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ABSTRACT: We have recently demonstrated that human bronchial epithelial cells
can synthesise and release several inflammatory mediators, including the factor
regulated on activation, normal T-cell expressed and secreted (RANTES) and sol-
uble intercellular adhesion molecule-1 (sICAM-1), which influence the activity of
eosinophils, and may, therefore play a role in the aetiology of asthma. In this study
we investigated whether corticosteroids could influence the release of these proin-
flammatory mediators from human bronchial epithelial cells.

Human bronchial epithelial cells were cultured to confluence as explant cultures,
and incubated in the presence of 50 ng·mL-1 tumour necrosis factor-α (TNF-α)
±0–10-4 M of either fluticasone propionate (FP), beclomethasone dipropionate
(BDP), or hydrocortisone (HC) for 24 h. The culture medium was collected and
analyzed for RANTES and sICAM-1, by enzyme-linked immunosorbent assay
(ELISA), and the cells were analysed for total protein. 

The TNF-α significantly increased the release both of RANTES and sICAM-1
(63.0 fg RANTES·µg-1 protein; p<0.05; 8.8 pg sICAM-1·µg-1 protein; p<0.02), when
compared with untreated cells (10.3 fg RANTES·µg-1 protein; 2.6 pg sICAM-1·µg-1

cellular protein). The TNF-α-induced release both of RANTES and sICAM-1
occurred in a time-dependent manner, and was maximal by 24 h incubation. FP
10-6–10-4 M significantly attenuated the TNF-α-induced release both of RANTES
and sICAM-1. In contrast, 10-4 M BDP or HC significantly attenuated the release
of only sICAM-1.

These results suggest that corticosteroids may prevent airway inflammation by
downregulating the synthesis and/or release of proinflammatory mediators from
bronchial epithelial cells. Furthermore, fluticasone propionate may be more effi-
cacious than beclomethasone dipropionate or hydrocortisone in this respect.
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The infiltration and activation of inflammatory cells,
particularly eosinophils, in the bronchial mucosa is a
well-recognized pathological feature in asthmatics [1,
2]. Recent evidence has indicated that bronchial epith-
elial cells may be involved in the inflammatory process
in asthma, since they are capable of synthesizing and
releasing several proinflammatory cytokines, including
granulocyte/macrophage colony-stimulating factor (GM-
CSF), interleukins-6 and -8 (IL-6 and IL-8), tumour
necrosis factor-α (TNF-α) and monocyte chemoattrac-
tant protein-1 (MCP-1), which directly or indirectly play
important roles in the recruitment and activation of
inflammatory cells [3–6]. 

We have recently demonstrated that human bronchial
epithelial cells of allergic asthmatics are also capable of
expressing the factor regulated on activation, normal T-
cell expressed and secreted (RANTES), a member of
the C-C chemokine family which influences the activ-
ity of eosinophils, and are therefore likely to play a role
in the pathogenesis of diseases, such as asthma [7]. Other

studies have demonstrated that RANTES is present in
higher concentrations in bronchoalveolar lavage (BAL)
fluid of asthmatic patients, than BAL of control nonasth-
matics [3]. 

Similarly, soluble intercellular adhesion molecule-1
(sICAM-1) has been shown to be significantly increased
in the serum of the asthmatics, when compared with
control nonasthmatics [9]. In a recent bronchial biopsy
study, we have demonstrated that the expression of inter-
cellular adhesion molecule (ICAM-1) in the bronchial
epithelium, and in particular in the epithelial cells, of
asthmatics was significantly higher than in control non-
asthmatic individuals [10]. TAKAHASHI et al. [11] have
demonstrated that the levels of sICAM-1 in BAL are
also significantly increased in allergic subjects follow-
ing segmental antigen challenge.

Despite wide use of inhaled corticosteroids in the treat-
ment of asthma, the mechanisms underlying the anti-
inflammatory effects of these compounds have still not
been fully elucidated. We have recently demonstrated



grown to confluence (usually by 2–3 weeks), the explants
were removed from each culture dish and the epithelial
cells allowed to grow over the areas previously occu-
pied by the explants. Cell purity and identity of the cells
was assessed in randomly chosen cultures. The epithe-
lial nature of the cells was confirmed by light and elec-
tron microscopy and immunocytochemical staining for
pan-cytokeratin, as described previously.

Effect of TNF-α on release of RANTES and sICAM-1
from bronchial epithelial cell cultures: concentration
and time-response studies

Two to three week old confluent bronchial epithelial
cell cultures were washed gently with medium 199 con-
taining 1% serum-free supplement (SF-1 medium;  North-
umbria Biologicals Ltd, Cramlington, UK) and incubated
for a further period of 48 h in this medium. The cul-
tures were then divided into sets of six cultures, such
that each culture in the set was derived from tissue of
a separate donor, and used further to investigate the
effect of TNF-α on the release of RANTES and sICAM-
1. Each set was incubated for 24 h at 37°C in a 5% CO2
in air atmosphere, in the presence of a single concentra-
tion of TNF-α ranging 0-100 ng·mL-1. At the end of
incubation, each culture was observed for general or
localized cell damage both at low and high magnifica-
tion, respectively. The culture medium from each cul-
ture was then collected and the cells gently washed twice
with 0.5 mL of ice-cold medium 199. The wash medi-
um was pooled with the culture medium and stored at
-70°C prior to analysis for RANTES and sICAM-1. The
cells were scraped off into 1.0 mL of fresh ice-cold
medium 199 and stored at -70°C prior to analysis of
total cellular protein.

On the basis of these initial studies, fresh sets of cul-
tures were prepared as above, and incubated in the pres-
ence of 50 ng·mL-1 TNF-α for periods of 0, 3, 6, 18,
24 and 48 h at 37°C in a 5% CO2 in air atmosphere, to
determine the time-dependent effects of TNF-α on the
release of RANTES and sICAM-1. At the end of each
period, each culture was observed for epithelial cell in-
tegrity, as indicated above, and the medium was then
collected from each culture dish. Following a gentle
wash with fresh ice-cold medium 199, the cells were har-
vested. The medium and wash, and the cells were then
treated as above.

In a separate experiment, the specificity of TNF-α-
induced release of RANTES and sICAM-1 was inves-
tigated. Again sets of bronchial epithelial cell cultures
were prepared, as indicated above, and incubated con-
comitantly with 50 ng·mL-1 TNF-α and a single con-
centration of anti-TNF-α monoclonal antibody ranging
0–50 µg, for 24 h at 37°C in a 5% CO2 in air atmos-
phere. Following incubation, the cultures were observed
for cell damage, and the culture medium and cells were
collected for further processing, as indicated above.

Effect of fluticasone propionate, beclomethasone dipro-
pionate and hydrocortisone on TNF-α-induced media-
tor release from bronchial epithelial cell cultures

Fluticasone propionate (FP, MW 500.6) (Glaxo Well-
come, Greenford, UK) was prepared as a 10-2 M stock

that the epithelial expression of GM-CSF, IL-8 and
RANTES in bronchial biopsy was downregulated by
treatment with beclomethasone dipropionate (BDP), 500
µg b.i.d. for 16 weeks [6–7]. Similarly, SOUSA and co-
workers [4, 5] have demonstrated that BDP can also
downregulate the expression of GM-CSF and MCP-1 in
the bronchial epithelium of asthmatics. Fluticasone pro-
pionate (FP) is the latest in a range of inhaled cortico-
steroids indicated for the treatment of asthma [12]. The
aim of the present study was, therefore, to investigate
the effect of FP on the release of RANTES and sICAM-
1 from cultured human bronchial epithelial cells, and
compare its efficacy in this respect with that of BDP
and hydrocortisone (HC).

Materials and methods

All chemicals used were of tissue culture grade and
obtained from Sigma Chemical Co. (Dorset, UK), unless
otherwise stated. TNF-α and the anti-TNF-α monoclonal
antibody were purchased from R&D Systems Europe
Ltd (Abingdon, UK). Anticytokeratin monoclonal anti-
body (CAM 5.2) was obtained from Becton Dickinson
Ltd (Oxford, UK).

Bronchial tissue

Bronchial tissue was obtained from seven patients (5
males and 2 females), who underwent lobectomy or
pneumonectomy for lung cancer at St Bartholomew's
Hospital, London, UK. All these patients were heavy
smokers, with a mean age of 64 yrs (range 49–70 years).
After resection, only tissue that appeared macroscopi-
cally free of tumour and deemed to be "normal" by the
operating surgeon was placed into ice-cold Medium 199
(Northumbria Biologicals Ltd, Cramlington, UK) and
brought back to the laboratory for processing for tissue
culture, which was carried out within 0.5–1 h of resec-
tion.

Ethics approval was not required since surgical tis-
sue was used for these studies.

Isolation, culture and identification of bronchial epithe-
lial cells

Bronchial epithelial cells were cultured by an explant
cell culture technique, which we have developed in our
laboratory [13]. Briefly, the epithelium was dissected
away from the underlying tissue and cut into smaller sec-
tions approximately 1–2 mm3 in size. All the sections
were gently washed three times in sterile prewarmed
Medium 199, containing 1% (v/v) antibiotic/antimycotic
solution composed of penicillin, streptomycin and am-
photericin B (Sigma, England, UK). Then 2–3 sections
were explanted into untreated 60 mm diameter Fal-
con® 'Primaria™' plastic culture dishes (Becton Dickin-
son Ltd, Oxford, UK). The explants were incubated, for
2–3 weeks at 37°C in a 5% CO2 in air atmosphere, in
2.0 mL aliquots of fresh sterile complete culture medi-
um prepared by mixing 250 µg bovine pancreatic insu-
lin, 250 µg of human transferrin, 1 mL of antibiotic/
antimycotic solution, 3 mg L-glutamine and 2.5 mL Nu-
serum iv (Flow Laboratories, Scotland, UK) in 100 mL
Medium 199. Once the outgrowing epithelial cells had
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monoclonal antibody, FP, BDP or HC, demonstrated that
these agents did not lead to any obviously noticeable
detrimental changes in the integrity of the epithelial cell
cultures at any concentration investigated. Measurement
of RANTES and sICAM-1 in the culture medium demon-
strated that both RANTES and sICAM-1 were synthesiz-
ed and released constitutively by the bronchial epithelial
cells, and that incubation of the cells with TNF-α led to
a significant increase in the release of both these medi-
ators. TNF-α exerted a concentration-dependent effect
and was found to be optimally active at concentrations
of 50–100 ng·mL-1 (fig. 1a and b). TNF-α 50 ng·mL-1 in-
creased the release of RANTES by six fold (from 10.3
fg RANTES·µg-1 cellular protein in control untreated
cells, to 63.0 fg RANTES·µg-1 cellular protein; p<0.05)
and sICAM-1 by threefold (from 2.6 pg sICAM-1·µg-1

cellular protein in control untreated cells, to 8.8 pg
sICAM-1·µg-1 cellular protein; p<0.02). 

Time-response studies of bronchial epithelial cell cul-
tures stimulated with 50 ng·mL-1 TNF-α demonstrated
that the concentration of RANTES in the culture medi-
um was significantly increased by 18 h of incubation
(106.2 fg·µg-1 cellular protein, compared with 6.5 fg·µg-1

cellular protein at the beginning of incubation; p<0.01),
and peaked at 24 h (295.0 fg·µg-1 cellular protein, com-
pared with 6.5 fg·µg-1 cellular protein at beginning of

solution by dissolving the crystalline solid in dimethyl-
sulphoxide (DMSO). The stock solution was further
diluted with SF-1 medium to obtain working solutions
at concentrations of 0–10-4 M. Similarly, beclometha-
sone dipropionate (BDP, MW 521.0) (Sigma Chemical
Co.) and hydrocortisone (HC, MW 362.5) (Sigma Chemi-
cal Co.) were prepared as 10-2 M stock solutions by dis-
solving the crystalline solid in 250 µL absolute alcohol
and then in SF-1 medium. These were further diluted
with SF-1 medium to obtain working solutions at con-
centrations of 0-10-4 M.

In order to investigate the effect of steroid treatment
on TNF-α-induced release of RANTES and sICAM-1
from the bronchial epithelial cell cultures, fresh sets of
cultures obtained from tissues of different donors were
prepared, as indicated above. Each set of cultures was
then incubated in the presence of 50 ng·mL TNF-α and
a single concentration of FP, BDP or HC, ranging 0–10-4

M, for 24 h at 37°C in a 5% CO2 in air atmosphere.
Following incubation, the cultures were observed for
cell damage and the culture medium and cells were col-
lected and processed, as indicated above.

Measurement of RANTES and sICAM-1

Prior to analysis, the pooled culture medium and wash
were concentrated by freeze-drying to ensure that the
RANTES present in the culture medium was detectable,
in view of our previous demonstration that this cytokine
is present and released at comparatively low levels in
our model system [7]. The lyophilized sample was re-
constituted in 0.5 mL distilled water, to give a six fold
concentrated sample, and 100 µL aliquots analysed in
duplicate, for RANTES and sICAM-1, using commer-
cially available enzyme-linked immunosorbent assay
(ELISA) kits (R&D Systems Europe Ltd, Abingdon,
UK). The washed epithelial cell samples were resus-
pended in 0.5 mL 1 M NaOH and, following incuba-
tion at 56°C for 2 h, analysed for total cellular protein
according to the method of LOWRY et al. [14]. All results
were then expressed as fg or pg·µg-1 cellular protein, to
account specifically for any small differences in the
age/size of the cultures.

Statistical analysis

Results are expressed as mean±SEM. All results were
tested for normality using a normal probability plot and
the Shapiro-Wilk test, and then further tested by the
Kruskal-Wallis test to assess the significance of any dif-
ferences across the treatment groups. All data were then
subjected to Wilcoxon test for within-group compari-
son and to Mann-Whitney U-test for between-group
comparison. All statistical tests were performed using
the Minitab statistical computer software (State College,
PA, USA) and p-values of  less than 0.05 were con-
sidered significant.

Results

Analysis of cell cultures by light microscopy, follow-
ing incubation in the presence of TNF-α, anti-TNF-α
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Fig. 1.  –  Concentration effect of TNF-α incubated for 24 h on the
release of: a) RANTES; and b) sICAM-1 from cultured human bronchial
epithelial cells. Results are expressed as mean±SEM (n=6). *: p<0.05
vs control; +: p<0.02 vs control. TNF-α: tumour necrosis factor-α;
RANTES: regulated on activation, normal T-cell expressed and secret-
ed; sICAM-1: soluble intercellular adhesion molecule-1.
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incubation; p<0.01) (fig. 2a). Similarly, time-response
studies of sICAM-1 released into the culture medium
demonstrated that this was significantly increased by 6
h of incubation (1.1 pg sICAM-1·µg-1 protein, compared
with 0.65 pg·µg-1 cellular protein at the beginning of
incubation; p<0.05), and peaked at 24 h (10.1 pg·µg-1

protein compared with 0.65 pg·µg-1 cellular protein at
the beginning of incubation; p<0.01) (fig. 2b).

Incubation of bronchial epithelial cells with anti-TNF-
α monoclonal antibody showed that this significantly
attenuated the release of RANTES from a value of 91.3±
31.3 fg·µg-1 cellular protein noted in cultures treated with
only 50 ng·mL-1 TNF-α, to 11.2±2.7 (p<0.01) and 19.9±
5.4 fg·µg-1 cellular protein (p<0.05), in cultures treated
with 10 and 20 µg·mL-1 anti-TNF-α monoclonal anti-
body, respectively. Similarly, the release of sICAM-1 was
attenuated from a value of 9.3±2.2 pg·µg-1 cellular pro-
tein in cultures treated with 50 ng·mL-1 TNF-α to 2.5±
0.3 (p<0.01) and 3.1±0.7 fg·µg-1 cellular protein (p<0.05),
in cultures treated with 10 and 20 µg·mL-1 anti-TNF-α
monoclonal antibody, respectively.

Studies investigating the effect of steroids on TNF-α
induced release of RANTES demonstrated that 10-6 –10-4

M FP significantly attenuated the release of RANTES
from 147.5 to 41.1 and 46.3 fg·µg-1 cellular protein (p<
0.05), at 10-6 M FP and 10-4 M FP, respectively (fig. 3a).
In contrast, neither 10-8–10-4 M BDP nor 10-8–10-4 M HC

blocked the release of RANTES from these cell culture
(fig. 3b and c). Similarly, studies investigating the effect of
these steroids on the TNF-α-induced release of sICAM-1
demonstrated that FP significantly attenuated the sICAM
released from 11.7 to 3.7 and 3.6 pg·µg-1 cellular protein
(p<0.01), at concentrations of 10-6 and 10-4 M FP, respec-
tively (fig. 4a). In contrast, only 10-4 M BDP significant-
ly attenuated the release of sICAM-1 from 9.1 to 2.1
pg·µg-1 protein (p<0.05) (fig. 4b). 10-4 M HC also atten-
uated the release of sICAM-1 from 8.3 to 2.4 pg·µg-1

protein (p<0.05) (fig. 4c).
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Fig. 2.  –  Time course of: a) RANTES; and b) sICAM-1 release from
human bronchial epithelial cells incubated in the presence of 50 ng·mL-1

TNF-α. Results are expressed as mean±SEM (n=6). *: p<0.05 vs 0 h;
**: p<0.01 vs 0 h. For definitions see legend to figure 1.
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Fig. 3.  –  Effect of: a) 0–10-4 fluticasone propionate (FP); b) 0–10-4

M beclomethasone dipropionate (BDP); and c) 0–10-4 M hydrocorti-
sone (HC) on 50 ng·mL-1 TNF-α-induced release of RANTES from
human bronchial epithelial cells. The incubation period is 24 h. Results
are expressed as mean±SEM (n=6). *: p<0.05 vs control. For defini-
tions see legend to figure 1.
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Discussion

The current studies have confirmed our previous find-
ings that human bronchial epithelial cells can synthe-
size and release RANTES [7]. Additionally, these studies
have demonstrated that the release of RANTES, as well
as sICAM-1, from human bronchial epithelial cells can
be significantly increased by TNF-α, in a dose- and
time-dependent manner, and that steroids can block the
release of these mediators. The finding that anti-TNF-
α antibody can block the TNF-α-induced release of
RANTES and sICAM-1 from these bronchial epithelial

cells in vitro suggests that the effects of TNF-α observed
in these studies are specific. Although it is possible that
the TNF-α induced release of sICAM-1 observed in the
present study may be a consequence of increased dis-
sociation of cell surface associated ICAM-1, rather than
a result of increased transcription and translation of
ICAM-1, this is unlikely to have been the case, since
this effect of TNF-α was attenuated by steroids, which
are known to exert their effects at the transcriptional
level.

Whilst inflammatory mediators, such as GM-CSF and
IL-5, also influence eosinophil activity and are, there-
fore, likely to play a role in the modulation of airway
inflammation, the present study was limited to investi-
gating the release of RANTES and sICAM-1 due to in-
adequate sample volumes for analysis. In view of this,
it was felt that analysis of RANTES and sICAM-1 was
likely to be most appropriate both due to the regulating
effect of TNF-α on the expression of these mediators
and availability of little or no information on the effects
of novel steroids, such as fluticasone propionate. The
present finding, however, that TNF-α is optimally active
at concentration of 50–100 ng·mL-1 and that the induc-
tion of RANTES and sICAM-1 occurs optimally after
18–48 h, is in accordance with the findings of other stud-
ies in different model systems. WOLF et al. [15] investi-
gated the effect of TNF-α on the expression of RANTES
in a mouse mesangial cell line, both at the mRNA and
protein level, and demonstrated that 50 ng·mL-1 of TNF-
α-induced a marked increase in the mRNA for RANTES
after 2 h, plateauing 24–48 h after stimulation. These au-
thors also demonstrated that the concentration of RANTES
protein released from the mouse mesangial cells signi-
ficantly increased 24 h after TNF-α stimulation. 

Similarly, RATHANASWAMI et al. [16] demonstrated that
TNF-α significantly upregulates the expression of mRNA
for RANTES in human rheumatoid synovial fibroblasts.
HEEGER et al. [17] have investigated the expression of
RANTES in murine renal tubular epithelium and demon-
strated that the mRNA transcripts encoding RANTES
were significantly elevated in response to stimulation
with IL-1-α and TNF-α. Stimulation of the renal tubular
epithelium preparations with IL-6, transforming growth
factor-β (TGF-β) and interferon-γ (IFN-γ), however, did
not alter the amount of RANTES mRNA transcripts.
More recently, HASHIMOTO et al. [18] demonstrated that
both IL-1β and TNF-α significantly increased the expres-
sion of cell surface ICAM-1 and the release of sICAM-
1 from human endothelial cells in vitro, with sICAM-1
continuing to accumulate even 48 h after stimulation.
Additionally, these authors demonstrated that IL-1β and
TNF-α exerted their effects both independently and in
a synergistic manner.

The present findings that FP can significantly decrease
the release both of RANTES and sICAM-1 from human
bronchial epithelial cells are also in accordance with the
findings of others. OHNISHI et al. [19] recently demon-
strated that incubation of human cultured nasal epithe-
lial cells with FP reduced the levels of GM-CSF, IL-6
and IL-8 released into the culture medium over a period
of 6 days. Additionally, these authors demonstrated that
preincubation of the nasal epithelial cells with FP for 6
days caused a significant decrease in the concentration
of GM-CSF in the culture medium during a subsequent
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Fig. 4.  –  Effect of: a) 0–10-4 M fluticasone propionate (FP); b) 0–10-4

M beclomethasone dipropionate (BDP); and c) 0–10-4 M hydrocorti-
sone (HC) on 50 ng·mL-1 TNF-α-induced release of sICAM-1 from
human bronchial epithelial cells. The incubation period is 24 h. Results
are expressed as mean±SEM (n=6). *: p<0.05 vs control; **: p<0.01
vs control. For definitions see legend to figure 1.
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period of 6 days without FP. BRADDING et al. [20] inves-
tigated the effect of treatment for 6 weeks with topical
FP nasal spray, 200 µg·day-1, or matched placebo, on the
immunoreactivity of IL-4, IL-5 and IL-6 in the nasal mu-
cosa of seasonal allergic rhinitics during the pollen sea-
son. They demonstrated that FP significantly suppressed
IL-4 immunoreactivity, which was predominantly local-
ized to the submucosal mast cells in these individuals.
Furthermore, these authors demonstrated that FP pre-
vented seasonal increases in the numbers of epithelial
and submucosal eosinophils and epithelial mast cells.
Preliminary studies by HAGAMAN et al. [21] have also
demonstrated that FP can reduce IL-4, IL-6, IL-8 and
TNF-α production both by a human mast cell line and
murine bone marrow-derived mast cells.

The finding that neither BDP nor HC were able to
attenuate the TNF-α-induced release of RANTES, and
that both these agents attenuated the release of sICAM-
1 at a concentration 100 fold greater concentration than
FP, suggests that FP is likely to be more efficacious
than either BDP or HC. These in vitro findings are also
in accordance with the findings of others in vivo. BARNES

et al. [22] have evaluated the efficacy both of FP and
BDP in the treatment of severe asthma, and demon-
strated that FP has at least twice the clinical potency of
BDP. Similarly, AYRES et al. [23] have compared the
safety and efficacy of 6 weeks of treatment with inhaled
FP (1 or 2 mg·day-1) versus budesonide (1.6 mg·day-1)
in chronic severe asthma. These authors demonstrated
that a rank order for improvement in morning and even-
ing peak expiratory flow (PEF), clinical spirometry, re-
duction of diurnal PEF variation, symptoms score, and
requirement for rescue bronchodilators was in the order
FP 2 mg·day-1, FP 1 mg·day-1, and budesonide 1.6
mg·day-1.

Pharmacokinetic studies have suggested that GCR
selectivity and occupancy by FP are likely to underlie
the higher efficacy of FP, compared with other gluco-
corticoids. HOGGER and ROHDEWALD [24] compared the
binding kinetics of FP to the human GCR with those of
dexamethasone, budesonide and beclomethasone-17-
monopropionate, and demonstrated that FP had a higher
association rate constant and a distinctly lower dissoci-
ation rate constant compared with the other glucocorti-
coids. These authors also demonstrated that the calculated
half-life of the FP-receptor complex was 10 h and far
exceeded the calculated half-life of all the other gluco-
corticoids [23]. Others have calculated that the affinity
of FP for human GCR is approximately 200 fold greater
than that of HC and 40 fold greater than that of BDP
[25]. 

Studies investigating the bioavailabilty of FP on lung
function in mild asthmatic patients, following adminis-
tration of FP for 4 weeks either orally (20 mg·day-1) or
by inhalation (500 µg b.i.d.), have demonstrated that only
the inhaled FP significantly improved lung function in
these individuals, despite the plasma levels of FP being
of the same order following drug administration by the
different routes [26]. These studies suggest that FP is
likely to be more active when applied topically. Irrespec-
tive of what the specific mechanism is likely to be for the
activity of FP, to our knowledge, there is no information
on the levels of FP, and indeed other inhaled steroids,
which are bioavailable in the airways following inhalation.

However, since the recommended daily dosages of inhal-
ed FP and BDP for prophylaxis of asthma are 200–2,000
µg and 1,000–2,000 µg, respectively, the levels of these
drugs at the site of application in vivo are likely to be
much higher than the maximum concentration of 10-4

M (approximately 50 µg·mL-1) FP and BDP investigated
in these in vitro studies.

In conclusion, this study has demonstrated that human
bronchial epithelial cells are capable of releasing both
the factor regulated on activation, normal T-cell expres-
sed and secreted (RANTES) and soluble intercellular ad-
hesion molecule-1, which are important modulators of
eosinophil activity. The release of these mediators is sig-
nificantly increased by tumour necrosis factor-α and at-
tenuated by corticosteroids, such as fluticasone propionate,
beclomethasone dipropionate and hydrocortisone, of
which fluticasone propionate is most potent.
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