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Brief summary of minutes of annual meeting:

Idaho: Marie Bulgin began by describing the Idaho chronically infected sheep flock, held at the
CAINE center at the University of Idaho. She detailed the extensive records kept of all births,
infections, and genotypes, and the current methods used to bank tissues from each animal. In
general, they hold about 100 sheep total with about 74% prevalence of scrapie in the flock. As a
result, they have determined highly susceptible and weakly susceptible genotypes that will be
useful in breeding programs. Specifically, the presence of the Valine allele at amino acid
position 136 overcomes the presence of a heterozygous Arginine allele at position 171 , such



that so-called “QR” animals become susceptible to scrapie. In addition, she described a study
with various potential antemortem tests and susceptibility, concluding that no test currently has
sufficient results for 100% specificity and sensitivity. The most promising tissue for antemortem
biopsy and diagnostics appears to be the retropharyngeal lymph node, however even the brain is
not 100% positive for PrP* at death in infected animals which clearly indicates that precise
disease markers continue to be elusive. In a USDA validation study, the IDEXX RAMALT
rectal biopsy assay showed good results, with the provision that the difficulty lies in accurate and
repeatable biopsy of sufficient lymphoid follicles for analysis. Lastly, a small study
demonstrated no evidence for fence line transmission of scrapie between uninfected and infected
animals, indicating a general lack of casual horizontal transmission. At the conclusion of the
meeting, the group determined that maintenance of the Idaho flock is a high priority for
providing access to affected tissues for continued study.

Colorado: Ed Hoover described CWD studies at Colorado State University, specifically
addressing the issue of infectious material in body fluids and the patency of the species barrier
for CWD transmission. Firstly, he described a study examining the infectivity of deer blood,
saliva, feces, and urine using both a deer bioassay and transgenic mouse bioassay. In this study,
blood and saliva transmitted disease to transgenic mice, but urine and feces did not. In an
attempt to examine the nature of the transmissible agent in blood, whole blood, blood cells,
platelets, and plasma were collected from infected animals and reinjected into deer to test for
presence of the disease agent. Whole blood, white blood cells, and platelets all appeared to
transmit disease, whereas plasma did not. Current studies are underway to examine the ability of
unique cell subsets to transmit disease. In a final series of studies, Dr. Hoover described the use
of PMCA to identify PrP“"" in affected animals. In these studies, PMCA demonstrated 82.6%
sensitivity and 62.5% specificity compared to immunohistochemistry. At the conclusion of the
meeting, the group agreed that maintenance of the CSU deer facilities should be a major goal for
NC1024 to provide continued access to research animals and materials.

South Dakota: Alan Young described collaborative efforts to determine the role of the immune
system in the pathogenesis and transmission of prion disease, and development of a small cervid
model to study CWD pathogenesis in conventional animal facilities. In the first series of
experiments, delivery and targeting of PrP> to lymph nodes was examined. Specifically, PrP>-
containing brain homogenate was injected into the lymphatic drainage area of a subcutaneous
lymph node, and the delivery of PrP** to the regional node was monitored directly in the draining
lymph and indirectly through timed histology of the draining node. PrP* was detected associated
with migratory leukocytes in the draining lymph within 24 hours of injection, but was never
observed in the cell-free lymph plasma. In contrast, kinetic experiments revealed that PrP* was
actually targeted to the regional lymph node germinal centers as early as 15 minutes following
injection, independent of the susceptibility genotype of the tested animal. Notably, PrP* was
retained within the germinal centers of scrapie-susceptible animals at least 2 months following
injection, whereas it was cleared from the germinal centers of resistant animals 1-2 weeks
following injection. The mechanism of this clearance was under investigation, but the data
implied that the earliest infection of germinal centers occurs independently of scrapie
susceptibility genotype, whereas maintenance is dependent upon susceptibility. In a second
series of experiments, muntjac deer were investigated as a potential small cervid species to study
the pathogenesis of CWD in traditional laboratory environments. These deer are roughly the size



of a mid-sized dog, and can be housed in conventional animal facilities. Following either
intracerebral or oral infection with CWD, PrP“™ could be detected in lymph nodes and brain of
affected animals.  Specific disease symptoms were observed 17-20 months following
inoculation, when the animals succumbed to disease. This clearly demonstrates that this exotic
animal species, found in many zoos across the US, is also susceptible to CWD. More
importantly, it provides an additional, natural cervid model to study the pathogenesis of CWD.

Kansas: Juergen Richt described studies performed on PrP Knockout cattle to determine
susceptibility of these animals to cattle-adapted TME. Normal cattle inoculated with cattle-
adapted TME developed disease 18 months following injection. In contrast, PrP-knockout cattle
never developed disease. However, some of the knockout cattle demonstrated reactivity to the
mental status tests prior to beginning of the studies, and several of the test cattle were developing
Purkinje cell degeneration at 32 months of age. In general, this appears to confirm the
importance of PrP in TSE susceptibility in cattle, and may give clues to the normal role of the
PrP protein in cattle.

Nebraska: Jason Bartz described studies examining strain interference in a hamster model.
This model uses two strains of hamster transmissible mink encephalopathy differing in
incubation period: DY, which induces disease in about 217 days in hamsters, and HY which
induces disease at about 78 days in hamsters. In order to examine the role of strain infection in
blocking further infection, DY was injected into animals on day 0, followed by an additional
injection of HY at 60, 90, or 120 days post infection. When injected at least 90 or 120 days post
infection, DY appears to interfere with the ability of HY to cause disease. There are several
potential mechanisms that may explain this phenomenon, which are currently under examination.
Firstly, DY could cause the death of the ventral motor neurons, but this does not appear to be
supported by pathology. Secondly, there is the potential that the first strain effectively interferes
with the replication of the second. This is partially supported by PMCA studies that are
currently underway. In a final possibility, one strain could be directly blocking the ability of the
second to replicate.

Louisiana: Frank Bastian described his studies on the similarities between Spirplasma infection
and TSEs. He found that antibodies to scrapie-associated fibrils cross-reacted with Spriplasma
sp., suggesting some antigenic similarity which could lead to difficulties in test interpretation.
Furthermore, he described the identification of 16S rDNA in natural cases of CWD, scrapie and
CJD, which may indicate co-infection associated with the clinical diagnosis of these TSEs.
When deer were inoculated with spiroplasma, they developed a wasting and neurological disease
similar to CWD 3.5 months post-IC inoculation, with apparent vacuolization in the brain similar
to that observed with TSEs. Similar experiments in goats demonstrated a TSE-like disease at 11
months. Work is now progressing to test for further cross-identification of spiroplasma in TSEs.

Minnesota: Sri Sreevatsan described proteomics approaches to the identification of Protein
Biomarkers of TSEs. Mass Spectrometry did not provide relevant results, so instead they
attempted the iTRAQ technique (Isobaric Tags for Relative Quantification of Proteins). Using
this technique, they observed about 8 proteins that routinely differed between scrapie and normal
animals across multiple time points. About 32 total proteins differed at various specific time
points following incubation. In additional studies, aptamers were created with the specific



ability to bind to multiple species and strains of PrP™-including CWD, scrapie, and CJD. These
aptamers were being investigated as a novel approach to diagnostics. Pam Skinner described a
DNA microarray approach to identify genes altered during scrapie pathogenesis. In order to
target specific changes, she focused on a number of regulatory genes that were altered in scrapie-
infected but not normal mice. = A number of altered genes were discussed, and additional
collaborations were sought to examine changes in naturally susceptible species (ie deer, sheep)
infected with TSEs.

Montana: Richard Bessen described four TSE projects, many involving NC1024 participants
including 1) TSE infection of the oral and nasal mucosa in sheep, deer, and cattle (in
collaboration with J. Richt), 2) the progression of chronic wasting disease infection in muntjac
deer in order to establish a small cervid model for CWD (in collaboration with A.Young), 3) the
role of the immune system in TSE neuroinvasion from the oral and nasal mucosa (in
collaboration with J. Bartz), and 4) experimental TSE infection of the olfactory system and
evidence for TSE shedding in nasal secretions. In this latter model, it was demonstrated that the
TSE agent could spread from the brain to the nasal mucosa along the olfactory nerve. In the
mucosa, TSE infection was found in the olfactory receptor neurons and in the nerve cell
dendrites at the edge of the mucus layer. TSE infectivity was demonstrated in nasal lavages
using animal bioassay and cell-free amplification methods. These studies suggest that release of
TSEs into nasal secretions may be a mechanism of TSE dissemination between ruminants. The
role of the oral and nasal mucosa as sites of TSE entry and exit will continued to be explored in
experimental and natural hosts.

Corporate Partner: Howard Urnovitz (Chronix Biomedical) described a surrogate test under
development by Chronix Biomedical that could define TSE-affected cattle by representation of
nucleic acid sequences in serum. In this study on 15 BSE infected cattle and 95 normal animals,
nearly 25,000 sequences were isolated defining the health status of the cattle. By comparing the
differences between normal and health cattle, they identified a series of “groups” whereby
animals infected with BSE could be identified. At 40 months post infection, all 15 BSE infected
cows showed similar patterns when compared to the profile from healthy animals. Specifically,
unique small nucleotide polymorphisms (SNP’s) on repetitive genomic sequences defined BSE-
infected animals. These sequences are being investigated as a surrogate marker-based diagnostic
test for BSE.

Group Discussion: The group was commended by Richard Isaacson for the degree of
collaboration already existing within the group. Current funding for further support from the
USDA appears to be somewhat unclear, but it is anticipated that the transition of CSREES into
the new National Institute will not result in a loss of opportunities. A number of funding options
for collaborative projects within the group, including center or program grants for support of
infrastructure through the NIH were discussed. It was generally agreed that the primary focus
for the group should be to maintain existing resources, including the Idaho sheep flock, the CSU
deer facility, and the muntjac deer program at SDSU, for continued access to research materials.
These facilities are used to perform experiments in the natural hosts and to serve as a tissue bank
for research purposes.



Accomplishments:
Pathogenesis

Demonstration of CWD in saliva and blood of infected deer. This is significant since it
indicates that 1) CWD could be shed and/or transmitted via saliva, and 2) blood or blood-
derived products are potential sources for CWD infection.

Demonstrate that CWD infection in muntjac deer is similar to infection in natural cerivds
and, due to their small size, muntjac deer provide a significant advantage for
investigating CWD compared to North American deer and elk.

Demonstrated that the nasal and oral mucosa can serve as sites for experimental TSE
entry, infection, and exit including the release of TSE infectivity into nasal secretions.
This provides new information on potential routes of prion neuroinvasion following oral
exposure and TSE replication at these mucosa also has implications for agent shedding
and transmission.

Environmental/Transmission

Demonstration that PrP null cattle are not susceptibly to experimental TSE infection
indicating the livestock that are resistant to TSEs are a potential option for controlling
and reducing TSE risk to animal health and food safety.

Performed interspecies transmission of scrapie, CWD, and transmissible mink
encephalopathy into sheep, cattle, and deer. These studies established the relative risk of
each host to TSE infection from a TSE disease that they can potentially be exposed to
under natural conditions. This information is important for risk assessment of domestic
livestock and cervids to animal TSE diseases.

Diagnostics

Comparative analysis of commercial TSE assay kits on different tissues from sheep with
scrapie.

Developed methodology to amplify CWD agent in vitro by protein misfolding cyclic
amplification. This assay has the potential to detect very low levels of the TSE agent in
blood and to form the basis of a TSE diagnostic assay.

Identified a TSE-specific pattern of gene expression during the progression of
experimental scrapie using DNA microarrays and genomics approaches. These findings
can provide important clues to the basis of molecular and cellular basis of TSE
neurodegeneration and also identify early markers of disease that are useful in TSE
diagnosis.

Utilized RNA aptamer technology to identify aptamers with high affinity for the prion
protein among different host species. The advantage of an aptamer based TSE diagnostic
assay is that a single reagent could be used for universal detection of prion proteins.

In collaboration with our industry partner we have develop a novel in vitro diagnostic
assay for rapid identification of TSEs from blood using repetitive DNA sequences as a
surrogate marker for BSE infection.

Determined that endocrine metabolites can serve as surrogate markers of TSE infection in
serum of rodents and ruminants during preclinical infection. These biomarkers could
form the basis for an ante-mortem blood test for TSEs in livestock.



Impacts:

Acquisition of multiple-investigator, collaborative grants between NC1024 members.

Publication of peer-reviewed manuscripts that include NC1024 members.

Definition of a small cervid model of prion disease.

Investigation of multiple ante-mortem diagnostic technologies with the potential to

streamline TSE Surveillance.

Initiation of new research projects among committee members.

Extensive representation at National and International TSE Meetings.

7. Increased understanding of the early pathogenesis of prion diseases at the molecular,
cellular, and host levels.
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8. Increased understanding of TSE pathogenesis and transmission.
9. Increased collaboration between TSE researchers through the shared use of core
resources.
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