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Mepiypappa optAiog

Baolka otolxeia ytot Tn vooo tou Mapkivoov

levetikn faon Kal maBoyEveila vooou
Napkwoov

[eveTikn vooou Mapkivoov atov EAANVIKO
XWPOo

Eotliaon ota Aucoowpata Kot tThv
oauvtodayia



Mepiypappa optAiog

* Baolka otolxeia ylo Tn vooo tou Mapkivoov



IororaOng Nooog IlapkKiveov

Xvuyvotnta 0.3% otov yeviko mAnbvono
20YvoTNTO GVEAVETOL UE TNV NAIKIO,

2 10-20% TV TEPTTOCEMV VITAPYEL GUPES OLKOYEVELOKO
1OTOPLKO

To kGmviopo KOl 1] KOTOVAAMON KOPE ELVOL APVITIKOL
TOPAYOVTES KIVOUVOU

Evoyomorovvtor mepifairlovtoroyiKol TapdayovTeS, 0TOS N
¢kOeon o€ uToPAPUOKO



Noococ IlapkKivoov:
Baoiwkn Kuvikn Xvuntopotoroyie/Znueioroyio

Bpaovkivnoia

Tpopoc Hpepiog

Avokapyia

Aota0er0 otdong Kot faoiong

Ot dwoTtapayéc aVTES TNG KIVIITIKOTITOGS EIVOL OVOYKOIES
Yo TNV O1AYvVMGT] TS VOG0V, AALE OEV GVVIGTOVV
TNV 0AN KMVIKI] €IKOVO T1)C VOG0V



A. Normal o B. Parkinson’s
\ Disease

Caudate

Putamen

< Nigrostriatal ———>#

pathway

Dauer and Przedborski, 2003



S

b

FIG. 1. Dopamine transporter binding assessed with [''Cld-threo-
methylphenidate in a healthy age-matched control subject (a) and an
asymptomatic carrier of a mutation in LRRK2 (b). Courtesy of UBC-

TRIUMF PET group.




NMeplopiletat n voooc MNAapKvoov GTov
MapKwooviopo?

e 2TNV MPAYHOTIKOTNTA, UTIAPXEL EVOL OAOKANPO TAEYHOL OTTO
MN KWWNTLKA CUMITTWHOTO TTOU oUVLOTOUV, poll LE Ta
KLVNTLKA, TO TAQLOLO TNC VOGOoU

* ExewLnpotaBei o 0poc “Parkinson’s Complex” yia av
nEPLYPAYPEL AUTO TO TILO CUVOETO HELYHA ONUELWV KoL
OUMTTTWLATWYV

e AUTA TA KN KWVNTIKG CUUITTWHOTO EIVOL GNHOVTIKA, EMELON:
* Ennpealouv onuovIkad tnv nototnta {wng

 BonOouv otnv dayvwon kot dtapopikn dtayvwon

* MmopEL KaL va TPONyoUVTAL TWV KIWVNTKWV GUUNTWHATWVY



Evolution of non-motor and motor
symptoms in parallel to
heurodegeneration in Parkinson’s Disease




Moo €ival AUTA TA LN KWVNTLKA
cupnTwupota?

Ermpepilovtal os:

AUTA TOU €ivoll LIMOPEL va TTPONYOUVTOL TWV KLVNTIKWV
CUMMTWHATWV

AUTA TOU AITOTEAOUV NAPEVEPYELEC AVTL-MTAPKIVOOVIKWV
bappakwv

Autd mou gival nopovia otnv npoxwpnpévn NM

Auta rtov oxetifovtal Kot auta ntov v oxetilovtal Le To
VIOTIALLVEPYLKO GUOTNLOL



The tip of the iceber

Parhvgoousm
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Progression of PD-related intraneuronal pathology

Braak et al., 2003




HALLIDAY ET AL w

J
BRAAK STAGE 1&2 PD BRAAK STAGE 3&4 PD BRAAK STAGE 5&6 PD
Autonomic/olfactory Sleep/Motor Emotional/cognitive
disturbances disturbances

via @ Brainstem Lewy body @ Cortical Lewy body
Vagus nerve

FIG. 1. Stylized representation of the Braak staging for Parkinson's disease showing the initiation sites in the medulla oblongata and offactory bulb
through to the later infiltration of Lewy pathology into the cortical regions.
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Non-motor Parkinson's: integral
to motor Parkinson’s, yet often
neglected

Table 2 Non-motor symptoms in the premotor PD

Commonly assodated—with reasonable evidence base

Hyposmia (usually of late onset and idiopathic) :fl'.D tim|r3353 increase in risk of developing PD;+abnormal DATScan—43% develop motor PD in
VEars

Rapid eye movement sleep behaviour disorder 25-40% risk of developing a synucleinopathy at 5 years;
40-65% risk of developing a synucleinopathy at 10 years™

Constipation 2.7-4.5 times increased risk of PD**

Depression 2.4 times increased risk of developing PD**

Desaibed associations

Excessive daytime sleepiness 3.3 times increased risk of PD*’

Fatigue (a sense of exhaustion as opposed to In 45%—a premotor symptom™®

sleepiness)

Pain (often unilateral and in affected limb) 34% increased risk of PD*°

Erectile dysfunction 3.8 times increased risk of PD*

PD, Parkinson's disease.

To cite: Todorova A,

Jenner P, Ray Chaudhuri K.
Pract Meurol Published Online
First: [please include Day
Month Year] doi:10. 1136/
practneurol-2013-000741




Mn KWNTLKQ GUUMTWLOTOL TTOU UTOPEL VAL ALTTOTEAOUV
NMOLPEVEPYELEC AVTL-MTAPKIVOOVIKWV DAPUAKWV

OpBootatikn Yrnotaon

Huepnowa YrivnAia

Alotapaxn EAEyXOU MOPOPHNCEWV
WevdaroObnoeic

Opyaviko Wuxoouvépopo

2UVOPOLO AMOCUPONC OTTO AYWVLOTEC VIOTIOLiVNG
ATTOLOVWHEVO TTapaAnpnma



Isolated delusional syndrome in Parkinson’s Disease™

Nikos Stefanis*" ! Maria Bozi®", Christos Christodoulou?, Athanassios Douzenis Y,

Gerasimos Gasparinatos *, Eleftherios Stamboulis “, Costas Stefanisb, Leonidas Stefanis ©*

Parkinsonism and Related Disorders 16 (2010) 550-552

ABSTRACT

Psychotic features in patients with Parkinson's Disease usually present as visual hallucinations against
a background of cognitive deterioration and dopaminomimetic therapy. Isolated delusions are rare. We
report here 4 patients with Parkinson's Disease who developed a delusional syndrome resembling
schizophreniform psychosis in the absence of changes in alertness, visual hallucinations or dementia. We
suggest that this syndrome may be more common than previously recognized, and thatit may be related to
the use of dopaminergic medications and environmental triggers on a background of a susceptible indi-
vidual. This syndrome suggests interesting parallels with the pathophysiology of amphetamine-induced
psychosis and schizophrenia.

@ 2010 Elsevier Ltd. All rights reserved.



Npwwun kot obwun Nococ MNapkivoov

 MNpwiun NN: Ta cupntwpata ENNEEAlOVV GE PLKPO MOVO
BaOuo tnv kaBnuepivi AsttoupylkotTnTa, KA oVvTamoKpLon
otnv ¢pappakodoyikn Oepaneia

 OYiun NN: Ta cupITTWHOTA, KOL KIVNTLKA KOl N KWVNTLKQ,
ennpealouv onpavtka tnv nootnta {wng. H avranokpion
otV PapPUAKEUTIKN Oepaneia eivoll LELWHEVN, KoL LIOPEL
va elvoil aotadnc



zupntwpato otnv owwun Nooo Napkwvoeov

2 NMOVTLKEC KLVNTIKEC SLOAKUMAVOELC KOL UTLEPKLVNOLEC

«AEOVIKA» CUUTITTWHLOTA, OTIWE TIAYW LA, TTTWOELC,
duokatanooia, SuocapOpia, mov v avtanokpivovtol o€
PapHAKEUTIKEC OepameleC

NontikR EKTWOn, TTOU UMOPEL av Elval BapeLld, LEXPL TOU
ETUIMESOV TNC AVOLOLG

Nevpopuxlatplkeéc Atatapayeg, OMwWE oPoARPNHLO Ko
PevdaoOnoelc

AwatapaxEc Uvou
AvoAettoupyia Autovopou NeuplkoU ZUOTAOTOC



Avowa o NN (PD Dementia, PDD) kot Avola JLE GWLATLOL
Lewy (Dementia with Lewy Bodies, DLB)

 H éwadoponoinon adopd tnv XpOVIK ] GUOXETLON ALVOLAC-
Napkwoovicpou

 PDD ouvnOwc¢ epdaviletal oe KAoLov mov £xeL xpovia NIM

e Xtnv DLB o kivntikoc MNapKwvooviopog Kat n avotla apxi{ouv
oxedov tavtoxpova

e Je Ma tuxaia eniokedPn oto Latpeio, oL acOeveic eival
OLPKETA TIOLPOMOLOL

* OwmnepLoocotepol eldikoi unootnpilouv tnv arnoyn otL ot
acOeveic avtol anoteAoUV HEPOC TOU PACHATOC TNE LdLaC
VOOOAOYLKNG OVTOTNTOG

e Xtnv DLB naB@aloyia Alzheimer-type givo o epdavic



Mepiypappa optAiog

* Mevetikn Baon kot naboyEvela vooou
Napkwvoov



NaBoyévera Nocou MapkKivoov

e Tevetikn Ko mepLBAAAov

 MeyaAn Epdaocn otnv YeVETIKA faon ta
teAevtaia £Tn



MAaiolOo YEVETIKWV SLATOQOXWV IOV
oxetilovtol LE MOAUTTOPOYOVTLKEC VOOOUC

Low-frequency
variants with
intermediate effect

| very hard to identify |
A1 by genetic means /
N /

| / /Rm variants of \
[ small effect \
1
Low l

~—

N tﬂ

Allele frequency

Published in final edited form as:
Nutwre. 2009 October &; 461(T265); T4T-T53. doi:10. 1 038 nature8494.

Finding the missing heritability of complex diseases

Terl A. Manolio!, Francis 5. Collins?. Mancy .. Cox”, David B. Goldstein?, Lucla A.



Scheme of genetic defects linked to
Parkinson’s Disease
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The genetics and neuropathology of Parkinson’s disease
Acta Neuropathol (20025 124:335-338

Henry Houlden - Andrew B. Singleton



Mendelian forms of Parkinson’s Disease

Table 1 Monogenic loci for Parkinson®s discase

Locus Gene Gene product Mode of Age ol onsel References
sy s inheritance
PARKI/PARES SNCA 2-synuclein AD Missense mutations: 30 to 60 vears [102, 117]
30s triplication, 40¢50s duplication
PARKZ PARK2 Parkin AR Wide range from the first decade to the ffth [59]
PARKS PINK] Pten-induced kinase 1 AR 30-50 years [127]
PARKT PARKT DIl AR 20— years []
PARKS LRRK2 Leucine-rich repeat kinase 2 AD Wide range from 30-50 [95, 139]
PARKY ATPI3AZ  ATPase type 13A2 AR 10-22 years [ 104]
PARKI4 PLAZGH Phospholipase AZ, group VI AR Classical type first decade [92]
Drystonia-parkinsonism type 20s
PARKIS FBXOT7 F-box protein 7 AR Late teens [17]
PARKI? VP535 YWacuwolar protein sorting 35 AD 40-50 years [129, 138]
homolog
PANK2 Pantothenate kinase 2 AR Classical type first decade. [126, 137]
Parkinsonian type 20s
Al putosomal dominant, AR autosomal recessive

The genetics and neuropathology of Parkinson’s disease

Henry Houlden - Andrew B. Singleton

Acta Neuropathol (20025 124:335-338



Clinical, biochemical and pathological features

of monogenic forms of PD

TABLE 1. Main genes implicated in PD

Gene Inheritance Dementia L-dopa Response Lysesomal Trafficking Mitcchondrial Regulation x-3yn Pathology
DJ-1 AR 4+ - ++ ?
PARKIN AR . 4+ . 4 -
PINK1 AR 4+ . 4 -
LRRK? AD - 1t n - +t
SNCA AD +t 1t n - 4t
GBA . -+ + 4 . 4+
ATP13A2 AR 4+ - 4 . ?

VPS35 AD - 1t 4t - ?

Tofaris, 2013



Link of PINK1, Parkin to mitochondrial
dynamics, mitophagy and motility

Mitocho_rggrial dysfunction
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Molecular link between PINK1 and
parkin in mitophagy revealed

—
Ubl Parkin

[T~
— ¥

Mitochondrial mitephagy
outer membrane

LETTER

doi:10.1038/nature13392

Ubiquitin is phosphorylated by PINK1 to NEWS & VIEWS Bilaya.13{H;!

activate parkin

A modified ubiquitin protein has been identified by three independent studies
as the missing link in a cellular quality-control pathway that is implicated in
Parkinson’s disease. SEE LETTER P.162




Scheme of genetic defects linked to
Parkinson’s Disease
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H a-ouvoukAgivn mTaigl KaBopIioTIKO poAo
oTn vooo [dpkivoov

o XZNMEIOKEG METAAAGEEIG OTNV a-OUVOUKAEivn (A30P, A53T,
E46K) odnyouv o vooo Mapkivoov R DLBD (PARK1
locus)

* YTTEPEKPPAON TNG PUOIOAOYIKAG O-CUVOUKAEIVNG MTTOPEI
va odnynoel og vooo lNMapkivoov (PARK4 locus)

* [loAupop@iopoi Tou SNCA odnyouv o€ auinuéEvn

moavoTnTa AVATITUSNS TNG VOOOU OKOMN KAl O€
OTTOPAdIKA TTEPICTATIKA

« Eival Baociké ocuoTaTiKO TWV LBS

« 'Exel Tnv 1I010TNTA VA avadITTAWVETAI NE AVWHOAAO TPOTTO,
Kol va OnNMIOUPYEi OAIYOUEPN KOOI CUCCWHATWOEIG TTOU
TTPOCOMOIA{OUV HE AMUAOEIDEG



Schematic representation of alpha-
synuclein structure

Apolipoprotein motif H50Q G51D

AN /

-

Repeat1 Repeat2 Repeat3 Repeat4 Rep epeat 6 Acidic tail

N I [ [ [ [ | | 1 C

A30P ek ASST

Mutations Genetically
Linked to Familial
Parkinson’s Disease

NAC region necessary for aggregation
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Genome-wide association study reveals genetic risk
underlying Parkinson’s disease

Javier Simén-Sanchez! 322 Claudia Schulte®22, Tose M Bras!42, Manu Sharma™22, | Raphael Gibbs!5, Daniela Berg3,
Coro Paisan-Ruiz®, Peter Lichtner®, Sonja W Scholz!, Dena G Hernandez!s, Rejko Kriige ', Monica Federoff!,
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a-synuclein oligomeric species

«-synuclein %,“::i-

¢ [i-Sheet formation

Spherical
protofibril

Annular Chain Fibril
protofibril protofibril

R~ @ S BIOMEDICAL RESEARCH FO



Various oligomeric species of ASYN in

extracts of VM of Tg mice expressing A53T ASYN

170 Kda-

50 Kda-

15 Kda-

Ctl Tg Ctl Tg CtlTg Ctl Tg

HS

HS-T RIPA SDS

Vangelis Sotiriou

Oligomers

Dimer




Pathogenic alpha-synuclein variants

Off-pathway oligomers

N annular
p @\\‘7’ oligomers
&

A I
AN W
monomeric g _cheat formatlon\ 4

a-syn and recruitment o,

Waxman E.A. & Giasson B.l., 2009



Pathogenic alpha-synuclein variants

a-synuclein
Point mutations
1 140

a-synuclein L u\*

over- cxprcmon

Ay

ot

\‘lumldo.d a-Synuclein ~ Protofibril

(olwomenc species) e 8
Aggregated a-
Synuclein

R ", (Lewy Bodies)
! W 140 Toxucnty?

Post-translational Modifications

Environmental Factors

Solvang K., 2012



Scheme of genetic defects linked to
Parkinson’s Disease
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Ellen Sidransky

Sidransky et al.:
Multi-center analysis of glucocerebrosidase
mutations in
Parkinson disease

N Engl J Med. 2009 October 22; 361(17):
1651-1661



Multi-center analysis of glucocerebrosidase
mutations in Parkinson disease

Figure 1A
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Dysfunction of the autophagy/lysosomal degradation
pathway is a shared feature of the genetic
synucleinopathies

3426 Vol. 27 September 2013 The FASEB Journal MANZONI AND LEWIS



Link of PD genes to
lysosomes/endosomes

CRITICAL EVENT
In sporadic PD

Kep1 Fromoter l I

(‘ - LYSOSOME

a-Synuclein — ’ G-SynLlCIQIH }

ATP13A2, GBA

VS35 _/ l \‘_‘ 1, Pink1, Parkin
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o C
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Endosome Autophagy Mitophagy
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vesicular/organelle membrane damage

Oxidative Stress
| J | J
Diffuse Nigral
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Tofaris, 2013



Central role of abnormal folding of alpha-
synuclein

S-J. Lee et al. / Neuroscience Research 70 (2011) 339-348
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Lewy bodies in grafted neurons
in subjects with Parkinson’s A swsarangn - -

. . . . 5 I - v ' g A . s
disease suggest host-to-graft o N e TR,
disease propagation : '

-gynudein
0
<
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Jia-Yi Li!, Elisabet Englundl, Janice L Holton?, Denis Soulet', % —-—

Peter Hagell?, Andrew ] Lees’, Tammaryn Lashley®, y @ ‘
Niall P Quinn®, Stig Rehncrona®, Anders Bjérklund’,
Hikan Widner?, Tamas Revesz??, Olle Lindvalt4#? &

Patrik Brundin'® NATURE MEDICINE VOLUME 14 | NUMBER 5 | MAY 2008

Inclusion formation and neuronal cell death through
neuron-to-neuron transmission of a-synuclein

Paula Desplats®?, He-Jin LeeP<1, Eun-Jin Bae®, Christina Patrick?, Edward Rockenstein?, Leslie Crews?, Brian Spencer?,
Eliezer Masliah®2, and Seung-Jae Leeb2

F

a-syn tg +
MCNSC-GFP
(4 weeks)

12010-13015 PNAS August 4, 2009 | wvol 106 | no. 3
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JEM Minireview

Prion-like spread of protein aggregates in neurodegeneration

Magdalini Polymenidou and Don W. Cleveland

| Sy
/| TR
/| iy
Old sick mous= | | |'(~ 3%
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Misfolded protein
accumulation

%
A Brain lysate @ I:J B Synthetic protein

B
L

Prp= Yes! Yes® Yes! Yes® Yes! Yes?
A Yes® No? Yes® No’ No? No?®
a-synuclein Yess Yes® Yes** Yes* Yes'? Yes®
Tau Yas® nd. Yes® nd. No® nd.

“Initially by Chandler 1961 and replicated by many; *Wang et al. 2010; "Meyer-Lushmann
atal 2006; Maounannt af al 2N11; 5wk at af 212; Clavaquara at al 208



o-SYNUCLEIN

TAU

Stages |
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Stages Il

Stages V-VI

TRENDS in Neurosciences




Mnxaviopoi dtacmopac

MéEow MOoLWV HNXOVIOHWV UITOPEL VoL arteAeVOepwvovTal
OLTtO VEUPWVEC Ol TTAOOAOYLKEC SOUEC MPWTEIVWV;

MéEow MOLWV UNXOVIOCHWV HETadEpOvTAL GE AAAOUC
VEUPWVEG;

MéEow mMolwvV UNXoVIopwV npocAappavovtat ano aAAouc
VEUPWVEC Kal emnpedlouv TV EVOOYEVA avtiotowxn
NPEWTELVN;



Parkinsonism and Related Disorders 1553 [2009) 5143-5147

Contents lists available at ScienceDirect

Parkinsonism and Related Disorders

journal homepage: www.elsevier.com/locate/parkreldis

Dissecting the potential molecular mechanisms underlying a-synuclein cell-to-cell
transfer in Parkinson’s disease

Elodie Angot and Patrik Brundin®

Alternate mechanisms for 1/2 . [\ 3. 500ding
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Qewpia naboyeverac NM pEcw Staomopac
TUTOV prion

E¢wkuttdpla a-cuvOUKAELVN, EKKPLVOUEVH QTTO VEUPWVLKA
KUTTOPO, MTTOPEL VOL SLAOTIELPEL TN VOOO KOTA UAKOC TOU
NeuplkoU ZuoTpoToC

MnXOaVIGHOG EKKPLONG UIMOPEL VAL ELVOIL LECW EEWOWUATWV

O UNXOVIOMOC EKKPLONG, Ol EEWKUTTAPLEC LOPPEC, KoL OL
HNXOVLGHOL SLa TwV omoilwv MpoKaAouUv ToéLKOTNTA OE
YELTOVLKA KUTTAPA, | ELGEPXOVTOL HECO OE QLUTA, ELVOLL
nibavoi Oepaneutikoi oto)OL

‘Evac mibavog OepameuTikOC TPOMOC OVTLLETWIILONG ELVOLL O
eMBOALACOC



Mechanisms of action of antibodies

against alpha-synuclein




EpuBoALaoMOC WC OEPAEVTIKA TPOGEYYLON GTN
vooo MNapkivoov

EvepynTKAC Kot Ttadntiko¢ epPoAlacpoc paivetal va eivat
OLTLOTEAECUOLTIKOC OTNV HELWON EMUMESWV OAlYOUEPWV HOPD WV TNC a-
OUVOUKAELVNG Kall 0TNV HELWON TTPOOUVATTLKAC SUCAELTOVPYLAC Kot
Sdlatapayxwv KvnTKOTnToG ToU ITPOKUMTOUV altd ThV UTEPEKPPAON TNG
0.-OUVOUKAELVNG o€ SlayovidLlaka povtéAa moviikoU

Ta Avocoocwpata ¢aivetatl va evéxovtol otnv anodounon tne a-
OUVOUKAELVNG KaTtomiv epBoAtacpou

2TOX0C EMBOALacoU UnopEL va ival Kot N eEWKUTTAPLO 0-CUVOUKAELVN

KAwikég pel€tec eival ev e€elifel o aoBeveic pe vooo Mapkivoov otnv
Evpwnn kat oti¢ HMA, e QUTEC TIC TPOOEYYIOELG



H Oswpia twv prionoids

2TnV Oswpia UMELCEPYETAL KOL N EVVOLA TNG TUXOLOTNTOC

2€ KATOLOV VEUPWVA TUXala, ] a0 CUCCWPEUCH TIOLPOLYOVIWY,
avarntuoostal Eva prionoid

AuTO peta diaomeipetal otov eykEpao

Mo va yivel Opwe n apxn, Kat va eEamAwOEel petd n vooog, MPEMEL va
UTTAPXEL EMLPPETIELOL OE CUYKEKPLUEVEC TLEPLOXEC Evapéng tng taboAoyiog

OL TTEPLOXEC QUTECG UMOPEL va ivait Kot EKTOC Tou KNZ



IHaOoloyikn evam00eon a-cuVOVKAELIVNC
OTO EVTEPIKO GVOTN UL

Braak et al., 2006



II0Bavo Tadoroyiko vrocTpONL
YOOTPEVTEPLKOV OLOTUPAY OV

central nervous system enteric nervous system

dorsal motor muscularis muscularis
nucleus propria mucosa

Meissne
adventitia sub- lamina propria
+ serosa mucosa + gastric glands

Braak et al., 2006



NMaBoAoyikn evanoBson a-cuVoOUKAELVNG
kot oto Mepipepikd Neuplko ZuoTHA

Neurology® 2014;82:1362-1369

Skin nerve a-synuclein deposits

A biomarker for idinpalhic Parkinson disease

Vincenzo Donadio, MDD,
Ph
Alex Incensi, BSc
Valentina Leta, MDD
Mana Pia Giannoccaro,
MD
Cesa Scaglione, MD
Paolo Maminelli, MDD
Sabina Capellari, MD
Parnza Avom, MDD
Agostino Barmuzzi, MID
Rocco Liguon, MDD
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Evnpaan Journal of Nowsbgy 2014, 21: 953-868

Genetic assessment of familial and eary-onset Parkinson’s
disease in a Greek population

M. Bozi™" D. Papadimitriou®, R. Antoneliou®, M. Moraitou®, M. Maniati® D. K. Vassilatis®,
S. G. Papageorgiou®, A. Leonardos®, G. Tagaris’, G. Malamis®, D. Theofilopoulos®,

S. Kamakar®®, E. Stamboulis”, G. M. Hadjigeorgiou’, A. Athanassiadou!, H. Michelakakis®
A. Papadimiriou®™ T. Gasser® and L. Stefanis™®

Backgrmound and purpose: Although the frst mutabon assocated with Parkinson’s
disease (PD) was identihied several years ago in the alpha-symuclem (SMNCA) gene in
Farmhies of Greek and Italian ancestry, a more systematic study of thie and other
known PD mutations has not been performed in the Greek population.

Methods: A genetic analyse in 111 famahal or sporadic wath early-onset (<30 years
E(Y) PD patents was performed for the presence of the A33T SNCA mutation. In
separate subgroups of these patients, further mutations in the SNCA, LRRK2, Par-
kin, PINK 1 and IJ-1 genes were scarched for. Addibonally, a subgroup of famlial
caszes was amalysed for mutations m the ghicocershbrosidase ((GBA) gene.

Results: In total, five patents (4.53% of our whole population) were 1dentihed with
the AS3T SNCA mutation, two with a heterozygote dosage mutaton and one with
a heterorygote point mutaton in the Parkin gene, and seven patents (103 % of our
farilial cohort) with (GBA gene mutations.

Condusions: The A5IT mutaton m the SNCA gene, although uncommon, docs
represent a case of PD in the Greek population, especially of famibhal EQOPD with

autesomal dominant mheritance. GGBA mutations in the familial cohort tested here
wWore as commaon as n a cohort of sporadic casss previously exammead from the

same centres. For the remainder of the genes, genetic defects that could definitively
account for the disease were not 1dentibed. These results suggest that further Men-
deban trais that lead to PD in the Greek populaton remam to be identhed.
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[evetikn Baon tng NM otnv EAAGda

MetaAAdéelc oto LRRK2 eival omavieg
Movov etepoluyec petaAAateic BpEOnkav otnv Parkin
MetaAAaéerc o PINK1, DJ-1, VPS35 bev £xouv Bpebei

H petaAAa&én G209A oto SNCA yovidio givat onavia (4% oe
nANOuono acBevwv pe avénUeEvn MIBAvVOTNTA YEVETLKOU
doptiov), aAda ntpEmneL va avalnNTELTOL OE TTEPLOTOATLKA ME
NPEWLKN NALKLa Evapénc Kot cadEG OLKOYEVELOLKO LOTOPLKO

MetaAAaéerc oto GBA sival ouxvec (Yyupw oto 10%, Evavtl
3% o€ MANOUOO EAEYXOU) KOl GE OLKOYEVELG KOl CTIOPASLKEC
TLEPLITTWOELG, KOL TIPETEL va avalntwvtal, Wbiwg os
TIEPLOTATLKA HE TIPWLKN NALKia Evapéng, aveEapTATWE
OLKOYEVELOKOU LOTOPLKOU

JJJJJJJJJJJJJJJJJJJ

R e o e o Bozi et al, 2014



EAAnvikn Opada tov MEFOPA pe dopeic tne

G209A pstalAaénc oto SNCA

Demographics Asymptomatic
carriers

N 8

Age (yrs)

meanzSD 49.88118.77

median (min-max) 42 (34-88)

Gender (M/F) 12.5/87.5%

Demographics Patients

N 22

Age (yrs)

meantSD 52.46110.74

median (min-max) 53 (33-69)

AAO 44.78£10.33
45 (30-65)

Gender (M/F) 45.45/54.54%

Male AAO 42.2+9.55
42.5 (30-61)

Female AAO 46.91+10.8
45.5 (32-65)

Years of Disease 7.6814.5

Duration 6.5 (1-18)




Age of Asymptomatic Carriers

age

100 +

90 -

80 -

70 -

60 -

50 -

40 -

30

20 -

10 A

max age of disease onset

mean age of disease onset

min age of disease
onset



Reported clinical characteristics of

symptomatic carriers

Patients’ Clinical Characteristics
at Baseline

Mean Interval of Symptoms
Appearance from Disease
onset years: meanSD (min,
max)

Motor Complications (%) 2727 6.6+4.98 (2, 15)
Postural instability (%) 50 4327 (1,11)
Autonomic dysfunction (%) 36.36 571275 (2, 8)
Olfactory dysfunction (%) 54 54 -5.45+7 9 (-20, 5)
RBD (%) 4545 -1.77+6.14 (-11, 6)
Sleep disturbances (%) 31.81 2164 91 (-6, 8)
Depression (%) 591 0.75x5.46 (-12, 11)
Dementia (%) 2727 7.4+x3.56 (0, 13)
Psychosis (%) 27 27 6.6+2.51(3,9)




Scales of motor function at baseline
and at follow-up

Disease Progression Baseline Follow up P-value
M=15 N=15

Motor Symptoms

HE&Y

avgxsd (min-max) 240831, 5) 247106 (2, 5) 0.034*

UPDRS NI

avg+sd (min-max) 13.53+156 (1, 62) 17 53+11 .84 (2, 47) | 0.073

LUPDRS Il

avgxsd (min-max) 19.87+2052 (4, 91) | 2713224 31 (1, 91) | 0.14

UPDRS IV

avg+sd (min-max) 22+319 (0, 10) 287+362(0,12) 028




Non-motor function at baseline and

at follow-up

Disease Progression Baseline Follow up P-value
MN=15 N=15

Non Motor Symptoms

UPDRS |

avgxsd (min-max) 8.8647 46 (0, 25) 12 6£8.098 (2, 32) 0.071

MOCA N=13

avgxsd (min-max) 2592+3 1 21,846 47 0.025*

M of patients beyond 4 8

cut off

Dementia

Patients M, (%) 2{13.3) 6 (40)

UPDRS 11

avg+sd (min-max) 067123 (0, 4) 1.47+1.64 (0, 4) 0.016*

Psychosis

Patients M, (%) 3{20) 6 (40)

UPDRS 1.2

avg+sd (min-max) 06+1.24 (0, 4) 1132146 (0, 4) 0.or

Autonomic Dysfunction

Patients M, (%) 5(333) 9 (60)

UPDRS

1.10+1.11+1.12

avgxsd (min-max) 07114 (0, 4) 1.36+£1.32 (0, 4) 0.006*

Depression

Patients M, (%) 10 (66.6) 9 (60)

BDIn=13

avgssd (min-max) 10.23+£7 .8 (0, 26) 11.23£9.49 (0,34) 0.7

M of patients beyond 6 5

cut off

Sleep disturbances

Patients M, (%) 5(33.3) 7 (46.6)

Olifactory dysfunction

Patients M, (%) 10 (66.6) 10 (66.6)

ST n=9

avgxsd (min-max) 6.6+1.73 (4, 9) 49+£27(1,10) 0.087

M of patients beyond 8 8

cut off

L-Dopa equivalent (mg) | 746.43£387.68 943 57+338.65

Composite Score

avgxsd (min-max) 1.13+1.24 (0, 4) 213£16 (0, 5) 0.32




Examples of phenotypic variability

Patients Disease Age at Age of H&Y | Motor

Duration disease | dementia Complications
onset onset

a 3 30 30 3
12 44 57 3 +

C 14 50 61 5 +

d 10 45 50 2 +

e 18 32 2 +

f 6 59 1

g 10 35 2 +




Motor and Nonmotor Features
of Carriers of the p.A53T
Alpha-Synuclein Mutation: A
Longitudinal Study

Dimitra Papadimitriou, MD, PhD,"iJ*

Roubina Antonelou, MD, PhD,? Michasl Miligkos, MD, MS-:;'
Matina Maniati, MSc, PhD,? Nikolaos Papagiannakis, MD,**#

Sevasti Bostantjopoulou, MD, PhD,”

Athannassios Leonardos, MD,? Christos Koros, MD, PhD,?
Athina Simitsi, r'-.*IIZZI,‘H Sokratis G. Papageorgiou, MD, PhD,3
Elisabeth Kapaki, MD, F"h[}l,‘5 Roy M. Alcalay, MD, MSc,”

- ™

ABSTRACT

Background: G2094 SNCA mutation carriers represent
an important group of genetic PD. We describe motor
and nonmotor features of G209A SNCA mutation
carriers.

Methods: Longitudinal clinical assessments owver 2
years were collected in 22 symptomatic and 8 asymp-
tomatic G209A SNCA mutation camriers. Motor and
nonmotor rating scales were administered. Correlations
were performed between clinical variables and disease
duration or age. Penetrance was calculated using
Kaplan-Meier survival curves.

Alexandros Papadimitiou, MD, PhD,!
Aglaia Athanassiadou, PhD 2

Maria Starnelou, MD, PhD,*%'? and
Leonidas Stefanis, MD, PhD>*

Results: Asymptomatic carriers did not manifest clear
premotor symptoms, but symptomatic camiers often
reported that olfactory dysfunction and rapid eye
movement sleep behavior disorder preceded motor
symptoms. Prominent motor decline and deterioration
of autonomic and cognitive function occurred at
follow-up; such nonmotor features correlated with dis-
ease duration, but not age. Disease penetrance was
estimated at around 90%.

Conclusions: This study may help to inform clinical triaks
and provide the basis for studies of disease modifiers in
genetic synucleinopathy cohorts. © 2016 International
Parkinson and Movement Disorder Society

Key Words: Parkinson's disease; alpha-synuclein;
penetrance; asymptomatic; AS53T
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ViER journal homepage: www.alsavier.com/flocata/ymgme

[3-Glucocerebrosidase gene mutations in two cohorts of Greek patients with sporadic
Parkinson's disease

Marina Moraitou , Georgios Hadjigeorgiou ®, loannis Monopolis ®, Efthimios Dardiotis ®, Maria Bozi ©,
Demitris Vassilatis /, Lluisa Vilageliu ¢, Daniel Grinberg ©, Georgia Xiromerisiou ",
Leonidas Stefanis "¢, Helen Michelakakis **
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GBA petaAAaéeic o SUo nAnBuopouc EAARVwV
oc0svwyv pe onopadikn vooco Napkwveov

21/205 aoBeveic pe vooo Mapkwvoov gixov GBA peTaANAEELC
7/206 atopoa eAEyxou eixav PeTaAAAEeLC
OR: 3.24 (95% ClI: 1.35-7.81, p=0.006)

OR ywa aoBeveic pe npwiun €vapén (EOPD) Eévavtl atopwv
eAéyxou fitav 11.37 (95% Cl: 3.73-34.6, p<0.0001)

Moraitou et al., 2011



Greek GBA-PD cohort

Mewwpévn nAkia Evapéne
MeyaAUtepn vonTikn enBapuvon
Mo cuxva apdoteponAcupn Evapén

2UYKpPLON ME 0OEVELC XWPLG YVWOTNH YEVETIKNA
nopaAAayn/petaAoén

Simitsi et al., submitted



H mpwtn papprakoyeEVWHLIKA LEAETN
otn Noco MNapkivoov

MpokKettal yia avaotoA£a TnG cUVOECNC Tou YAUKOKEpauLdiov,
UTTOOTPWHOLTOC Yia TNV YAUKooepeBpoaLdaon

Adopa povov acBeveic e voco MAPKLVOOV TOU EXOUV
pnetaAAagelc oto GBA1



DappakoyeEVWHLIKA otn vooo MNapkivoov

Avaloya HE TO YEVETIKO UTIOBaOpo (Ka miBavwc aAAou¢
BloAoykoU¢ SeiKTEC) Umopel val uUTtAPXEL 0TO HEAAOV ELOLKNA
oitioAoyikn Oepaneia

H Bepamneia avutn Oa eilvol VEUPOMTPOCGTATEUTLKE, KoL OXL
CUMMTWHOTIKN, Kot Oa pnopel va epappoletal Kal oto
TMPOCUUITTWHOTIKA oTadLla TnG vooou

MpoUmoBE£TEL TNV KaTOVONGON TWV BAcKWV BLOAOYLKWV
HNXOVLGUWYV TTOU 08nyouV ot vooo

MPoUTOOETEL TNV AVANTTUEN, MPWTA GE KUTTOPLKA KoL {WLKA
MOVTEAQ, ALTLOAOYLIKWV Bepameilwv
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Autophagic pathways inside the cell




Chaperone Mediatec Autoplhagy (CMA)

g

cargo recognition complex substrate protein
(chaperones & cochaperons)

Hsp90

Hop ,
« cargo translocation complex

Y “ ‘t“"’ y Hip

- Hsc70
YQ'QQQQQQQQQQQQQQQQQQQQYQQ

linintergintintafatatatataatgtaia‘ataiafy!
0 0@0‘0‘2‘% '0"0‘3 %LO% @‘?fa‘z‘%!!

G\ lys Hsp90

‘ Lysosomal proteases

Bag-1

Hsp40 .
cytosol
A

QQQQQQQQQQQQQQQXQ'-Q;QQ‘

RS

0‘!“0 DOOCH O IO

-

LAMP-2A

lysosomal lumen
&

(v
C N

~
¢
lYS Hsc70 ‘ Xilouri and Stefanis, 2010




Two interrelated themes

ASYN _— ASYN

degradation



Proposed model for the detrimental effects of AS on

lysosomal function

: wild-type alpha-synuclein

: mutant alpha-synuclein (A53T, A30P)

: dopamine modified alpha-synuclein

: LAMP-2A

: autophagic vacuoles (AVs)

L PP,

Macroautophagy

Vekrellis et al., Lancet Neurol., 2011

Xilouri et al., PLoS ONE, 2009
Martinez-Vicente et al., 2008
Cuervo et al., 2004



Interplay of LRRK2 with chaperone-mediated autophagy

Samantha J Orenstein'?, Sheng-Hang Kuo®', Inmaculada Tasset' " Esperanza Arias’?, Hiroshi Koga'=, NENroscience
Irene Fernandez-Carasa’, Etty Cortes®”, Lawrence S Honig*, William Dauer®, Antonella Consigliot”,

Angel Raya*'% David Sulzer™'"'* & Ana Maria Cuervo'?

Mutations in leucine-rich repeat kinase 2 (LRRK2) are the most common cause of familial Parkinson’s disease. We found LRRK2
to be degraded in lysosomes by chaperone-mediated autophagy (CMA), whereas the most common pathogenic mutant form of
LRRK2, G2019S, was poorly degraded by this pathway. In contrast to the behavior of typical CMA substrates, lysosomal binding
of both wild-type and several pathogenic mutant LRRK2 proteins was enhanced in the presence of other CMA substrates, which
interfered with the organization of the CMA translocation complex, resulting in defective CMA. Cells responded to such LRRK2-
mediated CMA compromise by increasing levels of the CMA lysosomal receptor, as seen in neuronal cultures and brains of LRRK2
transgenic mice, induced pluripotent stem cell-derived dopaminergic neurons and brains of Parkinson's disease patients with
LRRK2 mutations. This newly described LRRK2 self-perpetuating inhibitory effect on CMA could underlie toxicity in Parkinson's
disease by compromising the degradation of w-synuclein, another Parkinson's disease—related protein degraded by this pathway.



LAMP2A protein (10°)

Lysosomal-Associated Membrane Protein 2 Protein Isoforms Are
Differentially Affected in Early Parkinson’s Disease

Karen E. Murphy,™ Amanda M. Gysbers,! Sarah K. Abbott,** Adena S. Spiro,3* Akiko Furuta,3* Antony Cooper,%7
Brett C—iarrmr,a"’ Tomohiro Kabuta,® and Glenda M. H?i"i{j?i}'ll'ﬂ*
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Lysosomal Alterations in Nikdlaos Papagiannakis, ™2 Maria Xilourd, ! Chrigt

Peripheral Blood Mononuclear Maria Starm u,? Routina Antonelou, Matire Maniati,

Cells of Parkinson’s Disease
Patients

Study in PBMCs derived from 3 groups of PD
patients (GU-PD, GBA-PD and A53T-PD) and
controls

Decrease of Hsc70 protein levels in all PD groups
compared to controls

Decrease in Hsc70 mRNA levels only in GU-PD
No change in Lamp2a protein or mRNA levels
No change in LC3-Il, p62 levels



Chaperone-Mediated Autophagy (CMA)

LampZa‘ RNAI
(AAVShRNA)

KFERQ

ASYN
Hsc-70

Cuervo et al., 2004



CMA inhibition in vivo in the CNS

 Can we model in vivo the presumed CMA
dysfunction that occurs in PD?

e Strategy of using AAV to deliver shRNA against
Lamp2a to the substantia nigra



Efficient transduction of dopaminergic neurons of rat SN with GFP-
tagged LAMP2a or scrambled shRNA rAAVs

GFP TH merged

Contralateral side

Ipsilateral side




Intracellular accumulation of alpha-synuclein (AS) puncta within the nigral GFP+
neurons transduced with rAAVs expressing ShRNAs against LAMP2a receptor

scr sShRNA Y L | LAMP2a shRNA
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Intracellular accumulation of AS puncta positive for ubiquitin within the nigral
GFP+ neurons transduced with rAAVs expressing ShRNAs against LAMP2a receptor

scr ShRNA

8 weeks

ubiquitin merged
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LAMPZ2a down-regulation in the rat SN results in a severe loss of the nigrostriatal

terminals
Ipsilateral (4 weeks)
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LAMP2a down-regulation in the rat SN results in a progressive loss of the nigral

L1 rAAV scr rAAV

L2 rAAV

4 weeks

contralateral ipsilateral

dopaminergic neurons

8 weeks
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Lamp-2a downregulation in vivo in
the SN

There is profound degeneration of the nigrostriatal axis, of the
dying-back type, accompanied by neuroinflammation

Alpha-synuclein accumulation in intracellular foci, colocalized with
ubiquitin

Accumulation of autophagic vacuoles, possible increase of
autophagic flux

This could represent a new model of PD, in which
pharmacological/ molecular strategies of enhancement of CMA
activity could be validated

Mechanism of neurodegeneration unknown: Does AS contribute?
Is there selective vulnerability of Daergic neurons? What is the
role of neuroinflammation/oxidative stress/macrautophagy?

This strategy could be used in combination with modest
overexpression of alpha-synuclein to model aspects of sporadic
PD

Xilouri et al., Autophagy, 2016



Chaperone-Mediated Autophagy (CMA)

Qamph‘

KFERQ

ASYN

Cuervo et al., 2004



In vivo model: Overexpress Lamp2a concurrently with human WTAS

in the rat SNpc and assess the effects on over-expressed WTAS

levels and toxicity

» rAAV injections

Group A: » Collect striata for HPLC/WB,

Group B: SNpc WB
Group C: Lamp2a+WTAS > Perfusion/

- - Immunohistochemist
ratio 1:1, total viral load 2E14 > Behavioral analysis B

O-5 days 6 weeks 8 weeks

rAAV 2/6 vectors :

rAAV6 ITR2 - synapsinl - - WPRE - SV40 pA - ITR2 (Viral titer 3.4E14)
rAAV6 ITR2 - synapsinl - HA-Lamp2a - WPRE - SV40 pA - ITR2 (Viral titer 8E14)

rAAV6 ITR2 - synapsinl — - WPRE - SV40 pA - ITR2 (Viral titer 9.4E14)



Efficient transduction of SNpc DAergic nheurons with
Lamp2a+WT ASYN rAAVs

Xilouri et al., 2013



Lamp2a overexpression reverses the alpha-

synuclein-mediated loss of TH-positive nigral

neurons

Yecontralateral (TH+ neurcns)

LAMPZa-2 Stereology

100
80—
60+
40+
20+

0 T
S
{c‘?

O
M
M

EM M MMM MMM NN




Lamp2a overexpression reverses the loss of alpha-
synuclein-mediated striatal TH fiber density

GFP-Lamp-2a

=
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*
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I
a
A

TH-DAB densitometry

GFP-ASYN

Yconfralateral lucresce noe (arbitrany units )

ASYN-Lamp-Za ***=p<.0001




Lamp2a overexpression mitigates the loss of DA
induced by alpha-synuclein

DA
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. * Bl GFP+Lamp2a
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Lamp2a overexpression diminishes the levels of

co-expressed human alpha-synuclein in the SNpc
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Lamp2a overexpression diminishes the levels of
detergent-insoluble monomeric and oligomeric
alpha-synuclein in the SNpc
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(A) Normal (B) SNCA (C) SNCA and LAMP2A
Overexpression (PD) overexpression

Lysosome

(9 : wild-type SNCA/alpha-synuclein

g : SNCA oligomers

(e, :phosphorylated SNCA

“ : endogenous LAMP2A
Xilouri et al., Brain, 2013

: overexpressed LAMP2A
Xilouri et al., Autophagy, 2013




Interrelated themes

degradation G |Mmpact on protein

degradation

GBA loss/dysfunction
CMA dysfunction
Macroautophagy dysfunction

Aberrant ASYN Lysosomal dysfunction

L Increased ASYN J
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