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J. S. GRIFFITH 

Nature of the Scrapie Agent: Self-
replication and Scrapie

Nature 215, 1043–1044 (1967)

…Scrapie agent might be aberrant form of protein that 

spontaneously got made, and could serve as a template to 

induce production of more aberrant forms.



Proteinaceous Infectious Only

Scrapie Associate Fibrils 
Science, 1982
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Human Prion Diseases
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Surgical/Medical
procedures

BSE related

Growth hormone
from cadaver

Dura mater            Cornea 
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Autosomal dominant inheritance
with a variability of penetrance

mutation-dependent

Etiology

Genetic Creutzfeldt-Jakob Disease (gCJD)
Fatal Familial Insomnia (FFI)

Gerstmann Straussler Scheinker syndrome
(GSS)

Disease phenotype

Iatrogenic CJD (iCJD)

Variant CJD (vCJD)

Forms    
(occurrence)

Creutzfeldt-Jakob Disease (sCJD)
Fatal Insomnia

VPSPr



Sporadic
Creutzfeldt-Jakob Disease



CSF 14-3-3 protein

PSWCsEEG

Sporadic Creutzfeldt-Jakob Disease (sCJD)

 Fatal Neurodegenerative disorder with a disease
duration of less than 24 months

 Clinically characterized by a rapidly progressive 
dementia, with visual, cerebellar, pyramidal or 
extrapyramidal signs, myoclonus. 

Invariably evolving to akinetic mutism

 Diagnostic tools:
• EEG: Typical PSWCs
• CSF: Positive 14-3-3 protein or Prion detection by RT-
QuIC assay
• MRI: High signal abnormailities in basal ganglia or at
least two cortical regions either in DWI or FLAIR
• PRNP: codon 129 polymorphism

 Definite Diagnosis is based on demonstration of 
pathological PrP (PrPSc) in the nervous tissue

MRI

PrPSc detection by immunoblot

and immunocytochemistry

Spongiosis

PrPSc

Definite Diagnosis

Probable Diagnosis

PrP deposition

PK resistant

PrP



Ataxic (VV2)
Extrapyramidal (MV2) Cognitive (MM2C)Thalamic (MM-2T) 

MRI patterns in different molecular subtypes of sCJD

Heidenhein (MM1)



PrPC PrPSc
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Different Prion Conformers Act as «Strains»

Ataxia

Dementia

Myoclonus

Disease Phenotype

Behavioural
changes



The Olfactory
Story



Is the Olfactory System involved in Human Prion Diseases ?

1998



Olfactory BulbPPF Cortex

Pattern of PrPSc Deposition and Distribution  
in Olfactory Pathway of sCJD Met/Met-1
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The Peripheral Olfactory system 

Glomeruli

Fila 
OlfactoriaVGA

Basal Cells

Olfactory Mucosa

Expression of Cellular 
Prion Protein PrPC in 

Olfactory and Respiratory 
Mucosa 

Brain Olf.
Mucosa

Resp.
Mucosa
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Lane:      1              2                3             4

Olfactory Mucosa NaPTA treated (from 100mg)

3F43F4

PrP

PrPSc deposition in olfactory neuroepitheliumDetection of PrPSc in the Olfactory
Neuroepithelium in sCJD

Nasal vault



Ultrastructural Deposition of PrPCJD



Olfactory Mucosa Biopsy: 
Surgical Instruments

Annals of Neurology, 2004



Definite sCJD 
Diagnosis

21kDa PrPSc   CE         Fc         Oc

PrP

PrP

CE

Fc

Olfactory 
Mucosa 
Biopsy

21

Mr

Control

Case # 1

Female 59 years old 

August 2002: left alien hand 

syndrome, MCI

September 2002: Extrapyramidal 

signs; 

October: akinetic mutism and 

myoclonus; EEG: sporadic PSWCs; 

CSF: 14-3-3 positive; 

PRNP : No mutations, Met/Met at 

codon 129. Nasal biopsy was 

performed. 

February 2003: exitus.



RT-QuIC
A Novel Diagnostic test for CJD



2011



PrPres PrP fibrils

Binding sites of ThT
in amiloid fibrils

Sample

Recombinant
Prion protein 

Plate-based fluorescence detection of PrPres-seeded rPrP
amyloid (“Real-time QuIC”: Atarashi 2011)



To couple a 100% specific and sensitive test (RT-QuIC) 
to a gently procedure for sampling olfactory mucosa

(Brushing Nasale)





Nasal Brushing Procedure



Nasal Brushing Procedure



The beginning of Collaboration with
Santina Castriciano



Brush Swab

Olfactory mucosa cytological analysis following cyto-brush 
or flocked swab sample collection



Exp. conditions: PQ-CSF Rec Hamster PrP FL at 42°C
IQ-CSF Rec Hamster PrP 90-231 at 55°C



EU Diagnostic Criteria for Surveillance of sporadic CJD 
from 1 January 2017

 Definite CJD
Neuropathologically or immunohistochemically or biochemically confirmed

Clinical signs
I Rapidly progressive cognitive impairment

II A. Myoclonus
B. Cerebellar or Visual problems
C. Pyramidal or Extrapyramidal features
D. Akinetic Mutism

Tests
 PSWCs in EEG
 14.3.3 detection in the CSF and RT-QuIC assay in the CSF or other tissues
 High signal in caudate/putamen on MRI scan or at least two cortical regions either on DWI or FLAIR

 Probable CJD
I + Two out of II and at least one test positive
Progressive neurological syndrome and positive RT-QuIC in the CSF or other tissues

 Possible CJD
I + Two of II and duration less than two years



High Diagnostic
Sensitivity and

Specificity
Training is not

Required

Short
Non invasive

No costs

Therapy
Indipendent

Safety
Precautions
Should be
considered

No complications
Linked to the 

Procedure

RT-QuIC Positive 
in sCJD, 

gCJD, GSS and FFI

3 Log Higher
RT-QuIC

Seeding Activity
Compare to CSF



OM transmission to TgHu129MM 
(i.c. inoculation)



Nasal Mucus and OM 
RT-QuIC

RT-QuIC Products

Cerebrospinal Fluid

Experimental transmission
to TgHu129MM 
(i.c. inoculation)





Olfactory System
Involvement in 

Neurodegeneration



Prionoids

Tau -Amyloid

α-Synuclein

Huntingtin

Prion

TDP-43

α-Synuclein



Alpha-Synucleinopathies

Tauopathies

-pathies

TDP43-pathies

Parkinson Disease
Mutisystem Atrophy
Lewy Body Dementia

PAF

FTLD
Progressive Sopranuclear Palsy

Corticobasal Degeneration

Alzheimer Disease

ALS-FTD and FTD

Misfolded Proteins and Disease Phenotypes



Early Involvement of Olfactory System
in Neurodegenerative Disorders

-Amyloid

Tau

Alpha-
Synuclein

TDP43

Alzheimer Disease

Parkinson Disease

Frontotemporal Dementia

ALS FTD



Alzheimer
Disease

Fronto-temporal
Dementia

Parkinson
Disease

Olfactory Neuro-epithelium

Olfactory System in Neurodegenerative Disorders

Olfactory Bulb

a-Synuclein

-amyloid

Tau

Olfactory Tract

Trojanowski J.Q.
Ann Neurol. 2011 Apr;
doi:
[10.1002/ana.21910]
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Conformational Changes and Neurodegeneration

Normal Conformation Pathological Conformation

TDP-43

α-Synuclein

Tau

Prion



Nasal Swabbing Sample Processing





Olfactory neurons

Lorenzo Brozzetti Ph.D student UNIVR 

2019



Normal Alpha-Synuclein Normal TDP-43



Normal Tau Protein Normal APP



Alpha-Synucleinopathies

Tauopathies

-pathies

TDP43-pathies

Parkinson Disease
Mutisystem Atrophy
Lewy Body Dementia

PAF

FTLD
Progressive Sopranuclear Palsy

Corticobasal Degeneration

Alzheimer Disease

ALS-FTD and FTD

Misfolded Proteins and Disease Phenotypes



Alfa-Synucleino-pathies

Parkinson Disease

Dementia
with 

Lewy Bodies

Multisystem
Atrophy

Schweighauser M., et al. 

Nature 2020

Cryo-EM Structure

of MSA a-Synuclein Fibrils



Biomarkers in α-Synucleinopathies

• Clinical core 

Supporting Investigations:

• MRI 

• 123I-ioflupane single-photon emission CT (Da Tscan)

• PET or SPECT for myocardial sympathetic denervation

• Biomarkers of disease progression

• Diagnostic value

• Prognostic value

CSF Biomarkers
or other Tissues

No Radiotracers are available for α-Synuclein





Formalin fixed sections

Fresh tissue homogenates



Nasal Swabbing in a-Synucleinopathies







CSF from 43 patients with PD and 
43 with MSA-C and MSA-P



RT-QuIC in a-Synucleinopathies

Molecular Diagnosis
of a-synucleinopathy
During Clinical Disease or 
During a prodromal stage

Diagnostic Tissues
CSF and Body Fluids

Tissue biopsy
Olfactory Mucosa

Distinguishing 
a-Synucleinopathies

Optimal
RT-QuIC Experimental 

Conditions



Is it possible
Pre-clinical
Diagnosis?



α-synuclein

aggregates

α-synuclein

RT-QuIC

α-synuclein

aggregates





Nasal 
swabbing

Cell 
preparation 

Olfactory Swabbing Application In Neurodegeneration

Neurodegeneration
Associated

Protein Deposits

Identification of 
cell organelles

Proteomics

Genomics

RT-QuIC and Detection
of Pathological forms

Transcriptomics

• Molecular
Diagnosis

• Prognostic
information

• Therapy

• Early pathological
changes

• Intracellular
processing of 
pathological
changes of disease
associated normal
proteins
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