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Whereas IgE antibodies are linked with allergy, IgG4 antibodies may
reflect the state of immunity and protection against a particular antigen. It
has been shown that interleukin (IL)-4 is required for induction of IgE
synthesis. In order to elucidate the role of IL-4 in the production of IgG4
and to compare IgG4 and IgE regulatory processes, we quantified these
immunoglobulin isotypes after in vitro culture of peripheral blood
mononuclear cells (PBMC) in the presence of IL-4. The production of
IgG4 was increased by IL-4 under the same conditions which are optimal
for IgE production but not among PBMC from all donors, depending on the
magnitude of spontaneous IgG4 secretion: IL-4 was effective only when
the spontaneous secretion of IgG4 was <7% of the total IgG secretion; it
had no effect when spontaneous IgG4 production was >7% of total
IgG. The lL-4-induced IgE response was consistently obtained when IgG4
was <7% of total IgG but was markedly diminished or absent when
IgG4 was >7% of total IgG. U Staphylococcm aureus strain Cowan 1 (SAC)
was present during the 48-h preincubation step, spontaneous IgG4
production was increased, but the stimulatory effect of this mitogen on
immunoglobulin production, including IgG4, was markedly blocked by the
addition of IL-4. In contrast, IL-4-induced IgE synthesis was strongly
blocked by the presence of SAC. Finally, secretion of IgG4 (spontaneous
and IL-4-induced) was suppressed among cells from most donors by
interferon-y (IFN-y). These results suggest that IL-4 has opposite effects
on in vitro IgG4 production and that the in vitro synthesis of both IgG4 and
IgE appears to be regulated similarly by IL-4 and IFN-y, whereas
additional signals promote the production of one isotype in preference to
the other. It is possible that activated B cells respond to lL-4 less well than
do nonactivated cells.
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Allergen-specific IgG4 antibodies have been found
in the serum of allergic and nonallergic patients. In
allergic diseases, IgG4 has been believed to be either
an anaphylactic antibody or a blocking antibody, but
its exact role is still under scrutiny. However, it ap-
pears that, in some instances, IgG4 and IgE are
cosynthetized, suggesting a common regulatory mech-
anism (1, 19, 20, 33).

The secretion of human IgF in vitro is modulated
by a number of cytokines (8, 9, 24, 25, 27, 30). In-
terleukin (IL)-4 appears to be a crucial factor for pro-
moting the induction or enhancement of IgF secre-
tion by mononuclear cells (MNC) (9, 18, 24, 26, 27,
34). This promoting effect of IL-4 on IgF synthesis
is suppressed by interferon-y (IFN-y) (23, 24, 27).

These two cytokines regulate the IgF synthesis by
inhibiting the activity of each other (5, 22, 31). In
mice, it has been demonstrated that in addition to
IgF, IL-4 increased and IFN-y suppressed the pro-
duction of the IgGl subclass (28, 32). Interestingly,
it was suggested that murine IgGl is immunologi-
cally similar to human IgG4 (21), although there are
no similarities at the genetic and biochemical levels
(3). The roles of IL-4 and IFN-y in the regulation of
IgG4 synthesis are still unclear. Several recent re-
ports have showed an increased IgG4 synthesis in
the presence of IL-4 (12, 13, 15, 21), while another
has failed to find it (11). One of these reports (15)
also presented evidence that IFN-y inhibits IL-4-
induction of lgG4 synthesis.
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In order to clarify the effects of IL-4 and IFN-y
on IgG4 synthesis, we studied the synthesis of IgE
and IgG4 in the same experimental conditions that
are optimal for IgE induction by normal PBMC. We
also investigated whether particular experimental
conditions can promote the synthesis of one isotype
at the expense of the other as well as the heteroge-
neity of the synthesis of both immunoglobulin iso-
types according to donors.

Material and methods
Subjects

Blood samples or leukopheresis preparations from
healthy donors were obtained from Dr B. Villiger
(Thurgauisch-Schaifahausische Hohenklinik, Davos,
Switzerland) and Dr M. Fopp (Blutspendezentrum,
Kantonsspital, Saint-Gallen, Switzerland), respec-
tively.

Fourteen subjects were included in this study.
None of the subjects had any family history of al-
lergy or any clinical symptoms of allergy or atopy.

Separation and culturing of PBMC

Peripheral blood mononuclear cells (PBMC) were
isolated as previously described (5). In brief, anti-
coagulated blood was diluted with phosphate-
buffered saline (PBS) and layered over Ficoll (Se-
romed, Berlin, Germany), and the PBMC were
collected following centrifugation. The PBMC were
resuspended in Yssel's culture medium (35) in the
absetice of saturated atid unsaturated fatty acids,
supplemented with 5% fetal calf serum (FCS), and
incubated at 37°C in a humidified atmosphere con-
taining 5% CO2.

In order to determine the optimal concentration of
IL-4 to be used as well as the optimal time of incu-
bation, we initially preincubated PBMC at 5 x 10''
cells/ml in culture flasks (Costar, Cambridge, MA,
USA) for 48 h in 200 U/ml of purified recombinant
IL-4 (lO'^U/ml, donated by Dr J. E. De Vries,
DNAX Research Institute, Palo Alto, CA, USA).
After the preincubation step, nonadherent cells were
collected, washed three times with PBS containing
1 % FCS, resuspended in culture medium, and plated
at 1 X 10*' cells/ml in 24-well cluster plates (Costar),
1 ml/well, with or without various amounts of IL-4
(0, 0.01, 0.1, 1.0, 10, 100, or 500 U/ml) added in
triplicate. The day of washing and reculturing the
cells was designated day 0. Culture supernatants
(CSN) of each treatment were harvested at 2-day
intervals, and were assayed for IgG, lgG4, IgA, and
IgM content by ELISA specific for each isotype (see
below).

For immunoglobulin (Ig) production, PBMC were
similarly preincubated at 5 x 10'' cells/ml in the pres-

ence of 200 U/nil of lL-4; in certain experiments,
PBMC were preincubated in the presence of 0.01 %
Staphylococcus aureus, strain Cowan 1 (SAC) (Pan-
sorbin Cells, CalBiochem, La Jolla, CA, USA) for
48 h. After washing, the nonadherent cells were re-
suspended in culture medium and cultured with or
without additional IL-4 or recombinant IFN-y
(0.7 X 10'' IU/ml, donated by Dr C. Heusser, Ciba
Geigy, Basel, Switzerland). After an additional 10
days of culture, CSN were harvested, and levels of
Ig were determined by specific ELISA (see below).

Measurement of secreted immunoglobulins

All ELISA were performed with 96-well, fiat-
bottomed microtiter plates (Nunc-Immuno Plate
Maxisorp, Rosekilde, Denmark). Unless otherwise
stated, ELISA plates were washed three times be-
tween each step with PBS pH 7.4, supplemented
with 0.02% Tween 20 and 0.02% sodium azide;
dilutions of samples and standards were made in
PBS pH 7.4, supplemented with 0.05% Tween 20,
0.2% sodium azide, and 1% casein hydrolysate
(Oxoid, Hampshire, UK).

For IgG4 determination, wells were coated with
100 |xl of 0.5 lag/tnl affinity-purified goat antimouse
IgG (Cappel, West Chester, PA, USA) in sodium
carbonate buffer pH 9.6 for 18 h at 4°C. After wash-
ing, antihuman IgG4 monoclonal antibody (mAb)
MCA 271 (clone HP 6025, as described in a World
Health Organization (WHO) document, Serotec,
Oxford, UK) was added to the plates at a concen-
tration of 0.25 lig/ml and incubated for 6 h at room
temperature. The mAb MCA 271 had been previ-
ously purified by Sepharose-protein G chromato-
graphy (Pharmacia, Uppsala, Sweden). Next, CSN
were appropriately diluted and added to the wells in
duplicate. Dilutions of standard serum were incor-
porated in parallel to the wells as a reference. Ini-
tially, this assay was calibrated by the WHO refer-
ence serum 67/97, which has an IgG4 concentration
of 0.5 mg/nil. Then, a pool of sera from healthy do-
nors randomly chosen in Davos was determined in
this assay to have an IgG4 concentration of 0.4 mg/
ml; dilutions of this pooled serum gave a parallel
curve to the WHO reference serum. Thus, this pooled
serum was subsequently used as the standard refer-
ence for measuretiient of IgG4 content in the CSN.
After 18 h at rootii temperature, a mixture of alka-
line phosphatase-labeled goat antihuman K-L chain
(1:3000, Tago, Burlingame, CA, USA) and goat an-
tihuman X-L chain (1:4000, Tago) was added to
detect bound lgG4. After 2 h at room temperature,
the plates were washed four times with 0.9%
NaCl -I- 0.02% Tween 20, and lgG4 binding was vi-
sualized by incubation with 1.5mg/nil 4-nitro-
phenylphosphate disodium salt, hexaliydrate (Sigma)
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in 1 M diethanolamine-HCl buffer, pH 9.8, for 30 min
at 37 °C. Absorbance was measured by a VMAX
kinetic microplate reader (Molecular Devices, Menlo
Park, CA, USA) at 405 nm. The limit of sensitivity
of the assay was 0.3 ng/ml. We used IgGl, IgG2,
and IgG3 myeloma sera in order to meet the speci-
ficity of the assay. It was found that a tnarginal
cross-reaction could be observed with IgGl and
IgG2 subclasses, but more than 300 ng/ml of these
isotypes was required to produce an OD similar to
that obtained by 1 ng/rnl of IgG4 proteins. There
was also a slight cross-reaction with IgG3 since
40 ng/ml of IgG3 gave an OD similar to 1 ng/ml of
IgG4. However, since IgG3 and IgG4 are produced
in similar amoutits in cell culture supernatants from
normal persons (2, 10), it is unlikely that IgG3 would
cause a significant error in IgG4 quatitification.

IgA and IgM ELISA was modified from previ-
ously described assays (24). Goat anti-IgA (1:10000;
Pasteur Institute, Paris, France) or rabbit anti-IgM
(1:1000; Behring, Marburg, Germany) was used as
coating antibody. Appropriate dilutions ofthe CSN
and standard sera (Behring) were incubated for 18 h
at room temperature. Later steps were as described
above for IgG4. The sensitivities ofthe assays were
2 ng/ml and 4 ng/ml for IgA and IgM, respectively.

For IgG determination, the plates were coated for
18 h at room temperature with 1 jig/ml goat antihu-
man IgG (Tago). Free protein binding sites were
blocked with 1% casein hydrolysate in PBS pH 7.4
containitig 5% Tween 20. Samples and standards
(purified standard human IgG, CalBiochem) were
diluted in the blocking buffer and incubated for 18 h
at room temperature. Bound IgG was detected with
goat antihuman IgG antibodies cotijugated to alka-
line phosphatase (1:4000; Tago) and incubated for
1 h at 37°C. ELISA development and reading were
as described in the IgG4 ELISA. The sensitivity of
the assay was 0.6 ng/ml.

For IgE determination (5), ELISA plates were
coated with rabbit anti-IgE (Dakopatts, Glostrup,
Denmark) diluted 1:2000 in pH 9.6 sodium carbon-
ate buffer. The plates were incubated 18 h at 4°C
and then washed with PBS containing 0.05% Tween
20. This wash was used between all steps of the
assay. Next, the wells were blocked with 2% BSA
in PBS containing 0.05% Tween 20 for 1 h at room
temperature. Dilutions of CSN and standard IgE
serum (Behring) were added in parallel in PBS con-
taining 0.05% Tween 20 and 0.2% BSA. After 18 h
at room temperature, the murine antihuman IgE
mAb 1-27 (4) (donated by Dr J. E. De Vries, DNAX
Research Institute) was added and incubated for 6 h
at room temperature. After washing, the plates were
incubated for 4 h at room temperature with peroxi-
dase conjugated goat antimouse Ig (1:2500; Tago).
Finally, 1 trtg/ml of [2,2'-azinobis(3-ethylbenz-

thiazoline-6-sulforiic-acid)] (Sigma), in 0.1 M so-
diufii citrate-0.1 M sodium phosphate buffer, pH
4.5, containing 0.003% H2O2, was added as enzyme
substrate. The OD was measured at 405 nm after
30 min at room temperature. The litiiit of sensitivity
ofthe assay was 0.15 ng/ml.

Design ofthe study

Several experiments were performed. First, we ana-
lyzed the spontaneous release of IgG4 and IgE. Then
we studied their production in order to investigate
the role of IL-4 on IgG4 production and compare its
effects on the IgG4 and IgE productions. The opti-
mal dose and the optimal time of incubation of IL-4
were studied. A third experiment series investigated
the inhibitory effect of IFN-y. Finally, we tested the
regulation of IgG4 productioti by using a polyclonal
B-cell activator (SAC) which increases the produc-
tion of IgG in the presence or absence of IL-4 to
determine whether this cytokine modulates IgG4
production.

Statistical analysis was performed by nonpara-
metric tests. The Wilcoxon two-satnple test for
paired, nonparametric data was used to analyze the
results. The results were considered to be sigtiifi-
cantly different when the calculated significance was
less than or equal to 0.05.

Results
Spontaneous IgE and IgG4 production

There was no spontaneous secretion of IgE. The
spontaneous production of IgG4 was variable among
the dotiors, rangitig from <0.3 to 32.3 ng/ml
(mean + SD: 9.4 + 10.1 ng/ml). IgG4 represented
0.5-22. l%o of total IgG production (mean + SD:
6.9 + 6.3%). -

Enhancement of the spontaneous IgE and IgG4 pro-
duction by IL-4

The optimal dose of IL-4 which enhanced immuno-
globulin production by PBMC ranged between 100
and 500 U/ml for both IgG4 and IgE (not shown).
No further increase in IgF and IgG4 levels was ob-
served for higher arnounts of IL-4 added. Thus, all
results reported below refer to the optimal dose of
100 U/ml. The optimal incubation time is presented
in Fig. 1. It is shown that the production of^both IgE
and IgG4 required 10-12 days. Thus, all results re-
ported below refer to the optimal incubation time of
10 days.

IL-4 added at day 0 induced the IgE production
in 11/14 experiments (range: :<0.15 ng/ml to 18.8 ng/
ml; P<0.05, Wilcoxon W test). IL-4 added at day
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Fig. 1. Kinetics of IL-4-inducecl IgG4 and IgE synthesis. PBMC
were preincubated in 200 U/ml IL-4 for 48 h, harvested, washed,
and reincubated in presence of 100 U/ml IL-4 added in triplicate
at day 0; CSN were harvested at 2-day intervals, and levels of
accumulated IgG4 ( • ) and IgE (D) determined. Results are re-
ported as mean + SD for triplicate determinations.

0 increased the IgG4 production, but this effect was
dependent upon the level of its spontaneous release
expressed as the percentage of IgG secreted as IgG4

1000

(n
S 100:1
u

10

r =0.8i
P<0.002

5 1G 15 20 25

Percentage of IgG secreted as lgG4
Fig. 2. Effect of IL-4 on synthesis of IgG4. The 14 experiments
used PBMC from 14 different normal donors. Spontaneous lgG4
and IgG production was estimated in a culture assay in which
PBMC were preincubated for 48 h in medium, washed, and re-
cultured in fresh medium for an additional 10 days. Percentage of
total IgG secreted as IgG4 was calculated. For testing effect of
IL-4, PBMC were preincubated in 200 U/ml IL-4, washed, and
recultured in 100 U/ml IL-4 for 10 days. Data were expressed as
means of triplicate cultures for each treatment and percent in-
crease in lgG4 production was calculated.

IL-4 and IFN-y regulate IgG4 secretion

Table 1. Effect of IFN-y on IL-4-induced enhancement of lgG4

Experiment

1
2
3

Medium*

2,3+0,5
1,4+0,3
0,4+0,1

lgG4 (ng/ml)

IL-4'

4,1+0,6
3,4+1,2

13,6+4,1

[L-4+iFN-y**

1,5+0,3
1,8+0,3
4.0+1,5

Results are presented as the mean+SD of triplicate cultures; each experiment employed
PBMC from different donors,
* PBMC were preincubated 48 h in medium, washed, and recultured in medium. After

10 days, CSN were collected and lgG4 quantified,
' Cells were preincubated in 200 U/ml IL-4 and cultured in 100 U/ml IL-4,
** Cells were preincubated in 200 U/ml IL-4 and recultured in 100 U/ml IL-4 plus

100 U/ml IPN-y,

(Fig. 2). IL-4 had little effect on PBMC from sub-
jects with a high IgG4 spontaneous release. The
three donors in whom IL-4 did not induce any IgE
synthesis had a high IgG4 spontaneous release.

Suppression of IgE and lgG4 production by IFN-y

IFN-Y decreased the spontaneous IgG4 production
in 8/11 experiments. In two of the three experiments
shown in Table 1 (donors 1 and 2), IL-4 failed to
enhance IgG4 synthesis above spontaneous levels
when 100 U/ml IFN-y was added simultaneously to
the cultures. In the other (donor 3), the level of IgG4
was much lower in the presence of both IFN-y and
IL-4 than in the presence of IL-4 alone. IFN-y sup-
pressed IL-4-enhanced IgG4 secretion by an aver-
age of 64% + 17% above the level of secretion in
response to IL-4 alone.

Inhibition of SA C-induced enhancement of Ig secre-
tion by IL-4

PBMC were preincubated with SAC for 48 h in the
presence or absence of 100 U/ml lL-4. The results
of three representative experiments are shown in
Table 2. Preincubation with SAC increased the se-
cretion of both total IgG and IgG4 from 10-fold to
over 100-fold, depending on the donor. Addition of
200 U/ml IL-4 with SAC during the preincubation
inhibited the SAC-induced increase in both IgG and
IgG4 secretion by at least 80%. However, when
100 U/ml of IL-4 was added at day 0, the level of
IgG and IgG4 secretion increased, and IgG4 syn-
thesis returned to nearly that induced by SAC alone
in one of the three experiments. IgA and IgM levels
were also increased by stimulation with SAC, and
this SAC-induced stimulation.was also inhibited in
the presence of 200 U/ml of IL-4 (not shown).

Conversely, IgE synthesis was not increased by
the addition of SAC (Table 3). When SAC and IL-4
were added together in the preincubation and 100 U/
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Table 2. Effect of SAC and SAC+IL-4 on the production of IgG and lgG4

m.
1
2
3

Med.

47 + 5
89 + 3
71 + 14

Ic

SAC

359+52
9276 + 364
905 + 92

|G (ng/ml)

SAC+IL-4

47 + 14
769+92
187 + 36

Sac*+IL-4

102+14
984+79
218+41

Med.

0.4+0,1
1.7+0.4
1,9+0.8

SAC

11 + 1
81+7
52+7

lgG4 (ng/ml)

SAC+IL-4

1.1+0.4
18+2
8+2

SAC*+IL-4

10+2
41 + 7
10+3

Cultures of PBMC were preincubated in medium, 0.01% (v/v) SAC, or SAC+200 U/mi IL-4 for 48 h. After preincubation (day 0), cells were washed and recultured in fresh me-
dium. No additional SAC was added at this time.
* These cultures received an additionali 00 U/mi IL-4 on day 0. . .

Tabie 3.

Exp.

Effect of preincubation in SAC, IL-4, or

IL-4 added at day 0
(100 U/ml)

SAC+IL-4 on production of igE

Medium Medium+IL-4

IgE (ng/ml)

Preincubation

SAC SAC+iL-4

:<0.15
1.2+0.5
<0.15

1.3+0.4
<0.15

4.8+1.2

<0.15
15,8 + 2.5
0.4+0,2
7.6+1.8
<0,15

13.2+2.6

0,4+0.1
4,4+1,0

<0.15
1.6+0.2
<0.15

0.9+0.3

<0.15
0,3+2.8
<0.15
<0,15
<0.15

2,5+0.7

PBMC were preincubated for 48 h in medium, 200 U/ml IL-4, 0.01% SAC, or 0.01% SAC+200 U/ml IL-4. After washing, the cells were recultured in fresh medium with or with-
out 100 U/mi IL-4, Results are presented as the mean + SD of triplicate cultures for each treatment. Each experiment was performed with PBMC from different donors.

ml of IL-4 was added at day 0, IgE secretion was
suppressed by at least 80%, as compared with the
control performed in the absence of SAC.

Discussion

The study presented here shows that the production
of IgE and IgG4 is regulated by the same cytokines,
for similar doses and incubation times. IL-4 en-
hances the production of both immunoglobulins,
whereas IFN-y blocks it. Although IL-4 induces a
similar eifect on the production of both immunoglo-
bulin isotypes, differences between their production
were observed when a polyclonal B-cell activator
was used in combination with IL-4.

The role of IL-4 in the regulation of IgG4 synthe-
sis is not well understood. Nusslein & Spiegelberg
(21) and Ishizaka et al. (15) have demonstrated an
increase in IgG4 secretion, but no increase of IgG 1,
IgG2, or IgG3, from PBMC in response to IL-4.
Lundgren et al. (18) have shown evidence that lL-4
promotes isotype switching to both IgE and IgG4
among human splenic B cells. Gascan et al. have
shown that IL-4, when added together with an extra
signal provided by T-cell clone supernatants or an
anti-CD40 mAb, can induce IgG4 switching in pu-
rified B cells (12, 13). In contrast, Flores-Romo et al.
(11) have shown that IL-4 is ineffective at increas-

ing IgG4 production among purified, cycling B cells
from tonsils; among these cells, IgGl, IgG2, and
lgG3 were increased in the presence of IL-4.

To investigate the role of IL-4 on IgG4 production
and compare effects with its action iti IgE induction,
we analyzed IgG4 production under optimal and
suboptimal cotiditions for IgE production: prelimi-
nary experiments demonstrated that the highest lev-
els of IgE were produced when PBMC were preiti-
cubated for 48 h in 200 U/ml of IL-4, washed, and
reincubated for an additional period of 10-12 days
in the presence 100 U/ml of IL-4, a result which
agreed with results published by Chretien et al. (5).
We demonstrated in this study 1) that enhancement
of IgG4 secretion by PBMC from healthy donors
was observed only when IL-4 was added in a simi-
lar, two-step culture regimen with similar doses and
duration of incubation, and 2) that, after IL-4 stim-
ulation, the variation in release of IgE was signifi-
cantly correlated with that of IgG4. Thus, these re-
sults indicate that IL-4 affects the levels of both
IgG4 and IgE in a very similar manner.

We tested various methods for rneasuring IgG4
concentrations, using several antibodies, either mon-
oclonal or polyclonal. The protocol reported in the
presetit paper gave the best results concerning re-
producibility and specificity, as well as the lower
limit of setisitivity. Most of the reagents used were
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from the satne source as those used by Ishizaka et al.
(15).

An original finditig ofthe present study is the var-
iable effect of IL-4 on IgG4 production according to
its spontaneous level. Enhanced IgG4 secretion was
observed only when spontaneous IgG4 secretion was
relatively low (< 7 % of total IgG secretion). If the
spontaneous IgG4 level was over 7 % of total IgG,
IL-4 was unable to itiduce a further iticrease in se-
cretion. Interestingly, in this case, IL-4 was also less
effective or unable to stimulate IgE secretion. Chre-
tien et al. (5) have also reported that increased IgE
sytithesis by IL-4 was found only in 77% of normal
donors. It has been detnonstrated that IL-4 alone is
not sufficient to induce IgE synthesis by PBMC of
normal donors but requires other stimulating agents.
Alternatively, or additionally, specific suppressor sig-
nals for IgE or IgG4 production, respectively, could
contribute to the preference for one of the two iso-
types.

Since IFN-y itihibits IL-4-induced IgE synthesis
(5, 24), we itivestigated the role of IFN-y on spon-
taneous and IL-4-enhanced IgG4 secretion. We con-
firm the observation made by Ishizaka et al. (15) that
IFN-y suppresses the IL-4-induced enhancement of
IgG4 secretion. We have extended this latter obser-
vation to show that IFN-y also suppresses sponta-
neous IgG4 secretion in a manner similar to that of
IgE.

There have been controversial reports ofthe effect
of IL-4 on various isotypes according to the various
in vitro systems used. Jelinek & Lipsky (16) and
Splawski et al. (29) have reported that IL-4 strotigly
suppresses B-cell proliferatioti and Ig production in
response to SAC and IL-2. IL-4 inhibition of IL-2-
induced effects on B cells have also been reported by
Defrance et al. (7) and Llorent et al. (17). In con-
trast, Gordon et al. (14) have demonstrated that IL-4
synergistically increases proliferation and IgM pro-
duction in response to anti-IgM and atiti-CD40
mAb. Thus, the effect of IL-4 on a given population
of B cell appears to be differetit, depending upon the
presence of additional sigtials.

To characterize better the modulation of the pro-
duction of IgE and IgG4 by IL-4, we studied the
effect of this cytokine on the production of both
immunoglobulins by PBMC activated by SAC. SAC
particles constitute a polyclonal B-cell mitogen.
When preactivated in vitro with SAC, highly purified
B cells differentiate into Ig-secreting cells in response
to factors provided by activated T cells (6). We have
shown in this report that IL-4 affects the synthesis
of IgG4 and IgE differently when added in the pres-
ence of SAC, sitice IL-4 suppresses SAC-induced
IgG4 sytithesis, whereas IL-4 induced IgE synthesis
is suppressed by the addition of SAC, indicating that
under certain experitiiental conditions, IL-4 can sup-

press spontaneous Ig synthesis includitig IgG4, but
not IgE. These results indicate that in the presence
of additional signals, IL-4 may selectively promote
the synthesis of one isotype (IgE) and block the
synthesis of another (IgG4). Nusslein & Spiegelberg
(21) have suggested that IL-4 fails to enhance IgE
after SAC stimulation because of SAC-induced pro-
duction of IFN-y in the cell cultures. Paradoxically,
we have shown that IFN-y suppresses the produc-
tion of IgG4, the secretion of which is strongly en-
hanced by SAC. Additional IL-4 added after the
preincubation step in SAC alone was unable to stitn-
ulate the production of IgE. This situation following
SAC stimulation appears to be analogous to that
observed among donor PBMC which had an el-
evated spontaneous secretion of IgG4. In both
groups, IL-4 was unable to stimulate further pro-
duction of IgG4, and the response of IgE to IL-4
was diminished or absent. If SAC mimicks the bind-
ing of antigen to surface Ig, it would suggest that high
levels of antigen promote IgG4 production and sup-
press IgE; this is the strategy employed when aller-
gic patients undergo hyposensitization. The blocking
of this effect by IL-4 suggests that agents other than
IL-4 are also important in the itiduction of either a
protective state or an allergic reaction. It is also
possible that preactivated B cells are less responsive
to lL-4 than are notiactivated cells because preacti-
vated B cells are already switched, as described pre-
viously for the IgE synthesis (26).

These results demonstrate that the stimulation of
PBMC by IL-4 in the presence of SAC affects the
synthesis of IgG4 and IgE differently. Sitice IL-4, in
the presence or absence of SAC, can, respectively,
downregulate or upregulate the synthesis of IgG4,
this suggests that IL-4 can induce the selective syn-
thesis of IgG4 or IgE, depending upon the presence
of costimulatory signals.
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