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Superantigens of a superbug: Major culprits of Staphylococcus aureus disease?
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Infections withmultidrug resistant (MDR) bacteria repre-
sent a major challenge for public health. Methicillin resis-
tant S. aureus (MRSA) is one of the leading causes of
hospital and community acquired infections including
bacteremia and sepsis, skin and soft tissue infections,
wound and implant associated infections, infective endo-
carditis (IE), and osteomyelitis.1 Efforts to develop vac-
cine and immunotherapeutics against S. aureus have
largely focused on surface antigens. Unfortunately, to
date, all Phase II/III clinical trials have failed to demon-
strate protective efficacy against S. aureus clinical disease.
These failed attempts include vaccines based on capsular
polysaccharides (StaphVax) and the iron regulated pro-
tein ISdB (V710),2 as well as immunotherapy with an
antibody against lipoteichoic acid (Pagibaximab)3 and
plasma-derived, donor-selected polyclonal immmunoglo-
buline enriched in antibodies to S. aureus adhesins (Vero-
nate)4 that were tested in very low birth weight infants. In
fact clinical results suggests that vaccination with ISdB
may have worsened the outcome of S. aureus infection as
vaccinated individuals showed significantly higher rate of
multi-organ failure.5 A recent study also suggested a dele-
terious effect on subsequent S. aureus infection in rabbits
vaccinated with a crude surface antigen preparation.6

These findings reflect the complex nature of S. aureus
interactions with the host and challenges facing vaccine
development for this pathogen. In the face of these fail-
ures and the growing threat of antibiotic resistance
exploring novel approaches for immunoprophylaxis and
immunotherapy of S. aureus infections is imperative.

An alternative to surface antigens is a toxoid-based
vaccine. Toxoids have been successful as vaccines for sev-
eral pathogens such as diphtheria, tetanus, and pertussis.
While mounting evidence suggests a critical role for
secreted toxins in S. aureus pathogenesis, a major chal-
lenge for development of staphylococcal toxoid vaccines

is the remarkably large number of toxins produced by this
pathogen. Furthermore, various toxins are not equally
important for various S. aureus diseases. One group of
these toxins comprises of superantigens (SAgs) including
more than 20 staphylococcal enteroxins (SEs), SE-like
toxins (SEl), and toxic shock toxin syndrome toxin 1
(TSST-1).7 Superantigens cross-link the T cell receptor b
chain on the surface of T cells with the major histocom-
patibility (MHC) class II on the surface of antigen
presenting cells (APC), bypassing the conventional pep-
tide-MHC II mediated activation of T cells.7 As a result,
superantigens activate a large fraction of T lymphocytes
leading to a cytokine storm that can culminate in life
threatening toxic shock syndrome (TSS). SEs, but not
TSST-1, also elicit emetic responses and are the primary
responsible factor for S. aureusmediated food poisoning.8

While SAgs are best studied for their role in TSS and
food poisoning, several lines of evidence suggest that
SAgs also play a critical role in S. aureus disease even in
the absence of classical TSS. Over the past few years sev-
eral groups have reported partial protection against
S. aureus infections in various models using vaccines or
antibodies against SEB,9 SEA,10 TSST-1,11 and SEC.12 In
this issue of Virulence, Aguilar et al.13 report 2 monoclo-
nal antibodies that neutralize SEK, a superantigen pro-
duced by most isolates of USA 300, the MRSA clone that
is currently circulating and is responsible for most cases
of S. aureus invasive disease in the US.14 SEK was
described in 2001 as a potent superantigen that is lethal
to rabbits (Orwin I&I 2001) but little is known about the
role of SEK in USA300 pathogenesis. Aguilar et al.
showed that combination of 2 anti-SEK antibodies pro-
vides significant protection against S. aureus sepsis in an
intravenous challenge model in mice. USA 300 is known
for its high toxigenic potential, in particular due to its
ability to produce panton-valentine leucocidin, a
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hemolysin and other leukotoxins,15 but this is the first
report suggesting a role for SAgs in USA 300 pathogenic-
ity. Mice receiving anti-SEK antibodies plus vancomycin
were equally protected from lethal challenge as animals
receiving either agent alone but the combination groups
showed less morbidity than mice treated with vancomy-
cin alone suggesting that such antibodies may be effec-
tive as adjuvant therapy in conjunction with antibiotics.
This group had previously shown that an SEB-producing
MRSA strain was highly virulent in sepsis, skin infection,
and a thigh muscle infection models and that an anti-
SEB mAb or SEB immunization provided partial to com-
plete protection in these models.9 In the current paper,
Aguilar et al. also evaluated the efficacy of the combina-
tion of an anti-SEB mAb and their anti-SEK mAb against
a strain (W-132) that produces both toxins. However,
the combination of the 2 mAbs failed to protect against
W-132 infection. This may relate to the specific toxin
profile of this particular isolate, but certainly underscores
the complexity of devising a universally effective anti-
toxin strategy against S. aureus.

The study has also its limitations as it was performed
with a single isolate of USA300 and there could be variabil-
ity among different clinical isolates with respect to the rela-
tive role of SEK in pathogenesis. This notion is reinforced
by fact that a combination of anti-SEK and anti-SEB was
not protective against W-132. This is not surprising as
S. aureus produces a plethora of toxins and the profile and
expression levels of different toxins could be quite variable
among different isolates as previously reported by the
same team.16,17 It remains to be seen how reproducible
these findings are in a larger set of isolates, but in all likeli-
hood, immunotherapy targeting only the superantigens
will not provide broad protection. Nonetheless these data
indicate that superantigens should be evaluated as poten-
tial targets in a multivalent vaccine or antibody treatment.

A number of additional studies published in the past
few years point to the importance of SAgs as therapeutic
or vaccine targets. Asensi et al. showed protection against
intraperitoneal S. aureus challenge in mice immunized
with lactobacillus expressed SEB toxoid18 and Hu et al
demonstrated protection against sepsis with a TSST-1
producing strain using an attenuated TSST-1 vaccine.11

TSST-1 vaccination not only provided significant protec-
tion against mortality but also reduced bacterial burden
in organs after intravenous challenge.11 This group also
showed protection against sepsis by an SEC-producing
strain using an attenuated SEC toxoid.19 Studies in an
HLA-DR transgenic mice that are more sensitive to SAgs
showed that intranasal exposure to SAgs induces airway
inflammation suggesting a role for SAgs in S. aureus
pneumonia.20 Spaulding et al. reported significant protec-
tion against S. aureus pneumonia in rabbits using a

multivalent immunization with various combinations of
SAgs and cytolysins.6 The latter study was rather surpris-
ing as vaccination with TSST-1 alone was sufficient for
complete protection against USA300 LAC strain, while
both a hemolysin and PVL are known to play a very criti-
cal role in protection against USA300 in the same
model.21 Nonetheless, the collective data suggest a possi-
ble role for SAgs in S. aureus pneumonia. In addition, a
role for SAgs has been proposed in a rabbit model of S.
aureus induced endocarditis. Using isogenic knockouts of
the MRSA strain MW2, Salgado-Pab�on et al. showed that
in this strain the formation of vegetative foci in the aortic
valves as well as seeding in kidney was dependent on
SEC.22 In another study, treatment with soluble, high-
affinity Vb T cell receptor chains specific for SEC reduced
the vegetation and bacterial counts in rabbit model of
IE.12 Furthermore, an epidemiological study showed high
prevalence of SAgs in isolates from IE cases when com-
pared with isolates recovered from skin infections.23

The mechanism by which SAgs influence the course of
various S. aureus diseases in the absence of TSS remains
enigmatic. Low levels of SAgs can trigger a strong inflam-
matory response at the site of infection. This effect of
SAgs may also be independent of T cell/APC cross link-
ing. It has been shown that human aortic endothelial cells
(HAECs) produce IL-8 in response to SEC which can
recruit polymorphonuclear cells and induce tissue toxic-
ity.22 Other S. aureus toxins such as bicomponent leukoci-
dins have also been shown to induce inflammatory
processes.24 It is possible that neutralization of these tox-
ins modulates the local inflammatory response and this
fine-tuning may be important for effective clearance of
infection by neutrophils. In other words, this modulation
may turn a panic attack into a measured response.

It is widely assumed that the toxoid vaccines work
only by inducing neutralizing antibodies that protect the
host from toxic effects of the toxin. However, toxoids as
proteins can also elicit T cell responses. A recent report
indicates that vaccination with non-toxic mutant TSST-1
induces IL-17-dependent protection against S. aureus
infection.25 IL-17A producing cells were increased in the
spleen cells of mTSST-1 vaccinated mice and the partial
protection against S. aureus observed upon mTSST-1
vaccination (strain 834) was abolished in IL-17 knockout
mice.25 In contrast, serum transfer form mTSST-1
immunized mice to na€ıve mice failed to protect against
subsequent infection. Given these data and the critical
importance of Th-17 responses in protection against S.
aureus, potential involvement of this mechanism in pro-
tection mediated by toxoids merits further investigation.
The protective effect of toxoids may also result from a
combination of antibody and T cell responses where
neutralizing antibodies tone down the inflammatory
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response early on during the infection allowing an effec-
tive subsequent Th17 response to clear the infection.

In summary, recent findings strongly support a role
for superantigens in various S. aureus syndromes and
suggest the possibility that these toxins can be valuable
targets for vaccines and immunotherapy. Recent Phase I
clinical trials of recombinant toxoids for SEB (STEB-
Vax)26 and TSST-127 were important milestones in this
direction as they established the safety of vaccines in
humans for these 2 potent and potentially lethal toxins.
However, targeting any single toxin is not sufficient for
effective protection against this formidable pathogen. A
viable vaccine approach must include multiple critical
toxoids, possibly including superantigens. If the mecha-
nism of action is primarily based on antibody mediated
neutralization, a major challenge will be to identify a few
SAg toxoids that can induce relatively broad neutralizing
response. Further challenge is that the role and signifi-
cance of any single toxin in different S. aureus syn-
dromes could be different and it is possible that different
vaccine formulation would be needed to prevent differ-
ent S. aureus diseases.
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