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The Staphylococcal enterotoxin superantigens stimulate vigorous responses in T cells bearing
certain T cell antigen receptor (TCR) V~ regions. In addition to activation, these superantigens
also impart negative signals to T cells resulting in a profound state of unresponsiveness or anergy.
The Staphylococcus aureus enterotoxins (SE) B and C2 bind to a closely related site on major
histocompatibility complex (MHC) human leukocyte antigen (HLA)-DK1 molecules. Only SEB,
however, interacts with the TCR V/33 region of HA1.7, a human HLA-DK1 restricted T cell
done specific for influenza haemagglutinin. In competition experiments, we demonstrated that
the induction of anergy in HA1.7 by SEB is unaffected by the presence of SEC2. These results
suggest that SEB-induced anergy is MHC independent and involves a direct interaction between
the TCR and SEB. To resolve definitively whether SEB binds directly to T cells in the absence
of MHC class II molecules, the cDNAs encoding the HA1.7 TCK were transfected into an MHC
class II-negative human T cell line. The addition of SEB to these transfectants resulted in the
downregnlation of cell surface TCK expression, an increase in the concentration of intracellular
calcium ions, the production of lympholcines, and reduced responsivenessto a subsequent challenge
with SEB. We conclude that SEB interacts directly with the TCR in the absence of cointeraction
with MHC class II molecules, and that this interaction may induce anergy in HA1.7.

group of exotoxins produced by certain strains of Staphylococcus aureus induce vigorous responses in T cells expressing particular TCR VB elements (1-4). Such exotoxins
have thus been termed superantigens. In common with endogenous murine retroviral superantigens, bacterial superantigens also have the capacity to shape the TCR repertoire
by clonal deletion (2, 5) or the induction of anergy (6-8).
Since thymic deletion alone fails to explain self-tolerance to
antigens expressed exclusively by adults or in sites remote
from the neonatal thymus, anergy, which can be induced in
mature T cells, is proposed to account for T cell unresponsiveness to these antigens both in in vivo (6-9) and in vitro
models (10-12).
Incubation of human T cell clones with supraoptimal concentrations of nominal peptide antigen renders the cells anergic
to a subsequent immunogenic challenge (10, 11, 13). In
common with antigen-specific T cell activation, antigeninduced anergy is initiated by MHC class II-restricted antigen presentation (14).
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More recently, it has been demonstrated that Staf~lococcus
aureus enterotoxin (SE)1 superantigens, are also able to induce T cell anergy to their native ligand (12, 15). Unlike
peptide antigen-induced anergy, however, enterotoxin-induced
anergy was not inhibited by anti-MHC class II mAbs (R. E.
O'Hehir and J. K. Lamb, unpublished observations).
The aim of the present study was, therefore, to determine
whether a Staphylococcal enterotoxin superantigen was able
to interact directly with the TCK and induce donal anergy
in the absence of MHC-dependent antigen presentation.
Materials and Methods
Reagents and Cell Lines. HA1.7is a human CD4 + T cell clone
specificfor influenzahaemagglutinin(HA) peptide 307-319 in the

1Abbreviationsusedin thispaper:An.PCK, anchored polymerase chain reaction; HA, influenzahaemagglutinin;SE, Staptu
aureusenterote~dn.
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and then cloned by limiting dilution. Clones were screened for responses to peptide 307-319 and SEB in the presenceof LNAT APC.
One particularly eflficientdone CH7C17 was used for the majority
of these studies.
A mock transfected subline designated OGSL1 was also generated. This line underwent all the procedures outlined above, but
was electroporated in the absence of plasmid DNA.
FunctionalAssays. Anergy was induced by incubation of T cells
(10Vml) with HA peptide 307-319 (up to 100 #g/m1) or SEB (up
to 100 #g/ml) for 16 h at 37~ Cells were thoroughly washed
and then challenged with an immunogenic concentration of HA
peptide 307-319 or SEB in the presence of irradiated (6,000 rad)
LNAT APC. Experiments with HA1.7 were pulsed with 1/zCi
of [3H]thymidine (Amersham International, Amersham, Bucks,
UK) for the last 16 h of a 72-h culture. For experiments with
CH7C17, culture supernatantswere taken at 72 h and used to stimulate CTLDM ceils for 24 h. Proliferation was then measured by
[3H]thymidine incorporation for the last 8 h of culture.
Assay oflntracellular Calcium. Cells were washed three times
with serum-free KPMI, then incubated with 1/zg/ml Fura-2 in
KPMI at 37~ for 15 min. Ceils were washed twice with HBSS
containing 20 mM Hepes at pH 7.3, and resuspended at l(Y/ml.
Two ml of cells were placed in a cuvette and warmed to 37~ with
stirring in a fluorimeter (The Perkin-Elmer Corp., Norwalk, CT)
set to excite at 325 nm and measure fluorescenceat 510 nm. The
stimulus was added and the fluorescence recorded for 5 rain.
Immunofluorescence. Cellswere stained for sorting or ceil surface phenotype analysisby standard methods using mAb directly
conjugated to FITC, or a primary mAb followedby a second layer
of FITC-conjugated goat antibodies specific for mouse Ig.
SEB and SEC2 Competition Binding Assay. SEB was biotinyhted by incubating a twofold molar excessof N-hydroxysuccinimide
active ester of long chain biotin with SEB (1 mg/ml) overnight
at 4~ Unbound biotin was removedby SephadexG-25 gd filtration. Biotinylated SEB (50 #g/ml) was incubated with 1BW4, an
HLA-DK1-Dwl EBV-transformed B cell line, for 2 h at 40C in
the presence of various concentrations of unlabeled SEB or SEC2.
Ceils were washed with PBSAcontaining 0.1% BSA and incubated
at 40C with FITC-avidin D (Vector Labs., Inc., Burlingame, CA)
at 10/zg/ml for 30 rain. Ceils were washed and resuspended in
PBSA containing 0.1% BSA for flow cytometer analysis.
Results

SEC2 Fails to Compete with SEB during the Induction of
Anergy. The Staphylococcal enterotoxins SEC2 and SEB are
known to bind to the same site on MHC class II antigens
(24). Unlike SEC2, however, SEB stimulates T cdls expressing TCK V/~3.1 elements (12). To confirm the identity
of the SEB and SEC2 binding sites on HLA-DK1, biotinylated SEB was incubated with HLA-DK1 + B calls in
competition with urdabded SEB and SEC2. Consistent with
the report that the two enterotoxins bind to a dosdy related
site on the HLA-DK1 molecule, the binding of SEB to HLADR1 + B ceils was specifically competed with both by unlabaled SEB and SEC2 (Fig. I A).
If SEB-induced anergy occurs by a mechanism independent of MHC class II binding, then it should be possible
to anergize HA1.7 with SEB after pretreatment with an excess
of SEC2. A 100-fold molar excess of SEC2 failed to inhibit
the induction of anergy in HA1.7 by either SEB or the HA
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context of HLA-DR1. LNAT is an autologous EBV-transformed
B ceil line used as an APC (16). JR.T3T3.5, a CD3-TCK negative,
MHC class R-negative mutant of Jurkat (17), was a gift from Dr.
A. Weiss (Universityof California,San Frandsco). CTLbM, a murine l~2-depenckmtT cell line used for the bioassayofJurkat-derived
supematants (18), was obtained from the European Collection of
Animal Ceil Cultures (EACC) (Porton Down, UK). Olignnucleotides were synthesized by Dr. Ian Goldsmith (Imperial Cancer
Research Fund). The HA peptide 307-319 was synthesizedby Dr.
J. Rothbard (ImmuLogicPharmaceuticalCorp.). FITC-conjugated
goat antibodies specificfor mouse Igs and anti-CD3 were obtained
from Becton Dickinson & Co. (Mountain View, CA). MX6, an
anti-TCR Vfl8 mAb was obtained from Dr. S. Carrel (Ludwig Institute, Epalinges, Switzerland). SEB, SEC1, and SEC2 were obtained from Sigma Chemical Co., (Poole Dorset, UK) or Toxin
Technology, Inc. (Madison, WI).
Cloning of TCR ot and~ chain eDNA. HA1.7was purified free
of APC and stimulatedfor 6 h with 1/~g/ml phytohaemagglutinin-P
(Sigma Chemical Co.) and 10 ng/ml PMA (Sigma Chemical Co.)
to increaseTCR. rv and fl chain mtLNA expression (19). ILNAwas
purified from 5 x 106 cells by the guanidine isothiocyanate-acid
phenol method (20). cDNA was synthesized by a standard oligodT primed method (21). cDNAs encoding the HA1.7 TCR ~ and
fl chains were then amplified using the anchored PCR (AnPCK)
(22) as modifiedby Dr, P. Marcheand Dr. O. ,A~-uto(Institut Pasteur,
Paris, France).
For amplification of TCR c~ chain cDNA, an antisense primer
was designed to include part of the C region (bold type ), and
EcotLI, and BgllI sites: 5' GCGAATTCAGATCTTAGC~AGACAGACTI~TCACTC~. 3'; the sense primer for the TCR c~
chain containeda dC anchor, XhoI, NotI, and Sail sites: 5' CACICGAGCGC~CGCGTCGACCCCCCCCCC 3'. The antisense
primer used to amplify the TCR fl chain contained part of the
C region (bold type ), KpnI, SalI, and ClaI sites: 5' GGTACCGTCGACATCGATCCACCAGCI~AGC'I3CCACGTGGTCG
3: The sense primer for the TCR/$ chain included a dC anchor,
SphI, NotI, and SaclI sites: 5' GCATGCGCGCGC~CGCGGAGGCCCCCCCCCCCCCC 3'. 25 cycles of AnPCK were performed, each cycle consisting of 1 rain at 940C, 2 rain at 550C,
3 min at 720C, and a single final extension of 6 rain at 72~
AnPCK products were isolated, cloned, and sequenced by standard methods. Full o~ and B coding sequences were constructed
using constant region cDNAs derived from the Jurkat TCR c~and
chains.
Functional Expression of TCR. The HA1.7 TCK ~xand/~ constructs (OBod4/4 and CUBBI.5) were cloned into the eucaryotic
expression vector PJ6f/, in which eDNA is transcribed under the
control of the rat actin promoter (23). pJ60 expressionvectorscontaining the hygromycin B (pJ6flhygro) or puromycin (pJ6flpuro)
resistance genes, were made available by Dr. H. Land (Imperial
Cancer Research Fund).
The HA1.7 TCR B expressionconstruct (50 #g/ml) was cotransfected with pJ61l hygro (25/zg/ml) into 2 x 107 JKT3T3.5 by
electroporation (450 V at 125/zF). Cells were immediately placed
on ice and resuspended in KPMI 1640 containing 10% FCS. After
3 d of culture, the medium was supphmented with 400 ttg/ml
hygromycin-B (Sigma Chemical Co.).
After 3 wk, the o~chain expression construct was cotransfected
with pJ6fl puro into the r chain transfected line by electroporation. Cells were selected in medium containing 400 ktg/ml of
hygromycin-B,and 4/zg/ml of puromycin (Sigma Chemical Co.),
and the resultingcellline assessedfor CD3 expressionby flow cytometer analysis.Cells were sorted for high CD3 expression three times

Figure 1. SEC2interacts with

(shadedbars).

peptide 307-319 (Fig. 1 B). The fallin CD3 expression, and
rise in CD25 expression, both characteristics of anergy (12),
combined with the failure of HA1.7 to incorporate thymidine after a subsequent immunogenic challenge with HA peptide 307-319 and APC (data not shown), suggested that anergy
induction by SEB may not require MHC class II molecules.
Generation of MHC Class II Antigen-negative T Cells Expressing the HA1.7 TCR. The TCR ot and B chain cDNAs
encoding the HA1.7 TCR were cloned from HA1.7 RNA
using AnPCR. 20 clones containing a PCR fragment of the
correct size for TCR ot were sequenced. All 20 clones consisted of an identical sequence with no evidence for a second
TCR ot transcript. The HA1.7 Vot region differed from the
Votl.2 subfamily sequence by a single, conservativebase change

(25). The N region consisted of twelve nucleotides, and was
unique to HA1.7 (Fig. 2 A). The core sequence of the HA1.7
Jot region was identical to that used by clone AA13 (26),
and was most similar, but not identical, to a member of the
M Jot family (27).
20 dones of the single TCR B chain PCR fragment were
also sequenced. All 20 clones consisted of a V153.1 region
identical to that used by the clone PL4.4 (28), a unique 9-bp
N region, and a D/~ region with the conserved core sequence
Gly, Leu, Pro (Fig. 2 B). The J region was identical to the
J~1.2 region used by the cell line JM (29).
Full-length coding sequences of the TCR cz and B chains
were constructed by ligation with the TCR ot and/3 constant regions of Jurkat. Constructs were sequenced to ensure
the correct joining of the constant regions. Each TCR eDNA
was recloned into expression vectors and transfected into the
CD3-TCR negative, MHC class II-negative mutant T cell
line JRT3T3.5. The transfected line was cloned by limiting
dilution, and the clone CH7C17 was characterized further.
A mock transfected line OGSL1 was also characterized in
parallel.
The mock transfected subline OGSL1 and the HA1.7 transfectant CH7C17 were examined for surface expression of CD3,
TCIL-ot/I~ and TCR V~8 by immunofluorescence. OGSL1
was completely CD3, TCR-od/3, and V~8 negative, and
CH7C17 expressed high levels of CD3 and the TCR-c~//g
but no TCR VB8, demonstrating that the TCR expressed
by CH7C17 was not derived from the native TCR V/38 positive Jurkat cell line (data not shown). CH7C17 was also assayed for the expression of MHC antigens. Immunofluorescence analysis using mAbs, specificfor monomorphic epitopes
of HLA-DR antigens, HLA-DP antigens, all MHC class II
antigens (including HLA-DQ), and all HLA class I antigens
showed that both the native Jurkat cell line, OGSL1, and
CH7C17 expressed no detectable MHC class II antigens (Fig.
3). All cell lines however, were strongly positive for MHC
class I antigens (data not shown; Fig. 4 A). This confirms
results from independent laboratories which demonstrate the
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Figure 2. Sequence of HA1.7 TCR a and ~ chain V-N-(D)-J-C junctional regions. (a) TCIL ot chain. (b) TCtL ~ chain. These sequence data
are availablefrom EMBL/Genbank/DDBJ under accessionnumbers X63455
(HA1.7 TCP, alpha chain) and X63456 (HA1.7 TCR beta chain).
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Figure 3. Jurkat transfectants fail to express surface MHC class II antigens. CH7C17 (solid line) and LNAT (dotted line) were stained with (,4)
goat anti-mouse Igs conjugated with FITC (GaMFITC); (/3) FITCconjugated anti-HLA-DR (Becton Dickinson & Co., Mountain View, CA);
(C) anti-HLA-DP (B7/21/2) and GaMFITC and (D) anti-HLA-DQ +
DR + DP (CA2.11) + GaMFITC, then analyzed by flow cytometry.
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the SEB binding site on HLADR1, but fails to inhibit anergy
induction by SEB or HA peptide
307-319 in HA1.7. (,4). Biotinylated SEB at 50 tzg/ml was
incubated with IBW4, HLA
-DR1-Dwl EBV-transformed B
cells for 2 h at 4~ in the presence of various concentrations of
unlabeled SEB (filled squares) or
SEC2 (open squares). Biotinylated
SEB bound to the cell surfacewas
detected using FITC-conjugated
avidin and flow cytometer analysis.
(/3) HA1.7 was treated with 50
/~g/ml of SEC2 for 1 h at 37~
then incubated with an anergizing
concentration of SEB (0.5 ~g/ml)
or peptide 307-319 (50/xg/m_l)for
16 h at 37oc. Cells were washed
and stained with mAb specificfor
CD3 (hatched bars) or CD25
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Figure 4. Reconstitution of
HA1.7 TCK antigen-MHC specificity. JRT3T3.5 was transfected
by dectroporation with cDNAs
encoding the TCR a and/5 chain
of HA1.7. Transfected cells were
cloned (CH7C17) and stimulated
with LNAT APC and peptide
307-319 (filled squares) or SEB
(filled triangles). T cell activation
was assessed by lymphokine production.
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stained with anti-CD3 (filled
squares, left hand scale) or antiMHC class I (filled triangles, right
hand scale) and analyzed by flow
cytometry. CH7C17 was stimulated for 16 h with various concentrations of SEB in the absence
of APC (filled squares); supernatants were taken and assayed for
lymphokines. Various concentrations of SEB (filled triangles) were
incubated for 16 h in the absence
of cells. Supernatants were then
tested for the direct activation of
CTLbM cells.

II-positive APC with SEB at various concentrations up to
100/~g/ml. After overnight incubation, cells were washed
and loaded with Fura-2 for assay of changes in intracellular
calcium ion concentration. Fura-2-1oaded cells were then
stimulated with SEB (15/~g/ml) in the absence of APC in
stirred cultures. Changes in intracellular calcium ion concentration upon stimulation were measured using a fluorimeter.
Within 10 s of restimulation with SEB, the concentration
of intracellular calcium increased, peaking at a level dependent upon the concentration of SEB used in the overnight
incubation, such that preincubation with higher concentrations of SEB rendered CH7C17 less responsive to the subsequent exposure (Fig. 6). This effect was specific to SEB, as
cells incubated overnight with various concentrations of
SEC1 (which does not activate HA1.7) had no effect on the
increase in intraceUular calcium ions stimulated by 15 #g/ml
SEB. Neither SEB nor SEC1 was able to increase intracellular calcium above basal levels in the TCR-negative cell line
OGSL1 (data not shown).
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Figure 6. SEB induces unresponsiveness in CH7C17 cells.
CH7C17 was incubated for 16 h
with various concentrations of
SEB (filled squares) or SEC1 (filled
triangles). Cells were washed and
loaded with Fura-2, then stimulated in the absence of APC with
15 /~g/ml of SEB. Changes in
fluorescenceinduced by an increase
in intracelhlar calcium ion concentration were measured, and the
concentration ofintracelhlar calcium calculated.
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Figure 5. SEB induces downregulation of CD3, and stimulates
lymphokine production by CH7C17 in the absence of MHC class
II antigens (.4) CH7C17 was incubated for 16 h with various concentrations of SEB in the absence

of APC, cells were washedand
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Unequivocal evidence that the ~CK expressedby CH7C17
was identical to that expressed by HA1.7, was obtained by
functional analysis. CH7C17 and OGSL1 were challenged
with various concentrations of HA peptide 307-319 and SEB
in the presence of LNAT APC. After 24 h of culture, supernatants were assayed for lymphokine content in a CTLbM
bioassay.
As shown in Fig. 4, CH7C17 responded to both HA peptide 307-319 and SEB with a concentration-dependent response, demonstrating that the specificityof the HA1.7 TCR
had been reconstituted in CH7C17. The mock transfected
cell line, OGSL1, was completely unresponsive to HA peptide 307-319 and SEB presented by LNAT APC. Neither of
the cell lines responded to SEC1 (data not shown).
MHC Class II Independent SEB-mediated Signaling in
CH7C17, CH7C17 was incubated in the complete absence
of MHC class II-positive APC with SEB at concentrations
up to 100/~g/ml. After overnight incubation, cells were
washed and assessed for the level of CD3 expression. The
culture supernatants were taken for lymphokine assay.
The level of cell surface CD3 on CH7C17 cells decreased
in an SEB concentration-dependent manner, such that higher
concentrations of SEB resulted in lower cell surface expression of CD3 (Fig. 5 A). In contrast to CD3, the level of
MHC class I antigen expression was increased with the concentration of SEB (Fig. 5 A). MHC class II expression, however, was not induced after incubation with SEB. Using
CA2.11, a mAb specificfor HLA-DR + DP + DQ antigens,
no change was observed in the mean fluorescence intensity
of CH7C17 after incubation in medium alone, or in the presence of SEB. A mean fluorescence intensity of 3.4 was observed with CA2.11 and secondary antibody in both the presence and absence of 20/~g/ml SEB. Downregulation of CD3
was specifically due to SEB as SEA, SEC1, SEC2, and SEE
failed to induce any change in CD3 expression (data not
shown). Lymphokine production by CH7C17 cells also increased with the concentration of SEB. This increase was not
due to the direct interaction of SEB with the CTLL-M cells
(Pig. 5 B).
CH7C17 Preincubated with SEB in the Absence of MHC Class
II Antigens Fails to Respond to a Subsequent Iramunogenic Challenge with SER CH7C17 was incubated without MHC class
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quent exposure to an optimal concentration of SEB. Studies
in vivo (34) support the conclusion that the level of TCKCD3 expression is of fundamental importance in the mechanism of both T cell activation and anergy.
The absence of cell surface MHC class II expression by
the transfected mutant cell line derived from Jurkat is of central
importance to this study. In addition to immunofluorescence
results reported here, (Fig. 3), and those by independent groups
(S. Marsh and J. Bodmer, personal communication) analysis
of mRNA specificfor HLA-DP, DQ, and DR has determined
that the parental cell line of CH7C17, Jurkat, does not produce mRNA for HLA-DP, DOo or DK (45). Furthermore,
J. D. Fraser (35), reports that SEA and SEB are unable to
bind to the surface of Jurkat cells, confirming that these ceUs
are MHC class II negative. The complete MHC class II negativity ofJurkat was also shown functionally by demonstrating
the inability of Jurkat cells to present enterotoxins to unprimed human PBLs (35).
There is a single report that small amounts of MHC class
I H chain can be immunoprecipitatedfrom MHC class II-positire ceUspulsed with enterotoxin. This study concludes that
a small amount of class I H chain might interact with preexisting enterotoxin-MHC class II complexes (35). There is no
evidence, however, that MHC class I antigens are able to bind
directly to, or present enterotoxins to T cells (36). Indeed,
even CD8 positive, class I-restricted CTL TCKs interact
with SE only when bound to MHC class II (37). We therefore conclude that SEB-induced dowuregulation of CD3 in
CH7C17 and anergy in HA1.7 is MHC independent and invoices a direct interaction between the TCK and SEB.
Other groups have also obtained circumstantial evidence
that superantigens might bind directly to the TCR (37--40).
Immobilized or cross-linked Streptococcal M toxin has been
shown to stimulate native Jurkat cells to produce IL-2 (41).
T cells may also be stimulated in the absence of APC by conjugation ofa T cell-surface antigen-specific mAb to the same
solid support as an enterotoxin (42). There is also a report
that enterotoxins may behave in a similar manner to soluble
anti-CD3 mAb in their ability to induce early activation events
in T cells (38).
The ability to anergize T cells in the absence of MHC class
II antigens using enterotoxins has clinical implications in,
for example, autoimmune and allergic diseases, where there
may be restricted TCR V/3 usage in the harmful T cell responses, but where the antigen is either not determined or
extremely complex, and involvement of MHC antigens is
ill-defined. In these cases, enterotoxins modified to separate
the enterotoxic (emetic) from TCR binding activity (43),
and possibly the TCK from MHC binding activity (44), could
be used to anergize T cells expressing particular V/~ regions
implicated in disease processes.
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Discu~on
This study demonstrates that a TCK of defined antigen
specificity is able to interact with SEB in the absence of MHC
class II antigens. Furthermore, the direct interaction of SEB
with the TCK was able to stimulate a program of events
leading to donal anergy in the T cell done HA1.7.
Characteristically, superantigens are able to bind to all TCRs
using particular VI3 regions irrespective of the antigen-MHC
specificity of the TCR (3). This implies that the superantigen binding region shared by certain TCK V~ regions is
remote from the CDKs involved in MHC-restricted peptideantigen recognition. In support of this, two recent studies
have analyzed the reactivity of TCK mutants and dose V~
family members with different reactivities, and predicted that
superantigen binding sites lie on the side of the TCR molecule, away from the peptide antigen-MHC binding site (30,
31). Similar studies on the MHC requirement of superantigen recognition have shown that many MHC class II antigen isoforms are able to present a particular superantigen
to TCK. This suggests that superantigens bind to common
sites on MHC class II antigens remote from the peptide antigen binding groove.
The present results demonstrating anergy induction by peptide 307-319 in the presence of SECz (Fig. 1 B) support this
conclusion. Others have characterized this binding site using
cell lines that express MHC molecules with mutations in the
peptide antigen binding groove (32), or by demonstrating
the binding of hbded superantigens to structurally similar
MHC class II molecules (33).
In a recent study of donal T cell anergy in HA1.7, we
demonstrated that human T cells of defined antigen-MHC
specificity, when exposed to high concentration of SEB, Become anergic to a subsequent immtmogenic stimulus with
their natural peptide ligand and APC (12). The present report demonstrates that, in contrast to peptide-mediated anergy,
SEB-induced anergy in HA1.7 is not MHC dependent. Thus,
pretreatment of HA1.7 with anti-MHC class II mAb or
SECz, which binds to an identical site on HLA-DK1, but
fails to interact with the HA1.7 TCK, is unable to inhibit
SEB-induced anergy.
To demonstrate directly that SEB interacts with the TCR
in the absence of MHC antigens, cDNAs encoding the HA1.7
TCK were introduced into a T cell tumor line which expressed no cell surface TCK and MHC class II. Incubation
of these cells with SEB in the absence of APC resulted in
SEB concentration-dependent T cell activation, as measured
by a rapid increase in the concentration of intracellnlar calalum ions and lymphokine production. In common with
HA1.7, incubation of CH7C17 with SEB in the absence of
APC reduced cell surface CD3 expression in a dose-dependent
manner. This downregnlation was of functional significance,
as the cells mounted a reduced Ca z+ response to a subse-

The authors wish to thank Myriam Ermonval of the Institute Pasteur, Paris, for her adviceon the AnPCll;
Derek Davies and Andrew Edwards of Imperial Cancer Research Fund (ICRF) for their assistance with
flow cytometric analysisand sorting, Susan Lucas and Doreen Cantrell of ICRF for the introduction to
calcium assays; Vivienne Weller for her assistance in preparing the manuscript; and Ita Askonas for her
helpful comments.
This research was supported by the Imperial Cancer Research Fund, The Medical Research Council of
Great Britain, and The Wellcome Trust. II. E. O'Hehir holds a Wellcome Senior Research Fellowship
in the Clinical Sciences.
Address correspondence to Colin R. A. Hewitt, Department of Immunology, St. Mary's Hospital Medical School, Imperial College of Science,Technologyand Medicine,Norfolk Place, London W2 1PG, United
Kingdom.

Received for publication 4 December I991 and in revised form 12 February 1992.

1498

13. Mueller,D.L., M.K. Jenkins, and R.H. Schwarz. 1989. Clonal
expansion versus functional clonal inactivation: a costimulatory signalling pathway determines the outcome of T cell antigen receptor occupancy. Annu. Reu. Immunol. 7:445.
14. Lamb, J.R., and M. Feldmann. 1984. Essential requirement
for major histocompatibilitycomplexrecognitionin T cell tolerance induction. Nature (Lond.). 308:72.
15. O'Hehir, R.E., KA. Aguilar, T.J. Schmidt, S.O. Gollnick, and
J.R. Lamb. 1990. Functional inactivation of Dermatophagoides
spp. (house dust mite) reactive T cell clones. Clin. EXlX Allergy. 21:209.
16. Lamb,J.R., D.D. Eckels,P. Lake,J.N. Woody, andN. Green.
.1982. Human T-cell clones recognize chemically synthesized
peptides of influenza haemagglutinin. Nature (Lond.). 300:66.
17. Ohashi, P.S., T.W. Mak, P. Van den Elsen, Y. Yanagi, Y.
Yoshikai, A.F. Caiman, C. Terhorst,J.D. Stobo, and A. Weiss.
1985. Reconstitution of an active surface T3/T-cell antigen
receptor by DNA transfer. Nature (Lond.). 316:606.
18. Gillis, S., M.M. Femm, W. Ou, and K.A. Smith. 1978. T
cell growth factor: parameters of production and a quantitative microassay for activity, f Irnmunol. 120:2027.
19. Lindsten, T., C.H. June, and C.B. Thompson. 1988. Transcription of T cell antigen receptor genes is induced by protein kinase C activation. J. Imraunol. 141:1769.
20. Chomczynski, P., and N. Sacchi. 1987. Single-step method
of RNA isolation by acid gnanidinium thiocyanate-phenolchloroform extraction. Anal. Biochem. 162:156.
21. Okayama, H., and P. Berg. 1982. High-dfidency cloning of
full-length cDNA. Mol. Cell. Biol. 2:161.
22. l.oh, E.Y.,J.F. Elliott, S. Cwirla, L.L. Lanier,and M.M. Davis.
1989. Polymerasechain reaction with single-sided specificity:
analysis of T cell receptor delta chain. Science (Wash. DC).
243:217.
23. Morgenstern, J.p., and H. Land. 1990. A series of mammalian
expression vectors and characterisation of their expression of
a reporter gene in stably and transiently transfected cells. Nucleic Acids Res. 18:1068.
24. Marrack, P., and J. Kappler. 1990. The Staphylococcal enterotoxins and their relatives. Science (Wash. DC). 248:705.
25. Rabbitts, T.H., M.P. Lefranc, M.A. Stinson, J.E. Sims, J.
Schroder, M. Steinmetz, N.L. Spurt, E. Solomon, and P.N.
Goodfellow.1985. The chromosomallocation ofT cellreceptor
genes and a T cell rearranging gene: possiblecorrelation with

Superantigen-induced,MHC-independentT CeU Anergy

Downloaded from http://rupress.org/jem/article-pdf/175/6/1493/1102595/1493.pdf by guest on 08 March 2021

l~rellces
1. Janeway, C.A., J. Yagi, P.J. Conrad, M.E. I~tz, B. Jones, S.
Vroegop, and S. Buxser. 1989. T cell responses to Mls and to
bacterial proteins that mimic its behaviour. Immunol. Rev.
107:62.
2. White, J., A. Herman, A.M. Pullen, K. Kubo, J.W. Kappler,
and P. Marrack. 1989. The V beta-specific superantigen
Staphylococcal enterotoxin B: stimulation of mature T ceils
and tonal deletion in neonatal mice. Cell. 56:27.
3. Kappler,J., B. Kotzin, L. Herron, E.W. Gelfand, ll.D. Bigler,
A. Boylston, S. Carrel, D.N. Posnett, Y. Choi, and P. Marrack. 1989. V beta-specific stimulation of human T cells by
Staphylococcal toxins. Science (Wash. DC). 244:811.
4. Choi, Y., B. Kotzin, L. Herron, J. Calahan, P. Marrack, and
J. Kappler. 1989. Interaction of Staphylococcusaureus toxin superantigens with human T cells. Pro~ Natl. Acad. Sci. USA.
86:8941.
5. Janeway,C.A., J. Chalupny, P.J. Conrad, and S. Buxser. 1988.
An external stimulus that mimics Mls locus responses.J. Immunogenet. (Oxf ). 15:161.
6. Kawabe, Y., and A. Ochi. 1990. Selective anergy of V/~8+,
CD4 + T ceils in Staphylococcusenterotoxin B-primed mice.
.J. Ext~ Med. 172:1065.
7. Rellahan, B.L., L.A. Jones, A.M. Kruisbeck, A.M. Fry, and
L.A. Matis. 1990. In vivo induction of anergy in peripheral
V/~8+ T cells by Staphylococcalenterotoxin B.J. Ext~ Med.
172:1091.
8. Rammensee, H.G., II. Kroschewski, and B. Frangoulis. 1989.
Clonal anergy induced in mature V beta 6 + T lymphocytes
on immunizing Mls-lb mice with Mls-la expressingcells. Nature (Lond.). 339:541.
9. Qin, S., S. Cobbold, R. Benjamin, and H. Waldmann. 1989.
Induction of chssical transplantation tolerance in the adult.
J. ExI~ Med. 169:779.
10. Lamb,J.R.., B.J. Skidmore, N. Green, J.M. Chiller, and M.
Fddmann. 1983, Induction of tolerance in influenza virusimmune T lymphocyte clones with synthetic peptides of
influenza haemagglutinin. J. Exlx Med. 157:1434.
11. Jenkins, M.K., and ll.H. Schwartz. 1987. Antigen presentation by chemicallymodifiedsplenocytesinduces antigen-specific
unresponsiveness in vitro and in vivo. j. Exl~ Med. 165:302.
12. O'Hehir, ll.E., and J.R.. Lamb. 1990. Induction of specific
clonal anergy in human T lymphocytes by Staphylococcus
anreus enterotoxins. Proc. Natl. Acad. Sci. USA. 87:8884.

26.

27.

28.
29.
30.

32.
33.

34.

35.
36.

1499

Hewittet al.

molecules are specificreceptors for Staphylococcusenterotoxin
A. Science (Wash. DC). 244:817.
37. Herrmann, T., P. Komero, S. Sartoris, E Paiola, K.S. Accoila,
J.L. Maryanski, and H.K. MacDonald. 1991. Staphylococcal
enterotoxin-dependent lysis of MHC class II negative target
cells by cytolytic T lymphocytes,f Immunoi. 146:2504.
38. Fleischer,B., and H. Schrezenmeier. 1988. T cell stimulation
by Staphylococcusenterotoxins. Clonaily variableresponse and
requirement for major histocompatibilltycomplex class II molecules on accessory or target cells.J. ExF Med. 167:1697.
39. Matthes, M., H. Schrezenmeier,J. Homfeld, S. Fleischer, B.
Malissen, H. Kirchner, and B. Fleischer. 1988. Clonal analysis
of human T cell activationby the Mycoplasmaarthritidismitogen
(MAS). Eur. f lmmunol. 18:1733.
40. Yagi, J., J. Baron, S. Buxser, and C.A. Janeway. 1990. Bacterial proteins that mediate the association of a defined subset
ofT cell receptor: CD4 complexes with class II MHC.J. Iramunol. 144:892.
41. Kotb, M., G. Majumdar, M. Tomai, and E.H. Beachey. 1990.
Accessory ceU-independent stimulation of human T cells by
streptococcal M protein superantigen, f Imraunol. 145:1332.
42. Fleischer, B., R. Gerardy-Schann,B. Metzroth, S. Carrel, D.
Gerhch, and W. Kohler. 1991 An evolutionaryconservedmechanism of T cell activation by microbial toxins. Evidence for
different affinities of T cell receptor-toxin interaction. J. Immunol. 146:11.
43. Alber, G., D.K. Hammer, and B. Fleischer. 1990. Relationship between enterotoxic and T lymphocyte-stimulating activity of Staphylococcalenterotoxin B. f Imraunol. 144:4501.
44. Grossman, D., K.G. Cook, J.T. Sparrow, J.A. Mollick, and
K.R. Rich. 1990. Dissociation of the stimulatory activities
of Staphylococcalenterotoxins for T cells and monocytes,f
Exl~ Med. 172:1831.
45. Kissonerghis, M.A., K.N. Maini, and M. Feldmann. 1989.
High rate of HLA class II mKNA synthesis in rheumatoid
arthritis joints and its persistence in culture: down-regulation
by recombinant interleukin 2. &and. f Immunol. 29:73.

Downloaded from http://rupress.org/jem/article-pdf/175/6/1493/1102595/1493.pdf by guest on 08 March 2021

31.

specific translocationsin human T cell leukaemia.EMBO (Eur.
Mol. Biol. Organ.)J. 4:1461.
Klein, M.H., P. Concannon, M. Everett, L.D.H. Kim, T.
HunkapiUer, and L. Hood. 1987. Diversity and structure of
human T ceil receptor r chain variableregion genes.Pag Natl.
Acag Sci. USA. 84:6884.
Kimura, N., B. Toyonaga, Y. Yoshikai, R.-P. Du, and T.W.
Mak. 1987. Sequences and repertoire of the human T cell
receptor r and ~ chain variable region genes in thymocytes.
Eur. f Immunol. 17:375.
Concannon, P., L.A. Picketing, P. Kung, and L. Hood. 1986.
Diversity and structure of human T ceil receptor beta chain
variable region genes. Proc Natl. Acad. Sci. USA. 83:6598.
Sims,J.E., A. Tunnacliffe,W.J. Smith, and T.H. gabbitts. 1984.
Complexity of human T cell antigen receptor beta chain constant and variable region genes. Nature (Lond.). 312:541.
Choi, Y:W., A. Herman, D. DiGiusto, T. Wade, P. Marrack,
and J. Kappler. 1990. Residues of the variable region of the
T-ceil receptor beta-chain interact with 8. aureus toxin superantigens. Nature (Lond.). 346:471.
Pullen, A.M., T. Wade, P. Marrack, and J.W. Kappler. 1990.
Identification of the region of T ceil receptor beta chain that
interacts with the sdf-superantigen Mls-la. Cell. 61:1365.
Dellabona, P., J. Peccoud, C. Benoist, and D. Mathis. 1989.
T-cell recognition of superantigens:insideor outside the groove?
Cold Spring Harbor Symt2 Quant. Biol. 54:375.
SchoU,P.R., A. Diez, R. Karr, R.P. Sekaly,J. Trowsdale,and
K.S. Geha. 1990. Effect of isotypes and allelic polymorphism
on the binding of Staphylococcalexotoxins to MHC class II
molecules,f lramunol. 144:226.
Schonrich, G., U. Kalinke,E Momberg, M. Malissen, G. Hammerling, and B. Arnold. 1991. Down regulation of T cell
receptors and self reactive T ceUs as a novel mechanism of extrathymic tolerance induction. Ceil. 65:293.
Fraser,J.D. 1989. High affinity binding of Staphylococcalenterotoxin A and B to HLA-DR. Nature (Lond.). 339:221.
MoUick,J.A., K.C. Cook, and R.R.. Rich. 1989. Chss II MHC

