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Amyotrophic Lateral 
Sclerosis (ALS)

Progressive neurodegenerative 
disease

Loss of muscle contraction and 
eventual atrophy paralysis

Affects upper and lower motor 
neuron

Rizea et al, Understanding Amyotrophic Lateral Sclerosis: Pathophysiology, Diagnosis, and 
Therapeutic Advances International journal of molecular science, 2024
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Mitochondrial 
dysfunction in ALS

• Kubat et al, Skeletal muscle dysfunction in amyotrophic lateral sclerosis: a mitochondrial perspective 
and therapeutic approaches, Neurological Sciences ,2024

• Genin et al, Mitochondria, a Key Target in Amyotrophic Lateral Sclerosis Pathogenesis, Genes, 2023
Image created using Biorender

 A key contributor to motor 
neuron degeneration in ALS



 Cell-derived, heterogenous nanoparticles

 Mediator of intercellular communication

 Two extensively studied subtypes: lEVs and sEVs

 lEVs carry mitochondria

Mitochondria 
containing extracellular 

vesicles (EVs)

Mitochondria 
containing extracellular 

vesicles (EVs)

Mitochondria 
containing extracellular 

vesicles (EVs)

Image taken and modified from: Dave et al, Expert Opinion on Drug Delivery, 2023
Minimal information for studies of extracellular vesicles (MISEV2023): From basic to 
advanced approaches, International Society for Extracellular Vesicles, 2024



Hypothesis

 Delivery of functional mitochondria via 
neuron-derived lEVs will increase 
mitochondrial function in motor neurons 
resulting in improved cell survival and 
outcomes following ALS. 



Undifferentiated and dNSCs
were stained with beta-III tubulin 
antibody (neuronal marker)

Prominent neurite outgrowth in dNSCs-neuron like 
characteristics

dNSC/neuron with 
prominent neurite 

outgrowth



Isolation of neuron derived lEVs and 
sEVs: Differential ultracentrifugation lEVs

sEVs



EV particle characteristics and protein marker

Neuron-lEVsNeuron-sEVs

217± 0.5153.2 ± 3.4Particle diameter (nm)

0.28 ± 0.030.26± 0.03Dispersity index

-37.6 ± 2.0-22.6 ± 1.3Zeta potential (mV)

(5.5±1.0)x1010(0.9±0.1)x1010EV concentration 
(particles/mL)

Note: Samples were diluted at a 0.1 mg/ml concentration using either PBS
or 10mM HEPES at pH 7.4 to measure particle size and zeta potential,
respectively. Samples were run in triplicate and data were represented as
mean± standard deviation (SD).
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Neuron derived lEVs but not sEVs contain 
mitochondria

 TEM images showed presence of mitochondria in lEV lumen
 sEVs did not show mitochondria



lEVs transferred the 
mitochondrial load into 

recipient neurons

Flow cytometry

Untreated neuron
MitoT-lEVs
(100µg/well)

MitoT-sEVs
(100µg/well)



lEVs transferred their mitochondrial load 
into recipient neurons



Functional effect of neuron derived EVs:
Neuron derived lEVs and sEVs increased 

cell viability of  heat stressed neurons



Functional effect of neuron derived EVs:
Neuron derived lEVs and sEVs improved mitochondrial function in 

heat stressed neurons

Mitochondrial respiration



Note: Pending patent application
Please do not take photo

Efficient dose-dependent uptake of MitoT-lEVs by mouse 
motor neurons invivo upon intramuscular injection



• Quantifying mtDNA in EVs using qPCR

• Comparing the proteomic profiles of sEVs vs. lEVs

• Evaluating the therapeutic efficacy of lEV-delivered 

mitochondria in SOD1G93A transgenic mouse model of ALS

Future study



• Developed an innovative therapeutic strategy to treat ALS via 
lEV-mitochondria. 

• Demonstrated increased mitochondrial function in the 
recipient neurons treated with neuron derived EVs 

• Delivery of lEV-mitochondria delivery into mouse motor 
neurons via intramuscular injection.

Conclusion
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