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Purpose of review

Allergic rhinitis and allergy are complex conditions, in which both genetic and environmental factors
contribute to the pathogenesis. Genome-wide association studies (GWASs) employing common single-
nucleotide polymorphisms have accelerated the search for novel and interesting genes, and also confirmed
the role of some previously described genes which may be involved in the cause of allergic rhinitis and
allergy. The aim of this review is to provide an overview of the genetic basis of allergic rhinitis and the
associated allergic phenotypes, with particular focus on GWASs.

Recent findings

The last decade has been marked by the publication of more than 20 GWASs of allergic rhinitis and the
associated allergic phenotypes. Allergic diseases and traits have been shown to share a large number of
genetic susceptibility loci, of which IL33/IL1RLT, IL-13-RAD50 and C110rf30/LRRC32 appear to be

important for more than two allergic phenotypes. GWASs have further reflected the genetic heterogeneity

underlying allergic phenotypes.

Summary

Large-scale genome-wide association strategies are underway to discover new susceptibility variants for
allergic rhinitis and allergic phenotypes. Characterization of the underlying genetics provides us with an
insight info the potential targets for future studies and the corresponding interventions.
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Allergic rhinitis is an allergen-specific immunoglo-
bulin E (IgE)-mediated inflammatory disease of the
nasal mucosa, characterized by sneezing, nasal itch-
ing, rhinorrhoea and nasal congestion. The preva-
lence of allergic rhinitis is high globally, including
China [1], and increasing progressively. Although
not a life-threatening disorder, allergic rhinitis
adversely impacts the quality of life of the affected
individuals, and imposes a socioeconomic burden
on both the individual and the society alike.
Allergic rhinitis and allergy are complex con-
ditions, in which interaction between genetic and
environmental factors contribute to the patho-
genesis of these conditions. Family linkage and
candidate-gene studies [2,3] based on the positional
cloning have demonstrated that a number of
susceptibility genes, including immune relevant
factors and regulators of the epithelial barrier, play
a part in the cause of allergic rhinitis and allergy
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phenotypes. However, the findings from these stud-
ies are neither consistent nor conclusive, because of
the genetic heterogeneity. The elucidation of the
human genome has enabled the study of genomic
variation amongst individuals with specific con-
ditions and led to the development of genome-wide
association studies (GWASs) employing common
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Rhinitis, sinusitis and upper airway disease

KEY POINTS

e Genome-wide association studies (GWASs) have
accelerated the search for novel genetic loci for allergic
rhinitis and allergy.

e More than 20 GWASs of allergic rhinitis and allergic
phenotypes have been published in the last decade.

o GWASs have shown that allergic diseases and traits
share a large number of genetic susceptibility loci.

e GWASs also reflect the genetic heterogeneity
underlying allergic phenotypes.

single-nucleotide polymorphisms (SNPs). The
GWASs have thus both accelerated the search for
novel and interesting genes, and confirmed the role
of some previously described genes associated with
the development of allergic rhinitis and allergy. The
aim of this studyis toreview the currentliterature and
provide an overview of the genetic basis of allergic
rhinitis and other allergic phenotypes in relation to
allergic rhinitis, with particular focus on GWASs.

Despite the high prevalence of allergic rhinitis, only
three GWASs of allergic rhinitis have been reported
to date (Table 1) [4,5,6,7%%,8,9*,10-20,21",22-25,
26"]. Andiappan et al. [4] first employed GWAS
strategy to identify the genetic variants that influ-
enced predisposition towards allergic rhinitis and
atopy in a cohort of 4461 ethnic Chinese individuals
in Singapore. The authors demonstrated that SNPs
in two novel candidate genes, MRPL4 (mitochon-
drial ribosomal protein L4) on chromosome 19p13.2
and BCAP (B-cell adaptor for phosphatidylinositol
3-kinase) on chromosome 10g24.1, were consist-
ently associated with allergic rhinitis and atopy in
both the discovery and validation phases of the
GWAS. Moreover, multiple associations were also
replicated within known candidate regions such as
HLA-DQ and NPSR1 locus in the discovery phase
of the study. A recent study [27"] has investigated
the associations of novel loci with allergic rhinitis in
a Han Chinese population and demonstrated that
SNPs in not only the MRPL4 gene, but also the TNF-«
gene was strongly associated with the risk of allergic
rhinitis. Indeed, the 19p13.2 locus has previously
been reported to influence the levels of soluble
intercellular adhesion molecule 1, which is a key
regulator of nasal allergic reaction [28].

A recent large-scale, meta-based GWAS of aller-
gic rhinitis investigated approximately 2.2 million
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genotyped or imputed SNPs in four large European
adult cohorts for allergic rhinitis in a total of 3933
self-reported seasonal allergic rhinitis patients vs.
8965 control individuals, as well as for grass sensit-
ization in 2315 cases vs. 10032 control indivi-
duals [5]. Three loci, including the HLA variant
1s7775228, variants near chromosome 11 open-
reading frame 30 (C110rf30) and leucine-rich repeat
containing 32 (LRRC32), and variant rs2155219,
reached genome-wide significance for both pheno-
types. Of these, the variants within chromosome
11913 were strongly associated with allergic rhinitis.
Interestingly, these variants have also been shown
to be associated with increased risk of atopic derma-
titis and eczema as well as asthma [7*",18]. C110rf30
encodes the EMSY protein involved in epithelial
barrier function via transcriptional repression [29],
whereas LRRC32 encodes a T-cell surface receptor for
latent TGF-B and is essential for regulatory T-cell
functions and immune tolerance [30].

A more recent study [6™] has integrated GWASs,
coexpression network and expression SNP analysis
of allergic rhinitis in 5633 ethnically diverse North
American individuals to identify the biologic
relevance of the findings from GWASs. The authors
demonstrated that a locus on chromosome 7p21.1
near gene FERD3L (Fer3-like bHLH transcription
factor) indicated genome-wide significance in the
meta-analysis across all ethnic groups. Furthermore,
the integrated approach involving pathway analysis
revealed that the module was significantly enriched
for mitochondrial pathways (8.6-fold enrichment),
suggesting that mitochondrial pathways were likely
to be important targets for future investigations of
AR mechanisms and treatment [6""].

Asthma, atopic dermatitis and allergic rhinitis
are three common allergic diseases, which have
similarities in cause, for example, elevated IgE, and
which often coexist in the same family or patient
[31,32]. Thus, it is likely that different allergic dis-
eases may share overlapping genetic susceptibility.
The last decade has been marked by the publi-
cation of more than 10 GWASs in asthma and 5
GWASs for atopic dermatitis (Table 1). The first
published GWAS of asthma, performed in 2007 by
the GABRIEL (A Multidisciplinary Study to Identity
the Genetic and Environmental Causes of Asthma in
the European Community) consortium [8], reported
that the locus on chromosome 17921, which
includes genes ORMDL3, GSDML, ZPBP2 and
IKZF3, contribute to the susceptibility for onset of
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Table 1. Susceptibility loci of allergic rhinitis, asthma and atopic dermatitis identified by GWASs

Allergic disease Chromosome Gene Possible allergic mechanism Reference
Allergic rhinitis 19p13 MRPL4 Involved in inflammatory adhesion process [4]
10q24 BCAP Involved in activation, development [4]
and maturation of B cells
11913 C110rf30/LRRC32 Epithelial barrier function/regulatory [5]
Tell functions and immune folerance
7p21 FERD3L Unknown [6™]
Asthma 17921 ORMDL3/GSDML Involved in calcium homeostasis [7"=,8,9"",
10,11]
Regulation of sphingolipid metabolism
2912 ILTRLT/ILT8R1T Involved in Th2 responses [7*",10-12]
9p24 IL-33 Involved in Th2 responses [7%%,10,12]
6p21 HLA Involved in T-cell responses [7=,10,
13-16]
15922 SMAD3 Transcriptional modulator activated [7%%,10,12]
by TGF-
22q12 IL2RB Involved in T-cell-mediated immune [10]
responses
5q22 TSLP Activates dendritic cells, Th2 immune [7%%,12]
responses
5q31 RADSO-IL-13 DNA repair/a cluster of cytokine [17]
11913 C110rf30/LRRC32 Epithelial barrier function/regulatory [7%%,18]
T-cell
functions and immune tolerance
1931 DENND1B Expressed in dendritic cells and [19]
activates T cells
4p14 TLRG-TIRT Pathogen recognition and activation [77=,18]
of innate immunity
1921 IL6R Regulatory T-cell functions [18]
5q12 PDE4D Involved in the airway smooth muscle [20]
contractility
7922 CDHR3 Epithelial polarity, cell-cell contact 9]
8921 ZBTB10 Sp1 transcription factor, regulates [7%%]
multiple immune-related genes
16p13 CLECT6A Inflammatory cell function [7*9
1p31 NFIA Controls monocyte/macrophage [21%]
differentiation programme
4q31 USP38-GABI Unknown/involved in IL-3, IL-6, [22]
interferon a
and v, and B-cell and T-cell
receptors pathways
10p14 GATA3 Master regulator of Th2 differentiation [22]
12q13 IKZF4 Involved in differentiation of regulatory [22]
T cells
Atopic dermatitis 1p21 FLG Epidermal structure and function [13,23-
25,267
11913 C110rf30/LRRC32 Epithelial barrier function/regulatory [23,25,26"
T-cell functions and immune tolerance
5q22 TMEM232 /SLC25A46 Tetraspan protein/transporter [13,24]
Unknown
20q13 TNFRSF6B /ZGPAT Decoy receptor 3, involved in airway [13,24]
remodelling/unknown
5q31 RADS5O-IL-13-KIF3A DNA repair/a cluster of cytokine/cilia protein [13,25,26""
11913 OVOlL1 Epidermal proliferation and differentiation [13,25]
19p13 ADAMTS10/ACTL9 Epidermal proliferation and differentiation [13,25]
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Table 1 (Continved)

Allergic disease Chromosome Gene Possible allergic mechanism Reference
2912 ILTRLT/IL18R1 Involved in Th2 responses. [13]
6p21 MHC region Autoimmunity [13,26]
11p15 ORTOA3-NLRP10O Initiates adaptive immunity by dendritic cells [13]
3p21 GLB1 Unknown [13]
3q13 CCDC80 Keratinocytes differentiation [13]
7p22 CARDI11 Scaffold protein for lymphocyte activation via [14]
T-cell receptor and Bell receptor signalling

10921 ZNF365/EGR2 Unknown/negative regulation of T-cell proliferation [13]
and Inflammation

20q13 CYP24A1-PFDN4 Mitochondrial cytochrome p450 superfamily [13]

enzyme/unknown

GWASs, genome-wide association studies.

childhood asthma. Subsequent replication studies
[9%%,10,11,33-35] indicated that variants on the
ORMDL3/GSDML were associated with the risk of
asthma in different ethnic populations. A recent
study [36"], employing linkage disequilibrium
mapping techniques in two independent Japanese
populations, demonstrated that variants in this
locus were also associated with allergic rhinitis. In
addition, the associated variants were correlated in
cis with mRNA expression of ORMDL3 in Epstein-
Barr virus (EBV)-transformed lymphoblastoid cell
lines from both an asthmatic child and patients
with allergic rhinitis. Another recent large-scale,
consortium-based GWAS for asthma, involving
10365 asthmatic patients and 16110 control indi-
viduals, has identified six asthma susceptible loci,
including IL1RL1/IL18R1, HLA-DQ, IL-33, SMAD?3,
IL2RB and ORMDL3/GSDM [10]. Particularly, IL33, a
ligand for IL1RL1 and an important effector cyto-
kine of type 2 T-helper responses [37], has been
reported in several other GWASs of asthma
[7%%,9%,12]. Indeed, genetic variants in IL33 and
the levels of serum IL-33 have also been shown to
be associated with Japanese cedar pollinosis, the
most common form of allergic rhinitis in Japan
[38]. Similarly, whereas one recent meta-analysis
of GWASs of asthma has reported TSLP (thymic
stromal lymphopoietin), an important epithelial-
cell-derived cytokine-inducing type 2 T-helper
inflammation, to also be significantly associated
with asthma [12], several other studies [5,7"%,39]
have demonstrated an association between variants
in or near TSLP and allergic rhinitis. Likewise,
RADS5O0-IL-13 at 5q31.1 has been shown to be
another hotspot locus in the GWAS of asthma
[17]. This contains a cluster of cytokine and
immune-related genes, such as IL3, IL4, ILS5, IL13,
GM-CSF and the RADS50 gene (DNA repair protein
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RADS0), and also suggested to be a candidate for the
susceptibility to allergic rhinitis in different popu-
lations [40-42]. Additionally, some GWASs have
indicated that C110rf30/LRRC32 is an overlapping
loci associated with both allergic rhinitis and
asthma [7"%,18].

As a result of the common occurrence of comor-
bidities, it is necessary to confirm whether the
susceptibility loci are shared or specific according
to the disease status defined by the presence of the
two diseases versus the presence of only one disease.
A recent GWAS identified 11 independent variants
associated with the risk of having asthma with
rhinitis, of which associations for two variants,
ZBTN10 and CLECI16A, were significant [7°F].
Evidence from a genome-wide linkage scan in 295
families enrolled in the French Epidemiological
Study on the Genetics and Environment of Asthma
(EGEA) has further indicated that the combined
asthma and allergic rhinitis phenotype is signifi-
cantly linked with a genetic variant in the flanking
5" untranslated region of the nuclear factor I/A
(NFIA) gene in the 1p31 linkage region [21%,43].

To date, only five GWASs have been reported for
atopic dermatitis (Table 1). The first GWAS of atopic
dermatitis identified two genetic loci on chromo-
somes 1p21 and 11ql13 [23], of which the 11q13
region encompassed CI110rf30/LRRC32, as pre-
viously discussed for allergic rhinitis. Similarly,
the 1p21 locus encompassed the FLG gene, which
codes for the key protein filaggrin that facilitates
terminal differentiation of the epidermis and for-
mation of the skin barrier, and identified as a major
susceptibility gene for atopic dermatitis [44].
Another GWAS of atopic dermatitis in the Chinese
Han population identified two new susceptibility
loci at 5922.1 and 20q13.3 [24], of which locus
5q22.1 contained TMEM232/SLC25A46, which was
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previously shown to be modestly associated with
allergic rhinitis [S], and locus 20q13.3 contained
TNFRSF6B gene, which was also identified in the
largest GWAS of atopic dermatitis to date [25]. This
GWAS of atopic dermatitis investigated two inde-
pendent populations and identified five loci with
genome-wide significance, including 1q21 (FLG),
5931 (KIF3A), 11q13 (OVOL1), 19p13 (ADAMTS10/
ACTL9) and 20q13 (TNFRSF6B) [25]. Interestingly,
conditional logistic regression analysis showed that
the association signal at locus 5g31.1, which has
been associated with allergic rhinitis and asthma,
appeared to consist of two independent signals:
one located at IL13-RADS50 and the other at IL4-
KIF3A. Importantly, two recent GWASs have shown
excellent replication for previously identified loci for
atopic dermatitis, including FLG, C110rf30/LRRC32,
TNFRSF6B and KIF3A [13,26™].

Although GWASs of disease phenotype such as
allergic rhinitis, asthma or atopic dermatitis have
generally been successful in demonstrating the
association between a genetic variant and a parti-
cular phenotype, GWASs investigating specific
endophenotype or allergic quantitative traits have
provided conclusive evidence regarding genetic
regulation.

A common feature of allergic rhinitis and
other allergic diseases is an IgE-mediated excessive
immune responsiveness to environmental allergens,
with many patients exhibiting increased total
and allergen-specific IgE levels. The first GWAS of
IgE serum levels in asthma patients identified
associated variants mapping to FCERIA (alpha chain
of the high-affinity receptor for IgE) at 1923, STAT6
at 12q13 and IL-13-RADS50 at 5q31 region [45].
Subsequently, two GWASs confirmed the associ-
ations of these loci with serum IgE levels [10,46].
More recently, one study [47] has indicated that
variants in FCERIA were associated with allergic
diseases including asthma, allergic rhinitis and aller-
gic sensitization defined by skin prick test (SPT).

Allergic rhinitis is strongly associated with
allergic sensitization, defined by elevated levels of
specific IgE. Although the first GWAS of allergic
sensitization in a British 1958 Birth Cohort demon-
strated that 13q14 (FIND3A) loci reached a genome-
wide significant association with allergic sensitiz-
ation, these findings have not been replicated in a
larger independent population [48]. Recently, three
meta-GWASs identified a set of 47 SNPs located in
37 loci, which were significantly associated with
allergic sensitization [5,49"%,50""]. Furthermore, four
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of these loci (TLR6-TLR1, HLA-DQAZ2-HLA-DQAI,
IL2-ADAD1 and LRRC32-Cl1o0rf30) were consist-
ently demonstrated in all three studies, suggesting
their potential relevance to allergic sensitization. A
more recent study [51%] has investigated the repro-
ducibility of these loci in determining the associ-
ations between allergic sensitization and allergic
rhinitis, and demonstrated that TLR6-TLR1 was
likely to play a central role in the development of
allergic disease.

High blood eosinophil count is also an import-
ant feature of allergy. A GWAS for blood eosinophil
counts has indicated the five loci, including 2q12
(ILIRL1), 2q34 (IKZF2), 3921 (GATA2), 5923 (ILS)
and 12p24 (SH2B3), important in this respect [52],
although these findings need to be confirmed in
other studies.

Figure 1 shows that allergic diseases and traits share
a large number of genetic susceptibility loci, of
which IL33/IL1RL1, IL-13-RAD50 and Cl11orf30/
LRRC32 appear to be important for more than two
allergic phenotypes. These overlapping loci may
partly explain the concept of ‘atopic march’, which
proposes the progression of allergic disease from
childhood atopic dermatitis to allergic rhinitis
and asthma [53]. Thus, in individuals with atopic
dermatitis, overlapping allergic genetic suscepti-
bility would likely lead to an increased risk of devel-
oping asthma or allergic rhinitis. Indeed, one study
[53] has indicated that about half of atopic derma-
titis patients are likely to develop asthma and two-
thirds develop allergic rhinitis. Similarly, the close
relationship between allergic rhinitis and asthma
and the finding that allergic rhinitis and asthma
share the same genetic traits have led to the concept
of ‘the united airway’ or ‘one airway, one disease’
[54]. Despite the overlapping genetic susceptibility
to allergic diseases, genetic heterogeneity also plays
an important role in determining the allergic
phenotypes.

Although GWAS:s of allergic diseases have achieved
great success in identifying genetic susceptibility
loci, the identified variants have small effects with
respect to the cause of diseases and explain little of
the heritability. This ‘missing heritability’ phenom-
enon results from endophenotype confounding,
unmapped common and rare variants, copy-number
variations (CNV), epigenetic effects, gene-gene
interactions and gene-—environment interactions.
For example, by defining the endotypes of asthma,
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FIGURE 1. Overlapping loci in GWASs for allergic rhinitis (AR), asthma, asthma and AR, atopic dermatitis (AD), total IgE

levels, allergic sensitization (AS) and blood eosinophil counts.

one GWAS has recently identified a new locus,
CDHR3, associated with childhood severe asthma
with exacerbation [9™]. Additionally, exome sequen-
cing and fine mapping of candidate loci via rese-
quencing have discovered other important rare
variants and CNV, which have biologic function
[55,56].

Epigenetic modifications determine and medi-
ate the environmental influences on gene expres-
sion [57], via the underlying epigenetic mechanisms
which regulate the expression of key molecules or
pathways in immunity related to the pathogenesis
of allergic disorders [58,59]. Thus, promoter methy-
lation, histone tail modification and noncoding
RNAs may become candidate targets for genetic
associations.

As translation of the biology of identified
genetic changes is currently a major difficulty, Ency-
clopaedia of DNA elements consortium (ENCODE)
aims to identify the regulatory regions of the
genome and expression of quantitative trait loci
(eQTL) to provide further insight into the functional
mechanisms.

CONCLUSION

Large-scale genome-wide association strategies are
underway to discover new susceptibility variants for
allergic rhinitis and allergic phenotypes. Character-
ization of the underlying genetics provides an
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insight into the potential future study targets and
corresponding interventions.

Acknowledgements

This work was supported by the grants from the Program
for Changjiang Scholars and Innovative Research Team
(IRT13082), the National Science Fund for Distin-
guished Young Scholars and for the Major International
Joint Research Program (81025007 and 81420108009),
National Natural Science Foundation of China
(30973282, 81100706 and 81400447), Beijing Natural
Science Foundation (7131006), Ministry of Health
Foundation (201202005), the Capital Health Research
and Development of Special (2011-1017-06), the Special
Fund of Sanitation Elite Reconstruction of Beijing (2009-
2-007) and Beijing Health Bureau Program for high level
talents (2011-3-043) to L.Z.,Y.Z. and ].Y.L.

Conflicts of interest
There are no conflicts of interest.

REFERENCES AND RECOMMENDED
READING

Papers of particular interest, published within the annual period of review, have
been highlighted as:
m  of special interest
mm of outstanding interest

1. Zhang Y, Zhang L. Prevalence of allergic rhinitis in china. Allergy Asthma
Immunol Res 2014; 6:105-113.

Davila I, Mullol J, Ferrer M, et al. Genetic aspects of allergic rhinitis. J Investig
Allergol Clin Immunol 2009; 19 (Suppl. 1):25-31.

2.

Volume 14 o Number 00 o Month 2014

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



3. Vercelli D. Discovering susceptibility genes for asthma and allergy. Nat Rev
Immunol 2008; 8:169-182.

4. Andiappan AK, Wang de Y, Anantharaman R, et al. Genome-wide association
study for atopy and allergic rhinitis in a Singapore Chinese population. PLoS
One 2011; 6:e19719.

5. Ramasamy A, Curjuric |, Coin LJ, et al. A genome-wide meta-analysis of genetic
variants associated with allergic rhinitis and grass sensitization and their
interaction with birth order. J Allergy Clin Immunol 2011; 128:996—1005.

6. Bunyavanich S, Schadt EE, Himes BE, et al. Integrated genome-wide asso-

mm ciation, coexpression network, and expression single nucleotide polymorph-
ism analysis identifies novel pathway in allergic rhinitis. BMC Med Genomics
2014; 7:48.

This study highlights the mitochondrial pathways as a target for the pathogenesis

of allergic rhinitis and shows intergrated approach can be applied to provide

biologic mechanisms for GWASs of complex diseases.

7. Ferreira MA, Matheson MC, Tang CS, et al. Genome-wide association

mm analysis identifies 11 risk variants associated with the asthma with hay fever
phenotype. J Allergy Clin Immunol 2014; 133:1564-1571.

This study showed that variants associated with the risk of allergic disease can be

identified with greater efficiency by focusing on the combined phenotype of

asthma with hay fever.

8. Moffatt MF, Kabesch M, Liang L, et al. Genetic variants regulating ORMDL3
expression contribute to the risk of childhood asthma. Nature 2007;
448:470-473.

9. Bonnelykke K, Sleiman P, Nielsen K, et al. A genome-wide association study

mm identifies CDHR3 as a susceptibility locus for early childhood asthma with
severe exacerbations. Nat Genet 2014; 46:51-55.

This GWAS identifies a new susceptibility gene to asthma and demonstrates the

strength of applying specific phenotyping in the search for asthma susceptibility

genes.

10. Moffatt MF, GutIG, Demenais F, et al. A large-scale, consortium-based genome-
wide association study of asthma. N Engl J Med 2010; 363:1211-1221.

11. Wan YI, Shrine NR, Soler Artigas M, et al. Genome-wide association study to
identify genetic determinants of severe asthma. Thorax 2012; 67:762-768.

12. Torgerson DG, Ampleford EJ, Chiu GY, et al. Meta-analysis of genome-wide
association studies of asthma in ethnically diverse North American popula-
tions. Nat Genet 2011; 43:887-892.

13. Hirota T, Takahashi A, Kubo M, et al. Genome-wide association study
identifies eight new susceptibility loci for atopic dermatitis in the Japanese
population. Nat Genet 2012; 44:1222-1226.

14. Noguchi E, Sakamoto H, Hirota T, et al. Genome-wide association study
identifies HLA-DP as a susceptibility gene for pediatric asthma in Asian
populations. PLoS Genet 2011; 7:e1002170.

15. Ramasamy A, Kuokkanen M, Vedantam S, et al. Genome-wide association
studies of asthma in population-based cohorts confirm known and suggested
loci and identify an additional association near HLA. PLoS One 2012;
7:€44008.

16. Lasky-Su J, Himes BE, Raby BA, et al. HLA-DQ strikes again: genome-wide
association study further confirms HLA-DQ in the diagnosis of asthma among
adults. Clin Exp Allergy 2012; 42:1724-1733.

17. Li X, Howard TD, Zheng SL, et al. Genome-wide association study of asthma
identifies RAD50-IL13 and HLA-DR/DQ regions. J Allergy Clin Immunol
2010; 125:328-335.e11.

18. Ferreira MA, Matheson MC, Duffy DL, et al. Identification of ILBR and chromo-
some 11q13.5 as risk loci for asthma. Lancet 2011; 378:1006-1014.

19. Marat AL, McPherson PS. Variants of DENND1B associated with asthma in
children. N Engl J Med 2010; 363:988-989; author reply 989.

20. Himes BE, Hunninghake GM, Baurley JW, et al. Genome-wide association
analysis identifies PDE4D as an asthma-susceptibility gene. Am J Hum Genet
2009; 84:581-593.

21. Dizier MH, Margaritte-Jeannin P, Madore AM, et al. The nuclear factor I/A

m  (NFIA) gene is associated with the asthma plus rhinitis phenotype. J Allergy
Clin Immunol 2014; 134:576-582.e1.

This study conducted fine mapping of the linkage region and showed well defined

subphenotypic entities were critical features for genetic identification.

22, Hirota T, Takahashi A, Kubo M, et al. Genome-wide association study
identifies three new susceptibility loci for adult asthma in the Japanese
population. Nat Genet 2011; 43:893-896.

23. Esparza-Gordillo J, Weidinger S, Folster-Holst R, et al. A common variant on
chromosome 11q13 is associated with atopic dermatitis. Nat Genet 2009;
41:596-601.

24. Sun LD, Xiao FL, Li Y, et al. Genome-wide association study identifies two
new susceptibility loci for atopic dermatitis in the Chinese Han population. Nat
Genet 2011; 43:690-694.

25. Paternoster L, Standl M, Chen CM, et al. Meta-analysis of genome-wide
association studies identifies three new risk loci for atopic dermatitis. Nat
Genet 2012; 44:187-192.

26. Weidinger S, Willis-Owen SA, Kamatani Y, et al. A genome-wide association

mm  study of atopic dermatitis identifies loci with overlapping effects on asthma
and psoriasis. Hum Mol Genet 2013; 22:4841-4856.

This GWAS was done in two large European cohorts and indicated the pathogen-

esis of atopic dermatitis incorporated immune and epidermal barrier defects. The

genetic relationship between atopic dermatitis and psoriasis together with the
variable coincidence between asthma and allergic rhinitis was further explored.

1528-4050 © 2014 Wolters Kluwer Health | Lippincott Williams & Wilkins
Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

GWASs of allergic rhinitis and allergy Li et al.

27. Wei X, Zhang Y, Fu Z, et al. The association between polymorphisms in the

m  MRPL4 and TNF-alpha genes and susceptibility to allergic rhinitis. PLoS One
2013; 8:e57981.

This study was performed in a Han Chinese population and confirmed that MRPL4

and TNF-a were susceptibility genes of allergic rhinitis.

28. Campbell A, Chanal |, Czarlewski W, et al. Reduction of soluble ICAM-1 levels
in nasal secretion by H1-blockers in seasonal allergic rhinitis. Allergy 1997;
52:1022-1025.

29. Ezell SA, Polytarchou C, Hatziapostolou M, et al. The protein kinase Akt1
regulates the interferon response through phosphorylation of the transcrip-
tional repressor EMSY. Proc Natl Acad Sci USA 2012; 109:E613-E621.

30. Stockis J, Colau D, Coulie PG, et al. Membrane protein GARP is a receptor for
latent TGF-beta on the surface of activated human Treg. Eur J Immunol 2009;
39:3315-3322.

31. Gustafsson D, Sjoberg O, Foucard T. Development of allergies and asthma in
infants and young children with atopic dermatitis: a prospective follow-up to 7
years of age. Allergy 2000; 55:240-245.

32. Rhodes HL, Thomas P, Sporik R, et al. A birth cohort study of subjects at risk
of atopy: twenty-two-year follow-up of wheeze and atopic status. Am J Respir
Crit Care Med 2002; 165:176—-180.

33. Verlaan DJ, Berlivet S, Hunninghake GM, et al. Allele-specific chromatin
remodeling in the ZPBP2/GSDMB/ORMDLS locus associated with the risk
of asthma and autoimmune disease. Am J Hum Genet 2009; 85:377-
393.

34. Galanter J, Choudhry S, Eng C, et al. ORMDL3 gene is associated with
asthma in three ethnically diverse populations. Am J Respir Crit Care Med
2008; 177:1194-1200.

35. Hirota T, Harada M, Sakashita M, et al. Genetic polymorphism regulating
ORM1-like 3 (Saccharomyces cerevisiae) expression is associated with
childhood atopic asthma in a Japanese population. J Allergy Clin Immunol
2008; 121:769-770.

36. Tomita K, Sakashita M, Hirota T, et al. Variants in the 17q21 asthma

m  susceptibility locus are associated with allergic rhinitis in the Japanese
population. Allergy 2013; 68:92-100.

This study indicates that 1721 might be one of the common susceptibility loci for

asthma and allergic rhinitis in Japanese populations.

37. Ohno T, Morita H, Arae K, et al. Interleukin-33 in allergy. Allergy 2012;
67:1203-1214.

38. Sakashita M, Yoshimoto T, Hirota T, et al. Association of serum interleukin-33
level and the interleukin-33 genetic variant with Japanese cedar pollinosis.
Clin Exp Allergy 2008; 38:1875-1881.

39. Birben E, Sahiner UM, Karaaslan C, et al. The genetic variants of thymic
stromal lymphopoietin protein in children with asthma and allergic rhinitis. Int
Arch Allergy Immunol 2014; 163:185-192.

40. Kim WK, Kwon JW, Seo JH, et al. Interaction between IL13 genotype and
environmental factors in the risk for allergic rhinitis in Korean children. J Allergy
Clin Immunol 2012; 130:421-426.e5.

41. Lu MP, Chen RX, Wang ML, et al. Association study on IL4, IL13 and IL4ARA
polymorphisms in mite-sensitized persistent allergic rhinitis in a Chinese
population. PLoS One 2011; 6:€27363.

42. Black S, Teixeira AS, Loh AX, et al. Contribution of functional variation in the
IL13 gene to allergy, hay fever and asthma in the NSHD longitudinal 1946
birth cohort. Allergy 2009; 64:1172-1178.

43. Dizier MH, Bouzigon E, Guilloud-Bataille M, et al. Genome screen in the
French EGEA study: detection of linked regions shared or not shared by
allergic rhinitis and asthma. Genes Immun 2005; 6:95-102.

44. Palmer CN, Irvine AD, Terron-Kwiatkowski A, et al. Common loss-of-function
variants of the epidermal barrier protein filaggrin are a major predisposing
factor for atopic dermatitis. Nat Genet 2006; 38:441-446.

45. Weidinger S, Gieger C, Rodriguez E, et al. Genome-wide scan on total serum
IgE levels identifies FCER1A as novel susceptibility locus. PLoS Genet 2008;
4:¢1000166.

46. Granada M, Wilk JB, Tuzova M, et al. A genome-wide association study of
plasma total IgE concentrations in the Framingham Heart Study. J Allergy Clin
Immunol 2012; 129:840-845.e21.

47. Potaczek DP, Michel S, Sharma V, et al. Different FCER1A polymorphisms
influence IgE levels in asthmatics and nonasthmatics. Pediatr Allergy Immunol
2013; 24:441-449.

48. Wan YI, Strachan DP, Evans DM, et al. A genome-wide association study to
identify genetic determinants of atopy in subjects from the United Kingdom.
J Allergy Clin Immunol 2011; 127:223-231; 231.e1-3.

49. Bonnelykke K, Matheson MC, Pers TH, et al. Meta-analysis of genome-wide

mm association studies identifies ten loci influencing allergic sensitization. Nat
Genet 2013; 45:902-906.

This study conducted a two-stage GWAS meta-analysis of allergic sensitization

including data from 16 studies from EAGLE and AAGC Consortiums, and

indicated risk-associated variants at 10 loci were estimated to account for

25% of allergic sensitization and allergic rhinitis DOI: 10.1111/all.12495.

50. Hinds DA, McMahon G, Kiefer AK, et al. A genome-wide association meta-

mm analysis of self-reported allergy identifies shared and allergy-specific suscept-
ibility loci. Nat Genet 2013; 45:907-911.

This study performed a GWAS meta-analysis of generalized estimating equations

tests for shared effects of 3 common self-reported allergy phenotypes and found

16 shared susceptibility loci reached genome-wide significance.

www.co-allergy.com 7



Rhinitis, sinusitis and upper airway disease

51. Nilsson D, Henmyr V, Hallden C, et al. Replication of genome-wide associa-

m tions with allergic sensitization and allergic rhinitis. Allergy 2014; DOI:
10.1111/all.12495.

This study replicated the SNP associations detected in the three meta-GWASs and

found TLR6-TLR1 locus was shared between allergic sensitization and allergic

rhinitis.

52. Gudbjartsson DF, Bjornsdottir US, Halapi E, et al. Sequence variants affecting
eosinophil numbers associate with asthma and myocardial infarction. Nat
Genet 2009; 41:342-347.

53. Spergel JM, Paller AS. Atopic dermatitis and the atopic march. J Allergy Clin
Immunol 2003; 112:5S118-S127.

54. Asher MI, Keil U, Anderson HR, et al. International Study of Asthma and Allergies
in Childhood (ISAAC): rationale and methods. Eur Respir J 1995; 8:483-491.

8 www.co-allergy.com

55.

56.

57.

58.

59.

DeWan AT, Egan KB, Hellenbrand K, et al. Whole-exome sequencing of a
pedigree segregating asthma. BMC Med Genet 2012; 13:95.

Torgerson DG, Capurso D, Mathias RA, et al. Resequencing candidate genes
implicates rare variants in asthma susceptibility. Am J Hum Genet 2012;
90:273-281.

Jirtle RL, Skinner MK. Environmental epigenomics and disease susceptibility.
Nat Rev Genet 2007; 8:253-262.

Pascual M, Suzuki M, Isidoro-Garcia M, et al. Epigenetic changes in B
lymphocytes associated with house dust mite allergic asthma. Epigenetics
2011; 6:1131-1137.

Yang IV, Schwartz DA. Epigenetic mechanisms and the development of
asthma. J Allergy Clin Immunol 2012; 130:1243-1255.

Volume 14 o Number 00 o Month 2014

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



