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Abstract

Senescence-accelerated mice (SAMP8) have a short life span, whereas SAMR1 mice are resistant to accelerated senescence. Previously
it has been reported that the Akv strain of ecotropic murine leukemia virus (E-MuLV) was detected in brains of SAMP8 mice but not in
brains of SAMR1 mice. In order to determine the change of MuLV levels following scrapie infection, we analyzed the E-MuLV titer and
the RNA expression levels of E-MuLV, xenotropic MuLV, and polytropic MuLV in brains and spinal cords of scrapie-infected SAM
mice. The expression levels of the 3 types of MuLV were increased in scrapie-infected mice compared to control mice; E-MuLV expres-
sion was detected in infected SAMR1 mice, but only in the terminal stage of scrapie disease. We also examined incubation periods and
the levels of PrPSc in scrapie-infected SAMR1 (sR1) and SAMP8 (sP8) mice. We confirmed that the incubation period was shorter in sP8
(210 ± 5 days) compared to sR1 (235 ± 10 days) after intraperitoneal injection. The levels of PrPSc in sP8 were significantly greater than
sR1 at 210 ± 5 days, but levels of PrPSc at the terminal stage of scrapie in both SAM strains were virtually identical. These results show
the activation of MuLV expression by scrapie infection and suggest acceleration of the progression of scrapie pathogenesis by MuLV.
� 2006 Elsevier Inc. All rights reserved.
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The transmissible spongiform encephalopathies (TSEs),
also referred to as prion diseases, are fatal degenerative dis-
eases of the central nervous system (CNS) characterized by
loss of motor control, dementia, and paralysis. Infectious,
inherited, and sporadic forms of these diseases are all due
to conformational conversion of a normal cell-surface gly-
coprotein called PrPC, expressed in neurons and glia, to a
protease-resistant isoform termed PrPSc [1]. The process
of conversion has been postulated to require the binding
of PrPC to a still unidentified ‘‘protein X’’ before its conver-
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sion to PrPSc can occur [2]. The conversion process is the
key molecular event in the pathogenesis of prion diseases,
but the mechanism of conversion is poorly understood.

The prion protein can interact with a number of mole-
cules, including sulfated glycans [3], large nucleic acids
[4–6], and possibly with retroviral RNA [7]. Recently, there
were reports that nucleic acids can induce structural chang-
es in the prion protein and act as a cofactor for its conver-
sion to the polymeric structure [5]. Also, DNA converts
cellular prion protein into the b-sheet conformation [8]
and RNA molecules stimulate prion protein conversion
[9]. Furthermore, prion protein induces dimerization of
RNA and has DNA strand transfer properties similar to
retroviral nucleocapsid protein [10,11]. PrP can be recov-
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ered in association with retroviral particles [7,12,13]. The
possible involvement of retroviruses in prion disease has
been suggested previously [7,14].

Scrapie infection of a senescence-accelerated mouse
strain (SAMP8) caused an increase of MuLV titer [15];
the extent of the increase was a function of the scrapie
strain used, suggesting that the informational molecule of
different scrapie strains interacts differentially with replica-
tion of the retrovirus [16]. In another study [17], it was
shown that strains with high titers of MuLV in brain,
SAMP8, and AKR, had shorter incubation periods than
a strain without brain MuLV, SAMR1.

These observations prompted us to investigate the rela-
tionship between scrapie disease and the activation of
endogenous retrovirus replication. In the present study,
we analyzed the expression levels of endogenous ecotropic,
xenotropic, and polytropic MuLVs in scrapie-infected
SAM mice, and examined the incubation period and the
level of PrPSc in scrapie-infected SAMR1 and SAMP8
mice. Also, we analyzed the cellular localization of MuLV
and PrPC/Sc.

Materials and methods

Animals. SAMR1 and SAMP8 mice were originally obtained from Dr.
T. Takeda (Kyoto University, Kyoto, Japan) and have been maintained as
inbred strains in Korea Ginseng and Tobacco Research Institute (Daejun,
South Korea).

Scrapie strains and injection procedures. Control inoculum was pre-
pared from normal brains of SJL mouse (NMB). Mice were divided into
control and infected groups. Mice were inoculated by the intraperitoneal
route with 100 ll of 2% brain homogenate in 0.01 M phosphate-buffered
saline (PBS). After inoculation with the 139A scrapie agent, mice devel-
oped clinical symptoms that included initial hyperactivity, followed by
tremor, paresis, and ataxia. Incubation period was defined as the time
when complete hindlimb paralysis was seen. Animals were sacrificed at the
terminal stage of disease. Brains were removed and put on ice and then
stored at �70 �C prior to use. NMB-injected control mice were age-mat-
ched to scrapie mice.

Tissue preparation. Mice were sacrificed by cervical dislocation and
brains were removed rapidly and stored frozen at �70 �C for Western
blots and RT-PCR. For immunostaining, the animals were sacrificed
under 16.5% urethane at the terminal stage of disease. Age-matched
control mice had been inoculated with NMB. The animals were perfused
transcardially with cold PBS followed by 4% paraformaldehyde in PBS.
The brains and spinal cords were immediately removed, postfixed in the
same fixative overnight at 4 �C, rinsed with PBS, dehydrated with ethanol,
and then embedded in paraffin.
Table 1
Oligodeoxyribonucleotide primer sequences used for RT-PCR

Primer names Sequence 5 0 fi 3 0

Ecotropic Sense ATGGAGAGTACAACG
MuLV Antisense GAGGTTAGATTGTTG
Xenotropic Sense GGACGATGACAGACA
MuLV Antisense TGATGATGGCTTCCAG
Polytropic Sense TGGGGACAATGACCG
MuLV Antisense CCTGTCTCCCGTCCCA
GAPDH Sense TGGTATCGTGGAAGG

Antisense ATGCCAGTGAGCTTCC
RT-PCR analysis. Total RNA from NMB and 139A scrapie-in-
fected mouse brains and spinal cords was isolated by single-step
guanidinium thiocyanate phenol–chloroform method [18]. RT-PCR
was performed as described [19]. cDNA was synthesized from 2 lg of
total RNA by reverse transcription using AMV reverse transcriptase
(Promega, USA) and oligo(dT) primer. After 1-h incubation at 42 �C,
the reaction was heat-inactivated and kept at 4 �C until use. An ali-
quot (5 ll) of cDNA of each sample was used for PCR with primers
for either ecotropic, xenotropic, or polytropic MuLV or glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH), a housekeeping gene.
Total PCR mixtures were subjected to electrophoresis in 1.8% agarose
gels including ethidium bromide. Separated PCR products were visu-
alized under U.V. illuminator. The PCR primers used are shown in
Table 1.

XC-1 UV plaque assay for ecotropic MuLV (E-MuLV). In order to
quantitate the titers of MuLV present in brain and spinal cord from the
SAM mice, tissues were homogenized at 10% (w/v) in DMEM by 20
strokes in ground glass tissue homogenizers. E-MuLV was quantified
using the XC/UV plaque assay as previously described [16,20].

Western blot analysis. Whole brains or spinal cords were homogenized
with a Teflon-glass homogenizer in 20 volumes of 1.15% KCl-10 mM
phosphate buffer with 5 mM EDTA solution (pH 7.4). Protein was mea-
sured by the BCA protein assay kit (Pierce, USA). For each sample, 30 lg
of total protein was separated on 13% SDS–PAGE and transferred to
nitrocellulose membrane. The membranes were blocked with 5% skim
milk in PBST (phosphate-buffered saline, 0.5% Tween 20) for 1 h and
incubated with mouse monoclonal anti-PrP antibody 10E4 (1:5000),
kindly provided by Dr. Richard Rubenstein (New York State Institute for
Basic Research, Staten Island, New York, USA) [21], for 1 h at room
temperature. The blots were incubated with secondary antibody conju-
gated with horseradish peroxidase for 1 h at room temperature. The
visualization of blots was performed by using ECL detection system
(Amersham, USA). At the end of each step, the membranes were washed
three times for 10 min with PBST.

Immunohistochemical analysis. Immunohistochemical procedures
were carried out using the ABC kit (Vector, USA) by a modification of
the avidin–biotin–peroxidase method. Briefly, sections (6 lm) of the
brain were deparaffinized with xylene, hydrated with ethanol, and then
treated with 0.3% (v/v) hydrogen peroxide in methyl alcohol for 20 min
to block endogenous peroxidase. After three washes in PBS buffer, the
sections were exposed to normal horse/donkey serum for 1 h at room
temperature, and then incubated with antibody raised against the
MuLV P30 protein (1:100, goat antibody to Rausher virus p30 antigen,
Quality Biotech, Inc., USA) or anti-PrP monoclonal antibody 10E4
(1:200) overnight at 4 �C. After washing, the sections were treated
sequentially with biotinylated anti-goat or anti-mouse immunoglobulin
and avidin–biotin–peroxidase complex. Diaminobenzidine–hydrogen
peroxide solution (0.003% 3,3-diaminobenzidine and 0.03% hydrogen
peroxide in 0.05 M Tris buffer) was used to visualize antibody bound-
ary, and finally the sections were counterstained with hematoxylin. For
PrPSc staining, the sections were treated with proteinase K (PK, 10 lg/
ml) for 7 min at room temperature and the same procedures described
above were followed.
Size (mer) Product size (bp)

CTCTCA 21 605
CTTACTG 22
CCTTC 20 250
TATG 20

ATG 18 664
GGTTG 21
ACTCATGAC 24 189
CGTTCAGC 24
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Results

Incubation period of scrapie was shorter in scrapie-infected

SAMP8 mice compared to scrapie-infected SAMR1 mice

SAMP8 mice have high levels of endogenous E-MuLV
in their brains, and the brains of SAMR1 mice have little
or no virus. In order to investigate whether scrapie incuba-
tion periods in SAMR1 and SAMP8 mice differ, the two
strains were inoculated with 139A scrapie strain by the
intraperitoneal route. This experiment showed that while
SAMP8 mice were clinically positive at 210 ± 5 days,
SAMR1 mice were positive at 235 ± 10 days (Table 2). It
appears that in this limited set, E-MuLV replication corre-
lates with the progression of scrapie pathogenesis.

The expression levels of the three types of MuLV were

increased in brains of scrapie-infected mice

Infectious E-MuLV was increased in brains of scrapie-
infected SAMP8 mice compared to uninfected mice as ana-
lyzed by plaque assay (Fig. 1A). To assess the effect of scra-
pie on MuLV expression, we analyzed the expression levels
Table 2
Incubation period in days to terminal stage in SAMR1, SAMP8, scrapie-
infected SAMR1 (sR1), and scrapie-infected SAMP8 (sP8) mice after
intraperitoneal injection of the 139A scrapie strain

Strains Terminal stages (days)

R1 (n = 10) Over 300
P8 (n = 10) Over 300
sR1 (n = 10) 235 ± 10
sP8 (n = 10) 210 ± 5
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Fig. 1. E-MuLV titers in brains (A) and spinal cords (C) of SAMR1 (R1), S
(sP8). All mice were sacrificed at the terminal stage of scrapie clinical disease. R
brains (B) and spinal cords (D) of control and scrapie-infected mice. Both scra
scrapie. Age-matched uninfected SAM mice were used for comparison. As cont
constitutive GAPDH gene.
of ecotropic, xenotropic, and polytropic MuLV RNAs in
scrapie-infected SAM mice (n = 5) and control mice
(n = 5) by RT-PCR. For the RT-PCR, we sacrificed all
SAMP8 mice when scrapie-infected SAMP8 mice were at
the terminal stage and all SAMR1 mice when scrapie-in-
fected SAMR1 mice were at the terminal stage. Expression
of the three types of MuLV was increased in the brains of
scrapie-infected SAMR1 and SAMP8 mice compared with
control mice (Fig. 1B). At the incubation time when scra-
pie-infected SAMP8 mice were at the terminal stage, scra-
pie-infected SAMR1 mice had not yet shown clinical
symptoms. At that time, expression of E-MuLV in scrapie
infected SAMR1 was not detected (data not shown). In
contrast, we found that expression of E-MuLV was detect-
ed in scrapie-infected SAMR1 mice at the terminal stage
(Fig. 1B). The fact that the level of E-MuLV mRNA is sig-
nificantly higher in scrapie-infected SAMP8 than SAMR1
is related to the absence of the Akv provirus in SAMR1
mice [22]. These data show that the expression levels of
the three types of MuLV were increased in scrapie-infected
mice showing clinical disease.

Expression levels of MuLV increased in spinal cords of

scrapie-infected mice

In clinically positive scrapie-infected SAMP8 and
SAMR1 mice, we observed hindlimb paralysis to a greater
extent than in other infected mouse strains. This finding led
us to analyze E-MuLV infectivity and the levels of MuLV
expression in spinal cord. Infectious E-MuLV has
increased in spinal cords of scrapie-infected SAMP8 mice
(Fig. 1C). Regarding expression levels, ecotropic, xeno-
tropic, and polytropic MuLVs were increased in spinal
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cords of both scrapie-infected SAM strains compared to
levels in uninfected SAM strains (Fig. 1D), similar to the
increases shown for brain in Fig. 1A. A surprising finding
was the much higher titers of infectious E-MuLV in spinal
cord than in brain samples; the higher titers were seen in all
groups.

E-MuLV immunostaining was detected predominantly in

neurons of brain stem and spinal cords from scrapie-infected

SAM mice

To characterize the expression and cellular localization
of E-MuLV, we did immunohistochemical analysis using
sections of brain and spinal cord from SAMRl, SAMP8,
scrapie-infected SAMR1, and scrapie-infected SAMP8
mice. As shown in Fig. 2, the distribution of E-MuLV
staining was correlated with the brain lesions in SAMP8
mice but there was no positive staining in uninfected
SAMR1. As shown in Fig. 2, E-MuLV immunoactivity
was detected in the brain stem and spinal cords of scra-
Fig. 2. Immunohistochemical staining of E-MuLV P30 antigen in thalamus re
mice (A,E), SAMP8 mice (B,F), scrapie-infected SAMR1 mice (C,G), and scrap
is present in neurons (arrows) and activated astrocytes (arrowheads) of uni
Neurons are immunostained more intensely than astrocytes. Both scrapie-infec
Age-matched uninfected SAMR1 and SAMP8 mice were used for comparison
cells. Scale bar = 10 lm.
pie-infected SAMR1, as well as uninfected and scrapie-
infected SAMP8 mice. The staining was seen primarily
in neurons, however, a few positive reactive astrocytes
were also present in infected SAMP8 and SAMR1 and
in uninfected SAMP8 (Figs. 2B–D and I). These results
show that E-MuLV is present predominantly not only
in neurons of scrapie-infected SAMR1 and SAMP8 mice,
but can also be found in reactive astrocytes in these
groups.

Comparison of the levels of PrPSc in scrapie-infected

SAMP8 mice and scrapie-infected SAMR1 mice

We detected PrPSc in the brains of scrapie-infected
SAMR1 and SAMP8 mice. When scrapie-infected SAMP8
mice were at the terminal stage (210 days), the levels of
PrPSc were significantly greater than in scrapie-infected
SAMR1 mice (Fig. 3) at the same day after infection. How-
ever, at the terminal stage in SAMR1 mice (235 ± 10 days),
PrPSc was present at comparable levels in the brains of
gion (A–D) and spinal cords (E–I) of control and scrapie brains. SAMR1
ie-infected SAMP8 mice (D, H, and I). Note that MuLV immunoreactivity
nfected SAMP8, scrapie-infected SAMR1 and scrapie-infected SAMP8.
ted SAMR1 and SAMP8 mice were sacrificed at terminal stage of disease.
. Each insert in B, C, and D is a higher magnification of MuLV-positive
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Fig. 3. The Western blot analysis of total PrP and PrPSc in the brains and spinal cords of scrapie-infected SAM mice. (A) Brain homogenates without PK
digestion (lanes 1–4) and the same samples treated with PK (lanes 5–8) were obtained from mice sacrificed when scrapie-infected SAMP8 mice were at the
terminal stage of disease, 210 days. (B) The total PrP (B) and PrPSc (C) were quantitated by scanning densitometry in scrapie-infected SAMR1 mice (n = 4)
and SAMP8 mice (n = 3). Western blot of brain homogenates (D) and spinal cord homogenates (E) without PK digestion (lanes 1–4) and the same samples
treated with PK (lanes 5–8). Both scrapie-infected SAMR1 mice and SAMP8 mice were sacrificed at terminal stage of disease, day 235 and day 210,
respectively. Age-matched uninfected mice were used for comparison. In (F,G), results of (D) quantitated by scanning densitometry. Relative densities of
immunoblots from scrapie-infected SAMR1 mice and SAMP8 mice were compared by Student’s t test: *P < 0.05: **P < 0.01.

126 K.-H. Lee et al. / Biochemical and Biophysical Research Communications 349 (2006) 122–130
scrapie-infected SAMR1 and terminal stage scrapie-infect-
ed SAMP8 (210 ± 5 days) mice (Fig. 3).

Expression of PrPC/Sc and PrPSc was significantly increased

in reactive astrocytes of spinal cords from scrapie-infected
SAM mice

To characterize the expression and cellular localization
of PrPC/Sc in scrapie-infected SAMR1 and SAMP8 mice,
we carried out immunohistochemical analysis using sec-
tions of thalamus (Figs. 4A and B) and spinal cord (Figs.
4C–H) from normal SAMRl (Fig. 4C), normal SAMP8
(Fig. 4D), scrapie-infected SAMR1 (Figs. 4E and G), and
scrapie-infected SAMP8 (Figs. 4F and H). In general, neu-
rons and astrocytes of both the thalamus region and the
spinal cord were immuno-positive for PrPC/Sc in scrapie-in-
fected SAMR1 (Figs. 4A, E, and G) and SAMP8 mice
(Figs. 4B, F, and H). PrPC/Sc and PrPSc immunoreactivities
were detected predominantly in astrocytes of spinal cords
of scrapie-infected SAMP8 mice (Figs. 4F and H), whereas
astrocytic immunoreactivity was minimal in brain of the
same group of mice (Figs. 4A and B). The staining in both
regions was more extensive in scrapie-infected SAMP8
than in SAMR1.

Discussion

The present results show that the expression levels of E-
MuLV, xenotropic MuLV, and polytropic MuLV are
increased in scrapie-infected SAMP8 and SAMR1 mice.

Mice contain chromosomally integrated copies of
MuLVs. These MuLVs, which are termed endogenous,
are prototypical replication-competent retroviruses and
RNA tumor viruses. Three host range groups of endog-
enous MuLV are found in mice; ecotropic viruses which
are produced by mouse cells and can only infect other
mouse cells [23,24], xenotropic viruses which are pro-
duced by mice but can only infect cells of other species



Fig. 4. Immunohistochemical staining of PrPSc and/or PrPC/Sc in thalamus region (A,B) and in spinal cords (C–H) from scrapie-infected SAM mice. PrPSc

immunoreactivity was present in activated astrocytes (arrowheads) of thalamus region from scrapie-infected SAMR1 (A) and SAMP8 mice (B). PrPC/Sc

(C–F) immunoreactivity was present in neurons (arrows) and reactive astrocytes (arrowheads) of spinal cords from scrapie-infected SAM mice. PrPC/Sc

and PrPSc (G,H) immunoreactivity was more intense in reactive astrocytes of spinal cords from scrapie-infected SAMP8 than from scrapie-infected
SAMR1 mice. Sections (A, B, G, and H) were treated with PK for 7 min at room temperature prior to immunostaining. SAMR1 mice (C), SAMP8 mice
(D), scrapie-infected SAMR1 mice (E,G), and scrapie-infected SAMP8 mice (F,H). Both scrapie-infected SAMR1 and SAMP8 mice were sacrificed at the
terminal stage of disease. Scale bar = 10 lm.
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[25], and polytropic viruses that infect mouse cells as well
as the cells of other species [26]. Distinct cell surface
receptors are used by ecotropic and xenotropic/polytrop-
ic viruses. SAMP8 mice have high levels of endogenous
E-MuLV in their brains [20]. Infectious E-MuLV was
present in the brains of SAMP8 mice at the earliest time
tested, 1 week, and the titers increased throughout life.
However, little or no infectious E-MuLV was detected
in the brain of SAMR1 throughout their life span. In
our previous study, the E-MuLV provirus, termed Emv
11, from SAMP8 was shown to be that of the
endogenous E-MuLV of the AKR mouse strain, Akv
[27,28]. In our previous study [28], we showed that
neuropathological changes seen in SAMP8 mice were
strongly correlated with the expression of E-MuLV.
These results indicate that E-MuLV may play an impor-
tant role in neuronal cell death and be involved in the
early changes that are seen in learning and memory that
characterize the SAMP8. Xenotropic and polytropic gen-
omes were expressed at equal levels in SAMR1 and
SAMP8. In this study, we observed that the levels of
expression of ecotropic, xenotropic, and polytropic
MuLV were increased by scrapie infection in SAM mice
(Fig. 1). These findings confirm and extend the concept
that there may be involvement of TSE in retrovirus rep-
lication, as suggested previously [7,22,29].
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We found that E-MuLV expression was detected in scra-
pie-infected SAMR1 mice at the terminal stage of scrapie
disease (Fig. 1). We did not detect E-MuLV expression in
scrapie-infected SAMR1 mice before they showed clinical
symptoms. The finding that the induction of E-MuLV
RNA expression in scrapie-infected SAMP8 is far greater
than in SAMR1 (Fig. 1) is probably a function of the pres-
ence of the provirus for Akv in the SAMP8 genome and its
absence in the SAMR1 genome [22]. The increased expres-
sion of E-MuLV in infected vs. control SAMR1 cannot be
Akv, since the Emv 11 provirus for this virus is not present
in SAMR1 mice [20]. Other infectious E-MuLV viruses are
present in uninfected SAMR1, but at low infectivity titers
[20]. Therefore, the increased E-MuLV expression found
in scrapie-infected SAMR1 mice must be caused by the
induction of these non-Akv E-MuLV proviruses that are
ordinarily either poorly expressed or not expressed at all
in uninfected SAMR1. It is known that some proviruses
are not actively transcribed when hosts are young but are
expressed during aging [30]. Gene expression of MuLVs
shows a qualitative change during aging [31] and MuLV
levels can be increased by radiation [32]. Once these prov-
iruses become transcriptionally activated, the resulting
infectious virions may play a crucial role in pathogenesis
of a number of clinical syndromes [33], including lympho-
ma–leukemia in AKR mice [34]. In relation to the current
study, the increased expression of non-Akv E-MuLV in
scrapie-infected SAMR1 mice may be a function of the
interaction of PrPSc with the replication mechanism of E-
MuLV or the effect could relate to the cellular and cytokine
response to scrapie infection.

The scrapie incubation period gene, sinc [35–37], also
referred to as Prn-i [38], is the mouse gene that has a major
influence on the length of the scrapie incubation period.
Mice with the s7s7 allele have a comparatively short incu-
bation period for scrapie strains such as 139A, ME7, and
22L, whereas mice with the p7p7 allele have long incuba-
tion periods for these scrapie strains. SAMP8, SAMR1,
and AKR mice, one of the SAM progenitor strains, are
all s7s7. Also, scrapie incubation period differences within
the s7s7 group of mice have been shown to be a function,
in part, of H-2D locus [39,40]. It is known that for SAMP8
and AKR strains the H-2D locus is the same, but the H-2D
locus of SAMR1 is unknown [41]. In the current experi-
ment, the incubation period was shorter in scrapie-infected
SAMP8 mice, which have high levels of E-MuLV expres-
sion, compared to SAMR1 mice (Table 2). AKR mice
yielded even shorter incubation periods than SAMP8 mice
[17]. The E-MuLV titers in the brains of AKR mice were
higher than those in brains of SAMP8 mice [15]. Thus, in
these 3 strains, there is an inverse relationship between
the level of E-MuLV expression and the length of scrapie
incubation period. The fact that all mammals contain var-
ious types of retro-elements suggests that there could be
interaction with TSE agents affecting agent replication,
spread or induction of disease [15]. The membrane-bound
prion protein mainly localizes on the cell surface, however,
PrP is also found in several cell compartments including
cytoplasm, golgi, and nucleus, and could be affected by ret-
rovirus replication in one of these compartments.

It has been suggested that prion protein is involved in
nucleic acid metabolism [11,13], and that it can also be a
factor in nucleic acid internalization into the cytoplasm
[42]. Recent work from several groups has demonstrated
that nucleic acid binding alters the biochemical properties
of PrP [8,9,43]. Moreover, the binding of PrP to nucleic
acid results in the formation of condensed nucleoprotein
structures similar to those obtained with retroviral nucleo-
capsid proteins and these nucleoproteins share many of the
specific functional characteristics of retroviral nucleocapsid
protein, NCp7, in the context of retrovirus maturation [10].
The NCp7 is a retroviral gag polyprotein and is membrane-
associated during virion formation and budding at the cell
surface [44–46]. The fact that both gag protein and PrPC

interact with viral RNA [10] suggests that these two pro-
teins could influence retrovirus replication in either an
antagonistic or additive way. The fact that, in general,
there is an increase in ecotropic retrovirus replication and
xenotropic and polytropic expression in scrapie-infected
mice argues that the structure or concentration of the
PrP molecule can influence MuLV production. It should
be noted that there is an exception to increased expression
of MuLV following scrapie infection, in that 22A-infected
mice do not show an increase in E-MuLV titer [15].

In experiments examining the cellular localization of
MuLV, we observed that expression occurred predomi-
nantly in neurons (Fig. 2). However, immunoreactivity of
MuLV was increased in astrocytes of scrapie-infected
SAMP8 mice (Fig. 2). Interestingly, PrPSc immunoreactiv-
ity was also seen in astrocytes and neurons of scrapie-in-
fected mice (Fig. 4). The fact that increases in both
MuLV expression and PrPSc staining occur in the same cell
types indicates that either a synergistic interaction may
have occurred or that the potential for intracellular interac-
tion is augmented or both. The concept that there is poten-
tial for interaction between PrP and components of MuLV
is supported by a number of findings: when homogenates
with high levels of scrapie infectivity are treated in vitro

with PK for a limited time, several fragments of prion pro-
tein (PrP) remain, as well as full-length retroviral gag pro-
teins [4]. Protected long nucleic acids, including retroviral
RNAs, can also be recovered in CJD homogenates [4]
treated with PK and retroviral sequences also co-sediment
with infectivity in scrapie [12]. Small, highly structured
RNAs have the capacity to participate in the conversion
of human recombinant PrPSen to PrPRes [43] and RNA
molecules stimulate prion protein conversion [9].

Furthermore, there is some evidence that E-MuLV
expression directly correlates with prion infection. Previous
studies showed that the in vivo infection with three scrapie
strains caused an increase of E-MuLV titers in brains [15].
Recently, Stengel et al. [47] reported that prion infection
influenced murine endogenous retrovirus expression in vitro.
Leblanc et al. (2006) showed that moloney MuLV
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(MoMuLV), which belongs to E-MuLV, strongly enhances
the release of scrapie infectivity as well as the accumulation
of PrPSc in vitro, and MoMuLV virions were specifically
immunoprecipitated by anti-PrP antibodies [48,49]. Thus,
these data combined with our finding suggest that E-MuLV
appears to be closely associated with prion diseases and
could be a cofactor involved in pathological prion agent.

Finally, to analyze the effect of E-MuLV on the accumu-
lation of PrPSc in brains, a useful approach would be to
determine if anti-E-MuLV viral drugs can reduce the accu-
mulation of PrPSc. The recent findings on the enhancement
of PrPSc infectivity by MoMuLV infection in vitro provide
some supporting evidence for this approach [48,49]. In con-
clusion, we suggest that E-MuLV replication could play an
important role in the progression of scrapie pathogenesis.
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