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Supplementary Methods

COPDGene study

Institutional review board approval was obtained at 21 participating clinical centers, and written
informed consent was obtained from all participants. Measurements were obtained during a
period of clinical stability, with at least 30 days since their last exacerbation[1]. The current
analysis included 2,396 subjects with quantitative chest CT scan analysis of airway phenotypes
(AWT, Pi10, and WA%) and blood RNA sequencing and a subset of 23 subjects with bronchial
epithelial brushings for gene expression which were performed following the Phase 2 visit[2]. Of
these subjects, 2,181 (91%) participated in a longitudinal follow up program to prospectively
assess exacerbations following the Phase 2 visit. Exacerbation was self-reported, and defined as
an episode of increased dyspnea, cough and/or sputum production that required antibiotic and/or
systemic steroid treatment. In the longitudinal follow up program, exacerbation information was

collected by telephone call or web-based survey every 6 months.

Quantitative CT airway measurements

Volumetric CT was acquired at full inspiration and end expiration [1]. The detailed protocol and
lung imaging findings from COPDGene have been reviewed previously [3]. Quantitative
phenotyping of segmental airways using Thirona software was performed by measuring airway
dimensions in 6 bronchial paths: right upper lobe apical bronchus (RB1), right middle lobe lateral
bronchus (RB4), right lower lobe posterior basal bronchus (RB10), left upper lobe apicoposterior
bronchus (LB1), superior lingular bronchus (LB4) and left lower lobe posterior basal bronchus

(LB10) as per prior studies[4, 5]. The average airway wall thickness (AWT) and airway wall area



percent [WA% = total area of airway — area of airway lumen)/total area of airway x 100] were
calculated. Pil10 was calculated by square root of the wall area at internal perimeter (Pi) of
10mm[6]. Percent emphysema was defined as total percentage of lung voxels with attenuation

values less than -950 Hounsfield units on inspiratory scan.

RNA sequencing

At the COPDGene Phase 2 (5-year) visit, blood samples were collected into PAXgene blood
RNA tubes and total RNA was extracted using PAXgene blood miRNA kit (Preanalytix)[7].
TruSeq Stranded Total RNA library prep kit (Illumina) was used to generate cDNA libraries
depleted for globin genes using Ribo-Zero Globin kit. Sequencing was performed as 75 base pair
paired-end runs on an Illumina HiSeq2000. Paired end reads were mapped to the human
reference GRCh38 using STAR 2.4.0h, annotated to genes and exons using Ensembl version 81.
Bronchial cell RNA sequencing has been published previously[8], which was obtained from
flexible bronchoscopy with large airway brushing of right mainstem bronchus performed by a

single physician.

Analysis of Gene Expression Omnibus (GEO) datasets

We chose datasets that were derived from peripheral blood that included healthy adult controls
within each study to minimize the variability between different gene expression studies. We used

the GEOZ2R tool (http://www.ncbi.nlm.nih.gov/geo/geo2r/) to identify the differentially expressed

genes. Microarray data was normalized and log2 transformed. Differentially expressed genes were

defined based on a false discovery rate (FDR) < 0.05 with absolute log2 fold change > 1.5. Overlap


http://www.ncbi.nlm.nih.gov/geo/geo2r/

of the same genes from differentially expressed gene lists were compared using a hypergeometric

test. Full lists of GSE19491 and GSE60244 genes can be provided upon request.

Gene set variation analysis

Gene set variation analysis (GSVA) estimates variation of gene set enrichments by deriving
sample-wise scores. The gene by sample matrix is transformed to gene-set by sample matrix using
a non-parametric and unsupervised method [9]. The airway signature gene set was defined as the
18 genes associated with CT airway wall thickness. Peripheral blood gene signatures for type 1
interferon signaling were obtained from 110 genes in previously published datasets (GSE38351
and GSE71634) that showed >1.5 log2 fold increase in expression after IFN-a2 or IFN-[ treatment
from healthy control subjects [10, 11]. Log counts per million (CPM) was used for calculation of
enrichment score. The virus signature was calculated as the mean of the normalized, log2
transformed expression of the 161 overexpressed genes minus that of the 235 under expressed

genes upon respiratory viral infections as defined previously[12].

Publicly available single cell RNA-seq data analysis

FACS sorted blood and lung single cell gene expression data from Travaglini et al. [13] was
processed using the Seurat R package version (3.0). Expression of gene sets was calculated using

addModuleScore function.



Supplementary Results

Biological pathways associated with AWT score

To further understand the relevant biological pathways associated with high vs. low AWT score,
we stratified subjects with AWT score >0 (n= 1,039) vs. <0 (n = 1,357). As expected, those with
high expression of AWT score had increased expression of 748 genes primarily enriched for
interferon signaling. Interestingly, those with low expression of AWT score had increased
expression of 457 genes involved in developmental pathways such as GLI1, GLI3, PTCH1,

WNT2B, WNT7A, and NOG (Table E3).

Subgroup and sensitivity analysis

We performed stratified analysis for potential confounders that could influence gene expression
profiles including sex, current smoking status, inhaled corticosteroid (ICS) use, and asthma history.
Male sex and lack of ICS use were associated with stronger association of AWT score genes and
airway wall thickness compared to females and ICS users. Smoking status did not have a
significant effect on the differential expression, which may be influenced by smaller number of
current smokers with COPD (Table E6). Sensitivity analysis by excluding participants with asthma
(patient report of physician diagnosed asthma) or with asthma-COPD overlap (physician
diagnosed asthma before age 40 in moderate to severe COPD) did not change the association of
AWT score with reported airway wall thickness and lung function (Table E7).

These results are consistent with previous studies on sex difference in type 1 IFN response[14] and
ICS [15]. In astratified analysis of ICS users, none of the 1ISGs were significantly associated with
airway wall thickness, and even showed negative associations (Table E8). Similarly, although the

sample size was small, we found stronger association of the bronchial AWT score with AWT, WA%



and Pil0 after excluding five individuals using ICS from the bronchial gene expression data,
suggesting that ICS diminishes the AWT score in bronchial epithelial cells (Table E9). The clinical
characteristics of COPD subjects with high vs. low AWT score with and without ICS were largely
comparable except those patients with high AWT score not on ICS had prospective increase in

exacerbation frequency (Table E10).



Table E1. Summary of publicly available datasets

GSE Analysis Comparison groups Total Cells Health Platform PMID
(number of samples) number status
of
samples
in dataset
GSE38351 IFN1 Healthy control (n=7) vs. 74 Peripheral Healthy | Affymetrix | 22610275
signature healthy control stimulated with blood
IFNa2 for 1.5 hr (n= 10) monocytes
GSE71634 IFN1 Healthy control (n=20) without 40 PBMC Healthy llumina | 26644207
signature vs. with IFNf simulation for
18hr (n=20)
GSE19491 SLE Healthy control (n= 24) vs. SLE 498 Whole blood Healthy vs. [llumina | 20725040
associated patients (n=28) SLE vs.
genes bacteremia
Infection | Healthy control (n=24) vs. Strep
associated | and/or staph bacteremia (n=75)
genes
GSE60244 | Respiratory Healthy control (n=40) vs. 158 Whole blood Healthy vs. llumina | 26598315
bacterial bacterial infection (n=22) Hospitalized
infection for lower
Respiratory | Healthy control (n=40) vs. viral respiratory
viral infection (n=71) infection
infection




Table E2. Association of airway wall thickness score and quantitative CT measurements

Variables WA%* Pi10* Emphysema %" PRM™API

beta (95% CI) | adj.p | beta(95% Cl) | adj.p | beta (95% CI) adj.p beta (95% CI) adj.p
All subjects
(= 2396) 0.24(0.14-0.34) | <0.001 | 0.22(0.12-0.32) | <0.001 | 0.24(0.15-0.33) | <0.001 | 0.10 (0.03-0.16) 0.1
n=
COPD

0.25(0.10-0.40) | 0.05 | 0.25(0.08-0.41) 0.1 0.19(0.07-0.31) | 0.07 0.17 (0.06-0.27) | 0.07
(n=1028)
Control
(= 1368) 0.11(0-0.22) 1.0 |0.05(-0.05-0.15) | 1.0 0.09(0.00-0.19) 1.0 | 0.008(-0.07-0.08) | 1.0
n=

CT measurements were standardized using z score

*Effect estimates (beta) from linear regression adjusted for age, gender, race, body mass index, smoking status, CT scanner model,
emphysema%

fLog transformed. Effect estimates from linear regression adjusted for age, gender, race, BMI, smoking status, CT scanner model, and

airway wall thickness

1 Cube root transformed. Effect estimates from linear regression adjusted for age, gender, race, BMI, smoking status, CT scanner
model and cube root transformed parametric response mapping emphysema %.

Abbreviations: WA% = wall area percent, PRM™AP = parametric response mapping functional small airway disease. adj.p = adjusted

p value using Holm-Bonferroni method




Table E3. Differential expression analysis of high AWT vs. low AWT score

High AWT score Low AWT score
(n=1,039) (n=1,357)
Number of upregulated genes 748 457

Enrichment
Analysis

GO BP

Defense response to virus
Response to Biotic Stimulus

Response to Virus

Animal organ morphogenesis
Biological adhesion
Cell-cell signaling

Neurogenesis

MSigDB

Genes transcriptionally
modulated in the blood of
multiple sclerosis patinets in
response to recombinant
IFNB1

Genes upregulated in SARS-
CoV-2 infection

Genes upregulated in
parainfluenza virus 3
infection in A549 cells

Hallmark Interferon gamma
response

Hallmark myogenesis

Genes associated with AWT score binary variable (AWT score > 0 vs. <0) at false discovery rate
<0.05. Top 100 genes by false discovery rate were used for enrichment analysis. GO BP = GO
biologic process, MSigDB = molecular signature database




Table E4. COPDGene bronchoscopy study subject characteristics

10

Control COPD

(n=14) (n=9) P value
Age, yr (mean(SD)) 64.00 (5.72) 63.49 (3.41) 0.81
Female (%) 9 (64.3) 4 (44.4) 0.61
Non-Hispanic white (%) 8 (57.1) 8 (88.9) 0.26
FEV1% predicted (mean(SD)) 101.25 (13.03) 73.98 (17.55) <0.01
Bronchodilator response (%) 3(21.4) 3(33.3) 0.88
Inhaled corticosteroid use (%) 2 (14.3) 3(33.3) 0.57
Airway wall thickness (mean(SD)) 0.93 (0.18) 1.13 (0.16) 0.01
Pi10 (mean(SD)) 1.84 (0.37) 2.34 (0.40) 0.01
Wall area %(mean(SD)) 4451 (7.4) 52.53 (5.1) 0.01
Current smokers (%) 2 (14.3) 4 (44.4) 0.26
Smoking history (PY, mean (SD)) 25.48 (13.22) 38.72 (10.46) 0.02
WBC (x10%, mean(SD)) 6.41 (1.29) 7.03 (1.06) 0.25
Neutrophil % (mean(SD)) 54.86 (9.84) 60.22 (5.97) 0.16
Lymphocyte % (mean(SD)) 33.71 (8.96) 27.36 (6.21) 0.08
Monocyte % (mean(SD)) 8.00 (1.4) 8.58 (1.95) 0.42
Eosinophil % (mean(SD)) 2.71 (1.86) 2.70 (1.18) 0.98
Basophil % (mean(SD)) 0.79 (0.43) 0.92 (0.23) 0.39

Abbreviations: NHW = non Hispanic white, the remainder was African American. PY = pack

years, WBC = white blood cell

P values are based on t test, or chi-square test for proportion
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Table E5. Association of meta-virus signature with prospective exacerbations

Incidence Rate Ratio 95% ClI Adj.p

Exacerbation 28 1.6-4.8 0.01
frequency

Negative binomial regression adjusted for age, gender, race, current smoking status, baseline
FEV1% predicted, history of prior exacerbations

Abbreviations: adj.p = adjusted p value using Holm-Bonferroni method
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Table E6. Effect of inhaled corticosteroids on the association between blood AWT score and CT
airway measurements

AWT WA% Pil10
ICS non- ICS non-
Groups ICS users | ICS non-users | ICS users users ICS users users
All
subjects 0.03 (NS) 0.06*** 1.44 (NS) 1.87** | 0.08 (NS) 0.11**
COPD 0.02 (NS) 0.07 (NS) 0.56 (NS) | 2.75(NS) | 0.02 (NS) 0.1*
Control 0.04 (NS) 0.04 (NS) 2.2 (NS) 0.8 (NS) | 0.08 (NS) | 0.02 (NS)

Effect estimates (beta) from linear regression adjusted for age, gender, race, BMI, smoking

status, CT scanner model, and emphysema %. N=2357. Excluded 39 subjects without inhaled
corticosteroid usage information. ICS users N=526 (402 COPD, 124 controls); ICS non-users
N= 1831 (599 COPD, 1232 controls)
Abbreviations: ICS = inhaled corticosteroid, NS = not significant, *** adjusted p <0.001, **
adjusted p <0.01, *adjusted p <0.05
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Table E7. Effect of asthma and asthma-COPD overlap on the association between blood AWT

score and phenotypes

Outcome variables

Excluding asthma

Excluding ACO

Original Analysis

Beta P value Beta P value Beta P value

i'r:’(‘:’m’::ﬂ 028 | <0001 | 027 | <0001 | 025 | <0.001
FEV1% predicted’ -3.2 <0.01 -3.6 <0.001 -3.4 <0.01
FEVJ/FVC? -0.03 <0.001 -0.03 <0.001 -0.03 <0.001
AFEV(ml)* -55.7 <0.001 -57.9 <0.001 -35.5 <0.01

Effect estimates (beta) from linear regression adjusted for *age, gender, race, BMI, smoking
status, CT scanner model, and emphysema %, fage, gender, race, BMI, smoking status, smoking
history (pack years), emphysema %, *age, gender, race, BMI, smoking status, smoking history
(pack years), baseline FEV1 % predicted, emphysema %.
Abbreviations: ACO = asthma-COPD overlap, defined by physician diagnosed asthma before
age 40 in moderate to severe COPD, AFEV: = change in FEV1(ml) over 5 years.
Subjects with asthma n= 385, subjects with ACO n= 77
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Table E8. Subgroup analysis of blood AWT gene expression by sex, smoking status and inhaled
corticosteroid use.

logFC
AWT genes | cyrrent Former ICS ICS
Smokers smokers Male  Female Users  nonusers
GPR15 0.96 1.02 0.95 0.73 0.28 1.16
IGLV3-21 1.09 0.93 0.81 0.24 0.87 0.88
IGHG3 0.96 0.85 0.75 0.39 1.1 0.80
20%;5;5 0.59 0.55 0.63 0.36 0.22 0.51
RIN2 0.23 0.08 0.16 0.13 0.09 0.17
IF144 0.80 0.69 0.66 0.35 0.00 0.75
DAB2IP -0.75 -0.68 -0.67 -0.67 -0.67 -0.51
IFI44L 0.96 1.04 0.73 0.35 -0.12 0.89
OAS1 0.49 0.29 0.33 0.16 -0.01 0.42
RSAD2 0.95 1.05 0.79 0.33 -0.20 0.88
DDX60 0.40 0.28 0.30 0.13 0.02 0.34
OAS3 0.65 0.57 0.49 0.22 -0.31 0.61
CMPK2 0.65 0.61 0.53 0.23 -0.20 0.64
OAS2 0.40 0.21 0.49 0.10 -0.10 0.34
KIF13A -0.16 -0.08 -0.10 -0.04 -0.18 -0.16
CLEC9A -0.42 -0.43 -0.47 -0.42 -0.42 -0.47
STEAP4 -0.18 -0.09 -0.12 -0.12 -0.10 -0.21
HERCS5 0.47 0.52 0.38 0.17 -0.24 0.48

Abbreviations: logFC = log fold change, ICS = inhaled corticosteroid use

Log fold changes are shown. Bold indicates adjusted p value <0.05



Table E9. Association between bronchial epithelial AWT score and CT airway measurements

after excluding inhaled corticosteroid users

15

Outcome variables* Excluding ICS Original analysis
Beta p value Beta p value
Airway wall thickness 3.96 0.003 3.22 0.004
Wall Area % 3.33 0.02 2.82 0.01
Pil0 2.29 0.045 1.39 0.2

* CT airway measurements are standardized using z-score

Abbreviations: AWT = segmental airway wall thickness, WA% = wall area percent, ICS = inhaled

corticosteroid use

Linear regression adjusted for age, sex, race, body mass index, smoking status, and emphysema
(%). CT scanner model was identical for all subjects. Excluded 3 COPD and 2 control subjects
who were using inhaled corticosteroids.
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Table E10. Clinical characteristics of COPD subjects stratified by ICS use and AWT score

ICS non-users ICS users
Low AWT High AWT P Low AWT High AWT P
score score value score score value
(n=313) (n=286) (n=196) (n=206)

Age (mean(SD)) 69.1 (8.4) 66.5(8.5) | <0.01 | 68.5(8.3) 68.9 (7.5) | 0.59
Female sex (%) 119 (38) 125 (44) 0.18 87 (44) 100 (49) 0.46
NHW race (%) 262 (84) 225 (78) 0.14 152 (78) 171 (83) 0.21

AWT score,
mean(SD) -0.27 (0.2) 0.36 (0.2) | <0.01| -0.27(0.2) 0.33(0.2) |<0.01
Exacerbations,
mean(SD)* 0.08 (0.6) 0.26 (0.8) 0.03 0.7 (0.9) 0.7 (1.1) 0.70

*In subset of subject (n= 628) who had prospective exacerbation data.
Abbreviations: ICS = inhaled corticosteroid use, NHW = Non Hispanic White
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