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SUPPLEMENTAL FIGURES

Fig. S1 — Related to Fig. 1. (A-B) Flow cytometry gating strategy for (A) myeloid and (B)

lymphoid immune cells in the peripheral blood of control and COPD patients.

Fig. S2 — Related to Fig. 2. Analysis of peripheral blood compartment of control and
COPD patients. (A) UMAP representation of 69,199 blood cells from 6 control and 8
COPD patients depicting the clustering result. (B) Dot plot of canonical gene markers for
cell types found in human blood expressed in the single-cell RNA sequencing (SCRNA-
seq) clusters. Circle size represents the percentage of cells within a cluster that express
a particular gene, circle color shows average scaled normalized expression within the
cluster. (C) Heatmap of the proportion of cells within each cluster classified using the
GenSigPro classifier labels 2. (D) Network of the top 5 enriched Gene Ontology gene
sets in control or COPD patients. Red arrows depict upregulated terms in COPD, blue

arrows downregulated in COPD.

Fig. S3— Related to Fig. 2. Characterization of peripheral blood neutrophil states in control
and COPD patients. (A) Proportion of blood neutrophil states in each control and COPD
patient. (B) Number of unique molecular identifiers (UMIs) for each blood neutrophil state
grouped by disease status. (C) Number of genes for each blood neutrophil state grouped
by disease status. (D-H) Gene set enrichment analysis of neutrophil state-specific
markers using the Reactome gene sets. Enriched gene sets with less than 3 genes were

discarded. (I) Trajectory inference for the identified blood neutrophil states. N1S/LCN2


https://sciwheel.com/work/citation?ids=13398505&pre=&suf=&sa=0

neutrophils were selected as the start of the developmental pathway. Black lines connect
developmentally similar populations. (J) Bar plots of blood neutrophil state frequencies in
control and COPD patients. Data are represented as mean + SD and analysis was carried

out with a Wilcoxon test for non-normally distributed data, * p<0.05.

Fig. S4 — Related to Fig. 3. Characterization of peripheral blood neutrophil states in control
and COPD patients (validation cohort). (A-B) UMAP representation of 9,269 whole blood
cells from 3 control and 3 COPD patients depicting (A) cluster identity and (B) cluster
annotation. (C) Dot plot of the top 5 differentially expressed (DE) genes for each blood
cell cluster against the rest in 3 control and 3 COPD patients. Circle size represents the
percentage of cells within a cluster that express a particular gene, circle color shows
average scaled normalized gene expression within the cluster. (D) Proportion of blood
neutrophil states in each control and COPD patient. (E) Enrichment of the top 20 unique
genes for each Seq-well blood neutrophil state on Rhapsody blood neutrophil
transcriptomes. (F) Table of the correspondence of blood neutrophil states between the
test (Seqg-well) and validation (BD Rhapsody) cohorts. (G) Violin plots of DE genes

between control and COPD patients for blood neutrophil states.

Fig. S5 — Related to Fig. 4. Characterization of bronchoalveolar fluid neutrophil states in
control and COPD patients. (A) Proportion of BALF neutrophil states in each control and
COPD patient. (B) Number of unique molecular identifiers (UMIs) for each BALF
neutrophil state grouped by disease status. (C) Number of genes for each BALF

neutrophil state grouped by disease status. (D-F) Gene set enrichment analysis of



neutrophil state-specific markers using the Reactome gene sets. Enriched gene sets with
less than 3 genes were discarded. (G) Enrichment of the top 20 unique genes for each
BALF neutrophil state on the blood neutrophil transcriptomes from Fig. 2. (H) Heatmap of
the top 5 marker genes for the blood neutrophil states from Fig. 2. Each column

represents the scaled average normalized expression per patient.

Fig. S6 — Related to Fig. 4. Imaging mass cytometry analysis of bronchial biopsies from
control, normal lung function smokers and COPD patients. (A) Gating strategy for the
annotation of neutrophils states, monocytes, macrophages, T, B, NK and epithelial cells
in a representative lung biopsy. (B-D) Spatial allocation of detected cell types for each (B)
control, (C) smokers and (D) COPD lung biopsy replicate. Axes represent x and y
dimensions. (E) Neutrophil state relative proportions as percentages of CD45* cells in
controls, smokers and COPD lung biopsies. Data are represented as mean + SD and
were analyzed with one-way ANOVA and Tukey’s post-hoc corrections or the Dunn test
for non-normally distributed data, * p<0.05, ** p<0.01. (F) Relative proportions of immune
cell types as percentages of CD45* cells in control, smokers and COPD lung biopsies.
Data are represented as mean + SD and were analyzed with one-way ANOVA and
Tukey’s post-hoc corrections or the Dunn test for non-normally distributed data, * p<0.05,

** p<0.01.

Fig. S7 — Related to Fig. 5. Characterization of bronchoalveolar fluid neutrophil states
from air and smoke-exposed mice. (A) Experimental design and sample processing. (B)

Dot plot of top 5 differentially expressed (DE) genes for each identified BALF neutrophil



cluster against the rest. Circle size represents the percentage of cells within a cluster that
express a particular gene, circle color shows average scaled normalized gene expression
within the cluster. (C) Uniform Manifold Approximation and Projection (UMAP)
representation of 18,406 bronchoalveolar lavage fluid (BALF) cells from 4 air and 4
cigarette smoke (CS)-exposed mice. (D) UMAP representation of 7,064 BALF neutrophils
from 4 air and 4 CS-exposed mice. (E) Absolute neutrophil counts in the BALF of 4 air
and 4 CS-exposed mice. (F) Bar plots of BALF neutrophil state frequencies in 4 air and 4
CS-exposed mice. (G) Heatmap of the top 20 unique murine BALF neutrophil state genes
on the human BALF neutrophil states from Fig. 4. Murine genes were first converted to
their human homologues. (H) Upset plot depicting the enriched gene sets (air vs smoke-
exposed mice) between BALF neutrophil states. (I) UMAP representation of 1,677 lung
neutrophils from 9 air and 15 CS-exposed mice for 2, 4 and 6 months (3 air and 5 CS-
exposed animals per time point) from 4°. (J) Heatmap of the top 20 uniqgue murine lung
neutrophil state genes from 4 on this study’s murine BALF neutrophil states. (K)
Neutrophil state relative proportions as percentages of all neutrophils at each time point.
All control animals were pooled together and were defined as time point 0. (L) UMAP
representation colored by the pseudotime score of all neutrophils in the dataset. Arrow
indicates the direction of the trajectory from time point 0 to 6 months. (M) Heatmap of the
top 20 time-associated neutrophil genes for each cluster. Cells were ordered according

to pseudotime.

Fig. S8 — Related to Fig. 6. Characterization of bone marrow neutrophil states from air

and smoke-exposed mice. (A) Heatmap of mass cytometry (CyTOF) marker expression
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in CD45" bone marrow cells from air and cigarette smoke (CS)-exposed mice. Each
column represents the average scaled normalized expression per cluster. (B-D)
Expression levels of lineage-negative markers for neutrophils; (B) CD3, (C) B220 and (D)
NK1.1. (E) Heatmap of the top 20 unique genes from the human bone marrow neutrophil
populations from 47 on the bone marrow neutrophil states of this study. MPP; multipotent
progenitor, CMP; common myeloid progenitor, GMP; granulocyte-monocyte progenitor.
Black bars depict the correspondence of transcriptomic states to the phenotypically
defined bone marrow neutrophil populations in Fig. 6B-D. (F) Dot plot of shared DE genes
between human blood and BALF neutrophils and murine bone marrow early GMPs. Circle
size represents the percentage of cells within a cluster that express a particular gene,

circle color shows average scaled normalized gene expression within the cluster.


https://sciwheel.com/work/citation?ids=13187201&pre=&suf=&sa=0

Figure S1 - related to Figure 1
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A

UMAP2

-related to Figure 2

B

% cells expressed

« 25
® 50
@75

Q/C\

avg. gene expression

N

Cluster annotation using GenSigPro classifier

Proportion within cluster

0 1

Neutrophils

Immature neutrophils

e —

==S=s==

Classical monocytes

Intermediate monocytes

IFIT" monocytes

Non-classical monocytes

DCs

pDCs

Eosinophils

CD4'T cells

Activated T/NK cells

o

B cells

Plasma cells

NK cells

Proliferating T/NK cells

CD8' T cells

Erythrocytes

Megakaryocytes

Doublets

Ribosomal gene-rich cells

H [ 1

Mixed cells

6 7 8 9 10
Cluster number

11 12 13 14 15 16 17

Pathway analysis by Gene Ontology

Neuron projection development Response to peptides Respgnse to peptide

ormones
Positive regulation of cell
projection organization Q
Leukocyte chemotaxis
Q

Myeloid cell migration

Cell chemotaxis O

Regulation of cytoskeletal
rearrangements
Positive regulation
of transcription
factor activiry

Positive regulation of O
NFkB activity

Response to
inorganic substance O

Response to type | O
interferon

Response to O metal ion
O

drug

Response to
interferon gamma

Response to

Respiratory electron chain

Response to

ATP metabolic
process
Oxidative phosphorylation

Energy derivation by organic

compound oxidation B Neutroph

Cellular respiration
Generation of metabolites
and energy
O ATP synthesis

@ B cells

Viral
gene
expression

Protein localization to
endoplasmic reticulum
Protein targeting

\d“\\%
N

OQ'

@

\\6
o?/

ils

@ Classical monocytes
O Non-classical monocytes 0 CD8'T cells/NK cells
W Activated T cells

¢
Q®
ey

N

Cluster annotation using published gene markers
ol PPBP [e]
HBB

| HBA2
HBA1
KLRD1 .
GZMA : o e
GNLY - .
NCAM1
CCL5 B

| IGHG1

o

© IGKC

0o o

e
HLA-DQAT
HLA-DPA1
HLA-DPB1
GPR183
CD1C
FCGR3A
MS4A7

o
)

°
o

°* @000 - -
00000« °

o -
e 0 0 o

Qe Q000 o

. Qe 0000 o

56 78 91011121314151617
Cluster number

»400°00

O Classical/Intermediate monocytes
B T cells

O Plasma cells/pDCs

— downregulated in COPD
— upregulated in COPD

O Protein localization to
membrane

RNA catabolic process

Protein targeting to
membrane



Figure S3 - related to Figure 2
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Figure S4 - related to Figure 3

@ Neutrophils

® Classical monocytes

@ CD4'T cells

@ NK cells

® Megakaryocytes

@ Cytotoxic T cells

® B cells/plasma cells

® Erythrocytes

© Immature neutrophils

® Non-classical monocytes

UMAP2

D

IEIT2 -2 @ N5S (ST00A12)| @ N5R [N4R]
TS
— e g 15
DDX58
RSAD2
— XCL8
X§7RZ
S
LC25A37

i RNF149
Mone

Hho
| ST7A11

134 c@@° - CO®D - Qo o % cells expressed
doc@00: c@- o . .@e° O <
12-00800.08“ Loe - 25 &
1 ® 50 ©
104 c@0ec @@ -Q- - > 0> ® 75 E
9100000 -0 - .- ® 100 g
% 3.- -:.. - o00o@o(00Q0 Avg. gene 5
=R ° expression =
O 61- -eodeceioe °Oo o--e@ o - Ocrnno <0000 0000 P §_
5400000 0= - o - eC@c@| - . B . 1 5
440 @oc 0o - '°CEI o - Oco0e o - . ... @0 . 0 5
3] c@ec-:0-: . N 6] iy 'g'
24¢ c00 dfe050] o- oo 5
1400000 Q- - o -
—_—
NONENIINO SN LODN> = - N O - &N ™
%QEE%GES'&;%%QE&&"&S * O ¥ % B ¥
XOTR00T Ogk RJLoas 0O 0ON0 B B ©
So=0" "3 & © a aa £ £ 8
g i 3 s 5 =
2 0 60§ 5 %
O O O 5 0o 0O
E Rhapsody clusters (validation cohort) c F G @ N3R cluster © NA4R cluster @ N5R cluster
T ' s - iiesticohortil[Mvaldationlcofiort
1 oNiS (LCN2) |© NIR % HLA-B VIM HLA-C S100A12
o 2 2 @ N2S (ISG) © N2R 36 6 B Control
,(; 53 3] E COoPD
ymps o | @ N3S (NEATY) @ N3R ® 4
DEFA3 2 @ON4S (G0S2) | © N4R [N3R] g 4 4
3 °
32 2 2
@ ©
© E
s 0 0 0
P4

Seqg-well cluster markers (test cohort)




Figure S5 - related to Figure 4
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Figure S6 - related to Figure 4
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Figure S7 - related to Figure 5
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Figure S8 - related to Figure 6
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