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Mad cow disease= example of prion diseases

Mad cow crisis (1988-2003):
GB : 185 000 cases of mad cow

France : 1000 cases of mad cow




Transmissible Spongiform Encephalopathies (TSE)
= class of neurodegenerative disorder
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Features of TSEs

v' TRANSMISSIBLE: (naturally e.g. mad cow or experimentally)
v" SPONGIFORM: Vacuoles
v' ENCEPHALOPATHY : Neuronal death (apoptosis) => brain atrophy
+
v" Amyloid plaques: Protein misfolding and aggregation
v’ Astrogliosis = activation of glial cells (as a cause or a consequence of inflammation)

=> CJD SYMPTOMS: long asymptomatic period (up to 50 years); fulminant cognitive and motor declines

(Soto et Satani, 2011)



Amyloid plaques :
a common feature of Prion and Alzheimer’s diseases.

Prion disease: intracellular and extracellular accumulation of amyloid aggregates positive to prion
protein staining
= plaques similar to those characteristic of Alzheimer’s Disease

Alzheimer’s Creutzfeldt-Jakob’s

Aguzzi A, Haass C. Science. 2003 Oct 31,302(5646):814-8. Review.



TSEs share common features with other neurodegenerative diseases

Neuronal cell death, Age-related diseases, Aggregation of misfolded proteins
= proteopathies = amyloid-based neurodegenerative diseases.
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BUT: location and pattern of protein aggregation #
Prion diseases are the sole infectious neurodegenerative disease



What is the agent causing prion diseases?
Prion concept

L Prusiner dropped a dogma of biology:
one protein can be infectious => Proteinacenous Infectious particle

CONVERSION

—

Cellular prion protein Scrapie prion protein
(PrPC) (Prpsc)
v" Normal protein of the host v" Main component of Prions

v" Ubiquitous protein v" Only in TSE-afflicted brains




How prions propagate?
Nucleation polymerization model for PrP¢ = PrP>¢ conversion.

=> Prion-like proteins: AB, Tau, a-synuclein...




How prions propagate?
Models for PrP¢ = PrP>¢ conversion.

Projection of density map of fibril
cross-section derived from single-

particle cryo-EM analysis Projection of the

fibril density map

High-resolution structure and strain comparison of infectious mammalian prions.
Kraus A, et al. Mol Cell. 2021 doi: 10.1016/j.molcel.2021.08.011.



https://pubmed-ncbi-nlm-nih-gov.proxy.insermbiblio.inist.fr/34433091/

Why prion-infected neurons die?
Corruption of PrP¢ functions

> PrP KO mice are resistant to infection by pathogenic prions

=> understand the PrP¢ function in neurons to decipher the mechanisms of prions neurotoxicity!




Cellular Prion Protein

> Primary structure and post-translational modifications.
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Physiologic role of Cellular Prion protein

prp-/- models: Cellular fate

. Embrvogenesis Self renewal/differentiation
® SOouris yos of stem cells

Viables & normal CNS
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Ubiquitous role

Neurospecific role

= No obvious function for PrP¢ ! Protective role?
= Hyp: PrPCis so important for neuronal cell homeostasis
: c
Mélaga-Trillo 2011; Leighton 2018 that mechanisms compensate lack of PrP




Pluripotent stem cells: ES/EG/EC/iPS

» Somatic cells

+ Oct4, Sox2,
Nanog, Myc

Induced Pluripotent

/ Stem Cells

Mesoblastic Endodermic Neuroectodermic
Stem cells Stem cells Stem cells

Cell populations obtained after ES/EC/iPS differentiation are heterogeneous and stop dividing

=>» difficult to clone and select cell lines having properties of lineage precursor cells.



Strategy to select lineage precursor cells

pK4 pluripotent cell
lines EC —

Induction of
differentiation

'

3 germ layers derivatives
Differentiated cells + immature cells

Cloning and Selection :

-loss of EC/ES cell markers

-Ability to differentiate at high frequency
towards alternative fates along a given lineage

v

1C11 neuroectodermic cell line
C1 mesodermic cell line

pK4 transgenic mice

Salivary gland cell lines
Renal cell lines

DENTAL Pulp stem cell lines
(ED18 molar of Tg embryos)



The 1C11 neuroectodermal cell line

1C11

Red staining = PrP¢ immunodetection
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=>3 different differentiation states, 100% differentiation

=> Expressed all PrP¢ isoforms whatever differentiated state!




Signaling function of PrP¢
Proof of concept

> Experimental strategy: cross linking using antbodies to mimic a natural ligand.

= Receptor or

|:| D :’ ﬁ\ co-receptor

Caveolin-1

|

Signal (Science, 2000)

=> PrP®-Caveolin1-Fyn Tyrosine kinase : Neurospecific signaling platform recruited only in neurites.




The multifaceted function of PrP¢ in a neuronal context
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Schneider et al. , Front. In Biosc., 2011



What is the impact of PrP>¢ on function of Prp¢?
Loss / Gain?

Loss

(Harris et al, 2006)




What is the impact of PrP>¢ on function of PrP¢?
Infection of 1C11 cell line

> The 1C11 cell line is chronically infected by several prion strains
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(Mouillet-Richard S et al., JBC, 2008)

=> In prion-infected 1C11 cells: gain of function of the PrP¢-NOX coupling!!!



From signaling ... ...to neurotoxicity

Signal? Signallingr .
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Fine tuning of redox equilibrium Lost of neuronal homeostasis

=> Neuronal homeostasis => Neuronal death



Prion disease and Alzheimer’s disease: same fight?

» In AD, neuronal cell death is induced by AB peptides
» AB peptides are produced by cleavages of Amyloid Precursor Protein (APP)




Prion disease and Alzheimer’s disease: same fight?

AB

v'PrP¢ could relay neurotoxicity of AP peptides !

- Neurotoxicity
=> MIECHANISMS??

v AB peptides bind to PrP¢ with high affinity. '




Alzheimer’s disease
Discovery

> Auguste D, a 51-year-old woman : shown progressive cognitive impairment, focal symptomes,
hallucinations, delusions, and psychosocial incompetence.

> At necropsy, there were plaques, neurofibrillary tangles, and arteriosclerotic changes.

Bielkhowsky’s stain section from Auguste Deter’s
brain (left) neurofibrillary tangles drawn by Alois

Alois Alzheimer Alzheimer (right)
(1864-1915)

First description of tangle and plaque pathology
by Alois Alzheimer (1901)

Alzheimer A. Uber eine eigenartige Erkrankung der Hirnrinde. 1907 Jan ; 64:146-8.




Alzheimer’s disease (AD)
Epidemiology

v" AD is the most common form of dementia accounting for >60% of all the cases.
In France: ~1M in 2019; +225 000 /year
Word: 35.6M in 2019; +7.7M /year

World Alzheimer Report 2015



Alzheimer’s disease (AD)
Epidemiology

v" Most of the cases of AD ARE SPORADIC.
The prevalence of inherited forms of AD is <1%

v" Risk factors for sporadic AD: 0 |
e aging
* head injuries . 30 1 Dementia
e hormonal changes g
e vascular diseases 8 20 -
e inflammation S
e ApoE e4 allele polymorphism 10 A
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Alzheimer’s disease (AD)

Symptoms

> AD is a progressive neurodegenerative disorder affecting the elderly
population. Once it starts, it progresses with aging.
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Alzheimer’s disease (AD)
Histopathological hallmarks

> Itis characterized by the presence of lesions both at an extracellular level (the B-amyloid plaques), and
at an intracellular levels (the Neurofibrillary tangles, NFT).

Neurofibrillary tangles Amyloid plaques (A) and Cerebral B-

: _ -
> hyperphosphorylated protein tau Amyloid Angiopathy (CAA, B *)

» protein B-amyloid (AB) fibrils

M. Jucker, et al. Alzheimer's disease: From immunotherapy to immunoprevention, Cell, 2023



Alzheimer’s disease (AD)
Dynamic biomarkers

AB-PET images with Pittsburgh compound tracer in familial AD

M. Jucker, et al. Alzheimer's disease: From immunotherapy to immunoprevention, Cell, 2023



Alzheimer’s disease (AD)
Formation of NFTs




Alzheimer’s disease (AD)
Origin of B-amyloid plaques: APP processing
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Alzheimer’s disease (AD)
Structure of B-amyloid peptide
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Alzheimer’s disease (AD)
B-amyloid peptide aggregation

A

Murine AB peptides do
not aggregate!

Cryo-EM—derived structures of fibrils formed from AB42 from human brain tissue
reveal different « strains » associated with distinct neurodegenerative diseases.

Yang Yang et al, Science , 2022. DOI: 10.1126/science.abm7285



Alzheimer’s disease (AD)
B-amyloid peptide/Tau toxicities

A high-throughput, automated human iPSC-derived neuron differentiation and culturing platform = a new model of AD

Mature culture (12 weeks) => image analysis



Alzheimer’s disease (AD)
B-amyloid peptide/Tau toxicities

» Amyloid-B and tau: interaction for toxicity
=> Role of microglia

AB and microglial activation are two independent processes that, when they converge, lead to tau pathology

Bassil, R., et al. Improved modeling of human AD with an automated culturing platform for iPSC neurons, astrocytes and microglia. Nat Commun 12, 5220 (2021)



Alzheimer’s disease (AD)
Amyloid cascade hypothesis




Do Prion and Alzheimer’s diseases share common
neurodegenerative mechanisms?

Nature neuroscience, 2012




Prion and Alzheimer’s disease: Same fight?
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TACE physiological functions
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TACE deregulation  => prion / Alzheimer’s diseases ?

Little was known about TACE regulation




Prion infection triggers TNFR1 under-shedding and
hypersensitizes cells to TNFa toxicity

A cell surface level of TNFR1 N sSTNFR1 in cell culture medium
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Defect of TACE shedding activity in prion-infected neurons ?



TACE internalization in prion-infected cells

N TACE at the plasma membrane

+ Prp>c

CTRL

+ Prp>c

TACE is associated with caveolae in

infected cells
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Coll J.M. Launay/ Hoffmann LaRoche



TACE internalization depends on PDK1 overactivity in

prion-infected cells
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PDK1 = 3-phosphoinositide-dependent kinase 1 Nature Medicine, 2013



PDK1 inhibition relocates TACE from caveolae to the plasma membrane
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PDK1 inhibition restores TACE shedding activity at the plasma membrane

Non-infected infected

TNFR1
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BX912 rescues the shedding of TNFR1 by TACE
=> Desensitization of prion-infected cells from TNFa toxicity




PDK1 as a therapeutic target against prion and Alzheimer’s diseases?

PRIONS ALZHEIMER
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Inhibiting PDK1 activity with BX912 in prion-infected mice...
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Inhibiting PDK1 activity with BX912 in prion-infected mice...

N neurodegeneration
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One drug for both prion and Alzheimer’s diseases ?




Inhibiting PDK1 activity with BX912 in Alzheimer’s mouse models
(Tg2576, 3xTg-AD, 5xTg-AD)...
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How to test behavioral benefit of PDK1 inhibition in AD mice?

> Morris water maze test: behavioral test of memory/cognitive function

2 m diameter watermaze at
the University of Edinburgh




How to test behavioral benefit of PDK1 inhibition in AD mice?

> Nesting construction test: behavioral test of social/affialiative function




Inhibiting PDK1 activity with BX912 in Alzheimer’s mouse models
(Tg2576, 3xTg-AD, 5xTg-AD)...
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=>PDKZ1 inhibition alleviates both prion and Alzheimer’s diseases in mice




PDK1: a therapeutic target for AD patients ?

6 AD patients
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Summary
Neurodegenerative diseases PDK1 inhibition with pharmacological drugs
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Prion and Alzheimer’s diseases share common neurodegenerative mechanisms
PDK1: therapeutic target for both diseases
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Common neurodegenerative mechanisms, common therapeutic targets




The PrP¢ : a neuronal receptor that relays amyloid neurotoxicity

Alzheimer
Prion Parkinson
~ 120nm .
s a-synuclein
1';5" l ~ 200nm
~ 150nm \ /
PrP¢ P

N

Plasma g
Membrane &+

Neurotoxicity

Laurén et al., 2009; Auli¢ et al., 2017

NPs

*  Hydrodynamic diameter (nm) of TiO, and CB NPs
measured by DLS in DMEM/F12 at 37 °C

TiO, CB

~22 nm 130 nm ~13 nm 171 nm

Diameter of TiO,/CB NPs aggregates in biological
fluids similar to amyloid diameters

PrPC : a neuronal receptor that relays the
neurotoxicity of nanoparticle aggregates?




Role of Environmental NPs in the onset of AD
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Ribeiro et al., Particle and Fibre Toxicology (2022)



Role of Environmental NPs in AD progression?
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Perspectives:
1. NPsonly initiate vicious circle supporting by PrP¢/PDK1/TACE pathocascade => AD onset

2. NPsinfluence AP peptide assembly in neurotoxic species accelerating vicious circle => AD onset & progression




TAKE HOME MESSAGE

» 1C11 cell line = A stem cell background to tackle basic and clinical
challenges relating to neuronal response to antidepressants/ prion -
induced neurodegeneration/ neurotoxicity

» Pathological conditions emerge from deregulation of signaling cascade
normally dedicated to homeostasis

» Importance of spatio-temporal distribution of signaling effectors

» Prion and Alzheimer’s disease share common mechanism of
neurodegenerescence : deregulation of PrP¢ signaling function

» Role of nanopollutants in the emergence of AD
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PDK1 place in current therapeutic strategy for AD

* *Cholinesterase Inhibitor

*
*Monoamine receptor antagonist
* Monoclonal anti-AB antibody

Treatments restricted to symptomatic treatment and _ . o
common side effects (vomiting, muscles weakness,...) First Disease Modifying drug




PDK1 place in current therapeutic strategies for AD

Ester Aso and Isidre Ferrer (2013).



PDK1 place in current therapeutic strategies for AD
B-Amyloid—related disease-modifying strategies
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PDK1 place in current therapeutic strategy for AD Secretase
pathway

Q Current experimental strategy => treat as early as possible
@ Early diagnosis IMPOSSIBLE

e Beta secretase (“BACE1”) inhibitors
— Most attractive theoretically?
— Prior agents have failed: did not cross blood-brain-barrier
— Several agents in/approaching

e Gamma secretase inhibitors
— Various agents have shown the desired biological effect

— 2 in phase lI-lll trials now (Lilly, BMS) => stopped due to side effects (Notch
pathway)

e Tarenflurbil (“Flurizan”), a putative gamma secretase modulator, failed to show
benefit in phase Ill trial

PDK1 inhibition: could be given in late stages of AD
@ Toxicity of PDK1 inhibitors currently available!!!




PDK1 place in current therapeutic strategy for AD
New hope from Immunotherapy?

Donanemab (Lilly), Lecanemab (Biogen & Eisai), Aducanumab (Biogen & Neurolmmune) =>
decrease of AB deposition (up to 87%) accompanied by decreased pTau in CSF but not NFL
(Neurodegeneration marker)

+ Amyloid-related imaging abnormalities (ARIAs) => brain microhemorrhages

+ Clinical trials phase IV until 2026 before FDA approval (Aducanumab)




PDK1 place in current therapeutic strategy for AD (2025)
Alzheimer’s Drug Development pipeline (Phase Ill)

Common Alzheimer's Disease Research Ontology (CADRO)



AR transmitted?

Before 1985, some people treated with
cadaver-derived human growth hormone (c-
hGH) developped after 30 years a iatrogenic
CJD.

These people also had AB deposits in the
brain, suggestive of incipient Alzheimer's
disease.

Hyp: cadaver-derived human growth
hormone also contains AP seeds => AD
transmitted?




PDK1 place in current therapeutic strategy for AD
Alzheimer’s Drug Development pipeline
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