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CD4+ T cell lines specific for murine hepatitis virus (MHV)
JHM or myelin basic protein (MBP) proliferated when cultured 
together with MHC class I and II positive syngeneic rat 
astrocytes and either inactivated virus or MBP as antigen. The 
magnitude of the T cell proliferative response was comparable to 
that seen when thymocytes were used as a source of antigen pre
senting cells (APC). 

In contrast, MHC class I and II positive astrocytes were un
able to significantly stimulate the proliferation of highly 
purified populations of naive CD4+ and CD8+ T cells in an allo
geneic mixed lymphocyte reaction (MLR). Both T cell populations 
proliferated when mixed with allogeneic lymph node cells. 
Infection of the astrocytes with a variant of MHV-JHM (PI-AS22D) 
did not alter this cells incapacity to stimulate the naive CD4+ 
and CD8+ T cells to proliferate. 

INTRODUCTION 

Intracerebral (i.c.) inoculation of young adult rats with 
the coronavirus, MHV-JHM, can induce either an acute, fatal 
encephalitis or a delayed-onset subacute demyelinating 
encephalomyelitis1. Susceptibility is rat strain dependent and 
may potentially be influenced at many levels including 
differences in the anti-viral immune response seen in different 
rat strainsl - 3 or the capacity of virus to stimulate MHC 
expression on glial cells in susceptible strains 4, which may 
initiate or perpetuate an encephalomyelitis. With regard to the 
latter possibility, it is now well established that astrocytes 
may act as APC for secondary T cell responses (i.e. in the 
restimulation of T cell lines and clones). However, if astrocytes 
were to participate in the initiation of a T cell response and 
subsequent induction of encephalitis, for example following viral 
infection in vivo, then these cells should, in principle, be 
effective stimulators of a primary immune response. 
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However,relatively few cell types appear capable of acting as 
primary APC at least for CD4+ T cell responses, the most potent 
of these being the dendritic cells but such cells are not 
normally found in the central nervous system (CNS). 

In these experiments we assessed the capacity of astrocytes 
to act as APC in primary and secondary T cell responses and pre
sent preliminary data from experiments which examined whether 
virus infection may have any effect on astrocyte function in this 
context. 

METHODS 

Primary Astrocyte Cultures 

Primary astrocyte cultures from newborn Brown Norway (BN, 
RT1n) or Lewis (Lew, RT11) rats were prepared essentially as de
scribed previously6 and maintained in 50ml or 260 ml tissue cul
ture flasks (Falcon). The cells were characterized using a range 
of monoclonal antibodies (MAbs) and a combination of 
immunoflourescence microscopy and flow cyto-fluorography 
(FACScan). MAbs used were mGalC (labels galactocerebroside, an 
oligodendrocyte marker) 7, MRC OX1 and MRC OX30 (both label the 
leucocyte common antigen (L-CA), found on cells of bone marrow 
origin), MRC OX42, a putative marker for microglia, MRC OX18 
(anti-rat MHC Class I), and MRC OX6 (anti-rat MHC Class II). 
Glial fibrillary acidic protein (GFAP) was detected using a 
rabbit polyclonal antibody (DAKO). See refs. 8,9 for cross ref
erence details of MAbs used. 

Virus Preparation 

MHV-JHM was adapted to a persistent infection of Sac(-) 
cells to generate JHM-PI10. This virus stock was then subjected 
to one passage on a rat mixed glial culture and two passages over 
purified rat astrocyte cultures then expanded by one passage over 
DBT cells. The resultant virus is designated JHM-PIAS22D. 

Virus Infection and interferon gamma (IFN yl pre-treatment 

Astrocyte cultures were inoculated with virus at an MOl of 
approximately 1, for 1 hour at 37°C. Excess virus was then rem
oved by waShing and replaced by normal growth media. The level of 
infection 2-3 days later was determined by immunoflourescence 
microscopy using the mouse MAb #556 (anti-Nucleocapsid (60K) 
protein) 11. 
For IFN ytreatment, astrocytes were pulsed daily for 3 days with 
a final concentration of 20 U/ml rat recombinant IFN ~ 

T Cell Isolation 

T cell lines. Standard procedures12 were used to produce 
stable CD4+ T cell lines specific for either MBP (designated 
266/87B) or MHV-JHM (designated 146/88A). The MBP line was from a 
Lew rat inoculated s.c. with MBP in FCA while the virus-specific 
line was derived from an i.c. infected Lew rat. 
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Purification of T cell subsets. Pooled cervical and mesente
ric lymph nodes from naive Lewis rats were depleted of various 
subpopulations by incubating the cells with the appropriate 
cocktail of monoclonal antibodies followed by a rosetting pro
cedure using sheep erythrocytes coated with rabbit-anti-mouse Ig 
and the labelled cell population removed by a brief 
centrifugation step13. CD4+ T cells were depleted of all other 
cells expressing CD8 (MRC OX8), MHC Class II (MRC OX6) and 
surface Ig (B cells; MRC OX12). CD8+ T cells were depleted of 
cells expressing CD4 (MRC OX35 and W3/25), MHC class II and 
surface Ig and subjected to a second purification step using 
magnetic beads14 . See refs. (8,9,15) for cross reference details 
of monoclonal antibodies used. 

RESULTS 

Astrocyte Characterization 

Normal (untreated) astrocytes were 90-95 % pure as 
determined by staining for GFAP. Few cells were positive for the 
leukocyte common antigen (L-CA) found on cells of bone marrow 
origin and we could not detect cells positive either for the MAb 
MRC OX42, a putative marker for microglia or GalC an oligo
dendrocyte marker. 

Most cells (> 95%) were MHC Class I positive, but only 
expressed MHC Class II after treatment with IFN y. Significant 
expression of MHC Class II was seen on about 40 % of Lew and 
about 20 % of BN astrocytes. IFN y also upregulated the 
expression of MHC Class I. The majority of cells were infected 
after 3 days as indicated by the presence of intracellular 
Nucleocapsid protein. Infection with this particular variant did 
not induce MHC Class II and inconsistently upregulated the 
expression of MHC Class I. 

Astrocytes as APC for Secondary T Cell Responses. 

Resting CD4+ T cell lines were cultured together with either 
syngeneic thymocytes or astrocytes plus or minus specific antigen 
(Fig. 1). Addition of thymocytes, the usual source of APC for rat 
T cell lines, resulted in a high specific proliferation of both T 
cell lines. IFN ypre-treated astrocytes induced a comparable 
degree of T cell line proliferation while addition of normal (not 
IFN y treated) astrocytes also resulted in specific T cell 
proliferation but the magnitude was less, at least at the time 
point shown here. 

Astrocytes as Stimulators of Primary T Cell Responses 

The MLR was employed to examine the capacity of astrocytes 
to stimulate primary T cell responses. Responding cells were CD4+ 
and CD8+ T cells isolated from the lymph nodes of naive Lew rats. 
Purities of around 99 % (as assessed by FACScan analysis) 
were obtained in all experiments. 

Varying numbers of these cells were mixed with a constant 
number of stimulator cells which were either irradiated lymph 
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node cells from Lew or BN rats (Fig. 2, A and B) or astrocytes 
from these two rat strains (Fig. 2, C and D) . 

When mixed with lymph node stimulators, both the CD4+ and 
CD8+ T cells responded to the allogeneic stimulus (BN). The pro
liferative response of CD4+ T cells was about twenty times 
greater than the CD8+ T cell response. Addition of the anti-CD4 
MAb, W3/25, significantly blocked only the CD4+ T cell response 
(Fig. 2, A and B). 
Astrocytes were also tested for their ability to stimulate CD4+ 
and CD8+ T cells in the MLR. Astrocytes were either untreated, 
pre-treated with IFNy or inoculated with JHM-PI-AS22D for 1 hour 
prior to addition of responder T cells (Fig. 2, C and D) .. In all 
cases, the curves were relatively flat indicating that a dose 
dependent uptake of 3H-thymidine by the responder T cells had not 
occurred. Astrocytes were not irradiated in these experiments 
(see Discussion) and some proliferation by these cells may 
account for the background counts recorded. 
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Fig 1. Astrocytes are good accessory cells for 
secondary T cell responses. 2 x 10 4 resting cells of 
each T cell line were cultured in the presence of 
irradiated (2000 R ~ syngeneic accessory cells 
together with specific antigen (shaded bars; 10~g/ml 
UV inactivated JHMV or 20~g/ml MBP) or no antigen 
(hatched bars). Accessory cells were 2 x 10 4 normal 
(AST) or IFN pre-treated astrocytes (IFN yAST) or 
10 6 thymocytes. Assay time was 48 hours inclusive of 
an 18 hour pulse with 3H-Thymidine. Shown are means 
of triplicate cultures. 

DISCUSSION 

The data presented here confirm that astrocytes may function 
as accessory cells for secondary T lymphocyte responses and, in 
these experiments, were shown to induce proliferation of T cell 
lines specific for both viral and self (MBP) antigens as effec
tively as thymocyte APC. Prior induction of MHC class lIon these 
astrocytes by IFN Y pre-treatment enhanced their capacity to 
stimulate these CD4+ T cell lines above that seen when untreated 
astrocytes were used. The observation made here and elsewhere16 
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Fig. 2. Comparison of Astrocytes (AST) and lymph node (LN) cells 
as stimulators of the primary MLR. Responder cells were 
purified CD4 (A and C) and CD8 (B and D) positive T cells 
from Lew rats at the indicated number per well. Stimulators 
were either irradiated LN cells (5 x 105 per well) or non
irradiated AST (2 x 10 4 per well)which were untreated, 
IFN y pre-treated, or infected with JHM-PI-AS22D. 5~g/ml 
W3/25 MAb (anti-rat CD4) was added to some of the wells. 
Assay time was 78 hours inclusive of an 18 hour 
3H-Thymidine pulse. 
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that non-IFN ypre-treated, ostensibly MHC Class II- negative 
astrocyte may also act as APC for T cell lines (Fig. 1) probably 
indicates that low-level induction of MHC Class II on the 
astrocytes occurs as a consequence of some IFN yrelease (and 
possibly other cytokines) from the added T cells resulting in 
further T cell stimulation as the level of MHC class II on the 
astrocytes increases during culture. 

Irradiated lymph node cells were effective stimulators of 
the primary allogeneic MLR. Both Lew CD4+ and CDS+ T cells pro
liferated in response to stimulation by BN lymph node cells 
although the level of CDS+ T cell proliferation was low. The 
magnitude of CDS+ T cell proliferation in the MLR is generally 
much lower than the CD4+ T cell response17 and appears to be dep
endent on the responder strain used1B . Anti-CD4 MAb did not block 
the proliferation of the CDS+ T cell population demonstrating 
that the response was indeed due to autonomous CDS+ T cell pro
liferation. 

In preliminary experiments we attempted to infect astro
cytes for two to three days prior to irradiation and establish
ment of the MLR but this resulted in rapid, presumably virus-me
diated, destruction of the astrocytes during the 3 day course of 
the MLR. Thus, infection of non-irradiated astrocytes just prior 
to establishment of the MLR was necessary and, without irradia
tion, some uptake of tritiated thymidine occurred as evidenced by 
the high background counts. 

When naive Lew CD4+ and CDS+ T cells were added to these 
non-irradiated syngeneic or allogeneic astrocytes there was no 
apparent responder cell proliferation above the 2000-10,000 cpm 

,background contributed by the astrocytes themselves (Fig. 2C and 
D). Thus, one may conclude that allogeneic astrocytes whether un-
treated (i.e. expressing only MHC Class I), IFN ypretreated 
(expressing increased levels of MHC Class I and also MHC Class 
II) or virus infected, do not stimulate naive T cells to prolif
erate. 

Certainly this is clear for the CD4+ T cell response, which 
when positive, is normally at least 1 log above background, but 
the low magnitude of the CDS T cell response (Fig. 2, B) means 
that a positive response to astrocyte stimulators may be dis
guised by the high background and experiments are underway to 
remedy this problem. It is unclear why the allogeneic (BN) 
astrocyte stimulators always incorporated less label than the Lew 
astrocytes and it could simply be related to a slightly different 
proliferative potential of the astrocytes from these two strains. 
A second possibility is that the growth of BN astrocytes was 
affected by the presence of the LEW T cells (i.e. that cytotoxic 
T cells were generated) and that this occurred in the absence of 
significant T cell proliferation. 

Infection of astrocytes by this coronavirus did not alter 
the cells incapacity to stimulate T cells in the MLR. We con
sidered it possible that such infection may enhance the 
stimulator capacity of astrocytes as, for example, astrocytes 
infected with this virus secrete IL-6 (data not shown) which 
appears to be an important co-factor in the induction of T cell 
responses following mitogenic or allogeneic stimulus 19,20. How-
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ever, no induction of MHC Class II occurred with this virus 
variant as it appears to do with others4 so a CD4+ T cell 
response was unlikely but also, no CD8+ T cell proliferation was 
observed and certainly the astrocytes were highly MHC Class I 
positive. The limitations to the detection of CD8+ T cell 
proliferation discussed above must be considered, but clearly, 
CD8+ T cell proliferation was not very significant (if it in fact 
occurred at all) and virus infection of the astrocytes did not 
change this. 

The principle conclusion to be drawn from these studies is 
that astrocytes are probably not functional stimulators of 
primary immune responses. Certainly, this is the case for CD4+ T 
cell responses but it is less clear for CD8+ T cells. 
Furthermore, infection of astrocytes by a virus which has the 
potential to induce the cell to secrete factors important in the 
initiation of T cell responses does not seem to change this 
situation. Other coronavirus-JHM isolates (or indeed other 
viruses) may be different in this regard. 

In contrast, the same astrocytes are potent presenting cells 
for secondary T cell responses so we would envisage that once a T 
cell response is initiated peripherally (to self or viral anti
gen), astrocytes may then, if a pre-activated T cell is encoun
tered in the CNS, re-stimulate the cell. Thus, astrocytes may 
play only a secondary role in enhancing or perpetuating, rather 
than initiating, immunopathological responses in the CNS. 
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