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Subjects and Methods

The Genetics of Asthma in Costa Rica (GACRS):

The protocols for subject recruitment and data collection for GACRS have been
previously described in detail.! From February of 2001 to March of 2005, short
questionnaires were sent to the parents of 9,054 children ages 6 to 14 years who were
enrolled in 95 schools in Costa Rica. Of the 9,054 questionnaires distributed, 5,355
(59.1%) were returned. Children were eligible for inclusion in the study if they had
asthma (defined as physician-diagnosed asthma and at least two respiratory symptoms
[wheezing, cough, or dyspnea] or a history of asthma attacks in the previous year) and
high probability of having at least 6 great-grandparents born in the Central Valley of
Costa Rica.? Of the 5,355 children whose parents returned the screening questionnaires,
1,947 (36.4%) had asthma. Of these 1,947 children, 439 (22.5%) unrelated children were
willing to participate in the study along with their parents (in whom only genotypic
information was collected) and had Central Valley ancestry. Of the 439 participating
families in GACRS, 13 were excluded based on DNA quality control and 9 were
excluded because of Mendelian inconsistencies, leaving 417 families. Written parental
consent was obtained for participating children, from whom written assent was also
obtained. The study was approved by the Institutional Review Boards of the Hospital
Nacional de Nifos (San José, Costa Rica) and Brigham and Women’s Hospital (Boston,

Massachusetts).

Spirometry was conducted with a Survey Tach Spirometer (Warren E. Collins, Braintree,



MA\) following American Thoracic Society recommendations.® Height was measured to
the nearest half inch. Subjects were instructed to avoid use of short-acting
bronchodilators for at least four hours before testing. Spirometric maneuvers were
performed with subjects seated and wearing a noseclip. As many as eight attempts were
made to obtain three acceptable spirometric measures. The best FEV; was selected for

data analysis.

The Childhood Asthma Management Program (CAMP):

CAMP was a multicenter clinical trial of the effects of anti-inflammatory medications in
children with mild to moderate asthma. All recruited children had asthma defined by
symptoms greater than 2 times per week, the use of an inhaled bronchodilator at least
twice weekly or the use of daily medication for asthma, and airway responsiveness to
methacholine < 12.5 mg/ml. Children with severe asthma or other clinically significant
conditions were excluded. Of the 1,041 children enrolled in the original clinical trial, 968
children and 1,518 of their parents contributed DNA samples. This analysis was restricted
to families of white (non-Hispanic) children because of small sample size for other ethnic
groups. Of the 483 white families in CAMP, 13 were removed from this analysis because
of Mendelian inconsistencies, leaving 470 families (and 503 children with asthma
[probands]). Data, including spirometric measurements, were collected at baseline and
during the course of the four-year clinical trial, and blood samples were collected at
baseline.* Written informed consent was obtained from parents of participating children.
CAMP was approved by the Institutional Review Boards of Brigham and Women’s

Hospital and the other participating centers.



Spirometry was performed according to American Thoracic Society recommendations®
with a volume-displaced spirometer. Testing was performed at least 4 hr after the
participant’s last use of a short-acting bronchodilator, and at least 24 hr after the

participant’s use of a long-acting bronchodilator.

The Children [Barn in Swedish], Allergy, Milieu, Stockholm, Epidemiological Survey
(BAMSE) Study:

Subject recruitment and baseline characteristics of participants in the BAMSE Swedish
birth cohort study have been previously described.> ® In brief, between 1994 and 1996,
4,089 newborn infants were recruited and questionnaire data was obtained. Subjects were
recruited from central and northwestern parts of Stockholm including both urban and
suburban districts. Questionnaires on lifestyle and symptoms related to asthma and other
allergic diseases were administered to the parents of participants when they were 1, 2, 4
and 8 years of age. The response rates at ages 1, 2, 4, and 8 years were 96%, 94%, 92%
and 84%, respectively. At 8 years of age, all children were invited for clinical testing,
including lung function measurements (see below). Blood samples were obtained from
2,480 children and DNA was extracted from 2,033 samples (82%) after exclusion of
samples with too little blood, lack of questionnaire data, or lack of parental consent for
genetic analyses. At age 8 years, asthma was defined as parental report of physician-

diagnosed asthma and one or more episodes of wheezing in the preceding 12 months.

Pulmonary function tests were performed with a spirometer (2200 Pulmonary Function



Laboratory; Sensormedics, Anaheim, CA, USA) at age 8 years. Measurements were
performed in accordance with ATS guidelines® with subjects seated and wearing a
noseclip. The best FEV; value was used for analysis. Of the 2,033 children with DNA
available for analyses, 1,427 (70%) completed acceptable spirometric measurements and
were included in this study. The study was approved by the ethical committee at
Karolinska Institutet, and parental consent for genetic analyses was obtained for all

children included in this report.

The Boston Early-Onset COPD Study (eoCOPD):

The baseline characteristics and recruitment of probands and family members enrolled in
the Boston Early-Onset COPD Study have been reported previously.” In brief,
ascertainment criteria for probands in the Boston Early-Onset COPD Study included an
FEV:1 <40% of predicted, age <53 years, and absence of severe alpha-1-antitrypsin
deficiency. All available first-degree and older second-degree relatives were invited to
participate in the study. This analysis includes 127 probands and 822 additional family
members (for a total of 949 individuals). Participants gave written informed consent and
the protocol was approved by the Human Research Committee of Brigham and Women's

Hospital in Boston.

Spirometry was performed with a Survey Tach Spirometer (Warren E. Collins, Braintree,
MA).” Subjects were instructed to abstain from inhaled bronchodilator use for 4 h before
testing, unless significant respiratory symptoms necessitated bronchodilator use.
Spirometry was performed in accordance with ATS specifications;® we report the best

FEV; value from the best-test effort.



The National Emphysema Treatment Trial (NETT)

The design, methods, and outcomes in NETT have been described.® ° Briefly, 1,218
subjects with severe COPD were enrolled into a randomized trial evaluating lung volume
reduction surgery (LVRS) versus optimal medical therapy. Enrollment criteria included
an FEV, <45% predicted™® and bilateral emphysema on computed tomographic (CT)
imaging of the chest. This analysis includes 378 white subjects with COPD who were
enrolled in the NETT Genetics Ancillary Study, had blood samples available for
genotyping. After providing written informed consent, these NETT participants provided
ablood sample for DNA extraction for genetic studies of COPD. The study was approved

by the institutional review boards at participating NETT centers.

Pulmonary function was measured at the 17 clinical centers, in accordance with ATS

guidelines,? prior to randomization but after pulmonary rehabilitation.

The Lovelace Smokers Cohort (Lovelace)

The design and methods for the Lovelace Smokers cohort have been previously
described.™ In brief, study subjects were drawn from eligible participants in a cohort
study in NewMexico (Lovelace Smokers’ Cohort), between March 2001 and July 2006.
The catchment area for this cohort was Albuquerque, NM and its surrounding

communities, comprising a population of approximately 700,000 persons. Most



participants were recruited through newspaper or television advertisements and were paid
a small stipend for their participation. Subjects were included in the study if they were
ages 40 to 75 years, former or current smokers with a minimum smoking history of 20
pack-years on initial screening, and able to understand English. Information related to
demographics, respiratory diseases, and smoking was obtained by self-report from all
study participants via a questionnaire. This analysis is limited to the 1,487 non-Hispanic
white subjects due to relatively small sample size and concerns about population
stratification for Hispanic participants. This study was approved by the Western

Institutional Review Board (Olympia, WA).

Spirometry was obtained on all subjects by certified and registered respiratory therapists
strictly adhering to the 1994 American Thoracic Society (ATS) guidelines.'? All tests

were conducted at Lovelace Scientific Resources (Albuquerque, NM).

The Normative Aging Study (NAS):

Subjects in this study were part of the Veterans Administration (VA) Normative Aging
Study, a longitudinal study established in 1963, details of which have been previously
described.™ Briefly, 2,280 men from the greater Boston area, ages 21 to 80 years,
enrolled in the study after an initial health screening determined that they were free of
known chronic medical conditions. Men with past or current chronic conditions such as
coronary heart disease, hypertension, chronic lung disease, asthma, and diabetes were

excluded. Since enrollment, the participants have undergone comprehensive clinical



examinations at 5-year intervals for those < 52 years old and at 3-year intervals for those
> 52 years old. Genotypic data were present on a total of 1,483 individuals, of whom
1,468 had repeated measures of pulmonary function and are included in this analysis.

The study protocol was approved by the Human Studies Subcommittee of the Department
of Veterans Affairs Medical Center and the Institutional Review Board of the Brigham

and Women’s Hospital.

Pulmonary function tests were performed as previously reported.** Briefly, a water-filled
recording spirometer was used to obtain measures of FEV1, with values adjusted by body
temperature and pressure. These spirometric tests were performed in accordance with

American Thoracic Society guidelines.?

Genotyping

In GACRS, genotyped markers were selected using a linkage disequilibrium (LD)-
tagging algorithm (Tagger)™ for MMP12 and its 10-kb flanks in CEPH (Centre d'etude
du polymorphisme humain) trios from HapMap. The seventeen SNPs genotyped capture
> 98 % of the HapMap SNPs in MMP12 in CEPH trios at an r* > 0.8 for a minor allele
frequency (MAF) of 0.1. The same SNPs were genotyped in CAMP as in GACRS, to
allow comparison of LD patterns between these ethnically distinct groups. In GACRS
and CAMP, 16 SNPs were genotyped using GoldenGate assays on the Illumina

BeadStation 500 system (San Diego, CA)* and one SNP (rs2276109) was genotyped



with a Tagman genotyping assay (Applied Biosystems, Foster City, CA). In eoCOPD,
NETT, and NAS, two SNPs with significant findings in Costa Rica (rs737693 and
rs2276109) were genotyped with Tagman; one of these two SNPs (rs2276109) was

genotyped with Tagman in two cohorts (BAMSE and Lovelace).

To test whether our findings could be explained by LD between variants in MMP12 and
those in the adjacent gene for matrix metalloproteinase 3 (MMP3 [stromelysin], see
Figure 1 of this appendix), we genotyped four SNPs in MMP3 (rs639752, rs650108,
rs679620, and rs673163) in GACRS using the mass spectrometry analysis implemented
in SEQUENOM (Sequenom, Inc., San Diego, CA). These SNPs and also those genotyped
in MMP12 capture 100 % of the SNPs in MMP3 in CEPH trios at an r? > (.8 for SNPs

with MAF > 0.1.

The quality of the genotypic data in each cohort was assessed by several methods. In
Illumina, Sequenom, and Tagman, duplicate genotyping was performed on approximately
5% of the samples to assess genotype reproducibility. Only one discordant genotype was
detected with Tagman genotyping in NAS. In BAMSE, there was >99% concordance

with control samples. The genotypic pass rate was >97% for all loci in all platforms.

Statistical Analysis
In all cohorts, pre-bronchodilator FEV; was analyzed as a continuous variable. COPD
was defined using modified Global Initiative for Chronic Obstructive Lung Disease

(GOLD) Stage I criteria'’ (an FEV1/FVC ratio < 0.7 and an FEV; < 80% of predicted™)



based on results from pre-bronchodilator spirometry [as post-bronchodilator spirometry
was not available in NAS]). For the analyses of COPD, we examined age-of-onset of
COPD in NAS and COPD per se in eoCOPD and Lovelace. In NAS, subjects were
considered to have COPD at the first time point where they developed GOLD criteria
specified above, provided that they had an FEV; <80% of predicted on all subsequent
spirometries. In NAS, analyses of age-of-onset of COPD are presented for both all
subjects and after stratifying by current smoking status (current smokers vs. former and
never smokers), as current smoking had been previously associated with accelerated lung

function decline in a study by Fletcher et al.*®

Analyses of pre-bronchodilator FEV; (hereafter called FEV;) and COPD in all cohorts
were adjusted for age, gender, height, and smoke exposure (including time-varying
covariates where appropriate). Smoke exposure variables included binary variables for
environmental tobacco smoke exposure (ETS [in the GACRS, CAMP, and BAMSE, as
>95% of children were nonsmokers]) and current smoking (in eoCOPD, Lovelace, and
NAS [there were no current smokers in NETT]), and a quantitative variable (pack-years

[in eoCOPD, NETT, Lovelace, and NAS]).

In family-based studies, Hardy-Weinberg equilibrium (HWE) was tested in parental data
by a x* goodness-of-fit test, and deviations from Mendelian inheritance were tested with
PedCheck.* Genotypes inconsistent with Mendelian transmission within families were
removed from family-based association analyses. Estimates of measures of LD -D’ and

r’- were obtained using Haploview v3.11.%
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Family-based association analyses of FEV; were performed in GACRS and eoCOPD
with the FBAT statistic implemented in PBAT v3.6,% and linear regression analyses of
FEV: were performed in the population-based cohorts (BAMSE, NETT, and Lovelace)
using SASv9.1.2 (SAS Institute, Cary, NC). The family-based association analysis of
repeated measures of FEV; in CAMP was conducted with FBAT-PC.?? Population based
analyses in BAMSE, NETT, and Lovelace were performed in SAS. Longitudinal
analyses of FEV1in NAS were performed using generalized linear mixed models
implemented in the Proc Mixed Procedure in SAS. Survival analyses of COPD onset
were performed in NAS using Cox proportional hazards models. No variable in our
model violated the proportional hazards assumption. For COPD, family-based association
analyses were performed in eoCOPD using the FBAT statistic implemented in PBAT
v3.6.%, and case-control association analyses were conducted in Lovelace using logistic

regression.

For the initial analysis of FEV; in GACRS, additive, dominant, and recessive genetic
models were evaluated. Given results in GACRS, all subsequent analyses were done
under a dominant genetic model. P values from all tests in the replication cohorts were
one-sided, since all associations in these cohorts were in the same direction as in
GACRS. Combined P values for all cohorts were calculated using two methods. We first

calculated a P value using Fisher’s method, as follows:(@cribedin 23)

L
ZSL = —2”{ [1 pi} (L =# p values)
=1
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We then calculated a P value using a weighted Z-score method to account for differences

in sample size among study cohorts by initially calculating individual study weights*

Zoi =4y N%\ltotal

and then summing across the individual study weighted Z-scores.
To address multiple testing, we present P values for all cohorts and for all cohorts except
the ones originally assessed for each outcome (GACRS for FEV; and NAS for COPD).
We estimated the population risk (PAR) of COPD attributable to MMP12 genotypes in
NAS using the following formula:*®

PAR= pd[(RR-1)/RR]x100,
where “pd” is the prevalence of MMP12 genotypes among subjects with COPD and
“RR” is the adjusted hazard ratio®® obtained from Cox proportional hazards regression.
To evaluate the discriminatory effect of the genotype,?” we used pooled logistic
regression,?® incorporating the same variables in the Cox proportional hazards model
(baseline age, height, and time-dependent variables current smoking and prior smoking)
and pooling observations in 5-year periods. We compared C-statistics between models
with and without the genotype of interest using a non-parametric approach.?® All analyses

2
.29

were performed with SAS; the nonparametric ROC curve macro of DeLong et. al.”> was

provided by the SAS knowledgebase at: http://support.sas.com/kb/25/017.html.
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Additional Results

Genotyping

All SNPs were in HWE in parental genotypes in family-based studies (Costa Rica,
CAMP, and eoCOPD), and in genotypes of all subjects in BAMSE, NETT, Lovelace, and

NAS.

Lung Function
The results of the analyses of association between SNP rs737693 and FEV; were similar

to those for SNP rs2276109 and are shown in Table 2 of this appendix.

COPD

After adjustment for age, height, and time-dependent covariates of current smoking and
pack-years, the minor allele of rs737693 was associated with a 39% reduction in COPD
onset (hazard ratio=0.61, 95% confidence interval [CI]=0.43-0.88, P=0.008) in all
subjects. Reciprocally, the absence of this allele (homozygosity for the major allele) was

associated with a 64% increment in the risk of developing COPD.

The PAR of COPD due to homozygosity for the major allele of SNP rs737693 was 31%

(95% C1=10%-46%).
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Table 1. Pairwise (r2) linkage disequilibrium (LD) between SNP genotyped in both GACRS (Costa Rica) and CAMP.

Pairwise (r?) linkage disequilibrium (LD) patterns for SNPs in parents of asthmatic children in GACRS
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1.00 | 0.48 | 097 | 094 | 038|042 | 0.39|0.38| 0.38|0.42| 0.38| 0.05| 047 | 041 | 041 | 0.38| 0.03 ] rs586701

1.00 | 0.46 | 0.46 | 0.01 | 0.01| 0.01 |0.01| 0.01 |0.01| 0.01| 0.02| 098 | 0.01| 0.01| 0.01| 0.02 | rs737693

1.00 |/ 095| 041|045 | 042|041 | 042|045 | 042 | 005| 046 | 040 | 040 | 0.36| 0.04 | rs654600

1.00| 039|043 | 046 |045| 039|043 | 0.39| 0.05| 045| 040 | 040 | 0.36| 0.04 | rs674546

1.00| 091 | 086|087 | 1.00| 091 | 1.00| 0.02| 0.01| 084 | 084 | 093 | 0.02 | rs660727

1.00| 094 | 093 | 091 |100| 091 | 0.02| 001| 092 | 092 | 0.85| 0.01 |rs484171

1.00|1.00| 086|094 | 086| 0.02| 001| 087| 087 | 0.80| 0.01 | rs686375

1.00| 0.87 1093 | 0.87| 0.02| 001| 087 | 087 | 0.81| 0.01 |rs505770

1.00| 091 | 1.00| 0.02| 0.01| 084 | 084 | 093 | 0.02 ] rs476391

1.00| 091 | 0.02| 0.01| 084 | 0.84| 093 | 0.02 |rs651159

1.00| 0.02| 001| 084 | 084 | 093 | 0.02 | rs652438

1.00| 0.02| 0.02| 0.02| 0.02| 0.94 | rs632009

1.00| 0.01| 0.01| 0.01| 0.02 | rs2276109

1.00 1.00| 090 | 0.01 |rs1277718

1.00 | 0.90| 0.01 | rs501371

1.00 | 0.02 | rs636648

1.00 | rs1940935
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Pairwise (%) linkage disequilibrium (LD) patterns for SNP in parents of non-Hispanic white children in CAMP
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1.00 | 0.63 | 0.99 | 098 | 0.27 | 0.27 | 0.26 | 0.26 | 0.27 | 0.26 | 0.27 | 0.11| 063 | 0.27| 0.27| 0.28| 0.11 | rs586701

1.00| 0.63|0.62| 0.01 |0.01| 0.01 |0.01| 0.01|0.01| 0.01| 007| 097 | 001| 0.01| 0.01| 0.07 | rs737693

1.00 | 098 | 0.27 | 0.27 | 0.26 | 0.26 | 0.27 | 0.26 | 0.27 | 0.10| 0.63 | 0.27 | 0.27 | 0.28 | 0.11 | rs654600

1.00| 0.27 | 0.27 | 0.28 |1 0.28 | 0.26 | 0.25| 0.27 | 0.11| 0.62 | 0.27 | 0.27| 0.27 | 0.11 | rs674546

1.00 | 099 | 095|095| 1.00| 098 | 1.00| 0.02| 0.01| 095| 095| 096 | 0.03 ]| rs660727

1.00| 0.96 | 095| 0.99 |100| 099 | 0.02| 0.01| 096 | 096 | 0.97 | 0.03 |rs484171

1.00 |/ 099 | 095|095| 095| 0.02| 0.01| 092| 092 | 093 | 0.03 ]| rs686375

1.00| 095|094 | 095| 0.02| 0.01| 093 | 0.93| 0.92| 0.03 | rs505770

1.00| 098 | 1.00| 0.02| 0.01| 095| 095| 096 | 0.03 ]| rs476391

1.00| 0.98| 0.02| 0.01| 095| 0.95| 0.96 | 0.03 |rs651159

1.00| 0.02| 001| 095| 095| 096 | 0.03 | rs652438

1.00| 0.07| 0.02| 0.02| 0.02| 0.94 | rs632009

1.00| 0.01| 0.01| 0.01| 0.07 | rs2276109

1.00 1.00 | 0.99 | 0.03 | rs1277718

1.00 | 0.99| 0.03 | rs501371

1.00 | 0.03 | rs636648

1.00 | rs1940935
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Table 2. Results of Analyses of Association between a SNP in the 3° genomic region of MMP12 (rs737693) and FEV; and COPD in All

Study Cohorts*
FEV,
rs number Alleles Location GACRS CAMP BAMSE eoCOPD  NETT Lovelace NAS Combined Combined
Overallf Replication}
rs737693 A>T (+) 0.001 (+) 0.42 - (+)0.003 (+)0.16 - (+)0.005 5x10°(Bx10°) 6x10° (2x10%
(+) 0.48 On P/N§
(+) 0.01 On ICS ||
COPD
rs number Alleles Location NAS eoCOPD Lovelace Combined
Overallt
| rs737693 A>T (-) 0.01 (-) 0.006 - 3x 10" (2x 10™)

*GACRS=nuclear families of asthmatic children in the Genetics of Asthma in Costa Rica Study. CAMP= nuclear families of asthmatic children in the Childhood
Asthma Management Program. BAMSE= children in the BAMSE ( Children [Barn in Swedish], Allergy, Milieu, Stockholm, Epidemiological Survey) Birth
Cohort Study. eoCOPD= families of subjects with severe COPD in the Boston Early-Onset COPD Study. NETT=subjects in the Genetics Ancillary Study of the
National Emphysema Treatment Trial. Lovelace=subjects in the Lovelace Smokers Cohort. NAS=subjects in the longitudinal Normative Aging Study.

t Overall combined P values were obtained using Fisher’s method. P values from a weighted Z-score method are in parenthesis.

1 Combined P values were again obtained (as described above) after excluding data from Costa Rica.
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8§ Children randomized to receive either inhaled placebo or inhaled nedocromil. Children randomized to receive inhaled corticosteroid (budesonide).

(+/-) Sign before the P value refers to the direction of association between the minor allele and pre-bronchodilator FEV, or COPD risk.
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Figure Legends:

Figure 1: This figure represents the pairwise (r?) linkage disequilibrium (LD) patterns
for the genomic region on chromosome 11922 encompassing MMP3-MMP13 in CEPH
(Centre d'etude du polymorphisme humain), trios in the HapMap project. SNPs in
MMP13 (a gene that lies >68kb 5’ to MMP12) are not in linkage disequilibrium with
MMP12 SNPs in CEPH trios. This figure was obtained from Haploview

(www.broad.mit.edu/mpg/haploviewr)."
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