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Short Abstract: Human perivascular stem cells (PSC) are a source of cultured mesenchymal stem cells (MSC). PSC can be isolated from multiple tissues including adipose tissue collected after standard liposuction or abdominoplasty. The stromal vascular fraction is separated from adipocytes, and PSC are purified therefrom by fluorescence activated cell sorting (FACS).  
Long Abstract: Native ancestors of mesenchymal stem cells (MSC), the elusive multilineage progenitors which have been derived in culture from multiple adult developed organs, are found in perivascular areas, explaining the ubiquitous distribution of these cells in the body. We have prospectively identified and purified two distinct perivascular cell populations from human tissues, which are endowed with mesodermal differentiation potential and give rise to genuine MSC in culture. Pericytes encircle capillaries and microvessels and are CD146+ NG2+ PDGF-Rβ+ CD34- CD45- CD31- and CD56-. Adventitial cells surround larger arteries and veins and are typified as CD146- NG2- PDGF-Rβ- CD34+ CD45- CD31- and CD56-. We describe here the purification, from aspirated or surgically extracted adult human white adipose tissue, of both perivascular cell types by fluorescence activated cell sorting.
Protocol: 
1)  Procurement of human fat 
Human white adipose tissue (WAT) specimens (n=18) were obtained from female patients (mean age of 51 years) undergoing abdominoplasty at the Department of Surgery of the University of Pittsburgh Medical Center, in compliance with Institutional Review Board (IRB) protocol number 0212120. Alternatively, aspirated fat (n=14) was obtained from Marina del Rey Hospital (exempt from IRB approval).  
2)  Isolation of the stromal vascular fraction of human adipose tissue
Surgical WAT is mechanically minced whereas lipoaspirates are diluted with an equal volume of PBS prior to digestion. Samples are then digested in DMEM containing 3.5% bovine serum albumin (Sigma, St. Luis, MO) and collagenase II (1mg/ml, Sigma) for 40 min under agitation at 37°C. Adipocytes are separated by centrifugation and removed. The cell pellet is resuspended in erythrocyte lysis buffer (155 mM NH4Cl, 10mM KHCO3, 0,1mM EDTA) and incubated for 10 min at room temperature (RT). After centrifugation, the pellet is resuspended in PBS and passed through a 70-µm cell filter (BD Biosciences, San Jose, CA). 

3) Antibody staining

Cells are incubated with uncoupled anti-CD31-PE (BD Bioscience,), anti-CD34-APC (BD Biosciences, 1:50), anti-CD45-APC-cy7 (BD Biosciences, 1:50) and anti-CD146-FITC (AbD Serotec, Raleigh, NC, 1:100). All incubations are performed at 4ºC for 15 min in the dark. Right before sorting, DAPI (Invitrogen, 1g/ml) is added to the solution that is then passed through a 70-µm cell filter and run on a FACSAria cell sorter (BD Biosciences).   

[bookmark: OLE_LINK12]4) The fluorescence activated cell sorter: general features and running rules 

The FACSAriaII flow cytometer (Becton-Dickinson) is equipped with five lasers (355-, 488-, 633-, 561- and 405 nm; BD Biosciences) with the following standard filter configurations:
UV excitation: DAPI 450nm
Blue excitation: FITC 530 nm, PerCP-Cy5.5 680 nm
Red excitation: APC 660 nm, APCCy7 780 nm
Green excitation: PE 585, PE-Texas Red 605, PE-Cy7 780
Violet excitation: Pacific Blue 450 nm, Pacific Orange 530 nm
· The FACS is aligned prior to sorting using fluorescent particles, which will show proper alignment of the lasers indicated by sharp peaks on fluorescence histograms as well as proper calculation of the laser delays.
· The proper drop delay is determined by running FACS Accudrop beads. This setting determines when a cell will be sorted based on where the cell is in the droplet to be selected and how close contaminating cells are to the desired cell.   
· The instrument is sterilized prior to sorting by running the Prepare for Aseptic Sort program using the FACSDIVA software. This program runs 70% ethanol through the sheath and sample lines to eliminate contamination of sorted cells.
DAPI is added to the stained cells prior to sorting to eliminate dead cells from all
subsequent analysis and sorting.
All fluorescent histograms are gated on the viable DAPI-negative cells, which are free
of dead cells, debris, clumps, and doublets, based on the light scatter properties of the cells.
Irrelevant fluorescently matched antibodies are used as negative controls.   

5) Perivascular cell sorting

After exclusion of hematopoietic (CD45+) and dead (DAPI+) cells, three distinct populations are detected by flow cytometry based on expression of CD34 and CD146. Pericytes are isolated as CD146+CD34- cells (Fig. 1a, red box), leaving other cells differentially expressing CD34 and CD146 (Fig. 1a, red box).We have previously identified the remaining populations as CD34+CD146- adventitial cells (green box) and.CD34+CD146+ endothelial cells (blue box). CD34+CD146- cells are clearly separated by endothelial cells, as showed by the lack of expression of endothelium specific marker CD31, which is instead detected on CD34+CD146+ cells as expected (Fig. 1b). Therefore adventitial cells are defined and sorted as CD34+CD146-CD31- cells, representing 9.81.7% of the total stromal vascular fraction. To exclude the possibility of a contamination by pericytes, the purity of CD34+CD31-CD146- cells is verified immediately after the sort by RT-PCR analysis and no CD146 expression was ever detected (not shown). Further, sorted adventitial cells express CD34 but not CD31 or CD144 (VE-cadherin), thus confirming that these cells are distinct from pericytes and endothelial cells. 

Conclusion: 
Mesenchymal stem cells have long been isolated indirectly based on their capacity to proliferate in total bone marrow cultures, giving no clue regarding the native identity of these adult stem cells. Only recently were purified CD34-CD31-CD146+CD45- vascular pericytes, which encircle capillaries and microvessels, found to coexpress MSC markers, differentiate into mesoderm lineage cells and give rise in culture to bona fide MSC.1-4 Even more recent investigations demonstrated that CD34+CD31-CD146-CD45- cells residing in the outer layer (tunica adventitia) of arteries and veins yield MSC in culture (Corselli et al., submitted). We have herein described how pericytes and adventitial cells, named collectively as perivascular stem cells (PSC), can be purified to homogeneity, by flow cytometry, from human organs. Although the same protocol can be used to isolate PSC from all human vascularized tissues, we have chosen to illustrate the used strategy on white adipose tissue, which is a convenient, risk-free, dispensable and often abundant source of therapeutic stem cells.
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