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Current Biobank

 Obtain baseline blood for DNA

 DNA for more than >3,000 Dystonia Coalition participants.
« Around 50% are from cervical dystonia (CD)

 DNA has been instrumental to identify new genes for dystonia
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Brief history of Dystonia genetics

Contents lists available at ScienceDirect
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journal homepage: www.elsevier.com/locate/ynbdi
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Brief history of Dystonia genetics

Table 1

Genes associated with isolated dystonia.

Gene Protein Function Inheritance Typical phenotype
ANO3 Anoctamin-3 Related to family of calcium-activated chloride channels AD (~50% penetrant) Adult-onset craniocervical dystonia with prominent tremor
CiZ1 Cipl-interacting zinc finger protein 1 DNA binding and replication AD (reduced penetrance) Adult-onset cervical dystonia
COL6A3 a3 subunit of type VI collagen Major component of collagen in most connective tissues AR Childhood-onset cervical and upper body
GNAL G-protein subunit alpha L Cell surface guanine-nucleotide binding protein involved in signal AD (~50% penetrance) Adult-onset focal or segmental involving neck
transduction
THAP1 Thanatos-associated domain-containing apoptosis protein =~ DNA binding and transcription AD (~60% penetrance) Adolescent-onset craniocervical and upper body
1
TORIA  Torsin family 1 member A Endoplasmic reticulum protein chaperone AD (~30% penetrance) Childhood-onset limb or generalized

Abbreviations: AD, autosomal dominant.

Table 2

Selected dystonia genes associated with dopamine signaling.

Gene Protein Function Inheritance Typical phenotype

ADCY5 Adenylate cyclase 5 Couples dopamine receptors to cAMP messenger systems AR Childhood-onset mixed motor dystonia with chorea and
dystonia

DDC Aromatic amino acid decarboxylase Enzyme involved in dopamine synthesis AR Infantile encephalopathy, oculogyric crises, dysautonomia,
dystonia

GCH1 GTP-cyclohydrolase 1 Rate-limiting step in tetrahydropterin synthesis AD (partial penetrance) DRD

GNAL G-protein subunit alpha L Cell surface guanine-nucleotide binding protein involved in dopamine receptor signal ~ AD (partial penetrance) Adult-onset focal or segmental involving neck

transduction
GNAO1 G-protein subunit alpha 01 Cell surface guanine-nucleotide binding protein involved in dopamine-receptor AR Childhood-onset mixed motor dystonia with chorea and
signal transduction dystonia
HPRTI Hypoxanthine-guanine phosphoribosyl Purine metabolism enzyme that results in marked dopamine deficiency without XL Lesch-Nyhan disease
transferase neurodegeneration

LRRK2 Leucine-rich repeat kinase 2 Protein kinase associated with dopamine neuron degeneration AD Parkinson's disease, often with dystonia

POLG Polymerase gamma 1 Mitochondrial enzyme that results in loss of dopamine neurons AR Markedly varied from infancy to later adulthood

PINK1 PTEN-induced putative kinase 1 Protein kinase associated with dopamine neuron degeneration AR Parkinson's disease, often with dystonia

PRKN Parkin Ubiquitin-ligase protein associated with dopamine neuron degeneration AR Parkinson's disease, often with dystonia

PTPS 6-pyruvoyl-tetrahydropertin synthase Enzyme involve in tetrahydropertin synthesis AR DRD or infantile encephalopathy

SLC18A2  Vesicular monoamine transporter 2 Presynaptic storage of dopamine in vesicles AR Infantile-onset parkinsonism, dystonia, dysautonomia

SLC6A3 Dopamine transporter Presynaptic uptake of dopamine from the synaptic cleft AR Infantile to adult onset parkinsonism and dystonia

SNCA a-synuclein Presynaptic protein associated with dopamine neuron degeneration AD Parkinson's disease, often with dystonia

SPR Sepiapterin reductase Enzyme involve in tetrahydropertin synthesis AR DRD or infantile encephalopathy

TH Tyrosine hydroxylase Enzyme involved in rate-limiting step in dopamine synthesis AR DRD or infantile encephalopathy

Abbreviations: AD, autosomal dominant; AR, autosomal recessive; DRD, dopa-responsive dystonia.
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Brief history of Dystonia genetics

Table 3
Genes associated with NBIA disorders.
Gene Protein Function Inheritance Disorder
ATP13A2  P-type ATPase 13A2 Lysosomal cation pump AR Kufor-Rakeb disease
C19orf12  Unknown Mitochondrial membrane protein AR Mitochondrial membrane protein associated neurodegeneration (MPAN)
COASY CoA synthase CoA synthesis AR COASY protein associated neurodegeneration (CoPAN)
CP Ceruloplasmin Heavy metal transport AR Aceruloplasminemia
DCAF17 DDBI1 and CUL4 associated factor 17  Nucleolar protein AR Woodhouse-Sakati disease
FA2H Fatty acid hydroxylase type 2 Fatty acid metabolism AR Fatty acid hydroxylase associated neurodegeneration
FTL Ferritin light chain Heavy metal transport AD Hereditary neuroferritinopathy
GTPBP2 GTP binding protein Suspected mRNA metabolism AR NA
PANK2 Pantothenate kinase type 2 CoA synthesis AR Pantothenate-kinase associated neurodegeneration (PKAN)
PLA2G6 Phospholipase A2 Phospholipid metabolism AR PLA2G6 associated neurodegeneration (PLAN)
Scpz2 Sterol carrier proteins X and 2 Metabolism of fatty acids AR Leukoencephalopathy with dystonia and motor neuropathy
WDR45 B-propeller protein Autophagosome protein XL 3-propeller associated neurodegeneration (BPAN)

Abbreviations: AD, autosomal dominant; AR, autosomal recessive, CoA, coenzyme A; XL, X-linked.

s DYSTONIA

2% COALITION

Jinnah, et al., 2019



Brief history of Dystonia genetics

GTP
GCH1
PTPS
SPR

Tyrosine Autophagosome Myelin
TH
DHPR C BH“ o synthesis
DOPA
l bbc Lysosome
Dopamine Ribosome

i Q
Prersynaphc S sz
vesicle

Peroxisome
| 4 SLC6A3 Membrane \
* 1 remodelling
00%0 ¢ Lipid
° metabolism

dopamine
receptors

Mitochondrion

Endoplasmic reticulum
Fig. 1. Dopaminergic signaling in dystonia. The presynaptic dopamine neurons

\DYSTONIA

®COALITION

Nucleus

Jinnah, et al., 2019 6




Brief history of Dystonia genetics

A. One Disease B. Shared Pathways Involving Dopamine in Dystonia
Gene 8re | TH | DbC | POLG | HPRT| PD Guagr | LS | NBIA | Metab
SPR genes ADCY5 genes genes genes

dopamine synthesis
defect

dopamine neuron dysfunction

basal ganglia dysfunction

motor circuit dysfunction
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Genetic Characterization of DC participants
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Genetic Characterization of DC participants
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Common variants with low effect size

Genetic Variants Associated with Cervical Dystonia

UNIVERSITY
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Common variants with low effect size
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Common variants with low effect size
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Common variants with low effect size

largest GWAS for any type of dystonia to date

16 common genome-wide significant variants (p-value<5x10-) in 2 distinct loci

Chromosome 1 is close to NPHP4 and KCNAB2.
« The NPHP4 gene encodes nephrocystin 4, which is involved in renal tubular development
and function
« associated with kidney disease, sometimes with neurological dysfunction

Chromsome 3 signal is close to KCNADb2
« KCNABZ2 gene encodes a beta-2 subunit that modifies the properties of the voltage-gated
potassium channel encoded by KCNAA4.
* highly expressed in many regions of the nervous system, where it regulates neuronal
excitability and neurotransmitter release

Sun et al, Unpublished



Goals for the Biobank

« To extend the current DNA repository by targeting BSP, LD and limb dystonia

subjects as well as multiplex families.
Sporadic and familial presentations
Longitudinal (each visit)

« To develop a centralized repository of other blood-based materials
DNA
RNA
Plasma

 To identify novel genetic and proteomic factors for dystonia risk

* to identify genetic and proteomic factors that influence spread of dystonia

+.  DYSTONIA
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Goal: to Understand the Phenotypic Variability

@ ' ' Phenotype variability
A\

ldentify novel genes and pathways
ldentify novel molecular biomarkers
Create better prediction models

ldentify novel targets and drugs




Goal: to Understand the Phenotypic Variability

@ ' ' Phenotype variability
A\

Genetics Is just
the First Layer
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Goal: to Understand the Phenotypic Variability

@ ' ' Phenotype variability
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Goal: to Understand the Phenotypic Variability

@ ' ' Phenotype variability
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Phenotype variability
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A Metabolomic Study of Cervical Dystonia

Plasma samples from 100 cases with idiopathic cervical dystonia and 100
controls

7,346 metabolic features remained after quality control

and 289 demonstrated significant differences between cases and controls

9 biological processes to be significantly associated at p<0.05, 5 pathways were
related to carbohydrate metabolism, 3 pathways were related to lipid metabolism.

Liu et al, Unpublished



Meta-analysis of genetic association with diagnosed Alzheimer's E=¢
disease identifies novel risk loci and implicates Abeta, Tau, S
Immunity and lipid processing =
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MS4A4A modulates AD risk by regulating sTREM2 levels

GWAS for CSF sTREM?2
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Multi-omics: Biomarker Identification

* Proteomic datain

« 1,300 CSF, 650 plasma, and 450 brain samples with Alzheimer Disease

 To identify specific proteins that are differentially expressed in AD cases VS

controls and create novel prediction models

 Mendelian Randomization to identify novel biomarkers




Beyond classic CSF biomarkers
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Overview of sample size for multi-tissue proteomics

CSF 835 713
Plasma 529 931
Brain 380 1079
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Differential Protein Abundance in CSF
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Plasma Biomarker discovery
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Summary

 The goals is to molecularly characterized the DC cohort
« Genetic (GWAS, WGS), epigenomics (longitudinal), transcriptomics (longitudinal),
proteomic (longitudinal), metabolomic and lipidomics

 Deep molecular phenotyping of well clinically characterized cohorts
will lead to the identification of:
* Novel genes and pathways implicated on the diseases
« A deeper understanding pathologic events
* Novel molecular phenotypes
* Novel therapeutic targets

 The multi-omic data (genetic, epigenetic, transcriptomic, proteomic,
metabolomic, between others) will allow to a more personalize
prediction of disease risk and treatment
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Biobank (BB) Project

Washington University in St. Louis

Project Manager: Carlos Cruchaga. PhD cruchagac@wustl.edu
Study Coordinator: Jen Gentsch j.gentsch@wustl.edu

Study Coordinator: JoAnne Norton nortonj@wustl.edu
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