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PROGRAM 

 

THURSDAY 24th OCTOBER 
8:30-10:00 Registration  
9:30 Welcome 

PRION STRUCTURE AND BIOLOGY 
10:00-11:00 Chair:  Jesus Requena 

Invited Speaker: Professor Markus Glatzel (Institute of Neuropathology, University Medical Center 
Hamburg  Eppendorf) 
- “The role of proteolytic processing of the prion protein in neurodegenerative diseases” 

11:00-11:30 Coffee Break and Poster Discussion 
11:30-13:00 Chairs:  Salvador Ventura and Jesus Requena  

Oral Communications: 
1. Giovanni Spagnolli (CIBIO-University of Trento) 

- “Unraveling Common Molecular Mechanisms of Prion Propagation” 
2. Yaiza B. Codeseira (CiMUS-University of Santiago de Compostela)  

- “A Structural Insight of Infectious Recombinant PrPSc Using FTIR” 
3. Hasier Eraña (CIC bioGune, ATLAS Molecular Pharma) 

- “A largely scalable new method to produce infectious recombinant prions” 
4. Susana Navarro (IBB, UAB)  

- “A first bacterial extracellular and functional prion-like protein” 
5. Yanick Bichot (Biorad) 

- “A complete and consistent solution for TSE diagnosis” 
13:00-14:30 Lunch 
14:30-15:30 Chair:  Jesus Requena 

Invited Speaker: Professor Maria João Saraiva (Molecular Neurobiology group - Instituição de 
investigação e inovação em saúde i3S and IBMC - University of Porto) 
- “Animal models of transthyretin amyloidosis to search for FAP patient´s biomarkers” 

PRION DISEASES IN ANIMALS 
15:30-16:30  Chairs: Enric Vidal and Hasier Eraña 

Oral Communications: 
6. Alba Marín-Moreno (CISA-INIA)  

- “Broad study of the diversity of classical scrapie prions circulating in Europe by using just two 
rodent models” 

7. Tomás Barrio (Centro de Encefalopatías y Enfermedades Transmisibles Emergentes, University of 
Zaragoza)  
- “Mixtures of prion substrains in field cases of scrapie revealed by mice bioassay” 

8. Marina Betancor (Centro de Encefalopatías y Enfermedades Transmisibles Emergentes, University 
of Zaragoza)  
- “Therapeutic assay with the non-toxic C-terminal fragment of tetanus toxin (TTC) in transgenic 
murine models of scrapie” 

16:30-17:00 Coffee Break and Poster Discussion 
17:00-18:00 Chairs: Tomas Mayoral and Juan Badiola 

Oral Communications: 
9. Diego Sola (Centro de Encefalopatías y Enfermedades Transmisibles Emergentes, University of Zaragoza) 

- “Infectivity study: inoculation of tg340 mice with tissues from resistant goats inoculated with 
bovine and caprine bovine spongiform encephalopathy” 

10. Mafalda Casanova (University of Evora, INIAV)” 
-  “Characterization of the first Portuguese cases of Atypical Scrapie in transgenic ovine ARQ-PrP 
mice” 

11. A. Hernaiz (LAGENGIO, University of Zaragoza)  
- “Whole genome DNA methylation profiles in the central nervous system of sheep naturally 
infected with scrapie” 

18:00 Musical moment by  

 

PROGRAM 

 

FRIDAY 25th OCTOBER 
PRION DISEASES IN ANIMALS (continuation) 

9:00-10:00 Chair:  Leonor Orge 
Invited Speaker: Doctor Sylvie Benestad (Norwegian Veterinary Institute, Oslo)
- “CWD Norwegian experience, diagnosis and control, risk analysis and characteristics of the 
Norwegian CWD cases” 

10:00-11:00 Chairs: Rosa Bolea and M. Lurdes Pinto 
Oral Communications: 
12. Raymond Bujdoso (Cambridge University) 

- “Susceptibility of human PrP to cervid prions” 
13. Christopher J. Silva (USDA) 

- “Quantitating prion polymorphisms from heterozygous CWD-infected white-tailed deer” 
14. Alicia Otero (University of Alberta) 

- “Elk-PrPC expression levels do not alter the Wisc-1 CWD strain properties and favors its 
selection from mixtures” 

11:00-11:30 Coffee Break and Poster Discussion 
11:30-12:00 15. Amy L. Robinson (Roslin Institute)  

- “Regional variation in the prion protein gene ( ) in wild European deer species” 
16. Jorge C. Pereira (CITAB, CECAV, UTAD)  

- “Chronic wasting disease risk assessment in Portugal - Genetic variability preliminary results 
and future perspectives” 

PRION DISEASES AND PRION-LIKE DISEASES IN HUMANS 
12:00-13.00 Chair: Joaquin Castilla 

Invited Speaker: Doctor Elvan Boke (Centre for Genomic Regulation,  Oocyte Biology and Cellular 
Dormancy group, Barcelona) 
- “The Balbiani Body: A super-organelle held together by amyloid-like assembly” 

13:00-14:30 Lunch 
14:30-16:30 Chairs: Juan Maria Torres and Joaquin Castilla 

- 9th Iberian Congress on Prions 2020 
Oral Communications: 
17. Benoit Schneider  (Université Paris Descartes, Inserm)  

- “Three pathological consequences of TACE -secretase deregulation in prion diseases” 
18. Franc Llorens (CIBERNED, IDIBELL, University Medical School, Goettingen)  

- “Plasma total prion protein as a potential biomarker for neurodegenerative dementia: 
diagnostic accuracy in the spectrum of prion diseases” 

19. Charlotte M. Thomas (Roslin Institute ) 
- “Optimising RT-QuIC for the detection of prion seeding activity in BSE-infected ovine blood.” 

20. Juan Carlos Espinosa (CISA-INIA)  
- “Amino acid residues in 2- 2 loop of human-PrP regulate prion strain susceptibility” 

16:30-17:00 Coffee Break and Poster Discussion 
17:00-18:00 Chair: Franc Llorens 

Oral Communications: 
21. O. Andreoletti (UMR INRA ENVT) 

- ”sCJD agents distribution in peripheral tissues”  
22. Abigail B. Diack (Roslin Institute) 

- “vCJD strain is consistent in individuals of two  codon 129 genotypes” 
20:00 Congress Dinner 
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Prion Structure 
and Biology

Oral Communications
 



Unraveling Common Molecular Mechanisms of Prion Propagation 

Giovanni Spagnolli1, Luca Terruzzi1, Alberto Boldrini1, Jesús R. Requena2, Pietro Faccioli3,4, Emiliano Biasini1 

[1] CIBIO, University of Trento, Via Sommarive 9, 38123, Trento, Italy.
[2] CIMUS - USC, Avenida Barcelona 31, 15706, Santiago de Compostela, Spain.
[3] Department of Physics, University of Trento, Via Sommarive 14, 38123, Trento, Italy.
[4] Italian Institute for Nuclear Physics - TIFPA, Via Sommarive 14, 38123, Trento, Italy.

How does a prion propagate? Answering this question remains one of the most outstanding 
challenges in biology. Indeed, the high-resolution reconstruction of prion replication would 
illuminate the striking molecular mechanism underlying the phenomenon of protein-based 
inheritance. Unfortunately, this is not approachable experimentally because of the lack of 
atomistic, time-resolved biophysical techniques. Standard computational methods, like 
Molecular Dynamics (MD), would represent valid alternatives, but are currently limited by the 
enormous calculation load required to simulate such molecular paths. We recently addressed 
this problem by applying transition-sampling MD algorithms, techniques allowing to reduce the 
computational cost of simulating complex molecular events. We obtained the first atomistic 
reconstruction of the propagation of a 4-rung- -solenoid (4R S) mammalian prion1. While this 

work represents a pioneering attempt to study prion misfolding, it relied on three assumptions: 
(i) the initial contact point assignment between PrPC and the templating surface of PrPSc (ii) the 
use of a computational model for the 4R S architecture; (iii) the need for a statistical model to 

instruct the reaction progression. In this study, we overcame these limitations by applying an 
updated MD algorithm (called Self-Consistent Path Sampling) to simulate the propagation of the 
fungal prion Het-s, whose 2R S architecture was solved by ssNMR2. We obtained an 

assumption-free atomistic reconstruction of Het-s replication, which showed remarkable
similarities with the previously reported PrPSc misfolding mechanism. These results suggest that 
the propagation of prions generated by evolutionary distant proteins shares common molecular 
features that likely underlie their ability to propagate their conformation in a templated fashion.

References:
1 Spagnolli G, et al. PLoS Pathog. 2019; doi: 10.1371/journal.ppat1007864
2 Wasmer C, et al. Science. 2008; doi: 10.1126/science.1151839

Contacts:
e-mail address: giovanni.spagnolli@unitn.it
telephone: +393475579230
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A Structural Insight of Infectious Recombinant PrPSc Using FTIR 

Yaiza B. Codeseira1
, Phillip Pinder2 , Sonia Veiga1; Hasier Eraña3; Joaquín Castilla3 , Michael Beekes2 , Jesús R. 

Requena1

1 CiMUS-University of Santiago de Compostela, Avenida de Barcelona 31, 15706, Santiago de Compostela, Spain,
2 Robert-Koch Institut, Nordufer 20, 13353, Berlin, Germany.
3 CIC bioGUNE-Parque científico tecnológico de Bizkaia, building 81A, 48160, Derio, Spain.

Understanding the PrPSc structure constitutes a key challenge in prion research. We have 

recently developed the first physically plausible model of PrPSc, featuring a four-rung -solenoid, 
that agrees with all the experimental structural constraints available. However, another one has 
been proposed: the parallel in-register intermolecular sheet model (PIRIBS). In order to 
challenge such model we have compared two different PrP proteins using Fourier-
transformation infrared spectroscopy: a recombinant, infectious bona fide PrPSc, and a non-
infectious PrP PIRIBS amyloid. We prepared recPrPSc using protein misfolding shaking 
amplification (PMSA) and designed an in vivo assay to prove that it was infectious material. 
The second derivative FTIR spectrum of the non-infectious PrP amyloid showed characteristic 
absorption bands in the Amide I/II region, with a peak exhibiting a maximum at 1626 cm-1 and a 

shoulder at 1630 cm-1, typical of strands, and a group of peaks with maxima at 1674 and 
1663 cm-1, ascribed to loops and turns. In turn, the spectrum of recPrPSc exhibited a sharp peak 
with a maximum at 1632 cm-1, that was slightly asymmetric, as if featuring an unresolved 
shoulder at a slightly lower wavenumber. Peaks with maxima at 1674 and 1663 cm-1 in the 
turn/coil region were also seen. The data clearly shows that infectious recPrPSc and non-
infectious recPrP amyloid exhibit distinctly different FTIR microspectroscopy spectra. This, in 
turn, suggests that these two conformers have structural differences. These results support the
four-rung -solenoid model.
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A largely scalable new method to produce infectious recombinant prions

Hasier Eraña1,2, Jorge M. Charco1, Michele A. Di Bari3, Carlos M. Díaz-Domínguez1, Rafael López-Moreno1, Enric 
Vidal4, Ezequiel Gonz lez-Miranda1, Miguel A. P rez-Castro2, Sandra García-Martínez1, Susana Bravo5, Natalia 
Fern ndez-Borges1, Mariví Geijo6, Claudia D Agostino3, Joseba Garrido6, Jifeng Bian7, Anna K nig8,9, Boran Uluca-
Yazgi8,9, Raimon Sabate10,11, Vadim Khaychuk7, Ilaria Vanni3, Glenn C. Telling7, Henrike Heise8,9, Romolo Nonno3,
Jesús R. Requena12 and Joaquín Castilla1,13

Corresponding author: castilla@joaquincastilla.com

1 CIC bioGUNE, Derio (Bizkaia), Spain.
2 ATLAS Molecular Pharma S. L. Derio (Bizkaia), Spain. 
3 Department of Veterinary Public Health and Food Safety, Istituto Superiore di Sanit , Rome, Italy.
4 IRTA, Centre de Recerca en Sanitat Animal (CReSA, IRTA-UAB), Campus de la Universitat Aut noma de Barcelona, Bellaterra (Cerdanyola
del Vall s), Barcelona, Catalonia.
5 Proteomics Lab, IDIS, Santiago de Compostela, Spain.
6 NEIKER-Instituto Vasco de Investigación y Desarrollo Agrario, Animal Health Department, Derio (Bizkaia), Spain.
7 Prion Research Center (PRC), Colorado State University, Fort Collins, Colorado, USA.
8 Institute of Complex Systems (ICS-6) and J lich Center for Structural Biology (JuStruct), Forschungszentrum J lich, J lich, Germany.
9 Physikalische Biologie, Heinrich-Heine-Universit t D sseldorf, D sseldorf, Germany.
10 Department of Pharmacy and Pharmaceutical Technology and Physical-Chemistry, Faculty of Pharmacy and Food Sciences, University of 
Barcelona, Spain.
11 Institute of Nanoscience and Nanotechnology (IN2UB), University of Barcelona, Spain.
12 CIMUS Biomedical Research Institute, University of Santiago de Compostela-IDIS, Spain.
13 IKERBasque, Basque Foundation for Science, Bilbao (Bizkaia), Spain.

The resolution of the three-dimensional structure of infectious prions at the atomic level is 
pivotal to understand the pathobiology of Transmissible Spongiform Encephalopathies (TSE), 
but has been long hindered due to certain particularities of these proteinaceous pathogens. 
Difficulties related to their purification from brain homogenates of disease-affected animals were 
resolved almost a decade ago by the development of in vitro recombinant prion propagation 
systems giving rise to highly infectious recombinant prions. However, lack of knowledge about 
the molecular mechanisms of the misfolding event and the complexity of systems such as the 
Protein Misfolding Cyclic Amplification (PMCA), have limited generating the large amounts of 
homogeneous recombinant prion preparations required for high-resolution techniques such as 
solid state Nuclear Magnetic Resonance (ssNMR) imaging. 
Herein, we present a novel recombinant prion propagation system based on PMCA that 
substitutes sonication with shaking thereby allowing the production of unprecedented amounts 
of multi-labeled, infectious recombinant prions. The use of specific cofactors, such as dextran 
sulfate, limit the structural heterogeneity of the in vitro propagated prions and makes possible, 
for the first time, the generation of infectious and likely homogeneous samples in sufficient 
quantities for studies with high-resolution structural techniques as demonstrated by the 
preliminary ssNMR spectrum presented here. 
Overall, we consider that this new method named Protein Misfolding Shaking Amplification 
(PMSA), opens new avenues to finally elucidate the three-dimensional structure of infectious 
prions.
This study has been funded by MINECO research project references BFU2017-86692-P, 
BFU2013-48436-C2-1-P and RTI2018-098515-B-I00, and by RedPRION (Interreg POCTEFA 
EFA148/16).
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A first bacterial extracellular and functional prion-like protein. 

1 Susanna Navarro, 2 Jaione Valle, 1 Manuel Baño, ,2 Iñigo Lasa, 1 Salvador Ventura  

1Institut de Biotecnologia i de Biomedicina and Departament de Bioquimica i Biologia Molecular, Universitat Autonoma de Barcelona, Bellaterra,
Spain
2Navarrabiomed-Universidad Pública de Navarra-Departamento de Salud, IDISNA, Pamplona-31008, Spain 

Corresponding author: Salvador.Ventura@uab.cat

Prions are proteins with the amazing capacity to switch between a soluble conformation and a 
self-perpetuating amyloid state. Initially associated with neurodegenerative diseases, it is now 
clear that prion-like mechanisms are exploited for functional purposes. Prion-like behaviour was 
thought to be restricted to eukaryotic organisms, but the discovery that Clostridium Rho 
terminator works as a prion broke this dogma. All prion-like proteins discovered so far are 
intracellular, mostly playing regulatory roles. Here, we describe the discovery and 
characterization of a first extracellular prion-like protein. This protein bears a characteristic 
disordered and low-complexity prion domain that drives the formation of amyloid fibrils and is 
indispensable for its function as a biofilm remodelling protein in Staphylococcus aureus. We 
show, for the first time, that a prion-like domain has evolved to play a role thought to be 
restricted to small globular domains: biofilm binding, a function that is directly connected with 
the ability of the bacteria to cause nocosomial infections.   
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Prion Diseases
in Animals

Oral Communications



Broad study of the diversity of classical scrapie prions circulating in 
Europe by using just two rodent models 

Alba Marín-Moreno1, Patricia Aguilar-Calvo1, Juan Carlos Espinosa1, Lorenzo González2, José Luis Pitarch1, Diego 
Sola3, Cristina Acín3, Leonor Orge4, Olivier Andreoletti5, Romolo Nonno6, Juan María Torres1, *.

1. Centro de Investigación en Sanidad Animal (CISA-INIA), Madrid, Spain.
2. Animal and Plant Health Agency, Penicuik, Midlothian, UK.
3. Centro de Encefalopatías y Enfermedades Transmisibles Emergentes, Facultad de Veterinaria, Universidad de Zaragoza, Zaragoza, Spain. 
4. Instituto Nacional de Investigação Agrária e Veterinária, Lisbon, Portugal.
5. UMR INRA ENVT 1225-IHAP, École Nationale Vétérinaire de Toulouse, Toulouse, France.
6. Istituto Superiore di Sanitá, Rome, Italy.
*Corresponding author: Centro de Investigación en Sanidad Animal (CISA-INIA), Madrid, Spain. E-mail: jmtorres@inia.es. Phone number: +34 
91 620 23 00.

Classical scrapie is often named as a uniform disease caused by a single prion strain. However, 

several scrapie strains producing different prion diseases phenotypes have been reported in the 

literature. A systematic analysis of the strains present in the small ruminant European herds has 

not been addressed. 

Goat and sheep scrapie isolates deriving from several European countries were intracranially 

inoculated into transgenic mice overexpressing ovine and bovine PrP proteins (Ov-Tg501 and 

Bo-Tg110 respectively). Two iterative passages were performed. On the second passage, once 

overcome the transmission barrier, an accurate classification of the isolates was possible. In 

addition, the use of just two rodent models was enough to fully differentiate among the small 

ruminant TSEs diversity successfully identifying at least four different classical scrapie groups 

with different strain phenotypic features.  In addition, mixtures of two strains were identified in a 

single isolate. 

This work reinforces the idea that classical scrapie in sheep and goats is a prion disease 

caused by multiple different prion strains and not a single strain as is the case of epidemic 

Bovine Spongiform Encephalopathy (BSE).  

Funding: Spanish Ministerio de Ciencia, Innovación y Universidades (AGL2016-78054R) and 

European Union projects CT-2006-36353 and 219235 ERA-NET FP7 EMIDA. 
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Broad study of the diversity of classical scrapie prions circulating in
Europe by using just two rodent models 

Mixtures of prion substrains in field cases of scrapie revealed by 
mice bioassay 

Tomás Barrio (1)*, Hicham Filali (1), Alicia Otero (1), Jessica Sheleby-Elías (1), Belén Marín (1), Enric Vidal (2), 
Juan María Torres (3), Martin Groschup (4), Olivier Andréoletti (5), Juan José Badiola (1), Rosa Bolea (1). 

(1) Centro de Encefalopatías y Enfermedades Transmisibles Emergentes, Facultad de Veterinaria, Instituto Agroalimentario de Aragón - IA2 
(Universidad de Zaragoza-CITA), 50013 Zaragoza, Spain.
(2) Priocat Laboratory, Centre de Recerca en Sanitat Animal (CReSA), UAB-IRTA, Universitat Autònoma de Barcelona (UAB), 08193 Bellaterra, 
Barcelona, Spain
(3) Centro de Investigación en Sanidad Animal, CISA-INIA, 28130 Valdeolmos, Madrid, Spain.
(4) Institute of Novel and Emerging Infectious Diseases, Friedrich-Loeffler-Institute, Südufer 10, 17493 Greifswald-Isle of Riems, Germany.
(5) UMR INRA ENVT 1225- IHAP, École Nationale Vétérinaire de Toulouse, 31076 Toulouse, France.
* Corresponding author: tbarrio@unizar.es

Phenotypic variability in prion diseases is associated to the existence of prion strains. The strain 

phenomenon can be accommodated within the protein-only hypothesis through the notion that 

different conformational variants of PrPSc encode distinct pathobiological properties. Within this 

framework, the conformational selection model proposes that a given PrP amino acid sequence 

allows a limited number of folding states, and that the degree of overlapping between PrPSc 

conformations in the inoculum and permitted conformations of host PrPC determines the 

strength of the transmission barrier. In the context of a heterotypic interaction, conformational 

selection may favor minor components from this “cloud” and thus modify the range of prion 

variants that propagate. Therefore, transgenic models expressing homologous PrPC are crucial 

to faithfully study the actual variety of prion strains. Ovinized mice show enhanced susceptibility 

to infection with scrapie prions and have been employed to characterize strains in natural sheep 

isolates. 

In the present study, we used two ovine PrPC-expressing models to bioassay 20 sheep scrapie 

isolates from distinct outbreaks within the Spain-France-Andorra transboundary territory. 

Animals were intracerebrally inoculated and survival periods, lesion profiles, PrPSc distribution 

and banding patterns were studied.

Inocula showed a remarkable homogeneity on banding patterns, all of them but one showing 

19-kDa PrPres. However, a number of isolates caused accumulation of 21-kDa PrPres in 

nervous tissue of TgShp XI mice while presenting survival periods and neuropathological 

features similar to the rest. A different subgroup of isolates caused very long survival periods 

with low attack rates and presence of 21-kDa PrPres in Tg338 mice. These animals also 

showed milder spongiosis and occasional presence of amyloid plaques. 

These results suggest that some scrapie isolates contained mixtures of substrains that were 

resolved distinctly in each transgenic model. The major 19-kDa component and the two distinct 

21-kDa components seemed to coexist in source inocula, as not all challenged mice developed 

the same phenotype. The reason why each transgenic model favors a specific component of the 

mixture is unknown, although PrPC expression level may play a role. Our results also indicate 

that coinfection of sheep with more than one scrapie strain is more frequent than infection with a 

single component.
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Therapeutic assay with the non-toxic C-terminal fragment of tetanus 
toxin (TTC) in transgenic murine models of scrapie 

Marina Betancor1, Óscar López-Pérez1,2, Laura Moreno2, Alicia Otero1, Tomás Barrio1, Juan José Badiola1, Rosario 
Osta2, Rosa Bolea1, Inmaculada Martín-Burriel1,2

1Centro de Encefalopatías y Enfermedades Transmisibles Emergentes, Facultad de Veterinaria, Universidad de Zaragoza - IA2, Zaragoza, 
España. 
2Laboratorio de Genética Bioquímica (LAGENBIO), Universidad de Zaragoza - IA2, Zaragoza, España. 

Tetanus neurotoxin is produced by Clostridium tetani, the causative agent of the tetanus. This 

neurotoxin enters neurons thanks to its non-toxic C-terminal fragment (TTC), which is the 

responsible for neuron binding, internalization and retrograde and transsynaptic transport. 

Therefore, TTC can be attached to therapeutic molecules and used for targeting them to the 

CNS. Moreover, TTC alone binds to Trk receptors and activates Trk-dependent signaling, 

mimicking the action of natural neurotrophic ligands in the activation of neuronal survival 

pathways and apoptosis inhibition.  

We present here a pilot study to test the therapeutic potential of TTC to treat prion diseases. 

Two groups of Tg338 transgenic mice (overexpressing the VRQ variant of sheep PrPC) were 

intracerebrally inoculated with scrapie isolates. Then, one of the groups (n = 5) was 

intramuscularly inoculated with TTC once a month, for six times, while the control group (n = 5) 

was intramuscularly inoculated with PBS following the same pattern. Mice were sacrificed after 

the onset of clinical signs. TTC-treated mice lived 16 days longer than control mice, this 

difference was statistically significant (Mantel Cox test, p <0.05). Neuropathological changes 

were studied by hematoxylin-eosin staining and the distribution of PrPSc was evaluated by PET-

blot. Moreover, immunohistochemical techniques were used for LC3 , p62, BAX, caspase-3

and NeuN detection in order to assess autophagic mechanisms, apoptosis and neuronal 

survival, respectively. Preliminary results show that TTC may have a neuroprotective effect in 

prion diseases affected mice, as it seems to increase neuronal survival and autophagic 

processes and decrease apoptosis in scrapie-infected mice.   
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Infectivity study: inoculation of tg340 mice with tissues from resistant 
goats inoculated with bovine and caprine bovine spongiform 

encephalopathy 

Diego Sola1, Helen Caroline Raksa1, José Luis Pitarch1, Jan Langeveld2, Alex Bossers2, Belén Marín1, Francis 
Barillet3, Frédéric Bouvier3, Eva Monleón1, Rosa Bolea1, Olivier Andreoletti4, Juan José Badiola1, Cristina Acín1

1. Centro de Investigación en Encefalopatías y Enfermedades Transmisibles Emergentes, Facultad de Veterinaria, C/ Miguel Servet 177. 50013 
Zaragoza, España. Universidad de Zaragoza- IA2.
2. Central Veterinary Institute of Wageningen UR; Netherlands. 
3. INRA-UR 631 SAGA Castanet-Tolosan, France and UE 332, Bourges, France. 4INRA, UMR 1225 IHAP; ENV Toulouse, France.

Transmissible spongiform encephalopathies affect both the human species and the animals, 

characterized by long incubation period and neurodegenerative lesions that lead to the death of 

the individual. The first cases of BSE in the United Kingdom and later in the rest of the EU, as 

well as the association of this disease with the vECJ has led to the adoption of numerous 

legislative measures aimed at eradicating BSE and preventing its transmission. In the case of 

scrapie, there is no evidence that it supposes a risk to human health. However, it has been 

shown that the goat species can also be affected by BSE in a natural way, which shows our 

main objective, the importance and the need for new studies to determine and evaluate the 

public health risk represented by goat products affected by BSE. 

For this study, tg340 human transgenic mice, which express 4 times human PrPc and are 

methionine for codon 129, have been used. 

Samples of goat tissues infected with bovine BSE and goat BSE were used for the inoculums. 

In addition, each goat carried a genotype at codon 222: homozygous Glutamine / Glutamine 

(Q222Q), heterozygous Glutamine / Lysine (Q222K) and homozygous Lysine / Lysine (K222K). 

Mice inoculated with goat brain around 750 days’ post-inoculation presented clinical signs such 

as thinness, ataxia or lordosis. 

By the immunohistochemical technique, the presence of PrPSc accumulations with different 

patterns was observed and by the Western Blot technique, glycosylation patterns compatible 

with BSE was observed. 
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Characterization of the first Portuguese cases of Atypical Scrapie in 
transgenic ovine ARQ-PrP mice 

Mafalda Casanova1, Carla Machado2, Paula Tavares2, João Silva2, Christine Fast3, Anne Buschmann3, Martin 
Groschup3 and Leonor Orge2

1 MSc Student, University of Evora, Portugal
2 National Institute for Agrarian and Veterinary Research (INIAV), Laboratory of Pathology, Oeiras and Vairão, Portugal
3 Friedrich-Loeffler- Institute, Institute of Novel and Emerging Infectious Diseases (INNT), Insel Riems, Germany

Atypical Scrapie (ASc) is the dominant form of Transmissible Spongiform Encephalopathy 

(TSE) in small ruminants in Portugal. As a result of the EU active scrapie surveillance plan, ASc 

was diagnosed for the first time in 2003, making Portugal one of the first countries to ever report 

it. A total of 689 Portuguese AsC cases was confirmed until the end of 2018.  

The first sheep isolates to be characterized included homozygous ARQ genotype and classical 

scrapie resistant homozygous ARR genotype. Those isolates- one of each genotype- were 

transmitted to TgshpXI mice expressing ovine PrPARQ (n =20) for atypical scrapie strain typing at 

Friedrich-Loeffler- Institute (German National Reference Laboratory for TSEs). The mean 

incubation periods were 414±58 days in mice inoculated with ARQ/ARQ genotype and 483±107 

days in ARR/ARR genotype. Fixed, paraffin-embedded brains were sectioned at five reference 

coronal areas for histopathology and PrPsc immunohistochemistry (IHC). Lesional profiles were 

similar to French ASc Nor98 discordant cases, with vacuolation in regions G6, G8, W1 and W3 

in both genotypes. IHC revealed aggregates and granular PrPsc deposition in the cerebellar 

cortex, hippocampus, cerebellar white matter and cerebral peduncles. Incubation periods, 

lesional profiles and PrPsc distribution were compatible with previously reported cases of ASc 

Nor98, transmitted to transgenic TgshpXI mice.  

ASc has consistent pathology, PrPsc distribution, PrPsc electrophoretic profile in both naturally 

occurring cases and experimentally transmitted isolates. Considering the possibility of 

phenotype shift and the prevalence of this disease in Portugal, it is relevant to maintain these 

studies for evidence of any strain conversion. 
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Characterization of the first Portuguese cases of Atypical Scrapie in 
transgenic ovine ARQ-PrP mice

Whole genome DNA methylation profiles in the central nervous system 
of sheep naturally infected with scrapie. 

Hernaiz 1, A., Sentre 1, S.,  Filali 2, H., López-Pérez 1,2, O., Sanz, A 1., Zaragoza 1, P., Badiola 2, J.J., Bolea 2, R., 
Toivonen 1, J.M. and Martín-Burriel 1,2, I. 

1 LAGENGIO, Faculty of Veterinary, IA2, University of Zaragoza, Miguel Servet 177, 50013, Zaragoza. 
2 CIEETE, Faculty of Veterinary, IA2, University of Zaragoza, Miguel Servet 177, 50013, Zaragoza.

Scrapie is a Transmissible Spongiform Encephalopaty (TSE) that affects sheep and goats and it 

is considered a good natural animal model to study prion diseases. Although changes in DNA-

methylation occur in the Central Nervous System (CNS) in many neurodegenerative diseases, 

potential DNA-methylation alterations have not been investigated in any TSE models or 

naturally infected cases. We present here a whole genome sequencing analysis of bisulfite 

treated DNA (WGBS) obtained from thalamus of four naturally scrapie infected sheep and four 

controls. All animals were female, carried the ARQ/ARQ genotype for the PRNP allele and were 

sacrificed with similar age (4 to 6 years old). No differences in the genomic percentage of 

methylated cytosines (5mC) were observed between scrapie and control groups. Although 

genomes displayed similar average methylation levels, we identified 39 differentially methylated 

promoters (DMP) and a total of 8,907 differentially methylated regions (DMR). Gene Ontology 

enrichment revealed that hypomethylated DMRs were enriched in genes involved in 

transmembrane transport and cell adhesion whereas hypermethylated DMRs were related with 

intracellular signal transduction genes. The cellular prion protein (PrPC) seems to act as an 

important regulator of cell adhesion and membrane barrier function. Therefore, the enrichment 

observed in these cellular processes when PrPC has lost its function after the conversion to 

PrPSc could be indicative of an epigenetic regulation of these mechanisms. Moreover, a 

validation study using qPCR has shown differences in the expression of three genes (CD81,

CABIN1 and SNCG) that match the methylation changes observed in the genomic study.
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Susceptibility of human PrP Drosophila to cervid prions 

Raymond Bujdoso 

Cambridge University, Department of Veterinary Medicine, 
Madingley Road, Cambridge, UK, CB3 0ES (rb202@cam.ac.uk) 

Chronic Wasting Disease (CWD) is an increasingly prevalent fatal transmissible prion disease 

that affects members of the cervidae family including deer, elk, moose and reindeer. The brain 

and peripheral tissues of CWD-affected cervids accumulate PrPSc, an abnormal conformer of 

the normal host protein PrPC, which is considered to be the infectious prion agent. CWD has 

been detected in cervids in the USA and Europe, and poses significant challenges to human 

health because of its unknown zoonotic potential. 

The molecular nature of the infectious prion agent remains undefined and the only reliable 

method to detect prion infectivity is by bioassay in a suitable experimental host. Attempts to 

address the zoonotic potential of CWD have involved inoculation of non-human primates, some 

of which have developed bona fide or atypical prion disease. These non-human primate CWD 

transmissions, some of which have taken up to10 years to perform, are incomplete as 

secondary transmissions are required. CWD prions have been inoculated into human PrP 

transgenic mice, which so far have shown resistance. Consequently, the zoonotic potential of 

CWD is unresolved and new experimental animal systems are required for this purpose.  

To achieve this goal, we have generated human PrP Drosophila in order to model CWD 

permeability of the human species barrier. We have shown that human PrP Drosophila are 

susceptible to CWD isolates derived from the USA and Europe. Our data show that Drosophila 

can be used, in a rapid and efficient manner, to contribute to the understanding of the zoonotic 

potential of CWD. 
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Quantitating prion polymorphisms from heterozygous CWD-infected 
white-tailed deer. 

Christopher J. Silva1*, Melissa L. Erickson-Beltran1, Camilo Duque Velásquez2, Judd M. Aiken2, and Debbie 
McKenzie2

1 Produce Safety & Microbiology Research Unit, Western Regional Research Center, United States Department of Agriculture, Agricultural 
Research Service, 800 Buchanan Street, Albany, California 94710, United States of America.
2 University of Alberta, Centre for Prions and Protein Folding Diseases, 114 Brain and Aging Research Building, Edmonton, AB T6G 2M8, 
Canada.

* Correspondence:  christopher.silva@usda.gov
Tel:  510.559.6135

Chronic wasting disease (CWD) is the only prion disease naturally transmitted among farmed 

and free-ranging cervids.  By 2019, CWD-infected cervids had been detected in 26 states, three 

Canadian provinces, South Korea, Norway, Finland, and Sweden. Cervid PrPC has at least 20 

polymorphic sites.  Quantitating those polymorphisms in CWD PrPSc provides a measure of 

PrPSc formation efficiency.  Even two signal sequence polymorphisms can be quantitated 

indirectly through PrPSc.   Chymotrypsin, trypsin, or trypsin/chymotrypsin was used to digest 

cervid PrP, resulting in a set of 18 peptides spanning the 20 polymorphic sites.  These peptides 

are suitable for a mass spectrometry-based multiple reaction monitoring (MRM) analysis.  

Seven of the 18 peptides do not contain polymorphisms, so they can be used as internal 

standards to quantitate the relative amounts of the other, polymorphism-containing, peptides.  

The calibration curves relating the area ratios of the MRM signals from polymorphism-containing 

peptides to the internal standard peptides were linear and had excellent correlation coefficients.  

Samples from heterozygous (G96/S96 and Q95/H95) white-tailed deer orally dosed with 

homozygous (G96/G96) CWD were analyzed.  The G96 polymorphism comprised 75 ± 5% of the 

total PrPSc from the G96/S96 heterozygotes.  The same polymorphism comprised only 25 ± 5% of 

the Q95/H95 heterozygote’s PrPSc.  Heterozygous deer facilitate conversion of different PrPC

polymorphisms into PrPSc.  This is significant for managing the spread of CWD.  The relative 

amounts of the polymorphisms present in other heterozygous animal species and even humans 

can be quantitated using this approach.  
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Elk-PrPC expression levels do not alter the Wisc-1 CWD strain 
properties and favors its selection from mixtures 

Alicia Otero1, Camilo Duque Velásquez1, Chiye Kim1, Jeffrey Narayan1, Judd Aiken2 and Debbie McKenzie1 

1. Department of Biological Sciences, Centre for Prions and Protein Folding Diseases,
University of Alberta, Edmonton, AB, Canada
2. Department of Agricultural, Food and Nutritional Sciences, Centre for Prions and
Protein Folding Diseases, University of Alberta, Edmonton, AB, Canada

oterogar@ualberta.ca

Chronic Wasting Disease (CWD) is an epidemic prion disease affecting cervid species from 

North America, South Korea, and Scandinavia. Host PrPC sequence is one major factor of prion 

disease susceptibility. Elk and deer PrPC differ at residue 226 (elk expressing E and deer 

expressing Q). This amino acid difference has been hypothesized to affect prion strain 

evolution, host strain selection and pathogenesis. Similarly, expression of the Q95H amino acid 

polymorphisms has been associated with emergence of the CWD strain H95+ in white-tailed 

deer exposed to wt/wt (Q95G96) CWD prions (Wisc-1 strain). 

Amino acid differences are, however, not the only drivers of prion strain selection. PrPC gene 

dosage has also been implicated in the generation of strains. We hypothesized that elk PrPC

levels could result in modifications of the Wisc-1 CWD strain. We also tested the effects of PrPC

over-expression on strain selection from a previously characterized strain mixture (H95+ and 

Wisc-1). 

To test this hypothesis, two mouse lines expressing different levels of elk PrPC (tg-elk+/+ and tg-

elk+/- mice) were inoculated with the elk CWD2 strain, the white-tailed deer Wisc-1 strain and a 

mixture of H95+ and Wisc-1 strains. Transmission of Wisc-1 and its mixture with H95+ produced 

similar vacuolation profiles and PrP-res glycotypes in both tg lines. Likewise, no differences 

were observed between first and second passages in tg-elk+/+. PMCA analysis using S96 PrPC

as a substrate, which favors H95+ strain selection, failed to detect the presence of this strain in 

exposed tg-elk mice. Our results show that the transmission of deer prions through hosts 

expressing E226-PrPC did not alter the strain properties and indicates that Wisc-1 strain was 

preferentially selected in both tg lines.  

13

Elk-PrPC expression levels do not alter the Wisc-1 CWD strain 
properties and favors its selection from mixtures 

Regional variation in the prion protein gene (PRNP) in wild European 
deer species 

Amy L. Robinson1*, Helen Williamson1, Mariella E. Güere2, Helene Tharaldsen2, Karis Baker3, Stephanie L. Smith4,
Sílvia Pérez-Espona1,4, Jarmila Krojerová-Prokešová5,6, Josephine M. Pemberton7, Wilfred Goldmann1 & Fiona 
Houston1 

1Division of Infection and Immunity, The Roslin Institute and The Royal Dick School of Veterinary Studies, University of Edinburgh, Midlothian 
EH259RG, UK. 2Norwegian University of Life Sciences, Faculty of Veterinary Medicine, Oslo, Norway. 3Department of Biosciences, Durham 
University, South Road, Durham DH1 3LE, UK.4The Royal Dick School of Veterinary Studies, University of Edinburgh, Midlothian EH259RG, 
UK. 5 no, Czech Republic. 6Department of Zoology, 

Republic.7Institute of Evolutionary Biology, School of Biological Sciences, University of Edinburgh, Edinburgh, UK.

*a.robinson@ed.ac.uk, 01316519116

Following the emergence of chronic wasting disease (CWD) in Norway there have been 

concerns that the disease may spread within Europe, as has been the case in North America. It 

is therefore important to understand the genetic diversity of European deer species, with 

reference to the prion protein gene (PRNP), which can be used to predict susceptibility to prion 

disease.  

We have performed a comprehensive survey of the PRNP gene sequence of over 1000 British 

deer, including six of the most numerous free-ranging species present in the UK: red, roe, 

fallow, sika, muntjac and Chinese water deer. Samples were taken from existing DNA archives 

or from hunter-collected samples across the UK, the PRNP ORF amplified by PCR and 

sequenced via Sanger sequencing for analysis. 

We have established the common PRNP sequence variants in British deer species, which 

based on comparison with PRNP sequence variants in North American cervids as well as 

experimental challenge data, leads us to conclude that the majority of British species would be 

susceptible to CWD. We identified non-synonymous polymorphisms in red deer at codons 98, 

168, 226 and 247.  We identified significant regional variation in genotype frequencies in red 

deer in seven different UK locations, and compared this with red deer from Norway and the 

Czech Republic. PRNP polymorphisms at P168S and I247L have only been identified in 

Scottish and Czech red deer respectively, and their effects on CWD susceptibility are unknown.  
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Chronic wasting disease risk assessment in Portugal - Genetic 
variability preliminary results and future perspectives. 

Jorge C. Pereira1,4, Nuno Gonçalves-Anjo1, Estela Bastos1, Sara Rocha1, Luís Figueira2, Ana C. Matos2, Carla 
Machado3, João Silva3, Paula Mendonça3, Paulo Carvalho3, Paula Tavares3, Carla Lima3, Anabela Alves4,
Alexandra Esteves4, Maria L. Pinto4, Isabel Pires4, Adelina Gama4, Roberto Sargo4, Filipe Silva4, Fernanda 
Seixas4, Madalena Vieira-Pinto4, Leonor Orge3,4, Maria A. Pires4 

(1) Centre for the Research and Technology of Agro-Environmental and Biological Sciences (CITAB), University of Trás-os-Montes e Alto Douro 
(UTAD), Vila Real, Portugal;
(2) Polytechnic Institute of Castelo Branco (IPCB), Castelo Branco, Portugal
(3) Pathology Laboratory, UEISPSA, National Institute for Agricultural and Veterinary Research (INIAV), I.P., Oeiras and Vairão, Portugal;
(4) Animal and Veterinary Research Centre (CECAV), UTAD, Vila Real, Portugal;

Chronic Wasting Disease (CWD) belongs to the family of Transmissible Spongiform 

Encephalopathies (TSEs), specific to cervids, and characterized by an infectious, misfolding of 

the prion protein (PrPC) into a protease-resistant form (PrPSc). Originated and widespread in the 

North America, the presence of this prion disease is nowadays recognized in 25 states of the 

USA, Canada, South Korea and, in 2016, reached Europe through Norway. Red deer (Cervus 

elaphus), roe deer (Capreolus capreolus) and fallow deer (Dama dama) are three of the cervid 

species found in Portugal. Although there hasn’t been reported any positive case of CWD in 

Portuguese populations, examples of TSEs outbreaks in bovine, sheep and goats together with 

of co-habitation areas between these species, suggest that caution should be taken once 

exposure and contact with prions can occur. The study of susceptibility/resistance of cervids to 

CWD is essential to define its risk of dissemination/development as well as its potential as prion 

reservoir. The estimation of genetic variability in the prion protein (prnp) gene is one of the 

methodologies used to predict that certain populations are less susceptible to infection than 

others. In this way a synergistic collaborative project (Project 029947IC&T 02/SAICT/2017-

SAICT)  was established between the University of Trás-os-Montes and Alto Douro  (UTAD), 

the National Institute for Agricultural and Veterinary Research  (INIAV) and the Polytechnic 

Institute of Castelo Branco (IPCB) with the aim of  evaluating the risk of a potential occurrence 

of CWD in cervid Portuguese populations. Here we present for the first-time preliminary results 

about the genetic variability of CDS region prnp gene in Cervus elaphus and Dama dama

individuals from Portugal. 
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The cellular prion protein fine-tunes the expression of E-cadherin 
through TGF  signaling 

Marjorie Alvarez Mejia1,2, Zaira E. Arellano-Anaya1, Anne Baudry1, Hector Ardila-Osorio1, Edward Malaga-Trillo2,
Benoit Schneider1*

1Université Paris Descartes, INSERM UMR-S 1124, Paris, France
2University Peruvian Cayetano Heredia, Lima, Peru
*Corresponding author: benoit.schneider@parisdescartes.fr Tel. +33 1 42 86 22 09

Cellular prion protein (PrPC) which is well-known for its implication in prion diseases, emerges 

as a key protagonist of stem cell homeostasis and differentiation. Depletion of PrPC in zebrafish 

embryos provokes gastrulation arrest caused by down-regulation of E-cadherin and loss of 

tissue cohesion. The mechanisms by which PrPC controls E-cadherin expression however 

remain enigmatic. 

To address this issue, we exploit the murine 1C11 neuronal stem cell line that can convert into 

serotonergic or noradrenergic neurons. The 1C11 cell line endogenously expresses PrPC at 

comparable levels whatever the differentiation state. Chronic silencing of PrPC in 1C11 cells 

(PrPnull-1C11) was shown to impair neuronal differentiation. As for PrP-depleted zebrafish 

embryos, we show that PrPnull-1C11 cells display reduced level of E-cadherin at mRNA and 

protein levels. Decreased E-cadherin expression in the absence of PrPC is associated with an 

increased expression of N-cadherin. We provide evidence that deregulation of Transforming 

Growth Factor-beta (TGF ) signaling is a the root of E-cadherin/N-Cadherin variation in PrPnull-

cells. We measure a rise in TGF level in the culture medium of PrPnull-1C11 cells vs 1C11 

cells. Conversely, exposure of PrPC-expressing 1C11 cells to exogenous TGF reduces the 

amount of E-cadherin in favor of N-cadherin, thus mimicking the PrPnull situation. Moreover, an 

increased amount of TGF receptor I (TGF -R1) and an excessive coupling of TGF -R1 to its 

downstream effector Smad3 are also recorded in PrPnull-1C11 cells. This study unveils that PrPC

balances the expression of E-cadherin and N-cadherin through TGF signaling, a PrPC role 

possibly critical for neuronal differentiation and morphogenesis. 
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Spheroid cell culture as an innovative model for studies of prion 
infection and cellular prion protein function 

Zdenka Backovska Hanusova1*, Zuzana Fremuntova1, Tibor Mosko1, Radoslav Matej2,3,4, Karel Holada1 

1Institute of Immunology and Microbiology, First Faculty of Medicine, Charles University, Prague, Czech Republic; 2Department of Pathology 
and Molecular Medicine, Thomayer Hospital, Prague, Czech Republic; 3Department of Pathology, First Faculty of Medicine, Charles University 
and General University Hospital in Prague, Prague, Czech Republic; 4Department of Pathology, Third Faculty of Medicine, Charles University 
and University Hospital Kralovske Vinohrady, Prague, Czech Republic.

*Presenting author’s email: zdenka.hanusova@lf1.cuni.cz. 

Prion infection is associated with a conformational transformation of the cellular prion protein to 

its abnormal, partially proteolytically resistant PrPTSE variant. To investigate the physiological 

role as well as the pathogenesis of prions, exponentially growing cell cultures are widely used. 

However, their benefit is limited because of the absence of toxic effect of PrPTSE accumulation 

and different physiology of cells grown in the 2D monolayer compared to tissues in the living 

organism. The aim of this study is to develop a new 3D model of differentiated cells that will 

better simulate common conditions in the nerve tissue. 

For this purpose, a mouse neuronal CAD5 cell line was selected based on its ability to be 

infected with prions and also stimulated to differentiate in vitro by change of culture medium and 

serum withdrawal. Furthermore, the control CAD5KO cell line with a deleted gene encoding the 

cellular prion protein was created using CRISPR/Cas9 genome editing. Cultivation of CAD5 cell 

suspension under constant rocking resulted in formation of spherical multicellular aggregates, 

so-called spheroids. The elimination of serum from the cell culture medium allowed the long-

term cultivation of spheroids for at least six weeks. Concurrent incubation of the cells with an 

infectious brain homogenate enabled subsequent detection of prion infection not only by 

Western blot, but also immunohistochemically on spheroid cross sections.  

Our data indicate that CAD5-derived spheroids represent a valid model that could complement 

other tools generally used in the prion research field. 

The project was supported by GAUK530217, SVV260369 and Progres Q26/LF1. 
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Cellular prion protein transcriptional regulation by tau in Alzheimer’s 
disease 

Laia Lidón1,2,3,4, Cristina Vergara5, Isidre Ferrer3,4,6,7, Félix Hernández3,8, Jesús Ávila3,8, José Antonio del Río1,2,3,4,
Rosalina Gavín1,2,3,4

1 Molecular and Cellular Neurobiotechnology, Institute for Bioengineering of Catalonia (IBEC), Barcelona, Spain.
2 Department of Cell Biology, Physiology and Immunology, University of Barcelona, Barcelona, Spain.
3 Network Centre of Biomedical Research of Neurodegenerative Diseases (CIBERNED), Institute of Health Carlos III, ministry of Economy and 
Competitiveness, Spain.
4 Institute of Neuroscience, University of Barcelona, Barcelona, Spain.
5 ULB Neuroscience Institute (UNI), Faculty of Medicine, Université Libre de Bruxelles, Brussels, Belgium.
6 Department of Pathology and Experimental Therapeutics, University of Barcelona, Barcelona, Spain.
7 Bellvitge Biomedical Research Centre (IDIBELL), Bellvitge University Hospital, Barcelona, Spain.
8 Center of Molecular Biology “Severo Ochoa” (CSIC-UAM), Madrid, Spain.  

Cellular prion protein (PrPC) is the main responsible for prionopathies when it becomes the 

abnormally processed form (PrPSC) and acquires self-aggregation, spreading and infective 

properties [1]. In the other hand, physiological PrPC has protective functions against oxidative 

stress and excitotoxicity in neurons [2]. At initial stages of Alzheimer’s disease (AD) an increase 

on PrPC occurs [3], coinciding with ROS generation and accumulation of misfolded proteins; tau 

and -amyloid [4]. It has been reported that ROS activates PrPC transcription [5, 6]. However, 

the factors that upregulate PrPC in AD are unknown. 

For this reason, we studied the human PrPC gene (PRNP) promoter under three hallmarks of 

AD in order to reveal the molecular mechanism involved in PrPC overexpression. We used -

amyloid, tau protein, and ROS treatments to examine their specific roles in PRNP transcription 

regulation. In addition, we analyzed different transcription factors and signaling pathways 

involved in PRNP transcription control.  

Our results showed PRNP transcriptional activation under tau treatment, independently of -

amyloid and ROS. The overexpression or uptake of non-fibrillar variants of tau protein enhanced 

PRNP activity. Finally, we determined AP-1 to be a transcription factor mediating the effects of 

tau. 

This research was supported by grants from the Spanish Ministry of Science, Innovation and Universities (RTI2018-099773-B-100), the Spanish 
Ministry of Education and Professional Formation (FPU15/02705), the Spanish Prion Network (Prionet Spain, AGL2017-90665-REDT), the 
Generalitat de Catalunya (SGR2017-648), CIBERNED (CNED2018/2) and La Caixa Obra Social Foundation.
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PrPsc-induced PDK1 overactivation promotes production of seedable 
amyloid-beta peptides in prion diseases.
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The occurrence of Alzheimer-like pathology in the brain of some CJD or GSS patients as well as 

individuals with iatrogenic CJD suggest potential interrelationship between prion pathogenesis 

and production and/or deposition of Amyloid-beta (Aß) peptides.  Exploiting prion-infected 

neuronal cells and mice, we show that PrPsc-induced overactivation of the PDK1 kinase and 

downregulation of TACE a-secretase activity shift the amyloid precursor protein APP towards its 

ß-processing and Aß40/42 overproduction. We found that Aß40/42 accumulates mainly as 

monomers but also as trimers and tetramers. To address the role exerted by the overproduced 

Aß on prion pathogenesis, we built an Aß-free prion infected cell system (referred to as PrPsc-

APPnull cells).  The absence of Aß does not alter prion replication in PrPsc-APPnull cells and cell-

based PrPsc inocula free or not of Aß display similar prion infectivities when injected to C57Bl/6J 

mice. We further show that PrPsc is sufficient to promote a rise of Aß monomers and to generate 

Aß multimers in prion-infected mice whatever the presence of Aß in the PrPsc-inocula. With the 

help of APP23 transgenic mice we provide evidence that PrPsc-induced Aß display seedable 

properties as they can deposit in the mouse brain only when seeds of Aß trimers are co-

transmitted with PrPsc. Importantly, we show that brain Aß deposition accelerates death of prion-

infected mice.  Our data indicate that PrPsc, through deregulation of the PDK1/TACE/APP 

pathway, provokes the accumulation of seedable Aß, a prerequisite for Aß deposition induced 

by an exogenous Aß seed and the onset of an Alzheimer-like pathology within a prion infectious 

context. 
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Removal of PrPC-attached glycans favors the propagation and 
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Transmissibility is a requisite for a misfolded protein to be considered a prion. However, prion 

strains with atypical features, such as those responsible for GSS or VPSPr, have been 

historically endorsed with limited capacity of transmitting to other hosts. Interspecies 

transmission of prions is fundamentally modulated by the genotypic resemblance between 

PRNP sequences of donor and host. However, other factors are known to play a key role as 

well, including post-translational glycosylation of PrPC. This work explores the relationship 

between PrPC glycosylation and atypical features by studying the effect of glycan removal on 

the propagation and transmission of non-classical strains. Several human prion isolates were 

subjected to PMCA on a substrate prepared from brains of TgNN6h mice, which express human 

PrPC with point mutations blocking glycosylation sites. Both direct and PMCA-adapted prions 

were later inoculated in TgNN6h and Tg340 mice, and neuropathological hallmarks were 

analyzed. Non-glycosylated human PrPC was able to sustain in vitro propagation of different 

atypical human prions. The expression of this unglycosylated PrPC in mice rendered them 

susceptible to experimental infection with either direct or in vitro-adapted atypical prions, 

including the poorly transmissible GSS A117V strain. Neuropathological features were 

preserved, indicating that bona fide replication of strain properties was achieved. In contrast, the 

GSS 6OPRI isolate could be propagated in both unglycosylated and normally glycosylated 

PrPC-expressing models, which manifested distinct strain features, indicating a possible mixture 

of classical and atypical components. Our results suggest that the abolishment of PrPC

glycosylation facilitates the selective propagation of atypical strains, with maintenance of their 

specific pathobiological properties. 

15

Viability of continuous intracerebral infusion of a tetrapyrrole in mice a 
possible therapy for prion disease 

Nuria López, Sonia Veiga, Jesús R. Requena 

CIMUS Biomedical Research Institute, University of Santiago de Compostela-IDIS

Iron 5,10,15,20-Tetrakis(1-methyl-4-pyridinio)porphyrin tetra (p-toluenesulfonate) (FeTMPyP) is 

a cationic tetrapyrrole that behaves like a chemical chaperone, binding native PrPC, stabilizing 

its conformation and preventing its conversion into PrPSc. This compound inhibits the 

propagation of prions -independently of the strain- in vitro and in cellula; nevertheless, since it 

cannot cross the blood-brain-barrier, its use as a possible anti-prion treatment has been 

dismissed.  

Although a direct intracerebral infusion of a compound could be seen as an invasive route of 

administration, if we consider the fatal prognosis of human prion diseases and the inefficiency of 

the current treatments, this measure could be considered as an alternative and the risk would 

be justified.  

We have assessed the viability and the tolerability of a daily continuous intracerebral 

administration of 16 nmoles of FeTMPyP for 45 days, using Alzet® osmotic minipumps 

implanted in the lateral ventricle in mice; considering a total distribution throughout the brain and 

a clearance in the cerebrospinal fluid, we estimate a constant concentration of 4μM in the 

brain. This concentration which has shown a potent anti-prion activity in cell culture, has been 

well tolerated by all the mice. Additional studies with an even higher dose (36 nmol/day, which 

should result in a FeTMPyP brain concentration of 9μM) are ongoing, also with good 

tolerability at the time of submission of this abstract. 

This study demonstrates the viability of treating mice with a relevant therapeutic dose of

FeTMPyP by intracerebral infusion, and sets the foundations for efficacy studies using murine 

models of prion disease. 
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