Positionally cloned asthma susceptibility gene
polymorphisms and disease risk in the British 1958

» Additional figures are
published online only at http://
thorax.bmj.com/content/vol64/
issueb

' Division of Therapeutics and
Molecular Medicine, Nottingham
Respiratory Biomedical Research
Unit, University Hospital
Nottingham, Nottingham, UK;

2 Department of Community
Based Medicine, University of
Bristol, UK; ® Division of
Community Health Sciences, St
George's Hospital, University of
London, UK

Correspondence to:

Professor | P Hall, Division of
Therapeutics and Molecular
Medicine, Nottingham
Respiratory Biomedical Research
Unit, University Hospital
Nottingham, Nottingham NG7
2UH, UK; lan.Hall@nottingham.
ac.uk

Received 20 May 2008
Accepted 24 January 2009
Published Online First

2 February 2009

Birth Cohort

J D Blakey," | Sayers,"” S M Ring,? D P Strachan,® | P Hall’

ABSTRACT

Objective: The aim of this study was to estimate the
contribution of polymorphisms in the positionally cloned
asthma candidate genes ADAM33, PHF11, DPP10, GPRA
and PTGDR to the risk of asthma, total and specific
immunoglobulin E level, lung function and wheezing in a
large, nationally representative, population.

Methods: An association analysis was undertaken using
genotype data for tagging and previously associated single
nucleotide polymorphisms (SNPs) in regions of these genes
and longitudinal phenotype data from singletons of white
ethnicity in the British 1958 Birth Cohort DNA archive
(n= 7703). Population-attributable risk fractions for SNPs
showing association were calculated.

Results: Polymorphisms producing small but statistically
significant increases in asthma risk (OR 1.1 per allele)
were identified in DPP710 and ADAM33, with the
strongest evidence being for SNPs tagging the DPP10
gene. No individual SNP in any gene under study markedly
increased risk for any of the phenotypes in the population
studied.

Conclusions: These data suggest that DPP70 and
ADAM33 influence asthma risk in the UK population.
However, the effects driven by any given locus are small,
and genotyping of multiple polymorphisms in many genes
will be needed to define a full genetic profile for disease
risk.

Over the past 10 years, major efforts have been
made using positional cloning approaches to
identify genes predicting the risk of developing
asthma and related phenotypes. At least 14
genome-wide linkage studies have been undertaken
in a range of populations: this has resulted in the
identification of a number of potential disease risk
genes including ADAM33, PHF11, DPP10 and
GPRA."™ A fifth gene, for the prostanoid D receptor
(PTGDR), was identified using a combination of
linkage and candidate gene approaches.” The initial
studies on these genes suggested potentially major
contributions to disease risk. However, subsequent
attempts at replication in small populations have
given conflicting results (see Supplementary mate-
rial). We have therefore utilised the longitudinal
phenotypic data from the British 1958 Birth
Cohort in order to assess the contribution of these
genes to the risk of asthma and related phenotypes
in the UK population. We previously used this
approach in a similar candidate gene study to
investigate the potential role of ADRB2 poly-
morphism in asthma incidence and prognosis.®
The specific aim of this study was to define
population-attributable risk for single nucleotide
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polymorphisms (SNPs) in ADAM33, PHF11,

DPP10, GPRA and PTGDR.

METHODS

Study population and procedures

The DNA archive established from the British 1958
Birth Cohort (also known as the National Child
Development Study) was used. Details of this
study population and phenotyping procedures
have been reported previously.®"" In brief, 18 558
individuals born during 1 week in March 1958 were
followed up at ages 7, 11 and 16 years by parental
interviews and examinations by school medical
officers, and at ages 23, 33 and 42 years by means
of interviews. The presence of diagnosed asthma or
a history of wheezy bronchitis were ascertained by
parental interviews in childhood. In adulthood,
questionnaires were used to define asthma ever,
wheezing ever and wheezing episodes in the
previous 12 months. During 2002-2004 all cohort
members still in contact with the study team
(12 069) and who had not needed a proxy inter-
view were invited to be examined by a trained
research nurse at home: 9377 were visited and
adequate blood samples for DNA extraction
obtained from 8018. Of these, 7703 were singletons
of white ethnicity and were included in the present
study. The lifetime histories of asthma and
wheezing illness for these individuals who were
included in the analyses in this study are similar to
those who are not included: at age 42 years, the
lifetime prevalence of asthma or wheeze in the full
cohort was 49.9% and in the cohort with DNA was
48.8%. Total circulating immunoglobulin E (IgE)
and specific IgE to house dust mite, mixed grass
pollen and cat fur were measured with a Hytec
enzyme immunoassay (Hycor Biomedical, Irvine,
CA, USA®) at age 45.

Spirometry at age 44-45 years was done in the
standing position without nose clips, using a
Vitalograph hand-held spirometer as described in
full elsewhere.” In the analysis, all readings with a
best-test variation >10% were excluded. Measures
of lung function were adjusted for height and sex,
and values with standardised residuals >3 SD units
were excluded from analyses.

Protocols for the 2002-2004 biomedical exam-
ination were approved by the South East
MultiCentre Research Ethics Committee. All par-
ticipants gave informed written consent to parti-
cipate in genetic association studies and the
present study was approved by the oversight
committee for the biomedical examination of the
British 1958 Birth Cohort.
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Table 1 Risk of self-reported asthma or wheezing illness by age 42 and SNPs in asthma candidate genes
Allele Homozygote Heterozygote =~ Homozygote 95% CI for

Gene; SNP 1 2 allele 1 (n) (n) allele 2 (n) 2df p Value 1df p Value OR (per allele) OR

Ptgdrs2_441 G A Case 2017 1481 242 0.400 0.201 1.05 0.98 to 1.13
Control 2036 1587 263

Ptgdrs3_197 A G Case 2873 807 60 0.547 0.515 0.97 0.88 to 1.07
Control 3012 838 51

Ptgdrs rs17125273 G A Case 58 746 2925 0.364 0.710 1.02 0.92 to 1.13
Control 46 790 3044

DPP10 rs13011555 C T Case 479 1760 1495 0.044 0.014 1.09 1.02 to 1.16
Control 456 1770 1661

DPP10 rs13392783 G A Case 1403 1756 562 0.024 0.007 1.09 1.03 to 1.17
Control 1351 1880 642

DPP10 rs1430091 G T Case 2213 1291 200 0.388 0.171 0.95 0.88 to 1.02
Control 2361 1298 195

DPP10 rs17048359 C T Case 392 1615 1677 0.177 0.084 0.94 0.88 to 1.01
Control 429 1744 1666

DPP10 rs4241129 T A Case 1485 1541 382 0.607 0.47 1.03 0.96 to 1.10
Control 1536 1595 426

DPP10 rs48493333 C T Case 234 1428 2043 0.372 0.206 0.95 0.89 to 1.03
Control 272 1500 2086

PHF11 rs2274282 G T Case 2704 895 75 0.539 0.503 0.97 0.88 to 1.06
Control 2834 930 65

PHF11 rs6561533 G A Case 1162 1722 717 0.702 0.95 1.01 0.95 to 1.08
Control 1214 1767 175

PHF11 rs6561539 G C Case 89 975 2660 0.677 0.387 1.04 0.95 to 1.14
Control 89 986 2811

GPRA rs323917 C G Case 3280 414 12 0.233 0.216 1.09 0.95 to 1.24
Control 3372 475 9

GPRA rs323922 G C Case 560 1792 1367 0.117 0.040 0.93 0.88 to 1.00
Control 632 1904 1348

GPRA rs324377 C A Case 665 1859 1198 0.218 0.084 0.95 0.89 to 1.01
Control 740 1954 1188

GPRA rs324396 C T Case 1653 1685 384 0.274 0.121 0.95 0.86 to 1.01
Control 1795 1711 379

GPRA rs740347 G C Case 78 897 2758 0.110 0.830 1.01 0.92 to 1.11
Control 58 966 2845

ADAM33 rs511898  C T Case 1667 1657 392 0.179 0.181 1.05 0.98 to 1.12
Control 1704 1696 459

ADAM33 rs528557 C G Case 2088 1463 221 0.042 0.032 0.92 0.86 to 0.99
Control 2110 1538 283

ADAM33 rs574174 C T Case 2513 1100 118 0.537 0.461 1.03 0.95 to 1.12
Control 2571 1188 118

ADAM33 rs612709 G A Case 61 860 2821 0.227 0.094 0.92 0.84 to 1.01
Control 69 957 2871

The 2df test relates to whether prevalence varies across the three genotypes (without an assumed genetic model). The 1df test assumes a per-allele (additive) model.

SNP, single nucleotide polymorphism.

SNP selection

For each of the genes examined, the SNPs for genotyping were
chosen either based on previously published studies identifying
putative risk alleles or, where this information was not available
in the literature, by choosing tagging SNPs which covered the
major haplotype blocks across each gene of interest. A total of
four SNPs in ADAMN33 (based on our previous meta-analysis, "),
five SNPs in GPRA, six SNPs in DPP10, three SNPs in PHF11 and
three SNPs in PTGDR were genotyped (table 1) following SNP
selection and quality control in assays using test samples from
an in-house DNA archive (see Supplementary information for
full details on SNP selection and quality control).

Genotyping
Genotyping was performed using Tagman technology (Applied
Biosystems, Foster City, California, USA) by Geneservice
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(Cambridge, UK). Genotyping call rates for each SNP included
in this study were =98%. A random selection of 384-well plates
were re-run and concordance on genotype calling was >99%.
We have previously reported high levels of genotyping
concordance with a different technology using separately
aliquoted DNA from the central archive for rs1042713 and
rs1042714 in a subset of 856 individuals.® For one SNP, rs528557,
a double heterozygote cluster was seen; these were combined
for the present analysis. Only rs6561533 deviated from Hardy—
Weinberg equilibrium (Pearson y? p = 0.02), though examina-
tion of genotype clustering revealed no apparent problems with
allele calling.

Statistical analysis
Stata version 8.0 was used for cross-tabulations and regression
modelling as described in a previous publication.®
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Table 2 Risk of atopy (positive specific immunoglobulin E) at age 45 and SNPs in asthma candidate genes

Homozygote Homozygote
Alleles allele 1 Heterozygote allele 2 OR 95% Cl

Gene; SNP 1 2 N n n 2df p Value  1df p Value  (per allele) for OR

Ptgdrs2_441 G A Case 135 824 1068 0.938 0.841 1.01 0.93 to 1.10
Control 343 2050 2710

Ptgdrs3_197 A G Case 1567 426 32 0.769 0.747 1.02 0.91 to 1.14
Control 3935 11 74

Ptgdrs rs17125273 G A Case 25 396 1604 0.610 0.332 0.94 0.84 to 1.06
Control 73 1033 3982

DPP10 rs13011555 C T Case 249 941 829 0.913 0.834 1.01 0.93 to 1.09
Control 634 2350 2119

DPP10 rs13392783 G A Case 736 977 304 0.478 0.390 1.03 0.96 to 1.11
Control 1838 2428 827

DPP10 rs1430091 G T Case 1218 697 94 0.421 0.478 1.03 0.95 to 1.13
Control 3055 1736 276

DPP10 rs17048359 C T Case 206 880 9N 0.378 0.165 0.95 0.88 to 1.02
Control 560 2270 2219

DPP10 rs4241129 T A Case 803 839 203 0.574 0.552 1.03 0.95 to 1.11
Control 2026 2092 557

DPP10 rs48493333 C T Case 128 171 1098 0.842 0.629 0.98 0.90 to 1.07
Control 343 197 2760

PHF11 rs2274282 G T Case 1457 495 40 0.675 0.474 0.96 0.87 to 1.07
Control 37 1233 87

PHF11 rs6561533 G A Case 651 914 392 0.512 0.435 1.03 0.96 to 1.11
Control 1571 2366 991

PHF11 rs6561539 G C Case 53 508 1449 0.305 0.909 1.01 0.91 to 1.11
Control 107 1337 3659

GPRA 1323917 C G Case 1762 240 6 0.912 0.710 0.97 0.84 to 1.13
Control 4461 593 13

GPRA 1323922 G C Case 322 963 730 0.458 0.616 0.98 0.91 to 1.06
Control 796 2518 1781

GPRA rs324377 C A Case 389 986 640 0.229 0.987 1.00 0.93 to 1.08
Control 926 2605 1562

GPRA rs324396 C T Case 929 892 195 0.798 0.524 1.03 0.95 to 1.11
Control 2304 2287 505

GPRA rs740347 G C Case 43 492 1481 0.431 0.722 1.02 0.92 to 1.13
Control 86 1265 3743

ADAM33 rs511898 C T Case 871 898 237 0.290 0.139 0.94 0.87 to 1.02
Control 2279 2261 541

ADAM33 rs528557 C G Case 1100 801 141 0.396 0.242 1.05 0.97 to 1.14
Control 2831 2008 314

ADAM33 rs574174 C T Case 1357 605 59 0.850 0.608 1.03 0.93 to 1.13
Control 3398 1542 160

ADAM33 rs612709 G A Case 37 483 1512 0.841 0.781 1.01 0.91 to 1.13
Control 83 1218 3814

The 2df test relates to whether incidence varies across the three genotypes (without an assumed genetic model). The 1df test assumes a per-allele (additive) model.

SNP, single nucleotide polymorphism.

Asthma prevalence was studied as described previously.® In
brief, the major outcomes were: risk of asthma or wheeze by age
42; atopy (defined as the presence of specific IgE to the allergens
tested) and total IgE. Secondary analyses were done to study
clinical asthma, maturity onset (age >17) asthma or wheeze,
and wheezing in the absence of a diagnosis of asthma.

Haplotype analyses were performed by deriving haplotypes
by the EM algorithm implemented in SNPHAP (http://www-
gene.cimr.cam.ac.uk/clayton/software/snphap.txt). For all
genes except DPP10, all genotyped SNPs were included and
haplotypes with frequency >10% used for analyses. For DPP10
there were only two haplotypes with a frequency >10%;
therefore, we derived simpler haplotypes using the loci showing
association in the initial SNP analyses. Haplotype analyses were
only performed where main effects were seen with at least one
SNP in the relevant gene.

Thorax 2009;64:381-387. doi:10.1136/thx.2008.102053

The population-attributable risk fraction associated with
haplotype variation within each candidate gene was estimated
as (Zf(R—1)/(Zf(R—1)+1)), where f is the frequency of each
haplotype and R is the haplotype per copy odds ratio (OR)).

RESULTS

Primary end points

Tables 1 and 2 show the allelic frequencies of the SNPs studied
for the major outcome of this study (asthma/wheeze ever;
atopy). Significant associations with asthma or wheeze were
seen for rs13011555 and rs13392783 (table 1), in both DPP10
and 15528557 (ADAM33, also known as S2). A borderline
significant association was also seen with rs323922 in GPRA but
only under an additive model. However, the highest OR seen for
any individual SNP was only 1.1. No significant associations
were seen with atopy as measured by specific IgE (table 2).
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Table 3 Risk of developing asthma or wheeze after age 17 years and risk SNPs in DPP10, ADAM33 and GPRA

Homozygote Homozygote
Alleles Asthma/wheeze allele 1 Heterozygote allele 2 OR 95% Cl
Gene; SNP 1 2 after age 17 years n n n 2df p Value  1df p Value (per allele) for OR
DPP10 C T Case 173 611 509 0.180 0.066 1.09 0.99 to 1.19
rs13011555 Control 832 3143 2820
DPP10 G A Case 508 608 174 0.007 0.002 1.15 1.05 to 1.25
rs13392783 Control 2246 3028 1030
GPRA 1323922 G C Case 198 610 480 0.439 0.290 0.95 0.88 to 1.04
Control 994 3086 2235
ADAM33 C G Case 728 499 79 0.532 0.262 0.95 0.84 to 1.04
rs528557 Control 4370 2502 425

The 2df test relates to whether prevalence varies across the three genotypes (without an assumed genetic model). The 1df test assumes a per-allele (additive) model.

SNP, single nucleotide polymorphism.

None of the SNPs studied showed significant associations
with log total IgE despite the known higher heritability of this
trait (data not shown).

Secondary end points

None of the SNPs studied predicted the incidence of asthma or
wheezing from birth to age 16 (data not shown); however,
1513392783 (DPP10) predicted risk of the development of
asthma in later life; a weaker association was also seen with
this end point for 1s574174 (ADAM33 ST+7) (OR 1.09,
p = 0.03). 151430091 in DPP10 predicted risk of clinical asthma
(as opposed to wheezing disorders) in the cohort. In contrast,
three SNPs in DPP10, rs13011555, rs13392783 and rs17048359,
all showed association with lifetime risk of adult wheezing not
labelled as asthma. rs13011555 also showed borderline associa-
tion with lung function, in keeping with the risk allele for lower
lung function being the same allele showing association with
adult wheezing. Tables 3-6 show data for the main risk SNPs
for these secondary end points.

Haplotype analyses

Given the association seen with the range of SNPs in DPP10,
ADAM33 and wheezing/asthma outcomes, we undertook a
haplotype-based analysis to identify the major risk haplotype(s)
in the Caucasian population. Statistically significant hetero-
geneity in incidence was evident only for DPP10; this was
mainly attributable to variations in adult-onset disease
(p=0.0002) and wheezing not labelled as asthma (p = 0.005).
A simple haplotype analysis using rs13011555 and rs13392783
(see the Methods section for details) showed that the
combination T.G had the highest risk for developing pheno-
types related to wheezing illness (see table 7): the major risk

appears to be for wheezing rather than diagnosed asthma. The
proportion of asthma or wheezing illness statistically attribu-
table to common variation in DPP10 was 7%. Asthma risk was
not associated with any haplotype in ADAM33 based upon
rs511898, rs528557, rs574174 and rs612709.

In the light of previous published data, we looked specifically
at an extended haplotype across GPRA for SNPs rs323917,
15323922, 15324377, rs324396 and 1s740347 which had pre-
viously been suggested to be associated with asthma risk,
C.C.A.C.C, but saw no significant increase in risk of asthma or
wheezing phenotypes (OR for asthma/wheeze ever 1.06, 95%
CI0.95 to 1.19).

DISCUSSION

Extensive efforts have been invested in attempting to identify
genes predicting risk of asthma and related traits using
positional cloning approaches. In this study we have assessed
the contribution of polymorphisms in the genes identified to
date to estimate population-attributable risks. We found
evidence supporting a role for DPP10 in the development of
wheezing phenotypes, particularly in later life, and also saw
weaker associations of SNPs in ADAN33 with progression of
wheezing illness. Borderline association with DPP10 and lung
function was also seen. Perhaps surprisingly, given the known
heritability of the relevant traits, we did not see association of
any individual SNP with either atopy or log total IgE, despite
reasonable data from linkage studies suggesting a contribution
of both DPP10 and PHF11 to these phenotypes.”® The
maximum OR seen with risk alleles for wheezing phenotypes
was around 1.1. However, as the major allele of these SNPs is
often the risk allele for these common complex traits this is
perhaps not surprising. Because the major alleles were usually

Table 4 Risk of developing clinical asthma at any age and risk SNPs in DPP10, ADAM33 and GPRA

Homozygote Homozygote
Alleles Asthma at allele 1 Heterozygote allele 2 OR 95% Cl
Gene; SNP 1 2 any age n n n 2df p Value  1df p Value (per allele) for OR
DPP10 rs13011555 C T Case 103 387 336 0.901 0.674 1.02 0.92 to 1.14
Control 832 3143 2820
DPP10 rs13392783 G A Case 290 406 124 0.598 0.942 1.00 0.90 to 1.11
Control 2464 3230 1080
GPRA rs323922 G C Case 131 392 300 0.836 0.825 0.99 0.89 to 1.10
Control 1061 3304 2415
ADAM33 rs528557 C G Case 472 319 46 0.307 0.142 0.92 0.81 to 1.03
Control 3726 2682 458

The 2df test relates to whether prevalence varies across the three genotypes (without an assumed genetic model). The 1df test assumes a per-allele (additive) model.

SNP, single nucleotide polymorphism.
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Table 5 Risk of developing wheezing illness in the absence of a clinical diagnosis of asthma and risk SNPs in DPP10, ADAM33 and GPRA

Homozygote
Alleles Wheeze not allele 1 Heterozygote Heterozygote 2df 1df OR 95% Cl
Gene; SNP 1 2 asthma any age n n n p Value p Value (per allele) for OR
DPP10 rs13011555 C T Case 376 1373 1159 0.073 0.025 1.08 1.01 to 1.16
Control 559 2157 1997
DPP10 rs13392783 G A Case 1113 1350 438 0.010 0.005 1.10 1.03 to 1.18
Control 1641 2286 766
GPRA 1323922 G C Case 429 1400 1067 0.136 0.048 0.93 0.87 to 1.00
Control 763 2296 1648
ADAM33 rs528557 C G Case 1616 1144 175 0.257 0.202 0.95 0.88 to 1.03
Control 2582 1857 329

The 2df test relates to whether prevalence varies across the three genotypes (without an assumed genetic model). The 1df test assumes a per-allele (additive) model.

SNP, single nucleotide polymorphism.

the risk alleles, calculations of the population-attributable risk
suggest that as much as 6-7% of disease risk in the population is
potentially attributable to the SNPs studied in DPP10 and
ADAMS33. These values are in keeping with estimates derived
from a meta-analysis of ADAM33" and are likely to be typical
for risk alleles for asthma. In all we are potentially able to
explain a maximum of <13% of the total population risk of
developing asthma by the polymorphisms studied in DPP10 and
ADAM33, implying that other genes must contribute overall to
the risk of disease development. These effects were not due to
geographical stratification, which for the risk SNPs identified
was not statistically significant when analysed by UK regions
(data available at www.b58cgene.sgul.ac.uk).

There are several important implications of these findings. First
it is clear that studies attempting accurately to define population-
attributable risks for specific polymorphisms in risk genes for
common polygenic disorders such as asthma are going to require
very large study populations. There have been a number of
studies in smaller populations, typically of a few hundred
individuals, looking at the genes we investigated; most of these
studies were thus underpowered to determine risk accurately.
During the analysis of this study, the first genome-wide
association study in childhood asthma was reported'’; interest-
ingly, whilst one new region was identified with strong evidence
for an asthma-related gene, a number of suggestive regions were
identified which would be in keeping with our conclusions at
least for this phenotype, suggesting that multiple genes of small
effect are involved. It is clear that studies will require many
thousands of cases and controls to determine adequately the
contribution of specific risk alleles to disease status overall.

Secondly, despite the weak effects of individual SNPs, our
data provide support for a role for DPP10 in the development of

wheezing disorders, particularly later in life. DPP10 codes for a
homologue of dipeptidyl peptidase which cleaves terminal
dipeptides from cytokines and chemokines, hence one might
think polymorphisms in this gene would be more likely to show
association with atopy-related phenotypes. However, in the
original study which identified this gene as a potential
candidate, two loci were identified: one showing association
with IgE levels and one (in a separate LD block) showing
association with asthma.” One SNP in each of these regions
showed significant association with wheezing phenotypes in
this study, but we did not find evidence supporting a
contribution of this gene to total IgE. Because of the LD
structure of DPP10, the large size of the gene and the lack of
knowledge regarding functional polymorphisms, it is conceiva-
ble we may have missed an association with atopy by our choice
of tagging SNPs. DPP10 was initially identified in families with
children with asthma,” and our primary observation of an
association with asthma or wheeze by age 42 is consistent with
this. It is interesting, therefore, that a secondary analysis
suggests that the effect in our study appears to be driven by a
relationship with asthma or wheeze of onset after 17. It is
unclear whether the signal for asthma in children in this study is
attenuated by noise from factors contributing to non-asthmatic
childhood wheezing as we use a composite end point.
Additionally, it is uncertain whether the parents in the initial
linkage study had a significant degree of asthma of later onset.

The association seen between 1s528557 in ADAM33 and
wheezing phenotypes is consistent with those previously reported
in the literature' " '**® in terms of the risk allele. Although a
previous meta-analysis* identified this polymorphism as a risk
factor for asthma, it is worth emphasising that the total numbers
of cases and controls combined in the meta-analysis (2964) is

Table 6 Lung function (FEV; in litres) and risk SNPs in DPP10, ADAM33 and GPRA

Alleles
I Homozygote Homozygote
Gene; SNP 1 2 allele 1 Heterozygote allele 2 2df p Value Beta per allele 95% CI for beta
DPP10 rs13011555 C T n 866 3236 2868 0.047 0.03 0.00 to 0.03
Mean FEV, 3.27 (0.47) 3.31 (0.47) 3.31 (0.46)
DPP10 rs13392783 G A n 2515 3323 1110 0.099 —0.01 —0.03 to 0.00
Mean FEV, 3.3 (0.45) 3.30 (0.47) 3.33 (0.48)
GPRA 1323922 G C n 1091 3369 2488 0.500 —0.01 —0.02 to 0.01
Mean FEV, 3.32 (0.47) 3.30 (0.47) 3.30 (0.46)
ADAM33 rs528557 C G n 3837 1820 455 0.174 0.01 —0.01 to 0.03
Mean FEV, 3.30 (0.47) 3.30+0.47 3.34 (0.43)
Regression models adjusted for height, sex, month of year, recent chest infection, and nurse undertaking test (and thus spirometer and area).
2df p Values indicate each genotype at a locus was assigned a separate parameter estimate.
FEV,, forced expiratory volume in 1 s; SNP, single nucleotide polymorphism.
Thorax 2009;64:381-387. doi:10.1136/thx.2008.102053 385

"yBuAdoo Ag pa1osioid 1senb Ag 20z ‘0T IMdy uo /wod"fwg xeloyl//:dny woly papeojumod '6002 Arenigad gz uo £5020T 8002 XYY9ETT 0T Se paysiignd 1s.1 :xeloy L


http://thorax.bmj.com/

3

[es]
[=2]

Table 7 Estimated frequency of simplified common haplotypes for DPP10 and ADAM33, and per-copy ORs and 95% Cls for their association with wheezing outcomes (relative to the haplotype with the

lowest risk of asthma and/or wheezing through the lifecourse), heterogeneity tests and estimates of population-attributable risk fraction (PARF) for those haplotypes with significant association

Wheeze not Prognosis

Asthma

Asthma/wheeze

Asthma/WB

Asthma/WB/
wheeze ever

Haplotype

0-16 to age 42 years Atopy at 45

onset after 16 years ever by 42 years asthma by 42 years

onset 0 to 16 years

rs13392783 frequency (%)

rs13011555

Gene

1.00, reference 1.00, reference 1.00, reference 1.00, reference 1.00, reference 1.00, reference

1.00, reference

214

DPP10

1.07, 0.97 to 1.18 0.98, 0.88 to 1.10 1.08, 1.00 to 1.17 1.08, 0.90 to 1.29 1.05, 0.97 to 1.14
1.05, 0.96 to 1.15 1.08, 0.87 to 1.33

1.05, 0.96 to 1.15

1.07, 0.99 to 1.15

37.1

1.04, 0.94 to 1.15

1.03, 0.93 to 1.15 0.96, 0.85 to 1.08 0.99, 0.87 to 1.15

1.05, 0.96 to 1.14

12.4
23.1

1.04, 0.94 to 1.15

0.65

1.15, 0.93 to 1.44

0.65

1.18, 1.07 to 1.28

0.005
1.2

1.02, 0.89 to 1.17

0.93

1.22,1.10 to 1.38

0.0002
6.7

1.05, 0.94 to 1.17

0.72

1.17, 1.08 to 1.28

0.004
6.7

p Value (3df)
PARF (%)

Wheeze not Prognosis

Asthma

Asthma/wheeze
onset 0 to 16 years onset after 16 years ever by 42 years

Asthma/WB/ Asthma/WB

wheeze ever

Haplotype

0-16 to age 42 years Atopy at 45

asthma by 42 years

rsb28557 rs574174 rs612709 frequency (%)

rs511898

Gene

1.00, reference 1.00, reference 1.00, reference 1.00, reference 1.00, reference 1.00, reference

1.00, reference

11.6

C

ADAM33

1.05, 0.81 to 1.36 1.00, 0.89 to 1.12

1.05, 0.94 to 1.16

1.13, 0.96 to 1.33
1.02, 0.83 to 1.26
1.15, 0.93 to 1.42

0.30

1.13,0.98 to 1.30
1.15, 0.96 to 1.37
1.06, 0.89 to 1.27

0.29

1.07, 0.94 to 1.21

1.09, 0.99 to 1.21

65.1

1.10, 0.95 to 1.27
1.04,0.89 to 1.20

0.43

0.96, 0.69 to 1.33

1.02, 0.89 to 1.16

1.04, 0.89 to 1.22
1.14, 0.97 to 1.34

0.41

1.02, 0.90 to 1.16

11.9

1.26, 0.91 to 1.74

0.33

1.03, 0.90 to 1.18

0.82

1.08, 0.95 to 1.24

0.23

11.3

All other combinations

p Value (3df)

PARF (%)

Data on GPRA are summarised in the text.

substantially smaller than the population used for the current
study. Furthermore, this polymorphism has also been associated
with decline in lung function'® which may explain its association
with wheezing but not a diagnosis of asthma. However, the size
of effect we report is smaller than that previously seen, and no
significant effect was seen on lung function.

In contrast to ADAN33 and DPP10, we were unable to identify
robust associations between any relevant end point and the SNPs
chosen in PHF11, PGDR or GPRA. We extended our analysis of
GPRA to look at the possible association between the major risk
haplotype previously identified in the PARSIFAL population at
this locus but did not identify a significant association. This
suggests that previously defined risk alleles/haplotypes within
these three genes do not appear to predict risk of asthma or
allergic disease in the UK population. These data contrast with a
recent study where association was seen with SNPs upstream of
GPRA." That study differs from the data presented here in several
key aspects: it included data from both American non-Hispanic
white and Costa Rican populations, all cases were children,
measurements were taken at a single time point and family-based
analysis techniques were used. The study also genotyped
approximately four times as many SNPs but each population
was <500 individuals, raising the possibility of false-positive
association explaining the findings.

The data we present have not been corrected for multiple
testing. It is difficult to know the best way to do this, given that
there were a priori reasons for suspecting the genes studied
would be linked to asthma risk, and that effects would probably
be additive between different genes. The SNPs and phenotypes
are not truly independent variables, and hence comprehensive
correction for multiple testing would be overly conservative.
Hence we have chosen to present the data uncorrected. If one
were to apply a Bonferroni correction in order to control the
family-wise error rate at the level of the number of genes
examined, then the associations with DPP10 would remain
significant. Had the extremely conservative approach of
correcting at the level of the effective number of independent
SNPs (following the method of Nyholt™) been used, rs13392783
would still have shown significant association with adult-onset
asthma or wheeze.

In conclusion, this study suggests that a genetic risk profile
for the development of asthma and/or allergic disease in general
is likely to require information on multiple SNPs in a large
number of genes, and raises the question of how, even if such a
profile could be derived, it would be feasible to evaluate
prospectively the predictive value of a complex profile without
access to extremely large populations probably involving tens of
thousands of cases and controls.
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