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Prion toxicity starts at the synapse

Spine loss begins
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Cell surface PrP¢ is necessary for PrP>¢ neurotoxicity
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Culture System:
Neonatal mouse hippocampal neurons

Neurons == Wax dot Culturg at low
density for
Astrocytes = 3 weeks

AMature axons and dendrites (with spines); active synapses (patch clamping, MEA)

ASeparation of neurons/astrocytes: improved visualization; biochemical analysis

g astrocyte
>

— S
~/¥~ hippocampal neuron

Green: FI-Phalloidin
(F-actin in spines)
Newborn pup

Red: anti-tubulin
(dendrites, axons)

Cheng Fang
PLoS Pathogens, 2016
(cover photo)

W' wax dot (to suspend coverslip above astrocyte feeder layer)




PrP>¢ causes PrP‘“-dependent spine retraction
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This system reflects earliest events
In prion synaptotoxic signaling

Fang et al., PLoS Path. (2016)




P A prion synaptotoxic signaling pathway
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Spine retraction is prevented by conversion-resistant PrP¢ mutants
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PrP¢ species barrier abrogates spine retraction (mouse/hamster)
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recPrP>¢ infectivity correlates with spine retraction activity
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Spine retraction is prevented by a drug that clears PrP>c,
but only within a short time window

Robert Mercer
(Talk on Tues., Poster)
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Cell-surface PrP>¢ is the synaptotoxic trigger

Conv.-resist. mutations
Species mismatch Drugs

Non-infectious PrpPsc (degraders)

Comprehensively identify
signaling pathways

Synaptotoxic
Signal



Chemo-transcriptomic/phosphoproteomic pipeline to identify synaptotoxic
signaling pathways and components
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L1000/P100/LINCS databases (Broad Institute): Contain
over 1 million transcriptomic signatures derived from 9
different core cell lines that have been subjected to
>30,000 small molecule perturbagens. Also, a smaller
number of proteomic signatures. Nhat Le




Phosphoproteomic enrichment analysis (1 hr):
Ca?*, synapses, dendrites, microtubules
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Transcriptomic enrichment analysis (24 hrs):
Extracellular matrix (up-regulation)
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Screening of inhibitors from -omics pipeline for ability to prevent spine retraction
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Inhibition
Phospho- | of spine
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SB216763 N N +++ glycogen synthase kinase-3 inhibitor
3F8 ++ glycogen synthase kinase-3b inhibitor
TWS119 +++ glycogen synthase kinase-3b inhibitor G S K 3 b
GSKa3b inhibitor VIjI ++ glycogen synthase kinase-3b inhibitor Dl p h en | d Ol
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< A ~ L
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Inhibitors of CaMKII, PKC, and GSK3b prevent spine retraction
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PrP>¢ causes dramatic translocation of CaMKII to spines

LTP/LTD/Memory
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PrP>¢ causes accumulation of primed PKC in
endosomes within the soma and then in spines
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GSK3Db inhibitors prevent spine retraction
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Changes in phosphorylation of CamKIl and PKC in prion-infected brain,
coincident with appearance of Prp>¢
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How does PrP>¢ activate NMDARS?

... Exogenous Prpse

De novo PrPs¢
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PrPsc rapidly increases sensitivity . .
Is the interaction between PrpPsc
of cultured neurons to NMDA . .
and NMDARSs direct or indirect?
Mock PrPsc (1 hr)
: NMDA (100 eM)  NMDA (100 M) A Direct: Physical interaction of
g“*},___f PrPsc and NMDARS
’ 4,55 - A Indirect: PrPSc perturbs the lipid

Bel Wu bilayer



PrP¢ binds to NMDARSs and dampens their activity --
PrP>¢ may do the opnosite

Prion protein attenuates excitotoxicity by inhibiting
NMDA receptors

Houman Khosravani,' Yunfeng Zhang,' Shigeki Tsutsui,? Shahid Hameed,' Christophe Altier,! Jawed Hamid,’
Lina Chen,' Michelle Villemaire,? Zenobia Ali,? Frank R. Jirik,? and Gerald W. Zamponi'

J. Cell Biol. (2008)



