CM, WT— or CM, WT+ for 8 hours, after labeling with Fura 2-
AM. (A) The concentration of free cytosolic Ca>" was estimated in Ca®*-deprived conditions (left panel) and Ca®*-containing conditions (right panel). No significant difference
between the cells treated with CM, WT+ or with the CM, WT— was observed in either condition (n = 3, for Ca?*-deprived conditions; n = 11, for Ca?*-containing conditions). (B)
Representative Ca®* recordings depicting changes in [Ca®*]; on sequential application of Cch, Tg, Iono, and Mon in Ca?*-deprived conditions (left panel). Quantitative analysis of Ca®*
mobilization on addition of the compounds in the cells treated with CM, WT+ and CM, WT— in Ca**-deprived (right panel, n = 3), no statistical significant difference in Ca**
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Fig. 4. Treatment with naturally secreted AS increases Ca®* entry in primary rat cortical neurons. Seven-day-old rat cortical neurons were treated with secreted CM, WT— or CM,
WT+ for 8 hours. After loading with Fura 2-AM dye, CCE was monitored using a fluorescence microscope. Representative images illustrating the 350/380 fluorescence ratio before
and after Ca®* administration are shown in the left panel and quantitative analysis of the percentage of fluorescence ratio, normalized to baseline fluorescence, is depicted in the
right panel (n = 3; ** p < 0.005). Abbreviations: AS, a-synuclein; Ca?*, calcium; CCE, capacitative calcium entry; CM, conditioned medium; CM, WT+, control CM; CM, WT—,
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permeability and subsequent [Ca®*]; rise (Danzer et al., 2007;
Furukawa et al., 2006). Taking these, and our results, into account,
we investigated whether the increased Ca®* entry could lead to a
subsequent rise in [Ca®*]; levels. To this end, differentiated SH-SY5Y
cells were treated as previously described and [Ca®*]; levels were
examined in Ca?*-free and Ca®*-containing environments. No sig-
nificant difference in [Ca®*]; was observed between AS-treated and
control-treated cells in either condition (Fig. 3A).

Next, we asked whether the increased Ca®* entry could lead to
sequestration into specific intracellular Ca®* pools. Under Ca®*-
deprived conditions, we first added Cch (5 M), a cholinergic agonist
that activates inositol trisphosphate receptor (IP3R), resulting in
Ca?* efflux from the ER to the cytosol. When the Cch response was
buffered, Tg (100 nM), a noncompetitive inhibitor of sarcoendo-
plasmic reticulum (SR) calcium transport ATPase (SERCA) pumps,
was added to allow total ER Ca®* depletion. Subsequently, we
administered 500 nM Iono, a Ca%* ionophore. After the lono-evoked
response, 20 uM of the sodium ionophore (Na*/H" exchanger),
monensin A, was added to release Ca®* from acidic compartments,
such as lysosomes. A representative Ca’" trace after sequential
addition of the examined agents is shown in Fig. 3B. Quantification of
Ca’** mobilization (i.e., Ca®" rise), after the administration of each
drug, revealed no statistically significant differences between AS-
treated and control cells (Fig. 3C). Similar results were obtained in
Ca?*-containing conditions (data not shown).

Additionally, to further support our data regarding AS-induced
Ca®* entry, we investigated Cch-induced Ca®*" mobilization ki-
netics in differentiated cells exposed to secreted CM, WT— and CM,
WT+. Interestingly, the rate of Ca>* buffering after stimulation with
Cch in Ca®*-containing compared with Ca’>*-deprived conditions
was significantly slower in AS-treated compared with control cells
(Fig. 3D). Because Cch triggers Ca®" influx from the extracellular
space as a secondary effect, the observed latency further supports
that CM, WT— potentiates Ca** entry from the plasma membrane,
not only after stimuli such as Tg, but also on more physiological
stimulations such as Cch.

Altogether, these results show a facilitated calcium entry in cells
cultured with CM, WT—, with no apparent preferential Ca®* dis-
tribution in a subcellular compartment. However, it is important to
note that there was a higher lono-evoked Ca®* release in AS-treated
compared with control cells, in Ca>"-deprived conditions (Fig. 3B,
right panel). Although it did not reach statistical significance, this
trend implies the participation of a different subcellular Ca>* pool.
Therefore, we examined whether the mitochondria could be a po-
tential pool for Ca** sequestration. To this end, 5 uM of the mito-
chondrial uncoupler, FCCP, together with 2.5 ug/mL Oligo were
added to control and AS-treated cells. Oligo prevents ATP con-
sumption via the reversed mode activity of the F1/FO synthase. In
Ca*-deprived conditions, addition of FCCP with Oligo discharges
mitochondrial Ca®* stores, causing a rise of cytosolic [Ca®*];, which
reflects the mitochondrial Ca®* load (Hettiarachchi et al., 2009).
Secreted AS-treated cells exhibited a more profound response to
the FCCP/Oligo treatment (Fig. 3E). Quantification of the Ca®*
mobilization on drug administration (expressed as AnM [Ca®*]; at 4
minutes after drug addition) revealed significantly higher levels of
mitochondrial Ca®* content in AS-treated cells compared with
control cells (32.83 4+ 2.97 and 86.36 + 9.75, comparing cells treated
with CM, WT+ and CM, WT—, respectively) (Fig. 3E). These results
suggest that on exposure of recipient cells to CM, WT—, part of the
excessive Ca®* entry is driven to the mitochondrial Ca®* pool.

3.4. Cell-secreted AS leads to a profound increase in CCE in primary
rat cortical neurons

We have previously shown that primary cortical neurons are
also susceptible to secreted AS neurotoxic effects (Emmanouilidou
et al, 2010). We further examined whether application of cell-
secreted AS on primary rat cortical neurons had similar effects on
Ca?* influx. To this end, 7-day-old rat cortical neurons were treated
with CM, WT- or CM, WT+ for 8 hours, after loading with Fura 2-
AM and changes in CCE were recorded. As shown in Fig. 4, cortical
neurons receiving secreted AS exhibited a profound increase in

mobilization was observed. (C) Representative Ca>* recordings from cells treated with CM, WT+ and CM, WT- illustrating the response to Cch in Ca?*-deprived (red curve) and
Ca?*-containing conditions (black curve). Quantitative analysis of the time lapse (AT; 12) in the Cch curve revealed a significant delay in the decay of Cch-evoked Ca®* release in the
cells treated with CM, WT— in Ca>*-containing conditions, compared with the control-treated cells (n = 3; * p < 0.05). (D) Representative Ca>" traces on addition of FCCP/Oligo in
Ca**-deprived conditions (left panel). Graph depicting Ca** mobilization (AnM) after the discharge of mitochondrial Ca?* stores (right panel). A significant increase of Ca**
mobilization after FCCP/Oligo addition in the cells treated with CM, WT— was observed (n = 3, in duplicate; ** p < 0.01). Abbreviations: AS, a-synuclein; Ca*, calcium; [Ca®*];,
free cytosolic Ca®>*; Cch, carbachole; CM, conditioned medium; CM, WT+, control CM; CM, WT—, AS-containing medium; F/F, fluorescence ratio; FCCP, carbonyl cyanide
p-trifluromethoxy-phenylhydrazone; Iono, ionomycin; Mon, monensin A; Oligo, oligomycin; Tg, thapsigargin.
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Ca* entry compared with control cells (percent of fluorescence
ratio 143.3 + 3.79 or 238.7 + 17.5 in cells treated with CM, WT+
and CM, WT—, respectively), confirming the results obtained with
differentiated SH-SY5Y cells.

3.5. Reduction of cytosolic Ca®* levels protects from secreted AS-
induced neurotoxicity

To investigate whether extracellular AS mediates its pathogenic
actions through increased Ca?* influx, we used chemical com-
pounds that chelate intracellular or extracellular Ca®>" or prohibit
Ca®* from entering the cell. Six-day differentiated SH-SY5Y cells
(Fig. 5A) and 7-day-old rat cortical neurons (Fig. 5D) were incubated
for 24 hours at 37 °C with CM, WT—- or CM, WT+, in the presence or
absence of nif or cntx, and the intracellular or extracellular Ca®*
chelators, BAPTA-AM (BAPTA) or EGTA, respectively. In both cell
types, the presence of extracellular AS led to a decrease in neuronal
survival, which was mitigated on addition of either nif, cntx, BAPTA,
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or EGTA (Fig. 5A and D). Drug application had no background
toxicity, confirmed in control experiments.

To decipher whether AS-induced Ca®* deregulation is directly
linked to the observed cell death, Ca>* modulators were added for
the first 8 hours together with CM, WT-. Subsequently, the com-
pounds were removed and CM, WT— was added to the cells for
additional 8 or 16 hours. We found that the 8-hour treatment with
the chelating compounds and the VOC inhibitors was sufficient to
protect differentiated cells from AS-mediated toxicity at all time
points (Fig. 5B and C). These results indicate that disturbances in
Ca’* homeostasis are the primary event in AS-triggered neurotoxic
cascade.

3.6. Calpain activation is implicated in the extracellular AS-evoked
neurotoxic effects

We have previously shown that treatment of neuronal cells with
secreted AS results in caspase-3 cleavage (Emmanouilidou et al.,
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Fig. 5. Reduction of cytosolic Ca®* levels protects neuronal cells against secreted AS-mediated neurotoxicity. (A—C) Differentiated SH-SY5Y cells were incubated with secreted CM,
WT- or CM, WT+ for 24 hours (A, and C) or 16 hours (B), in the absence or presence of Ca?* modulators. Neuronal survival was estimated by counting the number of intact nuclei in
all conditions. All compounds significantly increased viability (n = 3, in triplicate; *** p < 0.001 for cells treated with CM, WT+ versus CM, WT—; ### p < 0.001 for cells treated with
CM, WT— in the presence or absence of Ca®>* modulators, # p < 0.05 comparing AS-treated cells in the presence or absence of BAPTA). (D) Seven-day-old rat primary cortical neurons
were treated with CM, WT— or CM, WT+, in the presence or absence of Ca** modulators for 24 hours and neuronal survival was measured using the same method. All compounds
had a protective effect on cultures treated with CM, WT— (n = 4, in triplicate; * p < 0.05, for cells treated with CM, WT+ vs. CM, WT—, using unpaired ¢ test; ## p < 0.01, for cells
treated with CM, WT— in the absence/presence of Ca?>* modulators). All data are corrected to the baseline of control cells treated with CM, WT+. Abbreviations: AS, a-synuclein;
Ca**, calcium; CM, conditioned medium; CM, WT+, control CM; CM, WT-—, AS-containing medium.
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2010). Because calpains have been reported to cleave pro—caspase-3
(Camins et al., 2006) and to be activated in the setting of excess Ca®*,
we aimed to examine whether calpains are involved in the secreted
AS-induced neurotoxicity. We incubated differentiated SH-SY5Y cells
with CM, WT—, CM, WT+, or unconditioned medium (vehicle) for 8,
16, and 24 hours. Calpain activity was determined in the homogenates
of the recipient cells using a calpain-specific fluorogenic substrate. As
depicted in Fig. 6A, a statistically significant increase in calpain activity
was observed after 24-hour incubation with AS (393.7 4 45.03, 499.8
=+ 17.31, and 679.7 £ 30.47, for the cells treated with vehicle, CM, WT+,
and CM, WT—, respectively). The specificity of the reaction was veri-
fied by the addition of the specific CI, which, as expected, resulted in a
significant decrease of calpain activity (Fig. 6A, right panel).

We reasoned that if calpains are indeed activated during the
process of AS-induced toxicity, their inactivation should result in
an increase of cell survival after AS treatment. To test this hypoth-
esis, we incubated cells with CM, WT- in the presence or absence of
the CI, for 24 hours. Addition of 1 uM CI greatly improved cell
morphology (data not shown) and significantly increased cell
viability (Fig. 6B). In a similar fashion to the survival assays with the
Ca®* modulators, we investigated whether calpain activation is a
primary event for the observed death. CI was added for 8 hours
together with the CM, WT—. Then, the inhibitor was removed and
the cells were incubated for an additional 8 hours or 16 hours with
CM, WT- alone. Such treatment showed a trend of protection, after
16-hour incubation with CM, WT— (82.38 &+ 3.57 and 94.75 + 4.39,

for the cells treated CM, WT—, in the absence or presence of ClI,
respectively) (Fig. 6C), but reached statistical significance only after
24 hours of incubation (74.25 + 4.40 and 118.8 + 3.58, for the cells
treated CM, WT—, in the absence or presence of CI, respectively)
(Fig. 6D).

Similar experiments were performed in rat cortical cultures
treated with CM, WT— in the presence or absence of the CI for 24
hours. Such treatment showed that calpain inhibition also
improved the survival of primary neurons exposed to AS, however,
this effect did not reach statistical significance (Fig. 6E).

3.7. Interaction of secreted AS with the plasma membrane of
recipient cells

In our previous work, we showed that secreted AS could
exert its deleterious effects without frank internalization by
differentiated SH-SY5Y cells (Emmanouilidou et al., 2010). Hence
we wanted to investigate a potential association between AS and
the plasma membrane of recipient cells. To do so, we examined
changes in the microfluidic properties of the membrane of
AS-treated cells. Cells were treated with CM from induced AS-
overexpressing cells, or uninduced cells for 8 hours and incu-
bated with 1-pyrenedodecanoic acid (2 uM). 1-Pyrenedodecanoic
acid excimers break into monomers in the lipophilic interior of the
membrane giving a distinct fluorescence spectrum that is indica-
tive of the microfluidic properties of the membrane (Dafnis et al.,
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Fig. 6. Activation of calpains in recipient cells is a late effect of secreted AS. (A) Differentiated SH-SY5Y cells were incubated with CM, WT—, CM, WT+, or unconditioned medium
(vehicle) for 8, 16, and 24 hours. (Left panel) Increased calpain activation was detected in AS-treated cells (n = 3; *** p < 0.001, comparing cells treated with vehicle and CM, WT—;
## p < 0.01, comparing cells treated with CM, WT+ and CM, WT-). (Right panel) Specificity of the assay was verified using CI (n = 4; * p < 0.05, comparing cells treated with CM,
WT-). (B—D) Quantitative analysis of the percentage of cell survival after treatment with CM, WT+ or CM, WT- in the presence or absence of CI (n = 4 in triplicate for all time
points). Statistics were performed using 1-way analysis of variance followed by Tukey's post hoc test (** p < 0.01 and *** p < 0.001, for cells treated with CM, WT+ vs. CM, WT— in B,
C,and D; # p < 0.05 and ### p < 0.001, for cells treated with CM, WT— in the presence or absence of Cl in B, and D). (E) Primary rat cortical neurons were incubated with CM, WT—
or CM, WT+ in the presence or absence of 5.0 uM ClI for 24 hours. Abbreviations: AS, a-synuclein; CI, calpain inhibitor I A6185; CM, conditioned medium; CM, WT+, control CM; CM,

WT-, AS-containing medium.
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2010). The excimer to monomer ratio is an indicator of membrane
fluidity with membrane rigidity bringing monomers in close
proximity so as to create excised dimers, termed excimers. As
shown in Fig. 7A, the excimer to monomer ratio is significantly
reduced in AS-treated cells (1.488 & 0.071 for CM, WT—, mean =+
SEM; n = 6) compared with CM, WT+-treated cells (1.725 + 0.024
for CM, WT+, mean 4 SEM; n = 6), implying increased membrane
fluidity. To exclude the possibility of dox interference in this setup,
we collected CM from the Tet-Off parental SH-SY5Y line (2.22)
expressing only the transactivator factor, in the absence or pres-
ence of dox. In both cases the excimer to monomer ratio was
similar to that of the cells treated with the CM, WT+, suggesting
that dox does not interfere with the fluidity assay. The ether
phospholipid, miltefosine, known to directly interact and incor-
porate into the cell membrane, was used as a positive control for
increased membrane fluidity (Fig. 7B).

3.8. The observed increase in Ca’* entry is mostly attributed to the
free extracellular- rather than the exosome-associated AS

Because AS is partly secreted via exosomes (Emmanouilidou
et al,, 2010), we finally sought to investigate the contribution of
exosomes in the observed Ca®* entry. We fractionated CM, WT—
and CM, WT+ into exosome-depleted supernatant (S100— and
S100+, respectively) and into exosome-enriched pellet (P100— and
P100+, respectively). Full CM and S100 supernatants were
concentrated with using 3-kDa cutoff filters. P100 fractions were
solubilized in RIPA buffer. Western blot analysis (Fig. 8A) revealed
that only a small portion of secreted AS is present in the exosomal
fraction, in accordance with our previous results (Emmanouilidou
et al., 2010). Alix and flotillin-1 were used as biochemical markers
for the exosome-enriched fraction, and BSA was used as loading
control for CM and S100.
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Exosomes from the CM, WT— medium (P100—) were added in
the S100+ supernatant from the CM, WT+ (S100+/P100—) and vice
versa to yield an S100—/P100+ preparation. Cells were incubated
with CM, WT—, control medium, or 1 of the previously described
preparations (S100+, S100—, S100+/P100—, and S100—/P100+) for 8
hours. The recipient cells were loaded with Fura 2-AM, and ER
depletion-induced Ca®* influx was measured, as described earlier in
text (Fig. 8B). Quantification of Ca®* influx revealed that the observed
increase is attributed largely to free extracellular AS (S100-) (per-
centage of Ca®* influx, 117.2 + 8.79 and 111.9 = 10.87, for cells treated
with CM, WT- and S100—, respectively). The addition of the
exosome-associated AS (P100-) in the control S100+ supernatant
did not significantly alter the CCE. This suggests that mainly free
extracellular AS accounts for secreted AS-facilitated Ca®* entry. This
might be attributed to AS concentration, because only a small portion
of secreted AS is packed in exosomes (Fig. 8A). Finally, the addition of
P100+ to the S100— did not lead to dramatic alterations of the CCE
(percentage of Ca** influx 111.9 & 10.87 and 101.3 + 7.68, for cells
treated with S100— and S100—/P100+, respectively), suggesting that
the exosomes per se do not influence CCE.

4. Discussion

We have previously shown that cell-produced secreted AS is
toxic to neuronal cells. Importantly, this toxicity did not appear to
involve internalization of AS by the recipient neurons
(Emmanouilidou et al., 2010). The aim of the current study was to
investigate whether the effects of secreted AS on the recipient cells
involve alterations at the level of the plasma membrane and
deregulation of Ca®>* homeostasis.

To capture early events that could be pathologically relevant, the
8-hour treatment with CM containing secreted AS was chosen,
because until that time point there are no overt signs of cellular
degeneration. According to our results, 8-hour incubation with
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Fig. 7. Application of secreted AS-containing medium to neuronal cells affects their plasma membrane fluidity. (A) Differentiated SH-SY5Y cells were treated with CM, WT— or
control (CM, 2.22+, CM, 2.22—, CM, WT+) for 8 hours. Secreted AS induced changes in the microfluidic properties of the plasma membrane of the recipient cells. The graph
depicts the excimer (468 nm) to monomer (395 nm) ratio (n = 6; *** p < 0.001 comparing the cells treated with CM, WT— and control CMs [CM, 2.22+, CM, 2.22—, CM, WT+]). (B)
Increased plasma membrane fluidity on treatment of differentiated SH-SY5Y cells with HePC for 8 hours (n = 5; ** p < 0.01, comparing the cells treated with vehicle and HePC,
using unpaired t test). Abbreviations: AS, a-synuclein; CM, conditioned medium; CM, WT+, control CM; CM, WT—, AS-containing medium; HePC, miltefosine.
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Fig. 8. Secreted AS-induced increase of CCE in recipient differentiated SH-SY5Y cells is mainly attributed to free AS. Control or secreted AS-containing CM was fractionated to yield
exosome-depleted CM (S100+, S100—, respectively) and exosome-enriched pellet (P100). (A) CM, WT+/—, S100+/—, and P100+/— were analyzed using Western immunoblot with
antibodies against AS, flottilin-1, alix, and BSA. (B) The P100 isolated from CM, WT— (P100-) was mixed with S100+ (S100+/P100-) and vice versa to create the S100—/P100+
preparation. Differentiated SH-SY5Y cells were treated either with CM, WT+ or CM, WT- or with one of the following preparations: S100+, S100—, S100+/P100—, S100—/P100+, for
8 hours and CCE was measured. The graph illustrates quantification of CCE normalized to Tg-evoked Ca* release (n = 3, in duplicate; * p < 0.05 comparing cells treated with CM,
WT+ and cells treated with CM, WT— ; # p < 0.05, comparing between cells treated with S100+ and cells receiving S100—, using unpaired ¢ test). Abbreviations: AS, a-synuclein;
BSA, bovine serum albumin; Ca?*, calcium; CCE, capacitative calcium entry; CM, conditioned medium; CM, WT+, control CM; CM, WT—, AS-containing medium; dox, doxycycline;

Tg, thapsigargin.

secreted AS was enough to cause Ca>* perturbations, manifested by
a significant increase in depleted ER-evoked Ca®* entry (CCE), in
differentiated SH-SY5Y cells and primary rat cortical neurons. The
observed phenomenon greatly relies on the presence of secreted
AS, because immunodepletion of the protein from the CM before
administration to the cells does not alter CCE. Importantly, the
presence of extracellular AS did not have any effect on the CCE of
proliferating cells, which we have shown to be less susceptible to
AS-conferred toxicity (Emmanouilidou et al., 2010). Additionally,
reduction of cytosolic or extracellular Ca%* levels via the BAPTA and
EGTA Ca* chelators, respectively, spared recipient neuronal cells
from AS-evoked toxicity. These data indicate that deregulation of
Ca®* homeostasis of the recipient cells is responsible, at least in
part, for the neurotoxic potential of secreted AS. This raises the
possibility that the differential toxic effects of secreted AS in neu-
ronally differentiated versus proliferating cells (Emmanouilidou
et al., 2010) might be related to its ability to alter Ca>* homeosta-
sis in the former, but not in the latter. Although an interplay be-
tween extracellular AS and alterations of Ca?* homeostasis in the
recipient cells has been suggested in previous reports, these were
largely based on the use of recombinant AS; the current study is, to
our knowledge, the first that etiologically links such early Ca®*
perturbations to secreted AS-mediated neurotoxicity.

To further elucidate the neurotoxic pathway triggered by
secreted AS, we investigated the participation of plasma membrane
Ca** channels. Because CCE was found to be increased in the
presence of secreted AS, we sought to examine the involvement of
SOCs. Although inhibition of SOCs by the specific inhibitor SKF,
resulted in a significant reduction of CCE in control and AS-treated
differentiated cells, the difference between the 2 groups in the
presence of the inhibitor was not completely abolished. Such a
finding implies that other plasma membrane channels could
contribute to the AS-facilitated Ca®* entry. Therefore we examined
the role of the L- and N-type VOCs, using pharmacological inhibi-
tion with nif and cntx, respectively. Such treatment significantly
reduces CCE to the control levels in differentiated cells, greatly
alleviating AS-induced Ca®* entry, suggestive of the involvement of
VOCs in the observed phenomenon. In accordance with these
findings, direct stimulation of VOCs by KCl depolarization led to a
significantly higher Ca%* influx in AS-treated cells compared with
the control cells. Notably, inhibition of either L- or N-type VOCs
greatly reduced Ca’* influx on depolarization in both groups,

abolishing the difference between them. These findings prove the
proper function of VOCs in the described cellular system and more
importantly, verify the role of VOCs in secreted AS-evoked Ca?*
deregulation. Considering that we did not find any changes in the
protein levels of VOCs (data not shown) on exposure of the cells to
secreted AS, the described Ca®* increase cannot be attributed to an
upregulation of the expression levels of these channels. Instead, we
saw that the presence of extracellular AS increased membrane
fluidity of the recipient neuronal cells, potentially allowing the
redistribution and clustering of plasma membrane receptors
(including Ca®?*-dependent channels), which in turn might facili-
tate their activation and sensitivity to Ca>*. Nonetheless, we cannot
exclude the possibility of a direct interaction between secreted AS
and the plasma membrane receptors, resulting in alteration of their
function.

Because recombinant AS species have been shown to interact
with artificial and biological membranes creating annular pores
(Danzer et al., 2007; Tsigelny et al., 2012), we investigated the effect
of AS on an Iono-evoked response. If the interaction of AS with the
plasma membrane caused the formation of pores, the Iono-evoked
response would result in a profound Ca* rise, in Ca**-containing
conditions. Nevertheless, we found no significant difference in
[Ca®*]; between AS-treated and control cells suggesting that
the likelihood of pore formation (at least at this early time point)
is unlikely. However, we cannot exclude the possibility that
such pores are formed at later time points (Schmidt et al., 2012;
Tsigelny et al., 2012). The notion that secreted AS perturbs the
normal function of the plasma membrane of the recipient cells, by
facilitating increased Ca®* influx, is further supported by the
significantly slow buffering rate of the Cch-evoked Ca* rise in
Ca*-containing compared with Ca*"-deprived conditions, exhibi-
ted by AS-treated cells compared with the control cells.

Despite the profound increase in the observed Ca®* entry, no
significant changes in the steady-state levels of [Ca®*]; were
measured in AS-treated cells compared with control cells.
Sequential Ca®* release from the ER and the acidic stores did not
reveal any striking differences in both Ca?*-depleted and Ca®*-
containing conditions, excluding the possibility of alterations in
Ca®* mobilization. Direct discharge of the mitochondrial Ca®*
content using simultaneous administration of the mitochondrial
uncoupler FCCP and Oligo, showed significantly increased Ca?*
sequestration in AS-treated cells, suggestive of mitochondrial Ca®*
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overload. It is possible that such overload might lead to mito-
chondrial dysfunction, thus linking extracellular AS and Ca®*
overload to the mitochondrial theory of PD pathogenesis (Benner
et al., 2004; Cali et al., 2012; Vekrellis and Stefanis, 2012; Zhou
et al., 2004).

Uncontrolled Ca>* entry can result in the activation of calpains, a
specific type of cystein- protease that responds to Ca?* signals
(Medeiros et al., 2012). An increasing body of evidence gradually
cements the notion that abnormal activation of calpains is 1 of the
major culprits in a wide spectrum of brain disorders (Camins et al.,
2006). However, the precise mechanism via which calpains regulate
cell death pathways remains to be deciphered. Calpain activity was
found to be increased in the protein preparations extracted from
cells treated with AS for 24 hours, suggesting that calpain activation
is a secondary event that follows Ca®* deregulation. Considering
that calpains can mediate caspase cleavage and activation (Camins
et al., 2006), and that secreted AS-induced toxicity results in
caspase-3 cleavage (Emmanouilidou et al., 2010), these data suggest
a potential cross-talk between calpains and caspases. In our study,
pharmacological inhibition of calpains protected neuronal cells
from AS-induced death, further reinforcing the involvement of
calpains in the described neurodegenerative process. However, this
effect was more profound in differentiated SH-SY5Y cells than in rat
cortical neurons, possibly because higher doses and more effective
calpain inhibition were not achieved in the latter case, because of
pharmacological toxicity observed with higher doses. In any case,
the incomplete effects of calpain inhibition in rat cortical neurons
suggest that other death pathways could contribute to the observed
neurotoxicity.

It is important to note that an 8-hour treatment with chelating
compounds (BAPTA, EGTA) and VOC inhibitors was enough to
protect differentiated SH-SY5Y cells from 16 or 24 hours of total
incubation with CM, WT—, thus placing Ca** deregulation at the
beginning of the AS-triggered neurotoxic cascade. On the contrary,
similar administration of CI started to be protective after the 16-
hour incubation with CM, WT— and showed maximum protection
after the 24-hour treatment. Taking into account the enzymatic
activity data, which shows calpain activation after 16 hours of
exposure to secreted AS, the above finding implies that calpains
might be activated at 16 hours (albeit at low, nondetectable levels),
but this activation was significant only at 24 hours. Therefore, it
seems that calpain activation is 1 of the late events of the secreted
AS-evoked neurotoxic cascade, downstream Ca®® deregulation.
However, further investigation is required to elucidate the precise
involvement of calpains in this phenomenon.

We have shown that AS species can be delivered to the extra-
cellular space, at least partly, via their association with exosomes.
Measurements of CCE in recipient cells treated with free extracel-
lular AS or exosome-associated AS preparations, revealed that free
extracellular AS was more potent in inducing increased Ca’* entry,
compared with the exosome-associated protein. This difference in
Ca?* response might be because of the conformational changes that
AS undergoes on packaging into exosomes which might affect its
biochemical properties. In addition, considering that only a minor
fraction of secreted AS is associated with exosomes (Danzer et al.,
2012), this result might also reflect concentration differences.

Concluding, our findings indicate that secreted AS has neuro-
toxic effects, at least in part, through engagement of the Ca?* ho-
meostatic machinery. In this context, handling of Ca®* signaling
cascades might represent a potential therapeutic target for PD and
related synucleinopathies by alleviating secreted AS-conferred
neurotoxicity. Furthermore, our study provides a number of
important novel mechanistic insights regarding the effect of
secreted AS on neuronal cells. Initial effects leading to increased
Ca®" influx are linked to altered membrane fluidity, likely causing

clustering or oversensitization of VOCs, whereas pore formation
does not appear to play a role at these early time points. In
the further cascade of events, calpain activation and, possibly,
mitochondrial Ca®* overload, are important factors leading to
neurotoxicity.
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