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Introduction:

Although there is currently no evidence to support an active role for the immune system
in defense against prion disease, cells of the immune system appear to play a critical role
in the pathogenesis of known transmissible spongiform encephalopathies. The purpose
of our work is to examine the role of migratory cells in the development of known prion
diseases, including scrapie and chronic wasting disease. Using existing reagents, we
have examined both the normal and pathogenic form of prion protein on cells of the
immune system in normal and infected animals, in order to better understand the
interaction of immune cells in disease development. Of all prion diseases, scrapie
remains the best characterized, and we have chosen to examine differences in populations
of B cells, follicular dendritic cells, and dendritic cells over the course of prion disease.
We have previously identified a second subset of B cells which first becomes pronounced
in ruminants at sexual maturity, and continues to grow in size throughout adulthood
(Young et al., 1997). As a result, we have chosen to focus on this subset as a potential
target to better understand disease pathogenesis and potentially develop more sensitive
antemortem assays for diagnosis of prion disease. To this end, we have focused our
initial work on defining these subsets in experimentally infected sheep. While we have
chosen to focus on an ovine model, we believe that our results will be generally
applicable to a greater understanding of prion diseases in other species as well.

Report Body

Our efforts to better understand immune involvement in prion disease can be broadly
broken down into two distinct tasks:

1. To define the expression of cellular prion protein on previously-established B and
dendritic cell subsets

2. To define the expression of pathogenic prion protein on the surface of migratory
leukocytes from infected animals.

Although these two aims are intrinsically intertwined in our work, we will describe our
progress towards these two tasks separately.

1. Expression of cellular prion protein.

In order to better understand the normal function of prion protein (PrP°) in immune cells,
we have used flow cytometry to characterize the expression of PrP on the surface of B
cells and Follicular Dendritic cells (FDCs) during development and immune function.
Ruminants and some other domestic animals are unique from mice, in that B cells
undergro an obligatory stage of development within a specialized, gut-associated
lymphoid organ grossly similar in function to the Bursa of Fabricius in chickens. Very
briefly, the ileal Peyer's patch (IPP) is seeded by a small number of functionally
immature B cells during embryonic development. While these B cell precursors have
fully-rearranged immunoglobulin genes, they are unable to respond to antigen in a
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manner similar to mature B cells, and additional diversification is added in the IPP
through extensive cell division and antigen-independent somatic hypermutation. It is
intriguing that the IPP has also been described as the earliest organ to contain
histologically identifieable PrPSc following oral infection (Heggebo et al, 2000). Inan
effort to investigate potential differences in the B cell populations in the IPP as compared
to secondary lymphoid organs such as the Jejunal Peyer's patches and retropharyngeal
lymph node, we used a panel of antibodies to define B cell populations unique to each
tissue. To this end, we stained cell suspensions and immunohistochemical sections with
antibodies specific for B cell surface molecules including CD40, CD11b, CD11c, CD21,
CD35, CD85, CD72, CD75s, CD62L, and surface immunoglobulin (Figure 1).
Intriguingly, a highly effective marker for identifying various stages of B cell
development was CD21. This is especially significant, as CD21 is a receptor for
complement component C3, which has been shown to be involved in prion pathogenesis
in murine models(Klein et al., 1997; McBride et al., 1992).

Figure 1: Expression of cell
surface molecules on B cells
in secondary lymphoid
tissues (Retropharyngeal
Lymph Node, Jejunal
Peyer's patch) and primary
lymphoid tissues (Ileal
Peyer's patch).
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Specifically, CD21 is regulated with B cell development such that immature B cells
express very low levels, which increase as the B cell matures. This expression appears to
remain until activation within B cell follicles in lymph nodes, at which point expression
is lost at least temporarily. Intriguingly, we found that expression of PrP* on the surface
of B cells was inversely regulated with CD21 expression in both the IPP and secondary
lymphoid tissues. We are currently examining the significance of this result.

In additional studies, we examined the expression of PrP° on the surface of B cell subsets
found in the peripheral blood. We have previously defined two major subsets of
peripheral blood B cells, which can be differentiated based upon the expression of
complement receptors. Conventional, B-2 subsets can be identified based upon their
expression of CD21 and failure to express CD11b and CD1 1¢, whereas so-called B-1
cells express high levels of CD11b and CD11c but fail to express CD21. Work from our
laboratory has demonstrated that B-1 cells appear to be derived from a B-2 precursor, as a
result of differentiation within lymph nodes. In order to define any potential differences
in PrP° expression on the surface of circulating B-1 and B-2 subsets, we collected blood
from sheep of known PrP genotype (so-called QQ, QR, and RR animals) and performed
semi-quantitative flow cytometry using mAb 6H4 to define any differences in cell-
surface expression of prion protein. As a result of these studies, we made two surprising
observations (Figure 2). Firstly, there appears to be a significant difference in the
expression of prion protein between these three genotypes, such that QQ and QR sheep
express significantly more surface PrP on B cells than RR animals (P<0.05). In addition,
CD21 negative B-1 cells also express significantly less prion protein than CD21+ B cells,
regardless of genotype (p<0.05). These data suggest significant differences in expression
of prion protein on B cells that may correlate with genotype, and may play a role in
disease susceptibility. Furthemore, these differences in PrP expression between CD21+
and CD21- mature B cell subsets confirms the above expression data on developing B
cell subsets. We are currently banking samples to confirm these results through
quantitative real-time RT-PCR.

Ovine B-2 Cells Express Higher Figure 2: Expression
Levels of Native PrP¢ Than B-1 Cells of Prion protein on the

surface of B cell
} subsets in genetically
— B-1Cells ;7] RE Il A resistant and

3 \ s susceptible sheep.

—— B2Cells 14 % - ..
109 10! 102 103 10t 100 100 102 105 10% 100 100 17 108 10t
FL+-H FLt-H FL1-H
RR Genotype OR Genotype QOQ Genotype
B-1 Cell 26.1+ 3.6 36.3+3.1 35.0+59
Mean Intensity
B-2 Cell 329+54 523+ 1.0 48.6+9.2
Mean Intensity
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In addition to the above flow cytometric work, we have been characterizing antibody
combinations which can be used for the identification of B cell subsets and follicular
dendritic cell subsets in histological sections. While this work is ongoing, we have found
a panel of 3 FDC-specific antibodies which appear to identify FDCs in formalin-fixed
tissues. We are currently working to confirm these results. In related work, we have
been working to define reagents which will allow us to confirm the generality of these
results to other transmissible spongiform encephalopathies. To this end, we have tested
reactivity of our B and FDC antibodies against cells from Deer and Elk. Asa result, we
have found a panel of 17 antibodies which successfully identify cells by flow cytometry,
including several which segregate B-1 and B-2 cell populations in cervids (Figure 3).
While this work is ongoing, at least 2 of these antibodies successfully identify similar cell
populations in formalin-fixed lymph nodes from elk.

B-1 and B-2 cell Subsets in Elk and Sheep - -
rsrom o 4 e A 02 Figure 3: Cervids (left
N I panels) express both B-1
‘. b and B-2 Subsets in Blood,
< 2l ’ similar to shee
& o P
.{'w'-’ bm' Fllfn w’ 10
135% | 24.6%
~ ‘ S
a - a -
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EET T F:EH 100 ot

IR L
FL2H

B cells (CD72) ——

Task 2: Definition of the expression of pathogenic prion protein on the surface of
migratory leukocytes from infected animals.

The ultimate goal of this task is to define cells of the immune system carrying or affected
by prion infection. To this end, we have collaborated with scientists at the National
Animal Disease Center, Ames, IA to examine migratory cell subsets in experimentally
infected animals. To date, we have collected blood samples from a total of 20 animals at
various times after either intracerebral (10) or oral (10 animals) infection. Of these, 10
animals were genetically resistant to disease (so-called "QR")animals and 5 animals
infected intracerebrally with scrapie brain homogenate and 1 animal infected orally have
succumbed to disease. Samples of blood are collected bi-monthly, and samples of blood,
retropharyngeal lymph node, mesenteric lymph node and brain are collected at necropsy.
As we have directed our efforts towards isolating migratory B cell and dendritic cell
subsets which are potentially involved in disease pathogenesis, we have confined our
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analysis to these two populations. To this end, we have developed methods to examine
differences in B cell subpopulations in the blood of scrapie infected animals, and methods
to separate both B and FDC populations from the blood and lymph nodes of scrapie-
positive animals. Although this work is ongoing, several observations have been worthy
of note and further investigation. Firstly, we have used a sensitive western-blot technique
to test for the presence of scrapie protein in lymphoid populations separated using a
multi-step magnetic bead separation protocol. Using this technique, scrapie protein could
be reliably identified in CD21+ but not CD21-ve cells isolated from retropharyngeal
lymph nodes of infected animals.

Analysis of peripheral blood populations has proven to be even more interesting. Asa
result of the analysis described above, we have found that animals infected with scrapie
(and eventually succumbing to disease) possess a significantly elevated CD11c+ B cell
population in the peripheral blood. While this is not reflected in higher numbers of these
cells, the proportion of CD11c+ B cells in the blood of these animals appears elevated
relative to controls (Figure 4). While significant, it should be mentioned that elevated
numbers of these cells could also be detected in animals undergoing significant
inflammation: one animal which did not succomb to scrapie but had elevated CD11c+ B
cell numbers died of abdominal ulcers, and a second had a significant intradermal
granuloma unrelated to the study. Nonetheless, these promising results have led us to
further investigate the means whereby CD11c+ B-1 cells are generated within the
germinal centers of lymph nodes. Given that FDCs have been found to be crucial to
normal infection with scrapie and are routinely identified as containing PrPSc in even
intracerebrally infected animals, we believe that these cells are central to understanding
the pathogenesis of prion diseases and form the focus of our efforts devoted to
understanding the early stages of scrapie infection (currently underway).

In order to fully explore the role of Follicular Dendritic Cells in prion pathogenesis, we
are attempting to answer 2 questions: How is PrPSc transported from the initial site of
infection (the gut) to the follicular dendritic cells of regional lymph nodes, and how does
the "infection" of FDCs affect the differentiation of ovine B-1 and B-2 cells? As
described in our proposal, we intend to use a method of direct lymphatic cannulation to
track prion transport from the periphery to regional lymph nodes and ultimately to the
follicular dendritic cells. We have ordered genetically defined scrapie susceptible
animals for these experiments, and will be performing these experiments later this year.
In preparation, we have been using multi-colour flow cytometry to define dendritic cell
subsets in afferent lymph. Similar to previous reports, we have found that antibodies
specific for CD205 (DEC205) reliably identify all DCs in afferent lymph, which can then
be differentiated into two subpopulations based on expression of CD11c. In addition, we
have also found a small subpopulation of CD11c+ DCs which express a surface antigen
recognized by one of our FDC-specific antibodies. In related studies, we have developed
a surgical procedure which can be used to collect afferent lymph directly draining the
sheep brain, which will be used in future studies to map the response of the brain to
scrapie infection.
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In order to develop an in-vitro model to examine the interaction of prion protein with
FDCs and B cell subsets, we have successfully developed primary FDC cell lines from
both scrapie positive and negative animals. Briefly, FDC-specific antibodies were used
to magnetically separate cells, which were then cultured in rich tissue culture media.
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These large cells were morphologically similar to FDCs, and expressed CD21, CD40,
CD35, and several other surface markers consistent with FDCs (Figure 5). In initial
studies, these cells were also capable of inducing B cell proliferation, demonstrating that
we have successfully developed ovine FDC cell lines which can be used for further study

of prion pathogenesis in vitro.
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In summary, we have performed all baseline data necessary to successfully perform acute
studies on scrapie infectivity. We have defined an interesting link between CD21
expression on B cells and scrapie infectivity, as well as defining a potentially critical
alteration in the generation of B-cell subpopulations in scrapie infected animals. In
control experiments, we have defined populations of migrating DCs of interest in afferent
lymph, and developed the means to track to the transport of PrPSc from the gut or the
brain to regional lymph nodes. Our successful development of ovine FDC cell lines will
further allow us to model the interaction of PrPSc with FDCs and other cell types
normally found within the germinal center.

Key Research Accomplishments:

Task #1: Normal PrP Expression,

-Definition of the Differential Expression of PrPC on B cells of QQ, QR and RR animals.
-Definition of the Differential Expression of PrPC on ovine B-1 and B-2 cells in
peripheral blood.

-Definition of the inverse linkage between PrPC and CD21 expression on ovine B-cell
subsets from ileal Peyer's patches, jejunal Peyer's patches, and lymph nodes.
-Identification of reagents which can be used to define B-1 and B-2 subsets in deer and
elk.

-Identification of antibodies which can be used to identify B-1, B-2, FDC, and DC
subsets by immunohistochemistry.

Task#2

-Banking of cell suspensions from scrapie positive and control animals infected either
intracerebrally or orally.

-Validation of a magnetic cell-sorting procedure to define PrPSc infection of B, FDC, and
DC subsets by western blot.

-Definition of a unique shift in the proportion of B-1 and B-2 lymphocytes in scrapie
infected animals as compared to age-matched controls.

-Culture of ovine FDCs from normal and scrapie-infected animals.

-Characterization of DC subpopulations found in normal afferent lymph.

Reportable Outcomes:

1) Abstracts and Presentations:

Elmubark, G.E., Graybill, M., DeRycke, M., Young, A.J. Migration and Differentation of
Afferent Lymph Dendritic Cells as a Model of APC Function in Sheep. Presented at the
2003 Autumn Immunology Conference, Chicago IL. November 2003.

Rohlik, A., DeRycke, M., Young, A.J. Identification and Characterization of Leukocyte

Populations in Hoofstock; A Tool for the Study of Chronic Wasting Disease (CWD).
Presented at the 2003 Autumn Immunology Conference, Chicago IL. November 2003.
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2) Cell Lines Developed:
-Several FDC cell lines from normal and infected sheep.

3) Additional Grant Applications Submitted based on this Work:

STTR Submitted in collaboration with Rural Technologies Inc. in response to ARO
STTR topic A04-027, Development of Cell Lines from Deer, Elk, and Humans for use in
development of Assays for Prion Diseases. . ’

Conclusions:

The unique linkages between PrPC expression and B cells have been further confirmed
through identification of distinct differences of PrPc expression on developing B cell
subsets. The fact that these differences appear to correlate with expression of CD21
further indicate a potential role between complement and prion infection. Our
identification of apparent differences in the proportions of B cell subsets in normal and
scrapie infected animals suggests a potential effect on the immune system of prion
infection. While the most interesting application of this knowledge is towards a greater
understanding pathgenesis, the potential use of this information for further diagnostic
assays cannot be discounted. Our development of FDC-cell lines which can potentially
be used to isolate any affect of PrPSc on normal germinal center function, as well as a
potential tool to propogate prions in vitro will be a useful tool in further research.
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