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Because glucocorticoids are a mainstay in the treatment of asthma and other allergic diseases, 
we tested the effect of various steroid hormones on secretory IgA- and IgG-induced eosinophil 
degranulation in vitro. Human normodense eosinophils were purtfied by discontinuous Percoll 
density gradient, and hypodense eosinophils were obtained by culture of normodense cells with 
recombinant human interleukin (rlL)-5. Eosinophils were incubated with various steroids, 
including dexamethasone, hydrocortisone, methylprednisolone, estradiol, or dihydrotestosterone 
at concentrations from IO-’ to IO-J mollL. Sepharose 4B beads coupled to ovalbumin, 
secretory &A, or IgG were added as targets of degranulation and incubated at 37” C for 4 
hours. In some experiments, rlL-5 was added to eosinophils before addition of beads to activate 
the cells. The release of eosinophil-derived neurotoxin was measured by radioimmunoassay as 
an index of degranulation. Dexamethasone (1O--9 to 10m4 mollL), hydrocortisone (10.’ to 10 ’ 
mollL), estradiol (10e9 to IO-’ mollL), and dihydrotestosterone (IO-’ to IO-” mollL) had no 
effect on normodense eosinophil degranulation. Methylprednisolone, IO-’ mollL, inhibited 
degranulation of normodense eosinophils up to 20%, whereas IO- ’ mollL inhibited 
degranulation of hypodense eosinophils, up to 30%. Overall, no difference in inhibition by 
steroids was observed between normodense and hypodense eosinophils. rlL-S enhanced 
immunoglobulin-induced eosinophil degranulation, but this effect of rIL-5 was not blocked 
by any of the steroids tested. These results suggest that eosinophil degranulation and 
rll-5-mediated eosinophil activation are not direct targets of glucocorticoids and that the 
beneficial effects of glucocorticoids on allergic inflammation in vivo are not likely due to direct 
effects on eosinophil degranulation. (JALLERGY CLINIMMUNOL 1991:87:70-7.) 

Eosinophils are known to play a prominent role in 
many inflammatory and allergic diseases through the 
release of cationic toxins into tissues,’ as demonstrated 
by deposition of eosinophil granule proteins in dam- 
aged areas histologically** 3 and by measurement of 
increased concentrations of MBP and Charcot-Leyden 
crystal protein in sputa of patients with asthma.4. 5 

Glucocorticoids are steroid hormones with potent 
anti-inflammatory effects.6 For this reason they are 
used extensively in the treatment of allergic and in- 

From the *Department of Immunology, the **Allergic Diseases 
Research Laboratory, Mayo Clinic and Mayo Foundation, Roch- 
ester, Minn., and ***National Institute for Medical Research, 
Mill Hill, London, England. 

Supported by National Institutes of Health Grants AI 15231 and 
AI 09728, and from the Mayo Foundation. 

Received for publication Feb. 20, 1990. 
Revised Sept. 11, 1990. 
Accepted for publication Sept. 11, 1990. 
Reprint requests: Gerald J. Gleich, MD, Department of Immunol- 

ogy, Mayo Clinic, Rochester, MN 55905. 
l/m!5466 

70 

Abbreviations used 
MBP: Major basic protein 
DCS: Defined calf serum 
EDN: Eosinophil-derived neurotoxin 

HPLC: High-performance liquid chromatography 
HSA: Human serum albumin 
OVA: Ovalbumin 

PIPES: 1,4-piperazinediethanesulfonic acid 
RIA: Radioimmunoassay 

rIL-5: Recombinant interleukin-5 
sIgA: Secretory IgA 

flammatory disorders.’ The targets and the mecha- 
nisms of action of their beneficial effects in these 
allergic diseases are still obscure. Eosinophils possess 
glucocorticoid receptors’; in viva or in vitro treatment 
of eosinophils with glucocorticoids causes reduced 
chemotaxis and adherence.” ” Furthermore, ghrco- 
corticoids inhibit antibody-dependent cehular cyto- 
toxicity in rat eosinophils.” However, some studies 
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TABLE I. Eosinophil degranulat ion induced by protein-coated beads  

Beads coated with 
EDN released 

(ng15 x lo5 eosinophils) %  Of total EDN released 

OVA 40.2 -+ 3.8 (18) 2.5 2 0.2 (18) 
s&A 263.3 e 33.2 (18)* 16.9 2 1.5 (18)* 
w 98.1 2 13.3 (16)* 5.8 k 0.6 (16)* 

Eosinophils from 10  different subjects were tested. Results are presented as mean  t SEM. Purified normodense eosinophils were incubated 
with medium for 2  to 6  hours, and  the target beads  were added.  Incubation was cont inued for 4  additional hours at 37” C and  5 %  CO,. 
Total EDN was determined by lysis with Nonidet P-40. All beads were coated with 5  mglml of the respective proteins. 

*Significantly more EDN was released by incubation with sIgA- or I&i-coated beads  than with OVA-coated beads @  < 0.05). Numbers 
in parentheses indicate duplicate experiments. 

have used doses of glucocorticoids that likely far ex- 
ceed the physiologic concentrations of free-plasma 
cortisol in humans.‘*. I3 

We  have reported that IgG, IgA, and especially 
sIgA, cause the eosinophil to release the granule- 
associated EDN.14 In this study, we examined 
the effect of a  variety of steroid hormones on 
immunoglobulin-induced eosinophil degranulation. 

MATER!AL AND METHODS 
Steroids and cytokines 

Dexamethasone (No. D1756),  hydrocort isone (No. 
H4001).  6a-methylprednisolone (No. M0639),  P-esbadiol 
(No. E8875), and 5P-dihydrotestosterone (No. E5396) were 
purchased from Sigma Chemical Co. (St. Louis, MO). Ste- 
roids were dissolved in absolute ethanol at a  concentration 
of 4 x IO-’ mol/L and diluted to the desired concentration 
in Hybri-Care medium (American Type Culture Collection, 
Rockville, Md.). Hybri-Care medium containing 10% 
(vol/vol) ethanol and its tenfold sequential dilutions were 
used as solvent controls. The final concentration of ethanol 
in 1  X 10e4  to 1  X 10e9  mol/L steroids was 2.5% to 
2.5 x 10m5%. Analyses of dexamethasone, hydrocorti- 
sane, and  methylprednisolone by HPLC demonstrated that 
these compounds eluted similarly to authentic standards and 
that their concentrations compared favorably to concentra- 
tions expected on the basis of weight. Dexamethasone was 
also tested in vivo and induced eosinopenia in mice. Human 
rIL-5 was purified from supematants of cultured COS cells 
transfected with the expression vector pcEXV-3 encoding 
the human gene for IL-5. rIL-5 was purified by hydrophobic 
interaction and ion exchange HPLC.15 The activity of rIL- 
5 was measured by the human eosinophil colony-forming 
assay.‘” 

Preparation of protein-coated 
Sepharose beads 

Immunoglobulins coupled to cyanogen bromide-activated 
Sepharose 4B beads (Pharmacia Diagnostics, Piscataway, 
N.J.) were used as primary stimuli for degranulation. The 
quantities of proteins bound to beads are expressed as mil- 
l igrams of protein per 1 ml of packed beads. Purified serum 
IgG was purchased from Organon Teknika-Cappel (Mal- 

vem, Pa.). sIgA from human milk was purchased from 
Accurate Chemical and Scientific Corp. (Westbury, N.Y.). 
The beads were coupled to sIgA, serum IgG, and OVA 
(Sigma Chemical Co.) at 5  mg/ml of packed beads. The 
coupl ing procedure was descr ibed previously.‘4  Briefly, 
beads were swollen in 1 mmol/L of HCl and washed with 
borate buffer (0.2 mol/L of H,BO,, 0.5 mol/L of NaCl, 
and 0.02 mol/L of NaOH, pH 8.6). Proteins, dissolved in 
borate buffer, were added to beads and mixed overnight at 
4” C. The beads were washed in borate buffer, blocked with 
0.1 mol/L of lysine monohydrochlor ide, and  finally washed 
alternately in borate and 0.1 mol/L of acetate buffer, pH 
4.0. The beads were stored at 4” C in borate buffer until 
use. 

Eosinophil separation 
Heparinized (10 U/ml) venous blood was obtained from 

normal volunteers and a patient with episodic angioedema 
associated with eosinophilia.” The blood was mixed with 
6% Gentran 70 (dextran) in 0.9% NaCl (Travenol Labo- 
ratories, Deerfield, Ill.) at a  5: 1  (vol/vol) ratio and sedi- 
mented for 60 minutes at 37” C. The buffy coat was collected 
and washed three times in PIPES buffer (25 mmol/L of 
PIPES, 5 mmol/L of KCl, 25 nunol/L of NaOH, 5.4 
mmol/L of glucose, and 1% DCS [Hyclone Laboratories, 
Logan, Utah], which was heat inactivated at 56” C for 30 
minutes). The cells were suspended in 1.5 ml of Percoll 
(Pharmacia Diagnostics) density, 1.070 mg/ml, with 5% 
DCS, and overlayered on discontinuous Percoll density gra- 
dient consisting of the following densities: 1.120, 1.100, 
1.090, 1.085, and 1.080. DNAase, 1 mg/ml (Sigma Chem- 
ical Co.), was added to each of the fractions. The osmolarity 
of Percoll ranged from 3 15 to 290 mOsm/kg, and the pH 
was 7.4. The gradient was centrifugated at 1500 g in a JA- 
20 fixed angle rotor on a Beckman 52-21 centrifuge (Beck- 
man Instruments, Inc., Palo Alto, Calif.) at 4” C for 45 
minutes. One  milliliter fractions were collected. Eosinophil 
density was measured as described previously.‘“, ‘* Eosino- 
phils from normal individuals were collected from fractions 
with density >1.095. In some experiments, eosinophils 
from a patient with episodic angioedema and eosinophilia17 
were collected from fractions with densities 1.099 to 1.095 
mg/ml, 1 .093 to 1.087 mglml, and  1.085 to 1.080 mg/ 
ml. These eosinophils were termed normodense, interme- 
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FIG. 1. The effects of dexamethasone on immunoglobulin- 
induced eosinophil degranulation. Purified normodense 
eosinophils were incubated with dexamethasone or sol- 
vent for 1 hour, and Sepharose beads coated with OVA, 
slgA, or serum IgG were added, followed by incubation 
for an additional 4 hours. Points represent mean f SEM 
of EDN release (nanograms per 5.0 x lo5 of eosinophils) 
of duplicates from a representative experiment. 
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FIG. 2. The effects of dexamethasone on immunoglobulin- 
induced eosinophil degranulation. Fresh normodense eo- 
sinophils were incubated with dexamethasone for 3 or 6 
hours before addition of beads. EDN release is described 
as in the legend to Fig. 1. 

diate-dense, and hypodense fractions, respectively. Eosin- 
ophils were washed four times in PIPES buffer and counted 
with Randolph’s stainI The cells were cultured immedi- 
ately or stored overnight in Hybri-Care medium with 10% 
DCS at 4” C for degranulation experiments on the next day. 
The purity of the cells used was >85%. The viability of 
eosinophils was >95% after overnight incubation as mea- 
sured by fluorescein diacetate.” The protocol for eosinophil 
procurement was approved by the Mayo Institutional Re- 
view Board. 

Production of hypodense eosinuphils by 
culture with rlt-5 

Freshly isolated eosinophils were resuspended at a con- 
centration of 5.0 x 10’ cells per milliliter in Hybri-Care 
medium containing gentamicin, 50 pg/ml and 0.1% HSA 
(Sigma Chemical Co.), 10% (vol/vol) of DCS, and rIL-5, 
50 U/ml, to generate hypodense cells, as described by Roth- 
enberg et a1.2o Twenty milliliters of this suspension was 
seeded into a 75 cm2 culture flask. At 48-hour intervals the 
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FIG. 3. The effects of glucocorticoids on immunoglobulin- 
induced eosinophil degranulation. Inhibition of degran- 
ulation (percent) is presented as mean I SEM of three to 
six separate experiments from eight normal individuals. 
Each experiment was done in duplicate. Normodense eo- 
sinophils were incubated with various steroids or solvent 
for 2 to 6 hours, Sepharose beads coated with slgA or 
serum IgG were added, and the tubes were incubated for 
an additional 4 hours at 37” C and 5% CO,, Significant 
inhibition (different from the sotvent control) was ob- 
served with slgA beads in the presence of methylpred- 
nisolone at a concentration of IO+ mol/L (* p < 0.05). 

culture medium containing the suspension of eosinophils 
was aspirated and centrifuged at 200 g for IO minutes at 
room temperature in 50 ml conical tubes (Falcon Plastics, 
Becton Dickinson Labware, Lincoln Park, N-J.). The eo- 
sinophils were suspended in 20 ml of fresh medium and 
added back to the original culture flask. The yield of eo- 
sinophils was 83% and 87% in two experiments. The purity 
and viability of eosinophils after 7 days of culture was 100% 
and >80%, respectively. The median density of eosinophils 
before and after culture was 1.100 and 1.087, respectively. 

EosinoQhil degranuWon 
The degranulation procedure was slightly modified from 

an earlier study.14 Purified or cultured eosinophils were 
washed three times with Hybri-Care medium containing 
gentamicin and HSA in the absence of DCS. The eosinophils 
were resuspended in this medium at 1.0 x 106 cell per 
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milliliter. One hundred microliters of cell suspension was 
incubated with 50 ~1 of various steroids for 2, 3, 6, or 12 
hours in a 96-well, round-bottom, tissue-culture plates (Cos- 
tar Corp., Cambridge, Mass.) in a humidified incubator at 
37” C and 5% CO,, after which 50 ~1 of protein-coated 
beads, suspended in Hybri-Care medium, was added to the 
cell suspension at a 20: 1 ratio of cells to beads. In some 
experiments, rIL-5 was added to the cell suspension at a 
final concentration of 50 U/ml 1 hour before addition of 
beads. Subsequently, steroids, eosinophils, and beads were 
incubated for 4 hours in a humidified incubator at 37” C 
and 5% CO,. The experiment was terminated by centrifu- 
gation of the plate at 1200 g for 10 minutes at 4” C. Su- 
pernatants from wells were collected and frozen at - 20” C 
until they were assayed (see below). All the experiments 
were conducted in duplicate. 

RIA of EDN 
EDN concentrations in the supematants from incubation 

of protein-coated Sepharose 4B beads were analyzed by RlA 
to quantitate eosinophil degranulation as described previ- 
0us1y.‘~ To measure the total eosinophil content of EDN, 
eosinophils were lysed with Nonidet P-40 (Sigma Chemical 
Co.). The RIA is a double-antibody competition assay with 
radioiodinated EDN, rabbit anti-EDN antibody, and burro 
antirabbit IgG. Percent inhibition of eosinophil degranula- 
tion by drug or solvent was calculated as follows: 

wo-w 
%  Inhibition = - 

wo 
x 100% 

Where W O  equals the released EDN when eosinophils were 
incubated in the absence of drug or solvent, and W , the 
released EDN when eosinophils were incubated with drug 
or solvent. 

Statistical analysis 
Data were analyzed by paired or unpaired Student’s t test 

and expressed as mean 2 SEM. 

RESULTS 
The effect of dexamethasone on 
immunoglobulin-induced 
eosinophil degranulation 

In the absence of glucocorticoids or solvent, EDN 
released by incubation with sIgA- or serum IgG- 
coated beads was significantly higher than with OVA- 
coated beads (Table I). Dexamethasone was tested for 
its effect on eosinophil degranulation at doses ranging 
from 10e9 to 10m4 mol/L. Purified normodense eo- 
sinophils were incubated with dexamethasone for 1 
hour before addition of immunoglobulin-coated beads 
(Fig. 1). Dexamethasone, 10e9 to 10T6 mol/L, or its 
corresponding solvent had no effect on degranulation 
induced by sIgA and serum IgG beads. EDN release 
was inhibited by 10m5 and 10e4 mo l/L of dexameth- 
asone, but these inhibitory effects were also observed 
with the solvent control. To  test the effect of pro- 
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FIG. 4. The effects of estradiol and dihydrotestosterone 
on immunoglobulin-induced eosinophil degranulation. 
Fresh normodense eosinophils were incubated with es- 
tradiol, dihydrotestosterone, or solvent for 3 or 6 hours 
before addition of beads. Data demonstrate the percent 
inhibition of degranulation by drug or solvent. Points rep- 
resent mean * SEM of two to four separate duplicate ex- 
periments from five normal individuals. 

longing the preincubation time with dexamethasone 
on immunogloubl in- induced eosinophil degranula- 
tion, purified normodense eosinophils were incubated 
with dexamethasone for 3  or 6  hours before addition 
of beads (Fig. 2). No effect of dexamethasone was 
observed at either preincubation period at doses rang- 
ing from 10V9 to lo+ mo l/L. 

The effect of various glucocorticoids 
on immunoglobulin-induced 
eosinophil degranulation 

The effects of other glucocorticoids on  
immunoglobul in- induced eosinophil degranulation, as 
well as a  summary of six experiments with dexa- 
methasone, are presented in F ig. 3. Purified normo- 
dense eosinophils were incubated with dexametha- 
sone, hydrocortisone, or metliylprednisolone for 2, 3, 
or 6  hours before addition of beads. Dexamethasone, 
hydrocortisone, and  methylprednisolone in the range 
of 10m9 to 10e6 mo l/L had  no  effect. The  range of 
inhibition of sIgA-induced eosinophil degranulat ion 
by 1  X 10V6 mo l/L of dexamethasone and control 
(Figs. 1  to 3) were - 11.3% to 24.3% and 6.9% 
to 27.3%, respectively; the range of inhibition of 
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FIG. 5. The effects of methylprednisolone on immunoglobulin-induced degranulation of eosin- 
ophils from a patient with episodic angioedema associated with eosinophilia. Percent inhibition 
is presented as the mean k SEM of two separate duplicate experiments. Eosinophils were 
separated into three subsets by density and incubated with methylprednisolone for 3 hours, 
Sepharose beads coated with slgA were added, and incubation was continued for 4 additional 
hours at 37” C and 5% CO,. Significant inhibition of degranulation by methylprednisolone was 
observed at 1 x 10m4 mol/L compared to solvent for intermediate density and hypodense eo- 
sinophils (p < 0.05). 

sIgA-induced eosinophil degranulation by 1 x 10e6 
mol/L of methylprednisolone and control were 
- 1.2% to 8.1% and 5.6% to 19.7%, respectively. 
At the concentrations of low5 and low4 mol/L, dexa- 
methasone, hydrocortisone, and the solvent control at 
equivalent concentrations inhibited degranulation. 
However, the inhibition curve of the drug and solvent 
did not differ significantly at any point, suggesting 
that dexamethasone and hydrocortisone themselves 
are not exerting an effect on immunoglobulin-induced 
eosinophil degranulation but rather that the inhibition 
can be attributed to the ethanol content of the drug 
and solvent. Among all these comparisons, only meth- 
ylprednisolone, 1 x lo-’ mol/L, significantly inhib- 
ited sIgA-induced degranulation compared to solvent. 

The effect of estradiol and 
dihydrotestusterone on 
immunoglobulin-induced 
eosinophl degranulation 

Fresh normodense eosinophils were preincubated 
with estradiol or dihydrotestosterone for 3 or 6 hours 
before addition of beads (Fig. 4). Dihydrotestoster- 
one, over the range 10m9 to lOA mol/L, and estradiol, 
over the range low9 to 10m7 mol/L, had no effect on 
immunoglobulin-induced eosinophil degranulation . 

The effect on hypodense eusinophils 
Because of a study indicating that eosinophil pre- 

cursors from patients with eosinophilia are more sen- 
sitive to steroids than eosinophil precursors from nor- 
mal subjects in terms of eosinophil colony growth,2’ 
we tested the effect of glucocorticoids on degranu- 
lation of eosinophils from a patient with episodic an- 
gioedema associated with eosinophilia. I7 EosinophiIs 

from the patient were purified and separated into three 
fractions by density, as described in METHODS, and 
the effect of methylprednisolone was tested by adding 
methylprednisolone 3 hours before additian of beads 
into incubation (Fig. 5). No significant inhibition of 
degranulation was observed with any of the density 
fractions in the range of lo-’ to 10e6 mol/L of meth- 
ylprednisolone. At 1 x 10e4 mol/L of methylpred- 
nisolone, degranulation of intermediate and hypo- 
dense eosinophils was significantly inhibited, 20% 
compared to solvent (p < 0.05). 

To test further the hypothesis that degranujation of 
hypodense eosinophils is inhibited by glucocvrticoids. 
hypodense eosinophils were induced by culture of nvr- 
modense eosinophils with rIL-5 for 7 day? and were 
incubated with medium, solvent control, or gluco- 
corticoid, 1 x lO-‘j mol/L, for 12 hours before ad- 
dition of beads (Table II). ImmunogIobuIin-induced 
hypodense eosinophil degranulation was not inhib- 
ited significantly by dexamethasone, hydrocortisone, 
methylprednisolone, or dihydrotestosterone, all at 
1 X 1O-6 mol/L. 

The effect of stwuids on r&5 en 
of degranuletien 

Preliminary experiments confirmed the finding that 
rIL-5 enhances immunoglobuiin-mediated eosinophil 
degranulation.** To investigate the effect of steroids 
on the rIL-5-induced activation of eosinophii degran- 
ulation, purified normodense eosinophits from normal 
volunteers were preincubated with various steroids at 
10e6 mol/L for 12 hours, after which rIL-5 was added 
to eosinophils at a final concentration of 50 U/ml for 
1 hour before addition of be& (‘@We III). dL-5 
significantly enhanced both s&A-i&Wed &&ophii 
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TABLE II. The  effect of glucocorticoids on  hypodense eosinophil  degranulat ion 

EDN released (ng/5 x 1Q of eosinophils) by 
beads coated with 

Drug OVA slgA 

Medium 68.3 k 0.4 181.5 +- 3.7 
Solvent 64.8 -c 0.8 182.1 2 3.3 
Dexamethasone, 10m6 mol/L 61.7 2 0.4 193.9 k 8.9 
Hydrocortisone, 10e6 mol/L 63.3 2 0.3 191.7 r 4.3 
Methylprednisolone, 10m6 mol/L 62.2 +- 1.5 199.8 k 6.9 
Dihydrotestosterone, 1O-6 mol/L 73.3 e 2.7 183.3 + 12.0 

EDN release is presented as mean + SEM (ng15.0 x lC? of eosinophils). Cultured hypodense eosinophils were incubated with medium, 
solvent, or steroid for 12 hours, OVA- and sIgA-coated beads were added, and the cells were incubated for 4 additional hours at 37” C 
and 5% CO*. Thg total EDN content of eosinophils (lysed with Nonidet P-40) was 1234.8 2 54.0 ng15.0 x 10’ of eosinophils. This 
experiment was performed twice in duplicate. 

TABLE III. The  effect of steroids on  t-IL-5 action on  eosinophil  degranulat ion 

EDN released (ng14 x lo5 of eosinophils) by beads coated with 

Drug - rlL-5 

OVA 

+ rlL-5 - rlL-5 

slgA 

+ rll-5 

Medium 13.7 + 0.6 18.5 2 O.l* 186.4 + 2.3 212.0 * 0.3* 
Solvent 13.0 ‘- 0.9 13.3 + 2.1 160.0 + 5.6 208.0 k 2.6* 
Dexamethasone, 10m6 mol / L  15.7 AI 0.1 18.3 r 1.6 156.8 k 12.6 228.4 2 7.4* 
Hydrocortisone, 10m6 mol/L 15.4 k 0.1 19.0 k 0.5* 168.4 + 9.2 222.0 t 4.4* 
Methylprednisolone, 10m6 mol / L  12.3 k 0.6 17.0 k 0.7* 147.3 k 6.2 228.2 + 9.7* 
Dihydrotestosterone, 10m6 mol/L 16.4 k 0.1 20.4 f. O.l* 163.5 k 7.4 190.5 * 5.9 

EDN release is presented as mean -C SEM (ng/4.0 x 101 of eosinophils). Normodense eosinophils were incubated with medium, solvent, 
or steroid for 12 hours, after which rIL-5 (50 U/ml) or medium was added. After an additional l-hour incubation, beads were added, 
and the mixture of beads, cells, and drug were incubated for 4 hours at 37” C and 5% CO,. The total EDN content of eosinophils (lysed 
with Nonidet P-40) was 1003.8 k 72.8 ng/4.0 x 105 eosinophils. All comparisons were performed in duplicate. 

*Significantly increased EDN release in the presence of rIL-5 compared to the absence of rIL-5 (p < 0.05). 

degranulat ion and nonspecific release in the presence 
of OVA-coated beads. However, the enhancement  was 
not blocked by 1  X 10e6 mo l/L of dexamethasone,  
hydrocortisone, methylprednisolone, or dihydrotes- 
tosterone. 

DISCUSSION 
W e  evaluated the ability of steroids to alter 

immunoglobul in- induced eosinophil degranulation. 
None of the glucocorticoids tested had an  effect on  
sIgA- and  IgG-induced eosinophil degranulat ion at 
concentrations in the pharmacologic range, 10d9 to 
10M6 mo l/L, with either normodense or hypodense 
eosinophils with incubations up  to 17  hours. Indeed, 
of the various steroids tested, only methylpredniso- 
lone inhibited sIgA-induced degranulat ion by 20% at 
a  very high Iconcentration ( 10e5 mo l/ L) . Furthermore, 

rIL-5 enhancement  of degranulat ion was not blocked 
by any of the steroids tested. 

To  evaluate the ability of steroids to mod ify eosin- 
ophil degranulation, we used human eosinophils, 
protein-coated beads as targets, and  the release of an  
eosinophil granule protein as an  indicator of eosino- 
phi1 degranulation. F irst, we examined the effect of 
various steroids on  degranulat ion of normodense eo- 
sinophils because prior studies demonstrated that eo- 
sinophils from patients receiving oral glucocorticoids 
have reduced chemotaxis and  reduced adherence 
in vitro.‘, I0 However, in vitro treatment of eosinophils 
with glucocorticoids has revealed conflicting results; 
hydrocortisone, at concentrations up  to 10m4 to 10T3 
mo l/L, demonstrated no  effect on  chemotaxis in one  
study23 and inhibited chemotaxis in another study.Z4 
Methylprednisolone inhibited rat eosinophil-mediated 
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antibody-dependent cellular cytotoxicity at low7 to 
10-j mol/L.” In the case of eosinophil granule protein 
levels in blood, no change in MBP levels, but a small 
and significant decrease in plasma Charcot-Leyden 
crystal protein levels was observed in normal volun- 
teers receiving prednisolone.*’ In an earlier study,25 a 
high concentration of hydrocortisone, 1 O--5 mol/L, 
reduced the release of the eosinophil cationic protein 
from human eosinophils stimulated with serum-treated 
Sephadex beads. In this study, dexamethasone, hy- 
drocortisone, and methylprednisolone had no effect 
on eosinophil degranulation induced by sIgA- and 
IgG-coated beads at pharmacologic concentrations of 
10m9 to 10-h mol/L. As illustrated in Fig. 3, methyl- 
prednisolone inhibited sIgA-induced degranulation 
20% over solvent control at 10e5 moli L. However, 
this concentration is far above the concentration of 
free-plasma hydrocortisone (2 X lo-*’ to 2 X lo-’ 
mol/L)” and even above high pharmacologic levels. 
For example, intravenous administration of 100 mg 
of hydrocortisone yields plasma levels up to 4 X 10eh 
mol/ L .‘6 In the treatment of patients with asthma, 200 
mg of hydrocortisone might be administered in a sin- 
gle intravenous infusion, followed by a continuous 
infusion of 500 mg, and finally another intravenous 
infusion of 200 mg a few hours later. In this situation, 
the plasma level of hydrocortisone transiently might 
be as high as 2 X 10m4 mol/L. However, in our ex- 
periments, this concentration of hydrocortisone and 
even dexamethasone did not inhibit sIgA- and IgG- 
induced degranulation. The other steroids, estradiol 
and dihydrotestosterone, also had no effect on de- 
granulation at concentrations of 1 O-’ to lo-’ mol/L 
and 10e9 to 10e4 mol/L, respectively. 

Second, we tested the effect of steroids on hypo- 
dense eosinophils, which are believed to be acti- 
vated24- ” with eosinophils separated from a patient 
with episodic angioedema associated with eosino- 
philia” and eosinophils cultured with rIL-5 for 1 
week.” Our rationale for these experiments was the 
observation that eosinophil precursors from patients 
with eosinophilia are more susceptible to effects of 
glucocorticoids than precursors of eosinophils from 
normal subjects.*’ In the present study we found that 
dexamethasone, hydrocortisone, methylprednisolone, 
and dihydrotestosterone had no effect on sIgA- 
induced degranulation by hypodense eosinophils pre- 
pared by culture of normodense eosinophils with rIL- 
5 and that degranulation of hypodense eosinophils 
from a patient with episodic angioedema associated 
with eosinophilia” was inhibited only by 1 X 10-j 
mol/ L of methylprednisolone, a markedly elevated 
concentration. These results discourage belief that de- 
granulation of hypodense eosinophils is more suscep- 

tible to glucocorticoids than degranuiation of nor- 
modense eosinophils. 

Third, we examined the effect of steroids on the 
ability of rIL-5 to enhance degranulation. rlL-5 in- 
duces eosinophil differentiation and activation.“. 3 “’ 
acts as a chemotactic factor for eosinophils, ‘I ” causes 
normodense eosinophils to become hypodense,“’ and 
enhances immunoglobulin-induced eosinophii degran- 
ulation.” Here, rIL-5 enhanced eosinophil degranu- 
lation induced by sIgA-coated beads and caused a 
slight but significant increase in EDN release from 
control beads. This effect of t-IL-5 was not inhibited 
by any of the steroids, 1 x IO-” moliL. even with 
a 12-hour preincubation. 

Finally, we entertained the possibility that some 
technical reason might explain the lack of effects 
by steroids, for example. the time necessary for in- 
teraction. Normal human eosinophils have sterotd 
receptors with characteristics similar to receptors on 
neutrophils.” In a system that uses subcutaneous 
infusion of dexamethasone in mice, the anti- 
inflammatory effect is apparent at 2 hours. reaches 
a maximum at 3 hours, and persists 6 hours and 
longer.33. 34 Several of the metabolic effects of glu- 
cocorticoids have a latency period of 0.5 to 2 hours.” 
and within this time interval, induction of gene expres- 
sion for anti-inflammatory action presumably is re- 
quired.“j In one preliminary experiment, subcutaneous 
injection of 1 mg / kg dose of our dexamethasone prep- 
aration induced eosinopenia in mice that began 3 hours 
after infusion and persisted for 24 hours (data not 
presented). We did not observe a difference in the 
dose response of immunoglobulin-induced eosinophil 
degranulation between 3 hours and 6 hours preincu- 
bation (Fig. 2). Furthermore, the preincubation time 
of 2 to 12 hours should be sufficient for a glucocor- 
ticoid effect on eosinophil degranulation. 

These studies lead us to conclude that eosinophil 
degranulation is not an important direct target of glu- 
cocorticoid action in humans. The effect of steroids 
in vivo could be directed at other functions of eosin- 
ophils and/or at other cells that modulate twsinophil 
function. 

We thank Dr. Thomas C. Spelsberg, Dr. Gregory D. 
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