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 Introduction and definitions

 Symptomatic versus disease modifying

 Disease modifying versus neuroprotective

 Pathology versus etiology

 The possible reasons of failing trials in modifying PD

 Review of most promising disease modifying targets/trials:

 Immune therapies

 Gene therapies

 Protein aggregation/small molecule therapies

 c-Abl inhibitors

 GLP1 analogues

 Combination of multiple targets

 Individualization of targets (“precision medicine”) along with endpoints linked to target
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 Symptomatic
 All currently approved treatments for PD
 Help improve symptoms: the appearance and impact – without affecting the underlying 

causes of disease
 Symptomatic and disease modifying efficacy may not be exclusionary of each other

 “Disease modifying” (not a synonym of “neuroprotective”)
 There is no known proven or approved neuroprotective or disease modifying 

treatments – only symptomatic at this point 
 Disease modifying means altering any aspect of the disease in a lasting manner (e.g. 

after removing the intervention)
 This may be through neuroprotection, but could be through a number of other 

mechanisms
 Endpoints capturing disease modification technically more feasible than actual 

neuroprotection in human clinical trials
 However, showing disease modification may imply underlying neuroprotection 

depending on the purported MoA
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Drugs evaluated for PD neuroprotection

Vitamin E GPI-1485 Riluzole TCH346

CEP-1347 Paliroden Co Q10 Mitoquinone

Pramipexole Cogane Creatine Pioglitazone

Antioxidant Neuroimmunophilin Glutamate antagonist Propargylamine

Anti-apoptotic Stimulates NGF Mitochondrial enhancer Mitochondrial enhancer

Dopamine 

agonist
Modulates GDNF & 

BDNF

Mitochondrial 

modulator

PPAR γ agonist; 

anti-inflammatory

Isradipine
Calcium-channel blocker

Inosine
Calcium-channel blocker

GDNF
Neurotrophic factor

GM1 ganglioside
Neurotrophic factor

Deferiprone
Anti-oxidant

Exenatide
GLP1 agonist

Ambroxol
lysosomal function

α-synuclein

immunization

In the pipeline

Success in Phase 3 

trials: 0/17Rasagiline
MAO-B 

inhibitor

Glutathione
Antioxidant
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 The model and underpinning of decades of clinical trial 
testing (for symptomatic/dopaminergic therapies) not 
applicable for disease modification

 Animal models are imperfect – toxin based models may be 
useful for disease state (pathology) but not etiology

 Timing issue (perfect control in animal experiments – not 
so much in real life – “the horses are out of the barn”)

 Lack of sensitive/specific disease progression markers –
no good endpoint/poor clinical trial designs

 Heterogeneity of PD – it is a syndrome not a specific 
disease – particularly relevant in disease modification

 Our incomplete understanding of PD etio-pathogenesis
 Singled out targets maybe insufficient to carry significant 

impact on overall disease, which is multifactorial
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 Overview of the molecular pathways
 Transplantation therapies – “stem cells” - popular 

topic, unlikely to go anywhere – abused 
worldwide to defraud patients – one issue is the 
apparent acquisition of synuclein pathology in 
graft – the “prion” hypothesis

 The LRRK2 story – genetic based therapies
 Immune based therapies – alpha-synuclein

antibodies
 Small molecule therapies/aggregation inhibition
 c-Abl inhibition and the nilotinib story
 Microglia/neuroinflammation

(HMGB1)/apoptosis
 GLP1 Agonists
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PD Molecular Pathways (as of 2013)

 Oxidative phosphorylation

 Apoptosis

 Tyrosine metabolism

 Ubiquitin mediated proteolysis

 Proteasome system
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 Recent reports demonstrate that a
single intracerebral inoculation of
misfolded a-synuclein can induce
Lewy-like pathology in cells that
can spread from affected to
unaffected regions and can
induce neurodegeneration with
motor disturbances in both
transgenic and normal mice.

 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.

Prion 

Hypothesis
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 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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Immunotherapies in PD rely on 3 basic strategies:

1. Generation of antibodies against α-syn (primarily for removal of α-syn

aggregates)

2. The induction of a particular T cell response to modulate the 

neuroinflammatory response

3. “Cool down” microglia and thus the neuroinflammatory response (e.g. 

GLP1 agonist peptides)
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• Immunization therapy with human a-synuclein has been 
shown to reduce a-synuclein aggregate formation and 
reduce neurodegeneration in human a-synuclein
transgenic mice.

• A subsequent series of cell culture and animal 
experiments suggests that antibodies against a-synuclein
reduce cell-to-cell transfer of the protein by directing 
extracellular a-synuclein to microglia, where it can be 
degraded.
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 c-Abl inhibition is a promising avenue of research

 BUT:

 Very small study

 Open label

 Advanced patients

 Immediate effects

 Non-standard outcome measures (videotaping)

 Homeopathic dosing to avoid toxicity

 Questionable choice of inhibitor (specificity)

 The MJFF has partnered with the PSG

 NILO-PD – multi-center, placebo controlled phase 2b

 First cohort to assess BBB passage – CSF measurements

 If successful – 2nd cohort to assess safety (further) and efficacy
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• High mobility group box 1 protein, also known 
as high-mobility group protein 1 (HMG-1) 

• Like the histones, HMGB1 is among the most 
important chromatin proteins. In the nucleus 
HMGB1 interacts with nucleosomes, 
transcription factors, and histones.[5] This 
nuclear protein organizes the DNA and 
regulates transcription.[6] After binding, 
HMGB1 bends[7] DNA, which facilitates the 
binding of other proteins. HMGB1 supports 
transcription of many genes in interactions 
with many transcription factors. It also 
interacts with nucleosomes to loosen packed 
DNA and remodel the chromatin. Contact with 
core histones changes the structure of 
nucleosomes.

• The presence of HMGB1 in the nucleus 
depends on posttranslational modifications. 
When the protein is not acetylated, it stays in 
the nucleus, but hyperacetylation on lysine 
residues causes it to translocate into the 
cytosol.

• HMGB1 has been shown to play an important 
role in helping the RAG endonuclease form a 
paired complex during V(D)J recombination.
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Disease Modifying/Neuroprotective Trials
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Disease Modifying/Neuroprotective Trials 

(Cont.)
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Cell Replacement and Repair
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Alpha-Synuclein Therapies

 The profound lack of translation from basic 
science success to clinical trial results

 Exercise

 Is levodopa toxic?

 Is it proven that MAO-B inhibitors are 
neuroprotective

 No, because even if disease modification is showed, 
that is not equivalent with neuroprotection

 ADAGIO trial: inconclusive

 “Conditioning” confound of symptomatic agents 
tested in the context of disease modification
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