Accepted Manuscript
AllImm Clini

Alveolar eosinophilia in current smokers with chronic obstructive pulmonary disease
in the SPIROMICS cohort

Carlos H. Martinez, MD, MPH, Sara X. Li, MD, Andrew J. Hirzel, BS, Valerie R.
Stolberg, MPH, Neil E. Alexis, PhD, R. Graham Barr, MD, PhD, Eugene R. Bleecker,
MD, Elizabeth E. Carretta, MPH, Stephanie A. Christenson, MD, Christopher B.
Cooper, MD, David J. Couper, PhD, Claire M. Doerschuk, MD, MeiLan K. Han, MD,
MS, Nadia N. Hansel, MD, MPH, Annette T. Hastie, PhD, Eric A. Hoffman, PhD,
Robert J. Kaner, MD, Fernando J. Martinez, MD, MS, Deborah A. Meyers, PhD,
Wanda K. O’Neal, PhD, Robert Paine, Ill, MD, Nirupama Putcha, MD, MHS, Stephen
I. Rennard, MD, Prescott G. Woodruff, MD, MPH, Michelle Zeidler, MD, Jeffrey L.
Curtis, MD, Christine M. Freeman, PhD

PII: S0091-6749(17)31432-X
DOI: 10.1016/j.jaci.2017.07.039
Reference: YMAI 12999

To appearin:  Journal of Allergy and Clinical Immunology

Received Date: 19 December 2016
Revised Date: 6 July 2017
Accepted Date: 12 July 2017

Please cite this article as: Martinez CH, Li SX, Hirzel AJ, Stolberg VR, Alexis NE, Barr RG, Bleecker
ER, Carretta EE, Christenson SA, Cooper CB, Couper DJ, Doerschuk CM, Han MK, Hansel NN, Hastie
AT, Hoffman EA, Kaner RJ, Martinez FJ, Meyers DA, O’Neal WK, Paine Ill R, Putcha N, Rennard

S|, Woodruff PG, Zeidler M, Curtis JL, Freeman CM, for the SPIROMICS Investigators, Alveolar
eosinophilia in current smokers with chronic obstructive pulmonary disease in the SPIROMICS cohort,
Journal of Allergy and Clinical Immunology (2017), doi: 10.1016/j.jaci.2017.07.039.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.jaci.2017.07.039

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Alveolar eosinophilia in current smokers with chrornc obstructive

pulmonary disease in the SPIROMICS cohort

Carlos H. Martinez, MD, MPH, Sara X. Li, MD", Andrew J. Hirzel, BS,
Valerie R. Stolberg, MPH, Neil E. Alexis, PhD’, R. Graham Barr, MD, Phf)
Eugene R. Bleecker, MP) Elizabeth E. Carretta, MPH
Stephanie A. Christenson, MB) Christopher B. Cooper, M) David J. Couper, PhE)
Claire M. Doerschuk, M3, MeiLan K. Han, MD, MS, Nadia N. Hansel, MD, MPH
Annette T. Hastie, PhB) Eric A. Hoffman, PhD, Robert J. Kaner, MEP,
Fernando J. Martinez, MD, M, Deborah A. Meyers, PhD) Wanda K. O’Neal, Ph§
Robert Paine, Ill, MO*, Nirupama Putcha, MD, MH% Stephen I. Rennard, MB,
Prescott G. Woodruff, MD, MPH, Michelle Zeidler, MD’,

Jeffrey L. Curtis, MD"?, Christine M. Freeman, Pht¥, for the SPIROMICS Investigators

! University of Michigan, Ann Arbor, MI

2 VA Ann Arbor Healthcare System, Ann Arbor, Ml

? University of North Carolina at Chapel Hill, Chapill, NC
* Columbia University, New York, NY

> Wake Forest University, Winston-Salem, NC

® University of California at San Francisco, San Eisco, CA
’ University of California at Los Angeles, Los Angel€A

8 Johns Hopkins University, Baltimore, MD

° University of lowa, lowa City, IA



24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Martinez et al.

19 Weill Cornell Medical College, New York, NY
1 University of Utah, Salt Lake City, UT

12 pAstrazeneca, Cambridge, UK

Address correspondence and reprint requests to:
Christine M. Freeman, Ph.D.
Research Service (506/115)
VA Ann Arbor Healthcare System
2215 Fuller Road; Ann Arbor, Ml 48105-2303, U.S.A
Phone: 734-845-5078
Fax: 734-845-3257

E-mail: cmfreema@umich.edu

AUTHORS’ CONTRIBUTIONS:

PGW designed the overall bronchoscopy sub-studyE(NEA, & JLC designed the
Immunophenotyping protocol; MKH, CBC, NNH, NP, & M&sisted with sample collection;
SXL, AJH, VRS & CMF performed experiments; EEC, DEWKO assisted with collection
and dissemination of participant data; CHM, JLC, Edhalyzed data; RGB, ERB, SAC, CBC,
CMD, ATH, EAH, RJK, FIM, DAM, RP, & SIR assistedttvidata analysis and interpretation;
CHM & CMF wrote the first draft, and all Authorsniaipated in revisions and approved the

final version.

9/12/17 2



44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61
62
63

Martinez et al.

SOURCES OF SUPPORT

SPIROMICS was supported by contracts from the NHI/BI (HHSN268200900013C,
HHSN268200900014C, HHSN268200900015C, HHSN268200B80,
HHSN268200900017C, HHSN268200900018C HHSN268200B®00
HHSN268200900020C), which were supplemented byriartions made through the
Foundation for the NIH from AstraZeneca; BelleropAtherapeutics; Boehringer-Ingelheim
Pharmaceuticals, Inc; Chiesi Farmaceutici SpA; stdResearch Institute, Inc; GSK; Grifols
Therapeutics, Inc; lkaria, Inc; Nycomed GmbH; Tak&harmaceutical Company; Novartis
Pharmaceuticals Corporation; Regeneron Pharmaeatjtlac; and Sanofi. Additional support
came from the Department of Veterans Affairs throlgrit Review Awards 101 BX001389
(CMF) and 101 CX000911 (JLC) and the NIH/NHLBI tngh Grants K2 HL128936 and R01

HL122438-S1 (CHM).

Running title: BAL eosinophiliain COPD smokersin SPIROMICS

Descriptor: 9.13 COPD: Pathogenesis

Character & Word Lengths

Running title (characters with spaces, limit 5@: 4
Title: characters (with spaces, limit 100): 110
Total word count: 1081

9/12/17 3



ABBREVIATIONS

BAL, bronchoalveolar lavage

Cl, confidence interval

COPD, Chronic obstructive pulmonary disease

ICS, inhaled corticosteroids
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NS, never-smoker(s)

CS-NAO current smoker(s) with no airflow obstruatio

FS-NAO, former smoker(s) with no airflow obstructio

CS-COPD current smoker(s) with COPD

FS-COPD former smoker(s) with COPD
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SUMMARY
Active smoking in stable COPD subjects significaimicreased eosinophil accumulation
in the distal airspaces, but not in sputum or emigl blood. Our findings support the need to

investigate this cell-type as a potential driveC&@PD symptomatology and progression.
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To the Editor:

Novel therapies for chronic obstructive pulmonaigedse (COPD) are urgently needed.
Eosinophilic inflammation is an appealing targstpéod or sputum eosinophils in stable COPD
may predict responses to systemic or inhaled astézoid (ICS) therapy Titrating steroid
therapy in the stable state based on sputum edslaopduced severe exacerbatiérsid has
been recommended for clinical practiceHowever, the prevalence of eosinophilic inflanioma
in COPD and its uniformity between systemic andyluompartments remain incompletely
defined. Controversy exists on whether sputumyais(reflecting large airway events) is
required, or if blood eosinophilia can suffice, &@&h®n the strong correlation between the two

found by one groufp Thus, better understanding of eosinophils in D@Pneeded.

The Subpopulations and Intermediate Outcomes in[CStRdy (SPIROMICS)
(ClinicalTrials.gov NCT01969344T4), which recentigmpleted enrolling 2,981 participants,
provides a unique opportunity to address these@eersies. This analysis was performed on a
subsetif = 139) of SPIROMICS participants who agreed toanbhoscopy sub-study, which
used multicolor flow cytometry to identify leukoeysubsets and to define their activation states.
All investigations were conducted according to pipies of the Declaration of Helsinki. The
protocol was approved by the institutional revievatas of the eight participating clinical
centers. Briefly, participants underwent sputudugtion, then 2-4 weeks later, returned for a
bronchoscopy visit at which we collected periphétabd and bronchoalveolar lavage (BAL).
Sputum, blood, and BAL samples were stained om&yeof collection at the clinical centers,
then fixed and shipped to a central laboratoryfltaw cytometry analysis. Additional details can

be found in the Online Supplement. We categorpaaticipants as never-smokers (N&)rrent

9/12/17 6
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smokers (CS-NAO) and former smokers (FS-NAQO) withairflow obstructionand current

smokers (CS-COPD) and former smokers (FS-COPD) @@ D(Table 1).

Using our described staining protocol and flow ayétric gatind’, we identified
eosinophils as CD45+, CCR3+, CD16- cells with HH@C and SSCSupplemental Fig. 1)
When grouping subject by smoking status and CORBedie status, we found no differences
between eosinophil percentages in peripheral b{bad 1A) or sputum(Fig. 1B). By contrast,
BAL eosinophils were significantly increased aseacpntage of all CD45+ cells in current
smokers with COPD, relative to other grops). 1C). However, percentage of BAL
eosinophils did not correlate significantly in asgmple type with FEM6 predicted or imaging
variables (percent emphysema or Pi10) (not shough.levels were largely within the normal
range [geometric mean 46.7 1U/mL (95% CI 35.3, §0.Rogc-transformed IgE levels neither
differed between groups nor correlated with eodmilggercentages in any of the three sample
types, whether among all subjects or only the CRD@roup (not shown). We found no
correlation of BAL eosinophil percentages with ptaslevels of the CCR3 ligands CCL5, CCL8

and CCL24 (not shown), and did not measure CCL1L-6x

To better understand the correlation between ctusmoking and elevated BAL

eosinophil percentages in COPD, we performed maritite modeling. We adjusted for

demographics (age, sex, African-American race),kémgointensity (per 10 pack-year exposure),

obstruction and smoking status (never vs. formecwugent), chronic bronchitis, histories of
asthma or gastroesophageal reflux, and ICS useal¥decontrolled for the presence of self-
reported eye/nose allergies (defined as both aaynaisis and current diagnosis, with positive
response [presence of allergy symptoms] reportetBifyos of participants) and self-reported

seasonal allergies (positive response [presenabenfly symptoms] reported by 13.3% of

9/12/17 7
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participants). Results showed a significant asdmri between eosinophil percentage in BAL
with current smoking plus COPD, with a 2.5 foldre&se in eosinophil percentage in smokers

with COPD @ = 2.5; 95% CI 1.0, 3.9).

To gain insights into eosinophil activation statesarious compartments, we examined
cell-surface expression of the adhesion molecul2$1® (Clone CBRM1/5, which recognizes
an activation-specific epitope), CD34, and CD49e; activation receptor CD69; and CD125,
the IL-5 receptor alpha chain. Within a given sabjgroup, every receptor showed significant
differences between sample types in percentagessitive eosinophil§Supplemental Table 1,
column p values) By contrast, within sample types, only CD12B#iL differed between

groups (significantly lower in CS-COPR$upplemental Table 1, row p values)

Accordingly, we analyzed eosinophil receptor-pggiiin the three sample types
regardless of subject grou(Bupplemental Fig. 2) Relative to blood, significantly more
eosinophils were positive for CD116D34 and CD69 in BAL and for CD34 and CD69 in
sputum. CD69 may contribute to intrapulmonary eoghil retention as shown for lung-resident
T memory cell, although for both cell types, CD69 might be ugedated by the lung

environment but not causing retention.

Finally, we examined the magnitude of receptor eggion by mean fluorescence
intensity (MFI)(Supplemental Table 2 & Supplemental Fig. 3A)which, as with the percent
of eosinophils expressing a receptor, differedifigantly between sample types for every
receptor. In terms of subject comparisons, thexeewo significant differences in expression of
CD34, CD69 or CD125 by BAL eosinophils, but expresof CD11b was significantly greater

in FS-NAO relative to FS-COPI5(pplemental Fig. 3B) Moreover, expression of CD49d was

9/12/17 8
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significantly higher in BAL eosinophils of CS-CORBan in groups other than CS-NAO, which

was also elevated relative to FS-COPD (but notherogroups)$upplemental Fig. 3B)

This analysis demonstrates that active smokingas®s steady-state localization of
eosinophils to the distal lung in COPD, relativesitookers (current or former) without airflow
obstruction and to never-smokers. This interactvas not observed in FS-COPD, implying that
smoking reversibly impacts eosinophil recruitmentetention (or both). Eosinophilic
inflammation was compartmentalized, as eosino@sla percentage of all leukocytes in BAL
showed no correlation with results in blood orpoitsim (data not shown). These data extend
two previous studies that used cytospin differémiants to enumerate BAL eosinophils. Both
found, as we did, that induced sputum results eetiffered between groups nor correlated with
BAL percentage& °. Our results are also congruent with those of \&fesh colleagues, who
found increased BAL eosinophils in current smokeite COPD, relative to ex-smokers with

COPD?,

Strengths of our study include its size, inclusidextensively phenotyped subjects at
multiple clinical centers, and rigorous analytiamlusing a single flow cytometry instrument
and analysis by a limited number of scientistsd#hto clinical data. Limitations of our entire
immunophenotyping study include the absence ofiNyalstaining at the time of flow
acquisition and the duration (usually 2-4 weeks)veen sputum and bronchoscopy visits.
Smoking status was determined by self-report, albéemporal proximity to the bronchoscopy
visit, but was not verified by objective measuretserfinally, subjects who agreed to in the
bronchoscopy sub-study were self-selected and oalgenrepresentative of the general

population.

9/12/17 9
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Table 1: Subject characteristics

Group NS FS-NAO CS-NAO FS-COPD CS-COPD pvalue
Subjects, n 21 29 30 37 22
Sex ratio, M/F 8/13 13/16 16/14 24/13 12/10 0.32
Age, years (SD) 52 (8) 63 (8) 51 (6) 65 (7) 60 (7) <0.0001
Smoking,
0 (0) 39 (16) 35 (12) 51 (24) 53(20)  0.0007 *

pack-years (SD)
FEV1, % pred. (SD) 100 (0) 102 (12) 97 (13) 79 (19) 78 (17) <0.0001
FEV1/FVC (SD) 0.82(0.06) 0.76 (0.06) 0.76 (0.05).58(0.09) 0.58 (0.10) <0.0001

ICS°use (yes/no) 1/20 1/28 3/26 ** 15/22 6/16 0.0002

' Data are presented as mean (SD) except for tes emd ICS use; M, male; F, femdale;
former smoker defined as having quit for more thiammonths?, ICS, inhaled corticosteroids.
NS, never-smokers; FS-NAO, former smokers, noairtbbstruction; CS-NAO, current
smokers, no airflow obstruction; FS-COPD, formeokars with COPD; CS-COPD, current
smokers with COPD. One-way ANOVA with Holm-Sidatisp-hoc testing was used to
determine significant differences between groups$NS group omitted, no single group

statistically different by post-hoc testing. **ath missing from one subject.

9/12/17 1C
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Figure Legends

Figure 1. Active smoking significantly increases BL eosinophil percentages in COPD.
Flow cytometric analysis of eosinophils in (A) btb=97), (B) sputumr{=94) and (C) BAL
(n=91). NS, never-smokers; FS-NAO, former smokers,airflow obstruction; CS-NAO,
current smokers, no airflow obstruction; FS-COP@nfer smokers with COPD; CS-COPD,
current smokers with COPD. Box and whiskers phaiveing median * interquartile rangér,‘ 5
and 9%' percentiles, with outliers shown as symbols. *0j95; **, p<0.01; ANOVA with

Holm-Sidak post-hoc testing.

9/12/17 11
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ONLINE SUPPLEMENTAL MATERIALS

Alveolar eosinophiliain current smokerswith chronic obstructive pulmonary disease
in the SPIROMICS cohort

MATERIALSAND METHODS

Subject population & Specimen Collection

SPIROMICS recruitment was designed to achieve anigal of COPD severities and of
smokers without airflow obstruction, based on fixatlo, post-bronchodilator spiromettyplus
additional never-smokers (<100 lifetime cigaretteBhe bronchoscopy sub-study deviated slightly
by excluding subjects with FE\«30% predicted, and by deliberately over-samptiager-smokers
and smokers without obstruction. Subjects wereseoted at eight different clinical centers. Self-
reported smoking history was collected by stan@adiguestionnaire during an in-person inter-
view; former smoking was defined as no tobacco petlwithin six months of the bronchoscopy
study visit. All participants understood the stisdyurpose and provided written informed consent

before undergoing any research activities. Eabljestiunderwent bronchoscopy only once.

For this analysis, we used samples collected betwebruary 2012 and April 2016
Participants underwent a sputum induction duripgr@od of clinical stability, while taking usual
medications including ICS; then 2-4 weeks lateiynreed for a bronchoscopy visit, at which we
collected peripheral blood and BAL from the righitidie lobe and linguld Both BAL returns
were pooled for immunophenotyping. Not all santgfees were collected successfully from every

participant.

I mmunophenotyping
To minimize variability, antibodies for immunophewyping were aliquoted at the Ann

Arbor VA and then shipped to the clinical centerigpto a subject visit. Each of the eight clidica

9/12/17 1
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centers was responsible for collecting and staisperimens, which were then fixed in 2%
paraformaldehyde and shipped back to the Ann Avi#ofor analysis on a single LSR 1l flow
cytometer (BD Bioscience, San Jose, GAPata were collected using FACSDiva software (BD
Biosciences) with automatic compensation and weatyaed using FlowJo software v.9.6.2 (Tree
Star, Ashland, OR) on Macintosh Quad-Core IntelrXeomputers running OSX 10.11.5 (Apple;

Cupertino, CA).

A limited number of scientists (CMF, SXL, AJH, VR®Jinded to subject identity, analyz-
ed primary data using a standardized workflow. ale¢re reviewed by at least two individuals.
We identified eosinophils as CD45+, CCR3+, CD18lsogith characteristic light-scatter (FSC,
SSC) properties. To determine the percentagesihephils expressing a given receptor (CD11b,
CD34, CD49d, CD69, or CD125), we used a 5% proliglmbntour plot to select positive events,
as distinguished using the appropriate isotyperobnto obtain sufficient numbers of eosinophils
for analysis, we collected an average of 122,028%3Devents in BAL (SD = 76,290; Median =
114,857) and 112,126 CD45+ events in sputum (SB2;110; Median = 65,380). In situations
where there were fewer than 100 events in the ephkihpositive gate, MFI values were not
included. Analysis of neutrophils from a subsethaf same subjects was performed by gating on
CDA45+ cells with a high side-scatter profile and luto-fluorescence, and then selecting cells that
were double-positive for CD16b and CD66b. Our dasaa percent of leukocytes, show a mean
SD of 41.1+ 14.4% in peripheral blood, 94014.9% in sputum, and 1#23.4% in BAL.

Antibodies used have been described

Potential eosinophil chemotactic factors
Samples of serum and plasma collected at the baseRIROMICS visit were analyzed

using RBM Myriad technology (Salt Lake City, UTglevant to this study, analytes included the

9/12/17 2
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chemokines CCL5, CCL8 and CCL24IgE was measured in the same samples using EhjSA

the Advanced Diagnostic Laboratories (National 3awiealth, Denver, CO).

Satistical analyses

We tested for normal distribution of flow cytometigd IgE results using the D’Agostino &
Pearson test. We related eosinophil percentagdifenent sample types using the non-parametric
Spearman’s correlation coefficiemg), We used one-way ANOVA or Kruskal-Wallis tes, a
appropriate, to analyze eosinophil percentagegtaidreceptor expression between sample types
or between groups defined by airflow obstructiod amoking. We tested the contribution of
smoking and airflow obstruction to eosinophil perteges in BAL using linear regression and in
multivariable models adjusted for demographicsfandariables known or suspected to be
associated with airway disease (reported chromndiritis, physician-diagnosed asthma or
gastroesophageal reflux disease, ICS use andpatétyears). We used Prism 6.0f (GraphPad
Software, Inc; La Jolla, CA) and Stata v.12 (S@dep., College Station, TX). A p-value of <0.05

was considered significant.
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Supplemental Table 1. Eosinophil receptor expression as per cent of positive cellsin specimen types by subject group and

sampletype.
No Obstruction COPD
NS FS CS FS CS
p values across subject group
CD11b
Blood 313 #+ 8.6 415 =+ 7.6 376 = 73 385 + 6.8 289 9.0 ns
Sputum 503 = 10.1 403 + 9.1 40.1 = 7.7 408 + 7.6 8.32 = 9.9 n.s
BAL 580 =+ 102 714 + 8.1 429 =+ 104 46.1 =+ 8.7 133 £ 105 n.s
p valuesacross n.s p<0.02 n.s n.s n.s
specimen types ) ) : ) )
CD34
Blood 71 = 19 120 *= 43 239 + 84 157 = 42 614. + 4.4 n.s
Sputum 345 + 10.0 259 + 57 173 + 43 227 + 51 521 + 8.7 n.s
BAL 450 + 9.1 399 + 71 293 + 6.8 398 + 7.9 223 £ 8.5 n.s
gpveili%&:nags: n.s p<0.006 n.s p<0.02 n.s
CDh49d
Blood 40.7 + 10.8 316 + 77 46.3 = 9.0 441 * 76 132+ 8.9 n.s
Sputum 312 + 104 162 * 6.7 149 + 6.0 217 + 57 221 £ 9.7 n.s
BAL 513 = 104 51.3 + 84 345 + 84 345 + 82 433+ 10.8 n.s
gp"ei'i%fnags: ns p<0.02 p<0.04 p<0.007 n.s
CD69
Blood 386 + 8.4 469 <+ 6.6 423 5.6 394 + 409 532 = 6.9 n.s
Sputum 746 = 8.6 626 + 8.0 60.3 + 9.0 623 + 6.8 004 + 103 n.s
BAL 766 + 0938 804 + 8.2 513 + 114 736 + 8.8 256+ 15.0 n.s
gp"e"’(‘:'i‘;'nfnags: p<0.01 p<0.02 n.s p<0.002 n.s
CD125
Blood 559 + 97 415 =+ 7.7 505 * 7.9 440 * 6.6 924 + 89 n.s
Sputum 195 6.2 199 =+ 6.8 139 + 6.0 98 + 43 6.41 =+ 8.7 n.s
BAL 591 + 114 689 + 84 386 + 9.0 634 + 9.1 625+ 101 p<0.03
p valuesacross p<0.03 p<0.0001 p<0.004 p<0.0001 p<0.04

specimen types
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Martinez et al.

Data are mean = SD of the percentage of eosinopkjieessing each receptor. Subject groups arewahbed as in the Legend to
Figure 2;n.s, not significant; p values by Kruskal-Wallis noarpmetric ANOVA with Dunn’s post-hoc testingfor NS = 13 blood,
11 sputum, and 16 BAL samplasfor FS-NAO = 20 blood, 19 sputum, and 21 BAL saesph for CS-NAO = 23 blood, 22 sputum,
and 19 BAIL samples) for FS-COPD = 27 blood, 24 sputum, and 22 BAL dasin for CS-COPD = 12 blood, 15 sputum, and 10
BAL samples.
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Supplemental Table 2.

Median and 1 QR of receptor MFI in specimen types by subject group and sample type.

Martinez et al.

No Obstruction COPD
NS FS CSs FS CS
p values across subject group
CD11b
Blood 6.2 (2.2, 18) 9.7 (4.4, 22) 9.7 (5.8, 21) 6.8(23) 10 (5.8, 22) ns
Sputum 266 (72, 716) 112 (72, 498) 241 (143, 628) 108 276) 108 (62, 250) ns
BAL 229 (19, 621) 712 (168, 872) 392 (19, 1100) )381) 571 (26, 801) p<0.04
Zogi‘ﬂniafy}?: p<0.006 p<0.0001 p<0.0001 p<0.0001 p<0.001
CD34
Blood 2.9 (18, 4.7) 2.7 (1.6, 5.6) 3.3 (1.9, 4.6) @2,3.3) 3.0 (2.2, 9.0) ns
Sputum 362 (252, 897) 293 (227, 525) 206 (149, 313) (734 284) 176 (79, 421) ns
BAL 466 (58, 641) 249 (96, 551) 249 (96, 551) 284 [84) 280 (17, 453) ns
Fs’p‘gi‘r’nzaf;g: p<0.002 p<0.0001 p<0.0001 p<0.0001 p<0.03
CDh49d
Blood 4.7 (3.0,9.1) 6.0 (3.5, 20) 5.2 (2.7, 1.6) @D, 9.3) 9.2 (2.4, 18) ns
Sputum 66 (16, 135) 65 (24, 132) 75 (33, 140) 44.(, 7 34 (16, 143) ns
BAL 145 (7.9, 248) 179 (68, 540) 476 (63, 942) 7} (91) 953 (27,1720)  p=0.0003
p values across
specimen types p<0.04 p<0.0008 p<0.0001 p<0.0001 p<0.0001
CD69
Blood  7.1(3.9,14) 8.6 (5.3, 19) 7.2 (2.6,1.2) 3.2(11) 6.9 (4.2, 13) ns
Sputum 973 (195, 1420) 643 (344, 1860) 1390 (209, 2020) 262 (63, 1177) 404 (108,1880)  ns
BAL 1855 (58, 2340) 1980 (639, 2450) 820 (18,2140) 1960 (62, 2377) 1925 (67,2040)  n.s
p values across
Specimen types p<0.009 p<0.0001 p<0.0001 p<0.0001 p<0.002
CD125
Blood 13 (5.0, 17) 20 (12, 26) 10 (6.0, 25) 12 (58, 1 18 (5.3, 25) ns
Sputum 183 (57, 511) 173 (104, 243) 244 (91, 383) i1, 828) (80, 41, 279) ns
BAL 422 (10, 776) 491 (305, 689) 627 (23, 762) 34D ( 691) 735 (22, 931) ns
p values across p<0.004 p<0.0001 p<0.0001 p<0.0001 p<0.002

specimen types

Data are median x 1@25", 75" quartile) for receptor MFI on eosinophils.s, not significant; p values by Kruskal-Wallis non-
parametric ANOVA with Dunn’s post-hoc testing. Number of samples per group shown in the foottm®&upplemental Table 1.
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Supplemental Figure L egends.

Supplemental Figure 1. Gating strategy to identify eosinophilsin sputum and BAL. Flow
cytometry was performed on samples of periphe@d(A, D, G, J); sputum (B, E, H, K) and
BAL (C, F, I, L). Samples were first sequentialgtgd using SSC-A vs. FSC-A (A-C); SSC-A
vs. CD45+ cells with high SSC (D-F); and then wsbtype controls (G-1) or monoclonal

antibodies against CCR3 and CD16 (J-L). Repreteataxamples from NS subjects.

Supplemental Figure 2. Expression of various eosinophil receptors (as per centage positive)

by sampletypein all subjects. A, CD11b; B, CD34; C, CD49d; D, CD69; E, CD125. t®are
median = interquartile (IQR) range,"9& 5" percentiles, with outliers shown as symbols. Note
that the median for BAL cells expressing CD34 i%09Samples with fewer than 100 events in
the eosinophil positive gate were excluded. *,.080**, p<0.01; ***, p<0.000; ****,

p<0.00001; ANOVA with Holm-Sidak post-hoc testingVe interpret the reductions in sputum
eosinophil expression of CD49d and CD125 to bdaoteal and due to the effects of

dithiothreitol, as previously shown

Supplemental Figure 3. Eosinophil expression of adhesion and activation receptors (as

MFI) by BAL eosinophils, divided by subject group. A, Representative histograms from
never-smokers are shown for CD11b, CD34, CD49d, € 26d CD125 for blood, sputum, and
BAL. Red histogram, isotype control; Blue histagtanAb-specific staining. B, Cumulative
expression by BAL eosinophils of CD11b, CD49d. N&ver-smokers; FS-NAO, former
smokers, no airflow obstruction; CS-NAO, curreniog&ers, no airflow obstruction; FS-COPD,
former smokers with COPD; CS-COPD, current smokeétis COPD. Data are median, IQR,

95" & 5™ percentiles, with outliers shown as symbols. Saswith fewer than 100 events in

9/12/17 8



the eosinophil positive gate were excluded. *,.p80**, p<0.01; ***, p<0.000; ANOVA with

Holm-Sidak post-hoc testing.
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