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Chronic obstructive pulmonary disease (COPD) is a leading cause of death worldwide, and long-
term oxygen therapy has been shown to reduce mortality in COPD patients with severe
hypoxemia. However, the Long-term Oxygen Treatment Trial (LOTT), a large randomized trial,
found no benefit of oxygen therapy in COPD patients with moderate hypoxemia. We hypothesized
there may be differences in response to oxygen which depend on genotype or gene expression. In a
genome-wide time-to-event analysis of the primary outcome of death or hospitalization in 331
subjects, 97 single nucleotide polymorphisms (SNPs) showed evidence of interaction with oxygen
therapy at p<le-5, including 7 SNPs near Arylsulfatase B (ARSB, p=6e-6). In microarray
expression profiling on 51 whole blood samples from 37 individuals, at screening and/or at 12-
month follow-up, ARSB expression was associated with the primary outcome depending on
oxygen treatment. The significant SNPs were conditional expression quantitative trait loci for
ARSB expression. In a network analysis of genes affected by long-term oxygen, two observed
clusters including 26 co-expressed genes were enriched in mitochondrial function. Using data
from the observational COPDGene Study, we validated the expression of 25 of these 26 genes,
plus ARSB. The effect of long-term oxygen therapy in COPD varied based on ARSB expression
and genotype. ARSB has previously been shown to be associated with hypoxemia in human
bronchial and colonic epithelial cells and in a mouse model. In peripheral blood, long-term oxygen
treatment affected expression of mitochondrial-related genes, a biologically relevant pathway in
COPD.
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Background

Chronic obstructive pulmonary disease (COPD) is a leading cause of death worldwide, and
mortality from COPD continues to rise. Since the early 1980s, when the Nocturnal Oxygen
Treatment Trial and the Medical Research Council Study both found that long-term oxygen
therapy reduced mortality in COPD patients with severe hypoxemia, supplemental oxygen
became one of the only treatments for COPD with a proven survival benefit [1, 2]. In the
1990s, two trials were performed to investigate whether domiciliary or nocturnal oxygen had
a similar survival benefits for COPD patients with moderate hypoxemia [3, 4]. Though no
overall survival benefit was seen in these two studies, the results in moderately hypoxemic
patients suggested heterogeneity in response to oxygen, based on clinical characteristics. In
the oxygen-treated group in the Gorecka et al. trial, survivors had better lung function and
higher body mass index than non-survivors [3]. Data from the National Emphysema
Treatment Trial further demonstrate heterogeneity in response to oxygen, finding that
supplemental oxygen use by non-hypoxemic patients was associated with reduced survival

[5].

As reported in 2016, the Long-term Oxygen Treatment Trial (LOTT) enrolled 738 COPD
patients with moderate hypoxemia into a randomized clinical trial with two arms [6].
Subjects with hypoxemia at rest were randomized to supplemental oxygen or no
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supplemental oxygen 24 hours daily, while those with hypoxemia upon exertion were
randomized to oxygen with exertion and with sleep. This largest randomized trial to date
concluded long-term oxygen therapy did not prolong the time to death or first hospitalization
among COPD patients with moderate hypoxemia. However, subgroup analysis in LOTT
showed benefits of supplemental oxygen in subjects age 71 or older, subjects who
experienced a COPD exacerbation in the 1-3 months prior to enrollment and subjects with
lower quality of life.

Considering the history of studies of long-term supplemental oxygen in COPD, there is clear
heterogeneity in response to oxygen based on resting oxygen saturation, and there may also
be heterogeneity based on other patient characteristics. There could be differential responses
to oxygen therapy in COPD patients based on genetics, particularly variation in oxygen-
responsive genes. Our group has previously identified genetic variants associated with
resting oxygen saturation [7].

However, pharmacogenomic studies have not yet been conducted to investigate the
heterogeneity of oxygen effects in COPD patients. In other diseases, genetic influences on
oxygen toxicity and oxygen benefit have been demonstrated in both human and animal
studies [8-12]. Based on this background, we hypothesize that a set of oxygen-responsive
genes will be differentially expressed in COPD patients treated with long-term supplemental
oxygen therapy, and genetic variation and gene expression could underlie inter-individual
variation in response to oxygen. Herein, we examined genome-wide genetic variation and
microarray gene expression in a subset of the LOTT study population. We used multi-omics
data from the observational COPDGene study [13, 14] to validate some of the findings from
LOTT. Some of the results from this study have been previously reported as an abstract [15].

Materials and Methods

For detailed descriptions of the methods, see the supplementary material. Figure 1 shows an
overview of the study design.

LOTT Genomics Study

Ancillary study subjects were enrolled from LOTT [6]. In LOTT, 738 COPD patients with
moderate resting hypoxemia or exercise-induced desaturation were randomized to long-term
supplemental oxygen or no supplemental oxygen therapy, either 24 hours daily or with
exercise and sleep, respectively. A total of 354 subjects provided DNA samples and 37
subjects provided 68 whole blood RNA samples for expression studies. Subjects gave
written informed consent, and the genetics study was approved by the institutional review
board at each participating center.

DNA samples were genotyped on the Infinium Multi-Ethnic Global-8 chip (Illumina, San

Diego, CA). At four centers, whole blood samples were collected in PaxGene RNA tubes.
Genome-wide gene expression levels were measured using the HHlumina HumanHT-12 v4

BeadChip. The raw genotype data was preprocessed by GenomeStudio for quality control
(See supplemental methods for detailed quality control criteria). Genotype imputation was
performed using Minimac3 based on the 1000 Genome Project Phase3 panel. Raw
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microarray data were preprocessed using the lumi R package (See supplemental methods).
To measure relative gene expression level, variance stabilization and quantile normalization
was performed. LOTT microarray data are available in the Gene Expression Omnibus
database (accession GSE111790).

Statistical analysis for time-to-event variable

The genetics study used the same primary outcome as LOTT: time to death or first
hospitalization. With the SNP data, genome-wide time-to-event analysis was performed
using Cox proportional hazards models with an interaction term between additive genotype
and an indicator variable for oxygen therapy. Covariates included age, sex, and principal
components derived from genetic data along with main effect terms for oxygen therapy and
each SNP. Analysis was performed separately in the two racial groups (White and Black).
Using matched coordinates of SNPs and transcripts on the hg19 reference genome, we
identified transcripts located +50kb of the SNPs (based on the probe coordinates), after
removing uncharacterized transcripts, poorly mapped probes and SNPs violating the
assumption of proportional hazards in time-to-event analysis. Transcriptome analysis
examined the statistical interaction between gene expression and oxygen treatment (See
supplemental methods).

Conditional expression quantitative trait loci (eQTL) analysis in COPDGene

In the COPDGene study, 6,752 White subjects were genotyped [13] and gene expression
levels were measured in 510 individuals using RNA-sequencing [14]. COPDGene RNA-
sequencing data are available in GEO (GSE97531). Using the data from 376 White subjects,
two types of eQTL analyses were performed. In the conventional eQTL analysis, we
performed linear association tests to assess whether the SNP genotype is associated with
gene expression. The conditional eQTL model included a genotype-by-oxygen interaction
term.

Gene expression affected by long-term oxygen therapy in LOTT

RESULTS

In LOTT, a total of 51 gene expression samples were available for the longitudinal analysis
after quality control. The gene expression data consisted of 37 COPD patients treated with
oxygen vs. no treatment, either at screening or 12-month follow-up, or at both time points.
Due to the unbalanced paired data, we used a mixed-effects model, with individual as the
random effect to incorporate the longitudinal design. Oxygen therapy and study time points
were the fixed effects. Sex, age, and smoking pack-years were considered as covariates.
Functional enrichment analysis was performed using DAVID [16] and network-based
clustering analysis was conducted to characterize genes affected by oxygen therapy. We also
tested for association between gene expression baseline resting oxygen saturation (SpO>)
and 6 minute walk distance, using robust regression based on Huber’s M-estimator [17].

Study subjects

After quality control, genome-wide genotype data were available for 331 LOTT subjects
(Supplementary Tables S1 and S2) and microarray gene expression data were available for
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51 whole blood samples from 37 individuals, either at screening, 1 year follow-up, or both
time points (Tables 1, Supplementary Table S3). Of the 331 genotyped subjects, 168 and 163
COPD patients were randomly assigned to the oxygen and no-oxygen groups, respectively.
Transcriptome data were available for 14 oxygen and 16 no-oxygen randomized subjects
from the screening time-point, and 11 and 10 subjects at the 12-month follow-up. Most
subjects had moderate to severe COPD (GOLD spirometry grades 2 and 3) [18].

Genome-wide time-to-event analysis for the LOTT primary outcome

Time-to-event analysis for the LOTT primary outcome was performed with an interaction
term between genotype and oxygen therapy. Examination of the quantile-quantile plots of —
loglO(p-values) showed no evidence of inflation among White subjects, but there appeared to
be inflation in the Black subjects, likely due to the smaller sample size (Supplementary
Figure S1); therefore, we focused only on the white subjects. At p <le-5, 97 SNPs showed
evidence of an interaction between genotype and oxygen therapy, which represented 15
different genomic regions (Figure 2 and Supplementary Table S4). In these regions, we
searched for annotated transcripts located +50 kb from the chromosomal location of each
SNP, resulting in 12 SNPs and five transcripts falling in 5 linkage disequilibrium (LD)
blocks: CDK5R2, ARSB, MLLT3, SLC31A2, and TLR4(Table 2, Supplementary Figure
S2). No adjacent transcripts were found for the remaining 85 SNPs. Time-to-event analysis
of these 5 transcripts showed that only the ARSB (arylsulfatase B) gene is significantly
associated with the primary outcome according to oxygen treatment at Bonferroni adjusted P
< 0.05.

In the genetic analysis, there were 7 SNPs near the ARSB gene which were in nearly
complete LD (r?= 0.97 to 1), with average minor allele frequency of 0.155. Therefore, we
considered these 7 SNPs as one LD block and selected one of five perfectly correlated SNPs
(rs7732088) as a representative in the subsequent analyses. There was a difference in the
effects of oxygen therapy in heterozygous subjects (Bonferroni adjusted P= 1.06e-04), with
improved outcomes in oxygen-treated subjects (Figure 3a and Supplementary Table S5).
There was no difference in oxygen effect in the homozygotes for the major allele. There was
a nominally significant difference in outcomes between oxygen and no oxygen treatment
groups for subjects with high or low ARSB expression (Figure 3, Supplementary Table S5).
We identified the same LD block in the 41 African American LOTT subjects with genotype
data (average r2=0.89). In a parallel SNP analysis to Table S5, we confirmed similar
directions for the hazard ratios, though none of the results were statistically significant (data
not shown).

eQTL analysis in the COPDGene study

We hypothesized that there will be a cis-regulatory mechanism between ARSB and
identified SNPs, which we tested using the larger sample size of GWAS and RNA-
sequencing data from the COPDGene study (Supplementary Table S6). There was no
evidence of eQTL associations between ARSB and nearby SNPs in the conventional eQTL
analysis (Figure 4a). However, the conditional eQTL analysis based on current oxygen
therapy showed significant cis-regulatory relationships (LR 4.82, P=0.028) (Figure 4bc).
This result is consistent with the directionality of interaction effects in the LOTT time-to-

J Mol Med (Berl). Author manuscript; available in PMC 2019 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Seo et al.

Page 6

event analyses. These results suggest COPD patients carrying the minor allele at the 7 SNPs
near ARSB may have a longer or shorter time to death or hospitalization based on up- or
down-regulation of expression levels of the ARSB, depending on oxygen therapy.

Longitudinal transcriptome analysis in LOTT to detect genes affected by oxygen treatment

In a longitudinal analysis using a mixed effects model, 192 genes were differentially
expressed between oxygen treatment groups at a nominal P<0.01; 80 and 112 genes were
up- and down-regulated, respectively. Functional enrichment analysis was performed using
DAVID [16]; these genes were enriched in 33 functional terms at false discovery rate (FDR)
adjusted P < 0.1 (Supplementary Table S7). A network-based clustering analysis of the
observed functional terms was performed, identifying two large clusters enriched in down-
regulated genes (Figure 5). In Cluster 1 (Enrichment score: 2.95), functional terms were
related to mitochondrial function, such as Mitochondrion inner membrane (Pgj: 1.79e-03),
Electron transport (1.98e-03), Respiratory chain (2.12e-03), Mitochondrion (3.63e-03), and
12 other terms. These terms of Cluster 1 were based on 15 down-regulated genes in the
oxygen group (Figure 5 and Supplementary Figure S3). In Cluster 2 (Enrichment score:
3.19), 11 functional terms were related to ribosomes, such as Ribonucleoprotein (5.63e-09)
and Ribosomal protein (3.12e-04). A total of 14 down-regulated genes belonged to this
cluster (Figure 5). Three overlapping genes, MRPL35, MRPS18C, and MRPS33, were
observed in both clusters, and these genes encoded mitochondrial ribosomal proteins. For
this reason, we further investigated the co-expression pattern of these 26 genes in two
clusters. We visualized a correlation-based network additionally including the ARSB gene
and two COPD-related traits (resting oxygen saturation and 6-minute walk distance), and
found that three genes were negatively correlated with ARSB (-0.344+0.005) (Figure 5).
The rest of the 23 genes in Clusters 1 and 2 were positively correlated with each other
(0.764%0.006) and negatively correlated with resting oxygen saturation (Figure 5,
Supplementary Table S8). The FADSZ gene was negatively correlated with 6 minute walk
distance (P,gj= 0.026). ARSB expression was not significantly affected by oxygen therapy in
the longitudinal analysis (P=0.20 for interaction between oxygen therapy and time and P=
0.061 at 12-month follow-up) (Figure 4de), and was not associated with resting oxygen
saturation (P=0.95) or 6 minute walk distance (P=0.11).

Validation in the COPDGene study

Using COPDGene whole blood RNA-sequencing data[14], we tested for differential
expression of these 26 genes based on self-reported supplemental oxygen use adjusted for
covariates including GOLD spirometry grade. After we combined the evidence from the
results based on LOTT and those based on COPDGene, 25 of the 26 genes were significant
at FDR adjusted P<0.05 (Table 3). The ARSB gene was not differentially expressed in
LOTT, but was significant in the RNA-seq analysis of COPDGene (P=0.03). The combined
evidence from LOTT and COPDGene showed that 4 of these genes were significantly
associated with resting SpO, (Supplementary Table S9). The association between FADS2
expression and 6-minute walk distance was not replicated in COPDGene data. SNPs near
ARSB, tested using rs7732088 as a proxy, were not associated with resting SpO,, 6-minute
walk distance, SGRQ score, FEV4, DLCO or chest CT scan measures of emphysema.
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DISCUSSION

In the LOTT pharmacogenomics study, we tested two hypotheses and two main results were
observed which support the heterogeneity of the effects of oxygen among COPD patients
with moderate hypoxemia at rest and/or with exercise. The first outcome was derived from
the hypothesis that genetic variation and gene expression may influence the effect of long-
term oxygen treatment. The second result was derived from hypothesis that oxygen-
responsive genes may be differentially expressed in COPD patients treated with long-term
oxygen.

We found an LD block including 7 SNPs on chromosome 5q14.1 was differentially
associated with the time-to-event of death or hospitalization based on oxygen treatment and
that the expression of the ARSB gene, located near these 7 SNPs, showed similar effects on
the LOTT primary outcome. In blood samples from the larger COPDGene study, we
confirmed these SNPs influence the levels of ARSB gene expression conditional on
supplemental oxygen use. This result show these SNPs could conditionally cis-regulate the
expression level of ARSB, thereby extending or shortening the time to death or
hospitalization in COPD patients. Previous work supports ARSB as an 0xygen-responsive
gene. The expression levels of ARSB were found to be decreased in response to hypoxemia
in human bronchial or colon epithelial cells and in mouse model experiments [19, 20].
ARSB deficiency led to increased cellular sulfated glycosaminoglycans (GAGS),
extracellular acidification rate, and lactate production, and decreased mitochondrial
membrane potential, oxygen consumption rate, mitochondrial complex | activity, and
activity of NADH and NADPH [20] Mitochondria are highly sensitive to these changes
including the loss of mitochondrial membrane potential, resulting in accumulation of
reactive oxygen species (ROS), which cause lung inflammation [21, 22]. Additionally,
recessive mutations in ARSB are the cause of Mucopolysaccharidosis type VI, which has
been associated with pulmonary hypertension [23].

Our findings are consistent with these prior papers in cell and animal models [19, 20].
COPD patients with moderate hypoxemia and risk alleles not treated with oxygen showed
downregulated ARSB, which may result in mitochondrial dysfunction, ROS accumulation
and ultimately death or hospitalization events. On the other hand, if COPD patients received
oxygen therapy, the gene-expression level of ARSB increases, improving survival and
reducing hospitalization events. In COPD patients homozygous for major allele at these
SNPs, oxygen treatment did not affect ARSB expression, and there is no difference in
survival or hospitalization regardless of oxygen therapy.

The second outcome of this study focused on the transcriptome changes affected by oxygen
therapy at one year. We found 26 downregulated genes which were enriched in two
functional clusters; all of these genes were involved in mitochondrial function. In addition,
these genes showed a very strong co-expression pattern and a negative association with
resting oxygen saturation. The expression pattern of these mitochondrial-related genes was
downregulated at one year in patients with COPD randomized to oxygen and upregulated in
patients without oxygen. Six of the observed genes were involved in oxidative
phosphorylation, including cytochrome c oxidase subunit 6C (COX6C), ubiquinol-
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cytochrome ¢ reductase hinge protein (UQCRH) and four NADH dehydrogenase
(ubiquinone) subunits of the mitochondrial respiratory chain complex (VDUFA1, NDUFASG,
NDUFBS3, and NDUFS4). Impaired oxidative phosphorylation is important in multiple
aging-related diseases such as Parkinson's disease, Alzheimer's disease, and chronic
inflammatory diseases like COPD [24-29]. Upregulation of oxidative phosphorylation can
lead to increase in ROS. Recent studies have begun to address mitochondrial dysfunction as
a mechanism in COPD pathogenesis [30-32]. In muscle biopsies from COPD patients,
cytochrome oxidase activity and mitochondrial gene expression were inversely related to
resting PaO, [28]. In our results, COX6C and co-expressed oxidative phosphorylation genes
were upregulated in control subjects, who would be assumed to have chronically lower PaO,
compared to oxygen treated subjects. These effects were confirmed in the COPDGene RNA-
seq data analysis. Both hypoxemia and short term use of supplemental oxygen may increase
oxidative stress [33]; however, long-term oxygen may actually reduce these effects.

Based on the observations from two different analyses, we speculate that the ARSB gene
and 26 mitochondrial related genes may be connected with each other through a mechanism
related to mitochondrial dysfunction. Low expression of ARSB and overexpression of
oxidative phosphorylation genes in the absence of oxygen treatment may all suggest
overproduction of ROS. The co-expression network demonstrated ARSB and three
mitochondrial-function related genes zinc finger CCHC-type containing 17 (ZCCHCZ17),
fatty acid desaturase 2 (FADS2), and glutathione-disulfide reductase (GSR) were negatively
correlated, whereas ZCCHC17was positively correlated with other mitochondrial genes.

This study has several limitations. Although this study was based in LOTT, the largest
randomized trial of oxygen therapy to date, the sample size was limited for a genetics study.
Therefore, we were not able to achieve the strict threshold of p<5e-8 which defines
genomewide significance. Instead, we used a more liberal p<le-5 in the time to event
analysis, with validation of results using gene expression data in LOTT. In the absence of
another randomized trial for replication, multi-omics data from the COPDGene study was
used for validation and eQTL analysis. Since COPDGene is an observational study, there
will be confounding between oxygen use and COPD severity [34], which was considered as
a covariate in the analyses. Subjects were enrolled in LOTT based on moderate hypoxemia
at rest and/or exercise, and were randomized to oxygen full time or with exercise and during
sleep, respectively. As in the main LOTT trial [6], both groups were combined in our
analysis. Because of the limited sample size, we were not able to stratify subjects to
determine if the pharmacogenetic effects were different based on enrollment criteria and
oxygen prescription. The genetic and gene expression associations, including possible eQTL
effects of SNPs on ARSB expression should be confirmed experimentally in future studies.
Despite these limitations, we have found consistent effects in the LOTT study and the
independent sample from COPDGene. Furthermore, experimental confirmation of the
relationship between ARSB and hypoxemia in cell and animal models suggests that our
results are valid [19, 20].
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Conclusions

We found that SNPs near the ARSB gene and reduced ARSB gene expression were
associated with differential effects of long-term oxygen treatment in COPD patients with
moderate hypoxemia. This suggests that ARSB genotypes or gene expression levels could
potentially serve as a biomarker to personalize prescription of long-term oxygen in COPD
patients with moderate hypoxemia at rest and/or with exercise, although more studies will be
required to determine the clinical utility of this biomarker. In the absence of oxygen
treatment, mitochondrial genes were upregulated, which supports the importance of
mitochondrial dysfunction in the progression of COPD. The results of this study provide a
step forward in understanding the molecular effects of supplemental oxygen in COPD and
the heterogeneity of response to long-term oxygen treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key message

. SNPs and expression of ARSB are associated with response to long-term
oxygen in COPD

. The ARSB SNPs were expression quantitative trait loci depending on oxygen
therapy
. Genes differentially expressed by long-term oxygen were enriched in

mitochondrial functions

. This suggests a potential biomarker to personalize use of long-term oxygen in
COPD
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Figure 2. Manhattan plot of genome-wide time-to-event analysis for LOTT primary outcome
Blue dots indicate SNPs with P < 1e-5.
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Figure 3. Time-to-event analyses of the ARSB gene and adjacent 7 SNPs in LOTT.
(a) Kaplan-Meier plot of ARSB SNPs in genetic data analysis. These SNPs are located at 5q

14.1 and exhibit strong linkage disequilibrium; therefore, rs7732088 was used as
representative SNP. (b) Kaplan-Meier plot of ARSB gene expression. (¢) LocusZoom plot
for genome-wide time-to-event analysis for SNPs identified near ARSB.
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Figure 4. Conventional and conditional eQTL analysis of ARSB gene in the COPDGene Study.
(a) Conventional eQTL plot between TMM normalized ARSB expression and dominant

coded genotype of the rs7732088 SNP selected as representative of 7 SNPs. (b) Conditional
eQTL plot showing interaction effect between genotype and oxygen effect. The dotted-line
and error bar represent mean+SEM. (c) Same data as in part (b), with oxygen treatment
plotted on the x-axis. (d) Longitudinal gene expression pattern of the ARSB gene. There was
no significant interaction (P= 0.20). (e) ARSB gene expression at screening and 12-month
follow-up. There was no significant differential expression based on oxygen treatment at

either time point.
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(a) Network plot for DAVID functional enrichment analysis using up- and down-regulated
genes in the oxygen group in longitudinal gene expression analysis. Two functional clusters
were observed in down-regulated genes at FDR adjusted P < 0.1. (b) Correlation-based

network of co-expressed genes and COPD related traits.
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LOTT Pharmacogenomics Study subjects

Table 1.

Characteristics

Genetic data
(n=331)

Expression data
(n=51)

Measured time points

At screening

At screening | 12-month Follow-up

Randomized to oxygen vs. control 168/163 14/16 11/10
Desaturation ™ 48 6 4
Resting only 164 17 11
Exercise only 119 7 6
Resting and exercise
Age, years 70.1+6.82 71.8+8.05 71.1+5.75
Sex Male: 194 Male: 16 Male: 14
Female: 137 Female: 14 Female: 7
BMI, kg/m"2 28.2+6.14 27.7+5.77 30.3+6.03
Race White:200 [ hiter20 [ Juhiter 13
Black: 41 Black: 10 Other: 1
0:5 .
1:18 0: 1 1:3
. 2:115 1.3 2:5
GOLD Spirometry Grade 31 147 2:8 31 9
4: 45 i: ;6 4:3
NA: 1 ’
Pack-years of smoking 59.3+32.3 56.9+46.51 68.8+55.6
Resting oxygen saturation (SpO,) 93.7+£2.08 94.3+2.07 93.6+1.94

6 minute walk distance, feet

1060.7+326.96

951.4+271.66 | 904.1+3 16.44

Post Bronchodilator FEV1 percent predicted

48.2+17.38

53.6+23.13 56.4+26.29

Plus-minus values represent means + SD and categorical values represent number of subjects.

BMI=body mass index; GOLD= Global Initiative for Obstructive Lung Disease; FEV1= forced expiratory volume in 1 second

Page 18

*
Moderate resting desaturation defined as SpO2 89-93%. Moderate exercise-induced desaturation defined as SpO2 =80% for >5 minutes and <90%

for =10 seconds during 6-minute walk test [6].
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Result of time-to-event analysis with five candidate transcripts resulting from the genetic analysis

Table 2.

Gene symbol | Chromosome | Strand Probe coordinate P-value™ P-adjustedT
CDK5R2 2 + 219826469-219826518 0.059 0.298
ARSB 5 - 78073232-78073281 0.001 0.005
MLLT3 9 - 20345151-20345200 0.462 1
SLC31A2 9 + 115926028-115926077 0.075 0.379
TLR4 9 + 120477004-120477053 0.344 1.000

*
P-value derived for interaction term between gene expression levels and indicator of oxygen use in Cox proportional hazards model for the LOTT

primary outcome.

fBonfcrroni adjusted P-value.
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Table 3.

Meta-analysis of gene expression affected by oxygen therapy in LOTT and COPDGene

bined Adj.

Gene P-value P-value Com INed | combined

symbol LOTT | COPDGene | P-value pval *t
-value

NDUFA1 1.37e-03 3.15e-01 3.89e-03 5.82e-03

NDUFA6 4.42e-04 1.01e-02 6.92e-05 3.74e-04

NDUFB3 5.87e-03 1.92e-02 9.41e-04 2.31e-03

NDUFS4 1.47e-03 4.63e-03 9.58e-05 4.31e-04

coxe6C 2.31e-03 2.54e-04 1.52e-05 2.78e-04

MRPL35 4.49e-03 1.41e-01 4.45e-03 5.82e-03

MRPS18C | 3.60e-03 1.25e-02 4.39e-04 1.32e-03

MRPS33 9.27e-03 1.61e-02 1.19e-03 2.68e-03

TMEMI126A | 8.21e-03 4.66e-02 2.69e-03 4.84e-03

UQCRH 7.20e-03 4.34e-02 2.26e-03 4.69e-03

FADS2 3.23e-03 1.07e-01 2.60e-03 4.84e-03

COQ5 3.33e-03 7.25e-03 2.64e-04 8.90e-04

ACSM3 4.97e-03 6.45e-01 3.38e-02 3.51e-02

THEM2 8.29e-03 7.32e-02 4.04e-03 5.82e-03

GSR 1.23e-02 4.87e-02 3.94e-03 5.82e-03

LSM1 5.84e-03 2.53e-04 2.99e-05 2.78e-04

LSM3 5.09e-03 1.06e-02 5.09e-04 1.38e-03

LSM7 7.24e-03 9.26e-02 4.47e-03 5.82e-03

NSAZ 9.86e-03 1.57e-01 9.53e-03 1.07e-02

RPL26L 1 7.23e-03 1.47e-01 6.92e-03 8.12e-03

RPL26 3.84e-03 1.02e-03 6.23e-05 3.74e-04

RPL31 8.91e-03 1.27e-03 1.43e-04 5.53e-04

RPL34 2.70e-03 5.74e-04 3.09e-05 2.78e-04

RPS17 7.25e-03 8.00e-01 7.95e-02 7.95e-02

SRP14 9.88e-03 7.04e-02 4.53e-03 5.82e-03

ZCCHC17 | 9.80e-03 8.47e-02 5.32e-03 6.53e-03

ARSB 2.04e-01 3.07e-02 3.10e-02 3.35e-02

Significant result at 5% significance level is shown in bold.
*
Combined P-values using weighted Z-method

fAdjusted P-values using Benjamini and Hochberg’s method
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