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Summary

Background Eosinophilopoetic cytokine IL-5 enhances cysteinyl-leukotriene (cys-LT)

synthesis in eosinophils in vitro. In patients with aspirin-induced asthma (AIA) bronchial

biopsies revealed eosinophil infiltration and a marked increase in IL-5 positive cells.

Objective We wondered whether in AIA patients the bronchial IL-5 increase is reflected

in peripheral blood, and if so, whether it is related to overproduction of cys-LT.

Methods In 11 stable patients with AIA, 32 with ATA (aspirin-tolerant asthma) and in 16

controls we measured serum IL-5 concentrations and urinary LTE4, believed to reflect

global cys-LT production.

Results Serum IL-5 was detectable in 12 of 43 asthmatics, but in none of the control

subjects. It was highest in the ATA group and differed significantly from the controls.

There was no significant difference in IL-5 levels between: (i) the asthmatic groups

studied, and (ii) AIA patients and controls. No relationship was found between serum IL-5

and urinary cys-LT.

Conclusion Overexpression of IL-5 reported in the airways of aspirin-sensitive patients

with asthma was not reflected in their blood. If IL-5 affects cys-LT production, it is rather

in the bronchi of the patients than in the blood.
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Introduction

Interleukin (IL)-5 is the cytokine that specifically promotes

terminal differentiation of eosinophil progenitors and

enhances survival, migration and degranulation of matured

eosinophils in vitro [1±4]. These properties of IL-5 have

stimulated great interest, since increased eosinophil pro-

duction and recruitment into airways appears to be essential

for clinical manifestation of allergic inflammation [5]. IL-5

also enhances cysteinyl-leukotriene (cys-LT) synthesis in

vitro, mimicking changes in eosinophils from asthmatic

patients [6]. Enhanced capacity for cys-LT synthesis in

human blood eosinophils after 6-h culture with IL-5 is

associated with increased expression of 5-lipoxygenase (5-

LO) activating protein and translocation of 5-lipoxygenase

to the nucleus [7]. Thus, exposure to excess IL-5 in vivo in

the bone marrow, circulation or lung may produce a

marked increase in 5-LO pathway activity leading to

impaired lung function and further eosinophil migration.

Eosinophil count is elevated in blood and bronchial

tissue of patients with aspirin-induced asthma (AIA), a

clinical syndrome that affects about 10% of adult

asthmatics [8,9]. Circulating blood eosinophils of these

patients show enhanced expression of mRNA LTC4

synthase [10]. In contrast to eosinophils from aspirin-

tolerant asthmatics (ATA) and normal subjects, blood

eosinophils from AIA patients are relatively insensitive

in vitro to stimulating effects of IL-5 on mRNA LTC4

synthase, suggesting the existence of in vivo priming

mechanism [11]. Bronchial biopses of AIA patients, as

compared with ATA reveal a five-fold increase in LTC4

synthase cells, which are predominantly eosinophils and

a four-fold increase in IL-51 cells, which are predomi-

nantly mast cells [12]. Urinary cys-leukotriene excretion

in AIA patients is markedly higher than in the ATA

group [9].

We hypothesized that serum IL-5 may be higher in AIA
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patients compared with control groups and that serum IL-5

may predict eosinophil count. We also tested the hypothesis

that eosinophil count might influence the urinary cys-LTs

excretion. Genotypes of a common LTC4 synthase poly-

morphism were ascertained as a potentially confounding

variable for the study. The 2444C allelic variant predisposes

to and is more common in severe AIA patients but the

molecular mechanism for overexpression of LTC4 synthase

seems not to depend on IL-5 priming [11].

Materials and methods

Study group

Studies were performed in 11 stable asthmatics with aspirin

sensitivity confirmed by inhalation provocation test with

aspirin and in 32 stable aspirin-tolerant asthmatics who

took aspirin without any adverse effects within 6 months

preceding the study. The control group comprised 16 adult

healthy volunteers. The subject characteristics are pre-

sented in Table 1. Patients were instructed to withhold

inhaled short-acting b2agonists for 6 h, long-acting b2ago-

nists for 24 h, aminophylline for 24 h, antihistamines for

48 h and inhaled steroids for 48 h prior to the study day.

None of the patients was on chronic corticotherapy. Their

baseline FEV1 was . 70% of the predicted value.

Study design

Examination of each individual was performed within 1

day, between 08.00 and 10.00. First, the patients underwent

basic spirometry. If their baseline FEV1 was over 70% of

predicted value, their blood and urine samples were

collected. Blood was tested for eosinophil count, IL-5

concentration and genetic polymorphism of leukotriene C4

Table 2. Serum concentration of IL-5, blood eosinophil counts, urinary baseline level of cys-LTs and the percentage of allel C1 and the

frequency of C-444 transversion (q) in the study groups

Parameters studied Healthy AIA ATA

n 16 11 32

IL-5 (pg/mL) Non-detectable 2.25 ^ 0.78 4.60 ^ 2.10²

Number (n) 2 10

Eosinophil count /mm3 259.4 ^ 177.9 530 ^ 404.9² 408 ^ 314.7

Cys-LTs (pg/mg creatinine) 140.8 ^ 46.6 780.8 ^ 310.8²* 475.5 ^ 309.1²*

Allel C1 (%) 26 67 50

(q) 0.17 0.33 0.29

Values are means ^ SD.

P , 0.05: *statistically significant difference between AIA and ATA.

²Statistically significant difference between healthy and asthmatic groups.

Table 1. Clinical characteristics of the subjects. Values presented as mean ^ SD, except for IgE (median, upper and lower quartile)

Parameters studied Healthy AIA ATA

n 16 11 32

Age (yr) 35.2 ^ 10.4 47.5 ^ 10.1 37.5 ^ 14.3

Male/female 9/7 5/6 14/18

Duration of asthma (yr) 15.5 ^ 5.9 7.30 ^ 5.6

Patients on inhaled steroids 6 12

Daily inhaled steroids, dose mg 1400 ^ 456.0 1100 ^ 289.0

Total IgE (IU/mL) 28.3 (28.3±40.3)² 48.5 (28.3±129)² 105.5 (50.2±254.5)²

Positive skin prick tests 5 24

* Values are mean ^ SD.

² median, lower and upper quartile.
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synthase. Urine was collected for determination of

cysteinyl leukotrienes at baseline (from 6.30 to 8.30).

The protocol was approved by the Jagiellonian Uni-

versity Ethical Committee and informed consent was

obtained from each patient.

Bronchial provocation test with L-lysine aspirin

This test was performed as described previously [13].

Measurement of urinary peptido-leukotrienes

Peptido-leukotrienes were measured [14] in urine samples

by direct enzyme immunoassay (Cayman Chemical, Ann

Arbor, MI, USA).

Genetic polymorphism of LTC4 synthase

Genotyping of a common single nucleotide polymorphism

of the LTC4 synthase gene was carried out on samples of

genomic DNA isolated from the peripheral blood. The PCR

amplified gene fragment was digested with MspI restriction

endonuclease and products were resolved on acrylamide

gel, as previously described [15].

Eosinophil count

Eosinophils were counted using a light microscope, after

diluting the whole blood sample in Pilot's solution [13].

Serum IL-5 concentration

Serum concentration of IL-5 was measured using Enzyme

Immunometric Assay (Milenia IL-5 DPC Biermann GmbH,

Germany). The detection limit of the assay, defined as the

concentration of two standard deviations above the

response at zero dose, is approximately 1.5 pg/mL. In a

reference study with 41 serum samples from healthy

volunteers, using the Milenia IL-5 procedure, the absolute

range of the samples was from non-detectable to 17 pg/mL.

Statistical evaluation

Summary statistics were expressed as mean (M) and

standard deviation (SD) for symmetric distributed data

and median, 25% and 75% percentiles for non-symmetric

(skewed) distributed data, respectively.

An anova was used to compare several dependent and

independent groups. When the parametric anova assump-

tions were not fulfilled (even after variance stabilizing

transformation) we used Kruskal-Wallis and Friedman rank

anova. Similarly, for comparison of two groups we used

Student's t-test and the Mann±Whitney U Rank Sum Test

to compare two independent groups and the Wilcoxon

signed rank test for matched pair studies. The relationship

between variables was studied with Spearman's r correla-

tion coefficient.

Fig. 1. Comparison of serum concentrations of interleukin-5 in control group, aspirin-induced asthma (AIA) and aspirin tolerant

asthmatics (ATA).
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Results

The two asthma groups studied did not differ with respect

to main clinical characteristics (Table 1). Mean serum IL-5

concentration was the highest in ATA group and differed

significantly from the controls, who had no detectable IL-5

(Fig. 1, Table 2.). There was no significant difference in

IL-5 levels between: (i) the asthmatic groups studied, or (ii)

AIA patients and controls. In a population of asthmatic

patients with measurable serum IL-5 there was a positive

correlation between IL-5 and eosinophil count (n � 12,

R � 0.53, P � 0.04), but not between IL-5 and urinary

cys-LT or IL-5 and LTC4S polymorphism. Urinary cys-LT

levels were the highest in AIA patients, differing

significantly from the other two groups studied. There

was no relationship between eosinophil count and cys-LT

values or between LTC4S genetic polymorphism and

urinary exretion of cys-LTs. Frequency of the C-444 variant

of LTC4 synthase was 0.17 in controls, 0.29 in ATA and

0.33 in AIA patients; differences between the groups were

insignificant (Table 2). For asthmatics stratified according

to LTC4 genotypes, IL-5 levels, eosinophila and urinary

cys-LTs excretion were not different.

Discussion

Our results confirm previous findings that IL-5 is

detectable in serum of a proportion of both atopic and

non-atopic patients with asthma. In a study by Alexander

and his colleagues [16], IL-5 was found in the serum of

15 of 29 patients, but in none of the seven control

subjects. Motojima et al. [17] reported measurable

concentrations of IL-5 in 27 of 39 asthmatics, but only

in seven of 49 controls. No relationship was observed

between atopic status and IL-5 levels, while correlation

with clinical status was found by the latter [17], though

not the former [16], authors. The origin of serum IL-5 is

uncertain. The most likely source appears to be

peripheral blood T lymphocytes and mast cells [18±

22]. The possibility of spill-over from the airways has

also been discussed [17].

In AIA, as compared with ATA, IL-5 expression is high

in bronchial tissues and BAL, and there is a four-fold

increase in the number of eosinophils and mast cells

expressing IL-5 [12,23]. Blood eosinophilia is also a

prominent feature, as was the case in the population

here reported. However, the results of serum estimations

were contrary to our expectations. It was the ATA and

not the AIA group that had increased serum IL-5

concentrations as compared with controls. Thus, changes

reported in the airways were not reflected in the blood.

The presence of IL-5 within the bronchial mucosa rather

than in blood appears to be more relevant to patho-

genesis of AIA.

There was a trend for higher prevalence of C-444 allele in

AIA as compared to ATA and healthy controls, as observed

by us earlier [15]. It did not reach statistical significance,

probably because of the limited number of subjects

within the groups studied. In the study of patients in the

United States of America [24], no difference in

prevalence of the allelic variant was observed between

AIA and ATA patients. However, homozygotes C-444

were more frequent in the AIA group, which also

showed deviation from the Hardy±Weinberg equilibrium

[24]. While in AIA patients LTC4S genetic polymorph-

ism affects the response of urinary LTE4 to inhaled

lysine-aspirin [11], it clearly doses not influence the

LTE4 excretion at base.

In vitro, IL-5 enhances the capacity for cys-LT synthesis

in human blood eosinophils [6]. This effect is exerted via

Fig. 2. The correlation between IL-5 and

eosinophil counts in the 12 asthmatic

subjects with measurable IL-5-values

(2 AIA, 10 ATA).
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gene transcription and protein synthesis [7]. We measured

urinary LTE4 excretion, believed to reflect total cys-LT

production [25], and looked for its possible relationship to

serum IL-5. As expected, cys-LT excretion was highest in

the AIA group. However, no correlation between this

variable and serum IL-5 could be found, suggesting again

that if IL-5 affects cys-LT production it is in the bronchi

rather than in the blood.
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