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Abstract

Introduction: Asthmaand atopy are complex traits, the phenotypesbeing influenced by theinteraction of both genetic and environmental
factors. In view of the growing evidencefor inter-ethnic differencesin genetic susceptibility to complex diseases such asasthma and atopy,
we have assessed genetic factors for these diseases in the local population. Methods: The genetic analysis of asthma and atopy is being
approached by candidate gene analysis aswell aslinkage studies for mapping of susceptibility loci. We reviewed published studies, which
include data from our population on some candidate genes, aswell asour preliminary data on susceptibility locus mapping for linkage to
chromosome 5g31-33. Results: In local studies of theinterleukin-4 receptor and tumour necrosis factor polymorphisms, we failed to find
associations with genetic variants previously implicated to be associated with asthma and atopy. Evaluation of markers on chromosome
5g31-32 identified novel loci for susceptibility to asthma and atopy in addition to loci already described by others. Conclusion: Both the
published literature and our own findings indicate that there are inter-ethnic differences in genetic susceptibility to asthma and atopy.
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I ntroduction

Twin studies have indicated that both asthma and atopy
are largely regulated by genetic factors.? However, the
genetics is complex, involving an interaction of multiple
susceptibility genes and environmental factors. Despite
this complexity, recent advances in molecular genetics
makeit now possibleto contemplatethegenetic analysisof
such traits. Indeed, in recent years there has been a
proliferation of genetic studies on asthma.*®

In complex diseases, the genetic factors influencing
individual susceptibility to disease may vary in different
ethnic populations. The US Collaborative Study on the
Genetics of Asthma (CSGA) identified different
susceptibility loci for asthmaand atopy among Caucasians,
African Americans and Hispanics.” Work done among the
Afro-Carribean® and Japanese® also underscore the
differences between races. We believe that it isimportant
to determine the different susceptibility genes that may
influencethe devel opment of asthmaand atopy inour local
population. Singapore's multi-racial population makes it
possiblefor usto study both genesthat may be universaly
important in the pathogenesis of asthma/atopy, as well as

ethnic-specific genes that influence disease to varying
degrees in different groups.

Thereare essentially two different approachesto disease
gene identification. In the candidate gene approach,
genesencoding proteinsknown or suspectedto beinvolved
in the pathogenesis of a particular disease are studied.
Genetic variants in the candidate genes are evaluated,
comparing affected individuals to those unaffected.
In the second approach, that of positional cloning,
markers on chromosomes are used to track segregation of
hapl otypes with disease, and extensive physical mapping
isperformed using large pedigrees. For acomplex disease
such as asthma, however, physical mapping for
genes involved would be more difficult than for single
gene defects.

In this review, we discuss various studies evaluating
possible candidate genes for their roles in asthma and
atopy, as well as data from linkage studies mapping
susceptibility loci for asthma and atopy. In the candidate
gene approach, cytokines are popular candidate genes for
asthma and atopy because of their implication in the
pathogenesis of these conditions.
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Candidate Genes

Asthmaand atopy involve complex pathwaysinvolving
many cytokines. Asaresult, thereisaplausible casefor the
importance of many candidate genes. Among them,
interleukins4 and 9, and tumour necrosisfactor, have been
implicated in the pathogenesis of atopy and asthma.’°
Genetic polymorphisms of these candidate genes have
been extensively investigated both by other researchers as
well aslocally.

Interleukin-4 Receptor

IL-4 acts through its receptor (IL-4R), consisting of ay
chain which is common to several cytokine receptors and
aunigue o, chainwhich bindstoitsspecificligand. Hershey
et a have recently reported an association between
atopy and a gain-of-function polymorphism in o, subunit
of the IL-4R gene on chromosome 16. An A to G
substitution at position 1902 resulted in a change in the
amino acid encoded at position 576 from glutamine (Q)
toarginine (R). Thisalleleresulted in enhanced signalling
of thelL-4 receptor and increased CD23 expression. Inthat
study, the R576 genetic variant (arginine instead
of glutamine at codon 576) was reported to segregate
with atopy.

However, another group found no evidence of such an
association.’? Both these studies were done with the
Caucasian subjects. In aloca study, we determined the
frequency of R576 in relation to atopy in the 3 main ethnic
groups in Singapore.® In the course of this study, we
developed a simple allele-specific polymerase chain
reaction (AS-PCR) protocol for genotyping this marker.
Our method requires only genomic DNA and isfaster and
easier to perform than the reverse transcriptase-PCR (RT-
PCR) method used in the two earlier studies.

We genotyped a total of 228 individuals (101 contrals,
127 atopics) for Q576R. Our resultsshowed aslight overall
increasein the frequency of the R576 allele and genotypes
containing R576 for atopics compared to normal controls
(P = 0.05). However, when the comparison was done
within each race, only the Malay popul ation showed slight
significance.®

Both Hershey et al** and Grimbacher et al*2 reported the
alelefrequency for R576 as10%. Inour study, thefrequency
wascomparableinthe Chinesebut much higher intheother
two ethnic groups. For the Chinese, the frequency for this
alele was 14% for controls and 12% for atopics. For
Indians, it was 19% in both groups. Its frequency was
highest for Malays; 20% for controls and 45% for atopics.

Our resultsin the three ethnic groupsin Singapore show
there is little association between the R576 dlele and
atopy. The 3racial groups have comparableincidencesfor
atopy,* yet therewasalarge differencein the frequency of
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R576 between them. It istherefore unlikely that thisallele
is an important determinant for atopy or has a dominant
influence as proposed by Hershey.

Another genetic variant of the IL4R-a has also been
implicated in atopy among the Japanese. Mituyasu et al®
found that homozygotesfor the 11e50 allel e polymorphism
intheextracellular domain of the o chain of theinterleukin-
4 receptor complex (IL4-Ra) were in excess among the
atopics. Thisled the authors to conclude that IL4-Ro.isa
major atopy locus. We evaluated the frequency of the
[1e50V a genotypeinrelation to atopy in the 3 main ethnic
groupsin Singapore but found no significant associ ation of
the 11e50/11e50 variant of IL-4Ro with atopy in our
popul ation.®

Tumour Necrosis Factor

Tumour necrosis factor (TNF-o) is a potent pro-
inflammatory cytokine. Polymorphisms in the TNF gene
complex result invariationsin thelevel of secretion of this
factor. Mofatt and Cookson'” have previously reported an
associ ation between specific hapl otypesof tumour necrosis
factor (TNF) and asthma. The TNF-0—~308*2 and LTa
Ncol*1 allelic variants were found more commonly
in asthmatics. Albuquerqueet al*® also found association
of TNF haplotypes with childhood asthma, but
identified the alleles at-risk as TNF-0—308*1 and LTo
Ncol*2 instead.

We recently compared the frequency of each of the two
allelesin asthmatics and non-asthmatic controls. A total of
219 Southern Chinese and 73 Malay unrelated subjects
werestudied. Wefound alack of association betweenthese
variants and asthma in both Malays and Chinese in
Singapore.*® There was no association of TNF-0—308*2/
LTo Ncol* 1 haplotype with asthma in either race.

As in the work on polymorphisms in IL-4R, we again
failed to confirm the findings of other groups, underlying
the probability that the susceptibility genesfor asthmaand
atopy are different in our population. Another possible
factor isthe differencein recruitment, astheir 413 subjects
were from 88 nuclear families while all our subjects were
unrelated. Albuquerque and co-authors’ work on
Caucasians®® failed to confirm the association found by
Moffat and Cookson, instead they identified different at-
risk alleles for each of the 2 alelic polymorphisms.

Interleukin-9

Animal studieshaveshowntheimportanceof interleukin-
9(IL-9) inasthma, andit hasbeen speculated that | L-9 may
beanimportant candidategenein humans.® Laitineneta®
have studied a T113M polymorphism in the human IL-9
gene and showed no association with either serum IgE
levels or asthma. We did a preliminary study of our local
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population and did not find the allele frequencies of IL-9
genetic polymorphisms sufficiently informative for
meaningful analysis (unpublished), hence, this was not
pursued further.

Other Cytokine Gene Polymor phisms

Polymorphismsin the 3_-adrenergic receptor have been
described in association with both nocturnal asthma?? and
susceptibility to bronchodilator desensitisation.?® Our
preliminary work on the Argl6Gly polymorphism in
the Chinese population shows a Gly16 allele frequency
of 45.6%. Its relevance to drug treatment and
disease susceptibility in our population remains to be
investigated.

Other candidate gene polymorphisms that have been
studied include those of interleukin-10,% 3 subunit of the
high-affinity receptor for IgE,® T-cell receptor,? and the
lipopolysaccharidemarker CD14.%” To date, thesehave not
been studied in the local population.

Susceptibility Loci for Asthma and Atopy

Positional cloning for susceptibility genes has been
employed in the study of asthma and atopy, with several
genome-wide scans performed.”?%2° Of interest, potential
inter-ethnic differences in susceptibility loci for asthma
and atopy wereidentified inthe US Collaborative Study on
the Genetics of Asthma (CSGA)’ and other studies
(summarised in Tablel). Inthe CSGA study, evidencefor
linkage was noted to 6 novel regions: 5p15 and 17p11.1-
gll.2 in African-Americans, 11pl15 and 19913 in
Caucasians, and 2933 and 21g21 inHispanics. Thissuggests
that it isimportant to assess the genetic factors for these
diseasesindifferent populations, asthenumber andrelative
importanceof susceptibility genesmay vary betweenethnic
groups.

(A\) Linkage disequilibrium-based association analysis

D rSNP allele A N rSNPallele B
O y
Gene Gene
Increased disease risk Normal disease risk

(B) Direct associstion analysis

cSNPdleleD cSNPadleleN
5UTR l it 3UTR 5UTR l it 3JUTR
: ntron ; intron
1 8 ngdoﬂg7—{ exon |- | Bon Cé’i’éﬂg7—{ exon |
nSNP allele D’ nSNP allele N’
Increased disease risk Normal disease risk

Fig. 1. Approaches to association analyses. (A) Linkage disequilibrium (LD)-based
associationanalysis. D representsdi sease sequencewhileNrepresentsnor mal sequence.
Thisapproachreliesonrandomsinglenucl eotidepol ymor phism(SNP) allel es(represented
by rS\P allele A or B), which may span over alarge genomic region, to exhibit linkage
disequilibrium with the disease. LD-based association analyses test for presence of a
higher frequency of rSNP Ain affected individuals. (B) Direct associationanalysis. Here
the SNIP occur in the candidate disease-associated genes. The SNP can be found either
in the coding regions (represented by cSNP allele D or N) or in the non-coding regions
(represented by nSNP allele D' or N'). Direct association analyses test for presence of
a higher frequency of cSNP D or nSN\P D' in affected individuals.

In Singapore, we have embarked upon a study of
chromosome 5q31-33 as potentially containing
susceptibility genes for asthma and atopy (unpublished).
Thisregionisrich in candidate genes, including cytokines
(IL-3, IL-4, IL-5, IL-9, IL-13), glucocorticoid receptor,
fibroblast growth factor and 3,-adrenergic receptor. We
genotyped 373individualsin 88 Chinesefamilies (125 and
119 sib-pairsfor atopy and asthma, respectively), focusing
on 19 polymorphic microsatellite markers spanning 41
centiMorgan along chromosome 5¢. There was significant

TABLE |I: SUMMARY OF LINKAGE STUDIES REPORTED IN VARIOUS POPULATIONS

Loci with significant evidence for linkage

Author and reference

1p32 5031-33 6p21-22 11g12-23 12921-24
Dutch BHR, IgE IgE Meyers et a ,* Postma et al®
Australian IgE IgE, Atopy IgE, Atopy Palmer et al,*? Daniels et al®
Hispanic Asthma CSGA”
Hutterite Asthma Asthma Ober et d®
Japanese Asthma, Atopy, IgE Noguchi et al®
Afro-Carribean Asthma, IgE Barnes et al®
African American Specific IgE Specific IgE Hizawa et a*

Chinese Asthma, Atopy

Shek et a (unpublished)

BHR: bronchial hyperactivity; CSGA: Collaborative Study on the Genetics of Asthma; IgE: serum immunoglobulin E levels
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linkage of theasthmaand atopy phenotypeswith 3markers,
D5S2110, D5S2011, and D5S412 (P valuesbetween 0.001
and 0.00001). This suggests the presence of at least three
candidate genes in the vicinity of these markers that
determineincreased susceptibility for asthmaand atopy in
our population.

Geneticvariantsof thesecandidatesgenesmay, inherently
or with interaction with specific environmental stimuli,
enhance the allergic response. Comparison of Chinese,
Malay and Indian sib-pairs also suggests that there are
differences in susceptibility loci among these races.
However, the numbers were small for the non-Chinese
families.

Conclusion

Since the genetics of asthmaand atopy arew complex, a
combination of approaches may well berequired to dissect
thegeneticfactorsinvolvedintheir pathogenesis. Therefore,
both the candidate gene approach and thephysical mapping
approach may yield useful information. In studying the
genetics of asthma and atopy in Singapore, we have the
advantage of accessto amulti-racial populationlivingina
small country where environmental factors are fairly
uniform, and may therefore be able to make a useful
contribution to the understanding of the genetics of asthma
and atopy. This could have widespread health benefits
such astheidentification of genetic variantsthat influence
the phenotype, identification of targetsfor genetherapy, or
the development of new pharmacological therapy for
patients.
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