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P.179: Sporadic Creutzfeldt-Jakob disease 
in Canada

Zheng Wang,1 Gerard Jansen,1,2 Stacy Sabourin,1  
Rolande D’Amour,1 Tim Connolly,1 Jennifer Kruse,1  

David J Knox,3 Neil R Cashman,4 and Michael B Coulthart1

1The Canadian Creutzfeldt-Jakob Disease Surveillance System; Public Health Agency 

of Canada; Ottawa, ON Canada; 2Department of Pathology; Ottawa Hospital; Ottawa, 

ON Canada; 3National Microbiology Laboratory; Public Health Agency of Canada; 

Winnipeg, MB Canada; 4Brain Research Centre; University of British Columbia; 

Vancouver, BC Canada

Background. Sporadic Creutzfeldt-Jakob Disease (sCJD) is 
a fatal, transmissible neurodegenerative disease. Systematic sur-
veillance has repeatedly shown annual mortality in the range 1 
to 2 per million population, has elucidated key characteristics 
of sCJD, and led to recognition of a new form of CJD, variant 
CJD (vCJD), which is associated with BSE. In 1998, Canada 
launched comprehensive national CJD surveillance to assess the 
characteristics of CJD in Canada, identify any acquired cases of 
CJD (such as vCJD, of which 2 imported cases have been identi-
fied in Canada to date), and mitigate public health risks. This 
study describes the epidemiology of sCJD in Canada from 1998 
to 2012.

Methods. Case ascertainment was based on internationally 
accepted criteria. Demographic and medical information were 
collected by standardized questionnaire and medical chart review. 
Poisson regression and descriptive analysis were employed.

Results. A total of 563 sCJD deaths (definite: 462, prob-
able: 101) in Canadian residents were registered from 1998 to 
2012. Average annual sCJD mortality was 1.2 per million pop-
ulation, increasing gradually from 0.9 in 1999 to 1.7 in 2012 
(P = 0.0004). All provinces saw average annual mortalities rang-
ing from 1.0 to 1.6 (P = 0.25), except three territories where popu-
lation is small (~25,000 to ~45,000) and no cases were identified. 
sCJD occurred at similar rates in males (1.1) and females (1.2) 
(P = 0.21). sCJD was rare under 50 years of age with only 11 cases 
identified (2.7%). Mortality increased after 50 and peaked at 7.4 
per million in the 70–74 age group. Median age at death was 69 
and median duration of illness was 4 months. Genotype at codon 
129 (N = 358) revealed that the MM subgroup accounted for 223 
(62%, median age at death: 69, duration: 4), the MV subgroup 
was 82 (23%, median age at death: 68, duration: 9), and the VV 
subgroup was 53 (23%, median age at death: 66, duration: 5). 
Results of molecular typing (Parchi Scheme) for 256 cases are; 
MM1: 140, MM2: 11, MV1: 28, MV2: 18, VV1: 5, VV2: 25, 
Mixture: 29.

Conclusion. Characteristics of sCJD in Canada are con-
sistent with those observed in other countries. The increase in 
sCJD mortality can be partly attributed to increased awareness 
of CJD among Canadian clinicians. These findings support the 
conclusion that Canadian CJD surveillance system is sufficiently 
sensitive to accurately characterize the epidemiology of sCJD in 
Canada, and to detect potential additional cases of acquired CJD 
such as vCJD or human chronic wasting disease.

P.180: Performances of various brain-derived spikes 
commonly used to evaluate prion removal devices

Nathalie Lescoutra-Etchegaray,1 Audrey Culeux,1  
Valérie Durand,2 Chryslain Sumian,3 Jean-Philippe Deslys,2 

and Emmanuel E Comoy2

1Macopharma; Fontenay-aux-Roses, France; 2CEA, Institute of Emerging Diseases and 

Innovative Therapies (iMETI); Division of Prions and Related Diseases (SEPIA); 

Fontenay-aux-Roses, France; 3Macopharma; Tourcoing, France

Background. In a context of uncertainties on vCJD transmis-
sion through blood transfusion, several processes and devices 
have been developed to remove prions from labile or stable blood-
derived products, including the resin affinity-based P-Capt filter. 
The assessment of the performances of these devices or processes 
with infectious blood is limited by the low level of blood-borne 
infectivity. To date, several brain spike preparations based on 
sonication and/or centrifugation steps are used but their rel-
evance to mime blood-borne infectivity remain discussed. We 
aimed to compare the ability of an affinity resin to retain prion 
endogenous or exogenous (issued from different spike prepara-
tions) blood infectivity.

Study design and methods. Plasma from 263K-infected 
hamsters and plasmas spiked with different brain homogenates 
preparations were filtered through the affinity resin packed in 
columns. After filtration, resins were recovered and intracere-
brally injected into hamsters. Incubation periods of these animals 
were analysed and compared.

Findings. Our study confirms the ability of this resin to retain 
both endogenous plasmatic and exogenous brain-derived infec-
tivity in the 263K-infected hamster model. Surprisingly, the dif-
ferent brain-derived spikes induced similar survival curves, but 
with shorter incubation periods than those obtained with blood-
derived products. Our results suggest that blood infectivity is 
hardly mimicked by brain extracts, and confirm that endoge-
nous infectivity study in an appropriate animal model for human 
prion disease is compulsory to definitely assess the efficiency of 
blood prion removal.

Prion and Prion-like Diseases in Humans
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P.181: Involvement of lysosome-associated 
degradation in fulminant neurodegeneration

Julien Donnelier, Samuel T Braun, and Janice EA Braun

Hotchkiss Brain Institute; Department of Physiology and Pharmacology; University of 

Calgary; Calgary, AB Canada

The misfolding, aggregation and accumulation of proteins is 
known to be the causal event in many neurodegenerative disor-
ders. Under normal conditions a network of chaperones and pro-
teolytic systems fight against the toxic effects of aberrant proteins. 
Multiple lines of evidence indicate that an imbalance between the 
production and clearance of proteins initiates a toxic sequence of 
events leading to protein misfolding, synaptic dysfunction, syn-
aptic loss and neurodegeneration. Lysosomes are highly acidic 
organelles that contain hydrolytic enzymes that receive and clear 
macromolecules from the secretory, endocytotic and autophagic 
pathways. The link between synaptic loss and lysosomal func-
tion is an area that is not well investigated

. 
To begin to assess the 

role of lysosome function in neurodegeneration, we used mice 
lacking the chaperone cysteine string protein (CSPα) as a model 
of neurodegeneration. CSPα deficient mice are normal at birth, 
but postnatally develop an impairment of synaptic function in 
an activity-dependent manner followed by a fulminant form of 
neurodegeneration, paralysis and early death. CSPα-null mice 
were injected intraperitoneally with either 5 mg/kg chloroquine, 
a weak base that increases lysosomal pH and inhibits lysosome 
activity or 20 mg/kg Z-Phe-Ala-diazomethylketone, which 
increases lysosomal activity by increasing lysosomal cathepsin B 
levels, or vehicle (saline/DMSO) every 2 days beginning at post-
natal day 5 for 2 weeks and weight loss was monitored. Following 
treatment, synaptic fractions were isolated to determine the pro-
duction and clearance of amyloid precursor protein and Aβ

1−42
, 

a 42 residue long β amyloid protein as well as synaptic plasma 
membrane/lysosome markers. Our preliminary results indicate 
that Z-Phe-Ala-diazomethylketone slows the onset of neurode-
generation. This line of investigation will directly answer the 
question whether the progression of neurodegenerative disorders 
is altered by pharmaceutical agents that up-regulate or down-
regulate lysosomal activity.

P.182: PrP-Aβ binding as a quality control  
for ADDL preparations

Daniel Wright, Silvia A Purro, Andrew J Nicoll,  
and John Collinge

MRC Prion Unit and Department of Neurodegenerative Disease; UCL Institute of 

Neurology; London, UK

Prefibrillar oligomeric species of amyloid-beta (Aβ) are 
thought to play an important role in the pathogenesis of 
Alzheimer’s disease (AD), possibly acting via one or more recep-
tors. Indeed, the cellular form of the prion protein (PrPC) has 

been shown to bind tightly to amyloid-derived diffusible ligands 
(ADDLs)—synthetic preparations of Aβ oligomers that mimic 
the toxicity displayed by AD brain-associated species—in both 
recombinant PrP-based assays as well as human and murine cell 
models. Many different protocols for the preparation of ADDLs 
have been described that vary in their methods of solubilisa-
tion, incubation and harvesting. Using Dissociation-Enhanced 
Lanthanide Fluorescent Immunoassay (DELFIA) as a readout for 
PrP-Aβ binding, we show that synaptotoxic ADDL preparations 
bind with low nanomolar affinity to plate-bound, recombinant 
human PrP, and that the affinity of binding varies according to 
the volume of DMSO used to resolubilise Aβ. Indeed, we found 
that ADDLs prepared in 0.1% DMSO displayed between 5- 
and 10-fold lower affinity for PrP than ADDLs prepared in 2% 
DMSO, suggesting the extent to which Aβ is resolubilised signif-
icantly affects the oligomer content of preparations. Consistent 
with this, we found that poorly resolubilised ADDL preparations 
displayed markedly reduced binding to murine hippocampal 
cultures compared to fully resolubilised preparations. Moreover, 
we show for the first time that the same ADDL preparation dis-
plays similarly high affinity for both human and murine forms 
of recombinant PrP. Thus, by exploiting its affinity for Aβ oligo-
mers, we describe a standardised procedure by which PrP can 
be effectively used to routinely quality control different ADDL 
preparations.

P.183: Multi-parameter MRI analysis in the national 
prion monitoring cohort

Marie-Claire Porter,1,2 Enrico De Vita,3 Ivor Simpson,4 
Sebastien Ourselin,4 Jessica Lowe,1,2 Edit Franko,1,2  
Nina Bjurstrom,1,2 Peter Rudge,1,2 Simon Mead,1,2  

John Collinge,1,2 John Thornton,3 and Harpreet Hyare1,2

1NHS National Prion Clinic, National Hospital for Neurology and Neurosurgery; 

London, UK; 2MRC Prion Unit; Department of Neurodegenerative Disease; UCL 

Institute of Neurology; London, UK; 3Academic Neuroradiological Unit; Department 

of Brain Repair and Rehabilitation; UCL Institute of Neurology; London, UK; 4UCL 

Centre for Medical Image Computing; London, UK

Quantitative MRI measures can detect the presence of micro-
structural pathology in human prion disease that is not visible 
on conventional MR imaging. Few studies have examined longi-
tudinal change and correlation with clinical measures. To test if 
longitudinal change could be identified on quantitative MRI, we 
performed a multiple-parameter analysis in the largest data set of 
patients with prion disease to date.

Multiple-parameter analysis of quantitative MRI sequences 
including diffusion tensor imaging, magnetisation transfer ratio 
and T2-weighted imaging was performed in 101 subjects (30 
asymptomatic gene mutation carriers, 37 symptomatic patients 
and 34 healthy controls). The analysis included voxel-based mor-
phometry, voxel-based analysis of diffusion tensor imaging and 
magnetisation transfer imaging measures, grey and white matter 
histograms and region of interest analysis.
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Symptomatic patients showed significant longitudinal grey 
matter atrophy. Additionally a significant decrease in magneti-
sation transfer ratio and mean diffusivity was observed in grey 
matter structures; the decline in all MRI parameters strongly 
correlated with a decline in a functionally orientated outcome 
measure, the MRC Prion Disease Rating Scale. These data show 
that multi-parameter MRI analysis can identify longitudinal 
microstructural grey matter changes and may be able to provide 
objective and anatomically-specific biomarkers of disease pro-
gression in future clinical trials.

P.184: Human prion diseases in Japan: a prospective 
surveillance from 1999

Nobuo Sanjo,1,2 Maya Higuma,1 Masaki Hizume,1  
Fumiko Furukawa,1 Yosikazu Nakamura,2  

Tetsuyuki Kitamoto,2 Masahito Yamada,2 Kenji Sakai,2  
Ichiro Nozaki,2 Moeko Noguchi-Shinohara,2  

Tsuyoshi Hamaguchi,2 Fumio Moriwaka,2 Masashi Aoki,2 
Fumiaki Tanaka,2 Masatoyo Nishizawa,2 Masatoshi Takeda,2 

Takashi Inuzuka,2 Koji Abe,2 Hiroyuki Murai,2  
Shigeo Murayama,2 Masaki Takao,2 Katsuya Satoh,2  

Masafumi Harada,2 Nobuhito Saito,2 Ichirou Takumi,2  
and Hidehiro Mizusawa,1,2

1Department of Neurology and Neurological Science; Tokyo Medical and Dental 

University; Graduate School of Medical and Dental Sciences; Tokyo, Japan; 2 Prion 

disease Surveillance Committee; Tokyo, Japan

Introduction. A nationwide surveillance system for human 
prion diseases (PrDs) was established in April 1999. The aim 
of this study is to describe the features of epidemiology, clinical 
manifestations and CSF biomarkers of human PrDs in Japan, 
including an additional period until September 2013.

Patients and Methods. We collected information on clini-
cal, neuropathological, and molecular genetic data of patients 
suspected as having PrDs and analyzed by the Creutzfeldt-Jakob 
disease (CJD) Surveillance Committee, Japan, from April 1999 
to September 2013.

Results. We have obtained the information of 4,281 patients. 
A total of 2,162 cases (50.5%) of PrDs was identified, including 
1,655 cases of sporadic CJD (sCJD) (76.5%), 325 cases of genetic 
CJD (15.0%), 85 cases of GSS (3.9%), 4 cases of fatal familial 
insomnia (FFI) (0.2%), 84 cases of dura mater graft-associated 
CJD (dCJD) (3.9%), 1 case of variant CJD (vCJD) (0.04%), 
and 7 cases of unclassified CJD (0.3%). The overall annual inci-
dence rate was 1.47 cases per million person-year. Genetic analy-
sis was performed in 1,672 patients, and revealed that 402 cases 
had mutations in prion protein (PRNP) gene. The most frequent 
mutation was 187 cases of V180I mutation (46.5%), followed 
by 75 cases of P102L (18.7%), 58 cases of M232R (14.4%), 55 
cases of E200K (13.7%), 7 cases of P105L, 5 cases of D178N, 2 
cases of V203I, 1 case of R208H, 3 cases of V180I+M232R, 6 
cases of insertion. Autopsy was performed 16.6% of total 1,616 

patients who had died. Of total 147 dCJD cases in Japan, 84 
cases appeared in this surveillance system. Only one case of 
vCJD with a history of a short stay in UK was identified in 2005. 
V180I is the most frequently occurring mutation in genetic PrDs 
in Japan, but has rarely been reported in other countries. P105L 
mutation and a valine-encoding polymorphic codon 129 in the 
PRNP have been reported only from Japan, and clinical features 
vary among patients.

Conclusion. Human PrDs in Japan were characterized by 
frequent occurrence of dCJD and relatively larger amount of 
patients with genetic PrDs which were composed of uncommon 
PRNP mutations in other countries.
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P.185: Quinacrine and its bioavailability in 
treatment of prion disease

Martin Safarik,2 Tibor Mosko,1 Zbigniew Zawada,3 Eva 
Dvorakova,1 Karel Holada,1 and Jaroslav Sebestik2

1First Faculty of Medicine; Charles University in Prague; Czech Republic; 2Institute of 

Organic Chemistry and Biochemistry; Academy of Sciences of the Czech Republic; 

Prague, Czech Republic; 3Institute of Chemical Technology; Prague, Czech Republic

Introduction. Quinacrine, drug based on 9-animoacridines, 
is capable to treat prion infection in dividing infected cells in 
vitro. However, it fails in attempts to treat prion infection in 
animals or humans. In our previous experiments we have shown 
that quinacrine can react with prion protein via cystein residues, 
which have potential to capture an aromatic acridine ring via 
their nucleophilic thiol groups.1 In addition, quinacrine can inter-
act with other compounds as well, e.g. glutathione in plasma or 
other compartments of human body. The reaction of glutathione 
with quinacrine has previously been observed. The thiol group 
of glutathione can serve as acridine moiety acceptor. We have 
previously characterized a product of interaction of quinacrine 
with glutathione (Glut-qui).1 The level of glutathione in human 
plasma is approximately four orders of magnitude higher than in 
the standard in vitro conditions used for cell cultures. This sug-
gests that glutathione can compete with the prion protein in vivo. 
In our study we have tested anti-prion capabilities of quinacrine 
and Glut-qui in in vitro infected cell cultures.

Material and Methods. CAD5 cells chronically infected 
with RML prions were treated with quinacrine and Glut-qui in 
wide range of concentrations. Cells were treated for 7 days in 
conditions ensuring space for dividing cells. Treated cells were 
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analyzed by the standard scrapie cell assay (SSCA) and western 
blot. The toxicity of quinacrine and Glut-qui on CAD5 cells was 
tested using cell counting kit-8 (Dojindo).

Results. Glut-qui had 45 times lower toxicity to CAD5 cells 
than quinacrine. Using SSCA we detected 28-fold decrease of its 
anti-prion activity. The anti-prion effect of the tested compounds 
was confirmed by western blot. The concentration of Glut-qui 
needed for complete disappearance of PrPSc from infected CAD5 
culture was 20-fold higher compared to quinacrine.

Conclusion. The relative high concentrations of glutathione 
in plasma and body compartments can significantly decrease 
anti-prion capabilities of quinacrine and limits its bioavailability.

Acknowledgments. Funding: grant of the Czech science foun-
dation GACR P303/12/1791 and project of Charles University in 
Prague PRVOUK-P24/LF1/3.
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P.186: Amplification of PrPSc from fatal familial 
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Human prion diseases are a group of neurodegenerative con-
ditions classified as sporadic, familial or acquired, all of which 
are associated with misfolding and aggregation of the prion pro-
tein in the form of PrPSc. They comprise a wide range of clinical 
and neuropathological phenotypes including: Creutzfeldt–Jakob 
disease (CJD), Gerstmann-Sträussler-Scheinker syndrome 
(GSS), fatal familial insomnia (FFI), among others. FFI is a rare 
inherited form closely associated with the D178N mutation in 
the prion protein gene (PRNP) linked with methionine (M) at 
position 129. Levels of detectable protease resistant prion protein 
(PrPres) are known to be very low in the brain in the majority of 
FFI cases.

The search of molecular biomarkers for the early detection 
of the human prion disease has led to the development of cell-
free conversion systems as rapid diagnostic tools. A recent study 
reported the detection of PrPSc in the CSF of several FFI cases by 
real-time quaking-induced conversion or RT-QUIC,1 suggesting 
that this method could provide a useful clinical diagnostic tool 
for genetic as well as sporadic human prion diseases. However, 

the biochemical properties of the RT-QUIC amyloid products 
have not been fully characterized.

Using an alternative in vitro conversion system, termed pro-
tein misfolding cyclic amplification or PMCA, we evaluated the 
amplification potential and biochemical properties (both pre- 
and post-amplification) of PrPSc from two FFI cases that had only 
very low levels of PrPres. A single round of PMCA using a wild-
type human PrP (PRNP 129 MM) substrate resulted in ampli-
fication, as judged by increased detection of PrPres by Western 
blot analysis. Furthermore, the FFI PMCA reactions products 
retained the ability to seed a second round of PMCA. Moreover, 
the characteristic FFI PrPres type was conserved during the ampli-
fication process. However, the protease resistance of the PMCA 
product was greater than that of the PrPSc in the sample that was 
used to seed the reaction. The significance of this increase in pro-
tease resistance is unknown, but we note that the in vitro ampli-
fication process involved the production of “wild-type PrPSc” 
rather than the D178N mutant PrPSc present in the seed.
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Introduction. Functional genomics approaches applied to the 
study of RNA expression profile have revealed several abnormal 
molecular processes in prion diseases. Most published data, how-
ever, comes from studies on brain samples from prion-infected 
animals (mouse, cattle, and sheep),1 whereas, to date, only one 
study has been carried out in humans.2 To better characterize 
the transcriptional cascade associated with sporadic Creutzfeldt-
Jakob disease (sCJD), the most common human prion disease, 
we studied the global gene expression profile in brain samples 
from sCJD affected patients. Differential expressed genes (DEG) 
and altered pathways were then compared with previously pub-
lished data to define common molecular mechanisms associated 
with animal and human prion diseases and, possibly, other neu-
rodegenerative disorders.

Material and Methods. We obtained genome-wide RNA 
profiles from frontal cortex samples of 10 sCJD subjects and 10 
controls with no neurological or psychiatric signs using Illumina 
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(Human Ref8 v2 Bead Chip) microarrays. After data validation 
by qPCR, we performed functional analysis of DEG, and anno-
tation and ontology analyses using DAVID3 and GSEA4 tools. To 
compare our data with those previously reported, we analysed the 
lists of DEG with the same method.

Results. A comparison between sCJD and controls identi-
fied 344 DEG, 190 of which were up-regulated (Fold change>2) 
and 154 down-regulated (Fold change<0.5). 88 (25%) of these 
genes were also found altered in the only previous study on 
sCJD brains.2 Interestingly, despite the relatively low percentage 
of shared deregulated gene between the two studies, functional 
analysis returned similar results. Most affected biological path-
ways in sCJD involved the down-regulation of genes associated 
with synaptic function, the overexpression of immune system 
pathways and the deregulation of transmembrane transport, 
homeostasis, carbohydrates and lipid metabolism. Moreover, a 
significant cluster of deregulated genes was linked to membrane 
trafficking involving Golgi and lysosome vesicle biogenesis and 
the trans-Golgi network. Noteworthy, the alteration of genes 
involved in immune system, lipid metabolism and endosomal-
vacuolar pathway also characterized the transcriptional signature 
of prion-infected mice.

Conclusion. Our study confirms that major altered pathways 
in sCJD involve synaptic and immune system functions, but also 
suggests that an altered membrane trafficking features in the 
pathogenesis of prion disease. Interestingly, all these molecular 
pathways have also been associated with other neurodegenerative 
disorders such as Alzheimer’s and Parkinson’s disease.
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P.188: Co-localization of PrP, A-beta and tau  
in an autopsy case with features of both CJD  

and AD (a triple proteinopathy)

Beata Sikorska and Pawel P Liberski

Department of Molecular Pathology and Neuropathology; Medical University of 

Lodz; Lodz Poland

There are several molecular genetic and neuropathological 
links between Creutzfeldt Jakob disease and Alzheimer disease. 
Many various misfolded proteins were studied in both diseases 
but we decided to investigate the presence and co-localization of 

misfolded proteins in an autopsy case with features of both CJD 
and AD. We used routine neuropathology, immunohistochem-
istry and confocal laser microscopy in a formalin fixed paraffin 
embedded human brain tissues.

Immunohistochemical reaction showed synaptic pattern of 
the PrPSc deposits in the cerebellar and the cerebral cortices and 
in the basal ganglia.

No plaque-like deposits or kuru plaques were observed apart 
from focal enhancement of PrPSc immunoexpression in the areas 
of senile plaques. Immunohistochemistry revealed amyloid beta 
—immunoreactive plaques in the frontal, temporal, occipital 
and parietal cortex. Phosphorylated tau—reactive neurofibrillary 
tangles and neuropil threads were noted in the highest numbers 
in the transenthorinal cortex, hippocampal areas and occipito-
temporal gyrus.

Confocal laser microscopy revealed the presence of PrPSc and 
amyloid beta in/around amyloid plaques in CJD-AD but with-
out real co-localization. We observed co-localization of PrPSc and 
APP in dystrophic neurites inside the plaques as well as in neuro-
pil. Partial co-localization of hyperphosphorylated MAP-tau, was 
present in dystrophic neurites but not in NFTs. Additionally we 
compared these results with amyloid plaques in Ad and amyloid 
plaques in a subtype of CJD with kuru plaques.

Conclusion. The co-localisation of misfolded proteins in 
amyloid plaques is observed mainly in dystrophic neurites.
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Background. Gerstmann-Sträussler-Scheinker (GSS) disease 
is a rare, genetic prion disease that often manifests as progres-
sive cerebellar ataxia and eventual cognitive decline. GSS can be 
distinguished from other prion diseases by the presence of wide-
spread multicentric amyloid plaques containing prion protein 
fragments. Recently, a novel PRNP mutation was identified in a 
34-year-old male.1 This individual, who is homozygous for valine 
at residue 129, contains an 8 amino acid duplication of residues 
122-129 (inserted between 129/130) extending the length of the 
hydrophobic domain (HD), the most highly conserved region 
of PrP. This expansion mutation is believed to have occurred  
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de novo. We have created transgenic mice expressing the murine 
version of this allele and present biochemical and histopathologi-
cal analysis of these animals as well as findings from cell culture 
models.

Work plan. Using independent lines of Tg mice expressing 
the mutant allele in the context of a valine codon at position 128 
(human codon 129) we determined the age of onset of neurode-
generation and the transmissibility of the disease by intracranial 
inoculation. Histopathological analyses included immunostain-
ing for PrPSc, assessment of vacuolation by H&E staining, deter-
mining the presence/extent of amyloid formation with Congo red 
and thioflavin S and immunostaining for glial fibrillary acidic 
protein (GFAP) to determine the extent of gliosis. We profiled 
PrP by immunoblot following exposure to PNGase F and pro-
teinase K, and also assessed alternative membrane topologies of 
PrP (CtmPrP) arising from expansion of the hydrophobic domain. 
The susceptibility of cell culture models to stress-induction was 
analyzed for both mutant and control alleles.

Results. Two independent Tg lines carrying the partial dupli-
cation of the HD (“Tg-Dupl” mice) developed a spontaneous 
neurologic syndrome at ages >300 days. This was associated with 
the accumulation of protease-resistant PrP fragments. Control Tg 
lines expressing mouse PrP with valine at position 128 did not 
develop disease.

Conclusion. “Tg-Dupl” mice may comprise a new model for a 
variant form of human GSS.
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Background. Epidemiological studies have not found an 
association between occupational exposure and the risk of prion 
disease, however the possibility of this occurring in healthcare 
and laboratory settings remains an important concern. Public 
Health England (PHE), in collaboration with the National CJD 
Research and Surveillance Unit (NCJDRSU) have created a reg-
istry to improve the national evidence base regarding exposure to 
CJD and other prion diseases. 

Methods. The registry has two parts, including the prospec-
tive long term monitoring of healthcare and laboratory workers 
who are known to have incurred occupational exposures and sec-
ondly, the retrospective review of possible occupational exposures 
of CJD cases who have been healthcare or laboratory workers.

The prospective element of the registry involves voluntary 
reporting of occupational exposures as they occur. In the ret-
rospective element, for CJD patients who have been healthcare 
workers, overlaps between their employment and all hospital pro-
cedures and inpatient stays of other CJD patients are identified 
by NCJDRSU. These time and place overlaps indicate ‘potential 
exposure periods’. If any such periods are identified, a further 
investigation with the hospital can be undertaken to identify any 
possible occupational links between the CJD infected healthcare 
worker and the concurrent CJD patient. For CJD patients who 
have been laboratory workers, investigations are conducted with 
the relevant laboratory to identify any possible exposures and acci-
dental injuries involving transmissible spongiform encephalopa-
thy (TSE) infected animals or tissues during their employment. 

Results. To date there have been three voluntary reports to 
the prospective register from different health and laboratory 
occupations. The retrospective review has identified a number 
of potential exposure periods between healthcare workers who 
developed CJD and other CJD patients. PHE in collaboration 
with the NCJDRSU will shortly be contacting the relevant 
occupational health departments to investigate if these health-
care workers reported any relevant occupational exposures and 
will present the findings.  Following a review of four laboratory 
workers, the lookback has been completed and did not find any 
reported occupational health exposures.  

Conclusion. CJD and prion diseases are rare diseases with a 
long incubation periods, and many more years of surveillance 
and investigation are needed to understand occupational expo-
sures as a transmission risk. This study describes the approach 
taken in the UK.
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Here we provide the first comprehensive survey of genetic 
variation in PRNP in a large control dataset. We have aggregated 
exome sequence data from ~50,000 individuals from ~60 differ-
ent sequencing studies and have performed joint variant calling 
to identify rare sequence variants. The dataset includes controls 
as well as cases ascertained for a variety of phenotypes, however, 
none of these phenotypes are neurodegenerative in nature, and 
thus we expect that this dataset likely represents a neutral view 
of prion protein genetic variation in the population, complemen-
tary to data ascertained from individuals with prion disease.
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Given the reported incidence of  prion  disease in the popu-
lation (~1e-6 per year), the proportion of reported cases associ-
ated with genetic mutations (~15%) and the life expectancy of 
mutation carriers (~50 years), the expected number of alleles with 
known pathogenic mutations to be observed by chance in a data-
set of this size is approximately 0.5. When we consider the most 
frequently reported prion disease mutations (e.g. P102L, D178N, 
E200K), we observe 0 alleles, consistent with full penetrance. 
However we do observe alleles of several other reported disease 
mutations (V180I, T188R, V203I, R208H, V210I, Q212P), sug-
gesting that some of these mutations may not be fully penetrant, 
and/or that there exists some degree of clinical under-ascertain-
ment of genetic prion disease cases. We also observe tens of novel 
missense mutations including several at known or suspected 
pathogenic codons but with different amino acid substitutions 
(e.g. R148C, E196A, E200D, and P238A), which may support 
the hypothesis that pathogenicity is associated with increased 
charge or hydrophobicity. Finally, we observe two novel truncat-
ing mutations which are currently undergoing validation.
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Introduction. The definite diagnosis of Creutzfeldt-Jakob 
disease (CJD) requires pathological confirmation. Real-time 
quaking-induced conversion (RT-QUIC) is recently developed 
technology to detect the abnormal form of prion protein in CSF 
from sporadic CJD patients. We report a patient with sporadic 
CJD who was diagnosed using RT-QUIC.

Case. A 66-year-old man was admitted due to dizzy sense and 
gait disturbance for 1 month. He complained of dizziness of non-
whirling type and ataxia when he walked since 1 month before 
admission. He also showed repetitive saying and purposeless 
behavior which were progressed. On examination slurred speech 
and frontal lobe releasing signs were noted. He showed a wide 
based and ataxic gait more on the left side. He also complained of 
distorted vision. Mini-mental state examination score was 17/30. 
Brain MRI revealed high signal intensities in multiple cortical 
area and both basal ganglia. Electroencephalography showed 
triphasic waves. 14-3-3 protein was positive in CSF. The level 
of Abeta 42 was 555.7 pg/ml and Tau 16732 pg/ml. Abnormal 
prion protein in CSF was elevated which was measured using 
RT-QUIC 4 times consecutively. Mutation was not found in 
PRNP gene. The genotype at 129 codon was Met/Met.

Conclusion. The RT-QUIC is a useful method for detection 
of sporadic CJD patient as an early, rapid and specific assay
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Real-time quaking-induced conversion (RT-QuIC) is a tech-
nique which exploits the ability of PrPSc in brain tissue or CSF 
to induce recombinant PrP to change shape and aggregate over 
time monitored by the binding of Thioflavin T (ThT). Studies 
have shown that cerebrospinal fluid (CSF) samples from ham-
sters inoculated with experimental scrapie and from patients with 
sporadic Creutzfeldt-Jakob disease (sCJD) can be correctly iden-
tified using RT-QuIC.1,2,3

At the National CJD Research & Surveillance unit 
(NCJDRSU) we have completed a retrospective study and a 
prospective audit investigating the value of RT-QuIC in the 
diagnosis of sCJD.3 These two independent studies have shown 
that analysing CSF samples from patients with suspected sCJD 
using this technique has enabled those patients with disease to be 
identified with a high degree of sensitivity and specificity. This 
is a major advance in the development of a disease-specific pre-
mortem diagnostic test for sCJD and there is considerable inter-
est in establishing this test as a routine diagnostic test in Europe. 
Funding from JPND research initiative has allowed us alongside 
collaborators from across Europe, to undertake a study to look 
at the optimisation, harmonisation and standardisation of the 
RT-QuIC technique in the diagnosis of sCJD. It is important that 
RT-QuIC is optimised in terms of analytical performance and it 
is crucial to ensure that there is a consistency in results between 
laboratories. As part of this study, six laboratories across Europe 
(UK, Germany, France and 3 centres in Italy) have taken part 
in a blinded trial study. Once each laboratory had established 
the technique they were sent 10 blinded CSF samples to test. 
Using standardised criteria the samples were classified as either 
positive or negative for sCJD. These results were very encourag-
ing suggesting that the RT-QuIC technique is both robust and 
highly transferrable between laboratories. Additional blinded 
trial studies are planned and will increase and widen our data set 
including results from further European centres and collaborat-
ing International centres which have established the RT-QuIC 
technique. Our blinded trial results and some of our steps 
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towards optimisation, harmonisation and standardisation of the 
RT-QuIC technique in the diagnosis of sCJD will be discussed.
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Huntington’s disease (HD) is an autosomal neurodegenerative 
genetic disorder characterized by motor disturbance, cognitive 
loss, and psychiatric manifestations and affects 4-10 in 100,000 
individuals in European populations.

The gene responsible for the disease (HTT) encodes the 
Huntingtin protein (Htt), essential for brain development. The 
disease is caused by an expanded CAG repeat in the 5'-end 
of HTT, which encodes an abnormally long polyglutamine 
(polyQ) tract in the Htt protein. HD penetrance is correlated 
to the number n of CAG repeats. Mounting evidence is emerg-
ing that HTT mRNA transcripts with n>36 (hereafter RNA

CAG
) 

(i) contribute to the pathogenesis of CAG disorders; (ii) aber-
rantly regulate several cellular mechanisms; (iii) bind to proteins 
in repeat size-dependent manner to form pathological complexes. 
As recently shown by S.Krauss’s laboratory, one of those involves 
the Midline-1 protein (MID1), in complex with protein phospha-
tase 2A (PP2A)1, which leads to an overproduction of aberrant 
Htt protein1. This effect can be significantly reduced by knock-
down of MID1.1 Hence, the design of novel ligands with high 
affinity for RNA

CAG
, interfering with RNA

CAG
/protein patho-

logical complexes, constitutes a promising drug target strategy  
against HD.

The aim of this project is to identify high affinity ligands 
targeting specifically RNACAG by using computational  
methods.

We will present preliminary results regarding docking stud-
ies on ligands/RNA

CAG 
complexes and development of Coarse 

Grained models to characterize the flexibility of RNA
CAG

 below 
and above the disease threshold.

The selected ligands will be tested in vitro and in HD trans-
genic mouse models in vivo. MRI experiments on healthy and 
transgenic mice brains in the presence and absence of the identi-
fied ligands will also be performed.
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Introduction. Microglial activation has been described in spo-
radic and variant Creutzfeldt-Jakob disease (CJD) and related to 
disease-specific forms of the prion protein (PrPSc). These PrPSc 
forms act as prion strains showing specific tropisms towards neu-
ral or lymphatic tissue. In the present study, we characterized 
microglia phenotypes in definite cases of sCJD using specific 
markers and we investigated whether distinct sCJD subtypes 
might be distinguished based on microglial phenotype.

Methods. We carried out a neuropathologic and biochemical 
study on 16 patients with sporadic CJD, including all possible 
genotypes at codon 129 of the prion protein gene. We obtained 
from each subject formalin fixed sections from frontal and occip-
ital cortexes, cerebellum, thalamus and basal ganglia. Serial sec-
tions were immunostained with monoclonal antibodies directed 
to PrP, GFAP and to different monocyte/macrophage markers 
such as CD68, CD11c, CD163. Quantitative analysis of microg-
lial expression was also determined by Western blot analysis.

Results. In sCJD cases, MM and MV at codon 129 with a 
PrPSc type 1, immunohistochemistry showed a severe degree of 
microglia activation while in sCJD with a PrPSc type 2 was mod-
erate. In particular, in sCJD with a PrPSc type 1 microglial cells 
were characterized by rounded cell bodies, shorted and dilated 
cell processes. In contrast, in sCJD cases with PrPSc type 2, 
microglia was mainly ramified and formed small clusters of acti-
vated cells in subcortical white matter and in perivascular spaces. 
The highest extent of microglial proliferation and activation was 
observed in cases with status spongiosus, in contrast in cortical 
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areas with a coarse pattern of PrP deposition only rare microglial 
cells were observed.

Conclusion. These findings support the view that the pheno-
typic heterogeneity of microglia in different subtypes of sporadic 
CJD is influenced by PrPSc conformers. Moreover, the variable 
extent of microglia activation in distinct sCJD subtypes indicates 
specific prion strain tropisms and might provide clues on their 
potential properties of spreading prion infectivity.
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Introduction. Definitive diagnosis of Creutzfeldt-Jakob dis-
ease (CJD) in living patients remains a challenge. In a recent 
study, we identified prion seeding activity in olfactory mucosa 
(OM) of CJD patients by nasal brushing coupled with Real Time 
Quaking induced Conversion (RT-QuIC), obtaining 100% 
specificity and >97% sensitivity for the detection of CJD. OM 
samples were collected with a sterile disposable Cyto-brush (Kito-
Brush, Kaltek) that might cause mild discomfort for the patients. 
Therefore, we used less abrasive short nylon fiber Flocked swabs 
(Flocked swab, Copan Diagnostics) for sampling.

Materials and methods. We collected OM samples in 17 CJD 
patients. To ensure efficient OM sample collection, each patient 
underwent samplings of OM with Flocked swabs followed by 
Cyto-brushes. OM samples were processed and analyzed by 
RT-QuIC.

Results. Using Cyto-brushes 16 out of 17 CJD cases were 
positive by RT-QuIC analysis, while Flocked swabs were posi-
tive for 15 out of 17 CJD samples. In one patient, OM samples 
were negative for both Cyto-brush and Flocked swab samplings. 
Neither OM sampling technique produced false positives.

Conclusion. Overall, Cyto-brushes and Flocked swabs gave 
comparable sensitivity. However, for one patient the Cyto-brush 
was positive by RT-QuIC but the two consecutive Flocked swabs 
were negative. Although the efficacy of OM sampling with 
Flocked swabs needs further evaluation, this collection method 
shows promise as a gentle, patient friendly alternative to sam-
pling by Cyto-brush. Our current recommendation is to adopt 

a combination of Flocked swabs and Cyto-brushes to maximize 
the collection of OM material and minimize patient discomfort.
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Aβ oligomers are considered an important therapeutic tar-
get against Alzheimer’s disease.1 Elucidation of 3D-structure of 
the oligomers can provide a basis for inhibition of their toxicity 
and interference with oligomerization pathways. Experimental 
characterization of the oligomers is impeded by their possible 
transient character and structural flexibility. Molecular model-
ing provides a valuable insight into oligomerization mechanisms 
and structural characteristics of oligomers and amyloid fibrils.2 
General principles governing formation of oligomers have been 
deduced from molecular studies of fibril-forming fragments of 
Aβ peptides. These studies highlight the role of hydrophobic and 
electrostatic effects in the initial stages of oligomerization.2

To extend our understanding of oligomerization to the full 
length Aβ peptides in physiological conditions, we use a novel 
approach providing prediction of the propensity for aggregation 
of amyloidogenic peptides, based on the 3D-RISM-KH molecu-
lar theory of solvation which efficiently and accurately describes 
solvation effects with consistent account for solvent molecular 
specificities, composition, and thermodynamic state.3 We vali-
dated the theory on thermodynamics and solvation structure 
of β-sheet oligomers, Aβ and prion amyloid fibrils, and on 
prediction of binding modes of antiprion compounds.4-7 Here, 
we use this methodology to build/screen plausible models of 
Aβ (toxic) oligomers with account for restraints derived from 
conformational antibody-oligomer binding experiments, as 
well to study kinetics and thermodynamics of initial stages of 
oligomerization.

We also show that the balance between hydrophobicity and 
electrostatic interactions (including the interactions between salt 
bridge forming residues) for full length Aβ peptides can differ 
from that for short fragments. In particular, initial deposition 
of Aβ peptides on preformed oligomers can be driven by elec-
trostatic rather than hydrophobic effects. Implications of these 
new findings on structural characteristics of Aβ oligomers are 
discussed.
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Introduction. Prion protein (PrP) deposition is considered 
a neuropathological confirmation of prion disease. Genetic 
Creutzfeldt-Jakob disease (gCJD) with V180I mutation is the 
most frequently occurring mutation in Japan, and the presence 
of PrP in the brain or cerebrospinal fluid of individuals with 
this condition is reportedly low. In this study, we analyzed the 
brains of patients with V180I mutations, post-mortem, by using 
Western blot and immunohistochemistry.

Material and Methods. Brain sections from 8 patients with 
V180I and brain homogenates from 7 patients with V180I were 
analyzed and compared with those from patients with MM1 
sporadic CJD (sCJD), MM2-cortical sCJD, and P102L, D178I, 
E200K, and M232R mutations. The proteinase K-treated brain 
homogenates were transferred to a membrane after SDS-PAGE 
and probed with #71 original antibody (epitope: codon 215-
220) and 3F4 antibody (epitope: codon 106-110). Brain sec-
tions were evaluated based on the degree of spongiform changes 
and vacuolar diameter, observed after hematoxylin and eosin 
staining, and the amount of PrP deposition was detected by 
immunohistochemistry.

Results. The immunoreactivity of brain homogenates from 
patients with V180I in Western blotting was very weak compared 
to those from patients with MM1 and MM2C. Diglycosylated 
PrPSc was not detected and the migration distance of unglycosyl-
ated PrPSc was slightly shorter than that of type 2 PrPSc. In one 

case, the migration distance was equal to that of type 2 PrPSc. We 
detected carboxyl-terminal fragments (fPrP 11-12) probed with 
#71 antibodies, and the ratio of fPrP 11-12 to full-length PrP in 
V180I samples (84%) was higher than those in the other prion 
disease samples (0-11%). The degree of spongiform change var-
ied between sulci, and synaptic PrP deposition was detected more 
frequently in the hippocampus (75%) than in the cortices. In 
the V180I samples in which the unglycosylated and type 2 PrPSc 
bands had the same migration distance, large confluent vacuoles 
and perivacuolar PrP deposits were detected, which was similar 
to those in cases with MM2C-sCJD. The immunohistological 
sensitivity to PrP was higher with 3F4 antibody than with #71 
antibody.

Conclusion. The observed pathological features of V180I 
were: (1) lack of diglycosylated PrPSc in Western blotting, (2) 
greater migration distance of unglycosylated PrPSc in SDS-PAGE, 
which was slightly shorter than that of type 2 PrPSc, (3) promi-
nent ratio of fPrP 11-12 to full length PrP, (4) PrP deposition 
predominantly in the hippocampus, and (5) possible coexistence 
with MM2C-like PrPSc in some cases.
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Background. Creutzfeldt-Jakob disease (CJD) is caused by 
scrapie prion protein (PrPSc), the pathogenic form of cellular 
prion protein (PrPC), which is able to convert PrPC into PrPSc.1 
About 85% of the CJD cases appear sporadic (sCJD).2 Real-time 
quaking-induced conversion (RT-QuIC) uses the self-propagat-
ing properties of PrPSc to amplify it up to a detectable limit, by 
the use of recombinant prion protein (rPrP) as a substrate and 
intermittent automated shaking. Fluorescence detection of aggre-
gated PrPSc monitors amplification in real-time.3 Recent studies 
showed the potential of RT-QuIC to detect PrPSc in CSF of CJD 
patients.4, 5, 6,7 In the present study we analyzed the influence of 
sample storage conditions (StC) on the stability of the RT-QuIC 
signal.

Materials and Methods. Sporadic CJD patients were classi-
fied as definite cases by neuropathological examination. Control 
patients were proven to have an alternative diagnosis. Groups 
including short and long-term stored CSF samples were created 
(N=12 sCJD samples per StC). CSF sample was supplemented 
with working buffer including rPrP and incubated in a plate 
reader with intermittent shaking cycles. Aggregate formation was 
determined by measuring the fluorescence signal in relative fluo-
rescence units (rfu). In a preceded study we estimated the best 
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cut-off value to be 10,000 rfu and also applied that cut-off here, 
to define a CSF sample as sCJD-positive.7

Results and Conclusion. First the number of positive samples 
(as defined by cut-off) was determined per StC and compared, 
using analysis of variance. No significant influence on the num-
ber of positive samples was observed for all StCs. Following the 
RT-QuIC signals of all positive sCJD samples were determined 
per StC. No significant influence on the RT-QuIC signal was 
observed for all of them. From our data we conclude that the 
RT-QuIC signal is stable in the face of different CSF sample stor-
age conditions.

References
1.	 Prusiner SB. Prions. Proc Natl Acad Sci U S A 1998; 95:13363-83; PMID:9811807; 

http://dx.doi.org/10.1073/pnas.95.23.13363
2.	 Parchi P, Strammiello R, Notari S, Giese A, Langeveld JP, Ladogana A, Zerr I, 

Roncaroli F, Cras P, Ghetti B, et al. Incidence and spectrum of sporadic Creutzfeldt-
Jakob disease variants with mixed phenotype and co-occurrence of PrPSc types: 
an updated classification. Acta Neuropathol 2009; 118:659-71; PMID:19718500; 
http://dx.doi.org/10.1007/s00401-009-0585-1

3.	 Atarashi R, Sano K, Satoh K, Nishida N. Real-time quaking-induced conversion: 
a highly sensitive assay for prion detection. Prion 2011; 5:150-3; PMID:21778820; 
http://dx.doi.org/10.4161/pri.5.3.16893

4.	 Atarashi R, Satoh K, Sano K, Fuse T, Yamaguchi N, Ishibashi D, Matsubara T, 
Nakagaki T, Yamanaka H, Shirabe S, et al. Ultrasensitive human prion detection in 
cerebrospinal f luid by real-time quaking-induced conversion. Nat Med 2011; 17:175-
8; PMID:21278748; http://dx.doi.org/10.1038/nm.2294

5.	 McGuire LI, Peden AH, Orrú CD, Wilham JM, Appleford NE, Mallinson G, 
Andrews M, Head MW, Caughey B, Will RG, et al. Real time quaking-induced 
conversion analysis of cerebrospinal f luid in sporadic Creutzfeldt-Jakob disease. Ann 
Neurol 2012; 2:278-85; PMID: 22926858; http://dx.doi.org/10.1002/ana.23589

6.	 Sano K, Satoh K, Atarashi R, Takashima H, Iwasaki Y, Yoshida M, Sanjo N, Murai 
H, Mizusawa H, Schmitz M, et al. Early detection of abnormal prion protein in 
genetic human prion diseases now possible using real-time QUIC assay. PLoS One 
2013; 8:e54915; PMID:23372790; http://dx.doi.org/10.1371/journal.pone.0054915

7.	 Cramm, et al. Poster No.: HD.20. Prion 2013

P.200: Clinical expression of BSE in mouse models is 
unrelated to hallmarks of prion diseases

Christelle Jas-Duval,1,2 Jacqueline Mikol,1  
Sophie Luccantoni-Freire,1 Christine Defer,2  

Jean-Jacques Huart,2 Paul Brown,1 Jean-Philippe Deslys,1  
and Emmanuel E Comoy1

1CEA, Institute of Emerging Diseases and Innovative Therapies (iMETI), Division of 

Prions and Related Diseases (SEPIA); Fontenay-aux-Roses, France; 2EFS-Nord de 

France; Lille, France

Background. In 1997, we demonstrated that intracerebral 
inoculation of cattle BSE to C57Bl/6 mice induced neurological 
disease, even though half of the recipient animals were devoid 
of PrPres (Lasmezas et al., 1997). PrPres appeared with shorten-
ing incubation periods after subsequent passages, suggesting that 
detectable PrPres should be considered as an indicator of strain 
virulence rather than as a specific (and required) marker of prion 
diseases. Subsequent blood risk studies showed that cynomolgus 
macaques exposed to vCJD-contaminated blood products devel-
oped either classical vCJD or a novel neurological disease without 
detectable PrPres, In our continuing studies of this phenomenon, 
we now report the results of intravenous inoculations of several 

different wild-type mouse strains with bovine or primate BSE 
source material.

Materials and Methods. Brains from one bovine and one 
cynomolgus monkey showing clinical signs of BSE were soni-
cated and ultracentrifuged at 188,000 g for 1 hour. Resulting 
pellets and supernatants (equivalent to 2 mg of brain / mouse) 
were intravenously injected to PrP+/+ Swiss, PrP+/- and PrP+/+ 
C57Bl/6N mice, totalling 12 separate bioassays. PrPres was 
detected using conventional ELISA, western blotting and IHC 
procedures. Pathology was studied on formalin-fixed brain 
tissues.

Results. The transmission rate of BSE in those 12 experiments 
ranged from 0% (PrP+/- C57Bl/6N—cattle BSE—supernatant or 
pellet: no clinical sign, no spongiosis and no PrPres) to 100% 
(Swiss—primate BSE—supernatant or pellet: all mice exhibited 
clinical signs, spongiosis and PrPres). Overall, transmission was 
more efficient in (1) Swiss than C57Bl/6 mice, (2) PrP+/+ than 
PrP+/- mice, (3) primate than cattle BSE and (4) pellets than 
supernatant preparations. Among the 8 models exhibiting par-
tial transmission ratios, 29 mice showed clinical neurological 
signs, of which only one-third (10) had detectable spongiosis and 
PrPres. The other animals exhibited only PrPres (7), only spon-
giosis (5) or neither (7).

Conclusion. Our results suggest that clinical neurotoxicity, 
spongiosis, and accumulation of PrPres are three interconnected 
but disparate phenomena. Spongiosis and PrPres are specific but 
not systematic hallmarks of the onset of prion diseases, notably 
upon first passage of non-adapted prion strains in a new host. 
These results question the universality of current human diagnostic 
criteria and the real prevalence of disease linked to BSE exposure.

P.201: Apparent protection of cynomolgus 
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Background. A recent analysis of archived appendix sam-
ples reveals that 1 in 2,000 individuals in the United Kingdom 
may carry the infectious prion protein associated with variant 
Creutzfeldt-Jakob disease. This adjustment of vCJD infection 
prevalence updates the transfusion-transmitted risk from healthy 
carriers. Leukoreduction, initially implemented against blood-
borne viruses, shows limited efficiency against prions. Therefore, 
in absence of antemortem diagnostic tests, several prion-removal 
devices, including the affinity-resin based P-Capt filter, were 
designed to improve blood transfusion safety.
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Study design and methods. We completed the validation of 
the P-Capt filter, previously assessed in 263K-infected hamster 
model, with removal of blood-borne infectivity from prion-
infected macaques in two independent experiments performed 
one year apart. At the onset of clinical symptoms, blood was 
drawn from infected animals. Corresponding red blood cell con-
centrates were leukoreduced and filtered on P-Capt devices, in 
combination or with two separate devices. For each study, two 
groups of three animals were respectively transfused with samples 
prior or after P-Capt filtration.

Findings. In both studies, recipients of filtered samples are 
still healthy and devoid of apparent peripheral PrPres 4 to 5 years 
post transfusion, whereas five out of the six macaques transfused 
with non-filtered samples developed fatal neurological symptoms 
10 to 32 months earlier. Two different fatal neurological disease 
phenotypes, a classical prion disease or a myelopathic syndrome, 
were observed in both experiments. The transfusion of 40 mL of 
whole blood to a macaque induced the development of a classical 
vCJD, whereas the transfusion of corresponding leucoreduced 
RBCC induced myelopathy after relatively short incubation 
periods in the two animals transfused. The transfusion of non-
leukoreduced RBCC gave an intermediate pattern with a first 
animal developing myelopathy at 43 months, and a second one 
developing a typical vCJD at 48 months post transfusion. These 
data suggest that depending on the plasma/leukocytes ratio, dif-
ferent neurological phenotypes may arise in this model and that 
P-Capt filters are able to retain the etiological agents of both 
types of disease.
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Objective. Creutzfeldt-Jakob disease (CJD) is a rapid progres-
sive neurological disease leading to dementia and death. CJD is 
caused by misfolding of the cellular prion protein (PrPC) that 
converts into the infectious prion form (PrPSc). Prion biomark-
ers are altered in the cerebrospinal fluid (CSF) of CJD patients, 
which is a helpful tool as a molecular diagnostic criterion, but 
the pathogenic mechanisms underlying these alterations are still 
unknown. In addition, systematic analysis of brain and CSF 

prion biomarker levels and their correlation with neuropathologi-
cal lesion profiles has not been performed.

Methods. The expression levels of 14-3-3, Tau, phospho-Tau 
and α-synuclein were measured in the CSF and brain of CJD 
cases in a subtype- and region-specific manner. In addition, the 
activity of prion biomarker kinases, the expression levels of CJD 
hallmarks and the most frequent neuropathological sCJD find-
ings were analysed.

Results. Prion biomarkers levels were increased in the CSF of 
sCJD patients; however, different correlations between mRNA, 
total protein and their phosphorylated forms were observed in 
brain. Finally, the observed downregulated levels of the main 
Tau kinase, GSK3, in sCJD brain samples may help to explain 
the differential phospho-Tau/Tau ratios between sCJD and other 
dementias in the CSF. Importantly, prion biomarker levels do 
not necessarily correlate with sCJD neuropathological findings.

Interpretation. Our findings indicate that prion biomarkers 
levels in sCJD tissues and their release into the CSF are differ-
entially regulated following specific modulated responses. These 
results shed light on the functional role and contribution of prion 
biomarkers in sCJD pathogenesis.
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Introduction. Current evidences indicate that the wide phe-
notypic variability of prion diseases primarily depends on prion 
strains with self-perpetuating biological properties that are enci-
phered in distinct conformations of the misfolded prion protein, 
PrPSc. The latter concept, however, is largely based on indirect 
approaches studying the effects of denaturing agents on the phys-
icochemical properties of PrPSc aggregates.1-4 To further establish 
whether these indirect methods are able to discriminate among 
prion strains in humans, we analysed PrPSc conformational sta-
bility across the whole spectrum of sporadic Creutzfeldt-Jakob 
disease (sCJD) subtypes. 5

Material and Methods. We studied the effect of guani-
dine hydrochloride (GndHCl) and heating on PrPSc aggre-
gates extracted from 50 sCJD-affected brains. Selected samples 
comprised at least 3 subjects for each pure disease variant, as 
defined by Parchi et al. 5 We obtained PrPSc denaturation curves 
by plotting the percentage of residual PrPSc and the percentage 
of monomeric PrPSc as a function of GndHCl concentration or 
temperature, respectively. We then calculated the ED

50
 for each 

approach (referred to as [GndHCl]
50

 and T
50

) and the percent-
age of residual PrPSc at two chosen experimental conditions (1M 
GndHCl and 35°C).

Results. The denaturation curves obtained after exposing 
PrPSc aggregates to increasing GndHCl concentrations showed a 
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similar profile in all sCJD subtypes. Accordingly, the calculated 
[GndHCl]

50
, varying from 0,7 M to 1,3 M, did not show any 

statistically significant difference among the groups analysed. In 
contrast the effect of temperature on PrPSc varied significantly 
according to the sCJD subtype. The calculated T

50
 was lowest for 

VV1, MM 2T and MM 2C (T
50

 < 55°C) and highest for MM1 
and VV2 (T

50
 > 80°C), with MV 2K showing intermediate val-

ues. A similar trend was obtained by calculating the percentage of 
detectable PrPSc signal at 35° rather than the ED

50 
(< 15% in the 

“sensitive” groups, >45% in the “resistant” groups).
Conclusion. Our data suggest that the GndHCl-induced 

denaturation approach may lack sensitivity in distinguishing 
prion strains in sCJD. Conversely, the thermostability of PrPSc 
aggregates appears correlated with the relative “virulence” of the 
sCJD strain, given that MM1 and VV2 are the most prevalent 
phenotypes and those associated with the shortest mean disease 
duration.

References
1.	 Kocisko DA, Lansbury PT Jr, Caughey B. Partial unfolding and refolding of scra-

pie-associated prion protein: evidence for a critical 16-kDa C-terminal domain. 
Biochemestry 1996; 35:13434-42; PMID: 8873612 ; http://dx.doi.org/10.1021/
bi9610562

2.	 Safar J, Wille H, Itri V, Groth D, Serban H, Torchia M, Cohen FE, Prusiner SB. Eight 
prion strains have PrP(Sc) molecules with different conformations. Nat Med 1998; 
4:1157-65; PMID:9771749; http://dx.doi.org/10.1038/2654

3.	 Pirisinu L, Di Bari M, Marcon S, Vaccari G, D’Agostino C, Fazzi P, Esposito E, 
Galeno R, Langeveld J, Agrimi U, et al. A new method for the characterization of 
strain-specific conformational stability of protease-sensitive and protease-resistant 
PrP. PLoS One 2010; 5:e12723; PMID:20856860; http://dx.doi.org/10.1371/jour-
nal.pone.0012723

4.	 Bett C, Joshi-Barr S, Lucero M, Trejo M, Liberski P, Kelly JW, Masliah E, Sigurdson 
CJ. Biochemical properties of highly neuroinvasive prion strains. PLoS Pathog 2012; 
8:e1002522; PMID:22319450; http://dx.doi.org/10.1371/journal.ppat.1002522

5.	 Parchi P, Giese A, Capellari S, Brown P, Schulz-Schaeffer W, Windl O, Zerr 
I, Budka H, Kopp N, Piccardo P, et al. Classification of sporadic Creutzfeldt-
Jakob disease based on molecular and phenotypic analysis of 300 sub-
jects. Ann Neurol 1999; 46:224-33; PMID:10443888; http://dx.doi.
org/10.1002/1531-8249(199908)46:2<224::AID-ANA12>3.0.CO;2-W

P.204: Creutzfeldt-Jakob disease in the aging 
United States population

Ryan A Maddox,1 Marissa K Person,1 Arialdi M Minino,2  
Janis E Blevins,3 Lawrence B Schonberger,1  

and Ermias D Belay1

1National Center for Emerging and Zoonotic Infectious Diseases; Centers for Disease 

Control and Prevention (CDC); Atlanta, GA USA; 2National Center for Health Statistics, 

CDC; Hyattsville, MD USA; 3National Prion Disease Pathology Surveillance Center 

(NPDPSC); Case Western Reserve University; Cleveland, OH USA

Introduction. Creutzfeldt-Jakob disease (CJD) predomi-
nantly occurs among older individuals. To describe the possible 
impact of changing demographics in the US population on the 
occurrence of CJD, we reviewed data from the US census and 
from national prion disease surveillance.

Methods. Prion disease decedents were identified from the 
US national multiple cause-of-death data and the National Prion 
Disease Pathology Surveillance Center database for 2008-2010. 
Incidence rates were calculated for decedents ≥65 years and then 

applied to US census population estimates for 2030 to obtain 
projections of the number of CJD deaths in that year, assuming 
no advances in treatment or prevention of these diseases.

Results. US census data projects that ≥65-year-olds will 
increase from 13.1% of the population in 2010 to 20.3% in 2030. 
The CJD incidence rates for 2008-2010 among decedents in the 
65-74, 75-84, and 85+ year age groups were, in cases per million 
population, 6.5, 7.2, and 3.1, respectively. Applying these inci-
dence rates to US census projections, in 2030 there may be 461 
CJD decedents ≥65 years of age in the United States, an increase 
of more than 200 cases compared to the 2008-2010 average for 
this age group. Of the 461 cases, 251 are projected to be aged 
65-74 years, 182 to be aged 75-84 years, and 28 to be aged 85 
years or older.

Conclusions. Unless effective treatments for CJD are devel-
oped, the aging population in the United States will likely result 
in an increase in CJD cases due to its higher incidence among 
older adults. The increase in cases could impact infection control 
policies and health care costs, among other factors.
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Prion diseases are fatal neurodegenerative protein-misfolding 
diseases related to a protein known as prion protein (PrP). The 
constitutive cellular isoform of PrP (PrPC), present in the cell 
surface, can be converted into its abnormal, β-sheet-rich isoform 
(PrPSc) that undergoes aggregation. PrPSc can be transmissible 
and infectious. Evidences suggest that adjuvant factors may play 
a role in the conversion process. Our group previously reported 
that DNA can convert PrPC into a β-sheet conformation leading 
to its aggregation.

Innate immune system cells have been proven to play critical 
roles in the incunabular pathogenic events of prion diseases and 
may be involved in its progression. Following peripheral expo-
sure, the replication of prions within the lymphoid tissue has 
been shown to be important for the efficient spread of the disease 
to the brain.

Neutrophil extracellular traps (NETs) are large DNA net-
works decorated with histones and granule proteins that trap 
and kill pathogens, being extruded by activated neutrophils in 
response to several stimuli. NETs were reported of being released 
in lymphoid tissues. Furthermore, NETs were recently found in 
association with amyloid fibrils in tissues of patients with other 
protein-misfolding diseases and these fibrils triggered the release 
of NETs.1 Regarding such observations and considering the large 
quantity of DNA in NETs we asked if it could induce PrPC aggre-
gation in vitro. Murine recombinant PrP23-231 was added into 
the supernatants from activated human neutrophils containing 
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NETs. Aggregation was measured by light scattering and elec-
tron microscopy. The results show NETs dose-dependently trig-
gering an instantaneous PrPC aggregation. It gradually declined 
remaining detectable after 1 hour. The aggregates showed amor-
phous morphology and absence of fibrils. NETs previous treat-
ment with DNase I inhibited PrPC aggregation, pointing out the 
importance of the DNA integrity for its effect. Our results show 
that NETs are able to trigger stable PrPC aggregation and that its 
DNA networks are crucial for this process. Differences in NETs 
protein composition among different donors seems to be related 
to distinct aggregation features.

Our data suggest that NETs are an intriguing factor that 
must be appraised in the studies concerning prion propagation 
mechanisms.
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Introduction. Like the sporadic form of Creutzfeldt-Jakob 
disease (sCJD), the inherited or genetically transmitted prion 
diseases can be phenotypically heterogeneous. Recently, we 
described the peculiar clinical features of a novel de novo seven-
octapeptide repeat insertional mutation (7-OPRI) in the prion 
protein (PrP) gene of a 27 year old man. The clinical phenotype 
was characterized by the very long disease duration, psychiatric 
symptoms and atypical dementia at onset related to marked pari-
etal atrophy.

Materials and Methods. In the present study we carried 
out a detailed description of the neuropathology and molecular 
features of the scrapie PrP (PrPSc) in the autopsied brain of this 
genetic CJD case.

Results. Neuropathology consisted of focal spongiform 
degeneration and severe diffuse astrogliosis mainly detected in 
the parietal cortex. Immunohistochemistry showed clusters of 
scattered PrP aggregates in a background of synaptic PrP in the 
parietal cortex and hippocampus, as well as single or multicores 
PrP plaques in the subiculum; PrP patches running perpendicu-
larly to the pial surface of the cerebellar molecular layer, were also 
present. The molecular study confirmed the presence of the pro-
teinase-K resistant PrPSc (PrPres) type 1 in the cerebral cortex and 

the co-occurrence of PrPres types 1 and 2 limited to the cerebel-
lum. At variance from sCJD, the present case was characterized 
by (i) different ratios of soluble and insoluble PrP, (ii) a differ-
ent profile of the diglycosilated insoluble PrPSc, (iii) presence of 
a ~39-40 kDa PrP fragment, and iv) greater levels of C-terminal 
low molecular weight PrPres fragments.

Conclusions. Along with the atypical clinical picture, the fea-
tures above reported define a peculiar neuropathological and bio-
chemical phenotype associated with the novel PRNP haplotype 
of the PrP gene, further expanding the spectrum of genotype–
phenotype correlations in inherited prion diseases.
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Management of Transmissible Spongiform Encephalopathies 
(TSE) requires the ability to sensitively detect prions in biological 
tissues. The real time quaking induced conversion (RT-QuIC) 
assay is a rapid and highly sensitive assay for prion seeding activ-
ity that has been applied to several host species and sample types, 
including plasma,1,2 cerebral spinal fluid (CSF),3,4,5,6,7,8 nasal 
secretions,9,10 saliva11 and urine.12 Here we describe the use of this 
assay for the detection of brain-derived human sCJD seeding 
activity spiked into urine.

Our studies show that the RT-QuIC detects down to ~10-7 
sCJD final brain tissue dilutions in 0.5mL of urine with no 
spontaneous (unseeded) conversion of the prion protein sub-
strate within an 80h reaction. To further improve the sensitiv-
ity of the assay we introduced a PrPsCJD concentration step by 
phosphotungstic acid (PTA) precipitating PrPsCJD spiked into 
urine. Our results show a thousand-fold increase in sensitivity 
following PTA-precipitation in a range of PrPsCJD spiked urine 
volumes. These preliminary findings suggest that the RT-QuIC 
allows detection of brain-derived PrPsCJD diluted into urine and 
show promise for the application of the assay to the detection of 
endogenous prion seeding activity in urine from sCJD patients.

References
1.	 Orrú CD, Wilham JM, Raymond LD, Kuhn F, Schroeder B, Raeber AJ, Caughey B. 

Prion disease blood test using immunoprecipitation and improved quaking-induced 
conversion. mBio 2011; 2:e00078-11; PMID: 21558432; http://dx.doi.org/10.1128/
mBio.00078-11



124	 Prion	 Volume 8 Supplement

2.	 Vascellari S, Orrù CD, Hughson AG, King D, Barron R, Wilham JM, Baron GS, Race 
B, Pani A, Caughey B. Prion seeding activities of mouse scrapie strains with divergent 
PrPSc protease sensitivities and amyloid plaque content using RT-QuIC and eQuIC. 
PLoS One 2012; 7:e48969; PMID:23139828; http://dx.doi.org/10.1371/journal.
pone.0048969

3.	 Atarashi R, Satoh K, Sano K, Fuse T, Yamaguchi N, Ishibashi D, Matsubara T, 
Nakagaki T, Yamanaka H, Shirabe S, et al. Ultrasensitive human prion detection in 
cerebrospinal f luid by real-time quaking-induced conversion. Nat Med 2011; 17:175-
8; PMID:21278748; http://dx.doi.org/10.1038/nm.2294

4.	 Wilham JM, Orrú CD, Bessen RA, Atarashi R, Sano K, Race B, Meade-White KD, 
Taubner LM, Timmes A, Caughey B. Rapid end-point quantitation of prion seed-
ing activity with sensitivity comparable to bioassays. PLoS Pathog 2010; 6:e1001217; 
PMID:21152012; http://dx.doi.org/10.1371/journal.ppat.1001217

5.	 Orrù CD, Hughson AG, Race B, Raymond GJ, Caughey B. Time course of prion 
seeding activity in cerebrospinal f luid of scrapie-infected hamsters after intratongue 
and intracerebral inoculations. J Clin Microbiol 2012; 50:1464-6; PMID:22238438; 
http://dx.doi.org/10.1128/JCM.06099-11

6.	 McGuire LI, Peden AH, Orrú CD, Wilham JM, Appleford NE, Mallinson G, 
Andrews M, Head MW, Caughey B, Will RG, et al. Real time quaking-induced 
conversion analysis of cerebrospinal f luid in sporadic Creutzfeldt-Jakob disease. Ann 
Neurol 2012; 72:278-85; PMID:22926858; http://dx.doi.org/10.1002/ana.23589

7.	 Haley NJ, Van de Motter A, Carver S, Henderson D, Davenport K, Seelig DM, 
Mathiason C, Hoover E. Prion-seeding activity in cerebrospinal f luid of deer with 
chronic wasting disease. PLoS One 2013; 25;8(11):e81488; PMID: 24282599; 
http://dx.doi.org/10.1371/journal.pone.0081488

8.	 Sano K, Satoh K, Atarashi R, Takashima H, Iwasaki Y, Yoshida M, Sanjo N, Murai 
H, Mizusawa H, Schmitz M, et al. Early detection of abnormal prion protein in 
genetic human prion diseases now possible using real-time QUIC assay. PLoS One 
2013; 8:e54915; PMID:23372790; http://dx.doi.org/10.1371/journal.pone.0054915

9.	 Bessen RA, Shearin H, Martinka S, Boharski R, Lowe D, Wilham JM, Caughey 
B, Wiley JA. Prion shedding from olfactory neurons into nasal secretions. PLoS 
Pathog 2010; 6:e1000837; PMID:20419120; http://dx.doi.org/10.1371/journal.
ppat.1000837

10.	 Bessen RA, Wilham JM, Lowe D, Watschke CP, Shearin H, Martinka S, Caughey 
B, Wiley JA. Accelerated shedding of prions following damage to the olfactory epi-
thelium. J Virol 2012; 86:1777-88; PMID:22130543; http://dx.doi.org/10.1128/
JVI.06626-11

11.	 Henderson DM, Manca M, Haley NJ, Denkers ND, Nalls AV, Mathiason CK, 
Caughey B, Hoover EA. Rapid antemortem detection of CWD prions in deer saliva. 
PLoS One 2013; 8:e74377; PMID:24040235; http://dx.doi.org/10.1371/journal.
pone.0074377

12.	 John TR, Schätzl HM, Gilch S. Early detection of chronic wasting disease prions in 
urine of pre-symptomatic deer by real-time quaking-induced conversion assay. Prion 
2013; 7:253-8; PMID:23764839; http://dx.doi.org/10.4161/pri.24430

P.208: Optimization of the Real Time Quaking 
Induced Conversion (RTQUIC) reaction adopting 

different recombinant prion proteins

Gabriele Piconi,1 Anna Poleggi,1 Gabriele Giachin,2  
Michele Equestre,1 Giovanna Avella,3 Beatrice Vallone,3 

Franco Cardone,1 Anna Ladogana,1 Giuseppe Legname,2  

and Maurizio Pocchiari1

1Istituto Superiore di Sanità, Department of Cell Biology and Neurosciences; 

Rome, Italy; 2 Department of Neuroscience, Laboratory of Prion Biology, Scuola 

Internazionale Superiore di Studi Avanzati (SISSA); Trieste, Italy; 3Istituto Pasteur-

Fondazione Cenci Bolognetti and Istituto di Biologia e Patologia Molecolari del CNR, 

Dipartimento di Scienze Biochimiche “A. Rossi Fanelli”, Sapienza Università di Roma; 

Rome, Italy

Early diagnosis of prion diseases is crucial for a better control 
of iatrogenic transmission, for the evaluation of disease progres-
sion as well as for the design of clinical trials. In the last decade 
a number of in-vitro techniques able to amplify and detect 
small amount of prions like those present in the cerebrospinal 
fluid (CSF) have been published. Among them, the Real Time 
Quaking Induced Conversion reaction (RTQUIC) has shown 

the ability to discriminate between human sporadic Creutzfeldt-
Jakob disease (sCJD) CSF and non-sCJD CSF samples with 
an unprecedented sensitivity and specificity paving the way to 
become a method for ante-mortem diagnosis.1-4 This new meth-
odology employs bacterially-expressed recombinant prion pro-
tein (rPrP) as substrate. The rPrP substrate is converted into a 
Thioflavin T (ThT) reactive form during the reaction only if 
prions are present in the sample under analysis. Precise reaction 
conditions and adequate reagents are required to obtain the high-
est efficiency in the conversion of rPrP into an amyloid-like struc-
ture. In this work we analysed the contribution of some of the 
main parameters affecting the conversion.

We show that RTQUIC reaction can be optimized to employ 
different recombinant substrate for the detection of prions in 
human CSF and 263K hamster brain homogenate by tuning 
reaction parameters such as plate shaking intensity, sodium 
chloride or substrate concentration. Moreover, in agreement 
with Cheng and colleagues5 we also observed that recombinant 
protein preparation protocol is crucial for the RTQUIC assay. 
Indeed, we observed that the same recombinant prion protein 
produced following two different protocols determines differ-
ent results in RTQUIC. In conclusion, our findings confirm the 
potential of RTQUIC as diagnostic test for prion disease but, at 
the same time, highlight the need for a better comprehension of 
the biophysical aspects influencing the RTQUIC reaction.
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Background. Differential diagnosis of Creutzfeldt–Jakob 
disease (CJD) versus other, sometimes treatable, neurological 
disorders is challenging, owing to the wide phenotypic hetero-
geneity of the disease and to uncertainty about the value of rec-
ommended diagnostic assays. To contribute to the definition of 
the diagnostic utility of surrogate cerebrospinal fluid (CSF) bio-
markers, such as protein 14-3-3 and total tau (T-Tau), we have 
analyzed the results obtained in 500 sequentially recruited Italian 
patients with clinically suspected CJD.

Methods. We measured CSF concentrations of T-Tau, P
181

-
Tau and Aβ

1-42
 using the INNOTEST ELISA assays, and 

detected the 14-3-3 protein by Western blot. We chose a cut-off 
value of 1300 pg/mL for T-Tau, and rated 14-3-3 protein immu-
noreactivity as positive or negative based on the densitometric 
comparison with a control showing “borderline” levels of the pro-
tein. We obtained the final diagnosis either by neuropathological 
examination or clinical follow-up (evolution of symptoms for at 
least 6 months, results of cerebral MRI, EEG and other labora-
tory investigations). Finally, we used in vitro PrPSc amplification 
by RT-QuIC to further corroborate the diagnosis of CJD in the 
group of patients lacking post-mortem confirmation, classified as 
possible or probable CJD based on adequate clinical follow-up.

Results. 239 patients (174 definite, 65 probable) received a 
diagnosis of prion disease, 241 had an alternative diagnosis, while 
the remaining 20 subjects lacked sufficient clinical information 
for a diagnostic categorization. 14-3-3 assay produced an overall 
test sensitivity of 87% and a specificity of 88%, whereas T-Tau 
test had a sensitivity of 90% and a specificity of 93%. In sporadic 
(s) CJD, the sensitivity of both 14-3-3 and T-Tau assays varied 
significantly according to the disease subtype. It was highest in 
VV2 and MM1, lowest in MM 2T, and intermediate in MM 2K 
and MM 2C. Both VV2 and MV 2K subjects showed increased 
CSF levels of P

181
-Tau when compared to sCJD MM1, MM 2C, 

and MM2T, genetic CJD and normal age-matched controls. 
Finally, subjects with probable or definite CJD showed reduced 
Aβ

1-42 
CSF levels below normal range in about 55% of cases.

Conclusions. CSF 14-3-3 and T-Tau proteins are useful diag-
nostic markers for the most common CJD subtypes (MM1 and 
VV2) even in a non-selected clinical population. In this study, 
T-Tau assay performed better than 14-3-3 protein mainly because 
of a higher specificity. Increased P

181
-Tau in VV2 and MV 2K 

subjects suggests that the neurodegeneration associated with the 
V2 prion strain comprises a secondary tauopathy.
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The recognition that the wide phenotypic variability of spo-
radic Creutzfeldt–Jakob disease (sCJD) largely correlate with 
codon 129 genotype and size of PK-resistant core (PrP-res) of 
PrPSc, has allowed, for the first time, a molecular classification 
of the disease. Current limitations of this approach, however, 
include the incomplete discrimination between PrP-res frag-
ments of the same size correlating with distinct clinico-patho-
logical phenotypes or having a different origin and significance. 
The development of PrP-res types 1 or 2 selective antibodies, 
for example, led to the discovery of fragments sharing the same 
migration profile of “bona-fide” types and 1 and 2, but display-
ing divergent physicochemical properties. To further contribute 
to the characterization of CJD-associated PrP-res fragments and 
to the discrimination between strain-specific and secondary 
“type-like” fragments, we studied PrPSc properties in sCJD brains 
harbouring VV or MV at PRNP codon 129, using both stan-
dard (SAF60, 3F4) and PrP-res type “selective” (12B2, T2) anti-
bodies. To this aim brain tissue from patients affected by sCJD 
VV1, VV2, VV1+2, MV 2K, MV 2C, MV 2C+2K, and MM 
2C was homogenized and PK digested at pH 8 at various enzyme 
concentrations.

Our preliminary results indicate that:
(1) Type 2-selective antibody T2 consistently recognizes 

traces of a 19 kDa PrP-res fragment in VV1 brain homogenates. 
However, the degree of PK-resistance of this fragment is sig-
nificantly lower than that of PrPSc type 2 from sCJD VV2 and 
VV1+2. Moreover, the 19 kDa fragment recognized by T2 in cer-
ebellum is even less abundant than in frontal cortex, which is at 
variance with the typical PrPSc deposition pattern in sCJD VV2. 
It is concluded that the 19 kDa recognized by T2 likely represents 
a secondary product not related to the V2 strain.

(2) In sCJD MV 2K, the PK-resistance of type 2 (19 kDa) 
fragment is comparable to that of type 2 fragments from VV2 
brains, but significantly higher than that of the 20 kDa associ-
ated fragment. These results support the hypothesis that sCJD 
VV2 and MV 2K are caused by the same strain, whereas a host 
genotype effect is the most likely explanation for the different 
properties of the 20 kDa associated fragment.

(3) There is no difference in PrPSc type 2 PK-resistance 
between sCJD MM 2C and MV 2C. Thus, at variance with the 
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MV 2K subtype, the codon 129 heterozygous genotype seems 
to have no influence on the PrPSc aggregate associated with this 
strain.
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Small GTPases of the ADP ribosylation factor (Arf) family 
mainly activate the formation of coated carrier vesicles and pri-
marily localize to the Golgi apparatus. The activation of mem-
brane vesicle formation occurs after the replacement of Arf-bound 
GDP with GTP. We recently showed that class I Arf1 interacts 
with cellular form of prion protein PrPC which is GPI-anchored 
glycoprotein and required for the conversion of PrPC to the trans-
missible spongiform encephalopathy-associated protease-resistant 
isoform. Several recent studies also discussed about the missing 
link between ER and Golgi for proper folding in association 
with cytoskeleton network, and glycosylation of PrPC but still 
not yet fully understood. In the present study we characterized 
the interactive role of Arf1 during PrPC intracellular distribution 
under physiological condition and in prion (Creutzfeldt-Jakob) 
disease. PrPC interaction with Arf1 was investigated after tran-
siently expressing PrPC in mice hippocampal prion protein (PrP) 
gene-deficient (HpL3-4) cells and in primary neuronal cultures 
of C57Bl6 PrPC knockout mice [PrP(-/-)]. Interaction of Arf1 
was confirmed by using confocal laser scanning microscopy and 
reverse co-immunoprecipitation. Pearson’s correlation coefficient 
also showed partial but significant co-localization of Arf1 with 
PrPC. Treatment with brefeldin A, an intracellular Arf1 protein 
transport inhibitor, resulted in downregulation of PrPC expres-
sion and redistribution of PrPC into the cytosol. Furthermore, 
first time we examined Arf1 expression in the brain (frontal cor-
tex and cerebellum) of prion (Creutzfeldt-Jacob) disease subtype 
(MM1 and VV2) cases (15 MM1, 15 VV2 and 15 age matched 
controls). In frontal cortex Arf1 expression was significantly 
reduced only in VV2 subtype, but in cerebellum Arf1 expres-
sion was significantly reduced in both subtypes as compared with 
controls. These observations indicate potential functional inter-
action of Arf1 with PrPC and that expressional alteration of Arf1 

in Creutzfeldt-Jacob disease subtype manner could possibly be 
the missing link which probably will influence the disease pro-
gression or formation and distribution of misfolding proteins.
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Neurodegenerative diseases (NDs) such as Prion dis-
ease, Alzheimer’s disease (AD), Parkinson’s disease (PD) and 
Huntington’s disease (HD) are part of a large group of protein 
misfolding disorders (PMDs) characterized by the progressive 
accumulation and spreading of protein aggregates. The best-
characterized PMD is the Prion disease, which is caused by the 
conversion of the normal form of the prion protein (PrPC), to a 
misfolded form (PrPSc) through a process called “template confor-
mation change”. Like in Prion disease, misfolded forms of tau and 
alpha-synuclein (associated respectively with AD and PD) can be 
transmitted experimentally in cellular and animal models. They 
subsequently act as “seeds” by recruiting the endogenous protein 
into aggregates (seeding process). However, the mechanism of 
intercellular transfer is still obscure. We have recently described 
a novel mechanism for the spreading of PrPSc and huntingtin 
aggregates through tunneling nanotubes (TNTs). TNTs are fine 
actin-based protrusions connecting sparse cells in culture. They 
represent a novel mechanism of cell-to-cell communication.1 
We showed that TNTs mediate the transfer of PrPSc between 
infected and naïve mouse neuronal cells and between bone-
marrow dendritic cells and primary neurons.2 More recently we 
demonstrated that aggregates of mutant huntingtin hijack TNTs 
in neuronal cells, therefore we propose that TNTs can represent 
an efficient route for protein aggregate spreading.3 To validate 
this hypothesis we are currently analysing whether and to which 
extent alpha-synuclein transfers between cells through TNTs. 
Interestingly, we found that both alpha-synuclein fibrillar and 
oligomeric aggregates transfer between neuronal cells and that 
this transfer is dependent on cell-to-cell contact. Furthermore 
we have shown using microscopy that alpha-synuclein aggregates 
are found within TNTs between donor and acceptor cell popula-
tions. To further investigate the role of TNTs in this transfer, we 
overexpressed Myosin10 (molecular motor previously shown by 
the laboratory to induce the formation of functional TNTs in 
neuronal cells)4 in the donor cell popluation and found that the 
rate of transfer of synuclein aggregates was highly increased for 
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both fibrils and oligomers. Taken together these results prompted 
us to investigate more in details the molecular mechanism of 
TNT-mediated alpha-synuclein aggregate transfer in neuronal 
cells. To do so, we started to identify the sub-cellular localization 
of alpha-synuclein aggregates; the ones present in donor cells and 
the ones that have been transferred from donor to acceptor cells. 
So far, we have found transferred alpha-synuclein fibrils colocal-
izing with Lamp-1 positive vesicles suggesting that part of alpha-
synuclein fibrils transfer via TNTs in lysosomes.
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Introduction. Human prion diseases typically manifest as 
rapidly progressive neurological syndromes secondary to CNS 
involvement. Recently, however, a largely peripheral phenotype 
characterized by chronic diarrhea and autonomic neuropathy was 
linked to a Y163X truncating mutation in the prion protein gene 
(PRNP).1 This peculiar phenotype is thought to be driven by 
the lack of the glycosylphosphatidylinositol moiety anchoring the 
prion protein to the cell membrane, which favors the spread of 
the pathological protein through the interstitial fluid and peri-
vascular areas leading to CAA and/or systemic amyloidosis.2

Materials and Methods. We performed a comprehensive phe-
notypic and diagnostic evaluation, including genealogical, neu-
ropsychological, neurophysiological, neuroimaging, molecular 
genetics, and biochemical studies in a patient affected by familial 
form of chronic, disabling dysautomomia.

Results. Genetic analysis discovered a small 9 base pair dupli-
cation in the PRNP ORF resulting in a stop codon (Y163X). 
The index patient, his brother and his father developed a slowly 
progressive disease in the fifth decade. Urinary dysfunction with 

orthostatic hypotension and a disabling diarrhea were the domi-
nant clinical signs, while cognitive decline manifested in one sub-
ject at a late disease stage. EMG showed a mixed, sensory-motor, 
mainly axonal, polineuropathy affecting the inferior limbs, 
autonomic studies discovered a mainly peripheral dysautono-
mia, while skin innervations studies demonstrated a total loss of 
cholinergic and noradrenergic fibres mainly affecting the distal 
sites. Polysomnography showed a reduction of both total sleep 
time and sleep efficiency and, late in the disease course, a marked 
reduction of NREM sleep figures associated with an increase of 
slow wave sleep. Cerebral RMN FLAIR and T2- images showed 
a mild diffuse atrophy sparing the occipital lobes, and multiple 
hyperintense foci in subcortical and periventricular white matter 
and in the pons. CSF analysis demonstrated increased total pro-
tein count with elevated levels of IgG and albumin and elevated 
T-Tau and 14-3-3 protein levels.

Discussion. The present report confirms that a peripheral phe-
notype dominated by diarrhea and autonomic neuropathy can be 
caused by a genetic form of prion disease. Compared to the family 
previously reported,1 our patients had a milder form and carried 
a distinct genetic defect, though leading to the same PRNP 163 
stop codon. Taken together the two reports widen the spectrum of 
prion amyloidosis linked to truncating mutations in PRNP.
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Genetic Creutzfeldt-Jakob disease, Gerstmann-Sträussler-
Scheinker syndrome, and Fatal Familial Insomnia are known 
as the genetic form of prion disease, although penetrance var-
ies depending on the conditions and mutation sites. According 
to the Japanese prion disease surveillance program data, genetic 
cases account for around 15% of total prion disease patients. We 
have conducted genetic counseling sessions with family members 
of these patients in Japan, including at-risk individuals who may 
or may not have inherited mutations from the patients. Through 
our experiences, there seem to be some psychosocial issues that 
at-risk individuals tend to have.

One of the major issues is how to break the news that the 
particular patient’s prion disease is genetic to at-risk individuals 
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in the family. As it is not always easy for medical staff to con-
tact many relatives of the patients, physicians sometimes need 
to tell that the patients’ prion disease is genetic to the spouses 
of the patients, who are not blood-relatives, and the spouses 
sometimes do not deliver the news to their children and patients’ 
blood relatives. Or, even if children or siblings of the patients 
were told, they may need help to distribute the news to other 
relatives. Whichever spouses or blood-relatives, family members 
of patients of genetic prion disease tend to have difficulties to dis-
cuss this matter with other relatives in the families, as the news 
is devastating. Not only professional psychosocial help, but also 
peer support through the family support group may be helpful, 
in the future.

After getting the news, at-risk individuals have to live with 
the risk of developing prion disease. This situation often affects 
the life decisions along various life events of these people. They 
may also want to consider pre-symptomatic predictive genetic 
testing, as well as prenatal and/or pre-implantation genetic 
diagnosis for future offspring, which is mostly not available in 
Japan, currently.

With at-risk individuals, medical professionals may need to 
discuss the way of precaution of possible future prion transmis-
sion from at-risk individuals, although little is known about the 
timing and the extent to which at-risk individuals should be 
alerted. Furthermore, there are not enough data on penetrance 
rate of each mutations. Further studies are needed for these 
aspects.

Overall, it is important to understand the psychosocial situa-
tions and problems of at-risk individuals of genetic prion disease, 
and how to support these people needs to be considered.

P.215: Detection and quantification of low prion 
protein levels in the peripheral tissues  
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and Inga Zerr
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The cellular prion protein (PrPC) is a glycosylated membrane 
protein. Its misfolding form is involved in a set of neurodegen-
erative diseases in humans as well as in animals. PrPC is high 
abundantly expressed in brain tissue with comparatively very 
less expression in peripheral tissues. Emergence of liver as a prion 
infectivity or PrPSc positive organ1,2,3 with contradictive unde-
tectable or diminish levels of PrPC has been described in most of 
the studies.4,5,6 Detection and accurate quantification of PrPC is 
important to understand its biological function and involvement 
of peripheral organs in disease mechanism.

In the present study we established a highly sensitive method 
to detect and quantify minimal amount of PrPC in mice liver 
using fluorescent peptides raised against different regions of PrPC. 
In this test, PrPC is firstly allowed to bind on sequence specific 
antibody coupled with protein A magnetic beads. Fluorescent 

peptide sequence homolog to PrPC with known concentration is 
incubated with PrP-antibody-bead complex. Peptide binding to 
antibody is partially blocked by specifically and quantitatively 
bound PrPC. Unbound peptide from supernatant corresponds 
to amount of PrPC compared to controls. Fluorescent peptide 
is quantified by Laser-Induced Fluorescence (LIF) module of 
Capillary electrophoresis.

In conclusion, this method seems to be a promising approach 
to quantify subtle changes in PrPC levels in the peripheral tis-
sues with future prospective to PrPSc detection coupled with PK 
digestion.
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Understanding mechanisms of drugs/antibody recogni-
tion and inhibition of neurotoxic aggregates, as well as efficient 
delivery of therapeutic agents to the central nervous system is 
important for development of therapy against neurodegenerative 
diseases.1,2 A drug candidate/conformational antibody targeting 
neurotoxic agents needs to be optimized to cross the blood-brain-
barrier. Experimental screening is expensive, and molecular 
modeling can contribute to initial selection of candidates and 
optimization of drugs/antibodies functionalization for efficient 
delivery.3

Modeling of transmembrane translocation in its entirety con-
stitutes a significant challenge, as it spans over a wide range of 
space and time scales. At present, it is addressed at separate levels 
of complexity, from the simplistic practical approach of calculat-
ing drug partitioning between bulk phases of liquid water and 
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octanol to estimate the probability of drug translocation across 
the blood-brain barrier, to novel methods of dissipative particle 
dynamics simulations, yet with very simplified coarse-grained 
models, for nanoparticles translocation across biomembranes.

Solvation is a major factor in most biomolecular processes, 
including protein-ligand recognition and membrane transloca-
tion. Such processes often occur on a long-time scale and involve 
slow conformational changes and exchange of solvent and ligand 
molecules in biomolecular cavities. Statistical-mechanical, 
3D-RISM-KH molecular theory of solvation4 accurately describes 
solvent effects in protein-protein and protein-ligand recognition 
protocols.5,6 In a single formalism, the 3D-RISM-KH method 
efficiently accounts for electrostatic and non-polar effects, hydro-
phobicity, structural solvation and desolvation in crowded inter- 
and intracellular environments.

The new multiscale modeling platform for optimization of 
molecular recognition and translocation of antiprion therapeutic 
agents is based on the implementations of the 3D-RISM-Dock 
protocol in AutoDock suite,5,6 3D-RISM-KH solvent analysis in 
Molecular Operating Environment package,7 and multi-time-
step molecular dynamics steered with 3D-RISM-KH effective 
solvation forces in Amber package.8,9 We apply the new platform 
to study binding modes of antiprion compounds, molecular rec-
ognition at the initial stages of oligomerization of Aβ peptides, 
structural solvation effects on stability of amyloid fibrils, and 
optimization of antiprion agents for efficient delivery.
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Introduction. The human prion diseases are caused by an 
abnormal accumulation of misfolded prion protein in the brain. 
Inherited prion diseases including familial Creutzfeldt-Jakob 
disease (fCJD) are associated with the mutations of prion pro-
tein gene (PRNP). The glutamate to lysine substitution at codon 
200 (E200K) in PRNP is the most common pathogenic muta-
tion causing fCJD in the world, but E200K pathogenic mutation 
alone has been regarded to no sufficient to cause prion diseases 
and unidentified necessary factors have been proposed to explain 
penetrance of E200K-dependant fCJD. Here, we analyzed exome 
differences between fCJD patients with E200K and healthy indi-
viduals to find necessary genetic factors and protection mecha-
nisms against CJD with E200K.

Materials and Methods. gDNA samples of 3 CJD patients 
with E200K, three generation family (n = 12) of one of the 
CJD patients, and 10 healthy individuals were extracted. Exome 
sequencing was performed using the HiSeq2000, and CLC 
Genomics Workbench v5.5 was used to analysis exome sequence 
data. Fourteen Healthy Korean exome sequences stored in 
Division of Center for Genome Science in KNIH were used as 
control during performing variation filtering. Biological network 
analysis was performed using Cytoscape v3.0, and Pathway stu-
dio v9.

Conclusion. Total 19 variations were shown different allele 
frequencies between cases and controls, and the 19 sites were 
located on autosome. 18 of the 19 genes harboring the variations 
haven’t been reported prion diseases relation. In our biological 
network analysis, 4 of the 19 genes harboring the variations were 
clustered by KEGG pathway criteria such as blood coagulation, 
aminoacyl-tRNA biosynthesis, and ECM-receptor interaction. 
Our data implied that a possible mechanism and candidate pro-
tecting factor against fCJD with E200K.
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Introduction. Sporadic Creutzfeldt-Jakob disease (sCJD) is 
the most common form of human prion diseases. Pre-mortem 
diagnosis is highly desirable. Testing for the presence of 14-3-3 
protein in CSF samples of suspected sCJD patients is approved by 
WHO. This testing is characterized by high sensitivity/specific-
ity and it is used worldwide. However, its usefulness is challenged 
in blood contaminated CSF samples, resulting in falsely-elevated 
14-3-3 outcomes. Recently, it has been suggested that other bio-
markers’ levels (including t-Tau and Aβ

(1-42)
) in CSF samples may 

also aid in sCJD diagnosis. Interestingly, the levels of these bio-
markers do not seem to be influenced by the presence of blood 
(within a certain range) in CSF. The aim of the present study 
was to explore and evaluate the diagnostic accuracy of blood con-
taminated CSF samples with detectable levels of 14-3-3 by taking 
into account the levels of t-Tau and Aβ

(1-42)
.

Materials and Methods. We focused on CSF samples from 
suspected sCJD cases, out of our CSF collection based on blood 
contamination that was confirmed (Combur test, Roche), prior 
to western blot for the detection of 14-3-3 protein. Western 
Blot was performed using a polyclonal sera (anti-14-3-3β, K19, 
Sc629, Santa Cruz) and alkaline phosphatase-conjugated as sec-
ondary antibody (GAR-AP, Pierce, 31340). Blood-free, 14-3-3 
positive and negative samples were used as controls. The inten-
sity of the 14-3-3 protein band was determined by densitometry 
and the abundance of 14-3-3 in each sample was estimated rela-
tive to the positive control. Commercially available ELISA kits 
(INNOTEST, Innogenetics, Belgium) were used for the deter-
mination of t-Tau and Αβ

(1-42)
 levels.

Results. Our preliminary results indicate that t-Tau and Αβ
(1-

42)
 could be used to evaluate the significance of 14-3-3 presence 

in blood contaminated samples. t-Tau levels >1200 pg/ml and 
Aβ levels <500 pg/ml increase the possibility of sCJD, while a 
reversed pattern of these biomarkers is considered indicative of 
non-sCJD cases. A higher number of samples are being processed 
in order to confirm this approach.

Conclusions. Our results suggest that in cases where a second 
Lumbar Puncture is not feasible, blood contaminated samples 
may be of diagnostic significance when taking into account t-Tau 
and Aβ

(1-42)
 levels.
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Introduction. Patients having Gerstmann-Sträussler-
Scheinker disease (GSS) with the P105L mutation and a valine-
encoding polymorphic codon 129 in the prion protein gene 
(PRNP; GSS105) have been reported only from Japan.1 Here, we 
present an autopsied GSS105 case with a 21-year clinical course 
and compare the clinicopathological features of our case with 
those of other reported cases.

Patient and Methods. A Japanese woman complained of 
chest and abdomen pain when she was 48, and then her pain 
migrated to various body parts, but no organic cause of the pain 
was detected. After hysterectomy, she complained of increas-
ing pain in her entire body. At age 53, she developed cognitive 
impairment, gait disturbance, and senile gait, and the next year, 
she showed a confused state and was admitted to a psychiatric 
hospital under the diagnosis of schizophrenia. When she was 55, 
a neurologist examined her for the first time and found progres-
sive cognitive impairment, action myoclonus, and pyramidal 
and extrapyramidal signs. Electroencephalography showed no 
periodic sharp wave complexes. Magnetic resonance imaging 
revealed frontal dominant brain atrophy. PRNP analysis revealed 
a P105L mutation and a Met/Val polymorphism at codon 129. At 
57, she became bed-ridden and mute. At 59, she could not take 
any foods orally. At 69, 21 years after the onset, she died. Brain 
tissue from this patient was homogenized and analyzed using 
western blotting. Her family history suggested autosomal domi-
nant inheritance. We reviewed surveillance data of her family 
members and compared them with those of other reported cases.

Results. This patient showed extremely slow clinical progres-
sion, and the disease duration was 21 years, which is the longest 
in all reported Japanese patients with prion disease. A literature 
review revealed that cognitive impairment (10/10), pyramidal 
sign (9/10), ataxia (4/9), and postural tremor (6/10) are com-
mon clinical features,2 but sensory-psychiatric symptoms have 
not been reported in other patients with GSS105. The variety of 
clinical symptoms reported for the early stage of GSS105, includ-
ing ataxia without spasticity, spastic paraparesis, rigidity, postural 
tremor and cenesthesic hallucination, indicate that the spectrum 
of GSS105 phenotypes varies among patients2 and requires 
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further clinicopathological elucidation. Western blot analysis of 
the proteinase K (PK)-resistant fraction from our patient revealed 
a lower- molecular weight (MW) band at about 6 kDa but no 
high MW band.

Conclusion. Clinical features of GSS105 vary among patients; 
this may be associated with the presence or absence of PK-resistant 
low- and high-MW PrPSc.
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In variant CJD (vCJD)-infected individuals, the misfolded 
prion protein (PrPTSE) accumulates in the lymphoreticular system 
before the occurrence of clinical disease. Blood of vCJD-infected 
people contains TSE infectivity, and a few laboratories have iden-
tified the presence of PrPTSE in blood of vCJD patients by various 
methods. Although PrPTSE has not been detected in the blood of 
patients with sporadic CJD (sCJD), one laboratory has recently 
reported the presence of infectivity in the plasma of two out of 
four patients with sCJD. We have failed to transmit the disease 
in the TgRM model with plasma from symptomatic vCJD- or 
sCJD-infected mice, while we showed infectivity in plasma of 
vCJD-infected wild-type mice. To explain these discrepancies, 
we followed the accumulation of PrPTSE in the brains and spleens 
of vCJD- and sCJD-infected TgRM mice over time. In addition, 
we examined the conversion efficiency of both human PrPTSE 
under various conditions by PMCA.

TgRM mice were injected intracranially with sCJD or vCJD 
brain homogenates (NIBSC, UK). Mice were euthanized peri-
odically (sCJD at 4, 8, 12, 16, 23, and 24 weeks and vCJD at 6, 
12, 26, 39, 52, and 75 weeks) and blood, brains and spleens were 
removed for biochemical and PMCA studies. Selected brains 
were examined histologically.

In agreement with previous studies, we showed that vCJD-
infected mice develop clinical disease after significantly longer 
incubation periods than do sCJD-infected mice. However, the 
accumulation of PrPTSE in the brain of vCJD-infected mice was 
observed starting approximately half-way through the incubation 
period, in contrast to sCJD-infected mice in which PrPTSE was 
first detected by western blotting and immunohistochemistry 
near the onset of symptomatic disease. PrPTSE in the spleens of 
vCJD-infected mice was also detected at the preclinical phase, 
whereas no PrPTSE was identified in the spleens of sCJD-infected 
mice at any stage of disease. We demonstrated by PMCA that 
brain-derived PrPvCJD was readily converted in a TgRM sub-
strate and could be serially propagated in vitro, whereas PrPsCJD 
conversion was very inefficient and gradually disappeared upon 
repeated rounds of dilution-conversion.

Differences between vCJD and sCJD lymphotrophic fea-
tures observed in humans were reproduced to a certain degree 
in TgRM mice, but the lack of association in the dynamics of 
PrPTSE accumulation in brains of sCJD-and vCJD-infected mice 
with in vitro conversion data remains unexplained. The absence 
of infectivity in vCJD-infected TgRM plasma in the presence of 
PrPvCJD accumulation in spleen warrants investigation of infectiv-
ity in cellular blood components.
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Introduction. Prevention of neurodegenerative disease onset 
and advance by safe compounds that can be administered either 
to subjects at risk or to those showing early symptoms should 
be the main target of disease modifying research. Such at risk 
individuals are carriers of pathogenic mutant PrP forms causing 
genetic Creutzfeldt-Jacob disease (gCJD).

Materials and methods. Sensitivity to oxidative stress plays a 
major role in neurodegenerative diseases. Therefore, we treated 
our TgMHu2ME199K mice, which model for late onset gCJD 
linked to E200K PrP, with Pomegranate seed oil (PSO), either 
in its natural form or in a novel nanodroplet formulation (Nano-
PSO) which allows PSO components to “escape” the imminent 
trap of lipid molecules in the liver. PSO comprises large con-
centrations of a unique conjugated polyunsaturated fatty acid, 
Punicic acid (PA), considered one of the strongest natural anti-
oxidants. Unsaturated fatty acids can readily pass the BBB and 
we speculate they can do so more efficiently when their circula-
tion in the blood and immune system is longer, as in Nano-PSO. 
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Young and asymptomatic mice, as well as older and already sick 
TgMHu2ME199K mice, were treated for several months either 
with PSO or with Nano-PSO, followed for disease progression 
and subsequently their brains tested for prion specific and for 
general neurodegeneration markers.

Results. Administration of PSO to asymptomatic 
TgMHu2ME199K mice delayed disease onset to a certain extent, 
however it was Nano-PSO that delayed both disease onset and 
progression in a considerably faster mode and lower dose than 
natural PSO. Only Nano-PSO prevented further advance of dis-
ease when administrated to already sick TgMHu2ME199K mice. 
No aberrant side effect was observed in the time frame and doses 
used in these experiments. Analysis of brain samples revealed that 
while PK resistant PrP levels were not affected, brains from PSO 
and Nano-PSO treated mice exhibited decreased lipid oxida-
tion and neuronal loss, in addition to increased synapthophysin 
expression and neurogenesis, indicating significant reduction in 
neurodegeneration markers.

Conclusions. Nano-PSO may be beneficial to subjects suffer-
ing from diverse neurodegenerative conditions, including prion 
diseases. Most important, these compounds are safe enough to 
be administrated for long periods of time to asymptomatic at risk 
individuals.
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Variably protease-sensitive prionopathy (VPSPr), first 
described in 2008, is an atypical, apparently sporadic human 
prion disease which has been observed in at least 53 cases and 
accounts for approximately 3% of all sporadic prion diseases. 
However, VPSPr might be more common as it may remain 
unrecognized owing to its similarity with atypical dementias. 
Although several aspects of this disorder have been characterized, 
transmissibility of VPSPr and the molecular underpinning of its 
dissimilarity with other sporadic prion diseases remain largely 
unknown.

We now report on the in vitro propagation of VPSPr-associated 
PrPSc, using protein misfolding cyclic amplification (PMCA). As 
VPSPr affects all three 129 prion protein (PrP) genotypes—VV, 
MV and MM—we tested the importance of residue 129 seed-
substrate pairings. Using human PrPC from transgenic (Tg) mice 
with the same expression levels, the most efficient amplification 
was obtained seeding VPSPr-MM to PrPC-M and VPSPr-VV to 
PrPC-V. VPSPr-MV amplified as VPSPr-MM. The efficiency of 
VPSPr amplification by PMCA, in contrast to more common 
sCJD subtypes, decreased after the 1st round. These results are 

consistent with those obtained by bioassay on Tg mice expressing 
human PrPC (Gambetti et al., unpublished data). They indicate 
that VPSPr PrPSc can convert human PrPC but in a way that is 
less efficient than, and perhaps different from, that of sporadic 
Creutzfeldt-Jakob disease (sCJD) PrPSc.

With regard to the molecular basis of VPSPr, we recently 
observed that approximately half of the soluble, PK-sensitive 
“PrPC” present in VPSPr (but not in sCJD and sFI, the other 
two forms of sporadic human prion disease) brain homogenate 
is truncated at the N-terminus. Based on epitope mapping and 
electrophoretic mobility, we estimate that this truncation spans 
residues 23–~33 (hereafter referred to as ∆23-33), even though 
no mutation has been found in the PrP gene open reading frame. 
Cleavage of the GPI-anchor with hydrofluoric acid and immuno-
reactivity with antibodies to the C-terminus of PrP clearly show 
that PrP∆23-33, like normal PrP, has a complete C-terminus that 
includes the anchor. N-terminal sequencing is ongoing. In several 
studies the polybasic 23-28 region of PrP has been implicated in 
endocytic trafficking, membrane interaction and binding to gly-
cosaminoglycans, suggesting a role of this region in PrPSc forma-
tion and propagation. Whether and how this peculiar N-terminal 
PrP truncation plays a role on VPSPr pathogenesis, remains to be 
determined.
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Truncated forms of prion protein (PrP) can be found in brains 
of patients with some types of transmissible spongiform encepha-
lopathies (TSE). N-terminal as well as C-terminal truncated 
forms of prion protein have been described.1–3 Notari et al. found 
a fragment of prion protein which lacks a few amino acids at 
the very end of the C terminus together with the GPI anchor in 
sporadic and variant Creutzfeldt-Jakob disease (CJD) patients, 
but the exact point of truncation has not been determined in 
their study.1 The importance of anchorless PrP molecules in TSE 
pathogenesis has been further demonstrated by different stud-
ies.4–6 Our group reported on the discovery of an anchorless PrP 
fragment in the brain of sCJD patients, truncated at Tyr226, 
named PrP226*, by mAb V5B2 which was developed by our 
group and specifically recognizes PrP226*.7,8

In the present study regional distribution of PrP226* in five 
different regions of numerous human brain was assessed using a 
sandwich ELISA based on mAb V5B2, designed especially for 



www.landesbioscience.com	 Prion	 133

this purpose.9 It was predicted that PrP226* accumulates in dis-
eased brain in aggregates, from which it can be released using 
chaotropic salts.

We found that PrP226* indeed accumulates in aggregates 
during the disease, but is also present naturally in brain in minute 
amounts. With our ELISA test we were able to follow the distri-
bution of this fragment. PrP226* is most likely to accumulate in 
cerebellum, followed by cortical regions, but very rarely in spinal 
cord or olfactory bulb.10 Comparison of the results for PrP226* 
and PrPSc revealed that the distribution of both proteins corre-
lates well, and strongly indicates that PrP226* is part of PrPSc 
aggregates (Lukan and Černilec, et al. under revision).
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Tests intended for the diagnosis of potentially life threatening 
disorders are listed in Annex IIA of the EU directive and have 

associated minimum requirements outlined in a common tech-
nical specification. Variant CJD diagnostic tests were added to 
Annex IIA in 2011.

Typically tests are evaluated for sensitivity using a large num-
ber of clinically relevant samples, for vCJD this is not possible 
due to the small number of clinical cases and the very limited 
number of relevant samples. To help ensure fair and appropriate 
access to the small number of rare samples held at the UK CJD 
Resource Centre its oversight committee have developed a pro-
cess to assess sensitivity and specificity (http://www.nibsc.org/
Spotlight/CJD_Resource_Centre/CJD_Tests.aspx).

This process involves analysis of 1. vCJD tissue homogenates 
spiked into the relevant blood component (to determine ana-
lytical sensitivity) 2. Blood components from experimentally or 
naturally infected animals (diagnostic sensitivity) 3. Blood com-
ponents from normal donor samples (for diagnostic specificity).

Each stage of the evaluation process is reviewed by the over-
sight committee and if minimum requirements are met samples 
from vCJD clinical cases are provided for testing.

Two test developers have completed the evaluation process 
and tested blood components from clinical cases of vCJD held at 
the UK CJD Resource Centre.1
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Introduction. Prion diseases or Transmissible Spongiform 
Encephalopathies (TSEs) are neurodegenerative diseases includ-
ing variant Creutzfeldt-Jakob disease (vCJD) in humans. The 
central event of these diseases would be the conformational 
change of a normal cellular protein PrPC into an infectious form 
PrPTSE. It is now evident that TSEs are transmissible by blood 
transfusion and this has raised concerns that a reservoir of infec-
tious asymptomatic people could exist in the blood donor popu-
lation. A recent prevalence study based on stored lymphoreticular 
samples analyses led to en estimation of 1 in 2000 persons being 
potentially infected by vCJD prions in the United Kingdom. 
Until now, no screening test could detect the infectious agent in 
human blood before the onset of clinical signs of disease.

The objective of this study is to develop a sensitive and specific 
test that would enable the detection of PrPTSE in the blood during 
the presymptomatic phase of TSE.

Materials and Methods. The detection assay comprises three 
major steps: (1) a ligand-coated bead pre-analytical step in order 
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to concentrate PrPTSE from the different blood components and to 
remove inhibitory factors which can interfere with the amplifica-
tion; (2) a PrPTSE amplification by serial PMCA using transgenic 
mouse brain homogenate as substrate and (3) a specific detec-
tion of the amplified PrPTSE by immuno-blotting after partial 
proteinase K digestion. The sample volume has been optimized 
for 500 µL of plasma and for 25 to 50 µL of buffy-coat. Whole 
blood samples from infected sheep collected during preclinical 
and clinical phases of scrapie were processed in buffy-coat, white 
blood cells (WBC) and plasma. Blood from humanised trans-
genic mice infected by vCJD was also tested in relation with the 
duration post inoculation.

Results. PMCA assay allowed detection of PrPTSE in: (1) the 
WBC of four sheep at the acute phase of scrapie with a 100% 
sensitivity and specificity, (2) in the plasma and buffy coat col-
lected in the asymptomatic phase of the disease (3) in the blood 
of vCJD-infected transgenic mice before the occurrence of clini-
cal signs.

Conclusions. The expected level of sensitivity for the detec-
tion of prion in the blood was reached. This assay is currently 
evaluated as a confirmatory detection test for the presence of the 
vCJD agent in human blood. The next step will be to perform 
prevalence studies by analysing panels of at-risk populations.
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The presence of disease associated PrPSc in the gastrointestinal 
tract of patients affected by prion diseases represents a source of 
disease transmission through surgical procedures and may con-
tribute to symptoms affecting their quality of life.

Following intracerebral inoculation of wildtype mice with 
prions, PrPSc was detected in the gastrointestinal tract during 
symptomatic disease (20 weeks post infection). PrPSc accumula-
tion in the ileum was associated with high levels of infectivity, 
caspase activation, loss of neuronal subpopulations in the myen-
teric plexus and the loss of enteric glial cell integrity.1, 2 In the 
current study a time course analysis indicated that PrPSc accumu-
lation was detected in the ileum within 3 weeks of intracerebral 
inoculation, with highest levels detected 6-10 weeks post-inocu-
lation, at which time mice demonstrated no neurological symp-
toms of disease. There was a quantitative decrease in PrPSc load 
13 weeks post infection suggestive of a shedding of PrPSc from 
the gastrointestinal tract and a potential source of environmental 
contamination.

A significant loss of neurofilament (medium) immunoreactive 
neurons, reflective of intrinsic sensory neurons, was detected 10 

weeks post inoculation and coincident with high PrPSc loads. This 
was followed by the apparent recovery of this neuronal popula-
tion between weeks 13 and 17 post-inoculation and coincident 
with reduced PrPSc loads. These results suggest that the accumu-
lation of PrPSc may directly contribute to the loss of this neuro-
nal population and that a reduction in PrPSc burden enabled its 
regeneration.

We had previously observed the qualitative loss of neuronal 
nitric oxide synthase (nNOS) immunoreactive neurons, a marker 
of inhibitory motor neurons, in conjunction with regions of dis-
torted glial fibrillary acidic protein (GFAP) immunoreactivity, 
indicative of enteric glial cell derangement at the terminal stages 
of disease. We now report a significant decrease in nNOS immu-
noreactive neurons between 10 and 17-week post inoculation and 
evidence of enteric glial cell derangement as early as 6 weeks post 
inoculation. These results support the view that glial cell dys-
function in the gastrointestinal tract of prion affected animals 
precedes and contributes to the loss of nNOS immunoreactive 
neurons.

This study has identified PrPSc accumulation and glial cell 
dysfunction as mediators of prion induced neurodegeneration of 
specific neuronal subpopulations within the gastrointestinal tract 
and the potential for regeneration of neuronal populations fol-
lowing a reduction in PrPSc load. The effect of neuronal loss on 
gastrointestinal dysfunction will be presented.
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In Alzheimer’s disease the generation of oligomeric species of 
amyloid β-peptide is causal to disease initiation and progression. 
Oligomeric species of amyloid β-peptide bind to the N-terminus 
of plasma membrane-bound cellular prion protein (PrPC). This 
binding may be associated to synaptic degeneration. Composition 
of bound amyloid β-peptide oligomers, binding domains within 
PrPC and modifiers of this binding have mostly been studied 
in cell culture or murine models of Alzheimer’s disease. Our 
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understanding on the PrPC amyloid β-interaction in patients 
with Alzheimer’s disease is limited regarding to occurrence of 
binding, binding domains within PrPC, and sizes of bound oligo-
meric species of amyloid β-peptide.

Here we employed the combination of a novel Amyloid-β-
PrPC interaction assay (APIA), co-immunoprecipitation and size 
exclusion chromatography to study occurrence of PrPC amy-
loid β-peptide binding on neuropathologically characterized 
Alzheimer’s disease and control brains. We investigated binding-
specificity, binding domains of PrPC and sizes of bound oligo-
meric species of amyloid β-peptide.

Amyloid β-peptide binding to PrPC always occurred in 
Alzheimer’s disease brains and was never detected in non-
demented controls. Expression level of PrPC or known genetic 
modifiers of Alzheimer’s disease, such as the PrPC codon 129 
polymorphism, do not act as modifiers of this interaction. 
Binding domains are found in the N-terminus of PrPC. Sizes of 
oligomeric species of amyloid β-peptide differ between synthetic 
amyloid β-peptide and Alzheimer’s disease brain-derived amy-
loid β-peptide where larger protein assemblies containing amy-
loid β-peptide efficiently bind to PrPC.1
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What is the likelihood that a unit of blood donated by an indi-
vidual infected with variant Creutzfeldt-Jakob disease (vCJD) 
will infect a recipient? This information is critical to estimate 
the risk of transfusion-transmitted vCJD (TTvCJD). Previous 
estimates of possible vCJD infectivity titers in human blood were 
derived from the infectivity titers of rodent blood experimentally 
infected with model transmissible spongiform encephalopathy 
(TSE) agents, assayed by intracerebral inoculations into rodents 
of the same species. Those estimates relied on an assumption that 
titers of the agent in the blood of an infected person during the 
incubation period of vCJD is likely to be similar to that of an 
infected rodents.

We have conducted two analyses to evaluate the probable 
dose-response relationship for TTvCJD in humans. In the first 

study1 we analyzed UK data for recipients of vCJD-implicated 
(donor later developed vCJD) blood components. We back-
calculated the potential number of infected recipients who 
were asymptomatic based on the number of reported TTvCJD 
cases, the incubation periods of vCJD and survival rate of blood 
recipients. We estimated the probability of vCJD infection in a 
recipient transfused with a unit of infectious blood based on total 
number of recipients and estimate of the number of recipients 
who have been infected. In a more recent analysis, we developed 
a dose-response model using published data from a large study 
in which non-human primates were inoculated intracerebrally 
with suspensions of brain tissue from CJD patients (Brown et al. 
Ann Neurol 1994;35:513). The dose-response model described 
the relationship between the amount of brain tissue injected and 
the probability of infection in primates. We then adjusted model 
parameters to account for differences in infectivity between blood 
and brain tissue and efficiency of vCJD transmission between 
intravenous and intracerebral routes. The resulting dose-response 
model described the relationship between the amount of trans-
fused blood and the probability of infecting a recipient.

The first analysis estimated the mean probability of vCJD 
infection from transfusion of a unit of non-leukoreduced red 
blood cells from a donor in late incubation period of vCJD to 
be 75% (90% CI 56-96%). The dose-response model developed 
in the recent analysis indicated a mean probability of infection 
from transfusion of a unit of infected whole blood to be 76% 
(90% CI 48-90%). Results of the two analyses are consistent. 
The update of dose-response will improve accuracy of risk assess-
ment for TTvCJD.
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Bank voles are strikingly susceptible to human and animal 
prions,1 and it has been shown that transgenic mice expressing 
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a natural polymorphic vole PrP variant, coding for isoleucine at 
codon 109 (BvPrP109I), spontaneously develop a prion disease 
associated with comparatively protease-sensitive PrP.2

We generated a new line of transgenic mice, named TgL1, 
expressing BvPrP109I and developing a spontaneous neurologi-
cal disease. We studied the clinico-pathological characteristics 
of this disease, along with its biological features by bioassay in 
homologous wild type bank voles (Bv109I).

All TgL1 mice showed spontaneous neurological illness char-
acterized by ataxia, proprioceptive deficits, kyphosis and hind 
limb paresis, and invariably progressed to terminal disease with 
a survival of 182±36 days. Neuropathological analysis showed 
spongiform degeneration, gliosis, neuronal loss and PrPSc deposi-
tion in all spontaneously ill mice. The severity and distribution 
of these changes were variable, with cerebral cortex, striatum and 
thalamus being the most frequently affected areas, while cerebel-
lum and hippocampus were either spared or heavily affected. 
White and grey matter granular and punctuate PrPSc deposition 
was accompanied in some mice by plaques, including multicen-
tric plaques similar to those found in Gerstmann-Sträussler-
Scheinker disease (GSS). PK-resistant PrPSc was detected in all 
mice, with a uniform GSS-like pattern characterized by a 7-8 
kDa internal PrP fragment.

Brain homogenates from 5 spontaneously ill TgL1 mice, 
representing the observed clinico-pathological variability, were 
selected for bioassay. All inocula transmitted to voles with sur-
vival time of ~100 days and produced a uniform disease pheno-
type, irrespective of the pathological variations observed in the 
donor brain, characterized by a GSS-like PrPSc signature. By end-
point dilution, we found that TgL1 mice spontaneously accumu-
late up to 108.5 ID50/g.

Prompted by the similarities with GSS, we inoculated GSS 
cases in Bv109I and found that cases with A117V mutation trans-
mitted to Bv109I in ~100 days, without transmission barrier and 
with a disease phenotype indistinguishable from that observed in 
Bv109I inoculated with spontaneously ill TgL1 mice.

In conclusion, we show that TgL1 mice recapitulate the hall-
marks of prion diseases, including PK-resistant PrPSc and high 
prion titer, mimic the clinico-pathological variability observed in 
some inherited human prion disease and spontaneously produce 
prions indistinguishable from those found in GSS A117V cases. 
Therefore, TgL1 represents a valuable animal model for study-
ing the mechanisms of spontaneous formation of prions and the 
causes of the phenotypic variability observed in inherited prion 
disorders, as well as to test drugs able to modify/prevent the pro-
gression of these disorders.
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Background/Introduction. Prion diseases or transmissible 
spongiform encephalopathies are always fatal and potentially 
infectious to those who handle the tissue. The diagnosis has 
consequences for hospital hygiene and the reuse of instruments. 
Therefore, in brain biopsies and autopsy tissues taken from 
patients with rapidly progressive dementia, the first differential 
diagnoses to be ruled out are prion diseases. For safe diagnostic 
processing, a fast, highly sensitive and specific analysis for prion 
aggregates is utterly necessary.

Material and Methods. Our study aims to validate four meth-
ods for diagnosing prion diseases. We examined 16 brain biopsies 
and brain sections from 65 autopsies with Western blot, paraffin-
embedded tissue (PET) blot, immunohistochemistry and the 
recently described membrane adsorption assay (MAA) for their 
suitability to detect pathological prion protein in the brain in 
general and in the brain biopsy site in particular.

Results. The PET blot method provides the highest sensitivity 
in prion detection (biopsies: 100%; autopsy sections: 96.3%), 
closely followed by the MAA (biopsies: 100%; autopsy sections: 
96%) and western blot analysis (biopsies: 100%; autopsy sec-
tions: 94.7%). Conventional immunohistochemistry is the least 
sensitive method (biopsies: 50%; autopsy sections: 78.8%) and 
also the one with a false positive biopsy result.

Conclusions. We propose a diagnostic standard that uses 
the MAA as a first step to detect or exclude a prion disease, 
followed by PET blot, Western blotting for prion typing and 
immunohistochemistry for differential diagnoses. With this 
procedure and the availability of unfixed tissue, all 16 exam-
ined biopsies were diagnostic. For the benefit of patients and 
staff we suggest including the MAA and rethinking the role of 
immunohistochemistry as the “gold standard” of prion disease  
diagnostics.
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Introduction. Current ante-mortem tests for Creutzfeldt 
Jakob Disease (CJD) are based upon the detection of surrogate 
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markers of neuronal damage in cerebral spinal fluid (CSF) and 
therefore not specific for CJD. For this reason there is consider-
able interest in a recently developed procedure called real-time 
quaking-induced conversion (RT-QuIC). RT-QuIC exploits the 
ability of minute amounts of disease associated prions (PrPd) in 
test samples to seed the conformational conversion of soluble 
recombinant prion protein (rPrPc) into misfolded proteins that 
interact with one another to form amyloid aggregates. The suc-
cessful detection of prions in the 263K hamster scrapie model 
and in human sporadic CJD (sCJD) patient samples have dem-
onstrated the potential of RT-QuIC to provide a test for prion 
disease diagnosis based upon the presence of the etiologic agent.1-4 
To date there is no agreed upon standard procedure for optimal 
analytical performance.

Previously, using our in-house generated full length hamster 
prion protein (rHa-PrPc) as substrate, we developed conditions 
where reactions seeded with sCJD brain homogenate dilutions 
up to 10-8 were reliably detected by RT-QuIC. These conditions 
were not sufficiently sensitive to detect PrPd in the CSF of patients 
with pathologically confirmed CJD. In order to further optimise 
the method, two different RT-QuIC substrates and more permis-
sive conversion conditions were tested.

Method. The substrates were recombinant full length ham-
ster prion protein (rHa-Prp) and sheep-hamster chimeric prion 
protein (rSH-PrP) purified as previously described.5 The control 
seeds were commercial brain homogenates (BH) confirmed to be 
infected with sCJD and non-CJD BH. When diluted in series, 
the BHs served as positive and negative controls in RT-QuIC 
reactions. The test samples were CSF obtained from patients with 
confirmed CJD.

Preliminary Data. Using the same reaction parameters, the 
rSH-PrP substrate showed higher sensitivity than rHa-PrP , but 
was more prone to spontaneous aggregation after long incubation 
periods. Controlled chemical perturbation of rPrP conformation 
was found to promote conversion.

Conclusion. In order to achieve the level of sensitivity required 
to reliably detect the vastly lower amounts of PrPd in CSF, we 
were obliged to radically revise our views of what constituted the 
optimal conditions for RT-QuIC.
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Introduction. The presence of cellular prion protein (PrPC) in 
human cerebrospinal fluid (CSF) had already been demonstrated 
by Tagliavini and colleagues.1 In this study we examined if post-
translational modifications of PrPC in the CSF of prion disease 
patients are associated with methionine (M) / valine (V) poly-
morphism at codon 129 of the prion protein gene (PRNP), PrPSc 
type in sporadic Creutzfeldt-Jakob disease (sCJD), or PRNP 
mutations in familial Creutzfeldt-Jakob disease (fCJD/E200K) 
and fatal familial insomnia (FFI).

Materials and Methods. We performed comparative two-
dimensional immunoblotting of PrPC charge isoforms in CSF 
samples from a cohort of diseased and control patients. The 
cohort consisted of sCJD, fCJD (E200K) and FFI (D178N) 
patients, as well as control donors without prion disease.

Results and Conclusion: We quantified the 12 most abun-
dantly expressed PrPC isoforms (IF) in the analysed CSF. The 
expression of only one isoform (IF12) was markedly reduced 
in sCJD (VV) patients, in sCJD with PrPSc type 2 and in FFI 
patients. Interestingly, truncated PrPC fragments, detected in 
sCJD and control CSF, exhibited no significant differences.

Conclusion. In conclusion, the obtained data indicated an 
association between PrPC charge isoform pattern and PRNP 
codon 129 genotype, PrPSc type and the type of human prion 
disease. Because the majority of the sCJD (VV) patients and FFI 
patients (MM and MV) express PrPSc type 2, we suggest that 
IF12 is associated with PrPSc type 2. If our observations result 
from a modulation of the physiological PrPC metabolism remains 
to be established.
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p53 is a master regulatory protein that participates in cellular 
processes such as apoptosis, DNA repair and cell cycle control. 
p53 is a tetrameric protein in which each subunit consists of 393 
amino acid residues. The function of this tumor suppressor pro-
tein is lost in more than 50% of human cancers.1 Recent stud-
ies have suggested that the formation of prion-like aggregates 
of mutant p53 is associated with loss-of-function, dominant-
negative and gain-of-function (GoF) effects.2-8 Studies from our 
group have shown that p53 aggregation in a mixture of oligomers 
and fibrils that sequestrates the native protein into an inactive 
conformation, typical of a prionoid behavior.2 These aggregates 
are present in tissue biopsies of breast cancer especially in more 
aggressive ones.2, 9 More recently, we have evaluated whether p53 
aggregates may be also present in human glioblastoma cells and 
participate in the tumorigenic process. Our data shows great 
colocalization between p53 and oligomers as well as amyloid 
fibers in glioblastoma cells. The prionoid properties of p53 aggre-
gates are considered potential targets for drug development. The 
prion-like properties of nucleation, templating, multiplication 
and spread have been already considered potential new targets 
for the development of neurodegenerative disease therapies.10, 11 
We have evaluated whether PRIMA-1, a classical drug described 
to stabilize mutant p53 structure and function, exerts its effect 
on aggregated mutant p53. Also, 2-methylene-3-quinuclidinone 
hydrate (MQ) has been shown to inhibit WT and mutant recom-
binant p53 central core domain (p53C) aggregation at 37oC. The 
WT form has been protected in a lower degree. MQ has also been 
shown to inhibit the seeding promoted by mutant p53 cellular 
extracts fractions enriched in oligomers on WTp53C. The same 
seeding inhibition effect was observed for extracts from cells 
treated with PRIMA-1.
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due to disruption of the disulfide bridge?
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One of the most remarkable features of human prion diseases 
is that different prion protein (PrP) mutants lead to very differ-
ent familial disease forms, with different shapes of PrP aggre-
gates, different degrees of spongiform degeneration, and different 
locations of neuronal loss and reactive gliosis. In recent years we 
have developed an allelic series of PrP knock-in mice to study 
how mutations confer toxic properties on PrP. We have recently 
compared and contrasted mice modeling fatal familial insomnia 
(FFI) and familial Creutzfeldt-Jakob disease (CJD). Both muta-
tions caused neurodegenerative processes but the diseases were 
quite different. The FFI model had neuronal loss, reactive gliosis, 
and proteinase K sensitive PrP aggregates, predominantly in the 
thalamus, while the CJD model had spongiosis and proteinase K 
resistant PrP aggregates, most prominently in the hippocampus. 
Based on neuropathological and behavioral changes, we judged 
the FFI mutation to be more toxic. We hypothesized that the FFI 
mutant’s higher toxicity was due to its proximity to one of the cys-
teines comprising PrP’s sole disulfide bridge, thereby interfering 
with bridge formation and resulting in a destabilized and toxic 
species. In support of this conjecture, the steady state level of the 
FFI mutant PrP is reduced ~ 70%, consistent with most molecules 
not folding properly and being triaged for degradation soon after 
synthesis. We further hypothesized that complete elimination of 
the bridge via mutagenesis would result in a disease resembling 
that of the FFI model, but more severe. We tested this hypothesis 
by developing knock-in mice expressing PrP with both cysteines 
replaced with serines, which are structurally similar. These mice 
developed disease spontaneously, but surprisingly, it was more 
like that of the CJD model, with wide-spread spongiosis. In an 
effort to create a version with more severe disease we resorted to 
the commonly used random integration strategy to over-express 
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the same PrP mutant. Surprisingly, despite increased expression 
levels, the random integration mice were normal in all regards, 
notably lacking the spongiosis present in the knock-in line. 
Moreover, the random integration line was surprisingly effective 
at delaying scrapie infection, dominantly. These results indicate 
that the mechanisms of toxicity of mutant PrPs are difficult to 
predict and can be altered when PrP is expressed ectopically.


