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Blood levels of inhaled corticosteroids are significantly lower than those
measured in the lung, but their concentration could still have
anti-inflammatory effects. To determine whether budesonide, at
concentrations similar to those obtained in blood after drug inhalation
(10'"^ M), could downregulate the allergen-induced activation of mononuclear
cells, we studied 21 atopic patients, sensitized to Dermatophagoides
pteronyssinus {Der p). On blood mononuclear cells, isolated from these
patients, incubated with Derp allergen extract and with or without
budesonide, we evaluated: l)the proliferative response of T cells; 2) the
expression of two surface activation markers, the HLA-DR antigens and
the interleukin (IL)-2 receptors; and 3) the release of cytokines known to
modulate the allergic processes. Allergen-induced T-cell proliferation was
associated with increased HLA-DR antigen and IL-2 receptor expression
(P< 0.001), and with increased release of IL-2, interferon-gamma (IFN-y),
IL-lp, tumor necrosis factor-alpha (TNF-a), and granulocyte/macrophage
colony-stimulating factor (GM-CSF). The addition of budesonide at the
beginning of the cell cultures induced a dose-dependent inhibition of
T-cell proliferation, still significant {P<0.05) at the lowest concentrations

M). A significant inhibitory effect on T-celltested (10''^ and 10
proliferation was also present when budesonide (10 '^M) was added to the
cell cultures 3 or 5 days after the beginning of the cell cultures. In
addition, budesonide 10"^ M significantly decreased the expression of IL-2
receptors {P<0.05), but not of HLA-DR antigens, and significantly
reduced the release of IL-1J3 and GM-CSF (F<0.05), but not of IL-2,
IFN-y, and TNF-a. Thus, the blood concentrations of budesonide, after
drug inhalation, may exert some anti-inflammatory effect, downregulating
both "local" (through the bronchial circulation) and "systemic"
allergen-specific immune reactions.
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Glucocorticosteroids are mainly employed in the
treatment of allergic disorders, including bronchial
asthma (6, 10). One of the major targets of cortico-
steroids are mononuclear cells, i.e., macrophages/
monocytes and T cells, which are thought to play a
key role in the pathogenesis of allergic processes (24,
30, 36). In line with their clinical effectiveness, cor-
ticosteroids are able to downregulate the release of
various cytokines by activated monocytes/macro-
phages and T cells (18, 20, 27) and to inhibit in vitro
the proliferative response of T cells to mitogens and

antigens (20). Since the systemic administration of
corticosteroids is often associated with a wide vari-
ety of side-effects, topical forms of glucocorticoster-
oids have been synthetized, in order to decrease the
high frequency of these complications (9). In bron-
chial asthma, inhaled steroids, such as budesonide,
have been shown to be clinically effective and to
have a high topical to systemic ratio (32). However,
although the blood concentrations of budesonide are
approximately 10 times lower than those measured
in the lung (32, 35), these could still be potentially
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effective in downregulating blood mononuclear cell
activation. In this context, it has been demonstrated
that inhalation of just one clinically relevant dose
(500 (Ig) of budesonide results in a blood concen-
tration of 10~'̂ M for several hours (32), and that
budesonide at concentrations equal to or higher than
10 ~'" M is effective in inhibiting in vitro the release
of granulocyte/macrophage colony-stimulating fac-
tor (GM-CSF) by human blood monocytes activated
with lipopolysaccharide (LPS) (19). Since activation
of circulating mononuclear cells has been described
in patients with asthma (7, 8, 13, 34), a slight "sys-
temic downregulating effect" of inhaled corticoster-
oid eould result in better control of the allergic in-
flammation, without producing clinically relevant
adverse effects on host defense mechanisms. With
this background, the present study was designed to
evaluate the effects of budesonide, at concentrations
of the drug similar to the blood levels obtained in
delivering the drug by inhalation, on allergen-induced
blood mononuclear cell activation. Blood mono-
nuclear cells, isolated from atopic asthmatic patients
sensitized to Dermatophagoides pteronyssinus (Derp),
were stimulated in vitro with purified allergen extract,
and the inhibitory effects of budesonide were tested
on T-cell proliferation, on the expression of surface
activation markers (HLA-DR antigens and interleu-
kin (IL)-2 receptor), and on the release of cytokines
(IL-2, IL-4, interferon-gamma (IFN-y), IL-1(3, GM-
CSF, and tumor necrosis factor alpha (TNF-a)).

Material and methods
Study population

Twenty-one atopic patients (23 + 2 years of age, nine
women and 12 men) entered this study. The inclu-
sion criteria were as follows: 1) perennial asthma,
with or without rhinitis, for the last 2 years or longer;
2) allergic sensitization to Der p and no reaction to
birch-pollen extract, as demonstrated by skin prick
test and radioallergosorbent test (RAST); 3) no
symptoms at the time ofthe study; 4) no respiratory
infections in the previous 4 weeks; and 5) forced
expiratory volume in 1 s (FEV,) values higher than
80% of predicted values. None ofthe patients were
currently receiving antiasthmatic treatment other
than Pj-stimulants on an "as necessary" basis. All
subjects were informed of the nature and the aim of
the study and gave written consent.

Collection of blood mononuclear cells

Heparinized blood samples were diluted 2:3 with
Hanks' balanced salt solution (HBSS) without cal-
cium and magnesium 1 x , with 0.35 g/1 sodium bi-
carbonate (Flow Laboratories; Irvine, UK). To iso-
late peripheral blood (PB) mononuclear cells, blood

samples were layered on top of Ficoll lymphocyte
separation medium (Flow Laboratories) and then
centrifuged for 20 min at 1500^. Mononuclear cell
layers were then washed, and the cells were counted
and resuspended at the desired cell density in com-
plete medium (RPMI-1640, supplemented with 2 g/1
NaHCO3 and 50 IU/ml penicillin plus 50 |ig/ml
streptomycin (Flow Laboratories), 2 mM
L-glutamine (Flow Laboratories), nones sential
aminoacids (Flow Laboratories), and 5 mM 2-
mercaptoethanol (Sigma Chemical Company;
St Louis, MO, USA), containing 10% autologous
serum). At the beginning and at the end of the cell
cultures, cell viability by trypan blue dye exclusion
test (Flow Laboratories) was measured in all experi-
mental conditions: cell viability was always found to
be >90% (3).

D. pteronyssinus allergen extract

A purified Derp powder preparation (Bayropharm;
Milan, Italy) whose Derp I content was nearly 30%
of the dry weight of the powder, as quantified by
ELISA with Derp I specific monoclonal antibody
(mAb) (Lofarma; Milan, Italy), was used (5). We
chose to use an allergen extract containing multiple
allergenic determinants, as identified by polyacryla-
mide gel electrophoresis, instead of a more purified
allergen extract containing a single determinant be-
cause the former extract probably reproduces more
closely "natural" exposure (5). A nonrelevant aller-
gen was used (purified birch extract) (Pharmacia;
Uppsala, Sweden) as control. The Lymulus amebo-
cyte gelation test (PBI International; Milan, Italy)
was used to assess the presence of bacterial endo-
toxin in the allergen extracts (5). Briefly, the assay
was performed, upon reconstitution of the allergen
extracts at 1 mg/ml in culture medium, according to
the manufacturer's instructions and yielded, respec-
tively, 0.01 and 0.02 endotoxin units/ml, levels not
different from those found in the medium alone (data
not shown). Preliminary experiments on T-cell pro-
liferation and cytokine release established that the
allergen concentrations best inducing blood mono-
nuclear cell activation were 10 ng/ml for Derp aller-
gen extract and 15 )ig/ml for purified birch extract
(not shown).

T-cell proliferation assay

PB mononuclear cells collected from the 21 patients
were incubated (2 x 10̂  cells/well) in 96-well plates
(Costar Corporation; Cambridge, MA, USA) at
37 °C in 5% CO2, with or without Derp allergen
extract (10 |ig/ml) or purified birch extract (15 ^g/
ml), added at the beginning of the cell culture (day
0). To test the ability of budesonide (Astra Simes;
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Milan, Italy) (Bud) to inhibit T-cell proliferative re-
sponse to the allergen, different Bud concentrations
(from 10"'*^ to 10"^ M) were added at day 0 of in-
cubation to cell cultures obtained from all patients.
In preliminary sets of experiments, we estabhshed
that PB mononuclear cells require 5-7 days before
proliferation and cytokine secretion peak in response
to allergen stimulation (data not shown). Therefore,
at day 6, ^H-labeled thymidine (Amersham; Amer-
sham, UK) was added (0.5 iiCi/well), and the cells
were collected 18 h later by a Skatron cell harvester.
The ^H-labeled thymidine incorporation in cell cul-
tures, evaluated by a beta-counter, was used as a
T-cell proliferation index (31). In addition, to evalu-
ate the possible effects of corticosteroids on the late
phases ofthe allergen-induced T-cell activation. Bud
(10"'^ and 10"^ M) was also added 3 or 5 days after
the beginning ofthe cell cultures (10 patients). Un-
stimulated control cultures included mononuclear
cell cultures in plain complete medium (CTR). Each
experimental condition was set up in triphcate.

Evaluation of surf ace antigen expression on lympho-
cytes

The surface expression of HLA-DR and interleukin-2
receptor (IL-2r) was evaluated by specific mono-
clonal antibody staining and flow-cytometry analy-
sis (3) in cell cultures ofthe 21 patients. Thirty-six
hours after stimulation with allergens, the PB mono-
nuclear cells were washed in essential medium MEM
(Flow Laboratories) and resuspended in a staining
medium containing 1% fetal calf serum and 0.2%
sodium azide in phosphate-buffered saline (Flow
Laboratories). PB mononuclear cell suspensions
were placed in round-bottom, 96-well, microtiter
plates (Costar Corporation) and incubated for 60 min
at 4°C in 50 (il ofthe staining medium with fluores-
cein isothiocyanate (FITC)-conjugated mAbs to
human HLA-DR or IL-2r (CD25) (Technogenetics;
Milan, Italy). A mAb against human platelets, PTF
19 (31), was used as a negative control preparation.
The cells were then washed three times with stain-
ing medium and analyzed by single-color immuno-
fluorescence flow cytometry (FACS Scan, Becton
Dickinson Immunocytometry Systems; Mountain
View, CA, USA).

Evaluation of the release of different cytokines by
mononuclear cells

The production of different cytokines known to be
involved in the inflammatory and immunomediated
processes that characterize the allergic reaction (24,
29, 30, 36) was studied with PB mononuclear cells
obtained from seven patients, as previously de-
scribed (3). Briefly, the release of GM-CSF, IL-ip,

TNF-a, IL-2, IL-4, and IFN-y was evaluated in
supernatants of cultures containing 5x10^ blood
mononuclear cells/well. Cultures of PB mononuclear
cells, isolated from the same donor, were set up in
complete medium with or without Der p allergen ex-
tract (10 Jig/ml), with or without Bud (lO"'^ and
10 ~̂  M). Derp allergen extract and Bud were added,
as appropriate, at the beginning ofthe cell cultures.
The culture supernatants were harvested at day 6 of
incubation and stored at -80°C, and the different
cytokine concentrations were subsequently mea-
sured by the enzyme-amplified sensitivity method
EASIA (Medgenix; Brussels, Belgium, and Amer-
sham; Amersham, UK) (3).

Statistical analysis

All data were expressed as arithmetic mean +
standard error of the mean. Comparison between
values was done with Student's r-test. Analysis of
variance (ANOVA) was used to compare differences
in the potency of various concentrations ofthe drug
tested. The mean values of each single experimental
condition were said to be significantly different when
the probability of the event was below 5% (i.e..

Results
Effects of budesonide on allergen-induced T-cell prolif-
erative response

An allergen-specific proliferation of PB T cells was
observed in all patients. "^H-labeled thymidine incor-
poration was higher in cultures stimulated with Derp

m
o

CTR DerP Birch
Fig. 1. Results of proliferative response to D. pteronyssinus {Der p)
allergen extract of peripheral blood (PB) mononuclear cells iso-
lated from atopic patients sensitized to Der p. Proliferation of T
cells, measured as ""H-labeled thymidine incorporation, is shown
on ordinate and different culture conditions on abscissa. Cells
were ctiltured for 7 days with Derp allergen extract or with non-
relevant allergen (purified birch-allergen extract (birch)). Data re-
present mean + standard error of mean of results obtained in 21
individuals. **P<O.OI.
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Fig. 2. Evaluation of effects of different concentrations (10"'°,
10 '̂  10 **, and 10 ^ M) of budesonide (Bud), added at beginning
of cell culture (day 0), on T-cell proliferation to Derp allergen
extract. Percentage of inhibition of T-cell proliferation is shown
on ordinate, and different concentrations of drug are shown on
abscissa. Data represent mean + standard error of mean of results
obtained in 21 individuals with atopy, sensitized to Der p.

allergen extract (6725.2 ± 1162.8 cpm) than in CTR
cultures (1267.5 ± 252.7 cpm) or in cultures stimu-
lated with a nonrelevant allergen (birch-allergen ex-
tract) (1760.8 ± 126.2 cpm) {P<0.0\, each compari-
son) (Fig. 1). In the Derp allergen extract-stimulated
cultures, the addition of Bud (from 10 '"to 10 ~̂  M),
at the beginning ofthe cell cultures (day 0), induced
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Fig. 3. Evaluation of effects of different concentrations of Bud
10'** M ( • ) and 10 "̂ M ( • ) . on T-cell proliferation to Derp
allergen extract. Different concentrations of Bud were added at
beginning of cell culture (day 0) or 3 or 5 days after beginning of
cell culture. Percentage of inhibition of T-cell proliferation, evalu-
ated as 'H-labeled thymidine incorporation, is shown on ordinate.
and days of incubation in presence of different concentrations of
Bud are shown on abscissa. Data, expressed as mean + standard
error of mean, represent results of evaluations of 10 individuals
with atopy, sensitized to Derp. * P<0.05; **P<O,OE
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a dose-dependent inhibition of the ^H-labeled thy-
midine incorporation, statistically significant also at
the lowest concentration (10 ~'^M) tested (P< 0.05).
To evaluate possible effects of corticosteroids on the
late phases ofthe allergen-induced T-cell activation,
we compared the addition of Bud to the cell cultures
at days 0, 3, and 5. In the three culture conditions
(days 0, 3, and 5), Bud 10 "̂^ M was similarly effec-
tive in inhibiting ^H-labeled thymidine incorporation
(F<O.Ol, each comparison), while the inhibitory
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Fig. 4. Evaluation of effects of Bud (10 "** and 10 "^ M) on surface
expression of HEA-DR and IE-2r on blood lymphocytes by spe-
cific antibodies staining and flow-cytometry analysis, PB mono-
nuclear cells were cultured for 36 h with medium alone, control
cultures (CTR), or Derp allergen extract. Percentages of HEA-
DR-positive (A) and IE-2r-positive (B) cells are shown on ordi-
nate, and different culture conditions on abscissa. Data, expressed
as mean + standard error of mean, represent results of evaluation
of 21 individuals with atopy, sensitized to Der p. *P<0.05;
* * P 0 , 0 1 ; NS = not significant.
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Table 1. Levels of cytokines measured in supernatants of peripheral blood mononuclear
cells of atopic patients, sensitized to Der p, after 6-day incubation with medium alone
(control) or with Der p allergen extract

Cytokine

IL-2 (IU/ml)
IL-4 (pg/ml)
IFN-y (IU/ml)
GM-CSF (pg/ml)
IL-1p (pg/ml)
TNF-a (pg/ml)

Control

0.2+0.1
< 30 pg/ml

0.8+0.3
43.9+25.2

242.5 + 63,3
105.7+1.9

Der p
6-day culture

3.5+0.7***
< 30 pg/ml
26.2 + 1.7***

655.3+150.7***
2.356+356.4***
733.5+103.6**

0.001, as compared to control values.
** P<0 .01 , as compared to control values.

activity of Bud 10 '̂  M at day 0 was similar to that
of Bud 10"^ M (P<0.05) and was significantly re-
duced at days 3 and 5, as compared to day 0
(P<0.05, each comparison) (Fig. 3).

Effects of budesonide on allergen-induced HLA-DR
and JE-2r expression by blood lymphocytes

Less than 1 % ofthe blood lymphocytes were recog-
nized by the control PTF 19 mAb (not shown). The
CTR cultures showed low basal expression of
HLA-DR antigens and of IL-2r (Fig. 4), while the
incubation with Derp allergen extract for 36 h sig-
nificantly enhanced the expression ofthe two surface
molecules (/*<0.01). When added to the cell cul-
tures at the same time as Derp allergen extract. Bud
was able significantly to induce a dose-dependent
downregulation ofthe expression of both HLA-DR
antigens and IL-2r on PB mononuclear cells. How-
ever, the inhibitory effect on HLA-DR antigen was
statistically significant in the presence of Bud 10 "^ M
(P<0.05), but not of Bud 10"''M {P>0.05), while
IL-2r expression was significantly reduced by both
Bud 10"^ and 10"^ M (P<0.05, each comparison).
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Eig. 5. Inhibitory effect of Bud (10 "^ and LO **M) on release of cytokines: a) IL-2; b)IFN-Y; c)IL-Lp; d) GM-CSF; and e)TNF-a.
PB mononuclear cells were cultured for 6 days with medium alone, CTR cultures, or Derp allergen extract. Levels of various cytokines
released in supernatants of different cell cultures are shown on ordinate, and various culture conditions on abscissa. Data, expressed
as mean + standard error of mean, represent results of evaluation of seven individuals with atopy, sensitized to Der p. * P<0.05;
**P<0.01; NS = not significant.
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Effects of budesonide on allergen-induced cytokine
release by blood mononuclear cells

Supernatants c"PB mononuclear cell cultures, stim-
ulated with Der p allergen extract and incubated with
or without Bud (10 '̂  and 10'*^ M), were tested for
the presence of cytokines. As compared to CTR
cultures, the Derp allergen extract-stimulated PB
mononuclear cell supernatants showed significantly
higher levels of IL-2 (/'<0.01), IFN-y (P<0.01),
GM-CSF {P<Q>mi IL-ip (/*<0.01), and TNF-a
(P< 0.05) (Table 1). In contrast, IL-4 was detectable
'n the cell culture supernatants of only two patients,
the concentrations being below the sensitivity ofthe
assay (30 pg/ml) in the other five cultures. Bud,
added to the cell cultures at the same time as Der p
allergen extract, was able significantly to downreg-
ulate, in a dose-dependent fashion, the secretion of
the cytokines by PB mononuclear cells (Fig. 5).
Budesonide 10 *̂  M, but not 10 ' 'M, significantly
inhibited the secretion of IFN-y (/'<0.05), IL-2
(/'<0.01), and TNF-a (F<0.05), while the IL-1|3
and GM-CSF levels were statistically decreased in
the presence of both Bud 10 "̂  M (P<0.05) and Bud
lO-^'M (/'<0.01)(Fig. 5).

Discussion

By evaluating blood mononuclear cells of patients
sensitized to Der /», we have demonstrated that:
1) allergen-induced T-cell proliferation is associated
with increased expression of two surface activation
molecules, HLA-DR antigens and IL-2r and with
increased release of cytokines such as IL-2, IFN-y,
IL-lp, TNF-a, and GM-CSF; 2) Bud, at a concen-
tration similar to that present in blood after the in-
halation of a single 500-|ig dose (32), is able to in-
duce a significant inhibition of allergen-induced T-cell
proliferation and of IL-ip and GM-CSF release;
3) a significant inhibitory effect on T-cell prolifera-
tion is also present when Bud is added to the cell
cultures 3 or 5 days after the beginning of the aller-
gen stimulation, demonstrating that the drug acts
also on the late phase of allergen-induced T-cell ac-
tivation.

Many of the known mononuclear cell activators
can be classified into two groups: nonspecific and
specific. While nonspecific activators, such as mito-
gens, stimulate a sizeable proportion of monocytes
and lymphocytes of each individual, specific activa-
tors, such as antigens and allergens, are able to stim-
ulate most ofthe monocytes directly via their immuno-
globulin receptors (13), but the antigen- or the
allergen-specific T cells only via their surface specific
membrane T-cell antigen receptor(s) and coordi-
nately expressed molecules (16). In patients with
allergic asthma, increased spontaneous production

of cytokines by blood monocytes has been described
(13) together with increased frequency of allergen-
specific blood T cells (5). In addition, during acute
exacerbation ofthe disease, increased expression of
surface proteins associated with lymphocyte activa-
tion (HLA-DR, IL-2r, and "very late activation an-
tigen" (VLA-1)) have been reported on blood CD4-
positive T cells (8). These findings support the
concept of a subclinical "systemic" activation ofthe
immune system in allergic asthma. Consistent with
the in vivo observations, we have demonstrated in-
vitro that in atopic asthma the T-cell proliferative

response to the allergen is associated with increased
expression of HLA-DR molecules and IL-2r on lym-
phocytes and with the release of various cytokines
thought to be involved in the pathogenesis of asthma
(29). A marked increase in the secretion of IFN-y,
IL-lp, GM-CSF, and, to a lower level, of IL-2 and
TNF-a, was observed in each culture in the presence
of Derp allergen extract, while IL-4 was detected
only in the PB mononuclear cell cultures of two
patients. The levels of a secretory protein in a cell
culture supernatant is dependent on multiple factors
such as: l)rate of synthesis and secretion of the
protein, 2) frequency ofthe cell population(s) releas-
ing the protein, and 3) catabolic activity for that pro-
tein ofthe "target" cells (3, 5, 12, 31). In addition,
activated monocytes and T cells can also bind and
internalize cytokines. Therefore, although it is diffi-
cult, on the basis of in vitro data, to speculate on the
possible different ability of a given stimulus to induce
preferential secretion of a cytokine by mononuclear
cells, it is interesting to note that Derp allergen ex-
tract was very active in stimulating the release of
cytokines involved in the antigen-presentation pro-
cesses (IFN-y, GM-CSF, and IL-ip) and in the
proliferation of T cells (IL-2), but was not very ef-
fective in inducing the release of detectable levels of
IL-4, the main stimulatory cytokine of IgE produc-
tion (30). Possible explanations of the detection of
low levels of IL-4 are as follows: 1) only a very small
proportion of blood T cells is able, after stimulation,
to synthesize this cytokine (1); 2) detectable amounts
of IL-4 are produced only by allergen-specific T-cell
clones (25); 3) the activation of T-cell subsets pro-
ducing IL-4 is inhibited by the presence of IFN-y
(11, 12). In the experimental condition reported in
the present study, blood mononuclear cells are used
and not T-cell lines or clones, and we found that high
levels of IFN-y are produced. Corticosteroids may
be effective in the treatment of asthma by inhibiting
several steps of the infiammatory process through
increasing or decreasing transcription of genes re-
lated to cytokines, peptides and peptidases, lipocort-
ins, cell surface receptors, and endonucleases (4, 18,
20, 23, 28). In this context, a most critical aspect of
corticosteroid action is the inhibition of the tran-
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scription of various cytokines relevant to the patho-
genesis of asthma, including IL-ip, IL-4, TNF-a,
and GM-CSF (14). However, for some cytokines,
such as IL-1 and GM-CSF, increased breakdown of
mRNA has also been demonstrated (17, 33). A post-
transcription al regulatory mechanism could explain
the different effects of Bud on cytokine release ob-
served in the present study; i.e., the drug is more
effective, at the lower concentration tested, in sup-
pressing IL-1 and GM-CSF than IL-2, TNF-a, or
IFN-y release. Interestingly, in a recent report. Lin-
den & Brattsand, using LPS-activated blood mono-
nuclear cells isolated from healthy donors, have
demonstrated that the secretion of GM-CSF is more
sensitive to Bud than the secretion of IL-ip or IL-6
(19). Since it was also shown in the same study that
even relatively high doses of Bud were not sufficient
for a complete inhibition of IL-1|3 and IL-6 secre-
tion, the authors hypothesized that the relatively se-
lective downregulation of GM-CSF could explain
why the important antiasthmatic effect of the drug is
not associated with impairment of the host defense
mechanisms (19).

Using a different system, closer to the clinical situ-
ation (i.e., blood mononuclear cells from atopic asth-
matic patients stimulated with the allergen), we con-
firmed that Bud, at concentrations similar to the
systemic blood levels obtained in clinical practice
(10~^M), is effective in inducing a significant inhi-
bition of allergen-induced T-cell proliferation and of
IL-ip and GM-CSF release. On the contrary, in the
same culture conditions. Bud 10"^ M significantly
downregulated neither the expression of surface ac-
tivation molecules (HLA-DR) nor the secretion of
IL-2, TNF-a, and IFN-y. Although steroid recep-
tors appear to be similar in the different cells be-
longing to the same or different tissues, cellular re-
sponses to glucocorticosteroids are dependent on
cell types and functions (21). Since there is direct
evidence that different subpopulations of T cells (and
possibly of monocytes) release different cytokines
(1), it is reasonable to postulate a different sensitivity
to glucocorticosteroids of different cell subsets com-
mitted to release different cytokines. An alternative
explanation lies in the demonstration that the same
cell, in the same conditions, can show a different
sensitivity in different steroid-modulated functions
(15, 21, 22, 26). Glucocorticosteroids can influence
not only protein translation but also post-
transcriptional processes of protein synthesis (e.g.,
glycosylation, cleavage, and compartmentalization)
(29). Therefore, in addition to protein release or ex-
pression on cell surface, studies designed to evalu-
ate these phenomena at the specific mRNA levels in
monocytes and T cells will clarify the kinetics of
allergen-induced mononuclear cell activation and
modulation of this activation by glucocorticoster-

oids. Regardless of the specific mechanisms in-
volved, our in vitro data support the hypothesis that
blood levels of Bud, after inhalation, may exert some
anti-inflammatory effect in downregulating both
"local" (through the bronchial circulation) and "sys-
temic" allergen-specific immune reactions. Further
studies designed to determine the possible in vivo
significance of these observations are needed in order
to ascertain whether some systemic activity of in-
haled corticosteroids should be further reduced or
enhanced.
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