Multi-Study Fine Mapping of Chromosome 2q Identifies XRCC5 as a COPD Susceptibility Gene
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Methods
Study Populations

Subject enrollment and phenotype determination in the National Emphysema Treatment
Trial (NETT)-Normative Aging Study (NAS) case-control study, the Boston Early-Onset COPD
Study, the Norway case-control study, and the International COPD Genetics Network (ICGN)
have been described previously (1-3). NETT Genetics Ancillary Study subjects consisted of 309
non-Hispanic white COPD cases without al-antitrypsin (AAT) deficiency from 16 of the 17
NETT centers across the U.S. Subjects enrolled in NETT had FEV<45% predicted,
hyperinflated lung volumes, and emphysema on chest CT scans (4). 330 control smokers (at
least 10 pack-years) with normal lung function (FEV,>80% predicted with FEV/FVC>90%
predicted) were derived from the NAS, a longitudinal study of aging in initially healthy men
conducted by the Boston VA (5). The Boston Early-Onset COPD Study included 949
individuals in 127 extended pedigrees recruited through a proband with physician-diagnosed
COPD, pre-bronchodilator FEV<40% predicted, age<53 years, without severe al-antitrypsin
deficiency.

Subjects in the Norway case-control study were recruited from Bergen, Norway. This
analysis was restricted to 806 Caucasian COPD cases with FEV<70% predicted and
FEV/FVC<0.7 and 779 control smokers with FEV;>85% predicted and FEV/FVC>0.7. Both
COPD cases and control subjects had at least 2.5 pack-years of smoking. We included 1839
white individuals from 603 families in the ICGN study, recruited at 10 centers in the U.S. and
Europe. ICGN probands had FEV<60% predicted with FEV/VC<90% predicted at age 45-65,

with at least 5 pack-years smoking history and at least one sibling with a smoking history (=5



pack-years). The highest value of slow or forced vital capacity (FVC) was used as a measure of
vital capacity (VC) in ICGN.

The Lung Health Study (LHS) enrolled smokers ages 35-60 with COPD, defined by
FEV/FVC<0.7 and FEV; 55-90% predicted, from 10 centers across North America (6). This
analysis included baseline spirometry values in 5606 white subjects, as well as a comparison
between subjects with slow vs. fast decline in FEV across the study, based on published
thresholds (7).

Studies were approved by the relevant institutional review boards, and subjects provided

written informed consent.

SNP Genotyping

The Boston Early-Onset COPD Study had previously demonstrated linkage to
chromosome 2q (8, 9), with a 1.5 LOD-drop support interval (similar to a 95% confidence
interval (10)) ranging from 214.5-234.1 Mb, based on the May 2004 human genome reference
sequence (NCBI Build 35). In the NETT-NAS study, 2484 single nucleotide polymorphisms
(SNPs) were genotyped at Brigham and Women’s Hospital (BWH) using Illumina (San Diego,
CA) GoldenGate custom SNP panels. We selected SNPs to ensure linkage disequilibrium
coverage (r*>0.8, MAF>0.1) (11) across the region based on Phase I data from Caucasians in the
International HapMap project (12). Additional SNPs were selected in regions of significant
association. In the ICGN Study, preliminary linkage analysis identified a region on chromosome
2q to be linked to quantitative CT emphysema traits (13). A set of 2843 SNPs across this linkage
interval (207.36-229.56 Mb) was genotyped by GlaxoSmithKline in both the ICGN and Norway

studies, using Illumina GoldenGate custom panels. The overlapping region between NETT-NAS



and Norway encompassed 15 Mb on chromosome 2q: 214,552,727- 229,554,328 (NCBI Build
35). SNPs in the Boston Early-Onset COPD Study were genotyped using Sequenom (San Diego,
CA) or TagMan (Applied Biosystems, Foster City, CA) assays at BWH. LHS subjects were
genotyped using TagMan at the University of Utah. All genotyping platforms had high
completion rates and few Mendelian inconsistencies in the two family-based studies.

In the NETT-NAS case-control study, an additional set of 195 common intergenic SNPs
throughout the genome, excluding regions linked to COPD, had been previously genotyped using
the Illumina GoldenGate assay and showed no evidence of population stratification (X2195 df

=209.3, p=0.23) (14).

Statistical Analysis

All SNPs were tested for deviations from Hardy-Weinberg equilibrium in the control
subjects or in the family members, as appropriate. In both the NETT-NAS and Norway case-
control studies, SNPs were analyzed initially using the Cochran-Armitage trend test, which
corresponds to an additive genetic model without covariate adjustment, using SAS/Genetics
(SAS Institute, Cary, NC). Secondary analyses were adjusted for pack-years of smoking. In the
Boston Early-Onset COPD and ICGN studies, SNPs were tested for association with COPD
status, defined as GOLD 2 or greater (15), without covariate adjustment (16), and for association
with post-bronchodilator spirometry measurements, adjusted for age, sex, height, and pack-years
of smoking in both study samples, plus ever-smoking status in the Boston Early-Onset COPD
Study only. SNPs were analyzed under additive models, using PBAT version 3.3 in the Boston
Early-Onset COPD Study and Golden Helix (Bozeman, MT) PBAT in the ICGN (17). Fisher’s

method was used to combine p-values of overlapping SNPs across studies (18). Two-sided p-



values were used in the screening phase in the two case-control studies, and one-sided p-values
were used in the replication analyses in the two family-based studies, to guard against SNP
associations in the opposite direction producing deceptively small p-values(19). Secondary
analyses of COPD were adjusted for pack-years of smoking, using logistic regression in the two
case-control samples, and in the PBAT analyses of the two family-based studies. Additional
analyses were stratified by age (<65 vs. >65) in NETT-NAS and Norway. Analysis of severe
COPD, defined as GOLD 3 or greater, was performed in all four study populations.

After the initial association analysis was completed, genotype imputation was performed
in the region encompassing genes MREG (melanoregulin), PECR (peroxisomal trans-2-enoyl-
CoA reductase), TMEM169 (transmembrane protein 169), and XRCC5 (X-ray repair
complementing defective repair in Chinese hamster cells 5). SNP genotypes were imputed in the
NETT-NAS and Norway case-control studies using MACH]1.0 software (20), implemented on

the HapMap website (www.hapmap.org), using SNP genotype data from HapMap Phase 11

Caucasians as a reference. Imputed genotypes were analyzed as above. Haplotype blocks were
defined by the method of Gabriel et al. (21). Linkage disequilibrium was calculated in

Haploview (22).

DNA Sequencing

The exons, intron-exon boundaries, and promoter region of XRCC5 and the neighboring
gene PECR were resequenced in 23 probands from the Boston Early-Onset COPD Study and 1
CEPH control subject using dye-labeled dideoxy sequencing reactions and an ABI 3100 DNA
sequencing machine (Applied Biosystems, Foster City, CA). Primer sequences are available on

request. Sequence tracings were analyzed with Phred, Phrap, and Consed (23, 24), and


http://www.hapmap.org/

polymorphisms were identified using PolyPhred (25) and by manual review. SNPs with >5%
minor allele frequency identified by sequencing were subsequently genotyped in the NETT-NAS
and the Boston Early-Onset COPD Studies using TagMan (Applied Biosystems, Foster City,

CA) or Sequenom (San Diego, CA) assays.
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Figure Legends

Figure E1. Linkage disequilibrium (LD) plot in the NETT-NAS study of genotyped and imputed
single nucleotide polymorphisms (SNPs) in the 285kb interval encompassing genes MREG,
PECR, TMEM169, and XRCC5. LD is plotted as D’ values, with darker red color denoting

higher LD. SNP rs3821104 is marked by the arrow.

Figure E2. Linkage disequilibrium (LD) plot in the Norway study of genotyped and imputed
single nucleotide polymorphisms (SNPs) in the 285kb interval encompassing genes MREG,
PECR, TMEM169, and XRCC5. LD is plotted as D’ values, with darker red color denoting

higher LD. SNP rs3821104 is marked by the arrow.



Table E1: Genetic association results for overlapping single nucleotide polymorphisms (SNPs) in
the SERPINE2 gene in the National Emphysema Treatment Trial (NETT)-Normative

Aging Study (NAS) and Norway case-control studies.

SNP Location* Norway | NETT-NAS | Combined
p-value | p-value p-value
156754561 | 224665201 | 0.91 0.22 0.53
1516865390 | 224671520 | 0.66 0.07 0.19
1s975278 224673212 | 0.49 0.94 0.82
1s7583463 | 224674614 | 0.38 0.42 0.45
1s6748795 | 224676228 | 0.47 0.42 0.51
rs3795880 | 224676812 | 0.64 0.38 0.59
rs6721140 | 224684148 | 0.42 0.16 0.25
rs11695803 | 224686666 | 0.02 0.48 0.06
1s3795879 | 224688326 | 0.23 0.09 0.10
156747096 | 224688347 | 0.29 0.11 0.14
rs10196778 | 224689101 | 0.21 0.10 0.10
rs13392412 | 224689945 | 0.29 0.10 0.13
rs1530020 | 224696875 | 0.46 0.91 0.79
rs4674839 | 224704712 | 0.11 0.90 0.33
1s920251 224718450 | 0.30 0.14 0.18

* Chromosomal locations based on NCBI build 35.




Table E2: Genetic association results for SNP rs3821104 with severe COPD (GOLD 3 or greater)

SNP Gene NETT-NAS Norway ICGN EOCOPD Combined
OR | p-value | OR | p-value | COPDrisk | p-value* | COPD risk | p-value* | p-value
rs3821104 | XRCC5 1.41 | 0.0036 1.16 | 0.097 increased 0.05 increased 0.00017 | 4.3x10°

*1-sided p-values in follow-up family-based studies
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