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ABSTRACT

The development of allergic rhinitis (AR) entails a complex interactions between genetic predisposition and environmental exposure
to different factors, of which the most important is the implicated allergen. There is a clear hereditary component in AR that has
been well corroborated by segregation studies and investigations in twins. From the strictly genetic perspective, it is believed that
the disease may be the result of the interaction of different genetic alterations, each of which would contribute a small defect. In
recent years considerable attention has focused on the genes that may be implicated in AR. A number of genomic searches have
been made yielding different chromosomal associations. Single nucleotide polymorphism of candidate genes (encoding for
molecules like chemokines & their receptors, interleukins & their receptors and leukotrienes) have been associated with clinical
expression and pathogenesis of AR. Environmental factors (air pollution, house dust, house dust mites) also play an important role in
the development of the disease. Further studies are needed to investigate the interactions between genetic and environmental

factors that influence the complex trait of allergic diseases.
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INTRODUCTION

llergic rhinitis (AR) is the most common of allergic

disorders and represents a global health problem

affecting 10% to 25% of the population woldwide."
It is an inflammatory disease of nasal mucosa induced by
an IgE mediated reactions, following exposure to an
allergens like pollens (grass, trees, weeds), house dust,
mites, pets & moulds. AR is clinically characterized by
itching, sneezing and rhinorrhea (running nose) and nasal
congestion that prove reversible either spontaneously or
as a result of treatment. The socioeconomic impact of AR
is substantial, which includes not only the costs or disease
management but also indirect costs such as reduced
productivity and absenteesm from work. Although not a
serious disease, AR is associated with other conditions
such as asthma, sinusitis, otitis media, nasal polyps and
lower respiratory tract infections.” Research studies have
confirmed that the underlying causes of allergic diseases
are associated with not only many genetic and
environmental factors but also the interactions among
them, which include gene-gene, environment-
environment and gene-environment interactions.
Available literature suggest that the disease does have a
hereditary component, although it does not exhibit a
mendelian hereditary pattern. This is based on several
studies which indicate that AR is associated with other
diseases like asthma, allergic dermatitis having genetic
basis.

It has now been widely accepted that multiple, yet
different genes are involved in the pathogenesis of AR,
which regulate the presence of increased level of IgE.

Thus it is anticipated that understanding the genetic basis
will lead to early diagnosis and a new therapeutic
intervention of AR.

Genetic Basis of Allergic rhinitis

Atopy is a key condition in the development of allergic
disaese, particularly with the IgE mediated mechanism.
Over the years, more than 100 genes have been linked to
atopic disease, with no single gene contributing to more
than 75% of the observed phenotype.® Various convincing
evidences for genetic effect in the development of atopy
are as follows:

Twin Studies

Twin studies are especially important to estimate both
the genetic and environmental contributions to complex
traits. Monozygotic (MZ) and dizygotic (DZ) twins are
compared for similarities and differences between these
twin types.

MZ twins share 100% of their genetic information and DZ
twins share 50% on average. Twin studies have provided
evidence of a considerable genetic component of asthma,
hay fever (most common type of AR) & eczema.

Atopic phenotypes such as elevated serum total IgE and
positive skin tests were studied and genetic contribution
to both of the phenotypes was suggested.

Thus in case of MZ twins, a 45-60% concordance for AR is
observed, while this drops to 25% in case of DZ twins.!
Based on twin studies, it has been estimated that AR
exhibits an inheritability of 0.33-0.75.
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Seggregation Analyses

Seggregation analyses are used to model inheritance
patterns in families. The distribution of a disease is
studied in families and the observed frequency of the
disorder in offspring and siblings is compared to the
expected distribution using different genetic models of
inheritance. Different genetic models have been found
for total serum IgE. Several explanations may be given for
these different findings. The first explanation may be the
variable definition of atopy between studies. Secondarily
the ascertainment of families for segregation studies may
play a role. A final explanation may be genetic
heterogeneity. This means that in different populations,
separate genes act in the regulation of these phenotypes.
To date this can not be investigated since the exact
locations of these genes are still unknown.

Linage Analysis

This is used to determine a chromosomal region which
co-segregates with a certain trait within families. Linkage
analysis requires a pedigree data as opposed to
association studies, in which unrelated cases and controls
are needed. In general, evidence for linkage is assumed to
be present when the reviewed linkage from one study has
been replicated by other.

Identifying Atopic Disease Genes

Till date considerable research effort has focussed on the
genetic basis of asthma & atopic disease. However
serious attention has been given on the genes that may
be implicated in allergic rhinitis, curiously with particular
emphasis on Asian population. In the area of human
genetic studies, many candidate genes have been
identified using position cloning and linkage analysis
tecchnique.’ Recently genome-wide searches in different
human population, have contributed significantly to the
mapping of atopic genes. In genome-wide screen, all the
chromosomes are searched until the approximate
location of the gene is discovered. Then the localisation of
the gene is progressively refined by positional cloning,
which implies identification of a gene from the
chromosomal region that has been associated to the
inheritance of the disease. At this point all the gene of the
region in which a linkage has been detected are regarded
as positional candidate gene. On the other hand,
functional candidate genes refer to the selection of a
gene relating to its function. To date, several genome-
wide screens for atopy have also been completed and
more are on the way, including collaboration with
biotechnology & pharmaceutical industries.

Most candidate genes studied, have selected focus of
interest on the basis of mapping of TH-2 type cytokines
(IL-4 gene cluster), receptors (high affinity IgE receptors)
and recognition genes (HLA-D complex). More recently
researchers have considered genes encoding
transcription factors (signal transducer and activator of
transcription 6 i.e. STAT 6) and other mediators of
inflammation (eg.5-lipooxygenase). The genome-wide
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search approach has shown an association between
certain phenotype of allergic disease (rhinitis or asthma)
with markers on more than 14 pairs of chromosomes (i.e.
chromosome  1,2,3,5,6,7,9,11,12,13,14,16,17,19 and
more). In independent studies, the most reproducible
linkages included IL-4 gene cluster on 5931-g33, HLA-D
region on 6p21, the region that encodes the high affinity
IgE-receptor gene (FCER1B) on 11q13, and a large region
on chromosome 12q14-gq24.33 that encodes several
candidates for allergic disease like STAT 6, IFN-gamma,
stem-cell factor & nitric oxide synthase-1.°

Most candidate genes studied so far are major players in
TH 2 mediated immune response, which can be explained
on the basis of Hygiene hypothesis.” This states that
insufficient stimulation on the TH 1 arm due to lack of
exposure to specific infection or endotoxins, could lead to
an overactive TH 2 arm, causing allergic disease
(upregulation of IgE). So there exists a set of genes which
are involved in different categoric phenotypes of allergic
disease (eg-asthma, AR, eczema) and are involved in
differential expression of each of these phenotypes, such
as up regulation of IgE or inflammatory responsiveness.

Total serum IgE

Linkage of total serum IgE to chromosome 1, 2, 4, 5, 6, 7,
9, 11, 12, 13, 14, 15 and 16 has been found by several
research groups. Replication of significant linkage has
been found on chromosome 5, 11, 12.

Specific IgE

Linkage of specific IgE has been found on chromosome 1,
2,4,6,7,9, 12. There is only limited data available with
regard to linkage of specific IgE to particular chromosome
region.

Polymorphism in Allergic rhinitis

Variations in DNA sequence seen in over 1% of the
population are referred to as polymorphism and those
that result from a single base change are called single
nucleotide polymorphism [SNP]. Since there is one SNP
per 1000 base pair, it has been estimated that there are
at least 4 millions of SNPs that contribute to all the
different individual characteristics (height, weight, eye
colour, type of skin etc). From the perspectives of human
genetics, it seems that the majority of genetic variations
that contribute to complex diseases, probably involve the
interaction of several SNPs. SNPs can be located in
encoding region and thus modifying the structure of
protein by changing amino acids. These polymorphism
can also occur in promoter region, there by altering
protein expression.

SNPs must meet the following criterias to contribute to a
disease process.8 It must induce an alteration in the
function or in the expression of the genetic product and a
linkage study must exist, confirming association to the
disease. By reviewing literature, there are some
interesting and promising polymorphism in genes related
to atopy.
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Polymorphism in CD14 gene

CD14 gene is located on chromosome 5¢31. It is an
important high affinity receptor for lipopolysaccharide. So
binding of LPS to CD14 can provide activation signal for
TH-1. IgE synthesis is controlled by inhibitory cytokines
from TH-1 cells and by stimulating cytokines provided by
TH-2 cells.’

Polymorphism in genes encoding IL & IL receptor

Due to implication of many cytokines in the pathogenesis
of AR, possibly most genetic studies have involved genes
encoding for cytokines and their receptors. In an adult
Korean population study, Chae studied 7 exons and the
limiting introns of the sequence of IL-28 RA, including the
promoter region and identified first SNP & 2 variation
sites.”® Polymorphism also have been described in genes
encoding for IL, not related to susceptibility to AR, or
which even exert a protective effect against such disease.

Polymorphism in gene encoding for chemokines &
receptors

Chemokines and their receptors are essential for
chemotaxis of different inflammatory cells towards
allergic inflammatory foci.™

Polymorphism
peroxidase (EPO)

in genes encoding for eosinophil

Eosinophils play an important role in allergic rhinitis. It
has been found that polymorphism of Pro 358 Leu of EPO
to be implicated in the development of Japanese cedar
pollinosis, which could be due to linkage imbalance
between exon 6 and 7 of the EPO gene.

Polymorphism in gene
leukotrienes/lipoxygenase pathway

encoding for

Leukotrienes are important mediators implicated in the
physiopathology of asthma & allergic rhinitis. Drugs
capable of modulating leukotriene action have been used
to treat asthma and recently they also have been
approved for the treatment of allergic disease. LTC4
synthase (LTC4S) is the most important enzyme in the
leukotriene synthetic pathway and the polymorphism of
A-444C of LTC4 gene has been contradictory.”” Few
studies have also been made in the setting of AR.

Inherent difficulties in genetic studies of allergic disease

Defining the clinical phenotype has been one of the major
challenges in genetic studies of allergic diseases. This is
even more applicable to allergic rhinitis and atopic
dermatitis, in which there are no physiologic
measurements on which to base an absolute diagnosis
and in which diagnosis is based primarily on subjective
symptoms (eg. runny stuffy nose, pruritus).

This is in contrast with other complex disease in which
quantitative traits or a series of measurable bio-markers
have proved useful in teasing out susceptible genes. For
example-PSA in prostate cancer, fasting insulin in NIDDM,
spine bone mineral density in osteoporosis.
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Phenocopies (look like a trait of interest) result in false
positive cases, which can seriously hamper the outcome
of the analysis. Frequently analysts are faced with the
difficult part of classifying the subjects of an equivocal
diagnosis into a definitive category or removing the
subjects from the analysis altogether. Finally the high rate
of coexistence of different clinical phenotypes has
potentially complicated the search for phenotype specific
genes.

Environmental factors

During the past decade, the simulative question of why
atopic diseases are increasing in prevalence is due to
improvement of healthcare policy and hygiene standard.
According to hygiene hypothesis, infection with viruses
and perhaps other intracellular organism also influence
the developing immune system: T-cell response to these
infections generate TH1 like cytokines such as IL-12 & IFN-
gamma that down regulate TH2 response. As per another
hypothesis of “endotoxin switch”, a dose dependant
relationship exists between environmental exposure to
bacterial products and the outcome of the immune
response. The quantity of environmental endotoxins may
also affect the balance of the TH1/TH2 cytokine levels.
More work is needed in the area of longitudinal
epidemiologic studies to evaluate the effect of childhood
infection (viral & bacterial infection) on the development
of immune system and pathophysiology of allergic
diseases. The challenge for future is to find strategies to
modify the environment without causing harm to
susceptible individual.™

Air pollution

Air pollution certainly plays an important, if not pivotal
role in the pathogenesis of allergic and respiratory
diseases. Some pollutants can either impair defence
mechanism in the airways rendering them more
susceptible to viral and/or bacterial infection, or cause an
immunological toxicity in airway. Exposure to high levels
of pollutants including large particulate matter (oxides of
nitrogen, ozone, sulphur dioxide, black smoke) and small
particulate matter (carbon monoxide, volatile organic
compounds), have been considered as important
contributing factors in both exacerbation and aetiology of
allergic airway diseases. A more powerful epidemiological
study must be performed on the basis of prospective
settings in several regions and with unique investigational
criteria to assess the prevalence and severity of allergic
disease.

House Dust

It consists of various allergenic substances consisting
primarily of somatic and metabolic allergens of mites and
secondarily of allergens derived from domestic animals,
human skin scales, domestic insects such as cockroaches
and endotoxin of gram-negative bacteria. It has been
postulated that exposure to endotoxin at a critical time
might shift the developing immune system to a
predominantly TH1- type (IFN-gamma and IL-12
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production) responsiveness, thus protecting against
asthma and allergies. Further studies are still needed to
determine the duration and dose related effectiveness of
endotoxin on TH1 cell polarization in terms of allergen
sensitization and the existence of allergic inflammation in
allergic rhinitis or asthma patients.

House dust mites

House dust mites (HDM) are the most common indoor
allergens for allergic diseases such as allergic rhinitis and
asthma. HDM are commonly found in association with
bedding, carpet, curtains and fabric products. It is
possible to reduce the concentration of house dust mites
either by chemicals (tannic acid or solidified benzyl
benzoate) or bedding encasing. Unfortunately, the
majority of single interventions have failed to achieve a
sufficient reduction in allergen load leading to clinical
improvement. As patients with persistent allergic rhinitis
are often symptomatic throughout the year, they need
long term control of HDM exposure.

Ownership of pets

Pet ownership markedly increases the risk of sensitization
to pets. The secretory proteins from a large humber of
animals carry or contain powerful allergens capable of
causing sever hypersensitivity reactions. Allergic rhinitis
and asthma are common clinical manifestations of
allergies to animals. The major cat allergen (Fel d 1) is a
glycoprotein that is transported in the air by particles
smaller than 2.5um and these particles can remain
airborne for long periods. They remain adherent,
contaminating an entire environment for weeks or
months after cessation of allergen exposure. During the
last few years, data of several epidemiologic studies have
challenged the conventional understanding of pet
avoidance in sensitized patients.

DISCUSSION

An increasing worldwide prevalence of allergic diseases
such as allergic rhinitis & asthma has been observed over
the past decade. Many epidemiological studies have
shown that AR is associated with exposure to outdoor
allergen, such as pollens (grass, trees, weeds), indoor
allergens (house dust mites, moulds) and other
environmental factor (air pollution, endotoxins, bacterial/
viral function) and exposure to livestock.”® Other studies
have shown that environmental exposure to bacterial
product (endotoxins) may have a critical role in the
development of tolerance to ubiquitous allergen found in
natural environment. However the roles of these
environmental factors in the development of AR are not
clearly understood. AR has a hereditary component, as
shown in many studies, but does not exhibit a mendelian
hereditary pattern. This suggests the need to look into
other mechanisms. According to recent studies,
epigenetic (which studies inherited changes in phenotype
caused by mechanism other than changes in the
underlying DNA sequence) may have a critical role.
Looking for genes associated with allergic diseases, has
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been the focus of numerous studies. However, general
conclusion could not be made because of inconsistent
results between studies and lack of replication of the
results due to differences in gene-environment
interactions in these studies. The chance of finding new
gene associated with AR might be limited with the
complication of the Human Genome Project. It is believed
that allergic diseases are polygenic, which requires
examining simultaneously several genes, with each gene
contributing a small effect in the relationship with allergic
disease.

Adequately powered studies are the key to ensuring
successful replication of genetic association studies and
detection of small effects of each gene, and reduce bias
from misclassification of outcomes or/ and genotypes.
Halo types, which combine several SNPs, should be
preferred to any single SNP because the observed
association between a single SNP and outcomes may be
due to the linkage disequilibrium with a nearby
polymorphism, which has the true effect on the
outcomes.

Halo type analysis can also help to deal with multiple
comparison issues, which is inevitable in genetic
association studies using large numbers of SNPs.

CONCLUSION

However results from epidemiological studies conducted
in different populations are not consistent. This
inconsistency might be related to the differences in
ethnic background, strength, route and timing of
exposure in these studies.

The future challenge is to understand the complex
interplay between epidemiology and molecular genetics
that have eventually caused sensitization and clinical
manifestation of allergic disease. Consideration of gene-
gene & gene-environment interaction and epigenetics in
future studies will provide extra insight and ultimately
lead to more efficient therapeutic strategies and
ultimately prevention of allergic disease.
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