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The presence of a receptor for a given virus on the cell membrane is 
a primary factor in determining the affinity of that virus for the cell 
and contributes to the pathogenicity of the disease (1). Studies of viral 
binding to isolated subpopulations of CNS cells provide an in vitro ap
proach to the question of viral tropism in the nervous system and patterns 
of viral binding in vitro have been found to correlate with the pathologic 
consequences of viral infection in vivo. This has been well demonstrated 
in the reovirus system using recombinant viruses (2) as well as in other 
experimental systems including coronaviruses A59 or JHM-MHV4 (using 
temperature sensitive mutants) (3-6). The aim of our work was (a) to 
define the selective affinity of MHV3 for CNS cells and to compare it with 
that of other coronaviruses ; (b) to analyse in vitro the consequences of 
MHV3 infection in CNS cells such as the ability of infected cells to 
survive and proliferate, the induction of cellular fusion, the intracyto
plasmic enzymatic activities and the membranal functions of the infected 
CNS cells. 

IN VIVO INDUCTION OF THE PERSISTENT MHV3 CNS INFECTION AND ITS NEUROPA
THOLOGICAL CONSEQUENCES 

Intraperitoneal injection of MHV3 into adult C3H mice results either 
in early death due to hepatitis or in surviving animals in the development 
of a chronic disease with neurologic manifestations and virus persistence. 
The balance between acute hepatitis and chronic CNS disease depends both 
upon the age 20f recipient mice and the injected dose of virus (injection 
of 1 to 5 10 pfu of MHV3 into 12-14 week old mice seems optimal in 
obtaining the highest percentage of chronic disease with minimal acute 
death). Chronic neurologic disease results from a meningitis, ependymitis 
and encephalitis, beginning 3 to 4 weeks after infection and followed by a 
permanent communicating hydrocephalus. Later (after the 6th week post
infection (p.i.)), a chronic thrombotic vasculitis develops affecting 
meningeal and parenchymal vessels at the brain stem level (7-10). There is 
no evidence of white matter alteration suggesting that in vivo MHV3 
induces lesions predominant on meningeal cells, ependymal cells and 
neurons. 
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Fig. 1. Left panel : binding of purified MHV3 to isolated ependymal cells 
(as seen under phase microscope in A) from adult C3H mice as shown 
by indirect immunofluorescence (B) (magnification X 400). Right 
panel : MHV3-infected fetal cortical cell cultures (as seen under 
phase microscope in C, 48 h after infection) double-labelled for 
MHV3 antigen (D) and N-Cam antigen (E) (magnification X 230). 
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Some strains of mice are resistant to MHV3-induced diseases (A/Jx 
mice) while others are highly susceptible (CS7 /B1 6 mice) and develop an 
acute hepatic necrosis leading to death within a few days in all injected 
animals. The presence of MHV3 can be demonstrated in the liver of A/Jx 
mice in days following viral inoculation ; however in this strain of mice 
compared to C 7/B1 mice a higher titer of virus is required for CNS 
penetration. ~n sp~te of viral invasion, no neuropathological lesions are 
observed in the brain of infected A/Jx mice (10). 

SELECTIVE AFFINITY IN VITRO OF PURIFIED MHV3 FOR EPENDYMAL CELLS, NEURONS 
AND MENINGEAL CELLS---

Purified MHV3 is obtained by PEG precipitation of proteins from 
supernatants of infected L ce11g cu1tur7s and viral isolation on a sucrose 
gradient (titers between 5 x 10 and 10 pfu/m1). 

Ependymal cells and oligodendrocytes. Cells are freshly isolated by a 
selective release from mouse brains slices (either with EGTA and DNAase) 
and a purification on a BSA gradient (10). Purified MHV3 bind to 82 % of 
isolated ciliated ependymal cells (figure 1) but only to 25 % of cells 
present in the oligodendrocyte-enriched cell suspension, as judged by 
indirect immunofluorescence. In double labeling experiments with anti
ga1actocerebroside (a marker for oligodendrocytes) and anti-~ffiV3 anti
bodies, 23 % of the anti-ga1actocerebroside positive cells were double 
labelled by anti-MHV3 antibodies. Thus, MHV3 appears to have a stronger 
affinity for ependymal cells than for oligodendrocytes. 

Neurons and astrocytes. Fetal or neonatal dissociated cortical brain 
cultures provide respectively mono layers of mixed neurons and astrocytes 
or of astrocytes without neurons. In both kinds of cultures a small 
percentage of cells (5 to 10 %) are fibroblasts. Neurons and astrocytes 
are recognized by their morphological aspect under phase microscope and by 
specific antigenic markers such as GFAP for astrocytes or N-Cam and A2 B5 
antigens for neurons. Fetal cortical neurons are brightly stained by 
indirect immunofluorescence using purified MHV3 and corresponding anti
bodies. Viral binding is observed on the surface of the majority of 
examined neurons, on cell bodies as well as on neurites. Neurons of 
different ages (3 to 20 days in culture) are equally stained. In sharp 
contrast, the non neuronal cells are not stained during the procedure 
(10). 

When similar cultures are infected with 102 pfu of MHV3 and are 
tested 24 h or 48 h later for the presence of intracytoplasmic MHV3 
antigens, 80 to 85 % of neurons are stained, whereas non neuronal cells 
are negative. Moreover, MHV3-infected glial cell cultures obtained from 
newborn mice (containing no neurons) are negative for the presence of 
intracytoplasmic viral antigens except for 4 to 6 % of cells in cultures 
tested more than 4 days post-infection. Cultured cells were subsequently 
double-labeled for the presence of intracytoplasmic MHV3 antigen and GFAP, 
A2 B5 or N-Cam antigen : no GFAP positive cell are positive for MHV3 
whereas more than 80 % of the A2 B5 and N-Cam positive cells are also MHV3 
antigen-positive (figure 1). 

Meningeal cells. Cultures of meningeal cells were obtained from ex
plants of fetal meninges. Intracytoplasmic MHV3 antigens are easily 
detected by indirect immunofluorescence in the cytoplasm of meningeal 
cells in culture, 24 h after MHV3 infection. 
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CONSEQUENCES OF MHV3 INFECTION ON MORPHOLOGICAL ASPECTS AND FUNCTIONS OF 
CULTURED CNS CELLS 

The consequences of MHV3 infection on the metabolism of the host cell is 
poorly understood. Coronaviruses can induce cell fusion although. as 
recently described by Frana et al. (11). the expression of fusion depends 
partly on the host cell. To further analyse these questions. cultures of 
meningeal cells. astrocytes and neurons have been infected with different 
doses of MHV3 and several parameters have been monitored during 14 days 
p.i. 

Survival of Infected Cells and Induction of Cellular Fusion 

Meningeal cells and L cells. When infected with 102 pfu of MHV3, 
meningeal cells as well as L cells form large syncytia after 12 hours and 
are disrupted within 48 hours. Viral titers in supernatants of inf~cted L 
ce!ls and meningeal cells increase at a similar rate (between 5 10 and 
10 pfu/ml at day 2 p.i.). 

Neurons and astrocytes. Morphological maturation of cells in virus
infected and non infected cortical neuronal cell cultures is similar for 6 
to 7 days p.i., after which neurons appeared progressively disrupted over 
a three day period, whereas the morphological aspect of astrocytes is 
preserved. Formation of neuronal syncytium were occasionally observed on 
1 pm sections. The morphological a~pect of astrocytes from glial cell cul
tures is identical in infected (10 pfu/culture) and uninfected cultures. 
Some astrocyte disruption without fusion~ were, however. observed when 
cultures were infected with more than 10 pfu of virus per culture 
(MOl> 0.01) (10). 

To further analyze the respective susceptibilities of astrocytes and 
neurons to MHV3, two continuous cell lines, one of glial origin (C6 
glioma) and the other of neuronal lineage (Neuroblastoma_~IE 115), were 
tested. Neuroblastoma cells when infected at a MOl of 10 ,were destroyed 
within 36 hours without syncytia formation. In sharp contrast, C6 glial 
cells appeared unaffected by MHV4 infection. 

Viral titers in supernatants of 3 to 6 days old neuronal cultures or 
of neuroblastoma cell cultures increased sharply during the first days of 
infection. Conversely, no virus was found in the supernatant of infected 
C6 glioma cells whereas viral titers increased slowly in supernatants of 
glial cell cultures. At days 1 and 2 p.i. viral titers in the supernatant 
of infected glial cells were significantly lower than those observed in 
supernatants of infected neuronal cultures. By the 3rd day p.i. viral 
titers in supernatants of both types of cultures were identical. 

Metabolic Activities of MHV3-infected Neurons and Astrocytes 

The selective infection of cultured neurons with a relative preser
vation of astrocytes is of particular interest since a destruction of 
astrocytes induces by itself a disruption of neuronal cells. This, associa
ted with the delayed expression of viral induced neuronal lesions, pro
vides a privileged approach to study metabolic activities, and more 
specifically neurotransmitter related activities, of virus infected 
neurons and astrocytes. Results of experiments in progress will be bri~fly 
summarized. 

Neurons. In fetal cortical neuronal culture, the protein content per 
well decreased in infected cultures only after the 7th day p.i. reflecting 
neuronal death whereas thymidine incorporation reflecting cellular prolife
ration was unaffected. The activities of two intra neuronal enzymes 
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related to neurotransmitters synthesis (glutamic acid decarboxylase for 
Gaba synthesis and choline acetyl transferase for acetylcholine synthesis) 
were similar in control and MHV3 infected cultures up to the 7th day p.i., 
i.e. 3 to 4 days after the peak of viral replication. After the 7th day 
p.i., they decreased in infected cultures, reflecting again the neuronal 
death. The membranal binding of a neuronal specific benzodiazepine (BDZ) (3H 
methyl clonazepam) was preserved until the 10th day p.i. In sharp contrast, 
the high affinity uptake of 3H Gaba did not increase in infected cultures as 
in the control during neuronal maturation. This uptake was significantly 
lower in infected cultures as compared to the control after the 4th day p.i. 
Kinetic curves performed at day 6 p.i., suggested a selective decrease of 
the maximum veloCity with no alteration of the affinity. 

Astrocytes. In cortical ~lial cell culture, the protein content was 
similar in virus infected (10 pfu/culture) and control cultures whereas 
cellular proliferation, judged by thymidine incorporation was reduced after 
the 6th day p.i. The activity of glutamine synthetase (a glial specific 
enzyme) was unaffected by viral infection unless very high doses of virus 
were used. The binding of the non neuronal cell specific benzodiazepine, the 
R05-4B64 decreased after the 4th day p.i. ; this effect was dose ~ependent. 
It also depended on the ability of the virus to replicate : if 10 pfu of 
virus were UV irradiated the effect was abolished, suggesting that the 
binding itself of viral particles to the cell surface was not directly 
responsible for the decreased BDZ binding. On Scat chard plot at day 7 p.i. 
we observed in the infected culture a decreased affinity of the high affini
ty BDZ receptor, whereas the maximum binding was the same in both types of 
cultures. No modification of the low affinity BDZ receptor was observed. 

DISCUSSION 

Purified MHV3 has in vitro a high affinity for neurons, ependymal cells 
and meningeal cells but-not for astrocytes and oligodendrocytes. This 
corresponds to its pattern of pathogenicity in vivo since MHV3 induces an 
initial ependymitis, a meningitis and an encephalitis in the absence of any 
white matter lesion. The difference in susceptibility to MHV3 between 
neurons and astrocytes is specially striking : neurons but not astrocytes 
appear to be slowly destroyed after viral infection while viral replication 
is very active in the supernatant of young embryonnic cultures when neuronal 
cells predominate. Glial cells, in culture, however, retain some susceptibi
lity to MHV3 since evidence of slow viral replication is observed in infec
ted glial cells. 

Members of the mouse hepatitis virus group differ in their affinity for 
CNS cells in vivo and in vitro. Selective affinities of MHV3, MHV4-JHM, MHV4 
tsB, A59 strains for isolated -CNS cells are compared in table 1. It is of 
particular interest that MHV4-JHM, its temperature sensitive mutant tsB and 
A59 strain have a strong affinity for astrocytes whereas MHV3 has a low 
affinity for them. Conversely, only MHV3 and MHV4-JHM appear to infected 
neurons. Restricted tropism of mouse hepatitis viruses for CNS cells could 
be due to antigenic variation in the E2 glycoproteins (12). 

Induction of a cellular fusion seems to depend both upon the host cell 
and the infecting virus. MHV3 can induce fusion between meningeal cells but 
not between astrocytes : when astrocytes are infected with high doses of 
MHV3 a cytopathogenic effect occurs without evidence of fusion. On the other 
hand, astrocytes are fused after infection with MHV4 or A59 (3-5). Finally, 
neurons infected with MHV4-JHM (3, 4) or MHV3 appear relatively resistant to 
fusion induction although we have occaSionally observed fused infected 
neurons. 
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Table 1. Selective affinities of different Mouse Hepatitis Viruses for 
isolated and cultured CNS cells. 

In vitro tropism for 
(1) 

Strain of 
Corona-
virus Neurons Astrocytes Oligo- Ependymal Meningeal 

dendrocytes cells cells 

MHV3 -++ + -++ -++ 
MHV4-JHM -++ -++ NR (2) 

NR NR 

MHV4-ts8 -++ NR NR NR 

A59 -++ -++ -++ NR 

(1) As judged by indirect immunofluorescence (showing either membranal 
or intracytoplasmic MHV antigens) on isolated or cultured mouse CNS 
cells, from references 3-6, 10. 

(2) No result reported. 

In vitro metabolic activities of MHV3-infected neurons can be 
preserved for several days even though neurons are actively replicating 
the virus. Thus, the intraneuronal neurotransmitters related enzymatic 
activities, the affinity of membranal receptors for a specific ligand 
(BDZ) are identical in infected and control cultures whereas the membra
nal Gaba uptake of high affinity is altered but not abolished. Similar
ly, MHV3 infection induces an alteration of astrocytes proliferation and 
of the affinity of membranal receptors for BDZ without modification of 
an intracellular enzymatic activity. These results show that MHV3 
replication, when it does not induce an acute cytopathogenic effect, 
could alter the "luxury functions" of CNS host cells in a very complex 
way. Studies of MHV replicating CNS cells could provide an interesting 
approach to analyze the consequences of coronaviruses replication on 
cellular metabolism. 
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