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Evidence that cyclosporin A and dexamethasone inhibit allergic
airway eosinophilic inflammation via suppression of interleukin-5

synthesis by T cells
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1 We have recently demonstrated that airway eosinophilic inflammation can be transferred to unprimed
mice by infusing interleukin (IL)-5-producing T cell clones. Using that murine model, we performed this
study to delineate the mechanism of cyclosporin A and dexamethasone to inhibit allergic airway
eosinophilic inflammation.

2 The ovalbumin-reactive murine T cell clones, FJ17, produced IL-2, IL-4 and IL-5 upon stimulation
with relevant antigen. In FJ17-transferred mice, messenger RNA (mRNA) of IL-2 and IL-5 expressed in
the lungs, the number of eosinophils in bronchoalveolar lavage fluid (BALF) was increased and the
bronchial responsiveness to acetylcholine was enhanced after antigen provocation.

3 Cyclosporin A (10, 100 ng ml~") and dexamethasone (10, 100 ng ml~' suppressed the production of
IL-5 as well as IL-2 and IL-4 by FJ17 in vitro.

4 Subcutaneously administered cyclosporin A (30 mg kg~') and dexamethasone (10 mg kg~") inhibited
antigen-induced mRNA expression of IL-2 and IL-5, increase of BALF eosinophils and bronchial
hyperresponsiveness of FJ17-transferred mice in vivo. The number of BALF eosinophils was correlated
with the bronchial responsiveness to acetylcholine (r=0.672).

5 The results clearly indicated that the suppression of I1L-5 synthesis by T cells is involved in the effects

of cyclosporin A and dexamethasone to inhibit allergic airway eosinophilic inflammation.
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Introduction

Persistent inflammation of the bronchial mucosa has been
recently recognized as the prominent pathological feature of
bronchial asthma (Frigas & Gleich, 1986; Frick et al., 1989;
Bousquet ez al., 1990; Corrigan & Kay, 1992). Eosinophils play
a central role in the mucosal inflammation, although
involvement of various inflammatory cells and mediators has
so far been implicated in the recruitment and activation of
eosinophils.

Accumulating evidence suggests that activated T cells and T
cell cytokines, including particularly interleukin (IL)-5, are
crucially involved in the local infiltration and activation of
eosinophils (Hamid et al., 1991; Okudaira et al., 1991;
Corrigan & Kay, 1992; Kay, 1992). IL-5 promotes the terminal
differentiation of committed eosinophil precursors (Sanderson
et al., 1988) and prolongs the survival of eosinophils
(Yamaguchi et al., 1988). CD4" T cells isolated from
bronchoalveolar lavage fluid (BALF) of allergic asthmatics
express elevated levels of messenger RNA (mRNA) for IL-5
(Robinson ez al., 1993a). IL-5 production by CD4™" T cells is
enhanced in atopic and non-atopic asthmatics compared with
normal control subjects (Mori et al., 1995). IL-5 concentra-
tions in BALF and serum of asthmatic patients are increased
(Walker et al., 1992; Corrigan et al., 1993). Administration of
anti-IL-5 neutralizing antibody totally abrogates the induction

3 Author for correspondence at: Discovery Research Laboratory,
Tanabe Seiyaku Co. Ltd., 2-2-50 Kawagishi, Toda, Saitama 335-
8505, Japan.

of late phase airway eosinophilic inflammation in antigen-
sensitized mice (Okudaira et al., 1991; Nakajima et al., 1992;
Hamelmann et al., 1997a).

We have recently demonstrated that the transfer of IL-5-
producing T cells is sufficient for the development of airway
eosinophilic inflammation upon antigen inhalation, despite the
absence of humoral immunity such as IgG, IgA and IgE
antibodies (Kaminuma et al., 1997). Prolonged bronchial
hyperresponsiveness (BHR) was induced upon antigen
challenge as well. The eosinophil infiltration was dependent
on IL-5 produced by the infused T cell clones, as the responses
were completely suppressed by the administration of anti-IL-5
neutralizing antibody (Kaminuma et al., 1997). Moreover, the
intensity of the eosinophil accumulation in vivo correlated well
with the capacity of the T cell clones to produce IL-5 in vitro.

Involvement of several other cell types including mast cells
(Bradding et al., 1994) and bronchial epithelial cells (Cox et al.,
1991; Look et al., 1992), however, has been implicated in the
eosinophilic inflammation of asthmatic patients. IgE-depen-
dent activation of mast cells might be related to the later
infiltration of eosinophils (Bradding et al., 1994; Coyle et al.,
1996). It has also been reported that the IgE-mast cell pathway
directly affects bronchial responsiveness (Lack et al., 1995;
Oshiba et al., 1996). Allergic eosinophilic inflammation,
therefore, may be a complex response involving multiple cell
types and mediators.

Corticosteroids have long been the most potent therapeu-
tic agents for asthma. Steroid treatment reduces IL-5 mRNA
expression, the number of activated CD4" T cells and
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eosinophils in the bronchial mucosa (Bentrey er al., 1996),
and more importantly improves BHR (Gauvreau et al.,
1996). The clinical efficacy of an immunosuppressant,
cyclosporin A, for the treatment of chronic asthma has
recently been reported (Fukuda er al., 1995; Lock et al.,
1996). The effects of cyclosporin A and corticosteroids on
eosinophilic inflammation have been demonstrated using
various asthma models (Nagai et al., 1995; De Bie et al.,
1996; Eum et al., 1996). These in vivo effects can be ascribed
to their multiple actions on various cell types determined in
vitro. Cyclosporin A and corticosteroids inhibit proliferation
and cytokine production of T cells (Gillis et al., 1979;
Schmidt et al., 1994; Mori et al., 1995). Corticosteroids
induce apoptosis of eosinophils (Druilhe er al., 1996) and
downregulate the expression of adhesion molecules on
vascular endothelial cells (Burke-Gaffney & Hellewell,
1996). In addition, both agents inhibit degranulation of mast
cells (Daeron er al., 1982; Marone et al., 1992). So it has
remained unsolved which actions of cyclosporin A and
corticosteroids are crucial for the suppression of eosinophilic
inflammation in vivo, as all of these in vitro effects may be
related to the in vivo suppression of eosinophilic inflamma-
tion.

We have previously demonstrated that both cyclosporin
A and corticosteroids suppress IL-5 production by CD4" T
cells of asthmatic patients (Mori et al., 1995). So these
agents may inhibit airway eosinophilic inflammation through
the suppression of IL-5 production by CD4™ T cells. To test
the hypothesis, we examined the effects of the two agents on
the murine model we have developed.

Methods

Animals

Specific pathogen-free male BALB/c mice, 10 to 14 weeks
of age, were obtained from Japan SLC (Hamamatsu,
Japan). These animals were housed in an environmentally
controlled room (temperature, 23 +2°C; humidity, 554 5%;
illumination time, from 07 00 h to 19 00 h) with food and
water available ad [libitum for 1 week prior to the
experiment.

Establishment of T cell clones

Ovalbumin-reactive T cell clones (FJ17) were established from
lymph node cells of immunized BALB/c mice according to the
procedures previously described by Kaminuma et al. (1997).
Briefly, inguinal lymph nodes were removed from mice 7 days
after immunization with ovalbumin plus complete Freund’s
adjuvant. Lymph node cells (2 x 10° ml~") were cultured for 6
to 8 days in the presence of mitomycin-C-treated syngeneic
spleen cells (6x10°ml~") and ovalbumin (100 ug ml~").
Cloning by limiting dilution was performed with the remaining
viable cells in the presence of spleen cells, ovalbumin and IL-2
(10 U ml~"). After 2 to 3 weeks, the wells where cells survived
and proliferated were transferred to macrowells along with
spleen cells, antigen and IL-2. Cloned cells were also
maintained by biweekly antigenic stimulation using the same
culture conditions.

Stimulation of T cell clones

For stimulation experiments, T cell clones were harvested 10—
14 days after the last antigenic stimulation, and purified by

centrifugation over a Ficoll-Paque gradient (Davidson &
Parish, 1975). To determine the profiles of cytokine produc-
tion, cells (5x 10° ml~') were suspended in AIM-V medium
and cultured in 96-well culture plates with mitomycin-created
spleen cells (5x10°ml™') with or without ovalbumin
(100 ug ml~") for 24 h. The resulting supernatants were
assayed for IL-2, IL-4 and IL-5 by enzyme-linked immuno-
sorbent assay (ELISA). To examine the effects of cyclosporin
A and dexamethasone, each agent was added at the start of the
cultures.

Quantitation of cytokines in culture supernatants

Purified rat anti-mouse IL-2, IL-4 and IL-5 monoclonal
antibodies were used as the capture antibodies, and
biotinylated rat anti-mouse IL-2, IL-4 and IL-5 monoclonal
antibodies as the detecting antibodies for the ELISAs. The
conditions of each reaction were exactly the same as specified
in the recommended protocols of the manufacturer. The
minimum detectable concentrations for IL-2, IL-4 and IL-5
were 10, 10 and 20 pg ml~!, respectively.

Cell transfer and challenge procedure

FJ17 (5% 10% in 0.5 ml Hank’s balanced salt solution were
injected into the tail vein of normal recipient mice. Twenty-
four hours after the cell transfer, mice were individually placed
in 50 ml plastic tubes and made to inhale aerosolized
ovalbumin (100 mg ml~"') dissolved in 0.9% saline delivered
by a DeVilbiss 646 nebulizer (DeVilbiss Corp., Somerset, PA,
U.S.A.) driven by compressed air at 18 1 min~' for 20 min. As
a control, 0.9% saline alone was administered by nebulizer. In
some animals, cyclosporin A (3 or 30 mg kg~') or dexametha-
sone (1 or 10 mg kg~') was subcutaneously administered four
times at 30 min before and 24 h, 48 h and 96 h after the
challenge.

Messenger RNA expression

Cytokine mRNA expression in the lungs of FJI17-
transferred mice was detected by reverse transcription-
polymerase chain reaction (RT—-PCR). Mice were anesthe-
tized with sodium pentobarbital (5 mg, i.p.). An incision
was made in the abdominal aorta to remove the whole
blood. The remaining blood in the lung tissue was drained
by injecting 5 ml saline via the right ventricle before the
lung was removed.

RNA was extracted from lung homogenates essentially
following the one-step acid guanidium isothiocyanate-phenol-
chloroform extraction method of Chomczynski & Sacchi
(1987) using Isogene (Nippongene, Tokyo, Japan) as reported
previously (Mori et al, 1995). RT-PCR assay was
performed using GeneAmp® RNA PCR kit (Perkin Elmer
Japan, Chiba, Japan) as reported previously. cDNA was
synthesized from the extracted RNA using random primers
and murine Moloney leukemia virus reverse transcriptase,
and was then amplified by GeneAmp® DNA polymerase
using murine IL-2, IL-4, IL-5 and f-actin primers. To 50 ul
(final volume) amplification solution (50 mm KCI, 10 mMm
Tris-HCI, pH 8.3, 0.75 mm MgCl,, 0.4 mMm of each
deoxynucleotide triphosphate), 2 ul cDNA (corresponding to
about 100 ng starting RNA material), 0.4 uM of each primer,
and 2.5 U AmpliTag DNA polymerase were added. The
mixture was heated at 95°C for 1 min, followed by 35 cycles,
each consisting of incubation for 30 s at 95°C, 30 s at 62°C
and 90 s at 72°C. The number of cycles was titrated prior to
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the experiment, at which time PCR products were amplified
exponentially. The PCR products were analysed by 2%
agarose gel electrophoresis in the presence of ethidium
bromide. Expected sizes of PCR amplification products were
413, 357, 424 and 540 bp for IL-2, IL-4, IL-5 and p-actin,
respectively.

Measurement of BHR and bronchoalveolar lavage

BHR was assessed as bronchoconstriction after infusion of
acetylcholine by determining change in respiratory overflow
volume, essentially following the method described by
Konzett & Rossler, (1940); Kaminuma et al. (1997). Briefly,
mice were anesthetized with sodium pentobarbital
(50 mg kg~!, i.p.), and their trachea and femoral vein were
cannulated. The tracheal cannula was connected to a rodent
ventilator (model 680—683; Harvard, South Natick, MA,
U.S.A.) and then mice were mechanically ventilated at 60
strokes min~! with a stroke volume of 1ml after
neuromuscular blockade with 1 mgkg™' pancuronium
bromide. The changes in respiratory overflow volume were
measured by a differential pressure transducer (TP-602;
Nihon Kohden, Tokyo, Japan) connected to a T-tube on
the tracheal cannula. The increase in respiratory overflow
volume provoked by acetylcholine (30—3000 ug kg ~') is
represented as a percentage of the maximal overflow volume
(100%) obtained by totally occluding the tracheal cannula.

After the measurement of BHR, bronchoalveolar lavage
was performed in the same animals. The trachea was re-
cannulated with a polyethylene tube through which the
lungs were gently lavaged with 0.5 ml Hank’s balanced salt
solution four times (2 ml total). On average, 1.9 ml BALF
was recovered and then centrifuged at 1500 r.p.m. for 5 min.
The pellet obtained was immediately suspended in 250 pl
Hank’s balanced salt solution and total cell numbers in
BALF were counted by automatic cell counter (Celltack
MEK-5158; Nihon Kohden, Japan). Differential cell counts
were made by microscopic examination of centrifuged
preparations stained with May-Giemsa, counting 200 cells
in each animal.

Reagents

Ovalbumin, dexamethasone and mitomycin-C were purchased
from Sigma (St. Louis, MO, U.S.A.); cyclosporin A was from
Sandoz Japan (Tokyo, Japan). Purified and biotinylated rat
anti-mouse IL-2, IL-4 and IL-5 monoclonal antibodies and
recombinant murine IL-2, IL-4 and IL-5 were purchased from
Pharmingen (San Diego, CA, U.S.A.). Murine IL-2, IL-4, IL-5
and f-actin primer were from CLONTECH Laboratories, Inc.
(Palo Alto, CA, U.S.A.). Other reagents were as follows:
complete Freund’s adjuvant (Difco Laboratories, Detroit, M1,
U.S.A.), Ficoll-Paque (Pharmacia, Uppsala, Sweden), AIM-V
medium (Gibco BRL, Gaithersburg, MD, U.S.A.), pentobar-
bital sodium (Tokyo Kasei, Tokyo, Japan), acetylcholine
chloride (Nacalai Tesque, Kyoto, Japan), pancuronium
bromide (Sankyo, Tokyo, Japan), tween 80 (Katayama
Chemistry, Osaka, Japan).

Statistical analysis

Results were expressed as mean +s.e.mean. Statistical analysis
was performed using Student’s ¢-test for comparison between
two groups and one-way analysis of variance with Bonferroni’s
method for three groups or more. Values of P<0.05 were
considered to be statistically significant.

Results

Effects of cyclosporin A and dexamethasone on
antigen-induced IL-2, IL-4 and IL-5 production by
murine T cell clones in vitro

The first experiment was carried out to confirm the effects of
cyclosporin A and dexamethasone on the cytokine production
of T cell clones in vitro. As shown in Table 1, the T cell clone,
FJ17, produced IL-2, IL-4 and IL-5 upon antigen stimulation.
Both cyclosporin A and dexamethasone inhibited IL-2, 1L-4
and IL-5 production in a dose-dependent manner. We have
confirmed that the number of FJ17 did not significantly change
after 24 h culture in the presence of antigen (data not shown),
suggesting that the reduced levels of cytokines was not merely
a consequence of inhibition of FJ17 proliferation.

Effects of cyclosporin A and dexamethasone on
antigen-induced IL-2, IL-4 and IL-5 mRNA expression
by murine T cell clones in lung specimens

We next determined the effects of cyclosporin A and
dexamethasone on cytokine synthesis by T cells in vivo. Lungs
were removed from FJ17-transferred mice 9 h after antigen
provocation. Then cytokine mRNA expression in the lungs
were analysed by RT-PCR. Preliminary experiments in-
dicated that IL-2 and IL-5 mRNA became detectable at 3 h
and peaked at 9 h after antigen inhalation (data not shown).
As shown in Figure 1, significant mRNA expression for IL-2
and IL-5 was detected upon antigen challenge. Cyclosporin A
(30 mg kg~=") and dexamethasone (10 mg kg=") clearly sup-
pressed IL-2 and IL-5 mRNA expression. IL-4 mRNA was
detectable neither before nor after antigen challenge.

1 2 3 4

1 Saline challenge

2 Ovalbumin challenge

3 Ovalbumin challenge + cyclosporin A 30 mg kg

4 Qvalbumin challenge + dexamethasone 10 mg kg1

Figure 1 Effects of cyclosporin A and dexamethasone on antigen-
induced cytokine mRNA expression in the lungs of T cell clone-
transferred mice. FI17 (5x 10% was transferred to normal mice by
intravenous injection. After 24 h, these animals were challenged with
inhaled ovalbumin (100 mg ml~") for 20 min. Lung tissue was
obtained 9 h after antigen provocation. RNA was extracted, reverse
transcribed and amplified by PCR wusing specific primers. The
expected size of PCR amplification products was 413, 357, 424 and
540 bp for IL-2, IL-4, IL-5 and p-actin, respectively. Each test
compound was administered 30 min before antigen provocation.
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Table 1 Effects of cyclosporin A and dexamethasone on antigen-induced IL-2, IL-4 and IL-5 production by murine T cell clones

Stimulation Agents Dose (ng ml'™")

Ovalbumin
Cyclosporin A 1
10
100
Dexamethasone 1
10
100

Cytokine production (pg ml™)
1L-4

I1L-2 1L-5
1.0+£0.0* 22+1.4* 368.8+114.1*
625.8496.0 107.9+2.5 2499.0+87.0
166.8 +47.1* 85.2+8.5% 2562.8+187.8
13.2+1.5% 9.4+3.4* 1191.8+175.5*%
6.0+0.3* 1.0+0.0% 484.5+61.4*
273.2+63.9* 102.8+£3.8 2309.5+171.4
72.8 +4.9*% 67.6+4.2* 662.3+79.4*
40.1+1.6* 37.0+2.6* 373.0+53.9*

FJ17 (5 x 10> ml™") was cultured with mitomycin-C-treated spleen cells (5 x 10° mI™!) with or without ovalbumin (100 ug ml™") for 24 h.
Various concentrations of cyclsporin A and dexamethasone were added at the start of the ovalbumin-stimulated cultures. The
production of IL-2, IL-4 and IL-5 with or without cyclosporin A or dexamethasone are shown (n=4). Data are expressed as the
mean +s.e.mean. *P <0.05, compared with ovalbumin-treated FJ17 (Bonferroni’s test).

Table 2 Effects of cyclosporin A and dexamethasone on antigen-induced airway eosinophilia and bronchial hyperresponsiveness of T

cell clone-tranferred mice

Bronchoconstriction to

Dose Eosin(}é)hil number acetylcholine
Challenge Agents (mg kg™ (x 10° BALF™) (300 ug kg™', iv.)

Saline 0.0+0.0* 22.04+5.9*%
Ovlbumin 391.3+88.7 67.449.8
Cyclosporin A 475.6+30.5 64.84+7.2

21.946.0% 26.3+3.3%

Dexamethasone 115.84+18.3* 51.0+11.5

2.1+0.9% 24.1+2.7*

T cell clones (FJ17, 5 x 10°) were transferred to unprimed mice by intravenous injection. After 24 h, these animals were challenged with
inhaled ovalbumin (100 mg ml™") for 20 min. Eosinophil number in BALF and bronchial responsiveness to acetylcholine (300 ug kg™!)
192 h after the antigen challenge are shown (n=4-5). Cyclosporin A and dexamethansone were administered four times at 30 min
before 24, 48 and 96 h after the challenge by subcutenous injection. *P <0.05, compared with antigen-challenged mice (Bonferroni’s

test).
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Figure 2 Antigen-induced bronchial hyperresponsiveness of T cell
clone-transferred mice. FJ17 (5 x 10°) was transferred to normal mice
by intravenous injection. After 24 h, these animals were challenged
with inhaled ovalbumin (100 mg ml~") for 20 min. Bronchial
responsiveness to acetylcholine (30—3000 ug/kg, i.v.) was measured
192 h after antigen challenge. Data are presented as the mean+
s.e.mean. (n=4-5). *P<0.05, compared with saline-challenged mice
(Bonferroni’s test).

Effects of cyclosporin A and dexamethasone on
antigen-induced airway eosinophilia in T cell
clone-transferred mice

As we previously reported, massive eosinophil infiltration was
induced upon antigen inhalation in the T cell clone-transferred
mice (Kaminuma et al., 1997). The effects of cyclosporin A and
dexamethasone on eosinophil infiltration into the airway of
FJ17-transferred mice were next examined. Preliminary
experiments indicated that maximum increase in BALF
eosinophils was obtained at 192 h after the challenge (data
not shown). As shown in Table 2, the eosinophil number in
BALF was significantly reduced by treatment with cyclosporin
A or dexamethasone in a dose-dependent manner.

Effects of cyclosporin A and dexamethasone on
antigen-induced BHR in T cell clone-transferred mice

Significant augmentation of bronchial responsiveness to
acetylcholine was observed upon antigen challenge (Figure
2), in parallel with the increase of BALF eosinophils (Table 2).
Significant BHR was noted following injection of 30—
1000 pug kg~ acetylcholine. There were no significant differ-
ences in baseline of respiratory overflow volume (data not
shown). Cyclosporin A at the dose of 3 mgkg™' was
ineffective, but significantly suppressed BHR at 30 mg kg~'.
Dexamethasone at the dose of 10 mg kg~' also effectively
prevented BHR. Both agents did not affect bronchial
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Figure 3 Relationship between airway eosinophilia and BHR of T
cell clone-transferred mice. The number of BALF eosinophils and the
bronchial responsiveness to acetylcholine (300 ug kg~ ') after antigen
provocation are shown for each animal that was untreated, or treated
with cyclosporin A or dexamethasone. All data are presented in
Table 2 (n=20).

responsiveness to acetylcholine of saline-challenged mice (data
not shown).

Correlation between airway eosinophilia and BHR
induced upon antigen inhalation in T cell
clone-transferred mice

Accumulating evidence suggests that BHR of asthmatic
patients is related to the eosinophilic inflammation of the
bronchial mucosa (Wardlaw et al., 1988; Robinson et al.,
1993a; 1993b). Several investigators, however, reported that
BHR induced after antigen provocation in some animal
models was independent from eosinophilic accumulation
(Martin et al., 1993; Hessel et al., 1995). So, we examined
the possible relationship between the number of eosinophils
recovered in BALF and the airway responsiveness to
acetylcholine of FJ17-transferred mice induced after antigen
provocation. As shown in Figure 3, the number of BALF
eosinophils strongly correlated with the magnitude of BHR
(r=0.672, n=20, P<0.01).

Discussion

Our present study clearly demonstrated that airway eosino-
philic inflammation was induced by the transferred T cell clone
upon antigen inhalation, and was suppressed by the
administration of cyclosporin A or dexamethasone (Table 2).
These agents not only suppressed IL-5 production by the T cell
clones in vitro (Table 1), but also inhibited IL-5 gene
expression induced in the antigen-challenged lung tissues
(Figure 1). The attenuation of eosinophil infiltration into the
lung was accompanied by a reduction in the development of
BHR (Table 2, Figure 3).

We have reported that cyclosporin A, FK506 and
dexamethasone inhibit IL-5 synthesis by human helper T cells
(Mori et al., 1995). Cyclosporin A and FK506 interact with
their cytoplasmic ligands, cyclophilins and FK-binding
proteins (FKBP), respectively. The drug-receptor complexes

then inhibit Ca®"-calmodulin-dependent phosphatase, calci-
neurin, whose activity is essential for the nuclear translocation
of nuclear factor of activated T cells (NF-AT) (Schreiber &
Crabtree, 1992). Dexamethasone interacts with the glucocorti-
coid receptor and further forms a complex with a transcription
factor, AP-1, to interfere with the transactivation mediated by
AP-1 (Weinberger et al., 1985; Vacca et al., 1992). We
confirmed that cyclosporin A and dexamethasone suppressed
IL-2 and IL-4 production as well as IL-5 production by murine
T cells in vitro (Table 1).

The effect of cyclosporin A and dexamethasone on cytokine
synthesis in vivo was next determined. mRNA for IL-5 as well
as IL-2 was clearly detectable in the lung tissue of FJ17-
transferred mice upon antigen challenge. The expression of IL-
5 and IL-2 mRNA in the lung tissue is thought to reflect
activation of the infused T cell clones, as neither IL-5 nor I1L-2
mRNA was detectable in the lung specimens obtained from
ovalbumin-challenged mice without transfer of cloned T cells
(data not shown). Failure in detecting IL-4 mRNA might have
been due to the relatively low sensitivity of our method
compared to the detection of IL-2 and IL-5 mRNA. IL-5
mRNA expressed in the lung tissue of FJ17-transferred mice
was clearly downregulated by treatment with cyclosporin A or
dexamethasone (Figure 1), indicating that these agents
suppressed IL-5 synthesis of the T cell clones in vivo as well.
It has been reported that steroid treatment reduces the amount
of IL-5 production in the bronchial mucosa (Bentrey et al.,
1996) and serum IL-5 concentration of asthmatic patients
(Corrigan et al., 1993). Eosinophil accumulation as well as the
increase in IL-5 concentration of BALF upon antigen
provocation were inhibited by the administration of dex-
amethasone (Nagai ef al., 1995; Eum et al., 1996), although the
source of IL-5 and the target cell types of steroid action were
not identified in these studies. Our present findings are
consistent with those previous studies and further indicate the
in vivo suppression of IL-5 synthesis by dexamethasone at the
level of gene expression. In addition, this is the first report that
demonstrates the suppression of cytokine mRNA expression
by cyclosporin A in vivo.

Administration of cyclosporin A and dexamethasone
clearly inhibited the accumulation of eosinophils in the lungs
and the development of BHR (Table 2). Eosinophil infiltration
into the lungs of T cell clone-transferred mice upon antigen
inhalation was completely suppressed by anti-IL-5 neutralizing
antibody (Kaminuma et al., 1997). It was, therefore, assumed
that the inhibition of eosinophil accumulation by cyclosporin
A and dexamethasone might be due to the suppression of IL-5
production by the infused T cell clones, although there is
another possibility that the effect of cyclosporin A and
dexamethasone on IL-2 and IL-4 production may also be
relevant for the suppression of eosinophil accumulation, as
these agents suppress synthesis of various cytokines other than
IL-5.

It was reported that airway eosinophilia as well as BHR was
suppressed by dexamethasone, employing an asthma model in
which mice were actively immunized with relevant antigens
(Eum et al., 1996). Inhibition of eosinophil infiltration and
BHR in sensitized mice by cyclosporin A and another
immunosuppressant, FK506, was also reported (Nagai et al.,
1995). These effects are supported by the finding that
dexamethasone, cyclosporin A and FK506 attenuated IL-5
production in the airway (Nagai et al., 1995; Eum et al., 1996).
The mice employed in their studies were primed with antigens,
and accordingly generated antigen-specific immunoglobulins
such as IgE, IgG and IgA, besides primed T cells. Cytokines,
chemokines and chemical mediators produced by mast cells
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and airway epithelial cells during the immediate allergic
response may also participate in the development of late phase
eosinophil infiltration (Hunter et al., 1985; Bradding et al.,
1994). Activation of T cells through the IgE-CD23 pathway is
implicated in the development of eosinophilic inflammation
(Coyle et al., 1996). Cyclosporin A and corticosteroids inhibit
mast cell degranulation (Daeron et al., 1982; Marone et al.,
1992). Therefore, the principal mechanism of cyclosporin A
and dexamethasone in inhibiting eosinophilic inflammation
have thus far remained unclear. As the mice employed in our
study were devoid of antigen-specific IgE, IgG and IgA
antibodies, eosinophilic inflammation was solely dependent on
the transferred T cells. Our present findings, therefore, strongly
suggest that the suppression of eosinophilic inflammation in
asthmatic patients by corticosteroids and cyclosporin A is
mediated, at least in part, by the inhibition of IL-5 production
by activated CD4" T cells.

BHR has been known as a hallmark of bronchial asthma
(Arm & Lee, 1992). The magnitude of BHR correlates with the
severity of asthma symptoms, although the mechanism of how
BHR develops is yet to be clarified (Juniper et al., 1981). There
are some studies indicating that the development of BHR is
independent of eosinophilic inflammation (Barnes, 1986;
Goldie et al., 1986; Corry et al., 1996; Hessel et al., 1997). A
very conventional theory, pf-blockade theory, states that
subsensitivity of f-adrenoceptors on airway smooth muscle
results in an autonomic imbalance favoring cholinergic
predominance and airway smooth muscle contraction (Goldie
et al., 1986). Increased sensitivity to agents such as histamine
and acetylcholine of the smooth muscle itself have also been
proposed to account for BHR (Barnes, 1986). Hamelmann and
coworkers reported that IgE was required as a second signal
for the development of BHR in sensitized mice (Hamelmann et
al., 1997b). IgE-mediated mast cell activation induced BHR
without significant eosinophilic inflammation (Martin et al.,
1993; Hessel et al., 1995). It was also reported that T cells
directly affected bronchial responsiveness (Garssen et al.,
1994).

On the contrary, quite a few investigators have indicated
that BHR of asthmatic patients is a consequence of
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