Original Article

Allergy Asthma Immunol Res. 2014 March;6(2):142-148.

@ CrossMark  Nttp://dx.doi.org/10.4168/aair.2014.6.2.142
o= p|SSN 2092-7355 « el SSN 2092-7363

AAl R*

Allergy, Asthma & Immunology Research

Polymorphisms of ATF6B Are Potentially Associated With FEV1
Decline by Aspirin Provocation in Asthmatics

Tae-Joon Park,'? Jeong-Hyun Kim,'? Charisse F. Pasaje,' Byung-Lae Park,’ Joon Seol Bae,” Soo-Taek Uh,* Yong-Hoon Kim,
Mi-Kyeong Kim,® Inseon S. Choi,° Byoung Whui Choi,” Hye-Rim Shin,* Jong-Sook Park,’ InSong Koh,® Choon-Sik Park?
Hyoung Doo Shin'?

4

"Department of Life Science, Sogang University, Seoul, Korea

?Department of Genetic Epidemiology, SNP Genetics, Inc, Seoul, Korea

*Genome Research Center for Allergy and Respiratory Diseases, Soonchunhyang University Bucheon Hospital, Bucheon, Korea
“Division of Allergy and Respiratory Medicine, Soonchunhyang University Cheonan Hospital, Cheonan, Korea

*Department of Internal Medicine, Chungbuk National University, College of Medicine, Cheongju, Korea

¢Department of Allergy, Chonnam National University Medical School and Research Institute of Medical Sciences, Gwangju, Korea
"Division of Pulmonary and Allergy, Department of Internal Medicine, Chung-Ang University Yongsan Hospital, Seoul, Korea
8Department of Physiology, College of Medicine, Hanyang University, Seoul, Korea

9The first and second authors contributed equally to the manuscript

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Purpose: Endoplasmic reticulum (ER) stress has recently been observed to activate NF-kappaB and induce inflammatory responses such as asthma.
Activating transcription factor 6B (ATF6B) is known to regulate ATFa-mediated ER stress response. The aim of this study is to investigate the associ-
ations of ATF6B genetic variants with aspirin-exacerbated respiratory disease (AERD) and its major phenotype, % decline of FEV1 by aspirin provo-
cation. Methods: Four common single nucleotide polymorphisms (SNPs) of ATF6B were genotyped and statistically analyzed in 93 AERD patients
and 96 aspirin-tolerant asthma (ATA) as controls. Results: Logistic analysis revealed that 2 SNPs (rs2228628 and rs8111, P=0.008; corrected
P=0.03) and 1 haplotype (ATF6B-ht4, P=0.005; corrected P=0.02) were significantly associated with % decline of FEV1 by aspirin provocation,
whereas ATF6B polymorphisms and haplotypes were not associated with the risk of AERD. Conclusions: Although further functional and replica-
tion studies are needed, our preliminary findings suggest that ATFEB may be related to obstructive phenotypes in response to aspirin exposure in
adult asthmatics.

ey Words: ATF6B; aspirin exacerbated respiratory disease (AERD); single nucleotide polymorphism (SNP); haplotype

INTRODUCTION ER stress, or ER stress induced apoptosis, caused by accumu-
lation of unfolded or misfolded proteins in the lung epithelial
Aspirin-exacerbated respiratory disease (AERD) is character- cells is involved in chronic obstructive pulmonary disease.”
ized by severe and persistent inflammation in the upper and
lower airways followed by asthma, nasal polyps, and sensitivity

to aspirin and other non-steroidal anti-inflammatory drugs."?
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The prevalence of AERD has been estimated as 21% in adults
with asthma.® Although the mechanism of AERD pathogenesis
has not been clearly defined, it has been suggested that the dis-
ease can be attributed to a significantly higher level of cysteinyl
leukotrienes compared to aspirin-tolerant asthma (ATA) pa-
tients. In addition, sarco/endoplasmic reticulum Ca* ATPase
protein and orosomucoid 1-like 3 (ORMDL3) gene involved in
airway remodeling, mediate the endoplasmic reticulum (ER),
have provided new insights on bronchial asthma.>®
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Moreover, a new insight into the molecular mechanism con-
necting Ca** signaling-mediated cellular stress in the ER through
an ER-resident transmembrane protein ORMDL3 and inflam-
matory responses suggests that ER stress activates NF-kappaB
and may play a role in chronic inflammatory diseases such as
asthma.’

The activating transcription factor 6 beta (ATF6B; MIM no.
600984) is an isoform of activation transcription factor 6 (ATF6)
that is mainly expressed in the ER. The ATF6B of 110 kDa is
cleaved during ER stress and produces a nuclear form of 60 kDa
ATF6B.® Through the repression of ATF60. (the other ATF6 iso-
form), the ATF6B activates the expression of many ER stress re-
sponse (ERSR)-related genes such as glucose-regulated protein
78 (GRP78),” indicating that ATF6B is essential in ATF6a func-
tioning during ERSR." More recently, a genome-wide associa-
tion study has identified a chromosomal region, which includes
ATF6B that is associated with lung function such as the ratio of
forced expiratory volume in 1 second (FEV1) to forced vital ca-
pacity."

Based on the possible relations of ATF6B to asthma and ob-
structive lung diseases, we hypothesized that ATF6B SNPs
might be associated with AERD development and/or the de-
cline of forced expiratory volume by aspirin provocation.

MATERIALS AND METHODS

Study subjects

This study was carried out in compliance with the Global Initia-
tive for Asthma Global Strategy for Asthma Management and Pre-
vention Study. Subjects were recruited from the Asthma Genome
Research Center comprising the hospitals of Soonchunhyang and
Chung-Ang University in Korea. All subjects provided their in-
formed consent, and the study protocols were approved by the
Institutional Review Board of each hospital.

All patients in the study had a history of dyspnea and wheez-
ing in the past 12 months, along with one or more of the follow-
ing: (1) either a =15% increase in FEV1 or a >12% increase in
FEV1 plus 200 mL follow-up inhalation of a short-acting bron-
chodilator, (2) <10 mg/mL PC20 methacholine, and (3) =20%
increase in FEV1 following 2 weeks of treatment with inhaled
steroids and long-acting bronchodilators. In addition, 24 com-
mon inhalant allergens were used to conduct a skin prick test.
Total IgE was measured with the CAP system (Phadia, Uppsala,
Sweden), and atopy was defined as having a wheal reaction
equal to or greater than the histamine or 3 mm in diameter. An
oral aspirin challenge (OAC) was performed with increasing
doses,'” based on the updated practice parameter (2010) of the
American College of Allergy, Asthma & Immunology/Ameri-
can Academy of Allergy, Asthma & immunology."*" Briefly, pa-
tients with a history of aspirin hypersensitivity were given 30
mg orally. Respiratory and nasal symptoms, blood pressure, ex-
ternal signs (urticaria and angiooedema), and FEV1 were doc-
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umented every 30 minutes for a period of 1.5 hours. At the end
of this period, if there were no symptoms or signs suggesting an
adverse reaction, increasing doses of aspirin (60 mg, 100 mg,
300 mg, and 400 mg) were administered until the patient devel-
oped a reaction. The same measurements were repeated every
hour. Those having no history of aspirin hypersensitivity were
started on 100 mg of aspirin, and this dose was gradually in-
creased to 200 mg, 350 mg, and 450 mg until the patient devel-
oped a reaction. If no reaction occurred 4 hours after the final
dose, the test was deemed negative. Aspirin-induced broncho-
spasm, reflected by a decline (%) in FEV1, was calculated as the
pre-challenge FEV1 minus the post-challenge FEV1 divided by
the pre-challenge FEV1. Based on the OAC reactions, AERD
and ATA groups were categorized as follows: (1) 15% or greater
decrease in FEV1 or nasal reactions (AERD group), and (2) less
than 15% decrease in FEV1 without naso-ocular or cutaneous
reactions (ATA group). Peripheral venous blood was collected
before the aspirin challenge.

SNP selection and genotyping

Four common ATF6B SNPs were selected based on minor allele
frequency (MAF) >0.05 and LD status, from Asian populations in
the International HapMap Project database (http://hapmap.ncbi.
nlm.nih.gov/index.html.en). In the case of completely tagged
SNPs (*=1), only one was selected after considering location (e.g,
functionally important SNPs were preferred). SNPs were then
genotyped in 93 AERD and 96 ATA subjects using a Tagman as-
say, with assessment of data quality based on duplicate DNAs
(n=10). SNPs that could not satisfy the following criteria were ex-
cluded: (1) a minimum call rate of 95% for the accuracy of deter-
mining genotypes, (2) no duplicate error, and (3) HWE of P value
>0.05.

Statistics

We examined Lewontin’s D’ (|D’|) and the LD coefficient r* be-
tween all pairs of biallelic loci to determine LD among the SNPs.
LD was obtained using the Haploview v4.1 program downloaded
from the Broad Institute.”® Haplotypes were first estimated using
PHASE software,'® and then computed by logistic analysis using
the Statistical Analysis System (SAS) v9.2. Associations were ana-
lyzed using logistic models with age (continuous value), gender
(male=0, female=1), smoking status (nonsmoker=0, ex-smok-
er=1, smoker=2), and atopy (absence=0, presence=1) as covari-
ates. The effective number of independent marker loci was calcu-
lated to correct for multiple testing using the software SNPSpD
(http://genepi.qimr.edu.au/general/daleN/SNPSpD/), which is
based on the spectral decomposition (SpD) of the matrices of
pair-wise LD between SNPs. The beta values indicating the effect
sizes of differences in mean FEV1 among the genotypes of each
SNP and haplotype were analyzed using the SAS. Statistical pow-
ers were calculated using the Power for Genetic Association Anal-
yses software,'” which is designed to calculate statistical power
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and other values in case-control association studies. For these
measurements, the co-dominant (1df) model with a disease prev-
alence value of AERD 21%,’ effective degree of freedom 2, and an
alpha error level of 5% was used.

RESULTS

Characteristics of study subjects

The clinical profiles of the study subjects are summarized in
Table 1. A total of 189 asthmatic subjects were divided into 2
groups (93 AERD patients and 96 ATA controls) according to
their records of FEV1 decline by aspirin provocation. The per-
centage of FEV1 decline and positive rate of nasal polyps and
rhinosinusitis in AERD patients were higher compared to ATA
controls (P<0.05). However, no significant differences in blood
eosinophil, PC20 methacholine, total IgE, smoking status, and
positive rate of skin test were found in the subgroups of this
study (P>0.05).

Table 1. Clinical profile of study subjects

Clinical profiles AERD ATA Pvalue
Number of subjects (n) 93 96
Age of first medical exami-  44.4(17-73) 458 (15-77) 0.497

nation [mean (range), yr|

Sex (Male/Female) 32/61 24772 0.156

Blood eosinophil (%)* 6.29+5.80 488+4.19 0.060

PC20, methacholine 423+7.18 3.04+4.27 0.193
(mg/mL)*

Total IgE (IU/mL)* 321.65+623.31 309.54+426.04 0.878

FEV1 decline (%) after 2361+14.48 094+2.76 < 0.001
aspirin challenge™®

Ex-smoker/Current smoker 15.63/9.38 6.45/12.90 0219
(%)

Positive rate of skin test (%) 61.46 56.99 0.532

Positive rate of nasal polyp 63.86 29.27 < 0.001
(%)

Positive rate of 75.00 45.35 < 0.05

rhinosinusitis (%)

*Data were presented as mean=+S.D.
AERD, aspirin-exacerbated respiratory disease; ATA, aspirin-tolerant asthma.

Table 2. Single nucleotide polymorphisms of human ATF6B investigated in this study

Volume 6, Number 2, March 2014

Genotyping and haplotypes of ATF6B polymorphisms

Four common ATF6B SNPs with MAF >0.1, one in the pro-
moter region, one in the coding region, and 2 in the 3’-untrans-
lated region (UTR), were selected on the basis of their frequen-
cies in Asian populations (Chinese and Japanese) from the In-
ternational HapMap Project (Table 2, Fig. 1A). All alleles were
successfully genotyped with an average call rate of 99.5% as
shown in Table 2. The data reveal no significant departures
from Hardy-Weinberg equilibrium (HWE) in any of the loci
(P>0.05, Table 2). Four SNPs constituted four haplotypes with
tight LD (Fig. 1B and C). Since ATF6B-ht2 and ATF6B-ht3 were
equivalent to rs8283 and rs3830076, respectively, only ATF6B-
htl and ATF6B-ht4 were included in the association analysis
(Fig. 1B).

Associations of ATF6B polymorphisms with FEV1 decline by
aspirin provocation and AERD

Interestingly, 2 SNPs (152228628 and rs8111) were significant-
ly associated with % decline of FEV1 induced by aspirin chal-

Map of ATF6B (activating transcription factor 6 beta) on chromosome 6p21.3
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Figure. Physical map, haplotypes and LD of ATF6B. (A) Polymorphisms of AT-
F6Binvestigated in this study. Coding exons are marked by black blocks; 5'- and
3"-untranslated region (UTR) by white blocks. (B) Haplotypes of ATF6Bn the Ko-
rean asthmatics. (C) LD blocks among ATF6B polymarphisms.

SNP Alleles Position AT&Z‘:};ZM Genotype (number of subjects) MAF Heterozygosity HWE*
rs3830076 G>A Promoter GG (136) GA (49) AA(2) 0.142 0.243 0.291
1s2228628 C>G Exon7  Syn(Ser201Ser) CC(122) CG (61) GG (6) 0.193 0.312 0.624
1s8283 T>C 3-UTR TT(79) TC(82) CC(28) 0.365 0.464 0.378
rs8111 G>A 3-UTR GG (121) GA (60) AA(6) 0.193 0.311 0.662

*P-values of deviation from Hardy-Weinberg equilibrium (HWE) in Korean population.

MAF, minor allele frequency; UTR, untranslated region; Syn, synonymous.
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Table 3. Association of ATF6B SNPs and haplotypes with FEV1 decline by aspirin provocation in asthmatics

Actual difference

SNP/ Average FEV1 decline of genotype ge pre pent (Genotype FEV1 decline minus
Haplotype ~ FEV1 decline Average FEV1 decline)
c/C CR RR c/C CR RR
All subjects rs3830076 12.01 136(11.36+14.50) 49(13.95+17.93) 2(9.00£.9.90) 0024 0.75 -0.65 1.94 -3.01
1s2228628 122(11.36+14.26) 61(11.99+1552) 6(28.07+26.98) 0.195 0008 003 -0.65 -0.02 16.06
1s8263 79(14.10£16.90) 82(10.44+13.48) 28(11.26+15.82) 0.033 0.66 2.09 -1.57 0.75
rs8111 121(11.30+14.31) 60(11.84+1561) 6(2807+26.98) 0.196 0.008 003  -0.71 017 16.06
-/- +/- +/+
ATF6B-ht1 58(13.75+17.50) 92(9.85+13.85) 36(14.66+1549) 0.078 03 174 216 265
ATF6B-ht4 168(11.61+14.78) 17(13.71+19.92) 1(47.40) 0213 0005 002 -040 1.70 3539
INAERD  rs3830076 23.70 67(22.22+13.65) 23(28.33+16.87) 1(16.00) 0.057 06 . -1.48 463 7.7
1s2228628 58(23.18+12.32) 31(22.05+16.20) 4(41.85+21.25 0.288 0006 002 -0.52 -1.65 18.15
1s8283 42(2541+16.01) 38(21.40+1262) 13(2421+1461) 0.011 092 . 1.71 23 0.51
rs8111 57(2327+12.41) 30(22.08+16.47) 4(41.85+2125 0287 0007 002 -043 -1.62 18.15
-/- +/- +/+
ATF6B-ht1 29(26.49+16.74) 42(20.72+13.89) 19(26.46+12.23) 0.088 0.42 . 2.79 2.98 2.76
ATF6B-ht4 78(24.04+£13.15) 11(19.89+22.67) 1(47.40) 0232 004 014 034 -3.81 237
In ATA rs3830076 0.94 69(0.81+276) 26(1.22+£2.86)  1(2.00) 0.052 062 -0.13 0.28 1.06
1s2228628 64(064+278) 30(1.60+£272) 2(0.50+212) 0.013 09 . 03 0.66 044
1s8283 37(1.25+£278)  44(0.97£266) 15(004+£300) 0145 017 062 031 0.03 09
rs8111 64(064+278) 30(160+272) 2(050+2.12) 0.013 09 03 0.66 0.44
-/- +/- +/+
ATF6B-ht1 29(1.00+264) 50(072+295) 17(1.46+246) 0141 02 0.7 0.06 022 0.52
ATF6B-ht4 90(0.84+2.79) 6(2.37+1.86) 0.1 143

Genotype distribution of each SNP is presented as the number of subjects (percentage of FEV1 decline by aspirin provocation, mean 4 SEM).
*Effect size of the minor allele for FEV1 decline by aspirin provocation.
**Pvalues for linear regression analysis controlling age, sex, smoking status and atopy as covariates under recessive model.

"Pvalues after correction for multiple testing.

ATF6B-htZ and ATF6B-ht3 are equivalent to rs8283 and rs3830076, respectively.
Bolds indicate statistical significances.

C/C, major homozygote; C/R, heterozygote; R/R, minor homozygote.

Table 4. Association of ATF6B polymorphisms and haplotypes with risk of AERD

MAF Co-dominant Dominant Recessive
SNP/Haplotype Statistical power (%)
AERD (n=93)  ATA(n=96) OR (95% Cl) P OR(95% Cl) P OR(95% Cl)
1s3830076 0.137 0.146 094(050-1.75)  0.84 0.93(0.48-1.80) 0.83 1.00(0.06-16.85)  1.00 9.0
1s2228628 0.210 0.177 1.26(0.74-2.17) 040 1.23(0.67-2.28) 0.51 2.11(0.36-12.40) 041 20.0
rs8283 0.344 0.385 0.83(0.54-1.25) 037 0.75(0.41-1.35) 0.34 0.83(0.36-1.89) 0.65 909
rs8111 0.209 0177 1.26(0.73-2.16) 041 1.22 (0.66-2.26) 053 216(0.37-12.72)  0.39 20.0
-/- +/- ++
ATF6B-ht1 0.444 0.438 105(069-1.60)  0.83 0.96(0.51-1.82) 0.90 1.23(0.58-2.61) 0.60 994
ATF6B-ht4 0.072 0.031 2.31(0.87-6.16)  0.09 2.23(0.78-6.36) 0.13 28

Logistic analyses were performed by controlling for age, sex, smoking status and atopy as covariates.

ATF6B-ht2 and ATF6B-ht3 are equivalent to rs8283 and rs3830076, respectively.

*Statistical powers of each SNP/haplotype are calculated based on the co-dominant model.

MAF, minor allele frequency; AERD, aspirin-exacerbated respiratory disease; ATA, aspirin-tolerant asthma; OR, odds ratio; Cl, confidence interval.
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lenge in the asthmatics (P=0.008 under the recessive model,
Table 3), even after corrections for multiple testing (P*"=0.03).
Minor homozygotes of rs2228628 and rs8111 showed about a
2.5-fold increase in the mean decline of FEV1 compared to the
major homozygotes and heterozygotes (Table 3). In the haplo-
type analysis, ATF6B-ht4 was also significantly associated with
FEV1 decline in the asthmatics (P=0.005 and P*"=0.02 under
the recessive model, Table 3). At rs2228628, rs8111, and ATF6B-
ht4, FEV1 declines were greatest for the homozygotes of the mi-
nor alleles (Table 3). However, logistic analysis adjusted for age,
gender, smoking status, and atopy as covariates revealed no sig-
nificant associations between ATF6B SNPs/haplotypes and the
risk of AERD (P>0.05, Table 4). In further comparison of FEV1
decline by aspirin provocation between AERD and ATA groups,
the strength of association with rs2228628 and rs8111 was in-
creased in the AERD group (P=0.006-0.007 and P*"=0.02 un-
der the recessive model, Table 3), but no association was ob-
served in the ATA group.

In silico analysis of rs8111 in 3'-UTR

This study employed in silico analysis to predict potential
function of the significantly associated rs8111 in the 3’-UTR.
The UTRScan program (http://itbtools.ba.itb.cnr.it/utrscan),
using a collection of sequences and regulatory motifs of the un-
translated regions of eukaryotic mRNAs, revealed that 2 regula-
tory elements (the cytoplasmic polyadenylation element [CPE]
involved in the polyadenine tail extension and mRNA activa-
tion for protein translation, and the upstream open reading
frame [uORF] involved in interference with the expression of a
downstream primary ORF) were discovered to include the
rs8111 polymorphic site (Supplementary Table 1).

DISCUSSION

This study suggests that 2 SNPs (12228628 and rs8111) of AT-
F6B are significantly associated with FEV1 decline following as-
pirin provocation in AERD. In particulay, this effect was signifi-
cantly higher in minor allele homozygotes compared to major
allele homozygotes and heterozygotes indicating that this allele
plays a role in airway obstruction and leads to AERD suscepti-
bility. Although actual functions of the heterozygotes remain to
be validated, this result is attributed to the possibility that the
heterozygotes of rs2228628 and rs8111 may display the ATA
phenotypes rather than AERD.

Despite the fact that synonymous SNPs do not alter amino
acid residue, several studies have revealed their functional as-
sociations with human diseases. Previous studies have also re-
ported the associations of synonymous SNPs in the peroxisome
proliferator-activated receptor (PPAR) gene (rs3856806, His
446His)."” In addition, the SET binding factor 1 (SBF1) gene
(rs1053744, Thr1853Thr), discodin, CUB and LCCL domain
containing 2 (DCBLD2) gene (rs828616, 1le2621le) and leucine
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rich repeat containing 43 (LRRC43) gene (rs11060167, Arg
145Arg) were also observed to be associated with the risk of
AERD." This previous evidence and our finding in this study
suggest that a synonymous SNP in ATF6B (152228628, Ser201S-
er) could affect FEV1 decline by aspirin provocation in asth-
matics.

One possible explanation for the functional synonymous vari-
ant is suggested by the differential codon usage. More recently,
codon bias using the relative synonymous codon usage (RSCU)
has been reviewed within 50 genes from each of 9 species, in-
cluding human. The results showed that Ser TCC and Ser_TCG
might exhibit a significantly different pattern of codon usage
within the human genes (Supplementary Fig. 1),” suggesting
that codon usage and its adaptation to cellular tRNA abun-
dances may lead to differences in gene expression and subse-
quent disease susceptibility. In addition, although no RSCU ef-
fect on the airway tissue has been reported, information about
tissue-specific codon usage of Ser_TCC and Ser_TCG and their
frequencies (Supplementary Table 2)***' suggest that codon-
mediated translational control may play a role in the regulation
of obstructive phenotypes in response to aspirin exposure in
adult asthmatic patients.

This study also found that rs8111 in 3’-UTR was associated
with FEV1 decline by aspirin provocation in asthmatics. The 3'-
UTR SNPs usually affect protein expressions by altering the sta-
bility and secondary structure of mRNAs.”” In addition, results
of in silico analyses in this study revealed that CPE and uORF
elements, which include the rs8111 polymorphic site, were ob-
served to be regulatory motifs in ATF6B. As for the functions of
these 2 elements in the 3’-UTR region, CPE has been reported
to act as a regulator for CAP-dependent translation,” and uORF
is involved in the mRNA translation during oocyte maturation
and neuron development.*

The ATF6 protein, including ATF6B, is an ER membrane-
bound transcription factor. ATF6 is a kind of transducer for the
unfolded protein response and is activated by ER stress in-
duced proteolysis.® The ATF6 cascade induces appropriate
folding and ER-association degradation of proteins by the tran-
scriptional up-regulation of ER chaperone genes.”® ATF6B has
five N-linked glycosylation sites, and its glycosylation is in-
volved in ER stress induced proteolysis that cleaves 110 kDa AT-
F6B. It subsequently produces a nuclear form of 60 kDa ATF6B,
which eventually moves to the nucleus and performs a repres-
sor function to ATF6¢ (the other ATF6 isoform)-mediated ERSR
by binding to various ER stress inducible promoters. A fully un-
glycosylated mutant of ATF6B was elucidated not to be cleaved,
thereby leading to modulations of ERSR gene expression by los-
ing its repressor function to ATF60.'° Thus, the function of AT-
F6B may have a crucial role in ERSR, which has been implicat-
ed in inflammation related to airway disease.”” Recently, it has
been suggested that ER stress can be induced not only by the
alteration of protein folding but also by a decrease in Ca** con-
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centration within the ER.® In addition, NF-kappaB, which is in-
volved in the activation of ER stress, showed a higher expres-
sion level in chronic obstructive pulmonary disease patients
who suffer from significantly lower FEV1 than healthy individ-
uals.”** Therefore, it is suggested that ATF6B may play a role in
pulmonary and allergic diseases through possible relations to
the dysregulation of ER Ca** concentration and NF-kappaB.

In conclusion, two ATF6B SNPs (rs2228628 and rs8111, locat-
ed in the coding region and 3’-UTR, respectively) were found to
be significantly associated with FEV1 decline by aspirin provo-
cation in asthmatics. In spite of several limitations such as lack
of normal controls and no functional evaluation, our prelimi-
nary findings in this study could aid in developing a new strate-
gy for the control of aspirin hypersensitivity in asthma.

ACKNOWLEDGMENTS

This work was supported by a grant from the Korea Health 21
R&D Project (A010249); a grant from the Korea Science and En-
gineering Foundation (KOSEF), funded by the Korean govern-
ment (MEST) (2009-0080157); a grant from the Priority Re-
search Centers Program through the National Research Foun-
dation of Korea (NRF), funded by the Ministry of Education,
Science and Technology (2012-0006690); and a Sogang Univer-
sity Research Grant of 2012 (SRF-201214006.01).

REFERENCES

1. Lee RU, Stevenson DD. Aspirin-exacerbated respiratory disease:
evaluation and management. Allergy Asthma Immunol Res 2011;
3:3-10.

2. Palikhe NS, Kim JH, Park HS. Update on recent advances in the
management of aspirin exacerbated respiratory disease. Yonsei
Med ] 2009;50:744-50.

3. Jenkins C, Costello J, Hodge L. Systematic review of prevalence of
aspirin induced asthma and its implications for clinical practice.
BM]J 2004;328:434.

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

5. Mahn K, Hirst §J, Ying S, Holt MR, Lavender P, Ojo OO, Siew L, Sim-
cock DE, McVicker CG, Kanabar V, Snetkov VA, O’Connor BJ, Karn-
er C, Cousins DJ, Macedo P, Chung KE Corrigan CJ, Ward JP, Lee
TH. Diminished sarco/endoplasmic reticulum Ca2+ ATPase (SER-
CA) expression contributes to airway remodelling in bronchial
asthma. Proc Natl Acad Sci U S A 2009;106:10775-80.

6. Cantero-Recasens G, Fandos C, Rubio-Moscardo F, Valverde MA,
Vicente R. The asthma-associated ORMDL3 gene product regu-
lates endoplasmic reticulum-mediated calcium signaling and cel-
lular stress. Hum Mol Genet 2010;19:111-21.

7. Malhotra D, Thimmulappa R, Vij N, Navas-Acien A, Sussan T, Mera-
li S, Zhang L, Kelsen SG, Myers A, Wise R, Tuder R, Biswal S.
Heightened endoplasmic reticulum stress in the lungs of patients
with chronic obstructive pulmonary disease: the role of Nrf2-regu-

Allergy Asthma Immunol Res. 2014 March;6(2):142-148. http://dx.doi.org/10.4168/aair.2014.6.2.142

Potential Association of ATF6B With FEV1 in AERD

lated proteasomal activity. Am J Respir Crit Care Med 2009;
180:1196-207.

8. Thuerauf DJ, Morrison L, Glembotski CC. Opposing roles for AT-
F6alpha and ATF6beta in endoplasmic reticulum stress response
gene induction. ] Biol Chem 2004;279:21078-84.

9. Thuerauf DJ, Marcinko M, Belmont PJ, Glembotski CC. Effects of
the isoform-specific characteristics of ATF6 alpha and ATF6 beta
on endoplasmic reticulum stress response gene expression and
cell viability. ] Biol Chem 2007;282:22865-78.

10. Guan D, Wang H, Li VE, Xu Y, Yang M, Shen Z. N-glycosylation of
ATF6beta is essential for its proteolytic cleavage and transcription-
al repressor function to ATF6alpha. J Cell Biochem 2009;108:825-
31.

11. Repapi E, Sayers I, Wain LV, Burton PR, Johnson T, Obeidat M, Zhao
JH, Ramasamy A, Zhai G, Vitart V, Huffman JE, Igl W, Albrecht E,
Deloukas P, Henderson J, Granell R, McArdle WL, Rudnicka AR;
Wellcome Trust Case Control Consortium, Barroso I, Loos R]J,
Wareham NJ, Mustelin L, Rantanen T, Surakka I, Imboden M,
Wichmann HE, Grkovic I, Jankovic S, Zgaga L, Hartikainen AL, Pel-
tonen L, Gyllensten U, Johansson A, Zaboli G, Campbell H, Wild
SH, Wilson JE Glaser S, Homuth G, Volzke H, Mangino M, Soranzo
N, Spector TD, Polasek O, Rudan I, Wright AF, Heliévaara M, Ripat-
ti S, Pouta A, Naluai AT, Olin AC, Torén K, Cooper MN, James AL,
Palmer LJ, Hingorani AD, Wannamethee SG, Whincup PH, Smith
GD, Ebrahim S, McKeever TM, Pavord ID, MacLeod AK, Morris
AD, Porteous DJ, Cooper C, Dennison E, Shaheen S, Karrasch S,
Schnabel E, Schulz H, Grallert H, Bouatia-Naji N, Delplanque J,
Froguel P, Blakey JD; NSHD Respiratory Study Team, Britton JR,
Morris RW, Holloway JW, Lawlor DA, Hui J, Nyberg F, Jarvelin MR,
Jackson C, Kéhonen M, Kaprio J, Probst-Hensch NM, Koch B, Hay-
ward C, Evans DM, Elliott P, Strachan DP, Hall IP, Tobin MD. Ge-
nome-wide association study identifies five loci associated with
lung function. Nat Genet 2010;42:36-44.

12. Kim BS, Park SM, Uhm TG, Kang JH, Park JS, Jang AS, Uh ST, Kim
MK, Choi IS, Cho SH, Hong CS, Lee YW, Lee JY, Choi BW, Park HS,
Park BL, Shin HD, Chung IY, Park CS. Effect of single nucleotide
polymorphisms within the interleukin-4 promoter on aspirin in-
tolerance in asthmatics and interleukin-4 promoter activity. Phar-
macogenet Genomics 2010;20:748-58.

13. Joint Task Force on Practice Parameters; American Academy of Al-
lergy, Asthma and Immunology; American College of Allergy,
Asthma and Immunology; Joint Council of Allergy, Asthma and
Immunology. Drug allergy: an updated practice parameter. Ann
Allergy Asthma Immunol 2010;105:259-73.

14. Dursun AB, Woessner KA, Simon RA, Karasoy D, Stevenson DD.
Predicting outcomes of oral aspirin challenges in patients with
asthma, nasal polyps, and chronic sinusitis. Ann Allergy Asthma
Immunol 2008;100:420-5.

15. Barrett JC, Fry B, Maller J, Daly MJ. Haploview: analysis and visual-
ization of LD and haplotype maps. Bioinformatics 2005;21:263-5.

16. Stephens M, Smith NJ, Donnelly P. A new statistical method for
haplotype reconstruction from population data. Am ] Hum Genet
2001;68:978-89.

17. Menashe I, Rosenberg PS, Chen BE. PGA: power calculator for case-
control genetic association analyses. BMC Genet 2008;9:36.

18. Oh SH, Kim YH, Park SM, Cho SH, Park]JS, Jang AS, Park SW, Uh ST,
Lee YM, Kim MK, Choi IS, Cho SH, Hong CS, Lee YW, Lee JY, Choi
BW, Park BL, Shin HD, Park CS. Association analysis of thrombox-
ane A synthase 1 gene polymorphisms with aspirin intolerance in

http://e-aairorg 147



Park etal.

asthmatic patients. Pharmacogenomics 2011;12:351-63.

19. Kim JH, Park BL, Cheong HS, Bae JS, Park JS, Jang AS, Uh ST, Choi
JS, Kim YH, Kim MK, Choi IS, Cho SH, Choi BW, Park CS, Shin HD.
Genome-wide and follow-up studies identify CEP68 gene variants
associated with risk of aspirin-intolerant asthma. PLoS One 2010;
5:13818.

20. Plotkin JB, Kudla G. Synonymous but not the same: the causes and
consequences of codon bias. Nat Rev Genet 2011;12:32-42.

21. Comeron JM. Selective and mutational patterns associated with
gene expression in humans: influences on synonymous composi-
tion and intron presence. Genetics 2004;167:1293-304.

22. Chen JM, Férec C, Cooper DN. A systematic analysis of disease-as-
sociated variants in the 3’ regulatory regions of human protein-
coding genes II: the importance of mRNA secondary structure in
assessing the functionality of 3" UTR variants. Hum Genet 2006;
120:301-33.

23. Vesely PW, Staber PB, Hoefler G, Kenner L. Translational regulation
mechanisms of AP-1 proteins. Mutat Res 2009;682:7-12.

24, Rosenstierne MW, Vinther J, Mittler G, Larsen L, Mann M, Norrild B.

25.

26.

27.

28.

29.

Volume 6, Number 2, March 2014

Conserved CPEs in the p53 3’ untranslated region influence mRNA
stability and protein synthesis. Anticancer Res 2008;28:2553-9.
Adachi Y, Yamamoto K, Okada T, Yoshida H, Harada A, Mori K.
ATF6 is a transcription factor specializing in the regulation of qual-
ity control proteins in the endoplasmic reticulum. Cell Struct Funct
2008;33:75-89.

Cunard R, Sharma K. The endoplasmic reticulum stress response
and diabetic kidney disease. Am J Physiol Renal Physiol 2011;
300:F1054-61.

Garg AD, Kaczmarek A, Krysko O, Vandenabeele P, Krysko DV,
Agostinis P. ER stress-induced inflammation: does it aid or impede
disease progression? Trends Mol Med 2012;18:589-98.

Pahl HL, Baeuerle PA. Activation of NF-kappa B by ER stress re-
quires both Ca2+ and reactive oxygen intermediates as messen-
gers. FEBS Lett 1996;392:129-36.

Zhang HP, Xu Y], Zhang ZX, Ni W, Chen SX. Expression of protein
kinase C and nuclear factor kappa B in lung tissue of patients with
chronic obstructive pulmonary disease. Zhonghua Nei Ke Za Zhi
2004;43:756-9.

148  http://e-aair.org Allergy Asthma Immunol Res. 2014 March;6(2):142-148. http://dx.doi.org/10.4168/aair.2014.6.2.142



