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Prion diseases: rarely infectious, mostly spontaneous

Prion disease are rare, fatal and incurable neurodegenerative disorders caused by
PRIONS-Protease Resistant Infectious Organ-specific Neurotoxic Self-replicating proteins

Animal prion disorders

Scrapie (Sheep and goats)

e Typical forms
* Atypical or Nor98 scrapie

Bovine Spongiform
encephalopathy (BSE) Mad cow
disease

¢ Classical BSE

e Atypical BSE

e BSE in goats

Chronic wasting disease
(CWD)

cervids, deer, elk and moose

Human prion disorders

Sporadic (85%)
e Sporadic Creutzfeldt-Jakob Disease
(sCJD)

¢ Variable Protease-Sensitive
prionpathy (VSPRS)

Genetic (10-15%)
¢ Fatal Familial Insomnia (FFI)

e Gerstmann-Straussler-Scheinker
Syndrome (GSS)

e Familial Creutzfeldt-Jakob Disease
(fCJD)

Acquired (<1 %)
Kuru, vCID, iCJD




Decoding spontaneous prion misfolding
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Knocking in bank vole PrP: unlocking spontaneous prion disease
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Knocking in bank vole PrP: unlocking spontaneous prion disease
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Most cases of human prion disease arise due to spontaneous misfolding of WT or mutant prion protein, yet recapitulating
this event in animal models has proven challenging. It remains unclear whether spontaneous prion generation can occur
within the mouse lifespan in the absence of protein overexpression and how disease-causing mutations affect prion strain
properties. To address these issues, we generated knockin mice that express the misfolding-prone bank vole prion protein
(BVPrP). While mice expressing WT BVPrP (1109 variant) remained free from neurological disease, a subset of mice expressing
BVPrP with mutations (D178N or E200K) causing genetic prion disease developed progressive neurological illness. Brains
from spontaneously ill knockin mice contained prion disease-specific neuropathological changes as well as atypical protease-
resistant BVPrP. Moreover, brain extracts from spontaneously ill D178N- or E200K-mutant BVPrP-knockin mice exhibited
prion seeding activity and transmitted disease to mice expressing WT BVPrP. Surprisingly, the properties of the D178N- and
E200K-mutant prions appeared identical before and after transmission, suggesting that both mutations guide the formation
of a similar atypical prion strain. These findings imply that knockin mice expressing mutant BVPrP spontaneously develop a
bona fide prion disease and that mutations causing prion diseases may share a uniform initial mechanism of action.

Introduction

Human prion diseases such as Creutzfeldt-Jakob disease (C]D) are
caused by misfolding of the cellular prion protein (PrP®) into PrP*%,
a pathological conformation that aggregates and deposits in the
brain (1). In addition to PrP% deposition, the neuropathological
hallmarks of prion disease include spongiform degeneration of the
brain parenchyma as well as prominent astrocytic gliosis (2). PrP¢

ease in humans do not manifest due to an infectious etiology.
Instead, spontaneous misfolding of PrP¢ into PrP% within the
brain is thought to be the initiating event in sporadic prion diseas-
es, such as sporadic CJD (sC]D). Similarly, in genetic prion dis-
eases such as familial CJD (fC]JD), fatal familial insomnia (FFI),
and Gerstmann-Striaussler-Scheinker disease (GSS), mutations
within the PRNP gene encoding PrP are believed to promote the




From Findings to Questions

1 Homozygous mutant knock-in mice develop spontaneous prion disease

But ~99 % of human cases of genetic prion diseases are heterozygous !

How gene dosage influence the rate of misfolding and disease onset in heterozygous, where only one gene
copy is mutated? Could this explain why heterozygous carriers often remain asymptomatic for longer?

U Distinct mutations, similar prion strains

Despite linked to different diseases and distinct biochemical properties, D178N and E200K produced similar
atypical prion strains

Does a SHARED early misfolding pathway exist? Do these mutation types specify similar early strain
formation, independent of the specific mutation?




Generation of heterozygous knock-in mice

Heterozygous BVPrP knock-in mice Compound Heterozygous BVPrP knock-in mice
kiBV/[E200K kiBVIWT . kiBV[P178N KiBVIWT ! kiBV/[E200K kiBV[P178N
= - : “« < . : “ < W,
Pmp ———1 mm— l a1 . | H— . l 1. | . l .
Pmp —-——1 1 — 1. | -t “+—1 . | -1 .. 11—
[ |
KiBVIEWT | kiBVIPWT | KiBVIEP
| |
>N | >N | >N
a1 . : a1 I 1 .

a1, 11— 11—



Impact of gene dosage on disease progression and prion accumulation
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Impact of gene dosage on disease progression and prion accumulation
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Impact of gene dosage on disease progression and prion accumulation
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Key takeaways and next steps

A consistent atypical PrPS¢ species forms spontaneously across all mutant lines, indicating a common
unifying mechanism that initiates PrP misfolding.

Slightly accelerated disease progression in the compound heterozygous line suggests that early prion
strain formation occurs independently of mutation type.

kiBVIPWTand kiBVIEYWTlines demonstrate delayed onset of the disease, suggesting that gene dosage of a
misfolding-prone PrP, rather than the specific mutation type, plays a key role in early prion misfolding.

Reduced disease penetrance in kiBVI¥WT compared to kiBVI°?’WT, despite higher E200K protein levels,
suggests that the D178N mutation is inherently more pathogenic than E200K.
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Key takeaways and next steps
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