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Rizea et al, Understanding Amyotrophic Lateral Sclerosis: Pathophysiology, Diagnosis, and muscle weakness and paralysis

Therapeutic Advances International journal of molecular science, 2024
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Kubat et al, Skeletal muscle dysfunction in amyotrophic lateral sclerosis: a mitochondrial perspective oxidative stress
and therapeutic approaches, Neurological Sciences ,2024 . .
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Mitochondria o
containing extracellular membrane
vesicles (EVs)

Invagination of
cell membrane

Large EVs (IEVs)
Size range: 100-1000nm
Biogenesis: Bud off from the plasma
membrane
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s Cell-derived, heterogenous nanoparticles

Extracellular space

+» Mediator of intercellular communication

Multivesicular
bodies

s Two extensively studied subtypes: IEVs and sEVs

s |EVs carry mitochondria

Small EVs (sEVs)
Size range: 30-200nm
Image taken and modified from: Dave et al, Expert Opinion on Drug Delivery, 2023 Biogenesis: Inward budding of
Minimal information for studies of extracellular vesicles (MISEV2023): From basic to endosomal membrane
advanced approaches, International Society for Extracellular Vesicles, 2024
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Heat stressed neurons
treated with neuron
derived-EVs

Hypothesis

.ﬁi

EV donor cells: EV-mediated mitochondrial
dNSC-34/neurons transfer into heat-stressed
neurons

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

Heat-stressed neurons with
improved mitochondrial function
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Prominent neurite outgrowth in dNSCs-neuron like
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Isolation of neuron derived IEVs and
sEVs: Differential uItracentrlfugatlon
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EV particle characteristics and protein marker

d.
C.
Neuron-sEVs | Neuron-IEVs SEVs IEVs

Particle diameter (nm) 153.2 + 3.4 217+ 0.5 Arf6

Dispersity index 0.26+ 0.03 0.28 £ 0.03 (20kD)

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

EV concentration (0.9£0.1)x10° | (5.5+1.0)x10°

(particles/mL) d. IEVs sEVs
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, CD9
respectively. Samples were run in triplicate and data were represented as
mean+ standard deviation (SD). (24kD)

sEVs |
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Neuron derived IEVs but not sEVs contain
mitochondria

O TEM images showed presence of mitochondria in IEV lumen
0 sEVs did not show mitochondria

200nm 200n

—— |EVs 200 nm 200 nm 200 nm
sEVs

— Mitochondria
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IEVs transferred the MitoT-IEVs
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IEVs transferred their mitochondrial load
into recipient neurons

| %k 3 %k %k

3.0+

MitoT-red signal intensity
normalized to untreated cells
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Functional effect of neuron derived EVs:
Neuron derived IEVs and sEVs increased  150- -
cell viability of heat stressed neurons - | ok ‘
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Functional effect of neuron derived EVs:
Neuron derived IEVs and sEVs improved mitochondrial function in

heat stressed neurons
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Efficient dose-dependent uptake of MitoT-IEVs by mouse
motor neurons invivo upon intramuscular injection

Spinal cord

High dose of MitoT-IEVs
Ventral b)

ChAT-GFP expressing Medium dose
cholinergic/motor neuron of MitoT-IEVs Overlay

c)

C57BL/6
mouse

Intramuscular
injection of
MitoT-IEVs

MitoT-IEVs
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Future study

* Quantifying mtDNA in EVs using gPCR
« Comparing the proteomic profiles of seVs vs. IEVs
« Evaluating the therapeutic efficacy of IEV-delivered

mitochondria in SOD1¢93A transgenic mouse model of ALS
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Conclusion

« Developed an innovative therapeutic strategy to treat ALS via
|IEV-mitochondria.

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

» Delivery of IEV-mitochondria delivery into mouse motor
neurons via intramuscular injection.
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