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Overview

@ The growing public health impact of Parkinson disease
worldwide

@ Some historical concepts - how long have we recognized PD?
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The Burden of Parkinson Disease Is Growing

Change in number of people with Parkinson disease in the world’s most
populous nations from 2005 to 2030*

Legend *
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*Among individuals over 50 in the world’s ten most and Western Europe’s five most populous nations

Source: Neurology 2007;68:384-6 4
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The Burden Affects the Whole World

Distribution of individuals with Parkinson disease by country, 2005 and

2030*
2005 2030
100% = 4.1 million individuals 100% = 8.7 million individuals
Others, 10%
Brazil, 4%
% A China, 57%
Others, 12% US. 7% na,
Brazil, 4% China, 48%

US. 8%

India, 8% |

Europe, 14%
Europe, 20%

*Among individuals over 50 in the world’s ten most and Western Europe’s five most populous nations
Source: Neurology 2007;68:384-6
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of treatment is a source of optimism
ilable at all throughout most of human history

* Today, we hfve a‘host of tre
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~ FIGURE 19 Vibratory therapy. Charcot observed that patients with Parkinson’s disease expe-
rienced a reduction in their rest tremor, after taking a carriage ride or after horseback riding. He
developed a therapeutic vibratory chair that simulated the rhythmic shaking of a carriage (18). A

vibratory helmet to shake the head and brain was later developed. Such therapies were not uti-
’ lized widely and have not been studied in modern times.
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Introduction to PD: the Concept of a
“Disease” and Its Pathology

@ Population versus individual-level etiology and the forever debate between “splitters” & “lumpers”

= Each individual patient is different from another, genetically, epigenetically, environmentally, and from the
perspective of interactions between these - the significance of comorbidities, “phenocopies”, and natural variation of
the “same thing”

= Understanding the concept of “risk” as opposed to “cause”

= Risk is a probability, which is affected by a number of factors, many of which we know, many more we do not know

= Risk can be conceptualized at birth (based on genetic/epigenetic factors and embryonic exposures), but it is not
stable, it is a dynamic concept - risk typically grows during lifetime, but hopefully it can also be reduced

= The proper understanding of risk and factors that affect it is critical for our better approaches to altering disease risk

=  While we may understand and describe these factors at the population level and in general terms for PD in general,
there is a loose connection between such information and how that applies specifically in cases of individual patients

= Science is not lyet developed to fully and accurately characterize and describe all of these factors and determine risk at
the individual level or attribute proportional and specific causal relationship between every genetic and
environmental factor at play - it is a process too complex for our current state of science

= As thisis becoming possible, our disease modifying trials will increasingly apply “stratified” recruitment; rather than
enrolling entire populations or inclusion based on medical and clinical criteria irrelevant to the mechanism of therapy
@ Pathology - the historical primarfy 1gillar of defining “disease” while more specific than clinical
henotype, it still is “just” part of the phenotype, which may be subject to the same challenges
F}iahenoco ies, etc) and while undoubtedly a crucial part of disease, may not automatically be the be-
all/end-all ultimate correlate of specific disease modification
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PD Basics: Pathology
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Pigmented neurons

Normal: Nigra (pigment)  Parkinson: Nigra (lost pigment)
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Cellular Pathology of Parkinson’s disease: the Lewy Body

Lang & Lozano 1998
History and Pathology of PD

Gross Pathelogy of Parkinson’s Disease

% Normal

Lateral ventricles

{

Parkinson’s

History and Pathology of PD 14
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Parkinson’s Disease Etiology
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Parkinson disease: Causes

(for individual patients we can NOT say why they have PD)

GENETIC FACTORS? ENVIRONMENTAL FACTORS?

=@ Single genes that cause PD, @ Increasing age
passed down in families
(rare): see next slide

m Risk factors genes, more
common and likely a large

Brain trauma?

Previous infections, other
health conditions?

number of these @ Toxins: pesticides, metals,
= Twins: identical more than carbon monoxide, MPTP

fraternal twins will have drug

similar PD risk = Rural living, well water

@  10% have a first degree
relative with PD

@ Young onset is more likely to
have genetic factors

History and Pathology of PD 17

Delaying PD?: smoking
(whites, Asians), coffee?

Causes of PD: Genes

Proteins & Gene loci:

* Alpha-synuclein (PARK1,4)
LRRK2 (PARKS)

Parkin (PARK2)

PINK1 (PARKS)

DJ-1 (PARK?)

ATP13A2 (PARKDY)

History and Pathology of PD 18
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Cause of Parkinson’s Disease

*Genetics *Age *Environment

“Parkinson’s Disease: The Life Cycle of the Dopamine Neuron”, The New York Academy of Sciences, 2003

History and Pathology of PD

INCREASING DISEASE SEVERITY
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Progression of Parkinson’s disease
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Basic
Science:
Inside the

. NN

recipe)

2. mRNA (compact
recipe)

3. unfolded protein
(string-like)

4. folded protein (3-
D functioning
structure)

Problem: Misfolded
proteins can group
together and gum-up
the cell (toxic
aggregation)
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Loci and PD-associated genes'
Locus _Chromosoms ocation|  Gens | Inhent

PARK1/A  4q21-q22
PARK2 6q25.2-q27

PARKB | 12p11.2-q13.1
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CROSSTALK
AMONG PATHWAYS

Early-onsat with slow progression
FEarty-onset with slow progression
Earty-onaat with slow prograssion
Typical Parkinson's disease

Early-onst parkinsonism with
‘pyramidal degeneration and
domentin
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Pathogenesis of PD: in 2009

SnapShot: Pathogenesis of
Parkplison 's Dlseg:e

400440 Shin, Vaina L. Dawson, and Ted M, Dawson

SnapShot: Pathogenesis of
Parkinson’s Disease

200 Ho Srin, Valina L. Dawson, and Ted M. Dawson

Bastimors, MO 21205, USA Batimon, MO 21206, USA

P o ot et i ey bt s s S o
e e Tt AP, TR A s e A e R o ek s P P
ey T pare e Y9y T i o 18 e P
P e g o oo gt e 5 POt

Ot o Do Brirn
e e o w0 T 8 T 03 L 0o v et o 3 eve- gt it Cucral ) pace
- il s G s P g A () oo STty v £ - BEACA e Co- S bach ri

INRS: Lot o st 000, ot s 0 B e sl i Lt ot s $D
D aare et 1 POy B o f LA 7 e ] O AP 10 Pl FUAL o A
D et ey T AT 1 P O o8 P S PR oy TR SO G B P

MGG Faewars Tl e oy e b ) P o

QL Q3 QERI e 200 e svoerse: 00t 10 0105 cetzonca 08 23

PARKINSON’S DISEASE A

PD Molecular Pathways (as of 2013)

¢ Oxidative phosphorylation
e Apoptosis
Tyrosine metabolism

- g senes smmios

.,.
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¢ Ubiquitin mediated proteolysis

b

e Proteasome system
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Neuroprotection: Biological systems invelved in PD

€ b 3
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Fujita KA, Ostaszewski M, Matsuoka Y, Ghosh S, Glaab E, Trefois C, et al. Integrating pathways of
parkinson's disease in a molecular interaction map. Mol. Neurobiol. 2014;49:88-102

Mitochondfial —~_ !
,dysfuncﬂon -7
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Cell Damage: Protein Activation

@ Proteins are activated (turned “on”) by Kinases and
deactivated (turned “off”’) by Phosphatases, by adding or
removing a “tag”

@ Known genes and toxins can have bad effects on these
kinases and phosphatases.

= However, these may become medication targets

SIGNAL IN
Inactive
Enzyme
PROTEIN C)
KINASE
APP (:D
[2FP(P)
PROTEIN
s m PHOSPHATASE
Active @
Enzyme
SIGNAL OUT
History and Pathology of PD 26
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Cell Damage: Mitochondria

@ Mitochondria: the cell’s power plant

= |n the process of creating energy for the
cell, mitochondria can produce harmful
byproducts: free radicals and reactive
oxidative molecules (especially if not
working properly)

= Mitochondrial are dysfunctional in PD
either because of genetic, toxic, or other
reasons

History and Pathology of PD 27

Cell Damage: Trafficking

@ A “highway” system of
microtubules exists to direct things L
where they need to go :

= Other targeting systems are
utilized

= Known genes and toxins in PD
damage this system

History and Pathology of PD 28
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Cell Damage: Waste System
= Proteasomes: the trash system that break down worn
out parts of the cell including proteins
= Genetic and toxic factors can injure proteasomes

= Improper disposal of worn out cellular parts can
lead to abnormal protein aggregation and
mitochondrial dysfunction.

Proteasome

) Ubiquitin and ubiquitin
) to be recycled
L—) _4 e
) A
) LSr)
o o O ).-.)‘
e ¥
Ubiquinated Degraded protein
protein (peptides)
Protein entering a
proteasome
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P rl O n Evidence for a-synuclein prions causing multiple
system atrophy in humans with parkinsonism
- ’ Stanley B. Prusiner™*~", Amanda L. Woerman, Daniel A. Mordes”, M(W‘m“ Ryan w““
Hypothesis B e L e T R
Ve =
] R
e Recent reports demonstrate that a ==
single intracerebral inoculation of :
misfolded a-synuclein can induce et o
Lewy-like pathology in cells that "‘“’"“"’"‘“’"“"M
can spread from affected to e
unaffected regions and can ey e e o
induce neurodegeneration with et s G
motor disturbances in both T """’mmwm
transgenic and normal mice. S S 7 s
e A e

o Further, inoculates derived from
the brains of elderly a-synuclein-
overexpressing transgenic mice
have now been shown to
accelerate the disease process
when injected into the brains of
young transgenic animals.
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Prion Hypothesis

@ Fetal adrenal graft cells develop Lewy bodies
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(Left) Alpha-synuclein-stained Lewy bodies
and Lewy neurites are shown in (a) host
substantia nigra neurons and (b) embryonic
dopamine neurons that had been implanted
into the striatum of a PD patient 14 years
earlier.

(Right) This is a high-power view of an a-
synuclein-stained Lewy body and a Lewy
neurite in grafted mesencephalic dopamine
neurons.
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