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ABSTRACT We have established a large panel of T-cell
clones (TCCs) specific for Dermatophagoides pteronyssinus and
Loliumperenne group I grass pollen allergens (total, 61) and for
tetanus toxoid and protein purified derivative bacterial anti-
gens (total, 38) from the peripheral blood of two atopic
Individuals and then analyzed their ability to produce inter-
leukin 4 (IL-4), IL-5, and interferon y (IFN-y). Upon stimu-
lation with phorbol 12-myristate 13-acetate plus anti-CD3
antibody, the great majority of TCCs specific for bacterial
components was able to produce both IL-4 and IFN-y, whereas
most D. pteronyssinus- and L. perenne group I-specific TCCs
produced IL-4, but no, or limited, IFN-y. Moreover, the mean
amounts of IL-4 and IFN-y released by allergen-specific TCCs
were significantly higher and lower, respectively, than the
mean amounts produced by TCCs specific for bacterial com-
ponents. Under the same experimental conditions, virtually all
allergen-specific TCCs, but only one-third of tested TCCs
specific for bacterial components, expressed IL-5 RNA and
secreted IL-5 in their supernatants. Eighteen TCCs (nine
specific for allergens and nine specific for bacterial compo-
nents) were also assessed for their ability to induce IgE
synthesis by autologous B cells in response to stimulation with
the specific antigen. Under these experimental conditions, all
allergen-specific TCCs, but only one-third ofTCCs specific for
bacterial components that produced IL-4 but no, or little,
IFN-y induced the synthesis of detectable amounts of IgE. The
demonstration that most allergen-specific helper T cells in
atopic individuals are able to produce high amounts of IL-4
(and IL-5), but no IFN-y, may explain why allergens induce
production of IgE antibodies and increase eosinophils.

The interaction between environmental allergens and the
immune system is critical to the development of specific
human allergy. This interaction is presumably initiated by
uptake and presentation of allergen by major histocompati-
bility complex (MHC) class II-positive accessory cells to
allergen-specific helper T lymphocytes. Several significant
associations have been observed between particular MHC
haplotypes and responsiveness toward different purified al-
lergens (1, 2). Activated helper T cells then induce B lym-
phocytes to produce allergen-specific antibodies of the IgE
class. However, in individuals genetically determined to
recognize allergenic epitopes, the origin of a preferential IgE
antibody response is still unclear. Earlier studies in rodents
suggested that IgE production could be regulated not only by
antigen-specific helper and suppressor T cells (3, 4), but also
through isotype-specific factors showing affinity for IgE (the
so-called IgE-binding factors) (5). More recently, a further
pathway ofIgE regulation, essentially based on the reciprocal

activity of interleukin 4 (IL-4) and interferon y (IFN-'y) has
been disclosed in both mice (6, 7) and humans (8-11).

Therefore, we wondered whether helper T cells specific for
allergens may differ from helper T cells specific for other
antigens for their phenotype of cytokine secretion. To ex-
plore such a possibility, we have investigated the profile of
lymphokines produced by allergen-specific human T-cell
clones (TCCs) or by human TCCs specific for microbial
components established from the same atopic donors. We
found that TCCs specific for bacterial components can usu-
ally produce both IL-4 and IFN-y, whereas the majority of
allergen-specific TCCs are able to produce IL-4 and IL-5, but
no, or little, IFN-'y.

MATERIALS AND METHODS
Reagents. Protein purified derivative (PPD) of Mycobac-

terium tuberculosis and purified tetanus toxoid were obtained
from Istituto Sieroterapico e Vaccinogeno Sclavo (Siena,
Italy). Dermatophagoides pteronyssinus extract (prepared
from isolated mite bodies) was obtained from Lofarma Al-
lergeni (Milan). Purified group I allergen of Lolium perenne
was prepared as reported (12). Phytohemagglutinin (PHA)
was purchased from GIBCO and phorbol 12-myristate 13-
acetate (PMA) was from Sigma. OKT3 (anti-CD3), OKT4a
(anti-CD4), OKT8 (anti-CD8), and OKM1 (anti-CD14) mono-
clonal antibodies (mAbs) were purchased from Ortho Phar-
maceuticals and B1 (anti-CD20) was from Kontron (Zurich).
IFN--y, IL4, and IL-5 oligonucleotide probes were pur-
chased from Amgen Biologicals. The anti-IL-5 (TRK 5) mAb
was kindly provided by R. L. Coffman (DNAX).

Patients. Peripheral blood mononuclear cells (PBMCs)
were obtained from two allergic donors. The first donor was
a 23-year-old man with extrinsic asthma and immediate type
cutaneous hypersensitivity to D. pteronyssinus extract. He
had been vaccinated 1 year before with tetanus toxoid and
showed a 1:256 serum titer of anti-tetanus toxoid antibodies
(as measured by hemagglutination inhibition assay), as well
as a delayed type cutaneous hypersensitivity to tetanus
toxoid. The second donor was a 22-year-old man with a
history of seasonal rhinitis and immediate type cutaneous
hypersensitivity to L. perenne and to other grass pollens. He
had been vaccinated with bacillus Calmette-Gudrin and
showed delayed type cutaneous hypersensitivity to PPD.

Generation of Allergen-Specific TCCs. Antigen- or allergen-
specific T-cell lines were obtained by a technique described
in detail (13). Briefly, 0.5 x 106 PBMCs per ml from the two
donors were stimulated with antigens (tetanus toxoid and
PPD; 1 pug/ml) or allergens (D. pteronyssinus, 10 ,ug/ml; L.

Abbreviations: IFN--y, interferon y; IL, interleukin; rIL, recombi-
nant IL; mAb, monoclonal antibody; PBMC, peripheral blood mono-
nuclear cell; PHA, phytohemagglutinin; PMA, phorbol 12-myristate
13-acetate; PPD, protein purified derivative; TCC, T-cell clone.
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perenne group I, 10 Ag/ml) in RPMI 1640 medium (Seromed,
Berlin) supplemented with 2 mM L-glutamine (GIBCO), 20
AM 2-mercaptoethanol, 100 units of penicillin per ml, 50 ,ug
of streptomycin per ml (complete medium), and 5% human
AB' serum in 24-well flat-bottomed culture plates (3524;
Costar) for 5 days. Subsequently, recombinant IL-2 (rIL-2)
(25 units/ml; Biogen, Geneva) was added and kept in culture
for an additional 7 days. Viable T-cell blasts were then
separated by a Ficoll/Hypaque density gradient and antigen
or allergen specificity of T-cell lines was assessed before the
cloning procedure. T-cell blasts were seeded at 0.3 cell per
well in 96-well round-bottomed plates (Nunclon; Nunc) in the
presence of 105 irradiated (5000 rads) allogeneic spleen mono-
nuclear cells as feeder cells, 1% (vol/vol) PHA, and rIL-2 (20
units/ml) in complete medium supplemented with 10% heat-
inactivated fetal calf serum (FCS; HyClone). Growing mi-
crocultures were then expanded at weekly intervals with 105
irradiated feeder cells and rIL-2. To expand established
clones, T-cell blasts were restimulated every 3 weeks with
0.1% PHA and irradiated allogeneic feeder cells. The TCC
phenotype was examined on a FACStar analyzer (Becton
Dickinson) using fluorescein isothiocyanate- or phycoeryth-
rin-conjugated anti-CD3, anti-CD4, anti-CD8 mAb. The
specificity of T-cell lines or TCCs was assessed as described
(13). Briefly, 2 x 104 T-cell blasts were incubated in triplicate
200-pl cultures in the presence of 105 irradiated (5000 rads)
autologous PBMCs plus the appropriate antigen (tetanus
toxoid or PPD, 0.5 ,ug/ml) or allergen (D. pteronyssinus or L.
perenne group I, S jig/ml) in 96-well round-bottomed micro-
titer plates for 48 hr at 37°C, in a humified atmosphere of 5%
C02/95% air. After pulsing for 16 hr with 0.5 ,Ci of [3H]thy-
midine per well (1 Ci = 37 GBq) (Amersham), radionuclide
uptake was measured by scintillation counting. When the
stimulation index (ratio between the mean cpm obtained in
triplicate cultures with autologous irradiated PBMCs plus
antigen and the mean cpm obtained in triplicate cultures
containing PBMCs alone) was >10, responses were consid-
ered positive.

Quantitation of IL-4, IL-5, and IFN-y in TCC Supernatants.
Viable T-cell blasts of antigen- or allergen-specific TCCs
were extensively washed and incubated at 106 cells per ml in
the presence of 106 autologous irradiated mononuclear cells
as antigen presenting cells and appropriate antigen (tetanus
toxoid and PPD; 2 pug/ml) or allergen (D. pteronyssinus and
L. perenne group I; 10 ,ug/ml) for 72 hr in complete medium
supplemented with 10% heat-inactivated FCS at 37°C. TCCs
were also stimulated for 24 hr with PMA (10 ng/ml) and mAb
anti-CD3 (50 ng/ml) to achieve maximal stimulation. Cul-
tures were then centrifuged and supernatants were collected,
filtered through a 0.22-,um filter, and then stored in aliquots
at -70°C until used. For the measurement of IFN-y and IL-4
in TCC supernatants, the IMRX IFN-y RIA (Centocor,
Malvern, PA) and Quantikine Immunoassay (R &D Systems,
Minneapolis), respectively, were used according to the man-
ufacturer's instructions.
For the quantitation of IL-5 in TCC supernatants, a bio-

logical assay with the murine line LyH7.B13 (kind gift of R.
Palacios, Basel) was used (14). Briefly, TCC supernatants
were added at different concentrations to 8 x 103 LyH7.B13
cells and cultured for 24 hr. After a 6-hr pulse with 0.5 ,Ci
of [3H]thymidine per well (Amersham), radionuclide uptake
was measured by scintillation counting. A semiquantitative
estimate of IL-5 content was obtained by comparing the
results obtained in parallel cell cultures in the presence of
known concentrations of human recombinant IL-5 (Amer-
sham). In all experiments, LyH.B13 cells did not proliferate
in the presence of human rIL-2, rIL-3, rIL-4, rIL-6, and
rIFN-y. The proliferative response induced by rIL-5 and
TCC supernatants was consistently abrogated by anti-human
IL-S mAb (1 ,ug/ml).

Values of the cytokine content 5 SD over those of control
supernatant derived from irradiated feeder cells alone were
regarded as positive.
IFN-y, IL-4, and IL-5 Cytoplasmic RNA Expression in

TCCs. Cellular RNA was obtained from 20 TCCs (9 antigen-
and 11 allergen-specific TCCs) stimulated with PMA plus
anti-CD3 antibody according to White and Bancroft (15).
Briefly, 1 x 106 T-cell blasts were washed extensively with
protein-free phosphate-buffered saline (PBS) (pH 7.2) and
pelleted by centrifugation (12,000 x g) in a sterile 1.5-ml tube
(4224; Eppendorf). After resuspension in 10 mM Tris'HCl,
pH 7.0/1 mM EDTA, cells were lysed by 2-fold addition of
5 pAl of5% Nonidet P-40 (Boehringer Mannheim), with mixing
on ice in between additions. After nuclei were pelleted
(15,000 x g for 15 min), 50 ,ul of supernatant was transferred
into a sterile 1.5-ml tube containing 30 p.1 of 20x NaCl/Cit
(lx = 0.15 M NaCI/0.015 M trisodium citrate) plus 20 ,ul of
37% formaldehyde (Boehringer Mannheim). The mixture was
then incubated at 60'C for 15 min and stored at -70'C. For
analysis, 5-20 A1l of each sample was serially diluted twice
with 15x NaCl/Cit in a 96-well microtiter plate and 100 A.l of
each dilution was applied with suction to a 4-mm-diameter
spot on a nylon sheet (Hybond N+; Amersham) supported on
a Whatman paper sheet with a 96-hole Biodot apparatus
(Bio-Rad). Each undiluted sample was also treated with 10
units of RNase A (Boehringer Mannheim) as a control.
Prehybridization of the nylon membrane; preparation by the
5'-end-labeling technique of the 32P-labeled IFN-y, IL-4, and
IL-5 oligonucleotide probes (specific activity, 1-2 x 108
cpm/,ug); hybridization; and autoradiography were per-
formed as described (16).
Assay for Induction of IgE, IgG, and IgM by TCCs. En-

riched B-cell suspensions were prepared from peripheral
blood of the TCC donors as described (9, 10). They usually
contained 50-70% B cells, 10-15% monocytes, and <1% T
cells, as judged by cytofluorographic analysis with anti-
CD20, anti-CD14, anti-CD3 mAb and are referred to as B
cells for simplicity. The culture system used for induction of
immunoglobulin synthesis was performed in duplicate tubes
containing 4 x 105 B cells and 2 x 105 autologous clonal T
cells in the presence of the appropriate antigen (tetanus
toxoid and PPD; 2 ,ug/ml) or allergen (D. pteronyssinus and
L. perenne group I; 10 ,ug/ml) in 1 ml of 10o FCS-containing
medium. After 10 days, supernatants were collected and
assayed for IgE, IgG, and IgM content, as described in detail
elsewhere (9, 10).

RESULTS
A total of 43 D. pteronyssinus-specific, 18 L. perenne group
I-specific, 28 tetanus toxoid-specific, and 10 PPD-specific
TCCs were established from two atopic donors showing
immediate type cutaneous hypersensitivity to D. pteronys-
sinus extract or L. perenne group I and delayed cutaneous
hypersensitivity to tetanus toxoid or PPD, respectively. All
TCCs were assessed for their ability to produce IL-4 and
IFN-y in response to stimulation with PMA plus anti-CD3
mAb. In parallel experiments, we have indeed shown that
under these conditions, even in the absence of anti-CD3
cross-linkage, production of cytokines is higher than that
achieved by any other T-cell stimulant (data not shown). The
results of these experiments are summarized in Table 1.
Twenty-four tetanus toxoid-specific TCCs, derived from the
first donor, produced both IL-4 and IFN-y, 2 produced only
IL4, and 2 produced only IFN-y. In contrast, only 23 of 43
D. pteronyssinus-specific TCCs produced both IL-4 and
IFN-y, 2 produced only IFN-y, and 18 produced only IL-4.
All 10 PPD-specific TCCs derived from the second atopic
donor produced IFN-y and 9 of them produced IL-4 as well.
In contrast, 16 of 18 L. perenne group I-specific TCCs
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Table 1. Production of IL-4 and IFN-'y by allergen-specific TCCs and TCCs specific for bacterial antigens in response to stimulation with
PMA plus anti-CD3 antibody

Mean (± SE) cytokine content in

No. of supernatant of TCCs producing both
T-cell Antigen antigen- No. of TCCs producing cytokine IL-4 and IFN-y
donor specificity specific TCCs IL-4 + IFN-y IFN-y IL-4 IFN-y, units/ml IL-4, pg/ml
F.S. Tetanus toxoid 28 24 2 2 139 ± 13 (NS) 3392 ± 655 (NS)

D. pteronyssinus 43 23 2 18 109 ± 22 (NS) 43% ± 874 (NS)
A.M. PPD 10 9 1 0 174 ± 24* 1143 ± 424t

L. perenne group I 18 7 2 9 78 ± 24* 5919 ± 2110t
Clonal T blasts were extensively washed, counted, and incubated for 24 hr at 37TC in the presence of PMA (10 ng/ml) plus anti-CD3 mAb

(50 ng/ml) at 106 cells per ml. IFN-y and IL-4 content in TCC supernatant was evaluated by commercial RIA and ELISA, respectively, as
described in Materials and Methods. NS, not significant.
*P < 0.005.
tP < 0.025.

produced IL4, but only 9 of them were able to produce
detectable amounts of IFN-y. On the whole, tetanus toxoid-
and PPD-specific TCCs produced higher amounts of IFN-y
(P < 0.01 and P < 0.025, respectively) and lower amounts of
IL4 (P < 0.025 and P < 0.1, respectively) than D. pteron-
yssinus- and L. perenne group I-specific TCCs, respectively.
When IL-4 and IFN-y concentrations released by TCCs
producing both lymphokines were compared, no statistically
significant differences' in the mean amounts of IL-4 and
IFN-y produced by D. pteronyssinus- and tetanus toxoid-
specific TCCs were found. However, L. perenne group
I-specific TCCs produced significantly higher amounts of
IL-4 (P < 0.025) and significantly lower amounts of IFN-y (P
< 0.005) than PPD-specific TCCs (Table 1). In 3 L. perenne
group I-specific and in 2 PPD-specific TCCs, the expression
ofIL-4 and IFN-yRNA upon PMA plus anti-CD3 stimulation
was also examined. As shown in Fig. 1, IL-4, but not IFN-y,
RNA was found in all 3 L. perenne group I-specific TCCs. In
contrast, both PPD-specific TCCs expressed IFN-y RNA,
but one of them failed to express IL4 RNA.
The ability of five tetanus toxoid-specific, five D. pteron-

yssinus-specific, four L. perenne group I-specific, and four
PPD-specific TCCs to produce IL-4 and IFN-y upon stimu-
lation with the specific antigen was also investigated. In
addition, the same clones were assessed for their ability to
provide a helper function for IgM, IgG, and IgE synthesis in
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autologous B cells in the presence of tetanus toxoid, D.
pteronyssinus, L. perenne group I, and PPD, respectively.
All five D. pteronyssinus-specific TCCs produced IL-4, but
not IFN-y, in response to stimulation with D. pteronyssinus
and showed the ability to induce IgE synthesis in autologous
B cells. In contrast, all five tetanus toxoid-specific TCCs
produced IFN-y in response to antigen stimulation and three
of them produced IL-4 as well. The ability to induce IgE
synthesis in autologous B cells was restricted to two clones
producing IL-4 and limited amounts of IFN.-y (Table 2).
Under the same experimental conditions, all D. pteronyssi-
nus- or tetanus toxoid-specific TCCs were able to stimulate
the synthesis of both IgM and IgG in autologous B cells

Table 2. Production of IL-4 and IFN-y and induction of IgE
in autologous B cells by allergen-specific TCCs and by TCCs
specific for bacterial components in response to stimulation
with specific antigen

TCC
None
FS 47
FS 35
FS 18
FS 14
FS 21
FS 4
FS 3
FS 8
FS 10
FS 17
None
AM 41
AM 15
AM 65
AM 57
AM 29
AM 16
AM 17
AM 50

Antigen specificity

D. pteronyssinus
D. pteronyssinus
D. pteronyssinus
D. pteronyssinus
D. pteronyssinus
Tetanus toxoid
Tetanus toxoid
Tetanus toxoid
Tetanus toxoid
Tetanus toxoid

L. perenne group I
L. perenne group I
L. perenne group I
L. perenne group I
PPD
PPD
PPD
PPD

Cytokine
production*

IL-4, IFN-y,
pg/ml unit(s)/ml

793 2
325 1
436 1
3223 2
4125 3

10 85
1186 12
460 10
10 137

1298 46

2052 2
6272 9
4320 4
5440 5
1000 28

19 236
112 225
415 240

IgE synthesis by
autologous B
cells,t ng/mi

0.2
2.3
4.1
3.3

15.1
9.8
0.2
14.9
9.4
0.2
0.6
0.3
6.2
7.4
2.7
4.1
2.9
0.9
0.3
0.3

0
* *

FIG. 1. Expression of IL-4 and IFN-y cytoplasmic RNA in three
L. perenne group I-specific and two PPD-specific TCCs stimulated
with PMA plus anti-CD3 antibody. Cytoplasmic RNA was prepared
from 24-hr-stimulated TCCs as described in Materials and Methods.
The undiluted sample contained RNA derived from 106 T-cell blasts.

Antigens were used at the following concentrations: D. pteronys-
sinus, 10 A&g/ml; tetanus toxoid, 2 pug/ml; L. perenne group I, 10
gg/ml; PPD, 2 IZg/ml.
*Clonal T blasts were extensively washed, counted, and incubated
for 72 hr at 37TC in the presence of specific antigens at 106 cells per
ml. IL-4 and IFN-,y content in TCC supernatant was evaluated by
commercial ELISA and RIA, respectively.
tT blasts (2 x 105) were cultured in duplicate with 4 x 105 autologous
B cells per ml for 10 days in the presence of specific antigens. IgE
content in culture supernatant was evaluated by RIA.
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irrespective of their pattern of IL-4/IFN-y production (data
not shown). Likewise, all L. perenne group I-specific TCCs
produced IL-4, but no or limited amounts of IFN-y, in
response to the specific antigen and induced IgE synthesis by
autologous B cells, whereas only 1 of 4 PPD-specific TCCs
that produced IL-4 and low amounts of IFN-y was able to
induce the production of IgE (Table 2).

In 4 D. pteronyssinus-, 11 L. perenne group I-, 5 tetanus
toxoid- and 4 PPD-specific TCCs the expression of cytoplas-
mic IL-5 RNA and secretion of IL-5 were also assessed.
Fourteen of 15 allergen-specific TCCs expressed IL-5 RNA
and secreted IL-5. In contrast, IL-5 RNA expression and
secretion were observed in only 3 of 9 TCCs specific for
bacterial antigens (Table 3). Fig. 2 shows the results obtained
by testing D. pteronyssinus- and some tetanus toxoid-specific
TCCs for IL-5 RNA expression.

DISCUSSION
Coffman and coworkers (17) have recently proposed a major
subdivision of mouse helper TCCs based on differences in
their pattern of cytokine production. Clones belonging to the
subset designated Thl synthesized and secreted IL-2 and
IFN-y, but not IL-4 or IL-5 upon activation, whereas clones
of the Th2 subset produced IL-4 and IL-5, but not IL-2 or
IFN-y. Studies on cytokine production profiles of human
TCCs derived from different lymphoid sources concluded
that this classification is not valid for human T cells (10, 18).
However, in certain pathological conditions, helper T cells
exhibiting Thl- or Th2-like profiles of cytokine production
can accumulate in target organs. For example, the majority
of CD4+ T cells infiltrating the thyroid gland in patients with
autoimmune thyroid diseases develop in vitro into TCCs able
to produce IFN-y, but not IL-4 (19), whereas most T cells
infiltrating the conjunctiva of patients with vernal conjunc-

Table 3. Expression of IL-5 RNA and secretion of IL-5 by
allergen-specific TCCs and TCCs specific for bacterial antigens
in response to stimulation with PMA plus anti-CD3 mAb

IL-5 RNA IL-5 production,
TCC Antigen specificity expression units(s)/ml
AM 40 L. perenne group I - <0.5
AM 62 L. perenne group I + 1.8
AM 64 L. perenne group I + 23.3
AM 7 L. perenne group I + 87.2
AM 23 L. perenne group I + 30.0
AM 33 L. perenne group I + 17.5
AM 65 L. perenne group I + 15.2
AM 30 L. perenne group I ND 67.2
AM 41 L. perenne group I ND 37.0
AM 15 L. perenne group I ND 62.6
AM 5 L. perenne group I ND 41.4
FS 6 D. pteronyssinus + 65.8
FS 18 D. pteronyssinus + 21.6
FS 35 D. pteronyssinus + 39.4
FS 47 D. pteronyssinus + 33.7
AM 49 PPD - <0.5
AM 16 PPD + 21.9
AM 31 PPD - <0.5
AM 36 PPD - <0.5
FS 11 Tetanus toxoid + 21.2
FS 28 Tetanus toxoid - <0.5
FS 62 Tetanus toxoid + 5.1
FS 10 Tetanus toxoid - <0.5
FS 26 Tetanus toxoid - <0.5

Cytoplasmic RNA was obtained by treatment of 106 T-cell blasts
with Nonidet P-40 and hybridized with 32P-labeled IL-5 oligonucleo-
tide probe. Secreted IL-5 was measured in TCC supernatant by a
biological assay. ND, not determined.

DPO I

DPI8I
DP35 *

[P47 4

O TT1I)

TT126

1T-36

FIG. 2. Expression of IL-5 RNA in four D. pteronyssinus (DP)-
specific and four tetanus toxoid (TT)-specific TCCs stimulated with
PMA plus anti-CD3 antibody. For details, see the legend to Fig. 1 and
Materials and Methods.

tivitis develop into TCCs producing high amounts of IL-4 but
no, or limited, IFN-y (20). Furthermore, higher proportions
of IL-4-producing and lower proportions of IFN-y-producing
TCCs have been established from the peripheral blood of
patients with hyper-IgE syndrome, helminthic infestations,
or severe atopy than from the peripheral blood of normal
individuals (21). All these TCCs were established by stimu-
lating single T cells with PHA and, therefore, the antigens
they react to remain unknown. More recently, Wierenga et al.
(22) have reported a clear-cut dichotomy in the production of
IL-4 and IFN-'y between some D. pteronyssinus-specific and
tetanus toxoid-specific or Candida-specific TCCs established
from the peripheral blood of two allergic donors. The results
of the present study partially confirm and extend these
findings. The majority ofTCCs specific for bacterial antigens,
such as tetanus toxoid and PPD, derived from two atopic
individuals, were able to produce both IL-4 and IFN-'y, but
most of them did not produce IL-5 even upon maximal
stimulation with PMA plus anti-CD3 antibody. By contrast,
TCCs specific for house dust mite and grass pollen allergens,
derived from the same individuals, were inducible to the
production of higher amounts of IL-4 and lower amounts of
IFN-y in comparison with TCCs specific for bacterial com-
ponents. In addition, virtually all allergen-specific IL-4-
producing TCCs, like the Th2 helper TCCs described in mice
(23), also produced IL-5, whereas only a few tetanus toxoid-
and PPD-specific TCCs were inducible to the production of
IL-5. The compartmentalization of Th2-like cells in the
allergen-specific T-cell repertoire of allergic patients may
account, at least in part, for both the increased proportion of
IL-4-, and the reduced proportion of IFN-y-producing TCCs
observed in patients with severe atopy (21). Obviously, it is
possible that in atopics even helper T cells specific for
bacterial antigens are inducible to higher IL-4 production
than in nonatopics. To test this possibility, the profile of
cytokine production by high numbers of TCCs specific for
PPD or tetanus toxoid obtained from both atopic and
nonatopic donors should be compared.
The finding that allergen-specific TCCs usually produce

high amounts of IL-4 but no, or limited amounts of, IFN-y
may account for the in vivo production of IgE antibodies in
response to allergen stimulation. On the other hand, the
demonstration that the great majority of TCCs specific for
bacterial components are inducible to the production of high
concentrations of IFN-y may explain why, despite the ability
of the same TCCs to produce IL-4, bacterial infections
usually do not result in the production of IgE antibodies. It
has indeed clearly shown that IL-4 is the essential mediator
for IgE synthesis, whereas IFN-y exerts a negative regula-
tory role on the production of this immunoglobulin class (8,
9). Accordingly, the results of this study indicate that only
allergen-specific TCCs or TCCs specific for bacterial com-
ponents producing IL-4 but no, or limited amounts of, IFN-y
can induce the synthesis of IgE. However, a relationship
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between the amount of IL-4 produced by TCCs and the
amount of IgE synthesized by B cells even in the absence of
IFN-y production was not found. This suggests that factors
other than IL-4 or IFN-y are involved in the regulation of
human IgE synthesis. We and others have indeed shown that
both physical T-cell-B-cell interaction (11, 24) and produc-
tion of IL-2 and IL-6 (25, 26) are critical for IL-4-dependent
human IgE synthesis. The helper activity for IgE synthesis of
all antigen-specific TCCs producing both IL-4 and IFN-y was
not assessed in this study. However, we have previously
shown that supernatants of TCCs containing both cytokines
are able to induce IgE synthesis only when the balance
between their IL-4 and IFN-y content is largely in favor ofthe
former (9).
The reason why most allergen-specific TCCs behave as

Th2-like helper cells is unclear. At present, there is no
evidence to determine whether this is due to (i) a difference
in the structure of allergen versus antigen, (ii) the way and
route of immunization, or (iii) microenvironmental factors
preferentially driving naive T cells to differentiate into a
Th2-like pathway. It is well known that the same allergen
when injected subcutaneously during specific immunother-
apy prevalently elicits an IgG response (27), suggesting that
the microenvironment in which the antigen is lodged may be
an important factor in the type ofTh cell that is activated. The
assessment of the lymphokine production profile of allergen-
specific TCCs before and after specific immunotherapy might
help to clarify this point. The possible role of other inductive
factors, such as hormones and cytokines, should also be
explored. Recently, it has been shown that in mice resting T
cells will produce IL-2 and IFN-y rather than IL-4 upon
primary activation by antigens. The IL-4-producing T cells in
naive mice are cells that are already activated by environ-
mental antigens and required the presence of IL-2 and IL-4
(28). It is likely that cell types other than T lymphocytes are
responsible for the supply of IL-4 required by T cells to shift
toward the Th2 subset after antigen recognition (29). Thus,
we suggest that in atopic individuals chronically or seasonally
repeated in vivo exposure to limited concentrations of aller-
gens, as well as still unknown inductive microenvironmental
influences, might concur to induce the preferential develop-
ment of naive T cells into the IL-4- and IL-S-producing
(Th2-like) helper subset. These cells are responsible both for
production of IgE antibodies and for accumulation of eosin-
ophils that characterize allergic inflammation.
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