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Intcrlcukin-5 (IL-5) enhances eosinophil degranulation and prolongs
eosinophil survival, Rapamycin, cyclosporin A, and dexamethasone have
been shown to influence cither cytokine transcription, cytokine-mcdiated
signalling, or degranulation by granulocytes. The study aimed to determine
whether these agents inhibited IL-5-enhanced eosinophil survival or
degranulation. Peripheral blood eosinophils wer-e isolated from atopic
subjects. The effects of serial dilutions (10"''-10"'' M) of these drugs or vehicle
control on 1) the viability of eosinophils cultured (1-5 days) in the presence
and absence of r-ecombinant human IL-5, as measured by propidium iodide
staining and flow cytor-nctry, and 2) degranulation of eosinophils
preincubated (45 min) with rhIL-5 or medium control, as measured by
eosinophil cationic protein (ECP) release after stimulation with serum-
coated Sephadex beads, were assessed. Dexamethasone and rapamycin
produced significant, concentration-dependent inhibition of IL-5-enhanced
eosinophil survival at pharmacologie eoneer-rtrations, whereas cyclosporir-r A
did not. Prior incubation of eosinophils with IL-5, as compared with mediur-n
control, significantly enhanced ECP release by eosinophils on subsequent
expostu-e to serum-coated Sephadex beads, Cyclosporin A and rapamycin
significantly inhibited IL-5-enhanced ECP release in a concentration-
dependent fashion, whereas dexar-nethasone did not, AH three drugs had no
significant effect on eosinophil survival and degranulation in the absence of
IL-5, Our results suggest that immunosuppressive drugs may inhibit IL-5-
mediated mechanisms in eosinophils which result in enhanced sur-vival and
r-elease of granule contents. These findings may be relevant to the further
development of therapeutic strategies in allergic diseases.
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Eosit-iophils are believed to play a rnajor role iti the
pathogenesis of asthma atid other disorders associ-
ated with chronic allergic itiflammation through
secretion of prefortiied atid newly synthesized basic
proteitis and lipid tiiediators (1), Tlius, measures
which inhibit the ingress, activation, survival, and
secretioti of eosinophils at the site of allergic tissue
reactiotis tiiay be of benefit in the treatmetit of
asthma and allied disorders.

Asthmatic inflatntnation is believed to be orches-
trated, at least partly, by release of eosinophil-
active cytokines (interleukin-3 [IL-3], IL-5, atid
gratiulocyte/macrophage colony-stimulating factor

[GM-CSF]) from T cells. Whereas all of these
cytokines etihance eositiophil differetitiation, acti-
vatioti, and survival, IL-5 is unique iti acting
specifically on tnature eositiophils atid their com-
tiiitted precursors (2), Iti addition, IL-5 has been
shown to delay glucocorticoid-mediated apoptosis
of eosinophils (3, 4) and etiliance eosinophil granule
release, adherence, atid phagocytosis (5), Furtlier-
tnore, IL-5 synthesis is elevated in peripheral blood,
and bronchial, tiiucosal, and bronchoalveolar lavage
(BAL) fluid T cells of asthmatics (6-8), and
IL-5 is the only cytokitie the expressioti of which
consistently correlates with disease severity and
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changes in severity after glucocorticoid therapy
(6-9).

Since glueocortieoids appear to ameliorate
asthma, possibly by inhibiting T-cell activation and
synthesis of cytokines such as IL-5, there has been
recent interest in other drugs which inhibit T-cell
function for asthma therapy. This is especially
important in those patients who continue to have
severe disease despite high dosages of oral glueo-
cortieoids, which have unwanted side-effects. In a
placebo-controlled trial, the immunosuppressive
drug cyclosporin A was shown to improve lung
function in asthma and to reduce the frequency of
disease exacerbation after 12 weeks of therapy
(10). Although both cyclosporin A and the mac-
rolide rapamycin inhibit T-cell proliferation, their
tTtechanisms of action appear to be fundamentally
different (11-13). Cyclosporin A inhibits early T-cell
activation events after ligation of the T-cell receptor,
resulting in reduced translocation of the cytoplasmic
subunit of the T-cell IL-2 transcriptional activator
NF-AT to the nucleus. It is effective only when
present early after T-cell activation and does not
inhibit IL-2/IL-4-mediated T-cell division once
initiated. Rapamycin, on the other hand, inhibits
IL-2-mediated T-cell proliferation, even in T cells
committed to mitosis. It probably acts by inhibiting
phosphorylation/activation of the kinase p70 S6
p̂yQsfik-ĵ  and by inhibiting the enzymatic activity of

the cyclin-dependent kinase cdk2-cyclin E complex.
Thus, raparnycin impedes progression through the
Gl/S transition of the proliferation cycle, resulting
in a mid-to-late Gl arrest (14). Therefore, we
hypothesized that rapamycin may inhibit cytokine-
mediated activation processes in other cell types.

On the other hand, the actions of cyclosporin A
do not appear to be explicable solely in terrns of
NF-AT modulation, since this drug rapidly inhibits
degranulation of basophils (15), an effect which tnay
reflect its inhibition of immunophiliti topoisomerase
activity. In addition, cyclosporin A inhibits release
of GM-CSF from mature eosinophils (16), an effect
which may depend at least partly on inhibition of
degranulation as well as de novo cytokine synthesis.

For all these reasons, we hypothesized that dexa-
methasone, cyclosporin A and rapamycin inhibit
IL-5-enhanced eosinophil survival and degranula-
tion. We aimed to examine the effects of these
drugs on these two aspects of eositiophil function
in the presence and absence of IL-5 in vitro.

Material and methods
Reagents and drugs

Recombinant hurnan IL-5 (rhIL-5) was purchased
from Genzyme (Carnbridge, MA, USA). Rapamy-

cin (Rapa), cyclosporin A (CsA), and dexarnetha-
sone (Dex) were obtained from Wyeth-Ayerst
(Priticeton, NJ, USA), Sandoz Pharrna (Basel,
Switzerland), and Sigma Chemical Company
(Poole, UK), respectively. Rapa and CsA were
dissolved in ethanol at a concentration of 10"̂  mol/1
and stored iti glass vials iti aliquots. Dex was
dissolved direetly in RPMI-1640 at a concetitration
of lO""* mol/1. In use, serial 10-fold dilution of drugs
were made at the time of each experitnent by
dissolving the stock solutions in RPMI-1640
medium (Gibco, Paisley, UK) containing 2 mM
L-glutamine. Vehicle control solutions were pre-
pared by dissolving vehicle in medium to produce
final concentrations of vehicle equivalent to those in
the highest concetitrations of the drugs employed.

Eosinophil purification

Eosinophils were purified from peripheral blood as
previously described (17), with some tnodifications.
Briefly, heparinized human peripheral blood
obtained from subjects with mild asthma was tiiixed
with 0.2 X volume of 6% dextran, and the erythro-
cytes were allowed to sediment for 40 tnin at
room temperature. The upper layer (leukocyte-rich
plastna) was collected, layered onto Histopaque
(relative density 1.083, Sigtna, UK), and centrifuged
at 1500 rptn for 25 tnin. Eosinophils were isolated
and purified from the resulting granulocyte pellet
by negative immunomagnetic selection with anti-
CD16-coated Microbeads and the MACS systetii
(Becton Dickinson, Cowley, UK). To eliminate any
contamination with mononuelear cells, anti-CD14-
and anti-CD3-coated beads (Becton Dickinson)
were also added to the anti-CD16 bead tiiixture.
By negative selection, isolates consisting of >99%
eosinophils, as determined by Kimura staining and
confirmed by differentia] counts with May-
Grlinwald-Gietnsa stain, and viabilities of >95%,
as determined by trypan blue exclusion, were
routinely obtained.

Eosinophil survival assay

Purified hutnan peripheral blood eosinophils were
resuspended (2x10'' eells/ml, total volume 1OO)J,1)
in RPMI-1640 medium containing 10% FCS, 2 tnM
L-glutamine, 100 U/tnl petiicilhn, and 100 |J.g/nil
streptomycin. Cells were incubated (up to 5 days)
in sterile, 96-well, flat-bottotned culture plates at
37°C in a 5% COj attnosphere. For determination
of the effects of drugs on cytokine-induced eosi-
nophil survival, eosinophils were cultured in the
presence of rhIL-5 (final concentration 10 tig/ml),
or tnedium control, and 10-fold serial drug dilutiotis
(10"^'-10'^ M) or vehicle control. After culture.
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eosinophils were stained by adding 50 |il of pro-
pidium iodide (PI, 50 ng/ml, Sigtiia, Poole, UK) for
5 min, and then washing with cold phosphate-
buffered solution (PBS), Viable cells were identified
by their ability to exclude PI as analysed by flow
cytometry (Coulter Epics Elite, Bedfordshire, UK),
Tliis was used to calculate survival (%) and drug-
induced inhibition of IL-5-enhanced survival by the
following formula;

inhibition of survival (%) =
( -5 XlOO%

where V|L_5 = percent viability in the presence of
rhIL-5 and drug vehicle, and ViL.5+d,.ug = percent
viability in the presence of rhIL-5 and drug.

Effects of drugs on eosinophil degranulation

Degranulation of eosinophils was induced with
serum-coated beads, Sephadex G-15 beads (250 mg)
(Sigma, UK) were treated with 3,0 ml of 50% (v/v)
fresh normal human serum in 1 x Hanks' balanced
salt solution (HBSS), as previously described (18),
Aliquots of eosinophils (150 }il, 3xlO''/nil) were
then incubated (37°C, 5% COj) with bead suspen-
sion (300 )al), and supernatants were collected at 1,
5, 10, 15, and 30 tnin, and stored at -80°C until
analysed, Eosinophil catiotiic protein (ECP) con-
centratiotis in supernatants were tneasured by
radioitntnunoassay (Pharmacia, Uppsala, Sweden;
detection range 2-200 |ig/l). For determination of
the effects of drugs, the eosinophils were preincu-
bated with each drug (10"'̂ -10 '̂̂  M) or vehicle
control for 45 min before stimulatioti with serutn-
treated beads. For determination of whether rhlL-
5 enhanced ECP release induced by beads and
whether the drugs inhibited this enhancetiient, the
purified eosinophils were preincubated (45 min,
37°C) with rhIL-5 (20 ng/ml) alone, or in the
presence of drugs at various concentrations, and
then stitiiulated (30 tnin) with serum-coated beads.
Finally, in all experitnents, as a positive control
for degranulation, the eosinophils were iticubated
(30 min) with cytochalasin B (5 mg/tnl) and FMLP
(10^'' M) (18), HBSS-treated beads were used as
negative controls. All assays were performed iti
duplicate. Both the intra- and interassay coeffi-
cients of variation were <5%, The results were
expressed as percentages of the total ECP release
compared with that released from Ireeze-thawed
cells and ng/ml (mean ± SEM) of ECP released
into the supertiatants. The percent inhibition of
rhIL-5-enhanced ECP release by the drugs was
determined by the following formula;

inhibition of release (%) =
(ECPiL.5 - ECP,L_5.drug)/ECP,L.5 XlOO%

where ECPJL.J = ng/ml of rhIL-5-etihanced ECP
release in the presence of drug vehicle, and
ECP,L.5.Kirug = ng/ml of rhIL-5-enhanced ECP release
in the presence of drug.

Statistical differences between groups of data
were determined by Student's f-test and paired
f-test (Fig, 5) with the aid of a statistical package
(Minitab Release 7, Minitab Ine, State College,
PA, USA), The effects of rapatnycin, cyclosporin
A, and dexamethasone (Figs, 2 and 6) were analysed
by otie-way analysis of variance, followed by paired
cotnparisons, P values <0,05 were considered signi-
ficant.

Results
Rapamycin, cyclosporin A, and dexamethasone
stippressed rhIL-5-enhanced stirvival of eosinophils

Tlie effects of rapamycin, cyclosporin A, and
dexamethasone on rhIL-5-enhanced eosinophil
survival are shown in Fig, 1, After 4 days, only 2%
of MACS purified human peripheral blood eosino-
phils were viable when cultured with medium
control (Fig, 1), In the presence of lOng/tnl
rhIL-5, 72,013,2% (tnean ± SEM) of eosinophils
survived for 3 days, and enhanced survival was
tnaintained for up to 5 days, IL-5-enhanced eosi-
tiophil survival was itihibited iti the presence of
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Fig. I. Time course of effects of rapan-iycin (Rapa), cyclosporin
A (CsA), and dexamethasone (Dex) (all at 10"'' M) on r|-iIL-5
(10 ng/ml)-enhanced eosinophil (2xlO'Vml) survival. Viability
of eosinophils was analysed by flow cytometry with propidium
iodide exclusion. Results were expressed as percentages
(mean + SEM) of viable eosinophils (;j=4).
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rapamycin, cyclosporin A, and dexamethasone (all
at 10 '̂' M). Inhibition was statistically significant
after 72 h of culture, but not earlier. In the absence
of rhIL-5, none of the three compounds (at con-
centrations of f0"^-10"'' M, 24-h culture) signifi-
cantly influenced eosinophil viability (data not
shown). At 72 h, rapamycin and dexamethasone
exhibited concentration-dependent inhibition of
rhIL-5-enhanced eosinophil survival (Fig. 2) (one-
way analysis of variance, Rapa: P=0.017; Dex: F-
0.001), Cyclosporin A also showed some inhibition
of rhIL-5-enhanced survival of eosinophils, although
the concentration-response effect was not statisti-
cally significant.

Rapamycin, cyclosporin A, and dexamethasone
inhibited rhIL-5-enhanced ECF release

The effects of the drugs on eosinophil degranula-
tion were evaluated by measurement of ECP
release. Exposure of eosinophils to serum-, but not
control HBSS-treated Sephadex beads resulted in
a time-dependent release of ECP in the absence of
rhIL-5 (Fig, 3). When eosinophils were preincu-
bated (45 min, 20 ng/ml) with rhIL-5 and then
stimulated (30 min) with serum-treated beads, the
release of ECP (absolute concentrations in super-
natants and percent release of total ECP) was
significantly enhanced (Fig. 4) (paired /-test, F=
0.0024 and P=0.0008, respectively). When eosi-
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Fig. 2. Dose-response relationships (mean ± SEM) of effects
of rapamycin, cyclosporin A, and dexamethasone on rhIL-5-
enhanced eosinophil survival (time = 72 h, « = 6). Drug-induced
inhibition of IL-5-enhanced survival was determined by
formula: inhibition of survival (%) = (V,L_5-V,, .j^^^,,,)/

.5 xlOO%, where V,[.5 = % viability in presence of rhIL-5
(10 ng/ml) and drug vehicle, and
presence of rhIL-5 and drug. *P<0.05,
vehicle control).
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Fig. 3. Time course of ECP release from purified human blood
eosinophils after stimulation with serum-treated beads. Eosino-
phils were incubated with cytochalasin B (CytB, 5 lg/ml) and
FMLP (10"'' M) for 30 min under same conditions as positive
control. HBSS-treated beads were used as negative control.
Released ECP was expressed as percentage of total released
by freeze-thawed cells (mean + SEM, M = 6).

nophils were preincubated (45 min) with mediutti
control, all three drugs (lO-'^-lO'^ M) did not
significantly inhibit ECP release when stimulated
(30 rnin) with serum-treated beads (data not shown).
However, ECP release by eosinophils preincubated
(45 min) with rhIL-5 was significantly inhibited by
rapamycin and cyclosporin A in a concentration-
dependent fashion (Fig, 5) (one-way analysis of vari-
ance, Rapa: ^=0,031; CsA=0,035), Dexamethasone
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Fig. 4. Recombinant human lL-5-enhanced ECP release from
eosinophils. Eosinophils were preincubated (45 min, 37°C) with
rhIL-5 (20 ng/ml) or medium control, and then stimulated (30
min) with serum-treated beads. ECP release was expressed as
atisolute supernatant concentrations (ng/ml) or percentages of
total release from freeze-thawed cells (mean + SEM, ;7=ll).
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Fig. 5. Concentration-dependent inhibition of rhlL-5-enhanced
eosinophil ECP release by rapamycin, cyclosporin A, and
dexamethasone (mean ± SEM: ii = l). Eosinophils were pre-
incubated (45 min, 37°C) with rhIL-5 (20 mg/ml) and serial
dilutions of drugs or vehicle control, and then stimulated
(30 min) with serum-treated beads. Inhibition was determined
by formula: inhibition of release (%) = (ECPIL.J - ECP,L,5+jrug)/
ECP,L.5 xlOO%, where ECP,^, = ng/ml of rhtL-5-enhanced
ECP release in presence of drug vehicle, and ECPî .s+jvug =
ng/ml of rhIL-5-enhanced ECP release in presence of drug.
*P<Q.05\ **/'<0.01 {vs drug vehicle control).

also showed some inhibition, but the concentration-
response effect was not statistically significatit. At
the concentration of 10"̂  M, cyclosporin A atid
raparnycin inhibited rhIL-5-itiduced ECP release
by 23.4% and 20.1%, respectively (Fig. 5, P<Q.O5).

Discussion
Dexamethasone and rapamycin showed coticen-
tration-dependent inhibition of IL-5-enhanced
eosinophil survival, whereas cyclosporin A did not
(Figs. 1 and 2). Dexatnetliasone atid rapatiiycin
showed no effect on eosinophil survival, over a
range of phartiiacologic concentrations, iti the
absence of IL-5. Tliis suggests a direct inhibitory
effect of these drugs on IL-5-mediated signalling
events in eosinophils resulting in prolonged sur-
vival, although the possibility of additional effects
(such as inhibition of endogenous synthesis of
survival-prolotiging cytokines by eosinophils [16])
cannot be excluded. Tlie fact that the effects of
these drugs varied between subjects suggests that
at least some eosinophils in sotne subjects tnay
have been activated by cytokines such as IL-5
in vivo (it has been suggested, for example, that
"hypodense" eosinophils, which fortii a proportion
of the total circulating eosinophil population in
atopie and asthmatic subjects, tnay have been acti-
vated in this way [19-21]). This tnight have par-

tially abrogated sotne of the effect of exogenous
IL-5 observed oti eosinophils obtained ex vivo and
consequently the ability of these drugs to itihibit
these effects. On the other hand, the failure of the
drugs to exert significant itihibitory activity in
the absetice of exogenous IL-5 argues against this
possibility. Such considerations do not, however,
detract ft otii our novel observation that rapamycin
inhibits IL-5-enhanced eosinophil survival.

Our data confinn atid extetid previous reports
(22, 23) of an inhibitory effect of dexamethasone
on the survival of eosinophils enhanced by GM-
CSF and IL-5. Although these studies showed
some inhibitory effect of dexatnethasone on eosino-
phil survival in the absence of exogenous cytokines,
this was only at very high concentrations (>10"'' M),
arguably reflecting notispecific toxic, rather than
pharniacologic effects.

Our detnonstration that cyclosporin A failed to
inhibit IL-5-enhanced survival of eosinophils in
vitro is novel, although a previous study showed
that the immunosuppressive drug FK506 was inef-
fective iti this regard (24). Although cyclosporiti A
and FK506 bind to distinct intracellular initiiuno-
philin receptors, their ratige of inhibitory activities,
at least on T cells, have been shown to be retnark-
ably sitnilar (25, 26), and this would appear to be
reflected in the lack of inhibition by both drugs of
IL-5-etilianced eosinophil survival.

In addition, we have shown that prior short-term
exposure of eosinophils to IL-5 in vitro results in
significatit enhancement of eosinophil degranula-
tion, as tiieasured by ECP release, on exposure
to "opsonized" Sephadex beads, Tliese beads pre-
sutnably activate eosinophils at least partly by
engagetnetit and cross-litiking of surface IgG, IgA,
atid IgE Fc receptors, a process which may be
relevatit to eositiophil degranulation within the
tnucosal surface in vivo, although this hypoth-
esis remains unexplored. Sitnilarly, "priming" of
eosinophils with IL-5 in vitro resulted in elevated
phorbol ester-induced superoxide generatioti (27)
and immunoglobuliti-itiduced release of the granule
protein EDN (28). Both cyclosporin A and
rapamycin significantly inhibited this effect in a
concentration-dependetit fashioti at a ratige of
pharmacologic concetitrations, whereas dexameth-
asone did not. Again, the fact that these effects
were observed in the presence, but not the absence,
of IL-5 suggests a direct itihibitory effect of
these drugs on IL-5-mediated signalling events iti
eosinophils resulting in elevated degratiulation,
and the fact that these effects were sotnewhat
variable suggests the possibility of a degree of
eosinophil pritning in vivo in some subjects. Our
observed lack of effect of dexamethasone in this
regard is consistent with a previous study (28).
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Little is known of the mechanisms whereby IL-5
enhances eosinophil degranulation, although there
is some evidence that this involves rapid modula-
tion of second messengers such as protein kinase
C without the necessity of new protein synthesis
(29),

The differential effects of dexamethasone,
cyclosporin A, and rapamycin on IL-5-enhanced
eosinophil viability on the one hand and degranu-
lation on the other are consistent with the hypoth-
esis that these drugs interfere with IL-5-mediated
signalling events in eosinophils by distinct mecha-
nisms, although in view of the paucity of knowledge
of the nature of these events, any further inter-
pretation of these facts would seem premature at
present.

However, our data do clearly demonstrate inhi-
bitory effects of these drugs at pharmacologically
relevant concentrations (30) on IL-5-mediated
selective eosinophil survival and enhanced release
of toxic granule proteins, two processes which are
regarded as key events in the pathogenesis of
allergic and asthmatic inflammation. Although
these effects are small in terms of percent itihi-
bition, they might contribute to amelioration of
asthma, particularly if employed for chronic
therapy. These observations, taken together with
the direct inhibitory effects of these drugs on
activated T cells (30), which are considered a major
source of local IL-5 in these diseases (31), would
seem to justify continued appraisal of these drugs
as antiallergy and antiasthma agents (10),
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