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SUMMARY

The low-affinity IgE receptor (FceRII/CD23) plays a role in IgE production. Cytokines participating in
IgE synthesis also modulate CD23 expression on lymphocytes, but whether this modulation is different
in atopic subjects remains unclear. We studied CD23 expression on B and T lymphocytes in 10
asthmatic patients withDermatophagoides pteronyssinushypersensitivity and 10 healthy non-atopic
subjects. Studies were performed by flow cytometry, in phytohaemagglutinin (PHA) or IL-4-stimulated
mononuclear cell cultures, alone or in the presence of IFN-g. Soluble CD23 (sCD23) released in the
culture supernatants was measured by enzyme-linked immunoassay. Both PHA and IL-4 induced the
expression of CD23 on lymphocytes of atopic and non-atopic subjects. Whereas PHA increased both the
percentage and mean fluorescence intensity of CD23þ B and T cells, IL-4 alone did not increase the
percentage of CD23þ T cells. The effects of IFN-g were different in both groups, since it was able to
reduce the percentage of PHA-stimulated CD23þ T cells only in non-atopic individuals. In non-atopic
subjects more than atopic, levels of sCD23 were increased in the supernatants of PHA and IL-4 cultures.
These results show that the modulation of CD23 expression is different on B and T cells, and that IFN-g

acts differently in atopic and non-atopic individuals.
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INTRODUCTION

The low-affinity receptor for IgE or CD23 (FceRII/CD23) is a 45-
kD type II transmembrane glycoprotein expressed in many hae-
matopoietic cells. The role of CD23 in the regulation of IgE
synthesis has been demonstrated [1–3], but the modulation of its
expression on many cellular types and the functions exerted are
controversial. The expression of CD23 by B lymphocytes and its
modulation by cytokines such as IL-4 and IFN-g are well known
[4–6]. However, questions regarding CD23 modulation on T cells
remain unclear [7,8]. The function of released fragments of CD23
(sCD23) is also under discussion, because it has been proved that
certain fragments may display either suppressive [9] or enhancing
activity on IgE synthesis [10,11].

It is likely that CD23 expression is a dynamic process depend-
ing on the ratio between synthesis and proteolysis. This process
could be influenced in part by the profile and the concentration of
produced cytokines that modulated CD23 expression and by the
levels of IgE, since it has been shown that IgE induces CD23

stabilization on cellular membrane. Thus, atopic patients may
present differences in both the modulation of receptor expression
and in the levels of soluble forms contributing to a different
regulation of IgE synthesis.

In order to test this hypothesis we assessed CD23 expression on
B and T cells from either phytohaemagglutinin (PHA) or recom-
binant human IL-4-stimulated mononuclear cell cultures and the
effect of the addition of recombinant human IFN-g. In order to
evaluate the role of CD23 proteolysis in relation to the degree of
CD23 expression, the levels of sCD23 in the supernatants of these
cultures were also measured.

MATERIALS AND METHODS

Mononuclear cells from 10 asthmatic patients withDermatopha-
goides pteronyssinushypersensitivity (positive prick test,D. pter-
onyssinus-specific IgE radioallergosorbant test (RAST) of class 3
or 4 and high IgE levels (6486 627 kU/l)) and from 10 healthy
non-atopic donors (negative clinical history and prick test and low
IgE values (1116 109 kU/l)) were obtained from peripheral blood
samples using a Ficoll density gradient method.
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Cell cultures
Peripheral blood mononuclear cells (PBMC) (1×106 cells/ml)
were cultured in RPMI 1640 supplemented with 2 mM glutamine,
antibiotics (100 U/ml penicillin, 100 mg/ml streptomycin) and 10%
heat-inactivated fetal calf serum (FCS) in presence of optimal
concentrations of PHA (2·5mg/ml; GIBCO, Grand Island, NY) or
recombinant human IL-4 (100 U/ml; Genzyme Corp., Boston,
MA), with or without the presence of 500 U/ml recombinant
human IFN-g (Genzyme). The cells were incubated at 378C in a
water-saturated atmosphere containing 5% CO2 for 72 h (duration
considered optimal after previous observations). Afterwards, the
cells were collected by centrifugation, and CD23 expression on B
and T cells was analysed. Culture supernatants were stored at
¹708C until sCD23 measurement.

Flow cytometry analysis
Cultured PBMC were stained with the combination of the follow-
ing MoAbs (Becton Dickinson, Mountain View, CA): PE-labelled
anti-CD23 MoAb (Leu-20) plus either FITC-labelled anti-CD20
MoAb (Leu-16) as B cell marker or FITC-labelled anti-CD3 MoAb
(Leu-4) as T cell marker. The cells were analysed in a FACScan
device (Becton Dickinson). Electronic gate of cells was set based
on side light scatter and FL1 fluorescence parameter (CD20þ cells
or CD3þ cells). The percentage of CD23þ B or T lymphocytes was
calculated from immunofluorescence cytograms. The mean chan-
nel fluorescence intensity (MFI) due to CD23 expression (this
parameter is a measure of the density of receptors per cell) was
determined with FL2 single histograms. The values corresponding
to specific fluorescence were obtained by subtraction of the back-
ground staining produced by an irrelevant FITC- and PE-conju-
gated MoAb of the same isotype as the corresponding specific
MoAb used.

Soluble CD23
The concentration of soluble CD23 released into culture super-
natants was quantified using a ‘sandwich’ enzyme immunoassay
kit (The Binding Site, Birmingham, UK) according to the manu-
facturer’s instructions. The concentration was expressed inmg/l.
This technique measures within the range 0·79–50mg/l.

Statistical analysis
Data were analysed by the statistical package SPSS. Wilcoxon’s
signed rank test for matched pairs was performed to compare the
results within the same group. Mann–WhitneyU-test was used to
determine differences between groups. Pearson correlation ana-
lyses were also applied. Statistically significant differences were
consideredP values<0·05.

RESULTS

CD23 expression
PHA stimulation of PBMC of both atopic and non-atopic subjects
resulted in a significant increase in the percentage of CD23þ B and
T cells in comparison with unstimulated cultures (P< 0·01).
Similar results were obtained when the MFI due to CD23 expres-
sion was analysed on either B or T cells in these cultures (P<0·01)
(Figs 1 and 2).

The presence of IFN-g at the onset of PHA-stimulated cultures
produced a reduction in the percentage of CD23þ B cells which
was only statistically significant in atopic subjects (P<0·05) (Fig.
1). In these cultures, the MFI of CD23þ B cells decreased in atopic

patients, but without reaching statistical significance, while in non-
atopic subjects IFN-g failed to modify the MFI of CD23þ B cells
(Fig. 1). The effect of IFN-g on T cells was different, since it
lowered the percentage of CD23þ T cells only in non-atopic
individuals (P<0·01). However, the MFI due to CD23 expression
on T cells was not reduced by IFN-g in any group (Fig. 2).

In both atopic and non-atopic subjects IL-4 induced a signifi-
cant increase in the percentage of B cells expressing CD23 in
comparison with unstimulated cells (P< 0·01) (Fig. 3), but on T
cells, IL-4 did not change the percentage of CD23þ T cells (Fig. 4).
The MFI of both CD23þ B and T cells was up-regulated by IL-4 in
both groups (P<0·01) (Figs 3 and 4).

In IL-4-stimulated cultures the addition of IFN-g decreased the
percentage of CD23þ B cells, mainly in atopic patients (P<0·05),
and resulted in a significant inhibition of CD23þ B cell expression
(MFI) in both groups (P<0·01) (Fig. 3). As was the case with
PHA-stimulated cultures, the addition of IFN-g did not cause
significant alterations of the degree of CD23 expression on T
cells in non-atopic subjects. However, T cells from atopic patients
exhibited reduced MFI values (P<0·05) (Fig. 4).

Soluble CD23
Supernatants from PHA- and IL-4-stimulated cultures of both
groups showed an increase in sCD23 in comparison with un-
stimulated cultures (P< 0·02) (Fig. 5). However, the concentration
of sCD23 in stimulated cultures was higher in non-atopic subjects
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Fig. 1.Effects of phytohaemagglutinin (PHA) and IFN-g on the percentage
and mean fluorescence intensity (MFI) of CD23þ B cells in atopic (a) and
non-atopic (b) subjects. Control, Unstimulated cells; NS, not significant.
Median values are represented by the solid bars.



than in atopic patients (PHA,P¼ 0·04 ; IL-4, P¼ 0·028). Both
stimuli (PHA and IL-4) induced similar sCD23 concentrations in
healthy subjects. In contrast, in atopic patients IL-4 induced
higher concentrations of sCD23 than PHA (P¼ 0·018). The
presence of IFN-g in the cultures increased the concentration of
sCD23 mainly in allergic patients, but without reaching statistical
significance.

Correlation studies
The effects of PHA, IL-4 and IFN-g in the induction/proteolysis of
CD23 expression on lymphocytes were also evaluated through
studies correlating the concentration of sCD23 in culture super-
natants with the percentage and MFI of CD23þ B or T cells in these
cultures. The results showed that in PHA-stimulated cultures of
atopic patients a significant correlation was obtained between the
levels of sCD23 and the percentage of CD23þ B cells (r ¼ 0·81;
P<0·05) as well as between the levels of sCD23 and the percen-
tage of CD23þ T cells (r ¼ 0·86; P<0·01). When IFN-g was
present, a significant correlation was found between the percentage
of CD23þ B cells and the levels of sCD23 (r ¼ 0·76;P<0·05). In
contrast, non-atopic subjects did not show any correlation between
CD23 expression on B or T cells from PHA-stimulated cultures
and the concentrations of sCD23.

We did not obtain any correlation between CD23 expression on
B or T lymphocytes and the levels of sCD23 in IL-4-stimulated
cultures of both groups. However, the addition of IFN-g in IL-4-
stimulated cultures of non-atopic individuals yielded a negative

correlation between the percentage of CD23þ B cells and the levels
of sCD23 (r ¼ –0·82;P<0·01).

DISCUSSION

The results obtained in this study show thatin vitro PHA and IL-4
cause similar effects on the expression of CD23 on B and T cells in
both atopic and non-atopic individuals, since both substances up-
regulate the expression of CD23. However, while PHA raised the
percentage of both B and T cells expressing CD23, IL-4 did not on
T cells at the concentrations used in this study. Both substances
increased CD23 expression on B and T cells in both groups and
induced the release of CD23 in the supernatants of cell cultures.

The observed increase in CD23 expression on B lymphocytes
from PHA- or IL-4-stimulated PBMC cultures is in agreement with
the results reported in other studies [5,6,12]. In our experiments,
the increase in CD23þ B lymphocyte percentage was higher in
PHA-stimulated cultures than in IL-4-stimulated cultures. This can
be explained, because PHA induces T lymphocyte activation, and
this results in the production of cytokines by these cells, which in
turn can induce [4,13] or inhibit [5] the expression of CD23 on B
cells. We believe that the increase in the percentage of CD23þ B
lymphocytes in PHA-stimulated cultures might be due to the
synergistic action of endogenous IL-4 and other cytokines synthe-
sized by T lymphocytes, for as our results show, IL-4 alone induces
CD23 expression on B lymphocytes.
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Fig. 2.Effects of phytohaemagglutinin (PHA) and IFN-g on the percentage
and mean fluorescence intensity (MFI) of CD23þ T cells in atopic (a) and
non-atopic (b) subjects. Control, Unstimulated cells; NS, not significant.
Median values are represented by the solid bars.
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Fig. 3. Effects of IL-4 and IFN-g on the percentage and mean fluorescence
intensity (MFI) of CD23þ B cells in atopic (a) and non-atopic (b) subjects.
Control, Unstimulated cells; NS, not significant. Median values are repre-
sented by the solid bars.



The expression of CD23 on T cells, on the other hand, has been
controversial. Some studies failed to show CD23 expression on
peripheral blood T lymphocytes either in resting T cells or
following activation with PHA [7,14]. Others reported that the
presence of B cells was necessary for CD23 expression on
activated T cells [8], and finally, it has been definitively proven
that this receptor is produced by T cells [15,16].

We saw that PHA produces an increase, though less than on B
lymphocytes, in the percentage of CD23þ T cells in both groups,
which did not occur when IL-4 was the only stimulated substance.
This suggests that the activation of T cells is necessary for CD23
expression, and that cytokines other than IL-4 must also be
involved [17].

Our results show that IL-4 boosts CD23 expression only on the
cells where it was previously expressed, since IL-4 raises receptor
density, but does not modify the percentage of CD23þ T cells. It is
likely that IL-4 acts only on activated T cells. These findings agree
with some reports showing an increase of CD23þ T cells when
PBMC were stimulated with PHA or antigen plus IL-4, but not
with IL-4 alone [8,18].

Other important data concern the differential effects of IFN-g

on CD23 expression on B and T lymphocytes and their differences
in atopic and non-atopic subjects. It is possible that the observed
increase in the percentage of CD23þ B and T lymphocytes from
PHA-stimulated cultures was caused differently in atopic and non-
atopic subjects, perhaps due to a different pattern of cytokine

production [19,20]. This would explain why the effects of IFN-g

on CD23 expression were different in both groups.
CD23 shedding is produced, in part, by a membrane receptor

proteolysis, although it has been shown that IFN-g can modulate
this release.

The fact that the addition of IFN-g to PHA-stimulated cultures
from atopic patients results in a decrease in the percentage of
CD23þ B cells, directly related to a decrease in sCD23 levels,
implies that in these subjects IFN-g acts primarily on CD23
synthesis, which agrees with the results of molecular studies
suggesting that in B cells, IFN-g could down-regulate the expres-
sion of the CD23 gene induced by IL-4 at post-transcriptional level
[21].

However, in non-atopic subjects IFN-g might induce an
increase of receptor breakdown [22], such as the results obtained
in IL-4-stimulated cultures, where the decrease of percentage of
CD23þ B cells is correlated to an increase of sCD23 levels,
suggest. This effect was not observed in atopic patients. Thus,
greater IgE levels might induce CD23 receptor stabilization. This
could also explain, in part, why IFN-g does not down-regulate the
percentage of CD23þ T cells from PHA-stimulated cultures of
atopic patients, as opposed to what occurs with non-atopic patients.

In our study, atopic patients showed lower sCD23 levels than
healthy individuals, in agreement with Battermanet al. [23]. This
is in contrast with former reports [24–26], but the differences in
methods used and the overlap between the ranges of sCD23
concentrations in atopic and non-atopic individuals may explain
the discrepancies.

It is likely that CD23 expressed on cellular membrane plays a
more important role in the regulation of IgE production than
soluble forms [27]. We failed to find statistically significant
differences between atopic and non-atopic individuals in CD23
expression on lymphocytes induced by PHA or IL-4. However,
interestingly, IFN-g produced a distinct modulation of CD23
expression in both groups, which could contribute to a distinct
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Fig. 4. Effects of IL-4 and IFN-g on the percentage and mean fluorescence
intensity (MFI) of CD23þ T cells in atopic (a) and non-atopic (b) subjects.
Control, Unstimulated cells; NS, not significant. Median values are repre-
sented by the solid bars.
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mononuclear cell-stimulated cultures of atopic (A) and non-atopic (D)
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regulation of IgE synthesis. Along these lines, it is known that
atopic patients present a higher percentage of CD23þ B cells in
peripheral blood [6], probably due to an unbalanced IL-4/IFN-g

ratio and higher IgE levels than non-atopics. The higher number of
CD23þ B cells may improve the antigen presentation to T cells and
their activation, and consequently increase the percentage of
CD23þ T cells, which in atopic individuals, as has been demon-
strated in this study, would not be down-regulated by IFN-g. The
high expression of CD23 on T cells would then favour the
interaction between T and B cells by means of CD23 expressed
on T cells and its receptor (CD21) on B cells [3,28]. This would
lead to IgE production.

In conclusion, while PHA and IL-4 induce the expression of
CD23 on B and T lymphocytes of atopic and non-atopic subjects in
similar ways, the effects of IFN-g are different in both groups.
These differences in the modulation of CD23 expression could
contribute to altering the regulation of IgE synthesis in atopic
individuals.
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