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INTRODUCTION 

Infection with the JHM strain of mouse hepatitis virus 
(JHMV) results in acute encephalomyelitis accompanied by 
primary demyel ination in the central nervous system (CNS; 1). 
Animals that survive show evidence of persistent viral 
infection in the CNS that is associated with ongoing 
demyelination (2). Infection of immunocompromised animals 
suggests that the immune response is important not only in 
survival, but also as a determinant of whether the infection 
is cleared or progresses to become persistent. We initially 
demonstrated that the addition of anti-viral antibody to in 
vitro cultures of cells persistently infected with JHMV. 
stopped the release of infectious virus (3,4). These in 
vitro data suggested that anti-viral antibody might play an 
important role in the ability of JHMV to establish a 
persistent infection in the CNS. Subsequent work has 
demonstrated that the passive transfer of monoclonal 
antibodies specific for all three structural proteins 
prevents death due to acute infection (5,6,7,8). Two very 
surprising findings were made. First, none of the 
transferred antibodies inhibited the replication of the virus 
in the CNS. Second, these antibodies altered the cellular 
tropism of the virus by preventing infection of neurons, 
which is associated with the death of the animals. The 
outcome of this altered tropism is an increase in the 
demyelination and the establishment of persistent infection. 

Our laboratory initially used T cell clones to examine 
the role of cell-mediated immunity in the pathogenesis of 
JHMV infection. The adoptive transfer of CD4+ delayed-type 
hypersensitivity (DTH) inducer T cell clones specific for 
JHMV is, like the passive transfer of antiviral antibody, 
able to prevent death due to a lethal infection (9). These 
clonal T cells prevented death without limiting the 
replication of the virus and resulted in more severe 
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demyelinating disease than untreated animals. Virus 
replication was not due to infection of the infiltrating 
mononuclear cells (10). Hence, neither the anti-viral 
antibody response nor the anti-viral DTH response, while able 
to protect from death, inhibited JHMV replication. 

In contrast, adoptive transfer of spleen cells from 
immunized mice effectively reduced the replication of JHMV 
in the CNS of infected mice (11). Separation of spleen 
cells into T cell and monocyte/B cell enriched populations 
by nylon wool showed that the anti-viral activity partitioned 
to the nylon wool adherent (NWA) population. Analysis of 
this population by negative selection demonstrated that a 
subset of NWA T cells were mediating the reduction of virus 
titer in the CNS. These T cells express the CD4 cell surface 
marker, similar to the DTH-inducer T cells clones previously 
described (9,10); however, this CD4+ T cell population does 
not mediate a DTH response (11). In addition, while the 
expression of the CD4 cell surface marker suggested a major 
histocompatibility (MHC) class II restricted cell, protection 
was found to be MHC class I restricted. We suggested that 
this apparent anomaly was because this cell functioned as a 
helper-inducer of CD8+ T cells, rather than as an effector 
of anti-viral function (11). 

RESULTS AND DISCUSSION 

EFFECT OF CD8 AND CD4 T CELL DEPLETION ON JHMV INFECTION. 
Abrogation of the immune response by irradiation results in 
uncontrolled virus replication in the CNS (12). To examine 
the role of the CD4+ and CD8+ subsets of T cells on JHMV 
infection, mice were passively transferred with approximately 
250 ug of anti-L3T4 and anti-Lyt-2 monoclonal antibodies 
(Mab) fn days -2, 0 and +2. Mice were infected with JHMV at 
5 x 10 pfu i.c. on day o. Recipients were sacrificed at the 
days indicated in Figure 1. On days 9 and 11 p.i. both Mab 
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Figure 1. Impaired reduction in JHMV replication in the CNS 
following in vivo treatment with anti-CD4 and anti-CD8 Mab. 
Virus titer was determined as previously described (9) 
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treatments inhibited the reduction of JHMV titer in infected 
mice compared to untreated controls. This finding is 
consistent with our previous data suggesting that the 
adoptive transfer of NWA CD4+ spleen cells mediate the 
reduction of virus by activating a CDS+ T cell population. 
The finding that neither Mab altered the initial drop in 
virus replication, suggests the possibilities that another 
cell in the CD4-, CDS- population maybe responsible for the 
early reduction in titer or that the Mab treatments were not 
effective. 

To determine if the anti-L3T4 Mab was effective in 
blocking the immunological effector mechanisms attributed to 
CD4+ T cells we examined the synthesis of anti-viral IgG by 
ELISA as previously described (13). Figure 2 shows that no 
anti-JHMV IgG was detectable in the serum of mice treated 
with anti-L3T4 Mab. The untreated and anti-Lyt-2 treated mice 
produced equivalent amounts of anti-JHMV IgG. These data 
sug~est that the anti-L3T4 Mab was effective in inhibiting 
CD4 T cells. We have shown that similar treatment with anti
Lyt-2 Mab is effective in eliminating the anti-lymphocytic 
choriomengitis virus (LCMV) cytotoxic T cell response(ll). 
These data suggest that the Mab treatments were indeed 
effective. The demonstration of effective depletion of CD4+ 
and CDS+ T cells reinforces the possibility that another 
irradiation sensitive effector mechanism may be reducing JHMV 
replication in the CNS early in infection. 
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Figure 2. Abrogation of virus-specific 
following in vivo treatment with anti-CD4 Mab. 
the mean OD obtained from 3 mice per group 
point. 
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Histological examination of the CNS showed that there 
was a reduction in viral antigen in the untreated mice, 
comparable to the reduction in recoverable virus (see Figure 
1). In contrast, mice treated with either Mab had 
significantly more viral antigen in the white matter tracks 
of the brain and spinal cord. Figure 3 shows representative 
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Figure 3. The spinal cord from an untreated mouse at day 
11 post infection (Panel A: immunoperoxidase, X250). Panel 
B shows the spinal cord from a mouse treated with anti-Lyt-
2 Mab demonstrating the abundant viral antigen within the 
cytoplasm of oligodendrocytes (immunoperoxidase, X250). 
Arrows indicate antigen positive cells. 

photomicrographs of the spinal cords of untreated mice and 
mice treated with the anti-Lyt-2 Mab. Surprisingly, the 
amount of inflammation in the brains and spinal cords in all 
groups was not apparently different. These data suggest the 
possibility that gamma interferon, which is secreted by both 
CD4+ and CDS+ T cells, may playa role in the induction of 
inflammation in the CNS of mice infected with JHMV. Taken 
together these data suggest that the CDS+ population is a 
critical component in the reduction of virus in the CNS. 
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EXPRESSION OF CLASS I ON INFECTED CELLS. While our data 
suggests that CDS+ T cells play a crucial role in reducing 
JHMV replication in the CNS, it is presently unclear how this 
is achieved. Cells in the CNS express little if any MHC 
encoded molecules. Neurons, a primary target of JHMV 
infection in dying mice (5), not only fail to express MHC 
class I molecules, the restricting element for cosT T cells, 
but in contrast to cells of glial origin, these molecules 
cannot be induced by gamma interferon (13,14). The clearance 
of LCMV from the periphery and CNS is mediated by CDS+ T 
cells (15,16). However,because of the lengthy time required 
for clearance from the CNS compared to the periphery and the 
absence of cellular infiltration it has been suggested that 
clearance from the CNS might be effected by lymphokines 
rather than by direct cytolysis of infected cells. To 
determine if JHMV can alter the expression of class I 
molecules on the surface of potential targets of CDS T cell 
mediated cytotoxicity, the expression of class I MHC 
moleculeff2~n the surface of J774.1 cells was examined using 
Mab and I-protein A. Cells were infect~d with JHMV at an 
MOl of 4 and the expression of class I molecules was 
determined. The data in Figure 4 show that there is a 
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Figure 4. The time course of the loss of MHC class I 
antigen expression from the surface of cells infected with 
JHMV. 
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dramatic drop between 8 and 12 hours post infection in class 
I antigen on the surface of infected J774.1 cells compared 
to uninfected cells. At the same time there is an increase 
in JHMV E2 expression. We have also detected the loss of Fc 
receptor from the surface of these cells at 12 hours post 
infection (data not shown). These data indicate that JHMV 
infection may indeed inhibit the expression of MHC class I 
molecules on the surface of infected cells. This suggest the 
possibility that JHMV may escape the direct CD8+ mediated 
cytolysis of cells in the CNS by suppressing the induction 
of MHC class I molecules on cells which constitutively 
express little or no class I. 

CONCLUSION 

The current and previously published data demonstrate a 
number of very unique aspects of the interaction between the 
replication of JHMV in the CNS of infected mice and the 
immune system. First, in contrast to other well 
characterized viruses which replicate predominantly outside 
the CNS, JHMV requires CD4+ helper T cells that function as 
helper/inducers to activate a population of CD8+ class I 
restricted T cells. Second, the down regulation of MHC class 
I molecules on the surface of infected cells suggests that 
the mechanism of protection afforded by these cells may not 
be through the direct cytolysis of infected CNS cells. 
Finally, another radiation sensitive cell, possibly an NK 
cell, may initially mediate the reduction of JHMV in the CNS. 
This final point will require the direct demonstration of NK 
cells in the CNS of infected mice. The observation of 
inflammation in the CNS of mice treated with anti-Lyt-2 or 
anti-L3T4 Mab suggests that gamma interferon may be present 
locally and either suppress virus itself or activate NK 
cells. Although the mechanism of JHMV-induced demyelination 
associated with persistent infection is not clear, the 
role(s) of the immune response in modulating this infection 
are beginning to be understood. Clearly, further work in this 
exciting area will be required to complete our understanding 
of how this virus is able to establish a chronic infection 
in its natural host. 
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