Vol. 96 (2002) 1021-1025

respiratoryMEDICINE S48

The effects of regular inhaled formoterol and
budesonide on preformed Th-2 cytokines in mild
asthmatics
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Abstract In a recent placebo-controlled study in mild atopic asthmatics, we observed a significant decrease in eosi-
nophilsinthe bronchial submucosa, after 2 months of treatment with inhaled formoterol and budesonide. Biopsy material
from each treatment group; formoterol (24 pg bid), budesonide (400 pg b.i.d) and placebo has been further assessed
to investigate the role of Th-2 cytokines by immunohistochemistry using Mabs to eosinophils as anindex of inflammation,
IL-4 and IL-5. Treatment with formoterol significantly reduced the number of eosinophils (EG2+) in the submucosa and
epithelium, but this was not paralleled by changes in cytokine immunoreactivity. In contrast, treatment with budesonide
significantly reduced both the number of eosinophils (EG2+) and immunoreactivity for IL-4 and IL-5 in the submucosa.
Thus, while budesonide has effects on cytokines involved in eosinophil recruitment this explanation does not apply to the
eosinopaenia observed with the long-acting B2 adrenoreceptor agonist formoterol. © 2002 Elsevier Science Ltd. Al rights

reserved.
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INTRODUCTION

In many types of asthma, theTh-2 likeT-lymphocytes or-
chestrate the recruitment, migration and activation of
eosinophils and mast cells in the airway wall by the se-
cretion of cytokines encoded in the interleukin (IL)-4
gene cluster, specifically IL-3, IL-4, IL-5, IL-9, IL-13 and
granulocyte macrophage colony stimulating factor
(GM-CSF) (I-3). Both oral and inhaled corticosteroids
reduce the influx, activation and survival of inflamma-
tory cells in the airway wall by reducing the production
of Th-2 cytokines (4,5). Formoterol by inhalation is a po-
tent and highly selective J,-adrenoreceptor agonist (6,7)
with rapid onset and prolonged duration of action of at
least 12h (8,9). Asthma management guidelines recom-
mend that the long-acting B, adrenoreceptor-agonists,
formoterol and salmeterol, can be given twice daily to
supplement inhaled corticosteroids when these drugs at
moderate to high doses fail to control asthma (10). Addi-
tion of these long-acting 3,-adrenoreceptor agonists im-
proves symptoms and lung function (ll) reduces asthma

Received 8 April 2002 and accepted in revised form 29 April 2001.
Correspondence should be addressed to: Dr Annika Wallin,
Department of Respiratory Medicine and Allergy, University Hospital,
S-901 85 Umea, Sweden. Fax: +46 90 141 369;

E-mail: annika.wallin@lung.umu.se.

exacerbations (12,13) and enhances asthma-related qual-
ity of life (14) beyond that achieved by further increasing
the dose of inhaled corticosteroid. While part of this re-
sponse maybe explained by the bronchodilator action of
this drug class, it has also been shown that they inhibit
eosinophil activation (15), IL-8 and eotaxin release (16,17),
microvascular leakage (I8) and influx of inflammatory
cells (19,20).

In an earlier study, investigating the effects of 8 weeks
treatment of asthmatic subjects with inhaled formoterol
and budesonide, we reported a significant decrease
in eosinophils present in the airways (20). The
present study was designed to explore the potential me-
chanisms that could account for the eosinopaenia
observed with both the drugs. Specifically, we have
tested the hypothesis that “formoterol mediates its
effects on eosinophils by modulating Th-2 cytokine ex-
pression”.

METHODS
Subjects

Bronchial biopsies were collected from 30 non-smoking,
atopic mild asthmatic subjects with a FEV| >70% of pre-
dicted, airway hyperresponsiveness defined as a provo-
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cative concentration of methacholine required to reduce
FEV, by 20% of baseline (PCy methacholine) >0. and
< 6 mg/ml, who required only as required 3, agonist over
the preceding 2 months (Table I). Selection was based on
the availability of tissue. Of the 64 subjects evaluated in the
original study (20), a subgroup of 30, 10 in each treatment
group were selected for analysis.With a sample size of 10 in
each group and assuming that 80% of the patients on ac-
tive treatment compared to 10% on placebo will improve, a
two-sided Fisher’s exact test with a 0.05 significance level
will have at least 80% power to detect a difference.

Study design

This was a parallel group, double-blind placebo-con-
trolled study comparing the effects of 8 -week treatment
with formoterol 241g, budesonide 400 ug or placebo
twice daily on airway inflammation accessed by bronchial
biopsies performed before and at the end of the treat-
ment period. The Ethics Committee of the University of
Umea approved the study and each patient gave in-
formed written consent.

Fiberoptic bronchoscopy

Bronchoscopy was conducted using standard proce-
dures conforming to NHLBI Guidelines (21,22). Pre-med-
ication consisted of atropine (0.5—1.0 mg) s.c., nebulized
salbutamol (2.5 mg) and ipratropium bromide (500 ig).
At each bronchoscopy, 4—6 endobronchial biopsies were
taken as previously described (20).

Biopsy processing and
immunohistochemical analysis

Bronchial mucosal biopsies were fixed overnight at
—20°C in acetone-containing protease inhibitors and
then processed into glycol methacrylate (GMA) (23).
Two micrometer sections were cut and stained immuno-
histochemically using the streptavidin—biotin peroxi-
dase detection system. Monoclonal antibodies (Mabs)
directed to eosinophils (EG2, PharmaciaUp John, Milton
Keynes, UK.) as an index of inflammation, and the Th-2

cytokines IL.-4 (3H4 and 4D9, AMS Biotechnology,
Abingdon, UK.) and IL-5 (MAB 7, Glaxo Smith Kline, Mid-
dlesex, UK. (gift)) were employed. Negative control sec-
tions were incubated with isotype-matched
immunoglobulins. Following staining, the samples were
blinded for treatment group, and the number of EG2
and cytokine positive cells per mm?” submucosa were en-
umerated with the assistance of computerised image
analysis (Improvision, Birmingham, U.K.)).

Data analysis

Non-parametric tests were used, the Wilcoxons Rank-
sum test for within and the Mann—Whitney U-test for
between treatment analyses. Data are given as median
and the 25-75% interquartile range, unless otherwise
stated. A P value of <0.05 was considered significant.

RESULTS
Bronchial biopsies

Table 2 summarises information on immunohistochem-
ical staining in the epithelium and submucosa before and
after the placebo, formoterol and budesonide treat-
ments. Formoterol treatment significantly reduced the
number of eosinophils (EG2+) in the submucosa com-
pared to pre-treatment values (P = 0.005). This was signif-
icant compared to placebo (P=0.04), but not
budesonide. Eight weeks formoterol treatment had no
within group or between group effects on the number
of cells immunoreactive for IL-5 or stored (4D9) and se-
creted (3H4) IL-4. Budesonide treatment significantly re-
duced the number of eosinophils (P =0.02) in the
submucosa. This was paralleled by a significant decrease
in cells staining for stored IL-4 (4D9 P =0.008) and IL-5
(P =0.03). The change in eosinophils was significant com-
pared to placebo (P =0.02), but not formoterol.

DISCUSSION

Our prior observation that treatment of mild asthmatics
with an inhaled long-acting 2 adrenoreceptor agonist

TaBLE |. Subject characteristics
Formoterol Budesonide Placebo
n=10 n=10 n=10
Age (years) 2749 3248 2949
Gender (male:female) 73 6:4 73
FEV,, % predicted 9449 92+10 9l +14
PC,0 methacholine (mg/ml) 1.05+2.34 179 £194 .37 £2.11

The mean + Isbis shown for age and FEV, % of predicted, and geometric mean =+ Isb for PC,o methacholine.
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TaBLE 2. Summary of immunohistochemical data
Treatment
Formoterol Placebo Budesonide

Marker Rre Post Pre Post Rre Post
Eosinophils 210 39%°P 6.l 28 24 0*

(I71-287) (1.2-97) (0.6—10.5) (04-5.2) (04-5.2) (0-0.6)
IL-4 (3H4) 134 8.7 177 204 8.8 73

(98-18.0) 6.7-109) (7.5-28.6) (12.7-23.8) (57-24.2) “.6-111)
IL-4 4D9) 28 0.7 2.5 28 5. 1.3%

(04-4.8) (0-1.8) (1.2-47) (09-57) (34-99) 01-24)
IL-5 14 09 2.2 10 3. 0*

(0.6—1.8) 0.2—-1.2) (0-3.0) 0.6—14) (04-44) (0-0.5)

All data are median number cells (25-75 percentiles) per mm? of submucosa.

“significant within group changes pre-and post-treatment
Bsignificant between group differences: formoterol vs. placebo.

resulted in a reduction in the airway eosinophilia de-
served explanation since this effect may contribute to
its therapeutic efficacy.We have previously found no sup-
port for the hypothesis that NF-kB regulated expression
of the cytokines IL-8, GM-CSF and tumour necrosis fac-
tor-o. (TNFot) or endothelial adhesion molecules were in-
volved (24). To address the possible involvement of Th-2,
cytokines, we assessed the level of expression of IL-4 and
IL-5. Budesonide and placebo were included as positive
and negative controls against which to compare the re-
ponse to formoterol. Despite showing a 81% decrease in
submucosal eosinophils, formoterol had no discernable
effect on IlI-4 or IL-5 which contrasted with the inhibi-
tory effects that budesonide, but not placebo had on
these markers. Thus, while confirming the potent anti-
inflammatory action of an inhaled steroid this study has
failed to incriminate inhibition of IL-4 or IL-5 production
as being responsible for the tissue eosinopaenia.

In the present study, 8 weeks of treatment with bude-
sonide had a powerful effect in reducing airway eosino-
phils which is in agreement with our earlier observation
(20) and that of others (4,25). The reduction in eosinophils
is probably in part the result of a loss of cells that store IL-
4 and IL-5 or a selective loss of their Th-2 cytokine con-
tent within the submucosa together with the adhesion
molecule vascular adhesion molecule-1 (VCAM-I), as we
have previously reported (24). IL.-4 and IL-5 are key cyto-
kines in eosinophil-mediated disease (reviewed in 26). In
combination with TNFo, IL-4 specifically enhances and
stabilises the expression of VCAM-I| on endothelial cells,
an adhesion molecule that plays an important role in eo-
sinophil recruitment by interacting with the integrin
CD49d expressed on circulating eosinophils. IL-4 is also a
chemoattractant for primed eosinophils. IL-5 is a key eo-
sinophilopoietic cytokine, which stimulates their devel-
opment, enhances their maturation, and primes them

for degranulation and chemotaxis, whilst having a chemo-
tactic activity itself. In addition, IL-5 inhibits eosinophil
apoptosis thereby enhancing survival. The importance of
IL-4 and IL-5 is highlighted in two recent studies in symp-
tomatic asthmatics (27,28). Soluble IL-4 receptor which
binds to free IL-4 has been shown to be therapeutically
effective (27) and a blocking humanised antibody against
IL-5 has a profound effect in reducing both peripheral
blood and airways eosinophils (28). A decrease in stored
IL-4 and IL-5 after inhaled corticosteroid treatment has
been reported by other workers (4).

Although in this present study, we have confirmed the
effect of 8 weeks inhaled formoterol on eosinophils as
shown in our previous study (20), we could not find any
evidence for the mechanism of action. Several alterna-
tive mechanisms could be involved. Important for the
chemotaxis/recruitment of eosinophils are the chemo-
kines eotaxin and RANTES together with leukotrienes.
Eotaxin is a specific chemokine for eosinophils that to-
gether with IL-5 is important for their recruitment, sur-
vival and activation (26). RANTES and eotaxin interact
with eosinophils through the chemokine receptor
(CCR-3) whose expression is high on eosinophils (26).
Eotaxin is regulated by NF-kB, whose activation in the
epithelium we have recently demonstrated to be reduced
by formoterol compared to placebo (24). In vitro studies
have shown that [3,-adrenoreceptor agonists can inhibit
cytokine-induced eotaxin release from cultured human
smooth muscle cells (7). Another NF-kB regulated path-
way that maybe involved is the cysteinyl leukotrienes
and nitric oxide (NO), mediators which can influence eo-
sinophil recruitment (29-3I).

An alternative pathway is an effect of formoterol on
eosinophil apoptosis. The survival of eosinophils is af-
fected by IL-3, IL-5 and GM-CSF (26), involving both FAS
antigen and p38 MAP kinase (32,33). FAS has been found
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to induce eosinophil apoptosis, and FAS antibodies to in-
hibit in vitro and in vivo survival of the eosinophils (34).

Formoterol may also have a direct effect on eosinophil
recruitment. In a guinea pig cutaneous inflammatory
model, salmeterol has been shown to directly inhibit the
accumulation of eosinophils. The exact mechanism for
this is not known, but one suggestion is that decreased
CDI8 expression on the surface of the eosinophils, an in-
tegrin, that is necessary for its migration into tissue (35).

In conclusion; 8 weeks treatment with inhaled budeso-
nide and formoterol in mild allergic asthmatic subjects
reduces eosinophil cell numbers. For budesonide, but
not formoterol treatment, this was paralleled with a de-
crease in Th-2 cytokines. However, the mechanism of
formoterol action on eosinopaenia still needs elucida-
tion.

REFERENCES

I. Djukanovic R, Wilson JW, Britten KM, Wilson §J, Walls AF, Roche
WAR, et al. Quantitation of mast cells and eosinophils in the
bronchial mucosa of symptomatic atopic asthmatics and healthy
control subjects using immunohistochemistry. Am Rev Respir Dis
1990; 142: 863-871.

2. Holgate S. Asthma: a dynamic diseace of inflammation and repair.
In The Rising Trends in Asthma. CIBA Foundation Symposium No.
206. Chichester, U.K.: John Wiley & Sons, 1997: 5-34.

3. Robinson D, Hamid Q, Bentley A, Ying S, Kay AB, Durham SR.
Activation of CD4+ T cells, increased TH2-type cytokine mRNA
expression, and eosinophil recruitment in bronchoalveolar lavage
after allergen inhalation challenge in patients with atopic asthma. |
Allergy Clin Immunol 1993; 92: 313-324.

4. Bentley AM, Hamid Q, Robinson DS, Schotman E, Meng Q, Assoufi
B, et al. Prednisolone treatment in asthma. Reduction in the
numbers of eosinophils, T cells, tryptase-only positive mast cells,
and modulation of IL-4, IL-5, and interferon-gamma cytokine gene
expression within the bronchial mucosa. Am | Respir Crit Care Med
1996; 153: 551-556.

5. Sousa AR, Poston RN, Lane S, Nakhosteen JA, Lee TH. Detection
of GM-CSF in asthmatic bronchial epithelium and decrease by
inhaled corticosteroids. Am Rev Respir Dis 1993; 147 (Pt 1): 1557—
1561.

6. Linden A, Bergendal A, Ullman A, Skoogh BE, Lofdahl CG.
Salmeterol, formoterol, and salbutamol in the isolated guinea pig
trachea: differences in maximum relaxant effect and potency but
not in functional antagonism. Thorax 1993; 48: 547-553.

7. Decker N, Quennedey MC, Rouot B, Schwartz J, Velly . Effects of
N-aralkyl substitution of beta-agonists on alpha- and beta-
adrenoceptor subtypes: pharmacological studies and binding
assays. | Pharm Pharmacol 1982; 34: 107-112.

8. Lofdahl CG, Svedmyr N. Formoterol fumarate, a new beta 2-
adrenoceptor agonist. Acute studies of selectivity and duration of
effect after inhaled and oral administration. Allergy 1989; 44:
264-271.

9. Wallin A, Sandstrom T, Rosenhall L, Melander B. Time course and
duration of bronchodilatation with formoterol dry powder in
patients with stable asthma. Thorax 1993; 48: 611-614.

10. CCMRC/GINA. Workshop on asthma management and preven-
tion in the Caribbean. July 1-3, 1997, Trinidad. Commonwealth
Caribbean Medical Research Council. Global Initiative for Asthma.
West Indian Med | 1998; 47: 133—152.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Shrewsbury S, Pyke S, Britton M. Meta-analysis of increased dose

of inhaled steroid or addition of salmeterol in symptomatic asthma
(MIASMA). BMJ 2000; 320: |368-1373.

. Pauwels RA, Lofdahl CG, Postma DS, Tattersfield AE, O’Byrne P,

Barnes P, et al. Effect of inhaled formoterol and budesonide on
exacerbations of asthma. Formoterol and Corticosteroids Estab-
lishing Therapy (FACET) International Study Group. N Engl | Med
1997; 337: 1405-1411.

. Tattersfield AE, Lofdahl CG, Postma DS, Eivindson A, Schreurs

AG, Rasidakis A, et al. Comparison of formoterol and terbutaline
for as-needed treatment of asthma: a randomised trial. Lancet
2001; 357: 257-261.

. Juniper EF, Svensson K, O’Byrne PM, Barnes P}, Bauer CA, Lofdahl

CG, etal. Asthma quality of life during | year of treatment with
budesonide with or without formoterol. Eur Respir | 1999; 14:
1038-1043.

. Spoelstra FM, Kauffman HF, Hovenga H, Noordhoek JA, de

Monchy ]G, Postma DS. Effects of budesonide and formoterol on
eosinophil activation induced by human lung fibroblasts. Am |Respir
Crit Care Med 2000; 162 ( Pt 1): 1229-1234.

. Pang L, Knox AJ. Synergistic inhibition by beta(2)-agonists and

corticosteroids on tumor necrosis factor-alpha-induced interleu-
kin-8 release from cultured human airway smooth-muscle cells.
Am | Respir Cell Mol Biol 2000; 23: 79-85.

. Pang L, Knox AJ. Regulation of TNF-alpha-induced eotaxin release

from cultured human airway smooth muscle cells by beta2-
agonists and corticosteroids. faseb | 2001; 15: 26 1-269.

. Erjefilt 1, Persson CG. Long duration and high potency of

antiexudative effects of formoterol in guinea-pig tracheobronchial
airways. Am Rev Respir Dis 1991; 144: 788-791.

. Whelan CJ, Johnson M. Inhibition by salmeterol of increased

vascular permeability and granulocyte accumulation in guinea-pig
lung and skin. Br ] Pharmacol 1992; 105: 831-838.

Wallin A, Sandstrom T, Séderberg M, Howarth P, Lundbick B,
Della-Cioppa G, et al. The effects of regular inhaled formoterol,
budesonide, and placebo on mucosal inflammation and clinical
indices in mild asthma. Am JRespir Crit Care Med 1999; 159: 79-86.
Jarjour NN, Peters SP, Djukanovic R, Calhoun WJ. Investigative
use of bronchoscopy in asthma. Am JRespir Crit Care Med 1998; 157
(Pt 1): 692-697.

Workshop summary and guidelines: investigative use of broncho-
scopy, lavage, and bronchial biopsies in asthma and other airway
diseases. | Allergy Clin Immunol 1991; 88: 808-814.

Britten KM, Howarth PH, Roche WR. Immunohistochemistry on
resin sections: a comparison of resin embedding techniques for
small mucosal biopsies. Biotech Histochem 1993; 68: 271-280.
Wilson S, Wallin A, Sandstréom T, Holgate S. Effects of formoterol
on the expression of NF-kB regulated adhesion molecules and
cytokines. Am | Respir Crit Care Med 2001; 164: 1047—-1052.
Djukanovic R, Wilson JW, Britten KM, Wilson SJ, Walls AF, Roche
WR, et al. Effect of an inhaled corticosteroid on airway
inflammation and symptoms in asthma. Am Rev Respir Dis 1992;
145: 669-674.

Chung KF, Barnes PJ. Cyotkines in asthma. Thorax 1999; 54:
825-857.

Borish LC, Nelson HS, Lanz M, etal. Phase I/ll study of interleukin-
4 receptor (IL-4r) in moderate asthma. | Allergy clin Immunol 1998;
101: S8-S9.

Leckie MJ, TEN Brinke A, Lordan ], et al. A humanised anti-IL-5
monoclonal antibody. Initial single dose safety and activity in
patients with asthma. Am Jresp Crit Care Med 1999; 159: A624.
Barnes PJ, Karin M. Nuclear factor-kappaB: a pivotal transcription
factor in chronic inflammatory diseases. N Engl | Med 1997; 336:
1066—1071.

Lee E, Robertson T, Smith |, Kilfeather S. Leukotriene reseptor
antagonists and synthesis inhibitors reverse survival in eosinophils



EFFECTS OF REGULAR INHALED FORMOTEROL AND BUDESONIDE

1025

31

32.

33.

of asthma individuals. Am | Respir Crit Care Med. 2000; 16l:
1881-1886.

Yates DH. Role of exhaled nitric oxide in asthma. Immunol Cell Biol
2001; 79: 178-190.

Hebestreit H, Yousefi S, Balatti I, Weber M, Crameri R, Simon D,
etal. Expression and function of the Fas receptor on human blood
and tissue eosinophils. Eur JImmunol 1996; 26: 1775-1780.
Kankaanranta H, De Souza PM, Barnes PJ, Salmon M, Giembycz
MA, Lindsay MA. SB 203580, an inhibitor of p38 mitogen-activated
protein kinase, enhances constitutive apoptosis of cytokine-

34.

35. Teixeira MM, Hellewell

deprived human eosinophils. | Pharmacol Exp Ther 1999; 290:
621-628.

Druilhe A, Wallaert B, Tsicopoulos A, Lapa e Silva JR, Tillie-
Leblond I, Tonnel AB, et al. Apoptosis, proliferation, and
expression of Bcl-2, Fas, and Fas ligand in bronchial biopsies from
asthmatics. Am | Respir Cell Mol Biol 1998; 19: 747-757.

PG. Evidence that the eosinophil
is a cellular target for the inhibitory action of salmeterol
on eosinophil recruitment in vivo. Eur | Pharmacol 1997; 323:
255-260.



	INTRODUCTION
	METHODS
	TABLE 1

	RESULTS
	DISCUSSION
	TABLE 2

	REFERENCES

