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What are the “unmet needs” for
neurodegenerative diseases?

• Definition of the NDD, e.g. PD
• Understanding the pathogenesis
• Identifying a potential target for

intervention
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Clinical definition of PD
An adult-onset, progressive, predominantly
motor disorder

• Combining 2 or more of the following:
Bradykinesia
Rest tremor
Limb rigidity
Postural instability

• Marked and sustained response to levodopa
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Non-motor manifestations

l Seborrheic dermatitis
l Sensory complaints
l Premorbid personality
l Olfactory dysfunction
l Constipation
l Depression
l REM–sleep behavior disorder
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Definition of parkinsonian

syndromes –

Lumping or splitting?
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Clinical subtypes
of Parkinson’s disease

• Tremor predominant
• Akinetic-rigid type
• Postural Instability Gait Disorder
• Lower body parkinsonism
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Genes associated with PDGenes associated with PD
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Several genetic mutations
account for some PD cases

However,
most cases are sporadic
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Environmental factors
associated with PD

Environmental factors
associated with PD
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Presumed PD-associated factors

Causative

• Age
• Male gender
• Toxin exposure
• Head trauma

Protective

• Uric acid
• Smoking
• Caffeine
• NSAID
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This means that there is
phenotypic convergence, where
the same clinical manifestations
result from different etiologies

This means that there is
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diseasemultifactorialPD, a

• A complex progressive neurodegenerative
disorder characterized by brain atrophy
and deposits of synuclein

• Caused by a heterogeneous combination of
environmental and genetic factors
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one disease or many?–PD

Clinical, pathological and genetic
heterogeneity

Even the pathological definition is
insufficient
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How can biomarkers
help?

How can biomarkers
help?
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Focus on dopamine
as a central

moleculer involved
in neurodegeneration
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Modern understanding of the
of PDpathophysiology

• Discovering the depigmentation of the SN
• Identification of dopamine as neurotransmitter
• Mapping dopaminergic pathways in the brain, particularly

the nigrostriatal tract
• Realization of dopamine loss in PD
• Demonstration in animals that dopamine depletion

produces parkinsonism (6-OH-DA, reserpine)
• Substitution therapy with dl-dopa, then levodopa, then

levodopa + DDCI, then bromocryptine
• Identification of dopamine receptor subtypes
• Synthesis of selective D2 agonists.
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Yet, no biomarker emerged for
PD which is related to dopamine
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The first genetic mutation
discovered in familial
parkinsonism in the

α-synuclein gene, established
PD as being essentially

a synucleinopathy
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Synuclein as a biomarker?
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SciencesOmics SciencesOmics
• Genomic
• Transcriptomics
• Proteomics
• Metabolomics

• Genomic
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Is Parkinson’s disease a disease?
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What is a disease?
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Is hepatic cirrohosis a disease?
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Is hepatic cirrhosis a disease?

• Alcohol abuse
• Viral hepatitis
• Bilharziasis
• Primary biliary cirrhosis
• Autoimmune hepatitis
• Cardiac failure
• Wilson’s disease
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What is a disease?

‘Disease’ is an abstract concept
encompassing the underlying

process, with a common etiology,
pathogenesis, evolution and

pathology
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Genes, proteins, and molecular machines
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EpigenomicsEpigenomics
• The genetic programming that occurs

predominantly as a consequence of DNA
methylation

• The molecular underpinning of this
regulation involves the methylation of
cytosine and is maintained by a family of
DNA methyltransferases

• Actively transcribed genes are usually in an
unmethylated state, whereas genes that are
silenced are heavily methylated
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diseasemultifactorialPD, a

• A complex progressive neurodegenerative
disorder characterized by brain atrophy
and deposits of synuclein

• Caused by a heterogeneous combination of
environmental and genetic factors

• Because of its complexity and etiological
heterogeneity it is not a “disease” in the
classical sense
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)miRNAs(MicroRNAs )miRNAs(MicroRNAs
• Small, noncoding single stranded RNA molecules of

about 20-25 nucleotides (nt) tat originate from a 70-100
nt hairpinprecursor (pre-miRNA)

• Regulate eukaryotic gene expression at the post-
transcriptional level by binding to the 3’ untranslated
region (UTR) of their target mRNAs and leading to a
decrease of the target protein by either degradation of
the mRNA or translational repression.

• miRNAs are abundant in the brain where they have
crucial roles in development and synaptic plasticity.

• Certain miRNAs are differentially expressed in the
human brain and regulate the expression of genes
implicated in specific neurodegenerative diseases
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Genes associated with PD:
A second look

Genes associated with PD:
A second look
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The genes can be grouped
according to presumed effects:

The genes can be grouped
according to presumed effects:

• Mitochondrial dysfunction
• Protein handling
• Neuro immuno-inflammation
• Lysosomal dysfunction
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Synuclein deposition

Neurodegeneration

PD type A

Protein mishandling

Oxidative stress

Neurodegeneration

PD type B

Mitochondrial dysfunction
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Coenzyme Q10 for
Parkinson's disease

Liu J, Wang L, Zhan SY, Xia Y

Cochrane Database Syst Rev., 2011
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Synuclein deposition

Neurodegeneration

PD

Protein mishandling

Oxidative stress

Neurodegeneration

Mitochondrial dysfunction
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Making a diagnosis of PD is like
making a diagnosis of stroke

The next stage is to identify the etiology or
pathogenesis

• PAF
• Mitral valve lesion
• CADASIL/Fabry etc
• Atherosclerosis
38
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Take home message
• PD is a syndrome, not a disease
• The clinical syndrome is the result of

phenotypic convergence
• PD is the result of a hetergeneous

combination of several genetic and
environmental factors

• Several metabolic abnormalities likely exist
in PD patients

• Identification of these processes and the
patients having them is the basis of
developing future DMDs39
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Genetic – phenotypic
discrepancies

A major complicating factor
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Vascular RF

Microangiopathy
WML

VP

Vascular Parkinsonism
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Assumption

Sporadic PD follows the same
pathologic roadmap as the
monogenic familial disease
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