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Investigations on the mechanisms of IgE regulation in vitro 
have been conducted thus far in systems that allow the syn- 
thesis of total rather than specific IgE. To study the regula- 
tory prerequisites of antigen-specific IgE antibody produc- 
tion, we have established a culture system that allows the 
generation of bee venom phospholipase A2-specific IgE and 
IgG 4 antibodies. Allergen-specific IgE was induced by simul- 
taneously activating T cells and B cells specifically with aller- 
gen and polyclonally with anti-CD2 and soluble CD40 ligand 
in the presence of IL-4. Additional stimulation of T cells 
through the CD2 activation pathway by two different anti- 
CD2 monoclonal antibodies enhanced both the allergen-spe- 
cific and the total IgE and IgG4 responses. An optimal 
amount of allergen (0.1 ng/ml) resulted in the induction of 
both allergen-specific IgE and IgG 4 antibodies. Higher anti- 
gen doses reduced allergen-specific antibodies and enhanced 
total isotype production. This differential regulation of aller- 
gen-specific and total isotypes reflects different allergen 
dose-dependent mechanisms in specific and polyclonal acti- 
vation of T and B cells. Although both isotypes require IL-4 
for initial induction, opposite regulatory effects by T cells 
were observed for IgE and IgG 4 antibody expression. In pe- 
ripheral blood mononuclear cell cultures stimulated with sol- 
uble CD40 ligand, IL-4, and phospholipase A2, stimulation of 
T cells with higher amounts of anti-CD2 enhanced IgG 4 in 
parallel to increased IL-2 and interferon-T secretion but in- 
hibited IgE synthesis. These results provide evidence for dif- 
ferential regulation of allergen-specific and total IgE and 
IgG 4 by antigen concentration and demonstrate the pivotal 
role of T cells controlling the synthesis of the IgE and IgG 4 
antibody isotypes. (J Allergy Clin Immunoi 1997;99:345-53.) 
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Although allergen-specific IgE antibodies mediate 
type I hypersensitivity, the production of specific IgG 4 
antibodies is claimed to represent normal, protective 
immunity to the allergen. 1-3 Although knowledge of the 
molecular and cellular regulatory basis of human IgE 
synthesis has increased during recent years, the mecha- 
nisms involved in the control of allergen-specific IgE 
production need further elucidation. 

The major difficulties in studying the molecular and 
cellular mechanisms of allergen-specific IgE synthesis 
are the low frequency of specific IgE-producing cells in 
the circulation 4 and the accurate determination of the 
low levels of in vitro synthesized specific IgE antibodies. 
Although a variety of in vitro systems have been de- 
signed to study the induction and isotype switch require- 
ments of IgE, 5-8 de novo induced antigen-specific IgE 
responses in human beings remain to be investigated. So 
far, the induction of allergen-specific IgE antibodies 
could only be monitored by enumeration of secreting 
cells in EEISA spot assay. 9 

To establish an allergen-specific IgE response in vitro, 
bee venom phospholipase A 2 (PLA) was used. PLA, a 14 
to 18 kd glycoprotein consisting of 134 amino acids] ° 
represents the major allergen in bee venom and can 
induce both allergy and immunity to bee sting? 1, ~2 The 
initial response to bee sting elicits low-affinity anti-PLA 
IgG1 antibodies, ~3, 14 whereas a protective immune re- 
sponse with high-affinity anti-PLA IgG4 antibodies is 
generated after repeated exposure? 3 In contrast, in 
individuals allergic to bee sting, anti-PLA IgE antibodies 
develop, it Successful bee venom immunotherapy usually 
results in a decline of PLA-specific IgE to IgG 4 antibody 
ratio? 3,15-~7 These observations suggest a reciprocal 
regulation of specific IgE and IgG 4 antibodies, although 
the switch of both isotypes depends on IL-4? 8 

The essential role of regulatory T ceils in total IgE and 
IgG 4 synthesis has been clearly demonstrated. Selected 
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Abbreviations used 
FACS: Fluorescence-activated cell sorter 
IFN-'y: Interferon--/ 

mAb: Monoclonal antibody 
PBMCs: Peripheral blood mononuclear Cells 

PHA: Phytohemagglutinin 
PLA: Bee venom phospholipase A2 

PMA: Phorbol myristate acetate 
sCD40L: Soluble CD40 ligand 

TT: Tetanus toxoid 

T-cell clones 3,7,8 and their supernatants, 7,19 together 
with membranes  of  activated T cells or ligands expressed 
on the surface of activated T cells, can induce IgE 
production by B cells, a, 19-22 In this study we have 
investigated the cellular and molecular  requirements  for 
allergen-specific IgE and IgG4 antibody production and 
regulation of these two isotypes in vitro. 

METHODS 
Study populations 

Twelve individuals allergic to bee venom (mean age, 29 
years), who had systemic immediate-type reactions to bee 
stings, were studied. All patients showed positive intracutane- 
ous test responses to honeybee venom (Pharmalgen venom; 
ALK, Horsholm, Denmark) at a concentration of less than 10 .4 
gm/L and had more than 2 KU/L bee venom-specific IgE 
antibodies as estimated by CAP immunoassay (Pharmacia, 
Uppsala, Sweden). Three healthy donors (mean age, 31 years), 
who were not sensitized to PLA and/or bee venom and showed 
no IgE reactivity to other allergens, were included as control 
subjects. 

Reagents 
The following recombinant cytokines and monoclonal anti- 

bodies (mAbs) were kindly provided as indicated. IL-4 was from 
Ciba Geigy (Basel, Switzerland). Anti-CD2 (4B2 and 6G4) 
mAbs were from the Red Cross Blood Transfusion Service 
(Amsterdam, The Netherlands). 22 Anti-CD3 was produced by 
clone CRL 8001 obtained from ATCC (Rockville, Md.). Phy- 
tohemagglutinin (PHA) and phorbol myristate acetate (PMA) 
were from Sigma Chemical Company (St. Louis, Mo.). PLA was 
from Boehringer (Mannheim, Germany). The cell toxicity of 
PLA was assessed by viability and proliferation assays of 
peripheral blood mononuclear cells (PBMCs), Epstein-Barr 
virus-transformed B-cell lines and cytotoxic lymphoid line cells. 
it was not toxic at concentrations of less than 50 ixg/ml as used 
in our experiments. Soluble CD40 ligand (sCD40L) (originally 
generated and kindly provided by Dr. P. Lane; msCD40L- 
mCDS-~ fusion protein; Institute for Immunology, Basel, Swit- 
zerland) was produced by culturing the transfectant cell line 
8-40-1 a3 and standardized by its maximal IgE-inducing activity 
in a 10-day culture of PBMCs, co-stimulated with 500 U/ml 
!L-4, as described for anti-CD40 mAb. 8 The untransfected cell 
line J558L was obtained from Dr. M. Reth (University of 
Freiburg, Germany) and used as a control. 

Induction of immunoglobulin synthesis 
PBMCs from peripheral venous blood were isolated by Ficoll 

(Biochrom, Berlin, Germany) density gradient centrifugation, 

washed three times, and resuspended in RPMI-1640 medium 
supplemented with 1 mmol/L sodium pyruvate, 1% minimum 
essential medium with nonessential amino acids and vitamins, 2 
mmol/L L-glutamine, 100 U/ml penicillin, 100 txg/ml streptomy- 
cin, 50 ~mol/L 2-mercaptoethanol (all from Gibco, Basel, 
Switzerland), 40 ixg/ml human transferrin, 4 Ixg/ml bovine 
insulin (Sigma Chemical Co.), and 10% heat-inactivated fetal 
calf serum (Sera-Lab, Sussex, England). B cells were purified 
from PBMCs by using the magnet-activated cell separation 
system (MACS; Miltenyi Biotech, Marburg, Germany) and 
anti-CD19 antibodies after depletion of monocytes by anti- 
CD14. 24 The purity of cells was greater than 95% as determined 
by fluorescence-activated cell sorter (FACS) analysis with flu- 
orescein isothiocyanate-labeled anti-CD20 (Immunotech, 
Paris, France). PBMCs (2.5 × 106) were cultured in 5 ml of 
medium in 6-well plates (Costar, Cambridge, Mass.) and stim- 
ulated with IL-4 (500 U/ml), 25% of sCD40L containing 8-40-1 
cell supernatant, a mixture of the two anti-CD2 mAbs 4B2 and 
6G4, and the PLA antige n. Purified B cells (5 x 105/ml) were 
cultured in 24-well plates and stimulated with sCD40L and 
IL-4. 

Measurement of cytokines 
The solid-phase ELISA for interferon (IFN)-~/was described 

previouslyY Briefly, 96-well microtiter plates (Maxisorb; Nunc, 
Roskilde, Denmark) were coated with mAb 43-11 to IFN-~/(0.5 
izg/well) and specifically developed with biotinylated mAb 
45-15 (0.1 ~g/ml) and ExtrAvidin-Peroxidase (Sigma Chemical 
Co.). The sensitivity of the IFN-,/ ELISA was 20 pg/ml. The 
IL-2 activity was measured by tritiated thymidine uptake of the 
IL-2-dependent cytotoxic lymphoid line cells as described by 
Gillis et al. 26 

Measurement of immunoglobulin isotypes 
Supernatants were measured for their total and anti-PLA IgE 

and IgG 4 antibody content by ELISA as described previous- 
ly. 27,2s Briefly, for PLA-specific antibody detection, ELISA 
plates (Nunc, Maxisorb) were coated with 1 p~g/well PLA. 
Biotinylated anti-~ mAb 6-7 (Ciba-Geigy, Basel, Switzerland) 
and ExtrAvidin-Peroxidase were used to detect anti-PLA IgE. 
Anti-~/4 mAb RJ4 (Oxoid, Basingstoke, U.K.) and peroxidase- 
labeled anti-mouse immunoglobulin antibody (Tago, Burlin- 
game, Calif.) were used to develop the anti-PLA IgG 4 ELISA. 
PLA-specific IgGJX human mAb BVA229 was used as standard 
for anti-PLA IgG4; and serum from a patient allergic to bee 
venom reacting only with PLA, which showed 72 KU/L in bee 
venom RAST (Pharmacia), was used as anti-PLA igE stan- 
dard.2, 3 One unit corresponds to 2.15 hg of specific IgE. These 
assays detected 0.1 ng/ml anti-PLA IgE and 0.l ng/ml anti-PLA 
IgG 4. For total IgE determination, anti-IgEmAb 14-41 (Ciba- 
Geigy) was used for coating, and biotinylated mAb 6-7 was used 
for detection. The detection limit of the IgE assay was 0.2 ng/ml 
human IgE standard (Behring, Marburg, Germany). Mouse 
anti--/4 mAb RJ4 and peroxidase-conjugated anti-IgG antibody 
(Sigma Chemical Co.) were used to quantify IgG4. 3 The detec- 
tion limit of total IgG 4 was 0.6 ng/ml World Health Organiza- 
tion reference serum 67-97. For detection of tetanus toxoid 
(TT)-specific IgG, 80 U/ml TT (Berna, Bern, Switzerland), 
diluted 1:500, was used in phosphate-buffered saline for coat- 
ing. The anti-tetanus standard serum (Tetuman, Berna) and 
samples were incubated for 2 hours at room temperature. 
Peroxidase-conjugated anti-IgG antibody was used for develop- 
ment. In all immunoglobulin isotype-specific ELISAs, o-phen- 
ylenediamine HC1 was used as substrate. Optical density was 
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FIG. 1. In vitro production of PLA-specific and total IgE and IgG 4. A and B, PBMCs of subjects allergic to bee 
venom were stimulated with IL-4, sCD4OL, and a combination of two anti-CD2 mAbs (0.1 #g/ml each). PLA (0.1 
ng/ml) was present in all conditions. Total IgE (open bars) and IgG 4 (black bars) (A) and anti-PLA igE (open 
bars) and anti-PLA IgG 4 (black bars) (B) are shown from one of nine experiments (mean of duplicate cultures -+ 
SEM). C and D, Purified B cells from a patient allergic to bee venom were stimulated with IL-4 and sCD40U 
Total IgE and IgG4 (C) and anti-PLA IgE and anti-PLA IgG4 (D) are shown from one of three experiments. 

measured at 490 nm in an ELISA reader (Molecular Devices, 
Menlo Park, Calif.) after stopping the reaction with 0.SN 
H2SO4. 

Determination of cell proliferation 
Proliferative responses were measured on day 5 of culture. 

One hundred-microliter aliquots from 2.5 × 106/5 ml/6-well 
plate PBMC cultures were transferred to 96-well fiat-bottom 
culture plates in triplicate (Costar) and pulsed with 1 gCi/well 
tritiated thymidine. The plates were harvested 20 hours later, 
and radioactivit2¢ was measured in a Pharmacia Wallac Beta 
Plate Reader (Turku, Finland). 

Statistical interpretation 
Data are presented as means _+ SEM. Statistical analysis was 

performed by using Student's paired t test for comparing 
changes in total and specific immunoglobulin levels between 
paired stimulation conditions. 

RESULTS 
In vitro production of IgE and IgG 4 anti-PLA 
antibodies 

Primary investigations to induce in vitro synthesis of 
allergen-specific IgE and IgG 4 antibodies showed that 
the stimulation of P B M C  or B-cell cultures with PLA 
alone or together with either IL-4, sCD40L, or anti-CD2 
was not sufficient to induce ant i -PLA IgE. As shown in 
Fig. 1, IL-4 and sCD40L were required together to 
induce detectable amounts of ant i -PLA IgE and IgG 4 in 
2.5 × 106 PBMCs/5 ml (Fig. 1, B) or in 5 × 105 B cells/ml 
(Fig. 1, D)  in 12 days. Addit ional  stimulation of T cells in 
the PBMC culture with a mixture of two different 
anti-CD2 mAbs enhanced both total and specific IgE 
and IgO4, as shown in Fig. 1, A and B. PLA was present 
at 0.1 ng/ml in all culture conditions. No PLA-specific 
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FIG. 2. Inhibition of antibody synthesis by cycloheximide. Cycloheximide (10 i~mol/L) was added each day 
from day 1 to day 10 to anti-CD2-, IL-4-, sCD40L-, and PLA-stimulated PBMCs. Total and specific immuno- 
globulins were determined after 12 days. Means of duplicates -+ SEM are shown. 

antibodies were obtained with J558L control superna- 
rant instead of sCD40L and with ceils from control 
subjects not sensitized to bee venom whose sera were 
negative for PLA-specific IgE. 

To determine whether allergen-specific antibodies 
were newly synthesized in the culture, cycloheximide was 
added to PBMCs stimulated with anti-CD2, IL-4, 
sCD40L, and PLA (Fig. 2). Total inhibition of immuno- 
globulin synthesis was achieved by the addition of 10 
ixmol/L cycloheximide each day until day 5. The addition 
of cycloheximide on days 6 to 9 partially inhibited 
specific and total IgE and IgG 4 synthesis and had no 
significant effect when added on day 10. 

Antigen dose-dependent differential regulation 
of PLA-specific and total IgE and IgG 4 

Detectable amounts of anti-PLA antibodies could be 
induced without PLA (Fig. 3) in anti-CD2/sCD4OL/IL-4 
co-stimulated PBMCs. However, optimal amounts of the 
PLA allergen in the culture substantially increased the 
production of anti-PLA antibodies. Thus the production 
of specific and total IgE is determined by the dose of 
allergen. Although high allergen doses (102 to 104 ng/ml) 
induced IgE and IgG4 secretion, PLA-specific antibody 
production was inhibited at those concentrations of 
allergen. The optimal amount of antigen to induce 
anti-PLA IgE and IgG 4 was found at 0.1 ng/ml, which is 
about 105 times lower than the optimal amount for total 
IgE enhancement. The levels of PLA-specific IgE and 
IgG4 induced by 0.1 ng/ml PLA varied among seven 
different donors with bee venom allergy in the range of 
2.8-fold to 5.5-fold for IgE and 2.0-fold to 5.3-fold for 
IgGa (p < 0.001 for both). Inhibition of PLA-specific 
antibodies by high doses of antigen in the culture could 
potentially result from blocking anti-PLA IgE and IgG 4 
detection by excessive PLA. This was excluded by wash- 
ing cultures on day 7 and re-culturing without PLA. In 
these experiments the same levels of specific IgE anti- 

bodies were found in similar dose-response curves with 
and without washing, with full inhibition at high antigen 
doses (data not shown). As a further control, TT-specific 
IgG production was not affected by PLA. We then 
analyzed proliferation in cultures in response to various 
concentrations of PLA. Increased doses of PLA induced 
proliferation in IL-4/anti-CD2/sCD4OL-stimulated cul- 
tures. As assessed by counting the cells in each well and 
FACS analysis by anti-CD3 and anti-CD20, the prolif- 
erating cells in high antigen concentrations were T cells 
but not B cells (Fig. 2, C). These high antigen concen- 
trations, which stimulate T cells for proliferation, were 
the same doses that induced total IgE and IgG 4 produc- 
tion but inhibited specific IgE and IgG4 production. 

Differential regulation of total and anti-PLA IgE 
and IgG 4 by T-cell activation through CD2 

Different conditions of T-cell activation for produc- 
tion of total and anti-PLA IgE and IgG4 were inves- 
tigated by stimulation with various concentrations of 
anti-CD2 mAbs in IL-4-, sCD40L-, and PEA-supple- 
mented PBMC cultures. As shown in Fig. 4, increasing 
amounts of anti-CD2 resulted in significantly in- 
creased IL-2 and IFN-~ secretion and higher produc- 
tion of total and PLA-specific IgG 4 antibodies. In 
contrast to IgG4, total and anti-PLA IgE formation 
were inhibited. Increasing concentrations of anti-CD2 
mAb from 0.1 p~g/ml to 2.5 txg/ml decreased total IgE 
levels from 361 + 41 ng/ml (mean + SEM) to 263 --- 
39 ng/ml (p < 0.01) by 27% (11% to 41%, range of 
three experiments), whereas anti-PLA IgE decreased 
by 95% (86% to 99%) from 8.86 _+ 0.11 ng/ml to 
0.46 _+ 0.02 ng/ml (p < 0.001). In contrast, the same 
changes in anti-CD2 concentrations enhanced the 
total IgG4 by 147% (118% to 182%) from 557 -+ 61 
ng/ml to 821 -+ 91 ng/ml (p < 0.05) and anti-PLA IgG4 
by 672% (429% to 913%) from 2.1 ~: 0.30 ng/ml to 
14.2 _+ 1.50 ng/ml (p < 0.001). Thus modifcation of 
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FIG. 3. Effect of allergen doses on production of PLA-specific and total IgE and IgG 4. PBMCs from a patient 
allergic to bee venom were stimulated with IL-4, sCD4OL, and anti-CD2 mAb in the presence of different 
concentrations of PLA. Anti-PLA and total IgE (A) anti-PLA and total IgG 4 and anti-TT IgG (B} were determined 
on day 12. Estimation of B cell and T cell absolute numbers in cultures was made on day 7 by trypan blue dye 
exclusion and FACS analysis by staining for CD20 (B cells) and CD3 (T cells), respectively. Tritiated thymidine 
([3t-/] TdR) incorporation was measured on day 6 (C) (representative experiment of seven). Means of 
duplicates z SEM are shown. 

T-cell activation through CD2 influenced PLA-spe- 
cific antibody formation more than the total isotypes, 
demonstrating a higher sensitivity of specific antibody 
synthesis to additional T-cell activation signals. In 
addition, other conditions of T-cell activation were 

studied. Stimulation of PBMCs with anti-CD3 (0.1.,5 
~g/ml), PHA (0.04 to 5 ~g/ml), and PMA (0.08 to 50 
ng/ml) in the presence of sCD40L and IL-4 resulted in 
high IL-2 and IFN-~ secretion. These cytokines, which 
are known to display inhibitory effects on IgE synthe- 
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FIG. 4. Differential regulation of total and anti-PLA lgE compared with IgG 4 by increasing T-cell activation. 
PBMCs from a patient allergic to bee venom were stimulated with IL-4, sCD40L, and different concentrations 
(0.1 to 2.5 ixg/ml) of two anti-CD2 mAbs in the presence of 0.1 ng/ml PLA. Similarly, anti-CD3 (0.5 p.g/ml), PHA 
(0.5 txg/ml), and PMA (5 ng/ml) were used instead of anti-CD2 for stimulation. In various concentrations 
anti-CD3, PHA, and PMA were inhibitory for total and anti-PLA IgE as a result of enhanced IL-2 and IFN--,/ 
production. One of three representative experiments is shown. Results show mean of duplicates _+ SEM. 
Statistical significance is expressed as: *p < 0.05, ~p  < 0.01, ***p < 0.001. 

sis, inhibited the production of total and anti-PLA 
immunoglobulins. 

DISCUSSION 

Although basic cellular and molecular requirements 
for the induction and synthesis of nonspecific IgE have 
been extensively investigated, the mechanisms involved 

in the regulation of allergen-specific IgE synthesis have 
not yet been elucidated in human systems. By culturing 
higher numbers of PBMCs or isolated B cells from bee 
venom-sensitized donors, we established an in vitro 
system that allows sufficiently high production of aller- 
gen-specific IgE and IgG 4 antibodies. We analyzed the 
effects of allergen dose and of different T-cell and B-cell 
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activators on the production of total and specific IgE and 
IgG4. 

As previously shown for total IgE, the induction of 
anti-PLA IgE and IgG4 in PBMCs or purified B cells 
also requires both stimulation with IL-4 and activation 
through CD40. 8, 30, 31 The two cytokines IL-4 and IL-13 
are known to induce IgE messenger RNA transcrip- 
tion.7, 32 A second signal is required for the deletional 
switch leading to the expression of e mRNA and class 
switch for IgE protein synthesis. CD40L expressed on 
the T-cell surface has a pivotal role in B-cell activation 
through CD40Y This interaction is required in T cell-B 
cell collaboration for antibody production to T-cell- 
dependent antigens, 8, 3o, 32 for isotype switching, 8, 34 and 
for the generation of memory B cells and germinal 
center cellsY Moreover, activation of CD40 was shown 
to increase B-cell responsiveness to IL-4 and the pro- 
motion of IgE and IgG4 formation, s' 36-39 Furthermore, 
interaction of CD40L with CD40 was shown to prevent 
B cell apoptosis. 4° In our study, stimulation with 
sCD40L made it possible to generate PLA-specific an- 
tibodies in vitro and to enhance the total IgE and IgG 4 
production. This is in accordance with previous reports 
on their co-regulation in vitro, and PBMCs from both 
atopic and normal donors have been shown to produce 
both total IgE and IgG 4 on IL-4 stimulation. 3,18,42 
Furthermore, the addition of either anti-CD40 mAb or 
activated allergen-specific CD4 + T-cell clones to puri- 
fied B cells, in the presence of IL-4, was shown to induce 
both IgE and IgG 4 switching. 8 

The role of T cells in the induction of specific IgE and 
IgG 4 was further investigated with different T-cell acti- 
vators. The finding that optimal stimulation by two 
anti-CD2 mAbs with different epitope specificity, in 
addition to IL-4 and sCD40L, enhanced both total and 
PLA-specific IgE antibodies suggests that accessory mol- 
ecules other than CD40 may play a role in B-cell 
activation for IgE production? ~, 42, 43 Activation through 
CD2 and CD28 was shown to induce long-term auto- 
crine proliferation of CD4 + T cells, 44 and anti-CD2 
mAbs were shown to induce T-cell proliferation and 
cytokine production. 45, 46 Interestingly, differential cyto- 
kine synthesis can be induced by mAbs recognizing 
different epitopes on the CD2 m o l e c u l e s  In our study, 
stimulation of T cells by increasing doses of anti-CD2 
mAb mixture inhibited total and specific IgE and simul- 
taneously enhanced secretion of IgG 4. The increase in 
the production of both anti-PLA and total IgG 4 corre- 
lated with IL-2 and IFN-y secretion. Because a constant 
amount of IL-4 was added at the beginning of culture, 
increasing IgG 4 antibody secretion most likely resulted 
from a shift in IL-4 to IFN-7 ratio in cultures toward a 
THo pattern. On the other hand, stimulation of PBMCs 
by anti-CD3, PHA, or PMA resulted in higher levels of 
IFN-y and IL-2 and inhibition of IgE and IgG4 produc- 
tion. Several investigators have demonstrated that IgE 
can be induced in purified B cells if they have been 
co-cultured with anti-CD3-activated T-cell clones. < 4s, 49 
However, anti-CD3 stimulation of PBMCs was shown to 

inhibit IgE production as a result of enhanced IFN-y 
production.< 5o In our in vitro system, anti-PLA IgE and 
anti-PLA IgG 4 synthesis appeared to be more sensitive 
to changes in T-cell stimulation than total IgE and IgG 4. 
Differential cytokine formation by T cells and changes 
in surface molecule expression by increasing anti-CD2 
stimulation may be encountered for the more pro- 
nounced shift from PLA-specific IgE to IgG 4. It 
appears that a qualitatively distinct status of T-cell 
activation is required for optimal allergen-specific 
antibody production. Moreover,  optimal conditions 
for total IgE synthesis were shown to be suboptimal 
for IgG 4 antibody formation, further demonstrat ing 
counterregulatory mechanisms on the specifc  lgE and 
IgG 4 synthesis. 

It has been demonstrated that the in vitro expressed 
cytokine pattern of PLA-specific T-cell clones directly 
depends on the concentration of allergen in the cul- 
ture 3, 51, 52 and that ratios of IL-4 to IFN-3, decline witl~ 
increasing allergen doses. 51,52 Similarly, we have ob- 
served a distinct effect by the allergen dose on the 
allergen-specific IgE response. Doses of 0.01 to 1 ng/mt. 
which are too low for significant T-cell proliferative 
stimulation in vitro, substantially enhanced PLA-specific 
IgE and IgG 4 production. On the other hand. the 
formation of PLA-specific antibodies was inhibited at 
high allergen concentrations at which specific T-cell 
proliferation was induced. Because neutralization of 
specific IgE by antigen excess could be excluded, it can 
be concluded that low amounts of allergen may be 
processed and presented preferentially by specific B cells 
and that CD40L further activates their antigen-present- 
ing cell function and polyclonal activation, s3,54 High 
concentrations of allergen, at which the induction of 
specific IgE is suppressed, result in polyclonal activation 
of B cells. Such effects have been demonstrated in 
murine systems in which high levels of polyclonal B-cell 
activation led to suppression of specific antibody forma- 
tion.SS, 56 Similar to our findings, the optimal concentra- 
tions for induction of specific antibody synthesis were 
several orders of magnitude lower than the concen- 
trations required for polyclonal activation. 5s,56 The 
same mechanisms may play a dominant role at high 
concentrations of PLA, which induce T-cell prolifer- 
ation and bystander activation of B cells, which finally 
lead to enhanced production of total IgE and IgG 4 
isotypes. 

Antigen-driven in vitro systems have more physiologic 
significance for the study of multifactorial mechanisms 
of regulation of immune responses in human beings than 
nonspecific, polyclonal activation. Here we describe a 
culture system that enables the induction of allergen- 
specifc IgE antibodies from human PBMCs and dem- 
onstrate that the allergen dose-dependent  regulation of 
specific IgE and IgG 4 antibodies follows mechanisms 
different from those of total IgE and IgG4 production. 
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