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Background: The mechanism of nonsteroidal anti-inflammatory drug (NSAID)-
induced reactions is unknown. However, strong evidence supports the hypothesis of
an enhanced production of cysteinyl-leukotrienes. The existence of a polymorphism
(A-444C) in the promoter region of the leukotriene (LT)C,-synthase gene (the
termina enzyme in the LTC, production pathway) has been reported. This poly-
morphism has yielded contradictory results on its association with aspirin-induced
asthma.

Objective: The present study was designed to investigate the possible genetic
association of C_,,, allele and a specific clinical phenotype of NSAID sensitivity, the
NSAID-induced isolated periorbital angioedema, via a case/control study.

M ethods: The polymorphism A-444C was analyzed in 58 patients with NSAID-
induced periorbital angioedema and 61 control subjects, who had undergone single-
blind, placebo-controlled oral challenge. Genotype was determined by polymerase
chain reaction-restriction fragment length polymorphism.

Results: We have not found an association of C_,,, alele with NSAID-induced
isolated periorbital angioedema.

Conclusions: Further studies are needed to determine whether polymorphismsin
the LTC,-synthase gene or other leukotriene-forming enzymes are involved in the

pathogenesis of the different subsets of NSAID sensitivity.
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INTRODUCTION

The reactions caused by nonsteroidal an-
ti-inflammatory drugs (NSAIDs) may be
classified according to three clinical cri-
terial: 1) the syndrome that appears dur-
ing controlled ora chalenge; 2) the ex-
istence of concomitant diseases, such as
rhinosinusitis, bronchia asthma, or
chronic urticaria; and 3) the cross-reac-
tivity pattern among different NSAIDs
during chalenge. The main clinica
forms of NSAIDs sengtivity are the
respiratory (bronchia asthma and/or na
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soocular reaction), the skin (mainly
urticaria and angioedema), and the ana
phylactoid reactions.2

The mechanism of NSAID-induced
reactions is unknown. Strong evidence
supports the hypothesis that an en-
hanced production of cysteinyl-leuko-
trienes (Cys-LTs)®* plays akey rolein
aspirin-induced asthma (AlA), proba
bly attributable to the inhibition of the
activity of at least one of the cycloox-
ygenase (COX) isoforms® Cys-LTs
are potent inflammatory mediators,
synthesized from arachidonic acid
through a sequential pathway that in-
volves several enzymes. In patients
with AIA, Cowburn et al® reported a
significant increase of leukotriene C,-
synthase (LTC,S) expression in lung
biopsy specimens of patients with re-
spiratory reactions (the so-called ace-
tylsalicylic acid [ASA] sensitivity),

when compared with NSAID-tolerant
asthmatic patients and healthy sub-
jects. LTC,S, the terminal enzyme in
the LTC, production pathway, was
found to be overexpressed in eosino-
phils, mastocytes, and monocytes-
macrophages. Increased expression of
LTC,S may be because of transcrip-
tional upregulation. Sanak et a’ re-
ported the existence of a polymor-
phism (A-444C) in the promoter
region of the LTC,S gene, which was
shown to be associated with AIA in a
population of Polish patients. This sin-
gle base-pair mutation consists of an
adenine (A) to cytosine (C) transver-
sion that occurs 444 nucleotides up-
stream from the trandation start site.
The mutation creates an additional
core motif for transcription factor AP2.
Nevertheless, in a recent work, van
Sambeek et al® have not found differ-
ences in the distribution of this poly-
morphism in an aspirin-sensitive asth-
matic population from the United
States, nor have they found upregula-
tory effects of the C,,, al€ele in the
transcription of LTC,S gene. The au-
thors suggest the mutation might not
be related to the ASA sensitivity phe-
notype, but might represent a popula-
tion-stratified  polymorphism  within
patients of eastern European descent.
Patients with NSAID-induced cuta-
neous reaction have usually chronic ur-
ticaria.® However, we have described a
series of NSAID-induced cutaneous
reactors who showed urticaria or an-
gioedema, exclusively after the intake
of the NSAID.} The patients re-
cruited for this study had challenge-
proven periorbital angioedemainduced
by NSAIDs not involved in the previ-
ous reaction, nor chemically related
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Table 1. Drugs and Doses Used for SBPCOC

Drug Dose (mg)

Interval between

doses (min)

Lactose

Paracetamol 100, 250, 500, 1000 60
Salsalate 500, 1000 60
Diflunisal 100, 500 60
Mefenamic acid 50, 125, 250 60
Clonixin 50, 125 60
Diclofenac 25, 50 120
Piroxicam 10, 20 120
Ketoprofen 10, 25, 50 120
Dipyrone 10, 50, 125, 250, 575* 60
Acetylsalicylic acid 50, 100, 250, 5001 180

All drugs were administered in opaque gelatin capsules.
* Four doses (10, 25, 125, and 250 mg) were administered on the first day, and one dose (575

mg) on the second day.

T Two doses (50 and 100 mg) were administered on the first day, and other two doses (250 and

500 mg) on the second day.

with the initial one The patients
were younger than other NSAID-reac-
tors; the first symptoms usually ap-
peared during the first or second de-
cade of lifet!; and they showed a
concomitant atopic respiratory disease
in most cases. 11012

The present study was designed to
investigate the possible genetic associa
tion of the C,,, dlde and NSAID-in-
duced reactions. Unlike previous works
which have studied only asthmatic pa-
tients, we have focused on a specific
clinical phenotype of NSAID sengitivity:
the cross-reactive NSAID-induced iso-
lated periorbital angioedema.

METHODS

Selection of Patients and Control
Subjects

Genetic analyses were performed on a
population of European-born, white
patients with NSAID sensitivity. The
group of patients consisted of 58 unre-

Table 2. Clinical Features of the Subjects Studied

lated individuals who showed isolated
periorbital angioedema during con-
trolled ora chalenge with NSAIDs.
The response to the challenge was con-
sidered positive if it fulfilled at least
one of thefollowing criteria: 1) pruritic
and erythematous areas raised over
normal skin in any location, and 2)
swelling of skin and/or external mu-
cosa. The most frequent response to
the oral challenges was the isolated
periorbital angioedema. None of these
patients showed asthmatic or nasoocu-
lar reactions during the challenges.
Similar analyses were performed on 61
control subjects matched with the pa-
tients for age and sex (patients who
showed no evidence of clinica reac-
tion during NSAID challenge).

Informed consent was obtained from
the subjects participating in the study.
The protocol was approved by the In-
vestigation and Ethics Committee of
our hospital.

Patients Controls

Number of subjects 58 61
Mean age = SD (years) 201 = 7.8 322 + 159
Sex (M/F) 13/45 21/40
Atopic diseases (in %) 100 38.8
Concomitant diseases (in %)

None 0 715

Rhinitis 81 225

Rhinitis and asthma 19 6

Controlled Oral Challenge

All patients were included in a previ-
ously described single-blind, placebo-
controlled oral challenge (SBPCOC).*
Briefly, the order of the different drugs
administered to each patient in the SB-
PCOC was paracetamol, salsalate, clo-
nixin, diflunisal, piroxicam, diclofe-
nac, dipyrone, ketoprofen, and aspirin
(Table 1). Each patient was challenged
with the first drug not involved in a
previous reaction. If no response oc-
curred, anew challenge was performed
with the next drug. Each SBPCOC was
carried out separately, and at least 7
days were allowed to elapse between
challenges. After informed consent
was obtained, a venous blood sample
was drawn from each subject.

Genotyping

Genomic DNA was isolated from
blood samples by phenol/chloroform
extraction. Genotyping was performed
by the restriction fragment length poly-
morphism method, as described by
Sanak et al.” A product spanning 563
base pairs was amplified from the 5’
flanking region of the LTC,S gene, and
subsequently digested with the restric-
tion enzyme Mspl. The primers used
werethefollowing: 5" TCC ATT CTG
AAG CCA AAG GC 3, and 5" GTG
ACA GCA GCC AGT AGA GC 3.
The presence of the mutation creates a
second recognition site for Mspl, al-
lowing the distinction of the wild and
the mutant allele because of the differ-
ent pattern of restriction fragments.

Satistical Analysis

Allelic and genotypic frequencies were
compared by Fisher’'s exact test. P val-
ues were corrected by multiplying
them by the number of allelestested. A
P value <0.05 was considered to indi-
cate a statistically significant differ-
ence between groups.

RESULTS

Patients

The clinical features of subjects in-
cluded in the study are summarized in
Tables 2 and 3. Fifty-eight patients had
positive SBPCOC responses to one or
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Table 3. Clinical Characteristics of the Patients with NSAID-Induced Skin Reaction

. . Positive Negative .
Patient Age Sex Drug involved SBPCOC SBPCOC Reaction
1 24 M ASA Dip P, M, S, Pi PA
2 20 M ASA, Dip Dip P,M,S,D PA
3 23 M ASA Dip P, M, S PA
4 21 F ASA, M M, Dip P, S PA
5 27 F ASA, P, Pr M, D P, Dip PA
6 33 F ASA D P, M, S PA
7 22 F ASA, Pr, P, Nap ASA, Dip P,M,S,D PA
8 19 F ASA Dip P, S PA
9 16 F ASA Dip P, M, S PA
10 34 F ASA, P, D, Dip P M, S PA
11 24 F ASA M, Pi P, S PA
12 22 F ASA Pi P, M, S PA
13 22 F ASA, Dip, P, C P M, S PA
14 19 F ASA D P, M, S PA
15 31 F ASA D P, M, S PA
16 26 F ASA, Dip, C Dip P, M, S, Pi PA
17 24 F ASA, Dip, K ASA P, M, S, Pi PA
18 26 F ASA, P Pi M, S PA
19 18 F ASA Dip P, M, S PA
20 15 M ASA Dip P, M, S PA
21 15 M ASA, Dip D P, M, S PA
22 19 M ASA Dip P, M, S PA
23 27 F ASA D P, M, S PA
24 8 F ASA D P, M, S, Pi PA
25 8 M ASA Dip P, Pi PA
26 18 M ASA, Dip ASA P, M, S, Pi,D PA
27 27 M ASA D P, M, S, Pi PA
28 19 F ASA, Dip D P, M, S, Pi PA
29 24 F ASA, Ind, K, Dip Pi P, S PA
30 20 F ASA, K M, Pi P PA
31 17 F ASA ASA P, M, S, Pi, D PA

ASA, aspirin; Dip, dipyrone; M, mefenamic acid; P, paracetamol; Pr, propyfenazone; D, diclofenac; Nap, naproxen; C, clonixin; K, ketoprofen; Pi,

piroxicam; S, salsalate; Ind, indomethacin.

M, male; F, female. SBPCOC, single-blind, placebo-controlled oral challenge; PA, periorbital angioedema.

several NSAIDs (Table 3). These pa-
tients had 118 episodes of isolated
periorbital angioedema. The drugs
most commonly involved were ASA
(57 instances, 48.8%), dipyrone (17 in-
stances, 14.5%), and paracetamol (9
instances, 7.6%). A more heteroge-
neous group of drugs (mefenamic acid,
propyfenazone, diclofenac, ibuprofen,
ketoprofen, indomethacin, naproxen,
clonixin, piroxicam) was involved in
the remaining 35 episodes. As shown
in Table 2, the group of patients in-
cluded 45 women and 13 men, ranging
in age from 5 to 34 years (mean age,
20.1 years). Forty-six patients had al-
lergic rhinitis and 12 patients had rhi-
nitis and bronchial asthma.

Controlled Oral Challenge

During the study, 314 SBPCOCs were
carried out in 119 subjects. Of these
challenges, 233 were performed in the
patients with NSAID intolerance. All
patients had isolated periorbital angio-
edema; none of them showed any asth-
matic or urticarial reaction. Cross-re-
activity to other NSAIDs not involved
in previous adverse reactions was
found in al patients (Table 3). The
remaining 61 patients showed no
symptoms during SBPCOC:s.

Freguencies of the Polymorphism
A-444C

In our study, the frequency of the C,,,
dlele showed no difference between pa-
tients and controls (Table 4). Similarly,

we found no evidence of association of
any of the A-444C polymorphism geno-
types with the cross-reactive NSAID-in-
duced isolated periorbital angioedemain
our population (Table 5).

DI SCUSSION

It has been suggested that the series of
biochemical reactions that result in the
production of Cys-LTs from arachi-
donic acid, the 5-lypooxygenase path-
way, is important in modulating the
airway response in patients with ASA
sensitivity.3# Thus, the existence of ge-
netic polymorphism in the enzymes of
this pathway has been explored in pa-
tientswith ASA sensitivity, and LTC,S
gene has been suggested as a prime
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Table 4. Allelic Frequencies

Patients Controls
Allele N = 116 N = 122 P Pc
A 70.7 (82) 77.9 (95) 0.13 NS
C 29.3 (34) 22.1 (27) 0.13 NS

Pc, corrected P value; NS, not significant.

candidate for this specific subset of
bronchial asthma.” So far, a polymor-
phism consisting of an A to C trans-
version has been described in the pro-
moter region of LTC,S gene. The C
allele was found to be associated with
AlA in aPolish population.” Recently,
an independent group has reported a
lack of correlation of A-444C poly-
morphism with the asthmatic pheno-
type in the United States.®

Although there is no direct evidence
of the involvement of CysLTs in
NSAID-induced skin reactions such as
urticaria or angioedema, the high de-
gree of crossreactivity among
NSAIDs in these patients (Table 2)
suggests a mechanism dependent on
COX inhibition.*1° Ancther observa-
tion has provided additional informa-
tion about this issue: in one patient
with aspirin-induced urticaria, the
treatment with leukotriene modifiers
over the course of 3 weeks completely
abolished the symptoms and prevented
aclinical reaction after administration
of a strong COX-inhibitor, piroxi-
cam.®® In contrast, patients with aspi-
rin-induced cutaneous reaction toler-
ated a desensitization-based protocol
and treatment with daily aspirin for
coronary artery disease without ad-
verse effects for periods ranging from
1 to 24 months.** Thus, although we do
not exclude other pathophysiologic
pathways and mechanisms from play-
ing a role in this inhibition study
and/or desensitization procedure, these
findings could suggest the involvement

Table 5. Genotypic Frequencies

of Cys-LTs in the development of the
reactions in some NSAID-induced skin
reactors. Therefore, there is rationale
to study the genetic polymorphism of
LTC,Sin this specific NSAID-induced
syndrome. Nevertheless, the presence
and distribution of this polymorphism
in this particular group of patients is
largely unknown.

The present sudy was undertaken to
determine the frequency of A-444C poly-
morphism of LTC,S gene in patients with
crossreactive  NSAID-induced  isolated
periorbitd angioedema in a population of
southern Europe (Canary Idands, Spain).
Our study was based on acareful sdlection
of patients and control subjects through a
SBPCOC, evaduating the outcome with
dringent criteria. Our patients (skin reac-
tors) are different from those used in the
previous case/control studies, which in-
cluded patients with AIA exclusively. We
sdlected specificaly patients with isolated
periorbitdl angioedema, as it is the most
frequent phenotype of NSAID sengtivity
in our populaion.t

We have not found an association of
the C_,, alele with the cross-reactive
NSAIDs-induced isolated periorbital
angioedema. The frequency of the C ,,,
alele in our patients (0.293) is sub-
stantially similar to that found in aUS
population (0.278), and much lower
than the observed frequency in Polish
patients (0.436). The population bias
can not be ruled out, as the ethnic
origin could be on the basis of the
difference found among these studies.
So far, the studies on the functiona

Genotype Patients (N = 58) Controls (N = 61) P Pc
AA 0.448 (26) 0.574 (35) 0.12 NS
AC 0.517 (30) 0.410 (25) 0.16 NS
CC 0.034 (2) 0.016 (1) 0.48 NS

Pc, corrected P value; NS, not significant.

effect of the A-444C polymorphism
have yielded contradictory results.®1®
Therefore, there is not compl ete agree-
ment on the role of this polymorphism
on the expression of LTC,S and its
possible effect concerning LTC, lev-
els. Further studies are needed to de-
termine whether polymorphismsin the
LTC,S gene or other leukotriene-form-
ing enzymes are involved in the patho-
genesis of the different subsets of
NSAID sensitivity.
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