Demyelination precedes oligodendrocyte loss in canine distemper virus-induced encephalitis.
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Canine distemper virus (CDV), a negative-stranded RNA morbillivirus, causes a persistent infection within the central nervous system resulting in a progressive, multifocal demyelinating disease. Demyelination is thought to be caused by a selective alteration of the myelin-producing oligodendrocytes. Metabolic impairment and morphological changes of the oligodendrocytes after CDV infection have previously been observed in vitro as well as in vivo. Until now it has been suggested that the oligodendrocytes completely disappear from CDV-induced demyelinating lesions. However, ultrastructural analysis in brain tissue sections and immunohistochemical examination of oligodendrocytes in dog brain cell cultures contradicted these observations. In this study oligodendrocytes from different categories of CDV-induced lesions were examined by in situ hybridization for proteolipid protein mRNA and--as a new tool employed on canine brain tissue sections--by immunohistochemistry using a monoclonal antibody against 2',3'-cyclic nucleotide 3'-phosphodiesterase, a myelin-specific enzyme. A down-regulation in the myelin gene transcription was detected already before demyelination occurred. However, a decrease in the number of oligodendrocytes was not observed until demyelination became evident. Although there was further depletion of oligodendrocytes in plaques with progressive demyelination, we demonstrated for the first time that these cells were still present in a significant amount even in chronic, completely demyelinated distemper lesions.

Acta Neuropathol (Berl) 2002 Jan;103(1):11-9



Macrophages in central nervous canine distemper: friends or foes?

Griot C, Burge T, Brigger S, Richard A, Peterhans E, Vandevelde M.

Brain macrophages play an important role in the CNS. We review some biological aspects of brain macrophages in vivo and in vitro. The criteria and methods used for the identification of these cells are considered. They include some morphological features such as the use of histochemical and immunocytochemical techniques for internal and surface components. In the second part of this review, we describe the role of brain macrophages in canine distemper encephalitis as proposed earlier by us. Studies in cultured dog glial cells infected with canine distemper virus (CDV) have shown that brain macrophages stimulated by anti-CDV antibodies will release reactive oxygen species as measured by chemiluminescence. This response depends on the presence of viral antigens on the surfaces of infected cells and is mediated by the interaction of antigen-bound antibodies with Fc receptors on brain macrophages. These observations support the hypotheses that brain macrophages may contribute to the damage of the white matter observed in canine distemper encephalitis.
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Antibody-induced generation of reactive oxygen radicals by brain macrophages in canine distemper encephalitis: a mechanism for bystander demyelination.

Griot C, Burge T, Vandevelde M, Peterhans E.

Institute of Animal Neurology, University of Berne, Switzerland.

The mechanism of inflammatory demyelination in canine distemper encephalitis (CDE) is uncertain but macrophages are thought to play an important effector role in this lesion. Serum and cerebrospinal fluid (CSF), containing anti-canine distemper virus and anti-myelin antibodies from dogs with CDE were tested for their ability to generate reactive oxygen species (ROS) in macrophages in primary dog brain cell cultures using a chemiluminescence (CL) assay. The majority of serum samples and several CSF samples from animals with inflammatory demyelination elicited a CL signal in infected dog brain cell cultures. In contrast, none of these samples induced a positive response in uninfected cultures which contained large numbers of myelin antigen-presenting cells, although defined anti-myelin antibodies lead to a marked secretion of ROS in this system. It was concluded that antiviral antibody-induced secretion of ROS, known to be highly toxic for brain tissue, may play an important role in white matter damage in inflammatory lesions supporting a previous hypothesis of bystander demyelination in CDE. No evidence was found for a similar antibody-dependent cellular cytotoxicity-like mechanism mediated by anti-myelin antibodies in CDE, which does not support the concept of autoimmunity in this disease.
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Antiviral antibodies stimulate production of reactive oxygen species in cultured canine brain cells infected with canine distemper virus.
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Canine distemper is characterized mainly by respiratory, enteric, and nervous symptoms. Infection of the central nervous system results in demyelination, to which inflammation has been shown to contribute significantly. It has been proposed that macrophages play a major role as effector cells in this process. We report that cultured dog brain cells contain a population of macrophages capable of producing reactive oxygen species as measured by luminol-dependent chemiluminescence. In cultures infected with canine distemper virus, a burst of reactive oxygen is triggered by antiviral antibody. This response depends on the presence of viral antigens on the surfaces of infected cells and is mediated by the interaction of antigen-bound antibody with Fc receptors on the macrophages. Since there is no evidence in vitro or in vivo that oligodendrocytes, the cells forming myelin, are infected, our observation supports the hypothesis that "innocent bystander killing" is important in demyelination caused by canine distemper virus. Reactive oxygen species released from macrophages may contribute to destruction of myelin.
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Canine distemper virus-immune complexes induce bystander degeneration of oligodendrocytes.
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Demyelination in chronic canine distemper encephalitis may be the result of a bystander effect in which the antiviral immune response is involved. In the present report we demonstrate that canine distemper virus-antiviral antibody immune complexes induce oligodendroglial degeneration in mixed brain cell cultures, particularly at the level of the cell processes. The involvement of macrophages as effector cells in this process was confirmed by depletion of these cells from the cultures which prevented the immune complex-mediated oligodendroglial degeneration. Canine distemper virus-immune complex-induced oligodendroglial pathology is thought to be mediated by toxic factors released from stimulated macrophages, this bystander effect demonstrated here in vitro may be relevant to the mechanisms of demyelination in vivo, in which virus persistence plays an important role.

Acta Neuropathol (Berl) 1992;83(4):402-7


Oligodendroglial degeneration in distemper: apoptosis or necrosis?
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Canine distemper virus (CDV) causes a multifocal demyelinating disease in dogs. It was previously shown that the initial demyelinating lesions are directly virus induced since a correlation between the occurrence of demyelination and CDV replication in white matter cells was observed. During the course of infection oligodendrocytes undergo distinct morphological alterations, partly due to a restricted CDV infection of these cells, and eventually disappear from the lesions. This phenomenon has been described in vivo as well as in vitro. However, the reason for the morphological alterations and the following oligodendroglial depletion remained unclear. Since virus infection can induce cell death, it was investigated whether apoptosis or necrosis plays a role in the pathogenesis of demyelination in canine distemper. In brain tissue sections from dogs with acute distemper apoptotic cells were not detected within the demyelinating lesions using morphological and biochemical cell death criteria. In chronic distemper, apoptotic cells - presumably inflammatory cells - were seen within the perivascular cuffs. These in vivo findings were correlated to the in vitro situation using CDV-infected primary dog brain cell cultures as well as Vero cells. Infection with culture-adapted CDV lead to massive necrosis but not to apoptosis. After infection with virulent CDV neither apoptosis nor necrosis was a predominant feature in either culture system. These findings suggest that virus-induced demyelination in canine distemper is not the direct consequence of apoptosis or necrosis. It is speculated that another mechanism must be responsible for the observed morphological alterations of oligodendrocytes, ultimately leading to demyelination.

Acta Neuropathol (Berl) 1999 Mar;97(3):279-87



Disappearance of beta2 adrenergic receptors on astrocytes in canine distemper encephalitis: Possible implications for the pathogenesis of multiple sclerosis.
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It has been reported that astrocytes in the white matter of patients with multiple sclerosis (MS) lack beta2-adrenergic receptors. This abnormality might explain why astrocytes in active MS plaques aberrantly express major histocompatibility (MHC) class II molecules, which play an important role in the immunological cascade leading to myelin destruction. Canine distemper (CD) virus primarily infects astrocytes and causes a demyelinating disease in dogs that closely resembles MS. In control dogs, including three dogs with another inflammatory disease, beta2-adrenergic receptor immunoreactivity was observed on both neurons and astrocytes. In dogs with CD encephalitis, beta2-adrenergic receptors were present on neurons, but were absent on astrocytes in acute lesions, demyelinated lesions, and normal-appearing white matter. Similar to MS, several astrocytes in demyelinated lesions expressed MHC class II. These findings suggest that MS and the demyelinating stages of CD encephalitis have a common pathogenetic factor, and that the loss of astrocytic beta2-adrenergic receptors in MS might be induced by a viral infection of astrocytes.
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Relation of clinical signs to pathological changes in 19 cases of canine distemper encephalomyelitis.
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In an attempt to associate the clinical neurological syndromes with the neuropathological features of canine distemper (CD), 19 spontaneous cases with neurological involvement were examined, before and after euthanasia. Seventeen dogs were less than one year of age and all except two (89.4%) were unvaccinated against CD. Various extraneural signs associated with CD encephalomyelitis (CDE) were seen in 15 dogs. Generalized or localized myoclonus was the most common sign observed (13/19). Seventeen of the dogs presented with signs suggestive of one neuroanatomical location of lesions. Of these animals, seven had signs of cerebral, two of cerebellar, four of cervical, one of cervicothoracic, two of thoracolumbar and two of lumbosacral syndrome. The diagnosis of CD was confirmed immunohistochemically (detection of CD viral antigen), serologically (neutralizing serum antibody titre > or = 16) and histopathologically (CDV inclusion bodies, type of central nervous system lesions). An association of the neuroanatomical lesion location and the histopathological findings was noted in 14 out of 17 dogs (82.3%). Myoclonus could be attributed to lower motor neuron damage in eight out of 13 dogs (61.5%).
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