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Roadmap in LBSL ïan ultra-rare disorder 
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Establish model 
systems in the lab

Testing Therapeutics in model systems 

(anti-oxidants, small molecules, ASO, gene therapy)
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Natural History Study in USA
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Overview

ÅModeling disease

Å Summarize mouse data

Å Overview of future mouse projects (Inés)

Å Review of patient cell data

Å Characterization of neuronal growth and function

ÅñMini brainò study and findings

Å Therapeutic strategies:

Å AAV9 (Adam)

Å Antisense oligonucleotides (Manou)

ÅConclusions



How to model disease
PROS CONS

ÅWell established methods for 
analysis

Å System-wide effects of a mutation
Å Optimal for therapeutic testing
Å Many variations can be made

Å/ŀƴΩǘ ǊŜǇƭƛŎŀǘŜ ŀƭƭ ǘȅǇŜǎ ƻŦ Ƴǳǘŀǘƛƻƴǎ
ÅaƛŎŜ ŘƻƴΩǘ ŀƭǿŀȅǎ ŘŜǾŜƭƻǇ ŀ ŘƛǎŜŀǎŜ 

phenotype
Å Experiments can be very long
Å Expensive

Å Can be variant or patient-specific
Å Can assess cell type-specific effects
Å Respond to therapies
Å Relatively quick

Å Often takes time to optimize ideal 
conditions

Å Cell behavior may change in 2D
Å Expensive

MOUSE

CELL



Modeling LBSL 
in Mice

Inés Garofolo



Why use Transgenic Mice?

ÅShare ~70% of the same protein-
coding gene sequences

ÅCan specifically target genes of 
interest in a controlled environment.

ÅAllows us to test new therapy 
treatments at a faster pace



DARS2 mouse 
model 

DARS2: Codes for mitochondrial 
aspartyl-tRNA synthetase



Modifying Dars2 in mice

Complete 

loss of 

DARS2

Loss of 

DARS2 in 

the brain

Loss of 

DARS2 in 

certain brain 

cells

CamKIIh :  subtype of ñexcitatoryò 
neuron found in the hippocampus 

and cortex

9

Full knockout of DARS2 is embryonic lethal



Methods of Measurement

BEHAVIORAL TESTING TISSUE SECTIONING AND 
STAINING

VISUALIZATION OF TARGET 
CELLS AND PATHWAYS



Dars2 deletion in CamKII lheads to progressive increased activity

Nemeth et al., 2019
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Dars2 deletion in CamKII lheads to progressive increased activity
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Methods of Measurement

BEHAVIORAL TESTING TISSUE SECTIONING AND 
STAINING

VISUALIZATION OF TARGET 
CELLS AND PATHWAYS



Cell nucleus

Inflammatory Cell
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p = 0.08

Microglia

Activation

Control

Mutant

Nemeth et al., 2019
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Dars2 deletion in CamKII lheads to neuronal loss and inflammation



Methods of Measurement

BEHAVIORAL TESTING TISSUE SECTIONING AND 
STAINING

VISUALIZATION OF TARGET 
CELLS AND PATHWAYS



RNA Sequencing

9ŀŎƘ Ǌƻǿ ǊŜǇǊŜǎŜƴǘǎ ŀ ƎŜƴŜΩǎ 
activity

Gene activity increased

Gene activity decreased

LBSL mice show strong increase 
in inflammatory genes

Nemeth et al., 2019

Unchanged
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Downside of CamkIIŬmodel: not precisely comparable to patients

New Models of Interest

Oligodendrocyte Cre KO

ÅDeletion of Dars2 in early white 
matter cells

ÅCurrently building colony

Advillin Cre KO

ÅDeletion of Dars2 in the dorsal root 
ganglia

ÅArrived last week

Dorsal Root Ganglion

Spinal Cord

Oligodendrocyte



How to model disease
PROS CONS

ÅWell established methods for 
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Å System-wide effects of a mutation
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+ Reprogramming Factors

Cardiomyocytes

Adipocytes

Dopamine Neurons
Motor Neurons

Pancreatic Cells

Hematopoietic 

Progenitor Cells

iPS Cells

Neural

Cells

Cells derived from skin or blood

Figure modified from R&D Systems, Inc

How do we make iPSCs?

Mingyao Ying, PhD



Sagalet al., 2014; Stem Cell TranslMed

iPSC to Motor Neurons

Å 7 patient lines created from PBMCs collected at 
Kennedy Krieger Institute

Å Reprogrammed at Cedars Sinai Induced 
Pluripotent Stem Cell Core (Los Angeles, CA)

Å Lentiviral transduction with Ngn2

Å Age and sex matched controls





Analyze growth of patient-derived neurons

Control
LBSL
LBSL
LBSL
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Using a microscope and imager that stays 

with the cells in an incubator



Hours after placement in maturation mediaHours after placement in maturation media

Branch Points

Neurite Length



Osmosis.org

Neurons are ñelectrically excitableò



Measuring the electrical activity of neurons 

Cells are grown in a dish over top 
of very small electrodes.



LBSL motor neurons show decreased spontaneous firing

Axion Biosystems 
Microelectrode Array system



Yetkin-Arik et al., 2019; Nature

LBSL motor neurons show diminished mitochondrial activity



Dr. Joseph Scafidi



Oligomycin FCCP Rotenone Oligomycin FCCP Rotenone

Baseline

ATP 
Production

Max 
Respiration

Spare
Capacity

Oligomycin FCCP Rotenone

LBSL motor neurons show diminished mitochondrial activity
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LBSL motor neurons show diminished mitochondrial activity

Control



LBSL patient cells show reduced DARS2 protein



Proteomics of ñmitochondrial-enrichedò fraction

441 upregulated27 downregulated
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Larger dot = lower p

Differentially expressed


