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METHODS

Study phenotype

Subjects were current and former smokers with at least a 10 pack-year smoking history in
COPDGene and ECLIPSE, and at least a 2.5 pack-year smoking history in GenKOLS. Subjects
completed a modified American Thoracic Society respiratory questionnaire and standardized
spirometry, as well as chest CT, and provided blood for DNA extraction and genetic analysis (1,
2).

Quality control

Study based subject-level data cleaning removed subjects with sex discrepancies including
chromosomal aneuploidies, and tested for excess or deficiency of heterozygosity (inbreeding
coefficients, F-test absolute value > 0.2) (3). Study based variant-level cleaning was conducted
separately in male and female datasets. Variants were excluded if they had minor allele
frequency < 1%, variant level missingness > 2%, differential missingness between sexes of > 2%,
or for a significant departure from Hardy-Weinberg equilibrium in females (p < 1 x 104). The
data cleaned by sex was merged, and only variants passing quality control in both sexes for that
study were retained for XWAS.

Imputation

Data from subjects and variants passing quality control were used for imputation of untyped
variants based on the Haplotype Reference Consortium reference panel (version r1.1 2016) via
the Michigan Imputation Server v1.0.2
(https://imputationserver.readthedocs.io/en/latest/pipeline/) (4). Imputed posterior genotype
dosage probabilities were filtered for imputation accuracy (INFO-score) and removed for R? <
0.5 (3).

Significance and suggestive thresholds

The primary threshold for identifying genome-wide significant associations was a p-value for
association p <5 x 108 (5, 6). We examined additional suggestive associations, defined as p-
values at the level of 10 or less if associations were present at that level, and at the level to
107 if no other associations were observed.



Annotation
Annotation of variants was performed using National Center for Biotechnology Information
databases dbSNP/Gene, UCSC Genome Browser, Ensembl, LDlink, and LocusZoom (7-11).

RESULTS

Annotation of rs142755000

The sex-stratified analysis by Zhao et al. found that rs142755000 reached genome-wide
significance for FEV1. Zhao found it has the same direction of effect in males and females, but a
notably larger effect in males, which was not seen in our current study. We annotated
rs142755000 to HMGNS5 and a nearby top suggested variant we identified in HMGNS5,
rs185387095, did have significant sex-differences in this XWAS for FEV; with larger effect in
males (8 males -0.039, 8 females -0.029, sex-difference p 3.30 x 10°?). The closest gene to
rs142755000 is BRWD3, 149kb upstream. In this study we annotated rs142755000 to HMGNS5,
which is 155kb downstream (Table 2). This annotation to HMGN5 was made due to the fact that
another top suggested association in this study, rs185387095, is found in HMGN5, and
rs142755000 is in linkage disequilibrium (LD) at R2 0.52 (11). Additionally, there are other LD
variants within the same recombination hotspot that includes HMIGN5 and are in and near
rs142755000 (supplement Figure 3).

DISCUSSION

Suggestive associations

In COPD there was a suggestive association in SH3KBP1, a gene that escapes XCl, encoding a
protein that facilitates protein-protein interactions and has been implicated in cellular
processes including cell adhesion, cytoskeletal rearrangement, apoptosis, endocytosis, and it
has been shown to play a role in maturation of alveolar epithelial cells and surfactant
production in mice (7, 12-14). SH3KBP1 is expressed in lung tissue and exhibits sex-biased gene
expression in whole blood (15, 16).

In lung function XWAS, variants in Xp11.21 were implicated including the dense region in
FOXR2/near RRAGB/near PAGE5. FOXR2 is a member of the FOX superfamily of genes known to
interact with -catenin and to play a role in epithelial-mesenchymal transition of cancer cells,
and in non-small cell lung cancer (NSCLC). FOXR2 expression inactivates the Wnt/[-catenin
pathway (17, 18). RRAGB, a gene expressed in lung tissue, is part of a large family of signal
transducers, and high expression of RRAGB has been found to predict good survival in NSCLC (7,
16, 19). PAGES is part of family of proteins expressed in some fetal tissues as well as in a variety
of tumors, and it encodes a protein that may protect cells from programed cell death (20).

Among top suggestive associations in females were a number of genes that are expressed in
lung tissue and have interesting implications in disease pathobiology (16). LINC0259 is a long
noncoding RNA that mediates TGF-f signaling and has been implicated in lung cancer cell
migration and invasion (16, 21). TMEMA47 encodes a highly conserved protein that is a member
of the PMP22/EMP/claudin family important in cell morphology that is involved in localization
of tight junction proteins and actomyosin structure (7, 22, 23). ITM2A has been implicated in
ankylosing spondylitis where it is differentially expressed by CD4+ T cells and is involved in T cell



activation (24, 25). TAB3 encodes a protein that functions in the NF-xB signaling pathway,
which plays a role in response to pro-inflammatory cytokines TNF or IL-1. It has been reported
to be involved in signaling events in pathogenesis or progression of idiopathic pulmonary
fibrosis, where it is thought to alter immune response, tissue repair, and fibrosis (26).

DMD, a top suggestive association for COPD for males as well as for FEV1/FVC for females,
encodes dystrophin and is the largest gene identified in humans; it has been associated with an
extensive number of traits (7, 13, 14, 27). DMD is known to escape X chromosome inactivation,
demonstrate sex-biased gene expression in lung tissue with a female bias, and have female-
biased expression in numerous other tissues (13, 15, 28). Dystrophin is present in cardiac and
cytoskeletal muscle and mutations in DMD lead to Duchenne’s and Becker’s muscular
dystrophies, X-linked recessive disorders that manifests only in males and results from
decreased dystrophin production (29). Duchenne’s muscular dystrophy patients have early
mortality related to respiratory muscle weakness, with decreased muscle strength leading to
hypoventilation.
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Supplement Figure 1 a: COPDGene XWAS in Stratified Populations All Subjects
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Supplement Figure 1 a Steps in XWAS for COPDGene all subjects. Numbers in parentheses represent variants removed.
Abbreviations: XWAS X chromosome association study; Chr chromosome; SNP single nucleotide polymorphism; ILD interstitial lung
disease; COPD chronic obstructive pulmonary disease; FEV: Forced expiratory volume in one second; L liters; FVC forced vital
capacity; PCs principal components of genetic ancestry; MAF minor allele frequency.




Supplement Figure 1 b: COPDGene XWAS in Stratified Populations Males
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Supplement Figure 1 b Steps in XWAS for COPDGene male subjects. Numbers in parentheses represent variants removed.
Abbreviations: XWAS X chromosome association study; Chr chromosome; SNP single nucleotide polymorphism; ILD interstitial lung
disease; COPD chronic obstructive pulmonary disease; FEV: Forced expiratory volume in one second; L liters; FVC forced vital
capacity; PCs principal components of genetic ancestry; MAF minor allele frequency.



Supplement Figure 1 c: COPDGene XWAS in Stratified Populations Females

Females: 3164
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Supplement Figure 1 c Steps in XWAS for COPDGene female subjects. Numbers in parentheses represent variants removed.
Abbreviations: XWAS X chromosome association study; Chr chromosome; SNP single nucleotide polymorphism; ILD interstitial lung
disease; COPD chronic obstructive pulmonary disease; FEV: Forced expiratory volume in one second; L liters; FVC forced vital
capacity; PCs principal components of genetic ancestry; MAF minor allele frequency.



Supplement Figure 2: Meta-analysis XWAS in Stratified Population
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Supplement Figure 2 Steps in X\WAS meta-analysis. Numbers in parentheses represent variants removed. Abbreviations: XWAS X chromosome
association study; COPD chronic obstructive pulmonary disease; FEV; Forced expiratory volume in one second; L liters; FVC forced vital capacity.




Supplement Figure 3: Meta-analysis Locus Plots
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Supplement Figure 3 Locus plots for additional top suggested associations in meta-analysis. Abbreviations: COPD chronic
obstructive pulmonary disease; XWAS X chromosome association study; FEV; Forced expiratory volume in one second; L liters;
FVC forced vital capacity.



Supplement Figure 4: Meta-analysis Quantile-Quantile and Manhattan Plots

COPD XWAS Meta-analysis COPD XWAS Meta-analysis
Case (N=5382) vs Control (N=3501), 223954 variants Case (N=5382) vs Control (N=3501), 223954 variants
6 —
o :
5
t
< 4 ' . . .
_ o ;
3 LI . -. .
3
> ~ :
o @ - o .
I =] .
S 5
3 3 -
< [l o
2
5
24
1 4
1=1.07
o 4
T T T T T T 0 -
0 1 2 3 4 5 0.0e+00 5.0e407 1.0e+08 1.5e+08
Expected —logio(p) Chromosome 23 position
FEV1 L XWAS Meta-analysis FEV1 L XWAS Meta-analysis
Subjects N=10193, 223996 variants Subjects N=10193, 223996 variants
7
R .
© -
/‘,/ 6 -
w0 - //
5
S
-
) — 4
o Q
: =
3 o - 8
g | 3 -
2
o
~ 4
>
1 4
A=1.14
o -
T T T T T T 0 -
0 1 2 3 4 5 0.0e+00 5.0e+07 1.0e+08 1.5e+08
Expected —logio(p) Chromosome 23 position

12



Observed —logyo(p)

Observed —logyo(p)

FEV1/FVC XWAS Meta-analysis
Subjects N=10193, 223999 variants

FEV1/FVC XWAS Meta-analysis
Subjects N=10193, 223999 variants

8 -
: 7 6
/// .
////" .
- 3
s 4
o
|
2
A1=1.04
T T T T 0-
2 3 4 5 0.0e+00 5.0e+07 1.0e+08 1.5e+08
Expected —logio(p) Chromosome 23 position
Emphysema XWAS Meta-analysis Emphysema XWAS Meta-analysis
Subjects N=8574, 223946 variants Subjects N=8574, 223946 variants
5 —
4 ° . B
[ ] . . .
) $ H . .
. 3 e .
. . . H
] H :
3 " He
: .
]
o
T
2
1 4
1=0.93
T 0-
2 3 4 5 0.0e+00 5.0e+07 1.0e+08 1.5e+08

Expected —logio(p)

Chromosome 23 position

13



Observed —logyo(p)

Observed —logyo(p)

COPD MALES XWAS Meta-analysis
Case (N=3232) vs Control (N=1749), 224029 variants

1=1.06
T T T T T T
0 1 2 3 4 5
Expected —logio(p)
FEV1 L MALES XWAS Meta-analysis
Subjects N=5649, 224268 variants

A=1.08

Expected —logio(p)

~logio(p)

~logio(p)

COPD MALES XWAS Meta-analysis
Case (N=3232) vs Control (N=1749), 224029 variants

0.0e+00 5.0e+07 1.0e+08 1.5e+08

Chromosome 23 position

FEV1 L MALES XWAS Meta-analysis
Subjects N=5649, 224268 variants

0.0e+00

5.0e+07

1.0e+08 1.5e+08

Chromosome 23 position

14



Observed —logyo(p)

Observed —logyo(p)

FEV1/FVC MALES XWAS Meta-analysis
Subjects N=5649, 224268 variants

A=1.05

T T T T
2 3 4 5

Expected —logio(p)

Emphysema MALES XWAS Meta-analysis
Subjects N=4724, 224107 variants

A=1.04

Expected —logio(p)

~logio(p)

~logio(p)

FEV1/FVC MALES XWAS Meta-analysis
Subjects N=5649, 224268 variants

H
.
. . : . {
. "' .
| N
A
i
i iy

0.0e+00 5.0e+07 1.0e+08 1.5e+08

Chromosome 23 position

Emphysema MALES XWAS Meta-analysis
Subjects N=4724, 224107 variants

0.0e+00 5.0e+07 1.0e+08 1.5e+08

Chromosome 23 position

15



Observed —logyo(p)

Observed —logyo(p)

COPD FEMALES XWAS Meta-analysis
Case (N=2150) vs Control (N=1752), 223295 variants

A=1.06

T T T
2 3 4

Expected —logio(p)

FEV1 L FEMALES XWAS Meta-analysis
Subjects N=4544, 223362 variants

A=1.06

Expected —logio(p)

~logio(p)

~logio(p)

COPD FEMALES XWAS Meta-analysis
Case (N=2150) vs Control (N=1752), 223295 variants

0.0e+00 5.0e+07 1.0e+08 1.5e+08

Chromosome 23 position

FEV1 L FEMALES XWAS Meta-analysis
Subjects N=4544, 223362 variants

0.0e+00 5.0e+07 1.0e+08 1.5e+08

Chromosome 23 position

16



Observed —logyo(p)

Observed —logyo(p)

FEV1/FVC FEMALES XWAS Meta-analysis
Subjects N=4544, 223361 variants

™ 3
C
>
o
o~ |
2
- .
o
0
0 1 2 3 4 5 0.0e+00
Expected —logio(p)
Emphysema FEMALES XWAS Meta-analysis
Subjects N=3850, 223384 variants
5 —
< 4
4 -
» 4
3
C
>
o
o |
2
1 4
o
T T T T T T 0-
0 1 2 3 4 5 0.0e+00

Expected —logio(p)

FEV1/FVC FEMALES XWAS Meta-analysis
Subjects N=4544, 223361 variants

5.0e+07 1.0e+08 1.5e+08

Chromosome 23 position

Emphysema FEMALES XWAS Meta-analysis
Subjects N=3850, 223384 variants

5.0e+07 1.0e+08 1.5e+08

Chromosome 23 position

Supplement Figure 4 QQ and Manhattan plots for the twelve XWAS meta-analyses. Abbreviations: COPD chronic obstructive
pulmonary disease; XWAS X chromosome association study; FEV; Forced expiratory volume in one second; L liters; FVC forced
vital capacity.



Supplement Figure 5: Sex differential edge weights connecting the transcription factor POU3F4 in GTEx Lung Tissue
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Supplement Figure 5 Sex differential edge weights connecting the transcription factor POU3F4 to 23 target genes (FDR<0.05).
Includes 18 female-biased edges (red), 5 male-biased edges (blue). Yellow nodes represent target genes in the X chromosome
and purple notes in the autosome.




