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Class IT MHC Molecules Are Specific
Receptors for Staphylococcus Enterotoxin A

JoserH A. MoLLICcK, RICHARD G. CoOok, ROBERT R. RICH

T cell proliferation in response to stimulation with Staphylococcus enterotoxin A (SEA)
requires accessory cells that express class IT major histocompatibility complex (MHC)
molecules. Murine fibroblasts transfected with genes encoding the o and § subunits of
HLA-DR, DQ, or DP were used to show that the proliferative response of purified
human T cells to SEA is dependent on class II molecules but is not restricted by the
haplotype of the responder. Binding of fluoresceinated SEA to class II transfectants
and precipitation of class IT heterodimers with SEA-Sepharose show that the prolifera-
tive response is a result of SEA binding to class IT molecules. The binding is specific for
class IT molecules and is independent of class II allotype or isotype. The ability of SEA
to bind class II molecules may be a general characteristic of this class of antigens, now

called “superantigens.”

TAPHYLOCOCCAL ENTEROTOXINS ARE
a family of molecules, encoded by bac-
teriophages, that cause staphylococcal
food poisoning (1). These proteins are also
powerful T cell mitogens; like other mito-
gens they cause T cell activation and prolif-
eration in the presence of accessory cells (2).
However, unlike most mitogens, SEA also
requires cells with MHC class II molecules
on their surface for presentation to T cells
(3, 4). Because protein antigens, but not
mitogens, are dependent on interactions
with MHC class II molecules for presenta-
tion to and activation of CD4* T cells, we
investigated the role of class II molecules in
the T cell reponse to SEA.
Because class II antigen expression is char-
acteristic of most conventional antigen-pre-
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senting cells, we used mouse fibroblasts
transfected with both HLA class II a and 8
chains to assess the role of these molecules
independent of the accessory cell signals
supplied by the fibroblasts. Purified T cells
from one individual were tested with a panel
of transfected fibroblasts that includes mem-
bers of the three isotypes of HLA class II
antigens (DR, DQ, and DP) (Fig. 1). Each
of the transfected fibroblasts supported pro-
liferative responses to SEA, regardless of the
allotype or class II isotype of the transfected
gene. Untransfected cells and HLA class I-
transfected fibroblasts did not support pro-
liferative responses at any SEA concentra-
tion. All of the fibroblast lines similarly sup-
ported a phytohemagglutinin  response,
whether or not class II molecules were pres-
ent.

These data, along with reports that SEA
does not require cellular processing to stim-
ulate T cells (3), were indicative of the

possibility that SEA binds directly to class II
molecules to form a complex that interacts
with T cell receptors in a largely MHC-
unrestricted fashion. We therefore used flow
cytometry to assess the binding of fluores-
ceinated SEA (Fig. 2). SEA could bind to
the human B cell line Raji but not to
RJ2.2.5, a class II-negative mutant of this
line that expresses class I molecules but does
not express any of the three class II isotypes
(5). Similarly, SEA could bind to HLA-
DR1-transfected fibroblasts but not to the
untransfected parental cells. Specific binding
to resting T cells was not observed. The
capacity to bind class II antigens was also
tested by immunoprecipitation with SEA
from detergent lysates of cells surface-la-
beled with '*I. SEA bound two proteins
from the B cell line Raji that migrated with
DR a and B polypeptides that could be
precipitated with L.243, a monoclonal anti-
body to the class II DR isotype (Fig. 3) (6).
Neither SEA nor 1243 precipitated these
proteins from the class II-negative mutant
RJ2.2.5. Similarly, SEA bound the class II
heterodimer from mouse fibroblast lines
transfected with either of two different DR
alleles, or with DQ or DP (7). We investi-
gated the possibility that SEA also bound a
ligand on the responding cells—for exam-
ple, the T cell receptor. However, SEA did
not bind any iodinated cell surface proteins
from purified T cell lysates (Fig. 3), indicat-
ing that native SEA does not bind the T cell
receptor or other cell surface molecules with
a high-affinity interaction similar to that
involved in binding class IT molecules. This
does not rule out the possibility that SEA
may bind directly to T cell receptors with a
substantially lower affinity or to a subset of
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T cell receptors as has recently been pro-
posed (4), in which case the sensitivity of the
assay may be insufficient. Because SEA is
also a murine T cell mitogen (2), we tested it
with mouse spleen cells and found that SEA
also binds mouse class II molecules, precipi-
tating a band that comigrated with the
immunoprecipitated I-E B chain (Fig. 3);
the absence of the I-E « chain is due to its
characteristic failure to iodinate (8, 9). These
data demonstrate that the ability of SEA to
bind class IT molecules lacks both species
specificity and specificity for a particular
HLA allele or class II isotype.

The highly polymorphic nature of MHC

class II molecules makes them improbable
candidates for use as a receptor by a bacteri-
ophage product. However, SEA appears to
use a binding site on the class IT antigen that
shows little or no variation among allotypes,
isotypes, or species as diverse as mouse and
human. SEA may bind to a relatively mono-
morphic region of class IT molecules such as
that utilized by the CD4 molecule (10), or
may bind class IT molecules near their puta-
tive peptide-binding cleft in a manner that
allows co-recognition of SEA and the MHC
element. It is possible that one domain of
SEA binds to the class I molecule and the
other to the T cell receptor. In any case, our
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Fig. 1. Mouse fibroblasts transfected with HLA l
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Fig. 2. Fluorescein-conjugated SEA stains two
class II-positive cell lines but not their respective
class II-negative controls (18). (A) Fluorescence
histograms of cell lines Raji and RJ2.2.5 (class 11—
negative mutant) stained with SEA-FITC. (B)
Fluorescence histograms of the DR 1-transfected
fibroblast line (D.5-3.1) and its untransfected
parental cell line DAP3.

preliminary data suggest that SEA binds to a
conformational determinant formed by both
the class IT a and B chains and not either
chain independently.

A striking characteristic of the T cell
response to SEA is that it appears unrestrict-
ed to the haplotype of the responding indi-
vidual (71), a hallmark of T cell receptor—
mediated antigen recognition. The involve-
ment of MHC molecules and blocking of
SEA responses by antibodies (OKT3) di-
rected against the CD3 component of the T
cell receptor (12) suggest that T cells recog-
nize the SEA—class II complex via their
antigen receptor rather than an alternative
activation pathway. This supports conclu-
sions of White et al. (13) and Janeway et al.
(4) on mouse T cell responses to staphylo-
coccal enterotoxins. We used purified rest-
ing T cells as responders instead of T cell
clones to avoid the confounding factor of
autologous class II antigens expressed by
cloned human T cells. However, the data in
Fig. 1 demonstrate that T cells respond to
SEA in the context of many distinct class II
types and alleles. We do not know whether
the T cells that are responding to SEA in the
context of different class II alleles are sepa-
rate or overlapping populations. One expla-
nation for heterogeneity in the level of re-
sponses supported by different transfectants
is that different populations of T cells re-
spond to different SEA/MHC combina-
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ﬁ%rcapmtm class II heterodimers from detergent lysates of B cells and HLA-DR- and DQ-
roblasts (19). SDS-PAGE analysis of proteins precipitated from detergent lysates of the

indicated cell lines with monoclonal antibodies or SEA conjugated to Sepharose. (A) Raji and RJ2.2.5
(class II-negative mutant). (B) Fibroblast lines L66 (Neo only) , L91.7(DR5@1), D.5-3.1(DR1), and
L54.5(DQ7a;DQw3B). (C) Purified T cells and BALB/c spleen cells. Antibodies used were 1243
(anti-HLA-DR), W6/32 (anti-HLA-class I), and 1B7.11 (anti-trinitrophenyl). The a chain of the DQ
transfectant in (B) is apparent in autoradiographs exposed for longer times.

tions. Alternatively, SEA may bind more
effectively to some alleles than to others.
Variable levels of class II expression do not
appear to be a factor. For example, the DR2
B, transfectant consistently supports a much
lower SEA response than the DR1 transfec-
tant although these lines express similar
levels of class II molecules. We have not yet
found a class II allele that does not support
an SEA response, nor have we found an
allele unable to bind SEA.

White et al. (13) showed that Staphylococ-
cus enterotoxin B (SEB) is recognized by the
subsets of murine T cells that utilize the Vi3
and Vg8 T cell receptor genes, whereas SEA
was recognized by T cells bearing Vg3 and
Vg1l. These authors termed the enterotox-
ins “superantigens” because of the ability of
the enterotoxins to interact with large num-
bers of T cell receptors on the basis only of
VB usage and because they have a less
restricted pattern of recognition by T cells.
We suggest that another essential character-
istic of these superantigens may be their
capacity to bind class II molecules with high
affinity in a way that overrides MHC-re-
stricted recognition.

These data provide new insights into
mechanisms whereby immune responses to
SEA and similar bacterial exotoxins differ
from those to most protein antigens. The
ability of SEA to bind class IT molecules and
activate large numbers of T cells with over-
lapping specificities raises the possibility
that exposure to such bacterial products in
vivo may underlie diseases, including several
autoimmune disorders in which T cells that
share common receptor determinants are
activated (14).

The hypothesis that MHC class I and II
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molecules are receptors for bacterial prod-
ucts has long been postulated, for example,
in the pathogenesis of ankylosing spondyli-
tis (15). Nevertheless, direct demonstration
that MHC molecules serve as specific recep-
tors for bacterial products has been lacking.
MHC gene products play a central role in
determining the immune response to any
antigen. Our report that SEA binds directly
to class II molecules, with consequential T
cell activation, is an example of how MHC
molecules may interact with the environ-
ment to determine the outcome of an im-
mune response.

Note added in proof. Similar data concern-
ing the binding of SEA to HLA-DR have
recently been reported (20).
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Control of Experimental Autoimmune Encephalomyelitis
by T Cells Responding to Activated T Cells

ANSGAR W. LOHSE, FELIX MOR, NATHAN KARIN, IRUN R. COHEN*

T cell vaccination against experimental autoimmune disease is herein shown to be
mediated in part by anti-ergotypic T cells, T cells that recognize and respond to the
state of activation of other T cells. The anti-ergotypic response thus combines with the
previously shown anti-idiotypic T cell response to regulate autoimmunity.

UTOIMMUNE DISEASES SUCH AS EX-
perimental autoimmune encephalo-
myelitis (EAE) are caused by T cells
expressing two attributes: receptors for the
specific self antigen, which identify the tar-
get tissue, and a state of functional activa-
tion, which is a prerequisite for attack. The
self-antigen in EAE is the basic protein (BP)
of central nervous system myelin (7). EAE
can be suppressed by anti-idiotypic T cells
that recognize the specific anti-BP receptors
(the idiotypes) of the autoimmune T cells
(2, 3). We now report the control of EAE by
T cells that recognize not the idiotype of the
autoimmune T cells, but a marker of their
state of activation. These T cells, which we
term anti-ergotypic T cells [epyov (ergon)
= work, action] were induced by vaccinat-
ing Lewis rats with activated cells of synge-
neic T cell clones lacking receptors for BP.
In contrast to anti-idiotypic T cells, defined
by a response to the specific idiotype borne
by the anti-BP T cells, the anti-ergotypic T
cells responded to activated T cells in gener-
al, without regard for their idiotypic speci-
ficities. Anti-ergotypic T cells could also be
detected after immunization with antigen in
vivo, suggesting that they may function
physiologically. Administration of anti-er-
gotypic T cells to syngeneic rats protected
the rats against EAE induced either by
adoptive transfer of activated anti-BP clones
or by active immunization to BP.
We undertook this investigation as a re-
sult of our study of the use of T cell vaccina-
tion to induce resistance to EAE and other
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experimental autoimmune diseases in rats
and mice (4). We found that autoimmune
diseases such as EAE (5), thyroiditis (6), or
adjuvant arthritis (7) could be prevented or
treated by administering virulent autoim-
mune T cells specific for the target antigens
under circumstances in which the T cells
were rendered avirulent. T cell vaccination
was also found to be effective against colla-
gen II arthritis (8) and against experimental
autoimmune neuritis (9). Anti-idiotypic im-
munity to the autoimmune T cell receptor
was associated with the resistance induced
by T cell vaccination (2). Indeed, a clone of
anti-clonotypic T cells was shown to medi-
ate resistance to EAE (3).

However, several observations suggested
that immunity to T cell receptors might not
be the only protective element induced by T
cell vaccination. First, T cells were efficient
vaccines only after they had been activated
by incubation with specific antigen or a T
cell mitogen before injection (4, 10). For
example, as few as 10* activated anti-BP T
cells (2) were more effective than 5 x 107
idiotype-positive anti-BP T cells that had
not been activated. Therefore, some change
in T cells associated with activation is impor-
tant in the introduction of T cell vaccina-
tion; the presence of the idiotype alone is
insufficient.

Second, in addition to the high degree of
disease-specific protection mediated by T
cell vaccination, we observed a mild degree
of nonspecific protection. For example,
Lewis rats are most effectively vaccinated
against EAE by use of activated Z1a T cell
clones. Z1a recognizes the immunologically
dominant epitope present in the 68— to 88—
amino acid sequence of BP (11). This clone
can either produce EAE or vaccinate rats
against EAE, depending on treatment of the
cells and the number of cells administered
(10, 12). In contrast to Zla, clone A2b (13)
recognizes a nine—amino acid sequence in

the 65-kD heat shock protein of Mycobacte-
rium tuberculosis (14). A2b causes arthritis in
irradiated Lewis rats or, when suitably treat-
ed, induces resistance to adjuvant arthritis
(15). Thus, each clone recognizes a different
epitope and is associated with a different
autoimmune disease. Nevertheless, when
groups of five rats each were or were not
vaccinated with 2 x 107 glutaraldehyde-
treated (15) Zla or A2b clones, the A2b-
treated rats clearly showed some resistance
to EAE produced by 2 x 10° activated Z1a
cells. All five of the unvaccinated control rats
died of EAE, whereas the rats vaccinated
with the specific anti-BP Zla clone were
markedly resistant and developed barely de-
tectable clinical disease. Vaccination with
clone A2b did not prevent severe EAE, but
it did prevent lethal EAE; none of the A2b-
treated rats died. Thus, nonspecific vaccina-
tion with activated A2b induced significant
resistance, albeit a resistance that was not as
effective as that obtained by vaccination
with clone Z1la.

Our next experiments were undertaken to
identify the mediators of resistance to EAE
induced by vaccination with T cells that do
not recognize the BP antigen. We assayed
the delayed type hypersensitivity (DTH)
reaction of rats to T cell clones after vaccina-
tion (Table 1). DTH reactions are a conve-
nient in vivo measure of T cell reactivity to
antigens or idiotypes (15). Lewis rats were
vaccinated with clone D9, a subclone of line
Zla, to induce optimal resistance to EAE,
and the responses of the rats were tested by
eliciting DTH reactions to either nonacti-

Table 1. DTH reaction of D9-vaccinated rats to
activated and nonactivated T cell clones D9 and
A2b. Groups of five Lewis rats each were vacci-
nated with three weekly injections of 2 x 107
antigen-activated, glutaraldehyde-treated D9 cells
(a subclone of Zla) as described (15). DTH was
elicited by injecting 3 x 10° irradiated (2500 R)
cells in 50 ul of phosphate-buffered saline into the
pinna. Activated cells were taken after 72 hours of
antigen stimulation. Activation was assessed mi-
croscopically and confirmed by [*H]thymidine
incorporation. Nonactivated cells had been kept
in IL-2—containing medium without antigen for
at Jeast 5 days. Ear swelling was determined after
48 hours by use of an isotonic caliper. Values are
means *+ SE.

DTH as measured by
change in ear size

(1072 mm)
State Clone

Naive D9-

vaccinated
rats

rats
Nonacti- D9 52+21 123*x=x21
vated A2b 54+1.8 55 =20
Activated D9 141+30 331 =29
A2b 148+32 262 *=32

*P < 0.05 compared to response to A2b.
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