Nasal eosinophilia and IL-5 mRNA
expression in seasonal allergic rhinitis
induced by natural allergen exposure:
Effect of topical corticosteroids
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Background: Nasal allergen provocation in patientswith aller-
gic rhinitis leads to expression of the proeosinophilic cytokines
IL-5and GM-CSF and tissue eosinophilia.

Objective: We sought to examine the effect of natural seasonal
allergen exposure on IL-5 and GM-CSF mRNA expression and
nasal eosinophilia and to evaluate the effects of topical corti-
costeroid therapy on these responses.

Methods: Nasal biopsy specimens were collected from 46 grass
pollen—sensitive patients with seasonal rhinitis before the grass
pollen season. A second biopsy specimen was collected during
the pollen season, by which time patients had received 6 weeks
treatment with either fluticasone propionate (200 pg twice
daily) or placebo nasal spray.

Results: Fluticasone treatment was clinically effective (P <
.005). Patients receiving placebo, but not fluticasone, showed
increased numbers of epithelial and submucosal EG2+
eosinophils (P < .005) and IL-5 and GM-CSF mRNA-express-
ing cells (P < .0001) during the pollen season. Colocalization
experiments showed that greater than 80% of IL-5
mRNA-expressing cells were submucosal CD3+ T cellsin both
groups. The numbers of submucosal CD3+ T cellsdid not
increase during the pollen season or decrease with fluticasone
treatment. Fluticasone also inhibited |L-5 secretion by grass
pollen—stimulated peripheral blood T cells from patients with
seasonal rhinitis (n = 5, inhibitory concentration of 50% = 109
to 10-10 mol/L).

Conclusions: These results suggest that topical corticosteroids
may reduce eosinophilia in seasonal rhinitis by inhibiting T

cell IL-5 production. (J Allergy Clin Immunol 1998;102:610-7.)
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A prominent feature of alergic rhinitis is infiltration
of the nasal mucosaby activated T cells and eosinophils.t
Although mast cells are presumed to play arole in the
early (0to 1 hour) nasal responseto allergen provocation,
eosinophil recruitment and activation, with release of
toxic granule proteins and lipid mediators, is thought to
make a significant contribution to the late (2 to 24 hours)
response.

We previously showed that late-phase nasal responses
induced by allergen challenge are accompanied by local
expression of the T, ,-type cytokines IL-5, GM-CSF, IL-
4,2 and IL-13.3 Although IL-4 and IL-13 are required for
IgE synthesis by B cells and may play a role in local
heavy chain switching within the nasal mucosa? and
upregulation of vascular cell adhesion molecule-1
(VCAM-1) expression on endothelial cells,5 IL-5 and
GM-CSF have pleiotropic proeosinophilic properties. IL-
5isof particular interest because many of its actions are
specific for eosinophils. It promotes eosinophil matura-
tion and endothelial adhesion, activation, and survival6-8;
contributes to eosinophil release from bone marrow?; and
primes these cells for enhanced chemotactic response to
C-C chemokines such as RANTES!0 and eotaxin.11 Pre-
vious studies have demonstrated that the majority of
nasal mucosal cells expressing IL-5 mRNA after allergen
provocation are CD3+ T cells.12

The aims of this study were 2-fold. First, we sought to
confirm that alergic rhinitis symptoms arising from nat-
ural exposure to grass pollen are associated with nasal
mucosal eosinophilia and IL-5 and GM-CSF mRNA
expression. Second, we sought to test the hypothesis that
topical corticosteroid therapy is clinically effective at
least partly through a suppressive effect on IL-5 and GM-
CSF mRNA expression by T cells, reducing local
eosinophil recruitment and activation. Nasal biopsy spec-
imens were collected from asymptomatic patients with
alergic rhinitis before the start of the summer grass
pollen season. Under double-blind conditions, patients
were then randomized to receive either a prophylactic
course of topical corticosteroid (fluticasone propionate)
treatment or placebo. Further biopsy specimens were
subsequently collected during the peak of the grass
pollen season. The numbers of activated eosinophils and
T cellsin nasal mucosal biopsy specimens were assessed



J ALLERGY CLIN IMMUNOL
VOLUME 102, NUMBER 4, PART 1

TABLE I. Clinical details of study patients

Treatment
Placebo Fluticasone
No of patients 23 23
Sex (M:F) ratio 16:7 14:9
Age (y; mean + SD) 33.1+10.7 32+89
RAST (Timothy grass; score 0-5; 32+08 29+0.8
mean = SD)
SPT (Timothy grass, 3.6+08 33+08
mean = SD)

TABLE Il. Colocalization of IL-5 mRNA in situ hybridiza-
tion signals with cellular phenotypic markers

Treatment

Placebo (n = 4) Fluticasone (n = 3)

IL-5/CD3 (%) 82.5 (+9.6) 84.7 (+4.2)
IL-5/MBP (%) 7.8 (£3.1) 2.0 (+35)
IL-5/Tryptase (%) 6.5 (+4.4) 9.7 (8.4)
IL-5/CD68 (%) 0 0

Values are means + SD. Data shown is for biopsy specimens collected dur-
ing the pollen season.
MBP, Major basic protein.

by immunocytochemistry, and the numbers of IL-5 and
GM-CSF mRNA-expressing cells was determined by in
situ hybridization with specific riboprobes. Finally, to
seek evidence in support of our hypothesis that topical
corticosteroids may act by locally suppressing T-cell
cytokine expression, 1L-5 mRNA signals were colocal-
ized to CD3+ T cells within biopsy specimens, and the
effects of fluticasone propionate on in vitro IL-5 secre-
tion by allergen-stimulated T cells was examined.

METHODS
Subject populations

Forty-six nonsmoking Timothy grass pollen—sensitive patients
were recruited from the outpatient clinic of the Asthmaand Allergy
Center, Department of Medicine, Sahlgrenska Hospital, Gétheburg,
Sweden. Patients were selected on the basis of (1) ahistory of mod-
erate-to-severe seasonal alergic rhinitis for at least 2 years and (2)
a positive skin prick test response (>5-mm wheal diameter on skin
testing in the presence of positive histamine and negative diluent
controls) to Timothy grass pollen extract (Phleum pratense; ALK,
Harsholm, Denmark). Venous blood was also collected for mea-
surement of total and allergen-specific IgE concentrations by
ELISA. Patients were excluded if they gave a history of perennial
allergy or birch pollen allergy, had received immunotherapy within
the last 5 years, or had taken oral or topical glucocorticosteroids
within the preceding 6 months. This study was performed with the
approval of the hospital ethics committee, and the written informed
consent of al participants was obtained.

Study design and nasal biopsy

The 46 patients were stratified into either “moderate” or “ severe”
groups according to previous history of disease. Patients were
placed in the severe group if they had symptoms for greater than 10
weeks per year and topical antiallergic drugs (either corticosteroids
or cromolyn sodium) had previously failed to control symptoms. All
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FIG 1. A, Timothy grass pollen (Phleum pratense) counts in
Gotenburg during the summer when this study was conducted.
B, Median visual analogue symptoms scores over the same peri-
od in placebo- (open triangles) and fluticasone-treated (closed tri-
angles) patients with allergic rhinitis. Peak season nasal biopsy
specimens were collected at time point indicated.

other patients were placed in the moderate group. Both groups were
then randomized to receive either a 6-week course of fluticasone
propionate aqueous spray (Flixonase, Glaxo), 2 sprays (200 ug)
twice daily, or a placebo spray containing diluent. Nasal biopsies
were performed before the grass pollen season, when all patients
were asymptomatic, and during the peak season. Local anaesthesia
of the inferior nasal turbinate was achieved with 3% cocaine and
0.025% adrenaline, and a 2.5-mm biopsy specimen was taken 10
minutes later with Gerritsma forceps.13 Biopsy specimens were
immediately cut in half and processed separately for subsequent in
situ hybridization and immunohistol ogy.

Immunohistochemistry

Biopsy specimens were snap-frozen and stored at —80°C pend-
ing analysis. Immunohistology was performed on 6-mm cryostat
sections (fixed for 7 minutes in 60:40 acetone:methanol) by using
the modified alkaline phosphatase—antial kaline phosphatase method
as previously described.1 The EG2 mAb (Kabia Pharmacia, Milton
Keynes, UK) was used to quantify the numbers of activated
eosinophils within the nasal submucosa. The mAb recognizing T
cells (CD3) was obtained from Dako Ltd (High Wycombe, UK).

In situ hybridization

Riboprobes, both antisense (complementary to mRNA) and
sense (identical sequence to mMRNA), were prepared from cDNA
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FIG 2. Effect of fluticasone on numbers of EG2+ eosinophils and CD3+ T cells in nasal epithelium and sub-
mucosa. Data shown are for baseline (preseason) and during natural grass pollen allergen exposure (peak
season), in placebo- (open circles) and fluticasone-treated (closed circles) patients with allergic rhinitis. Lines
represent median values. Within group preseason and peak-season counts were compared by the Wilcoxon
test, and differences (peak season minus preseason) between fluticasone- and placebo-treated patients were

compared by using the Mann-Whitney U test.

encoding IL-5 and GM-CSF. cDNAs were inserted into different
PGEM vectors and linearized with restriction enzymes before
transcription. Transcription was performed in the presence of 35S-
uridine triphosphate and the appropriate T7 or SP6 RNA poly-
merase. In situ hybridization on 10-um cryostat sections was per-
formed as previously described.2 To minimize nonspecific binding
of 35S, preparations were treated with 10 mmol/L iodoacetamide
and 10 mmol/L N-ethylmaleimide for 30 minutes at 37°C and then
in 0.5% acetic anhydride in 0.1 mol/L triethanolamine for 10 min-
utes at 37°C. Positive controls for IL-5 and GM-CSF mRNA
expression were cytospin preparations prepared by using a periph-
eral blood T-cell clone propagated from a patient with hyper-IgE
syndrome. For negative controls, nasal biopsy sections were (1)
hybridized with sense riboprobes for IL-5 and GM-CSF and (2)
pretreated with RNAase A solution before hybridization with anti-
sense riboprobes. Specific hybridization was recognized as clear
dense deposits of silver grains in the photographic emulsion over-
laying tissue sections or cytospins.

Simultaneous in situ hybridization and
immunohistochemistry

Initial immunohistochemistry was performed with mAbs (unless
stated all from Dako Ltd) recognizing T cells (CD3), mast cells
(tryptase), total eosinophils (MBP; gift of Dr R. Mogbel), and
macrophages (CD68). Positive signals were visualized by
diaminobenzidine brown staining, and in situ hybridization was

then performed with a 35S-labeled antisense IL-5 riboprobe. Dou-
ble-positive cells were identified as brown cells within a clump of
black silver grains. Specimens characterized by high numbersof IL-
5 mRNA—expressing cells were selected for colocalization. These
specimens also showed correspondingly high numbers of
eosinophils.

Cell culture

Peripheral venous blood was collected from symptomatic
atopic subjects and PBMCs isolated by density gradient centrifu-
gation over Histopague (Sigma, Poole, UK). PBMCs were cul-
tured at 5 x 106 cells/mL for 6 days with 20 pg/mL P pratense
extract (ALK, Hgrsholm, Denmark). Cultures were supplemented
with various doses of fluticasone 17a-propionate (Glaxo Well-
come, UK). Fluticasone 17a-propionate was dissolved in
dimethyl sulphoxide to give a stock concentration of 10-2 mol/L.
Serial dilutions were then prepared in culture medium (RPMI-
1640 supplemented with 5% human AB serum, L-glutamine, and
penicillin/streptomycin), and a vehicle control was prepared in
paralel. IL-5 concentrations in culture supernatants were deter-
mined in duplicate by ELISA (Pharmingen, UK) and quantified
above 62.5 pg/mL.

Statistical analysis

Within-group paired comparisons were performed by using the
Wilcoxon test. Between-group comparisons were made by using the



J ALLERGY CLIN IMMUNOL
VOLUME 102, NUMBER 4, PART 1

"l .
.
P e -
” ¥ .-
7 P 3‘1’
3 ‘-‘, e S s
L |
‘|
- o Al ¥
> 5 : LT
7 9. %
. y v 4 :
- - e e o
< P g
&ty
S S A
/ 2 > L =%
- g *
A O AN
. e
Q = ¥
x L= 7 ﬁi‘ 4
W G o ¢ W e
. ’ ‘d
% by Wil
= e .
:" o 5 Tt he g
- a oA
_o 1 uy rX
- = ol
55 LY : ' %
i ‘_‘-
o .
& A [4 r L
! ' S
}

Masuyama et al 613

' :\‘1-\-:
. "\
. L -
.'J'E" A’ ""' -
}',.f' w5 . -,
- - Fy 8 . v
\"‘-_- & ‘-A' ] "‘.' o,
WS T’ LAY Y
~ Jpldde Adve A ‘u e N ¥ °
o g ) s
‘ E"(' ” :
o, - : ’ . -

L " v .f: .
s .
¥ J S e AR ;
" ! LY
« ; H Vo At 4
’. L £ jj l\“ -
. r’
b & ¢ J =, T, .‘., 4 ] |;‘ 7
i bade,  ngy g SR, | ""‘ ?\(
. . iy P s Y W, f ~a 05
oy o s WIS e
L @ L g 2 3 & J

FIG 3. Autoradiographs of cryostat sections of nasal biopsy specimens collected from a patient receiving
placebo during the pollen season. Sections were hybridized with a 35S-labeled antisense IL-5 riboprobe (A)
and a 35S-labeled sense IL-5 riboprobe (negative control) (B).

Mann-Whitney U test. Correlations were performed by using Spear-
man’s rank method. All analyses were performed with the aid of a
commercial software package (Minitab Inc), and P values less than
.05 were considered significant.

RESULTS

Randomization resulted in 23 patients receiving fluti-
casone treatment and 23 receiving a placebo nasal spray.
The groups were well matched for age, gender, disease
severity, and pollen sensitivity as assessed by responses
to skin testing and serum concentrations of Timothy
grass pollen—specific IgE antibodies (Table I). In both
fluticasone- and placebo-treated patients, increased
symptoms of alergic rhinitis (as assessed by a weekly
nasal visual analogue score) were observed to coincide
with theincrease in Timothy grass pollen counts over the
months of May to August (Fig 1). Fluticasone-treated
patients showed markedly reduced symptoms over this
observation period as compared with placebo-treated
control subjects (P = .003).

Numbers of activated eosinophils and CD3+
T cells in the nasal mucosa before and dur-
ing the pollen season

In patients receiving placebo treatment, the numbers
of intraepithelial and submucosal eosinophils (EG2+)
in biopsy specimens obtained during the grass pollen
season (medians = 4.0 cellsymm2 and 3.0 cells/field,

respectively) were significantly increased compared
with biopsy specimens obtained before the pollen sea-
son (medians = 0 cellsyfmm?2 and 0.30 cells/field, respec-
tively; P < .005) (Fig 2). In contrast, the numbers of
epithelial EG2+ eosinophils (preseasonal and peak sea-
sonal medians = 0 cellssmm?2) and submucosal EG2+
eosinophils (preseasonal and peak seasonal medians =
0.20 cells/field and O cells/field, respectively) did not
increase during the pollen season in the fluticasone-
treated patients. The seasonal increase in the numbers
of EG2+ eosinophils was significantly greater in the
placebo-treated group than in the fluticasone-treated
group (P < .0001 for both intraepithelial and submu-
cosal EG2+ eosinophils).

In the placebo-treated patients the numbers of epithe-
lial CD3+ T cells did not change with natural exposure
to grass pollen (preseasonal and peak seasonal medians
= 218 and 190 cells'mm?2, respectively). In the flutica-
sone-treated patients, however, peak pollen season
biopsy specimens showed significantly reduced num-
bers of epithelial CD3+ T cells as compared with pre-
seasonal biopsy specimens taken before commence-
ment of therapy (preseasonal and peak seasonal medi-
ans = 223 and 27 cellsymm?, respectively; P < .0001),
and these changes were significantly different between
the 2 study groups (P < .005). The numbers of submu-
cosal CD3+ T cellsdid not change during the pollen sea-
son in the placebo-treated group (preseasonal and peak
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FIG 4. Effect of fluticasone on numbers of IL-5 and GM-CSF mRNA-expressing cells in nasal submucosa.
Data shown are for baseline (preseason) and during natural grass pollen allergen exposure (peak season),
in fluticasone- (open circles) and placebo-treated (closed circles) patients with allergic rhinitis. Lines rep-
resent median values. Differences (peak-season minus preseason) between fluticasone- and placebo-
treated patients were compared by using the Mann-Whitney U test.
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FIG 5. Effects of fluticasone on in vitro secretion of IL-5 protein by allergen-stimulated peripheral blood T
cells. PBMCs were stimulated with Phleum pratense at 5 x 106 cells/mL, and supernatants were collected
after 6 days for measurement of IL-5 by ELISA. Data points represent mean values (+ SE) of 5 atopic sub-
jects (closed circles). Open circles represent IL-5 production in presence of drug vehicle controls. *P < .05
versus control culture (no fluticasone).
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seasonal medians = 51 cells/field and 54 cells/field,
respectively; Fig 2). Furthermore, unlike for epithelial
CD3+ T cells, fluticasone treatment did not show any
effect on the baseline numbers of T cells in the submu-
cosal region (preseasonal and peak seasonal medians =
37 cellgfield and 33 cells/field, respectively).

Expression of mRNA encoding IL-5 and GM-
CSF during the pollen season

The location of IL-5 and GM-CSF mRNA—expressing
cells was amost entirely submucosal (Fig 3). In patients
receiving placebo treatment, natural alergen exposure
was associated with a significant increase in the numbers
of nasal submucosal cells expressing mRNA encoding
IL-5 (preseasonal and peak seasonal medians = 0
cellg/field and 5.0 cellg/ffield, respectively; P <.001) (Fig
4). In patients receiving treatment with fluticasone, how-
ever, no increase was observed in the numbers of IL-5
MRNA+ cells during the pollen season (preseasonal and
peak seasonal medians = 0.5 cells/field and 2.0
cells/field, respectively; Fig 4), and the seasonal increase
in numbers of IL-5 mRNA—expressing cells was signifi-
cantly greater in the placebo-treated group than in the
fluticasone-treated group (P < .01). Although in placebo-
treated patients grass pollen exposure was associated
with increased numbers of GM-CSF mRNA—expressing
cells (preseasonal and peak seasonal medians = 0.2
cellgfield and 3.0 cellg/field, respectively; P < .0001),
fluticasone-treated patients did not show significantly
increased GM-CSF mRNA expression during the pollen
season (preseasonal and peak seasonal medians = 0.3
cellsfield and 2.0 cells/field, respectively; Fig 4).
Seasonal changes in the numbers of GM-CSF
mRNA—expressing cells were not, however, significantly
different in placebo- and fluticasone-treated groups.

Phenotypic identification of IL-5
mRNA-expressing cells by in situ hybridiza-
tion and immunocytochemistry

In peak-season biopsy specimens obtained from 4 flu-
ticasone-treated patients and 3 subjects in the placebo
group, IL-5 mRNA signals identified by in situ
hybridization were colocalized with phenotypic markers
for T cells (CD3), eosinophils (MBP), mast cells
(tryptase) and macrophages (CD68). These experiments
(Table 1) demonstrated that the majority of nasal
mucosal cells expressing IL-5 mRNA during the grass
pollen season were CD3+ T cells. Moreover, athough
fluticasone treatment attenuated the increase in
IL-5 expression during the pollen season, IL-5
mRNA—expressing cells continued to be predominantly
CD3+ T cellsin these patients.

Correlations between numbers of submuco-
sal eosinophils and numbers of IL-5 and GM-
CSF mRNA-expressing cells

No significant associations were observed between the
numbers of peak-seasonal submucosal eosinophils and
IL-5 or GM-CSF mRNA—expressing cells in either
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group. A weak correlation was observed within the
placebo-treated group between the peak seasonal num-
bers of epithelial EG2+ eosinophils and IL-5
mRNA—expressing cells (r = 0.461, P = .05).

Effects of fluticasone on in vitro IL-5 secre-
tion by allergen-stimulated T cells

PBMCs isolated from atopic subjects secreted IL-5
protein when cultured with P pratense allergen extract
(Fig 5). Addition of fluticasone to these cultures result-
ed in a dose-dependent inhibition of IL-5 production.
The inhibitory concentration of 50% for this effect was
between 10-° mol/L and 10-10 mol/L. GM-CSF con-
centrations in the same supernatant samples were
below the limit of detection (<32.5 pg/mL) in 4 of the
5 patients tested.

DISCUSSION

In this study we have shown that allergic rhinitis
associated with natural exposure to grass pollen is asso-
ciated with both nasal mucosal eosinophilia and
increases in the numbers of cells expressing mMRNA
encoding the proeosinophilic cytokines IL-5 and GM-
CSF. In contrast, comparison of nasal biopsy specimens
collected before and during the pollen season suggested
that natural allergen exposure was not associated with
an influx of CD3+ T cellsinto either the nasal epitheli-
um or submucosa. In a double-blind, placebo-con-
trolled trial, we next examined the effects of a 6-week
prophylactic course of the corticosteroid fluticasone
propionate on these changes. Fluticasone therapy was
associated with reduced symptoms, inhibition of nasal
eosinophilia during the pollen season, and a reduction
in the numbers of epithelial CD3+ T cells. Because the
numbers of CD3+ T cells did not increase during the
pollen season, this reduction most probably reflected an
inhibition of the T-cell migratory processes that func-
tion under basal conditions. In contrast to placebo-treat-
ed subjects, patients receiving fluticasone failed to
show significant increases in the numbers of cells
expressing IL-5 and GM-CSF mRNA during the sum-
mer pollen season. We next examined the phenotype of
IL-5 mRNA—expressing cells by double immunohisto-
chemistry/in situ hybridization in biopsy specimens
obtained during the peak of the pollen season. In both
fluticasone- and placebo-treated groups, more than 80%
of IL-5 mRNA—expressing cells were CD3+ T cells.
Finally, to test our hypothesis that fluticasone acts
directly on T cells to inhibit cytokine production, we
cultured PBM Cs from atopic subjects with allergen and
demonstrated that fluticasone inhibited IL-5 secretion
under these conditions.

The association between allergic diseases and local
tissue eosinophilia (with expression of T,,-like
cytokines) is a well-established concept. The eosin-
ophil, as well as the mast cell, is considered to be an
effector cell in allergic inflammation. It is a potential
source of proinflammatory lipid mediators, proallergic
cytokines such as IL-4,14 and toxic granule proteins, all
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of which have the potential to contribute to upper air-
ways pathology in alergic rhinitis. It has previously
been demonstrated that eosinophil cationic protein is
released into nasal lavage fluid during the allergen-
induced late reaction and that this process can be sup-
pressed by topical fluticasone propionate treatment.15
Thisis consistent with the data shown in this study and
the hypothesis that degranulation of activated
eosinophils takes place within the nasal mucosa of
patients with allergic rhinitis.

The significance of the reduction in the numbers of
epithelial CD3+ T cells in the actively treated group is
uncertain. We believe that it is unlikely that this reduc-
tion was directly related to clinical improvement in flu-
ticasone-treated patients because cell numbers did not
increase with worsening of symptoms (ie, during the
pollen season) in the control group. More importantly,
the majority of IL-5 and GM-CSF mRNA—expressing
cells during the peak of the pollen season were |ocated
in the submucosa. On the other hand, the numbers of
submucosal CD3+ T cells, which accounted for greater
than 80% of IL-5 mRNA signals in patients receiving
either fluticasone or placebo, did not increase during
the peak season, nor were they obviously affected by
fluticasone treatment. Collectively, these data suggest
either that during the pollen season there is a preferen-
tial recruitment of a subpopulation of IL-5—expressing
T cells to the submucosa, or that IL-5 expression by T
cells is induced locally in response to natural physio-
logic alergen exposure. This latter conclusion is sup-
ported by a recent study showing that the propensity of
T cells to secrete IL-5 is markedly upregulated at
mucosal surfaces exposed to allergen.16 Because we
were unable to find any evidence that fluticasone inhib-
ited overall T-cell recruitment to the nasal submucosa,
we hypothesized that reduced IL-5 mRNA expression
in treated patients resulted from a local inhibition of
allergen-induced IL-5 mRNA expression by CD3+ T
cells. To seek further evidence in support of this
hypothesis, we examined the effects of fluticasone on
IL-5 production by PBMCs obtained from atopic sub-
jects with rhinitis stimulated with grass pollen allergen
in vitro. We previously showed that IL-5 secretion in
this model is dependent on CD4+ T cells and elevated
in subjects with alergic rhinitis relative to control sub-
jects.1” These data confirmed that fluticasone is a potent
inhibitor of allergen-driven IL-5 secretion by T cellsin
vitro (inhibitory concentration of 50% of between 10-9
and 10-10 mol/L), either through an effect on T cells
themselves, an indirect effect on antigen-presenting
cells, or both.

Reduced expression of IL-5 mRNA by bronchoal veo-
lar lavage T cells after a course of oral prednisolone
treatment has been described,18 and we have previously
reported inhibition by topical corticosteroids of aller-
gen-induced increases in nasal mucosal 1L-419 and IgE €
heavy chain® mRNA expression. We have also con-
firmed that topical corticosteroidsinhibit IL-4 and IgE €
heavy chain mRNA expression during natural season
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exposure.20 This study was novel in that we examined
the effects of a topical corticosteroid on exposure on
nasal eosinophilia and expression of proeosinophilic
cytokines occurring naturally during the grass pollen
season. Bradding et al2! demonstrated a seasonal
increase in the numbers of eosinophils in the nasal
mucosa and inhibition of this response by corticosteroid
(fluticasone) therapy. In that study, however, the num-
bers of nasal mucosal cells immunostaining positive for
IL-4 or IL-5 protein did not increase significantly during
the peak pollen season in the patients receiving placebo.
In the group of patients treated with corticosteroids, the
numbers of IL-4 cells in the nasal mucosa during the
pollen season decreased below levels observed both
before the pollen season and before treatment. In con-
trast to this study, Bradding et al2! did not report any
reduction in the numbers of IL-5-positive cells in
patients receiving corticosteroid therapy. This most
probably reflects the fact that immunostaining tech-
niques preferentially identify preformed and stored IL-5
protein stored in granular cells?2.23 in contrast to in situ
hybridization, which identifies all cells actively express-
ing IL-5 mRNA, including T cells.

In this study the numbers of GM-CSF mRNA-
expressing cells were also increased in biopsy speci-
mens collected during the peak pollen season compared
with those collected before the pollen season. Although
this increase was demonstrable only in placebo-treated,
and not fluticasone-treated, patients, unlike with IL-5
the difference between the groups was not statistically
significant. This may have reflected the fact that in the
placebo group the absolute numbers of GM-CSF
mRNA—expressing cells during the peak season were
smaller than for IL-5, and therefore the effects of
reduced expression would have had less of an impact.

In summary, we have shown that natural exposure to
grass pollen allergens in subjects with seasona rhinitis
coincides with nasal mucosal eosinophilia and expres-
sion of MRNA encoding the proeosinophilic cytokines
IL-5 and GM-CSF. Eosinophilia was suppressed in
patients receiving corticosteroid therapy. The decreased
numbers of IL-5 mRNA—-expressing cells in these
patients raises the possibility that the efficacy of corti-
costeroids may arise from their ability to suppress IL-5
secretion by T cellsin vivo.
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