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Interleukin-9 potentiates the 
interleukin-4-induced immunoglobulin (IgG, IgM 
and IgE) production by normal human 
B lymphocytes 

IgE production by normal peripheral blood lymphocytes (PBL) is known to be 
triggered upon stimulation by interleukin (1L)-4. In the present study we showed 
that IL-9, another T cell-derived cytokine, markedly potentiated IgE production 
induced by suboptimal doses of IL-4,whereas no effect of IL-9 was observed in the 
absence of IL-4.The potentiating effect of IL-9 appeared to be associated with the 
increased frequency of IgE-producing cells, as revealed by a specific ELISA-spot 
assay. Under the same experimental conditions, IL-9 also enhanced the 
IL-Cinduced IgG production but did not elicit IgM production. However, IL-9 
did not amplify the IL-Cdependent expression of membrane-bound and soluble 
low affinity receptor for IgE (CD23). IL-Cinduced IgE production was also 
potentiated by IL-6 but not by tumor necrosis factor-a and IL-lp. The possibility 
that the activity of IL-9 was mediated by IL-6 released from accessory cells was 
excluded by the observations that monocyte depletion did not abolish the effect 
of IL-9 and that IL-9 was still active on fluorescence-assisted cell sorted CD20+ 
B lymphocytes co-cultured with irradiated murine EL4 cells. In addition, IL-9 
was shown to potentiate the IL-Cinduced IgG and IgM production by normal 
human B lymphocytes preactivated with Staphylococcus aureus Cowan strain. 
Taken together, these data suggest that IL-9 plays a regulatory role in the 
IL-Cdependent immunoglobulin production. 

1 Introduction 

The glycoprotein IL-9/P40 was first described as a factor 
supporting the growth of someT cell lines but not of freshly 
isolated T lymphocytes [ l ,  21. Independently, a new factor 
active on mucosal mast cell lines was described and termed 
mast cell enhancing activity (MEA) [3, 41. This factor, 
which also stimulates the production of IL-6 [5] by IL- 
3-dependent mast cell lines was subsequently shown to be 
identical to P40 and is now referenced as IL-9 [ l ,  61. The 
human protein, first identified as a growth factor for a 
megakaryoblastic leukemic cell line [7], is produced by 
activated peripheral T lymphocytes [8,9] and was also 
found to induce the survival of some T cell lines [lo] and to 
promote erythroid burst formation from hematopoietic 
precursors [ll]. Mast cells and IgE production, two key 
elements in type I hypersensitivity reactions [12], have 
shown to be stimulated by IL-4, another T cell-derived 
cytokine. Indeed, IL-4 is a cytokine produced by T lym- 
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phocytes and mast cells [ 131 that induces IgE production by 
normal human B lymphocytes [14-171. In addition, IL-4 
induces the low-affinity IgE receptor (CD23) expression 
on, and release from,various cell types [17-191, whose role 
in the regulation of IgE production in human has been 
suggested [20]. The activity of IL-9 on mast cell lines 
suggested that this factor could also be involved in the 
regulation of allergic reactions and especially in the regu- 
lation of IgE-dependent mechanisms. 

The present report indicates that IL-9 potentiates the 
IL-Cinduced immunoglobulin (IgG , IgM and IgE) produc- 
tion by normal human peripheral B lymphocytes. 

2 Materials and methods 

2.1 Cytokines and reagents 

IL-4, IL-lP,TNF-a and IL-6 and the rabbit anti-human IL-6 
antibody were purchased from Biotrans (Los Angeles, 
CA), recombinant human IL-9 was prepared as previously 
described [lo, 211; 150 pg/ml IL-9 correspond approxima- 
tively to  1 U/ml as measured on IL-9-responsive Mo7E 
cells. All culture reagents were from Flow labs (Irvine, 
Scotland). 

2.2 Cell preparations and cultures 

Peripheral blood lymphocytes (PBL) were isolated from 
heparinized blood from healthy donors. Mononuclear cells 
were separated by centrifugation on Ficoll/Hypaque (Phar- 
macia, Uppsala, Sweden) gradients.To remove monocytes, 
PBL were incubated for 45 min at room temperature with 
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5 mM L-leucyl methyl ester (LME; Sigma, St. Louis, MO) 
in serum-free RPMI 1640 medium [22,23]. The LME- 
treated cell populations were washed twice by centrifuga- 
tion at 1800 rpm for 10 min and at room temperature and 
the cell pellets were resuspended in fresh medium. This 
latter population is referred to as LME-treated PBL. 
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Semi-purified human B lymphocytes were obtained by one 
rosetting step with neuraminidase (Behring, Marburg, 
FRG)-treated sheep red blood cells and plastic adherence 
for 1 h at 37 "C.These cell populations are referred to as E- 
cells. 

For the assessement of the IgE production and unless 
otherwise stated, E- cells (45 % CD20+, 35 % CD3+ and 
10% CD14+, as assessed by flow cytometry) or LME- 
treated PBL (55 YO CD20+, 40 YO CD3+ and < 1 Y CD14+) 
were incubated at 2 x 106 celldm1 in RPMI 1640 supple- 
mented with 10 % heat-inactivated fetal calf serum (FCS), 
2 mM glutamine, 100 U/ml penicillin, 100 pg/ml streptomy- 
cin and 20 mM Hepes (RPMI-FCS) at 37°C under a 5 YO 
C02/95 YO air humidified atmosphere. As stated in Sect. 2.7 
defined concentrations of IL-4 and/or IL-9 were added 
either alone or in combination. The culture was continued 
for 9-13 days and cell-free supernatants were collected 
after centrifugation at 500 x g for 10min and stored at 
-20°C prior to Ig determinations. 

Purified B lymphocytes were obtained after two cycles of 
rosetting, followed by plastic adherence for 1 h at 37 "C. As 
assessed by flow cytometry after staining with mAb, 
B lymphocytes were > 95 'YO CD20+, < 1 % CD3+ and 4 % 
CD14+. Staphylococcus aureus Cowan strain (SAC)-acti- 
vated blasts were prepared from purified B lymphocytes as 
follows: B lymphocytes (2 x lo6 cells/ml) in RPMI 1640 
medium were incubated for 2 days in the presence of SAC 
(0.05 %, v/v final concentration). To remove the SAC 
particles the cell suspensions were then centrifuged at 
550 x g on Ficoll-Hypaque and viable cells were then 
washed three times and 2 x lo6 B lymphocytes were resus- 
pended and transferred onto 24-well culture plates and the 
substances to be tested were added in appropriate volume 
to reach 1 ml per well. The cell-free supernatants were 
harvested after 5 days of culture and stored at  -20°C until 
the Ig content was determined by ELISA. 

2.3 E M  lymphocyte culture system 

As already described [24,25] cultures of 200 pl were set up 
in 96-well flat-bottom plates with 5 x 104 irradiated 
(5000cGy) murine EL4 thymoma cells of clone 6.1.5.5, 
5 YO human T cell supernatant, IL-4 (10 U/ml), IL-9 
(30 U/ml) and 300 CD20+ B cells obtained by cell sorting. 
Because of a limited life span of the B cells in the EL4 
culture system [19,20], Ig secretion, including IgE, reaches 
a maximal production at day 10. 

2.4 ELISA for IgE, IgG and IgM 

Flat-bottom microtiter plates (Nunc) were coated with 
either rabbit anti-human IgE (1:2OOO, final dilution; Sero- 
tec, Oxford, GB), rabbit anti-human IgG (1:2000, Behr- 
ing), rabbit anti-human IgM (1: 1O00, Behring) in 200 p1 of 

10 mM bicarbonate buffer (pH 9.6). After overnight incu- 
bation at 4"C, the plates were washed four times with 
phosphate-buffered saline (PBS) containing 0.05 YO Tween 
(PBS-Tween; Merck, Hohenbrunn, FRG) and were incu- 
bated for 1 h at room temperature with RPMI-FCS to 
saturate nonspecific protein-binding sites. After washing, 
200 p1 serial dilutions of human IgE (Eurobio, Les Ulis, 
France), IgG or IgM (Behring) standards in PBS-Tween 
were added to the respective plates to establish calibration 
curves. Dilutions of culture supernatants to be tested were 
then added and, after 2 h at room temperature, the plates 
were washed and 200 pl of diluted specific alkaline phos- 
phatase-conjugated anti-IgE (1 : 250; Serotec), anti-IgG or 
anti-IgM (Behring) was added in the appropriate plates. 
After 2 h at room temperature, the plates were washed and 
200 pl (0.5 mg/ml) p-nitrophenylphosphate (Sigma) in 
citrate buffer was added. Plates were incubated at 37"C, 
and absorbance (A) was measured at 405 nm using an 
autoreader (Dynatech Laboratories Inc, Alexandria,VA). 
The threshold sensitivities of the assays were 100 pg/ml for 
IgE, 1 ng/ml for IgG, and 2 ng/ml for IgM and the variation 
between duplicate determinations of samples never 
exceeded 10 % . 

2.5 ELISA-spot for IgE 

The frequency of IgE-secreting cells was determined by the 
ELISA-spot assay [26]. Nitrocellulose flat-bottom 96-well 
plates were coated overnight at 4°C with purified goat 
anti-human IgE mAb diluted in 0.1 M NaHC03 buffer 
(2.5 pg/ml). After washing with PBS-Tween, the plates 
were incubated for 1 h at 37 "C with RPMI-FCS to saturate 
the nonspecific binding sites. The cells obtained at the end 
of 11 days of culture were harvested, washed three times by 
centrifugation at 1800 rpm for 10 min in RPMI-FCS and 
resuspended at 1 x 105 cells/ml in RPMI-FCS. The cells 
were, then transfered into the anti-human IgE-coated 
plates and were incubated for 18 h at 37 "C. Thereafter, the 
plates were washed and the peroxidase-conjugated mouse 
anti-human IgE mAb (1/20000) was added for 2 h at 37°C. 
Spots were developed upon addition of diamino-benzidine 
diluted in 0.1 M Tris-HC1 also containing 0.03 YO Hz02. 
After 24 h spots were counted with in inverted microscope 
using a x 25 magnification. Data are expressed as the 
number of IgE-secreting cells/l06 cells. 

2.6 Immunofluorescence studies 

After stimulation, the expression of CD23 on B lympho- 
cytes (CD20+), monocytes (CD14+) and T lymphocytes 
(CD3+) was determined by a double-immunofluorescence 
staining using a phyccoerythrin (PE)-coupled anti-CD23 
mAb and fluorescein-labeled (FITC) anti-CD20, CD14 and 
CD3 mAb (all mAb were obtained from Becton Dickinson, 
Mountain View, CA). Briefly, cells (1 x W m l )  were 
incubated at 4°C for 30 min in the presence of an optimal 
dose of the PE-anti-CD23 mAb (2 pg/sample) and in the 
presence of either the FITC-labled anti-CD20, anti-CD14 
or anti-CD3. The cells were washed three times by centri- 
fugation at loo00 rpm for 1 min in PBS containing 1 YO 
bovine serum albumin (Sigma). Fluorescence was mea- 
sured with a cytofluorograph (FACStar plus, Becton Dick- 
inson, Grenoble, France). Data analysis was performed on 
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reading 5000 cells per sample and the results are expressed 
as percent of the CD23-bearing cells after subtraction of 
background fluorescence using the lysis program (Becton 
Dickinson) . 

2.7 sCD23 production by normal human E- cells 

E- cells (2 x 106 cells/ml) were cultured for 3 days in 
WMI 1640 supplemented with 10 % heat-inactivated FCS, 
2 mM glutamine, 100 U/ml penicillin, 100 pg/ml streptomy- 
cin and 20 mM Hepes at 37°C under a 5 % C02/95 % air 
humidified atmosphere. Defined concentrations of IL-4 (30 
or 300 U/ml) and/or 30 U/ml IG9 were added either alone 
or in combination. Cell-free supernatants were then col- 
lected after centrifugation at 500 x g for 10 min and stored 
at -20°C prior to sCD23 determinations using specific 
ELISA kits (The Binding Site, Birmingham, GB). 

3 Results 

3.1 Effect of IL-9 on IgE production by normal human 
E- cells 

As previously described [14-17, 201, E- cells cultured in 
the presence of IL-4 produced IgE after 9-13 days of 
culture. This production was initiated with concentrations 
of IL-4 equal or above 30 U/ml (2.5 f 0.7 ng IgE/ml; 
n = 8) and reached a maximum at 300 U/ml(14 f 0.9 ng 
IgE/ml; n = 8). Under these experimental conditions and 
in the absence of IL-4, IG9 did not induce IgE synthesis 
above background level, even when added to the medium 
at high concentration (lOOOU/ml) (data not shown). 
However, IL-9 (Fig. 1) potentiated in a dose-dependent 
manner the IL-Cinduced IgE synthesis induced by a 
suboptimal dose of IL-4 (30 U/ml), maximal effect being 
obtained between 30 and 100 U/ml of IL-9. The potentiat- 
ing effect of IL-9 on the IL-Cinduced IgE production was 
associated to an increase in the frequency of IgE-producing 
cells (Fig. 2), as determined by the specific ELISA-spot 
assay. Indeed, a fivefold increase in IgE-producing cells was 
observed upon incubation with 30 U/ml I L 4  and 30 U/ml 

Figure2. Effect of IL-9 and/or IL-4 on the frequency of IgE- 
secreting cells. Human PBL were incubated in the presence or 
absence of 30 U/ml IL-4 andor 30 U/ml IL-9 and after 9 to 13 days 
of culture, the cells were harvested and the number of IgE- 
secreting cells was determined using the specific ELISA-spot assay 
as described in Sect. 2.5. Data are expressed as the number of 
IgE-secreting cells per 106 cells and represent the mean f SD of 
quadruplicate samples of one representative experiment out of 
four. 

IL-9 (Fig. 2). This potentiating effect was still observed, 
although to a lower extent,when the optimal concentration 
of 300 U/ml IL-4 was used (data not shown). This effect of 
IL-9 was not the consequence of contaminating products in 
the cytokine preparations, since supernatants from non- 
transfected Baculovirus, which did not contain IL-9 and 
were free of lipopolysaccharide, did not enhance the 
IL-Cinduced IgE production. 

3.2 Effect of IL-9 on the IG4induced IgG and IgM 

IL4  has been shown to induce IgG, but not IgM, produc- 
tion by human E- cells [15]. Therefore, the possible effect 
of I L 9  on the production of these Ig classes was also 
investigated. As presented in Fig. 3, IL-4 (30 U/ml) alone 
induced a slight but significant production (p < 0.01 
according to the Students t test) of IgG, but not IgM. Under 
these experimental conditions, IL-9 (30 U/ml), which by 
itself did not induce IgG production by human E- cells 

production by human E- cells 

55 0 1 10 100 1000 

IL-9 Concentration (U/ml) 

Figure 1. Effect of IL9  on the ILCinduced IgE production by 
normal human E- cells. E- cells were cultured in medium alone 
(control) or containing 30U/ml IL-4, and in the presence or 
absence of defined concentrations of IL-9 (1 to lo00 U/ml). IgE 
concentration in 9-13-day culture supernatants was evaluated by a 
specific ELISA.The data are expressed as the mean f SEM of four 
different experiments. 

Figure3. Effect of IL9 on IgG and IgM production by normal 
human E- cells. E- cells were cultured in medium alone (control) 
or containing 3 U/ml L 4 ,  and in the presence or absence of 
30 U/ml of IL9. IgG and IgM concentrations in 9-13-day culture 
supernatants were evaluated by specific ELISA as described in 
Sect. 2.4. The data are expressed as the mean k SEM of four 
different experiments. 
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above background level (data not shown), potentiated the 
one evoked by IL-4 (Fig. 3). IgM production in the 
presence of IL-9 and/or IL-4 was not observed (Fig. 3). 
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3.4 Effect of monokines and of monocyte depletion on 
the potentiating effect of IL-9 on the IWiduced  
IgE production by human E- cells 

3.3 Effect of IL-9 on CD23 expression and release by 
human E- cells 

Since CD23 has been suggested to  play an important 
regulatory role in the IL-Cinduced IgE production in 
human [20], we investigated the possible regulatory role of 
IL-9 on CD23 expression and release by normal human 
mononuclear cells. E- cells cultured in the presence of IL-4 
for 3 days expressed CD23 as assessed by flow cytometry 
after staining with an anti-CD23 mAb (Table 1). CD23 
expression was restricted to B lymphocytes (CD20+) and 
monocytes (CD14+) and was not observed on the T lym- 
phocytes (CD3+) remaining in the cell population after one 
rosetting step. In the presence of 30 U/ml IL-9 neither the 
spontaneous nor the IL-Cinduced CD23 expression was 
modified. In addition, IL-9 was unable to induce the release 
of sCD23 from E- cells (Table 2) and did not significantly 
potentiated the one induced by 30 U/ml IL-4. 

Compared to the effect of various monokines, IL-6 
(1 ng/ml) and IL-9 (30 U/ml) potentiated the IL-4-induced 
IgE production in a similar fashion (Fig. 4), whereasTNF-a 
and IL-lB were unable to elicit such an effect. In addition, 
the potentiating effect of IL-9 was still observed in the 
presence of a saturating concentration of IL-6 (10 ng/ml) 
(Table 3), indicating that the potentiating effect of IL-9 was 
not mediated through an endogenous release of IL-6, that 
was initially shown to play an important role in the 
IL-binduced IgE production in human [27]. However, as it 
has been recently suggested that the release of monocyte- 
derived mediators could regulate the action of IL-4 on 
human B lymphocytes [28-321, we examined whether the 
potentiating effect of IL-9 on IgE production was affected 
after depletion in contaminating monocyes following treat- 

h 

Table 1. Effect of IL-4 and/or IL-9 on CD23 expression on normal 2 
human E- cellsa) t v 

w, 
I 

Challenge IL-4 % of m23+ cells 
(30 U/ml) 

Monocytes Tcells B cells 

control - < 5  < 1  9 f 3  
control 
IL9 
I L 9  

+ 25 k 6 < 1  3 1 f 6  
- < 5  < 1  1 O f 2  
+ 20 f 3 < 1  3 6 f 5  

a) E- cells (monocytes, Tand B cells) were incubated for 48 h in 
the presence or absence IL-4 (30 U/ml), I L 9  (30 Ulml), or with 
the combination of the products.The cells were then assayed by 
flow cytometry for the expression of CD23 using and PE- 
labeled anti-CD23 mAb (Becton Dickinson). The data are 
expressed as mean f SD of a triplicate experiment. 

Figure 4. Comparative effect of IL-lfl, TNF-a, IL-6 and IL-9 on 
the IL-Cinduced IgE production by normal human E- cells. E- 
cells were cultured in medium alone (control) or containing 
30 Ulml IL-4, and in the presence or absence of 30 U/ml of IL-9 or 
of 1 ng/ml IL-lP,TNF-a or IL-6. IgE concentrations in 9-13-day 
culture supernatants were evaluated by specific ELISA was 
described in the Sect. 2.5.The data are expressed as the mean f 
SEM of four different experiments. 

Table 3. Effect of IL-9 on the IL-Cinduced IgE production in the 
presence or absence of saturating dose of IL-6a) 

Table 2. Effect of IL-9 on the IL-4-induced sCD23 production by 
normal human E- cellsa) Treatment 

Stimulation Medium 
Medium 

IL-9 sCD23 
(30 U / d )  (ng/rnl) 

I L 4  
< 1  11-4 

IL-9 
IL-9 

Medium - 
Medium + < 1  
IL-4 (30 U / d )  - 5 f 2  
IL-4 (30 U/ml) + 6 f l  
IL-4 (300 U/ml) - 19 f 4 IL-4 + I L 9  
L-4 (300 U/ml) + 15 -I 6 IL-4 + I L 9  

< 0.1 
+ < 0.1 
- 1.2 f 0.5 + 7.8 & 0.2 
- 1.8 f 0.1 + 1.7 f .2 
- 10 f 0.3 + 14 f 1.5 

- 

a) E- cells from the same donor were incubated in medium 
containing or not 30 Ulml human recombinant IL-9 and in the 
presence or absence of 30 or 300 U/ml IL-4. Culture superna- 
tants were harvested after 48 h and assayed for their sCD23 
concentration by a specific ELISA as described in the Sect. 2. 
The data represent the mean f SD of triplicate values of one 
experiment. three. 

a) E- cells were incubated in medium containing or not 30 Ulml 
IL-4 and/or 30 U/ml IL-9 and in the presence or absence of 
10 ng/ml IL-6. Cells were harvested after 9-13 days and assayed 
for their capacity to produce IgE using the specific ELISA assay 
as described in Sect. 2.4.The data represent the mean f SD of 
quadruplicate values of one experiment representative out of 
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ment with LME. Although the IGCinduced IgE produc- 
tion was significantly decreased upon treatment of the cells 
with LME 0, < 0.001, Student’s t test, n = 3), potentiation 
of this process in the presence of 30 U/ml IL-9 was still 
observed (Table 4). 

3.5 Effect of IL-9 and IgE and IgG production by 
CD2W cells 

As already described [24, 251, when FACS-sorted CD20+ 
cells were co-cultured in the presence of 2000 irradiated 
EL4 cells and in the presence of 3 % of a T  cell supernatant, 
10U/ml IL-4 induced IgE production after 10days in 
culture (Table 5). As well as for E- cells in the presence of 
an optimal dose of IL-9, the IL-Cinduced IgE production 
by these cells was markedly enhanced (Table 5). 

3.6 Effect of IL-9 on IgG and IgM by SAC-activated 
B lymphocytes 

To verify that human B lymphocyte could be the target for 
IL-9 we also studied the effect of IL-9 on the IL-Cinduced 

Table 4. Effect of IL-9 on the IL-Cinduced IgE production by E- 
cells treated or not with LMEa) 

cells rL-4 ‘Iieatment IgE (ngld)  
(30 U / d )  

E- 
E- 
E- 
E- 
LME-E- 
LME-E- 
LME-E- 
LME-E- 

- Medium 
IL9 + Medium + L 9  

- Medium 
- IL9 
+ Medium + 11-6 

- c 0.1 
< 0.1 
2 k 0.5 

10. & 0.7 
< 0.1 
c 0.1 

0.9 ? 0.3 
5.9 ? 0.2 

a) E- cells from the same donor were incubated in medium 
containing or not 30 U/ml IL-4 and in the presence or absence of 
30 U/ml of IL-9. Culture supernatants were harvested after 
9-13 days and assayed for their IgE content by specific ELISA 
as described in Sect. 2.The data represent the mean f SEM of 
triplicate values of one experiment representative of three. 

Table 5. Effect of human recombinant IL-9 on IL-Cinduced IgE 
and IgG production by CD20+ human cellsa) 

Challenge IL9 IgE (ng/d)  IgG (pg/ml) 

Expt 1 Expt 2 Expt 1 Expt 2 
(30 U/ml) 

Medium - < 0.1 <0.1 3.42 ND* 
Medium + c o . 1  <0.1 5.83 ND 
K-4 (10 U/ml) - 6.4 12.6 9.85 ND 
IL-4 (10 U/ml) + 17.2 29.5 15.12 ND 

a) Cultures of 200 pI were set up with 300 B cells, irradiated EL4 
cells and T cell supernatant alone or in the presence of 10 U/ml 
IL-4 and/or 30 U/ml IL-9 as already described in Sect. 2. Data 
represent the mean values of duplicate sample for two separate 
experiments. 

Figure5 Effect of IL-9 on IgG and IgM production by SAC- 
activated B lymphocytes. SAC-activated B lymphocytes were cul- 
tured for 5 days in the presence or absence of the indicated stimuli, 
and at the end of this culture period supernatants were harvested 
and stored at -20°C prior IgG and IgM measurements by specific 
ELISA. Data represent the mean k SEM of four different 
experiments. 

IgG and IgM production by SAC-activated B lymphocytes 
[24]. In the presence of 30U/ml IL-9 SAC-activated 
B lymphocytes did not produce any IgG or IgM after 5 days 
of culture but potentiated those induced by 30 U/ml IL-4 
(Fig. 5). In these experiments no IgE production was noted 
(data not shown). 

4 Discussion 

In this report, the effect of IL-9 on the IL-Cinduced IgE, 
IgM and IgG productions by human peripheral blood 
B lymphocytes was evaluated.The results demonstrate that 
in the absence of IL-4, IL-9 did not induce Ig production by 
E- cells. This cytokine, however, potentiated the IgE and 
IgG productions by E- cells induced by IL-4, higher effect 
being observed at low concentration of the latter lympho- 
kine ( i e . ,  lower or equal to 30 U/ml). In contrast, regard- 
less of the presence of IG9 and/or IL-4, IgM production 
from E- cells was never observed. In addition to the fact 
that IL-9 potentiated the IL-Cinduced IgE production it 
was shown that this cytokine enhanced the frequency of 
IgE-secreting cells after 9 to 11 days of culture, as observed 
by a specific ELISA-spot assay. In experiments conducted 
with or on purified human B lymphocytes (CD20+) in the 
presence of irradiated EL4 cells, IL-9 potentiated the 
IL-Cinduced IgE and IgG productions by these cells. Since 
in this experimental system, the contribution of T lympho- 
cytes is minimal [24,25] the effect IL-9 is probably directed 
towards B lymphocytes. In addition these data fit with 
those obtained in mice, indicating that the IL-4-induced 
IgE production by LPS-activated B lymphocytes was also 
enhanced [33].The present work also indicates that IL-9 can 
directly act on normal human B lymphocytes since IL-9 was 
able to  potentiate the IL-Cinduced IgG and IgM produc- 
tion by normal human B lymphocytes preactivated with 
SAC strain I (report and [34]). Therefore, the possibility 
that IL-9 stimulates directly or indirectly the initial steps in 
Ig synthesis, i.e. activation or proliferation of B lympho- 
cytes, remains to be investigated in details. 

The potentiating effect of IL-9 on the IL-4-induced IgE 
production by normal human E- cells is not dependent 
upon the presence of monocytes since it is still observed 
following treatment of the cells with LME, a procedure that 
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is selectively toxic for the latter cell type [35]. Therefore, 
under these conditions IL-9 appears to act primarily on 
either Tor B lymphocytes, or both. It is, however, unlikely 
that the potentiating effect of IL-9 on IgE production is 
related to an enhanced release of IL-4 by either non-B, 
non-T cells or T lymphocytes. Indeed, following IL-9 
addition at the initiation of the culture period, no endoge- 
nous production of IL-4 was observed, as assessed by 
commercial ELISA kits (data not shown). In addition, IL-9 
potentiated, although to a moderate extent, the effect of an 
optimal dose of IL-4 (300 U/ml), suggesting that mechan- 
isms other than increased production of IL-4 were involved 
in the potentiating effect of IL-9 on IgE synthesis. 

IL-9 has been initially shown to induce the growth of certain 
T helper clones [l] and of mucosal-type mast cells [4]. 
Human IL-9 not only maintains the survival of certainT cell 
lines [lo], but also stimulates proliferation of a human 
megakaryocyte leukemic cell line [7], suggesting that the 
cytokine could act on more than one cell lineage, and the 
possibility that under different experimental conditions this 
cytokine could also act on T lymphocytes is not totally 
excluded. 

The findings presented in this report enlarge the activity 
field of this new cytokine and suggest its role in the 
regulation of the production of Ig. Since IL-9 promotes the 
growth of certain mast cell clones and increases IgE 
production, the precise delineation of its contribution to 
the regulation of type I hypersensitivity reactions, as 
already suggested for other cytokines such as IL-4 [12, 13, 
32, 361, is to be investigated. 

Received March 4, 1993. 
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