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ABSTRACT:  Bronchial asthma is associated with eosinophilic inflammation and
expression of  T-cell-derived cytokines, which influence eosinophilic function.  FK506,
a newly established immunosuppressive agent, may have potential as a therapeu-
tic instrument for asthma because of its suppressive effect on T-cell activation.

To assess this, we compared the inhibitory effects of FK506 and cyclosporin A
on production of granulocyte/macrophage colony-stimulating factor and interleukin-
5 by interleukin-2- or Dermatophagoides farinae-stimulated mononuclear cells from
patients with asthma, and their contribution to proliferation and survival of eosino-
phils in vitro.

FK506 inhibited granulocyte/macrophage colony-stimulating factor production by
stimulated mononuclear cells from asthma patients at lower concentrations than
cyclosporin A.  Both drugs inhibited eosinophil proliferation and survival activity
from mononuclear cells at comparable concentrations.  Interleukin-5 production by
stimulated mononuclear cells was also inhibited both by FK506 and cyclosporin A.

We conclude that both FK506 and cyclosporin A have potential for therapy of
bronchial asthma.
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Bronchial asthma is characterized by airflow obstruc-
tion and an increase in airway responsiveness.  Recent
studies on the late asthmatic reaction (LAR) in patients
with bronchial asthma have shown that airway hyper-
responsiveness is induced by chronic bronchial inflam-
mation with various inflammatory cells, particularly
eosinophils and lymphocytes [1–3].  Eosinophils play
important roles in bronchial epithelial injury by relea-
sing major basic protein (MBP), eosinophil cationic pro-
tein (ECP), and eosinophil peroxidase (EPO) [4, 5].
T-lymphocytes regulate the proliferation, infiltration,
activation, and survival of eosinophils by their produc-
tion of various cytokines, including granulocyte/macro-
phage colony-stimulating factor (GM-CSF),  and interleukin
(IL)-3, IL-4, and IL-5 [6–9], indicating that regulation
of T-cell-derived cytokine production is an essential stra-
tegy for bronchial asthma therapy.

Corticosteroids are effective agents for treatment of
LAR in bronchial asthma due to their anti-inflamma-
tory effects and inhibition of production of T-cell-derived
cytokines.  However, in cases of steroid-dependent bron-
chial asthma, nonsteroidal agents are required to sup-
press airway inflammation by regulating T-cell-mediated

cytokine production.  Cyclosporin A (CyA) is an immuno-
suppressive agent that mainly affects T-cell activation
through inhibition of cytokine production [10].  There is
encouraging evidence on the use of CyA for treatment
of bronchial asthma [11, 12].  ALEXANDER et al. [13]
reported clinical benefit from CyA for asthma symptoms
and improvement of the peak flow rate in patients with
severe chronic bronchial asthma who were dependent
on corticosteroids.  However, treatment with CyA is as-
sociated with undesirable side-effects, such as nephro-
toxicity, hepatobiliary dysfunction and neurotoxicity.  In
this context, other immunosuppressive agents, which
reportedly have more potent inhibitory effects on T-cell
activation and fewer adverse effects, should be studied
for treatment of bronchial asthma.

FK506, a newly established immunosuppressive agent,
is structurally quite distinct from CyA but has similar
mechanisms of action [14].  In the current study, we
investigated the effects of FK506 on production of GM-
CSF and IL-5 by mononuclear cells (MNCs) from patients
with bronchial asthma and its contribution to eosinophil
colony-stimulating factor (Eo-CSF) activity and enhance-
ment of eosinophil survival in comparison with CyA.



Materials and methods

Subjects

Studies were performed in 10 patients with bronchial
asthma (as defined by American Thoracic Society (ATS)
criteria), whose mean age was 48±7 yrs.  Their scores
in a radioallergosorbent test (RAST) against Dermato-
phagoides farinae (Df ) were ≥2 (≥2 is positive on a 0–4
scale), as measured with a Phadebas RAST kit (Phar-
macia Diagnostics AB, Uppsala, Sweden).  No patient
had received steroid therapy.  Peripheral blood was collec-
ted during periods free from asthma attack.  A  separate
group of 10 bronchial asthmatic patients with peripher-
al blood eosinophils >10% was used for eosinophil sur-
vival analysis.  All patients gave informed consent.

Reagents

The following reagents were used: recombinant hu-
man IL-2 (specific activity, 3.5×104 U·mg-1 as assayed
on IL-2-dependent murine NKC3 cells; Takeda Phar-
maceutical Co., Osaka, Japan); recombinant human GM-
CSF (specific activity, 1.7×107 U·mg-1 protein;  Genzyme
Corp., Boston, MA, USA);  recombinant human IL-5
(Suntory Institute for Biomedical Research,  Osaka, Japan);
Df antigen (crude product, Torii Pharmaceutical Co.,
Tokyo, Japan);  FK506 (Fujisawa Pharmaceutical Co.,
Japan);  and cyclosporin A (Sandoz Pharmaceutical Co.,
Japan).  The recombinant human IL-2 and Df antigens
used in this study did not contain levels of endotoxin
detectable by the Limulus test (sensitivity limit, 0.3
ng·mL-1;  Seikagaku Kogyo Co., Tokyo).  GM-CSF and
IL-5 were used at optimal final concentrations for eosino-
phil proliferation assays, i.e. 100 U·mL-1 of GM-CSF
and 10 ng·mL-1 of IL-5 [15, 16].

Isolation of peripheral blood mononuclear cells

Heparinized peripheral blood samples were obtained
from patients after they had given their informed con-
sent, and were diluted with an equal volume of phos-
phate buffered saline (PBS).  The cells were then centrifuged
at 400×g for 30 min in lymphocyte separation medium
(density at 20°C 1.077–1.080 g·mL-1;  Organon Teknika
Corp., Durham, NC, USA).  The cells at the gradient
interface were collected and washed twice with PBS
with centrifugation at 150×g for 10 min.  These cells
were mainly mononuclear cells (>96%), and their via-
bility was >98%, as judged by the trypan blue dye exclu-
sion test.

Preparation of cell-conditioned media

MNCs were washed twice with RPMI 1640 (Nissui
Pharmaceutical Co., Tokyo, Japan) and resuspended in
RPMI 1640 supplemented with 10% foetal calf serum

(FCS) at a final concentration of 1×106 cells·mL-1 with
or without an optimal concentration of a stimulant
(1 U·mL-1 of IL-2 or 10 µg·mL-1 of Df ), and with or
without FK506 at various concentrations (100 pg·mL-1

to 1 µg·mL-1), or CyA (100 pg·mL-1 to 1 µg·mL-1).  The
mixtures were incubated in triplicate in polypropylene
tubes (Becton Dickinson Labware, Lincoln Park, NJ,
USA) at 37°C under 5% CO2 in air of 95% humidity.
After culture for 5 days, cell-free supernatants were
obtained by centrifugation at 150×g for 10 min and stored
at -70°C until use.

Measurement of GM-CSF and IL-5

We examined whether FK506 and CyA inhibited pro-
duction of GM-CSF and IL-5 by MNCs from patients
with bronchial asthma.  MNCs were incubated for 5 days
with or without an optimal concentration of a stimulant
(1 U·mL-1 of IL-2 or 10 µg·mL-1 of Df ) in the presence
or absence of various concentrations of FK506 and CyA.

GM-CSF was measured with a commercial enzyme
linked immunosorbent assay (ELISA) kit (Factor-test;
Genzyme), which specifically measures native or recom-
binant human GM-CSF, showing no detectable cross-
reaction with human IL-1 (α or β), IL-2, IL-3, IL-4, IL-5,
IL-6, granulocyte colony-stimulating factor (G-CSF),
macrophage colony-stimulating factor (M-CSF),  or inter-
feron-γ (IFN-γ).  In this assay, the minimum detectable
concentration of human GM-CSF is 4 pg·mL-1.   IL-5
was measured with a commercial ELISA kit (Quantikine
Human IL-5 Immunoassay;  R&D Systems, Minneapolis,
MN, USA).  This kit specifically measures native or
recombinant human IL-5, with no detectable cross-reac-
tion with human IL-1 (α or β), IL-2, IL-3, IL-4, IL-6,
IL-7, IL-8, IL-9, IL-10, IL-11, G-CSF, M-CSF, tumour
necrosis factor (TNF), or IFN-γ.  The minimum detec-
table concentration is 7.8 pg·mL-1.

Measurement of Eo-CSF activity

Eo-CSF activity was measured by a liquid-suspension
culture method using human bone marrow cells, which
were prepared as described previously [17].  Briefly,
heparinized bone marrow aspirates were obtained from
different healthy volunteers, that is, from those used as
controls in this study.  The bone marrow cell suspen-
sion was diluted 1:2 with Dulbecco's modified Eagle
medium (DMEM, Nissui) and centrifuged at 400×g for
20 min in lymphocyte separation medium.  Cells from
the interface of the gradient, including progenitor cells,
were collected and washed twice with DMEM.  These
cells were allowed to adhere to culture dishes by two
incubations at 37°C in DMEM supplemented with 10%
FCS for 1 h each time.  Nonadherent cells were then
harvested, washed with DMEM and suspended at a final
concentration of 1×105 cells·mL-1 in DMEM contain-
ing 10% FCS and 10% cell culture medium obtained
as outlined above.  Aliquots of the suspension were
incubated in triplicate in polypropylene tubes at 37°C
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under 5% CO2 in air of 95% humidity.  Half the super-
natant was replaced at 3 day intervals by fresh medium
containing 10% cell culture medium.  After culture for
14 days, the cells were resuspended and counted in a
Coulter counter (Coulter Electronics, Inc., Hialeah, FL,
USA), and differential cells counts were made on cyto-
centrifuge preparations stained with May-Grünwald
Giemsa.  Cell viability was assessed by the trypan blue
dye exclusion test. The number of viable eosinophils in
the culture media on day 14 of culture was expressed as
the total number of cells harvested × eosinophils as a
percentage of the total cells harvested × viable cells
(%)/10,000 (number of bone marrow cells cultured).  Eo-
CSF activity in the culture media was expressed as the
number of eosinophils as a percentage of those from a
positive control, which had been cultured with optimal
concentrations of IL-5 (10 ng·mL-1) and GM-CSF (100
U·mL-1).

Measurement of stimulation of eosinophil survival

The eosinophils used for survival assays were obtained
from the peripheral blood of 10 patients with bronchial
asthma who had differential counts showing more than
10% eosinophils.  These patients were different from the
patients with bronchial asthma described above, and
they participated in this study by donating eosinophils
only after their informed consent had been obtained.
Eosinophils were separated by the dextran sedimenta-
tion method [18], and by centrifugation on a discon-
tinuous gradient of Percoll-Hypaque with densities of
1.085, 1.095, and 1.100 g·mL-1 as described previously
[19].  Cells obtained from the interface between the lay-
ers with densities of 1.095 and 1.100 g·mL-1 were used
as the eosinophil fraction.  These eosinophils were "normo-
dense eosinophils", and they showed the same content
of eosinophilic cationic protein (ECP) measured by
radioimmunoassay (RIA) (Pharmacia ECP RIA;  Phar-
macia) as eosinophils from normal volunteers and from
the first group of study patients.  This eosinophil frac-
tion was used for eosinophil survival assays.  The purity
of the eosinophils was 87%, and more than 95% were
viable, as judged by the trypan blue exclusion test.  The
cells were resuspended at a final concentration of 1×105

cells·mL-1 in DMEM containing 10% FCS and 10%
MNC culture medium obtained as outlined above.  Aliquots
of the suspension were incubated in triplicate in poly-
propylene tubes at 37°C under an atmosphere of 95%
humidity of 5% CO2 in air.  Cells were harvested daily
for 1 week and counted with a Coulter counter.  Differen-
tial cell counts were made on preparations obtained by
cytocentrifugation and stained with May-Grünwald
Giemsa.  The viability of eosinophils was calculated as
100 × total number of eosinophils harvested × viable
eosinophils (%)/original number of eosinophils seeded ×
viable eosinophils (%).

Statistical analysis

Data are presented as mean±SEM for the 10 patients with
bronchial asthma.  Values were compared by one-way

analysis of variance (ANOVA), and were considered sig-
nificant at a p-value of less than 0.05.

Results

Inhibitory effects of FK506 and CyA on production of
GM-CSF and IL-5 by MNCs

The concentrations of GM-CSF in culture superna-
tants of bronchial asthmatic patient MNCs stimulated
with IL-2 (1 U·mL-1) or Df (10 µg·mL-1) were signi-
ficantly higher than those in medium without stimu-
lants (56.8±15.6 and 22.5±5.3 versus 8.9±3.4 pg·mL-1;
n=10; p<0.05 and p<0.05, respectively) (figs 1 and 2).
FK506 and CyA decreased GM-CSF production by IL-
2-stimulated MNCs in a concentration-dependent man-
ner.  Significant inhibition of GM-CSF production by
FK506 was observed at concentrations of 10 ng·mL-1 or
more.  Significant inhibition of GM-CSF production
by CyA was also observed at concentrations of 100
ng·mL-1 or more (fig. 1).  Similarly, FK506 and CyA
decreased GM-CSF production by Df-stimulated MNCs
from bronchial asthmatic patients in a concentration-
dependent manner, with significant inhibition by FK506
at a concentration of 10 ng·mL-1 or more and by CyA
at a concentration of 100 ng·mL-1 or more.
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Fig. 1.  –  Effect of FK506 (    ● ) and cyclosporin A (CyA)
(    ❍     ) on release of GM-CSF by peripheral mononuclear cells from
patients with bronchial asthma.  MNCs were incubated in the pre-
sence of IL-2 (1 U·mL-1) without or with FK506 (100 pg·mL-1 to
1 µg·mL-1) or CyA (100 pg·mL-1 to 1 µg·mL-1) and cell-free super-
natants were harvested on day 5 of culture.  The GM-CSF concentra-
tion in the supernatant was determined by ELISA as described under
Materials and Methods.  Values are presented as mean±SEM of those
for 10 patients with bronchial asthma.  *: significant differences (p<0.05)
from the control value (with IL-2 but without FK506 and CyA).
GM-CSF: granulocyte/macrophage colony-stimulating factor; MNCs:
mononuclear cells; IL-2: interleukin-2; ELISA: enzyme-linked immuno-
sorbent assay.     
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In a parallel experiment, we also examined the effects
of FK506 and CyA on IL-5 production by MNCs stimu-
lated with IL-2 or Df. Results are given in table 1.    The
concentrations of IL-5 in culture supernatants of bron-
chial asthmatic patient MNCs stimulated with IL-2 (1
U·mL-1) or Df (10 µg·mL-1) were significantly higher
than those cultured in medium alone (107.8±21.4 and
124.7±40.5 versus 15.2±4.7 pg·mL-1, respectively).
FK506 (10 ng·mL-1) and CyA (100 ng·mL-1) significan-
tly inhibited IL-5 production by IL-2- or Df-stimulated
MNCs.

Effects of FK506 and CyA on Eo-CSF release from
MNCs

Culture media of unstimulated MNCs from bronchial
asthmatic patients induced slightly, but significantly,
more eosinophil proliferation in bone marrow cultures
obtained from normal volunteers than that in medium
alone (%Eo-CSF activity 31±10 versus 7±3%).  IL-2
(1 U·mL-1) and Df (10 µg·mL-1) stimulated the release
of Eo-CSF activity from MNCs (142±8 and 112±24 ver-
sus 31±10%) (table 2).  FK506 (10 ng·mL-1) significantly
inhibited the release of Eo-CSF from unstimulated or IL-
2- or Df-stimulated MNCs (14±6 vs 31±10%, 113±11 vs
142±8%, and 27±5 vs 112±24%, respectively).  Simi-
larly, CyA (100 ng·mL-1) significantly inhibited the release
of Eo-CSF from unstimulated or IL-2- or Df-stimulated
MNCs (19±7 vs 31±10%, 92±7 vs 142±8%, and 63±3
vs 112±4%, respectively).  Direct addition of FK506 or
CyA to bone marrow cultures did not inhibit eosinophil
proliferation induced by culture media of MNCs (data
not shown).

Effects of FK506 and CyA on release of eosinophil sur-
vival activity from MNCs

Even the culture media of unstimulated MNCs signi-
ficantly prolonged eosinophil survival compared to med-
ium alone (21±1 vs 0%).  IL-2 (1 U·mL-1) and Df (10
µg·mL-1) enhanced the release of this stimulating activ-
ity for eosinophil survival from MNCs (68±4 and 45±4
vs 21±1%) (table 3).  FK506 at 10 ng·mL-1 significantly
inhibited the release of the activity from unstimulated or
IL-2- or Df-stimulated MNCs (10±3 vs 21±1%, 34±5 vs
68±4%, and 19±6 vs 45±4%, respectively).  Similarly,
CyA at 100 ng·mL-1 significantly inhibited the release
of the activity from unstimulated or IL-2- or Df-stimu-
lated MNCs (14±6 vs 21±1%, 43±3 vs 68±4%, and 34±7
vs 45±4%, respectively).  Addition of either FK506 or
CyA alone to the cultures did not inhibit eosinophil
survival induced by culture media of MNCs (data not
shown).
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Fig. 2.  –  Effect of FK506 (   ● ) and cyclosporin A (CyA)
(    ❍ ) on release of GM-CSF by peripheral mononuclear cells from
patients with bronchial asthma.  MNCs were incubated in the presence
of Dermatophagoides farinae (Df ) (10 µg·mL-1) without or with FK506
(100 pg·mL-1 to 1 µg·mL-1) or CyA (100 pg·mL-1 to 1 µg·mL-1) and
cell-free supernatants were harvested on day 5 of culture.  The GM-
CSF concentration in the supernatant was determined by ELISA as
described under Materials and Methods.  Values are presented as
mean±SEM of those for 10 patients with bronchial asthma.  *: signifi-
cant differences (p<0.05) from the control value (with Df but without
FK506 and CyA).  For abbreviations see legend to figure 1.

Table 1.  –  Effects of FK506 and cyclosporin A on IL-5
production (pg·mL-1) by mononuclear cells from patients
with bronchial asthma (n=10)

Immunosuppressive agent

Stimulant     None              FK506                CyA
10 ng·mL-1 100 ng·mL-1

None 15.2±4.7 7.8±0* 7.8±0*
IL-2 107.8±21.4 36.9±7.6* 51.1±13.5*
Df 124.7±40.5 64.5±23.7* 80.1±29.6*

Values are presented as mean±SEM of IL-5 production (pg·mL-1).
*: significant difference from control (p<0.05).  Df: Dermato-
phagoides farinae; IL-5: interleukin-5; CyA: cyclosporin A;
IL-2: interleukin-2.

Table 2.  –  Effects of FK506 and cyclosporin A on release
of eosinophil colony-stimulating factor (Eo-CSF) activity+

by mononuclear cells from patients with bronchial asth-
ma (n=10)

Immunosuppressive agent

Stimulant     None              FK506                CyA
10 ng·mL-1 100 ng·mL-1

None 31±10 14±6* 19±7*
IL-2 142±8 113±11* 92±7*
Df 112±24 27±5* 63±3*

+: %Eo-CSF activity was calculated as described in the Materials
and Methods.  Values are presented as mean±SEM of %Eo-CSF
activity.  *: significant difference from control (p<0.05).  For
abbreviations see legend to table 1.
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Discussion

In the present study, we have demonstrated that FK506
and CyA inhibit production of GM-CSF and IL-5 by
MNCs from patients with bronchial asthma in response
to IL-2 or Df in vitro.  This inhibition by FK506 and
CyA is accompanied by a decrease in the release of Eo-
CSF activity and an activity required for eosinophil sur-
vival.

We have previously reported that the culture super-
natants of IL-2- and Df-stimulated MNCs from patients
with bronchial asthma who were sensitized with Df
contained an activity which stimulated proliferation and
survival of eosinophils, whilst those of MNCs from nor-
mal volunteers did not.  Eosinophil proliferation and
survival activity was inhibited mainly by anti-GM-CSF
and anti-IL-5 antibodies, and partially by anti-IL-3 anti-
body [20, 21].  Thus, cytokines, such as GM-CSF, IL-5
and IL-3, which are produced by allergen-specific T-
cells, may be significantly involved in the pathogenesis
of bronchial asthma.  This finding extended a recent ob-
servation by MORI et al. [22] showing that FK506 and
CyA suppress IL-5 synthesis in vitro and in vivo by
MNCs from patients with atopic disease.  The present
study clearly demonstrated that FK506 and CyA inhibit
the production of GM-CSF and IL-5 by IL-2- or Df-stimu-
lated MNCs from patients with bronchial asthma.  This
effect is probably responsible for the decreased release
from MNCs of Eo-CSF activity and the activity needed
for eosinophil survival.  Since eosinophils play a central
role as effector cells in the pathogenesis of bronchial
asthma, inhibition of their proliferation and function in
bone marrow and survival in airways may be beneficial
for the treatment of bronchial asthma.

The maximum concentrations of FK506 and CyA in
peripheral blood during therapeutic administration after
organ transplantation (per os, 0.3 and 10 mg·kg-1 q.d.,
respectively) have been reported as >40 ng·mL-1 for
FK506 and 1 µg·mL-1 for CyA [23, 24].  In the current
study, FK506 significantly inhibited GM-CSF produc-
tion at concentrations ≥10 ng·mL-1 and CyA was inhi-
bitory at concentrations ≥0.1 µg·mL-1.  In the assays of
Eo-CSF and the eosinophil survival activity produced by
MNCs, FK506 also significantly inhibited these activi-
ties at lower concentrations than CyA.  Thus, clinically

achievable concentrations of FK506 and CyA would be
sufficient to inhibit eosinophilic inflammation in vivo.

The specific antigen Df was recently found to stimu-
late the production of GM-CSF and IL-5 by T-cells from
the peripheral blood of patients with bronchial asthma
who were sensitized with Df, but not that by T-cells from
normal volunteers [20, 21], indicating that activated T-
cells are present in the peripheral blood of patients with
bronchial asthma as well as in the airways.  It is likely
that activated T-cells are not only recruited from the
peripheral circulation into airways but also return or
overflow from the airways into the peripheral circula-
tion.  Thus, the present findings regarding circulating
blood MNCs suggest that FK506 and CyA may act to
inhibit the local production of cytokines by stimulated
T-cells, which is responsible for the pathogenesis of
bronchial asthma.

Of particular interest was the previous finding that
GM-CSF production by MNCs from patients with bron-
chial asthma treated with corticosteroids is significantly
lower than that by MNCs from patients with bronchial
asthma not treated with corticosteroids, and that GM-
CSF production by MNCs in vitro is decreased by addi-
tion of corticosteroids [20].  These findings support the
therapeutic effect of steroids for bronchial asthma through
inhibition of eosinophilic inflammation.  However, the
mechanism by which corticosteroids inhibit cytokine
production is known to be different from that of FK506
and CyA [25, 26].  Consistent with this, CORRIGAN et al.
[27] have shown that the phytohaemagglutinin (PHA)-
responsiveness of T-cells from patients with steroid-
dependent bronchial asthma is inhibited by CyA but not
by dexamethasone.  Together with the present findings,
these observations indicate that FK506 and CyA may be
beneficial for dose reduction or withdrawal of steroids
in patients with steroid-dependent bronchial asthma.

Therefore, both FK506 and CyA have potential bene-
fits for the treatment of patients with steroid-dependent
bronchial asthma.  Clinical trials of FK506 for bronchial
asthma should be undertaken in the near future.   
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