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SUMMARY

The expression and up-regulation of cell adhesion molecules on a human colonic epithelial cell line HT-
29, and the peripheral blood T lymphocyte proliferation responses to bacterial superantigens presented
by this cell line were investigated, compared with peripheral blood monocytes. In HT-29 cells, there
was constitutive expression of intercellular adhesion molecule-1 (ICAM-1) and lymphocyte function-
associated antigen-3 (LFA-3) at a low level, but no constitutive expression of HLA-DR, LFA-1, B7-1
and B7-2 molecules. After stimulation with the supernatants of staphylococcal enterotoxin B (SEB)-
stimulated peripheral blood mononuclear cells for 48 h, there was significant up-regulation of HLA-DR
and ICAM-1 molecules (both > 90% positive). However, this stimulation had no effect on the expression
of LFA-1, B7-1, B7-2 and LFA-3 molecules. In the presence of all tested superantigens SEB, toxic
shock syndrome toxin-1, and streptococcal pyogenic exotoxin A, stimulated HT-29 cells caused
significant T cell proliferation. When monocytes were used as antigen-presenting cells (APC), the
MoAbs against HLA-DR, B7-2 and LFA-3 showed a significant inhibition of SEB-induced T cell
proliferation. Anti-ICAM-1 MoAb had no effect on this response. On the other hand, when stimulated
HT-29 cells were used as APC, the MoAbs against HLA-DR and ICAM-1 significantly inhibited SEB-
induced T cell proliferation. In contrast to monocytes, anti-B7-2 and anti-LFA-3 had no effect on this
response. SEB could not induce HT-29 cells to produce IL-8 directly; however, SEB significantly
induced the stimulated HT-29 cells to produce IL-8 in the presence of T cells. Thus these data
demonstrate that the products of superantigen-stimulated T cell activation can increase the expression of
HLA-DR and ICAM-1 molecules on HT-29 cells significantly. Stimulated HT-29 cells can serve as
APC to bacterial superantigens. This response is an HLA-DR- and ICAM-1-dependent, but B7-2- and
LFA-3-independent process, which was different from professional APC monocytes.
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INTRODUCTION

Representative bacterial superantigens are mainly produced by
Staphylococcus aureusand Streptococcus pyogenes[1,2]. Com-
pared with conventional antigens, bacterial superantigens do not
require processing by antigen-presenting cells (APC), bind to the
external domain of the MHC class II molecules rather than
the antigen-binding groove, and bind to the variable region of
the b-chain (Vb) of T cell receptor (TCR). Thus, superantigens
activate all responder T cells expressing specific Vb. Bacterial
superantigens can be responsible for acute diarrhoeal illness in
food poisoning and toxic shock syndrome in humans [1,2]. They

have also attracted much attention because they have been
implicated in the pathogenesis of some autoimmune diseases
such as Kawasaki disease, rheumatoid arthritis, psoriasis, and
diabetes mellitus [1–3]. Posnettet al. found that Vb8þ T cells
were elevated in the peripheral blood and mesenteric lymph nodes
of a subset of Crohn’s disease (CD) patients [4], suggesting a
possible role for superantigens in chronic inflammatory bowel
diseases (IBD) such as CD [4–6].

Intestinal epithelial cells (IEC) are the first barrier between
potentially pathologic luminal microorganisms and intestinal
mucosa. IEC are capable of processing and presenting protein
antigens to primed T cells and induce T cell proliferationin vitro
[7,8], and can express abundant HLA-DR molecules in the setting
of inflammation such as IBD [9,10]. Human IEC cell lines can also
be induced to express HLA-DR molecules after interferon-gamma
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(IFN-g) stimulation [8,11]. Recently, growing evidence has shown
that IEC can produce a variety of cytokines or chemokines after
stimulation with proinflammatory cytokines, bacterial invasion, or
during inflammation [12–14]. These findings suggest that IEC play
an important role as active participants in the immunoregulation of
intestinal mucosa. IEC are exposedin vivo to a wide variety of
bacterial products including bacterial superantigens that pass
through the intestinal tract, and these cells express increased
MHC class II molecules during inflammation, therefore they are
likely to serve as APC for bacterial superantigens.

In superantigen-induced T cell activation, in addition to MHC
class II molecules, the ligation of costimulatory molecules
CD28, lymphocyte function-associated antigen-1 (LFA-1) and
CD2 expressed on T cells, and their ligands B7-1 (CD80)/B7-2
(CD86), intercellular adhesion molecule-1 (ICAM-1) and LFA-3
on APC have recently been shown to provide costimulatory
function and increase T cell activation and proliferation [15–17].
IEC cell lines can be induced to express ICAM-1 molecules by
IFN-g [18,19]. Knowledge of B7-1, B7-2 and LFA-3 expression
and regulation on IEC is very limited. Whether these costimulatory
molecules are involved in superantigen presentation remains
unknown. On the other hand, IEC can produce IL-8, a potent
neutrophil chemoattractant, by cytokine stimulation or bacterial
invasion [12,14], suggesting that IEC are implicated in inflamma-
tory cell recruitment to inflammatory sites. Whether superantigens
can stimulate IEC to produce IL-8 remains to be elucidated.

With a well characterized human colonic epithelial cell line
HT-29 as a model of IEC, in comparison with professional APC
monocytes, we have investigated (i) the expression and up-regulation
of costimulatory molecules B7-1, B7-2, ICAM-1, LFA-1, LFA-3
as well as HLA-DR molecules on HT-29 cells by the supernatants
of staphylococcal enterotoxin B (SEB)-stimulated peripheral blood
mononuclear cells (PBMC); (ii) the capacity of this cell line to
present bacterial superantigens to highly purified peripheral blood
T lymphocytes and costimulatory molecules involved in this
response; (iii) IL-8 production of HT-29 cells stimulated by
bacterial superantigen.

MATERIALS AND METHODS

Epithelial cell lines and cell culture
Human HT-29 colonic epithelial cells (ATCC HTB38) were
obtained from the American Type Culture Collection (Rockville,
MD). HT-29 cells were grown in MaCoy’s 5A medium supple-
mented with 10% heat-inactivated fetal calf serum (FCS), 2 mM

glutamine and antibiotics in a humidified atmosphere of 5% CO2.
Subculturing was performed with 0.1% trypsin and 0.5 mM EDTA
solution. The medium and related reagents were obtained from
GIBCO (Grand Island, NY). HT-29 is a line of moderately well
differentiated cells derived from a human colon adenocarcinoma.
This cell line was selected as a model of IEC because it manifests
important functional and morphological characteristics of normal
human IEC [20].

Isolation of peripheral blood T cells and monocytes
PBMC were isolated from heparinized venous blood by Ficoll–
Hypaque (Pharmacia, Uppsala, Sweden) density gradient centri-
fugation. Cells were washed three times with PBS and then
resuspended in culture medium (RPMI 1640 supplemented
with 10% heat-inactivated autologous serum). Monocytes were
obtained by incubating PBMC suspensions in 10-cm plastic tissue

culture dishes for 2 h at 378C in a humidified 5% CO2 incubator, as
described previously [21], and the recovered cell population was
routinely determined to be>95% CD14þ cells by flow cytometric
analysis. Non-adherent cells, predominantly lymphocytes, were
harvested by gently washing three times with warmed (378C)
culture medium. Highly purified T cells were obtained by passing
the non-adherent cells through a nylon wool column once or twice
to remove B lymphocytes and remaining monocytes [22]. Briefly, a
10 ml plastic syringe was packed with 0.5 g nylon wool (Wako
Pure Chemical Industries Ltd, Osaka, Japan), drained with RPMI
1640 medium containing 5% autologous serum and equilibrated in
a 378C incubator for 60 min. To this column were added 1–3×107

cells in 2 ml medium. The column was incubated at 378C for 60
min in a 5% CO2 humidified atmosphere. The non-adherent cells
were eluted with 14 ml of warmed medium (378C) at a flow rate of
one drop/s. The eluted cells were harvested and washed three times
with culture medium. The resultant T cell preparations were found
to be > 90% T cells (CD3þ), < 0.5% B cells (CD19þ) and < 0.5%
monocytes (CD14þ) by analysis on a FACScan flow cytometer
(Becton Dickinson, Mountain View, CA). The T cell preparations
failed to proliferate to optimal doses of superantigens, indicating
negligible contamination with APC.

Superantigens and monoclonal antibodies
SEB and staphylococcal toxic shock syndrome toxin-1 (TSST-1)
were obtained from Sigma (St Louis, MO). Streptococcal pyogenic
exotoxin A (SPEA) was obtained from Shionogi Pharmaceutical
Co. (Osaka, Japan).

For flow cytometric analysis, monoclonal anti-human CD3
(Leu-4), CD4 (Leu-3a), CD8 (Leu-2a), CD14 (Leu-M3), CD19
(Leu-12), HLA-DR, LFA-1a (CD11a), CD18, ICAM-1 (CD54),
and LFA-3 (CD58) were obtained from Becton Dickinson. Anti-
human B7-1 (CD80) and anti-human B7-2 (CD86) were obtained
from PharMingen (San Diego, CA). These antibodies were all
conjugated with FITC or PE. For blocking studies, monoclonal
anti-human HLA-DR (Nu-Ia) were obtained from Nichirei Co.
(Tokyo, Japan). Anti-CD18 (MHM23), anti-CD11a (MHM24),
anti-ICAM-1 (CD54), and anti-LFA-3 (CD58) were obtained
from Dakopatts (Glostrup, Denmark). Anti-B7-2 was obtained
from Ancell (Bayport, MN).

Preparation of supernatants of SEB-stimulated PBMC
The supernatants of PBMC stimulated with a bacterial super-
antigen SEB, were prepared. Briefly, PBMC suspensions were
distributed into 24-well culture plates (Falcon, Oxnard, CA) at
1×106 cells/ml in a final volume of 1 ml, and SEB was added to
each well at 1mg/ml. After incubation for 48 h at 378C, culture
media were collected, centrifuged, and stored at –208C until use.
The supernatants were used in experiments at a final concentration
of 20% (v/v).

Flow cytometric analysis of cell adhesion molecules on HT-29
cells and monocytes
To determine the expression and up-regulation of HLA-DR and
costimulatory molecules on the surface of HT-29 cells, the cells
(1–2×105/ml per well) were cultured in a 24-well tissue culture
plate (Falcon) for 48 h with or without the prepared supernatants of
SEB-stimulated PBMC in a final concentration of 20%. In some
experiments, recombinant human IFN-g (Genzyme, Cambridge,
MA) and tumour necrosis factor-alpha (TNF-a; R&D Systems,
Minneapolis, MN) were used as stimulators at a concentration of
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500 U/ml and 50 ng/ml, respectively. The cells were detached with
0.1% trypsin and 0.5 mM EDTA, and washed three times with
culture medium. For immunofluorescence staining, HT-29 cells
with or without stimulation and monocytes (1×106 cells) were
washed three times with PBS containing 0.2% bovine serum
albumin (BSA) and 0.1% NaN3 for 3 min at 48C, then directly
incubated with FITC- or PE-conjugated MoAbs. After incubation
on ice for 30 min, samples were washed three times again with the
same solution, and then fixed in PBS containing 1% paraformal-
dehyde. The expression of cell adhesion molecules on HT-29 cells
and monocytes was analysed using a FACScan flow cytometer
(Becton Dickinson). Unstained cells and cells incubated with
isotype-matched irrelevant FITC- or PE-conjugated control
MoAbs were included in each experiment as controls.

Paraformaldehyde fixation of APC
HT-29 cells with or without stimulation and monocytes were used
as APC. To assess their APC function for superantigen-induced T
cell proliferation, cells were treated with freshly prepared 1% (w/v)
paraformaldehyde solution in PBS for 15 min at room temperature,
washed three times with PBS and used as fixed APC [23].

Lymphocyte proliferation assays
The fixed APC, monocytes or HT-29 cells (5×104/well) were
co-cultured with the purified T cells (1×105/well) in triplicate in
96-well round-bottomed microwell plates (Falcon) in the presence
or absence of bacterial superantigens SEB, TSST-1, and SPEA
(1–100 ng/ml) in 0.2 ml of medium for 4 days at 378C in an
atmosphere of 5% CO2, and 0.5mCi of 3H-thymidine per well
was added in the last 18 h. The cells were harvested onto glassfibre
filter mats using a PHD cell harvester (Cambridge Technologies,
Cambridge, MA), and the incorporation of3H-thymidine was
determined by standard liquid scintillation techniques. Results
were expressed in ct/min as the mean ct/min6 s.d. of triplicate
culture. T cells plus superantigens without APC and APC plus T
cells without superantigens were included in each experiment as
controls. Control wells containing HT-29 cells and T cells showed
no significant mixed lymphocyte reaction (MLR) at 4 days.

Inhibition of T cell proliferation by blocking MoAbs
A panel of MoAbs against HLA-DR, ICAM-1, B7-2, LFA-3, and
control mouse IgG, were used for blocking experiments. The fixed
monocytes or HT-29 cells (5×104/well) were preincubated with
the indicated MoAbs (10mg/ml) for 30 min at 378C before adding
superantigen SEB and T cells (1×105/well). All cultures were
performed in triplicate in 96-well round-bottomed microtitre plates
(Falcon) for 4 days, and T cell proliferation was assayed as
described above.

ELISA for IL-8
To determine IL-8 production, HT-29 cells were seeded at
1–2×105 cells/ml into 24-well tissue culture plates (1 ml/well) and
incubated with or without the supernatants of SEB-stimulated
PBMC for 48 h, after which the medium was changed for
fresh medium, and then incubated with or without superantigen
SEB (1–100 ng/ml) or human recombinant TNF-a (1–100 ng/ml)
for 24 h. In some experiments, purified T cells (1×106 cells/well)
were co-cultured. After incubation for 24 h, the media were
collected, cleared by centrifugation and passage through 0.22mm
sterile filters and kept at –808C until evaluation by ELISA (R&D
Systems).

Statistical analysis
Results were expressed as mean6 s.d. The statistical significance
of differences between the means was performed using Student’st-test.
P < 0.05 was considered statistically significant.

RESULTS

Expression and up-regulation of costimulatory molecules and
HLA-DR on HT-29 cells by the supernatants of SEB-stimulated
PBMC
A single representative from seven different experiments is shown
in Fig. 1. In peripheral blood monocytes there was significant
expression of HLA-DR, ICAM-1, LFA-1 (CD11a/CD18), LFA-3
and B7-2 (CD86), but no constitutive expression of B7-1 (CD80)
molecules (data not shown). In HT-29 cells without stimulation,
there was constitutive expression of ICAM-1 and LFA-3 molecules
at a low level (< 25% and< 12%, respectively), but no detectable
basal level of HLA-DR, LFA-1 (CD11a/CD18), B7-1 (CD80), or
B7-2 (CD86) molecules was observed. After HT-29 cells were
stimulated with the supernatants of SEB-stimulated PBMC for
48 h, there was significantly increased expression of HLA-DR and
ICAM-1 molecules on HT-29 cells. Most stimulated HT-29 cells
were HLA-DR- and ICAM-1-positive (both > 90%). However, this
stimulation had no effect on expression of LFA-1, B7-1, B7-2 and
LFA-3 molecules.

In the next experiment, the regulation of these molecules on
HT-29 cells by IFN-g and TNF-a was investigated. As shown in
Table 1, IFN-g significantly induced the expression of HLA-DR
and ICAM-1, reaching a peak level at 48 h and 24 h, respectively.
IFN-g seemed to have a similar ability to the supernatants of SEB-
stimulated PBMC in up-regulating HLA-DR and ICAM-1 expres-
sion. TNF-a also significantly induced the expression of ICAM-1
at 24 h; however, it seemed to have little effect on the expression of
HLA-DR. No synergistic effect of IFN-g and TNF-a on induction
of HLA-DR and ICAM-1 was observed (data not shown). Both
IFN-g and TNF-a stimulation had no effect on the expression of
LFA-1, LFA-3, B7-1 and B7-2 molecules (data not shown). In all
subsequent experiments, the supernatants of SEB-stimulated
PBMC were used as a stimulator for HT-29 cells to up-regulate
HLA-DR and ICAM-1 expression.

Stimulated HT-29 cells function as APC for bacterial superantigens
As shown in Fig. 2, peripheral blood monocytes, as a positive
control, could significantly present all tested bacterial superanti-
gens SEB, TSST-1 and SPEA, to purified T cells and caused
significant T cell proliferation. In the presence of SEB, TSST-1 and
SPEA (1–100 ng/ml), HT-29 cells without stimulation did not
cause T cell proliferation. Stimulated HT-29 cells, however,
caused significant T cell proliferation in a superantigen dose-
dependent manner (P< 0.05). In this experimental system, control
wells containing stimulators (monocytes or HT-29 cells) or respon-
ders (T cells) showed no significant3H-thymidine incorporation,
even though optimal concentration of superantigens was added.

Inhibition of T cell proliferation by MoAbs against HLA-DR and
costimulatory molecules.
To explore the molecular basis of HT-29 cells as APC for super-
antigens and compare them with peripheral monocytes, SEB was
selected to use for a representative superantigen, and a panel of
MoAbs was used to investigate their effects on SEB-induced T cell
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proliferation. Based on the results of flow cytometric analysis, the
relative contributions of HLA-DR, ICAM-1, B7-2 and LFA-3 were
specifically explored. As shown in Figs 3 and 4, MoAbs against
HLA-DR, B7-2 and LFA-3 showed a significant inhibition of T
cell proliferation (P< 0.05) when monocytes were used as APC,
but the MoAb against ICAM-1 had no effect on this response. On
the other hand, when stimulated HT-29 cells were used as
APC, MoAbs against HLA-DR and ICAM-1 significantly inhibited
SEB-induced T cell proliferation at all tested concentrations of
SEB (1–100 ng/ml), and the inhibition of T cell proliferation by
anti-HLA-DR and anti-ICAM-1 was > 85% and 60–75%, respec-
tively. When these two MoAbs were added together, no significant
synergistic inhibition was observed. In contrast to monocytes,
MoAbs against B7-2 and LFA-3 had no effect on SEB-induced
T cell proliferation. Control IgG had no effect on this response.

IL-8 production of HT-29 cells stimulated with SEB
TNF-a significantly induced HT-29 cells to produce high levels of

IL-8 in a dose-dependent manner whether HT-29 cells were
stimulated with the supernatants of SEB-stimulated PBMC or
not (Fig. 5), and IL-8 production by the stimulated HT-29 cells
was higher than that of non-stimulated HT-29 cells (P< 0.05).
On the other hand, SEB could not directly induce the production of
IL-8 by HT-29 cells, irrespective of whether HT-29 cells were
stimulated or not (Fig. 6). However, when T cells were added,
SEB could induce stimulated HT-29 cells, but not non-stimulated
HT-29 cells, to produce IL-8 significantly (P< 0.05).

DISCUSSION

In the present study, the constitutive expression of HLA-DR
molecules and a panel of costimulatory molecules B7-1, B7-2,
ICAM-1, LFA-1 and LFA-3 on an intestinal epithelial cell line
HT-29, and their up-regulation by the supernatants of a bacterial
superantigen SEB-stimulated PBMC were investigated. The
results showed that ICAM-1 and LFA-3 were constitutively
expressed at a low level, and no constitutive expression of HLA-
DR and LFA-1 was observed on the surface of HT-29 cells. These
results are consistent with previously published studies by different
methods [11,24–26]. Proinflammatory cytokines IFN-g, TNF-a
and IL-1 can increase expression of HLA-DR and costimulatory
molecules [24–26]. Superantigens can activate a great number of T
cells to release a variety of cytokines, including these proinflam-
matory cytokines [1,2]. Most HT-29 cells were found to express
HLA-DR and ICAM-1 molecules (both > 90%) when stimulated
by the supernatants of SEB-stimulated PBMC, indicating that T
cell activation by superantigen can regulate the function of IEC.
IFN-g significantly increased expression of HLA-DR and ICAM-1
molecules, which increased expression sufficiently to reach levels
similar to that by the supernatants of SEB-stimulated PBMC,
suggesting that up-regulation by supernatants of SEB-stimulated
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Fig. 1. Flow cytometric analysis for the expression of costimulatory molecules and HLA-DR on a human colonic epithelial cell line HT-29 and peripheral
blood monocytes. HT-29 cells, without stimulation or stimulated by the supernatants of staphylococcal enterotoxin B (SEB)-stimulated peripheral blood
mononuclear cells (PBMC) for 48 h at 378C, were stained with a panel of PE- or FITC-conjugated MoAbs against HLA-DR, intercellular adhesion molecule-
1 (ICAM-1) (CD54), CD11a, CD18, B7-2 (CD86) and LFA-3 (CD58). Cells were analysed by a FACScan flow cytometer. HT-29(–), No stimulation; HT-
29(+), stimulated with the supernatants of SEB-stimulated PBMC;……, control MoAbs.

Table 1. Up-regulation of HLA-DR and intercellular adhesion molecule-1
(ICAM-1) on HT-29cells by IFN-gand tumour necrosis factor-alpha (TNF-a)

HLA-DR (%) ICAM-1 (%)

0 h 24 h 48 h 0 h 24 h 48 h

IFN-g (500 U/ml) 0.9 17.8 81.0 23.4 85.8 86.4
TNF-a (50 ng/ml) 0.9 1.1 12.0 23.4 84.6 81.3

HT-29 cells were cultured with IFN-g and TNF-a for indicated
time, harvested and stained with FITC-conjugated HLA-DR MoAb and
PE-conjugated ICAM-1 MoAb, then processed to flow cytometric analysis.
Data are expressed as percent of positive cells.



PBMC may predominantly result from IFN-g, and it is possible
that superantigens induce local T lymphocyte activation and
regulate the function of IECin vivo. In agreement with one
report by Kvaleet al. [24], we found that both the supernatants
of SEB-stimulated PBMC and proinflammatory cytokines (IFN-g

and TNF-a) had no effect on LFA-3 expression on HT-29 cells,
although a low level of LFA-3 was constitutively expressed.

B7-1 and B7-2 are major costimulatory molecules expressed
on APC, which recognize CD28 on T cells, and provide
important costimulation for T cell activation and proliferation
[27]. Sandersonet al. [28] reported that no mRNA expression of
B7-1 in mouse enterocytes was observed. A recent immunohisto-
chemical study also did not find B7-1 expression on normal or

inflamed human colonic epithelium [26]. Our results showed no
constitutive expression of either B7-1 or B7-2 on HT-29 cells using
flow cytometric analysis, and the supernatants of SEB-stimulated
PBMC or proinflammatory cytokines (IFN-g and TNF-a) could
not induce their expression. These findings indicate that IEC lack
the expression of both B7-1 and B7-2 molecules.

Several kinds of non-lymphoid cells, such as epidermal kera-
tinocytes and vascular endothelial cells, have been reported to be
able to function as APC for bacterial superantigens [16,29].
These cells could be induced to express HLA-DR by treatment
with IFN-g, and obtained the ability to present superantigens.
In keeping with these reports, our study showed that stimulated
HT-29 cells, which expressed HLA-DR and ICAM-1 molecules,
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Fig. 2. Peripheral blood T lymphocyte proliferation in response to bacterial superantigens staphylococcal enterotoxin B (SEB) (a), toxic shock syndrome
toxin-1 (TSST-1) (b), and streptococcal pyogenic exotoxin A (SPEA) (c). T cells (1×105) were co-cultured with 5 x104 fixed peripheral blood monocytes or
HT-29 cells for 4 days in the presence of bacterial superantigens at the dose indicated.3H-thymidine was added for the last 18 h, and3H-thymidine
incorporation (ct/min) was measured as described in Materials and Methods. HT(¹), No stimulation; HT(þ), stimulated with the supernatants of SEB-
stimulated peripheral blood mononuclear cells (PBMC). *P < 0.05 versusT + HT(¹). X, T + monocytes;B, T + HT(+); A, T + HT(¹); O, T alone.

Fig. 3. The effects of anti-HLA-DR and anti-intercellular adhesion mole-
cule-1 (ICAM-1) MoAbs on T cell proliferation to staphylococcal enter-
otoxin B (SEB) presented by peripheral blood monocytes and stimulated
HT-29 cells. Monocytes (5×104) or stimulated HT-29 cells were preincu-
bated with anti-HLA-DR or anti-ICAM-1 (CD54) MoAb (10mg/ml) for 30
min, then co-cultured with purified peripheral blood T cells (1×105) for 4
days in the presence of SEB (100 ng/ml), and3H-thymidine incorporation
(ct/min) was measured. Representative of three separate experiments. HT-
29(þ), Stimulated with the supernatants of SEB-stimulated peripheral
blood mononuclear cells (PBMC). *P< 0.05 versus control MoAb.
A, Antibody(–); B, control IgG;o, anti-HLA-DR; B, anti-ICAM-1; t,
anti-HLA-DR þ anti-ICAM-1.

Fig. 4.The effects of anti-B7-2 and anti-LFA-3 MoAbs on T cell prolifera-
tion to staphylococcal enterotoxin B (SEB) presented by peripheral blood
monocytes and stimulated HT-29 cells. Monocytes or stimulated HT-29
cells (5×104) were preincubated with anti-B7-2 (CD86) or anti-LFA-3
(CD58) MoAb (10mg/ml) for 30 min, then co-cultured with purified
peripheral blood T cells (1×105) for 4 days in the presence of SEB
(100 ng/ml), and3H-thymidine incorporation (ct/min) was measured.
Representative of three separate experiments. HT-29(þ), Stimulated with
the supernatants of SEB-stimulated peripheral blood mononuclear cells
(PBMC). *P< 0.05 versuscontrol MoAb.A, Antibody(–);B, control IgG;
o, anti-B7-2 (CD86);B, anti-LFA-3.



could serve as APC for SEB, TSST-1 and SPEA, and caused
significant T cell proliferation. In the antibody blocking experi-
ments, anti-HLA-DR MoAb significantly inhibited SEB-induced T
cell proliferation when stimulated HT-29 cells were used as
APC (inhibition by > 85%), indicating that HLA-DR are essential
molecules in superantigen-induced T cell proliferation. A recent
report by Aisenberget al. [30] showed that about 50% of freshly
isolated IEC preparations from normal individuals (seven of 14
individual IEC preparations) was capable of presenting super-
antigens SEB, SEE and TSST-1 to peripheral blood T cells,
suggesting a possibility of IEC to function as APCin vivo for
bacterial superantigens.

It has been previously shown that ICAM-1-transfected cells
enhance T cell proliferation [31–33]. In the present study, ICAM-1
was constitutively expressed on HT-29 cells at a low level, and
expression was markedly induced after stimulation (> 90% positive).
The stimulated HT-29 cells could serve as APC to present bacterial
superantigens, and MoAb against ICAM-1 could significantly
inhibit T cell proliferation (inhibition by 60–75%). This result
suggests that ICAM-1 on the surface of HT-29 cells may play an
important role in superantigen-induced T cell proliferation through
providing costimulation. Consistent with the results, several
studies using endothelial cells and keratinocytes also showed that
anti-ICAM-1 MoAb significantly inhibited superantigen-induced T
cell proliferation [16,29]. On the other hand, we did not find
expression of B7-1 and B7-2 on HT-29 cells, and antibody against
B7-2 had no effect on SEB-induced T cell proliferation. Although
there was a low level of LFA-3 expression on HT-29 cells, the
antibody against LFA-3 had no effect on SEB-induced T cell
proliferation. These results suggest that B7-2- and LFA-3-
mediated costimulation are not involved in T cell responses
initiated by IEC, which was in contrast to superantigen-induced
T cell responses when monocytes were used as APC.

The interaction between IEC and T lymphocytes, and T
lymphocyte activation by IEC, play important roles in mucosal
immunoregulation. IEC are exposedin vivo to a wide variety of
bacteria and bacterial products, including bacterial superantigens
that pass through the intestinal lumen. Invasion of the intestinal
mucosa by pathogenic bacteria leads to a markedly acute mucosal
inflammatory response. IEC can be induced to produce chemokines
such as IL-8 and monocyte chemoattractant protein-1 (MCP-1)
[12–14], which can attract an infiltration of neutrophils and
monocytes/macrophages. A report showed that the synoviocytes,
a kind of non-professional APC, can produce IL-8 by direct
superantigen binding to HLA-DR molecules on these cells induced
by IFN-g [34]. In contrast to this report, the present study did not
find that a superantigen, SEB, can directly stimulate HT-29 cells to
produce IL-8, whether HT-29 cells expressed HLA-DR or not.
However, we found that stimulated HT-29 cells with the expres-
sion of HLA-DR and ICAM-1 could present superantigen to T
cells, and in this condition HT-29 cells could produce IL-8
significantly. This may be attributed to the secondary stimulation
of cytokines from activated T cells by superantigen. On the other
hand, a proinflammatory cytokine, TNF-a, produced by activated
immune cells can significantly stimulate HT-29 cells to produce
IL-8. Furthermore, stimulated HT-29 cells produce much more IL-8
than non-stimulated HT-29 cells in response to TNF-a. We
speculate that this may be correlated with increased TNF-a

receptor expression in stimulated HT-29 cells. Recent reports by
Aisenberget al. showed that T cells of human intestinal mucosa,
including CD and ulcerative colitis patients, proliferated in
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Fig. 5. Tumour necrosis factor-alpha(TNF-a)-induced IL-8 production by
HT-29 cells. HT-29 cells, with or without stimulation by the supernatants of
staphylococcal enterotoxin B (SEB)-stimulated peripheral blood mono-
nuclear cells (PBMC), were cultured for 24 h in the presence of TNF-a,
then the amount of IL-8 in supernatants was determined by ELISA
as described in Materials and Methods. HT-29(¹) (A), No stimulation;
HT-29(þ) (B), stimulated with the supernatants of SEB-stimulated PBMC.
*P< 0.05 versusHT-29(¹).

Fig. 6. Staphylococcal enterotoxin B (SEB)-induced IL-8 production when
HT-29 cells were used as antigen-presenting cells. HT-29 cells, with or
without stimulation by the supernatants of SEB-stimulated peripheral blood
mononuclear cells (PBMC), were cultured with SEB (1–100 ng/ml) for 24 h
in the absence or presence of purified peripheral blood T cells, then the
amount of IL-8 in supernatants was determined by ELISA. HT(–), No
stimulation; HT(þ), stimulated with the supernatants of SEB-stimulated
PBMC. *P< 0.05versusHT(¹).B, HT(þ) þ T; A, HT(¹) þ T; X, HT(þ);
W, HT(¹).



response to superantigens [30], and superantigens can also induce
intestinal mucosal lymphocytes to produce proinflammatory cyto-
kines [35]. These findings suggest that superantigens may mediate
mucosal inflammationin vivo, and IEC may directly participate in
inflammatory responses and modulate T cell function in bacterial
superantigen-related acute infection and chronic intestinal dis-
eases, including IBD.

In conclusion, the present study demonstrates that the products
of T cell activation by superantigen could significantly increase
HLA-DR and ICAM-1 expression on an IEC cell line, HT-29,
which may predominantly result from IFN-g. The stimulated HT-29
cells can function as accessory cells for T cell proliferation induced
by superantigens. HLA-DR molecules are essential in HT-29 cell-
mediated T cell proliferative response; in addition, ICAM-1
molecules also play an important role by providing costimulation.
These in vitro results provide new insights into how IEC can
actively participate in the intestinal immune responsein vivo, and
may have implications for our understanding of the pathogenesis of
superantigen-related intestinal infectious diseases and chronic
IBD.
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