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ABSTRACT 

7 

Infection of mice with a neurotropic strain ofMHV (MHV-AS9), a non-neurotropic 
strain ofMHV (MHV-2), and a set of recombinant viruses (kindly provided by Dr. Michael 
Lai) were used to map genetic determinants of viral neurotropism and demyelination. 
Following intracerebral (IC) inoculation of 4-week old CS7Bl/6 mice, lLDSO ofMHV-AS9 
produced acute meningoencephalitis and hepatitis, and subsequently chronic CNS demyeli
nating disease. IC moculation of lLDSO of MHV-2 produced acute hepatitis without eNS 
disease. Recombinants ML-3, ML-II, ML-7, ML-8, ML-9 and ML-IO produced acute 
encephalitis similar to MHV-AS9. According to previous oligonucleotide fingerprinting 
analysis the only common denominator of the neurotropIc recombinant viruses was an M 
gene derived from MHV-AS9. Sequencing ofPCR-amplified viral Sand M genes confirmed 
that the M genes of neurotropic viruses are derived from AS9 while the S genes of neurotropic 
viruses are either derived from MHV-2 or from AS9. In tissue culture, ML-II, ML-3 and 
MHV-2 are fusion negative, while A59, ML-7, ML-8 and ML-I 0 are fusion positive. Thus, 
neurotropism in MHVs is not linked to fusion or the S gene. Moreover, the M gene may be 
a significant determinant of neurotropism and acute encephalitis. 

INTRODUCTION 

Infection of mice by mouse hepatitis virus (MHV), a coronavirus, is a reliable and 
consistent experimental model system for chronic demyelinating diseases such as multiple 
sclerosis (MS). As in MS, the mechanism ofMHV-induced inflammatory demyelination is 
not entirely clear, but there is evidence for direct cytolytic effect on oligodendrocytes, low 
level viral persistence, and immune-mediated pathology. We have previously used recombi-
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nant viruses derived from MHV strains JHM and A59, to map biological properties of the 
virus to viral genes I. Based on the correlation between the phenotypic properties and the 
oligonucleotide map of the recombinants, we concluded that the 3' end 25% of the MHV 
genome (genes 3-7), controls biological properties such as plaque morphology and replica
tion in tissue culture, organ tropism and distribution of central nervous system pathology in 
the mouse l . This genomic region contains the genes encoding the viral structural proteins S, 
M, and N, as well as some non structural proteins. It has been previously shown that the 
envelope protein S is a determinant of fusion properties and may contribute to neuropatho
genicity of MHV strains2,3,4,5,6,7. We have now used recombination between a neurotropic 
(MHV-A59) and a non-neurotropic (MHV-2) strain of MHV to further map the genetic 
determinants of viral neurotropism and demyelination. 

EXPERIMENTAL DESIGN AND RESULTS 

Recombinations between MHV-2 and MHV-A59. A set of recombinant viruses be
tween MHV-2 and MHV-A59 were obtained from Dr. Michael Lai6. The recombinants, 
labeled ML-7, ML-8, ML-IO, ML-II, ML-3 and ML-9 were prepared by crossing MHV-2 
with a temperature sensitive mutant of MHV-A59. MHV-A59 is fusion positive while 
MHV-2 is fusion negative. The following is our preliminary characterization of biological 
and molecular properties of some the recombinant viruses as compared to parental viruses. 

LD50 ofMHV-2IA59 recombinant and parental viruses. Four week old C57B1I6 mice 
(certified virus free mice purchased from Jackson Laboratories), were inoculated intracere
brally (IC) with 10 fold serial dilutions ofMHV-A59, MHV-2 and recombinant viruses. Five 
mice were used per dilution; five 10 fold dilutions per virus were used. Mice were monitored 
daily for signs of disease and mortality. Disease signs were non specific and included ruffled 
fur, loss of appetite and weight, hunched position, lack of motility. The LD50 was calculated 
according to the standard Reed-Muench formula as previously described8. The LD50 for the 
viruses are listed in the Table I Only MHV-A59, MHV-2, ML-3 and ML-II caused mortality 
at a dose equal or below the titer ofthe viral stock. The loss ofhepatotropism in the non-lethal 
viruses may be the explanation for this phenomenon. 

Viral growth and titer in tissue culture. MHV-2 reached titers of2xl07 in 24 hours 
in L2 cells, similar to MHV-A59. ML II reached titers of 2x I 06 pfu/ml in 24 hours. ML-8 
reached titers of l.55xl08 pfu/ml, ML-7: l.32xl05 pfu/ml and ML-IO: l.32x105 pfu/ml. 
While A59 produced fusion and cytopathic effect in infected L2 cells, both MHV-2 and 
ML-II were fusion negative. Thus, the fusion property does not segregate with neurotro
pism, but as previous studies showed is controlled by the 3' portion of gene 3 (S protein). 

Histopathology and organ tropism of recombinant and parental viruses. Following 
IC inoculation of ILD50 into 4-week old C57B1I6 mice, MHV-A59 produced acute 
meningoencephalitis and hepatitis, and subsequently chronic CNS demyelinating disease. 
IC inoculation of MHV-2 produced acute hepatitis without CNS pathology. Occasional 
inflammatory cells were found in the choroid plexus. Recombinants ML-ll and ML-3 
produced acute encephalitis and hepatitis similar to MHV-A59. ML-7, ML-8, ML-9 and 
ML-IO produced mild acute encephalitis without hepatitis. ML-IO produced minimal 
hepatic inflammation but no evidence of hepatitis since there were no foci of necrosis 
or destructive changes in hepatocytes. MHV-A59 caused chronic spinal cord demyelina
tion which was easily detected in all of the mice by H&E, LFB or toluidine-stained 
sections. However, H&E and LFB did not detect demyelination in the spinal cords of 
mice infected with I LD50 dose ofML-II, or undiluted ML-7, ML-8 and ML-I O. Toluidine 
blue staining on Araldite-embedded sections revealed only rare demyelinated axons in 
multiple spinal cord sections of a mouse infected with ML-II. Thymic cortical depletion 
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of lymphocytes was detected in MHV-A59, ML-ll, ML-3 and MHV-2, but not in ML-7, 
ML-8 and ML-IO. It was always associated with hepatitis, but not with mild hepatic 
inflammation as seen in ML-I 0 infection. 

Molecular characterization of recombinants. The comparative amino acid sequence 
analysis of M protein of MHV-A59, MHV-2 and recombinant viruses was deduced from 
nucleic acid sequencing of gene 6 of the viruses. RNA was purified from virus-infected L2 
cells, and reversed transcribed using random hexamers (1 00pmo1l201l1; Boehringer Man
heim Biochemicals) and Moloney MLV reverse transcriptase (40011/20111; Gibco BRL). peR 
amplification of the cDNA templates was done with Taq polymerase (2.5 11/100111; BMB), 
using multiple primers, allowing overlapping sequencing of both strands. peR products were 
purified using Promega's Magic peR prep, then sequenced using the fmol DNA sequencing 
kit from Promega following the manufacturer's recommended protocol for the extension/ter
mination reaction with an 35S-dATP label. 

The comparative analysis of the M proteins ofMHV-2, A59 and ML-ll revealed that 
the M protein ofML-ll, ML-7, ML-8, ML-3 and ML-9 were derived from MHV-A59, thus 
confirming the previous oligonucleotide fingerprinting analysis of gene 6 of these viruses. 
MHV-2 M protein sequence differs from that of MHV-A59 by 10 amino acids: asparagine 

Table 1. Summary of bIOlogic properties ofrecombillant viruses as compared to parental viruses 
MHV-A59 and MHV-2 

ViruS 

Property A59 MHV-2 ML-11 ML-7 ML-8 MLlO ML-3 ML-9 

Peak morbidity (dpI) I 5-8 6-11 6-8 4-8 

Mortality (dpI) I 6-8 7-11 7-8 5-9 

LD50 (pfu).2 4x103 4x105 2x104 >26x103 >3 1x106 >26x103 1x102 >6x105 

FUSIOn ofL2 cells· 3 + + + + 
Hepatotroplsm I + + + + 
Thymotroplsm I + + + + 
Neurotropism. I 

Acute encephalitiS + + + + + + + 
DemyelmatlOn + rare 

IOroups (2-5) of 4-week old C57Bl/6 mice were moculated mtracerebrally With 1-2 LD50 dose of ViruS 
assessed by LFB and tolUidme blue stamed sectIOns 

20roups of 5 4-week-01d C57B1I6 mice were moculated mtracerebrally With 10 fold dilutIOns of the ViruS 
LD50 was calculated accordmg to the standard Reed-Muench formula 
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for serine in 2; glutamine for glutamic acid in 9; isoleucine for valine in 20; arginine (basic) 
for glutamine (uncharged) in 21; valine for isoleucine in 37; valine for isoleucine in 52; 
leucine for isoleucine in 59; isoleucine for valine in 96; cysteine (non polar) for serine 
(uncharged polar) in position 219, and the substitution of threonine (uncharged) for alanine 
(non polar) in position 221. 

Sequencing of the S gene of ML-7, ML-8, two hepatotropism-deficient viruses 
revealed 4 identical amino acid substitution in the following positions: 98 (asparagine to 
serine), 375 (isoleucine to methionine), 652 (leucine to isoleucine), and 1067 (threonine to 
asparagine). Preliminary sequence analysis of the S gene of ML-1I, and ML-3 suggests an 
MHV-2 origin of this gene. Partial characterization of the S gene ofML-9 confirms a 5' end 
derived from MHV-2 and a 3' end derived from A59. 
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Figure 3. Preliminary sequence analysis of the Sand M genes of parental and recombinant viruses and 
correlation with pathogenesis properties. S = Spike glycoprotein; M = membrane glycoprotein; E = acute 
encephalitis; D = demyelination. 
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DISCUSSION 

Preliminary mapping of biologic properties to viral genes. The following conclusions 
concerning mapping of biologic properties can be suggested based on our preliminary 
studies: 

1. Molecular determinants ofhepatotropism and acute meningoencephalitis in MHV 
are not linked. This conclusion is based on several lines of evidence. Both wild 
type strains of MHV and recombinant viruses can exhibit either neurotropic 
properties alone (JHM, ML-7, ML-8, ML-l 0, ML-9), hepatotropism alone (MHV-
2), or both (MHV-A59 ML-II and ML-3). 

2. Molecular determinants of acute hepatitis in MHV are linked to thymic cortical 
depletion of lymphocytes. Without exception, in every wild type MHV strain, 
recombinant variant or mutant MHV viruses that we have examined, these 
properties always segregated together. Thus, viral sequences that control these 
properties are linked. 

3. Molecular determinants of acute meningoencephalitis are not linked to demyeli
nation. Both processes are variations of affinity of MHV for the eNS, however, 
the extent of each one is not in direct proportion to the extent of the other. For 
example: Both JHM and A59 produce severe demyelination in mice surviving the 
acute disease, however, JHM produces severe encephalitis while A59 encephalitis 
is focal and restricted to specific regions of the brain which are part of the 
olfactory-limbic systems. The same dichotomy is seen in many variants and 
recombinant viruses. Moreover, manipulations and attenuation of acute encepha
litis in JHM did not always affect the extent of demyelination2•5. The idea of 
separate control of these two aspects of neurotropism in MHV may support the 
speculation that different mechanisms exist for acute encephalitis vs chronic 
demyelination. While acute encephalitis may result primarily from acute neuronal 
infection, chronic demyelination may be related to chronic persistent infection of 
virus in oligodendrocytes with a possible contribution of an immune mediated 
phenomenon. 

4. The M gene of MHV may contain molecular determinants of acute encephalitis. 
The major evidence for this conclusion is the phenotypic and molecular charac
terization of recombinants ML-Il and ML-3. These recombinants produces acute 
encephalitis like A59 while MHV-2 does not produce encephalitis. Molecular 
analysis of ML-ll by oligonucleotide fingerprinting and partial sequencing 
revealed that it was primarily derived from MHV-2 except for the entire gene 6, 
and a small portion of gene 1. Sequence analysis ofS and M genes ofML-7, ML-8, 
and ML-3 help to substantiate this conclusion. An M gene derived from A59 
correlates with acute encephalitis while acute encephalitis clearly does not corre
late with the S gene. In both ML-il and ML-3 sequencing revealed that the S gene 
is derived from MHV-2 but the viruses produce acute encephalitis similar to A59. 
Support for the possible contribution of the M gene to neurotropism also comes 
from a study that showed that treatment with two non-neutralizing monoclonal 
antibodies against M protected mice from encephalitis caused by JHM virus9• The 
fact that manipulation of the S protein with monoclonal antibodies modified the 
disease process does not contradict our results since the S gene controls many 
functions that are important for viral replication and viral-cell interaction, thus 
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modifications of these functions can indirectly modify pathogenesis. In other viral 
systems such as measles infection, a defective transmembrane protein M has been 
related to the difference in neurotropism, rendering this defective virus capable 
of producing subacute sclerosmg panencephalitis (SSPE). Further studies are 
necessary to determine whIch of the 10 ammo acid changes m MHV-2 M protein 
is/are associated with lack of neurotropism in MHV-2. 
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