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Genetics of asthma: current research paving the way for
development of personalized drugs
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Asthma is a complex genetic disorder involving the interplay between various environmental and
genetic factors. In this review, efforts have been made to provide information on the recent advances in
these areas and to discuss the future perspective of research in the area of developing personalized
drugs using pharmacogenomic approach. Atopic asthma is found to be strongly familial, however the
mode of inheritance is controversial. A large number of studies have been carried out and a number of
candidate genes have been identified. In addition, a number of chromosomal regions have been identified
using genome-wide scans, which might contain important unknown genes. It has been shown in studies
carried out in different populations that the genetic predisposition varies with ethnicity. In other
words, genes that are associated with asthma in one population may not be associated with asthma in
another population. In addition to the involvement of multiple genes, gene-gene interactions play a
significant role in asthma. The importance of environmental factors in asthma is beyond doubt. However,
it remains controversial whether a cleaner environment or increased pollution is a trigger for asthma.
Despite the increasing prevalence of the disorder, only a limited number of therapeutic modalities are
available for the treatment. A number of novel therapeutic targets have been identified and drugs are
being developed for better efficacy with less side-effects. With the rapid progress in the identification
of genes involved in various ethnic populations combined with the availability in future of well-targeted
drugs, it will be possible to have appropriate medicine as per the genetic make-up of an individual.
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particularly eosinophils, into the lungs and release
of vasoactive mediators from mast cells set the stage
for asthmatic inflammation. Two functional
alterations are typically associated with asthma.
These include variable airway obstruction and
bronchial hyperresponsiveness. The narrowing of
the airways is associated with smooth muscle
contraction, airway wall thickening, oedema and
increased mucus secretion1 ,2. Along with these,
there is denudation of the airway epithelium and
collagen deposition beneath the basement
membrane3. Several quantitative traits are associated
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Asthma is a chronic inflammatory disorder of the
airways of the lungs. Many cells and cellular
elements, including mast cells, eosinophils,
T-lymphocytes, macrophages, neutrophils and
epithelial cells are involved in the process. The
inflammation causes recurrent episodes of wheezing,
breathlessness, chest tightness, and coughing in
susceptible individuals, particularly in the night or
early in the morning1. These episodes are usually
associated with widespread but variable airflow
obstruction that is reversible either spontaneously or
with treatment. The infiltration of leukocytes,
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with the asthma phenotype. These include forced
expiratory volume in one second (FEV1), forced vital
capacity (FVC), airway hyperresponsiveness by
methacholine challenge, serum total immunoglobulin
E (IgE), serum immunoglobulin E specific to certain
allergens, eosinophil counts in the peripheral blood,
and skin prick test to a panel of locally predominant
environmental allergens4-6.

Studies over the last 25 years have clearly
demonstrated that both genetic and environmental
factors determine the phenotypic expression of
asthma7. It affects nearly 155 million individuals the
world-over8. In an epidemiological study conducted
in India, approximately 10-15 per cent of the Indian
population, particularly women and children (under
5 yr of age), were found to be affected by atopic
asthma9. It has been estimated that around 34 per
cent of the total man-days lost are due to asthma
and other airway disorders9. The rising incidence of
asthma over the past decades suggests that
environmental and lifestyle factors are important8.

Biochemical pathways involved in the pathogenesis
of asthma

The biochemical pathways involving atopic
asthma have been studied in great detail. Basically,
two types of airway responses are initiated on
allergen challenge of an appropriately sensitized
asthmatic individual10. The early phase is
characterized with an acute bronchospasmatic event
that begins 15-30 min after exposure and resolves
over time. The process initiates with the recruitment
of a subtype of CD4+ T cells, Th2, which produce
predominantly interleukin-4 (IL-4), interleukin-5
(IL-5) and interleukin-13 (IL-13)), at the site of
immune activation10,11 . IL-4 along with IL-13
induces B cells to produce immunoglobulin E
(IgE)12,13. IL-13 also induces mucus secretion from
the goblet cells 14,15. IL-5 in association with
interleukin-3 (IL-3) and granulocyte-monocyte
colony stimulating factor (GMCSF) helps
eosinophils to grow, mature and infiltrate into the
lungs16-18. Thus, asthma is mainly associated with
an increase in Th2 cytokines both in the
broncoalveolar lavage (BAL) and serum and with
increased IgE levels in the sera19,20. Crosslinking of

IgE receptor present on mast cells by fresh exposure
of allergens initiates this acute phase. The late phase
response begins 4-6 h after the initial insult and
causes prolonged symptomology. The infiltration of
leukocytes, particularly eosinophils, into the lungs
and release of vasoactive mediators from mast cells
set the stage for asthmatic inflammation20. Along
with cytokines, chemokines play a major role in
asthma pathogenesis as they are potent leukocyte
chemoattractants, cell activating factors, and
histamine-releasing factors. In particular, the eotaxin
subfamily of chemokines and their receptor CC
chemokine receptor 3 (CCR3) have emerged as
central regulators of the asthmatic response21,22.
Recent studies have provided an integrated
mechanism for understanding the coordinate
interaction between IL-13 and chemokines in the
pathogenesis of asthma 23. Finally, structural
alterations, including airway wall thickening, lung
fibrosis, mucus metaplasia, hyperplasia and
hypertrophy of the myocyte are certain features
which are generally observed in the airway of
asthmatics2 ,3.

Contribution of genes in the pathogenesis of asthma

Asthma is a complex disorder of multi-factorial
origin. Atopic asthma in children is found to be
strongly familial and a genetic basis is indicated by
familial aggregation and the identification of
candidate genes and chromosomal regions linked to
asthma risk24. The risk of a first-degree relative of
an asthmatic individual being asthmatic is two to
almost six times higher than the risk for an
individual from the general population to develop
the disease24-26.  Both shared genes and shared
environment account for such a huge risk. Twin
studies have shown that the incidence of asthma is
significantly higher in monozygotic twins than
dizygotic twins27-29. It has earlier been shown that
atopic asthma was influenced by a few genes with
moderate effects30. Similarly few other studies have
implicated the maternal inheritance of atopy31. A
previous study has suggested that early breast-
feeding may increase the risk of allergic disease in
genetically susceptible  children32.

Although asthma has a significant heritable
component, the mode of inheritance is controversial



due to the complex nature of the disorder. In a study
conducted in Taiwan, it was concluded that a history
of asthma in parents is a strong risk factor for asthma
in the offspring33. Under the assumption of applied
segregation, it was reported that at least one major
gene exists that could be involved in the
development of allergy. In addition, a polygenic/
multifactorial (genetic and environmental factors)
influence with a recessive component inheritance
may be involved in the pathogenesis of asthma33.
Further, there are gene-gene interactions that may
lead to increased risk of developing asthma8,34,35.

Polymorphisms in several candidate genes have
been found to be associated with asthma and allergic
disorders (Table I). Atopy was linked to a genetic
marker on chromosome 11q1336,37. In different
independent studies, polymorphism in the beta chain
of high-affinity receptor for IgE (FcεRI-β) in the
same chromosomal location was found to be
associated with asthma, atopy, bronchial hyper-
responsiveness and severe atopic dermatitis37,38.  A
significant association of total serum IgE
concentrations and asthma with genetic markers
within the IL4  gene cluster (5q31.1) has been
established39,40. Interestingly, this region, contains a
large number of important candidate genes that
encode IL4, IL13, IRF1, IL9, CD14, IL-12β and
β2-adrenergic receptor39. Recently, polymorphisms
have been recognised in several of these genes which
may contribute to the pathophysiology of allergic
diseases41,42. It has been proposed that these genes
are co-ordinately expressed due to the presence of
some common regulatory motifs, therefore,
polymorphisms within this cluster could be due to
linkage disequilibrium with other known or unknown
genes39. In a preliminary study conducted in the
Indian population, it has been observed that
polymorphisms in the proximal promoter and a CA
repeat in intron 2 of IL4  are less likely to be
associated with asthma (Nagarkatti and Ghosh,
unpublished data).

Chromosome 12q is another interesting region for
both asthma and atopy because of the presence of
several candidate genes encoding IFN-γ43,44, signal
transducer and activator of transcription
(STAT6) 45-49, a mast cell growth factor and a

β-subunit of nuclear factor-Y. Studies with Afro-
Caribbean and Caucasian populations found an
association of serum IgE and asthma to markers on
chromosome 12q50. Earlier studies in several
populations have observed that IFN-γ gene was
linked to atopy and asthma 43,44. Recent studies
carried out in the Indian population have shown a
significant positive association of (CA)n repeat in
IFN-γ with asthma phenotype and serum IgE
levels43. STAT-6 plays a major role in the initiation
of signals from activated Th2 cells, specifically
through IL-4 and IL-13 receptors48. In a study
conducted in the Indian population, novel
polymorphisms in the STAT6 gene had been
identified51. Using a novel CA repeat region in the
proximal promoter region [denoted as R1] and a
previously identified CA repeat in the 5'-UTR
[denoted as R3], it has been demonstrated that a
haplotype, containing 17 CA repeats at the R1 locus
and 15 CA repeats at the R3 locus was significantly
associated with asthma in the Indian population
(Nagarkatti and Ghosh, unpublished data).

A polymorphism in the IL4Rα  coding region has
been associated with asthma52. Also, polymorphism
in TNF-α  has been found to be associated with
asthma 53. An increased risk of aspirin-induced
asthma is found to be associated with polymorphism
in the leukotrine C4 synthase (LTC4S) promoter54.
There is a significant difference in the linkage in
candidate genes among various ethnic populations.
Studies of asthma conducted in Japan, UK, and USA
have implicated chromosome 5q as the region
containing one or more susceptibility genes for
asthma 55-58 . However, in studies conducted in
Australian, Finnish, British, Scottish and German
populations, chromosome 5q did not be appeared to
be linked with asthma or atopy59-63. These studies
on candidate genes have been mostly done on limited
sample sizes. For the utility of these studies a large-
scale epidemiological study is required to classify
various classes of allergies and asthma.

In addition to studies on candidate genes, several
genome-wide searches have been carried out. In this
approach, genetic markers throughout the genome
are mapped in family members and are used to
identify chromosomal regions that are co-inherited
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Table I. Major chromosomal locations with prime candidate genes

Chromosomal Candidate gene Function Association
location obtained

5q31.1-33.3 IL3, IL4, IL5, IL13, IgE class BHR, asthma,
IL9, CSF2, CD14 switching, atopy

eosinophil,
basophil and mast
cell maturation

ADRB2 G-protein Total IgE, BHR,
receptor Asthma, atopy

GRL Modulates Asthma, atopy
inflammation

6p2l.3 HLAD Antigen Specific IgE, IgE
presentation

TNF-α Mediates Asthma
inflammation

11q13 FcεRIβ Signal BHR, asthma, IgE,
transduction high eosinophils counts,

allergic dermatitis,
atopy

FGF3 Cellular
proliferation

12q14.3-24.1 IFN-γ Inhibits IL4 Total IgE, BHR,
production asthma, atopy

SCF Produces IL4
NFYβ Upregulates IL4

transcription
STAT6 Cytokine

transcription
factor

14q11.2-13 TCR-α, TCR-δ Interacts with BHR, asthma, IgE
MHC complex
Activates

NFKβ-1 immunoregulator
y genes

16pl2.1-11.2 IL4RA Signal Atopy, IgE
transduction and
activation

2q33 CD28, CTLA4 Antigen Atopy, asthma
presentation

20p13 ADAM33 Membrane Asthma
anchored
metalloprotease

BHR, bronchial hyper responsiveness



with a particular phenotype such as asthma,
bronchial hyperresponsiveness (BHR), or a positive
SPT. The data gathered from these studies where
the linkage has been verified in at least two
populations, have been summarised (Table II).
Attempts are underway to locate the genes in these
regions by fine mapping. ADAM33 is an important
gene located on 20p13 identified as a result of such
fine mapping63.

Contribution of environment to the pathogenesis
of asthma

In addition to genes, environmental factors, such
as allergens, food, childhood viral infection etc., also
play significant roles in causing asthma. The
incidence of asthma is rising with an alarming rate
in developed as well as in the developing countries.
It has been postulated that the immune deviation
resulting in asthma takes place much earlier in
utero74. Depending on the genetic status of the
mother during pregnancy and exposure to various
allergens, it is possible that the child may be born
with an intrinsic propensity to be atopic.

Genetically predisposed children when exposed
to environmental allergens develop asthma even in
very early phase of life75. Evidence of polymorphism
in the CD14 (LPS receptor) gene supports this
hypothesis41. In a recent study conducted in Canada,
it has been shown that daily visits to a local hospital
due to asthma increased significantly with increases
in level of pollens and pollution in the air76.
Similarly, in a study carried out in US, it has been
shown that with increase in air pollution levels in
Cincinatti, Cleveland and Columbus, the visits to
the asthma clinic increased significantly77. In a study
carried out in Palestinian children it has been shown
that familial atopic diseases are predictors of asthma
in children, however the indoor environment, such
as the presence of cats, dogs, etc., also play a major
role78.

In contrast, it has also been shown that the
prevalence of asthma in the western countries is
increasing even though the environment is cleaner
than earlier79,80. For example, the incidence of atopic
disorders including asthma in East Berlin increased

after the unification of Germany81-84. Similarly,
many surveys have identified an inverse relationship
between prior microbial exposure and the
development of atopy79. Further, it has been seen
that respiratory allergy appears less frequently in
people exposed to orofaecal and food-borne
microbes. Thus, improved hygiene, early infection
and antibiotic use, and semi-sterilized diet may
facilitate atopy by influencing exposure to
commensals and pathogens that stimulate cell
populations such as gut associated lymphoid
tissue85,86 . It is, therefore, proposed (hygiene
hypothesis) that the cleaner environment in the
western countries is not favourable for providing
signals for Thl development, especially in children
born of atopic parents79.

The underlying reason of these apparently
contradictory observations is not understood as yet.
Nevertheless, it seems very likely that environment
is only a triggering factor. A genetically predisposed
individual will develop the disorder anyway once
the ‘proper’ environmental exposure is provided
irrespective of the specific nature of the trigger.
Therefore, the identification of the environmental
factors that trigger asthma offers the possibility of
prevention of disease.

Current mode of asthma therapy

A large number of drugs are now available
(Table III), which help to control the signs and
symptoms of asthma87,88. The anti-leukotrines are
the newest class of anti-asthmatic drugs available.
Although, they do not provide any quick relief, they
help to control the symptoms of asthma in the long-
term.

Despite the introduction of such new agents,
corticosteriods are the anti-inflammatory drugs of
choice for the majority in the treatment of asthma89.
Both intravenous and oral forms are available and
are equally effective in the treatment of mild to
severe asthma89,90. However, when inhaled, the dose
is not sufficient to cause complete relief. Moreover,
the therapy is associated with side effects like
kidney, liver failure, increased hunger, compromised
immune system, high blood pressure, etc .
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Table II. Major chromosomal locations identified in various genome-wide scans in various populations

Chromosome Location Study Sample Phenotypes Statistical LOD
population size method/ score/

Programme used P value

1p D1S468 Hutterites64 693 Inbred Strict asthma LR (χ2)/TDT P=0.0002

1p36.2 Japanese4 67 ASP Severe allergic GENEHUNTER P<0.002
rhinitis,
Total IgE P<0.002

2p D2S1780 Chinese6 2551 individuals Slope BHR Unified Haseman P=0.00002
Elston method

2q D2S2944 Hutterites64 693 Inbred SPT cockroach LR(χ2)/TDT P=0.00004

D2S116 German65 156 ASP Total IgE GENEHUNTER P=0.0016

173-210 cM Dutch11,66 1174 individuals Total IgE Linkage LOD=1.96
from pter Eosinophils LOD=1.49

3p D3S3564 Hutterites64 693 Inbred Loose asthma LR (χ2)/TDT P=0.00004

3p24.1 Japanese4 67 ASP Total IgE GENEHUNTER P<0.001

4q D4S1467 Chinese6 2551 individuals SPT Unified Haseman P=0.0003

4q24-27 Danish67 33 ASP Allergic rhinitis MAPMAKER/SIBS LOD=2.83

D4S2417 Japanese68 65 ASP Mite sensitive MAPMAKER/SIBS MLS=2.7
-D4S408 asthma

D4S426 Busselton69 172 ASP Slope BHR Haseman- P<0.0005
Elston sib pair
Technique

5p D5S268 French70 297 ASP Slope BHR GENEHUNTER P=0.001

D5S1470 Hutterites64 693 Inbred BHR LR (χ2)/TDT P=0.001

5q D5S820 Japanese68 65 ASP Mite-sensitive MAPMAKER/SIBS MLS=4.8
asthma

D5S2014 Hutterites64 693 Inbred Asthma symptoms LR (χ2)/TDT P=0.0009

130-172 cM Dutch11,66 1174 individuals Total IgE Linkage LOD=2.73
from pter

5q33.1 Japanese4 67 ASP Total IgE GENEHUNTER P<0.001

6p D6S276 Busselton69 172 ASP Eosinophils, Haseman- P<0.0001
Atopy, Elston sib pair P<0.005
Total IgE Tehnique P<0.05

30-40 cM Caucasians71,72 CSGA Asthma Multi-point LOD=1.91
from pter (266 Families) analysis

D6S276 German65 156 ASP Total IgE, GENEHUNTER P=0.0012
D6S291 RAST P=0.0011
D6S426 Eosinophils, P=0.0005
D6S291 Asthma P=0.0081

D6S1959- Japanese68 65 ASP Mite-sensitive MAPMAKER/SIB MLS=2.1
D6S2439 asthma

7p D7S484 Busselton69 172 ASP BHR, Haseman- P<0.0005
D7S2250 Total IgE, Elston sib pair P<0.005
D7S484/ Eosinophils Technique P<0.05
D7S2250

Contd...



7p14-15 Finnish73 220 affected IgE, Asthma Non-parameteric P<0.0001
linkage

D7S484 French70 297 ASP Eosinophils GENEHUNTER P=0.002

7q 98-109 cM Dutch11,66 1174 individuals Total IgE, Linkage LOD=3.36
from pter SPT aeroallergens LOD=1.04

11q FCER1B Busselton69 172 ASP Skin test index, Haseman- P<0.00005
Total IgE Elston sib pair P<0.005

Technique

D11S2002 African- CSGA Asthma ASP two-locus LOD=2
American71,72 (266 families) analysis,

Conditional
analysis

12q D12S366 French70 297 ASP Eosinophils GENEHUNTER P=0.0003
D12S78- Japanese68 65 ASP Mite-sensitive MAPMAKER/SIBS MLS=1.9
D12S79 asthma

111-134 cM Dutch11,66 1174 individuals Total IgE Linkage LOD=2.46
from pter

12q24.2 Japanese4 67 ASP Total IgE GENEHUNTER P<0.001

13q D13S787 Hutterites64 693 Inbred Asthma symptoms LR (χ2)/TDT P=0.0006

D13S175- Japanese68 65 ASP Mite-sensitive MAPMAKER/SIBS MLS=2.4/2.0
D13S217/ asthma
D13S153

6-45 cM Dutch11,66 1174 individuals Total IgE Linkage LOD=2.28
from pter SPT LOD=1.27

D13S153 Busselton69 172 ASP Atopy Haseman- P<0.001
Elston sib pair
Technique

D13S170 French70 297 ASP Eosinophils GENEHUNTER P=0.002

16p D16S412 Chinese6 2551 individuals Forced vital Unified Haseman P=0.0006
capacity Elston method

16p12.3 Japanese4 67 ASP RAST (orchard GENEHUNTER P<0.001
grass)

16q D16S289 Busselton69 172 ASP Total IgE, Haseman- P<0.0005
Slope BHR Elston sib pair P<0.05

Technique

D16S539 Hutterites64 693 Inbred SPT (molds) LR (χ2)/TDT P=0.0008

17q D17S250 French70 297 ASP SPT, GENEHUNTER P=0.001
Asthma P=0.003

62-100 cM Dutch11,66 1174 individuals Eosinophils, Linkage LOD=1.97
from pter SPT (Mite) LOD=1.21

19q D19S900 Hutterites64 693 Inbred BHR LR (χ2)/TDT P<0.001

D19S433 Chinese6 2551 individuals BHR Unified Haseman- P=0.002
Elston method

The numbers in superscript denote references

IgE, Immunoglobulin E; BHR, Bronchial hyperresponsiveness; SPT, Skin Prick Test; RAST, Radio allergo sorbent test; LR, Likelihood
ratio; TDT, Transmission disequilibrium test; ASP, Affected sib pair; CSGA, Collaborative Study on Genetics of Asthma;
LOD, Log of odds; pter, Genetic distance (cM) based on Marshfield map
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Additionally, in 25 per cent of the cases there may
be resistance to treatment with the intensity of side-
effects increasing.

Response to asthma therapy varies with individual’s
genetic make-up

Various clinical trials have shown that there is
considerable variation in the treatment response from
individual to individual. These differences may be
due to genetic variations between individuals along
with variable expression of metabolic enzymes and
receptors for drugs91. These factors contribute in the
varying efficacy of the treatment regime. For
example, patients with polymorphisms in the core
promoter of ALOX5 leading to decreased promoter
activity in vitro, have failed to respond to treatment
with ALOX5 inhibitors like ABT-76192. It has been
noted that the promoter of ALOX5 contains 3-6
copies of Sp-1 binding sites. Only individuals with
wild type ALOX5 promoter (5 Sp-1 binding sites in
both chromosomes) responded to the therapy,

whereas individual with mutant alleles (any other
combination other than 5) failed to show any
improvement of lung function when treated with
ABT-761. Thus scanning of the ALOX5 promoter
for Sp-1 binding sites will provide the opportunity
to administer the drug according to the genetic
make-up of the individual. Sanak and Szczeklik54

have described a polymorphism in the leukotriene
C4 synthase (LTC4S) promoter that resulted in
higher risk of asprin-induced asthma. This genetic
variant may also alter the response to treatment with
drugs directed against leukotrines. Similarly,
variations in the β2-adrenergic receptor (ADRB2)
does not lead to the loss of functionality of the
receptor, however, the response of patients to
treatment with drugs varies from individual to
individual93. Drysdale et al84 have demonstrated that
only a limited number of β2AR haplotypes can be
found in several ethnic groups94. Also, transfection
studies have shown that certain haplotypes were
associated with a better response to β2-agonist drugs.

Table III. Major classification for types of drugs used in asthma therapy

Drug type Mechanism of Route of Example
action administration

Bronchodialators Relax smooth
muscles in the
airways

Beta-adrenergics Inhaled, subcutaneous, Epinephrine,
oral Isoproteronol

Methyl-xanthines Oral/iv Theophylline/Amino-
phlline

Anti-cholinergics Inhaled only Atropine, Atrovent

Anti-Inflammatory Decrease cellular
drugs response of

inflammation

Corticosteroids

Oral; Intramuscular; Beclomethasone,
intravenous Dexamethasone

Mediator-release
inhibitors Inhaled only Nedocromil sodium

Anti-leukotrine
drugs Oral only



Future perspective

The goal of current therapy for asthma is to render
the patient as symptom-free as possible and to reduce
or eliminate the need for rescue therapy and
hospitalisation. Even with the availability of a large
range of drugs, most patients show considerable
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Table IV. Novel strategies for the inhibition and prevention of
asthma

Target Agent

Prenvention of T-cell activation Anti-CD4
CTLA4

Prevention of reversal
of Th2 expression

Inhibition of Th2 cytokines Anti-IL4

STAT6 inhibition

Anti-IL5

GATA inhibition

Anti-IL9

Soluble ILI3Rα

Promotion of Th1 cytokines IFN-γ

IL12

IL18

Immunotherapy Specific
Immunotherapy
Peptide immunotherapy
Mycobacterium vaccae
vaccination CpG

Inhibition of downstream mediators
Anti-inflammatory cytokines IL10

IL1Rα

Inhibition of eosinophil CCR3 Antagaonist
migration and activation CCR3 Antisense

Met-RANTES

Blocking cell adhesion VLA4 inhibitor
molecules ICAM-1 inhibitor

IgE inhibition Monoclonal anti-IgE
(E25)

STAT, signal tranducer and activator of transcription; IFN,
Interferon; IL, Interleukin; CCR, chemokine receptor; Met-
RANTES, Methionine-regulated on activation, normal T cell
expressed and secrefed; VLA, very late antigen; ICAM,
Intercellular cell adhesion molecule; CTLA, cytotoxic T
lymphocyte antigen

heterogeneity in terms of the type and extent of
inflammatory response, response to environmental
triggers and degree of atopy95,96. A major challenge
in asthma therapy has therefore been the
identification of novel therapeutic targets, which are
safer and more specific in their action. The major
abnormality in asthma is the presence of activated
CD4+-Th2 cells, eosinophils and increased levels of
certain Th2 cytokines. These findings, therefore,
suggest that most asthmatics may benefit from an
approach that targets the mechanism of allergic
sensitisation and inflammation97,98. A few of these
novel strategies are listed in Table IV.

Recent advances in the techniques for the
synthesis and manufacture of monoclonal antibodies,
synthetic peptides and peptidomimetic small
molecules have increased the potential for the
creation of specific inhibitors of immune processes
in allergic inflammation97. While preliminary data
from studies on these agents appear promising, these
agents will have to endure rigorous evaluation of
efficacy, long-term safety and minimal side effects
along with cost effectiveness. The advancement in
the understanding of the genetic predisposition for
asthma in various ethnic populations is likely to
change its classification and future treatment. The
future will thus see an era of predictive and
preventive medicines with the marketing of tailor-
made medicines to suit the genetic make-up of
individuals.

Acknowledgment

Authors acknowledge the contributions made by all clinical
collaborators, students, research associates in the course of our
study and thank all the patients and healthy volunteers who
have participated in the study. Authors also acknowledge
Functional Genomics Unit (FGU), IGIB for sequencing and
genotyping of DNA samples. Financial assistance from Council
of Scientific and Industrial Research (CSIR), Department of
Biotechnology (DBT), Indian Council of Medical Research
(ICMR) and Department of Science and Technology (DST),
Government of India is gratefully acknowledged.

References

1. Gibson GJ. Lung function and bronchial
hyperresponsiveness: physiological aspects. In: Clark TJH,
Godfrey S, Lee TH, Thomson NC, editors. Asthma .
London: Arnold; 2000 p. 32-59.



194 INDIAN J MED RES, MAY 2003

2. Elias JA, Zhu Z, Chupp G, Homer RJ. Airway remodelling
in asthma. J Clin Invest 1999; 104 : 1001-6.

3. Holgate ST, Lackie PM, Davies DE, Roche WR, Walls
AF. The bronchial epithelium as a key regulator of airway
inflammation and remodelling in asthma. Clin Exp Allergy
1999; 29  (Suppl 2) : 90-5.

4. Yokouchi Y, Shibasaki M, Noguchi E, Nakayama J,
Ohtsuki T, Kamioka M, et al. A genome-wide linkage
analysis of orchard grass-sensitive childhood seasonal
allergic rhinitis in Japanese families. Genes Immun 2002;
3 : 9-13.

5. Alarcon M, Cantor RM. Quantitative trait loci mapping of
serum IgE in an isolated Hutterite population. Genet
Epidemiol 2001; 21 (Suppl 1) : S224-9.

6. Xu X, Fang Z, Wang B, Chen C, Guang W, Jin Y, et al.  A
genome-wide search for quantitative-trait loci underlying
asthma. Am J Hum Genet 2001; 69 : 1271-7.

7. Cookson W. The alliance of genes and environment in
asthma and allergy. Nature 1999; 402 (6760 suppl) :
B5-11.

8. Hoffjan S, Ober C. Present status on the genetic studies of
asthma. Curr Opin Immunol 2002; 14 : 709-17.

9. Smith KR. Inaugural article: National burden of disease in
India from indoor air pollution. Proc Natl Acad Sci USA
2000; 97 : 13286-93.

10. Busse WW, Rosenwasser LJ. Mechanisms of asthma.
J Allergy Clin Immunol 2003; 111 (3 Suppl) : S799-804.

11. Martinez FD, Holt PG. Role of microbial burden in etiology
of allergy and asthma. Lancet 1999; 354 (Suppl 2) : S12-5.

12. Holberg CJ, Halonen M, Wright AL, Martinez FD. Familial
aggregation and segregation analysis of eosinophil levels.
Am J Respir Crit Care Med 1999; 160 : 1604-10.

13. Xu J, Postma DS, Howard TD, Koppelman GH, Zheng SL,
Stine OC, et al . Major genes regulating total serum
immunoglobulin E levels in families with asthma. Am J
Hum Genet 2000; 67  : 1163-73.

14. Kibe A, Inoue H, Fukuyama S, Machida K, Matsumoto K,
Koto H, et al. Differential regulation by glucocorticoid of
interleukin-13 induced eosinophilia, hyperresponsiveness,
and goblet cell hyperplasia in mouse airways. Am J Respir
Crit Care Med 2003; 167 : 50-6.

15. Kondo M, Tamaoki J, Takeyama K, Nakata J, Nagai A.
Interleukin- 13 induces goblet cell differentiation in primary
cell culture from guinea pig tracheal epithelium. A m  J
Respir Cell Mol Biol 2002; 27  : 536-41.

16. Yamashita N, Tashimo H, Ishida H, Kaneko F, Nakano J,
Kato H, et al. Attenuation of airway hyperresponsiveness
in a murine asthma model by neutralization of granulocyte-
macrophage colony-stimulating factor (GM-CSF). Cell
Immunol 2002; 219 : 92-7.

17. Matsumoto N, Katoh S, Mukae H, Matsuo T, Takatsu K,
Matsukura S. Critical role of IL-5 in antigen-induced

pulmonary eosinophilia, but not in lymphocyte activation.
Int Arch Allergy Immunol 2003; 130 : 209-15.

18. Nag SS, Xu LJ, Hamid Q, Renzi PM. The effects of IL-5
on airway physiology and inflammation in rats. J Allergy
Clin Immunol 2003; 111 : 558-66.

19. Brown V, Warke TJ, Shields MD, Ennis M. T cell cytokine
profiles in childhood asthma. Thorax 2003; 58 : 311-6.

20. Larche M, Robinson DS, Kay AB. The role of T
lymphocytes in the pathogenesis of asthma. J Allergy Clin
Immunol 2003; 111 : 450-63.

21. Saito N, Yamada Y, Sannohe S, Honda K, Adachi T,
Kayaba H, et al. Possible involvement of C-C chemokines
in functional augmentation of adhesion molecules in
asthmatic patients. Lung 2002; 180 : 251-63.

22. Scheerens J, van Gessel SB, Nijkamp FP, Folkerts G.
Eotaxin protein levels and airway pathology in a mouse
model for allergic asthma. Eur J Pharmacol 2002; 453 :
111-7.

23. Zimmermann N, Hershey GK, Foster PS, Rothenberg ME.
Chemokines in asthma: cooperative interaction between
chemokines and IL-13. J Allergy Clin Immunol 2003; 111 :
227-42.

24. Burke W, Fesinmeyer M, Reed K, Hampson L, Carlsten C.
Family history as a predictor of asthma risk. Am J Prev
Med 2003; 24 : 160-9.

25. Koppelman GH, Meijer GG, Postma DS. Defining asthma
in genetic studies. Clin Exp Allergy 1999; 29 (Suppl 4) :
1-4.

26. Lander ES, Schork NJ. Genetic dissection of complex traits.
Science 1994; 265 : 2037-48.

27. Duffy DL, Martin NG, Battistutta D, Hopper JL, Mathews
JD. Genetics of asthma and hay fever in Australian twins.
Am Rev Respir Dis 1990; 142 (6 Pt 1) : 1351-8.

28. Edfors-Lubs ML. Allergy in 7000 twin pairs. Acta Allergol
1971; 26 : 249-85.

29. Skadhauge LR, Christensen K, Kyvik KO, Sigsgaard T.
Genetic and environmental influence on asthma: a
population-based study of 11,688 Danish twin pairs. Eur
Respir J 1999; 13 : 8-14.

30. Jenkins MA, Hopper JL, Flander LB, Carlin JB, Giles GG.
The associations between childhood asthma and atopy, and
parental asthma, hay fever and smoking. Paediatr Perinat
Epidemiol 1993; 7 : 67-76.

31. Moffatt MF, Cookson WO. The genetics of asthma.
Maternal effects in atopic disease. Clin Exp Allergy 1998;
28 (Suppl 1) : 56-61; discussion 65-6.

32. Duffy DL. Applying statistical approaches in the dissection
of genes versus environment for asthma and allergic
disease. Curr Opin Allergy Clin Immunol 2001; 1 : 431-4.

33. Wang TN, Ko YC, Wang TH, Cheng LS, Lin YC.
Segregation analysis of asthma: recessive major gene



component for asthma in relation to history of atopic
diseases. Am J Med Genet 2000; 93 : 373-80.

34. Barnes KC. Gene-environment and gene-gene interaction
studies in the molecular genetic analysis of asthma and
atopy. Clin Exp Allergy 1999; 29  (Suppl 4) : 47-51.

35. Barnes KC. Evidence for common genetic elements in
allergic disease. Allergy Clin Immunol 2000; 106 (5 Suppl):
S192-200.

36. Young RP, Sharp PA, Lynch JR, Faux JA, Lathrop GM,
Cookson WO, et al . Confirmation of genetic linkage
between atopic IgE responses and chromosome 11q13.
J Med Genet 1992; 29 : 236-8.

37. Cookson WO, Sharp PA, Faux JA, Hopkin JM. Linkage
between immunoglobulin E responses underlying asthma
and rhinitis and chromosome 11q. Lancet 1989; 1  :
1292-5.

38. Kinet JP. The high-affinity IgE receptor (Fc epsilon RI):
from physiology to pathology. Annu Rev Immunol 1999;
17 : 931-72.

39. Marsh DG, Neely JD, Breazeale DR, Ghosh B, Freidhoff
LR, Ehrlich-Kautzky E, et al. Linkage analysis of IL4 and
other chromosome 5q31.1 markers and total serum
immunoglobulin E concentrations. Science 1994; 264 :
1152-6.

40. Meyers DA, Postma DS, Panhuysen CI, Xu J, Amelung PJ,
Levitt RC, et al. Evidence for a locus regulating total serum
IgE levels mapping to chromosome 5. Genomics 1994; 23
: 464-70.

41. Baldini M, Lohman IC, Halonen M, Erickson RP, Holt
PG, Martinez FD. A polymorphism in the 5' flanking region
of the CD14 gene is associated with circulating soluble
CD14 levels and with total serum immunoglobulin E. Am J
Respir Cell Mol Biol 1999; 20  : 976-83.

42. Gao PS, Mao XQ, Baldini M, Roberts MH, Adra CN,
Shirakawa T, et al. Serum total IgE levels and CD14 on
chromosome 5q31. Clin Genet 1999; 56 : 164-5.

43. Nagarkatti R, Rao CB, Rishi JP, Chetiwal R, Shandilya V,
Vijayan V, et al. Association of IFN-γ gene polymorphism
with asthma in the Indian population. J Allergy Clin
Immunol 2002; 110 : 410-2.

44. Nakao F, Ihara K, Kusuhara K, Sasaki Y, Kinukawa N,
Takabayashi A, et al. Association of IFN-gamma and IFN
regulatory factor 1 polymorphisms with childhood atopic
asthma. J Allergy Clin Immunol 2001; 107 : 499-504.

45. Yuyama N, Davies DE, Akaiwa M, Matsui K, Hamasaki Y,
Suminami Y, et al.  Analysis of novel disease-related genes
in bronchial asthma. Cytokine 2002; 19 : 287-96.

46. Duetsch G, Illig T, Loesgen S, Rohde K, Klopp N, Herbon
N, et al. STAT6 as an asthma candidate gene:
polymorphism-screening, association and haplotype
analysis in a Caucasian sib-pair study. Hum Mol Genet
2002; 11 : 613-21.

47. Blease K, Schuh JM, Jakubzick C, Lukacs NW, Kunkel
SL, Joshi BH, et al. STAT6 deficient mice develop airway
hyperresponsiveness and peribronchial fibrosis during
chronic fungal asthma. Am J Pathol 2002; 160 : 481-90.

48. Mullings RE, Wilson SJ, Puddicombe SM, Lordan JL,
Bucchieri F, Djukanovic R, et al. Signal transducer and
activator of transcription 6 (STAT-6 ) expression and
function in asthmatic bronchial epithelium. J Allergy Clin
Immunol 2001; 108 : 832-8.

49. Tamura K, Arakawa H, Suzuki M, Kobayashi Y, Mochizuki
H, Kato M, et al. Novel dinucleotide repeat polymorphism
in the first exon of the STAT-6 gene is associated with
allergic diseases. Clin Exp Allergy 2001; 31 : 1509-14.

50. Barnes KC, Freidhoff LR, Nickel R, Chiu YF, Juo SH,
Hizawa N, et al. Dense mapping of chromosome 12q13.12-
q23.3 and linkage to asthma and atopy. J Allergy Clin
Immunol 1999; 104 : 485-91.

51. Nagarkatti R, Ghosh B. Identification of single-nucleotide
and repeat polymorphisms in two candidate genes,
interleukin 4 receptor (IL4RA) and signal transducer and
activator of transcription protein 6 (STAT6), for Th2-
mediated diseases. J Hum Genet 2002; 47 : 684-7.

52. Mitsuyasu H, Yanagihara Y, Mao XQ, Gao PS, Arinobu
Y, Ihara K, et al. Cutting edge: dominant effect of Ile50Val
variant of the human IL-4 receptor alpha-chain in IgE
synthesis. J Immunol 1999; 162 : 1227-31.

53. Moffatt MF, Cookson WO. Tumour necrosis factor
haplotypes and asthma. Hum Mol Genet 1997; 6 : 551-4.

54. Sanak M, Szczeklik A. Leukotriene C4 synthase
polymorphism and aspirin-induced asthma. J Allergy Clin
Immunol 2001; 107 : 561-2.

55. Noguchi E, Shibasaki M, Arinami T, Takeda K, Maki T,
Miyamoto T, et al . Evidence for linkage between
asthma/atopy in childhood and chromosome 5q31-q33 in a
Japanese population. Am J Respir Crit Care Med 1997;
156 : 1390-3.

56. Hizawa N, Freidhoff LR, Ehrlich E, Chiu YF, Duffy DL,
Schou C, et al. Genetic influences of chromosomes 5q-31 -
q33 and 11 q 13 on specific IgE responsiveness to common
inhaled allergens among African American families.
Collaborative Study on the Genetics of Asthma (CSGA).
J Allergy Clin Immunol 1998; 102 : 449-53.

57. Doull IJ, Lawrence S, Watson M, Begishvili T, Beasley
RW, Lampe F, et al. Allelic association of gene markers on
chromosomes 5q and 11 q with atopy and bronchial
hyperresponsiveness. Am J Respir Crit Care Med 1996;
153 : 1280-4.

58. Ober C, Cox NJ, Abney M, Di Rienzo A, Lander ES,
Changyaleket B, et al. Genome-wide search for asthma
susceptibility loci in a founder population. The
Collaborative Study on the Genetics of Asthma. Hum Mol
Genet 1998; 7 : 1393-8.

GHOSH et al :  GENETICS OF ASTHMA 195



196 INDIAN J MED RES, MAY 2003

59. Kamitani A, Wong ZY, Dickson P, van Herwerden L,
Raven J, Forbes AB, et al. Absence of genetic linkage of
chromosome 5q31 with asthma and atopy in the general
population. Thorax 1997; 52 : 816-7.

60. Laitinen T, Kauppi P, Ignatius J, Ruotsalainen T, Daly MJ,
Kaariainen H, et al. Genetic control of serum IgE levels
and asthma: linkage and linkage disequilibrium studies in
an isolated population. Hum Mol Genet 1997; 6  :
2069-76.

61. Mansur AH, Christie G, Turner A, Bishop DT, Markham
AF, Helms P, et al. Lack of linkage between chromosome
5q23-33 markers and IgE/bronchial hyperreactivity in 67
Scottish families. Clin Exp Allergy 2000; 30 : 954-61.

62. Ulbrecht M, Eisenhut T, Bonisch J, Kruse R, Wjst M,
Heinrich J, et al . High serum IgE concentrations:
association with HLA-DR and markers on chromosome
5q31 and chromosome 11q13. J Allergy Clin Immunol
1997; 99 : 828-36.

63. Van Eerdewegh P, Little RD, Dupuis J, Del Mastro RG,
Falls K, Simon J, et al. Association of the ADAM33 gene
with asthma and bronchial hyperresponsiveness. Nature
2002; 418 : 426-30.

64. Ober C, Tsalenko A, Parry R, Cox NJ. A second-generation
genomewide screen for asthma-susceptibility alleles in a
founder population. Am J Hum Genet 2000; 67 : 1154-62.

65. Wjst M, Fischer G, Immervoll T, Jung M, Saar K,
Rueschendorf F, et al. A genome-wide search for linkage
to asthma. German Asthma Genetics Group. Genomics
1999; 58  : 1-8.

66. Koppelman GH, Stine OC, Xu J, Howard TD, Zheng SL,
Kauffman HF, et al . Genome-wide search for atopy
susceptibility genes in Dutch families with asthma.
J Allergy Clin Immunol 2002; 109 : 498-506.

67. Haagerup A, Bjerke T, Schoitz PO, Binderup HG, Dahl R,
Kruse TA. Allergic rhinitis - a total genome-scan for
susceptibility genes suggests a locus on chromosome 4q24-
q27. Eur J Hum Genet 2001; 9 : 945-52.

68. Yokouchi Y, Nukaga Y, Shibasaki M, Noguchi E, Kimura
K, Ito S, et al. Significant evidence for linkage of mite-
sensitive childhood asthma to chromosome 5q31-q33 near
the interleukin 12 B locus by a genome-wide search in
Japanese families. Genomics 2000; 66 : 152-60.

69. Daniels SE, Bhattacharrya S, James A, Leaves NI,
Young A, Hill MR, et al. A genome-wide search for
quantitative trait loci underlying asthma. Nature 1996;
383 : 247-50.

70. Dizier MH, Besse-Schmittler C, Guilloud-Bataille M,
Annesi-Maesano I, Boussaha M, Bousquet J, et al. Genome
screen for asthma and related phenotypes in the French
EGEA study. Am J Respir Crit Care Med 2000; 162 :
1812-8.

71. Xu J, Meyers DA, Ober C, Blumenthal MN, Mellen B,
Barnes KC, et al. Genomewide screen and identification of

gene-gene interactions for asthma-susceptibility loci in
three U.S. populations: collaborative study on the genetics
of asthma. Am J Hum Genet 2001; 68  :1437-46.

72. Mathias RA, Freidhoff LR, Blumenthal MN, Meyers DA,
Lester L, King R, et al. CSGA (Collaborative Study of the
Genetics of Asthma). Genome-wide linkage analyses of
total serum IgE using variance components analysis in
asthmatic families. Genet Epidemiol 2001; 20  : 340-55.

73. Laitinen T, Daly MJ, Rioux JD, Kauppi P, Laprise C,
Petays T, et al. A susceptibility locus for asthma-related
traits on chromosome 7 revealed by genome-wide scan in a
founder population. Nat Genet 2001; 28 : 87-91.

74. Prescott SL, Macavbas C, Holt BJ, Smallacombe TB,
Loh R, Sly PD, et al. Transplacental priming of the human
immune system to environmental allergens: universal
skewing of initial T cell response toward the Th2 cytokine
profile. J Immunol 1998; 160 : 4730-7.

75. Liu AH, Szefler SJ. Advances in childhood asthma: hygiene
hypothesis, natural history, and management. J Allergy Clin
Immunol 2003; 111 (3 Suppl) : S785-92.

76. Dales RE, Cakmak S, Judek S, Dann T, Coates F, Brook
JR, et al. The role of fungal spores in thunderstorm asthma.
Chest 2003; 123 : 745-50.

77. Jaffe DH, Singer ME, Rimm AA. Air pollution and
emergency department visits for asthma among Ohio
Medicaid recipients, 1991-1996. Environ Res  2003; 91 :
21-8.

78. El-Sharif N, Abdeen Z, Barghuthy F, Nemery B. Familial
and environmental determinants for wheezing and asthma
in a case-control study of school children in Palestine. Clin
Exp Allergy 2003; 33 : 176-86.

79. Richter K, Heinrich J, Jorres RA, Magnussen HE. Trends
in bronchial hyperresponsiveness, respiratory symptoms and
lung function among adults : West and East Germany.
INGA Study Group. Indoor Factors and Genetics of
Asthma. Respir Med 2000; 94 : 668-77.

80. Matricardi PM, Bouygue GR, Tripodi S. Inner-city asthma
and the hygiene hypothesis. Ann Allergy Asthma Immunol
2002; 89 (6 Suppl 1) : 69-74.

81. Weiland SK, von Mutius E, Hirsch T, Duhme H,
Fritzsch C, Werner B, et al. Prevalence of respiratory and
atopic disorders among children in the East and West of
Germany five years after unification. Eur Respir J 1999;
14 : 862-70.

82. Heinrich J, Richter K, Magnussen H, Wichmann HE. Is the
prevalence of atopic diseases in East and West Germany
already converging? Eur J Epidemiol 1998; 14  : 239-45.

83. von Mutius E, Weiland SK, Fritzsch C, Duhme H, Keil U.
Increasing prevalence of hay fever and atopy among
children in Leipzig, East Germany. Lancet 1998; 351 :
862-6.



84. Nicolai T, von Mutius E. Pollution and the development of
allergy: the East and West Germany story. Arch Toxicol
Suppl 1997; 19 : 201-6.

85. Heaton T, Mallon D, Venaille T, Holt P. Staphylococcal
enterotoxin induced IL-5 stimulation as a cofactor in the
pathogenesis of atopic disease: the hygiene hypothesis in
reverse? Allergy 2003; 58 : 252-6.

86. Chu HW, Honour JM, Rawlinson CA, Harbeck RJ, Martin
RJ. Effects of respiratory Mycoplasma pneumoniae
infection on allergen-induced bronchial hyperres-
ponsiveness and lung inflammation in mice. Infect Immun
2003; 7l : 1520-6.

87. Pierson WE, Laforce CF, Bell TD, MacCosbe PE, Sykes
RS, Tinkelman D. Long-term, double-blind comparison of
controlled-release salbutamol versus sustained-release
theophylline in adolescents and adults with asthma.
J Allergy Clin Immunol 1990; 85 : 618-26.

88. Smith LJ, Glass M, Minkwitz MC. Inhibition of leucotriene
D4-induced bronchoconstriction in subjects with asthma: a
concentration-effect study of ICI 204, 219. Clin Pharmacol
Ther 1993; 54 : 430-6.

89. O’Byrne PM. Inhaled corticosteroid therapy in newly
detected mild asthma. Drugs 1999; 58  (Suppl 4) : 17-24.

90. Barnett PL, Caputo GL, Baskin M, Kuppermann N.
Intravenous versus oral corticosteroids in the management
of acute asthma in children. Ann Emerg Med 1997; 29 :
212-7.

91. Tribut O, Lessard Y, Reymann JM, Allain H, Bentue-Ferrer
D. Pharmacogenomics. Med Sci Monit 2002; 8  :
RA152-63.

92. Drazen JM, Yandava CN, Dube L, Szczerback N,
Hippensteel R, Pillari A, et al. Pharmacogenetic association
between ALOX5 promoter genotype and the response to
anti-asthma treatment. Nat Genet 1999; 22 : 168-70.

93. Israel E, Drazen JM, Liggett SB, Boushey HA, Cherniack
RM, Chinchilli VM, et al. The effect of polymorphisms of
the beta 2-adrenergic receptor on the response to regular
use of albuterol in asthma. Am J Respir Crit Care Med
2000; 162 : 75-80.

94. Drysdale CM, McGraw DW, Stack CB, Stephens JC,
Judson RS, Nandabalan K, et al. Complex promoter and
coding region beta 2-adrenergic receptor haplotypes alter
receptor expression and predict in vivo responsiveness. Proc
Natl Acad Sci USA 2000; 97 : 10483-8.

95. Zemann B, Schwaerzler C, Griot-Wenk M, Nefzger M,
Mayer P, Schneider H, et al. Oral administration of specific
antigens to allergy-prone infant dogs induces IL-10 and
TGF-beta expression and prevents allergy in adult life.
J Allergy Clin Immunol 2003; 111 : 1069-75.

96. Lambiase A, Bonini S, Rasi G, Coassin M, Bruscolini A,
Bonini S. Montelukast, a leukotriene receptor antagonist,
in vernal keratoconjunctivitis associated with asthma. Arch
Ophthalmol 2003; 121 : 615-20.

97. Stirling RG, Chung KF. Future treatments of allergic
diseases and asthma. Br Med Bull 2000; 56 : 1037-53.

98. Stirling RG, Chung KF. New immunological approaches
and cytokine targets in asthma and allergy. Eur Respir J
2000; 16 : 1158-74.

Reprint requests : Dr Balram Ghosh, Molecular Immunogenetics Laboratory, Institute of Genomics &
Integrative Biology (CSIR), Mall Road, Delhi 110007, India

GHOSH et al :  GENETICS OF ASTHMA 197


