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ABSTRACT Superantigens, such as staphylococcal en-
terotoxin B (SEB), elicit a strong proliferative response in T
cells when presented in the context of major histocompatibil-
ity complex (MHC) class II molecules. We observed a similar
T-cell response, when MHC class II-negative epidermal cell
lines were employed as antigen-presenting cells. Inmunopre-
cipitation studies indicated that the ligand to which SEB
bound had a molecular mass of 46 kDa. Radiolabeled SEB
could be immunoprecipitated from isolated membrane pro-
teins on the SCC13 epidermal cell line with a monoclonal
antibody directed against the MHC class I molecule, and
transfection of the K-562 cell line with MHC class I molecules
showed a 75% increased SEB-binding capacity compared with
the nontransfected MHC class I- and class II-negative coun-
terpart. In functional studies, antibodies to the MHC class I
molecule inhibited T-cell proliferation by at least 50%. From
these studies, we conclude that MHC class I molecules on
malignant squamous cell carcinomas serve as ligands for SEB,
which, given the appropriate costimulatory signals, is suffi-
cient to allow for superantigen-induced T-cell proliferation.

Superantigens are a heterogeneous group of structurally di-
verse bacterial exotoxins, viral protein products, and endoge-
nous self-antigens that include staphylococcal exotoxins A-E,
toxic shock syndrome toxin, streptococcal pyrogenic toxins,
and protein products of Mycoplasma arthritidis and the human
immunodeficiency virus (1, 2). They are key participants in a
variety of diseases and have been implicated in the pathogen-
esis of such chronic cutaneous disorders as atopic dermatitis
and psoriasis (3, 4).

The precise mechanism by which superantigens cause these
diseases is still incompletely understood, although much at-
tention has focused on their ability to activate subpopulations
of T lymphocytes that bear specific VB T-cell antigen receptors
(TCRs carrying a specific B-chain variable region) (1, 5-7).
This activation process initiates T-cell proliferation and cyto-
kine production (8, 9) and confers non-MHC specific T-cell
cytotoxicity against a variety of tumor lines (6, 10, 11). Like
conventional antigens, superantigens require antigen-present-
ing cells (APC) for optimal T-cell activation. In most situa-
tions, these potent T-cell stimuli bind to APC through covalent
interactions with MHC class II determinants. However, unlike
conventional antigens, superantigens adhere to nonpolymor-
phic regions on the outer face of the molecule rather than to
the antigen-binding groove (12, 13). This unique interaction
enables APC to bypass the usual MHC haplotype restrictions
for T-cell activation.

The relationship between superantigens and class II MHC
is well established and, with respect to SEB, has recently been
confirmed by x-ray crystallography (14, 15). However, obser-
vations in our laboratory (vide infra) and reports by other
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groups (16-19) strongly suggest that ligands aside from MHC
class II molecules exist on APC. This is of particular interest
because many of the superantigen-presenting cells used to
demonstrate MHC class II-independent T-cell activation are
tumor cell lines (17-19).

The nature of the alternative ligand on MHC class II-
negative cells, has yet to be determined, however. To address
this issue, we conducted a series of experiments employing
SCC13 cells, a cutaneous squamous cell carcinoma line devoid
of MHC class II molecules, and other class II-negative squa-
mous cell carcinoma cell lines (A431 and SCC4) to identify
their superantigen-binding structures. Our studies indicate
that, on these cells, MHC class I determinants serve as
SEB-presenting surface molecules able to initiate strong im-
munological responses.

MATERIALS AND METHODS

Antibodies. RR-1, a neutralizing monoclonal antibody
(mAb) against intercellular adhesion molecule 1 (ICAM-1),
was the gift of Robert Rothlein (Boehringer Ingelheim). BB-1,
a neutralizing mAb against B7 adhesion molecule was pro-
vided by Edward Clark (University of Washington, Seattle).
mAbs 9.3F10 (which identifies a common determinant among
HLA-DR, HLA-DP and HLA-DQ molecules) and W6/32
(which recognizes MHC class I antigens) were both obtained
from the American Type Culture Collection (ATCC). A
polyclonal rabbit anti-SEB antibody was obtained from Sigma.
Monoclonal anti-VB2 and anti-VB3 TCR antibodies were
obtained from Immunotech. All antibodies were used in
purified form.

Cell Lines and Culture Conditions. The human epidermal
squamous cell carcinoma cell line SCC13 was maintained in 1:1
(vol/vol) Dulbecco’s modified Eagle’s medium (DMEM)/
Ham’s F-12 medium (Whittaker M. A. Bioproducts, Walkers-
ville, MD) containing 10% (vol/vol) heat-inactivated fetal calf
serum (FCS; Hyclone Laboratories), 10 ug of insulin per ml,
40 ng of hydrocortisone (Sigma) per ml, 100 units of penicillin
per ml, 100 pg of streptomycin per mi, and 2 mM L-glutamine
(GIBCO). The human squamous cell carcinoma cell lines
SCC4 and A431 were grown in DMEM containing 10% FCS,
100 units of penicillin per ml, 100 ug of streptomycin per ml,
and 2 mM L-glutamine. K-562-cells and Epstein—-Barr virus
(EBV)-transformed B-cell lines were cultured in RPMI 1640
medium containing 10% FCS, 100 units of penicillin per ml,
100 pg of streptomycin per ml, and 2 mM L-glutamine (RPMI

Abbreviations: SEB, staphylococcal enterotoxin B; MHC, major his-
tocompatibility complex; FACS, fluorescein-activated cell sorting;
ICAM-1, intercellular adhesion molecule 1; TCR, T-cell receptor;
APC, antigen-presenting cells; V, variable; mAb, monoclonal anti-
body; RT, room temperature.
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culture medium). Cultures were fed twice a week and main-
tained at 37°C in 5% CO,/95% air.

T-lymphocytes were isolated by a four-step purification
procedure that has been described (20). Briefly, cells were
collected from the blood of healthy volunteers. Mononuclear
cells were then isolated by Ficoll/Hypaque density gradient
centrifugation. The resulting cell population was sequentially
incubated on plastic, passed over a nylon wool column, treated
with L-leucine methyl ester (Sigma), and incubated with anti-
MHC class IT monoclonal antibodies (OKIa; Ortho Pharma-
ceuticals) and complement (PelFreeze). The purified T cells
failed to proliferate to SEB or anti-CD3 antibodies without the
addition of APC to cultures.

Proliferation Assays. Proliferation assays were performed
by coincubating 5 X 10* x-irradiated squamous cell carcinoma
cell lines with 1 X 105 purified T cells and SEB in 200 ul of
complete medium consisting of RPMI culture medium in
round-bottom, 96-well microtiter plates (Becton Dickinson)
for 5 days at 37°C in 5% CO,/95% air. SEB (Sigma) was added
to a final concentration of 5 ng/ml. T-cell proliferation was
determined by the uptake of [*H]thymidine (ICN), which was
added to the cultures 18 hr before termination of the assay.
Radioactive measurements were taken on a Beckman LS6000
scintillation counter. For some experiments, antigen-present-
ing squamous cell carcinoma cell lines were suspended in
sterile phosphate-buffered saline (PBS) containing 1% para-
formaldehyde and incubated for 30 min at room temperature.
They were then washed extensively in PBS, resuspended in
complete medium, and allowed to stand for 30 min before
being placed in culture.

Immunoblot (Western Blot) Analysis for MHC Class 1I
Expression. For each sample, cell membranes of each of 3 X
10° B cells, epidermal melanocytes, and SCC13 cells were
recovered by lysis in 0.5% Triton X-100 buffer containing 50
mM Tris chloride (pH 8.0), 100 mM NaCl, and proteinase
inhibitors (2 ug of aprotinin, 2 ug of leupeptin, and 100 ug of
phenylmethylsulfonyl fluoride per ml) for 30 min on ice. After
ultracentrifugation [at 14000 rpm (50.2 Ti fixed-angle rotor)
for 30 min at 4°C], 30 ug of each protein sample was subjected
to nonreducing SDS/12% PAGE. It was subsequently elec-
trotransferred to a nitrocellulose membrane (Millipore). Non-
specific binding sites were blocked by incubation in 5% fat-free
dried milk with 0.05% Tween 20 for several hours. Staining was
carried out by using the mouse monoclonal antibody 9.3F10.
To visualize the hybridization, a second alkaline phosphatase-
conjugated anti-mouse IgG antibody was applied (Sigma).

Immunoprecipitation. B-cells, epidermal melanocytes, or
SCC13 cells (5 X 10°) were surface-iodinated by using 1 mCi
(1 Ci = 37 GBq) of ['®I}iodine (Amersham) and Iodo-Beads
(Pierce) according to the manufacturers’ recommendations.
After iodination, the cells were washed extensively with PBS to
remove unbound iodine and any possible contaminating iodi-
nation reagent. They were then incubated with 500 ng of
unlabeled SEB in PBS. The soluble membrane fraction was
isolated by lysis as described for Western blot analysis (see
above). To minimize nonspecific binding effects, supernatants
were precleared on a Sepharose column (Pharmacia) and
coated with an irrelevant antibody. Column eluates were
immunoprecipitated on a CNBr-activated protein A-Sepha-
rose column (Pharmacia) coated with polyclonal rabbit anti-
SEB antibody. After an incubation period of 60 min at room
temperature (RT), the Sepharose gel was washed extensively
with PBS buffer, and proteins bound to the SEB-anti-SEB
complex were released by pH-shift elution (alternating washes
with 0.1 M NaOAc/0.5 M NaCl, pH 2.0, and 0.1 M Tris
chloride/0.5 M NaCl, pH 8.0). Concentrated samples of the
column eluate were subjected to SDS/PAGE on 16% Tris
glycine gels, and bands of radioactive-labeled proteins were
visualized on Kodak XAR film by autoradiography for 48 hr
at —70°C.
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FiGc.1. SCC13 cells (SCC13) present SEB to resting T cells (T) and
induce proliferation. Bars indicate cpm of [3H]thymidine incorpora-
tion (incorp.) during the last 18 hr of a 5-day incubation period. Cpm
are representative of three independent experiments.

A similar protocol was employed to identify the SEB-
binding membrane molecule by using untreated cell suspen-
sions of SCC13 and B-cell cultures (5 X 10° each) and
incubating them with 125I-labeled SEB (500 ng of SEB; 1 mCi).
Membrane solubilization was done as described, followed by
immunoprecipitation on an anti-MHC class I antibody (W6/
32)-coupled CNBR-activated Sepharose A column. Selective
elution by pH shift and SDS/PAGE were conducted as
described above.

Fluorescence-Activated Cell Sorting (FACS) Analysis for
SEB Binding and VB TCR. Surface expression of the SEB
ligand was assessed by incubation of 1 X 106 cells with 0.5 mg
of SEB per ml for 1 hr at RT. This was followed by an
incubation step with 2 ug of polyclonal rabbit anti-SEB
antibody and 2 ug of Cy5-labeled goat anti-rabbit mAb per ml
at 4°C. Controls included stainings with an unrelated IgG
antibody and the Cy5-labeled second antibody only. For VB
TCR staining, cells were incubated with 2 ug each of mAbs
anti-VB2 and anti-VB3 for 1 hr at RT. They were then
incubated with fluoresceinated goat anti-mouse secondary
antibodies. FACS analysis was performed on an Epics Elite
ESP flow cytometer (Coulter) at 525 nm [fluorescein isothio-
cyanate (FITC)-conjugates] and 675 nm (Cy5-conjugates).

RESULTS

SCC13 Cells Present SEB to Resting T Lymphocytes and
Induce Proliferation. To determine whether squamous cell
carcinoma cell lines were able to present antigen to T cells,
SCC13 cells were x-irradiated and coincubated with purified,
resting T cells in the presence of SEB at 5 ng/ml. Substantial
increases in [*H]thymidine incorporation consistently oc-
curred and required the presence of both the tumor cell line
and SEB. Failure to induce lymphocyte proliferation in the
absence of either SEB or SCC13 cells confirmed that the effect
was not caused by contamination of the responder population
with APC (Fig. 1). When the antigen-presenting capacity of
SCC13 cells for SEB was compared to autologous peripheral
blood monocytes, a similar degree of T-cell proliferation was

Table 1. Comparison of the antigen-presenting function of
monocytes and SCC13 cells for SEB

Autologous SCC13 cells
Days of monocytes as APC, as APC,
culture mean * SD mean * SD
3 13,561 * 1,533 4,880 * 666
4 15,947 + 2,769 8,360 * 1,237
5 14,421 + 1,885 17,738 + 1,885
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FiG. 2. Normal human keratinocytes (KC) are unable to function
as APC for SEB except when pretreated with interferon y (IFN-vy; 500
units/ml for 12 hr). Bars indicate cpm of [*H]thymidine incorporation
(incorp.) during the last 18 hr of a 5-day incubation period. Cpm are
representative of three independent experiments.

observed (Table 1). However, the maximum proliferation was
first seen on day 3 when monocytes were used, whereas
maximum proliferation was typically present on day 5 with
SCC13 cells.

In contrast to SCC13 cells, untreated cultured keratinocytes
were unable to serve as APC for SEB-induced T-cell prolif-
eration (Fig. 2). It should be noted, however, that pretreatment
of cultured keratinocytes with interferon vy, allowed them to
present SEB to T cells (Fig. 2), confirming the findings of other
investigators (21).

A distinguishing characteristic of the T-cell-activating prop-
erties of superantigens is their ability to selectively activate
specific subpopulations of T cells that express appropriate
VB-encoded elements on their T-cell receptor (1). In humans,
the major VB TCR family activated by SEB is V33, whereas the
toxic shock syndrome toxin (TSST-1) is proficient at activating
T cells that express the VB2 TCR (22, 23). To prove that the
T-cell proliferative response in this system was truly SEB-
mediated, an assessment of the percentage of cells expressing
the VB2 and VB3 TCRs was made. The percentage of T cells

20000
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bearing the VB3 TCR increased from 0.6% at baseline to 7.1%
after culture with SEB and SCC13 cells for 5 days. In contrast,
VB2 TCR-bearing T cells were 0.8% at baseline but were only
1.3% at the end of culture.

SCC13 Cells Do Not Express Class II MHC Determinants.
To exclude the possibility that SCC13 cells expressed MHC
class II molecules, immobilized membrane lysates of SCC13
cells, B cells, and melanocytes were incubated with 125I-labeled
mAb 9.3F10, which recognizes a common determinant shared
by HLA-DR, HLA-DP, and HLA-DQ. Bands of ~65 kDa,
corresponding to the size of MHC class II determinants, could
be visualized on B cells and melanocytes. Comparable bands
were not found in SCC13 extracts (Fig. 3 Left). In addition,
when SCC13 cells were stained with 9.3F10 and examined by
flow cytometry, fluorescence of SCC13 cells remained at
background levels (data not shown). B cells and melanocytes
served as positive controls, and, when treated with the same
reagents, exhibited increased fluorescence intensity.

Because SCC13 cells can be induced to express class I MHC
molecules, T-cell proliferation assays were performed in which
SCC13 cells were subjected to paraformaldehyde fixation prior
to placing them in culture with T cells and SEB. In this way,
no up-regulation of class II molecules could occur. Results
comparable to those with nonfixed SCC13 cells were observed
(Fig. 1). Finally, in some experiments, anti-MHC class 1I
antibodies were added continuously to cultures containing
SCC13 cells, T cells, and SEB (Fig. 3 Right). No inhibition of
T-cell proliferation was observed, providing additional evi-
dence that induced expression of MHC class II molecules on
T cells was not responsible for this effect. It should be noted
that antibodies employed were able to inhibit T-cell prolifer-
ative responses in other systems.

Presentation of SEB to Resting T Cells by SCC13 Is Not Cell
Line-Restricted. To assess whether SEB-mediated T-cell ac-
tivation was a phenomenon restricted to SCC13 cells, two other
epidermal tumor cell lines—A431 and SCC4—were subjected
to the same experimental conditions. Both of these cell lines
were assayed for MHC class II expression and were found to
be negative. Coincubation of paraformaldehyde-fixed A431
and SCC4 cells with SEB and purified T cells for 5 days yielded
an identical pattern of results with respect to T-cell prolifer-
ation (Fig. 4).
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FiG. 3. (Left) Nonreducing Western blot of membrane isolates hybridized with an anti-class I mAb. Size is shown in kDa. Lanes: 1, B cells; 2
and 3, cultured melanocytes; 4 and 5, SCC13 cell line. (Right) Anti-class I, but not anti-class II, antibodies inhibit the antigen-presenting function
of SCC13 cells for SEB. Bars indicate cpm of [*H]thymidine incorporation (incorp.) during the last 18 hr of a 5-day incubation period. Cpm are

representative of two independent experiments.
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(incorp.) during the last 18 hr of a 5-day incubation period. Cpm are representative of three independent experiments.

SEB Binds to a 46-kDa Membrane Protein on SCC13 Cells
That Can Be Precipitated with a Monoclonal Antibody Against
MHC Class I Molecules. To further characterize the molecule
to which SEB binds on MHC class II-negative cells, the surface
of intact SCC13 cells was labeled with 12°1. Following incuba-
tion with SEB for 1 hr at 37°C, membrane lysates were

M 1 2 3 4 5

Fic. 5. Lanes: M, molecular size markers in kDa; 1-4, SEB
immunoprecipitates a 46-kDa protein from the surface of 125I-labeled
SCC13 (lanes 1 and 2) and B cells (lanes 3 and 4). Cells of each set (5
X 109) were surface-iodinated by using Pierce Iodo-Beads and 1 mCi
125],, After incubation with 500 ug of unlabeled SEB, cells were lysed,
and SEB-bound proteins were immunoprecipitated on protein A-
Sepharose. In lane 5, the anti-MHC class I antibody W6/32 immu-
noprecipitates 12I-labeled SEB from membrane lysates of SCC13
cells. Proteins are separated on denaturing nonreducing 12% Tris

glycine gels, and autoradiographs were developed after 48-hr exposure
at —70°C on Kodak X-AR film.

immunoprecipitated by using an anti-SEB antibody and were
separated by PAGE under denaturing conditions. Autoradio-
graphs consistently identified a single band at 46-kDa molec-
ular mass (Fig. 5, lanes 1 and 2) that was not present when a
non-cross-reacting control antibody was employed. Additional
bands at 28 and 35 kDa—corresponding to the expected size
of MHC class II « and B chains—were detected in identically
treated B-cell lysates (Fig. 5, lanes 3 and 4).

Because the molecular mass of the heavy chain of MHC class
I is also in the 46-kDa range, studies were next conducted to

64
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Fic. 6. HLA A2.1-transfected K-562 cells bind SEB. Surface
expression of the SEB ligand was assessed by incubation of 1 X 10 cells
with 0.5 mg of SEB for 1 hr at RT followed by an incubation step with
polyclonal rabbit anti-SEB antibody and Cy5-labeled goat anti-rabbit
mAb at 4°C. Controls included staining with an unrelated IgG
antibody and the Cy5-labeled secondary antibody only. The fluores-
cence intensity of the stained samples was determined by flow
cytometric analysis.

D K-562 HLA-A2.1+
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Fic. 7. Anti-ICAM-1 antibodies efficiently block presentation of
SEB to resting T cells by epidermal tumor cells. T-cell proliferation is
not significantly affected by neutralizing antibodies to the adhesion
molecule B7. Bars indicate cpm of [*H]thymidine incorporation
(incorp.) during the last 18 hr of a 5-day incubation period. Cpm are
average values of three independent experiments.

determine whether it was the ligand to which SEB bound on
SCC13 cells. For this experiment, SCC13 cells were incubated
with 12°I-labeled purified SEB. The cells were lysed, and
isolated membrane proteins were subjected to immunopre-
cipitation with a mAb directed against MHC class I molecules.
After gel-electrophoretic separation, a single band at 28 kDa
(Fig. 5, lane 5), equaling the molecular mass of SEB, was
identified.

MHC Class I-Expressing Cells Display Enhanced SEB-
Binding Capacity Compared with Class I-Negative Controls.
In the next series of experiments, the K-562 erythroleukemia
cell line, which is both class I- and class II-negative, was
transfected with an expression vector containing cDNA for
HLA-A2.1. The ability of these MHC class I-positive and class
II-negative cells to bind SEB was compared to their class I- and
class II-negative counterparts. The cells were first incubated
with SEB, then stained with anti-SEB antibody and a fluores-
ceinated secondary reagent, and subjected to FACS analysis.
In comparison with the parental K-562 population, HLA-
A2.1-expressing K-562 cells displayed a 75% increased capac-
ity to bind SEB on their surface (Fig. 6). The flow cytometric
pattern of empty vector-transfected K-562 cells was identical to
nontransfected cells (not shown).

SEB-Induced T-Cell Activation by Squamous Cell Carci-
noma Cells Is Inhibited by Anti-MHC Class I and Anti-
ICAM-1 Antibodies. The functional relevance of SEB bound to
MHC class I on squamous cell carcinoma cell lines, as far as
antigen presentation was concerned, was examined by adding
purified, neutralizing anti-class I mAbs to T-lymphocyte pro-
liferation assays containing purified T cells; class II-negative
SCC13, SCC4, or A431 cells; and SEB. [*H]Thymidine uptake
by T cells was inhibited by >50% in cultures containing
purified neutralizing anti-class I MHC mAbs compared with
cultures to which the mAbs had not been added (Fig. 3 Right).
A similar inhibitory effect of anti-class I antibodies was
observed when paraformaldehyde-fixed SCC13 cells were
preincubated with the antibody, washed, and then placed in
culture with T cells and SEB (Fig. 4).

To assess the role of the adhesion molecules ICAM-1 and B7
in this system, purified neutralizing mAbs to those molecules
were added to proliferation assays. [*’H]Thymidine uptake was
inhibited by 60-70% in the presence of anti-ICAM-1 antibod-
ies, whereas antibodies directed against B7 had little or no
effect on T-cell proliferation (Fig. 7). It should be noted that
the anti-B7 antibody we employed can bind to epidermal
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tumor cell lines (24) and can inhibit the antigen-presenting
function of activated B cells.

DISCUSSION

Superantigens, such as SEB, are exceptionally potent T-cell-
activating agents that induce strong proliferative responses in
lymphocytes belonging to distinct TCR Vg families (1, 25-27).
Like most other immunological stimuli, superantigens require
the presence of APC to mediate T-cell activation (1, 27-30) but
bypass conventional antigen processing (1, 31). A number of
studies have clearly demonstrated that many superantigens,
including SEB, bind to the surface of APC via MHC class 11
molecules (32-36) and that this interaction plays a key role in
T-cell activation. While not to deny its significance, several
studies cast doubt that it is the only molecular pathway that
allows T-cell activation to proceed. For example, staphylococ-
cal enterotoxin A (SEA)- and SEB-induced lymphocyte acti-
vation can occur when class II-negative colon carcinoma cell
lines are used as APC (37, 38). Moreover, MHC class II
negative “knockout” mice retain their ability to elicit a T-cell
proliferative response to selected staphylococcal enterotoxins
(39). In both of these situations, the superantigen binding
molecule has not been identified. We were prompted to
address this issue by experiments that indicated squamous cell
carcinoma lines lacking MHC class II molecules act as profi-
cient APC for SEB-induced T-cell activation. Our studies show
that MHC class I molecules on their surface bind the super-
antigen and enable them to serve as APC.

Aband of 46-kDa molecular mass was consistently identified
when SEB-bound SCC13 cell membrane extracts were immu-
noprecipitated with anti-SEB antibodies; radiolabeled SEB
could be immunoprecipitated by anti-MHC class I antibodies;
and increased SEB binding occurred in cell lines transfected
with MHC class I determinants compared with their MHC
class I- and class II-negative counterparts. In functional stud-
ies, addition of anti-MHC class I antibodies to assays with
paraformaldehyde-fixed class II-negative SCC13 cells as the
antigen-presenting population inhibited T-cell proliferation in
vitro. '

In contrast to our findings in various squamous cell carci-
nomas lines (SCC13, SCC4, and A431), normal keratinocytes
have been shown to be poor APC for SEB (21, 40). This raises
the question of why keratinocytes (and several other cell
lines)—despite expression of MHC class I molecules—fail to
act as superantigen-presenting cells. One possible explanation
is that MHC class I molecules on malignant epidermal cells are
structurally different from those on normal keratinocytes and
permit increased binding of SEB to the tumor cell. If that were
the case, then the finding that several epidermal cell lines are
proficient at presenting superantigen to T cells would suggest
that they all contain a common mutation in their class I
molecule. An alternative explanation is that SEB binds equally
well to normal keratinocytes and squamous cell carcinoma cell
lines, but that expression of costimulatory signals on tumor cell
lines but not on normal keratinocytes allows the former but not
the latter cell type to activate T cells. Supporting the latter
hypothesis, cultured keratinocytes—in contrast to all tumor
cell lines investigated—lack adhesion molecules necessary for
antigen presentation to T cells. Both ICAM-1 (41, 42) and B7
(43, 44) have been shown to be critical costimulatory signals in
T-cell-target cell interactions. In our experiments, neutralizing
antibodies to ICAM-1 had a substantial inhibitory effect on
SEB-induced T-cell proliferation in our system. SCC13 cells
and other malignant epidermal cell lines strongly express
ICAM-1 on their surface (45, 46). Normal keratinocytes
remain negative for this adhesion molecule, even under pro-
longed culture conditions (47, 48).

While the biological significance of SEB binding to class I
MHC determinants for chronic diseases is unknown at this
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time, our findings suggest that superantigens might be valuable
immunotherapeutic agents for the management of squamous
cell carcinoma of the skin and other tissues. Either local or
systemic administration of SEB or other superantigens might
act to encourage an antitumor T-cell response, which in turn
would lead to tumor regression. Superantigens could also be
used ex vivo to expand populations of tumor-infiltrating lym-
phocytes for tumor immunotherapy.

We wish to thank Ms. Karen Tubesing and Ms. Hai-ping Tang for
their technical assistance and Dr. James Jacobberger for helpful
discussions. This work was supported by National Institutes of Health
Grants AR39750, AR32593, CA48735, and CAS57643 and by a grant
from The Johns Hopkins Center for Alternatives to Animal Testing.
A.C.H. was awarded a fellowship by the Dermatology Foundation.
K.Z. was supported by the Deutsche Forschungsgemeinschaft.

1. Herman, A, Kappler, J. W., Marrack, P. & Pullen, A. M. (1991)
Annu. Rev. Immunol. 9, 745-772.

2. Imberti, L., Sottini, A., Bettinardi, A., Puoti, M. & Primi, D.
(1991) Science 254, 860-862.

3. McFadden, J. P, Noble, W.C. & Camp, R.D. (1993) Br. J.
Dermatol. 128, 631-632.

4. Leung, D. Y., Walsh, P., Giorno, R. & Norris, D. A. (1993) J.
Invest. Dermatol. 100, 225-228.

5. Herman, A, Labrecque, N., Thibodeau, J., Marrack, P., Kappler,
J.W. & Sekaly, R. (1991) Proc. Natl. Acad. Sci. USA 88,
9954-9958.

6. Choi, Y. W,, Herman, A., DiGiusto, D., Wade, T., Marrack, P. &
Kappler, J. (1990) Nature (London) 346, 471-473.

7. Karp, D.R. & Long, E. O. (1992) J. Exp. Med. 175, 415-424.

8. Litton, M. J., Sander, B., Murphy, E., O’Garra, A. & Abrams,
J. S. (1994) J. Immunol. Methods 175, 47-58.

9. Bette, M., Schafer, M. K., van Rooijen, N., Weihe, E. & Fleischer,
B. (1993) J. Exp. Med. 178, 1531-1539.

10. Shu, S., Krinock, R. A., Matsumura, T., Sussman, J. J., Fox, B. A.,
Chang, A. E. & Terman, D.S. (1994) J. Immunol. 152, 1277-
1288.

11. Wallgren, A, Festin, R., Gidlof, C., Dohlsten, M., Kalland, T. &
Totterman, T. H. (1993) Blood 82, 1230-1238.

12. Dellabona, P., Peccoud, J., Kappler, J., Marrack, P., Benoist, C.
& Mathis, D. (1990) Cell 62, 1115-1121.

13. Lando, P. A., Dohlsten, M., Hedlund, G., Akerblom, E. &
Kalland, T. (1993) Cancer Immunol. Immunother. 36, 223-228.

14. Choi, Y. W., Herman, A., DiGiusto, D., Wade, T., Marrack, P. &
Kappler, J. (1990) Nature (London) 346, 471-473.

15. Jardetzky, T.S., Brown, J. H., Gorga, J. C., Stern, L. J., Urban,
R. G, Chi, Y. I, Stauffacher, C., Strominger, J. L. & Wiley, D. C.
(1994) Nature (London) 368, 711-718.

16. Seth, A, Stern, L.J., Ottenhoff, T. H., Engel, 1., Owen, M.J,,
Lamb, J. R., Klausner, R.D. & Wiley, D.C. (1994) Nature
(London) 369, 324-327.

17. Lando, P. A., Dohlsten, M., Hedlund, G., Brodin, T., Sansom, D.
& Kalland, T. (1993) Immunology 80, 236-241.

18. Dohlsten, M., Hedlund, G., Akerblom, E., Lando, P. A. &
Kalland, T. (1991) Proc. Natl. Acad. Sci. USA 88, 9287-9291.

19. Herrmann, T., Romero, P., Sartoris, S., Paiola, F., Accolla, R. S.,
Maryanski, J. L. & MacDonald, H. R. (1991) J. Immunol. 146,
2504-2512.

20. Krutmann, J., Athar, M., Mendel, D. B., Khan, I. U,, Guyre,
P. M., Mukhtar, H. & Elmets, C. A. (1989) J. Biol. Chem. 264,
11407-11413.

21.

22.

23.

24,

25.

26.

27.

32.

33.

34.

3s.
36.

37.

38.

39.

40.

41.

42.

43.

4.

45.

46.

47.

48.

Proc. Natl. Acad. Sci. USA 93 (1996)

Nickoloff, B. J., Mitra, R. S., Green, J., Zheng, X. G., Shimizu,
Y., Thompson, C. & Turka, L. A. (1993) J. Immunol. 150,
2148-2159.

Kappler, J., Kotzin, B., Henon, L., Gelfand, E. W., Bigler, R. D.,
Boylston, A., Carrel, S., Posnett, D. N., Choi, Y. & Marrack, P.
(1989) Science 244, 811-813.

Choi, Y., Kotzin, B., Henon, L., Callahan, J., Marrack, P. &
Kappler, J. W. (1989) Proc. Natl. Acad. Sci. USA 86, 8941-8945.
Fleming, T. E., Mirando, W. S, Trefzer, U., Tubesing, K. A. &
Elmets, C. A. (1993) J. Invest. Dermatol. 101, 754-758.
Kappler, J. W., Pullen, A., Callahan, J., Choi, Y., Herman, A.,
White, J., Potts, W., Wakeland, E. & Marrack, P. (1989) Cold
Spring Harbor Symp. Quant. Biol. 54, 401-407.

Goronzy, J. J., Oppitz, U. & Weyand, C. M. (1992) J. Immunol.
148, 604-611.

Acharya, K. R., Passalacqua, E.F., Jones, E. Y., Harlos, K.,
Stuart, D. I, Brehm, R.D. & Tranter, H.S. (1994) Nature
(London) 367, 94-97.

Tomail, M. A., Beachey, E. H., Majumdar, G. & Kotb, M. (1992)
FEMS Microbiol. Immunol. 4, 155-164.

Krakauer, T. (1994) J. Leukocyte Biol. 56, 458—-463.

Schmitz, J. & Radbruch, A. (1992) Int. Immunol. 4, 43-51.
Tokura, Y., Yagi, H., Hashizume, H., Yagi, J., Furukawa, F. &
Takigawa, M. (1994) Photochem. Photobiol. 60, 147-153.
Pontzer, C. H,, Irwin, M. J., Gascoigne, N. R. & Johnson, H. M.
(1992) Proc. Natl. Acad. Sci. USA 89, 7727-7731.

Gascoigne, N. R. & Ames, K. T. (1991) Proc. Natl. Acad. Sci.
USA 88, 613-616.

Fischer, H., Dohlsten, M., Lindvall, M., Sjogren, H. O. & Carls-
son, R. (1989) Immunology 142, 3151-3157.

Fraser, J. D. (1989) Nature (London) 339, 221-223.

Fleischer, B. & Mittrucker, H. W. (1991) Eur. J. Immunol. 21,
1331-1333.

Dohlsten, M., Abrahmsen, L., Biork, P., Lando, P. A., Hedlund,
G., Forsberg, G., Brodin, T., Gascoigne, N. R., Forberg, C. &
Lind, P. (1994) Proc. Natl. Acad. Sci. USA 91, 8945-8949.
Dohlsten, M., Sundstedt, A., Bjorklund, M., Hedlund, G. &
Kalland, T. (1993) Int. J. Cancer 54, 482-488.

Avery, A. C., Markowitz, J. S., Grusby, M. J., Glimcher, L. H. &
Cantor, H. (1994) J. Immunol. 153, 4853-4861.

Strange, P., Skov, L. & Baadsgaard, O. (1994) J. Invest. Dermatol.
102, 150-154.

Fischer, H., Gjorloff, A., Hedlund, G., Hedman, H., Lundgren,
E., Kalland, T., Sjogren, H. O. & Dohlsten, M. (1992) J. Immu-
nol. 148, 1993-1998.

van Seventer, G. A., Newman, W., Shimizu, Y., Nutman, T. B.,
Tanaka, Y., Horgan, K. J., Gopal, T. V., Ennis, E., O’Sullivan, D.
& Grey, H. (1991) J. Exp. Med. 174, 901-913.

Blankson, J. N. & Morse, S. S. (1994) Cell. Immunol. 157, 306-
312.

Ohnishi, H., Tanaka, T., Takahara, J. & Kotb, M. (1993) J.
Immunol. 150, 3207-3214.

Kageshita, T., Yoshii, A., Kimura, T., Kuriya, N., Ono, T,
Tsujisaki, M., Imai, K. & Ferrone, S. (1993) Cancer Res. 53,
4927-4932.

Miele, M. E., Bennett, C. F., Miller, B. E. & Welch, D. R. (1994)
Exp. Cell Res. 214, 231-241.

Gatto, H., Viac, J., Richard, M. H,, Lizard, G., Charveron, M. &
Schmitt, D. (1994) Skin Pharmacol. 7, 109-117.

Caughman, S. W,, Li, L. J. & Degitz, K. (1992) J. Invest. Derma-
tol. 98, 61-65.



