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Increased in vitro cysteinyl leukotriene
release from blood leukocytes in patients
with asthma, nasal polyps, and
aspirin intolerance
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In vitro cysteinyl leukotriene (cLT) release from blood leukocytes was
measured in eight normal individuals (NI), nine patients with nasal polyps
(NP) without aspirin intolerance, and eight patients with NP, asthma, and
aspirin intolerance (AI). Blood leukocytes were prestimulated with
interleukin-3 (IL-3) and incubated with acetylsalicylic acid (ASA) (10 and
100 \iglm\) together with C5a (10^ mol/1) for 18 h. cLT release (LTC4, LTD4
and LTE4) from blood leukocytes was measured with a competitive enzyme-
linked immunoassay. Background cLT release was 259±66 pg/ml
(mean±SEM) in the Nl group, 185±33 pg/ml in the NP group, and 578±136
pg/ml in the AI group (F = 0.1). After incubation with 10 j.ig/ml ASA, cLT
concentration was lower in normal subjects (346±72 pg/ml) and in patients
with NP (209+53) than in patients with AI (686±75 pg/ml, F = 0.002). After
incubation with 100 \x.glm\ ASA, cLT concentrations were 285±72 pg/ml in
the NI group, 313±77 pg/ml in the NP group, and 654±121 pg/ml in the AI
group (f = 0.04), respectively. Simultaneous incubation with ASA 10 ixg/ml
and C5a (lO^mol/1) resulted in a cLT concentration of 751 ± 171 pg/ml in the
NI group, 343± 102 pg/ml in the NP group, and 2196±480 pg/ml in patients
with Al (P = 0.0006), whereas simultaneous incubation with ASA lOOg/ml
and C5a (U) *̂ mol/l) resulted in 268±51 pg/ml in the NI group, 412±97
pg/ml in the NP group, and 1701 ±368 pg/ml in the AI group (P = 0.005). In
patients with AI, cLT release from blood leukocytes is altered when
compared with normals and patients with NP. The presented cLT-release
assay could be of potential use in the in vitro diagnosis of Al.
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Aspirin intolerance (AI) syndrome is reported to
occur in 2-20% of patients with nasal polyps (NP)
(1). The pathophysiology of this condition is
unknown. Diagnosis is based on history and oral
(2), bronchial, or nasal (3) acetylsalicylic acid
(ASA) challenge procedures. These challenge
procedures entail the risk of severe asthma
attacks.

In NP of patients suffering from Al, significantly
increased levels of cysteinyl leukotriene (cLT) have
been demonstrated (4). After ASA challenge in

AI, increased concentrations of LTC4 and hista-
mine have been found in nasal lavage fluid (5, 6).

In addition to altered arachidonic acid metabo-
hsm (7), facilitated releasability of histamine and
cLT from basophils, mast cells, and eosinophils
might be responsible for elevated cLT levels. Non-
steroidal anti-inflammatory drugs (NSAIDs) have
been found to enhance immunologic release of
histamine and cLT from human bronchus and lung
tissue (8, 9). Platelet-activating factor-induced his-
tamine release was significantly higher in patients
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with AI and atopic patients with asthma than in
normal subjects (10).

Increased cLT release from human basophils
after prestimulation with interleukin-3 (IL-3) has
been demonstrated. After priming with IL-3, C5a
can release cLT from basophils, mast cells, and
eosinophils (11,12), cLT release of IL-3-primed
basophils after stimulation with C5a has recently
been shown to be significantly higher in patients
with AI than in normal subjects or atopic patients
without AI (13).

This study aimed to investigate the in vitro cLT
release from blood leukocytes after stimulation by
ASA and costimulation by ASA and C5a in the
presence of IL-3 in normal individuals (NI), in
patients with NP without AI, and in patients suf-
fering from asthma and NP with AI.

Material and methods
Blood donors

Blood from eight healthy subjects (mean age 37±13
years, two male and six female) without nasal
complaints and/or bronchial asthma served as con-
trols. They had no history of atopy, and skin prick
tests for common inhalative allergens were nega-
tive. These subjects had had no medication for at
least 3 weeks.

Nine patients with NP and chronic hyperplastic
sinusitis (mean age 48±12 years, six male and
three female) without bronchial asthma were
included in the NP group. All patients of the NP
group had no medical history of AI, They had
used aspirin for treatment of headaches several
times within the last 2 years without any prob-
lems.

Eight patients with NP and AI (mean age 47 ±16
years, three male and five female) were included
in the AI group. The AI patients had suffered from
severe asthma attacks after ingestion of ASA, In
two patients, an oral aspirin provocation test had
been performed. Six patients refused to take part
in oral or bronchial aspirin challenge, because they
had suffered from life-threatening bronchospasm
after aspirin ingestion,

NP were confirmed by nasal endoscopy and
computed tomography in NP and AI patients.
Allergy to common inhalative allergens was
excluded by medical history and skin prick tests
in the NP and AI patients. None of the NP and
AI patients had had systemic corticosteroid ther-
apy. Three of the NP patients took a nasal topical
steroid b,i,d. Five of the AI patients took a topical
steroid with a bronchial inhaler once or twice
daily, one patient in addition taking a nasal
steroid b,i,d.

Cell preparation

A volume of 3 ml blood was drawn into EDTA
venipuncture tubes and transferred into polypro-
pylene tubes. After 0,75 ml dextran solution had
been added, the sample was vortexed and incu-
bated for 90 min at room temperature. The upper
phase containing blood leukocytes was transferred
into a second tube and centrifuged for 15 min at
130 g and 4°C, The supernatant was discarded, and
the cells in the pellet were directly stimulated.

Cell stimulation

Cells contained in each pellet were primed by
suspension in 3 ml of a buffer containing Ca^\ Mg^,
K\ Na% C1-, HSA and HEPES at pH 7,4 with
0,45 |xl IL-3 (10 ng/ml, Blihlmann AG, AUschwil,
Switzerland), A volume of 200 |JL1 of the suspension
was pipetted into polypropylene tubes and imme-
diately stimulated with either 50 |JL1 buffer (back-
ground), 50 |xl monoclonal antibody to IgE
(stimulation control, Blihlmann AG, Allschwil,
Switzerland), 50 fxl ASA (10 fxg/ml, Sigma Chemi-
cals, Deisenhofen, Germany) (ASA-1), 50 |jil ASA
(100 |JLg/ml) (ASA-2), 50 (xl ASA (10 |xg/ml) con-
taining 10-8 jnol/1 C5a (C5a-ASA-1), or 50 jxl ASA
(100 jxg/ml) containing 10-^ mol/1 C5a (C5a-ASA-
2), C5a (Sigma Chemicals, Deisenhofen, Ger-
many) has a chemokinetic potency for human
neutrophils (EC50) of 1,2 x 10-^" mol/1. For stimu-
lation, the solutions were incubated for 40 min at
37°C, They were then centrifuged for 3 min at
1000 g and room temperature. The supernatant was
further used.

Enzyme-linked immunosorbent assay (ELISA)

cLT release (LTC4, LTD4, and LTE4) was evaluated
by competitive ELISA (Btihlmann Lab, AG, All-
schwil, Switzerland), Microtiter plates coated with
a mouse monoclonal cLT-antibody (lA-LDRl)
were used. Competition of samples with alkaline
phosphatase-labeled LTD4 was evaluated (14), The
minimal detectable dose of cLT was calculated to
be 41 pg/ml, and the cross-reactivity at 50% binding
for LTB4, several lipoxygenase and cyclooxygenase
products, and amino acids was less than 0,25%
(Blihlmann cellular antigen stimulation test, test
manual, Blihlmann Lab, AG, Allschwil, Switzer-
land), A volume of 100 |xl of the supernatant was
pipetted into the microtiter plates. After 50 |JL1 of
cLT-conjugated alkaUne phosphatase had been
added, plates were incubated for 18 h at 4°C, Each
sample was measured in duplicate. After repeated
washing, substrate was added and the reaction was
stopped with sodium hydroxide. Extinction was
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Fig. /. Cysteinyl leukotriene release (mean±SEM) from IL-3-primed human blood leukocytes after stimulation with ASA (10 |xg/ml) in
normal individuals (NI), patients with nasal polyps (NP), and patients with nasal polyps and aspirin intolerance (AI) (P = 0.002).

recorded at 405 nm. The cLT concentration was
calculated with a linear/logarithmic standard curve.

Statistics

For statistical evaluation, cLT values of each tested
subject after background release, anti-IgE-stimu-
lated release, ASA-1-stimulated release, C5a-ASA-
1-stimulated release, ASA-2-stimulated release,
and C5a-ASA-2-stimulated release were ranked.
The ranks were grouped by the NI group, the NP
group, and the AI group. For each group, the mean
rank of each release method was calculated and
compared by the Kruskal-Walhs test (15),

Results
Background cLT-release from blood leukocytes did
not significantly differ in the three groups investi-
gated. It was 259±66 pg/ml (mean±SEM) in the NI
group, 185 ±33 pg/ml in the NP group, and
578± 136 pg/ml in the AI group (P = 0.1), cLT con-
centration after anti-IgE stimulation also revealed
no statistically significant differences between nor-
mal subjects and patients with NP or AI, respec-
tively. In the NI group, cLT release after stimulation
with anti-IgE was 1921 ±691 pg/ml, in the NP group
1559 ±492 pg/ml, and in the AI group 3150±643 pg/
ml (P = 0,28), Patients with AI revealed increased
cLT release from blood leukocytes after stimulation
with ASA, After incubation with ASA-1, cLT
concentration was 346±72 pg/ml in normal subjects,
in patients with NP 209±53 pg/ml, and in patients
with AI 686±75 pg/ml (P = 0,002, Fig, 1), After
incubation with ASA-2, cLT concentration was

285±72 pg/ml in the NI group, 313±77 pg/ml in the
NP group, and 654±121 pg/ml in the AI group
(P = 0,04), respectively, cLT release from blood
leukocytes of the NI and NP groups differed most
from the AI group after simultaneous stimulation
with C5a and ASA, After stimulation with C5a-
ASA-1, cLT concentration was 751 ±171 pg/ml in
the NI group, 334±102 pg/ml in the NP group, and
2196±480 pg/ml in patients with AI (P = 0,0006,
Fig, 2), whereas incubation with C5a-ASA-2
resulted in 268±51 pg/ml in the NI group, 412±97
pg/ml in the NP group, and 1701 ±368 pg/ml in the
AI group (P = 0,005),

Discussion
In the NP of patients with AI, high cLT concentra-
tions have been found in contrast to patients
suffering from nasal allergy or chronic sinusitis (4),
Increased concentrations of cLT were found in
nasal lavages after ASA challenge in patients with
AI (5, 6), Mast cells and eosinophils were abun-
dantly present in the NP of patients suffering from
AI, Increased cLT release from inflammatory cells
may play an important role in the pathophysiology
of AI,

Endogenous mediators such as FMLP and NAP-
1 have been found to increase cLT release from
various inflammatory cells and blood basophils,
particularly when preincubated with IL-3, IL-5, or
granulocyte/macrophage colony-stimulating factor
(11, 12), C5a alone cannot induce cLT release in
basophils. After preincubation with IL-3 or IL-5,
leukocytes release cLT in response to C5a, Even
cells from subjects who do not respond to anti-IgE
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Fig. 2. Cysteinyl leukotriene release (mean±SEM) from IL-3-primed human blood leukocytes after costimulation with ASA (10 g
ml) and C5a (10"̂  mol/1) in normal individuals (NI), patients with nasal polyps (NP), and patients with nasal polyps and aspirin
intolerance (AI) (F = 0.0006).

release cLT in response to IL-5- or IL-3-primed and
C5a-stimulated leukocytes (11). Since cLT release
in AI is assumed to be an IgE-independent event,
cLT release from IL-3-primed and C5a-stimulated
leukocytes might be a useful assay of increased
IgE-independent cLT release in AI. Increased cLT
release from basophils in patients with AI after
stimulation with C5a in the presence of IL-3 has
been recently found when compared with controls
and patients with atopic dermatitis (13).

In this study, cLT release from blood leukocytes
of patients suffering from AI was compared with
cLT release from patients with NP without AI and
normal subjects. The severity of paranasal sinus
disease did not differ within these two groups.
Differing results between these two groups could
be due to the presence or absence of bronchial
asthma. The asthmatic disease of the AI patients
was controlled by topical steroids, and no asthma
attacks had occurred within the 3 weeks before the
investigation. Therefore, it is unlikely that major
differences between these two groups are attribut-
able to bronchial asthma. However, for a final
answer to this question, a group of patients with
bronchial asthma and NP without AI should be
investigated.

No significant differences in background cLT
release from human IL-3 preiticubated leukocytes
were found in patients with AI or NP, or in normal
subjects. In addition, no significant differences in
cLT-release from human leukocytes were found
after stimulation with anti-lgE, This stimulation
control results in a high release of cLT from blood
leukocytes in most subjects (11). It confirms that

cells able to release cLT are contained in the
specimens. In this study, the cells contained in the
specimens were not differentiated, and it is unclear
what cells were involved in the release of cLT,
Because a high cLT release is obtained after stim-
ulation with anti-lgE, it might be assumed that cLT
derives mainly from basophils. The number of
basophils in 3 ml whole blood has been estimated
at approximately 1000 (14). Two of 25 specimens,
one from the NP group and one from the Al group,
revealed a weak anti-IgE-induced stimulation of
cLT release (less than 100 pg/ml),

cLT release from blood leukocytes after stimula-
tion with ASA was significantly higher in patients
with AI than in patients with NP and normal
subjects. The reason for this is unclear. It might be
assumed that leukocytes from patients with AI
have increased susceptibility to release LT also to
unspecific stimuli and that the aspirin added acted
as an unspecific stimulus.

The cLT assay revealed a high potency to sepa-
rate patients with AI from patients with NP and
normal subjects when blood leukocytes were co-
stimulated with C5a and ASA, The best separation
was obtained with ASA in a concentration of
10 |xg/ml and C5a (10"^ mol/1). C5a is well known
to induce LT synthesis in IL-3- or IL-5-primed
blood basophils (11), The cLT release after C5a
incubation was significantly higher in patients with
AI than in controls. Increased cLT release from
human leukocytes after stimulation with C5a and
ASA (10 and 100 |xg per ml) in patients with AI
was recently found by Czech & Kapp (13), It can
be assumed that a summation of the effects of C5a
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and ASA on blood basophils contributed to the
markedly increased cLT release from blood leuko-
cytes in patients with AI.

With this assay, a large variance in values for cLT
was obtained. This might be due to differing
numbers of cells able to release cLT in the speci-
mens obtained. However, the values of patients
with and without AI did rarely overlap. After
stimulation with ASA-C5a-2, no value of patients
without AI exceeded 1100 pg cLT/ml, and only one
patient with AI had a value less than 1100 pg cLT/
ml. Therefore, the selectivity of this test was appro-
priate.

Measurement of ASA and C5a-stimulated cLT
release from human blood leukocytes may improve
the diagnosis of AI. Early diagnosis of AI in
patients with NP allows specific therapy including
a salicylic acid-free diet, aspirin desensitization,
high-dose topical steroid treatment after surgery,
and the use of lipoxygenase inhibitors or LT"-
receptor antagonists (16-20).
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