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METHODS

Human subjects
Blood samples were obtained from persons with SCD, ages 19 years and older, as well as race-matched controls. Samples were taken during a routine office visit to the Adult Hemoglobinopathy Clinic at Washington University in St. Louis from persons with SCD who reported no pain or no more than typical pain.  SCD diagnoses were confirmed by hemoglobin analysis.  In a subset of SCD subjects, additional blood samples were collected during a hospitalization for a VOC. The definition of VOC was pain in the extremities, back, abdomen, chest, or head for which no other explanation other than SCD could be found [1].  Additionally, the primary diagnosis for the hospital admission was required to be VOC per the attending hematologist.  The subset of patients with paired baseline and pain samples represents a convenience sample of subjects who presented to the hospital with pain.  These samples were collected without regard to prior morbidities.  Race-matched African-American controls were healthy employees of Washington University, who were also appropriately consented for study participation.  The healthy controls did not have a history of respiratory disease, inflammatory conditions or current smoking.  
The Institutional Review Board (IRB) at Washington University and the University of Virginia approved all human protocols and written informed consent was obtained in accordance with the Declaration of Helsinki.  IRB approval numbers are PRO00014330 and 15598.  
Animal model of sickle cell disease 
Experiments were performed on an established breeding colony of twelve to sixteen week old transgenic sickle cell mice on a C57BL/6 genetic background described as NY1DD mice 


[2,3,4,5] ADDIN EN.CITE .  The animal studies were carried out in accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health and were approved by the Committee on the Ethics of Animal Experiments of the University of Virginia (Permit Number: 3549).
Sircol assay 

The Sircol assay (Biocolor Ltd., Belfast, United Kingdom) was performed using the manufacturer’s instructions 


[6] ADDIN EN.CITE .  Briefly, the mouse lungs were homogenized in 1 ml of complete lysis buffer (Roche, Indianapolis, IN).  50 ul of the lung homogenate or collagen standard was added to 50 ul of 0.5 M acetic acid and 1.0 ml of sircol dye reagent was added and mixed for 30 minutes.  The collagen-dye complex was precipitated by centrifugation at 16,000 g for 10 minutes, and dissolved in 1.0 ml of 0.5 M NaOH.  Finally, the samples were introduced into a microplate reader and the absorbance determined at 540 nm.
Morphometric analysis and picrosirius red staining 

Paraffin-embedded sections (3 μm thick) of NY1DD lung and bleomycin exposed control lung were immersed in xylene (twice, 1 minute each) and then washed initially in 100% ethanol (twice, 1 minute), followed by 50% ethanol (twice, 1 minute), and finally rinsed in distilled water for 10 minutes.  Subsequently, the sections were treated with 0.2% molybdophosphoric acid (2 minutes), rinsed in distilled water (2 minutes), and then exposed to a 0.1% solution of picrosirius red stain for 90 minutes.  After picrosirius red staining, the sections were again rinsed in distilled water (1 minute) and then 50% ethanol (twice, 1 minute each), 100% ethanol (twice, 1 minute each), and finally xylene (1 minute).  Next, ten fields per section of random lung specimens were morphometrically assessed for the area of picrosirius red staining.  For quantitative assessment of the areas of positive picrosirius red staining, we used NIH 1.55 imaging software 


[7] ADDIN EN.CITE . 
Fibrocyte, cytokine/chemokine measurement  

Fibrocytes, cytokine and chemokine measurements were performed from the circulation, bone marrow and lungs in NY1DD mice.  Quantitative FACS analysis for fibrocytes (defined as CD45+Col1+; further confirmed as CD45+ type I and III pro-collagen+ cells), alpha smooth muscle actin (αSMA)+ cells (CD45+αSMA+Col1+, TGF-β activated fibrocytes (CD45+Col1+pSmad2/3+) fibrocytes expressing chemokines receptors (CXCR4, CXCR7, CCR2, CCR7, CCR5, and in combination), αSMA+ cells expressing chemokine receptors (CXCR4, CXCR7, CCR2, CCR7, CCR5, and in combination), and leukocytes (CD3, CD4, CD8, NK (NK1.1+CD3-), Neutrophils (CD11b+Ly6g+), and Macrophages (MAC3+CD11b-CD11c+)) using a modification as described 


[8,9,10] ADDIN EN.CITE .  All antibodies were purchased from BD Biosciences except aSMA (R&D Systems, Minneapolis, MN), Col1 (Rockland, Gilbertsville, PA), and the Pro-collagen antibodies (Millipore, Billerica, MA).  Plasma from retro-orbital or right ventricle (RV) blood samples were analyzed for cytokines by Luminex multiplex protein analysis using a modification as previously described 


[9] ADDIN EN.CITE .  Isolated buffy-coat cells were processed for complete blood count, differential, and quantitative FACS analysis for fibrocytes, αSMA+ cells, TGF-β activated fibrocytes, fibrocytes expressing chemokines receptors, αSMA+ cells expressing chemokine receptors, and leukocytes as described above for bone marrow using a modification as described 


[8,9,10] ADDIN EN.CITE .  For human SCD samples, peripheral blood (5ml) was collected at Washington University in St. Louis, MO, and shipped overnight on wet ice to the laboratory (RMS) in Charlottesville, VA.  The same protocols used for fibrocyte, chemokine/cytokine measurements in NY1DD mice as described above were also used for human samples. Note: the number and activation state of fibrocytes in blood on wet ice is stable for 48 hrs (data not shown).
Hypoxia/reoxygenation, analogous to vaso-occlusion 

The protocol for hypoxia/reoxygenation was similar to previous studies 


[11,12,13,14,15,16] ADDIN EN.CITE .  NY1DD Mice were exposed to either ambient oxygen (21% oxygen/79% nitrogen) or hypoxia (8% oxygen/92% nitrogen) for 3 hours followed by reoxygenation to room air (21% oxygen/79% nitrogen) for 4 hours followed by sacrifice.  Fibrocyte numbers (with and without expression of specific chemokine receptors) and activated fibrocyte phenotype (i.e., pSmad2/3+ and αSMA+) were then measured at time of sacrifice in three compartments, bone marrow, blood, and lungs from these SCD and control mice. 
Depletion of CXCL12  

Preparation of anti-CXCL12 antibody was performed as previously described 


[9,17] ADDIN EN.CITE .  In experiments where NY1DD mice were depleted of CXCL12, mice were passively immunized with anti-CXCL12 antibody for 10 days prior to sacrifice using a modification as previously described 


[9,17] ADDIN EN.CITE . 
Lung mechanics

Lung mechanics of the animals were assessed by FlexiVent using Quasi-static pressure-volume (PV) curve to calculate total lung compliance and elastance, and forced oscillatory measurements to measure frequency dependence of parenchymal tissue impedance and parenchymal tissue elastance according to manufacturer’s instructions.
Statistical analysis 

For human subjects, fibrocyte levels were not normally distributed.  To assess differences in fibrocyte levels between cases and controls, Mann-Whitney U tests were used. To determine if differences were present in paired measurements (baseline vs. VOC), Wilcoxon matched-pairs signed-ranks tests were used  For mouse studies, fibrocyte data were normally distributed and comparisons between two groups of mice were performed with Student’s t tests. Probability values were considered statistically significant if they were less than 0.05.  Data analysis was performed in SAS version 9.1 (SAS Institute, Cary, NC).
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