
Inhibition of immunoglobulin E synthesis through FccRII (CD32) by
a mechanism independent of B-cell receptor co-cross-linking

Introduction

The family of immunoglobulin Fc receptors (FcR) plays an

important role in a number of biological processes, such as

phagocytosis, clearance of immune complexes, antigen

presentation, antibody-mediated cellular cytotoxicity, pro-

duction of inflammatory mediators and regulation of

immunoglobulin synthesis. The presence of FcRs for both

immunoglobulin E (IgE) (CD23) and immunoglobulin G

(IgG) (CD32) on virgin human B cells is intriguing and has

been implicated in the regulation of allergic diseases.1–3

Molecular cloning has revealed six CD32 isoforms, which

show a high degree of homology in their extracellular and

transmembrane regions but are significantly divergent in

their cytoplasmic domains.4,5 The members of this class are

encoded by three different genes: CD32a, b and c.6–9 Of

those, CD32a and b have been shown to be present on

human B cells.10,11 B-cell proliferation and immunoglob-

ulin synthesis induced by engagement of the B-cell receptor

(BCR) can be suppressed by CD32b.11–13

This effect has been reported to depend on CD32

co-cross-linking with the BCR, consistent with the fact

that CD32 has a high avidity to immune complexes

consisting of antigen and immunoglobulin, but only a

low affinity to monovalent IgG. The inhibitory potential

is brought about by a short sequence in the CD32 intra-

cytoplasmic region, the immunoreceptor tyrosine-based

inhibitory motif (ITIM).14,15

Inhibitory activity by CD32b can also be displayed
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Summary

The inhibitory effect on antibody production by immune complexes has

been shown to depend on co-ligation of the B-cell antigen receptor

(BCR) with the low-affinity receptor for immunoglobulin G (IgG)

(FccRIIb, CD32). Here we report that immunoglobulin E (IgE) synthesis,

induced in a BCR-independent manner by interleukin-4 (IL-4) and anti-

CD40 antibody, was inhibited by CD32 ligation. The observed effect was

specific for CD32 as, first, antibodies directed against other B-cell surface

structures had no inhibitory effect, and, second, treatment with anti-

CD32 of cells that had been in culture for 2 days was ineffective owing to

the down-regulation of CD32 expression. IgE inhibition was also observed

in cells stimulated by IL-4/CD40 F(ab0)2 or IL-4 plus soluble CD40 lig-

and, demonstrating that co-cross-linking of CD32 and CD40 was not

necessary to induce inhibition. Mechanistic studies into the IgE class

switch process demonstrated that IL-4/anti-CD40-induced IgE germline

gene transcription and B-cell proliferation were not affected by CD32

ligation. The data demonstrate that the negative regulatory role of the

CD32 molecule is not restricted to BCR-induced B-cell activation, but is

also functional on other B-cell activation pathways mediated by CD40

and IL-4.
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signalling. In this case an inhibitory signal is generated

through Bruton’s tyrosine kinase (Btk) and Jun kinase

(Jnk), independently of the ITIM.16 This signal can be

blocked by molecules recruited upon cell activation.17

Multimerization of CD40 molecules on B cells by

binding CD40 ligand on activated T cells culminates in

cell proliferation, regulation of programmed cell death,

immunoglobulin isotype switching and transcriptional

regulation.18 Co-induction of CD40 and interleukin-4

(IL-4) not only synergizes to amplify B-cell prolifer-

ation,19 but also induces immunogloblulin class switching

towards IgE synthesis.20–22

The present study provides evidence that IgE class

switching induced by stimulation with CD40/IL-4 is sub-

ject to negative regulation upon treatment with CD32

antibodies without affecting B-cell proliferation. The data

suggest that not only BCR-triggered B-cell activation

pathways are subject to Fc-receptor modulation but also a

subset of CD40 and/or IL-4-mediated signals.

Materials and methods

Culture medium and cells

Purified tonsillar B cells were cultured in Iscove’s modi-

fied Dulbecco’s medium (IMDM; Life Technologies,

Rockville, MD), supplemented with 10% (v/v) fetal calf

serum (FCS), 100 U/ml penicillin and 100 lg/ml strepto-

mycin, 10 lg/ml transferrin and 1�25% soyabean lipids.

Human B lymphocytes were purified from tonsils by

T-cell depletion, by rosetting with sheep red blood cells

(Immuno AG, Vienna, Austria).23 The resulting B-cell

population was � 90% positive for CD19 expression. The

human B-lymphoblastoid cell lines, CESS and CFB4.2,24

were maintained in IMDM containing 10% (v/v) FCS

(Hyclone, Logan, UT), 10 U/ml penicillin (Life Technolo-

gies) and 100 lg/ml streptomycin (Life Technologies).

Cytokines and monoclonal antibodies

Purified human recombinant IL-4, with a specific activity

of 0�5 U/ng, was obtained from Novartis AG (Basle,

Switzerland). The hybridoma cell line producing mouse

monoclonal anti-human CD40 was obtained from Dr Shu

man Fu (University of Virginia, Charlotteville, VA). For

flow cytometry, a mouse anti-human CD19 fluorescein

isothiocyanate (FITC)-conjugated antibody (Immunotech,

Marseille, France) was used. Negative control stainings

were performed with a FITC/phycoerythrin-conjugated

mouse c1/c2a antibody from Becton Dickinson (BD,

Immunocytometry Systems, San Jose, CA). Antibodies to

CD32 were obtained from Medarex, Inc. (Annandale, NJ)

(IV:3), Serotec Ltd (Oxford, UK) (AT10) and Immuno-

tech (2E1). Anti-human CD22 (Coulter clone B3), anti-

human CD19 (Coulter clone B4) and anti-human SLAM

(gift of Dr G. Aversa) were used as specificity controls.

Mouse IgG was purchased from Pierce (Rockford, IL).

Preparation of heat-aggregated human IgG and
F(ab0)2 fragments

Human IgG (Sigma, St. Louis, MO), at 10 mg/ml, was

heated to 63� for 25 min and then centrifuged (20 min,

30 000 g, 4�). Aliquots of the supernatant (soluble aggre-

gates) were stored at )70�. Anti-CD40 F(ab0)2 fragments

were prepared by pepsin digestion, and the resulting pro-

tein fragments were purified by ion-exchange column

chromatography. The purity of the preparation was veri-

fied by sodium dodecyl sulphate–polyacrylamide gel elec-

trophoresis (SDS–PAGE).

Immunoglobulin induction, ELISA and cell-proliferation
assays

Tonsillar B cells were cultured at a density of 5 · 105

cells/ml in IMDM, as described above, at 37� in a humid-

ified atmosphere containing 5% CO2. Nine replicates per

sample were stimulated with 50 ng/ml IL-4 and 500 lg/ml

anti-CD40 monoclonal antibodies (mAbs) to induce poly-

clonal IgE synthesis. After a 9-day incubation period,

supernatants from nine replicates were collected and

pooled into three aliquots. IgE, IgG1, immunoglobulin A

(IgA) and immunoglobulin M (IgM) levels were quanti-

fied by conventional sandwich enzyme-linked immuno-

sorbent assay (ELISA).1

CFB4.2 and CESS cells were thoroughly washed with

phosphate-buffered saline (PBS) and incubated for 48 hr

before measuring total IgG.

B-cell proliferation was quantified by the incorporation

of [3H]thymidine ([3H]TdR) into DNA. During the last

12 hr of a 4-day culture period, cells were labelled with

1 lCi of [3H]TdR (Amersham Life Sciences, Bucks., UK),

harvested and counted in a liquid scintillation counter.

The IgE germline promoter reporter gene assay was

carried out as described previously.25 Briefly, BL-2 cell

transfectants carrying the human IgE germline promoter

linked to a luciferase gene were cultured with 10 ng/ml

IL-4, 1 lg/ml anti-CD40 mAb and 1 lg/ml sheep anti-

mouse IgG for 48 hr in the presence or absence of

increasing concentrations of anti-CD32 (IV.3). Luciferase

expression was measured in cell lysates according to the

manufacturer’s instructions (Promega, Madison, WI).

Results

The interaction of CD40 ligand (CD40L) with its recep-

tor, CD40, can be mimicked by agonistic anti-CD40

immunoglobulin or by recombinant soluble CD40L

preparations. To induce IgE class switching and/or pro-

duction, human B lymphocytes purified from tonsils were
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incubated with monoconal anti-CD40 and IL-4. To assess

the potential influence of FccRII cross-linking on immuno-

globulin synthesis in this system, human heat-aggregated

IgG was added at increasing concentrations at the start of

the culture. Isotype-specific ELISA analysis of the super-

natants revealed that IgE production was inhibited in a

dose-dependent manner (Fig. 1a). Total mouse IgG had

no effect. A similar degree of inhibition was observed

when a panel of anti-CD32 mAbs was used (Fig. 1b).

These data showed that signals mediated through the

CD32 molecule can influence IgE class switching in this

activation system. Analysis of a larger number of different

donor batches showed that the degree of IgE inhibition

varied between 66 and 84% (Table 1).

Treatment with IL-4 and CD40 mAb also induced

IgG1, IgM and IgA synthesis to variable extents, depend-

ing on the donor. IgM and IgA synthesis were not affec-

ted, indicating a certain degree of isotype specificity of

the negative CD32 signal. In contrast, anti-CD32 treat-

ment led to a significant block of inducible IgG1 produc-
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Figure 1. CD32 triggering inhibits interleu-

kin-4 (IL-4)/anti-CD40 monoclonal antibody

(mAb)-induced immunoglobulin synthesis.

(a) Inhibition of immunoglobulin E (IgE) pro-

duction by human heat-aggregated immuno-

globulin G (ha-IgG). IgE synthesis was induced

by culturing tonsillar B cells with IL-4/anti-

CD40 mAb. Mouse IgG (mIgG; control) or

ha-IgG were added at the start of the culture

at increasing concentrations (lg/ml) and IgE

was quantified in the supernatants by enzyme-

linked immunosorbent assay (ELISA). (b) Cells

were activated, as described above, in the pres-

ence of 10 lg/ml of three different CD32

mAbs. (c) CD32 ligation inhibits the inducible

portion of IgE and IgG1 synthesis, but not that

of immunoglobulin A (IgA) or immunoglob-

ulin M (IgM). An example is shown in which

all four isotypes were induced to various

degrees. The data were analyzed for statisti-

cal significance by using the Student’s t-test

(*P < 0�05, **P < 0�01). All data shown repre-

sent the mean immunoglobulin concentration

of pooled triplicate measurements and stan-

dard deviations. (d) No influence of CD32

antibodies on the constitutive IgG synthesis in

two human B-lymphoblastoid cell lines. Cells

were incubated for 48 hr in the absence or

presence of 10 lg/ml mIgG or IV.3 anti-CD32.

Total IgG was determined in the supernatants

by ELISA and is presented as the absorbance at

450 nm.
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tion in donors responding to the stimuli, while it had no

effect on the constitutive IgG1 synthesis in non-respond-

ing cells (Fig. 1c and Table 1). The constitutive IgG1 pro-

duction of two IgG1-producing B-cell lines (CESS,

CFB4.2) was also not inhibited by CD32 antibody treat-

ment (Fig. 1d), thus confirming our data in primary

B cells.

To assess the specificity of the inhibitory effect, anti-

bodies directed against the B-cell surface markers CD19,26

CD2227 and SLAM,28 were used in parallel to the IV.3

anti-CD32 antibody. While the IV.3 antibody inhibited

IgE secretion by 65% none of the three other reagents

had a negative influence (Fig. 2). Further support for

CD32 being critically involved in mediating the inhibitory

effect came from time-course experiments. Tonsillar B

cells were induced on day 0, as described previously. At

different time-points afterwards, anti-CD32 antibody was

added and IgE production was quantified in the cell

supernatants on day 9. In parallel, CD32 expression was

measured by fluorescence-activated cell sorting (FACS)

(Fig. 3). IgE synthesis was blocked when the IV.3 anti-

body was given simultaneously with the IL-4/anti-

CD40 mAb induction cocktail. Addition of anti-CD32 on

day 2 resulted in significant loss of the inhibitory effect

and was completely ineffective when added on day 7

(Fig. 3a). FACS measurements at the start of the culture

period using the IV.3 antibody showed that between 55

and 70% of the cells expressed CD32 on the cell surface.

On day 2, a strong reduction of IV.3 reactivity, both at

the level of positive cells as well as receptor density, was

observed (Fig. 3b). Taken together, these results suggested

that the loss of the anti-CD32 mAb effect was caused by

the progressive loss of CD32 surface expression, thus fur-

ther confirming the specificity of CD32 to mediate the

inhibitory effect.

Down-regulation of BCR-mediated B-cell activation has

been documented to require co-cross-linking of the BCRT
ab
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Figure 2. Antibodies against other B-cell surface structures do not

inhibit immunoglobulin E (IgE) synthesis. The concentration of anti-

bodies added together with interleukin-4 (IL-4)/anti-CD40 mono-

clonal antibodies (mAbs) are shown in lg/ml. IgE was quantified in

supernatants harvested at day 9. The data were analysed for statistical

significance by using the Student’s t-test (*P < 0�05, **P < 0�01).
mIgG, mouse immunoglobulin G.
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and CD32.4 As B-cell activation in our system is driven

by CD40-mediated signalling, the question was raised if

the inhibitory effect was dependent on co-cross-linking of

CD40 with CD32. Cells were induced with IL-4 and

CD40 F(ab0)2 fragments or with a fusion protein consist-

ing of murine CD8a and soluble CD40 ligand (sCD8/

CD40L).29 Fig. 4 demonstrates that the addition of anti-

CD32 IV.3 antibody led to the inhibition of IgE synthesis

in both types of activation to an extent comparable to

that observed when the cells were incubated with intact

anti-CD40 antibody. These results demonstrate that CD40/

CD32 co-cross-linking is probably not required to mediate

the inhibitory effect on IgE synthesis.

It has been reported that the complete process of heavy

chain class switching requires a few rounds of cell divi-

sions to be completed.30 As CD32 signalling led to the

abrogation of cell proliferation induced via the BCR,12,13 it

was investigated whether the inhibitory effect on anti-

CD40/IL-4-induced IgE production was a consequence of

impaired cell proliferation. Purified B cells were induced

with increasing amounts of anti-CD40 antibody and/or

IL-4, as described above. One aliquot of cells was used for

measuring cell proliferation at day 4, while the other half

was cultured further for the determination of IgE in the

supernatants. The results shown in Fig. 5 demonstrate that

anti-CD40 triggering alone induced B-cell proliferation.

IL-4 alone had little effect, but synergized with anti-

CD40 mAb, as described previously.19 The addition of

anti-CD32 antibody had no adverse effect. Similarly to cell

proliferation, IgE synthesis was induced with increasing

anti-CD40 concentrations, but only in the presence of the

cytokine. In contrast to proliferation, anti-CD32 antibody

significantly inhibited IgE synthesis, independently of the

CD40 antibody concentration. These data demonstrated

that the negative effect on IgE production was not a con-

sequence of a CD32-mediated block in cell proliferation.

The process of IgE isotype class switching can, in gen-

eral, be divided into two consecutive steps.31 Within a

few hours, IL-4 induces the activation of IgE germline

gene transcription. Co-engagement of the CD40 receptor

synergizes with IL-4, but has no activation potential on

its own. IL-4/CD40 stimulation also leads to activation of

the recombination machinery, in particular the gene

encoding activation-induced cytidine deaminase (AID). In

a second step, DNA recombination brings the IgE Ce
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Figure 3. Loss of the inhibitory effect of CD32 at later time-points is

caused by the down-regulation of CD32 expression. (a) Tonsillar B

cells were cultured with interleukin-4 (IL-4)/anti-CD40 monoclonal

antibody (mAb) for 9 days, starting on day 0. A total of 10 lg/ml

mouse immunoglobulin G (IgG) (mIgG) or IV.3 antibody was added

on days 0, 2 or 7. Immunoglobulin E (IgE) production was measured

in the cell supernatants by enzyme-linked immunosorbent assay

(ELISA). (b) Loss of CD32 surface expression upon cell culture, as

measured by fluorescence-activated cell sorter (FACS) analysis. The

reactivity profile against an isotype-matched control antibody (dotted

line) and for the IV.3 mAb (normal line) is shown. The number

denotes the percentage of IV.3-reactive cells. The data were analysed

for statistical significance by using the Student’s t-test (*P < 0�05).
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gene in close proximity to the preassembled VDJH gene

segments, thus allowing for transcription and translation

of a fully functional IgE molecule. To determine whether

CD32 engagement was acting at the level of IgE germline

gene induction to inhibit IgE switching, CD32 antibodies

were added to IL-4/anti-CD40 mAb-induced BL-2 cell

transfectants, which carry the human IgE germline pro-

moter linked to a luciferase reporter gene. The results

demonstrated that activation of IgE germline transcripts

was not impaired by the presence of CD32 antibodies

(Fig. 6). These data were substantiated by measuring

endogenous IgE germline transcripts in tonsillar B cells

stimulated with IL-4/anti-CD40mAb (data not shown).

Therefore, we concluded that the blocking effect of CD32

ligation on IgE class switching was not caused by an early

block of IgE germline gene activation.
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Discussion

The negative regulatory role of the CD32b molecule on

various aspects of B-lymphocyte function upon BCR

signalling has been convincingly demonstrated to depend

on the co-cross-linking of these two surface mole-

cules.4,5,9,15,32 This report demonstrates that BCR-inde-

pendent B-cell activation, leading to IgE class switching,

can also be counter-regulated through CD32. While it

cannot be ruled out that CD32a is mediating this effect,

the following overwhelming arguments favour the concept

that CD32b is the isoform responsible for inhibiting IgE:

first, there is no literature for a negative role of CD32a

on B cells; and, second, CD32b is the main isoform

expressed on tonsillar B cells, while CD32a was found

only in very small quantities.33 In addition, the reactivity

of the IV-3 anti-CD32 antibody is not restricted to the

CD32a isoform, as previously reported, but also recogni-

zes the CD32b molecule as efficiently as the AT10 anti-

body. This was analysed in Chinese hamster ovary (CHO)

cells stably transfected with human CD32b (a kind gift of

J. Ravetch, Rockefeller University, New York, NY) (data

not shown).

The data showed that the IL-4/anti-CD40 mAb-induced

IgE synthesis in primary human B lymphocytes was dose-

dependently inhibited by heat-aggregated human IgG. The

inhibitory effect of heat-aggregated IgG could be mim-

icked by using agonistic anti-CD32. It was further demon-

strated that the blockade of IgE was not a consequence of

diminished B-cell proliferation. This is in agreement with

previous work demonstrating that the occupancy of CD32

by immune complexes inhibited antibody synthesis, but

not B-cell proliferation induced by F(ab0)2 anti-l and cyto-

kines.34,35 Inhibition of IgE synthesis has also been

reported by Sigman et al., using intravenous antibody

(IVIG). However, in their study, treatment with IVIG

resulted in decreased B-cell proliferation as the underlying

cause of decreased IgE production.36 Owing to the very

high affinity of specific antibodies to CD32, maximal inhi-

bition was observed at concentrations of 5–10 lg/ml,

whereas IVIG had to be used at 1000· higher concentra-

tions (5–10 mg/ml). The high doses of antibody may

account for the antiproliferative effect observed by Sigman

et al. The effects of anti-CD32 antibody in our study

clearly implicate CD32 as a regulator of IgE production.

This is in contrast with Zhuang et al.,33 who argue for a

CD32-independent mechanism. This is based on data

showing that treatment with KB61, a CD32b-specific anti-

body, could not reverse the inhibitory effect of IVIG on

B-cell proliferation and IgE synthesis. Although the

authors argue that the suppressive effect of IVIG is not

mediated by CD32b, because preincubation with the

KB61 antibody did not reverse the inhibitory effects of

IVIG, the observed effect may rather be explained by the

inhibitory function of the antibody itself and therefore

would be in line with our observations.

The down-regulation of CD40-mediated IgG produc-

tion has also been documented by Ravanel et al,37 who

reported that cross-linking of CD32 by the nucleocapsid

protein of measles virus inhibited IL-2/IL-10/CD40-

ligand-induced IgG, IgA and IgM synthesis to an extent

very similar to that reported in the present study using

anti-CD32. The differences in results relating to the inhi-

bition of IgA and IgM may be explained by the different

cytokines used for directing class switching.

The degree of inhibition was variable and not complete.

This may be explained by the different activation status

of the individual B-cell preparations from various donors.

In addition, it is possible that not all cells which switch

to IgE production are susceptible to the CD32-mediated

regulatory effect, simply because they do not express

the receptor or lose it during the culture period. This

assumption is supported by the FACS analysis showing

that CD32 expression is rapidly diminished upon culture.

Modulation of Fcc receptors by IL-4 has been described

previously. Similarly to our data, IL-4 treatment led to

the loss of CD32b2 and CD32a expression on B cells and

monocytes.10,38–40 CD32 down-regulation may also help

to explain the results of Sigman et al.36 In agreement with

our observations, IVIG had to be added during the first

48 hr to achieve inhibition of IgE.

While IgE synthesis was inhibited in all donors exam-

ined, IgG1 was blocked only in those donors in whom
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Figure 6. CD32 ligation does not inhibit interleukin-4 (IL-4)/anti-

CD40 monoclonal antibody (mAb)-induced immunoglobulin E

(IgE) germline gene transcription. BL-2 cells, transfected with an IgE

germline promoter luciferase construct, were stimulated with IL-4

and anti-CD40 mAb for 48 hr in the absence or presence of CD32

antibody (lg/ml) before luciferase was measured.
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the stimuli caused an increase in IgG1 production over

the constitutive levels found in all donors. In addition,

IgA and IgM levels were not inhibited. These findings

may be explained by the fact that the increase of these

two isotypes, and partly also IgG1, is caused by the IL-4/

anti-CD40 mAb-induced cell proliferation of postswitched

B cells present in human tonsils. As IL-4/anti-CD40

mAb-driven B-cell proliferation is not influenced by treat-

ment with anti-CD32 mAb, no effect on IgM, IgA and

partly IgG1 can be expected. Only virgin B cells can

respond to IL-4 and anti-CD40 mAb with a class switch

to IgE or IgG1 and represent targets for the CD32 mAb

effect. Therefore, the signalling pathway(s) leading to IgE

and IgG class switching may be modulated by the inhibi-

tory CD32 signal.

One of the first steps in the IgE class switch process is

the activation of transcription through the Ce gene locus

from the IgE germline gene promoter, thereby opening

this region for the subsequent DNA recombination step

and guiding the recombinase machinery towards this

locus.31 The data indicate that the activation of IgE germ-

line gene transcription by IL-4/anti-CD40 mAb was not

affected by treatment with CD32 antibody, demonstrating

that CD32 signalling must affect other aspects of IgE class

switching. As also cell proliferation, another prerequisite

for successful class switching, was not inhibited by CD32

antibodies, we currently favour the concept that events

directly related to DNA recombination may be targeted

by the negative CD32 signal.

The inhibitory effect was still observed when the cells

were induced with anti-CD40 F(ab0)2 fragments or sol-

uble CD40L. This demonstrated that, in contrast to

BCR-mediated activation, co-cross-linking of CD40 and

CD32 was not a requirement to block IgE synthesis.

The signal-transducing molecules of the BCR contain an

immunoreceptor tyrosine-based activation motif (ITAM)

that is involved in signal transduction.41 This sequence

appears to be the molecular target of the negative signal

through the CD32 receptor. Interestingly, no such ITAM

was identified in the cytoplasmic domains of the CD40

and IL-4 receptor molecules. One may speculate that

the inhibition of signalling through these structures

follows an ITAM-independent mechanism – possibly

clustering of CD32b. It has been reported that cross-

linking of CD32b alone is sufficient to induce negative

signalling in B cells17 without involvement of an ITAM

motif.

Antigen-specific immune complexes have been success-

fully used in the treatment of chronic bronchial

asthma.42,43 Interestingly, antigen-specific IgE and IgG

were significantly inhibited. It is probable that the inhibi-

tory effect was caused by co-cross-linking of the BCR and

CD32 on allergen-specific B cells. In addition, it is poss-

ible that the immune complexes also cross-linked CD32

on non-specific IgE producers, leading to the inhibition

of total IgE and IgG. Such a scenario remains to be

experimentally addressed.

In summary, our data provide and extend evidence that

negative signals mediated by CD32 inhibit IgE production

induced by CD40 triggering in the presence of IL-4.33,36

The inhibitory effect does not require co-cross-linking of

CD32 with CD40, and may affect IgE class switching at

the level of DNA recombination.
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Woisetschläger M. S(+)-4-(1-Phenylethylamino) quinazolines as

inhibitors of human immunoglobuline E synthesis: potency is

dictated by stereochemistry and atomic point charges at N-1.

J Med Chem 2001; 44:3031.

26 Hippen KL, Buhl AM, D’Ambrosio D, Nakamura K, Persin C,

Cambier JC. Fc gammaRIIB1 inhibition of BCR-mediated phos-

phoinositide hydrolysis and Ca2+ mobilization is integrated by

CD19 dephosphorylation. Immunity 1997; 7:49–58.

27 Doody GM, Dempsey PW, Fearon DT. Activation of B lympho-

cytes. integrating signals from CD19, CD22 and Fc gamma

RIIb1. Curr Opin Immunol 1996; 8:378–82.

28 Punnonen J, Cocks BG, Carballido JM, Bennett B, Peterson D,

Aversa G, de Vries JE. Soluble and membrane-bound forms of

signaling lymphocytic activation molecule (SLAM) induce prolif-

eration and Ig synthesis by activated human B lymphocytes.

J Exp Med 1997; 185:993–1004.

29 Lane P, Brocker T, Hubele S, Padovan E, Lanzavecchia A,

McConnell F. Soluble CD40 ligand can replace the normal T

cell-derived CD40 ligand signal to B cells in T cell-dependent

activation. J Exp Med 1993; 177:1209–13.

30 Kenter AL, Watson JV. Cell cycle kinetics model of LPS-stimula-

ted spleen cells correlates switch region rearrangements with

S phase. J Immunol Methods 1987; 97:111–7.

31 Geha RS, Jabara HH, Brodeur SR. The regulation of immuno-

globulin E class-switch recombination. Nat Rev 2003; 3:721.

32 O’Rourke L, Tooze R, Fearon DT. Co-receptors of B lympho-

cytes. Curr Opin Immunol 1997; 9:324–9.

33 Zhuang Q, Bisotto S, Fixman ED, Mazer B. Suppression of IL-4-

and CD40-induced B-lymphocyte activation by intravenous

immunoglobulin is not mediated through the inhibitory IgG

receptor FcgammaRIIb. J Allergy Clin Immunol 2002; 110:480–3.

34 Uher F, Lamers MC, Dickler HB. Antigen–antibody complexes

bound to B-lymphocyte Fc gamma receptors regulate B-lympho-

cyte differentiation. Cell Immunol 1985; 95:368–79.

35 Uher F, Dickler HB. Cooperativity between B lymphocyte mem-

brane molecules. independent ligand occupancy and cross-link-

ing of antigen receptors and Fc gamma receptors down-regulates

B lymphocyte function. J Immunol 1986; 137:3124–9.

36 Sigman K, Ghibu F, Sommerville W, Toledano BJ, Bastein Y,

Cameron L, Hamid QA, Mazer B. Intravenous immunoglobulin

inhibits IgE production in human B lymphocytes. J Allergy Clin

Immunol 1998; 102:421–7.

37 Ravanel K, Castelle C, Defrance T, Wild TF, Charron D, Lotteau

V, Rabourdin-Combe C. Measles virus nucleocapsid protein

binds to FcgammaRII and inhibits human B cell antibody pro-

duction. J Exp Med 1997; 186:269–78.

38 te Velde AA, Huijbens RJ, Heije K, de Vries JE, Figdor CG.

Interleukin-4 (IL-4) inhibits secretion of IL-1 beta, tumor necro-

sis factor alpha, and IL-6 by human monocytes. Blood 1990;

76:1392–7.

39 Snapper CM, Hooley JJ, Atasoy U, Finkelman FD, Paul WE.

Differential regulation of murine B cell Fc gamma RII expression

by CD4+ T helper subsets. J Immunol 1989; 143:2133–41.

40 Laszlo G, Dickler HB. IL-4 induces loss of B lymphocyte Fc

gamma R II ligand binding capacity. J Immunol 1988; 141:3416–

21.

41 Reth M. Antigen receptor tail clue. Nature 1989; 338:383–4.

42 Machiels JJ, Somville MA, Lebrun PM, Lebecque SJ, Jacquemin

MG, Saint-Remy JM. Allergic bronchial asthma due to Dermato-

phagoides pteronyssinus hypersensitivity can be efficiently treated

by inoculation of allergen–antibody complexes. J Clin Invest

1990; 85:1024–35.

43 Machiels JJ, Lebrun PM, Jacquemin MG, Saint-Remy JM. Signi-

ficant reduction of nonspecific bronchial reactivity in patients

with Dermatophagoides pteronyssinus-sensitive allergic asthma

under therapy with allergen–antibody complexes. Am Rev Respir

Dis 1993; 147:1407–12.

� 2005 Blackwell Publishing Ltd, Immunology, 115, 407–415 415

Regulation of immunoglobulin E synthesis in human B lymphocytes


