
SUMMARY

The localization of cellular prion protein in the
central nervous system of adult rats is an impor-
tant step not only for understanding its biology,
but also to gain a better understanding of the
propagation of pathogenic prion protein within
the central nervous system in spongiform
encephalopathies. Here, the expression of cellu-
lar prion protein is studied by immunocyto-
chemistry and Western blotting techniques.

The presence of the protein varied in the ros-
trocaudal direction: it was less abundant in the
brainstem than in prosencephalon. PrPc-positive
cells were especially abundant in the cerebral
cortex. The immunoreaction was present in
areas projecting to the intermediate band of the
mediodorsal thalamic nucleus and the
anteroventral nucleus of the thalamus. Some
immunopositive neurons, glial cells, and fibres
were located around vessels in areas where nitr-
ergic activity is well documented. Our findings
lead us again to propose a retrograde propaga-
tion of altered prion proteins in human spongi-
form encephalopathies such as fatal familial
insomnia, followed by an alteration of the nitr-
ergic systems. Moreover, destruction of the
mediodorsal thalamic nucleus in fatal familial
insomnia may unleash an alteration of prion and
nitrergic physiology.
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INTRODUCTION

The localization of cellular prion protein
(PrPc) in the brain is an important step for

understanding prion biology and, moreover, the
expression of PrPc is necessary for the subse-
quent replication of the pathological prion pro-
tein (PrPsc) in spongiform encephalopathies.

In fatal familial insomnia (FFI), a human
spongiform encephalopathy that shows similari-
ties to Creutzfeldt-Jakob’s disease, anato-
mopathological alterations of the intermediate
band of the thalamic mediodorsal nucleus (MD)
and the anteroventral nucleus of the thalamic
anterior complex (A) are consistently observed
(Manetto et al., 1992; Gambetti et al., 1995;
Dorandeu et al., 1998). The intermediate band of
the MD and the anteroventral nucleus of the A
complex are structures with a different connec-
tivity from the other portions of the MD and the
A and neighbouring thalamic nuclei (Velayos
and Alfageme, 1999).

We have previously proposed for FFI a main-
ly retrograde propagation of the modified pro-
teins from the MD (especially its intermediate
band) and A (especially the anteroventral nucle-
us) to several areas of the central nervous sys-
tem; for example, to nitrergic areas of the basal
prosencephalon and brainstem (Velayos et al.,
1998; Velayos and Alfageme, 1999). Some of
these prosencephalic and brainstem cells are
located in a perivascular situation (Velayos et al.,
1998; Velayos and Alfageme, 1999). This, along
with HRP - NADPH-diaphorase (NADPH-d) co-
location in this type of neuron in cases of
mediodorsal and anterior nuclei tracer injections,
leads us to propose the possible pathophysio-
logical involvement of nitrergic systems in FFI
(Velayos et al., 1998; Velayos and Alfageme,
1999).

These ideas are based on previous studies in
the cat central nervous system (Velayos et al.,
2002) where cellular prion protein immunode-
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tection varies in the rostrocaudal direction: the
protein is less abundant in the brainstem than in
the prosencephalon. Positive cells are especially
abundant in the cerebral cortex. The immunore-
action is present in areas projecting to the inter-
mediate band of the thalamic mediodorsal nucle-
us and to the anteroventral nucleus of the
thalamus. Also, some of these cells are situated
around vessels in the basal prosencephalon.
Extrapolations are possible (Heckers et al., 1992)
because the connectivities of the MD and A in
the cat are similar to that of the primate.

Recently, the expression of PrPc in several
areas of the central nervous system of the rat
(Verghese-Nikolakaki et al. 1999) and mouse
(Liu et al., 2001; Ford et al., 2002) have been
studied.

In the present work we attempted to shed fur-
ther light on earlier results, this being a continu-
ation of work previously carried out by us. The
study was performed in the central nervous sys-
tem of rat, a less phylogenetically developed
species than the cat. Thus, we hope that a com-
parative study of different species should allow
us to understand the physiopathological process-
es of spongiform encephalopathies more accu-
rately.

MATERIAL AND METHODS

Immunocytochemistry

Twelve sex –and age– matched Wistar rats
were transcardially perfused with 100 ml of
saline, followed by 350 ml of 4% paraformalde-
hyde. The whole brain was sectioned at 40 µm
with a freezing microtome. Sections were treated
to neutralize endogenous peroxidase. Free-float-
ing sections were microwaved for 1 minute at
maximum power, followed by 1 minute at mini-
mum power, and cooled for 2 hours at room
temperature. Sections were blocked with 5%
normal goat serum and incubated for 48 hours at
4ºC with the primary antibody 6H4 (Prionics).
Immunocytochemistry was performed employ-
ing the ABC method. DAB was used as chro-
mogen. Some of the brains were counterstained
with Nissl stain.

NOS immunocytochemistry was accom-
plished using the primary AB5380 antibody
(Chemicon), followed by the PAP-method,
adding DAB as chromogen.

Western Blotting
The brains of three Wistar rats were removed

and carefully dissected. The different brain
regions were immediately frozen in liquid nitro-
gen and stored at -80ºC until total protein mea-
surements. 25 µg was loaded on a 15% poly-
acrylamide gel under reducing conditions.
Proteins were transferred to a nitrocellulose
membrane. The membrane was blocked with
10% defatted milk and the primary 6H4 antibody
(Prionics) was incubated overnight at 4ºC.
Immunoreactivity was developed with a peroxi-
dase-conjugated secondary antibody and detec-
tion was performed with the Lumilight-plus kit
(Roche).

The animals used for the experiments were
deeply anaesthetized before both perfusion and
decapitation.

RESULTS

PrPc immunodetection varied in the different
brain regions in the rostrocaudal direction. The
protein was less abundant in the brainstem than
in the prosencephalon (Figure 1).

We observed a positive PrPc immnunoreac-
tion in the cerebral cortex: this was more pro-
nounced in the deep layers (layers V and VI)
than in layer II (Figures 2 A, 2 B). We also
observed immunoreaction in the hippocampus
(CA1 field) (Figure 2 C), and in subcortical struc-
tures: namely, the olfactory bulb (Figure 3 C),
septal region, preoptic area (Figure 2 E), accum-
bens nucleus (Figure 2 F), amygdala (Figures 3
A, 3 B), thalamus (Figure 2 D) and striatal com-
plex. Some positive PrPc immunoreaction was
observed in the Purkinje cells of the cerebellum
(data not shown).

Positive neurons around vessels were
observed in several zones (Figures 3 B, 3 C, 3 E).

Positive PrPc glial cells in a perivascular loca-
tion were observed in several areas of the rat
central nervous system. In addition, immunopos-
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Figure 1.- Western Blot analysis of samples (25 µg protein) from the olfactory bulb (OB), superficial (SCx) and deep layers (DCx) of cere-
bral cortex, striatum (S), thalamus (T), hippocampus (H), brainstem (Bs) and cerebellum (Cb). Black arrow indicates PrPc. Note
the lower expression of PrPc in brainstem and cerebellum as compared with rostrally located structures.



itive PrPc fibres were also observed in a perivas-
cular situation (Figure 3 E).

By Western blotting, the band corresponding
to PrPc was detected by the monoclonal anti-
body 6H4 at 35 kDa. Immunoblot analysis of
PrPc in several samples of the central nervous

system showed that there are fewer PrPc-positive
cells in the brainstem than in rostral zones such
as the cerebral cortex (Figure 1). By contrast,
clearly positive NOS immunoreactive neurons
were observed in the dorsal tegmental nucleus
(Figure 3 D).
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Figure 2.- PrPc-positive cells in deep layers of the frontal cortex (A, B), CA1 of hippocampus (C), laterodorsal thalamic nucleus (D), pre-
optica area (E) and accumbens nucleus (F). Calibration bar = 100 µm.
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Figure 3.- PrPc immunopositivity in central amygdaloid nucleus (A, B), olfactory bulb (C) and peripeduncular nucleus (E). NOS-positive cells
in dorsal tegmental nucleus (D). Note PrPc-positive glial cells (E), neurons (C) and fibres around vessels (C, E) and the close rela-
tionship between neurons and glia (star) (B). Calibration bar = 100 µm.



DISCUSSION

The anatomopathological findings of cases of
FFI studied to date show that after some time the
cerebral cortex is affected in its deep layers
(Manetto et al., 1992; Parchi et al., 1995). We
have previously observed retrograde labelling of
these layers after tracer injections in the MD and
A of the cat (Velayos and Reinoso-Suárez, 1985;
Velayos et al., 1993; Velayos and Cruz, 1994;
Velayos, 1997). Our previous works lead us to
suspect that the propagation of the infective pro-
teins from the MD and A to the cerebral cortex,
and mainly to the cingulate and prefrontal cor-
tices, must occur mainly through a retrograde
pathway: that of corticothalamic connections
(Velayos and Reinoso-Suárez, 1985; Velayos et
al., 1993; Velayos and Cruz, 1994; Velayos, 1997;
Velayos et al., 1998). Moreover, other authors
(Divac and Passingham, 1980; Heckers et al.,
1992; McGinty et al., 1994; Scott et al., 1992;
Velayos et al., 1998; Beekes et al., 1996; Sàles et
al., 2002) have suggested retrograde, rather than
anterograde, propagation of prion proteins to
subcortical structures.

Again in rats, we observed an abundant pres-
ence of immunoreactivity in deep layers of the
cerebral cortex, and especially of the prefrontal
cortex (Figures 2A, 2B). Thus, in this sense there
is some similarity to the situation observed in
cats. We also saw PrPc-positive neuronal bodies
in subcortical structures projecting to the thala-
mus (Figures 2 E, 2 F, 3 A, 3 B, 3 E), confirming
our previous findings in cats. Thus, according to
the works cited there is a possible propagation
of the infected prion proteins in a retrograde
direction from the thalamus to these subcortical
zones.

We have previously observed that some of
the neurons around vessels projecting to the
intermediate band of the MD and to the
anteroventral nucleus of the A complex in the
cat are nitrergic (Velayos and Alfageme, 1999;
Velayos et al., 2002). Here, in the rat we
observed PrPc-positive cells and fibres around
vessels; some of them were of the neuronal type
while others were glial cells (Figures 3 B, 3 C, 3
E). Accordingly, we are again tempted to specu-
late about a possible nitrergic involvement in 
the physiology and pathophysiology of prion
proteins.
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