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The relative contribution of 1L-4 and IL-13 to the regulation 
of IgE synthesis has remained relatively poorly characterized, 
partially because of lack of suitable animal models. We have 
studied the roles of IL-4 and IL-13 in human IgE synthesis 
induced by supernatants derived from activated CD4 + or 
CD8 + T cell clones. Neutralizing anti-IL-4 and anti-IL-13 
monoclonal antibodies (mAbs) inhibited IgE synthesis in- 
duced by anti-CD40 mAbs and supernatants from CD4 + T 
cells by an average 61% and 42%, respectively (n = 25). Re- 
combinant IL-13 had additive effects on IL-4-induced IgE 
synthesis, but only when IL-4 was present at low concentra- 
tions. Accordingly, IL-4 was the dominant IgE synthesis-in- 
ducing cytokine derived from highly polarized T helper (Tn)2 
cells. However, anti-IL-13 mAbs also significantly inhibited 
IgE synthesis induced by two of three supernatants derived 
from allergen-specific Tin-like cell lines generated from the 
skin of patients with atopic dermatitis. Furthermore, anti- 
IL-13 mAbs almost completely inhibited IgE synthesis in- 
duced by supernatants from T m cells or CD8 + T cell clones. 
Taken together, these data indicate that IL-13, in addition to 
IL-4, contributes to IgE synthesis induced by all T helper cell 
subsets, including allergen-specific T m cells. Moreover, IL-13 
appears to be the major IgE synthesis-inducing cytokine de- 
rived from Tin cells or CD8 + T cells. (J Allergy Clin Immu- 
nol 1997;100:792-801.) 
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The induction of IgE synthesis by B cells requires T 
cell help, which is mediated via soluble and membrane- 
bound molecules expressed by activated CD4 ÷ T cells. 
The most important membrane-bound costimulatory 
molecule appears to be the ligand for CD40 (CD40L), 
which is expressed by activated CD4 ÷ T cells and 
induces B cell proliferation and differentiation in the 
presence of cytokines. 1, 2 The importance of CD40L in 
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Abbreviations used 
CD40L: Ligand for CD40 

FCS: Fetal calf serum 
IFN-~/: Interferon-~/ 
IGF-I: Insulin-like growth factor 1 
mAbs: Monoclonal antibodies 
MNC: Mononuclear cell 

PBMC: Peripheral blood mononuclear cell 
TH0 , TH1 , TH2: T helper cell subsets 

the induction of Ig isotype switching and Ig synthesis was 
demonstrated in patients with hyper-IgM syndrome, 
who have no or minimal levels of IgG, IgA, and IgE in 
their sera due to mutations in their genes encoding 
CD40L. 3-6 The 26 kD membrane form of tumor necrosis 
factor-c~, expressed on CD4 ÷ T cells after activation, was 
also shown to be involved in the productive T-B cell 
interactions that are required for induction of IgE 
synthesis. 7-8 However, IgE synthesis induced by T cells 
derived from patients deficient in CD40L could not be 
blocked by neutralizing anti-tumor necrosis factor-c~ 
monoclonal antibodies (mAbs), 9 suggesting that addi- 
tional surface-bound molecules are involved. One such a 
pair of molecules may be CD19 (which is constitutively 
expressed on B cells) and its putative ligand on T cells, 
because mice with CD19 deficiency have impaired T 
cell-dependent B cell responses? ° In addition, CD22 
and CD58 expressed on B cells have also been demon- 
strated to mediate interactions with T cells, ~I, 22 further 
demonstrating the complexity and redundancy involved 
in the regulation of productive T-B cell interactions. 

Both IL-4 and IL-13 induce IgE switching and IgE 
synthesis by human B cells activated by CD4 ÷ T cells, 
Epstein-Barr virus transformation, or CD40 stimula- 
tion. 13"~9 IL-4 and IL-13 are functionally and structurally 
related and they are most likely the results of gene 
duplication, because the genes encoding IL-4 and IL-13 
are located only 12 kb from each other on chromosome 
5@1. 20-24 IL-13 did not have any additive or synergistic 
effects on IL-4-induced IgE synthesis when both cyto- 
kines were added at saturating concentrations, suggest- 
ing similarities in the signaling pathways of these two 
cytokines. 18 Thereafter, a mutant form of IL-4 (hIL- 
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4.Y124D) and mAbs specific for the IL-4R c~-chain were 
shown to block the biological functions of both IL-4 and 
IL-13, indicating that the IL-4R (x-chain is a component  
of both IL-4R and IL-13R complexes. 24-27 Recently, a 

specific IL-13 binding protein was cloned and se- 
quenced, which, together with the IL-4R (x-chain, is 
required for IL-13 signaling. 2s, 29 Despite  these similar- 

ities, not  all functions of IL-4 are shared with IL-13. The 
major differences are that IL-13, in contrast to IL-4, does 
not  direct type 2 T helper cell (Tin)  differentiation or  
induce proliferation by human T cells. 3° Moreover ,  IL-4, 
but not  IL-13, induces CD23 expression and germline e 
transcription in purified human precursor B cells, sug- 
gesting differential expression of IL-4R and IL-13R 
complexes during B cell ontogeny and, hence, different 
roles for IL-4 and IL-13 in the regulation of B cell 
maturation.  31 

The relative contributions of IL-4 and IL-13 to the 
regulation of IgE synthesis have remained poorly char- 
acterized. These studies have been hampered  by the lack 
of suitable animal models, because IL-13 has not been 
shown to act on murine B cells. However,  early studies 
indicated that IgE synthesis induced by T cells from 
patients with atopy is partially independent  of IL-4. 32 
More  recently, IL-13 was shown to be a primary IgE 
synthesis-inducing cytokine secreted by naive CD4 +, 
C D 4 5 R O - T  cells. 33, 34 In addition, IL-13, but not  IL-4, 

was shown to be required for spontaneous IgE and IgG4 
synthesis by P B M C  derived from patients with nephrotic 
syndromeY The aim of this study was to characterize 
the relative contribution of IL-4 and IL-13 to T cel l -  
dependent  IgE synthesis by human B cells. We show that 
both ant i-IL-4 and anti-IL-13 mAbs significantly inhibit 
IgE synthesis induced by supernatants derived from 
activated human CD4 ÷ T cell clones or lines. Neutral-  
izing anti-IL-13 mAbs also inhibited IgE synthesis in- 
duced by supernatants derived from type 1 T helper cells 
(T in)  and CD8 ÷ T cell clones, and more importantly, 
IL-13 contributed to IgE synthesis induced by Tin- l ike  T 
cell lines generated from the skin of patients with atopy. 
These results suggest that IL-13, in addition to IL-4, is 
involved in the elevated IgE synthesis observed in such 
individuals. 

METHODS 
Reagents 

Purified human recombinant IL-4 was provided by Schering- 
Plough Research Institute (Kenilworth, N.J.). Recombinant 
IL-13 was provided by Dr. Satish Menon (DNAX). Unconju- 
gated, phycoerythrin-conjugated, and ftuorescein isothiocya- 
nate-conjugated mAbs specific for CD3, CD4, CD8, CD14, 
CD16, CD20, CD56, and control antibodies with irrelevant 
specificities were obtained from Becton-Dickinson (San Jose, 
Calif.). The purified anti-CD40 mAb 89 (IgG1) was provided by 
Dr. J. Banchereau (Schering-Plough France, Dardilly, France). 
Neutralizing mAbs specific for IL-4 (25D2) and IL-13 (5A2) 
were provided by Dr. J. Abrams (DNAX). Neutralizing mAb 
specific for interferon-~ (IFN-~/) was purchased from R&D 
Systems (Minneapolis, Minn.). 

Cell preparations 
Blood samples and spleens were obtained from healthy 

volunteers or from patients undergoing splenectomy due to 
trauma, respectively. Spleen samples were obtained from four 
different donors. Mononuclear cells (MNCs) were isolated by 
centrifugation over Histopaque-1077 (Sigma, St. Louis, Mo.). 

B cells were purified by negative selection by depleting T 
cells, monocytes, and natural killer cells. Briefly, splenic MNCs 
were stained with mAbs specific for CD3, CD4, CD8, CD14, 
CD16, and CD56. After the cells were washed twice, they were 
incubated with magnetic beads coated with anti-mouse IgG 
mAbs (Dynabeads M-450, Dynal, Oslo) for 30 minutes at 4 ° C. 
Positive cells were removed by a magnetic field according to the 
manufacturer's instructions, and the remaining cells were 
washed twice and resuspended in Yssel's medium is supple- 
mented with 10% fetal calf serum (FCS). The purity of the 
remaining cells was analyzed by flow cytometry, and always 
>97% of these cells were CD20 + (data not shown). 

T cell clones and lines 
Thirteen CD4 + T cell clones, three CD4 ÷ T cell lines derived 

from the skin of patients with atopy, and two CD8 + T cell 
clones were used in this study. Four of the CD4 + T cell clones 
were derived from cord blood. 

Three T cell lines were generated from skin biopsy specimens 
under conditions that do not require the addition of antigen- 
presenting cells. 36 The biopsy samples were taken from patients 
with atopic dermatitis 24 hours after a transdermal challenge 
with house dust mite allergen Dermatophagoides pteronyssinus 
group 1 (Der p 1), 37 The cells were expanded in Yssel's medium 
supplemented with 1% human AB serum, IL-2 (10 U/ml), and 
IL-4 (100 U/ml). 

Four CD4 + T cell clones were generated from naive CD4 +, 
CD45RA + cord blood T cells purified as described previously. 3° 
Two of these clones were generated in the presence of IL-12, 
which is known to favor differentiation of Till cells. 3°, 38.39 Nine 
CD4 ÷ T cell clones and two CD8 + T cell clones were generated 
from the peripheral blood of healthy adult donors. All T cell 
clones were restimulated every other week by phytohemagglu- 
tinin and allogeneic feeder cells as described previouslyS 

Generation of supernatants of activated T cells 
A total of 23 CD4 + T cell supernatants and two CD8 + T cell 

supernatants was generated. T cell clones or lines were stimu- 
lated in 24-well plates (Lindbro, McLean, Va.) with plate- 
bound anti-CD3 mAb and soluble anti-CD28 mAb. Briefly, the 
wells were coated with anti-CD3 mAb SPV-T3b 4° for 16 hours 
at 4 ° C, and washed twice before the addition of T cells and 
soluble anti-CD28 mAb L293 (a gift from Dr. L. Lanier, 
DNAX). The cells were cultured in Yssel's medium supple- 
mented with 10% FCS at 2 × 106 cells/ml for 48 hours, and the 
supernatants were harvested, centrifuged, and stored at -80  ° C 
until used. 

Induction of Ig synthesis in vitro 
Unfractionated PBMC or purified B cells were cultured in 

quadruplicate in round-bottomed 96-well plates (Lindbro) at 
105 cells/well at 37°C in a humidified atmosphere containing 
5% CO 2. All cultures were performed in 0.2 ml Yssel's medium 
supplemented with 10% FCS. Cytokines, T cell supernatants, 
and mAbs were added at the onset of the cultures. Ig levels in 
the culture supernatants were measured by specific ELISA after 
culture for 12 to 14 days. 



794 Punnonen, Yssel, and de Vries J ALLERGY CLIN IMMUNOL 
DECEMBER 1997 

3.5 

3.0 
E 
03 2.5 ::& 

m 2,0 . R  

09 

c- 1.5 
c- 
>., 
m 1.0 

LU 
03 m 0.5 

0 
0 0.05 0.5 5 50 

IL-13 concentration (ng/ml) 
FIG. 1. IL-13 additively enhances IgE synthesis induced by sub- 
optimal concentrations of IL-4. Human PBMC were cultured in the 
presence of IL-4 (0, 0.5, or 50 ng/ml) and increasing concentrations 
of IL-13 were added to cultures. IgE levels in culture supernatants 
were measured by ELISA after culture for 12 days. Data represent 
mean _+ SEM IgE levels of quadruplicate cultures in a represen- 
tative of four experiments. 

Measurement of cytokine and Ig production 
IL-4 and IL-13 levels were determined by ELISA as de- 

scribed by Chretien et al. 41 and de Waal Malefyt et al., 42 
respectively. The sensitivity of both ELISA protocols was 50 
pg/ml. 

IgM, total IgG, IgG4, IgA, and IgE secretions were deter- 
mined by ELISA as described previously. 18 The sensitivities of 
IgM, total IgG, and IgA ELISAs were 0.5 ng/ml, and the 
sensitivities of IgG4 and IgE ELISAs were 0.2 ng/ml. 

RESULTS 
IL-13 has additive effects on IgE synthesis 
induced by suboptimal concentrations of IL-4 

The effects of IL-13 on human IgE synthesis induced 
by increasing concentrations of IL-4 were investigated. 
IL-13 had no additive or synergistic effects on IL-4- 
induced IgE synthesis by human PBMC when IL-4 was 
added at saturating concentrations of 50 ng/ml (Fig. 1), 
which is consistent with previous results, is However, 
IL-13 significantly enhanced IL-4-induced IgE synthesis 
in a dose-dependent manner when IL-4 was present at a 
suboptimal concentration of 0.5 ng/ml (Fig. 1). These 
results suggest that both IL-4 and IL-13 can contribute 
to T cel l-dependent  human IgE synthesis. 

Neutralizing anti-lL-4 and anti-lL-13 mAbs inhibit 
IgE synthesis induced by CD4 + T cell 
supernatants and anti-CD40 mAbs 

To investigate directly the relative contribution of 
IL-4 and IL-13 to polyclonal human IgE synthesis, we 
studied the effects of neutralizing anti-IL-4 and anti-  
IL-13 mAbs on IgE synthesis induced in response to 
anti-CD40 mAbs and supernatants of activated CD4 + T 

cell clones. Only supernatants inducing >10 ng/ml of 
IgE (17 of 23) were chosen for these studies, and a total 
of 25 experiments was performed with the use of purified 
splenic B cells from four different donors. Neutralizing 
anti-IL-4 and anti-IL-13 mAbs inhibited CD4 ÷ T cell 
supernatant-induced IgE synthesis by an average 61% 
and 42%, respectively (Fig. 2, A). In addition to IgE 
switching, IL-4 and IL-13 have also been shown to 
induce IgG4 synthesis by human B cells. 18,43,44 As 
shown for IgE production, anti-IL-4 mAbs inhibited 
IgG4 synthesis induced by T cell supernatants by 52%, 
whereas anti-IL-13 mAbs only slightly reduced the 
levels of IgG4 produced (Fig. 2, A). Neither anti-lL-4 
mAbs nor anti-IL-13 mAbs had any significant effect on 
IgM or IgA synthesis under these culture conditions 
(Fig. 2, B). In addition, no effect on total IgG synthesis 
was observed (Fig. 2, B), which is likely because IgG4 
represents only a small proportion of total IgG, and 
reduced IgG4 production may also be compensated for 
by increased synthesis of other IgG subclasses. The 
neutralizing anti-IL-4 and anti-IL-13 mAbs we used 
completely blocked IgE synthesis induced by recombi- 
nant forms of the corresponding cytokines, and nonspe- 
cific inhibitory effects on IgE synthesis were not ob- 
served (Fig. 2, C). 

Correlations between the levels of IL-4, IL-13, and 
IFN-3, production and the capacities of the T cell 
supernatants to induce IgE synthesis 

We next studied the correlations between the concen- 
trations of IL-4 and IL-13 in the T cell supernatants and 
levels of IgE synthesis induced by these supernatants in 
the presence of anti-CD40 mAbs. In addition, the levels 
of IFN-, /production were measured, because IFN-~ has 
direct inhibitory effects on IL-4-or IL-13-induced germ- 
line e transcription and IgE synthesis by purified B 
cells 31,45 (Cocks et al., submitted for publication). As 
expected, the level of IgE synthesis induced by T cell 
supernatants positively correlated with the concentra- 
tions of both IL-4 and IL-13. However, the correlation 
between IL-4 concentrations and the levels of IgE 
produced was stronger (r = 0.423) than that between 
IL-13 concentrations and IgE synthesis (r = 0.261) (Fig. 
3, A and B), whereas a strong inverse correlation was 
observed between the levels of IgE produced and the 
concentrations of IFN-7 in the supernatants (r = 0.567). 
Therefore, supernatants with relatively low IL-4 and 
IL-13 levels were able to induce strong IgE responses 
provided that the levels of IFN-~, also were low (data not 
shown). 

Because IL-13 is also produced by T m cells secreting 
high levels of IFN-~/, 4a we determined the correlations 
between the levels of IL-4, IL-13, and IFN-~ in the 
supernatants. As shown in Fig. 3, D, there was an inverse 
correlation (r = 0.312) between the levels of IL-4 and 
IFN-7 in the supernatants, whereas no correlation (r = 
0.056) between the concentrations of IL-13 and IFN-~/ 
was observed (Fig. 3, E). These findings are consistent 
with the results indicating that IL-13 can be produced by 
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all T helper cell subsets. 42 However, a strong positive 
correlation existed between IL-4 and IL-13 production 
(r = 0.646) (Fig. 3, F), suggesting that IL-13 is primarily 
produced by TH2 cells, Which is in line with a previous 
study indicating that most IL-4-producing cells also 
produce IL-1374 On the other hand, five of 23 superna- 
tants Contained >20 ng/ml of IL-13, but no or low levels 
(<2 ng/ml) of IL-4 (Fig. 3, F), further suggesting that 
IL-4 and IL-13 are partially produced by different T cell 
subsets and that the production of IL-4 and IL-13 is 
regulated by different mechanisms. Accordingly, a pro- 
portion of T cell supernatants with low levels of IL-4 
induced relatively high levels of IgE synthesis (Fig. 3,A). 

Contribution of IL-13 to IgE synthesis induced by 
TH2-1ike T cell lines derived from the skin of 
patients with atopy 

Because allergen-specific T cells generally belong to 
the T m subset, we studied the relative contribution of 
IL-4 and IL-13 to the induction of IgE synthesis by T cell 
lines generated from skin biopsy samples taken from 
patients with atopic dermatitis after a challenge with the 
house dust mite allergen Der p 1. Supernatants from T 
cell lines derived from three different patients contained 
6.6 +- 3.6 (mean _+ SD) ng/ml of IL-4 and 34.2 +- 9.0 
ng/ml of IL-13 after activation with immobilized anti- 
CD3 and anti-CD28 mAbs. The production levels of 
IFN-3, were always <0.1 ng/ml, indicating that these cell 
lines were indeed highly polarized toward the TH2 
phenotype (Fig. 4). Anti-IL-4 mAbs strongly inhibited 
IgE synthesis induced by all three supernatants. Neutral- 
izing anti-IL-13 mAbs also had significant inhibitory 
effects on IgE synthesis induced by two of the three 
supernatants tested (Fig. 4, A and B). In addition, even 
when anti-IL-13 mAbs alone had no inhibitory effect, 
they could completely block the residual IgE synthesis 
induced by the T cell supernatant in the presence of 
anti-IL-4 mAbs (Fig. 4, C). These data suggest that IL-4 
and IL-13 are the most relevant T cell-derived soluble 
molecules that can induce IgE synthesis by human B 
cells, and that IL-13, in addition to IL-4, contributes to 
IgE synthesis induced by allergen-specific TH2 cells from 
patients with atopy. 

IL-13 is a major IgE synthesis-inducing cytokine 
derived from TH1 or CD8 + T cell clones 

Because IL-13, in contrast to IL-4, is also produced by 
TI~ cells, 42 we studied the capacity of Turlike T cell 
clones to induce polyclonal IgE synthesis. Supernatants 
were derived from two adult Tin-like clones and two T 
cell clones that had been generated from naive CD4 +, 
CD45RA + cord blood T cells in the presence of IL-12, a 
cytokine known to favor TH1 differentiation? °, 3s, 39 Cy- 
tokine levels in the supernatants indicated that one 
clone derived from cord blood was a THO clone produc- 
ing equal, but low, levels of IL-4 and IFN-,/(Fig. 5, A), 
whereas the other cord blood-derived and the two adult 
peripheral blood-derived CD4 ÷ T cell clones belonged 
to the T m subset with high IFN-~/IL-4 production ratios 
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FIG. 2. Effects of neutralizing mAbs specific for IL-4 and IL-13 on 
IgE and IgG4 (A) or IgM, total IgG, and IgA (B) synthesis induced 
by supernatants of activated CD4 + T cell clones, and effects of 
these mAbs on IgE synthesis induced by recombinant IL-4 or IL-13 
(C). Supernatants (25% of final volume) of CD4 + T cells activated 
by immobilized anti-CD3 and anti-CD28 mAbs (A and B), or 
recombinant IL-4 (100 ng/ml) or IL-13 (100 ng/ml) (C) were added 
to cultures of purified B cells stimulated with anti-CD40 mAbs (10 
p,g/ml) in the presence or absence of neutralizing anti-lL-4 or 
anti-lL-13 mAbs (10 p,g/ml each) as indicated in the figure. Ig 
synthesis was studied after culture for 12 to 14 days by specific 
ELISAs. In A and B, 17 supernatants were studied with the use of 
splenic B cells from four different donors in a total of 25 experi- 
ments, and levels of Ig produced in the presence of neutralizing 
mAbs are expressed as percentages (mean _+ SEM) of those 
produced in the absence of the mAbs. Mean levels of IgE, IgG4, 
IgM, total IgG, and IgA detected in these experiments were 230, 
569, 1852, 2152, and 3566 ng/ml, respectively. In C, data represent 
mean (_+SEM) lgE levels of quadruplicate cultures in a represen- 
tative of four experiments. 
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FIG. 3. Correlation of levels of IL-4 (A), IL-13 (B), and IFN-~ (C) in CD4 + T cell supernatants with the amount 
of IgE induced by the supernatants, and production levels of IL-4, IL-13, and IFN-~ by activated CD4 + T cells 
(D, E and F, respectively). Cytokine levels were studied by specific ELISAs in 23 supernatants derived from 15 
different CD4 + T cell clones activated with immobilized anti-CD3 and anti-CD28 mAbs and the capacities of the 
supernatants to induce IgE were studied. Purified t3 cells were cultured in the presence of anti-CD40 mAbs (10 
t~g/ml) and T cell supernatants (25% of final volume), and levels of IgE produced were studied after culture for 
12 to 14 days. 

(Fig. 5, B, C, and D). All four clones produced consid- 
erable levels of IL-13 (Fig. 5). Supernatants derived 
from these THo and T m clones were able to induce IgE 
synthesis by purified B cells cultured in the presence of 
anti-CD40 mAbs, but the levels of IgE synthesis were 
significantly lower than those induced by T m cells (Fig. 
4). Anti-IL-13 mAbs strongly inhibited IgE production 
induced by all four supernatants, whereas anti-IL-4 
mAbs had no or minimal inhibitory effects, except in Fig. 

5, B. These results are consistent with the data on the 
levels of cytokines present in the supernatants, and 
indicate that IL-13 produced by TH0 and Tm cells is a 
major contributor to the IgE synthesis induced by these 
cells. 

A proportion of CD8 ÷ T cells isolated from patients 
with human immunodeficiency virus infection who had 
high serum IgE levels express CD40L and produce 
Tin-type cytokines. Supernatants derived from these 
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CD8 + T cells induced IgE synthesis by normal B cells 
activated with anti-CD40 mAbs.46! 47 AS shown in Fig. 6, 
supernatants derived from activated CD8 + T cell clones 
obtained from healthy individuals also induced low 
levels of IgE synthesis by purified B cells activated with 
anti-CD40 mAbs. IL-4 production by these CD8 + T cell 
clones after activation with immobilized anti-CD3 and 
anti-CD28 mAbs was very low (<0.05 ng/ml), whereas 
relatively high levels of IL-13 were observed (mean 14.1 
ng/ml, n = 2). In addition, these CD8 + T cells produced 
high levels of IFN-~ (mean 17.3 ng/ml). Accordingly, the 
levels of IgE produced in response to these supernatants 
were significantly increased when neutralizing anti- 
IFN-~ mAbs were included in the cultures (Fig. 6). 
Consistent with the results on cytokine levels in the 
CD8 + T cell supernatants, the addition of neutralizing 
anti-IL-4 mAbs had no significant effect, whereas anti- 
IL-13 mAbs virtually completely blocked IgE synthesis 
induced by anti-CD40 mAbs and these supernatants 
(Fig. 6). These data suggest that IL-13 plays a major role 
in the IgE synthesis induced by CD8 + T cell clones. 

D I S C U S S I O N  

It is well documented that both IL-4 and IL-13 induce 
IgE synthesis by human B cells in vitro. 13-~9 However, it 
has remained unclear whether both cytokines also con- 
tribute to IgE synthesis under physiological situations. 
Initially, it was reported that mice with IL-4 deficiency 
are completely unable to produce IgE in vivo, 48 suggest- 
ing that IL-4 is the only cytokine capable of inducing IgE 
synthesis. However, more recent studies have indicated 
that low levels of IgE are produced in mice deficient in 
IL-4 after infections with Plasmodium chabaudi or Leish- 
mania major, indicating that an IL-4-independent mech- 
anism of IgE switching is operational. 49, 5o However, 
whether this IgE synthesis is induced by IL-13 is not 
known, because IL-13 has not been reported to induce 
IgE switching in murine B cells. Mice deficient for Stat 6 
also are unable to produce IgE in vivo. 51 However, Stat 
6 is not only involved in IL-4 signaling, but it also 
appears to be an essential component of the IL-13- 
induced signaling pathway, s2 Consequently, no conclu- 
sions on the relative contribution of IL-4 and IL-13 to 
the regulation of human IgE synthesis can be drawn on 
the basis of the data obtained in these mouse models. 

In this study, we have shown that IL-13 contributes to 
IgE synthesis induced by Ti4o, Tin, or TH2-type CD4 + T 
cell clones, CD8 + T cells, and CD4 ÷ T cells derived from 
the skin of patients with atopic dermatitis. Because 
recombinant IL-13 enhances IL-4-induced IgE synthesis 
only when IL-4 is present at suboptimal concentrations, 
these observations also suggest that the level of IL-4 
production after T cell activation by immobilized anti- 
CD3 and anti-CD28 mAbs is insufficient to saturate all 
IL-4 receptors. However, because T cells express high- 
affinity IL-4R complexes, but no IL-13R complexes, it 
cannot be ruled out that the lower levels of IL-4 
observed in the cultures were due to IL-4 consumption 
during T cell activation. In addition, whether the con- 
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FIG. 4. Effects of neutralizing anti-lL-4 and anti-lL-13 mAbs on 
Ig E synthesis induced in response to sup~rnatants of CD4 + T cell 
lines derived from skin of patients with atopic dermatitis. Skin- 
derived T cell lines were generate d after allergen challenge as 
described in Methods section and activated with immobilized 
anti-CD3 and anti-CD28 mAbs for 48 hours before harvesting the 
supernatants. Purified B cells (10S/well) were cultured in the 
presence of T cell supernatant (25% of final Volume), anti-CD40 
mAbs (10 p,g/ml), and anti-lL-4 and/or anti-lL-13 mAbs (10 #g/ml). 
IgE levels in culture supernatants were measured after culture for 
12 days. IL-4, IL-13, and IFN--y levels (ng/ml) detected in each 
supernatant are indicated in the figure. 
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cultured in the presence of purified B cells (105/well), anti-CD4O 
mAbs, and anti-lL-4 and/or anti-lL-13 mAbs (10 Fg/ml). T cell 
clones were activated with immobilized mAbs anti-CD3 end anti- 
CD28 for 48 hours before harvesting the supernatants. IgE levels 
in the culture supernatants were measured after culture for 12 
days: IL-4, IL-13, and IFN--y levels (ng/ml) detected in each super- 
natant are indicated in the figure. 
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IgE synthesis induced by supernatants of CD8 + Y cell clones. CD8 + 
T ceil clones were activated with mAbs anti-CD3 and anti-CD28 for 
48 hours before harvesting the suPernatants. Purified B cells 
(105/well) were cultured in the presence of T cell supernatants 
(25% of final volume), anti-CD40 mAbs, anti-IFN-~, anti-lL-4, 
and/or anti-iL-13 mAbs (10 i~g/ml each). IgE levels in the culture 
supernatants were measured after culture for 12 days. 

centrations of IL-4 and IL-13 required for optimal 
induction of IgE synthesis are similar in vitro and in vivo 
remains to be shown. Nevertheless, the observation that 
IL-4 and IL-13 have additive effects at suboptimal 
concentrations is consistent with studies indicating that 
there are two types of IL-4R complexes, one of which 
also acts as a high-affinity IL-13R complex. The specific 
high-affinity IL-4R complex comprises the common 7- 
chain and the IL-4R c~-chain, whereas a receptor com- 
plex consisting of the IL-13R c~-chain and the IL-4R 
c~-chain acts as a receptor for both IL-4 and IL-13. 24, 26-29 
The relative contribution of the two receptor complexes 
in IL-4 signaling is presently unknown, but it appears 
that  IL-13 can bind only to the receptor complexes 
containing the IL-13R a-chain. IL-4-induced signaling 
through the IL-13R complex was demonstrated in pa- 
tients with X-linked severe combined immunodeficiency 
disease, who have mutations in their gene encoding the 
common 7-chain. Although these patients have defective 
IL-4R complexes, both IL-4 and IL-13 induced high 
levels of IgE synthesis through signaling via the IL-13R 
complex on B cells. 53 Our data suggest that IL-4 pro- 
duced after engagement of the T-cell receptor and CD28 
does not saturate all IL-4R and IL-13R complexes, and 
that optimal IgE responses are only obtained when 
IL-13, in addition to IL-4, is present. 

IL-4 and IL-13 appear to be the only T cell-derived 
molecules capable of inducing IgE synthesis by human B 
cells. Activated CD4 ÷ T cells have been previously 
shown to induce IgE synthesis even in the presence of 
anti-!L-4 mAbs. 32 In addition, T cell clones that did not 
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produce IL-4 could induce germline e-transcription in 
human B cellsY In this study, anti-IL-13 mAbs could 
completely block the residual IgE synthesis observed in 
cultures treated with neutralizing anti-IL-4 mAbs, even 
in situations in which anti-IL-13 mAbs alone did not 
significantly inhibit T cell supernatant-induced IgE syn- 
thesis. However, growth hormone and insulin-like 
growth factor 1 (IGF-1) have also been shown to induce 
IgE synthesis by surface IgE-B cells cultured in the 
presence of anti-CD40 mAbsY Because alveolar mac- 
rophages secrete IGF-1 and the levels of both growth 
hormone and IGF-1 are elevated in the bronchoalveolar 
lavage of patients with asthma, 55 it remains possible that 
these molecules also play a role in IL-4-and IL-13- 
induced IgE synthesis in vivo. 

IL-13 was produced at high levels by T cells derived 
from the skin of patients with atopy, and neutralizing 
anti-IL-13 mAbs inhibited IgE synthesis induced by 
supernatants of skin-derived T cells, suggesting that 
IL-13 plays an important role in the regulation of atopic 
and allergic responses. This conclusion is supported by a 
study indicating that IL-13 expression, like that of IL-4, 
is upregulated in the lungs of patients with asthma after 
allergen challenge. 56 However, IL-4 and IL-13 appear to 
be partially produced by different T cell subsets. In our 
study, 5 of 24 CD4 ÷ T cell supernatants contained >20 
ng/ml of IL-13 but no or <2 ng/ml of IL-4, and several 
supernatants with high levels of IL-13 had high levels of 
IFN-3,. These findings are consistent with a previous 
study indicating that IL-13 is also produced by T m  
cells. 42 Moreover, in contrast to IL-4, IL-13 was pro- 
duced by naive CD45RA-- T cellsY, 34 Despite the fact 
that both IL-4 and IL-13 were required for optimal IgE 
synthesis, the levels of IgE produced correlated more 
significantly with IL-4 levels than with IL-13 levels in the 
supernatants, which is in line with the observation that 
IL-13 is less potent than IL-4 in inducing IgE synthesis 
by human B cells. 18,19 However, because IFN-~ pro- 
duced by T m cell clones directly inhibits germline e 
transcription and |gE synthesis 31, 45 (Cocks et al, submit- 
ted for publication), IL-13-induced IgE synthesis was 
probably downregulated by IFN-'y present at high levels 
in a proportion of the supernatants from Tuo/Tm cells. 
Nevertheless, despite the largely overlapping effects of 
IL-4 and IL-13 on B cell function in vitro, IL-13 pro- 
duced by T cell subsets not producing IL-4 may play a 
significant role in the regulation of allergic inflammation 
and IgE synthesis in vivo. More specifically, IL-13 is 
likely to play a major role in the induction of IgE 
synthesis during the initiation of allergic responses, 
because IL-13, in contrast to IL-4, is also produced by 
naive CD45RA + T cells and because the less IL-4 
present, the more significant the relative contribution of 
IL-13. 

Human CD8 ÷ T cell clones infected with human 
immunodeficiency virus express CD40L and induce IgE 
synthesis by purified B cells, 46, 47 and a subset of murine 
CD8 ÷ T cell clones provided help for B cell growth and 
differentiations Supernatants from CD8 + T cell clones 

derived from healthy individuals could also induce IgE 
synthesis by human B cells. However, the cytokine 
production profile of these T cell clones more closely 
resembled that of TH1 cells, because high levels of IFN-~/ 
and low levels of IL-4 were produced. Supernatants from 
these CD8 ÷ T cell clones induced low levels of poly- 
clonal IgE synthesis by purified B cells, but the level of 
IgE synthesis could be significantly enhanced by neutral- 
izing anti-IFN-3, mAbs. These supernatants contained 
relatively high levels of IL-13, and neutralizing anti- 
IL-13 mAbs completely blocked the capacity of the 
supernatants to induce IgE synthesis. CD8 ÷ T cells have 
also been shown to have inhibitory effects on IgE 
synthesis, 58 and therefore, the contribution of CD8 ÷ T 
cells to the induction and maintenance of IgE synthesis 
in vivo requires further study. Nevertheless, the present 
results suggest that IL-13 is a major CD8 ÷ T cell- 
derived cytokine that can induce IgE synthesis by human 
B cells. 

Taken together, both IL-4 and IL-13 contribute to IgE 
production induced by activated CD4 ÷ or CD8 ÷ T cell 
clones. These data emphasize the potential of molecules 
that block the functions of both IL-4 and IL-13 as a 
means to prevent IgE synthesis in individuals with 
allergy. More specifically, IL-4R and IL-13R antago- 
nists, such as the mutant IL-4 (hIL-4.Y124D), 24-26 may 
be superior to specific IL-4 antagonists, such as human- 
ized anti-IL-4 mAbs or soluble IL-4R e~-chain, in the 
treatment of patients with atopy. 
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N o w  y o u  c a n  h a v e  e a s y  acce s s  to  r e s e a r c h  i n f o r m a -  
t i on  w i t h  t h e  f i v e - y e a r  c u m u l a t i v e  a u t h o r  a n d  

s u b j e c t  i n d e x  to  V o l u m e s  87-96 of  The  Journal of Allergy 
and Clinical Immunology. 
T h e  C u m u l a t i v e  I n d e x  is y o u r  c o m p r e h e n s i v e  re fe rence  
g u i d e ,  i n c l u d i n g  a l ist  o f  e v e r y  article in  t he  J o u r n a l  f r o m  
1991 t h r o u g h  1995. Al l  ar t ic les  are  i n d e x e d  b o t h  b y  
sub jec t  a n d  b y  au tho r .  

T h e  C u m u l a t i v e  I n d e x  f ea t u r e s :  

• O f f s e t  a n d  b o l d  Sub jec t  H e a d i n g s  t h a t  m a k e  
s e a r c h i n g  for  s u b j e c t  e n t r i e s  e a s i e r  
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