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Prion protein and Alzheimer’s — a connection?

- causative agent of transmissible spongiform  Glycans
encephalopathies (TSEs), e.g. Creutzfeldt-Jakob ol

disease (CJD), BSE, scrapie, etc 2 NHg*
- cellular PrPC undergoes conformational change o

to infectious PrPse
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* Metal homeostasis
 Anti-oxidant response
- Cell signalling g SR

» Ligand/protein binding Membrane

TiRS

Octapeptide repeats

» (Cases of co-existent Alzheimer’s and CJD pathology
(Hainfellner et al. 1998; Voigtlander et al. 2001)

» Met/Val129 polymorphism in PRNP a risk factor for Alzheimer’s
(Dermaut et al. 2003; Riemenschneider et al. 2004)

> PrPC to PrPsc conversion & AB production occur in cholesterol-rich lipid rafts
(Cordy et al. 2003; Ehehalt et al. 2003; Taraboulos et al. 1995)

» APP & PrPC shed from the cell surface by the zinc metalloprotease ADAM10
(Parvathy et al. 1998; Parkin et al. 2004; Taylor et al. 2009)

» PrPC inhibits the B-secretase cleavage of APP
(Parkin et al. 2007; Griffiths et al. 2011) MANCHESTER

The University of Manchester



Cellular prion protein (PrPC): a receptor for AB oligomers

nature Vol 45726 February 2009 |doi:10.1038/nature07761

LETTERS

Cellular prion protein mediates impairment of
synaptic plasticity by amyloid-p oligomers

Juha Laurén', David A. Gimbel', Haakon B. Nygaard', John W. Gilbert' & Stephen M. Strittmatter'
Ap oligomer

Screened expression library of
225,000 mouse brain cDNAs

PrPC the only specific, high-affinity
receptor for AB oligomers (kg ~ 0.4 nM)

PrP

? Signal
T~ s-——l transduction

Cisse & Mucke (2009)
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Neurotoxic forms of amyloid-3
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Rushworth & Hooper (2011) Int. J. Alzheimers Dis. Article ID 603052 The University of Manchester



Biophysical and immunological characterisation of AR 4,
oligomers (ADDLSs)
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Neurobiology of Disease 35 (2009) 352-358

Conformation-dependent antibodies
(Charlie Glabe, California)

> A11 (pre-fibrillar
oligomers)

> OC (fibrillar
oligomers)
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Rushworth et al. (2013) J. Biol. Chem. 288, 8935 The University of Manchester

Contents lists available at ScienceDirect

Neurobiology of Disease

journal homepage: www.elsevier.com/locate/ynbdi

Soluble fibrillar oligomer levels are elevated in Alzheimer's disease brain and
correlate with cognitive dysfunction

Jennifer L. Tomic?, Anna Pensalfini ® Elizabeth Head !, Charles G. Glabe **

“Levels of soluble fibrillar oligomers detected
by OC antibody are significantly elevated in
multiple brain regions of AD patients”




PrPC is required for the cellular binding of fibrillar AR oligomers
and activation of Fyn kinase
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Rushworth et al. (2013) J Biol Chem 288, 8935
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Disruption of lipid rafts prevents AB oligomer binding and
activation of Fyn kinase

control MBCD

MpBCD = methyl p-cyclodextrin, sequesters cholesterol

Rushworth et al. (2013) J. Biol. Chem. 288, 8935
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The transmembrane LRP1 is required for the binding and
cytotoxicity of Ap oligomers
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Rushworth et al. (2013) J. Biol. Chem. 288, 8935 The University of Manchester



Ap oligomers promote the clustering of PrP¢ and LRP1
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Metabotropic glutamate receptor 5 (mGIuRS) is a coreceptor
with PrPC¢ for AB oligomers

Al oligomer Glutamate

e

Nl MGIuRS

Prion i
Protein Gl

Alzheimer's ‘ Physiological

Post-Synapse

Neuron

Neuron 79, 887-902

Metabotropic Glutamate Receptor 5
Is a Coreceptor for Alzheimer A3 Oligomer
Bound to Cellular Prion Protein
MANCHESTER
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AP oligomer binding stimulates the clustering of specific neuronal
receptors into aberrant signalling platforms at the synapse

Normal Alzheimer’s disease
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PrPC as a therapeutic target in Alzheimer’s disease?

Chung et al. BMC Neuroscience 2010, 11:130
http:/fwwwbiomedcentral com/1471-2202/11/130 BMC

Neuroscience

RESEARCH ARTICLE Open Access

Anti-PrP< monoclonal antibody infusion as a

novel treatment for cognitive deficits in an e <N @
1 H ndoiare -
alzheimer’s disease model mouse COMMUNICATIONS
Erika (I“ung‘, Yong Ji', Yanjie Sur“, Richard J Kascsak’, Regina B Kascsak}, Pankaj D M(‘I“ta},
Stephen M Strittmatter®, Thomas Wisniewski™®"
ARTICLE
Recelved 1 Mar 2011 | Accepted 5 May 2071 | Published 7 Jun 200

Interaction between prion protein and toxic
amyloid B assemblies can be therapeutically
targeted at multiple sites

Darragh B. Freir”, Andrew ). Micoll®’, lgor Klyubind, Silvia Panico®, Jessica M. Mc Donald', Emmanuel Risse?,
Emmanugl &, Asante®, Mark A, Farrow?, Richard B. Sessions®, Helen R, Salbil*, Anthony R, Clarke?s,
Michael ). Rowan®, Dominic B, Walsh' & John Collings?

Thie Joummial of Newrnscience, May 15, 2011 - 31{20k7259 7243 » 7259

Brief Communications

Alzheimer’s Disease Brain-Derived Amyloid-3-Mediated
Inhibition of LTP In Vivo Is Prevented by Immunotargeting
Cellular Prion Protein
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But... PrPC has several physiological roles

Physiology of the Prion Protein

RAFAEL LINDEN, VILMA R. MARTINS, MARCO A. M. PRADO, MARTIN CAMMAROTA,
VAN [EQUIERDD, AND RICARDD RE. BRENTANI
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Prion protein attenuates excitotoxicity by inhibiting
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Cellular prion protein requlates B-secretase cleavage
of the Alzheimer's amyloid precursor protein
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Neurogenic &
neurotrophic %

BENAS

PrPC inhibits the amyloidogenic processing of the amyloid
precursor protein (APP)

AB deposition &
neurodegeneration
b

P &L L /

y-secretase

o-secretase B—secretase

APP CTFB

1108-11067 | PRAS | Junel6 IMF | wol 102 | mo2E

Cellular prion protein regulates B-secretase cleavage
of the Alzheimer's amyloid precursor protein
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PrPC is reduced in sporadic Alzheimer’s brain and inversely
correlates with BACE1 activity, Af and Braak stage
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Prion protein in human hippocampus declines with age

a) Age
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PrPC facilitates neuronal zinc uptake via AMPA receptors

Rat hippocampal neurons
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Potential mechanism by which prion protein facilitates zinc
uptake into cells through the AMPA receptor
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Impact of reduced prion protein on zinc metabolism in
sporadic Alzheimer’s disease and ageing

1) 1 intracellular protein tyrosine phosphatase activity leading to neurotoxicity
2) 1+ extracellular Zn promotes AP oligomer formation and neurotoxicity
3) i bmdmg of AB o|ignmnre tn PrPC fiirthar Il 7zine 1intaka
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Prion protein in Alzheimer’s disease
- neuroprotective, neurotoxic or both!

Neurodegeneration
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PrPC forms multiple cell surface, raft-based complexes

ABO-raft-complex

Zinc-raft-complex

Non-raft
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Neurobiology:

Therapeutic molecules and endogenous
ligands regulate the interaction between
brain cellular prion protein (PrP™) and

metabotropic glutamate receptor 3
(mGluRS)

) O

Laura T. Haas, Mikhail A. Kostylev and

Stephen M. Strittmatter
J. Biol. Chem. published online August 22, 2014 MANCH%S?EER
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EGCG and resveratrol reduce the cellular binding of AP
oligomers and their downstream cytotoxicity
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Prion protein as a therapeutic target in Alzheimer’s disease
- Issues to consider

» Targeting disease vs normal |
functions of PrPC

> Receptors other than PrPC ; ® & S g

» Type (“strains”) and
concentration of Ap oligomer

“Rather than exist as separate

| entities, several of these candidate
| receptor molecules may be closely
linked in a multi-protein receptor
complex, whose specific members

RANEARRIARER
Il _‘i?o-.&&ﬁ: SO A0

may Change as a result of \ Pathogenic lipid raft Non-raft
electrophysiological activity or )
damage.” Toxic signals
Susan Catalano, Alzforum
h/ : Synmaptic impairment MANCHESTER
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