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Neuronal Loss in a Lower Motor Neuron 
Disease Induced by a Murine Retrovirus 

Paul Jolicoeur 

ABSTRACT: An animal model of neuronal loss induced by a murine retrovirus is described. The neurological disease 
is manifested by a lower limb paralysis and is characterized as a spongiform myeloencephalopathy. The primary deter
minant of neurovirulence has been mapped within the viral env sequences and a secondary determinant is present with
in the LTR region. A model of pathogenesis, suggesting that the disease is receptor-mediated, is proposed. 

RESUME: Perte neuronale induite par un retrovirus murin dans une maladie du neurone moteur de la corne 
anterieure. Nous decrivons un modele animal de perte neuronale induite par un retrovirus de la souris. La maladie 
neurologique se presente comme une paralysie des membres inferieurs et est caracteristique d'une 
myeloencephalopathie spongiforme. Le determinant primaire de la neurovirulence a ete cartographie dans la region de 
l'enveloppe virale et un second determinant se trouve dans les LTR. On propose un modele de pathogenese dans lequel 
la maladie serait induite par 1'intermediate d'un recepteur. 
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The causes of neuronal loss seen in several human neurode
generative diseases are not known. The etiologic agents are likely 
to be multiple^ They may interact with different cell compart
ments, through totally distinct mechanisms, or they may possi
bly affect a common molecular pathway. Loss of neurons may 
be an active process, resulting from a programmed cell death 
(apoptosis) or may be passive, as the consequence of inhibition 
of normal cellular functions. The etiologic agents may be exter
nal (toxins, bacteria or viruses) or internal such as a gene defect. 

Very few animal models are available to study the mecha
nisms of neuronal loss adequately. Ideally, such a model should 
be induced reproducibly in a relatively short time, in an easily 
available and cheap animal species, with an agent (or a gene 
product) well characterized and whose fate in vivo is predictable 
and easy to follow. Historically, viruses have often met many of 
these criteria because of their simple genetic complexity. 

We have been studying a murine retrovirus-induced neuro
logical disease, manifested as a lower motor neuron disease. I 
will briefly summarize data on this disease. More extensive 
reviews on this disease have been published.1"6 

CNS Disease Induced in Mice by Retroviruses (Murine 
leukemia virus, MuLV). 

The first mouse retrovirus shown to induce a neurological 
disease was discovered in a population of wild mice in Lake 
Casitas.California.7'8 Some trapped wild mice kept in captivity 
were found to develop paralysis spontaneously. 

Retroviruses isolated from these mice were shown to induce 
a similar disease in susceptible laboratory mice. One of these 
isolates, Cas-Br-E MuLV, has been studied in more detail. This 
virus induces a lower limb paralysis after 2-4 months post-inocu
lation into newborn mice. Histologically, the disease appears as 
a spongiform myeloencephalopathy resembling very much the 
lesions found in scrapie and in human Creutzfeld-Jakob disease 
or in other human spongiform encephalopathies. However, the 
lesions are found predominantly in the anterior horn of the lum
bar spinal cord, in the brainstem and in the deep cerebellar 
nuclei. Many regions of the CNS are spared by the disease. The 
changes involve vacuolization, intense gliosis, neuronal loss and 
mild demyelination. Typically, no inflammatory cells are seen in 
degenerative areas. 

Essentially, the same disease has also been shown to be 
induced by laboratory-derived variants (temperature-sensitive 
mutants) of Moloney MuLV.9 

Genetic Elements of the Viral Genome Determining the 
Neurovirulence 

Molecular cloning of the wild type Cas-Br-E MuLV10 or of a 
Moloney MuLV variant" established that these retroviruses 
were responsible for the disease. The availability of these cloned 
DNA genomes allowed the construction of chimeric viral 
genomes by recombinant DNA technology. These chimeric viral 
genomes, made with parental DNA from the neurotropic MuLV 
and a non-paralytogenic MuLV, have allowed the mapping of 
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the sequences responsible for inducing the spongiform degener
ation, both in Cas-Br-E MuLV 1 2 1 3 and in ts-1 Moloney 
MuLV,14 within the env sequences encoding the gp70 protein. A 
murine retrovirus harbors only 3 genes encoding proteins: the 
gag (encoding structural proteins), the pol (encoding the reverse 
transcriptase and the integrase) and the env (encoding the proteins 
of the envelope). These genes are flanked by two direct repeat 
sequences, the long terminal repeats (LTR). The env gp70 pro
tein is the protein responsible for the recognition of the cellular 
receptor to initiate infection. 

In addition, using the same strategy of constructing chimeric 
MuLVs, we have been able to identify an additional determinant 
of neurovirulence within the LTR region of the genome. By 
exchanging these sequences, we were able to produce chimeric 
MuLVs which induced disease with a different clinical presenta
tion.1516 We found that these viruses induced the same spongi
form lesions as the wild-type virus, but either in novel CNS 
areas or/and more extensively in some regions than those affected 
by the wild-type Cas-Br-E MuLV. This result indicates that the 
LTR region determines the severity of the lesions, most likely 
through controlling the rate of virus replication. These LTR 
sequences appear to determine the distribution of the lesions 
within the CNS, most likely through a preferential replication of 
the virus in some CNS cells harboring the necessary transcrip
tion factors for a given LTR. 

The Neuronal Loss in Cas-Br-E MuLV-Induced Disease is 
Indirect 

To study the mechanism by which Cas-Br-E MuLV induces 
disease, we determined in which cells it was replicating within 
the CNS. We used the in situ hybridization technique with a 
probe specific for the inoculated virus (Cas-Br-E MuLV) and 
which did not detect endogenous viral sequences.17 The speci
ficity of this probe must be emphasized, since the normal mouse 
genome contains several copies of endogenous MuLV 
sequences which can be induced by various factors. It was 
therefore important to avoid the detection of these endogenous 
viral sequences in our study. 

We found that the number of infected cells detected in areas 
showing spongiform degeneration correlated with the severity 
of the pathological lesions.1518 However, this correlation did not 
hold for all CNS regions, since infected cells were also found in 
regions which never show signs of pathology, indicating that 
these regions are resistant to the detrimental effect of this 
virus.18 This result also indicated that the distribution of infected 
cells within the CNS is not at random, but appears to reflect an 
important characteris t ic of the virus-cell interact ions. 
Interestingly, all infected cells in regions with spongiform 
changes appeared morphologically as non-neuronal cells (glial 
and endothelial cells), suggesting that the neuronal loss seen in 
this disease is indirect and is not the consequence of infection of 
the neurons.18 When young animals (10-day old) inoculated at 
birth were examined, a greater population of the infected cells 
were identified as endothelial cells, suggesting that the virus 
gets into the CNS through infection of endothelial cells and not 
through penetration into the CNS of already infected cells.18 

The distribution of the infected endothelial cells in these young 
mice reflected the distribution of the lesions seen later in dis

eased mice, indicating that the distribution of the lesions is laid 
out early and may reflect in part the site of the initial infection. 

Since endothelial and glial cells are not infected at random in 
this disease, our results suggest that some cell factors (possibly 
transcription factors) are distributed differently in these non-
neuronal cells and affect differently the replication of Cas-Br-E 
MuLV. Consequently, our data suggest that CNS non-neuronal 
cells are not all the same, and are different in various regions of 
the CNS.18 

Our findings contrast significantly with those of Sharpe et al. 
who reported abortive replication of Cas-Br-E MuLV within 
neurons of diseased mice.19 The use of non-specific antibodies 
able to detect several classes of exogenous and endogenous viral 
proteins may have allowed the detection of endogenous viral 
proteins in their study. 

A Model of Neuronal Loss Induced by Murine Retrovirus 

With the available knowledge on this retrovirus-induced dis
ease, we have proposed a model to explain its pathogene
sis 1,4,10,13,18 Since the env sequences encoding the gp70 protein 
harbor the determinant of spongiform degeneration and since 
retroviral env proteins are known to recognize receptors, we 
hypothesized that the disease is receptor-mediated. This putative 
receptor may be present on neurons. The gp70 proteins (free or 
virion-associated) could compete with a trophic growth factor 
acting through this receptor and which is essential for neuron 
survival. Alternatively, binding of gp70 proteins to this receptor 
could itself induce cell death, either by apoptosis or by other 
mechanisms such as inappropriate opening of channels. This 
putative receptor may also be localized on non-neuronal cells. 
Its occupancy by gp70 proteins may lead to a higher production, 
by these non-neuronal cells, of a factor toxic for neurons or to a 
decreased production, by these non-neuronal cells, of a factor 
essential for neuron survival. 

This model contrasts with another model in which abnormal 
processing of gp70 precursor would lead to cell degenera
tion.6'20 This latter model supposes that neurons are infected, an 
observation that we have been unable to substantiate.18 

How Relevant is this Retrovirus-induced Disease as a Model 
for Other Human Neurodegenerative Diseases? 

The present model may be important in understanding the 
human neurological diseases induced by retroviruses, namely by 
HIV and HTLV-I. The AIDS dementia complex, which is appar
ently induced by HIV, does not seem to be induced through a 
direct infection of neurons by HIV, but is thought to result from 
an indirect effect of HIV on neurons.21 This mode of pathogene
sis is similar to what we are proposing for this mouse disease. 
This murine model may therefore be quite instrumental in 
understanding the HIV-induced human CNS disease. The mech
anism by which HTLV-I induces the tropical spastic paraparesis 
in a small percentage of infected individuals is totally unknown.22 

This mouse model of retrovirus-induced CNS disease may also 
help to probe the exact nature of this human disease, although 
the types of CNS lesions are distinct in both diseases. 

Interestingly, the spongiform lesions seen in this murine 
model are very similar to those found in scrapie and Creutzfeld-
Jakob disease. These latter diseases are almost certainly not 
induced by a retrovirus, but appear to be caused by an unusual 
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agent, possibly the prion itself.23 Although the etiologies of 
these human and mouse diseases are apparently quite different, 
the fact that they exhibit the same type of lesions (a form of 
neurodegeneration which is rare and quite specific) suggests that 
they may share a common molecular pathway. A better under
standing of this murine retrovirus-induced disease may therefore 
lead to a better knowledge of the pathogenesis of Creutzfeld-
Jakob disease. 

In this retrovirus-induced murine disease, the distribution of 
the lesions and the neurons affected by the virus are the same as 
those in amyotrophic lateral sclerosis.24 These neurons may 
degenerate through the same, or through a distinct, mechanism. 
However, it is likely that these neurons exhibit some characteris
tics which set them apart from the others. It is not unrealistic to 
predict that the information obtained on this murine disease will 
be quite relevant to amyotrophic lateral sclerosis. 

In addition, several neurodegenerative diseases are character
ized by loss of neurons. Most likely, several molecular mecha
nisms of cell death are operating in these various diseases. 
Although most of them are obviously not induced by a retro
virus, it is not unlikely that the molecular mechanism of cell 
death, seen in this murine retrovirus-induced disease, may be 
shared with one or many of these human diseases. 
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