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In naturally and experimentally occurring scrapie in sheep, prions invade the immune system
and replicate in lymphoid organs. Here we analysed immunohistochemically, in seven spleens
of 6-month-old healthy sheep, the nature of the cells expressing prion protein (PrP) poten-
tially supporting prion replication, as well as their relationship with autonomic innervation.
PrP was identified using either RB rabbit antiserum or 4F2 monoclonal antibody directed
against AA 108-123 portion of the bovine and AA 79-92 of human prion protein respec-
tively. Using double labelling analysis, we demonstrated that PrPc is expressed by follicular
dendritic cells using a specific monoclonal antibody (CNA42). We also showed the close
vicinity of these PrP expressing cells with noradrenergic fibers, using a polyclonal tyrosine
hydroxylase antibody. Our results may help the study of the cellular requirements for the pos-
sible neuroinvasion from the spleen.
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INTRODUCTION

The transmissible spongiform encephalopathies
(TSEs) are neurodegenerative disorders in which the
immune system plays a critical role in the pathogene-
sis, not only as the initial peripheral site of replication
of the TSE’s agent, but also with regard to its implica-
tion in the neuroinvasion process (Aguzzi, 1997;
Beekes et al., 1996; Race et al., 1998). Both nervous
and immune systems have one of the identified cellu-
lar requirements for the replication of the TSE’s agent
that is cellular PrP expressing cells (Brandner et al.,
1996; Btieler et al., 1993; Horiuchi et al., 1995;
McBride et al., 1992). Within lymphatic tissues the

germinal centre microenvironment has been more

particularly incriminated in peripheral prion replica-

tion with the implication of B lymphocytes / follicular
dendritic cells (FDCs) (Kitamoto et al., 1991; Klein et
al., 1997; Raeber et al., 1999a; Raeber et al., 1999b).
How TSE’s agent propagates from lymphatic tissues
to Central Nervous System (CNS) is unclear but auto-

nomic nerve system that innervates the lymphoid
organs may contribute to their dissemination from the
spleen to the CNS (Fried et al., 1986). The compara-
tive analysis of the PrP expressing cells topography
with the noradrenergic fibers of autonomic nerve sys-
tem within the spleen may help to understand how the

infectivity spreads in the course of natural infection.
The purpose of our work was thus to determine in

sheep spleen the immunohistochemical repartition of
noradrenergic fibers and PrP expressing cells.
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FIGURE PrP expressing cells detected using 4F2 (A, C, D) within the spleen of healthy lambs. Note the density of PrP expressing cells in
the coronal area where FDCs are also seen using CNA42 (B). In the limit of the mantle zone, PrP expressing cells are not labelled with
CNA42 and present a more fusiform shape (D)

RESULTS

PrP Expressing Cells in the Spleen of Lambs

PrP was detectable using 3 different antibodies
directed against two different regions of PrP (4F2,
RS1, RB 1), within the primary and secondary lym-
phoid follicles of the spleen (Fig 1A). The number of
4F2 labelled follicles varied between the lambs from
16% to 100% depending mostly on the fixatives. PrP
staining consisted more frequently as a fine deposit

redrawing the cell membrane (Fig 1 C&D). PrP was

never seen in cortical areas, in red pulp, nor in blood
vessels. In order to validate the cellular nature of PrP,
we controlled that this PrP immunostaining disap-
peared when a combination of different pre-treat-
ments was previously applied. The specificity of PrP
immunostaining was also checked using an irrelevant

antibody (GFAP) which didn’t give such a staining.
Sections in which the primary antibody was omitted
were also used to evaluate the background staining,
which was inexistent.
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FIGURE 2 FDCs identified by MGG staining (head arrow)(A) or by CNA42 monoclonal antibody (B), are associated with lymphocytes in
lymphoid follicles. Two different focus of the same cell within a lymphoid follicle, identified as an FDC (head arrow, brown deposit) using
CNA42, and PrP expressing cell using RB (arrow, red deposit) both markers located in the cytoplasm of the same cell (C, D)

FDCs Express PrP in the Spleen

The Follicular Dendritic Cells (FDCs) were identifia-
ble using May-Griinwald-Giemsa (MGG) staining
(Fig 2A) and with CNA42 antibody (Fig 1B). In both
primary and secondary lymphoid follicles FDCs
stained with MGG have a big nucleus, with a pink
cytoplasm, a dendritic morphology and with an

approximate size of 50 to 100 m of diameter. The
CNA42 immunolabelling pattern was cytoplasmic,
more intense along the cell membrane, redrawing

many cell processes associated with neighbouring
lymphocytes (Fig 2B). No FDC labelling was seen in

the red pulp or in the blood vessels area. PrP detected
using RB 1 was seen within FDCs in our double label-
ling experiments (Fig 2C&D).

Autonomic Innervation of the Spleen

Noradrenergic innervation was recognisable in the
spleen using TH antibody. Noradrenergic fibers were
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FIGURE 3 Sympathetic innervation of the spleen. Noradrenergic fibers identified using anti-TH antibody (red deposit) around blood vessels
(A) and near several immune cells (B). In double labelling experiments, noradrenergic fibers (red deposit, arrow) were detected at proximity
of PrP expressing cells (brown deposit, head arrow) revealed using 4F2 (C&D)

located within the trabeculae, the vasculature
(Fig 3A) and the capsule of the spleen. Within the
white pulp, noradrenergic fibers were seen in the mar-

ginal zone and the mantle zone near immune cells
(Fig3B). The immunostaining consisted of fine

homogenous cytoplasmic deposits redrawing some

processes. Using double labelling experiments,
noradrenergic fibers were seen in the white pulp of

the spleen at proximity of PrP expressing cells
detected with 4F2 (Fig 3C&D).

DISCUSSION

In transmissible spongiform encephalopathies, prion
replication occurs in the lymphoid system of sheep
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with scrapie as well as in rodent models of scrapie
(O’Rourke et al., 1998; Race and Ernst, 1992; Raeber
et al., 1999a). The precise cell types involved in this

lymphoreticular prion replication and transport to the
Central Nervous System (CNS) remains unclear
although several lines of evidence argue for a key role
for Follicular Dendritic Cells (FDCs) as well as an

involvement of B lymphocytes (Klein et al., 1997;
McBride et al., 1992). It is important to identify the
type of cells involved not only in propagating but also
carrying prion infectivity or both in peripheral tissues.
Since it has been shown that prion replication needs the
expression of cellular form of PrP expression (Btieler
et al., 1993), we have investigated the nature of PrP
expressing cells within the spleen of healthy lambs. We
demonstrated that the cellular form of PrP is expressed
by FDCs not only on similarities of morphology and
localisation of PrPc expressing cells but mostly
because we found that FDCs and PrP markers were
co-localised in the same cell in our double labelling
experiments. It was noticeable that every PrP express-
ing cells are not all typically FDCs particularly because
they didn’t share the same location (Imai and
Yamakawa, 1996). This may reflect the fact that there
may be several types f FDCs and only a part of them
are identifiable using CNA42 (Schuurman et al., 1993).
This may also indicate that these cells could be B lym-
phocytes since they have been described as another
major type of immune cell involved in peripheral prion
replication. In our case, B lymphocytes couldn’t be
identified yet, particularly by a specific antibody to

mammalian B-lymphocytes compared to mouse or cat

spleen where B lymphocytes were easily detectable
(data not shown). But B lymphocytes could be impli-
cated in the TSE’s pathogenesis without expressing PrP
by themselves as well (Klein et al., 1998). Interestingly,
our study brings evidences of the existence of at least
another type of cells beside typical FDCs that are not

CNA42 labelled. These cells, identifiable only the
basis of their more fusiform shape and specific location
at the periphery of the mantle zone of the follicles

strongly reminds the description of the Fibroblastic
Reticulum Cells (FRC) (Imai and Yamakawa, 1996).
This is not necessarily in contradiction with the FDC
nature since it is possible that under some factors, these

unmature cells may be able to differentiate into FDCs.
Beside the FDCs we also showed the possible involve-
ment of autonomic nerve system. Actually, the pres-
ence of autonomic nerve fibers in lymphoid tissues

provides an anatomical link between the nervous and
immune systems. This may represent a part of the par-
ticular channel of communication implicated in prion
spread in the body. The present immunohistochemical

study provides direct evidence that noradrenergic fib-
ers, revealed by the presence of one of the monoamin-

ergic synthesising enzymes, the tyrosine hydroxylase
as marker (Bj6rklund and H6kfelt, 1985), are present
within the ovine spleen. The great majority of the
noradrenergic fibers were detected at proximity of the
splenic nerve, around blood vessels, which is consist-
ent with a classical role of blood pressure control or

regulation of spleen contraction via the noradrenergic
innervation detected in the capsule (Fried et al., 1986).
More interestingly, the colocalisation of noradrenergic
fibers with PrP expressing cells within the follicular
area raises the question of another type of function of
sympathetic nerves in the spleen, like an immunomod-

ulating function. Thus this close vicinity of noradrener-
gic fibers with PrP expressing cells will have to be

analysed in sheep affected with scrapie. This analysis is

under progress and will allow evaluating the potential
involvement of noradrenergic innervation in the trans-

port of TSE’s agents from the spleen to the CNS.

MATERIALS AND METHODS

Tissues

The spleens of seven healthy lambs (6 month-old)
were immersed in different buffered fixatives (10%
formalin (n=l), 4% (n=3) or 2% (n=3) paraformalde-
hyde). Once fixed, spleen samples were rinsed for a

week in cold phosphate buffer (PB 0.1 M, pH 7.4)
then routinely dehydrated and embedded in paraffin.
To ensure adhesion, sections (3 or 5 tm) of spleen
were collected onto pre-treated glass slides (Polylisin
or StarFrost, Fischer Scientific, Pittsburgh, PA) and
baked overnight at 57C.
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TABLE Primary antibodies used, to detect PrP, FDCs, NA fibers, and glial cells

Antibodies Species Dilutions Origin

RS 1-RB (PrPov 98-113/PrPbov 108-123)

4F2 (PrPhu 79-92)

CNA42 (Follicular Dendritic Cells, FDC)

TH (Tyrosine hydroxylase, NA cells)

GFAP (Glial cells)

Rabbit 1/100

Mouse 1/200

Mouse undiluted

Rabbit 1/200

Rabbit 1/200

AFSSA, Lyon, France

German Primate Center, Grttingen, Germany

H6pital Toulouse, France

Jacques Boy Institute

Dako

Antibodies

To detect the PrP in the lambs, we used the 4F2 mon-

oclonal antibody (kindly provided by J. Grassi,
CEAJSPI, Saclay, France) and two rabbit antisera
RS 1 and RB 1 (Table I). These antisera are specific for
PrP as demonstrated previously by Western blot
applied on purified prion protein from scrapie
affected sheep brain (Madec et al., 1998). The FDCs
were identified using a monoclonal antibody, the
CNA42 (courtesy of Pr Delsol, Hrpital Toulouse,
France) (Delsol et al., 1993). Noradrenergic fibers
were identified using a rabbit polyclonal antibody
against the tyrosine hydroxylase (TH) (Institut
Jacques Boy, France), the rate limitating enzyme in
the synthesis of noradrenaline. We also used as con-
trol of PrP specificity a rabbit anti-GFAP polyclonal
antibody (Dako).

Staining Procedure

The slides were dewaxed and rehydrated in water,
then used for immunohistochemical analysis. Every
step was done at room temperature. Endogenous per-
oxidase activity was blocked with 10 min incubation
in 3% hydrogen peroxide in PBS 0.1M. Unspecific
antigenic sites were blocked by a 30 min step in
blocking reagent (Roche-Boehringer). Then the sec-

tions were incubated overnight with the primary anti-
body (GFAP or TH, Table I). The spleen sections
were rinsed before the detection of the primary anti-

body using the ABC system (Vector), succinctly first

using the biotinylated anti-rabbit antibody (30 min)
and secondly with a peroxydase-labelled avi-
din-biotin complex (ABC) (30 min). These steps were

followed by washes and finally peroxydase was
revealed by immersing the sections in aminoethylcar-
bazole solution (AEC, Dako) giving a red deposit or

in DAB intensified with NiC12 (Biosys) giving a dark
brownish deposit. For PrP or FDC immunodetection
slides were first treated in PBS (0.1 M pH 7.4) for 3
min at 450W in a microwave oven in order to enhance
the staining by unmasking epitopes of FDCs and PrP.
Then the tyramide signal amplification method was

applied as specified by the manufacturers (kit TSA,
NEN Dupont, Le Blanc Mesnil, France). Briefly,
unspecific antigenic sites were blocked using the
TNB (protein blocking reagent). After eliminating the
excess of TNB, slides were placed for 24 to 48 h with
the primary antibody diluted in TNB (Table I). After a
wash with TNT solution, the secondary antibody
(anti-mouse IgG biotinylated, Science technology or

anti-rabbit IgG biotinylated, ABC Vector) diluted at
1/100 in TNB was applied for lh. Without any wash
the following step was 30 min of incubation with
SA-HRP (1/100 in TNB). Once rinsed, slides were

subjected to the enhancement step, 10 min with bioti-
nyl tyramide (1/50 in amplification diluant). A second
30 min of incubation in SA-HRP preceded the final

step of immunostaining. The presence of antigens
being revealed either with AEC or DAB. To assess
the specificity of PrP immunostaining several
pre-treatments such as 30 min hydrated autoclaving
(immersed in PBS 0.1M pH 7.4, for 3 successive

cycles of 11 min at 121C in a pressure cooker),
immersion for 15 min in 98% formic acid (Merck),
proteinase K treatment (Roche-Boehringer, 20 tg/ml
in PBS 0.1M, pH7.4, 37C, for 15 min), or guanidium
thiocyanate (Sigma, 4M, for 60 min, at room tempera-
ture) leads to the destruction of cellular form of PrP.
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Double Staining Procedure

To identify the nature of PrP expressing cells, we
have developed a double immunostaining procedure
using both RB1 antiserum and CNA42 monoclonal
antibody. We also applied the double immunostaining
procedure to visualise noradrenergic fibers (anti-TH
antibodies) and PrP expressing cells (4F2). Following
the first immunohistochemistry procedure, the second
one was performed, beginning with a new blocking
step (TNB, 30 min). Then the procedure applied was
the same as described before. To reveal the histologi-
cal organisation of the spleen, a very weak staining
was obtained with aqueous haematoxylin. Finally,
slides were mounted with Crystal Mount medium and
observed under a microscope coupled to an image
analysis workstation (iocom, Les Ulis France).
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