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Programme at a Glance

Wednesday, 23 September 2009 

Olympic Hall 1 Olympic Hall 2 

 8:30-9:00 Welcome – Opening ceremony  
 9:00-9:30 Plenary talk:: Dr Charles Weissman  
9:40-11:00 O1. Protein misfolding  9:40-10:55 O2. Diagnostic, Therapeutics  

                      & Decontamination  
11:00-11:30 Coffee break  

11:30-12:50 O1. Protein misfolding 11:30-12:45 O2. Diagnostic, Therapeutics  
                       & Decontamination 

13:00-14:20 Lunch (Meliton Hotel) / Poster Session (Olympic Hall 3)  
 14:30-15:00 Plenary talk:  Dr Thomas Wisniewski  
 15:10-16:30 O3. Other neurodegenerative 

                        proteinopathies  
16:30-17:00 Coffee break  

17:00-18:20 O4. Transmission & Pathogenesis 117:00-18:20 O5. Basic mechanisms of neurodegeneration  
                        & pathology  

 18:20-18:50 Young researchers talks 
18:50-20:30 Poster party (Olympic Hall 3)  

 

 

 

Thursday, 24 September 2009 

Olympic Hall 1 Olympic Hall 2 

 9:00-9:30 Plenary talk: Dr Laura Manuelidis 
10:00-11:00 O5. Basic mechanisms  
                        of neurodegeneration & pathology  

9:30-11:00 O4. Transmission & Pathogenesis 

11:00-11:30 Coffee break  
11:30-12:50 O6. Functions & Cell biology of PrP  11:30-13:00 O7. Genetics 

13:00-14:20 Lunch (Meliton Hotel) / Poster session (Olympic Hall 3)  
 14:30-16:35 O8. IPFA/FABS/LFB session:  

                        Blood safety and prions 
16:35-17:00 Coffee break  

17:00-18:20 O9. Epidemiology & Risk assessment 17:00-18:35 O10. Natural & Experimental strains 
 18:35-19:05 Plenary Talk: Dr Lev G. Goldfarb 
                         Announcement of poster winners 
 19:10-19:40 Anne-Charlotte Panissié 

                        A journey through Greek mythology and  
                        history, the figure of Homer 

20:30 Gala Dinner (Meliton Hotel)  

 

 

 

Friday, 25 September 2009 

Olympic Hall 2 

8:15-9:30 O11. Hot topics 
9:30-10:20 Round table: Sustaining prion research: from past to future 

10:20-10:35 Family session 
10:35-11:45 Poster prize winner presentations 
11:45-12:00 Closing ceremony / Next meeting 
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Heterogeneity of prion populations

Charles Weissmann, Jiali Li, 
Shawn Browning, Sukhvir P. Mahal, Anja Oelschlegel

Department of Infectology, Scripps Florida, USA

Prions strains are classically distinguished by their clinical and histopathological properties.
It is believed that strain specificity is encoded by distinct conformations of PrPSc. Some pri-
on strains are very stable when transmitted across species, while others “mutate” to nov-
el forms. 

The Cell Panel Assay (CPA) allows discrimination between prion strains by virtue of their
capacity to chronically infect some cell lines but not others; it readily distinguishes between
22L, RML, Me7 and 301C strains on a panel of 4 cell lines (Mahal et al., PNAS 104:20908
(2007)). 

We found that swainsonine (swa), an inhibitor of complex glycosylation, prevents infec-
tion of murine neuroblastoma-derived PK1 cells by certain prion strains but not by others.
Prions from 22L-infected brain can infect R33 cells as well as PK1 cells in the presence of
swa, however prions from persistently 22L-infected PK1 (PK1[22L]) cells can do neither. Un-
expectedly, when PK1[22L] cells were grown in the presence of swa, the resulting prions
became fully resistant to the drug. Subsequent prolonged propagation in its absence re-
sulted in a prion population that was again swa-sensitive. Inoculation of mice with swa-
resistant or -sensitive PK1[22L] prions resulted in prions indistinguishable from the original
brain-derived 22L prions. We determined that even prior to exposure to swa about 0.5%
of the prions in PK1[22L] cells were resistant to the drug. This suggests that the 22L prion
population consists of more than one “sub-strain”, and that, depending on the environ-
ment, a different sub-strain is selected as the major constituent. Thus, a “brain-adapted”
prion population would have a majority of sub-strain(s) replicating more rapidly in brain
than in a cell line, while the opposite would be the case for a “cell-adapted” population;
similarly, a swa-resistant sub-strain is selected in the presence of the drug, while in its ab-
sence, swa-susceptible sub-strain(s) outgrow their resistant counterparts.
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What agent strains tell us

Laura Manuelidis

Yale University Medical School, USA

The essential infectious molecules ultimately causing neurodegeneration in CJD and other
TSEs remain unknown. One of the central challenges for any TSE agent hypothesis is to ac-
count for the diversity of agent strains. For public health, it is critical to understand the ba-
sis for cross-species transmissions to predict and prevent their further spread. As with virus-
es, TSE agents can adapt to new species and become more virulent, yet maintain funda-
mentally unique and stable identities, as we will show. To make agent differences manifest,
one must keep the host genotype constant. Many TSE agents have revealed their inde-
pendent identities in normal mice. We transmitted vCJD and primate kuru, a TSE once epi-
demic in New Guinea, to mice expressing normal and ~8-fold higher levels of murine pri-
on protein (PrP). In both cases, levels of murine PrP did not prevent infection, but instead
shortened the incubation time, as would be expected for a viral receptor. Both agents al-
so produced more robust transmissions in wt PrP mice than in humanized PrP mice. Prion
advocates had predicted that primate agents would have poor transmission to species with
non-homologous PrPs. Clearly host factors other than PrP homology determines transmis-
sion susceptibility to specific agents. Sporadic CJD were clearly different from vCJD and ku-
ru in incubation time, clinical signs, brain neuropathology, and lymphoreticular involve-
ment. We also transmitted these and a variety of other TSE agents to simplified monotypic
GT1 cell cultures. Abnormal PrP-res band patterns for each agent changed with GT1 cell
transmission; thus the PrP-res pattern did not encode the stable strain properties. More-
over, in contrast to sporadic CJD isolates, kuru rapidly and stably infected GT1 cells and
hence is not derived from the common sCJD agent. The geographic independence of the
kuru agent provides additional reasons to explore causal environmental pathogens (with
a nucleic acid) in these infectious diseases.
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Therapeutic Approaches for Alzheimer’s and Prion Diseases

Thomas Wisniewski

New York University School of Medicine, USA

Alzheimer’s and prion diseases belong to a category of conformational neurodegenerative
disorders. Treatments capable of arresting or at least effectively modifying the course of
disease do not yet exist for either one of these diseases. Alzheimer’s disease (AD) is the
major cause of dementia in the elderly and has become an ever greater problem with the
aging of Western societies. Unlike AD, prion diseases are relatively rare. Each year only
about 300 people in the USA and about 100 people in the UK succumb to various forms of
prion diseases. Nevertheless these disorders have received great scientific and public in-
terest due to the fact that they can be transmissible among humans and in certain condi-
tions from animals to humans. The emergence of variant Creutzfeld-Jakob disease (vCJD)
demonstrated the transmissibility of the bovine spongiform encephalopathy (BSE) to hu-
mans. Therefore, the spread of BSE across Europe and the recently identified cases in North
America have put a large human population at risk of prion infection. An exciting thera-
peutic strategy for both AD and prion disease is immunomodulation. My laboratory, as well
as other groups, has developed both passive and active immunization approaches for both
these disorders. We report the use of synthetic, immunogenic but non-amyloidogenic pep-
tides homologous to amyloid β for induction of a primarily humoral immune response in
AD transgenic mouse models. This approach is able to dramatically reduced the amyloid
burden, correlating with behavioral benefits, in the absence of any apparent toxicity. For
prion disease, we have pioneered the use of mucosal immunization to prevent the entry
of the infectious agent via the gut. The GI tract is the natural route of infection in many
forms of prion disease. We have shown that in animals with a high IgA and IgG anti-PrP
response to our vaccine, complete protection from prion infection via an oral route is pos-
sible. In addition we have tested numerous anti-PrP antibodies for therapeutic activity in
tissue culture models of prion infection and shown that some of these are effective in vi-
vo to extend the incubation period of prion infection. These approaches, which target ab-
normal protein conformation that is central to the pathogenesis of AD and prion disease,
show great promise as effective, non-toxic therapies.

11Plenary Talks



12 Plenary Talks

In memory of Dr Daniel Carleton Gajdusek (1923 – 2008)

Lev G. Goldfarb

Bethesda, Maryland, USA

Dr. Gajdusek was a pioneer and for 40 years a leading authority in transmissible spongi-
form encephalopathies (TSEs). He was born in Yonkers, NY into a family of recent immi-
grants from Slovakia and Hungary, went to the University of Rochester, then Harvard Med-
ical School and did his residency in Pediatrics at the Children’s Hospital in Boston. He sub-
sequently spent several postdoc years at Caltech working with Linus Pauling and Max
Delbrück, and at Harvard with John Enders. While completing his military service at the
Walter Reed Army Medical School under Joe Smadel in the early 1950s, Dr. Gajdusek was
sent to post-war Germany and later to Iran, Afghanistan, Turkey, Bolivia, Amazonia and
Peru to collect data on epidemics of rabies, plague, hemorrhagic fevers and arbovirus in-
fections. On these trips, he became increasingly fascinated with discovering rare diseases
in little known remote isolated populations. While studying immunology and virology at
the Hall Institute in Melbourne with Macfarlane Burnet, Carleton traveled to investigate
kuru, a deadly disease that by the mid-1950s reached epidemic proportions in Fore people
of New Guinea. Under his direction kuru was experimentally transmitted and became the
prototype of a group of human TSEs. His NIH laboratory also uncovered molecular causes
and underlying pathogenic mechanisms of the TSE disorders and established the fact that
dura mater transplants and the use of contaminated human growth hormone preparations
transmit CJD to human recipients. Several unrelated infectious and neurological disorders
were also successfully investigated, including hemorrhagic fever with renal syndrome, trop-
ical spastic paraparesis, ALS/PD on Guam, other motor neuron disorders in Western Pacif-
ic, spinocerebellar ataxia and Viliuisk encephalomyelitis in Siberia. The amyloid precursor
protein (APP) gene playing a critical role in all forms of Alzheimer’s disease was discovered.
Dr. Gajdusek received his highest recognition in 1976, when he was awarded the Nobel
Prize in physiology or medicine for discoveries of “new mechanisms for the origin and dis-
semination of infectious diseases”. The prize itself he used to set up a trust for the educa-
tion of the Fore people. He was a member of more than 40 academies around the world
and received numerous awards. Carleton had wide interests in classic literature, music, fine
arts, history, ethnography and human development. His early paper “The Making of Mu-
sics for Man” was a study of human learning. He was a very warm and kind man, sensitive
and understanding. Highly demanding of himself, he found ways to forgive failures of oth-
ers, and never lacked for ideas to share. His staff and students were given complete free-
dom and encouraged to progress in their chosen projects and prove their talents. Over the
years, he brought 48 orphaned teenagers from New Guinea and Micronesia to his home
in the U.S. and spent a fortune on their education. Some subsequently returned to their
homeland to offer services at the highest levels of Government and society, others have
become productive U.S. citizens. The world inherited Dr. Gajdusek’s published books, more
than 1000 research papers, and printed multi-volume personal journals of a passionate and
productive scientist, a thinker and generous human being.
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O.1.1
Oxidation of Met residues on PrP: An early
event in prion formation and disease mani-
festation

Tamar Canello1, Silvia Lisa2, Jackob Moskovitz3, Maria
Gasset2, Ruth Gabizon1

1Hadassah University Hospital, Israel; 2Instituto de Química-
Física “ROCASOLANO”, Spain; 3University of Kansas, USA

Background: We have recently shown that PrPSc from all
species exhibits a covalent signature in the form of sulfoxida-
tion of M213. This modification could not be found on brain
PrPC as well as on its recombinant models. Moreover, com-
putational methods indicated that oxidation of Met residues
in helix 3 of PrP, as is the case for Met213, destabilize the
structure of helix 2, which present as beta sheet in PrPSc.

Objectives: To investigate the role of PrP methionine oxida-
tion in prion formation and in prion disease manifestation.

Methods: We used several antibodies which specifically rec-
ognize either oxidized or non oxidized Met residues on PrP,
and tested their activity on wt and mutant recombinant PrP
polypeptides as well as on cell culture systems expressing
PrPC, PrPSc and mutant PrPs. The oxidation status of mutants
and scrapie isoforms of PrP were also tested in cells subjected
to oxidative conditions.

Results: We show here that oxidation of Met 213 is not only
present in “old PrPSc” accumulated in the brains of prion in-
fected subjects, but also in newly formed PrPSc present in cell
lines infected with prions, suggesting that oxidation of Met
residues in PrP may be an early event in prion formation. In
addition, we also show that substitution of glutamate for ly-
sine at position 200, as is the case in the most common form
of genetic prion disease, results in increased sensitivity of he-
lix 3 M residues for oxidation. This could be seen by the spon-
taneous oxidation of recombinant E200K PrP, and most inter-
estingly, by the fact that in CHO cells cultured in the presence
of copper ions, mutant PrP, as opposed to wt PrP, presents in
an oxidized form.

Discussion: Oxidation of Met residues on helix 3 of PrP may
be the key event in the conversion of PrPC to PrPSc. Most in-
terestingly, mutations causing radical charge changes around
helix 3, as is the case for the E for K substitution at codon 200,
may predispose the prion protein to such oxidations, thereby
inducing the appearance of genetic prion diseases.

Invited by the scientific committee

O.1.2
Studies on the interaction of membrane-
bound PrPC with PrPSc

Agnieszka Salwierz1, Eva Birkmann1,2, Detlev Riesner1

Heinrich-Heine Universitaet Duesseldorf, Germany;
2Forschungszentrum Juelich

Background: The conversion of the cellular prion protein
(PrPC) into the disease-associated PrPSc is the primary event
in the course of prion diseases. There are different clues
demonstrating that the conversion process might take place
at the membrane surface. They all are strengthened by the
fact that in vivo PrPC is attached to special plasma membrane
domains, called rafts. This attachment is mediated by the gly-
cosyl phosphatidyl inositol (GPI-) anchor, which is linked post-
translationally to the C-terminus of prion protein. It was also
shown, that PrPC molecules form intermolecular beta-sheets
structures when inserted in to the membrane (1).

Objectives: We studied the interaction of the membrane-an-
chored PrPC with PrPSc in order to identify the site of the fi-
nal interaction of PrPC and PrPSc.

Methods: Posttranslationally modified PrPC was purified from
transgenic CHO-cells (2, 3) and the interaction processes be-
tween membrane-bound PrPC and invading PrPSc particles
were studied by surface plasmon resonance (SPR) technique
applied in the Biacore instrument. Different types of aggre-
gates were used including non-infectious amorphous aggre-
gates, infectious particles selectively purified by NaPTA pre-
cipitation method (4) and prion rods.

Results: At first a saturation of the rafts-like lipid bilayer with
CHO-PrPC was established. Onto this PrPC-covered membrane
a third component in form of different types of aggregates
was exogenously added and the resulting interaction was ob-
served. We could demonstrate a specific binding of prion par-
ticles to the PrPC-covered membrane and conclude that the
first step of PrP conversion occurs when PrPSc meets PrPC on
the membrane.

References

(1) Elfrink, K. et al. (2008) PNAS 31, 10815-10819

(2) Blochberger, T.C. et al. (1997) Prot. Eng. 10, 1465-1473

(3) Elfrink, K. Riesner, D. (2004) ed. by S. Lehmann and J. Gras-
si (Birkhaeuser Verlag Basel), 4-15

(4) Safar, J. et al. (1998) Nat. Med. 10, 1157-1165

Selected by the scientific committee from the submitted abstracts
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O.1.3
Structural intolerance of PrP α-fold for He-
lix-3 methionine oxidation: the link of theo-
ry and experiment

María Gasset

IQFR-CSIC, Spain

Background: Many lines of evidence support PrPSc as the on-
ly essential component of the prion. PrPSc differs structurally
from its physiological form, PrPC, in the C-terminal domain.
This difference consists in a drastic conformational change and
the non quantitative irreversible sulfoxidation of conserved
methionine side chains. In the absence of a pre-existing tem-
plate that would assist the change, the involvement of a co-
valent modification, transient or irreversible and affecting ei-
ther all or a minor subset of molecules, as a covalent trigger
was postulated and never discarded.

Objectives: To test whether methionine sulfoxidation could
play any regulatory role in the multi-step structural transition,
we have analyzed the impact of this covalent modification on
the conformation, stability and aggregation propensity of PrP
α-fold.

Methods: Computational studies (molecular dynamics simu-
lation, essential dynamics, correlated motions and signal prop-
agation analysis) has been used to address the structural im-
pact of sulfoxidation of the conserved Helix-3 methionines on
the HuPrP(121-229) α-fold, both with sulfur-to-sulfoxide re-
placement and with oxidation-mimicking mutations. Confor-
mational, stability and aggregation propensity of PrP chains
containing the oxidation-like mutations was studied using a
combination of biophysical and biochemical tools.

Results: Computational studies show that the substitution of
any of the conserved Helix-3 methionines (M206 and M213,
singly or in combination) by their sulfoxides or by serines im-
pacts on the α-fold stability allowing a structural flexibility
that can facilitate the pathway of pathogenic conversion. Mu-
tation of helix-3 methionines in HaPrP(23-232) causes an α-
fold structural intolerance that is accompanied by an en-
hancement in the aggregation tendency. The formed aggre-
gates display amyloid staining properties, shapes compatible
with annular protofibrils arrangements and proteinase K re-
sistance properties reminiscent of PrPSc. 

Discussion: The sulfoxidation of Helix-3 methionines emerges
as the molecular switch for the α-fold destabilization required
for the productive pathogenic conversion.

Selected by the scientific committee from the submitted abstracts

O.1.4
Partial unfolding of the prion protein: early
steps on the Path to Misfolding

Will Guest1, Li Li1, Olivier Julien2, Subhrangsu Chatter-
jee2, Brian Sykes2, Wenquan Zou3, Steven Plotkin1, Neil
Cashman1

1University of British Columbia, Canada, 2University of Al-
berta, Canada, 3Case Western Reserve University, USA

Background: It is hypothesized that certain regions of PrPC
must transiently lose structure to enable it to undergo mis-
folding to PrPSc. Molecules that selectively bind these regions
when unfolded may interrupt the conversion process and are
therapeutic candidates for prion disease.

Objectives: We determined regions of PrPC with a small en-
ergy barrier to unfolding that are likely to lose structure ear-
ly in prion conversion. Antibodies capable of recognising these
regions in the unfolded state were prepared as inhibitors of
conversion.

Methods: The free energy of unfolding for all subsequences
of the prion protein in the folded domain were calculated
from all-atom molecular dynamics simulations, continuum
electrostatic models of solvation with a locally varying dielec-
tric constant, and analytic descriptions of configurational en-
tropy effects. These calculations were performed for all species
and mutants of prion protein with available structure data and
were used to predict regions of instability in the protein, as
well as secondary unfolding events enabled by loss of struc-
ture in unstable domains. Urea denaturation NMR studies of
bovine prion protein experimentally identified unstable re-
gions as well. Protease sensitivity experiments determined if
these regions were exposed in the misfolded conformation.

Results: The unfolding free energy calculations identified five
parts of PrPC with reduced stability: the first B strand, part of
A helix 1, the loops between B strand 2 and A helix 2, the loop
between A helix 2 and A helix 3, and the C-terminus. Urea de-
naturation NMR spectroscopy confirmed the instability of the
first B strand. Protease sensitivity data indicate that parts of
three of these regions are exposed in PrPSc. Studies of un-
folding-specific antibodies to inhibit misfolding and selective-
ly label PrPSc are ongoing.

Discussion: A detailed understanding of the unfolding of PrPC
elucidates early events in the prion conversion pathway. This
work suggests a new immunotherapeutic strategy for prion
disease.

Selected by the scientific committee from the submitted abstracts
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O.1.5
SAXS analysis of PrPSc and oligomeric re-
combinant mouse PrP(89-230)

Federico Benetti1, Heinz Amenitsch2,3, Matthijn Vos4, Adri-
ana Ramos5, Peter Peters6, Giuseppe Legname1,3, Jesús Re-
quena5

1Scuola Internazionale Superiore di Studi Avanzati, Italy; 2Aus-
trian Academy of Sciences, Austria; 3ELETTRA Laboratory,
Sincrotrone Trieste S.C.p.A, Italy; 4The FEI Company, Nether-
lands; 5University of Santiago de Compostela, Spain; 6Nether-
lands Cancer Institute, Netherlands

Background: Despite continued incremental advances, the
structure of PrPSc continues to be largely unknown, which
prevents an understanding of prion transmission, strains, and
transmission barriers at the molecular level.

Objectives: We used small angle X-ray scattering (SAXS) to
probe the structure of PrPSc and recombinant PrP oligomers
generated in the presence of transition metal ions.

Methods: PrP27-30 fibers were isolated from scrapie-infected
Syrian hamsters; recombinant mouse PrP (recMoPrP) oligomers
were formed by incubation of recMoPrP(89-230) at a concen-
tration of 2 mg/mL and in the presence of copper, zinc and
manganese. The various protein solutions were analyzed us-
ing a capillary sample holder kept at 25°C; PrP27-30 fibers
were also imaged by cryo-electron micrsocopy after plunge-
freezing, on a Titan electron microscope and by negative-stain
transmission electron microscopy.

Results and Discussion: PrP27-30 appears, under the cryo-EM
quasi-native conditions, as twisted 10-14 nm wide fibers com-
posed of two ~5 nm wide individual fibrils. SAXS scattering
patterns of good quality were obtained. Data were best fitted
to a three-term model consisting of interacting polydisperse
cylinders, with a radius of 5 nm and a cylinder to cylinder dis-
tance of 10.6 ± 2 nm. The distance distribution function cal-
culated from the scattering patterns for oligomeric recMoPrP
showed a maximum at 10 nm, which was interpreted as the
cross sectional diameter of a longer cylindrical structure. SAXS
analysis reveals that PrP27-30 in aqueous suspension consists
of cylindrical structures with a radius of 5 nm, in excellent
agreement with cryo-EM images. These fibers are composed
of two twisted or intertwined parallel protofibrils, each ~5 nm
wide. Small aggregates of recMoPrP generated in the presence
of transition metal ions, representing the first intermediates
in the process of recPrP fibril formation, also display a ten-
dency to pair in 10 nm-wide structures, conceivably a way to
bury hydrophobic regions away from the aqueous solvent. Of
note, the diameter of individual recPrP molecules is 5 nm,
which strongly suggests that each of the two individual
protofibrils in PrP27-30 is a single stack of PrPSc subunits.

Selected by the scientific committee from the submitted abstracts

O.1.6
The PrP-like Shadoo protein converts to
amyloid at neutral pH

Nathalie Daude1, Vivian Ng2, Joel Watts3, Sacha Genovesi1,
Serene Wohlgemuth1, Jean-Paul Glaves1, Howard Young1,
Gerold Schmitt-Ulms2, Joanne Mclaurin2, Paul E. Fraser2,
David Westaway1

1University of Alberta, Canada; 2University of Toronto, Cana-
da; 3University of San Francisco, USA

Background: In prion infections cellular prion protein (PrPC)
is refolded into an infectivity-associated form (PrPSc). The re-
lated Shadoo protein (Sho) has sequence homology to PrPC
and is also expressed in the adult central nervous system as a
GPI-anchored glycoprotein. Wild type mouse Sho consists of
an Arg-rich basic region encompassing up to six tetra-repeats,
a hydrophobic central domain of tandem Ala/Gly AAAG amino
acid repeats with similarity to the containing AGAAAGA palin-
drome of PrPC, and a short C-terminal domain containing one
N-linked carbohydrate.

Objectives: Guided by the propensity of alanine-rich proteins
and mutant PrPs with shortened C-terminal domains to form
amyloid, we investigated the conformational properties of
Sho.

Methods: Amyloid-like characteristics were revealed by
Thioflavin binding, formation of fibrillar structures by electron
microscopy and accumulation of SDS-resistant complexes in
semi-denaturing gel electrophoresis. Fibrils formed in vitro ex-
hibited Congo Red birefringence.

Results: Full-length recombinant wt murine Sho(25-122) con-
verted from random-coil to a β-sheet enriched conformation
in a variety neutral pH buffers, and without recourse to prior
chemical denaturation. A similar propensity was apparent for
four allelic forms of ovine Sho In mammalian cells the GPI-
linked Sho protein is associated with cholesterol-rich rafts,
with a fraction of the full-length molecules and an N-terminal
fragment released from the cell surface. Wild type Sho pro-
tein is more sensitive to proteinase K than PrPC and exhibits
a shorter half-life in N2a neuroblastoma cells.

Discussion: Although wt Sho is predicted to form a helical hy-
drophobic domain, recombinant Sho is unstructured and con-
verts to an amyloid like form. We infer that the latent propen-
sity of wt Sho to form amyloid is offset in healthy neurons by
rapid turnover and presence of a GPI-anchor.

Selected by the scientific committee from the submitted abstracts
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O.1.7
Conformational dynamic of the PrP minimal
domain involved in the oligomerization
process

Human Rezaei1, Stephanie Prigent1, Nesrine Chakroun2,
Celine Chapuis1, Cecile Dreiss2, Franca Fraternali2

1INRA, France; 2King’s College, UK

Prion diseases are deadly neurodegenerative diseases affect-
ing human and mammalian species. According to the ‘protein-
only’ hypothesis, the key event in the pathogenesis is the con-
version of the α-helix-rich monomer (PrPc) into a β-sheet-rich
pathogenic conformer in a polymeric state (PrPsc).

We have used a range of biophysical techniques in combina-
tion with Molecular Dynamics simulations (MD) to elucidate
the molecular mechanisms of PrPc unfolding and PrPc/PrPsc
conversion. Under well established conditions, three β-sheet-
rich soluble oligomers were generated from the partial un-
folding of the monomer, which form in parallel rather than in
one sequential process. Single mutations were also performed,
which affected dramatically and selectively the PrP protein
oligomerization pathway. We have now identified the mini-
mal region of PrP that leads to the same oligomerization pro-
file as the full-length protein, namely, H2H3. We also demon-
strate a stereo-selectivity of H2H3 during the polymerization
process.

The existence of at least three distinct oligomerization path-
ways and the effect of single mutations reveal the conforma-
tional diversity of PrP and a possible relationship with prion
strain phenomena. The identification of domains involved in
the conversion process may lead to a better understanding of
the effect of mutations or gene polymorphism on the evolu-
tion of prion pathology.

Selected by the scientific committee from the submitted abstracts

O.1.8
Nuclear trafficking of STI1, a prion binding
protein, induced by SUMOylation

Fabiana Caetano1,4, Iaci Soares1, Grace Pereira1, Marilene
Lopes2, Nicolle Queiroz2, Stephen Ferguson3, Vania Pra-
do1,3, Vilma Martins2; Marco Prado1,3

1Universidade Federal de Minas Gerais, Brazil; 2Ludwig In-
stitute for Cancer Research, Sao Paulo, Brazil; 3University of
Western Ontario, Canada

Background: The Stress Inducible Protein 1 (STI1) is a specific
ligand for the Prion protein (PrPC) and this interaction pro-
motes neuroprotection and neuritogenesis through different
signalling pathways. STI1 is secreted by astrocytes suggesting
that this protein acts as a soluble neurotrophic-like factor
through its interaction with PrPC at the neuron surface.

Objective: In order to understand possible physiological func-
tions of STI1 and eventually PrPC, we used a yeast two hybrid
assay to identify STI1 ligands.

Results and Discussion: We performed two screens using a
human or a murine brain cDNA libraries respectively and the
N-terminus region of STI1, comprising the interaction site for
PrPC, as bait. Amongst the various clones isolated that inter-
acted with STI1, we identified several involved with the post-
translational pathway for protein SUMOylation, including sev-
eral E3 ligases (distinct PIAS and also PC2) and the E2 ligase
UBC9. We confirm the interaction between STI1 and the all
the above proteins in mammalian cells through co-immuno-
precipitation assays. We found in cells expressing CFP-SUMO
and STI1-HA that a large fraction of immunoprecipitated STI1
is SUMOylated and by using an in vitro assay with recombi-
nant Ubc9 we also found that STI1 is SUMOylated preferen-
tially by SUMO2/3. These SUMOylation assays revealed that
PIAS1 enhanced the incorporation of SUMO onto STI1, indi-
cating that PIAS1 acts as an E3 ligase for STI1 SUMOylation.
In agreement with these data, STI1 was able to co-immuno-
precipitate PIAS1 specifically in HEK-293 co-transfected cells.
To test for a possible role of SUMOylation we studied STI1 lo-
calization after overexpression of SUMO and PIAS1. Interest-
ingly, co-expression of STI1 and SUMO3 or SUMO1 and the
SUMO E3 ligases PIAS1 and PIASy increased the localization
of STI1 in the nucleus detected both by confocal microscopy
and sub-cellular fractionation.Future experiments will address
the role of SUMOylation in STI1 physiology, its interaction
with PrPC and signalling functions. 

Support: PrioNet-Canada, FAPESP, CAPES, CNPq and Howard
Hughes Medical institute
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O.2.1
Clinical diagnosis of CJD: are there predictors
of treatment response?

Inga Zerr

National TSE Reference Center, Göttingen, Germany

The progress in understanding disease pathology and phe-
nomenology in prion disorders and recent advances in diag-
nostic techniques might allow researchers to think about ther-
apeutic trials in CJD patients. Some attempts have been made
in the past. Drugs tested involved a variety of compounds,
which belong to antimicrobial, anti-inflammatory or analgesic
substance classes. Most papers on this subject describe single
case reports. Controlled trials are virtually not available and
double-blinded studies have been performed for single com-
pounds only. Despite it has been demonstrated that clinical
trials are feasible, the clinicians might face several specific
problems when evaluating the efficacy of the drug in CJD,
such as rareness of the disease, lack of appropriate preclinical
test and heterogeneous clinical presentation in humans. These
problems have to be carefully addressed in future trials by ap-
propriate design. Currently, the clinical diagnosis of CJD is sup-
ported by cerebrospinal fluid tests and brain MRI imaging.
Both techniques might be helpful to identify patients at ear-
ly stages and potentially define subgroups in treatment re-
sponse. An overview on advances in clinical diagnosis in hu-
mans, recent clinical trials and observational data on doxycy-
clin in CJD will be given.

Invited by the scientific committee

O.2.2
vCJD infection in an asymptomatic UK
haemophilic patient

Alexander Peden1, Graham Fairfoul1, Suzanne Lowrie1,
Linda McCardle1, Mark Head1, Seth Love2, Hester Ward1,
Simon Cousens3, David Keeling4, Carolyn Millar5, FGH
Hill6, James Ironside1

1University of Edinburgh, UK; 2Frenchay Hospital, Bristol,
UK; 3London School of Hygiene and Tropical Medicine, UK;
4Churchill Hospital, Oxford, UK; 5Imperial College London,
UK; 6Birmingham Children’s Hospital, Birmingham, UK

We describe a study of 17 UK patients with haemophilia con-
sidered to be at increased risk of vCJD through exposure to
UK plasma products.

10 autopsy cases and 7 biopsy cases were analysed for dis-
ease-associated, protease-resistant prion protein (PrPres). The
tissues available from each case were variable, ranging from
a single biopsy sample to a wide range of autopsy tissues. A
single specimen from the spleen of one autopsy case gave a
strong positive result on repeated testing for PrPres by West-
ern blot analysis. This tissue came from a 73 year-old male
with no history of neurological disease, who was heterozy-
gous (methionine/valine) at codon 129 in the prion protein
gene. He had received over 9,000 units of Factor VIII concen-
trate prepared from plasma pools known to include donations
from a vCJD-infected donor, and some 400,000 units not
known to include donations from vCJD-infected donors. He
had also received 14 units of red blood cells and had under-
gone several surgical and invasive endoscopic procedures. Es-
timates of the relative risks of exposure though diet, surgery,
endoscopy, blood transfusion and receipt of UK plasma prod-
ucts suggest that by far the most likely route of infection was
receipt of UK plasma products.

Invited by the scientific committee
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O.2.3
Detection of prion particles in body fluids of
humans and animals

Detlev Riesner

Institut für Physikalische Biologie, Heinrich-Heine-
Universität Düsseldorf, Germany

A major structural difference between the cellular isoform of
the prion protein PrPC and the pathogenic isoform PrPSc is the
much higher state of molecular aggregation of PrPSc. PK-re-
sistance as normally used for PrPSc-characterization is not re-
liably valid for all species, strains and sources of prions. The
method of suface-FIDA (fluorescence-intensity distribution
analysis) was developed avoiding PK-digestion and detecting
specifically disease related PrP-aggregates (Birkmann et al
2007, J. Vet. Microbiol 123, 294-304). After partial purification
PrP-aggregates are bound to a chip covered with the capture-
antibody SAF32, labeled with two types of antibodies against
two different epitopes and carrying two different fluorescent
dyes. A dual-color laser beam is scanning the chip surface, and
the fluorescence signals are evaluated in respect to local co-
incidence, intensities and particle size. The method was ap-
plied to brain homogenate of sCJD-victims (post mortem), to
CSF-samples of BSE-afflicted cattle (ante mortem) and blood
plasma of scrapie sheep (ante mortem). Particles of PrP-ag-
gregates could be detected in all samples, exhibiting a diam-
eter range of 300 nm (optical resolution) to 1μm. PrP-aggre-
gates were detected with 100% sensitivity in the sCJD-brain
homogenate samples; studies on CSF are ongoing. PrP-aggre-
gates were detected in CSF of BSE-cattle, but the number of
samples was too little to evaluate the sensitivity. Only one an-
tibody was available to detect scrapie-PrP-aggregates from
blood plasma; the sensitivity of 60% will be improved in the
ongoing experiments with a second antibody. PrP-aggregates
can be used as seeds for fibril formation with recombinant PrP
as template (Stöhr et al., 2008, PNAS 105, 2409-14). This sys-
tem will be used as amplification of the particle detection
method.

Invited by the scientific committee

O.2.4
Detection of prions in blood leucocytes

Linda A. Terry, Laurence Howells, Jeremy Hawthorn, Sal-
ly Everest, Sarah Jo Moore, Jane C. Edwards

Veterinary Laboratories Agency, UK

Background: Infected human blood has been implicated in
the iatrogenic transmission of vCJD in four reported cases. Ex-
perimental transmission studies have demonstrated that blood
from scrapie and BSE infected sheep also contains infectivity.
Rodent models of prion disease implicated both cellular and
plasma fractions. However, direct detection of PrPsc from
blood in the absence of in vitro amplification or bioassay has
proved difficult. Methods for the direct detection of PrPsc in
blood would be advantageous for the study of the patho-
genesis of TSEs and as a basis for a blood test.

Objectives: To develop a method for the direct detection of
PrPsc in blood cells from scrapie and BSE infected sheep; to
study the temporal distribution of PrPsc in blood and to de-
termine the identity of the cells bearing prions in blood.

Methods: Peripheral blood mononuclear cells (PBMC) were
isolated from sheep naturally infected with scrapie or experi-
mentally infected with BSE at the clinical stage of disease and
from scrapie infected sheep from 3 months of age through to
clinical end-point. PBMCs were tested for PrPsc content by a
direct immunoassay based on the IDEXX CWD HerdChek kit.
Different subsets of PBMCs were isolated by subset specific
cell surface markers and magnetic bead separation and
analysed for PrPsc content.

Results: PrPSc was detected in 54% of sheep with clinical
scrapie and 71% of sheep with clinical BSE. A longitudinal
study of the temporal distribution of blood PBMC associated
PrPsc showed that the detection rate increases during the
course of disease and is more likely to be observed during the
second half of the incubation period. Additionally detection
is more likely in scrapie infected sheep if they carry the PRNP
genotype of VRQ/VRQ. Cell separation studies showed that
the PrPsc is associated with a specific cell subset implicating a
subset of B lymphocytes.

Discussion. This is the first report of the direct detection of
PrPsc in cells isolated from sheep blood in the absence of in
vitro amplification or bioassay. Since PrPsc can be detected
from as early as 3 months of age in sheep naturally infected
with scrapie, correlating with initial replication in the gut-as-
sociated lymphoid tissue, the assay could be the basis of a pre-
clinical test. The identification of the cell subset carrying PrP-
sc progresses our understanding of the pathogenesis of the
disease. However, it remains unclear whether this cell subset
is responsible for the dissemination of prions or in clearance
of circulating PrPsc. Funded by defra, UK and IDEXX.
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O.2.5
Decontamination of prion infected metal sur-
 faces employing the photo-Fenton reagent

Chrysanthi Berberidou, Konstantinos Xanthopoulos, Eleni
Paulidou, Eleni Polyzoidou, Thanasis Lourbopoulos, Ioan-
nis Poulios, Theodoros Sklaviadis

Aristotle University of Thessaloniki, Greece

Background: Transmission of iCJD due to ineffective decont-
amination constitutes a public-health risk for surgical patients
and hospital laboratory personnel. Current protocols are, in
many cases, hazardous to equipment, operators and the en-
vironment thus, pointing out the need for new methods of
routine reprocessing of surgical instruments.

Objectives: The aim of this study is the evaluation of a user-,
instrument- and environmentally friendly, yet drastic photo-
catalytic process, mediated by the photo-Fenton reagent, re-
garding its ability to decontaminate prion infected metal sur-
faces. 

Methods: Stainless steel and titanium wires, incubated with
hamster brain homogenates infected with the 263K prion
strain, were treated with the photo-Fenton reagent
(Fe3+/H2O2/UV-A). Immunoblotting has been performed to
evaluate the potential of the photocatalytic oxidation to de-
grade PrP. A Scanning Electron Microscope (SEM) has been
used to assess the removal of adsorbed organic contaminants.
Fluorescence Miscoscopy has been employed to monitor the
removal of protein contamination from the wires’ surface.
Groups of golden Syrian hamsters have been implanted i.c.
with both types of wires, to evaluate the efficacy of this treat-
ment in vivo.

Results: Immunoblotting of PrP eluted from the surface of
both types of wires, after photocatalytic oxidation, showed
rapid degradation of prions bound on metal surfaces. SEM im-
ages of wires treated at different time points, suggest that
elimination of all organic contaminants requires longer treat-
ment times. Fluorescence Microscopy indicated that removal
of protein contamination requires similar treatment times. The
ongoing bioassay will assess the efficiency of the photocat-
alytic process in vivo.

Discussion: Photo-Fenton could be a powerful tool for disin-
fection. The use of a low-cost catalytic system, combined with
the simplicity of the necessary equipment, can offer alterna-
tive, economically reasonable, user- and environmentally
friendly solutions to the decontamination of non-disposable
surgical instruments.

Selected by the scientific committee from the submitted abstracts

O.2.6
Human urine and PrP 

Silvio Notari1*, Liuting Qing1*, Ayuna Dagdanova1*, Sergei
Ilchenko1, Mark E. Obrenovich1, Wen-Quan Zou1, Maur-
izio Pocchiari2, Pierluigi Gambetti1, Qingzhong Kong1, Shu
G. Chen1

1Case Western Reserve University, USA; 2Istituto Superiore di
Sanità, Italy

Background: The presence and the characteristics of prion
protein (PrP) in human urine under normal conditions are con-
troversial. Similarly, there are no definite data on the presence
of infectivity in urine in the course of naturally occurring hu-
man prion diseases. 

Objectives: 1) To definitely determine the presence and char-
acteristics of PrPC in normal urine. 2) To evaluate the prion in-
fectivity in human urine in sporadic Creutzfeldt-Jakob disease
(sCJD), we have carried out a set of bioassays in humanized
transgenic mouse with urine samples collected from sCJD sub-
jects. 

Methods: 1) Advanced mass spectrometry and experimental
treatments have been used to demonstrate the presence, pri-
mary structure and posttranslational modifications of purified
urinary PrPC (uPrP). 2) Bioassays were performed by intrac-
erebral inoculation of 100 times concentrated and dialyzed
urine, collected from three sCJD-MM1 cases to humanized
transgenic mice and from appropriate controls. 

Results: We found that human urine contains significant
amount of PrP (approximately 10 ng/ml) that is truncated with
the major N-terminus at residue 112 as the PrPC fragment
identified as C1, and it carries an anchor, which is soluble be-
cause likely lacks the phosholipid component. None of the hu-
manized transgenic mice inoculated with sCJD concentrated
urine had evidence of prion disease during a period of over
700 days (their normal life expectancy) leading to the conclu-
sion that prion infectivity in sCJD urine, if present, must be
less than 6 infectious units/100ml. 

Discussion: The issues raised in the discussion will include: 1)
The origin of the truncated uPrP; 2) How the present data
compare with the experimental studies published to date that
indicate presence of infectivity; 3) The practical implications
of our findings.

* These authors contributed equally
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O.2.7
Rational design of anti-prion compounds
targeting the PrP* characteristic sites

Kazuo Kuwata, Tsutomu Kimura, Yuji O. Kamatari, Jun-
ji Hosokawa-Muto, Keiichi Yamaguchi, Takeshi Ishikawa,
Takakazu Ishikura, Norifumi Yamamoto, Yumiko Okuda

Center for Emerging Infectious Diseases, Gifu University,
Japan

Background: Conformational conversion of the cellular form
of prion protein (PrPC) to a scrapie form (PrPSc) plays a cen-
tral role in the pathogenesis of prion diseases. Recently we
created lots of synthetic compounds which can specifically
bind with PrPC and interfere with the PrPSc production. How-
ever we found that their chemical structures are quite di-
versed. 

Objectives: Objectives are to understand their precise in-
hibitory mechanism and to further optimise their chemical
structures rationally.

Methods: The chemical shift alterations upon PrP* formation
have been observed using the liquid state NMR to identify the
specific sites involved in the pathogenic conversion reaction.
We have also developed a unique software, in which quan-
tum and classical simulations are included, and applied it for
the rational design of anti-prion compounds targeting these
characteristic sites.

Results: The regions extended from C-terminal of the helix B
to central part of helix C have exhibited the unusual chemical
shifts alterations, suggesting the PrP* formation. According
to the simulated results based on these observations, we have
designed and synthesized a series of compounds, which
showed the strong anti-prion activity, and identified the com-
mon scaffolds among them. 

Discussion: Intriguingly, the amplitude of chemical shift per-
turbations upon binding with these anti-prion compounds
have dramatically increased upon decrease of IC50 of com-
pounds, indicating the local stability of the prion-ligand in-
teraction sites is crucial for their inhibitory action. Application
of these findings may well lead to the way for the develop-
ment of therapeutics for prion diseases.

Selected by the scientific committee from the submitted abstracts

O.2.8
A PrPSc specific peptide derived from an an-
tibody against PrPC/Sc

Andreas Mueller-Schiffmann1, Max Michel1, Benjamin
Petsch2, Lothar Stitz2, Carsten Korth1

1University of Duesseldorf, Germany; 2Friedrich Löffler Insti-
tute, Tuebingen, Germany

Background: The prion protein, PrP, exists in several stable
conformations, with the presence of one conformation, PrP-
Sc, associated with transmissible neurodegenerative diseases.
PrPSc is the most obvious target for diagnostics and therapy
of prion disesases and while several PrPSc-specific ligands have
been reported, so far, for immunotherapy targeting PrPC
rather than PrPSc seemed promising.

Objectives: We intended to define the smallest functional an-
tibody fragment of an antiprion active monoclonal antibody.

Methods: A single chain variable fragment (scFv) was cloned
from hybridoma (W226) cells secreting a universal anti-PrP
mAB recognizing helix 1. In addition, we derived a peptide
from scFvW226 consisting of the CDR3 of the heavy chain
(CDR3H), which was weakly reactive to recombinant PrP in
ELISA. The antibody fragments were analyzed regarding their
binding to PrP and antiprion activity.

Results: scFvW226 exhibited strong binding to both PrPC and
PrPSc and was antiprion active with an EC50 in the low
nanomolar range as confirmed by bioassay (scFvW226; Müller-
Schiffmann et al., 2009, Mol. Immunol. 46: 532). Surprisingly,
CDR3H selectively precipitated PrPSc from brain homogenates
of scrapie infected mice but not from normal mice. However,
CDR3H had lost antiprion activity. A retro inverso D-peptide
(riCDR3H), mimicking side chain topology of CDR3H while ex-
hibiting increased protease resistance, exhibited also PrPSc-
specific binding and reinstated antiprion activitiy. The 16
amino acid PrPSc-specific peptide was cloned behind an Ig-
kappa secretion signal as an EGFP fusion protein to enable live
in vivo PrPSc tracking; first results will be reported.

Discussion: To our knowledge riCDR3H is the first PrPSc-spe-
cific ligand with antiprion activity demonstrating that PrPSc
remains a valid therapeutic target. We believe that this
unique, non-PrP derived PrPSc-specific peptide will also be able
to replace current PrPSc-specific mABs in prion diagnostic
tests.
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O.2.9
N-Terminal amino acid profiling (N-TAAP)
shows unexpected and distinct differences
between PrPres from atypical and classical
scrapie

Adriana Gielbert, Mark Arnold, Peter Griffiths, John
Spiropoulos, Maurice Sauer

Veterinary Laboratories Agency, UK

Background: Differences in prion protein misfolding between
TSE strains can be demonstrated by biochemical analysis of
differential sensitivity to proteinase K (PK). LC-MS based meth-
ods (N-TAAP) have enabled detection of the exact PK cleav-
age sites of PrPSc and their proportions and revealed subtle
differences not identified by Western blotting [1]. We describe
substantial sensitivity and resolution enhancements of N-TAAP
facilitated by chip-nano LC-MS which better enable differen-
tial diagnosis.

Objectives: To evaluate differences in PrPSc misfolding be-
tween atypical and classical scrapie from sheep by N-TAAP and
compare BSE and CH1641. To investigate the impact of fine-
tuning of PK digestion conditions on strain differentiation. 

Methods: Brain homogenates were prepared from terminal
TSE affected animals (atypical and classical scrapie [ovinised
mouse model Tg338] and experimental TSEs in sheep), PK di-
gested, precipitated and trypsin digested under denaturing
conditions. Peptide analysis by full scan MS identified several
previously undetected PrPSc cleavage sites. A total of 13 PK
cleavage sites were investigated by N-TAAP using chip-Nano-
LC-MS. 

Results: PrPres from atypical and classical scrapie samples
showed not only the anticipated differences in abundance of
core PrPSc tryptic peptides but also unexpected differences in
PK sensitivity in the octarepeat region. N-TAAP revealed that
short PK incubation times best enabled differentiation be-
tween BSE and CH1641.

Discussion: The N-TAAP procedure enabled high resolution
and sensitive determination of major and minor PK cleavage
points providing a basis for diagnosis and discrimination of all
strains tested. The diversity of PK site profiles emphasises the
variety of misfolded conformations that PrP can adopt. This
high resolution profiling of the PK cleavage sites provides a
powerful tool for detailed study of TSE type related differ-
ences in PrPSc structure.

[1] Gielbert et al., J. Mass Spectrom. 44 (2009) 384
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O.3.1
Novel therapeutic approaches in Alzheimer‘s
disease 

Konrad Beyreuther

Network Aging Research and ZMBH; University Heidelberg,
Germany

My believe is that neurodegenerative diseases such as
Alzheimer‘s (AD), Parkinson‘s and Prion disease will be found
to share important fundamental mechanisms and that their
treatment certainly involves common scientific approaches.
For AD, focusing on Aß peptides and tau, the principal com-
ponents of amyloid plaques and neurofibrillary tangles, re-
spectively, has helped to identify early diagnostic markers. This
will eventually enable us to treat patients before irreversible
neurological damage has occurred. Successful treatments for
a multifactorial disease such as AD will require multiple drugs
affecting different pathways and should be devised to target
the more tractable “therapeutic window” at an early stage
during disease evolution. Such a combinatorial treatment
could be based on neurotransmitter modulators addressing
APP processing and tau phosporylation, protease and aggre-
gation inhibitors as well as stimulators of protein degradation,
passive or active vaccination against Aß and tau, cholesterol
lowering and metal chelating strategies, modulation of the
regulation of protein folding, metabolism and degradation,
treatment with anti-inflammatory agents, scavengers of free
radicals, polyunsaturated omega-3 fatty acids such as do-
cosahexaenoic acid (DHA), and treatment with stabilizers of
mitochondria such as dimebon. With the establishment of
mouse models for AD pathology it became possible to demon-
strate attenuation of Aß deposition for these strategies but al-
so for exercise, rich environment, stress reduction, micronu-
trients such as DHA, caffeine, curcuma, and anti-oxidants. This
supports epidemiological findings that a metabolic tune-up
through an improved supply of micronutrients combined with
a physical and mental tune-up is likely to have great benefits,
particularly for those at risk for AD.

Invited by the scientific committee

O.3.2
Good protein, bad protein: A new Aβ vari-
ant can be both

Fabrizio Tagliavini1, Marcella Catania1, Michela Morbin1,
Marco Gobbi2, Laura Colombo2, Antonio Bastone2, Laura
Cantù3, Efrat Levy4, Maria Salmona2, Giuseppe Di Fede1

1“Carlo Besta” Neurological Institute, Milano, Italy; 2“Mario
Negri” Institute for Pharmacological Research, Milano, Italy;
3University of Milan, Milano, Italy; 4“Nathan S. Kline” Insti-
tute, Orangeburg, NY, USA

Background: Mutations in the amyloid β (Aβ) precursor pro-
tein gene (APP) cause familial Alzheimer’s disease with virtu-
ally complete penetrance. We found an APP mutation (A673V,
corresponding to position 2 of Aβ) that causes disease only in
the homozygous state, whereas heterozygous carriers are not
affected, consistent with a recessive Mendelian trait of inher-
itance.

Objective: To investigate the mechanisms by which the
A673V APP mutation causes disease only in the homozygous
state.

Methods: We analyzed APP processing in fibroblasts from an
A673V homozygous patient and controls, and in CHO and
COS7 cells transfected with wild-type or mutated APP cDNA.
Moreover, we assessed the physicochemical and biological
properties of A2V-mutated and wild-type Aβ1-40 and Aβ1-42
peptides.

Results: The study showed that the A673V mutation has two
pathogenic effects: it (i) shifts APP processing toward the amy-
loidogenic pathway resulting in enhanced Aβ production, and
(ii) increases the aggregation and fibrillogenic properties of
Aβ. However, co-incubation of mutated and wild-type pep-
tides confers instability on Aβ aggregates and inhibits amy-
loid formation and neurotoxicity. The finding that the A2V Aβ
variant has a dominant-negative effect on amyloidogenesis is
consistent with the observation that the heterozygous carri-
ers do not develop disease and offers ground for the devel-
opment of a therapeutic strategy. As a first step for design-
ing an inhibitor of Aβ aggregation based on the mutated Aβ
sequence, we synthesized a peptide homologous to residues
1-6 of Aβ with the A2V substitution and tested its ability to
bind to wild-type Aβ and inhibit amyloidogenesis. The study
showed that the mutated hexapeptide retains the anti-amy-
loidogenic properties of the parent full-length Aβ. 

Conclusion: The present data have important implications for
genetic screening and the potential treatment of Alzheimer’s
disease based on A2V-modified Aβ peptides or peptido-
mimetic compounds.
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O.3.3
Role of RNA processing in the pathogenesis
of amyotrophic lateral sclerosis

Magdalini Polymenidou1, Clotilde Lagier-Tourenne1,
Tiffany Liang2, Gene Yeo2 Don W. Cleveland1,2

1Ludwig Institute for Cancer Research, University of Califor-
nia in San Diego, USA; 2Cellular and Molecular Medicine,
University of California in San Diego, USA

Amyotrophic lateral sclerosis (ALS) is an adult-onset neuro-
logic disorder in which premature loss of upper and lower mo-
tor neurons leads to fatal paralysis with a typical disease
course of one to five years. Most efforts to understand ALS
pathogenesis over the last 15 years have focused on disease
caused by mutations in the ubiquitously expressed superox-
ide dismutase that represent ~2% of all instances of ALS.
However, during the past 14 months, a paradigm shift in un-
derstanding ALS has been initiated by the discovery that mu-
tations in two strikingly similar DNA/RNA binding proteins –
TAR DNA-binding protein (TDP-43) and Fused in sarcoma
(FUS/TLS) – are also primary causes of ALS. While both pro-
teins have been linked to RNA transcription and alternative
RNA splicing regulation, their functions in health and disease
are not well understood.

We have used a comprehensive genomics approach with
cross-linking and immunoprecipitation (CLIP-seq) to identify
target RNAs for both TDP-43 and FUS/TLS. High-throughput
sequencing of RNAs (RNA-seq) accumulated in nervous system
tissues containing, or depleted of, TDP-43 or FUS/TLS is un-
derway to validate putative targets and to determine how loss
of either protein affects overall RNA metabolism. Lastly, to de-
cipher the underlying mechanism through which dominant
point mutations in either protein cause age-dependent selec-
tive loss of motor neurons, mice expressing these point mu-
tations have been generated. We are applying similar genomic
methods to samples from our transgenic animals to determine
how RNA metabolism is affected in these new ALS models.

Invited by the scientific committee

O.3.4
Autophagy and its role in neurodegenera-
tive diseases

Hermann M. Schätzl

Institute of Virology, Technische Universität München, Munich,
Germany

Autophagy is a fundamental cellular bulk degradation process
for e.g. organelles or cytoplasmic proteins which has many im-
plications for physiology and patho-physiology of cells and
whole organisms. It is conserved among eukaryotes and has
been characterized from yeast to man. Basal levels of au-
tophagy are important for maintaining normal cellular home-
ostasis. Autophagy contributes to various physiological
processes such as intracellular cleansing, differentiation, de-
velopment, longevity, elimination of invading pathogens and
antigen transport to innate and adaptive immune systems or
counteracting ER stress and diseases characterized by accu-
mulation of protein aggregates. Several studies suggest a cru-
cial role of autophagy in neurodegenerative diseases, includ-
ing Alzheimer’s disease, Parkinson’s disease, tauopathies and
polyglutamine expansion diseases like Huntingon’s disease.
For example, the clearance of mutant huntingtin fragments
or mutant forms of α-synuclein can be mediated by au-
tophagy. It is reasonable to assume that autophagy could be
a therapeutic target for treatment of these neurodegenera-
tive diseases because of its protective role. The systematic
analysis of autophagy in prion infection scenarios is still rather
incomplete. From what is found so far there is good experi-
mental evidence from in vitro and partly also in vivo studies
that induction of autophagy can have beneficial effects on pri-
on infection. The cellular load of PrPSc and prion infectivity is
reduced, most probably by increase in lysosomal degradation,
shifting the equilibrium between prion propagation and clear-
ance towards the latter. The biological function of autophagy
per se in prion infection and disease is still searching answers,
although preliminary data indicate that the cellular level of
autophagy can be a modifier of susceptibility to prion infec-
tion. Taken together, there seems to be also a fascinating in-
terplay between prion infections and autophagy. 

Invited by the scientific committee
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O.4.1
TSE strains and their transmission within
and between animals

Jean Manson

University of Edinburgh, UK

There are still major fundamental issues surrounding the
Transmissible Spongiform Encephalopathies (TSEs). How many
strains of animal and human TSEs are there? How does a TSE
strain mutate? Can the “new” TSEs transmit to humans? How
many carriers are there of variant Creutzfeldt-Jakob disease
and can human to human transmissions result in a self sus-
taining epidemic? Moreover, there is still no blood test for
TSEs, the nature of infectivity remains controversial and basic
mechanisms of disease are not yet understood. We aim to ad-
dress these important questions using our unique small and
large animal model systems.

Our murine models in which we have introduced targeted mu-
tations into the Prnp gene have been used to address the role
of Prnp controlling susceptibility to disease. We have estab-
lished mutations in Prnp and the glycosylation state of host
PrP can have a profound influence on host susceptibility. We
have altered the species of PrP expressed in mice and used
these models to examine cross species transmissions and the
range of TSE strains in humans. We have developed models in
which we can temporally and tissue specifically alter the ex-
pression of PrP to determine the role of PrP in Schwann cells,
neurones and gut epithelium in the transport of infectivity to
the CNS and we have developed and used large animal mod-
els to assess the potential for human to human spread of TSE
agents by blood transfusion. These model systems have giv-
en important insights into the basic mechanisms of these dis-
eases.

Invited by the scientific committee

O.4.2
TSE genetic resistance and allelic interfer-
ence in sheep

Olivier Andreoletti1, Nathalie Morel2, Caroline Lacroux1,
Stéphanie Simon2, Séverine Lugan1, Jean-Louis Weisbeck-
er3, Pierrette Costes1, Fabien Corbiere1, Jacques Grassi1,
François Schelcher1

1UMR INRA ENVT 1225 Interactions Hôte agent pathogène,
France; 2CEA, Service de Pharmacologie et d’Immunoanalyse,
IBiTec-S, DSV, CEA/Saclay, France; 3INRA Domaine de
Langlade, France

In conventional mice, Sinc a / Sinc b allelic dimorphism (codon
108 of the PRNP gene) strongly influences TSE incubation pe-
riod. Curiously, in heterozygotes Sinc a/b mice incubation can
be longer than in Sinc a or Sinc b homozygous animals. This
phenomenon is highly dependent of the considered TSE strain. 

Two mechanisms could explain this phenomenon. Firstly, Sinc
a and Sinc b PrPC conversion process could be completely in-
dependent; the incubation period being the result of the
agent replication on each PrP variant. Secondly, one of the PrP
variant could interfere with the PrPC to PrPSc conversion of the
other.

In this study, using quantitative mass spectrometry, we first
established that in heterozygote sheep both PrPC variants are
expressed at similar level in tissues. We then showed that dis-
tinct TSE agents can differentially convert PrPC variants in such
heterozygous individuals.

Finally, a natural TSE agent that, in-vivo, target the VRQ allele
was inoculated to ARQ/VRQ and AHQ/VRQ sheep (orally or in-
tra-cerebrally). 

In this model, neither ARQ nor AHQ PrPSc variants were de-
tected. Incubation periods and PrPSc accumulation dynamics
were dramatically different between both animals groups.
However in terminally affected animals, brain infectious titres
were similar.

This experiment demonstrates the existence of a PrP mediat-
ed interference phenomenon on the in-vivo PrPC to PrPSc con-
version process.

Invited by the scientific committee
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O.4.3
Spread of BSE prions in cynomolgus mon-
keys (Macaca fascicularis) after oral trans-
mission

Edgar Holznagel1, Walter Schulz-Schaeffer2, Barbara
Yutzy1, Gerhard Hunsmann3, Johannes Loewer1

1Paul-Ehrlich-Institut, Federal Institute for Sera and Vaccines,
Germany; 2Department of Neuropathology, Georg-August Uni-
versity, Göttingen, Germany, 3Department of Virology and Im-
munology, German Primate Centre, Göttingen, Germany

Background: BSE-infected cynomolgus monkeys represent a
relevant animal model to study the pathogenesis of variant
Creutzfeldt-Jacob disease (vCJD). 

Objectives: To study the spread of BSE prions during the
asymptomatic phase of infection in a simian animal model. 

Methods: Orally BSE-dosed macaques (n=10) were sacrificed
at defined time points during the incubation period and 7
orally BSE-dosed macaques were sacrificed after the onset of
clinical signs. Neuronal and non-neuronal tissues were tested
for the presence of proteinase-K-resistant prion protein
(PrPres) by western immunoblot and by paraffin-embedded
tissue (PET) blot technique. 

Results: In clinically diseased macaques (5 years p.i. + 6 mo.),
PrPres deposits were widely spread in neuronal tissues (in-
cluding the peripheral sympathetic and parasympathetic nerv-
ous system) and in lymphoid tissues including tonsils. In
asymptomatic disease carriers, PrPres deposits could be de-
tected in intestinal lymph nodes as early as 1 year p.i., but CNS
tissues were negative until 3 – 4 years p.i. Lumbal/sacral seg-
ments of the spinal cord and medulla oblongata were PrPres
positive as early as 4.1 years p.i., whereas sympathetic trunk
and all thoracic/cervical segments of the spinal cord were still
negative for PrPres. However, tonsil samples were negative in
all asymptomatic cases. 

Discussion: There is evidence for an early spread of BSE to the
CNS via autonomic fibres of the splanchnic and vagus nerves
indicating that trans-synaptical spread may be a time-limiting
factor for neuroinvasion. Tonsils were predominantly nega-
tive during the main part of the incubation period indicating
that epidemiological vCJD screening results based on the de-
tection of PrPres in tonsil biopsies may mostly tend to under-
estimate the prevalence of vCJD among humans.
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O.4.4
PrPSc distribution pattern in cattle experi-
mentally challenged with H-type and L-type
atypical BSE

Anne Buschmann1, Ute Ziegler1, Leila McIntyre2, Markus
Keller1, Ron Rogers3, Bob Hills3, Martin H. Groschup1

1Friedrich-Loeffler-Institut, INEID, Germany; 2Faculty of Vet-
erinary Medicine, University of Calgary, Canada; 3Health
Canada, Ottawa, Canada

Background: After the detection of two novel BSE forms des-
ignated H-type and L-type BSE, the question of the patho-
genesis and the agent distribution in cattle affected with
these forms was fully open. From initial studies, it was already
known that the PrPSc distribution in L-type BSE affected cat-
tle differed from that known for classical BSE (C-type) where
the obex region always displays the highest PrPSc concentra-
tions. In contrast in L-type BSE cases, the thalamus and frontal
cortex regions showed the highest levels of the pathological
prion protein, while the obex region was only weakly in-
volved. No information was available on the distribution pat-
tern in H-type BSE. 

Objectives: To analyse the PrPSc and infectivity distribution
in cattle experimentally challenged with H-type and L-type
BSE. 

Methods: We analysed CNS and peripheral tissue samples col-
lected from cattle that were intracranially challenged with H-
type (five animals) and L-type (six animals) using a commer-
cial BSE rapid test (IDEXX HerdChek), immunohistochemistry
(IHC) and a highly sensitive Western blot protocol including a
phosphotungstic acid precipitation of PrPSc (PTA-WB). Sam-
ples collected during the preclinical and the clinical stages of
the disease were examined. For the detection of BSE infectiv-
ity, selected samples were also inoculated into highly sensi-
tive Tgbov XV mice overexpressing bovine prion protein
(PrPC). 

Results: Analysis of a collection of fifty samples from the pe-
ripheral nervous, lymphoreticular, digestive, reproductive, res-
piratory and musculo-skeletal systems by PTA-WB, IDEXX-
HerdChek BSE EIA and IHC revealed a general restriction of
the PrPSc accumulation to the central nervous system. 

Discussion: Our results on the PrPSc distribution in peripher-
al tissues of cattle affected with H-type and L-type BSE are
generally in accordance with what has been known for C-type
BSE. Bioassays are ongoing in highly sensitive transgenic mice
in order to reveal infectivity.
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O.4.5
Recent results on the transmission, detec-
tion, and pathogenesis of chronic wasting
disease

Edward A. Hoover1, Nicholas J. Haley1, Candace K. Math-
iason1, Nathanial D. Denkers1, Davis M. Seelig1, and Glenn
C. Telling2

1Colorado State University, USA; 2University of Kentucky, Lex-
ington, USA

Background: Chronic wasting disease (CWD) of cervids is dis-
tinguished by its high level of transmissibility. We have previ-
ously shown that body fluids and excretions contain infectious
CWD prions. The precise means by which these prions may ac-
cess, traffick and cause disease in cervids (or other species) re-
mains to be elucidated. Here we present current results of
studies employing cervid and cervidized mouse bioassays and
serial protein misfolding cyclic amplification (sPMCA) to ad-
dress these questions.

Objectives: We sought to determine: (1) which components
of blood and saliva carry prion infectivity; (2) whether long
term, very low level CWD infection undetectable by conven-
tional assays may exist in cervids; (3) whether CWD can be
transmitted via aerosol or minor oral lesions; and (4) potential
alternate pathways of CWD prion entry and dissemination ex-
ist in vivo.

Methods: The studies described utilized cervid and cervid-PrP-
expressing transgenic mouse bioassays, serial protein mis-
folding cyclic amplification (sPMCA), and high resolution im-
munostaining.

Results: We present data to demonstrate: (1) localization of
infectious CWD prions chiefly to the circulating CD21-ex-
pressing B/DC cell fractions of blood; (2) very low level sub-
clinical CWD infection in cervids detectable by sPMCA and
bioassay; (3) CWD transmission by aerosol and minor oral ep-
ithelial lesions; and (4) evidence of villous autonomic neural
uptake and dissemination of PrPCWD.

Discussion: These findings contribute insights into CWD pri-
on transmission, trafficking, and dissemination. The results al-
so help direct efforts toward ante-mortem detection of CWD
in cervids and raise interesting questions regarding duration
of sub-clinical prion infection in cervids or other species.
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O.4.6
All separated components, prepared from
BSE-infected sheep blood, are infectious up-
on transfusion

Sandra McCutcheon1, Anthony Richard Alejo Blanco1,
Christopher de Wolf1, Boon Chin Tan1, Nora Hunter1, Va-
lerie Hornsey2, Christopher Prowse2, Marc Turner2, Mar-
tin H Groschup3, Dietmar Becher4, Fiona Houston5, Jean
C Manson1

1The Roslin Institute and R (D) SVS, University of Edinburgh,
UK; 2Scottish National Blood Transfusion Service, UK; 3FLI-
Federal Research Institute for Animal Health, Germany; 4Mi-
cromun, Germany; 5University of Glasgow, UK

Background: The possibility that vCJD may be transmitted by
blood transfusion is serious public health issue, of which 4
probable (3 clinical) cases have been attributed. Recently a
case of asymptomatic vCJD infection was identified in a
haemophiliac; following treatment with clotting factors from
UK plasma pools. Sheep orally infected with BSE provide a
suitable model, to assess vCJD infection in humans & risk re-
duction methods, as the distribution of PrPSc & infectivity in
lymphoid tissues resembles that of vCJD patients. 

Objectives: To determine qualitative and quantitative data on
the changes in infectivity in blood and its clinically relevant
components with time, to assess the effect of leucodepletion
of such products and the potential for secondary transmission
by blood transfusion. 

Methods: We orally infected sheep with bovine BSE brain ho-
mogenate and collected two full-sized donations of whole
blood, before the onset of clinical signs. The following com-
ponents were transfused into naive recipients: whole blood,
buffy coat and leucoreduced and non leucoreduced plasma,
platelets and red cells. A sub sample of all components was
inoculated into TgShpXI mice for determination of infectivity
titers. A unit of whole blood from selected primary recipients
was transfused into secondary recipients. We are creating a
blood archive throughout this study. 

Results: 33% of the infected donors have been confirmed as
having BSE. We have 4 transmissions of BSE-infectivity fol-
lowing the transfusion of whole blood, buffy coat and plas-
ma. Short incubation times were recorded in these recipients
(468, 513, 567 and 594 days) & were similar to those seen in
their respective donors (534, 628, 614 and 614 days). The
donor of buffy coat also donated both leucodepleted and non
leucodepleted blood components to other recipients. 

Discussion: Our study will provide invaluable data on the safe-
ty of blood products, in relation to TSE infection, used in hu-
man medicine (DoH 007/0162)
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O.4.7
Pathogenesis of scrapie in goats: modulation
by host PRNP genotype and effect of coex-
istent conditions

Lorenzo Gonzalez1, Silvia Siso1, Stuart Martin1, Steve A.C.
Hawkins1, Wilfred Goldmann2, Timm Konold1, James
Hope1, Martin Jeffrey1

1Veterinary Laboratories Agency, UK; 2Roslin Institute, UK

Background: Following a severe outbreak of clinical scrapie,
a large dairy goat herd was culled, and 200 animals were ex-
amined to investigate diagnostic, epidemiological, genetic and
pathogenetic aspects of the infection. 

Objectives:

Methods: Brain, lymphoreticular system (LRS) tissues and oth-
er organs were examined for disease-associated PrP (PrPd) by
immunohistochemistry. The whole open reading frame of the
PRNP gene was sequenced, and antibodies to lentiviral (CAEV)
infection were determined.

Results: Seventy-two goats (36%) showed PrPd accumulation:
four only in brain, 34 only in LRS, and 34 in both. Susceptibil-
ity to scrapie was clearly associated with polymorphisms at
codon 142: isoleucine homozygotes (II) showed a higher rate
of infection (40/80, 50%) than methionine carriers (IM+MM;
32/120, 27%). Moreover, the vast majority of goats showing
definite signs of scrapie (at and prior to the cull) were II. Sur-
prisingly, however, it was M carriers that more often accu-
mulated PrPd in the brain (24/32); only 14/40 II did so, the oth-
er 26 being positive in LRS tissues alone. Chronic enteritis was
observed in 98 of the 200 goats examined, with no associa-
tion with either scrapie infection or presence of PrPd in the
gut. CAEV infection was found in a similar proportion (around
40%) of scrapie positive and negative goats. Lymphoprolifer-
ative mastitis was observed in 13/31 CAEV positive scrapie in-
fected goats, and never in CAEV negative goats; PrPd in the
mammary gland was detected in five of those 13 goats. 

Discussion: Scrapie in II goats appeared to follow a “conven-
tional” pattern, with early LRS involvement followed by pro-
gressive PrPd accumulation in the brain and clinical disease.
Unlikewise, infection in M carriers followed a more “erratic”
pattern, with indiscriminate, mostly low level affection of the
brain and/or the LRS, and rare disease. There was no evidence
that chronic enteritis could play a role in scrapie, while accu-
mulation of PrPd in the mammary gland was clearly associat-
ed with mastitis due to CAEV infection.
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O.4.8
Induction of macrophage migration by neu-
rotoxic prion protein fragment

Xiangmei Zhou1, Haiyun Zhou1, Mohammed Kouadir1,
Zhongqiu Zhang2, Lifeng Yang1, Deming Zhao1

1China Agricultural University; 2China Animal Disease Con-
trol Center, China

Background: Prion diseases are characterized by accumulation
of protease resistant isoforms of prion protein (PrP), and in-
filtration and activation of mononuclear phagocytes at the
brain lesions. Interactions between prion proteins and immune
cells during disease progression are still not very well under-
stood. 

Objectives: In the present study, multiwell chamber chemo-
taxis assay was carried out to assess the migratory response
of macrophage cell line Ana-1 to a synthetic peptide homol-
ogous to residues 106-126 of the human prion protein. Spe-
cific protein kinase inhibitors were used to elucidate the sig-
naling events underlying PrP106-126-induced macrophages
migration, and a comparaison with the signaling pattern of
macrophage migration induced by substance P (SP) and N-
formyl-methionyl-leucyl-phenylalanine (fMLP), respectively
was carried out. 

Results: The results showed that PrP106–126 had a potent
chemotactic effect on murine macrophage cell line Ana-1; that
multiple signaling pathways might be involved in the PrP106-
126-induced macrophage migrations; and that PrP106-126-
induced chemotactic activity was similar to that induced by
SP. 

Discussion: Several lines of evidence have established that fol-
licular DC networks in lymphoreticular tissue play a prominent
role in prion transmission to neuronal tissue (Aucouturier and
Carnaud, 2002; Glatzel et al., 2003; Prinz et al., 2003b). Given
macrophages migratory capabilities and their close anatomic
and functional relation with lymphoid tissue, they may play a
crucial role in the propagation of the PrPSc.

Signaling pattern underlying PrP106-126-induced migration
on Ana-1 cells mimicked that of substance P, and was differ-
ent from that of fMLP. Similar results were reported for DCs
(Kaneider et al., 2005). These findings provide new insights in-
to the mechanisms underlying the interaction between the
PrP and the marcophages.
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O.5.1
Molecular neuropathology of TSEs

Herbert Budka

Institute of Neurology, Medical University Vienna, Austria.

Transmissible spongiform encephalopathies (TSEs) or prion dis-
eases are fatal neurodegenerative conditions in humans and
animals. Here I try to summarize the molecular background of
phenotypic variability, the relation of prion protein (PrP) to
other proteins associated with neurodegenerative diseases,
and the pathogenesis of neuronal vulnerability. PrP exists in
different forms that may be present in both diseased and non-
diseased brain; however, abundant disease-associated PrP to-
gether with tissue pathology characterizes prion diseases and
associates with transmissibility. Prion diseases have different
etiologies with distinct pathogenesis and phenotype. Muta-
tions of the prion protein gene are associated with genetic
forms. The codon 129 polymorphism in combination with the
Western blot pattern of PrP after proteinase K digestion serves
as a basis for molecular subtyping of sporadic Creutzfeldt-
Jakob disease. Tissue damage may result from several paral-
lel, interacting or subsequent pathways that involve cellular
systems associated with synapses, protein processing, oxida-
tive stress, autophagy, and apoptosis.

Invited by the scientific committee

O.5.2
Patterns of abnormal PrP drainage and amy-
loid formation in scrapie infected mice ex-
pressing GPI-anchorless PrP

Martin Jeffrey1, Bruce Chesebro2, Brent Race2, Gillian Mc-
Govern1

1Veterinary Laboratories Agency, UK; 2Rocky Mountain Lab-
oratories, USA

Background: The TgGPI-/- transgenic mouse has a prion pro-
tein which lacks a GPI anchor. When TgGPI-/- mice are infect-
ed with scrapie, large numbers of amyloid plaques are formed,
mainly around blood vessels. We describe here the nature and
distribution of lesions and abnormal prion protein accumula-
tion in brains of scrapie infected TgGPI-/- mice.

Objectives: We wished to determine the effect of scrapie on
cells lacking cell membrane anchored PrP when compared with
classical scrapie and to investigate potential morphological
changes which might correlate with clinical deficits in TgGPI-
/- mice.

Methods: Scrapie infected TgGPI-/- mice at clinical stages of
disease were perfused with mixed aldehydes, and examined
by light and electron microscopy and by immunogold electron
microscopy for disease associated forms of PrPd.

Results: Numerous angiocentric vascular amyloid plaques
were evident throughout the brain. Immunogold labelling
showed non-fibrillar, disease associated PrP (PrPd) between
cells of the perivascular neuropil, apparently representing dif-
fusion of monomeric or oligomeric forms of anchorless PrPd
within the extracellular space. Non-fibrilar PrPd was also seen
within basement membranes of endothelial cells, smooth
muscle cells and pericytes. Some vessels were found in which
non-fibrillar PrPd was detected only in the adventitia and oth-
ers in which only smooth muscle basement membranes were
involved.

Discussion: The lesions of scrapie infected TgGPI-/- mice are
substantially different from those of other classical TSEs inso-
far as they lack much of the membrane pathology found in
the latter. The pattern of PrPd accumulation is similar to that
found in CAA of Alzheimer’s disease suggesting that disease
in TgGPI-/- mice is also caused by failure to eliminate excess
proteins through the interstitial and extracellular drainage
pathways.
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O.5.3
Sequence-dependent pathobiology of prion
proteins: lessons from rabbits, mice and
hamsters

Pedro Fernandez-Funez1, Sergio Casas-Tinto1, Yan Zhang1,
Wen-Quan Zou2, Diego Rincon-Limas1

1University of Texas Medical Branch, USA, 2Case Western Re-
serve University, USA

Background: In Prion diseases the normal cellular prion pro-
tein (PrPC) converts into a pathological isoform (PrPSc) with
distinct biochemical and structural properties. Most mam-
malian species have shown their susceptibility to prion disor-
ders; however, rabbits have proven resistant to the disease.
We reasoned that this intriguing phenomenon could help us
to better understand the rules governing PrP misfolding and
pathogenesis.

Objectives: Does the primary sequence of prion proteins com-
mand its neurotoxic potential? Do Rabbit (Rb), Hamster (Ha)
and Mouse (Mo) prion proteins behave similarly when ex-
pressed in a new prion-free model organism? Do they display
differences regarding sub-cellular distribution and/or bio-
chemical properties?

Methods: We recently created a fly model of sporadic prion
disease by expressing wild-type HaPrP in the Drosophila brain
(PLoS Genetics, 2009). Here we compared the biochemical,
conformational and neuropathological properties of HaPrP
with those of flies expressing MoPrP and RaPrP. To do so, we
used genetic (targeted expression), behavioral (locomotion),
biochemical (insolubility, conformational antibodies, FPLC chro-
matography) and histopathological (IHC, TEM) approaches.

Results: The three proteins display dramatically distinct be-
haviors in flies when expressed at similar levels. While HaPrP
induces severe spongiform pathology and locomotor dys-
function, RbPrP does not and MoPrP seems to present an in-
termediate phenotype. In addition, HaPrP and MoPrP accu-
mulate in secretory pathways, while RaPrP displays a diffuse
and uniform distribution. This is consistent with the recovery
of large HaPrP and MoPrP aggregates by size-exclusion chro-
matography. Finally, conformational antibodies recognize
pathological isoforms only in flies expressing the hamster and
mouse proteins.

Discussion: Our data suggest that the PrP primary sequences
strongly influence protein misfolding and neurotoxicity, and
unravel the potential of the fly model to study species-specif-
ic residues of mammalian PrPs.
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O.5.4
Endogenous PrP conversion is required for
prion-induced neuritic alterations and neu-
ronal death

Sabrina Cronier1, Julie Carimalo2, Brigitte Schaeffer3,
Marie-Christine Miquel4, Hubert Laude1, Jean-Michel
Peyrin5

1INRA U892 VIM, France; 2Reference Center for TSE Sur-
veillance UMG, Germany; 3INRA MIA, France; 4CNRS UMR
5241 UPS, France; 5CNRS UMR 7102 UPMC, France

Background: Mechanisms involved in prion induced neuronal
death are still enigmatic. In vivo, both neurons and astrocytes
support prion propagation leading to abnormal production of
a misfolded protein called scrapie prion protein (PrPSc). Al-
though crucial for prion replication and accumulation of ag-
gregated PrPSc, the role of the normal form of prion protein,
the cellular PrP (PrPC), is still controversial in prion-induced
neurotoxicity.

Objectives: In this study we investigated the role of neuronal
PrPC and the contribution of astrocytes in prion-induced neu-
ronal death.

Methods: We have previously shown that prions could be ef-
ficiently propagated in primarily cultured neurons and astro-
cytes (Cronier et al. 2004). Here, we have set up a model in
which neurons devoid of PrPC or expressing PrPC from differ-
ent species are cocultured with prion-infected astrocytes that
continuously deliver physiological concentrations of PrPSc.

Results: In these conditions, we showed that scrapie-infected
astrocytes exacerbate prion-induced cell death solely in neu-
rons expressing transconformable PrPC. Although infectious,
conditioned medium of prion-infected astrocytes did not dis-
play any acute neuronal toxicity. However PrPSc accumulation
in neurons led to neuritic damage and cell death associated
with an increased sensitivity to glutamate and reactive oxy-
gen species.

Discussion: Our results indicate that interaction between neu-
ronal PrPC and PrPSc is not sufficient to induce neuronal death
but that PrPC transconformation is required for prion-associ-
ated neurotoxicity. In addition, it is unlikely that a dysfunc-
tion of prion-infected astrocytes is involved in the initiation
of neuronal death process induced by prions. Altogether, our
findings support the view that prion infection and subsequent
PrPC transconformation trigger impairment of neuronal home-
ostasis by sensitizing neurons to environmental stress that are
regulated by neighbouring cells including astrocytes.
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O.5.5
Prion replication sensitizes neurons to pro-
inflammatory cytokines

Benoit Schneider1, Damien Loubet1, Elodie Pradines1, Yan-
nick Bailly2, Jean-Michel Peyrin3, Hubert Laude3, Cather-
ine Vidal1, Jean-Marie Launay1, Sophie Mouillet –
Richard1, Odile Kellermann1

1INSERM U747 - Université Paris Descartes, France; 2CNRS
UPR 3212, France; 3INRA, France

Background: Activation of glia in prion diseases contributes
to TSE pathogenesis through the release of chemokines and
pro-inflammatory cytokines acting as neurotoxic mediators.
While it is now established that expression of the cellular pri-
on protein (PrPC) at the surface of neuronal cells is mandato-
ry for the scrapie isoform (PrPSC) to exert its toxicity, whether
PrPSC replication in neurons potentiates their sensitivity to in-
flammatory cytokines is unclear.

Objectives: Our goal was 1) to assess the impact of prion in-
fection in neuronal cells on TNFα-mediated toxicity and 2) to
relate these effects to the normal function of PrPC.

Methods: Our study is based on RT-PCR, western blot and im-
munofluorescence experiments. We take advantage of the
neuroectodermal 1C11 cell line endowed with the capacity to
differentiate into bioaminergic neuronal cells. 1C11 cells com-
bine functional expression of endogenous PrPC and the abili-
ty to chronically replicate several prion strains. Experiments
were also carried out on primary cerebellar granule neurons
obtained from FVB WT or PrP-null mice and FVB infected mice
with 22L prions.

Results: In 1C11 precursors and their neuronal progenies, in-
fection with the Fukuoka or 22L strains renders cells more vul-
nerable to exogenous TNFα. This higher cell sensitivity to TN-
Fα relates to an increased expression of the death receptor
TNFR1 at the surface of infected cells, itself resulting from
both an upregulation of TNFR1 transcripts and an inhibition
of metalloproteinase-dependent TNFR1 shedding. The raise in
TNFR1 was also monitored in brains of 22L infected mice. Fi-
nally, we provide evidence that PrPC depletion promotes a
deregulation in TNFR1 that compares that observed within an
infectious context.

Discussion: We substantiate an increased vulnerability of in-
fected neuronal cells to inflammatory cytokines, that reflects
a loss of PrPC function on TNF-R1 regulation. We propose that
the altered cell response to TNFα-mediated toxicity contributes
to exacerbate prion-induced pathogenesis.
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O.5.6
The investigation of dysregulated microRNAs
in prion – induced neurodegeneration

Anna Majer1, Sarah Medina2, Reuben Saba1, Debra Par-
chaliuk2, Kathy Frost2, Catherine Robertson2, Stephanie
Booth2

1University of Manitoba, Canada; 2Public Health Agency of
Canada, Canada

Background: The molecular events triggered by replicating
prions that lead to the damage and ultimate death of neurons
are poorly understood. Our previous studies have identified
numerous host factors affected during prion disease. One fac-
tor is the overexpression of cAMP response element binding
(CREB) protein in neurons of scrapie infected mice. CREB is a
transcription factor that has been shown to play an important
role in neuronal survival. In addition, previous data showed
that CREB is able to activate transcription of at least one mi-
croRNA (miRNA). Deregulation of miRNAs has been implicat-
ed in various diseases (cancer and Alzheimer’s), thus, miRNAs
induced by CREB may be essential in understanding the patho-
biology of prion disease and other neurodegenerative disor-
ders. 

Objectives: Identify dysregulated miRNAs specific to prion in-
fection and investigate the function of these miRNAs on pri-
on related neurodegeneration. 

Methods: The identification of dysregulated miRNAs was per-
formed by isolating the CA1 region of the hippocampus using
laser capture microdissection. RNA was extracted and ana-
lyzed by real-time PCR, identifying a number of deregulated
miRNAs. Bioinformatic analysis was used to identify potential
gene targets of candidate miRNAs that were confirmed by
dual-luciferase reporter assays. Subsequent primary tissue cul-
ture experiments followed by Western blot validations will al-
leviate the neurodegenerative functions of the candidate miR-
NAs. 

Results: We observed numerous miRNAs to be temporally dys-
regulated throughout prion disease. In vitro studies confirmed
that some of these miRNAs were regulated by the transcrip-
tion factor CREB. Potential mRNA targets for the dysregulat-
ed miRNAs were identified based on the bioinformatic ap-
proach supplemented with functional studies. 

Discussion: Investigating the specific function of these miR-
NAs may lead to a better understanding of neurodegenera-
tion in prion disease. Transcripts involved in neuronal survival
that are targeted by these miRNAs will be presented.
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O.5.7
Endogenous proteolytic cleavage of disease-
associated prion protein to produce C2 frag-
ments is strongly cell- and tissue-dependent

Mohammed Moudjou, Michel Dron, Jérôme Chapuis, Julie
Bernard, Muhammad K. F. Salamat, Sabrina Cronier,
Christelle Langevin, Hubert Laude

INRA, France

Abnormally folded prion protein (PrPSc) accumulating in the
nervous and lymphoid tissues of prion-infected individuals can
be naturally cleaved to generate a N-terminally truncated frag-
ment called C2. Cell cultures permissive to infection provide
useful models in which biochemical events associated with pri-
on replication can be studied. Rov and MovS cell lines, primary
cultured cerebellar granule neurons (CGN) and astrocytes
(CAS) established from ovine PrP transgenic mice tg338, in
which natural sheep scrapie agent can be propagated, and
CAD neuronal cell line susceptible to mouse-adapted scrapie
strains. We examined the N-terminal processing of PrPSc in
such cell models and in mouse tissues. Using a combination of
cell and biochemical approaches we showed that: i) the effi-
ciency of trimming varies considerably depending on the in-
fected cell or tissue. In primary neurons and in brain tissue,
PrPSc accumulated essentially as full length (FL) species,
whereas nearly exhaustive trimming occurred in Rov and
MovS cells, and in spleen tissue. An intermediate situation, i.e.
accumulation in amounts of both C2 and FL PrPSc was ob-
served in primary astrocytes and CAD cells. ii) while C2 is gen-
erally considered to be the counterpart of PrPSc PK-resistant
core, N-termini of in vivo and in vitro cleaved fragments can
actually differ, as evidenced by a different reactivity toward
antibody Pc248 that recognizes the octarepeat domain with
very high affinity. iii) impairment of lysosomal activity suffices
to block C2 formation in Rov and CAD cells, arguing for pri-
mary involvement of hydrolases of the acidic cell compart-
ment; however, fairly efficient propagation of prions can oc-
cur in subpassaged cultures under conditions of C2 inhibition.
Our findings bring new information on the natural, cell-de-
pendent processing of PrPSc molecules, which has substantial
implications in terms of prion cell biology, PrPSc molecular
analysis and subtyping of TSE agents.
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O.6.1
Synergy of polybasic structure and copper
co-ordination in the PrP23-89-mediated
stress protection response

Cathryn Haigh1, Amelia McGlade1, Simon Drew1, Martin
Boland1, Colin Masters2, Kevin Barnham1, Victoria Law-
son1, Steven Collins1

1The University of Melbourne, Australia; 2The Mental Health
Research Institute, Australia

Background: Beta cleavage of the prion protein (PrP), pro-
ducing N and C-terminal fragments designated N2 and C2 re-
spectively, is associated with protection against reactive oxy-
gen species (ROS). Evidence of exacerbated ROS damage and
increased beta cleavage of PrP are found in prion diseased
brains and, therefore, this cleavage is likely to be part of a cel-
lular protection response. 

Objectives: To investigate the cellular interactions through
which a synthetic peptide equivalent to murine N2 (PrP23-89)
initiates an intracellular reduction in stress-induced ROS. 

Methods: We have utilised a combination of cell biology and
biophysical techniques. 

Results: The N2 fragment contains two notable regions; a
polybasic glycosaminoglycan (GAG)-binding motif found in its
most N-terminal amino acids (23-28) and a copper-binding oc-
tameric repeat sequence from amino acids 51-89. Our previ-
ous results have demonstrated that N2 is a biologically active
PrP cleavage fragment. Through exoplasmic association,
specifically mediated by the N-terminus, N2 can ameliorate in-
tracellular stress-induced ROS. This reaction is dependent up-
on copper saturation of the octameric repeat region, cellular
lipid raft integrity and cell surface heparan sulphate-contain-
ing proteoglycans. Additionally, mutational analysis of the
polybasic-proline motif within the GAG-binding N-terminus
shows the structure imposed upon the peptide by the steric
constraints of the prolines is required for the ROS reduction
reaction to proceed. Further, this change alters the associa-
tion of the copper-saturated octapeptide repeats with bind-
ing partners at the cell membrane as well as the tendency of
N2 to oligomerise. 

Discussion: We conclude that the octapeptide repeat, through
variable copper binding, may function as a bio-sensor for ac-
tivation of the protective N2 region, with the structure and
charge specificity of the polybasic domain ensuring the cor-
rect transducing receptor engagement. Here we will present
our latest research into the mechanism of this reaction.

Selected by the scientific committee from the submitted abstracts

O.6.2
Family reunion - encounter of molecular
cousins uncovers founder and ancient func-
tion of prion gene family

Gerold Schmitt-Ulms1, Joel Watts2, Sepehr Ehsani1, Hairu
Huo1, Yu Bai3, Holger Wille2, David Westaway4

1University of Toronto, Canada; 2University of California San
Francisco, USA; 3Peking University, China; 4University of Al-
berta, Canada

Background: In the more than 20 years since its discovery,
both the phylogenetic origin and cellular function of the pri-
on protein (PrPC) have remained enigmatic.

Objectives: Insights into the function of PrPC may be obtained
through a characterization of its molecular neighborhood. 

Methods: A quantitative investigation of the PrPC interac-
tome was conducted in a cell culture model permissive to pri-
on replication. To facilitate recognition of relevant interactors,
the study was extended to Doppel and Shadoo, two mam-
malian PrPC paralogs and followed by in-depth bioinformatic
analyses. 

Results: Interestingly, this work not only established a similar
physiological environment for the three prion protein family
members, but also suggested direct interactions amongst
them. Furthermore, multiple interactions between PrPC and
the neural cell adhesion molecule (NCAM), the laminin recep-
tor precursor (LRP), Na/K ATPases and protein disulfide iso-
merases (PDI) were confirmed, thereby reconciling previously
separate findings. Surprisingly, this work further revealed the
spatial proximity of a subset of metal ion transporters of the
ZIP family to mammalian prion proteins. A subsequent bioin-
formatic analysis revealed the presence of a prion-like protein
sequence within the N-terminal, extracellular domain of a phy-
logenetic branch of ZIPs. Additional structural threading and
ortholog sequence alignment analyses consolidated the con-
clusion that the prion protein gene family is phylogenetically
derived from a ZIP-like ancestor molecule. 

Discussion: A simple hypothesis is presented which accounts
for the majority of interactions observed and suggests that
PrPC organizes its molecular environment on account of its
ability to bind to adhesion molecules harboring immunoglob-
ulin-like domains, which in turn recognize oligomannose-bear-
ing membrane proteins. Our data further explain structural
and functional features found within mammalian prion pro-
teins as elements of an ancient involvement in the transport
of divalent cations.

Selected by the scientific committee from the submitted abstracts
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O.6.3
Proteasome inhibitors induce accumulation
of a detergent-insoluble PrP26K and forma-
tion of PrPSc aggresomes in prion–infected
CAD cells.

Michel Dron1, Françoise Dandoy-Dron2, Muhammad
Khalid Farooq Salamat1, Hubert Laude1

1INRA, France; 2CNRS, France

Background: Dysfunction of the ERAD/proteasome system in
aging is believed to contribute to the initiation or aggravation
of neurodegenerative disorders associated with protein mis-
folding. There is also previous evidence to suggest that fail-
ure of ERAD and/or impairment of proteasomal functions
might be implicated in prion disease. 

Objectives: We investigated effects of proteasome inhibitors
on PrP expression in both infected and unfected CAD neuronal
cells. 

Methods: Biochemical approaches, immunoblotting and con-
focal immunocytochemistry were used. 

Results: We observed the induction of an unglycosylated 26
kDa PrP species insoluble in detergents and weakly resistant
to proteinase K digestion that we named PrP26K. PrP26K was
also induced upon proteasome inhibition in PC12, in N2A cells
and in primary cultured, postmitotic neurons. In CAD cells in-
fected by either 139A or 22L strains of prion, PrP26K induc-
tion occurred to a similar extent than in uninfected cells. How-
ever PrP26K was apparently not, or at least not efficiently,
converted into highly proteinase K resistant PrPSc. Thus the
abnormal PrP species produced following proteasome impair-
ment was not particularly prone to prion conversion. In addi-
tion, proteasome inhibitors impaired the traffic of regular PrPC
leading to accumulation in the Golgi apparatus of both in-
fected and non-infected cells. Proteasome inhibition also in-
creased the intracellular aggregation of PrPSc, which deposit-
ed into large perinuclear aggregates exhibiting characteristic
features of aggresomes. 

Discussion: Sequestration of PrPSc into a structure depend-
ing on microtubule transport of cytosolic aggregates raises
the question of how PrPSc, which is known to be accumulat-
ed in, and trafficked by, vesicles of the endo-lysosomal path-
way might also reach the cytosol of the cells. Our data strong-
ly suggest an involvement of proteasomal activity for both
control of correct PrPc expression and reduction of intracellu-
lar PrPSc aggregation.

Selected by the scientific committee from the submitted abstracts

O.6.4
Neuroimmunoendocrine regulation of the
prion protein in neutrophils

Rafael Mariante, Alberto Nóbrega, Maria Bellio, Rafael Li-
den

Federal University of Rio de Janeiro

Background: The prion protein (PrPc) is a highly conserved gly-
cosylphosphatidylinositol (GPI)-anchored cell surface protein,
expressed mainly in the central nervous system. Abnormal
conformers of PrPc (PrPsc) play a central role in prion diseases.
Neuroinvasion following peripheral infection with PrPsc re-
quires amplification of the latter in lymphoid organs, de-
pendent on the expression of PrPc by immune cells. Pro-in-
flammatory cytokines modulate the expression of PrPc, and
systemic inflammation accelerates experimental prion dis-
eases. PrPc also modulates peripheral inflammation induced
by ligands of either toll-like-receptors or Fas. However, the
mechanisms that link the expression of the protein with in-
flammation are still unknown.

Objectives: To determine the role of inflammatory mediators
in the regulation of the expression of PrPc in immune cells.

Methods: Flow cytometry, cell sorter, protein immunoblot,
confocal microscopy and several models of induced inflam-
mation and stress, as well as funtional assays. 

Results: We show that systemic inflammation induced by
lipopolysaccharide (LPS) leads to massive up-regulation of PrPc
in mouse neutrophils, an effect that does not depend on pro-
inflammatory cytokines, but rather on the anti-inflammatory
mediators transforming growth factor (TGF)-β and glucocor-
ticoids (GC). Up-regulation of PrPc was also found in restrained
animals, a condition of behavioral stress that increases the
serum levels of both TGF-β and GC, and, strikingly, in dexam-
ethasone only treated mice. In vitro experiments with purified
neutrophils provided evidence for a direct regulation of PrPc
by GC and TGF-β. Functional assays reveal a negative modu-
lation of neutrophil functions by PrPc, such as migration and
adhesion.

Discussion: The data demonstrate an interplay of the nerv-
ous, endocrine and immune systems upon the regulation of
PrPc, which may have significant impact over the physiologi-
cal functions of the prion protein, and may be involved with
progression of neurodegeneration.

Selected by the scientific committee from the submitted abstracts
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O.7.1
Understanding genetic susceptibility to hu-
man prion diseases

John Collinge

MRC Prion Unit and Department of Neurodegenerative Dis-
ease, UCL Institute of Neurology, National Hospital for Neu-
rology and Neurosurgery, Queen Square, London

Prions are lethal pathogens of mammals which appear devoid
of nucleic acid and composed of aggregated conformational
isomers of a host-encoded glycoprotein, the prion protein (PrP).
Human prion disease may be inherited, acquired from dietary
or iatrogenic exposure to transmissible prions, or arise as a re-
sult of an apparently sporadic process. Recognition that human
PrP gene (PRNP) coding mutations could lead to the sponta-
neous formation of prions provided strong evidence for the pro-
tein-only hypothesis although whether this phenomenon can
be reproduced in transgenic mouse models remains controver-
sial. The common polymorphism at residue 129 of human PrP
has a profound effect on susceptibility to, and phenotype of,
human prion diseases and influences prion strain propagation
via conformational selection. Other coding and non-coding
PRNP polymorphisms are also involved and will be discussed.
However, it is clear that multiple additional loci affect both pri-
on disease incubation period and susceptibility in mouse and
human, and these prion modifier genes are now being identi-
fied and their roles explored. Those relatively small number of
UK individuals affected with clinical variant CJD from amongst
the millions potentially exposed to BSE prions have not been
demonstrated to have unusual dietary or occupation exposure
to BSE and are likely to be enriched in genes affecting suscep-
tibility or producing shorter incubation periods. We have also
been studying individuals in Papua New Guinea who had mul-
tiple dietary exposures to kuru prions but who remain well over
half a century following the cessation of exposure at mortuary
feasts, and who may be expected to be enriched for resistance
genes. In parallel, we have localised genes affecting prion in-
cubation periods in inbred mouse strains and performed com-
parative genomic studies. Such prion modifier loci may provide
insights into population risks of prion infection, disease and sub-
clinical carrier states and identify novel disease pathways and
mechanisms. A proportion of such genes and pathways identi-
fied in this prototypic protein misfolding disorder, and indeed
a neurodegenerative disease to which laboratory rodents are
naturally susceptible, are likely to be of wider significance in un-
derstanding diseases of protein misfolding. These include the
principal causes of degenerative dementia; accumulation of mis-
folded host proteins is also a feature of normal brain ageing.
Invited by the scientific committee

O.7.2
Properties of the Shadoo protein in health
and Prion disease

David Westaway1,2,3, Nathalie Daude1, Sacha Genovesi1, In-
youl Lee4, Jing Yang1, Rebecca Young5, and George A.
Carlson5

1Centre for Prions and Protein Folding Diseases, University
of Alberta; 2Division of Neurology, Faculty of Medicine, Uni-
versity of Alberta; 3Department of Biochemistry, University of
Alberta; 4Institute for Systems Biology, University of Wash-
ington; 5McLaughlin Research Institute, Great Falls Montana

While PrP knockout mice are ascribed a variety of subtle
deficits, one area of consensus concerns the ability of PrPC to
protect against neuronal insults. Besides action against chem-
ical toxins this property encompasses blocking cerebellar de-
generation arising from the expression of internally deleted
forms of PrP (“DE and DF PrP”) and wt Doppel in the CNS. In-
deed, this paradigm of antagonistic action of PrPC/DPrP action
has implicated the existence of a hypothetical PrPC-like pro-
tein denoted pi (p). The SPRN gene was sighted by bioinfor-
matic techniques and is now known to encode a neuronal gly-
coprotein, shadoo (Sho). Sho is a plausible candidate for p as
it has a central PrP-like hydrophobic domain (HD) prefaced by
an N-terminal repeat region and followed by a short C-termi-
nal domain and a GPI anchor. Sho expression in the adult
mouse CNS has some overlaps with PrPC, but is low in cere-
bellar granular neurons (CGNs). In CGNs from Prnp0/0 k/o mice,
wt Sho transgenes mimic the action of wt PrP transgenes in
counteracting the toxic effect of expressing Doppel or ,PrP.
Prompted by these PrPC-like properties we have extended our
studies of Sho to define (i) the extent of covalent and confor-
mational variation of this protein, (ii) attributes of the protein
during the course of prion infections, and (iii) the phenotypic
correlates of SPRN gene mutations.

Invited by the scientific committee
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O.7.3
A novel protective prion protein variant co-
localises with kuru exposure

Simon Mead, Jerome Whitfield, Mark Poulter, Paresh
Shah, James Uphill, Tracy Campbell, Huda Al-Dujaily,
Holger Hummerich, Jon Beck, Charles A Mein, Claudio
Verzilli, John Whittaker, Michael Alpers, John Collinge

Medical Research Council, UK

Background: Kuru was a devastating epidemic prion disease
affecting a highly geographically restricted area of the Papua
New Guinea highlands which, at its peak, predominantly af-
fected adult women and children of both sexes. Its incidence
has steadily declined since the cessation of its route of trans-
mission, endocannibalism. 

Objectives: Identification of acquired human prion disease re-
sistance factors 

Methods: Genetic and selected clinical and genealogical as-
sessments of over 3000 individuals from Eastern Highland
populations, including over 632 participants of cannibalistic
mortuary feasts, 152 of whom subsequently died of kuru. 

Results: Kuru-exposed survivors of the epidemic in PNG are
predominantly heterozygotes at the known resistance factor
at PRNP codon 129. We now report a novel PRNP mutation at
codon 127 found exclusively in the kuru region, and present
in half of the otherwise susceptible PRNP codon 129 methio-
nine homozygous women from the region of highest expo-
sure. Whilst common in the area of highest kuru incidence,
this allele is absent from kuru patients and unexposed popu-
lation groups. Genealogical analysis reveals a significantly low-
er incidence of kuru in 127V pedigrees when compared with
geographically matched control families. 

Discussion: The 127V polymorphism is a new acquired prion
disease resistance factor - selected during the kuru epidemic,
rather than a trigger of the kuru epidemic. Variants at codons
127 and 129 of PRNP demonstrate the population genetic re-
sponse to a prion disease epidemic and document the
strongest episode of recent human balancing selection. By
drawing parallels with variant Creutzfeldt-Jakob disease, this
study highlights the contemporary relevance of kuru research
now 50 years after its first description.

Selected by the scientific committee from the submitted abstracts

O.7.4
Inherited prion disease with 4-octapeptide
repeat insertion – disease requires the in-
teraction of multiple genetic risk factors

Jon Beck1, Diego Kaski1, Catherine Pennington2, Mark
Poulter1, James Uphill1, Matthew Bishop2, Jackie Linehan1,
Catherine O’Malley1, Sebastian Brandner1, Richard
Knight3, John Collinge1, Simon Mead1

1MRC Prion Unit at the National Prion Clinic, UK; 2National
Hospital for Neurology and Neurosurgery, UK; 3National CJD
Surveillance Unit, UK

Background: Genetic factors are implicated in the aetiology
of sporadic late onset neurodegenerative diseases. Whether
these genetic variants are predominantly common or rare, and
how multiple genetic factors interact with each other to cause
disease is poorly understood. Inherited prion diseases (IPD) are
highly heterogenous and may be clinically mistaken for spo-
radic Creutzfeldt-Jakob disease (sCJD) because of a negative
family history. 

Objectives: Here we report our investigation of UK patients
with four extra octapeptide repeats (4-OPRI) which suggests
that manifestation of the clinical disease requires a combina-
tion of a rare mutation with multiple common risk alleles. 

Methods: Clinical, genetic and pathologic analysis from 10 pa-
tients and 9 families. 

Results: The predominant clinical syndrome is a progressive
cortical dementia with pyramidal signs, myoclonus and cere-
bellar abnormalities which closely resemble sCJD. Autopsy
shows perpendicular deposits of PrP in the molecular layer of
the cerebellum. Identity testing, PRNP microsatellite haplo-
typing and genealogical work confirm no cryptic close family
relationships and multiple progenitor disease haplotypes. All
patients were homozygous for methionine at polymorphic
codon 129. In addition, at a SNP upstream of PRNP thought
to confer susceptibility to sCJD (rs1029273), all patients were
homozygous for the risk allele (combined P=5.9 x 10-5). 

Discussion: These analyses suggest that manifestation of the
clinical disease requires a combination of a rare mutation to-
gether with multiple common risk alleles. These families
demonstrate a classical example of epistasis. The findings may
provide a precedent for the understanding sporadic neurode-
generative disease caused by rare but high-risk mutations.

Selected by the scientific committee from the submitted abstracts
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O.8.1
Variant CJD and plasma products

Robert G. Will

National CJD Surveillance Unit, Edinburgh, UK

Evidence from the Transfusion Medicine Epidemiology Review
(TMER) project indicates that variant CJD is transmissible
through transfusion of labile blood components. The question
as to whether plasma products sourced from vCJD contami-
nated plasma pools has been addressed by a number of risk
assessments, with conflicting conclusions. Recently a case of
possible vCJD infection in an individual with haemophilia has
been described and analysis has suggested that infection may
have been related to prior treatment with vCJD implicated
Factor VIII. The details of this case will be described together
with an analysis of plasma product exposures in UK clinical
cases of vCJD.

O.8.2
Blood safety: from screening tests to prion
removal

Marc Turner

Scottish National Blood Transfusion Service and Department
of Haematology, Royal Infirmary, Edinburgh, UK

Although the number of clinical cases of variant CJD contin-
ues to fall, concern remains within UK and Western European
Blood Services in relation to the risk of transmission of vari-
ant CJD due to the estimated prevalence of sub-clinical infec-
tion in the general population and the clinical cases of trans-
mission of variant CJD prions by blood components and plas-
ma products. The UK Advisory Committee on the Safety of
Blood, Tissues and Organs (SaBTO) has considered a number
of further precautionary measures including reducing expo-
sure to blood transfusion, importation of blood components,
implementation of prion assays and prion reduction for red
cell concentrates. The latter two technologies are currently
under independent evaluation and it is expected that contin-
gent on the outcome of these an initial decision on whether
or not to recommend implementation of these technologies
will be made by SaBTO in Autumn 2009.
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O.8.3
Quantification of PrPSc in different blood
fractions, brain and peripheral tissues at dis-
tinct stages of prion disease

Claudio Soto, Marcelo Barria, Baian Chen, Dennisse Gon-
zalez-Romero, Abhisek Mukherjee, Rodrigo Morales

University of Texas Medical School at Houston, USA

PrPSc, the main component of the infectious agent in prion dis-
eases, is also the only validated surrogate marker for the dis-
ease and its sensitive detection is critical for minimizing the
spread of the disease. We have developed the Protein Mis-
folding Cyclic Amplification (PMCA) technology to sustain the
autocatalytic replication of infectious prions in vitro and en-
able their ultra-sensitive detection in diverse tissues and bio-
logical fluids. Using PMCA, we can replicate prions indefini-
tively in vitro, leading to generation of infectious material.
PMCA is useful to study the nature of the infectious agent, its
mechanism of replication, and the phenomena of prion
strains, species barrier and pspontaneous emergence of new
prions. The technology enables detection with high sensitivi-
ty and reproducibility of up to the equivalent of a single par-
ticle of PrPSc. This astonishingly high sensitivity led to detec-
tion of PrPSc in blood and urine in both symptomatic and pre-
symptomatic phases of the disease. Recently, we have been
using PMCA to semi-quantify the amount of PrPSc in various
samples at distinct stages of the disease in experimental ani-
mals. In this presentation we will describe the multiple appli-
cations of PMCA and provide a critical discussion of concep-
tual and technical aspects of this technology.

O.8.4
Structural analyses and detection of prion
proteins: from rapid diagnosis to therapeu-
tic developments

Byron Caughey

Rocky Mountain Laboratories, NIAID, NIH, Hamilton, MT
59840

A key challenge in coping with prion diseases is the develop-
ment of prion assays that are practical for routine testing for
medical or agricultural purposes. We have developed relatively
rapid and highly sensitive assays based on hamster PrPres-seed-
ed conversion of recombinant hamster PrPsen into protease-
resistant amyloid fibrils. PrPres-seeded fibrils can differ from
spontaneously seeded fibrils in terms of protease-resistance,
infrared spectrum, and H/D exchange patterns, providing ev-
idence of the distinct templating activity of PrPres. We have
adapted the quaking induced conversion (QuIC) assay to the
detection of human variant CJD and sheep scrapie. Prion-pos-
itive and negative brain homogenate samples from humans
and sheep were discriminated within 1-2 days with a sensi-
tivity of 10-100 femtograms PrPres. The assay also distinguished
CSF samples from scrapie-infected and uninfected sheep, pro-
viding evidence of prions in the CSF of scrapie-infected sheep. 

Another daunting challenge is the treatment of prion diseases.
To better understand the activity of one of the most potent
anti-TSE compounds, we performed NMR and CD spectro-
scopic studies of the flexible amino proximal region of PrP in
the presence and absence of pentosan polysulfate (PPS). In the
absence of PPS, PrP residues 23-106 had a highly flexible,
largely random coil structure. In contrast, in the presence of
PPS, this peptide yielded NMR-derived distance restraints that
allowed the calculation of a unique serpentine loop-turn struc-
ture for the four (PHGGGWGQ) repeats. A stacked alignment
of Trp sidechains in this structure suggested the PPS-induced
exposure of a repetitive hydrophobic surface that may medi-
ate PrP oligomerization and the binding of a variety of ligands
of physiological and/or pharmacological significance.
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O.8.5
Ethical issues in the communication of Prion
disease risk

Conrad G. Brunk

Department of Philosophy, University of Victoria, Canada

This presentation discusses some of the central ethical issues
in the communication of risks of prion diseases to persons
who have tested positive for pathological prion protein. These
ethical issues arise from a number of decisions that must be
made by researchers, physicians, and public health officials.
Among these are:

Interpreting test results given the many uncertainties created
by lower than desired sensitivity and/or specificity of available
tests for prion protein. 

Interpreting the uncertainties in the understanding of prion
infectivity and resulting disease.

Estimating the risk to any individual of becoming ill (or dying)
with prion disease or transmitting the disease to others (e.g.,
via blood transfusion).

Communicating complex scientific information, fraught with
the above uncertainties, to test subjects who have varying de-
grees of scientific literacy and understanding.

Deciding what information to communicate to test subjects
when it is not clear to the health professional what course of
action would be indicated by that information, or when com-
munication of the information may lead to actions the pro-
fessional considers unwarranted or unwise.

Deciding what advice is appropriate to positive screening test
subjects who are potential blood donors or surgery patients.

These decisions are guided by a number of important as-
sumptions and considerations, among which are the follow-
ing:

The capability of lay people to understand and appreciate is-
sues of uncertainty, confidence, and probabilities essential to
interpreting screening results.

How lay people differ from experts in their understanding of
risk and risk acceptability.

The ability of people to make responsible decisions about their
own health and the health of others affected by their actions
(e.g., blood donation).

The appropriate role of the health professional in influencing
the decisions of persons regarding their health (the issue of
paternalism vs. respect for autonomy).

This presentation critically examines the nature of these deci-
sions and the assumptions that typically underlie them, in or-
der to propose ways for handling the communication of health
risk in the most ethically responsible manner. It is argued that
the first, and perhaps the most important, responsibility of sci-
entists and health professionals is to be as transparent as pos-
sible among themselves about the nature of the scientific un-
certainties and to characterize them in the most accessible
ways. This responsibility is typically left unfulfilled, greatly com-
plicating the communication task. It is then proposed that, if
this task is done well, it is more likely that risks can be com-
municated in ways that non-experts can understand, at least
at the level necessary for responsible personal decision mak-
ing. It is argued that non-scientists have a greater capacity to
understand well-articulated scientific issues, including uncer-
tainties and probabilities, than is typically recognized. Experts
tend to interpret the judgements made by non-experts about
the acceptability of risk as misjudgements about the magnitude
of risk. Accordingly, health professionals also tend to view pa-
tients’ judgements about risk acceptability that differ from
their own as reflecting irrational or incomplete understanding
of the risk magnitude itself. This often is the basis of the ar-
gument that screening test subjects ought not to be given in-
formation that leads them to make “irrational” judgements.

The presentation includes recommendations for the kind of
ethical advice appropriate for screening subjects testing pos-
itive for prion proteins who are potential blood donors or pa-
tients in surgery, and who could be sources for the transmis-
sion of infectious prion disease.
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O.9.1
No evidence of contagiousness of atypical
scrapie: results from a 12-country European
study

Alexandre Fediaevsky1, Cristiana Maurella2, Maria Nöre-
mark3, Francesco Ingravalle2, Stefania Thorgeirsdottir4,
Leonor Orge5, Renaud Poizat6, Maria Hautaniemi7, Barry
Liam8, Didier Calavas9, Giuseppe Ru2, Petter Hopp

1AFSSA-Lyon; INRA Clermont-Theix, France; 2Istituto Zoopro-
filattico Sperimentale del Piemonte, Liguria e Valle d’Aosta,
Italy; 3National Veterinary Institute, Sweden; 4University of
Iceland, Iceland; 5Laboratório Nacional de Investigação Vet-
erinária, Portugal; 6AFSCA, Portugal; 7Finnish Food Safety
Authority, Finland; 8Department of Agriculture, Fisheries and
Food, Ireland; 9AFSSA-Lyon, France, 10National Veterinary
Institute, Norway

Background: During the last decade, active surveillance of
transmissible spongiform encephalopathies in small ruminants
has been intensive in Europe. In many countries this has led
to the detection of cases of atypical scrapie. A question has
been raised: is the atypical form contagious? 

Objectives: The aim of this study was to investigate if the oc-
currence of secondary cases in flocks affected by atypical
scrapie could help in clarifying the potential contagious nature
of the disease by using surveillance data collected in Europe. 

Methods: Questionnaires were used to collect, at country-lev-
el, data on control measures, on the results of active surveil-
lance and of the within-outbreaks testing from 12 European
countries. Generalised linear regression mixed models and
meta-analysis were used to model prevalence data taking in-
to account the random effect of country.

Results: The mean prevalence of atypical scrapie was six cas-
es per ten thousand in abattoir surveillance and eight cases per
ten thousand in fallen stock. By using meta-analysis, on 11 out
of the 12 countries, we found that the probability of detect-
ing secondary cases of atypical scrapie in positive flocks was
similar to the probability observed in animals slaughtered for
human consumption (odds ratio, OR=1.07, CI95%: 0.70-1.63)
or among fallen stock (OR=0.78, CI95%: 0.51-1.2). In contrast,
when comparing the two scrapie types, the probability of de-
tecting secondary cases in classical scrapie positive flocks was
significantly higher than the probability of detecting second-
ary cases in AS positive flocks (OR=32.4, CI95%: 20.7-50.7).

Discussion: These results suggest that atypical scrapie is not
contagious or has a very low transmissibility under natural con-
ditions compared with classical scrapie. Furthermore this study
stressed the importance of standardised data collection to
make good use of the analyses undertaken by European coun-
tries in their efforts to control atypical and classical scrapie.

Invited by the scientific committee

O.9.2
Survival and limited spread of TSE infectivi-
ty after burial for one year

Robert Somerville, Karen Fernie, Allister Smith

University of Edinburgh, UK

Background: Scrapie and Chronic Wasting Disease appear to
spread via environmental routes, although there is little evi-
dence that BSE or CJD do. Nevertheless there are concerns
about reservoirs of BSE infection remaining in the environ-
ment after carcass burial or waste disposal.

Objectives: We are determining the survival and migration of
TSE infectivity when buried for up to five years in two soil
types; and either buried within bovine skulls, or as a point
source bolus of TSE infected brain.

Methods: Two demonstration experiments have been set up.
In one experiment boluses of TSE infected mouse brain (301V
strain) have been buried in lysimeters containing either a
sandy soil or a clay soil. Migration from the boluses is being
assessed from soil cores taken from the lysimeters over time
and assayed for TSE infectivity. In the other experiment ten
bovine heads have been spiked with TSE infected mouse brain
(301V strain) and buried in the two soil types. Two heads are
exhumed annually and assessed for residual infectivity with-
in and around them.

Results: After one year very small amounts of infectivity have
been detected 25cm from the point source bolus in both soils.
No infectivity was detected up to 9 months after burial. In the
other experiment brain-like tissue was still apparent within
the crania after one year. Large amounts of TSE infectivity
were detected from samples of the intracranial contents, and
also detected in very small amounts in soil samples in the soil
immediately surrounding the heads.

Discussion: These data show that TSE infectivity can survive
burial for up to a year but migrates very slowly in these soils.
Results from future years will likely further illustrate the long
term survival and migration properties of these infective
agents. Risk assessments of TSE infectivity in the environment
should take into account the likely long survival rate of foci of
infectivity when large amounts of infected material have been
buried.
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O.9.3
Updated risk assessment of variant
Creutzfeldt-Jakob disease (vCJD) risks for re-
cipients of plasma-derived blood clotting
products in the U.S.

Hong Yang, Richard Forshee, Mark Walderhaug, Steven
Anderson

US Food and Drug Administration, USA

Background: A recent announcement by UK health authori-
ties of a case of vCJD infection in a >70 year old person with
hemophilia has prompted the US Food & Drug Administration
(FDA) to re-evaluate vCJD risks in the U.S. via plasma-derived
Factor VIII (pdFVIII) and to update its 2006 risk assessment. As
of May 2009, confirmed vCJD deaths have occurred in persons
who are homozygous methionine (MM) at codon 129 of the
PRP gene. Several reports in the last few years have indicated
signs of vCJD infection in persons of methionine-valine (MV)
and homozygous valine (VV) genotypes. FDA updated risk as-
sessment by assuming all genotypes are susceptible to vCJD
and modeling the incubation periods for all three genotypes.

Objectives: To evaluate the vCJD risk for pdFVIII recipients
with severe hemophilia and vonWillebrand diseases.

Methods: The model assumed equal susceptibility of three
genotypes, a median incubation period of 12 years for the
MM and 32 years for MV and VV genotypes, and vCJD infec-
tivity was present in the blood of infected donors during the
last 50% to 90% of incubation period. Model used statistical
distributions for inputs including susceptibility to the disease,
donation rates, frequency and duration of travel to the UK,
France and other countries in Europe since 1980, the effec-
tiveness of donor deferral policies and infectivity clearance
during manufacturing processes.

Results: For severe hemophilia patients at the highest risk
(prophylaxis, with inhibitor, with immune tolerance) the mod-
el estimated annual mean exposure to be ~7 x 10-8 iv ID50 or
~1 in 270,000 with the lower prevalence (4 per million) as-
sumption, and ~1 x 10-4 iv ID50 or ~1 in 12,000 with the high-
er prevalence (1 per 4,225) assumption. Donor deferral poli-
cies reduce the risk by >92%.

Discussion: Due to limited data and knowledge of vCJD, the
model estimates are uncertain. However, it suggests the risk
is small, and donor deferral and manufacturing processes
greatly reduce the risk.

Selected by the scientific committee from the submitted abstracts

O.9.4
Is Nor98 scrapie contagious? Results from
Norwegian flock studies

Sylvie Benestad1, Torfinn Moldal1, Torkjel Bruheim2, Pet-
ter Hopp1, Bjørn Bratberg1

1National Veterinary Institute, Oslo, Norway, 2National Vet-
erinary Institute, Trondheim, Norway

Background: Nor98 scrapie, also called atypical scrapie, has
been reported in sheep from many European countries, the
Falkland Islands, USA and Canada. Although the transmissi-
bility of the Nor98 agent has been proven in ovine transgenic
mice and sheep, there is scarce knowledge about transmission
under natural conditions. 

Objectives: The aim was to investigate whether the scrapie
agent spreads between sheep in flocks where Nor98 scrapie
has been detected. 

Methods: The sheep originated from seven flocks with an in-
dex case of classical scrapie or from 58 flocks with an index
case of Nor98 scrapie. The flock mates were examined either
at destruction immediately after detection of the index case
or when found dead or sent to slaughter up to six years after
the diagnosis. When available, four brain regions (obex, cere-
bellum, midbrain and cerebral cortex) and the retropharyn-
geal or mesenteric lymph nodes were analysed for the pres-
ence of PrPSc by using IHC with F89.160.1.5 mAb or ELISA test
(Platelia/TeSeE Sheep and Goat, Bio-Rad) 

Results: In the classical scrapie flocks up to 35% of the sheep
were positive for classical scrapie. In contrast, only one single
case was found in 57 out of the 58 Nor98 flocks. In one flock,
two positive sheep were found, the second case was Nor98
scrapie, but the index case could not be PrP genotyped or WB
analysed. Nevertheless, the IHC analysis suggested that it was
a Nor98 case. 

Discussion: This study shows that Nor98 is clearly less conta-
gious than classical scrapie under natural conditions. Although
a secondary case of scrapie is probable in one single flock, con-
sidering the total of flock mates examined this does not ex-
clude that scrapie Nor98 might be a spontaneous disease oc-
curring without an external contamination source.
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O.10.1
Transmission of uncommon forms of bovine
prions to transgenic mice expressing human
PrP: questions and progress

Vincent Béringue, Hubert Laude

INRA, UR 892, Virologie Immunologie Moléculaires, France

The active, large-scale testing of livestock nervous tissues for
the presence of protease-resistant prion protein (PrPres) has led
to the recognition of 2 uncommon PrPres molecular signatures,
termed H-type and L-type BSE. Their experimental transmis-
sion to various transgenic and inbred mouse lines unambigu-
ously demonstrated the infectious nature of such cases and
the existence of distinct prion strains in cattle. Like the classi-
cal BSE agent, H- and L-type (or BASE) prions can propagate
in heterologous species. In addition L-type prions acquire mo-
lecular and neuropathologic phenotypic traits undistinguish-
able from BSE or BSE-related agents upon transmission to
transgenic mice expressing ovine PrP (VRQ allele) or wild-type
mice. An understanding of the transmission properties of
these newly recognized prions when confronted with human
PrP sequence was therefore needed. Toward this end, we in-
oculated mice expressing human PrP Met129 with several field
isolates. Unlike classical BSE agent, L-type prions appeared to
propagate in these mice with no obvious transmission barri-
er. In contrast, we repeatedly failed to infect them with H-
type prions. Ongoing investigations aim to extend the knowl-
edge on these uncommon strains: are these agents able to col-
onize lymphoid tissue, a potential key factor for successful
transmission by peripheral route; is there any relationship be-
tween these assumedly sporadic forms of TSE in cattle and
some sporadic forms of human CJD are among the issues that
need to be addressed for a careful assessment of the risk for
cattle-to-human transmission of H- and L-type prions.

Invited by the scientific committee

O.10.2
Generation of diverse synthetic prion strains
capable of infecting mice that express full-
length prion protein

David Colby, Giuseppe Legname, Holger Wille, Ilia
Baskakov, Stephen DeArmond, Stanley Prusiner

University of California, San Francisco, USA

Background: Recombinant (rec) prion protein (PrP) composed
of residues 89–230 was refolded into an amyloid conforma-
tion and found to contain prion infectivity upon inoculation
into Tg9949 mice, which overexpress the same N-terminally
truncated PrP construct (Legname, et.al., Science, 2004). The
conformational stability of prions correlates directly to the dis-
ease incubation period (Legname, et.al., PNAS, 2006). 

Objectives: We hypothesized that new synthetic prion strains
with short, medium, and long incubation periods could be
generated from PrP amyloids with low, medium, and high
conformational stability, respectively. 

Methods: We generated several PrP amyloid preparations at
different temperatures, in the presence of varying concentra-
tions of denaturant, and using two different recPrP constructs:
full-length PrP(23–230) and N-terminally truncated PrP(89–
230). Amyloids were screened for conformational stability by
a conformation-dependent immunoassay, and select PrP amy-
loids exhibiting a broad range of conformational stabilities
were inoculated into Tg4053 mice, which moderately overex-
press full-length PrP. 

Results: Tg4053 mice inoculated with all but one PrP amyloid
preparation developed prion disease after incubation periods
of >500 d. The brains of infected mice had typical prion neu-
ropathology and harbored protease-resistant PrPSc. Negative
control mice inoculated with monomeric recPrP, albumin, or
PBS showed no sign of disease. Upon serial transmission, the
newly created synthetic prion strains had incubation periods
and conformational stabilities that correlated with the con-
formational stability of the amyloid used to create them. 

Discussion: We found that the properties of synthetic prion
strains may be controlled by the conditions used for their for-
mation. Our findings provide direct evidence that mammalian
prion strains arise from conformational differences in the PrP
polypeptide chain.
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O.10.3
Separation of prion strains from a mixture
by discriminatory bioassay. The example of
a natural case of mixed infection of classical
scrapie and Nor98

Umberto Agrimi1, Michele Di Bari1, Claudia D’Agostino1,
Elena Esposito1, Maria Mazza2, Simone Barocci3, Geraldina
Riccardi1, Shimon Simson1, Paolo Frassanito1, Barbara Iuli-
ni2, Pier Luigi Acutis2, Cristina Casalone2, Hubert Laude4,
Sylvie Benestad5, Gabriele Vaccari1, Romolo Nonno1

1Istituto Superiore di Sanità, Italy; 2Istituto Zooprofilattico
Sperimentale del Piemonte, Liguria e Valle d’Aosta, Italy; 3Is-
tituto Zooprofilattico Sperimentale dell’Umbria e delle Marche,
Italy, 4INRA, France; 5National Veterinary Institute, Norway

Background: The possible coexistence of different strains in
natural prion isolates is the subject of enduring discussions
and might have implications for prion strains surveillance.
Nonetheless, this possibility has not yet been proved. In 2007,
a case of ovine scrapie with features compatible with a mixed
infection of classical scrapie and Nor98 was reported in Italy.

Objectives: To characterize by bioassay the prion agent(s) in-
volved in this unusual scrapie case.

Methods: Previous studies showed that voles are susceptible
to the prevalent Italian scrapie agent and resistant to Nor98,
while tg338 mice show the contrary. Taking advantage of this
differential susceptibility, we inoculated voles and tg338 with
the brain stem (BS) and the cerebral cortex (CC) of the unusual
case. Discriminatory WB showed a predominance of classical
scrapie PrPres in BS, while CC mainly contained Nor98 PrPres.
A classical scrapie isolate (ClS) from the same flock of the un-
usual case, as well as Nor98 isolates from Italy and Norway
were used as controls.

Survival times and attack rates were calculated in voles and
tg338. Brains were analysed by discriminative WB for PrPSc
type, by IHC and PET-blot for PrPSc deposition and by E&E for
lesion profile.

Results: Both CC and BS induced disease in tg338, with sur-
vival times similar to Nor98 controls. As expected, Tg338 were
resistant to ClS control. In contrast, voles developed disease
following inoculation of ClS control and BS, but not of CC and
Nor98 controls.

In voles, the neuropathological and molecular phenotypes up-
on infection with the unusual case were the same of those ob-
served with ClS, while in Tg338 were identical to Nor98 con-
trols.

Discussion: Our results demonstrate that two independent
and separable prion agents coexist in the isolate investigated.
This implies that:
- mixed prion infections can occur
- classical scrapie and Nor98 are distinct entities
- the isolation of prion strains from a mixture is affordable.

Selected by the scientific committee from the submitted abstracts

O.10.4
Significance of murine scrapie strains: ME7
changes phenotype when inoculated in
sheep and then back into mice

Sílvia Sisó1, Francesca Chianini2, Scott Hamilton2, Mark
Dagleish2, Philip Steele2, Jeanie Finlayson2, Stuart Martin1,
Martin Jeffrey1, Lorenzo González1

1Veterinary Laboratories Agency- Lasswade, UK; 2Moredun
Research Institute, UK

Background: The original concept of scrapie strains arose from
the identification of different disease phenotypes in mice in-
oculated with natural sheep scrapie isolates . Distinct pheno-
types are recognised only after serial passage into inbred
mouse lines. ME7 murine scrapie has been isolated from sheep
scrapie of different PRNP genotypes but the stability of this
strain on re-isolation and therefore its significance for sheep
is untested.

Objectives: To determine i) whether ME7 produces a unique
disease phenotype on passage in sheep of different PRNP
gene background, and ii) whether or not its characteristic phe-
notype is recovered when re-isolated in mice.

Methods: Twenty-two Cheviot or Suffolk sheep homozygous
for either VRQ or ARQ PRNP alleles were dosed with ME7.
Sheep were monitored for neurological signs of scrapie and
killed at clinical end point. Representative samples of CNS and
LRS tissues were collected and labelled for disease-associated
PrP (PrPd) by immunohistochemistry (IHC). In 2007, selected
brain inocula from “sheep ME7”-confirmed cases were inocu-
lated back into C57BL mice (n=45).

Results: ME7 attack rates were 75% in VRQ/VRQ Cheviot
sheep, and 87% and 83% in ARQ/ARQ Cheviot and Suffolk
sheep, respectively. Differences in incubation periods and PrPd
IHC phenotypes were detected, mostly in relation to the PRNP
genotype of the recipient sheep. When mice were challenged
with these different sheep phenotypic sources, a donor asso-
ciated variation in disease phenotype were found in recipients.

Discussion: In this experiment, the well characterized, cloned
–and therefore presumed single- ME7 murine scrapie strain re-
sulted in variable disease phenotype interpreted as instability
when inoculated into sheep. When re-isolated back into mice,
a consistent ME7 disease phenotype was absent at first pas-
sage. These findings have profound implications for the prion
strain concept, and suggests that strains result from an inter-
action between the agent and the host.

Selected by the scientific committee from the submitted abstracts
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O.10.5
A novel human prion disease affecting sub-
jects with the three prion protein codon 129
genotypes: could it be the sporadic form of
Gerstmann-Str�ussler?

Pierluigi Gambetti

Case Western Reserve University, USA

Background: We recently described a novel prion disease,
named protease-sensitive prionopathy or PSPr, characterized
by the presence of an abnormal prion protein (PrP) that was
60 fold less protease resistant than that of sporadic
Creutzfeldt-Jakob disease (sCJD) and on immunoblot gener-
ated a distinct ladder-like profile. All affected subjects where
homozygous for valine at codon 129 (VV) and had no muta-
tion in the PrP gene. 

Methods: We have characterized several new cases in our sur-
veillance and received from Europe. 

Results: 1) A disease overall similar to that reported in the
129VV subjects also affects subjects that are methionine/va-
line heterozygous (MV) and methionine homozygous (MM) at
codon 129 and have no PrP gene mutation; 2) The clinical and
histopathological features of the new MV and MM PSPr cas-
es are similar but distinguishable from those of the original
VV cases; 3) The electrophoretic profiles generated by the ab-
normal PrP isoforms associated with the MV and MM cases
are similar to VV cases but show increasing levels of protease-
resistance; 3) abnormal tau is present in all three genotypic
forms of PSPr with features apparently similar to those of pri-
mary tauopathies placing PSPr at the intersection of
tauopathies and prion diseases. 

Discussion: Will focus on: 1) the features of the abnormal PrP
in the newly discovered 129MV and 129MM PSPr; 2) the ef-
fect of the 129 polymorphism on PSPr compared to that on
sCJD; 3) the relationship of PSPr with tauopathies; 4) whether
PSPr now with the three 129 genotypic forms is the long
sought sporadic form of GSS. (Supported by NIH AG-14359,
NS052319, CDC UR8/CCU515004).

Selected by the scientific committee from the submitted abstracts

O.10.6
Biological typing of sporadic Creutzfeldt-
Jakob disease isolates and comparison with
animal prion isolates

Romolo Nonno1, Michele Di Bari1, Laura Pirisinu1, Stefano
Marcon1, Claudia D’Agostino1, Elena Esposito1, Paola
Fazzi1, Shimon Simson1, Paolo Frassanito1, Cristina Casa-
lone3, Franco Cardone2, Maurizio Pocchiari2, Gabriele Vac-
cari1, Umberto Agrimi1

1Dept. SPVSA, Istituto Superiore di Sanità, Italy; 2Dept. BCN,
Istituto Superiore di Sanità, Italy; 3Istituto Zooprofilattico del
Piemonte, Liguria e Valle D’Aosta, Italy

Background: Our incomplete understanding of the nature of
TSE agents, along with the current technical limitations in the
analysis of PrPSc structure, prevent the direct typing of prion
isolates. The characterization of prion strains still relies upon
bioassay in rodents. Bank vole (Myodes glareolus), being sus-
ceptible to a wide range of prion sources, offers the opportu-
nity to investigate the biological properties of prion isolates
from different species in a single model. 

Objectives: To study the biological properties of sCJD sub-
types and compare them with animal TSEs.

Methods: We analysed the phenotype of transmission of
MM1, MV1, MM2, MV2, and VV2 sCJD subtypes to voles, in
comparison with BSE, BASE and classical scrapie isolates from
different EU countries. Molecular analysis of PrPSc from the
original isolates preceded voles inoculation. Survival time and
attack rate were calculated upon primary transmissions and
subsequent passages. 

The brain of voles were analysed by WB for PrPSc type, by Gnd-
HCl denaturation for PrPSc conformational stability, by im-
munohistochemistry and PET-blot for PrPSc deposition pattern
and by E&E for lesion profile.

Results: This study demonstrated that prion diseases induce
in voles a variety of molecular and pathological phenotypes.
CJD isolates were grouped into 4 categories: i) MM1/MV1
(n=3), ii) MM2 (n=1), iii) MV2 (n=2) and iv) VV2 (n=1). Scrapie
isolates were categorised in at least 4 groups, with no over-
lapping with sCJD isolates. BSE was distinct from scrapie and
sCJD phenotypes. Finally, BASE gave a phenotype distinct
from BSE and scrapie but indistinguishable from VV2 sCJD.

Discussion: Overall, the biological classification of sCJD sub-
types concurs with their clinico-pathological classification. Sim-
ilarities in the transmission pattern of prion isolates from dif-
ferent host species were very rare, with the notable exception
of BASE and VV2 sCJD. Herein, the meaning of such similari-
ties is discussed in the context of current knowledge on strains
and of available tools for their typing.
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O.11.1
Prions in feces of asymptomatic deer

Gültekin Tamgüney1,2, Michael W. Miller3, Lisa L. Wolfe3,
Tracey M. Sirochman3, David V. Glidden4, Christina
Palmer 1, Azucena Lemus5, Stephen J. DeArmond5, Stan-
ley B. Prusiner1,2

1Institute for Neurodegenerative Diseases, University of Cali-
fornia, San Francisco, USA; 2Department of Neurology, Uni-
versity of California, San Francisco, USA; 3Colorado Division
of Wildlife, Wildlife Research Center, Fort Collins, USA; 4De-
partment of Epidemiology and Biostatistics, University of Cal-
ifornia, San Francisco, USA; 5Department of Pathology, Uni-
versity of California, San Francisco, USA

Background: Chronic wasting disease (CWD) of several species
in the deer family and scrapie of sheep are infectious prion
diseases that are transmitted naturally within affected host
populations. Even though several potential sources of infec-
tivity have been identified in secretions and excretions from
symptomatic animals, the biological importance of these
sources in sustaining epidemics remains unclear.

Objective/Methods: Feces from mule deer (Odocoileus
hemionus) were periodically collected before and after oral in-
oculation with CWD prions until the deer developed clinical
signs of CWD. Fecal samples were irradiated and intracere-
brally inoculated into transgenic mice overexpressing cervid
PrP.

Results: We report that asymptomatic CWD-infected mule
deer excrete CWD prions in their feces long before they de-
velop clinical signs of prion disease. Intracerebral inoculation
of irradiated deer feces into transgenic mice overexpressing
cervid PrP revealed infectivity in 14 of 15 fecal samples col-
lected from 5 deer at 7–11 months before the onset of neu-
rological disease. Even though prion concentrations in deer
feces were much lower than those in brain tissue from the
same deer collected at the disease terminus, the estimated to-
tal infectious dose excreted in feces by an infected deer over
the disease course may approximate the total contained in
brain tissue.

Discussion: Fecal prion excretion over long periods of time by
infected deer provides a likely natural mechanism that may
explain the high incidence and efficient horizontal transmis-
sion of CWD within deer herds, as well as prion transmission
among susceptible cervid species.

Selected by the scientific committee from the submitted abstracts

O.11.2
Transmission of bovine-passaged TME prion
strain to macaque

Emmanuel Comoy1, Juergen Richt2, Valérie Durand1, So-
phie Freire1, Evelyne Correia1, Amir Hamir2, Marie-
Madeleine Ruchoux1, Paul Brown1, Jean-Philippe Deslys1

1Atomic Energy Commission, France; 2National Animal Dis-
ease Center, USA

Background: The origin of Transmissible Mink Encephalopa-
thy (TME) remains controversial, with historical evidence for
either scrapie or BSE as the source of separate outbreaks. The
case for BSE is supported by the experimental transmission of
BSE from cattle to mink, whereas scrapie failed to transmit
from sheep to mink. Transmission of TME from mink to
cynomolgus macaque is inefficient, suggesting a low risk of
TSE to human health. Because only typical and atypical BSE
prion strains have been shown to be easily transmissible from
non-primate to primate species, we have investigated trans-
missibility to monkeys of a cattle-passaged strain of TME. 

Objectives: To compare the transmissibility of cattle-passaged
TME prions to the transmissibility of other cattle-passaged pri-
ons.

Methods: Monkeys (cynomolgus macaques) were intra-cere-
brally infected with classical BSE, atypical BSE strains (BASE
and BSE H), and a cattle-passaged TME strain. Animals were
regularly monitored for clinical signs, and extensive biochem-
ical and immunohistochemical studies were performed on lym-
phoid and neural tissues of animals that have already died.

Results and discussion: The animal infected with the cattle-
passaged TME strain developed neurological clinical signs af-
ter a very short incubation period of 20 months, with a clini-
cal picture that is clearly different from that of BSE/vCJD-in-
fected animals, but similar to that of BASE (the animal is still
alive at the time of this writing but post-mortem histopatho-
logical and immunohistochemical analyses will provide a more
complete characterization of the disease). This new transmis-
sion reinforces the notion of human vulnerability to prion dis-
eases passaged through cattle, perhaps due to a low species
barrier.
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O.11.3
Infectivity in skeletal muscle of BASE-infect-
ed cattle

Silvia Suardi1, Chiara Vimercati1, Fabio Moda1, Ruggerone
Margherita1, Ilaria Campagnani1, Guerino Lombardi2,
Daniela Gelmetti2, Martin H. Groschup3, Anne
Buschmann3, Cristina Casalone4, Maria Caramelli4, Sal-
vatore Monaco5, Gianluigi Zanusso5, Fabrizio Tagliavini1

1Carlo Besta” Neurological Institute,Italy; 2IZS Brescia, Italy;
33FLI Insel Riems, D, Germany; 4CEA-IZS Torino, Italy; 5Uni-
versity of Verona, Italy

Background: BASE is an atypical form of bovine spongiform
encephalopathy caused by a prion strain distinct from that of
BSE. Upon experimental transmission to cattle, BASE induces
a previously unrecognized disease phenotype marked by men-
tal dullness and progressive atrophy of hind limb musculature.
Whether affected muscles contain infectivity is unknown. This
is a critical issue since the BASE strain is readily transmissible
to a variety of hosts including primates, suggesting that hu-
mans may be susceptible. 

Objectives: To investigate the distribution of infectivity in pe-
ripheral tissues of cattle experimentally infected with BASE. 

Methods: Groups of Tg mice expressing bovine PrP (Tgbov XV,
n= 7-15/group) were inoculated both i.c. and i.p. with 10%
homogenates of a variety of tissues including brain, spleen,
cervical lymph node, kidney and skeletal muscle (m. longis-
simus dorsi) from cattle intracerebrally infected with BASE. No
PrPres was detectable in the peripheral tissues used for inoc-
ulation either by immunohistochemistry or Western blot. 

Results: Mice inoculated with BASE-brain homogenates
showed clinical signs of disease with incubation and survival
times of 175±15 and 207±12 days. Five out of seven mice chal-
lenged with skeletal muscle developed a similar neurological
disorder, with incubation and survival times of 380±11 and
410±12 days. At present (700 days after inoculation) mice
challenged with the other peripheral tissues are still healthy.
The neuropathological phenotype and PrPres type of the af-
fected mice inoculated either with brain or muscle were in-
distinguishable and matched those of Tgbov XV mice infect-
ed with natural BASE. 

Discussion: Our data indicate that the skeletal muscle of cat-
tle experimentally infected with BASE contains significant
amount of infectivity, at variance with BSE-affected cattle,
raising the issue of intraspecies transmission and the poten-
tial risk for humans. Experiments are in progress to assess the
presence of infectivity in skeletal muscles of natural BASE.
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O.11.4
The use of zebrafish in prion biology: les-
sons and perspectives

Edward Málaga-Trillo, Gonzalo P. Solis, Claudia A.O.
Stuermer, Yvonne Schrock, Emily Sempou, Corinna Geiss

Department of Biology, University of Konstanz, Germany

Neurodegeneration in prion disease is often regarded as a
consequence of abnormal PrP function, yet amazingly little is
known about the normal, physiological role of PrP. In partic-
ular, the absence of clear phenotypes in PrP knockout mice
has made it difficult for scientists to address this important
question. Our research is aimed at departing from the use of
traditional mammalian models in prion biology. Using mor-
pholino knockdown approaches, we have previously produced
strong PrP loss-of-function phenotypes in zebrafish embryos.
Morphological and molecular analyses of these phenotypes
have revealed that PrP can modulate E-cadherin-based cell-cell
adhesion, thereby controlling essential morphogenetic cell
movements in the early gastrula. Our experiments with fish,
mammalian and invertebrate cells also have shown that PrP
itself can elicit homophilic cell-cell adhesion and trigger intra-
cellular signaling via Src-related kinases. Notably, we found
that these molecular functions of PrP are conserved from fish
to mammals. Using a combination of methods in biochemistry
and developmental cell biology, we are now investigating the
molecular details of PrP function and its physiological rele-
vance. Here we discuss the use of the zebrafish in prion biol-
ogy, and how it may help improve our understanding of the
roles of PrP in health and disease.
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O.11.5
Small critical RNAs in the scrapie agent

Steve Simoneau1, Marie-Madeleine Ruchoux1, Nicolas Vi-
gnier2, Derrick Gibbings3, Pierre Lebon4, Sophie Freire1,
Emmanuel Comoy1, Olivier Voinnet3, Jean-Philippe
Deslys1, Jean-Guy Fournier1

1CEA-Institute of Emerging Diseases and Innovative Thera-
pies, France; 2U974 INSERM, UMRS 7215 CNRS, Institut My-
ologie, Hôpital Pitié-Salpêtrière, Paris, France; 3Institut Bi-
ologie Moleculaire des Plantes, Strasbourg, France; 4Labora-
toire Virologie, Hôpital Saint Vincent de Paul, Paris, France

Unconventional infectious agents cause transmissible spongi-
form encephalopathy (TSE) diseases including scrapie and
bovine spongiform encephalopathy (BSE) in animals and
Creutzfeldt-Jakob disease in humans. The protein only hy-
pothesis claims that the TSE agent is composed solely of the
protein called prion (PrPsc). This protein is the misfolded form
of a host-encoded cellular protein, PrPc exerting presumably
a vital role at the synapse. Even though now widely accept-
ed, the prion concept fails to provide in certain circumstances,
a satisfying interpretation of the infectious phenomenon. Us-
ing the 263K scrapie-hamster model, we conducted a trans-
mission study to search for a putative prion-associated factor
indispensable for infectivity. Here we show that innocuous re-
combinant prion protein (recPrP) was capable, in a repro-
ducible manner, of transmitting scrapie disease when the pro-
tein was β–sheet converted in a solution containing PrPsc-de-
rived RNA material. Analysis of the PrP-RNA mixture revealed
the association of recPrP with two prominent populations of
small RNA molecules having an average length of about ~27
and ~55 nucleotides. First sequencing data has been obtained
and will be discussed. We conclude that the nature of the TSE
agent seems to be composed of a nucleoprotein molecular
complex, in which informative RNA molecules of small sizes
are associated with the misfolded prion protein (PrPsc).

Invited by the scientific committee

48 Oral Presentations



Book of 

Posters





P.1.1
What is the role of amyloid in TSE disease?
Examining the accumulation of non infec-
tious PrP amyloid in vivo

Declan King1, Pedro Piccardo2, Andy Gill1, Bernardino
Ghetti3, Rona Barron1

1Roslin Institute and R(D)SVS, University of Edinburgh, UK;
2Centre for Biologics Evaluation, FDA, USA; 3Indiana Uni-
versity School of Medicine, USA

Background: Human P102L Gerstmann-Sträussler-Scheinker
(GSS) disease is a familial TSE which is associated with a sin-
gle amino acid mutation at codon 102 in human PrP. One
characteristic of the disease is the accumulation of PrP amy-
loid plaques in the brain, however two distinct phenotypes of
disease are associated with this single amino acid mutation.
In classical P102L GSS amyloid plaques and diffuse PrP depo-
sition are accompanied by spongiform degeneration of the
brain. In atypical forms of P102L GSS, amyloid deposition oc-
curs in the absence of any spongiosis. We have previously
demonstrated that inoculation of atypical P102L GSS into
transgenic mice expressing the equivalent mutation in murine
PrP (101LL) induces the production of PrP amyloid plaques in
recipient mice in the absence of clinical signs of disease or the
spongiform degeneration associated with TSEs. Therefore it
was concluded that PrP amyloid may not be infectious and
may instead seed further PrP amyloid accumulation in the
brain, resulting in an outcome unrelated to TSE disease.

Objectives: To further understand this relationship between
amyloid and infectivity we aim to identify the role of amyloid
in TSE disease by inoculating 101LL Tg mice with recombinant
wild type or 101LL murine PrP which has been refolded into
either the alpha-monomeric, beta-oligomeric or amyloid iso-
form.

Results: This experiment is currently in progress and therefore
no results are available as of yet.

Discussion: This research will determine whether we can in-
duce amyloid formation in transgenic mice in the absence of
infected tissue inoculum, and whether such amyloid forms of
PrP are infectious. These experiments could prove that PrP mis-
folding can be separated from TSE infectivity, and that ab-
normal forms of PrP can exist in the brain without causing a
spongiform encephalopathy.

P.1.2
In vitro species barrier in the SDS-seeding-
system

Giannantonio Panza1, Lars Luers1, Tommy Agyenim1,
Detlev Riesner1, Dieter Willbold2, Eva Birkmann2

1Heinrich-Heine University, Germany; 2Forschungszentrum
Juelich, Germany

Background: The conversion of the cellular isoform of the pri-
on protein PrPC to the pathogenic isoform PrPSc is the key
event in prion diseases. In earlier studies we presented an in
vitro conversion system which simulates the structural transi-
tion of recombinant PrP to amyloid fibrils in the presence of
low concentrations of SDS.

Objectives: Within our in vitro conversion system we want to
analyze in vitro the natural species barrier. We use seeded fib-
ril formation as model system for the infectious disease mech-
anism and simulate the species barrier by choosing seed and
template by different species. We characterize species barrier
passage by the kinetics and structure of fibrils.

Methods: The amyloidic character was verified by electron mi-
croscopy and fibril formation was obtained by Thioflavin T as
specific amyloid marker. The species barrier was simulated uti-
lizing the conversion ability of recPrP into fibril from one
species by seeding with prepurified PrPSc from another species
and visualized by Thioflavin T fluorescence. Optimum cond-
tions for the conversion of recPrP into fibrils had to be identi-
fied and PTA-precipitated prions as seeds.

Results: We present a detailed characterization of the in vit-
ro species barrier, using PTA-precipitated prions as seed and
recombinant PrP as Substrat. We analyzed multiple combina-
tions including hamster, sheep and bovine. We could mimic
different known species barriers in our in vitro system. We can
predict species barriers for unknown combination. By analyz-
ing the conformational state of the template we expect to get
insight into infectious prion disease.

Discussion: We applied the conversion assay established in
our group for different PrP-species to analyze species barrier.
This seeded amyloid forming assay does not require any cel-
lular components, and so we can analyze exclusive by the pro-
teinous components. Our in vitro results reflect the natural
species barrier.
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P.1.3
Role of Helix-3 methionine redox cycle in the
PrP α-fold stability

Silvia Lisa1, Lara Reviejo1, Massimiliano Meli2, Giulia
Morra2, Ruth Gabizon3, Giorgio Colombo2, Maria Gasset1

1IQFR-CSIC, Spain; 2ICRM-CNR, Italy, 3HUH, Israel

Background: The conversion of PrPC into its disease-associat-
ed form PrPSc involves a major conformational change and the
non quantitative sulfoxidation of methionine side chains.
Computational studies have predicted that the substitution
of the sulphur atom by a sulfoxide groups at any of the con-
served Helix-3 methionines (M206 and M213, singly or in com-
bination) impacts on the α-fold stability allowing a structural
flexibility that can facilitate the pathway of pathogenic con-
version.

Objectives: To test these predictions, we have designed a mu-
tational approach consisting in M-to-S substitutions in the
HaPrP(23-232) chain.

Methods: Molecular dynamics was used to compare the ef-
fects of sulfoxidation and M-to-S replacement on the flexibil-
ity, stability and energetics of the α-fold of HuPrP(121-229).
Site-directed mutagenesis, protein chemistry and spectro-
scopical techniques were used to characterized the a-folds and
stability of HaPrP(23-232) wt and their mutants.

Results: Molecular dynamics studies using HuPrP(125-229) α-
fold show that both sulfoxidation of M206-M213 side chains
and the M206S-M213S substitution increase the flexibility of
the α-fold allowing the population of previously prohibited
states. At the experimental level, the use M-to-S mutants, DLS
and CD spectroscopy measurements show that replacement
of helix3 methionines, singly or in combination, impedes the
proper folding of HaPrP(23-232) into the conventional α-state.
The found state is featured by the lack of tertiary native con-
tacts, a reduced in secondary structure content and a drastic
decrease in thermal stability (Tm shifts from 59oC to 37oC)

Discussion: Mimicked by mutation, oxidation of PrP helix-3
methionines behaves as a conformational switch that desta-
bilizing the native fold favours the conversion into alternative
states.

P.1.4
Generation of new prion species by in vitro
prion replication

Natalia Fernández-Borges, Francesca Chianini, Suzette A.
Priola, Glenn Telling, Enric Vidal, Jorge de Castro, Louise
Gibbard, Rachel Angers, Hugh W. Reid, Kristin McNally,
Scott Hamilton, Tanya Seward, Martí Pumarola, Mark P.
Dagleish and Joaquín Castilla

Scripps Florida, U.S.A.

Transmissible spongiform encephalopathies (TSEs) are fatal
neurodegenerative disorders affecting both humans and ani-
mals. TSEs can be of genetic, sporadic or infectious origin. The
infectious agent associated with TSEs, termed prion, appears
to consist of a single protein which is an abnormal conformer
(PrPSc) of a natural host protein (PrPC) that propagates by
converting host PrPC into a replica of itself. One of the char-
acteristics of prions is their ability to infect some species and
not others and this phenomenon is known as the transmis-
sion barrier. In general, the transmission barrier is expressed
by an incomplete attack rate and long incubation times which
become shorter after serial inoculation passages. The absence
of natural TSE cases and/or failed experimental transmissions
has suggested that certain species could be resistant for pri-
on diseases. Unfortunately, the molecular basis of the trans-
mission barrier phenomenon is currently unknown and we
cannot predict the degree of a species barrier simply by com-
paring the prion proteins from two species. We have con-
ducted a series of experiments using the Protein Misfolding
Cyclic Amplification (PMCA) technique that mimics in vitro
some of the fundamental steps involved in prion replication
in vivo albeit with accelerated kinetics. We have used this
method to efficiently replicate a variety of prion strains from,
among others, mice, hamsters, bank voles, deer, cattle, sheep
and humans. The in vitro generated PrPres possess key prion
features, i.e. they are infectious in vivo and maintain their
strain specificity. We are using the PMCA technique to gen-
erate infectious PrPres from species hitherto considered to be
resistant to prion disease. The correlation between in vivo da-
ta and our in vitro results suggest that PMCA is a valuable tool
for studying the strength of the transmission barriers between
diverse species and for evaluating the potential risks of the
newly generated prion species to humans and animals.
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P.1.5
MD investigation of the effects of oxidation
on the native dynamics of PrP

Massimiliano Meli1, Giorgio Colombo1, Ruth Gabizon2,
María Gasset3

1National Council of Research, Italy; 2The Agnes Ginges Cen-
ter for Human Neurogenetics, Israel; 3Consejo Superior de In-
vestigaciones Científicas, Spain

Background: The conversion of the cellular prion protein
(PrPC) into the infectious form (PrPSc) is the key event in pri-
on induced neurodegenerations. This process is believed to in-
volve a multi-step conformational transition from an α-helical
(PrPC) form to a β-sheet-rich (PrPSc) state. In addition to the
conformational difference, PrPSc exhibits as covalent signa-
ture the sulfoxidation of M213. To investigate whether such
modification may play a role in the misfolding process we
have studied the impact of methionine oxidation on the dy-
namics and energetics of the HuPrP(125–229) α-fold.

The experimental verification of computational hypotheses
has been carried out by partner 47 (Dr. Maria Gasset).

Objectives: The objectives of our work aim to investigate
whether such modification may play a role in the misfolding
process. To this end, we have studied the impact of methion-
ine oxidation on the dynamics and energetics of the
HuPrP(125-229) α-fold.

Methods: Using molecular dynamics simulation, essential dy-
namics, correlated motions and signal propagation analysis,
we have found that substitution of the sulfur atom of M213
by a sulfoxide group impacts on the stability of the native
state increasing the flexibility of regions preceding the site of
the modification and perturbing the network of stabilizing in-
teractions. Together, these changes favor the population of
alternative states which maybe essential in the productive
pathway of the pathogenic conversion. These changes are al-
so observed when the sulfoxidation is placed at M206 and at
both, M206 and M213.

Results: The results of our work provide a model for the mo-
lecular understanding of the perturbative influence of me-
thionine oxidation on the dynamics of the native state of the
Prion protein.

Discussion: The sulfoxidation of Helix-3 methionines emerge
as the molecular switch for triggering the initial α-fold desta-
bilization required for the productive pathogenic conversion.
The details of the possible conversion pathways will be dis-
cussed.

P.1.6
Self-association properties of PrP folding in-
termediates originated by mutations in He-
lix-3 methionines

Lara Reviejo1, Silvia Lisa1, Angel Cuesta1, Miguel Calero2,
Maria Gasset1

1IQFR-CSIC, Spain; 2CNM-ISCIII, Spain

Background: The conversion of PrPC into its disease-associat-
ed form PrPSc involves a major conformational change that
obligatory requires the destabilization of the native,α-fold.
Computational and biophysical studies have shown that the
singly or combined replacement of M206 and M213 impair the
α-fold stability.

Objectives: To test whether the mutation-induced α-fold
destabilization favours the productive conversion into PrPSc-
like polymers we have studied the self-association process trig-
gered by ionic strength at neutral pH.

Methods: Self-association was followed by turbidity, solubil-
ity and ThT-binding measurements. The formed polymers
were characterized attending to their proteinase K resistant
properties as well as their shape as judged by EM and AFM.

Results: Mutation of helix-3 methionines in HaPrP(23-232)
causes an α-fold structural intolerance that is accompanied by
an enhancement in the aggregation tendency. The formed ag-
gregates display amyloid staining properties, shapes compat-
ible with annular protofibrils arrangements and proteinase K
resistance properties reminiscent of PrPSc.

Discussion: Sulfoxidation-mimicking mutation of helix-3 me-
thionines in HaPrP(23-232) provide an excellent framework to
experimentally decipher the conformational switches impair-
ing protein native state stability and triggering polymeriza-
tion events.
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P.1.7
Species specificity of the 3F4 epitope and
methionine at codon 112 of prion protein

Wen-Quan Zou1, Jian-Ping Guo2, Jue Yuan1, Hae-Eun
Kang3, Man-Sun Sy1, Witold Surewicz1, Glenn Telling3,
Patrick McGeer2, Jan Langeveld4, Xiangzhu Xiao1

1Case Western Reserve University, USA; 2University of British
Columbia, Canada; 3University of Kentucky, USA; 4Central
Veterinary Institute of Wageningen UR, Netherlands

Background: The epitope of a widely used 3F4 antibody had
been believed to contain Met-Lys-His-Met (MKHM) (human
PrP109-112) in a critical transition region, mainly based on the
indirect sequence alignment observation that 3F4 is able to
detect human and hamster PrP but not PrP from other species
such as cattle, sheep and cervids, in which M at residue 112 is
replaced by Val (V), consistent with data from antigen com-
petition ELISA. But, to date no direct evidence to display bind-
ing of 3F4 to synthetic PrP109-112 has been reported.

Objective: To investigate molecular basis of the species speci-
ficity of the 3F4 epitope.

Methods: Approaches include peptide membrane array, pep-
scan analysis, and antigen competition experiments with
Western blotting and ELISA. PrP from brains of human, ham-
ster, cervids, and synthesized human and elk prion peptides
were examined with various anti-PrP antibodies. Recombinant
full-length elk and human PrP (ErePrP and HrePrP) were also
examined.

Results: The 3F4 antibody binds to PrP106-110 (KTNMK) high-
ly efficiently but not to PrP109-112 (MKHM) at all. It notably
reacts with synthetic elk peptide and ErePrP containing KTN-
MKHV although substituting V for M at residue 112 lowers its
immunoreactivity. Remarkably, while PrP in uninfected elk
brain is virtually undetectable, 3F4 readily detects two PrP
bands in prion-infected elk samples treated with protease, mi-
grating at ~29 and ~17-18 kDa. In contrast, another anti-PrP
antibody 8H4 against human PrP175-185 detects not only the
two but also two additional bands migrating at ~23-25 kDa
and ~21 kDa.

Discussion: We provide the direct evidence that the minimal
residues required for the 3F4 epitope are KTNMK rather than
MKHM. However, Met at residue 112 apparently affects the
binding of 3F4 to the epitope. (Supported by the CJD Foun-
dation, NIHR01NS062787, NIA AG-14359, CDC
UR8/CCU515004, Dutch Ministry of Agriculture, Nature and
Food Quality, UK project DEFRA SE1700, and NeuroPrion EC
FOOD-CT-2004-506579.)

P.1.8
Conformation-dependent covalent modifi-
cation of PrP

John Mark Carter1, Irina Dynin1, Melissa L Erickson1,
Bruce C Onisko2, Jesus R Requena3, Christopher Silva1

1United States Department of Agriculture, USA; 2OniPro Bio-
sciences, USA; 3University of Santiago de Compostela, Spain

Background: The differences between the overall conforma-
tion of PrPc and PrPsc are significant enough that the normal
form is soluble in non-denaturing detergent, while the dis-
eased form remains insoluble. This difference in propensity for
interaction suggests that the surface structures of the two
forms differ significantly.

Objectives: We have used a variety of covalently-reactive
small molecules to probe this difference.

Methods: We react the proteins with hydrophilic compounds
that readily decorate surface accessible peptides but cannot
diffuse into the protein core. Then we reduce, alkylate, and
trypsinize the protein, as usual for proteomic study. Mass
spectrometry then provides a readout of the extent of amino
acid residue modification.

Results: We found many differences in surface accessibility for
different PrP conformations. Some residues remain complete-
ly unreacted in one form and become completely reacted in
another form.

Discussion: The structural information provided by charac-
teristic differences in reactivity should assist us in developing
a conformation-specific assay. We have outlined our discov-
ery in US Patent Application Serial Number 12/251,456, and
here present data supporting our hypothesis and claims.
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P.1.9
Correlating prion disease susceptibility in
animals with the tendency of their prion
proteins to adopt β-sheet rich structures in
vitro

Qasim Khan1, Avi Chakrabartty2

1University of Toronto, Canada; 2Ontario Cancer Institute -
University Health Network, Canada

Background: Prion diseases successfully propagate in animals
when host, α-helical prion proteins (PrPC) are converted to ag-
gregated or oligomeric, toxic forms that are rich in β-sheet
structure (PrPSc). This conversion process is thought to be fa-
cilitated by PrP folding intermediates that contain high β-sheet
content. Human prions and sheep scrapie have successfully
been propagated in susceptible animals such as hamsters and
mice, yet rabbits show a greater resistance to prions. Our hy-
pothesis draws a correlation between species susceptibility
and the tendency of the animal’s prion protein to adopt β-
sheet, equilibrium folding intermediates.

Objectives: 1) To compare the relative populations of β-sheet,
equilibrium folding intermediate(s), or ‘β-State PrP’, between
hamster, mouse and rabbit PrP. 2) To determine the molecu-
lar weight(s) of species that form β-State PrP. 3) To determine
the toxicity of β-State PrP.

Methods: 1) The relative abundance of PrP in the ‘β-State’
was calculated by performing equilibrium, urea-denaturation
on recombinant PrP 90-231, monitored by circular dichroism
at wavelengths 220 and 229 nm between pH 7 and 4. 2) Equi-
librium analytical ultracentrifugation (AUC) and size exclusion
chromatography (SEC) experiments were performed on β-
State PrP. 3) Cell toxicity assay were performed on β-State PrP.

Results: At pH 4.5 and 4.0, both hamster and mouse promote
greater fractions of β-State PrP than rabbit. Hamster, mouse
and rabbit PrP all populate both an octameric and monomer-
ic species containing high β-sheet content. Cell toxicity assay
results are expected soon.

Discussion: Our results indicate that although hamster, mouse
and rabbit PrP are all capable of forming very similar β-sheet,
equilibrium folding intermediates, hamster and mouse PrP
thermodynamically favour β-State PrP in comparison to rab-
bit PrP due to key amino acid differences. Thus, the stability
of β-State PrP depends on the amino acid sequence of PrP,
and is correlated with prion disease susceptibility in animals.

P.1.10
Conformational plasticity of the recombi-
nant bovine PrP

Vladimir Grigoriev, Aleksey Pokidishev, Sergey Kalnov

Ivanovsky Institute of Virology, Russian Federation

Background: The existence of prion strains and their capacity
of overcoming species barriers seem to point out high confor-
mational adaptability of prion protein. Amyloid fibrils formed
by the same prion protein show structural polymorphism
which appears to underlie prion strain diversity. It is important
to determine how structural polymorphism develops during
the process of amyloid fibrils formation by the prion protein.

Objective: The goal of the present study is to characterize the
fibrilization pathways of the truncated bovine recombinant
prion protein (rPrP) at different concentrations of urea,
GdnHCl, pH and compare formed fibrils with those of other
rPrP.

Results: Bovine rPrP protein (102-240 a.a.) spontaneously as-
sembled in 7 types of fibrils under acid conditions (pH 3,7- 4.5)
in presence of 2-4 M of denaturing agents (urea or GdnHCl).
After one hour of incubation, numerous flexible worm-like
(WL) fibrils(width ~ 12 nm) with no obvious periodic sub-
structure along their axis appeared. After 5 hours of incuba-
tion, rigid polimorphic fibrils (RP) start to form on the back-
ground of WL fibrils. RP fibrils presented: a) straight and flex-
ible ribbon-like twisting structures (length 150-300 nm, cross-
over spacing 130-160 nm); b) side-by side associated two
filaments (length 120-250nm, width 25-34nm), c) straight,
non-periodic fibrils (length 240nm, width 16nm); d) short rod-
like(RL) structures (length 25-80nm, width 7.5-24 nm).WL per-
sisted in the solution until the end of incubation. Partial re-
sistance to standard PK-digestion was demonstrated for all
types of named fibrils.

Discussion: The assumption is that the observed aggregation
mechanism is concurrent self-assembly for recombinant mam-
malian prion protein into WL and RP fibrils under above men-
tioned conditions. We propose two routes of forming WL and
RP fibrils. One pathway represents non-nucleated growth of
WL fibrils. In contrast to WL structures, the second pathway
occurs by nucleation - dependent growth, characterized by lag-
phase, resulting in the formation of RP fibrils. Structural poly-
morphism of fibrils, generated by bovine rec-PrP in vitro, may
correlate with the unusual expanded multi-species tropism of
infectious BSE-prion protein variants and partially may explain
the overcoming of interspecies molecular barriers in vivo.
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P.1.11
Biophysical characterization of the prion
conversion process in vitro

Constance A Sobsey1, Bjorndahl Trent1, Sandipta Acharya1,
Xuehui Liu1, Guo-Ping Zhou1, Fozia Saleem6, Valentyna Se-
menchenko2, David S Wishart1,2

1University of Alberta, Canada; 2National Institute for Nan-
otechnology, Canada

Background: Multiple methods can be used to convert prion
protein from its native, monomeric, highly helical form (called
PrPc) to a largely β-sheet, multimeric, soluble aggregate (called
PrP β), which is an intermediate in conversion from PrPc to PrP-
sc.

Methods: In this study, we used 3 methods for converting
truncated recombinant Syrian hamster prion (shPrP(90-231)):
1) acid titration, 2) incubation with salt and urea and 3) re-
duction with TCEP. NMR spectroscopy was used in combina-
tion with other biophysical techniques (circular dichroism, pro-
teinase K digestion, electron microscopy, dynamic light scat-
tering and fluorescence) to characterize each conversion
process and the resulting aggregate in detail. This compre-
hensive characterization allowed us to compare pathways for
conversion to provide insight into the mechanisms of prion
protein misfolding.

Results: While early stages of conversion for all three meth-
ods were consistently associated with changes in particular
areas of the protein, specifically destabilization of regions of
Helix 2 and Helix 3 followed by destabilization of Beta strand
2, the conversion processes differed in certain important de-
tails as well. There were also morphological differences in the
structure of the aggregates generated by each process. For in-
stance, conversion with urea and salt caused fibril formation,
while pH-based conversion did not.

Discussion: This suggests that subtle differences in the inter-
mediates of PrPc to PrP β conversion may influence the PrP β
to PrPsc conversion process, potentially resulting in differing
final assemblies of PrPsc.

P.1.12
Aggregation and amyloid fibril formation in-
duced by chemical dimerization of recombi-
nant prion protein in physiological-like con-
ditions

Alireza Roostaee, Xavier Roucou

Université de Sherbrooke, Canada

Background: Substantial efforts have been devoted to re-
constitute de novo misfolding of PrP-C and prion infectivity
and/or toxicity. Yet, misfolding of recombinant PrP-C in the
absence of PrP-Res template, cellular factors, denaturing
agents, or at neutral pH has not been achieved. A number of
studies indicate that dimerization of PrP-C may be a key step
in the aggregation process.

Objectives: In an effort to understand the molecular event
that may activate misfolding of PrP-C in more relevant physi-
ological conditions, we tested if enforced dimerization of PrP-
C may induce a conformational change reminiscent of the con-
version of PrP-C to PrP-Res.

Methods: We used a well described inducible dimerization
strategy whereby a chimeric PrP-C composed of a modified
FK506-binding protein (Fv) fused with PrP-C and termed Fv-
PrP is incubated in the presence of a monomeric FK506 or
dimerizing AP20187 ligand.

Results: Addition of AP20187 but not FK506 to recombinant
Fv-PrP (rFv-PrP) in physiological-like conditions resulted in a
rapid conformational change characterized by an increase in
beta-sheet structure and simultaneous aggregation of the pro-
tein. Aggregates were partially resistant to proteinase K and
induced the conversion of soluble rFv-PrP in serial seeding ex-
periments. rFv-PrP aggregates could also induce the conver-
sion of soluble rPrP into a proteinase-K resistant isoform. As
judged from thioflavin T binding and electron microscopy, rFv-
PrP aggregates converted to amyloid fibres after 24 hours of
incubation with AP20187. Aggregates were toxic to cultured
cells whilst soluble rFv-PrP and amyloid fibres were harmless.

Discussion: This study strongly supports the proposition that
dimerization of PrP-C is a key pathological primary event in
the conversion of PrP-C and may initiate the pathogenesis of
prion diseases. This proposition will be tested in transgenic
mice expressing Fv-PrP. In future studies, it will be important
to determine what triggers the dimerization of PrP-C in vivo.
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P.1.13
Efficient in vitro amplification of murine BSE
(301C) in spleen and blood

Hyun-Joo Sohn1, Yoon-Hee Lee1, Dong-Seob Tark1, Young-
Pyo Choi2, Min-Jeong Kim1, Yi-Seok Joo1, Chang-Hee
Kweon1, In-Soo Cho1

1National Veterinary Research and Quarantine Service, Re-
public Of Korea, 2University of Edinburgh, UK

Background: Transmissible spongiform encephalopathy (TSE)
is a fatal neurodegenerative disorder, which is a so-called as
prion disease due to the causative agent(PrPsc). Recently, it
has become to detect very small amounts of PrPsc by com-
bining the protein misfolding cyclic amplification(PMCA)and
Western blotting.

Objectives: Utilizing PMCA, the in vitro conversion of PrPC in-
to PrPSc in spleen and blood of which mice are inoculated in-
traperitoneally with murine BSE strain 301Cand sequentially
culled.

Methods: Total of 58 C57BL mice were inoculated intraperi-
otoneally with 0.02ml of a 1% (w/v) 301C BSE strain. Five mice
were sacrificed sequentially (30 – 450 dpi). Half of the brain
and spleen were immediately frozen for WB and PMCA or
fixed in 10% formalin for IHC . Normal and BSE affected brains
were removed and the homogenates(10%, W/V) were pre-
pared in PMCA conversion buffer. Blood was prepared as
buffy coat or plasma. Positive samples were first diluted to 1:5
or 1:10 in normal brain homogenate (NBH). One hundred mi-
croliter if each incubated at 37°C in a Misonix sonicator 3000
programmed for 48 cycles of 30 seconds pulse (at power lev-
el 5) plus 30 minute incubation. The samples (20ul) after each
round of amplification were subjected to eletrophoresis and
immunoblotting.

Results: The PMCA generated PrPSc from spleen and blood
efficiently convert the conformation of PrPC using brain as
substracts. Some biochemical features of PMCA-generated
PrPSc are alike the original murine PrPBSE. At the early stage
of the incubation period (30dpi), we detected PrPSc in the
blood was probably originated from the pheripheral replica-
tion of prions. Detection time (30, 180, 240 dpi) in blood was
similar to one in spleen.

Discussion: The PrPSc generated from peripheral tissues can
further propagate in the brain. It suggests the possibility to
substitute PMCA with mice bioassay to investigate the prop-
agation of prion.

P.1.14
Monitoring the prion protein stability by
NMR

Olivier Julien1, Braden Sweeting2, Subhrangsu Chatterjee1,
Avi Chakrabartty2, Emil Pai2, Brian Sykes1

1University of Alberta, Canada; 2University of Toronto, Cana-
da

Background: Prion diseases, or transmissible spongiform en-
cephalopathies (TSEs), are a group of fatal neurological dis-
eases that affect both humans and animals. The generally ac-
cepted protein-only hypothesis suggests that the infectious
agent causing prion diseases is composed mainly, if not en-
tirely, of endogenous protein. There are two major forms of
prion protein: the native non-infectious form (PrPC), and the
misfolded infectious form (PrPSc). The structure of PrPC is
mainly α-helical with the exception of a small anti-parallel β-
sheet, whereas PrPSc corresponds to an assembly of β-sheet
forming amyloid fibrils. About 30 structures of the globular
portion of PrPC have been characterized for diverse organisms
with different TSE strain susceptibilities. The few, minor struc-
tural differences between the PrPC proteins suggest that the
key to understanding prion formation lies in the conversion
between PrPC and PrPSc.

Objectives: To identify the possible regions responsible for
the conversion of PrPC into an unfolding or fibril state, we are
using nuclear magnetic resonance (NMR) spectroscopic meth-
ods to characterize the stability of PrPC.

Methods: We have monitored the chemical environment
changes in the C-terminal domain of bovine and rabbit PrPC
during urea-induced unfolding using 1D and 2D proton NMR
spectroscopy.

Results and Discussion: Our results suggest that the stabili-
ty of the small β-sheet of bovine PrPC is perturbed early in the
denaturation process, whilst helix α3 remains in contact with
helix α1 and helix α2 even in the presence of high concentra-
tions of urea. These results support the hypothesis that a
destabilization of the β-sheet is an important step in order for
PrPC to structurally transform into PrPSc. This could have sig-
nificant implication in our understanding of the different poly-
morphisms and mutations that occur naturally in the PRNP
gene, where a destabilized β-sheet would promote confor-
mational changes that lead to PrPSc. A comparison between
rabbit and bovine PrPC is also presented.
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P.1.15
Formation of protease-resistant PrP aggre-
gates in neuroblastoma cells devoid of pri-
on infectivity

Peter-Christian Klöhn, Jack Alden, Anna Harvey, Pari-
neeta Arora, Parmjit Jat, John Collinge

MRC Prion Unit, UK

Background: Prions, the infectious agents of TSEs consist of
an abnormal form of host-encoded prion protein (PrPc) and
replicate in a self-perpetuating process by protein conversion
of PrPc. PrPSc, a beta-sheet rich conformer of PrPc is partially
resistant to proteases and is believed to represent the infec-
tious prion.

Objectives: To develop a cellular model for the identification
of susceptibility factors. To distinguish bona fide prions from
spontaneously formed PrP aggregates.

Methods: Infectious titres were determined by mouse bioas-
say. The kinetic of prion propagation was assessed by Scrapie
Cell Assay (SCA).

Results: Unexpectedly, PrPc overexpression gave rise to PK-
res PrP aggregates, as detected by SCA. PK-res PrP was also
detected after treatment with lactacystin (LC), an inhibitor of
the proteasome that leads to PrP aggregation in the cyto-
plasm. However, homogenates from cells producing sponta-
neous PK-resistant PrP were not infectious on bioassay, in con-
trast to prion-propagating cells. Similarly, in the SCA, only in-
cubations with mouse prions resulted in a progressive increase
of the number of PrPSc-positive cells, indicative of de-novo pri-
on replication. An increase of PK concentration from 2 to 9
mU/ml fully overcame PK-resistance in LC-treated and PrPc-
overexpressing, but not in prion-infected cells, which enabled
us to determine the relationship between PrPc expression lev-
els and prion susceptibility. Remarkably, overexpression of
PrPc did not render revertants susceptible, whereas reconsti-
tution of Prnp-silenced PK1 cells with PrPc restored their sus-
ceptibility, indicating that PrPc is necessary, but not sufficient
for prion propagation in neuroblastoma cells.

Discussion: Resistance of spontaneously formed PrP aggre-
gates to PK did not correlate with prion infectivity. PrP ag-
gregates could be distinguished from bona fide prions by their
lack of accrual over time by SCA. Cell-based assays with sus-
ceptibilities to a wider range of prion strains may be used to
distinguish proteinopathies from prion diseases.

P.1.16
Characterization of the molecular hetero-
geneity of mutant prion proteins

Laura Tapella1,2, Emiliano Biasini1,2, Matteo Stravalaci2,
Marco Gobbi2, Roberto Chiesa1,2

1Dulbecco Telethon Institute, Italy; 2Mario Negri Institute for
Pharmacological Research, Italy

Background: Human inherited prion diseases including
Creutzfeldt-Jakob disease (CJD), Gerstmann-Sträussler-
Scheinker (GSS) syndrome or fatal familial insomnia (FFI), are
fatal neurodegenerative disorders, linked to point or inser-
tional mutations in the prion protein gene and associated with
distinct clinical and neuropathological phenotypes. The mo-
lecular mechanism of such heterogeneity is not clear. It is pos-
tulated that different pathogenic mutations induce PrP to fold
into distinct abnormal structures that are selectively toxic to
specific neuronal populations of the brain.

Objectives: Our project is directed toward illuminating the
correlation between the folding of mutant PrP molecules and
their selective toxicity.

Methods: We generated transgenic mice expressing the
mouse PrP homologues of a nine-octapeptide insertion asso-
ciated with GSS and the D178N/V129 and D178N/M129 mu-
tations linked respectively to CJD and FFI.

Results: We have found that these mutant proteins acquire
biochemical properties typical of pathogenic PrP, including in-
solubility in non denaturing detergents and protease resist-
ance.

We developed a procedure for purifying mutant PrP aggre-
gates from the brains of Tg mice by sequential centrifugations
and immunoprecipitation. Here we describe two new assays
for studying the conformation of mutant PrP molecules based
on surface plasmon resonance and mass spectrometry.

Discussion: These approaches are starting to identify the
structural diversity of different mutant PrP aggregates and
their soluble precursors. Our approach offers a new opportu-
nity to defining the structural features of mutant PrPs under-
lying inherited prion disease heterogeneity.
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P.1.17
Structural characterization of PrP(106-126):
insights into prion and amyloid formation

Patrick Walsh1,2, Simon Sharpe1,2

1Hospital for Sick Children, Toronto, Canada; 2University of
Toronto, Canada

Background: The formation of fibrillar aggregates is involved
in many diseases including Alzheimer’s and Creutzfeldt-Jakob.
While these fibrillar aggregates have long been the indicators
of these diseases, it has recently been theorized that small,
oligomeric forms of proteins involved in amyloid diseases are
the true toxic entity. The peptide comprising residues 106-126
of the human prion protein forms amyloid fibrils as well as
small spherical oligomers, thus making it a good model for
amyloid disease. Furthermore, this region has been proposed
to be involved in the conversion of full-length, nascent prion
protein (PrPC) to the disease form (PrPSc).

Objectives: The objective of this work is to characterize the
molecular structure of amyloid oligomers formed by PrP(106-
126).

Methods: Structural characterization is achieved through the
use of solid-state nuclear magnetic resonance (NMR), solution
NMR and transmission electron microscopy. This is the first re-
port of solution NMR constraints for the determination of
amyloid oligomer structure in the absence of detergents or
exogenous solutes.

Results: We have recently reported the molecular structure of
the amyloid fibrils, as well as the morphology of the stable
oligomers formed by this peptide. Here, we present a detailed
structure of the basic subunit of the oligomers of PrP(106-
126). Solid state NMR experiments indicate that the oligomers
contain parallel β-sheets in an anti-parallel stacking similar to
that of the fibrils. Solution NMR data reveal details into the
dynamics of the N-terminus of PrP(106-126) oligomers.

Discussion: Our results present the first detailed structure for
amyloid oligomers of PrP(106-126). The realization of a basic
fibrillar subunit for soluble oligomers of this peptide provides
a basis for the further study of its conversion pathway, as well
as the conversion of small molecular weight oligomers into
fibrils.

P.1.18
Solvation of prion proteins studied by three-
dimensional molecular theory of liquids

Andriy Kovalenko

National Institute for Nanotechnology, Canada

Background: Accurate theoretical description of biomolecules
in physiological conditions requires explicit accounting for sol-
vent degrees of freedom in all-atom molecular dynamic sim-
ulations. Even with modern computers such simulations are
unfeasible for large biomolecules such as prion proteins. Sim-
plified continuum methods based on the implicit solvation
models give good estimation only for electrostatic part of sol-
vation free energy.

Objectives: To develop a theoretical foundation for proper
treatment of both electrostatic and non-polar solvation ef-
fects at the statistical-mechanical level; to explore the free en-
ergy landscape of amyloids in periodic boundaries and beta-
sheet prion oligomers; to study all stages of oligomerization
based on the coarse-grained models with full account for mo-
lecular solvation structure and thermodynamics.

Methods: The integral equation theory of molecular liquids,
(aka 3D-RISM-KH). The method is based on the first principles
of statistical mechanics and provides complete information
about solvation thermodynamics and hydration structure of
macromolecules. The approach has been proven to be efficient
and capable of predicting self-assembly, conformational sta-
bility and transitions of synthetic organic nanoarchitectures
as well as microtubular architectures of tubulin.

Results: We implemented a combination of molecular dy-
namics and 3D-RISM-KH theory and studied the association
thermodynamics and hydration effects for prion amyloid fib-
rils and beta-sheet oligomers under different solvent condi-
tions (composition, level of pH, ionic strength), including struc-
tural stability, self-assembly and possible locations of water
molecules and solvent ions in the interior cavities.

Discussion: The 3D-RISM-KH theory explicitly accounts for the
effects of chemical specificity of molecular and ionic species
on solvation structure and dynamics (in particular, on aggre-
gation and fibril formation), including hydrogen bonding and
hydrophobic effects, provides information on internal hydra-
tion.
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P.1.19
Probing prion protein unfolding by molecu-
lar dynamics and three-dimensional molecu-
lar theory of solvation

Lyudmyla Dorosh1,2, Nikolay Blinov1,2, Mark Berjanskii2,
David Wishart2, Andriy Kovalenko1

1National Institute for Nanotechnology, Canada; 2University
of Alberta, Canada

Background: Misfolding and oligomerization of prion proteins
(PrP) are associated with transmissible spongiform en-
cephalopathies. Insolubility and propensity to form aggregates
complicate experimental study of infectious isoform of prion
proteins. Molecular mechanisms of PrP conversion and mo-
lecular structure of infectious prions remain unknown.

Objectives: To study pathways of human PrP misfolding at
different solvent conditions, to provide insight into thermo-
dynamics of conformation transitions of prion proteins upon
unfolding.

Methods: The three-dimensional molecular theory of solva-
tion (also known as 3D-RISM-KH), molecular mechanics and
all-atom molecular dynamics (MD) simulations.

Results: In the all-atom explicit solvent MD simulations, the
C-terminal parts of helices H2 and H3 show a tendency for un-
folding. In long run, beta-strands may appear in these parts
of protein. C-terminus of helix H1 repeatedly unfolds and re-
folds during the early stages of unfolding, but remains rela-
tively stable, being detached from H2-H3 bundle. Beta-sheet
S1-S2 extends to the proline containing part of the protein.
Helix H1 may dissolve into two small helices and remains very
flexible in the course of simulations. The quantitative de-
scription of the correlations between gains in solvation free
energy, losses in intra-protein energy from the one hand, and
the helical content changes upon unfolding, solvent accessi-
ble surface area of the hydrophobic residues and hydrophathy
index, has been made. A possible unfolding transition state
has been identified.

Discussion: We found that the pathways of prion protein un-
folding at elevated temperatures are sensitive to the solvation
models used in MD simulations. This can partly account for
the discrepancy between the results of some molecular dy-
namics studies and experimental data. In our study, to avoid
the bias due to a sampling method, we analyze the thermo-
dynamics of prion protein unfolding based on reliable struc-
tural descriptors.

P.1.20
Thermodynamics of amyloidogenesis: mo-
lecular theory of solvation perspective

Nikolay Blinov1,2, Lyudmyla Dorosh1,2, David Wishart2, An-
driy Kovalenko1

1National Institute for Nanotechnology, Canada; 2University
of Alberta, Canada

Background: Solvation effects play a crucial role at different
stages of amyloidogenesis. Whereas the initial misfolding of
prion proteins was studied based on the all-atom explicit sol-
vent molecular dynamics simulations, the formation of
oligomers and their conversion into amyloid fibrils have been
analyzed so far using course-grained models with implicit sol-
vent.

Objectives: Accurate statistical-mechanical description of sol-
vation without compromising the microscopic structural and
non-polar solvation effects for studying all stages of amy-
loidogenesis, from misfolding to fibrillization.

Methods: Molecular mechanics, molecular dynamics and the
statistical-mechanical three dimensional molecular theory of
solvation (3D-RISM-KH).

Results: Enthalpic desolvation barrier has been identified as
an important feature of the free energy landscape of amyloid
fibrils. Inter-protein interface is characterized by a high degree
of shape complementarity as it follows from a significant con-
tribution of dispersion interactions to the association free en-
ergy. A second important physical factor favoring stability of
fibrils is solvation entropy. Water and ion channels are iden-
tified for different fibrillous aggregates, including HET-s prion
amyloid fibril, with implication that the internal hydration may
play an important role in association thermodynamics of be-
ta-sheet oligomers and fibrils.

Discussions: The study provides the exact balance between
different contributions to the association free energy and
quantitative characterization of the solvation entropic (hy-
drophobic) effects for prion fibrils and beta-sheet oligomers.
We show that in acidic conditions (as well as for some point
mutations) the changes in solvent organization, solvation en-
tropy and dispersion interactions due to conformational re-
construction caused by destabilization of salt bridges, may
dominate over changes in electrostatic interactions. We show
that the above can explain the differences in pathways of
oligomerization at different solvent pH conditions.

60 Posters



P.1.21
Role of plasma co-factors in misfolding and
/or propagation of misfolded prion proteins

Julie Lowe1, Shannon Braithewaite1, Aru Balachandran2,
Mike Belosevic1, Norman Neumann1

1School of Public Health, Canada; 2Canadian Food Inspection
Agency, Canada

Background: Accumulating evidence suggests that accessory
factors may play an important role in the misfolding of pro-
tease-resistant prion protein (PrPSc). Data collected in our lab-
oratory demonstrates that plasma proteins appear to modu-
late the misfolding and templating properties of PrPSc and
may contribute to the species barrier associated with disease.
Furthermore, we have observed apparent de novo synthesis
of PrPSc when plasma and normal brain homogenates from
the same animal are combined together and amplified in vit-
ro.

Objectives: Characterize the species-specific effect of plasma
proteins on amplification and templating properties of PrPSc.

Methods: Protein misfolding cyclic amplification (PMCA) was
used to characterize the effects of conspecific (i.e., same
species) and xenospecific (i.e., different species) plasma on am-
plification of 263K hamster scrapie in vitro and formation of
de novo synthesis of PrPSc from different species of animals.

Results: Similar to what has been reported in the literature,
we have observed an inhibitory effect of xenospecific plasma
(bovine, sheep) on amplification of PrPSc in the PMCA assay
seeded with 263K scrapie. However, when conspecific plasma
(i.e., 10% hamster plasma) is used in assays, the PMCA is
greatly enhanced and formation of PrPSc in vitro is accelerat-
ed. Moreover, apparent de novo synthesis of PrPSc by PMCA
can be readily achieved by mixing normal hamster brain ho-
mogenates with conspecific plasma (hamster) but is not as ef-
ficient with xenospecific plasma. Similar findings were ob-
served when normal brain homogenates and conspecific plas-
ma were mixed from a variety of different animal species and
subjected to PMCA.

Discussion: The species-specific effects of conspecific plasma
suggest that the infectious particle may represent a complex
aggregate of multiple host specific molecules, of which PrP is
essential, but may require accessory host-specific proteins to
confer templating properties for propagation of the infectious
particle.

P.1.22
Molecular studies of Abeta amyloid aggre-
gation in Podospora anserina

Marie-Lise Maddelein, Virginie Ramillon, Suzana Dos Reis

Centre National de la Recherche Scientifique (CNRS), France

Background: Aggregation of amyloid proteins is involved in
neurodegenerative disorders such as Alzheimer’s disease (AD),
type 2 diabetes, Parkinson’s disease, and prion diseases. Ap-
pearance and transmission of several prions in yeast and fun-
gi are known being supported by amyloid aggregates of par-
ticular proteins, for ex. Ure2p in S. cerevisiae and HET-s in Po-
dospora anserina. However, this concept of infectious protein
may be extended to other amyloid proteins or peptides. In-
deed, it has been recently shown that Abeta amyloid deposits
from human patients are able to induce AD like phenotype in
a mouse model. Our previous works on the HET-s prion of P.
anserina allowed to demonstrate infectivity of HET-s protein
and to correlate in vitro structural elements with in vivo ag-
gregates propagation.

Objectives: In AD, it becomes obvious that a crucial point in
designing therapeutics and molecular markers is to define the
features of in vivo Abeta aggregation.

Methods: In order to study in vivo aggregation of Abeta amy-
loid peptides, we expressed them as Green Fluorescence fu-
sion protein in P. anserina. We observed effects of site direct
mutagenesis of Abeta sequence on the fluorescence distribu-
tion. Aggregation state of Abeta peptides were analyzed by
centrifugation and gel electrophoresis on crude extracts.

Results: We found that Abeta peptides are able to aggregate
spontaneously and uniformly when expressed in Podospora.
The level of spontaneous aggregation was depending of the
protein fused to Abeta. In vivo Abeta aggregation can be sup-
pressed by replacement of some key amino acids with a pro-
line. At the opposite, Familial Alzheimer Disease mutations af-
fecting Abeta sequence enhanced in vivo aggregation of Abe-
ta peptides.

Discussion: Our results indicated that a systematic mutagen-
esis of Abeta sequence should permit to correlate in vivo ag-
gregation with in vitro structural elements. Our molecular
studies should bring significant advance in the understanding
of in vivo Abeta aggregation.
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P.1.23
Relationship between protease resistance
and aggregation state of the scrapie prion
protein in sporadic CJD

Daniela Saverioni, Piero Parchi

Università degli Studi di Bologna, Italy

Background: Previous studies, mainly focusing on animal pri-
on disease, identified a PK-sensitive form of PrPSc, which was
found to be less aggregated than its resistant counterpart.

Objectives: To investigate relationship between PK resistance
and aggregation state in PrPSc and determine whether the
PK-sensitive form of PrPSc constitutes a significant component
of abnormal prion protein aggregates in sporadic CJD.

Methods: PrPSc from the frontal cortex was purified through
sample dilution in sarkosyl and sequential ultracentrifugations
in sucrose cushion and pellet resuspensions by sonication. PrP-
Sc aggregates of different size were isolated after ultracen-
trifugation in sucrose gradient and collection of 12 fractions.
An aliquot from each fraction was digested with PK 50 μg/ml
at pH 7.4. Protease treated and untreated PrPSc from each
fraction were measured semiquantitatively by Western blot-
ting.

Results: In all CJD subtypes PrPSc was mainly distributed in
fractions 5-12. However, a fully protease-sensitive minor com-
ponent accounting for less than 10% of total signal was also
collected in fractions 1-4. PrPSc in fractions 4-5 to 12 showed
a partial protease resistance which seems to progressively in-
crease from fractions 5 to 9. Preliminary analyses showed that
PrPSc distribution among fractions did not significantly differ
among subtypes, except for a low increase of the protein in
fractions from 1 to 6 in some subtypes.

Discussion: Our results seems to confirm the existence of a
PK-sensitive PrPSc form in sCJD. PrPSc seems to require a min-
imum of aggregation size to become PK-resistant and its re-
sistance seems to at least partially parallel its aggregation size.
Differences in PrPSc aggregation pattern among sCJD sub-
types and their possible influence on the relative protease re-
sistance of the abnormal protein remain to be better investi-
gated.

P.1.24
Structural characterization of β-octamers
formed by ShaPrP(90-231)F198S

Simon Sharpe, Tony Tavares, Karen Simonetti

The Hospital for Sick Children, Toronto, Canada

Background: Non-fibrillar assemblies of the mammalian pri-
on have been implicated as important species for infection
and cell death, however little is known of their molecular
structure. A structural model for smaller oligomers of PrP will
allow us to better understand their relationship with PrPSc,
and to determine their potential role in the pathogenesis of
prion diseases.

Objectives: Using a biophysical and structural biology ap-
proach, we are working towards a detailed characterization
of the molecular structure and dynamic behaviour of β-sheet
rich octamers formed during the misfolding of Sha PrP(90-
231)F198S.

Methods: Several biophysical methods, including transmission
electron microscopy, circular dichroism, dynamic light scat-
tering and analytical ultracentrifugation, have been used to
define the secondary structure and morphology of β-octamers
of PrP. More detailed structural information is obtained from
solid state NMR of uniformly and selectively 13C, 15N enriched
samples.

Results: We have identified sample conditions under which
folded ShaPrP(90-231)F198S will form an apparently stable β-
sheet containing octamer, which exhibits proteinase K resist-
ance similar to that reported for PrPSc and for amyloid fibrils
formed by ShaPrP. Details of local structure, dynamic behav-
iour, and quaternary interactions between PrP monomers
within the octamer have been obtained from solid state NMR,
and allow us to compare initial models for these non-fibrillar
assemblies with the structure of monomeric PrPC, and with
the proposed models for the fibrillar forms of PrP.

Discussion: As initial progress towards characterizing puta-
tive misfolding intermediates or small, non-fibrillar assemblies
of PrP, we have used an array of biophysical methods, focus-
ing on solid state NMR, to characterize stable β-octamers
formed by ShaPrP(90-231)F198S under slightly acidic condi-
tions. Current models for this non-fibrillar assembly of mis-
folded PrP will be presented, based on our current structural
and morphological data.
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P.2.1
Studies of immune responses to PrP during
prion infection: role of regulatory T cells

Martine Rosset1, Antoine Sacquin1, David Alexandre
Gross2, Jean Davoust2

1UMR 938, France; 2INSERM 580, France

Background: Infections are usually diagnosed by detecting
the pathogenic agent or a specific immune response. In
Creutzfeld-Jakob disease, the strong immune tolerance to self-
PrP prevents specific antibody response to PrPSc and precludes
the analysis of immunological events developing during the
incubation period. Our recent findings suggest that accumu-
lation of PrPres in the spleen during infection with murine
scrapie(139A)interfere negatively with the development of T
and B cell responses to a major class II-restricted PrP pep-
tide(P9: PrP158-187). CD4+CD25+ Foxp3+ regulatory T (Tregs)
cells are one mechanism of peripheral tolerance that may ex-
plain specific unresponsiveness. 

Objectives: Here, we investigated the impact of Tregs on the
development of anti-PrP immune effectors either during the
natural course of disease or after vaccination with P9. Such a
phenomenon has never been explored in prion diseases. 

Methods: Foxp3EGFP mice were used in Trequantification and
transfer experiments 

Results: We found that CD4+Foxp3+ T cells accumulate in sec-
ondary lymphoid organs but not in blood of mice infected ip
with 139A. We also found that in vivo depletion of Tregs by
anti-CD25 mAb increase the accumulation of splenic PrPres at
10 weeks post 139A infection. In contrast, transfer of CD4+
Foxp3+ in newly infected mice reduced the PrPres load indi-
cating that Tregs are unexpectedly implicated in the control
of infection. The suppressive activity of Tregs derived from in-
fected and non-infected mice is currently being tested. Last,
in P9 vaccination studies, we showed that Treg depletion
leads to a complete recovery of the T cell response to the P9
epitope. 

Discussion: Our results suggest that the adaptive immune sys-
tem and more particularly Foxp3+ regulatory T cells react to
prion infection and have a direct impact on the natural course
of the disease. Characterization of the role and specificity of
Foxp3+ regulatory T cells will be useful to clarify the mecha-
nisms of peripheral tolerance to PrPSc and design adequate
immunotherapy.

P.2.2
Vaccination with class-I restricted PrP pep-
tides induces cytotoxic CD8+ T cells and pro-
longs the clinical phase duration of murine
scrapie

Martine Bruley Rosset1, Antoine Sacquin1, Valérie De-
faweux2, Micheline Adam3, Marc Eloit3

1UMR938, France; 2University of Liège, Belgium; 3UMR1161,
INRA, AFSSA, ENVA, France

Background: Vaccination of C57BL/6 wt mice with self-PrP
may induce protective antibodies against prion disease but al-
so inflammatory or cytotoxic T cells which may result in brain
damages 

Objectives: We hypothesized that CD8+ T cells might also
eliminate cells expressing high levels of PrPc or PrPSc. 

Methods: We first designed PrP peptides restricted to MHC
class I (H2-Db) able to generate anti-PrP specific CD8+ T cells.
To circumvent central tolerance, we chose PrP-derived pep-
tides with medium affinity for the H2-Db molecule that are
more likely able to recruit a PrP-specific CD8+ T cell repertoire
in periphery. Peptides affinity was increased by modifications
that improve their binding to H2-Db and thus their immuno-
genicity. 

Results: Some of these “modified” peptides , when given to-
gether with CpG, recruited T cells in vitro and in vivo cytotoxic
for target cells pulsed with the modified peptide, or, at a
much lower level, with the corresponding “natural” peptide.
Thus, it was necessary to improve further their immuno-
genicity. We used adenoviral vectors (Ad) expressing mini-
genes that induce overexpression of our peptides associated
with H2-Db at the surface of infected cells. This approach dra-
matically enhanced the frequency of peptide-specific CD8+ T
cells. Next, we determined the benefice/risks of such immu-
nization protocols. Peptides associated with CpG, did not in-
fluence prion infection, in terms of incubation or clinical stage
durations. In contrast, Ad strategy significantly increased clin-
ical stage duration but not incubation; control Ad also in-
creased the duration of symptoms but at a lesser extent. No
clinical signs of autoimmunity were observed in Ad-immunized
mice. Histological analysis revealed CD3+ T cell brain infiltra-
tion in Ad-control immunized compared to unimmunized in-
fected mice but the number of T cells was significantly high-
er in peptide-expressing Ad-immunized mice. 

Discussion: Altogether, the data suggest that prolongation
of the neuroinvasion period is associated with T cell activa-
tion.
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P.2.3
Antisense oligonucleotides decrease the cel-
lular prion expression in vitro

Vasyl Vlizlo1, Lyudmyla Izyumova1, Yuriy Rzhepetskyy2,
Chrystyna Mayor1, Vitalii Stadnyk1

1Institute of Animal Biology UAAS, Ukraine; 2Institute of Cell
Biology NASU, Ukraine

Background: Until now effective medicines for prophylaxis
and treatment of prion infections was not developed. One of
perspective strategies of development of these drugs is a
search of compounds which will be able to reduce of cellular
prion expression level, because this protein is a necessary com-
ponent in the process of pathogenesis of transmissible spongi-
form encephalopathies. 

Objectives: In agreement with this, the aim of our study was
the decreasing of cellular prion expression level under the in-
fluence of complementary to prion mRNA antisense phos-
phorothioate-modified oligodeoxyribonucleotides (psODN),
conjugated with polydymethylaminoethylmetacrylate
(pDMAEM) nanoparticles. 

Methods: L1210 (mouse lymphocytic leukemia) cells were
treated with psODNconjugated with pDMAEM nanoparticles
and after 4, 10 and 24 h incubation the level of cellular prion
was measured. 

Results: It was shown that psODNs complementary to the cap
area, start codon area and short middle part of the open read-
ing frame (ORF) of the prion protein mRNA are able to reduce
the level of cellular prion expression on 95 % in the cell line
L1210. The psODNs complementary to the start codon area
was the most effective after 4 h incubation of cells with
psODN. On the other hand, after 10 h incubation psODN com-
plementary to the small part of ORF had highest efficiency
against prion mRNA. After 24 h of incubation all investigated
psODN was showed the very similar efficiency (5 % from a
control level of prion expression). 

Discussion: These results give a ground for the future inves-
tigations of asODNs as therapeutic drugs for prion infections
prophylaxis and treatment.

P.2.4
Ante mortem diagnosis of sheep scrapie by
single particle counting

Oliver Bannach, Franziska Henke, Eva Birkmann, Detlev
Riesner

Heinrich-Heine-Universität Düsseldorf, Institut für Physikalis-
che Biologie, Germany

Background: Prion diseases can be transmitted via body flu-
ids. Four cases of variant CJD had recently been reported, that
were most likely caused by transfusion of contaminated
blood. This raised serious concerns about blood product safe-
ty, and emphasizes the need of a robust test system to detect
prions in living humans or animals. 

Objectives: Our present goal is to detect prions in blood of
Scrapie-afflicted sheep. We present the application of an ul-
tra-sensitive diagnostic assay based on surface-FIDA that al-
lows us to count single prion particles. 

Methods: Prion aggregates are immobilized via a capture an-
tibody to a chip surface, are labelled with fluorescent anti-
bodies, and detected by confocal laser scanning. To optimize
the surface-FIDA assay in respect to characteristic parameters
of prion aggregates, we employ a Dual-Color Fluorescence
Correlation Spectroscope (FCS) equipped with an XY-scanning
piezo unit. The fluorescence intensities were recorded de-
pendent on focus position and can be translated into image
data. Using antibodies with different fluorescent labels and
evaluating the crosscorrelation increases the specificity of de-
tection. 

Results: In order to estimate the applicability of our assay to
blood plasma we added in a first step recombinant prion pro-
tein aggregates to ovine plasma. PrP epitopes are masked by
plasma components such as LDL and thus antibody detection
is impaired. To address this issue we developed a purification
method employing Sarkosyl and a mixture of lipases. This
treatment leads to a recovery of signal intensity suggesting
that PrP epitopes become accessible for both capture and de-
tection. A serial measurement of blinded plasma samples from
clinical sheeps was conducted. Preliminary data showed that
6 out of 10 positive samples could be clearly differentiated
from 5 negative control samples. 

Discussion: Next we will analyze samples from preclinical
stages. Moreover, we aim to apply our cell-extract-free am-
plification system in order to increase the sensitivity of the as-
say.
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P.2.5
Single partikel counting of Creutzfeldt-Jacob
disease particles

Franziska Henke, Oliver Bannach, Lars Lueers, Dieter
Willbold, Detlev Riesner, Eva Birkman2

Heinrich-Heine-Universität Düsseldorf, Germany

Background: The agents of prion diseases are composed pri-
marily of the pathogenic isoform of the prion protein desig-
nated PrPSc, which is generated by a conformational change
of the cellular isoform PrPC. In contrast to its cellular isoform,
the pathogenic isoform PrPSc forms insoluble aggregates.
Hitherto approved prion tests use the Proteinase K (PK) -re-
sistance of PrPSc as a marker for the disease. Because of vary-
ing portions of PK-resistant PrPSc we developed a test, which
does not rely on PK-resistance. Our diagnostic approach is
based on the aggregated state of PrPSc as marker. 

Objectives: Processing of samples without Proteinase K di-
gestion - Detection and counting single prion particles - De-
velopment of the test system for early diagnostic of
Creutzfeldt-Jakob disease (CJD). 

Methods: Our diagnostic approach is based on surface-FIDA
(fluorescence intensity distribution analysis). To develop the
method prion particles from brain homogenate of sCJD-pa-
tients are pre-purified by PTA-precipitation and immobilized
by capture antibodies to a chip surface. The prion particles are
labelled by two different fluorescent labelled antibodies. The
surface is scanned by two laser beams systematically which al-
lows us the imaging of even single prion particles. The sensi-
tivity might be increased by seeded fibrillization. 

Results: In the past we were able to distinguish Scrapie-in-
fected hamster as well as BSE-infected cattle in the clinical
stage of disease from healthy control groups. Preliminary da-
ta showed that we are able to detect disease associated PrP-
aggregates in the cerebrospinal fluid of BSE-afflicted cattle. In
the present study we optimized the assay in respect to image
single PrP-aggregates and developed a multi-parameter analy-
sis. 

Discussion: At present we could successfully adapt the appli-
cation to PrPsCJD-particles from human brain tissue, and will
direct the future research to use CSF- and blood samples.

P.2.6
Confirmation of substances that show affin-
ity binding to PrPres in scrapie-infected ham-
ster brain

Kazuo Tsukui, Kenji Tadokoro

The Japanese Red Cross Society, Japan

Background: As transfusion-associated infection of vCJD was
found in the UK, immediate development of a presympto-
matic test using blood (Blood Test) became one of the most
important problems in TSE research. 

Objectives: The Acidic SDS Precipitation ,ASP,test which was
developed by us was composed of precipitation of the PrPres
under acidic conditions and detection of the molecule by high-
ly sensitive chemiluminescence immunoblot. In this method,
PrPres precipitates seemed to form an aggregate with het-
erogeneous molecules. To make the test method more cer-
tain, we searched for a partner molecule that showed affini-
ties to the PrPsc,res using more abundant source of PrPres. 

Methods: 10% homogenate of Sc237 infected and mock in-
fected hamster (sc- mc- respectively) brains were inactivated
by SDS-heat and used as the source of the PrPres. As the pos-
sible partner molecule, 3 glycoproteins, one sulfated polysac-
charide, mc-plasma (mcPl), 2 synthetic nucleotides and one na-
tive DNA with unrelated sequence were tested. Sc- or mc-
brain homogenates were mixed with these molecules,
incubated at 37, and detect the PrPres as the ASP precipitate
using chemiluminescence immunoblot. 

Results:

1. All substances seemed to show an affinity to the PrPres. 

2. By treating the the glycoprotein molecules by PNGase F,
both plasmin and plasminogen showed the affinities to the
PrPres. 

3. By denaturing the nucleic acids, Poly A and salmon sperm
DNA showed the strongest affinities to the PrPres, although
presence of some protein affect the acquisition of theaffinity
by the SSpDNA. 

Discussion: The obtained results suggest that the PrPres
seemed to associate the nucleic acids with some sequence
specificities. Denatured poly A but not poly C seemed to be
useful for the carrier molecule of the acidic SDS precipitation
method.
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P.2.7
Brain magnetic resonance imaging findings
in E200K Creutzfeldt-Jakob disease from Ar-
gentina

Carlos Romero1, Eduardo Oscar Meichtry2, Christián Be-
gué1,3, Inga Zerr4, Ana Lia Taratuto1,3

1Institute for Neurological Research, FLENI, Argentina;
2Moguillansky Clinic, Argentina; 3Referral Center for
Creutzfeldt-Jakob Disease and other TSE’s, Argentina; 4Na-
tional Reference Center for TSE, Georg-August University,
Germany

Background: The E200K mutation is one of the most frequent
mutation found in genetic Creutzfeldt-Jakob (CJD) disease. In
Argentina, cases of Chilean origin or ancestry with clinical and
neuropathological features similar to sporadic CJD, represent
12%( 29/242) of all Definite and Probable cases. Brain MRI ap-
pearance of E200KCJD has been thoroughly described in
Libyan Jews but not in those of Chilean origin. Magnetic res-
onance imaging (MRI) including fluid-attenuated inversion re-
covery (FLAIR) and diffusion-weighted imaging (DWI) with ap-
parent diffusion coefficient (ADC) measurements became ex-
tremely useful in CJD surveillance 

Objectives: To evaluate the diagnostic value of brain MRI in
E200K CJD cases from the Argentine CJD surveillance and
compare it with reported cases of Lybian origin. 

Methods: Brain MRI findings were evaluated retrospectively
in eleven cases (six men and five women, age range 48-80yrs,
mean 59yrs, 3 definite and 8 probable E200K genetically con-
firmed cases; codon129 was MM in 8 cases and MV in 3.In
6/11 cases, mean time between onset and MRI was 3.5mo and
between MRI and death 2.2mo. T2 and FLAIR were available
in all cases and DWI was available in eight. 

Results: On T2 and FLAIR, abnormal bilateral bright signal was
seen in the basal ganglia in nine cases. In the same sequences,
abnormal thalamic signal in pulvinar area was seen in three
cases. DWI showed bright signal in basal ganglia and in pulv-
inar. 

Discussion: DWI was the most sensitive sequence to see ab-
normal bright signal along the brain cortex, with positive find-
ings in the eight cases. FLAIR disclosed abnormal bright signal
along the cortex when DWI wasn’t available in two cases. Dif-
ferent resolution as well as timing since clinical onset between
referred MRI’s is a critical point to evaluate sensitivity and
specificity. These findings are consistent with previous reports
but future prospective brain MRI studies with a significative
number of cases and ADC maps are necessary.

P.2.8
MRI evidence of early cerebellar involve-
ment in dura mater graft-associated
Creutzfeldt-Jakob disease

Nobuo Sanjo1, Yusei Shiga2, Tatsuhiko Yuasa3, Kouichi
Nakamura4, Tetsuyuki Kitamoto5, Masahito Yamada6,
Hidehiro Mizusawa1, Takeshi Sato7, Yoshikazu Ugawa8

1Tokyo Medical and Dental University, Graduate School of
Medicine, Japan; 2Aoba Neurosurgery Hospital, Japan; 3Ka-
magaya General Hospital, Japan; 4Jichi Medical University,
Japan; 5Touhoku University, Japan; 6Kanazawa University,
Graduate School of Medicine, Japan; 7Higashi Yamato Hos-
pital, Japan; 8Fukushima Medical University, Japan

Background: Recently, sensitivity of diffusion-weighted im-
ages (DWI) in MRI of dura mater graft-associated Creutzfeldt-
Jakob disease (dCJD) was reported to be high in particular re-
gions such as the cerebral cortex, basal ganglia or thalamus.
Although cerebellar ataxia is known to be an early sign of
dCJD and the possible relationship between grafted sies and
the clinical signs was pointed out, the detailed correlation be-
tween MRI lesions and clinical signs has not been established. 

Objectives: To clarify the relationship between the early signs
of dCJD and MRI findings. 

Methods: We analyzed MRI findings of 70 dCJD patients who
had been registered by the CJD Surveillance Committee Japan,
between April 1999 and October 2008. 

Results: About 80 % of the total dCJD patients showed gait
disturbance or cerebellar ataxia, but involvement of the cere-
bellum in DWI was identified only in two patients. The clini-
cal courses of the two patients were relatively slow. One pa-
tient received temporo-parietal graft in over 20 years ago, and
the DWI signal abnormality in the cerebellum became gradu-
ally unclear along with the disease progression. 

Discussion: It is controversial whether initial signs of dCJD
were correlated with the grafted site or not. On the contrary,
early ataxia was reported in patients with most of grafted pa-
tients. In this study, the hyperintensity in the cerebellum was
detected only in the two patinets. There have been only a few
number of cases reported to have hyperintensity in the cere-
bellum of dCJD patients. Pathological involvement of cere-
bellum in dCJD was reported mainly in the molecular and
granule cell layers, which was associated with disease dura-
tion. It is probable that cerebellar hyperintensity in dCJD can
be independent of signs and pathological findings, and that
the hyperintensity is detectable only in the limited cases, such
as plaque type.
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P.2.9
The prevalence of human endogenous retro-
viruses in cerebrospinal fluids as a potential
biomarker for sporadic Creutzfeldt-Jakob
disease

Yun-Jung Lee1, Byung-Hoon Jeong1, Richard I. Carp2,
Yong-Sun Kim1

1Hallym University, Republic of Korea; 2New York State Insti-
tute, USA

Background: About 8% of human genome is constituted by
retroviral sequences, termed human endogenous retroviruses
(HERVs), which have been implicated in both health and dis-
ease. Recently, indirect evidence for a possible role of retrovi-
ral elements in neurological diseases has been provided by
several studies.

Objectives: In the present study, we aimed to evaluate the re-
lationship between HERVs and sporadic Creutzfeldt-Jakob dis-
ease (CJD) known as human form of prion diseases. 

Methods: Here, we investigated the prevalence of HERV fam-
ilies by RT-PCR in cell-free cerebrospinal fluids (CSFs) samples
from normal controls, patients with sporadic CJD and other
neurological diseases (OND).

Results: We found that the incidence rate of some HERV fam-
ilies were significantly different in CSF samples from the group
of sporadic CJD compared to samples from normal individu-
als; HERV-W (P=0.001), T (P=0.039), FRD (P<0.001), L (P=0.003)
and ERV-9 (P<0.001) and the incidence rate of HERV-W
(P=0.021) and HERV-L (P=0.049) were significantly increased
in CSF samples from the group of sporadic CJD compared to
samples from OND group. Moreover, our results from combi-
nation frequencies of two HERV families indicated that the
prevalence of many combination groups were significantly dif-
ferent between sporadic CJD and normal CSF samples and be-
tween two patients CSF samples. In addition, a large number
of HERV sequences were newly identified in CSFs from nor-
mal and diseased individuals.

Discussion: Our study about distinct prevalence patterns of
HERVs reflects that some HERVs families may be associated
with the development of prion diseases and used as a candi-
date marker in the diagnosis of sporadic CJD.

P.2.10
A confirmatory assay for the presence of
PrPtse protein in human plasma

Christiane Segarra1, Daisy Bougard1, Vincent Beringue2,
Mohammed Moudjou2, Hubert Laude2, Joliette Coste1

1Etablissement Français du Sang (EFS), France; 2Institut Na-
tional de Recherche Agronomique (INRA), France

Background: Variant of Creutzfeldt-Jakob disease (vCJD), the
human counterpart of BSE, is a neurodegenerative infectious
disorder, characterised by the prominent accumulation of the
prion protein pathological isoform (PrPTSE) in the brain and
lymphoid tissues. This distribution raised concern about po-
tential inter-individual transmission of PrPTSE by blood trans-
fusion. Since the publication in the UK of 4 apparent cases fol-
lowing red blood cell transfusions and 1 apparent case fol-
lowing factor VIII injection, the presence of vCJD infectivity in
the blood cannot be excluded. The estimated femtomolar sen-
sitivity level required to detect PrPTSE in the plasma of a donor
in the pre-clinical phase of infection has been a caveat to-
wards the development of blood screening assays. 

Objectives: To develop a sensitive and specific test that en-
ables the confirmation of a PrPTSE positive blood sample.

Methods: The assay comprises 3 steps: 1) selective capture of
PrP molecules by ligand-coated beads; 2) in vitro amplification
of PrPtse by Protein Misfolding Cyclic Amplification (PMCA),
in which minute amounts of the captured PrPtse are amplified
in a cyclic process using brain of transgenic mice as substrate;
3) detection by Western Blot of the amplified PrPtse after PK
digestion. Optimisation of the assay was performed with plas-
ma samples spiked with serial ten-fold dilutions of 10% vCJD
infected brain homogenate. 

Results: After capture of PrPtse spiked in plasma, and 3
rounds of PMCA, a 5log increase in sensitivity was obtained
in comparison with western blot detection only.

Discussion: We have developed a test that combines a con-
centration step and in vitro amplification of PrPTSE, which
reaches the sensitivity required for the detection in blood. The
future prospects are: 1) to realise epidemiological studies on
at risk population samples; 2) to analyse any repeatedly pos-
itive result that would obtained after screening of blood do-
nations for confirmation.
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P.2.11
Differential removal of prion amyloid and
general tissue proteins from surgical stain-
less steel surfaces with commonly used en-
zymatic chemistries.

Rodolphe Hervé, Thomas Secker, Bill Keevil

University of Southampton

Background: Transmissible spongiform encephalopathies
(TSEs) are fatal neurodegenerative diseases with no cure to
this day, and are generally believed to be transmitted simply
by the absorption or ingestion of self-aggregating protease-
resistant prion protein (PrPSc), which can be detected in the
form of amyloid plaques in the brain and other tissues of af-
fected individuals. There is evidence that PrPSc is very resilient
to most standard decontamination techniques; therefore
there is a potential risk of iatrogenic transmission, even after
standard reprocessing through sterile service departments (SS-
Ds). In addition, the emergence of new variant Creutzfeldt-
Jakob disease, an acquired TSE with a relatively long asymp-
tomatic incubation period and unknown prevalence or inci-
dence, renders the option of instrument segregation for this
class of patients infeasible.

Objectives: To evaluate the efficacy of various enzymatic
chemistries currently employed in SSDs for the removal of po-
tentially prion-infected tissue contamination.

Methods: Surgical stainless steel surfaces were spiked with
prion-infected brain homogenates, and Episcopic Differential
Interference Contrast / Epi-Fluorescence (EDIC/EF) was applied
to assess the amount of residual prion amyloid and other pro-
teins after decontamination with various enzymatic
chemistries used currently in SSDs.

Results: Cleaner efficacy varied between manufacturers. The
best cleaners appeared very effective against general tissue
contamination, but less so against prion amyloid deposits. 

Discussion: The findings show that most chemistries are on-
ly partially effective under the recommended conditions, and
that PrPSc is indeed particularly resilient and constitutes most
part of the remaining traces of tissue contamination left on
these surfaces. This should be taken into account when as-
sessing relative instrument cleanliness and making related risk
assessments as a guide to healthcare policy.

P.2.12
Detection of PrPsc in blood from sheep in-
fected with scrapie and bovine spongiform
encephalopathy using a rapid ligand-based
immunoassay

Linda Terry1, Laurence Howells1, Jeremy Hawthorn1, Jane
Edwards1, Jo Moore1, Sue Bellworthy1, Hugh Simmons1,
Sergio Lizano2, Lisa Estey2, Valerie Leathers2, Author Sal-
ly Everest1

1Veterinary Laboratories Agency, UK; 2Idexx Corporation,
USA

Background: Iatrogenic Creutzfeldt-Jakob disease (iCJD) is
caused by CJD transmission through medical and surgical pro-
cedures. Differentiating iCJD from sporadic CJD (sCJD, the
most common form of human prion diseases) is apparently of
importance in prevention of human-to-human transmission
of CJD. But without clinical history currently it is difficult to
distinguish the two because no differences have been identi-
fied in their phenotypes and pathological prion protein (PrP-
Sc).

Objective: To dissect the differences in physicochemical and
biological features of prions from iCJD and sCJD.

Methods: Approaches used included one- and two- dimen-
sional SDS-PAGE, neurohistology, gel filtration, sucrose step
gradient sedimentation, enzymatic fragmentation, serial pro-
tein misfolding cyclic amplification (sPMCA), and transmission
study. 

Results: Of eight iCJD cases examined, five cases exhibit gel
profile similar to sCJD type 1 whereas three show sCJD type
2-like gel profile. No differences in oligomeric sate of PrPSc be-
tween the two are detected using gel filtration and sedimen-
tation in sucrose gradients. No significant differences in in-
fectivity of PrPSc from sCJDMM1 and iCJDMM1 are detected
by transmission study using humanized transgenic mice ex-
pressing human PrP-129MM. However, using sPMCA, the abil-
ity of PrPSc to convert PrPC is notably higher in iCJD than in
sCJD. Moreover, most of iCJD cases show no detectable pro-
tease-resistant C-terminal fragment 12/13 (CTF12/13) that are
detected in all sCJD (Zou et al., 2003) but not in variant CJD. 

Discussion: Our study indicates that the differences in PrPSc
between iCJD and sCJD may be reflected mainly in their dif-
ferent etiologies. Whether PrP-CTF12/13 is a molecular hall-
mark for distinguishing the acquired CJD including iCJD and
vCJD from the spontaneous CJD including sporadic and fa-
milial forms needs further study.
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P.2.13
Two-dimensional analysis of prion protein
charge-isoforms in human CSF of sCJD-pa-
tients with different codon 129 polymor-
phism

Matthias Schmitz, Katharina Lüllmann, Markus Schlomm,
Julie Carimalo, Inga Zerr

Neuronal Reference Center for TSE, Germany

Sporadic Creutzfeldt-Jakob-Disease (sCJD) cases are currently
classified according to the methionine/valine polymorphism
at codon 129 of the PRNP-gene. In the study we plan to per-
form a two-dimensional mapping of PrPc isoforms in cere-
brospinal fluid (CSF) of sCJD-patients by using a panel of PrP-
antibodies. Our main focus will be on the identification of
characteristic PrPc isoforms or truncated PrPc-forms, which are
correlating with a single codon 129 polymorphism (MM, MV,
VV).

We compared PrPc-charge isomers of each sCJD codon 129
type with control patients without dementia diseases. Every
antibody revealed a characteristic recognition pattern and we
found slight codon 129 dependent varieties in the PrPc-band-
ing pattern. Irrespective of the sample two significant glyco-
forms patterns were determined with predominant signal-in-
tensity of glycosylated PrPc-forms when using antibodies
against the octarepeat region of PrPc such as 3B5, or 8G8. In
contrast antibodies raised against the core-region of PrPc
(amino acid 140-160) revealed a higher affinity to the ungly-
cosylated PrPc-form. In addition, SAF70 was able to detect
truncated PrPc-forms such as the C1 and C2-fragment in hu-
man CSF. Both are generated by physiological cleavage of
PrPc. Until now very few studies about different PrPc-isoforms
in human CSF of sCJD-patients are available and also the func-
tion of these forms remains unknown. Particularly, their ap-
pearance and their physiological function in neurons may be
interesting to study. Nowadays, the CSF, where biomarker
proteins such as 14-3-3 are differentially regulated during the
progression of sCJD, is a highly supportive tool for the diag-
nostic. Therefore, our strategy of the analysis of the PrPc
charge-isomer heterogeneity may provide novel perspectives
in the identification of new potential markers for prion dis-
eases.

P.2.14
Analysis of PrPC/PrPTSE expression on
monocytes and circulating dendritic cells of
healthy and TSE infected cynomolgus
macaques (Macaca fascicularis)

Olga Janouskova1, Tanja Vranac2, Hana Glierova1, Em-
manuel Comoy3, Vladka Curin Serbec2, Jean Philippe
Deslys3, Karel Holada1

1Institute of Immunology and Microbiology; 1st Faculty of
Medicine; Charles University, Czech Republic; 2Blood Trans-
fusion Centre of Slovenia, Slovenia; 3Institute of Emerging Dis-
eases and Innovative Therapies, CEA, France

Background: The ability of blood to transmit TSE was recent-
ly confirmed by four secondary vCJD infections in UK recipi-
ents of blood transfusion. The infectivity in blood appears to
concentrate in leukocytes, while its association with red cells
and platelets seems to be quite limited. We hypothesize that
prion infection may lead to expression of PrP in changed con-
formation on a sub-population of distinct blood cells to the
level which may allow its detection by flow cytometry. 

Objectives: The objective of the study was to analyze surface
and intracellular expression of prion protein(PrP) on sub-pop-
ulations of peripheral blood cells in healthy and BSE/vCJD in-
fected macaques with a focus on monocytes(MC) and circu-
lating dendritic cells(DC). 

Methods: Quantitative three color flow cytometry with PE-
conjugated anti-PrP monoclonal antibodies(MAb) AG4 (PrP 31-
51), 3F4 (PrP 109-115), AH6 (PrP 159-175), V5B2 (PrP 214-226)
and 4C2 (YYR epitope) has been used. Native and
paraformaldehyde fixed saponin permeabilized cells were an-
alyzed. DC were detected as lineage markers negative (CD3,
CD8, CD14, CD20) and HLA-DR positive cells. MC were de-
tected as CD14 and HLA-DR positive cells. 

Results: We have found significantly higher binding of MAbs
AG4 and AH6 to permeabilized monocytes of vCJD infected
macaques (n=6) in comparison with healthy controls (n=10).
In the same group a small, but significant increase of binding
of PrPtse specific MAbs V5B2 and 4C2 to native nonperme-
abilized monocytes was found. No significant differences were
recorded in BSE group (n=5) or on circulating dendritic cells. 

Discussion: Our study has identified monocytes as blood cells
with impairment of PrP expression and/or epitope exposition
in the course of vCJD infection. Our inability to detect similar
differences in BSE infected macaques might be caused either
by the existing difference in the time interval from inoculation
of animal cohorts or by behavior of BSE and vCJD strains. Ex-
periments aimed on clarification of these issues are being car-
ried out.
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P.2.15
sCJD-associated proteome changes in hu-
man CSF – panning for biomarker

Joanna Gawinecka, Abdul R. Asif, Jana Dieks, Hassan Di-
hazi, Uta Heinemann, Inga Zerr

Medical Center Georg-August University, Germany

Background: There is no accurate noninvasive test available
for sCJD in living patients. The definite diagnosis can only be
done by post-mortem brain histopatological analysis. 14-3-3
protein is commonly used to support the diagnosis, but as pa-
tients with other neurodisorders may also have elevated lev-
el of this protein and usefulness of this test strongly depends
on exclusions of other neuropathologies.

Objectives: Cerebrospinal fluid (CSF) could be a potential
source of biomarker(s), since it has a direct contact with CJD-
affected brain tissue. However, due to high dynamic range of
protein abundances in CSF and relatively low dynamic range
of detection technologies applied in proteomics, the enrich-
ment of target proteins is indispensable.

Methods: 12 major proteins were partitioned out from se-
lected CSF samples from MM1 and VV2 CJD subtype as well
as from non-demented neurological controls. Low abundant
protein fractions were separated by 2-D DIGE. A protein spot
was recognized as differentially regulated, when its denisto-
metric analyses showed at least 2-fold change in abundance. 

Results: We found 81 and 76 differentially regulated protein
spots for subtype MM1 and VV2, respectively. 45 up-regulat-
ed protein spots were common for both subtypes. 36 protein
spots from MM1 and 31 protein spots from VV2 were only
regulated in the respective subtype. Out of MM1-regulated
proteins, 22 were up- and 14 down-regulated protein spots.
In contrast, 29 protein spots showed VV2-specific up- and on-
ly 2 down-regulation. Subsequently regulated proteins were
analyzed by tandem mass spectrometry. The major alterations
were found among proteins involved in glycolysis. The others
groups of regulated proteins belongs to signal transduction
or apoptosis. We also identified proteins such as 14-3-3, NSE
or aldolase C, which are already associated with CJD. 

Discussion: We anticipate that a detailed elucidation of CSF
proteome alterations by CJD might provide a deeper insight
into pathological changes and mechanism underlying prion
diseases.

P.2.16
Anti-prion camel antibodies with the ability
to immunodetect cytosolic prion protein

Mourad Tayebi1, Alexander Taylor1, Monique David2,
Daryl Rhys Jones1, Sandra Schoeniger1

1Royal Veterinary College, UK; 2MSCNY, USA

Background: Prion diseases such as CJD and BSE, Alzheimer’s
disease and certain forms of Parkinsonism are examples dis-
orders caused by protein misfolding and in prion disease, an
abnormally folded protein (called prions or PrPSc), derived
from a normal cell surface protein (called PrPC ), accumulates
in the brains and other organs of affected animals. Although
there is currently no effective treatment, significant advances
in suppressing the infection using antibodies to block the con-
version of PrPC into PrPSc has been achieved.

Methodology/Principal Findings: We have generated anti-
prion antibodies (called PrioV) following immunisation of
camels with murine scrapie adsorbed to immunomagnetic
beads. The PrioV antibodies have been shown to display dif-
ferent specificities, some recognizing the PrP27-30 proteinase
K-resistant fragment, others specific for PrPC and few with
dual binding specificity. PrioV anti-prion antibodies, inde-
pendent of their conformation specificity for PrPs, were shown
to target the cytosol of neurons following cross-linking PrPC;
in sharp contrast, conventional anti-prion antibodies produced
in mouse against similar target antigen were unable to enter
the cell membrane of neurons and formed a ring around the
cells instead. 

Discussion: We sought to investigate whether camel anti-
bodies possess the ability to bind intracytoplasmic PrPC fol-
lowing entry into the cytosol of neuroblastoma cells by keep-
ing the integrity of the cell membrane intact. An effective
therapeutic strategy for prion diseases would crucially rely on
the development of PrPC/PrPSc-specific binders capable of en-
tering the cell cytosol and neutralize the disease-associated
agent, PrPSc, in vivo. 

Conclusions/Significance: The PrioV anti-prion antibodies
could prove to be a valuable tool for the neutralisation/clear-
ance of PrPSc in intracellular compartments of affected neu-
rons and could potentially have wider applicability for the
treatment of so-called protein-misfolding diseases.
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P.2.17
Performances of three rapid post mortem
tests for active surveillance of TSE in clini-
cally healthy sheep

Elena Bozzetta1, Raffaella Nappi1, Silvia Crudeli1, Daniela
Meloni1, Daniela Loprevite1, Paola G. Melis1, Maria Cavar-
retta1, Maria Mazza1, Silvia Colussi1, Francesco In-
gravalle1, Romolo Nonno2, Maria Caramelli1, Ciriaco Li-
gios1

1CEA- Istituto Zooprofilattico Sperimentale del Piemonte Lig-
uria e Valle d’Aosta, Italy; 2Department of Food Safety and
Veterinary Public Health, Istituto Superiore di Sanità, Italy

Background: Seven rapid tests were approved according to
the Commission Regulation (EC) 162/2009 for active surveil-
lance of TSE in sheep and goat. 

Objectives: Aim of the study was to evaluate the diagnostic
sensitivity (Se) and analytical sensitivity of three approved rap-
id tests: Bio-Rad TeSeE Sheep/Goat (test A), Idexx HerdChek
BSE-Scrapie Antigen Test kit (test B), Prionics check western
Small Ruminants (test C). 

Methods: A sample size of 138 positive samples, confirmed
by confirmatory western blotting (WB), was obtained through
the screening by the three rapid tests of 970 asymptomatic
sheep of various genotype and breed, aged over 18 months
and belonging to 22 Italian Scrapie flocks. To assess the de-
tection limits of each test, dilutions from 1:5 to 1:5000 of pos-
itive brainstem homogenate (belonging to 20 classical scrapie
infected sheep representative of Italian genotypes and breeds)
in negative homogenate were prepared both according to the
IRMM protocol (50%w/v) and to the manufacturers protocols.
The dilution series were analyzed in two replicates with the
rapid tests in comparison with the confirmatory WB. 

Results: The data indicate an excellent diagnostic sensitivity
for the test A and B (test A, Se = 97.10%, 95%CI:92.74-99.20;
test B, Se = 99.28%, 95%CI:96.03-99,98) and a good diag-
nostic sensitivity for the test C (Se= 92.75%, 95% CI:87.08-
96.47).The results of analytical sensitivity confirmed that all
tests could detect positive samples belonging to all Italian
ovine genotypes and breeds , but they differed in analytical
sensitivity, in particular test A and e test B showed the best
performances. 

Discussion: Our findings show that the tests are valid and ro-
bust tools for scrapie diagnosis in clinically-healthy sheep,
however, considering their performances to detect small PrP-
sc concentration, a difference in the efficacy of the active sur-
veillance system, based on the test adopted, can be expect-
ed.

P.2.18
Camelid anti-prion antibodies inhibit prion
replication in vitro and in vivo

Daryl Jones, William Taylor, Sandra Schoeniger, Benjamin
Stileman, Mourad Tayebi

Royal Veterinary College

Background: The development of effective therapy for prion
diseases is of major importance for public health. The anti-
body-based therapy appears to be the method of choice as
has been demonstrated by the use of these molecules, di-
rected against specific prion epitopes, in chronically infected
Neuroblastoma (N2a) cells. 

Objectives: To characterise a panel of camelid anti-prion an-
tibodies effective at inhibiting PrPSc replication in vitro and in
vivo. 

Methods: PrP inhibition studies using camelid anti-prion an-
tibodies were conducted using prion-permissive neuroblas-
toma cell lines (ScN2a), and were assessed for PrPSc replica-
tion by Sandwich ELISA and Western Blotting. Neurotoxic ef-
fect of camelid antibodies was also investigated with N2a cells
by TUNNEL staining. For in vivo studies, wild type mice were
challenged intraperitoneally (IP) with Rocky Laboratory Mouse
brain homogenate, and treated weekly with camelid anti-pri-
on antibodies via IP injection at day 30 post inoculation (p.i). 

Results: A significant reduction in PrPSc replication in vitro
was observed using camelid anti-prion antibodies. An isotype
matched control had no effects on PrPSc replication. Prion
replication was not seen to recur following treatment termi-
nation after 3 or 6 days, indicating that these antibodies lead
to indefinite depletion of PrPSc in prion-permissive cell lines.
In vivo results, as per Western Blotting and ELISA, revealed a
significant reduction of PrPSc both within the spleen and brain
parenchyma. Cognitive decline was prevented in RML-infect-
ed mice treated at day 7. Mice treated at day 30 and already
showing cognitive changes displayed behavioural improve-
ments. 

Discussion: In this study we show that our camelid anti-prion
antiobodies are effective in treating chronically infected ScN2a
cells. Furthermore, they were shown to be effective in in-
hibiting PrPSc replication in the spleens of prion-infected mice.
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P.2.19
Anti-prion antibodies with specific discrimi-
nation patterns for atypical scrapie in sheep

William Taylor, Daryl Jones, Sandra Schoeniger, Benjamin
Stileman, Mourad Tayebi

Royal Veterinary College

Background: Currently there is no ante-mortem test available
to discriminate between classical and atypical scrapie.The pro-
duction of antibodies specifically raised against atypical scrapie
would potentially lead to immunodetection of this particular
strain and could have applicability in detecting the disease in
the pre-symptomatic phase.Here we demonstrate that anti-
bodies raised against the native forms of atypical scrapie can
differentiate it from classical scrapie.Work is underway to de-
velop and validate such screen that would lead to a diagnos-
tic test screen in blood.

Objectives: To develop anti-prion polyclonal and monoclonal
antibodies to immunodetect atypical scrapie and to discrimi-
nate between atypical and classical scrapie and then assay val-
idation to achieve a highly sensitive and specific sandwich
ELISA as a platform for the detection of prions in blood.

Methods: Prn-P-/- mice were subcutaneously immunised with
emulsified native atypical scrapie immunoadsorbed to im-
munomagnetic beads using anti-PrP monoclonal antibodies
raised against rPrP.The antibody responses were characterised
using a battery of experimental procedures,including ELISA,Im-
munopreciptation,FACS,western blotting and Dot blot.

Results: ELISA results using human and murine rPrP have
demonstrated that our polyclonal antibodies that were raised
against atypical scrapie are able to immunodetect PrPSc in
atypical scrapie-infected tissues.The antibody response was of
the IgG isotype,in contrast with previous work using native
RML that led to an exclusive IgM response.The immunoblot
patterns of PrPSc derived from atypical scrapie displayed the
distinct 7-12kDa band associated with atypical scrapie;in con-
trast the classical PrP electrophoretic profile lead to the 3 gly-
coforms ranging between 15-30 kDa. 

Discussion: The use of these polyclonal and subsequently
monoclonal antibodies will help to improve the diagnosis of
atypical scrapie from classical scrapie and also to discriminate
between the normal and pathological PrP.

P.2.20
Towards simultaneous broad-range disin-
fection of bacteria, viruses, fungi and prions

Karin Lemmer, Achim Thomzig, Marion Joncic, Kathrin
Tintelnot, Ingeborg Schwebke, Martin Mielke, Michael
Beekes

Robert Koch-Institut, Germany

Background: Effective disinfectants are of key importance for
the safe reprocessing of surgical instruments. However, in-
strument-compatible and routinely applicable formulations
that are simultaneously effective on a broad range of
pathogens including bacteria, fungi, non-enveloped viruses,
mycobacteria and prions are scant. 

Objectives: To test whether newly developed formulations
containing SDS, NaOH and n-propanol are active against the
pathogens specified above despite the theoretical concern
that alcohols may potentially fix proteins and stabilize prions. 

Methods: The efficacy of SDS and NaOH in alcohol against
bacteria, viruses, fungi and prions was examined in suspen-
sion and on carriers using coagulated blood or brain ho-
mogenate as organic load. Furthermore, protein fixating ef-
fects were assessed by Coomassie-blue staining of processed
test carriers. 

Results: We found that a formulation of 0.2% SDS and 0.3%
NaOH in 20% n-propanol exerted a potent decontaminating
activity on PrPTSE, the biochemical marker for prion infectiv-
ity, attached to steel carriers by contamination with brain ho-
mogenate from 263K scrapie hamsters, or from patients with
sporadic or variant Creutzfeldt-Jakob disease. The formulation
decreased the infectivity of 263K scrapie agent on steel wires
below the threshold of detection (reduction factor: ,5.5 log10
units [logs]). The mixture also inactivated adeno- and po-
liovirus in suspension tests, and achieved a reduction factor
of ,4 logs when applied on polio- or hepatitis A virus embed-
ded in coagulated blood on the surface of carriers. For bacte-
ria (E. faecium and M. avium) reduction factors were ,6 logs.
Fungi (spores of Aspergillus niger) were also efficiently inacti-
vated. Protein fixation by the formulation was not stronger
than that observed with water alone. 

Discussion: Addressing the disinfection of prions and con-
ventional pathogens in an integrated approach opens a new
avenue for the development of effective broad-range decon-
taminants.
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P.2.21
Comparative study of prions associated with
iatrogenic and sporadic Creutzfeldt-Jakob
disease

Jue Yuan1, Xiangzhu Xiao1, Liuting Qing1, James W. Iron-
side2, Pierluigi Gambetti1, Qingzhong Kong1, Wen-Quan
Zou1

1Case Western Reserve University, USA; 2Western General
Hospital Edinburgh, UK

Background: Iatrogenic Creutzfeldt-Jakob disease (iCJD) is
caused by CJD transmission through medical and surgical pro-
cedures. Differentiating iCJD from sporadic CJD (sCJD, the
most common form of human prion diseases) is apparently of
importance in prevention of human-to-human transmission
of CJD. But without clinical history currently it is difficult to
distinguish the two because no differences have been identi-
fied in their phenotypes and pathological prion protein (PrP-
Sc). 

Objective: To dissect the differences in physicochemical and
biological features of prions from iCJD and sCJD. 

Methods: Approaches used included one- and two- dimen-
sional SDS-PAGE, neurohistology, gel filtration, sucrose step
gradient sedimentation, enzymatic fragmentation, serial pro-
tein misfolding cyclic amplification (sPMCA), and transmission
study. 

Results: Of eight iCJD cases examined, five cases exhibit gel
profile similar to sCJD type 1 whereas three show sCJD type
2-like gel profile. No differences in oligomeric sate of PrPSc be-
tween the two are detected using gel filtration and sedimen-
tation in sucrose gradients. No significant differences in in-
fectivity of PrPSc from sCJDMM1 and iCJDMM1 are detected
by transmission study using humanized transgenic mice ex-
pressing human PrP-129MM. However, using sPMCA, the abil-
ity of PrPSc to convert PrPC is notably higher in iCJD than in
sCJD. Moreover, most of iCJD cases show no detectable pro-
tease-resistant C-terminal fragment 12/13 (CTF12/13) that are
detected in all sCJD (Zou et al., 2003) but not in variant CJD.

Discussion: Our study indicates that the differences in PrPSc
between iCJD and sCJD may be reflected mainly in their dif-
ferent etiologies. Whether PrP-CTF12/13 is a molecular hall-
mark for distinguishing the acquired CJD including iCJD and
vCJD from the spontaneous CJD including sporadic and fa-
milial forms needs further study.

P.2.22
Clinical features and diagnostic investiga-
tions of the rare VV2 subtype in sporadic
Creutzfeldt-Jakob disease

Daniela Varges, Anna Senske, Inga Zerr

National Reference Center for TSE Surveillance at Department
of Neurology, Georg-August University Göttingen, Germany

Background: Six molecular subtypes of sporadic Creutzfeldt-
Jakob disease (sCJD) have been identified on the basis of the
prion protein type (1 or 2) and the methionine (M) / valine (V)
polymorphism at codon 129. Until now only limited informa-
tion on clinical syndrome in VV2 subtype has been published. 

Objectives: To establish clinical and diagnostic findings of the
rare VV2 subtype in sCJD. 

Methods: Our study included fifty-five VV2 patients (34 fe-
males). The clinical symptoms and the following diagnostic
tests were investigated: magnetic resonance imaging studies,
electroencephalograms and the cerebrospinal fluid markers
14-3-3 protein, tau-protein, neuron-specific enolase, S100 pro-
tein and ß-amyloid 1-40 and 1-42. 

Results: The onset of the disease at 66 years of age and the
disease duration with 6 months are similar to classical sCJD.
The most frequent first symptom in the VV2 subtype was
ataxia. In addition to a rapid progressive dementia and cere-
bellar symptoms, almost all VV2 cases showed concentration
and attention deficits and aphasia during the disease dura-
tion. The 14-3-3 protein investigation was the most sensitive
diagnostic test and positive in all cases. Only in 8% the elec-
troencephalogram revealed periodic sharp wave complexes
and approximately the half of the patients displayed the typ-
ical signal increase of the basal ganglia on magnetic resonance
images.

Discussion: To our knowledge this is the first clinical and di-
agnostic description of the rare VV2 subtype in sCJD in a big
study population. For the clinical diagnosis of VV2 subtype an
ataxia at the onset of the disease is indicative and can be best
supported by the 14-3-3 protein investigation in the cere-
brospinal fluid.
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P.2.23
Active immunization prolongs the survival
time of hamsters intracerebrally infected
with 263K-scrapie

Achim Thomzig, Marion Joncic, Patrizia Reckwald,
Michael Beekes

Robert Koch-Institute, Germany

Background: So far, there exist no possibilities to cure fatal
prion diseases. 

Objectives: To examine whether active immunization against
PrP may prevent, delay or stop sporadic or hereditary forms
of prion diseases which are thought to originate focally in the
brain. We intended to mimic a focal cerebral onset of PrP mis-
folding by intracerebral (i.c.) implantation of steel wires loaded
with a very low amount of scrapie infectivity into hamsters.
This approach aimed at avoiding confounding dissemination
of prions into the periphery in order to study the effect of PrP
immunisation specifically in the brain.

Methods: Recombinantly expressed SHaPrP90-232 was used
to immunize two groups of hamsters with or without Mon-
tanide as adjuvant, respectively. Control groups were treated
with PBS or Montanide alone. After the development of high
antibody titers against PrPrec in immunized animals, hamsters
were i.c. implanted steel wires carrying about 30 LD50i.c. of
263K-scrapie infectivity.

Results: Hamsters treated with PrPrec in Montanide lived
~35% longer than those in the group treated with Montanide
alone (191 +/- 25 [SD] days [d] versus 140 +/- 16 d). Hamsters
immunized with PrPrec alone showed a mean survival time of
218 +/- 52 d, which was ~25% longer than that of the re-
spective controls treated only with PBS (174 +/- 34 d). When
comparing the control groups that received Montanide or PBS
without PrPrec, the adjuvant itself was found to shorten sur-
vival times (140 +/- 16 d vs. 174 +/- 34 d, respectively), possi-
bly by complex stimulation of the immune system. 

Discussion: We showed that active immunization with PrPrec
prolongated the incubation time of hamsters that were in-
fected by i.c. implantation of steel wires carrying a very low
dose of 263K-scrapie agent in order to trigger a strictly focal
onset of infection in the brain. This suggests to further probe
the protective potential of active or passive immunization
against PrP with respect to sporadic and notably hereditary
CJD.

P.2.24
In vivo detection of prion amyloid plaques
using [11C]BF-227 PETv

Nobuyuki Okamura, Shozo Furumoto, Yusei Shiga, Yoshio
Tsuboi, Ren Iwata, Yukitsuka Kudo, Katsumi Doh-ura

Tohoku University, Japan

Objectives: In vivo detection of pathological prion protein in
the brain is potentially useful for accurate diagnosis of trans-
missible spongiform encephalopathies and for early thera-
peutic intervention. However, there are no potent ante-
mortem means for sensitive detection of pathological prion
protein in the brain. To evaluate the amyloid imaging probe
BF-227 for noninvasive detection of prion protein amyloid in
the brain, a clinical PET study was performed using [11C]BF-
227. 

Methods: Five patients with transmissible spongiform en-
cephalopathies, including 3 patients with Gerstmann-Sträus-
sler-Scheinker disease (GSS) and 2 patients with sporadic
Creutzfeldt-Jacob disease (CJD) underwent [11C]BF-227 PET.
Data from 10 normal controls and 17 patients with
Alzheimer’s disease (AD) were additionally analyzed for com-
parison. The regional to pons standardized uptake value ra-
tios were calculated as an index of BF-227 retention. 

Results: A significantly higher retention of BF-227 was de-
tected in the cerebellum, thalamus, and lateral temporal cor-
tex of GSS patients compared with that in corresponding tis-
sues of normal controls. GSS patients also showed a higher
retention of BF-227 in the cerebellum, thalamus, and medial
temporal cortex compared with AD patients. In contrast, two
patients with CJD showed no obvious retention of BF-227 in
the brain. Selective binding of BF-227 to prion protein plaques
was confirmed using brain samples from autopsy-confirmed
GSS case.

Discussion: These findings suggest that BF-227 is useful for in
vivo detection of prion protein plaques in the human brain.
[11C]BF-227 PET provides a potential means of facilitating
both early diagnosis and noninvasive disease monitoring of
transmissible spongiform encephalopathies.
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P.2.25
A direct comparison of commercially avail-
able prion decontamination reagents using
a highly sensitive, quantitative cell-based
assay

Julie Edgeworth, Anthony Clarke, Graham Jackson, John
Collinge

MRC Prion Unit and Department of Neurodegenerative Dis-
ease, UCL Institute of Neurology, UK

Background: Prions comprise aggregates of misfolded host
proteins and cause fatal transmissible neurodegenerative dis-
orders of humans and animals, such as vCJD and BSE. Prions
pose significant public health threats from the contamination
of blood products and surgical instruments, require laborious
and often insensitive animal bioassay to detect, and resist con-
ventional hospital sterilisation methods. Prions bind avidly and
specifically to surgical steel and can efficiently transfer infec-
tivity to a suitable host, and much research has been per-
formed to develop and validate effective prion decontamina-
tion of metal surfaces. We developed a novel bioassay method
which exploits the marked binding affinity of prions to steel
surfaces in combination with an adapted scrapie-cell end-point
assay to achieve, for mouse RML prions, a sensitivity 100 times
higher than standard mouse assay: the Standard Steel Bind-
ing Assay (SSBA).

Objectives: To apply this assay system to perform a direct
comparative study of commercially available decontamination
reagents and validate our findings using i.c. inoculation of
steel wires into indicator mice. 

Methods: Dilutions of RML-infected homogenates of known
titre were adsorbed to surgical steel surfaces and subse-
quently treated with a variety of commercially available de-
contamination reagents. The remaining infectious units bound
to the wires following treatment were quantified via the SS-
BA. 

Results: The SSBA assay is capable of detecting infectivity in
a 1010 fold dilution (or 100pg) of RML infected brain. Using
the SSBA we have been able to compare directly the efficacy
of marketed prion decontamination reagents on metal bound
prions. 

Discussion: This novel assay offers a new methodology for the
evaluation and validation of prion decontamination method-
ologies. We have demonstrated that the efficacy of market-
ed prion decontamination reagents is highly variable and the
SSBA provides a standard assay for reagent validation and
comparison.

P.2.26
Effective treatment of prion infection by an-
ti-PrP monoclonal antibodies

Christopher Carswell, Robert Drynda, Rakshit Desai, Sara
Monteiro, Francesca Properzi, Jacqueline Linehan, Nico-
lette Ebsworth, Sebastian Brandner, Anthony Clarke, Si-
mon Mead, John Collinge, Azadeh Khalili-Shirazi

MRC Prion Unit, UCL Institute of Neurology, UK

Background: Many people have been exposed to blood prod-
ucts from donors incubating vCJD, and a treatment strategy
is now a priority. We have shown passive transfer of anti- PrP
monoclonal antibody (mAb) in mice delays onset of prion dis-
ease indefinitely. By further studying this immunotherapeutic
strategy in mice, we wish to exploit its potential for transla-
tion to patients.

Objectives: To determine a minimal effective dose of mAb for
immunotherapy that leads to peripheral clearance of prion in-
fectivity, without casing immunosuppression as a side effect.

Methods: FVB/N mice were inoculated intraperitoneally (ip)
with RML prions (104.9 LD50 units) or normal brain ho-
mogenate. They were treated biweekly ip at post-infection
day (PID) 30, with 4, 1, or 0.25mg/ week of mAbs ICSM18 (PrP
epitope 143-153), ICSM35 (PrP epitope 93-105), isotype con-
trols or buffer (PBS) alone. At PID69 and at clinical end points,
spleens and brains were tested for infectivity and PrPSc accu-
mulation. To ensure integrity of the immune system after an-
ti-PrP mAb therapy, the ability to mount an anti-ovalbumin
Ab production was challenged at PID69. 

Results: ICSM18 and ICSM35 clear splenic PrPSc and infectivi-
ty at PID69 in a dose-dependent manner, but ICSM18 is x3-4
more effective, as at 1mg/week, it produces an improved sur-
vival outcome- 40% of mice surviving 300 days after death of
controls. Treatment with 4mg/week of ICSM18 and ICSM35
did not lead to immunosuppression or affect the T helper arm
of the immune system- splenic CD4+ and CD4+CD25+ T cell
numbers remained similar in anti-PrP mAb treated and un-
treated mice. After immunisation, anti-ovalbumin Ab produc-
tion was similar regardless of treatment.

Discussion: ICSM18 at 1mg/week is more effective than IC-
SM35 in decreasing infectivity, removing peripheral PrPSc and
extending lifespan of RML-infected mice. These findings high-
light the potential of mAb prion immunotherapy treatment
for prion infection, and support further investigation of this
strategy.

75Diagnostics, Therapeutics and Decontamination

P
O

S
T

E
R

S



P.2.27
Effects of Riluzone in C57/BL/6J mice inocu-
lated with the mouse scrapie strain RML

Isabel Gonzalo1, Irene de Diego1, Tomás Huélamo1, Mª José
Nevado1, Tomás Mayoral1, Marta Vigo1, Gómez-Tejedor
Concepción1, Jesús Benavides2, Justo García de Yébenes3

1Laboratorio Central de Veterinaria, NRL for TSEs, Ministe-
rio de Medio Ambiente y Medio Rural y Marino, Algete,
Madrid, Spain; 2Sanofi-Aventis, Paris, France; 3Servicio de
Neurología, Hospital Universitario Ramón y Cajal, Madrid,
Spain

Background: Transmissible spongiform encephalopathies are
fatal neurodegenerative disorders affecting to humans and
animals. Several treatments have been explored. Riluzole is a
benzothiazolic derivated and it has been tested as neuropro-
tective agent. 

Objectives: To evaluate the neuroprotective effect of riluzole
in C57/BL/6J mice inoculated intracerebrally with the mouse
Scrapie strain RML.

Methods: All studies were performed in 25 male C57/BL/6J
aged 6-8 weeks in accordance with the European and National
regulations of animal experimentation. Mice were random-
ized into 4 groups: A) 5 inoculated with 10%RML; B) 10 inoc-
ulated with 10%RML and treated with riluzole; C) 5 inoculat-
ed with 10% of normal brain homogenated (NBH) and treat-
ed with riluzole and D) 5 inoculated with 10%NBH.
Riluzole(Sanofi-Aventis)was administrated at 30 days post-in-
oculation(dpi), by oral way every 15 days at a dose 0,4gr/l cou-
pled with 1% hydroxi-β-cyclodextrin. We evaluated the
weight gain, food, water intake, length of stride, time in
hanging thread and open field activity at 0, 15, 30, 45, 90, 105
dpi. Brains were analyzed by immunoblotting, histology and
immunohistochemistry using 2G11,6H4 and GFAP antibodies.
Lesion profile was performed according to Fraser & Dickinson
1968. Statistical analysis was performed by ANOVA followed
by post hoc tests for the continuous variables and by Fisher´s
test and Chi-Square for semi quantitative parameters. 

Results: The treatment with riluzole normalized the perform-
ance in open field behaviour in RML inoculated mice and sig-
nificantly reduced the vacuolization score in treated animals.
We observed a reduction of PrP pattern of bands in 6/10 treat-
ed mice in comparison with positive control group. Histology
analysis shows no differences in the PrPd immunorreactivity
pattern and reactive gliosis between the treated and positive
control group. 

Discussion: A partial protective effect of riluzole was observed
in RML mice.

P.2.28
Detection of multimeric forms of misfolded
proteins in blood could provide a sensitive
method for the early diagnosis of various
misfolded diseases

Kuntaek Lim1, Byungsup Lee1, Sungmin Kang1, Mino
Kang2, Young Chul Youn3, Young Ran Ju4, SangYun Kim5,
Seong An2

1PeopleBio Inc., Republic of Korea; 2Kyungwon University,
Republic of Korea; 3Chung-Ang University College of Medi-
cine, Republic of Korea; 4Korean Centers for Disease Control
& Prevention, Republic of Korea; 5Seoul National University
School of Medicine, Republic of Korea

Background: In many progressive neurodegenerative diseases,
TSE, AD, PD, HD and ALS, multimeric aggregated forms of
their respective hallmark protein have been investigated as
biomarkers for the post-mortem diagnosis of the diseases us-
ing brain tissues. Prion was identified for TSE, and others are
amyloid beta (A&#946;) peptide, synuclein, Apolipoprotein E,
Tau proteins, Huntintin, and superoxide dismutase. It has been
suggested that the detection of these aggregated or multi-
meric forms of various biomarkers in bodily fluids would pro-
vide as robust targets for the early detection. Multimer De-
tection System (MDS) was initially developed for the detec-
tion of infectious prion protein in blood. MDS became
powerful technique in differentiating preclinical scrapie in-
fected lambs from normal lambs. 

Objectives: Here, MDS was adapted for AD.

Methods: In AD, A&#946; peptides are generated by prote-
olytic processing of the amyloid precursor protein with the be-
ta,gamma secretases. Aggregation of insoluble A&#946; pep-
tide makes senile plaque suggesting the formation of multi-
meric form of the A&#946; peptide in CSF and also in blood.
Hence, the development of the sensitive detection methods
for A&#946; aggregates or multimers in CSF or blood could be
important for the therapeutic strategy and for the evaluation
of the drugs, especially with upcoming releases if disease-
modifying drug candidates. 

Results: Multimeric A&#946; peptides were detected with
sensitivity at upper nanogram/ml quantity. MDS, in short, uti-
lizes overlapping epitope antibody to create competition to
discriminate multimers from monomers as for scrapie. Hence,
MDS could only detect multimeric forms of A&#946; peptide.

Discussion: In conclusion, the detection of various multimer-
ic biomarkers with MDS could offer faster development of ear-
ly diagnostic and prognostic assay systems for screening can-
didates, testing drug efficacy, and monitering therapies in
their respective diseases.
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P.2.29
An in-depth investigation of PrPd distribu-
tion in the different brain regions of BSE cas-
es in Great Britain

Michael Stack1, Sarah Moore1, Andrew Davis1, Paul Webb1,
Janet Bradshaw1, YoonHee Lee2, Melanie Chaplin1, Raf-
faella Focosi-Snyman1, Lisa Thurston1, Yvonne Spencer1,
Stephen Hawkins1, Mark Arnold1, Marion Simmons1, Ger-
ald Wells1

1Veterinary Laboratories Agency, UK; 2National Veterinary Re-
search and Quarantine Service, Republic of Korea

Background: BSE has been monitored globally using diag-
nostic techniques based on pathology and the detection of
disease-associated prion protein (PrPd). Transmission to mice
indicated that the BSE agent was a single strain that differed
from characterised strains of scrapie. Uniformity of the pathol-
ogy among cattle during the epidemic suggested a consistent
disease phenotype. Active surveillance starting in 2001, using
tests for detection of PrPd, gave rise to reports of variable
pathology and different molecular profiles of BSE, indicating
the possible strain variation. Such cases have been detected
in several European countries, Japan, and North America and
originate mostly in cattle over 6 years of age. These cases are
of two distinct types, a higher molecular mass (H-type) and a
lower molecular mass (L-type) based on the unglycosylated
protein band detected by Western blot analysis relative to the
equivalent protein band in classical BSE. Transmission studies
in mice show that each type is different from the classical BSE
agent.

Objectives: Atypical BSE cases have only so far been found in
active surveillance where whole brains are not readily avail-
able for further histopathological examination. This present
investigation of 523 classical BSE (C-type) cases, derived from
archived case material from passive surveillance in Great
Britain, was targeted at obtaining comprehensive PrPd distri-
bution data from clinical cases.

Methods: Histopathological examination, immunohisto-
chemistry and Western immunoblotting.

Results and Discussion: No separate phenotypic entity was
detected among the 523 brains. The observations and statis-
tics have consolidated our understanding of the phenotype of
classical BSE (C-type). Experimental transmission of field cas-
es of H- and L-type into calves has recently been performed
at our laboratory so that the distribution of the PrPd through-
out the brain can be mapped and eventually compared to the
results in this present study of C-type BSE.

P.2.30
Detection of the abnormal prion protein in
cerebral spinal fluid using capillary immu-
noelectrophoresis assay

Yan Guo1, Mary Jo Schmerr2, Ning Fang1, Monika Bode-
mer3, Barbara Ciesielczyk3, Inga Zerr3

1Iowa State University, USA; 2Ames Laboratory USDOE, USA;
3University of Goettingen, Germany

Background: Detection of the abnormal prion protein in cere-
bral spinal fluid (CSF) has been elusive because of the limited
amount of material available and the low amounts of abnor-
mal prion present in this fluid. Capillary electrophoresis has
excellent sensitivity as well as the possibility of automation.
A successful method needs to be sensitive, rapid, and be rel-
atively easy to use. 

Objectives: 1) To design a test that uses commercially avail-
able reagents and instrumentation.

2) To develop a test that was rapid and accurate for detection
of the abnormal prion protein. 

3) To establish conditions that eliminated false positives in the
cerebral spinal fluid.

Methods: Capillary Electrophoresis equipment was obtained
from Beckman Coulter. Protein A magnetic beads were ob-
tained from Invitrogen. The monoclonal antibodies, SAF32 and
12F10, were obtained from Cayman Chemical, Inc. The fluo-
rescein-labelled peptides were synthesized by Multiple Pep-
tide Systems. Samples were prepared by treating first with
proteinase K, followed by treatment with 1% formic acid at
65C for 15 min. After neutralization, the samples were incu-
bated with antibodies and the protein A beads for 1hour. The
beads were washing 4x with a BSA-TAPS buffer. After wash-
ing, the beads with incubated with the fluorescein-labelled
peptide. An aliquot of the peptide was analyzed on the cap-
illary electrophoresis.

Results: The untreated recombinant prion protein showed in-
hibition for the fluorescein peptide binding. But when treat-
ed with PK and formic acid the inhibition was lost. When
scrapie brain samples were used, the test was able to distin-
gush normal and scrapie infected samples. When a relatively
small number of CSF samples were used, the test could dis-
tinguish between non CJD patients and CJD patients. About
50% of the CJD CSF samples test positive on this test.

Discussion: The test is a rapid, straightforward assay. Present-
ly, the number of samples is being expanded in order to ob-
tain good statistic analysis of the capabilities of the test.
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P.2.31
Identification of chemotactic factors for mi-
gration of mesenchymal stem cell to brain
lesions of mice infected with prions

Chang-Hyun Song1, Osamu Honmou2, Hidefumi Furuoka3,
Rie Hasebe1, Motohiro Horiuchi1

1Graduate School of Veterinary Medicine, Hokkaido Univer-
sity, Japan; 2Sapporo Medical University, Japan; 3Obihiro Uni-
versity of Agriculture and Veterinary Medicine, Japan

Background: Bone marrow-derived mesenchymal stem cells
(MSCs) have been reported to migrate to brain lesions in neu-
rodegenerative diseases, and to ameliorate functional deficits.
Recently, we have shown that immortalized human MSCs
(hMSCs) migrate to neuropathological lesions of prion dis-
eases and their transplantation prolongs the survivals. How-
ever, the precise mechanisms for the migration of MSCs re-
main to be elucidated.

Objectives: We investigated factors that are involved in the
migration of hMSCs to brain lesions of prion diseases. 

Methods: Migration of hMSCs to the brain extracts was ana-
lyzed using a QCM 96-well cell migration assay kit. To analyze
involvement of cytokines/chemokines and growth factors in
MSCs migration, we used antibodies for 10 receptors on hM-
SCs and 13 their ligands. hMSCs were intracerebrally trans-
planted into mock- or prion-infected mice at 120 days post-
inoculation (dpi). Cryosections of brains of the mice were pre-
pared at 2 and 7 days after transplantation for
immunohistochemistry.

Results: The hMSCs constitutively expressed CCR3, CXCR3 and
4, and antibodies against CCR3, CXCR3 and 4 decreased hM-
SCs migration to brain extracts from both mock- and prion-
infected mice at 120 dpi. In contrast, expressions of IGFR,
PDGFR, CCR4, 5, and CX3CR1 in hMSCs were low before stim-
ulation but were up-regulated after the stimulation with brain
extracts from prion-infected mice, and antibodies against
these receptors decreased hMSCs migration only to brain ex-
tracts from prion-infected mice. Among them, blocking of
CCR4 and 5, and CX3CR1 resulted in more than 50% decrease
in migration. Treatment brain extracts from prion-infected
mice with antibodies against the corresponding ligands
(CCL17 for CCR4, CCL3~5 for CCR5, and CX3CL1 for CX3CR1)
also decreased the migration of hMSCs. In fact, hMSCs mi-
grated to the brain lesions expressed CCR4, 5, and CX3CR1. 

Discussion: Our results revealed several cytokines/chemokines
and growth factors that are involved in the migration of MSCs
to brain lesions of prion diseases.

P.2.32
Degradation of scrapie infected brain ho-
mogenate by a novel bacterial keratinase

Emeka Okoroma1, Diane Purchase1, Hemda Garelick1, An-
gela Jen2, Roger Morris2, Oduola Abiola3

1Middlesex University London, UK; 2King’s College London,
UK; 3Universiti Brunei Darussalam, Brunei Darussalam

Background: Prion protein is central to Transmissible Spongi-
form Encephalopathy (TSE) pathogenesis. Characteristically
prion protein is resistant to conventional methods of sterili-
zation and the most effective means of its degradation are in-
cineration and alkaline hydrolysis. These methods are limited
by environmental acceptability, application compatibility, cost
and loss of reusable materials. Enzymatic degradation provides
a viable alternative for decontaminating animal carcasses,
specified risk materials, as well as surgical and dentistry in-
struments. 

Objectives: The objective of this research was to isolate and
characterise microbial keratinases and to investigate their abil-
ity to degrade keratinaceous materials and possibly scrapie
prions. 

Methods: Microbial isolates from farmyard waste were grown
on feather meal medium and the synthesised keratinase char-
acterised by MALDI-MS and SDS-PAGE. Keratinolytic activity
was determined using keratin azure, casein and melanised
feather as substrates. Degradation of scrapie prion was eval-
uated by western blotting analysis.

Results: A Gram-positive bacterium has been isolated whose
keratinase demonstrated considerable promise. The molecu-
lar weight of the enzyme was ,28KDa, with optimum pH and
temperature at 8.0 and 50 °C respectively. This novel kerati-
nase demonstrated significant activity on keratin azure
(14U/mL) and casein substrates, and completely degraded
melanised feather within 48h. Western blotting analysis
shows significant reduction in prion signal and immunoreac-
tivity for scrapie infected mouse (ME7) brain homogenate af-
ter incubation with this keratinase. Inclusion of a biosurfac-
tant also further enhanced degradation of scrapie prion.

Discussion: The ability of this novel bacterial keratinase to de-
grade keratin materials and scrapie prion suggests its poten-
tial use as an environmental alternative in prion decontami-
nation and other applications.
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P.2.33
Peptidylarginine deiminase-mediated pro-
tein citrullination in brains of sporadic
Creutzfeldt-Jakob disease

Byungki Jang1, Jae-Kwang Jin1, Yong-Chul Jeon1, Han
Jeong Cho1, Akihito Ishigami2, Kyung-Chan Choi1,
Richard I. Carp3, Yong-Sun Kim1, Eun-Kyoung Choi1

1Ilsong Institute of Life Science, Hallym University, Republic
of Korea; 2Toho University, Japan; 3New York State Institute
for Basic Research in Developmental Disabilities

Background: Protein citrullination is a post-translational mod-
ification that is markedly increased in disease conditions. The
occurrence of citrullinated proteins is associated with disease
development or progression, and it can serve as a useful mark-
er or therapeutic target for human diseases. However, how
the increased citrullination impacts the pathophysiological cel-
lular status in diseases including prion diseases remains un-
known. 

Objectives: Recently we reported pathological characteriza-
tion of PAD2 and citrullinated proteins that were abnormally
accumulated in various brain regions of ME7-scrapie infected
mice. For human diseases, the role of citrullination remains to
be assessed.

Methods: To assess pathogenesis of citrullinated proteins and
PAD2 in sporadic Creutzfeldt-Jakob disease (sCJD), we per-
formed immunohistochemistry and Western blot analysis us-
ing anti-modified citrulline and anti-PAD2 antibody. To iden-
tify citrullinated proteins from brain tissues of patients with
sCJD, we performed two-dimensional electrophoresis and
MALDI-TOF mass analysis.

Results: In brains of patients with sCJD, we found that vari-
ous proteins were citrullinated and that these proteins accu-
mulated excessively in reactive astrocytes. Increased expres-
sion and activity of PAD2 were found in the reactive astro-
cytes that contained increased levels of citrullinated proteins.
We identified various citrullinated proteins that were struc-
tural and energy metabolism-associated proteins such as glial
fibrillary acidic protein, myelin basic protein, vimentin, eno-
lase, and phosphoglycerate kinase.

Discussion: Based on these findings, our investigations sug-
gest that PAD2 and citrullinated proteins could play a role in
pathogenesis and have value as a diagnostic marker for pa-
tients with sCJD.

P.2.34
The study of surface topography of the pri-
on biosensor by means of the atomic force
microscopy

Maja Šnejdárková1, Alexandra Poturnayová1, Igor Gr-
man2, Gabriela Castillo2, Tibor Hianik2

1Slovak Academy of Sciences, Slovakia; 2Comennius Univer-
sity, Slovakia

Background: The diagnosis of prion diseases depends on neu-
ropathological examination of brain tissue after application
of autopsy or brain biopsy. Therefore the diagnosis of amy-
loid´s diseases in the early stages can be difficult. The promis-
ing strategy for early diagnosis of the prion diseases could be
based on acoustic biosensors based on monoclonal antibod-
ies immobilised at the surface of quartz crystal transducer and
by measurement the oscillation frequency changes caused by
affinity interactions.

Objectives: The formation of the sensing layer is of crucial im-
portant for biosensor sensitivity and selectivity. The proper-
ties of the surface can be analysed by AFM and cyclic voltam-
metry methods.

Methods: We used antibodies PRI 308 that selective bind to
106-126 amino acid residues of recPrP (SPIbio, Montigny,
France). The antibodies were immobilized on smooth gold sur-
face modified by poly(amidoamine) dendrimers of fourth gen-
eration (G4) and by protein A. The interaction of recPrP (Hu-
man PrP (23-230), Alicon, Switzerland) with the sensor surface
was performed by means of Atomic Force Microscopy (5500
AFM, Agilent Technology, USA). The electrical properties of
the surface have been studied by cyclic voltammetry method
using potentiostat CHI 440 (CH Instruments, USA). 

Results: The crosslinking of G4 molecules and neutravidin with
glutaraldehyde allowed oriented immobilization of the biotin-
modified protein A and PRI 308. Time dependent AFM images
performed in solution during interaction of recPrP with the
PRI308 suggest that the surface roughness are changed dur-
ing the immobilization process. The integrity of the layer was
investigated by cyclic voltammetry at the presence of redox
couple Fe(CN)64-/3-.

Discussion: Our measurements indicate that the sensitive lay-
er with the PRI 308 is impermeable for redox probe species.
The obtained results demonstrate that AFM time dependent
images provide useful information on the distribution of the
prion proteins at the surface.
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P.2.35
Investigation of the efficacy and biocom-
patibility of pulsed power electrotechnolo-
gies for the decontamination of prion-cont-
aminated medical devices

Yolanthe Gwaba1, Salwa Barkwan1, Neil Rowan1, John
Laffey2, Mark Rogers3

1Athlone Institute of Technology, Ireland; 2National Universi-
ty of Ireland Galway, Ireland; 3University College Dublin, Ire-
land

Prions cause fatal neurodegenerative conditions and their
unique resistance to front-line methods of medical equipment
sterilization poses significant control challenges. There are no
effective decontamination methods currently available for
their removal on high-risk medical devices and surgical in-
struments. Prions are known to resist conventional steriliza-
tion procedures that have been developed over the years to
deal with traditional pathogens and consequently there is an
urgent need to re-evaluate routine sterilization methods and
to develop new ones that meet the challenges in health care.
This multidisciplinary study will present new novel informa-
tion on development of a low temperature pulsed- plasma
gas-discharge in liquid systems to sterilize biomaterials con-
taminated with murine BSE and scrapie destined for medical
device manufacture. Other related important issues as effi-
ciency of energy delivery using this pulsed power approach
and ecotoxicology/biocompatibility post treatment will also
be addressed.

P.2.36
Pathogenic prion protein is degraded by a
serine protease in lichens

Christopher Johnson1, James Bennett2, Steven Biro1, Juan
Camilo Duque-Velasquez3, Richard Bessen4, Tonie Rocke1

1USGS National Wildlife Health Center, USA; 2University of
Wisconsin – Madison, USA; 3Grupo de Investigacion Centau-
ro, Universidad de Antioquia, Colombia, 4Montana State Uni-
versity, USA

Background: Lichens are unusual, symbiotic organisms formed
from a fungus and partner algae or cyanobacteria. The geo-
graphic distribution of lichens is extraordinarily wide and
many species thrive in extreme environments such as arctic
tundra, desert rock, pure sand or toxic slag heaps. Few bio-
logical systems have been identified that degrade the patho-
genic form of the prion protein (PrPTSE) and the remarkable
biology of lichens and their need to capture and conserve nu-
trients in harsh conditions suggests that lichens may be ca-
pable of unique metabolic activities. 

Objectives: We tested the hypothesis that lichens have the
potential to degrade PrPTSE. 

Methods: We used extracts from three lichens, as well as
freshly-collected live lichens, to assess PrPTSE degradation as
measured by immunoblotting or protein misfolding cyclic am-
plification.

Results: We found that extracts of the three lichen species
caused approximately a 100-fold loss of prion protein im-
munoreactivity in samples containing PrPTSE from hamsters
or white-tailed deer. Intact lichens exposed to infected brain
homogenate reduced PrPTSE levels approximately 70% fol-
lowing 24h incubation. Some common lichen chemicals were
excluded from being the active substance(s) and treatments
to interfere with redox reactions or metalloenzymes were not
effective at blocking degradation. Two protease inhibitor
cocktails, however, were each partially effective at prevent-
ing lichen extract-induced PrPTSE degradation. Screening a
panel of individual, specific protease inhibitors revealed that
a serine protease of lichens is the likely agent that degrades
prion protein.

Discussion: While animal bioassay experiments to determine
the effect of lichen extracts on infectious titer are ongoing,
these data suggest that lichens could promote prion degra-
dation in the environment and may have utility for prion in-
activation in medical or biotechnological settings. Additional-
ly, the role of lichens in prion environmental biology should
be investigated.
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P.2.37
Detection of prion proteins using immuno
sensor based on quartz crystal microbalance
and signal amplification by gold nanoparti-
cles

Lenka Svobodová1, Alexandra Poturnayová1, Maja Šne-
jdárková1, Tibor Hianik2

1Slovak Academy of Sciences, Slovakia; 2Comennius Univer-
sity, Slovakia

Background: The early clinical diagnosis of the prion diseases
can be performed by the sensitive detection of the prion pro-
teins. However, cellular prions PrPC and especially their path-
ogenic form PrPSc should be detected with sensitivity down
to 1 pM. Among various assay, those based on direct detec-
tion using biosensors are most useful for practical applications.

Objectives: In this work we present simple method of detec-
tion prion proteins in a blood plasma based on quartz crystal
microbalance (QCM) method and measurements of frequen-
cy changes of the piezoelectric transducer modified by specific
antibodies selective to PrPC. The amplification of the signal
has been achieved using gold nanoparticles. 

Methods: The following antibodies were used: PRI 308 and
BAR223 that selective bind to 106-126 and 141-152 amino
acid residues of recPrP. We used also AG4 and AH6, antibod-
ies that selective bind to N or C terminal of recPrP, respectively
(TSE Resource Center, Newbury Breks, UK). The antibodies
were immobilized on a surface quartz crystal covered by gold
that was modified by poly(amidoamine) dendrimers of fourth
generation (G4) and by protein A. The interaction of recPrP
(Human PrP (23-230)) with the sensor surface was performed
by means of QCM.

Results: The binding of PrP to a sensor surface resulted in de-
crease of the oscillation frequency of the crystal that served
as a sensor response. The detection limit depended on the an-
tibody used and was 6.4 nM for PRI 308 and BAR223, 21 nM
for AG4 and 43 nM AH6. We used gold nanoparticles for de-
tection amplification. For this purpose the PRI308 was immo-
bilized on a surface of quartz crystal and AG4 was conjugat-
ed with gold nanoparticles. In this assay first the recPrP was
added in flow format to a sensor surface and then the Au-
AG4 conjugate was added. 

Discussion: This method allowed to substantially amplified
PrP detection (d.l. 1.6 nM). The detection of PrP in blood was
also performed with detection limit 9 pM.

P.2.38
Inhibition of scrapie prion replication by
polyelectrolyte nanogold particles

Hoang Ngoc Ai Tran1, Fernanda Sousa2, Subhra Mandal1,
Fabio Moda3, Fabrizio Tagliavini3, Silke Krol2, Giuseppe
Legname1

1Scuola Internazionale Superiore di Studi Avanzati - Interna-
tional School of Advanced Studies, (SISSA-ISAS), Trieste, Italy;
2CBM - Cluster in Biomedicine, Area Science Park, Trieste,
Italy; 3Fondazione IRCCS Istituto Neurologico Carlo Besta,
Milan, Italy

Background: Prion diseases are invariably fatal maladies. To
date, no effective therapy is available for the treatment of pri-
on-infected humans and animals. Therefore, the identification
of a novel pharmaceutical regimen would be beneficial to an
increasing number of people suffering from prion-related cen-
tral nervous system degeneration.

Objectives: Finding novel potent anti-prion drugs based on
using nanotechnology for inhibition of prion diseases. 

Methods: The layer-by-layer technique was used to build up
nanoparticles with charged polyelectrolytes (polyallylamine
hydrochloride (PAH) and polystyrenesulfonate (PSS)). The po-
tency of anti-prion of the nanoparticles was measured by im-
munoblotting and ELISA detecting scrapie prion protein (PrP-
Sc) levels from ScGT1 and ScN2a cell lysates. Cell viability was
performed by calcein-AM assay. Coated nanogold cellular up-
take was studied by confocal fluorescence microscopy. In vit-
ro effect of nanoparticles on prion fibril formation was de-
tected by amyloid seeding assay.

Results: The efficiency of particles in inhibiting prion replica-
tion was found to be dependent upon the charge of the out-
ermost layer and less prominent to the number of layers. The
particles efficiently hampered the accumulation of PrPSc in
ScN2a cells and showed curing effects on ScGT1 cells with a
nanoparticle concentration in the picomolar range. In addi-
tion, the nanoparticles significantly delay the fibril formation
in in vitro conversion model with templates as recombinant
mouse PrP proteins.

Discussion: In this study, we report on the build up of
nanoparticles with oppositely charged polyelectrolytes (PAH
and PSS) and on their application as novel anti-prion com-
pounds. Different coatings, finishing either with a positive or
a negative layer, as well as different numbers of layers were
investigated for their ability to interact and reduce the accu-
mulation of PrPSc in ScGT1 and ScN2a cells.
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P.2.39
Decontamination of surfaces exposed to the
infectious agents of TSEs

Kitty Pomeroy1, Stanley Brown2, Terry Woods2, David Ash-
er1

1Laboratory of Bacterial, Parasitic and Unconventional
Agents(LBPUA), DETTD, OBRR, CBER, Food and Drug Ad-
ministration, Rockville, MD, USA; 2Center for Devices and Ra-
diological Health(Ret.), FDA, Silver Spring, MD, USA

Background: TSE agents are difficult to inactivate after dry-
ing on surfaces, posing a risk for contaminating work surfaces
and equipment used to manufacture biologics and for surgi-
cal instruments. Several decontamination methods used in re-
search laboratories were recommended for manufacturing and
clinical use but their effectiveness for removing TSE agent in
tissue dried on surfaces remains incompletely validated. 

Objectives: We developed 2 assays to estimate ability of var-
ious chemical and physical treatments to remove or inactivate
TSE agents dried on surfaces. 

Methods: We used suspensions or pastes of brain tissue from
hamsters infected with 263K scrapie agent; we assayed in-
fectivity in hamsters inoculated by the intracerebral route. One
model, adapted from a virucidal assay, detects residual TSE
agent dried on glass and the other on stainless steel needles;
both yielded reproducible infectivity titrations. We evaluated
methods recommended by a WHO Consultation in 1999
(WHO Infection Control Guidelines for Transmissible Spongi-
form Encephalopathies. WHO/CDS/CSR/APH/2000.3) to de-
contaminate surfaces exposed to TSE agents followed by rou-
tine cleaning and terminal sterilization commonly used in clin-
ical settings.

Results: Some infectivity repeatedly survived vacuum auto-
claving for 90 min at 134ºC. Infectivity rarely survived expo-
sure to solutions of NaOH or NaOCl combined with autoclav-
ing. Several procedures recommended by WHO eliminated
large amounts of scrapie agent,to limits of detection,from
both glass and steel surfaces. Exposures to NaOH, NaOCl and
concentrated formic acid at room temperature were also very
effective. Sonication of glass and steel objects for 90 min in a
hot alkaline detergent solution commonly used to clean in-
struments markedly reduced but did not completely eliminate
infectivity. 

Discussion: Several WHO-recommended methods effectively
removed substantial amounts of TSE infectivity dried on both
glass and steel surfaces.

P.2.40
Detection of total prion concentrations in
CSF from confirmed and possible CJD pa-
tients in Korea

Bo-Yeong Choi1, Su Yeon Kim1, Chi-Kyeong Kim1, Byung-
sup Lee2, Kuntaek Lim2, Sungmin Kang2, SangYun Kim3,
Jae Wook Hyun1, Young Ran Ju1, Seong Soo An4

1Department of Arboviruses, Center for Immunology & Pathol-
ogy, National Institute of Health, Korean Centers for Disease
Control & Prevention, Seoul, Republic of Korea; 2PeopleBio
Inc., Seoul, Republic of Korea; 3Department of Neurology,
Seoul National University School of Medicine, Republic of Ko-
rea; 4College of Bionano Technology, Kyungwon University,
Gyeonggi-do Republic of Korea (ROK)

Background: Detection of 14-3-3 protein in the cerebrospinal
fluid (CSF) has been used as WHO standard marker for some
Creutzfeldt-Jakob Disease (CJD) in human, such as sporadic
CJD(sCJD), sporadic familial insomnia (sFI), familial CJD (fCJD),
fatal familial insomnia (FFI), Gerstmann-Sträussler-Scheinker
Syndrome (GSS), iatrogenic CJD (iCJD), variant CJD (vCJD), and
Kuru. However, the elevated levels of 14-3-3 were also found
in other neurodegenerative diseases, like AD, ASL, and Japan-
ese Encephalitis. 

Objectives: Due to the low specificity of 14-3-3 protein, ~ 50-
60 %, for CJD diagnosis, other alternative prion (PrP) assays
with blood and CSF are being developed. Since CSF was found
to contain infectivity, the utilization of PrP in CSF could pro-
vide useful diagnosis tool for the diagnosis.

Methods: PrP in CSF from confirmed and possible CJD patients
in comparison with non-CJD patients were characterized in
this study. CSF was obtained by direct lumber puncture, cen-
trifuged for 10 min at 1500 g, stored at –20 °C until usage.
Various PrP antibodies were screened for the detection of PrP
in CSF and composed ELISA for the quantitation of total PrP.
The buffer, pH, detergent, and protease conditions for CSF
were also optimized.

Result: The sensitivity of the assay was found to be ~ 1-10
pg/ml concentration using recombinant human PrP. The dif-
ference between the confirmed and possible CJD patients and
non-CJD patients as negative control will be presented. The
14-3-3 protein was also analyzed by Western Blot and com-
pared with PrP concentrations. 

Discussion: The developed ELISA for total PrP in CSF could be
used to in conjunction with 14-3-3 for the CJD diagnosis. The
development of assay for detecting infectious PrP in CSF is in
process, which could be used as confirmation assay.
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P.2.41
Specific detection of prions in sheep blood
fractions by modified PMCA

Jan Priem, Jan Langeveld, Lucien van Keulen, Fred van
Zijderveld, Alex Bossers

Central Veterinary Institute of Wageningen UR, location
Lelystad, Netherlands

Background: There is still high demand for routine-tests ca-
pable to detect infectious prions in blood or blood-products.
Detection of prions in the blood of experimentally infected
hamsters has been described by using the protein misfolding
cyclic amplification (PMCA) method (Castilla, 2005) as well as
for sheep (Terry, 2008). 

Objectives: Here we describe our efforts to use PMCA to de-
tect prions in blood fractions of naturally infected sheep, an
excellent model for vCJD in humans since scrapie in sheep in-
volves the lymphoid system in similar settings as vCJD in hu-
mans. With this in vitro amplification technique very small
amounts of disease associated prion protein (PrPSc) can be
amplified using multiple cycles of sonication and incubation
using negative brain homogenate as substrate (one round PM-
CA). By using multiple rounds of PMCA further amplification
and ultra sensitivity can be achieved (serial PMCA).

Methods: We collected blood from well defined scrapie ‘free’
and scrapie infected sheep of various PrP genotypes. Blood
samples from both adult sheep and lambs were taken at dif-
ferent time-points from both flocks allowing the investigation
of disease incubation time on prion detection in blood. High-
ly susceptible animals of the VRQ/VRQ genotype normally suc-
cumb to natural scrapie in 24 + 3 months of age.We fraction-
ated sheep blood into plasma, platelets and white blood cells
(PBMC component) and used this material to detect prions us-
ing modified serial PMCA (sPMCA). This modified sPMCA pro-
tocol made it possible to perform 8 rounds of 48 cycles of PM-
CA in only 4 days. 

Results: We were able to reproducibly detect prions in
VRQ/VRQ sheep PBMC samples at various time points near
clinical disease development. We were able to preserve speci-
ficity of the reactions/detection using solely well defined neg-
ative brain homogenates of healthy sheep as substrate with-
out extra additions.

P.2.42
Acoustic biosensor for detection of prions
based on DNA aptamers

Tibor Hianik1, Anna Porfireva1, Igor Grman1, Ivana
Karpisova1, Gennady Evtugyn2

1Comennius University, Slovakia; 2Kazan State University,
Russian Federation

Background: The risk of possibility of transmission of
Creutzfeld-Jacob disease (CJD) by transfusion [1] justify urgent
need to develop rapid test of prions in the blood. So far most-
ly post time consuming mortem test of brain tissues were
available based on protein kinase (PK) resistance of PrPSc and
on immunochemical reagents. The alternative rout of detec-
tion can be based on biosensors composed of DNA aptamers
or antibodies. The objective of this work is in development of
biosensors based on DNA aptamers for rapid detection of
PrPC.

Objectives: 

Methods: The biosensor was based on multiwalled carbon
nanotubes (MWNTs) formed by electropolymerisation at the
surface of AT-cut quartz crystal onto which the DNA aptamers
against recPrP were immobilised. We used also neutravidin
covered surface onto biotinylated aptamers were attached.
DNA aptamer against recPrP was created based on the work
by Takemura et al. [2]. The interaction of recPrP (Human PrP
(23-230), Alicon, Switzerland) with the sensor surface was per-
formed by means of quartz crystal microbalance (QCM). 

Results: The binding of PrP to a sensor surface resulted in de-
crease of the oscillation frequency of the crystal that served
as a sensor response [3]. The limit of detection (LOD) was
rather low: 50 pM for aptamer based biosensor immobilised
on MWCNTs. However, neutravidin based immobilisation re-
sulted in lower sensor sensitivity, which is probably due to less
aptamers density at the surface in comparison with MWCNTs
and due to specific physical properties of MWCNTs. The non-
specific interactions of the sensor with considerably higher
concentrations of human serum albumin (HSA) as well as with
blood serum from health individuals suggests high selectivity
of biosensors. 
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P.2.43
Prion protein detection via direct immuno-
quantitative real-time PCR

Tim Reuter1, Brandon H. Gilroyed1, Trevor W. Alexander1,
Gordon Mitchell2, Aru Balachandran2, Stefanie Czub2, Tim
A. McAllister1

1Agriculture and Agri-Food Canada, Canada; 2Canadian Food
Inspection Agency, Canada

Background: Prions are detected for diagnostic purposes via
immunoassays and are quantified through dilution-based
bioassays by monitoring the onset and development of clini-
cal symptoms in animal models. These bioassays, however, are
slow and costly, and established immunoassays for detecting
PrPSc are substantially less sensitive than bioassays. Immuno-
PCR has been shown to provide increased sensitivity over con-
ventional immunoassays but has not yet enabled the detection
and quantification of trace amounts of prion molecules (PM). 

Objectives: While investigating PM persistence in animal mor-
tality compost, we sought to advance the methods presently
available for detecting and quantifying PM by developing a
direct immuno-quantitative real-time PCR (iQ-RT-PCR) assay.

Methods: A direct conjugate was created that comprised a
prion-specific antibody (ICSM35) and a synthetic 99-bp DNA
tail that included a ScrFI restriction site. Following conjugate
binding, tails were restricted and quantified using real-time
PCR. The assay was tested with scrapie prions bound to mem-
branes and to 96-well plates coated with a capturing antibody
from a commercially detection kit (TeSeE). To validate iQ-RT-
PCR detection, transgenic mice were inoculated intracerebrally
with 10^-2, 10^-3 and 10^-4 dilutions of the scrapie-positive
sheep brain homogenate. 

Results: Detection sensitivity of this iQ-RT-PCR assay was in-
creased 1000-fold over the commercial assay and was linear
for brain homogenate dilutions 10^-2 to 10^-4 bound to
membranes. Sensitivity of PM detection was at an order of
magnitude equal to that of bioassay using mice. 

Discussion: This simple and robust assay enabled quantitative
detection of scrapie prions in brain homogenates whether
captured by primary antibody or by membrane. The PCR-am-
plifiable, separable tail enabled nearly exponential target am-
plification. This sensitive and versatile iQ-RT-PCR has poten-
tial to enable rapid and reliable detection of agents causing
transmissible spongiform encephalopathies.

P.2.44
Removing prions from medical devices: an
alternative to unfriendly inactivation proce-
dures

Emmanuel Comoy1, Robert Howlin2, Zhou Xu1, Capucine
Dehen1, Lylian Challier1, William Keevil2, Paul Brown1,
Jean-Philippe Deslys1

1Atomic Energy Commission, France; 2University of
Southampton, UK

Background: The presence of infectivity in both the CNS and
peripheral organs of patients with prion diseases poses a still-
unresolved dilemma of decontamination for instruments that
cannot withstand the harsh decontamination procedures rec-
ommended for optimal inactivation, and in many cases require
that they are not re-used.

Objective: We have explored an alternative strategy based on
‘dissociating’ the infectivity removal and inactivation stages
of decontamination. We evaluated the ability of a preliminary
cleaning step to eliminate surface-bound prion infectivity be-
fore its inactivation in the effluents. 

Methods: As a worst-case scenario, rough surfaces of medical
devices were modeled by artificially ageing steel wires through
physical and chemical processes. After immersion in infectious
brain homogenate and extensive drying, the wires were treat-
ed with different commercially available enzymatic cleaners,
and then bioassayed for infectivity by intracerebral implanta-
tion in recipient hamsters. 

Results: None of the tested treatments exhibited any direct
inactivating effect on prion infectivity, nor were most of them
effective in removing infectivity from irregular surfaces. How-
ever, one powder-formulated cleaner was able to remove 3-4
logs of surface-bound prion infectivity, by detergent action ac-
cording to epifluorescence microscopy and PrPres detection
analyses. Infectivity in the cleaning bath could then be sepa-
rately inactivated using standard prion inactivation treatments.

Discussion: Depending on the selected formulation, cleaning
solutions can be used to remove and transfer significant
amounts of infectivity from instruments that cannot with-
stand harsh prion inactivation protocols to the cleaning bath,
which can then be treated separately using standard inacti-
vation methods. This double-step strategy reconciles prion in-
activation and device safeguarding; it could be systematical-
ly applied whatever the classification of the patient without
profound modifications of current processing.

84 Posters



P.2.45
MRI diagnostic accuracy in Creutzfeldt-Jakob
disease: results of a multicenter study

Alberto Bizzi1, Marina Grisoli1, Janis Blevins2, Giorgio Gi-
accone1, John D Port3, Michael D Phillips4, Elias R Mel-
hem5, Martin J Pomper6, Rao Gullapalli7, Lawrence B.
Schonberger8, Ermias Belay8, Chiara Falcone1, Maria
Grazia Bruzzone1, Fabrizio Tagliavini1, Pierluigi Gambet-
ti2, James J. Sejvar8

1Fondazione IRCCS Istituto Neurologico Carlo Besta, Milan,
Italy; 2National Prion Disease Pathology Surveillance (NPDP-
SC), Cleveland, Ohio, USA; 3Mayo Clinic, Rochester, Minneso-
ta, USA; 4Cleveland Clinics Foundation, Cleveland, Ohio, USA;
5University of Pennsylvania, Philadelphia, Pennsylvania, USA;
6The Johns Hopkins University, Baltimore, Maryland, USA;
7University of Maryland, Baltimore, Maryland, USA; 8Centers
for Disease Control and Prevention, Atlanta, Georgia, USA

Background: The clinical diagnosis of prion diseases may be
challenging, especially in its early stages. Typical sporadic
Creutzfeldt-Jakob disease (sCJD) can be confused with other
forms of rapidly progressive conditions with cognitive impair-
ment. Subtypes of sCJD can progress slowly and can be mis-
diagnosed as Alzheimer and Lewy Body diseases. Early diag-
nosis of sCJD is required for effective treatment should it be-
come available. Diffusion-weighted magnetic resonance
imaging (MRI) has been shown to be very sensitive for identi-
fying signal hyperintensity in the cortex and basal ganglia.
Nevertheless, MRI was not included among the clinical diag-
nostic criteria set forth by the WHO in 1999. 

Objectives: The aim of this multicenter study was to measure
the diagnostic accuracy of MRI in a large population of pa-
tients with CJD.

Methods: The MRIs of 270 patients referred with the diag-
nosis of rapidly progressive dementia were collected in a
prospective study. Diffusion-weighted MRI was available in
189 patients (70%); FLAIR was available in all patients. The
pathological diagnosis was available in 138 (51%). Two neu-
roradiologists, who were not aware of the clinical and patho-
logical diagnosis, evaluated the MRIs for signal abnormality in
15 anatomic gray matter regions. 

Results: Diagnosis of CJD was made in 185 patients. In the co-
hort of patients with Diffusion-weighted MRI and FLAIR the di-
agnostic accuracy was 90% (sensitivity=87%; specificity=94%).
In the cohort with FLAIR but without Diffusion-weighted MRI
the diagnostic accuracy was 81% (sensitivity=81%). Associat-
ed signal abnormalities in cortex and striatum was seen in over
60% of patients. Interobserver agreement was high for the
two neuroradiologists (kappa=0.93). 

Discussion: Diffusion-weighted MRI should be included in the
diagnostic criteria for the diagnosis of probable sCJD. Accura-
cy of MRI can be very high in the diagnosis of CJD; however, it
heavily depends on the quality of diffusion-weighted sequence.

P.2.46
Western blot method for detection and
quantification of PrPres in edible tissues
from sheep naturally infected with scrapie

Philip Steele1, Romolo Nonno2, Hugh Reid1, Scott Hamil-
ton1, Samantha Eaton1, Jeanie Finlayson1, Yvonne Pang1,
Mark Dagleish1, Silvia Siso3, Martin Jeffrey3, Francesca
Chianini1

1Moredun Research Institute, UK; 2Istituto Superiore di San-
ità, Italy; 3Veterinary Laboratory Agency – Lasswadem, UK

Background: Detection of abnormal prion protein remains the
accepted method to definitively diagnose any TSE. Histology
and western blot are commonly used together to confirm dis-
ease and also to further characterise the disease phenotype.
Frequently, a rodent bioassay is carried out to correlate ab-
normal PrP with infectivity.

Objectives: Our objective was to quantify the detection of PrPd
by immunohistochemistry (IHC) and PrPres by western blot
(WB) and relate these levels to infectivity titre in bank voles, in
a range of scrapie infected sheep tissues that could enter the
human food chain. Commonly, methods are optimised for one
tissue type; our aim was to simultaneously examine brain,
nerve, tongue, lymph node, heart, liver, pancreas, kidney and
muscles. This poster describes a WB method suitable for quan-
tification of PrPres from a range of different tissue samples.

Methods: We employed a lysis protocol previously used for
cardiac muscle followed by NaPTA precipitation. For compar-
ison, the same tissues were subjected to the BioRad TeSeE WB
kit, according to the manufacturer’s protocol. 

Results: The NaPTA method successfully detected PrPres in
brain, nerve, lymph node, kidney and some muscle samples.
Very similar results were achieved using the BioRad TeSeE
with brain, lymph node and kidney although false negatives
were observed from nerve samples. The sensitivity of both
tests was similar and neither was able to detect PrPres from
certain muscle samples which were PrPd positive by IHC. This
occurred where there were a low number of widely dispersed,
PrPd positive muscle spindles.

Discussion: The NaPTA method used here is suitable for test-
ing simultaneously several different sheep tissue samples. As
a method of detection and marker for potential infectivity,
WB is effective, but only if the sample is taken from the cor-
rect organ, area or micro-anatomical region and assuming the
extraction procedure is suitable for the tissue type. WB paired
with IHC gives the most accurate picture of PrPd deposition.
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P.2.47
Metallic nickel powder concentrates PrPSc
efficiently from sheep urine

Katarina Luhr1, Benjamin Petsch2, Mirjana Grujcic1,
Lothar Stitz2, Krister Kristensson1

1Karolinskla Institutet, Sweden; 2Friedrich Loeffler Institut,
Germany

Background: We have previously observed that PrPSc binds
to different steel powders with different degrees of affinity.
These differences were partly dependent on the presence of
nickel or not in the steel alloys. We then observed that PrPSc
efficiently binds to metallic nickel powder. 

Objectives: Here we tested whether nickel powder could be
used as a rapid, user-friendly and inexpensive means to con-
centrate PrPSc from body fluids to increase the detection lev-
el of prions. 

Methods: Western blottings on elutes from nickel powder
that had been incubated with scrapie suspensions in various
body fluids.

Results: Serum and milk was found to reduce the binding of
PrPSc to nickel. We therefore tested whether the nickel pow-
der could extract PrPSc from urine. First we added lysates from
the 22L prion strain to sheep urine and incubated with nickel
power at room temperature for 1h. After rinsing, SDS loading
buffer was added to the powder and boiled for 10 min. By
Western blotting using the Fab D13, PrPSc bands could then
be detected with a higher degree of sensitivity then in the
original suspension. Using a similar method to concentrate
PrPSc with nickel powder, PrPSc could also be concentrated
from sheep urine spiked with a scrapie-infected sheep brain
homogenates at various concentrations. In these series of ex-
periments, 10 ml of spiked urine was mixed with 0.2 g nickel
powder (100 mesh, 99.99% Sigma). PrPSc bands could be de-
tected with the Ab P4 by Western blotting with an increased
sensitivity at all sheep brain homogenates tested as compared
to the original suspensions. 

Discussion: Incubation with nickel powder could therefore be
a simple procedure to concentrate prions from large volumes
of liquids, like urine, to facilitate their detection.

P.2.48
Inactivation of surface-bound prion with
low pressure gas plasma: perspectives for
application on medical devices

Emmanuel Comoy, Capucine Dehen, Lylian Challier, Paul
Brown, Jean-Philippe Deslys

Atomic Energy Commission, France

Background: Harsh and corrosive methods are recommended
for inactivation of prions, but they can profoundly damage
many surfaces and therefore remain unusable for medical de-
vice processing: alternative methods are then required to con-
ciliate efficiency against prions and device preservation. Gas
plasma technology showed interesting results on conventional
agents, and refinements have recently been proposed using
low-pressure conditions that involve multiple mechanisms of
action (UV, physical etching, chemical sputtering, oxydizing
reactive species…). 

Objectives: We evaluated the ability of different conditions
of low-pressure gas plasma protocols to eliminate and/or in-
activate surface-bound prions, and tried to identify the effects
of the different process components. 

Methods: A low pressure-gas plasma reactor prototype was
built up within the framework of the European Project
“BIODECON”. Thermo-resistant (steel wires) and thermo–sen-
sitive (silk suture) supports were contaminated by immersion
in prion (263K or 6PB1)-infected brain homogenate, and then
exposed to different gas plasma conditions. Treated supports
were then bioassayed by intracerebrally implanting the sup-
ports in recipient animals (hamsters and mice respectively). 

Results: Low-pressure gas plasma treatment totally eliminat-
ed infectivity bound to the silk suture supports. The method
was not nearly as effective for the wire supports, although re-
cipient animals died after longer incubation periods than
those implanted with untreated wires. It is possible that the
greater heat conductivity of the wire supports caused them
to ‘fix’ infectivity (as, for example, happens after exposure to
formaldehyde, or drying before autoclaving).

Discussion: Gas plasma technology is a new and potentially
promising method for prion decontamination of some mate-
rials that suffer deterioration following harsh chemical or
physical treatments . However, parameters and conditions of
use will need to be optimized for heat-conducting surfaces,
such as metallic instruments.
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P.2.49
Investigating the relationship between ab-
normal prion protein and the TSE agent us-
ing in vitro amplification techniques

Karen Dobie1, Mark Head2, Rona Barron1

1Roslin Institute, University of Edinburgh, UK; 2NCJDSU, Uni-
versity of Edinburgh, UK

Background: Transmissible spongiform encephalopathies
(TSEs) are fatal, neurodegenerative disorders that affect both
humans and animals. The prion hypothesis states that a mis-
folded form (PrPSc) of the host glycoprotein, PrPC, acts as the
infectious agent. Based on this hypothesis current post-
mortem diagnostic tests rely on the presence of PrPSc, how-
ever recently models of TSE disease have been identified
where no PrPSc deposition is evident. One such disease mod-
el is a murine transgenic model of Gerstmann Straussler
Scheinker (GSS) disease with a point mutation at residue 101
in murine PrP (Tg101LL). Inoculation with either human GSS
or hamster 263K scrapie, produces a clinical and pathological
TSE disease with high titres of infectivity but low or unde-
tectable levels of PrPSc (Barron et al, 2007). Thus this model
questions the correlation between PrPSc and the infectious
agent. 

Objectives: In this project, this correlation will be investigat-
ed further through the in vitro amplification techniques; pro-
tein misfolding cyclic amplification (PMCA) and quaking-in-
duced conversion (QUIC) assays. These assays mimic the con-
version of PrPC to PrPSc in vitro through cycles of sonication
or shaking to break up PrPSc, increasing the number of con-
verting units followed by an incubation period to allow ag-
gregate growth. 

Methods: PMCA and QUIC will be optimised for amplification
from mouse tissues. Tissues from the above model will be
used to ‘seed’ the amplification reactions and the products
will be analysed through both in vivo and in vitro techniques
to identify if PrPSc and/or infectivity has been amplified. 

Results: Brain tissue from Tg101LL infected with 263K or GSS
have been characterised for levels of PrPSc deposition through
immunocytochemistry and have been scored for PrPSc levels. 
Discussion: This project will examine the correlation between
PrPSc and infectivity within this mouse model and will com-
pare the in vitro amplification techniques.

P.2.50
Towards primary cell cultures for the titra-
tion of 263K scrapie agent

Sandra Pritzkow, Denise Kottwitz, Michael Beekes

Robert Koch-Institut, Germany

Background: 263K scrapie prions are frequently used as a
model agent in TSE research. However, titration of 263K
scrapie infectivity is not yet possible in cell cultures and re-
quires bioassays in animals. 

Objectives: To establish primary cultures of astrocytes, neu-
rons and neurosperes from hamsters and screen conditions for
their efficient infection with 263K scrapie agent. 

Methods: The cell cultures were exposed to 263K scrapie
brain homogenate from hamsters and subsequently examined
for accumulation of PrPTSE by western blotting. Protein mark-
ers specific for the different types of cultures were charac-
terised by immunhistochemstry. 

Results: Preliminary results showed progressing accumulation
of PrPTSE in cultures of neurons and astrocytes but not in neu-
rosphäres after exposure to 263K infectivity. 

Discussion: Primary cultures of astrocytes or neurons may pro-
vide a new tool for the detection and titration of 263K scrapie
agent which requires further investigation.

87Diagnostics, Therapeutics and Decontamination

P
O

S
T

E
R

S



P.2.51
Optical imaging of apoptosis in organs of
prion-infected mice

Simon Drew, Cathryn Haigh, Helen Klemm, Colin Mas-
ters, Steven Collins, Kevin Barnham, Victoria Lawson

The University of Melbourne, Australia

Background: Early studies proposed apoptosis as the pre-
dominant cell death mechanism in rodent models of prion dis-
ease based on characteristic cellular morphology and end-la-
belling of fragmented DNA. Immunohistochemistry analysis
of brain sections has confirmed activation of caspase 3, the
major effector caspase, in human CJD patients. 

Objectives: To employ optical imaging methodologies to de-
tect apoptotic cell death in a murine model of prion disease.

Methods: Wild type mice in the terminal stages of prion dis-
ease, induced by intracerebral inoculation with the M1000
strain of mouse-adapted prions, were administered a red-flu-
orescent irreversible pan-caspase inhibitor (sulforhodamine B-
Val-Ala-Asp(OMe)-fluoromethylketone) via the tail vein. Mice
were euthanized following intraperitoneal administration of
ketamine/xylazine and the brain and peripheral organs ex-
cised, sectioned and/or homogenised.

Results: Fluorescence imaging identified increased activation
of central apoptosis effector caspases in the thalamus
(p<0.001), occipital lobe (p<0.01), hippocampus (p<0.01) and
pons (p<0.05) using fluorescence microscopy (two-way ANO-
VA, F=4.06, p=0.0068). The greatest apoptotic cell death colo-
calised with regions of highest M1000-induced pathology, the
thalamus and hypothalamus. Immunoshistochemical analysis
indicated that pan-caspase activation was localised within and
adjacent to regions of PrPSc deposition. Western blotting of
whole brain homogenates indicated both caspase 3 (U=0.000,
p=0.0143) and caspase 6 (U=1.000, p=0.0286) were increased
in prion-infected mice (Mann-Whitney, one-tailed). Quantifi-
cation of red fluorescence in homogenates prepared from pe-
ripheral tissues indicated significant effector caspase activa-
tion in prion infected mice (p<0.01, Wilcoxon paired rank test),
with specific activation in lung tissue where PrPSc has been
shown to accumulate in this model of prion disease. 

Discussion: Optical imaging can detect pathological changes
in whole organs and has potential application to in vivo im-
aging.

P.2.52
Discrimination between prion-infected and
normal brain with monoclonal antibodies
specific for C-terminally truncated PrP frag-
ment

Simon Koren1, Miha Kosmač1, Gabriele Giachin2, Fabio
Moda3, Tanja Vranac1, Renato Gennaro4, Maja Bresjanac5,
Fabrizio Tagliavini3, Giuseppe Legname2, Vladka Čurin
Šerbec1

1Blood Transfusion Centre of Slovenia, Slovenia; 2Scuola In-
ternazionale Superiore di Studi Avanzati - International School
of Advanced Studies (SISSA-ISAS), Italy; 3Fondazione IRCCS
Istituto Neurologico Carlo Besta, Italy; 4University of Trieste,
Italy; 5University of Ljubljana, Slovenia

Background: We have previously described the monoclonal
antibody (mAb) V5B2 and a panel of related mAbs, raised
against a peptide from the C-terminal part of the prion pro-
tein (PrP). These mAbs are capable of discriminating between
CJD-affected and normal brain tissue without proteinase K
(PK) treatment.

Objectives: In the present study we aimed to map the epi-
topes of four of these mAbs. We anticipated that the identi-
fication of PrP residues, important for recognition, will yield
information about the exposed residues in PrPSc.

Methods: Analysis of synthetic peptide binding as well as
screening of a phage-displayed random peptide library was
used to map the epitopes. The C-terminally truncated version
of PrP was expressed in E.coli and analysed by western blot-
ting (WB). The naturally occurring version of this fragment in
TSE-infected brain samples was detected by WB and indirect
immunofluorescence (IF).

Results: Both epitope mapping approaches showed the im-
portance of two C-terminal Y residues for mAb recognition,
as well as some more subtle differences between the de-
scribed mAbs. Surprisingly, an aromatic residue had to be lo-
cated free at the C-terminus and the addition of a single
residue after Y226 completely prevented antibody binding.
Recombinant PrP analysis confirmed that our mAbs do not
bind to the whole-length PrP, but readily label the truncated
version. Furthermore, WB and IF analysis of brain tissue re-
vealed that the truncated form of PrP can serve as a marker
for prion disease, as it is far more abundant in infected brain
compared to uninfected controls.

Discussion: We have shown that the described C-terminally
truncated PrP is characteristic for TSE positive brain. Our ob-
servation that the fragment is located predominantly at the
periphery of the plaques suggests that its occurrence might
be a late-stage event, possibly linked to the increased protease
expression. The fragment can be selectively labelled with our
mAbs and this offers a novel approach for TSE diagnostics
without the need for PK treatment.
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P.2.53
Enzymatic degradation of pathological pri-
on proteins from human, cattle, sheep and
hamster

Thorsten Kuczius1, Jacques Grassi2, Helge Karch1, Martin
Groschup3

1Institute for Hygiene at the Westfälische Wilhlems-University
and the University Hospital Münster, Germany; 2Commissari-
at á l´Energie Atomique (CEA), Service de Pharmacologie et
d´Immunologie, CEA/Saclay, France; 3Institute for Novel and
Emerging Infectious Diseases; Friedrich-Loeffler-Institut
(FLI), Germany

Background: Prion diseases as the human Creutzfeldt-Jakob
disease (CJD) and variant CJD are characterized by a neuronal
accumulation of a pathological protein (PrPSc) which is be-
lieved to be the infectious agent. During pathogenesis the
host encoded cellular prion protein (PrPC) is converted into
PrPSc which is remarkable resistant to standard inactivation
procedures. Efficient decontamination requires harsh condi-
tions, but many medical devices will be damaged under these
conditions. In the prevention of disease transmissions there is
great demand for product friendly decontamination proce-
dures relating to medical instruments as well product and
food safety. Preserving methods have been described, most-
ly combined of pre-denaturation and proteolysis.

Objectives: In this study we pursued these techniques and re-
port on a PrPSc decontamination method consisting of pre-
denaturation by heat in the presence of SDS followed by se-
rial enzymatic treatment with four common, commercially
available and purified proteases as chymotrypsin, proteinase
K (PK), bromelain and papain.

Results: PrPSc degradation resulted in specific banding pat-
terns because of the different enzymatic cleavage sites. We
systematically followed serial proteolyses, and the degrada-
tion efficiency was appraised on immunoblots and ELISAs with
applications of sensitive precipitation techniques. Unlike oth-
er studies we evaluated the application of the PrPSc degra-
dation method with different prion proteins, because isolates
and strains derived from different species may considerably
vary in stability and resistance. Isolates, derived from human
sporadic CJD, cattle BSE and sheep scrapie, as well the ham-
ster adapted scrapie strain 263K were degraded so that no
residual signals were detectable when using a panel of high
sensitive detection antibodies.

Discussion: Our results emphasize that a combination pre-de-
naturation followed by serial enzymatic treatment is a prom-
ising tool for prion decontamination.

P.2.54
Tissue specific phenotypes of cellular prion
protein analysed by one-step glycotyping

Lars Brandstädter1, Thomas Breil1, Jan Langeveld2, Helge
Karch1, Thorsten Kuczius1

1Institute for Hygiene at the Westfälische Wilhelms-University
and the University Hospital Münster, Germany; 2Central Vet-
erinary Institute of Wageningen UR, Lelystad, Netherlands

Prion diseases are fatal neurodegenerative disorders affecting
humans as Creutzfeldt-Jakob disease (CJD). They are charac-
terized by the conversion of a host encoded cellular prion pro-
tein (PrPC) into it’s partially proteinase K (PK) resistant patho-
logical isoform (PrPSc). 

Many PrPSc preparations have been characterized using the
glycoprotein typing technique with regard to the distribution
of the relative staining intensities of each of the three result-
ing PK resistant PrPSc bands which represent di-, mono- and
non-glycosylated isoforms. Within a species, PrPC in healthy
and diseased animals is also not uniform in its banding pat-
tern thus it is conceivable that some PrPSc conformations may
interact more or less efficiently with subspecies of PrPC dif-
ferentially expressed in various brain regions and tissues.

We have analysed the distribution and glycoprotein patterns
of eight different mouse tissues by a novel one-step glyco-
typing technique in order to find out differential expression
and subtypes. 

Intensity of immunoreactive signals was quantified by means
of a photo imager and resulting data were statistically en-
sured. For glycotyping different antibodies which recognize
the amino- and the carboxyl-terminal sequences of prions
were used. These primary antibodies derived from different
species, thus the colour change of different substrates could
impartially be detected on one immunoblot. The mono-gly-
cosylated PrPC of heart, muscle, lung, kidney and liver was
most abundant using the aminoterminally binding antibodies
R522 and R528 while in brain the di-glycosylated PrPC of brain
reacted relatively strong. With SAF60 which recognizes the
carboxyl terminus high signal intensities were detected for
non-glycosylated PrPC of brain while the mono-glycosylated
isoforms of heart and muscle and the di-glycosylated isoforms
of kidney and lung were most abundant.

In conclusion, the regional PrPC glycoform distributions are
strongly dependant on the tissues and the used antibodies.
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P.2.55
Negative optical densities for atypical
scrapie positive samples

Carla Machado, Carla Lima, Cristina Ochoa, João Silva,
Renata Carvalho, Paula Tavares, Paula Almeida, Manuel
Ramos, Leonor Orge

Laboratório Nacional de Investigação Veterinária, Instituto
Nacional de Recursos Biológicos, IP, Portugal

Background: Since the implementation of a surveillance plan
for scrapie in small ruminants by the European Union in all
member states in 2002 (according to EU regulation 999/2001
and subsequent alterations) until January 2009, a total of 340
atypical scrapie cases were detected in Portuguese small ru-
minants (339 in sheep and 1 in goat), corresponding to 0,1138
% prevalence rate in fallen stock and 0.0767% in healthy
slaughter. All the confirmed Atypical scrapie cases resulted
positive in the screening test, except 4,5%. 

Objectives: This work aims to report and characterize atypi-
cal scrapie samples that were confirmed as positive despite of
a first negative OD in the screening test, between 2003 and
January 2009. Additionally, the false positive samples will al-
so be presented. 

Methods: Cases that have shown negative optical densities
(OD) were further investigated as these were relatively high-
er when compared to the other negative samples.

All the samples were screened by the rapid test TeSeE� BIO-
RAD and confirmed by histopathology, immunohistochemistry
and TeSeE BIORAD Western Blot�. The Prnp genotype
(136/141/154/171) was determined by PCR and automated cy-
cle sequencing. 

Results: Under this assessment, a total of 0,007% samples
have shown a negative OD higher than usual. They were fur-
ther studied, resulting 17 as positive and 12 as negative. The
PrPres distribution and the electrophoretic profile will be pre-
sented as well as the Prnp genotype. In the same period, a to-
tal of 0,003% false positives samples were found. 

Discussion: The negative OD obtained in the screening test
of samples that were confirmed as Atypical scrapie cases could
be related to a lower and variable distribution of PrPres in
brainstem in the cases of this form of the disease. The screen-
ing negative OD could turn out positive with a screening test
more specifically designed for small ruminants. An extended
study should be carried out by several laboratories in order to
establish guidelines to evaluate weak Atypical scrapie positive
samples.

P.2.56
Trapping prions in pre-amyloid forms by
thienyl pyrimidines compounds

Adeline Ayrolles1, Karine Toupet1, Joan Torrent iMas1, Il-
ia Baskakov2, Guillaume Poncet-Montange1, Sylvain
Lehmann3, Martine Pugnière3, Jean-Michel Verdier1,
Véronique Perrier1

1Inserm U710, University of Montpellier 2, France; 2Univer-
sity of Baltimore, USA; 3CNRS UPR1142, France

Background: Prion diseases are characterized by the deposi-
tion in the brain of an abnormal form, termed PrPSc, of the
cellular prion protein PrPC. According to the prion hypothe-
sis, PrPSc can trigger the autocatalytic conversion of the PrPC
protein into PrPSc. Numerous studies support the propagation
of an ordered beta-sheet rich form of the protein, commonly
referred to as amyloid. This conformational-based replication
involves several intermediate forms such as dimers and trimers
of PrPSc, depicting the preamyloid state, that further assem-
ble into small oligomers. The replication cycle proceeds by self-
assembling of these oligomers into proto-fibrils, which in turn
grow into amyloid fibrils.

Objectives: These different conformational states likely par-
ticipating in the replication cycle of prions, can be specific tar-
gets for therapeutic interventions. Our objective was to de-
velop a rational drug design approach to specifically identify
chemical molecules that could trap small oligomers through
stabilization of dimers, or trimers, or small oligomeric entities,
thus preventing their recycling in the pathological process.

Methods: Virtual screening using recHuPrP protein and cellu-
lar screening on prions-infected cells was done. Immunoblot
performed on cellular and brain homogenate extracts. Bioas-
say experiments and in vivo experiments were realized.

Results: By virtual screening followed by cellular screening,
we identified a family of thienyl pyrimidine derivatives that
remarkably triggered the oligomerization of PrPSc molecules
in prion-infected cells. This oligomerization is highly specific
of the pathogenic isoform, PrPSc. Bioassay experiments per-
formed with prions infected-cells and brain homogenates
treated with the thienyl pyrimidine compound, showed that
this drug diminish the prion infectiosity.

Discussion: For the first time, we showed that trapping pri-
ons in oligomeric forms by thienyl pyrimidine compounds is a
new promising approach for the development of therapeutic
of prion diseases.
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P.2.57
Engineered adeno-associated-viruses as new
therapeutic strategy for prion diseases

Fabio Moda1, Giuseppe Legname2, Lorena Zentilin3, Mau-
ro Giacca3, Chiara Vimercati1, Silvia Suardi1, Ilaria Cam-
pagnani1, Margherita Ruggerone1, Ileana Zucca1, Fabrizio
Tagliavini1

1Neurological Institute “Carlo Besta”, Italy; 2International
School for Advanced Studies, Italy; 3Molecular Medicine Lab-
oratory, International Centre for Genetic Engineering Biotech-
nology, Italy

Background: Prion diseases are fatal neurodegenerative dis-
orders for which no effective treatments are currently avail-
able. Vector based on Adeno Associated Viruses (AAV) are
emerging as one of the most promising gene delivery vehicles
to treat neurological disorders, since AAV do not express any
viral protein and are therefore devoid of inflammatory or im-
munogenic properties, and are able to infect post-mitotic cells
including neurons which maintain viral genome for prolonged
periods of time.

Objectives: The aim of this study was to investigate the dif-
fusion pathway and the transduction efficiency of different
AAV serotypes in adult mouse brain. To this aim, three AAV
serotypes (2, 8, 9) were engineered to express β-galactosidase
reporter gene (AAV-LacZ). The AAV with the highest intrac-
erebral diffusion and transduction efficiency was further stud-
ied.

Methods: Three groups of mice have been stereotaxically in-
oculated with either AAV2-LacZ or AAV8-LacZ or AAV9-LacZ
(5x1011 genome copies/ml, 5-10 ml/mouse). 2, 4 and 6 weeks
after inoculation, the mice were sacrificed and X-gal staining
was performed on brain sections.

Results: The study showed that AAV9-LacZ has an higher
power of transduction than the other two AAV serotypes and
that the diffusion efficiency is greatest one months after in-
jection. Furthermore, we observed that AAV9 is able to trans-
duce neuronal cells. To improve the AAV9 diffusion efficien-
cy, we inoculated mice in four different regions (i.e., hypo-
thalamus, thalamus, hippocampus and cerebral cortex,
2μl/site). 

Discussion: Inoculated mice did not show any neurological
dysfunction. Serial MRI and neuropathological assessment did
not reveal brain changes, neuronal damage or neurotoxicity
following AAV9 treatment. On this ground, AAV9 has been
engineered to express an anti-PrP antibody (ScFvD18) and ex-
periments are in progress to investigate the effects of treat-
ment of prion-infected mice on disease progression.

P.2.58
Effect of long-term fixation in the immuno-
histochemical detection of PrPSc in atypical
scrapie

Leonor Orge1, Cristina Acin2, Lorenzo González3, Silvia
Sisó3, Eva Monléon2, Cristina Casalone4, Barbara Iulini4,
Juan Badiola2, Dolores Gavier-Widen5, Silvia Benestad6

1Laboratório Nacional de Investigação Veterinária, Instituto Na-
cional de Recursos Biológicos, IP, Portugal; 2Reference Centre
for TSE and Emerging Animal Diseases, University of Zaragoza,
Spain; 3Veterinary Laboratories Agency, Edinburgh, UK; 4Isti-
tuto Zooprofilattico Sperimentale Del Piemonte, Liguria e Valle
D’Aosta, Italy; 5National Veterinary Institute (SVA), Uppsala,
Sweden; 6National Veterinary Institute (NVI), Oslo, Norway

Background: In 1998, an encephalopathy of sheep similar but
distinguishable from classical scrapie was identified in Norway
and was named Nor98 and therefore considered to be an
“atypical” form of scrapie. Further similar cases have been re-
ported in a large number of countries. These Nor98 cases have
little or no abnormal PrP (PrPSc) in the obex, but most of them
show an intense cerebellar PrPSc deposition. It is well known
that PrPSc from atypical cases is less protease-resistant than
PrPSc from classical scrapie, this being the reason for the ini-
tial difficulties in confirming atypical scrapie cases by standard
immunohistochemical (IHC) and Western blot (WB) methods.
In order to determine the possible existence of different phe-
notypes in atypical scrapie identified in several countries, sev-
eral cases were examined by the “SheepEuroStrains TSE strain
typing in the natural host” subgroup. As a result, an effect of
the fixation time of the tissues was observed.

Objectives: This work aims to study the effect of long-term
fixation of atypical scrapie samples on IHC reactivity of PrPSc,
in order to establish an adequate IHC procedure. 

Methods: Fixed brain samples from 12 atypical scrapie cases
(seven from Norway, four from Portugal and one from Swe-
den), originally detected between 2000 and 2007, were
trimmed again, processed and embedded paraffin. Sections
from freshly embedded tissues (long-term fixation) and from
the original blocks (short-term fixation) were examined by IHC
using seven different PrP antibodies (R145, 2G11, F89, F99,
8G8, P4 and L42) in different laboratories. For R145, 2G11,
F89/160.1.5, F99/97.6.1 and 8G8 sections were pre-treated
with formic acid followed by autoclaving. In the case of P4 and
L42, and for some F89, sections were also pre-treated with
proteinase K.
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P.2.59
Removal of exogenous prion infectivity in
leucoreduced human red blood cells by Ma-
coPharma P-CAPT TM filter

Nathalie Lescoutra-Etchegaray1, Emmanuel Comoy2,
Chryslain Sumian1, Jean-Philippe Deslys2

1MacoPharma, France; 2CEA/DSV/iMETI/SEPIA, France

Background: Four vCJD cases have been related to probable
contamination through blood transfusion in United Kingdom.
In February 2009, it was announced that PrPres was detected
in the spleen of an +70 year old haemophiliac, who died from
unrelated reasons, after receiving plasma derivatives issued
from a vCJD-affected donor. These five patients establish the
vCJD transmissibility of blood donated by asymptomatic car-
riers, whose number remains unknown due to lack of sensi-
tive and specific antemortem tests. Blood transfusion must ur-
gently be safeguarded, and removal of prions from blood is
one of the most promising strategies. An affinity resin pro-
duced by Pathogen Removal and Diagnostic Technologies Inc.
(PRDT), in association with the American red Cross, that
demonstrated high levels of TSE infectivity reduction from
brain-spiked leukoreduced red blood cells concentrates (LR-
RBCC) and endogenous whole blood infectivity, was incorpo-
rated into membrane layers that were developed by Ma-
coPharma into a prion capture filter termed P-CaptTM.

Objectives: To test the ability of the P-CaptTM filter to re-
move 263K brain-derived infectivity spiked into human LR-
RBCC unit. 

Methods: Two different spikes were used corresponding to
the supernatants from scrapie-infected hamster brains soni-
cated and centrifuged either at 14 000 g or 188 000 g. Human
LR-RBCC units were spiked with the two supernatant prepa-
rations and applied to the P-CaptTM filters. Pre- and post-fil-
trated samples were inoculated intracerebrally into hamsters
to estimate removal of infectivity.

Results: PRDT affinity resin was previously tested in column
format. The evaluation of the filter developed with this resin
for human transfusion, which is the first available CE marked
product for prion capture, was performed on the most solu-
ble infectious fractions to mimick endogenous infectivity. The
results of this bioassay will be available for Prion2009.

P.2.60
Adoptive CD4+ T cell therapy of prion dis-
eases

Saci Iken1, Véronique Bachy2, Pauline Gourdain1, Claude
Carnaud1

1INSERM & University UPMC Paris 6, France; 2Guy’s Hos-
pital, London, UK

Background: Designing efficient and safe immunotherapy
against TSE means to overcome immune self tolerance to PrP,
to select the most appropriate effectors (humoral, cell-medi-
ated or cytotoxic) according to the disease situation and to
avoid autoimmune complications. In order to explore those is-
sues, a model of adoptive cell therapy has been developed,
whereby lymphocytes primed in non-tolerant PrP-/- mice are
infused into compatible infected hosts.

Objectives: Our present focus is on CD4+ Th cells which have
the capacity to differentiate along various pathways -Th1,
Th2, Th17 or Treg- and therefore to modulate the mode of re-
sponse. In order to increase the resolution of the model, a
transgenic (Tg) mouse has been produced which expresses the
b-chain of a TCR recognizing a PrP epitope in a class-II context.
Although the alphas rearrange freely, anti-PrP CD4+ T cells re-
sulting from free a-chain pairing with the Tg b-chain are 100-
fold more frequent than in non-Tg PrP-/- mice and respond in
consequence. 

Methods: We wish to assess the extent of protection afford-
ed by immune CD4+ T cells at lympho- and neuroinvasion. See
which Th profile is most effective and less harmful. Evaluate
the risk of autoimmunity or disease exacerbation after trans-
fer of Th17 or of Treg cells.

Results: Immune T cells raised in PrP-/- Tg or non-Tg mice are
infused into PrP+ mice infected 1 day later with 139A. The
endpoint at 90 dpi shows that Tg T cells prevent the forma-
tion of PrPSc in the spleen. Ongoing experiments examine the
CDR3 diversity of the alphas in protective T cells, the func-
tional properties of engrafted T cells and neurological protec-
tion. 

Discussion: This model will provide clues regarding the agents
mediating protection. The model will help deciding which po-
larization profile should be given to Th cells at a given stage.
It will tell which profile(s) should be definitively avoided to
prevent brain complications. It will pave the way for adoptive
T cell therapy in clinical assays.
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P.2.61
A comparative analysis of urine biomarkers
in two cohorts of BSE infected cattle

J. David Knox1, Margot Plews1, Lise Lamoureux1, Sharon
Simon1, Michael Stobart2, Martin Groschup3, Catherine
Graham4, Stefanie Czub4

1PHAC, Canada; 2University of Manitoba, Canada;
3Friedrich-Loeffler-Institut, Germany; 4CFIA, Canada

Background: The bovine spongiform encephalopathy (BSE)
epidemic and the emergence of a new human variant of
Creutzfeldt-Jakob Disease (vCJD) have led to profound
changes in the production and trade of agricultural products.
The rapid tests currently approved for BSE in cattle used for
human consumption are all based on the detection of the dis-
ease related isoform of the prion protein, PrPd, in brain tissue
and consequently are only suitable for post-mortem diagno-
sis. In instances such as assessing the health of breeding stock
for export purposes where post-mortem testing is not an op-
tion, there is a demand for an ante-mortem test based on a
matrix or body fluid that would permit easy access and re-
peated sampling. Previously, we have demonstrated that a
single differentially abundant protein identified by 2-D Fluo-
rescence Difference Gel Electrophoresis (2-D DIGE) and mass
spectrometry was able to descriminate between urine pro-
duced by control and infected cattle with 100% accuracy as
early as 8 months post-infection.

Objectives: To determine whether the result observed in the
urine of Simmental cross-breed calves residing in Germany
(Friedrich-Loeffler-Institute)and perorally infected with BSE
brain homogenate generated in the United Kingdom could be
extended to a different breed of cattle raised in a different ge-
ographical location. 

Methods: 2-D DIGE permits three separate protein samples,
each labelled with one of three size and charge matched Cy-
Dye fluors, to be run on the same 2-D gel. An internal stan-
dard is run on all gels within an experiment thereby creating
an intrinsic link across all gels.

Results: Urine obtained from BSE infected Friesian calves and
age matched controls were obtained from the Veterinary Lab-
oratories Agency, Weybridge/United Kingdom. 2D-DIGE and
mass spectrometry were used to examine the modulation of
the urine protein profile caused by TSE disease in this differ-
ent cohort. The results are compared and contrasted with
those previously reported.

P.2.62
A randomized, double-blind, controlled
study of the efficacy of quinacrine in the
treatment of sporadic CJD

Michael Geschwind1, Amy Kuo1, Benjamin Raudabaugh1,
Aissa Haman1, Gillian Devereux1, David Johnson1, Charles
Torres-Chae1, Julie Thai1, Katherine Wong1, Stanley
Prusiner2, Bruce Miller1 

1Memory and Aging Center, UCSF, USA; 2Institute for Neu-
rodegenerative Disease, UCSF, USA

Background: Quinacrine eliminates prions in vitro, but its ef-
fect in sCJD is unknown. In 2005, we began a quinacrine treat-
ment study for sCJD.

Objectives: To provide an update on our study results.

Methods: This NIH-sponsored study was randomized, double-
blinded, & placebo-controlled (50:50). Primary outcome was
survival from randomization. Other outcomes included change
in neurological exam, neurocognitive testing, brain MRI, EEG,
and MEG. Subjects with suspected sCJD were evaluated on an
inpatient research ward, randomized to study drug, monitored
for 1–2 days, and then returned to UCSF at months 2, 6, and
12. All subjects who returned to UCSF at 2 months were of-
fered open-label quinacrine. Biweekly or monthly monitoring
(blood work & phone caregiver assessment) was conducted.

Results: From February 1, 2005 to December 31, 2008, we
were referred 426 suspected CJD cases. Diagnoses were: 43%
(N=185) sCJD, 33% (N=141) potential CJD (insufficient
records), 4.5% (N=19) genetic prion disease, 19% (N=79) non-
prion diagnoses (many of which were treatable) and 0.5%
(N=2) iatrogenic CJD. Study enrollment closed on January 14,
2009. 69 subjects were consented and 54 randomized to the
study drug. For the 15 subjects not randomized, 4 had sCJD
but chose not to be randomized, 3 had sCJD but were ineligi-
ble, 1 was ineligible due to vCJD, 6 did not have CJD, and 1
did not meet our sCJD diagnostic criteria and refused brain
biopsy. Three randomized subjects later were found to have
PRNP mutations (data not included). Survival from random-
ization was: mean 6.1 (SD 6), median 4.4, range 0.4 -27.1
months. Survival from first symptoms was: mean 18.5 (SD
11.3), median 17.2, range 2 -50 months. Study data collection
formally ended on May 1, 2009, with 5 patients still alive.

Discussion: Data is being analyzed. Implementation of a ran-
domized, placebo-controlled treatment study is feasible for
sCJD. Longitudinal data collected will be important for future
trials. Other diagnoses must be ruled out for patients with sus-
pected CJD.
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P.2.63
Quantification of TSE agents spiked in plas-
ma derived products by either bioassay or
conformation-dependent immunoassay re-
sult in comparable prion red

Albrecht Gröner1, Anne Buschmann2, Stefanie Rehberg2,
Martin H. Groschup2, Wolfram Schäfer1

1Virology, CSL Behring, Marburg, Germany; 2Institute for Nov-
el and Emerging Infectious Diseases at the Friedrich-Loeffler-
Institut, Federal Research Institute for Animal Health, Greif-
swald - Insel Riems, Germany

Background: Currently, the prion reduction capacity of the
manufacturing process of plasma-derived products should be
determined by a bioassay considered as the “gold standard”
for the detection of TSE agents.

Objectives: In order to demonstrate the suitability of bio-
chemical/serological assays to assess the prion reduction ca-
pacity, quantification of spiked prion material (hamster-adapt-
ed scrapie strain 263K) by bioassay and conformation-depen-
dent immunoassay (CDI) in different process intermediates
were compared. 

Methods: Plasma product intermediates (from a Von Wille-
brand/Factor VIII product) were spiked with prion material ei-
ther in the form of microsomes or purified (not membrane-
associated) PrPSc and the prion spiked starting material and
product intermediate were processed according to the man-
ufacturing conditions based on a valid down-scale model. The
prion reduction factors were determined as the difference of
the prion load in the spiked starting materials and in the re-
spective final samples using the CDI and a bioassay in ham-
sters (dose dependent incubation period measurement), re-
spectively, for quantification of PrPSc.

Results: An overall prion reduction factor of 6.2 log10 and 5.9
log10 could be demonstrated using the biochemical assay and
the bioassay, respectively, for the microsome preparation; pre-
liminary data on the reduction capacity of the purified PrPSc
preparation will be presented.

Discussion: The data demonstrate that a large amount of an-
imals used for bioassays (hamster model) can be saved in in-
vestigational studies on the prion reduction capacity of the
manufacturing process of plasma-derived products when the
spiked prion material is quantified by the conformation-de-
pendent immunoassay.

P.2.64
Combined diffusion imaging and MR Spec-
troscopy in human Prion diseases

Stéphane Haïk1, Damien Galanaud2, Marius George Lin-
guraru3, Jean-Philippe Ranjeva4, Baptiste Faucheux1, Elsa
Kaphan5, Nicholas Ayache3, Jacques Chiras2, Patrick Coz-
zone5, Didier Dormont2, Jean-Philippe Brandel2

1Inserm, France; 2Salpêtrière Hospital, AP-HP, France; 3IN-
RIA, France; 4CNRS, France; 5La Timone Hospital, France

Background: While brain magnetic resonnance imaging (MRI)
has become a tool of choice in the diagnosis of several forms
of prion diseases, the physiopathological bases underlying the
signal changes observed in patients with prion diseases (hu-
man transmissible spongiform encephalopathies, TSEs) are still
poorly understood. 

Objectives: We hypothesized that combining magnetic reso-
nance spectroscopy (MRS) to diffusion and conventional brain
imaging could help better understand the mechanisms un-
derlying signal alterations and changes in the apparent diffu-
sion coefficient of water (ADC)regularly observed in the brain
of TSEs patients. 

Methods: We designed a prospective study of multimodal
MRI in patients with suspected TSEs. Fourty five patients with
a suspicion of TSE and 11 age-matched normal volunteers
were included. The MRI protocol included T1, FLAIR and dif-
fusion sequences. MRS was performed on the cerebellum, pul-
vinar, right lenticular nucleus and frontal cortex. MR images
were assessed visually and ADC values were calculated. 

Results: Among the 45 suspected TSE, 31 fulfilled the criteria
for probable or definite TSEs (19 sporadic, 3 iatrogenic, 2 vari-
ant CJD and 7 genetic TSEs) and 14 were classified as alterna-
tive diagnoses. High signals in the cortex and/or basal ganglia
were observed in 26/31 TSEs patients on FLAIR and 29/31 pa-
tients on DWI. In the basal ganglia, DWI high signals corre-
sponded to a decreased ADC. Metabolic alterations, increased
myo-inositol and decreased NAA, were observed in all TSEs
patients. ADC values and metabolic changes were not corre-
lated suggesting that neither neuronal suffering (vacuoliza-
tion) nor astrogliosis contribute to the decrease of ADC.

Discussion: Metabolic changes were detected in all patients
with sporadic, inherited or infectious prion diseases in at least
one of the studied voxels, even in areas that looked normal
on conventional imaging. No metabolic ratio was correlated
to ADC values, pointing out that these two imaging modali-
ties explore different pathological processes.
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P.2.65
Targeted delivery of small regulatory RNAs
to the brain using a peptide derived from ra-
bies virus glycoprotein

Amrit Singh1, Stephanie Booth2

1University of Manitoba, Canada; 2Public Health Agency of
Canada, Canada

Background: The recent discovery of a group of small regula-
tory RNA termed micro-RNAs (miRNAs) has altered our un-
derstanding of gene regulation. These miRNAs work by bind-
ing to target sequences in mRNAs which prevent their trans-
lation; a single miRNA can bind to as many as 200 mRNA
targets. Therefore, the number of regulatory circuits affected
by miRNA is enormous perhaps as extensive as transcription
factors. MiRNAs play a role in neurodegeneration and specif-
ically in terms of prion disease they have been identified as
having a protective role in human neurodegenerative disease.
To explore the specific miRNAs during prion disease a system
for their delivery to the brain in vivo would be advantageous.
The blood brain barrier is the difficulty in this strategy. A nov-
el method to deliver RNA molecules to the brain was recent-
ly reported using a modified rabies virus glycoprotein (RVG).

Objectives: To deliver small RNAs to the brain to determine
their function and potential to alter the transcriptome during
prion disease and outcome of infection.

Methods: RVG and a control peptide (RV-MAT) were com-
plexed to a miRNA labeled with fluorescein isothiocyanate or
FAM. In vitro assays were performed to test delivery to Neu-
ro-2a cells while in vivo assays were performed by injecting
the RVG-miRNA complex intravenously to CD1 and Tga20
mice. Uptake of RNA was determined using fluorescent mi-
croscopy and flow cytometry and by monitoring the knock-
down of target genes.

Results: Both the in vitro and in vivo assays demonstrated the
selective uptake of RVG-miRNA, but not RV-MAT-miRNA, com-
plexes into neurons of the brain. 

Discussion: The establishment of this RNA delivery system
provides a means to modulate transcription during the dis-
ease process. We will be able to correlate information re-
garding the functionality of key miRNAs both in vitro and in
vivo. Further, de-regulated RNA species in prion disease,
whether mRNA or miRNA, are prime candidates for thera-
peutic intervention and using RVG delivery to the brain will
allow us to test this.

P.2.66
Immunization with recombinant murine pri-
on proteins provides partial protection
against TSEs

Konstantinos Xanthopoulos, Roza Lagoudaki, Christos
Kyratsous, Anastasia Kontana, Georgios Bloukas, Eleni
Polyzoidou, Nikolaos Grigoriadis, Christos Panagiotidis,
Minas Yiangou, Theodoros Sklaviadis

Aristotle University of Thessaloniki, Greece

Background: Transmissible Spongiform Encephalopathies
(TSEs) are fatal neurodegenerative diseases, linked to the con-
version of the normal prion protein (PrPC) to an abnormally
folded, disease associated isoform (PrPSc). Although passive
immunization against PrP was proven effective in vitro and in
vivo, poor immunogenicity of PrP in wild type (wt) animals
hampers active immunization against TSEs.

Objectives: We assessed the immunogenicity and possible
protective role against TSEs of purified murine recombinant
PrP (mrPrP) inclusion bodies (AgPrP), solubilized mrPrP, hybrid
mrPrP-DnaK proteins and an mrPrP and DnaK mix.

Methods: We immunized mice with the recombinant proteins
and evaluated the presence of anti-PrP antibodies by western
blotting and ELISA. To evaluate the elicited immune response
we isolated splenocytes from immunized mice and assessed
their mitogenic response and cytokine expression profile fol-
lowing incubation in the presence of antigens. Furthermore
we checked the FDCs, B and T lymphocytes populations in the
spleens. We then challenged the mice with RML and moni-
tored splenic PrPSc accumulation and disease progression.

Results: Mice immunized with the mrPrP and DnaK mix de-
veloped antibodies against PrPC and mrPrP and their spleno-
cytes expressed Th-2 associated cytokines when incubated in
the presence of mrPrP. Nonetheless these mice failed to sur-
vive longer than control mice. Mice immunized with AgPrP ac-
cumulated less splenic PrPSc and survived significantly longer
than control mice, despite antibodies against PrP were not de-
tected. Splenocytes from these mice displayed low cytokine
expression and poor proliferation in the presence of the anti-
gen. The mature FDCs population in the spleens was deplet-
ed, whereas B and T lymphocytes populations remained un-
altered.

Conclusions: Although generation of anti-PrP antibodies in
wt mice was achieved, these failed to exert a protective role
against TSEs. Protection, possibly linked to the induced FDC
depletion, was achieved following immunization with AgPrP.
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P.2.67
Inactivation of mouse brain Infectivity and
associated BSE / Scrapie prion protein
through subcritical wet oxidation

Isabelle Lantier1, Sofiane Zalouk2, Herve Leroux1, Patricia
Berthon1, Frederic Lantier1, Stephane Barbati2

1INRA-IASP, Centre of Tours, France; 1Aix-Marseille Univer-
sity-CNRS, France

Background: Subcritical wet oxidation at high pressure and
moderate temperature (hydrothermal oxidation) can be ap-
plied to the disposal of ruminant by-products from slaugh-
terhouse. After oxidation of sheep tissue samples, the main
oxidation by-products identified were acetic acid and ammo-
nia.

Objectives: Investigate the efficacy of hydrothermal oxyda-
tion to inactivate Scrapie or BSE in highly infected mouse
brains using adapted mouse models. 

Methods: Groups of 6-7 mice were used for the titration of
(1) PG127S and C506M3 Scrapie strains in Tg338 transgenic
mice carrying the sheep VRQ Scrapie susceptibility allele and
(2) VM-adapted BSE strain in VM mice (strain 301V). The 301V
strain is known as having high capacities of resistance to ele-
vated temperatures. The same mouse lines were IC inoculat-
ed with mouse brain homogenates (0.1%) having been treat-
ed (10MPa, 250°C, 20min, 150ml vol) or not into a pilot ap-
paratus introduced in a L3 laboratory. In addition, treated and
control BSE infected sheep brain homogenates were inocu-
lated in bovine transgenic (Tg110) mice. 

Results: After hydrothermal treatment, Scrapie and BSE pri-
on protein were no more detectable through Western blot. IC
inoculated control mice were clinical at expected time from
87d + 5 for Tg338 mice, 141d + 5 for VM mice to 304d + 8 for
Tg110 mice; PrPsc was WB detected into their brain. All mice
inoculated with hydrothermal oxidation treated homogenates
are still living (>450-496d).

Discussion: Still ongoing titration experiments suggest re-
duction in infectivity titres superior to 5-7 log according to the
model. Although pilot experiments with larger volumes have
to be performed, hydrothermal oxidation should be an inter-
esting procedure for the inactivation of TSE infectivity in
waste from slaughterhouse or animal facilities.

P.2.68
Characterization of a resin-nonwoven sepa-
ration medium for removal of prions from
complex suspensions

Patrick Gurgel1, Omon Herigstad2, Ruben Carbonell2

1ProMetic Life Sciences, Canada; 2NCSU, USA

Background: Risks associated with transmission of prion dis-
eases through blood-related products still exist despite the
mitigation efforts currently in place. These risks can be further
minimized through the removal of infectivity via adsorption
to ligands. Small interstitial hydraulic radii of typical packed-
bed columns can preclude separations from sources contain-
ing particles, such as red blood cells. Entrapping resin parti-
cles in a nonwoven membrane support circumvents this limi-
tation, allowing particles to pass unimpeded while
maintaining high surface contact with the resin.

Objectives: To demonstrate the use of a resin-nonwoven
medium for prion capture from suspensions containing par-
ticulate.

Methods: Particle-impregnated membranes (PIM) were pro-
duced by spreading a layer of polymeric resin between two
layers of nonwoven membrane. The membranes were bond-
ed together, stacked and packed into columns. Challenge sus-
pensions (human red blood cell concentrate, cell suspensions,
and plasma solutions) were passed through the columns. Pri-
on binding, interstitial porosity and other parameters were
determined.

Results: PIM columns displayed good flow distribution while
yielding interstitial porosity of 0.485. The columns were able
to pass RBC at a linear flow velocity of 0.04 cm/s with hemol-
ysis well below the acceptable levels. Dynamic binding stud-
ies showed that the PIM had the same prion and BSA binding
capacity as columns packed with the resin alone. It was also
shown that the presence of 7.5% human plasma had no ef-
fect on the prion binding capacity to the PIM columns. 

Discussion: PIM materials exhibit the necessary properties to
handle mobile phases containing large particles while retain-
ing the desirable binding characteristics of chromatographic
resin and can be utilized for the affinity removal of prions,
adding an additional layer of protection to blood and plasma
products.
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P.2.69
Removal of exogenous (soluble) and en-
dogenous infectivity from red cells by 22 lay-
er variant of Pall leucotrap prion reduction
filter

Franco Cardone1, Angelina Valanzano1, Hanin Abdel-Haq1,
Silvia Graziano1, Marco Sbriccoli1, Maria Puopolo1, Mau-
rizio Pocchiari1, Samuel Sowemimo-Coker2

1Istituto Superiore di Sanità, Italy; 2Pall Corporation, USA

Background: The transmissible agent of variant Creutzfeldt-
Jakob disease (vCJD) is present in the blood of infected indi-
viduals and can transmit the disease to recipients of blood
components. In the absence of a screening test, prevention of
transfusion transmission relies on the combination of low-risk
sourcing, leukodepletion, and infectivity-reducing processing
steps. 

Objectives: To increase the safety of red blood cell transfu-
sion with respect to vCJD, we evaluated the capacity of a nov-
el filter designed by Pall Co. to remove prion infectivity from
red cell concentrate (RCC). 

Methods: In the endogenous infectivity study, we passed a
bag of leukodepleted RCC from 263K scrapie-affected ham-
sters through Pall prion removal filter. Pre and post filtration
samples were tested for infectivity by inoculation into recipi-
ent hamsters. In the exogenous infectivity study, we spiked a
unit of human RCC with soluble infectivity (dilution 1:10) pre-
pared from brains of 263K scrapie-affected hamsters (Berardi
V. et al., Transfusion, 2006). Spiked RCC were leukodepleted
and then passed through Pall prion removal filter. Infectious
titers were bioassayed by the end-point dilution method. 

Results: In the endogenous infectivity study, the prefiltered
RCC transmitted the disease to 5/87 hamsters (ongoing study
now at 335 dpi), giving an infectious titre of 1.18±0.52 ID/ml
(according to Gregori L. et al., Lancet, 2004 and 2006). The
postfiltration RCC did not trasmit the disease (infectious titre
<0.23±0.23 ID/ml). The removal factor is >0.71 log ID, or
>80.5%. In the exogenous infectivity study we estimated a re-
duction from 5.6 to 4.0 log LD50/g in the post filtration sam-
ple, yielding a removal factor of 1.6 log LD50/g. 

Discussion: Our results show that the combination of a
leukodepletion filter with Pall prion-specific removal filter is
effective in reducing endogenous prion infectivity and ex-
ogenous soluble infectivity spiked into RCC. The use of this fil-
tration setting can reduce the risk of vCJD transmission
through blood.

P.2.70
Ovine and bovine PRNP transgenic mice al-
lows discrimination between Scrapie and
BSE in co-infected mice and sheep.

Isabelle Lantier1, Patricia Berthon1, Herve Leroux1, Chris-
telle Rossignol1, Caroline Lacroux2, Juan-Maria Torres3,
Stephanie Simon4, Olivier Andreoletti2, Frederic Lantier1

1INRA-IASP, Centre of Tours, France; 2INRA-ENVT, IHAP,
ENV Toulouse, France; 3INIA Madrid, Spain; 4CEA, IBitec-
S, F-91191, France

Background: Differentiation between Scrapie and BSE infec-
tion in small ruminant flocks is currently based on discrimi-
nating biochemical tests performed on obex samples. We have
previously shown through Scrapie-BSE co-infection experi-
ments in sheep that BSE prion protein is not detected in nerv-
ous tissues on the contrary of Scrapie PrPsc. This was true with
the 3 Scrapie strains tested. In lymphoid tissues, however, BSE
PrPres was easily detected, pointing out the capacity of BSE
to disseminate in lymphoid tissues. 

Objectives: Confirm BSE and Scrapie strains immunochemical
identification through the inoculation of mouse lines trans-
genic for the bovine (Tg110) or ovine(Tg338) PRNP gene and
investigate for silent carriage of BSE strain in nervous tissues
of co-infected sheep.

Methods: Groups of 6-7 mice were IC inoculated either with
control strains, a mixture of ovine BSE and Scrapie (0.5:0.5
vol/vol) or with spleen and obex tissues from BSE/Scrapie co-
infected sheep sampled at terminal stage of the disease. 

Results: Clinical signs appeared with shorter incubation peri-
od in mice transgenic for the PRNP gene corresponding to the
origin of the TSE strain inoculated, i.e. bovine Tg110 in about
230 days after inoculation of BSE containing tissues and ovine
Tg338 mice in 200-350 days, according to the Scrapie strain.
Tg338 mice were highly resistant to BSE and reciprocally
bovine Tg110 mice were highly resistant to Scrapie. Re-inoc-
ulation in these two mouse lines of tissues from co-infected
sheep allowed evidencing BSE into their obex. 

Discussion: Inoculation of transgenic Tg110 and Tg338 mice
with BSE-Scrapie mixtures demonstrated their capacities to
discriminate between these strains. These lines were used to
investigate the carrier status of BSE-Scrapie co-infected sheep
and allowed to evidence previously immunochemically unde-
tected BSE in the brain of these animals, thus confirming that
their diagnostic was impaired by the development of Scrapie.
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P.2.71
Anti-idiotypic antibodies against V5B2, the
PrPSc-specific antibody, in prion research

Anja Colja Venturini1, Maja Bresjanac2, Tanja Vranac1, Si-
mon Koren1, Mara Popović3, Vladka Čurin Šerbec1

1Blood Transfusion Centre of Slovenia, Slovenia; 2Institute of
Pathophysiology, Medical Faculty, University of Ljubljana,
Slovenia; 3Institute of Pathology, Medical Faculty, University
of Ljubljana, Slovenia

Background: In certain cases, anti-idiotypic (Ab2) antibodies
that recognize an antigen-combining site of an antibody can
mimic the structure and/or function of certain nominal anti-
gens. As an alternative to conventional active anti-prion vac-
cine development, the anti-idiotypic approach offers another
way to overcome the unresponsiveness of the immune sys-
tem.

Objectives: The aim of this study was thus to investigate the
applicable ways to induce an Ab2 response to V5B2, the PrP-
Sc- specific monoclonal antibody, and to define the prepara-
tion of Ab2 monoclonal antibodies with well-defined strate-
gies for immunization, selection and subsequent characteri-
zation. 

Methods: Balb/C mice were immunized with Fab V5B2. Sta-
ble hybridoma cell lines were prepared with the mouse hy-
bridoma technology. Competition studies were performed us-
ing the ELISA and Immunohistochemistry-based tests. Inter-
action of V5B2 and 5D12, the most promissing Ab2 antibody,
was investigated by computer modelling and molecular dock-
ing.

Results: Our results demonstrate that it is possible to induce
a strong Ab2 immune response against V5B2 in syngeneic ex-
perimental system. From the competition seen between poly-
clonal and monoclonal Ab2 antibodies and the ultimate tar-
get antigen, PrPSc, we conclude that selected antibodies bind
to the antigen-combining site of V5B2 and might even re-
semble the PrPSc -specific epitope. The involvement of both
antigen-combining sites in the interaction between V5B2 and
5D12, was further supported by molecular docking.

Discussion: According to the convincing results of the com-
petition studies and the computer modelling data, 5D12 is a
highly plausible candidate for being an internal image anti-
body, mimicking the PrPSc-specific epitope. The results of the
present study not only provide an example of the successful
production of Ab2 monoclonal antibodies based on a well
planned strategy for selection, but should also provide a new
experimental approach that is applicable to the field of prion
diseases.

P.2.72
Sensitive detection of protein folding disor-
ders; proximity ligation-based detection of
protein oligomers

Masood Kamali-Moghaddam1, Franck Mouthon2, Di Wu1,
Spyros Darmanis1, Emmanuel Emmanuel Comoy2, Ola
Söderberg1, Jean-Philippe Deslys2, Ulf Landegren1

1Uppsala university, Sweden; 2CEA/DSV/DRM/GIDTIP,
France

Background: The possibility to detect and analyze proteins in
their biological environments with increased specificity and
sensitivity will provide opportunities to use also very rare mol-
ecules as reliable biomarkers of diseases. Improved analyses
are also required to study the molecular basis of diseases. 

Objectives: The aim is to apply the proximity ligation assay
(PLA) for sensitive and specific detection of proteins relevant
in neurodegenerative diseases.

Methods: In PLA, affinity probes, such as antibodies, are at-
tached to oligonucleotides to form proximity probes. Once a
target molecule is recognized by a set of proximity probes the
DNA strands are connected to each other via enzymatic liga-
tion to form a DNA template that can be amplified and quan-
tified as the measure of the target molecule’s concentration.

Results: Here, we present the application of PLA for sensitive
identification of oligomers and aggregated proteins. For spe-
cific detection of protein oligomers we use a single mono-
clonal antibody conjugated to two different ssDNA arms, re-
spectively. In this format of PLA only oligomers are detected
while monomers with only one available epitope will be ex-
cluded. This is illustrated here with specific detection of
oligomers spiked in different biological matrices as well as de-
tection of endogenous oligomeric conformations of proteins. 

Discussion: The combination of efficient PCR amplification
and the use of two or more binding reagents provide very
high sensitivity and specificity of detection, surpassing the
conventional protein detection methods. Furthermore, the
proximity ligation technique can be carried out as in the ho-
mogenous assay – requiring very small amount of materials to
be tested –, or in a heterogeneous format in which the target
molecules to be detected are immobilized on a surface using
affinity probes, while other materials are washed away. Prox-
imity ligation can, therefore, provide a powerful molecular
tool for detection and study of the biology of protein folding
disorders.
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P.2.73
Modeling of prion adsorption to an affinity
matrix

M. Omon Herigstad1, Patrick V. Gurgel2, Ruben G. Car-
bonell1

1North Carolina State University, USA; 2ProMetic Life Sci-
ences, USA

Background: Characterization of the transport and binding
properties of prions in adsorption processes is an important
tool to aid in the design and optimization of operations and
devices intended to achieve a desired separation, as well as in
the validation of TSE clearance studies.

Objectives: This paper evaluates the transport and binding
capacity of prion protein from hamster brain homogenate
(HaBH) to a hybrid particle-nonwoven membrane medium (a
particle-impregnated membrane or PIM) composed from a
polymeric chromatographic resin, containing an affinity ligand
for prions, which is entrapped between layers of a nonwoven
polypropylene membrane. 

Methods: Dynamic binding capacities of prions in saline solu-
tion were determined for columns packed with PIM materials,
affinity resin only, and the nonwoven membrane only. Quan-
titative detection of prion protein was possible through an
ELISA method. The general rate (GR) model of chromatogra-
phy was used to evaluate the prion protein breakthrough
from columns packed with each of the materials and subse-
quently used to predict prion binding behavior from HaBH
spikes to human red blood cell concentrate (RBCC) and human
IgG solutions. 

Results: The GR model of chromatography was able to fit the
breakthrough behavior of prions for the columns packed with
affinity resin, PIM, and nonwoven membrane materials. The
GR model was able to predict the binding behavior of prions
spiked into RBCC loaded to a column packed with PIM mate-
rials, as well as accurately predict the breakthrough of prions
spiked into a hIgG solution loaded to a column packed with
the affinity resin. 

Discussion: These results suggest the GR chromatographic
model can accurately predict the binding behavior of prion
protein to the affinity resin, PIM and, nonwoven materials and
could be utilized as a tool in the design, evaluation, and vali-
dation of TSE clearance studies.
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P.3.1
GSK-3beta mediates MPTP-induced mito-
chondrial dysfunction

Agnes Petit-Paitel, Frederic Brau, Julie Cazareth, Joelle
Chabry

IPMC-CNRS, France

Background: Aberrant mitochondrial function appears to play
a central role in dopaminergic neuronal loss in Parkinson’s dis-
ease (PD). 1-methyll-4-phenylpyridinium iodide (MPP+), the ac-
tive metabolite of N-methyl-4-phenyl-1,2,3,6-tetrahydropy -
ridine (MPTP), is a selective inhibitor of mitochondrial complex
I and is widely used in rodent and cell models to elicit neuro-
chemical alterations associated with PD. Recent findings sug-
gest that Glycogen Synthase Kinase-3beta (GSK-3beta), a crit-
ical activator of neuronal apoptosis, is involved in the
dopaminergic cell death. 

Objectives: In this study, the role of GSK-3beta in modulat-
ing MPP+-induced mitochondrial dysfunction and neuronal
death was examined in vivo, and in two neuronal cell models
namely primary cultured and immortalized neurons. 

Results: In both cell models, MPTP/MPP+ treatment caused
cell death associated with time- and concentration-dependent
activation of GSK-3beta, evidenced by the increased level of
phosphorylation at tyrosine 216 residue, the active form of
the kinase. Using immunocytochemistry and subcellular frac-
tionation techniques, we showed that GSK-3beta partially lo-
calized within mitochondria in both neuronal cell models.
Moreover, MPP+ treatment induced a significant decrease of
the specific phospho-Tyr216-GSK-3beta labeling in mitochon-
dria concomitantly with an increase into the cytosol. MPP+ in-
duced cell death through the depolarization of mitochondri-
al membrane potential. Inhibition of GSK-3beta activity using
well-characterized inhibitors, LiCl and kenpaullone, and a GSK-
3beta knock-down using small interfering RNA, prevented
MPP+-induced cell death by blocking mitochondrial membrane
potential changes and caspase-9 and -3 activation.

Discussion: These results indicate that GSK-3beta is a critical
mediator of the neurotoxicity induced by MPTP/MPP+ and ex-
erts its role at least partially by regulation of the mitochondr-
ial function. Inhibition of GSK-3beta activity might provide
protection against mitochondrial stress-induced cell death.

P.3.2
Application of novel phospho-Tau antibod-
ies in a sensitive in vivo diagnostic assay for
Alzheimer’s disease

Jérémie Seguin1, Ingolf Lachmann2, Gergö Botond2, Uta
Wagner2, Awad A. Osman2, Isabelle Quadrio1, Armand
Perret-Liaudet1, Gabor G. Kovacs3

1Centre Hospitalier Universitaire de Lyon, France; 2AJ Robo-
screen GmbH, Germany; 3Medical University of Vienna, Aus-
tria

Background: Phosphorylation of Tau protein (p-Tau) repre-
sents one of the central and earliest pathogenetic events in
Alzheimer Disease (AD). The measurement of p-Tau, especial-
ly on serine 181 (p-181), released into the CSF is currently used
for in vivo diagnosis of AD. Investigation of further sites of
phosphorylation may improve specificity of in vivo body fluid
diagnosis of AD and other tauopathies. 

Objectives: Our aim is to develop novel p-Tau specific mono-
clonal antibodies (mabs) and to test their diagnostic applica-
bility in body fluids.

Methods: Mice were immunized using phospho peptides of
human Tau sequence conjugated to KLH. Hybridomas were
performed by harvesting of spleen cells, fusion to mouse
myeloma cells and HAT selection of IgG producing cells. Mabs
were selected regarding their reactivity to phospho Tau pep-
tides in ELISA. Specificity was tested using immunohisto-
chemistry, Western Blotting and immunogold electron mi-
croscopy using diseased brain tissue from various tauopathies. 

Results: Mabs 2B11, 5G7, 9D8 and 4C10 specifically recognize
p-231 position and mabs 1E7 and 8B11 react with p-181. Mab
3G3 specifically recognizes p231-235 positions of human Tau
whereas mab 1F2 binds to phospho residues independently
from the amino acid position. Mabs 5G7, 9D8 and 4C10 prove
to be the best in immunolabelling various neuronal and glial
disease-associated Tau-profiles in tissue sections of various
tauopathies. Mabs 5G7, 9D8, 2B11 and 3G3 appear to be the
best in Western Blotting. These latest specifically stain Paired
Helical Filaments of AD brains and show specific elec-
trophoretic profiles in brain extracts from several tauopathies. 

Discussion: We found sensitive and specific tools able to rec-
ognize different phosphorylated epitopes of human Tau. Cou-
ples of capture and detection antibodies were built for ELISA
format and are ready for CSF application to improve the di-
agnosis of AD and to distinguish other tauopathies.
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P.3.3
Good protein, bad protein: A new Aβ vari-
ant can be both

Fabrizio Tagliavini1, Marcella Catania1, Michela Morbin1,
Marco Gobbi2, Laura Colombo2, Antonio Bastone2, Laura
Cantù3, Efrat Levy4, Maria Salmona2, Giuseppe Di Fede1

1“Carlo Besta” Neurological Institute, Milano, I; 2“Mario Ne-
gri” Institute for Pharmacological Research, Milano, I; 3Uni-
versity of Milan, Milano, I; 4“Nathan S. Kline” Institute, Or-
angeburg, NY, USA

Background: Mutations in the amyloid β (Aβ) precursor pro-
tein gene (APP) cause familial Alzheimer’s disease with virtu-
ally complete penetrance. We found an APP mutation (A673V,
corresponding to position 2 of Aβ) that causes disease only in
the homozygous state, whereas heterozygous carriers are not
affected, consistent with a recessive Mendelian trait of inher-
itance.

Objective: To investigate the mechanisms by which the
A673V APP mutation causes disease only in the homozygous
state.

Methods: We analyzed APP processing in fibroblasts from an
A673V homozygous patient and controls, and in CHO and
COS7 cells transfected with wild-type or mutated APP cDNA.
Moreover, we assessed the physicochemical and biological
properties of A2V-mutated and wild-type Aβ1-40 and Aβ1-42
peptides.

Results: The study showed that the A673V mutation has two
pathogenic effects: it (i) shifts APP processing toward the amy-
loidogenic pathway resulting in enhanced Aβ production, and
(ii) increases the aggregation and fibrillogenic properties of
Aβ. However, co-incubation of mutated and wild-type pep-
tides confers instability on Aβ aggregates and inhibits amy-
loid formation and neurotoxicity. The finding that the A2V Aβ
variant has a dominant-negative effect on amyloidogenesis is
consistent with the observation that the heterozygous carri-
ers do not develop disease and offers ground for the devel-
opment of a therapeutic strategy. As a first step for design-
ing an inhibitor of Aβ aggregation based on the mutated Aβ
sequence, we synthesized a peptide homologous to residues
1-6 of Aβ with the A2V substitution and tested its ability to
bind to wild-type Aβ and inhibit amyloidogenesis. The study
showed that the mutated hexapeptide retains the anti-amy-
loidogenic properties of the parent full-length Aβ. 

Conclusion: The present data have important implications for
genetic screening and the potential treatment of Alzheimer’s
disease based on A2V-modified Aβ peptides or peptido-
mimetic compounds. 

P.3.4
Comparative immuno-detection of α-synu-
clein, a biomarker of Parkinson disease by
ELISA and immuno-quantitative PCR

Ingrid Dupiereux1, Willy Zorzi1, Awad Osman2, Ingoll
Lachmann2, Lee Hayes3, David Allsop3, Ernst Heinen1, Be-
naissa ElMoualij1

1University of Liège, Belgium; 2Roboscreen GmbH, 3Germany;
Lancaster University, UK

Background: Parkinson disease (PD) is a neurodegenerative
movement disorder characterized by the progressive loss of
dopaminergic (DA) neurons in the substantia nigra pars com-
pacta (SNc) and by the presence of intraneuronal proteina-
ceous cytoplasmic inclusions, termed “Lewy bodies” (LBs). The
main component of these inclusions is aggregated α-synucle-
in, a presynaptic protein of 140 aminoacids expressed at high
levels in nervous tissue. It has been suggested that, because
of his primordial role in the pathogenesis, biological fluid lev-
els of α-synuclein may be used as a biomarker for PD. To date
there is neither serological nor urine sensitive assay that could
confirm the diagnosis of PD in symptomatic patients and the
diagnosis remains essentially clinical.

Objectives: In order to improve the sensitivity, a new im-
munological method called “immuno-quantitative PCR or
iqPCR” for the detection of the α-synuclein. This technology,
previously described by Zorzi et al. in the patent EP1232283,
couples an antibody detection step similar to an ELISA with
nucleic acid amplification by real-time PCR procedure. In a pre-
vious study, we showed that bovine PrPres can be detected
with very high sensitivity by iqPCR.

Methods: The sensitivity of the detection is compared by di-
rect ELISA and iqPCR. 

Results: The limit of detection by the direct ELISA for recom-
binant α-synuclein is about 16ng/ml. By iPCRq, this limit of de-
tection is about 2ng/ml.

Discussion: These data provide evidence that the immuno-
quantitative-PCR improve the sensitivity of the detection of
the α-synuclein, biomarker for the PD. The iPCRq gives about
8 fold improvement of sensitivity over the direct ELISA. This
new sensitive immunological detection method seems to be
promising for early diagnosis when the biomarker is present
at very low levels. Currently we are in process to investigate
the α-synuclein detection in biological fluids.
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P.3.5
Severe psychological stress in elderly: a pro-
posed model of neurodegeneration

Magda Tsolaki1,2, Vasileios Papaliagkas3, Fotini Kounti2,
Nikolaos Vlaikidis1

1Third Department of Neurology, G. Papanikolaou Hospital,
Thessaloniki, Greece; 2Greek Association of Alzheimer’s dis-
ease and related disorders; 3Department of Experimental Phys-
iology, Medical School, Aristotle University of Thessaloniki,
Greece

Many similarities are observed between PTSD and Alzheimer’s
Disease, such as (a) Hippocampus is the most vulnerable brain
structure (b) The first symptom is memory problems, (c) In-
creased levels of glucocorticoids (GCs) are observed in both
conditions and (d) there is the same prevalence of
women/men ratio 2:1 in both diseases . The objective of our
study is to examine the possible effect of severe psychologi-
cal stress on cognitive function in the elderly. Brain MRI stud-
ies revealed structural abnormalities in patients with PTSD.
These abnormalities include nonspecific white matter lesions
and decreased hippocampal volume. (Tsolaki et al., 2009). Pre-
vious research (Bremner et al., 1995,1997) suggests significant
decreases in the hippocampal volume in combat veterans or
sexually abused people who developed PTSD as well as focal
lesions of white matter in a PET study (Bremner, J.D., et al.,
1999) in which Vietnam veterans with PTSD were exposed to
combat sounds and pictures; decreased medial prefrontal
blood flow and relatively smaller increases in anterior cingu-
late activity were found in PTSD patients compared to Viet-
nam combat veterans without PTSD. In a recent study (Tsola-
ki et al., 2009) our results showed that the majority of patients
reported a past stressful event just before the onset of de-
mentia (n= 990, 77.9%), whereas less patients reported in-
sidious onset (n=281, 22.1%). The prominent stressful event
was the announcement of a life-threatening disease (n=472,
37.1%), followed by problems within the family (n=157,
12.4%), spouse death (n=100, 7.9%), and death of a sibling
or other beloved person (n=77, 6.1%).

Conclusions: There are some similarities between stress-in-
duced damage and AD. First of all, HC is the first target and
memory problems are the first observed symptoms. Further-
more, there are increased levels of the GCs in both stress-in-
duced damage and AD, and there is the same prevalence of
women/men ratio 2:1 in PTSD as well as in AD. According to
the above results, some elderly people have increased ten-
dency to develop dementia after a stressful event than oth-
ers. This might be due to a genetic predisposition of a certain
elderly population, who carries specific genes, an hypothesis
which needs further and thorough investigation. Recent study
showed that a deletion variant of ADRA2B, the gene encod-

ing the a2b-adrenergic receptor, is related to enhanced emo-
tional memory. The evidence collected to date is consistent
that initial cognitive symptoms of a Severe Psychological
Stress event may: (a) increase vulnerability to stress, (b) make
neurons more sensitive to the GCs as we age, and (c) alter the
regulation of the GC receptors. It is well known that plastici-
ty of brain is changed in the elderly and perhaps acute stress
is another pathogenic mechanism of neurodegeneration. 
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P.4.1
Enhanced enteric invasion of scrapie agents
into villous epithelium by maternal im-
munoglobulin

Takashi Onodera1, Yasuhisa Ano1, Hiroyuki Nakayama1,
Yoshihito Kajimura1, Akikazu Sakudo2, Yukita Sato3,
Masayoshi Yukawa3

1The University of Tokyo, Japan; 2Osaka University, Japan;
3Nihon University, Japan

Background: The uptake and kinetics of infectious prion pro-
tein (PrPSc) in the intestine are little understood. Epidemio-
logical studies reported that cows might be exposed to PrPSc
at the first 6 months of life in most case of BSE. 

Objectives: In the present study, the uptake of mouse adapt-
ed scrapie agents in the intestine of pre/post weaning mice
was examined, in order to reveal the age-dependent oral
transmission risk. 

Methods: ICR and SCID mice at 15, 20, and 25-day-old were
orally administered twice at 3h interval with 10% brain ho-
mogenate infected by mouse adapted scrapie (Tsukuba-1) di-
luted with PBS or PBS containing 5 mg/ml purified mouse IgG,
or normal brain homogenate as a control. After fixation of in-
testine, embedded into Thechnovit resin and analyzed
histopathologically. P8 and T2 antibody was used for PrPSc,
while lectins (UAE-1 and WGA) were used for cell-identifica-
tion. 

Results: PrPSc was mainly incorporated through the villous
columnar epithelial (UAE-1-/WGA+) cells and then detected in
the villous lacteal in 15-day-old mice. This uptake significant-
ly reduced in 20 and 25-day-old mice after weaning. In addi-
tion, the uptake of PrPSc in suckling SCID mice lacking ma-
ternal antibodies was significantly less than in wild-type ICR
mice, whereas the uptake of PrPSc was enhanced by diluted
mouse IgG. On the other hand, less PrPSc was detected on the
epithelium of Peyer’s patches. 

Discussion: Villous columnar epithelial cells during suckling
periods take a more important role for age-dependent uptake
of PrPSc than M cells incorporating foreign substances. Im-
munoglobulin containing maternal milk may be enhanced the
enteric invasion of PrPSc.

P.4.2
Scrapie alters immune complex trapping and
the maturation cycle of follicular dendritic
cells

Gillian McGovern1, Neil Mabbott2, Martin Jeffrey1,

1VLA – LASSWADE, 2The Roslin Institute, UK; R(D)SVS, UK

Background: Electron microscopy of the lymphoreticular sys-
tem (LRS) of scrapie-affected sheep has shown disease-spe-
cific morphological changes of follicular dendritic cells (FDCs)
and tingible body macrophages (TBMs). Such changes are as-
sociated with abnormal disease-associated prion protein (PrPd)
accumulations. 

Objectives: We aimed to determine and describe any scrapie-
related morphological alterations in FDCs and their associa-
tion with PrPd, immunoglobulins and ubiquitin. 

Methods: In this study, mesenteric lymph nodes (MLNs) of
ME7 scrapie-affected mice and controls were examined by
light and electron microscopy using immunogold techniques. 

Results: In normal mouse MLNs, FDCs could be arranged into
immature, mature and regressing categories. These categories
were also present in scrapie-affected mouse MLNs, however,
abnormal mature FDC forms were also present. Different dis-
ease-associated FDC forms showed abnormally extended den-
drites combined with excess accumulations of immune com-
plex or vesicles within the extracellular space. Disease-associ-
ated FDC forms accumulated PrPd at the plasmalemma and
either or both abnormal cell membrane ubiquitin and excess
globulins. Plasma cells surrounded by PrPd-labelled FDC den-
drites were numerous within scrapie-affected follicles. With-
in germinal centres, TBMs accumulated PrPd, ubiquitin and im-
munoglobulin within endosomes and lysosomes. 

Discussion: The data suggests a sequence in maturation and
regression of different abnormal FDC forms. Though small dif-
ferences due to species and tissue were present, we never-
theless suggest that PrPd accumulation is causally linked to
the abnormal pathology observed. We further suggest that
scrapie-affected FDCs may shed infectivity on regression and
that the dogma that prion infections do not affect the im-
mune system should be revisited
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P.4.3
Potential of cell substrates used for produc-
tion of biologics to propagate transmissible
spongiform encephalopathy (TSE) agents

Pedro Piccardo1, Larisa Cervenakova2, Irina Vasilyeva2,
Oksana Yakovleva2, Igor Bacik1, Juraj Cervenak1, Luisa
Gregori1, Kitty Pomeroy1, Luvica Kurillova1, Carroll
McKenzie2, Sergei Akimov2, David Asher1

1Center for Biologics Evaluation and Research, US Food and
Drug Administration; 2J Holland Laboratory, American Red
Cross, USA

Background: TSE agents have contaminated several products,
including human-tissue-derived therapeutics. Many biologics
are prepared in cell cultures. Although most cultures studied
resisted infection with TSE agents, a few were successfully in-
fected. Susceptibility of cultured cells to TSE infections cannot
be predicted from species or tissues of origin or by the level
of expression of prion protein (PrP). 

Objectives: We are investigating susceptibility of several cell
lines used or proposed for manufacture of biologic products
to propagate TSE agents. 

Methods:We inoculated 3 reference TSE agent inocula,brain
suspensions containing agents of bovine spongiform en-
cephalopathy (BSE), variant Creutzfeldt-Jakob disease (vCJD)
or sporadic CJD,into several cell lines important in the manu-
facture of biologic products. Serial dilution of BSE reference
material was also inoculated in mice and squirrel monkeys. 

Results: We studied these cell lines: (1) actual or candidate
substrates Vero, CHO, MDCK, HEK-393, and WI-38 or (2) a
control cell line from rabbit (a species resistant to common
TSEs). We also studied lines of human neuroblastoma-derived
cells (SH-SY5Y) engineered to overexpress wild-type PrP and
mutant PrP isoforms. Cells exposed to TSE agents were seri-
ally propagated for 30 passages and selected passages tested
for TSE-associated PrP (PrPTSE) and for infectivity by intrac-
erebral inoculation into transgenic mice and squirrel monkeys
(BSE-exposed cells only). No PrPTSE was found in any exposed
cells after 30 passages. Susceptible cells exposed to a mouse-
adapted scrapie agent as positive controls accumulated
PrPTSE. No exposed cell line tested has transmitted TSE to
mice or monkeys to date. One monkey inoculated with BSE
reference material has developed TSE. 

Discussion: We have found no evidence to date that any can-
didate cell substrate exposed to 3 TSE agents, including BSE
agent, accumulated PrPTSE. Bioassays in susceptible animals
are in progress.

P.4.4
Possible iatrogenic Creutzfeldt-Jakob Dis-
ease in an adult male 50 years after treat-
ment with human chorionic gonadotrophin

Brian Appleby1, Paul Brown2

1Johns Hopkins University School of Medicine, USA;
2CEA/DSV/iMETI/SEPIA, France

Background: Known causes of iatrogenic Creutzfeldt-Jakob
disease (iCJD) include cadaverous corneal transplants, dural
mater grafts, human growth hormone (hGH), neurosurgical
depth electrodes, and neurosurgical instrument contamina-
tion. Four cases of iCJD from human gonadotrophin have
been described to date, all of whom have been women. 

Objectives: To present a case of possible iCJD from human
chorionic gonadotrophin (hCG) and review data from four
other cases 

Methods: Case report and descriptive analysis 

Results: A 62-year-old Caucasian man developed ataxia that
resulted in frequent falls and an initial diagnosis of benign po-
sitional vertigo. Further workup including brain magnetic res-
onance imaging (MRI), electroencephalogram (EEG), and a
lumbar puncture were unrevealing. A cerebrospinal 14-3-3
protein analysis was indeterminate. At the end of the third
month of his illness, he developed short-term amnesia, dis-
orientation, and confabulation. A repeat EEG showed gener-
alized slowing without evidence of periodic sharp wave com-
plexes and a repeat 14-3-3 analysis was positive. A second
brain MRI showed hyperintensity in the basal ganglia on dif-
fusion-weighted images. He died following a four-month ill-
ness. Severe vacuolization was noted on microscopic exami-
nation and Western blot analyses detected type II prion pro-
teins. Genomic analyses detected a silent polymorphism at
codon 117 and valine homozygousity at codon 129 of the pri-
on protein gene. Further review of his medical records re-
vealed a history of cryptorchidism and treatment with hCG as
a child in the 1940’s-1950’s. 

Discussion: This case report describes a possible case of iCJD
from hCG injections and is unique in that the patient was
male and the incubation period approached 50 years. His clin-
ical presentation, EEG findings, and codon 129 homozygousi-
ty are similar to previously described cases.
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P.4.5
The exchange of single aminoacids in ovine
and caprine prion variants influences con-
vertibility of the prion protein in vitro

Eiden Martin, Elizabeth Ortega Soto, Martin Groschup

Institute for Novel and Emerging Infectious Diseases at the
Friedrich-Loeffler-Institut Country, Germany

Background: The central role in the pathogenesis of prion dis-
ease is the conversion of the normal cellular host-encoded pri-
on protein PrPC into an abnormal pathogenic isoform PrPSc.
This conversion process can be imitated in a cell-free conver-
sion assay by adding purified PrPSc to recombinant PrPC,
which is converted into a PK-resistant isoform PrPres. Poly-
morphisms of the allele encoding ovine and caprine prion pro-
tein are known to influence scrapie susceptibility in sheep and
goats. 

Objectives: Substitutions in the prion amino acid sequence
are directly associated with variations in relative susceptibili-
ty to scrapie in sheep and goats. These effects were deter-
mined with numerous variants of bacterial full length prion
protein in a cell-free conversion assay. Moreover, some poly-
morphisms exhibited dominant-negative effects on prion repli-
cation. 

Methods: Ovine and caprine prion alleles were expressed in
E. coli and purified over a N-terminal His-tag using a Ni-NTA-
column according to standard procedures. Cell-free conver-
sion is carried out by incubating recombinant prion protein
with purified PrPSc seeds in an appropriate buffer. Detection
of newly converted PK-resistant PrPres fragments is carried
out by immunoblotting and incubation with mab P4. 

Results: A set of recombinant goat and sheep derived prion
constructs was generated by the substitution of single
aminoacids at specific positions throughout the whole protein
and were subsequently analyzed in the cell-free conversion as-
say. Our study demonstrates that several newly generated pri-
on alleles show a significantly reduced convertibility or are
even inconvertible by PrPSc seeds. 

Discussion: The results highlight that specific aminoacid
residues induce a resistance of the cellular prion protein with
regard to conversion and prion replication. In summary, the
data indicate that the in vitro analysis of prion conversion is
strongly consistent with the situation in vivo.

P.4.6
Different contribution of PrP glycoforms in
modulating TSE infection within and be-
tween different hosts

Enrico Cancellotti1, Frances Wiseman1, Barry Bradford1,
Abigail Diack1, Nadia Tuzi1, Pedro Piccardo2, Jean Man-
son1

1NPD, The Roslin Institute and R(D)SVS, University of Edin-
burgh, UK; 2Center for Biologics Evaluation and Research,
Food and Drug Administration, Rockville, MD, USA

Background: The mechanisms by which TSE agents are able
to infect and cause disease in different hosts remain elusive.
It has been proposed that the variation in PrP glycotypes may
contribute to determine TSE strain characteristics and the
species barrier effect. 

Objectives: To establish the contribution of glycosylation of
PrP in the infectious process. 

Methods: We have generated three lines of gene-targeted
transgenic mice with amino acid substitutions at the first (G1),
second (G2) or both (G3) glycosylation sites of PrP. These mice
express glycosylation deficient PrP species. We inoculated
these mice with different murine, human and hamster derived
TSE-strains. 

Results: We established that mono and un-glycosylated PrP
supports clinical and pathological disease in mice inoculated
with mouse-adapted TSE strains. We also showed that differ-
ent TSE agents had dramatically different requirements for
glycosylation of host PrP. A significant alteration in transmis-
sion was also observed when mice were challenged with TSE
agents derived from humans or hamsters. However, in this
case transmission of disease was exclusively modulated by
host mono-glycosylated PrP (G2 PrP). Mice without a sugar at
the second PrP site were efficiently infected with sporadic CJD
or 263K strains whereas wild type mice were resistant. How-
ever mice inoculated with variant CJD strain became ill after
prolong incubation times. These results suggest that glycosy-
lation at the second site of host PrP is a key factor affecting
species barrier. Finally, we have further demonstrated a role
for PrP-glycosylation in determining some of the TSE strain
properties. 

Discussion: Using unique transgenic mice we showed the im-
portant role that different PrP glycoforms play on TSE patho-
genesis. PrP glycosylation is a key factor in this process and N-
linked sugars have different roles that influence intra- or in-
ter-species transmission of TSE diseases.
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P.4.7
Dynamics of PrPSc accumulation in periph-
eral organs and blood at different stages of
prion disease

Baian Chen1,2, Rodrigo Morales1, Marcelo Barria1, Deming
Zhao2, Claudio Soto1

1University of Texas Medical School at Houston, USA; 2China
Agricultural University, china

Background: The presence of PrPSc in blood and peripheral
tissues is considered a risk for TSE transmission. Although the
presence and quantity of infectious prions in peripheral tis-
sues and biological fluids has been previously reported, little
is known about the dynamics of PrPSc replication and accu-
mulation in the body. 

Objectives: Measure the levels of PrPSc in spleens, blood frac-
tions and brain at different time points after infection. 

Methods: PrPSc levels were assessed by PMCA. Tissue extracts
were obtained from hamsters intraperitoneally infected with
263K prions. Animals were sacrificed at different time points.
Tissues and fluids analyzed include brains, spleens and differ-
ent blood fractions. 

Results: PrPSc from the inoculum disappeared from spleens
and blood few days after inoculation. Endogenous replication
of PrPSc reached high levels in spleens at early stages after in-
fection, which correlated with their presence in white blood
cells. Interestingly, PrPSc quantity decreased in spleens in the
middle of the incubation periods, precisely prior to the time
in which PrPSc began to appear in the brain. The levels of PrP-
Sc increased again in spleens close to the symptomatic phase.
The levels of PrPSc in brain followed a linear relation with time
whereas in plasma PrPSc was only detectable at the sympto-
matic phase. 

Discussion: Our findings indicate that the presence of PrPSc
in blood has two different sources: peripheral replication in
spleen at early stages and brain leakage at late stages. Our re-
sults contribute to understand the dynamics of prion replica-
tion and accumulation, providing important information to
elucidate the prion replication mechanism after infection by
peripheral routes.

P.4.8
Distribution and frequency of nerve fibres in
ovine palatine and pharyngeal tonsils

Vinciane Toppets1, Joelle Piret1, Valerie Defaweux2, Gau-
thier Dorban2, Luc Grobet1, Nadine Antoine1

1University of Liege, Veterinaty Faculty; 2University of Liege,
Medecine Faculty Country, Belgium

Background: Studies about the uptake and dissemination of
PrPSc in natural scrapie showed that Peyer’s Patches and ton-
sils are the first organs contaminated. It’s generally well ac-
cepted that pathogens reach the central nervous system via
an ascending propagation along the autonomic nervous sys-
tem. Nevertheless, if Peyer’s patches are well documented, the
pattern of innervation in tonsils is poorly described. In addi-
tion, lambs of some particular races and genotypes show in-
consistent prion sensibility when compared with others or
with older animals. 

Objectives: The aim of our study has been to determine the
potential role of the lymph reticular system innervation in the
transport of prion infectivity to the central nervous system.

Methods: Palatine and pharyngeal tonsils were removed from
healthy sheep of which the race, age and PrP genotype are
known. Cryosections were processed for immunohistochem-
istry and incubated in a range of primary antibodies directed
against neurofilaments and glial cells surrounding nerve fibres. 

Results: After quantitative analyses on palatine and pharyn-
geal tonsils, it appears that the lymphoid compartments are
poorly innervated. The majority of the nerves fibres were lo-
cated in the connective tissue surrounding these organs. Some
GFAP positive fibres and in less proportion, heavy neurofila-
ments were detected in the interfollicular T cells area. Occa-
sionally, GFAP+ fibres and NFH + filaments were present in the
mantle zone and in the germinal centre of lymphoid follicles.
Neurofilaments L and M were almost absent. 

Discussion: Our preliminary results detect the presence of
nerves fibres inside the studied tonsils. The lymphoid com-
partments seem to be poorly innervated. To complete our
overview of the innervation of tonsils in sheep, we must ex-
tend our researches to other types of nerves fibres. Addition-
al analyzes are essential to point out possible contacts be-
tween nerves fibres and FDCs.
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P.4.9
Trafficking of CWD prions via the autonom-
ic nervous system

Davis Seelig1, Gary Mason1, Glen Telling2, Edward Hoover1

1Colorado State University, USA; 2University of Kentucky, USA

Background: The pathway by which CWD prions efficiently
transit from the periphery to the central nervous system re-
mains incompletely understood. Here we provide evidence
that the autonomic nervous system (ANS) serves as a signifi-
cant pathway for centripetal and centrifugal CWD spread in
cervid PrP transgenic mice (Tg[CerPrP]) infected via oral and
parenteral routes of exposure. 

Objectives: The chief objective of this work was to determine
the role of the ANS in the trafficking of CWD prions by longi-
tudinally mapping the PrPres tropism patterns in neural and
non-neural tissues of multi-route inoculated Tg[CerPrP] mice. 

Methods: Five groups of n=10 Tg[CerPrP] mice were inocu-
lated with CWD prions via either the intracerebral (IC), in-
traperitoneal (IP), intravenous (IV), or oral (PO) route. Mice
were sacrificed at specified time points post inoculation and
at the onset of clinical disease. CWD infection was docu-
mented and prion trafficking patterns determined by detec-
tion of PrPres using amplified IHC methods. 

Results: Early and progressive PrPres depositions were de-
tected in the parasympathetic, sympathetic, and enteric nerv-
ous systems (ENS), in particular within the myenteric plexus,
vagus nerve, dorsal motor nucleus of the vagus, solitary tract,
lateral ventricular nuclei of the hypothalamus, periaqueduc-
tal gray matter, and spinal cord. Moreover, PrPres was seen in
intimate association with fibers and cells of the ENS, namely
enteroglial cells, and sympathetically-innervated lymphoid or-
gans, including the spleen, Peyer’s patches, and mesenteric
lymph nodes. 

Discussion: We present evidence for a temporal-based pat-
tern of PrPres accumulation in the parasympathetic and sym-
pathetic elements of the ANS and ENS, implicating these ele-
ments as major pathways for CWD prion neuroinvasion and
gastrointestinal prion shedding. These patterns of spread, no-
tably accumulations in the ENS, may explain the ease by which
CWD prions are taken up from and shed into the environ-
ment, thereby its high degree of horizontal transmission.

P.4.10
BSE/Scrapie phenotype are maintained fol-
lowing co-infection of ovine PrP overex-
pressing transgenic mice (Tgshp IX)

Christine Hoffmann1, Martin Eiden1, Anne Buschmann1,
Baerbel Hammerschmidt1, Olivier Andreoletti2, Martin H.
Groschup1

1Friedrich-Loeffler-Institute, Institute of Novel and Emerging
Infectious Diseases, Isle of Riems, Germany; 2UMR INRA-
ENVT 1225, Ecole Nationale Veterinaire de Touluse, France

Background: In TSE infected sheep a differentiation of the
strains is routinely performed to discriminate between BSE
and scrapie. Until now it is unclear if a co-infection with BSE
and scrapie would be detectable with the validated methods
used.

Objectives: Determination of BSE and scrapie in co-infected
transgenic mice over-expressing ovine PrP.

Methods: Transgenic mice over-expressing ovine PrP (Tgshp
IX) were i.c. inoculated with three well characterized scrapie
strains and the ovine BSE pool. At first, a simultaneous co-in-
fection was performed, using three approaches: (i) an equal
dilution (10-1) of both the scrapie strains and the ovine BSE
(ii) 10-1 diluted scrapie strains combined with 10-3 diluted
ovine BSE and (iii) a 10-3 dilution of the scrapie strains with a
10-1 dilution of ovine BSE. Secondly, a consecutive co-infec-
tion, in which scrapie (10-1) preceded BSE (10-1) by four weeks
and vice versa, was also performed. To characterise the prop-
agated strain the mouse brains were examined by histopatho-
logical and immunohistochemical (lesion profile score) as well
as biochemical (discriminatory immunoblot, the so called FLI-
test) methods. 

Results: A co-infection of Tgshp IX mice with ovine BSE and
classical scrapie isolates/strains produced phenotypes which
resembled either one or the other starting agent or a mixture
of both. The determining factor for the outcome of the in-
fection seemed to be the infectivity titre of the respective iso-
lates/strains used in the co-infection. The inoculum carrying
the higher infectivity load usually dominated the lesser infec-
tious inoculum. 

Discussion: It has to be emphasized that a discrimination of
the propagated strains in this co-infection model is not possi-
ble without knowing the characteristics of the original strains.
Future studies should focus on the question of whether both
isolates/strains propagate independently in these mice or
whether the overwhelming presence of one is inhibitory for
the other isolate/strain.
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P.4.11
Detection of subclinical CWD infection in
conventional test-negative deer long after
oral exposure to urine and feces from CWD+
deer

Nicholas Haley1, Candace Mathiason1, Mark Zabel1, Glenn
Telling2, Edward Hoover1

1Colorado State University, USA; 2University of Kentucky, USA

Background: Chronic wasting disease (CWD) of cervids is dis-
tinguished by its high level of transmissibility, wherein bodily
fluids and excretions are thought to play an important role.
Using cervid bioassay and established CWD detection meth-
ods, we have previously identified infectious prions in saliva
and blood but not urine or feces of CWD+ donors. More re-
cently, we were able to identify very low concentrations of
CWD prions in urine of deer by cervid PrP transgenic (Tg[Cer-
PrP]) mouse bioassay and serial protein misfolding cyclic am-
plification (sPMCA). 

Objectives: In these experiments, we sought to investigate
whether deer previously exposed orally to urine and feces
from CWD+ deer, while conventional test-negative, may ac-
tually be harboring very low level CWD infection, not evident
in the 19 month observation period in the previous studies. 

Methods: Brain and lymph nodes from conventional test-neg-
ative deer were reanalyzed for CWD prions by sPMCA and
cervid transgenic mouse bioassay in parallel with appropriate
tissue-matched positive and negative controls. 

Results: PrPres was detected in tissues of exposed deer by
both sPMCA and Tg[CerPrP] mouse bioassay; each assay re-
vealed very low levels of CWD prions previously undetectable
by western blot, ELISA, or IHC. 

Discussion: The finding of subclinical infection in deer orally
exposed to urine and feces (1) suggests that a prolonged sub-
clinical state can exist such that observation periods in excess
of two years may be needed to detect CWD infection and (2)
illustrates the sensitive and specific application of sPMCA in
the diagnosis of low level prion infection.

P.4.12
Activated prion infected immune cells accel-
erate the transmission of prion disease

Yael Friedman-Levi1, Haim Ovadia1, Romana Hoftberger2,
Herbert Budka2, Ruth Gabizon1

1Hadassah University Hospital, Israel; 2Medical University Vi-
enna, Austria

Background: We have previously shown that when scrapie-
infected mice were challenged with EAE, an autoimmune CNS
inflammatory insult, they succumbed to a fatal neurological
disease long before control scrapie-infected mice perished of
prion disease. Pathological and biochemical examinations did
not present accelerated accumulation of PrPSc but did reveal
uncharacteristic aggregates of PrPSc in spinal cord white mat-
ter infiltrates. 

Objectives: To test whether induction of EAE activates prions-
infected immune-cells in the spleen and lymph nodes. These
cells may carry PrPSc into the CNS directly, bypassing the “nor-
mal” neuroinvasion pathway and redirecting PrPSc to white
matter areas. 

Methods: In order to examine this hypothesis, we used an
adoptive-transfer EAE protocol. Mice infected with prions
were induced for EAE (MOG35-55) and sacrificed 9 days post
induction. Cells from spleens and lymph nodes were collect-
ed, incubated with MOG for 3 days and injected to naïve
mice. Control group of naïve mice were injected with dead
cells representing regular prions infection. 

Results: As expected, mice injected with viable scrapie in-
fected and MOG-activated immune cells showed immune-cells
infiltrates in the CNS and clinical signs of EAE (29 d.p.i). Sub-
sequently, mice in this group succumbed to progressive neu-
rological disease prior to control group injected with dead
cells. 

Discussion: Our results suggest that activated immune cells
infected with prions can cause accelerated fatal neurological
disease. These cells may cause disease by an alternative path-
way of neuroinvasion, and in addition, change the clinical pat-
tern of disease related to non conventional sites of PrPSc ac-
cumulation, such as the white matter in spinal cord. Further
experiments are required to determine the exact target of ac-
tivated and prion infected immune cells.
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P.4.13
Detection and localisation of abnormal pri-
on protein in the liver of TSE-affected sheep

Sally Everest, Andrew Ramsay, Jeremy Hawthorn, Melanie
Chaplin, Sharon Everitt, Michael Stack, Martin Jeffrey, Jo
Moore, Susan Bellworthy. Linda Terry

Veterinary Laboratories Agency, UK

Background: Transmissible spongiform encephalopathies
(TSEs) are commonly associated with the accumulation of dis-
ease-associated PrP (PrPd) in nervous and lymphoid tissues of
infected animals and humans. Following advances in diag-
nostic sensitivity PrPd and associated infectivity has been
shown in other tissues including muscle, salivary gland, mam-
mary gland, placenta and kidney, as well as blood, urine and
milk, indicating they may be potential sources for disease
spread. 

Objectives: To investigate the accumulation of PrPd in the liv-
er of scrapie infected and BSE challenged ewes. 

Methods: We have compared two immunoassays specific for
PrPd, one ligand-based and one based on Proteinase K resist-
ance for the detection of PrPd in the liver of sheep naturally
infected with scrapie and orally challenged with BSE. Assay
results were confirmed by Western blot and immunohisto-
chemistry. 

Results: We show that PrPd can be detected in the liver of
VRQ//VRQ scrapie infected sheep and ARQ/ARQ BSE-chal-
lenged sheep. PrPd was detected in the livers of all sheep
showing clinical signs and in the preclinical phase. The pres-
ence of PK-resistant PrPd was confirmed by Western blot and
IHC showed PrPd deposits in the Kupffer cells. 

Discussion: This study showed that liver from both clinical and
preclinical sheep naturally infected with scrapie and orally
challenged with BSE contained PrPd. The PrPd was localised
to isolated cells of myeloid morphology likely to be Kupffer
cells and exposure of liver to PrPd is likely to occur via the he-
patic portal vein directly from the gut, or from blood, either
in leucocytes or in plasma. Although the levels of PrPd in liv-
er are relatively low compared with brain and lymphoid tissue
these findings indicate that liver is a source of infectivity in
the absence of inflammatory lesions. Estimating the potential
risk to human health would depend on whether BSE was
transmitted to the GB sheep flock and also on whether accu-
mulation in the liver coincides with the age at which liver is
consumed.

P.4.14
Age related alterations influence the sus-
ceptibility to prion infection in mice

Dana Avrahami-Tzfati, Ruth Gabizon

Hadassah university hospital, Israel

Background: Sporadic and genetic forms of Creutzfeldt–Jakob
disease (CJD) affect mostly elderly people aged 60 to 70 years.
Nevertheless, the infectious forms of CJD, Kuru and vCJD,
present a much earlier age of onset. Although susceptibility
to infection seems to decrease with age, no apparent age-re-
lated epidemiological factor was found, that could explain this
bias. 

Objectives: To study the effect of age on prion pathogenesis. 

Methods: We inoculated young (4 weeks) and aged (16 and
24 months) C57BL/6 mice intraperitoneally with RML prions
as well as mock-inoculated age-match controls, and followed
them for clinical signs of prion disease. Disease-specific patho-
logical characteristics such as brain vacuolation and gliosis
were detected using histological and immunohistochemical
methods, and accumulation of the pathogenic isoform PrPSc
in spleen and brain was detected by western blot analysis. We
also studied the expression profile of age-related and disease-
related genes in all groups of mice, by quantitative real time
RT-PCR. 

Results: We show that prion disease incubation time is sig-
nificantly prolonged when mice are infected at older age, as
compared to mice infected at younger age. In addition, mice
infected at older age present milder brain pathology such as
gliosis and vacuolation as well as reduced PrPSc accumulation
both in the brain and in the spleen. Interestingly, we found
significant differences in the expression pattern of disease-
related genes in the brain, between mice infected at young
age and those infected at old age. 

Discussion: Our data suggest that alterations associated with
aging, such as the reduced response of pro-inflammatory and
stress-response genes to prion infection, decrease the sus-
ceptibility to prion infection, delay the disease onset, and re-
sult in milder pathology in aged mice.
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P.4.15
Cryoprecipitate components induce the sol-
ubilization of spiked prion infectivity

Tal Shoshani, Zehavit Kariv-Inbal, Michele Halimi, Ruth
Gabizon

Hadassah university hospital, Israel

Background: Transmissible spongiform encephalopathies
(TSE’s) can be transmitted via blood, therefore testing indus-
trial plasma fractionation processes for potentially pass on of
prion infectivity into plasma derivatives is essential. Since di-
rect testing of infectivity is impractical, spiking of human plas-
ma with rodent brain prions and subsequently testing for the
clearance of PrPSc into individual plasma components is used
to test the safety of such reagents. This method is based on
the assumption that the disappearance of PrPSc correlates
with the removal of prion infectivity. 

Objectives: To test the correlation between the clearance of
PrPSc and prion infectivity following the fractionation of pri-
on spiked cryoprecipitate fractions. 

Methods: Human Cryoprecipitate fractions were spiked with
microsomes prepared from prion infected hamster brain and
fractionated by several centrifugations and filtration proto-
cols. Designated fractions were tested for traces of PrPSc both
by immunoblot analysis and by prion infectivity bioassay. In
parallel, the interaction of PrPSc with cryoprecipitate compo-
nents in the presence and absence of heparin was tested.

Results: Following ultra centrifugation of the spiked cryopre-
cipitate, PrPSc was detected exclusively in the pellet fraction.
Nevertheless, the titers of prion infectivity as determined by
a bioassay, were similar in both the pellet and the supernatant
fractions. Additional data suggest that cryoprecipitate frac-
tions may solubilize trace quantities of PrPSc, an effect abol-
ished by the addition of heparin.

Discussion: Our results are consistent with previous data in-
dicating that the correlation between PrPSc and prion infec-
tivity is not necessarily quantitative and imply that high titer
prion infectivity may be transmitted by low quantities of PrP-
Sc bound to cryoprecipitate components harboring affinity to
heparin.

P.4.16
In vitro evaluation of the conversion poten-
tial of fish prion proteins

Evgenia Salta1, Sabine Gilch2, Hermann Schaetzl2,
Theodoros Sklaviadis1

1Aristotle University of Thessaloniki, Greece; 2Technische Uni-
versitaet Muenchen, Germany

Background: In transmissible spongiform encephalopathies
(TSEs) the key event in disease pathogenesis is the accumula-
tion of an abnormal conformational isoform (PrPSc) of the host-
encoded cellular prion protein (PrPC). While the precise mech-
anism of the PrPC to PrPSc conversion is not understood, it is
clear that host PrPC expression is a prerequisite for effective
infectious prion propagation. The identification of apparent
PrP orthologues in lower vertebrates, including fish, raises the
question of their susceptibility to prion diseases. While fish
PrP-like sequences do not share high homology with their
mammalian relatives, they do contain several strongly con-
served prion protein structural motifs. Although there have
been many studies on TSEs in mammalian species, little is
known about TSE pathogenesis in fish.

Objective: The aim of this study was the evaluation of the
possible conversion of recombinant fish PrP proteins into ab-
normal, PK-resistant isoforms in a scrapie-infected cellular en-
vironment.

Methods: The genes coding for sea bream (Sparus aurata) PrP-
1 and zebrafish (Danio rerio) PrP-1 and 2 were cloned into pcD-
NA3.1/Zeo(+) transfection vector and used to transfect 22L-
scrapie N2a cells. Fish PrP proteins overexpressed in cell lysates
were assayed for resistance to PK-treatment by western blot.

Results: Our results suggest that no PK-resistant isoforms are
formed following the expression of the the three fish PrP pro-
teins in the scrapie-infected cells and their intracellular incu-
bation with mouse PrPSc.

Discussion: The two zebrafish prion proteins and the PrP from
sea bream that were used in the study, although efficiently
expressed, appear not to convert into PK-resistant isoforms in
the 22L-ScN2a cells. These results are in agreement with our
in vivo findings, which suggested that no PK-resistant deposits
are formed in the brains of sea bream orally-challenged with
natural scrapie. 
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P.4.17
Effects of passage history, dose, PRNP geno-
type and age at exposure on incubation pe-
riod and attack rates in sheep orally chal-
lenged with BSE.

Stuart Martin, Susan Bellworthy, Lorenzo Gonzalez, Steve
Hawkins, Janey Witz, Martin Jeffrey

Veterinary Laboratories Agency, UK

Background: In the early part of the BSE cattle epidemic,
some UK sheep may have been exposed to feedstuffs con-
taining BSE infected tissues but ovine BSE has not yet been
detected in field case isolates of UK sheep TSEs. 

Objectives: To determine whether the BSE phenotype could
change following serial passage over time or as a result of sev-
eral other factors, a number of transmission experiments were
undertaken. 

Methods: The abundance and features of PrPd accumulation
were determined on samples of brain and viscera of 120
sheep. Data from three different experiments were pooled
and incubation periods and attack rates were assessed ac-
cording to breed (Romney, Suffolk, Cheviot, Poll Dorset),
genotype (at codons 136, 154, 171), oral dose (0.5-0.0005g),
passage history (primary, secondary, tertiary), and age at chal-
lenge (3 or 6 months) of challenge.

Results: No significant modulation of the IHC BSE phenotype
was noted either in CNS or LRS tissues, but marked variation
of incubation periods and/or attack rates was observed for
each factor tested. The presence and magnitude of PrPd ac-
cumulation within tissues showed no correlation with attack
rate or incubation period. The shortest incubation periods
were in AHQ/AHQ sheep and no disease has yet been ob-
served in those challenged with less than 0.05g. No detectable
effect was observed for sheep passage history or for the age
at challenge.

Discussion: The present results do not show a drift of the dis-
ease phenotype under controlled experimental oral challenge,
and provide some confidence that sheep BSE has not changed
over time and become undetectable against the wider ovine
TSE background. For each parameter tested, a marked varia-
tion in incubation periods was found, but this did not corre-
late with the magnitude of PrPd accumulation in brain or vis-
cera, suggesting that there is no simple linkage between PrPd
accumulation and clinical disease. 

Supported by Defra grants Se1929, Se1846, Se1945. Thanks
are due to ADAS Drayton staff for animal husbandry.

P.4.18
Uptake of variant Creutzfeldt-Jakob disease
brain material by human embryonic stem
cells in vitro

Zuzana Krejciova, Steve Pells, Enrico Cancellotti, James
Ironside, Jean Manson, Marc Turner, Paul De Sousa, Mark
Head

University of Edinburgh, UK

Recent developments in human embryonic stem cell (hESC) bi-
ology offer future therapies for a wide range of diseases.
However, both the efficacy and safety of therapeutic stem
cells require careful evaluation. The history of inadvertent pri-
on transmission by growth hormone therapy, dura mater
grafting, and now blood transfusion all indicate that it would
be prudent to examine the potential for prion infection of
stem cells, in addition to more conventional pathogens. 
We have begun this process by determining the PRNP codon
129 genotype, by restriction fragment length polymorphism
analysis, and prion protein expression levels, by Western blot
and immunocytochemistry of a series of hESC lines. We then
selected lines with different PRNP codon 129 genotypes and
challenged these cells in a relatively undifferentiated dividing
state with material derived from variant Creutzfeldt-Jakob dis-
ease brain, using material form Alzheimer disease brains as a
negative control. PrP uptake was monitored in situ by im-
munocytochemistry and confocal microscopy. 
The hESC lines were found to be broadly representative of the
population as a whole, with PRNP codon 129 methionine and
valine homozygous and heterozygous lines all identified. In
their relatively undifferentiated pluripotent state, levels of cel-
lular prion protein expression were found to be low. Im-
munocytochemistry for prion protein showed that uptake of
infectious brain material was extensive and rapid, with the
majority of cells exhibiting readily detectable intracellular pri-
on protein accumulation not seen in unexposed cells or in cells
exposed to non-Creutzfeldt-Jakob disease brain. Uptake did
not appear to depend on the cellular prion protein codon 129
genotype. 

Understanding the cell biology of this process, the metabolic
processes applied to this material and the potential for es-
tablishing true prion infection of these cells will be an impor-
tant component part of assessing the safety of therapeutic
stem cells.
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P.4.19
Tracking prion infectivity in the blood of
deer with Chronic Wasting disease

Candace Mathiason1, Jeanette Hayes-Klug1, Sheila Hays1,
Jenny Powers2, Gary Mason1, Glenn Telling3, Edward
Hoover1

1Colorado State University, USA; 2 National Park Service,
USA; 3University of Kentucky, USA

Background: The blood and saliva of deer infected with
chronic wasting disease (CWD) contain infectious prions
(Mathiason, 2006). Elucidation of the blood component(s) car-
rying prion infectivity would be valuable in understanding
CWD prion trafficking within the host and in focusing devel-
opment of antemortem assays to detect prionemia.

Objectives: The goal of these studies was to identify the
blood components principally responsible for prionemia in
CWD infection.

Methods: CD21+ B cells, CD14+ monocytes, and CD41/61+
platelets were enriched from the blood of CWD+ white-tailed
deer to >97% purity by magnetic immunoselection. Un-frac-
tionated leukocytes and cell-free plasma were also prepared.
Cohorts of n=4 CWD-naïve white-tailed deer were inoculat-
ed intravenously with each of these purified cell subsets or
with cell-free plasma or un-fractionated leukocytes from the
CWD+ donors. CWD infection status of the recipient deer was
monitored by IHC and western blotting in tonsil biopsies col-
lected at 0, 3, 6, 12, and 15 mos pi. At study termination (19
mos pi) a wider array of lymphoid and nervous system tissues
were examined for PrPCWD. Parallel bioassay studies were
conducted in cervid PrP transgenic mice using multiple routes
of inoculation and clinical disease as study endpoint. 

Results: IHC and WB analysis of tonsil biopsies and terminal
tissues revealed PrPCWD in 4/4 deer inoculated with the cell-
associated fraction of blood from CWD+ donors, while 0/4 re-
cipients of cell-free plasma from the same donors became
CWD+. Upon further analysis of the cellular fraction, PrPCWD
was detected in 4/4 deer receiving CD21+ B cells and 3/4 re-
ceiving CD41/61+ platelets, but 0/4 recipients of CD14+ mono-
cytes. All 8 positive control deer became tonsil biopsy
PrPCWD+ between 6 and 12 mos pi while all negative control
deer remained PrPCWD negative. Bioassay results in Tg[Cer-
PrP] mice closely mirrored those found in deer.

P.4.20
Limited presence of arginine-171 containing
PrP in PK resistant fraction of naturally
scrapie infected ARR/VRQ sheep

Jan Langeveld1, Jorg Jacobs1, Fred van Zijderveld1, Lucien
van Keulen1, Human Rezaeï2, Alex Bossers1

1CVI-DLO of Wageningen UR, Netherlands; 2INRA Jouy-en-
Josas, France

Background: The national scrapie control plan by selective
breeding in The Netherlands has since 1998 been aiming at
breeding with rams of the ARR/ARR prion protein (PrP) geno-
type that is expected to be effective enough to limit scrapie
as well as spread of BSE - if it were present - under natural
conditions. This has since 2008 resulted into a decreasing
prevalence of classical scrapie.

Objectives: To assess the potential risk of scrapie adaptation
to ARR PrP under natural conditions, we tried to determine
whether the ARR allele contributes to PrPSc accumulation in
naturally classical scrapie infected heterozygous VRQ/ARR an-
imals using biochemical PrP detection techniques.

Methods: We analysed brains of such heterozygous infected
sheep to see whether ARR-containing prion protein (ARR-PrP)
would be present in the proteinase K resistant PrP fraction
(PrPres), using Q171 allele dependent antibodies, recombinant
variants of ovine PrP, generation of specific proteolytic cleav-
age fragments, and with identification of the R and Q allel
containing fragment by 2D dimensional gel electrophoresis.

Results: Indeed, we have clear evidence that ARR allele con-
taining PrPres is present in varying amounts in all investigat-
ed individuals. However, this ARR PrPres fraction represents
only marginal amounts relative to the VRQ-PrPres fraction,
and is estimated to be around 1% of the total PrPres materi-
al. As forecasted from in vitro conversion assays (Bossers et al.
J Virol. 2000 74:1407-14), ARR-PrP has a definite but low ten-
dency to become converted.

Discussion: These data support that in the various (usually
older, >6 years) heterozygote VRQ/ARR animals there is a near
zero contribution of ARR to the PrPres fraction, indicating
poor (if any) adaptation of classical scrapie under natural con-
ditions. 

Acknowledgements: Dutch Ministry of Agriculture, Nature
and Food Quality and NeuroPrion EC FOOD-CT-2004-506579,
and DEFRA project SE1700.
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P.4.21
Tissue homogenate from inherited prion dis-
ease A117V is transmissible to transgenic
mice expressing PRNP 117-Valine

Emmanuel A Asante, Ian Gowland, Jacqueline M. Linehan,
Michelle Smidak, Sebastian Brandner, John Collinge

MRC Prion Unit and Department of Neurodegenerative Dis-
ease, UK

Background: Prion diseases are by definition transmissible,
but some inherited prion diseases (IPDs) including Gerstmann-
Straussler-Scheinker (GSS) disease associated with the A117V
mutation in the human prion protein gene (PRNP) have not
been shown to be transmissible experimentally. This IPD has
a diverse phenotypic spectrum, even among members of the
same family. The absence of transmission data, coupled with
the inability to detect conventional protease-resistant PrPSc
in A117V brain tissue has led to the suggestion that patho-
genesis may relate to an aberrant topological form of PrP re-
ferred to as CtmPrP. 

Objectives: To investigate the transmissibility of inherited pri-
on disease A117V in appropriate transgenic models.

Methods: We generated transgenic mice lacking murine PrP
expression but homozygous for transgenes expressing human
PrP 117V and challenged them with brain homogenates from
A117V IPD and iatrogenic and sporadic (classical) CJD patients.
Mouse brain samples were analysed by immunoblotting and
immunohistochemistry.

Results: Our data show for the first time that brain ho-
mogenates from IPD A117V patients are transmissible and can
result in clinical disease and propagation of detectable full-
length PrPSc. Although these 117V transgenic mice express
the identical protein, there remains a substantial transmission
barrier which manifests in low clinical attack rates and pro-
longed incubation periods. Classical CJD prion isolates propa-
gated readily in these mice, with the production of typical PrP-
Sc. Investigation of PrPSc produced in mice after transmission
of IPD A117V and classical CJD showed marked differences in
relative PK resistance.

Discussion: We conclude that previous difficulties in detect-
ing PrPSc from A117V patient brain relates to the propagation
of a distinct human prion strain involving a relatively unsta-
ble PrPSc conformation.

P.4.22
The effect of leucodepletion on transmission
of BSE by transfusion of sheep blood com-
ponents

Richard Alejo Blanco1, Sandra McCutcheon1, Chrisopher
De Wolf1, Boon Chin Tan1, Nora Hunter1,Valerie Hornsey2,
Christopher Prowse2, Marc Turner2, Fiona Houston3, Jean
Manson1

1The Roslin Institute and R (D) SVS, University of Edinburgh,
UK; 2Scottish National Blood Transfusion Service, UK; 3Uni-
versity of Glasgow, UK

In humans affected with vCJD, there is an expansion and dis-
semination of infectious material within the lymphoreticular
system. To date, there have been 4 probable cases of vCJD at-
tributable to infectivity arising from transfusion of blood or
blood products. Previously, we have shown that BSE-infected
sheep blood is transmissible to naive recipients. This experi-
mental system thereby provides a unique model, suitable to
assess the risk of vCJD being transmitted in humans follow-
ing blood transfusion.

Objectives:

• To prepare the different blood components to the same
specificity and within parameter boundaries as those
achieved by the UK Blood Transfusion Service 

• To examine the efficacy of leucoreduction on the transmis-
sion of BSE infectivity by transfusion of various sheep blood
components

• To establish which blood components are able to transmit
infectivity.

We have undertaken a series of blood transfusions of leu-
coreduced and non-leucoreduced blood components (using
methods and specifications similar to those employed by the
blood transfusion services) to assess the distribution of BSE in-
fectivity within both orally-dosed donors and transfused re-
cipients. Westerns were carried out on PK and NaPTA precip-
itated brain homogenates. Detection of PK-resistant PrPSc was
conducted using ‘in-house’ generated monoclonal antibodies
raised to recombinant sheep prion protein. 

Within this study, we have performed over 250 blood trans-
fusions. In addition to data on infectivity we have also exam-
ined the brain and peripheral tissues for the expression of PrP-
Sc. At terminal disease, our analyses have shown that PrPSc
deposition occurs throughout the brain and can also be de-
tected in lymphoid organs such as the spleen and peripheral
lymph nodes.

Our current data shows that whole blood, buffy coat and plas-
ma (from BSE blood donors) can transmit infection to recipi-
ents. As yet no sheep that have received leucoreduced com-
ponents have succumbed to infection. 

DoH:007/0162
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P.4.23
Transmission of atypical BSE in humanized
mouse models

Liuting Qing1, Wenquan Zou1, Cristina Casalone2, Martin
Groschup3, Miroslaw Polak4, Maria Caramelli2, Pierluigi
Gambetti1, Juergen Richt5, Qingzhong Kong1

1Case Western Reserve University, USA; 2Instituto Zooprofi-
lattico Sperimentale, Italy; 3Friedrich-Loeffler-Institut, Ger-
many; 4National Veterinary Research Institute, Poland;
5Kansas State University (Previously at USDA National Ani-
mal Disease Center), USA

Background: Classical BSE is a world-wide prion disease in cat-
tle, and the classical BSE strain (BSE-C) has led to over 200 cas-
es of clinical human infection (variant CJD). Atypical BSE cas-
es have been discovered in three continents since 2004; they
include the L-type (also named BASE), the H-type, and the first
reported case of naturally occurring BSE with mutated bovine
PRNP (termed BSE-M). The public health risks posed by atypi-
cal BSE were largely undefined. 

Objectives: To investigate these atypical BSE types in terms
of their transmissibility and phenotypes in humanized mice. 

Methods: Transgenic mice expressing human PrP were inoc-
ulated with several classical (C-type) and atypical (L-, H-, or M-
type) BSE isolates, and the transmission rate, incubation time,
characteristics and distribution of PrPSc, symptoms, and
histopathology were or will be examined and compared. 

Results: Sixty percent of BASE-inoculated humanized mice be-
came infected with minimal spongiosis and an average incu-
bation time of 20-22 months, whereas only one of the C-type
BSE-inoculated mice developed prion disease after more than
2 years. Protease-resistant PrPSc in BASE-infected humanized
Tg mouse brains was biochemically different from bovine
BASE or sCJD. PrPSc was also detected in the spleen of 22%
of BASE-infected humanized mice, but not in those infected
with sCJD. Secondary transmission of BASE in the humanized
mice led to a small reduction in incubation time. The atypical
BSE-H strain is also transmissible with distinct phenotypes in
the humanized mice, but no BSE-M transmission has been ob-
served so far. 

Discussion: Our results demonstrate that BASE is more viru-
lent than classical BSE, has a lymphotropic phenotype, and dis-
plays a modest transmission barrier in our humanized mice.
BSE-H is also transmissible in our humanized Tg mice. The pos-
sibility of more than two atypical BSE strains will be discussed.
Supported by NINDS NS052319, NIA AG14359, and NIH AI
77774.

P.4.24
Recycling of PrPSc via retrograde transport
pathway from endosome to TGN in Neuro2a
mouse neuroblastoma cells

Takeshi Yamasaki, Satoshi Nakamitsu, Akio Suzuki, Mo-
tohiro Horiuchi

Graduate School of Veterinary Medicine, Hokkaido Universi-
ty, Japan

Background: While propagation of prion in neurons is be-
lieved to be tightly associated with neuronal degeneration in
central nervous system on prion diseases, the molecular mech-
anisms of prion propagation have not been fully understood
yet. 

Objectives: To clarify the mechanisms of prion propagation
in cells, we analyzed the intracellular localization of PrPSc.

Methods: Subclone of Neuro2a mouse neuroblastoma cells
that was persistently infected with 22L strain, was used. To
detect PrPSc with an indirect immunofluorescence assay, cells
were pretreated with guanidinium thiocyanate and stained
with anti-PrP mouse monoclonal antibodies (mAbs). For the
analysis of the intracellular localization of PrPSc, double stain-
ing was performed with following organelle markers: PDI, Gi-
antin, Tgn38, Rab5, Rab7, Lamp1 and Shiga toxin subunit B
(StxB).

Results: PrPSc could be specifically detected by using mAb132
that recognizes the region adjacent to the most amyloidgenic
region of PrP. As a result of the double staining, the granular
staining of PrPSc was found at perinuclear regions juxtaposed
to trans-Golgi network (TGN). The PrPSc was co-localized with
StxB that is known to be transported to TGN via retrograde
transport pathway. The perinuclear PrPSc disappeared by the
introduction of siRNA against a component of machinery as-
sociated with retrograde transport from endosome to TGN.
When the cells were cultured at 20,C to prevent the retro-
grade transport, PrPSc was scattered to cytoplasm, however,
PrPSc signals returned to perinuclear regions 30 min after
transferring the cells to 37,C. Interestingly, the returned PrP-
Sc signals disappeared from perinuclear regions after the ad-
ditional 30 min incubation at 37,C and appeared again after
the subsequent 60 min incubation.

Discussion: These results suggest that PrPSc is recycled be-
tween plasma membrane and the perinuclear regions, and
propose an idea that retrograde transport from endosome to
TGN may be involved in recycling of PrPSc.
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P.4.25
Human susceptibility to atypical scrapie

Chris Plinston, Rona Barron, Nora Hunter

The Roslin Institute and R(D)SVS, University of Edinburgh,
UK

Background: Isolates of classical sheep scrapie are thought to
pose little risk to humans as there have been no documented
links between presence of sheep scrapie and the development
of human TSE disease. However, the link between BSE and the
development of vCJD in humans proves that a risk does exist
from ruminant TSE disease, and therefore all new ruminant
TSEs may potentially be transmissible to humans. Due to in-
creased sensitivity of TSE diagnostic assay systems, a new TSE
of sheep termed ‘atypical scrapie’ has been identified. This dis-
ease has been difficult to identify, and is found mainly in
sheep which are previously thought to have a genetic make-
up that made them resistant to scrapie. It is unclear whether
this is a new TSE of sheep, an old disease which has only been
identified through increased surveillance, or if it represents
the phenotype of classical scrapie in so called ‘resistant’ sheep
PrP genotypes. 

Objectives: The objective of the study is to assess relative
transmissibility of atypical scrapie isolates to humans and the
associated risk to the population.

Methods: In order to determine whether atypical scrapie pos-
es a risk to human health we have transmitted isolates from
three different sheep PrP genotypes to our gene targeted
transgenic mice which express human PrP with the M129V
polymorphism known to be important in human susceptibili-
ty to disease. Mice of all three PrP genotypes have been inoc-
ulated intracerebrally with atypical scrapie isolates.

Discussion: In order to prevent the emergence of a new hu-
man TSE, we need to be able to assess the risk to humans
from new emerging TSEs in livestock. The study of atypical
scrapie infection in these transgenic lines could therefore pro-
vide important information on the host range and disease
characteristics associated with such isolates. Preventative
measures could then be put in place before this disease gives
rise to another human disease variant and an underlying lev-
el of infection in the population.

P.4.26
Aerosol and intranasal transmission of CWD

Nathaniel Denkers1, Glenn Telling2, Edward Hoover1

1Colorado State University, USA; 2University of Kentucky, USA

Background: Little is known regarding the potential risk
posed by aerosolized prions. Chronic wasting disease (CWD)
prions are present in saliva and urine of infected animals and
it is clearly established that CWD is transmitted horizontally,
almost surely by mucosal exposure. However, the potential
transmissibility of CWD by aerosol or nasal routes is not
known. 

Objectives: The present study was therefore designed to de-
termine whether CWD prions are transmissible by these routes
of exposure using the cervid PrP transgenic mouse model of
CWD infection.

Methods: FVB mice transgenically expressing the normal
cervid PrPC protein [Tg(cerPrP) mice] were exposed to CWD
prions by either nose-only exposure to an aerosol generated
by nebulizing 0.5 ml of a 5% w/v CWD+ brain homogenate or
10μl of a 10% w/v CWD+ brain homogenate by dropwise in-
stillation into the nostrils. Mice were monitored for signs of
clinical disease for up to 755 days post inoculation (dpi). Nasal
mucosa, vomeronasal organ, lymphoid tissue, and the brain
were assessed for PrPCWD by western blotting and immuno-
histochemistry.

Results: Six of 7 aerosol-exposed Tg(cerPrP) mice developed
clinical signs of neurologic dysfunction between 411 and 749
dpi mandating euthanasia. In all symptomatic mice CWD in-
fection was confirmed by histopathologic lesions and detec-
tion of PrPCWD within the brain. Two of 9 IN-inoculated
Tg(cerPrP) mice also developed TSE between 417 and 755 dpi,
again confirmed by PrPCWD detection within the brain. No
evidence of PrPCWD was detected in any Tg(cerPrP) mice ex-
amined at any of the pre-terminal time points.

Discussion: CWD is transmissible by aerosol as well as in-
tranasal exposure¯potentially implicating exposure via the
respiratory system in CWD and potentially other prion dis-
eases. Studies examining very early post-inoculation sampling
intervals (1 and 4 hours) are in progress in an attempt to de-
termine initial prion targeting and entry portals.
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P.4.27
Minor oral lesions facilitate CWD infection

Nathaniel Denkers1, Glenn Telling2, Edward Hoover1

1Colorado State University, USA; 2University of Kentucky, USA

Background: While the exact mechanisms of chronic wasting
disease (CWD) prion transmission, entry, and trafficking re-
main incompletely elucidated, transmission by exposure of the
oral and/or nasal mucous membranes seems certain. As part
of foraging, cervids likely experience minor lesions in the oral
mucous membranes; these could have impact on susceptibil-
ity to prion entry and subsequent infection. 

Objectives: To explore this potential co-factor, we used cervid
PrP transgenic mice to assess whether or not micro-abrasions
to the tongue may enhance susceptibility to oral CWD infec-
tion.

Methods: Two sets of FVB mice transgenically expressing the
normal cervid PrPC protein [Tg(cerPrP) mice], with or without
abrasions on the lingual mucosa, were inoculated orally with
10μl of a 10% w/v brain homogenate from either CWD-posi-
tive or negative deer. Abrasions were created by lightly
scratching the dorsal lingual epithelium with a 30g needle. Co-
horts were sacrificed at 1, 2, 12, 52, 78, and 104 weeks post
inoculation (pi) or when signs of neurologic disease were ob-
served. Tongue, lymphoid tissue, and the brain were assessed
by western blotting and immunohistochemistry to detect the
CWD abnormal prion protein (PrPCWD).

Results: Between 296 and 430 dpi, 8 of the 9 CWD-inoculat-
ed mice with lingual lesions developed clinical signs of neu-
rologic dysfunction mandating euthanasia. The brains of all 8
mice were positive by western blot and immunohistochem-
istry for PrPCWD. Conversely, all mice without oral lesions re-
main asymptomatic at >450 dpi. No evidence of PrPCWD was
detected in any Tg(cerPrP) mice examined at any of the pre-
terminal time points.

Discussion: Micro-abrasions to the lingual surface substan-
tially facilitate CWD transmission, suggesting a co-factor that
may be significant in foraging cervids or other species. Earlier
post-inoculation sampling intervals (1 and 4 hours) are in
progress in an attempt to determine when and where
PrPCWD might be detectable after oral mucosal exposure.

P.4.28
PrPsc is associated with a subset of blood
leucocytes in scrapie infected sheep

Jane Edwards, Sue Bellworthy, Hugh Simmons, Linda Ter-
ry

Veterinary Laboratories Agency, UK

Background: Prion infectivity is present in the blood of sheep
with scrapie and BSE (Houston et al 2000,2008; Hunter et al
2002) as demonstrated by transfusion studies. Using two dif-
ferent approaches, we have recently shown that PrPsc is as-
sociated with peripheral blood mononuclear cells (PBMCs) iso-
lated from scrapie infected sheep (Thorne and Terry 2008; Ter-
ry et al submitted) however; the cell subset(s) that harbour
PrPsc is yet to be identified. 

Objectives: To determine the subset of PBMCs associated
with PrPsc in scrapie infected sheep.

Methods: Cell subset specific antibodies combined with mag-
netic beads (MACs) were used to isolate various sub-popula-
tions of blood cells. PrPsc associated with each subset was es-
tablished using a highly sensitive and rapid plate based im-
muno-assay.

Results: PrPsc is specifically and consistently associated with
a subset of PBMCs from sheep naturally infected with scrapie
and orally challenged with BSE. This has been repeated in an-
imals showing clinical signs of disease and during the pre-
symptomatic phase of infection. Antibodies directed to the
four distinct but overlapping markers expressed on the sur-
face of this identified cell population have been employed for
cell enrichment and have all shown to concentrate PrPsc as-
sociated cells. Cells that do not express these markers are PrP-
sc negative.

Discussion: We have identified a population of PBMCs that is
associated with PrPsc in the blood of scrapie and BSE infect-
ed sheep. It is unclear, how or where these cells acquire PrP-
sc, and whether they are important in the dissemination of
PrPsc throughout the lymphoreticular system. Various mark-
ers including integrins and selectins are important in the hom-
ing and trafficking of leucocytes from the blood to lymphoid
tissue. Current work aims to determine the expression of
these markers on the identified cell population.
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P.4.29
Effects of scrapie brain homogenates on the
small intestine of isolated gut loops: an ul-
trastructural study

Caroline Piercey Akesson1, Gillian McGovern2, Mark Da-
gleish3, Arild Espenes1, Charles McL Press1, Thor
Landsverk1, Martin Jeffrey2

1Norwegian School of Veterinary Science, Norway; 2Veterinary
Laboratories Agency (VLA-Lasswade), UK; 3Moredun Re-
search Institute, UK

Background: In naturally occurring TSEs of sheep, deer and
cattle amplification of infectivity is often first detected in Pey-
er’s patches (PPs) of the small intestine. Although these data
suggest that infection is acquired via the oral route it remains
unknown precisely how infectivity reaches this site and how
it affects the structure of PPs. 

Objectives: To try to understand how infection reaches PPs
and the effects of scrapie on the structure of intestinal lym-
phoid follicles we have examined scrapie challenged intestin-
al loops at early stages of exposure and late stages of disease. 

Methods: Isolated intestinal loops were created in 4 month
old lambs and challenged with a scrapie brain homogenate or
given sucrose as a control. Tissues were taken at 15 minutes,
2 hr, 24 hr, 3-5-10-30 days post exposure and at terminal dis-
ease (20-24 months). Samples of PPs were prepared for ex-
amination by light and electron microscopy and selected sam-
ples labeled at light microscopy for PrPd and MHCII and by im-
munogold for PrPd, ubiquitin and immunoglobulins. 

Results: By light microscopy, PrPd was not detected in PPs
from 15 min-10 days. Weak PrPd was present in follicles at 30
days and abundantly in dome and follicles of PPs at terminal
disease. The light zone of PP follicles showed morphological
variation. At terminal stages of disease, the size and number
of FDC dendrites and the abundance of extracellular dense
material were greater than at earlier stages. This material was
labeled for PrPd by immunogold methods. 

Discussion: The present results do not show significant mor-
phological changes to PPs prior to 30 days of challenge. How-
ever morphological changes to PPs are found at late stages of
disease and in relation to secondary follicles of other lymphoid
tissues. We cannot exclude the possibility that infectivity
reaches the PPs via the blood.

P.4.30
Trafficking of prion proteins via retroviral
particles/exosomes

Susanne Krasemann1, Stephanie Wurr1, Melanie Neu-
mann1, Carol Stocking2, Markus Glatzel1

1University of Hamburg-Eppendorf (UKE), Germany; 2Hein-
rich Pette Institute, Germany

Background: In prion diseases, pathological changes mainly
occur in neuronal tissues, but deposits of PrPSc have been de-
tected in non-neuronal compartments such as lymphoreticu-
lar system and muscle. Potential trafficking of PrPSc to and
from the periphery to the central nervous system either with-
in one cell or between different cell types remain obscure. Re-
cently the transfer of PrP via nanotubes, as well as retroviral
particles and exosomes has been shown in vitro. 

Objectives: During retroviral budding, retroviral particles are
enveloped by cellular membrane thereby possibly carrying
PrPC and PrPSc on their surface. To elucidated the role of
retroviral particles in prion protein trafficking we investigat-
ed in vitro and in vivo models for retroviral superinfection of
prion diseases. 

Methods: We first determined the release of PrPC and PrPSc
via virus particles and exosomes after acute retroviral infec-
tion in cell culture. In our experiments we could demonstrate
enhanced shedding of PrPC by viral particles. In contrast, the
release of PrPC associated with exosomes was not changed in
our system. 

Results: To elucidate the impact of retroviral superinfection
on prion disease pathophysiology, we established an in vivo
model for prion/retroviral double infection. Mice were shown
to have persistent viremia, but no retrovirus associated dis-
ease within the incubation time of prion diseases (>220 days).
RML-prion proteins were inoculated either intraperitoneally
or intracerebrally and mice were taken at defined time points.
The results of our study will be presented focussing on clini-
cal disease evolution and temporospatial analysis of PrPSc. 

Discussion: The investigation of prion protein-retroviral dou-
ble infection will help to determine co-factors for disese pro-
gression as well as potential risk factors for prion protein
transmission.
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P.4.31
Prion infectivity in milk from ARQ/ARQ
sheep experimentally infected with Scrapie
and MAEDI-VISNA virus

Ciriaco Ligios1, Maria Giovanna Cancedda1, Antonello
Carta2, Cinzia Santucciu1 Caterina Maestrale1, Francesca
Demontis1, Sonia Attene1, Maria Giovanna Tilocca1, Cris-
tiana Patta1, Massimo Basagni5, Paola Melis1, James C. De-
Martini3, Christina Sigurdson4

1Istituto Zooprofilattico Sperimentale della Sardegna, Italy; 2Re-
search Unit: Genetics and Biotechnology, DIRPA, AGRIS Sar-
dinia, Italy; 3Department of Microbiology, Immunology, and
Pathology, Colorado State University, Fort Collins, CO, USA;
4Department of Pathology, School of Medicine, University of
California San Diego, USA; 5Prion Diagnostica Rho, Italy

Background: Scrapie in sheep is characterized by the deposi-
tion of misfolded and aggregated prion protein (PrPSc) in the
central nervous system (CNS) and within the lymphoreticular
system (LRS). PrPSc was shown to accumulate in organs be-
yond the CNS and the LRS when lymphofollicular or granulo-
matous inflammation was also present. 

Objectives: Our aim was to determine whether ectopic PrPSc
accumulation in the inflamed mammary gland of sheep with
scrapie results in infectious prion secretion into the milk. 

Methods: We fed approximately 1.1 - 2.1 L of milk from sheep
with lymphofollicular mastitis and clinical scrapie to each of 8
ARQ/ARQ lambs derived from scrapie-free flocks. The milk
donor sheep had been previously inoculated with Maedi-Vis-
na virus (MVV) intratracheally and intravenously and scrapie
brain homogenate orally. In addition, 3 ARQ/ARQ lambs were
fed approximately 1.4 – 1.7 L of milk from ARQ/ARQ sheep
that had been experimentally infected with only scrapie. Ad-
ditional control ARQ/ARQ lambs were inoculated with scrapie
brain homogenate only, or with milk from uninfected sheep. 

Results: Two lambs which had received milk from sheep with
mastitis and scrapie developed clinical signs of scrapie at 677
and 745 days post-inoculation. One additional clinically
healthy lamb from this group, which was sacrificed for a cause
unrelated to scrapie, was found to have PrPSc in brain and
tonsil. The control lambs and those which received milk from
sheep affected only with scrapie are, to date, clinically healthy. 

Discussion: This is the first evidence of clinical scrapie in sheep
fed milk from scrapie sick sheep. The experiment is ongoing,
however these preliminary results indicate that milk and/or
colostrum from ARQ/ARQ sheep with clinical scrapie and lym-
phofollicular mastitis could contribute to scrapie transmission.

P.4.32
Prional origin hypothesis for cardiac amyloi-
dosis in indian population

Nilesh Bansode

University of Pune, India

Discussion: Cardiovascular diseases (CVDs) will overtake com-
municable diseases as leading killers in India by 2020. Cardiac
amyloidosis is a chronic, progressive and fatal restrictive car-
diomyopathy accounting for nearly 10% of non-ischemic car-
diomyopathies, which leads to sudden cardiac deaths.
Though, cardiac amyloidosis has multiple etiologies, prion as-
sociated cardiac amyloid disease is a newer facet of prion
pathobiology, as indicated recently by some animal experi-
ments. This extra neural manifestation of prion pathogenesis
may have specific consequence over the prevalence of cardiac
amyloidosis in Indian population, as Sheep brain Rabies vac-
cine (SbRv) was extensively used for control of human rabies
in later half of the last century. Scrapie, a classical prion dis-
ease of sheep was reported in the Kumaon foothills of Hi-
malayas during the early 1960s, where the Central Research
Institute is located, which produced 4-5 million doses of SbRv
for years and contributed significantly in controlling the hu-
man rabies. Human rabies continued to be endemic to India
and males under the age of fourteen years are the major vic-
tims of dog bite and hence were effectively protected by
SbRv. Thus, I put forward the hypothesis that, some of these
victims might have acquired prion infection through SbRv re-
sulting into development of cardiac amyloidosis in later stage
of life after incubating prions for many years. Therefore, car-
diac amyloidosis in those victims can be of prion origin. Hence,
epidemic of acute cardiac death in young male Indian popu-
lation in the last 25-30 years possibly be correlated with child-
hood history of dog bite followed by immunization with SbRv.
Further, longer incubation period of prion infection and high-
er incidence of cardiac amyloidosis in males signifies causa-
tion. The association needs to be exposed more precisely with
detailed investigations to establish conclusive link, which will
allow earlier diagnosis for better results of therapeutic inter-
ventions.
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P.4.33
Effect of route of inoculation and cell wash-
es on TSE blood infectivity titers

Luisa Gregori1, Robert Rohwer2

1Food and Drug Administration, USA; 2VA Medical Center,
University of Maryland, USA

Background: In numerous titrations of endogenous infectivi-
ty in whole blood (WB) in the scrapie hamster model we have
titered the blood by intracerebral inoculation (IC) immediate-
ly following intense sonication to disperse the infectivity. En-
dogenous WB infectivity measured this way is distributed
roughly equally between the cellular and plasma compart-
ments. Incidental observations in our laboratory suggested
that intact WB might have a lower effective titer due to com-
partmentalization of the infectivity into cells and that this cell
association might be tenuous. 

Objectives:

1. Assess effect of dispersion on the titer of TSE infectivity in-
oculated IC vs IV. 

2. Assess effect of cell washes on cell-associated infectivity.

Methods: A pool of endogenously infected WB was collected
from hamsters clinically ill with the 263K strain of scrapie. WB
was inoculated IC and IV either intact or dispersed by sonica-
tion. Buffy coat cells (BC) were titered before and after the
washing with a large excess of buffered saline. RBC were
titered before and after separation from the other cellular
components by centrifugation. Cellular compositions were de-
termined with a hamster-calibrated cell counter. Surviving an-
imals were observed for 18 months and all brains tested by
Western blot. 

Results: The IC infectivity titer of dispersed WB was twice that
of intact WB and the titer dropped ~ 50-fold when the blood
was inoculated IV. Washed BC cells lost most of the infectivi-
ty even though the cell composition did not change. Separat-
ed RBC lost ~1 log10 of infectivity while the RBC recovery was
almost 90%. 

Discussion: These results confirmed preliminary indications of
reduced titer of intact vs. lysed WB and IV versus IC transmis-
sions. Cell-associated infectivity is not tightly bound to the
cells and is removed with washes. This observation has prac-
tical applications and also warns that cell-associated infectiv-
ity released into plasma would render leukoreduction less ef-
fective in reducing TSE risk.

P.4.34
BSE in hamsters: An animal model lacking
PrPSc accumulation in lymphoid tissues

Takashi Yokoyama, Yujing Shu, Kentaro Masujin, Hi-
royuki Okada, Yoshifumi Iwamaru, Morikazu Imamura,
Yuichi Matsuura, Shirou Mohri

National Institute of Animal Health, Japan

Background: Strain- and host-specific pathogenesis are
known to occur in prion diseases. In bovine spongiform en-
cephalopathy (BSE)-affected cows, the accumulation of the
abnormal isoform of the prion protein (PrPSc) is almost limit-
ed to the central nerve system (CNS). However, when the BSE
prion was passaged to mice, PrPSc could be detected from
CNS, and lymphoid tissues. Consequently, there are no good
animal models for mimicking BSE cattle pathogenesis.

Objectives: In this study, we attempted to establish a new ex-
perimental animal model for studying BSE pathogenesis. 

Methods: BSE prions are not transmitted to hamsters. How-
ever, the mouse-passaged prions showed altered species sus-
ceptibility and gained transmissibility to hamsters. Then, these
altered prions were passaged to hamster-PrP-overexpressing
transgenic mice and then intracerebrally inoculated into ham-
sters. The affected hamsters showed neurological clinical signs
after an incubation period of 349.5 ± 6.6 days. The brains of
these hamsters were used as the inocula (BSE/Ha) in a patho-
genesis study. 

Results: The BSE/Ha prions were intraperitoneally inoculated
into hamsters, and the incubation period of the prion was
492.6 ± 82.3 days. PrPSc was detected from all the affected-
hamster brains, but rare PrPSc accumulation in spleen was
confirmed by western blotting. In all the examined tissues,
PrPSc was detected only from the brain in one hamster, which
may represent the BSE cattle pathogenesis. 

Discussion: The resistant animal-adapted prion may mimic the
CNS-limited prion pathogenesis. We are presently conducting
further time-course studies using orally challenged hamsters
to evaluate the usefulness of this rodent model.
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P.4.35
Improvement of neural stem cell model for
prion propagation

Karine Delmouly, Danielle Casanova, Sylvain Lehmann,
Ollivier Milhavet

CNRS, UPR 1142, France

Background: The pathogenic isoform prion protein (PrPSc)
plays a central role in the transmission of prion diseases. PrP-
Sc is produced by conversion of the physiological isoform of
the prion protein (PrPC) which is essential for the pathogen-
esis of prion diseases. Accumulation of PrPSc in the central
nervous system leads to neurodegeneration with neuronal cell
death and gliosis. PrPC is cleaved during its normal processing
between residues 111/112 (PrPalpha cleavage), generating an
amino-terminal fragment referred to as N1 and its carboxy-
terminal named C1, whereas PrPSc, is cleaved at an alternate
site around position 90, yielding N2/C2 (PrPbeta cleavage). 

Objectives: The cellular requirement for the conversion of
PrPC, strain specificity and propagation of PrPSc are still un-
clear. To address these questions and investigate the molec-
ular basis of prion diseases, it is a necessity to find new cell
culture model or improve those already existent. We described
that, after differentiation, neural stem cells (NSCs) from the
central nervous system are able to convert the cellular isoform
of the prion protein into its pathologic scrapie isoform in cell
culture.

Methods: Thus, using cells obtained from wild type or trans-
genic animals, we have pursue our investigations to optimize
and characterize this model based on the hypothesis that
changing culture conditions by modifying a given factor or a
combination of factors could modulate PrPSc production in
NSCs.

Results: The first results showed that those supplements act
on differentiation of NSC and can facilitate prion propagation
and increase PrPSc production when they are added to the cul-
ture medium. We are currently investigating the cellular mech-
anism underlying this phenomenon, including modification of
PrP cleavage and intracellular signaling pathway.

Discussion: These experiments will add efficiently to our un-
derstanding of prion diseases and more importantly allow us
to develop more powerful models.

P.4.36
Prolonged incubation time in sheep with
QK171 genotype

Justin Greenlee, Eric Nicholson, Robert Kunkle, Amir
Hamir

National Animal Disease Center, USDA, Agricultural Research
Service, USA

Background: Sheep scrapie susceptibility or resistance is a
function of genotype with polymorphisms at codon 171 play-
ing a major role. Glutamine (Q) at 171 contributes to scrapie
susceptibility while arginine (R) is associated with resistance.
In some breeds, lysine (K) occurs at 171, but its affect on
scrapie resistance has not been studied. 

Objectives: Charge and structural similarities between K and
R would suggest that they may contribute to prion disease
susceptibility in a similar way, but studies have not been done
to confirm this. The purpose of this study was to determine
and compare susceptibility of sheep with QQ171 and QK171
genotypes. 

Methods: We inoculated Barbado sheep ARQ/ARQ and
ARK/ARQ with scrapie (NADC 13-7) by intracerebral inocula-
tion to assess the susceptibility of these sheep to scrapie. Af-
ter inoculation, sheep were observed daily for clinical signs
and were euthanized and necropsied after clinical signs were
unequivocal. Tissues were collected at necropsy for immuno-
histochemistry and western blot. 

Results: QQ171 sheep had clinical signs an average of 12
months after inoculation whereas QK animals had an incuba-
tion time of 30 months to average onset of clinical signs. The
distribution of PrPSc was similar in QQ171 and QK171 sheep. 

Discussion: Sheep with a single K allele at 171 are susceptible
to scrapie, but with a prolonged incubation time. Studies are
underway to determine the relative susceptibility or resistance
of sheep with KK171.
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P.4.37
PET Blot versus IHC and WB labelling in a se-
lection of tissues from sheep naturally in-
fected with scrapie

Samantha L. Eaton1, Philip J. Steele1, Silvia Siso2, Mark P.
Dagleish1, Jeanie Finlayson1, Scott Hamilton1, Hugh W.
Reid1, Yvonne Pang1, Martin Jeffrey2, Francesca Chianini1

1Moredun Research Institute, UK; 2VLA Lasswade, UK

Background: Certain TSEs can cross the species barrier with
relative ease resulting in infection in susceptible recipients.
This phenomenon was highlighted by the BSE epidemic in the
1990’s which resulted in changes in legislation for abattoirs
and the exclusion of “high risk” materials, such as the central
nervous system (CNS), from entering any food chain. Howev-
er, other tissues deemed to be “low risk”, such as lymph
nodes and kidneys, have since been proven to be both posi-
tive for the disease associated form of prion protein (PrPd) and
infectivity. The PET blot technique is an intermediary test be-
tween western blotting (WB) and immunohistochemistry (IHC)
that detects proteinase K resistant prion protein (PrPres) with-
in tissues. 

Objectives: To compare IHC and WB with PET blot labelling
in brain, lymph nodes and kidneys from sheep naturally in-
fected with scrapie. 

Methods: Four Suffolk sheep (ARQ/ARQ) naturally and clini-
cally affected, were euthanised identical to slaughter house
methods (electrocution followed by exsanguination). Select-
ed tissues were sampled (brain, kidney and prescapular lymph
node) and PET blots and IHC labelling were employed using
monoclonal antibodies SAF84 and R145 respectively. 

Results: Detection of PrPres and PrPd in CNS tissue demon-
strated a high degree of homogeneity between the PET blot
and IHC labelling. In contrast, the labelling of PrPres in
prescapular lymph nodes by PET blot does not directly corre-
late with accumulation of PrPd detected using IHC methods.
Furthermore, interpretation of the kidney labelling has proven
problematic when using the PET blots due to non-specific
background labelling. 

Discussion: Our investigations have shown a distinct correla-
tion between IHC and PET blots in CNS tissue. However, this
is not apparent in LRS tissues with fewer positive follicles de-
tected using PET blots. This result may be due to the fact PrPd
visualised by IHC comprises of both PK-resistant and some
non-resistant isoforms.

P.4.38
Quantitative assessment of PrPd in placen-
tomes from a pregnant sheep

Jeanie Finlayson, Mark Dagleish, Scott Hamilton, Saman-
tha Eaton, Philip Steele, Yvonne Pang, Julio Benavides-Sil-
van, Francesca Chianini

Moredun Research Institute, UK

Background: Accumulation of the abnormal form of prion
protein (PrPd) within the placenta of scrapie infected sheep is
dependant on polymorphisms in the PrP genotype. In Suffolk
sheep, only ewes with genotypes that are susceptible to
scrapie (ARQ/ARQ) and carrying susceptible lambs are affect-
ed. Transmission of scrapie is thought to occur during the
lambing period via infected placental tissues. However, there
is little information on the amount of potential PrPd contam-
ination of the environment during this period. 

Objectives: To assess and quantify the amount of PrPd in
every individual placentome collected from a pregnant sheep
by immunohistochemistry and digital imaging. 

Methods: The placenta from an ARQ/ARQ RAMALT biopsy
positive pregnant sheep was perfused with 1M PBS contain-
ing 0.05M EDTA, pH 7.4 by cannulation of the middle uterine
arteries and umbilical vessels. The ewe contained two foetus-
es (F1 and F2, 39 and 42 placentomes respectively) and all pla-
centomes were fixed in buffered formalin and processed by
routine methods prior to embedding in paraffin wax. Tissue
sections were subjected to antigen retrieval by autoclaving in
citrate buffer, R145 used as the primary antibody and the ABC
method (Vector Laboratories) was used to visualise bound pri-
mary antibody with a red substrate to aid digital analysis. PrPd
was measured using an acetate grid placed under the micro-
scope slide and in each grid square where labelling was pres-
ent an image was captured using analySIS® software. The
percentage of area labelled compared to the whole placen-
tome was then calculated using Image J public domain soft-
ware. 

Results: Every placentome contained positive labelling for
PrPd. However, the amount in each was highly variable. 

Discussion: These findings show the placenta is a source of
contamination of the environment with PrPd during the lamb-
ing season and may be the source of infection leading to lat-
eral transmission. This technique should be considered for use
where the amount of PrPd within tissues requires relative
quantitation.
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P.4.39
Transgenic mice brains can efficiently be
used to measure species-barriers in vitro by
PMCA

Danielle Padilla1, Jan Priem2, Alberto Miranda1, Juan
María Torres1, Alex Bossers2

1Centro de Investigación en Sanidad Animal (CISA-INIA),
Valdeolmos, Madrid, Spain; 2Central Veterinary Institute of
Wageningen UR located in Lelystad. PO box 65, 8200AB
Lelystad, Netherlands

Background: Results from bovine and porcine transgenic mice
bioassays demonstrate an increased virulence of sheep-BSE
compared to the original cattle-BSE isolate. The protein mis-
folding cyclic amplification reaction (PMCA) has been used in
diverse studies oriented to a better understanding of the un-
derlying molecular mechanism of TSE agent replication, the
existence of TSE strain variation, and to explain intra-and in-
ter-species transmission of prion diseases. 

Objectives: The work presented here was focussed to assess
the usability of transgenic mice brains as substrates in PMCA
reactions. We compared the In vivo and In vitro (PMCA) repli-
cation of prions of different ovine and bovine TSE isolates us-
ing as substrate PrPC preparations obtained from transgenic
mice over-expressing bovine and porcine PrP. 

Methods: Bovine (Tg110) and porcine (Tg001) transgenic mice
brain homogenates were prepared following standards pro-
tocols and under PMCA conditions mixed with minimal
amounts of PrPres from a panel of ovine and bovine prions. 

Results: In general, using Tg110 mice PrPC as substrate, con-
version ratios were higher for the BSE in Sheep isolates than
for the cattle BSE isolates. In contrast, as expected the con-
version ratios of different sheep Scrapie isolates to these se-
lected substrates were generally low. Using Tg001 mice PrPC
as substrate, most sheep-BSE isolates showed evident con-
version, while with the tested classical cattle BSE isolates no
significant conversions were observed as was observed again
for most of the tested sheep Scrapie isolates. 

Discussion: We demonstrated that brains from transgenic
mice over-expressing bovine or porcine PrP can be efficiently
used as PrPC substrates for PMCA studies. In general, the con-
version ratios obtained with PMCA as measurement for the
species-barrier, were similar to those obtained with previous
bioassays studies in these transgenic mice.

P.4.40
Role of polyunsaturated fatty acids on cel-
lular cholesterol, prion formation and neu-
rotoxicity

Clive Bate, Alun Williams

Royal Veterinary College, UK

Background: The role of cholesterol in neurodegenerative dis-
eases has been widely reported. Cholesterol synthesis in-
hibitors reduced PrPSc formation & protected neurones
against prion mediated toxicity. This was attributed to cho-
lesterol depletion affecting formation of lipid rafts. While
these drugs prolonged survival of scrapie-infected mice, their
limited effects were likely due to poor CNS penetration/short
half lives. Effects of polyunsaturated fatty acids (PUFA), long
chain fatty acids that reduced cellular cholesterol, were ex-
amined.

Objectives: Determine the effects of different PUFA on cellu-
lar cholesterol, PrPC trafficking & PrPSc formation. Determine
the effects of PUFA on neuronal responses to the prion pep-
tide PrP82-146. 

Methods: Prion-infected cells were exposed to PUFA for 7
days. Cell extracts were pK digested & the amount of PrPSc
measured by ELISA. In non-infected cells, effects of PUFA on
total PrPC content, surface PrPC & the half-life of PrPC were
measured. Cortical neurones pre-treated with PUFA were in-
cubated with PrP82-146; activation of cPLA2, synapse damage
& cell death were then measured 

Results: 1 μM docosahexaenoic acid (DHA) reduced the
amount of cholesterol in cell membranes. In contrast to the
effect of cholesterol synthesis inhibitors, DHA increased PLA2
activity & PrPSc formation in prion-infected cell lines. DHA al-
so increased the amount of cell surface PrPC & increased the
half-life of PrPC 4-fold. Pre-treatment of cortical neurones with
DHA increased uptake of PrP82-146 into caveolae, increased
activation of cPLA2 & caspase-3 activity, & reduced neuronal
survival. We prupose that PrP82-146 triggers the formation of
a platform containing caveolin-1, in which it activates cPLA2
resulting in cell death 

Discussion: Our studies demonstrate that the membrane cho-
lesterol is not the sole factor regulating lipid raft function, PrP-
Sc formation & PrP mediated neurotoxicity.
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P.4.41
Assessment of prion infectivity distribution
in primate blood among cell fractions.

Christelle Jas-Duval1, Vincent Beringue2, Emmanuel Co-
moy1, Fabien Aubry3, Valérie Durand1, Hubert Laude2, Do-
minique Dernis4, Jean-Jacques Huart4, Jean-Philippe
Deslys1

1CEA, Prion Research Group, DSV/iMETI/SEPIA, Fontenay-
aux-Roses, France; 2INRA UR892, Virologie Immunologie
Moléculaires, Jouy-en-Josas, France ; 3Fondation Alliance
BioSecure, Paris, France; 4Etablissement Français du Sang
Nord-de-France Lille, France.

Background: Probable interhuman transmission of vCJD
through blood and derived products has been reported in sev-
eral cases in Great Britain, highlighting the necessity to secure
transfusion against prion risk. Experimental models suggest
an equal distribution of infectivity among plasma and white
cells, but the cellular populations supporting infectivity remain
to be clearly identified. 

Objectives: Experimental BSE/vCJD infection of cynomolgus
macaque constitutes a model of choice to better assess the
distribution of prion infectivity among the different blood cell
populations. 

Methods: Monkeys were experimentally infected with BSE by
the oral route, or with primate-adapted BSE by the intra-
venous route (secondary and tertiary passages). In the context
of the PrionBloodPrimate project funded by Alliance BioSecure
Foundation, blood was sampled and fractionated according
to an adapted protocol to concentrate white cells. Different
cell populations were then sorted with the Foundation’s se-
cured cell sorter (Influx). Infectivity of whole blood, plasma
and the different cell fractions will be assessed by inoculation
of transgenic mice overexpressing human PrPMet129 (tg650).

Results: Primates were selected for their presence of periph-
eral infectivity according to the presence of PrPres in biopsied
inguinal lymph nodes. Corresponding granulocytes, mono-
cytes, lymphocytes and dendritic cells fractions were separat-
ed and enriched with purity around 90%. tg650 mice that
demonstrate a high susceptibility to vCJD and allow endpoint
titration of infectivity within relatively short delays, have been
inoculated with these samples and the first results will be
available for the congress Prion 2009. 

Discussion: With detailed information about donor primates
(incubation period, presence of peripheral replication or clin-
ical signs), the efficient actors are now gathered to evaluate
the distribution of infectivity among the different components
of these unique samples, to better assess the risk of trans-
mission of prion by blood transfusion.

P.4.42
Transmission of TSEs to a highly susceptible
transgenic mouse model overexpressing
ovine PrP (A136 H154 Q171)

Peter Griffiths, Jane Plater, Alun Chave, Dhanushka
Jayasena, Anna Tout, Richard Lockey, John Spiropoulos,
Samantha Scholey, Ian Dexter, Michael Stack, Otto Windl 

Veterinary Laboratories Agency, Addlestone, Surrey KT15
3NB, UK

Background: Bioassay of TSE diseases in animal hosts is re-
garded as the gold standard method for detecting TSE infec-
tivity. Preparation of transgenic (Tg) models expressing for-
eign PrP can lead to abrogation of transmission barriers and
offers the prospect of faster, more economically viable bioas-
says, which may be more sensitive to TSE detection than wild-
type mice and the natural host.

Objectives: The aim of the study was to generate and char-
acterise transgenic mice expressing ovine PrPAHQ and to as-
sess the susceptibility of the PrPAHQ allele as an alternative
bioassay model for improved detection and differentiation of
ruminant TSEs. 

Methods: Transgenic mice were prepared by pronuclear mi-
croinjection of an ovine PrP transgene encoding amino acid
residues A136 H154 Q171. Founder mice were crossed with
PrP null mice to transfer transgene expression to a mouse PrP-
ablated background. Transgenic lines were characterised by
Southern hybridisation and Western blotting expression analy-
sis. Transmissions of TSE agents (atypical scrapie, classical
scrapie and BSE) were conducted and mice were analysed us-
ing biochemical, and neuropathological, methods. 

Results: The Tg(OvPrPAHQ) model demonstrated remarkable
susceptibility to atypical scrapie isolates from sheep, with sim-
ilar incubation periods of ~160 days on primary passage, irre-
spective of donor sheep genotype. The Tg mice exhibited ear-
ly detection of atypical scrapie PrPres at <110 days, an appar-
ent lack of a transmission barrier on secondary passage, and
were also susceptible to classical scrapie and BSE. 

Discussion: Tg(OvPrPAHQ) mice represent a novel bioassay
system with the prospect of high susceptibility, broad speci-
ficity and differentiation of TSE agents in the same transgenic
model. The development and assessment of improved trans-
genic PrP models in the transmissibility and pathogenesis of
TSE agents, as well as in the evaluation of transmission barri-
ers, is crucial to estimating the potential risks of prion diseases
to human and animal health.
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P.4.43
PrPsc deposition in placenta from natural in-
fected ewes

Mª Carmen Garza1, Cristina Acín1, Javier Alvarez2, Albi-
na Sanz2, Marta Monzón1, Rocío Sarasa1, Juan José Badi-
ola1, Eva Monleón1

1University of Zaragoza, Spain; 2Centro de Investigación y Tec-
nología Agroalimentaria de Aragón, Spain

Background: Scrapie in sheep is an endemic disease in many
countries. It is widely accepted that classical scrapie spreads
mainly by horizontal transmission, through direct or indirect
contact with placenta from infected animals. PrPsc deposition
in placenta depends mainly on the PRNP genotype of the ewe
and the fetus; it occurs in the placenta of scrapie infected
sheep carrying a fetus of a susceptible genotype, but it does-
n’t seem to occur in fetus of resistant genotype (ARR haplo-
type).

Objectives: The aim of the present study is to assess the PrP-
sc deposition in placenta from natural scrapie infected sheep
carrying fetus of ARQ or ARR haplotype. 

Methods: A total of 24 ARQ/ARQ ewes presenting PrPsc de-
posits in lymphoid tissue biopsies were included in the pres-
ent study. Infected ewes were mated with ARQ/ARQ or
ARR/ARR dams. In addition, 6 pregnant infected ewes from
different scrapie infected flocks detected through the Span-
ish surveillance program were also included. A total of 46 pla-
centas from 37 gestations were collected and were analyzed
for PrPsc detection by immunohistochemistry. Briefly, immer-
sion in 98% formic acid, proteinase K treatment and hydrat-
ed autoclaving were performed as pretreatments before L42
primary antibody incubation (R-Biopharm, Germany; 1:500 ;
30 min, RT). Envision TM (DAKO) as visualization system and
diaminobencidine as substrate chromogen were used.

Results: PrPsc deposits were detected in 16 of 23 placentas
from fetus carrying an ARQ/ARQ genotype. In placenta from
fetus presenting other haplotypes PrPsc was detected in 12
cases. 

Discussion: Immunohistochemical results suggest that when
there is a wide spread of the PrPsc in terminal stages of the
disease, the prion protein can accumulate in placenta from fe-
tus carrying an ARR haplotype.

P.4.44
Distribution of infectivity in the oral tissues
of VM mice and the potential risk of vCJD
transmission through dentistry

Matthew Vassey, Elizabeth Kirby, Mark Cornwall, Mike
Dennis, Andrew Smith, Philip Marsh, James Walker, J
Mark Sutton, Neil Raven

Health Protection Agency, UK

Background: Ongoing concerns regarding the prevalence of
variant Creutzfeldt-Jakob Disease (vCJD) in the UK population
have heightened awareness of the iatrogenic transmission
risks. Whilst the individual risk associated with dentistry may
be very low, the extensive number of procedures carried out
annually in the UK (~75 million) amplifies this significantly. 

Objectives: The main aim of this study was to evaluate the
risks of prion transmission by dentistry and assess the levels
of infectivity in various murine oral tissues following exposure
via two different routes. 

Methods: VM mice were inoculated with BSE-301V infectious
mouse brain homogenate either by direct injection into the
small intestine or transient inoculation of the gingival margin
and then monitored for TSE clinical symptoms. Oral tissues to-
gether with brain and spleen were removed at regular inter-
vals and re-inoculated intracranially (i.c.) into indicator mice
to observe for infectivity.

Results: The results from the primary duodenal challenge
route were an efficient route of infection with a 100% attack-
rate and a mean incubation to clinical disease of 157 ± 17 days
(c.f. 120 days for the equivalent titre inoculated i.c.). Infectiv-
ity was observed in all oral and control tissues at a range of
titres during both pre-clinical and clinical stages of the disease.
Results from the gingival margin inoculation route showed
that BSE infectivity can spread to a significant proportion of
murine oral tissues following transient inoculation from a con-
taminated instrument. The results demonstrate that a wide
range of murine oral tissues contain variable amounts of in-
fectivity. 

Discussion: The results from this study show the spread of pri-
on infectivity to the mouse oral cavity from two independent
inoculation routes. This study supports the need for risk as-
sessments around the potential for vCJD transmission via den-
tistry and studies evaluating the effectiveness of decontami-
nation and re-use of dental instruments.
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P.4.45
Up-regulation of endothelial nitric oxide
synthase expression and mitochondrial dys-
function in the hippocampus of scrapie-in-
fected mice

Jeong-Ho Park1, Seok-Joo Park1, Boe-Hyun Kim1, Jae-
Kwang Jin1, Yong-Chul Jeon1, Hae-Young Shin1, Guang Y
Wen2, Eun-Kyoung Choi1, Yong-Sun Kim1, Richard I Carp3

1Ilsong Institute of Life Science, Hallym University, Republic
Of Korea; 2New York State Institute for Basic Research in De-
velopment Disabilities, USA; 3 New York State Institute for Ba-
sic Research in Development Disabilities, USA

Background: The elevation of nitric oxide (NO) within the cen-
tral nervous system (CNS) in known to be associated with the
pathogenesis of neurodegenerative diseases such as HIV-as-
sociated dementia (HAD), brain ischemia, Parkinson’s disease,
and Alzheimer’s disease. NO is enzymatically formed by the
enzyme nitric oxide synthase (NOS), which are basically divid-
ed into two forms; the constitutive forms in endothelial cells
(eNOS) and neurons (nNOS) and the inducible form (iNOS) in
various cell types including astroglia and microglia of the CNS. 

Objectives: To investigate the involvement of eNOS in the
pathology of prion disease, we used scrapie-infected mouse
as an experimental model for prion disease. 

Methods: We found that eNOS immunoreactivity was in-
tensely detected in reactive astroglial cells in the hippocam-
pus of the scrapie-infected mice. Using subcellular fractiona-
tion and Western blot analysis, up-regulated eNOS expression
was detected in cytosolic and mitochondrial fractions from
scrapie-infected brains compared to controls. 

Results: In hippocampal regions of scrapie-infected brain, we
found abnormal accumulation of eNOS in the mitochondria
along with its structural dysfunction. In correlation with this
finding, the mitochondrial superoxide dismutase (Mn-SOD or
SOD2) was down-regulated both in whole brain and the hip-
pocampal region of scrapie-infected brains compared to con-
trols. 

Discussion: These results suggest that up-regulation of eNOS
may play a role in mitochondrial dysfunction of prion disease. 

This work was supported by the MRC program of
MOST/KOSEF [R13-2005-022-02001-0(2009)] and by a grant
of the Korea Healthcare technology R&D Project, Ministry for
Health, Welfare & Family Affairs, Republic of Korea. (A085082)

P.4.46
Estimation of Chronic Wasting disease
(CWD) infectivity in cell culture

Ann-Christin Schmädicke1, Sabine Gilch2, Wiebke M.
Wemheue3, Sabine Borchert1, Hermann M. Schätzl2, Ina
Vorberg2, Walter J. Schulz-Schaeffer3, Dirk Motzkus1

1German Primate Centre, Germany; 2Technical Universtity
Munich, Germany, 3University of Goettingen, Germany

Background: The rapid spread and high prevalence of chron-
ic wasting disease in North American cervids have raised con-
cerns about a potential threat to human health. Experimen-
tal transmission of CWD to various species has been reported
in vivo. 

Objectives: The establishment of a PrPSc permissive cell cul-
ture model for the determination of CWD-infectivity derived
from different species, including Elaphus nelsoni,
Odocoileus virginanus and Macaca fascicularis-passaged CWD. 

Methods: To achieve high levels of ectopically expressed PrP
in prion susceptible cell lines, an effective retroviral transduc-
tion system (pVPack vector, Stratagene)is used. The PrP knock-
out cell line HpL3-4 is retrovirally transduced with murine,
macaque and human wt-PrP, respectively. Stable ectopic ex-
pression of transgenic PrP is validated by qRT-PCR. Subsequent
propagation of infectious inocula from CWD-infected E. nel-
soni, O. virginanus and M. fascicularis in respect to human- or
macacanized cell lines are monitored by Western blot and a
Membran Adsorption Assay. 

Results: The application of CWD-infected tissues to maca-
canized cells can be used to simulate the species barrier be-
tween cervids and primates. Furthermore quantitative analy-
sis of infectious doses can be performed in a high-throughput
96-well format to assist the results of elaborate in vivo bioas-
says. 

Discussion: To date, the possibility of CWD transmission to
humans by the uptake of contaminated food has not been in-
vestigated. Transmission studies of CWD to non-human pri-
mates are in progress. The described cell culture model pro-
vides a different way to elucidate whether transmission of
CWD to non-human primates could possibly occur and thus
may lead to a more detailed assessment of the current risk of
chronic wasting disease.
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P.4.47
Determining the role of follicular dendritic
cells in scrapie pathogenesis

Laura McCulloch, Jean Manson, John Hopkins, Neil Mab-
bott,

Roslin Institute, University of Edinburgh, UK

Background: Following peripheral infection, TSE agents often
accumulate in lymhoid tissues before spreading to the CNS.
In mice, follicular dendritic cells (FDCs) expressing the host pri-
on protein (PrP) are essential for TSE agent accumulation in
lymphoid tissues. However, it is unknown whether FDCs
themselves replicate TSE agents, or simply accumulate them
following production by other cells in the lymphoid tissue. This
is because there is no way in the models used so-far to disso-
ciate the PrP genotype in FDCs from that in the nervous sys-
tem and other non-bone marrow derived cell populations. De-
termining which cell type actively replicates the scrapie agent
may provide a potential target for intervention prior to neu-
roinvasion. 

Objectives: To create a transgenic mouse model to switch-off
PrP specifically on FDCs and definitively determine their role
in TSE pathogenesis. 

Methods: To address this issue a transgenic mouse model was
created in which PrP expression is switched-off exclusively on
FDCs. Expression of cre-recombinase (Cre) under the action of
an FDC specific promoter can be used to delete the expression
of a target gene in the FDCs. An FDC-Cre mouse line was char-
acterised and crossed with a floxed-PrP mouse line to produce
mice in which PrP expression is switched-off specifically in FD-
Cs. These mice have been challenged with scrapie agent to as-
sess the role of the FDCs in peripheral TSE pathogenesis. 

Results: Characterisation of the FDC-cre line was achieved by
crossing with a ROSA26 reporter strain. Expression of Cre in
these mice results in cell-specific expression of b-galactosidase.
These mice showed efficient activation of Cre on FDCs in
spleen and lymphoid tissues. These mice were crossed with
the floxed-PrP line and initial results show a significant re-
duction of PrP levels on the FDC surface in peripheral lymphoid
tissues. 

Discussion: Our data suggest this transgenic mouse line pro-
vides a useful model to definitively assess the role of FDCs in
TSE pathogenesis.

P.4.48
Kinomic studies of in vitro prion pathogen-
esis

Rory H. Shott1, Catherine Grenier2, Xavier Roucou2, Luis
M. Schang1

1Department of Biochemistry and Centre for Prions and Pro-
tein Folding Diseases (CPPFD), University of Alberta, Cana-
da; 2Department of Biochemistry, University of Sherbrooke,
Canada

Background: Protein kinases participate in the pathogenesis
of neurodegenerative diseases, but the signaling pathways
critical in prion diseases are unknown. Our hypothesis is that
prion pathogenesis is mediated by chronic dysregulation of
signaling pathways. 

Objectives: To develop assays to identify dysregulated sig-
naling pathways and apply them to an in vitro model of pri-
on pathogenesis. 

Methods: To reach our objectives, we optimized multiplex
Western blot assays for 156 protein kinases using only 1.2 mg
of sample. 117 antibodies detected their cognate proteins in
mouse brain and 19, against kinases pathologically expressed
in neurons, in mouse fibroblasts. Sensitivity and linearity were
tested spiking brain with fibroblast lysates, and ability to de-
tect known dysregulated pathways, using HSV. We are ap-
plying the assays to an in vitro model of prion pathogenesis,
N2a neuroblastoma cells expressing EGFP-fused and truncat-
ed PrP. CyPrPEGFP lacks ER-targeting and GPI-membrane-
anchoring signals, leading to cytoplasmic PrP and RNA aggre-
gation and inhibition of protein synthesis. Further truncations
result in aggregation of RNA but not PrP (CyPrPEGFP124stop),
or PrP but not RNA (CyPrPEGFP157-231). 

Results: Expression levels of 82 protein kinases in N2a cells ex-
pressing the PrP mutants were analyzed by multiplex Western
blot and hierarchical clustering. Literature and database
searches identified those clusters composed of protein kinas-
es in one pathway. Three dysregulated pathways were iden-
tified; we focused on the one involved in protein synthesis.
GRK2, PRK2, PKCα, and p70S6K were all expressed to similar-
ly lower levels in N2a cells expressing any cytoplasmic EGFP-
PrP than in those expressing EGFP. We are testing all kinases
in the GPCR-p70S6K pathway, and their targets involved in
protein synthesis, ribosome S6, eIF4B, and eEF2κ. 

Discussion: We have developed kinomic assays to identify
chronically dysregulated signaling pathways, and are identi-
fying pathways inhibited by cytoplasmic PrP in cultured cells.
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P.4.49
Plasmacytoid dendritic cells efficiently se-
quester prions at early stages of prion dis-
ease

Rocio Castro-Seoane, John Collinge, Peter-Christian Klöhn

UCL, Institute of Neurology, UK

Background: The cellular expression of the prion protein (PrPc)
is a pre-requisite for the replication of prions. PrPc expression
is reportedly undetectable in plasmacytoid dendritic cells (pD-
Cs), as compared to conventional dendritic cells (DCs), thus
rendering pDCs a poor candidate for a role in prion patho-
genesis. PDCs are natural type 1 IFN-producing cells, located
in the T cell rich periarteriolar lymphoid sheath of lymphoid
organs. Like conventional DCs, pDCs are highly specialized to
capture, process and present antigens. The number of pDCs
is highly variable among mouse strains, with the 129Sv strain
showing several fold higher numbers than most other strains.
Notably, 129Sv is a commonly used mouse strain due to the
fast accumulation of prions in lymphoid organs. 

Objectives: To determine the cell tropism of prion accumula-
tion in splenic cells of scrapie-infected mice. 

Methods: We monitored the accumulation of prions in 129Sv
mice at early stages of prion disease in a cell-specific manner
by sequential isolation of splenic cell types, like B and T cells,
DCs, pDCs and macrophages, followed by the determination
of infectious titres using the Scrapie Cell Assay. 

Results: Prion titres of pDCs rapidly increased from 40 Tissue
Culture Infectious Units (TCIU)/Mio cells 3 days after in-
traperitoneal inoculation with a 1% RML brain homogenate
to 2250 TCIU/Mio cells after 30 days and exceeded infectious
titres of macrophages, B and T lymphocytes and pan DCs by
seven, eight, ten and five fold, respectively. Experiments are
in progress to investigate the effects of in-vivo depletion of
pDCs on splenic prion titres and the onset of disease. 

Discussion: We here present evidence for a PrPc-independent
mode of prion dissemination that may have a role in prion
colonisation of the lymphoreticular system. In this pilot study
we determined infectious titres of splenic cells to characterise
the cell tropism of prion accumulation and experiments are in
progress to assess the contribution of stromal cells.

P.4.50
Successful oral transmission of classical
scrapie to ARR/ARQ sheep

Sarah Jo Moore1, Hugh Simmons1, Timm Konold1, Glen-
da Dexter1, Steve Ryder2

1Veterinary Laboratories Agency, 2Home Office Animals (Sci-
entific Procedures) Inspectorate

Background: Scrapie susceptibility in sheep is strongly influ-
enced by allelic variation in the gene which encodes the prion
protein. As part of the National Scrapie Plan (NSP) for Great
Britain ram genotyping and selective breeding has been used
to increase the number of sheep in the national flock that are
genetically resistant to classical scrapie. According to the NSP,
ARR/ARQ sheep are considered ‘genetically resistant’ to scrapie,
although four field cases have been detected since 2002.

Objective: To investigate the susceptibility and pathogenesis
of classical scrapie in ARR/ARQ sheep.

Methods: TSE-free lambs were dosed orally with 5g of pooled
brain from scrapie clinical suspects. Timed-culls were per-
formed at 12 and 24 months post-inoculation (mpi) then six
monthly thereafter. All sheep underwent a detailed clinical ex-
amination before culling. At post-mortem 41 tissues were sam-
pled from all major body systems. Detection of disease-asso-
ciated prion protein (PrPd) in central nervous system tissues
was done by immunohistochemistry (IHC), Western blot and
Bio-rad elisa. All other tissues were examined by IHC only.

Results: PrPd was first detected in the LRS at 24 mpi, in the
central nervous system (CNS) at 36 mpi, and in the peripher-
al nervous system (PNS) at 66 mpi. Throughout the time
course PrPd accumulation in LRS tissues was more restricted
and less severe than in CNS and PNS tissues.

The first confirmed clinical case occurred at 72 mpi.

Discussion: We have shown that ARR/ARQ sheep can be in-
fected with classical scrapie via the oral route.The pathogen-
esis of scrapie in ARR/ARQ sheep appears to be different to
that in sheep of susceptible genotypes. While VRQ/VRQ clin-
ical suspects have extensive LRS involvement only one LRS tis-
sue was positive in the ARR/ARQ clinical suspect. This could
suggest that infectivity had travelled to the CNS via a non-
gastrointestinal route. ARR/ARQ sheep may act as ‘silent car-
riers’ of disease. However, PrPd accumulation in the gut-asso-
ciated lymphoid tissues was mild and restricted so non-faecal
routes may be more important in lateral transmission from
this genotype. The tissue distribution of PrPd accumulation in
this study suggest that currently available ‘live tests’ for pre-
clinical diagnosis – third eyelid and/or rectoanal mucosa-asso-
ciated lymphoid tissue (RAMALT) biopsy – may be unreward-
ing in sheep of this genotype.
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P.5.1 
Detection of cellular prion protein (PrPc) in
plasma from healthy cynomolgus monkeys
(Macaca fascicularis) and changes observed
after BSE infection

Barbara Yutzy, Edgar Holznagel, Johannes Löwer

Paul-Ehrlich-Institut, Germany

Background: Orally BSE-dosed cynomolgus monkeys repre-
sent a valuable model to examine the kinetic of blood infec-
tivity and to assess the risk of blood-borne transmission of
variant Creutzfeldt-Jacob disease (vCJD).

Methods: Blood samples were collected monthly from BSE-in-
fected (n = 18) and non-infected female cynomolgus monkeys
(n = 8) over a period of up to 9 years. PrPc concentrations
were retrospectively analyzed in plasma samples by a dot blot
assay and by a sandwich ELISA using a highly sensitive disso-
ciation-enhanced lanthanide fluoro-immunoassay (DELFIA) for
detection. Different blood preparation protocols were evalu-
ated to obtain plasma.

Objective: To detect changes in the levels of soluble plasma-
derived PrPc.

Results: Different blood preparation protocols had a signifi-
cant effect on the measured plasma PrPc concentrations. In
non-infected macaques, concentrations of soluble, plasma-
derived PrPc were at least 10-fold lower compared to plasma
concentrations in healthy humans. Levels of plasma PrPc in-
creased 6 – 12 months after experimental BSE infection, re-
mained high during the asymptomatic phase, and dropped to-
wards the clinical phase. Soluble, plasma-derived PrPc mole-
cules were PK-sensitive in BSE-infected macaques.

Discussion: There is a species-specific difference in the PrPc
concentrations between human and macaque. At least a part
of the plasma-derived PrPc fraction originates from blood cells.
Andfinally, BSE infection caused an increase in plasma PrPc lev-
els during the asymptomatic phase of infection. Blood trans-
fusion studies have been initiated to examine whether these
PK-sensitive PrP molecules carry infectivity.

P.5.2
Impaired autophagy in prion protein-defi-
cient Purkinje cells

Stéphane Heitz, Nancy Grant, Yannick Bailly

INCI CNRS UPR3212, France

Background: The ectopic expression of the prion protein ho-
mologue Doppel (Dpl) in brain neurons causes progressive
cerebellar Purkinje cell death in prion protein-deficient Ngsk
mice (NP0/0). The neurotoxicity caused by Dpl involves Bax-
dependent apoptotic pathways as well as other yet to be
characterized cell death mechanisms in the NP0/0 Purkinje
cells.

Objectives: In order to get new insights into the cell death
mechanisms triggered by Dpl in the Ngsk Purkinje cells, we in-
vestigated an eventual activation of autophagic pathways in
these neurons.

Methods: For this purpose, the mRNA and protein expression
of several markers of autophagy was analyzed using Wester
blott and immunohistochemistry in parallel with ultrastruc-
tural analysis of te Ngsk mice cerebellar tissue.

Results: These neurons display increased amounts of several
autophagy-related molecules such as the scrapie-responsive
gene one (Scrg1), LC3B-II and p62 without showing any
changes in mRNA expression, and in addition autolysosomes
accumulate in all neuronal compartments including axon ter-
minals.

Discussion: This suggests that Dpl toxicity provokes impair-
ment in the autophagic flux, which may trigger apoptosis in
these neurons, similar to the way neurodegeneration is
thought to occur in Alzheimer and prion diseases. Purkinje
cells feature early axonal autophagy in both NP0/0 and GluR-
delta2Lc mutants, but no signs of autophagic flux impairment
are evident in GluRdelta2Lc Lurcher suggesting that different
pathogenic stimuli (i.e., Dpl versus GluRdelta2Lc) trigger dif-
ferent cell death modalities involving autophagy and apopto-
sis in the same type of neuron. The interplay between these
multiple pathways of programmed cell death needs to be fur-
ther investigated in animal models of neurodegenerative dis-
eases in order to develop new therapeutic approaches.
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P.5.3
Differences in the expression levels of se-
lected genes in the brain tissue of cattle nat-
urally infected with classical and atypical
BSE.

Magdalena Larska1, Miroslaw P. Polak1, Jan F. Zmudzin-
ski1, Juan M. Torres2

1National Veterinary Institute, Poland; 2CISA/INIA

Background: Recently cases of BSE in older cattle named BSE
type L and type H were distinguished on the basis of atypical
glycoprofiles of PrPres. The nature of those strains is still not
fully understood but it is suspected that the atypical BSE cas-
es are sporadic. Hitherto most BSE cases were studied in re-
spect to the features of PrPSc. Here we propose gene expres-
sion profiling as a method to characterize and distinguish BSE
strains.

Objectives: The aim of the study was to compare the activi-
ties of some factors which are known to play a role in TSE’s
pathogenesis in order to distinguish the differences/similari-
ties between all BSE types.

Methods: 10 % homogenate of brain stem tissue collected
from obex region of medulla oblongata from 20 naturally in-
fected BSE cows (8 assigned as classical BSE, other 8 and 4 in-
fected with atypical BSE L type and H type respectively) was
used in the study. As negative control animals we’ve used 8
animals in the age between 2.5 and 13 years. The genes were
relatively quantified using SYBR Green real time RT-PCR. Raw
data of Ct values was transformed into normalized relative
quantities using Qbase Plus®.

Results and Discussion: In most of the tested genes signifi-
cant differences in the expression levels between the brain
stem of healthy cattle and animals infected with different BSE
types were observed. In c-type BSE in comparison to healthy
and atypical BSE the overexpression of the gene of bcl-2, cas-
pase 3, 14-3-3 and tylosine kinase Fyn was significant. Simul-
taneously in atypical BSEs type-L and type-H the levels of pri-
on protein, Bax and LPR gene was elevated in comparison to
c-BSE. Additionally L-BSE was characterized by the overex-
pression of STI1 and SOD genes compared to the other of BSE
types. The downregulation of the gene encoding NCAM1 was
observed in all BSE types in comparison to healthy cows. Dif-
ferent gene expression profiles of bovine brains infected with
classical and atypical BSE indicates possible different patho-
genesis or source of the disease.

P.5.4 
Altered expression of type 1 inositol 1,4,5
trisphosphate receptor in the Ngsk Prnp de-
ficient mice

Hyun-Pil Lee1, Jin-Kyu Choi1, Hae-Young Shin1, Yong-
Chul Jeon1, Byung-Hoon Jeong1, Jae-Il Kim2, Hyoung-Gon
Lee2, Eun-Kyoung Choi1, Yong-Sun Kim1, Richard I. Carp3

1Hallym University, Republic of Korea; 2Case Western Reserve
University, USA; 3New York State Institute for Basic Research
in Developmental Disabilities, USA

Background: Some lines of PrP knock-out mice, which express
the prion-like protein Doppel (Dpl), show a significant cere-
bellar Purkinje cell loss. Little is known about the mechanism
of Dpl-induced neurodegeneration. A possible scenario would
involve opposite effects induced by Dpl and PrP.

Objectives: To understand the molecular and intracellular
pathways that are affected in Purkinje cells of Ngsk, one of
the Prnp0/0 mouse lines expressing Dpl, we investigated the
regulation of calcium-release channel protein, type 1 inositol
1,4,5-trisphosphate receptor (IP3R1) gene.

Methods: We performed Western blot, Immunohistochem-
istry, Real time RT-PCR and Electrophoretic mobility shift(EM-
SA)assay.

Results: We found that the expression level of IP3R1 gene is
reduced in the cerebella of Ngsk mice as early as 3 months of
age compared with age-matched control animals. Furthermore
the nuclear factor of activated-T cells (NFAT), which is a tran-
scription factor of IP3R1 gene, was present as the hyperphos-
phorylated (inactive) state and had reduced DNA binding ac-
tivity in Ngsk mice. Interestingly, expression of PrP restored
the DNA binding activity of NFATc4 that had been reduced by
Dpl. Furthermore, the expressions of BDNF and GluR2, which
are regulated by NFATc4 was also restored by PrP expression.

Discussion: Based on the fact that the expression of IP3R1 is
regulated by synaptic activity, our present data strongly sug-
gests that Dpl affects neuronal activity by interfering with the
normal function of PrP related to the regulation of intracellu-
lar Ca2+. A decrease in IP3R1 gene expression leads to func-
tional deficits and death of Purkinje cells in Ngsk mice.

[This work was supported by a grant(Code #20080401034016)
from BioGreen 21 Program, Rural Development Administra-
tion and by a grant (A085082) of the Korea Healthcare tech-
nology R&D Project, Ministry for Health, Welfare & Family Af-
fairs, Republic of Korea]
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P.5.5 
Impact of prion infection on the proteome
of 1C11 cells in relation with serotonergic
neuronal differentiation

Stéphane Roche1, Elodie Pradines2, Odile Kellermann2, Syl-
vain Lehmann2, Sophie Mouillet-Richard2

1IGH – CNRS, France; 2INSERM - Université Paris Descartes,
France

Prion-propagating cell lines represent useful tools to assess
the impact of PrPSc accumulation on cellular functions. Cellu-
lar changes depicted in prion infected cells include increased
sensitivity to oxidative stress and reduction of cell viability.
We have recently reported on the 1C11 neuroectodermal pro-
genitor as a novel prion-permissive cell line. The 1C11 clone
has the ability to differentiate within 4 days into 1C115-HT
neuronal cells exhibiting a complete serotonergic phenotype
including serotonin (5-HT) synthesis, storage, catabolism and
uptake. 1C11Fk cells infected with Fukuoka prions retain the
ability to engage into a serotonergic differentiation program.
However, prion infection promotes drastic alterations of the
overall 5-HT-associated functions.

We are developing a systemic approach to compare the pro-
teome of 1C11Fk infected cells to that of uninfected cells, in
the precursor and the differentiated states. 2D-electrophore-
sis was carried out on whole cell extracts prior to image analy-
sis. The global changes of protein expression were assessed
through statistical analysis of 2D gels.

A panel of 1200 spots were detected in whole cell extracts.
Statistical analyses of 2D gels reveal that serotonergic differ-
entiation of 1C11 cells is accompanied by significant changes
of expression for 77 proteins. Comparative analyses between
1C11Fk precursor cells and its differentiated 1C11Fk5-HT prog-
enies suggest that the implementation of a serotonergic dif-
ferentiation program is globally preserved in prion infected
cells. This observation fits in with our previous findings that
in 1C11Fk5-HT cells, PrPSc impairs serotonergic functions pri-
marily by promoting detrimental post-translational modifica-
tions. Comparing the proteome of 1C11Fk infected cells to
their non infected counterparts may help understand how pri-
on accumulation impacts on the normal function of PrPC, no-
tably at the level of its cell signaling effectors.

P.5.6 
Prion infection interferes with cellular prion
protein signalling function

Elodie Pradines1, Ana Villa-Diaz2, Damien Loubet1, Benoît
Schneider1, Jean-Marie Launay3, Odile Kellermann1, Juan
Maria Torres2, Sophie Mouillet-Richard1

1Org: INSERM U747 - Université Paris Descartes, France;
2CISA – INIA, Spain; 3INSERM U942 - Hôpital Lariboisière,
France

Background: Corruption of the normal function of the cellu-
lar prion protein (PrPC) by the scrapie isoform (PrPSc) emerges
as a critical causal event in Transmissible Spongiform En-
cephalopathies (TSE) pathogenesis. Taking advantage of the
1C11 neuroectodermal cell line, endowed with the capacity
to differentiate into either 1C115-HT serotonergic of 1C11NE
noradrenergic neuronal cells, we previously documented spe-
cific effects of infection on neuronal functions. While PrPSc ac-
cumulation does not induce any noticeable phenotypic change
in the 1C11 progenitor cells nor prevent the entry of cells in-
to neuronal differentiation programs, pathogenic prions de-
viate the overall neurotransmitter-metabolism in both 1C115-
HT and 1C11NE cells.

Objectives and Methods: The aim of the present study was
to go further into the mechanisms sustaining prion-associat-
ed neuronal damage. We assessed the outcome of infection
with Fukuoka prions on PrPC signaling function in the 1C11
cell line by Western Blots and RT-PCR experiments. Addition-
al studies were carried out with neuronal stem cells (NSC) ob-
tained from 129 WT or PrP-null mice and infected with the 22L
strain.

Results and Discussion: Our data reveal that, in 1C11 pre-
cursor cells and their 1C115-HT progenies, infection with the
Fukuoka strain is associated with the activation of several tar-
gets of PrPC signaling. The impact is all the more pronounced
since the cells accumulate PrPSc. Similar results have been ob-
tained in 22L-infected NSC, while infection has no effect on
NSC derived from PrP-/- mice. As a whole, our data indicate
that the impact of PrPSc is dependent on PrPC expression and
add further support to the notion that TSE-associated neu-
rodegeneration results from distortion of PrPC signaling.
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P.5.7 
Altered expression of CRMPs in the brain of
bovine spongiform encephalopathy-infect-
ed mice during disease progression

Nathalie Auvergnon1, Sophie Reibel1, Monique Touret1,
Jérôme Honnorat1, Thierry Baron2, Pascale Giraudon1, An-
na Bencsik2

1Inserm U842, France; 2AFSSA, France

Background: The symptoms of transmissible spongiform en-
cephalopathies (TSEs) always develop after a long period post
infection and coincide with exponential accumulation in the
central nervous system (CNS), of the disease associated form
of the prion protein (PrPd). Although PrPd has been reported
to be potentially directly toxic in in vitro studies, it is still un-
clear how the infectious agent alters neural functions or neu-
ronal loss in vivo. However, the description of PrPd accumu-
lation in synaptosomes, the progressive loss of synapses and
dendritic spines, the abnormal expression of synaptic proteins
and the correlation of synaptic changes with early behaviour-
al signs of neurological dysfunction suggest that neural lesions
in TSEs may start by synaptic and dendritic alterations.

Objectives: Thus identifying intrinsic neuronal factors that
could mediate such alterations should help to highlight some
of the mechanisms involved in prion neurotoxicity. Here the
expression of 4 collapsin response mediator proteins (CRMPs),
a family of signal transduction proteins involved in brain de-
velopment and altered in Alzheimer’s disease, was studied in
the brain of C57Bl/6 mice infected with the BSE strain of pri-
on agent.

Methods: Using RT-PCR and Western-blot methods, CRMP-1,
-2, -4 and –5 were analysed quantitatively in C57Bl6 mouse
brains at mid-course (90 days post inoculation (d.p.i.)) and at
the terminal stage of the disease (180 d.p.i.) induced by BSE
strain of agent injected by intra cerebral route.

Results: At the terminal stage of the disease, gene expression
of each CRMP had decreased, while at the mid-stage of the
disease only CRMP-4 (mRNA and protein) expression had in-
creased, concomitant to the start of PrPd accumulation in the
brainstem.

Discussion: Over-expressed CRMP-4 may support the prion-
initiated neurite disorganisation or promote the selective re-
move of damaged neuritis. Altogether our findings picked out
originally CRMPs, and especially CRMP-4, as potential con-
tributors to prion pathogenesis.

P.5.8 
Cytoskeletal changes and synaptic loss ob-
served in the CA1 neurons of the ME7 in-
fected hippocampus

Deborah A. Brown1, James W. Ironside2, Jean C. Manson1

1Roslin Institute, UK; 2Western General Hospital, Edinburgh,
UK

Background: One of the characteristic pathological changes
observed in transmissible spongiform encephalopathies (TSEs)
is neuronal loss. In the ME7/CV scrapie mouse model , 50% of
hippocampal pyramidal cells die from day 160 of a 240 day in-
cubation period (Jeffrey et. al. 2000). Prior to this at approxi-
mately 100 days post injection (dpi) dendritic spine loss is ob-
served in the CA1 neurons indicating early cytoskeletal dam-
age in these neurons (Brown et. al. 2001).

Objectives: In this study the ME7/CV scrapie mouse model
was used to investigate the role of the neuronal cytoskeleton
in the dendritic spine loss observed in the ME7 infected CA1
neurons and to relate any changes observed with synaptic
dysfunction.

Methods: A time course study was performed using the
ME7/CV scrapie mouse model. The distribution of dendritic cy-
toskeletal protein MAP2 (microtubule associated protein 2)
was compared with the expression of Drebrin, a dendritic
spine cytoskeletal protein. Synaptic dysfunction was analysed
using the pre- and post-synaptic markers, synaptophysin and
PSD-95 .

Results: Loss of MAP2 and drebrin was observed at 160 dpi a
time point when neurons are known to be lost. A decrease in
synaptophysin and PSD-95 expression were not observed un-
til the terminal stage of disease.

Discussion: Cytoskeletal disruption in the post-synaptic den-
dritic spine plays a major role in the neuronal dysfunction ob-
served in ME7 infected CA1 neurons, although the post synap-
tic density is not involved. Pre-synaptic changes and disrup-
tion to the innervation of CA1 neurons is not apparent until
the end stages of disease suggesting that the neuronal loss
observed in the CA1 sector was not the result of deaf-
ferentation. The trigger for this cytoskeletal disruption and
the subsequent neuronal loss may be the early deposition of
PrPSc in the extracellular space but the precise mechanisms in-
volved are still to be elucidated.
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P.5.9 
The ironic role of iron in prion disorders

Neena Singh

Case Western Reserve University, USA

Background: Imbalance of iron homeostasis has been report-
ed in prion infected cell and mouse models. The mechanism(s)
underlying this abnormality, however, remain unclear.

Objectives: To evaluate the role of PrP function and dysfunc-
tion on iron metabolism in normal and prion disease affected
cell and animal models and in diseased human brain tissue.

Methods: Measurement of iron and expression levels of ma-
jor iron management proteins in cells expressing PrPC and mu-
tant PrP forms, Wt and transgenic mice lacking PrPC expres-
sion (PrPKO), and in prion disease affected human and animal
brain tissue.

Results: Expression of PrPC has a positive effect on cellular
iron levels and mutant PrP forms alter cellular iron differen-
tially, suggesting a dominant role for PrP in iron uptake and
transport. Selective deletion of PrPC in PrPKO mice results in
a phenotype of systemic iron deficiency reflected in hemato-
logical parameters and iron levels of major organs including
the liver, spleen, and brain, confirming the role of PrPC in iron
uptake. Furthermore, introduction of radiolabeled iron (59Fe-
Cl3) to PrPKO mice by gastric gavage reveals impaired trans-
port of 59Fe from the duodenum to the blood stream and de-
creased uptake by parenchymal cells of various organs, in-
cluding hematopoietic precursor cells. The iron deficient
phenotype of PrPKO mice is rescued by expressing PrP on the
PrPKO background, confirming the role of PrP in iron uptake
and transport. More importantly, aggregation of PrPC to the
PrPSc form induces a state of iron dys-homeostasis in prion
disease affected human and animal brains, suggesting a role
for iron induced oxidative stress in the pathogenesis of prion
disorders.

Discussion: The interaction of PrPC with iron and its role in
cellular iron uptake has significant physiological and patho-
logical implications since loss of function combined with se-
questration of iron in PrPSc-ferritin complexes induces brain
iron dys-homeostasis, a condition likely to induce neurotoxi-
city.

P.5.10
Removal of PrP expression from neurones
prior to scrapie infection prevents synaptic
loss and neuronal death but not disease.

Barry Bradford1, Nadia Tuzi2, Val Thomson1, Kris Hogan1,
Pedro Piccardo3, Jean Manson1

1The Roslin Institute, UK; 2The University of Edinburgh, UK;
3U.S. Food and Drug Administration, USA

Background: The expression of PrP has been shown to be vi-
tal for the development and progression of TSE disease. In an
attempt to identify which cell types are involved in disease we
have produced a model in which PrP expression can be selec-
tively removed from neurones of the central nervous system
(CNS). This model has been challenged with the mouse-adapt-
ed scrapie strain ME7.

Objectives: 1. Selectively remove PrP expression from CNS
neurones.

2. Characterise effect upon PrP expression.

3. Investigate effect upon TSE disease.

Methods: The PrP coding sequence was selectively knocked
out from neurones using cre/lox technology. Expression of a
tamoxifen-inducible Cre recombinase fusion protein was lim-
ited to CNS neuronal populations using the rat neuron-spe-
cific enolase (Eno2) promoter in transgenic mice. Inducible
neuronal specific PrP knockout mice were created by cross-
breeding with floxed PrP mice described previously [1].

Results: Removal of neuronal PrP expression resulted in an av-
erage 50% reduction in brain total PrP. Subsequent i.c. ME7
challenges revealed extended incubation periods, with mean
increases of +85 days (+57%) in male and +235 days (+162%)
in female neuronal PrP knockout mice. Pathological analysis
revealed the neurones in the CA1 region of the hippocampus
at the level of the anterior thalamus, which were severely de-
pleted in the wild type mice, were protected in the conditional
knock out mice. The pattern of deposition of PrP in the female
knockout mice also showed a marked alteration from that of
the wildtype and male knockout mice.

Discussion: The removal of PrP expression from neurones
therefore impacts on neurodegeneration in specific brain re-
gions but does not prevent TSE disease.

Reference:

1. Tuzi, N.L., et al., Cre-loxP mediated control of PrP to study
transmissible spongiform encephalopathy diseases. Genesis,
2004. 40(1): p. 1-6.
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P.5.11
Oxidation of Met residues on PrP: an early
event in prion formation and disease mani-
festation

Tamar Canello1, Silvia Lisa2, Jackob Moskovitz3, Maria
Gasset2, Ruth Gabizon1

1Hadassah University Hospital, Israel; 2Instituto de Química-
Física “ROCASOLANO”, Spain; 3University of Kansas, USA

Background: We have recently shown that PrPSc from all
species exhibits a covalent signature in the form of sulfoxida-
tion of M213. This modification could not be found on brain
PrPC as well as on its recombinant models. Moreover, com-
putational methods indicated that oxidation of Met residues
in helix 3 of PrP, as is the case for Met213, destabilize the
structure of helix 2, which present as beta sheet in PrPSc.

Objectives: To investigate the role of PrP methionine oxida-
tion in prion formation and in prion disease manifestation.

Methods: We used several antibodies which specifically rec-
ognize either oxidized or non oxidized Met residues on PrP,
and tested their activity on wt and mutant recombinant PrP
polypeptides as well as on cell culture systems expressing
PrPC, PrPSc and mutant PrPs. The oxidation status of mutants
and scrapie isoforms of PrP were also tested in cells subjected
to oxidative conditions.

Results: We show here that oxidation of Met 213 is not only
present in “old PrPSc” accumulated in the brains of prion in-
fected subjects, but also in newly formed PrPSc present in cell
lines infected with prions, suggesting that oxidation of Met
residues in PrP may be an early event in prion formation. In
addition, we also show that substitution of glutamate for ly-
sine at position 200, as is the case in the most common form
of genetic prion disease, results in increased sensitivity of he-
lix 3 M residues for oxidation. This could be seen by the spon-
taneous oxidation of recombinant E200K PrP, and most inter-
estingly, by the fact that in CHO cells cultured in the presence
of copper ions, mutant PrP, as opposed to wt PrP, presents in
an oxidized form.

Discussion: Oxidation of Met residues on helix 3 of PrP may
be the key event in the conversion of PrPC to PrPSc. Most in-
terestingly, mutations causing radical charge changes around
helix 3, as is the case for the E for K substitution at codon 200,
may predispose the prion protein to such oxidations, thereby
inducing the appearance of genetic prion diseases.

P.5.12
Electrophysiological studies in TSE-affected
cattle

Timm Konold, Gemma Bone, John Spiropoulos

Veterinary Laboratories Agency Weybridge, UK

Background: BSE causes over-reactivity to external stimuli and
an increased parasympathetic tone, which are attributed to
neuropathological changes (vacuolation, PrPd accumulation)
in the brain.

Objectives: To investigate whether nervous system dysfunc-
tion in the sensory and autonomic pathways can be measured,
we assessed electrocardiograms (ECG), auditory (AEP) and
flash visual evoked potentials (VEP) to compare cattle affect-
ed by TSE (BSE, scrapie) with TSE-free controls.

Methods: Studied animals were not sedated and comprised
42 (ECGs), 12 (AEP) and 11 (VEP) naturally or experimentally
infected cattle with neuropathologically confirmed disease
and 59, 38 and 39 TSE-free controls respectively, some of
which were assessed repeatedly. Heart rate variability (ECG)
parameters were compared by student’s t test or Mann-Whit-
ney U test; peak latencies and amplitudes (AEP, VEP) were
compared against the reference range established from the
control data.

Results: None of the heart rate variability parameters were
significantly different. Four TSE-affected cattle presented with
either abnormal parameters in AEP (peak absence or longer
latencies; two cattle) or VEP (higher amplitudes, longer laten-
cies; two cattle), sometimes only affecting one side.

Discussion: Autonomic nervous system dysfunction was not
evident in TSE-affected cattle despite neuropathological
changes in parasympathetic nuclei. Similar to CJD in humans,
AEP or VEP parameters are not consistently altered in bovine
TSEs. Higher VEP peak amplitudes as reported in patients with
CJD may be due to increased hyperexcitability. Unilateral AEP
or VEP abnormalities were in contrast to the general bilateral
symmetrical neuropathological changes in bovine TSEs. These
findings suggest that clinical signs are not caused by PrPd ac-
cumulation or vacuolation.
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P.5.13
Increased cellular proliferation and lisosomal
activity in the brains of a transgenic murine
model of BSE

Enric Vidal1, Mercedes Márquez1, Rosa Rabanal2, Juan
Maria Torres3, Dolors Fondevila2, Martí Pumarola2

1CReSA, Spain; 2UAB, Spain; 3CISA-INIA, Spain

Background: A brain gene expression study was performed
on a murine BSE model based on the intracerebral inoculation
of BSE in transgenic mice over expressing the bovine prion
protein (BoTg110). The results of this study revealed that cer-
tain genes had a differential expression when compared to
the uninoculated animals and also throughout the disease
evolution. The present poster shows the results of the study,
now at the protein level, of two of the mechanisms involved
in the model: cell proliferation and lisosomal activity.

Methods: Seven mice intracerebrally inoculated with bovine
normal brain homogenate were included as controls along
with 7 mice inoculated with BSE (BSE2 inoculum). The latter
were sacrificed at terminal stage of the disease. The brains
where formalin fixed and paraffin embedded for their neu-
ropathological examination. The brain distribution of spongi-
form change and resistant prion protein (PrPres) deposition
were studied along with the immunolabelling of the prolifer-
ation marker Ki67 and the lisosomal marker Cathepsin C.

Results: Brain lesion and PrPres deposition profiles showed a
parallel distribution mainly affecting the brain stem (medulla
oblongata through thalamus) and, less intensely, the rest of
the brain. Moreover, an increase of the immunolabelling of
both markers studied was observed in the inoculated group
when compared to controls which also paralleled the lesion
and PrPres distribution.

Discussion: The results of the present study confirm that the
differential DNA expression observed in the transcriptional
study does translate in differential protein expression. These
changes have been localized precisely within the brain anato-
my and correlate well with the deposition of PrPres and
spongiform change. In both cases the signalling is observed in
cells morphologically identifiable as glial cells thus reflecting
the glial proliferation and its phagocitic activity, both proper-
ties are acquired by this cell type as a response to PrPres dep-
osition.

P.5.14
Silent prion-like forms in human prion dis-
eases

Wen-Quan Zou1, Jue Yuan1, Ignazio Cali1, Jian-Ping Guo2,
Patrick McGeer2, Qingzhong Kong1, Robert Petersen1, Jan
Langeveld3, Pierluigi Gambetti1, Xiangzhu Xiao1

1Case Western Reserve University, USA; 2University of British
Columbia, Canada; 3Central Veterinary Institute of Wagenin-
gen UR, Netherlands

Background: We recently identified proteinase K (PK)-resis-
tant prion protein (PrPres) fragments termed silent prions in
the normal human brain and in uninfected cultured neuronal
cells. In sharp contrast with PrPres detected in classic human
prion diseases, the newly-identified PrPres exhibited extremely
low immunoreactivity with 3F4 but preferential immunoreac-
tivity with 1E4 antibody (Ab) that detects a PrP sequence next
to the 3F4 epitope. The pathophysiology of silent prions re-
mains unknown. Moreover, whether there are any changes in
silent prions in various human prion diseases remain to be de-
termined.

Objective: To study the pathophysiology of silent prions.

Methods: Taking advantage of the unique features of silent
prions that allow preferential detection by the 1E4, but not
3F4 Ab, we analyzed brain tissues obtained at either autopsy
or biopsy from atypical prion diseases and classic sCJD by
Western blotting and neurohistology.

Results: Silent prion-like forms are readily detected in three
pathological conditions: 1) protease-sensitive prionopathy
with homozygous Val/Val at codon 129 of PrP exhibiting the
ladder-like PrPres migrating between 6 and 26 kDa on the gel;
2) a relative ‘early-stage’ of sporadic fatal insomnia showing
PrPres migrating between 19 and 29 kDa in biopsy brain tis-
sues of three cases; and 3) a subset of sCJD(Met/Met) with co-
occurrence of PrPSc type 1 and type 2 exhibiting a 19-kDa
PrPres. All the PrPres fragments observed in these conditions
share the same epitope immunoreactivity behavior as silent
prions present in the normal brain: preferential detection by
1E4, but not by 3F4.

Discussion: Because of the similar epitope immunoreactivity
behavior, all silent prion-like PrPres detected in affected brains
may originate from silent prions. The mechanism underlying
the increase in silent prions remains to be determined. (Sup-
ported by the CJD Foundation, NIHR01NS062787, NIA AG-
14359, and CDC UR8/CCU515004.)
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P.5.15
Protease-sensitive prions in the familial pri-
on disease linked to 144-bp insertion of the
prion protein gene

Xiangzhu Xiao, Jue Yuan, Zhiqian Dong, Gianfranco
Puoti, Liuting Qing, Robert Petersen, Qingzhong Kong,
Pierluigi Gambetti, Wen-Quan Zou

Case Western Reserve University, USA

Background: We recently described a novel prion disease
(termed protease-sensitive prionopathy (PSPr) characterized
by the presence of protease-sensitive abnormal prion protein
(sPrPSc) rather than the protease-resistant isoform (rPrPSc),
the molecular hallmark of prion diseases. The correlation be-
tween the two conformers and neuropathological changes re-
mains poorly understood.

Objective: To explore the role of sPrPSc and rPrPSc in the fa-
milial prion disease linked to 144-bp insertion of PrP gene.

Methods: Approaches used include one and two-dimension-
al SDS-PAGE and Western blotting, native PrPC and PrPSc cap-
ture, neurohistology, PRNP gene analysis in brain tissues ob-
tained at autopsy from subjects with a 144-bp insertion en-
coding six additional octapeptide repeats.

Results: Seven cases with the 144-base pair (bp) insertion
were examined. While six cases exhibit rPrPSc on Western
blots, in one case rPrPSc is undetectable even in commonly
used PrPSc-enriched preparations. However, a large amount
of PrP was captured from this case by the gene 5 protein (g5p)
and PTA, regents that specifically capture abnormal, but not
normal, PrP. The captured PrPSc is sensitive to protease-di-
gestion, i.e. sPrPSc. Using a combination of a detergent-solu-
bility assay and PrP capture with either the 6H4 antibody,
which captures only native PrPC, or g5p, which specifically
captures abnormal PrP, we demonstrate that rPrPSc and sPrP-
Sc are composed of both wild-type and mutant alleles. More-
over, independent of the presence of rPrPSc, cases with the
insertion mutation show the characteristic “stripe” PrP im-
munostaining pattern in the molecular layer of the cerebel-
lum.

Discussion: Our study favors the hypothesis that spongiosis
is attributable to the deposition of rPrPSc and the stripe pat-
tern is composed of sPrPSc with insertion mutation. (Sup-
ported by the CJD Foundation, NIH NS062787, NIA AG-14359,
NIH NS052319, and CDC UR8/CCU515004.)

P.5.16
Co-existence of scrapie prion protein type 1
and 2 in sporadic Creutzfeldt-Jakob disease:
its effect on the phenotype and prion type
characteristics

Ignazio Cali1, Rudolph Castellani2, Amer Alshekhlee1,
Yvonne Cohen1, Janis Blevins1, Jue Yuan1, Jan P. M.
Langeveld3, Piero Parchi4, Jiri G. Safar1, Pierluigi Gam-
betti1

1Case Western Reserve University, USA; 2University of Mary-
land, USA; 3Central Veterinary Institute of Wageningen UR,
Netherlands; 4Università di Bologna, Italy

Background: The frequent co-occurrence of different types of
the scrapie prion protein (PrPSc) type 1 and 2 in patients af-
fected by sporadic Creutzfeldt-Jakob disease (sCJD) adds to
the complex spectrum of phenotypes and makes the diagno-
sis of CJD more challenging.

Objectives: We investigate the prevalence of PrPSc types 1
and 2 co-occurrence, its effects on the disease phenotype and
PrPSc molecular characteristics analyzing 34 sCJD cases, all me-
thionine (M) 129 homozygous at the PrP gene (sCJDMM).

Methods: The use of adequate PK concentrations and of sev-
eral antibodies maximized the detection of both PrPSc types
while minimizing the estimation of “false” sCJDMM1-2 cases.
The molecular findings were correlated with the clinical and
histopathological phenotype.

Results: Our data show that sCJDMM1 and sCJDMM2 cases
exist and account for ~ 56% and 5%, respectively; 39% are
sCJDMM1-2 cases. There is strong evidence that PrPSc types
1 and 2 co-occurring in the same anatomical region have pe-
culiar conformational and immunoreactivity characteristics:
i.e., PrPSc type 1 gains conformational features of PrPSc type
2 while keeping its molecular size (20 kDa); also, a 19 kDa
fragment matching the “core” of PrPSc type 2 can be detect-
ed exclusively by the antibody 1E4 and is conformationally
more stable than PrPSc type 2 immunoreacting with 3F4. The
brain distribution of types 1 and 2 appear to be non random
but dictated by distinct degrees of type-specific “permissive-
ness”. The prevalence of PrPSc type 2 and sCJDMM2 pheno-
types correlate with the disease duration. Clinically, sCJD-
MM1-2 has an average disease duration intermediate be-
tween the other two sCJDMM subtypes. The histopathology
is also intermediate but the cerebellum resembles that of
sCJDMM1.

Discussion: sCJDMM1-2 is not simply a mixture of two PrPSc
types but it has unique features. It seems justified to keep
sCJDMM1-2 as a separate subtype of sCJDMM at this time.

Supported by NIH Award AG-14359, CDC Award
UR8/CCU515004, the Charles S. Britton Fund, and the CJD
Foundation.
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P.5.17
E200K genetic CJD associated with promi-
nent intraneuronal accumulation of disease-
associated PrP

Gabor G. Kovacs1, Istvan Kapas2, Raf Sciot3, Rik Vanden-
berghe3, Katalin Majtenyi4, Herbert Budka1

1Medical University of Vienna, Austria; 2Javorszky County
Hospital, Hungary; 3University Hospital Leuven, Belgium;
4Semmelweis University, Hungary

Background: Immunostaining for PrP reveals well described
disease-associated deposits mainly located extracellularly in
the neuropil and only rarely detected intracellularly.

Objectives: To describe E200K genetic CJD cases with pecu-
liar intraneuronal deposition of disease-associated PrP.

Methods: Immunohistochemistry for PrP using monoclonal
antibodies against different epitopes of the PrP. Anatomical
mapping of neuropathological changes in several regions.
Paraffin-embedded tissue (PET) blotting to demonstrate pro-
teinase-K resistant PrP.

Results: Five cases from two different families were examined.
Age at death ranged between 54-74 years, and the duration
of illness between 3 and 14 months. Clinical symptoms were
not distinct from described E200K genetic CJD cases. Spongi-
form change was mild to moderate and affected mainly deep-
er layers of neocortical araes as well as the basal ganglia. Im-
munohistochemistry for PrP revealed variably dense synaptic
type of immunoreactivity in all examined regions. Prominent
and unusual PrP immunoreactive globules were seen only in
the neurons of the deeper neocortical layers as well as in the
subiculum, basal ganglia, and brainstem nuclei. Regions with
prominent synaptic PrP deposits did not show intraneuronal
globular PrP deposits. PET-blot confirmed that these intra-
neuronal PrP deposits were Proteinase K resistant. Intraneu-
ronal PrP immunoreactive globules were not detectable using
antibodies against the N-terminal fragment of the PrP and
were lacking in a cohort of 40 cases with E200K genetic CJD.

Discussion: Our observations support the notion that several
truncated forms of disease-associated PrP may be present in
the same brain suggesting different processing of PrP in dis-
tinct neuronal populations. In contrast to other neurodegen-
erative disorders, inclusion-body-like intracellular accumula-
tion of PrP is unusual in prion diseases and suggests complex
disease pathogenesis.

Support: Neuroscreen LSHB-CZ-2006-037719 contract 037719.

P.5.18
From protein misfolding to neurodegenera-
tion

Jean Manson1, Enrico Cancellotti1, Pedro Piccardo2, Bar-
ry Bradford1, Debbie Brown1, Herbert Baybutt1, Matthew
Bishop1, Robert Will1, Isobel Morten3, Nigel Hooper3

1University of Edinburgh, UK; 2Food and Drug Administra-
tion, USA; 3University of Leeds, UK

Background: The TSEs, one of a group of diseases which re-
sult in misfolding of a protein in the brain resulting in neu-
ronal degeneration and death, are set apart from other pro-
tein misfolding diseases due to the infectious nature of these
diseases. To fully understand the TSEs therefore we need to
understand both the infectious and neurodegenerative nature
of these diseases.

Objectives: We are addressing this using our gene targeted
transgenic mice in which the species, glycoforms or expres-
sion patterns of PrP the murine PrP gene has been altered. We
have examined the role of host PrP in transmission between
species and the infectious process within the host from pe-
riphery to the CNS. We have examined whether peripheral
nerves are the major route of transport and whether glycosy-
lation status of PrP determines delivery of the agent to the
CNS. We are also examining the neurodegenerative process
within the CNS and the links between PrP and Alzheimers dis-
ease.

Methods: We have used a number of different TSE strains, dif-
ferent routes of inoculation and a range of transgenic mice
and examined the incubation time of disease and a range of
pathological markers of disease.

Results: We have established that PrP can dramatically influ-
ence the course of disease. Alterations in host PrP influence
cross species transmissions, glycosylation of PrP in peripheral
organs is important for dictating both the timing of neuroin-
vasion and the final targeting in the brain, while removal of
PrP from Schwann cells dramatically reduced levels of PrP with
a loss of the glycosylated isoforms in the PNS but did not pre-
vent neural invasion. We have further examine the link be-
tween APP processing and PrP

Discussion: While host PrP clearly influences pathogenesis and
transmission characteristics of disease, its role in this process
is clearly unresolved. Removal of PrP from specific cells and tis-
sues yielded unexpected results which question our basic un-
derstanding of these diseases.
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P.5.19
Characterization of soluble oligomers of pri-
on protein by fluorescence correlation spec-
troscopy

Hiroshi Sakata1, Motohiro Horiuchi2, Masataka Kinjo1

1Laboratory of Molecular Cell Dynamics, Faculty of Advanced
Life Science, Hokkaido University, Japan; 2Laboratory of Pri-
on Diseases, Graduate School of Veterinary Medicine, Hokkai-
do University, Japan

Background: The conversion studies in vitro of recombinant
PrP (recPrP) which were induced by diluting from a high con-
centration of sodium dodecyl sulphate (SDS) or by pH shift
have been reported. It is, however, difficult to address the
conformational alterations of recPrP from the denaturing con-
dition and little is known about the molecular events leading
to the oligomerization. 

Objectives: To clarify the oligomerization process and con-
formational transition of recPrP from a natural condition. 

Methods: Aqueous solution of enhanced green fluorescent
protein (EGFP)-tagged PrP (EGFP-PrP) was prepared and the
oligomer formation of EGFP-PrP induced by SDS was moni-
tored by fluorescence correlation spectroscopy (FCS). More-
over, conformational changes of PrP were detected by fluo-
rescence cross-correlation spectroscopy (FCCS) using a panel
of anti-PrP monoclonal antibodies (mAbs). 

Results: The FCS analysis showed that soluble oligomers were
formed between 0.005% and 0.01% SDS and that the basic
unit of the soluble oligomers was estimated as a trimer of
EGFP-PrP. Conformational changes in both the N- and C-ter-
minal region of PrP and involvement of the N-terminal region
in the soluble oligomer formation were indicated by the com-
bination method of FCS/FCCS and mAbs. 

Discussion: The oligomerization process and conformational
transition of EGFP-PrP was monitored from the natural con-
dition (80 mM NaPi, pH 7.3) in which PrP is expected to pos-
sess a native conformation. Our results propose an essential
model for the initiation of the spontaneous oligomer forma-
tion of PrP in which a trimeric PrP is formed as a basic unit of
the oliogmerization and a conformational alteration takes
place at the C-terminal region of the PrP oligomers. Our stud-
ies also provide the invaluable tool for analyzing the oligomer-
ization and conformational transition of amyloidgenic pro-
teins.

P.5.20
PrPSc degradation pathway in macro phages

Yukiko Sassa1, Takeshi Yamasaki2, Motohiro Horiuchi2, Ya-
suo Inoshima1, Naotaka Ishiguro1

1Gifu University, Japan; 2Hokkaido University, Japan

Background: Prions initially infect digestive tissue and trans-
ported to the central nervous system. Macrophage is one of
the candidates of up taking and transport prions. However, it
has been reported that macrophage could degradade PrPSc,
and may be involved in the clearance of prions. 

Objectives: The aim of this study was to identify PrPSc degra-
dation pathways in macrophages. In particular, we focused on
lysosomal and proteasomal pathways.

Methods: In this study, we added PrPSc of Chandler and Obi-
hiro strain onto mouse macrophage J774 and Raw cell line.
We studied degradation, cellular localization of PrPSc, and in-
hibitory effects of lysosomal and proteasomal inhibitors
against PrPSc degradation. 

Results: PrPSc was increased once after PrPSc addition and
then reduced in a time-dependent manner. PrPSc were colo-
calized with Ubiquitin and lysosomal marker (Lamp-1) by flu-
orescence confocal laser microscopy. Treatment with lysoso-
mal (Leupeptin) and proteasomal inhibitors (MG132 and ALLN)
inhibited PrPSc degradation. 

Discussion: Macrophage may degradade PrPSc with both lyso-
somal and proteasomal pathways.
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P.5.21
Parallels between different forms of sheep
scrapie and types of Creutzfeldt-Jakob dis-
ease (CJD)

Wiebke M. Wemheuer1, Sylvie L. Benestad2, Arne Wrede1,
Wilhelm E. Wemheuer3, Tatjana Pfander1, Bjørn Brat-
berg2, Bertram Brenig3, Walter J. Schulz-Schaeffer1

1University Medical Center Goettingen, Germany; 2Institute of
Veterinary Medicine Oslo, Norway; 3Institute of Veterinary
Medicine Goettingen, Germany

Background: Scrapie in sheep and goats is often regarded as
the archetype of prion diseases. In 1998, a new form of scrapie
– atypical/Nor98 scrapie – was described that differed from
classical scrapie in terms of epidemiology, Western blot pro-
file, the distribution of pathological prion protein (PrPSc) in
the body and its stability against proteinase K. In a similar
way, distinct disease types exist in sporadic Creutzfeldt-Jakob
disease (CJD). They differ with regard to their clinical outcome,
Western blot profile and PrPSc deposition pattern in the cen-
tral nervous system (CNS). 

Objectives: The comparison of PrPSc deposits in sheep scrapie
and human sporadic CJD. 

Methods: Tissues of the CNS of sheep with classical scrapie,
sheep with atypical/Nor98 scrapie and 20 patients with spo-
radic CJD were examined using the sensitive Paraffin Embed-
ded Tissue (PET) blot method. The results were compared with
those obtained by immunohistochemistry. With the objective
of gaining information on the protein conformation, the PrP-
Sc of classical and atypical/Nor98 sheep scrapie and sporadic
CJD was tested for its stability against denaturation with
guanidine hydrochloride (GdnHCl) using a Membrane Ad-
sorption Assay. 

Results: The PrPSc of atypical/Nor98 scrapie cases and of CJD
prion type 1 patients exhibits a mainly reticular/synaptic dep-
osition pattern in the brain and is relatively sensitive to de-
naturation with GdnHCl. In contrast classical scrapie cases and
CJD prion type 2 patients have a more complex PrPSc deposi-
tion pattern in common that consists of larger PrPSc aggre-
gates and the PrPSc itself is comparatively stable against de-
naturation. 

Discussion: The similarity between CJD types and scrapie
types indicates that at least two comparable forms of the mis-
folded prion protein exist beyond species barriers and can elic-
it prion diseases. It seems therefore reasonable to classify clas-
sical and atypical/Nor98 scrapie – in analogy to the existing
CJD types – as different scrapie types.

P.5.22
Study on the Calretinin-immunopositive
cells in the cerebellar cortex of Scrapie-af-
fected sheep

Adolfo Toledano1, Mª Isabel Álvarez1, César Lacruz2, Adol-
fo Toledano-Díaz3, Eva Monleón4, Marta Monzón4, Juan
José Badiola4

1CSIC, Spain; 2Hospital Gregorio Marañon, Spain; 3INIA,
Spain; 4University of Zaragoza, Spain

Background: Calretinin (CR) is a member of calcium-binding
protein family that confers protection against the pathogen-
ic mechanisms of neuron involution/disease. A small number
of well defined subtypes of calretinin-immunopositive (CRi+)
neurons and fibers exist throughout the brain, being the cere-
bellum the CNS region with the most intense CR-im-
munopositivity. 

Objectives: In this region we have studied the relationship be-
tween neuronal CR content and neuronal involution in the
cerebella of normal sheep of different ages and of Scrapie-af-
fected animals. 

Results: CR-immunoreactivity was seen in subsets of widely
varying numbers of cells belonging to all the neuronal sub-
types and afferent fibers. Generally, immunopositive cells
were seen in very high densities in lobules X and IX, and in
low density in lobule VIIb. Unipolar brush cells (UBCs) were
100% CRi+. The Purkinje cells were the most variable neurons
in CR-immunoreactivity. Few granule cell perikarya were im-
munostained but a large number of their axons were CR-im-
munopositive. Subsets of stellate and basket cells were CRi+.
Strongly CRi+ mossy and climbing fibers were observed in all
lobules. The aged animals showed reduction in certain neu-
ronal subtypes (mainly UBCs) and hypertrophy / hyperim-
munoreactivity in many CR-immunopositive cells of different
CR-immunopositive neuronal subsets, also depending on the
location. Purkinje cells were the most prone to show increased
CR-immunoreactivity. Scrapie sheep showed signs of both
neuronal involution and hypertrophic/hyperimmunoreactive
responses in the subsets, also depending on the archi- or neo-
cerebellar location. 

Discussion: The results suggest that CR expression and/or CR
cell content are related to the selective functions of the sub-
types of the cerebellar cortical neurons and fibers and local
factors rather than to general neuroprotection. Some types of
CRi+ neurons are affected by age and Scrapie but other types
seem to increase their CR content for neuroprotection.
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P.5.23
Autophagy and prion infection: mutual in-
teractions

Yasmine Aguib*1, Andreas Heiseke*1, Teresa Schäffler1,
Tom Schwarzer1, Sabine Gilch1, Ina Vorberg1, Michael
Baier2, Hermann Schaetzl1

1Institute of Virology, Technische Universität München, Mu-
nich, Germany; 2Robert-Koch-Institut, Berlin, Germany

Background: In search of cellular mechanisms that play a role
in prion diseases and have the potential to interfere with ac-
cumulation of intracellular pathological prion protein (PrPSc),
we investigated the autophagic pathway. Recently, we
showed that drug-induced induction of autophagy accelerates
clearance of PrPSc in persistently prion-infected cells. 

Objectives: To cover further aspects such as the role of drug-
induced autophagy in acute prion infection, autophagy as a
general susceptibility factor in prion infection, prion infection
as modulator of autophagy levels and in vivo studies towards
therapeutic applications. 

Methods: Treatments with autophagy inducers, inhibitors and
siRNA were performed in vitro and analyzed via Western blot-
ting, confocal microscopy and FACS analysis. Further effects
were investigated in vivo. 

Results: We show here that manipulation of autophagy does
not only have an effect on persistent prion infections, but it
also on acute infections. Autophagic induction can strongly
interfere with de novo prion infections and restrict the accu-
mulation of intracellular aggregated prion protein. We ob-
served that the ability to restrict acute prion infection is a
common feature of diverse autophagy inducers. Moreover, a
substance already in use for cancer therapy, is able to induce
autophagy and enhance clearance of PrPSc in cell culture mod-
els and prolongs survival in animal studies. In a further study
we correlated basal levels of autophagy in cells susceptible or
non-susceptible for prion infection and monitored changes in
basal levels of autophagic activity in cells acutely infected with
prions. 

Discussion: Our data are of high relevance for elucidating the
exact function of autophagy in prion propagation and infec-
tion and indicate a general role of autophagy in prion disease
scenarios, pointing to a novel potential therapeutic target.

* These authors contributed equally

P.5.24
Mutant prion protein expression causes im-
pairment of cerebellar synaptic functions in
a transgenic mouse model 

Assunta Senatore1,2, Simona Colleoni2, Claudia Verderio3,
Elena Restelli1,2, Susanna Mantovani1,2, Steven Condliffe3,
Luigi Congi4, Francesca Prestori4, Elisabetta Cesana4, Gi-
anluigi Forloni2, Egidio D’Angelo4, Michela Matteoli3, Mar-
co Gobbi2, Roberto Chiesa1,2

1Dulbecco Telethon Institute, Italy; 2Istituto di Ricerche Far-
macologiche Mario Negri, Italy; 3CNR Institute of Neuro-
science, University of Milan, Italy; 4University of Pavia, Italy

Background: Tg(PG14) mice, expressing a prion protein (PrP)
insertional mutation associated with an inherited prion dis-
ease, accumulate in their brains a misfolded and aggregated
form of the mutant protein. As this form accumulates, the
mice develop a neurological disorder characterized clinically
by ataxia, and neuropathologically by synaptic-type PrP dep-
osition, associated with loss of synapses and granule neurons
in the cerebellum. 

Objectives: We explored the hypothesis that mutant PrP in-
duces synaptic dysfunction as a primary event in the patho-
genesis. 

Methods: We carried out functional studies in isolated nerve
endings (synaptosomes) from mice at different stages of their
neurological illness and in primary cultures of cerebellar gran-
ule neurons. 

Results: Analysis showed a marked alteration of glutamater-
gic synaptic functions. Depolarization-evoked release of glu-
tamate was already significantly reduced in cerebellar synap-
tosomes from presymptomatic mice, and was completely im-
paired at the time mice had advanced clinical disease.
Defective depolarization-induced release was also observed in
primary cultures of cerebellar granule neurons from newborn
Tg(PG14) mice. To explore the possibility that reduction of glu-
tamate release was due to defective calcium influx upon de-
polarization, we measured intracellular calcium levels in cere-
bellar synaptosomes and in cultured neurons, and performed
whole-cell patch clamp recordings to measure calcium cur-
rents. 

Discussion: Analysis indicated that depolarization-induced cal-
cium transients were significantly reduced in synaptosomes
and cells from Tg(PG14) cerebella, due to defective function
of voltage-gated calcium channels. Electrophysiological record-
ings are in progress to characterize the molecular mechanisms
underlying the calcium defect and the consequences of calci-
um channel impairment on cerebellar synaptic transmission
and plasticity.
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P.5.25
Generation and characterization of new
mouse models of genetic prion disease 

Susanna Mantovani1,2, Ilaria Bertani1,2, Anna Garofoli1,2,
Gianluigi Forloni2, Roberto Chiesa1,2

1Dulbecco Telethon Institute, Italy; 2Department of Neuro-
science, Mario Negri Institute for Pharmacological Research,
Milan, Italy;

Background: Fatal familial insomnia (FFI) and a subtype of fa-
milial Creutzfeldt-Jakob disease (CJD178) are clinically and
neuropathologically distinct diseases linked to the D178N mu-
tation in the gene encoding the prion protein (PrP). Disease
phenotype is determined by the M/V polymorphism at codon
129 of the mutant allele: D178N/M129 segregates with FFI,
while D178N/V129 is associated with CJD. We have generat-
ed transgenic (Tg) mice that express the mouse PrP homo-
logue of the CJD178 mutation (D177N/V128) containing the
epitope tag for monoclonal antibody 3F4. These mice synthe-
size a misfolded form of mutant PrP, which is aggregated and
protease resistant, and develop pathological features of
CJD178, including motor dysfunction, memory impairment,
and EEG abnormalities (Neuron 60:1-12, 2008). 

Objectives: To generate new Tg lines with a pure C57BL/J
background expressing D177N/V128 and D177N/M128 PrP
without the 3F4 tag. 

Methods: cDNAs encoding mutant PrPs were cloned into the
half-genomic PrP transgenic vector, containing the mouse PrP
promoter, and microinjected in the pronuclei of fertilized eggs
of C57BL/6J x CBA/J F1 mice. 

Results: We have identified 9 mice carrying the D177N/V128
and 3 carrying D177N/M128 transgenes, which were back-
crossed to PrP knockout mice with a pure C57BL/6 back-
ground. 

Discussion: We are characterizing the biochemical, neu-
ropathological and clinical features of the new lines. These
mice will allow us to study the mechanism of phenotypic vari-
ations due to the M/V PrP polymorphism.

P.5.26
Candidate gene analysis in distinct regions
of the central nervous system during the de-
velopment of SSBP/1 sheep scrapie

Anton Gossner, Jim Foster, Nora Hunter, John Hopkins

University of Edinburgh, UK

Background: Rodent scrapie models have been exploited in
order to define a common molecular signature in the central
nervous system for the progression of TSE disease. 

Objectives: The aim of this work was to assess if gene ex-
pression profiles in murine models are of generic relevance or
are TSE strain and/or species specific. 

Methods: qRT-PCR assays were developed for six candidate
genes and used to quantify transcripts in defined brain regions
at times after SSBP/1 infection; a scrapie strain that causes de-
fined clinical disease in sheep of Prnp genotypes encoding at
least one VRQ allele. All six candidates showed consistent
changes in expression levels in relation to progression of dis-
ease in murine scrapie models and were chosen on the basis
that they represent disparate physiological pathways. 

Results: Peripheral infection with SSBP/1 in sheep shows a
consistent progression of pathology in the central nervous sys-
tem as assessed by PrPSc deposition and neuropil vacuolation.
The first affected region was the medulla (obex), then the
thalamus and finally cerebellum and frontal cortex. However,
unlike in mice there were no consistent changes to any of the
candidate genes in relation to the progression of pathology
in sheep. 

Discussion: The dissimilarity between mouse and sheep
scrapie is likely to be due to differences in the pathological
characteristics of the diseases and highlights the difficulties in
the development of a TSE-specific profile of gene expression.
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P.5.27
Amino acid conditions near the glyco-
sylphosphatidylinositol (GPI) anchor attach-
ment site of prion protein for the conversion
and the GPI anchoring

Masaki Hizume1, Atsushi Kobayashi2, Hidehiro Mizusawa1,
Tetsuyuki Kitamoto2

1Department of Neurology, Kanto Central Hospital of the Mu-
tual Aid Association of Public School Teachers, Japan; 2Divi-
sion of CJD Science and Technology, Department of Prion Re-
search, Tohoku University Graduate School of Medicine, Japan

Background: Prion protein (PrP) is a glycosylphosphatidyli-
nositol (GPI) -anchored protein, and the C-terminal GPI anchor
signal sequence (GPI-SS) is cleaved before PrP presents on a
cell surface via a GPI anchor. However, mutations near the GPI
anchor attachment site (the ω site) in the GPI-SS of PrP gene
have been recognized to date in human genetic prion diseases
such as M232R and M232T. Moreover, the ω site of PrP has
been identified only in hamster, though it is known that
amino acid restrictions are very severe at the ω site (amino
acids: G, A, S, N, D and C) and the ω + 2 site (G, A and S) in
other GPI-anchored proteins. 

Objectives: To investigate the effect of single amino acid sub-
stitutions near the ω site of PrP gene on the conversion and
the GPI anchoring and to discover the ω site of murine PrP. 

Methods: We systematically created mutant murine PrP genes
with all possible single amino acid substitutions at every
amino acid residue from codon 228 to 232 near the ω site,
transfected them into scrapie-infected mouse neuroblastoma
cells and compared the conversion efficiencies of each mutant
PrP with that of wild type PrP by Western blot analysis using
3F4 antibody. Further, we added PI-PLC in the medium and
detected mutant PrPs released from the cell membranes. 

Results: Single amino acid substitutions near the ω site in the
GPI-SS of PrP altered the conversion efficiencies and the GPI
anchoring efficiencies. Especially, amino acid restrictions for
the conversion and the GPI anchoring were severe at codon
230 (amino acids: A, D, G, N, P, T and V) and codon 232 (A, C,
D, E, G, H, K, N, Q, R, T and V) in murine PrP. Only the con-
version competent PrPs with mutations in the GPI-SS were re-
leased from the cell membranes by PI-PLC. 

Discussion: These findings indicate that codon 230 is the ω
site in murine PrP and the amino acid restrictions of the ω and
ω + 2 sites for the conversion and the GPI anchoring are less
severe in PrP than in other GPI-anchored proteins.

P.5.28
Differential regulation of interferon-gamma
responsive genes during prion infection

Laura Moody1, Allen Herbst2, Judd Aiken2

1University of Wisconsin, Madison, USA; 2University of Al-
berta, Canada

Background: Interferon-gamma (IFN-g) is a cytokine produced
exclusively by T-cells and natural killer cells to regulate im-
mune responses. Although neither IFN-g mRNA or protein
have been detected in the brains of infected animals, gene ex-
pression analysis by us and others has identified IFN-g stimu-
lated genes up-regulated in brain during infection. 

Objectives: As IFN-g has not been detected in brains of TSE-
infected mice, we sought to confirm IFN-g stimulated gene
and protein expression. We also tested the hypothesis that
IFN-g is directly necessary for progression and presentation of
TSE infection. 

Methods: Brain gene expression from C57Bl/6 mice infected
with RML agent were profiled using gene arrays. Profiles from
pre-clinical and clinically infected animals were analyzed and
expression of IFN-g stimulated genes was quantified by qPCR.
To test the role of IFN-g in TSE infection, IFN-g knock-out (KO)
mice and age-matched wild type (WT) mice were infected with
RML. Disease progression, clinical symptoms, lesion profiles,
PrPTSE deposition, gliosis, and gene expression were assessed. 

Results: Twelve IFN-g induced transcripts were identified as
up-regulated during infection by microarray, with three con-
firmed by qPCR. There was no difference in survival of KO and
WT mice after RML infection, but there were differences in
clinical presentation. Gliosis, PrPTSE deposition and lesion pro-
files were similar between KO and WT mice. Expression analy-
sis of infected KO and WT mice reveal many genes with al-
tered expression in response to prion infection when IFN-g is
eliminated. 

Discussion: The up-regulation of IFN-g induced gene expres-
sion in the absence of detectable IFN-g in the brain during pri-
on infection was confirmed. In vivo studies using IFN-g knock-
out mice indicated that IFN-g is not necessary for TSE infec-
tion but its absence does affect clinical presentation of
disease. We are currently investigating the JAK/STAT signal-
ing cascade to determine if IFN-g stimulated genes are being
induced by an IFN-g independent mechanism.
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P.6.1 
Defining and understanding intracellular
trafficking of PrPSc and the subcellular com-
partments where PrPSc-mediated neurotox-
icity may occur

Samira Rabbanian, Rob Goold, Ralph Andre, Parineeta
Arora, Parmjit Jat, John Collinge, Sarah Tabrizi 

UCL, Institute of Neurology, UK

Background: Prion diseases are fatal neurodegenerative dis-
orders associated with a conformational change of cellular PrP
(PrPC) to abnormal disease-associated conformers (PrPSc). To
date, relatively little is known about the cell biology of this
process; the cause of prion mediated neurodegeneration is
not known, and a major gap exists in understanding how con-
version of PrPC to PrPSc causes neuronal dysfunction and
death. We are currently using PrP knockout cells, derived from
the prion-susceptible N2aPK-1 cell line, enabling the expres-
sion of heterologous-tagged PrP and the study of trafficking
of newly formed PrPSc without interference from host wild-
type PrP. 

Objectives: To track the conversion and cellular trafficking of
PrPSc, and how it may result in prion-mediated neurotoxicity. 

Methods: N2aPK-1 PrP-KO cell lines were transduced with a
construct containing mouse PrP modified to contain the mAb
3F4 epitope and a panel of six different moPrP.FLAG con-
structs. We then generated cells that stably express tagged
PrP at close to physiological levels. After exposing these cells
to RML prions, prion-susceptible cells were identified using
the scrapie cell assay. Susceptible cell clones were stained with
the 3F4 antibody and intracellular organelle markers to iden-
tify the subcellular localisation of PrPSc. 

Results: Immunofluorescence and immunoblot studies indi-
cated that cells expressing 3F4-tagged PrP or the FLAG se-
quence at position 22 or 30 of PrP contain formic acid and PK-
resistant PrP, indicating misfolded PrP propagation. In addi-
tion, our preliminary confocal microscopy studies have shown
that tagged misfolded PrP co-localises with the plasma mem-
brane, transferrin receptors, early endosomes and lysosomes. 

Conclusions: Taken together, our data suggests that prion
susceptibility with 3F4 and N-terminal FLAG-expressing PrP
has been reconstituted in our cells. Furthermore, using our sys-
tem will yield insights into PrP conversion, intracellular traf-
ficking and putative pathways of prion-mediated neurotoxic-
ity.

P.6.2 
Biarsenical labelling by IDEAL protocol pro-
vides new insights into effects of anti-prion
drugs on PrP cell biology

Yuzuru Taguchi, Gerald Baron

Rocky Moutain Laboratories, NIAID, NIH, USA

Background: FlAsH is a biarsenical derivative of fluorescein
which can specifically label tetracysteine (TC)-tagged cell sur-
face proteins by IDEAL-labeling. This tagging is very useful for
investigation of cell biology of PrP because FlAsH-labeled TC-
tagged PrP (FlAsH-PrP) behaves similarly as wild-type PrP, and
FlAsH-PrP can be analyzed by microscopy or SDS-PAGE fol-
lowed by laser scanning (fluorescent gel analysis), enabling
correlation of morphological and biochemical data. Time-lapse
observation of FlAsH-PrP allows pulse-chase analyses. 

Objectives: To evaluate direct effects of compounds on PrP,
short-term incubations are more favorable than long incuba-
tions, because cytotoxicity and indirect effects might emerge
to complicate the results. FlAsH-pulse-chase is suitable for
short-term experiments because a few hours’ incubation is
sufficient for detection of changes in levels or localization of
FlAsH-PrP. We evaluated acute effects on PrPsen and PrPres
of representative anti-prion reagents and compounds which
exhibit cytotoxicity during long incubation. 

Methods: After labeling with FlAsH or an Alexa Fluor-FlAsH
derivative by IDEAL labeling, the cells were incubated with
various compounds and then harvested after different peri-
ods of time for fluorescent gel analysis, or alternatively were
monitored by time-lapse confocal microscopy. 

Results: For some compounds including sulfated glycans, flu-
orescent-gel or microscopic FlAsH-pulse-chase analyses con-
firmed reported effects observed with conventional methods
of analyses along with some novel findings, whereas the re-
sults were different for other compounds such as E-64, sug-
gesting involvement of indirect effects in the anti-prion ac-
tivity observed after long-term incubation. 

Discussion: Identification of direct effects of various com-
pounds on PrP by pulse-chase analysis advances our under-
standing of cell biology of PrPsen and PrPres and underlying
mechanisms of anti-prion activity. This will aid the develop-
ment of efficacious anti-prion drugs.
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P.6.3 
Cellular prion protein protects T lympho-
cytes from oxidative stress during thymus
development

Patrice Marche1, Catherine Aude-Garcia2, Christian Vil-
liers1, Serge Candéias2, Caroline Bertrand2, Véronique
Collin3, Evelyne Jouvin-Marche1

1INSERM U823, University J Fourier Grenoble, France;
2CNRS UMR 5092, iRTSV/CEA-Grenoble, France; 3UMR
5092, iRTSV/CEA-Grenoble, France

Background: PrPC (cellular prion protein) is a highly conserved
GPI-anchored glycoprotein whose physiologic functions re-
main enigmatic particularly in immune system. Although PrPc
deficient mice display only minor abnormalities, some mice
over-expressing PrPC show alterations of thymus develop-
ment. 

Objectives: We investigated the function of the PrPC redox
homeostasis in the cells of the thymus to assess PrPC involve-
ment in T lymphocytes response to oxidative stress. 

Methods: Thymocyte subpopulations from C57BL/6 wild type
(WT) or PrPc deficient (Prp°) mice were defined flow cytome-
try for the expressions of CD4, CD8, CD44 and CD25 markers.
Reduced glutathione (GSH), a scavenger of reactive oxygen
species induced by stress, was measured by the fluorescence
after Monochlorobimane incubation. Oxidative stress was in-
duced in vitro by exposure of the thymocytes to 0.2mM of
H2O2, and in vivo by a restricted diet consisting in a free ac-
cess to food and water only for 2 hours per day for 7 days. 

Results: Each thymocyte subpopulation is characterized by a
precise level of GSH evolving throughout differentiation
stages: most immature DN1-DN2 thymocytes contain the
highest level of GSH which decreases as the cells differenti-
ate. This evolution is identical in both WT and Prp° mice. Mon-
itoring the level of GSH in thymocyte cultures after H2O2 ex-
posure shows that thymocytes from Prp° mice display a high-
er susceptibility to oxidative stress than thymocytes from WT
mice: WT C with high levels of GSH drop from 83% to 68%,
whereas in Prp° mice the decrease is more dramatic from 92%
to 20%. Restricted diet, known to provoke oxidative stress,
induces a decrease of all thymocyte population that is earlier,
more pronounced and for a longer period in Prp° as compared
to WT mice. 

Discussion: In the absence of PrPc, thymocytes are less able
to maintain their pool of GSH, supporting a role in the re-
sponse to oxydative stress. Taken together, our results clear-
ly ascribe to PrPC a protective function in T lymphocytes
against oxidative stress.

P.6.4 
Mapping prion protein – tubulin interaction
sites

Krzysztof Nieznanski, Katarzyna Osiecka, Hanna Niez-
nanska, Krzysztof Skowronek, Justyna Karolczak,
Gabriela Schneider 

Nencki Institute of Experimental Biology, Warsaw, Poland

Background: Tubulin is a building block of microtubules – dy-
namic cytoskeletal structures that can switch between phas-
es of assembly and disassembly. This property is crucial to mi-
crotubule functions in the cell. Previously, we have demon-
strated that prion protein (PrP) binds directly to tubulin and
inhibits microtubule formation by inducement of tubulin
oligomerization. 

Objectives: This report is focused on mapping the regions of
PrP and tubulin involved in the interaction and identifying PrP
domains responsible for tubulin oligomerization. 

Methods: In these studies we employed covalent cross-link-
ing, mass spectrometry analyses, cosedimentation experi-
ments, light scattering measurements, electron and fluores-
cence microscopy. 

Results: Using a panel of deletion mutants as well as prote-
olytic fragments of PrP we identified two microtubule-bind-
ing motifs at both ends of the N-terminal flexible part of the
molecule. We found that residues 23-32 constitute a major
binding site, whereas residues 101-110 represent a weak bind-
ing site. We demonstrate that PrP deletion mutants lacking
residues 23-32 exhibit very low capability to induce tubulin
oligomerization. Moreover, a synthetic peptide corresponding
to this sequence mimics the effects of the full-length PrP on
tubulin oligomerization and microtubule assembly. Studied at
the cellular level, peptide composed of the PrP motive 23-30
and signal sequence (residues 1-22) disrupted the microtubu-
lar cytoskeleton. Furthermore, we found that the effect of PrP
on tubulin oligomerization may be regulated by microtubule
associated proteins (MAPs). Employing proteolytic fragments
of α- and β-tubulin we mapped the docking sites for PrP with-
in the C-terminal domains constituting the outer surface of
microtubule. 

Discussion: We hypothesize that induced by PrP oligomeriza-
tion of tubulin may explain molecular mechanism of toxicity
of cytoplasmic prion protein which concentration increases
significantly in TSEs. 
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P.6.5 
Alternative reading of PrP mRNA can give
rise to CytPrP

Michael A. Tranulis1, Heidi Tveit2, Clara M. O. Jalland1,
Susan Skogtvedt1, Kristian Prydz2, Christel M. Olsen1,
Christoffer Lund2

1Norwegian School of Veterinary Science, Norway, 2Universi-
ty of Oslo, Norway

Background: The sub-cellular sorting and handling of PrPC is
surprisingly flexible. The main route for the protein is through
the secretory pathway ending at the plasma membrane, from
where PrPC is shed or endocytosed. Surprisingly, PrPC has al-
so been observed in significant amounts in the cytoplasm (Cyt-
PrP) of several cell types. The mechanistic underpinnings of
CytPrP are poorly understood and the focus of this report.

Objectives: We have explored whether alternative reading of
PrP mRNA can generate CytPrP. 

Methods: We have expressed sheep PrP and fusion proteins
of sheep PrP and green fluorescent protein (GFPPrP) in N2a
cells. We have manipulated the sequence context surround-
ing the translation initiation codon Met1 (start codon with
surrounding Kozak sequence) and generated amino acid sub-
stitutions in the ER-targeting signal sequence. The sub-cellu-
lar partitioning of PrP was studied by live confocal microscopy
and Western Blots by use of a panel of PrP antibodies. 

Results: Manipulation of the Kozak sequence switched the
cellular localization of PrP and GFPPrP from peri-cellular mem-
branous to disperse cytoplasmic. When expressing GFPPrP,
two cytoplasmic N-terminal fragments of GFPPrP starting in
frame at Met17 were found. The appearance of these frag-
ments in WB proved to be a sensitive assay for CytPrP in this
cell culture system. Our data suggesting that leaky ribosomal
scanning (LRS) occurs also in wild-type sheep PrP with Met17
serving as an alternative start site for translation. 

Discussion: Our data show that in cell culture systems sheep
PrP allows Met17 to serve as an internal start site for transla-
tion. This type of expression can be up-regulated by altering
the Kozak sequence, indicating that leaky ribosomal scanning
occurs. PrP generated from Met17 is poorly translocated
through the ER-membrane, probably due to the shortened ER-
targeting signal peptide, resulting in cytoplasmic localization
of the protein. To what extent this mechanism operates in vi-
vo is currently under investigation.

P.6.6 
Characterization of PrPC in C. elegans by life
span

Marcel Stahl1, Petra Steinacker1, Bettina Schulze2, Ekke-
hard Schulze2, Ralf Baumeister2, Oliver Hobert3, Markus
Otto1

1Department of Neurology, Germany; University of Ulm, Ger-
many; 2Bioinformatics and Molecular Genetics, Albert-Lud-
wigs-University, Freiburg, Germany; 3Department of Bio-
chemistry & Molecular Biophysics, Columbia University, New
York, USA

Background: A fundamental understanding of the character-
istics of PrPC is still of major dispute and necessity to com-
prehend the disease underlying processes of PrPSc. A fre-
quently used and established model system for the analysis of
proteins is the nematode Caenorhabditis elegans, the first
multicellular organism to have its genome completely se-
quenced. Recently C. elegans was established as a model or-
ganism for transgenic expression of the cytosolic murine pri-
on protein mPrP(23-231), which lacks the N-terminal signal se-
quence and the C-terminal glycosylphosphatidylinisotol (GPI)
anchor site. 

Objectives: It was suggested that prion protein folding mech-
anisms are similar in mammals and C. elegans since the
mPrP(23-231) elicits toxic effects in the worms as well. To now
further investigate the physiologic characteristics of PrPC we
used for the first time C. elegans to express human full length
PrPC. 

Methods: C. elegans GE24-strain was transformed with three
DNAs: 1) prnp in pBY871 under sel-12 promoter for expres-
sion in all cells, 2) pha1 rescue plasmid for selection at 25°C
and 3) gfp as additional control. Prion expression was verified
by Western Blot analysis applying 3F4 and 6H4 monoclonal
antibodies as well by GFP Fluorescence and pha-1 linked ther-
mo selection. We then further characterized transgenic worms
with respect to their lifespan. 

Results: There was no significant difference between wild-
type, controls transformed with expression vector lacking the
PRNP sequence, and two independently generated PrPC ex-
pressing worm strains, regarding life span. While prion ex-
pression has been verified for those two strains which were
supposed to.

Discussion: We conclude that the model system we created
might be a useful tool for the analysis of cellular localization,
biochemical properties and all recently discussed physiologi-
cal characteristics of PrPC, it is further a compatible system to
study the infectiology of disease associated misfolded Prion.
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P.6.7 
Cell culture model to study the neuronal
transport mechanism of normal and patho-
genic prion proteins

Daniel Van Antwerp, Hal Shearin, Richard Bessen

Montana State University, USA

Background: Transport of disease-specific prion, PrpSc , along
nerve fibers and between synaptically linked neurons is cen-
tral to prion neuroinvasion and virulence. The spread of Prp-
Sc to first- and higher-order neurons is essential for induction
of neurodegenerative disease. Despite the integral role of neu-
ronal transport in prion pathogenesis, the mechanism is not
understood. Our previous work has used animal models to
study the spread of PrpSc by a variety of infection routes. In
an effort to increase the resolution of these studies we are es-
tablishing an in vitro system to characterize and dissect the
mechanisms involved in the neuronal transport of PrpSc. 

Objectives: The goal of the proposed studies is to identify the
cellular transport pathways (motor proteins, adapters and as-
sociated cargos) used by PrpSc to move along axons. 

Methods: Recent advances in protein fluorescence labeling
and live cell imaging will be used to establish an innovative
approach to investigate the movement of PrpSc in axons in
vitro and identify cellular pathways involved in its transport.
Utilizing fluorescently tagged prion protein and time-lapse mi-
croscopy, experiments will be conducted to interfere with
known pathways of axonal transport, via lentiviral encoded
siRNA and dominant negative proteins, to identify those
which are responsible for transporting PrpSc. 

Results: We have identified a population of PrpSc associated
with synaptic proteins present in cargo vesicles that use ki-
nesin motors for fast transport in axons. An in vitro system
has been established with dorsal root ganglion cells (DRGs) in
microfluidic chambers. 

Discussion: Our system should provide an ideal model for
identifying the molecular motors involved in the transport of
PrpSc. Characterization of this neuronal transport will great-
ly increase our understanding of the spread of PrpSc within
axons and between neurons. As we will also study the trans-
port of the normal prion protein isoform, it is anticipated that
light will also be shed on its mechanism of transport.

P.6.8 
Crossvalidation of three different methods
to detect CtmPrP

Janine Muyrers1, Heinrich Sticht2, Vishwanath Lingappa3,
Carsten Korth1

1University of Duesseldorf, Germany; 2University of Erlangen-
Nürnberg, Germany; 3Prosetta Bioconformatics, USA

Background: The physiological function of the cellular prion
protein (PrPc) remains enigmatic as controversial funcions of
PrP (toxic and protective) have been proposed. These results
can be explained by the heterogeneity of PrPc conformations,
i.e. secretory-GPI-anchored SecPrP and the two transmem-
brane isoforms CtmPrP and NtmPrP. So far, CtmPrP could on-
ly be detected an rather complicated and error prone assay in-
volving mild proteolysis with proteinase K in the presence of
detergent (“cold protease assay”). 

Objectives: Here, we present simple and reliable methods to
detect CtmPrP to examine its physiological function in vitro
and in vivo. 

Methods: Immunization of PrP -/- mice with recombinant pu-
rified mouse PrP, and screening against in vitro translated PrP
by immunoprecipitation generated a hybridoma cell line se-
creting mAB 19C3 specifically recognizing CtmPrP. 

Results: The epitope of 19C3 was identified to comprise a lin-
ear stretch of a PrP polypeptide. Molecular modelling paral-
leled our discovery in that this stretch is uniquely exposed in
the transmembrane conformation of PrP but hidden in the se-
cretory conformation. Immunization of New Zealand White
rabbits and PrP -/- mice with this peptide yielded more spe-
cific ABs against CtmPrP thus confirming our findings. The
specificity of the polyclonal ABs or mABs against CtmPrP was
validated by combining the “cold protease assay” with an im-
munoprecipitation of the Ctm specific ABs. Furthermore, we
identified a chemical that specifically precipitated PrP from
brain homogenates of tg(SHaPrP K110I, H111I) mice, but not
from brain homogenate of tg(SHaPrP Δ104-113) mice. KHII
mice favor CtmPrP expression in contrast to ΔSTE mice that
favor SecPrP expression. Cold protease assay of the precipi-
tated PrP confirmed the assumption that the chemical specif-
ically precipitated only CtmPrP. 

Discussion: In conclusion, we cross-validated three methods
for CtmPrP detection which will greatly accelerate research on
this appoptosis-associated PrP conformer.
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P.6.9 
PrP106-126-induced neuronal cell death in-
hibits under the hypoxic condition

Jae-Won Seol, Jae-Suk Seo, Jae-Kyo Jeong, Myung-Hee
Moon, You-Jin Lee, Sang-Youel Park

Chonbuk National University, Republic of Korea

Background: Low oxygen concentration, hypoxia is a common
environmental stress. Prion diseases are neurodegenerative
pathologies characterized by apoptotic neuronal death 

Objectives: This study investigates the effect of low oxygen
concentrations on the neurotoxicity induced by prion peptide 

Methods: After PrP106-126 peptide treatment in low oxygen
environment, we tested the cell viability using crystal violet
assay and MTT assay. 

Results: The results showed that PrP106-126 peptide induced
apoptosis in of SH-SY5Y, a cell line derived from a human neu-
roblastoma and the apoptosis inhibited by hypoxic conditions.
We investigated the intracellular signaling responsible for the
Prion peptide-induced cell death and the inhibition by hypox-
ia. As a result, hypoxia inhibited caspase-3 activation, p-38
phosphorylation and NF-kB activation induced by Prion pep-
tide. And hypoxia increased the anti-apoptotic Bcl-2, IAP-2
proteins and activation of Akt phosphorylation. 

Discussion: These results demonstrated that hypoxia inhibit
the PrP106-126 peptide-induced neuroblastoma cell death
with mechanism by Akt activation, p-38 and NF-kB inhibition,
and suggested that hypoxic conditions or HIF-1.

P.6.10
Inferring prion partners from Gene-Net-
works

Mattia Zampieri1, Giuseppe Legname1, Daniel Segre2,
Claudio Altafini1

1Scuola Internazionale Superiore di Studi Avanzati - Interna-
tional School of Advanced Studies, (SISSA-ISAS), Functional
analysis, Trieste, Italy; 2Boston University - Departments of
Biology and Biomedical Engineering, Boston, MA,USA

Background: Prion diseases are caused by the accumulation
of an altered cellular prion protein conformation (PrPSc) that
further acts as a catalyst for the recruitment and modification
of the normal form (PrPC) in an autocatalytic process. 

Objectives: Elucidating the physiological function of these
two protein conformations (PrPC and PrPSc) through the iden-
tification of their “interacting partners” might unveil the
mechanisms involved in prion induced neurodegeneration. 

Methods: Here, we use a method (LNI – Linear Network In-
ference), which aims to reverse engineer the regulatory mech-
anisms observed in gene expression under steady state con-
ditions. A gene network model is first trained on a large com-
pendium of gene expression measurements. An independent
dataset, describing the biological system under the effect of
an external agent (i.e. prions), is then used on the top of the
previous network. Genes showing an incoherent behavior rel-
ative to the initial model are chosen as the best candidates for
direct targets of the external agent. 

Results: We collected previously published gene expression
profiles of Mus musculus brain tissue under many different
conditions (1382 experiments), in response to a prion inocu-
lation in wild type and knocking out the Prnp gene. In terms
of a mathematical model, inoculated prions can be thought
as a hidden variable in our model, while a gene knockout can
be interpreted as a node deletion in the original gene-net-
work. In applying LNI to these expression profiles, we identi-
fied known PrPC partners, (such as APP), and also predict pri-
on targets and buffering genes. A remarkable result is the abil-
ity to identify the PRNP and BACE2 genes among the
predicted targets of Prions. Moreover, LNI makes specific new
predictions (like the relationship between PrPC and α-synu-
clein), which we plan to pursue experimentally. 

Discussion: This may unveil a key role of previously unsus-
pected genes interacting with the normal and pathogenic pri-
on forms.
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P.6.11
Prion protein regulates heparan sulfate ex-
pression

John McEwan, Jas Singh, Martin Windsor, David Cullis-
Hill

Sylvan Pharmaceuticals, Australia

Background: Despite several decades of extensive research,
the normal function of prion protein remains unknown. A
close interaction of PrP and heparan sulfate proteoglycans
(HSPGs) has been reported. HSPGs (in total termed the ‘he-
paranome’) are involved in many biological processes that are
regulated through various heparan-binding proteins, includ-
ing growth factors. The HSPGs comprise a protein core with
covalently attached glycosaminoglycans (GAGs). Metabolism
of GAGs was shown to be disrupted in prion disease, with
GAGs secreted in the urine of prion-infected animals. Signifi-
cant changes in transcription patterns for HSPG synthesis in
prion infected cells have also been reported, suggesting a link
between sulfation and PrPSc accumulation. Data presented
here are consistent with regulation of heparan sulfate signals
by PrP. 

Objectives: To further examine the interaction between PrP
and HS or HSPGs by investigating protein and HS expression
levels in various biological systems. 

Methods: Several techniques were used to probe the rela-
tionship between HS and PrP. 

1) Cell lines grown in vitro were analysed by immunoblot for
differences in HS and PrP levels as a function of monolayer
confluence.

2) Human cancer cells with high levels of PrP were treated
with an anti-PrP antibody, then analysed for HS content. 

3) HSPG levels were compared in wildtype and transgenic PrP-
knockout mice. 

Results: As cell cultures became more confluent, higher PrP
expression was observed. Concomitantly, HS expression de-
creased. Secondly, human cancer cells treated with PrP anti-
body displayed increased HS expression. In PrP knockout mice
HSPG levels were higher compared to wildtype animals. 

Discussion: Using three independent techniques we observed
an inverse relationship between HS levels and PrP expression.
Thus it appears that a function of PrP is the regulation of HS
and/or HSPG expression. This may account for many of the
complex and diverse interactions of PrP with other proteins.

P.6.12
Development of protein candidates as CJD
diagnostic biomarkers

Su Yeon Kim1, Bo-Yeong Choi1, Chi-Kyeong Kim1, Seong
Soo An2, Soo Jae Lee3, Young Ran Ju1

1Department of Arboviruses, Center for Immunology & Pathol-
ogy, National Institute of Health, Korean Centers for Disease
Control & Prevention, 122-701, Seoul, Republic of Korea;
2College of BioNano Technology, Kyungwon University, 461-
701, Gyeonggi-do, Republic of Korea; 3ProBiond Co. Infor-
mation Center for Admissions, Konkuk University, 143-701,
Seoul, Republic of Korea

Background: Creutzfeldt-Jakob disease (CJD) is one of the
transmissible spongiform encephalopathies (TSEs) caused neu-
rodegerative disease by conformational conversion of normal
forms of prion protein (PrPc) to infectious PrPSc isoform. 14-
3-3 proteins in cerebrospinal fluid were used as laboratory di-
agnostic criteria for CJD. However, the 14-3-3 assay has the
problem with high rate of false positive results in sCJD. 

Objectives: Proteome of ME7 scrapie infected mouse brain
was profiled, and analyzed their interactions and functions to
facilitate the differential diagnosis of CJD as new biomarkers
with high sensitivity and specificity. 

Methods: C57BL/6 mice were intracerebrally inoculated with
10% brain homogenate of scrapie infected mouse and moni-
tored. All mice showed a neurodegerative symptom after 171
dpi, and we performed western blotting to confirm PrPSc ex-
pression. For screening specifically expressed proteins among
infected samples in comparison with normal controls, we ap-
plied 1-dimensional gel electrophoresis and liquid chro-
matography mass spectrophotometer scan mode for the pro-
tein identifications, and EIC or SRM mode for the protein
quantifications. In addition, we performed following bioin-
formatics tools, the SEQUEST, the David, the Cytoscape and
GO mapping 

Results: We chose 111 proteins with high peptide scores and
ratio values (p-value <1.30E-06). These proteins were involved
in various biological processes and molecular functions. Three
biological processes based on their protein-protein interac-
tions were the transport, the localization, and the establish-
ment of localization. Three descriptions related to neurologi-
cal process were the transmission of nerve impulse, synaptic
transmission, cell-cell signaling. Furthermore, Eno2, Gfap,
HspA5, Tcp1, Ncam1, Ywhaz, and Syn1 were identified in this
study. 

Discussion: This proteomic approach could be applied for the
biomarker discovery from plasma and CSF in developing
presymptomatic diagnosis of CJD.
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P.6.13
Molecular interaction of human prion pro-
tein and cytoskeleton associated proteins

Saima Zafar, Abdul R. Asif, Victor W. Armstrong, Michael
Oellerich

University Medicine Goettingen, Germany

Background: Prion proteins form amyloid fibers in the process
of aggregation while converting from normal cellular (PrPC)
to its diseased form (PrPSC), a structure of striking similarity
with cytoskeletal assembly. Similar or overlapping proteins
may support both processes makes it essential to investigate
the possible association of cytoskeleton proteins with PrPC. 

Objectives: In the present study we aim to identify possible
interaction of cytoskeleton proteins with human PrPC. 

Methods: We present a novel combinatorial cloning method
for the cloning of PrPC in One-STrEP-tag mammalian vector
for the expression and purification of PrPC interacting pro-
teins. C-terminus One-STrEP-tag PrPC was transiently ex-
pressed into the Prion protein-deficient murine hippocampus
HpL3-4 neuronal cell line (1). STrEP-tactin affinity matrix puri-
fied proteins were separated on 1DE, In-gel digested and iden-
tified by Q-TOF MS/MS analysis and subsequently verified by
western blotting. 

Results: The result shows both known and novel proteins in-
teracting with the PrPC. 

Discussion: Identified interacting partners of PrPC range from
structural constituent of cytoskeleton, some of which are in-
volved in cell growth to proteins that are important for cell
haemostasis maintenance. These findings could indicate pos-
sible interacting roles of cytoskeleton associated proteins with
PrPC which may have implication for the onset of Prion dis-
eases.

P.6.14
The prion protein ligand, Stress Inducible
Protein 1, interacts with UBC9 and is
SUMOylated

Fabiana Caetano1, Iaci Soares1, Nanci Binda1, Grace
Pereira1, Cristiane Menezes2, Marilene Lopes3, Nicolle
Queiroz3, Stephen Ferguson2, Vania Prado2, Vilma Mar-
tins3, Marco Prado2

1Universidade Federal de Minas Gerais, Brazil; 2Robarts Re-
search Institute, Canada; 3Ludwig Institute for Cancer Re-
search, Brazil

Background: The co-chaperone Stress Inducible Protein 1
(STI1) triggers activation of PKA and ERK1/2 signaling through
interaction with prion protein (PrPC), resulting in neuropro-
tection and neuritogenesis respectively. It was shown that
STI1 is secreted by astrocytes suggesting that this protein acts
as a soluble neurotrophic-like factor through its interaction
with PrPC at the neuron surface. 

Objectives: To understand better the regulatory mechanism
of this process and to gain further insight into the STI1 and
also PrPC biological functions, we carried out yeast two-hy-
brid screens to identify interactors of STI1. 

Results: We found that STI1 binds in the yeast assay with
many of the proteins involved in the SUMOylation pathway.
SUMOylation is a post-translational modification involved in
protein and genome stability, DNA repair, transcription regu-
lation, trafficking and nuclear translocation. We found that
STI1 interacts with the unique SUMO E2 ligase Ubc9 and also
binds to several SUMO E3 ligases. Herein, we focused on one
of these interactions and whether STI1 is indeed SUMOylat-
ed. We confirm the interaction between STI1 and Ubc9 in
mammalian cells and by using an in vitro assay with recombi-
nant Ubc9 we also found that STI1 can be SUMOylated pref-
erentially by SUMO2/3. Confocal microscopy experiments
were performed to investigate if SUMO1 or SUMO3 could
modify STI1 intracellular distribution. Interestingly, co-ex-
pression of STI1 and SUMO3 or SUMO1 and the SUMO E3 lig-
ases PIAS1 and PIASy increased the localization of STI1 in the
nucleus detected both by confocal microscopy and sub-cellu-
lar fractionation. 

Discussion: In conclusion, the results suggest that STI1 phys-
ically interacts with members of the SUMOylation pathway,
is a substrate for SUMOylation and changes its intracellular lo-
calization when the SUMOylation pathway is upregulated. Fu-
ture experiments will address the role of SUMOylation in STI1
secretion and if this process could be involved in signaling me-
diated by STI1-PrPC interaction.
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P.6.15
Role of molecular chaperones and cargo pro-
teins in the secretory pathway in metabo-
lism of PrPC and PrPSc

Hanna Wolf, Christiane Baierl, Ina Vorberg, Hermann
Schätzl, Max Nunziante

Institute of Virology, Technische Universität München, Munich,
Germany

Background: Prion diseases are fatal and transmissible neu-
rodegenerative disorders characterized by accumulation of the
abnormally folded isoform of cellular prion protein (PrPC),
termed PrPSc. 

Objectives: In this study the influence of cellular quality con-
trol mechanisms on metabolism of PrPC, PrP aggregation and
PrPSc levels was examined.

Methods: To identify the role of cargo protein VIP36 in the
trafficking of PrPC and PrPSc, the cell surface localization of
PrPC in N2a cells and PrPSc levels in prion infected N2a-22L
and L929-22L cells were analyzed during overexpression of
VIP36. Furthermore, we analyzed how induction of ER stress
in L929 cells affects folding, expression and localization of
PrPC and the involvement of selected cellular chaperones in
the PrP quality control. To counteract ER stress and/or to en-
hance the cellular response to ER stress, the contribution of
lectins like ERGIC-53 and EDEM3 to the metabolism of PrPC
was examined via overexpression of these molecules under ER
stress conditions.

Results and Discussion: Expression of VIP36 caused a decrease
of PrPSc in L929-22L cells, whereas PrPC or PrPSc in N2a and
N2a-22L cells were not affected, indicative for a cell-type spe-
cific function of VIP36. Induction of ER stress by tunicamycin
resulted in decreased PrP levels as well as in an interaction be-
tween PrP and BiP/GRP78, indicating an involvement of
BiP/GRP78 in PrP quality control. Conversely, proteasome in-
hibition did not induce ER stress, but resulted in detergent in-
soluble PrP aggregates and increase of the PrP levels. We
found a decrease of PrPC and a very pronounced reduction of
PrP aggregates pointing to an important role of ERGIC-53 and
EDEM3 in quality control of PrPC and PrP aggregates. Overall,
we provide new evidence for the contribution of cellular pro-
teins in PrP quality control.

P.6.16
Studying cellular prion protein infection by
reverse genetics: development of a siRNA
screening assay in a 96 well format

Andrea Graßmann, Romina Rost, Gloria Lutzny, Hanna
Wolf, Hermann Schätzl, Ina Vorberg

Institute of Virology, Technische Universität München, Ger-
many

Background: Prion diseases or transmissible spongiform en-
cephalopathies are fatal neurodegenerative disorders of hu-
mans and animals caused by the accumulation of PrPSc, a con-
formational isomer of the host encoded cellular prion protein
PrPC. Despite extensive research, the precise mechanisms of
prion internalization and PrPSc formation still remain un-
solved. Furthermore, uncertainty exists if prion strains use the
same routes for infection and depend on the same cellular
pathways for efficient replication. Identification of the exact
routes of PrPSc internalization and of subcellular compart-
ments important for PrPSc formation with respect to poten-
tial strain differences is fundamental for elucidating potential
drug targets for disease intervention. 

Objectives: We aimed to develop a fast and sensitive reverse
genetics assay utilizing murine fibroblast L929 cells that are
permissive to at least three different prion strains. 

Methods: To increase sensitivity L929 cells highly susceptible
to 22L, RML and ME7 mouse prions were established by two
rounds of sequential cloning. Furthermore, we have developed
a 96 well assay combining siRNA mediated protein knock-
down and subsequent prion infection of cell cultures. 

Results and Discussion: This screening system allows for large
numbers of samples to be analyzed at the same time under
comparable conditions and enables identification of cellular
proteins involved in prion propagation in acute or persistent-
ly infected cell cultures.
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P.6.17
The prion ligand Stress Inducible Protein1 in-
teracts with different enzymes from the
SUMOylation pathway

Iaci Soares1, Fabiana Caetano1, Grace Pereira2, Marilene
Lopes3, Nicolle Queiroz3, Cristiane Menezes3, Nancy Bin-
da2, Steve Ferguson1, Vania Prado1, Vilma Martins3, Mar-
co Prado1

1Robarts Research Institute, Canada; 2Universidade Federal
de Minas Gerais, Brazil; 3Ludwig Institute for Cancer Re-
search, Brazil

The Stress Inducible Protein 1 (STI1) is a specific ligand for the
Prion protein (PrPC) and this interaction promotes neuropro-
tection and neuritogenesis through different signalling path-
ways. In order to understand possible physiological functions
of STI1 and eventually PrPC, we used a yeast two hybrid as-
say to identify STI1 ligands. We performed two screens using
human or murine brain cDNA libraries and the N-terminus re-
gion of STI1 as bait. Amongst the various clones isolated that
interacted with STI1, we identified several involved with the
post-translational pathway for protein SUMOylation, includ-
ing several E3 ligases (distinct PIAS and also PC2) and the E2
ligase UBC9. Here we focused on the question of whether STI1
is SUMOylated in cells and if there is an E3 ligase that prefer-
entially enhances STI1 SUMOylation. We found in cells ex-
pressing CFP-SUMO1 and STI1-HA that a fraction of immuno-
precipitated STI1 is SUMOylated. Similar results were obtained
in cell extracts probed with an STI1 antibody. These SUMOy-
lation assays revealed that PIAS1 enhanced the incorporation
of SUMO onto STI1, indicating that PIAS1 acts as an E3 ligase
for STI1 SUMOylation. In agreement with these data, STI1 was
able to co-immunoprecipitate PIAS1 specifically in HEK-293 co-
transfected cells. In contrast, immunoblotting assays showed
that overexpression of Pc2 decreased STI1 SUMOylation, sug-
gesting that Pc2 is not a SUMO E3 ligase for STI1. To investi-
gate whether these interactions promoted any changes in cel-
lular distribution of STI1, we performed confocal microscopy
experiments in PrP3F4 CF-10 cells. We observed enhanced lo-
calization of STI1 in the nucleus when it was overexpressed
with PIAS1 and SUMO1 or SUMO3 suggesting that these pro-
teins induce nuclear translocation of STI1. Triple labelling of
cells with STI1, Pc2 and SUMO1 showed that Pc2 does not al-
ter STI1 distribution. Future experiments will address the role
of SUMOylation in STI1 physiology, its interaction with PrPC
and signalling functions.

P.6.18
Involvement of cellular prion protein (PrPc)
in erythroid differentiation in vitro

Martin Panigaj, Hana Glierová, Karel Holada

1st Faculty of Medicine, Charles University Prague, Czech Re-
public

Background: Several reports suggested possible connection
between PrPc/ prion pathogenesis and erythropoesis, but role
of PrPc in the process remains still elusive. Regulation of PrPc
expression was shown also in murine erythroleukemia cells
(MEL) which present in vitro model of erythroid differentia-
tion. 

Objectives: Aim of the study was to elucidate the role of PrPc
in MEL cells by its silencing with RNA interference. 

Methods: Antibodies AH6, AG4 and 6H4 were used for PrPc
detection by western blot or flow cytometry. Apoptosis was
detected by 7-AAD stain. For quantitation of mRNA (PrPc, AH-
SP- α- hemoglobine stabilizing protein, HBA- hemoglobine-
α) we employed qRT-PCR. Total hemoglobine was measured
by TMB spectrofotometric assay. 

Results: We observed upregulation of PrP mRNA 72- 120
hours after start of MEL cells differentiation. Surprisingly, lev-
el of the protein was highest after 24 hours. Cell lines with
~90 % downregulated PrPc expression showed similar level of
total hemoglobine content and normal expression pattern of
AHSP and HBA during erythroid differentiation. Previous re-
ports showed that neither physiological nor enhanced ex-
pression of PrPc altered percentage of apoptotic MEL cells dur-
ing differentiation and our data suggest that even downreg-
ulation of PrPc probably does not lead to sensitization of cells
to apoptosis. If under normal conditions all lines showed equal
differentiation, then they could react differentially after ex-
posure to external stress. We induced stress conditions by 3
treatments- elevated temperature (40°C), oxidative stress by
500 μM H2O2 and 125 nM Staurosporin. But even such con-
ditions did not alter the level of apoptosis/ necrosis in lines
with inhibited expression of PrPc. 

Discussion: We have introduced new cell culture model for
study of PrPc function in erythroid differentiation. Our initial
observations suggest that downregulation of PrPc does not
have direct impact on studied process or minimal expression
of PrPc in created lines is sufficient to sustain its normal func-
tion.
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P.6.19
Prion protein (PrP) and glypican-1- a func-
tional relationship: a hypothesis (Part I)

David Cullis-Hill

Sylvan Scientific, Australia

Background: Function: Prion protein (PrP) encodes, amplifies
and transports specific structural information-containing he-
paran sequences on glypican-1 

Introduction: Glypican-1 is a heparan sulfate proteoglycan
which undergoes endocytic recycling with PrPc.

The “Heparanome”: The heparan sulfate molecule has a large
number of potential structures and has been variously termed
“heparanome”, “glycome” and the “heparan code”. In addi-
tion specific heparan sequences bind to a wide spectrum of
proteins which include most growth factors, cytokines and
chemokines that are the key modulators of development and
homeostasis in tissues. Present theories on regulated enzyme
expression, encoding fine heparan structure cannot generate
the complexity required. 

Amplification of Heparan Sequence by PrP dimmer: A spe-
cific heparan sequence on glypican-1 binds and folds the first
PrPc in a manner which triggers dimerisation with a second
PrPc and endocytosis. Central to the hypothesis is that both
proteins in the dimer have identical folds and that the N-ter-
minus PrPc which is relatively unstructured, is highly sterical-
ly organized on the C-terminus to be identical to that of the
PrPc which has already undergone specific folding, thus du-
plicating the synthetic cleft that is imprinted on the first PrPc,
providing a synthetic template. 

Encoding of Heparan Sequence by PrP: It is proposed that
strength of the binding of RNA to PrP monomer of specific se-
quences of RNA as demonstrated by RNA aptemer studies is
biologically significant and will subtly alter the folding of the
PrP, resulting in a specific heparan sequence synthetic tem-
plate. 

Conclusion: The function of PrPc is amplification and encod-
ing of heparan sulfate, and that synthesis of specific heparan
sequences result in mis-folded PrPsc.

P.6.20
Prion protein (PrP) and glypican-1- a func-
tional relationship: a hypothesis (Part II)

David Cullis-Hill

Sylvan Scientific, Australia

Background: Specific Sequences of heparan sulfate encode a
spectrum of normal folding and mis-folding of prion protein
(PrP): hypothesis 

Introduction: It is hypothesized here that a family of specific
heparan sulfate sequences is the infectious component in pri-
on mis-folding disease. 

Discussion: These specific sequences bind to a heparan bind-
ing site on the prion molecule, which gives a specific fold to
the prion protein. In the case of infectious PrPsc the folding
results in a change in solubility due to disclosure of hy-
drophobic amino acids, and prolonged half-life of the PrP,
which progresses to further associations with other identical
misfolded dimers and the formation of fibrils. As this sugar se-
quence may be duplicated by the prion/glypican complex, the
heparan molecule takes up an infectious character. This accu-
mulation leads to defects in the heparan recycling, resulting
in heparan processing abnormalities. Inter-species barriers to
dimerisation occur due to critical changes in amino acid se-
quence which disallows stable mirror dimerisation. A number
of strains of prion mis-folding have been identified. It is sug-
gested that a family of different heparan sequences exist
which are capable of mis-folding PrPsc which will have differ-
ent tissue distribution and incubation time. It is proposed here
that the different patterns of PrP mis-folding in nervous tis-
sue are due to the highly spatially restricted expression of spe-
cific enzymes involved in the distinct heparan modifications. 

Conclusion: It is proposed here that prion diseases result from
the synthesis of an error in heparan sequence modifications
(controlled by the PrP template) which result in folding the PrP
in such a manner that its half-life is prolonged. It is suggest-
ed that glypican is “protein X”.
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P.6.21
Prion protein (PrP) and glypican-1- a func-
tional relationship: a hypothesis (Part III)

David Cullis-Hill

Sylvan Scientific, Australia

Background: Prion Protein-encoded heparans have a function
in health and disease.

Introduction: It is proposed that the prion group of proteins
(PgP), which includes prion, doppel, shadoo and testicular pri-
on, is co-expressed with various heparan sulfate proteogly-
cans (HSPG), which include glypican 1-5 and perlecan, to form
a complex which is the template for the synthesis of specific
heparan sulfate sequences.

Development: Prion protein (PrP) and glypican are expressed
during embryogenesis and organogenesis in the brain, liver
and kidneys and immune system, in a highly regulated man-
ner. Specific heparan sulfate sequences have been associated
with organogenesis, neural and vascular development.

Cancer: PgP are up-regulated in many malignant cancer cells.
Importantly malignant tumors also upgrade the expression of
one or more HSPGs. Malignancy depends partly on the ca-
pacity of a tumor to influence the metabolism of the sur-
rounding cells by specific heparan sulfate structures such as
fibroblasts, stromal cells and immune cells, in a manner, which
supports their malignant characteristics.

Alzheimer’s disease: The prominent heparan-containing pro-
teoglycan in Alzheimer’s amyloid is perlecan which is excret-
ed in a baso-lateral fashion rather than an apical. In
Alzheimer’s disease, a specific heparan sequence is encoded
or evolves due to errors in encoding, and the prion/perlecan
system amplifies this sequence as it binds to the Alzheimer’s
amyloid related proteins, thereby causing them to form in-
soluble amyloid species.

Conclusion: The cell-free system (PMCA) amplifies a unique
family of heparan sequences which mis-fold PrPsc. Modifica-
tions of this technology platform hold promise as a method
of amplifying specific sequence of heparan sulfates extracted
from various tissues at various stages of development, and
pathology.
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P.7.1
Lack of association between PRNP 1368
polymorphism and Alzheimer’s disease (AD),
vascular dementia (VaD) or sporadic
Creutzfeldt-Jakob disease (CJD)

Byung-Hoon Jeong1, Kyung-Hee Lee2, Yun-Jung Lee1, Yun
Joong Kim1, Eun-Kyoung Choi1, Young-Hoon Kim2,
Young-Sook Cho2, Richard I. Carp3, Yong-Sun Kim1

1Hallym University, Republic of Korea; 2Samkwang Medical
Laboratories, Republic of Korea; 3New York State Institute for
Basic Research in Developmental Disabilities, USA

Background: Polymorphisms of the prion protein gene (PRNP)
at codons 129 and 219 play an important role in the suscep-
tibility to Creutzfeldt-Jakob disease (CJD), and might be asso-
ciated with other neurodegenerative disorders. Several recent
reports indicate that polymorphisms outside the coding re-
gion of PRNP modulate the expression of prion protein and
are associated with sporadic CJD, although other studies failed
to show an association. These reports involved the polymor-
phism PRNP 1368 which is located upstream from PRNP exon
1. 

Objectives: In a case-controlled protocol, we assessed the pos-
sible association between the PRNP 1368 polymorphism and
Alzheimer’s disease (AD), vascular dementia (VaD) or sporadic
CJD. 

Methods: To investigate whether the PRNP 1368 polymor-
phism is associated with the occurrence of AD, VaD or spo-
radic CJD in the Korean population, we compared the geno-
type, allele, or haplotype frequencies of the PRNP 1368 poly-
morphism in 152 AD, 192 VaD and 171 sporadic patients with
frequencies in 268 healthy Koreans.

Results and Discussion: Significant differences in genotype
and allele frequencies of PRNP 1368 polymorphism were not
observed between normal controls and AD & sporadic CJD.
There were no significant differences in the genotype and al-
lele frequencies of the PRNP 1368 polymorphism between Ko-
rean VaD patients and normal controls. However, in the hap-
lotype analysis, haplotype Ht5 was significantly over-repre-
sented in Korean VaD patients. This was the first genetic
association study of a polymorphism outside the coding re-
gion of PRNP in relation to AD and VaD.

P.7.2
Genetic variability of the prion protein fam-
ily genes in predator species

Paula Stewart1, Susan Skogtvedt2, Cuicui Shen1, Jon Swen-
son3, Olof Liberg4, Jens Persson4, Jon Arnemo4, Michel
Miller5, Karen Griffin5, Michael Tranulis2, Wilfred Gold-
mann1

1The Roslin Institute and R(D)SVS, University of Edinburgh,
UK; 2Norwegian School of Veterinary Science, Norway; 3Ǻs
and Norwegian Institute for Nature Research, Norway;
4Swedish University of Agricultural Sciences, Sweden; 5Wildlife
Research Center, Colorado, USA

Background: The natural spread of TSEs in sheep and goats
is most likely through oral exposure and scarification. In con-
trast, predator species have an increased risk of exposure
through consumption of potentially contaminated tissue from
prey. In the open rangeland of Norway, sheep are being pre-
dated by bears, wolves and wolverines. Amongst the prey will
be sheep with classical or atypical scrapie. The situation in Nor-
way is not unique; in the USA free-ranging deer with CWD are
predated by mountain lions. Several carnivorous species have
developed TSEs in captivity, eg. mountain lion, domestic cats.
Others have succumbed to disease after challenge, eg. ferret,
raccoon. However, no dog or bear has ever been reported
with a TSE. Susceptibility to TSEs is under the genetic control
of the PRNP gene but it is possible that a second prion-fami-
ly gene, SPRN, encoding shadoo protein also modifies disease. 

Objectives: To gain insight into the genetic TSE susceptibility
of predator species by analysis of prion family genes. 

Methods: Genomic DNA was prepared from blood from free-
ranging and captive animals in the USA, Scandinavia and the
UK. PCR products were sequenced directly or after cloning in
T-vector.

Results: PRNP and SPRN gene open reading frame sequences
were determined from several predator species, including
brown bear, mountain lion, wolf, wolverine, cat and dog.
Gene sequences of all species were compared and polymor-
phisms recorded from several hundred samples. We have con-
firmed the unusual insertions in the feline PrP octapeptide re-
gion. PRNP and SPRN gene sequences will be presented as
groups according to amino acids in specific codon positions. 

Discussion: Based on the new genetic data and our knowl-
edge of PRNP genetics in ruminants, man and rodents we dis-
cuss the predictive value regarding the susceptibility or re-
sistance of predator species to TSEs.
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P.7.3 
Transcriptome analysis of human variant
Creutzfeldt-Jakob disease autopsy brain
specimens

Karen Sherwood1, Mark Head2, Robert Walker3, James
Ironside2, John Fazakerley1

1The Roslin Institute & Royal School of Veterinary Studies,
University of Edinburgh, UK; 2National CJD Surveillance
Unit, UK; 3Neuropathology Unit, UK

The pathological mechanisms of variant Creutzfeldt-Jakob dis-
ease (vCJD) in the human brain remain poorly understood. Da-
ta on differential gene expression in vCJD brains relative to
control brains may provide important insights into the mo-
lecular mechanisms involved. Three age and gender matched
comparison groups, each containing one vCJD case, one oth-
er neurological disease (OND) case and one non-neurological
disease (NND) case, were used for gene expression analysis.
To isolate age- or gender- related gene expression changes,
samples were selected to cover a range of ages and both gen-
ders. For all brains, replicate RNA samples were prepared from
matched areas of the frontal cortex using standard techniques
for the preparation of total RNA followed by an extra phenol
extraction to ensure removal of any remaining infectious pro-
teinaceous material. All RNA preparations were characterised
for their quality and yield. Gene expression data was gener-
ated using Superarray GEArray® Focused DNA Microarrays
and analysed using the GEArray Expression Analysis Suite and
Significance Analysis of Microarray software. A comparison
between matched vCJD and NND control cases identified 26
up-regulated and 16 down-regulated genes, showing >1.5-
fold change with a false discovery rate of 9%. The gene ex-
pression changes observed in this study are consistent with
much of the recent literature on the neuropathogenesis of
TSEs and highlight changes in genes associated with the fold-
ing, processing and degradation of proteins and in particular
PrP and the biochemical and membrane events associated
with the formation and turnover of lipid rafts.

P.7.4
Cpne8, a copine family member from
Mmu15, is a candidate gene for prion dis-
ease incubation time in mouse

Sarah Lloyd, Emma Maytham, Julia Grizenkova, Holger
Hummerich, John Collinge

MRC Prion Unit, UK

Background: Prion disease incubation time in mice is deter-
mined by many factors including host genetic background.
The prion gene itself plays a major role in incubation time
however other genes are also known to be important. Quan-
titative trait linkage (QTL) mapping studies have identified
multiple loci across the genome, however, these regions are
often large, making the identification of individual candidate
genes extremely challenging. With the exception of Hectd2
(Mmu19), no quantitative trait genes or nucleotides have been
demonstrated. 

Objectives: We therefore aimed to carry out fine mapping of
known QTL and identify the underlying gene. 

Methods: Approximately 1000 heterogenous stock mice were
inoculated intracerebrally with Chandler/RML prions and
genotyped with 20 microsatellite markers from the region of
a previously identified BSE-associated QTL on Mmu15. Candi-
date genes were evaluated by sequencing and quantitative
RT-PCR. 

Results: Multipoint linkage analysis reduced the locus size
from approximately 25 to 1.2cM. We characterised 29 genes
from this 3.5Mb region and identified Cpne8, a member of the
copine family, as the most promising candidate gene. We al-
so show that Cpne8 mRNA is upregulated at the terminal
stage of disease supporting a role for Cpne8 in prion disease. 

Discussion: This is the first example of a prion disease incu-
bation time QTL to be resolved that is independent of prion
strain. Applying these mapping techniques to other loci will
reveal additional modifier genes and identify key pathways in
prion disease pathogenesis.
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P.7.5 
Is the serine for asparagine substitution at
codon 171 of prion protein linked to
Creutzfeldt-Jakob Disease?

Wen-Quan Zou1, Jeanne Grosclaude2, Jue Yuan1, Xiangzhu
Xiao1, Hubert Laude2, Robert Petersen1, Qingzhong Kong1,
Pierluigi Gambetti1

1Case Western Reserve University, USA; 2INRA, France

Background: The asparagine (N) to serine (S) substitution at
codon 171 (N171S) of the prion protein (PrP) has been re-
ported as a polymorphism with a prevalence of 5-8% in the
African population. It has been also identified in a family with
a prion-related psychiatric disorder. However, the association
of the substitution with prion disease is far from being con-
clusive, because no pathological PrP (PrPSc) or prion-related
neuropathological changes have been reported in subjects
with N171S to date. 

Objectives: To report a Creutzfeldt-Jakob disease (CJD) case
with N171S substitution. 

Methods: Approaches used include one and two dimension-
al SDS-PAGE and Western blotting, neurohistology, and pri-
on protein gene (PRNP) analysis. 

Results: The patient was a 78-year old African-American male
with the N171S substitution exhibited the clinical triad of de-
mentia, myoclonus, and ataxia as well as a heterozygous
N171S substitution, 129 Val/Val (V/V) polymorphism, and the
silent 117alanine/alanine polymorphism. Fine spongiform de-
generation was observed using H&E staining with intense
synaptic PrP immunostaining as demonstrated by immuno-
histochemistry with the 3F4 antibody. Western blot analysis
showed the presence of proteinase K (PK) resistant PrP (PrP27-
30) in the brain tissue. Compared to the PK-resistant PrP as-
sociated with sporadic CJD (sCJD), the monoglycosylated frag-
ment in the subject is split into two bands, migrating at ~26
and 25 kDa, respectively. Furthermore, diglycosylated PrP was
virtually undetectable and the migration of the non-glycosy-
lated fragment is slower than that of sCJD VV1 control. 

Discussion: Our study suggests that the protein with N171S
substitution may possess both a unique structure and changed
glycans, which favors the hypothesis that this case represents
a novel familial form of CJD rather than sporadic CJD. (Sup-
ported by the CJD Foundation, NIH NS062787, NIA AG-14359,
NIH NS052319, and CDC UR8/CCU515004.)

P.7.6 
Resistance to classical scrapie in experimen-
tally challenged goats carrying the mutation
K222 of the prion protein gene (PRNP).

Pier Luigi Acutis1, Antonio D’Angelo2, Simone Peletto1, Sil-
via Colussi1, Fabio Zuccon1, Francesca Martucci1, Maria
Mazza1, Luana Dell’Atti1, Cristiano Corona1, Barbara Iuli-
ni1, Chiara Porcario1, Barbara Manea1, Corrado Severino1,
Cristina Casalone1,Cristiana Maurella1, Nicola Martinel-
li1, Guerino Lombardi1

1Istituto Zooprofilattico Sperimentale del Piemonte, Liguria e
Valle d’Aosta; 2Faculty of Veterinary Medicine of Turin, Italy

Background: Several European studies indicated that PRNP
polymorphisms can modulate susceptibility to classical and
atypical scrapie in goats. In Italy and France, case-control stud-
ies showed a protective role against classical scrapie given by
the PRNP mutation K222. 

Objectives: Aim of this work was to investigate the genetic
resistance in K222 goats after experimental transmission of
classical scrapie. 

Methods: Five goats carrying the genotype Q/Q at codon 222
(wild type) and five goats carrying the genotype 222Q/K were
intracerebrally inoculated, at 5 months of age, with a brain
homogenate from a classical scrapie positive goat with a wild
type PRNP genotype. From the animals which succumbed sev-
eral organs and tissues were collected. Scrapie diagnosis has
been carried out by rapid test, Western blot and immunohis-
tochemistry. Differences in survival times between the two
groups have been compared by Kaplan-Meyer survival esti-
mates. 

Results: At the time of writing all the goats carrying the geno-
type 222Q/Q died of scrapie, with a mean survival period of
18.6 months (±1.4) while four out of the five 222Q/K goats
are alive and without apparent clinical signs (survival period:
31 months). One 222Q/K goat was found dead at 24 months
post inoculation but it resulted scrapie negative in the central
nervous system and in all other peripheral organs and tissues.
Statistical analysis showed that 222Q/K goats present a prob-
ability of surviving significantly higher than 222Q/Q animals
(χ2 =9.34, p=0.002). 

Discussion: The experimental scrapie transmission confirms
that the mutation K222 gives protection against classical
scrapie in goats. The continuous monitoring of the challenged
goats will allow to understand whether this resistance is a
prolongation of the incubation period or a resistance to clin-
ical disease or a resistance to infection, giving information
about the possible use of this polymorphism as target for
scrapie control strategies based on genetic selection in goats.
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P.7.7
Characterization of ovine SPRN gene pro-
moter

Cuicui Shen1, Paula Stewart1, Hilary Docherty2, Kevin
Docherty2, Deming Zhao3, Wilfred Goldmann1

1The Roslin Institute & S(D)SVS University of Edinburgh, UK;
2Institute of Medical Sciences, School of Medical Science, Uni-
versity of Aberdeen, UK; 3National Institute for Animal TSEs,
College of Veterinary and Medicine, China Agricultual Uni-
versity, China

Background: SPRN is a new gene coding for shadoo (Sho), a
protein with remarkable similarity to prion protein (PrP), en-
coded by PRNP. Both genes are expressed in brain. SPRN has
recently been associated with CJD susceptibility. It has also
been suggested that there is co-regulation of the PRNP and
SPRN genes in cerebral and cerebellar cortex of sheep. 

Objectives: We have studied the sheep SPRN promoter region
to identify which factors contribute to the modulation of gene
expression and whether there are similarities to PRNP regula-
tion. 

Methods:The SPRN promoter was sequenced between -996
to +39 relative to the exon I start site at 1207 (Genbank
DQ870545). The promoter activity was analysed by reporter
gene transfection assays in N2a cells, using a series of pro-
moter sequence deletions cloned in front of the luciferase
gene. The DNase I footprint technique was utilised to study
molecular interactions within the promoter region. PCR frag-
ments of the promoter were produced with 6-FAM labelled
primers and then incubated with nuclear extracts from N2a
cells. DNase I digested products were analysed with an auto-
mated DNA analyzer. 

Results: Our reporter gene assays proved for the first time
that this region has promoter activity and showed regions
that appear to suppress and enhance the expression. We de-
tect seven promoter polymorphisms in sheep, two and five in
cattle and deer SPRN, respectively. Our data from DNA pro-
tection assays suggested the binding of transcriptional factors
within the suppressor / enhancer regions of the promoter. 

Discussion: Highly conserved sequences were identified on ru-
minant, rodent and human SPRN gene promoters, which are
likely to be involved in the SPRN gene expression regulation.
The homology to PRNP promoters is however low.

P.7.8
Molecular characterization of the putative
regulatory regions of the prion protein gene
(PRNP) in goats

Simone Peletto1, Cristina Acin2, Gabriele Vaccari3, Cynthia
Panagiotidis4, Barbara Chiappini3, Juan José Badiola2,
Theodoros Sklaviadis4, Alex Bossers5, Wilfred Goldmann6,
Pier Luigi Acutis1

1Istituto Zooprofilattico Sperimentale del Piemonte, Liguria e
Valle d’Aosta, Italy; 2Faculty of Veterinary Medicine, Univer-
sity of Zaragoza, Spain; 3Istituto Superiore di Sanità, Italy;
4CERTH-INA, Greece; 5Central Institute for Animal Disease
Control, Netherlands; 6The Roslin Institute and Royal (Dick)
School of Veterinary Studies, University of Edinburgh, UK

Background: Transgenic animal models of transmissible
spongiform encephalopathies (TSEs) have demonstrated an
inverse relationship between disease pathogenesis/suscepti-
bility and the level of host PRNP gene expression. In cattle and
sheep, polymorphisms within the PRNP promoter and intron
1 have been associated with TSE incidence. No basic informa-
tion currently exists regarding the frequency of genetic poly-
morphisms within the homologous Putative Regulatory Re-
gions (PRRs) of the goat PRNP gene. 

Objectives: The aim of this work was to carry out the first
polymorphism and bioinformatics analysis of the PRRs of the
goat PRNP gene. 

Methods: Genomic DNA from n=32 goats belonging to nine
European breeds was submitted to direct PCR sequencing.
From selected heterozygous samples PCR products were
cloned and sequenced from several clones. Bioinformatics was
used on the new primary sequence data to predict the goat
PRNP PRRs and to identify transcription factor binding sites. 

Results: Sequence analysis of 3 kb of the goat PRNP gene and
haplotype cloning revealed 28 novel single nucleotide poly-
morphisms (SNPs) and three insertion/deletion (indel) poly-
morphisms in the putative promoter and intron I. Only one
SNP was detected within the predicted exon 1. PRNP promoter
prediction analysis yielded a single goat PRNP promoter that
was homologous to regions of known promoter activity in
sheep and cow. No genetic variation was observed within the
four conserved PRNP promoter motifs previously described in
mammalian species. 

Discussion: This study provides novel knowledge on the ge-
netic variability of the goat PRNP. The predicted goat PRNP
promoter was, as expected, homologous to the PRNP pro-
moter regions of both cattle and sheep. None of the identi-
fied changes were identical to bovine and ovine variants
demonstrated to be involved in gene expression. Functional
investigations will now be initiated to assess the significance
of the polymorphisms and of the predicted motifs and their
possible relationship with TSEs susceptibility.
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P.7.9
PRNP gene sequencing in Belgian goats:
codon frequency

Alexandre Dobly, Coralie Renard, Jessica De Sloovere, Ri-
et Geeroms, Stéphanie Durand, Dimitri Debrauwère, Em-
manuel Vanopdenbosch, Stefan Roels

CODA/CERVA, Belgium

Background: Contrary to sheep, no strong association with
TSE susceptibility has been discovered yet in goat PRNP gene,
even if some codons (e.g. 146 and 154) can be associated with
resistance/susceptibility to (classical) scrapie in goat. As TSE
susceptibility can be influenced by PRNP coding mutations, we
sequenced the PRNP gene of Belgian goats and carried out a
frequency analysis of the codons suspected to be of impor-
tance. In Belgium, there are about 50000 goats in 13000
herds. The main races are Saanen (60%) and Alpine (30%);
there are also some Naine, Anglo-Nubian and Poitou goat
(Poitevine). 

Objectives: Our study aimed at calculating the genetic diver-
sity of the PRNP gene in Belgian goat. 

Methods: Genomic DNA was isolated from blood or brain
with a commercial kit (Qiagen or MO BIO Labs). Goat PRNP
ORF was amplified with primers designed from the published
goat PRNP sequence. PCR fragments were amplified using for-
ward and reverse primers (Biometra T1 Thermocycler). Both
strands of the PCR fragments were sequenced with forward
and reverse primers by using a CEQ8800 sequencer (Beckman
Coulter). Sequences were analyzed using the Variant Reporter
software (Beckman Coulter). We analysed the codons 102,
110, 127, 142, 143, 146, 151, 154, 163, 168, 211, 222 and 240.
We examined 94 goats. Most of them were Saanen. 

Results: The goat PRNP gene is very similar to the sheep PRNP
(three exons). A third of the whole gene sequence consists of
repeats. At least five codons showed variations and seemed
important (127, 142, 154, 211 and 240). The poster details our
last results on the codon frequency, which are still under
analysis. 

Discussion: Our study focused on Saanen goats. It would be
interesting to compare them to other races. Nevertheless the
goat codon frequency can be used for future (comparative)
studies concerning, e.g., genetic tools to control (ruminant)
TSE (including atypical TSE). We will discuss the implications
of our last results on the codon frequency for a possible fu-
ture selection programme.

P.7.10
Investigating the influence of ovine PrP
genotype on lesion profile: beyond the 3
codon genotype

Katy Beck, Saira Cawthraw, Ginny Saunders, John
Spiropoulos

Veterinary Laboratories Agency, UK

Backgound: Variation in the coding sequence of ovine PRNP
plays a key role in susceptibility to prion disease. Codons 136,
154 and 171 are considered mostly responsible for determin-
ing susceptibility to scrapie and BSE in sheep, outside of which
the open reading frame (ORF) of ovine PRNP is highly poly-
morphic. The BSE agent produces a unique, reproducible le-
sion profile on primary isolation in RIII mice, an approach em-
ployed by the World Organisation for Animal Health and the
Community Reference Laboratory for prion strain discrimina-
tory purposes. However, we recently reported 10 cases of clas-
sical scrapie, all derived from ARQ/ARQ ovine sources, that
gave consistent and similar lesion profiles to BSE on primary
isolation in RIII mice (termed 1-4-7-scrapie) (Beck et al., 2009).
Isolates were subsequently confirmed as scrapie by cluster
analysis, additional histopathology and immunohistochem-
istry. A further 21 cases analysed, consisting of 5 ARQ/ARQ
isolates and 16 associated with the V136 allele, gave non-BSE
like profiles. Our knowledge that ovine PRNP, and in particu-
lar the ARQ allele, is polymorphic lead us to hypothesise that
additional polymorphisms may exist in 1-4-7-scrapie cases. 

Objectives: To investigate the presence of potential poly-
morphisms in the PRNP ORF that may influence lesion profile,
in the 31 field scrapie isolates that have undergone charac-
terisation through the mouse bioassay. 

Methods: DNA from blood samples of all 31 cases has under-
gone ovine PRNP open reading frame genotyping. Sequence
data, generated for each sample is analysed using the Staden
Software package. 

Results and Discussion: We compare the full ORF of 1-4-7-
scrapie samples with ARQ/ARQ samples that do not give the
1-4-7 profile, and with VRQ/VRQ samples, and investigate pos-
sible links between PrP genotype and lesion profiles. Ulti-
mately, further genotypic information outside of the tradi-
tional 3 codon genotype has the potential to impact on a) fur-
ther controlling TSE disease in sheep and b) enhancing our
understanding of the influence of ovine PrP genotype on
strain typing through the mouse bioassay. 
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P.7.11
N176K and L141F dimorphisms of the PRNP
gene regulate PrPSc deposition in placentas
of ARQ/ARQ sheep affected by natural and
experimental scrapie

Cinzia Santucciu1, Caterina Maestrale1, Laura Madau1, So-
nia Attene1, Ennio Bandino1, Maria Giovanna Tilocca1,
Maria Giovanna Cancedda1, Franca Demontis1 ,Antonello
Carta2, Ciriaco Ligios1

1Istituto Zooprofilattico Sperimentale della Sardegna, Italy;
2Research Unit: Genetics and Biotechnology, DIRPA AGRIS
Sardinia, Italy

Background: In sheep, resistance or susceptibility to scrapie
is strongly modulated by the polymorphisms at codons 136 (A
or V), 154 (R or H) and 171 (Q, H or R) of the PRNP gene. In ad-
dition, the same polymorphisms characterize some of the
pathological aspects of the disease, including PrPSc deposition
in the placenta. Indeed, it has been demonstrated that the
placentas from foetuses with the Q171R dimorphism are re-
sistant to PrPSc deposition. 

Objectives: Recently, a protective effect of other dimorphisms
of the PRNP gene in ARQ/ARQ sheep was recently showed.
Therefore it could be worthy of interest to know whether oth-
er polymorphisms of the PRNP gene of the foetus, beyond
that at codon 171, modulate the replication of PrPSc in the
placenta of scrapie-affected sheep. 

Methods: In this study the placentas of 25 symptomatic or
asymptomatic naturally scrapie-affected ewes and 11 symp-
tomatic experimentally scrapie-affected ewes were screened
by performing western blotting and immunohistochemistry
analysis for the detection of PrPSc. Moreover, the entire PRNP
coding region of all the placentas was determined. 

Results: In single pregnancy, PrPSc was demonstrated in the
placentas of the ARQ/ARQwildtype foetuses but not of the
ARQ/ARQmutated foetuses with the amino acid substitution
L141F, N176K and, as previously reported, Q171R. However,
F141L placenta displayed PrPSc western-blotting signal in a
dizygotic twin pregnancy in which the other placenta carried
the ARQ/ARQwildtype genotype. In this case, PrPSc accumu-
lation level in ARQ/ARQwildtype placenta was much higher
than in that with the F141L mutation. 

Discussion: These findings demonstrate for the first time that
further dimorphisms of the PRNP gene, other than Q171R,
prevent PrPSc placental deposition. This may result in new
strategies for the ovine breeding program, which may make
more feasible the genetic selection plan for scrapie control.

P.7.12
Genetic analysis of the ribosomal protein SA
family in sheep

Alice Van den Broeke1, Mario Van Poucke1, Karine Hugot2,
Alex Van Zeveren1, Luc J. Peelman1

1Ghent University, Belgium, 2INRA, France

Background: Transmissible spongiform encephalopathies
(TSEs) are incurable neurodegenerative diseases caused by the
accumulation of PrPSc, the alternatively folded isoform of the
cellular protein PrPC. It has been demonstrated that the ribo-
somal protein SA (RPSA) acts as a receptor for both PrPC and
PrPSc, and is involved in the propagation of prion diseases. Re-
cently, several new therapeutic approaches based on the
blocking of RPSA were developed. RPSA is a member of a
complex gene family and is described in human and several
animals but the gene family in sheep, an important species in
prion research, is not characterized yet. 

Objectives: The aim of this study was to identify the mem-
bers of the ovine RPSA gene family and characterize them. 

Methods: The INRA sheep BAC library was screened with
primers designed on the ovine RPSA mRNA sequence and mi-
ni-contigs were built. For each mini-contig, the RPSA gene
family member was sequenced by direct sequencing. The mi-
ni-contigs were annotated by comparative mapping. The tran-
scription profile of each RPSA member was determined by RT-
PCR in 7 tissues. 

Results and Discussion: Twelve ovine RPSA gene family mem-
bers were found. One gene is the active RPSA gene. The 11
other RPSA gene family members were (partly) processed. In
9 (pseudo)genes all the introns were spliced out but 2 (pseu-
do)genes still contained a part of intron 4, the intron that
holds a small nucleolar RNA (snoRNA). In 9 of the 11 (pseu-
do)genes, premature stopcodons were introduced due to
frameshift mutations or SNP’s. Comparative mapping showed
that 5 (pseudo)genes have an ortholog in the cattle genome
and that 6 (pseudo)genes appeared after the divergence of
cattle and sheep. The active RPSA gene is transcribed in the
cerebellum, cerebrum, blood, lymph nodes, spleen, muscle and
duodenum. The transcription profile of the other RPSA gene
family members is diverse and further investigation will show
if these members are active genes or pseudogenes.
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P.7.13
Spanish goat prion protein gene variability
and implications for susceptibility to classi-
cal scrapie disease

Cristina Acin, Inmaculada Martin-Burriel, Rosa María
Bolea, Jaber Lyahyai, Pilar Zaragoza, Antonia Vargas,
Juan Jose Badiola, Eva Monleon

University of Zaragoza, Spain

Background: Classical scrapie disease is a neurological disor-
der of the Central Nervous System (CNS) characterized by the
accumulation of an abnormal partial resistant protein PrPsc in
the CNS and some peripheral tissues. This disease affects do-
mestic small ruminants but statistically the caprine specie
seems to be most resistant. Scrapie in sheep is well known, in
special the genetic factors that control the susceptibility or re-
sistance to the disease. In contrast, the genetic control in
goats is still unknown nowadays. 

Objectives: The aim of this study was to determine the PRNP
polymorphisms in Spanish and worldwide goat breeds with
the objective of getting closer to a hypothetic genetic sur-
veillance program in goats. 

Methods: We report here the complete Open Reading Frame
(ORF) sequencing study of the PRNP gene in native (Retinta,
Pirenaica and Moncaina) and worldwide (Saanen, Alpine and
crossbreed) Spanish goats. In this study, 9 scrapie-affected
goats and 1057 healthy animals (555 from scrapie-affected
herds and 502 from breed survey) were analysed. 

Results: In total, fourteen polymorphic sites were identified,
including the known amino acid substitutions at codons:
G37V, G127S, M137I, I142M, R151H, R154H, R211Q, Q222K,
and P240S, and new polymorphisms at codons T18R, M112T,
L141F, Q215R and G232W. In addition, the known 42, 138 and
179 silent mutations were detected but new ones are also re-
ported in codons 122 and 201. Genotypic and allelic frequen-
cies showed significant differences between scrapie affected
and healthy animals in certain breeds. 

Discussion: The results obtained give preliminary bases of
polymorphic distribution in Spanish and worldwide goat
breeds. Even thought further studies are needed, especially
regarding the variability present in scrapie-affected animals,
these results give an initial starting point for the application
of future eradication programs.

P.7.14
Assessment of genetic susceptibility of sheep
to scrapie: comparison between PMCA and
in vitro studies

Cecilia Bucalossi1, GianMario Cosseddu1, Claudia
D’Agostino1, Michele Angelo Di Bari1, Chiappini Barbara1,
Michela Conte1, Francesca Rosone2, Francesco Giordani2,
Luigi De Grossi2, Romolo Nonno1, Umberto Agrimi1,
Gabriele Vaccari1

1Istituto Superiore di Sanità, Italy; 2Istituto Zooprofilattico
Sperimentale delle Regioni Lazio e Toscana, Italy

Background: The susceptibility of sheep to scrapie is mainly
influenced by the prion protein polymorphisms A136V, R154H,
and Q171R/H. In a previous study, we challenged sheep car-
rying different genotypes (ARQ/ARQ, ARQ/ARR, ARR/ARR,
ARQ/AHQ, AHQ/ARH, ARQ/ARQK176 and ARQ/AT137RQ)
with classical scrapie. The survival times observed indicated
different levels of susceptibility to scrapie, with the following
ranking order: ARQ/ARQ > ARQ/AHQ > AHQ/ARH. The pres-
ence of the ARR allele (ARQ/ARR, ARR/ARR) conferred pro-
tection from disease. In the same experiment evidences of the
protective effect of the AT137RQ and ARQK176 alleles were
first reported (Vaccari, G. et al. 2007). 

Objectives: 

1. To analyze in vitro, by the Protein Misfolding Cyclic Ampli-
fication (PMCA), the conversion efficiency of the above-men-
tioned sheep genotypes triggered by sheep scrapie; 

2. To compare the results of PMCA with those from in vivo
studies. 

Methods: Brain homogenates (10% w/v) from healthy sheep
carrying the same genotypes tested in vivo were prepared as
sources of PrPC (substrates). Brain homogenate (10% w/v)
from a ARQ/ARQ sheep with natural scrapie was used as in-
fectious seed. Dilutions from 10-1 to 10-3 of the seed into the
various substrates were submitted to PMCA. The conversion
efficiency was assessed by calculating an amplification factor
for each genotype. 

Results: The ARQ/ARQ substrate showed the highest level of
conversion efficiency. All the others genotypes showed low-
er amplification factors. In particular, the ARQ/AHQ substrate
converted more efficiently than the AHQ/ARH. All genotypes
which showed to be protective in vivo (ARQ/ARR, ARR/ARR,
ARQ/ARQK176 and ARQ/AT137RQ) showed similar and weak
amplification by PMCA. 

Discussion: The conversion efficiency of PMCA mimicked the
ranking order of genotype-related susceptibility observed in
vivo. Our results suggest that PMCA represents a high-
throughput in vitro alternative to transmission studies for test-
ing the susceptibility of the numerous sheep PrP genotypes to
a variety of TSE sources.
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P.7.15
Gene expression variations in Spanish natu-
ral sheep scrapie disease determined by
sheep oligo DNA microarrays 

Hicham Filali1, Frank Harders2, Inmaculada Martín-Bur-
riel3, Eva Monleón1, Juan José Badiola1, Rosa Bolea1, Alex
Bossers2

1Centro Nacional de Referencia para las EETs, Universidad
de Zaragoza, Spain; 2Central Veterinary Institute of Wagenin-
gen UR (CVI), Netherlands; 3Laboratorio de Genética Bio-
química, Universidad de Zaragoza, Spain

Background: The pathogenesis of natural scrapie and other
naturally prion diseases is still poorly understood. The deter-
mination of transcriptome variations in infected versus con-
trol animals might clarify some molecular mechanisms of the
pathology. In addition, it may allow the development of new
tools for diagnostics and therapy. 

Objectives: The aim of this work was to identify ovine natu-
ral scrapie associated alterations in gene expression profiles
in two different tissues: Medulla oblongata (MO), the most
affected regions of CNS, and mesentery lymph node (MN), tis-
sue where the prion protein is accumulated without
histopathological lesions. 

Methods: Eleven Spanish Rasa Aragonesa sheep naturally in-
fected with scrapie at clinical and preclinical phases, besides
the group of 6 sheep without scrapie that were collected from
different sites of Aragon were included in this study. The tran-
scriptome was analyzed using the CVI custom 4x44K microar-
ray containing 60-mers oligos which were designed from se-
quences obtained from 13k previously sequenced clones from
a custom normalized cDNA library of sheep Peyers Patch, ton-
sil and brain. The array was supplemented with all publicly
available transcripts from NCBI/EBI databases. 

Results: Over 500 significant clone expression alterations
greater than 2-fold were identified in clinical phase, from
which the majority was found in medulla oblongata. In con-
trast, only 150 clones showed significant alteration in the pre-
clinical animals, the majority was found in mesentery lymph
node. Sequences identified in this study encode proteins that
are involved in many pathways including immunity and apop-
tosis. 

Discussion: This study confirms the importance of lymphatic
tissue in preclinical stage where a different set of genes was
regulated compared to clinical disease. In addition we were
able to confirm many earlier published regulated genes found
in artificial scrapie infected animals. Confirmation the expres-
sion changes by Real Time PCR is in progress and preliminary
data will be discussed.

P.7.16
Modulated conversion of PrPc into PrPsc in
sheep by PMCA based on PRNP genotype

Tomás Huélamo1, Joaquín Castilla2, María José Nevado1,
Marta Vigo1, Concepción Gómez Tejedor1, Tomás Mayoral1

1Laboratorio Central de Veterinaria, Ministerio de Medio Am-
biente y Medio Rural y Marino. Algete, Madrid, Spain; 2In-
fectology Department, Scripps Florida, Júpiter (FL), USA

Background: As is well known, scrapie is a neurodegenerative
and transmissible disease in sheep. Experimental and natural
infectivity studies have established that susceptibility and in-
cubation periods are conditioned by the prnp gene. Different
polymorphisms depends on allele frequency and especially for
codons 136, 154 and 171, which are commonly associated
with susceptibility-resistance. As well as 141 codon for Nor98.
Several studies have shown that resistance to scrapie, or even
the transmission of BSE by inoculation can increase depend-
ing on other alleles present at other positions. More than
twenty of these mutations cause changes in the PrP amino
acid sequence haven´t been tested all of then. In order to do
it, several difficulties as time for long incubation period in
needed. The use of Protein Misfolding Cyclic Amplification
(PMCA) can be a useful tool to carrying on these experiments. 

Objectives: ¨In vitro¨ study of susceptibility-resistance linked
to genotype variability in samples of nervous tissue of sheep. 

Methods: PrP amplification by PMCA has been performed on
ARQ/ARQ, ARQ/ARH and ARR/ARQ negative substrates with
several positive inoculums as PrPSc seeds. 

PrPres have been detected by western blot after PK treatment
of samples. 

Results: Amounts of PrPRes obtained from substrates with
similar concentrations of PrPc after PMCA are different when
are observed in western blot. Comparison of samples show as
ARQ/ARQ amplification rate is 50% higher than ARQ/ARH and
this one 50% higher than ARR/ARQ. 

Discussion: Conversion efficiency and amplification rate de-
pend on the genotype present in the material used for the
PMCA. Substrates with susceptible allele ARQ showed higher
amplification rate than and more resistant genotypes ARR. Re-
sults observed in the PMCA show as genotypes ARR/ARQ,
ARQ/ARH and ARQ/ARQ have a similar behaviour to that ob-
served for in vivo studies.
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P.7.17
Prion gene octapeptide insert mutation
mimicking Alzheimer’s disease

Julie N. Thai, Victor G. Valcour, Adam L. Boxer, Huidy
Shu, Amy Kuo, Aissatou Haman, Benjamin J. Raud-
abaugh, Stephen J. DeArmond, Michael D. Geschwind

Memory and Aging Center, University of California at San
Francisco, USA

Background: Genetic prion diseases (gPrDs) can present as
rapidly progressive dementias, similarly to sporadic Jakob-
Creutzfeldt disease (sCJD), or with longer duration over years,
often mimicking Alzheimer’s disease (AD) or parkinsonian dis-
orders. 

Objectives: We report 2 different PRNP octapeptide repeat in-
sertion (OPRI) cases with clinical overlap with AD. 

Methods: Patients were evaluated at our center with neuro-
logic, neuropsychological, MRI, CSF and other laboratory test-
ing. PRNP analysis was done at the NPDPSC or NIH. 

Results: Patient 1 was a 41-year-old man with a history of de-
pression referred for progressive short-term memory prob-
lems. Family history is significant for a paternal grandfather
who died in his 40s from a neurological disorder and a broth-
er in his 30s with early onset AD (EOAD). Exam showed im-
pairment in multiple cognitive domains and gait ataxia. MRI
was significant for parietal, posterior cingulate and precuneus
cortical atrophy with thinning of the posterior body of the cor-
pus callosum. CSF 14-3-3 was negative. EOAD was considered,
but genetic testing revealed a PRNP 6-OPRI mutation. Autop-
sy confirmed prion disease. His brother had the same muta-
tion. Patient 2 was a 49-year-old man with a 10-year history
of tremor and lifelong depression. Family history is significant
for a paternal grandfather who died of dementia in his 80s.
He had mild cognitive impairment 2 years before presenting
to us. He later developed cerebellar ataxia, myoclonus, and
cortical blindness. Initial outside diagnosis was AD with pos-
terior cortical atrophy (PCA). Brain MRI was consistent with
CJD. CSF 14-3-3, T-tau and NSE were elevated. EEG showed
global slowing with irregular triphasic waves. PRNP analysis
revealed a 9-OPRI mutation. Autopsy confirmed CJD. 

Discussion: gPrDs, particularly OPRI mutations, can present
with a prolonged course and misdiagnosed as AD or other
neurodegenerative diseases. Prion gene testing should be con-
sidered in AD cases with atypical features.

P.7.18
PRNP mutation at codon 188 associated with
atypical CJD

M. Carmela Tartaglia, Julie Thai, Amy Kuo, Tricia See,
Benjamin Raudabaugh, Michael Geschwind

Memory and Aging Center, UCSF, USA

Background: The human prion disease is inherited as an au-
tosomal dominant mutation in the prion gene (PRNP) in 10-
15% of cases. To our knowledge, only one T188R and three
cases of T188K have been reported. 

Objectives: We present a case of a T188R PRNP mutation with
multiple asymptomatic family members harboring the same
mutation. 

Methods: The patient is a 55-year-old gentleman who pre-
sented to UCSF for assessment of rapid cognitive decline. Ex-
tensive investigations were performed. 

Results: The patient’s disease began with behavioral changes.
Over the next 2 months, he developed severe behavioral, ex-
ecutive, memory and language impairments. He began play-
ing with his feces and hoarding large quantities of hard-core
pornography. Within 4 months, he was almost mute and no
longer recognized most family members. He was referred with
suspected sCJD. His family history included three paternal rel-
atives with dementia. PRNP analysis revealed a missense mu-
tation of Threonine (ACG) to Arginine (AGG) at codon 188
(T188R) with codon 129 MV (V cis). His asymptomatic father
(81; 129 MV) and his brother (57; 129 VV), with MCI, harbor
the same mutation; other family members remain to be test-
ed. Examination revealed perseveration, impaired language,
verbal memory, and executive function. His MMSE was 12/30.
He had a right upper quadrantonopia and bilateral apraxia.
Brain MRI showed reduced cortical diffusion in the anterior
cingulate gyrus and insula bilaterally with corresponding de-
creased signal on the ADC map. He did not meet WHO or
UCSF criteria for sCJD. 

Discussion: Our findings suggest that the T188R mutation
may not be fully penetrant or that the pathogenic effect de-
pends on additional factors such as polymorphism at codon
129. Codon 129 exerts an influential role in sCJD and in fa-
milial prion disease. No autopsy data is yet available on this
mutation, as another patient with the T188R mutation died
16 months after symptom onset without autopsy and our pa-
tient is alive. Future study should be undertaken to determine
the pathogenicity of T188R.

161Genetics

P
O

S
T

E
R

S



P.7.19
Polymorphisms of the prion protein gene
(PRNP) in Hanwoo (Bos taurus coreanae)

Jeongmin Lee, Sangho Choi, Inbeen Yim, Hee-Jong Woo

Seoul National University, Republic Of Korea

Background: Bovine spongiform encephalopathy (BSE) is one
of fatal neurodegenerative diseases that are known as trans-
missible spongiform encephalopathy (TSE) caused by infec-
tious prion protein (PrPSc). Recent studies on resistance or sus-
ceptibility to TSEs have focused on the genetic structure of
PrP gene such as the number of octapeptide repeats, differ-
ence of specific amino acids causing conformational change,
and polymorphisms in non-coding region involved in PrP ex-
pression. 

Objectives: To identify the novel mutation(s) and/or poly-
morphism(s) of bovine prion protein gene (PRNP) in Korean
cattle (Hanwoo) and to investigate their functional alterations
in prion pathogenesis. 

Methods: Genomic DNAs were isolated from the meat of a
several hundreds of Hanwoo. Coding and non-coding region
of PRNP have been amplified by PCR. The sequences have
been determined and analyzed for genotypic analysis. 

Results: With synonymous changes in nucleotides of bovine
PRNP in the coding region of amplified PCR products of PRNP
in Hanwoo, non-synonymous alterations were found in Han-
woo. We report those findings and further implication in
pathogenesis including prion expression. 

Discussion: It is difficult to compare directly healthy group
and BSE cases, because there is no BSE case in Hanwoo at
present. The functional analysis on the differences of their
genotypes and haplotypes of Hanwoo should be followed for
their significance and information in monitoring of the dis-
eases beside the industrial and cultural environment in TSE de-
velopment.

P.7.20
Cell culture modelling of prion neurotoxici-
ty

Michael Stobart1,2, Sharon Simon2, Lise Lamoureux2, Mar-
got Plews2, David Knox1,2

1University of Manitoba, 2Public Health Agency of Canada,
Canada

Background: Prion diseases are slowly progressing proteina-
ceous infectious neurodegenerative disorders. It has been
demonstrated that in vivo and in vitro neurotoxicity of
oligomeric PrP is independent of PrP expression, indicating in-
volvement other neurotoxic mechanisms. Rodent models and
prion strains have been developed to minimize disease pro-
gression time, but genome-wide screening for genes essential
to prion neurotoxicity remains time and cost prohibitive. The
ideal model to identify alternative genes involved in prion neu-
rotoxicity is cell culture based. This would permit a means of
screening RNA interference (RNAi) libraries to identify genes
required for prion-mediated neurotoxicity, but non-essential
to cellular survival. 

Objectives: This project seeks to develop a cell culture-based
model of prion neurotoxicity, and screen a shRNA library to
identify host genes involved in prion-mediated neurotoxicity. 

Methods: A human neuroblastoma cell line and the PrP106-
126 peptide have been used to model prion neurotoxicity. Ri-
bozymes and shRNA molecules targeting human prnp mRNA
have been utilized to test efficacy of mRNA and protein
knockdown using real-time quantitative PCR and immuno-
precipitation. Retroviral particles carrying ribozyme and shRNA
constructs were generated. Neuroblastoma cells were trans-
duced and challenged with the PrP106-126 peptide to select
for resistant cells. 

Results: Human neuroblastoma cells challenged with the
PrP106-126 peptide under the proper conditions exhibit ex-
treme neurotoxicity, providing a model for screening a shRNA
library. Efficiency of prnp mRNA and protein knockdown with
ribozymes was significantly impacted based upon the helicase
recruitment signal. 

Discussion: Here it is demonstrated for the first time that a
cell culture model challenged with the PrP106-126 peptide can
provide a means of modelling prion-induced neurotoxicity,
permitting the screening of a shRNA library to identify genes
essential to prion neurotoxicity but non-essential to survival
of the host cell.
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P.7.21
Heterozygosity at polymorphic codon 219 in
two variant Creutzfeldt-Jakob disease pa-
tients

Ana Lukic1, Jon Beck2, Jonathan Wadsworth2, Sebastian
Brandner2, John Collinge2, Simon Mead2

1National Prion Clinic, National Hospital for Neurology and
Neurosurgery, Queen Square, UK; 2MRC Prion Unit, Depart-
ment of Neurodegenerative Disease, Institute of Neurology,
Queen Square, UK

Background: Genetic variants of the prion protein gene
(PRNP) strongly determine susceptibility to prion diseases. All
tested patients with definite variant Creutzfeldt-Jakob disease
(vCJD) are homozygous for methionine at the common poly-
morphism at codon 129. Heterozygosity at codon 219 (E219K),
a common variant in Asian populations, has not been report-
ed in sporadic CJD patients and is therefore considered pro-
tective. 

Objectives: To search for heterozygosity at codon 219 in our
heterogenous diagnostic referral series totalling over 1800
samples. 

Methods: The classification of vCJD was established accord-
ing to the WHO criteria. Western blotting was used to detect
abnormal prion protein deposition and genomic DNA was ex-
tracted from whole blood and the PRNP sequenced. 

Results: The E219K polymorphism was found in 11 patients,
all with Asian ethnicity or ancestry and 2 patients of non-
Asian ethinicity with diagnoses of probable and definite vCJD.
The first patient was a 34 year old British male with clinical
features and investigations consistent with probable vCJD.
The second patient was a 31 year old female of Afro-
Caribbean origin in whom a tonsillar biopsy demonstrated ab-
normal prion protein deposition in a typical pattern for vCJD.
Both patients were methionine homozygous at codon 129. 

Discussion: This polymorphism has not been reported in a
white Caucasian individual. The E219K polymorphism is pro-
tective against sporadic CJD but appears to be neutral or may
even confer susceptibility to variant CJD. Our observation may
be interpreted in the context of the conformational selection
model of prion replication. This proposes that the extent of a
transmission barrier depends on the degree to which permis-
sible pathological conformations of PrP overlap between in-
oculum and host.

P.7.22
Genome-wide association study of BSE in
European Holstein cattle

Brenda Murdoch1, John Williams2, Stephen Moore1

1University of Alberta, Canada; 2Polo Universitario, Italy

Background: Genetic associations of TSEs have been estab-
lished in a variety of mammals including humans, mice and
sheep with the Prion gene having the largest contribution in
these species. However, there is a growing pool of evidence
that genomic regions other than the PRNP gene domain are
also associated with susceptibility and/or resistance to TSE dis-
eases. 

Objectives: To examine the bovine genome of a representa-
tive set of, case and control, European Holstein cattle with the
highest density SNP chip available for genetic associations
with classical BSE. This served to test, with a greater resolu-
tion, previously identified loci with associations of classical BSE
while simultaneously refining their position and identifying
novel loci. 

Methods: This whole genome association study was per-
formed with 330 BSE case and control European Holstein. The
bovine SNP50 Beadchip, which has approximately 54,000K
evenly spaced SNPs, was utilized for this association study. 

Results: Various chromosomal regions were identified to have
an association with classical BSE incidence. Regions of partic-
ular interest are on chromosomes 1 at 29.1Mb (p=3.1 x 10(-
5)), chromosome 3 at 32.4Mb (p= 5.9 x 10(-5)), and chromo-
some 14 at 44Mb (p=5.2 x 10(-5)). 

Discussion: Chromosomal regions containing positional and
functional candidate genes exhibit an association with classi-
cal BSE. Further examinations of these regions and candidate
genes in additional species are essential to determine biolog-
ical significance. Our observations provide important genom-
ic ground work for future biological studies.
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P.7.23
The first case of genetic Creutzfeldt-Jakob
disease in a methionine / valine heterozy-
gous carrier of a rare mutation R208H of the
prion protein gene.

Eva Mitrová, Danka Slivarichová, Girma Belay, Veronika
Bernovská

Research Base of Slovak Medical University, Bratislava, Slo-
vakia

Genetic Creutzfeldt-Jakob disease (gCJD) with the prion pro-
tein gene (PRNP) mutation R208H is very rare. All three re-
ported CJD patients were methionine homozygous at codon
129 of PRNP. A case of gCJD with mutation R208H (without
family history) is described in a patient methionine / valine
heterozygous at codon 129. Comparison of preceding me-
thionine homozygous cases with presented heterozygous pa-
tient revealed considerable similarity in clinical signs and
histopathological brain lesions. The age at onset was 58, 60,
65.5 years in homozygous cases and 73 years in the het-
erozygous patient. Duration of the disease was 7, 7 and 12
months in previously reported cases, while the heterozygous
one was treated in psychiatry for relapsing depressive syn-
drome more than 9 years, with rapid progression of clinical
signs in the last 5 months. Differences observed between ho-
mo- and heterozygous carriers of the PRNP mutation R208H
demonstrate a similar influence of M129V polymorphism on
the age at onset and the clinical course of the disease, as was
confirmed in sporadic CJD and gCJD with PRNP mutation
E200K.
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P.9.1
Surveillance for Prion diseases in the United
States

Robert Holman, Ermias Belay, Krista Christensen, Ryan
Maddox, Arialdi Minino, Arianne Folkema, Dana Haber-
ling, Teresa Hammett, Kenneth Kochanek, Lawrence
Schonberger

CDC, USA

Background: Prion diseases are a family of rare progressive
neurodegenerative disorders that affect humans and animals.
The most common form of human prion disease, Creutzfeldt-
Jakob disease (CJD), is believed to occur in many countries of
the world. Variant CJD (vCJD), a recently emerged human pri-
on disease, has been causally associated with bovine spongi-
form encephalopathy. 

Objectives: To describe the occurrence of CJD and vCJD in the
United States. 

Methods: Analysis of prion disease deaths on death certifi-
cates of US residents, 1979-2006, and vCJD deaths identified
through other surveillance mechanisms, 1996-2008. Since CJD
is invariably fatal and illness duration is usually less than one
year, the CJD incidence is estimated as the death rate. 

Results: During 1979 through 2006, 6911 deaths with CJD list-
ed as a cause were reported in the United States, an annual
average of approximately 247 deaths (range 172-304 deaths).
The average annual age-adjusted incidence for CJD was 0.97
per million persons (95% CI=0.95-0.99). Most (61.8%) of these
cases occurred among persons ,65 years of age for an aver-
age annual incidence in this age-group of 4.8 per million per-
sons. Most cases were among whites (94.6%); the age-ad-
justed incidence for whites was >2.5 times higher than that
for blacks (1.04 and 0.40, respectively). Three patients who
died since 2004 were reported with vCJD; epidemiological ev-
idence indicated that their infection was acquired outside of
the United States. 

Discussion: National surveillance continues to show an annu-
al CJD incidence rate of about 1 case per million persons and
marked differences in CJD rates by age and race in the Unit-
ed States. Ongoing surveillance remains important for moni-
toring the stability of the CJD incidence rates, and detecting
occurrences of vCJD and possibly other novel prion diseases
in the United States.

P.9.2
Genotyping and survey of scrapie in Finnish
sheep

Maria Hautaniemi1, Hannele Tapiovaara1, Sirkka-Liisa
Korpenfelt1, Liisa Helena Sihvonen1,2

1Finnish Food Safety Authority Evira, Finland; 2University of
Helsinki, Finland

Background: In Finland, sheep husbandry is relatively small
with app. 55000 ewes over 12 months kept on about 1000
farms. The Finnish sheep population consists mainly of pure-
bred Finnish Landrace but includes a small proportion of oth-
er breeds such as Pure-bred sheep of Ahvenanmaa, Grey race
sheep of Kainuu and Texel. Before extensive monitoring of
scrapie started in Europe in 2002, few hundred sheep were
examined yearly with histopathology as routine scrapie diag-
nostics in Finland. Nothing was known about genetic back-
ground and susceptibility of Finnish sheep races to scrapie, but
on the other hand, no scrapie had ever been detected in Fin-
land. Whether this was due to PrP resistant genotypes in
sheep races or due to relatively small proportion of examined
animals could only be speculated at that time. 

Objectives: Objectives of the study were to determine PrP
genotypes of the main breeds of sheep in Finland and to
screen Finnish sheep population for scrapie. 

Methods: Genotyping was performed by direct sequencing of
the PrP open reading frame. Scrapie monitoring was per-
formed using Bio-Rad TeSeE® test for healthy sheep and Pri-
onics® Check WESTERN test for dead-on-farm sheep (2002-
2003; TeSeE® test from 2004- ). BioRad TeSeE Western blot
was used to identify classical/atypical scrapie of the positive
samples. 

Results and Discussion: In Finland, over 9600 healthy and
over 5800 dead-on-farm sheep have been analysed for scrapie
together with at least 100 annual PrP genotype determina-
tions since 2002. The original Finnish breeds were shown to
be rather susceptible to classical scrapie as A136R154Q171
was the most common genotype found and A136R154R171
allele frequency was low in each breed studied. Despite ex-
tensive screening, no classical scrapie was detected. This was
rather surprising since the Finnish sheep seems to be geneti-
cally susceptible to classical scrapie. However, five atypical
scrapie cases were found which shows clearly that atypical
scrapie is present in the Finnish sheep population at low lev-
el.
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P.9.3
Risk factor analysis for sporadic Creutzfeldt-
Jakob disease: surgery, blood, medical pro-
fession

Uta Heinemann1, Cornelia Kittner1, Daniela Varges1,
Christian Schmidt1, Hans A. Kretzschmar1, Walter Schulz-
Schaeffer2, Inga Zerr1

1National Reference Center for TSE, University of Göttingen,
Germany, 2University of Göttingen, Dept. Neuropathology

Background: Creutzfeldt-Jakob disease is a transmissible neu-
rodegenerative disorder. For sporadic CJD (sCJD), origin of the
disease is not known. Moreover, iatrogenic infection with
long-time incubation occurred repeatedly. Thus, we analyzed
a large population of sCJD patients for potential risk factors. 

Objectives: to identify medical risk factors for sporadic CJD 

Methods: Within German CJD surveillance system, all sus-
pected CJD patients or their family members were asked to
answer a questionnaire about medical risk factors. Addition-
ally, a matched control for each patient was selected. To de-
tect bias by study design, we performed a separate analysis
for population and hospital controls as well as direct and
proxy interview. Furthermore, time-lag analysis and genotype
distribution was investigated. 

Results: The study included 1155 sCJD patients and 1029 con-
trols. By comparison of sCJD with population controls, we
found lower rates of exposure factors in cases than in controls
for blood transfusion (OR 0.6) and surgery on vertebral col-
umn (OR 0.52; not significant after Bonferroni adjustment).
Surgery in general (OR 0.7), tonsillectomy (OR 0.61), and ap-
pendectomy (OR 0.55) became significant for hospital controls
only. While surgery on vertebral column (OR 0.39), tonsillec-
tomy (OR 0.45) and appendectomy (OR 0.43) revealed signif-
icant results by direct interview, however it became non-sig-
nificant by proxy interview. Medical profession revealed non-
significant differences between cases and controls. 

Discussion: Study design is highly influencing the results for
case-control studies in sCJD. This might explain conflicting re-
sults in previous studies. In our study, the only consistent sig-
nificant factor independent of chosen design is blood trans-
fusion, whereas no clear medical risk factor associated with
higher risk of sCJD was identified.

P.9.4
Greek National Scrapie Surveillance pro-
gramme from 2002 up to 2008

Helen Koutsoukou-Hartova1, Vaia Palaska1, Spiridoula
Tsimpanoudi1, Dimitra Papakostaki2, Paraskevi Tsimo-
gianni3, Helen Rempoutzakou4, Helen Hondrokouki4,
Loukia Ekateriniadou5, Spiros Ntountounakis6

1National Reference Laboratory for TSEs, Larissa, Greece; 2Vet-
erinary Institute of Infectious and Parasitic Diseases, Thessa-
loniki, Greece; 3Veterinary Laboratory of Ioannina, Greece, 4Vet-
erinary Institute of Infectious and Parasitic Diseases, Athens,
Greece; 5NAGRFF-Veterinary Research Institute of Thessaloni-
ki, Greece, 6Animal Health Directorate, Dept. of Infectious Dis-
eases, Ministry of Rural Development and Food, Athens, Greece

During the implementation of the Greek National Scrapie Sur-
veillance Programme from 2002 to 2008, a total number of
141917 samples originated from small ruminants were checked.
From the above samples 103220 were healthy slaughtered and
38697 of risk population. 2159 samples were found positive,
isolated from 226 infected flocks. The implementation of the
active surveillance programme started in 2002 with a prevalence
up to 0.31% and after a progressive increasing, in 2008,
reached 2.61% with an average incidence at 74 cases per year. 

Positives flocks were increased progressively by an average of
33 new flocks per year up to 2008. 

Atypical Scrapie has been detected in 6 sheep flocks, from
slaughtered sheep. 

Genotype analysis has been done in 1336 positive samples.
From the analysis: 

• ARQ haplotype was the predominant haplotype founded
in 1206 cases. 

• VRQ haplotype was found at a percentage of 7.63% ei-
ther as homozygote or as heterogygote, usually in combi-
nation to ARQ haplotype. 

• ARR haplotype in combination to ARQ haplotype was
found in 5 classical Scrapie samples and in combination to
AHQ haplotype was found in 4 atypical Scrapie samples. 

• AHO haplotype was found at a percentage of 14.07% and
ARH haplotype in 19 cases. 

ARQ/ARQ genotype was predominant (75.58%), followed by
AHO haplotype either as homozygote or as heterogygote
(16.25%) and VRQ/ARQ genotypes (6%), while no ARR/ARR
genotype was found. 

The distribution of the most significant genotypes in 970 ran-
dom healthy sampled sheep was: 

NSP1 (ARR/ARR): 4.74%, NSP2 (ARR/…):.29.27%, NSP3
(ARQ/ARQ): 49.48% NSP3 (AHQ/AHQ, AHQ/ARH, AHQ/ARQ)
9.79%, NSP4 (ARR/VRQ): 1.64% NSP5 (VRQ/…): 5.05%. 

106 positive sheep flocks (29.148 animals) were fully geno-
typed resulting to: NSPI 6.08% (rams only 79), NSP2 32.44%,
NSP3 57.67%, NSP4 0.63% and NSP5 2.61%.
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P.9.5
Monitoring of bovine spongiform en-
cephalopathy in the Russian Federation us-
ing a kit TeSeE (Bio-Rad) and immunohisto-
chemical method

Sergey Rybakov, Aleksander Yegorov, Andrey Pavlov, Asya
Alyokhina, Anton Zhirkov

FGI “Federal Centre for Animal Health”, Russian Federation

Background: A problem of prevention of bovine spongiform
encephalopathy and other prion diseases of farm and wild an-
imals is of current interest for the Russian Federation (RF).
Since 2005 the Ministry of Agriculture of Russia put into prac-
tice the programs aimed at the increase of high-productive
bovine animal population on the basis of an increase of a por-
tion of pedigree cattle up to 13%. A rapid increase of pedi-
gree cattle population can be achieved owing to the import
of high-productive cattle breeds from other countries. Unfor-
tunately, the Russian cattle-breeding enterprises are com-
pelled to import animals from countries with indigenous BSE.
For example, the import of pedigree cattle in 2007 has made
76385 animals; from them 95 % are imported from the coun-
ties of BSE controlled risk, mainly Germany, Denmark, the
Netherlands and Austria, and 5% from a country of BSE neg-
ligible risk – Australia.

Objectives: From 2005 the main surveillance object is the cat-
tle from risk groups (non-ambulatory, emergently slaughtered
or dead cattle), imported from countries of BSE controlled risk.

Methods: Diagnostic investigations are conducted predomi-
nantly by ELISA using kits TeSeE (Bio-Rad). For the purpose of
verification, fragments of brainstem of some samples are ad-
ditionally tested following formalin fixation by an immuno-
histochemical method using polyclonal antibodies to synthetic
peptides-fragments of bovine prion protein.

Results: The number of monitoring investigations among cat-
tle of risk groups increased in 2006-2008; 634 samples were
tested in 2006, 1187 samples – in 2007 and 3081 samples – in
2008. Previously, polyclonal antibodies to peptides-fragments
of bovine prion protein from regions PrP(106-126), (108-126),
(111-126) and PrP(206-230), (216-230), (214-233) have been
received and tested with positive results. At present antigenic
and immunogenic properties of peptide PrP(154-169) and con-
structs on its basis are studied.

P.9.6
Quantitative models to estimate the risk of
vCJD: a topical review

Mustafa Al-Zoughool, David Cottrell, Daniel Krewski

McLaughlin Center for Population Health Risk Assess-
ment/University of Ottawa, Canada

Background: Like BSE, vCJD is an infectious disease typified
by long incubation period and asymptomatic infections, two
factors making epidemiological investigations particularly dif-
ficult. Primary infections are associated with the ingestion of
infectious materials. Secondary infections are associated with
blood transfusions and surgery.

Objectives: Here we present the mathematical models at-
tempting to quantify the risk of primary and secondary vCJD
transmission and describe how those models helped identify-
ing various parameters of vCJD disease.

Methods: Medline search was carried out using the following
keywords: vCJD risk, vCJD models, vCJD projection, and vCJD
estimation. Studies were reviewed and the mathematical ap-
proach used to build the model was explained. A comparison
was performed between various models.

Results: Existing models for vCJD can roughly be classified in-
to two types according to the principal source of data: 1-For-
ward models that relate past pattern of BSE epidemic to the
vCJD epidemic based on the estimated number of infected
cattle slaughtered for human consumption 2. “Backward”
models that use the vCJD epidemic in the UK to estimate im-
portant epidemiological parameters. Models for primary in-
fection served two purposes: 1. provided estimates of the
magnitude of the vCJD risk 2. Provided insight into the struc-
ture and possible control of the vCJD risk by estimating the
risk of exposure to BSE infected materials and the subsequent
risk of vCJD infection as a function of various control param-
eters.

Discussion: Risk modeling of vCJD helped in estimating, with
reasonably narrow confidence bounds, prevalence of infection
and predicted the future size of the epidemic. Furthermore,
vCJD risk models reduced several uncertainties related to dis-
ease transmission like incubation period, age-dependent sus-
ceptibility and genetic predisposition.
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P.9.7
Gerstmann-Str�ussler-Sheinker syndrome
with variable phenotype in a recently de-
tected kindred with PRP-P102L mutation.

Miguel A. Riudavets1, Maria A. Sraka2, Marcelo Schultz1,
Estefania Rojas1, Christian Begue1, Horacio Martinetto1,
Michele Equestre3, Maurizio Pocchiari3, Lina Nunez1, Gus-
tavo Sevlever1, Ana Lia Taratuto1

1FLENI, Argentina; 2Hospital de Berisso, Argentina; 3Institu-
to Superiore di Sanitá, Italy

Background: Human Spongiform Encephalopathies constitute
a group of entities which includes Creutzfeldt-Jakob Disease,
Fatal Familial Insomnia, Kuru and Gerstmann-Sträussler-
Sheinker (GSS). Analyzed as a group, 10-15% of prion diseases
are dominantly inherited, including 100% of GSS cases and
approximately 10% of CJD cases. Since the first description of
GSS in 1936, other families have been described in ten coun-
tries.

Objectives: The objective is to report the first kindred with
GSS in Argentina.

Methods: We studied in the Brain Bank a family of italian de-
scendants with members affected by a neurological disorder
displaying two clinically different patterns: cognitive decline
(FTD-type) with ataxia or only cognitive decline (FTD-type). We
performed the neuropathological examination of two mem-
bers, and molecular studies in one of them.

Results: Neuropathological examination showed deposits of
the prion protein (PrPSc) in the way of plaques in different
brain and cerebellar areas. The molecular studies performed
showed abnormal PrP and highlighted the previously de-
scribed P102L mutation in the prion protein gene (PRNP). We
confirmed the diagnosis of Gerstmann-Sträussler-Sheinker dis-
ease.

Discussion: We report the first family with Gerstmann-Sträus-
sler-Sheinker disease in our country, which members are of
italian origin, presented the most frequent mutation associ-
ated with the disease, and two different clinical patterns. The
detection of this kindred was performed through the Brain
Bank implying that it can perform a complementary function
with the National Surveillance Center on Prion Diseases.

P.9.8
Comparing BSE risk factors and manage-
ment of the three largest cattle producers:
India, Brazil and China

Shalu Darshan1, Margaret Wilson2, Daniel Krewski1,
Michael G. Tyshenko1

1University of Ottawa, Canada; 2Decision and Risk Consult-
ing, Canada

Background: India, Brazil and China collectively possess 56%
of world’s total cattle inventory and to date have not record-
ed any case of bovine spongiform encephalopathy (BSE). With
BSE emerging as a zoonotic disease worldwide especially in
Europe, India and Brazil surfaced as major beef exporting re-
gions controlling 30% of world’s total beef and cattle exports.
Each country was prompted to implement many effective BSE
management strategies to sustain their BSE free status. 

Objectives: To review the risk mitigation and management
strategies for BSE introduced in India, Brazil, and China.

Methods: A comprehensive and structured survey was carried
out for available literature published in peer review journals
on risk management of BSE in India, Brazil, and China. Sources
also included government reports, grey literature, internet
web pages and newspaper databases to assess non-expert in-
formation on BSE risk mitigation strategies. The information
was compiled to synthesize a comparative overview of BSE
risk management strategies in the respective regions. 
Results: The study provides the background on the agro-beef
sector of India, Brazil and China and draws comparisons be-
tween the three regions to assess the comprehensiveness of
the instituted BSE risk management measures. An attempt has
been made to provide an account of the external and internal
challenges faced by these regions with regards to BSE.

Discussion: While the three largest cattle producers have im-
plemented many effective BSE management policies some
gaps exist in particular, the lack of specified risk materials
(SRM) ban in Brazil and China.
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P.9.9
A prevalence study in QQ171 sheep investi-
gating the role of individual and flock-level
risk factors for scrapie

Caterina Maestrale1, Antonello Carta2, Ciriaco Ligios1, So-
nia Attene1, Cinzia Santucciu1, Maria Giovanna Canced-
da1, Mariangela Saba1, Stefania Sechi2, Ennio Bandino1,
Bernardetta Ibba1, Giuseppe Ru3 

1Istituto Zooprofilattico Sperimentale della Sardegna, Italy;
2Research Unit: Genetics and Biotechnology, DIRPA AGRIS
Sardinia, Italy; 3CEA, Istituto Zooprofilattico Sperimentale del
Piemonte, Liguria e Valle d’Aosta, Italy

Background: Scrapie is transmitted from one individual to an-
other by direct contact or through a contaminated environ-
ment. Moreover a genetic susceptibility depending on the
136, 154 and 171 polymorphic codons of the PRNP gene is an
individual risk factor for scrapie. Large numbers of breeding
females, introductions of sheep, spreading of sheep compost
and contacts with placentas were also reported to be associ-
ated with the disease.

Objectives: A cross-sectional study was carried out to identi-
fy the main risk factors affecting the scrapie prevalence with-
in sheep flocks.

Methods: The study was carried out on 28 scrapie-affected
flocks i.e. a sample of outbreaks identified in Sardinia between
1998 and 2006: the selection was based on the availability of
data on genotyping and scrapie testing of a large proportion
of animals . Out of 9,767 sheep, the results of rapid testing
for 1,657 susceptible (QQ171) animals were available for da-
ta analysis. A mixed effect logistic regression model, with flock
as random effect, was used to explore the role of scrapie his-
tory within the flock, the proportion of susceptible animals,
the age of the sheep, and the size of the flock. A subset of
643 animals was used to assess the adjusted effect of M137T
and N176K PRNP gene mutations. 

Results: A higher risk of scrapie was associated with larger
flocks (OR 11.8, P=0.04) and with the 1-4 year age class (OR
4.8 P=0.000) whereas a lower risk was associated with the
M137T (OR 0.12, P=0.001) and N176K (OR 0.02, P=0.001) mu-
tations. The effects of a longer history of scrapie and a larger
proportion of susceptible sheep identified through a fixed ef-
fect logistic model disappeared after applying a flock random
effect, due to the clustering of sheep within flocks. 

Discussion: This study confirms the importance of age, indi-
vidual mutations other than those identified at 136, 154 and
171 codons, and of flock size. How flock size affects the prob-
ability of disease deserves further

P.9.10
A cell sorter specifically adapted to prion at
the service of the Prion research community

Fabien Aubry1, Christèle Picoli2, Christelle Duval3, Mar-
lène Reboul1, Emmanuel Comoy2, FranckMouthon2,
Valérie de Broglie1

1Foundation Alliance Biosecure, France; 2Neuroprion Re-
search Plateform, CEA/IMETI/SEPIA, France; 3EFS Nord-de-
France Lille, France

Background: The foundation Alliance Biosecure aims to spon-
sor research on the analysis, comprehension and management
of risks for public health, linked to microbiological agents, in
particular prions. Recognized as a Public Utility in December
2006 by the French Government, Alliance Biosecure promotes
the discovery of technological solutions aimed at improving
the detection, elimination and inactivation of these agents
within biological products used in human therapy. Indeed bi-
ological safety regarding prion risk constitutes a major public
health issue, as publicized by the report of a case of vCJD pri-
on protein found at post mortem in the spleen of a person
with haemophilia and treated with plasma products.

Objectives: For this purpose, Alliance BioSecure Foundation
is proud to make available to scientific community a three-
laser Influx® cell sorter and a Nikon confocal microscope, both
located in a BSL-3 containment facility. Equipped with a
unique modified design suitable for Prion experiments, this
cell sorter constitute a powerful tool to study & isolate in-
fected rare cellular sub-populations in blood or in cell culture.

Methods: Here, we present two foundation research projects
related to prion that illustrate the capabilities of the cell
sorter. First, we show a sort of different cell sub-populations
from infected monkey blood checked by a confocal mis-
croscopy view of these sorted cells. In second, we separate,
from cell lines, differentially infected cell populations follow-
ing the expression of a surface marker.

Results: With a securised cell sorter able to sort infected cell
populations at a rate of 5.000 cells/s, with a purity greater
than 90%, a combination of 12 detectors and a confocal mi-
croscope, the fondation’s projects have a real asset for the
study of Prion deseases.
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P.9.11
Comparative expert judgment elicitation
using the classical model and EXCALIBUR un-
der conditions of uncertainty for Prion dis-
ease risks

Michael G. Tyshenko1, Susie ElSaadany2, Shalu Darshan1,
Angela Catford2, Willy Aspinall3, Daniel Krewski1

1University of Ottawa, Canada; 2Blood Safety Surveillance and
Health Care Acquired Infections Division, Centre for Infectious
Disease Prevention and Control, Public Health Agency of
Canada, Canada; 3Aspinall and Associates, Beaconsfield, UK

Background: Formal Expert Panels can take extensive
amounts of time to meet, review data, create risk assessment
models, complete assessments before reaching consensus an-
swers. For example, the first expert panel convened at the be-
ginning of the United Kingdom’s BSE outbreak, the South-
wood Working Party, required nearly one year to reach con-
sensus conclusions regarding milk, food, animal health and
public safety. Solicited expert opinion using a mathematical
formalism for uncertainty gaps in research can provide a ro-
bust and faster method to obtain answers that can greatly in-
form policy decision-making. 

Objectives: There is much uncertainty surrounding parame-
ters of secondary prion disease transmission through blood
and blood derived products. The “Classical Model” of expert
elicitation can be applied to provide expert estimates for un-
certainty gaps as well as provide response to real-time, emerg-
ing threats as they occur. 

Methods: Two separate elicitation exercises were undertak-
en with Canadian experts (n = 14; held March 2008) and in-
ternational experts (n = 11; held March 2009). TSE experts
were calibrated on a series of seed questions for which an-
swers are known and asked to complete seven target item
questions for which answers are not known.

Results: Performance weighted results from both the Cana-
dian and international experts reveal similar estimates and un-
certainty ranges for the seven target item questions elicited
dealing with TSE prevalence, genotype effects, susceptibility
and infectivity.

Discussion: The theoretical basis for the rational pooling of
expert opinion is established and we show it can be success-
fully applied for prion disease uncertainty gaps to inform pol-
icy decision-making.

P.9.12
Scrapie surveillance in the Netherlands; the
effect of selection for scrapie resistance in
sheep.

Marielle Melchior, Thomas Hagenaars, Alex Bossers, Aart
Davidse, Fred van Zijderveld

Central Veterinary Institute, Wageningen UR., Netherlands

Background: The susceptibility to scrapie, a fatal neurode-
generative disease of sheep, is closely linked by the PrP geno-
type of the animal. The PrP genotype of sheep, modulate the
susceptibility to scrapie, with the ARR allel conferring high re-
sistance. In 2004 a scrapie control program was initiated in the
Netherlands, based on the selection of ARR homozygote rams
for breeding. At the same time new EU regulation required in-
tensive active scrapie surveillance (by testing fallen stock and
healthy slaughter) as well as certain control measures in af-
fected flocks. 

Objectives: Here we analyze the data on scrapie incidence over
the period of 2002 to 2008, obtained from both the surveillance
and control activities. At the same time genotyping results for
a random subset of test samples from the active surveillance
(2005 – 2008) reveal the temporal trend in ARR allel frequency
in the Dutch sheep population. The combined data enable us
to obtain a quantitative insight into the transmission of scrapie
at flock level and its genetic control at population level. 

Methods: Data on the scrapie incidence are accumulated
within the Dutch active surveillance on TSEs in sheep (2002 –
2008). From 2005 a yearly random sample is taken form the
active surveillance, for genotyping of the PrP gene. This data
provides both information on the temporal trend of scrapie
incidences, and on the genotype frequencies at a national lev-
el.The second part of data are results on infection status and
genotyping in animals that were culled, as part of the manda-
tory scrapie control efforts. With this information we could
obtain the relative risk of infection across different genotypes.

Results: Genotyping showed a clear trend for increasing ARR
allel frequencies in the Dutch population, together with a sig-
nificant decrease in scrapie incidence. The combined data in-
dicate that the decrease in scrapie incidence is based both on
a decrease of susceptible animals, and a decrease of transmis-
sion of the infection between susceptible animals. Results from
the relative risk of infection of PrP genotypes are presented.

Discussion: Differences with previous results, regarding the
relative risk of infection for PrP genotypes, are discussed. Fur-
thermore, the importance of selection for genetic scrapie re-
sistance, compared to culling of infected flocks, in the de-
crease of scrapie incidence is discussed.
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P.9.13
No evidence of contagiousness of atypical
scrapie: results from a 12-country European
study.

Alexandre Fediaevsky1, Cristiana Maurella2, Maria Nöre-
mark3, Francesco Ingravalle2, Stefania Thorgeirsdottir4,
Leonor Orge5, Renaud Poizat6, Maria Hautaniemi7,
Giuseppe Ru2, Barry Liam8, Didier Calavas9, Petter Hopp10

1AFSSA-Lyon; INRA Clermont-Theix, France; 2Istituto Zoopro-
filattico Sperimentale del Piemonte, Liguria e Valle d’Aosta,
Italy; 3National Veterinary Institute, Sweden; 4University of
Iceland, Iceland; 5Laboratório Nacional de Investigação Vet-
erinária, Portugal; 6AFSCA, Portugal; 7Finnish Food Safety
Authority, Finland; 8 Department of Agriculture, Fisheries and
Food, Ireland; 9 AFSSA-Lyon, France; 10 National Veterinary
Institute, Norway
Background: During the last decade, active surveillance of
transmissible spongiform encephalopathies in small ruminants
has been intensive in Europe. In many countries this has led
to the detection of cases of atypical scrapie. A question has
been raised: is the atypical form contagious?

Objectives: The aim of this study was to investigate if the oc-
currence of secondary cases in flocks affected by atypical
scrapie could help in clarifying the potential contagious nature
of the disease by using surveillance data collected in Europe.

Methods: Questionnaires were used to collect, at country-lev-
el, data on control measures, on the results of active surveil-
lance and of the within-outbreaks testing from 12 European
countries. Generalised linear regression mixed models and
meta-analysis were used to model prevalence data taking in-
to account the random effect of country.

Results: The mean prevalence of atypical scrapie was six cas-
es per ten thousand in abattoir surveillance and eight cases
per ten thousand in fallen stock. By using meta-analysis, on 11
out of the 12 countries, we found that the probability of de-
tecting secondary cases of atypical scrapie in positive flocks
was similar to the probability observed in animals slaughtered
for human consumption (odds ratio, OR=1.07, CI95%: 0.70-
1.63) or among fallen stock (OR=0.78, CI95%: 0.51-1.2). In con-
trast, when comparing the two scrapie types, the probability
of detecting secondary cases in classical scrapie positive flocks
was significantly higher than the probability of detecting sec-
ondary cases in AS positive flocks (OR=32.4, CI95%: 20.7-50.7).

Discussion: These results suggest that atypical scrapie is not
contagious or has a very low transmissibility under natural
conditions compared with classical scrapie. Furthermore this
study stressed the importance of standardised data collection
to make good use of the analyses undertaken by European
countries in their efforts to control atypical and classical
scrapie.

P.9.14
Quantifying the effect of the EU control
measures in 2001 on the decline of the BSE
epidemic in Europe

Aline de Koeijer

CVI, Netherlands

Background: During the 1990s, the control measures for BSE
were very different amongst the EU member states, and the
moment of implementation and efficacy of various control
measures varied a lot. In 2001 the EU decided on implement-
ing expensive extra control measures, to control the BSE epi-
demic among cattle. These measures were identical for all
member states with a BSE problem. The new regulation in-
cluded active surveillance among all culled and dead cattle
over 30 months of age. This has by now produced a large da-
ta set on BSE prevalence in the EU, which allows for an eval-
uation of the effect of these measures.

Objectives: From this data set, we quantify the effect of the
control measures in 2001.

Methods: The growth or decline op the epidemic is quanti-
fied in the form of the reproduction ratio and the growth rate
of the infection. This was done for the EU and separately for
a few member states.

Results: We compare the growth or decline of the national
and European epidemics in the birth cohorts born before 2001
and after and find that the European BSE epidemic was de-
clining already before the 2001 birth cohorts. We also find
that the actual level of decline differed a lot between coun-
tries. Since 2001, all EU member states apply the same control
measures, which should lead to a similar rate of decline of the
epidemic. We find that the growth rate has declined further
substantially and calculate the number of cases avoided due
to the new harmonized control measures.

Discussion: The different methods show similar results, which
concur with preliminary results from other models. However,
we find that for this type of question an analysis by repro-
duction ratio is much more sensitive than an estimate of
growth rate. This is because in estimating the growth rate,
there is a smoothing effect of the exposure in transmission
level and presence of infectious animals . The reproduction ra-
tio shows the effect very clearly, since it focusses on the lev-
el of transmission in a specific year only.
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P.9.15
Investigating dental treatment as a possible
route of transmission of variant CJD

Dawn Everington1, Pauline Watt1, Fiona Ord1, Andrew
Smith2, Robert Will1, Hester Ward1

1University of Edinburgh, UK; 2University of Glasgow Dental
School, UK

Background: Human-to-human transmission of variant CJD
(vCJD) has occurred from blood transfusions in four known in-
stances in the UK. There is a possibility that vCJD may also be
transmitted through other routes such as through dental
treatment. The average person undergoes far more dental
treatments than either surgery or blood transfusions. Prelim-
inary findings from a mouse model led the UK’s Spongiform
Encephalopathy Advisory Committee (SEAC), to conclude that
the potential risk of transmission of vCJD via a range of den-
tal procedures may be greater than previously anticipated.

Objectives: To identify vCJD cases that had been treated at
the same dental practice, and to report the type and dates of
treatments undergone. To investigate whether vCJD cases ex-
perienced a greater number of dental procedures compared
to controls.

Methods: Cases of vCJD (n= 161) and general population con-
trols (n=~500) with appropriate consent were included in the
study. Dental case records were accessed by contacting gen-
eral dental practitioners (GDPs) directly and from data held by
NHS Dental Practice Boards. Treatments and examinations car-
ried out since 1980 were recorded.

Results: Currently, the success rate for retrieval of dental
records from cases is 53% and for controls is 87%. Further re-
sults will be presented regarding dental record retrieval and
preliminary risk analyses.

Discussion: Several problems were encountered in retrieving
dental records, the main ones being that in the UK dental
records do not ‘follow’ the patient as medical records do
when a person changes their dentist. In addition dental
records can be legally destroyed after 11 years. Therefore, ac-
cessing the dental history of one person typically involved try-
ing to identify and contact more than one GDP. Given the
above methodological caveats, a preliminary statement about
possible risk of transmission through dental treatments will
be given.

P.9.16
Estimation of the size of the Bovine Spongi-
form Encephalopathy epidemic in Canada

Tamer Oraby, Mustafa Al-Zoughool, Daniel Krewski

University of Ottawa, Canada

Background: The first BSE case appeared in Canada in 1993
was imported from the UK as a five month old calf. In ten
years, the first domestic BSE case was discovered in Alberta
and then followed by the discovery of the second case as a
cow exported to the US. Up to May 2009, 15 typical BSE cas-
es and 2 atypical cases have been discovered. Canada has im-
plemented control measures to eradicate the disease from the
national herd like the partial (ruminant to ruminant) feed ban
in 1997 and the enhanced feed ban in July 2007 (to rule out
cross contamination). Other control measures were already in
place before the 1993 BSE case, like the ban of live cattle im-
portation from the UK in 1990 and the ban of meat-and-bone
meal (MBM) importation from the UK in mid-70s for foot and
mouth disease reason. 

Objectives: The main target of our current project is to esti-
mate the risk of contracting vCJD in Canada through the as-
sociated route of oral consumption of contaminated meat and
the thereafter risk of secondary transmission from human to
human. To do so, we are to find the likely number of infect-
ed cattle that were culled to one of the natural streams and
specially the health slaughter stream before showing up clin-
ical symptoms. We assume that infectivity has entered Cana-
da through importation of live cattle and MBM.

Methods: We have built a stochastic simulation model to find
the likely number of infected animals that were culled to one
of the streams due to the importation of live cattle and MBM
from high risk countries. The simulation model is based on un-
sophisticated yet valid methods.

Results: We have applied this model to the Canadian data.
The results showed a moderate level of infection in the Cana-
dian herd. The infectivity is also on its way to eradication. 

Discussion: The model validation and verification are still un-
derway which means that the results are preliminary at the
time we are writing this abstract.
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P.9.17
Humic acid influences pathogenic prion pro-
tein attachment to clay particles

Christen Bell1, Debbie McKenzie2, Judd Aiken2, Joel Ped-
ersen1

1University of Wisconsin, USA; 2University of Alberta, Cana-
da

Background: Soil may contribute to the horizontal transmis-
sion of sheep scrapie and chronic wasting disease of North
American cervids by serving as an environmental reservoir for
the infectious agent. We previously demonstrated that the
disease-associated form of the prion protein (PrPTSE) binds to
soil particles and that the PrPTSE interaction with the clay min-
eral montmorillonite (Mte) is remarkably avid. In soils, clay
mineral particles are typically associated with natural organic
matter (primarily the products of microbial decomposition of
vegetation). Humic substances constitute an important frac-
tion of natural organic matter. 

Objectives: The objective of this study was to investigate the
role of natural organic matter on the interaction of patho-
genic prion protein with soil particles.

Methods: Complexes of humic acid and montmorillonite (HA-
Mte) were prepared by mixing dissolved HA with a suspen-
sion of Mte at ratios of 1:10 and 1:100 (w/w) to obtain dif-
ferent HA loading levels. The attachment of PrPTSE to HA-Mte
(1:10) and HA-Mte (1:100) was measured in batch sorption ex-
periments at varied protein:sorbent ratios. We analyzed
PrPTSE extracted from HA-Mte and the unbound fraction by
immunoblot and ELISA respectively.

Results: We found that HA-Mte complexes have a lower affin-
ity for PrPTSE than Mte alone and that the binding capacity
for the protein decreased with increasing HA content. Extrac-
tion of humic acid from HA-Mte after PrPTSE sorption sug-
gests that the pathogenic prion protein associates primarily
with Mte surfaces and that natural organic matter blocks
PrPTSE binding sites on Mte. Immunoblot analysis of PrPTSE
incubated with dissolved Elliot soil humic acid indicates cleav-
age of the protein at the N-terminus. More polar fractions of
natural organic matter from soil did not cleave PrPTSE.

P.9.18
Neuropathology-confirmed CJD decedents
less than 55 years of age, United States,
1994-2006

Ryan Maddox1, Robert Holman1, Pierluigi Gambetti2, Ja-
nis Blevins2, Sally Berri2, Arialdi Minino1, Krista Chris-
tensen1, James Sejvar1, Lawrence Schonberger1, Ermias
Belay1

1Centers for Disease Control and Prevention, USA; 2National
Prion Disease Pathology Surveillance Center, USA

Background: Approximately 10% of US Creutzfeldt-Jakob dis-
ease (CJD) decedents are reported to be <55 years of age. De-
tailed investigation of young CJD cases could provide a bet-
ter understanding of the occurrence of human prion diseases
and help identify variant CJD (vCJD) and other prion disease
cases with an exogenous source of infection. 

Objectives: To describe neuropathology-confirmed CJD dece-
dents aged <55 years in the United States during 1994-2006.

Methods: CJD decedents are identified from the national mul-
tiple cause-of-death data of the National Center for Health
Statistics and through reports by physicians, public health per-
sonnel, and others. Relevant portions of medical records for
these cases are requested from state health departments and
medical facilities and reviewed. Neuropathology results for
cases, as available, are provided by the National Prion Disease
Pathology Surveillance Center.

Results: During 1994-2006, 449 CJD decedents aged <55 years
were identified in the United States. For 305 cases with
known neuropathological testing status, 176 (58%) were
biopsy or autopsy-confirmed. Of these 176 confirmed cases,
81% were diagnosed with sporadic CJD, 17% with familial
CJD, and 2% with iatrogenic CJD; none had unsuspected
vCJD. Approximately 92% of the cases were white, 6% black,
and 2% Asian. For cases with available information on clinical
features, most (90%) had dementia reported, 77% had atax-
ia or poor coordination, 65% had myoclonus, 38% had visu-
al signs, and 70% had pyramidal or extrapyramidal signs. The
median illness duration was 6 months. For 118 confirmed CJD
cases with electroencephalogram (EEG) results available, 42%
had a typical reading. 

Discussion: Neuropathologic confirmation of younger sus-
pected CJD cases is especially important because these cases
are more likely to be vCJD than older cases and may more
readily indicate iatrogenic transmission or a novel prion dis-
ease emergence. Additionally, typical EEG may be less com-
monly reported.
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P.9.19
Screening of bovine spongiform encepha -
lopathy in Korean cattle breed, Hanwoo,
using real-time immno-PCR.

Inbeen Yim1, Jeongmin Lee2, Hee-Jong Woo3

1College of Veterinary Medicine, Seoul National University,
Republic Of Korea; 2KRF Priority Research Institute for
Zoonotic Disease, Seoul National University, Republic Of Ko-
rea; 3College of Veterinary Medicine, KRF Priority Research
Institute for Zoonotic Disease, Seoul National University, Re-
public Of Korea

Background: Bovine spongiform encephalopathy (BSE) is a fa-
tal neurodegenerative disease caused by pathogenically in-
fectious prion protein (PrPSc). Screening of slaughtered cattle
is one of the most important methods to prevent the out-
break of BSE, and a number of countries have been subse-
quently under surveillance for BSE in over-24-month-old cat-
tle. In Korea the case of BSE has not been reported yet, and
the appropriate procedure of surveillance for BSE in national-
wide has been required. We describe the first study for screen-
ing of BSE in Korean cattle, Hanwoo. 

Objectives: To establish sensitive and reliable screening pro-
cedure and apply it to surveillance for BSE in Korea. 

Methods: Samples for screening have been taken from both
spinal cord and skeletal muscle from around 30-month-old, fe-
males or castrated males of Hanwoo cattle. Real-time im-
muno-polymerase chain reaction (IPCR) method has been de-
veloped and applied for detection of PrPres in Hanwoo. 

Results: IPCR with 100-fold higher sensitivity compared to the
conventional protocol of Western blot or ELISA was carried
out in our study. In tested 1,085 Hanwoo cattle, no significant
PrPres were detected in our experimental condition. 

Discussion: For detection of PrPSc, we have established real-
time IPCR method and confirmed no BSE case in Hanwoo so
far. As this protocol, however, was using PK digestion for de-
tecting PrPSc, PK sensitive PrPSc cannot be confirmed like oth-
er official protocols currently used for BSE.

P.9.20
A retrospective immunohistochemical study
reveals atypical scrapie has existed in the
United Kingdom since at least 1987

Paul Webb, Linda Powell, Margaret Denyer, Sarah Marsh,
Colin Weaver, Marion Simmons, Elizabeth Johns, John
Sheehan, Peter Horsfield, Chris Lyth, Christina Wilson, Ann
Long, Saira Cawthraw, Ginny Saunders, Yvonne Spencer

Veterinary Laboratories Agency, UK

Background: Atypical scrapie is a relatively recent discovery,
and it was unknown whether it was a new phenomenon or
whether it had existed undetected in the United Kingdom na-
tional flock. Before 1998, the routine statutory diagnosis of
transmissible spongiform encephalopathy (TSE) in sheep re-
lied on the presence of TSE vacuolation in the brainstem. This
method would not have been effective for the detection of
atypical scrapie. Currently, immunohistochemistry (IHC) and
Western blot are commonly used for the differential diagno-
sis of classical and atypical scrapie. The IHC pattern of PrPd
deposition in atypical scrapie is very different from that in clas-
sical scrapie using the same antibody. It is thus possible that,
due to a lack of suitable diagnostic techniques and awareness
of this form of the disease, historic cases of atypical scrapie
remain undiagnosed.

Objectives: To perform IHC on selected formalin-fixed, paraf-
fin-embedded (FFPE) blocks of ovine brain from the Veterinary
Laboratories Agency archives that were submitted for various
reasons, including suspect neurological disorders, between
1980 and 1989. To develop a method to obtain PrP genotype
from DNA extracted from archival FFPE tissues.

Methods: IHC was performed using the VLA routine diag-
nostic PrP IHC protocol using mouse monoclonal antibody
2G11. Several scrapie positive cases were identified including
some that were originally diagnosed as scrapie negative by
examination of haematoxylin and eosin sections only. One
case from 1987 was deemed atypical scrapie positive. A
method to obtain PrP genotype from DNA from archival FFPE
was developed and applied to material from this case.

Results: The IHC patterns identified in the brain material of
this case from 1987 are consistent with contemporary atypi-
cal scrapie. The PrP genotype of this case was AHQ/AHQ, a PrP
genotype commonly associated with atypical scrapie.

Discussion: We have identified that atypical scrapie has ex-
isted in the UK since at least 1987. To the authors’ knowledge,
this is the earliest example of atypical scrapie and further
demonstrates that atypical scrapie is not a new condition, but
rather has been present in the UK national flock for at least 2
decades. Further studies using older FFPE material in the UK
and in other countries may reveal more historical cases of
atypical scrapie.
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P.9.21
Molecular characterization of BSE in Canada

Jianmin Yang1, Sandor Dudas2, Catherine Graham2,
Markus Czub3, Tim McAllister1, Stefanie Czub1

1Agriculture and Agri-Food Canada Research Centre, Cana-
da; 2National and OIE BSE Reference Laboratory, Canada;
3University of Calgary, Canada

Background: Three BSE types (classical and two atypical) have
been identified on the basis of molecular characteristics of the
misfolded protein associated with the disease. To date, each
of these three types have been detected in Canadian cattle. 

Objectives: This study was conducted to further characterize
the 16 Canadian BSE cases based on the biochemical proper-
ties of there associated PrPres.

Methods: Immuno-reactivity, molecular weight, glycoform
profiles and relative proteinase K sensitivity of the PrPres from
each of the 16 confirmed Canadian BSE cases was determined
using modified Western blot analysis.

Results: Fourteen of the 16 Canadian BSE cases were C type,
1 was H type and 1 was L type. The Canadian H and L-type
BSE cases exhibited size shifts and changes in glycosylation
similar to other atypical BSE cases. PK digestion under mild
and stringent conditions revealed a reduced protease resist-
ance of the atypical cases compared to the C-type cases. N ter-
minal-specific antibodies bound to PrPres from H type but not
from C or L type. The C-terminal-specific antibodies resulted
in a shift in the glycoform profile and detected a fourth band
in the Canadian H-type BSE.

Discussion: The C, L and H type BSE cases in Canada exhibit
molecular characteristics similar to those described for classi-
cal and atypical BSE cases from Europe and Japan. This sup-
ports the theory that the importation of BSE contaminated
feedstuff is the source of C-type BSE in Canada. It also sug-
gests a similar cause or source for atypical BSE in these coun-
tries.
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P.10.1
First cases of scrapie in Poland

Miroslaw Polak1, Magdalena Larska1, Jan Langeveld2,
Anne Buschmann3, Martin Groschup3, Jan Zmudzinski1

1National Veterinary Research Institute, Poland, 2Central Vet-
erinary Institute of Wageningen UR, Netherlands, 3Friedrich-
Loeffler-Institut, Germany

Background: Scrapie is a prion disease of small ruminants
which has been known for over 250 years. An unusual isolate
of scrapie was identified for the first time in Norway in sheep
in 1998 and it was designated “Nor98”. Despite recording cas-
es of BSE in cattle since 2002, Poland was free of scrapie un-
til 2009. In early 2009, the first two suspect cases of scrapie
were detected in Poland.

Objectives: The aim of the study was to classify the PrPSc pat-
terns of the first two cases of scrapie diagnosed in Poland on
the molecular level using western-blot technique.

Methods: Both samples were derived from dead-on-farm
sheep, 109 and 84 months old. The brain stem tissue from
both cases provided for analysis was partially autolysed. A
small portion of the cerebellum was available from the second
sheep and it was used only for Biorad WB. Confirmatory west-
ern blot applied was based on a 1 hour digestion of 10% ho-
mogenate followed by precipitation of PrPres using 1
propanol. Additionally, the TeSeE Western Blot Assay (Bio-
Rad) and VLA Hybrid WB to discriminate BSE from scrapie
were used.

Results: The PrP banding profile observed appeared to be dif-
ferent from the typical triple-band profile known for classical
scrapie. Four to six major PK-resistant bands were detected
which were all situated below the expected positions. Addi-
tional analysis with the TeSeE WB Assay revealed a PrP band-
ing profile comparable to that described for atypical scrapie
with bands migrating between 7 kDa and 18 kDa.

Discussion: This study confirmed the usefulness of the WB
technique in detecting and distinguishing atypical scrapie from
classical scrapie in obex samples. Despite of the multi-band-
ing pattern usually observed for atypical scrapie in different
WB systems, the presence of abundant band(s) below 15 kDa
position can be regarded as the unique feature of this form
of scrapie. Discriminatory WB when atypical scrapie is sus-
pected requires using a suitable primary antibody because this
selection can influence the final diagnostic result.

P.10.2
C-terminal prion fragments as a novel tool
for the molecular discrimination of prion
strains

Simon Nicot, Johann Vulin, Anne-Gaëlle Biacabe, Thierry
Baron

AFSSA, France

Background: Recent transmission studies suggested that BSE
could have originated from the recycling of an atypical, puta-
tively sporadic, form of BSE, called L-type BSE or BASE. This
could have happened after a first cross-species transmission
in an intermediate host, possibly in sheep. Given their unusu-
al molecular properties, close to BSE and even more to L-type
BSE, recently identified “CH1641-like” scrapie isolates might
represent candidates for the origin of BSE.

Objectives: To investigate and compare the molecular fea-
tures of the prion protein, from ruminants TSEs transmitted
in an ovine transgenic mouse model.

Methods: A variety of TSE sources from ruminants was bio-
assayed by intra-cerebral route in a transgenic mouse model
(TgOvPrP4) that overexpress the ovine PrP protein
(A136R154Q171 allele). Cerebral and splenic PrP from TgOv-
PrP4 mice were isolated (i) in the absence of protease diges-
tion and (ii) after digestion with proteases (PrPres), before
Western blot analyses with a C-terminal anti-prion antibody
(SAF84).

Results: Our main finding is the identification of a novel C-
terminal PrP fragment that readily distinguishes natural
scrapie from classical and L-type BSEs. This fragment (PrPres#2)
resisted to digestion with proteases (PrPres#2), and was also
detected in the absence of any protease digestion (C3).
PrPres#2 was particularly abundant in “CH1641-like” scrapie
isolates, but was absent in both classical and L-type BSEs. In-
terestingly, PrPres#2 was undetectable in the spleen of TgOv-
PrP4 mice, contrary to PrPres#1.

Discussion: Our results provide an additional method for the
discrimination of prion strains, through the identification of
C-terminally cleaved PrP fragments, especially useful to dis-
tinguish “CH1641-like” scrapie from bovine classical and L-
type BSEs. Similar C-terminal prion fragments were also re-
cently reported in H-type BSE or in sporadic CJD in humans,
which suggests the involvement of common proteolytic path-
ways in these disorders.
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P.10.3
Atypical scrapie cases in Italy: neuro-
anatomical distribution of pathological pri-
on protein with different antibodies

Barbara Iulini1, Corrado Severino1, Alice Zaira Perazzini1,
Caterina Lucia Florio1, Maria Novella Chieppa1, Chiara
Porcario1, Cristiano Corona1, Ciriaco Ligios2, Paola Mar-
coni3, Maria Caramelli1, Cristina Casalone1

1Istituto Zooprofilattico Sperimentale del Piemonte Liguria e
Valle d’Aosta, Italy, 2Istituto Zooprofilattico Sperimentale del-
la Sardegna, Italy, 3Istituto Zooprofilattico Sperimentale delle
Regioni Lazio e Toscana, Italy

Background: An increasing number of scrapie cases with atyp-
ical features, designed Nor98 have been recognized in many
countries. The molecular characteristics of these cases have
been well defined but detailed descriptions of PrPsc distribu-
tion in the whole brain are rare.

Objectives: The aim of the present study was to investigate
PrPsc deposition pattern and distribution by immunohisto-
chemistry with different antibodies on atypical scrapie cases
(46 sheep and 5 goats) submitted to our laboratories for TSEs
confirmatory tests.

Methods: Immunohistochemistry was performed on the
whole brain of 39 animals and different brain regions were
considered : telencenphalon, diencephalon, mesencephalon,
pons cerebellum and medulla. In other 12 cases only brain-
stem and cerebellum were studied. PrPsc was detected using
a panel of 4 monoclonal antibodies (F99/97.6.1, L42, 2G11,
R145) and the immunoreactive PrPsc was visualized using a
commercial immunoperoxidase tecnique (ABC; Vector Labo-
ratories). Results of immunohistochemistry labelling were
analysed using a semi-quantitative scale for the intensity of
staining (-,+,++,+++) and the PrPsc deposition patterns were
studied.

Results: The antibody F99/97.6.1 disclosed very well the fol-
lowing patterns: aggregates, granular and globular. L42 evi-
denced globular pattern better than 2G11 and R145 but it im-
munolabelled neuronal bodies aspecifically. L42 always
showed less granular staining than F99/97.6.1. R145 showed
weak signal in the majority of samples. 2G11 showed less pos-
itive labelling than the other three antibodies. PrPsc distribu-
tion in the brain areas was not homogeneous in the cases con-
sidered.

Discussion: The present study showed that the pattern and
the distribution of PrPsc were different from classical scrapie.
No differences have been observed between sheep and goats.
The antibody F99/97.6.1, routinely used in our laboratory for
confirmatory test, appeared the best to reveal both PrPsc dep-
osition and immunolabelling intensity.

P.10.4
Efficient infection of murine stromal cell cul-
tures of spleen origin with mouse-adapted
human TSE agents, vCJD and Fukuoka-1, but
not BSE

Larisa Cervenakova, Yakovleva Oksana, Irina Vasilyeva,
Sergey Akimov, Carroll McKenzie

Holland Laboratory, American Red Cross, USA

Background: The quest for cultures universally susceptible to
various TSE agents continues. We recently reported that
murine stromal cell culture of spleen origin with features of
mesenchymal stem cells (SP-SC) is susceptible to mouse-adapt-
ed vCJD (mo-vCJD) and GSS-isolate, Fukuoka-1 (Fu). The SP-
SC was easily infected with Fu but not with mo-vCJD.

Objectives: Establish the rate of infection in SP-SC after inoc-
ulation with Fu or mo-vCJD by single cell cloning. Evaluate sus-
ceptibility of SP-SC clones to various TSE agents.

Methods: First, cells were exposed for 72 hours to 1% brain
homogenate from mice infected with either mo-vCJD or Fu or
BSE. Single-cell cloning was performed and cells were propa-
gated and collected for Western blotting (WB). Second, 200
SP-SC clones were generated by single-cell cloning and prop-
agated to obtain sufficient numbers for ex vivo inoculation.
Each cell clone was inoculated with mo-vCJD or Fu or BSE
adapted to transgenic mice expressing bovine PrP (BoTg-BSE),
propagated through five passages and tested for PrPres. The
PrP was confirmed in proteinase K (PK)-untreated and PK-
treated samples by WB using 6D11 antibody.

Results: The rate of infection was 4% for Fu and 7% for mo-
vCJD, in spite of the fact that the original SP-SC culture could
always be infected with Fu, but not with mo-vCJD, and the
level of PrPres was always higher in Fu-infected that in mo-
vCJD-infected SP-SC. One clone that persistently generated
PrPres was tested for infectivity by bioassay in mice. None of
60 clones selected after inoculation with BSE produced sus-
tainable levels of PrPres. Multiple clones derived from the orig-
inal SP-SC culture tested positive for PrPres at passage 5 fol-
lowing inoculation with Fu or mo-vCJD, but tested negative
after exposure to BoTg-BSE.

Discussion: We envision that developed cell models will be
used in the future to address the questions of cell suscepti-
bility to TSE infection.
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P.10.5
Titration and characterisation of a Catalan
BSE isolate in a transgenic murine model of
BSE

Mercedes Márquez1, Rabanal Rosa Maria2, Juan Maria
Torres3, Dolors Fondevila2, Martí Pumarola2, Enric Vidal1

1CReSA, Spain; 2 UAB, Spain; 3CISA-INIA, Spain

Background: Experimental murine models are valuable tools
to study TSE pathogenesis. Usually these models are chal-
lenged with an inoculum obtained from field case isolates
with known infectivity titter and phenotypic features. Wild
type strains of mice, such as RIII, C57 or VM, have been used.
The use of a transgenic model over-expressing the bovine
prnp on a murine K.O. background (Botg110, Castilla et al.
2003) allows omitting the transmission barrier existing be-
tween cattle and mice and reduces the incubation period.

Objective: To titrate and characterise a cattle BSE isolate.

Methods: Groups of 10 Botg110 transgenic mice were in-
tracerebrally inoculated with six dilutions (10-1 to 10-6) of a
brain homogenate. TSE related clinical signs were monitored
twice a week from 300 days post inoculation (DPI) onwards.
Mice were sacrificed when the end point criteria was reached
or at 525dpi. The brains were removed, formalin fixed and
paraffin embedded. PrPres deposition was assessed by means
of immunohistochemistry.

Lesion profiles were assessed as well as the brain PrPres dis-
tribution curve (BPDC). The molecular profiles were assessed
by western blotting.

Results: The Log10 DL50 was 4.3; calculated using the Spear-
man Krabber formula.

Survival curves, spongiform change brain profiles, BPDCs and
PrPres molecular profiles of the six groups were compared to
that obtained with a reference inoculum (BSE2) and to the
neuropathological and molecular characterisation of the orig-
inal BSE field case.

Conclusion: An inoculum from a cattle BSE field case isolate
has been successfully prepared. The further titration and char-
acterisation have validated its usage in experimental inocula-
tions. An available stock of this inoculum is kept in the Ani-
mal Tissue Bank of Catalunya (BTAC, http://btac.uab.cat/) and
is already being used in several neuropathogenesis experi-
ments.

P.10.6
Preservation of proteinase K-sensitive prion
infectivity using pronase

Laura D’Castro1,2, Nathalie Gros1,2, Adam Wenborn1,2, Su-
san Joiner1,2, Sabrina Cronier1,2, John Collinge1,2, Jonathan
Wadsworth1,2

1MRC Prion Unit, UK, 2UCL, UK

Background: Disease-related prion protein PrP is classically dis-
tinguished from its normal cellular precursor, PrPC, by its de-
tergent insolubility and partial resistance to proteolysis. Mo-
lecular diagnosis of prion disease has historically relied upon
detection of protease-resistant fragments of PrP using pro-
teinase K (PK); however, it is now apparent that a substantial
fraction of disease-related PrP is destroyed by this protease.
Recently, using thermolysin and the mouse RML prion strain,
we demonstrated heterogeneity in PK-sensitive disease-relat-
ed PrP isoforms and found that the majority of prion infectiv-
ity (80 %) appeared to be associated with a minor fraction of
PK-sensitive PrP. (1)

Objectives: To proteolytically degrade PrPC while retaining
the full spectrum of PK-sensitive isoforms of disease-related
PrP.

Methods: To digest uninfected- and RML-infected mouse
brain homogenate over time with varying concentrations of
proteases and measure PrP content by western blotting and
ELISA and RML infectivity by the Scrapie Cell Assay. (1)

Results: We found that pronase (a mixture of proteinases iso-
lated from Streptomyces griseus) can destroy PrPC in RML
brain homogenate without affecting infectious prion titre.

Discussion: Degradation of PrPC with pronase will facilitate
detailed characterisation of PrP structures associated with the
highest specific prion infectivity that are readily destroyed by
exposure to PK.

References:

1. Cronier,S., Gros,N., Tattum,M.H. et al. Detection and char-
acterization of proteinase K-sensitive disease-related prion
protein with thermolysin. Biochem J 416, 297-305 (2008)

178 Posters



P.10.7
Serial passage of sCJD in humanised trans-
genic mice indicates two major transmission
strains associated with PrPSc of either type
1 or 2

Matthew Bishop, Robert Will, Enrico Cancellotti, Jean
Manson

University of Edinburgh, UK

Background: Questions remain about the aetiology of spo-
radic CJD and whether phenotypic variation is solely con-
trolled by factors such as codon 129 genotype and biochem-
istry of PrPC. Variation in infective strain has not been clearly
demonstrated in sCJD.

Objectives: By serial passage of sCJD in transgenic mice ex-
pressing human prion protein with MM, MV, and VV codon
129 genotypes we aimed to understand strain transmission
characteristics for the three most commonly observed phe-
notypes of sCJD.

Methods: We performed intracerebral inoculation of human-
ised transgenic mice with brain homogenates derived from
similar mice previously inoculated with frontal cortex from
sCJD patients of subgroups MM1, MV2, and VV2. These mice
were assessed for clinical TSE signs, for TSE vacuolation, and
deposition of PrPSc.

Results: sCJD(MM1) passage via all mice showed transmission
profiles similar to primary inoculation.

sCJD(MV2) passage via HuMM and HuVV mice showed a
transmission profile similar to primary inoculation. Passage via
a HuMV mouse showed transmission properties similar to not
only the primary inoculum but also sCJD(MM1).

sCJD(VV2) passage via HuMV and HuVV mice showed trans-
mission profiles similar to the primary inoculation. Passage via
a HuMM mouse showed transmission properties similar to not
only the sCJD(VV2) primary inoculum but also sCJD(MM1).

Cluster analysis of the lesion profile data showed that three
clusters seen after primary inoculation were reduced to two
following second passage, identified by the biochemical type
of PrPSc (1 or 2) found in the host mice.

Discussion: Serial passage of sCJD subgroups MM1, MV2, and
VV2 shows that PrPSc type and mouse codon 129 genotype
determine the secondary transmission profile, independently
of the originating inoculum strain. There are associations be-
tween type 1 PrPSc and C129-Met, and type 2 PrPSc and
C129-Val. This should allow us to investigate further the rela-
tionship between PrPSc, genotype, infection, and pathology.

P.10.8
Biochemical characterization of animal and
human prion strains in bank voles (Myodes
glareolus)

Laura Pirisinu, Michele Di Bari, Paola Fazzi, Stefano Mar-
con, Claudia D’Agostino, Elena Esposito, Shimon Simson,
Paolo Frassanito, Gabriele Vaccari, Umberto Agrimi, Ro-
molo Nonno

Istituto Superiore di Sanità, Italy

Background: The zoonotic potential of BSE spurred studies on
the possible link between animal and human prion strains.
Molecular strain typing methods are based on the immuno-
biochemical properties of PrPSc. These methods allow PrPSc
typing, but can be inappropriate for comparing PrPSc types
among different species.

Objectives: To analyse and compare the biochemical features
of PrPSc associated with human and animal prions after trans-
mission and adaptation to voles.

Methods: PrPSc from voles infected with 45 TSE isolates, in-
cluding classical scrapie, BSE, BASE and sCJD subtypes, was
analysed by semi-quantitative WB i) after PK digestion (PrPres-
epitope mapping) and ii) after denaturation with increasing
GdnHCl concentrations and PrPC/PrPSc differential centrifu-
gation (conformational stability assay).

Results: By PrPres analysis we observed the following molec-
ular types:

- type A, with three PrPres fragments (19kDa, 14kDa, 11kDa),
was found in BASE, VV2 and MM1/MV1 sCJD. PrPres amount
in BASE and VV2 sCJD was distinctly much higher than in
MM1/MV1 sCJD;

- type B, distinctive of classical scrapie, was characterised by
a single PrPres fragment of 18kDa;

- type C, characteristic of MV2 sCJD, showed a doublet of 17-
18kDa;

- type D, characteristic of BSE, with a single PrPres fragment
of 17kDa;

- type E, found in MM2 sCJD, was characterised by a 17kDa
fragment, accompanied by a minor fragment of 14kDa.

Preliminary results by conformational stability assay confirmed
the categorization obtained by PrPres analysis.

Discussion: Scrapie, BSE, MM1/MV1 and MM2 sCJD, but not
VV2 sCJD and BASE, preserved their PrPres pattern after trans-
mission to voles.

The conformational stability assay did not allow to further dis-
criminate PrPres types.

All animal TSEs investigated showed molecular features dis-
tinct from sCJD types, with the notable exception of BASE.

Similarities between VV2 sCJD and BASE encourage further
studies on the nature of the sporadic forms and on the possi-
ble relationships between animal and human TSEs.
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P.10.9
Infectivity and abnormal prion protein in ed-
ible tissues: bioassay versus lab detection

Francesca Chianini1, Philip J Steele1, Scott Hamilton1, Sil-
via Siso2, Jeanie Finlayson1, Samantha L Eaton1, Hugh W
Reid1, Mark P Dagleish1, Michele Angelo Di Bari3, Claudia
D’Agostino3, Umberto Agrimi3, Romolo Nonno3, Martin
Jeffrey2

1Moredun Research Institute, UK; 2VLA Lasswade, UK; 3Isti-
tuto Superiore di Sanità, Italy

Background: The validation of abnormal prion protein (PrPd)
detection techniques is fundamental to allow the use of high-
throughput laboratory based tests, avoiding the limitations
of bioassays. The data generated are vital to risk assessors and
will allow the optimisation of strategies to prevent exposure
of humans to TSE material via the food chain, in scrapie in-
fection and by extrapolation in other ovine TSEs.

Objectives: This project aimed to define the infectivity and
abnormal prion protein distribution in edible tissues of sheep
naturally infected with scrapie.

Methods: Sheep with terminal clinical signs of scrapie were
euthanised by electrocution followed by immediate exsan-
guinations (to reflect commercial slaughter practice). Post-
mortem tissue collection included: brain (for use as a stan-
dard), prescapular lymph nodes and samples from semitendi-
nosus, and ocular muscles, tongue, sciatic nerve, heart and
kidney. Abnormal prion protein distribution was assessed by
immunohistochemistry (IHC) and western blot (WB) in sam-
ples from four animals, and infectivity was measured by bank
vole bioassay in samples from two selected animals.

Results: Overall, there was a good correlation between IHC,
WB and preliminary bioassay results. Discrepancies were ob-
served in tissues with very low levels of abnormal PrP; IHC was
the more sensitive method and was able to visualise very small
foci of PrPd within the muscles spindles for example in semi-
tendinosus muscles. These were negative by WB and inter-
estingly negative by vole bioassay.

Discussion: These results show that even where animals are
at terminal disease, variable amounts of PrPd can be found in
edible tissues. Such PrPd and putative infectivity may have a
focal or multifocal distribution within a tissue. Sampling is crit-
ical to avoid potential false negative rapid tests and bioassay
results. Tissues with high PrPd accumulations are more of a
risk to the consumer whilst negative tests do not imply ab-
sence of infectivity.

P.10.10
Biochemical variability of murine scrapie
strains re-isolated in sheep

Scott Hamilton1, Silvia Siso2, Lorenzo Gonzalez2, Yvonne
Pang1, Hugh Reid1, Martin Jeffrey2, Mark P Dagleish1, Phil
Steele1, Sam Eaton1, Jeanie Finlayson1, Francesca Chiani-
ni1

1Moredun Research Institute, UK; 2Veterinary Laboratory
Agency, UK

Background: Murine scrapie strains originally derived from
several sheep scrapie isolates, have remarkably stable pheno-
typic characteristics after serial passage. The Western Blot
(WB) glyco-profiles of different murine strains have shown di-
verse relative amounts of di-, mono-, and a-glycosyl bands, so
that this biochemical analysis is regarded as a useful tool for
the discrimination between prion strains. 

Objectives: To determine the biochemical stability of four
cloned murine scrapie strains when passaged into sheep of
different breeds and PRNP genotypes. 

Methods: Cloned murine strains ME7, 22A, 79A and 87V were
inoculated into ARQ/ARQ Suffolk and Cheviot sheep and
VRQ/VRQ Cheviot sheep. Oral, intracerebral and subcutaneous
routes were used individually or combined. Brain obex from
sheep at clinical end point was examined by WB. 

Results: Preliminary results indicate that (1) For some strains
like 79A, the glyco-profiles obtained from sheep obex samples
remain similar to those of the murine strain itself; (2) For some
other strains like ME7, 22A and 87V, the WB glyco-profiles ob-
tained from sheep brains not only diverged from the murine
ones, but were also variable and apparently independant of
the sheep genotype; (3) The route of challenge does not seem
to affect the glycosylation pattern. 

Discussion: Complete analysis of the experimental results will
provide fundamental understanding on the concepts of sta-
bility of TSE strains and strain adaptation depending on host
factors.
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P.10.11
Biological typing of sporadic Creutzfeldt-
Jakob disease isolates and comparison with
animal prion isolates

Romolo Nonno1, Michele Di Bari1, Laura Pirisinu1, Stefano
Marcon1, Claudia D’Agostino1, Elena Esposito1, Paola
Fazzi1, Geraldina Riccardi1, Shimon Simson1, Paolo Fras-
sanito1, Cristina Casalone2, Franco Cardone1, Maurizio
Pocchiari1, Gabriele Vaccari1, Umberto Agrimi1

1Istituto Superiore di Sanità, Italy; 2Istituto Zooprofilattico del
Piemonte, Liguria e Valle D’Aosta, Italy

Background: Our incomplete understanding of the nature of
TSE agents, along with the current technical limitations in the
analysis of PrPSc structure, hamper the direct typing of prion
isolates. The characterization of prion strains still relies upon
bioassay in rodents. Bank voles (Myodes glareolus), being sus-
ceptible to a wide range of prion sources, offer the opportu-
nity to investigate the biological properties of prion isolates
from different species in a single model. 

Objectives: To study the biological properties of sCJD sub-
types and compare them with animal TSEs. 

Methods: We analysed the phenotype of transmission of
MM1, MV1, MM2, MV2, and VV2 sCJD subtypes to voles, in
comparison with BSE, BASE and a variety of classical scrapie
isolates from different EU countries. Molecular analysis of PrP-
Sc from the original isolates preceded voles inoculation. Sur-
vival times and attack rates were calculated upon primary
transmission and subsequent passages.

The brains of voles were analysed by discriminative WB for
PrPSc type, by immunohistochemistry and PET-blot for PrPSc
deposition pattern and by EE staining for lesion profile. 

Results: The results of this study demonstrated that prion dis-
eases can induce in voles a wide variety of molecular and
pathological phenotypes. Isolates from sCJD were grouped in-
to 4 categories: i) MM1/MV1 (n=3), ii) MM2 (n=1), iii) MV2
(n=2) and iv) VV2 (n=1). Scrapie isolates were categorised in
at least 4 groups, with no overlapping with sCJD isolates. BSE
was distinct from scrapie and sCJD phenotypes. Finally, BASE
gave a phenotype clearly distinct from BSE and scrapie but in-
distinguishable from VV2 sCJD. 

Discussion: Overall, the biological classification of sCJD sub-
types concurs with their clinico-pathological classification. Sim-
ilarities among prion isolates from different host species were
very rare, with the notable exception of BASE and VV2 sCJD.
Herein, the meaning of such similarities is discussed in the con-
text of current knowledge on strains and of available tools for
their typing.

P.10.12
Separation of prion strains from a mixture
by discriminatory bioassay. The example of
a natural case of mixed infection of classical
scrapie and Nor98

Umberto Agrimi1, Michele Di Bari1, Claudia D’Agostino1,
Elena Esposito1, Maria Mazza2, Simone Barocci3, Geraldina
Riccardi1, Shimon Simson1, Paolo Frassanito1, Barbara Iuli-
ni2, Pier Luigi Acutis2, Cristina Casalone2, Hubert Laude4,
Sylvie Benestad5, Gabriele Vaccari1, Romolo Nonno1

1Istituto Superiore di Sanità; 2Istituto Zooprofilattico Speri-
mentale del Piemonte, Liguria e Valle d’Aosta, Italy; 3Istituto
Zooprofilattico Sperimentale dell’Umbria e delle Marche,
Italy; 4INRA, France; 5National Veterinary Institute, Norway

Background: The possible coexistence of different strains in
natural prion isolates is the subject of enduring discussions
and might have implications for prion strains surveillance.
Nonetheless, this possibility has not yet been proved. In 2007,
a case of ovine scrapie with features compatible with a mixed
infection of classical scrapie and Nor98 was reported in Italy. 

Objectives: To characterize by bioassay the prion agent(s) in-
volved in this unusual scrapie case. 

Methods: Previous studies showed that voles are susceptible
to the prevalent Italian scrapie agent and resistant to Nor98,
while tg338 mice show the contrary. Taking advantage of this
differential susceptibility, we inoculated voles and tg338 with
the brain stem (BS) and the cerebral cortex (CC) of the unusual
case. Discriminatory WB showed a predominance of classical
scrapie PrPres in BS, while CC mainly contained Nor98 PrPres.
A classical scrapie isolate (ClS) from the same flock of the un-
usual case, as well as Nor98 isolates from Italy and Norway
were used as controls. 

Survival times and attack rates were calculated in voles and
tg338. Brains were analysed by discriminative WB for PrPSc
type, by IHC and PET-blot for PrPSc deposition and by E&E for
lesion profile. 

Results: Both CC and BS induced disease in tg338, with sur-
vival times similar to Nor98 controls. As expected, Tg338 were
resistant to ClS control. In contrast, voles developed disease
following inoculation of ClS control and BS, but not of CC and
Nor98 controls. 

In voles, the neuropathological and molecular phenotypes up-
on infection with the unusual case were the same of those ob-
served with ClS, while in Tg338 were identical to Nor98 con-
trols. 

Discussion: Our results demonstrate that two independent
and separable prion agents coexist in the isolate investigated.
This implies that: 
- mixed prion infections can occur 
- classical scrapie and Nor98 are distinct entities 
- the isolation of prion strains from a mixture is affordable.



P.10.13
Guanidinium chloride unfolding of PrPSc ex-
hibits marked differences between geno-
types

Eric Nicholson, Justin Greenlee, Robert Kunkle, Amir
Hamir

National Animal Disease Center, USA

Background: Various methods have been promoted as to
their potential to differentiate TSE isolates (strains). Tradi-
tionally a panel of inbred mice has been used to differentiate
TSE isolates, and while this approach has proven rigorous it is
slow. Biochemical methods employed to date are rapid in
comparison but for the most part are limited to proteinase K
cleavage point differentiation as determined by the molecu-
lar weight of the protein on a Western blot. This approach is
used extensively with BSE and has been employed by various
groups to reliably differentiate H-type, L-type, and classical
BSE. In the context of the protein only hypothesis, the differ-
ences must arise due to different folding parameters (struc-
ture, stability, or both). It is not surprising then that denatu-
rant unfolding of PrPSc monitored by circular dichroism has
been used to differentiate various TSE isolates. 

Objectives: Here we adapt denaturant unfolding of PrPSc to
be monitored by a commercial, ELISA based diagnostic plat-
form. 

Methods: Brain homogenate from experimental sheep scrapie
is incubated in guanidinium chloride prior to evaluation on a
commerical ELISA based diagnostic platform allowing quanti-
tation of the fraction of PrPSc remaining in the folded form at
various denaturant concentrations. 

Results: Marked differences in denaturant unfolding param-
eters are observed between sheep of different genotypes in-
oculated with a single sheep scrapie isolate. Considerable dif-
ferences between isolates are also observed. 

Discussion: These results indicate that denaturant unfolding
coupled with PrPSc analysis on a commercial ELISA may prove
useful for strain typing of TSE isolates. However the results al-
so highlight the difficulty of adapting approaches developed
for rodent models of TSEs to a natural host system, as well as
the potential for passage in a new host of different genotype
to drive strain differentiation.

P.10.14
PrPSc type determines whether cross-seed-
ing occurs with prion strain mixtures in vivo

Christina Sigurdson1, Ilan Margalith2, K. Peter Nilsson3

1University of California, San Diego, USA; 2University Hos-
pital of Zurich, Switzerland; 3Linkoping University, Sweden

Background: During a prion infection, multiple PrPSc subtypes
with distinct proteinase-K-resistant core sizes may co-exist in
the central nervous system and are thought to indicate strain
specific conformations. These PrPSc mixtures have been shown
to occur naturally in sporadic Creutzfeldt-Jakob disease (sCJD)
and experimentally when infectious prions are transmitted in-
to a new species. 

Objectives: We explored the interactions of distinct PrPSc sub-
types in vivo using three mouse-adapted prion strains to de-
termine whether cross-seeding would lead to hybrid strains
or whether strains would remain distinct. We used lumines-
cent conjugated polymers (LCPs), which emit conformation-
dependent fluorescence spectra, to distinguish the prion
strains as well as the PK-resistant PrPSc core sizes, PrPSc ag-
gregate morphology, and lesion profiles in the brain. 

Methods: We infected mice intracerebrally with defined
mouse-adapted prion strains singly or as a 50:50 mixture con-
sisting of (1) scrapie and BSE, (2) CWD and BSE, or (3) CWD
and sheep scrapie. All mice developed terminal prion disease.
We characterized the resulting PrPSc aggregates by their LCP
emission spectra, morphology, and PK-resistant core size. 

Results: We found that the incubation period to terminal dis-
ease was significantly delayed by the presence of a second pri-
on strain. Based on the LCP emission profile, plaque mor-
phology, and PK-resistant PrPSc core size, multi-strain infec-
tions led to three outcomes depending on the strain mixture:
(1) cross-seeding to form hybrid plaques, (2) remaining as dis-
tinct conformers, or (3) the predominance of one strain. 

Discussion: The outcome of prion strain interactions in vivo
depend on the PrPSc subtypes involved and in some cases can
lead to an increase in the diversity of prion strains.
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P.10.15
Adaptation of chronic wasting disease
(CWD) into hamsters: evidence of a novel
strain of CWD

Chad Johnson1, Debbie McKenzie2

1University of Wisconsin-Madison, USA, 2University of Alber-
ta, Canada

Background: Prion strains are well-characterized for scrapie
and BSE. Little is known about the potential for strains in
chronic wasting disease (CWD). Different CWD strains could
have different patterns of shedding infectious agent as well
as differential detectiblility and interspecies transmissibility.

Objectives: We identified prion protein variants in white-
tailed deer populations and demonstrated that Prnp genotype
affects the susceptibility/disease progression of white-tailed
deer to CWD. Cervid prion protein variants raise the likelihood
of distinct CWD strains. We hypothesize that the prion pro-
tein variability results in different PrPCWD conformers pro-
ducing different CWD strains upon interspecies transmission.

Methods: Hamsters were intracerebrally inoculated with brain
homogenate or phosphotungstate concentrated preparations
from CWD positive hunter-harvested (Wisconsin CWD en-
demic area) and from experimentally infected deer with
known Prnp genotypes.

Results: Primary passage of concentrated CWD agent result-
ed in clinical disease at approximately 1 year post-infection.
Subclinical infection was established with the other primary
passages based on the detection of PrPCWD in the brains of
hamsters and the successful disease transmission upon second
passage. Second and third passage resulted in a decrease in
incubation period to approximately 280 days. Inocula from
deer with wt/wt and wt/G96S Prnp genotypes did not result
in any differences in incubation period or clinical symptoms.

Discussion: Inocula from deer with the wt/wt and wt/G96S
prion proteins resulted in similar disease upon transmission to
hamsters, likely due to the presence of the wt prion protein.
Comparison of the incubation period and clinical symptoms
of the hamsters infected with inocula from Wisconsin white-
tailed deer to transmission studies using different CWD inoc-
ula (Western white-tailed deer; elk and mule deer; Raymond
et al. 2007) indicates that the CWD agent present in US Mid-
west is different from the strain(s) present in the endemic re-
gion of the western US.
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