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Editorial on the Research Topic

Understanding and Engineering Antibody-Superantigen Interactions

Superantigens are classically defined as antigens that induce hyperactivation of the immune system.
They are traditionally associated with non-specific activation of T-cells that induces abnormal
cytokine release. A search for the term ‘superantigens’ on Google in January 2022 yielded results
with a heavy bias towards T-cell superantigens (1-4) which were first described in 1989 (5). Almost
30 years later, the T-cell centric view of superantigens continues to overshadow B-cell or antibody
superantigens, even though reports of B-cell superantigens date back at least to 1966 for Protein A
(6) and 1984 for Protein G (7). Implementation for antibody purification followed rapidly, assisting
the development of therapeutic antibodies. In the early 1990s, applications of superantigens
expanded towards potential therapeutics, particularly against cancer (8-11). These earlier studies
are now bearing fruition: for example, a recent review of the literature on the application of
Staphylococcal enterotoxins in cancer immunotherapy found over 50 studies, of which
Staphylococcal enterotoxin A was the most common superantigen employed (12). Fusions of
superantigens with, for example, antibody Fab fragments which are targeted against tumour-
associated antigens have been shown to be effective against melanoma and other cancers (12).
Superantigens have also found recent application in CAR-T therapy; von Scheidt et al.
demonstrated that inhibition of solid tumour growth in mice was potentiated by pre-incubation
of CAR T cells with Staphylococcal enterotoxin B (13). Although most of these studies to date have
used mouse models, translation of some applications to the clinic in the near future seems likely.

Intensive research into SARS-CoV-2, driven by the current pandemic, has identified an
interesting link between toxic shock syndrome, bacterial superantigens and the viral S, or spike,
protein that is the basis for many vaccination strategies against the virus. A sequence motif within
the S protein resembles a section within Staphylococcal enterotoxin B. Cheng et al. showed how this
can be exploited through development of a monoclonal antibody against the site, which is able to
block viral entry into cells (14). This work represents a novel strategy for exploiting a superantigen
structure for therapeutic applications.
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Given these widespread applications in antibody labelling,
purification and immunotherapy, it is apposite to consider what
unifying features there may be which apply to the large and
diverse superantigen family. A review in this Research Topic uses
a broad definition of the term ‘superantigen’ to include antibody-
directed, as well as T-cell-directed molecules (Deacy et al.). A
number of similarities are identified in the recognition properties
between immune macromolecule (e.g. antibody, MHC) and
cognate superantigen. Compared with all protein-protein
complexes within the Protein Data Bank, such complexes fall
within a relatively small range when considering the physical
characteristics of each interface. Interestingly, B-cell and T-cell
directed superantigens do not obviously segregate (see Figure 9
in Deacy et al.). This observation suggests a degree of structural,
as well as functional, congruence which argues for a broader
definition of the term ‘superantigen’.

Extending the term superantigen further is likely to prove
controversial but we propose that other, probably more remote,
additions to the family are likely to be advocated in the future. In
this Research Topic, we have one such provocative article (Su
et al.) demonstrating superantigen-like binding of nickel to
antibodies. Although nickel does not fit the typical definitions
of antigen or superantigen, it is a known aggravator of metal
allergies. Some investigators have sought to exclude nickel as a
formal T-cell superantigen based on the recognition properties
(15) alone, despite there being functional similarities by nickel to
known superantigens (16).

With recent suggestions that unnecessary immune system
exposure to the environment may underlie many disease
pathogenesis in the ‘epithelial barrier hypothesis’ (17), there is
certainly much to investigate on the roles of superantigens in
pathogenesis. It is interesting that, together with superantigens,
the ‘epithelial barrier hypothesis’ has intersections with the
‘hygiene hypothesis’, first proposed in 1989 (18); discussions
on the intersection are ongoing (19-21). In addition to potential
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