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Pathological hallmarks of prion disease

Prion protein aggregates

Spongiform degeneration,
synapse loss and neuron death
->loss of connectivity

Neuroinflammation:
Astrogliosis
Microgliosis

Proteostatic dysfunction

What molecular processes are early disease drivers?




Synapse loss is an early feature of prion disease
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Prion- infected brain:
Loss of dendritic structure and synapses

Mock

Synaptophysin




PrP¢ is a post-synaptic protein
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Early prion disease:
Ubiquitinated protein aggregates
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Increase in ubiquitinated proteins in
early prion disease
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Activation of immediate early genes
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ESCRT pathway: clusters ubiquitinated membrane proteins
for clearance through exosomes or lysosomes
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« HRS and STAM1: ancient

highly conserved proteins
. FYVE domain to bind early What are the levels of ESCRT-0

endosomes in prion-affected brain?
« Ubiquitin-interacting motifs
« Sorts ubiquitinated proteins




Massive reduction of ESCR7-0 in the terminal
prion-infected brain
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How does Hrs depletion impact prion conversion
and disease progression /n vivo?
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What process(es) drives the disease acceleration?

Lawrence, JA et al, J Neurosci., 2023



Proteostasis: Hrs depletion accelerates
ubiquitinated protein accumulation at synapse
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Glutamate receptors: Hrs depletion accelerates
build-up of surface AMPA receptors

Presynaptic terminal
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Neuronal Hrs depletion accelerates synaptic
structural changes in prion-infected mice
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How does Hrs affect cell surface PrP¢ levels?




Increased surface PrP¢ in Hrs-depleted neurons

Total PrP¢ levels are unchanged
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Working model: Loss of Hrs in prion disease exacerbates retention of
surface proteins at excitatory synapses, including AMPAR and PrP€,

accelerating synaptic expansion and excitotoxicity




PrPc N-terminus is implicated in neurotoxicity
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Prnp®2N mice develop rapidly progressive
neurodegenerative disease
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Phosphoproteomics of hippocampus implicate
protein kinase C and glutamatergic signaling
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Phosphoproteomics:
Increased S1303-GIUN2B in Prnp??V mice
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What kinases phosphorylate NMDA receptor subunit, GluN2B, at 13037
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Altered calcium response to NMDA  cax

Cortical neurons, DIV 14-16
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Increased excitotoxicity displayed by Prnp?sV

neurons is NMDAR-mediated

cortical neurons
DIV 28
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Prolonged survival in 92N mice treated with
NMDA antagonist, memantine

10 mg/kg IP, twice daily
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Prion-infected mice also show increased
pGIuN2B-1303 and PKC substrates
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Summary: Dlsrupted synaptlc activity and PKC
activity in prion disease

* PrP¢ localizes to the post-synaptic membrane

. . . . .. : 5 ,‘ Y, {i
* Early increases in IEGs, Arc and cFos, are suggestive of increased neuronal activity

@
* Ubiquitinated proteins build early, while ESCRT-0 decreases in prion disease.
Depleting ESCRT-0 raises surface PrP¢, potentiates large post-synapses and surface
AMPAR, and accelerates disease.
* Prnp??N knockin model of prion excitotoxicity shows spongiform change, gliosis, t )
neuronal loss in absence of aggregates. Neurons show sustained high calciumin @ @

response to NMDAR activation. NMDAR are phosphorylated, to increase calcium ©
influx. The disease is delayed by NMDA antagonist, memantine (also used in
patients)

Protein kinase C activity (calcium-sensitive kinase) is increased, also seen in prion
disease

e PKC could exacerbate calcium influx through NMDAR-phospho. —TBD...



Model: prion excitotoxicity

PrP??N: persistent, enhanced NMDA
receptor activity

/
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