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MATERIALS AND METHODS

All work was approved by the Animal Care Research Ethics Committee of the National University of Ireland, Galway and conducted under license from the Health Products Regulatory Authority, Ireland. Specific-pathogen-free adult male Sprague Dawley rats (Charles River Laboratories, Kent, UK) weighing between 300–450g were used in all experiments. 
Identification and Isolation of CD362+/- hMSC subpopulations
The het-hMSCs, CD362+hMSC and CD362- hMSC sub-populations were generated by Orbsen Therapeutics Ltd. (Galway, Ireland). Informed consent was obtained for all bone marrow samples according to the Ethics Ref. C.A.02/08, mean age of donors was 27.8 +/- 2.764 years (mean +/- SEM) and it was a mix of male and female donors. Mononuclear cells (MNCs) were isolated by Ficoll density gradient centrifugation (GE Health Care Bio-Sciences, Buckinghamshire, UK) and ACK Lysis Buffer (Life Technologies, CA) employed for erythrocyte lysis. MNCs were re-suspended in sort buffer (Ca++/Mg++ free PBS), 2 mM EDTA, 25 mM HEPES, 1% FBS, 0.01% Xanthum Gum, filter sterilized and stored at 4°C) then analyzed  for expression of CD235-eFluor 450 (clone 6A7M, dilution 1:1000; eBioscience, Hatfield, UK), CD45 (clone HI30, dilution 1:25; BD Biosciences, Oxford, UK), CD271 (clone ME20.4-1.H4, dilution 1:50; Miltenyi Biotec, Bergisch Gladbach, Germany) and CD362 (clone 305515, dilution 1:50; R&D Systems, Abingdon, UK).
The viability dye Sytox Blue was used to exclude dead cells (as per manufactures instructions, Life Technologies). Compensation parameters were established using appropriately single stained cells or compensation bead (BD Biosciences, Oxford, UK) controls. Using appropriate fluorescence minus one (FMO) controls, sort gates were assigned and the CD362+CD271high population (CD362+hMSC), CD362-CD271+ (CD362- hMSC) were sorted using a BD FACS Aria (BD Biosciences) which was calibrated according to the manufacturer’s recommendations. Post-sort purities were routinely ≥ 98% with viability of ≥ 90% viability. Cells from the unsorted fraction were plated as previously described to generate het-hMSCs 
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The het-hMSC population and the CD362+ and CD362- hMSC sub-populations were then cultured under conditions of 37°C, 95% humidity, 5% CO2 and hypoxic conditions of 2% O2, until 70-80% confluent, and then trypsinized and culture expanded to passage 3-4, whereupon they were used for experiments.

Characterization of CD362+/- hMSC subpopulations

For staining, cells were washed with FACS buffer (PBS (Ca++/Mg++ free), containing 1% FBS and 0.1 % NaN3, filter sterilized and stored at 4°C). Monoclonal antibodies were diluted in 50μl FACS buffer, added to the cells (1x105cells/sample) and incubated for 30 min at 4°C (Table e1). Finally, unbound antibody was removed by washing twice with FACS buffer. Cells were re-suspended in FACS buffer for analysis on a BD FACS Canto II (BD Biosciences). Compensation parameters were established using appropriately single stained or compensation beads cells and FMO controls. Propidium iodide (PI) or Sytox Blue (Life Technologies) was used as a viability dye to exclude dead cells and debris from analysis. All flow data was analyzed using FlowJo software (Tree Star, Inc., Ashland, OR).

Cell line and Preparation of Conditioned Medium

Primary human lung fibroblasts and U937 monocytic/macrophage cell line were purchased from American Type Culture Collection (ATCC®, Manassas, VA). For generation of conditioned medium, both het- and CD362+ hMSC (4x106 cells) were washed and cultured as described above until they reached 60% confluence. The cells were then washed and re-fed with serum free medium for 48 hours, then re-washed, and re-fed. This serum-free conditioned medium was collected for in vitro experiments.

In vitro determination of effects of CD362+ hMSCs
NF-B activation Assay: A derivative of Type II alveolar A549 cells incorporating a stably transfected κb-luciferase reporter construct was purchased from Affymetrix (Santa Clara, CA) and cultured in hygromycin selective agent. Following growth to confluence at 37°C in a humidified incubator saturated with a gas mixture containing 5% CO2 in air, cell monolayers were randomized to be activated with IL-1β (10ng/ml) or vehicle. 24 hours later, the cells were harvested, and a VICTOR™ plate reader (Perkin Elmer, Waltham, MA) used to assess luciferase activity as an index of NF-B activation 
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Wound healing Assay: A549 cells were grown to confluence, and single linear wounds were made in each monolayer with a 200μl pipette tip, as described previously 
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. Epithelial wounds were randomized to incubation with media alone or conditioned medium from het-hMSC or CD362+ hMSC cells. At 24 hours later, the monolayers were fixed with 4% paraformaldehyde in phosphate-buffered saline (w/v) and stained with haematoxylin and eosin, and the extent of epithelial restitution determined by imaging each plate on a flatbed scanner and assessing the area of each wound using edge-finding software (Photoshop V.8.0, Adobe Systems, San Jose, CA).

Macrophage Phagocytosis Assay: U937 cells, differentiated into macrophages via exposure to phorbol myristate acetate (PMA) 1g/ml for 72 hours, were seeded in 6 well plates with het-hMSC or CD362+ hMSC cell conditioned medium and exposed to FITC labelled E. coli bacteria particles for four hours (Vybrant Phagocytosis Kit; Life Technologies). Their phagocytic potential was determined through quantification of cytosolic fluorescence in a VICTOR™ plate reader.

In vivo Experimental Protocols

E. coli induced Lung Injury: Adult male Sprague Dawley rats were anesthetized with isoflurane and intraperitoneal ketamine 40 mg/kg (Pfizer, Kent, UK), and 2x109 E. coli E5162 (Serotype: O9 K30 H10) in a 300l PBS suspension was instilled into the trachea under direct vision, and the animals allowed to recover 
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Ventilator-Induced Lung Injury: As previously described 
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, adult male Sprague Dawley rats were anesthetized with isoflurane and intravenous access was obtained via the tail vein. A laryngoscopy was performed and a 14G catheter (BD Insyte®; BD Biosciences) was used to intubate the animal for ventilation using a small animal ventilator (CWE SAR 830 AP, CWE Inc, Ardmore, PA). Anesthesia was maintained with repeated boli of Saffan® (Schering Plough, Welwyn Garden City, UK) and paralysis with cis-atracurium besylate 0.5 mg.kg-1 (GlaxoSmithKline, Dublin, Ireland). Following baseline ventilation, static compliance was measured and VILI was induced using the following ventilator settings: FiO2 of 0.3, Pinsp 35 cmH2O, respiratory rate 18 min-1, and PEEP 0 cmH2O. Following development of severe VILI, as evidenced by a 50% decrease in respiratory static compliance, injurious ventilation was discontinued, and the animals allowed to recover from anesthesia 
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Experimental Design
E. coli Lung Injury: 30 minutes following intra tracheal instillation of E. coli bacteria, animals were randomized to receive: (i) vehicle (PBS, 300 (L); (ii) CD362+ hMSC (1x107 cells/kg); (iii) CD362- hMSC (1x107 cells/kg) and (iv) het-hMSCs (1x107 cells/kg), and the degree of injury assessed at 48 hours.

Ventilator-Induced Lung Injury: Following discontinuation of injurious ventilation and demonstration of a severe lung injury, animals were randomized to receive (i) vehicle; (ii) het-hMSCs (1x107 cells/kg); (ii) CD362+ hMSC (1x107 cells/kg) and (iv) fibroblasts (1x107 cells/kg), and the effect on restoration of lung function and structure assessed after 24 hours.

Assessment of Lung Injury and Recovery

In vivo Assessment: At 24 (VILI series) or 48 (E. coli series) hours post MSC administration, animals were anesthetized with intraperitoneal ketamine 80 mg.kg-1 (Ketalar; Pfizer) and xylazine 8 mg.kg-1 (Xylapan; Vétoquinol, Dublin, Ireland). After confirmation of depth of anesthesia by paw clamp, intravenous access was obtained via tail vein. Laryngoscopy was performed and the trachea was intubated with the insertion of a tracheostomy tube. Following intra-arterial access, anesthesia was maintained with Saffan® and paralysis with cisatracurium besylate, and mechanical ventilation commenced. Arterial blood pressure, airway pressure, lung static compliance and arterial blood gas analyses were performed as previously described 
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Ex vivo Analyses: Following exsanguination under anesthesia, bronchoalveolar lavage (BAL) was performed, and BAL fluid differential leukocyte counts and, in the pneumonia model, lung bacterial colony counts were completed. BAL concentrations of TNF-α, IL-1β, IL-6, CINC-1, IL-10, and KGF were determined using ELISA (R&D Systems) and BAL protein measured (Micro BCA; Pierce, Rockford, IL). The left lung was isolated and fixed, and histologic lung damage determined using quantitative stereological techniques 
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Statistical Analysis

Data was analyzed using Sigma Stat (SYSTAT® software, Richmond, CA). The distribution of all data was tested for normality using Kolmogorov-Smirnov tests. Data were analyzed by one-way ANOVA, with post hoc testing using Dunnets test, with the vehicle group as the single comparison group or with Student-Newman-Keuls between group comparisons as appropriate. Underlying model assumptions were deemed appropriate on the basis of suitable residual plots. A two-tailed p value of <0.05 was considered significant.
TABLES

Table e1: Monoclonal antibodies used in characterization of CD362+/- hMSC subpopulations
	Antibody
	Clone
	Dilution
	Supplier

	CD235-eFluor 450
	6A7M
	1:1000
	eBioscience, Hatfield, UK

	CD45-FITC
	HI30
	1:25
	BD Biosciences, Oxford, UK

	CD86-AF488
	IT2.2
	1:20
	Biolegend, San Diego, CA USA

	CD362-APC
	305515
	1:50
	R&D Systems, Abingdon, UK

	CD271-PE
	ME20.4-1.H4
	1:50
	Miltenyi Biotec, Bergisch Gladbach, Germany

	CD34-PE
	581
	1:5
	BD Biosciences, Oxford, UK

	CD73-PE
	AD2
	1:20
	BD Biosciences, Oxford, UK

	CD90-PE
	5E10
	1:100
	BD Biosciences, Oxford, UK)

	CD105-PE
	SN6
	1:10
	Serotec Oxford, UK

	MHCI-PECy7
	G46-2.6
	1:20
	BD Biosciences, Oxford, UK)

	CD80-PECy7
	L307.4
	1:20
	BD Biosciences, Oxford, UK)


Table e2: Comparative efficacy of CD362+ MSCs versus Heterogenous and CD362- MSCs
	
	Parameter
	CD362+ vs Het MSCs
	CD362+ vs CD362- MSCs
	

	In vitro Studies
	

	MSC preparation
	CFU/PBMC
	Superior
	Superior
	

	Lung epithelial cells
	Cytokine induced NFκB 
	Equivalent
	N/A
	

	 
	Wound healing assay
	Equivalent
	N/A
	

	Monocyte derived macrophages
	Phagocytosis
	Superior
	N/A
	

	E.coli Pneumonia Rodent Model
	

	Effects on indices of E. coli induced lung injury
	Arterial pO2
	Equivalent
	Equivalent
	

	
	Lung Compliance
	Equivalent
	Equivalent
	

	
	Lung Wet:Dry ratio
	Equivalent
	Superior
	

	
	Lung E,coli CFU
	Equivalent
	Superior
	

	
	Total alveolar cells
	Equivalent
	Superior
	

	
	Total alveolar neutrophils
	Superior
	Superior
	

	Effects on cytokine response to E. coli induced lung injury
	Alveolar TNF-α
	Equivalent
	Superior
	

	
	Alveolar IL-1β
	Equivalent
	Equivalent
	

	
	Alveolar IL-6
	Equivalent
	Equivalent
	

	
	Alveolar CINC-1
	Equivalent
	Equivalent
	

	
	Alveolar IL-10
	Equivalent
	Equivalent
	

	
	Alveolar KGF
	Equivalent
	Equivalent
	

	Effects on E. coli induced histologic lung injury 
	Airspace
	Superior
	Superior
	

	
	Tissue
	Equivalent
	Superior
	

	E.coli Repair post VILI Rodent Model
	

	Effects on indices of lung injury resolution following ventilator induced lung injury
	Arterial pO2
	Equivalent
	N/A
	

	
	Lung Compliance
	Equivalent
	N/A
	

	
	Lung Wet:Dry ratio
	Equivalent
	N/A
	

	
	Lung E,coli CFU
	Equivalent
	N/A
	

	
	Total alveolar cells
	Equivalent
	N/A
	

	
	Total alveolar neutrophils
	Equivalent
	N/A
	

	Effects on cytokine response during  resolution following ventilator induced lung injury
	Alveolar IL-1β
	Equivalent
	N/A
	

	
	Alveolar IL-6
	Equivalent
	N/A
	

	
	Alveolar CINC-1
	Inferior
	N/A
	

	
	Alveolar IL-10
	Equivalent
	N/A
	

	Effects on histologic injury resolution following ventilator induced lung injury
	Airspace
	Equivalent
	N/A
	

	
	Tissue
	Equivalent
	N/A
	

	
	Extra-acinar
	Equivalent
	N/A
	


FIGURE LEGENDS
Figure e1: Percentage of CD362+ hMSCs in human bone marrow monomuclear cell preparation. The percentage population found in a typical MNC preparation of human bone marrow are CD362+CD271high (CD362+ hMSCs, 0.12 % ± 0.06), CD362-CD271+ (CD362- hMSCs, 1.702 % ± 0.4339) and CD362+CD271- (0.94 % ± 0.2641) (n=6, mean ± SEM).
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