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VIRAL IMMUNITY AND PATHOGENESIS

The possibility for evoluted organisms to survive viral infections depends on the ability of  their immune system
to eliminate the infections agent. Therefore, numerous mechanisms, involving different types of - immmune cells
such as cytolytic lymphocytes, I helper and B lymphocytes and macrophages, the molecules that allow those
cells to communicate, namely the lymphokines, and the products of ~ those interactions, including antibodies,
have been elaborated. On the other hand, viruses have developed strategies to escape the immmune system of
their hosts, such as large frequencies of mutations or latency, or even to impair this system, which often leads

to diseases such as autoimmunity or immunodeficiencies. Our project is to analyse, in murine models, some

aspects of  these relations between viruses and the immune systen.

VIRAL INFECTIONS RESULT IN
A DRAMATIC INCREASE IN THE
PROPORTION OF IgG2A

Of particular interest is the fact that all anti-
body responses are not equal. Indeed, depen-
ding on their isotype, immunoglobulins display
various properties. During the last years, we
found that the isotype of antibody responses
was influenced by concomitant viral infections.
The effect of the virus resulted in a dramatic
increase in the proportion of IgG2a, not only
in antiviral antibodies, but also in immuno-
globulins with an antigenic target unrelated to
viral proteins. A dual regulation of antibody
responses by gamma-interferon (IFN-y) and
interleukin-6 explains this isotypic bias. Using a
model of infection with lactate dehydrogenase-
elevating virus (LDV) (1), we could demons-
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trate that IgG2a antiviral antibodies are more
efficient than other isotypes to protect mice
against a fatal polioencephalomyelitis induced
by the virus (2). However, the modification
of the isotype of antibodies reacting with self
antigens could potentially lead to more delete-
rious autoimmune reactions. This property of
viruses to enhance selectively the production
of one immunoglobulin isotype could depend
on the preferential activation of a subset of T
helper lymphocytes. Indeed, different subpo-
pulations of those cells, called Th1 and Th2,
respectively, are distinguished in particular by
their capability of producing selectively IFN-y
or interleukin-4, which can selectively trigger B
lymphocytes to produce IgG2a or IgG1, res-
pectively.



ACTIVATION OF NATURAL KILLER
CELLS

Many of the influences that viruses may
have on diverse immune responses can be
explained by the production of pro-inflam-
matory cytokines, including IFN-y. There-
fore, our analysis of the relationship between
viruses and the immune system has focused on
the activation, by LDV, of cells from the innate
immune system that are able to secrete this
cytokine, namely the natural killer (NK) cells.
Within a few days after infection, a strong and
transient NK cell activation, characterized

by accumulation of this cell population
in the spleen, by enhanced IFN-y message
expression and production, as well as by cy-
tolysis of target cell lines was observed. Two
pathways of IFN-y production have been
observed that both involve NK cells. The first
pathway, found in normal mice, is independent
from type I IFN and from interleukin-12. The
second pathway involves interleukin-12, but
is suppressed by type I IFN (3). Because NK
cells and IFN-y may participate in the defense
against viral infection, we analyzed their pos-
sible role in the control of LDV titers, with a
new agglutination assay. Our results indicate
that neither the cytolytic activity of NK cells
nor the IFN-y secretion affect the early and
rapid viral replication that follows LDV inocu-
lation.

Similarly, infection with mouse hepatitis
virus (MHYV) is followed by NK cell activation
and leads to IFN-y production by those acti-
vated cells. In contrast to LDV, MHV replica-
tion is controlled by this cytokine and animals
unresponsive to this molecule quickly die after
infection. The protective effect of IFN-y ap-
pears to target infected cells rather than lym-
phocytes.

Interestingly, NK cell activation results in an
increased expression of CD66a (CEACAM-1),
an adhesion molecule that serves also as a
receptor for MHV. However, this enhanced
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expression, that is also found on immature NK
cells, results from NK cell stimulation with IL-
12 and 11.-18, but not with LDV (4). Therefore,
some, but not all subpopulations of activated
NK cells might be susceptible to MHV infec-
tion.

ACTIVATION OF MACROPHAGES
AND ENHANCED SUSCEPTIBILITY
TO ENDOTOXIN SHOCK

Activation of cells of the innate immune
system by LDV includes also macrophages and
leads to an enhanced response to lipopolysac-
charide (LPS), and to an exacerbate suscep-
tibility to endotoxin shock (5). A synergistic
effect of LDV and LPS triggered dramatic
production of tumor necrosis factor (ITNF)
and IFN-y. Susceptibility to LPS shock was
completely mediated by TNE, and partially by
IFN-y. Thetefore, our model of infection with
LDV illustrates how a virus can modulate an
ongoing disease initially independent from the
infection through modification of the immune
microenvironment of its host. In this context,
the production of type I IFNs may protect the
host against exacerbated pathology by contro-
ling the production of IFN-y.

BLOOD AUTOIMMUNE DISEASES

Virally-induced macrophage activation
leads also to an enhanced phagocytic activity,
with potential detrimental consequences for
ongoing autoimmune diseases. Our analysis
has been focused on autoantibody-mediated
blood autoimmune diseases. A new experi-
mental model of anti- platelet response was
developed in the mouse (6). Immunization of
CBA/Ht mice with rat platelets was followed by
a transient thrombocytopenia and production
of autoantibodies that react with epitope(s)



shared by rat and mouse platelets. Two IgM
anti-platelet monoclonal autoantibodies were
further analyzed. They recognized mouse pla-
telet antigens and could induce both platelet
destruction and impairment of their function
(7). This response was found to depend on
CD4+ T helper lymphocytes reacting with rat,
but not with mouse platelets. These anti-rat
platelet T helper cells were mainly of the Thl
phenotype. When transferred into naive mice,
they enhanced the anti-mouse platelet antibody
response induced by subsequent immunization
with rat platelets. In addition, depletion of
CD25+ cells enhanced the thrombocytope-
nia induced by immunization with rat platelets
whereas adoptive transfer of CD4+CD25+
cells from immunized mice suppressed it (8).
Our results suggest therefore that activation
of anti-rat platelet T helper cells can bypass
the mechanism of tolerance and result in the
secretion of autoreactive antibodies, but this
response is still controlled by regulatory T cells
that progressively develop after immunization.

We have analysed whether a viral infection
could modulate such an autoantibody-media-
ted autoimmune disease. In mice treated with
anti-platelet antibodies at a dose insufficient to
induce clinical disease by themselves, infection
with LDV or mouse hepatitis virus was fol-
lowed by severe thrombocytopenia (9). Simi-
larly, administration of anti-erythrocyte mo-
noclonal autoantibody to mice resulted in the
development of a transient hemolytic anemia
that was dramatically enhanced by a simulta-
neous infection with LDV, leading to the death
of most animals. This viral infection induced
an increase in the ability of macrophages to
phagocytose in vitro autoantibody-coated red
cells, and an enhancement of erythrophagocy-
tosis in the liver (10).

Treatment of thrombopenic or anemic
mice with clodronate-containing liposomes
and with total IgG indicated that opsonized
platelets and erythrocytes were cleared by
macrophages. Administration of clodronate-
containing liposomes decreased also the in
vitro phagocytosis of autoantibody-coated
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red cells by macrophages from LDV-infected
animals. The increase of thrombocytopenia
triggered by LDV after administration of anti-
platelet antibodies was largely suppressed in
animals deficient for IFN-y receptor. Together,
these results suggest that viruses may exacet-
bate
penia and anemia by activating macrophages
through IFN-y production, a mechanism that

autoantibody-mediated thrombocyto-

may account for the pathogenic similarities
of multiple infectious agents. Regulation of
macrophage activation results in modulation
of autoantibody-mediated cell destruction and
may be considered as a possible treatment for
autoimmune diseases that involve phagocytosis
as a pathogenic mechanism.

Together, these two models may corres-
pond to the development of some auto-im-
mune diseases : a first stimulus triggers the pro-
duction of autoantibodies, through molecular
mimicry. A second stimulus, such as a viral in-
fection, leads to the activation of macrophages
and results in the destruction of opsonized
target cells.
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