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SUMMARY

The world-wide effort to identify susceptibility genes for allergic diseases is motivated by the

conviction that the identification of disease genes may permit the design of new classes of

anti-inflammatory compounds. Molecules concerned with the allergic reaction, such as

cytokines, chemokines, their receptors, major histocompatibility complex molecules, and

transcription factors, could provide the candidate genes of the allergic diseases. On the basis

of genetic studies, multiple research groups have attempted to identify a susceptibility gene for

allergy using the candidate gene approach and/or genome-wide screening. Both of these

approaches suggest genetic heterogeneity of allergic diseases. Many variants of candidate

genes are or are not associated with particular diseases in different ethnic groups and the

function of variants is now being investigated. Based on the information accumulated thus far

and the information on the human genome sequence, future advances in research on genetic

factors for allergic diseases will be likely lead to the establishment of more effective

prophylaxis and therapy for these diseases.

INTRODUCTION

Allergic diseases are characterized by elevated serum

immunoglobulin E (IgE) levels and hypersensitivity to

normally innocuous antigen. Approximately one-third of

the population of the world is affected with allergic dis-

eases and morbidity from allergic diseases in the inner city

is rising steadily. There is now overwhelming support for

a genetic component for allergic diseases. Information on

the genetics of allergic diseases is valuable not only for

analysing the molecular basis of allergic diseases but also

for new drug development. However, the identification of

susceptibility genes is not straightforward. The following

are reasons that introduce complexity into the analyses:

(1) participation of various molecules in distinct phases of

allergic reaction, (2) participation of multiple environmental

factors, and (3) multiple clinical phenotypes (i.e. asthma,

allergic rhinitis, atopic dermatitis, or allergic conjunctivitis)

present in allergic patients, and the definition of these

phenotypes is complex.

A particular allergen first encounters antigen-processing

cells (APC) such as dendritic cells or macrophage directly,

or as part of an immune complex with immunogloublin. The

allergen captured by the APC is processed and presented

to CD4+ T cells as a peptide fragment in the context of

major histocompatibility complex (MHC) class II mole-

cules. CD4+ T cells are polarized into T helper type 1 (Th1)

cells, producing interferon-c (IFN-c) and interleukin-2

(IL-2), and Th2 cells, producing IL-4, IL-5, IL-6, IL-10

and IL-13. IL-4 and IL-13 stimulate immunoglobulin class

switching, leading to the production of IgE, which binds

its high-affinity receptor (FceRI) on the surface of mast cells

or basophiles. The association of allergen with IgE bound

to FceRI results in the activation of signal transduction

in these cells and rapidly leads to the release of inflam-

matory chemical mediators, such as cytokines, histamine

and leukotrienes. Th2-type cytokines also trigger the pro-

duction of chemokines such as monocyte chemoattractant

protein-1 (MCP-1), eotaxin-1, or RANTES in tissue fibro-

blast or epithelial cells, which results in infiltration of

inflammatory cells into the site of allergen exposure

(see Fig. 1 for schematic of events in the sensitization and

acute-phase reactions during an allergic response).

As described above, various molecules participate

during the phases of the allergic reaction. This means that

many genes encoding molecules relating to the allergic

reaction, such as cytokines, chemokines, their receptors,
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MHC molecules and transcription factors, are potential

candidate genes for allergy-predisposing genes. In addition,

the aetiology of allergic diseases involves interactions

between multiple genes and a variety of environmental

factors, such as protein allergens, air pollutants, and viral

or bacterial proteins. Significant effort has been invested

in the search for allergic susceptibility genes and much

useful information has been accumulated. In this manu-

script, we review several of the strong candidate genes for

susceptibility to allergic diseases, especially gene-encoding

molecules regulating IgE production and inflammatory

responses.

BACKGROUND

In the early 1920s, it was already suspected that there was

a strong genetic component to the susceptibility to allergic

diseases.1,2 At present, this has been well-established on the

basis of many investigations of allergic subjects and/or in

monozygonic versus dizygotic twins: i.e. the risk of children

with no family history is 20%, the risk of an individual with

a history of a single parent is from 25% to 30%, and the

risk of an individual with a dual parental history is from

50% to 75%.

The development of molecular biological techniques

in the 1970s greatly contributed to the identification of

candidate susceptibility genes for allergic diseases. In 1989,

the first evidence of linkage was reported by the group

of Cookson et al. of Oxford University.3 They showed that

there is a striking linkage of chromosome 11q with the IgE

response underlying asthma and rhinitis and named the

allergic susceptibility gene an ‘atopy gene’. Atopy is defined

as a general predisposition to develop an allergic reaction

to an innocuous antigen. The group of Cookson/Hopkin

then reported, in 1996, linkages between (1) IgE level of

serum and chromosomes 7, 11 and 16, (2) cutaneous

reactions and chromosome 11, and (3) atopic predisposition

and chromosomes 6 and 13 (Table 1).4 The first study

of Cookson’s group stimulated researchers in the field of

allergic research. So far, genome-wide screens for suscept-

ibility genes to asthma or related phenotypes have been

conducted in ethnically different populations (Table 1).

Based on the information about these reports, many

susceptibility genes on these chromosomes are currently

being investigated.

GENOME-WIDE SCREENING AND

CANDIDATE GENE APPROACH

Two representative methods are used to identify suscep-

tibility genes for multifactorial diseases: genome-wide

screening and the candidate gene approach. In genome-

wide screening, the presumptive location of the target gene

is defined, and then the target gene(s) is sequenced to

determine the polymorphisms contributing to disease

susceptibility. To define the presumptive location of the

target gene, highly polymorphic microsatellite repeats

(whose chromosomal locations are already known) are

used. A study of a family with a specific disease or trait and

subsequent linkage analysis of the inheritance of these

marker genes and disease phenotypes together make it

possible to deduce the chromosomal region of the target

gene. All studies indicated in Table 1 involve genome-wide

screening and linkage analysis for allergy susceptibility

genes. The technical feature of genome-wide screening is

that one can identify the disease gene with little informa-

tion about the properties of the disease gene product.

When genome-wide screening is applied to identify sus-

ceptibility genes, subjects need to be carefully selected

considering phenotypes, because the susceptibility genes

are different between ethnic groups and disease phenotypes

as shown in Table 1. In our study, evidence for genetic

linkage of allergic conjunctivitis in USA populations was

obtained for chromosome 5, 16 and 17.12 According to

reports by the Collaborative Study on the Genetics of

Asthma (CSGA), USA, the human chromosomes 5, 6, 11, 12

and 14 have been implicated in asthma and bronchial

hyperresponsiveness.5 These data clearly demonstrate that

both shared and distinct genetic loci control susceptibility to

the various allergic diseases, and underscore the importance

of performing genome-wide screening for disease suscep-

tibility genes in well-defined patient populations, enriched

for each allergic disease.

In the candidate gene approach, the pathogenesis of

a disease is analysed first, and then the protein potentially

involved in the development of the disease is identified.

Subsequently, the gene for the protein is sequenced and

controls are found to investigate the relationship between

DNA mutations and the disease or trait. If an unknown

protein or gene controls disease phenotypes, this strategy

fails to discover the susceptibility gene. Moreover, when

many genes are involved in a disease, it is necessary to

search for candidate genes one after another. In common

practice, the approximate chromosomal location of a disease

gene is determined by genome-wide screening, then potential

candidate genes in that genetic region are analysed.

Figure 1. Schematic representation of the cell and molecular events

participating in the sensitization and acute-phase reactions during

an IgE-mediated allergic response. These include cytokine/cytokine

receptor signalling events involved in the generation of antigen-

specific IgE, and the downstream events such as mast cell/basophil

degranulation associated with acute diseases. As amplified signals

at each stage may predispose individuals for allergic disease, it is

perhaps not surprising that gene products in each of these pathways

have been implicated as potential allergy susceptibility genes.
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Table 1. Region showing evidence for linkage to asthma and allergic phenotypes in genome-wide screening

Locus Australian4 CSGA5,6 Dutch7 French8 German9 Japanese10 Hutterites11

1p – Asthma – Asthma Eosinophils – Skin test

(Hispanic)6 Total IgE

Specific IgE

Asthma

2p – – – – Asthma

BHR

Total IgE

RAST

Specific IgE

– –

2q – Asthma – – Total IgE – Skin test

(Hispanic)5

3p – – BHR – – – Asthma

Skin test

4q BHR – – – RAST Mite-sensitive

atopic asthma

–

5p – Asthma – – Specific IgE – BHR

(African

American)5

5q – – BHR – – Mite-sensitive Asthma

atopic asthma Asthma symptoms

6p Eosinophils Asthma – – Asthma Mite-sensitive –

Atopy (Caucasian)6 RAST

Total IgE

Eosinophils

atopic asthma

7p BHR

Total IgE

– – – RAST – –

8p – – – – – – Asthma

9p – – – – BHR – Asthma symptoms

9q – – – – Asthma – –

10q – – Total IgE – Specific IgE – –

11p – Asthma – Total IgE – – Skin test

(Caucasian)5

11q Total IgE Asthma – Total IgE Eosinophils – –

Skin test (African

American)6

12q – Asthma Total IgE Eosinophils – Mite-sensitive Asthma

(Caucasian)5 atopic asthma Skin test

13q Atopy Asthma – Eosinophils – Mite-sensitive Asthma symptoms

(Caucasian)5 atopic asthma

14q – Asthma – – – – Asthma

(Caucasian)5

15q – – – – Total IgE

Specific IgE

– –

16q Total IgE – – – – – Skin test

17p – Asthma – – – – –

(African

American)5

17q – – Total IgE Asthma

Skin test

– – –

18p – – – – – – Asthma symptoms

19q – Asthma – – – – BHR

(Caucasian)5

20p – – – – – – Skin test

21q – Asthma – – – – –

(Caucasian)5

Xq – – – – Total IgE

Eosinophils

– –

Only values P<0.01 are shown.
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FceRI b SUBUNIT (CHROMOSOME 11)

In 1989, the first genetic linkage for allergy was reported by

the group of Cookson/Hopkin at Oxford University.3 They

found a striking linkage of chromosome 11q with the IgE

response underlying asthma and rhinitis via genome-wide

screening and defined the gene on chromosome 11q as

an ‘atopy gene’. Cookson et al. also found that the atopy

gene was transmitted through maternal inheritance and was

located in 11q13, in close proximity to the gene encoding

the b-subunit of the high-affinity IgE receptor, FceRI.13,14

This receptor, FceRI, is expressed on the mast cells and

eosinophils, and is composed of an a-subunit, a b-subunit,
and a dimer of the c-subunit. The b-subunit is an intrinsic

signal amplifier and could be considered to be one of

the control factors in the effector phase of type-I allergic

reaction.

In subsequent studies, a point mutation was found in

exon 6 of the gene encoding the b-subunit in families with

asthma and rhinitis.15 This mutation results in the sub-

stitution of isoleucine to leucine at position 181 located in

the 4th transmembrane region of the b-subunit. Moreover,

this variant was maternally inherited, consistent with the

initial mapping into chromosome 11q, the data strongly

suggesting that an atopy gene might be FceRI-b subunit

itself. Following this work, many research groups have

confirmed linkage of chromosome 11q13 with high serum

IgE level, asthma, and/or atopic dermatitis in African

American,16 Australian,17 Japanese,18 Germany,19 Italian,20

or Swedish population.21 Other variants of the FceRI

b-subunit, Val183Leu and Glu237Gly, were also found.

Variant Val183Leu (the substitution of valine to leucine at

position 183) was associated with asthma in the black South

African population.22 Variant Glu237Gly (the substitution

of glutamic acid to glycine at position 237) was highly

associated with skin test positivity in an Australian study,23

with asthma in a Caucasian South African population,22 or

with high serum IgE in French-Canadians.24 The exact

function of these variants remains unclear.

Although the data from other groups supported

the results of Cookson/Hopkin, many research groups were

unable to obtain evidence for an atopy gene on chromosome

11q. The linkage of 11q13 with asthma and/or high IgE

has not been observed in studies in Australia,25 USA,26,27

Britain,28 Japan,29 Germany,9 or Spain.30 These findings

emphasize the genetic heterogeneity of allergy and point to

multiple mechanisms prediposing individuals to develop

allergic diseases. It is clear that the gene of the FceRI

b-subunit is one susceptibility gene for allergy. However,

further studies are needed to clarify the role of particular

variants in susceptibility to allergic diseases among different

ethnic groups.

IL-4 AND IL-13 (CHROMOSOME 5)

The genomic location attracting the next greatest interest is

human chromosome 5q31–5q33. Many studies have indi-

cated linkage between 5q31–5q33 and asthma, atopic

dermatitis and/or these associated traits,21,31–35 while some

research groups have reported no linkage (as was the

case with 11q).30,36–39 The human chromosome 5q31–5q33

encodes the IL-4, IL-5, IL-9, IL-13, granulocyte–

macrophage colony-stimulating factor cluster of cytokine

genes, and the b chain gene of IL-12. In addition, T-cell

and airway phenotype regulator (Tapr) has been identified

as an allergy/asthma-susceptibility locus on 5q33, which

encodes T-cell membrane proteins (TIMs) and controls the

development of airway hyperreactivity and T-cell produc-

tion of IL-4 and IL-13.40 IL-4 and IL-13 are of course

essential for IgE production and promote Th2 differentia-

tion. Considering their roles in the allergic reaction, IL-4

and IL-13 genes are regarded as strong candidates of allergic

susceptibility genes.

IL-4

In 1994, Marsh and co-workers at Johns Hopkins first

reported linkage between markers within the IL-4 gene

locus and elevated IgE concentrations in Amish families.41

Following the initial report of an association of the IL-4

gene with serum IgE level, many researchers have asked

whether polymorphisms within IL-4 regulatory elements

might contribute to disease susceptibility by mediating

overexpression of the gene, and subsequently amplifying

Th2 differentiation and class switching to IgE. In fact, our

group demonstrated that several polymorphic nucleotides

in the IL-4 promoter region (observed in laboratory B-cell

lines) could affect the affinity of transcription factors

for their cognate cis-elements, thus mediating the over-

expression of the gene.42 However, the polymorphic nucleo-

tides we observed in the B-cell lines do not appear to be

common variants in the general population. Thus far,

multiple nucleotide variants in human IL-4 promoter region

such asx34C/T,x590C/T and+33C/T have been reported

in allergic individuals.43– 45 From studies on these indivi-

duals, x590C/T seems to be an important variant. The

linkage between the promoter polymorphism xC590T of

the IL-4 gene and asthma/atopic eczema in the US46 or

Japanese populations47 have been reported, while data from

studies on UK,48 French,49 Hutterite,11 Kuwaiti Arab,50 or

Australian populations51 have shown no linkage. xC590T

associates in vitro with IL-4 activity, and shows higher

binding affinity to nuclear transcription factors.46 However,

it remains unclear whether xC590T plays a direct role in

the allergic condition.

IL-13

IL-13 shares a receptor component and signalling path-

way with IL-4 and exerts biological effects similar to IL-4

in IgE production and IgE-based mucosal inflammation.

In addition, IL-13 induces the pathophysiological features

of asthma through the stimulation of bronchial epithelial

mucus secretion and smooth muscle hyper-reactivity in an

IL-4-independent manner.52,53 Multiple promoter variants

and coding region variants in allergic patients were

reported.54–60 From them, Gln110Arg (the substitution of

arginine to glutamine at position 110 of IL-13) seems to be
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important. The group of Martinez reported the association

of coding region variant Arg130Gln with increased serum

IgE level.56 Deichmann and co-workers reported that

variant Arg130Gln is associated with asthma but not with

IgE levels in Britain and Japan populations.55 These data

clearly need to be investigated further.

IL-4 RECEPTOR a-CHAIN (CHROMOSOME 16)

A component of IL-4 receptor, the a-chain has also been

regarded as a strong candidate for an allergic susceptibility

gene. The IL-4 receptor is composed of an a-chain and

b-chain. The gene encoding the IL-4 receptor a-chain
is localized on chromosome 16p11–12, which is a site

associated with asthma or high IgE level in ethnically

different populations.4,61

The IL-4 receptor a-chain is also used as a component

of the IL-13 receptor. Upon stimulation of IL-4 or IL-13,

Janus tyrosine kinase-1 and 3 are activated, followed by

activation of the signal transducer and activator of

transcription 6 (STAT6), which has a central role in IgE

production. These findings have led investigators to direct

their attention to the IL-4 receptor a-chain gene as the

susceptibility gene to allergy. The group of Chatila con-

ducted pioneering research in this field.62 They identified

a variant Arg576Glu (the substitution of glutamine to

arginine at position 551 of mature IL-4R a-chain located

in the intracellular domain of a-chain) in an American

population with allergic inflammatory disorder (hyper-IgE

syndrome or atopic dermatitis). The association of Arg576-

Glu with atopic dermatitis was also found in a Japanese

population.63 Functional analysis using monocytes of

human allergy patients with Arg576Glu indicated that the

variant induced higher expression of CD23 and impaired

the binding of the negative regulator protein tyrosine

phosphatase SHIP1 by the human IL-4 stimulation.62

However, Arg576Glu did not induce a significant effect

on IL-4 signal transduction such as STAT6 activation.64

A large cohort of patients with the hyper-IgE syndrome in

USA showed no increase in frequency of Arg576Glu as

compared with that in normal subjects.65 This was in accord

with negative findings in a Japanese or an Italian population

with asthma or atopy.20,66 From these observations, the

linkage of Arg576Glu with allergic diseases has been

controversial.

Following Chatila’s report, Izuhara’s group found that

the substitution of Val to Ile at position 50 of mature

protein (Ile50Val) in the extracellular domain of the a-chain

is associated with atopic asthma in a Japanese population.67

They demonstrated that Ile50Val augments STAT6 acti-

vation, expression of CD23, germline e transcription, and

IgE production upon stimulation with IL-4 in a transfectant

of human B cells harbouring the Ile50Val variant.68

Surprisingly, a negative effect of Arg576Glu on serum

IgE level was also reported. It has been indicated that

Arg576Glu is in tight linkage disequilibrium with a second

variant Pro503Ser (the substitution Ser to Pro at position

478 of mature protein) of IL-4 a-chain in a German

population with lower IgE levels.69 In contrast, linkage

disequilibrium between Ser786Pro (the substitution Pro to

Ser at position 761 of mature protein) and Gln576Arg is

associated with high IgE levels in an American population

with asthma.70 The Ser786Pro variant in isolation did not

affect IL-4R function when tested by cDNA transfection

into a mouse B lymphoma cell line. These observations

suggest that each mutant in the gene of IL-4 receptor

a-chain affects IL-4 signalling and IgE production through

different mechanisms and that multiple mutations in one

gene may change the structure of the receptor, leading to

altered signal transduction.

MHC MOLECULES (CHROMOSOME 6)

The MHC comprises a family of highly polymorphic genes

encoding a set of transmembrane proteins that present

peptide epitope to a specific antigen receptor [ T-cell

receptor; (TCR)] on T cells. The extensive polymorphism

of these MHC-encoded proteins defines the repertoire of

an antigenic determinant to which each of us is capable

of responding. From this consideration, human leucocyte

antigen (HLA) genes are major contributors to the genetic

susceptibility underlying human diseases, not only immune

diseases such as allergic diseases, but also cancer and

infectious diseases.

The MHC is localized on human chromosome 6p21.3–

23. Genome-wide searches for an asthma-susceptibility

gene in ethnically diverse populations have provided

evidence for linkage between 6p21.3–23 and asthma or

its associated traits.4,5,9–11,71 Also, a number of studies

have reported the association of HLA class II (HLA-DR,

DQ, or DP) alleles with IgE responsiveness to a number of

different allergen (for review see ref. 72). Some studies

have indicated that HLA class II alleles have a protective

effect on the development of a sensitization to allergen,

asthma, or other allergic diseases.73–76 However, these

studies have often yielded conflicting results for multiple

reasons: (1) ethnic background, phenotype definitions, or

HLA typing methods are different in each study; (2) a

large allergen contains multiple T-cell epitopes; and (3)

T-cell responsiveness and IgE production to specific

allergen are influenced by the presence and concentration

of allergen. It seems clear that HLA class II molecules do

control immune responses to particular allergens in many

cases. However, significant and consistent linkage of

HLA class II alleles with allergy might be observed in the

carefully controlled studies.

CC CHEMOKINES (CHROMOSOME 17) AND

THEIR RECEPTOR (CHROMOSOME 3)

CC chemokines participate in the activation and recruit-

ment of granulocytes, monocytes, and T-cell subsets, and

play a crucial role in allergic inflammation. The CC

chemokine cluster is localized on chromosome 17p12–

17p11.2. The USA CSGA reported evidence for linkage

of asthma with chromosome 17p12–17q11.2 in African

Americans.5 Our group also observed the linkage of allergic

conjunctivitis with the site.12 These observations suggest
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that a CC chemokine may be a strong candidate for an

allergic susceptibility gene. RANTES, one of the most

extensively studied CC chemokines in allergic diseases,

attracts Th2 cells and eosinophils via the chemokine

receptors CCR1, CCR3 and CCR5. Following the para-

digm set with IL-4 promoter polymorphism, the Johns

Hopkins group identified a functional mutation in the

proximal promoter of the RANTES gene, xA401G, which

creates a near consensus-binding site for the GATA

transcription factor family. This promoter polymorphism

of RANTES gene was associated with atopic dermatitis or

skin test positivity, but was not associated with asthma and

IgE levels in the children of a German Multicentre allergy

study.77 Another promoter polymorphism of the RANTES

gene, xA403G was also found in Caucasians, which is

associated with an increased susceptibility to asthma and

atopy – characterized by high serum IgE and skin test

positivity.78 Functional analysis using transfectant showed

significantly higher transcriptional activity of the mutant

promoter with xA401G,77 although biological function of

the variants remains unknown. More recently, a promoter

polymorphism of MCP-1 (monocyte chemoattractant

protein-1) was found in Hungarian children with asthma.79

A gene cluster of CC chemokine receptors is located

on chromosome 3p21–24. Evidence for linkage of atopic

dermatitis to chromosome 3q21 in Germany has been

reported.80 So far, multiple variants of CCR receptor,

especially CCR5, have been found in human immuno-

deficiency virus-infected patients or normal subjects.

One of the CCR5 variants, the CCR5-delta 32-deletion

polymorphism (CCR5-delta32) in allergic patients was

investigated for association with asthma and atopy. No

statistically significant linkage of CCR5-delta32 to atopy

was observed, although functional evidence might suggest

that CCR5 is a good candidate gene for allergy.81 In allergic

inflammation involving eosinophils and Th2 cells, not only

RANTES and MCP-1 but also other CC chemokines, such

as thymus- and activation-regulated chemokine (TARC),

macrophage inflammatory protein 1a (MIP-1a), and parti-

cularly eotaxin-1 play an important role. Multiple CCRs,

such as CCR1, CCR3 and CCR5, are involved in the

activation and recruitment of inflammatory cells in the

late-phase reaction. A detailed screen for mutation in these

chemokines and their receptors is underway in several

laboratories around the world.

POTENTIAL INVOLVEMENT OF LINEAGE

COMMITMENT AND SIGNALLING PATHWAYS

The control of Th1/Th2 differentiation is clearly germane

to our understanding of the molecular basis of allergic

diseases. Since allergic diseases are characterized by an

exaggerated Th2 response, alleles of lineage commitment

factors or transcription factors that bias T cells to the Th2

phenotype are potential allergy susceptibility genes. Our own

studies point toward new potential allergy susceptibility

genes. First, our genome-wide analysis for susceptibility

genes for allergic conjunctivitis has provided evidence for

association between the c-maf locus and this disease.12

Since the c-maf transcription factor is essential for Th2

cytokine production in rodents, we are investigating

whether particular alleles of the c-maf gene product

underlie the association we have observed. Second, we

have found that CP2, a factor homologous to Drosophila

Efl-1, is also important for IL-4 promoter-driven tran-

scription.82 Overexpressed CP2 markedly enhances IL-4

promoter activity and expression of the endogenous IL-4

gene when tested by transfection of the murine Th2 cell

line D10 with the CP2 expression vector. It is interesting

that the human CP2 gene maps to the susceptibility locus

for allergic conjunctivitis (unpublished data).

Other transcription factors attracting some attention as

a candidate gene are BCL6, STAT6, GATA-3 or T-bet.

STAT6 is an essential molecule for IL-4 and IL-13 signal

transduction. STAT6-deficient mice exhibit impaired IgE

production and Th2 inflammatory reactions.83,84 The gene

of STAT6 is located on chromosome 12q13–14, another site

of genetic linkage to asthma.5,9 Gao et al. have found that

the G2964A variant in a 3k untranslated region of STAT6

is associated with mild atopic asthma characterized by

positive antigen-specific IgE or high total IgE in a Japanese

population, but is not linked with atopy or asthma in the

British population.85

BCL6 is known to encode a zinc-finger transcriptional

repressor expressed in both B cells and CD4+ T cells, and

contributes to a hyperimmune Th2 cell response. BCL6-

deficient mice developed multiple organ inflammation

characterized by eosinophilia and an elevation of IgE

levels.86 A variant of the BCL6 gene was associated with

marked atopy.87 The function in the variant of STAT6

and BCL6 remains unclear.

T-bet, a transcription factor participating in Th1

differentiation, transactivates the IFN-c gene in Th1 cells

and has the unique ability to redirect fully polarized Th2

cells into Th1 cells.88 GATA-3, a transcription factor in

Th2 differentiation, regulates the expression of IL-5 and

IL-13 genes in Th2 cells.89,90 While T-bet expression is

down-regulated in human asthmatic airways,91 GATA-3

expression is increased.92 Although variants of T-bet or

GATA-3 have not yet been found in allergic patients, these

are strong candidates for allergy susceptibility genes.

Further studies are underway to identify and clarify the

role of the transcription factors in susceptibility to allergic

diseases.

CONCLUSIONS – DIAGNOSTIC AND

THERAPEUTIC CONSIDERATIONS

Although many investigators have reported potential

susceptibility genes for allergic diseases (see Table 2 for

a partial list of implicated genes), many of the results

are controversial. These are presumably related to genetic

heterogeneity, differences in family recruitment methods

and statistical analysis techniques. However, recent

technical advances in genetic analysis are remarkable. In

particular, development of cDNA array technology and

publication of the entire human genome sequence in 2001

are expected to mark a turning point in the study of genetic
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factors for allergic diseases.93,94 Based on the information

accumulated so far and on information of the genome

sequence, the DNA array technique allows the simultaneous

analysis of the expression of multiple genes or of single

nucleotides polymorphisms (SNIPs). Brutsche et al. have

investigated significantly altered gene expression in peri-

pheral blood mononuclear cells derived from patients with

allergy and asthma compared with that derived from the

healthy subjects using cDNA array.95,96 The differently

expressed genes in their study include surface molecules

involved in T- and B-cell interaction and activation,

apoptosis-related molecules, cytokines, intracellular signal-

ling products, and transcription factors. Using microarray

analysis of pulmonary gene expression and SNIP-based

genotyping, Karp et al. newly identified the gene encoding

complement factor 5 (C5) as a susceptibility locus for

allergen-induced airway hyper-responsiveness (AHR) in a

murine model of asthma.97 A possible mechanism for the

involvement of C5 in AHR is given by the finding that

C5a cleaved from C5 may block IL-12 production, and

hence might have an exacerbating effect on AHR.97 The

researchers studying allergic susceptibility genes have

devoted much attention to acquired immunity relating to

IgE production. However, Karp’s study emphasized that

the molecules participating in innate immunity including

the complement network are also candidates for the allergy

susceptibility gene.

In addition to experiments using cDNA array tech-

niques, studies in proteomics, to analyse the expression

pattern of protein in biological systems, have begun.98

Proteomic techniques would enable us to investigate how

SNIPs influence the expression and function of proteins

and to obtain increased knowledge of mechanisms under-

lying allergic diseases. A variety of genetic factors are

related to allergic diseases, and environmental factors

are also involved in disease expression. Therefore, the

nature of causative genes and the degree to which they

contribute to disease will vary from patient to patient.

Elucidation of disease gene expression and protein func-

tion based on information about SNIPs at the individual

level may some day lead to the development of prophyl-

actic and therapeutic regimens tailored to the individual

patient. It is hoped that future advances in research on

genetic factors for allergic diseases will lead to the

establishment of more effective prophylaxis and therapy

for these diseases.

Table 2. Candidate genes for allergic diseases and their function

Chromosome Candidate gene Function

1p31.2 IL-12 receptors b2 chain Signal transducer of IL-12

2q33 CD28 Co-stimulator in T-cell activation

CTLA-4 Co-stimulator in T-cell activation

3p24.2–p22 CC chemokine receptor Signal transducer of chemokine

3q27 BCL6 Repression of Stat6-activated transcription

5q31 IL-4 Differentiation of Th2 cells/induction of IgE production

IL-5 Eosinophils growth and activation/Promotion of IgE production

IL-9 Mast cell growth factor

IL-13 Induction of IgE production

5q31–33 IL-12 p40 Inhibition of Th2 activity

5q33 T-cell membrane proteins (TIMs) Induction of IL-4 and IL-13 production

5q35 Leukotriene C4 synthase Synthesis of leukotriene

6p21 Major histocompatibility complex (HLA) Presentation of antigenic peptide

Tumour necrosis factors Induction of inflammation

Transports involved in antigen processing Transportation of antigenic peptide

and presentation (TAP-1 and TAP-2)

7p15 IL-6 Promotion of IgE production

T-cell receptor c chain Recognition of antigen

7q35 T-cell receptor b chain Recognition of antigen

9q34 Complement factor 5 Induction of IL-12 production

10p14 GATA3 Transcription factor in Th2 differentiation

11q13 FceRI b subunit Amplifier of IgE signalling

12q13–14 STAT6 Transcription factor in IL-4 signalling

12q14 Stem cell factor Mast cell growth factor

12q21 IFN-c Inhibition of Th2 activity/Inhibition of IgE isotype classwitch

12q22 Leukotriene A4 hydrolase Synthesis of leukotriene

14q11.2–q13 T-cell receptor a/d chain Recognition of antigen

16p12 IL-4 receptor a chain Signal transducer of IL-4

17p11 CC chemokine Recruitment and activation of inflammatory cells

19q13.3 Complement factor 5a receptor Induction of IL-12 production

Xq13 IL-13 receptor a1/a2 chain Signal transducer of IL-13

IL-12, interleukin-12; IFN-c, interferon-c; Th2, T helper type 2; IgE, immunoglobulin E.

7Genomics and proteomics of allergic disease
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