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Abstract: The defect in interferon-� (IFN-�) pro-
duction that results in a T helper cell type 2-dom-
inated response may be responsible for a decrease
in the apoptosis of allergen-activated T cells in
asthma. We investigated the effect of recombinant
IFN-� on proliferation, Fas/Fas ligand (FasL) ex-
pression, and apoptosis in allergen-stimulated pe-
ripheral blood mononuclear cells obtained from
atopic, asthmatic patients and nonatopic, control
subjects. The addition of IFN-� at the start of
cultures markedly inhibited the proliferative re-
sponse to a specific allergen in cells from all asth-
matic patients, whereas no change was observed in
cells from nonatopic, control subjects. IFN-� in-
duced an increase in the expression of Fas and
FasL by allergen-stimulated CD4� T cells from
asthmatic patients and caused the apoptosis of
these cells. A Fas-blocking monoclonal antibody
prevented the inhibitory effect of IFN-� on aller-
gen-induced proliferation. These results suggest
that IFN-� inhibits the proliferation of allergen-
stimulated CD4� T cells from atopic, asthmatic
patients by inducing the surface expression of Fas
and FasL, which in turn triggers their apoptotic
program. The defect in IFN-� production involved
in the allergic, immune response may therefore be
responsible for a decrease in apoptosis of allergen-
activated T lymphocytes in the airways of atopic,
asthmatic patients. J. Leukoc. Biol. 76: 000–000;
2004.
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INTRODUCTION

Airway inflammation plays a crucial role in the pathogenesis of
bronchial asthma [1–3]. T lymphocytes are involved in the
inflammatory/immune response in asthma causing tissue infil-
tration and damage. These cells recognize and respond directly
to allergens and by releasing several cytokines, may orches-
trate the inflammatory response [4, 5]. Activated CD4� T cells
have been detected in the peripheral blood, bronchoalveolar

lavage, and bronchial mucosa of patients with asthma [6–10].
Human CD4� T cells can be divided into two distinct sub-
populations based on cytokine production profile: T helper cell
type 1 (Th1) cells, which produce large amounts of interleukin
(IL)-2 and interferon-� (IFN-�), and Th2 cells, which release
IL-4 and IL-5 but little or no IFN-� and IL-2 [11]. CD4�
Th2-like cells have been detected in the airways of atopic,
asthmatic patients and have been shown to accumulate during
the late-phase skin reaction to allergen in atopic individuals
[12–14]. Results from in vitro studies of the cytokine produc-
tion of blood-derived, antigen-specific CD4� T cell clones and
lines have suggested that Th2-like cells are preferentially
induced following the stimulation by allergen of lymphocytes
from atopic donors [15, 16].

Despite the considerable progress toward defining the char-
acteristics of the inflammatory process in allergic asthma, the
mechanisms underlying the persistence of inflammation in the
airways of asthmatic patients are still poorly understood.
Apoptosis plays a critical role in the resolution of inflammation
[17, 18]. Stimulation of activated T cells through the T cell
receptor/CD3 complex triggers the apoptosis of these cells [19].
The interaction between Fas and Fas ligand (FasL) is the main
pathway of activation-induced apoptosis of mature T cells
[19–22]. Activated T cells have recently been reported to be
resistant to Fas-mediated apoptosis in asthmatics, suggesting
that a defect in apoptosis may be involved in the pathogenesis
of asthma [23].

IFN-� plays an important role in regulating the proliferation
and apoptosis of T lymphocytes [24, 25]. Lymphocytes from
mice with disrupted genes for IFN-� or IFN-� receptor-binding
chain (IFN-�R1) display hyperproliferation in response to mi-
togen and alloantigen [26, 27]. IFN-� up-regulates the expres-
sion of Fas protein on the T cell surface [28]. Furthermore, we
have previously shown that activated Th2 clones that do not
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normally express detectable levels of FasL on their surface do
so in the presence of IFN-� [29].

In this context, we speculated that the defect in IFN-�
production that characterizes a Th2 response was responsible
for a decrease in the apoptosis of allergen-specific T cells and
thus, for their persistence in allergic airway inflammation.

To test this hypothesis, we evaluated the effects of exoge-
nous IFN-� and a neutralizing antibody directed against IFN-�
on the proliferative response and apoptosis of peripheral blood
mononuclear cells (PBMCs) from atopic, asthmatic patients
and control subjects stimulated with specific allergen. As Fas/
FasL receptors are critical for apoptosis and are modulated by
IFN-�, we also assessed the level of these two receptors on
CD4� T cells stimulated with allergen in the presence and
absence of exogenous IFN-� and an anti-IFN-� antibody.

MATERIALS AND METHODS

Reagents

Ficoll-Hypaque was obtained from Pharmacia (Uppsala, Sweden). RPMI 1640
was purchased from BioWhittaker (Walkersville, MD). Fetal calf serum (FCS),
L-glutamine, penicillin, streptomycin, gentamycin, and trypan blue were ob-
tained from Life Technologies (Grand Island, NY). EDTA, Tween 20, phos-
phate-buffered saline (PBS), bovine serum albumin (BSA), sodium azide
(NaN3), propidium iodide (PI), and paraformaldehyde were supplied by Sigma
Chemical Co. (St. Louis, MO). Mouse immunoglobulin G (IgG)1- and IgG2a-
negative control, biotin-conjugated, rabbit anti-mouse IgG, and streptavidin-
phycoerythrin (PE) were obtained from Dako (Denmark). Fluorescein isothio-
cyanate (FITC)-conjugated mouse IgG1-negative control, FITC-conjugated
mouse anti-human Fas, and biotin-conjugated mouse anti-human FasL were
obtained from PharMingen (San Diego, CA). FITC-conjugated mouse anti-
human CD4 and PE-conjugated mouse anti-human CD4 were purchased from
Becton Dickinson (Mountain View, CA). Mouse anti-human Fas IgM CH11
monoclonal antibody (mAb) was supplied by Upstate Biotechnology (Lake
Placid, NY) and mouse anti-human Fas IgG ZB4 mAb, by MBL (Nagoya,
Japan).

Patients

Nine atopic asthmatics sensitive to Dermatophagoides pteronyssinus (Der.p.;
four men and two women), 19–33 years of age, were studied. The patients were
selected on the basis of a positive skin-prick test to Der.p. allergen extract
(Bayer, Milan, Italy) and an increase in allergen-specific IgE; baseline forced
expiratory volume in 1 s (FEV1) �80% of predicted; increased bronchial
responsiveness to inhaled methacholine [i.e., provocative dose required to
decrease the FEV1 by 20% of its baseline value (PD20 methacholine) below
800 �g]; stable, clinical conditions (i.e., no acute asthma attack or respiratory
tract infection in the last 2 months); no treatment other than rescue �2
adrenergic drugs, which were discontinued at least 24 h before the study; and
no previous specific immunotherapy. Six nonatopic, healthy volunteers were
studied as controls. All subjects were nonsmokers. The study conformed to the
Declaration of Helsinki, and informed consent was obtained from all subjects.

Cell separation and cultures

Peripheral venous blood was obtained from each subject. PBMCs were isolated
from heparinized venous blood using a standard Ficoll-Hypaque density gra-
dient technique. The mononuclear cell-rich fraction was collected from the
plasma/Ficoll interface and washed twice with RPMI 1640. Cells were then
cultured in RPMI 1640 and were supplemented with penicillin (100 U/ml),
streptomycin (100 �g/ml), L-glutamine (2 mM), and 10% heat-inactivated FCS
(complete medium).

Allergen-specific proliferation assay

Triplicate cultures of 1 � 105 PBMCs were set up in 96-well tissue-culture
plates in complete medium in the presence or absence of purified Der.p. (final

concentration, 10 �g/ml) or Der.p. plus recombinant (r)IFN-� (final concen-
tration, 1000 U/ml) or anti-IFN-� �123 mAb [29] (final concentration, 50
�g/ml). PBMCs stimulated with an irrelevant allergen were included in all
experiments as a control. After 7 days of culture, 1 �Ci [3H]-thymidine
(Amersham, Milan, Italy) was added. Six hours later, cells were harvested, and
radioactivity was measured with a Matrix-96 �-counter (Canberra-Packard,
Milan, Italy). Results are expressed as mean � counts per minute (cpm) � SEM

of triplicate cultures, calculated by subtracting the cpm of unstimulated cells
from that of allergen-stimulated cells.

In parallel experiments, the [3H]-thymidine uptake of allergen-stimulated
PBMCs was evaluated in the presence of blocking anti-Fas IgG ZB4 mAb (final
concentration, 1 �g/ml); agonistic anti-Fas IgM CH11 mAb (final concentra-
tion, 50 �g/ml); and anti-Fas IgG mAb or anti-Fas IgM mAb plus IFN-� (final
concentration, 1000 U/ml).

Cytokine production assay
IL-4 and IFN-� production by allergen-stimulated PBMCs was analyzed using
an Immunospot assay kit (Bioline Diagnostici, Turin, Italy), according to the
manufacturer’s instructions. The number of spots/106 cells was determined
with enzyme-linked immunospot (ELISPOT) Reader (AID, Strassberg, Ger-
many). As a control stimulus, Mycobacterium tuberculosis purified protein
derivative (PPD; 1 �g/ml, Chiron, Siena, Italy) was used. All patients showed
delayed-type, cutaneous hypersensitivity to PPD.

Flow cytometry
Der.p.-stimulated PBMCs (1�106/ml) were cultured in 24-well tissue-culture
plates for 7 days in the presence or absence of rIFN-� (final concentration,
1000 U/ml) or neutralizing anti-IFN-� �123 mAb (final concentration, 50
�g/ml). Nonadherent cells were recovered at various time-points, and the
levels of Fas and FasL present on their surfaces were analyzed. Briefly, for Fas,
1 � 105 cells were incubated with a FITC-conjugated, anti-Fas mAb in 0.2%
BSA and 0.01% sodium azide in PBS for 30 min at 4°C. FasL was detected by
incubation with a biotin-conjugated anti-FasL mAb, followed by streptavidin-
PE. Cells were washed twice and incubated for 30 min at 4°C with PE- or
FITC-conjugated anti-CD4 mAb. Labeled cells were analyzed using a
FACScan flow cytometer (Becton Dickinson, Milan, Italy). Negative controls
consisted of isotype-matched, control mAb. Each analysis represented the
results from 10,000 events.

IFN-�R1 was detected with the mouse mAb �R99, an IgG1 that specifically
interacts with the extracellular domain of the human IFN-�R1 and inhibits the
binding of IFN-� [30]. IFN-�R2 was detected with the mouse mAb C.11, an
IgG2a that specifically interacts with the extracellular domain of the human
IFN-�R2 [29, 31]. Primary antibody binding was detected by incubation with
biotin-conjugated rabbit anti-mouse Ig mAb and streptavidin-PE.

DNA staining was performed as described previously [32]. Briefly, 1 � 106

cells were suspended in 0.875 ml cold PBS and 0.125 ml cold 2% parafor-
maldehyde solution and were incubated for 1 h on ice. The fixed cells were
washed and gently resuspended in 1 ml 0.2% Tween 20 in PBS at room
temperature. The mixture was incubated for 20 min at 37°C. PBS, supple-
mented with 2% FCS and 0.1% NaN3 (1 ml), was added, and the suspension
was centrifuged for 5 min at 1300 rpm. The supernatant was decanted, and
DNA was stained by incubating the cells in 1 ml PBS–azide containing 10
�g/ml PI (Boeringer Mannheim, Mannheim, Germany) and 11.25 Kunitz U
RNase for at least 30 min in the dark. DNA content was then determined by
flow cytometry.

Statistical analysis
Wilcoxon’s matched-pairs test was used to compare cell proliferation, apopto-
sis, and Fas/FasL expression in the various culture conditions. Data are
expressed as means � SEM.

RESULTS

Effect of IFN-� on allergen-induced proliferation
of T lymphocytes

PBMCs from nonatopic, control subjects showed a weak pro-
liferation in response to allergen, which was not affected by the
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addition of rIFN� (P	0.058); cell proliferation, in contrast,
was significantly increased in the presence of a neutralizing
anti-IFN-� mAb (P
0.05; Fig. 1).

PBMCs from Der.p.-sensitive, asthmatic patients prolifer-
ated in response to specific allergen stimulation, and responses
ranged from 1120 to 28,313 � cpm (Fig. 1). No proliferation
was observed in the presence of an unrelated allergen extract
(data not shown). The addition of rIFN-� (1000 U/ml) at the
beginning of culture strongly inhibited proliferation in cells
from all patients (P
0.05 vs. proliferation in the presence of
allergen alone, Fig. 1). The simultaneous addition of rIFN-�
and neutralizing anti-IFN-� mAb completely abolished the
inhibition of proliferation of allergen-stimulated PBMCs in-
duced by IFN-� (data not shown). Addition of a neutralizing
anti-IFN-� mAb (final concentration, 50 �g/ml) to Der.p.-
stimulated PBMCs had no significant effect on allergen-in-
duced proliferation, suggesting that endogenous IFN-� did not
affect the proliferative response to a specific allergen (Fig. 1).

To investigate whether exogenous IFN-� affected the re-
sponse to Der.p. by inhibiting IL-4 production in allergen-
responsive T cells, we added exogenous IL-4 (final concentra-
tion, 10 ng/ml) alone or in combination with IFN-� to allergen-
stimulated PBMCs. IL-4 did not reverse the inhibition caused
by IFN-� or induce significant changes in allergen-induced
proliferation (Table 1). However, we observed that allergen

stimulation induced a preferential expansion of IL-4-producing
T cells, as assessed by ELISPOT assay. In allergen-stimulated
PBMCs, the ratio between IL-4/IFN-�-producing cells was
consistently more than 10 times that of PBMCs stimulated with
PPD (data not shown).

Effect of IFN-� on Fas/FasL expression by
allergen-activated T lymphocytes

We evaluated Fas/FasL expression on resting CD4� T cells
and at various times after allergen-stimulation, in the pres-
ence and absence of IFN-� or an anti-IFN-� mAb. Fas was
detected on freshly prepared CD4� T cells from asthmatic
patients (percentage of positive cells, 23.1�4.9%), whereas
FasL was barely detectable (percentage of positive cells,
0.3�0.2%). Allergen stimulation induced a slight increase
in Fas expression (percentage of positive cells on the fifth
day of culture, 29.1�8%), whereas FasL levels remained
very low (percentage of positive cells on the fourth day of
culture, 4.9�3%). Fas was up-regulated by IFN-� after 3
days of culture, and this up-regulation was maximal at 5
days. FasL levels increased slightly after 3 days of culture,
became maximal at 4 days, and decreased thereafter (Fig.
2A). On the basis of the time-course study, the effects of
exogenous IFN-� and an anti-IFN-� mAb were therefore
studied using cells from all patients on the fifth day of
culture for Fas expression and on the fourth day for FasL.
The addition of IFN-� induced a significant increase in Fas
expression on the surface of allergen-stimulated CD4� T
cells in all cases; the percentage of positive cells
(mean�SEM) was 29.1 � 8% in the absence of IFN-� and
51.2 � 7.9% in the presence of IFN-� (P
0.05). In con-
trast, the addition of an anti-IFN-� mAb alone to allergen-
stimulated cells did not significantly affect Fas expression
(29.1�8% vs. 30�7.9% in the absence and presence of the
mAb, respectively; Figs. 2B and 3). The percentage of cells
expressing FasL was significantly higher in the presence of
IFN-� (21�6.7%) than in cells stimulated with the allergen
alone (4.9�3%, P
0.05), whereas no change was induced
by the addition of an anti-IFN-� antibody. IFN-� induced a
slight increase in Fas and FasL levels in unstimulated cells,
whereas an anti-IFN-� mAb had no effect (Figs. 2B and 4).
The increase in expression of Fas and FasL on Der.p.-
stimulated T cells was completely abolished if IFN-� and an
anti-IFN-� antibody were added simultaneously to the cul-
tures (data not shown).

In cells from control subjects, allergen stimulation did not
induce significant changes in Fas expression (percentage of
positive cells, 29.8�3.5 vs. 27.3�1.8 in unstimulated cells).
The addition of rIFN-� to allergen-stimulated cells induced a
slight increase of Fas expression (percentage of positive cells,
37.1�6 vs. 29.8�3.5 in cells stimulated with allergen alone),
whereas no significant changes were observed in the presence
of an anti-IFN-� mAb (percentage of positive cells, 28.8�5.2).
Similar results were observed as far as FasL is concerned (data
not shown).

As IFN-�-dependent Fas/FasL induction has also been
reported on CD8� T cells, which might contribute to the
induction of apoptosis of CD4� T cells, we also evaluated

Fig. 1. Effect of IFN-� and an anti-IFN-� mAb on allergen-induced prolif-
eration of T lymphocytes from nonatopic, control subjects (C, n	6) and atopic,
asthmatic patients (P, n	9). PBMCs were cultured in the presence of 10 �g/ml
purified Der.p. or Der.p. plus 1000 U/ml IFN-� or 50 �g/ml anti-IFN-� mAb.
After 7 days, proliferation was assessed by 3H-thymidine (3HTdR) incorpora-
tion. Data are mean � SEM � cpm for triplicate cultures.
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the expression of these receptors on CD8� T cells from
asthmatic patients at various times (3– 6 days) after aller-
gen-stimulation in the presence and absence of IFN-� or an
anti-IFN-� mAb. IFN-� induced a very slight increase of
Fas expression on CD8� T cells throughout the culture
period (Fig. 3); FasL was barely detectable on allergen-
stimulated CD8� T cells in the absence or presence of
IFN-� (Fig. 4), excluding that the enhanced expression of
this receptor on CD8� T cells may be responsible for the
induction of CD4� T cell apoptosis.

Effect of IFN-� on apoptosis of allergen-activated
T lymphocytes

After 7 days of culture in the absence or presence of IFN-� or
an anti-IFN-� mAb, the percentage of apoptotic cells was
higher in the presence of the cytokine (mean�SEM:
42.8�5.9%) than in cells stimulated with allergen alone
(mean�SEM: 12.7�6.8%, P
0.05). Consistent with its lack of
effect on Fas/FasL expression, the addition of an anti-IFN-�

mAb to the cultures did not significantly affect the percentage
of apoptotic cells (mean�SEM: 16.5�5%; Fig. 5).

To confirm that IFN-� inhibited allergen-induced prolifera-
tion via Fas-dependent apoptosis, we also evaluated the effect
of Fas blockade in the presence and absence of exogenous
IFN-�. The addition of an anti-Fas IgG mAb prevented the
inhibition of proliferation by IFN-�, indicating that this effect
was indeed mediated by IFN-�-induced up-regulation of Fas
(Fig. 6). In contrast, the anti-Fas IgG mAb had no significant
effect on the proliferation of allergen-activated cells if added
alone to the cultures.

It has recently been reported that mitogen-stimulated pe-
ripheral blood T cells from asthmatic patients express Fas at
the cell surface but do not undergo apoptosis after Fas receptor
ligation [23]. To determine whether this defect could also occur
after allergen-specific stimulation, we tested the effect of an
agonistic anti-Fas IgM mAb (a specific antibody to the Fas
receptor that induces apoptosis of Fas� target cells) on cell
proliferation. Consistent with previous findings in mitogen-

Fig. 2. (A) Kinetics of Fas (left panel) and FasL
(right panel) expression on allergen-stimulated
CD4� T cells from atopic, asthmatic patients in the
presence or absence of IFN-�. PBMCs were cul-
tured in the presence of 10 �g/ml Der.p. or Der.p.
plus 1000 U/ml IFN-� for 6 days. At various time-
points, nonadherent cells were recovered and
washed twice, and the expression of Fas and FasL
on the surface of CD4� T lymphocytes was ana-
lyzed by flow cytometry. The results of one of three
independent experiments are shown and are ex-
pressed as a percentage of positive cells. (B) Ex-
pression of Fas (left panel) and FasL (right panel)
on allergen-stimulated CD4� T cells from atopic,
asthmatic patients (n	9). PBMCs were cultured in
the presence of 10 �g/ml Der.p. or Der.p. plus 1000
U/ml IFN-� or 50 �g/ml anti-IFN-� mAb. Nonad-
herent cells were recovered and used to assess Fas
and FasL levels after 5 and 4 days of culture,
respectively. Fas and FasL levels on the surface of
CD4� T lymphocytes were analyzed by flow cytom-
etry. Data are means � SEM.

TABLE 1. Effect of IL-4 and IFN-� on Allergen-Induced Proliferation of T Lymphocytes from Atopic, Asthmatic Patients

Culture
conditionsa

3H-Thymidine incorporationb

Patient n.c 1 Patient n. 3 Patient n. 4 Patient n. 7 Patient n. 8 Patient n. 9

Der.p. 26,287 � 225 29,947 � 420 1120 � 16 6710 � 312 10,128 � 298 25,596 � 130
Der.p./IFN-� 7046 � 158 7217 � 180 0 980 � 27 3980 � 155 13,991 � 220
Der.p./IFN-�/IL-4 8194 � 185 8126 � 230 0 1663 � 316 3787 � 412 16,772 � 190
Der.p./IL-4 24,980 � 210 33,142 � 510 970 � 9 4062 � 419 8712 � 480 23,482 � 190

a PBMCs from atopic, asthmatic patients were cultured in the presence of Der.p. alone (10 �g/ml), Der.p. plus IFN-� (1000 U/ml) or IL-4 (10 ng/ml), or both.
After 7 days, proliferation was assessed by 3H-thymidine incorporation. b Data are mean � SEM � cpm for triplicate cultures and represent results from different
experiments from those shown in Figure 1, for patients n. 1 and n. 3. c Patient number.
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stimulated cells, the anti-Fas IgM mAb had no effect on the
proliferation of allergen-stimulated PBMCs (Fig. 7).

Expression of IFN-�R on allergen-activated T
lymphocytes

In a previous study, we observed a linear relationship between
susceptibility to IFN-�-induced apoptosis and increased ex-
pression of the IFN-�R-transducing chain (IFN-�R2) [31]. We
therefore evaluated IFN-�R expression on CD4� T cells from
asthmatic patients, at various times after allergen stimulation.
IFN-�R-binding chain (IFN-�R1) was expressed on allergen-
activated T cells. In contrast, IFN-�R2 expression was barely
detectable during the first 3 days of culture (percentage of
positive cells from 0.5% to 3.8%). Between 4 and 6 days of

culture, IFN-�R2 levels on the surface of activated T cells
increased markedly (percentage of positive cells, 40.7�6.5;
Fig. 8). IFN-�R2 was barely detectable on unstimulated T
cells throughout the culture period (data not shown). These
results are consistent with our previous observation that the
level of expression of this receptor is correlated with the
susceptibility of activated T cells to IFN-�-induced apoptosis.

DISCUSSION

In this study, we found that exogenous IFN-� strongly inhibited
the proliferative response to specific allergen in PBMCs from
atopic, asthmatic patients by up-regulation of Fas and FasL on

Fig. 3. Kinetics of Fas expression (at time 0 and after 3 and 5 days of culture) on allergen-stimulated CD4� and CD8� T cells from an atopic, asthmatic patient
in the absence or presence of IFN-�. Results of one representative experiment are shown.
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the surface of activated CD4� T cells and associated apoptosis
of these cells. We also found that the neutralization of IFN-�
had no effect on the proliferation and apoptosis of allergen-
stimulated cells or on Fas/FasL levels, suggesting that endog-
enous IFN-� does not modulate allergen-activated cell death in
these patients.

Evidence has accumulated that IFN-� regulates the apopto-
sis of human T lymphocytes by modulating Fas and FasL
expression on the surface of activated T cells. Oyaizu and
co-workers [28] have shown that the cross-linking of CD4
molecules results in Fas up-regulation and lymphocyte apo-
ptosis, both of which are inhibited by neutralizing anti-IFN-�
antibodies. In addition, lymphocytes from mice with disrupted

genes for IFN-� or IFN-�R1 have been reported to display
hyperproliferation in response to mitogen or alloantigen, con-
sistent with the involvement of this cytokine in regulation of the
death of activated T lymphocytes [26, 27].

T lymphocytes play a crucial role in the inflammatory/
immune response in asthma [4, 5]. Allergen-driven T cell
recruitment and activation are well-recognized features of
bronchial inflammation in asthma [4, 5, 33–35], and lympho-
cytes with the cytokine profile of Th2 cells have been shown to
accumulate in the airways of atopic, asthmatic patients [12,
13]. However, the mechanisms underlying the persistence of
activated T cells are unclear. The number of lymphocytes in
the lung depends on the balance among their entry, exit,

Fig. 4. Kinetics of FasL expression (at time 0 and after 4 and 6 days of culture) on allergen-stimulated CD4� and CD8� T cells from an atopic, asthmatic patient
in the absence or presence of IFN-�. Results of one representative experiment are shown.
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proliferation, and cell death [35]. A delay or reduction in
apoptosis may therefore contribute to the chronic persistence of
these cells in the inflamed airways. Chronically stimulated T
cells are eliminated by activation-induced cell death, which is
controlled mainly by Fas/FasL interactions. This process limits
the expansion of populations of lymphocytes chronically ex-
posed to the antigen, preventing the accumulation of antigen-
reactive T cells [19, 20].

Whereas Fas has been reported to be present on Th2 and
Th1 subsets, only Th1 cells seems to express FasL upon
activation [36, 37]. This difference in FasL expression affects
susceptibility to activation-induced apoptosis, as Th1 clones
are highly sensitive to activation-induced apoptosis, whereas
Th2 clones are resistant [20]. The results of this study are
consistent with those of a previous study in which we showed
that Th2 cells express FasL in the presence of IFN-� [29]. In
this study, the addition of IFN-� to allergen-stimulated T cells
caused a significant increase in the level of Fas on the surface
of activated CD4� T cells, consistent with previous data
showing that IFN-� up-regulates Fas mRNA [38]. Our data
show that IFN-�-dependent induction of Fas and FasL is
restriced to CD4� T cells, as we did not observe a similar
effect on CD8� T cells. However, as IFN-� has been reported
to induce FasL on macrophages [39, 40], we cannot rule out the
possibilty that these cells contribute to induce the apoptosis of
Fas-expressing T cells. To the best of our knowledge, this is the
first study showing that blocking Fas inhibits the antiprolifera-
tive effect of IFN-�; our finding that a Fas-blocking mAb
abolished the inhibitory effect of IFN-� on allergen-induced

proliferation indicates that this effect is indeed related to the
capability of this cytokine in inducing cell apoptosis through
Fas/FasL up-regulation. This is further endorsed by our obser-
vation that cell-surface expression of IFN-�R2, conferring
susceptibility to IFN-� induced apoptosis [29, 31], was up-
regulated along with Fas and FasL on allergen-activated T

Fig. 6. Effect of blocking anti-Fas IgG mAb on the proliferation of allergen-
stimulated T cells from atopic, asthmatic patients (n	5). T cells were stimu-
lated with 10 �g/ml Der.p. in the absence or presence of IFN-� (1000 U/ml)
and an anti-Fas IgG mAb (final concentration, 1 �g/ml) or isotype-matched,
control mAb. After 7 days, proliferation was assessed by 3H-thymidine incor-
poration. Results are expressed as a percentage of control proliferation (pro-
liferation in the presence of allergen alone).

Fig. 7. Effect of agonistic anti-Fas IgM mAb on the proliferation of allergen-
stimulated T cells from atopic, asthmatic patients (n	5). T cells were stimu-
lated with 10 �g/ml Der.p. in the absence or presence of IFN-� (1000 U/ml),
an anti-Fas IgM mAb (final concentration, 50 �g/ml), or both. After 7 days,
proliferation was assessed by 3H-thymidine incorporation. Results are ex-
pressed as a percentage of control proliferation (proliferation in the presence
of allergen alone).

Fig. 5. Effect of IFN -� and an anti-IFN-� mAb on the apoptosis of allergen-
stimulated T cells from atopic, asthmatic patients (n	9). PBMCs were cultured
as indicated in Figure 1. After 7 days of culture, nonadherent cells were
recovered, and the percentage of apoptotic cells was determined by PI staining.
Data are means � SEM.
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cells. Thus, the results of this study suggest that activation-
induced apoptosis of T lymphocytes may be reduced in the
airways of allergic, asthmatic patients, as a result of the IFN-�
defect typical of the allergic, immune response. Consistent with
this hypothesis, recent studies have shown that there are very
few activated apoptotic T lymphocytes in the bronchial mucosa
of asthmatic subjects [41] and that mitogen-stimulated periph-
eral blood T cells of asthmatic subjects express Fas on their
surface but do not undergo apoptosis after its ligation [23]. In
line with this latter observation, in this study, we found that a
Fas-agonistic mAb did not inhibit allergen-induced T cell
proliferation. Together, these results suggest that the resistance
of activated T cells from asthmatic patients to Fas-induced
apoptosis reflects impaired transduction of the Fas signal and
that IFN-� restores the Fas/FasL apoptotic pathway, up-regu-
lating Fas and FasL on the T cell surface.

The hypothesis that the defective down-regulation of the
allergen-specific, immune response in atopic, asthmatic pa-
tients is a result of a low level of IFN-� production is further
supported by the observation that the neutralization of endog-
enous IFN-� did not significantly affect the proliferative re-
sponse, apoptosis, or Fas/FasL expression of allergen-activated
Th2 cells. This is consistent with our previous results in T cell
clones showing that anti-IFN-� mAb did not affect the low
percentage of apoptosis displayed by Th2 clones [29]. This
hypothesis is also endorsed by a recent study in a mouse model
of asthma [42], showing that the administration of IL-12 re-

duced ovalbumin-induced, pulmonary eosinophilia and CD4�
T cell infiltration and resulted in increased IFN-� production
and enhanced apoptosis of CD4� T cells in allergic airway
infiltrates.

IL-4 inhibits the apoptosis of cytokine-deprived, activated T
cells in vitro by up-regulating Bcl-2 and Bcl-xL [43]. There-
fore, the effects of IL-4 and IFN-� on T cell apoptosis appear
to be dependent on different mechanisms. In the present study,
IL-4 did not abolish the inhibitory effect of IFN-� on the
proliferation of allergen-stimulated PBMCs. However, we can-
not exclude the possibility that the decrease in IFN-� levels
and the release of IL-4 by allergen-responsive T cells are
involved in defective apoptosis.

In conclusion, this study shows that exogenous IFN-� in-
hibits the allergen-induced proliferation of PBMCs from atopic,
asthmatic patients by inducing Fas/FasL and the apoptosis of
activated CD4� T cells. The IFN-� defect associated with the
allergic, immune response may thus reduce the apoptosis of
allergen-activated lymphocytes in the airways of allergic, asth-
matic patients and contribute to the persistence of airway
inflammation in asthma.
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