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Abstract

Not all cigarette smokers develop chronic obstructive pulmonary disease (COPD), and discovering
susceptibility factors is an important research priority. The oxidative burden of smoking may
overwhelm antioxidant defenses, and vulnerabilities may exist as a result of sequence variants in
genes encoding antioxidant enzymes. This study explored the association between genetic
variation in a network of antioxidant enzymes and lung phenotypes. Linear models evaluated
single locus marker associations in 2,387 European and African American participants in the
Health, Aging, and Body Composition (Health ABC) Study. After correcting for multiple
comparisons, 15 statistically significant associations were identified, all of which were for SNP by
smoking interactions. The most statistically significant findings were in genes encoding members
of the isocitrate dehydrogenase gene family (/DH3A, IDH3B, IDH2). For rs6107100 (/DH3B) the
variant genotype was associated with a difference of 6% in the FEV1/FVC ratio in African
American current smokers, but the SNP had little or no association with FEV1/FVC in former and
never smokers (nominal Pinteraction=5 * 1078). A variant in peroxiredoxin gene (rs9787810,
PRDX5) was associated with lower %predicted FEV; and a lower ratio in European American
current smokers, with little or no association in other smoking groups (nominal pinteraction=0-0001
and 0.0003, respectively). The studied genes have not been reported in previous candidate gene
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association studies, and thus the findings suggest novel mechanisms and targets for future
research, and provide evidence for a contribution of sequence variation in genes encoding
antioxidant enzymes to susceptibility in smokers.
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Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by the development of
airflow obstruction that is not fully reversible, a phenotype that is characteristic of chronic
bronchitis and emphysema. At advanced stages, COPD progresses to respiratory failure and
death, and is a significant cause of morbidity as well as the fourth leading cause of mortality
in the U.S.[1]. Spirometry is a reliable and valid means of identifying airflow obstruction;
clinical definitions of COPD [2] are based on the ratio of air exhaled in the first second of
effort/total air exhaled (Forced Expiratory Volume in the 15t second/Forced Vital Capacity:
FEV1/FVC) and the absolute level of FEV, compared to what would be predicted given age,
height, race, and gender (percent predicted FEV: ppFEV1). Decline in FEVq occurs
naturally with aging, but a steeper rate of decline, as observed in susceptible cigarette
smokers, is a harbinger of the debilitating low lung function that characterizes COPD.

Current theories of the pathogenesis of COPD posit that an imbalance between oxidant
burden and antioxidant protection leads to oxidative damage that contributes to disease
pathogenesis. Diminished antioxidant defenses, especially among cigarette smokers, who
are exposed to a high level of oxidants, are hypothesized to contribute to tissue changes
underlying disease development [3]. A minority of smokers develop obstructive lung disease
[4], consistent with the hypothesis that in some smokers compromised antioxidant
protection, as a result of genetic variation in antioxidant enzymes, diets low in antioxidants,
and/or inflammation, contributes to susceptibility. While observational studies mainly report
positive associations between nutrients with antioxidant properties and lung function, with
stronger effects in cigarette smokers, studies of genes that play a role in antioxidant defenses
provide an important and unique test of the susceptibility hypothesis.

Lung function is a heritable trait, and heritability estimates of FEV1 and the ratio of FEV4/
FVC range from 40-90% [5-7]. A single gene disorder that increases COPD risk, alpha 1-
antitrypsin deficiency, accounts for only about 1 to 2% of cases [8], confirming the
importance of additional genes and gene x environment interactions in lung function
variability. Recently completed genome-wide association studies of lung function
phenotypes [9-11] have identified 14 genomic regions for further investigation. Well-
designed studies of candidate genes, specifically of genes encoding antioxidant enzymes, are
important to the evidence base, but published studies have several limitations (as reviewed
in [12]). The majority of studies considered only a few markers and/or genes, and thus do
not capture the related and redundant functions within the network of antioxidant-related
genes. Published studies focus on a limited subset of genes (most prominently, glutathione
S-transferases), thus many genes related to antioxidant defense are unstudied at the
population level (for example, genes of the thioredoxin system: thioredoxin, thioredoxin
reductase, and peroxiredoxin). Studies of the heritability of lung function provide
compelling evidence for a gene-environment interaction [13-15], specifically a gene by
smoking interaction, and a recent genome-wide assessment of gene expression in the small
airway epithelium and genotype in smokers and non-smokers indicates that smoking
modifies the relation between genotype and gene expression (Mezey J personal
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communication). Despite this evidence, most studies do not consider gene-environment
interactions and/or do not appropriately account for cigarette smoking in study design and
analysis. Finally, data on African Americans are limited, and most studies with African
American participants are underpowered to investigate any differences in the effects of
genotype on lung phenotype by race.

We investigated the association of variants in genes encoding antioxidant enzymes with the
lung function phenotypes ppFEV and FEV1/FVC. As the elderly are at the greatest risk for
reduced lung function associated both with aging and smoking, these analyses were
conducted in the Health, Aging, and Body Composition (Health ABC) Study. While the
Health ABC is a prospective cohort, this analysis is cross-sectional, evaluating study data
collected at baseline. The analysis explored the relation of all genotypes with the two
phenotypes, stratified by race, and allowing for differential effects of genotype by cigarette
smoke exposure and dose.

The Health ABC cohort study enrolled 3,075 men and women aged 70-79 at the study
baseline in 1997. Health ABC is a random sample of European Americans and African
American Medicare-eligible persons residing in ZIP codes from the metropolitan areas
surrounding Pittsburgh, Pennsylvania and Memphis, Tennessee. Eligibility criteria included
self-report of: no difficulty walking one-quarter of a mile or climbing 10 steps without
resting; no difficulty performing basic activities of daily living; no use of a cane, walker,
crutches or other special equipment to ambulate; no history of active treatment for cancer in
the prior 3 years; and no plan to move out of the area in the subsequent 3 years.

Exclusion criteria included a low call rate for genotypes (i.e. if the classification of genotype
was unsuccessful in >5% of samples), missing outcome measurements, or prevalent chronic
obstructive pulmonary disease, defined as both FEVq and FEV1/FVC below the population-
defined lower limits of normal. Prevalent COPD cases were excluded as our interest was on
genetic susceptibility to low lung function, not to disease progression. Exclusions were also
made based on quality of spirometry testing for FEVy; participants with low quality FVC
measurements were further excluded from the FEV,/FVC analysis.

Lung Function Outcome

Spirometry was performed during the clinical visit at study entry using a horizontal dry
rolling seal HF6 Spirometer (Sensor Medics Corporation, Yorba Linda, CA) connected to a
personal computer. Tests were conducted in accordance with ATS standardized guidelines,
as previously reported [16]. PpFEV; values were calculated using race-specific prediction
equations generated from the Third National Health and Nutrition Examination Survey data
[17]. If baseline pulmonary function measurements were missing (or did not meet quality
control standards), a measurement from a subsequent clinical visit was substituted, if
available, provided that the age of the participant at the available measurement was between
70 and 79 years (the age range of the sample at baseline). The majority (95%) of data used
in these analyses were from the first clinic visit.

Selection of SNPs

Fifty-six genes were identified that are known to affect the balance of antioxidants/oxidants
and are expressed in lung tissue (Supplemental Table 1); briefly, selected genes encoded the
following: glutathione synthesis proteins, glutathione S-transferases, peroxidases, heme-
oxygenases, disulfide reductases, selenoproteins, proteins affecting supply of reducing

Free Radic Biol Med. Author manuscript; available in PMC 2013 May 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bentley et al.

Genotyping

Page 4

equivalents, superoxide dismutases, and catalase. 384 single nucleotide polymorphisms
(SNPs) were selected with the goal of capturing sequence variation across each gene and its
regulatory region (2 kb upstream and downstream). SNP selection was conducted according
to the following order of priority: 1. nonsynonymous SNPs, which alter the sequence of
encoded proteins (and have an increased probability of functional effects) 2. SNPs to cover
variation across the gene by evaluating the degree of correlation (linkage disequilibrium:
LD) between SNPs (a maximum of 0.9 LD units between SNPs was allowed), 3. if genetic
variation was limited across the gene, SNPs to cover large physical distance, and 4. SNPs
that were highly correlated with SNPs of particular interest to provide redundancy in case of
assay failure. When possible, a minimum of 5 SNPs were selected per gene. Separate
consideration was given to European American and African Americans in SNP selection to
maximize coverage in both populations, given differences in LD structure and allele
frequencies. Further details of analyzed SNPs are presented separately (Supplemental Table
2).

DNA for the Health ABC participants was extracted using the Gentra Puregene DNA
Purification Kit (QIAGEN, Valencia, CA) from stored, frozen buffy coat originally
extracted from 10 ml whole blood. SNPs were assayed using the Illumina Goldengate
platform; genotyping services were provided by Johns Hopkins University under U.S.
Federal Government contract number NO1-HV-48195 from the National Heart, Lung, and
Blood Institute. Genotyping quality was excellent as determined through use of blind
duplicates and HapMap controls with known genotypes (99.99% and 99.83% reproducibility
rates, respectively).

Statistical Analysis

Linear models were used to evaluate the association between single locus markers and lung
function phenotype. Given the probability of confounding by race, as both genotype
frequencies and lung function measures differ by race, all analyses were conducted
separately in European and African Americans. All models were adjusted for study site, age,
height, and gender (for the importance of adjusting ppFEV; despite the use of age, gender,
and height in prediction equations, see [18]). To correct for any population stratification
within race groups, all models were also adjusted for principal components of the genotypes
(computed separately for European and African American subgroups). SNPs were coded as
additive, recessive, dominant, or overdominant, depending on the pattern of association
observed and a sufficient number of participants in subgroups of genotype and smoking
parameters. SNPs with a minor allele frequency <1% were excluded from the analyses
(n=29 SNPs in European Americans; n=1 in African Americans).

Smoking status was represented as current smoker, former smoker, and never smoker
(defined as self-report of less than 100 cigarettes smoked throughout lifetime). Lifetime
smoking dose was quantified as pack-years, and categorized as high (above the median, 27
packyears), low (1-27 packyears), or no smoking history. Modification of the SNP—
phenotype association by smoking was assessed through product terms for each SNP with
lifetime smoking dose and, separately, through product terms with smoking status.

False Discovery Rate (FDR) adjustment was used to account for multiple comparisons, with
a g-value significance threshold of 0.05 [19]. The degree of correlation between SNPs were
determined using Haploview [20]. All data analyses were conducted using SAS v 9.1 (SAS,
Cary, NC). The Health ABC study was approved by the Institutional Review Boards of the
University of Pittsburgh and the University of Tennessee; this study was approved by the
Institutional Review Board at Cornell University.
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Genotype data were available for 2,762 participants. After exclusion for missing smoking
information (n=5), 2,387 (86%) participants had an acceptable FEV; measurement and were
included in the ppFEV analysis, and 2,190 (79%) also had acceptable F\VC measurements
and were included in the FEV{/FVC ratio analysis (Table 1). Of these, approximately 40%
were African Americans (n=975 for ppFEV; and n=855 for FEV/FVC). A much higher
proportion of African Americans were current smokers (~14% vs. 5% of European
Americans), and the proportion of former smokers was higher in European Americans (50%
vs. 40% in African Americans). The mean ppFEV was 97% in this population, with a range
of 36% to 181% and a standard deviation of 19%. The mean ratio of FEV{/FVC (calculated
as FEV{/FVC * 100) was 75%, with a range of 34 to 98 and a standard deviation of 6.

Without consideration of smoking parameters, no SNP had a statistically significant
association with either phenotype after False Discovery Rate (FDR) adjustment for multiple
comparisons. Fifteen SNP x smoking interactions were statistically significant at FDR
thresholds of statistical significance (Table 2). Of these 15 SNPs, 4 (27%) were associated
with lung phenotypes in European Americans. The majority of observed SNP x smoking
interactions were associated with the FEV1/FVC ratio; only two SNP x smoking interactions
(13% of findings) were associated with the ppFEV1 phenotype. No SNP x smoking
interaction was statistically significant in both European and African Americans, nor were
SNPs in the same gene statistically significant in both ancestry groups. Only one SNP
modified the association between smoking and both pulmonary function phenotypes:
rs9787810 (PRDX5) in European Americans. Three SNPs modified the association of both
smoking status and smoking dose with lung function: rs9787810 (PRD.X5) in European
Americans, and rs6107100 (/DH3B) and rs2042286 (SEPWI) in African Americans. The
largest effect size was 18% for the ppFEV1 phenotype (rs9787810 x smoking dose in
European Americans), and 11% for the FEV/FVC ratio phenotype (rs2250192 x smoking
dose in African Americans). The proportion of variability explained by the SNP x smoking
interactions varied widely depending on the ancestry group and the phenotype. The PRDX5
rs9787810 x smoking interaction (the only statistically significant interaction for this
phenotype, and significant for both dose and status) accounted for 1% of the variability in
ppFEV1 in European Americans. For the FEV1/FVC ratio phenotype, simultaneous models
including all statistically significant SNP x smoking interactions accounted for 3% and 16%
of the variability in the phenotype in European Americans and African Americans,
respectively.

A SNP in the gene encoding the peroxiredoxin PRDX5 (rs9787810) was the most
statistically significant finding in several analyses; this SNP modified the association of
smoking status with both ppFEV and FEV1/FVC in European Americans, and modified the
association of smoking dose with ppFEV (for the FEV1/FVC phenotype, the SNP x dose
term had an adjusted p=0.054). Notably, this SNP also had borderline statistically significant
associations with the FEV1/FVC ratio in African Americans (Pagjusted=0-059 for SNP x
smoking status; pagjusted=0-09 for SNP x smoking dose). This SNP showed no evidence of a
main effect in either population for either phenotype (in models of the SNP alone, all

Padjusted > 0.35).

The associations of SNPs in the isocitrate dehydrogenase (/DH) genes with lung function
phenotypes were among the most statistically significant findings. Three /DH SNPs in
African Americans (all with LD <0.6) and 1 /DH SNP in European Americans modified the
association between smoking and lung phenotypes. The most statistically significant finding
in the analysis was the interaction of rs6107100 (/DH3B) and smoking status in relation to
the FEV1/FVC ratio (Pnominai=5 * 1076). In all, 9 of the 15 SNPs in /DH3A, IDH3B, and
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IDH3G were associated with lung outcomes after correction for multiple comparisons: 4 of
5 IDH3A SNPs, 2 of 4 IDH3B SNPs, and 3 of 6 /DH3G SNPs, a 4™ SNP in this gene was
marginally significant, with pagjusteq=0.053 [some of these associations do not appear in
Table 3 due to small numbers within cells (see below)].

When participant numbers were small (n<5 within genotype/smoking subgroup), results
were excluded from further discussion regardless of statistical significance. Despite the
reduced confidence in these results, the strength of the associations observed may suggest a
biologically interesting relation; these results are summarized separately (Supplemental
Table 3). Briefly, SNPs in genes associated with glutathione synthesis (GCLCand GGTI)
and encoding glutathione S-transferases (GSTA3, GSTA5, GSTZ1, and mGST2) were
associated with the lung function phenotypes studied. An additional 6 SNPs in /DH genes
were associated with lung phenotypes among European Americans, supporting the
importance of this family of genes, as presented above.

Discussion

This study was designed to evaluate the hypothesis that sequence variation in genes
encoding antioxidant enzymes, which is expected to alter antioxidant defenses, contributes
to COPD susceptibility, especially in cigarette smokers. The findings reported here support
this hypothesis and provide important directions for future research.

Peroxiredoxins

A SNP in the peroxiredoxin family of genes was among the most statistically significant
associations. Interactions between a SNP in PRDX5 (rs9787810) and smoking parameters
were associated with both lung function phenotypes in European Americans, and a similar
interaction between this SNP and smoking dose in predicting the FEV/FVC ratio was of
borderline significance. Both the size of the effect (in current smokers, about 8-18% lower
ppFEV and a difference of 3% in FEV/FVC in the AA/AG genotype groups vs. wild-type)
and the prevalence of the variant genotypes in the European ancestry group (54%) suggest
that this finding is important in terms of population attributable risk. Although these
genotypes are less prevalent in African Americans (13%), the same associations were
observed for the FEV1/FVC ratio: current smokers with the variant had a 9% lower ratio
(Padjusted=0.059), and current smokers with a high smoking dose had a 13% lower ratio,
while those with a low dose had a 5% lower ratio (Pagjusted=0.09). No effect was observed in
former or never smokers. In African Americans, a borderline statistically significant
interaction between a SNP in another peroxiredoxin gene, PRDX4 (rs528960) and smoking
status was also observed.

Peroxiredoxins, also called thioredoxin reductases, are a family of peroxidases that use the
reducing power of thioredoxin (with the exception of PRDX6, which uses glutathione).
Although, this is the first study of genetic variants in these genes and lung phenotypes, the
expression of both PRDX3and PRDX5was down-regulated in smokers compared to never
smokers [21]. In PRDX3knockout mice, excessive production of reactive oxygen species
(ROS) from macrophages was observed after exposure to lipopolysaccharide, an
inflammatory agent from gram-negative bacteria [22]. Further study of peroxiredoxins and
COPD-related lung outcomes is warranted.

Isocitrate Dehydrogenases

Members of the isocitrate dehydrogenase gene family (/DH) were also among the most
statistically significant associations, and SNPs in these genes interacted with smoking to
predict FEV1/FVC in both African Americans and European Americans. The effect sizes for
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SNPs in these genes were large, and most differences between the variant and reference
genotypes were >4% for the ratio of FEV1/FVC for /IDH3A, IDH3B, IDH3G, and IDHZ.
The majority of these SNPs are common, minor allele frequencies range from 28 to 44%,
thus the potential impact on lung function in smokers is of public health interest. While
these genes are relatively unstudied at the population level as contributors to antioxidant
defenses, the role they play in supplying the reducing equivalents for the antioxidant activity
of the many members of the glutathione and thioredoxin system could be pivotal in
determining cellular redox balance. In rats, IDH activity and protein expression was age-
dependent [23], a finding of interest in relation to the associations reported here for
phenotypes related to the aging of the lung. In fibroblasts, decreased expression of /DH
genes led to higher lipid peroxidation, oxidative DNA damage, intracellular peroxide
generation, and increased senescence, indicating an important regulatory role for these genes
in the defense against oxidative stress [24].

Variance in the Functional Outcome Explained by Genotypes

The most statistically significant SNPs, and their interaction with smoking parameters,
accounted for a relatively large proportion of variability in the phenotype. Age, height,
gender, principal components, and study site together explained 5% and 16% (European and
African Americans, respectively) of the ppFEV; phenotype, and 2% and 3% (European and
African Americans, respectively) of the FEV{/FVC ratio phenotype. Smoking variables
explained an additional 4-7 % of both phenotypes in both European and African Americans.
In the context of these known predictors of lung function, the finding that up to 16% of
variability was explained by SNP-smoking interactions provides compelling support for a
role of these variants in predicting lung function.

Comparisons to Previous Findings

None of the most statistically significant SNPs have been investigated in published
candidate gene association studies of lung function, and only 1 previous association study
investigated other markers in genes represented in our top results. The variant genotype of a
SNP in a glutathione synthesis gene, GCLC, was associated with an increased risk of COPD
in a Chinese population [OR 1.8 (95% ClI: 1.0, 3.3)][25]. This SNP (rs17883901) was
included in our analyses, but no association was observed. The variant allele has a higher
prevalence among Asians (13%) than among African Americans (1%) or Europeans (6%),
suggesting a potential reason for this discrepancy.

The Role of Mitochondrial Proteins

It is striking that among the genes identified to play a role in lung phenotypes, many encode
enzymes located in the mitochondria; the mitochondrial genes identified include the /DH
genes (/DH3A, IDH3B, and /IDH2) and PRDX5. To date, there are no studies of the role of
mitochondrial function in relation to lung phenotypes at the population level, but results
from animal and cell studies are informative. A recent series of experiments addressed the
effect of cigarette smoke on lung epithelial cells. While systemic increases in biomarkers of
oxidative stress occur with smoking, the high concentration of reactive oxygen species
(ROS) in cigarette smoke are in the gaseous phase; these components likely assault the
lining fluid and plasma membranes of epithelial cells, but cannot enter cells directly, which
leaves the mechanism by which they contribute to systemic oxidative stress unclear.

L jpophilic compounds in cigarette smoke are postulated to cross through the plasma
membrane and induce mitochondrial overproduction of ROS, which, in turn, increases
systemic (and local) oxidative stress [27]. In studies of mouse embryonic fibroblasts,
oxidizing extracellular conditions induce mitochondrial overproduction of ROS, signaling
an antioxidant response (through nuclear factor (erythroid-derived 2)-like 2, Nrf2).
Embryonic fibroblasts from transgenic mice over-expressing TXNRDZ produced less
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intracellular ROS in oxidizing extracellular conditions, resulting in diminished Nrf2-
regulated antioxidant gene expression [28]. Also of interest, particulate matter, another
inhalant associated with lung function decrements, induces mitochondrial oxidant
overproduction, which leads to alveolar epithelial cell apoptosis. Overexpression of the gene
encoding a cytoplasmic antioxidant enzyme (SODJ) prevented the excess ROS generation
and subsequent cell death [29]. Taken together, these results support a key role for
mitochondria and mitochondrial antioxidant enzymes in the lung and systemic response to
cigarette smoke exposure. Specifically, the lipophilic portion of cigarette smoke and the
oxidizing extracellular environment (the epithelial lining fluid after depletion of antioxidants
resulting from direct contact with ROS in cigarette smoke) may induce an excess production
of ROS in the mitochondria. Thus, variability in mitochondrial antioxidant enzyme
expression or function as a result of sequence variation is expected to have significant
effects on the oxidative burden in the lungs (and beyond).

African vs. European Americans

A larger proportion of statistically significant results were consistently observed in African
Americans compared to European Americans. Potential explanations for this include the
different phenotype distribution in the two populations and the different proportions exposed
to cigarette smoking. Mean ppFEV; was higher in African Americans, and the standard
deviation was larger compared to European Americans; the mean FEV1/FVC ratio was also
somewhat higher in African Americans, and the standard deviation was greater (Table 1).
More variability in the phenotype could improve the ability to detect the genotype—
phenotype associations, but it is unlikely that distributional differences fully account for the
differences observed by race. A much higher proportion of African Americans were current
smokers (14% compared to 5% in European Americans), although their smoking history
suggests a lower lifetime dose (27 vs. 34 pack years in African vs. European Americans,
respectively). The higher proportion of participants who are current smokers suggests a
greater burden of oxidative stress, thus increasing the chance of detecting a gene by smoking
interaction. Ultimately, the same functional gene groups were identified in both African
American and European American analyses (peroxidase activity and supply of reducing
equivalents).

Several strengths of this work deserve mention. First, these analyses were conducted in a
large, epidemiological cohort, a study design that is uniquely suited to investigate the
genetics of complex diseases, especially when considering gene-environment interactions
[30, 31]. Other aspects of the design of the cohort study that are strengths include: the
advanced age of the participants, which led to greater variability in the outcome as a result
of both aging and environmental exposure; careful characterization of smoking history; a
large proportion of African Americans to allow a stratified analysis (a relatively under-
described population with respect to this research question); and high quality spirometry.

A few limitations should be considered when evaluating the results of this work. First,
although our goal was to broadly consider genes encoding enzymes in known antioxidant
pathways of importance in the lung, important antioxidant enzymes may have been omitted
inadvertently, limiting our ability to make general statements about the role of all enzymes
with antioxidant effect. Secondly, as redox balance and inflammation involve closely
interrelated pathways, the focus on antioxidant enzymes alone is a somewhat artificial
distinction, and further analysis of enzymes involved in inflammatory pathways would be of
interest. Finally, although the Health ABC questionnaire data related to smoking habits is
extensive, data on smoking may not always fully capture smoke exposure, as a result of both
inadvertent and conscious errors in an individuals' responses as well as uncertainty in
defining and capturing the most relevant aspects of smoking (for example, inhalation depth)
for disease outcomes. Despite this source of uncertainty in these data, we were able to
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discover meaningful interactions between genotype and smoking parameters, suggesting that
even more associations might be uncovered if smoking was more fully quantified.

In summary, this analysis provides evidence for a role of genetic variation in antioxidant
enzymes in relation to lung function phenotypes important in predicting risk of COPD and
the trajectory of aging. This work complements research conducted on dietary determinants
of antioxidant capacity in that the genetic determinants of antioxidant capacity are not
anticipated to be associated with lifestyle factors, and so are not subject to the same
confounding bias that limits the interpretation of studies of diet. Of particular importance in
these results are SNPs encoding members of the peroxiredoxin and isocitrate dehydrogenase
gene families, suggesting that the function of peroxidases dependent on thioredoxin and the
overall production of reducing equivalents are important in predicting lung outcomes,
especially in the presence of oxidant challenge, and interventions that support these systems
may yield beneficial results.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS
COPD chronic obstructive pulmonary disease
FEV, forced expiratory volume in the first second
FvC forced vital capacity
pPpFEV 4 percent of the FEV value predicted
CAT Catalase
GGT1 Gamma-glutamyl Transferase 1
G6PD Glucose-6-Phosphate Dehydrogenase
GCLC Glutamate-cysteine ligase (catalytic subunit)
GCLM Glutamate-cysteine ligase (modulatory subunit)
GLRX Glutaredoxin
GLRX2 Glutaredoxin 2
GPX1 Glutathione Peroxidase 1
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GPX2
GPX3
GPX4
GPX7
GSR
GSTAl
GSTA2
GSTA3
GSTA4
GSTA5S
GSTK1
GSTM2
GSTM3
GSTM4
GSTO1
GSTO2
GSTP1
GSTZ1
GSS
HMOX1
HMOX2
IDH1
IDH2
IDH3A
IDH3B
IDH3G
mGST1
mGST 2
mGST3
PRDX1
PRDX2
PRDX3
PRDX4
PRDX5
PRDX6
SEPP1
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Glutathione Peroxidase 2
Glutathione Peroxidase 3
Glutathione Peroxidase 4
Glutathione Peroxidase 7
Glutathione Reductase
Glutathione S-Transferase Al
Glutathione S-Transferase A2
Glutathione S-Transferase A3
Glutathione S-Transferase A4
Glutathione S-Transferase A5
Glutathione S-Transferase K1
Glutathione S-Transferase M2
Glutathione S-Transferase M3
Glutathione S-Transferase M4
Glutathione S-Transferase O1
Glutathione S-Transferase 02
Glutathione S-Transferase P1
Glutathione S-Transferase Z1
Glutathione Synthetase
Heme-Oxygenase 1
Heme-Oxygenase 2

Isocitrate Dehydrogenase 1
Isocitrate Dehydrogenase 2
Isocitrate Dehydrogenase 3A
Isocitrate Dehydrogenase 3B

Isocitrate Dehydrogenase 3G

Microsomal Glutathione S-Transferase 1
Microsomal Glutathione S-Transferase 2
Microsomal Glutathione S-Transferase 3

Peroxiredoxin 1
Peroxiredoxin 2
Peroxiredoxin 3
Peroxiredoxin 4
Peroxiredoxin 5
Peroxiredoxin 6

Selenoprotein P 1
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SEPW1 Selenoprotein W 1
SOD1 Superoxide Dismutase 1
SOD2 Superoxide Dismutase 2
SOD3 Superoxide Dismutase 3
TXN Thioredoxin 1

TXN2 Thioredoxin 2
TXNRD1 Thioredoxin Reductase 1
TXNRD2 Thioredoxin Reductase 2
TXNRD3 Thioredoxin Reductase 3
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Characteristics of the Health, Aging, and Body Composition Study Participants Included in Analyses?

Table 1

Analysisof % Predicted FEV;

Analysisof FEV,/FVC

Covariate: African European African European
Americans Americans  Americans Americans
n=972 n=1415 n=855 n=1335

Age, years 73.3(2.9) 73.7(2.8) 73.3(2.9) 73.7 (2.9)
Women (%) 569 (58.5) 682 (48.2) 481 (56.3) 629 (47.1)
Memphis, TN site (%)b 434 (44.7) 674 (47.6) 375 (43.9) 638 (47.8)
Former Smokers (%) 390 (40.2) 707 (50.0) 350 (41.0) 668 (50.1)
Current Smokers (%) 139 (14.3) 75 (5.3) 124 (14.5) 71 (5.3)
Pack-years 27.4(23.9) 343(30.9)  27.7(23.9) 34.2(30.8)
FEV,, ml

Women 1724 (367) 1946 (379) 1729 (368) 1959 (376)

Men 2369 (517) 2759 (531) 2382 (511) 2767 (533)
% Predicted FEV, 99.4 (21.4) 955(16.9)  99.8(21.3) 95.9(16.9)
FEV,/FVC (%) 77.0 (7.4) 75.9 (6.1) 76.0(6.6)  75.1(5.8)

aMean (SD) listed unless otherwise indicated; table columns refer to participants studied in the analysis of the listed phenotype

bvs. Pittsburgh, PA site.
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