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Involvement of CD4+ cells in the protection of C58
mouse against polioencephalomyelitis induced by
lactate dehydrogenase-elevating virus
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Immunosuppression, occurring naturally with aging, or experimentally after
cyclophosphamide treatment or irradiation, is required for the development in
C58 mice infected with lactate dehydrogenase-elevating virus (LDV) of a severe
polioencephalomyelitis that is caused by viral destruction of anterior horn
neurons. Here it is shown that depletion of T helper lymphocytes by
administration of an anti-CD4 antibody was followed by a progressive paralysis
typical of polioencephalomyelitis in C58/J mice inoculated with a neuroviru-
lent strain of LDV. Although it was clear that other cell subsets are also required
to assure complete protection of genetically-susceptible mice, our results show
that T helper lymphocytes play a major role in the prevention of LDV-induced
polioencephalomyelitis. The mechanisms by which these cells confer this
protection remain however to be determined.
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Although in most circumstances, lactate-dehydro-
genase-elevating virus (LDV) does not induce overt
pathology in mice, polioencephalomyelitis may
result from infection with this virus when several
conditions are met (Martinez et al, 1980; Nawrocki
et al., 1980; Murphy et al, 1983). To trigger this
paralytic disease, infection, preferably by a neuro-
virulent strain of LDV (Godeny et al, 1993; Faaberg
et al, 1995; Palmer et al, 1995), must occur in mice
homozygous for the Fv-1n allele (Pease et al, 1982),
which are permissive for the replication of N-tropic
ecotropic MuLV retroviruses. These mice, such as
the C58 or AKR animals (Stroop and Brinton, 1983)
have to carry several copies of the retrovirus in
their genome and retroviral expression in neurons
appears to be required for infection and destruction
of these cells by LDV (Pease and Murphy, 1980;
Contag and Plagemann, 1988, 1989; Inada et al,

1993; Anderson et al, 1995b). An additional
requirement for the development of LDV-induced
polioencephalomyelitis is some degree of immuno-
de®ciency that may be achieved by active immu-
nosuppression or by natural depression of immune
responses due to an advanced age of the infected
animals (Duffey et al, 1976). This indicates that at
least some immune functions are able to protect
mice against the development of this neurologic
disease. Despite a protective effect of passive
transfer of anti-LDV antibodies (Murphy et al,
1983; Harty et al, 1987; Harty and Plagemann,
1990; Anderson et al, 1995a), the possible role of
naturally produced antiviral antibodies in the
prevention of polioencephalomyelitis development
is not de®nitely demonstrated (Cafruny et al, 1986).
In contrast, T lymphocytes are clearly required for
protection against this neurological disease (Bentley
and Morris, 1982). The protective subpopulations of
T cells have been analysed with Lyt-1 and Lyt-2
(currently CD8) markers. The CD8+ cells are clearly
involved (Bentley and Morris, 1982; Bentley et al,
1983). However, so far, a possible role for CD4+ T
lymphocytes has not been investigated. The aim of
the present work was therefore to determine
whether these T helper lymphocytes were required
to protect genetically-susceptible mice against the
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development of LDV-induced polioencephalomyeli-
tis.

Female C58/J mice were obtained from the
Jackson Laboratory (Bar Harbor, Maine) and main-
tained in microisolators with sterile food and water.
Polioencephalomyelitis was induced in these ani-
mals by immunosuppression and by intraperitoneal
injection of LDVc (kindly given by EK Godeny,
Martinez et al, 1980). This virus was ampli®ed once
in C58/J mice and the equivalent of 2 ml plasma
from 1 day-infected mice, diluted in 500 ml saline
was used for infection. Immunosuppression was
obtained either with 5 mg cyclophosphamide (Cy-
cloblastineR, Farmitalia Carlo Erba), or by 600 rads
whole body irradiation. The intensity of the disease
was estimated with an arbitrary score as follows:
1=paresis of one or two legs; 2=paresis of more than
two legs; 3=¯accid paralysis of more than two legs;
4=total ¯accid paralysis; 5=death. Regardless of the
type of immunosuppression, a progressive and
severe paralysis developed about 2 weeks after

infection, leading to death in about 50% of the
animals (shown in Figure 1a, after irradiation).

To determine whether CD4+ T lymphocytes are
part of the immune mechanisms that prevent the
development of polioencephalomyelitis in normal
animals, depletion of these cells was achieved by in
vivo injection of the GK1.5 anti-CD4 monoclonal
antibody (made available by FW Fitch, and obtained
through the courtesy of HR MacDonald). It has been
shown previously that this antibody was able to
deplete T helper lymphocytes in vivo (Coulie et al,
1985; Coutelier et al, 1990). In C58/J mice, nearly
complete disappearance of CD4+ cells was obtained
in preliminary experiments after injection of GK1.5
doses ranging from 0.25 mg to 1 mg. Indeed, as
measured by cell labelling as described previously
(Coutelier et al, 1994), the fraction of CD4+ cells in
total spleen cells dropped from 25.5% in control
untreated mice to about 0.2% after anti-CD4
treatment. Thus, 5 ± 6 month-old C58/J mice were
treated with 1 mg GK1.5 antibody 2 days before
administration of LDVc, followed by 0.5 mg of the
same antibody 5 and 12 days after infection. As
shown in Figure 1b for a typical experiment, all the
mice that received anti-CD4 treatment in addition to
LDVc infection developed a gradual paralysis,
whereas animals that were only infected were not
affected. This result demonstrates that T helper
lymphocytes are required to prevent this neurolo-
gical disease in genetically-susceptible animals
infected with LDVc. Interestingly, polioencephalo-
myelitis induced by anti-CD4 treatment was not
always as severe as the disease following irradia-
tion, and many animals, although affected by the
paralysis, did survive (Figure 1). Moreover, in
younger mice (2 ± 3 month-old), whereas the po-

Figure 1 Development of polioencephalomyelitis in immuno-
suppressed C58/J mice. Five to six month-old female C58/J were
infected with LDVc (a) 2 days after immunosuppression by 600
rads whole body irradiation; (b) without (open symbols) or with
(closed symbols) treatment with anti-CD4 GK1.5 antibody, as
indicated in the text. Development of polioencephalomyelitis
was determined by clinical score of the paralysis at different
times after infection.

Figure 2 Induction of polioencephalomyelitis in young C58/J
mice by anti-CD4 treatment. Five 2 ± 3 month-old C58/J mice
were infected with LDVc without (open symbols) or with (closed
symbols) treatment with anti-CD4 GK1.5 antibody. Development
of polioencephalomyelitis was determined by clinical score of
the paralysis at different times after infection.
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lioencephalomyelitis was occasionally observed, it
was only in a few animals (Figure 2). These data
which ®t well with previous observations in young
mice treated with cyclophosphamide (Anderson et
al, 1995a), suggest that in addition to CD4+ cells,
other cells that disappear with the age of the
animals are involved in the protection against
LDV-triggered paralysis. That these cells may be
CD8+ lymphocytes has been indicated by experi-
ments reported by others (Bentley and Morris, 1982;
Bentley et al, 1983) and was con®rmed by treatment
of infected mice with an anti-CD8 antibody (53/
6.72, rat IgG2a, from ATCC, Ledbetter and Herzen-
berg, 1979). In preliminary experiments, inocula-
tion of 1 ml ascitic ¯uid containing this antibody
was found to depress the CD8+ fraction in spleen
cells from 11 ± 18% in control C58/J mice to 0.5 ±
2% 3 days after antibody treatment. Combined data
from two independent experiments indicated that
anti-CD8 treatment was followed by the develop-
ment of a moderate neurological disease in about
half of the infected animals (three out of a total of
eight mice that received anti-CD8 antibody). Such a
modest effect of anti-CD8 antibody treatment,
compared with the more dramatic effect of anti-
CD4, might be due to the incomplete elimination of
CD8+ cells after antibody inoculation.

Our results clearly indicate that, in addition to
CD8+ cells, CD4+ lymphocytes play a major role in
the protection of susceptible mice against LDVc-
induced polioencephalomyelitis. Interestingly, a
collaboration between these two cell subpopula-
tions is also required for successful defence against
other viruses, especially in the central nervous
system (Williamson and Stohlman, 1990). The
mechanisms by which CD4+ T cells prevent the
neurological disease triggered by LDV are still
unknown. Preliminary results of cytokine analysis
in the central nervous system of infected animals
indicate that in absence of immunosuppression
gamma-interferon is produced. This suggests that
protective CD4+ lymphocytes may be of the Th1
phenotype, which would be in agreement with the
characteristics of the general immune responses
usually observed in mice infected with LDV
(Coutelier and Van Snick, 1985; Coutelier et al,
1986, 1995; Li et al, 1990; Monteyne et al, 1993).

However, whether the protective ability of a Th1
response would be better than that of a Th2
response is yet to be analysed. It remains also to
be demonstrated whether the ability of lymphocytes
to prevent polioencephalomyelitis results from
some polyclonal activation resulting in cytokine
production or from an effector function linked to
their antigenic speci®city, against some viral
antigen. For instance, the ability of CD4+ T
lymphocytes of the Th1 phenotype to lyse target
cells infected with some viruses has been demon-
strated (Heemskerk et al, 1995). It has also been
shown that the presence of functional CD4+ T cells
is required for the production of anti-LDV anti-
bodies by B lymphocytes (Coutelier et al, 1986;
Onyekaba et al, 1989). Although we were not able to
detect by ELISA, as described previously (Coutelier
et al, 1986) signi®cant CD4+ cell-dependent produc-
tion of anti-LDV antibodies in immunocompetent
C58 mice during the ®rst three weeks of infection
(data not shown) and whereas it has been reported
by indirect ¯uorescent antibody assay that some
C58 animals paralysed after LDV infection did
develop consistent antiviral antibody responses
(Anderson et al, 1995a), it cannot be ruled out that
the protective effect of CD4+ T lymphocytes
involves, at least partly, help to B lymphocytes to
produce neutralising antibodies.
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