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Abstract
Background—Inhaled corticosteroids are
the most widely used treatment for
asthma, a disease characterised by both
functional and immunopathological ab-
normalities. This study investigated the
relative eVects of inhaled corticosteroids
on these two features of asthma over time.
Methods—A randomised, double blind,
placebo controlled, parallel group study
with inhaled fluticasone propionate, (FP
2 mg daily) was conducted in 27 patients
with asthma. Following baseline analysis,
the study tested the eVects of short term
(two weeks) and longer term (eight weeks)
treatment. At each time point (0, 2, and 8
weeks) lung function tests were performed
and endobronchial biopsy specimens ob-
tained to determine the distribution and
number of lymphocyte, macrophage and
eosinophil subsets using immunohisto-
logical analysis. Twenty three patients
completed the study, 11 on FP and 12 pla-
cebo.
Results—FEV1, ÄFEV1, FEF25–75, and FEV1/
FVC all improved after two weeks of FP
treatment. This improvement was main-
tained but not increased after eight weeks.
PC20FEV1 showed a trend to increase but
was not significantly improved at eight
weeks. No significant changes were seen in
the placebo group. The numbers of T cells,
macrophages, and eosinophils in the
bronchial wall were reduced by two weeks
of treatment with FP but were unaltered
by placebo. The improvement oVered by
FP continued over the eight week period.
Reductions in CD4:CD8 ratio and num-
bers of activated (EG2+) eosinophils were
only significant after eight weeks of treat-
ment.
Conclusions—These results reveal that FP
influences both functional and immuno-
pathological parameters of asthma. Tem-
poral relationships suggest that these are
parallel but not necessarily interrelated
eVects. While short term treatment is
eVective in “normalising” the functional
abnormalities in asthma, the impact of FP
on bronchial inflammation appears to be
progressive, taking up to eight weeks and
more.
(Thorax 1998;53:753–761)
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Asthma is recognised as a chronic inflamma-
tory disease of the airway characterised by
infiltration of the bronchial wall by activated T
lymphocytes and eosinophils.1–3 Inhaled corti-
costeroids represent an important treatment
and early intervention is currently
recommended.4–6 Previous biopsy studies of the
anti-inflammatory eVects of diVerent cortico-
steroids on the bronchial mucosa in asthmatic
subjects at various time points have shown a
reduction in the number of mast cells,
eosinophils, lymphocytes, and macrophages
after four weeks,7 six weeks,8 three months,9

and up to 10 years of corticosteroid therapy.10

Asthma is defined clinically in terms of
abnormal airway function.11 12 Asthmatic sub-
jects usually demonstrate variable airflow
obstruction and bronchial hyperresponsive-
ness, either spontaneously or when challenged
with inhaled histamine, methacholine or cold
air.13 Some studies reveal relationships between
immunopathological parameters and airway
hyperresponsiveness.14–18 These two variables
may, however, develop independently.10 19 It is
thought, but remains unproven, that the
coincidence of airways hyperresponsiveness
and airway inflammation is seen in virtually all
asthmatics and that the two are interrelated.
Although treatment guidelines strongly rec-

ommend the early use of corticosteroids in
asthma,4 12 20 21 their precise mode of action is
unknown. It remains unclear which specific
components of the inflammatory reaction are
the first to be aVected by inhaled corticoster-
oids, which are preferentially downregulated,
and which are the most sensitive to respond to
steroid therapy. Furthermore, although it is
also well established that corticosteroids lead to
improved airflow in asthma, it remains unclear
how this eVect is related to alterations in
immunopathology. No study to date has
compared the acute and longer term eVects of
inhaled corticosteroid therapy on the bronchial
mucosa. Furthermore, no controlled study has
tested functional and immunohistological ef-
fects of inhaled corticosteroids at three succes-
sive time points within the same study popula-
tion.
Fluticasone propionate (FP) is a new inhaled

corticosteroid with high topical activity and
low systemic bioavailability.22 23 It is considered
the most potent of the inhaled corticosteroids
currently available for treatment of this disease4

and controlled studies have shown it to be a
well tolerated and eVective therapy.24–26 It is
clearly important to establish not only which
parameters of immunological and physiologi-
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cal dysfunction are aVected by inhaled therapy,
but also the temporal relationship one to the
other as, in this way, both dose and regimen of
inhaled corticosteroids might be best tailored
to the specific immunopathological and lung
function status of the patient. In the present
study high dose inhaled fluticasone propionate
(2 mg/day) was administered to asthmatic sub-
jects in order to give the most potent
anti-asthmatic activity.
To determine the temporal relationships

between functional and immunopathological
parameters, a randomised, double blind, pla-
cebo controlled study of high dose inhaled FP
was performed in patients with mild to moder-
ate asthma. Functional and immunological
parameters were measured at baseline and then
at two subsequent time points (two and eight
weeks) to investigate both short and long term
eVects of treatment. At each time point
fibreoptic bronchoscopy with endobronchial
biopsy was performed to investigate changes to
specific subpopulations of inflammatory cells
within the bronchial mucosa, reflecting the
eVect of treatment on immunopathological
indices.27 28 The temporal relationships be-
tween corticosteroid induced changes to func-
tional and immunological parameters are
presented.

Methods
SUBJECTS

Twenty seven asthmatic subjects (ATS criteria
for asthma11) were recruited. None had suf-
fered an exacerbation of asthma or taken
corticosteroid therapy within the three months
before the study. Baseline forced expiratory
volume in one second (FEV1) for all subjects
was >40% predicted and all subjects showed an
increase in FEV1 of more than 250 ml and
more than 12.5% increase after inhaled
salbutamol. All subjects demonstrated bron-
chial reactivity as documented by a histamine
PC20 FEV1 of <8 mg/ml within four weeks of
entry.
Subjects were excluded if they were pregnant

or lactating, had a psychiatric illness, or other

concurrent clinical condition.During the study
no supplementary oral or inhaled corticoster-
oids were allowed. Rescue inhalers were
confined to salbutamol by metered dose
inhaler.
The study protocol was approved by the eth-

ics committee at the James Connolly Memorial
Hospital, Dublin and by the National Drugs
Advisory Board of Ireland. Full written in-
formed consent was obtained from each
patient. The nature of the study demanded
great care to be taken to provide an easily
accessible and prompt medical backup for the
subjects enrolled. A team of senior clinicians
was on call 24 hours a day, seven days a week to
provide continuous medical backup, to arrange
unscheduled visits to the hospital, and to
ensure early withdrawal from the study of
patients in the event of deteriorating asthma or
intercurrent illness. Of 27 patients recruited,
four were withdrawn from the study, two due to
non-compliance with medication (one placebo,
one FP) and two due to pregnancy (one
placebo, one FP). Details of the 23 subjects
who completed the study are shown in table 1.

STUDY DESIGN

This study was conducted as a randomised,
double blind, placebo controlled, parallel
group trial. It was divided into a baseline
period of one week and a treatment period of
eight weeks.During the one week run-in period
subjects were tested for compliance and inhaler
technique by being asked to use a placebo
inhaler (four puVs twice daily) and record peak
flow measurements and symptom scores twice
daily in a diary card. At the end of the baseline
period all subjects were randomly assigned to
one of two treatment groups receiving either
FP (four puVs of 250 mg twice daily) or a
matched placebo through a metered dose
inhaler attached to an aerosol chamber (Volu-
matic spacer, Allen & Hanburys, Greenford,
UK).
Subjects attended the laboratory at entry day

(day –7) and days –1, 0, 13, 14, 55, and 56 of
the study period (day 0 represents the day
treatment was started). Bronchodilator medi-
cation and caVeine containing drinks were
withheld for at least 12 hours before each study
visit and subjects always attended the labora-
tory at 09.00 hours. Subjects underwent com-
plete physical examination and routine haema-
tological, urine analysis, and biochemical tests
at the screening visit (day –7) and on days 0,
14, and 56. At each visit compliance with
medication and adverse eVects were checked
and recorded. Forced vital capacity (FVC) and
FEV1, ÄFEV1 after bronchodilator, FEV1/FVC
and FEF25–75 were recorded at each visit using a
computerised spirometer (Gould 2400). At
entry day and days 0–1, 13, and 55 (at the same
time of day in each case) histamine bronchial
provocation challenges were performed ac-
cording to a standardised technique.29 A
complete dose-response curve for inhaled
histamine was recorded using doubling con-
centrations starting at 0.03 mg up to 16 mg/ml
of histamine dissolved in normal saline. During
histamine challenges FEV1 was measured 30

Table 1 Characteristics of the 23 patients who completed the study protocol

Age (years) Sex Asthma duration Atopy FEV1 (% pred) ÄFEV1 (%) Therapy

21 F 1 year ++ 2.95 (95) 18 FP
31 F >10 years ++ 1.69 (52) 24 FP
42 F 1 year — 2.02 (82) 16 FP
28 F >10 years ++ 1.94 (60) 50 FP
19 M >10 years +++ 2.56 (54) 80 FP
25 M 1 year ++ 4.86 (108) 12 FP
27 M >10 years ++ 1.88 (46) 62 FP
23 F 6–10 years +++ 2.55 (85) 18 FP
23 M >10 years +++ 2.49 (56) 44 FP
28 M 1 year — 4.11 (95) 19 FP
45 M >10 years ++++ 2.05 (95) 71 FP
21 M >10 years ++ 3.41 (79) 22 P
33 M >10 years ++ 1.88 (49) 26 P
24 F >10 years +++ 2.22 (72) 33 P
24 M >10 years — 3.65 (84) 7 P
40 M >10 years +++ 1.98 (50) 76 P
36 M >10 years +++ 1.77 (40) 64 P
36 F 1–5 years ++ 2.84 (88) 13 P
28 M >10 years ++ 2.67 (59) 30 P
22 M 1 year — 3.94 (94) 8 P
34 M 1 year ++++ 3.25 (74) 11 P
35 M 1 year — 4.26 (100) 5 P
20 M >10 years ++++ 2.64 (66) 27 P

FP = fluticasone propionate; P = placebo.
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and 90 seconds after each dose. The test was
terminated if FEV1 decreased by more than
20% from the post-saline value or if a concen-
tration of 16 mg/ml was reached. PC20 was
determined by linear interpolation of the
concentration FEV1 response curve. Patients
were allowed neither salbutamol nor salmeterol
for 12 and 36 hours, respectively, prior to
bronchial challenge.
Allergy tests were performed at the screening

visit (day 0–7). Patients were considered atopic
if they gave a history of bronchospasm after
allergen exposure and exhibited a positive skin
prick test to at least one of a panel of common
allergens (house dust mite, grass, pollen, cat,
dog, birch, pollen).
Bronchodilator responses were studied four

hours prior to bronchoscopy on days 0, 14 and
56. FEV1 was measured before and 20 minutes
after salbutamol 200 mg administered via a
Volumatic spacer device. The post broncho-
dilator FEV1 and percentage change from
baseline were recorded. In all cases spirometric
values were also recorded as percentage
predicted.

FIBREOPTIC BRONCHOSCOPY

Fibreoptic bronchoscopy was performed at
three time points (days 0, 14 and 56) using a
flexible fibreoptic bronchoscope (Olympus
BF10). Subjects were sedated with intravenous
propofol (Power) and continuous oxygen was
given and oxygen saturation and ECG moni-
tored throughout the procedure. Up to three
endobronchial biopsy specimens were taken
through the bronchoscope with spiked cup for-
ceps from the second generation right upper
lobe bronchus. The biopsy specimens were
immediately placed on sterile PBS moistened
gauze, embedded in OCT medium and snap
frozen in melting isopentane previously cooled
in liquid nitrogen. The samples were stored in
liquid nitrogen until further analysis.

IMMUNOPATHOLOGICAL INVESTIGATIONS

Cryostat sections (6 µm thick) of the endo-
bronchial biopsy specimens were cut at –25°C,
air dried for 60 minutes, fixed in chloroform/
acetone (1:1), wrapped in cling film and stored
at –20°C until used. Each biopsy specimen was
sectioned within one month of freezing with up
to 40 sections being stored. Representative
sections of all samples were stained with 0.1%
toluidine blue to reveal morphology and tissue
integrity. Immunohistological techniques were
employed to identify subsets of immuno-
competent cells. For each test on each subject
sections from biopsy specimens at each time
point were analysed together. Due to the
blinded nature of the study it was not possible
to analyse groups together and, for logistical
reasons, it was not possible to analyse all speci-
mens at particular time points together.
However, no sections were stored for more
than six weeks.
The indirect immunoperoxidase technique

was used to identify T cells (using a cocktail of
monoclonal antibodies CD2, CD3, CD5 and
CD8) all produced in the RFHSM, and
primed cells were identified using the mono-

clonal antibody CD45RO, RFHSM.
Macrophage/monocytes were identified using
CD68 (Dako, UK), total eosinophils by EG1
(Pharmacia Diagnostics, UK), and activated
eosinophils by EG2 (Pharmacia Diagnostics,
UK). Double immunofluorescence
techniques30 were applied to determine
CD4:CD8 T cell ratios and relative propor-
tions of inductive (RFD1+ RFHSM), eVector
(RFD7+ RFHSM), and suppressive (RFD1+/
RFD7+) macrophages.

QUANTIFICATION OF IMMUNOHISTOLOGY

Numbers of immunocompetent cells were
quantified by two investigators with no knowl-
edge of a subject’s identity or treatment limb.
The distribution and number of immuno-
competent cells was assessed using a “Soli-
taire” computerised image analysis system
(Seescan, Cambridge, UK).31 Three areas of
bronchial wall (epithelium and subepithelial
connective tissue to a depth of approx 150 µm)
were measured in each section. Total areas of
12 ×104 µm2 were quantified on duplicate
sections for each cell type in samples for each
patient. Areas of each high power field
measured were determined with the image
analyser by drawing frames around the area to
be quantified. These frames were designed to
avoid damaged areas and areas of muscle and
cartilage. The numbers of positive cells within
framed areas were counted and this number
was divided by the area of section measured by
the computer.32 Cell numbers are thus ex-
pressed as cells/unit area, the unit area being
104 µm2.
Immunofluorescence preparations were

used to determine CD4:CD8 ratios using a
Zeiss fluorescence microscope fitted with
epi-illumination and appropriate barrier filters
for FITC and TRITC, as previously described
in full.30 Numbers of CD4+ and CD8+ cells
were counted in high power fields. Either num-
bers for the whole section were counted or
>100 cells were observed.
The ratio was recorded as number CD4+/

number CD8+. The same approach was used
to measure proportions of inductive (D1+),
eVector (D7+), and suppressive (D1+D7+)
macrophages. Numbers of D1+ cells (green
fluorescence), D7+ cells (red fluorescence),
and D1+ D7+ cells (fluorescent for red and
green) were recorded throughout the section.
Relative proportions were then calculated by
the formula:

No. of specific subset
(D1+) + (D7+) + (D1+D7+)

× 100

STATISTICS

For all parameters tested the median values for
both the FP and placebo groups at baseline and
at two and eight weeks were determined and
are plotted one against the other to reflect a
direct comparison of absolute values for each
group.
The relative change after two or eight weeks

was expressed as T14/T0 or T56/T0. These
fractions were calculated for each subject in
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each group. Results were then expressed as
median and range within each group at each
time point.
In all cases statistical significance was deter-

mined using the non-parametric Mann-
Whitney test for non-paired data. Significance
was taken at the level of p <0.05 using 95%
confidence intervals.
To represent overall FP induced change with

time the formula (T14FP/T0FP)—(T14P/
T0P) was used which represented the overall
median change after two weeks of treatment.
T56 figures were substituted in the same
formula to determine the overall eVect of FP
after eight weeks.

Results
LUNG FUNCTION

Baseline values (T0) for all lung function data
were not significantly diVerent between sub-
jects randomised to the FP and placebo groups
(table 2).
The study first compared the eVects of FP

and placebo over a two week period. After 14
days of treatment an improvement was seen in
FEV1 in the FP group which rose significantly
compared with the placebo group (p <0.05, fig
1A). The change after bronchodilation was
reduced compared with placebo (p <0.02) and
FEV1/FVC% was raised (p <0.02, figs 1B and
1C). An increase in FEF25–75 was also seen (fig
1D), but the absolute values were not signifi-
cantly diVerent from that of the placebo group
as the median baseline data were higher in the
placebo group. No change was seen in the PC20

FEV1 in either group (data not shown).
To determine whether the changes occurring

in the FP group were significant when
compared with the eVects of placebo, the rela-
tive change for each parameter expressed as the

ratio T14/T0 was calculated for both FP and
placebo groups and these figures were com-
pared using the Mann-Whitney test. This
analysis showed that the changes caused by FP
treatment for all parameters were significantly
diVerent from those in the placebo group (table
3).
After eight weeks a further small rise in FEV1

was seen in the FP group (fig 1A); however, by
this time an increase in median FEV1 was also
seen in the placebo group to a point where no
statistical diVerence between the groups was
demonstrable (p >0.05). Reversibility and the
FEV1/FVC% also showed a further modest rise
over the eight week period but fell in the
placebo group. A significant diVerence was
recorded for both these parameters between
the FP and placebo groups (p <0.02 in both
cases; figs 1B and C). FEF25–75 continued to rise
in the FP group over eight weeks (fig 1D) but
fell in the placebo group. At eight weeks abso-
lute values for FP treated subjects were signifi-
cantly higher than those of the placebo group
(p <0.05). No significant diVerence in
PC20FEV1 was seen even after eight weeks of
treatment in either group (data not shown).
To determine whether the changes seen in

the FP group were significant compared with
the changes in the placebo group, the relative
change (0–8 weeks) was calculated for both
groups as described in the Methods section.
This revealed that all parameters in the FP
group with the exception of PC20 FEV1 showed
a significant improvement over the placebo
group by day 56 (table 4). This was true even
for the FEV1 data where absolute values were
not significantly diVerent when FP and placebo
were compared (see above). A comparison of
the results in tables 3 and 4 also showed that
the eVects of FP at day 14 are sustained but not
significantly improved up to day 56.

IMMUNOPATHOLOGY

At baseline (T0) all patients showed evidence
of bronchial inflammation on biopsy section.
No significant diVerence was detected between
subjects in the FP group and those treated with
placebo (table 2), although considerable vari-
ability was seen in some parameters within
each group. No significant changes to macro-
phage subset ratios was detected at either two
weeks or eight weeks in either group (data not
shown).
After two weeks of treatment reductions in

the numbers of T cells, CD45RO+ T cells,
CD4:CD8 ratios, eosinophils (EG1+) and
activated eosinophils (EG2+) were seen (fig 2
a–f). However, with absolute values a compari-
son with data from the placebo group showed
no significant diVerence (p >0.05 in each case).
The reduction in macrophages (CD68+ cells)
brought the numbers of these cells to a level
significantly lower than that in the placebo
group (p <0.05; fig 2D). When the relative
changes in the absolute values were compared
between the two groups, however, it was found
that significant diVerences in relative change
occurred in the FP group in relation to
numbers of T cells, primed T cells, CD68+
cells, and eosinophils (table 5).

Table 2 Baseline data (T0) on fluticasone and placebo groups

Parameter

Fluticasone Placebo

Median Range Median Range

FEV1 (litres) 2.49 1.69–4.86 2.69 1.77–4.26
ÄFEV1 (%) 24 12–80 22 5–76
FEV1/FVC % 67 43–77 65 40–84
FEF25–75 (litres) 1.33 0.72–3.93 1.91 0.62–3.89
PC20FEV1 (mg) 0.19 0.03–1.74 0.11 0.03–8
T cells (no./104µm2) 6.3 4.1–14.4 5.2 3.8–17.3
Primed T cells (no./104µm2) 4.9 3.1–12.5 4.3 2.7–13.6
CD4:CD8 ratio 2.8 0.5–5.5 2.15 0.7–4.0
CD68+ cells (no./104µm2) 4.12 2.3–11.2 3.7 1.9–12.5
D1+MQ subset (%)† 33 6–55 35 15–46
D7+MQ subset (%) 46 23–68 47 33–60
D1+/D7+MQ subset (%) 20.5 8–33 20.5 14–26
Eosinophils (no./104µm2) 1.7 0.5–2.4 1.25 0.05–2.2
Activated eosinophils (no./104µm2) 1.5 0.05–1.9 0.45 0.05–1.88

†Percentage of total stained cells showing specific phenotype.

Table 3 EVect of 14 days of treatment (T14) with fluticasone on physiological
parameters*

Fluticasone (n=11) Placebo (n=12)

p value†Median Range Median Range

FEV1 1.2 0.93–1.63 0.965 0.77–1.21 0.0056
ÄFEV1 0.47 0.16–1.7 1.16 0.45–3.77 0.021
FEV1/FVC 1.15 0.95–1.39 0.98 0.75–1.16 0.0089
FEF25–75 1.56 0.86–2.69 0.96 0.58–1.54 0.0062
PC20FEV1 1.06 0.1–4 0.91 0.28–2.72 0.29

*All figures are ratios reflecting T14/T0 data for all parameters.
†Mann-Whitney test for non-parametric data.
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After eight weeks the absolute values of T
cells, primed T cells, and eosinophil numbers
were significantly diVerent between the FP and
placebo groups (fig 2A, B, E; p <0.01, <0.02,
and <0.05, respectively). No diVerence was

recorded in absolute numbers of macrophages
and activated eosinophils nor in the CD4:CD8
ratios (p >0.05 in each case; fig 2C, D, F).
However, when the relative changes in the FP
and placebo groups were compared over eight
weeks significant diVerences were recorded in
the relative reductions in T cells, primed T
cells, and activated eosinophils (table 6).

TEMPORAL RELATIONSHIPS

To reveal the overall eVects of FP the median
figures of ratios reflecting changes associated
with the first two weeks of the study and the
overall eight week period were determined by
subtracting the median ratios of the placebo
groups from those of the FP group. Manipu-

Figure 1 Absolute median values for (A) FEV1, (B) reversibility FEV1%, (C) FEV1/FVC% and (D) FEF25–75 at
baseline (T0) and after two and eight weeks of treatment in patients treated with fluticasone propionate (j) and those
receiving placebo (m).
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Table 4 EVect of 56 days of treatment (T56) on physiological parameters*

Fluticasone (n=11) Placebo (n=12)

p value†Median Range Median Range

FEV1 1.22 1.03–1.54 0.95 0.62–1.25 0.007
ÄFEV1 0.436 0.11–0.88 1.24 0.27–4.92 0.0028
FEV1/FVC 1.17 1.0–1.54 0.97 0.65–1.2 0.0056
FEF25–75 1.68 1.01–2.42 0.86 0.38–1.65 0.003
PC20FEV1 1.67 0.26–8.0 0.82 0.22–2.72 0.09

*All figures are ratios reflecting T56/T0 data for all parameters.
†Mann-Whitney test for non-parametric data.
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lation of these data left the median ratios,
reflecting the overall eVect of the FP (see
Methods section).
All the FP induced changes to functional

status which were statistically significant oc-
curred within the first two weeks of treatment
(fig 3A). However, the eVects of FP on
immunological parameters were variable. T
cell numbers and the numbers of primed T
cells (CD45RO+ve) fell during the first two
weeks of treatment (fig 3B). The subsequent

six weeks of treatment caused a further modest
fall in T cell and primed T cell numbers, and a
reduction in the CD4:CD8 ratios was also seen
(fig 3B).
Eosinophil numbers were significantly re-

duced by FP in the first two weeks of treatment
and then continued to fall, although less
dramatically (fig 3C). “Activated” eosinophils
showed a modest fall over the first two weeks
but the subsequent treatment period caused
the population to drop significantly further.

Figure 2 Absolute median values for (A) T cell numbers, (B) CD45RO+ T cell numbers, (C) CD4:CD8 ratio, (D)
CD68+ macrophage numbers, (E) EG1+ cells and (F) EG2+ cell numbers. A cell number relative to tissue unit area of
104 µm2. Data recorded at baseline (T0) and after two and eight weeks of treatment with fluticasone propionate (j) or
placebo (m).
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Total numbers of macrophages were reduced
within two weeks of treatment but then rose
again over the subsequent six week period,
whereas the population of inductive RFD1+
cells showed a progressive fall over the eight
week study period (fig 3C).
It therefore appears that the major FP

induced improvement in lung function occurs
during the first two weeks of treatment while
the FP induced eVects on immunological
parameters continued to occur throughout the
eight week period of the study without further
significant improvement in tests of lung
function.

Discussion
This paper reports for the first time the eVects
of inhaled fluticasone propionate on both

immunopathological and physiological param-
eters of asthma over time in a placebo control-
led study. Such a design reveals temporal rela-
tionships of the disease modulating eVects of
FP on two fronts.
Inhaled corticosteroids are the first line

therapy for most patients with asthma.4 6 33

Previous studies have shown how such therapy
improves lung function,34 35 while others have
shown reduction of the bronchial inflammation
characteristic of this condition.7 36 Previous
immunological investigations, however, have
either been performed after a single period of
treatment8–10 and/or have not included a paral-
lel placebo group.20 37

The relationships between functional and
immunological dysregulation in asthma remain
unclear. Documentation of the eVects of FP
over a short term (two weeks) and a longer
term (eight weeks) on the same group of
subjects has shown the relative impact of treat-
ment on both physiological and immunological
parameters over time. The current results
show, firstly, that improvement in physiological
parameters occurs within two weeks of treat-
ment. This result is consistent with previous
studies.26 35 By repeating such investigations on
the same patients after eight weeks it is
confirmed that no further significant improve-
ment occurs beyond this two week period.
Reduced bronchial hyperreactivity (BHR) to
histamine was seen over the eight week period
as previously observed,35 but comparison with
the parallel placebo group showed this change
not to be significant statistically.
The present results confirm further that

inhaled corticosteroids reduce the numbers of
inflammatory cells in the asthmatic bronchial
wall.7 8 10 In particular, the numbers of primed
T cells and eosinophils are reduced after two
weeks of treatment, confirming the anti-
inflammatory eVects of FP reported by
others.37 However, study of the eVects of
continuing treatment at eight weeks shows that
this eVect on the immunopathology continues
progressively over this extended period. As

Figure 3 Schematic representation of the overall eVects of inhaled fluticasone propionate (FP) on physiological and immunological parameters in the 11
subjects. Each point represents the median percentage change from baseline in the FP group after the median change in the placebo group has been
subtracted. All abbreviations as for figs 1 and 2.
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Table 5 EVect of 14 days of treatment (T14) on immunological parameters

Fluticasone (n=11) Placebo (n=12)

p value †Median Range Median Range

T cells 0.69 0.41–1.59 1.03 0.68–1.36 0.015
Primed T cells 0.68 0.35–1.7 1.02 0.57–1.3 0.021
CD4:CD8 ratios 0.95 0.22–2.5 0.81 0.25–1.69 0.97
CD68+ cells 0.72 0.45–1.39 1.03 0.32–1.15 0.023
D1+MQ 0.69 0.25–4.6 0.8 0.53–1.4 0.16
D7+MQ 1.27 0.74–2.15 1.25 0.78–1.79 0.91
D1+/D7+MQ 0.88 0.45–2.45 0.88 0.45–1.86 0.77
Eosinophils 0.67 0.03–1.16 0.98 0.02–38 0.045
Activated eosinophils 0.67 0.03–1.78 1.0 0.13–16 0.12

*All figures are ratios reflecting T14/T0 data for each parameter.
†Mann-Whitney test for non-parametric data.

Table 6 EVect of 56 days of treatment (T56) on immunological parameters

Fluticasone (n=11) Placebo (n=12)

p value†Median Range Median Range

T cells 0.7 0.36–1.04 1.3 0.48–2.1 0.048
Primed T cells 0.64 0.39–1.69 1.2 0.44–2.19 0.015
CD4:CD8 ratios 0.63 0.33–1.36 0.88 0.07–2.31 0.3
CD68+ cells 0.83 0.06–1.27 0.99 0.24–1.68 0.1
D1+MQ 0.65 0.15–4.02 1.0 0.43–1.27 0.49
D7+MQ 1.01 0.71–2.23 1.06 0.73–1.45 0.8
D1+/D7+MQ 1.17 0.58–2.67 1.25 0.36–2.5 0.83
Eosinophils 0.45 0.02–2.02 1.06 0.02–38 0.03
Activated eosinophils 0.195 0.03–1.34 1.22 0.69–28 0.0017

All figures are ratios reflecting T56/T0 data for each parameter.
†Mann-Whitney test for non-parametric data.

Inhaled corticosteroids and asthma pathogenesis 759

http://thorax.bmj.com


there is no significant further improvement in
lung function beyond two weeks, these results
support the suggestion that, while FP reverses
both physiological and immunological abnor-
malities, these may be parallel but not inter-
related eVects. Such an observation would
support previous suggestions that the dysregu-
lation of both function and immunoregulation
in asthmatic subjects does not necessarily rep-
resent a cause and eVect relationship.19 38 39

Of particular interest is the observation that
reduction in the numbers of “activated”
eosinophils in the tissues is most dramatic over
the extended eight week period of FP treat-
ment. Several studies have focused on the
significance of eosinophil activation to the air-
way wall inflammation in asthma2 3 15 16 and the
consequent damage to the epithelium of the
airways. Development of airways hyperrespon-
siveness has been attributed to the degranula-
tion of these cells.3 18 Our results suggest that
reduction in the eosinophil population may be
consequential to the eVect of FP on reducing
the numbers of primed T lymphocytes in the
mucosa. Such a possibility would fit with the
knowledge that T cell derived cytokines are
responsible for eosinophil activation and
accumulation.40 It is thus tempting to speculate
that the corticosteroid treatment acts by down-
regulating induction of immune reactivity, thus
leading to reduced T cell activation and subse-
quent eosinophil activation.
Comparison with placebo treated patients,

however, failed to reveal FP dependent eVects
on the macrophage populations which were
found to be variable in both groups of subjects.
Thus the imbalance between suppressive and
inductive macrophages, reported previously as
characteristic of asthma,19 41 was not aVected
consistently by FP treatment. However, FP
significantly reduced the overall inflammatory
process in the bronchial wall of asthmatics in a
progressive fashion over the eight week study
period.
The temporal relationships between the anti-

inflammatory eVects and the FP induced
changes to functional parameters show that the
well recognised clinical improvement seen over a
two week period following FP treatment is asso-
ciated with, but not dependent on, the anti-
inflammatory eVect of the compound. More
sustained treatment is required to impart its full
impact on the inflammatory process associated
with this condition, as even after eight weeks of
FP treatment the numbers of T cells, macro-
phages, and eosinophils in the bronchial wall are
not reduced to normal levels previously
reported.42 This observation confirms the work
of others who have shown that treatment periods
extending to years also fail to “normalise” fully
the cell populations of the mucosa.7 9
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