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Mutation of a major histocompatibility class I locus,
H-2D, leads to an increased virus burden and
disease susceptibility in Theiler’s virus-induced

demyelinating disease
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Genetic studies have demonstrated that susceptibility to Theiler’s murine
encephalomyelitis virus (TMEV)-induced demyelinating disease is multi-
genic with linkage to the MHC class I locus, H-2D. We have analyzed the
effect of mutations (H-2"12 and H-2b14) in the H-2DP gene on central nervous
system (CNS) virus replication, virus-specific delayed type hypersensitivity
(DTH) and disease induction in mutant [bm14D2F1 and bm13D2F1] and
parental B6D2F1 hybrids. The results indicate that substitutions of only a
single residue (bm14D2F1) or three residues (hm13D2F1) in H-2D in the
mutant leads to a sequence of events culminating in disease susceptibility.
Mutation of the H-2D gene is associated with reduced or delayed virus clear-
ance following the acute phase of exponential CNS virus growth and an
increased level of virus persistence. Concomittant with the greater virus anti-
gen burden, mutant mice respond with higher levels of virus-specific DTH
and develop inflammatory demyelinating lesions.
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Introduction

After intracerebral inoculation (ic), certain Theiler’s
murine encephalomyelitis virus (TMEV) strains
produce a persistent central nervous system (CNS)
infection and chronic, inflammatory demyelinating
disease in susceptible mice (Lipton 1975; Lehrich et
al, 1976). Virus persistence is required for the
development of demyelination (Chamorro et al,
1986; Lipton et al, 1991; Pritchard et al, 1994), and
myelin breakdown appears to be immune-mediated
rather than due to a cytolytic effect of the virus on
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oligodendrocytes, the myelin maintaining cell.
Increased cellular immune responses, directed at
virus epitopes rather than host neuroantigens
(Clatch et al, 1986; Miller et al, 1987; Miller et al,
1989), suggest a role for virus-specific delayed type
hypersensitivity (DTH) mediated by major histo-
compatibility class (MHC) class II-restricted Th1
lymphocytes in demyelination (Gerety et al, 1994a;
Gerety et al, 1994b).

Genetic studies have demonstrated that suscepti-
bility to TMEV-induced demyelinating disease in
mice is multigenic with linkage to a MHC class I
locus, H-2D (Clatch et al, 1985; Rodriguez et al,
1986). Previously, the differences between the sus-
ceptible DBA/2 (D2; H-24 (D2; H-29) and resistant
C57BL/6 (B6) and C57BL/10 (B10) strains (both H-
2b) were shown to be primarily dependent upon H-



Figure 1 (a) Spinal cord sections from a parental B6D2F1
mouse showing a typical focal lesion characterized by the pres-
ence of naked axons and macrophages. In contrast to the
bm13D2F1 animals, these mice never showed coalescing lesions,
only scattered small foci as depicted in this photograph. (b)
Spinal cord section from a mutant bm13D2F1 mouse showing
severe disease. A few inflammatory mononuclear cells are pre-
sent in the perivascular space in the upper right-hand corner.
The right half of the photomicrograph shows ongoing demyelina-
tion in the presence of numerous large macrophages. The axons
in the left half of the picture show extensive remyelination with
both central and peripheral-type myelin. 1 pm-thick, Epon-
embedded sections stained with toluidine blue about day 90 PL
X225.
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2D genotype and at least one non-H-2 gene, with
resistance being dominant to susceptibility
(Melvold et al, 1987). In those experiments, the H-
2D region had a strong influence and substitution of
one or a few amino acids in the H-2D molecule was
sufficient to alter the animal’s phenotype from resis-
tant to susceptible when placed in appropriate
hybrids (Melvold et al, 1987). Similar conclusions
were reported by Rodriguez et al, (Rodriguez et al,
1986) using the deletion mutant, H-29ml, Recently,
three groups of investigators (Fiette et al, 1993;
Pullen et al, 1993; Rodriguez et al, 1993) have
reported that disruption by homologous recombina-
tion of the P2-microglobulin gene, which causes
abortive development of the CD8 lineage, converts
mice resistant to TMEV-induced demyelinating dis-
ease to susceptible.

Detailed analysis of CNS virus growth is lacking
in previous reports of mice with alterations of H-2D;
therefore, we have studied the effect of mutations
(H-2bm13 and H-2bm14) in the H-2DP gene on CNS
virus growth and clearance during the acute phase
and on virus persistence in mutant [bm14D2F1 and
bm13D2F1] and in parental B6D2F1 hybrids. The
H-2bm13 mutation involves a single amino acid sub-
stitution at residue 70, while H-2bm14 contains sub-
stitutions at amino acids 114, 116 and 119 (Hemmi
et al, 1988). Structural analysis of the human class I
HLA-A2 molecule reveals that these four mutated
residues line the peptide binding groove (Bjorkman
et al, 1987). These substitutions presumably affect
antigen presentation and alter CD8+ T lymphocyte
responses in the mutant mice.

Results

Potentiation of clinical and pathological
demyelinating disease in mutant F1 mice
None of the BeAn virus-inoculated mice developed
clinical disease during the first month post infec-
tion (PI). However, at 1 month PI, 16/26 (62%) of

Table 1 Incidence of demyelinating disease in parental and mutant F1 hybrid mice after IC inoculation of BeAn virus

F1 hybrid H-2 No. affected® No. with lesions
K IA D A/T (%) A/T Mean severity®
B6D2F1 b b b 1/12 8) 3/4 1.03
d d d
bm13D2F1 g 3 gml.? 16/26 (62) 4/4 3.00

“Demyelinating disease was determined clinically by the appearance of gait spasticity.
bMean lesion severity was determined by grading approximately 10 coronal spinal cord sections from each mouse as 1, several
lesions/section; 2, moderate numbers of lesions/section; and 3, extensive, confluent lesions/section

A/T = affected/total
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the bm13D2F1 mice compared to 1/12 (8%) of the
B6D2F1 progeny developed spastic paralysis
indicative of demyelinating disease (Table 1). This
difference in clinical disease was significant (X? = <
0.01). Similar comparisons for bm14D2F1 mice
were precluded by the fact that these H-2D mutant
animals were killed for virus titers during the first
month (experiment 1, Material and methods).
Pathologic changes were assessed in four animals
from each of the F1 hybrid groups. Sections from
three of four unaffected B6D2F1 mice showed only
occasional, small demyelinating lesions (Figure 1a);
in no section were more than two small lesions
found. The sections of the remaining B6D2F1
mouse were normal. In contrast, all of the sections
from the diseased bm13D2F1 animals showed
severe involvement. The entire lateral and anterior
columns of the spinal cord were generally affected
with no intervening areas of normal appearance.
Demyelinating lesions were of different ages; some
were characterized by ongoing myelin breakdown
with abundant myelin debris and macrophages,
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Figure 2 (a) Acute CNS virus titers in parental B6D2F1 and

mutant bm13D2F1 mice inoculated IC with BeAn virus. Each
symbol represents the mean of two mice. The minimum
detectable virus level of the assay, 25 pfu gm-! of CNS, is indi-
cated by the dashed line. (b) CNS virus titers in individual
parental B6D2F1 and mutant bm13D2F1 and bm14D2F1 mice
after IC inoculation with BeAn virus. Horizontal solid lines rep-
resent mean virus titers for each group.
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Figure 3 (a) Chronic phase CNS virus titers in individual mice
from parental B6D2F1 and mutant bm13D2F1 mice after IC inoc-
ulation with BeAn virus. Horizontal solid lines represent mean
virus titers. The mean virus titers, recorded as log,, transformed
values =+ the standard error of the mean were: diseased B6D2F1,
3.52; unaffected B6D2F1, 2.55 + 0.55; diseased bm13D2F1, 4.09
+ 0.63; unaffected 2.05. Analysis of variance: for clinical condi-
tion of diseased mutant compared to either unaffected F1, P =
0.001; for unaffected F1 mice P. 0.05. (b) Virus-specific DTH
responsiveness at about 90 days PI in unaffected, parental
B6D2F1 and diseased; mutant bm13D2F1 mice. DTH responses
in the two groups were significantly different (P < 0.01). N = 4
for each group. :

while other lesions showed extensive remyelina-
tion, indicating previous demyelinating activity
(Figure 1b). Therefore, there was a striking differ-
ence between the pathologic expression of disease
in the B6D2F1 mice and mutant bm13D2F1
animals. /

Reduced CNS virus clearance and increased virus
persistence in mutant F1 mice

Both mutant bm14D2F1 and parental B6D2F1 mice
showed a similar exponential phase of CNS virus
growth between days 1-5 PI, but the virus content
of the mutant mice reached and remained at higher
levels between days 6—14 PI and did not decline by
as much at day 30 PI (Figure 2a). This trend in the
temporal pattern of virus growth in this initial
experiment suggested there was reduced virus
clearance in the mutant mice. Since these data were






