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the patients carrying haplotype 1 (ht1) (GCG) of –427G/A, 
–272C/A and –217G/C showed a significantly higher total eo-
sinophil count compared to the other haplotypes (p = 0.008) 
in the AERD group. The promoter activity of the ht1 (GCG) 
construct was significantly higher compared to that of the 
ht3 (AGG) construct in A549 and U937 cells (both p  !  0.001). 
 Conclusion:  These results suggest that the promoter poly-
morphisms of the  ALOX15  gene affect ALOX15 activity lead-
ing to increased eosinophil infiltration in AERD patients. 

 Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Aspirin-exacerbated respiratory disease (AERD) is a 
clinical syndrome characterized by persistent rhinitis, 
nasal polyposis and chronic hyperplastic eosinophilic si-
nusitis after exposure to aspirin  [1–3] . AERD has been 
attributed to abnormalities of the arachidonic acid me-
tabolism and leads to upregulation of lipid inflammatory 
mediators such as leukotrienes, cytokine production and 
eosinophil infiltration. However, the pathogenic mecha-
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 Abstract 

  Background:  Aspirin-exacerbated respiratory disease (AERD) 
is a clinical syndrome associated with chronic inflammation 
in the airways coincident with chronic rhinitis, sinusitis, re-
current polyposis and asthma. Eosinophils are the key in-
flammatory cells in the development of AERD. AERD has 
been attributed to abnormalities of the arachidonic acid me-
tabolism, but the pathogenesis of AERD is not fully under-
stood. Our aim was to investigate the genetic contribution 
of the arachidonate 15-lipoxygenase gene  (ALOX15)  to the 
development of AERD.  Methods:  We enrolled 171 patients 
with AERD, 229 patients with aspirin-tolerant asthma, and 
195 normal healthy controls in a Korean population. Three 
polymorphisms (–427G/A, –272C/A, –217G/C) in the promot-
er region of  ALOX15  were genotyped. The functional varia-
bility of the promoter polymorphisms were analyzed by
luciferase reporter activity assay.  Result:  No significant
difference in the genotype frequency of the  ALOX15  genetic 
polymorphism was found.   Peripheral total eosinophil count 
was significantly higher in the patients carrying the GG ge-
notype of the –427G/A polymorphism (p = 0.016). Similarly, 
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nisms of chronic eosinophilic inflammation found in the 
upper and lower airway mucosa of AERD are not com-
pletely understood  [4, 5] . There have been a few genetic 
studies on CRTH2 and IL-13 in association with eosino-
phil activation in AERD patients  [6, 7] .

  Chronic rhinosinusitis and nasal polyps are associated 
with remarkable infiltration of activated eosinophils  [8]  
with increased Th2 lymphocytes, which may be a distin-
guishing feature of AERD compared to aspirin-tolerant 
asthma (ATA)  [9] . These findings have also been noted in 
bronchial biopsy samples of AERD patients compared to 
ATA and normal control (NC) groups  [10] .

  Arachidonate 15-lipoxygenase (ALOX15) is a member 
of the lipoxygenase family and catalyzes the conversion 
of AA to 15-hydroperoxy-eicosatetranenoic acid  [11, 12] . 
ALOX15 has been considered as a proinflammatory fac-
tor, and few studies have demonstrated that activated 
ALOX15 was found in airway mucosa of asthmatic pa-
tients  [13, 14] . Increased expression and activity of 
ALOX15 lead to increased release of chemokines from 
airway epithelial cells, leading to the recruitment of vari-
ous inflammatory cells  [15] . ALOX15 metabolites display 
important bioactivities concerning signal transduction 
involved in physiological or pathophysioplogical im-
mune responses  [16, 17] . ALOX15 is expressed predomi-
nantly in eosinophils, activated monocytes, epithelial 
cells and mast cells  [18] . Most of the eosinophils express-
ing ALOX15 are inflammatory cells derived from asth-
matic airway mucosa  [13] . In addition, a study using 
ALOX12/15-deficient mice demonstrated attenuated air-
way inflammation with a decreased number of eosino-
phils in bronchoalveolar lavage fluid  [11] .

  Considering the role of ALOX15 in eosinophil infiltra-
tion and activation, we hypothesized that  ALOX15  activ-
ity is crucial to the development of AERD. The present 
study addressed this hypothesis. We examined the func-
tional effect of  ALOX15  gene polymorphism on the phe-
notype of AERD in a Korean population.

  Subjects and Methods 

 Subjects 
 To investigate the genetic association of  ALOX15  with AERD, 

three different study groups were enrolled, including 171 AERD 
patients, 229 ATA patients and 195 NCs. All subjects were recruit-
ed from the Ajou University Hospital, Suwon, Korea. The AERD 
patients showed a positive response to the lysine-acetylsalicylic 
acid bronchoprovocation test, which was performed as described 
previously  [19] . Informed consent was obtained from all subjects, 
and the study was approved by the Ajou University Hospital In-
stitutional Review Board.

  Genomic DNA Preparation and Single Nucleotide 
Polymorphism Genotyping 
 Genomic DNA was prepared from peripheral blood samples 

using the Purgene DNA purification kit (Gentra, Minneapolis, 
Minn., USA) according to the manufacturer’s protocol. Three 
promoter polymorphisms of  ALOX15,  –427G/A (rs34104097), 
–272C/A (rs7220870) and –217G/C (rs2664592), were targeted and 
genotyped using the SNaPshot Primer Extention (Applied Bio-
systems, Foster City, Calif., USA). The following primer pairs 
were used: for –427G/A of  ALOX15,  forward 5 � -CAAAGCT-
GGTCGAATGAA-3 � , reverse 5 � -AGTCCAAAAGGCGGTGT-3 � , 
and extension 5 � -TTGTGTGTGCGCGCGCGTGTCCTTGY; for 
–272C/A of  ALOX15,  forward 5 � -CTAAATAACCCAGCCTGA-
GA-3 � , reverse 5 � -CCTGAATGTACCTTCCTCAA-3 � , and exten-
sion 5 � -GGGAGAAAAAGAAAAGGATTTGGAC-3 � ; and for 
–217G/C of  ALOX15,  forward 5 � -CAAAGCTGGTCGAATGAA-
3 � , reverse 5 � -AGTCCAAAAGGCGGTGT-3 � , and extension 5 � -
TCAAGATAGTGGTTTCCACTCCCT-3 � .

  Promoter Activity Assay 
 For the functional study of  ALOX15  polymorphisms, a pro-

moter activity assay was conducted using three plasmid DNA 
constructs containing single nucleotide polymorphisms (SNPs) 
of  ALOX15:  ht1 (GCG), ht2 (GAC) and ht3 (GCG). A549 human 
lung epithelial cells and U937 human monocytes were transiently 
transfected by Lipofectamin reagent (Invitrogen, Carlsbad, Calif., 
USA) according to the manufacturer’s protocol. Briefly, 1  !  10 5  
A549 cells and 3  !  10 5  U937 cells were seeded in wells of 12-well 
plates and transfected with 1  � g of the  ALOX15  reporter construct 
and 5 ng of PRL SV 40 control vector using Lipofectamin (ratio 1:  
 5). Twenty-four to 48 h after transfection, the cells were lysed and 
the luciferase activity assay determined (Promega, Madison, 
Wisc., USA).

  Statistics 
 Differences in the genotype frequency between cases and con-

trols were assessed by the  �  2  test and the calculation of odds ratios, 
with 95% confidence intervals. Logistic regression analysis was 
used to analyze the SNPs and haplotypes controlling for age and 
gender as covariates with three alternative models. Haplotypes of 
the  ALOX15  gene were analyzed using Haploview version 4.0 
based on the expectation maximization algorithm  [20] . All statis-
tical analyses were completed suing SPSS version 12.0.1 (SPSS 
Inc., Chicago, Ill., USA), and a p value  ̂  0.05 was considered sig-
nificant.

  Results 

 Clinical Characteristics of the Study Subjects 
 The AERD patients exhibited a significantly higher 

prevalence of rhinosinusitis and nasal polyps compared 
to ATA patients (p = 0.05 and p  !  0.001, respectively) 
( table 1 ). The AERD and ATA groups showed a signifi-
cantly higher atopy and total IgE than the NC group 
(both p  !  0.001).
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  Genotype and Haplotype Frequencies of ALOX15 with 
AERD Phenotypes 
 There were no significant differences among the three 

groups in the genotype and haplotype frequencies of the 
 ALOX15  gene. However, peripheral total eosinophil count 
(TEC) was significantly associated with –427G/A and ht1 

(GCG). The patients having the GG genotype of  ALOX15  
–427G/A showed significantly higher TEC levels com-
pared to the others (AG or AA; p = 0.0016). The AERD 
patients carrying the homozygous haplotype ht1 (GCG) 
had significantly higher TEC than those with the other 
haplotypes (ht1/ht1 vs. ht1/–; p = 0.008;  fig. 1 ). These re-

Table 1. C linical characteristics of the ALOX15 study subjects

AERD
(n = 171)

ATA
(n = 229)

NC
(n = 195)

p value

AERD 
vs. ATA 

AERD 
vs. NC

ATA 
vs. NC

Males 61/171 (35.67) 102/229 (44.54) 91/195 (46.67) 0.081 0.034 0.696
Age, years 43.75813.03 [171] 42.45815.09 [229] 34.25814.16 [191] 0.357 <0.001 <0.001
Atopy 85/155 (54.84) 109/165 (66.06) 21/174 (12.07) 0.051 <0.001 <0.001
Rhinosinusitis 102/119 (85.71) 125/165 (75.76) NA 0.050 NA NA
Nasal polyps 49/114 (42.98) 9/164 (5.49) NA <0.001 NA NA
Duration of asthma, years 6.3186 [116] 5.3986.2 [162] NA 0.220 NA NA
Log total IgE, IU/ml 5.1181.26 [109] 5.1781.5 [157] 3.6781.34 [48] 0.762 <0.001 <0.001
TEC/�l 385.328348.09 [92] NA NA NA NA NA

D ata are number of subjects/total, with percentages in parentheses, or mean 8 SD, with number of subjects evaluated given in 
brackets. NA = Not applicable. Values in italics indicate significant p values (p ≤ 0.05).
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  Fig. 1.  Comparison of peripheral TEC ac-
cording to the  ALOX15  gene polymor-
phism in AERD patients.  a  TEC according 
to the –427G/A of ALOX15.  b  TEC accord-
ing to the haplotype. The values represent 
the mean  8  SE. p  ̂   0.05 was considered 
to be significant by t test. 
  Fig. 2.  Effect  of ALOX15  promoter 
 polymorphisms (–427G/A, –272G/T and 
–217G/C) on promoter activity.  a  Promot-
er activities in A549 human carcinoma ep-
ithelial cells.  b  Promoter activities in U937 
human monocyte cells. The reporter gene 
constructs contained the  ALOX15  poly-
morphisms ht1 (GCG), ht2 (GAC) and ht3 
(ACG). The relative luciferase activity is 
represented as the ratio of the activity to 
the luciferase activity in the cells transfect-
ed with the promoterless basic vector, 
pGL3 basic. Data represent the mean  8  
SD of three independent experiments 
(triplicate for each sample; n = 9). Statisti-
cal differences were evaluated with ANO-
VA and Bonferroni test. 

  1  

  2  
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sults suggest that the –427G genotype and haplotype ht1 
(GCG) could be the risk factors enhancing the recruit-
ment of eosinophils into the airways of AERD patients.

  Functional Effect of ALOX15 Gene Polymorphism 
 We performed a luciferase reporter assay to examine 

the functional variability of  ALOX15  according to the 
SNP. The ht1 (GCG) showed the highest luciferase activ-
ity when compared to the others (p  !  0.001), both in A549 
human lung epithelial cells and in U937 human mono-
cyte cells ( fig. 2 ). This result indicated the possibility of 
–427G of the  ALOX15  gene being a risk factor, which may 
enhance the expression of ALOX15 and consequently in-
crease the infiltration of eosinophils.

  Discussion 

 Although a lack of association of the  ALOX15  gene 
polymorphism at –272C/A was previously reported in a 
Korean population  [21] , two additional promoter poly-
morphisms (–427G/A and –217G/C) were newly investi-
gated in this study with a larger cohort of study subjects. 
This study demonstrates a significant association of the 
 ALOX15  gene polymorphisms with the phenotype of 
AERD. The –427G allele of  ALOX15  displayed the high-
est TEC level in AERD although there were no significant 
differences in the genotype frequency of the SNP among 
the study groups. The haplotype ht1 (GCG) containing 
the –427G allele was also related to the highest TEC level. 
However, these findings were not found in the ATA 
group. ht1 (GCG) showed the highest promoter activi -
ty. These findings suggest that the SNP –427G of the 
 ALOX15  gene could increase the expression of  ALOX15  
in AERD patients.

  Eosinophil is the key inflammatory cell of asthma, 
and intense infiltration of eosinophils has been observed 
in upper and lower airway mucosa of AERD patients  [22] . 
A significantly increased number of eosinophils and a 
higher eosinophil cathionic protein level were noted in 

bronchoalveolar lavage fluid of AERD patients compared 
to controls after stimulation with lysine-acetylsalicylic 
acid  [23, 24] . Eosinophils contain an abundant amount of 
ALOX15. Moreover, it is suggested that the ALOX15 
pathways play an important role in the pathogenesis of 
severe asthma. Increased ALOX15 expression and activ-
ity is associated with the degree of airway eosinophil ac-
cumulation, as well as with an increased metabolite of 
ALOX15, 15(s)-hydroxyeicosatetaraenoic acid [15-(s)-
HETE], in severe asthmatics  [25] . Similarly, Kowalski et 
al.  [26]  reported that peripheral blood leukocytes from 
patients with AERD exposed to aspirin produce more 
15(s)-HETE than do patients with ATA. ALOX15 prod-
ucts in asthmatics are increased, which may be derived 
from bronchial epithelium and infiltrated eosinophils 
 [11] . Recently, eoxins have been reported as proinflam-
matory arachidonic acid metabolites produced via the 
15-lipoxygenase-1 pathway in human eosinophils  [27] .

  In our preliminary experiments, we observed a higher 
tendency of 15(s)-HETE and eoxin C 4  levels, the interme-
diate metabolites of ALOX15, in the AERD group com-
pared with the NC group (data not shown). Further stud-
ies will be needed to compare the level of these metabo-
lites according to the  ALOX15  gene polymorphisms.

  Increased expression of ALOX15 according to the pro-
moter polymorphism may induce eosinophil infiltration 
into the upper and lower airway mucosa of AERD patients, 
in which infiltrating eosinophils could provide cytokines 
and growth factors leading to promote their own recruit-
ment, proliferation and activation of eosinophils  [28, 29] .

  Taken together, it was suggested that the  ALOX15  
–427G/A polymorphism may be a risk factor of AERD by 
increasing ALOX15 expression, leading to increased eo-
sinophil infiltration in AERD patients.
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