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Abstract. The ability of superantigens to activate large numbers of T cells suggests that they may play a�  role in
t

�
he course of autoimmune disorders. Data from several animal models of autoimmune disorders including ex-

p� erimental allergic encephalomyelitis and collagen induced arthritis supports this hypoth
	
esis. Administration of

b


acterial superantigens can induce an exacerbation of the autoimmune process in these models, or induce disease

d
�

e novo i
�
n the appropriately immunized animal. Studies of several human disorders including rheuma� toid arthritis,

Kawasaki disease, insulin-dependent diabetes, and psoriasis lend credence to the concept tha� t bacterial superanti-
g
 ens may play a role in the pathogenesis of these diseases. Nevertheless, in some cases, depend

�
ing on the timing

o� f administration and the model, superantigens may lead to an amelioration of the autoimmu� ne process. Based
o� n these results in seems logical to conclude that superantigens can have a significant impa� ct on the course of
t

�
he immune and autoimmune mediated disorders.
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A
�

utoimmune disorders are the result of a complex in-
t

�
erplay between environmental and genetic factors. Evi-
d

�
ence 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-
v� olvement of identical twins3

�
. Although some genetic fac-

t
�
ors which contribute to a number of autoimmune disor-
d

�
ers such as major histocompatibility complex (MHC)

g
 enes have been identified2, others will certainly be
d

�
iscovered in the near future. However, environmental

a� gents contributing to autoimmune processes have been
d

�
ifficult to identify. Clearly, specific drugs can induce

a�  number of different autoimmune problems. These are
u� sually easily identified. For example, drugs such as hy-
d

�
ralazine or procainamide are known to cause a lupus-

-like illness in certain predisposed individuals5
�
9.

It has been more difficult to document the contribu-
t

�
ion of infectious agents to the development of autoim-

m� une processes. The contribution of hepatitis C to

c� ryoglobulinemia or hepatitis B to the development of
p� olyarteritis nodosa, a systemic vasculitis, has been
d

�
emonstrated4, 11, 5

�
7. However, the potential contribu-

t
�
ion of infectious agents to other autoimmune disorders

is not well understood and the exact mechanisms by
w� hich these agents may lead to a breakdown in toler-
a� nce has not been worked out. Several theories have
b



een suggested to explain the possible contribution of

infectious agents to autoimmunity10. First, an individual
m� ay not possess the appropriate MHC class II molecule
t

�
o allow immune recognition of antigens expressed by

t
�
he infectious agent, leading to a chronic infectious

state and progressive destruction of any affected organ.
Alternatively, if the immune system can recognize the
i

�
nfectious agent as foreign but cannot clear the infec-

t
�
ion, then a chronic infection may lead to organ dam-

a� ge. In this regard, an infection may initiate the immune
response which through molecular mimicry leads to an
i

�
mmune response against a self antigen.

3
�
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M
�

ore recently attention has focused on the ability
o� f bacteria and viruses to contribute to the autoimmune
p� rocess through their ability to produce proteins termed
“superantigens” . The term “superantigen”  was first
u� sed by MARRACK and KAPPLER3

�
2 to describe the ability

o� f these agents to activate large number of T cells
i

�
n a Vβ r� estricted manner. Although superantigens
may be the products of either viruses or bacteria,
t

�
his discussion will focus on bacterial superantigens.
T

�
his is not to say that viral superantigens cannot be

involved in autoimmune disorders. However, most of
t

�
he work examining the relationship of superantigens
t

�
o autoimmunity involves the study of bacterial super-
a� ntigens.

Superantigens differ in several important ways from
c� onventional antigens26: 1) superantigens elicit strong
p� rimary responses; 2) the Vβ c� hain is sufficient for rec-
o� gnition of a superantigen. This allows for upwards of
2

�
0–30% of T cells to be activated by a single super-

a� ntigen; 3) although MHC class II molecules are re-
q� uired for presentation of superantigens to T cells, the
T

�
 cell response is not class II restricted in the sense that

superantigens can bind to several different class II
molecules; and 4) superantigens do not have to be pro-
c� essed in order to be recognized by the T cell.

C
�

onsiderable evidence demonstrates the ability of
superantigens to profoundly influence the immune sys-
t

�
em by activating T cells, B cells, and macrophages
w� ith the subsequent release of inflammatory cytokines.
Indeed because of these profound effects on the im-
m� une system, superantigens may influence the devel-
o� pment of autoimmune disorders through a number of
d

�
ifferent mechanisms. For example, superantigens may

a� ctivate autoreactive T cells. This may occur d
�

e novo
in an individual without previous evidence of autoim-
munity. Alternatively, superantigens may lead to a re-
c� rudescence  of  disease  in an  individual  with a pre-
-existing autoimmune disorder who already possesses
a� utoreactive T cells. Once activated these T cells may
c� ontinue to proliferate in the presence of autoantigens
leading to a chronic autoimmune disorder. Repeated
e� xposure to the superantigen may lead to significant
c� linical relapses of the autoimmune disorder. In a re-
lated mechanism, an individual may be exposed to an
i

�
nfectious agent that contains both an antigen that acts

a� s a molecular mimic as well as a superantigen that can
further activate the autoreactive T cell. In this scenario
neither the peptide nor the superantigen alone are suf-
f

�
icient to induce an autoimmune process. However, the

c� ombination may lead to the initial activation of autore-
a� ctive T cells with subsequent amplification by the
superantigen. Therefore in the above scenarios, super-

a� ntigens can either initiate or reactivate an autoimmune
d

�
isorder. Indeed, we have demonstrated (see below)

t
�
hat superantigens can reactivate autoimmune ex-

p� erimental allergic encephalomyelitis (EAE) when ad-
ministered to an animal that has recovered from an
a� cute episode of clinical illness44. However, one con-
f

�
ounding problem with this scenario is that besides ac-

t
�
ivating T cells, superantigens have the ability to delete
T cells or induce anergy in these cells17. In spite of this
w� e were able to administer superantigens to mice on
multiple occasions and reactivate EAE each time4

 
4. In

summary, from a clinical standpoint it seems likely that
i

�
n the appropriately predisposed individual superanti-

g
 ens can activate autoreactive T cells leading to their
e� xpansion with subsequent release of cytokines and de-
v� elopment of autoimmunity. Therefore, superantigens
c� ould initiate autoimmune disorders d

�
e novo, or they

c� ould lead to a worsening of the autoimmune process
i

�
n an individual who already has active disease.

A second mechanism by which superantigens may
i

�
nduce disease is by the activation of autoreactive
B

!
 cells with secretion of autoantibodies leading to an

immune complex disorder. This process could occur
t

�
hrough the activation of T cells leading to cognate T-B
c� ell interactions with release of cytokines and activation
o� f the B cell10. Alternatively, superantigens may acti-
v� ate B cells through the interaction with MHC class II
molecules3

�
6, 5

�
5. This mechanism could also lead to the

a� ctivation of macrophages (see below), and in either
c� ase lead to the enhanced presentation of autoantigens.
A

�
s a consequence of B cell activation autoantibody

p� roduction may lead to immune complex formation,
c� omplement deposition, and subsequent tissue damage.

Third, superantigens may activate antigen presen-
t

�
ing cells that leads to the processing of autoantigens

a� nd the presentation of peptides potentially derived
f

�
rom cryptic epitopes, to autoreactive T cells with the

subsequent release of multiple inflammatory mediators
b



y both the T cell and the activated macrophage. In-

d
�
eed, superantigens have been demonstrated to induce

t
�
he release of IL-12 by macrophages which plays a key
role in the development of Th1 responses48. Further-
m� ore, IL-12 has been demonstrated to be essential for
t

�
he generation of autoreactive Th1 cells that induce

E
"

AE, and administration of IL-12 to Lewis rats that
have recovered from an episode of EAE was found to
lead to a clinical relapse21, 49. Other microbial products
such as lipopolysaccharide (LPS) or bacterial DNA can
c� onvert quiescent myelin basic protein (MBP) specific
T cells into effector cells capable of transferring dis-
e� ase46. Of course the possibilities discussed above are
not mutually exclusive, and it is likely that superanti-
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g
 ens induce a cascade of processes that ultimately re-
sults in the development of autoimmunity.

The previous discussion can serve as a basis for
u� nderstanding the potential role of superantigens in the
p� athogenesis of autoimmune disorders. The discussion
t

�
hat follows will present available data relating the role

o� f superantigens in autoimmune of processes in both
humans and animal models of autoimmune disorders.
As will be seen, the role for superantigens in various
a� nimal models of autoimmunity is clear. However, the
role of superantigens in the pathogenesis of human dis-
o� rders is for the most part circumstantial.

W
#

hile there is no evidence that superantigens play
a�  role in the development of multiple sclerosis (MS) in
h

	
umans, there is considerable data supporting the

p� otential role of bacterial superantigens in the exacer-
b



ation of EAE in mice. Our group examined the effects

o� f administration of staphylococcal enterotoxin B
(SEB) to PL/J mice that had recovered from a clinical
e� pisode of EAE44. SEB was able to induce a clinical
r� elapse in these mice and we initially postulated that
t

�
his was likely to be due to the ability of SEB to activate

V
$

β8+%  T cells which are known to play a role in the
d

�
evelopment of EAE in these mice. To our surprise,

a� nother superantigen SEA was also able to induce
a�  clinical relapse in these mice even though SEA does
n& ot activate Vβ8+ T cells. We then postulated that non-
V

$
β8+%  T cells must be present in the central nervous

system (CNS) lesions in these mice, and that activation
o� f any resident T cells could lead to the production of
i

�
nflammatory cytokines in an antigen non-specific

manner with resultant demyelination. In retrospect,
c� linical relapse could also be secondary to activation of
c� lass II positive microglia or macrophages with release
o� f IL-12 and activation of autoreactive T cells. Interes-
t

�
ingly, we also showed that superantigens were capable

o� f inducing disease in mice immunized with major
b



asic protein (MBP) but who never developed clinical

e� vidence of EAE in the first place. Again, we suggested
o� ne 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-
m� unization with MBP led to the development of autore-
a� ctive T cells, although a threshold for disease induc-
t

�
ion was not met. Administration of superantigen then

led to the sufficient expansion of a subset of autoreac-
t

�
ive cells to produce clinical EAE. More recently we

d
�
emonstrated that the course of EAE could be accel-

e� rated by pretreating mice with SEB before immuniza-
t

�
ion with MBP5

�
0. Mice pretreated with SEB did not

i
�
nitially develop EAE. However if mice were then

t
�
reated with SEA, they developed EAE after only about

3 days (instead of the usual 12–14 days). In a related
study DAS et al.9

'
 demonstrated that (PL/J × SJL) F1

mice pre-treated with SEB and immunized with proteo-
l

(
ipid protein (PLP) peptide 43–64, had an increased

severity of EAE and developed a chronic illness.
Therefore, based on our animal studies we believe

t
�
hat 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-
b



ility to consider is that individuals with an established

a� utoimmune illness such as MS but who are otherwise
in remission may be induced to develop an acute clini-
c� al flare after a clinical or subclinical infection with the
a� ppropriate superantigen containing organism. Alterna-
t

�
ively, patients with active disease may have a worsen-

i
�
ng of their disease after an infection. In either case, the

p� hysician would recognize this as a flare of the auto-
immune process, but may not recognize the inciting
e� vent, that is the infection. In this regard, we found that
reactivation of EAE in mice often followed administra-
t

�
ion 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
p� recede a flare of MS by some period of time and not
b



e recognized by the clinician.

Rheumatoid arthritis (RA) is a chronic autoimmune
d

�
isorder characterized by an inflammatory arthritis.

Mononuclear cells composed of CD4+%  lymphocytes and
p� lasma cells initially accumulate around blood vessels
a� lthough it also appears that macrophages are involved
i

�
n the disease process2

)
0, 5

�
6, 5

�
7. To examine the potential

c� ontribution of superantigens to the development of RA
t

�
wo groups studied the T cell receptor (TCR) Vβ u� sage

in patients with RA. PALIARD et al.3
�
8 reported that RA

p� atients examined had a lower percentage of Vβ14
p� ositive T cells in the periphery than in synovial fluid.
A

�
n examination of junctional sequences of the Vβ14

TCR’s revealed that one or a few clones of T cell
d

�
ominated the Vβ14 population in synovial fluid.

Taken together, this data suggests that a superantigen
specific for Vβ14+%  T cells was able to activate these
T cells and that a subset of Vβ14+ T cells crossreacts
w� ith a joint antigen. These activated autoreactive
T cells would eventually migrate to the joint and pro-
d

�
uce a local inflammatory process. This proposed

mechanism would account both for the relative absence
o� f Vβ14+ T cells in the periphery, since superantigens
a� re known to lead to the deletion of T cells after acti-
v� ation, as well as to the increase in oligoclonal Vβ14+%

T cells in the joints.
I

*
n a second paper, HOWELL et al.15 also examined

V
$

β u� sage in RA patients. However, this group analyzed

J
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I
*
L-2 receptor positive T cells with the idea that autore-

a� ctive T cells in the joints would be activated sponta-
neously. Three gene families were found in a majority
o� f the synovial samples analyzed. Given that in many
instances the Vβ repertoires were dominates by a single
rearrangement and given the sequence similarity be-
t

�
ween these Vβ’ s, the authors postulated that superanti-

g
 ens could accound for these findings.
In a somewhat different approach, HE et al.13 dem-

o� nstrated that superantigens could stimulate B cells to
p� roduce rheumatoid factors. SED but not SEC or anti-
C

�
D3 was able to preferentially stimulate the production

o� f rheumatoid factors. Several in vitro studies demon-
strated the ability of superantigens to activate synovio-
c� ytes, induce the expression of various chemokines and
a� ct as potential antigen presenting cells secondary to
t

�
he induction of class II molecules3

�
3, 3

�
5, 3

�
7.

A number of animal studies support the concept that
superantigens may be involved in the development of
a� utoimmune arthritis. COLE et al.6

,
 demonstrated the

a� bility of the superantigen mycoplasma arthritidis mi-
t

�
ogen (MAM) to cause a recurrence of arthritis using
t

�
he collagen induced arthritis (CIA) model of RA. In
a�  similar manner to studies in EAE, mice that had re-
c� overed from CIA were given a dose of MAM and
d

�
eveloped an exacerbation of their arthritis. Again in

a�  fashion analogous to the EAE work, mice given
a�  suboptimal immunization of collagen developed
c� linical arthritis to the EAE work, mice given a subop-
t

�
imal immunization of collagen developed clinical arth-

r� itis when challenged with MAM. In the bacterial cell
w� all arthritis model, the superantigen toxic shock syn-
d

�
rome toxin (TSST-1) was able to induce a recurrence

o� f arthritis characterized by prolonged inflammation,
p� annus formation, and marginal erosions4

 
5. Finally,

V
$

β8 transgenic mice carrying the lpr gene developed
h

	
istological evidence of villus formation with erosions

a� nd destruction of cartilage and bone after intra-articu-
l

(
ar administration of SEB3

�
4.

In summary, it can be concluded form these studies
t

�
hat 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 Vβ
u� sage suggests that superantigens may play a role in
e� ither the initiation or exacerbation of disease. Unfor-
t

�
unately there are no studies directly linking the

p� resence of a superantigen producing bacteria and RA.
W

#
ithout this evidence the hypothesis that superantigens

c� ontribute to the pathogenesis of RA remains unsup-
p� orted, although intriguing.

O
-

ne of the more interesting stories relating super-

a� ntigens to autoimmune disease is that of Kawasaki
d

�
isease (KD). Kawasaki disease is an acute febrile ill-

ness characterized by persistent fevers associated with
c� onjunctival injection, redness of the palms or soles,
redness of the lips and oral mucosa, edema of the
hands, cervical adenopathy, and a skin rash. A pan-
c� arditis may develop acutely and coronary aneurysms
may lead to sudden death. Although the cause is un-
known, the epidemiology suggests an infectious etio-
l

(
ogy. KD is associated with elevated serum levels of

inflammatory cytokines including IL-1 and 6, TNF-α
a� nd IFN-γ. . Activated T cells as well as macrophages
m� ay be found in the lesions of KD patients2

)
2, 2

)
8. Inter-

e� stingly, intravenous immunoglobulin (IVIG) has been
u� sed as a treatment for toxic shock syndrome (TSS)
a� nd KD. TA

/
KEI et al.5

�
3 was able to demonstrate that

p� reparations of IVIG were able to inhibit activation of
T cells by superantigens in vitro23.

Several studies have examined the potential con-
t

�
ribution of superantigens to the development of KD.

A
�

B
0

E et al.1 examined Vβ e� xpression in patients with
a� cute or convalescent KD. Using quantitative PCR,
a� nalyses revealed significantly elevated levels of circu-
lating Vβ2+ T cells compared to control populations
d

�
uring the acute phase, while there was observed a re-

d
�
uction during the convalescent phase. This was con-

f
�
irmed with an anti-Vβ2

�
 antibody by the same group

a� nd also confirmed in an independent study8. Sequenc-
ing of Vβ2 TCR revealed extensive junctional diversity
suggesting activation of these cells by a superantigen.
B

!
y comparison, TSS which is known to be caused by

a�  superantigen and which is manifest by fever and rash
w� ith desquamation, also shows a selective expansion of
V

$
β2+%  T cells during the acute phase5

�
. Taken together,

t
�
he above results strongly suggest that superantigen ac-

t
�
ivation of the immune system leads to the development

o� f KD in some individuals.
To further examine the relationship between super-

a� ntigens and KD, LE
1

UNG et al.27 attempted to identify
w� hether patients with KD harbored superantigen pro-
d

�
ucing bacteria. This group was able to isolate S

2
taphy-

l
3
ococcal aureus p� roducing TSST from 11/16 KD pa-

t
�
ients but only 1/15 controls. Of significance is that

TSST can activate Vβ2+ T cells. In addition, LEUNG et
a� l.24 identified a selective expansion of Vβ2

� + T cells in
t

�
he myocardium of a patient who died of acute KD.
Both CD4 and CD8+ T cells showed extensive junc-
t

�
ional diversity.

A
�

lthough the above studies are quite compelling for
t

�
he association of superantigens and KD, there are
2

�
 studies that could not document the contribution of

superantigens to KD arguing against the hypothesis that

20 J. Schiffenbauer: Superantigens in Autoimmune Disorders 



superantigen mediates KD3
�

9, 4
 
3. However, there were

several differences between the various studies includ-
ing different populations studied, different methods for
c� ollecting blood samples, different timing of collection
o� f samples (acute vs convalescent), whether T cells
w� ere activated in vitro b



efore analysis, and finally use

o� f PCR vs flow cytometry to analyze Vβ2
� +%  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
m� ellitus (IDDM), Wegener’s granulomatosis, and pso-
riasis may be influenced by exposure to superantigens.
A

�
 brief discussion of these will follow here. First,

I
*
DDM is characterized by autoimmune T cell mediated

d
�
estruction of the beta islets of the pancreas although

no specific Vβ’ s have been associated with the disease.
H

4
owever, CONRAD et al7

5
 examined the islet infiltrating

T cells from two IDDM patients and identified a selec-
t

�
ive expansion of Vβ7

6 + T cells which exhibited exten-
sive junctional diversity and were associated with un-
selected Vα c� hains. These data suggest that
superantigens may play a role in the development of
I

*
DDM in humans.

O
-

ur group (SCHIFFENBAUER and ATKINSON, unpub-
l

(
ished data) attempted to influence the course of

d
�
iabetes in the NOD mouse by administering superanti-

g
 ens to mice at either 4 or 10 weeks of age, at a time
w� hen insulitis is either just beginning (4 weeks) or is
w� ell established (10 weeks). However, we were unable
t

�
o induce either a more severe disease or a more rapid
o� nset of disease (see below).

W
#

egener’s granulomatosis is a systemic disorder
c� haracterized by a necrotizing granulomatous vasculitis
o� f the respiratory tract and kidneys. An infectious cause
h

	
as long been considered but not proven, although

some reports suggest that antibiotics such as sulfameth-
o� xazole-trimethoprim may be beneficial in early or
mild disease. STEGEMAN et al.7

5
2 prospectively examined

w� hether chronic nasal carriage of S
2

. aureus w� as a risk
factor for relapses of Wegener’s. They followed
a�  group of 57 patients with Wegener’s for 1–3.5 years
a� nd found that chronic nasal carriage of S

2
. aureus w� as

a� n independent risk factor for relapses. However, they
d

�
id not identify whether the S

2
. aureus w� ere producing

superantigens not did they look at Vβ u� sage in periph-
e� ral or lesional T cells. This work is certainly provoca-
t

�
ive, in the sense that it suggests that although super-

a� ntigens may not initiate disease they may lead to
r� elapses of immune mediated disorders. This concept is
reminiscent of our finding of relapses of EAE with SEB

a� dministration. Besides Wegener’s granulomatosis,
lung complications occur in several other autoimmune
d

�
isorders including SLE and polymyositis. One group

d
�
emonstrated that intratracheal administration of SEB

t
�
o autoimmune MRL-lpr/lpr mice and normal AKR

mice resulted in the development of interstitial pneu-
m� onia manifested by mononuclear infiltration of alve-
o� lar septal walls along with an increase in pulmonary
interstitial collagen47.

T
�

he last disorder for discussion is that of psoriasis.
Psoriasis is a skin disorder characterized by increased
p� roliferation of epidermal cells associated with an in-
f

�
lammatory component comprised of neutrophils,

T cells, macrophages and keratinocytes expressing
M

�
HC class II molecules. There are several findings that

suggest that infections may play a role in the develop-
ment of this disorder. First, about 50% of patients carry
S

2
. aureus o� n their skin3

�
1. Second, patients with a form

o� f psoriasis called guttate psoriasis, often have flares of
d

�
isease associated with streptococcal infections14, 25, 5

�
8.

T
�

hese patients may improve with antibiotics41. Third,
i

�
ntradermal injection of streptococcal antigens may in-

d
�
uce psoriatic lesions4

 
0. Taken together, these data sug-

g
 est that bacterial infections may play a role in pso-
r� iasis and one mechanism suggested was through the
p� roduction of superantigens by the appropriate strain of
b



acteria.

To further examine this question, LEUNG et al.2
)
9

e� xamined the Vβ u� sage of T cells found in psoriatic
p� laques and compared it to the superantigen produced
b



y the cultured bacteria from the same patient. In both

c� ases the Vβ e� xpansion found in skin biopsies corre-
l

(
ated with the superantigen elaborated by the bacteria.

In contrast the peripheral blood did not demonstrate any
e� xpansion of the same Bβ subsets.

In a second paper, Vβ u� sage was examined in pa-
t

�
ients with guttate or chronic plaque psoriasis3

�
0. Using

flow cytometry investigators were able to identify an
o� verrepresentation of Vβ2

�
 and Vβ5

7 + T cells in the le-
sions. However, no attempt was made to examine the
p� otential production of superantigens by bacteria iso-
lated from these patients. Taken together, the data sug-
g
 est that superantigens may activate T cells that lead to
t

�
he development of psoriasis. This may involve super-

a� ntigen activation of T cells resident in plaques leading
t

�
o the persistence of lesions. Alternatively, superanti-

g
 ens may initiate psoriasis by activating autoreactive
T cells that cross-react with skin antigens.

A
�

lthough, the above discussion has focused on the
a� bility of superantigens to initiate or exacerbate auto-
i

�
mmune processes because of their ability to activate

large numbers of T cells, there is an additional com-

J
+
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p� lexity to this story. Superantigens also have the ability
t

�
o delete or anergize T cells. Based on this charac-
t

�
eristic one would predict that superantigens could

p� otentially prevent autoimmune disorders. Indeed,
a�  number of animal studies have demonstrated that
superantigens can be used to prevent or treat autoim-
m� une disorders. For example, our group showed that
SEB administered prior to immunization with MBP
c� ould protect mice from developing EAE5

�
1. It appeared

t
�
hat the mechanism of protection was the induction of

a� nergy and/or deletion of Vβ8+%  T cells. KALMAN et al.16

a� lso found a reduction in EAE after treatment with
SEB, and similar results were obtained by treating
Lewis rats with SEE42.

K
8

A
/

WAMURA et al.18 treated NOD mice with either
SEA or SEC at 4, or at 4 and 10 weeks of age and by
32 weeks of age there was a significant reduction in the
incidence of diabetes with treatment. As mentioned ear-
l

(
ier, we also examined the effects of superantigens on

t
�
he course of diabetes in the NOD mouse. However, we

a� dministered SEB at either 4 or 10 weeks or age. We
i

�
nitially hypothesized that superantigen administrated

t
�
o NOD mice after the onset of insulitis would lead to

a� n acceleration of the disease because of the activation
o� f T cells in the islets. Surprisingly, we found that SEB
a� dministered at 10 weeks of age actually delayed the
o� nset of overt diabetes, although by 20 weeks of age
a� ll groups of mice, treated or untreated, had developed
d

�
iabetes to a similar extent. Therefore, unlike EAE

w� here SEB was able to induce a clinical relapse, SEB
n& ot only did not exacerbate diabetes, but seemed to
d

�
elay the onset of clinical disease even when given

a� fter the onset of insulitis.
KIM et al.19 treated MRL-lpr/lpr mice, which de-

v� elop a lupus like disorder, with SEB starting at
6

9
 weeks of age. They were able to demonstrate reduced

a� utoantibodies, proteinuria, and lymph node hyperpla-
sia in treated mice, although no mention of an alteration
i

�
n mortality was made. GONZALO et al.12 demonstrated

t
�
hat a single injection of SEB was accompanied by
a�  significant reduction in autoantibodies, arthritis, and
nephritis.

T
�

ogether these studies suggest that the effects of
superantigens on autoimmunity will differ depending
o� n the model studied as well as the timing of adminis-
t

�
ration and on which superantigen is used. Based on the

a� bility of superantigens to favorably alter the course of
spontaneous autoimmune processes in the NOD and
M

�
RL mouse models, superantigens may yet have a place

in the treatment of these and other disorders in humans.
W

#
e have presented evidence that superantigens pos-

sess the ability to initiate or exacerbate autoimmune

d
�
isorders. In most instances of human disease the evi-

d
�
ence that superantigens have an impact on the autoim-

mune process is circumstantial. With the exception of
K

8
D where there appears to be good evidence that super-

a� ntigens are involved in the pathogenesis of the disor-
d

�
er, there is no firm evidence to support the direct role

o� f superantigen in the development of autoimmunity in
humans. On the other hand, evidence from animal mod-
e� ls clearly demonstrates the potential that superantigens
h

	
ave for exacerbating an autoimmune process. Based

o� n this data, it certainly seems reasonable to conclude
t

�
hat superantigens will play some role in human disor-

d
�
ers. We believe it is most likely that superantigens are

c� apable of leading to an exacerbation of a pre-existing
i

�
llness and not necessarily of initiating an autoimmune

d
�
isorder d

�
e novo. If this is indeed proven to be the case,

t
�
hen therapies aimed at eliminating these bacterial

a� gents or neutralizing the products of these bacteria will
l

(
ikely have a significant impact on the course and treat-
ment of autoimmune disorders in humans.
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