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Summary 

The eradication of infectious virus from the central nervous system (CNS) following infection with the 
neurotropic JHM strain of mouse hepatitis virus (JHMV) is thought to be immune-mediated. Furthermore, 
a significant decrease of infectious virus coincides with the appearance of prominent inflammatory 
infiltrates in the brain and spinal cord. In the present study, mononuclear cells infiltrating the brain during 
JHMV infection were isolated and characterized. While all subsets of immune cells were present, there 
appeared to be a temporal relationship between the peak incidence of CD8 ÷ T cells (40% of total isolated 
cells) and reduction of virus at day 7 post-infection. Cells with the natural killer (NK) phenotype (at least 
30%) were also present throughout infection. These data suggest that CD8 ÷ T cells and N K  cells are 
prominent among cells which infiltrate the brain during JHM virus infection and may have important roles 
in reduction of virus within the CNS. 

Introduction 

Intracerebral inoculation with the JHM strain 
of mouse hepatitis virus (JHMV) results in an 
acute encephalomyelitis with the development of 
both acute and chronic demyelination in mice 
(Lampert et al., 1973; Weiner, 1973). While re- 
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covery from acute encephalitis following infection 
with JHMV is rare in susceptible C57BL/6  or 
BA LB/c  mice, infected mice can nevertheless be 
protected from fatal infections by the timely pas- 
sive transfer of JHMV-specific antibodies (Buch- 
meier et al., 1984; Wege et al., 1984; Nakanaga et 
al., 1986; Fleming et al., 1989) or by adoptively- 
transferred immune T cells (Stohlman et al., 1986; 
Sussman et al., 1987). Furthermore, the reduction 
of virus in the central nervous system (CNS) ap- 
pears to be mediated by cells of the host immune 
system as mice immunosuppressed by X-irradia- 
tion, or by in vivo depletion of T cells, are unable 
to clear virus from their CNS (Sussman et al., 
1987; Williamson and Stohlman, 1990). 
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Following infection with JHMV, viral titers in 
the CNS increase rapidly, reaching a peak around 
day 5 post-infection (p.i.) and declining thereafter. 
Between days 7 and 9, a significant reduction in 
virus titer is observed and by day 11 when infec- 
tion is fatal for the majority of the animals, only 
low numbers or no detectable virus are found 
(Sussman et al., 1987; Williamson and Stohlman, 
1990). The rapid decline in viral titer after day 5 
p.i. coincides with the observation of prominent 
perivascular cuffs in the parenchyma (Erlich et al., 
1989). This temporal relationship between the 
amount of virus present and the appearance of 
infiltrating inflammatory cells in the CNS, sug- 
gests that infiltrating cells may play a direct role 
in reduction of infectious virus. The infiltrate con- 
sists of both polymorphonuclear and mononuclear 
cells which penetrate the parenchyma of both gray 
and white matter (Erlich et al., 1989). However, 
the phenotypes of the mononuclear cells have not 
been identified. 

The purpose of the present study was to isolate 
and characterize the cells infiltrating the brain at 
various times following infection with JHMV. The 
kinetics of cellular infiltration observed corre- 
sponded closely with that observed histologically 
(Erlich et al., 1989) with cells first appearing 
around day 5 p.i. and increasing thereafter. The 
predominance of CD8 + cells at day 7 p.i. and the 
presence of cells with the N K  phenotype 
throughout the course of infection suggested that 
both cell types may have roles in reducing virus in 
the CNS. 

Materials and methods 

Mice 
Six-week-old B ALB/c  mice were purchased 

from the Jackson Laboratories, Bar Harbor, ME, 
U.S.A. Mice were maintained on standard labora- 
tory chow and water ad libitum. Representative 
mice were bled and ascertained to be seronegative 
for JHMV prior to infection. 

Virus 

The DS small plaque variant of the neurotropic 
JHM strain of mouse hepatitis virus was used for 
intracerebral (i.c.) infection (Stohlman et al., 1982). 

Virus was propagated in DBT cells, a murine 
astrocytoma. Mice were inoculated i.c. with ap- 
proximately 5 × 103 plaque-forming units (PFU) 
of JHMV DS in a volume of 0.03 ml. 

Isolation of brain mononuclear cells 
At various times after infection, 5-20 mice 

were exsanguinated by cardiac puncture, sacri- 
ficed, and their brains removed. Mononuclear cells 
were isolated according to a procedure described 
by Clatch et al. (1990) with slight modifications. 
Brain tissue was dissociated by pressing through 
200 /~m Nitex gauze (Tetko, Lancaster, NY, 
U.S.A.) and resuspended in phosphate-buffered 
saline (PBS). The dissociated brain suspension 
(two brains per 15 ml tube) was allowed to settle 
at room temperature for 15 rain to remove debris. 
Supernatants were collected and centrifuged for 7 
rain at 300 x g. The pellets, containing cells and 
myelin debris, were resuspended in 3 ml of 68% 
isotonic Percoll (Pharmacia Fine Chemicals, 
Piscataway, N J, U.S.A.) diluted in PBS. Discon- 
tinuous gradients were prepared by layering 5 ml 
of 30% Percoll over the cell suspension. The gradi- 
ents were centrifuged for 25 rain at 400 × g at 
room temperature. Viable mononuclear cells were 
collected from the 30%/68% Percoll interface, 
washed twice and counted. Cells were also isolated 
from brains of mice which received an i.c. injec- 
tion of sterile PBS 7 days prior to sacrifice. 

Spleen cells 
Spleens were obtained from uninfected mice. 

Cell suspensions obtained by pressing spleens 
through 200 ttm Nitex gauze (Tetko) were washed 
once and erythrocytes removed by lysis with Gey's 
solution. The cells were washed 2 times in PBS 
and 1 x 10 6 cel ls /sample were stained for use as 
positive controls in flow cytometry. Spleen cells 
from immunized mice were obtained in the same 
manner but were not treated with Gey's solution 
when used in the natural killer cell (NK) assay. 

Staining of cells for flow cytometry 
Approximately 2 x 105 brain mononuclear cells 

or 1 x 106 spleen cells were centrifuged in 1.5 ml 
Eppendorf  tubes and resuspended in monoclonal 
antibodies reactive against the following cell 
surface markers: T200 (clone M1/9 .3  HL, Boeh- 
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ringer Mannheim Biochemicals, used at 1:10);  
L3T4 (CD4, hybridoma supernatant from clone 
GK1.5, ATCC TIB 207); Lyt-2 (CD8, hybridoma 
supernatant from clone 2.43, ATCC TIB 210); 
Mac-1 (hybridoma supernatant from clone M1/70,  
ATCC TIB 128); Thy-l.2 (hybridoma supernatant 
from clone H0-13.4, ATCC TIB 99); ASGM 1 
(polyclonal rabbit anti-asialo GM1, Wako Chem- 
icals, Richmond, VA, U.S.A.). Cells were in- 
cubated with 20 #1 of the primary antibodies for 
15-20 min at 4°C, washed once with PBS contain- 
ing 0.1% gelatin, followed by staining with the 
appropriate fluorescein-isothiocyanate (FITC)- 
conjugated secondary antibody. These included 
FITC-F(ab')2 goat anti-rat Ig, FITC-F(ab')2 goat 
anti-mouse Ig or FITC-goat anti-rabbit Ig (Cap- 
pel, Malvern, PA, U.S.A.). Cells were washed 2 
times following 15 min incubation with the ap- 
propriate secondary antibody and resuspended in 
PBS with 0.1% formaldehyde and analyzed on a 
FACS (FACStar, Becton Dickinson, Mountain 
View, CA, U.S.A.). 

In some experiments, double-immunofluores- 
cence staining was used to examine the co-expres- 
sion of T-200 or Mac-1 on ASGM~- cells. Brain 
mononuclear cells were incubated with anti-T200 
and anti-ASGM~, or anti-Mac-1 and anti-ASGM~ 
for 20 rain on ice. Following washing, FITC-goat 
anti-rabbit Ig was added to the cells for 15 rain. 
Cells were washed again and resuspended in 2 0 / d  
of phycoerythrin (PE)-conjugated rabbit anti-rat 
Ig (Southern Biotechnical Associates, Birming- 
ham, AL, U.S.A.; used at 1:20)  and reincubated 
for 15 rain. Thereafter, cells were treated as de- 
scribed for single staining and analyzed accord- 
ingly on the FACS. 

Assay for NK activity 
NK-sensitive YAC-1 target cells were labelled 

with 100 /~Ci sodium 5aCr (DuPont NEN Re- 
search Products, Boston, MA, U.S.A.) and in- 
cubated with spleen or brain-derived mononuclear 
cells at various effector: target ( E : T )  ratios for 4 
h at 37°C in microtiter plates as described previ- 
ously (Stohlman et al., 1983). Spontaneous release 
was determined by incubating medium with targets 
for 4 h. Maximum 51Cr release was determined by 
adding 0.25% Triton X-100 to target cells. Per- 
centage of lysis was calculated as: 100 x (cpm test 

sample-cpm spontaneous release)/(cpm maxi- 
mum release-cpm spontaneous release). NK-in- 
sensitive P815 target cells prepared in an identical 
manner were also used in some experiments. 

Results  

Isolation of inflammatory cells from brains 
BALB/c  mice infected with JHMV show clini- 

cal signs of disease by days 4 and 5 p.i. Inflamma- 
tory cells were isolated from brains of mice on 
days 5, 7, 9 and 11 following infection. The total 
number of mononuclear cells obtained are shown 
in Fig. 1. A small but significant number of cells 
(2 x 105/brain) were isolated on day 5 p.i. This 
number increased, reaching a peak on day 9 p.i. 
By day 11 p.i., at which time surviving mice were 
moribund, the number of cells recovered had de- 
clined to approximately 6 × 105/brain. Less than 
5 X 10 4 cel ls /brain could be isolated from unin- 
fected mice using this protocol. Since trauma fol- 
lowing an i.c. injection may also result in an 
inflammatory cell infiltration of the brain, we also 
examined the cells isolated from brains of mice 
which had received sham i.c. injections. Sham-in- 
jected mice were sacrificed at day 7 post-injection. 
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Fig. 1. Total number of mononuclear cells isolated from brains 
of BALB/c mice on different days following infection with 
JHMV variant DS. Mononuclear cells were recovered from the 
30%/68% interface of a discontinuous Percoll gradient. 
Hatched area represents cells of bone marrow origin (T200 + ). 
The dashed line represents the number of cells isolated from 
uninfected mice. Data shown are from one of two similar 

experiments. 
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The number of cells isolated from these mice 
(9 × 104/brain), while exceeding that found in 
untreated mice, was significantly less (9 times) 
than the number isolated from virus-infected mice 
at 7 days p.i. 

Phenotypes of inflammatory cells 
The surface phenotypes of mononuclear cells 

recovered from brains of JHMV-infected mice 
were determined by flow cytometry. Mononuclear 
cell preparations from brains were found to con- 
tain a more heterogeneous population than spleen 
as revealed by forward light scatter. The brain-de- 
rived mononuclear cells were therefore analyzed 
using an acquisition gate based on splenic 
lymphocytes. Under these conditions, spleen cells 
were always > 95% positive for the common 
leukocyte antigen, T200 (data not shown) and 
brain mononuclear cells were usually > 80% posi- 
tive (Fig. 1). 

The data in Table 1 show that T cells (Thy-1 +, 
CD8 ÷ and CD4+), B cells (slg+), macrophages 
(Mac-1 ÷) and N K  cells (ASGM~) are present 
within the population of mononuclear cells iso- 
lated from the brains of infected mice. The per- 
centage of Thy-1 ÷ cells increased with increasing 
numbers of total infiltrating cells, reached a peak 
on day 9 and decreased by day 11. However, 
different patterns of infiltration were observed for 
the CD4 ÷ and CD8 ÷ T cell subsets. Both T cell 
subsets were detectable on day 5 p.i. albeit in 
small numbers. CD4 ÷ cells made up only 6% of 
the total cells recovered and only 3% were CD8 ÷. 
The percentage of CD4 ÷ cells rose gradually dur- 
ing the course of infection and continued to in- 
crease on day 11. The percentage of CD8 ÷ cells, 

however, increased dramatically, reaching a peak 
on day 7 (40% of the total cells) after which a 
gradual decline was observed. Throughout the 
course of infection, the majority of the cells in- 
filtrating the brain were A S G M (  (greater than 
60%). Double-immunofluorescent staining (Fig. 
2a)  revealed that the majority of the A S G M (  
cells were of bone-marrow origin (T200 +, 
ASGM{).  Furthermore, Fig. 2b shows that some 
of the ASGM1 ~ cells also express Mac-1 suggest- 
ing the presence of activated macrophages. N K  
cells (Kasai et al., 1980; Young et al., 1980), 
cytotoxic cells (CD8 +) (Stuttles et al., 1986) and 
activated macrophages (Wiltrout et al., 1985) have 
been shown to express surface ASGM 1. Since the 
percentage of ASGM~- cells always exceeded the 
sums of the percentages of CD8 + and Mac-1 + 
cells, these results suggest that at least 30% or 
more of the cells infiltrating the brain during 
JHMV infection may be N K  cells. A large per- 
centage (35%) of the cells present at day 5 appear 
to be macrophages (Mac-1 +); however, their pres- 
ence apparently declined with progression of dis- 
ease. The percentage of B cells (as identified by 
surface immunoglobulin staining) remained fairly 
constant throughout the disease (10-15%). The 
phenotypes of cells present in brains of sham-in- 
jected mice are also listed in Table 1. Since the 
majority of the cells were Mac-1 + or ASGM~,  
these data suggest that T lymphocyte infiltration 
is not a prominent feature following a stab wound 
lesion in the brain. 

Data from FACS analysis were used to esti- 
mate the numbers of each cell subpopulation pres- 
ent in brain infiltrates in virus-infected mice (Fig. 
3). Since greater than 75% of the cells were T200 +, 

TABLE 1 

PHENOTYPES OF BRAIN MONONUCLEAR CELLS FROM JHMV-INFECTED MICE 

Time post- 
infection/days 

Percentage of positive cells a 

Thy-1 CD4 CD8 Mac-1 ASGM 1 slg 

5 39 6 3 35 69 10 
7 b 69 9 40 12 89 15 
9 78 18 25 5 61 11 

11 50 20 15 11 60 16 

a Data shown from one of two similar experiments. 
b The phenotypes found in sham-injected mice at day 7 were as follows: Thy-1 + (8%); CD4 + (3%); CD8 + (2%); Mac-1 + (20%); 

ASGM~ (47%); slg (3%). Cells analyzed were > 70% T200 +. 
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Fig. 2. Double-immunofluorescence staining of brain-derived 
mononuclear cells showing co-expression of ASGM 1 and T200 

(a), and ASGM 1 and Mac-1 (b). 

the number  of bone  marrow-derived cells closely 
matches the total number  of  cells recovered f rom 
the brain. On  day 5 approximately 1.5 x 10 5 bone  
marrow-derived ce l l s /b ra in  were obtained. By day 
9, this number  had increased 6-fold to 8.7 × 10 5 
ce l ls /bra in ,  with a substantial number  still re- 
maining on day 11 (4.5 X 10 5 cel ls /brain) .  A simi- 
lar distribution pat tern was observed with Thy-1 +, 
CD4  ÷ or B cells, i.e. these numbers  peaked at day 
9 and declined by day 11 p.i. Interestingly, CD8 ÷ 
cells and  A S G M ~  cells were at a max imum on 

203 

day 7, with substantial  numbers  remaining at day 
9 and declining rapidly on day  11. 

N K  activity in brain-infiltrating cells 
The presence of  large numbers  of  ASGM~- cells 

throughout  the course of  infection suggested that 
a significant number  of  N K  cells may  infiltrate the 
brain dur ing J H M V  infection. Brain-derived 
mononuclear  cells were assayed for cytolytic activ- 
ity to conf i rm the presence of  functional  N K  ceils 
in the brain infiltrates. 

Twenty  B A L B / c  mice were inoculated in- 
tracerebrally with J H M V  and brain infiltrating 
mononuclear  cells were isolated at 7 days p.i. since 
the max imum number  of  A S G M ~  cells was pres- 
ent at this time. Fur thermore,  the higher numbers  
of  cells present at day 7 p.i. enabled the recovery 
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Fig. 3. Absolute numbers of subpopulations of mononuclear 
cells found within the cells isolated from the brains of JHMV- 
infected BALB/c mice. These numbers were derived from data 
obtained for the total numbers (O) of cells recovered and 
percentages of each subpopulation present as revealed by FACS 
analysis. The following cell subpopulations were present: 
T200 + (e); ASGM~ (v); Thy-l.2 + (A), CD8 + (m); CD4 + 

(O); Mac-1 + (o); slg + B cells (11). 
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TABLE 2 

CYTOLYTIC ACTIVITY OF BMNC AND IMMUNE 
SPLEEN CELLS FOR NK-SENSITIVE, UNINFECTED 
YAC-1 TARGET CELLS 

Source of E : T Specific cytotoxicity (%) 
effectors ratio Expt. 1 Expt. 2 Expt. 3 

BMNC " 100:1 32.6+1.3 51.7_+14.7 32.1_+4.1 
50:1 19:9+_0.4 36.9+ 8.4 12.5_+3.6 
25:1 11.6-+0.4 20.7-+ 2.2 10.2-+1.6 

Immune 100:1 14.4-+0.1 10.9_+ 5.6 28.6+_2.3 
spleen b 50:1 9.3-+0.6 6.2-+ 9.0 15.5-+0.5 

25:1 4.8_+0.8 4.9_+ 1.6 11.6+1.6 

a NK activity assayed on day 7 p.i. 
b NK activity assayed on day 3 following i.p. injection of 

1 × 106 PFU of JHMV. 

of a sufficient number of cells to assess their 
functional activity. Spleen cells from mice im- 
munized intraperitoneally with JHMV 3 days pre- 
viously were used as positive controls. Results 
from these experiments show that the brain-in- 
filtrating mononuclear cells were cytotoxic for un- 
infected YAC-1 target cells (Table 2). The cyto- 
lytic activity observed with brain-derived mono- 
nuclear cells from infected mice was comparable 
to, or higher than that observed with spleen ceils 
from intraperitoneally immunized mice. Mono- 
nuclear cells from the brains of infected mice were 
unable to lyse uninfected non-NK sensitive P815 
target cells (Fig. 4). These results show that cells 
displaying both phenotype and cytotoxicity typi- 
cal of NK cells are present among the bone mar- 
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Fig. 4. Cytotoxicity of brain-infiltrating mononuclear cells 
from day 7 JHMV-infected BALB/c  mice on uninfected YAC- 
1 (o )  or uninfected P815 (O) target cells. Data shown are mean 
values of triplicates with standard deviations of less than 10%. 

row-derived cells which infiltrate the brain follow- 
ing JHMV infection. 

Discussion 

Following infection with JHMV, the viral titer 
in the brain increases rapidly, peaking at day 5 p.i. 
and decreasing thereafter to almost undetectable 
levels by day 11. The exact mechanism(s) by which 
viral replication is kept in control is unknown. 
That the immune response plays a role is shown 
by the observations that mice which are immuno- 
suppressed prior to infection, either by irradiation 
or by specifically depleting host T cells, are unable 
to clear virus from the CNS. Moreover, the ap- 
pearance of an inflammatory infiltrate at a time 
when a significant decrease in replicating virus 
occurs further suggests that the inflammatory cells 
may have a role in reducing virus. Hence, the 
identification of the subpopulations of the cells 
infiltrating the brain based on their phenotypic 
and potential functional characteristics may pro- 
vide information regarding their role(s) in viral 
clearance in the local CNS environment. 

Results from these studies show that a full 
complement of the cells of the immune response 
(T cells, B cells, macrophages and NK cells) is 
represented in the CNS infiltrates during JHMV 
infection. However, a detailed study of the kinet- 
ics of infiltration and relative numbers of sub- 
populations shows that CD8 + cells are prominent 
on day 7 post-infection. This corresponds to a 
time when virus is rapidly cleared from the brain 
suggesting that CD8 + T cell-mediated, class I-re- 
stricted cytotoxicity for virus-infected cells may be 
an important mechanism for controlling viral rep- 
lication within the CNS (Sussman et al., 1987; 
Williamson and Stohlman, 1990). The importance 
of the cytotoxic T lymphocyte (CTL) response in 
the CNS is further emphasized by recent observa- 
tions that both astrocytes (Skias et al., 1987) and 
oligodendrocytes (Ruijs et al., 1990) are suscepti- 
ble to cytolysis by class I-restricted lymphocytes. 

The existence of CD8 + CTL specific for mouse 
hepatitis virus (MHV) was indirectly demon- 
strated only recently by Yamaguchi et al. (1988). 
Although cytotoxic activity has not been demon- 
strated directly from spleens of immunized mice 



or following in vitro stimulation in secondary cul- 
tures, clearly the observation that JHMV-specific 
cytolytic clones can be established suggests that 
virus-specific CTL are induced following in- 
traperitoneal injection (Yamaguchi et al., 1988). 

In 1987, Natuk and Welsh observed that fol- 
lowing infection with lymphocytic choriomeningi- 
tis virus (LCMV), large granular lymphocytes 
(LGL) accumulated at the injection site, with max- 
imum numbers appearing at day 7. While similar 
numbers of LGL were observed initially in MHV- 
infected mice, they did not continue to increase or 
reach the numbers observed following LCMV in- 
fection. Since CTL activity within the LGL popu- 
lation following LCMV infection peaked at day 7 
p.i., Natuk and Welsh (1987) suggested that the 
failure to detect an MHV-specific CTL response 
may be due to the lack of accumulation of MHV- 
specific CTL/LGL in the injection site. Our find- 
ing that a large percentage of cells infiltrating the 
CNS on day 7 p.i. are CD8 ÷ suggests that the 
CNS may be an area of accumulation of virus- 
specific CTL following intracerebral infection. At 
this time the CD4:CD8 ratio of cells recovered 
from the CNS of infected mice is 0.2-0.6 : 1, which 
is in contrast to that observed in their cervical 
lymph nodes (1.4-2:1, data not shown). This 
suggests that there may be a differential accumu- 
lation of CD8 + cells in the brain. It is presently 
not known what proportion of these may be 
JHMV-specific cytotoxic cells. CTL infiltration of 
the CNS has also been observed in mice infected 
with other neurotropic viruses such as West Nile 
virus (Liu et al., 1989) and LCMV (Oldstone et al., 
1986). That the differential accumulation of CD8 + 
cells in the brain resulted from virus infection 
rather than a non-specific breaching of the 
blood-brain barrier was further supported by the 
observation that few CD8 ÷ cells were present 
among the mononuclear cells isolated from sham- 
injected mice. The fact that Mac-1 + or ASGM~ 
cells and not lymphocytes (Thy-1 ÷, CD4 ÷, CD8 ÷ 
or slg +) were prominent in brains of sham-in- 
jected mice correlates well with the observation 
that cells which accumulate around stab wounds 
of the brain are macrophage/microglia-like cells 
(Kaur et al., 1987). 

Another interesting finding regarding the phe- 
notypes of cells in the brain inflammatory in- 

205 

filtrate is the presence of large numbers of 
ASGM~- cells. Since ASGM1 is found in white 
matter (Kusunoki et al., 1985), it is possible that 
some neural cells may express ASGM 1 on their 
surface. However, the ASGM~- population within 
the cells we have isolated is clearly of bone mar- 
row origin since ASGM~- cells constitute 70-100% 
of the T200 ÷ cells throughout JHMV infection. 
This was further confirmed by double-immuno- 
fluorescent staining which showed that the major- 
ity of ASGM~- cells were indeed also T200 ÷. In 
addition to the finding that cells with the NK 
phenotype are present among the infiltrates, cyto- 
lytic activity against the NK-sensitive YAC-1 
target cell was observed. This suggests that a sig- 
nificant number of cells infiltrating the CNS fol- 
lowing JHMV infection are indeed NK cells. 

Following intraperitoneal MHV infection, NK 
activity and N K / L G L  are present at the site of 
viral replication within 12 h p.i., and peak at 3 
days p.i. (Natuk and Welsh, 1987). The present 
study shows that within 5 days of intracerebral 
infection, 65% of the infiltrating cells are ASGM~. 
At this time 35% of the cells are macrophages 
(Mac-1 +) and only 3% are CD8 ÷. Since activated 
macrophages and some CTL may also be ASGM~-, 
at least 27% of the mononuclear cells infiltrating 
the brain at day 5 may be ASGM~- NK cells. In 
fact, a significant number of ASGM~" cells (ex- 
ceeding the sums of CD8 + and Mac-1 ÷ cells) and, 
therefore presumably NK cells are present through 
JHMV infection. A large percentage of cells 
bearing the allotypic NK cell marker NKI.1 (Bur- 
ton et al., 1982; Koo and Peppard, 1984) have also 
been detected in infected C57BL/6 mice at day 12 
p.i. (unpublished observation), further substantiat- 
ing the finding that cells with the NK phenotype 
accumulate in the brain during JHMV infection. 
The presence of cells with NK phenotype and 
function in brain infiltrates may explain the early 
transient clearance of virus (prior to day 7 p.i.) in 
mice which have been depleted of CD4 + or CD8 + 
cells (Williamson and Stohlman, 1990). 

The present study shows that inflammatory in- 
filtrates in the brain following JHMV infection 
contain T cells, B ceils, macrophages and NK 
cells. Functional NK activity was present in the 
isolated b~'ain mononuclear cell preparations, sug- 
gesting that NK cells may have a role in the 
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e r a d i c a t i o n  o f  v i ru s  f r o m  t he  C N S  b e f o r e  C T L  

ac t i v i t y  occurs .  S i n c e  a s i g n i f i c a n t  p r o p o r t i o n  of  

C D 8  ÷ cells  is p r e s e n t  a t  d a y  7, w h e n  v i ra l  t i t e r s  

d e c r e a s e  s i gn i f i c an t l y ,  C D 8  ÷ cel ls  m a y  h a v e  a 

m a j o r  ro le  in  e v e n t u a l  c l e a r a n c e  o f  v i ru s  t h r o u g h  a 

c lass  I - r e s t r i c t e d  p roces s .  F u r t h e r  s t u d i e s  o n  t h e  

spec i f i c i ty  a n d  f r e q u e n c i e s  of  v i r u s - s p e c i f i c  C D 8  ÷ 

cel ls  in  t h e  C N S  of  J H M V - i n f e c t e d  m i c e  m a y  

p r o v i d e  i m p o r t a n t  i n f o r m a t i o n  r e g a r d i n g  t h e i r  

ro les  in  v i r u s  c l e a r a n c e  a n d  in  t he  i m m u n o p a t h o -  

genes i s  of  d e m y e l i n a t i o n .  

Acknowledgments 

W e  t h a n k  J u l i a  W a n g ,  G a r t h  O l d s  a n d  H e l e n  

N i e d z i n  fo r  t e c h n i c a l  a s s i s t a n c e ,  S o n i a  Q. G a r c i a  

f o r  h e l p  in  p r e p a r i n g  t h e  m a n u s c r i p t ,  a n d  W e n d y  

G i l m o r e  fo r  e d i t o r i a l  a s s i s t ance .  

References 

Buchmeier, M., Lewicki, H., Talbot, P. and Knobler, R. (1984) 
Murine hepatitis virus-4 (strain JHM)-induced neurologic 
disease is modulated in vivo by monoclonal antibody. 
Virology 132, 261-270. 

Burton, R.C., Bartlett, S.P. and Winn, H.J. (1982) Alloantigens 
specific for natural killer cells. In: R.B. Heberman (Ed.), 
NK Cells and Other Natural Effector Cells, Wiley and 
Sons, New York, pp. 105-112. 

Clatch, R.J., Miller, S.D., Metzner, R., Dal Canto, M.C. and 
Lipton, H.L. (1990) Monocytes/macrophages isolated from 
the mouse central nervous system contain infectious 
Theiler's murine encephalomyelitis virus (TMEV). Virology 
176, 244-254. 

Erlich, S.S., Matsushima, G.K. and Stohlman, S.A. (1989) 
Studies on the mechanisms of protection from acute viral 
encephalomyelitis by delayed-type hypersensitivity inducer 
T cell clones. J. Neurol. Sci. 90, 203-216. 

Fleming, J.O., Shubin, R.A., Sussman, M.A., Casteel, N. and 
Stohlman, S.A. (1989) Monoclonal antibodies to the matrix 
(El) glycoprotein of mouse hepatitis virus protect mice 
from encephalitis. Virology 168, 162-167. 

Kasai, M., Inamori, M., Nagai, Y, Okumura, K. and Tada, T. 
(1980) A glycolipid on the surface of mouse natural killer. 
cells. Eur. J. Immunol. 10, 175-180. 

Kaur, C., Ling, E.A. and Wong, W.C. (1987) Origin and fate of 
neural macrophages in a stab wound of the brain of the 
young rat. J. Anat. 154, 215-227. 

Koo, G.C. and Peppard, J.R. (1984) Establishment of mono- 
clonal anti-NK-1 antibody. Hybridoma 3, 301-303. 

Kusunoki, S., Tsuji, S. and Nagai, Y. (1985) Ganglio-N-tetra- 

osylceramide (asialo GM~) an antigen common to the brain 
and immune system: its localization in myelin. Brain Res. 
334, 117-124. 

Lampert, P.W., Sims, J.K. and Kniazeff, A.J. (1973) Mecha- 
nisms of demyelination in JHM virus encephalomyehtis. 
Electron microscopic studies. Acta Neuropathol. 24, 76-85. 

Liu, Y., Blanden, R.V. and Mullbacher, A. (1989) Identifica- 
tion of cytolytic lymphocytes in West Nile virus-infected 
murine central nervous system. J. Gen. Virol. 70, 565-573. 

Nakanaga, K., Yamanouchi, K. and Fujiwara, K. (1986) Pro- 
tective effect of monoclonal antibodies on lethal mouse 
hepatitis virus infection in mice. J. Virol. 59, 168-171. 

Natuk, R.J. and Welsh, R.M. (1987) Accumulation and chemo- 
taxis of natural killer/large granular lymphocytes at sites of 
virus replication. J. Immunol. 138, 877-883. 

Oldstone, M.B.A., Blount, P., Southern, P.J. and Lampert, 
P.W. (1986) Cytoimmunotherapy for persistent virus infec- 
tion reveals a unique clearance pattern for the central 
nervous system. Nature 321, 239-243. 

Ruijs, T.C.G., Freedman, M.S., Grenier, Y.G., Olivier, A. and 
Antel, J.P. (1990) Human oligodendrocytes are susceptible 
to cytolysis by major histocompatibility complex class I-re- 
stricted lymphocytes. J. Neuroimmunol. 27, 89-97. 

Skias, D.D., Kim, D.-K., Reder, A.T., Antel, J.P., Lancki, P.W. 
and Fitch, F.W. (1987) Susceptibility of astrocytes to class I 
MHC antigen-specific cytotoxicity. J. Immunol. 138, 3254- 
3258. 

Stohlman, S.A., Brayton, P.R., Weiner, L.P. and Lai, M.M.C. 
(1982) Murine coronaviruses: isolation and characterization 
of two plaque morphology variants of the JHM neurotropic 
strain. J. Gen. Virol. 63, 265-275. 

Stohlman, S.A., Brayton, P.R., Harmon, R.C., Stevenson, D., 
Granges, R.G. and Matsushima, G.K. (1983) Natural killer 
cell activity during mouse hepatitis virus infection: re- 
sponse in the absence of interferon. Int. J. Cancer 31, 
309-314. 

Stohlman, S.A., Matsushima, G.K., Casteel, N.P. and Weiner, 
L.P. (1986) In vivo effects of coronavirus-specific T cell 
clones: DTH inducer cells prevent a lethal infection but do 
not inhibit virus replication. J. Immunol. 136, 3052-3056. 

Stuttles, J., Schwarting, G.A. and Stout, R.D. (1986) Flow 
cytometric analysis reveals the presence of asialo-Gm 1 on 
the surface membrane of alloimmune cytotoxic T lympho- 
cytes. J. Imrnunol. 136, 1586-1591. 

Sussman, M.A., Fleming, J.O., Allen, H. and Stohlman, S.A. 
(1987) Immune mediated clearance of JHM virus from the 
central nervous system. Adv. Exp. Med. Biol. 218, 399-410. 

Wege, H., Dorries, R. and Wege, H. (1984) Hybridoma anti- 
bodies of the murine coronavirus JHM. Characterization of 
epitopes on the peplomer protein (E2). J. Gen. Virol. 65, 
1931-1942. 

Weiner, L.P. (1973) Pathogenesis of demyelination induced by 
a mouse hepatitis virus (JHM virus). Acta Neurol. 18, 
298-303. 

Williamson, J.S.P. and Stohlman, S.A. (1990) Effective 
clearance of mouse hepatitis virus from the central nervous 
system requires both CD4 + and CD8 ÷ T cells. J. Virol. 64, 
4589-4592. 



Wiltrout, R.H., Santoni, A., Peterson, E.S., Knott, D.C., Over- 
ton, W.R., Heberman, R.B. and Holden, H.T. (1985) Reac- 
tivity of anti-asialo GM serum and tumoricidal and non- 
tumoricidal mouse macrophages. J. Leukocyte Biol. 37, 
597-614. 

Yamaguchi, K., Kyuwa, S., Nakanaga, K. and Hayami, M. 
(1988) Establishment of cytotoxic T-cell clones specific for 

207 

cells infected with mouse hepatitis virus. J. Virol. 62, 2505- 
2507. 

Young, Jr., W.W., Hakomori, S., Durdik, J.M. and Henney, 
C.S. (1980) Identification of ganglio-N-tetraosylceramide as 
a new cell surface marker for murine natural killer (NK) 
cells. J. Immunol. 124, 199-201. 


