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A panel of 15 mouse T-cell hybridomas, each expressing a different human Vb gene segment (hVb) in an
otherwise mouse T-cell receptor (i.e., mouse a chain and CD3 complex), was constructed by transfection of
hVb/mouse Cb chimeric T-cell receptor (TCR)-b genes into a mouse T-cell hybridoma recipient lacking the
endogenous TCR-b chain. Several qualities that are conferred by the hVb chain of the TCR are retained in the
chimeric human-mouse TCR complex: a large panel of hVb-specific antibodies specifically stained the hVb
expressed by the mouse T-cell hybridomas. Moreover, hVb-transfected mouse cells could readily produce
interleukin 2 when stimulated by superantigens presented by antigen-presenting cells. These characteristics
made it possible to refine the reactivity of 17 superantigen preparations with the available transfected Vbs.
Each superantigen gave a characteristic pattern of reactivity on the transfectants. Positive reactivities with
some of these transfectants, which differ only by the expressed hVb, demonstrate unambiguously the super-
antigenic character of a protein or fraction and its potential to react with the corresponding Vbs. Therefore,
these hVb-transfected cells constituted a valuable tool for determining ‘‘specificity fingerprints’’ of known or
putative superantigens. First, commonly used, commercially available superantigens such as staphylococcal
enterotoxin B and toxic shock syndrome toxin-1 (TSST-1) showed additional Vb reactivities, compared with
those of their recombinant counterparts. This stresses the importance of using defined preparations of
superantigens for the definition of Vb specificities. Second, the stimulatory pattern of a strain of Streptococcus
pyogenes demonstrated that this strain, unlike others, produces a potent Vb8-specific superantigen that is as
yet undefined at the molecular level.

‘‘Superantigen’’ is the collective term used to denote a het-
erogeneous set of molecules produced by infectious pathogens
and endowed with an extremely potent mitogenic effect on T
lymphocytes (11, 18, 24). Toxic shock syndrome toxin-1
(TSST-1) and the staphylococcal enterotoxins (SEs) constitute
prototypic superantigens, the molecular mechanism of action
of which has been investigated extensively. According to a
currently accepted model, superantigens are bivalent mole-
cules which, by binding simultaneously to major histocompat-
ibility complex (MHC) class II molecules and to variable seg-
ments (Vb or Vg) of the T-cell antigen receptor (TCR)
molecules, subsequently bring about T-cell activation and the
expansion of T-cell populations carrying certain Vbs (13, 18,
24). The Vb reactivity profile of the different toxins identified
to date is based on stimulation of either bulk or cloned T cells
(6, 19, 23). In bulk culture, expansion of T-cell populations
carrying Vbs can be monitored by quantitative PCRs (6) or by
the use of monoclonal antibodies (MAbs) specific for Vb
chains (19). The former approach requires cumbersome cali-
bration steps to obtain reliable, quantitative results, whereas
the latter is still hampered by the few anti-human Vb (anti-
hVb) antibodies presently available. Moreover, when PCR is
used, reactivity for a given superantigen may vary even within
closely related family members that are not differentiated re-
liably even via carefully chosen oligonucleotides. Studies of

individual T-cell lines with defined Vbs showed that reactivity
to a given toxin is also found with T-cell populations that are
not expanded preferentially in bulk culture, presumably be-
cause of a differential affinity of superantigens for Vbs (12, 16).
Such studies are generally performed with human T-cell clones
which have certain experimental limitations; e.g., maintenance
of a large panel of untransformed T-cell clones is difficult, the
activation and functional states of the clones are difficult to
control, and, finally, superantigens, in addition to their capacity
to induce T-cell activation restricted by the TCR-b chain vari-
able region, can deliver activation signals to human T-cell
clones via their MHC class II molecules (31).
To design a more flexible experimental model, we have

constructed a panel of 15 mouse T-cell hybridoma transfec-
tants, each of which expresses a different hVb. These cells were
tested for their reactivity with either highly purified or recom-
binant toxins. This extensive study allowed us to refine the
patterns of reactivity of 17 toxin preparations on the 15 avail-
able transfected Vbs.
Moreover, by using such a panel of murine T-cell lines ex-

pressing hVbs, we could show that many of the commercially
available staphylococcal enterotoxin preparations seem to be
contaminated by other superantigens. Finally, we showed that
this system is valuable for the detection of new superantigens,
such as the ones produced by different strains of Streptococcus
pyogenes.

MATERIALS AND METHODS

Nomenclature. It is important to note that the system for numbering of sub-
families and subfamily members used in this paper is that of Wei et al. (37). The
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more common Vbi.j. designation is kept instead of the official World Health
Organization denomination TCRBViSj.
Constitution of a panel of mouse T-cell hybridoma transfectants expressing

distinct hVbs. The full-length hVb genes were obtained either from available
cloned cDNA (e.g., Vb6.1, Vb21.3, and Vb22 described in reference 15) or from
PCR-amplified products obtained from RNA of peripheral blood lymphocytes or
T-cell lines (Table 1). The hVbs were subsequently linked to a mouse Cb2
(mCb2) gene and transfected into the DOIS19 cell line, a b chain-loss variant of
the mouse DO.11.10 T-cell hybridoma (22).
PCR experiments and chimeric hVb/mCb gene construction. Total RNA was

prepared from phytohemagglutinin-stimulated blasts or T-cell lines by the gua-
nidium isothiocyanate method (27). cDNA was prepared from 1 mg of RNA with
reverse transcriptase (Life Technologies Inc., Gaithersburg, Md.) according to
the manufacturer’s instructions and subjected to PCR amplification as described
earlier (26). A set of sense primers specific for Vb gene leader sequences (Table
1) was used in combination with the single antisense primer 59GGGAGAT
CTCTGCTTCTGATGG39, specific for both hCb1 and hCb2 genes, to amplify
the different hVb genes as well as a short portion of Cb (codons 1 to 22). Each
sense primer contained an EcoRI site for cloning and the ATG initiating codon,
whereas the single antisense primer straddles the unique BglII site present in
both the hCb1 and hCb2 genes. After digestion with EcoRI and BglII, each
amplification product was cloned in front of codons 23 to 173 of mCb2 by
ligation into the EcoRI- and BglII-digested pBSCbm15 plasmid (26) to recon-
stitute a complete chimeric TCR-b transcription unit. Several of the resulting
clones were sequenced with the U.S. Biochemical Corp. (Cleveland, Ohio) Se-
quenase kit. Clones with Vb gene sequence exactly matching previously pub-
lished sequences were selected (Table 1). A sequence with in-frame Db, Jb was
picked randomly from each pool of hVb-containing clones for the subsequent
cloning steps. Vb8.1 was amplified from mRNA from Jurkat cells, and the
sequence of the Db, Jb region was identical to the YT35 sequence, published
previously for the b chain gene of this cell line.
Transfection of the hVb/mCb chimeric genes. The strategy used for the ex-

pression of the hVb/mCb genes was essentially the same as that described earlier
with the pHbPr-1neo plasmid as an expression vector (26), except that we used
here a new expression vector, NT, which was substantially more efficient for
driving the expression of the chimeric genes. This vector was constructed for the
stable expression of genes under the SRa promoter (32). Briefly, the SalI frag-
ment, containing the SRa promoter of pcDL-SRa296 (32), was cloned into the
SalI-linearized PSV2-neo plasmid (30). The plasmid NT was chosen for the
following manipulations, in which the neomycin resistance gene and the cloned
gene under the SRa promoter had the same direction of transcription. The
different chimeric b chain genes were subcloned into the NT expression vector
and electroporated into the DOIS19 cell line. To enhance surface TCR expres-
sion, the cells were cotransfected with the mCD3-z chain gene under the control
of the b-actin promoter (36). This led to a 5 to 10 times higher level of expression
of the TCR on the cell surface compared with transfection with the TCR-b gene
only. Cells were selected and maintained in Dulbecco’s modified Eagle’s medium
containing 10% fetal calf serum in the presence of 2 mg of G418 per ml. Surface
expression of the TCR was monitored by MAbs specific for the TCR complex
(see below).

Fluorescence-activated cell sorter analysis and MAbs. 145-2C11 (2C11) is an
anti-mCD3 ε (21). Several anti-hVb-specific antibodies were generated with the
following transfected cells as immunogens: Vb2 (E22E7.2), Vb5.1 (Immu157),
Vb6.1 (CRI304.3), Vb9.1 (Fin9), Vb12.2 (Ver2.32), Vb14 (Cas1.1.3), Vb16
(Tamaya1.2), Vb17 (E175F3), Vb21.3 (Ig125), and Vb22 (Immu546). These
antibodies are available from Immunotech (Marseilles, France). Other antibod-
ies raised against human T-cell clones or lines and specific for Vb2 (MPB2/D5)
(7), Vb3 (JOVI3) (35), Vb12 (S511) (2), Vb17 (C1) (14), Vb8 (56C5; Immu-
notech), and Vb13 (JU74; Immunotech) were also used in this study. JU74 was
originally described as an anti-Vb13.6-specific antibody (10), but we showed
during this study that it also recognized the closely related subfamily member
Vb13.3. For staining, 105 cells were incubated for 30 min at 48C with primary
anti-TCRMAb, and after being washed, the cells were then incubated for 30 min
at 48C with polyclonal goat anti-mouse F(ab9)2 fragments coupled to phyco-
erythrin (GAMIG-PE; Immunotech). Cells were analyzed with a FACScan flow
cytometer (Becton Dickinson, Mountain View, Calif.).
Cell lines. The Burkitt’s lymphoma line BJAB (HLA-DR2 and DR5), the Raji

line (HLA-DR3 and -DR6) and its selectively HLA class II-deficient mutant
RJ.225, and the mouse B-cell lymphoma A20/J and its HLA-DR3-transfected
derivative A20D45 (the gift of U. Haemmerling, Heidelberg, Germany) were
used as antigen-presenting cells (APCs). Jurkat cells, an hVb81 interleukin 2
(IL-2)-producing T-cell line, were obtained from S. Carrel, Lausanne, Switzer-
land. The Jurkat line was 99% positive by fluorescence-activated cell sorter
analysis with the anti-Vb8 antibody 56C5. The murine T-cell hybridoma
3D054.8, specific for ovalbumin and IAd, was obtained from R. McDonald,
Lausanne, Switzerland.
Superantigens. The SEs SEA, SEC2, SEC3, SED, SEE, and TSST-1 were

purchased from Toxin Technology Inc. (Madison, Wis.). SEB was produced as a
recombinant molecule (recSEB) in Staphylococcus aureus (12). SEE and the
streptococcal pyrogenic exotoxins A and C (SPEA and SPEC, respectively) were
produced as recombinant molecules in Escherichia coli (4). recSEA produced in
E. coli was the gift of Michael Dohlsten, Kabi-Pharmacia Inc., Lund, Sweden.
recTSST-1 produced in S. aureus (3) was the kind gift of P. Bonventre, Depart-
ment of Microbiology, University of Cincinnati, Cincinnati, Ohio. Three S. pyo-
genes strains, which were isolated from patients with scarlet fever and which did
not contain the genes for SPEA and SPEC, were obtained from J. J. Ferretti,
University of Oklahoma, Norman, Okla. The type-specific antigens of strains 86,
116, and 391 were M2, T4, M12, T12, and M22,T2 respectively. Supernatants of
Mycoplasma arthritidis were used as a source of the M. arthritidis mitogen
(MAM). They were dialyzed against cell culture medium and used at dilutions of
1:100 to 1:400.
T-cell stimulation assay. Stimulation of the T-cell hybridoma transfectants was

done in triplicate 200-ml microcultures containing 5 3 104 T cells and 2.5 3 104

accessory cells, as described previously (4). The amount of IL-2 produced by the
responding T-cell hybridomas was determined in an IL-2 bioassay with CTLL-2
cells and measured by [3H]thymidine uptake after 24 h for at least 6 h. Data are
given as the means of triplicate experiments. Standard errors of the mean were
always below 10% (except for low values).

TABLE 1. Origins of the cDNAs of the hVbs used for the transfection experiments

Specificitya Sequence (59 to 39) of sense primer for cDNA derived by PCR from
RNA and source of other sequencesb

cDNA with published
matching sequence

Vb1.1 TAGAATTCATGGGCTTCAGGCTCCTC HBVT73
Vb2.1a TAGAATTCATGCTGCTGCTTCTGCTG TCRBV2S1*2 (9)
Vb3.1 TAGAATTCATGGGAATCAGGCTCCTC PL4.4
Vb5.1 TAGAATTCATGGGCTCCAGGCTGCTCTGTT HBVP51
Vb6.1 Cloned cDNA (15) HBVP50
Vb8.1 From Jurkat mRNA:

TAGAATTCATGGACTCCTGGACCTTC
YT35

Vb9.1 TAGAATTCATGGGCTGCAGGCTCCTCTGCTGTG PL2.6
Vb12.2 TAGAATTCGAAATGGGCACAAGGTTGTTCTTC Vb12.2 (28)
Vb13.1 GGGAATTCAAGATGGCCATCGGCCTCCTGTGCTGTGC HBVP34
Vb13.3 TAGAATTCGCACCTGCCATGAGCATCGGGCTCCTG IGRb14
Vb14.1 GCGAATTCCACCATGCTGAGTCCTCTGCTCCTTC PH21
Vb16.1 GCGAATTCCACCATGGTTTCCAGGCTTCTCAGTT HT370
Vb17.1 TAGAATTCTTGAGCAACCAGGTGCTC HBVT02
Vb21.3 Cloned cDNA (15) IGRb01
Vb22.1 Cloned cDNA (15) IGRb03

a Nomenclature for Vb is as defined in reference 37, where references for the HBVT, PL, PH, HBVP, YT35, HT370, and IgR sequences can be found.
b Unless otherwise stated, the cDNAs were obtained by PCR from RNA of peripheral blood lymphocytes by the sense primers indicated, each one annealing to the

leader sequence of the cognate Vb, and a common antisense primer hybridizing at the beginning of hCb. The sequences of the cloned PCR products and other cDNAs
matched the indicated published sequence exactly.
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RESULTS

Expression of 15 distinct hVb gene products in mouse
DOIS19 T cells. Fifteen hVb/mCb chimeric cDNAs were
transfected individually into the mouse TCR-b-negative T-cell

hybridoma DOIS19. As shown in Fig. 1, the DOIS19 cells
stably transfected with the chimeric genes containing hVb1.1,
hVb2.1, hVb3.1, hVb5.1, hVb6.1, hVb8.1, hVb9.1, hVb12.2,
hVb13.1, hVb13.3, hVb14.1, hVb16.1, hVb17.1, hVb21.3, and

FIG. 1. Staining pattern of the mouse cell lines transfected with different hVbs. The anti-CD3 ε MAb 2C11 (black histograms) demonstrates the reconstitution of
TCR-CD3 complexes at the surface of the mouse TCR-b2 T-cell hybridoma DOIS19, used as recipient cells, after transfer of the indicated chimeric hVb/mCb2 cDNAs.
A panel of anti-Vb MAbs, each specific for one of the transfected hVbs, except for hVb1, was also used to stain the various transfectants. As expected, each antibody
(name of each antibody is given by its histogram) specifically stained its corresponding Vb-transfected cells and gave a background signal with all of the other
transfectants (not shown). The histograms are compared with that of a negative control (NEG) obtained after staining of each of the cell lines with an irrelevant
anti-human CD25 MAb (Immunotech). The signal given by a particular anti-Vb on its specific transfectant was generally brighter than the one obtained with 2C11.
This is likely to result from the higher affinity of the GAMIG-PE secondary reagent for the mouse antibodies (which was the case with all anti-hVb-specific MAbs)
than that for the hamster antibody (which was the case with 2C11).
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hVb22.1 (nomenclature according to reference 37) were
clearly stained by the anti-mCD3 εMAb 2C11. As expected, no
signal above background was found for DOIS19 nontrans-
fected cells. The levels of TCR expression of the transfectants
can be compared by using the signal given by the 2C11 anti-
body. The level of expression was a function of the transfected
b-chain and varied by a factor of 10 between the weakest,
Vb6.1 (mean fluorescence of 25), and the strongest, Vb13.3
(mean fluorescence of 250), TCR expressors.
Staining of the transfected cells with Vb-specific reagents.A

panel of MAbs specific for hVbs, was also used to specifically
monitor TCR expression in the various transfectants. The pat-
tern of staining with these specific anti-hVb MAbs is shown in
Fig. 1, except for that of hVb1, for which no antibody is
presently available. All of these anti-VbMAbs stained only the
cells transfected with the corresponding Vb and gave only
background staining with all of the other transfected cells. We
showed previously that antibodies raised against Vb2 and
Vb17 transfectants specifically recognized human T cells car-
rying the corresponding Vb (26). This original observation has
been expanded to nine other new MAbs (see Materials and
Methods). Conversely, all of the antibodies raised against hu-
man T-cell clones or lines that we tested, Vb2 (MPB2/D5),
Vb3 (JOVI3), Vb8 (56C5), Vb12.2 (S511 [data not shown]),
Vb13.3 and Vb13.6 (JU74), and Vb17 (C1), stained their cor-
responding Vb-transfected cell lines. Taken together, these
results strongly suggest that the conformation of the hVbs
expressed at the surface of the mouse cell in the otherwise
mouse TCR-CD3 complex is similar to that in the fully human
TCR-CD3 complex.
Expression of the hVb8.1 is sufficient to confer specificity

for superantigenic toxins. Vb8.11 human cell line Jurkat cells
and Vb8.1-transfected mouse cells were compared for their
responses to different toxins presented by Raji cells (Fig. 2).
Both cell lines responded to SEA, SED, and SEE but not to
TSST-1, SEB, SPEA, or SPEC. There was no response to any
superantigen when the class II-negative RJ.225 cells were used
as APCs (data not shown). SEE was the most potent toxin to
elicit a response in the two cell lines, followed by SED and
SEA in that order. It is evident from Fig. 2, that the relative
patterns of responses to the different toxins were identical in
the two cell lines. However, Jurkat cells responded to all toxins
at approximately 30-fold lower concentrations than the
hVb8.1-transfected mouse cell line. Thus, the specificity of the
response was determined by Vb, whereas the sensitivity of the
response was determined, for a given APC, by the responder
cell. We therefore tested the responses of the two cell lines
with different APCs. As shown in Fig. 3, Jurkat cells did not
respond to SEE when presented by the murine B-cell line
A20/J and showed only a marginal response to SEE presented
by the HLA-DR3-transfected A20D45 cells. In contrast, the
hVb8.1-transfected mouse cells showed a good response to
A20D45 cells with SEE but only a low-level response to non-
transfected A20/J cells. This indicates that the human class II
molecules (HLA-DR, -DQ, and -DP) are much more efficient
in presenting SEE than the H-2d class II molecules (IE and IA)
expressed by the A20 cell line. Moreover, it suggests that ad-
ditional species-specific interactions may contribute in an im-
portant way to the triggering induced by SEE when presented
by A20D45 cells.
Specificity of Vb transfectants for microbial superantigens.

Finally, we tested the Vb-transfected cells for their reactivity
with a panel of staphylococcal and streptococcal superantigens.
We used commercially available toxin preparations as well as a
number of toxins produced as recombinant proteins in E. coli
and S. aureus. A first screening was done with concentrations

of 100 ng of toxins per ml or a 1/200 dilution of supernatants
(see, for example, Table 3). A dose-response curve was then
determined for each toxin preparation which showed positivity
with a given transfectant, as illustrated in Fig. 2 and 3. The
results of this screening are summarized in Table 2. These data
are the synthesis of results from many different experiments (at
least three independent experiments) in which each T-cell line
was tested against the different toxins. The results have been
collected by grouping the responses into the categories strong,
intermediate, weak, and negative. Several conclusions can be
drawn from this series of experiments. Each transfectant has its
own specific pattern of response with different toxins. For
Vb6.1, Vb13.1, and Vb13.3 transfectants, no reactivity with
any of the toxins used could be detected, despite their ability to
produce IL-2 upon stimulation with phytohemagglutinin or
2C11 antibody (data not shown). The patterns of reactivity
observed with different Vbs for a given toxin are consistent
with what had been described previously with superantigen
stimulation of bulk T cells. For example, SEB has been re-
ported to elicit the proliferation of Vb3, Vb12, Vb15, Vb17,
and Vb20 populations (6). The results obtained with the panel
of Vb-transfected cells confirm this pattern of reactivity for the

FIG. 2. Expression of the hVb8.1 segment confers specific reactivity to bac-
terial toxins in both a mouse and a human TCR-CD3 complex. The IL-2 pro-
duced by Jurkat cells (A), expressing hVb8.1 in the fully human TCR-CD3
complex, and the hVb8.1 DOIS19-transfected cells (B), expressing hVb8.1 in the
chimeric hVb/otherwise mouse TCR-CD3 complex, in response to recSEA,
recSEB, SED, and recSEE presented by Raji cells was measured by incorpora-
tion of [3H]thymidine in CTLL-2 cells. Maximal proliferation of CTLL-2 cells in
the presence of saturating concentrations of IL-2 gave an incorporation of 54,000
cpm. The figure shows typical results from three independent experiments.
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available hVb-transfected hybridomas. The reactivity of
TSST-1 (Vb2) was also confirmed. For SEE, a reactivity was
found with Vb21.3 in addition to the one with Vb5.1 and
Vb8.1 described previously (6). The results obtained with
SEC2 were conflicting, because only reactivity with the Vb14
transfectant was found and no reactivity with Vb12 and Vb13.1
was found, as originally reported (6). It should be noted that a
similar mouse T-cell hybridoma transfected with Vb13.1 also
failed to respond to this toxin, whereas a transfected Vb13.2
cell line did respond (5). Recently, Abe et al. investigated the
response of human T cells to SPEA. They found a proliferation
of Vb8, Vb12, and Vb14 populations (1). In contrast, Tomai et
al. (33) reported that SPEA stimulates Vb2, Vb12, Vb14, and
Vb15. Using recSPEA on the panel of transfectants, we con-
firmed only the Vb12 and Vb14 stimulation and found an
additional slight reactivity with Vb9. The latter publication
also reported the pattern of stimulation triggered by SPEC, in
which Tomai et al. (33) found a reactivity of Vb1, Vb2, Vb5.1,
and Vb10 T-cell populations. Vb10 is very likely to be a non-
functional pseudogene (HUMTCRB GenBank sequence, ac-
cession number L36092), which would stress the limits of the
PCR-based data. Using recSPEC on the transfectants, we only
confirmed the reactivity of SPEC with Vb2. MAM has been
reported to induce the proliferation of at least Vb17- and
Vb3-carrying cells in bulk culture (14). MAM was the only
defined superantigen which failed to trigger a response in any
of the transfectants used here (see Discussion). We used the
murine hybridoma 3DO54.8 as a positive control, showing that
our MAM preparation in fact contained active superantigen.
As shown in Table 3, 1:200 dilution of the supernatant was
sufficient to obtain maximal response from this hybridoma.
Our MAM preparation was also highly mitogenic for BALB/c
spleen cells (not shown).
Comparison between toxin preparation from S. aureus and

recombinant toxins. The patterns of reactivity differed be-
tween certain commercial toxins prepared from S. aureus
strains (SE) and ‘‘the same’’ toxins produced as recombinant
proteins (recSE). A previous study suggested that SEB may not
have the same Vb profile as that of recSEB (17). We refined
and extended this observation. The SEB preparation was a

FIG. 3. IL-2 production by Jurkat cells (A) and the hVb8.1 DOIS19 trans-
fectant (B) in response to recSEE presented by different MHC class II-positive
cells: Raji cells (E), nontransfected A20/J cells (1), and A20D45 cells (p), a
DR3-transfected A20/J cell line. Typical results from three independent exper-
iments are shown.

TABLE 2. Reactivity of Vb transfectants with different pyrogenic exotoxin superantigens

Toxin
Reactivity witha:

Vb1 Vb2 Vb3 Vb5.1 Vb6.1 Vb8.1 Vb9 Vb12.2 Vb13.1 Vb13.3 Vb14 Vb16 Vb17.1 Vb21.3 Vb22

SEA 11 2 2 1 2 1 111 2 2 2 2 111 2 2 11
recSEA 11 2 2 1 2 1 111 2 2 2 2 111 2 2 11
SEB 111 2 111 2 2 2 111 11 2 2 111 2 111 2 2
recSEB 2 2 111 2 2 2 2 11 2 2 111 2 111 2 2
SEC2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2
SEC3 2 2 2 1 2 2 2 2 2 2 11 2 2 11 2
SED 111 2 2 2 2 111 11 2 2 2 2 2 2 11 2
SEE 2 2 2 111 2 111 2 2 2 2 2 2 2 111 2
recSEE 2 2 2 111 2 111 2 2 2 2 2 2 2 11 2
TSST-1 2 111 2 111 2 2 2 2 2 2 2 2 2 1 2
recTSST-1 2 111 2 2 2 2 2 2 2 2 2 2 2 2 2
recSPEA 2 2 2 2 2 2 1 11 2 2 111 2 2 2 2
recSPEC 2 111 2 2 2 2 2 2 2 2 2 2 2 2 2
86 11 2 2 2 2 2 2 2 2 2 2 2 2 2 2
116 2 2 2 2 2 111 2 2 2 2 2 2 2 2 2
391 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
MAS 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

a Transfected hybridomas were tested for their proliferative response against several concentrations of superantigens in the presence of Raji cells as presenting cells.
Each toxin was tested in concentrations of 1, 10, 100, and 1,000 ng/ml. 2, no response at the highest concentrations; 1, 2- to 10-fold stimulation at 100 ng/ml; 11,
10- to 50-fold stimulation at 100 ng/ml; 111, .50-fold stimulation at 100 ng/ml. Also tested were supernatants of three S. pyogenes strains (86, 116, and 391) and
supernatants from M. arthritidis cultures (MAS) at a 1:200 dilution.
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potent stimulant for Vb1 and Vb9 transfectants. This was not
the case for recSEB. Similarly, TSST-1 stimulated Vb5.1 and
Vb2 transfectants, whereas recTSST-1 stimulated only the
Vb2 transfectant.
Patterns of reactivity of different strains of S. pyogenes. A

panel of S. pyogenes strains was tested for the production of
superantigens with the transfectants. The patterns of reactivity
of three strains are included in Table 2. These bacteria did not
contain the genes for SPEA and SPEC but secreted a mitogen
or mitogens that stimulate peripheral blood mononuclear cells
(data not shown). As can be seen from Table 2, one of the
strains, 86, contained a superantigen stimulating Vb11 cells,
whereas supernatants of strain 116 selectively stimulated Vb81

cells. There was no other known streptococcal superantigen
that had an identical pattern of reactivity.

DISCUSSION

S. aureus toxins are responsible for a significant percentage
of all food poisonings and are also associated with severe
shock. The pyrogenic, erythrogenic toxins are major determi-
nants of the pathogenicity of group A streptococci. Moreover,
superantigens have been suspected to play a role in important
human diseases such as rheumatoid arthritis (25), diabetes (8),
rabies (20), or even human immunodeficiency virus infection,
although most of these results await confirmation. The stimu-
lation of a sizeable fraction of T cells bearing a particular Vb
or Vbs is thought to be the most important mechanism of
pathogenicity, and determination of the Vb specificities of the
toxins is essential to understand and counteract their actions.
We present here a flexible experimental system with which to
study the reactivity of a protein or fraction suspected to be
superantigenic. The system relies on the stimulation of a panel
of mouse T-cell hybridomas transfected with hVbs. Upon pre-
sentation by APCs of superantigens specific for a transfected
Vb, the cell lines readily produce measurable amounts of IL-2.
Choi et al. (5) and we (4, 26) have illustrated the utility of this
system by using a very limited panel of such transfected cells
expressing hVb2, hVb13.1, and hVb13.2. As documented in
this paper, we have extended this approach to 13 additional
hVbs. Moreover, during the course of this study, we have
constructed five additional transfectants expressing hVb4,
hVb6.5, the functional allele of hVb20, hVb23, and hVb24.

Therefore, the TCR-b chain-loss variant DOIS19 constitutes a
very permissive recipient for the expression of chimeric hVb/
mCb polypeptides, which, to date, has been only refractory to
the expression of hVb15. The cell lines described here offer all
of the advantages of mouse T-cell hybridomas in that they are
easy to grow in large quantities and display levels of TCR
expression which are stable for several weeks of continuous
culture. Moreover, the sensitivity reached by such cell lines in
detecting superantigenic activity is several orders of magnitude
greater than that of any biochemical or serological test. These
advantages allowed us to test in a parallel manner most of the
superantigens described to date. Our findings are on the whole
consistent and in some cases extend the described specificities
of these toxins for Vbs.
Some important discrepancies were also detected. For ex-

ample, MAM has been shown clearly to promote the expan-
sion of at least Vb17- and Vb3-bearing T cells in bulk culture,
but MAM failed to trigger our Vb17 transfectant. This was not
due to the inability of this transfectant to respond, because it
produced IL-2 upon stimulation with SEB, nor was it due to
our preparation of MAM, which stimulated a mouse T-cell
hybridoma when presented by Raji cells, was highly mitogenic
for mouse spleen cells, and gave the usual small, but signifi-
cant, response on human peripheral blood mononuclear cells
(12). No definitive conclusions can be drawn from such nega-
tive results in this experimental system. A negative response
may be due intrinsically to the fact that the toxin does not bind
the expressed Vb, but we cannot rule out a negative influence
of the ‘‘mouse context,’’ as discussed below. Comparison of the
mouse Vb8 transfectant with the human Vb81 Jurkat cell line
for the reactivity to toxins presented by human Raji cells
showed that the patterns of reactivity were qualitatively the
same but quantitatively different, giving a 30-fold lower sensi-
tivity of the mouse transfectant than that of the human cell
line. Our study of the reactivity of these two cell lines to SEE
presented by either the mouse A20/J cell line and its HLA-
DR3 counterpart or human Raji cells implies that apart from
TCR engagement, additional interactions, presumably through
adhesion molecules, play an important role in the triggering of
the effector cells. This study also suggested that the interac-
tions of the molecules involved are species specific and are
retained to a greater degree when the effector cell is of human
origin and the APC is of mouse origin, compared with the
reverse combination. Besides this impaired sensitivity, the lack
of reactivity for a superantigen of a mouse cell line transfected
with an hVb, which potentially reacts with that superantigen,
can be explained by additional factors which are not specific to
our experimental system. The human Db, Jb region or mouse
Va can play a dominant negative role. Such a transdominant
effect has been demonstrated for Va in mice for the Mls1a
superantigen (29, 34). Some superantigens may require MHC
molecules not present on our APCs, and certain Vbs may also
require special MHC molecules not present on Raji cells (12).
All of our experiments were performed with Raji cells as
APCs. In experiments not shown here, with cells from another
Burkitt’s lymphoma line, BJAB, as APCs, the patterns of re-
activity of the transfectants did not change. Instead, only the
dose-response curve for some toxins changed, indicating that
the class II allotype was not a decisive variable in our system.
However, given the fact that all of the cell lines differ only by

the transfected b-chain and that the chimeric TCR is very
unlikely to react with peptide antigens or in an allogeneic
manner, positive signals for given transfected cell lines strongly
suggest the superantigenic character of a protein or fraction
and its potential to react with the corresponding Vb(s). There-
fore, our Vb-transfected cells are valuable for determining

TABLE 3. Reactivity of Vb transfectants with MAMa

Superantigen
Reactivity (cpm) with MAMb

Vb1 Vb2 Vb8.1 Vb9 Vb12.2 Vb22 3DO54.8

Medium 240 230 314 248 288 215 223
MAM 268 206 316 240 208 320 25,000
recSEA 23,000 nt nt 23,200 nt 20,700 21,100
recSEE nt nt 27,200 nt nt nt nt
recSPEA nt nt nt nt 18,600 nt 21,600
recSPEC 298 27,000 nt nt nt 206 nt

a Transfected hybridomas and the ovalbumin-IAd-specific murine T-cell hy-
bridoma 3DO54.8 as a positive control were tested for their proliferative re-
sponses against MAM and the toxins indicated in the presence of Raji cells as
presenting cells. Each toxin was tested at a concentration of 100 ng/ml; MAM
was used as a 1:200 dilution of supernatant from M. arthritidis cultures. This
preparation of MAM was highly mitogenic for mouse spleen cells and gave a
small but significant response on human peripheral blood mononuclear cells, as
described previously (12).
b Results are given as means of triplicate experiments in counts per minute

incorporated by CTLL-2 cells. nt, not tested.
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‘‘specificity fingerprints’’ when a superantigen is suspected in
infectious agents or diseases and for orienting the research in
polyclonal Vb T-cell expansion. This is exemplified by the
stimulatory pattern of S. pyogenes 116, which produces a strong
Vb8-stimulating mitogen despite being negative for the genes
encoding SPEA and SPEC. None of the known streptococcal
superantigens matches this reactivity. Vb8 stimulation has
been reported for SPEB; however, this molecule has been
shown not to be a superantigen (4). recSPEB produced in E.
coli did not stimulate either the Vb8.1 transfectant or Jurkat
cells, nor did it stimulate human peripheral blood mononu-
clear cells (data not shown).
Moreover, using our panel of cells, we have demonstrated

that the patterns of reactivity of two commonly used toxins
(SEB and TSST-1) differed significantly from those of their
cognate toxins produced as recombinant proteins. These dif-
ferences may be explained by at least the following two factors.
First, the recombinant toxin was a molecular variant carrying a
mutation or mutations in a region that determined the Vb
interaction, and second, the preparation derived from S. aureus
was not pure but contained another superantigen. The at-
tempts to map the reactivity of the different toxins for hVbs
must take into account their potency in stimulating T cells at
femtomolar to nanomolar concentrations. Even highly purified
preparations of toxins, apparently pure by all biochemical cri-
teria, may still contain trace amounts of superantigens suffi-
cient to trigger a functional response (4). The present data
stress the importance of using a defined preparation of ‘‘stan-
dard’’ superantigens with known nucleotide sequences for the
definition of Vb specificities.
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