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Class switching consists in the substitution of the heavy-chain constant region of immunoglobulin M (IgM)
with that of IgG, IgA, or IgE. This enables antibodies to acquire new effector functions that are crucial to
combat invading pathogens. Class switching usually requires engagement of CD40 on B cells by CD40 ligand
(CD40L) on antigen-activated CD4� T cells and the production of cytokines. The process must be regulated
tightly because abnormal IgG and IgA production favors the onset of autoimmunity, whereas increased
switching to IgE leads to atopy. These inflammatory disorders can be triggered or exacerbated by costimulatory
signals. Although thoroughly investigated on T cells, the roles of the inhibitory receptors CD85j, LAIR-1, and
CD152 on B-cell functions have not been fully elucidated. In this study we show that cross-linking of the B-cell
inhibitory receptors by specific monoclonal antibodies inhibits IgG and IgE production, reduces the percentage
of IgG- and IgE-expressing B cells, and down-regulates interleukin 8 (IL-8), IL-10, and tumor necrosis factor
alpha production. These effects were demonstrated using different B-cell stimulatory pathways (recall antigens,
CD40L-transfected cells plus IL-4, and lipopolysaccharide plus IL-4). It thus appears that CD85j, LAIR-1, and
CD152 play a central role for the control of IL-4-driven isotype switching.

Expression and functions of inhibitory receptors have been
investigated mainly in studies of T lymphocytes and NK cells.
The negative role exerted by CD85j (LIR-1–ILT2), LAIR-1,
and CD152 (CTLA-4) on T-cell functions has been thoroughly
characterized (11, 16, 19, 26, 28). T-cell inhibitory receptor
cross-linking by monoclonal antibodies (MAbs) and goat anti-
mouse (GAM) antiserum or physiologically induced by their
ligands expressed on antigen-presenting cells down-regulates
cytokine production (e.g., interleukin 2 [IL-2], and gamma
interferon [IFN-�], IL-4), IL-2 receptor � chain expression,
and cell cycle progression (4, 16, 26, 27, 28). However, inhib-
itory receptors are also constitutively expressed or can be in-
duced on B lymphocytes, and their functional outcome still
awaits full characterization.

CD85j is found on monocytes, B cells, NK cells, and T cells.
This receptor binds major histocompatibility complex (MHC)
class I or viral MHC class I homologues (8, 9) and is a transmem-
brane molecule with four immunoreceptor tyrosine-based inhibi-
tion motifs (ITIMs) in its cytoplasmic tail (2, 3). Tyrosine phos-
phorylation of ITIMs establishes docking sites for the SH2
domain-containing phosphatase SHP-1 that subsequently trans-
duces inhibitory signals by dephosphorylating and inactivating
downstream tyrosine kinases (2). Cross-linking of CD85j inhibits
activation of B cells, T cells, NK cells, and macrophages (6, 7, 26).

The leukocyte-associated Ig-like receptor-1 (LAIR-1) is
expressed on the majority of human peripheral blood mono-

nuclear cells (PBMCs), including NK cells, T cells, B cells,
monocytes, and dendritic cells, as well as on the majority of
thymocytes (17). LAIR-1 is a transmembrane glycoprotein
with a single extracellular Ig-like domain and a cytoplasmic tail
that comprises two ITIMs. Cross-linking of LAIR-1 delivers a
signal that inhibits the functions of NK cells, B cells, T cells,
and dendritic cell precursors (17, 22, 27, 31). However, this
inhibition is less efficient than that mediated by other receptors
expressed on T lymphocytes, such as CD85j and CD152 (27).

Another inhibitory receptor, namely, CD152, can be induced
on B cells by activated T lymphocytes (15) or by CD40 or
lipopolysaccharide (LPS) stimulation in the presence of IL-4
(21). In addition, CD152 is constitutively expressed on B cells
from non-Hodgkin’s lymphomas (33). Although its role on
B-cell functions has not been established completely, CD152
cross-linking down-regulates IL-4-driven Ig production and in-
hibits the expression of Cε and C�1 germ line mRNA as well as
of activating transcription factors (21).

All of these studies have explored the regulatory role of
inhibitory receptors in B-cell activation, at least for CD85j and
LAIR-1, only by measuring the inhibition of Ca2� mobilization
triggered via the B-cell antigen receptor (7, 17). In fact, Ca�

mobilization is only one aspect of early B-cell activation,
whereas isotype switching and Ig secretion are subsequent steps.
In normal B cells, switching from IgM to IgG, IgA, or IgE re-
quires two signals, one delivered by CD40 ligand (CD40L) and
the other provided by cytokines. Of the cytokines, IL-4 induces
switching to IgG and IgE. In addition, dysregulated switching to
IgG and IgA is central to the pathogenesis of autoimmune dis-
orders, such as systemic lupus erythematosus, whereas aberrant
switching to IgE underlies the pathogenesis of atopic disorders,
such as allergic asthma and atopic dermatitis.
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Therefore, the inhibitory effects of CD85j, LAIR-1, and
CD152 cross-linking on B-lymphocyte functions have been in-
vestigated. We have identified a role for these receptors in the
regulation of cytokine release and in the production of specific
IgG induced by recall antigen stimulation. In addition, CD85j,
LAIR-1, and CD152 cross-linking does not affect CD23 (Fcε
receptor II) expression, whereas it inhibits IgE production
under the same experimental conditions. It is conceivable that
CD23 expression requires less stringent conditions and that
signals leading to its expression may be regulated differently
and not affected by inhibitory receptor stimulation. Finally, it
appears that the inhibitory effect on IgG release mainly affects
the secretory machinery rather than its de novo synthesis.

MATERIALS AND METHODS

B-cell purification, culture, and activation. B lymphocytes were purified by
negative selection from PBMCs obtained from healthy donors. Blood monocytes
were removed by 1 h of adherence to plastic. Nonadherent cells were collected,

and T and NK cells were removed by immunomagnetic cell sorting with specific
MAb-coated microbeads (CD3 MicroBeads and CD56 MicroBeads; Miltenyi
Biotec, Auburn, CA). The resulting cell population comprised �2% T-cell re-
ceptor ���, �0.2% CD14�, and �96% CD19� cells, as assessed by flow cyto-
metric analysis (Fig. 1A).

B lymphocytes (5 � 105/ml) were cultured in 24-well plates with RPMI 1640
medium, 5% fetal calf serum, 2 mM glutamine, penicillin (100 U/ml), and
streptomycin (100 �g/ml). Activation was obtained using fibroblasts transfected
with CD40L (clone 3T3 pIRES/CD40L) or with LPS (1 �g/ml) and IL-4 (200
U/ml). Optimal doses of LPS and IL-4 were established in preliminary experi-
ments.

Generation of CD40L transfectants. The human CD40L coding region was
amplified by cDNA derived from T cells activated in vitro using the following
primers: CD40LFW (CGAATTCCCAGTGTGCTGGACCATGATCGAAACA
TACAACC) and CD40LRV (GCGGATCCCCAGTGTGATGGTCAGAGTTT
GAGTAAGCC). The PCR product was digested using the EcoRI and BamHI
restriction enzymes (sequences were included in the FW and RV primers) and
cloned in EcoRI-BamHI-digested pIRESneo vector (BD-Clontech, Milan, Italy)
carrying the antibiotic resistance gene. Plasmid DNA containing the CD40L
insert was sequenced and transfected into NIH 3T3 cells using the Lipofectamine
reagent (Invitrogen, Milan, Italy). Cells growing after antibiotic selection (G418,

FIG. 1. Expression of inhibitory molecules on the surface of B lymphocytes. CD85j, LAIR-1, and CD152 expression was evaluated by surface
staining and flow cytometric analysis. (A) Percentages of purified B cells (CD19�), contaminant T cells (CD3�), and monocytes (CD14�). �-CD19,
anti-CD19 antibody. (B) Inhibitory receptor expression in unstimulated B lymphocytes. (C) Surface expression of inhibitory molecules 48 h after
stimulation with 3T3 pIRES cells plus IL-4 (a control for CD40L stimulation). (D) Surface expression of inhibitory molecules 48 h after stimulation
with 3T3 pIRES/CD40L cells (CD40L-transfected cells) in the presence of IL-4. (E) Surface expression of inhibitory molecules 48 h after
stimulation with LPS plus IL-4. The percentages of positive cells are shown.
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150 �g/ml) were cloned by limiting dilutions, and clones were tested for CD40L
expression by immunofluorescence and flow cytometry. A strongly expressing
clone (termed 3T3 pIRES/CD40L) was selected and used for functional studies.
A mock-transfected cell line (termed 3T3 pIRES) was established as well.

Antibodies. The following antibodies were used for immunofluorescence stain-
ing and B-lymphocyte cultures: anti-CD19 (HIB19, IgG1), anti-CD20 (2H7,
IgG2b), and anti-CD14 (D5E6, IgG2a) (Becton Dickinson, Milan, Italy), anti-
CD3 (UCHT1, IgG1), anti-CD4 (OKT4, IgG2a), anti-CD8 (OKT8, IgG2b)
(American Type Culture Collection, Rockville, MD), anti-CD85j (HP-F1 MAb,
IgG1; kindly provided by Miguel Lopez-Botet, Universitat Pompeu Fabra, Bar-
celona, Spain), anti-LAIR-1 (clone DX26 IgG1, kindly provided by Joe Philips,
DNAX, Stanford, CA), and anti-CD152 (IgG1; kindly provided by Antonio
Lanzavecchia, Institute for Research in Biomedicine, Bellinzona, Switzerland).

Flow cytometric analyses. Cells (5 �105) were preincubated with Fc blocking
MAb (KD1, IgG1, anti-CD16) to prevent nonspecific binding of labeled MAbs
and then double stained with fluorescein isothiocyanate (FITC)-conjugated anti-
CD19 (clone HIB19; Becton Dickinson) and anti-CD85j, anti-LAIR-1, or anti-
CD152 MAb. To evaluate membrane-bound Ig, phycoerythrin-conjugated anti-IgM
(clone JDC-15), FITC-conjugated anti-IgG (clone G18-145), and FITC-conjugated
anti-IgE (clone G7-26) (Becton Dickinson) MAbs were used. IgM	 IgG� and IgM	

IgE� cells were considered switched cells. FITC- or phycoerythrin-conjugated iso-
type-matched MAbs were used as controls. Aliquots of 104 cells were analyzed, and
fluorescence signals were collected in log mode using a FACScalibur (Becton Dick-
inson).

Selection of antigen-specific T lymphocytes. PBMCs were obtained from
healthy donors using heparinized venous blood and Ficoll density gradients,
cultured with tetanus toxoid (TT) (5 �g/ml) or with purified protein derivative
from M. tuberculosis (PPD) (10 �g/ml) in 24-well plates; human recombinant
IL-2 at a final concentration of 50 U/ml was added on culture days 2 and 4.
Selection of CD4� T-cell lines was achieved by repeated restimulation cycles
with TT or PPD in the presence of autologous irradiated PBMCs.

T-cell–B-cell cooperation assay. B lymphocytes in complete medium were
pulsed with antigens for 4 h at 37°C (TT [5 �g/ml] and PPD [10 �g/ml]).
Antigen-specific CD4� T cells (103) were dispensed in flat-bottom 96-well plates
with 5 � 103 autologous B cells in 200 �l medium per well. After 2 days of
incubation, 150 �l of medium was replaced with fresh medium without antigen.
MAbs to inhibitory receptors, irrelevant MAbs, and GAM antiserum were added
as indicated. The supernatants were collected after 6 and 12 days and tested for
specific IgG antibodies. In order to detect the helper activity of the T-cell lines,
controls were provided by culturing B lymphocytes in the absence of T cells or
antigens.

ELISA. Total IgG concentration was assessed by sandwich enzyme-linked
immunosorbent assay (ELISA) using the G18-145 MAb (2 �g/ml; Becton Dick-
inson) for capture. Culture supernatants and the Ig standard (IgG from human
serum; Sigma-Aldrich, Milan, Italy) were serially diluted and added to the wells.
To detect bound IgG, an alkaline phosphatase-conjugated goat anti-human IgG
antiserum (Sigma) was utilized. Phosphatase substrate (p-nitrophenyl phosphate;
Sigma) was used to develop the reaction. The reference straight line obtained by
plotting the absorbance versus standard IgG concentrations was employed to
evaluate the amount of IgG in the supernatant.

To test specific antibodies in the supernatants, an ELISA was performed as
follows. Microtiter plates were coated with TT or PPD (5 �g/ml) in 0.05 M
sodium carbonate buffer, pH 9.6. After overnight incubation at 4°C, plates were
washed three times with phosphate-buffered saline (PBS) containing Tween 20
(0.01%). Wells were blocked by incubation for 1 h with PBS containing 0.5%
casein. Undiluted supernatants were used at 50 �l per well. Plates were incu-
bated for 2 h at room temperature. The secondary reagent used for detection was
an alkaline phosphatase-conjugated goat anti-human IgG antiserum (Sigma) at
100 �l per well. After 1 h of incubation, wells were washed and the phosphatase
substrate was added. Absorbance was read at 405 nm in a SLT 340 ATC (SLT
Laboratory Instruments, Vienna, Austria), after 45 min. Results were calculated
using standard IgG as described above.

Western blotting. Western blotting was used to detect total IgG in the super-
natant and IgG retained in the B cells. Proteins were separated by 10% gradient
polyacrylamide gel electrophoresis in a discontinuous buffer system on a Mini-
Protean system (Bio-Rad Laboratories S.r.l., Milan, Italy). The separated com-
ponents were electroblotted onto polyvinylidene difluoride membranes. Blots
were washed with 0.15 M NaCl, 0.05 M Tris, pH 7.5, with 0.3% Tween 20,
reacted with a 1:10,000 dilution of the rabbit F(ab
)2 anti-human IgG (heavy plus
light chains) horseradish peroxidase conjugate (Southern Biotechnology, Bir-
mingham, AL) for 1 h at room temperature, and washed. Blots were then
developed using a commercially available chemiluminescence detection kit
(BMB, Indianapolis, IN) according to the manufacturer’s instructions.

Detection of intracellular cytokines. Intracellular cytokine staining was per-
formed using a modification of the method described by Jung et al. (14). Briefly,
cells were washed twice in PBS and stained with MAbs specific for CD20. Cells
were then fixed with 2% paraformaldehyde on ice for 10 min in the dark,
permeabilized with fluorescence-activated cell sorting permeabilizing solution
(Becton Dickinson), and incubated with anticytokine MAbs (IL-8, IL-10, IL-12,
and tumor necrosis factor alpha [TNF-�]) for 30 min at room temperature in the
dark. Nonrelevant Ig isotype-matched MAbs were used as controls. After further
washing with PBS, cells were analyzed by flow cytometry using a FACScalibur
(Becton Dickinson).

RESULTS

Surface expression of inhibitory molecules on B lympho-
cytes. To exert their modulatory effect, the inhibitory receptors
need previously activated cells. For this reason, the presence of
the inhibitory molecules CD85j, LAIR-1, and CD152 on the
surface membrane of freshly purified B cells and following
their activation with CD40L-transfected cells plus IL-4 or with
LPS plus IL-4 was analyzed. B cells were �96% pure, as
determined by anti-CD19 MAb staining. T-cell and monocyte
contamination was consistently below 2% and 0.2%, respec-
tively, as assessed by anti-CD3 and anti-CD14 MAbs (Fig. 1A).

CD85j is constitutively expressed on the surfaces of freshly
isolated B cells and is maintained following activation for 2
days (Fig. 1B, C, D, and E) and for up to 6 days (not shown).

LAIR-1 is also detected on the surfaces of fresh B cells, but
the percentage of positive cells decreases after 2 days of acti-
vation and decreases markedly when CD40L-transfected cells
are used as stimulators (Fig. 1B, C, D, and E). A further
decrease is observed for longer periods (4 and 6 days [not
shown]).

In contrast to the two receptors discussed above, CD152 is
not expressed constitutively on the surfaces of fresh B cells
(Fig. 1B) but is found on B cells activated for 2 days with
CD40L-transfected cells plus IL-4 and LPS plus IL-4 (Fig. 1D
and E). A good control is provided by stimulation with mock-
transfected cells (Fig. 1C) which do not induce CD152 expres-
sion. In follow-up studies and similar to what occurs for T cells
(15, 19, 21), CD152 expression is transient, as it decreases after
2 to 3 days and disappears on day 6 of stimulation (not shown).

It is of note that, in the course of the activation experiments,
the percentage of CD19� B cells consistently remained above
96% (not shown).

Cross-linking of inhibitory receptors down-regulates both
antigen-specific and total IgG production. We evaluated the
effect of inhibitory receptor cross-linking on antigen-specific
IgG production. To this end, B cells were stimulated with recall
antigens (TT and PPD) and with autologous antigen-specific
T-cell clones (�98% CD3� CD4�). Isotype-matched MAbs or
anti-CD85j, anti-LAIR-1, and anti-CD152 MAbs were added
alone or cross-linked with GAM antiserum. Figure 2A illus-
trates the results. After 6 days of culture, recall antigens in the
presence of antigen-specific T cells stimulate B cells to produce
detectable amounts of anti-TT or anti-PPD IgG. The addition
of MAbs to the inhibitory receptors has no effect, but their
cross-linking with GAM antiserum yields a strong reduction of
antigen-specific IgG production (ranging from 66% to 100%,
65% to 100%, and 68% to 87% for anti-CD85j, LAIR-1, and
anti-CD152, respectively). Irrelevant isotype-matched MAbs
have no effect on specific IgG production (Fig. 2A).

The presence of inhibitory receptors on the surfaces of both
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B and T lymphocytes does not allow to determine whether a
reduction of specific Ig production is attributable to a direct effect
on B cells or to a loss of helper effect due to inhibition of T cells.
To this end, the role of inhibitory receptors was investigated in
two experimental models in which B cells are activated in the
absence of T cells, i.e., by CD40L or LPS and IL-4.

Purified B cells can be activated via CD40L plus IL-4, a
system that mimics the interaction between T and B lympho-
cytes. Alternatively, activation can be obtained using LPS and
IL-4, resembling what occurs in some bacterial infections.

B cells activated by adding CD40L-transfected cells plus
IL-4 produce larger amounts of total IgG, in comparison with
those measured following recall antigen stimulation (Fig. 2A
and B). Under these experimental conditions, soluble anti-
inhibitory receptor MAbs have virtually no effect on IgG pro-

duction (Fig. 2B). In contrast, cross-linking of CD85j, LAIR-1,
and CD152 by GAM antiserum leads to a down-regulation of
IgG production (Fig. 2B), which is more effective during the
first 6 days of B-cell treatment. After this time, the effect of the
cross-linked inhibitory receptors decreases, possibly due to a
dilution of the MAbs or to their inactivation.

The same results were obtained when IgG production was
measured following stimulation of B lymphocytes with LPS
plus IL-4 (Fig. 2B).

An inhibitory effect on IgE production was also detected
under the same conditions of B-cell stimulation (not shown).

Cross-linking of inhibitory receptors reduces the frequency of
IgG� and IgE� B lymphocytes. Antigen-activated B cells under-
go a series of genetic events, including isotype switch of im-
munoglobulin heavy-chain constant region genes. For this rea-

FIG. 2. Cross-linking of inhibitory molecules down-regulates antigen-specific and total IgG production. (A) Total IgG antibodies specific for
the indicated antigens (Ag) were produced in a T-cell–B-cell cooperation test. The supernatant was collected after 6 days, and IgG specific for TT
and PPD was determined by ELISA. The averages � standard deviations (error bars) of three different experiments are shown. Similar results were
obtained with two other donors. (B) B cells were stimulated with CD40L-transfected cells plus IL-4 or with LPS plus IL-4, a system mimicking the
interaction between T and B lymphocytes, in the presence (�) of cross-linked MAbs to CD152, CD85j, and LAIR-1. Anti-CD44 MAb was included
as an irrelevant isotype-matched control. The columns indicate the IgG concentrations in the culture supernatants after 6 days of stimulation.
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son, flow cytometric analyses were performed to demonstrate
that the inhibitory effect of CD85j, LAIR-1, or CD152 cross-
linking could result in a reduction of the frequency of IgG- and
IgE-producing cells. Although it has long been appreciated
that T cells are intimately involved in isotype switching, we
performed experiments in a T-cell-independent system in
which B-cell activation was obtained via CD40L-transfected
fibroblasts plus IL-4 and/or LPS plus IL-4.

Figure 3A shows the percentages of IgM�, IgG�, and IgE�

B cells, respectively, 6 and 12 days after stimulation with
CD40L-transfected cells plus IL-4. Since during culture, IgM�

nonswitched B cells might bind, via their Fc receptors, anti-
bodies produced by other B cells and thus be detected as IgG-
or IgE-expressing cells, we performed a two-color analysis,
considering only IgM	 cells as those expressing IgG or IgE.

We found that CD85j, LAIR-1, or CD152 cross-linking does
not reduce the percentage of IgM-expressing B cells. Con-
versely, after cross-linking of the inhibitory receptors, the per-
centage of IgG� cells decreases and reaches its peak on day 6
of culture (Fig. 3A). As expected from the sequence of isotype
switching (23), the frequency of IgE� B cells reaches its highest
level after 12 days of culture. Upon cross-linking of inhibitory

receptors, the percentage of IgE-expressing cells is drastically
reduced. We conclude that inhibitory receptors not only down-
regulate IgG (and IgE) production but also reduce the per-
centage of IgG� and IgE� B lymphocytes.

Similar results were obtained when B lymphocytes were ac-
tivated by LPS and IL-4 (Fig. 3B).

Cross-linking of inhibitory receptors preferentially reduces
the secretion of IgG. To further analyze the effects of inhibitory
receptors on B-cell functions, we performed experiments
aimed at defining the kinetics of IgG secretion. The results
show that cross-linking of CD85j, LAIR-1, or CD152 leads to
a stronger inhibitory effect on IgG secretion than that on IgG
retention in the cytoplasmic compartment. As shown by cyto-
plasmic staining, the percentage of IgG� B cells after 6 days of
stimulation with CD40L-transfected cells and IL-4 is reduced
only slightly by cross-linking of inhibitory receptors (Fig. 4A).
Comparable results obtained by Western blotting of B-lympho-
cyte supernatants and lysates after 6 days of culture (Fig. 4B)
support this contention.

Cross-linking of inhibitory receptors sustains CD23 expres-
sion. Since activation via CD40-CD40L interaction in the pres-
ence of IL-4 up-regulates the expression of CD23 (Fcε recep-

FIG. 3. Cross-linking of inhibitory receptors reduces the frequency of IgG� and IgE� B lymphocytes. (A) B lymphocytes were stimulated with
CD40L-transfected cells plus IL-4 in the presence (�) of isotype-matched control MAbs or with the cross-linked MAbs specific for the inhibitory
receptors. After 6 and 12 days, B lymphocytes were analyzed for the expression of membrane IgM, IgG, and IgE. Data are percentages of IgM�,
IgM	 IgG� (IgG�), and IgM	 IgE� (IgE�) cells at the indicated time of culture. Samples that are significantly different (P � 0.05) from the
control culture (B cells stimulated with CD40L-transfected cells plus IL-4) are indicated with an asterisk. (B) B lymphocytes were stimulated with
LPS plus IL-4 (�) in the presence (�) of MAbs as indicated. After 6 and 12 days, B lymphocytes were analyzed for the expression of membrane
IgM, IgG, and IgE. Data represent the percentages of IgM�, IgM	 IgG� (IgG�), and IgM	 IgE� (IgE�) cells at the indicated times of culture.
Samples that are significantly different (P � 0.05) from the control culture (B cells treated with LPS plus IL-4) are indicated with an asterisk.

FIG. 4. Cross-linking of inhibitory receptors preferentially inhibits the secretion of IgG. (A) B cells, stimulated with CD40L-transfected cells
plus IL-4 (�) in the presence (�) of the specified MAb for 6 days, were analyzed for surface and cytoplasmic expression of IgG. (B) B cells,
stimulated with CD40L-transfected cells plus IL-4 in the presence of the specified MAb for 6 days, were analyzed by Western blotting of
supernatants and cell lysates. The positions of molecular size markers (in kilodaltons) are indicated to the left of the gel.
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tor II), a low-affinity IgE receptor (34), we investigated
whether cross-linking of inhibitory molecules also affects the
expression of this molecule. Barely expressed after 24 h, CD23
is detectable after 3 days (not shown), reaches its highest level
at 6 days, and is down-regulated after 10 days of culture (Fig.
5). CD152 cross-linking does not inhibit the expression of this
receptor and seems to sustain CD23 expression, as after 10
days of culture its level is higher that in the control groups (Fig.
5). In addition, CD85j or LAIR-1 cross-linking up-regulates
CD23 expression after 6 days of culture, and its level remains
higher than that in controls until the 10th day (Fig. 5).

Cytokine production and its modulation by inhibitory re-
ceptor cross-linking. Finally, B cells were stimulated with
CD40L-transfected cells plus IL-4 or with LPS plus IL-4, with
or without cross-linking of CD85j, LAIR-1, and CD152, and
cytokine production was evaluated. In fact, several cytokines
are relevant not only for the proliferation and activation of T
lymphocytes but also for synergistic effects on the proliferation
and differentiation of B cells.

Reverse transcription-PCR revealed that cytokines were
produced by B cells in both stimulation conditions. However,
the technique did not allow us to measure the effect of inhib-
itory receptor cross-linking (data not shown). Therefore, the
cytoplasmic accumulation of cytokines was determined evalu-
ating the mean fluorescence intensity of cells stained with
labeled anticytokine MAbs. As shown in Fig. 6, the production
of IL-8, IL-10, and TNF-� was increased in activated B cells,
whereas IL-12 production was too low for proper evaluation.
Of note, when the inhibitory receptors were cross-linked, a
sharp reduction of IL-8, IL-10, and TNF-� was observed, in-
dependently of the type of B-cell-activating signal (Fig. 6A and
B).

DISCUSSION

Expression of inhibitory receptors CD85j, LAIR-1, and
CD152 on B cells has been previously described (6, 15, 21, 30,
31, 33, 34), but their functions have not been fully character-
ized. CD152 expression on B cells was reported to need direct
cell-to-cell contact between B cells and activated T cells (15) or
anti-CD40 or LPS stimulation in the presence of IL-4 (21). In
our study we confirm this last observation using CD40L stable
transfectants as stimulators. The finding that CD152 expres-

sion is induced only when both CD40L transfectants and IL-4
or LPS and IL-4 are present suggests that a strong B-cell-
activating signal is required.

Cross-linking of inhibitory receptors down-regulates IgG
production. These results are not related to the activation
pathway tested, i.e., recall antigens, CD40L-transfected cells
plus IL-4 or LPS plus IL-4. In addition, this cross-linking de-
creases the percentage of both IgG� and IgE� cells. The
results suggest that inhibitory receptors may inhibit IL-4-
driven isotype switching.

It is noteworthy that CD85j, LAIR-1, and CD152 cross-
linking does not affect CD23 expression, whereas under the
same experimental conditions it inhibits IgE production. De-
spite the high degree of sequence homology between CD23
and ε gene promoters (34), CD23 expression, unlike IgE pro-
duction, can be induced by stimulation with IL-4, LPS, or
anti-CD40 alone (13, 34). Thus, CD23 seems to require less-
stringent conditions, and the signals leading to its expression
could be regulated differently and not be affected by inhibitory
receptors.

The finding that inhibitory receptors counteract the effect
of CD40 stimulation on Ig production suggests that they
might play a role in the regulation of B-cell activities in
germinal centers. Maturation of the humoral response oc-
curs in germinal centers, where CD40 can be engaged by its
ligand CD154 (CD40L), leading B cells to isotype switching
under the control of IFN-� and IL-4 produced by Th1 and
Th2 cells, respectively. Interestingly, it has been reported
that CD85j, LAIR-1, and CD152 play a role in down-regu-
lating cytokine production by T cells (16). Thus, inhibitory
receptors could block B-cell differentiation to IgE-secreting
cells not only indirectly by dampening the IFN-�- and IL-
4-secreting T cell populations but also, as indicated by our
results, by directly counteracting the effects of IL-4 on
CD40L- or LPS-stimulated B cells.

Interestingly, cross-linking of inhibitory receptors leads to a
down-regulation of cytokines produced by activated B cells.
This effect is evident on IL-10, IL-8, and TNF-�. These cyto-
kines are relevant not only for the proliferation and activation
of T lymphocytes but also for synergistic effects on the prolif-
eration and differentiation of B cells.

In detail, IL-10 is a homodimeric cytokine that strongly
inhibits the activation of myeloid cells, including monocytes,
dendritic cells, and macrophages, resulting in a reduced pro-
duction of proinflammatory mediators, such as cytokines, che-
mokines, and adhesion and accessory molecules, and leads to a
decreased T-cell stimulation (5, 10, 20). This cytokine inhibits
monocyte and dendritic cell function but can also stimulate
human B-cell activation, proliferation, and differentiation (12).
IL-10 is a potent cofactor for the proliferation of human B cells
activated by anti-IgM, Staphylococcus aureus Cowan 1, or CD40
cross-linking (24, 25). In addition, IL-10 enhances immuno-
globulin production by naı̈ve and committed B cells and acts as
a switch factor for IgG1, IgG3, and IgA production.

IL-8 is a member of the CXC chemokine family and plays an
important role as an activator and chemoattractant for B cells
and other cell types, including neutrophils (1, 29). B-lympho-
cyte trafficking and accumulation may occur under the direct
control of IL-8 (29).

TNF-� is a cytokine that plays an important role in innate

FIG. 5. Cross-linking of inhibitory receptors does not inhibit CD23
expression. B cells were stimulated with CD40L-transfected cells plus
IL-4 in the presence of the specified MAbs for the indicated number of
days and were analyzed for the expression of CD23. Shaded histograms
represent the fluorescence of cells stained with the antiserum alone.
MFI, mean fluorescence intensity.
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immunity and has many effects, ranging from inflammation to
apoptosis. TNF-� enhances the production of proinflamma-
tory molecules and adhesion molecules (e.g., intercellular ad-
hesion molecule-1, P-selectin, and E-selectin) (32). Moreover,
this cytokine can induce a significant chemotactic response of
human B lymphocytes (18).

IL-10, IL-8, and TNF-� down-regulation mediated by cross-
linking of inhibitory receptors reduce proinflammatory and
chemoattractant factors. Inhibitory molecules could act at the
end of the immune response, when the factors causing it have
disappeared.

In conclusion, our results demonstrate that CD85j,

LAIR-1, and CD152 receptors expressed on B cells inhibit
IgG and IgE production. This down-regulation is not related
to the pathway of stimulation. In addition, we have also
observed this inhibition in an antigen-specific T-cell–B-cell
cooperation test, using two different systems that do not
need the presence of T lymphocytes. Activation via CD40L
plus IL-4 mimics the functional interaction between T and B
lymphocytes, and LPS plus IL-4 reproduces the conditions
of certain bacterial infections.

These mechanisms induced by cross-linking of the B-cell
inhibitory receptors could be relevant for the regulation of
immediate-type hypersensitive responses.

FIG. 6. Characterization of cytokine production and its modulation induced by inhibitory receptor cross-linking. B lymphocytes were stimulated
with CD40L-transfected cells plus IL-4 (A) or with LPS plus IL-4 (B) in the presence (�) of the indicated cross-linked MAbs. The mean
fluorescence intensity after 2 days of stimulation is reported. �-CD152, anti-CD152 antibody.
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