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■ Abstract

Background: Patients who are clinically hypersensitive to nonsteroidal anti-infl ammatory drugs (NSAIDs) sometimes present basophil 
activation in vitro, and in 50% of cases a parallel response to release of sulfi doleukotrienes (cellular allergen stimulation test) is observed. 
These phenomena occur not only in clinically hypersensitive patients, but also in some healthy controls who tolerate NSAIDs.
Material and Methods: We studied 16 clinically hypersensitive patients, 22 controls tolerating NSAIDs, and 29 healthy blood donors (clinical 
NSAID status unknown) using 2 different basophil isolation techniques (buffy coat or plasma leukocytes).
Results: In a population of 13 aspirin-tolerant healthy controls and 29 healthy blood donors, basophil activation with aspirin, diclofenac, 
and naproxen was analyzed at 4 different concentrations. The results in the 2 groups were quite similar in qualitative terms. Choosing a 
cutoff of 5% and a stimulation index >2, the proportion of positive results increased with the concentration. There were more positive 
results at all concentrations using the plasma leukocyte technique.
Conclusions: The most important fi nding of this study is that basophil activation by NSAIDs occurs not only in clinically hypersensitive 
patients but also, to a very variable extent and on an individual basis, in apparently normal healthy individuals who tolerate NSAIDs. The 
phenomenon is clearly dose-related, and hypersensitive patients seem to react to lower NSAID concentrations. 
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Introduction

In recent years, several authors have reported in vitro 
activation of basophils by nonsteroidal anti-infl ammatory 
drugs (NSAIDs) detected using flow cytometry [1-3], 
microscopy [4-6], and observation of released mediators 
such as sulfidoleukotrienes [6-10] or 15-HETE [11,12]. 
Some authors [1-3,6-8] show that this phenomenon occurs 
more frequently in blood cells from patients with the NSAID 
hypersensitivity syndrome and could therefore be used for 
diagnostic purposes. 

In a previous article [13], we presented the results of a 
large multicenter study comprising 152 such patients within 
the framework of the European Network for Drug Allergy 
(ENDA). A number of observations emerged from that 
study. First, patients who were clinically hypersensitive to 
NSAIDs frequently also presented basophil activation to 
NSAIDs in vitro (about 60%-75% of cases), and for 50% of 
the cases this activation was also observed in fl ow-cytometric 
determination of the CD63 activation marker and release of 
sulfi doleukotrienes (cellular allergen stimulation test [CAST]). 
Second, these phenomena were seen to occur not only in 
clinically hypersensitive patients, but also in apparently healthy 
controls who tolerated NSAIDs. Basophil activation in healthy 
controls varied widely (5%-100%), and the only difference 
between these groups was the technique used for blood cell 
isolation (buffy coat or plasma leukocytes). Third, both in 
controls and in clinically hypersensitive patients, basophil 
activation by NSAIDs appears to be strictly dose-dependent.

A shift in the dose-response curve becomes apparent 
when hypersensitive patients and controls are taken as groups. 
When patients and controls are considered individually, the 
correlation between NSAID sensitivity in vivo and in vitro does 
not appear absolute, but should be further investigated. These 
fi ndings have been published elsewhere [3,14-16].
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■ Resumen

Antecedentes: Algunos pacientes con hipersensibilidad clínica a analgésicos antiinfl amatorios no esteroideos (AINES) presentan activación 
de basófi los tras estimulación in vitro y en un 50% de los casos se observa una respuesta paralela a la liberación de sulfi doleucotrienos 
(Ensayo CAST).
Este fenómeno no sólo ocurre en pacientes hipersensibles a AINES, sino que también ocurre en algunos controles sanos que toleran la 
administración de AINES.
Material y Métodos: Estudiamos 16 pacientes con hipersensibilidad a AINEs, 22 controles que toleran AINES y 29 sujetos sanos (con estatus 
clínico desconocido para AINES) y aplicamos en paralelo dos técnicas de aislamiento de basófi los diferentes (células de la interfase o buffy 
coat y leucocitos del plasma) en el test de activación de basófi los.
Resultados: En 13 controles sanos tolerantes a aspirina y en 22 controles sanos se analizó el TAB frente a aspirina, diclofenaco y naproxeno a 
cuatro diferentes concentraciones mediante ambas técnicas de separación celular, siendo los resultados cualitativamente similares en ambos 
grupos. Para un punto de corte de 5% e índice de estimulación >2, la proporción de casos positivos es proporcional a la concentración, 
siendo mayor para los leucocitos de plasma.
Conclusiones: El hallazgo más importante de este estudio fue que la activación de basófi los por AINEs es un fenómeno que ocurre no sólo 
en pacientes con hipersensibilidad a AINES, sino también, de forma individual en sujetos aparentemente sanos que toleran la administración 
de AINES. Este fenómeno está relacionado con la dosis y los pacientes hipersensibles parecen reaccionar a concentraciones más bajas 
de AINES.

Palabras clave: Hypersensibilidad a AINES. Test de activación de basófi los. Estudio multicéntrico.

In the present study, we analyze basophil activation in vitro 
in apparently healthy individuals who tolerate NSAIDs. We 
pay particular attention to the specifi city of these reactions and 
the methodology used, namely, the cell isolation technique, in 
order to provide more precise information on the pathogenesis 
and mechanisms of NSAID hypersensitivity.

Material and Methods

Patients

The original multicenter study [13] comprised 152 patients 
with a history of hypersensitivity to NSAIDs recruited in 11 
different groups between spring 2003 and spring 2006, and 
136 controls who tolerated NSAIDs. In the present study, we 
analyzed the results of 16 clinically hypersensitive patients,  
22 controls who tolerate NSAIDs, and 29 healthy blood donors 
(clinical NSAID hypersensitivity status unknown) in whom 
in vitro basophil activation tests (BAT) were performed in 
parallel using 2 different cell isolation techniques (buffy coat 
or plasma leukocytes).  

Flow-Cytometric BAT, (Flow CAST)

All reagents (Flow CAST) and NSAID allergens were 
provided by the manufacturer (Bühlmann Laboratories, 
Allschwil, Switzerland). The technique was performed 
following the manufacturer’s instructions and has been fully 
described and discussed elsewhere [13,16]. Briefl y, blood was 
collected in EDTA tubes and stored at 4°C; the test was then 
carried out within 24 hours of blood sampling. One milliliter of 
EDTA blood allows us to test up to 2 allergens. In the plasma 
leukocyte isolation procedure, the tubes were fi rst centrifuged 
at 200g for 5 minutes at 4°C. The supernatant was pipetted 
and recentrifuged at 500g for 10 minutes at 4°C. After the 
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supernatant was decanted, the cell pellet was resuspended in 
100 µL HEPES calcium buffer (stimulation buffer) [12] per 
milliliter of blood. The buffy coat leukocyte isolation technique 
differs in the sense that whole EDTA blood is fi rst centrifuged 
at 500g for 10 minutes, yielding a buffy coat layer that is then 
pipetted, washed, and centrifuged, and fi nally reconstituted in 
the same interleukin (IL) 3–containing stimulation buffer as 
described above (Figure 1).

Subsequently, 50 µL of reconstituted solutions of 
acetylsalicylic (ASA) (fi nal concentrations 5, 2, 0.4, and       
0.05 mg/mL), diclofenac (DIC) (fi nal concentrations 1.25, 0.3, 
0.06, and 0.01 mg/mL), or naproxen (NAP) (fi nal concentration 
5, 1, 0.2, and 0.05 mg/mL) was added to 50 µL of cell 
suspension in microplate wells. In the ENDA multicenter study, 
only the 2 middle concentrations were used. A monoclonal 
anti-immunoglobulin (Ig) E receptor antibody (Bühlmann 
Laboratories) at 1 µg/mL was used as a positive control.

In order to evaluate basal values without stimulation,        
50 µL of stimulation buffer was added to another well and 
50 µL of cell suspension added to all wells. The microplate 
was covered with an adhesive plastic sheet and incubated for 
40 minutes at 37°C. Some groups (LIM) used tubes instead 
of microplates. The reaction was halted by adding a stopping 
buffer composed of 100 µL of HEPES buffer (pH 7.3) and EDTA 
(HEPES 20 mM, NaCl 133 mM, KCl 5 mM, EDTA 0.27 mM). 

Figure 1. Schematic representation of the plasma leukocyte and buffy coat (BC) cell isolation techniques for performance of the basophil activation 
test.

Soon afterwards, plates were centrifuged at 500g for 5 minutes 
at 4°C. The basophils from the cell pellet were then double 
labeled by adding 20 µL of staining reagent containing 
prediluted anti-CD63 phycoerythrin-labeled antibody and 
anti-IgE fl uorescein-isothiocyanate (FITC)–labeled antibody. 
After incubation for 30 minutes at 4°C (protected from 
exposure to light), 4 mL of lysing reagent (BD Pharmalyse, 
BD Biosciences, California, USA) was added to each tube and 
left at room temperature for 5 minutes. Cell lysis was stopped 
with 1 mL of washing buffer. After centrifuging for a further   
5 minutes at 1000g, the supernatants were decanted and 500 µL 
of stopping buffer (or the sheath buffer used for the cytometer) 
was added to the tube, which was then gently shaken before 
fl ow-cytometric analysis.

Flow-cytometric analysis was performed at 488 nm on a 
FACScan fl ow cytometer (BD Biosciences) or similar instrument 
equipped with 1 or 2 argon lasers. The results were analyzed 
using a CellQuest software program (BD Biosciences) or 
equivalent. On the histogram showing forward scatter and 
side scatter, a fi rst cell gate was defi ned by a bit map around 
lymphocytes. A second gate was defi ned around cells showing 
high-density fl uorescence with anti-IgE FITC, which identifi ed 
them as basophils. In each assay, at least 500 basophils were 
counted. The other parameter analyzed on the identified 
basophils was CD63, as described elsewhere [16].
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Results
 
We analyzed the BAT results for ASA, DIC, and NAP in 

a population comprising 13 ASA-tolerant healthy controls and 
29 healthy blood donors (Table 1). In qualitative terms, the 
results for both groups were quite similar. At a cutoff of 5% and 
stimulation index >2, the proportion of positive results increased 
with the concentration and was higher at all concentrations in the 
plasma leukocyte population than in the buffy coat population. 
This explains why a difference was observed between control 
groups in the multicenter ENDA study and why specifi city was 
lower in most groups using the plasma leukocyte cell isolation 
technique. In quantitative terms (percentage of activated 
basophils), the plasma leukocyte technique showed a higher 
dose-dependent sensitivity (Table 2) except for NAP at the 
highest concentration  (Figure 2). Curiously, for unstimulated 
controls and particularly for positivity to anti-IgER antibody, 
basophil activation was consistently higher in buffy coat 
leukocytes (Figure 3).

In one group (WRO), 16 patients with a positive provocation 
result to ASA and 22 controls with a negative provocation result 
were systematically investigated in parallel (Table 3). Similar 
results were obtained for both groups. The mean basophil 
activation percentage values were markedly higher with plasma 
leukocytes than with buffy coat leukocytes for all 5 NSAIDs at 
the 2 concentrations tested. Higher activation can be observed 
in the healthy controls studied using plasma leukocytes than in 

Abbreviations: ASA, acetylsalicylic acid; Buffy, buffy coat cell isolation technique; c, concentration; DIC, diclofenac; Leuko, plasma leukocyte cell 
isolation technique; NAP, naproxen; ND, not done.
aconcentrations used in the ENDA study.
bPositivity criteria: >5% activation; stimulation index>2.

Table 1. Number of Positive Cases in Healthy Controls in 2 Different Laboratories (Basel and Pamplona) According to the Cell Isolation Method and at 4 
Different Concentrations

  No. of Positive Cases From  Testsb in Basel (29 controls)  Testsb in Pamplona (9 controls,
  42 Tests (BL and PAM)    13 tests)

  Leuko Buffy  Leuko Buffy  Leuko Buffy 
 
 ASA c1 26 18 ASA c1 23/29 18/29 ASA c1 4/13 2/13
 ASA c2a 17 4 ASA c2a 14/29 4/29 ASA c2a 3/13 0/13
 ASA c3a 10 3 ASA c3a 10/29 3/29 ASA c3a 0/13 0/13
 ASA c4 8 2 ASA c4 8/29 2/29 ASA c4 0/13 0/13

 DIC c1 7/13 10/13 DIC c1 ND ND DIC c1 7/13 10/13
 DIC c2a 30 15 DIC c2a 25/29 13/29 DIC c2a 6/13 2/13
 DIC c3a 17 6 DIC c3a 16/29 3/29 DIC c3a 1/13 2/13
 DIC c4 10 3 DIC c4 8/29 3/29 DIC c4 2/13 0/13

 NAP c1 17 30 NAP c1 14/29 19/29 NAP c1 7/13 10/13
 NAP c2a 24 18 NAP c2a 24/29 10/29 NAP c2a 2/13 1/13
 NAP c3 11 2 NAP c3a 11/29 2/29 NAP c3a 0/13 0/13
 NAP c4 5 2 NAP c4 5/29 2/29 NAP c4 0/12 0/13

 Total 182/475 113/475
  38.3% 23.8%

Table 2. Mean Basophil Activation (%) in 42 Healthy Controls
  
  Leuko Buffy

Negative control 3 1
Anti-IgE 61 66

 Leuko Buffy

ASA c1 15a 10
ASA c2 7 3
ASA c3 4 2
ASA c4 2 1

DIC c1 22 5
DIC c2 10 1
DIC c3 5 1

NAP c1 11 23
NAP c2 21 5
NAP c3 5 2
NAP c4 2 1

Abbreviations: ASA, acetylsalicylic acid; Buffy, buffy coat cell isolation 
technique; c, concentration; DIC, diclofenac; Ig, immunoglobulin; 
Leuko, plasma leukocyte cell isolation technique; NAP, naproxen.
aMean of all tests in basophil activation (%).
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the healthy controls studied using the buffy 
coat [13] (Table 4). A detailed case-by-case 
analysis (results not shown) confi rms what 
is described below: ASA-positive patients 
and controls are mostly also positive to 
DIC and NAP. Paracetamol and metamizole 
yield only low numbers of positive cases.

Listing individual results for 42 controls 
with ASA (Table 4), DIC (Table 5), and 
NAP (Table 6), it became evident that 
dose-dependent basophil sensitivity is an 
individual characteristic of each patient 
tested, and may be reproduced with plasma 
leukocytes or buffy coat leukocytes, the 
latter being less sensitive. This is also 
confirmed in quantitative terms when 
analyzing quantitative correlations between 
reactions to ASA, DIC, or NAP in plasma 
leukocyte or buffy coat leukocyte cell 
populations (Figure 4). The correlation 
coeffi cients observed are rather high (ASA, 
r=0.58; DIC, r=0.67; NAP, r=0.70).

A comparison of the reactions to ASA, 
DIC, and NAP in all participants (Table 7) 
also revealed that individual dose-dependent 
reactivity manifests itself in parallel to 
the 3 NSAIDs tested. This is also clear in 
quantitative terms, since high reactivity to 
one NSAID is correlated with high reactivity 
to another (Figure 5) (eg, ASA/DIC, r=0.67; 
ASA/NAP, r=0.79; DIC/NAP, r=0.69).

In contrast, there appears to be no 
correlation whatsoever between basophil 
reactivity to NSAIDs and spontaneous 
basophil reactivity or reactivity induced by 
anti-IgER antibody.

These values correlate well when 
evaluated with plasma leukocytes and 
buffy coat leukocytes (Figure 6), thus 
establishing confidence in the results. 
However, there seems to be no correlation 
whatsoever (using plasma leukocytes) 
between basophil reactivity to ASA, 
DIC, or NAP and reactivity to anti-IgER 
antibody (positive control) (ASA, r=0.14; 
DIC, r=0.25; NAP, r=0.06) (Figure 7).

Discussion

Spontaneous reactivity and reactivity to 
IgE-mediated stimuli (so called releasability) 
vary from one individual to another [17-20]. 
Even if the mechanisms of basophil activation 
by NSAID-mediated and IgE-mediated 
stimuli are not linked, we might wonder, 
on the basis of theoretical considerations 
discussed at greater length below, whether 
they can infl uence each other. A decrease in 



BAT Multicenter Study on NSAID Hypersensitivity

 J Investig Allergol Clin Immunol 2010; Vol. 20(1): 39-57© 2010 Esmon Publicidad

45

Abbreviations: BL, Basel; DIC, diclofenac; Pam, Pamplona
aResults in activation percentage.
bResults in activation percentage �10

Table 4. Effect of Cell Isolation Method on Basophil Activation Test to Acetylsalicylic Acid at 4 Concentrations in 42 Individual Healthy Controls

                    Basel (Plasma Leukocytes)                       Pamplona (Buffy Coat) 

 Aspirin 1 mg/mL 0.2 mg/mL 0.05 mg/mL 5 mg/mL  1 mg/mL 0.2 mg/mL 0.05 mg/mL Control
  5 mg/mL        Number 
 
  55** 23 5 3 57 7 3 6 BL1
  112 53 37 4 33 5 6 2 2
  306 131 70 57 145 34 36 3 3
  268 84 41 40 125 27 24 7 4
  252 114 68 38 304 46 28 29 5
  176 119 97 20 149 46 28 28 6
  191 72 22 27 125 38 20 13 7
  25 17 12 6 15 7 7 7 8
  52 39 36 32 52 17 24 17 9
  86 43 13 0 13 33 5 11 10
  10 12 0 0 30 23 7 19 Pam1
  62 0 0 0 104 28 11 8 2
  0 3 0 3 37 10 11 4 3
  0 0 5 7 21 19 15 26 4
  0 73 17 29 0 7 15 11 5
  34 13 23 8 13 0 14 0 6
  5 13 3 0 4 0 4 0 7
  7 7 8 0 5 7 0 0 8
  28 0 4 8 110 39 4 6 9
  116 115 9 7 21 3 42 17 10
  98 42 21 20 45 22 5 0 11
  20 97 8 6 18 24 44 15 12
  83 24 9 14 21 0 8 0 13
  75 19 11 7 19 3 3 17 BL 11
  27 22 9 17 18 7 7 9 12
  34 37 35 15 51 16 23 22 13
  28 35 8 9 12 6 12 4 14
  60 52 26 23 88 16 11 9 15
  190 100 89 65 94 19 13 14 16
  364 130 73 89 317 82 39 28 17
  316 194 78 67 300 59 29 25 18
  305 155 54 147 303 29 13 4 19
  92 41 62 30 237 43 408 357 20
  31 45 39 70 28 147 153 23 21
  103 34 24 24 185 34 10 10 22
  203 81 64 57 133 39 23 14 23
  40 18 20 7 35 18 13 8 24
  105 35 23 5 50 13 5 10 25
  78 60 27 8 28 13 5 5 26
  50 34 23 7 83 15 0 0 27
  143 35 15 18 125 28 23 18 28
  255 251 255 238 200 178 220 213 29 
 Mean Pama 3.6 3.1 0.8 0.8 3.3 1.4 1.4 0.8  
 Mean totalb 108 59 34 29 89 29 33 24   
 Pos/42 26 17 10 8 18 4 3 2 

prostaglandin E
2
, a natural brake of basophil activity [21-25], 

might eventually stimulate spontaneous and/or IgE-mediated 
activation. A similar effect could be due to a decrease in 
levels of prostanoid receptors [25] or other anti-infl ammatory 
prostanoids such as thromboxane A

2
 [26] or lipoxins [27,28]. 

This would explain some allergic reactions that seem to require 

simultaneous occurrence of an IgE-mediated stimulus and NSAID 
administration [29-31]. Therefore, in a pilot study, we determined 
whether basophil reactivity in vitro to the Dermatophagoides 
pteronyssinus in house dust mite–allergic patients is infl uenced 
by different doses of NSAIDs. As seen in Figure 8, this does not 
appear to be the case. The highest dose of DIC appears to reduce 
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Abbreviations: BL, Basel; DIC, diclofenac; Pam, Pamplona; Pos, positive.
aResults in activation percentage
bResults in activation percentage�10

Table 5. Effect of Cell Isolation Method on the Basophil Activation Test to Diclofenac at 4 Concentrations in 42 Healthy Controls

                    Basel (Plasma Leukocytes)                   Pamplona (Buffy Coat) 

  1.25 0.3 0.06 0.01  1.25 0.3 0.06 0.01
  mg/mL mg/mL mg/mL mg/mL mg/mL mg/mL mg/mL mg/mL 
            
   165b 16 17  34 27 18 BL1
   140 77 31  21 15 7 2
   441 148 80  76 30 35 3
   379 171 64  71 162 40 4
   519 180 84  138 31 27 5
   67 194 87  58 42 21 6
   235 80 49  64 8 17 7
   0 20 6  16 0 0 8
   94 46 26  28 22 10 9
   140 99 13  28 14 3 10
  156 6 5 0 603 29 15 23 Pam1
  425 14 0 0 710 26 7 7 2
  126 6 6 6 871 26 56 0 3
  0 12 7 7 722 17 92 9 4
  3 75 12 43 59 19 15 35 5
  666 51 17 16 49 27 5 5 6
  60 19 7 6 178 35 17 5 7
  333 74 35 5 88 47 6 6 8
  31 31 5 0 141 28 8 0 9
  328 65 8 71 392 307 9 13 10
  0 721 94 80 22 310 4 18 11
  0 6 7 21 0 36 7 11 12
  0 41 0 23 29 64 6 5 13
   74 21 13  12 5 11 BL 11
   63 28 8  18 6 11 12
   69 40 14  30 14 10 13
   30 25 21  0 0 5 14
   106 48 31  37 7 10 15
   127 105 77  76 33 17 16
   113 103 93  94 20 40 17
   511 276 116  185 42 32 18
   458 149 41  93 31 18 19
   133 73 23  91 442 318 20
   77 93 47  8 50 98 21
   244 55 33  107 19 4 22
   186 98 42  56 24 33 23
   38 20 7  45 17 20 24
   90 43 30  38 8 3 25
   65 43 10  48 6 10 26
   33 35 20  19 0 0 27
   95 17 20  42 13 14 28
   680 306 288  638 285 275 29
 Mean Pama 16.4 8.6 1.6 2.1 29.7 7.5 1.9 1.1 
 Mean totalb 154 67 40   75 39 30 
 Pos/42  7/13 30 17 10  10/13 15 6 3 

D pteronyssinus–induced basophil activation), and the lower 
DIC concentrations have no booster effect.

The most important fi nding of our study is that basophil 
activation by NSAIDs occurs not only in clinically 
hypersensitive patients, but also, to a very variable extent 

and on an individual basis, in healthy individuals who 
tolerate NSAIDs. The phenomenon is clearly dose-related: 
hypersensitive patients seem to react to lower NSAID 
concentrations. Clinical hypersensitivity to NSAIDs therefore 
seems to be related to a shift in the dose-response curve.
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Abbreviations: BL, Basel; ND, not determined; Pam, Pamplona; Pos, positive.
a Results in activation percentage
b Results in activation percentage�10 

Table 6. Effect of Cell Isolation Method on Basophil Activation Test to Naproxen at 4 Concentrations in 42 Individual Healthy Controls

                               Basel (Plasma Leukocytes)                                                Pamplona (Buffy Coat) 

  5 mg/mL 1 mg/mL 0.2 mg/mL 0.05 mg/mL  5 mg/mL 1 mg/mL 0.2 mg/mL    0.05 mg/mL
                

  18b 135 5 8 89  24 9 5 BL1
  28 182 22 6  15 11 3 0 2
  329 320 79 37  497 73 36 32 3
  124 222 47 22  263 72 14 18 4
  276 443 110 37  532 87 31 33 5
  109 352 110 30  439 151 44 16 6
  119 153 84 20  0 0 0 0 7
  22 25 26 14  0 0 0 0 8
  97 181 26 9  0 0 0 0 9
  22 75 26 11  0 0 0 0 10
  136 6 35 27  639 36 13 0 Pam1
  183 0 4 9  528 41 0 8 2
  77 3 6 6  787 10 14 14 3
  14 8 5 0  298 20 14 25 4
  12 24 38 8  25 4 18 8 5
  32 21 12 4  131 19 9 4 6
  6 9 0 3  87 37 0 5 7
   ND 41 5 0  239 6 6 13 8
  204 94 0 0  724 48 0 4 9
  202 23 32 0  741 83 9 0 10
  318 289 16 23  285 15 15 5 11
  20 4 7 11  26 16 6 18 12
  16 21 22 4  84 64 6 16 13
  32 64 10 11  58 77 5 2 BL 11
  19 77 27 14  41 36 9 4 12
  35 36 19 17  62 49 11 11 13
  5 49 14 6  12 63 4 0 14
  54 63 19 11  135 177 16 6 15
  45 177 83 12  117 263 12 19 16
  97 263 118 66  433 467 17 28 17
  228 467 232 64  438 302 22 17 18
  99 302 100 67  237 80 13 6 19
  138 80 50 26  215 75 326 321 20
  23 75 75 54  90 211 24 17 21
  102 211 36 37  255 91 14 6 22
  97 91  26  195 22 18 15 23
  20 22 8 45  40 60 12 7 24
  32 60 22 8  50 58 10 5 25
  33 58 27 10  67 42 5 2 26
  8 42 8 13  0 72 10 26 27
  32 72 17 18  62 251 10 22 28
  255 251 255 238  200 178 220 213 29 
 Mean Pama 10.3 4.2 1.1 0.7  35.3 2.7 2.7 0.9 
    Mean totalb 88 120 52 33  190 117 33 32 
 Pos/42 17 24 11 5  30 18 2 2 

The most probable hypothesis is that both clinical 
hypersensitivity and basophil reactivity are related to the 
pharmacological effects of NSAIDs. Both phenomena seem 
to be qualitatively and quantitatively correlated with NSAIDs 
such as ASA, DIC, and NAP. However, we show that there 

is no correlation between basophil reactivity to NSAIDs and 
that induced by an IgE-dependent mechanism.

It seems reasonable to consider that a link exists 
between basophil activation and the symptoms of NSAID 
hypersensitivity: increased levels of LTC

4
 have been observed 
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Figure 4. Correlation between BAT reactivity (% �10) in plasma 
leukocytes and buffy coat cells to acetylsalicylic acid, diclofenac, and 
naproxen in 29 healthy controls.

Figure 5. Correlation between acetylsalicylic acid, diclofenac, and 
naproxen for basophil activation test reactivity (%�10) based on plasma 
leukocytes.
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individuals.

in various body fl uids and tissues [32-36]. Our study and others 
[37,38] show that increased release of LTCs in vitro frequently 
accompanies NSAID-induced basophil activation. Kowalski 
et al [11,12] have also reported that 15-HETE is an additional 
mediator in these reactions. Interestingly, in a preliminary study 
on their 11 hypersensitive patients and 10 controls, the authors 
also found a correlation between the BAT results and the 15-
HETE released from blood cells (Figure 9; detailed results not 
shown). These preliminary fi ndings warrant further study.

Despite the above, the precise molecular and cellular 
mechanisms leading to basophil activation by NSAIDs remain 
hypothetical. It is tempting to speculate that basophil activation 
in this case is essentially a consequence of inhibition of 
prostaglandin synthesis, particularly of prostaglandin E

2
, which 

has been shown to be an inhibitor of NSAID-induced clinical 
hypersensitivity symptoms [39]. When prostaglandin E

2
 synthesis 

is inhibited, basophil activation and the corresponding release 
of mediators may be enhanced [22,23]. However, the primary 
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Abbreviations: ASA, acetylsalicylic acid; Buffy, buffy coat cell isolation technique; c, concentration; DIC, diclofenac; Leuk, plasma leukocyte cell isolation 
technique; NAP, naproxen.

Table 7. Comparative Basophil Activation Test Results for Acetylsalicylic Acid, Diclofenac, and Naproxen in Plasma Leukocytes and Buffy Coat in 42 
Individual Patients

 ASA ASA DIC c2 DIC c2 NAP c1 NAP c1 NAP c2 NAP c2 ASA c2
 c2 Leuk c1 Buffy c2 Leuk c2 Buffy c1 Leuk c1 Buffy c2 Leuk c2 Buffy Leuk

 1 57 165 34 18 89 135 24 23
 53 33 140 21 28 15 182 11 53
 131 145 441 76 329 497 320 73 131
 84 125 379 71 124 263 222 72 84
 114 304 519 138 276 532 443 87 114
 119 149 67 58 109 439 352 151 119
 72 125 235 64 119 0 153 0 72
 17 15 0 16 22 0 25 0 17
 39 52 94 28 97 0 181 0 39
 43 13 140 28 22 0 75 0 43
 12 30 6 29 136 639 6 36 12
 0 0 14 26 183 528 0 41 0
 3 37 6 26 77 787 3 10 3
 0 21 12 17 14 298 8 20 0
 73 104 75 19 12 25 24 4 73
 13 13 51 27 32 131 21 19 13
 13 4 19 35 6 87 9 37 13
 7 5 74 47 124 239 41 6 7
 0 21 31 28 204 724 94 48 0
 115 110 65 307 202 741 23 83 115
 42 45 721 310 318 285 289 15 42
 97 18 6 36 20 26 4 16 97
 24 21 41 64 16 84 21 14 24
 19 3 74 12 32 58 64 64 19
 22 7 63 18 19 41 77 77 22
 37 16 69 30 35 62 36 36 37
 35 6 30 0 5 12 49 49 35
 52 16 106 37 54 135 63 63 52
 100 19 127 76 45 117 177 177 100
 130 82 113 94 97 433 263 263 130
 194 59 511 185 228 438 467 467 194
 155 29 458 93 99 237 302 302 155
 41 43 133 91 138 215 80 80 41
 45 147 77 8 23 90 75 75 45
 34 34 244 107 102 255 211 211 34
 81 39 186 56 97 195 91 91 81
 18 18 38 45 20 40 22 22 18
 35 13 90 38 32 50 60 60 35
 60 13 65 48 33 67 58 58 60
 34 15 33 19 8 0 42 42 34
 35 28 95 42 32 62 72 72 35
 251 178 680 95 255 200 251 251 251
 2450 2212         
   
     r=0.58     r=0.69    r=0.61    r=0.79
  ASA c1 Leuk/Buffy  ASA2/NAP2 Leuk  DICc2/Leuk/Buffy  DIc2/NAP2 Leuk   
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trigger remains unknown, and it has not been established 
why the dose needed for this pharmacological effect differs 
between NSAID-intolerant and NSAID-tolerant patients, 
and even among NSAID-tolerant patients. Pharmacological 
sensitivity to NSAIDs, in terms of prostaglandin inhibition, 
may differ sharply, even among healthy individuals [40,41], 
although it has received little attention. For example, the 
dose-response curve for prostaglandin synthesis inhibitors 
shows very marked individual differences [40], which may 
even express themselves clinically as aspirin resistance 
[42] or subclinical aspirin sensitivity [43]. An inverse 
relationship between LTC

4
 release by basophils and 

prostaglandin E
2
 synthesis in blood cells in the presence 

of NSAIDs in vitro has also been observed [44,45], and a 
defi ciency in prostaglandin E

2
 synthesis and/or receptors 

has been repeatedly reported in aspirin-hypersensitive 
patients [46-49]. 

On the one hand, we must ask whether pharmacological 
sensitivity to NSAIDs is a fi xed and permanent genetically 
determined value for a given individual [50-57]: numerous 
genes [53-56] have been reported to be associated with 
NSAID hypersensitivity and familial aggregation [57]. On 
the other hand, pharmacological sensitivity to NSAIDs may 
be a variable parameter, which changes and fl uctuates with 
time. There are several arguments in favor of the second 
interpretation: a) the occurrence of NSAID hypersensitivity, 
mainly later in life; b) the frequently fl uctuating nature 
of hypersensitivity, since positive provocation results are 
often followed by negative ones [58,59]; c) the relationship 
with some previous states of chronic infl ammation either 
in the airways (rhinitis, asthma) or on the skin (urticaria), 
thus explaining the distinct topical locations of the clinical 
manifestations, despite a similar cellular and mediator 
mechanism. 

One of  the bet ter-known effects  of  chronic 
infl ammation on human basophils is increased sensitivity 
to C5a, which is manifested by an increased density of 
C5a receptors [60-62] and/or an intracellular priming 
effect [63,64]. Indeed, increased sensitivity to C5a has 
also been reported in the blood cells of patients who are 
hypersensitive to NSAIDs [10,65,66]. It has also been 
determined that quantitative sensitivity to C5a and basophil 
reactivity to various stimuli were correlated in various 
categories of patients [64]. Indeed, the study of the role 
of C5a as a possible trigger in NSAID-hypersensitive 
patients, together with inhibition of prostaglandin E

2
 

synthesis has been abandoned too soon. A group of experts 
has reported short-term complement activation and C5a 
generation upon administration of NSAIDs [67,68]. If this 
occurs in an individual who is particularly sensitive to the 
pharmacological prostaglandin E

2
–depleting and basophil 

activation–increasing effect of NSAIDs, the occurrence of a 
reaction is readily understandable. The study [69] that failed 
to confi rm the German report should not be considered as 
a defi nitive rebuttal, as is usually the case with reviewers 
[72-74], especially as recent reports confi rm the increase in 
C5a levels after administration of NSAIDs [70,71]. It would 
indeed be interesting to perform a long-term longitudinal 
study of C5a sensitivity, dose-related basophil reactivity to 

51



J Investig Allergol Clin Immunol 2010; Vol. 20(1): 39-57 © 2010 Esmon Publicidad

AL De Weck, et al

100

80

60

40

20

0

D1 D1 + DIC
1.25 mg/mL

D1 + DIC
0.31 mg/mL

D1 + DIC
0.08 mg/mL

Diclofenac

Ba
so

ph
il 

Ac
tiv

at
io

n,
 %

D1 + Diclofenac Concentration

Figure 9. Effect of various concentrations of diclofenac on the basophil reactivity to the D1 allergen in 11 individuals who were allergic to house dust 
mites. Notice the toxic effect of diclofenac at the highest concentration. 

60
55
50
45
40
35
30
25
20
15
10

5
0

Correlation basophil activation/15 HETE

Ba
so

ph
il 

Ac
tiv

at
io

n,
 %

-6000 -1000 4000 9000

ASA induced 15-HETE (pg/mL)

Figure 10. Correlation between basophil activation with ASA and 15-
HETE synthesis in 11 patients with NSAID-hypersensitive asthma and 10 
patients with NSAID-tolerant asthma (ENDA study; Lodz, unpublished 
results).

NSAIDs, and inhibition of prostaglandin synthesis in various 
categories of individuals (healthy, asthmatics, urticaria) who 
were clinically tolerant or intolerant to NSAIDs, in order to 
establish fl uctuation and correlations between the clinical and 
biological parameters.

Reviews frequently state that the mechanism of NSAID 
hypersensitivity is poorly understood [72-76] or simply 
“unknown” [77]. We feel that this view is too pessimistic. 
NSAID hypersensitivity seems more likely to be the result of 
several concurring factors. The fi rst factor is the occurrence 
of local infl ammatory phenomena, which could increase the 
reactivity (releasability) of local mast cells and may also 
infl uence the reactivity of blood basophils (eg, C5a receptor 
density) and eosinophils. There is still some dispute about 
the role of eosinophils, which are abundant in nasal polyps 
[78-80] and asthmatic bronchi and an important source of 
LTCs, and that of mast cells. There is strong evidence that 
mast cells and their mediators are also directly involved in 
reactions to ASA [80-86]. However, pre-existing phenomena 
of local infl ammation seem a more plausible explanation 
for the localization of symptoms to the airways or to the 
skin in NSAIDs hypersensitivity. But what are the causes of 
local infl ammation? There is some evidence that these cause 
are manifold, such as viral infection [87-89], autoimmune 
phenomena [90-91], or bacterial infection [92-94]. Other cell 
types, such as epithelial cells [95] and T lymphocytes [96-99], 
also seem to be involved. It is diffi cult to distinguish between 
primary infl ammation, which could be responsible for the 
development of local NSAID hypersensitivity, and secondary 
infl ammation, which is the direct consequence of NSAID-
induced cellular reactions and mediator release (Figure 10).
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Figure 11. An integrated view of NSAID hypersensitivity. Localized chronic infl ammation in the airways or on the skin 
enhances basophil and mast cell reactivity, resulting in an increase in C5a receptors and cell priming. NSAID-induced 
inhibition of prostaglandin E2 synthesis removes a natural brake of mediator release; this effect may be accentuated 
by a constitutive decrease in prostaglandin E2 receptors and prostaglandin E2 synthesis on a genetic basis.  Short-term 
activation of complement and generation of C5a may provide a trigger for highly reactive mast cells and basophils.

The second contributing factor is the individual 
pharmacological effect of NSAIDs on prostaglandin synthesis 
of infl ammatory cells, including basophils and mast cells. 
Circulating basophils are probably not the major effectors of 
clinical symptoms in NSAID hypersensitivity, but are mostly 
local and probably more infl uenced by mast cells [80-86], and 
possibly by infi ltrated eosinophils and basophils. However, 
circulating basophils may serve as indicators, and there is 
evidence that local reactions to NSAIDs also have systemic 
effects in some patients [100]. However, absolute parallelism 
between clinical local NSAID hypersensitivity and in vitro 
blood basophil reactivity should not be expected in terms of 
pathophysiology, although it does explain the “false-negative” 
reactions to the BAT. A schematic representation of these views 
on the pathogenesis of NSAID hypersensitivity is shown in 
Figure 11.

The questions yet to be answered in order to fully establish 
the postulated mechanism are as follows:

1. Is there a direct link between local changes in effector 
cells (eg, mast cells, eosinophils, epithelial cells) caused by 
chronic infl ammation and shifts in pharmacological dose-
response to NSAIDs?

2. Are basophils only markers or also effectors in clinical 
symptoms to NSAIDs? Is there some quantitative correlation 
between in vivo hypersensitivity to NSAIDs and basophil 
reactivity in vitro?

3. What is the molecular and intracellular cascade linking 
the various pharmacological effects of NSAIDs, basophil 
activation, and, ultimately, mediator release?

The answers to these questions require simultaneous 
investigation of multiple cell populations (local tissues, local 
fl uids, blood) and quantifi cation of numerous pharmacological 
and biological parameters (activation markers and a large 
variety of intracellular mediators). This approach is technically 
feasible using laboratory methods, since ethical considerations 
will obviously limit the number of NSAID provocations 
acceptable in hypersensitive patients.

Acknowledgments

MLS and PG are supported by grant RD07/0064 from the 
Spanish Research Network on Adverse Reactions to Allergens and 
Drugs (RIRAAF: Red de Investigación de Reacciones Adversas 
a Alérgenos y Fármacos) of the Carlos III Health Institute.

 
References

  1.  Sanz ML, Gamboa P, de Weck AL. A new combined test 
with fl owcytometric basophil activation and determination 
of sulfi doleukotrienes is useful for in vitro diagnosis of 

53



J Investig Allergol Clin Immunol 2010; Vol. 20(1): 39-57 © 2010 Esmon Publicidad

AL De Weck, et al

hypersensitivity to aspirin and other nonsteroidal anti-
infl ammatory drugs. Int Arch Allergy. 2005;36:58-72.

  2.  Gamboa P, Sanz ML, Caballero MR, Urrutia I, Antepara I, 
Esparza I, de Weck AL. The fl ow-cytometric determination 
of basophil activation induced by aspirin and other non-
steroidal anti-infl ammatory drugs (NSAIDs) is useful for 
in vitro diagnosis of the NSAID hypersensitivity syndrome.                                                   
Clin Exp Allergy. 2004;34:1448-57.

  3.  De Weck AL, Gamboa PM, Esparza R, Sanz ML. Hypersensitivity 
to aspirin and other nonsteroidal anti-infl ammatory drugs 
(NSAIDs). Curr Pharm Des. 2006;12(26):3347-58.

  4.  Benveniste J. The human basophil degranulation tests as an in 
vitro diagnostic test fort the diagnosis of allergies. Clin Allergy. 
1981;11:1-11.

  5.  Malbran A, Yeyati E, Rey GL, Galassi N. Diclofenac induces 
basophil degranulation without increasing CD63 expression in 
sensitive patients. Clin Exp Immunol. 2007;147:99-105.

  6.  Kupryś I, Kurowski M, Kuźmińska B, Zielińska-Wyderkiewicz E, 
Górski P, Kuna P. Basophil degranulation test in the diagnosis 
of nonsteroidal anti-infl ammatory drug hypersensitivity. Pol 
Merkur Lekarski. 2005;18(107):540-3.

  7.  De Weck AL. Cellular Allergen Stimulation Test (CAST) 2003: A 
review. J Invest Allergol. Clin Immunol. 2004;14:253-73.

  8.  Mewes T, Riechelmann H, Klimek L. Increased in vitro 
cysteinyl leukotriene release from blood leukocytes in 
patients with asthma, nasal polyps and aspirin intolerance.                                  
Allergy. 1996;51:506-10.

9.  May A, Weber A, Gall H, Kaufmann R, Zollner TM. Means of 
increasing sensitivity of an in vitro diagnostic test for aspirin 
intolerance. Clin Exp Allergy. 1999;29:1402-11.

10.  Bavbek S, Dursun AB, Birben E, Kalaycı O, Mısırlıgil Z. Cellular 
allergen stimulation test with acetylsalicylic acid-lysine is not a 
useful test to discriminate between asthmatic patients with and 
without acetylsalicylic acid sensitivity. Int Arch Allergy Immunol. 
2008;26;149(1):58-64.

11. Kowalski ML, Ptasinska A, Bienkiewicz B, Pawliczak R, 
DuBuske L. Differential effects of aspirin and misoprostol on 
15-hydroxyeicosa-tetraenoic acid generation by leukocytes from 
aspirin-sensitive asthmatic patients. J Allergy Clin Immunol. 
2003;112:505-12.

12.  Kowalski ML, Ptasinska A, Jedrzejczak M, Bienkiewicz B, Cieslak 
M, Grzegorczyk J, Pawlicek R, DuBuske I. Aspirin-triggered 15-
HETE generation in peripheral blood leukocytes is a specifi c and 
sensitive Aspirin Sensitive Patients Identifi cation Test (ASPITest) 
Allergy. 2005;60:1139-45.

13.  De Weck AL, Sanz ML, Gamboa PM, Aberer W, Blanca M, Correia 
S, Erdman S, Jermann JM , Kanny G , Kowalski M, Mayorga L, 
Medrala W, Merk A, Sturm G , Sainte-Laudy J, Schneider MS, 
Szeklik A, Weber JM, Wedi A and members of the ENDA group. 
A multicenter study on the NSAID hypersensitivity syndrome I. 
Clinical fi ndings and in vitro diagnostic. J Invest Allergol Clin 
Immunol. 2009; in press

14.  De Weck AL, Sanz ML, Gamboa PM. Hypersensitivity to NSAID 
Drugs – A new integrated approach to its pathophysiological 
understanding and diagnosis. 25 th CIA Symposium Bornholm 2003 
– ACI International J World Allergy Org. Suppl 2, 2005; 203-8. 

15.  De Weck AL, Sanz ML, Gamboa PM. Further considerations 
on the mechanism of NSAID hypersensitivity. In “Cellular and 
Molecular Targets in Allergy and Clinical Immunology” 26th 

CIA Symposium, Malta, 2006 (S Holgate, G Marone, J Ring 
eds) J World Allergy Org, 2007, Suppl 2, p 297-300. Hogrefe, 
Göttingen.

16.  De Weck AL, Sanz ML, Gamboa PM, Aberer W, Bienvenu J, 
Blanca MV. Demoly P, Ebo DG, Mayorga L, Monneret G, Sainte 
Laudy J. Diagnostic tests based on human basophils: more 
potentials and perspectives than pitfalls. II. Technical issues.        
J Invest Allergol Clin Immunol. 2008:18:143-55.

17.  Conroy MC, Adkinson NF Jr, Lichtenstein LM. Measurement of 
IgE on human basophils: relation to serum IgE and anti-IgE-
induced histamine release. J Immunol. 1977;118:1317-21.

18.  Conroy MC, Kennedy JA, Thueson DO. Differential inhibition of 
histamine release from human basophils induced by antigen, 
anti-IgE or N-formyl-L-methionyl-L-leucyl-L-phenylalanine.       
Int Arch Allergy Appl Immunol. 1985;77:222-4.

19.  Bischoff SC, Zwahlen R, Stucki M, Müllner G, de Weck AL, 
Stadler BM, Dahinden CA. Basophil histamine release and 
leukotriene production in response to anti-IgE and anti-IgE 
receptor antibodies. Comparison of normal subjects and 
patients with urticaria, atopic dermatitis or bronchial asthma.   
Int Arch Allergy Immunol. 1996;110(3):261-71.

20.  Abrahamsen O, Haas H, Schreiber J, Schlaak M. Differential 
mediator release from basophils of allergic and non-allergic 
asthmatic patients after stimulation with anti-IgE and C5a.   
Clin Exp Allergy. 2001;31:368-78.

21.  Hartert TV, Dworski RT, Melten BG, Oates JA, Murray JJ, Sheller 
JR. Prostaglandin E2 decreases allergen-stimulated release 
of prostaglandin D2 in airways of subjects with asthma.                  
Am J Respir Crit Care Med. 2000;162:637-40.

22.  Celik G, Bavbeck S, Misirligil Z, Melli M. Release of 
cysteinyl leukotrienes with aspirin stimulation and the 
effect of prostaglandin E2 on this release from peripheral 
blood leukocytes in aspirin-induced asthmatic patients.                                                 
Clin Exp Allergy. 2001;31:1615-22.

23.  Wang XS, Wu AY, Leung PS, Lau HY. PGE suppresses excessive 
anti-IgE induced cysteinyl leucotrienes production in mast 
cells of patients with aspirin exacerbated respiratory disease.   
Allergy. 2007;62(6):620-7.

24.  Szczeklik A., Sanak M. The role of COX-1 and COX-2 in asthma 
pathogenesis and its signifi cance in the use of selective 
inhibitors. Clin Exp Allergy. 2002;32:339-42.

25.  Pierzchalska M, Szabo Z, Sanak M, Soja J, Szczeklik A. Defi cient 
prostaglandin E2 production by bronchial fi broblasts of 
asthmatic patients with special reference to aspirin-induced 
asthma. J Allergy Clin Immunol. 2003;111:1041-8.

26.  Tornhamre S, Ehnhage A, Köllbeck KG, Edenius C, Lindgren A. 
Uncoupled regulation of leukotriene C4 synthase in platelets 
from aspirin-intolerant asthmatics and healthy volunteers after 
aspirin treatment. Clin Exp Allergy. 2002;32:1566-73.

27. Serhan CN. Lipoxins and aspirin-triggered 15-epi-lipoxins are 
the fi rst lipid mediators of endogenous anti-infl ammation 
and resolution. Prostaglandins Leukot Essent Fatty Acids. 
2005;73(3-4):141-62. 

28.  Celik GE, Erkekol FO, Misirligil Z, Melli M. Lipoxin A4 levels in 
asthma: relation with disease severity and aspirin sensitivity. 
Clin Exp Allergy. 2007;37(10):1494-501.

29.  Shirai T, Matsui T, Uto T, Chida K, Nakamura H. Nonsteroidal 
anti-infl ammatory drugs enhance allergic reactions in a patient 
with wheat-induced anaphylaxis. Allergy. 203;58:1071-107.

54



BAT Multicenter Study on NSAID Hypersensitivity

 J Investig Allergol Clin Immunol 2010; Vol. 20(1): 39-57© 2010 Esmon Publicidad

30.  Harada S, Horikawa, Ashida M, Kamo T, Nishioka E, Ichihashi 
M. Aspirin enhances the induction of type I allergic symptoms 
when combined with food and exercise in patients with 
food-dependent exercise-induced anaphylaxis. Br J Derm. 
2001;145:336-9.

31. Gibbs BF, Boehncke WH. Effects of rofecoxib, celecoxib, and 
parecoxib on anti-IgE-induced histamine release from human 
skin mast cells and basophils. Allergy. 2003;58:1075-6.

32.  Nasser SM, Lee TH. Leukotrienes in aspirin-sensitive asthma. 
In: Eicosanoids, aspirin and asthma (Szczeklik A, Gryglewski RJ, 
Vane J eds) Marcel Dekker, New York, 1998; pp 317-36.

33.  Cowburn AS, Sladek K, Soja J, Adamek L, Nizankowska 
E, Szczeklik A, Lam BK, Penrose JF, Austen KF, Holgate ST, 
Sampson AP. Overexpression of leukotriene C4 synthase in 
bronchial biopsies from patients with aspirin-intolerant asthma.                    
J Clin Invest. 1998;101:834-46.

34.  Lee TH, Smith CM, Arm JP, Christie PE. Mediator release in aspirin-
induced reactions. J Allergy Clin Immunol. 1991;88:827-9.

35.  Christie PE, Tagari P, Ford-Hutchinson AW, Charlesson S, Chee P, 
Arm JP, Lee TH. Urinary leukotriene E4 concentrations increase 
after aspirin challenge in aspirin-sensitive asthmatic subjects. 
Ann Rev Respir Dis. 1991;143:1025-9.

36.  Micheletto C, Visconti M, Tognella S, Facchini FM, Dal Negro 
RW. Aspirin induced asthma (AIA) with nasal polyps has the 
highest basal LTE4 excretion: a study vs AIA without polyps, 
mild topic asthma, and normal controls. Eur Ann Allergy Clin 
Immunol. 2006;38(1):20-3.

37.  Gray PA, Warner TD, Vojnovic I, Del Soldato P, Parikh A, Scadding 
GK, Mitchell JA. Effects of non-steroidal anti-infl ammatory 
drugs on cyclo-oxygenase and lipoxygenase activity in whole 
blood from aspirin-sensitive asthmatics vs healthy donors.         
Br J Pharmacol. 2002,137:1031-8.

38.  Gaber F, Daham K, Higashi A, Higashi N, Gülich A, Delin I, 
James A, Skedinger M, Gyllfors P, Nord M, Dahlén SE, Kumlin 
M, Dahlén B. Increased levels of cysteinyl-leukotrienes in saliva, 
induced sputum, urine and blood from patients with aspirin-
intolerant asthma. Thorax. 2008;63(12):1076-82. 

39.  Sestini P, Armetti L, Gambaro G, Pieroni MG, Refi ni RM, Sala A, Vaghi 
A, Folco GC, Bianco S, Robuschi M. Inhaled PgE2 prevents aspirin-
induced bronchoconstriction and urinary LTE4 excretion in aspirin-
sensitive asthma Am J Respir Crit Care Med. 1996;153:572-5.

40.  Dallob A, Hawkey CJ, Greenberg H, Wight N, De Schepper P, 
Waldmann S, Wong P, De Tora L, Gertz B, Agrawal N, Wagner J, 
Gottesdiener K. Characterization of etoricoxib, a novel, selective 
COX-2 inhibitor. J Clin Pharmacol. 2003;43:573-85.

41.  Schwartz JI, Dallob AL, Larson PJ, Laterza OF, Miller J, Royalty J, 
Snyder KM, Chappell DL, Hilliard DA, Flynn ME, Cavanaugh PF Jr, 
Wagner JA. Comparative inhibitory activity of etoricoxib, celecoxib, 
and diclofenac on COX-2 versus COX-1 in healthy subjects J Clin 
Pharmacol. 2008;48(6):745-54. Epub 2008 Apr 23.

42.  Szczeklik A, Mustal J, Undas A, Sanak M, Nizankowski R. Aspirin 
resistance. Pharmacol Rep. 2005;57 Suppl:33-41.

43.  Killen JW, Wilson JA, Gibson GJ. Subclinical aspirin sensitivity 
in subjects with nasal polyposis. Clin Otolaryngol Allied Sci. 
2003;28(6):539-44.

44.  Hecksteden K, Schäfer D, Stuck BA, Klimek L, Hörmann 
K. Diagnostik der Analgetika-Intoleranz-Syndroms mittels 
funktioneller Zelltestung (Analgetika-Intoleranz-Test:AIT). 
Allergologie. 2003:26:263-71.

45.  Schäfer D, Schmid M, Gode UC, Baenkler BW. Dynamics of 
eicosanoids in peripheral blood cells during bronchial provocation 
in aspirin-intolerant asthmatics. Eur Respir J. 1999;13:638-46.

46.  Pierzchalska M, Szabo Z, Sanak M, Soja J, Szczeklik A. Defi cient 
prostaglandin E2 production by bronchial fi broblasts of 
asthmatic patients with special reference to aspirin-induced 
asthma. J Allergy Clin Immunol. 2003;111:1041-8.

47.  Ying S, Meng Q, Scadding G, Parikh A, Corrigan CJ, Lee TH. Aspirin-
sensitive rhinosinusitis is associated with reduced E-prostanoid 
2 receptor expression on nasal mucosal infl ammatory cells. J 
Allergy Clin Immunol. 2006;117(2):312-8.

48.  Mastalerz L, Sanak M, Gawlewicz-Mroczka A, Gielicz A, Cmiel 
A, Szczeklik A. Prostaglandin E2 systemic production in patients 
with asthma with and without aspirin hypersensitivity. Thorax. 
2008;63(1):27-34. 

49.  YoshimuraT, Yoshikawa M, Otori N, Haruna S. Comparison 
between the prostaglandin D(2)E(2) ratio in nasal polyps 
and the recalcitrant pathophysiology of chronic rhinosinusitis 
associated with bronchial asthma. Allergol Int. 2008;57:429-
36. 

50.  Sanak M, Simon H-U, Szczeklik A. Leukotriene C4 synthase 
promoter polymorphism and risk of aspirin-induced asthma. 
Lancet. 1997;350:1599-2000.

51.  Sanak M, Szczeklik A. Genetics of aspirin induced asthma. 
Thorax. 2000;55(Suppl 2):S45-S47.

52.  Sanak M, Pierzchalska M, Bazan-Socha S, Szczeklik A. Enhanced 
expression of the leukotriene C4 synthase due to overactive 
transcription of an allelic variant associated with aspirin-
intolerant asthma. Am J Respir Cell Mol Biol. 2000;23:290-6.

53.  Park JS, Chang HS, Park CS, Lee JH, Lee YM, Choi JH, Park HS, 
Kim LH, Park BL, Choi YH, Shin HD. Association analysis of 
cysteinyl-leukotriene receptor 2 (CYSLTR2) polymorphisms with 
aspirin intolerance in asthmatics. Pharmacogenet Genomics. 
2005;15(7):483-92.

54.  Kim SH, Kim YK, Park HW, Jee YK, Kim SH, Bahn JW, Chang YS, 
Kim SH, Ye YM, Shin ES, Lee JE, Park HS, Min KU. Association 
between polymorphisms in prostanoid receptor genes 
and aspirin-intolerant asthma. Pharmacogenet Genomics. 
2007;17(4):295-304.

55.  Kim SH, Hur GY, Choi JH, Park HS. Pharmacogenetics of aspirin-
intolerant asthma. Pharmacogenomics. 2008;9(1):85-91.

56.  Thompson MD, Takasaki J, Capra V, Rovati GE, Siminovitch KA, 
Burnham WM, Hudson TJ, Bossé Y, Cole DE. G-protein-coupled 
receptors and asthma endophenotypes: the cysteinyl leukotriene 
system in perspective. Mol Diagn Ther. 2006;10(6):353-66.

57.  Mastalerz L, Setkowicz M, Sanak M, Ryharcyzik H, Sczeklik A. 
Familial aggregation of aspirin-induced urticaria and leukotriene 
C synthase allelic variant. Br J Dermatol. 2006;154:256-60.

58.  Pleskow WW, Stevenson DD, Mathison DA, Simon RA, Schatz M, 
Zieger RS. Aspirin desensitization in aspirin-sensitive asthmatic 
patients: clinical manifestations and characterization of the 
refractory period. J Allergy Clin Immunol. 1982;59:11-19.

59.  Rosado A, Vives R, González R, Rodríguez J. Can NSAIDs 
intolerance disappear? A study of three cases. Allergy. 
2003;58(7):689-90. 

60.  Humbles AA, Lu B, Nilsson CA, Lilly C, Israel E, Fujiwara Y, 
Gerard NP, Gerard C. A role for the C3a anaphylatoxin receptor 
in the effector phase of asthma. Nature. 2000;406:998-1001.

61.  Barrington R, Zhang M, Fischer M, Carroll MC. The role of 

55



J Investig Allergol Clin Immunol 2010; Vol. 20(1): 39-57 © 2010 Esmon Publicidad

AL De Weck, et al56

complement in infl ammation and adaptive immunity. Immunol 
Rev. 2001;180:5-15. Review.

62.  Fregonese L, Swann FJ, van Schadewijk A, Dohlnikoff M, Santos 
MA, Daha MR, Stolk J, Tschernig T, Stak PJ, Hiemstra PS, Rabe 
KF, Mauad T. Expression of the anaphylactic receptors C3aR 
and C5aR is increased in fatal asthma. J Allergy Clin Immunol. 
2005;115:1148-54.

63.  Kurimoto Y, De Weck AL, Dahinden CA. The effect of interleukin 
3 upon IgE-dependent and IgE-independent basophil 
degranulation and leukotriene generation. Eur J Immunol. 
1991;21:361-8.

64.  Kikuchi Y, Kaplan AP. A role for C5a in augmenting IgG-
dependent histamine release from basophils in chronic urticaria. 
J Allergy Clin Immunol. 2002;109:114-8.

65.  Czech W, Schöpf E, Kapp A. Release of sulfi doleukotrienes 
in vitro: Its relevance in the diagnosis of pseudoallergy to 
acetylsalicylic acid. Infl amm Res. 1995;44:291-5.

66.  Busse A, Czech W, Schöpf E, Simon JC. Der CAST-ELISA in 
der Diagnostik von pseudoallergischen Reaktionen gegen 
Nahrungsmitteladditiva und Azetylsalizylsäure. Allergologie. 
2000;23:110-5.

67.  Hansch GM, Romer W, Voigtlander V, Rother U. Effect of 
salicylates on the complement system: generation of mediators 
in vivo and in vitro. Clin Immunol Immunopathol. 1981;21:228-
36.

68.  Voigtlander V, Hansch GM, Rother U. Effect of aspirin 
on complement in vivo. Int Archs Allegy Appl Immunol. 
1980;61:145-9.

69.  Pleskow WW, Chenoweth DE, Simon RA, Stevenson DD, 
Curd JG. The absence of detectable complement activation in 
aspirin-sensitive asthmatic patients during aspirin challenge.                      
J Allergy Clin Immunol. 1983;72:462-8.

70.  Nakano Y, Morita S, Kawamoto A, Suda T, Chida K, Nakamura H. 
Elevated complement C3a in plasma from patients with severe 
acute asthma. J Allergy clin Immunol. 2003;112:525-30.

71.  Lee SH, Rhim T, Choi YS, Min JW, Kim SH, Cho SY, Paik YK, Park 
CS. Complement C3a and C4a increased in plasma of patients 
with aspirin-induced asthma. Am J Respir Crit Care Med. 
200615;173(4):370-8.

72.  Szczeklik A, Stevenson D. Aspirin-induced asthma: 
Advances in pathogenesis, diagnosis and management.                                                      
J Allergy Clin Immunol. 2003,111:913-21.

73.  Stevenson DD. Aspirin and NSAID sensitivity. Immunol Allergy 
Clin North Am. 2004;24:491-505.

74.  Stevenson DD, Szczeklik A. Clinical and pathologic perspectives 
on aspirin sensitivity and asthma. J Allergy Clin Immunol. 
2006;118(4):773-86; quiz 787-8.

75.  Picado C. Mechanisms of aspirin sensitivity. Curr Allergy Asthma 
Rep. 2006;6(3):198-202. Review.

76.  Kim SH, Park HS. Pathogenesis of nonsteroidal antiinfl ammatory 
drug-induced asthma. Curr Opin Allergy Clin Immunol. 
2006;6(1):17-22. 

77.  Bush RK, Asbury DW. Aspirin-sensitive asthma. In “Asthma and 
Rhinitis” (W.W. Busse, S,T, Holgate eds) Blackwell Scientifi c, 
Oxford, 2nd ed., 2000, pp 1315-25.

78. Nasser SM, Pfi ster R, Christie P, Sousa AR, Barker J, Schmitz-
Schumann M, Lee TH. Infl ammatory cell populations in 
bronchial biopsies from aspirin-sensitive asthmatic subjects.                     
Am J Resp Crit Care Med. 1996;153:90-6.

79.  Kowalski ML, Grzegirczy KJ, Wojciechowska B, Poniatowska 
M. Intranasal challenge with aspirin induces cell infl ux and 
activation of eosinophils and mast cells in nasal secretions of 
ASA-sensitive patients. Clin Exp Allergy. 1996;26:807-14.

80.  Lenz P, Czech W, Schöpf E, Kapp A. Eosinophils, critical target 
cells in pseudo-allergic reactions to acetylsalicylic acid? Arch 
Derm Res. 1994;286:223-30.

81.  Fischer AR, Rosenberg MA, Lilly CM, Callery JC, Rubin P, Cohn 
J, White MV, Igarashi Y, Kaliner MA, Drazen JM, Israel E. Direct 
evidence for a role of the mast cell in the nasal response to 
aspirin in aspirin-sensitive asthma. J Allergy Clin Immunol. 
1994;94:1046-56.

82.  O’Sullivan S, Dahlen B, Dahlen S-E, Kumlin M. Increased 
urinary excretion of the prostaglandin D2 metabolite 9a, 
11b-prostaglandin F2 after aspirin challenge supports mast cell 
activation in aspirin-induced airway obstruction. J Allergy Clin 
Immunol. 1996;98:421-32.

83.  Bochenek G, Nagraba K, Nizandowska E, Szczeklik A. A 
controlled study of 9a, 11b-PGF2 (a prostaglandin D2 
metabolite) in plasma and urine of patients with bronchial 
asthma and healthy controls following the aspirin challenge.     
J Allergy Clin Immunol. 2003;111:743-9.

84.  Cai Y, Bjermer L, Halstensen TS. Bronchial mast cells are the 
dominating LTC4-S expressing cells in aspirin-tolerant asthma 
Am J Respir Cell Mol Biol. 2003;29:683-93.

85.  Mita H, Endoh S, Kudoh M, Kawagishi Y, Kobayashi M, Taniguchi 
M, Akiyama K. Possible involvement of mast-cell activation 
in aspirin provocation of aspirin-induced asthma. Allergy. 
2001;56:1061-7.

86.  Mortaz E, Redegeld FA, Nijkamp FP, Engels F. Aspirin induces 
the production of the infl ammatory mediator 8-epi-PGF in mast 
cells. Eur J Pharmacol. 2006;543(1-3):190-3.

87.  Papadopoulos NG, Xepapadaki P, Mallia P, Brusselle G, Watelet 
JB, Xatzipsalti M, Foteinos G, van Drunen CM, Fokkens WJ, 
D’Ambrosio C, Bonini S, Bossios A, Lötvall J, van Cauwenberge 
P, Holgate ST, Canonica GW, Szczeklik A, Rohde G, Kimpen 
J, Pitkäranta A, Mäkelä M, Chanez P, Ring J, Johnston 
SL.Mechanisms of virus-induced asthma exacerbations: state-
of-the-art. A GA2LEN and InterAirways document. Allergy. 
2007;62(5):457-70. 

88.  Szczeklik A. Aspirin-induced asthma as a viral disease. Clin 
Allergy. 1988,18:15-20

89.  Nakagawa H, Yoshida S, Nakabayashi M, Akahori K, Shoji T, 
Hasegawa H, Amayasu H. Possible relevance of virus infection 
for development of analgesic idiosyncrasy. Respiration. 
2001;68:422-4.

90.  Ye YM, Nahm DH, Kim SH, Choi JH, Suh CH, Park HS. Circulating 
autoantibodies in patients with aspirin-intolerant asthma: an 
epiphenomenon related to airwaz infl ammation. J Korean Med 
Sci. 2007;21:412-7.

91.  Erbagci Z. Multiple NSAID intolerance in chronic idiopathic 
urticaria is correlated with delayed, pronounced and prolonged 
autoreactivity. J Dermatol. 2004;31:376-82.

92.  Suh YJ, Yoon SH, Sampson AP, Kim HJ, Nahm DH, Suh CH, Pa 
HS. Specifi c immunoglobulin E for staphylococcal enterotoxins 
in nasal polyps from patients with aspirin-intolerant asthma. 
Clin Exp Allergy. 2004;34:1270-5.

93.  Pérez-Novo CA, Kowalski ML, Kuna P, Ptasinska A, Holtappels 
G, van Cauwenberghe P, Gevaert P, Johannson SGO, Bachert C. 



BAT Multicenter Study on NSAID Hypersensitivity

 J Investig Allergol Clin Immunol 2010; Vol. 20(1): 39-57© 2010 Esmon Publicidad

57

Aspirin sensitivity and IgE antibodies to Satphylococcus aureus 
enterotoxins in nasal polyposis: studies on the relationship. Int 
Arch Allergy Immunol. 2004;133:255-60.

94.  Bachert C, Gevaert P, Zhang N, van Zele T, Perez-Novo C. Role of 
staphylococcal superantigens in airway disease. Chem Immunol 
Allergy. 2007;93:214-36.

95. Kowalski ML, Lewandowska-Polak A, Woźniak J, Ptasińska 
A, Jankowski A, Wagrowska-Danilewicz M, Danilewicz M, 
Pawliczak R. Association of stem cell factor expression in nasal 
polyp epithelial cells with aspirin sensitivity and asthma. Allergy. 
2005;60(5):631-7.

96.  Pods R, Ross D, van Hülst S, Rudack C, Maune S. RANTES, 
eotaxin and eotaxin-2 expression and production in patients 
with aspirin triad. Allergy. 2003;58(11):1165-70.

97.  Shome GP, Tarbox J, Shearer M, Kennedy R. Cytokine expression 
in peripheral blood lymphocytes before and after aspirin 
desensitization in aspirin-exacerbated respiratory disease. 
Allergy Asthma Proc. 2007;28(6):706-10.

98.  Min JW, Jang AS, Park SM, Lee SH, Lee JH, Park SW, Park CS. 
Comparison of plasma eotaxin family level in aspirin-induced and 
aspirin-tolerant asthma patients. Chest. 2005;128(5):3127-32.

 Manuscript received January 17, 2009; accepted for 
publication June 3, 2009.

  Dra María L Sanz

Department of Allergology and Clinical Immunology
University Clinic of Navarra
Apartado 4209
31008 Pamplona, Spain
E-mail: mlsanzlar@unav.es

99.  Kupczyk M, Kupryś I, Danilewicz M, Bocheńska-Marciniak M, 
Murlewska A, Górski P, Kuna P. Adhesion molecules and their 
ligands in nasal polyps of aspirin-hypersensitive patients. Ann 
Allergy Asthma Immunol. 2006;96(1):105-11.

100. Makowska JS, Grzegorczyk J, Bienkiewicz B, Wozniak M, 
Kowalski ML. Systemic responses after bronchial aspirin 
challenge in sensitive patients with asthma. J Allergy Clin 
Immunol. 2008;121(2):348-54. 

 


