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This laboratory has developed over the past several years 

a rat model for virus-induced 1,2,3 central nervous system 

(CNS) disease involving inflammatory demyelinating lesions. 

The JHM strain of murine hepatitis coronavirus causes an array 

of neurological diseases differing in complexity depending on 

factors associated with the age and genetic background of the 

host 4 and the particular JHM virus isolate utilized 5 . Factors 

related to the age and genetics of the host associated with 

susceptibility to disease appear to involve immunological func

tion4, whereas factors related to the virus appear to depend on 

functional aspects of the E2 envelope 91ycoprotein 4 ,6,7 (Wege 

et al., this volume). 

Wild type JHM virus inoculated intracerebrally into 

suckling rats (1-3 weeks age) invariably produces a rapidly 

progressing acute encephalitis (AE) showing an apparent pan

tropic infection of neural cells including various types of 

neurons and glial cells. The animals rapidly become moribund 

and die within 5-7 days post-inoculation. Clinical disability 

and death can be attributed to direct destruction of neural 

cells by the infection although participation of cellular 

immune-mediated killing may playa role. However, this disease 
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pattern occurs across strains and thus would not appear to 

strongly depend on genetic factors related to immune response. 

In contrast to AE, when immune-competent animals, older 

than 3 weeks of age, are inoculated with JHM virus, a disease 

pattern emerges showing genetic control of susceptibility in 

different rat strains, restriction of lesions to white matter, 

and viral persistence. This disease, termed subacute demyeli

nating encephalomyelitis (SDE), shows an onset time of at least 

2 weeks post-inoculation with clinical signs ranging from mild 

paresis to complete hindleg paralysis3 (Wege et al., this 

volume). Histologically animals have primary demyelinating 

lesions with little involvement of neurons with mononuclear 

cell infiltrations at sites of demyelination. Genetic suscepti

bility to SDE, but not AE, is seen when analyzing the rat 

strains Lewis, Brown-Norway (BN) and Lewis.BN (rats having a 

BN RT-l locus on a Lewis genetic background). Whereas Lewis, BN 

and Lewis.BN rats are all equally susceptible to AE, only Lewis 

and Lewis.BN rats are susceptible to SDE 4 clearly showing the 

involvement of genes located outside the RT-l locus in suscep

tibility and distinct pathogenetic mechanisms between monopha

sic AE and longterm SDE. 

pathogenesis of JHM virus studied in vitro 

In order to analyze the complex host and virus genetic 

factors involved in the development of SDE, virus-neural cell 

interactions were studied in vitro. For this purpose, primary 

tissue cultures were prepared from newborn rat brain and in

fected with JHM virus 8 • 

204 



At the simplest level, the type of disease pattern and 

specific sites of lesion formation in the brain would depend on 

the 1) ability of JHM virus to infect specific neural cell 

populations and 2) the degree to which virus replication pro

gresses in these cells. JHM virus would be expected to repli

cate to a higher degree in immature neural cells compared to 

those that are mature to account for AE in young animals and 

SDE with virus persistence in older animals. Neural cell 

cultures isolated from newborn animals are well suited for such 

an analysis because cells in these cultures develop on an in 

vivo schedule 9 ,lO. Secondly, JHM virus should show a pantropic 

infection in younger cultures whereas a more selective in

fection of glial cells in older cultures. Selective infection 

of oligodendrocytes would account for restriction of lesions to 

white matter in SDE. However, as recently shown by us 8 , the 

above two predictions were not observed in vitro. Cultures in-

fected at various times after plating and stages of maturation 

show no differences in susceptibility to JHM virus infection. 

At all timepoints of culture, JHM virus produces similar cyto

pathic effects (CPE) involving large plaque formation and cell 

lysis. Cells involved in plaque formation are mostly type I 

astrocytes and brain macrophages (microglia) and to a lesser 

extent, oligodendrocytes. Thus, factors controlling repli

cation in vivo appear to be not associated with maturation of 

brain but associated with other extraneous factors, most likely 

the maturation of the immune system. 

The second question, concerning specific neural cell 

tropism, was also analyzed and found, as well, not to agree 

with hypothesis. That is, oligodendrocytes were not the primary 

glial cell targets of JHM virus. Analysis of JHM virus tropism 

using various in vitro approaches 8 clearly established that the 

primary targets of JHM virus were type I astrocytes and micro

glia (Table I). 
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Table I - Infection of cultured glial cell subpopulations 

Treatment 

Orbital 

shaking 

Anti-sulfatide 

and Galacto

cerebroside 

plus complement 

Cells removed 

or not present 

Oligodendro

cytes l 

Oligodendro

cytes 

Five-day primary Oligodendro-

glial cultures 

replating non

adherent cells 

Normal rabbit 

IgG fraction 

Replating of 

oligodendro

cytes after 

orbital shaking 

cytes 

No cells 

removed 

Macrophages 

Astrocytes 

Principle 

cells 

remaining 

Astrocytes 

Macrophages 

Astrocytes 

Macrophages 

Astrocytes 

Macrophages 

cytes 

Astrocytes 

Infectabili ty 

(Infected 

cell type) 

+ 

(Astrocytes 

and 

Macrophages) 

+ 

(Astrocytes 

and 

Macrophages) 

+ 

(Astrocytes 

and 

Macrophages) 

(Astrocytes) 

Oligodendro- ++ 

cytes (Macrophages) 

Astrocytes 

Macrophages 

Oligodendro

cytes 

I cells replated and incubated with JHM virus: cells are not 
infectable 

2 - cells replated and incubated with JHM virus: cells are 
infectable 
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Infection of oligodendrocytes was rare and distinct in that in

fection occurred by occasional fusion with previously infected 

astrocytes. The resistence of oligodendrocytes to infection at 

various developmental stages was remarkable in that these cells 

often survived, uninfected, during the lytic infection of 

astrocytes and microglia. These findings suggest that oligo

dendrocytes are not the primary targets of JHM virus and that 

oligodendrocyte destruction by JHM virus may be limited and 

perhaps not sufficient to explain the extent of demyelination 

that is seen in the animal. This may explain why SDE lesions do 

not resemble demyelinating lesions seen in the human disease 

PML caused by JC papovaviruses, known to selectively replicate 

.wi thin and destroy oligodendrocytes dur ing immunosuppression 

11. SDE demyelinating lesions are inflammatory in nature con

taining mononuclear cell infiltrates consisting of macrophages 

and T-lymphocytes whereas demyelinating lesions of PML show no 

cellular infiltrates. The above observations leave unanswered 

the question as to how JHM virus induces extensive widespread 

demyelination in a rat strain specific manner. We have further 

attempted to answer this question using neural cell cultures. 

The mechanism of demyelination resulting from JHM virus 

infection of susceptible animals now appears to be a complex 

interaction between the virus, brain cells and the immune 

system. Lesions of primary demyelination are invariably asso

ciated with infiltations of macrophages and T-Iymphocytes 3 • The 

question therefore arose, whether demyelination occurred 

through mechanisms similar to experimental autoimmune encepha

lomyelitis (EAE). EAE is a delayed type hypersensitivity immune 

reaction (DTH) to myelin basic protein (MBP) characterized by 

perivascular cuffing of helper T-lymphocytes and macrophages in 

the white matter l2 • Watanabe et ale have shown that T-Iympho

cytes from animals with SDE show a proliferative response to 

MBP not seen in control animals l3 • That T-lymphocytes sensi

tized to MBP in SDE animals playa role in clinical disease was 

indicated by the ability to adoptively transfer the disease to 

recipients13 • These lymphocytes were of the helper phenotype, 

which are restricted by class II MHC (Ia) molecules. Interest

ingly, lymphocytes derived from clinically healthy persis-
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tently infected BN rats never showed a proliferative response 

to MBP perhaps accounting for resistance to SDE (Watanabe et 

al., unpublished observations). Similar results were obtained 

with JHM virus antigen specific T-lymphocyte responses indi

cating a general susceptibility of Lewis rats to la-restricted 

DTH reactions, be it toward MBP or JHM virus. 

A possible clue to the mechanism in which JHM virus 

elicits pathological DTH reactions in brain may be the recently 

uncovered role of type I astrocytes to act as potent immune 

assessory cells14 and the ability of JHM virus to specifically 

activate an astrocyte assessory cell phenotype as descr ibed 

below. 

Recently, gamma interferon (IFN- Y ) has been shown to 

induce class II MHC antigens (Ia) on astrocytes in vitro which 

then become potent antigen presenting cells (APC) and are able 

h 1 " 'f' 11 I' 14 to present MBP to encep a Itogenic MBP-speci IC T ce Ines 

For the induction of EAE and possibly DTH to other antigens, 

the importance of Ia+ APC is pointed out by the fact that 1) 

these diseases are mediated by class II restricted T-lympho

cytes15 , 2) Ia antigen positive macrophages and astrocytes 

become detectable in brain tissue during development of EAE l6 

and 3) the induction of EAE can be prevented by treatment of 

experimental animals with monoclonal anti-Ia antibodies l7 . 

Since induction of Ia on astrocytes is likely to play a 

crucial role in mediating DTH in brain, the recent discovery by 

us that JHM virus could induce Ia on astrocytes independently 

of IFN- Y was an important finding l8 . 

The Immune Adjuvant Properties of JHM virus 

Astrocytes are induced to express Ia after exposure to 

IFN- Y released by activated T-lymphocytes. However, the lack 

of lymphatic drainage in brain and the presence of the 

so-called blood-brain barrier restricting traffic of cells and 

macromolecules, suggests that IFN-Y may not be readily avail-

able, at least during the initial phases of viral infections. 
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Table II 

Induction of Ia antigen expression on glial cell cultures 

Treatment of primary 

glial cell cultures Ia induction 

Control (DMEM) with 15 % FCS) 

Control conditioned media 

Rat gamma interferon (10 units/ml) + 

Rat gamma interferon + 

anti-rat gamma interferon (1000 NU/ml) 

JHM virus 

+ anti-rat gamma interferon + 

JHM virus + a non-neutralizing anti-JHM antibody + 

JHM virus + a neutralizing anti-JHM antibody 

+ detectable by immunofluorescence microscopy 

- undetectable by immunofluorescence microscopy 

* All experiments performed with both glial and DBT 

cell derived JHM virus 

Therefore, the ability of components derived from infec

tious agents to act directly as immune adjuvants in tissues, 

especially in the brain, may be important in mounting an immune 

response to infection. 

209 



The induction of astrocyte Ia by JHM virus occurs in a 

dose dependent manner in that the induction capaci ty can be 

titered in plaque forming units/ml (PFU/ml). Peak induction is 

observed using 10 3 PFU/ml of JHM virus, (5-10 % of the cells) 

either infectious or U.V. inactivated, showing that inactivated 

viral particles were sufficient to elicit a response by astro

cytes. However, expression of class I MHC antigens on astro

cytes and oligodendrocytes is not appreciably increased by JHM 

virus over its normally high expression on 50-60 % of the cells 

in vitro, also seen in oligodendrocytes and astrocytes freshly 

isolated from brain. The ability of JHM viral particles to in

duce Ia was a direct activation of astrocytes, independent of 

virus-elicited secondary soluble factor, because a neutra

lizing antibody directed toward the E2 glycoprotein can totally 

abolish the induction capacity of glial-der ived virus super

natants to naive recipient cultures (Table II). In agreement 

with these findings was the total absence of various types of 

interferons in infected cultures which might otherwise induce 

Ia. In particular, IFN- Y appeared to play no role in virus Ia 

induction because a potent polyclonal antisera to IFN-Y did 

not block JHM virus induced Ia (Table II). As presented below, 

we have evidence that JHM virus may exert its effect on astro

cytes through specific virus receptor linked transmembrane 

signalling. 

possible mechanisms of astrocyte Ia induction by JHM virus 

Recent studies indicate that IFN- Y acts on cells through 

receptors linked to transmembrane signalling processes asso

ciated with activation of protein kinase C19 ,20. In agreement 

with such studies, is the induction of Ia antigens on B-lympho

cytes by agents known to stimulate protein kinase C (lipopoly

saccharides and phorbol diesters)21 and activate macrophages, 

similar to the effects of IFN- Y 20. We therefore tested these 

agents on astrocytes der ived from Lewis rats and found that 

lipopolysaccharide, 

phorbol myristate 

muramyl dipeptide (adjuvant peptide), 

acetate (PMA) and Ca++ ionophore A23187 

induce Ia on astrocytes in a dose dependent fashion and 

kinetics fitting well with the induction by JHM virus and 

distinct from Ia induction by IFN- Y (Table III). 
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Table III Flow Cytometric Analysis of Ia Induction 

Percentage of cells induced 

Dose giving 

maximal induction 

10 units/ml 

recombinant rat gamma 

inte.:::feror. 

2 

days 

18 % 

5 

days 

28 % 

10 3 ';FU/~~------------~~-;----------~~-;-------

JHM virus 

1. 0 /ug/ml LPS 

0.1 /ug/ml 
adjuvant peptide 

10 ng/ml 

PMA 

0.3 fUM 
A23l87 

Medium alone 

<.1 % 14 % 

<. 1 % 11 % 

<. 1 % 15 % 

<1 % 19 % 

<.1 % <1 % 
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This indicates that JHM virus particles induce Ia on 

astrocytes by virus receptor-linked activation of intracellu

lar protein kinase C because phorbol diesters are specific 

activators of this enzyme in these cells. In agreement with 

this was the induction of Ia on brain macrophages (microglia) 

as well, however, only in the presence of indomethacin, which 

blocks production of prostaglandins of the E series (PGE), 

potent suppressors of Ia induction. In contrast, astrocytes 

appear resistent to PGE suppression. 

Astrocytes could be especially effective antigen pre

senting cells in the brain owing to their ubiquity and their 

ability to phagocytose, process and present antigen to class II 

restricted T-Iymphocytes. In addition to the role of astrocyte 

Ia induction in mounting an immune response to infection, Ia 

expression by astrocytes might carry the risk of inappropriate 

presentation of brain antigens as is thought to occur in auto

immune processes directed against the thyroid gland. This would 

especially apply to individuals with genetic background genes 

allowing excessively high constitutive expression of Ia on 

tissue specific cells. 

In considering the hypothesis that hyper induction of 

astrodyte Ia may be a phenotypic marker determining genetically 

controlled susceptibility to DTH reactions in the brain, in 

this case, experimental autoimmune encephalomyelitis (EAE), we 

recently compared the IFN- Y induction of Ia molecules on 

astrocytes and macrophages from rat strains that are suscepti

ble or resistant to this disease. Our data demonstate that 

Lewis (fully susceptible) and Brown-Norway (BN) (fully resis

tent) rats are very different in that Lewis astrocytes express 

much higher levels of Ia than BN astrocytes. At least one gene 

responsible for la-hyper induction is located outside the rat 

RT-I locus. Animals congenic at the RT-I locus of BN rats but 

wi th background genes of the Lewis rat exhibit intermediate 

levels of Ia compared to BN and Lewis rats, which fits well 

wi th the reduced EAE-susceptibil i ty of these congenic 

animals 22 • Further, hyperinduction of Ia is astrocyte specific, 

since peritoneal macrophages or microglial cells of susceptible 
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and resistant strains exhibit identical profiles of Ia in

duction. Thus, astrocyte Ia hyper inducibility may be a major 

strain and tissue specific factor that contributes to Ia re

stricted DTH reactions in the brain. We can now extend these 

observations to strain-specific Ia induction by JHM virus, 

since a parallel situation is seen as that observed with 

IFN- 'If That is, Lewis and congenic Lewis.BN rat astrocytes 

show induction of Ia by JHM virus whereas BN astrocytes are 

totally insensitive to JHM virus Ia induction despite the 

ability of the virus to replicate in these cells (Table IV). 

Table IV 

Induction of Ia antigen expression on glial cell cultures by 

JHM coronavirus. 

Rat Strain 

Lewis 

BN 

Lewis.BN 

Astrocyte Ia induction 

by JHM virus 

+ 

+ 

Table I legend 

Control DBT cell 

conditioned media 

+, Detectable by immunofluorescence microscopy (induction of Ia 

on at least 2,500 - 5,000 cells per cm2); -, undetectable by 

immunofluorescence microscopy (expression of Ia on 0-10 cells 

per cm2 ). JHM virus stock was obtained from tissue culture 

supernatants of the DBT cell line infected with wild-type JHM 

murine coronavirus. Stock virus from the DBT cell line con

tained 2xl0 5 PFU/ml when cytopathic effect reached 90 %. Con

ditioned control supernatants from uninfected, DBT cells served 

as the control for the virus supernatant preparations. Glial 

cultures were prepared as previously descr ibed 8 and plated 

onto polyornithine coated glass coverslips. The total number of 
5 2 cells in the cultures was, on average, 10 cells/cm. Ten days 

post-plating the stock infectious JHM virus was allowed to 

adsorb to the glial cell monolayer for 1 hour after which in-
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oculum was removed and cultures were refed. Five days post-in

fection the cultures were stained for Ia using the OX6 monoclo

nal antibody (from hybr idoma supernatant), then examined by 

FITC fluorescence microscopy. 

This observation correlates with susceptibility to SDE, 

Lewis and congenic Lewis.BN rats being fully susceptible and BN 

rats fully resistant. Thus, both JHM virus induction of Ia 

molecules on astrocytes and susceptibility to SDE is controlled 

entirely by genes located outside the RT-l locus of rats. 

In conclusion, the strain-specific differential induction 

of class IlIa molecules on astrocytes by either endogenous 

immunoregulatory factors or viral particles correlates well 

with strain-specific susceptibility to autoimmune demyeli

nating disease. That EAE and SDE appear to involve DTH re

actions to brain tissue mediated by la-restricted encephalito

genic T-lymphocytes fits with this correlation. In recent 

studies by us, a correlation between increased numbers of Ia+ 

astrocytes, totally lacking in normal brain, with increasing 

clinical symptoms of SDE, suggests that Ia + astrocytes are 

potentially capable in mediating the pathogenetic immune pro

cesses ensuing within the brain during JHM virus infection. 
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