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Roadmap in LBSL T an ultra-rare disorder

Establish model Testing Therapeutics in model systems

systems in the lab (anti-oxidants, small molecules, ASO, gene therapy)

Outcome Measure Studies in USA, Netherlands, Finland

Natural History Study in USA

First In Human Trials
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Overview

A Modeling disease
A Summarize mouse data
A Overview of future mouse projects (Inés)

A Review of patient cell data
A Characterization of neuronal growth and function

AAMini brainodo study and fin
A Therapeutic strategies:

A AAV9 (Adam)
A Antisense oligonucleotides (Manou)

A Conclusions
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How to model disease
CONS

A Well established methods f

analysis
A Systemwide effects of a mu
A Optimal for therapeutic test
MOUSE A Many variations can be ma
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phenotype
A Experiments can be very long
A Expensive

A Can be variant or patiergpe A Often takes time to optimize ideal
A Can assess cell typecific e conditions

A Respond to therapies A Cell behavior may change in 2D
A Relatively quick A Expensive

CELL
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Modeling LBSL
In Mice

Inés Garofolo




Why use Transgenic Mice?

AShare ~70% of the same protein-
coding gene seguences

ACan specifically target genes of
Interest in a controlled environment.

AAllows us to test new therapy
treatments at a faster pace
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DARSPouUse
model

DARS2: Codes for mitochondrial

aspartytRNA synthetase

Cre-Lox Recombination
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Modifying Dars2 in mice

Complete

Full knockout of DARS2 is embryonic lethal

Loss of

DARS2 in o
the braingFs
y

DARS2 in
certain brain

CamKRh:subtype of 0
neuron found in the hippocampus
and cortex
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Methods of Measurement
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BEHAVIORAL TESTING TISSUE SECTIONING AND VISUALIZATION OF TARGET
2. 0. STAINING CELLS AND PATHWAYS
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Dars2 deletion in CamKIIh |eads to progressive increased activity

Experimental Neurology 326 (2020) 113164
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Neuronal ablation of mt-AspRS in mice induces immune pathway activation
prior to severe and progressive cortical and behavioral disruption
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ARTICLE INFO ABSTRACT
Keywords: Leukoencephalopathy with brainstem and spinal cord involvement and lactate elevation (LBSL) is a rare, slowly
LBSL progressive white matter discase caused by mutations in the mitochondrial aspartyl-tRNA synthetase (mt-AspRS,
Leukodystrophy or DARS2). While patients show istic MRI T2 signal it the cercbral white
Leckneniceplmlopathy matter, brainstem, and cord, the phenotypic spectrum is broad and a multitude of gene variants have been p—
Michan associated with the disease. Here, Dars2 disruption xpressing cortical and hi neurons
DARS2 - 5 5
fricr O results in slowly progressive increases in behavioral activity at five months, and culminating by nine months as . R
severe brain atrophy, behavioral dysfunction, reduced corpus callosum thickness, and microglial morphology e
indicative of neuroinflammation. Interestingly, RNAseq based gene expression studies performed prior to the -
presentation of this severe phenotype reveal the upregulation of several pathways involved in immune activa-
tion, cytokine production and signaling, and defense response regulation. RNA transcript analysis demonstrates
that activation of immune and cell stress pathways are initiated in advance of a behavioral phenotype and
cercbral deficits. An understanding of these pathways and their contribution to significant neuronal loss in
CamKII-Dars2 deficient mice may aid in deciphering mechanisms of LBSL pathology.
1. Introduction spectroscopy (Scheper et al., 2007; van Berge et al., 2013). Age of onset 0
and degree of disability vary widely with genotypic variation compli-
Leukoencephalopathy with brainstem and spinal cord involvement a genotype-phenotype correlation (van Berge et al., 2014). With
and lactate elevation (LBSL) is a rare, autosomal recessive disorder this said, more severe early infantile onset cases with seizures, micro-
characterized by slowly progressive spasticity, ataxia, proprioceptive  cephaly and global delay have also been reported (Sauter et al., 2015;
deficits, and in some cases, cognitive decline. Most patients harbor  Steenweg et al., 2012). Since the first descriptions of LBSL, human
compound heterozygous mutations in the DARS2 gene (Tzoulis et al.,  diseases have now been associated with each of the 19 mitochondrial e We e S
2012) which encodes mil ial aspartyl-tRNA (mt- tRNA all ing with diverse clinical symptoms (Sissler

AspRS), a ubiquitously expressed enzyme which charges (RNA mole- et al,, 2017; Theisen et al., 2017).
cules with cognate amino acids essential for mitochondrial prote itulating DARS2 deficiency and pathology in mouse or cell
translation. Diagnosis of LBSL includes identification of pyramidal,  systems has proven difficult. Previous efforts to develop model animals

Nemeth et al., 2019
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Dars2 deletion in CamKIIh |eads to progressive increased activity
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Methods of Measurement
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TISSUE SECTIONING AND VISUALIZATION OF TARGET
STAINING CELLS AND PATHWAYS
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Dars2 deletion in CamKIIh leads to neuronal loss and inflammation
A

Inflammatory Cell

Mutant
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Methods of Measurement
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VISUALIZATION OF TARGET
CELLS AND PATHWAYS
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268

Control

Mutant

GO Biological Process

Trans-synaptic signaling

Chemical synaptic transmission

Anterograde trans-synaptic
signaling

Synaptic signaling

Synapse organization

Immune response

Response to biotic stimulus

Innate immune response

Immune effector process

Reg of immune response

Positive regulation of immune

system process

Cytokine production

Inflammatory response

Positive regulation of immune
response

Reg of cytokine production

Response to cytokine

Reg of defense response

Adaptive immune response

Leukocyte mediated immunity

Defense resp to bacterium

Response to virus

Adaptive immune response
based on somatic
recombination of immune
receptors built from
immunoglobulin
superfamily domains

Lymphocyte mediated immunity

Activation of immune response
Cellular response to cytokine
stimulus

Adj p
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RNA Sequencing
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activity

Unchanged

NBE LINBS a

Gene activityncreased

Gene activitydecreased

LBSL mice show strong increase
in inflammatory genes

Nemeth et al., 2019



Downside of CamkllU model: not precisely comparable to patients

New Models of Interest

Oligodendrocyte Cre KO Advillin Cre KO

ADeletion of Dars2 in early white ADeletion of Dars2 in the dorsal root
matter cells ganglia

ACurrently building colony AArrived last week

~ Spinal Cord

Oligodendrocyte

Dorsal Root Ganglion
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How to model disease
CONS

A Well established methods f

analysis
A Systemwide effects of a mu
A Optimal for therapeutic test
MOUSE A Many variations can be ma
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phenotype
A Experiments can be very long
A Expensive

A Can be variant or patiergpe A Often takes time to optimize ideal
A Can assess cell typecific e conditions

A Respond to therapies A Cell behavior may change in 2D
A Relatively quick A Expensive

CELL
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How do we make IPSCs?

Mingyao Ying, PhD

Figure modified from R&D Systems, Inc
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IPSC to Motor Neurons G — S S " —
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Analyze growth of patient-derived neurons
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Using a microscope and imager that stays
with the cells in an incubator
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Neurons are nelectrically ex

_— NEUROTRANSMITTER
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Measuring the electrical activity of neurons

\

Cells are grown in a dish over top
of very small electrodes.
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LBSL motor neurons show decreased spontaneous firing
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LBSL motor neurons show diminished mitochondrial activity
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LBSL motor neurons show diminished mitochondrial activity
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LBSL motor neurons show diminished mitochondrial activity
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LBSL patient cells show reduced DARS2 protein
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Proteomics of-efimi thetdoné@rmaati on
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Differentially expressed Fold Change

Larger dot = lowep
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