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Abstract – Sheep scrapie is a prototypical transmissible spongiform encephalopathy (TSE), and the most widespread
of these diseases. Experimental study of TSE infectious agents from sheep and other species essentially depends on
bioassays in rodents. Transmission of natural sheep scrapie to conventional mice commonly requires one or two years.
In an effort to develop laboratory models in which investigations on the sheep TSE agent would be facilitated, we have
established mice and cell lines that were genetically engineered to express ovine PrP protein and examined their
susceptibility to the infection. A series of transgenic mice lines (tgOv) expressing the high susceptibility allele (VRQ)
of the ovine PrP gene from different constructs was expanded. Following intracerebral inoculation with natural scrapie
isolates, all animals developed typical TSE neurological signs and accumulated abnormal PrP in their brain. The
survival time in the highest expressing tgOv lines ranged from 2 to 7 months, depending on the isolate. It was
inversely related to the brain PrP content, and essentially unchanged on further passaging. Ovine PrP transgene
expression thus enhanced scrapie disease transmission from sheep to mice. Such tgOv mice may bring new
opportunities for analysing the natural variation of scrapie strains and measuring infectivity. As no relevant cell culture
models for agents of naturally-occurring TSE exist, we have explored various strategies in order to obtain stable cell
lines that would propagate the sheep agent ex vivo without prior adaptation to rodent. In one otherwise refractory
rabbit epithelial cell line, a regulable expression of ovine PrP was achieved and found to enable an efficient replication
of the scrapie agent in inoculated cultures. Cells derived from sheep embryos or from tgOv mice were also used in
an attempt to establish permissive cell lines derived from the nervous system. Cells engineered to express PrP proteins
of a specified sequence may thus represent a promising strategy to further explore, at the cellular level, various aspects
of TSE diseases. To cite this article: H. Laude et al., C. R. Biologies 325 (2002) 49–57. © 2002 Académie des
Sciences/Éditions scientifiques et médicales Elsevier SAS
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Résumé – Nouveaux modèles expérimentaux pour l’étude in vivo et ex vivo de l’agent de la tremblante:
développement et perspectives. Les travaux effectués sur la tremblante du mouton, la plus répandue des encéphalo-
pathies spongiformes transmissibles (EST), ont beaucoup apporté à la connaissance de ces maladies. L’étude
expérimentale de l’agent causal, dans l’espèce ovine comme dans d’autres espèces, repose essentiellement sur
l’inoculation au rongeur. La transmission de la tremblante naturelle à la souris exige communément un à deux ans.
Afin de développer des modèles de laboratoire qui facilitent les recherches sur l’agent infectieux de la tremblante,
nous avons établi des lignées de souris et de cellules exprimant la protéine de prion (PrP) ovine, et analysé leur
susceptibilité à l’infection. Un ensemble de lignées de souris transgéniques (tgOv) pour un allèle du gène PrP
conférant une sensibilité élevée à la maladie (allèle VRQ) ont été crées à l’aide de différentes constructions. Suite à
l’inoculation intracérébrale de tremblante du terrain, les animaux ont développé des désordres neurologiques typiques
d’EST, associés à une accumulation de PrP anormale dans le cerveau. Dans les lignées exprimant le taux le plus élevé
de PrP, le temps de survie a été de 2 à 7 mois, selon l’isolat. Le temps de survie, inversement corrélé au taux
d’expression dans le cerveau, n’a pas diminué lors de passages ultérieurs. Cette étude démontre que l’expression d’un
transgène spécifiant la PrP ovine peut considérablement accélérer la transmission de la tremblante à la souris. De telles
souris ouvrent de nouvelles perspectives en terme d’analyse de la diversité naturelle des souches de tremblante et de
quantification de l’infectiosité. Face à l’absence de modèles permissifs à des agents responsables d’EST naturelle,
nous avons également exploré plusieurs stratégies dans le but d’établir des lignées cellulaires stables qui permettent
de propager l’agent ovin ex vivo, sans adaptation préalable au rongeur. L’expression inductible de PrP ovine dans une
lignée épithéliale de cellules de rein de lapin, originellement réfractaire, a permis d’obtenir une multiplication efficace
de l’agent pathogène dans les cultures infectées. Par ailleurs, des cellules dérivées d’embryon de mouton ou de souris
tgOv ont été sélectionnées afin d’obtenir des lignées permissives d’origine nerveuse. L’utilisation de cellules
génétiquement modifiées, exprimant une protéine PrP de séquence donnée, apparaît donc comme un moyen
prometteur d’explorer plus avant, au niveau cellulaire, divers mécanismes associés à la réplication des agents
responsables d’EST. Pour citer cet article : H. Laude et al., C. R. Biologies 325 (2002) 49–57. © 2002 Académie des
Sciences/Éditions scientifiques et médicales Elsevier SAS
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1. Introduction

Sheep scrapie, soon recognised as a transmissible
spongiform encephalopathy (TSE), or prion disease [1],
is the most widespread animal TSE in the field where it
can spread following an infectious mode [2]. Despite
intensive studies performed during the last decades on
sheep scrapie, a number of crucially important ques-
tions, such as the natural mode of sheep to sheep
transmission, and the diversity and possible evolution
of the strains, which circulate in the field, remain
largely unanswered. The consecutive emergence of
bovine spongiform encephalopathy (BSE) epidemics in
cattle and of the variant Creutzfeldt-Jakob (vCJD) in
humans have greatly stimulated the research efforts on
sheep scrapie, notably in view of the potential sheep
origin of BSE and of the serious consequences that an
accidental transmission of the bovine agent to sheep
would entail for public health [3]. The present review
deals with newly introduced models, mice and cell lines
genetically engineered for ovine PrP expression, that
have been developed in our laboratory with the aim of

increasing the possibilities of investigations on the
sheep infectious agent.

2. Transgenic mice as an alternative
animal model to study the natural sheep
scrapie agent

Most of the experimental work accomplished up to
now on the sheep scrapie agent has been based on its
inoculation to either the natural host, or standard
laboratory rodent animals, mostly mice and hamster.
Such studies have enabled impressive advances in
understanding TSE diseases in many respects. In par-
ticular, they have revealed that susceptibility to the
disease is the result of an intimate and complex
interplay between the host and the causal agent. The
observed complexity is partly accounted for by the
diversity not only of the gene encoding the PrP protein
but also of the agent itself, which is comprised of a
number of strains exhibiting distinctive biological prop-
erties, and this, irrespective of the host genotype [4–9].
Passaging of scrapie isolates by inoculation into a panel
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of congenic mice, where characteristics of incubation
time and brain vacuolation areas give distinct patterns,
is currently the most appropriate way to investigate
strains [6, 10]. Such a procedure, however, suffers from
two main drawbacks as far as elucidating the extent and
basis of the natural diversity of the sheep TSE agent is
concerned. Firstly, it implies propagation of the agent
on a mouse, not a sheep PrP background. Secondly,
even after intracerebral inoculation, the disease com-
monly requires 1 or 2 years to develop, and a number of
isolates do not transmit easily to mice.

As demonstrated by former studies on other TSE
agents, including bovine and human ones, mouse trans-
genesis provides unique opportunities in these regards
[11–16]. First of all, this approach makes it possible to
analyse the behaviour of a TSE agent on a PrP
background homologous to that of the donor species. In
addition, transgenesis enables to overexpress a relevant
PrP gene, thus contributing to increase the efficiency of
the transmission of the disease to the recipient mice
compared to non-transgenic mice. These observations
have led to the proposal that expression of a PrP gene
homologous to that of the prion donor species may be
sufficient to abrogate the interspecific barrier [11], even
though an enhanced transmission is not the universal
outcome [17].

In an effort to develop an improved model for
transmission of sheep scrapie, we have expanded a
series of transgenic mice expressing an ovine PrP gene
(tgOv), and examined their susceptibility to sheep
isolates in primary transmission [18]. All these lines
express the so-called VRQ allele of PrP (136Val-
154Arg-171Gln), which has been found to be asso-

ciated in sheep with both an extremely high suscepti-
bility to the disease and a relatively shorter incubation
time in independent studies [7–9, 19]. Each of them
expressed this PrPVRQ transgene on an ablated mouse
PrP0/0 background [20], since co-expression of the
endogenous PrP gene was reported to generate an
interfering effect [13, 21]. These tgOv differed, how-
ever, according to the level of PrP expression in their
brain, and also the type of the transgene construct. The
tg1 construct was derived from the phgPrP half-genomic
vector, already validated for PrP transgenesis [14], by
just replacing the mouse open reading frame by the
ovine one. The tg2 construct was derived from the
former by substituting the human cytomegalovirus
promoter to the PrP murine promoter sequences. The
tg3 construct corresponds to a 125-kb sheep DNA BAC
insert encompassing the whole Prnp transcription unit.
In each case, the transgene was introgressed for at least
three generations on the PrP0/0 knockout mouse line.
All of the 10 tgOv lines obtained were tested for their
susceptibility at the heterozygous state, by using two
isolates issued from scrapie-affected, VRQ homozy-
gous sheep. Two high expressing tg3 lines, tg301 and
tg338, were tested also at a transgene homozygous
state.

From the main results, illustrated in figure 1, the
following conclusions could be drawn:
– as a general rule, a 100 % attack rate was observed
whatever the tgOv line and the isolate. All mice showed
acute neurological disorders typical of TSE, and accu-
mulated abnormal PrP [22] in their brain, as revealed by
resistance to PK digestion (PrPres) and western blot-
ting. The disease failed to be transmitted in only one

Figure 1. Primary transmission of natural scrapie
to ovine PrPVRQ transgenic mice. The survival time
of 8 mouse transgenic lines (tgOv) expressing
ovine PrP at various levels from 3 different con-
structs is shown. Each line is designated by a
number of which the first digit refers to the
construct (tg1, 2 or 3; see text). Their respective
brain PrP protein level of expression is expressed
in –fold that in sheep brain. The survival time of
wild-type mice (F1-C57BL/6 × 129/sv and RIII)
and of transgenic mice overexpresssing mouse PrP
(tg20; [14]) is shown for comparison. Each animal
was inoculated intracerebrally with 10 % heated
homogenate of brain material derived from either a
French (Sc-Fr) or a British (Sc-UK) field scrapie
case. The observed survival time differed markedly
between the 2 isolates, both originating from a
sheep homozygous for the VRQ allele (e.g. 73 + 3
and 205 + 12 days for Sc-UK and Sc-Fr isolates,
respectively, in the tg301 line heterozygous (+/–)
for the transgene).
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case, the low PrP expressing tg116 line (< 0.4-fold that
in sheep brain) after challenge with the French isolate,
although a few animals accumulated brain PrP-res
before they died.
– for both isolates, the survival time was substantially
reduced when compared to those of the wild-type, RIII
and (C57Bl/6 × 129/sv)F1 mice.
– the survival time appeared to be correlated essen-
tially with the brain PrP content, which varied from
16-fold to < 0.4-fold in these experiments. No obvious
effect of the type of construct could be noted, at least
after intracerebral inoculation, the only route studied so
far.
– in the mouse lines expressing ovine PrP at the
highest level (≥ 8 ×), the incubation duration was about
2 and 7 months for the UK and the French isolate,
respectively, i.e. one year or more briefer than in the
conventional mice.
– the tga20 mice [14], overexpressing a mouse PrP
transgene at a level equivalent to tg301+/– mice on a
similar genetic background, were found to be markedly
less susceptible than the latter, and as susceptible as the
tgOv lines expressing the transgene at a nearly physi-
ological level.

While providing clear evidence that transgenic expres-
sion of ovine PrP may confer increased susceptibility to
natural sheep scrapie on mice, this study leaves open a
number of issues that need to be addressed in future
investigations.
– “Was expression of a VRQ allele instrumental for an
improved transmission compared to non-transgenic,
conventional mice?” The present data strongly argue
that this allele behaved as a better substrate for sheep
prion replication than did the mouse Prnpa allele, at
least for the two analysed isolates. Another high sus-
ceptibility allele, ARQ (Ala instead of Val), also
regarded as the ancestor ovine Prnp gene, is much more
widespread within the sheep population [7, 8, 23]. As a
consequence, the majority of the scrapie-affected ani-
mals bears this allele, and several groups have favoured
it for expression as a transgene. Several years ago,
transgenic lines were created using a sheep cosmid
harbouring the ARQ allele [24]. Later on, it was quoted
in a review that disease transmission in those mice was
not improved when compared to conventional mice
[25]. The transgene, however, was not expressed on a
PrP0/0 ablated background (see above). That this point
may be of concern is supported by results from ongoing
experiments on tgVRQ mice, showing that
co-expression of the mouse PrP results in a protracted
survival time after infection with the fast (see figure 1),
UK isolate. More recently, two other groups have
derived mice expressing the ARQ allele through two

different constructs, both in the absence of endogenous
PrP, and reported an enhanced transmission compared
to conventional, C57BL/6 mice [26, 27]. However,
whether such tgARQ mice would exhibit a higher
susceptibility than transgenic mice overexpressing
mouse PrP at the same level, as appeared to be the case
for the tgVRQ mice, remains to be established. A
comparison of the various tgOv mice now available
should make it possible in the near future to clarify
which of the VRQ or ARQ alleles would impart a more
favourable context for replication of most scrapie
strains, even though formal assessment of this point
would require a gene replacement approach.

– “Did the expression of an ovine PrP gene erase the
sheep to mouse barrier?” Pioneering studies dealing
with characterising the sheep scrapie agent have shed
light on its amazing diversity [4, 6], and led to the
proposal that it may embrace as many as fourteen
phenotypically distinct strains [28]. One should bear in
mind, however, that this notion relies on transmissions
from sheep to mouse, also involving in a number of
cases intermediate hosts such as a goat or a mouse with
another Prnp genotype. As species barrier crossing may
enhance prion diversity [6, 29, 30], or reduce it by
failure to transmit [10, 31], a precise idea of the natural
scrapie strain diversity has yet to be gained. Whether
the sheep agent would be subjected to a lower selection
pressure when transmitted to tgOv mice instead of
conventional mice does matter in this regard. One
possible criterion to address this question is the evolu-
tion of the incubation period on further passaging in the
recipient mice. In this study, serial passages performed
on one of the lines (tg211) did not lead to significant
change in the survival time for either isolate [18]. This
is in sharp contrast with the marked reduction com-
monly observed on second passage in conventional
mice, and suggests that transmission of the sheep agent
to tgOv mice required little or no adaptation to its new
host. This issue needs to be further addressed, however,
since present knowledge does not allow excluding
completely a phenotypical shifting of the sheep agent
when passed on tgOv mice.

– “TgOv-VRQ mice: an improved tool for field scrapie
strain typing?” As pointed out above, tgOv mice could
enable a more faithful assessment of the nature and
extent of the variation among the field scrapie strains.
However, it has yet to be determined: i) how the mice
will respond to an enlarged panel of isolates; ii) to what
extent the PrP genotype of the donor sheep will
influence the efficiency of transmission: indeed, this
study was focused on isolates from a homozygous VRQ
individual, thus resulting solely in homotypic transmis-
sions. Documenting both of these points is a goal of
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ongoing studies. To date, a few more scrapie isolates,
including isolates issued from ARQ donor sheep, have
been very efficiently transmitted to these mice. How-
ever, owing to the existing evidence that certain sheep
or mouse-adapted strains exhibit striking differences in
terms of allele preference [5, 7, 31], it seems unlikely to
us that tgOv-VRQ mice would represent a universal
receiver for field scrapie strains. In any event, it seems
reasonable to predict that substituting congenic, wild-
type mice with transgenic mouse lines, each overex-
pressing a specific PrP allele, will offer a time-saving
strategy for strain typing. As a matter of fact, transmis-
sion to tgOv mice enabled a clear differentiation of the
two isolates studied within a much shorter period of
time than in conventional mice.
– “Would tgOv mice provide not only a faster but also
a more sensitive infectivity assay of the sheep infec-
tious agent?” Apparently, heightening mouse PrP
expression does not confer an enhanced sensitivity on
mice in terms of detection limit [see 14]. Published data
regarding the effect of the expression of a heterologous
transgene are still lacking. Titration of a few sheep
isolates in tgOv mice is currently in progress. Rigorous
assessment of this point, however, would require par-
allel endpoint titrations in mice expressing various
levels of the transgene and wild-type mice, or in
transgenic mice and the natural host. Such experiments
are underway in the case of bovine PrP transgenic mice
[32], and could be informative in this respect. It
remains that determining prion infectivity through bio-
assay in transgenic mice would provide only limited
improvement from a practical and ethical point of view.
Accordingly, increased efforts should be made in an
attempt to develop cell culture-based infectivity assays
as an alternative to in vivo assays.

3. Propagation of natural sheep scrapie
infectious agent in cell culture: toward
new TSE cellular models

Despite repeated attempts throughout the last three
decades [33], only a few cell models sustaining prion
propagation in culture have been developed success-
fully to date. Among them, PC12 rat pheochromocy-
toma cells [34], N2a mouse neuroblastoma cells [35],
and more recently, GT1 hypothalamic neurons [36]
have been the most commonly used infectable cell
lines. Such systems, as well as the persistently infected
SMB murine cell line [37], allow both active replica-
tion of the infectious agent and accumulation of abnor-
mal, PK-resistant PrP in readily detectable amounts.
They have brought valuable insights into the study of
TSE infection at a cellular level in several respects,

notably the subcellular distribution of the abnormal PrP,
and the key role of specific PrP amino acid residues in
the PrP to PrPsc conversion process (for a review, see
[38] or Lehmann et al., this issue). A common feature of
the above models, however, is to support the multipli-
cation of laboratory, rodent TSE strains. Indeed, rel-
evant cell systems for strains from naturally occurring
TSE diseases such as sheep scrapie, bovine spongiform
encephalopathy, and Creutzfeldt-Jakob disease are lack-
ing so far.

In an attempt to establish new permissive cell sys-
tems potentially enabling an in depth study of TSE
causing agents without prior adaptation to the rodent,
various strategies have been explored in our laboratory.
While the sheep agent was chosen as a primary target,
part of the work was intentionally focused on non ovine
cells, assuming that any conclusive approach could
tentatively be exploited in the aim of deriving further
cell systems permissive to prions affecting other spe-
cies. It should immediately be added that, not surpris-
ingly, pursuing this appealing but somewhat ingenuous
task was not exempt of disappointments. In figure 2 are
presented three approaches, which illustrate our explor-
atory work.

– “Cell lines immortalised from sheep nervous tissue.”
The rationale of this approach is based on the fact that
most, if not all – PC12 cells are from rat – the existing
systems permissive to mouse prions are based on neural
cells derived from the homologous species. Rather
unfortunately, such cell lines were lacking in the case of
sheep. We have thus undertaken to establish such
material by using protocols originally developed for
rodent [39]. Primary cultures were established from the
brain of 2 month-old sheep embryos of the relevant
genotype, and were transfected with the SV40 large T
protein gene [40]. Two of the so-obtained cell lines,
A15 and 4A6, displayed features of astrocytes [41].
They were studied in more detail since there is indirect
evidence that such cells may support prion replication
in vivo [42]. Cultures were transfected so as to heighten
the ovine PrP expression level [43]. One 4A6 line-
derived cell clone with a 4-fold increased PrP expres-
sion could be successfully infected with the fast scrapie
isolate. Indeed, cell extracts from 8-fold passaged
cultures killed all the inoculated tgOv331 mice in about
3 months (unpublished data). However, PrP-res accu-
mulation was never observed in such cultures, consis-
tent with the relatively low level infectivity compared
to the original inoculum. Immortalisation of cells
derived from adult sheep infected brain was also
attempted. None of the twenty cell clones obtained in
this way accumulated PrP-res at a detectable level.
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– “Ovine PrP genetically engineered non-ovine cell
lines.” This approach, although somewhat provocative
in view of what was stated just above, was not so
irrational as it might appear at first. After all, transgenic
mice, including ‘ovinised’ mice, are able to replicate
prion from foreign species (see above), and we specu-
lated that the species barrier could be crossed ex vivo as
well, at least with a bit of luck and a grain of salt. The
salt consisted in i) selecting among a set of widely used
cell lines those in which endogenous PrP was naturally
expressed at a low or undetectable level; and ii)
isolating transfected clones that exhibited a high level
of ovine PrP expression. Their tissue origin was not
taken into account – and here perhaps lies the luck. It
was also decided to use a vector (Tet on) allowing a
regulable expression of the transgene [44], in particular
so as to facilitate assessing the infected status in
inoculated cultures. It turned out that the first cell
clones to meet the above-mentioned criteria were
derived from the rabbit kidney, epithelial cell line
RK13, leading to the TSE cell system named Rov [45].

All of the Rov cell clones selected from independent
transfection experiments, and then tested for their
permissiveness were found to be readily and consis-

tently infectable by the sheep agent. Unlike scrapie-
inoculated astrocyte-like and non-induced Rov cell
cultures, PrP-induced, infected Rov cell cultures accu-
mulated PK-resistant PrPres at a substantial level,
which compares with that found in a scrapie sheep
brain. De novo produced PrPres could be detected from
the first subpassage post-infection, and reached a pla-
teau after 10–15 subpassages (the cultures are subjected
to a weekly splitting). Chronically infected cultures
were propagated for many passages in the absence of
any noticeable cytophatic effect. In such cultures, the
proportion of PrPres positive cells averaged 50 percent,
as determined by immunochemistry examination of
pelleted, paraffin-embedded material. Such a relatively
high rate of infection may explain why the latter
propagates steadily without the need for subcloning,
contrary to other TSE-permissive cell systems [46].
Extracts prepared from a few million cells of infected
cultures that were subpassaged 8-fold or more were
able to induce classical TSE neurological disorders,
leading to the death of all of the recipient tgOv mice
within a period of time similar to that observed with a
10 % homogenate from the original sheep brain. Bio-
assay of extracts from inoculated, 8-fold passaged

Figure 2. Development of new TSE cell systems.
Three different strategies that have been explored in
order to establish cell lines able to replicate ovine
sheep TSE agent are illustrated.
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parental RK13 cell cultures repeatedly failed to evi-
dence any infectivity. Altogether, these results demon-
strated that expression of ovine PrP otherwise refrac-
tory, rabbit cells conferred on them the capacity to
actively propagate a not only infectious, but also true
scrapie-engendering agent.

– “Cell lines derived from ovine PrP transgenic
mice.” Deriving stable cell lines from mice transgenic
for SV40 large T antigen, an immortalising protein, has
proved to be an efficient strategy in order to establish
cells from a specified tissue origin in culture [47]. Thus
it was tempting to apply such an approach to tgOv mice
to obtain ovine PrP-expressing cell lines from different
tissues that represent natural targets for TSE agents. To
do so, mice expressing SV40 antigen on a PrP0/0

background were established, then crossed with tg301
tgOv mice. Several stable cell clones were established
from the nervous system, and are currently being tested
for their permissiveness to the sheep agent. Although
somewhat laborious, this approach looks promising.
Indeed, two independent clones were found to accumu-
late PrPres in substantial amounts upon infection, and
to propagate the sheep agent at infectivity levels similar
to that of Rov cells, as judged from bioassays in tgOv
mice. The precise nature of these cells, which derive
from peripheral nervous tissue, is under investigation.

Each of the three above approaches allowed us to
establish new TSE cell systems, in which a natural, non
rodent-adapted TSE agent can be multiplied and stud-
ied ex vivo. In two of them, the efficiency of replication
appears to be comparable to that in the original brain
tissue used as inoculum, according to both the level of
abnormal PrP accumulation and infectivity. From these
observations, we would like to emphasise the following
points.

– Several unique features make the Rov cell system an
attractive model in the aim of investigating essential
aspects of TSE infection at the cellular level. Firstly, it
should give access to reverse genetics, through the
selection of transfected clones expressing various alle-
les or genetically modified PrP genes, followed by the
examination of their respective ability to restore sus-
ceptibility to the infection. Unlike the N2a cell system
to which similar approaches have been applied [48, 49],
it will be feasible here to assess any effect resulting
from a modification in the PrP sequence not only on the
PrP conversion process but also on the infectious agent
replication, and this in the absence of the wild-type PrP.
Thus, cell clones expressing various ovine PrP alleles,
including the ‘resistance’ ARR allele [7–9], are cur-
rently being derived in our laboratory in order to
establish whether the striking effect of the PrP poly-
morphism on the vulnerability of sheep to scrapie can

be mimicked ex vivo. Secondly, the availability of cell
clones combining infectability and regulable PrP pro-
tein expression might facilitate further investigations
dealing with specific aspects of the infectious cycle of
a prion: is PrP needed during the early phase of the
infection, and what are the effects of turning off PrP
once infection is established?

– A common feature of two of the above strategies is
that propagation of sheep agent was achieved in non-
ovine cells, either from rabbit or mouse. Hence, they
could potentially be extended to TSE affecting other
species, including the human and bovine ones, a
possibility which is currently under investigation. It
should be kept in mind, however, that there is some
evidence that host factors other than PrP might control
interspecies transmission, and this possibly in a strain-
dependent manner [13, 17]. It is thus reasonable to
expect that a situation similar to that in transgenic mice
could also be observed at the cell level, i.e. engineering
heterologous cells with a cognate PrP gene would not
always suffice to confer on them an enhanced permis-
siveness to the relevant TSE agent. An ex vivo approach
might facilitate investigations about whether the spe-
cies barrier is also mediated by species- or strain-
specific interactions between PrP and cellular factors,
as opposed to prion protein-protein interactions [49,
50].

– Further studies will be needed to assess whether the
scrapie infectious agent propagated in either mouse or
rabbit cells fully retains its original strain phenotype.
Proteinase K-digested PrP (PrP-res) of brain tissue
from tgOv mice inoculated with either the original
sheep brain homogenate or infected cell extracts showed
indistinguishable banding patterns in immunoblot. Wor-
thy of note, however, the patterns generated from tgOv
brain, sheep brain and cell culture infected materials
differed strikingly from each other. This and earlier
observations [51, 52] strengthen the view that the
PrPres profile is not an intangible strain marker, but
may also depend on the environment in which the
abnormal PrP is produced.

– The finding that epithelial cells can sustain active
prion replication in culture raises several stimulating
issues. Firstly, the nervous system is developmentally
derived from an epithelium, and both neurons and
epithelial cells are highly polarised. Furthermore, simi-
lar mechanisms have been proposed to act for the
targeted sorting of certain proteins common to both
types of cells [53, 54]. Secondly, the spreading of
prions within an infected organism appears to involve
markedly distinct types of cell actors, of which it is
reasonable to think that the inventory as well as the
elucidation of the respective contribution is far from
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complete. Epithelial cells are present in several organs,
placenta [55], digestive tract [56] and skin [57] that are
actually or potentially involved in TSE pathogenesis.
Their possible involvement in prion docking, transport
or replication would deserve closer investigation. In
particular, the role of the cells lining the lumen of the
digestive tract needs to be further examined, since PrP
is expressed at a substantial level [58] in this epithelium
that has to be crossed by the infectious agent after oral
contamination. More generally, an ex vivo approach
could contribute to identifying cell types that are
presently not regarded as targets for prions.

4. Concluding remarks

Mice endowed with an increased susceptibility to the
sheep agent provide another example of the unique
contribution of transgenesis to TSE research. There is
little doubt that such tgOv mice will bring new oppor-
tunities for characterising scrapie strains, measuring
infectivity, and more generally analysing the mecha-
nisms underlying the pathogenesis of the disease. An
unanticipated outcome of this work was the availability
of a new TSE model with one of the shortest incubation
times – two months in primary transmission – of any
such model. On the other hand, the introduction of
newly derived cell lines that enable an efficient propa-

gation of the sheep agent in culture should provide an
incentive for exploring various strategies toward the
development of more diversified and powerful TSE cell
systems. Finally, the research on prion diseases should
benefit from the combined and reciprocally enforced
use of such in vivo and ex vivo models.
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