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MATERIALS AND METHODS
Animals
8-14 week old C57BL/6J mice were obtained from the Center for Comparative Medicine at Baylor College of Medicine.  All mice were fed standard mouse chow and water ad libitum. The investigation conformed with the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health. All animals were treated in accordance with the guidelines of the Baylor College of Medicine Animal Care and Research Advisory Committee.
Mice were anesthetized and implanted with a removable occluder as previously described1.  They were allowed to recover for one week after implantation prior to undergoing one hour of coronary occlusion followed by various periods of reperfusion.
Cell isolation

Mice were anesthetized via isoflurane inhalation and sacrificed by cervical dislocation.  Hearts were immediately excised, washed to remove excess blood, and finely minced with a scalpel.  The minced tissue was incubated in pre-warmed digestion buffer (0.58 mg/ml Liberase IV in HBSS/30 mM taurine/10 mM HEPES) for five minutes at 38°C, triturated 5-10x with a 10 ml pipet, allowed to settle, and then the supernatant was removed and applied to a 40 m filter into an equivalent volume of ice-cold stopping buffer (HBSS/30 mM taurine/10 mM HEPES/10%FBS).  This treatment was repeated five times or until no tissue was remaining, resulting in a single cell suspension of the non-myocyte cardiac cells.  Cells were then spun down at 250g for 10 minutes, washed in HBSS, and resuspended in either HBSS (for CD44 enrichment) or DMEM:F12/10% FBS (for immunofluorescence staining or cell culture).  
Cells to be enriched for CD44 were blocked for Fc receptor binding (CD16/32, BD Pharmingen, San Jose, CA) before incubation with 2 g/106 cells anti-CD44-biotin (clone KM201, Beckman Coulter, Miami, FL), washed in HBSS, and then incubated with 20 l anti-biotin ferrous microbeads (Miltenyi Biotec, Auburn, CA).  The labeled cells were washed again, resuspended in HBSS, and then applied to an autoMACS cell sorter (Miltenyi) using the Posseld2 protocol for 3 rounds of enrichment.  Purity was confirmed at ≥95% by immunofluorescence microscopy and/or cytometry.
Immunofluorescence and flow cytometry

Cells were incubated with antibodies to CD34-PE (clone RAM34, eBioscience, San Diego, CA) or CD45-PE (clone 30-F11, BD Pharmingen, San Jose, CA) and CD44-biotin (clone KM201, Beckman Coulter) or the appropriate isotype controls followed by streptavidin-PE-Cy5 (Beckman Coulter).  50 nM calceinAM (which is taken up and forms a fluorescent green product only in metabolically active cells) was added to some samples to delineate living cells before they were analyzed by cytometry.  It is to be noted that the IM7 clone, but not the KM201 clone, of the CD44 antibody is blocked by hyaluronan binding2 and will not efficiently label CD44+ cells isolated from infarcted hearts.  Samples to be further analyzed for internal antigens were fixed in 2% paraformaldehyde with 0.1% saponin for 20 minutes at 4°C, washed 3x in D-PBS/0.1% saponin/3% FBS, incubated with antibodies to collagen type I (Rockland Immunochemicals, Gilbertsville, PA), DDR2 (Genex Bioscience, Hayward, CA), Ki67 (Abcam, Cambridge, MA), Nanog (R&D Systems, Minneapolis, MN), TERT (Santa Cruz Biotechnology, Santa Cruz, CA) or IgG control, washed 3x, incubated with the appropriate secondary conjugated to AlexaFluor 488 or AlexaFluor 594 (Molecular Probes, Eugene, OR) and washed 3x before cytometry analysis.  The antibodies for -SMA and mouse IgG were directly conjugated to FITC (Sigma-Aldrich, St. Louis, MO).  Cells were analyzed on a Cell Lab Quanta SC flow cytometer (Beckman Coulter) using the Quanta Analysis software.  The histograms shown in the figures were generated with FlowJo software (Tree Star, Inc., Ashland, OR).
Fluorescence microscopy

Infarcted hearts were excised and perfused with buffered Tris solution containing 1.5% zinc as published3 to fix the tissue and remove blood.  Fixed hearts were dehydrated through graded ethanols and embedded in paraffin and sectioned to 4 m as described4. 
Slides were deparaffinized in xylene and rehydrated in graded ethanol to water.  Tissue was permeabilized in D-PBS with 1% Triton X-100, washed in distilled water with 0.3% Tween-20 and then blocked with D-PBS with 1% BSA for 20 minutes prior to overnight incubation in the refrigerator with primary antibodies as described above.  After washing, sections were incubated with secondary antibody conjugated to AlexaFluor 488 or AlexaFluor 594 (Molecular Probes, Eugene, OR) at room temperature for 1-2 hours, washed for 10 minutes on a rocking platform, and dipped in 50 nM DAPI in D-PBS for five minutes to show nuclei.  To amplify the signal and attenuate photobleaching, CD44 was stained with antibody conjugated to phycoerythrin followed by anti-rat IgG conjugated to AlexaFluor 594 (Molecular Probes).   

To dim the substantial autofluorescence of the sections, we incubated slides with 0.3% Sudan Black B in 70% ethanol for ten minutes after staining as reported5.  After vigorous washing with tapwater, slides were coverslipped with Slowfade Gold aqueous mounting medium (Molecular Probes) and sealed with nail polish.  

Immunofluorescence microscopy was performed on an Olympus AX70 microscope.  Images were taken on a black and white digital camera with QCapture Pro software, then assigned false color and merged with ImageJ software (WCIF, http://rsb.info.nih.gov/ij/index.html).

Two photon microscopy

Hearts were excised and fixed as above until dehydrated to 70% ethanol, then cryopreserved in 30% sucrose, frozen, and sectioned on a cryostat to 40 m.  Sections were mounted on glass slides, air dried, and stained as above except washes were done with D-PBS and sections were blocked with 10% normal goat serum (NGS) in D-PBS.  In addition, the Sudan Black step was omitted and slides were coverslipped with ProLong Gold (Invitrogen).  


Tissue slides were imaged on the stage of a modified Zeiss LSM 410 confocal microscope6.   Illumination for two-photon and SHG imaging was provided by a modelocked titanium sapphire laser (Coherent Mira 900).  The center wavelength was set to 800 nm while typically achieving a temporal pulse width of ~120 fs.  The near infrared light was focused into the sample by a 63x 1.4 NA objective and the frequency-doubled SHG light was detected in the forward direction by placing the entrance window of a liquid light guide (LOT-Oriel) above the slide and optically coupling it with a drop of water.  The exit window of the light guide was coupled through a 400 nm band pass filter (bandwidth 10 nm) onto the end window of a photomultiplier whose output was digitized by the LSM 410 microscope.  Strong SHG signals in the sample were generally recorded from collagen7 and myosin8 filaments. The fluorescence signals from Alexa-488 and Alexa-594 labeled secondary antibodies in these tissue slides were also excited by the 800 nm illumination and the two-photon excited emission was collected simultaneously with the SHG signals by the LSM 410 using appropriate emission filters.

Cell culture

Cells were initially grown on tissue culture-treated plastic plates in DMEM:F12 (1:1) with 10% fetal bovine serum (FBS, HyClone) and 1% antibiotic/antimycotic.  Some cultures were enriched for primitive cells by changing the medium to low glucose DMEM/10% FBS for at least 2 passages, then plated in low glucose DMEM/1% FBS on flasks coated with 1% gelatin for 1-2 weeks or until small, rounded cells became prevalent.  Cells were detached with a 1:1 solution of Accumax (Millipore, Temecula, CA) and TrypLE Express (Gibco), spun down, and plated at 200-300 cells/mm2 in serum-free stem cell medium (SCM) as published by Riekstina9 on flasks coated with 0.1% poly-D-lysine (Trevigen, Gaithersburg, MD) for at least 2 passages (see Supplementary Figure 1).  Briefly, SCM consists of low glucose DMEM:Ham’s F12 (3:1) with B27 and antibiotic/antimycotic, 20 ng/ml EGF,10 ng/ml FGF-2,and 10 ng/ml LIF.  Culture media and B27 supplement were from Invitrogen (Eugene, OR) mouse leukemia inhibitory factor (LIF) from Sigma-Aldrich, and growth factors from R&D Systems.
Cells taken for differentiation into fibroblasts were passaged from SCM directly into fibroblast differentiation medium (FDM) consisting of DMEM:F12/10% FBS with 10 ng/ml TGF1 (R&D Systems) on plastic until the flasks reached confluency 3-4 days later.  Brightfield images were taken on an Olympus CKX41 inverted microscope with QCapture Pro software before the cells were detached and stained for flow cytometry.
Cells harvested for differentiation into osteocytes and chondrocytes were plated overnight at 30 cells/mm2 on glass chamber slides coated with poly-D-lysine.  The next morning, the cells were rinsed with D-PBS and the medium was changed from SCM to differentiation medium as published10 or the appropriate basal medium as a control and fed every two days for 2-3 weeks.  Cells for differentiation into adipocytes were treated as above except the initial plating density was 250 cells/mm2. 
Chamber slides to be stained for osteocyte differentiation were fixed in ice cold methanol and stained with 2% Alizarin Red S, pH 8.2 to visualize calcium deposits.  Slides for chondrocyte differentiation were fixed in acid:formalin:ethanol (5%:10%:70%) and stained in 1% Alcian Blue 8 GX, pH 2.5 to visualize acid mucopolysaccharides.  After staining, slides were dehydrated in acetone/xylene and coverslipped with xylene-based mounting medium.
Cells to be stained for adipocyte differentiation were fixed in cold 2% paraformaldehyde, stained with 0.3% Oil Red O to visualize neutral fats and the nuclei counterstained with acidic Harris hematoxylin and blued with ammonia water.  After staining, slides were coverslipped with aqueous mounting medium and sealed with nail polish.
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FIGURE LEGENDS
Supplementary Figure 1.  Enrichment of CD44+ cultures for primitive cells.  CD44+ cells were initially cultured in (A) DMEM:F12 (1:1) with 10% FBS to encourage proliferation and expand cultures.  (B)  Cultures were transferred to low glucose DMEM with 10% FBS for at least two passages then (C) transferred to gelatin coated plates in low-glucose DMEM with 1% FBS for two weeks or until differentiated cells died off and small, rounded cells became prevalent.  (D)  At this point, cultures were transferred to poly-D-lysine coated plates in serum-free stem cell medium (SCM) designed to inhibit differentiation until Nanog+ cells comprised the majority of the culture.  % of Nanog+ cells in each culture by flow cytometry shown in a histogram below each phase contrast image.  Cells maintained expression of DDR2 and collagen type I throughout enrichment. Scale bar = 20 m (n=8, 6, 2, and 2, respectively).  
Supplementary Figure 2.  Deletion of MCP-1 does not affect prevalence of CD44+ cells in infarcted hearts.  Wild type and MCP-1-/- mice were infarcted, then analyzed by flow cytometry for CD44+CD45neg and CD45+ cells.  (A)  The MCP-1-/- mice and the wild type mice showed equivalent levels of CD44+CD45neg cells by 3 days after infarction, indicating that this cell population is unaffected by the loss of a chemoattractant for bone marrow-derived cells.  This supports the hypothesis that the CD44+CD45neg cells are a cardiac-resident population.  (B)  By contrast, we show a failure of CD45+ cells to increase in the infarcted MCP-1-/- mice when compared to the wild type.  Data shown as mean ± SE; *p<0.05. (n=8, 6 for wild type shams and 3 day infarcts, n=2 for 3 day MCP-1-/- infarcts). 
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