Coronavirus Infection Induces H-2 Antigen
Expression on Oligodendrocytes and Astrocytes
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been removed by mechanical agitation (9,
I*ction of the central nervous system by mouse hepatitis virus stain A59, a murine 10). More than 80% of the cells in oligodenneurotopic coronavirus, induces dass I major histocompatibility complex antigens on
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by indirect immunofluorescence with a single monoclonal antibody to H-2Db and H2Kb or antibody to i-A" (3, 4), when
examined 1, 3, 5, 7, 14, and 21 days aftert
inoculation. Astrocytes, however, expressed,
H-2 antigen, but not Ia antigen, after 3
days. Infecion at different multiplicities of
infection of MHV-A59 (0.1 or 5.0) gave
similar results.
We sought to determine whether MHVA59 infection could induce MHC expres-'
sion on oligodendrocytes through soluble
factors elaborated' by infected CNS cells.
Primary dissociated mixed brain cell cultures
were prepared from newborn C57BI/6
mice and grown in 75an2 culture flask
(Falcon, two brains per flask) for 10 da
Then cultures were infected with 0.5 ml of
stock MHV-A59 at 1 x 107 PFU per flask.
Supematant media from infected cultures,
(Sup) was collected at days 1, 3, and 5 after
inoculation and twice a week thereafr.,
Fig. 1. In vitro induction of H-2 antigen expression on oligodendrocytes and astrocytes by supematant
Supernatant media from parallel uninf
fom mixed brain cell cultures infected with MHV-A59. The expression ofMHC antigens was assessed
by indirect immunofluorescence of unfixed viable cells. Monoclonal antibodies against mouse H-2 were cultures and cultures inoculated with unin-

obtained from Bionetics Laboratory (Charleston, SC) (3). Cultures were then double-labeled with
antibodies to H-2 and antibodies to GaIC or GFAP (3, 9). Oligodendrocytes (A-C) and astrytes (DF) stimulated with 10% Sup for 2 days. Astrocyte cultures stimulated with supematant from uninfected
mixed brain cell cultures did not express detectable H-2 antigen (G-I). Viewed with phase-contrast (A,
D, and G), fluorescein [GaIC (B), GFAP (E and H)], and rhodamine [H-2Db and H-2Kb (C, F, and I)]
optics. Bar, 15 ,um.
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Fig. 2. H-2 antigen expression on glial cells from infected live mice. C57BL/6 mice at 5 to 7 days of age
(Charles River) were inoculated intracerebrally with 20 p,l ofstock virus at 400 PFU per inoculum (8).
Two days after inoculation, brains were dissected out, minced, and digested with trypsin (Gibco, 2.5
mg/mI) and deoxyribonuclease I (Sigma, 10 ,ug/ml) for 30 minutes in a shaking water bath at 37°C. The
cell suspensions were plated on poly-L-lysine-coated cover slips at a density of 5 x 104 per square
centimeter. Oligodendrocytes were isolated from the enzymatically dissociated cell suspension by
Percoll density gradient (19) and plated in the same manner. At 1 or 3 days in vitro, they were examined
for MHC expression by indirect immunofluorescence (3). (A to C) GalC-positive oligodendrocytes in
isolated oligodendrocyte cultures; (D to F) GFAP-positive astrytes in dissociated brain cell cultures.
(A and D) Phase-contrast optics; (B) GaIC and (E) GFAP, fluorescein optics; and (C and F) H-2,

rhodamine optics.

fected 17Cl-1 cell lysate were collected in the
same manner and served as controls. Oligodendrocyte- and astrocyte-enriched cultures
were treated with 1% to 50% (in final
concentration) Sup for 2 days starting 1 day
after isolation, and examined by indirect
immunofluorescence for their MHC (H-2
and Ia) antigen expression at day 3 (3). The
Sup induced H-2 antigen expression of the
corresponding haplotype on oligodendrocytes and astrocytes (Fig. 1), but did not
induce detectable Ia antigen expression on
these cells. Monoclonal antibodies against
noncorresponding H-2 haplotypes, normal
mouse serum, or supematant of SP2/0 (3)
did not stain these cells. Thus, the H-2
expression on these cells is unrelated to the
induction of Fc receptors that may occur in
certain viral infections (13). Although fluorescence after treatment with antibodies to
H-2 on oligodendrocytes was weaker than
that on astrocytes, more than 80% of oligodendrocytes and almost all astocytes expressed detectable H-2 antigen. The minimum requirement for stimulation of H-2
induction was 1% Sup for 2 days or 5% Sup
for 1 day. Sup obtained 1, 3, 5, and 17 days
after inoculation induced H-2 antigen
expression on glial cells with no obvious
difference noted from each other.
Since direct viral inoculation in vitro did
not induce MHC expression on oligodendrocytes, this induction of H-2 expression
by Sup was probably mediated by factors
from MHV-A59-infected cells in the primary cultures ofmixed brain cells and not by
infectious virus. To study this, we applied
Sup after inactivation of virus. The ultraviolet (UV) light irradiation of MHV-A59 for
cither 3 hours or overnight inactivated in992

fectious virus but did not alter the ability of
Sup to induce H-2 activity. We also examined UV-inactivated MHV-A59 to see if it
could induce primary cultures of mixed
brain cells to elaborate the H-2-inducing
factors. The supematant media from cultures inoculated with inactivated MHV-A59
had no stimulatory effect on MHC induction. Thus, the H-2-inducing factors in the
Sup were soluble factors from MHV-A59infected cells in primary mixed brain cell
cultures, but not MHV-A59 itself.
To identify the cells responsible for the
production of the H-2-inducing factors, we
infcted different glial cell cultures and assayed thenm, with UV-irradiated supematant, for their ability to induce MHC expression on oligodendrocytes and astrocytes.
Astrocyte-enriched cultures and mixed glial
cell cultures from which oligodendrocytes or
fibroblasts were deleted (14) produced H2-inducing factors. However, supernatant
from oligodendrocytes, meningeal fibroblasts, or spleen cell cultures of the same
strain of mouse, infected with MHV-A59 in
the same manner, did not induce MHC
antigen expression on glial cells. These observations indicated that astrocytes are more
likely to play a predominant role in the
production of the factors, although we
could not rule out the possible participation
of macrophage-microglia in the production
of the H-2-inducing factors.
It is possible that MHV-A59-infected
brain cells produce IFN's that may stimulate
induction of H-2 expression, although IFN
production by MHV-infected brain cells is
reportedly low (15). The addition of antibodies to mouse interferon [anti-IFN-oa/1
(16)] in various concentrations (10 to 106

neutralization units per milliliter) into cultures with 10% Sup did not abolish the
ability of Sup to induce H-2. Thus, the H2-inducing factors in Sup were probably
unrelated to IFN-a/13. Since our brain cell
cultures do not usually contain lymphocytes,
and since Sup from spleen lymphocytes inoculated with MHV-A59 did not induce
MHC antigens on glial cells, it is also unlikely that the factors are related to IFN--y.
However, the precise characterization of the
factors awaits fiurther elucidation.
To confirm whether the H-2 induction by
MHV-A59 infection occurs in vivo, we
inoculated mice intracerebrally with MHVA59 (8) and examined brain cell cultures for
MHC expression. MHV-A59 induced
expression of H-2 antigen on GalC-positive
oligodendrocytes and GFAP-positive astrocytes (Fig. 2). We did not detect H-2 antigen expression on oligodendrocytes and astrocytes prepared from uninfected mice or
from the mice inoculated with uninfected
cell lysate of 17 Cl-i. These H-2-positive
cells were still observed at 28 days in vitro
without any additional stimulation, but oligodendrocytes and astrocytes did not express detectable amounts of Ia antigen
throughout the culture period.
Our results, combined with the results of
previous studies on H-2 induction by the
factors from activated T cells (2, 3), indicate
at least two ways for neural cells to express
H-2 antigen in certain pathological conditions-immune-mediated and virus-mediated mechanisms. Schrier et al. (17) have
shown that expression of MHC dass I antigen in rat kidney cells is switched off when
the cells are transformed by a highly oncogenic adenovirus. More recently, however,
Rosenthal et al. (18) have shown that infection of mouse embryo cells with either
oncogenic or nononcogenic adenovirus results in transcriptional activation of the H2K gene. Despite the large increase in cytoplasmic H-2K messenger RNA, they could
find only a marginal increase in surface H2K antigen by radioimmunoassay. However, as we have shown, expression of detectable surface H-2 antigen on oligodendrocytes and astrocytes is induced during neurrpic MHV-A59 incton. This H-2 induction may play a critical role in the interaction
between virus-infected cells and immunocytes to intiate virus-induced, immune-mediated demyelination in the CNS, a possible
animal model of multiple sderosis.
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