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SUMMARY

Several recent studies demonstrate that B7.2, but not B7.1, play an important role in allergic
inflammation and IgE production. Agents that down-regulate B7.2 may therefore be of benefit for the
treatment of Th2-driven allergic diseases. Our current study was carried out to investigate the effect of
immunosuppressive agents, cyclosporin A (CsA) and dexamethasone, on B7.2 and B7.1 expression on
B cells stimulated with the superantigen, toxic shock syndrome toxin-1 (TSST-1). The analysis of B7.2
and B7.1 on the same cells by flow cytometry demonstrated that TSST-1 up-regulated B7.2þB7.1¹ but
not B7.1þB7.2¹ on B cells in a dose-dependent fashion. CsA and dexamethasone significantly down-
regulated B7.2þB7.1¹ but up-regulated B7.2¹B7.1þ B cells in the presence or absence of TSST-1
(100 ng/ml). Interestingly, the combination of CsA and dexamethasone was much more potent in the
inhibition of B7.2 expression than either of these agents alone. As CD40 is known to up-regulate B7.2
expression on B cells, the mechanism of B7.2 down-regulation by CsA and dexamethasone was further
studied by investigating the effect of these agents on CD40 expression on B cells. TSST-1 significantly
increased CD40 expression on B cells. However, the addition of CsA or dexamethasone significantly
down-regulated CD40 expression. Anti-CD40 MoAb significantly reversed the effects of CsA or
dexamethasone on B7.2 and B7.1 expression, suggesting that T cell engagement of CD40 plays a role in
the mechanisms by which CsA and dexamethasone acts on B cells. These data demonstrate the
modulatory effect of CsA and dexamethasone on B7.2 and B7.1 expression on B cells and the potential
role of CD40 in mediating this effect.
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INTRODUCTION

The engagement of B7 on antigen-presenting cells (APC) with
CD28/CTLA-4 on T cells is a well-characterized costimulatory
pathway for T and B cell activation [1]. At least two members of
the B7 family, B7.1 (CD80) and B7.2 (CD86), have now been
identified. B7.1 is normally expressed at low levels on ‘profes-
sional’ APC, such as dendritic cells, and macrophages, and up-
regulated on these APC as well as on B cells following activation
by soluble factors (e.g. cytokines) or ligation of cell surface
molecules (e.g. MHC class II and CD40). B7.2 is constitutively
expressed on dendritic cells and is rapidly induced on B cells
following activation by cross-linking of the immunoglobulin
receptor or the addition of various cytokines [2]. Several studies
have demonstrated distinct kinetics and interaction sites between
the B7.1/B7.2 and the CD28/CTLA-4 receptor-counter ligand

system [3–6]. Such differential binding may have unique signal-
ling properties that affect T cell activation and subsequent Th1/Th2
development. Studies in mice have suggested that the generation of
Th2 cells depends mainly on the interaction of CD28 with B7.2 [7].
In vitro studies of human T cells have demonstrated that B7.2
transfectants preferentially activate Th2-type cytokines, whereas
B7.1 transfectants skew responses towards the production of Th1-
type cytokines [8]. Other reports, however, have not confirmed that
B7.2 is involved in Th2 responses. These studies found that both
B7.1 and B7.2 were able to costimulate IL-4 and interferon-gamma
(IFN-g) production from murine T cells [9,10].

Despite the controversy over the role of B7.1versusB7.2 in the
regulation of Th1/Th2 immune responses, recent studies have
demonstrated a role for B7.2 in atopic diseases, which are driven
by Th2-type cytokines. In asthmatic patients, B7.2 expression on B
cells was higher in atopic asthmatic subjects exposed to allergen
than atopic asthmatic subjects not exposed to allergen or non-
atopic control subjects [11]. In atopic dermatitis, we demonstrated
that B7.2, but not B7.1 expression on fresh B cells is significantly
higher than psoriasis or normal controls. Serum IgE level
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correlated well with B7.2 expression on B cells in atopic dermatitis
patients andin vitro IgE production was blocked by anti-human
B7.2, but not anti-human B7.1 MoAb [12]. These findings support
the hypothesis that B7.2, but not B7.1, is an important costimula-
tory molecule involved in the pathogenesis of allergic response.

Therapeutic agents that down-regulate B7.2 molecule could
therefore be of benefit for the treatment of Th2-driven allergic
diseases. In the current study, we examined the effect of cortico-
steroids as well as cyclosporin A (CsA), two agents that have been
used for the treatment of chronic asthma and atopic dermatitis, on
the expression of B7.2 and B7.1 on B cells. We demonstrate
suppressive effect of these two agents on B7.2þB7.1¹ but not on
B7.2¹B7.1þ B cells, and that the mechanism for this down-
regulation is CD40-dependent.

SUBJECTS AND METHODS

Subjects
We obtained blood from six normal healthy adults (three males and
three females, aged 27–36 years) who were skin prick test-negative
for a panel of common allergens and had serum IgE levels<200 U/
ml. Informed consent was obtained from all subjects before entry
into the study.

Reagents
The following MoAbs were obtained from Becton Dickinson
Immunocytometry Systems (San Jose, CA): anti-CD19 PerCP
(peridinin chlorophyll-a protein), anti-B7.1 PE, G1CL (mouse
IgG1 control; FITC, PE, PerCP) and G2CL (mouse IgG2 control;
FITC, PE, PerCP). The anti-B7.2 PE-conjugated MoAb was
obtained from Ancell (Bayport, MN). The anti-CD40 FITC- and
anti-B7.1 FITC-conjugated MoAb was obtained from Pharmingen
(San Diego, CA). Toxic shock syndrome toxin (TSST-1) was a
kind gift from P. M. Schlievert (University of Minnesota) and
prepared fromStaphylococcus aureusby isoelectric focusing as
previously described [13].

Cell preparation and cell cultures
Peripheral blood mononuclear cells (PBMC) were isolated from
heparinized venous blood from study subjects by density gradient
centrifugation on Ficoll–Paque (Pharmacia, Uppsala, Sweden),
and washed three times in Hanks’ balanced salt solution (HBSS;
GIBCO, Grand Island, NY).

PBMC (at 1×106 cells/ml) were cultured in RPMI 1640
(Bio-Whitaker, Walkersville, MD) supplemented with 10% heat-
inactivated fetal calf serum (FCS; GIBCO), 20 mM HEPES buffer
(GIBCO), antibiotics and 2 mM L-glutamine (GIBCO) in flat-bottomed
24-well plates (Costar, Cambridge, MA) at 378C in a humidified
5% CO2 atmosphere for 48 h. A range of TSST-1 concentrations
was added into cell cultures in the presence or absence of
dexamethasone (Sigma, St Louis, MO) plus or minus CsA
(Sigma). Anti-human CD40 MoAb (Pharmingen) at 1mg/ml was
added in certain experiments to cross-link the CD40 molecule on B
cells.

Cell staining and flow cytometric analysis
Five-parameter analysis was performed using a FACScalibur flow
cytometer (Becton Dickinson) using FITC, PE and PerCP as the
three fluorescent parameters. Immunofluorescence staining for this
multiparameter analysis and methods of cytometer set up and data
acquisition were performed as described previously [14]. List

mode multiparameter data files (each file with forward scatter,
side scatter, and three fluorescent parameters) were analysed using
the Cell Quest MacIntosh program (Becton Dickinson). Analysis
was performed using a light scatter gate including only viable
lymphocytes and a gate based on expression of CD19þ B cells.
Negative control reagents were used to verify the staining
specificity of experimental antibodies.

Statistical analysis
Data are expressed as individual values and geometric mean for
each subject groups. Data differences between paired groups were
tested for normality. A paired Student’st-test was used for
normally distributed data differences. In contrast, a Wilcoxon
signed rank test was used for non-parametric data differences.
Differences between groups were considered significant at
P< 0·05.

RESULTS

TSST-1 increases B7.2þB7.1¹ but not B7.2¹B7.1þ B cells
PBMC from six normal donors were analysed by flow cytometry
for the expression of B7.2 and B7.1 on their B cells after culture for
48 h with a range of TSST-1 concentrations. As shown in Fig. 1,
both B7.2 and B7.1 expression on B cells were up-regulated by
TSST-1 in a dose-dependent fashion. As B7.2 and B7.1 have
differential functions and can be expressed on the same cells, we
further analysed for B7.2þB7.1¹, B7.2þB7.1þ and B7.2¹B7.1þ B
cells by using anti-B7.1 FITC, anti-B7.2 PE and anti-CD19 PerCP.
As shown in Fig. 2, B7.2þB7.1¹ and B7.2þB7.1þ B cells were up-
regulated by TSST-1 in a dose-dependent fashion in the same way
as B7.2þ B cells. In contrast, B7.2¹B7.1þ B cells were down-
regulated by TSST-1 in a dose-dependent fashion. Of interest, the
majority of B7.2þ B cells were B7.2þB7.1¹, while the majority of
B7.1þ B cells were B7.2þB7.1þ. For the remainder of this study,
we used TSST-1 at 100 ng/ml as it provided optimal B7.2
induction.

CsA significantly decreases B7.2þB7.1¹ but not B7.2¹B7.1þ

B cells
In these experiments, PBMC were cultured for 48 h with or without
TSST-1 in the presence or absence of 1mg/ml CsA. As shown in
Fig. 3, CsA significantly decreased the percentage of B7.2þB7.1¹

B cells in the presence or absence of TSST-1. In contrast, CsA
significantly increased the percentage of B7.2¹B7.1þ B cells in the
presence or absence of TSST-1. CsA did not demonstrate any
significant effect on B7.2þB7.1þ B cells (data not shown).

Dexamethasone significantly decreases B7.2þB7.1¹ but not
B7.2¹B7.1þ B cells
In these experiments, PBMC were cultured for 48 h with or without
TSST-1 in the presence or absence of 10¹6

M dexamethasone. As
shown in Fig. 4, dexamethasone significantly decreased
B7.2þB7.1¹ B cells in the presence or absence of TSST-1. In
contrast, dexamethasone significantly increased B7.2¹B7.1þ B
cells in the presence or absence of TSST-1. Dexamethasone did
not demonstrate any significant effect on B7.2þB7.1þ B cells (data
not shown).

CsA and dexamethasone reduce B7.2þB7.1¹ B cells in a
synergistic manner
As both CsA and dexamethasone can create significant adverse
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effects in patients who use high doses of these agents, we examined
whether they had a synergistic effect when used in combination at
one log lower concentrations than in the previous experiments. In
the left panel of Fig. 5, the combination of 100 ng/ml CsA and
10¹6

M dexamethasone significantly decreased B7.2þB7.1¹ B cells
and increased B7.2¹B7.1þ compared with either agent alone. This
synergistic effect was also demonstrated in B7.2þB7.1þ B cells,
which was significantly down-regulated by the combination of
both agents.

In the right panel of Fig. 5, the combination of 1mg/ml CsA and
10¹7

M dexamethasone significantly decreased B7.2þB7.1¹ B cells
and increased B7.2¹B7.1þ compared with either agent alone. This
synergistic effect was also demonstrated in B7.2þB7.1þ B cells,
which was significantly down-regulated by the combination of
both agents.

CsA and dexamethasone decrease CD40 expression on B cells
As CD40 is known to regulate B7.2 expression on B cells [15], we

investigated whether CD40 expression on B cells was affected by
CsA or dexamethasone, as this might explain the down-regulatory
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Fig. 1. Toxic shock syndrome toxin-1 (TSST-1) up-regulates total B7.2 and
B7.1 expression on B cells. Peripheral blood mononuclear cells (PBMC) from
six normal donors were cultured with a range of TSST-1 concentrations for
48 h and analysed for B7.2 and B7.1 expression on B cells by flow cytometry.
Results from each individual and geometric mean values are shown.

Fig. 2. Toxic shock syndrome toxin-1 (TSST-1) up-regulates B7.2þB7.1¹

but not B7.2¹B7.1þ B cells. Peripheral blood mononuclear cells (PBMC)
from six normal donors were analysed by flow cytometry for the expression
of B7.2 and B7.1 on the same B cells after culture for 48 h with a range of
TSST-1 concentrations. Results from each individual and geometric mean
values are shown.



effects of CsA or dexamethasone on B7.2 expression on B cells.
Figure 6a demonstrates that CD40 was up-regulated by TSST-1,
and 1mg/ml CsA significantly decreased the effect of TSST-1-
induced CD40 expression on B cells. In Fig. 6b, 10¹6

M dexa-
methasone demonstrates significant reversal of the effects of
TSST-1 on CD40 expression.

Anti-CD40 MoAb significantly increases B7.2þB7.1¹ and
decreases B7.2¹B7.1þ B cells when cultured with CsA or
dexamethasone
To provide further support for the hypothesis that CsA or dex-
amethasone inhibit B7.2 expression on B cells through suppression
of CD40 molecule, we added anti-CD40 MoAb, which is known to
crosslink CD40 molecule on the B cell surface, into cell cultures
with CsA or dexamethasone and analysed for B7.2þB7.1¹,
B7.2þB7.1þ and B7.2¹B7.1þ B cells. As shown in Fig. 7, the
combination of anti-CD40 MoAb plus CsA or dexamethasone
significantly increased B7.2þB7.1¹, decreased B7.2¹B7.1þ, but

had no significant effects on B7.2þB7.1þ B cells (data not
shown), compared with either CsA or dexamethasone alone
without anti-CD40 MoAb.

DISCUSSION

Several recent studies support the concept that B7.2, but not
B7.1, plays a significant role in atopic diseases. In murine models
of allergen-induced airway hyperresponsiveness, administration of
anti-B7.2, but not anti-B7.1, MoAb leads to the reduction of airway
hyperresponsiveness and IgE as well as IL-4 and IL-5 levels in
bronchoalveolar lavage fluid [16]. In studies of human PBMC
culturedin vitro with house dust mite antigen, B7.2 but not B7.1 on
B cells was significantly and selectively up-regulated in atopic
patients, but not in normal subjects [17]. Moreover, antigen-
specific T cell proliferation is effectively blocked by CTLA4-Ig
and anti-B7.2 MoAb, but not by anti-B7.1 MoAb [18]. Our recent
studies demonstrate that B7.2 but not B7.1 is up-regulated in atopic
dermatitis and atopic asthmatics compared with control subjects
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Fig. 3. Cyclosporin A (CsA) significantly decreases B7.2þB7.1¹ but not
B7.2¹B7.1þ B cells. Peripheral blood mononuclear cells (PBMC) from six
normal donors were cultured for 48 h with or without 100 ng/ml toxic shock
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[11,12]. IgE production in atopic dermatitis patients also correlated
well with B7.2 expression on B cells [12].

TSST-1 is a staphylococcal toxin that can induce polyclonal T
and B cell activation [19,20]. Several studies have shown that
CD28/B7 counter-receptor molecules are important as a
costimulatory signal in superantigen-induced T cell activation.
CD28/B7-regulated signal transduction pathway is activated
during superantigen stimulation of T cells and plays an important
role in T cell proliferation and IL-2 gene expression [21–23].
These effects are blocked by CTLA-Ig [24]. Inin vitro studies of
anergic T cells stimulated by staphylococcal enterotoxin B (SEB),
cross-linking of CD28 molecule on these T cells is critical for
reversal of anergy [25]. The addition of antibodies to CD28 or
B7 transfected cell lines increased the sensitivity of naive T cells
to lower doses of superantigens [26]. Moreover, recent studies
have demonstrated that TSST-1 significantly up-regulates B7 in a

dose-dependent fashion [27]. We therefore used TSST-1 in this
study as an agent to stimulate B7 molecules expressed on B cells
and investigated the effects of immunosuppressive agents CsA and
dexamethasone on B7.2 and B7.1 expression on B cells.

Although the importance of B7/CD28 interactions in super-
antigen-induced T and B cell activation has been identified,
whether the B7.2 or B7.1 molecule is more involved in this process
is still not resolved. Previous studies have reported that the
inhibition of naive T cell responsesin vitro to superantigens
required simultaneous blocking of B7.1 and B7.2, suggesting
that either B7.1 or B7.2 is sufficient to provide a costimulatory
signal [28]. However,in vivostudies by the same group examining
SEB-induced toxic shock syndrome in BALB/c mice demonstrated
that a single dose of anti-B7.2, but not anti-B7.1, antibodies
significantly inhibited T cell activation and lowered systemic
IL-2 release, blastogenesis and IL-2 receptor expression [29].

B7.2 and B7.1 modulation by immunosuppressive agents 5
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Fig. 5. Cyclosporin A (CsA) and dexamethasone have synergistic effects on the down-regulation of B7.2þB7.1¹ B cells. Toxic shock
syndrome toxin-1 (TSST-1; 100 ng/ml) was added in cell culture with or without 100 ng/ml CsA in the absence or presence of 10¹6

M

dexamethasone (left panel), and with or without 1mg/ml CsA in the absence or presence of 10¹7
M dexamethasone (right panel). In both

panels, the combination of both agents showed significant synergistic effects compared with either agent alone in the down-regulation of
B7.2þB7.1¹ B cells and up-regulation of B7.2¹B7.1þ B cells. The synergistic effect can also be demonstrated in B7.2þB7.1þ B cells, which
were significantly down-regulated by the combination of both agents. Results from individuals and geometric mean values are shown.



Hofer et al. showed that TSST significantly induced B7.2 but not
B7.1 on B cells [27].

Our current study demonstrates that TSST-1 up-regulated both
B7.1 and B7.2 on B cells. However, the simultaneous analysis of
both molecules on the same B cells revealed that the majority of
B7.1þ cells were B7.2þB7.1þ cells, while the majority of B7.2þ

cells were B7.2þB7.1¹ cells, and TSST-1 up-regulated B7.2þB7.1¹

and B7.2þB7.1þ cells but down-regulated B7.2¹B7.1þ cells. To our
knowledge, the current study is the first to demonstrate differential
regulation of B7.2 and B7.1 by staining both molecules on the same
cells. This finding might partially explain the controversy in B7.2
and B7.1 regulation as well as their diverse biological functions.

In this study, we investigated the effects of immunoregulatory
agents on B7.2 and B7.1 molecules on B cells. We used dexa-
methasone as a prototype for corticosteroids, an agent commonly

used for controlling allergic diseases. CsA is frequently used as an
alternative agent in steroid-resistant asthma and recalcitrant atopic
dermatitis unresponsive to corticosteroids. Our study showed that
both CsA and dexamethasone significantly down-regulated
B7.2þB7.1¹ B cells but up-regulated B7.2¹B7.1þ B cells. Both
agents demonstrated synergistic effects when used in combination,
even though the concentration used was decreased by one log
concentration.

To better understand the mechanism by which CsA and
corticosteroid regulate B7.2versusB7.1 expression on B cells,
we investigated the effect of these agents on CD40 expression on B
cells, since it has been demonstrated that CD40 signals an up-
regulation of B7.2 on APC [15]. Our study reveals that CsA and
dexamethasone suppressed CD40 expression on B cells after high-
dose TSST-1 stimulation. The addition of anti-CD40 to cultures
containing TSST-1 with CsA or dexamethasone reversed the suppres-
sive effect of these two agents on B7 expression. Since anti-CD40 is
known to crosslink and activate CD40 molecule on B cells, these
resultssuggest thatCsAand dexamethasonemodulate B7 molecule by
the suppression of CD40 expression on B cells or CD40L expression
on T cells. Indeed, both mechanisms are likely to be operative.

In support of a direct effect of CsA or dexamethasone on B
cells, several reports have demonstrated that transcription factor
NF-kB is induced during B cell stimulation through CD40 receptor
[30–33], and the ability of CD40 cross-linking to induce IgE germ-
line transcription in B cells is mediated by activation of NF-kB
[34,35]. Moreover, ligation of the CD40 receptor in conjunction
with IL-4 induces the nuclear factor of activated T cells (NF-AT)
[36]. It is well known that one of the mechanisms of corticosteroid
action is mediated by blocking the induction of NF-kB [37,38],
while CsA’s action is mediated by blocking the induction of NF-
AT [39]. In this regard, recent studies have demonstrated that CsA
has direct effect on B cell proliferation and V(D)J recombination
[40–42]. We propose that the mechanism of corticosteroid- and
CsA-regulated B7 molecules on B cells is mediated through the
inhibition of CD40-induced NF-kB or NF-AT signalling pathway.
This finding may account for the synergistic action of these two
immunosuppressive agents as they each act on a different
component of the CD40 signalling pathway.

The addition of anti-CD40 into cell cultures with CsA or
dexamethasone did not bring B7.2þB7.1¹ B cells back to the
levels observed in cultures without CsA or dexamethasone. This
suggests that other mechanisms, in addition to the blocking of
CD40 expression, might also play a role in the mechanism by
which CsA or dexamethasone regulate B7 molecule. It has been
demonstrated that B7.2 is up-regulated by Th2 cytokines such as
IL-4 and IL-13 [11]. Since both CsA and dexamethasone down-
regulate IL-4 [43,44], it is possible that suppressing these T cell-
derived cytokines might be another mechanism for B7 regulation
by these immunosuppressive agents. Furthermore, the known
ability of these two immunosuppressive agents to suppress
CD40L expression by T cells provides an additional mechanism
for reduced CD40-mediated B7.2 expression [45,46].

In conclusion, this study demonstrates that both corticosteroid
and CsA regulate B7.2 and B7.1 on B cells. The results are more
distinct if analyses for both molecules are done on the same B cells.
Both agents demonstrate synergistic effect on B cells, leading to
the potential to decrease doses and clinical side-effects. These
findings provide new insights into potential mechanisms of these
immunosuppressive agents and their ability to control expression
of B7.2 in allergic diseases.
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Fig. 6.Cyclosporin A (CsA) and dexamethasone decrease CD40 expression
on B cells. Peripheral blood mononuclear cells (PBMC) were cultured for
48 h with or without 100 ng/ml toxic shock syndrome toxin-1 (TSST-1) in the
presence or absence of 1mg/ml CsA (a) and in the presence or absence of
10¹6

M dexamethasone (b). These experiments demonstrate that CD40 was
up-regulated by 100 ng/ml TSST-1, and 1mg/ml CsA as well as dexametha-
sone significantly decreased the effect of TSST-1-induced CD40 expression
on B cells. Results from individuals and geometric mean values are shown.
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