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1 The e�ect of the immunosuppressive agent, FK-506, on allergen-induced airways eosinophilia and
bronchial hyperreactivity (BHR) in hyper IgE mice (BP2 selection) was investigated.

2 Administration of FK-506 at 2 mg kg71 s.c., 1 h before and 5 h after the ®rst of four ovalbumin
challenges, reduced the recruitment of eosinophils into the bronchoalveolar lavage ¯uid (BALF) from
1.36+0.226105 to 0.53+0.246105 cells ml71 (n=5±6, P50.05; 60% inhibition), inhibited by 80%
BHR in response to i.v. 5-HT and practically suppressed BHR in response to inhaled methacholine.

3 The antigen-induced interleukin (IL)-5 formation in the BALF and serum was inhibited by FK-506
by 75% in both instances.

4 FK-506 failed to modify the bronchoconstriction in BP2 mice, suggesting that di�erent mechanisms
are involved in acute bronchoconstriction and BHR.

5 The increased number of CD4+, CD8+, CD3+ T lymphocytes in the BALF of antigen-challenged
mice was una�ected by FK-506.

6 These ®ndings indicate that antigen-induced in vivo IL-5 release and eosinophil, but not T-cell,
in®ltration into the bronchial lumen of sensitized BP2 mice are targets for the anti-allergic activities of
FK-506.
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Introduction

Asthma is characterized, amongst other features, by the in-
®ltration of in¯ammatory cells into the airways and by bron-
chial hyperreactivity (BHR) (Boushey et al., 1980; Djukanovic
et al., 1990; Arm & Lee, 1992). Evidence has accumulated that
T lymphocytes play a central role in the pathogenesis of
asthma by releasing a variety of interleukins (IL) which reg-
ulate and coordinate the immune and in¯ammatory responses
(Azziwa et al., 1990; Walker et al, 1991; Busse et al., 1995). The
observation that increased numbers of activated T cells are
found during acute severe asthma (Corrigan et al., 1988; Ro-
binson et al., 1993) and that this phenomenon correlates with
the severity of the disease (Corrigan & Kay, 1990) further in-
criminates T cells in its aetiology. Similar observations have
been made in animal models for allergen-induced airways in-
¯ammation and BHR (Frew et al., 1990; Lapa e Silva et al.,
1993; Anderson & Coyle, 1994). The T cell-derived cytokines,
IL-3, IL-5, and granulocyte-macrophage colony-stimulating
factor (GM-CSF) are responsible for eosinophil tissue locali-
zation, prolongation of survival and activation (Silberstein &
David, 1987; Owen et al., 1987; Lopez et al., 1988; Rothenberg
et al., 1988). In particular, IL-5 is selective for eosinophil dif-
ferentiation, priming and activation (Lopez et al., 1988). These
observations suggest that, via the production of IL-5, T lym-
phocytes are deeply associated with the induction and the
persistence of airway in¯ammatory responses.

We recently developed a murine model of antigen-induced
airways eosinophilia and BHR using a selection of Biozzi mice,
named BP2 (Biozzi et al., 1979), which produce high titers of
IgE after immunization. We further demonstrated that the
administration of an anti-IL-5 antibody prevents altogether
antigen-induced airways eosinophilia and BHR (Eum et al.,
1995). Since dexamethasone also reduces BHR and the in vivo

production of IL-5 (Eum et al., 1996), we suggested that this
cytokine plays an important role in the induction of BHR in
mice.

In our previous study, we identi®ed an increased number of
CD4+ and CD8+ T lymphocytes in the bronchial wall of
antigen-challenged mice (Eum et al., 1995), supporting a po-
tentially important role for these cells in the development of
airway in¯ammation.

FK-506, an immunosuppressive agent, inhibits T cell acti-
vation (Schreiber & Crabtree, 1992; Siekierka & Sigal, 1992;
Widerrecht et al., 1993) and reduces the eosinophil in®ltration
into the airways (Lapa e Silva et al., 1995) and BHR in guinea-
pigs (Akutsu et al., 1991) and in mice (Nagai et al, 1995).
Accordingly, in this study, we investigated the e�ect of FK-506
on antigen-induced eosinophil and T cell accumulation in the
BALF and on BHR in sensitized BP2 mice.

Methods

Mice

Male BP2 mice obtained from the Centre d'Elevage R. Janvier
(BP5, 53940, Le Genest Saint-Isle, France) were maintained on
standard laboratory chow and water ad libitum in the animal
facilities of the Institut Pasteur. Mice ranging from 8 ± 11
weeks (30 ± 35 g) were used in the experiments.

Procedures for immunization and antigen provocation

Mice were immunized with 0.4 ml of a solution of 250 mg ml71

ovalbumin mixed with 4 mg ml71 A1(OH)3, s.c., twice at a 7
day interval (100 mg per mouse). One week after the second
injection, the immunized mice were challenged intranasally
twice a day for two days (at 09 h 00 min and at 17 h 00 min)
under light ether anaesthesia with 10 mg ovalbumin in 50 ml of1Author for correspondence.
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0.9% NaCl (saline) for about 10 s. Control mice were chal-
lenged with the same volume of saline. BHR was evaluated
24 h after the last antigen provocation.

BALF and serum preparations

BALF was recovered at the end of the evaluation of lung
function, by injecting 8 volumes of 0.5 ml saline at room
temperature. The total cell numbers were counted auto-
matically (Coulter Counter ZM, Coultronics, Margency,
France). The cell suspensions were cytocentrifuged (Hettich
Universal, Tuttingen, Germany) and stained according to a
May Grunwald Giemsa-derived method (Di� Quik, Baxter
Dade AG, Duedingen, Switzerland). Di�erential cell counts
were performed under a light microscope and the % of each
cell population was obtained after counting at least 200 cells.
Results are expressed as absolute numbers of total cells and of
eosinophils ml71 BALF.

In order to study the e�ect of FK-506 on the production
of IL-5, the serum and BALF were recovered at 3 h after the
last of the four antigen provocations. For serum collection,
the abdominal cavity was opened and venous blood was
collected from the post vena cava. Blood samples were al-
lowed to clot at room temperature for 30 min and serum was
collected after the centrifugation (500 g for 10 min) and
stored at 720 8C until use. For the collection of BALF, the
trachea was cannulated and a total volume of 1.5 ml of saline
was instilled, as follows: a ®rst sample of 0.5 ml was in-
troduced and recovered and a second sample of 1 ml was
introduced and recovered with a forward and backward
movement for 3 cycles. This allowed a concentrated cell
suspension to be obtained which was placed in plastic tubes
on ice and centrifuged for 10 min, at 1850 g, 48C (Jouan,
Saint-Herblain, France). The supernatants were recovered
and stored at 7208C until use.

Determination of IL-5 levels by enzyme immunometric
assay

Immunometric assays developed by Dr C. CreÂ minon (CEA,
Gif sur Yvette, France) were performed in 96-well microtiters
plates (MaxiSorps, Nuck, Roskilde, Denmark), coated with
10 mg ml71 of the rat monoclonal antibody for murine IL-5
(TRFK-4), as described previously (Pradelles et al., 1985). The
one-step procedure used for immunometric assays involved the
simultaneous addition of 100 ml of the IL-5 standards (7.8 ±
1,000 pg ml71) or experimental samples, and 100 ml of the
second rat anti-IL-5 antibody, TRFK-5 conjugated to acet-
ylcholinesterase (AChE) at a concentration of 10 Ellman units
ml71 (Grassi et al., 1989). After incubation for 18 h at 48C, the
plates were washed extensively and solid-phase bound AChE
activity was determined colorimetrically by the addition of
200 ml of Ellman's medium (Ellman et al., 1961). Absorbance
was read at 405 nm with an automatic microplate reader
(Dinatech MR 5000; Dinatech Laboratories, Saint Cloud,
France). The lower limit of detection of this assay is of ap-
proximately 5 pg IL-5 ml71 sample.

TRFK-5 and TRFK-4 antibodies were puri®ed from ascitic
¯uids of nude mice pre-injected i.v. with the appropriate hy-
bridomas on a protein G column (HiTrap a�nity columns,
Pharmacia Biotechnology, Uppsala, Sweden) after precipita-
tion by ammonium sulphate. The characteristics of these an-
tibodies have been described in detail elsewhere (Schumacher
et al., 1988).

Evaluation of lung function

Bronchoconstriction was measured by two methods. In the
®rst, mice were anaesthetized with ethyl carbamate (15 mg
10 g71, i.p.), the trachea was cannulated and prepared for re-
cording of dynamic compliance and airways resistance, by
adapting the equipment of the computerized pulmonary ana-
lyser (Mumed PR800 system, UK) to mice airways at a tidal

volume of 0.2 ml 10 g71 and a frequency of 100 breaths min71.
Mice were paralyzed with 10 mg of pancuronium bromide i.v.,
and airway resistance and dynamic lung compliance were
calculated from the di�erential pressure between the airways
and pleural cavity and the air¯ow. The e�ects of antigenic
challenge on the airways responsiveness were evaluated using
5-hydroxytryptamine (5-HT) injected into the cannulated ju-
gular vein at 10, 20, 40, 80, 160, 320 mg kg71 in a volume of
100 ml 10 s71 at 5 min intervals. Results are expressed as PD90

or PD270 (the amount of 5-HT needed to augment the bron-
chial resistance by 90% or 270% compared to the basal re-
sistance, respectively). In the experiment on anaphylactic
bronchoconstriction, ovalbumin at 50 mg kg71 was injected
i.v. to immunized mice and the results are presented as %
increase of the bronchial resistance against the basal values.

In a second procedure, unrestrained conscious mice were
placed in a whole body plethysmographic chamber (Buxco
Electronics, Inc., Sharon, CT, USA), which analysed the re-
spiratory waveforms. After stabilization for a few minutes, an
aerosol of methacholine (361072

M in the aerosolator) was
delivered during 20 s. The airways resistance was expressed as
Penh =[Te (expiratory time)/40% of Tr (relaxation time)
71]6Pef (peak expiratory ¯ow)/Pif (peak inspiratory
¯ow)60.67. To calculate the DPenh (di�erence between the
basal and maximal value), the average of 5 maximal values was
used.

Treatment with FK-506

The solution for injection was prepared by dissolving FK-506
in a mixture of ethanol, Tween 80 and saline (1:0.2:8.8; v/v/v),
according to the instructions of the manufacturer. Mice were
injected with this solution at a dose of 2 mg kg71, s.c., 1 h
before and 5 h after the ®rst of four antigen challenges. Con-
trol mice received the same volume of vehicle.

Immuno¯uorescence analysis

The immunophenotyping of murine BAL cells from saline- or
ovalbumin-challenged untreated or FK-506-treated mice was
analysed by ¯ow cytometry. Brie¯y, BAL cells collected 24 h
after the last antigen challenge, were washed twice in PBS
containing 3% FCS and 0.1% of sodium azide. Cells (26105)
were subsequently stained as described (Zuany-Amorim et al.,
1994). The monoclonal antibodies used were rat IgG anti-CD4
FITC, rat IgG anti-CD8a FITC, hamster IgG anti-CD3e
phycoerytrin (PE), or the corresponding isotype matched
controls. Stained cells were resuspended in PBS containing 3%
FCS and 0.1% of sodium azide. Cell samples were analysed on
a FACScan ¯ow cytometer (Becton-Dickinson Im-
munocytometry, CA, U.S.A.). For each sample, 10,000 events
were collected at 100 s and three-colour listmode data analysis
was performed with Lysis II software (Becton-Dickinson).
BAL cells were further analysed on the basis of light scatter
properties in which the relative size (forward light scatter) and
granularity (side angle scatter) of individual cell population
was de®ned. Results are expressed as numbers of each T
lymphocyte population ml71 BALF.

Materials

Ovalbumin (56 crystallized) was from Immunobiological
(Costa Mesa, U.S.A.). Aluminium hydroxide was from Merck
(Darmstadt, Germany). 5-Hydroxytryptamine (5-HT), anti-
CD4 FITC (clone H129.19), anti-CD8a FITC (clone 53-6.7),
and ethyl carbamate were from Sigma (St. Louis, MO,
U.S.A.). Methacholine (acetyl-b-methylcholine chloride) was
from Aldrich-Chemie (Steinheim, Germany). Pancuronium
bromide (Pavulon) was from Organon Teknika (France). FK-
506 (17-allyl-1,14-dihydroxy-12-(2-(4-hydroxy-3-methoxy-cy-
clohexyl) 1-methylvinyl)-23,25-dimethoxy-13,19,21,27-tetra-
methyl-11,28-dioxa-4-azatricyclo (22,3,10) 4,9) octacos-18-ene-
2,3,10,16-tetraone) was obtained from Fujisawa Pharmaceu-
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ticals, Osaka, Japan. Tween-80 was from Fluka Chemika
(Buchs, Switzerland). Anti-CD3e phycoerytrin (clone 145-
2C11) was from Pharmingen (San Diego, CA, U.S.A.), rat
IgG-FITC and rat IgG-phycoerytrin were from Southern
Biotechnology Associates (Birmingham, AL, U.S.A.). Bu�er
for ¯ow cytometry was phosphate bu�er (0.01 M, pH 7.5,
Merck) containing NaCl (0.15 M, Carlo Erba Reagenti, Mi-
lano, Italy) and supplemented with 3% FCS and 0.1% of so-
dium azide (Merck).

Bu�er for IL-5 determination by immunometric assay
consisted of : 100 mM phosphate bu�er pH 7.4, containing
150 mM NaCl, 0.1% bovine serum albumin and 0.01% sodium
azide. Acetylcholinesterase (AChE) was puri®ed from the
electric eel Electrophorus electricus by a�nity chromatography
(Massoulie & Bon, 1976). The characteristics of the prepara-
tion of the tetrameric form of this enzyme (G4 form) which
was used for antibodies labelling, have been described else-
where (Grassi et al., 1988).

Statistical analysis

The results of each measurement are reported as mean+-
standard error of the mean. The signi®cance of di�erences
between experimental and control group was examined by
Student's unpaired t test and P values of less than 0.05 were
considered signi®cant.

Results

E�ect of FK-506 on the eosinophil recruitment in the
BALF

Total BALF cell and eosinophil numbers of ovalbumin-chal-
lenged mice were signi®cantly increased, as compared to ve-
hicle-treated saline-challenged mice (Figure 1). FK-506
administration failed to reduce total BALF cell numbers, but
signi®cantly reduced the eosinophil counts (from
1.36+0.226105 to 0.53+0.246105 cells ml71, n=5± 6,
P50.05; Figure 1). There were no signi®cant changes in the
numbers of other leukocyte numbers in the BALF between
FK-506-treated and control vehicle-treated mice (data not
shown).

E�ect of FK-506 on bronchial responsiveness

Bronchoconstriction in response to i.v. 5-HT in vehicle-treated
and ovalbumin-challenged mice was signi®cantly augmented
as compared to vehicle-treated and saline-challenged mice
(from 52.0+4.0 to 28.8+1.8 mg kg71 for PD270, n=5± 6,
P50.01, Figure 2). The administration of FK-506 augmented
signi®cantly the PD270 (from 28.8+1.8 up to
47.9+4.1 mg kg71, n=5±6, P50.01). Similar results were
obtained when the bronchial responsiveness was expressed as
PD90 (Figure 2).

A signi®cant increase in the intensity of bronchial re-
sistance in response to aerolized methacholine was observed
in vehicle-treated and ovalbumin-challenged mice, as com-
pared to vehicle-treated and saline-challenged non-anaes-
thetized mice (from 2.7+0.4 to 4.1+0.2 for DPenh, n=5± 6,
P50.01, Figure 3). The augmented responses to methacho-
line returned to the basal levels of saline-challenged mice in
FK-506-treated animals (2.9+0.2 for DPenh, n=5± 6,
P50.001, Figure 3).

In order to study the e�ect of FK-506 on antigen-induced
acute bronchoconstriction, immunized BP2 mice were treated
with FK-506 twice a day for two days. Intravenous challenge
with ovalbumin augmented markedly the bronchial resistance
of immunized and vehicle-treated mice, and this was una�ected
by FK-506 (Figure 4).

E�ects of FK-506 on the production of IL-5 in the serum
and in the BALF

The IL-5 levels were markedly increased 3 ± 6 h after the last
of the four antigen challenges (data not shown) in the BALF
and serum. According, IL-5 release was evaluated 3 h after
the last challenge. In vehicle-treated ovalbumin-challenged
mice, the IL-5 levels in the BALF and in the serum were
signi®cantly augmented as compared to vehicle-treated saline-
challenged mice. The production of IL-5 was signi®cantly
reduced in the BALF and in the serum of mice treated with
FK-506 (Figure 5).
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Figure 1 E�ects of FK-506 (2mgkg71, administered s.c. 1 h before
and 5 h after the ®rst of four antigen challenges) on the total BALF
cell (open columns) and eosinophil numbers (hatched columns) after
antigen challenges. The BALF was recovered 24 h after the last
antigen provocation. Each value represents mean+s.e.mean of 5 ± 6
mice and signi®cant di�erences are indicated: *P50.05, as compared
to vehicle-treated ovalbumin-challenged animals.
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Figure 2 E�ect of FK-506 (2mgkg71, administered s.c. 1 h before
and 5 h after the ®rst of four antigen challenges) on bronchial
responsiveness of anaesthetized BP2 mice in response to i.v. 5-HT,
24 h after the last antigen challenge; vehicle-treated saline-challenged
(solid columns), vehicle-treated ovalbumin-challenged (hatched
columns) and FK-506-treated ovalbumin-challenged (horizontally
lined columns) mice. The bronchial resistance is expressed as PD90

and PD270 (see Methods). Each value represents mean+s.e.mean of
5 ± 6 mice and signi®cant di�erences are indicated: *P50.05.

Immunosuppression of bronchial hyperreactivity in mice132 S.-Y. Eum et al



E�ects of FK-506 on antigen-induced changes in the
T-cell subsets in the BALF

Ovalbumin stimulation was followed by a marked rise in
the numbers of CD4+/CD3+ and CD8+/CD3+ T-cells 24 h
after the fourth antigen provocation. No signi®cant inhibi-
tion in these numbers was observed after two treatments
with FK-506, i.e., 2 mg kg71, 1 h before and 5 h after the
®rst of four antigen challenges (Figure 6). Similar results
were obtained, when FK-506 were administered four times,
i.e., 1 h before each antigen challenge (data not shown).

Discussion

Eosinophils, the most prominent cell type in®ltrating the air-
ways of asthmatic subjects, are likely to play a role in the
epithelial damage via the release of toxic granule proteins and
the production of in¯ammatory mediators (Boushey et al.,
1980; Gleich, 1990). There is increasing evidence that the re-
cruitment of eosinophils to the airways of asthmatics follows
the activation of T lymphocytes (Walker et al., 1992), and
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Figure 3 E�ect of FK-506 on bronchial responsiveness to inhaled
methacholine of non-anaesthetized BP2 mice after the last of the four
antigen challenges. The bronchial resistance is expressed as D Penh
(see Methods). Each value represents mean+s.e.mean of 5 ± 6 mice
and signi®cant di�erences are indicated: *P50.01, **P50.001.
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Figure 4 Failure of FK-506 to inhibit the antigen-induced
bronchoconstriction in immunized BP2 mice. FK-506 was adminis-
tered s.c. at 2mgkg71, twice a day for two days, to the immunized
mice and ovalbumin (50mgkg71) was injected i.v., 24 h after the last
treatment. Control immunized mice were injected with the same
volume of saline. Each value represents mean+s.e.mean of 5 ± 7 mice
and signi®cant di�erences are indicated: *P50.01, as compared to
saline-injected animals.
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Figure 5 E�ect of FK-506 on the IL-5 levels in the BALF and in the
serum after four antigen provocations. The BALF and the sera were
recovered 3 h after the last antigen challenge; vehicle-treated saline-
challenged (solid columns), vehicle-treated ovalbumin-challenged
(hatched columns) and FK-506-treated ovalbumin-challenged (hor-
izontally lined columns) mice. Each value represents mean+s.e.mean
of 6 ± 7 mice and signi®cant di�erences are indicated: *P50.05, as
compared to vehicle-treated ovalbumin-challenged (hatched columns)
animals.
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Figure 6 E�ect of FK-506 on T lymphocyte in®ltration in the
BALF of immunized BP2 mice used 24 h after the last antigen
challenge; vehicle-treated saline-challenged (solid columns), vehicle-
treated ovalbumin-challenged (hatched columns) and FK-506-treated
ovalbumin-challenged (horizontally lined columns) mice. BAL cells
were recovered and double stained with either anti-CD3e mAb, or
with rat anti-murine CD4 or rat anti-murine CD8. Lymphocytes were
identi®ed as relative small, nongranular cells by their forward- and
side-scatter characteristics. Results represent the mean+s.e.mean of
3 ± 6 experiments and are expressed as number of cells ml71 of
BALF: *P50.05.
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indeed the presence of activated T cells has been demonstrated
in blood, bronchial biopsies, and BALF of patients (Arm &
Lee, 1992). These activated T cells are characterized by the
expression of surface markers, including the IL-2 receptor
(CD25), the human leukocyte antigen (HLA-DR), and the
very late antigen (VLA-1) (Corrigan et al., 1988; Walker et al.,
1991; Robinson et al., 1993). Lymphocyte-borne cytokines,
which participate in the mobilization, accumulation and acti-
vation of eosinophils, include GM-CSF, IL-3 and IL-5 (Sil-
berstein et al., 1987). The detection of mRNA encoding for IL-
5 in bronchial biopsies from asthmatics strongly supports the
concept that IL-5 released from the Th2 subset of T lympho-
cytes regulates eosinophil recruitment and function in asthma
(Hamid et al., 1991). In the present study, we detected in-
creased IL-5 production in the serum and in the BALF of
antigen-challenged mice. Production of IL-5 may account for
eosinophil recruitment into the airways and lung parenchyma
following repeated antigen challenges, as supported by the
e�ectiveness of a speci®c anti-IL-5 antibody (Eum et al., 1995).
Di�erent reports demonstrated a correlation between the re-
cruitment of CD4+ T-lymphocytes and eosinophils into the
airways. Indeed, CD4+ T-lymphocytes depletion inhibits an-
tigen-induced eosinophil in®ltration (Iwamoto et al., 1992;
Nakajima et al., 1992; Hom & Estridge, 1994; Gavett et al.,
1994) and reduces BHR (Gavett et al., 1994) in mice.

The immunosuppressive agent, FK-506, inhibits the in vitro
production of T cell-derived cytokines such as IL-2, IL-3, and
g-interferon (INF-g) (Kino et al., 1987; Sawada et al., 1987;
Yoshimura et al., 1989). Furthermore, Mori et al. (1995) de-
monstrated that IL-5 production by blood mononuclear cells
of asthmatic patients was suppressed in vitro by FK-506. The
administration of this drug also inhibits the in vitro production
of the mast cell-derived cytokines, IL-3, IL-4, and GM-CSF
(Hat®eld & Roehm, 1992). Furthermore, FK-506 prevented
antigen-induced airway eosinophilia (Lapa e Silva et al., 1995)
and BHR in guinea-pigs, but failed to reduce acute broncho-
constriction (Akutsu et al., 1995). Together, these ®ndings
indicate that FK-506 interferes with cytokine production
triggered by allergic stimulation and with its consequences on
airways in¯ammation and lung function. Nagai et al. (1995)
demonstrated that FK-506 inhibited antigen-induced airway
eosinophilia and BHR in BALB/c mice treated orally with
1 mg kg71 for ten days before and during antigen challenges.
In our present study, BP2 mice were treated with 2 mg kg71 of
FK-506 twice, i.e., before and during antigen challenge. Under
these conditions, a 60% reduction of eosinophil numbers was
noted, BHR being completely blocked, whether the broncho-
constrictor agent was administered i.v. or by aerosol. These
results show that partial eosinophil recruitment to the airways
can persist, BHR being suppressed. This partial recruitment
may be due to insu�cient suppression of IL-5 production or to
other mediators, such as eotaxin, a recently described C-C
chemokine (JoseÂ et al., 1994), which may well operate in
conjunction with IL-5. Eotaxin is expressed in allergic mice,
and seems not to be produced exclusively by Th2 lymphocytes

(Gonzalo et al., 1996). Its role in production/recruitment/ac-
tivation of eosinophils had not as yet been de®ned. On the
other hand, FK-506 inhibits immunoglobulin (Ig) E/FceRI-
triggered histamine release by human peripheral blood baso-
phils (De Paulis et al., 1991) and 5-HT release by a rat baso-
philic leukaemic cell line (Hultsch et al., 1991). Nevertheless, in
the present study, FK-506 failed to block the anaphylactic
bronchoconstriction, in agreement with the results obtained in
guinea-pigs (Akutsu et al., 1995). These results indicate that
the e�ect of FK-506 may di�er in vitro and in vivo, and suggest
that its e�ectiveness against BHR results rather from an in-
terference with the late eosinophils in®ltration than with acute
hypersensitivity reaction.

In agreement with the concept that IL-5 is central to eosi-
nophil recruitment, FK-506 also reduced the production of IL-
5 in the BALF and in the serum following antigenic provo-
cation. T lymphocytes and mast cells are the major sources of
IL-5, but since mast cell depletion fails to suppress eosinophil
recruitment (Nogami et al., 1990; Okudairia et al., 1991), T
lymphocytes seem to be more important for the development
of airways eosinophilia via the production of lymphokines, in
particular IL-5.

It has been demonstrated that FK-506 selectively and ra-
pidly inhibits the expression of early T cell activation genes
encoding for IL-2, IL-3, IL-4, GM-CSF, tumour-necrosis
factor-a and INF-g, but does not a�ect the expression of IL-1a
or IL-1b (Tocci et al., 1989). Cytokine levels are elevated in
lung tissues at 6 h and T cell numbers are elevated in the
BALF 24 h after the antigenic challenge in mice (Garlisi et al.,
1995). In the present study, we observed that lymphocyte
numbers accumulating in the BALF after antigenic challenge
were not reduced by KF-506 administration. This con®rms the
study of Yoshimura et al. (1989), who demonstrated that FK-
506 does not inhibit the proliferation of cloned T cells driven
by IL-2. Therefore, it seems likely that FK-506 a�ects the early
stage of T cell activation rather than their proliferative stage.
Nagai et al. (1995) failed to investigate the e�ect of FK-506 on
in®ltrated lymphocytes into the airways, even though they
reported a reduction of IL-5. Together, these ®ndings suggest
that FK-506 down-regulates allergic airway eosinophilia by
inhibiting T cell cytokine production.

In conclusion, the immunosuppressive agent, FK-506, in-
hibited the antigen-induced airways eosinophilia and sup-
pressed BHR in response to i.v. 5-HT and aerosolized
methacholine. FK-506 also reduced IL-5 production in the
BALF and in the serum, but failed to modify lymphocyte
numbers in the BALF. T lymphocytes residing in the lung are
probably activated early upon antigen challenges and produce
proin¯ammatory cytokines which may regulate the airways
in¯ammatory reactions, resulting in BHR.

We thank Dr C. CreÂ minon for developing the ELISA kits for IL-5
determination, Dr P. Minoprio for providing the hybridomas
TRFK-5 and TRFK-4 and Dr K. Murato for providing FK-506.
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