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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 to PD

Science 27 June 1997: 
Vol. 276 no. 5321 pp. 2045-2047 

MH Polymeropoulos et al-
Mutation in the α-Synuclein Gene 

Identified in Families with Parkinson's 
Disease



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



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



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. 

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

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. 
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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
2008- Synuclein pathology in fetal neural grafts
2009- PD as a prion (i.e. mad cow disease) disorder?
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Schematic illustration demonstrating similarities in the relationships between 
the PrPC protein and prion diseases, and the α-synuclein protein and 

Parkinson's disease

©2009 by National Academy of Sciences



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 ..

..and our own in vitro work has 
shown..



..and there is Lewy body 
pathology in GIT possibly 

ahead of overt motor 
disease (reviewed in 

Lebouvier et al 2009);
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Cell death and clinical features of PD
Incident PD
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(various suggestions-
coffee; pesticides; head 

injury; not smoking…
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PD patients= 2011
Controls= 18381

NEW loci 1q15 and 4p15; 
synuclein and ?LRRK2

PD patients= 1713
Controls= 3978

Tau and synuclein

PD patients= 1752
Controls= 1748

Tau and synuclein

Recent Genome Wide Association Studies (GWAS) have been 
published which look at all genes linked to PD...

OVERALL the genetic risk factors are:
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OLFACTORY BULB 
with synuclein pathology

Individual with genetic susceptibility for getting idiopathic PD (tau/alpha synuclein)
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With synuclein pathology

CORTICAL REGIONS
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Cell death and clinical features of PD
Incident PD
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(including coffee; 
pesticides; head injury; 

not smoking…

BUT how can we investigate this?



..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..

A NEW TECHNOLOGY- The 
ability to make induced 

Pluripotent Stem Cells (iPS 
cells) from mice then man



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

2010 2011



BUT are all patients the 
same?



NO… The CamPaIGN study
[Now being replicated PICNICS-ICICLE study]

• Attempt to identify all newly diagnosed  
cases of parkinsonism in Cambridgeshire 

over a 2 year period (Dec 2000 – Dec 
2002)
• Clinical diagnoses refined using 

established criteria: 159 IPD cases, 80 
other parkinsonism cases

• Description of phenotypic variability at 
time of diagnosis

• Longitudinal follow-up with collection of 
prospective clinical data ongoing

(Foltynie et al, Brain 2004)



THE NATURAL HISTORY OF TREATED PARKINSON’S DISEASE



“Subtle” complex 
cognitive impairments

but “LOCALISED” NIGRAL 
pathology

Younger patient with normal 
thinking

Early PDD

Posterior cortical impairment 
and “WIDESPREAD”

pathology throughout CNS 
with accelerated LB 

formation

Older patients with some 
problems in thinking as 

evidenced by poor semantic 
fluency and pentagon drawing

The two types of idiopathic PD?

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 JNNP 2011
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cognitive impairment

but “LOCALISED” NIGRAL 
pathology

The two types of idiopathic PD?

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 JNNP 2011

DA CELL THERAPIES and GROWTH 
FACTOR TREATMENTS for DA CELLS 
may ONLY work for this type of PD 

patient
DISEASE MODIFYING THERAPIES?

Younger patient with normal 
thinking

Early PDD

Posterior cortical impairment 
and “WIDESPREAD”

pathology throughout CNS 
with accelerated LB 

formation

Older patients with some 
problems in thinking as 

evidenced by poor semantic 
fluency and pentagon drawing



“Subtle” fronto-striatal 
cognitive impairment

but “LOCALISED” NIGRAL 
pathology

The two types of idiopathic PD?

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 JNNP 2011

DA CELL THERAPIES and GROWTH 
FACTOR TREATMENTS for DA CELLS 
may ONLY work for this type of PD 

patient
DISEASE MODIFYING THERAPIES?

Younger patient with normal 
thinking

Early PDD

Posterior cortical impairment 
and “WIDESPREAD”

pathology throughout CNS 
with accelerated LB 

formation

Older patients with some 
problems in thinking as 

evidenced by poor semantic 
fluency and pentagon drawing



The development of fetal dopamine (VM) 
cell therapies for PD
1990 1991 1992 1993 1994 1995 1996 1997 1998

1st patients with 
advanced PD 

treated with fetal 
VM grafts

Development of 
fetal VM 

transplants in 
animal models of 

PD 
experimentally
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INITIAL TRIAL SHOWED A MAIN CLINICAL EFFECT BUT NOT IN 
ALL CASES…

~50 patients grafted with VM tissue using 
an open label approach



2002 2003 2004 2005 2006 2007 2008 2009 2010

Double blind placebo control trials 
with N=40 and 34

Open label study in Halifax, 
Canada;N=10

NIH
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YET STILL 
FROM OLD 

STUDIES BEST 
OUTCOME 

SHOWS

NEW “BIG” TRIAL SHOWED
NO SIGNIFICANT MAIN CLINICAL 
EFFECT …… WITH PROBLEMS OF 

GIDS

SO WHERE NEXT?
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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



“Subtle” fronto-striatal 
cognitive impairment

but “LOCALISED” NIGRAL 
pathology

Younger patient with normal 
semantic fluency and 

pentagon drawing but may 
have subtle executive deficits 

at PRESENTATION

Early PDD

Posterior cortical impairment 
and “WIDESPREAD”

pathology throughout CNS 
with accelerated LB 

formation

Older patients with MCI at 
presentation as evidenced by 

poor semantic fluency and 
pentagon drawing

The two types of idiopathic PD?

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 JNNP 2011
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A NOVEL APPROACH.… using something that naturally is 
found -the HUMAN Cytomegalovirus (HCMV)…

apoptosis

Cytochrome C

Caspase 9/Apaf-1 
(Apoptosome)

Caspase cascade

Mitochondria

Cellular stress
signals

(Intrinsic pathway)

Bax/
Bad

Mitochondrial outer 
membrane permeability

HCMV UL37
( vMIA)AIF/EndoG

HCMV β2.7*

caspase independent

• It codes for a pro-life product called β2.7 
which is the single most abundant 

transcript during infection ;
• And this works to keep cell happy and in 

a good energetic state

.BUT IF THIS THERAPY IS TO BE 
USED FOR PD NEED TO GET IT 

INTO BRAIN….another naturally 
occurring virus can help us here!!



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

RVGpep 9R

RVG-9R

RVG29mer Arg9

siRNA
GFP

RVGpep 9R

RVG-9R

RVG29mer Arg9

siRNA
FVEJ

specific knock-down of GFP 
expression In brain

lethal challenge 
with JEV

80% of mice protected 
from fatal encephalitis

RVG

Rabies virus glycoprotein

Ach R

Ach R

blood brain barrier

RVG 9R

Binds RNA tightly

-no evidence of any 
immune response to it

Kumar et al, Nature, 2007



HCMV β2.7*

RVG 9R+

Animal with a 
lesion already to its 

dopamine cells

RESCUE CELLS THAT WOULD NORMALLY BE 
LOST TO LESION!!



Environmental toxin

“Ingested”

GUT 
with synuclein pathology

OLFACTORY BULB 
with synuclein pathology

Individual with genetic susceptibility for getting idiopathic PD

BRAINSTEM
With synuclein pathology

CORTICAL REGIONS
With synuclein pathology

Prion-like spread of synucleinProdromal PD

Cell death and clinical 
features of PD

Incident PD
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CAN WE DO ABOUT IT? In one type of PD…

DA CELL THERAPIES 
and GROWTH 

FACTOR 
TREATMENTS

More BENIGN form of PD..in 
younger patients with less 
gait or thinking problems..
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WHAT GOES WRONG IN PARKINSON’S DISEASE and WHAT 
CAN WE DO ABOUT IT? In the other type of PD.. 

DISEASE 
MODIFYING 
THERAPIES?

More MALIGNANT form of 
PD- In older PD patients with 
more significant walking and 
thinking problems at disease 

onset
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