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Table S1. Medium information for GMSCs. 

Complete medium DMEM/F12, 10% FBS, 5 ng/mL bFGF, 2 mM L-glutamine 

Adipocytes inducing medium DMEM/F12, 10% FBS, 1 mM dexamethasone, 0.5 mM IBMX, 10 mg/mL insulin and 

60 mM indomethacin  

Osteogenic inducing medium DMEM/F 12, 10% FBS, 0.5 mM dexamethasone, 10 mM β-glycerophosphate and 50 

mg/mL vitamin C 

Chondrogenic inducing medium DMEM/F 12, 10% FBS, 1% ITS, 50 mg/mL L-proline, 0.1 mM dexamethasone, 0.9 

mM sodium pyruvate, 50 mg/mL vitamin C and 10 ng/mL TGF-β3 

Neurogenic inducing medium DMEM/F 12, 2% B27, 1% glutamine, 40 ng/ml medium-1 bFGF, 20 ng/ml EGF, 1 

μM all-trans-retionic acid, and 100 μm 2-mercapoethanol 
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The methods description, including neutrophil content in lung tissue, kidney injury score, 

liver injury score, lung injury score, aortic intima media-thickness, detection of ALT, AST, 

BUN, and CRE in serum, BALF cell count, hydroxyproline assay, ashcroft fibrosis score, and 

TUNEL staining were provided. 

 

Lung histology and IQA 

The middle lobe of the right lung was fixed in 10% (wt/vol) formalin and routinely 

processed in paraffin sections for hematoxylin and eosin staining. Ten fields from each slice 

were visualized by microscopy (×100). The average values were taken as a modified 

semi-quantitative histological index of quantitative assessment (IQA) of lung injury using the 

following criteria: 0, no alveolitis; +1, thickening of the alveolar septum by a mononuclear cell 

infiltrate, with involvement limited to focal, pleural-based lesions occupying less than 25% of 

the lung and with good alveolar architecture preservation; +2, more extensive fibrosis 

involving 26%-50% of the lung and fibrotic regions, mostly extending inward from the pleura 

and still focal; +3, widespread fibrosis involving 51%-70% of the lung; and +4, widespread 

fibrosis involving more than 70% of the lung [1,2]. 

Fibrosis scoring system 

The lung fibrosis score, which is based upon the severity and extent of lung fibrosis and not 

inflammation present in the peribronchial and interstitial tissues, was assessed by one of us 



who is a pulmonary pathologist (AY) as previously described [3]. Lungs were assigned a 

severity score from 0 (no fibrosis) to 4 (severe fibrosis) while the extent of involvement was 

quantified on a scale of 1 (occasional alveolar duct and bronchiole involvement) to 3 (more 

than half of the alveolar ducts and respiratory bronchioles involved). The fibrosis score was 

calculated as the severity (0-4) multiplied by the extent (1-3). 

Neutrophil content: By using a 100-point grid of a known area (62,500 μm2 at 400X 

magnification) that was attached to the ocular of the microscope, we counted the number of 

points that were hitting the alveolar tissue and the numbers of neutrophils and positive cells 

in each field. The cell density was determined as the number of positive cells in each field 

divided by the tissue area, and this value was expressed as cells/mm2 [4]. Morphometric 

measurements were performed in 15 fields for each animal at 400X magnification by an 

investigator who was blinded to the specific group that was studied. 

Ashcroft fibrosis score 

After death, each lung tissue was fixed in buffered 4% paraformaldehyde for 24 hr and 

embedded in paraffin. Ten consecutive longitudinal sections of the lungs were stained with 

Msason and examined for pulmonary fibrosis. Each successive field was individually 

assessed for the severity of interstitial fibrosis using the semiquantitative grading system 

described by Ashcroft et al [5]. The entire lung section was reviewed at a magnification of 100. 

For each of the 30-35 microscopic fields needed to review the section, a score ranging from 0 

(normal lung) to 8 (total fibrosis) was assigned. The mean score of all fields was taken as the 

fibrosis score of that lung section. The criteria for grading pulmonary fibrosis were as follows. 

Grade 0 ¼ normal lung; Grade 1: ¼ minimal fibrous thickening of alveolar or bronchial walls; 

Grade 2-3: ¼ moderate thickening of walls without obvious damage to lung architecture; 

Grade 4-5: ¼ increased fibrosis with definite damage to lung architecture and formation of 

fibrous bands or small fibrous mass; Grade 6-7: ¼ Severe distortion of structure and large 

fibrous areas; honeycomb lung was placed in this category; Grade 8: ¼ total fibrotic 

obliteration of the field. 

TUNEL staining 

The DeadEnd Colorimetric TUNEL System assay kit was used according to the 



manufacturer’s instructions (Promega, Madison, WI). Briefly, paraffin-embedded sections 

were deparaffinized by immersing slides in xylene and then through graded ethanol washes 

followed by PBS. Tissue sections were then fixed in 4% paraformaldehyde for 15 minutes and 

digested with proteinase K (20 mg/ml) for 22 minutes to permeabilize the tissue. The slides 

were then washed with PBS, refixed in 4% paraformaldehyde for 5 minutes and washed 

again. In situ nick end labelling of nuclear DNA fragmentation was performed in a humid 

chamber for 1 hour in the dark at 37℃. A positive control slide was prepared by treating the 

tissue sections with RNase-free DNase for 10 minutes before the above labelling. A negative 

control slide was prepared by omitting recombinant terminal deoxynucleotidyl transferase 

(rTdT) from the above labelling step. The labelling reaction was stopped by immersing the 

slides in SSC for 15 minutes followed by a PBS wash. Endogenous peroxidases were blocked 

by immersing the slides in 0.3% hydrogen peroxide in PBS for 5 minutes and then washing 

with PBS. Colour was developed using DAB. The slides were then mounted using Permount 

Mounting Medium (Fisher Scientific, Barrington, IL) and observed under a light microscope. 

Kidney injury score 

Acute tubular damage was assessed via hematoxylin and eosin (HE) staining by using 

previously described criteria [6]. Acute tubular damage was scored by using a 

semiquantitative scoring system (0 to 3 points) for each criterion in 20 randomly sampled 

high-power fields of the cortex per animal (0 = absent, 1 = mild, 2 = moderate, and 3 = strong 

acute tubular damage). 

Liver injury score 

 Formalin-fixed liver tissues were embedded in paraffin wax, serially sectioned, and then 

stained with HE. Morphological characteristics (including PMN infiltration, interstitial edema, 

focal necrosis, and hemorrhage/congestion) were evaluated under a light microscope, and 

Suzuki scores (i.e., the sum of the scores of congestion [0: none; 4: severe], vacuolization [0: 

none, 4: severe], and necrosis [0: none; 4: > 60%]) were calculated to determine the liver injury 

level [7,8]. 

Aortic intima media-thickness 



 Ascending thoracic aorta was dissected and rinsed with cold phosphate-buffered saline 

and placed in 10% neutral buffered formalin until sectioning for microscopic analysis. Aortic 

specimens were serially sectioned into three or four rings and embedded entirely in tissue 

blocks for hematoxylin and eosin (HE) staining. Histologic sections were then reviewed by 

one person (O.T.) and scanned by a computer assisted imaging device (CAS-200 Cell Analysis 

System; Bacus Laboratory, Chicago, IL, USA) for measurement of the vessel wall thickness. 

The mean value of the vessel wall thickness from the endothelial surface to the adventitia was 

recorded from 10 different locations spanning the entire crosssection. The mean values of 

aortic wall thickness were first normalized for overall body weight, since it has been shown 

that larger mice generally exhibit larger vessel wall thickness [9]. 

Detection of ALT, AST, BUN, and CRE in serum 

 Blood samples were collected and detected the levels of Alanine Aminotransferase (ALT), 

Aspartate Aminotransferase (AST), blood urea nitrogen (BUN) and creatinine (CRE) using a 

Fuji Dri-Chem 3500i Biochemistry Analyzer (Fujifilm Ltd, Japan). 

BALF cell count 

The cell pellets were resuspended in 1 ml of PBS, and the total cell counts were performed 

using a Neubauer chamber. For differential cells counts, cytospin slides were prepared and 

stained with Diff-Quick; 300 cells were counted per slide [10,11]. 

Hydroxyproline Assay 

The lung tissues were homogenized in 10 volumes of distilled water. Homogenates were 

hydrolyzed in 12 M HCl at 120 °C for 3 h as previously described. Hydroxyproline was 

measured colorimetrically (560 nm) after hydrolysis using an assay kit (Nanjing Jiancheng 

Bioengineering Institute, Nanjing, China) [12]. 

  



Table S2. 

Group Con Bl Bl + MSC P 

Lung injury score 0.65 ± 0.07 9.44 ± 1.13* 6.36 ± 0.57# < 0.01 

Aschoft fibrotis score 0.31 ± 0.02 4.56 ± 0.46* 3.11 ± 0.26# < 0.01 

Hydroxyproline (μg/μng) 16.34 ± 1.14 32.56 ± 2.75* 21.97 ± 1.91# < 0.01 

Kidney injury score 0.43 ± 0.03 6.54 ± 0.89* 3.25 ± 0.72# < 0.01 

Liver injury score 0.13 ± 0.01 6.78 ± 0.71* 3.51 ± 0.48# < 0.01 

Aortic intima media-thickness (mm) 49.23 ± 9.12  66.45 ± 13.17* 53.35 ± 11.8# < 0.01 

Aortic-intima media thickness (mm/g of body weight) 1.79 ± 0.14 2.42 ± 0.19* 2.18 ± 0.21# < 0.01 

Destiny of neutrophils in lung tissue(cells/mm2) 130.22 ± 1.62 2149.87 ± 281.74* 1136.82 ± 135.63# < 0.01 

Airway aollagn (μm2 collagn/μm2 tissue) 24.33 ± 2.27 87.35 ± 9.34* 60.75 ± 5.45# < 0.01 

Apoptosis index (%) 8.42 ± 0.92 27.46 ± 2.64* 19.41 ± 1.83# < 0.01 

Notes: Lung injury score, Ashcroft fibrosis score, aortic intima media-thickness, hydroxyproline levels, 

destiny of neutrophils in lung tissue, airway aollagn, and apoptosis index in the lungs were measured. 

Liver injury score and kidney injury score were measured. # P<0.05 compared with the Con group. * 

P<0.05 compared with the Bl group. 
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Table S3. PCR primer sequence information of mouse. 

Gene name Primer sequence 

CXCL-1 CTGGGATTCACCTCAAGAACATC 

 CAGGGTCAAGGCAAGCCTC 

IL-8 CAAGGCTGGTCCATGCTCC 

 TGCTATCACTTCCTTTCTGTTGC 

TNF-α CCCTCACACTCAGATCATCTTCT 

 GCTACGACGTGGGCTACAG 

LPA AGCCATGAACGAACAACAGTG 

 CATGATGAACACGCAAACAGTG 

LPA1 TAAGATGGCCTTCTACAACGGC 

 CCATACAGGTATTTGACGTGGAG 

TGF-β CTCCCGTGGCTTCTAGTGC 

 GCCTTAGTTTGGACAGGATCTG 

MMP-9 CTGGACAGCCAGACACTAAAG 

 CTCGCGGCAAGTCTTCAGAG 

NE AGCAGTCCATTGTGTGAACGG 

 CACAGCCTCCTCGGATGAAG 

MPO AGTTGTGCTGAGCTGTATGGA 

 CGGCTGCTTGAAGTAAAACAGG 

IL-10 GCTCTTACTGACTGGCATGAG 

 CGCAGCTCTAGGAGCATGTG 

GAPDH AGGTCGGTGTGAACGGATTTG 

 TGTAGACCATGTAGTTGAGGTCA 

Abbreviation: PCR, polymerase chain reaction 
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Flow cytometry. 

Using an established procedure, GMSCs in the logarithmic phase were dissociated into a 

single-cell suspension. After counting, 1 × 106 cells were transferred to a sterile centrifuge tube. 

Precooled 70% ethanol was added dropwise to fix the BM-MSCs, and then, the cells were 

gently prepared as a single-cell suspension, followed by incubation for 12 h. GMSCs were 

incubated with PBS containing rabbit-derived primary antibodies against aSMA and FSP1. 

FITC-labeled goat anti-rabbit IgG was incubated with GMSCs in the dark for 60 min. Finally, 

the GMSCs were subjected to flow cytometry analysis. 

 
Figure S1. Detection of GMSC surface antigens, including aSMA and FSP1. Notes: (A) Control, (B) 

aSMA, (C) FSP1. The BM-MSCs surface antigens aSMA and FSP1 were positively expressed, as 

identified by flow cytometry. Abbreviations: aSMA, α smooth muscle actin, FSP‐1, fibroblast‐specific 

protein 1. 
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Detection of the homing of GMSCs in lung tissue. 

To identify the homing of GMSCs in lung tissue, GMSCs were treated with CM-Dil (C7000, 

Life Technologies, Eugene, Oregon, USA) for 30 min in an incubator in the dark before GMSC 

injection. Twenty-four mice were divided into three groups: (1) control (Con) mice received 

an equivalent volume of normal saline via transtracheal instillation; (2) bleomycin (Bl) mice 

received 5 mg/kg bleomycin via transtracheal instillation; and (3) bleomycin + MSCs (Bl + 

MSC) mice received 5 mg/kg bleomycin via transtracheal instillation and 1 × 106 GMSCs via 

transtracheal instillation. 

GMSCs were treated with CM-Dil for 30 min. Bl + MSCs mice were treated with 1×106 

CM-Dil-labelled GMSCs via transtracheal instillation. Frozen lung tissue sections were 

examined to observe CM-Dil-labelled GMSCs via fluorescence microscopy after mice were 

sacrificed. 



 

Figure S2. BM-MSCs homing in lung tissue. Notes: The CM-Dil-labeled BM-MSCs in the lung were 

detected. (A, D) DAPI, (B, E) fluorescence, (C, F) Merge. A, B, and C = Bl group. D, E, and F = Bl + MSC 

group. White arrows indicated CM-Dil-labeled GMSCs. Only a very small percentage of the MSCs were 

successfully localized in lung tissue. (A-F, 100x magnification).  

Table S3. 

Group Con Bl Bl + MSC P 

Lung injury score 0.65 ± 0.07 9.44 ± 1.13* 6.36 ± 0.57# < 0.01 

Aschoft fibrotis score 0.31 ± 0.02 4.56 ± 0.46* 3.11 ± 0.26# < 0.01 

Hydroxyproline (μg/μng) 16.34 ± 1.14 32.56 ± 2.75* 21.97 ± 1.91# < 0.01 

Kidney injury score 0.43 ± 0.03 6.54 ± 0.89* 3.25 ± 0.72# < 0.01 

Liver injury score 0.13 ± 0.01 6.78 ± 0.71* 3.51 ± 0.48# < 0.01 

Aortic intima media-thickness (mm) 49.23 ± 9.12  66.45 ± 13.17* 53.35 ± 11.8# < 0.01 

Aortic-intima media thickness (mm/g of body weight) 1.79 ± 0.14 2.42 ± 0.19* 2.18 ± 0.21# < 0.01 

Destiny of neutrophils in lung tissue(cells/mm2) 130.22 ± 1.62 2149.87 ± 281.74* 1136.82 ± 135.63# < 0.01 

Airway aollagn (μm2 collagn/μm2 tissue) 24.33 ± 2.27 87.35 ± 9.34* 60.75 ± 5.45# < 0.01 

Apoptosis index (%) 8.42 ± 0.92 27.46 ± 2.64* 19.41 ± 1.83# < 0.01 

Notes: Lung injury score, Ashcroft fibrosis score, aortic intima media-thickness, hydroxyproline levels, 

destiny of neutrophils in lung tissue, airway aollagn, and apoptosis index in the lungs were measured. 

Liver injury score and kidney injury score were measured. # P<0.05 compared with the Con group. * 

P<0.05 compared with the Bl group. 
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