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Enhanced expression of cyclo-oxygenase
isoenzyme 2 (COX-2) in asthmatic airways and
its cellular distribution in aspirin-sensitive
asthma

A R Sousa, R Pfister, P E Christie, S J Lane, S M Nasser, M Schmitz-Schumann,
T H Lee

Abstract The cyclo-oxygenase (COX) pathway converts
arachidonic acid to prostaglandins, prosta-Background – There are two isoforms of
cyclin, and thromboxane A2.1 2 There are twocyclo-oxygenase (COX), namely COX-1
isoforms of COX, namely COX-1 and COX-2.3and COX-2. COX-1 is constitutively ex-
COX-1 (PGH synthase-1) was initially purifiedpressed in most tissues and in blood plate-
and cloned from sheep vesicular glands and islets. The metabolites derived from COX-
constitutively expressed in most tissues and in1 are probably involved in cellular house-
blood platelets. The metabolites derived fromkeeping functions. COX-2 is expressed
COX-1 are probably involved in cellular house-only following cellular activation by in-
keeping functions such as coordinating the ac-flammatory stimuli and is thought to be
tions of circulating hormones and regulatinginvolved in inflammation.
vascular homeostasis. COX-2 (PGH synthase-Methods – The expression of COX-1 and
2) shares approximately 62% amino acid hom-COX-2 isoenzymes has been studied in the
ology with COX-13 and is expressed only fol-bronchial mucosa of 10 normal and 18
lowing cellular activation by inflammatoryasthmatic subjects, 11 of whom had
stimuli such as growth factors, cytokines andaspirin-sensitive asthma (ASA) and
mitogens in fibroblasts and by bacterial lipo-seven had non-aspirin-sensitive asthma
polysaccharide in monocytes and macro-(NASA).
phages.4–7 The observations that the expressionResults – There was a significant fourfold
of COX-2 is induced by inflammatory me-and 14-fold increase, respectively, in the
diators in immune cells and that its expressionepithelial and submucosal cellular ex-
is inhibited by glucocorticoids suggest that in-pression of COX-2, but not of COX-1, in
ducible COX-2 may produce prostanoids in-asthmatic patients. There was no sig-
volved in inflammation. Since enhancednificant difference in the total number of
cytokine expression is a feature of asthmaticcells staining for either COX-1 or COX-2
airways, we reasoned that COX-2 might bebetween subjects with ASA and NASA, but
augmented in this disease.the number and percentage of mast cells

Patients with bronchial asthma form athat expressed COX-2 was significantly in-
heterogeneous group and asthmatic individualsDepartment of Allergy creased sixfold and twofold, respectively,
with aspirin sensitivity are a distinct clinicaland Respiratory in individuals with ASA. There was a mean

Medicine, subpopulation. These patients have ac-fourfold increase in the percentage ofUMDS, Guy’s companying symptoms of rhinosinusitis in-Hospital, COX-2 expressing cells that were mast
London SE1 9RT, UK cluding rhinorrhoea, nasal congestion,cells in subjects with ASA and the numberA R Sousa anosmia, loss of taste, and recurrent severeof eosinophils expressing COX-2 was in-S J Lane

nasal polyposis.8 Upon ingestion of aspirin,S M Nasser creased 2.5-fold in these subjects.
T H Lee cysteinyl leukotrienes are released probablyConclusions – COX-2-derived metabolites

from eosinophils and mast cells and this ismay play an essential part in the in-Hochgebirgsklinik,
accompanied by worsening of asthmatic symp-Davos-Wolfgang, flammatory processes present in asth-

Switzerland toms.9–14 These symptoms do not occur inmatic airways and development of drugsR Pfister aspirin-tolerant subjects. Accumulating evi-P E Christie targeted at this isoenzyme may have thera-
dence suggests that COX inhibition is centralM Schmitz-Schumann peutic potential in the treatment of
to the mechanism for enhanced cysteinyl leuko-

Correspondence to: asthma. Mast cells and eosinophils may
triene synthesis13 15–17 but the pattern of COX-Professor T H Lee. also have a central role in the pathology
1 and COX-2 expression in aspirin-sensitiveReceived 24 March 1997 of aspirin-sensitive asthma.Returned to authors asthma is unknown. We have therefore evalu-

29 May 1997 (Thorax 1997;52:940–945)
ated the expression of COX isoenzymes inRevised version received

24 June 1997 asthmatic airways of individuals with and with-Keywords: cyclo-oxygenase, aspirin-sensitive asthma,Accepted for publication
5 August 1997 mast cells, epithelium. out aspirin sensitivity.
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Table 1 Clinical characteristics of aspirin-sensitive subjects

Subject Sex Age Drugs FEV1 FEV1 (% Lysine- Skin Eosinophils
no. (years) (l) predicted) asprin test (×103/ll)

(mg/ml)

1 M 57 nBDP (200 lg) 3.76 104 25 −ve 0.35
2 F 56 BUD (300 lg), 2.10 91 2.5 −ve 0.39

A, T (700 mg),
IB

3 M 39 BDP 4.11 109 2.5 +ve 1.01
(1500 lg), A, T
(700 mg), nBUD (200 lg)

4 M 56 BDP, A (4 mg), 3.52 104 7.5 +ve 0.34
IB, F

5 M 54 PRED (2 mg), 3.2 93 2.5 +ve 0.36
BUD (800 lg),
A, T (600 mg)

6 F 26 BDP (400 lg), 2.93 87 25 +ve 0.32
A

7 F 33 PRED (6 mg) 3.8 119 12.5 +ve 1.79
BUD (1200 lg), A, T
(700 mg)

8 M 56 BDP (1000 lg) 3.54 82 25 −ve 0.29
nBUD (250 lg),
A, IB

9 M 40 BUD (600 lg), 2.42 71 10 +ve 0.95
A, T(400 mg)

10 F 26 BUD (300 lg), 3.58 99 5 −ve 0.27
A (800 lg)

11 M 24 BUD (800 lg), 3.08 81 1.25 −ve 0.32
nBUD (200 lg),
A

Mean (SE) 42.5 (4.14) 3.28 (0.18) 94.55 (4.23) 7.50∗ 0.49 (0.15)

Lysine-asprin=threshold dose of lysine-aspirin producing a 20% fall in FEV1; PRED=prednisolone; BDP=beclomethasone
dipropionate; BUD=budesonide; n=nasal route; A=albuterol; T=theophylline; IB=ipratropium bromide; C=cromolyn; F=
fenoterol; R=reproterol.
∗Geometric mean.

Table 2 Clinical characteristics of non-asprin sensitive subjects

Subject Sex Age Drugs FEV1 FEV1 Skin Eosinophils
no. (years) (l) (% predicted) test (×103/ll)

1 F 53 BDP (200 lg, C, R (10 mg) 3.40 133 −ve 0.14
2 M 35 C, R (10 mg) 4.57 102 +ve 0.41
3 M 24 A, T∗ (875 mg), C (10 mg) 3.68 82 +ve 0.29
4 M 25 IB, F 3.93 95 +ve 0.92
5 M 25 BUD (600 lg), IB, F 3.52 78 +ve 0.08
6 M 30 BDP (200 lg), A 2.28 52 +ve 0.46
7 F 37 PRED (5 mg), BUD (300 lg), 1.59 54 +ve 0.19

nBUD (200 lg), A, T (850 mg)
Mean (SE) 34 (3.6) 3.28 (0.38) 85.1 (10.7) 0.36 (0.11)

For definitions of abbreviations see footnote to table 1.

Methods subject was taking regular nasal corticosteroids
(table 2). All asthmatic subjects were using

Ten normal volunteers (seven men) of mean inhaled or oral b2 agonists as required. All
subjects underwent skin prick tests to common(SE) age 23 (1) years and 18 asthmatic patients

(12 men) of mean (SE) 39 (3) years with forced aeroallergens and atopy was defined as the
presence of at least two positive reactions (wealsexpiratory volume in one second (FEV1) of

90.9 (4.8)% were studied, of whom 11 had of 3 mm or more compared with saline control)
to cat fur, dog hair, grass pollen, and Derma-aspirin-sensitive asthma (ASA) and the re-

mainder had non-aspirin-sensitive asthma tophagoides pteronyssinus.
Bronchoscopic examination was performed(NASA). The diagnosis of aspirin sensitivity

was made on the basis of history and confirmed and biopsy samples of the airway mucosa were
taken as previously described14 at least oneby a 20% or greater fall in FEV1 following

lysine aspirin inhalation challenge as previously month after aspirin provocation. Bronchial bi-
opsy samples were immediately snap frozen indescribed.14 The NASA group also underwent

lysine aspirin challenge and, if negative, this embedding medium and stored at−70°C until
analysed. All subjects provided written andwas confirmed by incremental challenge with

600 mg of aspirin given orally. informed consent and the study was approved
by the Hochgesbirgsklinik, Davos-WolfgangThe ASA subjects (seven men, six atopic)

had a mean (SE) age of 43 (4) years with a ethics committee.
mean FEV1 of 94.6 (4.2)% and the seven
NASA subjects (five men, six atopic) had a
mean age of 34 (4) years with a mean FEV1 of 

Immunohistochemistry was performed as pre-85.1 (10.7)%. Of the 11 subjects with ASA
two were taking prednisolone orally, 10 were viously described14 using the avidin biotin

complex (ABC) technique for single immuno-taking regularly inhaled corticosteroids, and
four were using regular nasal corticosteroids staining and the ABC technique combined with

the indirect alkaline phosphatase technique for(table 1). Of the seven subjects with NASA
one was using prednisolone orally, four were the double immunostaining. Affinity purified

rabbit polyclonal anti-COX-1 or anti-COX-2using regular inhaled corticosteroids, and one
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942 Sousa, Pfister, Christie, Lane, Nasser, Schmitz-Schumann, et al

Figure 1 (A) Asthmatic airway stained with COX-1 polyclonal antibody. The photograph shows minimal staining of
the airway epithelium and two inflammatory cells which have stained for COX-1. (B) Asthmatic airway stained with
COX-2 polyclonal antibody. The photograph shows significant staining of airway epithelial cells and submucosal
inflammatory cells. The submucosal cells have been double stained for COX-2 and for macrophages with a monoclonal
antibody to macrophages (EBM11).

(gift from Dr Jilly Evans, Merck Frosst, Ca- colour reaction was developed by incubation
with diaminobenzidine, which produces anada) were used at a dilution of 1/1000. All the

primary antibodies used for cell identification brown precipitate, and 5-bromo-4-chloro-3-
indolyl phosphate/ nitroblue tetrazoliumwere mouse monoclonal IgG1 antibodies and

comprised the following: AA1 (DAKO, High (Sigma, Poole, Dorset, UK) which produces a
blue precipitate. A positive control using nasalWycombe, UK), a mast cell tryptase marker

used at a dilution of 1/50; EBM11 (DAKO), a polyp tissue and a negative control without
primary antibody was included in each stainingpan-macrophage marker that recognises CD68

used at 1/100 dilution; anti-CD3 (DAKO), a run.
pan-T lymphocyte marker used at 1/50 di-
lution; NP57 (DAKO), an anti-human neutro-
phil elastase antibody used at 1/600 dilution;  

The hue-saturation-intensity method of colourBMK13 (Cymbus Bioscience Ltd, Chilworth,
UK), a pan-eosinophil marker that recognises image analysis was adopted for detection of the

brown immunoperoxidase reaction product, asmajor basic protein used at 1/40 dilution. The
secondary antibodies were a goat anti-mouse previously described.18 The total epithelial area

in each biopsy specimen was measured.alkaline phosphatase conjugated antibody
(Sera-lab, Crawley Down, UK) used at a di- The numbers of specific cells were counted

on the entire submucosal biopsy area by alution of 1/100 and a swine anti-rabbit bio-
tinylated antibody (DAKO) used at a dilution blinded investigator. The total section area was

measured using the image analyser and all cellof 1/200. Single staining was performed on the
frozen bronchial biopsy specimens with the counts were expressed as cells /mm2.
rabbit polyclonal antibody to COX-1.

The biopsies were double immunostained
using a rabbit polyclonal antibody to COX-2  

Statistical analysis of the COX-1 and COX-2concurrently with one monoclonal antibody to
each cell type: neutrophils (NP57); macro- data was performed by the Mann-Whitney U

test, using Minitab Software (Minitab Inc.)phages (EBM11); eosinophils (BMK13); mast
cells (AA1); and T lymphocytes (anti-CD3). Results are expressed as mean (SE).
Staining for COX-1 was by the ABC technique
as previously described14 with the modification
that incubation with the two secondary anti- Results

  -1  -2 bodies were made separately and for 30 minutes
each. Endogenous biotin, alkaline phosphatase  

There was no significant difference in the epi-and peroxidase activity was abolished as pre-
viously described.14 The immunoperoxidase thelial expression of COX-1 between normal
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shows an example of an asthmatic airway
stained for COX-1. In contrast, there was a
mean fourfold increase in the bronchial epi-
thelial expression of COX-2 in asthmatic sub-
jects (p=0.002; fig 2A), but there was no
significant difference in the bronchial epithelial
expression of COX-2 between subjects with
ASA and NASA (p=0.79). Figure 1B shows
an example of an asthmatic airway stained for
COX-2.

  -1  -2 
 
There was no significant difference between
the number of COX-1 positive cells in the
submucosa of normal and asthmatic subjects
(90.4 (18.3) cells/mm2 and 118.4 (20.4) cells/
mm2, respectively, p=0.56) or between sub-
jects with ASA and NASA (97.5 (23.0) cells/
mm2 and 148.3 (36.2) cells/mm2, respectively,
p=0.31). In contrast, there was a significant
mean 14-fold increase in the number of COX-2
positive cells in the submucosa from asthmatic
subjects (p=0.0001; fig 2B), but there was no
significant difference between the total number
of COX-2 positive cells in the bronchial sub-
mucosa from subjects with ASA and NASA
(180.9 (54.5) cells/mm2 and 178.3 (67.9) cells/
mm2, respectively, p=0.93).

    
     
There were more mast cells (AA1) (79.0 (14.6)/
mm2 versus 28.25 (7.06/mm2; p=0.01) and
more total eosinophils (BMK13) (157.0 (30.9)/
mm2 versus 49.77 (7.31)/mm2; p=0.01) in
the bronchial submucosa of subjects with ASA
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compared with NASA. There were no sig-
Figure 2 Expression of COX-2 in (A) the bronchial nificant differences in bronchial biopsy cell
epithelium in normal asthmatic non-aspirin-sensitive numbers for activated eosinophils (EG2)(NASA) and aspirin-sensitive (ASA) asthmatic subjects

(100.0 (28.3) versus 56.0 (12.9); p=0.25),and (B) the numbers of COX-2-staining cells in the
airway in normal asthmatic NASA and ASA subjects. neutrophils (NP57) (104.3 (29.2)/mm2 versus

100.72 (9.9)/mm2; p=0.36), total macro-
phages (EBM11) (239.5 (62.5)/mm2 versus
207 (62.5)/mm2; p=0.79), or T lymphocytesand asthmatic subjects (2.4 (0.7)% and 1.6

(0.4)%, respectively, p=0.23) or between sub- (CD3) (56.1 (22.9)/mm2 versus 74.6 (35.0)/
mm2; p=0.59) between subjects with ASA andjects with ASA and NASA (1.3 (0.5)% and

2.3 (0.7)%, respectively, p=0.53). Figure 1A NASA.
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Figure 3 (A) Percentage of mast cells (identified using the anti-tryptase antibody AA1) expressing COX-2
immunostaining and (B) percentage of COX-2-containing cells that are mast cells.
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Figure 4 (A) Percentage of eosinophils (identified using the anti-major basic protein marker BMK13) expressing
COX-2 and (B) percentage of COX-2-staining cells that are eosinophils.

    -2 effects such as gastric and renal damage. The
There was a significant mean sixfold increase two COX isoenzymes are pharmacologically
in the numbers of mast cells expressing COX- distinct.7 For example, aspirin completely
2 (p=0.004) between subjects with ASA and inhibits bis-oxygenation of arachidonate by
NASA (56.2 (12.7) cells/mm2 and 9.0 (2.0) COX-1, while aspirin treated COX-2 meta-
cells/mm2, respectively). There was also a sig- bolises arachidonate primarily to 15-lipoxy-
nificant mean twofold increase in the per- genase-derived metabolites such as 15-hydroxy-
centage of mast cells expressing COX-2 (p= eicosatetraenoic acid (15-HETE), instead
0.008) and a mean fourfold increase in the of PGH2, due to acetylation of COX-2 by
percentage of COX-2-expressing cells that were aspirin.24 15-HETE could affect the function
mast cells (p=0.006) in subjects with ASA of any of a number of cells and tissues involved
compared with NASA (fig 3A and B). in homeostasis and inflammation. Aspirin,

There was a significant mean 2.5-fold in- indomethacin, and piroxicam are more potent
crease in the number of total eosinophils ex- at inhibiting COX-1, whereas flurbiprofen,
pressing COX-2 (p=0.044) between subjects meclofenamate, and diclofenac are equipotent
with ASA and NASA (104.8 (29.7) cells/mm2

at inhibiting COX-1 and COX-2.
and 39.9 (7.9) cells/mm2, respectively). The There are no previous reports of the ex-
percentage of total eosinophils expressing pression of COX-1 and COX-2 isoenzymes in
COX-2 and the percentage of COX-2 cells that bronchial asthma. We have shown that asth-
were eosinophils was also raised in subjects matic bronchial epithelium and submucosal
with ASA but the difference failed to reach inflammatory cells have enhanced expression
statistical significance (p=0.212 and p=0.058, of COX-2, suggesting that the quantities and
respectively; fig 4A and B). profile of COX-2-derived metabolites may be

There was no significant difference in the important in the amplification of the in-
expression of COX-2 in activated eosinophils, flammatory response in asthmatic airways. The
neutrophils and macrophages of subjects with results were obtained by comparing biopsyASA and NASA. T lymphocytes did not stain samples obtained by fibreoptic bronchoscopyfor COX-2. from asthmatic and normal control individuals.

The mucosal biopsy samples were analysed
using specific antibodies to each of the COXDiscussion
isoenzymes, as well as to individual cell types.COX exists in at least two isoforms with similar
The use of double immunohistochemistrymolecular weights (approximately 70 kDa).19

allowed co-localisation of cyclo-oxygenase iso-COX-1 is involved in maintaining normal
enzyme to specific cells. The levels of COX-1,physiological function of tissues – for example,
the non-inducible isoform, did not increase init produces prostacyclin which when released
asthma, indicating that the inflammatory milieuby the endothelium is antithrombogenic20 and
in bronchial asthma does not affect its re-when released by the gastric mucosa is cyto-
gulation. Previous clinical observations thatprotective.21 COX-2 expression is induced by
non-steroidal anti-inflammatory drugs such aspro-inflammatory cytokines in vitro in cell types
indomethacin and aspirin do not benefit thesuch as endothelial cells, macrophages, and
majority of asthmatic patients have suggestedfibroblasts7 22 23 and in vivo its expression is
that COX metabolites have little part to playaugmented in inflamed lesions.19 Non-steroidal
in the mechanisms of airways inflammation.anti-inflammatory drugs inhibit the activity of
However, the discovery of the inducible isoformCOX, a property which explains both its thera-
of COX now demands a reinterpretation ofpeutic and adverse effect. The ability of non-
these clinical observations, especially since thesteroidal anti-inflammatory drugs to inhibit
airway microenvironment in asthma with theCOX-2 may explain their therapeutic potential
abundance of pro-inflammatory cytokines willas anti-inflammatory drugs, whereas inhibition

of COX-1 may account for their unwanted side encourage the enhanced expression of COX-
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coding prostaglandin synthase is regulated by mRNA2. Specific COX-2 inhibitors may have a thera- splicing. Proc Natl Acad Sci USA 1991;88:2692–6.
4 O’Banion MK, Winn VD, Young DA. cDNA cloning andpeutic use in asthma.

functional activity of glucocorticoid-regulated in-Aspirin intolerance is marked by the flammatory cyclo-oxygenase. Proc Natl Acad Sci USA
1992;89:4888–92.development of bronchospasm, naso-ocular

5 Maier JA, HLA R, Maciag T. Cyclo-oxygenase is an im-symptoms, urticaria, angio-oedema, and ana- mediate early gene induced by interleukin-1 in human
endothelial cells. J Biol Chem 1990;265:10805–8.phylaxis after ingestion of non-steroidal anti-

6 Lee SH, Soyoola E, Chanmugam P, Hart S, Sun W, Zhonginflammatory drugs. These symptoms may H, et al. Selective expression of mitogen-inducible cyclo-
oxygenase in macrophages stimulated with lipo-occur in isolation or in any combination.8 The
polysaccharide. J Biol Chem 1992;267:25934–8.prevalence of aspirin sensitivity in asthma is 7 Mitchell JA, Akarasereenont P, Thiemermann T, Flower
RJ, Vane JR. Selectivity of non-steroid antiinflammatoryestimated to be 10–30%. Symptoms generally
drugs as inhibitors of constitutive and iducible cyclo-appear after the third decade of life and are oxygenase. Proc Natl Acad Sci USA 1993;90:11693–7.

8 Samter M, Biers RF. Intolerance to aspirin: clinical studiesfrequently associated with chronic rhinitis,
and consideration of its pathogenesis. Ann Intern Medsinusitis, and nasal polyposis. These subjects 1968;6:975–83.

9 Christie PE, Tagari P, Ford-Hutchinson AW, Charlesson S,often have persistent asthma, requiring regular
Chee P, Arm JP, et al. Urinary leukotriene E4 con-treatment with either inhaled or oral centrations increase after aspirin challenge in aspirin-
sensitive asthmatic subjects. Am Rev Respir Dis 1991;143:corticosteroids.25 26 The propensity for non-
1025–9.steroidal anti-inflammatory drugs to precipitate 10 Christie PE, Tagari P, Ford-Hutchinson AW, Black C,
Markendorf A, Schmitz Schumann M, et al. Urinaryreactions in aspirin-sensitive individuals is re-
leukotriene E4 after lysine-aspirin inhalation in asthmaticlated to the capacity of these drugs to inhibit subjects. Am Rev Respir Dis 1992;146:1531–4

11 Ferreri NR, Howland WC, Stevenson AD, Spiegelberg ML.COX.7 19 Previous work has shown that aspirin
Release of leukotrienes, prostaglandins and histamine intotreated COX-2 metabolises arachidonic acid nasal secretions of aspirin-sensitive asthmatics during re-
actions to aspirin. Am Rev Respir Dis 1988;137:847–54.primarily to 15-lipoxygenase metabolites in-

12 Ortolani C, Mirone C, Fontana A, Folco GC, Miadonnastead of PGH2.24 There were no significant A, Montalbetti N, et al. Study of mediators of anaphylaxis
in nasal wash fluids after aspirin and sodium meta-bi-differences in the age, baseline lung function,
sulphite nasal provocation in intolerant rhinitic patients.or the usage of medication between subjects Ann Allergy 1987;59:106–12.

13 Sladek K, Dworski R, Soja J, Sheller JR, Nizankowowskawith ASA and NASA. The diagnosis of aspirin
E, Oates JA, et al. Eicosanoids in bronchoalveolar lavagesensitivity was confirmed by lysine-aspirin fluid of aspirin-tolerant patients with asthma after aspirin
challenge. Am J Respir Crit Care Med 1994;149:940–6.bronchoprovocation, whereas the control

14 Nasser SMS, Pfister R, Christie PE, Sousa AR, Barker J,
group of NASA individuals were proven to be Schmitz-Schumann M, et al. Inflammatory cell popu-
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