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 10 

Study Populations 11 

Subjects more than 40 years of age were eligible for enrolment if they required thoracic 12 

lobectomy surgery for cancer (pN0), lung transplantation or lung volume reduction (see Table 13 

E1 for individual indications). The size of the study was estimated from data obtained in patients 14 

with refractory asthma compared with non asthmatic subjects [1]. The expected difference 15 

between the two groups of interest (control subjects and COPD patients) is 4.5 fibrocytes / mm² 16 

with a standard deviation of 4.7. A total of 15 subjects per group is required for 80% power 17 

with an alpha risk of 0.05. All the study subjects were in stable status, as required for thoracic 18 

surgery. Only 5 patients experienced 1 or 2 exacerbations during the year before the study 19 

(patients n°24, 21, 49, 50, 51, see Table E1) whereas no exacerbation occurred during the last 20 

2 months prior to surgery. A total of 17 COPD patients, with a clinical diagnosis of COPD 21 

according to the GOLD guidelines [2] and 25 non-COPD subjects (“control subjects”) with 22 

normal lung function testing (i.e., FEV1/ FVC > 0.70) and no chronic symptoms (cough or 23 

expectoration) were recruited from the University Hospital of Bordeaux. Main exclusion 24 
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criteria for both COPD patients and control subjects were history of asthma, lung fibrosis, 25 

idiopathic pulmonary hypertension and chronic viral infections (hepatitis, HIV). The main 26 

withdrawal criterion for subjects included for lobectomy due to cancer was a staging different 27 

from pN0 confirmed after surgery.  28 

To study fibrocyte survival in vitro, blood samples were obtained from a separate cohort of 29 

COPD patients. These patients were recruited from the COBRA cohort (“Cohorte Obstruction 30 

Bronchique et Asthme”; Bronchial Obstruction and Asthma Cohort; sponsored by the French 31 

National Institute of Health and Medical Research, INSERM), as outpatients in the Clinical 32 

Investigation Centre of the University Hospital of Bordeaux (Tables E4 and E6). 33 

To assess the role of epithelium on fibrocyte survival in vitro, macroscopically normal, lung 34 

resection material was ethically obtained by lobectomy from a separate group of patients 35 

categorized into COPD and control groups as per GOLD criteria (Table E5). 36 

All subjects provided written informed consent to participate to the study. All clinical data were 37 

collected in the Clinical Investigation Center (CIC1401) from the University Hospital of 38 

Bordeaux. The study protocol was approved by the research ethics committee (“CPP”) and the 39 

French National Agency for Medicines and Health Products Safety (“ANSM”).  40 

 41 

Study design 42 

The study protocol was approved by the local research ethics committee on May 30, 2012 and 43 

the French National Agency for Medicines and Health Products Safety on May 22, 2012. All 44 

clinical investigations have been conducted according to the principles expressed in the 45 

Declaration of Helsinki. All subjects provided written informed consent. The clinical trial was 46 

conducted from April 2013 (1st patient, 1st visit) to May 2016 (last patient, last visit). As already 47 

indicated, all patients undergoing surgery were thus recruited from the Department of Thoracic 48 
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Surgery of the University Hospital. The study was sponsored and funded by the University 49 

Hospital of Bordeaux (i.e. “CHU de Bordeaux”). All authors were academic and made the 50 

decision to submit the manuscript for publication and vouch for the accuracy and integrity of 51 

the contents. The study was registered at ClinicalTrials.gov under the N° NCT01692444 (i.e., 52 

“Fibrochir” study).  53 

The study design is summarized in Fig E1. The pre-inclusion visit (V1) before surgery, 54 

consisted of patient information and signature of the inform consent followed by a clinical 55 

evaluation (i.e., pulmonary auscultation, assessment of the WHO score, history of previous 12 56 

months, smoking status, current treatment…). A full-body CT-scan with injection, was 57 

performed as part of the classical disease management but was preceded by two complementary 58 

thoracic acquisitions at expiration and inspiration without injection within the framework of the 59 

study. The patients also underwent echocardiography and lung function testing using body 60 

plethysmography, lung transfer capacity (TLCO) and arterial gas. The inclusion visit (V2), on 61 

the day of surgery, consisted of a clinical evaluation (i.e., control assessment test (CAT), St 62 

Georges Quality of Life Questionnaire (SGQLQ) and six-minute walk test) and venous blood 63 

sample (50 ml) for fibrocytes analysis. After thoracic surgery (lobectomy or pneumonectomy), 64 

a pulmonary sample from a grossly normal part of the surgical specimen is included in paraffin 65 

for subsequent analysis of the bronchial fibrocytes. Due to low quality of some tissue sections, 66 

fibrocyte density quantification was impossible in 10 distal specimens and 7 proximal 67 

specimens (Fig E1), which were excluded from peribronchial fibrocyte analysis. During 68 

hospital stay, clinical data was collected such as pTNM status for cancer patients.  A visit one 69 

month ± 15 days after surgery (V3) consisted of spirometric evaluation. The final visit one year 70 

± 15 days after surgery (V4) consisted of clinical (CAT, SGQLQ and six-minute walk test) and 71 

functional (plethysmography, TLCO, arterial gas) evaluations. COPD patients and control 72 

subjects performed the whole series of “Fibrochir” visits, with the exception of 2 COPD patients 73 
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who provided written informed consent for the use of biological samples and clinical data for 74 

research and underwent only two visits (corresponding to V1 and V2) including the surgical 75 

pulmonary sample for peribronchial fibrocyte analysis.  76 

 77 

Bronchial fibrocyte identification 78 

A sub-segmental bronchus sample (for proximal tissue) and as fragments of distal parenchyma 79 

were obtained from lung resection material, at distance from the tumor in case of cancer. 80 

Additional proximal samples from the upper lobes and lower lobes were obtained from 4 81 

transplanted patients (patient numbers 48, 49, 51, and 52, see Table E1) to compare fibrocyte 82 

density in different lobes. The samples were embedded in paraffin and 2.5 µm thick sections 83 

were cut, as described previously [3]. Sections were deparaffinized through three changes of 84 

xylene and through graded alcohols to water. Heat induced antigen retrieval was performed 85 

using citrate buffer, pH 6 (Fisher Scientific, Illkirch, France) in a Pre-Treatment Module 86 

(Agilent, Les Ulis, France). Endogenous peroxidase and alkaline phosphatases (AP) were 87 

blocked for 10 min using Dual Enzyme Block (Diagomics, Blagnac, France). Nonspecific 88 

binding was minimized by incubating the sections with 4% Goat Serum (Agilent) for 30 min. 89 

The sections were stained with both rabbit anti-FSP1 polyclonal antibody (Agilent) and mouse 90 

anti-CD45 monoclonal antibody (BD Biosciences, San Jose, CA), or mouse anti-CD3 91 

monoclonal antibody (Agilent), mouse anti-CD19 monoclonal (Agilent), mouse anti-CD34 92 

monoclonal antibody (Agilent) or appropriate isotype controls, rabbit IgG (Fisher Scientific) 93 

and mouse IgG1 (R&D Systems, Lille, France) at the same concentration. For CD45-FSP1 94 

double staining, the sections were re-incubated with HRP-Polymer anti-Mouse and AP Polymer 95 

anti-Rabbit antibodies (Diagomics). Sections were developed with the chromogenic substrates, 96 

GBI-Permanent Red and Emerald. For CD3-FSP1, CD19-FSP1 and CD34-FSP1 double 97 
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staining, the sections were re-incubated with HRP anti-Mouse (Agilent) and with Alexa488–98 

conjugated anti-Rabbit (Fisher Scientific) antibodies. Immunoreactivity was detected by using 99 

the DAB System (Agilent) for CD3, CD19 or CD34 staining and by fluorescence for FSP1 100 

staining. 101 

The sections were imaged using a slide scanner Nanozoomer 2.0HT with fluorescence imaging 102 

module (Hamamatsu Photonics, Massy, France) using objective UPS APO 20X NA 0.75 103 

combined to an additional lens 1.75X, leading to a final magnification of 35X. Virtual slides 104 

were acquired with a TDI-3CCD camera. Fluorescent acquisitions were done with a mercury 105 

lamp (LX2000 200W - Hamamatsu Photonics) and the set of filters adapted for DAPI and Alexa 106 

488. Bright field and fluorescence images where acquired with the NDP-scan software 107 

(Hamamatsu) and processed with ImageJ. Quantification of FSP1 and CD45 double-positive 108 

cells was performed as described in Fig 1. A color deconvolution plugin was used on bright 109 

field image to separate channels corresponding to GBI-Permanent Red and Emerald double 110 

staining, and a binary threshold was then applied to these images (Fig 1a). Tissue fibrocytes 111 

were defined as cells dual positive for cytoplasmic FSP1 and plasma membrane CD45 double 112 

staining on the merged threshold image (Fig 1b-c). The lamina propria contour was manually 113 

determined on bright field image and the area was calculated. For distal bronchi, the lumen area 114 

was also determined and only bronchi less than 2 mm in diameter were analyzed as described 115 

by J.C. Hogg et al [4]. The density of FSP1+ CD45+ cells was defined by the ratio between the 116 

numbers of double-positive cells in the lamina propria divided by the lamina propria area. 117 

Quantification of double-positive FSP1 and CD3, FSP1 and CD19 or FSP1 and CD34 cells was 118 

performed as described above with some modifications: a color deconvolution plugin was used 119 

on bright field image to select the channel corresponding to DAB signal (for CD3, CD19 or 120 

CD34 staining), and a binary threshold was then applied to this image and fluorescence image 121 
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corresponding to FSP1 staining. Tissue area and cell measurements were all performed in a 122 

blinded fashion for patient characteristics. 123 

 124 

Quantitative computed tomography 125 

CT scans were performed on a Somatom Sensation Definition 64 (Siemens, Erlangen, 126 

Germany) at full inspiration and expiration, as described previously [5-8]. Briefly, quantitative 127 

analysis was performed by using dedicated and validated software: Automatic quantification of 128 

bronchial wall area (WA), lumen area (LA), WA/LA (WA%) and wall thickness (WT) was 129 

obtained on orthogonal bronchial cross sections by using the Laplacian-of-Gaussian algorithm 130 

and homemade software [9, 10]; Automatic quantification of both emphysema and air trapping 131 

was assessed using Myrian software (Intrasense, Montpellier, France) and both low attenuation 132 

area per cent (LAA%) [5, 6] and mean lung attenuation (MLA) during expiration [7, 8]; 133 

Quantification of pulmonary vessels was obtained from CT images, as previously described [5]. 134 

Briefly, CT set of images reconstructed with sharp algorithm (B70f) were analyzed by using 135 

the ImageJ software version 1.40g (a public domain Java image program available at 136 

http://rsb.info.nih.gov/ij/). The small pulmonary vessels measurements were made 137 

automatically as described elsewhere [5, 11-13]. The cross section area (CSA) and cross section 138 

number (CSN) of small pulmonary vessels were quantified separately at the subsegmental and 139 

at the sub-subsegmental levels [5, 13]. The subsegmental and sub-subsegmental levels are 140 

defined by a vessel area between 5 and 10 mm2 and less than 5 mm2, respectively. Finally, 141 

quantifications were obtained after normalization by the corresponding lung section area at each 142 

CT slice: the cross sectional area of small pulmonary vessel less than 5 mm2 (%CSA<5). Four 143 

measurements were obtained after normalization by the corresponding lung section area at each 144 

CT slice: the cross sectional area of small pulmonary vessel between 5 to 10 mm2 (%CSA5-10), 145 

http://rsb.info.nih.gov/ij/
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and less than 5 mm2 (%CSA<5), the mean number of cross-sectioned vessels CSN5-10 and CSN<5. 146 

Emphysematous patients were defined as patients with a LAA% > 10% [14]. 147 

 148 

Circulating fibrocyte identification 149 

Non-adherent non-T (NANT) cells were purified from peripheral blood mononuclear cells 150 

(PBMCs) separated from the whole blood, and circulating fibrocytes were identified as double 151 

positive cells for the surface marker CD45 and the intracellular marker collagen I by flow 152 

cytometry, as described previously [15]. Briefly, PBMCs were first separated from the whole 153 

blood by Ficoll-Hypaque (Dutscher, Brumath, France) density gradient centrifugation. The 154 

non-adherent mononuclear cell fraction was taken and washed in cold PBS containing 0.5% 155 

bovine serum albumin (BSA, Sigma-Aldrich) and 2 mM Ethylene Diamine Tetra-acetic Acid 156 

(EDTA, Invitrogen). T-cells were further depleted with anti-CD3 monoclonal antibody 157 

(Miltenyi Biotech, Paris, France). Cells were fixed overnight with Cytofix/Cytoperm 158 

(eBioscience, Paris, France), washed in permeabilization buffer (eBioscience) and incubated 159 

either with mouse anti-human collagen I antibody (Millipore, St-Quentin-en-Yvelines, France) 160 

or with matched IgG1 isotype control (Santa Cruz Biotechnology, Heidelberg, Germany), 161 

followed by fluorescein isothiocyanate (FITC)–conjugated anti-mouse antibodies (Beckman 162 

Coulter, Villepinte, France). Next, the cell pellet was incubated either with allophycocyanin 163 

(APC)-conjugated anti-CD45 antibodies (BD Biosciences, San Jose, CA) or with matched 164 

APC-conjugated IgG1 isotype control (BD Biosciences). The cell suspension was analyzed 165 

with a BD FACSCanto II flow cytometer (BD Biosciences). Offline analysis was performed 166 

with FACSDiva (BD Biosciences) and FlowJo (Tree Star, Ashland, OR) software. The negative 167 

threshold for CD45 was set using a matched APC-conjugated IgG1 isotype control, and all 168 

subsequent samples were gated for the CD45 positive region. Cells gated for CD45 were 169 

analyzed for collagen I expression, with negative control thresholds set using FITC-stained 170 
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cells. Specific staining for collagen I was determined as an increase in positive events over this 171 

threshold. Fibrocytes numbers were expressed as both a percentage of total PBMC counts and 172 

as absolute number of cells.  173 

Bronchial epithelial supernatants 174 

Human bronchial epithelial cells (BECs) were derived from bronchial specimens as described 175 

previously [16]. Bronchial epithelial tissue was cultured in bronchial epithelial growth medium 176 

(Stemcell, Grenoble, France) in a flask (0.75 cm2). After confluence, basal BEC were plated 177 

(2.105 cells per well) on uncoated nucleopore membranes (24-mm diameter, 0.4-µm pore size, 178 

Transwell Clear; Costar, Cambridge, Mass) in ALI medium (Stemcell) applied at the basal side 179 

only to establish the air-liquid interface. Cells were maintained in culture for 21 days to obtain 180 

a differentiated cell population with a mucociliary phenotype. Basal epithelial supernatant was 181 

collected every 2-3 days and used for further experiments. 182 

 183 

Fibrocyte differentiation and survival 184 

A total of 2.106 NANT cells resuspended in 0.2 ml DMEM (Fisher Scientific), containing 4.5 185 

g/l glucose and glutaMAX, supplemented with 20% foetal calf serum (Biowest, Riverside, 186 

USA), penicillin/streptomycin and MEM non-essential amino acid solution (Sigma-Aldrich), 187 

was added to each well of a 6 well plate. After one week in culture, fibrocyte differentiation 188 

was induced by changing the medium for a serum-free medium (Fig E2), or for a serum-free 189 

medium containing 50% of basal epithelium supernatant (Fig E14). Mediums were changed 190 

every 2-3 days. After 2 weeks in culture, the cells were detached by accutase treatment (Fisher 191 

Scientific), fixed overnight with Cytofix/Cytoperm and washed in permeabilization buffer (for 192 

collagen-CD45-FSP1 stainings) or fixed with 4% paraformaldehyde solution and washed in 193 

PBS containing 0.5% BSA, 2 mM EDTA, 0.5% Tween (Sigma-Aldrich) (for the other 194 

stainings). Cells were incubated overnight with rabbit anti-FSP1 polyclonal antibody (Agilent) 195 
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or with matched IgG isotype control (Fisher Scientific), and either with FITC–conjugated 196 

mouse anti-human collagen I antibody (Millipore) or with matched FITC-conjugated IgG1 197 

isotype control (Millipore). Next, the cell pellet was incubated with Phycoerythrin (PE)–198 

conjugated anti-rabbit antibody (Santa Cruz Biotechnology, Heidelberg, Germany) and with 199 

FITC-conjugated mouse IgGκ binding protein (Santa Cruz Biotechnology). Cells were then 200 

incubated with APC-conjugated anti-CD45 antibody or with matched APC-conjugated IgG1 201 

isotype control, and either with FITC–conjugated mouse anti-human vimentin antibody (Santa 202 

Cruz), FITC–conjugated mouse anti-human fibronectin antibody (Santa Cruz) or with matched 203 

FITC-conjugated IgG1 isotype control (Santa Cruz), or FITC–conjugated mouse anti-human α-204 

smooth muscle actin (α-SMA) antibody (Sigma-Aldrich) or with matched FITC-conjugated 205 

IgG2A isotype control (Sigma-Aldrich). The cell suspension was analyzed with a BD 206 

FACSCanto II flow cytometer. Cells gated for CD45 and FSP1 were analyzed for collagen-1, 207 

fibronectin, vimentin and α-SMA expression, with negative control thresholds set using 208 

isotype-stained cells. Specific staining for collagen I, fibronectin, vimentin and α-SMA was 209 

determined as an increase in positive events over this threshold. 210 

Alternatively, after 2 weeks in culture, cells were fixed with 4% paraformaldehyde solution and 211 

stained for collagen I, fibronectin, vimentin, α-SMA, FSP1 and with DAPI (Fisher Scientific). 212 

Fixed cells were imaged on a microscope (Eclipse 80i, Nikon) using a HCX plan Fluor 213 

40X/0.75 dry objective (Nikon). 214 

Propidium iodide (Fisher Scientific) was used for the detection of dying cells. After 2 weeks in 215 

culture, cells detached by accutase treatment were used to prepare single cell suspension at 216 

1.106 cells/ml. After addition of propidium iodide, the dying cells (PI+ cells) were detected by 217 

flow cytometry (BD Biosciences).  218 

Statistical analysis  219 
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Primary outcome was the density of bronchial fibrocytes in both distal and proximal airways. 220 

Secondary outcomes were lung function parameters, CT parameters and the percentage of blood 221 

fibrocytes in PBMCs. The statistical analysis was performed with Prism 6 software (GraphPad, 222 

La Jolla, CA) and NCSS software (NCSS 2001, Kaysville, UT, USA). Values are presented as 223 

the medians with individual plots or means ± SD. Statistical significance, defined as P < 0.05, 224 

was analysed by Fisher’s exact test for the comparison of proportions, by two-sided independent 225 

t-test for variables with a parametric distribution, and by Wilcoxon test, Mann–Whitney U test 226 

and Spearman’s correlation coefficient for variables with a non-parametric distribution. 227 

Concerning correlation analyses, no mathematical correction was made for multiple 228 

comparisons, as recommended [17]. A receiver operating characteristic (ROC) curves were 229 

built with NCSS software (NCSS 2001, Kaysville, UT, USA) and ROC analysis were 230 

performed to determine areas under the curve (AUC) and cut-off values for the best fibrocytes 231 

density in distal and proximal tissue specimens to predict COPD. Those 2 cut-off values were 232 

then used to evaluate the association between COPD and a high density of tissue fibrocytes 233 

using a univariate logistic regression analysis. To test potential sex differences, we performed 234 

subgroup analysis in control and COPD patients by matching them for sex (sex ratio: 0.5) and 235 

age.  236 

  237 
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Supplemental tables 292 

Table E1. Indications for thoracic surgery 293 

Patient 

number 

Classification 

(cont vs 

COPD) 

Tumor stage*/ 

Lung transplantation 

(LT) 

Tumor histology  

 

    

1 Cont pT1 lepidic adenocarcinoma 

2 Cont pT2 papillary and lepidic adenocarcinoma 

3 Cont pT2 mucinous adenocarcinoma 

4 Cont pT2 mucinous adenocarcinoma 

8 Cont pT2 adenocarcinoma 

9 Cont pT1 mucinous adenocarcinoma 

11 Cont pT3 typical carcinoid 

12 Cont pT2 lepidic adenocarcinoma 

13 Cont pT1 squamous cell carcinoma 

15 Cont pT0 Abrikossoff tumor 

16 Cont pT1 acinar adenocarcinoma 

24 Cont pT2 atypical carcinoid 

27 Cont pT2 acinar adenocarcinoma 

28 Cont pT1 acinar adenocarcinoma 

29 Cont pT1 lepidic adenocarcinoma 

31 Cont pT2 acinar adenocarcinoma 

33 Cont pT1 papillary adenocarcinoma 

34 Cont pT1 adenocarcinoma 

37 Cont pT2 acinar adenocarcinoma 

39 Cont pT1 acinar adenocarcinoma 

41 Cont pT3 squamous cell carcinoma 

43 Cont pT1 adenocarcinoma 

44 Cont pT1 adenocarcinoma 

46 Cont pT2 acinar adenocarcinoma 

47 Cont pT1 acinar adenocarcinoma 

7 COPD pT1 squamous cell carcinoma 

10 COPD pT1 squamous cell carcinoma 

17 COPD pT3 acinar adenocarcinoma 

18 COPD pT2 acinar adenocarcinoma 

21 COPD pT1 adenocarcinoma 

22 COPD pT0 benign nodule 

23 COPD pT1 small cell carcinoma 

26 COPD pT1 small cell carcinoma 

32 COPD pT0 adenocarcinoma 

36 COPD pT1 papillary adenocarcinoma 

42 COPD pT1 acinar adenocarcinoma 

45 COPD pT1 acinar adenocarcinoma 

48 COPD LT NR 

49 COPD LT NR 

50 COPD LT NR 

51 COPD LT NR 

52 COPD LT NR 

 294 

* All the tumors are N0M0. 295 
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Cont: Control subject; LT: Lung transplantation; NR: not relevant.  296 
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Table E2. Association between distributions of distal tissue fibrocytes and COPD clinical 297 

characteristics  298 

  299 

   Distal CD45+ FSP1+ cells density 

  Spearman r 95% confidence 

interval 

P value 

Age (yrs.) 0.06 [-0.31-0.41] 0.76 

Body-mass index (kg/m2) 

Pack years (no.) 

 

LFT 

  FEV1 (% pred.) 

  FEV1/FVC ratio (%) 

  FVC (% pred.) 

  RV (% pred.) 

  TLCO (% pred.) 

 

Six-minute walk test distance 

(m) 

 

Arterial blood gases 

PaO2 (mm Hg) 

PaCO2 (mm Hg) 

 

CT parameters 

Bronchi: 

WA4% 

WT4 (mm) 

WA5% 

WT5 (mm) 

 

Emphysema: 

LAA (%) 

 

Air trapping: 

MLA E (HU) 

MLA I (HU) 

MLA I-E (HU) 

 

Pulmonary Vessels 

%CSA<5 

%CSA5-10 

CSN<5 

CSN5-10 

 

0.09 

0.21 

 

 

-0.28 

-0.42 

-0.31 

0.30 

-0.20 

 

0.14 

 

 

-0.27 

0.37 

 

 

 

0.12 

0.08 

0.29 

0.17 

 

 

0.36 

 

 

-0.44 

-0.20 

0.08 

 

 

-0.21 

-0.15 

-0.18 

-0.16 

[-0.28-0.43] 

[-0.17-0.53] 

 

 

[-0.58-0.08] 

[-0.68-0.07] 

[-0.60-0.06] 

[-0.06-0.59] 

[-0.53-0.20] 

 

[-0.26-0.49] 

 

 

[-0.58-0.11] 

[-0.002-0.65] 

 

 

 

[-0.31-0.50] 

[-0.33-0.47] 

[-0.13-0.62] 

[-0.25-0.54] 

 

 

[-0.01-0.64] 

 

 

[-0.72-0.03] 

[-0.54-0.20] 

[-0.35-0.48] 

 

 

[-0.54-0.16] 

[-0.49-0.24] 

[-0.52-0.19] 

[-0.38-0.36] 

0.63 

0.26 

 

 

0.12 

0.02 

0.09 

0.10 

0.31 

 

0.49 

 

 

0.15 

0.04 

 

 

 

0.56 

0.68 

0.16 

0.41 

 

 

0.056 

 

 

0.03 

0.31 

0.72 

 

 

0.26 

0.44 

0.33 

0.41 
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FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; LFT, lung function 300 

test; RV, residual volume; TLCO, Transfer Lung capacity of Carbon monoxide, PaO2, partial 301 

arterial oxygen pressure, PaCO2, partial arterial carbon dioxide pressure; WA, mean wall area; 302 

LA, mean lumen area, WA%, mean wall area percentage; WT, wall thickness; LAA, low-303 

attenuation area; MLA E or I, mean lung attenuation value during expiration or inspiration. 304 

MLA I-E, difference between inspiratory and expiratory mean lung attenuation value. %CSA<5, 305 

percentage of total lung area taken up by the cross-sectional area of pulmonary vessels less than 306 

5 mm2; %CSA5–10, percentage of total lung area taken up by the cross-sectional area of 307 

pulmonary vessels between 5 and 10 mm2; CSN<5, number of vessels less than 5 mm2 308 

normalized by total lung area; CSN5-10, number of vessels between 5 and 10 mm2 normalized 309 

by total lung area; NR: not relevant. The correlation coefficient (r), 95% confidence interval 310 

and significance level (P value), were obtained by using nonparametric Spearman analysis. 311 

 312 

  313 
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Table E3. Association between distributions of proximal tissue fibrocytes and COPD 314 

clinical characteristics  315 

 316 

 317 

   Proximal CD45+ FSP1+ cells density 

  Spearman r 95% confidence 

interval 

P value 

Age (yrs.) -0.09 [-0.42-0.26] 0.60 

Body-mass index (kg/m2) 

Pack years (no.) 

 

LFT 

  FEV1 (% pred.) 

  FEV1/FVC ratio (%) 

  FVC (% pred.) 

  RV (% pred) 

  TLCO (% pred.) 

 

Six-minute walk test distance (m) 

 

Arterial blood gases 

PaO2 (mm Hg) 

PaCO2 (mm Hg) 

 

CT parameters 

Bronchi: 

WA4% 

WT4 (mm) 

WA5% 

WT5 (mm) 

 

Emphysema: 

LAA (%) 

 

Air trapping: 

MLA E (HU) 

MLA I (HU) 

MLA I-E (HU) 

 

Pulmonary Vessels 

%CSA<5 

%CSA5-10 

CSN<5 

CSN5-10 

 

0.32 

0.02 

 

 

-0.33 

-0.28 

-0.34 

0.43 

-0.04 

 

-0.14 

 

 

-0.26 

0.20 

 

 

 

0.50 

0.54 

0.34 

0.42 

 

 

0.18 

 

 

0.07 

0.08 

0.28 

 

 

-0.07 

-0.06 

-0.03 

-0.07 

[-0.03-0.60] 

[-0.34-0.38] 

 

 

[-0.61-0.009] 

[-0.57-0.07] 

[-0.61-0.005] 

[0.10-0.67] 

[-0.40-0.32] 

 

[-0.48-0.24] 

 

 

[-0.55-0.09] 

[-0.16-0.50] 

 

 

 

[0.11-0.75] 

[0.18-0.78] 

[-0.08-0.65] 

[0.008-0.70] 

 

 

[-0.20-0.51] 

 

 

[-0.35-0.46] 

[-0.31-0.44] 

[-0.14-0.62] 

 

 

[-0.42-0.31] 

[-0.43-0.29] 

[-0.40-0.33] 

[-0.36-0.36] 

0.06 

0.91 

 

 

0.049 

0.10 

0.04 

0.01 

0.80 

 

0.46 

 

 

0.14 

0.26 

 

 

 

0.02 

0.005 

0.10 

0.04 

 

 

0.34 

 

 

0.76 

0.68 

0.17 

 

 

0.73 

0.77 

0.88 

0.70 
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LFT, lung function test; FEV1, forced expiratory volume in 1 second; FVC, forced vital 318 

capacity; RV, residual volume; TLCO, Transfer Lung capacity of Carbon monoxide, PaO2, 319 

partial arterial oxygen pressure, PaCO2, partial arterial carbon dioxide pressure; WA, mean wall 320 

area; LA, mean lumen area, WA%, mean wall area percentage; WT, wall thickness; LAA, low-321 

attenuation area; MLA E or I, mean lung attenuation value during expiration or inspiration. 322 

MLA I-E, difference between inspiratory and expiratory mean lung attenuation value. %CSA<5, 323 

percentage of total lung area taken up by the cross-sectional area of pulmonary vessels less than 324 

5 mm2; %CSA5–10, percentage of total lung area taken up by the cross-sectional area of 325 

pulmonary vessels between 5 and 10 mm2; CSN<5, number of vessels less than 5 mm2 326 

normalized by total lung area; CSN5-10, number of vessels between 5 and 10 mm2 normalized 327 

by total lung area; NR: not relevant. The correlation coefficient (r), 95% confidence interval 328 

and significance level (P value), were obtained by using nonparametric Spearman analysis. 329 

  330 
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Table E4. Patient characteristics 

 
  COPD  

 

n 9 

Age (yr) 67.1 ± 9.9 

Sex (Men/Woman) 7/2 

Body-mass index (kg/m2) 

Current smoker (Y/N) 

Former smoker (Y/N) 

Pack years (no.) 

 

PFT 

  FEV1 (% pred.) 

  FEV1/FVC ratio (%) 

  FVC (% pred.) 

 

Six-minute walk test distance (m) 

 

Arterial blood gases 

PaO2 (mm Hg) 

PaCO2 (mm Hg) 

25.4 ± 6.3 

5/4 

4/5 

50.3 ± 15.1 

 

 

59.8 ± 19.3 

54.9 ± 9.4 

84.5 ± 18.1 

 

493 ± 159 

 

 

70.3 ± 11.8 

39.4 ± 5.1 

 331 

Plus–minus values indicate means ± SD. PFT, pulmonary function test; FEV1, forced expiratory 332 

volume in 1 second; FVC, forced vital capacity; PaO2, partial arterial oxygen pressure, PaCO2, 333 

partial arterial carbon dioxide pressure. 334 

 335 

  336 
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Table E5. Patient characteristics (for bronchial epithelial supernatants production) 337 

 
  COPD  Control 

n 2 2 

Age (yr) 62.5 ± 12.0 70.5 ± 13.4 

Sex (Men/Woman) 0/2 2/0 

Body-mass index (kg/m2) 

Current smoker (Y/N) 

Former smoker (Y/N) 

Pack years (no.) 

 

PFT 

  FEV1 (% pred.) 

  FEV1/FVC ratio (%) 

31.5 ± 7.8 

0/1* 

1/0* 

50.0 ± 70.7 

 

 

62.5 ± 3.5 

61.0 ± 0 

24.5 ± 0.7 

0/2 

0/2 

0 

 

 

113.5 ± 62.9 

81.5 ± 0.1 

 338 

Plus–minus values indicate means ± SD. PFT, pulmonary function test; FEV1, forced expiratory 339 

volume in 1 second; FVC, forced vital capacity. * one of the two COPD patients has been 340 

professionally exposed to noxious particles. 341 

 342 

  343 
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Table E6. Patient characteristics  

 
  COPD 

 

n 6 

Age (yr) 69.2 ± 8.0 

Sex (Men/Woman) 2/4 

Body-mass index (kg/m2) 

Current smoker (Y/N) 

Former smoker (Y/N) 

Pack years (no.) 

 

PFT 

  FEV1 (% pred.) 

  FEV1/FVC ratio (%) 

  FVC (% pred.) 

 

Six-minute walk test distance (m) 

 

Arterial blood gases 

PaO2 (mm Hg) 

PaCO2 (mm Hg) 

27.7 ± 5.6 

4/2 

2/4 

66.3 ± 24.7 

 

 

67.1 ± 22.5 

62.1 ± 6.4 

86.2 ± 30.0 

 

395 ± 187 

 

 

71.1 ± 6.6 

37.1 ± 4.7 

 344 

Plus–minus values indicate means ± SD. PFT, pulmonary function test; FEV1, forced expiratory 345 

volume in 1 second; FVC, forced vital capacity; PaO2, partial arterial oxygen pressure, PaCO2, 346 

partial arterial carbon dioxide pressure. 347 

  348 
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Supplemental figures legends 349 

Supplementary Fig E1. Study design.  350 

Numbers of patients who were included and had fibrocyte density quantification in the 351 

proximal and distal airways. 352 

 353 

Supplementary Fig E2. CD45+ FSP1+ cells purified from NANT cells express collagen I, 354 

fibronectin, vimentin and α-smooth muscle actin after 2 weeks of differentiation in 355 

culture. 356 

a-c, Representative dot plots of flow cytometry for CD45, FSP1, collagen I, fibronectin, 357 

vimentin and α-smooth muscle actin (α-SMA) expression. a, Left panel: total Non-Adherent 358 

Non T (NANT) cell population selected on the scatter plot of FSC-A vs SSC-A. Middle and 359 

right panels: a gate (CD45+ and FSP1+) was drawn in FSP1-PE vs APC-CD45 dot plot to define 360 

the Q2 population (positive population for both CD45 and FSP1). b-c,  a gate was drawn in 361 

each histogram to define the P3 population (positive population for CD45, FSP1 and collagen 362 

I/fibronectin/vimentin/α-SMA). b, isotype control for collagen I, fibronectin, vimentin and α-363 

SMA. c, colI, fibronectin, vimentin and α-SMA stainings. APC: allophycocyanin; FITC: 364 

fluorescein isothiocyanate; PE: Phycoerythrin; FSC-A: forward scatter; SSC-A: side scatter. d, 365 

Representative images of immunocytochemistry for CD45, FSP1, collagen I, fibronectin, 366 

vimentin and α-SMA expression. The upper left and right panels show respectively CD45 367 

(magenta) and FSP1 (cyan) stainings, and the lower panel shows a higher magnification of 368 

fibronectin, vimentin or α-SMA (all in green) stainings with DAPI (blue). Bar, 10 μm. 369 

 370 
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Supplementary Fig E3. Presence of fibrocytes in peribronchial area outside the smooth 371 

muscle layer. 372 

Representative staining of CD45 (green) and FSP1 (red) in distal (left) and proximal (right) 373 

bronchial tissue specimens. The lower panels show higher magnification of the small area 374 

(black boxes) defined in the upper panels. The smooth muscle layer has been highlighted in 375 

orange. The yellow arrowheads indicate fibrocytes, defined as CD45+ FSP1+ cells. 376 

 377 

Supplementary Fig E4. Relationship between the density of CD45+ FSP1+ cells in proximal 378 

airways and that in distal airways. 379 

Densities measured in control subjects and COPD patients are represented respectively with 380 

black and open circles. The correlation coefficient (r) and significance level (P value) were 381 

obtained by using nonparametric Spearman analysis. 382 

 383 

Supplementary Fig E5. Fibrocyte density in upper lobes in comparison with that in lower 384 

or middle lobes 385 

a, b, Quantification of fibrocyte density (normalized by the sub-epithelial area) in one 386 

specimen/patient in distal (a) and proximal (b) tissue specimens. Fibrocyte densities measured 387 

in upper lobes (“Up”, pink squares) were compared to the densities measured in lower or middle 388 

lobes (“Low+Middle”, green squares). The medians are represented as horizontal lines. c, 389 

Comparison of fibrocyte density in transplanted patients (n=4) in upper lobes (“Up”, pink 390 

squares) and lower lobes (“Low”, green squares) in proximal tissue specimens. 391 

 392 
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Supplementary Fig E6. Increased fibrocyte density in distal and proximal airways of 393 

COPD patients, in comparison with control smokers 394 

a, b, Quantification of fibrocyte density (normalized by the sub-epithelial area) in distal (a) and 395 

proximal (b) tissue specimens. The medians are represented as horizontal lines. *: P<0.05, 396 

Mann Whitney test.  397 

 398 

Supplementary Fig E7. Fibrocyte density in distal and proximal airways and relationships 399 

between fibrocyte density, lung function parameters and CT parameters in sex and age 400 

matched patients 401 

a, b, Quantification of fibrocyte density (normalized by the sub-epithelial area) in one 402 

specimen/patient in distal (a) and proximal (b) tissue specimens. COPD and control patients 403 

were matched for sex (sex ratio: 0.5) and age. Medians are represented as horizontal lines. *: 404 

P<0.05, Mann Whitney test. c, e, g, Relationships between FEV1/FVC (c), PaO2 (e), MLA 405 

during expiration (g) and the density of CD45+ FSP1+ cells in distal airways measured in control 406 

subjects (black circles) and COPD patients (open circles). d, f, h, Relationships between FEV1 407 

(d), WT4 (f), WT5 (h) and the density of CD45+ FSP1+ cells in proximal airways measured in 408 

control subjects (black circles) and COPD patients (open circles). The correlation coefficient 409 

(r) and significance level (P value) were obtained by using nonparametric Spearman analysis. 410 

 411 

Supplementary Fig E8. CD3+ FSP1+ cells represent a minor fraction of CD45+ FSP1+ cells.  412 

a, Representative staining of CD3 (brown, top panels) and FSP1 (green, middle panels) and 413 

merged segmented images (CD3, red and FSP1, green, bottom panels) in distal lung tissue from 414 

COPD patient. Middle and right columns represent higher magnification of images in the left 415 

column. The yellow arrowheads indicate CD3+ FSP1+ cells. b, d, Quantification of CD3+ FSP1+ 416 

cells density (normalized by the sub-epithelial area) in distal (b) and proximal (d) tissue 417 
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specimens from control subjects and COPD patients. c, e, Comparison of sub-epithelial areas 418 

in distal (c) and proximal (e) tissue specimens from control subjects and COPD patients. b-d, 419 

The medians are represented as horizontal lines. 420 

 421 

Supplementary Fig E9. CD19+ FSP1+ cells are detected neither in proximal and nor in 422 

distal airways.  423 

a-b, Representative staining of CD19 (brown, top panels) and FSP1 (green, middle panels) and 424 

merged segmented images (CD19, red and FSP1, green, bottom panels) in distal (a) and 425 

proximal (b) bronchial tissue specimens from COPD patient. The right columns represent 426 

higher magnification of images in the left columns. 427 

 428 

Supplementary Fig E10. CD34+ FSP1+ cells are almost absent in distal airways.  429 

a, Representative staining of CD34 (brown, top left panel) and FSP1 (green, bottom left panels) 430 

and merged segmented image (CD34, red and FSP1, green, right panel) in distal tissue specimen 431 

from COPD patient. The yellow arrowhead indicates CD34+ FSP1+ cells. b, Quantification of 432 

CD34+ FSP1+ cells density (normalized by the sub-epithelial area) in distal tissue specimens 433 

from control subjects and COPD patients. The medians are represented as horizontal line. c, 434 

Percentage of tissue specimens in which CD34+ FSP1+ cells have been detected (density>0, 435 

black bars) or undetected (density=0, white bars) in distal tissue specimens from control 436 

subjects and COPD patients. 437 

 438 

Supplementary Fig E11. CD34+ FSP1+ cells are present at a very low level in proximal 439 

airways.  440 
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a, Representative staining of CD34 (brown, top left panel) and FSP1 (green, bottom left panels) 441 

and merged segmented image (CD34, red and FSP1, green, right panel) in proximal tissue 442 

specimen from COPD patient. The yellow arrowhead indicates CD34+ FSP1+ cells. b, 443 

Quantification of CD34+ FSP1+ cells density (normalized by the sub-epithelial area) in proximal 444 

tissue specimens from control subjects and COPD patients. The medians are represented as 445 

horizontal line. c, Percentage of tissue specimens in which CD34+ FSP1+ cells have been 446 

detected (density>0, black bars) or undetected (density=0, white bars) in proximal tissue 447 

specimens from control subjects and COPD patients. 448 

 449 

Supplementary Fig E12. Relationships between fibrocyte density, lung function 450 

parameters and CT parameters within smokers.  451 

a-c, Relationships between FEV1/FVC (a), PaO2 (b), MLA during expiration (c) and the density 452 

of CD45+ FSP1+ cells in distal airways measured in control smokers (black circles) and COPD 453 

patients (open circles). d-f, Relationships between FEV1 (d), WT4 (e), WT5 (f) and the density 454 

of CD45+ FSP1+ cells in proximal airways measured in control smokers (black circles) and 455 

COPD patients (open circles). The correlation coefficient (r) and significance level (P value) 456 

were obtained by using nonparametric Spearman analysis. 457 

 458 

Supplementary Fig E13. Level of circulating fibrocytes and relationship with tissue 459 

fibrocytes density. 460 

a, Level of circulating fibrocytes (CD45+ ColI+ cells), expressed as percentage of PBMC, 461 

measured in blood from control subjects ("Cont", n = 22), and COPD patients (“COPD”, n=12). 462 

The medians are represented as horizontal lines. b, Relationships between the level of 463 

circulating fibrocytes and the density of CD45+ FSP1+ cells in distal airways measured in 464 
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control subjects (black circles) and COPD patients (open circles). b, c, The correlation 465 

coefficient (r) and significance level (P value) were obtained by using nonparametric Spearman 466 

analysis. 467 

 468 

Supplementary Fig E14. Influence of epithelium on fibrocyte survival. 469 

a, Representative histograms of flow cytometry for propidium iodide (PI) fluorescence recorded 470 

on fibrocytes exposed to epithelium supernatants, either from control subjects (left panel), or 471 

COPD patient (right panel). A gate was drawn to define the population of dead cells (PI+ cells). 472 

b, Quantification of PI+ cells in fibrocytes from COPD patients (n=6) exposed to epithelium 473 

supernatants from control subjects (red circles) or COPD patients (blue circles). *: P<0.05, 474 

Wilcoxon test.  475 
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Figure E1 476 

  477 



29 
 

Figure E2 478 
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Figure E3 480 
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Figure E4 
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Figure E5 
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Figure E6 
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Figure E7 
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Figure E8 
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Figure E9 
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Figure E10 
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Figure E11 
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Figure E12 
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