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Human 
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Human Prion Diseases

Genetic
(10%)

Sporadic
(90%)

Acquired
(<1%)

Prion Protein Gene
Mutations

Unknown

Exposure
to prion sources

of infectious
material

Forms    
(Incidence)

Humans

Animals 

Surgical/Medical
procedures

BSE related

Growth hormone
from cadaver

Dura mater            Cornea 
transplants

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)

Creutzfeldt-Jakob Disease (sCJD)
Fatal Insomnia

VPSPr

Disease phenotype

Iatrogenic CJD (iCJD)

Variant CJD (vCJD)



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



Influence of polymorphism Met/Val at codon 129 
on Sporadic CJD susceptibility

Met ValMetMet ValVal

Codon 129 Met/Met Met/Val Val/Val

Normal 
population

40 % 50 % 10 %

sCJD 75 % 10 % 15 %

Determine susceptibility to prions
Clinical disease modifier



 Classic: Cognitive Impairment, 

Ataxia,  Myoclonus

 Heidenhain: Visual Disturbances

and Hallucinations

 Oppenheimer-Brownell or Ataxic: 

Ataxia

 Cognitive: Cogntive Impairment, 

language and executive functions

 Affective: Depression

 Amyotrophic

Clinical Variants of Sporadic 
Creutzfeldt-Jakob Disease
based on Clinical Onset



MRI Lesion patterns in sCJD



Pathological

Prion Protein 

PrPSc

The Conditio sine qua non

is the presence of Cellular 

Prion Protein

PrPC

A tale of conversion of 

a “good” prion into a “bad” prion



“Domino-like” Prion replication

PrPC PrPCPrPSC PrPSCPrPCPrPSC PrPSCPrPSCPrPSC

PrPC

Seed formation

Slow

process

PrPSC

Elongation



PrPC PrPSc

A

Propagation

B

C

D

Different Prion Conformers Act as «Strains»

Ataxia

Dementia

Myoclonus

Disease Phenotype

Behavioural
changes



Protofibril

Principles of Prion Seeding Assays
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Diagnostic testing for CJD: PMCA vs RT-QuIC

Zanusso et al. 2016



Pros vs Cons

 Pros Highly specific and sensitive

 Cons Provision of fresh brain tissue
with PrP homologous to the testing
sample 

 Cons Low efficiency for sCJD prions

 Cons Time consuming (each round 
lasts 24-48 hours)

 Cons Technically demanding
performed in few laboratories

 Cons Generation of Infectious prion, 
even spontaneosuly

PMCA                                    RT-QuIC

 Pros Highly specific and sensitive

 Pros recPrP as substrate (non necessarily
homologous) strains amplification is
allowed by different recPrP

 Cons Low efficiency for vCJD prions

 Pros Rapid (hours), low cost

 Pros Set up in different laboratories
without special training

 Pros Do not generate infectious prions



Real Time-Quaking Induced
Conversion (RT-QuIC)

In 
Creutzfeldt-Jakob Disease

Diagnosis





PQ-CSF vs IQ-CSF assay
- 100% specificity   
- Sensitivity increases 
from 70% to ~ 94%  
- 24 Hours test 





Diagnostic algorithm in Suspected
Human Prion Disorder

Probable sCJDIQ-CSF 
RT-QuIC assay**

Mutation of PRNP
Detailed medical history

Clinical signs and symptoms
MRI and EEG* 
PRNP analysis

Genetic prion 
disorder

Olfactory mucosa
RT-QuIC assay

Reconsider the
Initial diagnosis

Positive

Probable sCJD
Positive

Negative

Negative



Atypical sCJD cases 129MV
Case 1 Case 2

Age 56 years

Male 

65 years

Male

Disease onset Transient diplopia Paroxysmal episodes of 

light-headedness

Clinical
evolution

6 months later transient
dizziness

Mild ataxia

16 months later behavioural visual

and spatial disturbances, executive 
functions and memory impairment 

EEG Not specific Not specific

MRI Hyperintense signal in 

fronto-parietal cortexes

Hyperintense signal in 

Frontal temporal and parietal cortexes

CSF 14-3-3 Negative

Tau 294 pg/mL

14-3-3 Negative

Tau 266 pg/mL

RT-QuIC Positive in CSF and OM Positive in CSF and OM

PRNP No  mutation

129 MV

No  mutation

129 MV



Case # 1



Atypical sCJD cases 129MV
Case 1 Case 2

Age 56 years

Male 

65 years

Male

Disease onset Transient diplopia Paroxysmal episodes of 

light-headedness

Clinical 
evolution

6 months later transient 
dizziness

Mild ataxia

16 months later behavioural visual and 
spatial disturbances, executive 
functions and memory impairment 

EEG Not specific Not specific

MRI Hyperintense signal in 

fronto-parietal cortexes

Hyperintense signal in 

Frontal temporal and parietal cortexes

CSF 14-3-3 Negative

Tau 294 pg/mL

14-3-3 Negative

Tau 266 pg/mL

RT-QuIC Positive in CSF and OM Positive in CSF and OM

PRNP No  mutation 

129 MV

No  mutation

129 MV



May 2015 September 2015 January 2016 September 2016

Clinical signs None None None Dementia

Neuropsychological
assessment

ND
Impaired face 
recognition

Mild visuo-spatial 
deficits

Pathological

CSF ND
PQ-QuIC  Negative

14.3.3 Negative
PQ-QuIC: Negative
OM Negative

14.3.3 Negative, Tau: 266 pg/mL
IQ-QuIC: Positive
OM Positive

Case # 2



Protein Misfolded Cyclic
Amplification

(PMCA)
In Variant

Creutzfeldt-Jakob Disease
Diagnosis



Variant CJD cases Worldwide 



Disease phenotype of vCJD 129MM

Mean age of 
onset

29 years 

Disease Duration 14 months

Clinical disease Early psychiatric symptoms

Painful sensory symptoms

Cerebellar ataxia

Dementia in the late course

EEG Not specific

MRI Typical hyperintense 

signal in pulvinar

CSF 14-3-3 positive in 50% 

Other tests Tonsil biopsy

PrPTSE Glycotype  

Neuropathology

Type 2B

Florid plaques
Type 1  Type 2A Type 2B

PK:    - +

Tonsil biopsy

NeuropathologyPrPTSE Glycotype

PrP 

PrP 

PrP 

MRI



Which Success in Human Prion Diseases

Genetic
(10%)

Sporadic
(90%)

Acquired
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Prion Protein Gene
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Unknown
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to prion sources

of infectious
material
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Surgical/Medical
procedures

BSE related

Growth hormone
from cadaver

Dura mater            Cornea 
transplants

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)

Creutzfeldt-Jakob Disease (sCJD)
Fatal Insomnia

VPSPr

Disease phenotype

Iatrogenic CJD (iCJD)

Variant CJD (vCJD)

Forms    
(occurrence)

PreventionX



Age of onset 36 years 

Disease Duration 15 months

Clinical disease Behavioural changes

Memory decline

Ataxia, cerebellar signs

Myoclonus

EEG Not specific

MRI Basal ganglia, insula and 
medial thalami

CSF 14-3-3 negative

RT-QuIC negative

PrPTSE Glycotype  

Neuropathology

Type 2B

Spleen positive

Florid plaques

Mok et al.





Suspected Human Prion Disorder

Probable sCJDIQ-CSF 
RT-QuIC assay**

Tonsil biopsy or

PMCA in Urine or blood

Detailed medical history
Clinical signs and symptoms

MRI and EEG* 
PRNP analysis

Olfactory mucosa
RT-QuIC assay

Reconsider the
Initial diagnosis

Positive

Negative

Probable sCJD
Positive

Negative

Consider
vCJD diagnosis

Very likely vCJD

Positive



Alois Alzheimer (1864-1915) 
Neurofibrillary Tangles, 1911

University of Munich
Department of Psychiatry, 1912

The origin of Misfolded Disorders
Friedrich Henrich Lewy (1885-1950)

Images of Lewy Bodies (1923)

Friedrich Pick (1854-1924)
Pick Bodies (1912)



Neurodegenerative 
Dementias

Disease Associated
Proteins

CSF Measurement
Specificity and 

Sensitivity

Alzheimer’s Disease Amylod beta / Tau High

Dementia with Lewy
Bodies

Alpha-Synuclein Low

Frontotemporal
Dementia

Tau Low

Fronto-temporal
Dementia and ALS

TDP43 Low

Cerebrospinal Fluid Biomarkers



Ab processing in the Brain and CSF changes

Brain

Ab

Oligomers

Amyloid

fibrils

Ab

Monomers

CSF

Minor 

Altered Kinases

phosphatases

activities

Tau  Pathology

Tau

Pospho-Tau

Amyloid-Beta 

Plaque



Monomer

Misfolded
Monomer

Oligomer

ElongationNucleation

Monomer

Protofibril

Monomer

mAbs

Low Sensitivity

X

Oligomer Detection by ELISA

Conventional
ELISA:

A-b
Tau

X



Principle of Oligomer Seeding Assays

Sonication

Elongation

Elongation

Oligomers

Protein
Substrate

Conversion

Amyloid
Fibrils

Seeds
Conversion

Testing sample 
containing
oligomers

Detection

Alfa-
Synuclein

TauA-Beta



Why Use Oligomer Seeding Assays in 
Neurodegenerative Disorders

 Identify oligomers

 Diagnostic purposes
Define the Molecular basis of a Neurodegenerative Disorder

 Prognostic purposes
Amyloid-Beta oligomers extent influences the progression of 
cognitive decline
Define a Parkinsonism since the disease disability varies
among different phenotypes

 Potential therapeutic approaches



Tau



Experimental procedure of Tau RT-QuIC



Detection limit in PiD brain tissue

CSF

PiD

PiD

PiD



Alfa-
Synuclein

Stefano 

Capaldi
Matilde 

Bongianni

Michele 

Fiorini



 Parkinson Disease
Mutiple System Atrophy
 Lewy Body Dementia
 Pure Autonomic Failure

Alpha-Synucleinopathies
and Disease Phenotypes



Lewy Body Pathology

Neuronal loss

gliosis Lewy body
Lewy body 
(a-synuclein)

Lewy neurites
(a-synuclein)

Oligodendroglial

inclusion in MSA
(a-synuclein) 

Lewy bodies

Thioflavin S



 Patients with PD 10-14 

years after trapiantation of 

fetal midbrain showed

alpha-synuclein inclusions

in 2-5% grafted neurons at

neuropathological

examination

 Alpha-synuclein is detected

in a non aggregated form

after 4 yrs and  in 

aggregated form after 14 

yrs

 After 24 yrs 11-12% of 

grafted neurons exhibited

alpha-synuclein inclusions

Prion-Like Propagation of 

Alpha-Synuclein aggregates



Seeding assays for 
a-synuclein



Brain homogenates

AD/DLB
DLB 

Control CSF

DLB

CSF AD CSF DLB

CSF PDCSF
AD/DLB

DLB
AD/PD
CJD/DLB



CSF samples RT-QuIC testing by K23Q a-syn substrate

11/12

16/17



Table 1. RT-QuIC for prions and alpha-synuclein in CSF samples from neuropathologically confirmed cases. 

 

Definite diagnosis 
Final clinical diagnosis* 

(before RT-QuIC) 

CSF RT-QuIC 

PrP α-syn 

Alpha Synucleinopathies (n=10) 0/10 10/10 

DLB (n=7) 

Probable DLB (n=4) 

0/7 7/7 Possible DLB (n=1) 

Possible CJD (n=2) 

AD/DLB (n=2) 
Probable DLB (n=1) 

0/2 2/2 
Possible CJD (n=1) 

MSA-C (n=1) Possible DLB (n=1) 0/1 1/1 

Prion diseases (n=20) 20/20° 0/20 

Sporadic CJD (n=19) 

Probable CJD (n=16) 

19/19° 0/19 Rapidly progressive dementia 
(n=3) 

Genetic CJD, E200K (n=1) Probable CJD (n=1) 1/1 0/1 

Other neurodegenerative diseases (n=8) 0/8 0/8 

AD (n=4) 

Probable DLB (n=1) 

0/4 0/4 Possible CJD (n=2) 

Possible DLB (n=1) 

FTLD-TDP 43 (n=1) Vascular PSP 0/1 0/1 

PSP (n=2) 
Probable CJD (n=1) 

0/2 0/2 
PSP (n=1) 

CBD (n=1) Probable CJD (n=1) 0/1 0/1 

Other neurological diseases (n=18) 0/7 0/18 

VD (n=4) Possible CJD (n=4) ND 

0/18 

Encephalitis (n=6) 

Probable CJD (n=1) 0/1 

Possible CJD (n=3) 0/1 

Encephalitis (n=2) ND 

Anti-IgLON5 disease (n=1) Possible sporadic fatal insomnia 0/1 

 PART (n=1) Probable CJD ND 

Brain tumor (n=2) 
Possible CJD 0/1 

Encephalitis 0/1 

Pontine myelinolysis (n=1) Probable CJD (n=1) ND 

Wernicke encephalopathy (n=1) Possible CJD ND 

Anoxic encephalopathy (n=2) 
Probable CJD (n=1) 0/1 

Autoimmune encephalitis (n=1) 0/1 

 
* Final clinical diagnosis is based on established criteria.

10,19-23
  °2 were negative at the CSF, but positive at OM 

Abbreviations: RT-QuIC, Real Time Quaking induced Conversion; DLB, Dementia with Lewy bodies; Creutzfeldt-Jakob 
disease; AD, Alzheimer disease; CJD, MSA-C, Multiple system atrophy, cerebellar dysfunction subtype;  FTLD, 
frontotemporal lobe degeneration; PSP: progressive supranuclear palsy; CBD, corticobasal degeneration; PART, 
primary age-related tauopathy. 
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a-syn RT-QuIC for in CSF samples from patients 
with negative prion IQ-QuIC 

Number of 

Patients

Clinical 

Diagnosis
IQ-QuIC

a-Syn RT-

QuIC 

16 Probable DLB Negative
Positive (13)

Negative (3)

6 Possible DLB Negative Negative

4 AD LB variant Negative Positive

9 Probable AD Negative Negative

4 NPH, WE Negative Negative
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α-syn RT-QuIC assay in CSF samples of individual 
neuropathologically confirmed  Diagnosis 



Patient CSF OM

1 POSITIVE POSITIVE

2 POSITIVE POSITIVE

3 POSITIVE POSITIVE

4 POSITIVE POSITIVE

5 POSITIVE POSITIVE

6 POSITIVE POSITIVE

7 POSITIVE NEGATIVE

8 POSITIVE NEGATIVE

9 POSITIVE NEGATIVE

10 POSITIVE POSITIVE

11 NEGATIVE POSITIVE

RT-QuIC assay for alpha-Synuclein in CSF and OM samples 
from patients with clinical diagnosis of probable DLB



AD/DLB variant 

Patient with suspect CJD or DLB

Other forms of Rapidly Progressive Neurodegenerative Dementias

CJD

A-synucleinopathy
biomarkers 

for AD

Positive

Negative

Prion-RT-QuIC assay A-syn-RT-QuIC assay

DLB

Positive Negativeand

PositiveNegative and

Negative Negativeand

CSF

CJD with a-synuclein co-pathologyPositive Positiveand

Algorithm for in vivo differential diagnosis between CJD and DLB by 
prion and α-syn RT-QuIC assays on CSF samples



Summary

 RT-QuIC for a-syn on OM samples from patients with DLB is very 
promising

We observed DLB cases RT-QuIC postive in the CSF and negative in 
OM but also viceversa. 

 Although these data are preliminary, based on alimited numer of 
cases, it might be speculated that RT-QuIC for a-syn testings in CSF 
and/or OM might result with a high sensitivity
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