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Recent in vitro investigations have demonstrated that corticosteroids in combination with
interleukin-4 induce the synthesis of IgE. Corticosteroids are increasingly being used to treat the
inflammatory component of asthma. This has raised concern over the potential in vivo effects
of corticosteroids on IgE production and the correlation of IgE-enhancing effects with clinical
effects on asthma. In this study 10 patients with asthma were given a 7-day course of 20 mg of
prednisone, administered orally two times a day. All of the patients had a rise in serum IgE
levels after the course of prednisone (p = 0.005). Detection of specific IgE to pollen and
perennial allergens demonstrated that the rise in serum IgE was polyclonal. Peripheral blood
mononuclear cells from patients treated with prednisone produced increased levels of IgE in
vitro when exogenous IL-4 was added to their cultures. Peripheral blood mononuclear cells
obtained from patients before and after administration of prednisone revealed a significant
decrease in interferon-vy synthesis (p = 0.005), but not in interleukin-4 (p = 0.6), after the
course of prednisone. These findings were paralleled by a significant decrease in the frequency
of interferon-y (p = 0.03), but not interleukin-4 (p = 1.0) expressing cells. Despite the increase
in IgE synthesis, there was a significant increase in forced expiratory volume in 1 second after
the course of prednisone (p = 0.01). These data suggest that the observed rise in IgE
production associated with prednisone treatment is not clinically deleterious but reflects the
immunomodulatory effects of corticosteroids on T lymphocytes. (] ALLERGY CLIN IMMUNOL

1994;94:222-30.)
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In 1989, Burrows et al.' reported that the
prevalence of asthma is closely related to serum
IgE levels irrespective of skin test reactivity to
allergens. This observation was further pursued
by Sears et al.> who found a direct correlation
between airway hyperresponsiveness and serum
IgE levels in children. However, the basis for this
association between IgE and asthma remains
poorly understood, although it is believed to re-
flect the central role of IgE in the pathogenesis of
allergic inflammation.’

Recent studies have demonstrated that the in-
duction of IgE synthesis requires two signals.* The
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Abbreviations used

FEV,: Forced expiratory volume in 1
second
IFN-y: Interferon gamma

IL: Interleukin
IQ: Interquartile range (25th and 75th
percentiles)
NK: Natural killer
PBMCs: Peripheral blood mononuclear cells

first is delivered by the cytokine, interleukin-4 (IL-
4), which induces the expression of e germ line
transcripts in B cells.> * However, switch recombi-
nation and expression of mature ¢ RNA tran-
scripts, resulting in secreted IgE protein, requires a
second signal. Several second signals have been
identified. These include T cells,” Epstein-Barr vi-
rus infection,® monoclonal antibodies to the CD40
B-cell ligand,” and corticosteroids.'> ' A variety of
cytokines can modulate IgE synthesis including
interferon-y (IFN-v), which inhibits IgE synthesis.*

Because corticosteroids are commonly used in
the treatment of asthma, concern has been raised
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TABLE 1. Patient characteristics and FEV, response to prednisone

FEV,
Donor Age Before prednisone After %

No. {yr) Sex (L) prednisone (L) Improvement Maintenance medications
! 24 M 3.20 3.65 4 *
2 25 M 293 338 15 *
3 38 M 2.38 3.32 39 *
4 43 M 1.55 2.85 84 *
5 24 M 4.61 ND ND *
6 28 F 4.50 ND ND Triamcinolone MDI*
7 36 M 334 3.64 9 Theophylline, triamcinolone MDI*
8 30 M 271 2.76 2 Albuterol tablets*
9 22 F 1.58 3.11 97 Theophylline*

10 28 M 2.98 3.95 33 Triamcinolone MDI*

ND, Not done; MDI, metered dose inhaler.

*“All donors used albuterol on an as needed basis. Albutero! was withheld for at least 12 hours before blood was drawn. All
patients were receiving a daily dose of less than 1 mg of triamcinolone acetonide from a metered dose inhaler.

over whether potential IgE-enhancing effects of
corticosteroids might have “hidden” deleterious
effects to the allergic patient undergoing treat-
ment with corticosteroids.”* The purposes of the
present investigation were therefore to prospec-
tively study the in vivo effect of corticosteroids on
IgE synthesis in the patient with asthma, to ex-
amine potential mechanisms for corticosteroid-
induced IgE synthesis in vivo, and most impor-
tantly to correlate changes in pulmonary function
with changes in serum IgE.

METHODS
Donors

Ten patients with asthma, eight men and two women
with a median age of 28 years (interquartile {IQ] range
was 24 to 35 years, which represents 25th to 75th
percentile), were enrolled in this study after informed
consent was obtained (Table I). The medium serum
IgE level at entry into the study was 242.5 TU/ml (1Q,
91-529), and all patients were atopic as determined by
positive skin prick allergen test results. All patients
fulfilled the American Thoracic Society criteria for
asthma," which included a requirement for an increase
of 15% or greater in forced expiratory volume in
1 second (FEV,) after two inhalations of albuterol
(50 ng per actuation). Patients were excluded from the
study if there was any evidence of other types of lung
disease, pregnancy, suspected noncompliance with
therapy, or concurrent therapy with medications that
would alter glucocorticoid metabolism. Furthermore,
none of the patients were receiving systemic corticoste-
roids for at least 1 month before the beginning of the
study, and five of the 10 were receiving no prophylactic
asthma medication (see Table I). All medications were
withheld for at least 12 hours before blood was drawn.

The study group received 20 mg of prednisone
(Deltasone; Upjohn, Kalamazoo, Mich.) orally twice a
day for 7 days. There were no alterations in their usual
medications during the 1-week course of prednisone.
Serum samples and heparinized blood were drawn
before and after the course of prednisone. Of the 10
patients, eight had a morning prebronchodilator FEV,
of less than 70% of predicted value before prednisone
therapy. These eight patients performed pulmonary
function tests before and after prednisone treatment.

Assay for cytokine synthesis

Peripheral blood mononuclear cells (PBMCs) from
10 patients with asthma were isolated from heparinized
venous blood by density gradient centrifugation on
Ficoll-Hypaque (Pharmacia Fine Chemicals, Piscat-
away, N.J.) washed three times in Hanks’ balanced salt
solution (Gibco, Grand Island, N.Y.), and resuspended
at 1.0 x 10° cells/ml in RPMI-1640 (Whittaker Bio-
products, Walkersville, Md.) supplemented with 10%
fetal calf serum (Hyclone Sterile Systems, Inc., Logan,
Utah) supplemented with 2 mmol/L. L-glutamine,
2 mmol/L. N-2-hydroxyethylpiperazine-N-2-ethanesul-
fonic acid, 100 ug/mi streptomycin, and 100 U/m} peni-
cillin. Cells were stimulated with 10 pg/ml concanavalin
A (Bochringer Mannheim, Indianapolis, Ind.) and cul-
tured at 37° C in a 5% CO, humidified atmosphere.
After 48 hours, the supernatants were harvested and
stored at ~20° C.

IL-4 quantitative determinations were measured
with a commercial ELISA kit (R&D Systems, Minne-
apolis, Minn.) with a sensitivity of 3.0 pg/ml. Because of
low levels of IL-4, all supernatants were concentrated
fivefold by Centricon Concentrators (Amicon, Beverly,
Mass.) before assay. IFN-y was measured by a com-
mercial ELISA kit (Endogen, Boston, Mass.) with a
sensitivity of 5.0 pg/ml.
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FIG. 1. Effect of prednisone on serum IgE {A) and IgG (B) levels. Ten patients with asthma were
given a course of 20 mg of prednisone two times a day for 7 days. Serum immunoglobulins were
drawn before and after prednisone treatment. All patients showed a significant increase in serum
IgE levels (p = 0.005) but no significant change in serum IgG levels {(p = 0.4).

Analysis of frequency of cytokine
producing cells

To determine the percentage of cells producing spe-
cific cytokines, cells were stained for production of
intracellular cytokines. PBMCs from six atopic donors
were suspended at 3.0 x 10° cells/ml in RPMI-1640
medium supplemented with 10% fetal calf serum. After
20 hours incubation at 37° C in a 5% CO, humidified
atmosphere, the cells were stimulated with 10 nmol/L
phorbol 12-myristate 13-acetate (Sigma Chemical Co.,
St. Louis, Mo.) plus 0.5 pmol/L ionomycin (Calbio-
chem, San Diego, Calif.) along with monensin
(1 umol/L) (Sigma) for 4 hours before staining.

PBMCs were stained for IL-4 and IFN-y in the
cytoplasm as previously described.” Briefly, cells were
fixed for 10 minutes in 4% paraformaldehyde, and after
two washes, were “permeabilized” for 5 minutes in
0.1% saponin solution. The PBMCs were then blocked
with 10% AB serum (Advanced Biotechnologies, Co-
lumbia, Md.) and 100 pg/ml goat immunoglobulin
(Jackson Immuno Research Laboratories, West Grove,
Pa.) and divided into samples of 2 x 10° cells for
individual staining. Samples were incubated with mouse
anti-human anti-IL-4 antibody (Immunex Corp., Seattle,
Wash.) and mouse anti-human IFN-y antibody (Gen-
zyme Corp., Cambridge, Mass.) at a concentration of
5 wg/ml at room temperature for 30 minutes in saponin
solution. After two washes, cell pellets were resus-
pended in saponin solution and a phycoerythrin- or fluo-
rescein isothiocyanate—conjugated goat anti-mouse
isotype-specific antibody (Southern Biotechnology Asso-
ciates, Birmingham, Ala.) was added for 30 minutes to-
gether either with a phycoerythrin- or fluorescein
isothiocyanate—labeled surface marker antibody (anti-

CD3, anti-CD4, anti-CDS8, anti-CD16, anti-CD56) (Bec-
ton Dickinson, San Jose, Calif.). Samples were washed
twice, and two-color flow cytometry was used to analyze
the frequency of cytokine-producing cells in different

lymphocyte populations.
Cell cultures for IgE synthesis

PBMCs were suspended at 1.0 x 10° cells/ml in
Iscove’s modification of Dulbecco’s medium (Gibco)
supplemented with 0.5% bovine serum albumin
(Sigma), 1 pg/ml of palmitic acid, oleic acid, and
linoleic acid (Sigma), 5 pg/ml bovine insulin (Sigma), 50
pg/ml apotransferrin (Sigma), 10% heat-inactivated fe-
tal calf serum, and 100 pg/ml streptomycin and 100
U/ml penicillin as previously described by Buckley et
al.** PBMCs were cultured in the presence and absence
of IL-4 (400 U/ml) a gift of Dr. Paul Trotta, Schering
Research Institute, Bloomfield, N.J.). Cell cultures
were maintained at 37° C in a 5% CO, humidified
atmosphere. Supernatants were harvested after 15 days
and frozen at —20° C.

IgE was quantified by ELISA as previously de-
scribed.'” Briefly, 96-well microtiter plates were coated
with purified mouse monoclonal anti-human IgE no.
4.12 and no. 7.12 (a kind gift of Dr. Andrew Saxon,
University of California, Los Angeles) diluted in 0.1
mol NaHCO; at a concentration of 10 pg/ml. After
overnight incubation at 4° C, the wells were blocked
with 1% (wt/vol) bovine serum albumin-Tris buffer for
2 hours at 37° C. Supernatants were incubated in
duplicate at 4° C overnight along with human IgE
standard controls (Pharmacia Diagnostics AB, Upp-
sala, Sweden). After washing the plates, a 1:100 dilu-
tion of biotinylated goat anti-human IgE (Vector, Bur-
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FIG. 2. Effect of prednisone on serum allergen-specific IgE leveis. Allergen-specific IgE was
measured in 10 patients with asthma. The polyclonal IgE responses of four representative
patients to the different allergens tested are shown (p = 0.0002).

lingame, Calif.) was added and incubated for 1 hour at
37° C. After a subsequent wash, a 1:1500 dilution of
streptavidin alkaline phosphatase was added to the
plates and incubated for 2 hours at 37° C. After
development with 2 mmol/L p-nitrophenyl phosphate
substrate (Sigma), the optical density was read at 405
nm on an Emax Microplate reader (Molecular Devices;
Menlo Park, Calif.). The lower limit of sensitivity of the
assay was 0.5 ng/ml.

Determination of serum
immunoglobulin levels

Serum IgE levels were measured by the IMx Total
IgE assay system, which is a microparticle enzyme
immunoassay for the quantitative measurement of IgE
(Abbott Laboratories, Abbott Park, IlL.). Sensitivity of
the IMx Total IgE assay is below 0.048 IU IgE per
milliliter. Serum IgG levels were quantitated by
nephelometry with the Behring nephelometer (Behring
Diagnostics Inc., Somerville, N.J.). The sensitivity of
the assay is 170 mg/dl.

Patients’ sera were tested against specific allergens,
which were previously documented to produce signifi-
cant immediate wheal-and-flare reaction by skin prick
testing in the respective patients. Allergens tested
included timothy grass, short ragweed, Russian thistle,
Alternaria species, cat dander, maple tree, cottonwood
tree, and Dermatophagoides farinae mite. The Phar-

macia CAP system is an in vitro test system for the
determination of circulating specific IgE antibodies
(Pharmacia Diagnostics AB, Uppsala, Sweden). The
system uses solid-phase-bound allergens (“immuno-
CAP") that react with antibodies in the serum samples.
Units are expressed as kilounits of antibody per liter
(kU /L) where A represents allergen-specific antibody.
Values less than 0.35 kU,/L represent absent or
undetectable levels of allergen-specific antibody.
There is no cross-reactivity with IgA, IgD, IgM, or
IgG.

Statistical methods

Because of the skewness of the distributions of the
variables, the data are described with medians and
interquartile (IQ) ranges (25th and 75th percentiles).
Tests comparing two measurements on the same sub-
ject were made with the Wilcoxon signed rank test, and
those comparing measurements between subjects were
made with the Wilcoxon rank sum test.”®

RESULTS
Serum IgE but not IgG levels increase after a
course of prednisone

To investigate the effect of a 7-day course of
high-dose prednisone on in vivo IgE production,
serum samples were drawn before and after a
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TABLE Il. PBMC synthesis of IgE before and after a course of prednisone
Net IgE synthesis (ng/ml)
Before prednisone After prednisone
Donor No. Nil IL-4 Nil IL-4
{ 0.9 1.65 35 7.04
2 29 26.0 5.7 88.0
3 1.1 115.0 22 352.0
4 1.5 4.4 1.5 11.0
5 0.22 0.44 0.44 1.32
Median 1.1* 4.4% 2.2% 11.0%

PBMCs were cultured at 1 x 10° cells/ml before and after a course of prednisone, in the presence and absence of IL-4, for 15 days.
The data represent the values obtained from five different donors.

*p = 0.08.
fp = 0.0002.

course of 20 mg of prednisone administered orally
twice a day in 10 patients with asthma. As shown
in Fig. 1, A, serum IgE levels increased in all
patients after prednisone treatment. The median
increase was 46% (1Q, 30-57) above pretreatment
values (p = 0.005). The median preprednisone
IgE level was 242.5 TU/ml (IQ, 91.0-529.0) and
median postprednisone IgE level was 384.5 IU/ml
(1Q, 174-811).

In contrast to serum IgE levels, there was no
significant change in serum IgG levels (Fig. 1, B).
The median preprednisone IgG level was 1080
mg/dl (IQ, 995-1400) and the median post-
prednisone IgG level was 1130 mg/dl (IQ, 916-
1380). The overall median change was 1%

( = 0.4).

Prednisone induces a polyclonal
IgE response

To determine whether this rise in serum IgE
was monoclonal or polyclonal in nature, IgE re-
activity against various allergens was determined.
These were selected on the basis of the previous
demonstration of a significant wheal (>3 mm)
and flare response by skin prick testing in the
respective patients with asthma. All of the pa-
tients tested showed that specific IgE levels to
multiple perennials and seasonal allergens in-
creased after prednisone treatment. The median
preprednisone allergen-specific IgE value was
2.90 kU,/L (IQ, 1.82-5.48), and the postpred-
nisene allergen-specific IgE value was 4.93 kU /L
(1Q, 2.66-6.90) (p = 0.0002). Fig. 2 presents data
from four representative patients, showing the
rise in serum IgE directed to multiple allergens
(see Appendix).

Effect of prednisone on IgE synthesis

To investigate the potential mechanisms by
which prednisone induces a rise in serum IgE, we
cultured PBMCs before and after a course of
predniscne, in the presence and absence of 1L-4.
As shown in Table II, the median baseline spon-
taneous IgE production by PBMCs was 1.10 ng/ml
(IQ, 0.73-1.88 ng IgE/ml) and median production
after prednisone treatment was 2.20 ng/ml (IQ,
1.27-4.05 ng IgE/ml; p = 0.08). This increased in
vitro production of IgE, associated with pred-
nisone treatment, was significantly increased
when 11-4 was added to the cultures: median
baseline IgE production, in the presence of IL-4,
was 4.40 ng/ml (IQ, 1.35-48.30 ng IgE/ml) and
median production after prednisone treatment
was 11.0 ng/ml (IQ, 5.6-154.0 ng IgE/ml; p =
0.0002).

Effect of prednisone on cytokine synthesis

It has been established that net IgE synthesis is
determined in large part by the balance of IFN-y
and IL-4 production.* Therefore to determine a
potential mechanism for the stimulation and in
vivo and in vitro IgE synthesis after prednisone
treatment, IL-4 and IFN-y production by PBMCs
was examined. Spontaneous production of IFN-y
and IL-4 by PBMCs from all patients, before and
after prednisone treatment, was undetectable.
However, after concanavalin A stimulation, sig-
nificant levels of IFN-y and IL-4 were generated.
As can be seen in Fig. 3, 4, PBMCs from all 10
patients with asthma had a significant decrease in
Con A-induced IFN-vy synthesis after a course of
prednisone (p = 0.005). The median prepred-
nisone IFN-vy synthesis was 6.9 ng/ml (1Q, 5.0-15.5
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FIG. 3. Effect of prednisone on IFN-vy {A} and IL-4 (B} synthesis. PBMCs {1 x 10° celis/ml} from 10
patients with asthma were cultured before and after a course of prednisone in the presence of
concanavalin A {10 ug/mi} for 48 hours, after which supernatants were analyzed for IFN-y and IL-4
levels by ELISA. IFN-v, but not IL-4 {p = 0.6}, synthesis was decreased in all patients {p = 0.005},
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FIG. 4. Effect of prednisone on the frequency of IFN-y—{A} and {L-4—{B}) producing PBMCs.
tntracellular staining for cytokine production was performed on serum samples from six patients.
After prednisone treatment, the frequency of PBMCs producing IFN-y, but not IL-4 {p = 1.0), was
decreased {p = 0.03).

ng IFN-y/ml) at baseline. This decreased to a
postprednisone treatment level of 1.5 ng/ml (IQ,
1.0-4.1 ng IFN-y/ml).

To determine whether the decreased IFN-y
production reflected a decreased number of IFN-
y~producing cells, the percentage of cells express-

ing IFN-y was determined by intracellular cyto-
kine staining. As can be seen in Fig. 4, 4, the
median frequency of PBMC IFN-y-producing
cells decreased 39% from a median prepred-
nisone frequency of 10% (1Q, 9.4-11.0) to a post-
prednisone frequency of 6.1% (I1Q, 5.0-6.7;



228 Zieg et al.

30 p=0.03

2

3

2

T 20 -

a

o

g

H

4

il

g

S 10 -
0

Pre Post

M P

J ALLERGY CLIN IMMUNOL
AUGUST 1994

B
6 — p=0.03
]
8
z 4
[
=1
o
2
5
a
iy
z
o
® 2
O
0
Pre Post
prednisone prednisone

FIG. 5. Effect of prednisone on frquency of IFN-y on different lymphocyte subpopulations.
Intracellular staining for IFN-y production was performed on serum samples from six patients.
After prednisone treatment, the frequency of CD3(+) (A) and CD3(-) (B) IFN-y—producing cells

was decreased (p = 0.03).

p = 0.03). Because IFN-y can be produced by T
cells, as well as by natural killer (NK) cells, we
further assessed the effect of prednisone on the
frequency of IFN-y—producing cells in different
lymphocyte subpopulations. CD3(+) T cells
showed a 40% decrease in the frequency of
IFN-y~producing cells from a median prepred-
nisone frequency of 8.4% (IQ, 7.0-11.0) to a
postprednisone frequency of 5.1% (1Q, 4.8-6.0;
p = 0.03) (Fig. 5, 4). The frequency of IFN-y-
producing cells decreased in both the CD4(+)
and the CD8(+) T-cell subpopulations. In the
case of IFN-y-producing CD4(+) T cells, there
was a median preprednisone frequency of 5.8%
(IQ, 5.0-8.4), which decreased to a postpred-
nisone frequency of 4.3% (1Q, 1.7-5.8; p = 0.03).
Similarly, IFN-y-producing CD8(+) T cells
showed a preprednisone frequency of 17.4% (1Q,
14.4-21.4) and decreased to a postprednisone fre-
quency of 11.95% (1Q, 7.60-16.90; p = 0.03). In-
terestingly, we also found a 74% decrease in the
number of CD3(—) IFN-y negative producing
cells (Fig. 5, B) with a preprednisone median
frequency of 3.5% (I1Q, 2.0-4.6) and a postpred-
nisone frequency of 0.9% (IQ, 0.7-2.1; p = 0.03).
These CD3(—) T cells were shown to be NK cells
to direct analysis of CD16/CD56(+) IFN-y—pro-
ducing cells in two of the patients (data not
shown). Therefore it appears that corticosteroids
cause a significant decrease in the frequency of

IFN-y-producing NK cells, as well as the
CD3(+), CD4(+), and CD3(+), CD8(+) T
cells.

In contrast, treatment with prednisone did not
have a significant effect on PBMC synthesis of
IL-4 (Fig. 3, B). The median preprednisone IL-4
level was 139 pg/mi (1Q, 90-224), and the median
postprednisone IL-4 level was 165 pg/ml (1Q,
30-240; p = 0.6). These observations were paral-
leled by the data obtained for the frequency of
IL-4—producing cells. As shown in Fig. 4, B, there
was no difference in the percentage of IL-4-
producing cells before and after prednisone treat-
ment (p = 1.0).

Effect of prednisone on pulmonary
function testing

Pulmonary function tests were obtained in the
eight patients with asthma who had a baseline
FEV, of less than 70% of predicted value (Ta-
ble I). Their median FEV, before prednisone was
2.82 L (1Q, 1.99-3.09), and their median FEV;
after prednisone was 3.35 L (1Q, 2.81-3.65). This
was a significant increase in FEV; (p = 0.01).
Next, we attempted to determine whether there
was a correlation between the rise in serum IgE
levels and the change in pulmonary function stud-
ies that was observed. As shown in Fig. 6, the
regression analysis provided a correlation coeffi-
cient (r) between the increase in serum IgE levels
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and the increase in FEV, of 0.76 (p = 0.03). Thus
there was a direct correlation between increased
serum IgE levels and improvement in FEV;,.

DISCUSSION

Our current findings demonstrate that admin-
istration of prednisone to atopic patients with
asthma causes a significant rise in their serum IgE
levels. These data are consistent with the previous
observations by Settipane et al.'” and Posey et
al."”® who also reported that serum IgE levels rise
after a course of prednisone. This study extends
these previous findings by demonstrating that this
rise in serum IgE is due to a polyclonal activation
of IgE synthesis. Of greater importance, we have
also demonstrated that this rise in serum IgE had
no clinically adverse effects on the results of
patients’ pulmonary function studies.

The induction of IgE synthesis requires two
signals: the first is IL-4, and the second is a B-cell
activation signal.> * Of particular interest is the
discovery that corticosteroids can act as a second
signal.'> "' This was initially discovered in CD5+
leukemia B cells'® but subsequently extended to
include unfractionated PBMCs in vitro.!' The
exact mechanism by which corticosteroids act in
concert with IL-4 to increase IgE synthesis is not
completely understood but may be of consider-
able interest to the practice of allergy because
corticosteroids are commonly used to treat the
inflammatory component of asthma.

To further examine the potential mechanism(s)
by which prednisone enhances IgE synthesis in
vivo, we studied cytokine production by PBMCs
from patients with asthma before and after treat-
ment with prednisone. We found that in vivo
prednisone treatment causes a significant net de-
crease in IFN-y production by PBMCs. These
findings are in agreement with findings of previ-
ous in vitro studies that corticosteroids, even at
nanomolar concentrations, potently inhibit mito-
gen-induced IFN-vy synthesis.'”” Furthermore, this
study demonstrates that treatment with pred-
nisone causes a significant decrease in the fre-
quency of IFN-y—producing cells, which include
both CD3(+) T cells and NK cells.

In contrast, we did not find a decrease in IL-4
production after prednisone treatment. Although
previous in vitro studies have shown suppression
of IL-4 production by steroids, it is important to
note that the corticosteroid dosage required to
achieve this effect was 1 pmol/L,”® which is 10
times higher than the physiologic concentration of
prednisone reached in vivo.*' In this regard, pre-
vious studies have shown that corticosteroids have
differential dose-dependent effects on synthesis
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FIG. 6. Regression analysis comparing the change in
FEV, with the rise in serum IgE. Eight patients with asthma
performed pulmonary function studies before and after a
course of prednisone. Regression analysis was performed
to determine whether the rise in serum IgE had an effect
on the results of pulmonary function studies. There was a
direct correlation between these two variables {r = 0.76,
p = 0.03).

of various cytokines.* Thus the relatively greater
sensitivity of IFN-y, compared with IL-4, to the
immunosuppressive effects of corticosteroids may
account for the imbalance of IL-4 and IFN-y
production after in vivo treatment with pred-
nisone.

Despite the fact that previous epidemiologic
studies have demonstrated a correlation between
serum IgE levels and the occurrence of asthma," *
our present observations do not demonstrate that a
short-term rise in serum IgE induced by a 1-week
course of prednisone is clinically deleterious. In-
deed, there was a direct correlation between the
rise in serum IgE and the improvement in results of
pulmonary function studies. Clinically significant
IgE-dependent asthmatic responses are generally
associated with biphasic reactions involving acute
and late-phase responses. The acute phase is medi-
ated primarily by IgE through the cross-linking of
high-affinity receptors on mast cells. The late-
phase reactions is characterized by bronchial in-
flammation, with a preponderance of eosinophils
and T-lymphocyte infiltration. These two cell types
play a key role in orchestrating and mediating asth-
matic airway inflammation.” Inhaled corticoste-
roids hae become the therapy of choice for treating
chronic asthmatic inflammation. Their effects are
broad, suppressing cytokine production and the
infiltration of a variety of inflammatory cells.”
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IgE is uniquely important in the acute allergic
response but represents only one component of
the ongoing, chronic allergic inflammatory re-
sponse. Asthma represents the end product of a
complex interaction of many cell types. This study
suggests that the increased production of IgE per
se after treatment with prednisone does not cause
a worsening of asthma. More importantly, the
short-term effect of prednisone on IgE synthesis
may not be as important as its antiinflammatory
effects on airway inflammation. As more is
learned about the antiinflammatory and immuno-
modulatory effects of corticosteroids, this is likely
to provide important new insights into the patho-
genic basis of chronic asthma.

We thank Maureen Plourd-Sandoval for her techni-
cal assistance in preparation of this manuscript.

REFERENCES

1. Burrows B, Martinez FD, Halonen M, Barbee RA, Cline
MG. Association of asthma with serum IgE levels and
skin-test reactivity to allergens. N Engl J Med 1989;320:
271-7.

2. Sears MR, Burrows B, Flannery EM, Herbison GP, Hewitt
CJ, Holdaway MD. Relation between airway responsive-
ness and serum IgE in children with asthma and in
apparently normal children. N Engl J Med 1991;325:1067-
71.

3. Kay AB. Asthma and inflammation. J ArLERGY CLIN IM-
MuNoL 1991;87:893-910.

4. Geha RS. Regulation of IgE synthesis in humans.
J ALLErGgY CuiN IMmunoL 1992;90:143-50.

5. Coffman RL, Carty J. A T cell activity that enhances
polyclonal IgE production and its inhibition by inter-
feron-y. J Immunol 1986;136:949-54.

6. Coffman RL, Ohara J, Bond MW, Carty J, Zlotnik A, Paul
WE. B cell stimulatory factor-1 enhances the IgE response
of lipopolysaccharide-activated B cells. J Immunol 1986;
136:4538-41.

7. Vercelli D, Jabara HH, Arai K, Geha RS. Induction of
human IgE synthesis requires interleukin-4 and T/B cell
interactions involving the T cell receptor/CD3 complex
and MHC class I antigens. J Exp Med 1989;169:1295-307.

8. Jabara HH, Schneider LC, Shapira SK, et al. Induction of
germ-line and mature Ce transcripts in human B cells

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

J ALLERGY CLIN IMMUNOL
AUGUST 1994

stimulated with rIL-4 and EBV. J Immunol 1990;145:3468-
73.

. Jabara HH, Fu SM, Geha RS, Vercelli D. CD40 and IgE:

synergism between anti-CD40 mAb and IL-4 in the induc-
tion of IgE synthesis by highly purified human B cells.
J Exp Med 1990;172:1861-4.

Sarfati M, Luo H, Delespesse G. IgE synthesis by chronic
lymphocytic leukemia cells. J Exp Med 1989;170:1775-80.
Jabara HH, Ahern DJ, Vercelli D, Geha RS. Hydrocorti-
sone and IL-4 induce IgE isotype switching in human B
cells. J Immunol 1991;147:1557-60.

American Thoracic Society. Standards for the diagnosis
and care of patients with chronic obstructive pulmonary
disease (COPD) and asthma. Am Rev Respir Dis 1987;
136:225-44.

Jung T, Schauer U, Heusser C, Neumann C, Riegers C.
Detection of intracellular cytokines by flow cytometry.
J Immunol Methods 1993;159:197-207.

Claassen JL, Levine AD, Buckley RH. Recombinant hu-
man IL-4 induces IgE and IgG synthesis by normal and
atopic donor mononuclear cells. J Immunol 1990;144:
2123-30.

Jujo K, Renz H, Abe J, Trumble A, Gelfand EW, Leung
DYM. Pokeweed mitogen induced IgE synthesis in the
presence of a blocking antibody to the interferon-y recep-
tor. J ALLERGY CLIN IMMuNoL 1993;91:1206-16.

Snedecor GW, Cochran WG. Statistical methods. 8th ed.
Ames, lowa: Iowa State University Press, 1989.
Settipane GA, Rudupakkam RK, McGowan JH. Cortico-
steroid effect on immunoglobulins. J ALLERGY CLIN IMMU-
NoL 1978;62:162-6.

Posey WC, Nelson HS, Pearlman DS. The effects of acute
corticosteroid therapy for asthma on serum immunoglob-
ulin levels. J ALLerGy CuiN IMMuNoL 1978;62:340-8.
Gessani S, McCandless S, Baglioni C. The glucocorticoid
dexamethasone inhibits synthesis of interferon by decreas-
ing the level of its mRNA. J Biol Chem 1988;263:7454-7.
Byron KA, Varigos G, Wootton A. Hydrocortisone inhi-
bition of human interleukin-4. Immunology 1992;77:624-6.
Hill MR, Szefler SJ, Ball BD, Bartoszek M, Brenner M.
Monitoring glucocorticoid therapy: a pharmacokinetic ap-
proach. Clin Pharmacol Ther 1990;48:390-8.

Daynes RA, Araneo BA. Contrasting effects of glucocor-
ticoids on the capacity of T cells to produce the growth
factors interleukin 2 and interleukin 4. Eur J Immunol
1989;19:2319-25.

Schleimer RP. Effects of glucocorticosteroids on inflam-
matory cells relevant to their therapeutic applications in
asthma. Am Rev Respir Dis 1990;141:559-69.

APPENDIX. Cap testing results for allergen-specific IgE (kU,/L}*

Donor number

Before prednisone

After prednisone

5

~ o

9

10

Short ragweed: 3
Timothy grass: 22
Timothy grass: 18
Short ragweed: 12
Timothy grass: 4
Short ragweed: 5
Cat: <0.35

Timothy grass: 4
Timothy grass: <0.35

Short ragweed: 4
Timothy grass: 27
Timothy grass: 24
Short ragweed: 18
Timothy grass: 7
Short ragweed: 8
Cat: 0.7

Timothy grass: 6
Timothy grass: 1

*Data from donors 1 to 4 are shown in Fig. 2.



