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MATERIALS AND METHODS 

Patients  

Human lung tissue was obtained from 2 types of patients (Thoracic Surgery and 

Pathology Services of the University General Consortium Hospital (CHGUV): A) 

Patients with IPF who were underwent surgery for organ transplantation program (n=22). 

B) Lung explant control samples were obtained from organ transplant program in donors 

with normal lung function that was not used for transplant purposes (represents lung tissue 

without IPF and were used as controls), without any lung disease (n=21)).  

IPF was diagnosed according to the American Thoracic Society/European Respiratory 

Society (ATS/ERS) consensus criteria.1 All pulmonary function tests were performed 

within 3 months before surgery. After selection based on diagnosis criteria, all lung tissue 

samples used for the study were checked histologically by using the following exclusion 

criteria: (1) presence of tumor, (2) respiratory tract infection.  

The lungs taken from donor controls showed normal architecture with few intra-alveolar 

macrophages and edema. The protocol was approved by the local research and 

independent ethics committee of the University General Consortium Hospital of Valencia 

(CEI CHGUV/052016). Informed written consent was obtained from each participant. 

 

Isolation and culture of human alveolar type II cells and lung fibroblast  

Primary alveolar type II (ATII) cells were obtained from lung parenchyma of control 

donors as previously outlined.2 Lung parenchyma tissue was cut in approximately 1 mm 

thick sections and lavaged with saline. The lung sections were digested with 0.25% 

trypsin (T8003; Sigma, St. Louis, MO) dissolved in saline (100 ml) and suspended in 

0.9% NaCl at 37ºC for 30 minutes. After digestion, the lung sections were treated with 

DNase dissolved in saline (7,500 U/100 ml), and filtered through nylon meshes ranging 

Supplementary material Thorax

 doi: 10.1136/thoraxjnl-2018-212735–142.:132 75 2020;Thorax, et al. Milara J



3 

 

in pore size from 150 to 30 mm. The resulting cell suspension was centrifuged (250 x g, 

20 min at 10ºC) through a sterile Percoll gradient and the alveolar type II cell–rich band 

was removed. A second DNase treatment (2,000 U/100 ml) was administered and the 

cells were recovered as a pellet by centrifugation at 250 x g for 20 minutes. These cells 

were resuspended in 5 ml of DCCM-1 (Biological Industries, Kibbutz Beit Haemek, 

Israel) supplemented with a 2% (wt/vol) L-glutamine and subjected to differential 

attachment on a plastic Petri dish. No adherent alveolar type II cells were collected after 

2 hours and cells were counted to establish the final yield of freshly purified cells. 

Alveolar type II cell viability was assessed with trypan blue (Sigma), showing greater 

than 95% viability. Cell purity was routinely assessed by epithelial cell morphology and 

immunofluorescence analysis with pan-cytokeratin and pro-surfactant protein C (both 

positive) as well as α-SMA and CD45 (both negative) of cytocentrifuge preparations of 

ATII cells. ATII cells used throughout this study demonstrated 95% ± 3% purity. Finally, 

ATII cells were suspended in Dulbecco's Modified Eagle's Medium (DMEM) plus 10% 

FCS, 2 mM l-glutamine, 100 U/ml penicillin, and 100 g/ml streptomycin and cultured for 

24 hours to allow attachment. Phenotypic characterization was done after this time period. 

After media change, cells were cultured for a maximum of 3 days in a humidified 

atmosphere of 5% CO2 at 37°C.  

The bronchoalveolar A549 cell line has been used to model ATII behavior. Although 

A549 cell line can show different properties than primary ATII cells, we have used A549 

cells for in vitro experiments because their stability, homogeneity under transfection, and 

the possibility to obtain enough quantity of protein to explore cellular mechanistic 

pathways. The A549 cell line was purchased from American Type Culture Collection 

(Rockville, MD, USA) and were cultured in supplemented Roswell Park Memorial 

Institute (RPMI) 1640 medium at 37ºC in a humidified atmosphere of 5% CO2 in air, as 
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outlined.3 Cells at 60–70% confluence were serum-deprived by incubation for 12–18 h in 

RPMI 1640 medium containing 0.1% (v/v) foetal bovine serum prior to stimulation with 

TGFβ1 or other agents. 

Primary human lung fibroblasts were obtained from lung parenchyma of macroscopically 

fibrotic affected areas of IPF patients as previously outlined.4 Lung parenchyma was cut 

into small pieces, treated with pronase (1 mg/mL; Calbiochem®, Novabiochem®, San 

Diego, CA, USA) at 37ºC for 30 min, placed in cell culture plates and incubated in 

DMEM supplemented with 10% foetal calf serum (Sigma, St. Louis, MO, USA), 100 

U/mL penicillin/streptomycin and 2% fungizone (GIBCO, Grand Island, NY, USA). 

After approximately 2 weeks, fibroblasts had grown from the tissue and were passaged 

by standard trypsinisation. Cells from passages 3–10 were used in all experiments 

described in the present study. Normal lung fibroblast MRC5 was purchased from 

American Type Culture Collection (Rockville, MD, USA) and were cultured in 10% FCS 

supplemented RPMI-1640 medium at 37ºC in a humidified atmosphere of 5% CO2 in air. 

For in vitro studies, ATII/A549 or primary lung fibroblast/ MRC5 were stimulated with 

recombinant TGFβ1 (Sigma Aldrich; catalog no. T7039), or galectin 3 (Sigma Aldrich; 

catalog no. G5170) for the indicated times and concentrations, replacing culture medium 

and stimulus every 24 h. TGFβ1 has demonstrated to induce cell phenotypic changes such 

as epithelial to mesenchymal transition (EMT) at the indicated concentrations.2  

SIS3 (an inhibitor of Smad3 phosphorylation;5 Sigma Aldrich; catalog no.  S0447) and 

GO-201 (an inhibitor of MUC1-CT; 6 Sigma Aldrich; catalog no.  G7923) were added 30 

min before stimulus and remained together with the stimulus until experimental 

evaluation. None of the drugs affected cell viability assessed with trypan blue (Sigma), 

showing greater than 95% viability. 
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Western blotting analysis 

Western blotting analysis was used to detect changes in human and mice lung tissues, and 

ATII/A549 and lung fibroblast/MRC5 cell protein expression. Lung tissue or cells were 

homogenized or scraped from a confluent 25-cm2 flask and lysed on ice with a lysis buffer 

comprising a complete inhibitor cocktail plus 1 mM ethylenediaminetetraacectic acid 

(Roche Diagnostics Ltd., West Sussex, UK) with 20 mM Tris base, 0.9% NaCl, 0.1% 

Triton X-100, 1 mM dithiothreitol, and 1 mg/mL pepstatin A. The Bio-Rad assay (Bio-

Rad Laboratories Ltd., Herts, UK) was used according to the manufacturer’s instructions 

to quantify the level of protein in each sample to ensure equal protein loading. Sodium 

dodecyl sulfate polyacrylamide gel electrophoresis was used to separate the proteins 

according to their molecular weight. Briefly, 15 µg of proteins (denatured) along with a 

molecular weight protein marker (Bio-Rad Kaleidoscope marker; Bio-Rad Laboratories) 

were loaded onto an acrylamide gel consisting of a 5% acrylamide stacking gel stacked 

on top of a 10% acrylamide resolving gel and run through the gel by application of 100 

V for 1 h. Proteins were transferred from the gel to a polyvinylidene difluoride membrane 

using a wet-blotting method. The membrane was blocked with 5% Marvel in PBS 

containing 0.1% Tween20 (PBS-T), probed with the following antibodies:   

MUC1-CT (1:500) antibody (21 KDa, Novus Biologicals, Colorado, USA; catalog no. 

NBP1-60046), MUC1-P/T-1224 (1:500) antibody (122 KDa, Abgent, California, USA; 

catalog no. AP3728a), MUC1-P/Y-1229 (1:500) antibody (120 KDa, Abcam, Cambridge, 

UK; catalog no. ab79226), alpha smooth muscle actin (α-SMA) (1:1000) antibody (42 

KDa, monoclonal antibody Sigma Aldrich, Madrid, Spain; catalog no. A5228), collagen 

type I (1:1000) antibody (139 KDa, polyclonal antibody; Calbiochem Darmstadt, 

Germany; catalog no. 234167), phospho(p)-Smad3 (1:1000) antibody (50 KDa, 

monoclonal antibody; Millipore, Madrid, Spain; catalog no. PS1023), total rabbit anti-
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human Smad3 (48 KDa, cat nº: 566414; Calbiochem, Spain, Madrid), E-cadherin 

(1:1000) antibody (120 KDa, monoclonal antibody; ECM BioScience, Versailles, USA; 

catalog no. CM1681), TGFβ1 (1:1000) antibody (44 KDa, monoclonal antibody; Cell 

Signaling Technology Inc., Barcelona, Spain; catalog no. 3709S), CTGF (1:1000) 

antibody (43 KDa, polyclonal antibody; Santa Cruz Biotechnology, Madrid, Spain; 

catalogue no. SC-34772), p21 (1:1000) antibody (21 KDa, polyclonal antibody; Novus 

Biologicals, Abingdon Oxon, UK; catalog no. NB100-1941), phospho-ERK1/2 (cat. nº: 

M-9692; Sigma), total ERK1/2 (1:1,000) antibody (44 KDa, monoclonal antibody; Cell 

Signalling, Boston, Massachusetts, USA; catalogue no. 4695), non-phospho (active) β-

catenin (Ser33/37/Thr41) (1:500) antibody (96 KDa, Cell Signaling; catalogue no. 

8814S), IL-6 (1:500) antibody (24 KDa, Novus Biologicals; catalogue no. NBP1-77894), 

IL-13 (1:500) antibody (34 KDa, Santa Cruz Biotechnology; catalogue no. sc-393365) and 

normalized to total anti-human/mouse β-actin (1:1000) antibody (42 KDa, monoclonal 

antibody, catalog no. A1978; Sigma). The enhanced chemiluminescence method of 

protein detection using enhanced chemiluminescence reagents (ECL Plus; Amersham GE 

Healthcare, Buckinghamshire, UK) was used to detect labeled proteins. Densitometry of 

films was performed using the Image J 1.42q software (available at 

http://rsb.info.nih.gov/ij/, USA). Results of target protein expression are expressed as the 

percentage of the densitometry of the endogenous controls β-actin. 

 

Immunoprecipitation 

Equal amounts of protein (200 µg) from total protein extracts were incubated with 2 µg 

of p-Smad3, act-β-catenin or anti-MUC1-CT antibodies and the IgG isotype control. The 

immune complexes were precipitated with protein G on Sepharose 4B fast flow beads 

(Sigma Aldrich; catalogue no. P-3296) overnight at 4°C. After washing three times with 
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NET buffer containing 50 mM Tris-HCl at pH 8.0, 150 mM NaCl, and 0.1% Nonidet P-

40, the bound materials were eluted from the immunoprecipitates in reducing SDS-PAGE 

loading buffer containing 10% SDS, 1 M Tris-HCl at pH 6.8, 50% glycerol, 10% 2-

mercaptoethanol, and 2% bromophenol blue at 100°C for 10 min. Immunoprecipitated 

protein complexes were assayed by western blotting as described above and probed using 

p-Smad3, act-β-catenin or anti-MUC1-CT antibodies, as appropriate. 

 

Histological, Immunohistochemical and Immunofluorescence Studies 

Lung histology was conducted as previously reported.7 Tissue blocks (4 μm thickness) 

were stained with Masson’s trichrome (Sigma-Aldrich, Madrid, Spain) to detect collagen 

deposition and for assessment of the fibrotic injury and pulmonary artery remodeling. 

Severity of lung fibrosis was scored on a scale from 0 (normal lung) to 8 (total fibrotic 

obliteration of fields) according to Ashcroft score.8  

For immunohistochemical analysis of human lungs, tissue was fixed and embedded in 

paraffin, cut into sections (4-6 µm) and incubated with MUC1-CT, MUC5B (Abcam; 

catalogue no. ab77995), TGFβ1, MUC1-P/T-1224, MUC1-P/Y-1229 and NOX4 (Novus 

Biologicals; catalogue no. NB110-58849) antibodies for 24 h at 4°C. A secondary anti-

rabbit goat or anti-mouse antibody (1:100; Vector Laboratories, Burlingame, CA) with 

avidin-biotin complex/horseradish peroxidase was used for immunohistochemistry. The 

non-immune IgG isotype control was used as negative control and gave negative for all 

samples. 

MUC1-CT, p-Smad3 and act-β-catenin in lung tissue, ATII and fibroblasts were analyzed 

by immunofluorescence. Cells and tissue were fixed in paraformaldehyde (4%) for 48 h, 

and tissue was embedded in Tissue-Tek® OCT™ cryosectioning compound (Sakura 

Finetek Europe BV, Leiden). Blocks were cut into 10µm thick sections, permeabilized in 
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Triton X 100 (0.1% in PBS) for 5 min, blocked in 10% goat serum in PBS and 

immunostained with the above described antibodies for 24 hours at 4ºC followed by a 

secondary FITC or rhodamine conjugated anti-mouse/rabbit IgG antibody and finally 

DAPI (2µg/ml) to mark nuclei (Molecular Probes, Leiden, The Netherlands). Cells were 

permeabilized (20 mM HEPES at pH 7.6, 300 mM sucrose, 50 mM NaCl, 3 mM MgCl2, 

0.5% Triton X-100), blocked (10% goat serum in PBS), and incubated with the primary 

antibodies overnight at 4°C, followed by secondary antibody anti-rabbit/mouse 

rhodamine/FITC- (1:100, Molecular Probes). Colocalization of MUC1-CT/ p-Smad3 and 

MUC1/ act-β-catenin was performed using a confocal spectral Leica TCS SP2 

microscope with 1000 magnification and 3 zoom. Red (HeNe 543 nm), green (HeNe 

488 nm), and blue (Ar 351 nm, 364 nm) lasers were used. Colocalization studies were 

performed using the Leica confocal software v2.61. The cell images with colocalized 

points of the two laser canals were transformed into a white color (cells) or orange (tissue) 

in the cell image. 

 

Real-time RT-PCR and siRNA experiments 

Total RNA was isolated using TriPure® Isolation Reagent (Roche, Indianapolis, USA). 

The integrity of the extracted RNA was confirmed with Bioanalyzer (Agilent, Palo Alto, 

CA, USA). Reverse transcription was performed in 300 ng of total RNA with a TaqMan 

reverse transcription reagents kit (Applied Biosystems, Perkin-Elmer Corporation, CA, 

USA). cDNA was amplified with specific primers and probes predesigned by Applied 

Biosystems for MUC1 (Hs00159357_m1), α-SMA (Hs00559403_m1), α1(I)-collagen 

(collagen type I; Hs00164004_m1), Snail (Hs00195591_m1), Slug (Hs00161904_m1), 

E-cadherin (Hs01023894_m1), vimentin (Hs00958111_m1), p21 (Hs01040810_m1), p16 

(Hs00923894_m1), for human, and IL6 (Mm00446190_m1), TGFβ1 (Mm01178820_m1), 
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α1(I)-collagen (Mm00801666_g1), CTGF (Mm01192933_g1), IL-13 (Mm00434204_m1) and 

MUC1 (Mm00449604_m1) for mice in a 7900HT Fast Real-Time PCR System (Applied 

Biosystems) using Universal Master Mix (Applied Biosystems). Expression of the target 

gene was expressed as the fold increase or decrease relative to the expression of β-actin 

as an endogenous control (Applied Biosystems; Hs01060665 for human and 

Mm02619580_g1 for mouse). The mean value of the replicates for each sample was 

calculated and expressed as the cycle threshold (Ct). The level of gene expression was 

then calculated as the difference (ΔCt) between the Ct value of the target gene and the Ct 

value of β-actin. The fold changes in the target gene mRNA levels were designated 2-ΔCt. 

Small interfering RNA (siRNA), including the scrambled siRNA control, was purchased 

from Ambion (Huntingdon, Cambridge, UK; catalogue no. 4390843). MUC1 gene-

targeted siRNA (identification no. 4392420), TβRI siRNA (s14077) and TβRII siRNA 

(s14071) were designed by Ambion. Cells were transfected with siRNA (50 nM) in serum 

and antibiotic-free medium. After 6 h, the medium was aspirated and replaced with 

medium containing serum for a further 42 h before cell stimulation. The transfection 

reagent used was lipofectamine-2000 (Invitrogen, Paisley, UK; catalogue no. 11668-027) 

at a final concentration of 2 µg/mL.  

 

SBE assay in siRNA transfected cells 

The SBE Reporter kit (Cat#: 60654, BPSBioscience) was used for monitoring the activity 

of TGFβ/SMAD signaling pathway in the cultured cells. One day before transfection, 

cells were seed at a density of 2x104 cells per well in 200 µl of 10% FBS medium 

(antibiotic-free) so that cells were 70% confluent  at the time of siRNA transfection. Plate 

was incubated at 37°C in a CO2 incubator. Next day, siRNAs 50 nM were transfected into 

cells using lipofectamine 2 µg/mL. Cells were Incubated at 37°C during 24 hours. After 
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24 hours of siRNA transfection 1 µg of SBE  luciferase reporter  vector  + constitutively 

expressing  renilla luciferase vector diluted in 22.5 µl  of  Opti-MEM  I  medium 

(antibiotic-free) was prepared. The control transfection was the non-inducible luciferase 

vector + constitutively expressing renilla luciferase vector. Complexes were incubated 

for 5 minutes at room temperature. Diluted DNA was combined with diluted 

Lipofectamine 2000 and incubated for 25 minutes at room temperature. 45 µl of 

complexes were added to each well containing cells and medium and cells were incubated 

at 37°C in a 5% CO2 incubator during 24 hours. After 24 hours, medium was changed to 

0.5% FBS fresh medium and TGFβ1 (final concentration 10 ng/ml) was added to 

stimulated wells. After 18 hours of stimulation, luciferase activity was evaluated by dual-

luciferase reporter assay system (Promega, catalogue no. E1910) following 

manufacturer’s protocol.  To  obtain  the  normalized  luciferase  activity  of  the  SBE  

reporter, background was subtracted, and the ratio of  firefly  luminescence  from  the  

SBE  reporter  to renilla luminescence from the control renilla luciferase vector was 

represented. 

 

Proliferation 

Fibroblast proliferation was measured by colorimetric immunoassay based on BrdU 

incorporation during DNA synthesis using a cell proliferation enzyme-linked 

immunosorbent assay BrdU kit (Roche, Mannheim, Germany) according to the 

manufacturer’s protocol. Cells were seeded at a density of 3x103 cells/well on 96-well 

plates and incubated for 24 hours. TGFβ1 stimulation was incubated at indicated times. 

The 490 nm absorbance was quantified using a microplate spectrophotometer (Victor 

1420 Multilabel Counter, PerkinElmer). Proliferation data refer to the absorbance values 

of BrdU-labeled cellular DNA content per well. 
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Cell senescence 

Cells were treated with siRNA negative control or siRNA-MUC1 during 48h followed 

by the stimulation with TGFβ1 10ng/ml during 72h. The senescence cell histochemical 

staining kit (Sigma Aldrich; catalogue no. CS0030) based on a histochemical staining for 

β-galactosidase activity was used. After TGF-β1 stimulation, cells were fixed with the 

fixation buffer provided by the kit (solution containing 20% formaldehyde, 2% 

glutaraldehyde, 70.4 mM Na2HPO4, 14.7 mM KH2PO4, 1.37 M NaCl, and 26.8 mM 

KCl) for 6–7 minutes at room temperature. Cells were stained with the staining mixture 

provided by the kit and incubated at 37 °C without CO2 overnight. Finally, cells were 

observed under a microscope to count the blue-stained cells and the total number of cells 

x field. Results were expressed as % senescence (β-galactosidase blue positive cells) 

relative to the total number of cells in each field. 

 

Fibrosis animal model 

Experimentation and handling were performance in accordance with the guidelines of the 

Committee of Animal Ethics and Well-being of the University of Valencia (Valencia, 

Spain; 2017/VSC/PEA/00061). The animal studies followed the ARRIVE guidelines.9 

Mice studies used pathogen-free male C57BL/6 of 12 weeks years old (Harlan Iberica®, 

Barcelona, Spain). MUC1-KO mice C57BL/6  animals were originally generate by Sandra 

Gendler (Mayo Clinic, NY, USA) and donated by the animalerie Institut de Médecine 

Prédictive et de Recherche Thérapeutique, (Lille Cedex, France). Mice were housed with 

free access to water and food under standard conditions: relative humidity 55 ± 10 %; 

temperature 22 ± 3ºC; 15 air cycles/ per hour; 12/12 h Light/Dark cycle. Intra-tracheal (IT) 

single bleomycin instillation effectively replicates several of the specific pathogenic 
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molecular changes associated with IPF, and may be best used as a model for patients with 

active disease.10 

During the first week (day 0-7), following a single bleomycin IT instillation, the response 

is primarily characterized by lung inflammation. Inflammatory cells in the alveolar 

interstitium and alveolar spaces, and proteinaceous fluid are consistently observed with 

few fibroblasts present.10 During the following days (day 7 to 14), alveolar and interstitial 

fibrosis became progressively more prominent with partial to complete effacement of the 

alveoli. These pathologic lung tissue changes explain the rapid loss of ventilation at day 7 

due to the presence of inflammatory cells and fluid in the alveolar space, followed by a 

more pronounced decrease of ventilation at day 14 due to interstitial fibrosis.10 

12 weeks age male mice were anaesthetized with ketamine/medetomidine and then a 

single dose of bleomycin at 1.5 U/kg (dissolved in 20µL of saline) was administered IT 

via the endotracheal route.11 Sham treated mice received the identical volume of 

intratracheal saline instead of bleomycin. This procedure fixed experimentation day 1. 

The account for experimental groups was estimated in a number of 10 mice (n=10): The 

MUC1-KO protocol was designed with the following groups: (i) saline serum wild type 

(WT) animals; (ii) saline serum MUC1 KO animals (iii) bleomycin WT animals; (iv) 

bleomycin MUC1 KO animals.  

In the second protocol GO-201 inhibitor was administered intraperitoneally at 15 

mg/kg/once a day as previously outlined12 (dissolved in 350 µl of sterile water) in a 

therapeutic protocol for 7 days (days 7 to 14 of the experimental procedure). Experimental 

groups were: (i) saline serum animals; (ii) I.t bleomycin animals; (iii) I.t bleomycin + i.p 

GO-201 animals. At the end of the treatment period (day 14), mice were sacrificed by a 

lethal injection of sodium pentobarbital followed by exsanguination. After opening the 

thoracic cavity, trachea, lungs and heart were removed en bloc. Lungs were processed for 
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histological, biochemical or molecular biology studies. The right ventricular (RV) wall of 

the heart was dissected free and weighed along with the left ventricle wall plus septum 

(LV + S), and the resulting weights are reported as RV/LV + S ratio to provide an index 

of right ventricular hypertrophy. Lung function was measured as the baseline enhanced 

respiratory pause (Penh) in unrestrained conscious mice using whole-body 

plethysmography (Buxco Small Animal Whole Body Plethysmography, Harvard 

apparatus, Minessota, USA). Mice were placed in the chamber and allowed to equilibrate 

for approximately 30 minutes. Penh was calculated by the formula: Penh = (Te/Rt-1) × 

(PEF/PIF), where Te is expiratory time (seconds); Rt is relaxation time (seconds), defined 

as the time of “volume” decay to 35% of the total expiratory pressure signal (area under 

the box pressure signal at expiration); PEF is peak expiratory flow (ml/second); and PIF 

is peak inspiratory flow (ml/second), according to the manufacturer’s instructions. Penh 

reflects changes in the waveform of the box pressure signal during both inspiration and 

expiration, and combines these changes with the timing comparison of early and late 

expiration during the animal’s spontaneous breathing. Penh was measured for 10 minutes 

for each experiment. 

 

Bronchoalveolar lavage 

At the end of experiments BALF was recovered following five consecutive washes of the 

right lung with 0.3 mL aliquots of saline flushed through a tracheal cannula. Cell 

suspensions were concentrated by low speed centrifugation (150g, 5 min) and cells 

resuspended in phosphate buffer. Total cell counts were made in a haemocytometer. 

Differential cell counts were determined from cytospin preparations by counting about 

300 cells stained with May-Gruenwald-Giemsa. Total protein content in BALF fluid 

supernatants was measured by using the BCA Protein Assay Kit (Pierce Chemical Co, 
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Rockford IL, USA) according to the manufacturer’s instructions. Results are expressed 

in µg protein per mL. BALF supernatants were stored at -80°C for measurements of IL-

6 and TGFβ1. 

 

ELISA 

IL-6 and active TGFβ1 cytokines were measured in mice BALF using commercially 

available ELISA DuoSet® mouse IL-6 (R&D systems, Madrid, Spain; catalog no. 

DY406) and TGFβ1 (R&D systems; catalogue no. DY1679) according to the 

manufacturer’s protocol. To measure latent complexes of TGF-β1, activation was 

accomplished by acid treatment. Therefore, 0.1 mL of bronchoalveolar lavage fluid 

(BALF) was treated with 0.1 mL of 1 mmol/L HCl, incubated for 10 min, and then 

neutralised with 0.1 mL of 1.2 mol/L NaOH/0.5 mol/L HEPES. 

 

Hydroxyproline assay  

Hydroxyproline concentration was determined in mouse lung tissue using commercially 

available Hydroxyproline Assay Kit (Sigma Aldrich; catalog no. MAK008), according to 

the manufacturer’s protocol. In brief, 10 mg of mice lung tissue were homogenized in 100 

L of deionized water and hydrolyzed by addition of 100 L of concentrated hydrochloric 

acid (HCl, 12 M), at 120 C for 3 hours. Hydrolyzed sample was mixed and centrifuged 

at 10,000g for 3 minutes and, 20 L of supernatant were transfered to a 96 well plate, 

which was placed in a 60 C oven to dry samples.  Results were expressed as µg 

hydroxyproline/ mg of protein 

 

Micro-CT-SPECT-PET analysis 
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Mice were anesthesized with intraperitoneal mixture of ketamin (70 mg/Kg) and 

medetomidin (0.25 mg/kg). The animals were introduced into the micro- computer 

tomography (CT)-PET-SPECT (Albira, Oncovision™, Valencia, Spain) in supine 

position in a cradle made of plexiglas, and capture of micro-CT images were acquired at 

day 14. The time of each capture was 30 min (until 300000 counts). Lung images were 

taken as follow: planar scintigraphy in anterior (A), posterior (P) left and right lateral (LL 

and RL), and left and right posterior oblique (LPO and RPO) views. X-ray captures were 

acquired through Step&Shoot modality using 400μA of current intensity, 45 kV of 

voltage and 0.5mm attenuation filter. The images were reconstructed with filtered back 

projection algorithm using the Albira Suite 5.0 software (OncoVision, Valencia, Spain). 

The combination of acquisition and reconstruction result in a final whole image matrix of 

255*255*255 mm with a pixel size of 0.25*0.25*0.25 mm. 252 image sections 

corresponding to the whole lung images were acquired in each capture and analyzed with 

the PMOD™ software selecting a whole 3D volume of interest (VOI). Densitometric 

analysis of the extension of fibrosis was quantified using micro-CT images as 

Houndsfield Units (HU). The mean of HU units per pixel was calculated. To evaluate the 

pulmonary vascular perfusion, mice were injected with a suspension of albumin 

macroaggregated Tc99m (MAA-Tc99m) (Molipharma, Valencia Spain; 0.5–1 mCi; 

particle diameter 5-90µm) via the tail vein. Perfusion imaging entailed a SPECT scan.  

For each experimental group of animals, micro-CT-SPECT scans were acquired at day 

14. All scans were performed with gamma cameras with large field-of-view detectors, 

equipped with low energy general purpose collimators. Quantification was performed by 

analyzing the number of counts in the same VOI applied to every image (counts per pixel 

unit) corrected for the radioactive decay of Tc99m. 
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Lung metabolic status was evaluated using micro-PET-CT system (micro-CT-PET Albira 

Imaging System (Oncovision®, Spain). Animals were anesthesized with intraperitoneal 

mixture of ketamin (70 mg/Kg) and medetomidin (0.25 mg/kg). After 10 min of 

stabilization animals were injected intraperitoneally with 300µCi fludeoxyglucose 18F 

(18F-FDG). After 30 min, the animals were allocated in supine position in a cradle made 

of plexiglas to acquire micro-CT and PET images. Acquisitions of both PET and CT were 

made with an offset of 10 mm in length to visualize the lung region. Acquisition by CT 

(Carestream Molecular Imaging, Woodbridge, CT) was performed with good acquisition 

quality, high dose (400μA) and high voltage (45Kv) with the Step & Shoot acquisition 

mode and FBP reconstruction algorithm (Filtered Back Projection). In the PET mode, the 

studies were programmed with a field of vision (Field Of View (FOV)) of 80 mm, an 

acquisition time of 90 seconds per projection during 15 min. The images were 

reconstructed using the OSEM Cross algorithm with a number of iterations of 3 using the 

standard reconstruction parameters of the Albira Suite 5.0 Reconstructor software. The 

images were analyzed and quantified using the PMOD analysis software version 3.2 

(PMOD Technologies LTD, Zurich, Switzerland). Once acquired, the PET / CT images 

were reconstructed and merged. Volumes of interest (VOI) of the lung region were 

determined for the CT images. The VOI was analyzed for each subject for their different 

days of acquisition. For PET images, the VOI obtained in the CT image of each subject 

was taken as a template and it was extrapolated to the PET image and subsequently 

quantified. The quantification of images provided the number of accounts acquired per 

pixel unit. This value was relativized by the dose injected and by subject weight, resulting 

in the standard uptake value (SUV). 

 

Statistical analysis 

Supplementary material Thorax

 doi: 10.1136/thoraxjnl-2018-212735–142.:132 75 2020;Thorax, et al. Milara J



17 

 

Statistical analysis of results was carried out by parametric (animal and cellular studies) 

or non-parametric (human studies) analysis as appropriate. P < 0.05 was considered 

statistically significant. Non-parametric tests were used to compare results from human 

samples of control patients and IPF patients (figure 1 in main manuscript). In this case, 

data were displayed as medians, interquartile range and minimum and maximum values. 

When the comparisons concerned only 2 groups, between-group differences were 

analyzed by the Mann Whitney test. Results from animal and cellular in vitro mechanistic 

cell experiments were expressed as mean ± SE of n experiments since normal distribution 

for each data set was confirmed by histogram analyses and Kolmogorov–Smirnov test. In 

this case, statistical analysis was carried out by parametric analysis. Two-group 

comparisons were analysed using the two-tailed Student’s paired t-test for dependent 

samples, or unpaired t-test for independent samples. Multiple comparisons were analysed 

by one-way or two-way analysis of variance followed by Bonferroni post hoc test. 
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Supplementary Figures 

 

 

 

Supplementary Figure S1. 

MUC1-CT and its phosphorylated forms MUC1-P/T-1224 and MUC1-P/Y-1229 co-

localize in IPF tissue. Con-focal immunofluorescence microscope co-localization 

images of lung sections from IPF patients probed against MUC1-CT/MUC1-P/Y-1229 

and MUC1-CT/MUC1-P/T-1224 combinations. Representative images are shown. Scale 

bars: 10 μm 

 

 

Supplementary material Thorax

 doi: 10.1136/thoraxjnl-2018-212735–142.:132 75 2020;Thorax, et al. Milara J



19 

 

 

 

Supplementary Figure S2. 

Phosphorylation of Smad3 activates MUC1-CT and β-catenin in alveolar type II 

epithelial cells (ATII) and lung fibroblasts. 

A549 bronchoalveolar cell line and MRC5 lung fibroblast cell line were acquired 

commercially. ATII cells were isolated from the lungs of control subjects, and lung 

fibroblasts were isolated from the lungs of IPF patients. Cells were incubated for 1 h with 

SIS3 (3 µM), and then stimulated with TGFβ1 5 ng/ml for 40 minutes. Protein expression 

of MUC1-CT, MUC1-P/T-1224, MUC1-P/Y-1229, p-Smad3, Smad2/3 and active-β-

catenin were analysed with the internal control β-actin by western blot and quantified by 

densitometry. Results are expressed as mean ± SE of n = 3 patients or n = 3 independent 

experiments run in triplicate.  Two-way ANOVA was followed by the post hoc bonferroni 

test. *P < 0.05 vs. control; #P < 0.05 vs. TGFβ1. 
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Supplementary figure S3.  

MUC1 mediates TGFβ1-induced lung fibroblast proliferation and senescence of 

epithelial alveolar type II (ATII) cells and fibroblasts. 

ATII cells were isolated from the lungs of control subjects, and lung fibroblasts were 

isolated from the lungs of IPF patients. (A) Lung fibroblasts were isolated from the lungs 

of IPF patients and stimulated with TGFβ1 10 ng/ml during 48h, 72h and 96h. TGFβ1 10 

ng/ml was added in siRNA-MUC1 or siRNA(-) (B,C) primary human lung fibroblasts 

and (D) ATII cells. (B) Fibroblast proliferation during 48 h was evaluated by the BrdU 

assay. (C) Percentage of fibroblasts or (D) ATII cells expressing β-galactosidase from the 

total number of siRNA-MUC1 or siRNA(-) cells. (C) fibroblasts and (D) ATII image cells  

blue-stained with β-galactosidase. Results are expressed as mean ± SE of n = 3 patients. 

Two-way ANOVA was followed by the post hoc Bonferroni test. *P < 0.05 vs. control; 

Ʇ P < 0.05 vs. siRNA(-) + TGFβ1. 

 

. 
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Supplementary figure S4.  

Galectin 3 activates MUC1-CT via dependent and independent TGFβ1 pathway. 

A549 cells were transfected with control siRNA(−) or siRNA-TβRI/II, and then incubated 

for 1 h with galectin 3 5µg/ml and/or TGFβ1 10 ng/ml. Protein expression of p-Smad3, 

active(act)-β-catenin, MUC1-P/T-1224 and MUC1-P/Y-1229 was analysed with the 

internal control β-actin by western blot and quantified by densitometry. Results are 

expressed as mean ± SE of n = 3 independent experiments run in triplicate. One-way 

ANOVA was followed by the post hoc Bonferroni test. *P < 0.05 vs. control; Ʇ P < 0.05 

vs. TGFβ1; #P < 0.05 vs. siRNA(-). 
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Supplementary figure S5.  

Bleomycin-induced lung fibrosis is attenuated by GO-201: an inhibitor of MUC1 

nuclear translocation. C57BL/6 mice received a single intratracheal dose of bleomycin 

(1.5 U/kg) on day 0 (n= 10) followed by the intraperitoneal administration of 15 

mg/kg/day of GO-201 (from day 7 to 14) (n=10). (A) Masson’s trichrome (scale bar: 100 

μm) staining lung sections and quantification with the fibrosis Ashcroft score. (B) 

Hydroxyproline content. (C, D) Total protein and RNA from lung tissue were analyzed 

by (C) RT-PCR and (D) western blot and quantified by densitometry. CTGF, TGFβ1, IL-

6 and collagen type I were analyzed by RT-PCR and, active (act) - β-catenin, p-Erk1/2, 

p21 and p-Smad3 were measured using western blot. (E) Representative con-focal 

immunofluorescence microscope images of lung sections from Control, bleomycin and 

bleomycin + GO-201 for MUC1-CT immunostaining. DAPI, blue nuclei. Scale bars: 10 

μm. The results are expressed as mean ± SE of n=10 mice per group. One-way ANOVA 
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was followed by the post hoc Bonferroni test. *P < 0.05 vs. control; #P < 0.05 vs. 

bleomycin. 

 

 

 

 

Supplementary figure S6.   

MUC1 Knockout (KO) inhibits right ventricular hypertrophy, pulmonary perfusion 

and metabolism. Wild type (WT) C57BL/6 mice and MUC1 KO C57BL/6 mice received 

a .single intratracheal dose of bleomycin (1.5 U/kg) on day 1 (n= 10). (A) Right 

ventricular hypertrophy (expressed as right ventricle (RV)/left ventricle (LV) + septum 

(S) ratio). (B, D) Perfusion was measured by the injection of macro-aggregates of albumin 

marked with technetium metastable (MAA-Tc99m) and analysed as micro- single-

photon-emission computed tomography (SPECT). (C, E) Lung metabolism was measured 

by the injection of 18F-fluorodeoxiglucose and analysed by micro-positron emission 

tomography (18F-FDG-PET). The results are expressed as mean ± SE of n=10 mice per 

Supplementary material Thorax

 doi: 10.1136/thoraxjnl-2018-212735–142.:132 75 2020;Thorax, et al. Milara J



24 

 

group. One-way ANOVA was followed by the post hoc Bonferroni test. *P < 0.05 vs. 

control; #P < 0.05 vs. WT.  

 

 

 

Supplementary figure S7.  

MUC1 Knockout (KO) inhibits bleomycin-induced bronchoalveolar lavage fluid 

(BALF) inflammatory cells extravasation. Wild type (WT) C57BL/6 mice and MUC1 

KO C57BL/6 mice received a single intratracheal dose of bleomycin (1.5 U/kg) on day 1 

(n= 10). (A, B) Total BALF inflammatory cells and (C-F) IL-6 and TGFβ1 content were 

measured, at day 14 after bleomycin administration, by ELISA (C,D) and qPCR (E,F). 

The results are expressed as mean ± SE of n=10 mice per group. One-way ANOVA was 

followed by the post hoc Bonferroni test. *P < 0.05 vs. control; #P < 0.05 vs. WT.  
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Supplementary figure S8.  

MUC1 Knockout (KO) inhibits the bleomycin-induced expression of molecular 

markers of lung fibrosis. Wild type (WT) C57BL/6 mice and MUC1 KO C57BL/6 mice 

received a single intratracheal dose of bleomycin (1.5 U/kg) on day 1 (n= 10). Total 

protein and RNA from lung tissue were analyzed by (A) qPCR and (B) western blot and 

quantified by densitometry. TGFβ1, collagen type I, CTGF, IL-6, IL-13 and MUC1 were 

analyzed by qPCR and western blot and, active-β-catenin, p-Smad3, p-ERK1/2, MUC1-

CT, MUC1-P/Y-1229, MUC1-P/T-1224 and p21 were measured using western blot. The 

results are expressed as mean ± SE of n=10 mice per group. One-way ANOVA was 

followed by the post hoc Bonferroni test. *P < 0.05 vs. control; #P < 0.05 vs. WT. 
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Supplementary figure S9.  

Immunohistochemical analysis of fibrotic markers in MUC1 Knockout (KO) treated 

with bleomycin. Wild type (WT) C57BL/6 mice and MUC1 KO C57BL/6 mice received 

a single intratracheal dose of bleomycin (1.5 U/kg) on day 1 (n= 10). Representative 

images of lung tissue from WT control, WT Bleomycin, MUC1-KO Control and MUC1-

KO-bleomycin tissue subjected to immunohistochemistry for TGFβ1, NADPH oxidase 4 

(NOX4), Mucin 5B (MUC5B) and MUC1-CT. Scale bar = 100 μm. 
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Supplementary figure S10.  

MUC1-CT nuclear translocation and co-localization with pSmad3 and active (act)-

β-catenin is induced by bleomycin. Wild type (WT) C57BL/6 mice and MUC1 

Knockout (MUC1-KO) C57BL/6 mice received a single intratracheal dose of bleomycin 

(1.5 U/kg) on day 1 (n= 10). Representative images of lung tissue from WT control, WT 

bleomycin, MUC1-KO Control and MUC1-KO bleomycin tissue fixed, permeabilized, 

and used for MUC1-CT, pSmad3 (A) and act-β-catenin (B) immunostaining. Co-

localization was analyzed using a confocal spectral microscope that generated a merge of 

both antibodies (yellow color). DAPI, blue nuclei. Scale bars: 10 μm.  

 

 

 

 

 

 

Supplementary material Thorax

 doi: 10.1136/thoraxjnl-2018-212735–142.:132 75 2020;Thorax, et al. Milara J



28 

 

 

Supplementary table S1. Clinical characteristics.  
 Control donor 

subjects (n = 21) 

IPF patients  

(n = 22) 

Mean 

difference (CI) 

P value 

Age (yr) 59 [53.5-62] 61 [55.5-64.5] 2 (-7 to 2) 0.2516 

Sex (Male/Female) 15/6 17/5   

Smoking     

Never smoked/Smokers 4/17 5/17   

Pack-year 25 [20-30] 26 [10.5-32.5] 1 (-8 to 4) 0.4782 

FEV1, pred ND 62 [56.5-70.5]   

FVC, % pred ND 55 [51-65.5]   

DLco, % pred ND 34 [25-44]   

PaO2, mmHg 94 [90.5-95] 51 [45.5-60.5] 41.8 (35 to 46) <0.001* 

NAC (y/n) 0 16/6   

Pirfenidone (y/n) 0 6/16   

 
% pred, % predicted; DLco, diffusion capacity of the lung for carbon monoxide; FEV1, forced expiratory 

volume in 1 s; FVC, forced vital capacity; ND, not determined; Pack-year, 1 year of smoking 20 cigarettes 

per day; PaO2, arterial blood oxygen tension. N-acetyl-l-cysteine (NAC)/pirfenidone refers to patients who 

received this treatment at the time of pulmonary sample. *compared with control donors. None of the 
patients received nintedanib. Data are presented as medians [interquartile rang] 
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