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Aspirin-triggered 15-HETE generation in peripheral blood
leukocytes is a specific and sensitive Aspirin-Sensitive Patients

Identification Test (ASPITest)*

Background: We have previously demonstrated that aspirin triggers specific
generation of 15-hydroxyeicosateraenoic acid (15-HETE) from nasal polyp
epithelial cells and peripheral blood leukocytes (PBL) from aspirin-sensitive (AS)
but not aspirin-tolerant (AT) patients with asthma/rhinosinusitis. The goal of
this study was to assess the diagnostic value of ASA-induced 15-HETE gen-
eration measurement to identify AS patients.

Methods: PBL were obtained from 43 AS patients with asthma and rhinosi-
nusitis, 35 AT asthmatics and 17 healthy control (HC) subjects. PBL were
incubated with 2-200 uM aspirin (ASA) and 15-HETE release was measured in
cell supernatants with competitive ELISA.

Results: Unstimulated PBL from all three groups of patients generated similar
amount of 15-HETE. Incubation with 200 pM ASA resulted in an increase in an
15-HETE generation (mean increase +421%) in AS-asthmatics but small and
nonsignificant response in AT-asthmatics or control subjects. Receiver operating
curve (ROC) analysis revealed that the sensitivity of the test for confirmation of
ASA-sensitivity was 83% and the specificity 82%. Positive predictive value was
0.79 and negative predictive value was 0.86. Naproxen induced a significant
increase in 15-HETE only in some AS-asthmatics, but not in AT-asthmatics.
Conclusion: Our data demonstrate that ASA-induced 15-HETE generation
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Aspirin may induce respiratory symptoms in 5-21% of
patients with chronic asthma and the prevalence of
sensitivity seems to be higher among patients with more
severe asthma (1-3). These patients suffer usually from
severe hyperplastic rhinosinusitis with nasal polyps, thus
sensitivity to aspirin may be considered as a hallmark of a
chronic inflammatory disease of the upper and lower
airways (4-6). In addition cross-reactivity to other
nonsteroidal anti-inflammatory drugs (NSAIDs) is a
common feature of AS-asthmatics (7).

The mechanism of aspirin-sensitivity associated with
severe asthma and chronic rhinosinusitis with nasal
polyposis is not immunological, but is related to cyclo-
oxygenase-1 (COX-1) inhibition by aspirin and sub-
sequent activation of inflammatory cells including mast
cells and eosinophils (4, 7-9). Aspirin challenge in vivo is
accompanied by release of leukotriene matabolites into
urine and cysteinyl leukotrienes, mast cell tryptase and
ECP into nasal washes (10-15).

Diagnosis of aspirin sensitivity in clinical setting is
usually based on medical history, which is quite often not
reliable. Although sensitivity to ASA can be confirmed or

excluded by oral, bronchial or intranasal challenge these
procedures are time consuming, require special expertise
and equipment and thus are not suitable for use in general
practice (16-19).

In vitro release of mast cell or eosinophil-specific
mediators induced by aspirin could not be demonstrated,
and so far there is no commercially available in vitro test
which could distinguish aspirin sensitive from insensitive
individuals (4, 20). Following our previous observation
in nasal polyp epithelial cells (21), we have recently
reported, that aspirin could specifically trigger in vitro
generation of arachidonic acid metabolite 15-hydroxy-
eicosatetrenoic acid (15-HETE) from peripheral blood
leukocytes (PBL) in AS-asthmatics, not affecting 15-
HETE release in AT-asthmatics or healthy subjects (22).
Aspirin-triggered 15-HETE release from PBL seemed to
mimic hypersensitivity reaction to aspirin observed
in vivo: release of 15-HETE could be also triggered by
another nonselective cyclooxygenase inhibitors naproxen,
but COX-2 selective NSAIDs did not affect the release.
Furthermore, misoprostol — a synthetic PGE; analogue,
which was shown to prevent aspirin-induced asthmatic
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reactions, inhibited 15-HETE generation triggered by
aspirin in vitro.

In this study we determined ASA-induced 15-HETE
release from PBLs of well-characterized AS-asthmatics
and AT-asthmatics in order to assess diagnostic value of
15-HETE measurement to identify aspirin-sensitive (AS)
patients.

Patients

Forty-three aspirin sensitive (AS) patients with asthma
and rhinosinusitis and 35 patients with asthma with
history of good tolerance of ASA and other NSAIDs
(AT) were studied. They were recruited from the
database of patients with bronchial asthma treated at
the Lodz University Asthma Centre. The diagnosis of
aspirin hypersensitivity was based on a positive history
of bronchial and nasal reaction to aspirin and in 18
patients in whom the history was not clear cut, the
diagnosis was confirmed by positive oral challenge with
aspirin or nasal/bronchial challenge with lysine aspirin
(23). Atopic status was defined by the presence of
positive skin prick test to at least one of the battery of
14 inhalant allergens. Clinical characteristics of patients
is shown in Table 1. All AS-asthmatics and majority of
AT-asthmatics were treated with fixed doses of inhaled
steroids (corresponding to 200-1600 pg of budesonide)
and some also used long acting [,-agonists. Inhaled
medications were withheld for at least 12 h before the
venipuncture. Patients did not receive any oral medica-
tions for at least 48 h before the study and anti-
leukotriene drugs were not used at least 4 weeks prior to
venipuncture. A control group included 17 healthy
persons with history of good tolerance of aspirin,
recruited from medical students and department staff
(6 males and 11 females). The mean age of this group
was 29 £ 2 (age range 26-50 years). They did not take
any medications. The procedures (ASA-challenges and

Table 1. Characteristics of aspirin-sensitive (AS) and aspirin-tolerant (AT) patients
with bronchial asthma (differences between groups are not significant except for
nasal polyps; *P < 0.01; Chi-square test)

AS-asthmatics AT-asthmatics

N 43 35
Sex (F/M) 32/1 21/14
Age (years) 45+ 2.1 42 + 26
Age range (years) 23-71 21-74
Patients taking steroids:

Inhaled (n) 38 16

Mean daily dose (ug) 893 + 102 667 + 91

Oral (n) 6 4

Mean daily dose (mg) 0.86 + 0.35 1.0 £ 0.31

Patients with nasal polyps 21 2%

Patients with positive skin prick test 28 18

Blood eosinophilia (mean + SD) 43+28 30+15
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venipunctures) have been approved by the Local Ethical
Committee.

Methods
Leukocyte culture and experimental design

Leukocytes were obtained from anti-coagulated venous blood
samples. In brief, 50 ml of venous blood were collected into a syr-
inge containing 3.8% sodilum citrate and leukocytes were separated
by centrifugation on Gradisol G (AquaMedica, Poland). To min-
imize platelet contamination, the cells were washed with phosphate-
buffered saline (PBS) and resuspended in PBS with Mg>" and
Ca®*. Cell viability determined by trypan blue exclusion test was
always over 90%. Cells (3 x 10° cells/ml) were incubated in separate
tubes with different concentration of lysine aspirin (ASA; Bayer
AG, Leverkusen, Germany), naproxen (Polfa, Pabianice, Poland)
or medium. Based on previous time-course experiments, a 60 min
time point was chosen as a standard incubation time with ASA (22).
Following incubation cells were centrifuged, supernatants collected
and stored at —70°C for 15-HETE analysis.

Measurement of eicosanoids

Enzyme-linked immunoassays were used for 15-HETE quantifica-
tion (Assay Designs, USA). Kits were used following the original
manuals and the measurements were performed in duplicates. The
results were expressed in picograms per ml (3 millions of cells) of cell
suspension. Sensitivity of the immunoassay for 15-HETE detection
was 69.2 pg/ml and cross-reactivity with other eicosanoids was
negligible.

Statistical analysis

Results of eicosanoids measurement were expressed as medians (25—
75%). Wilcoxon-matched pairs test was used for analysis of dif-
ferences within the group and Mann—Whitney U-test was used to
compare data between groups of patients. The ROC curves were
prepared and analyzed using GraphROC for Windows. Data for
eicosanoids measurements are shown as medians and 25-75%.
Results with P < 0.05 were considered as statistically significant.

Results

There was no statistical differences in the number of PBLs
or eosinophils in AS and AT-asthmatics. Preincubation
of PBLs from AS-asthmatics (n = 18) with 2, 20 and
200 uM of ASA increased generation of 15-HETE by
mean 35, 197, and 360%, respectively (Fig. 1). In
AT-asthmatics (n = 14) no significant change in the
mean 15-HETE release was noticed for the whole range
of ASA concentration. Based on these results 200 pM of
ASA was used in further experiments.

When leukocytes from the whole group of AS-patients
(n = 43) were incubated with 200 uM of ASA generation
of 15 HETE was significantly increased [from baseline:
median 170; range 87-369 pg/ml to median 450 (range
271-982) pg/ml; P < 0.001], and the mean increase was
421%. In 38 patients the increase in 15-HETE generation
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Figure 1. The effect of three concentrations of aspirin on
15-HETE generation in PBLs from AS-asthmatic (» = 18) and
AT-asthmatic (n = 14); *P < 0.05 and **P < 0.01 as com-
pared to medium). Data shown as Box-and-Whisker Plot
(medians represented by horizontal bars, 25-75% by boxes).

by 13-2800% was observed (mean increase was 482%)
and in five patients 15-HETE generation decreased
(between —6 and —56%; mean decrease —28%). 15-HETE
release was increased by more that 50% in 35 of 43 AS-
asthmatic. In contrast in 35 AT-asthmatics exposure to
200 uM of ASA did not change 15-HETE generation
(median 156; range 124-289 pg/ml at baseline vs median
180 (111-335) pg/ml after aspirin; NS). In five patients
15-HETE release remained unchanged, in 15 decreased,
in 11 patients the increase was less than 50% and in four
patients the increase exceeded 50%. No effect of aspirin
on 15-HETE release from PBLs was observed in healthy
patients with history of good tolerance of aspirin [before
aspirin: median 175 (110.5-279) pg/ml; after aspirin:
median 196 (131-298) pg/ml; NS) (Fig. 2).

Calculation of sensitivity and specificity

In order to establish sensitivity and specificity of the
ASA-triggered 15-HETE release to confirm/exclude
ASA-sensitivity. Receiver Operating Curve (ROC) ana-
lysis was performed (Fig. 3). When the test was used to
obtain the cut-off giving maximal diagnostic efficiency
(100%) to confirm the diagnosis (+59% increase in
15-HETE release was calculated as the cut off point)
the sensitivity was 82% and the specificity was 83%;
the area under the curve was 0.9. Positive predictive
value was 0.79 and negative predictive value was 0.86.
When the diagnostic efficiency level was set up at 75%
the sensitivity was 99% and the specificity was 94%.
Similar ROC curve analysis for 20 pM of aspirin
yielded sensitivity and specificity of the test 47 and
52%, respectively.
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Figure 2. Individual values for percentage change in 15-HETE
generation by PBLs after incubation with 200 uM ASA in
AS-asthmatics, AT-asthmatics and healthy control subjects.
Horizontal bars represent mean percentage of 15-HETE in-
crease.
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Figure 3. The ROC curve analysis for percentage increase in
15-HETE generation between unstimulated and ASA (200 uM)
stimulated PBLs from AS-asthmatic and AT-asthmatic. The
sensitivity was 82% and the specificity was 83%; area under
the curve was 0.9. The positive predictive value was 0.79 and the
negative predictive value was 0.86.
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Table 2. Reproducibility of the ASPITest

15-HETE generation (pg/ml)

First test After 4 weeks After 8 weeks
Patient Basal 200 uM ASA Increase (%) Basal 200 pM ASA Increase (%) Basal 200 pM ASA Increase (%)
EK 1200 2000 67 1500 2400 60
1K 429 1394 225 950 1500 59
GZ 300 950 217 254 830 221
KA 51 817 1502 106 1193 1025 73 1243 1603
SC 289 593 105 161 345 114 158 377 139
BG 900 500 —44 750 500 -33 739 642 =13
Js 230 300 30 300 450 50 198 290 4
M W 136 1M -18 173 155 -10 154 125 -19
Reproducibility of ASPITest P<0.04
In order to determine the reproducibility of responses, the 300 1 °
test was repeated in eight patients (three times in five
patients and two times in three patients) over the period 20&7
of 2-8 weeks (Table 2). Except for one patient (I.K.) in ] 2;
whom the two measurements differed substantially, in the °
remaining seven patients the degree of response to aspirin 100 °
expressed as percentage of baseline were very similar on
different occasions. The coefficient of variation for basal g 80 4 .
15-HETE release ranged from 0.11 to 0.36 and for o
aspirin-induced 15-HETE generation ranged from 0.15 to © 60 1 ° NS
0.3 in individual patients. S 4y | —— T
(0]
) . .

The correlation of 15-HETE release with clinical characteristics of s 2] $ o o

H = °
patients e 0. :' =
There was no correlation between the magnitude of )
aspirin triggered 15-HETE increase in vitro and the -20 .
presence or absence of nasal polyps (r = 0,09, P = 0.64); 10
atopic status (r = 0.54, P = 0.55); daily doses of oral °
glucocorticosteroids (r = 0.13, P = 0.38) or inhaled gluco- _60 :
corticosteroids (r = —0.13, P = 0.39); baseline FEVI s
(r = —-0.016, P = 0.91) or blood eosinophilia (r = —0.09, -80 o
P =0.57).

-100
Naproxen-induced 15-HETE release AS asthmatics = AT-asthmatics  Healthy control
n=22 n=7 n=4

Since AS-asthmatics usually cross-react in vivo with other
than aspirin NSAIDs, we aimed to determine in vitro
cross-reactivity to naproxen, a nonselective COX-1/COX-
2 inhibitor. Dose response studies with naproxen (1, 10
and 50 pM) demonstrated that 50 uM concentration was
the most effective in triggering 15-HETE release in
AS-patients and this concentration was used for further
studies. Concentrations above 50 pM were toxic. Incu-
bation of PBL from 22 AS-asthmatics (some of them had
history of adverse reactions to other NSAIDs) with
50 uM of naproxen triggered a mean 49% increase in
15-HETE generation [from median 128 (87-395) pg/ml to
median 190 (140-436) pg/ml; P < 0.05]. In three AS
patients the increase was below 10%, in three between 10
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Figure 4. Individual values for percentage change in 15-HETE
generation by PBLs after incubation with naproxen (50 uM) in
AS-asthmatics (n = 22), AT-asthmatics (n = 7) and healthy
control subjects (n = 4).

and 20% and in eight patients the increase exceeded 23%
(i.e. the highest increase observed in control AT-
asthmatics). In eight patients 15-HETE decreased follow-
ing 50 uM of naproxen (Fig.4). In AT-asthmatics
naproxen did not change the mean 15-HETE generation
[median 150 (123-173) pg/ml before and median 134 (90—
238) pg/ml after naproxen]. In three AT patients only a
small increase in 15-HETE generation was observed



(between +9 and +23%) and in four patients 15-HETE
a small decrease was noticed.

Discussion

Our study involving relatively large groups of subjects
demonstrated that measurement of aspirin-induced 15-
HETE generation by PBLs is highly sensitive and
specific to confirm/exclude the history of aspirin sensi-
tivity in asthmatic patients. Analysis of the ROC curve
allowed to determine the positive and negative predic-
tive value of ASPITest in patients with history of
aspirin-induced asthmatic reaction which (0.79 and 0.86,
respectively) approached figures reported previously for
bronchial or nasal inhalation challenge with aspirin
(17). Our groups of AS and AT asthmatics were similar
with respect to clinical features (e.g. severity of asthma)
and blood eosinophilia, strongly implying the sensitivity
to aspirin as the critical differential trait. The majority
of patients had a clear history of at least one (and
usually two or more) episodes of asthmatics attacks
provoked by aspirin. In those patients with equivocal
history, sensitivity to aspirin was confirmed by oral,
nasal or bronchial challenge. However, it has to be
stressed that the time interval between clinical episodes
of reactions or ASA-challenges and in vitro study varied
from several weeks to a few years, thus the true aspirin
sensitivity status of some patients was difficult to
determine.

Although a significant range of the in vitro responses
was observed among different patients (ranging from a
decrease in 15-HETE production to a 27-fold increase)
the response was quite reproducible over the period of
several weeks in individual patients. Moreover, the degree
of 15-HETE response to aspirin was not related to any
other factor than a history of ASA-induced reaction
features, including asthma severity or blood eosinophilia,
suggesting a causal relationship of positive 15-HETE
release test to the clinical diagnosis of aspirin hypersen-
sitivity.

Aspirin sensitive asthmatics are likely to cross-react to
other NSAIDs which are strong inhibitors of cyclooxyg-
enase-1, and tolerate well selective cyclooxygenase-2
inhibitors (e.g. celecoxib and rofecoxib) (24, 25). The
rate of cross sensitivity to nonselective cyclooxygenase
inhibitors varies among patients and it cannot be predic-
ted if a particular ASA-sensitive patient reacts to oral
challenge with an alternative NSAID. In our previous
study it has been demonstrated, that also other nonse-
lective cyclooxygenase inhibitor (naproxen), but not
selective COX-2 inhibitors (celecoxib and NS398) trig-
gered 15-HETE generation in some AS-patients (22). The
present study demonstrated that naproxen which did not
affect 15-HETE release in AT-patients, induced signifi-
cant release of 15-HETE into supernatants of PBL in 8 of
22 sensitive asthmatics. Unfortunately, in vitro responses

Aspirin-Sensitive Patients Identification Test

to naproxen could not be referred to clinical sensitivity,
since only a few of our patients reported asthmatic
symptoms after NSAIDs other than aspirin.

I5-HETE is a potential mediator of the airway
inflammation although the mechanism leading to in-
creased generation of 15-HETE following in vitro incu-
bation with aspirin is not known. The major source of
15-hydroxyeicosatetraenoic acid in this reaction seems to
be 15-lipooxygenase (15-LOX) and we have postulated
that the activity of 15-LOX in AS-asthmatics is controlled
by endogenous COX-1 derived PGE,, and removal of
PGE, production by aspirin results in activation of
15-LOX and 15-HETE production (22). Inhibitory effect
of PGE, synthetic analogues misoprostol and sulprostone
on 15-HETE generation strongly supports the involve-
ment of prostaglandin EP receptors and confirms rela-
tionship between observed 15-HETE triggering and the
mechanisms of ASA-induced reactivity (26).

The gold standard for the diagnosis of ASA-sensitivity
is at present the combination of positive history and
placebo controlled challenge test. The history is not
always clear-cut in patients with severe and often unstable
disease, which could be easily exacerbated by difficult to
detect environmental factors. On the other hand, oral
challenge test is a time-consuming procedure usually
requiring well-trained personnel and availability of emer-
gency care unit. Bronchial or nasal instillation tests,
although in experienced hands may be very efficient to
confirm or exclude ASA-sensitivity, require specialist
equipment (dosimeter, rhinomanometer) and cannot be
recommended as routine procedure for allergy or pul-
monary unit (16). Although several in vitro assays have
been proposed to confirm sensitivity to aspirin, their
practical usefulness turn out to be limited. Earlier studies
employing platelets, basophiles or leukocytes have never
been reproduced (27-30). More recently some studies
demonstrated aspirin-triggered release of LTC4 from
peripheral blood leukocytes but the differences between
AS and AT-asthmatics were only quantitative and the
test’s sensitivity to detect ASA-intolerance rarely excee-
ded 50% (31-35). Furthermore, two recent studies either
found nonspecific and not reproducible responses in both
sensitive and tolerant patients (36) or did not find any
significant effect of aspirin on release of LTC, from PBLs
(22). In this study 15-hydroxyeicotetraecnoic acid was
shown to be specifically released in vitro by aspirin and
naproxen in AS asthmatics.

We believe that further studies are needed before the
measurement of 15-HETE release from PBLs might be
used as Aspirin Sensitive Patients Identification Test
(ASPITest) for detection of ASA-sensitivity in asthmatic
patients.
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