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MATERIALS AND METHODS 

MSC isolation and culture 

Human bone marrow MSCs were obtained from the Center for the 

Preparation and Distribution of Adult Stem Cells 

(medicine.tamhsc.edu/irm/msc-distribution.html) at Texas A&M Health 

Science Center College of Medicine Institute for Regenerative Medicine 

(Temple, USA). The cells consistently differentiated into three lineages (bone, 

fat and chondrogenic cells) in culture, were negative for hematopoietic 

markers (CD34, CD36, CD117, and CD45) and positive for mesenchymal 

markers CD29 (95%), CD44 (>93%), CD49c (99%), CD49f (>70%), CD59 

(>99%), CD90 (>99%), CD105 (>99%), and CD166 (>99%) [1]. The cells from 

the same donor, at passage 3 and 4, were used in all experiments. MSCs 

were cultured in MEM- (Gibco, USA) media, supplemented with 10% Fetal 

Bovine Serum (FBS) (Gibco) and 1% antibiotics (streptomycin and penicillin) 

(Gibco), in 175 cm2 flasks at 37°C in a humidified atmosphere containing 5% 

CO2.  

Animal experiments were carried out using umbilical cord MSCs. Human 

umbilical cords were obtained from full-term, consenting donors undergoing 

caesarean section at Mount Sinai Hospital, Toronto, Canada according to a 

protocol approved by research ethics boards at both the University of Toronto 

and Mount Sinai Hospital’s Research Centre for Women’s and Infants’ Health 



(RCWIH). Human umbilical cord MSCs were non-enzymatically extracted by a 

proprietary methodology and provided by Tissue Regeneration Therapeutics 

(TRT) Inc., Toronto, Canada. Cells harvested by this process were cultured in 

Lonza TheraPEAK™ MSCGM-CD serum-free complete medium 

supplemented with antibiotics (28 µM Penicillin G, 104 µM Gentamycin, and 

324 nM Amphotericin B) and culture-expanded on fibronectin-coated flasks for 

three passages prior to cryopreservation in 2 ml cryovials using a controlled 

rate freezer. Routine flow cytometry on identically processed lots revealed 

highly positive expression of CD90, CD73, CD105, CD140b and CD166 and 

lack of CD31, CD34, CD45 and MHC-II. On the day of administration, cells 

were thawed in a 37oC water bath and serially diluted in Lonza TheraPEAK 

basal medium prior to centrifugation and resuspension in PBS vehicle for 

delivery. 

 

Human monocyte isolation, macrophage differentiation and culture 

Human peripheral blood mononuclear cells (PBMCs) were isolated from the 

blood of healthy adult donors or patients with sepsis using dextran/Ficoll (Fig. 

1, Fig. 3A-D, Fig. 5, Fig.6 & Fig. 7) or using Lympholyte cell separation media 

(Cedarlane Cat#CL5015) (Fig. 3E, and Fig. 4). Detailed protocols are 

provided in the Supplemental Materials. For defined macrophage polarization 

25 ng/mL GM-CSF (for M1 macrophages) or 25 ng/mL M-CSF (for M2 

macrophages) was added to the monocytes for 6 days. The macrophages 

were then treated for an additional 2 days with either LPS (500 ng/mL) plus 

IFN-γ (10 ng/mL) or IL-4 (15 ng/mL) for M1 and M2 macrophages, 

respectively, as reported previously [2-5].  

 

Critically ill adult patients (age 18yrs and older) admitted to the intensive care 

unit within the previous 72 h meeting the criteria for sepsis [6] or with new 

onset of sepsis in the previous 72 h were enrolled into our study. Patients 

receiving corticosteroids, immunosuppressive agents, or blood transfusion or 

those infected with HIV were excluded. The study protocol was approved by 

the Research Ethics Board of St Michael’s Hospital, and written informed 

consent was obtained from each subject or a surrogate.  

 



Dermal fibroblasts culture 

 

Normal Human Dermal Fibroblasts (NHDF) were purchased from Lonza 

(Mississauga, ON, Canada). The cells were seeded at a concentration of  6-

7,000/cm2 in 75 cm2 tissue culture flask and maintained in FGM™-2 

Fibroblast Growth Medium-2 supplemented with growth supplement kit 

(hFGF-B, Insulin, FBS, Gentamycin) from Lonza Canada. 

 

Preparation of serum-opsonized zymosan  

Dried Zymosan A (S. cerevisiae) Bioparticles (Life Technologies) were labeled 

with fluorophores (Alexa-555 or FITC) as reported previously [2]. Labeled 

zymosan was aliquoted and stored at −20°C. Prior to phagocytosis assays, 

fluorophore-conjugated zymosan was re-suspended in human serum at 2 

mg/mL and incubated at 37°C for 60 min with constant agitation. The serum-

opsonized zymosan was subsequently washed two times with PBS and used 

immediately.  

 

Nitroblue tetrazolium (NBT) assay  

NBT assays were performed as described previously [2]. Briefly, Alexa-555-

conjugated SOZ and nitroblue tetrazolium (NBT, Sigma Cat#N5514-25TAB) 

were added to cells growing on 18-mm coverslips in 12-well plates at the 

concentrations indicated in the figure legends. The 12-well plate was then 

centrifuged for 1 min (1500 rpm) to rapidly bring the SOZ in contact with the 

cells. The cells were then incubated at 37 ̊C for 30 min. Excess particles were 

removed by three washes with PBS and the cells were fixed in 4% 

paraformaldehyde in PBS for 15 min. Cells were visualized by differential 

interference contrast microscopy on a Leica DM IRB microscope or by 

spinning disk confocal microscopy on a Zeiss Axiovert 200M microscope with 

a 63× objective and an additional 1.5× magnifying lens. The microscope is 

equipped with diode-pumped solid-state lasers (Spectral Applied Research) 

and a piezo focus drive. Images were acquired by a CCD camera (Hama-

matsu Photonics) driven by Volocity software. Dark formazan deposits were 

indicative of phagosomal superoxide production.  In some experiments after 



the NBT assay the cells were fixed in ice-cold methanol for 2 min at -20 ̊C and 

processed for immunofluorescence microscopy. 

 

Luminol Assay 

The luminol assay was adapted based on previous publications [2, 7]. Human 

monocyte-derived macrophages were prepared using the Lympholyte 

procedure and plated onto a 96 well white-sided plate (15K/well) and co-

cultured or not with MSCs (5K) for 3 days. Prior to the assay, the cells were 

washed 1X with RPMI media without phenol red, then 100ul/ well of RPMI 

media (without phenol red) containing 0.01 mg SOZ and 8U/ml HRP was 

added. The plate was centrifuged for 45 sec, then placed in an incubator for 4 

min. The wells were washed 1X with 100 ul PBS and 100 ul of assay mixture 

was added (phenol red-free RPMI containing 8U/ml HRP, 50 U/ml SOD, 2000 

U/ml catalase and 50 uM luminol). The plate was placed in a SpectraMax 

Luminometer (Molecular Devices, Inc) set to 37 C and luminescence was 

measured every 4 min. 

 

Bacterial phagocytosis assay 

Cultures of Red Fluorescent Protein (RFP)-expressing E. coli (DH5a) or RFP 

expressing Burkholderia cenocepacia were started from glycerol stocks and 

cultured overnight in 5 mL LB with the appropriate antibiotic added. The next 

day the cells were spun down in a microfuge (1 min max speed) then washed 

in PBS. The cells were re-suspended in 1 mL PBS and OD600 was measured 

to determine bacterial concentration. The bacteria were re-suspended in 

DMEM media without antibiotics. The bacteria were then added to 

macrophage cells grown on 18 mm glass coverslips in a 12-well plate at the 

concentration indicated in the figure legends. The plate was spun down (1500 

rpm; 60 sec) then placed in a 37 ̊C incubator for 20 min. The cells were then 

washed 2X with PBS and fixed in 4% PFA/BSA for 15 min. For experiments 

with serum-opsonized bacteria, the bacteria were re-suspended in human 

serum and incubated for 1h at 37 ̊C with constant rotation, then washed once 

with PBS. Bacterial phagocytosis was monitored by spinning disk confocal 

microscopy. 



 

Bacterial killing assay 

Macrophage cells were cultured on 18 mm glass coverslips in 12 well plates 

in duplicate. The plates were washed 1X with PBS and unopsonized E. coli 

bacteria (~8.6 x 106 cells/mL) were re-suspended in serum-free DMEM media 

(without antibiotics) and added to the macrophage cells. For M1 cells the 

bacteria were opsonized with human serum for 1h, since M1 cells do not 

phagocytose unopsonized bacteria. The plates were spun down (1500 rpm; 

60 sec) then placed in a 37 ̊C incubator for 20 min. The cells were then 

washed 3X with warm PBS and DMEM media (with 5% FBS and 100 g/mL 

gentamycin) was added for 25 min at 37 ̊C. The cells were then washed 3X 

with PBS. The cells in plate #1 were then lysed with 100 L sterile 1%TX-

100/PBS for 5 min, then 400 L PBS was added and the lysates were plated 

onto LB plates. In plate #2 antibiotic-free DMEM media (with 5% FBS) was 

added and the plate was incubated for 1h at 37 ̊C. Plate #2 was then lysed 

and the lysate plated onto LB plates as described above. The next day 

bacterial colonies were counted and killing was expressed by dividing the 

number of colonies in plate #2 by the number in plate #1 and expressing as a 

percentage. In some experiments diphenyleneiodonium DPI (10 M), a 

specific NADPH oxidase inhibitor [8], was added at the time of bacterial 

addition to the cells and was present throughout the experiment. 

 

Immunofluorescence microscopy 

Macrophage cells cultured on 18 mm glass coverslips were fixed in ice-cold 

methanol at -20 ̊C for 2 min. The cells were washed 3 times in PBS then 

incubated in 2%BSA/PBS for 1 h. Primary antibodies were then added 

overnight at 4 ̊C. The next day the cells were washed 3 times with PBS and 

Cy3 or Alexa488-conjugated rabbit anti-mouse secondary antibody was 

added for 1 h at room temperature. The cells were then washed with PBS and 

imaged by spinning disk confocal microscopy. Antibodies used: mouse 

monoclonal anti-CD163 (Clone 5C6-FAT, Novus Biologicals, Cat#BM4041); 

mouse monoclonal anti-NOX2 (gp91) (Clone 48, Abcam, Cat#ab139371); 

mouse monoclonal anti-human FcRII (CD32) (Clone IV.3). 



 

Phagosomal pH measurements 

Phagosomal pH was measured as described previously [2]. Briefly, 

macrophage cells cultured on 18-mm coverslips were transferred to a 

Chamlide holder then incubated with FITC-conjugated SOZ (0.02 mg/mL). 

The holder was centrifuged for 30 sec (1500 rpm) to sediment the SOZ and 

then incubated for 2 min at 37 ̊C. The coverslip was washed gently 3 times 

with PBS and fresh media was added. The holder was then placed on a 

heated stage of a Leica DM IRB microscope and cells that had bound SOZ 

were identified. SOZ particles were outlined using MetaFlour software and 

ratio imaging was performed every min for 20 min. Briefly, the cells were 

excited sequentially with 440 nm and 480 nm light and fluorescence emission 

at 550 nm was recorded as described previously [2, 9]. 

 

Flow cytometry 

Macrophage cells were grown in 6-well plates and treated as outlined in the 

figure legends. The cells were then washed 2 times with PBS and 10 mM 

EDTA/ 0.1% BSA/ PBS was added and the cells were placed on ice for 20 

min. The cells were then gently scraped, transferred to Eppendorf tubes and 

centrifuged at ~500 xg for 4 min. The supernatant was gently removed and 

100 L 2%BSA/PBS was added and the cells were re-suspended. Human Fc 

block solution (BD Pharmingen, Cat#564220) (1 L) was added and samples 

were incubated on ice for 15 min. Fluorophore-labelled antibody was then 

added as per manufacturer’s directions and incubated on ice for 30 min in the 

dark. The cells were then washed 3 times with 2%BSA/PBS, re-suspended in 

PBS and analyzed using a BD LSRFortessa X-20 cell analyzer. Unlabelled 

samples were used to gate negative vs. positive cell populations and 

propidium iodide added just prior to analysis was used to gate out dead or 

ruptured cells. Antibody used: FITC mouse anti-human CD163, Clone GHI/61 

(BD Pharmingen, Cat#563697). 

 

Statistical Analysis 



All values reported are mean ±SD or ±SE as stated in the figure legends. An 

unpaired t-test assuming equal variance was used for two condition 

comparisons. ANOVA followed by Tukey’s post-hoc test were used for 

multiple condition comparison. p<0.05 was considered significant. 
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