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Modulation of proteinase-K resistant prion protein
by prion peptide immunization
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Prion diseases are caused by conformational alterations in the prion protein (PrP). The
immune system has been assumed to be non-responsive to the self-prion protein, therefore,
PrP autoimmunity has not been investigated. Here, we immunized various strains of mice
with PrP peptides, some selected to fit the MHC class II-peptide binding motif. We found
that specific PrP peptides elicited strong immune responses in NOD, C57BL/6 and A/J mice.
To test the functional effect of this immunization, we examined the expression of proteinase-
K-resistant PrP by a scrapie-infected tumor transplanted to immunized syngeneic A/J mice.
PrP peptide vaccination did not affect the growth of the infected tumor transplant, but signif-
icantly reduced the level of protease-resistant PrP. Our results demonstrate that self-PrP
peptides are immunogenic in mice and suggest that this immune response might affect PrP-
scrapie levels in certain conditions.
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1 Introduction

The transmissible spongiform encephalopathies (TSE)
such as scrapie of sheep and Creutzfeldt-Jakob disease
of humans are caused by prions [1, 2]. The prion protein
can assume two distinct isoforms: the normal prion pro-
tein (PrPC) and its pathological isoform (PrPSc) [3–5].
PrPSc, which is the only known component of the infec-
tious prion [6, 7], is formed post-translationally in the
host cell [4, 8], probably by the refolding of normal PrPC

into a g -sheet-rich abnormal conformation [9–14].
Although the two PrP isoforms appear to be identical in
amino acid sequence [15], their biophysical properties
are very different: PrPC is readily soluble in most deter-
gents and is completely degraded by proteinase K,
whereas PrPSc is insoluble in detergents and possesses
a protease resistant core called PrP 27–30 [16, 17].

An important question is whether autoimmunity might
play some role in prion disease. However, it is generally
believed that immune reactions are not likely to be
involved in prion disease; inflammation has not been
reported in scrapie [18]. Indeed, PrP knockout mice were
used to produce monoclonal antibodies to mouse PrP
[19]. However, the apparent lack of specific immune
reactions to prions does not mean that the immune sys-
tem is not involved in the natural history of these dis-
eases. It has recently been reported that B cells and den-
dritic cells are involved in the transport of prions from
peripheral sites to the central nervous system [20, 21]. In
addition, refined techniques have demonstrated the acti-
vation of microglia and the infiltration of T cells in the
central nervous system (CNS) before the onset of clinical
signs in mouse scrapie [22]. A recent study showed that
macrophages can delay scrapie by sequestering and
preventing PrPSc from reaching the spleen, which is a
peripheral site for scrapie replication [23]. The question
remains, however, whether an immune response can be
raised against self-PrP protein, or its peptides.

In this report, we describe the induction of immunity to
PrP peptides in three strains of mice: NOD, C57BL/6 and
A/J. The choice of peptide used for immunization of NOD
mice was guided by our characterization of the peptide-
binding motif of the NOD MHC class II binding groove
[24, 25]. We also studied C57BL/6 mice, because these
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Table 1. The sequences of mouse prion peptides containing
the NOD (IAg7) MHC class II binding motif [24, 25]a)

a) Peptides are aligned according to the proposed anchor
positions (bold).

Fig. 1. NOD T cells proliferate to PrP peptides. NOD mice
were immunized, and the proliferative responses of their T
cell lines to p131-150, p211-230 and p182-202 were
examined after the fourth in vitro stimulation. Proliferation is
shown as the stimulation index+SD.

mice have been used in the best-described models for
scrapie, and A/J mice, which provide a novel model for
studying PrP in a scrapie-infected neuroblastoma (N2a;
see below). In these mice, we used a library of overlapping
20-mer peptides that span the mouse PrP sequence.

The N2a neuroblastoma is useful for studying some
aspects of prions in vivo (Y. Tal, unpublished data). The
neuroblastoma line N2a, which is a sub-clone of the
C1300 neuroblastoma that arose spontaneously in the
spinal cord of an A/J mouse in 1940, has been passaged
in vitro since 1967 [26]. N2a cells, as well as their
scrapie-infected counterparts ScN2a [3], grow rapidly
when inoculated into A/J mice and give rise to large sub-
cutaneous tumors (up to several grams) within 3 weeks
of inoculation. The ScN2a tumors produce high amounts
of protease-resistant PrP that express the biochemical
characteristics of PrPSc. Here we studied the effect of
immunizing A/J mice with self-PrP peptides on the
growth and PrP content of these tumors.

2 Results

2.1 PrP peptides are immunogenic for NOD mice

By visual inspection, we searched the mouse prion
sequence for peptides that contain the NOD (I-Ag7) MHC
class II binding motif [24, 25], and found two peptides:
p131–150, and p211–230 (Table 1). We immunized NOD
mice with these two peptides, in addition to three other
PrP peptides that do not contain a NOD motif: p31–50,
p182–202, and p118–137.

To assay the T cell response, popliteal lymph nodes (LN)
were removed 10 days after immunization, and the cells
were tested in a standard proliferation assay against
the immunizing peptide. We found that p31–50 and
p118–137 did not induce any detectable T cell response
(data not shown), while p182–202 elicited a stimulation
index (SI) of only 2. In contrast, both p131–150 and
p211–230 induced strong T cell responses (SI G 5). T cell
lines specific for p131–150 and p211–230 were gener-
ated by repeated cycles of stimulation with the immuniz-
ing peptide. Fig. 1 shows the proliferation profiles of
these lines at the fourth in vitro stimulation in response to
various concentrations of the immunizing peptide. The
lines did not respond to other peptides (data not shown).

2.2 PrP peptides are immunogenic for C57BL/6
mice

Having found that self-PrP peptides are immunogenic in
autoimmune prone NOD mice, we turned to C57BL/6
mice, which are not unusually prone to autoimmune dis-

ease. Because the MHC class II motif of the C57BL/6
strain is not well characterized, we tested overlapping
20-mer peptides spanning the mouse PrP sequence,
and some non-overlapping PrP sequences that were
available (see Table 2). Fifty micrograms of each peptide
were emulsified in CFA and injected in the hind footpads
of C57BL/6 mice.

Ten days after injection, LN cells were examined for their
proliferative responses to the immunizing peptides. The
most immunogenic peptides in C57BL/6 mice were
p131–150 and p211–230, followed by p31–50 and
p151–170. Proliferation assays of the various lines at the
second stimulation cycle showed the following stimula-
tion indexes: p31–50 = 6; p151–170 = 4; p131–150 = 11;
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Fig. 2. C57BL/6 T cells proliferate to PrP peptides. Prolifera-
tive response of C57BL/6 T cell lines to p131-150, and
p211-230 after the sixth stimulation cycle in vitro, as
described in the legend to Fig. 1.

Fig. 3. The antibody response to PrP peptides in C57BL/6
mice. Mice were immunized and serum antibodies (at a
1:100 dilution) were analyzed for binding to PrP peptides in
a standard ELISA assay. Immunoglobulin isotypes were
measured using isotype specific secondary antibodies. The
bars indicate the mean OD 405+SD.

Table 2. The sequences of the prion peptides used in this
study

PrP
peptide

Sequence

p11-30 L F V T M W T D V G L C K K R P K P G G

p31-50 W N T G G S R Y P G Q G S P G G N R Y P

p51-70 P Q G G T W G Q P H G G G W G Q P H G G

p71-90 S W G Q P H G G S W G Q P H G G G W G Q

p91-110 G G G T H N Q W N K P S K P K T N L K H

p118-137 A G A V V G G L G G Y M L G S A M S R P

p121-140 V G G L G G Y M L G S A M S R P M I H F

p131-150 S A M S R P M I H F G N D W E D R Y Y R

p151-170 E N M Y R Y P N Q V Y Y R P V D Q Y S N

p182-202 I T I K Q H T F T T T T K G E N F T E T D

p191-210 T T K G E N F T E T D V K M M E R V V E

p211-230 Q M C V T Q Y Q K E S Q A Y Y D G R R S

p211–230 = 25. Other peptides, p11–30, p51–70,
p71–90, p91–110, p121–140, p191–210, p182–202 and
p118–137 did not induce any detectable T cell prolif-
eration (data not shown). T cell lines to p131–150 and
p211–230 were generated, and Fig. 2 shows their prolif-
erative responses during the sixth in vitro stimulation
cycle to the respective peptide and to the control antigen
ovalbumin. Thus, the same PrP peptides were strongly
immunogenic in both NOD and in C57BL/6 mice.

2.3 Antibodies to prion peptides

We measured peptide-specific antibodies developing 2
months after the immunization of C57BL/6 mice. Mice
injected with p31–50 and p211–230 produced the high-
est antibody levels (both IgG2a and IgG2b), followed by
p131–150 and p151–170 (Fig. 3). The antibodies were
specific for the immunizing peptide measured using a
panel of PrP peptides (data not shown).

2.4 PrP peptides are immunogenic for A/J mice

Both the N2a neuroblastoma line, which expresses
cell surface PrPC [27], and their scrapie-infected analog,
ScN2a, which in addition to PrPC produces large
amounts of PrPSc [3], can grow in syngeneic A/J mice as
subcutaneous tumors (Tal et al. unpublished results). Our
finding that self-PrP peptides induced both B and T cell
immune responses raised the question of whether such
autoimmunization could affect either the growth of the
tumors or their expression of PrP. In these experiments,
we used the stably transfected populations N2a-C10
and ScN2a-C10, which overexpress a chimeric PrP that
is recognized by the mAb 3F4.

To investigate these questions, we first studied the
immune response of A/J mice to PrP peptides. Groups of
A/J mice were immunized with p31–50, p131–150,
p151–170, p211–230, p182–202, or p118–137 peptides
(Table 2) in CFA. Of these peptides, p211–230 was again
the strongest T cell immunogen, whereas p131–150 elic-
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Fig. 4. A/J T cells proliferate to PrP peptides. Proliferative
responses of A/J T cell lines to p131-150, or p211-230 after
the second stimulation cycle in vitro, as described in the leg-
end to Fig. 1.

Fig. 5. Quantification of the total IgG antibody produced in
A/J mice immunized with p31-50 or p211-230 or CFA. A/J
mice were immunized with the PrP peptide on day 0 and
boosted on day 10, and then injected with the tumor N2a-
C10 tumor (panel A) or with the ScN2a-C10 tumor (panel B)
on day11.

Fig. 6. Reduction in protease-resistant PrP in peptide-
immunized mice. From each frozen tumor, a sample of about
100 mg was lysed and prepared as decribed in Sect. 4,
and 15 ? l from the lysate solution was loaded on 12%
polyacrylamide-SDS gels. Samples from ScN2a-C10 tu-
mors were treated with proteinase K prior to loading on the
gels. The gels were then blotted on PVDF membranes, and
both PrPC and PrPSc were detected using rabbit PrP antise-
rum RO73. Band intensities were further measured using a
Umax Astra 1220S scanner, and densitometry was analyzed
using the Tina 2.1 Raytest program. (A) The PrPC content in
the N2a-C10 tumor. The PrPC was completely degraded by
proteinase K (data not shown). (B) The protease resistant
PrP content in the ScN2a-C10 tumor. (C) The mean band
intensities in (B) expressed in percents of the intensities in
the CFA control group.

ited a weak T cell response. The other peptides elicited
no detectable T cell response (data not shown). We gen-
erated T cell lines, and Fig. 4 shows the proliferation pro-
files following the second in vitro stimulation with the
respective peptides. Fig. 5 shows that the immunized
mice produced specific antibodies against both of these
peptides and not to other PrP peptides (data not shown).
However, despite the T cell and antibody responses,
there was no detectable effect noted on the growth of
the N2a-C10 or ScN2a-C10 tumors (data not shown).
Moreover, histological examination showed no morpho-
logical differences between the tumors in the immunized
or the control mice (data not shown).

2.5 Immunization to PrP peptides reduces the
expression of protease-resistant PrP in
tumors

We assessed the influence of the immunization with self-
PrP peptides on the amounts of the PrP isoforms in the
tumors. The amount of PrPC in the non-infected N2a-
C10 tumors was not affected by immunization with the
PrP peptides (Fig. 6, A). However, the proteinase K-
resistant PrP content in the ScN2a-C10 (clone 4) tumors
was markedly reduced in the mice immunized with
p31–50 (about 60% reduction) and in those immunized
with p211–230 (70–80% reduction), compared to control
animals that were immunized with CFA alone (Fig. 6, B).
No apparent change was observed on the total content
of normal PrP of the ScN2a-C10 tumors (data not
shown). Similar results were obtained in repeated experi-
ments using several different sections of each tumor
(data not shown).

Experiments were also done using a different clone of
ScN2a-C10, clone 21,which expresses about fivefold
more PrPSc than does clone 4. We found that this high-
expressor clone showed a more modest reduction
( ˚ 20%) in protease-resistant PrP in the mice immunized
with the PrP peptides compared to controls (data not
shown). This suggests that a high load of PrPSc in clone
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21 of ScN2a-C10 may affect the immune-mediated
reduction in protease-resistant PrP in these experiments.

3 Discussion

Much work on the prion protein has focused on the
molecular pathogenesis of TSE [28–35]. Studies on the
role of the immune system in prion disease have been
directed to the contribution of various cellular compo-
nents to the peripheral replication of the abnormal prion
protein and its transport to the CNS [21, 36]. These stud-
ies concluded that T cells do not participate in the trans-
port of prions to the CNS, while both B cells and follicular
dendritic cells are critical for this process [21, 36, 37]. To
our knowledge, a specific immune response to the self-
prion protein or to its peptides has not been reported
previously.

We show here that self-PrP peptides can elicit both T-
and B cell responses in various mouse strains. We found
that p131–150 and p211–230 elicited a considerable T
cell response in the three mouse strains examined, NOD
(Fig. 1), C57BL/6 (Fig. 2), and A/J (Fig. 4). Although these
peptides were chosen because they were predicted to fit
the MHC-II (IAg7) NOD binding motif, it is interesting that
they were immunogenic in the two other strains as well.

While the experiments involving NOD and A/J mice were
terminated relatively quickly, the immunized C57BL/6
mice were followed for up to 9 months. During this
period, we were unable to detect any clinical abnormali-
ties in the immunized animals.

To gain some insight into the possible effects of prion
auto-immunization on the expression of PrPSc, we used a
novel model of a scrapie infected A/J neuroblastoma
tumor line. Although this model is far removed from the
natural history of scrapie, it does provide a relatively con-
venient and expeditious survey procedure. Moreover, the
tumor model might be useful for analyzing peripheral
effects that could be masked in the CNS. The classical in
vivo models of scrapie infectivity require several hundred
days to obtain results.

Using this model, we found that the autoimmune re-
sponse to PrP was associated with a reduced level of
protease-resistant PrP in scrapie-infected tumors; the
level of proteinase K-resistant PrP was decreased by
˚ 60% in the p31–50 immunized group, while the reduc-

tion in the p211–230 immunized group was even higher
(70–80%), compared to the control immunized mice
(Fig. 6). Interestingly, this reduction was not accompa-
nied by any detectable change in PrPC, or in the growth
of the tumors. A similar analysis of proteinase K resistant

PrP protein was done on lysates from the spleens of the
tumor bearing mice, but the splenic material was nega-
tive in all groups of mice (data not shown). It remains to
be seen whether the protease K-resistant PrP might
spread from the tumor to the lymphoid organs at a later
stage. In any case, it would now be justified to undertake
the more lengthy work with experimental scrapie.

The mechanism of protease-resistant PrP down-reg-
ulation in the tumors remains to be elucidated. That
p211–230, which is a strong T cell immunogen, reduced
protease-resistant PrP better than did p31–50 suggests
that specific T cells or antibodies may be involved. How-
ever, while histological examination clearly demon-
strated some scattered lymphocytes in sections of the
tumors (staining with anti-CD3; data not shown), neither
the number of the infiltrating lymphocytes nor their distri-
bution seemed to be altered in the samples of tumors
taken from the immunized animals. Further work will be
needed to determine if specific anti-PrP lymphocytes are
among the cells that infiltrate the tumors in PrP-peptide
immunized animals, and whether the affect on PrP
expression can be adoptively transferred by lympho-
cytes. We attempted to detect antibodies binding in situ
in the tumors of the unimmunized and control animals by
immunocytochemistry. However, this could not be done
technically because the tumors appeared to bind large
amounts of immunoglobulins nonspecifically in both the
immunized and control animals. Further work needs to
be done to elucidate the mechanisms of the immune
effect.

Recent work on a mouse model of Alzheimer’s disease
has shown that immunization with a beta-amyloid pep-
tide can prevent the accumulation of amyloid in the brain
[38, 39]. Amyloid formation is also part of the pathogenic
mechanism in prion diseases [40], and our work sug-
gests that the immune responses to prion peptides
should be investigated for their possible influence on
amyloid formation in prion diseases.

In summary, we demonstrate here that immunizing mice
with self-prion peptides induces both T- and B cell
immune responses, and that two of the PrP peptides
(p131–150 and p211–230) are immunogenic in several
strains of mice regardless of their MHC genotype. This
immune response to prion peptides was associated with
a significant decrease in the load of protease-resistant
PrP produced in an infected tumor. These results sug-
gest that it would be important to study the possible
effects of PrP peptide immunization on the evolution of
prion disease.
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4 Materials and methods

4.1 Animals

Inbred female NOD (H2g7) and C57BL/6 (H2b), were supplied
by Harlan laboratories, Israel. Male A/J (H2a) mice were sup-
plied from Jackson Laboratories, Bar Harbor, ME.

4.2 Cell culture

Cell culture reagents were purchased from Biological Indus-
tries (Bet Haemek, Israel) or from Bio-Lab (Jerusalem,
Israel). Tissue culture plates were obtained from Miniplast
(Ein Shemer, Israel) or Nunc (Denmark). Mouse neuroblas-
toma ScN2a cells were obtained as described [3]. N2a-C10
and ScN2a-C10 cells [41] stably express MHM2-PrP[42],
which is a mouse-Syrian hamster chimeric PrP. ScN2a-C10
cells were further cloned to improve their PrPSc production.
Two clones of ScN2a-C10 (clones 4 and clone 21) were used
in this research. Cells were grown at 37°C in DMEM-16 (low
glucose) supplemented with 10% fetal calf serum with 1%
penicillin /streptomycin and 2% L-glutamine.

4.3 Peptides

We synthesized a library of 20-mer peptides that span the
mouse prion protein sequence and overlap in 10 amino
acids p1–10 to p231–254, as well as two additional peptides
p182–202 and p118–137. Table 2 shows the sequence of
these peptides. Peptides were synthesized using Fmoc (N-
a-flourenylmethoxycarbonyl) chemistry, using the AMS422
automated synthesizer (ABIMED, Langenfeld, Germany) as
described [43]. Peptides were examined for purity by HPLC
and their composition was confirmed by amino acid analy-
sis. For NOD immunization, we searched the mouse prion
sequence for MHC class II (I-Ag7) motifs [24, 25] and found
two peptides that contained an I-Ag7 anchoring motif,
p131–150 and p211–230, Table 1. For the C57BL/6 and A/J
mice, we used several peptides from our peptide library.

4.4 Antibodies

Rabbit anti-mouse R073 binds to both mouse PrP and
MHM2-PrP [5, 44]. Antibodies were used at a dilution
of 1:5,000 of the serum or the ascites fluid. Secondary anti-
bodies were from Jackson ImmunoResearch (West Grove,
PA).

4.5 Immunizations

To assay immune responses, peptides were dissolved in
PBS (1 mg/ml) and mixed with CFA in a 1:1 (v/v) ratio. For
studies that did not involve subsequent tumor inoculation,
8-week-old female mice were immunized once by injecting
50 ? l of the peptide emulsion in each hind footpad (each ani-
mal was thus injected with 50 ? g of peptide). For the tumor
studies in A/J male mice, 8-week-old animals were boosted

as described in Sect 4.9. Complete Freund’s adjuvant (CFA)
was prepared by mixing incomplete adjuvant (IFA) with
4 mg/ml of Mycobacterium tuberculosis H37Ra (Difco,
Detroit, MI).

4.6 T cell lines

Draining popliteal lymph node (LN) cells were removed on
day 10 after immunization, and single-cell suspension was
prepared by pressing the organs through a fine wire mesh.
To establish antigen-specific T cell lines, LN cells were stim-
ulated with the immunizing peptide (5 ? g/ml) for 3 days
in stimulation medium: DMEM supplemented with g -
mercaptoethanol (5×10–5 M), L-glutamine (2 mM), sodium
pyruvate (1 mM), penicillin (100 u/ml), streptomycin (100 ? g/
ml), nonessential amino acids (1 ml/100 ml), and autologous
serum, 1% (v/v) [45]. Following stimulation, the T cell blasts
were seeded in propagation medium (identical to stimulation
medium without autologous serum, but supplemented with
10% fetal calf serum), and 10% (v/v) supernatant of Con A-
stimulated spleen cells (containing T cell growth factors
[45]). Five days after seeding, the cells (5×105/ml) were re-
stimulated with the peptide (5 ? g/ml) and irradiated spleno-
cytes as antigen presenting cells (5×106/ml) for 3 days in
stimulation medium. Lines were expanded by repeated
stimulation with peptides and irradiated splenocytes as
antigen-presenting cells every 10–12 days [46], for the num-
ber of cycles indicated for each result. The cells were ana-
lyzed for their specificity to immunizing peptides in a prolifer-
ation assay at each stimulation cycle.

4.7 T cell proliferation

T cell proliferation assays were performed by mixing 5×104

cells (from each line) with irradiated (2,500 rad) splenocy-
tes as antigen-presenting cells (2.5×106/ml) in stimulation
medium. The cells were incubated for 3 days at 37°C in
humidified air containing 7% CO2 in the presence of 1 ? g/ml,
5 ? g/ml, or 50 ? g/ml peptide, or either 10 ? g/ml ovalbumin
or 1.25 ? g/ml Con A as negative and positive controls,
respectively. The assay was performed in 96-microtiter wells
(NunclonTM-Delta-surface, Denmark). Each well was pulsed
with 1 ? Ci of [3H]thymidine (5.0 Ci/mmol, Amersham, UK) for
the final 18 h. The cultures were then harvested using a
MicroMate 96 Cell Harvester and the cpm were determined
using a Matrix 96 Direct Beta Counter using avalanche gas
(98.7% helium; 1.3% C4H10) ionization detectors (Packard
Instrument Company, Meriden, CT).

4.8 Determination of PrP-peptide antibodies

C57BL/6 and A/J mice, which were immunized with either
PrP peptides in CFA or control immunized with CFA alone,
were bled and sera were collected. An ELISA assay for anti-
PrP peptide antibodies was performed using a standard
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protocol [47]. Briefly, 10 ? g/ml of the peptide was used to
coat the wells of the ELISA plate in a coating buffer consist-
ing of 0.05 M NaHCO3, pH 9.6. The plates were incubated
overnight at 4oC. Next day, the wells were blocked with 7%
milk for 2 h at 37oC, then washed four times with PBS/
0.05% Tween 20. Dilutions of the sera were made at 1:10,
1:100, 1:1,000 in 1% milk/PBS/0.05% Tween 20 (diluting
solution) and the sera were then incubated overnight at 4oC.
Next day, the plates were washed four times and then incu-
bated for 2 h at 37oC with 1:1,000 anti-mouse IgG-alkaline
phosphatase-conjugated antibody. Thereafter, the plates
were washed five times, and developed with phosphatase
substrate tablets (p-nitrophenyl phosphate, disodium, 5 mg
per tablet plus filler, Sigma, MI, USA). The plates were read
using an anthos htll ELISA-plate reader at 405 nm.

4.9 Immunization and tumor growth in A/J mice

Naive A/J mice were immunized in both hind footpads with
50 ? l of p31–50 or p211–230 prion peptides (Table 2) emulsi-
fied in CFA, as described in Sect. 4.5. Ten days later, the
mice were boosted subcutaneously with the same peptide
in CFA. On the next day, the animals were inoculated with
the neuroblastoma cells, as follows: The cells utilized for
inoculation were grown to confluency in 10 cm petri dishes.
One or two days prior to their inoculation, samples of these
cells were analyzed by Western blotting, and the presence of
protease-resistant PrPSc was confirmed. Immediately before
their inoculation, the cells were rinsed three times with ice-
cold sterile saline, and then scraped in 1 ml saline. Cell sus-
pensions from all the plates were pooled prior to their inocu-
lation. Mice were briefly sedated with halothane, and 400 ? l
of the suspension (containing 5×106 cells) were then injected
subcutaneously in the upper back area. The animals were
monitored daily for the appearance of tumors. On days 12,
17, and 20 after the inoculation of the cells, the dimensions
of the tumors were measured with a caliper and recorded.
The cross sections of the tumor were calculated by multiply-
ing their length by their width. Tumors usually appeared
between days 9 and 12-post inoculation. In most cases,
they grew steadily to a size of up to 2–3 grams on day 21. In
some mice (about 10–20% of the animals), the tumors invo-
luted spontaneously. These involutions occurred whether or
not the animals had been immunized.

The tumor experiments were terminated on day 33 (21–22
days after tumor inoculation). The mice were anesthetized
with ethyl ether, bled, and then sacrificed. Tumors were then
removed and weighed. About one third of each tumor was
transferred to tubes containing buffered formalin (4% form-
aldehyde in PBS) for histological examination (data not
shown). The remaining portion was frozen in liquid nitrogen,
and then stored at –20°C. The frozen samples were used for
biochemical analyses.

4.10 PrP analysis

Lysates from the tumors were prepared as follows: tissue
pieces weighing approximately 100 mg were cut from frozen
tumors and homogenized at a concentration of 10% w/v in
”standard“ lysis buffer (0.5% Triton X-100, 0.5% Na-
deoxycholate, 150 mM NaCl, 10 mM Tris-Cl, pH 7.5, 10 mM
EDTA): For this purpose, the tissue was first incubated in
lysis buffer on ice for 30 min. It was then homogenized in a
1 ml dounce homogenizer equipped with a tight fitting glass
pestle (Wheaton, Millville, NJ), followed by sonication in a
bath sonicator (Ultra Turrax P8, IKA, Labortechnik, Germany)
three times for 20-s periods, and then incubated again for
30 min on ice. Insoluble debris were removed by a 30-s spin
in an Eppendorf microfuge at 14,000 rpm, at room tempera-
ture. The supernatant was then transferred to a fresh tube
and the protein concentration was determined using the
BCA method (Pierce, Rockford, IL). Tumor lysates were nor-
malized for their protein content prior to Western analysis.

4.11 Immunoblot analysis

The PrP isoforms were characterized and separated as
described [17]. To digest away the PrPC while enriching the
lysates for PrPSc, the lysates were incubated for 2 h with
20 ? g/ml proteinase K (F. Hoffmann-La Roche Ltd Basel,
Switzerland) at 37°C. The reaction was stopped by cooling
the samples on ice and adding PMSF to 2 mM for 30 min. To
study the total levels of PrP in a sample, proteolysis was
omitted. SDS-PAGE and Western blot analysis of the PrP
isoforms were carried out as described [41, 48]. Western
blots were developed with the rabbit PrP antiserum R073
[44] using the ECL reaction, and films were scanned using a
Umax Astra 1220S scanner, and densitometry was analyzed
using the Tina 2.1 Raytest program software (Isotopenmea-
gerilte GmbH, Germany).
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