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Many important human diseases of undetermined etiology have an autoim
mune component. In some diseases, the autoimmune component is very 
broad, involving a number of different organs and tissue antigens. For exam
ple, in the case of systemic lupus erythematosus, autoantibodies are found 
that react with DNA, RNA, cytoplasmic proteins, lymphocytes, and eryth
rocytes. Similarly, in patients with polyendocrinopathy, autoantibodies that 
react with the pancreas, thyroid, pituitary, and gastric mucosa have been 
detected. In contrast, in diseases such as myasthenia gravis, the autoim
mune component is far more restricted and predominantly directed against 
the acetylcholine receptor. 

There are many theories as to what triggers the production of autoantibod
ies ranging from genetically programmed immunological abnormalities to 
environmental insults. That viruses can sometimes be involved we know 
from several lines of evidence. In experimental animals, autoantibodies have 
been found in the sera following a variety of viral infections such as reo, 
vaccinia, Sendai, rinderpest, Aleutian disease, and retroviruses, to mention 
just a few [1-7]. Autoantibodies to erythrocytes, nuclei, and intermediate 
filaments. are the ones most frequently observed. Usually, these auto
antibodies are of low titer and short lived. Recently, considerable informa
tion has been obtained about virus-induced autoimmunity from studies with 
reovirus. In newborn mice, reovirus type I triggers an autoimmune polyen
docrine disease characterized by a mild and transient form of diabetes and 
retardation in growth [I]. The virus infects several organs including cells in 
the anterior pituitary and the pancreatic islets of Langerhans. In the sera of 
reovirus-infected mice, autoantibodies that react with tissue sections (e.g., 
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anterior pituitary, pancreatic islets, gastric mucosa) from normal, uninfected 
mice have been detected. Immunosuppression, at the time of infection, pre
vents the appearance of autoantibodies and the development of the clinical 
syndrome [8]. 

In humans, autoantibodies have also been detected after viral infections. 
Autoantibodies cytotoxic to normal lymphocytes have been observed after 
infection with rubella, measles, and Epstein-Barr virus (EBV). Autoanti
bodies reactive with nuclei, smooth muscle, and renal tubules are found 
more frequently in patients with influenza and recurrent herpes simplex 
virus infection than in normal controls [9-11]. Other examples include anti
body to myelin basic protein in patients with subacute sclerosing panen
cephalitis [12]; antibody to platelets in patients with rubella, some of whom 
have thrombocytopenia purpura [13]; rheumatoid factor in patients with 
congenital cytomegalovirus and hepatitis 114,15]; and antibody to intermedi
ate filaments in patients with several viral infections [16]. As in mice, these 
antibodies are usually transient and of low titer. The literature contains a 
number of other reports of an association between viral infections and the 
development of autoantibodies, but perhaps the most thoroughly studied is 
EBV; antibodies to cells and tissue antigens (e.g., intermediate filaments, 
smooth muscle, immunoglobulin, lymphocytes) have been found in the sera 
of patients infected with this virus [17]. 

What are the mechanisms by which a virus infection can trigger the pro
duction of autoantibodies? There are a number of formal possibilities, but we 
will restrict our comments to four ideas that are currently receiving consid
erable attention. The first is that the virus makes the infected cell or some 
component of it foreign to the host [7,\8]. This may occur if the virus: 
incorporates host antigens into its envelope; inserts, exposes, or modifies 
host antigens on the cell surface; or leads to the release of sequestered 
antigens, perhaps in a precursor form, which the host's immune system does 
not ordinarily encounter. Although this target cell hypothesis has been pro
posed many times, and in all probability accounts for certain cases of virus
induced antoimmunity, rigorous proof with the exclusion of alternate mech
anisms has been hard to obtain. 

A second possibility is that the virus triggers autoimmunity by acting on 
the immunoregulatory system. The virus may stimulate or destroy subpopu
lations of lymphocytes (e.g., helper or suppressor T cells) or macrophages, 
and this in turn may lead to the generation of autoantibodies. Immunological 
abnormalities are known to follow a number of viral infections [19]. One of 
the best examples comes from studies with EBV. There are receptors for 
this virus on the surface of B, but not T, lymphocytes. In vitro, the virus 
infects and transforms human B lymphocytes with limited life span into 
lymphoblastoid cell lines that proliferate indefinitely without need of foreign 
stimulus. These immortalized cells are capable of secreting immunoglobulins 
[20], and recent studies show that some of the immunoglobulins, which are 
predominantly of the IgM class, react with antigens in normal cells. In our 
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laboratory, autoantibodies that react with cells in the thyroid, pituitary, 
stomach, and pancreas have been prepared by EBV transformation. In fact, 
this technique is being used in a number of laboratories to prepare human 
monoclonal antibodies. In vivo, EBV is thought similarly to induce lympho
proliferation and the production of antibodies that react with autoantigens. 
The life span of these EBV-transformed B lymphocytes, however, is usually 
short because they are destroyed by the host's T-cell response. 

A third mechanism by which a virus could trigger an autoimmune re
sponse is through what is sometimes referred to as "molecular mimicry." 
The idea is that antibodies raised against certain viral antigens may cross 
react with normal host-cell antigens. Although this is an old idea, definitive 
proof has been difficult to obtain. Monoclonal antibodies are now beginning 
to provide that proof. For example, a monoclonal antibody to a phosphopro
tein of measles virus and another to a herpes virus protein have been shown 
to react with intermediate filaments of normal host cells, probably vimentin 
[21]. These antibodies are thought to bind to different antigenic determinants 
on the vimentin molecule [21]. In other experiments, monoclonal antibodies 
to SV 40 T -antigen were found to react with proteins in normal host cells 
[22]; a monoclonal antibody to a non structural protein (P74) of Japanese 
encephalitis virus bound to a nuclear antigen in uninfected cells [23]; and a 
monoclonal antibody to a 19,000-dalton structural protein of human T-cell 
leukemia virus reacted with normal human thymic epithelium [24]. In our 
laboratory, 65 Coxsackie B4 virus-neutralizing monoclonal antibodies were 
tested for reactivity with normal host cells by indirect immunofluorescence. 
One of these antibodies brilliantly stained mouse myocardium, but not other 
organs. This antibody is particularly interesting because Coxsackie B4 virus 
can produce a myocarditis, and it has been speculated that autoimmunity 
may sometimes be involved in the pathogenesis of this disease [25]. Whether 
cross-reacting antibodies actually playa role in the pathogenesis of this and 
other diseases, however, is still not known and may depend on the nature of 
the antigens (e.g., surface versus cytoplasmic) and the titer of the autoanti
bodies in the circulation. 

A fourth mechanism by which a virus could trigger an autoimmune re
sponse is by eliciting anti-idiotypic antibodies. For example, antibodies 
made to the idiotype of a monoclonal antihormone antibody have been 
shown to react not only with the antihormone antibody, but also with recep
tors for the hormone on the cell surface [26]. Presumably the anti-idiotype 
recognizes a common determinant or structural configuration shared by both 
the receptor and the antihormone antibody. Recently, Nepom and col
leagues [27] made similar observations with reovirus. They found that an 
anti-idiotypic antibody that reacted with a monoclonal antibody directed 
against reovirus type 3 hemagglutinin also reacted with receptors for 
reovirus on the surface of lymphocytes and nerve cells. Similarly, experi
ments in our laboratory (unpublished data) show that an anti-idiotype made 
against a monoclonal neutralizing antibody to Coxsackie B4 virus reacts by 
immunofluorescence with antigens on the surface of several different cell 
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lines. Anti-idiotypic antibodies are thus an appealing mechanism to explain 
how viruses may sometimes trigger autoimmunity. 

Hybridoma technology is making it possible to study virus-induced 
autoimmunity in still other ways. For example, hybridomas prepared from 
the spleens of reovirus-infected mice have yielded a large number of mono
clonal autoantibodies [28,29]. These antibodies react with some of the same 
organs as sera from reovirus-infected mice. In addition, monoclonal autoan
tibodies that react with several other organs have been generated by this 
technique. The inherent capacity of the animals' B lymphocytes to make 
these autoantibodies, however, existed prior to the viral infection. We know 
this because we have succeeded in making some very similar types of auto
antibody-producing hybridomas from the spleens of normal uninfected ani
mals ([29] and unpublished data). Thus, these autoantibodies are part of the 
animals' normal B-Iymphocyte repertoire. It appears that in vivo, the virus 
infection, by one or more of the mechanisms discussed, triggers B lympho
cytes to secrete these autoantibodies into the circulation. 

The studies with monoclonal autoantibodies are revealing other new in
sights into autoimmunity. By immunofluorescence, many of the monoclonal 
autoantibodies generated in the reovirus system were found to react with 
cells in more than one organ [29]. Similarly, human monoclonal autoanti
bodies, generated from patients with insulin-dependent diabetes and other 
autoimmune abnormalities, were found to react with cells in multiple organs 
(e.g., pituitary, thyroid, islets, gastric mucosa) [30]. These multiple organ
reactive antibodies appear to be recognizing either the same molecule 
present in more than one organ and/or a common antigenic determinant on 
different molecules in multiple organs. An antibody elicited against a com
mon antigenic determinant in one organ would react with all organs contain
ing that determinant. Multiple organ-reactive antibodies thus may be a par
tial explanation for the multiple organ autoimmunity observed in some of the 
human autoimmune diseases [29,30]. 

In conclusion, autoantibodies are found in sera of animals and patients 
after certain viral infections. Whether these autoantibodies actually play an 
important role in the pathogenesis of disease or are largely an epiphenome
non is not clear. Moreover, little is known about the frequency of autoim
mune phenomena after known viral infections and the relationship to HLA 
type. Studies on cell-mediated autoimmune responses [7,31] during and after 
viral infections are also in their infancy. Although there are many unan
swered questions, the development of hybridoma technology, new methods 
for studying immunoregulation, and recombinant DNA techniques should 
make it possible to study in greater depth the role of known and still un
known viruses in autoimmune diseases. 
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