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Article history: Aim: To investigate the association of single nucleotide polymorphisms (SNP) on IL17RA gene with Aspi-
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Material & methods: 15 SNPs of IL17RA gene were analyzed in 825 normal controls and 143 subjects with
AERD and 411 with aspirin-tolerant asthma (ATA) and functionally characterized using measurement of
protein and m-RNA expression.
Result: Minor alleles frequencies of the three SNPs 1075 A > G, —947 A > G, —50 C > T) and one haplotype
(BL1_ht1) were significantly lower in AERD compared to those in ATA (p°" = 0.002-0.03). IL17RA protein
expression and mRNA amount in CD14" peripheral blood monocytes and mononuclear cells were signif-
icantly increased in subjects carrying the common alleles homozygote compared with those carrying the
minor alleles.
Conclusions: The minor alleles of the three SNPs may decrease the risk of AERD via attenuation of IL17RA
gene expression.

© 2012 American Society for Histocompatibility and Immunogenetics All rights reserved.
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1. Introduction ics following the ingestion of aspirin or other non-steroidal anti-
inflammatory drugs (NSAIDs) [1]. The syndrome is characterized
Aspirin Exacerbated Respiratory Disease (AERD) refers to the by aspirin hypersensitivity, bronchial asthma, nasal polyposis,
development of nonallergic hypersensitivity reactions in asthmat- and hyperplastic eosinophilic sinusitis [2]. Although the pathogen-

Abbreviations: AERD, aspirin exacerbated respiratory disease; ATA, aspirin tolerant asthma; ASA, acetyl salicylic acid; LD, linkage disequilibrium; IL-17RA, interleukin 17
receptor A; IL-17, interleukin 17; COX, cyclooxygenase; LOX, lipooxygenase; Cys-LT, cysteinyl leukotriene; OAC, oral aspirin challenge; HWE, Hardy-Weinberg equilibrium;
FEV,, forced expiratory volume in one second; Ht, haplotype; LD, linkage disequilibrium; ONPG, ortho-nitrophenyl-p-galactopyranoside; PC20, provocative concentration of
20 total in FEVy; SNP, single-nucleotide polymorphism.
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esis of AERD remains unknown, a two-compartment model has
been proposed involving increased cysteinyl leukotriene (CysLT)
production and CysLT receptor over-expression in inflammatory
cells of the respiratory tract [3,4]. Several studies have investigated
the genetic background of aspirin intolerance whereby polymor-
phisms for genes encoding LTC4S [5], ALOX5 [6], CYSLTR1 [7], CYS-
LTR2 [8] and TBXA2R [9] were found to be associated with an
increased risk of AERD. The CysLT receptor is selectively antago-
nized by several leukotriene modifiers, including montelukast, pra-
nlukast, and zafirlukast [10]. However, clinical studies have
demonstrated that the response to these drugs is limited [11,12],
suggesting the presence of an alternative pathway leading to AERD.

As in other asthmatics, the airways of AERD patients show
extensive cellular inflammation, with marked eosinophilia,
cytokine over-production, and up-regulation of inflammatory
molecules [13]. Cytokines are signaling molecules with known
pro-inflammatory functions and are important in the pathogenesis
of asthma. However, there are few studies examining the genetic
susceptibility of other inflammatory mediators and molecules in
AERD [14,15]. Several members of the recently described IL-17
cytokine family (IL-17A, IL-17F, IL-17E) have been shown to partic-
ipate in inflammatory cell recruitment as well as in the amplifica-
tion of an allergic response [16], and a specific type of T cell,
capable of producing IL-17A and IL-17F, has been described [17].
These cytokines exert an effect via the interleukin 17A receptors
A-C [18]. Interleukin 17 receptor A, IL-17RA, is a ubiquitous type
I membrane glycoprotein that binds with low affinity to interleu-
kin 17A. The IL-17RA gene is constitutively expressed in several
human cell types, such as the lung epithelial cells, B cells, and
myelomonocytic cells [18,19]. Activation of p38 mitogen-activated
protein kinase (p38 MAPK) by IL-17A results in up-regulation of
inducible nitric oxide synthase and COX-2 genes [20]. Activation
of IL-17RA and IL-17RB induce the activation of JNK, p38 MAPK,
and NF-kB [21], which regulate the expression of genes responsible
for the inflammatory and remodeling processes in asthma.

Considering the biological effects of IL-17RA and B, genetic vari-
ants of these receptors may play a role in the development of asth-
ma and its subphenotypes. We previously reported that a Single
nucleotide polymorphisms in the IL-17RB gene was associated with
the development of asthma [22]. However, to our knowledge, there
is no previous report on analysis of any potential association be-
tween polymorphisms in IL-17RA and asthma or AERD. We, thus,
screened a Korean population for SNPs in the IL17RA gene and per-
formed statistical analysis to examine the relationship between the
polymorphic loci of IL-17RA and asthma or AERD. Additionally, the
functional effects of the SNPs were validated in vitro.

2. Material and methods
2.1. Subjects

The subjects, who were all Korean, were recruited from the Asth-
ma Genome Research Center, which involves eight tertiary univer-
sity hospitals in Korea. All patients were diagnosed with asthma
according to the Global Initiative for asthma (GINA) guidelines
[23]. All patients had a history of dyspnea and wheezing during
the previous 12 months, plus one of the following: (1) >15% in-
crease in FEV; or >12% increase plus 200 mL following inhalation
of a short-acting bronchodilator, (2) <10 mg/mL PC20 methacho-
line, and (3) >20% increase in FEV; following 2 weeks of treatment
with inhaled steroids and long-acting bronchodilators. Normal con-
trols were recruited from among the spouses of the patients and
from members of the general population who responded negatively
to a screening questionnaire for respiratory symptoms and had an
FEV1 >75% of the predicted value, a PCyo metacholine >10 mg/ml,

and normal findings on a simple chest radiograph. Twenty-four
common inhalant allergens were used for skin prick tests. Atopy
was defined as a wheal reaction equal to or greater than histamine
or at least 3 mm in diameter. Total IgE was measured using the CAP
system (Pharmacia Diagnostics, Uppsala, Sweden). The patients
with asthma had not experienced exacerbations of asthma or respi-
ratory tract infections during the 6 weeks preceding the oral aspirin
challenge (OAC). The OAC was carried out by using increasing doses
of aspirin [24,25]. Briefly, patients with a history of aspirin hyper-
sensitivity were given 30 mg orally. Respiratory and nasal symp-
toms, blood pressure, external signs (urticaria and angio-oedema)
and FEV; were documented every 30 min for a period of 1.5 h. In
the absence of any symptom or sign suggesting an adverse reaction
after 1.5 h, increasing dosages of aspirin (60, 100, 300, and 400 mg)
were administered until the patient developed the reaction and the
same measurements were repeated every 1 h. Those having no his-
tory were started on 100 mg of aspirin and gradually increased the
dosage of aspirin as 200, 350, and 450 mg until the patient devel-
oped the reaction. If no reaction occurred 4 h after the final dose,
the test was deemed negative. Aspirin-induced bronchospasm, re-
flected by a decline (%) in FEV;, were calculated as the pre-challenge
FEV; minus the post-challenge FEV; divided by the pre-challenge
FEV,. OAC reactions were categorized into two groups as follows:
(1) 15% or greater decrease in FEV; or nasal reactions such as rhi-
norrhea, nasal congestion (aspirin-intolerant asthma [AERD]) and
(2) less than 15% decrease in FEV; without naso-ocular or cutane-
ous reactions (aspirin-tolerant asthma [ATA]). Peripheral venous
blood was collected before aspirin challenge. Peripheral blood
mononuclear cells were separated on Ficoll-Hypaque solution. All
subjects gave informed consent to participate in the study. The pro-
tocols were approved by the local ethics committees of hospital.

2.2. Genotyping

Using data obtained from the National Center for Biotechnology
Information (build 36), 15 among 31 SNPs of the IL-17RA gene were
selected as candidate SNPs by taking into consideration those over
5% minor allele frequency and LDs. HapMap DB data based on the
Han Chinese and Japanese populations was used for calculation of
LDs and a SNP was selected one of SNPs with almost absolute LDs
(r* > 0.95). The selected polymorphisms were then genotyped in
the 143 AERD and 411 ATA subjects and 822 normal controls using
the TagMan assay [26]. Primer Express (Applied Biosystems) was
used to design both the PCR primers and the MGB TagMan probes.
One allelic probe was labeled with the FAM dye and the other with
the fluorescent VIC dye. Typically, PCR was run on the TagMan Uni-
versal Master mix without UNG (Applied Biosystems) at a primer
concentration of 900 nM and a TagMan MGB-probe concentration
of 200 nM. The reaction was performed using a 384-well format in
a total reaction volume of 5 pL using 20 ng of genomic DNA. The
plate was then placed in a thermal cycler (PE 9700, Applied Biosys-
tems) and heated for 2 min at 50 °C and for 10 min at 95 °C, followed
by 40 cycles of 95 °C for 15 s and 60 °C for 1 min. The TagMan assay
plate was then transferred to a Prism 7900 HT instrument (Applied
Biosystems) where the fluorescence intensity of each well was read.
Fluorescence data files from each plate were analyzed by automated
software (SDS 2.1). Genotyping quality control was performed in
10% of the samples by duplicate checking and the rate of concor-
dance in duplicates was >99%. The sequences and detailed descrip-
tions of the primers used are summarized in Supplementary Table 1.

2.3. Measurement of IL17RA protein expression on CD14" monocytes
from asthmatics

Peripheral blood mononuclear cells (PBMC) were purified from
the heparinized peripheral venous blood of the asthmatic patients
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Table 1
Clinical profiles of study subjects.
Clinical profiles BA NC P AERD ATA P
Number of subjects 554 825 143 411
Age [mean (range)] 45.04 (15-77) 50.75 (4-87) <0.001 42.69 (17-72) 46.27 (15-77) <0.001
Sex (male/female) 195/359 340/485 NS 52/91 143/268 NS
BMI (kg/m2) 22.34+1.82 24.40+3.23 <0.001 23.54+2.98 24.65£3.40 <0.001
NSJ/ES (%) 72.32/13.5 70.55/13.33 NS 74.65/10.56 70.15/17.23 NS
Positive rate of atopy (%) 60.34 22.42 NS 60.84 59.12 NS
FEV1 decrease (%) following OAC® 17.36+8.04 - - 24.24+16.05 3.56+4.93 <0.001
FVC1%, predicted 88.34£13.97 95.68+15.60 NS 83.91+£18.47 83.92+17.87 NS
FEV1%, predicted 90.83+17.01 103.14+15.78 NS 83.22+19.84 84.16£20.52 NS
Log[PC20, methacholine (mg/ml)] 0.55+0.44 1.37£0.15- <0.001 0.52+0.45 0.57+0.41 NS
Log|Total IgE (IU/ml)] 2.28+0.74 1.71£0.60 <0.001 2.23%0.54 2.14%0.64 NS
Log[Peripheral blood eosinophil (%)] 0.74+0.42 0.48+0.21 <0.001 0.75+0.31 0.73+0.32 NS

AERD: Aspirin Exacerbated Respiratory Disease; ATA: aspirin Tolerant Asthma. P-values are obtained using T test or X2 test between AERD and ATA.!

2 NS/ES: Non-smoker/Ex-smoker.
> OAC: oral aspirin challenge.

using a density gradient reagent (Histopaque-1077, Sigma, St.
Louis, MO). Mouse phycoerythrin (PE)-conjugated monoclonal
anti-human IL17R mAb (R&D Systems, Minneapolis, MN) and
FITC-conjugated mouse anti-human CD14 (BD Pharmingen) was
incubated with 5 x 10° PBMC, then washed twice with PBS. The
stained cells were analyzed using a flow cytometer (FACScan; Bec-
ton-Dickinson, Mountain View, CA). For isotype-matched controls,
PE-conjugated mouse IgG; (R&D Systems) and FITC-conjugated
mouse IgG2a kappa (BD Biosciences, San Jose, CA) were used at
the same concentration for each antibody tested.

2.4. RNA extraction, and real-time PCR of the IL17RA gene

Total RNA from PBMCs was isolated using the modified guanidi-
nium thiocyanate-phenol-chloroform extraction method [27]. DNA
contamination was eliminated by treatment with 1 pL of RNase-free
DNase I for 15 min at 37 °C. We quantified RNA and reverse

transcribed cDNA from 3 pg of total RNA. DNase I (10,000 U/mL;
Stratagene, La Jolla, CA)-treated RNA was reverse-transcribed by
incubating with 0.5 mM dNTP, 2.5 mM MgCl,, 5 mM DTT, 1 pL of
random hexamer (50 pg/pL) and SuperScript II RT (200 unit/pL; Life
Technologies, Grand Island, NY) at 42 °C for 50 min, and heat-inacti-
vated at 70 °C for 15 min. The cDNA fragment of IL17RA gene covered
exon 1-4 (Fig.4a). cDNA was aliquoted into tubes containing specific
primer pairs for the human PGK1 (phosphoglycerate kinase 1) and
IL-17RA genes for amplification (317 bp fragments, respectively)
by real-time PCR. The primers for PGK1 and IL17RA were designed
using the Primerbank and Primer3 software (http://pga.mgh.har-
vard.edu/primerbank/ and  http://frodo.wi.mit.edu/primer3/).
Nucleotide sequences for the primers consisted of the following;
PGK1 forward; 5'-CCTGGGCGGAGCTAAAGTTG-3, PGK1 reverse; 5'-
AGACCTAATGTCCAAAGCTGAGA-3, IL17RA forward; 5-CTGCGACT
CCTGGACCAC-3', IL17RA reverse; 5-CTGTCCAAACTGAGGCATCA-3.
Real-time PCR was performed using the StepOne Real-Time PCR Sys-

A. Map of IL17RA (interleukin 17 receptor A) on chromosome 22ql1.1 (26kb)
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Fig. 1. Physical map, haplotype and LDs information of IL17RA gene. (A) Genetic map of IL17RA and the locations of the SNPs. The first base in the translation start site is
denoted as nucleotide +1. Black and white blocks represent the coding and untranslated regions of IL17RA, respectively. (B) Haplotypes of IL17RA gene. (C) LDs among IL17RA

polymorphisms.
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Table 2

Association analysis of IL17RA polymorphisms with the risk of AERD, controlling age, sex, smoking status, atopy and BMI in a Korean population.
Locus Position ~ rs number  Amino acid change Frequency AERD - ATA AERD - NC ATA - NC

AERD (n=143) ATA(n=411) NC(n=822) OR (95%CI) P P OR (95%CI) P per OR (95%CI) P Pco™

—1075A>G  Promoter rs4819553 0.332 0.471 0.469 0.60 (0.45-0.79) 0.0002 0.003 0.56 (0.42-0.74) 0.00004 0.0006 0.99 (0.83-1.18) 091 1
—947A>G Promoter rs4819554 0.332 0.471 0.469 0.60 (0.45-0.79) 0.0002 0.003 0.56 (0.42-0.74) 0.00004 0.0006 0.99 (0.83-1.18) 091 1
-50C>T 5'UTR rs917864 0.31 0.449 0.449 0.57 (0.43-0.76) 0.0001 0.002 0.55(0.41-0.73) 0.00003 0.0005 0.98 (0.82-1.17) 0.79 1
+1826 C>T  Intronl 1s2241043 0.367 0.288 0.305 1.45 (1.07-1.96) 0.02 0.3 1.21(0.92-1.58) 0.18 1 0.89 (0.73-1.08) 0.23 1
+5374 G>A  Intronl rs5748863 0.329 0.257 0.258 1.46 (1.07-2.00) 0.02 0.3 1.32 (0.99-1.75) 0.06 0.88 0.99 (0.80-1.23) 0.94 1
+9819 A>G  Intronl rs6518660 0.234 0.164 0.183 1.63 (1.15-2.31) 0.006 0.09 141 (1.01-1.97) 0.05 0.7 0.89 (0.69-1.14) 035 1
+14413 C>T Intron4 rs13053889 0.185 0.151 0.155 1.27 (0.87-1.84) 0.21 1 1.20 (0.85-1.71) 0.3 1 0.98 (0.76-1.26) 0.89 1
+14832T>C Intron4 rs9606615 0.162 0.173 0.169 0.92 (0.62-1.34) 0.65 1 0.92 (0.64-1.33) 0.66 1 1.08 (0.85-1.38) 0.52 1
BL1_ht1 0.259 0.36 0.24 0.61 (0.45-0.84) 0.002 0.03
BL1_ht2 0.234 0.191 0.229 1.30(0.93-1.80) 0.12 1 1.27 (1.06-1.53) 0.0116  0.174  1.18 (0.96-1.45) 0.12 1
BL1_ht3 0.115 0.088 0.055 142 (0.91-2.21) 0.12 1 1.07 (0.87-1.30) 0.5301 1 0.98 (0.79-1.22) 0.85 1
BL1_ht4 0.094 0.073 0.065 1.30(0.79-2.13) 0.3 1 0.65 (0.44-0.96) 0.0315 0.4725 0.58 (0.37-0.90) 0.02 0.23
+16795 C>T Intron5 rs17807076 0.045 0.028 0.797 1.65 (0.82-3.31) 0.16 1 1.36 (0.71-2.63) 0.36 1 0.69 (0.40-1.19) 0.18 1
+16896 G>T Intron5 rs17205308 0.084 0.105 0.087 0.85 (0.52-1.38) 0.51 1 0.94 (0.58-1.52) 0.79 1 1.14 (0.84-1.54) 041 1
+19827 G>C Intron9 rs721930 0378 0.326 0.33 1.29 (0.96-1.72) 0.09 1 1.26 (0.95-1.67) 0.11 1 1.02 (0.84-1.24) 0.82 1
+20480 T>C Intron9 152241046 0.158 0.137 0.157 1.17 (0.79-1.73) 0.44 1 0.99 (0.69-1.44) 0.97 1 0.88 (0.67-1.14) 032 1
121699 A>G Intron1l 152241049 . 0.413 0.369 0.368 1.24 (0.93-1.65) 0.15 1 1.25 (0.94-1.66) 0.12 1 1.05 (0.87-1.27) 0.62 1
+23316 G>A Exonl3 rs2229151  L396L 0.297 0.347 0.335 0.78 (0.58-1.04) 0.09 1 0.80 (0.59-1.08) 0.15 1 1.04 (0.86-1.26) 0.68 1
+25108 A>G Exonl13 rs2895332 0.236 0.245 0.255 0.99 (0.72-1.36) 0.93 1 0.89 (0.65-1.22) 0.46 1 0.92 (0.74-1.13) 042 1
BL1_ht5 0.028 0.062 0.24 0.46 (0.21-1.00)  0.05 0.7
BL2_ht1 0.276 0.337 0.229 0.74 (0.54-0.99) 0.04 0.7 0.97 (0.81-1.16) 0.73 1
BL2_ht2 0.364 0.311 0.055 1.28 (0.96-1.71) 0.1 1
BL2_ht3 0.154 0.128 0.665 1.22 (0.82-1.82) 0.32 1
BL2_ht4 0.077 0.1 0.797 0.83 (0.50-1.36) 0.46 1

The P values were obtained by logistic regression analysis, controlled for age (continuous value), sex (male = 0, female = 1), atopy status (non-atopy = 0, atopy = 1), BMI and smoking status (non-smoker = 0, ex-smoker = 1,
smoker = 2) as co-variables. Pc®®"; P values after multiple correction Bold faces mean the P < 0.05.
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Table 3
Association analysis of IL17RA polymorphisms with the risk of asthma, controlling age, sex, smoking status and atopy in a Korean population.
Loci Position rs number Amino acid change BA (n=554) NC (n=822) OR (95%CI) P P
—1075A>G Promoter rs4819553 0.435 0.469 0.86(0.73-1.01) 0.06 0.93
—947A>G Promoter 154819554 0.435 0.469 0.86(0.73-1.01) 0.06 0.93
-50C>T Exon1 rs917864 0.413 0.449 0.84(0.71-1.00) 0.04 0.65
+1826 C>T 0 152241043 0.309 0.305 0.97(0.81-1.16) 0.75 1
+5374 G>A Intron1 rs5748863 0.276 0.258 1.08(0.89-1.31) 0.42 1
+9819 A> G Intron1 rs6518660 0.182 0.183 1.02(0.81-1.27) 0.88 1
+14413 C>T Intron4 rs13053889 0.160 0.155 1.04(0.83-1.31) 0.73 1
+14832T>C Intron4 rs9606615 0.170 0.169 1.06(0.85-1.32) 0.63 1
+16795C>T Intron5 rs17807076 0.032 0.033 0.86(0.54-1.38) 0.54 1
+16896 G>T Intron5 rs17205308 0.099 0.087 1.09(0.82-1.45) 0.55 1
+19827 G>C Intron9 1s721930 0.339 0.330 1.08(0.91-1.29) 0.39 1
+20480 T>C Intron9 1s2241046 0.143 0.157 0.92(0.73-1.17) 0.51 1
+21699 A> G Intron11 rs2241049 . 0.380 0.368 1.09(0.92-1.30) 0.34 1
+23316 G>A Exon13 152229151 L396L 0.334 0.335 0.97(0.81-1.16) 0.75 1
+25108 A> G Exon13 rs2895332 0.242 0.255 0.93(0.76-1.12) 0.43 1
BL1_ht2 0.273 0.240 1.27(1.06-1.53) 0.01 0.17
BL1_ht3 0.242 0.229 1.07(0.87-1.30) 0.53 1
BL1_ht4 0.043 0.055 0.65(0.44-0.96) 0.03 0.47
BL2_ht1 0.659 0.665 0.97(0.81-1.16) 0.73 1
BL3_ht1 0.797 0.797 0.99(0.80-1.22) 0.90 1

The P values were obtained by logistic regression analysis, controlled for age (continuous value), sex (male = 0, female = 1), atopy status (non-atopy = 0, atopy = 1), BMI and
smoking status (non-smoker = 0, ex-smoker = 1, smoker = 2) as co-variables. P“'"; P values after multiple correction Bold faces mean the P < 0.05.
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Fig. 2. The comparison of decline of FEV; by aspirin provocation between the
subjects possessing —1075 A>G, —947 A>G, —50 C>T of IL17RA. P-value of
codominant model was obtained by linear regression analysis, controlled for age
(continuous values), sex (male = 0, female = 1), smoking status (non-smoker = 0, ex-
smoker = 1, smoker = 2) and atopy status (non-atopy = 0, atopy = 1) as co-variables.

tem (Applied Biosystems). The reactions were prepared with a 20 pL
PCR mixture consisting of 10 pL master mix (iQ SYBR Green Super-
mix; Bio-Rad, Hercules, CA), 200 ng/uL cDNA template, and 1 pL
each of the IL17RA gene primer pair. Reactions were denatured at
95 °C for 10 min and amplified for 40 cycles at 95 °C for 15 s, 58 °C
for 32's, and 72 °C for 32 s. A melting curve for all products was ob-
tained immediately after amplification by increasing the tempera-
ture in 0.3 °C increments from 60 °C for 85 cycles by 15 s for each
(Fig. 4b). Threshold cycles (Ct) for IL17RA or the endogenous refer-
ence gene were defined as the fractional cycle number at which
the fluorescence of PCR products passed the fixed threshold. Using

the 222 method, the data were presented as the fold change in
gene expression, normalized to an endogenous reference gene
(PGK1) and relative to a control (—1075AA, —947AA, —50CC geno-
type of IL17RA). For the control sample, AACt equaled zero and 2°
equals 1, so that, by definition, the fold change in gene expression
relative to the control equaled 1 [28]. For the test samples, evalua-
tion of 2-24% indicated the fold change in gene expression relative
to the control. The fold difference for the IL17RA mRNA expression
for each patient was also calculated by comparing 224,

2.5. Statistical analyses

Widely used measures of linkage disequilibrium were applied
to all pairs of biallelic loci: Lewontin’s D’ (|D’|) [29] and . Haplo-
types for each individual were inferred using the PHASE algorithm
(ver. 2.0) developed by Stephens et al. [30]. The genotype and hap-
lotype distribution was analyzed using logistic regression models
with age (continuous value), gender (male = 0, female = 1), smok-
ing status (non-smoker = 0, ex-smoker = 1, smoker = 2), atopy (ab-
sence = 0, presence = 1), and BMI as covariates. Differences in the
decline of FEV, following aspirin challenge among the genotypes
were examined using independent T test. The data were managed
and analyzed using the SAS software (ver. 9.1; SAS Inc., Cary, NC). A
two-sided P value <0.05 was deemed to indicate statistical signifi-
cance. The Bonferroni correction by number of polymorphisms was
used for multiple comparisons. The IL7RA protein and m-RNA
expressions are expressed as the mean + standard error of the
mean (SEM). Intergroup comparisons of IL7RA expression were as-
sessed by the Kruskal wallis test and Mann-Witney U test. P-val-
ues less than 0.05 were regarded as being statistically significant.

3. Results
3.1. Characteristics of the study subjects

In total, 554 asthmatic patients and 825 normal controls were
included. The clinical characteristics of the study subjects are sum-
marized in Table 1. Significant differences in mean age and BMI
were found between asthmatics and normal controls and between
the AERD and the ATA groups (P < 0.001).
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Fig. 3. Flow cytometric analysis of IL17RA expression on monocytes between —1075 A> G, —947 A> G, —50 C> T genotypes. Levels of IL17RA expression were compared
between monocytes from asthmatics having —1075 AA, —947 AA, —50 CC (n=11), —1075 AG, —947 AG, —50 CT (n=14) and —1075 GG, —947 GG, —50 TT (n = 7). (A) Gating for
CD14 positive cell among monocytes. (B and C) Levels of IL17RA expression were compared between monocytes from asthmatic patients having three SNPs. Each data was
presented by the ratio of fluorescence intensities for IL17RA to the values of isotype-matched control. (D) Positive ratio (%) of IL17RA protein expression on CD14+ monocytes.

P values were calculated by Mann-Whitney U test.

3.2. Minor allele frequencies (MAFs) and the Hardy-Weinberg
equilibrium for IL17RA polymorphisms

In total, 15 polymorphisms for the IL1I7RA gene, validated by
the National Center for Biotechnology Information (build 36)
database, were selected and genotyped for the study subjects
(Fig. 1A). The minor allele frequencies (MAFs) of these 15 SNPs for
the all study subjects are summarized in Supplementary Table 2.
The distributions of all loci were within Hardy-Weinberg equilibrium
(P> 0.01). The linkage disequilibrium coefficients |D’| and r* among
the IL17RA SNPs were calculated for all of the study participants
(Fig. 1C)

3.3. Analysis of IL17RA polymorphisms with respect to development of
asthma and aspirin intolerance in patients with asthma

In total, 15 polymorphisms of the IL17RA gene were analyzed
using logistic models to assess their association with the risk of
asthma and aspirin intolerance in 825 normal controls and 554
asthmatic patients: 143 AERD and 411 ATA subjects (Table 2).
The analysis revealed that three SNPs (—1075A > G and —947A> G
in the promoter, —50 C>T in the 5-UTR) and one haplotype
(Fig. 1B) (haplotype 1 in block 2) were associated with the risk of
aspirin intolerance. The frequencies of minor alleles were signifi-
cantly lower for AERD than ATA (P = 0.0001-0.0002). Statistical sig-
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nificance was also maintained following correction for multiple
comparisons (p®" = 0.002-0.003). The frequency of one of the hap-
lotypes (BL2-ht1) was found to be significantly lower for AERD
than ATA (P=0.001), and statistical significance was maintained
following correction for multiple comparisons (p“" =0.02). The
15 polymorphisms of the IL17RA gene were analyzed using logistic
models to assess their association with the risk of asthma in 554
asthmatic patients and 825 normal controls (Table 3) The frequen-
cies of minor alleles of —50 C>T and haplotypes of BL1_ht2 and
BL1_ht4 were different between the two groups (P=0.01-0.04),
however these differences were not significant following correc-
tion for multiple comparisons (P > 0.05).

Because the aspirin-induced decline in FEV; constitutes the most
important parameter for the diagnosis of aspirin intolerance in asth-
matics, we determined the association of —1075A > G, —947A > G,
and —50 C > Twith the rate of decline in FEV; following aspirin chal-
lenge (Fig. 2). Three SNPs were strongly associated with the rate of
decline in FEV, following aspirin challenge, in a gene-dose depen-
dent manner (AAC: 10.08 +13.03%, AC/GT: 8.53 +12.57%, GGT:
6.76 + 12.60%; P = 0.004).

3.4. Comparison of IL17RA protein levels between —1075 A > G, —947
A>G and —50 C > T genotypes by flow cytometry

IL17RA protein expression was measured in peripheral blood
CD14" monocytes obtained from asthmatics having IL17RA —1075
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AA, —947 AA, —50 CC (n=11), and those having IL17RA —1075 GG,
—947 GG, —50 TT (n = 7) by flow cytometry (Fig. 3). IL17RA expres-
sion on the CD14" cells were significantly different between the
two groups. The CD14" monocytes from asthmatic patients with
AAC homozygotes for —1075 A> G, —947 A> G, —50 C> T showed
significantly higher IL17RA expression than those of the GGT
homozygotes group (AAC; 24.82 + 23.86 vs. GGT; 13.38 £ 4.14 fluo-
rescence intensity; P =0.017; Fig 3C). More than 80% CD14* mono-
cytes expressed IL17RA protein on their surface and the positive
rate of IL17RA on CD14" monocytes was similar for the two groups
(98.21 +2.10% vs. 95.73 + 5.59%: Fig. 3D).

3.5. Comparison of IL17RA mRNA expression between —1075 A > G,
-947A>G, -50C>T

To investigate the genetic effect of these polymorphisms on the
mRNA expression of the IL17RA gene in PBMCs, we used real-time
PCR to measure IL17RA mRNA levels in PBMCs derived from sub-
jects carrying —1075 A> G, —947 A> G, —50 C > T. Quantification
of the IL17RA mRNA level was done by measuring the intensity
of the IL17RA real-time PCR product after correcting for the inten-
sity of PGK1. The expression level of IL17RA mRNA in PBMCs was
significantly higher in subjects having —1075 AA, —947 AA, —50
CC (n=10) homozygotes than those having —1075 GG, —947 GG,
—50 TT (n=8) homozygotes (1.0 £0.27 vs. 0.39+0.15 P=0.010;
Fig. 4C).

Melt Curve

Fig. 4. mRNA expression of IL17RA gene according to —1075 A> G, —947 A> G, —50 C>T genotypes in hPBMCs of asthmatics. (A) Diagram of PCR primer. Product size is
317 bp. (B) Melting curve of IL17RA and PGK1. (C) mRNA expression of IL17RA gene according to —1075 A > G, —947 A > G, —50 C > T genotypes in hPBMCs of asthmatics. The
cycle threshold (Ct) of each human IL17RA gene was normalized to the Ct for PGK1. Fold change was calculated relative to expression in common allele. Data are indicated

means + SE. The experiments were performed in duplicate.
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4. Discussion

In the present study, for the first time, we identify the IL-17RA
gene polymorphisms that are associated with the risk of AERD.
The frequencies of the minor alleles of three SNPs (—1075A> G
and —947A > G in the promoter, —50 C>T in the 5’-UTR) and one
haplotype (haplotype-1 in block 2) were significantly lower in
AERD than ATA. The human IL17RA gene is located at 22q11.22-
22q11.23 and spans 13 exons, encoding a 866-amino acid type |
membrane glycoprotein. This receptor is strongly expressed on
CD33 myeloid cells, CD14" monocytes and peripheral blood cells
[31]. Thus, we measured IL17RA protein levels on the surface of
CD14" monocytes between —1075 A>G, —947 A>G and —50C>T
genotypes by flow cytometry as a functional validation study to
evaluate the genetic effect of the SNPs. The IL17RA protein was sig-
nificantly higher on the CD14* monocytes of common allele homo-
zygotes of the SNPs than on those of minor allele. These data
indicate that the minor alleles of the three SNPs may exert a pro-
tective effect against aspirin hypersensitivity by attenuating
IL17RA protein expression. Interestingly, the IL17RA protein was
expressed by more than 80% monocytes of the three genotypes.
These data suggest that the genetic effect of the SNPs may deter-
mine the quantity of IL17RA protein expressed by the monocytes.

To determine the regulatory level of protein expression on the
steps of transcription, we used real-time PCR using peripheral
blood mononuclear cells (PBMCs), which are known to express a
significant amount of IL17RA mRNA [32]. We found that the mRNA
expression in PBMCs containing the common alleles homozygote
were significantly higher than that of minor allele homozygote
from the three SNPs. These data indicate that the three SNPs may
exert their genetic effect at promoter sites that inducers or enhanc-
ers may act upon. When we searched the candidate transcriptional
factors using the web sites TESS, the region around allele IL 17 RA
—1075 A> G, —947 A> G and —50 C> T was found to contain con-
sensus binding sites for NF-Zc (at bp —1071 to —1077), NF-Zz (at
bp -1071 to —1077), Sp1 (at bp —941 to —947), AP-4 (at bp
—943 to —948), E12 (at bp —943 to —948), HEN1 (at bp —943 to
—948), and Pax-5 (at bp —40 to —55) (Supplementary Fig. 1). These
data suggest that the three loci for the SNPs may serve as the sites
for transcription factor binding.

Recent research on the potential involvement of IL-17 cytokine
family in pulmonary allergic responses has focused on IL-17A,
IL-17F, and IL-17E, because the former two seem to take part in
neutrophil recruitment and activation whereas IL-17E appears to
be involved in the induction of TH2 cytokines and the recruitment
of eosinophils through induction of eotaxin [16]. IL-17A signals
through its receptor, IL-17RA, and induces the maturation of
CD34" hematopoietic precursors into neutrophils. The activation
of IL17RA may, therefore, be associated with neutrophilic inflam-
mation. However, the associated inflammatory cell pattern has
been regarded as eosinophils in AERD. We have no good explana-
tion that accounts for the seeming discrepancy in these data. As
well as neutrophilic inflammation, IL17 induces NF-xB and
prostaglandin E2 [33]. Moreover, in addition to prostaglandin
metabolism, IL17A induces the production of cytokines (IL-6,
TNF-o, IL-1B), chemokines (RANTES, MCP-1, MIP-2/IL-8, MIP-3q,
GROw), cell-surface markers (RANKL and ICAM-1), and proinflam-
matory mediators (nitric oxide, COX-2) [34]. All are important
mediators in the development of aspirin hypersensitivity in asth-
ma. Thus, differentially regulated IL-17 RA protein expression
may alter the synthesis of cytokines, chemokines, and prostaglan-
din E2 upon stimulation of IL-17, which may lead to aspirin hyper-
sensitivity in asthma.

Whereas IL17RA is a well-known gene in innate-adaptive im-
mune responses, few studies have been carried out on diseases

associated with IL17RA gene polymorphisms. Common haplotypes
consisting of two intronic SNPs (rs5748864 and rs6518660) in
IL17RA have been reported to be associated with susceptibility to
Crohn’s disease [35]. Although asthma shares a common immuno-
pathology with Crohn’s disease, rs6518660 was not associated
with asthma of the present study.

In summary, we identified three SNPs associated with the
development of aspirin intolerance in asthmatics. Additionally,
the associations of—1075A > G, —947 A > G, —50 C > T are more pro-
nounced when paired with functional studies demonstrating pro-
tein and gene levels by real-time PCR and flow cytometry. This
information on genetic polymorphisms with regard to the IL17RA
gene may be useful in developing new methods for diagnosing
AERD, and for devising new strategies for its control.

5. Conclusions

We genotyped 15 SNPs on IL17RA and examined their link to
aspirin-intolerant in asthmatics. Logistic analysis showed that
IL17RA —1075 A> G, —947 A> G and —50 C>T are associated with
aspirin hypersensitivity in asthma. In addition, these associations
of —1075 A>G, —-947 A>G and —50 C>T are more pronounced
when validated with the measurement of protein and mRNA
expression in CD14" peripheral blood monocytes and mononuclear
cells. This information on genetic polymorphisms of the important
IL17RA gene may be useful in the development of new methods to
diagnose aspirin intolerance, and new strategies for the control of
aspirin intolerance.
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