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Airway remodeling and exacerbated airway narrowing in asthma have been attributed to the regulation of
intracellular Ca®* by sarcoplasmic reticulum (SR) of the airway smooth muscle cells. The protein encoded by
obscurin, cytoskeletal calmodulin and titin-interacting RhoGEF (OBSCN) is a crucial factor in determining the SR
architecture in Obscn ™/~ mice. This study genotyped a total of 55 common single-nucleotide polymorphisms
(SNPs) in 592 Korean asthmatics including 163 aspirin exacerbated respiratory disease (AERD) cases and 429
aspirin-tolerant asthma (ATA) controls. Eight SNPs, including two nonsynonymous polymorphisms
rs1188722C >T (Leu2116Phe) and rs1188729G > C (Cys4642Ser), and one haplotype BL2_htl showed statistically
significant associations with AERD development (p=0.003-0.03). Two variants, rs1188722C>T (Leu2116Phe)
and rs369252C > A, also revealed nominal association with FEV1 decline by aspirin provocation in asthmatics
(p=0.03-0.04). Intriguingly, rs1188722C>T (Leu2116Phe) is a highly conserved amino acid residue among
species, suggesting its functional relevance to AERD. In addition, the A allele of rs369252C > A, which was more
prevalent in AERD than in ATA, was predicted as a potential branch point (BP) site for alternative splicing (BP
score=4.29). Although further functional evaluation is required, our findings suggest that OBSCN polymor-
phisms, in particular, highly conserved nonsynonymous Leu2116Phe variant, might contribute to aspirin
hypersensitivity in asthmatics.

Introduction

ASPIRIN EXACERBATED RESPIRATORY DISEASE (AERD) is
characterized by development of severe bronchoconstric-
tion after ingestion of aspirin or other nonsteroidal antiin-
flammatory drugs (Szczeklik and Stevenson, 2003). Frequently,
AERD patients experience bronchial asthma and chronic rhi-
nosinusitis accompanied with nasal polyposis. Aspirin hyper-
sensitivity is prevalent in 0.6%—2.5% of the general population,
and it increases up to 5%—-10% in asthmatic patients (Hedman
et al., 1999). Although the pathogenesis of AERD has not yet
been clearly elucidated, overexpressions of proinflammatory
cysteinyl leukotrienes (CysLTs) and CysLT receptors have been
suggested as the major risk factors for AERD development

(Babu and Salvi, 2000). Recently, aspirin hypersensitivity has
been shown to be related with increased asthma severity and
potential remodeling of upper and lower airways (Mascia
et al., 2005; Warner and Knight, 2008).

Polymorphisms in many genes, such as cysteinyl leuko-
triene receptor 2 (Park et al., 2005) and thromboxane A2 re-
ceptor (Kim ef al., 2005) in the arachidonate pathway and
tumor necrosis factor (Kim et al., 2006) and angiotensin I
converting enzyme (Kim et al., 2008) in the immune-related
pathway, are associated with AERD in the Korean popula-
tion. In addition, a genome-wide association study recently
suggested centrosomal protein 68kDa as a candidate gene
for AERD development (Kim et al., 2010). However, con-
sidering that confounders with small effects may contribute
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to the complexity of asthma, genetic variants of other genes
may also be related to the development of aspirin hyper-
sensitivity in asthmatics.

Intracellular Ca®* concentration regulated by sarcoplas-
mic reticulum (SR) has an important role in bronchial con-
struction and bronchial wall thickening in asthma (Sweeney
et al., 2002). In addition, the elevated concentration of cyto-
plasmic Ca" is a crucial event leading to the contraction of
airway smooth muscle cells that causes extensive airway
narrowing (Cox et al., 2007; Kellner et al., 2008). The SR is a
complex internal membrane system that releases and re-
uptakes Ca®* during muscle contraction and relaxation.
Observations of SR architecture and organization from ob-
scurin, cytoskeletal calmodulin and titin-interacting RhoGEF
(Obscn) knockout mice have revealed that a lack of obscurin
leads to changes in longitudinal SR architecture, with sub-
sequent alterations in expressions of SR-associated proteins
(Lange et al., 2009). Furthermore, the relation between aspirin
and intracellular calcium homeostasis that is regulated by SR
suggests that defects in the SR could lead to dysfunctions of
aspirin (Dragomir et al., 2004).

The human OBSCN gene on chromosome 1q42.13 region is
comprised of over 80 exons and encodes a ~720kDa protein.
Although few associations between OBSCN genetic variations
and human diseases have been reported, mutations (e.g.,
Arg4558His and Glu4574Lys) in the gene have been sug-
gested to function in the predisposition to cancers, including
glioblastoma and melanoma, and to provide new therapeutic
opportunities (Balakrishnan ef al., 2007; Bleeker and Bardelli,
2007). In addition, Arg4344Gln, another nonsynonymous
variant in OBSCN, affects its binding to titin/connectin in
hypertrophic cardiomyopathy (Arimura et al., 2007).

To investigate the potential association of OBSCN varia-
tions with AERD development and pathogenesis of bronchial
constriction, this study analyzed a total of 55 common single-
nucleotide polymorphisms (SNPs) in 163 AERD patients and
429 aspirin-tolerant asthma (ATA) controls in the Korean
population.

Materials and Methods
Study subjects

Study subjects were recruited from hospitals of Soon-
chunhyang, Chungbuk National, Chonnam National, Seoul
National, and Chung-Ang Universities. The Institutional
Review Board of each hospital approved the study protocol.
All subjects were Korean, and provided written informed
consent. All patients showed clinical symptoms in accor-
dance with the definition of asthma set forth in the Global
Initiative for Asthma guidelines. Evaluation of asthma in-
cluded histories of dyspnea and wheezing during the pre-
vious 12 months, along with one of the following: (1) a >15%
increase in forced expiratory volume in 1s (FEV1) ora >12%
increase in FEV1 plus 200 mL follow-up inhalation of a short-
acting bronchodilator, (2) <10mg/mL PC20 methacholine,
or (3) >20% increase in FEV1 following 2 weeks of treat-
ment with inhaled steroids and long-acting bronchodila-
tors. The oral aspirin provocation test was performed with
slight modifications in increasing doses (Cormican et al.,
2005), following the guidelines from EAACI/GA2LEN
(Nizankowska-Mogilnicka et al., 2007). Based on the results
of oral aspirin provocation tests, subjects were classified into
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two groups as follows: asthmatics who showed 20% or
greater decrease in FEV1 or 15%-19% decrease in FEV1 with
nasoocular or cutaneous reactions were stratified as AERD
cases, whereas asthmatics who showed less than 15% de-
creases in FEV1 without nasoocular or cutaneous reactions
were grouped as ATA controls.

SNP selection and genotyping

Based on the Asian population from the International
HapMap Project database (http://hapmap.ncbinlm.nih.gov/
index.html.en), a total of 55 common SNPs with a minor al-
lele frequency (MAF) over 0.05 were selected for genotyping.
Approximately 5ng of genomic DNA, which was isolated
from blood of patients using Wizard® Genomic DNA Pur-
ification Kit (Promega), was used to genotype each sample.
Genotyping was performed in a total of 592 asthmatics, in-
cluding 163 AERD patients and 429 ATA controls, using
TagMan assay on the ABI prism 7900HT sequence detection
system (Applied Biosystems). Data quality was assessed by
duplicate DNA (=10 per reaction). SNPs that did not satisfy
the following criteria were excluded from the study: (1) a
minimum call rate of 95%, (2) no duplication error, (3)
Hardy—Weinberg equilibrium of p>0.05.

Statistics

Analysis of linkage disequilibrium (LD) was performed
using the Haploview v4.2 software downloaded from the
Broad Institute (www.broadinstitute.org/mpg/haploview).
LD coefficients (|D’| and °) between all pairs of biallelic loci
were used to determine LD among the SNPs. Haplotypes
were estimated using the PHASE algorithm (Stephens ef al.,
2001). With adjustments for age, gender, smoking status,
atopy, and body mass index as covariates, logistic analysis
was used to assess the association of OBSCN genotype and
haplotype with AERD and FEV1 decline by aspirin provo-
cation using the Statistical Analysis System.

Results
Characteristics of study subjects

Despite need of demographic characteristics from a larger
number of AERD patients, data from the subjects in this
study showed that the mean age of the first medical exami-
nation of AERD patients (43.1 years) was 4 years earlier
compared with that of ATA controls (47.3 years). In addition,
smoking status, body mass index, and PC20 methacholine
level of AERD patients’ subgroup were lower than those of
ATA controls (p<0.05). Most significantly, the mean FEV1
decline after aspirin provocation of AERD patients was
about sevenfold higher than that of ATA controls (p<0.0001;
Table 1).

Polymorphisms, LD, and haplotypes of OBSCN

A total of 55 common polymorphisms, with MAF >0.05,
were selected and successfully genotyped in 163 AERD and
429 ATA subjects (Fig. 1A and Table 2). Most SNPs are located
at the intronic regions, except for one synonymous and six
nonsynonymous variants in the coding regions. As a result of
genotyping in Korean asthmatics, most SNPs showed high
MAFs over 0.05 like other populations, with several complete
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TABLE 1. CLINICAL PROFILES OF STUDY SUBJECTS
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Clinical profile

All asthmatics (n=592)

AERD (n=163)

ATA (n=429)

Age [year, mean (range)]

Sex (n, male/female)

Total smoker (current smoker; ex-smoker) (%)
Body mass index (kg/m?)

Basal FVC (%)

Basal FEV1 (%)

FEV1 decline by aspirin provocation (%)
Blood eosinophil (%)

PC20 methacholine (mg/mL)

Positive rate of skin test (%)

Presence of rhinosinusitis (%)

Presence of nasal polyp (%)

Total IgE (IU/mL)

46.15 (15.40-77.88)
206/386
27.70 (12.50; 15.20)
24.24+3.39
84.28+17.87
84.66+20.60
9.27+13.24
6.01+5.73
6.43+8.67
56.42
41.39
29.56

357.65+604.09

43.13 (17.22-72.73)
59/104
21.47 (12.88; 8.59)
23.39+3.25°
85.16+18.67
83.65+20.18
24.63+16.11°
596+5.21
5.02+7.83%
52.76
62.58%
50.92%
348.60 +596.44

47.30 (15.40-77.88)
147/282
30.07 (12.35; 17.72)
24.58+3.39
83.97+17.58
85.03+20.76
3.54+4.85
6.03+5.92
6.91+8.90
57.81
33.33
21.45
361.00+607.56

Age indicates a first medical examination.

Statistical significance of each clinical profile is compared between AERD cases and ATA controls.

?p<0.05.
°p<0.0001.

AERD, aspirin exacerbated respiratory disease; ATA, aspirin-tolerant asthma; FVC, forced vital capacity; FEV1, forced expiratory volume in 1s.
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FIG. 1. Physical map of single-nucleotide polymorphisms (SNPs) and haplotypes in OBSCN. (A) Complete linkage dis-
equilibrium (LD) is denoted as 7” = 1. The coding exons are represented by black blocks, and 5-untranslated region (UTR) and
3’UTR by white blocks. (B) Haplotypes of OBSCN. Haplotypes are estimated using PHASE algorithm (ver. 2.0). Haplotypes
with frequency >0.1 (denoted as italics) are used for association analyses. Block indicates the LD block derived from LD
coefficients (|D’| and %) between all pairs of biallelic loci as shown in Supplementary Figure S1.
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LDs (= 1) as shown in Figure 1. Pair-wise comparisons re-
vealed two LD blocks (Supplementary Fig. S1; Supplementary
Data are available online at www liebertonline.com/dna), and
the haplotypes were inferred using PHASE software (Fig. 1B).
Only common haplotypes with frequency over 0.1 were used
for the haplotype association analysis.

Association analysis of OBSCN with the risk
of AERD and FEV'1 decline

Results of logistic analysis adjusted for age, gender, smok-
ing status, atopy, and body mass index as covariates showed
significant associations between eight SNPs in OBSCN and
AERD development (p=0.003-0.03; Table 2). Intriguingly,
the significant SNPs included two nonsynonymous variants,
rs1188722C>T (Leu2116Phe) and rs1188729G>C (Cys4642-
Ser), in the coding regions (odds ratio [OR]=2.52-2.53,
p=0.006; Table 2). In addition, haplotype BL2_htl, unique
to  1s1150909C>T, 1s207951A>T, 1s1188729G>C, and
rs369252C > A (Fig. 1B), was associated with AERD (OR=2.53,
p=0.006; Table 3).

Since FEV1 decline by aspirin provocation is the important
criteria for total pulmonary function, regression analysis for
the association with the phenotype of FEV1 decline by as-
pirin provocation in asthmatics was performed. As a result,
only two SNPs of OBSCN, rs1188722C>T (Leu2116Phe) in
exon 23 and rs369252C > A in the intron 76, revealed nominal
signals (p=0.03-0.04; Supplementary Table S1). However,
no dramatic differences in FEV1 decline by aspirin provo-
cation were observed in further comparison between AERD
and ATA subgroups (Supplementary Tables S2 and S3). On
the other hand, haplotypes of OBSCN showed no significant
relation to the FEV1 decline (p>0.05; Supplementary Table
4), except a nominal link to BL2_htl in ATA subjects
(p=0.04).

In silico analyses for potential functions
of the significant variants

In the alignment of amino acid residues of the non-
synonymous Leu2116Phe and Cys4642Ser SNPs showing
significant associations with AERD, the Leu2116Phe site was
highly conserved among human and other species. Also,
Cys4642Ser site was found to be highly conserved among
mammals (Fig. 2).

In silico analysis using EMBL-EBI splice site prediction
(www.ebi.ac.uk/asd-srv/wb.cgi?method =2) revealed that the

KIM ET AL.

ATG[C/A]C sequence containing the minor A allele of
rs369252C > A in intron 76 was estimated to be a potential
branch point (BP) site for alternative splicing, with BP score=
4.29 (Supplementary Fig. S2). Interestingly, the rs369252C > A
variant showed the strongest association with the risk of AERD
(OR=2.71, p=0.003; Table 2) and was found to be related
with FEV1 decline by aspirin provocation in an allelic dose-
dependent manner (p=0.04 under co-dominant model; p=0.03
under recessive model; Supplementary Table S1).

Discussion

This study is the first to investigate association of OBSCN
genetic variants and their haplotypes with the risk of AERD
and the phenotypic FEV1 decline after aspirin provocation
in asthmatics. This study found that most of the associ-
ated variants and one haplotype (BL2_htl) in OBSCN were
more frequent in AERD cases than in ATA controls. More
interestingly, two nonsynonymous variants, rs1188722C>T
(Leu2116Phe) and rs1188729G > C (Cys4642Ser), were identi-
fied as conserved residues among human and other species,
suggesting that genetic variations of OBSCN might contribute
to the development of AERD and could be molecular markers
for the disease. However, there are several limitations in this
study: (1) lack of normal controls; (2) no functional evaluation
for the associated SNPs; (3) need for further replication study
in larger cohorts.

Airway obstruction derived from bronchial hyperrespon-
siveness and airway hyperreactivity may threaten asthmatics’
lives. Recently, many studies have suggested the important
role of intracellular Ca®*, indicating that an increase of cyto-
solic Ca®* concentration in bronchial smooth muscle cells
might cause bronchial obstruction and bronchospam (Parekh
and Penner, 1997; Sweeney et al., 2002). In the airway smooth
muscle cells, the altered Ca®" homeostasis of the SR has also
been shown to affect airway remodeling, including changes in
expressions of immune-related molecules (Kellner et al., 2008).
Furthermore, the correlation between SR Ca?* regulation and
proinflammatory cytokines has been reported in human air-
way smooth muscle (Sathish et al., 2009). Therefore, consid-
ering the regulation of SR integrity and function in Obscn ™/~
mice, aspirin hypersensitivity in asthma could be mediated by
bronchial smooth muscle contraction with the involvement of
Ca”* sensitization through OBSCN-mediated SR regulation.

Although little is known about mutations and functions of
OBSCN and its association with human diseases since the

TABLE 3. AssociATION oF OBSCN HAPLOTYPES WITH ASPIRIN EXACERBATED RESPIRATORY DISEASE

Frequency Co-dominant Dominant Recessive

AERD ATA OR p- OR p- OR p-

LD block  Haplotype (n=163) (n=429) (95% CI) Value (95% CI) Value (95% CI) Value
Block 1 BLI_ht1 0.193 0.196 1.05 (0.74-1.48)  0.79  0.98 (0.67-1.45) 093  1.86 (0.65-5.34) 0.25
BL1_ht2 0.135 0.133 097 (0.66-1.42) 0.87 0.93 (0.61-1.43) 0.74  1.35(0.36-5.03) 0.66
BL1_ht3 0.098 0.108 0.89 (0.58-1.37) 059  0.89 (0.55-1.42) 0.62  0.78 (0.15-4.00) 0.76

Block 2 BL2_ht1 0.282 0.239 1.21 (0.91-1.63)  0.19  1.04 (0.71-1.51) 0.85  2.53 (1.31-4.89) 0.006
BL2_ht2 0.215 0.219 1.03 (0.74-1.44) 085 097 (0.67-1.42) 0.88  1.62 (0.63-4.18) 0.32
BL2_ht3 0.196 0.198 0.96 (0.69-1.34) 0.82  0.83 (0.57-1.23) 036  2.00 (0.84-4.79) 0.12

p-Values are adjusted with initial diagnosed age, sex, smoking, atopy, and body mass index.

Bold values indicate the statistical significance (p <0.05).
LD, linkage disequilibrium.
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A rs1188722C>T (L2116F)

¥
RGLOAVEAREQGTATMEVQLSHADVDGSWTRDGLR |LIQQGPTCHLAVRGPMHTLTLSGLRP

Human 2140
Pig RGLOAVEAQEQGVATMEVELSHADVEGSWTRDGLR |LIQPGPTCQLAVHGPTHSLTLSQLOR 1270
Mouse RGLOEVEAKEQGTASMDVELSHAEVEGSWTRDGLR |LIQPGPKCHLAVQGPVHILTLSALQP 2506
Rat RGLOEVEAKEQGTASMDVELSHADVEGSWTRDGLR |LIQPGPKCHLAVQGPVHILTLSALQP 2414
Chicken KGLQPLEVSEKGTVIFSVEVSHEDVEGTWQKDGVR |LIKPAPNVTMAVQGKKHSLTLSSVTL 2138
Zebrafish EKLKNVVADEGKTITLHCEVSKTGVPVOWWKGDEL |LIQFGEKYKMRERDTSVELIISEAVA 1374
o EE OB B o Eedm % S L S T * 3%

B rs1188729G>C (C4642S)
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Chicken MVQ—-——-LAKPPSITVTHPLVGGSVSEGEVA R|[LECKLSSEIKENVIWLKGKEPIQTGGRY 4662
Zebrafish NEQ----SKKAPKEIPQPPPRSKGKATNPDA |LLODQHNGFKTS 3742
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FIG. 2. Amino acid sequence alignments of OBSCN. (A) Multiple alignments of nonsynonymous rs1188722C>T
(Leu2116Phe) using the ClustalW2 program (www.ebi.ac.uk/Tools/msa/clustalw2/) show a highly conserved residue
among human and other species. (B) The rs1188729G > C (Cys4642Ser) site also shows a high conservation among mammals.
Asterisk (*)indicates the identical residues, whereas colon (:) and period (.) are used to show the positions where the
conserved position contains amino acids of the strong (:) and weak (.) similarity groups, respectively. Human (NP_443075.2),
Pig (XP_003123677.1), Mouse (NP_954603.2), Rat (XP_340808.4), Chicken (XP_418501.2), and Zebrafish (XP_001341205.4).

generation of Obscn knockout mice has only been reported
recently, missense mutations of OBSCN have been impli-
cated in several human diseases, such as glioblastoma and
melanoma as well as hereditary myopathies (Balakrishnan
et al., 2007; Bleeker and Bardelli, 2007; Fukuzawa et al., 2008).
Recently, the nonsynonymous Arg4344GIln variant of
OBSCN has been suggested to be involved in the patho-
genesis of hypertrophic cardiomyopathy, a condition that is
characterized by dyspneas and reported to be vulnerable to
the outflow tract obstruction (Brilakis and Nishimura, 2004),
by affecting interaction with titin/connectin (Arimura et al.,
2007). More intriguingly, increased expression of titin, which
interacts with obscurin, has been determined in chronic ob-
structive pulmonary disease with the involvement of alter-
native splicing of the titin gene (Ottenheijm ef al., 2006).
These observations suggest that obscurin could also be re-
lated with obstructive diseases, possibly through expres-
sional and/or functional changes.

To ascertain the potential functions of the significantly as-
sociated OBSCN variants, further in silico analysis was ap-
plied. In the prediction of functional site using eukaryotic
linear motif (ELM) program (http://elm.eu.org/index.html),
both the nonsynonymous variants rs1188722C>T (Leu2116-
Phe) and rs1188729G >C (Cys4642Ser) were not detected as
the motif sites. However, additional multiple alignment
comparing the conserved residues of human and other species
has revealed that the Leu2116Phe site is a highly conserved
residue, even in the Zebrafish (Fig. 2A). In addition, the
Cys4642Ser variant showed a considerably high conservation
among mammals (Fig. 2B). Nonsynonymous polymorphisms
of many genes have been functionally evaluated in human
diseases (Hindorff et al., 2009), including asthma and immune-
mediated diseases, in which the nonsynonymous SNPs of
chitotriosidase (CHIT1) affects its protein activity and subse-
quently leads to associations with the related phenotypes

(e.g., positive tuberculosis and atopic diseases) (Ober and
Chupp, 2009). Findings from this study suggest that two
OBSCN nonsynonymous variants, rs1188722C>T (Leu2116-
Phe) and 1rs1188729G>C (Cys4642Ser), may be functionally
relevance in AERD occurrence.

In silico analyses for splice sites provides relatively con-
sistent results with microarray and polymerase chain reac-
tion data (Coulombe-Huntington et al., 2009), suggesting that
the extent of individual cis-regulation that affects alternative
splicing might be greater than previously expected. In silico
analysis from this study also predicted the ATG[C/A]C
sequence containing rs369252C > A as a potential BP site for
alternative splicing. The ATGAC sequence containing the
minor A allele of rs369252C > A was predicted as a BP site,
but not in the case of the ATGCC sequence containing the
major C allele of the variant. Therefore, considering that
many alternative transcripts of OBSCN have been discovered
(Supplementary Fig. S2), intronic rs369252C>A in OBSCN
may also have a role in the protein expression and subse-
quent association with AERD.

Although we were not able to compare with the fre-
quencies of Korean normal controls, minor allele frequencies
of 55 OBSCN SNPs among Korean asthmatics (AERD plus
ATA in this study) and other Asian control populations
(Chinese and Japanese) from the International HapMap
Project database are shown in Supplementary Table S5. On
the other hand, in further analysis of the association between
OBSCN and FANCC polymorphisms, which were genotyped
in the same study subjects (Kim et al., 2011), no relationships
were found (data not shown). Recently, genetic variants of
many genes, including those on leukotriene synthetic path-
way or the 5-lipoxygenase pathway (e.g., LTC4S and
ALOXS5) (Sanak et al., 1997; Choi et al., 2004), have been de-
termined as risk alleles, with modest OR, for the aspirin
hypersensitivity in asthma. However, it has been suggested
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that common susceptibility loci with low penetrance may
confer modest risk effects for diseases, under multiple and
independently associated condition among the risk alleles
(Hindorff et al., 2009). Considering the small fraction of each
confounder for the association with diseases and the com-
plexity of genetic and environmental contribution to asthma,
genetic variations in OBSCN may add a functional respon-
sibility for the occurrence of AERD and its related pheno-
types, together with risk factors on other genes.

In conclusion, this study found associations of OBSCN
variants with AERD and the FEV1 decline by aspirin prov-
ocation in asthmatics. One possible explanation is that the
variation in the highly conserved Leu2116Phe locus may
alter its protein function, leading to changes in the SR ar-
chitecture that regulates Ca®* homeostasis in the airway
smooth muscle cells. The other possible explanation would
be that the variation in the rs369252C > A locus could lead to
an alternative splicing that produces a new dysfunctional
product. In addition, further studies to investigate associa-
tions between OBSCN variants and AERD in larger cases
from different ethnic origins are required.
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