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To begin at the beginning....

1817- James Parkinson describes the disease that Charcot
named after him

1912- Friedrich Lewy describes inclusion body pathology
1960s- Loss of dopamine as core pathological event in PD is
first described with successful treatment of patients with L-
dopa

1990s- Alpha-synuclein is linked t¢ s, a-Synuclein in
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THE EVOLUTION OF A NEW HYPOTHESIS about PD

1817- James Parkinson describes the disease that Charcot
named after him

1912- Friedrich Lewy describes inclusion body pathology
1960s- Loss of dopamine as core pathological event in PD is
first described with successful treatment of patients with L-
dopa

1990s- Alpha-synuclein is linked to PD

2003- Heiko Braak classification of PD pathology and
concept of non-motor/prodromal disease



Heiko Braak - Estilfanos Ghebremedhin - Udo Riuab -
Hans jiirgen Brateke - Kellv Del Tredici

Stages in the development of Parkinson’s disease-related
pathology

presymptomatic symptomatic

NOW RECOGNISED THAT PD PATIENTS HAVE A RANGE OF NON-MOTOR
FEATURES INCLUDING: AFFECTIVE; AUTONOMIC; SLEEP;
ENTERIC; and COGNITIVE DEFICITS... AND SOME OR ALL OF THESE START AT
OR BEFORE MOTOR DISEASE ONSET..Pre PD




Postuma RB et al (2009)
Idiopathic REM sleep behavior disorder in the transition to degenerative
disease.

Since 2004, we have been conducting a prospective study of idiopathic RBD
patients...Of 67 patients, 6 developed PD and eleven developed dementia.

Claassen DO et al (2010) REM sleep behavior disorder preceding other
aspects of synucleinopathies by up to half a century.

Results: Clinical criteria were met by 27 patients who experienced isolated
RBD for at least 15 years before evolving into PD, PD dementia (PDD), DLB, or
MSA. The interval between RBD and subsequent neurologic syndrome ranged
up to 50 years, with the median interval 25 years.



THE EVOLUTION OF A NEW HYPOTHESIS about PD

1817- James Parkinson describes the disease that Charcot
named after him

1912- Friedrich Lewy describes inclusion body pathology
1960s- Loss of dopamine as core pathological event in PD is
first described with successful treatment of patients with L-
dopa

1990s- Alpha-synuclein is linked to PD

2003- Helko Braak classification of PD pathology and concept
of non-motor/prodromal disease

2008- Synuclein pathology in fetal neural grafts
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THE EVOLUTION OF A NEW HYPOTHESIS about PD

1817- James Parkinson describes the disease that Charcot named
after him

1912- Friedrich Lewy describes inclusion body pathology

1960s- Loss of dopamine as core pathological event in PD s first
described with successful treatment of patients with L-dopa
1990s- Alpha-synuclein is linked to PD

2003- Helko Braak classification of PD pathology and concept of
non-motor/prodromal disease

2008- Synuclein pathology in fetal neural grafts

2009- PD as a prion (i.e. mad cow disease) disorder?

PNAS 2009; August 4™; 106:12571-12572
Is Parkinson’s disease a prion disorder?

C. Warren Olanow™' and Stanley B. Prusiner®
3pepartments of Neurology and Newroscience, Mount Sinai School of Medicine, New York, NY 10029; and Pinstitute
for Neurodegenerative Diseases and Department of Newrolo gy, University of California, San Francisco, CA 94143
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Schematic illustration demonstrating similarities in the relationships between
the PrPC protein and prion diseases, and the a-synuclein protein and
Parkinson's disease
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Many studies have now shown that proteins associated with
neurodegenerative disorders can spread from cell to cell and this
Includes alpha-synuclein both in transplants of fetal brain tissue ..

Research article

a-Synuclein propagates from mouse brain
to grafted dopaminergic neurons and seeds
aggregation in cultured human cells
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..and our own in vitro work has

shown..
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Rotenone model:

Progressive accumulation of alpha-synuclein
within enteric nervous system and peripheral
centres of intestinal innervation

Three month intragastric administration of
rotenone causes alpha-synuclein accumulation
in substantia nigra, accompanied by minor cell
loss and rotarod deficit.

Effects of oral rotenone on CNS alpha-
synuclein - parasympathetic centre of
enteric innervation

Dorsal motor nucleus of vagus

control 1.5 months 3 months
treatment treatment

Pan-Montojo et al., 2010

I. Effects of PD-related mitochondrial toxin
rotenone on aggregation of alpha-synuclein
within enteric nervous system

o Tissue collection

5mg/kg rotenone via
stomach gavage

1.5 months 3 months
treatment treatment

Effects of oral rotenone on enteric alpha-
synuclein
F Effects of oral rotenone on alpha-

synuclein in substantia nigra

months

control § B rotenone

months
lenone [)

3
rote

control 3 months treatment

Effects of oral rotenone on CNS alpha- Par-Montolo st al,, 3010
synuclein - sympathetic centres of
enteric innervation

..and there is Lewy body
pathology in GIT possibly
ahead of overt motor

Intermediolateral nucleus of spinal cord

1.5 months 3 months

disease (reviewed in
Lebouvier et al 2009);



THE EVOLUTION OF A NEW HYPOTHESIS about PD

Environmental toxin
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THE EVOLUTION OF A NEW HYPOTHESIS about PD

(various suggestions-
Environmental toxin coffee; pesticides; head
Injury; not smoking...
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Recent Genome Wide Association Studies (GWAS) have been
published which look at all genes linked to PD...

S5 PD patients= 1713
Controls= 3978
Genome-wide association study reveals genetic risk Tau an d Syn u CI e | n

underlying Parkinson’s disease

Eemﬁcetics .
PD patients= 2011
Controls= 18381
Sﬁ?;l??f;1,"53351?5‘35;1?;22iﬁ‘?ﬁﬁ?ﬂ?ﬁfﬁé?mm‘““ NEW loci 1q15 and 4p15;
porkinsons disease synuclein and ?LRRK2

Genome-Wide Association Study Confirms SNPs in SNCA .

and the MAPT Region as Common Risk Factors for PD patlentS: 1752
Parkinson Disease
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2 Division of Epidemiology, Department of Medicine, Vanderbile Epidemiology Center, Vimdenbilt University School of Medicine,

. OVERALL the genetic risk factors are:

¢ Department of Neurology, Miller School of Medicine, University of Miami, FL
SDepartment of Medicine, Duke University Medical Center, Duuke University, NG

Summary
Background Genome-wide assoclation studies (GWAS) for Parkinson's disease have linked two locl (MAPT and  Lancet 2000 577:64148

SNCA) to risk of Parkinson's disease. We aimed to identity novel risk loci for Parkinson's disease. Publihed Online
February 1 2011



THE EVOLUTION OF A NEW HYPOTHESIS about PD

(including coffee;
pesticides; head injury;
l not smoking...
Y. Ingested N

Individual with genetic susceptibility for getting idiopathic PD (tau/alpha synuclein)
¥ N
GUT OLFACTORY BULB

with synuclein pathology with synuclein pathology

Prodromal PD Prion-like spread of synuclein

|
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With synuclein pathology With synuclein pathology

\/

Cell death and clinical features of PD

BUT how can we investigate this?

Environmental toxin

Incident PD



A NEW TECHNOLOGY- The
ability to make induced

Pluripotent Stem Cells (iPS Y| -
cells) from mice then man

PATIENT
FIBROBLAST

REPROGRAMMING

FACTORS :
‘

..and IPS cells can be made to
turn into DA neurons which
work in animal models of PD..

..and now can even directly turn skin cells
Into DA neurons which work in animal
models of PD..



Direct conversion of fibroblasts to
functional neurons by defined factors
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Direct generation of functional dopaminergic
neurons from mouse and human fibroblasts
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Direct conversion of human fibroblasts
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Figure 4 | Characterization of human fibroblasts reprogrammed into iDA
cells. a—f, Fibroblasts from a healthy donor (a-d) and a Parkinson's disease (PD)

..which not only can be used to
study disease but drug screening..
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ARTICLES

Induced pluripotent stem cells from a
spinal muscular atrophy patient

Allison D. Ebert™?, Junying Yu?, Ferrill F. Rose Jr*, Virginia B. Mattis®, Christian L Lorson®, James A. Thomson®*®
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BUT are all patients the
same?



NO... The CamPalGN study
[Now being replicated PICNICS-ICICLE study]
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The two types of idiopathic PD?

Younger patient with normal
thinking

Older patients with some
problems in thinking as
evidenced by poor semantic
fluency and pentagon drawing

“Subtle” complex
cognitive impairments

but “LOCALISED” NIGRAL
pathology

Posterior cortical impairment
and “WIDESPREAD”
pathology throughout CNS
with accelerated LB
formation

l

Early PDD

Foltynie et al Brain 2004; Williams- Gray CH et al,
J.Neurosci.2007; Brain 2007, Brain 2009;
Goris et al. Ann.Neurol. 2007; Evans et al INNP 2011



The two types of idiopathic PD?

Younger patient with normal
thinking

“Subtle” fronto-striatal
cognitive impairment

but “LOCALISED” NIGRAL
pathology

DA CELL THERAPIES and GROWTH
FACTOR TREATMENTS for DA CELLS

may ONLY work for this type of PD
patient

Older patients with some
problems in thinking as
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DISEASE MODIFYING THERAPIES?
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The development of fetal dopamine (VM)

cell therapies for PD

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
—

Development of st patients with ~50 patients grafted with VM tissue using
fetal VM | advanced PD an open label approach
transplantsin  treated with fetal
animal models of VM grafts

PD

experimentally INITIAL TRIAL SHOWED A MAIN CLINICAL EFFECT BUT NOT IN

ALL CASES...

Patient 3

. 80 L ntation Patient 3 ” ~.
[ surdery

Patient 4

g PR r S

Pre—engraftment 1 year 3 years
L_Pact anarafimant




1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
—

Double blind placebo control trials
with N=40 and 34

NEW “BIG” TRIAL SHOWED
NO SIGNIFICANT MAIN CLINICAL

EFFECT ...... WITH PROBLEMS OF
NIH GIDS
Open label study in Halifax,
Canada;N=10 SO WHERE NEXT?
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0

SEVENTH FRAMEWORK
PROGRAMME

1. To establish and conduct a small open label study of fetal ventral
mesencephalic transplants to patients with early PD;

2. To establish and conduct a larger double blind placebo controlled study of
fetal ventral mesencephalic transplants to patients with early PD using
Imitation surgery and best medical therapy.

THE CRITICAL ISSUES TO ACHIEVE THIS.
1.PATIENT SELECTION

2.TISSUE COMPOSITION

3.TISSUE PLACEMENT

4. TRIAL DESIGN AND END POINTS



The two types of idiopathic PD?

Younger patient with normal
semantic fluency and
pentagon drawing but may
have subtle executive deficits
at PRESENTATION

“Subtle” fronto-striatal
cognitive impairment

but “LOCALISED” NIGRAL
pathology

DA CELL THERAPIES and GROWTH
FACTOR TREATMENTS for DA CELLS

may ONLY work for this type of PD
patient

Older patients with MCI at
presentation as evidenced by
poor semantic fluency and
pentagon drawing

Posterior cortical impairment
and “WIDESPREAD”
pathology throughout CNS
with accelerated LB
formation

|

Early PDD

DISEASE MODIFYING

THERAPIES?

Foltynie et al Brain 2004; Williams- Gray CH et al,
J.Neurosci.2007; Brain 2007, Brain 2009;
Goris et al. Ann.Neurol. 2007; Evans et al INNP 2011



A NOVEL APPROACH.... using something that naturally is
found -the HUMAN Cytomegalovirus (HCMV)...

e It codes for a pro-life product called 2.7
which is the single most abundant
transcript during infection ; HCMV 82.7*

e And this works to keep cell happy and in
a good energetic state

Mitochondria

Cellular stress
Bax/

Bad signals
Mitochondrial outer
membrane permeability
Il
HCMV Human Cytomegalovirus CytOChrO me C
1 HCMV UL37
- Caspase 9/Apaf-1 AlF/EndoG ( vM IA)
& - (Apoptosome) @é\‘
A / &Qe
: Caspase cascade 2
x
= BUT IF THIS THERAPY IS TO BE

l USED FOR PD NEED TO GET IT
apoptosis INTO BRAIN....another naturally
occurring virus can help us here!!



.the Rabies virus glycoprotein peptide which can transport proteins
etc into the brain

blood brain barrier
-no evidence of any

Immune response to it
AchR

Rabies virus glycoprotein

s

Binds RNA tightly

AchR

RVG29mer Arg,

RVG-9R 5 \\/
SIRNA d

v

specific knock-down of GFP

GFP . .
expression In brain
RVG29mer  Arg, i “"-ﬁ-h_
™ »80% of mice protected
RVG-9R _ \/ / :I.:: - from fatal encephalitis
S'FF;'\S lethal challenge
with JEV

Kumar et al, Nature, 2007
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A novel neuroprotective therapy a)
for Parkinson’s disease using a viral

noncoding RINA that protects mitochondrial "
Complex I activity o
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WHAT GOES WRONG IN PARKINSON’S DISEASE and WHAT
CAN WE DO ABOUT IT? In one type of PD...

LETTER
DA CELL THERAPIES Environmental toxin -
Dopamine neurons derived from human ES cells
an d G R OWT H l ;ffi%gntly ,ergraft in animal models of

FACTOR

Sonja Kriks"?*, Jae-Won Sh\m"z".lm‘ghuu Piao"?, Yosif M. Ganat"?, Dustin R. Wakeman®, Zhong Xie®, Luis Carrillo-Reid?,
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