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Materials and Methods 

Materials 

The following reagents were used in the study: recombinant human GDF-11 was 

from PeproTech (Rocky Hill, NJ, USA); SB431542, a potent and selective inhibitor of the 

transforming growth factor-β (TGF-β) superfamily type receptor activin receptor-like 

kinase (ALK) receptors, was from Tocris Bioscience (Bristol, UK); mouse monoclonal 

anti-GDF11 antibody (catalogue number MAB19581, clone 743833) was from R&D 

Systems (Minneapolis, MN, USA); rabbit monoclonal anti-BMP11+GDF8/myostatin 

antibody (catalogue number ab124721, clone EPR456782) and goat anti-rabbit IgG 

conjugated with fluorescein isothiocyanate (FITC) polyclonal secondary antibody were 

from Abcam (Cambridge, UK); mouse monoclonal anti-p53 antibody and mouse 

monoclonal anti-p16 antibody were from Santa Cruz Biotechnology (Dallas, TX, USA); 

rabbit monoclonal anti-phospho-smad2 (Ser465/467)/smad3 (Ser423/425) antibody was 

from Cell Signaling Technology (Danvers, MA, USA); Dulbecco’s Modified Eagle’s 

Medium (DMEM), fetal calf serum (FCS), trypsin-EDTA, amino acids solution and 

antibiotic-antimycotic were from Invitrogen Life Technologies (Grand Island, NY, USA); 

Bronchial Epithelial Cell Basal Medium (BEBM) was from Lonza Japan Bioscience 

(Tokyo, Japan); dispase II, collagenase/dispase and red blood cell lysis buffer were from 

Roche Applied Science (Manheim, Germany); mouse monoclonal anti-β-actin antibody and 
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DNase I were from Sigma-Aldrich (St Louis, MO, USA); phycoerythrin-conjugated 

anti-human EpCAM antibody and 7-amino actinomycin D were from eBioscience (San 

Diego, CA, USA); Alexa Fluor 647-conjugated anti-human T1α antibody was from 

Biolegend (San Diego, CA, USA); FITC-conjugated anti-human VE-cadherin antibody was 

from BD Pharmingen (San Diego, CA, USA). 

Western blotting 

Human or mouse blood samples were collected in EDTA or heparin and 

centrifuged at 3000 ×g for 10 minutes at 4°C to obtain plasma samples. The plasma samples 

were diluted with saline. Cells were washed with ice-cold PBS and harvested and 

homogenized in radioimmunoprecipitation assay (RIPA) buffer. Mouse right lungs were 

snap frozen in liquid nitrogen. The lung tissues were mechanically homogenized in RIPA 

buffer. The diluted plasma samples, the cell lysates and mouse lung homogenates were 

mixed with sample buffer and β-mercaptoethanol (Bio-Rad Laboratories, Hercules, CA, 

USA). The samples were denatured for 5 minutes at 95°C. The protein in the samples was 

quantified using a bicinchoninic acid (BCA) kit (Thermo Scientific, Rockford, IL, USA). 

Equal amounts of protein were loaded and separated by electrophoresis on 12.5% or 10% 

SDS polyacrylamide gels. After electrophoresis, the separated proteins were transferred to a 

PVDF membrane (Bio-Rad Laboratories). The membranes were blocked with 5% skim 
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milk or blocking reagent (Toyobo Life Science, Osaka, Japan) for 1 hour at room 

temperature. The following antibodies were used to detect the target proteins: mouse 

monoclonal anti-GDF11 antibody (0.5 µg/ml), mouse monoclonal anti-p53 antibody (1:200 

dilution), mouse monoclonal anti-p16 antibody (1:50 dilution), rabbit monoclonal 

anti-p-Smad2/3 antibody (1:200 dilution), or mouse monoclonal anti-β-actin antibody 

(1:10000 dilution). The bound antibodies were visualized using the appropriate horseradish 

peroxidase-conjugated secondary antibodies and enhanced chemiluminescence (Amersham 

Biosciences, Buckinghamshire, UK) with a chemiluminescence imaging system (LAS-4000 

mini; Fujifilm, Tokyo, Japan). The band intensity was quantified by densitometry (Quantity 

One software, Bio-Rad). We standardized the levels of GDF11 in plasma samples to the 

level of GDF11 in the reference plasma sample, which was obtained from one of the control 

subjects. Thirty micrograms of protein from the reference plasma sample was loaded as a 

control for every western blot, and we then divided the band intensity of each subject’s 

sample by the band intensity of the reference plasma sample. We calculated GDF11 levels 

as relative band intensity. 

Comorbidities 

We retrospectively investigated COPD-associated systemic comorbidities based 

on the medical records. Five comorbidities, including hypertension, dyslipidaemia, diabetes 
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mellitus, cardiovascular disease and cancer, were checked. Hypertension was diagnosed 

according to guidelines for the management of hypertension 2014 (E1). Dyslipidemia and 

cardiovascular disease were diagnosed by Japan Atherosclerosis Society Guidelines for 

Prevention of Atherosclerotic Diseases 2012 (E2). Diabetes mellitus was diagnosed by 

Evidence-based Practice Guidelines for the Treatment for Diabetes in Japan 2013 (E3). 

Carcinoma in situ and cured cancer were excluded from the diagnosis of cancer. 

CT assessment of bone density 

CT images were acquired at 120 kilovolts peak (kVp), 200 mA, a scan time of 

500 milliseconds and 5 mm slice thickness using a CT scanner (SOMATOM Definition 

Flash; Siemens Healthcare CO., Forchheim, Germany or Aquilion ONE; Toshiba CO., 

Tokyo, Japan). Bone density was quantified as previously reported (E4, E5). Briefly, bone 

density measurements were performed in the first lumber vertebra (L1) on an axial slice. If 

L1 was fractured, bone density was measured in the closest normal visible vertebra. A 

region of interest was placed in the upper part of the vertebra between the endplate and the 

entrance of the vessels at the anterior midportion, in a homogeneous area of trabecular bone. 

The regions of interest were as large as possible, and focal heterogeneous areas were 

avoided. The CT number (Hounsfield Unit; HU) was measured in the bone view setting 

(C150, W600) by WeVIEW Z (Hitachi Ltd., Tokyo, Japan). 
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Immunohistochemical detection of GDF11 in lung tissues 

Human lung tissues obtained at surgical resection were fixed with 10% formalin, 

embedded in paraffin and sliced at 4 µm thickness by a microtome. After deparaffinization, 

the specimens were permeabilized by 0.1% Triton X in 10 mM PBS for 30 minutes. 

Heat-induced antigen retrieval was performed with Tris/EDTA buffer (pH 9.0) by autoclave 

for 15 minutes at 121 ℃. Endogenous peroxidase was inactivated with 3% hydrogen 

peroxide in 100% methanol for 30 minutes at room temperature. The specimens were 

blocked with 1 % skim milk for 30 minutes at room temperature. The samples were 

incubated with rabbit anti-BMP11+GDF8/myostatin monoclonal antibody (1:500 dilution) 

at 4°C overnight. After washing, the samples were incubated with goat anti-rabbit IgG 

conjugated with peroxidase-labelled polymer (Dako Japan. Ltd., Kyoto, Japan) for 1 hour 

and 3,3’-diaminobenzidine (DAB; Nichirei Biosciences Inc, Tokyo, Japan) was used to 

visualize the immunopositive cells, followed by counterstaining with hematoxilin. 

Non-specific polyclonal rabbit immunoglobulin G (IgG) was used as a negative control 

staining.  The samples were viewed by microscopy (BX53-33-SDO, Olympus, Tokyo, 

Japan) and photographed with a digital camera (DP71-SET, Olympus). 

Preparation of single cell suspensions from human lung tissues and lung cell sorting 

Human lung cell subsets were sorted as previously described (E6, E7). Briefly, 
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lung tissues were digested with dispase II, collagenase/dispase and DNase I. After 

treatment with red blood cell lysis buffer, the cells were filtered through a 40 µm mesh (BD 

Biosciences, San Jose, CA, USA) and resuspended in DMEM containing 10% FBS, 1% 

amino acids solution, 100 units/ml penicillin, 100 µg/ml streptomycin, and 2.5 µg/ml 

amphotericin B. CD45-expressing hematopoietic cells were depleted from the lung cell 

suspension using the autoMACS Separator with anti-human CD45 antibody-coated 

micro-beads according to the manufacturer’s instructions (Miltenyi Biotec, Bergisch 

Glandbach, Germany). The CD45-negative lung cells were incubated with 

phycoerythrin-conjugated anti-human EpCAM antibody, Alexa Fluor 647-conjugated 

anti-human T1α antibody, and FITC-conjugated anti-human VE-cadherin antibody, 

followed by treatment with a live/dead cell discriminator, 7-amino actinomycin D. We then 

sorted the following lung cell subsets, based on their staining patterns with EpCAM, T1α, 

and VE-cadherin, using a FACS Aria II Cell Sorter and FACS Diva, version 6.1 (BD 

Biosciences) (E5), alveolar type II cells (EpCAMhi/T1α−), vascular endothelial cells 

(EpCAM−/T1α−/VE-cadherin+), mesenchymal cells (EpCAM−/T1α−/VE-cadherin−). 

Total RNA purification and the quantification of mRNAs 

Total RNA was purified from the single lung cells using Trizol (Fisher Scientific, 

Waltham, MA, USA). A miScript Reverse Transcription Kit (Qiagen, Valencia, CA, USA) 

was used for reverse transcription of mRNAs into cDNA.  qRT-PCR was performed using 
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RT2 SYBR Green FAST (Qiagen) and was carried out on Step One Plus (Biosystems Life 

Technologies, Warrington, UK). The specific primer sets for quantification were purchased 

from TAKARA BIO (Kusatsu, Japan) as follows: HA127591 for Homo sapiens growth 

differentiation factor 11 (GDF11); HA162777 for Homo sapiens myostatin (MSTN); 

HA067812 for glyceraldehyde-3-phosphate dehydrogenase (GAPDH, a constitutively 

expressed gene). 

Preparation of cigarette smoke extract (CSE) 

CSE was prepared as previously reported (E8). Briefly, the smoke from two 

cigarettes (12 mg tar, 1.0 mg nicotine) was bubbled through 20 ml culture medium at a rate 

of one cigarette per 5 minutes. The solution was filtered with a 0.22 µm pore filter 

(Millipore, Darmstadt, Germany) and was considered to be 100% CSE. CSE was freshly 

prepared in all experiments before use. 

Cell culture 

Human foetal lung fibroblasts (HFL-1) were obtained from the American Type 

Culture Collection (Rockville, MD, USA). Four different strains of adult fibroblasts and 

bronchial epithelial cells were obtained from lung tissues resected by surgical operation 

from COPD or non-COPD patients with lung cancer in our institution. HFL-1 cells and 
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adult fibroblasts were cultured on tissue culture dishes with DMEM supplemented with 

10% FCS, 100 unit/ml penicillin and 100 μg/ml streptomycin. Cells were cultured at 37°C 

in a humidified atmosphere of 5% CO2 and passaged. The bronchial epithelial cells were 

cultured in BEBM. HFL-1 cells were used between the 16th and 27th passages. The adult 

fibroblasts from the study subjects were used between the 5 th-8th passages. The bronchial 

epithelial cells from the study subjects were used between the 4 th-6th passages. 

Effect of GDF11 on CSE-induced cellular senescence 

To evaluate the effect of GDF11 on CSE-induced cellular senescence, HFL-1 cells 

and adult fibroblasts were seeded in tissue culture dishes or plates (Falcon, Becton 

Dickinson, Franklin Lakes, NJ, USA) at a density of 1 × 105 cells/ml in DMEM with 1% 

FCS. After the cells had become attached, recombinant GDF11 was added to the medium 6 

hours before treatment with 1% CSE at the 19th passage. At 90% confluence, the cells were 

trypsinized and reseeded. HFL-1 cells were exposed to 0.1 to 10 ng/ml GDF11 and/or 1% 

or 5% CSE and were passaged every 3 days to the 21st passage. The bronchial epithelial 

cells were seeded in tissue culture dishes or plates at a density of 1 × 105 cells/ml in BEBM. 

After the cells had become attached, 10 ng/ml GDF11 was added to the medium 6 hours 

before treatment with 5% CSE at the 4th passage. At 90% confluence, the cells were 

trypsinized and reseeded. The bronchial epithelial cells were exposed to GDF11 and/or 
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CSE and were passaged every 3 days to the 6th passage. At 90% confluence, HFL-1 cells 

were treated with 1 mM N-acetyl cysteine (NAC, Sigma-Aldrich) 1 hour before exposure to 

1% CSE and were cultured between the 19th and 21st passage. After a final treatment for 24 

hours, the cells were harvested. The senescence-associated β-galactosidase (SA-β-gal) 

activity and cell growth rate were examined. 

Effects of GDF11 on replicative cellular senescence 

To evaluate the effect of GDF11 on replicative cellular senescence, HFL-1 cells 

were exposed to vehicle or 10 ng/ml GDF11 at the 16 th passage and passaged every 3 days 

to the 27th passage for 5 weeks in the presence or absence of GDF11. After a final treatment 

for 24 hours, the cells were harvested. The SA-β-gal activity and cell growth rate were 

examined. 

Inhibition of an activin receptor-like kinase (ALK) receptor antagonist on the anti 

senescence effect of GDF11 

To evaluate the effects of ALK receptor antagonist, HFL-1 cells were treated with 

5 µM SB431542 1 hour before treatment with 10 ng/ml GDF11. Then the cells were 

exposed to 1% CSE 6 hours later. The cells were cultured for ten days in the same condition. 

After a final treatment for 24 hours, the SA-β-gal activity was examined. 
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Immunostaining against phosphorylated Smad2/3 

To investigate the inhibitory effect of an ALK receptor antagonist, SB431542, on 

the GDF11-mediated cell signaling, we carried out fluorescence immunostaining against 

p-Smad2/3. Briefly, the cells were seeded in 8 well chamber slides (Thermo Scientific) at  a 

density 2 × 104 cells/well. At 80% confluence, the medium was replaced to serum-free 

DMEM, and the cells were cultured for 24 hours. Then, the cells were treated with vehicle 

or 10 ng/ml GDF11 in the presence or absence of 5 µM SB431542. After 1 hour, the cells 

were soaked in 4% paraformaldehyde for 15 minutes. After washing, the cells were blocked 

with 1% bovine serum albumin (BSA, Wako, Osaka, Japan) for 1 hour and the cells were 

incubated with rabbit monoclonal anti-p-Smad2/3 antibody (1:200 dilution) at 4°C 

overnight. After washing, the cells were incubated with goat anti-rabbit IgG conjugated 

with FITC (1:250 dilution) at room temperature for 30 minutes. After washing, the cells 

were stained with Fluoromout-G containing DAPI (SouthernBiotech, Birmingham, AL, 

USA). The cells were viewed using a C2si confocal microscope (Nikon, Tokyo, Japan).  

Cell proliferation assay 

The fibroblasts and the bronchial epithelial cells were treated with or without 10 

ng/ml GDF11 for 10 days or 5 weeks. The cells (2 × 104 cells per each well) were plated in 
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96 well plates in DMEM containing 1% FCS or BEBM on day 0. On day 5, the cells were 

trypsinized and the cell number was counted by hemocytometer. 

SA-β-gal assay 

The SA-β-gal enzyme activity in the fibroblasts and bronchial epithelial cells was 

measured using a Senescence Detection kit (BioVision, Mountain View, CA, USA) 

according to the manufacturer’s instructions. The development of cytoplasmic blue pigment 

was detected and photographed by an inverted microscope equipped with a colour CCD 

camera (Nikon). The percentage of SA-β-gal-positive cells was calculated using HistoQuest 

software. 

OCT-embedded frozen mouse lung tissues were sectioned at 6-mm thickness and 

stained to determine SA-β-gal enzyme activity using a Senescence β-Galactosidase Staining 

Kit (Cell Signaling Technology) as previously described (E9). 

The SA-β-gal enzyme activity of mouse lung homogenates was quantitatively 

measured by the rate of conversion of 4-methylumbelliferyl-β-D-galactopyranoside (MUG) 

to the fluorescent hydrolysis product 4-methylumbelliferone (4-MU) at pH 6.0, as 

previously described (E9, E10). Briefly, lung tissues were homogenized in lysis buffer (5 

mM CHAPS, 40 mM citric acid, 40 mM sodium phosphate, 0.5 mM benzamidine, and 0.25 

mM PMSF, pH 6.0) and incubated on ice for 1 hour. The lysates were centrifuged for 5 
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minutes at 12,000 ×g, and the supernatant was mixed with 2× reaction buffer (40 mM citric 

acid, 40 mM sodium phosphate, 300 mM NaCl, 10 mM β-mercaptoethanol, and 4 mM 

MgCl2 [pH 6.0] with 1.7 mM MUG) and then placed into a 37°C water bath for 3 hours. 

Finally, 50 μl of the reaction mix was added to 500 μl of 400 mM sodium carbonate stop 

solution (pH 11.0), and the samples were then read at 150 μl/well in a 96-well plate using a 

Fluoroskan Asent FL instrument (Thermo Scientific) with excitation at 360 nm and 

emission at 465 nm. Normalized SA–β-gal activity was expressed as observed fluorescence 

(rate of conversion of MUG to 4-MU) divided by milligrams of total protein in the assay. 

Measurement of reactive oxygen species (ROS) production by flow cytometry 

For measuring intracellular ROS, HFL-1 cells were treated with vehicle or 10 

ng/ml GDF11 before 6 hours exposure to 7% CSE, and the cells were incubated for 24 

hours. Then, the cells were stained with the 5 µM CellRox Deep Red reagent (Invitrogen 

Life Technologies) and were incubated at 37ºC for 30 minutes. Data were acquired on a BD 

LSRFortessa cell analyzer with FACSDiva software v 6.1 (BD Biosciences).  

Gelatin zymogram 

HFL-1 cells were treated with vehicle or 10 ng/ml GDF11 before 6 hours 

exposure to 7% CSE, and the cells were incubated for 72 hours. Supernatants from the cell 

cultures (500 l per culture condition) were concentrated 10-fold by precipitation with cold 
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ethanol and re-suspended in 50 µl of double distilled water. Then, 20 µl of each sample 

were separated by SDS-PAGE with 10% polyacrylamide gel containing 0.1% gelatin 

(Nacalai Tesque, Kyoto, Japan) under nonreducing conditions. After electrophoresis, the 

gels were soaked in zymogram renaturing buffer (Invitrogen Life Technologies) for 60 

minutes and incubated in zymogram developing buffer (Invitrogen Life Technologies) for 

18 hours at 37C. The gels were stained with 0.4% Coomassie blue and rapidly destained 

with destaining buffer (30% methanol and 10% acetic acid) until the zones of proteolysis 

appeared as clear bands against a blue background. Subsequently, the gels were scanned 

and photographed using a Chemi DOC XRS system (Bio-Rad Laboratories), after which the 

band intensity was quantified using Quantity One software (Bio-Rad Laboratories). 

Measurement of interleukin (IL)-8 

HFL-1 cells were treated with vehicle or 10 ng/ml GDF11 before 6 hours 

exposure to 7% CSE, and the cells were cultured for 10 days. The amounts of IL-8 in the 

supernatants were measured using a ELISA (R&D Systems) according to the 

manufacturer’s instructions. 

Fibroblast-mediated collagen gel contraction assay 

Collagen gels were prepared as described previously (E11). Briefly, rat tail tendon 
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collagen (RTTC), distilled water and 4× concentrated DMEM were combined so that the 

final mixture resulted in 0.75 mg/ml collagen, with a physiologic ionic strength of 1× 

DMEM and a pH of 7.4. Cells were trypsinized and suspended in SF-DMEM. Cells were 

then mixed with the neutralized collagen solution so that the final cell density in the 

collagen solution was 3 × 105 cells/ml. Aliquots (0.5 ml/well) of the mixture of cells in 

collagen were cast into each well of 24-well tissue culture plates (Falcon) and allowed to 

gel. After gelation was completed, normally within 20 minutes at room temperature, the 

gels were gently released from the 24-well tissue culture plates and transferred into 60-mm 

tissue culture dishes (three gels in each dish), which contained 5 ml of freshly prepared 

SF-DMEM with or without 5 ng/ml GDF11. The gels were treated with vehicle or 7% CSE 

and then incubated at 37C in a 5% CO2 atmosphere for 5 days. Gel contraction was 

quantified using a chemiluminescence imaging system (LAS-4000 mini; Fujifilm) daily. 

Data were expressed as percentages of the initial gel size. 

Animal studies 

Eight- to 10-week-old male C57BL/6J mice were purchased from SEIMI (Sendai, 

Japan). All mice were housed in a specific pathogen-free facility and maintained under 

constant temperature (24°C), humidity (40%), and light cycle (8:00 A.M. to 8:00 P.M.), 

with food and water provided ad libitum. To induce lung emphysema, the mice were given 
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an intratracheal instillation of porcine pancreatic elastase (25 µg per mouse, Wako) in 0.1 

ml of PBS or 0.1 ml of PBS alone on day 0 as previously described (E12). Recombinant 

GDF11 (0.1 mg/kg) or vehicle was administered by intraperitoneal injection 1 hour before 

elastase administration (E13). Treatment with recombinant GDF11 or vehicle was repeated 

daily (5 days per week) until day 4 or 21, after which the mice were sacrificed for analysis.  

Bronchoalveolar lavage (BAL) 

On day 4 after elastase administration, mice were sacrificed by exsanguination, 

and the lungs were lavaged 3 times with 500 µl of PBS. The lavaged fluid was centrifuged 

at 800 ×g for 5 minutes, and the BAL cell pellet was resuspended in 500 µl of PBS. The 

total cell number was counted using a haemocytometer. Differential cell counts were 

performed on cytospin-prepared slides stained with Diff-Quik. 

Histological analysis 

The mouse left lungs were fixed at 20 cm H2O with 4% paraformaldehyde, 

embedded in paraffin and sliced at 4-µm thickness by a microtome. The paraffin sections 

were processed for haematoxylin and eosin staining. The extent of the emphysematous 

lesions was assessed by measuring the mean linear intercept (Lm) using the method of 

Thurlbeck with some modifications (E14). Briefly, 10 fields at 200× magnification were 
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randomly sampled from each mouse, and point counting was performed. The total distance 

was divided by the number of alveolar intercepts to determine the Lm. 
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Figure legends 

Figure S1. The levels of plasma growth differentiation factor 11 (GDF11) in control 

subjects. 

The expression of GDF11 in plasma was investigated by western blotting in 

control never-smokers corresponding to the indicated ages in years (A). Ponceau S staining 

was used to evaluate the amount of protein loaded in each lane. The GDF11 level was 

calculated by measuring the intensity of the band (B). Values are expressed the mean ± SD 

(n = 10 per decade). The correlation between the levels of GDF11 and bone density was 

investigated (C). r is the correlation coefficient; the lines and p values correspond to the 

regression equation. Open circles: control never-smokers (CNS); closed circles (gray): 

control ex-smokers (CES); closed circles (black): ex-smokers with chronic obstructive 

pulmonary disease (COPD). HU = Hounsfield Unit. 

Figure S2.  Effects of GDF11 on replicative cellular senescence in human foetal lung 

fibroblasts (HFL-1). 

HFL-1 cells were maintained from the 16th passage to the 27th passage for 5 weeks, 

and the cells were harvested at each appropriate passage. The expression of GDF11 and 

senescence-associated proteins was evaluated by western blotting. Relative intensity was 
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calculated by dividing the band intensity of GDF11 (A) and the senescence-associated 

proteins p16 (B) and p53 (C) by the appropriate β-actin band intensity. SA-β-gal-positive 

cells were investigated at the 16th, 19th, 23rd, and 27th passage (D). HFL-1 cells were treated 

with or without 10 ng/ml GDF11 from the 16th passage to the 27th passage, and the cells 

were harvested at each appropriate passage. The expression of p53 was evaluated by 

western blotting (E). SA-β-gal-positive cells (F) and cell number (G) were investigated at 

the 27th passage. Values are expressed as the mean ± SD (n = 4). *p < 0.05, **p < 0.01, ***p 

< 0.001 compared with the 16th passage cells. n.s. = not significant. 

Figure S3. Signal transduction of GDF11 and the effect of an activin receptor-like 

kinase (ALK) inhibitor on CSE-induced cellular senescence. 

HFL-1 cells were treated with 10 ng/ml GDF11 for 1 hour in the presence or 

absence of the ALK inhibitor SB431542 (5 µM). The translocation of phosphorylated 

Smad2/3 (p-Smad2/3) into the nucleus was evaluated by immunocytochemistry (A). 

Arrows indicate the translocation of p-Smad2/3 into the nucleus of HFL-1 cells (A). The 

cells were treated with or without GDF11 and SB431542 and then exposed to 1% CSE or 

vehicle for 10 days. SA-β-gal activity was investigated (B). **p < 0.01, ***p < 0.001 

compared with the control group, †††p < 0.001 compared with the CSE-treated group, ‡‡p < 

0.01 compared with the GDF11-treated CSE-exposed group. SB = SB431542. 
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Figure S4. Effects of GDF11 on the elastase-induced lung inflammation and acute 

phase emphysema. 

Mice were exposed to elastase (25 µg per mouse) or PBS intratracheally on day 0 

and treated with 0.1 mg/kg GDF11 or PBS intraperitoneally for 4 days. One hour after the 

final treatment, the mice were sacrificed. The expression of GDF11 in plasma and 

phosphorylation of Smad2/3 in the lung were investigated by western blotting in the 

PBS-treated PBS-exposed group and the GDF11-treated PBS-exposed group. The GDF11 

level was calculated by measuring the intensity of the band (A). The intensity of each 

p-Smad2/3 band was standardized to that of β-actin (B). The numbers of total cells (C), 

macrophages (D) and neutrophils (E) in bronchoalveolar lavage (BAL) fluid were counted. 

Lung sections were stained with haematoxylin and eosin (F). The upper panels show 

low-magnification images (x 40; scale bar, 500 µm), and the lower panels show magnified 

images (x 200, scale bar, 100 µm). A semi-quantitative analysis of lung tissues using 

mean linear intercept (Lm) is shown (G). Values are expressed as the mean ± SD (n = 3-5). 

*p < 0.05, **p < 0.01, ***p < 0.001 compared with the vehicle-treated PBS-exposed group.
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Table S1. Multiple regression analysis 

Regression 

coefficient 
95% CI p value 

Cohort 1 

Age 0.0031 -0.0044 to 0.0107 0.411 

Sex 0.0340 -0.1265 to 0.1945 0.676 

Smoking  -0.0014 -0.0035 to 0.0007 0.177 

FEV1%pred 0.0046 0.0024 to 0.0069 <0.001 

ICS -0.0943 -0.2568 to 0.0682 0.253 

Cohort 2 

Age -0.0001 -0.0132 to 0.0113 0.875 

Sex 0.0350 -0.2422 to 0.3122 0.801 

Smoking  -0.0021 -0.0053 to -0.0011 0.186 

FEV1%pred 0.0076 0.0026 to 0.0126 <0.01 

ICS 0.0969 -0.0501 to 0.2439 0.191 

Multiple regression analysis of independent valuables including age, sex, smoking history 

and FEV1%pred. CI = confidence interval; FEV1%pred = % predicted values of forced 

expiratory volume in 1 second; ICS = Inhaled corticosteroids. 
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