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Asthma is a complex chronic inflammatory disease of the airways caused by the interaction of genetic
susceptibility with environmental influences. Genome-wide association studies (GWAS) represent the
most powerful approach for asthma, that have identified several genes (e.g., IL18R1, IL33, SMAD3,
ORMDL3, HLA-DQ and IL2RB loci). HLA super-locus is a genomic region in the chromosomal position
6p21. Since no gene can be considered as an asthma gene, able to reflect the complex etiology and the
heterogeneity of the disease the terms ‘phenotype’ and more recently ‘endotype’ have been used. This
review, according to literature availability, focuses on the relationship between human leukocyte
antigens (HLA) region specifically the HLA class II genes and different asthma phenotypes/endotypes,
such as allergic asthma/Th2 associated, occupational and aspirin-sensitive asthma. The most common
HLA haplotypes in the different asthma phenotypes are HLA-DRB1in allergic asthma, HLA-DQB1in occu-
pational asthma and HLA-DPB1 in aspirin-sensitive asthma. However, it is difficult to study the role of
class II genes in vivo because of the heterogeneity of human population, the complexity of MHC, and
the strong linkage disequilibrium among different class II genes. Despite the variation and the inconsis-
tency of the HLA haplotypes and alleles in different types of asthma, the association between HLA class II
genes and asthma has been demonstrated in the majority of studies.

� 2014 Published by Elsevier Inc. on behalf of American Society for Histocompatibility and
Immunogenetics.
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1. Introduction

Asthma is a complex chronic inflammatory disease of the
airways caused by the interaction of genetic susceptibility with
environmental influences. Environmental exposures throughout
life can modulate the expression of asthma susceptibility genes,
making asthma a dynamic disease [1]. The physiology of asthma
involves many different cells, T lymphocytes, eosinophils and mast
cells being key cells in the airway inflammatory process and also
mediators (cytokines, histamine, leukotrienes) [2]. Airway inflam-
mation and remodelling are critical components of asthma. It is
shown that many genes are involved in the pathogenesis of asthma
[3,4]. However no gene can be considered as an asthma gene, able
to reflect the complex etiology and the heterogeneity of the dis-
ease. To describe the heterogeneity in the manifestations of
asthma, the term ‘phenotype’ has been initially used [2], to define
subtypes of asthma often focused on observable characteristics and
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classified by clinical or physiological criteria, by exposure to
environmental triggers and by defining pathophysiology
concerning the type of underlying inflammation. Environmental
triggers include allergens, occupational allergens and irritants,
exercise, drugs (such as aspirin) [5]. Sufficient clinical and labora-
tory data need to be collected on each individual for the definition
of a specific phenotype. Thus, asthma classification can be based on
proposed cause (allergic, nonallergic, and occupational), pathology
(eosinophilic, noneosinophilic), severity, and physiological param-
eters [6]. Recently, the concept of the endotype has emerged in the
classification of asthma. This term is used to describe specific
asthma subphenotypes that include a unique or distinctive func-
tional or pathophysiological mechanism, such as Th2 associated,
early onset allergic asthma, severe late onset eosinophilic, aspi-
rin-sensitive asthma, allergic bronchopulmonary mycosis and
non Th2 associated, neutrophilic and obesity-related asthma [7].
The identification of different endotypes combined with the iden-
tification of molecular mechanisms and factors responsible for the
development of them may contribute to the introduction of novel
endotype-specific treatments [7].

A study by Deichmann et al. [8] was the first to associate a
specific genetic locus, chromosome 11q13, to asthma. Since then,
more than 1000 publications related a variety of polymorphisms
in more than 200 candidate genes to asthma phenotypes. There
are three major approaches to associate candidate genes with
asthma phenotypes: Genome-wide linkage studies, candidate-
gene association studies and genome-wide association studies
(GWAS) [9]. GWAS represent the most powerful approach for
asthma [9–11], to date, several other genetic studies have been
reported [12,13]. One of the latest and largest of these approaches
was from the GABRIEL consortium applied in 10365 patients which
discovered that the IL18R1, IL33, SMAD3 (a gene activated by TGF-
beta), ORMDL3, HLA-DQ and IL2RB loci were all significantly
associated with asthma [14]. Despite the identification of genes
associated with asthma by the methods mentioned above, few of
them have been replicated extensively. The human leukocyte anti-
gen (HLA) super-locus is a genomic region in the chromosomal
position 6p21 that encodes the six classical transplantation HLA
genes and at least 132 protein coding genes that encode TNF,
LTA, and TAP, many of which have been associated with asthma
phenotypes in diverse populations [4] or have important roles in
the regulation of the immune system as well as some other funda-
mental molecular and cellular processes [15]. Genes in this com-
plex are categorized into three basic groups: class I, class II, and
class III (Fig. 1).

The first studies concerning the association between HLA region
with asthma development were based on class I HLA region
[16–18]. The following studies connected class II HLA region with
Fig. 1. Map of the human Chromosome 6 including HLA class I and II genes.
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asthmatic manifestations and were reported by Huang et al. [19]
in 1981, Wang et al. [20], and by Caraballo et al. [21] and Hsieh
et al. [22], all applied in Chinese population.

To control population admixture, several studies of immunoge-
netic investigation in atopic diseases and allergic asthma have
been applied in several races and nationalities. The majority of
published reviews have investigated several regions containing a
large number of susceptibility genes in asthma. Nevertheless,
reviews focusing on HLA region are scarce and the available
reviews focus either on HLA region including several diseases [3],
or on a specific asthma phenotype such as occupational asthma
[23].

In particular, MHC class II genes on chromosome 6 are respon-
sible for the majority of familial clustering in asthma are highly
polymorphic and strongly influence allergen-specific IgE response.
The majority of HLA class II genes in diverse populations, are linked
to a limited set of class II-DR or -DQ alleles [9]. However, it is dif-
ficult to study the role of class II genes in vivo because of the het-
erogeneity of human population, the complexity of MHC, and the
strong linkage disequilibrium among different class II genes.
Although the phenotypic heterogeneity has been considered as a
major limitation in understanding the genetic determinants of
asthma, few studies have examined to what extent a better
phenotypic resolution leads to identify new genetic determinants.
Moffatt et al. [14] previously applied this approach with a single
asthma characteristic, age at asthma onset (childhood versus adult
onset). Results indicate that HLA-DQ may be fundamental to later-
onset disease. Adult-onset asthma is thought to have a minor
atopic component [24]. Also Li et al. performed a GWAS on a pop-
ulation of well-characterized patients with severe or difficult-to-
treat asthma and identified the RAD50-IL13 region and the HLA
DR/DQ region [9]. Very recently a large population–based study
on 3001 adult asthmatic patients recruited in the frame of three
epidemiological surveys (the European Community Respiratory
Health Survey (ECRHS), the Swiss Study on Air Pollution and Lung
Disease in Adults (SAPALDIA) and the Epidemiological Study on the
Genetics and Environment of Asthma (EGEA) was the first to iden-
tify genetic variants associated with refined asthma phenotypes,
mainly characterized by disease activity, age of asthma onset and
atopic status, by Latent class analysis (LCA) [25]. Associations of
genome-wide significance were observed between ‘‘active adult-
onset nonallergic asthma’’ and between ‘‘inactive/mild nonallergic
asthma’. 15 SNPs identified in previous GWAS of asthma have been
replicated with at least one asthma phenotype, most of them with
the ‘‘active allergic asthma’’ phenotype. Most of the replications
were observed for the active allergic asthma phenotype, including
SNPs in or near IL1RL1, IL18R1, DPP10, RAD50-IL13, HLA-DQ, IL33,
RORA, ORMDL3/GSDMB and IL12RB. This may have occurred
because childhood-onset asthma is more prone to association with
allergic phenotypes, and has been more intensively investigated in
previous asthma GWAS.

It is a fact that the HLA region is the most consistent genomic
locus identified for immune diseases. Asthma and autoimmune
diseases share extensive immunologic pathways. However, a
comparison of GWAS-identified genes between asthma and auto-
immune diseases showed that rs2395185 in HLA-DRA was associ-
ated with asthma in the SARP/CSGA/CAG, TENOR, and GABRIEL
studies [26]. The minor allele T was associated with risk of asthma
development. In contrast, the same allele in another study was
found to be protective for ulcerative colitis [27]. Furthermore, a
GWAS of paediatric asthma in Asian populations identified
rs987870 (between HLA-DPA1 and HLA-DPB1) with the opposite
direction of allelic effects from autoimmune diseases. According
to Li et al. a possible explanation for this difference might be the
existence of different antigen triggers between asthma and auto-
immune diseases [26].
es/endotypes: A review. Hum Immunol (2014), http://dx.doi.org/10.1016/
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HLA genes have also been implicated as a risk factor in asthma
related diseases, such as allergic rhinitis (HLA-DQB1, HLA-B [28]
and HLA-G [29]), allergic bronchopulmonary aspergillosis (HLA-
DRB1) [30], allergic fungal sinusitis and other chronic hypertrophic
rhinosinusitis disorders (HLA-DQB1*03) [31] and atopic dermatitis
(HLA-B7) [32]. Nevertheless, HLA-DQB1 was associated with
protection against allergic bronchopulmonary aspergillosis [30].
Moreover, HLA genes have also been associated with other
diseases, such as diabetes, rheumatoid arthritis [3] or psoriasis
vulgaris [33].

Moreover, HLA typing could play a role in the use of appropri-
ate therapeutic modalities in allergic asthma and rhinitis, as CD4
T cells recognize a bimolecular complex of the specific epitopes
bound to specific HLA class II molecules (HLA restriction) encoded
by the three different loci, HLA DR, DP or DQ. Several studies
implicated T cell responses as a determinant of the clinical effi-
cacy of allergen Specific Immuno-Therapy. Fleva et al. suggested
that HLA typing could possibly play a role in the selection of
atopic patients candidates for grass pollen immunotherapy, by
predicting a favourable outcome [34]. Furthermore, it has been
reported that CD86, HLA-DR, and TLR4 might be useful parame-
ters for monitoring mite allergen specific immunotherapy [35].
Treatment of patients with allergic asthma using low doses of
peptides containing T cell epitopes from Fel d 1, the major cat
allergen, reduces allergic sensitization and improves surrogate
markers of disease [36]. Peptide immunotherapy for HLA-DR
molecules has also been used for cat and grass pollen allergy
[37–39]. The epitope complexity must be taken into account in
the design of a general strategy for identification and character-
ization of T cell epitopes in allergens [40]. Schulten et al. made
a large scale of airborne allergens, for each allergen all available
sequences were collected and total of 87 antigenic regions were
recognized [40].

In the present review, according to literature availability, we
focus on the relationship between HLA region and certain asthma
phenotypes/endotypes, such as allergic/Th2 associated asthma,
occupational and aspirin-sensitive asthma.
2. Allergic/Th2 associated asthma

Allergy is defined as a T helper 2 (Th2) driven hypersensitivity
disorder of the immune system to normally harmless substances
in the environment [41]. Asthma can be triggered by an elevated
IgE in response to a specific allergen. Implicated sources can be
indoor allergens (house dust mites, cockroach, fungi, moulds, ani-
mal danders) and selected outdoor allergens (trees, weeds, and
grass pollens, fungal spores) and also air pollutants-ozone, nitro-
gen oxides, sulphur dioxide diesel exhaust particles [42,43]. The
involvement and interaction between genetic and environmental
factors in asthma phenotypes/endotypes is unquestionable and is
manifested either as early onset allergic asthma in childhood and
adolescence or as late onset eosinophilic adult asthma. Besides,
several studies have associated the risk of asthma development
with early life sensitization [44,45]. Several reports have demon-
strated that the HLA region associated to asthma and allergy is
the DQ and/or DR loci (Table 1).

Before the 90s, HLA typings were done by using commercially
available HLA immunoplates (Behring, West Germany) [19,20],
whereas in most recent studies HLA typing was detected by poly-
merase-chain reaction amplification and hybridization with
sequence specific oligonucleotide probes method (PCR-SSOP)
[46]. Initially the studies investigating the HLA region focused on
HLA class I genes showed association with asthma development
[18–20,47,48] or not [16,49,50]. However, one recent report, which
included HLA class I genes, conducted in Chicago on European des-
Please cite this article in press as: Kontakioti E et al. HLA and asthma phenotyp
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cent and Dutch families, was the only study to support HLA-G (HLA
class I) as a novel asthma and bronchial hyperresponsiveness
susceptibility gene [51]. These families are unique in that the
affected parent had phenotypic characteristics measured at the
age of current measurements in offspring [52].

The following years, studies results favored the association of
HLA class II genes with asthma phenotypes such as HLA-DQ,
HLA-DR and HLA-DP. HLA-DQ was the first asthma-susceptibility
locus to be identified, and extended haplotypes encompassing
HLA-DQ and HLA-DR have been studied for their effects on spe-
cific allergen sensitization [53]. The GABRIEL (A Multidisciplinary
Study to Identify the Genetic and Environmental Causes of
Asthma in the European Community) Consortium conducted a
previous, comparatively small GWAS, which showed that
multiple markers on chromosome 17q21 were strongly and
reproducibly associated with childhood-onset asthma [54]. Moffat
et al. in another study report results of a GWAS conducted with a
sample of 10,365 persons, 10 times the size of that used in their
first-generation study, both on childhood-onset asthma and on
later-onset asthma [14]. One recently published study by Lasky-
Su et al. described results from a genome-wide association study
on asthma performed in a large asthmatic population of 3855
subjects [55]. Their findings replicated the HLA-DQA1 region in
the pathogenesis of asthma.

Several studies have been addressed to Chinese population.
Outdoor, indoor and occupational triggers are important risk
factors for asthma onset in China [56–58]. Chinese studies were
one of the initial to include HLA class I genes such as a report
in Shenyang area, North-east China [20]. They concluded that
HLA-B61 (HLA class I) was associated with bronchial asthma.
Furthermore, Huang et al. studied a Chinese population sample
and concluded that individuals carrying HLA-B5 had a higher
probability to develop asthma and those carrying HLA-B17 were
less likely to become asthmatics in their childhood [19].
Furthermore, Gao et al. [59,60] also demonstrated that the alleles
HLA-DQA1*01:04 and HLA-DQB1*02:01 were correlated with sus-
ceptibility among Northern of Han nationality in China [59] and
that HLA-DRB alleles, DR6(13) and DR52 were significantly impli-
cated among Beijing Chinese [60]. Wang et al. concluded that
HLA-DRB1*15:01/15:02 allele [61] was associated with asthma
in the patients among the Hans in Shanxi province. Furthermore,
Guo et al. also proposed that HLA-DQA1*01:01, DQA1*06:01 and
HLA-DQB1*03:03, DQB1*06:01 might be the susceptible alleles
of asthma in Chinese [62]. These reports in Chinese population
support that mostly the HLA-DQ and HLA-DR allele are correlated
with the susceptibility to asthma. However, some studies dispute
the association between asthma and HLA class II genes (either
alleles or haplotypes) in Chinese population. Among them, Li
et al. found no significant difference in the HLA-DQ and DR loci
between asthmatic patients and controls in southern Chinese
people [63].

In addition, many studies focus on sensitivity to isolated
allergens such as house dust mite which is the most common
and studied allergen [64–66]. A genetic study between allergic
asthma and the HLA system suggested the existence of an HLA-
linked recessive gene controlling the IgE immune responsiveness
to mite allergens and conferring susceptibility to allergic asthma
[67]. A study that concluded the association between HLA-DR hap-
lotype and mite-sensitive asthma was reported by Lara-Marquez
et al. in a Venezuela population [68]. They suggested that HLA-
DRB1*11:01, DQA1*05:01, DQB1*03:01 haplotype was associated
with atopic asthma, conferring susceptibility to develop mite-sen-
sitive asthma to both atopics, and to non-atopic controls carrying
this haplotype. On the contrary, another finding of the same study
concerned HLA class I genes. They concluded that the allele HLA-C7
might have a protective role for developing atopic asthma in the
es/endotypes: A review. Hum Immunol (2014), http://dx.doi.org/10.1016/
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Table 1
Studies on HLA genes in allergic asthma.

Authors [Ref nr] Implicated allergens/substances HLA (haplotype, allele) susceptibility to asthma HLA-(haplotype, allele)
Protection against the
disease-controls

Population-country studied Nr of pts

Brostoff et al. [17] Intrinsic asthma HLA-W6 – Caucasian 26
Huang et al. [19] Not defined HLA-B5 HLA-B17 Chinese

Asia
99

Wang et al. [20] Not defined HLA-B61 – Chinese
Asia

93

Caraballo et al. [21] Mites HLA- DPB1*04:01 – Mulatto
Colombia

43

Movahedi et al. [46] Dust, dander, cockroach, food additives, cigarette,
cocoa, weeds, grass, mites, strawberry, tree

HLA-DRB1, HLA-DQA1, HLA-DQB1 – Iran 112

Ostergaard et al. [47] Not defined HLA-A1, B8 – Caucasian 57
Flaherty et al. [50] Moulds No association – Caucasian 100
Nicolae et al. [51] Not defined HLA-G – European descent and Dutch

families
867

Lasky-Su et al. [55] Not defined HLA-DQA1 Caucasian 3855
Gao et al. [59] Not defined HLA-DQA1*01:04 HLA-DQB1*02:01 HLA-DQA1*03:01,

HLA-DQB1*03:01
Hans-China
Asia

125

Gao et al. [60] House dust mite HLA-DRB, DR6(13), DR52 – Beijing
Chinese
Asia

50

Wang et al. [61] Not defined HLA-DRB1*15:01/15:02 – Hans-China
Asian

138

Guo et al. [62] Mites HLA-DQA1*01:01, HLA-DQA1*06:01, HLA-DQB1*03:03,
HLA-DQB1*06:01

– Chinese
Asia

98

Li et al. [63] Mites, pollen, cat, dog, moulds No association – Chinese
Asia

73

Lara-Marquez et al. [68] Mites HLA-DRB1*11:01, HLA-DQA1*05:01, HLA-DQB1*03:01 HLA-C7 Venezuela 71
Aron et al. [69] Not defined HLA-DRB1*04 – France 14
Moffatt et al. [70] Not defined No association – Aboriginal Australians 234
Hizawa et al. [71] Mites HLA-D and non-HLA loci – USA 299
Cho et al. [73] Mites HLA-DRB1, HLA-DR7 HLA-DR4 Caucasian 91
Howell et al. [74] Mites, pollen, dog HLA-DRB1*15 HLA-DRB1*08 Asthmatic family pedigrees 176
Moffat et al. [75] Mites No association – Australia 1004
Torio et al. [77] Mugwort pollen HLA-DRB1*01, HLA-DQB1*05:01 – Spain 123
Woszczek et al. [78] Grass pollen HLA-DRB1*02, B5⁄ Poland 82
Young et al. [81] Mites, grass pollen, moulds No association – UK 431
Torio et al. [82] Not defined No association – Spain 189
Kauppinen et al. [83] Cow allergen Bos d 2 HLA-DRB1*01:01, HLA-DRB1*04:04,

HLA-DQB1*03:02,
HLA-DQB1*05:01

HLA-DRB1*03:01,
HLA-DQB1*02:01

Caucasian 40

Juhn et al. [84,85] Not defined HLA DRB1*03 – USA 340
Hanchard et al. [87] Not defined HLA DRB1*03 - USA 383
Noguchi et al. [88] Mites HLA-DPA*02:01 HLA-DPB1*09:01 – Asia 1653
Ivković-Jureković et al. [89] Mites, grass pollen, ragweed HLA-DRB1*01, HLA-DRB1*03 – Croatia 143
Parapanissiou et al. [90] Mites HLA-DRB1*04, HLA-DQA1*03:01 – Greece 60
Munthe-Kaas et al. [91] Birch HLA-DQB1*06:03, HLA-DRB1*13 – Norwegian 959

Mugwort HLA-DQB1*06:09, HLA-DRB1*13, HLA-DQB1 *05:01,
HLA-DRB1*01

–

Shreffler et al. [92] Peanut No association – USA 73
Knutsen et al. [93] Moulds – HLA-DQB1*03 USA 186
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population studied. HLA-DRB1*04 alleles were also suggested from
Aron et al. for atopic asthmatics in France, presenting skin test
sensitivity to one or more of common allergens including
Dermatophagoides pteronyssinus, cat, grass mix, tree pollen mix,
Alternaria, and also elevated serum total and specific IgE concen-
trations [69]. A recent GWAS of asthma by Li et al., supported also
the involvement of the DRB1/DQA1 locus in asthma, and reported
also no significant evidence for the involvement of class I or III
alleles [9]. In this report, they detected atopy by measuring total
serum IgE levels in the population studied. However, HLA-DRB1
alleles did not predict the presence of asthma, in Aboriginal Austra-
lians [70].

Mite sensitization has been reported in many studies in Asia
and concluded the involvement of HLA region in allergic asthma.
In one of the few studies concerning HLA-DP, Caraballo et al.
reported that DPB1*04:01 was significantly decreased in asthmatic
patients who were allergic to at least two mites (D. pteronyssinus,
Dermatophagoides farinae) in Mulatto population (an admixture
population of European and African ancestries) [21]. Besides, Hiza-
wa et al. despite their findings on HLA-D region associated with the
expression of D. pteronyssinus-specific IgE responsiveness in Cauca-
sian population, they suggested then that there was also a strong
influence of non-HLA loci [71,72]. In the study by Cho et al. it
was shown that HLA-DRB1 and HLA-DR7 were associated with
the risk of developing asthma. In addition, they concluded that
HLA-DR7 might increase, and DR4 decrease, the risk of developing
asthma in citrus red mite (CRM)-exposed adults [73]. Howell et al.
investigated the association between HLA region and a variety of
major allergens in 176 individuals from 20 asthmatic family pedi-
grees [74]. They concluded that storage mites were the dominant
allergens and that HLA-DRB1*08 was negatively associated with
asthma and atopy, while HLA-DRB1*15 was positively associated
with asthma. In order to control population admixture, Moffat
et al. investigated an Australian population and this was one of
the first studies that showed association between HLA-DRB1 and
house dust mite allergens but failed to associate this locus with
either asthma or eosinophilia [24]. However in another previously
published survey in an Australian population sample, the same
authors had shown association between tumour necrosis factor/
HLA-DR haplotypes [75]. In another report addressed to Taiwanese
adolescents sensitized to D. farinae, the HLA-DR13(+)/LTalphaN-
coI*1 haplotype was associated with the higher risk of developing
clinical asthma [76].

Besides mites, sensitization to pollens plays also a significant
role in asthma phenotypes. In the population of Spain, Torio
et al. was the first to conclude that the HLA-DRB1*01-
DQB1*05:01 genotype was strongly associated with a positive
response to Artemisia vulgaris [77]. In another study, Woszczek
et al. compared patients suffering only from rhinitis and sensitized
to grass-pollen allergy, with asthmatic patients sensitized to the
same allergen and found a significant association between HLA-
DRB1*02, B5⁄ haplotype and asthma phenotype [78]. In the study
by Blumenthal et al. HLA-DR2, (HLA-B7, SC31, DR2), and (HLA-B8,
SC01, DR3) haplotypes were shown to distinguish subjects with
asthma from those with rhinitis only in ragweed pollen allergy
[79]. On the contrary, recently Dzurilla et al. reported no associa-
tion between bronchial asthma induced by pollen allergens and
HLA-DRB1, -DQB1 alleles in the Slovak population of 109 patients
[80]. However some reports concluded that class II HLA restriction
is insufficient to account for individual differences in reactivity to
common allergens [81,82].

Another study suggested that the HLA class II alleles
DRB1*01:01, DRB1*04:04, DQB1*03:02, and DQB1*05:01, and the
haplotypes that include them, were associated with sensitization
to the major cow dander allergen Bos d 2, whereas HLA-
DRB1*03:01 and DQB1*02:01 were dissociated with it [83].
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3. Childhood/Th2 associated early onset allergic asthma

Juhn et al. have published several results on childhood asthma
concerning the influences of family history of asthma or atopy on
the development of asthma. The patients included were recruited
from a previous study concerning the relationship between HLA
type and measles vaccine responses [84]. No specific information
on sensitization to allergens in the patient group was evident. After
concluding that the HLA DRB1⁄03 allele was associated with
asthma in a retrospective cohort of 383 children [84], they
extended their haplotype analysis in the same group by associating
HLA Class II genes with the severity of asthma in children [85]. In
another report applying the same study group, they concluded that
HLA type appeared to influence the progression of asthma from ini-
tial symptoms to disease [86]. Finally, more recently, the same
group of authors, in order to investigate the possibility that their
first association [84] might be confounded by an unrecognized
ancestral haplotype exhibiting strong linkage disequilibrium
between HLA DRB1*03 and other HLA alleles, they repeated their
previous association study (the same group of children) using hap-
lotypes inferred between DRB1*03 (and adjacent class II alleles)
and class I HLA alleles [87]. They concluded once again that HLA
DRB1*03 appeared to be an independent asthma susceptibility
locus. In a Chinese population based study, Hsieh et al. [22] showed
association of HLA-DQw2 allele with childhood asthma. Noguchi
et al. performed the first GWAS in Asian paediatric population
and found that HLA-DPA*02:01/DPB1*09:01 was strongly associ-
ated with paediatric asthma [88].

In the most recent study by Ivković-Jureković et al. in a group of
143 Croatian children with atopic asthma, sensitized to common
inhalant allergens, such as D. pteronyssinus (Der p), Der p + Dactylis
glomerata (Dact g) or Ambrosia elatior (Amb a), concluded that HLA-
DRB1*01, and HLA-DRB1*03 genotype increased the risk for atopic
asthma and high serum IgE [89].

Parapanissiou et al. was the first Hellenic study, suggesting that
HLA-DRB1*04 and HLA-DQA1*03:01 were possibly important
factors in the development of atopic asthma in Greek children
sensitized to mites [90].

In Iranian children with allergic asthma, diagnosed by Skin
prick tests (SPT) including a variety of common allergens (such
as dust, dander, cockroach, food additives, cigarette, cocoa, weeds,
grass, mite, strawberry and trees), Movahedi et al. suggested that
that HLA-DRB1, DQA1 & DQB1 alleles and haplotypes might be
implicated in susceptibility to allergy and asthma and serum IgE
production [46].

Munthe-Kaas et al. by investigating subgroups of asthma of
specific allergies in Norwegian children, they associated birch sen-
sitization with DQB1 0603-DRB1 13 and mugwort or A. vulgaris
sensitization with DQB1 0609-DRB1 13 and DQB1 0501-DRB1 01
[91], findings which had also been supported by Torio et al. earlier,
concerning A. vulgaris association for Spanish population [77].
However, a study on children with peanut allergy failed to demon-
strate an association between the HLA class II alleles and asthma
[92]. Concerning mould sensitivity, Knutsen et al. suggested that
HLA-DQB1*03 might provide protection from development of
Alternaria-sensitive severe asthma [93,94].
4. Occupational asthma

Occupational exposure is also a significant factor for asthma
and includes around 9–15% of asthma in adults of working age
[95]. Though there is a huge list of substances implicated in the
development of occupational asthma, data concerning HLA region
have been evaluated only in few of them. These substances include
highly reactive small molecules, irritants that may cause an
es/endotypes: A review. Hum Immunol (2014), http://dx.doi.org/10.1016/
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Table 2
Studies on HLA genes in occupational asthma.

Authors [Ref nr] Implicated allergens/
substances

HLA (haplotype, allele) susceptibility
to asthma

HLA-(haplotype, allele)
Protection against
the disease-controls

Population-country
studied

Nr of pts

Mapp et al. [98] Diisocyanate HLA-DQA1*01:04
HLA-DQB1*05:03

HLA-DQA1*01:01
HLA-DQB1*05:01

Italy 67

Kim et al. [99] Diisocyanate HLA-DRB1*15
HLA-DPB1*05

– Korea 55

Choi et al. [100] Diisocyanate HLA DRB1*15:01 HLA-DQB1*06:02
HLA-DPB1*05:01

– Korea 84

Balboni et al. [104] Diisocyanate HLA-DQB1*05:03 HLA-DQB1*05:01 Italy 30
Rihs et al. [106] Diisocyanate No association Germany 32
Beghé et al. [108] Diisocyanate No association Italy 142
Horne et al. [109] Cedar HLA DQB1*06:03

HLA-DQB1*03:02
Canada 56
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alteration in airway responsiveness, known immunogens such as
platinum salts and complex plant and animal biological products
that stimulate the production of lgE [83,96]. Exposure intensity is
an important determinant of sensitization and asthma caused by
respiratory sensitizers. HLA class II alleles contribute to individual
susceptibility to low-molecular-weight chemicals. [97]. In particu-
lar, isocyanates which are compounds of low molecular weight are
a primary cause of occupational asthma in industrialized countries.
Several studies have supported the involvement of HLA region in
the pathogenesis of diisocyanate (TDI) induced asthma. As only a
small proportion of subjects exposed to diisocyanates develop
occupational asthma, this fact might imply an individual predispo-
sition [98]. To identify the TDI-induced asthma in patients, diisocy-
anate-specific inhalation challenge tests were conducted in all
studies.

Studies based on Korean population showed that the HLA hap-
lotype DRB1*15-DPB1*05 could be a susceptibility gene marker for
the development of TDI-induced asthma among the exposed work-
ers [99,100] (Table 2). Mapp et al. showed in their studies that the
frequencies of DQA1*01:04 and DQB1*05:03 were significantly
increased in asthmatics compared with asymptomatic exposed
subjects, while DQA1*01:01 and DQB1*05:01 were significantly
increased in asymptomatic exposed subjects [98,101–103]. How-
ever, no significant difference was found in the distribution of
DRB1 alleles between asthmatics and controls.

Balboni et al. was in agreement with the hypothesis of Mapp
et al. considering HLA-DQB1*05:03 and suggested that residue 57
of HLA-DQB1 is a potentially critical location [104]. A study of
Bignon et al. has also favored for allele DQB1*05:03 and allelic com-
bination DQB1*02:01/03:01 in association with susceptibility to
asthma [105]. Conversely, allele DQB1*05:01 and the DQA1*01:
01-DQB1*05:01-DR1 haplotype was suggested as protective
against the disease. Other groups of studies were unable to demon-
strate the influence of HLA Class II Alleles in Isocyanate-Induced
Asthma, based on a German population [106] and on
diisocyanate-exposed workers [107]. Beghé et al. also failed to dem-
onstrate that HLA class I alleles were significantly associated with
the phenotype of TDI-induced asthma in a European study [108].

Few data exist on other causes of occupational asthma such as
platinum or red cedar. A group of scientists investigated platinum
refinery workers, suggesting that the relative risk was associated
with HLA phenotype and was greater at lower levels of exposure
[23]. Furthermore, Horne et al. by investigating occupational
asthma due to western red cedar, demonstrated that DRB1 and
DQB1 HLA class II alleles were ‘protective’ against western red
cedar asthma [109]. In conclusion, the possibility of early diagnosis
of occupational asthma must be improved by future studies that
could evaluate the association of HLA-region in the development
of occupational asthma.
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The investigation of genetic susceptibilities in the workplace
might determine environmentally responsive genes, identify
susceptible subpopulations or provide valuable input in setting
occupational exposure limits [110]. HLA-DRB1*15:01-
DQB1*06:02-DPB1*05:01 haplotype might be used as a genetic
marker for TDI occupational asthma in Koreans via enhanced spe-
cific IgE sensitization in exposed subjects [111]. Studies should be
focused on developing early diagnostic biomarkers by using a com-
prehensive approach based on the pathogenic mechanisms of iso-
cyanate-induced occupational asthma. However, social and ethical
implications of a genetic screening at the workplace should be
taken into consideration.

5. Aspirin-sensitive asthma

The prevalence of aspirin sensitivity in the general population
ranges from 0.6% to 2.5%, and is increased in asthmatics [112].
According to Specjalski et al. Aspirin-sensitive asthma (ASA) affects
10–20% of adults with asthma. This distinct clinical syndrome, is
characterized by intolerance to ASA, bronchial asthma, and chronic
rhinosinusitis with nasal polyposis [113]. Recently, Wenzel et al.
suggested aspirin exacerbated disease as an endotype or even
subendotype of adult eosinophilic group (severe asthma, later
onset asthma) in whom sensitivity to non-steroidal anti-inflamma-
tory drugs has been identified [5].

The diagnosis of this disorder is based only on provocation chal-
lenges with aspirin or NSAIDs as no in vitro test can be applied
[113]. Pathophysiologically, increased cysteinyl leukotriene pro-
duction and increased expression of leukotriene C4 synthase has
been associated to ASA [114]. In addition, cysteinyl leukotriene
receptor antagonists and leukotriene C4 synthase inhibitors have
a beneficial effect on ASA symptoms [115].

The first reports which investigated the associations of HLA
polymorphisms with ASA were reported on Caucasian population
[116–118] (Table 3). One of the first studies was based on HLA
class I typing and concluded the association of HLA-AI/B8 with
severe polyp disease and asthma, which might imply that abnor-
malities of immune response are likely to be associated with the
pathogenesis of both conditions [119].

Other studies showed association between aspirin-sensitive
asthma and the HLA-region and were reported by Mullarkey
et al., who found a significant increase in HLA-DQw2 in ASA-
sensitive asthmatics, representing the involvement of HLA region
in ASA [116]. However, Lympany et al. were unable to show signif-
icant association between aspirin sensitivity and HLA-DQw2. Nev-
ertheless, they observed a significant decrease in the incidence of
DPB1*04:01 in both aspirin-sensitive and aspirin-insensitive
asthmatic subjects in the populations studied [117]. Furthermore,
Dekker et al. [118] in a polish study reported that the
es/endotypes: A review. Hum Immunol (2014), http://dx.doi.org/10.1016/
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Table 3
Studies on HLA genes in aspirin sensitive asthma.

Authors [Ref nr] Implicated allergens/
substances

HLA (haplotype, allele)
susceptibility to asthma

HLA-(haplotype, allele)
Protection against
the disease-controls

Population-Country
studied

Nr of pts

Mullarkey et al. [116] Aspirin HLA-DQw2 – Caucasian 26
Dekker et al. [118] Aspirin No association – Poland 59
Moloney et al. [119] Aspirin HLA-AI/B8 – Caucasian 29
Choi et al. [120] Aspirin HLA-DPB1*03:01 – Korea 149
Park et al. [122] Aspirin HLA-DPB1 – Korea 975
Kim et al. [123] Aspirin HLA-DRA – Korea 467
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DPB1*03:01 frequency was increased in ASA patients, while
DPB1*04:01 in ASA subjects was decreased when compared with
normal controls. However, no significant HLA-DRB1 associations
with ASA were found. The first study to strongly support HLA-
DPB1*03:01 allele as an independent risk factor for the ASA
development in an Asian population was reported by Choi et al.
who also suggested that HLA-DRB1*09:01 haplotypes could be
possibly involved in ASA [120].

In conclusion, in the two different ethnic populations reported,
Caucasian and Asian population, a consistency of HLA- DPB1*03:01
as a positive risk factor was suggested, implying that genes con-
trolling ASA susceptibility are closely related to the HLA-DPB1
locus. Moreover, Kim et al. investigated the association of TNF-
alpha genetic polymorphism with HLA DPB1*03:01 in ASA and
concluded that TNF-alpha promoter polymorphism might signifi-
cantly increase susceptibility to ASA by gene-to-gene interaction
with HLA DPB1*03:01 [121]. A recent GWAS applied in Korean
asthmatics, revealed also that the HLA-DPB1 gene polymorphism
might be the most susceptible genetic factor for the risk of ASA
and confirmed the importance of HLA-DPB1 in the genetic etiology
of ASA [122]. Finally, Kim et al. suggested that HLA-DRA polymor-
phisms might contribute to nasal polyposis susceptibility, one of
the clinical manifestations of patients with ASA [123]. However,
in another study HLA-DR typing of aspirin sensitive asthmatics
showed no association with ASA [124]. Concerning contribution
of HLA typing to ASA endotype, Palike et al. proposed that a poten-
tial genetic biomarker could be HLA-DPB1*03:01 [125], whereas
Park et al. suggested that the same HLA locus might predict the
requirement for leukotriene receptor antagonist treatment [126].

It is a fact that further studies with a larger sample size need to
be performed for better understanding the association of these
haplotypes with ASA and future research should focus on identifi-
cation of biomarkers for a comprehensive diagnostic approach.

6. Conclusion

Despite the variation and the inconsistency of the HLA haplo-
types and alleles in different types of asthma the association
between HLA class II genes and asthma has been demonstrated
in the majority of studies presented. This inconsistency may derive
from the fact that potential risk factors are not adequately con-
trolled in different study groups. Other issues are the often small
sample size, the heterogeneity of human populations and of course
the complexity of MHC. As population-based cohorts with simple
asthma phenotypes/endotypes represent a valuable and largely
untapped resource for genetic studies of asthma, more sophisti-
cated analytical approaches are needed to study the expression
of all genes combined with different exposure conditions for
understanding this complex response, to unravel the nature and
overall importance of gene–environment and gene–gene interac-
tions in the development of asthma and allergic phenotypes/endo-
types, disease progression and severity, and response to therapy.
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7. Future perspectives

Although phenotyping was first defined by clinical characteris-
tics as a result of the interaction of the patient’s genes with the
environment, large-scale studies are currently focused on molecu-
larly understanding these phenotypes and more specifically endo-
types to achieve more targeted and personalized approaches to
asthma therapy. It is a fact that despite the effectiveness and safety
of the current treatment of asthma including inhaled corticoste-
roids and long-acting inhaled b(2)-agonists, a number of patients
is still poorly controlled. Recently, on-going studies include the
use of Th2 cell antagonists, humanized antibodies against IgE,
interleukin 5, and interleukin 13, small interfering oligonucleo-
tides, microRNAs, kinase inhibitors, and combination therapies
[127]. However, except for kinase inhibitors which might have a
major clinical impact, most of these new treatments target a single
mediator or receptor, through the analysis of biomarkers and
might be most effective in particular asthma phenotypes or
endotypes. As current literature attempts to stratify patients by
endotype, it is a challenge whether MHC typing could play impor-
tant role in the future on therapeutic strategies in asthma as a bio-
marker. Several studies implicate T cell responses as a determinant
of the clinical efficacy of allergen Specific Immuno-Therapy. As
previously mentioned, CD4 T cells recognize a bimolecular com-
plex of the specific epitopes bound to specific HLA class II mole-
cules HLA DR, DP or DQ. Each of these loci is extremely
polymorphic. The exact molecular structures (epitopes) recognized
by T cells specific for common allergens have not been thoroughly
mapped as the number of allergen epitopes is extremely large. This
complexity must be taken into account in the design of a general
strategy for identification and characterization of T cell epitopes
in allergens [40]. Large panels of synthetic peptides were tested
for binding to the various HLA class II molecules [128]. Peptide
immunotherapy demonstrated an induction of functional
allergen-specific regulatory T cells [129]. Treatment with selected
epitopes from a single allergen resulted in suppression of
responses to other (‘‘linked’’) epitopes within the same molecule.
This phenomenon was induced after peptide immunotherapy in
human asthmatic subjects and in a novel HLA-DR1 transgenic
mouse model of asthma [36]. Peptide immunotherapy with CD4
T cell epitopes has been used extensively in mouse models to pre-
vent and ameliorate antigen-specific inflammatory responses and
is the subject of current clinical trials in allergy and autoimmunity
[130]. It is a fact that HLA class II transgenic mice provide an excel-
lent model for studying the genetic and molecular basis of allergic
response and has been used as a tool in several reports [131] [132].
Rajagopalan et al. demonstrated in a transgenic mouse model that
HLA-DRB1*03:01 played an important role in mounting a Th2-pre-
dominant immune response to house dust mite and Th2-type
inflammation in the lung [132]. The experiments on transgenic
mice can contribute to overcome the heterogeneity of human
population, the complexity of MHC, and the strong linkage
es/endotypes: A review. Hum Immunol (2014), http://dx.doi.org/10.1016/
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disequilibrium among different class II genes in studying the role
of class II genes in vivo.

Additional studies on molecular medicine will probably shed
more light in identifying reliable biomarkers concerning HLA
region, to target phenotypes/endotypes with appropriate existing
and novel specific therapies.
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