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Supplementary Methods and Materials 

 

Patient cohort. 

Patients were recruited from the ambulatory care polyclinics of both Liège University. 

The protocol was approved by the Ethics Committee of CHU of Liège, and all subjects 

gave written consent before their enrolment (Belgian number: B707201422832, ref: 

2014/302). The diagnosis of (definite) IPF was made according to the international 

recommendations of the ATS 1 using the respiratory function test, HRCT scan 

(probable UIP pattern), bronchoalveolar lavage (when available), as well as the clinical 

history of the patient. The patient characteristics are summarized in Table S1. All other 

causes of interstitial lung disease (such pneumoconiosis, hypersensitivity pneumonitis, 

pneumonia associated with connective tissue disease or drug induced interstitial lung 

disease) were excluded. None showed any symptoms of a respiratory disease and all 

had normal spirometric values with predicted FEV1 >80% and FEV1/FVC ratio >70%. 

Patients treated with histone deacetylase inhibitors like theophylline, were also 

excluded. None of those patients have received specific anti-fibrotic therapy 

(nintedanib, pirfenidone). 

 

Sputum induction and processing 

After premedication with 400 micrograms inhaled salbutamol, sputum was induced by 

inhalation of hypertonic (NaCl 5%) or isotonic (NaCl 0.9%) saline according to the 

FEV1 value (> or < than 65% predicted). Saline was combined with additional 

salbutamol delivered by an ultrasonic nebulizer (Ultra-Neb 2000; Devilbiss, Somerset, 

PA, USA) with an output set at 0.9 ml/min. Each subject inhaled the aerosol for three 

consecutive periods of 5 min for a total of 15 min. The whole sputum was collected in 

a plastic container, weighed, and homogenized by adding three volumes of phosphate-

buffered saline (PBS), vortexed for 30s, and centrifuged at 800g for 10 min at 4°C. 

Supernatant was separated from cell pellet and stored at -80°C. For safety reasons, 

FEV1 was monitored throughout the induction and this one was stopped if FEV1 fell 

by more than 20% from baseline.  
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Isolation of sputum-derived Exosomes 

Exosomes were isolated by a standard ultracentrifugation (UC) protocol. First, the 

sputum supernatant samples were resuspended in PBS and precleared by 

centrifugation at 400g for 5 minutes, then 2,000g for 20 min at 4°C, followed by 

centrifugation at 20,000 g for 120 min at 4°C. Supernatants were then passed through 

a 0.22-μm filter (Millipore). To isolate exosomes using the UC protocol, the precleared 

supernatants of sputum were ultracentrifuged at 110,000g for 120 minutes at 4°C, 

followed by washing of the exosome pellet with PBS at 110,000g for 120 minutes at 

4°C (Optima XPN-80 Ultracentrifuge, Beckman Coulter). The supernatant was 

discarded and the exosome pellet was resuspended in PBS or lysed with Qiazol and 

stored at -80°C. The protein levels of the exosome preparations were measured using 

the BCA Protein Assay kit (Pierce) following the manufacturer’s instructions.  

 

miRNA PCR arrays 

Total RNA was extracted with the miRNeasy kit (Qiagen) following the manufacturer’s 

protocol. Reverse transcription was then performed using the miRCURY LNA™ 

Universal RT microRNA PCR, polyadenylation and cDNA synthesis kit (#203301, 

Exiqon). The Human Serum/Plasma Focus microRNA PCR Array (#203886, Exiqon) 

was used according to the manufacturer’s instructions for the analysis of the levels of 

exosomal miRNAs in the sputum of HS and IPF patients. The relative miRNA levels 

were normalized to global mean. Principal Component Analysis (PCA) and heatmap 

of differentially expressed miRNAs were performed using ClustVis tool, a web based 

multivariate data analysis tool. Singular Value Decomposition with imputation method 

was used for PCA analysis. The differentially expressed miRNAs were visualized using 

the heatmap function in ClustVis tool with correlation-based clustering. 

 

Quantitative RT-PCR (qRT-PCR) 

The miRNA PCR array data was validated by qRT-PCR. 50 ng RNA was reverse 

transcribed into cDNA using qScript miRNA cDNA Synthesis kit (Quanta Biosciences), 

and qRT-PCR was conducted in triplicate using Perfecta SYBR Green Super Mix 

(Quanta Biosciences). Thermal cycling was performed on an Applied Biosystems 7900 

HT detection system (Applied Biosystems). The relative miRNA levels were normalized 

to 3 internal controls selected via Normfinder software, miR-222-3p, miR-191-5p and 

miR-16-5p, using the Delta-Delta Ct method. The primers were from Quanta 
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Biosciences. The promising miRNAs were selected based on their fold change and p-

value. miR-33a-5p and miR-142-3p present the highest increase with a small p-value 

(4.03 fold, p= 0.0082 ; 3.03 fold, p= 0.0291). Furthermore, the selected miRNAs were 

reported to be dysregulated in IPF context and to play a major role in fibrosis 

progression. 

 

miRNA target prediction and pathway analysis 

Ingenuity Pathway Analysis (IPA) tool (build version 430520M, content version 

31813283, release date 2016-12-05) was used in order to examine which diseases are 

associated to the dysregulated sputum miRNAs. Predicted targets from TargetScan 

(Human version 7.2) were subjected to computational analysis with the Database for 

Annotation, Visualization and Integrated Discovery (DAVID) (version 6.8) to identify 

biological pathway associated to the dysregulated miRNAs. 

 

Western blotting 

Soluble exosome or cell lysates (5 μg) were resolved by SDS-PAGE (10-15%) and 

transferred to polyvinylidene fluoride membranes (Millipore). Blots were blocked 3h 

with 5% milk in Tris-buffered saline (TBS) with 0.1% Tween-20, and blotted overnigh 

with the following primary antibodies in blocking solution (directed to CD63 (#106228D, 

Invitrogen), CD9 (#sc20048, Santa Cruz), CD81 (#10630D, Invitrogen), or cytochrome 

c (#556433, BD pharmingen). After 3 washes with TBS/0.1% Tween-20, filters were 

incubated for 1h at room temperature with an HRP-conjugated secondary antibody 

before being revealed with ECL substrate (Pierce Biotechnology). 

 

Dynamic light scattering 

Exosomes were suspended in PBS at a concentration of 50 μg/mL, and analyses were 

performed with a Zetasizer Nano ZS (Malvern Instruments, Ltd.). Intensity, volume and 

distribution data for each sample were collected on a continuous basis for 4 min in sets 

of 3. 

 

Transmission electron microscopy 

Exosomes were adsorbed on Formvar-carbon coated nickel grids for 1 h, washed 3 

times with PBS and fixed with 2% formaldehyde for 10 min. Samples were contrasted 

using uranyl acetate and lead citrate. After 4 washings in deionized water, grids were 
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dried and finally examined with a JEOL JEM-1400 transmission electron microscope 

at 80 kV. 

 

 

Statistical analysis 

Statistical analysis were performed using SPSS statistics for Windows software 

version 20 or GraphPad Prism version 5. A p-value of less than 0.05 was considered 

to be statistically significant. For the analysis of subject characteristics, the values are 

expressed as the mean ± Standard Deviation. Statistical significance was determined 

using an Unpaired t test (continuous variables) or Chi-square test (categorical 

variables). For comparison of miRNA expression in exosomes from IPF patients vs 

HS, a Mann-Whitney U test was used. P-values were adjusted for age using General 

Linear Model (Univariate), age was entered into the analysis as a covariate. To 

investigate diagnostic value of altered miRNAs, ROC curves were plotted using binary 

logistic regression models with adjustment for age and sex for each altered miRNAs. 

AUCs and sensitivity at 80% specificity were calculated to evaluate the performance 

of these miRNAs in predicting IPF. The correlation between miRNA levels and lung 

function (DLCO/VA (%pred)) was analyzed using Spearman’s correlation. 
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Supplementary Results 

 

Patient characteristics 

Characteristics of IPF patients (n=16) and HS (n=14) including age, gender, results of 

lung function tests were detailed in supplemental table S1. The average age of IPF 

patients was 73 ± 9 years versus 62 ± 4 years for HS. Spirometric values were 

moderately reduced in IPF patients compared to HS while diffusing capacity of the lung 

for carbon monoxide (DLCO) was sharply altered in IPF group. 

 

Biological pathways associated to dysregulated exosomal miRNAs from sputum 

of IPF patients 

The analysis of the biological functions associated with the genes potently altered by 

a dysregulation of IPF sputum-miRNA (3 upregulated miRNAs, miR-33a-5p, miR-142-

3p and miR-192-5p; 4 downregulated miRNAs, let-7d-5p, miR-26a-5p, miR-29b-3p 

and miR-423-3p) has been analysis by DAVID tool. Interestingly most of the biological 

processes highlighted in this study are in agreement with IPF etiology. Of note, IPF is 

characterized by aberrant fibroblast proliferation and increased deposition of 

extracellular matrix (ECM) (Supplementary figure S1). When injured, fibroblasts 

present in the lung undergo phenotypic modulation to become smooth muscle α-actin-

positive myofibroblasts. This conversion is crucial step in collagen secretion and the 

repair process that occurs following lung injury. The myofibroblast proliferation and 

collagen deposition at the site of injury ensure adequate scar formation, which helps 

to maintain the structural integrity and function of the alveoli. Many processes involved 

in the regulations of those functions were highlighted in the computational functional 

analysis (Supplementary figure S1). 

 

 

  



7 
 

 

Supplementary Tables and Figures 

 

Clinicopathological characteristics HS IPF p-value 

 Number of subjects 14 16  

Age, yrs 62(4) 73(9) 0.0013 

Gender (M/F) 5/9 11/5 0.07 

Height, cm 169(8) 167(11) 0.8169 

Weight, Kg 77(10) 78(11) 0.6222 

BMI, Kg/m² 27(3) 28(3) 0.5065 

Smokers (Never/ex/Current), n 2/8/4 3/11/2 0.5454 

pack-yr 18(12) 28(19) 0.8591 

FEV1 post-BD, %pred. 104(13) 72(13) 0.00005 

FVC  post-BD, %pred. 114(13) 70(20) 0.00004 

FEV1/FVC post-BD, % 78(5) 81(10) 0.2688 

TLC, %pred. - 62(12)  

RV, %pred. - 66(26)  

DLCO %pred. - 37(20)  

KCO  %pred. - 62(18)  

ICS (yes/no) 0/30 2/14  

OCS (yes/no) 0/30 1/15  

 

Supplementary Table S1.  Clinical characteristics of the enrolled HS and the IPF 

patients 

Abbreviations: BMI, Body Mass Index; FEV1, Forced Expiratory Volume in one second; FVC, Forced 

Vital Capacity; TLC, Total Lung Capacity; RV, Residual lung Volume; DLCO, Diffusing capacity of the 

lung for carbon monoxide; KCO, transfer coefficient; ICS, inhaled corticosteroid; OCS, oral 

corticosteroid. Data are presented as mean ± SD. P-value stands for statistical significance using 

Unpaired t test, except for male/ female proportion where p-value stands for statistical significance using 

χ2 test. 
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  Fold change p-value 

Upregulated miRNAs in 
sputum-exosomes from IPF 
patients     

hsa-miR-33a-5p 4.03 0.0082 

hsa-miR-142-3p 3.03 0.0291 

hsa-miR-145-5p 2.47 0.0192 

hsa-miR-374a-5p 2.44 0.0362 

hsa-miR-18a-5p 2.25 0.0118 

hsa-miR-192-5p 2.23 0.0008 

hsa-miR-23a-3p 1.30 0.0050 

      

Downregulated miRNAs in 
sputum-exosomes from IPF 
patients     

hsa-miR-339-3p -5.84 0.0025 

hsa-miR-18b-5p -1.80 0.0145 

hsa-miR-2110 -1.65 0.0395 

hsa-miR-29b-3p -1.61 0.0366 

hsa-miR-423-3p -1.58 0.0079 

hsa-let-7d-5p -1.49 0.0315 

hsa-miR-331-3p -1.46 0.0391 

hsa-miR-141-3p -1.41 0.0178 

hsa-miR-185-5p -1.40 0.0140 

hsa-miR-29a-3p -1.39 0.0169 

hsa-miR-30a-5p -1.38 0.0305 

hsa-miR-92b-3p -1.37 0.0441 

hsa-miR-24-3p -1.34 0.0266 

hsa-miR-26a-5p -1.19 0.0412 

 

Supplementary Table S2.  miRNAs that are significantly differentially expressed in 

the sputum-derived exosomes from IPF patients 
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  Fold change p-value 
 

Adjusted p-value
* 

miR-142-3p 9.4 0.0002  0.001 

miR-33a-5p 3.13 0.0022  0.016 

let-7d-5p 0.49 0.0008  0.005 
* 

p-value adjusted for age. 

 

Supplementary Table S3. Quantification by qRT-PCR of differentially expressed 

miRNAs (miR-142-3p, miR-33a-5p, let-7d-5p) in sputum-derived exosomes from IPF 

patients (n=16) compared to HS (n=14). The differences observed are still significant 

after adjusting for age. 

 

 

 

 

  Fold change p-value 
 

Adjusted p-value
* 

miR-142-3p 9.4 0.0002  0.001 

miR-33a-5p 3.13 0.0022  0.004 

let-7d-5p 0.49 0.0008  0.006 
* 

p-value adjusted for gender. 

 

Supplementary Table S4. Quantification by qRT-PCR of differentially expressed 

miRNAs (miR-142-3p, miR-33a-5p, let-7d-5p) in sputum-derived exosomes from IPF 

patients (n=16) compared to HS (n=14). The differences observed are still significant 

after adjusting for gender distribution. 
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Supplementary Figure S1. Gene Ontology enrichment analysis of putative targets of exosomal miRNAs 
(A) Up-regulated and (B) Down-regulated in the sputum of IPF patients.
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Supplementary Figure S2. Validation of three promising biomarkers (miR-142-3p, miR-33a-5p, 
let-7d-5p) by qRT-PCR in an independent cohort (cohort 2) consisting of 10 IPF patients and 8 HS.
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