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I Abstract

Background: Asthma is a heterogeneous disease, and asthmatic patients without rhinitis more commonly have fixed airway obstruction, a
feature that is also typical of chronic obstructive pulmonary disease (COPD). The Dutch hypothesis suggests that both COPD and asthma
have common genetic risk factors. The purpose of this study was to assess the association between the polymorphism rs4795405 in the
known asthma candidate gene ORMDL3 and asthma with and without rhinitis. We also analyzed COPD in order to investigate whether,
in addition to a clinical overlap, there might also be a genetic overlap between COPD and asthma.

Methods: The population of this genetic association study comprised 493 Slovenian adults, distributed as follows: 131 patients with asthma
(59 had asthma with rhinitis and 72 asthma without rhinitis), 59 patients with rhinitis only, 133 patients with COPD, and 170 controls.
Genotypes for rs4795405 were determined using the TagMan genotyping assay.

Results: rs4795405 was specifically associated with asthma without rhinitis. Assuming a recessive genetic model, we found the CC genotype
in 26% of healthy controls, in 24% of patients with asthma with rhinitis (P=.862), and in 44% of patients with asthma without rhinitis
(P=.006). Polymorphism rs4795405 was also associated with COPD, for which the CC genotype was found in 37% of cases (P=.045).
Conclusions: rs4795405 was strongly associated with asthma without rhinitis, a subtype of asthma for which a higher degree of airway
obstruction was found. These results show the importance of analyzing different asthma phenotypes in genetic association studies. We
also observed a genetic overlap between COPD and asthma without rhinitis.
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I Resumen

Antecedentes: El asma es una enfermedad heterogénea, y los pacientes en los que no se asocia a rinitis tienen una obstruccién mayor,
hecho que es tambien tipico del EPOC. La hipdtesis holandesa sugiere un riesgo genético comun en ambas patologfas.

Objetivo: El propdsito de este estudio fue analizar la posible asociacion entre rs4795405 en el conocido gen ORMDL3, candidato de
asma, y el asma con o sin rinitis. Posteriormente analizamos dichos genes en pacientes con EPOC para estudiar las posibles similitudes
genéticas entre EPOC y asma.

Métodos: Para ello estudiamos 493 sujetos eslovenos adultos, 131 de ellos con asma (de los cuales 59 tenfan asma y rinitis y 72 asma sin
rinitis), 59 rinitis, 133 EPOC y 170 controles sanos.

En todos ellos se determinaron los genotipos para rs4795405 mediante un ensayo TagMan.

Resultados: En los resultado obtenidos encontramos un polimorfismo de rs4795405 asociado con asma sin rinitis. Asumiendo un modelo
genético recesivo encontramos el genotipo CC en un 26% de los controles, con una similar proporcién en el asma con rinitis (24%,
p=0.862) y un incremento de incidencia del CC en asma sin rinitis (44%, p=0.006).

El polimorfismo rs4795405 estaba también asociado a EPOC en los cuales se encontrd el genotipo CC en un 37% (p = 0.045).
Conclusiones: En conclusion, el polimorfismo rs4795405 se asocia fuertemente con asma sin rinitis, un tipo de asma en el cual se encuentra
un mayor grado de obstruccion bronquial.

Este estudio demuestra la importancia de analizar los diferentes fenotipos del asma en estudios de asociacion genética. Ademas encontramos
una superposicion genética entre asma sin rinitis y EPOC.

Palabras clave: Asma sin rhinitis. Enfermedad pulmonar obstructiva crénica (EPOC). Polimorfismo. ORMDL3.
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Introduction

Asthma and chronic obstructive pulmonary disease (COPD)
are complex obstructive lung diseases influenced by genetic
and environmental factors [1,2]. In the last few years, a precise
definition of asthma phenotypes has become increasingly
important in the study of the genetic architecture and disease
triggers of these phenotypes. Asthma frequently coexists with
rhinitis, which is present in 80% of asthma patients [3], and
thus supports the concept of “one airway, one disease” [4].
However, pathophysiology differs between asthma with rhinitis
and asthma without rhinitis. Asthma patients without rhinitis
are more likely to have a higher degree of airway obstruction
[5], lower eosinophil counts in induced sputum samples [6-8],
and, often, more severe asthma [9]. Asthma with or without
rhinitis may thus represent 2 manifestations of airway disease.
About 13% to 43% of COPD patients report a history of asthma
[10,11],but only 8% of asthma patients report a history of COPD
[11]. There are various theories about the origins of asthma and
COPD. The British hypothesis posits that asthma and COPD are
distinct diseases and that each develops via a unique mechanism,
whereas the Dutch hypothesis supports the idea that asthma and
COPD are distinct expressions of a single disease, which is
affected by various environmental and epigenetic factors with
a common genetic background. Consequently, asthma is most
often diagnosed in childhood or adolescence, while COPD is
diagnosed later in life [12]. Genetic research can benefit our
understanding of their common or distinct pathogenesis.

ORMI-like 3 (S cerevisiae) (ORMDL3) is one of the most
extensively studied genes in asthma and has been shown to be
a candidate gene for asthma in a number of studies [13-16],
conducted mainly among children. However, few studies examine
the association between ORMDL3 and asthma in adults [17,18]
and none has investigated the association between polymorphisms
in ORMDL3 and COPD. Various asthma variables, such as
exposure to tobacco smoke [19], early respiratory infections
[20], and disease severity [21], have been analyzed to examine
the association with polymorphisms in 17q21. Furthermore, in
our previous work on children, we found the polymorphism
1rs4795405 to be associated with asthma without rhinitis but not
asthma with rhinitis [16]. These (usually smaller) association
studies revealed distinct asthma phenotypes and environmental
effects on the association with asthma candidate genes. In addition,
they served to offset the disadvantage of larger genome-wide
association studies by representing more complex disease affected

Table 1. Characteristics of Patients and Healthy Controls

by comorbidities or environmental factors. Rhinitis usually
precedes asthma or occurs in parallel with it [9], although different
clinical phenotypes of asthma with or without rhinitis raise the
question of origin and the impact of one disease on the other.
Asthma patients without rhinitis and COPD patients have a high
degree of airway obstruction [5,22]; therefore, early diagnosis
and treatment is crucial if airway remodeling is to be limited and
clinical outcome improved.

ORMDL3 belongs to a highly conserved protein family,
which is anchored as transmembrane proteins in the
endoplasmic reticulum [23]. The known biological function
of ORMDL3 involves regulation of Ca** uptake from cytosol
to the endoplasmic reticulum. In the case of ORMDL3
overexpression, sarcoendoplasmic reticulum Ca* pump
activity is reduced, thus leading to imbalances in Ca** levels
and an unfolded protein response resulting in inflammation [24].
ORMNDLS3 is also involved in sphingolipid metabolism [25].
Bioactive sphingolipid metabolites such as sphingosine 1
phosphate (S1P) regulate diverse cellular processes that are
important for inflammation and immune responses. Changes
in S1P concentrations at tissue-specific sites and in the blood
have been noted in asthma [26], yet the exact role of ORMDL3
in asthma is not known. We analyzed the polymorphism
rs4795405 C>T, which is located in the intragenic region
near ORMDL3. Although rs4795405 is not located directly in
ORMDL3,it is often referred to as an ORMDL3 polymorphism
because it is associated with ORMDL3 expression [13].

The purpose of this study was to investigate the association
between rs4795405 in ORMDL3 and asthma in the adult
Slovenian population and to study whether there is a difference
in genotype or allele frequency in asthma patients with and
without rhinitis. Our assessment is based on differences in the
patient’s condition, such as the degree of airway obstruction
and asthma severity. Furthermore, because asthma and COPD
share several clinical symptoms, we analyzed the association
between rs4795405 and COPD in order to investigate potential
genetic links between asthma and COPD.

Materials and Methods

Study Participants

The study population comprised 493 unrelated Slovenian
adults: 131 patients with asthma (59 with concurrent rhinitis

Asthma Without ~ Asthma With P Healthy

Asthma Rhinitis Rhinitis Rhinitis COPD Controls
N 131 72 59 59 133 170
Age,y, mean (SD) 50.2 (15.1) 51.0 (14.5) 49.1 (15.9) 47.6 (14.0) 63.6 (8.1) 48.0 (13.1)
Male, % 42.7 43.1 424 47.5 76.7 453
Smoking, % 10.8 13.9 6.9 16.7 40° NA
BMI, mean (SD) 28.6(5.2) 289 (5.0) 284 (54) 27.0 (4.0) 26.6 (4.9) NA
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; NA, data not available.
#The remaining 60% of COPD patients are ex-smokers.
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and 72 without rhinitis); 59 patients with rhinitis only; and 133 r - R I I .
patients with COPD. Rhinitis, asthma, and COPD were defined = 28 83 388 83
according to the following guidelines: Allergic Rhinitis and Il LI 1 N (I Tl
its Impact on Asthma [27], Global Initiative for Asthma [28], 2 = SRR AR AA =5
and Global Initiative for Chronic Obstructive Lung Disease 8
[29]. The control group consisted of 170 healthy individuals g " "
with no prior or currently established diagnosis of asthma 2 . E 2 .
or COPD. The characteristics of the study participants are < = :‘E g g :‘E
presented in Table 1. Participants were recruited from various § g = § ‘g £
hospitals and are thus representative of the general Slovenian ‘g © g | £ = =
population. The study was approved by the National Medical 8o 3| 3 3 2
Ethics Committee, and all participants gave their written i 5? 4,? g g a g2 E 4,? g
informed consent. B T €0 €§€0 Bl
5 22 3% 5292 %3
Isolation of DNA and Genotyping of the Single- L g AR LR e
Nucleotide Polymorphism R
Genomic DNA was extracted either from EDTA-containing ¥ o ) o o5
whole blood samples or buccal swab samples from patients &= 5 > = © o | o
and healthy controls using the QIAamp DNA Blood Mini s - o o - oe
Kit (Qiagen) according to the manufacturer’s instructions. ~
The genotypes of the single-nucleotide polymorphism 2 o~ a a a o @
(SNP) analyzed were determined using the 5-nuclease allelic N o ) N n L
discrimination assay in a 96-well format. rs4795405-specific © E X o l§ 3 l§
primers and probes were purchased from Applied Biosystems. -
Allelic discrimination assays were performed in duplicate in -
10-pL reaction volumes using approximately 10 ng of DNA g = Lo o
as a template, TagMan Universal PCR Master Mix II with SRERRS S < <
UNG, and the predesigned SNP genotyping assay provided § dd d d d d.
by Applied Biosystems. The temperature conditions for §
the polymerase chain reaction (PCR) were set at 50°C for § — g= =
2 minutes and 95°C for 10 minutes, followed by 40 cycles 5 £ t = E E
at 95°C for 15 seconds and 60°C for 1 minute. Genotyping | g 3 g 2 *;
of the amplified PCR products was based on the differences gl & 32 =18 8
in VIC and FAM fluorescent levels using the ABI PRISM < ED 5 § § §
7500 sequence detection system (Applied Biosystems) and E »n O E g g ga E
7500/7500 Fast Real-Time PCR v2.0 (Applied Biosystems). @ L S £ % 5 =
= 2 Ge e o2 2 G S
Statistical Analysis i i Z > > == | &P B
Genotype and allele frequencies were compared using the E r . . . . |~ §
Fisher exact test based on 2x2 contingency tables and GraphPad % = E é 8 5 g = g
Prism version 5.0 for Windows (GraphPad Software). Odds = = Q = S i~ Ris P
ratios (OR) with 95% confidence intervals (95%CI) were = ﬁ
also calculated using GraphPad Prism. Deviation from the 5] =
Hardy—Weinberg equilibrium was examined with the %? test. £ ~ % Q o o o a =)
e . SRR Ni < ! NS I el
Statistical significance was set at P<.05. o \o{ 5 - = - -~ g =
a‘ Z. el o o o~ (o BN =
= o
S 2
Results @ S
= 2 3 2 8 88 |z
The genotyping success rate was 100%, both for DNA 3 8 o et v v gl S
isolated from blood and for DNA from buccal swabs. % ~ © - = | 5
The genotype and allele frequencies and the results of the = @ S
genotype association analysis of rs4795405 for patients and o = Q
controls are presented in Table 2. The genotype distributions § o e ‘g < TE S
of 1s4795405 were in Hardy—Weinberg equilibrium. The ol 2N = = = 4
C allele in rs4795405 was associated with a significantly & E g - i i i " %
increased risk of asthma. The C allele was more frequent in g 3 % E g é E f: g 2 @
4 o . D— . - ~ = = = = e}
asthma patients than in healthy controls (59% vs 49%; P=.017, _'E Z Z= g £ é 8 e
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OR, 1.50; 95%ClI, 1.08-2.08). Furthermore, the C allele was
significantly more frequent in asthma patients without rhinitis
than in asthma patients with rhinitis (65% vs 52%; P=.032;
OR, 1.76; 95%CI, 1.07-2.89) and healthy controls (65% vs
50%; P=.001; OR, 1.95; 95%CI, 1.30-2.92). The differences
were even more evident when a recessive genetic model was
used. The risk genotype CC was significantly more frequent
in asthma patients without rhinitis than in asthma patients with
rhinitis (44% vs 24%; P=.017; OR, 2.57; 95%CI, 1.20-5.49)
and healthy controls (44% vs 26%; P=.006; OR,2.29; 95%ClI,
1.29-4.08). No differences in allele or genotype frequencies
were found between asthma with or without rhinitis and rhinitis
only. Finally, no differences in allele or genotype frequencies
were found between patients who had asthma with rhinitis
or only rhinitis and healthy controls. When COPD patients
were examined, we found this disease to be associated with
rs4795405. The C allele was significantly more frequent in
COPD patients than in healthy controls (63% vs 49%; P=.001;
OR, 1.75;95%CI, 1.26-2.42); similar findings were observed
for the CC genotype (37% vs 26%; P=.045; OR, 1.67; 95%CI,
1.02-2.73). A difference was detected in the frequency of the
C allele between COPD and asthma with rhinitis (63% vs
52%; P=.044; OR, 1.58; 95%CI, 1.02-2.44). Interestingly,
similar allele and genotype frequencies were found for asthma
patients without rhinitis and COPD. To address the role of the
rs4795405 genotype in specific clinical areas, we compared
lung function (forced expiratory volume in 1 second [FEV|]
and forced vital capacity [FVC]) between COPD patients
with different genotypes. Patients with the CC genotype had
significantly better lung function than patients with the CT and
TT genotype. FEV, was 51% and FVC 83% in COPD patients
with the CC genotype and 42% (P=.016) and 73% (P=.051)
in patients with the CT and TT genotypes, respectively. A
statistical analysis could not be performed owing to the lack
of uniform clinical data for most of the asthma group.

Discussion

Asthma is a complex disease. Furthermore, it may be a
manifestation of more than 1 disease entity, in which different
pathways eventually lead to variable airway obstruction in
a variety of phenotypes [30]. Airway obstruction is more
commonly fixed in asthma patients without rhinitis than in
asthma patients with rhinitis [5]. Using a case-control study
design, we investigated the relationship between rs4795405,
which is associated with childhood asthma risk and expression
of ORMDLS3 in the adult Slovenian population [13]. In a
previous study by our group, we confirmed that rs4795405
was associated with asthma risk in children and we found it
to be strongly associated with asthma without rhinitis [16]. In
the present study, we analyzed the adult Slovenian patients
with asthma with and without rhinitis and found an association
between adult asthma and rs4795405. Moreover, rs4795405
was strongly associated with asthma without rhinitis. The
C allele, and especially the CC genotype, was more frequent
in asthma patients without rhinitis than in asthma patients
with rhinitis or healthy controls, for which similar genotype
frequencies were found. These results highlight the importance
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of analyzing various asthma phenotypes in genetic association
studies, because asthma is a complex, phenotypically
heterogeneous disease and its manifestation could depend on
genetic predisposition [31]. A particular genetic polymorphism
could lead asthma to be mild or severe, for example [32], or, as
in our study, accompanied by rhinitis or not. The association
between asthma and rhinitis has previously been analyzed
for 157216389, one of the most studied polymorphisms in
ORMDL3. However, this conferred no risk for rhinitis [33].
Although rs7216389 is in weak linkage disequilibrium with
rs4795405 (1?=0.77), we found no association with rhinitis
only. The relatively large differences in risk genotype and
allele frequencies between asthma with and without rhinitis
found in our study and a replication of the results from a
pediatric population with asthma [16] could indicate different
disease mechanisms or crucial differences in these 2 asthma
phenotypes.

Asthma and COPD are common chronic respiratory
diseases with partially overlapping clinical symptoms and
functional characteristics. Airway obstruction is present in
both, with major differences in reversibility. In most asthma
patients, obstruction is largely reversible, but in COPD patients
itis fixed [22]. In COPD, airway obstruction is predominantly
due to small airway disease and destruction of alveolar
attachments; in asthma, larger, more proximal airways are
usually the most affected, although small airway inflammation
is observed, particularly in patients with severe asthma [34].
Evidence suggests that patients with asthma are predisposed
to the development of COPD later in life [35]. Although most
COPD patients have a history of smoking, only 20% to 50% of
smokers actually develop COPD, thus indicating that genetic
susceptibility plays an important role in the disease [22]. The
genetic background that might predispose to COPD is more
poorly understood than that of asthma, and, despite several
similarities (airway obstruction and remodeling), both diseases
have only rarely been addressed in a single genetic study.
Given that patients with asthma without rhinitis have a higher
degree of airway obstruction [5] and that a strong association
was detected between rs4795405 and asthma without rhinitis
[16], we expanded our study to include COPD patients in order
to determine whether the known asthma risk polymorphism
1s4795405 was also associated with COPD. This is the first
study to analyze an association between polymorphisms in
the asthma candidate locus 17q21 and COPD. The C allele,
which is known to be a risk allele for asthma, was also more
frequent in COPD patients than in healthy controls. The risk
genotype and allele frequencies of COPD patients were similar
to those of the group of asthma patients without rhinitis. These
results suggest that, in addition to clinical overlap, there could
also be a genetic overlap between COPD and some asthma
phenotypes. The notion of a shared genetic background is
further supported by other genes known to be associated with
both diseases, such as adrenoceptor beta 2 (ADRB2) [36]
and a disintegrin and metalloproteinase domain—containing
protein 33 (ADAM33) [37-38]. Taking these data together, we
demonstrated a potential association between rs4795405 and
airway obstruction (ie, more fixed obstruction in asthma without
rhinitis). However, as we do not have data on the FEV,/FVC
ratio, we were unable to measure obstruction, a limitation
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that should be overcome in future studies. The finding of an
association between the CC genotype and better lung function
in COPD patients is at first unexpected, although it suggests
that, despite being a risk factor for COPD, this genotype
could be a favorable genetic factor for milder COPD with less
affected lung function.

The CC genotype in 154795405 could be a genetic marker
for predicting the risk of asthma without rhinitis or COPD and
it could help to guide the choice and intensity of therapy and
thus improve patient outcome. Our results suggest that asthma
and COPD share a genetic background, because polymorphism
154795405 is associated with both entities. Our preliminary
results indicate that a detailed genetic analysis of the 17q21
region should be performed for several asthma phenotypes,
including asthma without rhinitis and COPD, in order to
elucidate the existence of a shared genetic background.

Conclusion

Asthma is a complex disease, and our results show that
polymorphisms could affect the manifestation of the asthma
phenotype, because rs4795405 was associated with asthma
without rhinitis but not with asthma with rhinitis. rs4795405
was also associated with COPD, making it a new shared
genetic factor for these respiratory diseases, both of which are
characterized by airway obstruction.
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