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Parkinson’s disease: a major societal
ENEIE

~2.5% of the population > 65 years
~5% of the population > 85 years
Norway:

— 2020: 8,000

World

— 2020: 10 million

Ratio of elderly over 65




Treatments don’t work

* Clinicaltrials.gov for PD
— 1162 trial completed




Key challenges in PD-research

Mechanisms

Disease models Heterogeneity
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What is the cause of Parkinson’s disease?




Mitochondria produce ATP

Mitochondrial DNA
(mtDNA)

Matrix




PD and mitochondria

Science

AYAAAS

Chronic Parkinsonism in Humans due to a Product of Meperidine-Analog Synthesis
Author{sk: J. William Langston. Philip Ballard. James W. Tetrud and lan lrwin

Langston et al 1983

MITOCHONDRIAL COMPLEX I DEFICIENCY IN
PARKINSON’S DISEASE

SR,—The cause of dopaminergic cell death in the substantia
nigra of patients with Parkinson’s disease is unknown. The
meperidine  analogue, 1-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine (MPTP), is selectively toxic for dopamine-containing cells
of the substantia nigra and produces parkinsonism. l-methyl-4-

Schapira et al 1989
BRAIN

A JOURNAL OF NIVRCR.OGY

Severe nigrostriatal degeneration without clinical
parkinsonism in patients with polymerase
gamma mutations

Charalampos Tzoulis,™* Gia Tuong Tran,? Thomas Schwarzlmiller,”* Karsten Specht,>®

Kristoffer Haugarvoll,"? Novin Balafkan,” Peer K. Lilleng.”® Hrvoje Miletic,”® Martin Biermann™*
and Laurence A. Bindoff'?

Tzoulis et al 2013




Mitochondrial homeostasis fails in PD

Controls

1000004 Control substantia nigra neurons 100000+ PD substantia nigra neurons
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Defective mitochondrial DNA homeostasis in the
dopaminergic substantia nigra of patients with

Parkinson’s disease

Christian Dolle

Irene Flgnes
Gonzalo S. Nido




Global complex | deficiency in the PD

Complex |

Matrix

Acta Neuropathologica (2018) 135:409-425
https://dol.org/10.1007/500401-017-1794-7

ORIGINAL PAPER

@ CrossMark

Neuronal complex | deficiency occurs throughout the Parkinson's
disease brain, but is not associated with neurodegeneration
or mitochondrial DNA damage

Irene H. Flones'? . Erika Fernandez-Vizarra® - Maria Lykouri"? . Brage Brakedal' . Geir Olve Skeie'? .
Hrvaje Miletic** . Peer K. Lilleng*© - Guido Alves”® - Ole-Bjarn Tysnes'? . Kristoffer Haugarvoll'2 . Christian Délle’2 -

| rene F I ¢ QISR Massimo zeviani® - Charalampos Tzoulis'?




Glitazones increase mitochondrial biogenesis and are
associated with ~30% risk reduction for PD

GTZ «ever exposure»
P =0.003, HR 0.72

Glitazone Treatment and Incidence of
Parkinson’s Disease among People with

- Glitazone Diabetes: A Retrospective Cohort Study
—Metformin

Ruth Brauer'*, Krishnan Bhaskaran', Nishi Chaturvedi®, David T. Dexter®, Liam Smeeth’,
lan Douglas’
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Glitazone Use Associated With Reduced Risk of Parkinson's Disease
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Brage Brakedal, BA, MD,'* Irene Flones, MD,'#
3

Simone F. Reiter, MD, PhD,'# Ovind Torkildsen, MD, PhD,"*
Christian Dalle, PhD,"? Jorg Ass

Haugarvoll, MD, PhD @4 anc os Tzoulls, MD, PhD @12t
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Cox regression
Brage Brakedal




Summary

1. Impaired mitochondrial function plays an
important role in the pathogenesis of
Parkinson’s disease

. Pharmacological approaches to restore
mitochondrial function may have merit as
neuroprotective therapies for Parkinson’s
disease




Complex | deficiency causes NAD+ depletion and
histone hyperacetylation

Fatty acid
oxidation

Pvrulvate
—>TPDHI

TAcetvl-CoA——r

Glycolysis

Increased
acetylation

Decreased
deacetylation

I

Increased histone
acetylation

o,
“deficiency:
Increased mitochondria
acetylation




Is there NAD* deficiency in PD?

Complex | deficiency NAD* deficiency Sirtuin inhibition Increased histone
acetylatior,




Histone acetylation regulates gene
expression

* Increased histone m(?{é(@f(
o0 O #

€ nist Q0
acetylation > increased #
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Deacetylation Acetylation

gene exp reSS|On (HDAC) (HAT)




Brain tissue

Pathology-confirmed PD Prefrontal cortex
— ParkWest, n = 30
— Netherlands Brain Bank, n = 21

* Neurologically and neuropathologlcally
healthy controls e

—n =50




Histone hyperacetylation in PD
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Genome-wide mapping of H3K27ac

 Chromatin Immunoprecipitation Sequencing (ChIP-Seq)




First insight into the genomic
landscape of histone acetylation in PD

Pagh 13462

i Conlrol

PTPRH

Chromatin Immunoprecipitation Sequencing
(ChlIP-Seq) for H3K27ac




H3K27 hyperacetylation is a genome-wide
phenomenon in PD

Multiple significant differentially
H3K27 hyperacetylation acetylated genes

: Norwegian
Norwegian g




Is there NAD* deficiency in PD?

Complex | deficiency NAD* deficiency Sirtuin inhibition Increased histone
acetylation




Conclusion

e Genome-wide increase in histone(H3K27)
acetylation in Parkinson’s disease

* Histone acetylation is severely dysregulated and
ecoupled from gene expression in Parkinson’s
Isease

Lilah Toker Gia;\'l"‘ran Janani
Sundaresan




Clinical value: NAD deficiency can be

g L
Normalized histone Normalized mitochondria
acetylation




NAD-PARK & NO-PARK: NAD-
replenishment therapy in PD

* Nicotinamide Riboside vs. placebo

 NAD-PARK: 01/03/2019
— n = 30 patients from Bergen

 NO-PARK: 15/03/2020
— n =400 patients from 4 RHF

Brage Brakedal




Neuro-SysMed

Screening & Digitalization & Stratification

Data Collection  Artificial Intelligence  Biomarkers  1ailored trials

Patients

| Neuro-SysMed
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