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We all know someone affected by Parkinson'‘s disease

Current treatments for Parkinson’s disease are symptomatic.

No causative treatment is available to halt or even
cure the disease.




And we all know someone that is being affected by NBIA...



Hallmark of neurodegenerative diseases - selective vulnerability
of specific neuron populations
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QUESTION

Can we use findings from common disease
research for rare disease researche

Parkinson's disease NBIA

Affected people worldwide >6 million ~20,000

Research publications (March 11, 2024) 147,480 478



Vulnerability of dopaminergic neurons of the substantia nigra

Long standing questions

Why are dopaminergic neurons in the substantia nigra specifically vulnerable?

What are the mechanisms leading to dopaminergic neuron degeneration?
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Neurodegeneration with Brain Iron Accumulation (NBIA)

> heterogeneous group of iron overload diseases affecting children and young adults

> "Mixture of Parkinson's and dementia"

Parkinson's disease and certain subtypes of NBIA disorders — in particular BPAN — have some
pathologies in common:

= Vulnerability of dopaminergic neurons in the substantia nigra

= |ron accumulation in the substantia nigra

= Parkinsonism



Degeneration of dopaminergic neurons in the midbrain as
one hallmark of Parkinson‘s disease

o Selective loss of dopaminergic neurons in substantia nigra, a part of the midbrain

Healthy brain PD brain
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Pathomechanisms for selective degeneration of dopaminergic neurons
linked to Parkinson’s disease
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BUT:
All of these mechanisms also happen in other
cells or non-dopaminergic neurons.

But why are dopaminergic neurons
then specifically vulnerable and degenerate
INn Parkinson’s disease?

in subtypes of NBIA (BPAN, MPAN)?



Dopamine metabolism
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Human disease modeling - iPSC technology

Model system

* Induced pluripotent stem cells (iPSCs) generated from
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Human disease modeling — midbrain dopamine neurons

- Model system

* Induced pluripotent stem cells (iPSCs) generated from

Disease

Model Skin Punch somatic cells of patients and healthy controls

Cell B

Therapy  Patient « Differentiation into midbrain-specific dopaminergic neurons

« Long-term cultures of several hundred days
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Neuromelanin formation

Healthy brain

» Neuromelanin normally accumulates with age in dopaminergic neurons in every healthy human brain

» Neuroprotective role - neuromelanin is chelator for metals (e.g. ferric iron) and for oxidized dopamine
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Vulnerability of dopaminergic neurons:
the role of neuromelanin and oxidized dopamine

Parkinson patient-derived dopaminergic neurons BPAN patient-derived dopaminergic neurons
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Diminished autophagosome formation results in defective
formation of neuromelanin organelles
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Progressive accumulation of derivates of oxidized dopamine in diseased
human dopaminergic neurons

Parkinson’s disease patient neurons BPAN patient neurons

Near infrared-fluorescence (nIRF) assay

0 10 25 50 75 100 500 1000 2000 5000 Standard
(HM) (1 R -
o e o S 50,
b Y ©
ctrl PD 1 PD 2 O £ 40
o
o @ i 2 30;
& & 20
©
. - @ 10-
Antioxidant treatment NAC * ' . %
— + E g Ois= =
NAC C1C2 #1 #2 #1 #2
g resgs ‘o o e g
§ 2> et - 9l a &
d= = 0
S 20|l hom E ® ol =
2 k% % 2 S| #*
O 15- Bl het i _ o ‘ ‘
= T o
S 10+ E ©
) o
o 3t
O 5 i :
N o~
O ol I::ii — - il o ‘
) Day 70 Day90  Day 150

Burbulla et al., Science, 2017 Wise & Burbulla, unpublished



Accumulation of oxidized dopamine in BPAN patient iPSC-derived
dopaminergic neurons
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DFP, iron chelator
(iron content is heavily reduced)

AMPT, tyrosine hydroxylase enzyme inhibitor
(no dopamine is made)

NAC, potent antioxidant
(oxidant stress is heavily reduced)



Summary

BPAN shares unique pathological hallmarks with Parkinson’s disease

IPSC-derived dopaminergic neurons from BPAN patients serve as a valuable

disease model for investigating dopamine neuron vulnerability

BPAN patient neurons display robust dopamine oxidation and build-up of iron-

melanin-protein complexes that may act as cytotoxic agents



Our current research focus

How is dopamine metabolism altered in neurons from patientsg Why does

dopamine oxidize and therefore act as a toxic agent in neurons from BPAN

patientse

How can we interfere?

How are other cell types in the brain affecting dopamine neurons and how

may they conftribute to dopamine neuron vulnerability?
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