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HLA-DQ strikes again: Genome-wide association study further confirms
HLA-DQ in the diagnosis of asthma among adults

J. Lasky-Su™?*, B. E. Himes''7*, B. A. Raby"%3, B. J. Klanderman', J. Senter Sylvia', C. Lange**, E. Melen'>®, F. D. Martinez’,
E. Israel®, J. Gauderman®, F. Gilliland®, P. Sleiman®, H. Hakonarson®, J. C. Celeddn'®, M. Soto-Quiros'’, L. Avila'", J. J. Lima'?,
C. G. Irvin'3, S. P. Peters'?, H. Boushey'®, V. M. Chinchilli'®, D. Mauger'®, K. Tantisira'*?, S. T. Weiss'**'” and for the SHARP

investigators

’Channing Laboratory, Department of Medicine, Brigham and Women's Hospital, and Harvard Medical School, Boston, MA, USA, 2Center for Genomic

Medicine, Department of Medicine, Brigham and Women's Hospital, Boston, MA, USA, 3Division of Pulmonary and Critical Care Medicine, Department of
Medicine, Brigham and Women's Hospital, Boston, MA, USA, 4Department of Biostatistics, Harvard School of Public Health, Boston, MA, USA, °Institute
of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden, ®Astrid Lindgren Children's Hospital, Karolinska University Hospital, Stockholm,

Sweden, "Respiratory Sciences Center, University of Arizona, Tuscon, AZ, USA, ®Department of Preventive Medicine, Keck School of Medicine, University of
Southern California, Los Angeles, CA, USA, °The Joseph Stokes Jr. Research Institute, The Children's Hospital of Philadelphia, Philadelphia, PA, USA,
)Djvision of Pediatric Pulmonary Medicine, Allergy and Immunology, University of Pittsburgh School of Medicine, Pittsburgh, PA, USA, " Division of

Pediatric Pulmonology, Hospital Nacional de Nifios, San José, Costa Rica, 2Nemours Children’s Clinic, Centers for Clinical Pediatric Pharmacology &

Pharmacogenetics, Jacksonville, FL, USA, 3Vermont Lung Center, Department of Medicine and Physiology, University of Vermont, Burlington, VI, USA,

"Center for Genomics and Personalized Medicine Research, Section on Pulmonary, Critical Care, Allergy and Immunologic Diseases, Wake Forest

University School of Medicine, Winston Salem, NC, USA, "®Division of Pulmonary/Critical Care and Allergy/lmmunology, Department of Medicine,

University of California at San Francisco, San Francisco, CA, USA, ’EDepartment of Biostatistics, Penn State College of Medicine, Hershey, PA, USA and

pPartners Center for Personalized Genetic Medicine, Partners Health Care, Boston, MA, USA

Clinical &
Experimental
Allergy

Correspondence:

Scott T. Weiss, Channing Laboratory,
Brigham and Women's Hospital
Boston, MA 02115, USA.

E-mail: scott.weiss@channing.harvard.edu
Cite this as: ). Lasky-Su, B. E. Himes,
B. A. Raby, B. J. Klanderman, J. Senter
Sylvia, C. Lange, E. Melen, F. D.
Martinez, E. Israel, J. Gauderman,

F. Gilliland, P. Sleiman, H. Hakonarson,
J. C. Celeddn, M. Soto-Quiros, L. Avila,
J. J. Lima, C. G. Irvin, S. P. Peters,

H. Boushey, V. M. Chinchilli, D.
Mauger, K. Tantisira, S. T. Weiss and
for the SHARP investigators, Clinical
& Experimental Allergy, 2012 (42)
1724-1733.

Summary

Background Asthma is a common chronic respiratory disease in children and adults. An
important genetic component to asthma susceptibility has long been recognized, most
recently through the identification of several genes (e.g., ORMDL3, PDE4D, HLA-DQ, and
TLE4) via genome-wide association studies.

Objective To identify genetic variants associated with asthma affection status using gen-
ome-wide association data.

Methods We describe results from a genome-wide association study on asthma performed
in 3855 subjects using a panel of 455 089 single nucleotide polymorphisms (SNPs).
Result The genome-wide association study resulted in the prioritization of 33 variants for
immediate follow-up in a multi-staged replication effort. Of these, a common polymor-
phism (rs9272346) localizing to within 1 Kb of HLA-DQA1 (chromosome 6p21.3) was
associated with asthma in adults (P-value = 2.2E-08) with consistent evidence in the more
heterogeneous group of adults and children (P-value = 1.0E-04). Moreover, some genes
identified in prior asthma GWAS were nominally associated with asthma in our popula-
tions.

Conclusion Overall, our findings further replicate the HLA-DQ region in the pathogenesis
of asthma. HLA-DQAT1 is the fourth member of the HLA family found to be associated
with asthma, in addition to the previously identified HLA-DRA, HLA-DQB1 and HLA-
DQA2.
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Introduction

Asthma (MIM 600807) is a syndrome characterized by
chronic airway inflammation, airway hyperresponsiveness
and intermittent airway obstruction that result in epi-
sodic breathlessness, wheeze and cough. Asthma is
emblematic of a truly complex disease that develops
through the interaction of multiple genetic and
environmental factors. The advent of technical and
statistical methods for comprehensive genome-wide
association studies (GWAS) has helped to identify new
loci associated with asthma. The first such study for
asthma identified common regulatory variants at and
near the ORMDL3/GSDML loci on chromosome 17q21
that were associated with asthma in three populations
of European ancestry [1]. These associations have been
confirmed in many follow-up replications studies, with
the ORMDL3/GSDML representing one of the most
consistent asthma associations reported to date [2-4].
A second asthma GWAS identified common intronic
variants in phosphodiesterase 4D (PDE4D) to be
strongly associated with asthma in Caucasian children
and in four of five additional cohorts of diverse eth-
nicity [5]. A common variant, rs2378383, on chromo-
some 9q21.31, near transducin-like enhancer of split 4
(TLE4), was associated with childhood asthma in two
Mexican cohorts, but not in Caucasians [6]. A GWAS
study performed in two independent populations of
African ancestry identified three variants associated
with asthma in both populations: rs10515807, mapping
to alpha-1B-adrenergic receptor (ADRA1B), rs6052761
near prion-related protein (PRNP) and rs1435879 near
dipeptidyl peptidase 10 (DPP10), although replication
for these associations was not observed in either four
additional populations of African descent or three pop-
ulations of European descent [7]. Other recent asthma
GWAS identified other potential asthma variants,
RAD50-IL13 [8] and DENNDIB, on chromosome
1931.3 [9]. The GABRIEL project, the largest asthma
GWAS to date, consisting of 10 365 asthma cases and
16 110 control individuals, identified genome-wide
significant associations between asthma and SNPs in
or near ILIRL1/IL18R1, IL33, SMAD3 and IL2RB [10].
The strongest finding was at rs9273349 in the HLA-
DQ region of chromosome 6p21.3 [10]. Prior to this,
the HLA region had been identified in several genetic
studies as a region associated with asthma and related
phenotypes [11-14]. Furthermore, the EVE consortium,
a US consortium of similar size to GABRIEL, validated
several previously associated regions including loci on
17921 and genetic variants within the HLA-DQ region.
In addition, this study identified and replicated several
ethnic-specific associations, including a novel associa-
tion with asthma in the PYHINI gene among subjects
of African descent [15].

Although some genetic associations are starting to
show consistent, replicable genetic associations, particu-
larly with the larger genetic consortiums, many of the
observed genetic associations do not consistently repli-
cate across studies [5, 16—19]. This can be attributed to
the heterogeneity of populations studied and differences
in statistical power among the studies.

To date, the findings from GWAS have only
explained a small percentage of the overall genetic var-
iation for most complex diseases including asthma [20],
suggesting that more genetic studies and alternative
approaches to gene identification are necessary to
localize asthma variants. In addition, the clinical char-
acteristics of asthmatic children and adults are also
different; with age, asthmatic symptoms often subside
and the nature of the inflammatory response also
changes with age. Therefore, the genetic association
that is evaluated in children can be described as a
causal association with asthma diagnosis, whereas what
is evaluated in adults might be described as asthma per-
sistence. It is likely that the genes causing childhood
asthma are different from the genes that cause asthma
persistence. Additional lines of evidence suggest that
the age at onset of asthma may be influenced by genet-
ics, with earlier onset being more likely to implicate a
genetic cause for the disease; further suggesting that
childhood and adult asthma have important genetic
differences [21].

Taken together, it is likely that many additional
asthma-susceptibility variants are yet to be discovered.
Herein, we describe the results of a GWAS with 3855
subjects, including 1238 asthmatics to further identify
and validate genetic variants for asthma.

Methods

Populations

SHARP GWAS cohorts. The SNP Health Association
Resource (SHARe) Asthma Resource Project (SHARP)
conducted genome-wide genotyping in adults and chil-
dren who have participated in the National Heart, Lung,
and Blood Institute’s (NHLBI) clinical research trials on
asthma. SHARP includes children with asthma who par-
ticipated in the Childhood Asthma Management Pro-
gram (CAMP), children who participated in one or more
of five clinical trials conducted by the Childhood
Asthma Research and Education (CARE) network and
adults who participated in one or more of six clinical
trials conducted by the Asthma Clinical Research Net-
work (ACRN). For the purposes of these studies, child-
hood asthma was defined as meeting the diagnostic
criteria for a specific study before the age of 18,
whereas adult asthma was defined as meeting the diag-
nostic criteria for a specific study after the age of 18.
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The ascertainment criteria and study designs for each of
the studies conducted by these networks were compara-
ble, although not identical. Because both ACRN and
CARE are made up of several substudies, we provide
the asthma diagnosis criteria for one representative trial
from each study. We also provide the diagnosis criteria
for CAMP. Additional explicit details of all studies
included in SHARP can be found on the dbGaP website
(http://www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.
cgi?study_id=phs000166.v2.p1&phv=71260&phd=1429
&pha==&tpht=700&phvf=Etphdf=&tphaf=Etphtf=Edssp=1¢&t
consent=€ttemp=1). The primary analysis included here
was restricted to Caucasian individuals within SHARP.

CAMP. Childhood Asthma Management Program was a
multi-centre longitudinal clinical trial that followed
1041 asthmatic children for approximately 4 years with
inclusion/exclusion criteria that were developed to select
individuals with mild to moderate asthma [22]. CAMP
was designed to evaluate whether continuous, long-term
treatment (over a period of 4-6 years) with either an
inhaled corticosteroid (budesonide) or an inhaled non-
corticosteroid drug (nedocromil) safely produces an
improvement in lung growth as compared with treatment
for symptoms only (with albuterol and, if necessary,
prednisone, administered as needed). The primary out-
come in the study was lung growth, as assessed by the
change in forced expiratory volume in 1s (FEVI,
expressed as a percentage of the predicted value) after
the administration of a bronchodilator. Secondary out-
comes included the degree of airway responsiveness,
morbidity, physical growth and psychological develop-
ment. All recruited children had asthma as defined by
having two or more symptoms per week, using an
inhaled bronchodilator at least twice weekly or asthma
medication daily and airway responsiveness to methach-
oline < 12.5 mg/mL [23]. Children with severe asthma or
other clinically significant conditions were excluded.
DNA samples from 2241 probands and their parents
underwent genome-wide genotyping as described below.

CARE. The Asthma Research and Education Network
was established in 1999 by the NHLBI. Five clinical
centres and a data co-ordinating centre were selected to
participate in this research network. As asthma is the
most common chronic childhood disease in the United
States, the CARE Network was established to evaluate
treatments for children with asthma, conducting studies
for children with asthma and sharing their findings
with the health care community (http://www.asthma-
carenet.org/index.html) [24-26]. Asthma diagnosis was
similar in all CARE trials. The Pediatric Asthma Con-
troller Trial (PACT) was one of the CARE clinical trials.
Asthma diagnosis in PACT was based on the following.
First, children had airway responsiveness to methacho-

line < 12.5 mg/mL. Second, individuals were required
to have mild—-moderate persistent asthma as defined by
either (1) the presence of self-reported symptoms or
inhaled bronchodilator (not including pre-exercise) use
an average of at least four times per week during the
4 weeks preceding the trial or (2) the presence of diary-
reported symptoms or inhaled bronchodilator (not
including pre-exercise) use or peak flows in the yellow
zone an average of at least four times per week during
the 2-week run-in to the clinical trial. DNA samples
from 1604 probands and their parents underwent gen-
ome-wide genotyping.

ACRN. Asthma Clinical Research Network was estab-
lished in 1993 by the NHLBI. The objectives of this multi-
centre program are to conduct multiple well-designed
clinical trials for rapid evaluation of new and existing
therapeutic approaches to asthma and to disseminate
laboratory and clinical findings to the health care com-
munity. From 1993 to 2003, ACRN consisted of six clini-
cal centres and one data co-ordinating centre [26, 27].
Asthma diagnosis was similar in all ACRN trials. In gen-
eral, the diagnostic criteria for asthma included history
of physician diagnosis of asthma and tests for reversible
airflow obstruction and/or bronchial hyperresponsive-
ness. Here, we describe the diagnosis criteria for one
representative study, IMProving Asthma Control Trial
(IMPACT). Asthma diagnosis was defined in IMPACT by
1) a history of asthma and 2) heightened airway reactiv-
ity, shown by reversible airflow obstruction > 12% and
> 200 mL improvement in FEV, following two to four
inhalations of albuterol MDI or by methacholine PC20
< 8 mg/mL. DNA samples from 1059 individuals under-
went genome-wide genotyping as described below.

Population controls. We obtained data corresponding to
1432 control individuals from a GWAS of schizophre-
nia and bipolar disorder [28] that was submitted to
dbGaP [http://[www.ncbi.nlm.nih.gov/gap]. These indi-
viduals did not have a diagnosis of schizophrenia or
bipolar disorder and they were not ascertained for the
presence or absence of asthma. Therefore, these individ-
uals are considered ‘population controls’ and can be
reasonably assumed to have asthma at the rate that is
prevalent in the general population.

Genotyping and quality control measures

Affymetrix, Inc. (Santa Clara, CA, USA) performed the
genotyping according to manufacturer’s protocol using
the Affymetrix Genome-Wide Human SNP Array 6.0.
Marker quality control (QC) was performed on all auto-
somal markers, which were extracted from dbGAP for
each of the four cohorts. SNPs were excluded for the
following reasons: (1) probe sequence did not map

© 2012 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 42 : 1724-1733
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uniquely to the hgl18 genome build; (2) genotyping
completion rate < 95%; (3) P-value for Hardy—Weinberg
equilibrium (HWE) < 1E-06; and (4) > 12 discordances
observed among sample replicate pairs. We excluded all
SNPs with Mendelian error counts > 4 in either CARE
or CAMP trios. Genotypic gender was verified in PLINK
[29]. Subject relatedness was verified using rgGRR [30],
and by confirming very low rates of parent—child geno-
type inconsistencies (average within-family rate of
0.149%). Specific information on the QC procedures for
individual datasets is available in the Supplemental
Data. The data were adjusted for population stratifica-
tion using Eigenstrat [31] (see Appendix S1).

Statistical analysis

Three primary GWAS analyses were performed: (1) an
analysis of all adult asthmatics; (2) an analysis of all
childhood asthmatics; and (3) an analysis of the child-
hood and adult asthmatics combined. We maximized
the use of the data by employing both regression-based
techniques for case-control data and family-based asso-
ciation tests for family data. Details of the analysis can
be found in the Appendix S1.

SNPs were selected for replication using the following
approach: First, we verified that the direction of the
observed effect was consistent across our primary analy-
ses in children (i.e. CAMP, CARE and Genetic Associa-
tion Information Network, GAIN), adults (i.e. ACRN and
GAIN) and all subjects (i.e. CAMP, CARE, ACRN and
GAIN). Second, we identified the SNPs with P-values
< 1E-04 from the combined analysis of all subjects.
When replication SNPs were not available in replication
populations due to differences in genotyping platforms,
we identified and evaluated the associations at SNPs
that were either in strong linkage disequilibrium with
the identified SNP or analysed the imputed SNP data.
Joint evidence for association across populations was
measured by combining P-values using the sample size-
weighted Liptak method [32]. In combining P-values,
hypothesis tests in replication populations had one-sided
alternatives (based on the direction of association in the
primary SHARP analysis) so that SNPs with association
tests in opposite directions would not produce inappro-
priately small P-values. Overall statistical significance
was determined after adjusting for the total number of
statistical tests performed based on the total number of
genotyped SNPs.

Replication populations

Replication analyses were performed in five cohorts: (1)
Children’s Hospital of Philadelphia (CHOP); (2) Chil-
dren’s Health Study (CHS); (3) Costa Rica; (4) Sepracor/
LOCCS/LODO/Illumina; and (5) i2b2 Crimson Asthma

Project (iCAP). Details about these cohorts are included
in Appendix S1. Each replication study was approved
by the Institutional Review Board of the corresponding
institution and informed consent was obtained for all
study participants.

Results

We performed a GWAS of asthma, combining the three
well-characterized asthma cohorts from SHARP and
dbGaP population controls genotyped using the
Affymetrix 6.0 SNP array. Following exclusion of indi-
viduals and markers that did not meet stringent QC cri-
teria, the final dataset consisted of 3855 subjects and
455 089 markers (Tables 1 and 2). In addition to analy-
sing all asthma subjects, we performed separate analy-
ses of childhood and adult asthma. The sample size of

Table 1. Primary population characteristics

CAMP CARE ACRN GAIN
Ascertainment Clinical Clinical Clinical trials GWAS
method trail trials control
cohort
Number of 1280 756 471 1348
total
individuals
Number of 556 211 471 0
probands/cases
Number of 724 545 0 1348
parents/
controls
Age (SD) 8.8 (2.14) 10.6 (3.45) 32.5(10.8) 50.9 (17.0)
[min, max] [5.2,13.2] [2.2,17.8]  [12.4,65.2] [18,90]

ACRN, Asthma Clinical Research Network; CAMP, Childhood Asthma
Management Program; CARE, Childhood Asthma Research and Educa-
tion.

Table 2. Summary of the three primary GWA designs

Childhood Adult Combined
asthmatics asthmatics analysis
Total sample size 3442 1819 3855
Number of 767 471 1238
cases/probands
Number of 1348 1348 1348
controls
Number of 1269 0 1269
parents
Analysis New screening Logistic New screening
method method regression method
Power 0.86 0.64 0.98
estimate”

*This estimate corresponds to the power to detect that a SNP will be
among the top 40 SNPs of the GWAS, assuming an OR = 1.5, a MAF
= 0.2, and a disease prevalence of 0.10. The adult analysis had the
lowest statistical power. The childhood and combined analyses had
adequate statistical power.

© 2012 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 42 : 1724-1733
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the childhood analysis is nearly double that of the adult
analysis, both with respect to number of probands/cases
and number of total subjects, leading to greater power
(~22% more) to detect genetic association in the child-
hood asthma analysis than in the analysis of adult
cohorts (Table 2).

Quantile—quantile plots for all three GWA analyses
indicate that the top association P-values are slightly
lower than what is expected by chance for the children’s
and combined GWAS analysis, in keeping with the con-
servative nature of the test statistics employed (Figure
S1). Despite the conservative nature of the results, the
top association P-values obtained via our method are
the best candidates for future replication of a study
because the analysis methodology maximizes statistical
power by combining case-control and family-based data
[33]. Deviation from the null distribution was observed
among the lowest P-values in the adult analysis, sug-
gesting enrichment for significant associations, with two
SNPs (rs17441370 and rs272474) meeting genome-wide
significance. SNP rs17441370 resides on chromosome
14q13.1 within an intronic region of AKAP6. SNP
15272474 resides on chromosome 5p15.31 within an in-
tronic region of ubiquitin-conjugating enzyme E2Q
family-like 1 UBE2QLI. However, both these SNPs had
MAFs just above 5% and our statistical power is limited
to rigorously assessing these associations due to the rel-
atively small sample size of the adult cohort. Therefore,
these SNPs were not included in the immediate replica-
tion efforts. The other top association P-values for the

childhood, adult and combined analysis are in the range
of 1E-07 and 1E-06, and do not reach statistical signifi-
cance after correcting for multiple comparisons (Fig. 1).
Detailed lists of the top (i.e. < 1E-04) association P-val-
ues for each of the primary analyses are included in the
Appendix S1 (Tables S1, S2 and S3).

The top 33 SNPs (i.e., P-value < 1E-04) (Table S3)
from the combined analysis with consistent effect esti-
mates across the childhood and adult cohorts were
selected for replication in four independent populations
(CHS, CHOP, Costa Rica, Sepracor/LOCCS/LODO/Illu-
mina). Of the 33 SNPs, we obtained association data in
at least one population for 19 SNPs, or SNPs in strong
LD to the initial SNP. After taking consistency of effect
direction into account, two (i.e. rs9272346, rs1121336)
of the 19 SNPs had nominally significant P-values in at
least two populations (i.e. the P-value is less than 0.05
before multiple comparison correction) (Table 3). SNP
1s9272346 in HLA-DQA1 (6p21.3) achieved genome-
wide significance in the adult cohort where the initial
P-value was 1.2E-07 and the final combined P-value
was 2.2E-08 after including two adult replication
cohorts  (Sepracor/LOCCS/LODO/Illumina  P-value =
0.032 and iCAP P-value = 0.042). Further details on
this SNP are provided in Table 3, where the association
P-values are listed for the childhood, adult and com-
bined cohorts. Although this effect was the strongest in
the adult cohort, there is evidence that this association
may also exist in children (and hence the combined
analysis as well), as the initial P-value was nominally

Combined GWAS analysis
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Fig. 1. Manhattan plots of the three GWA analyses: 1) All asthmatics; 2) Adult asthmatics; 3) Childhood asthmatics. The x-axis represents the
chromosomal position of the association test that took place for each SNP. The y-axis represents the -Log10 (p-value) of the association test.
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Table 4. SHARP analysis association P-values for previously reported associations in asthma GWAS studies in SNP and tagging SNP

SHARP
Position Nearby gene(s) SNP Original P-value Population Reference P-value
2q12 ILIRL1/IL18R] 1s1420101 6 x 1072 Caucasian, East Asian [43] 0.01
2q12 IL18R1 1s3771166 4 x 10712 Caucasian [10] 0.002
2q12.3 DPPI10 rs1435879 3 x 10°° African ancestry [7] 0.32
5q12 PDE4D 11588265 4 x 1077 Caucasian [5] 0.07
5q22 WDR/TSLP 1s2416257 1x 107" Caucasian, East Asian [43] 0.001
5q31.1 RADS50-IL13 1s2244012 3 x 1077 Caucasian [8] 0.40
6p21 HLD-DQ 159273349 7 x 107" Caucasian [10] 0.05
9q21.31 TLE4 rs2378383 7 x 1077 Hispanic / Mexican [6] 0.74
9q24 1L33 1s3939286 5x 10°° Caucasian, East Asian [43] 0.005
9q24 IL33 151342326 9 x 10712 Caucasian [10] 0.09
15q22 SMAD3 rs744910 4 x 107° Caucasian [10] 0.72
17q21 ORMDL3/GSDML 1s7216389 9 x 10" Caucasian [1] 0.04
17q21 GSDMB 152305480 6 x 1072 Caucasian (children) [10] 0.14
17q21 GSDMA rs3894194 3 x 107" Caucasian (children) [10] 0.07
20q12 PRNP 16052761 2 x 107° African ancestry 7] 0.65
22q13 IL2RB 1s2284033 1x 108 Caucasian [10] 0.51

*rs2786098, rs275358, rs10515807, rs1063355, rs9494145, rs1358786, rs1326772 were also reported in the literature; however there were no ade-

quate tagging SNP in this study to replicate these findings.

G, the large number of associations within the HLA
region suggests that there are likely multiple genetic
variants within this region that influence asthma sus-
ceptibility. Recently, investigators have identified the
DR/DQ region that has now been replicated in four sepa-
rate studies [42, 43]. Strong links between HLA and both
IL4 and TNF alpha, two of the most replicated candidate
genes, emphasize the relationship of HLA to Th2 inflam-
matory responses. The model suspected for autoimmune
disorders is one of HLA specificity and interaction with
an environmental antigen simulating an infectious path-
ogen, either viral or bacterial, via molecular mimicry. In
the case of asthma, there appears to be less HLA speci-
ficity than is seen in inflammatory bowel disease and
celiac disease. Nonetheless, the HLA association results
suggest that Thl (IBD and Celiac Disease) and Th2
(Asthma) autoimmune diseases may be more similar
than previously thought.

We evaluated the association of several previously
identified associations with asthma and observed signifi-
cant associations (alpha = 0.05) in half of these SNPs. We
note that SNPs near ORMDL3/GSDML, the most consis-
tent and widely replicated region associated with asthma,
replicates in our SHARP sample. Although SHARP results
support half of previously identified asthma GWAS top
hits that were tested, the lack of replication of remaining
top hits may be due to: (1) genetic heterogeneity among
GWAS populations; (2) insufficient statistical power in
SHARP to identify small genetic effects; or (3) age-
dependent genetic effects.

When performing genetic analyses of phenotypes
such as asthma, it is important to consider that age-
dependent genetic effects may influence the asthma

phenotype differently for children and adults [44]. This
hypothesis is quite intuitive, as asthmatic children have
distinctly different clinical characteristics than asthmatic
adults. In addition, adult asthmatics may represent a
more severe group of individuals, as many of the milder
asthmatic cases resolve by adulthood. In this analysis,
we evaluated both the stratified and combined genetic
analyses of asthma based on age in an effort to consider
the time-dependent nature of asthma. We found that the
rs9273349 association finding is notably stronger in the
adult asthma cohorts compared to the childhood
cohorts. Although the effect of rs9273349 is not com-
pletely absent in the childhood cohorts, this association
would not have been identified had the childhood
cohorts only been evaluated. This suggests that either
the childhood cohorts by themselves are underpowered
or that age-dependent genetic effects exist for asthma.
We selected SNPs for replication based on the combined
genetic analysis results to maximize statistical power by
utilizing the maximum sample size possible. Further
research should be conducted to scrutinize the potential
age-dependent genetic effects both in the childhood and
adult asthmatic samples by selecting replication SNPs
for each sample individually.

The SHARP population is complex because it is made
up of several clinical trials. While CAMP is one large
trial, CARE and ACRN are comprised of multiple clini-
cal trials. As such, the ascertainment criteria vary
throughout SHARP. Some include adults (ACRN) while
others include children (CAMP, CARE). Although inclu-
sion criteria varies among the SHARP studies, doctor’s
diagnosis of asthma, which is considered the gold stan-
dard for asthma diagnosis, is the minimum criterion
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used. Therefore, although the various clinical trials
included in SHARP are heterogeneous in nature, the
gold standard for asthma diagnosis is consistently used
at a minimum for asthma diagnosis. It is also important
to consider how the incorporation of control individuals
from the general population affect the analysis results.
The control individuals we selected will have asthma at
the rate that is observed in the general population
(roughly 5%), which will lead to misclassification and
hence decreases the overall power of our analysis. The
initial manuscript that discusses the analytic method
proposed here, evaluated the effect of using unselected
controls on the overall power of the analysis and
although this reduces the overall power of the analysis,
it does not bias the results [33].

In summary, this GWAS identifies a novel sequence
variant that is primarily associated with asthma in
adults, although there is evidence to suggest that this
association also exists among children. Together with
the loci described in prior asthma GWAS and with
previously validated candidate genes, the common
genetic variation underlying asthma is gradually being
elucidated.
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GWAS analysis p-values to those expected under the
null hypothesis. Deviations of measures in the tails
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bined analysis are conservative. This is not surprising,
given that the methodology is slightly conservative;
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Table S1. lists the lowest association p-values for the analysis of asthmatic children. None of

these findings meet genome-wide significance.

Table 1S: Top association p-values from the Children’s GWAS analysis
using the new screening method

SNP alele | Chromosome | BP p-value Genes(s)
rs179260 T 14 | 80511808 6.55E-06 | TSHR
rs12493149 T 3 | 155859208 8.46E-06
rs1322916 C 1| 197142881 1.35E-05
rs1940108 T 11 | 129155661 1.94E-05
rs13072262 A 3| 25106574 2.01E-05
rs9804956 T 12 | 23873055 3.12E-05 | SOX5
rs8132754 T 21| 41953780 3.61E-05
rs9991982 T 4 | 159001480 3.80E-05
rs4558991 G 5| 12752253 4.49E-05
rs11770702 G 7| 78087103 5.08E-05 | MAGI2
rs11787887 T 9| 72681299 5.10E-05 | TRPM3
rs2240956 C 9 | 130088581 5.25E-05
rs1106518 A 2| 69181722 5.67E-05 | ANTXR1
rs7721328 C 5| 12705832 5.99E-05
rs226839 T 20| 46309944 6.09E-05
rs7699958 G 4| 94972902 6.24E-05 | ATOH1
rs10503404 G 8| 10122769 6.46E-05 | MSRA
rs1887054 G 1| 91872329 6.93E-05 | TGFRB3
rs17745701 G 4 106981 7.00E-05 | ZNF718
rs10791048 C 11 | 129162426 7.03E-05 | TMEM45B
rs3094893 G 7 | 69608956 7.24E-05 | AUTS?
rs2111724 T 2| 56945042 7.38E-05
rs1212985 G 6 | 139269223 7.42E-05 | REPSL
rs7894459 T 10 | 31651262 7.83E-05 | TCF8
rs4241546 A 3| 20122566 8.98E-05 | PCAF
rs7578361 G 2 | 150105464 9.89E-05
rs10101575 C 8 | 127412874 | 0.00010124
rs11046127 T 12 | 21622789 | 0.000102153 | GY?
rs2984272 T 14 | 50262963 | 0.000104511 | NIN
rs6726692 G 2 | 105527038 | 0.000112317




Table S2. lists the top association p-value with the adult asthmatic group.

Table 2S: Top association p-values for Adult asthmatic analysis

SNP alele | Chromosome | BP p-vaue Gene(s)
1.369E-
rs17441370 T 14 | 32314865 11 | AKAP6
3.782E-
rs272474 A 5| 6515338 08 | FLJ25076
1.161E-
rs9272346 G 6| 32712350 07 | HLA-DQA1
9.550E-
rs9268853 C 6| 32537621 07
1.134E-
rs9268858 C 6| 32537736 06
1.208E-
rs2235927 A 1| 17267362 06 | PADI2
4.504E-
rs4343 A 17 | 58919763 06 | ACE
4.786E-
rs12634401 C 3| 118273713 06
7.231E-
rs9268831 T 6| 32535726 06
8.450E-
rs2171249 C 6 | 153735722 06
1.067E-
rs6706053 T 2| 44371166 05| S.C3A1
1.125E-
rs17546822 C 17 | 40364496 05
1.359E-
rs12977381 A 19| 62676002 05 | DKFZp68611569
1.562E-
rs10820351 T 9 | 104837653 05
1.574E-
rs7739184 G 6 | 154670546 05 | PIP3-E
1.619E-
rs17306398 C 11| 23148811 05
1.698E-
rs11723634 C 4 | 160486784 05
1.803E-
rs6594499 A 5 | 110498036 05 | WDR36
1.816E-
rs9268403 C 6 | 32449451 05 | C6orf10
1.819E-
rs4653032 A 1| 34675497 05
1.855E-
rs7740799 T 6 | 169730597 05 | WDR27




2.091E-

rs11075345 T 16 | 17264958 05| XYLT1
2.122E-
rs4702810 T 5| 11571226 05 | CTNND2
2.165E-
rs4144547 T 6 4860422 05| CDYL
2.204E-
rs12481621 A 20| 39943319 05
2.244E-
rs236313 C 1| 93862296 05 | BCAR3
2.285E-
rs3768919 G 2| 44366475 05| SLC3A1
2.773E-
rs16910754 T 11| 23148591 05
3.151E-
rs4604720 A 1| 107638682 05 | NTNG1




Table S3. shows the top association p-values from the combined analysis of children and adult
asthmatics.

Table 3S: The top association findings for adult and pediatric asthma
samples combined
Chromoso

SNPs Allele | MAF | me p-vaue | Gene
rs476504 2.06E-
5 G| 012 12 06 | TMEM132B
rs125334 5.76E-
96 T| 013 7 06
rs792799 7.21E- | Chr11orf30,
7 T| 041 11 06 | LRRC32 = GARP
rs792789 8.81E- | Chr11orf30,
4 T| 041 11 06 | LRRC32
rs128266 1.05E-
19 C| 044 12 05
rs285328 1.33E-
8 A| 013 8 05

1.97E-
rs179260 T| 0.09 14 05 | THRTSHR
rs194548 2.19E-
6 T| 0.06 18 05
rs455899 2.31E-
1 G| 0.19 5 05 | AY330599
rs130257 2.47E-
11 C| 034 2 05 | AK125001
rs125991 2.83E-
88 C| 012 16 05 | HS3ST2
rs124931 3.03E-
49 T| 026 3 05
rs117045 3.10E- | LIMK2,LIMK2,LIM
23 A | 0.126 22 05 | K2,MGC17330
rs110753 3.11E-
45 T| 014 16 05| XYLT1
rs117707 4.43E-
02 G| 007 7 05 | MAGI2

4.49E-
rs226839 T| 007 20 05
rs772132 4.66E-
8 C| 019 5 05
rs999198 4.77TE-
2 T| 043 4 05
rs340900 T| 044 9| 5.14E- | IL33, RANBP6




05

rs114421 5.57E-
9 T| 0.37 11 05 | GLB1L3
rs112133 5.76E-
6 C| 024 4 05 | ADAM29
rs927234 5.88E-
6 G| 0.39 6 05 | HLA-DQAL
rs486258 5.90E-
5 T| 044 4 05 | SORBX?
rs672669 6.33E-
2 G| 042 2 05
rs194010 6.42E-
8 T| 0.18 11 05
rs176826 6.69E-
61 2| 031 5 05 | AGGF1
rs147645 7.12E-
8 3| 013 16 05
rs789445 7.33E-
9 4| 0.07 10 05| TCF8
8.28E-
rs279880 1| 040 9 05 | DMRT3
rs116168 9.19E-
66 1| 032 13 05
rs298427 9.30E-
2 4| 0.29 14 05 | NIN
rs170258 9.70E-
5 3| 0.28 11 05
9.87E-
rs765302 3| 047 20 05
rs119911 0.00010
46 2| 0.26 8 98 | CSvD1
rs713058 0.00010
8 3| 0.38 11 99 | C11orf30
rs224044 0.00011
9 1| 0.18 7 52 | THAP5, DNAJB9
rs169492 0.00012
18 1| 0.15 18 00 | ZBTB7C
rs152641 0.00012
3 1| 020 7 02
0.00012
rs576778 4| 0.07 8 06
rs779224 0.00012
6 2| 0.30 7 06 | SEPT7
rs222375 0.00013
3 4| 047 20 02
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U10 HLO64287, U10 HL064288, U10 HL064295, U10 HL064305, U10 HL064307, UOl1
HL064313, U10 HL 51831, U10 HL 51834, U10 HL 51843, U10 HL 51810, U10 HL 51823,
U10 HL 51845, U10 HL 56443

ACRN Rosters—- BAGS, DICE, IMPACT, PRICE and SOCS; SLIC

BAGS: Beta Agonist in Mild Asthma Study

Supported by: Grants U10 HL 51831, U10 HL 51834, U10 HL 51843, U10 HL 51810, U10 HL
51823, U10 HL 51845, and U10 HL 56443 from the National Heart, Lung, and Blood Institute.

The members of the ACRN for the BAGS tria included:

Clinical Centers:

National Jewish Medical and Research Center, Denver, CO: Richard J. Martin, MD (Principa
Investigator); Stanley J. Szefler, MD (Co-Investigator); Monica Kraft, MD (Co-Investigator);
Joseph D. Spahn, MD (Co-Investigator); Juno Pak (Coordinator).

University of Wisconsin, Madison, WI: Robert F. Lemanske, J. MD (Principal Investigator);
Christine A. Sorkness, PharmD (Co-Investigator); Kathleen Cox (Coordinator); Ann Smith
(Coordinator).

Brigham and Women’s Hospital and Harvard Medical School, Boston, MA: Jeffrey M. Drazen,
MD (Principal Investigator); Elliot Israel, MD (Co-Investigator); Christopher Fanta, MD (Co-
Investigator); Annabelle I. Quizon, MD (Co-Investigator); A. Fischer, MD (Co-Investigator);
William McGarry (Coordinator); Nitaina Cruz (Coordinator).

Thomas Jefferson University, Philadelphia, PA: James E. Fish, MD (Principal Investigator);
Stephen P. Peters, MD, PhD (Co-Investigator); Christopher V. Chambers, MD (Co-Investigator);
Stephen J. McGeady, MD (Co-Investigator); James J. Diamond, MD (Co-Investigator); Kenneth
R. Epstein, MD (Co-Investigator); Janice Kubis (Coordinator).

University of California at San Francisco, San Francisco, CA: Homer A. Boushey, MD
(Principal Investigator); John V. Fahy, MB (Co-Investigator); Stephen C. Lazarus, MD (Co-
Investigator); Anase Taharka, MD (Co-Investigator); Susan L. Janson (Co-Investigator); Theresa
Ward (Coordinator); Grace Hardie (Coordinator).

Harlem Hospita Center and Columbia University, New York, NY: Jean G. Ford, MD (Principal
Investigator); K. Fagan, PhD (Co-Investigator); Sami A. Nachman (Coordinator).

Resource Centers.
Chair’s Office, National Jewish Medicad and Research Center, Denver, CO: Reuben M.
Cherniack, MD (Study Chair).



Project Office, National Heart, Lung and Blood Institute, Bethesda, MD: Suzanne S. Hurd, PhD
(NHLBI Project Scientist and Director of the NHLBI Division of Lung Diseases); Margaret C.
Wu, PhD.

Data Coordinating Center, Pennsylvania State University College of Medicine, Hershey, PA: Vernon M. Chinchilli,
PhD (Principal Investigator); Elizabeth A. Mauger, PhD (Co-Investigator); Clifford W. Zwillich, MD (Co-
Investigator); Donna K. Baker (Project Coordinator); Susan J. Kunselman (Scientific Coordinator); Julie K. Martel
(Scientific Coordinator); Robert M. Curley; James Kaylor; Trina J. Armstrong; Shawn Ballard; Edwin G. Hoch;
Laura Simon; Dena Embody; Patsy Rawa; Laurie Funk; Brenda Beers; Cheryl Gates.

Committees:
Data and Safety Monitoring Board: Nicholas R. Anthonisen, MD (Chair), Winnipeg, Manitoba,
Canada; Barbara Layman, Waynesboro, PA; Shirley A. Murphy, MD, Albuquerque, NM; Susan
Redline, MD, Cleveland, OH; Mark D. Schluchter, PhD, Cleveland, OH; Gail Shapiro, MD,
Seattle, WA.

Protocol Review Committee: Gary W. Hunninghake, MD (Chair), lowa City, IA; Robert O.
Crapo, MD, Salt Lake City, UT; Richard Nicklas, MD, Washington, DC; Robert C. Strunk, MD,
St. Louis, MO; John E. Connett, PhD, Minneapolis, MI; Malcom R. Sears, MD, Hamilton,
Ontario, Canada; Donald P. Tashkin, Los Angeles, CA.

Executive Committee: Reuben M. Cherniack, MD (Chair); Suzanne S. Hurd, PhD; Jeffrey M.
Drazen, MD; Robert F. Lemanske, Jr., MD; Homer A. Boushey, MD; James E. Fish, MD;
Richard J. Martin, MD; Vernon M. Chinchilli, PhD.

Publication and Presentation Committee: Robert F. Lemanske, Jr., MD (Chair); Stephen P.
Peters, MD, PhD.

Quality Control Committee: Richard F. Martin, MD (Chair); John V. Fahy, MB; Monica Kraft,
MD; Vernon M. Chinchilli, PhD; Elizabeth A. Mauger, PhD; Susan J. Kunselman.

Genetics Committee: Elliot Israel, MD (Chair); Stephen P. Peters, MD, PhD; Homer A.
Boushey, MD; Robert F. Lemanske, Jr., MD; Stanley J. Szefler, MD; Vernon M. Chinchilli,
PhD.

Phar maceutical Suppliers:
Proventil, active and placebo — Schering Corporation.

Equipment Support:

Computer monitor, central processing unit, keyboard — S&M Instrument Company; Stadiometers
— Seritex, Inc.; MiniWright Peak Flow Meters — MiniWright; Chronolog Devices — Meditrac
Technologies.

DICE: Dose of Inhaled Corticosteroidswith Equisystemic Effects

Supported by: Grants U10 HL 51831, U10 HL 51834, U10 HL 51843, U10 HL 51810, U10 HL
51823, U10 HL 51845, and U10 HL 56443 from the National Heart, Lung, and Blood Institute.



The members of the ACRN for DICE trial included:

Clinical Centers:

National Jewish Medical and Research Center, Denver, CO: Richard J. Martin, MD (Principal
Investigator); Stanley J. Szefler, MD (Co-Investigator); Monica Kraft, MD (Co-Investigator);
Joseph D. Spahn, MD (Co-Investigator); Juno Pak (Coordinator); J. Brandorff (Coordinator); J.
Derbort (Coordinator).

University of Wisconsin, Madison, WI: Robert F. Lemanske, J. MD (Principal Investigator);
Christine A. Sorkness, PharmD (Co-Investigator); R. Kelley (Coordinator); M. Love-Patton
(Coordinator); B. Miller (Coordinator); A. Sexton (Coordinator).

Brigham and Women’s Hospital and Harvard Medical School, Boston, MA: Jeffrey M. Drazen,
MD (Principa Investigator); Elliot Israel, MD (Co-Investigator); J. Burke (Coordinator); J.
Chang (Coordinator); C. Connolly (Coordinator); E. Freeman (Coordinator); C. Hong
(Coordinator); L. Mazzella (Coordinator); J. Oliviero (Coordinator); E. Snyder (Coordinator).

Thomas Jefferson University, Philadelphia, PA: James E. Fish, MD (Principal Investigator);
Stephen P. Peters, MD, PhD (Co-Investigator); C. Czajka (Coordinator); P. Ilves-Corressel
(Coordinator); D. Campbell (Coordinator); S. Dodds (Coordinator); C. Mitchell (Coordinator);
M. Pollice (Coordinator); M. Satchell (Coordinator); M. Whitsett (Coordinator); A. Hastie
(Coordinator).

University of California at San Francisco, San Francisco, CA: Homer A. Boushey, MD
(Principal Investigator); John V. Fahy, MB (Co-Investigator); Stephen C. Lazarus, MD (Co-
Investigator); T. Ward (Coordinator); L. Musumeci (Coordinator).

Harlem Hospital Center and Columbia University, New York, NY: Jean G. Ford, MD (Principal
Investigator); Joanne K. Fagan, PhD (Co-Investigator); D. DeGraffinreidt (Coordinator); E.
Gilbert (Coordinator).

Resour ce Centers:
Chair’s Office, National Jewish Medical and Research Center, Denver, CO: Reuben M.
Cherniack, MD (Study Chair).

Project Office, National Heart, Lung and Blood Institute, Bethesda, MD: James P. Kiley, PhD
(NHLBI Project Scientist and Director of the NHLBI Division of Lung Diseases); Gail G.
Weinmann, MD (DSMB Executive Secretary); Gang Zheng, PhD.

Data Coordinating Center, Pennsylvania State University College of Medicine, Hershey, PA: Vernon M. Chinchilli,
PhD (Principal Investigator); Tonya S. King, PhD (Co-Investigator); Elizabeth A. Mauger, PhD (Co-Investigator);
Timothy J. Craig, DO (Co-Investigator); Ronald R. Zimmerman, Jr. (Project Coordinator); Susan J. Kunselman
(Scientific Coordinator); Susan J. Boehmer (Scientific Coordinator); Richard L. Evans, Rosanne M. Pogash; Linda
EngleJim Schmidt; Brenda Beers, Anne-Marie Dyer, Patsy Rawa, Tania Ake, Diane Peters, Trina Armstrong, Holly
Hess.



Committees:

Data and Safety Monitoring Board: Nicholas R. Anthonisen, MD (Chair), Winnipeg, Manitoba,
Canada; Barbara Layman, Waynesboro, PA; Susan Redline, MD, Cleveland, OH; Thomas B.
Casadle, Omaha, NE; Mark D. Schluchter, PhD, Cleveland, OH.

Protocol Review Committee: Gary W. Hunninghake, MD (Chair), lowa City, IA; Robert O.
Crapo, MD, Salt Lake City, UT; Richard Nicklas, MD, Washington, DC; Robert C. Strunk, MD,
St. Louis, MO; John E. Connett, PhD, Minneapolis, MI; William Kelly, Albuquerque, NM.

Executive Committee: Reuben M. Cherniack, MD (Chair); james P. Kiley, PhD; Jeffrey M.
Drazen, MD; Robert F. Lemanske, Jr., MD; Homer A. Boushey, MD; James E. Fish, MD;
Richard J. Martin, MD; Vernon M. Chinchilli, PhD.

Publication and Presentation Committee: Robert F. Lemanske, Jr., MD (Chair); Stephen P.
Peters, MD, PhD.

Quality Control Committee: Richard F. Martin, MD (Chair); John V. Fahy, MB; Monica Kraft,
MD; Vernon M. Chinchilli, PhD; Elizabeth A. Mauger, PhD; Susan J. Kunselman.

Genetics Committee: Elliot Israel, MD (Chair); Stephen P. Peters, MD, PhD; Homer A.
Boushey, MD; Robert F. Lemanske, Jr., MD; Stanley J. Szefler, MD; Vernon M. Chinchilli,
PhD.

Phar maceutical Suppliers:

Ventolin, active and placebo — Glaxo Wellcome Inc.; Vanceril, active and placebo — Schering
Corp.; Pulmicort, active and placebo — Astra USA; Aerobid, active and placebo — Forest
Pharmaceuticals Inc.; Flovent, active and placebo — Glaxo Wellcome Inc.; Azmacort, active and
placebo — Rhone-Puolenc Rorer.

Equipment Support:

Computer monitor, central processing unit, keyboard — S&M Instrument Company; Stadiometers
— Seritex, Inc.; Airwatch Devices — Enact Health Management Systems; OptiChamber spacers —
HealthScan.

IMPACT: Improving Asthma Control Trial
Supported by: Grants U10 HL 51831, U10 HL 51834, U10 HL 51843, U10 HL 51810, U10 HL
51823, U10 HL 51845, and U10 HL 56443 from the National Heart, Lung, and Blood Institute.

The members of the ACRN for IMPACT included:

Clinical Centers:

National Jewish Medical and Research Center, Denver, CO: Richard J. Martin, MD (Principal
Investigator); Stanley J. Szefler, MD (Co-Investigator); Monica Kraft, MD (Co-Investigator);
Juno Pak (Coordinator).



University of Wisconsin, Madison, WI: Robert F. Lemanske, Jr. MD (Principa Investigator);
Christine A. Sorkness, PharmD (Co-Investigator); R. Kelley (Coordinator); B. Miller
(Coordinator).

Brigham and Women’s Hospital and Harvard Medical School, Boston, MA: Elliot Israel, MD
(Principal Investigator); Aaron Deykin, MD (Co-Investigator); Michagl E. Wechsler, MD (Co-
Investigator); Jeffrey M. Drazen, MD (Co-Investigator).

Thomas Jefferson University, Philadelphia, PA: Stephen P. Peters, MD, PhD (Principa
Investigator); Frank T. Leone, MD (Co-Investigator).

University of California at San Francisco, San Francisco, CA: Homer A. Boushey, MD
(Principa Investigator); John V. Fahy, MB (Co-Investigator); Stephen C. Lazarus, MD (Co-
Investigator).

Harlem Hospital Center and Columbia University, New York, NY: Emily A. DiMango, MD
(Principa Investigator); Joanne K. Fagan, PhD (Co-Investigator); Gene R. Pesola, MD (Co-
Investigator); Jean G. Ford, MD (Co-Investigator).

Resource Centers:
Chair’s Office, National Jewish Medical and Research Center, Denver, CO: Reuben M.
Cherniack, MD (Study Chair).

Project Office, National Heart, Lung and Blood Institute, Bethesda, MD: James P. Kiley, PhD
(Director of the NHLBI Division of Lung Diseases); Hector G. Ortega, MD, ScD (NHLBI
Project Scientist); Gail G. Weinmann, MD (DSMB Executive Secretary); Gang Zheng, PhD.

Data Coordinating Center, Pennsylvania State University College of Medicine, Hershey, PA: Vernon M. Chinchilli,
PhD (Principal Investigator); Elizabeth A. Mauger, PhD (Co-Investigator); Tonya S. King, PhD (Co-Investigator);
Timothy J. Craig, DO (Co-Investigator); Ronald R. Zimmerman, Jr. (Project Coordinator); Susan J. Kunselman
(Scientific Coordinator); Nancy J. Rollings (Scientific Coordinator); Richard L. Evans; Aimee Vignati Merchlinski;
Rosanne M. Pogash; Kelly Bixler, Linda Engle; Erik Lehman; Brenda Beers.

Committees:

Data and Safety Monitoring Board: Nicholas R. Anthonisen, MD (Chair), Winnipeg, Manitoba,
Canada; Barbara Layman, Waynesboro, PA; Susan Redline, MD, Cleveland, OH; Thomas B.
Casale, Omaha, NE; Mark D. Schluchter, PhD, Cleveland, OH.

Protocol Review Committee: Gary W. Hunninghake, MD (Chair), lowa City, IA; Robert O.
Crapo, MD, Salt Lake City, UT; Richard Nicklas, MD, Washington, DC; Robert C. Strunk, MD,
St. Louis, MO; John E. Connett, PhD, Minneapolis, MI; William Kelly, Albuquerque, NM.

Executive Committee: Reuben M. Cherniack, MD (Chair); James P. Kiley, PhD; Elliot Isradl,
MD; Robert F. Lemanske, Jr., MD; Homer A. Boushey, MD; Stephen P. Peters, MD, PhD;
Richard J. Martin, MD; Vernon M. Chinchilli, PhD.



Publication and Presentation Committee: Robert F. Lemanske, Jr., MD (Chair); Stephen P.
Peters, MD, PhD.

Quality Control Committee: Richard F. Martin, MD (Chair); John V. Fahy, MB; Monica Kraft,
MD; Vernon M. Chinchilli, PhD; Tonya S. King, PhD; Susan J. Kunselman, Nancy J. Rollings.

Genetics Committee: Elliot Israel, MD (Chair); Stephen P. Peters, MD, PhD; Homer A.
Boushey, MD; Robert F. Lemanske, Jr., MD; Stanley J. Szefler, MD; Vernon M. Chinchilli,
PhD.

Phar maceutical Suppliers:
Pulmicort, active and placebo — AstraZeneca

Equipment Support:
Computer monitor, central processing unit, keyboard — S&M Instrument Company; Stadiometers
— Seritex, Inc.; eDEM monitors — Aardex Ltd.

PRICE: Predicting Responsesfor Inhaled Corticosteroid Efficacy

Supported by: Grants U10 HL 51831, U10 HL 51834, U10 HL 51843, U10 HL 51810, U10 HL
51823, U10 HL 51845, and U10 HL 56443 from the National Heart, Lung, and Blood Institute.

The members of the ACRN for the PRICE tria included:

Clinical Centers:

National Jewish Medical and Research Center, Denver, CO: Richard J. Martin, MD (Principal
Investigator); Stanley J. Szefler, MD (Co-Investigator); Monica Kraft, MD (Co-Investigator);
Joseph D. Spahn, MD (Co-Investigator); Juno Pak (Coordinator) Allen Stevens (Coordinator);
Mary Gill (Coordinator); Jen Brandorff (Coordinator).

University of Wisconsin, Madison, WI: Robert F. Lemanske, Jr. MD (Principa Investigator);
Christine A. Sorkness, PharmD (Co-Investigator); Barbara Miller (Coordinator); Ann Sexton
(Coordinator); Jenny Mathews (Coordinator);

Brigham and Women’s Hospital and Harvard Medical School, Boston, MA: Elliot Israel, MD
(Principal Investigator); Aaron Deykin, MD (Co-Investigator); Michagl E. Wechsler, MD (Co-
Investigator); Ron Bill (Coordinator); Julia Essig (Coordinator).

Thomas Jefferson University, Philadelphia, PA: Frank T. Leone, MD (Principa Investigator);
Stephen P. Peters, MD, PhD (Co-Investigator) Patty Ilves-Corressell (Coordinator); John Henry
(Coordinator); Charlette Patterson-Fowler (Coordinator).

University of California at San Francisco, San Francisco, CA: Homer A. Boushey, MD
(Principal Investigator); John V. Fahy, MB (Co-Investigator); Stephen C. Lazarus, MD (Co-
Investigator); Audrey Plough (Coordinator).



Harlem Hospital Center and Columbia University, New York, NY: Emily A. DiMango, MD
(Principa Investigator); Gene R. Pesola, MD (Co-Investigator); Ani Arkun (Coordinator);
Melanie Gill (Coordinator).

Resource Centers:
Chair’s Office, National Jewish Medical and Research Center, Denver, CO: Reuben M.
Cherniack, MD (Study Chair).

Project Office, National Heart, Lung and Blood Institute, Bethesda, MD: James P. Kiley, PhD
(Director of the NHLBI Division of Lung Diseases); Hector G. Ortega, MD, ScD (NHLBI
Project Scientist); Gail G. Weinmann, MD (DSMB Executive Secretary); Gang Zheng, PhD.

Data Coordinating Center, Pennsylvania State University College of Medicine, Hershey, PA: Vernon M. Chinchilli,
PhD (Principa Investigator); Tonya S. King, PhD (Co-Investigator); Timothy J. Craig, DO (Co-Investigator);
Ronald R. Zimmerman, Jr. (Project Coordinator); Jennifer Siedlecki (Scientific Coordinator); Lisa A. Szwejbka
(Scientific Coordinator); Nikolina Icitovic (Scientific Coordinator); Richard L. Evans, Aimee Vignati Merchlinski;
Rosanne M. Pogash; Linda Engle; Erik Lehman; Brenda Beers; Jennifer Wingard Lucier; Keri Hilperts, Patsy Rawa;
Kelly Bixler .

Committees:

Data and Safety Monitoring Board: Nicholas R. Anthonisen, MD (Chair), Winnipeg, Manitoba,
Canada; Barbara Layman, Waynesboro, PA; Susan Redline, MD, Cleveland, OH; Thomas B.
Casale, Omaha, NE; Mark D. Schluchter, PhD, Cleveland, OH.

Protocol Review Committee: Gary W. Hunninghake, MD (Chair), lowa City, IA; Robert O.
Crapo, MD, Salt Lake City, UT; Richard Nicklas, MD, Washington, DC; Robert C. Strunk, MD,
St. Louis, MO; John E. Connett, PhD, Minneapolis, MI; William Kelly, Albuquerque, NM.

Executive Committee: Reuben M. Cherniack, MD (Chair); james P. Kiley, PhD; Jeffrey M.
Drazen, MD; Robert F. Lemanske, Jr., MD; Homer A. Boushey, MD; James E. Fish, MD;
Richard J. Martin, MD; Vernon M. Chinchilli, PhD.

Publication and Presentation Committee: Robert F. Lemanske, Jr., MD (Chair); Frank T. Leone,
MD.

Quality Control Committee: Richard F. Martin, MD (Chair); John V. Fahy, MB; Monica Kraft,
MD; Vernon M. Chinchilli, PhD; Tonya S. King, PhD; Susan J. Kunselman, LisaA. Szwejbka.

Genetics Committee: Elliot Israel, MD (Chair); Stephen P. Peters, MD, PhD; Homer A.
Boushey, MD; Robert F. Lemanske, Jr., MD; Stanley J. Szefler, MD; Vernon M. Chinchilli,
PhD.

Phar maceutical Suppliers:
QVAR, active and placebo — IVAX Inc.

Equipment Support:



Computer monitor, central processing unit, keyboard — S&M Instrument Company; Stadiometers
— Seritex, Inc.;

SOCS; SLIC: Salmeterol Off Corticosteroids; Salmeterol + Inhaled Corticosteroids

Supported by: Grants U10 HL 51831, U10 HL 51834, U10 HL 51843, U10 HL 51810, U10 HL
51823, U10 HL 51845, and U10 HL 56443 from the National Heart, Lung, and Blood Institute.

The members of the ACRN for the SOCS and SLIC trials included:

Clinical Centers:

National Jewish Medical and Research Center, Denver, CO: Richard J. Martin, MD (Principal
Investigator); Stanley J. Szefler, MD (Co-Investigator); Monica Kraft, MD (Co-Investigator);
Joseph D. Spahn, MD (Co-Investigator); Juno Pak (Coordinator); J. Brandorff (Coordinator); C.
Duncan (Coordinator); J. Hassell (Coordinator); M. Rex (Coordinator); A. Stevens
(Coordinator).

University of Wisconsin, Madison, WI: Robert F. Lemanske, Jr. MD (Principa Investigator);
Christine A. Sorkness, PharmD (Co-Investigator); R. Kelley (Coordinator); L. Mikus
(Coordinator); B. Miller (Coordinator); A. Sexton (Coordinator).

Brigham and Women’s Hospital and Harvard Medical School, Boston, MA: Jeffrey M. Drazen,
MD (Principa Investigator); Elliot Israel, MD (Co-Investigator); J. Chang (Coordinator); E.
Fischer (Coordinator); E. Freeman (Coordinator); C. Hong (Coordinator); L. Mazzella
(Coordinator); J. Oliviero (Coordinator).

Thomas Jefferson University, Philadelphia, PA: James E. Fish, MD (Principal Investigator);
Stephen P. Peters, MD, PhD (Co-Investigator); C. Czgka (Coordinator); P. llves-Corressel
(Coordinator); C. Mitchell (Coordinator); M. Pollice (Coordinator).

University of California at San Francisco, San Francisco, CA: Homer A. Boushey, MD
(Principa Investigator); John V. Fahy, MB (Co-Investigator); Stephen C. Lazarus, MD (Co-
Investigator); T. Ward (Coordinator); J. Liu (Coordinator); L. Musumeci (Coordinator); H.
Wong (Coordinator).

Harlem Hospital Center and Columbia University, New York, NY: Jean G. Ford, MD (Principal
Investigator); Sami A. Nachman, MD (Co-Investigator); D. DeGraffinreidt (Coordinator); E.
Gilbert (Coordinator); S.Y. Min (Coordinator);

Resour ce Centers:
Chair’s Office, National Jewish Medical and Research Center, Denver, CO: Reuben M.
Cherniack, MD (Study Chair).

Project Office, National Heart, Lung and Blood Institute, Bethesda, MD: Suzanne S. Hurd, PhD
(NHLBI Project Scientist and Director of the NHLBI Division of Lung Diseases); Margaret C.
Wu, PhD.



Data Coordinating Center, Pennsylvania State University College of Medicine, Hershey, PA: Vernon M. Chinchilli,
PhD (Principal Investigator); Elizabeth A. Mauger, PhD (Co-Investigator); Timothy J. Craig, DO (Co-Investigator);
Donna K. Baker (Project Coordinator); Ronald R. Zimmerman, Jr. (Project Coordinator); Susan J. Kunselman
(Scientific Coordinator); Jody Meinke (Scientific Coordinator); Susan J. Boehmer (Scientific Coordinator); Richard
L. Evans; Terry B. Britton; Trina J. Armstrong; Holly M. Hess; Diane Peters; Rosanne M. Pogash; Pamela E.
Forand; Anne-Marie Dyer; Bryan Crissinger; Linda Engle; Erik Lehman; Scott McKenzie; Jim Schmidt; Brenda
Beers; Cheryl Gates.

Committees:

Data and Safety Monitoring Board: Nicholas R. Anthonisen, MD (Chair), Winnipeg, Manitoba,
Canada; Barbara Layman, Waynesboro, PA; Susan Redline, MD, Cleveland, OH; Thomas B.
Casadle, Omaha, NE; Mark D. Schluchter, PhD, Cleveland, OH.

Protocol Review Committee: Gary W. Hunninghake, MD (Chair), lowa City, IA; Robert O.
Crapo, MD, Salt Lake City, UT; Richard Nicklas, MD, Washington, DC; Robert C. Strunk, MD,
St. Louis, MO; John E. Connett, PhD, Minneapolis, MI; William Kelly, Albuquerque, NM.

Executive Committee: Reuben M. Cherniack, MD (Chair); Suzanne S. Hurd, PhD; Jeffrey M.
Drazen, MD; Robert F. Lemanske, Jr., MD; Homer A. Boushey, MD; James E. Fish, MD;
Richard J. Martin, MD; Vernon M. Chinchilli, PhD.

Publication and Presentation Committee: Robert F. Lemanske, Jr., MD (Chair); Stephen P.
Peters, MD, PhD.

Quality Control Committee: Richard F. Martin, MD (Chair); John V. Fahy, MB; Monica Kraft,
MD; Vernon M. Chinchilli, PhD; Elizabeth A. Mauger, PhD; Susan J. Kunselman.

Genetics Committee: Elliot Israel, MD (Chair); Stephen P. Peters, MD, PhD; Homer A.
Boushey, MD; Robert F. Lemanske, Jr., MD; Stanley J. Szefler, MD; Vernon M. Chinchilli,
PhD.

Phar maceutical Suppliers:

Ventolin, active and placebo — Glaxo Wellcome Inc.; Salmeterol, active and placebo — Glaxo
Wellcome Inc.; Azmacort, active and placebo — Rhone-Puolenc Rorer; Allegra— Hoechst Marion
Roussel.

Equipment Support:
Computer monitor, central processing unit, keyboard — S&M Instrument Company; Stadiometers
— Seritex, Inc.; Airwatch Devices — Enact Health Management Systems.

CAMP Roster

Source of funding
The Childhood Asthma Management Program trial and CAMP Continuation Study were
supported by contracts NO1-HR-16044, 16045, 16046, 16047, 16048, 16049, 16050,
16051, and 16052 with the National Heart, Lung, and Blood Institute and General



Clinical Research Center grants MO1RR00051, MO1RR0099718-24, MO1RR02719-14,
and RR00036 from the National Center for Research Resources. The CAMP
Continuation Study/Phases 2 and 3 were supported by grants UO1HL075232,
UO1HLO075407, UO01HLO075408, UO1HLO075409, UO1HLO075415, UO1HLOQ75416,
UO01HL075417, UO1HL075419, UO1HL075420, and UO1HLO075408 from the National
Heart, Lung, and Blood Institute.

Members of the CAMP Research Group:
Clinical centers
ASTHMA, Inc, Seattle, WA: Paul Williams, MD (Principal Investigator); Mary V. Lasey,

MD (Co-Director); Tamara Chinn, MSN, ARNP (Coordinator). Michele Hinatsu,
MSN, ARNP; Clifton T. Furukawa, MD; Leonard C. Altman, MD; Frank S. Virant,
MD; Michad S. Kennedy, MD; Jonathan W. Becker, MD; Stephen Tilles, MD;
Miranda MacLaren. C. Warren Bierman, MD (1992-1997); Dan Crawford, RN (1996-
2002); Thomas DuHamel (1991-2004); Heather Eliassen, BA (1996-1999); Babi
Hammond (1996-1999); Dominick A. Minotti, MD (1992-2003); Chris Reagan (1992-
2003); Gail Shapiro (1991-2006, Principal Investigator); Marian Sharpe, RN (1992-
1994); Ashley Tatum, MD (2004-2007); Grace White (1991-2007). Timothy G.
Wighton, PhD (1994-1998).

Brigham & Women's Hospital, Boston, MA: Anne Fuhlbrigge, MD (Principa
Investigator); Anne Plunkett, NP, MS (Coordinator). Nancy Madden, RN, BSN; Mark
Boehnert, MD; Christine Darcy; Anita Feins, MD; Natalia Kandror, MD; Kelly
MacAulay, MD; Scott Weiss MD. Walter Torda, MD (Co-Investigator Director, 1993-
2003); Martha Tata, RN (1993-2002); Sally Babigian, RN (1997-1999); Peter Barrant,
MD (2004-2007); Linda Benson (1998-2004); Jose Caicedo (1998-1999); Tatum Calder
(1998-2001); Anthony DeFilippo (1994-2000); Cindy Dorsainvil (1998-2001); Julie
Erickson (1998-1999); Phoebe Fulton (1997); Mary Grace, RN (1994-1996); Jennifer
Gilbert (1997-1998); Dirk Greineder, MD (1993-2000); Stephanie Haynes (1993-1998);
Margaret Higham, MD (1996-1998); Deborah Jakubowski (1999); Susan Kelleher
(1993-1997); Jay Koslof, PhD (1993-1995); Dana Mandel (1996-1998); Patricia Martin
(2001-2003); Agnes Martinez (1994-1997); Jean McAuliffe (1994-1995); Erika
Nakamoto (2002-2004); Paola Pacella (1993-1998); Paula Parks (1993-1995); Johanna
Sagarin (1998-1999); Kay Seligsohn, PhD (1995-2004); Susan Swords (2003-2005);
Meghan Syring (1998-2001); June Traylor, MSN, RN (1996-1998); Melissa Van Horn,
PhD (1996-1999); Carolyn Wells, RN (1993-1995); Ann Whitman, RN (1994-1996).

The Hospital for Sick Children, Toronto, Ontario, Canada: Hartmut Grasemann, MD
(Principal Investigator); Melody Miki, RN, BSN (Coordinator); Melinda Solomon, MD;
Padmagja Subbarao, MD. lan MacLusky, MD, FRCP (Director 1999-2007); Joe
Reisman, MD, FRCP(C), MBA (Director, 1996-1999); Henry Levison, MD, FRCP(C)
(Director, 1992-1996); AnitaHall, RN (Coordinator, 1993-2007). Y ola Benedet (1994-
1999); Susan Carpenter, RN (1998-2001); Jennifer Chay (2004); Michelle Collinson,
RN (1994-1998); Jane Finlayson-Kulchin, RN (1994-1998); Kenneth Gore, MA (1993-
1999); Nina Hipolito, RN (2003-2004); Noreen Holmes, RRT (1998-1999); Erica
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