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The alteration in expression of major histocompatibility complex 
(MHC) class I genes on neural cells in association with central nervous 
system (CNS) demyelination was studied. Infection of mice or glial cell 
cultures with a neurotropic demyelinating coronavirus, mouse hepatitis 
virus (MHV) strain AS9, was used as a model system. While uninfected 
neural cells do not express detectable amounts of MHC class I surface 
antigens, after infection with MHV-AS9 in vitro or in vivo, these anti
gens can be detected by reaction with a-;onoclonal antibody against H-2D 
and H-2K. Induction of MHC class I antigens by MHV-AS9 infection in mice 
was associated with increased levels of H-2 mRNA. Upregulation of MHC 
class I antigens involved the production of soluble factor/s produced by 
infected astrocytes. The identity of the factor, which is not inter
feron, is at present unknown. Brain specimens from autopsies of patients 
with multiple sclerosis, a human inflammatory demyelinating diseases, 
were also examined for alteration of MHC antigens. Both class I and 
class II surface antigens were found in active plaques but not in chronic 
plaques or in normal brain. These results are consistent with the 
hypothesis that MHC class I antigen induction may play a role in inflam
matory CNS demyelination in both experimental animals and in humans. 

Persistent infection of MHV-AS9 in mouse glial cultures 

MHV-AS9 causes a chronic demyelination disease in mice associated 
with persistence of the viral RNA in CNS white matter. 1,2,j To investi
gate the mechanism of demyelination, the interaction between MHV-A59 and 
its putative target cells, CNS glial cells, was studied. Primary mixed 
glial cultures derived from newborn mouse brains were fractionated into 
enriched oligodendrocyte and astrocyte cultures.4,~,b,7 Three days after 
plating of enriched cultures, astrocyte cultures contained more than 90% 
glial fibrillary acidic protein (GFAP) positive cells (astrocytes8) and 
oligodendrocyte cultures contained approximately 70% galactocerebroside 
(GalC) positive cells (oligodendrocytes9). Three days after infection 
with MHV-A59, approximately 10% of oligodendrocytes and 30% of astrocytes 

219 M. M. C. Lai et al. (eds.), Coronaviruses
© Plenum Press, New York 1987



expressed viral antigens as assessed by double immunofluorescent staining 
using antisera directed against viral proteins, and either anti-GalC or 
anti-GFAP. All three culture types released a burst of virus in the few 
days after infection, followed by release of 103-105 tissue culture 
infectious dose (TCID50/ml) of infectious virus for at least 45 days. 
During these infections there was no obvious cytopathic effect although 
the cells releasing virus may have been dying. 

Similar enriched cultures have been derived from five day old mice 
that were previously infected with MHV-A59. These cultures were similar 
to those infected in vitro in both antigen expression and virus release. 
Thus astrocytes an~oligodendrocytes are early targets for virus infection 
in vivo as well as in vitro. Moreover, these glial cell cultures main
tained persistent infection of MHV-A59 as long as the cultures were viable. 
Infected glial cell cultures were subsequently used for studies on 
expression of MHC antigens. 

Expression of H-2 class I antigens in MHV-A59 infected glial cultures 

Infection of mixed glial cells with MHV-A59 in vitro induced expres
sion of MHC class I, 9ut not 1a antigens, on the surface of oligodendro
cytes and astrocytes. The same was true of glial cells derived from 
previously infected mice. 7 Mock-infected cells did not express these 
antigens. Antigen expression was assessed by indirect immunofluores
cence and radioimmunoassay using monoclonal antibodies against H-2D and 
H-2K. Direct infection of astrocyte-enriched cultures resulted in induc
tion of H-2 class I antigens on the surface of over 90% of the cells. 
However, infection of oligodendrocyte-enriched cultures did not induce 
H-2 antigens. When supernatant from infected astrocyte cultures was 
treated with ultraviolet light to inactivate the virus and transferred 
to an oligodendrocyte-enriched culture, induction of H-2 class I antigens 
occurred in over 90% of the cells. The use of UV inactivated supernatant 
from infected 17C1-1 cells did not induce H-2 antigens. These experi
ments suggested that a soluble factor (or factors) was involved in the 
induction. 7 To determine which cells were responsible for production of 
the "H-2 inducing factor" cultures enriched for different CNS and spleen 
cells were prepared, infected with MHV-A59, and the supernatants were 
tested for inducibility of H-2 class I on the surface of astrocytes and 
oligodendrocytes. The cultures included astrocytes, oligodendrocytes, 
meningeal fibroblasts, macrophages-microglia, and spleen cells. Of these, 
only astrocytes, oligodendrocytes and meningeal fibroblasts were produc
tively infected. Only supernatant from astrocyte-enriched cultures con
tained the "H-2 inducing factor". 7 The level of interferons in a super
natant from astrocyte infected culture containing the "H-2 inducing 
factor" was undetectable «60 units/ml). When the supernatant was incu
bated with antibodies against alpha-beta or against gamma interferons, 
in at least lOX excess of neutralizing activity, these antibodies failed 
to block the H-2 inducing effect. Thus interferons were ruled out as 
the H-2 inducing factor, and the identity of the factor is at present 
unknown. 

Expression of H-2 class I mRNA in MHV-A59 infected mice 

To determine whether the induction of MHC class I antigens results 
from increased levels of the messenger RNA for H-2 protein, 4-6 week 
old C57BL/6 mice were intracerebrally infected with 1000 PFU of MHV-A59. 
This low dose produces only mild encephalitis followed by demyelination. 
At daily intervals after inoculation, mice were sacrificed and RNA was 
isolated from brain samples, electrophoresed on 1% agarose-formaldehyde 
denaturing gels and blotted onto nitrocellulose filters. Blots were 
probed with 32p labelled cloned DNA representing the conserved region of 
H-2Ld (MHC class 1).10 Autoradiograms showed a single band with 
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electrophoretic mobility slightly faster than 18S RNA, consistent with 
the size of authentic H-2 mRNA. H-2 RNA first appeared in the brain of 
infected mice 2 days after inoculation (before the lymphocytic infil
tration) and increased in intensity to day 4. RNA from mock-infected 
mice showed no hybridization with the probe. This suggests that induc
tion of H-2 in MHV-A59 infection is at the transcriptional level. How
ever, the possibility that induction involves alteration of mRNA half 
life rather than synthesis has not been ruled out. The mechanism of 
upregulation of H-2 class I expression and the question whether it is 
part of a more general induction of other genes still awaits further 
investigation. 

Expression of HLA-class I antingens in multiple sclerosis 

The increasing evidence of the importance of MHC expression in experi
mental virus-induced demyelination7 combined with the theory that multiple 
sclerosis (MS), the most co~yn human demyelinating disease, may have an 
immune-mediated pathogenesis ,has prompted the search for altered 
expression of MHC class I antigens in MS. 

Specimens from different areas of the brain including active and 
chronic plaques were obtained from three MS patients. Frozen sections 
were fixed in methanol and reacted with different monoclonal antibodies 
using avidin-biotin-immunoperoxidase as described. 12 The monoclonal 
antibodies to class I and class II MHC antigens included mouse monoclonal 
antibodies to native HLA A,B,C molecules, an anti human S2-microglobulin, 
and two monoclonal antibodies to class II antigens. Positive controls 
were provided by monoclonal antibodies which recognize a determinant in 
all intermediate filament units including neurofilaments and glial fila
ments. A myeloma cell medium containing the appropriate class and amount 
of immunoglobulin, provided a negative control. The class I monoclonal 
antibodies did not react with brain cells from normal individuals except 
for endothelial cells. Class II antigens were expressed in normal brains 
in rare endothelial cells and occasionally in microglia or reactive 
astrocytes. 12 

Specimens of MS tissue were classified according to three categories 
based on the amount of lymphocytic infiltration. Active areas had severe 
lymphocytic infiltration in both perivascular and parenchymal areas, 
intermediately active areas showed mild lymphocytic infiltration, and 
non-active areas had no lymphocytic infiltrates. 

Based on this classification of activity, MHC class I antigen expres
sion was found in three immunologically active areas in the majority of 
the cells, including cells of the immune system and glial parenchymal 
cells with processes. In nine intermediate active areas, MHC class I 
antigens were present on lymphocytes and to a variable extent on paren
chymal cells, ranging from sparse to intense density, but not as much as 
in active areas. In six non-active areas there was no detection of class 
I antigens except on endothelial cells as previously shown. 12 Expression 
of class II antigens was detected in active areas in the same distribution 
and intensity of the expression of class I antigens. However three dif
ferent intermediately active areas expressed class II antigens in the 
absence of class I. 

Summary 

Our studies revealed that virus induced demyelination as well as 
human inflammatory demyelination involves upregulation of class I MHC 
genes and surface expression of antigenes encoded by these genes. Induc
tion involves the action of an intermediate soluble factor/s which is at 
present unknown. These findings suggest that MHC class I restricted, 
cytotoxic T lymphocyte (CTL) reactions, against self or foreign antigens 
may playa role in these conditions. These findings may help to elucidate 
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the mechanism of coronavirus-induced demyelination as well as the 

pathogenesis of multiple sclerosis. 
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