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Abstract. The ability of superantigens to activate large numbers of T cells suggests that they may play a role in
the course of autoimmune disorders. Data from several animal models of autoimmune disorders including ex-
perimental allergic encephalomyelitis and collagen induced arthritis supports this hypothesis. Administration of
bacterial superantigens can induce an exacerbation of the autoimmune process in these models, or induce disease
de novo in the appropriately immunized animal. Studies of several human disordersincluding rheumatoid arthritis,
Kawasaki disease, insulin-dependent diabetes, and psoriasis lend credence to the concept that bacterial superanti-
gens may play arole in the pathogenesis of these diseases. Nevertheless, in some cases, depending on the timing
of administration and the model, superantigens may lead to an amelioration of the autoimmune process. Based
on these results in seems logical to conclude that superantigens can have a significant impact on the course of

the immune and autoimmune mediated disorders.
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Autoimmune disorders are the result of a complex in-
terplay between environmental and genetic factors. Evi-
dence to support the contribution of each can be found in
a number of studies. For example studies of systemic
lupus erythematosus show a 30-50% concordance of in-
volvement of identica twins®. Although some genetic fac-
tors which contribute to a number of autoimmune disor-
ders such as major histocompatibility complex (MHC)
genes have been identified?, others will certainly be
discovered in the near future. However, environmental
agents contributing to autoimmune processes have been
difficult to identify. Clearly, specific drugs can induce
a number of different autoimmune problems. These are
usualy easily identified. For example, drugs such as hy-
dralazine or procainamide are known to cause a lupus-
-like illness in certain predisposed individua s*.

It has been more difficult to document the contribu-
tion of infectious agents to the development of autoim-
mune processes. The contribution of hepatitis C to
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cryoglobulinemia or hepatitis B to the development of
polyarteritis nodosa, a systemic vasculitis, has been
demonstrated® ' %', However, the potential contribu-
tion of infectious agents to other autoimmune disorders
is not well understood and the exact mechanisms by
which these agents may lead to a breakdown in toler-
ance has not been worked out. Several theories have
been suggested to explain the possible contribution of
infecti ous agents to autoimmunity™°. First, an individual
may not possess the appropriate MHC class |1 molecule
to alow immune recognition of antigens expressed by
the infectious agent, leading to a chronic infectious
state and progressive destruction of any affected organ.
Alternatively, if the immune system can recognize the
infectious agent as foreign but cannot clear the infec-
tion, then a chronic infection may lead to organ dam-
age. Inthisregard, an infection may initiate the immune
response which through molecular mimicry leads to an
immune response against a self antigen.
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More recently attention has focused on the ability
of bacteria and viruses to contribute to the autoimmune
process through their ability to produce proteins termed
“superantigens’. The term “superantigen” was first
used by MarrAck and K APPLER® to describe the ability
of these agents to activate large number of T cells
inaVp redricted manner. Although superantigens
may be the products of either viruses or bacteria,
this discussion will focus on bacteria superantigens.
This is not to say that viral superantigens cannot be
involved in autoimmune disorders. However, most of
the work examining the relationship of superantigens
to autoimmunity involves the study of bacterial super-
antigens.

Superantigens differ in several important ways from
conventional antigens?®: 1) superantigens elicit strong
primary responses; 2) the V3 chain is sufficient for rec-
ognition of a superantigen. This allows for upwards of
20-30% of T cells to be activated by a single super-
antigen; 3) athough MHC class I molecules are re-
quired for presentation of superantigensto T cells, the
T cell responseisnot class Il restricted in the sense that
superantigens can bind to severa different class Il
molecules; and 4) superantigens do not have to be pro-
cessed in order to be recognized by the T cell.

Considerable evidence demonstrates the ability of
superantigens to profoundly influence the immune sys-
tem by activating T cells, B cells, and macrophages
with the subsequent release of inflammatory cytokines.
Indeed because of these profound effects on the im-
mune system, superantigens may influence the devel-
opment of autoimmune disorders through a number of
different mechanisms. For example, superantigens may
activate autoreactive T cells. This may occur de novo
in an individual without previous evidence of autoim-
munity. Alternatively, superantigens may lead to a re-
crudescence of disease in an individua with a pre-
-existing autoimmune disorder who already possesses
autoreactive T cells. Once activated these T cells may
continue to proliferate in the presence of autoantigens
leading to a chronic autoimmune disorder. Repeated
exposure to the superantigen may lead to significant
clinical relapses of the autoimmune disorder. In are-
lated mechanism, an individua may be exposed to an
infectious agent that contains both an antigen that acts
as amolecular mimic aswell as a superantigen that can
further activate the autoreactive T cell. In this scenario
neither the peptide nor the superantigen alone are suf-
ficient to induce an autoimmune process. However, the
combination may lead to theinitia activation of autore-
active T cdls with subsequent amplification by the
superantigen. Therefore in the above scenarios, super-
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antigens can either initiate or reactivate an autoimmune
disorder. Indeed, we have demonstrated (see below)
that superantigens can reactivate autoimmune ex-
perimental allergic encephalomyelitis (EAE) when ad-
ministered to an anima that has recovered from an
acute episode of clinical illness*. However, one con-
founding problem with this scenario is that besides ac-
tivating T cells, superantigens have the ability to delete
T cells or induce anergy in these cells'. In spite of this
we were able to administer superantigens to mice on
multiple occasions and reactivate EAE each time*. In
summary, from aclinical standpoint it seemslikely that
in the appropriately predisposed individual superanti-
gens can activate autoreactive T cells leading to their
expansion with subsequent release of cytokines and de-
velopment of autoimmunity. Therefore, superantigens
could initiate autoimmune disorders de novo, or they
could lead to a worsening of the autoimmune process
in an individual who aready has active disease.

A second mechanism by which superantigens may
induce disease is by the activation of autoreactive
B cdlls with secretion of autoantibodies leading to an
immune complex disorder. This process could occur
through the activation of T cells|eading to cognate T-B
cell interactions with release of cytokines and activation
of the B cell®®. Alternatively, superantigens may acti-
vate B cells through the interaction with MHC class |
molecules®® 5, This mechanism could also lead to the
activation of macrophages (see below), and in either
case lead to the enhanced presentation of autoantigens.
As a conseguence of B cell activation autoantibody
production may lead to immune complex formation,
complement deposition, and subsequent tissue damage.

Third, superantigens may activate antigen presen-
ting cells that leads to the processing of autoantigens
and the presentation of peptides potentialy derived
from cryptic epitopes, to autoreactive T cells with the
subsequent release of multiple inflammatory mediators
by both the T cell and the activated macrophage. In-
deed, superantigens have been demonstrated to induce
the release of 1L-12 by macrophages which plays a key
role in the development of Thl responses®. Further-
more, IL-12 has been demonstrated to be essential for
the generation of autoreactive Thl cells that induce
EAE, and administration of I1L-12 to Lewis rats that
have recovered from an episode of EAE was found to
lead to aclinical relapse? #°. Other microbial products
such as lipopolysaccharide (L PS) or bacterial DNA can
convert quiescent myelin basic protein (MBP) specific
T cells into effector cells capable of transferring dis-
ease™®. Of course the possibilities discussed above are
not mutually exclusive, and it is likely that superanti-
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gens induce a cascade of processes that ultimately re-
sults in the development of autoimmunity.

The previous discussion can serve as a basis for
understanding the potentia role of superantigensin the
pathogenesis of autoimmune disorders. The discussion
that follows will present available data relating the role
of superantigens in autoimmune of processes in both
humans and anima models of autoimmune disorders.
As will be seen, the role for superantigens in various
animal models of autoimmunity is clear. However, the
role of superantigens in the pathogenesis of human dis-
ordersis for the most part circumstantial.

While there is no evidence that superantigens play
arole in the development of multiple sclerosis (MS) in
humans, there is considerable data supporting the
potentia role of bacterial superantigens in the exacer-
bation of EAE in mice. Our group examined the effects
of administration of staphylococcal enterotoxin B
(SEB) to PL/J mice that had recovered from a clinical
episode of EAE*. SEB was able to induce a clinical
relapse in these mice and we initially postulated that
thiswaslikely to be due to the ability of SEB to activate
V(8" T cells which are known to play a role in the
development of EAE in these mice. To our surprise,
another superantigen SEA was also able to induce
aclinical relapse in these mice even though SEA does
not activate V38" T cells. We then postulated that non-
V(8" T cells must be present in the central nervous
system (CNS) lesionsin these mice, and that activation
of any resident T cells could lead to the production of
inflammatory cytokines in an antigen non-specific
manner with resultant demyelination. In retrospect,
clinical relapse could also be secondary to activation of
class |1 positive microglia or macrophages with release
of IL-12 and activation of autoreactive T cells. Interes-
tingly, we a so showed that superantigens were capable
of inducing disease in mice immunized with major
basic protein (MBP) but who never developed clinical
evidence of EAE inthefirst place. Again, we suggested
one of two possibilities: 1) either that these mice had
subclinical lesions in their CNS and that resident
T cells were activated with superantigen, or 2) that im-
muni zation with MBP led to the devel opment of autore-
active T cdlls, although a threshold for disease induc-
tion was not met. Administration of superantigen then
led to the sufficient expansion of a subset of autoreac-
tive cells to produce clinical EAE. More recently we
demonstrated that the course of EAE could be accel-
erated by pretreating mice with SEB before immuniza-
tion with MBP®. Mice pretreated with SEB did not
initially develop EAE. However if mice were then
treated with SEA, they developed EAE after only about
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3 days (instead of the usual 12-14 days). In a related
study Das et al.° demonstrated that (PL/J x SJL) F1
mice pre-treated with SEB and immunized with proteo-
lipid protein (PLP) peptide 43-64, had an increased
severity of EAE and developed a chronic illness.

Therefore, based on our animal studies we believe
that superantigens are capable of activating autoreactive
T cells and contributing to the development of autoim-
mune disorders such as MS. In this regard, one possi-
bility to consider is that individuals with an established
autoimmune illness such as MS but who are otherwise
in remission may be induced to develop an acute clini-
cal flare after aclinical or subclinical infection with the
appropriate superantigen containing organism. Alterna-
tively, patients with active disease may have a worsen-
ing of their disease after an infection. In either case, the
physician would recognize this as a flare of the auto-
immune process, but may not recognize the inciting
event, that is the infection. In this regard, we found that
reactivation of EAE in mice often followed administra-
tion of superantigen by several days and often up to
a week. Based on this it certainly seems possible that
infections with superantigen producing bacteria could
precede a flare of MS by some period of time and not
be recognized by the clinician.

Rheumatoid arthritis (RA) is a chronic autoimmune
disorder characterized by an inflammatory arthritis.
Mononuclear cells composed of CD4" lymphocytes and
plasma cells initially accumulate around blood vessels
although it also appears that macrophages are involved
in the disease process™ % %', To examine the potential
contribution of superantigensto the development of RA
two groups studied the T cell receptor (TCR) V3 usage
in patients with RA. PaLIArD et al.® reported that RA
patients examined had a lower percentage of V(14
positive T célls in the periphery than in synovial fluid.
An examination of junctional segquences of the V314
TCR's reveded that one or a few clones of T cdl
dominated the V(314 population in synovia fluid.
Taken together, this data suggests that a superantigen
specific for VPB14* T cells was able to activate these
T cells and that a subset of V314" T cells crossreacts
with a joint antigen. These activated autoreactive
T cells would eventually migrate to the joint and pro-
duce a local inflammatory process. This proposed
mechanism would account both for the relative absence
of V14" T cells in the periphery, since superantigens
are known to lead to the deletion of T cells after acti-
vation, as well as to the increase in oligoclonal V14"
T cellsin the joints.

In a second paper, HoweLL et a.™ also examined
V3 usagein RA patients. However, this group analyzed
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IL-2 receptor positive T cells with the idea that autore-
active T cells in the joints would be activated sponta-
neously. Three gene families were found in a majority
of the synovial samples analyzed. Given that in many
instancesthe V3 repertoires were dominates by a single
rearrangement and given the sequence similarity be-
tween these V[3's, the authors postulated that superanti-
gens could accound for these findings.

In a somewhat different approach, He et a.®* dem-
onstrated that superantigens could stimulate B cells to
produce rheumatoid factors. SED but not SEC or anti-
CD3 was ableto preferentially stimulate the production
of rheumatoid factors. Several in vitro studies demon-
strated the ability of superantigens to activate synovio-
cytes, induce the expression of various chemokines and
act as potential antigen presenting cells secondary to
the induction of class Il molecules®® 3 %7,

A number of animal studies support the concept that
superantigens may be involved in the development of
autoimmune arthritis. CoLe et al.® demonstrated the
ability of the superantigen mycoplasma arthritidis mi-
togen (MAM) to cause a recurrence of arthritis using
the collagen induced arthritis (CIA) model of RA. In
a similar manner to studies in EAE, mice that had re-
covered from CIA were given a dose of MAM and
developed an exacerbation of their arthritis. Again in
a fashion analogous to the EAE work, mice given
a suboptimal immunization of collagen developed
clinical arthritis to the EAE work, mice given a subop-
timal immunization of collagen developed clinical arth-
ritis when challenged with MAM. In the bacterial cell
wall arthritis model, the superantigen toxic shock syn-
drome toxin (TSST-1) was able to induce a recurrence
of arthritis characterized by prolonged inflammation,
pannus formation, and margina erosions®. Finally,
V38 transgenic mice carrying the lpr gene developed
histological evidence of villus formation with erosions
and destruction of cartilage and bone after intra-articu-
lar administration of SEB,

In summary, it can be concluded form these studies
that superantigens can exacerbate disease in animal
models. However, the evidence for the relationship of
superantigens and RA or MS for that matter, is much
more tenuous. For RA circumstantial evidence from V3
usage suggests that superantigens may play a role in
either the initiation or exacerbation of disease. Unfor-
tunately there are no studies directly linking the
presence of a superantigen producing bacteria and RA.
Without this evidence the hypothesis that superantigens
contribute to the pathogenesis of RA remains unsup-
ported, although intriguing.

One of the more interesting stories relating super-
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antigens to autoimmune disease is that of Kawasaki
disease (KD). Kawasaki disease is an acute febrile ill-
ness characterized by persistent fevers associated with
conjunctival injection, redness of the pams or soles,
redness of the lips and oral mucosa, edema of the
hands, cervica adenopathy, and a skin rash. A pan-
carditis may develop acutely and coronary aneurysms
may lead to sudden death. Although the cause is un-
known, the epidemiology suggests an infectious etio-
logy. KD is associated with elevated serum levels of
inflammatory cytokines including IL-1 and 6, TNF-a
and IFN-y. Activated T cells as well as macrophages
may be found in the lesions of KD patients®® %, Inter-
estingly, intravenous immunoglobulin (IVIG) has been
used as a treatment for toxic shock syndrome (TSS)
and KD. Takel et a.>® was able to demonstrate that
preparations of 1VIG were able to inhibit activation of
T cells by superantigens in vitro®.

Severa studies have examined the potential con-
tribution of superantigens to the development of KD.
ABE et a.! examined V3 expression in patients with
acute or convalescent KD. Using quantitative PCR,
analyses revealed significantly elevated levels of circu-
lating VB2" T cells compared to control populations
during the acute phase, while there was observed are-
duction during the convalescent phase. This was con-
firmed with an anti-V2 antibody by the same group
and also confirmed in an independent study®. Sequenc-
ing of V32 TCR revealed extensive junctional diversity
suggesting activation of these cells by a superantigen.
By comparison, TSS which is known to be caused by
a superantigen and which is manifest by fever and rash
with desquamation, also shows a selective expansion of
VB2" T cells during the acute phase®. Taken together,
the above results strongly suggest that superantigen ac-
tivation of theimmune system leads to the devel opment
of KD in some individuals.

To further examine the relationship between super-
antigens and KD, Leunc et al.?’ attempted to identify
whether patients with KD harbored superantigen pro-
ducing bacteria. This group was able to isolate Saphy-
lococcal aureus producing TSST from 11/16 KD pa-
tients but only 1/15 controls. Of significance is that
TSST can activate VB2 T cells. In addition, LEuNG et
al.** identified a selective expansion of V2" T cellsin
the myocardium of a patient who died of acute KD.
Both CD4 and CD8" T cells showed extensive junc-
tional diversity.

Although the above studies are quite compelling for
the association of superantigens and KD, there are
2 studies that could not document the contribution of
superantigensto KD arguing against the hypothesis that
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superantigen mediates KD 4, However, there were
several differences between the various studies includ-
ing different populations studied, different methods for
collecting blood samples, different timing of collection
of samples (acute vs convalescent), whether T cells
were activated in vitro before analysis, and finally use
of PCR vsflow cytometry to analyze V32" T cell popu-
lations. In spite of these potential problems the simi-
larities between KD and TSS makes the concept of
superantigen induced KD very appealing.

There is data to suggest that several other autoim-
mune disorders including insulin dependent diabetes
mellitus (IDDM), Wegener’'s granulomatosis, and pso-
riasis may be influenced by exposure to superantigens.
A brief discussion of these will follow here. First,
IDDM is characterized by autoimmune T cell mediated
destruction of the beta islets of the pancreas athough
no specific V3's have been associated with the disease.
However, ConraD et al” examined the islet infiltrating
T cells from two IDDM patients and identified a selec-
tive expansion of V37* T cells which exhibited exten-
sive junctiona diversity and were associated with un-
selected Va chains. These data suggest that
superantigens may play a role in the development of
IDDM in humans.

Our group (ScHIFFENBAUER and ATKINSON, unpub-
lished data) attempted to influence the course of
diabetesin the NOD mouse by administering superanti-
gens to mice at either 4 or 10 weeks of age, a atime
when insulitis is either just beginning (4 weeks) or is
well established (10 weeks). However, we were unable
to induce either a more severe disease or a more rapid
onset of disease (see below).

Wegener's granulomatosis is a systemic disorder
characterized by a necrotizing granulomatous vasculitis
of the respiratory tract and kidneys. An infectious cause
has long been considered but not proven, athough
some reports suggest that antibiotics such as sulfameth-
oxazole-trimethoprim may be beneficia in early or
mild disease. STEGEMAN et al.”? prospectively examined
whether chronic nasal carriage of S. aureus was a risk
factor for relapses of Wegener's. They followed
a group of 57 patients with Wegener's for 1-3.5 years
and found that chronic nasal carriage of S aureus was
an independent risk factor for relapses. However, they
did not identify whether the S. aureus were producing
superantigens not did they look at V3 usage in periph-
eral or lesiona T cdlls. Thiswork is certainly provoca-
tive, in the sense that it suggests that although super-
antigens may not initiate disease they may lead to
relapses of immune mediated disorders. This concept is
reminiscent of our finding of relapses of EAE with SEB
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administration. Besides Wegener's granulomatosis,
lung complications occur in severa other autoimmune
disorders including SLE and polymyositis. One group
demonstrated that intratracheal administration of SEB
to autoimmune MRL-lpr/lpr mice and normal AKR
mice resulted in the development of interstitial pneu-
monia manifested by mononuclear infiltration of alve-
olar septal walls along with an increase in pulmonary
interstitial collagen®.

The last disorder for discussion is that of psoriasis.
Psoriasis is a skin disorder characterized by increased
proliferation of epidermal cells associated with an in-
flammatory component comprised of neutrophils,
T cells, macrophages and keratinocytes expressing
MHC class || molecules. There are several findings that
suggest that infections may play arole in the develop-
ment of this disorder. First, about 50% of patients carry
S aureus on their skin®'. Second, patients with a form
of psoriasis called guttate psoriasis, often have flares of
disease associated with streptococcal infections'® 2> %8,
These patients may improve with antibiotics™. Third,
intradermal injection of streptococcal antigens may in-
duce psoriatic lesions®. Taken together, these data sug-
gest that bacterial infections may play a role in pso-
riasis and one mechanism suggested was through the
production of superantigens by the appropriate strain of
bacteria.

To further examine this question, Leunc et a.?®
examined the V[3 usage of T cells found in psoriatic
plaques and compared it to the superantigen produced
by the cultured bacteria from the same patient. In both
cases the V[3 expansion found in skin biopsies corre-
lated with the superantigen elaborated by the bacteria.
In contrast the peripheral blood did not demonstrate any
expansion of the same B3 subsets.

In a second paper, V3 usage was examined in pa
tients with guttate or chronic plaque psoriasis®. Using
flow cytometry investigators were able to identify an
overrepresentation of V32 and V5" T cells in the le-
sions. However, no attempt was made to examine the
potential production of superantigens by bacteria iso-
lated from these patients. Taken together, the data sug-
gest that superantigens may activate T cells that lead to
the development of psoriasis. This may involve super-
antigen activation of T cells resident in plaques leading
to the persistence of lesions. Alternatively, superanti-
gens may initiate psoriasis by activating autoreactive
T cells that cross-react with skin antigens.

Although, the above discussion has focused on the
ability of superantigens to initiate or exacerbate auto-
immune processes because of their ability to activate
large numbers of T cells, there is an additional com-
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plexity to this story. Superantigens also have the ability
to delete or anergize T cells. Based on this charac-
teristic one would predict that superantigens could
potentially prevent autoimmune disorders. Indeed,
a number of animal studies have demonstrated that
superantigens can be used to prevent or treat autoim-
mune disorders. For example, our group showed that
SEB administered prior to immunization with MBP
could protect mice from developing EAE®. It appeared
that the mechanism of protection was the induction of
anergy and/or deletion of V38" T cells. KaLmAN et al.1°
aso found a reduction in EAE after trestment with
SEB, and similar results were obtained by treating
Lewis rats with SEE*,

KawaMura et al.'® treated NOD mice with either
SEA or SEC at 4, or a 4 and 10 weeks of age and by
32 weeks of age there was a significant reduction in the
incidence of diabeteswith treatment. As mentioned ear-
lier, we also examined the effects of superantigens on
the course of diabetesin the NOD mouse. However, we
administered SEB at either 4 or 10 weeks or age. We
initially hypothesized that superantigen administrated
to NOD mice after the onset of insulitis would lead to
an acceleration of the disease because of the activation
of T cdlsin theislets. Surprisingly, we found that SEB
administered at 10 weeks of age actually delayed the
onset of overt diabetes, athough by 20 weeks of age
all groups of mice, treated or untreated, had developed
diabetes to a similar extent. Therefore, unlike EAE
where SEB was able to induce a clinical relapse, SEB
not only did not exacerbate diabetes, but seemed to
delay the onset of clinical disease even when given
after the onset of insulitis.

Kiv et a.® treated MRL-Ipr/lpr mice, which de-
velop a lupus like disorder, with SEB starting at
6 weeks of age. They were able to demonstrate reduced
autoantibodies, proteinuria, and lymph node hyperpla-
siain treated mice, although no mention of an alteration
in mortality was made. GonzaLo et a.'? demonstrated
that a single injection of SEB was accompanied by
a significant reduction in autoantibodies, arthritis, and
nephritis.

Together these studies suggest that the effects of
superantigens on autoimmunity will differ depending
on the model studied as well as the timing of adminis-
tration and on which superantigen is used. Based on the
ability of superantigens to favorably alter the course of
spontaneous autoimmune processes in the NOD and
MRL mouse models, superantigens may yet have a place
in the treatment of these and other disordersin humans.

We have presented evidence that superantigens pos-
sess the ability to initiate or exacerbate autoimmune
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disorders. In most instances of human disease the evi-
dence that superantigens have an impact on the autoim-
mune process is circumstantial. With the exception of
KD wherethere appearsto be good evidence that super-
antigens are involved in the pathogenesis of the disor-
der, there is no firm evidence to support the direct role
of superantigen in the development of autoimmunity in
humans. On the other hand, evidence from animal mod-
els clearly demonstrates the potential that superantigens
have for exacerbating an autoimmune process. Based
on this data, it certainly seems reasonable to conclude
that superantigens will play some role in human disor-
ders. We believe it ismost likely that superantigens are
capable of leading to an exacerbation of a pre-existing
illness and not necessarily of initiating an autoimmune
disorder de novo. If thisisindeed proven to be the case,
then therapies aimed at eliminating these bacterial
agents or neutralizing the products of these bacteriawill
likely have a significant impact on the course and treat-
ment of autoimmune disorders in humans.
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