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METHOD FOR ENDOTHELIAL CELL EXTRACTION FROM 

ADIPOSE TISSUES 

TECHNICAL FIELD OF THE INVENTION 

[011 This invention is related to the area of cell culture and purification. In 

particular, it relates to endothelial cell culture and purification.  

BACKGROUND OF INVENTION 

[021 For many applications in cellular therapies and tissue engineering, it is 

necessary to obtain endothelial cells from patient tissue for transplantation 

back into that same patient. In order to minimize manufacturing costs, as well 

as to minimize any potential changes that occur to endothelial cells during 

culture, it is advantageous to isolate large numbers of endothelial cells 

quickly, within several hours. In order for such endothelial cells to be 

practically useful,. it is often necessary to obtain large numbers of cells (e.g., > 

1 million), and to have fairly high purity of isolated cells (e.g., > 90% 

endothelial identity). In addition, it is desirable to minimize time of isolation, 

which improves cellular viability and increases the ease of use.  

[03] Bypass surgery is a common treatment for coronary and peripheral vascular 

disease, which is the largest cause of mortality in both the USA and Europe 

(1,2). In 2004, 427,000 coronary bypass surgeries have been performed (2).  

The patency of autologous vein grafts is better than those with prosthetic 

grafts in bypass surgery; however, up to 30% of patients don't have suitable 

veins for bypass procedure. In these patients, small diameter prosthetic grafts 

are used, which results in comparatively high failure rate. The large difference 

in patency between prosthetic and autologous vein grafts could partially be 

attributed to a lack of endothelial cells (EC), which prevent thrombogenicity, 

on the luminal surface of prosthetic grafts (3, 4). Therefore, developing 

strategy to successfully seed EC on prosthetic vascular grafts would most 

likely improve the patency observed for these grafts.  

[04] EC seeding may be carried out in either single-stage or two-stage procedure 

(5). Two:-stage seeding involving expansion of limited EC in vitro, which may 

take 4-5 weeks (6), therefore, is not appropriate for urgent patient care. In
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addition, expansion of EC in vitro requires GLP facility with high cost.  

Single-stage seeding is to isolate large number of EC and then immediately 

seed on prosthetic graft. Several investigators have tried to develop a single 

stage seeding procedure (5). Adipose tissue has been reported to contain 

abundant microvascular endothelial cells (MVEC) with easy accessibility (7, 

8). Seeding vascular grafts with adipose-derived EC has enhanced patency in 

animal models (9-11), however, the results of clinical trials in human have 

been disappointing (12, 13). The reason could be that humans, unlike canines, 

lack self-endotheliazation capacity. In addition, contaminating non

endothelial cells isolated form adipose tissue contribute to intimal hyperplasia 

(14-17). Therefore, finding a quick and consistent method to isolated large 

number of EC with high purity is critical for the success of small diameter 

prosthetic graft implantation.  

[05] Generally speaking, two types of methods have been used to purify EC from 

different tissues. Positive selection involves application of magnetic beads 

conjugated with EC specific antibodies or molecules such as platelet 

endothelial cell adhesion molecule (PCAM/CD3 1), CD34, ve-cadherin 

(CD 144), or Ulex europaeus agglutinin-1 (UEA-1) (18-20); negative depletion 

employs specific antibodies against non-endothelial cells to exclude cells such 

as fibroblasts or monocytes (21). Cells selected positively using CD34 

Dynabeads or selected negatively using anti-fibroblast and monocytes 

antibodies were about 87% and 71% CD31-positive, respectively. However, 

EC recovery using CD34 beads is only about 24% (19). In addition, EC is 

usually isolated using crude collagenase, which shows substantial lot variation 

and needs validation each time with changing lots (22).  

[061 There is a continuing need in the art for faster and more successful endothelial 

cell recovery and seeding, for example, for in vivo uses.  

BRIEF SUMMARY OF THE INVENTION 

[07] A first embodiment of the invention provides a method of preparing 

endothelial cells from adipose tissue. Adipose tissue from a liposuction 

procedure is washed and cells are collected from the tissue. The cells are 
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enzymatically treated'with a purified preparation of collagenase. The 

preparation is depleted in pepsin, trypsin, and thermolysin. In one 

embodiment, the preparation includes purified dispase. The treated cells are 

sorted by contacting with magnetic beads comprising a first antibody specific 

for an antigen selected from a first group consisting of: CD3 1, CD34, CD 144, 

and CD146, or an antigen selected from a second group consisting of CD14, 

CD45, and F19. Cells which are bound to said magnetic beads are collected if 

the antibody is specific for an antigen in the first group, and cells which are 

not bound to said magnetic beads are collected if the antibody is specific for 

an antigen in the second group.  

1081 A second embodiment of the invention is a method for assaying endothelial 

cell preparations for suitability for seeding in vascular grafts. An endothelial 

cell preparation is seeded in a culture medium suitable for endothelial cells for 

3 days or less. The culture medium is in a vessel having a surface coated with 

an extracellular matrix protein. The amount of cells in the preparation which 

adhere to the surface is determined.  

[091 Another embodiment of the invention is a population of endothelial cells 

isolated from adipose tissue. The population has the following properties: 

>80 % of cells in the population are viable; 

>80 % of cells in the population are endothelial 

cells; 

>50 % of cells in the population adhere to a 

substrate within 24 hours of seeding on the 

substrate.  

1101 Yet another embodiment of the invention is a prosthetic vascular graft 

comprising endothelial cells seeded onto its lumen. The endothelial cells 
2 adhere to the lumen at a density of >50,000 cells/cm 

[11] These and other embodiments of the invention will be apparent to one of skill 

in the art upon reading the detailed description.  

3
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BRIEF DESCRIPTION OF THE DRAWINGS 

[121 Fig. 1. Cell yields with different enzymes for different incubation time 

[131 Fig. 2. Cell viability with different enzymes for different incubation times.  

[141 Fig. 3. Percentage of EC after digestion 

[15] Fig. 4. CD3 1. purified EC were characterized using FACS analysis.  

[16] Fig. 5. Purified EC show cobble stone morphology in culture 

[171 Fig. 6A. Purified EC stain vWF positive in culture. Fig. 6B shows nuclear 

staining of cells.  

[181 Fig. 7. (Fig. 7A) Surface of non-treated engineered vascular graft, smooth 

collagenous surface, no endothelial cells present. (Fig. 7B) CD31 microbead 

purified EC attached to fibronectin coated, engineered vascular graft in 16hr.  

Graft is produced from decellularization of a tissue-engineered artery. These 

purified EC cells attach to fibronectin coated engineered vascular grafts very 

rapidly. About 50% of the surface area has been covered with purified EC in 

about 16hr. The approximate cell density in this example is 110,000 cells/cm2 

[19] Fig. 8. Adipose-derived endothelial cells from fat, seeded for 16 hours onto 

engineered vascular graft. Dense cell seeding is evident. In addition, cell 

spreading onto the graft surface, indicative of firm adhesion, is noted by 

arrowheads.  

1201 Fig. 9A-9D. CD3 1+ cells were cultured in DMEM/10%FBS/MVGS on da y4.  

These cells were isolated from A: LB1; B: LB2; C: LB3; D: crude collagenase 

type I digestion with Fig. 9A: LB 1; Fig. 9B: crude collagenase type I; Fig.  

9C: LB2; Fig. 9D: LB3 

DETAILED DESCRIPTION OF THE INVENTION 

121] We describe a cell isolation method using purified collagenase types I and II, 

combined with purified dispase, to minimize enzyme variation and cellular 

4
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damage during isolation. This purified enzyme formulation contributes to 

high viability and high plating efficiency of cells isolated by this method. We 

use CD31 microbeads to enrich fat-derived EC cells. As high as 84% of 

CDI 44 positive EC can be achieved. We found that EC purity after CD31 

selection is related to the percentage of EC before selection. Purified EC 

express EC specific markers, such as CD31, CD34, CD144 and CD146 and 

they are negative in CD105, CD133, CD1 17 and CD141 expression or weak 

expressors thereof. These purified populations of EC from fat display very 

high viability and rapid attachment rate. These two characteristics of viability 

and plating, combined with high purity make this isolation method truly 

applicable to the clinic, in contrast to other methods that have been reported, 

which result in either low purity or low viability/plating efficiency. The EC 

cells which are isolated from fat many not have all the same properties as EC 

isolated from the vasculature.  

[221 Endothelial cells reside in all tissues of the body, in the form of microvascular 

and large vessel endothelium. In order to isolate cells from various tissues, it 

is typical to disaggregate the tissue, and then to select the endothelial cells 

from the balance of the cells that are also resident within the tissue. The 

present invention concerns a method of obtaining endothelial cells from 

tissues, which involves a disaggregation step, and an endothelial cell selection 

step. In some embodiments of the present invention, a centrifugation or other 

separation step may be utilized before or after disaggregation, to facilitate 

obtaining the endothelial cells.  

1231 For disaggregation of the tissue, several techniques may be used. In one 

embodiment, mechanical agitation and/or physical mincing may be employed 

to break up tissue architecture. Straining the tissue, or forcing through a sieve, 

may also disaggregate bulk tissues. Vigorous stirring may also be used.  

Alternatively (or in addition), proteases such as bacterial collagenase, elastase, 

or dispase may be utilized to break up the extracellular matrix that contains the 

tissue cells. Purified collagenase can be used, particularly those that are 

depleted in pepsin, trypsin, and/or thermolysin. Ion chelators such as EDTA 

may be utilized, which bind divalent cations that mediate cellular adhesion to 

matrix, thereby freeing cells from their surrounding proteins. All of these 

techniques may be performed at room temperature, or at temperatures higher 

5
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than room temperature, such as 370 C, which may maximize the activity of 

various proteases. The pH of the incubating solution may be varied to 

increase the disaggregation of the tissue, with typical pH values ranging from 

4.0 - 10.0. The times for application of these treatments can vary from 1 

minute to as long as 24 hours, depending on the tissue density and strength of 

the extracellular matrix.  

[241 In some embodiments, a centrifugation step can be utilized after the 

disaggregation step as a means of collecting the cells. Centrifugation may 

occur in any type of standard buffer, or may occur in specialized 

centrifugation gradients solutions such as Ficoll gradients. Centrifugation 

steps may be particularly advantageous with tissues wherein the surrounding 

tissue has a different physical density than the endothelial cells. For example, 

endothelial isolation from adipose tissue or from bone marrow, both of which 

contain a high density of fat cells, can be improved by centrifugation.  

Centrifugation can separate low-density fat cells from higher density 

endothelial cells. However, in general, centrifugation alone is not sufficient 

for selective endothelial isolation from tissues. This is because other cells 

types, such as fibroblasts and perictyes, can have similar densities to 

endothelial cells. Hence, even if centrifugation is employed, a subsequent 

purification step is generally necessary to achieve high endothelial purity, for 

example of> 80, 85, 90, or 95 %. Tissue and cells can be washed in any cell

suitable buffer(s) including phosphate buffered saline, for example. Cell 

culture media may also be used. The washed tissue and/or cells can be 

decanted after settling or centrifugation to separate types of cells and cellular 

debris that migrates to different phases.  

125] As an additional step in endothelial cell isolation, cellular selection is 

employed. Selection may be "positive," in that endothelial cell characteristics 

or markers are utilized to select the cells, or may be "negative," in that 

characteristics of other cell types within the tissue or centrifuged pellet may be 

utilized to exclude or remove those other cell types from the endothelial cells.  

Types of sorting procedures that are compatible with the present invention 

include magnetic bead isolation (MACS), fluorescence activated cell sorting 

(FACS), and elutriation. Examples of endothelial-specific markers that may 

be used for selection include the surface receptors for vascular endothelial 

6
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growth factor (VEGF), vascular endothelial cadherin (VE-Cadherin), platelet 

endothelial adhesion molecule (PECAM, or CD-3 1), CD34 (Ligand for CD62 

(L-selectin)), surface lectins (which are bound by UEA-1), von Willebrand 

factor, P-selectin, E-selectin, vascular endothelial cell adhesion molecule 

(VCAM-1), CD144 (Cadherin-5, VE-cadherin), CD146 (MCAM, MUC18, S

endo), and intercellular adhesion molecule (ICAM-1). Of these, those most 

advantageous for the present invention may include those that are expressed 

on the surface of non-activated endothelial cells, and would include CD-3 1, 

VE-cadherin, VEGF receptor, and lectins.. These lists are merely exemplary 

and not limiting.  

[261 Examples of negative selective markers would be those surface markers of 

other cell types within the tissue, and would be therefore somewhat tissue

specific. Many CD markers are compatible with present invention, especially 

those that recognize contaminating cell types in tissues, e.g., fibroblasts. As a 

specific example, fibroblasts, pericytes and smooth muscle cells express the 

surface receptor for platelet-derived growth factor (PDGF receptor), and this 

marker can be used to select cells for exclusion or removal from the 

endothelial cell population. Particular antigens which can be targeted as a 

negative selection markers include CD14, CD45, and F19.  

[271 If either FACS or magnetic bead cell sorting are used for cellular selection, 

then either one or some combination of the above types of positive or negative 

markers would be used to effect selection. In general, specific antibodies or 

other binding molecules for the cell-specific marker would be either bound to 

a fluorophore to allow FACS, or would be bound to magnetic beads to allow 

for cell separation by MACS. Either positive or negative selection may be 

utilized, or, in some embodiments, a combination of both positive and 

negative selection may be utilized. Alternatively, selection with several 

markers, positive and/or negative, may be utilized. Alternatively, elutriation 

can be used as a selection method; this method relies on specific size and 

density characteristics of the endothelial cells and other cells in the tissue. The 

specific range of endothelial sizes and densities, which may differ only 

slightly from sizes and densities of other cell types in the tissue, can be 

utilized to select the endothelial cells from the remaining cell types in the 

tissue.  

7
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[281 In addition, it is envisioned that one particular method of selection does not 

preclude the use of additional methods. In other words, several methods of 

endothelial cell selection may be used either concurrently or in sequence, 

within the scope of the present invention. Certain steps can also be repeated to 

achieve better purification or yield.  

[291 Remarkably, the endothelial cell preparations of the present invention are 

highly and quickly adherent to appropriate substrates. Thus, we have 

observed that adherence to substrates occurs at a high rate and density and 

within a short period of time. Adherence can be assessed for example, at 12 

hours, at 18 hours, at 24 hours, at 36 hours, at 48 hours, and/or at 72 hours 

post seeding. We have observed significant rates of adherence at times as 

short as these. The adherence can be evaluated on a vessel surface, such as a 

slide or culture vessel, or on a vascular graft. The quick adherence to 

substrates ("stickiness") and the high viability and the endothelial purity are 

among the signature properties of the populations of the present invention.  

Appropriate substrates are typically coated with extracellular matrix proteins.  

These may include collagen, fibronectin, and gelatin.- Populations of the 

present invention achieve at least 50 % adherence at 12 hours, at 18 hours, at 

24 hours, at 36 hours, at 48 hours, and/or at 72 hours post seeding.  

[301 Populations of endothelial cells according to the present invention are highly 

viable. Without being bound by any theory or mechanism, it is believed that 

prior art disaggregation methods were so harsh that viability and adhesiveness 

was adversely affected. The present populations are at least 50, 60, 70, 80, or 

even 90 percent viable.  

[31] Populations of endothelial cells according to the present invention are highly 

pure. Using modem standards for assessing the identity of endothelial cells, 

i.e., using appropriate antigenic markers as described above, the present 

populations are at least about 50, 60, 70, 80, or even 90 percent endothelial 

cells. Such markers for endothelial cells include CD31I, CD34*, CD144*, 

CD146+, CD133, CD45, CD117, and/or CD141~. Moreover, endothelial 

cells can be characterized by their ability to secrete tPA and prostacyclin in 

culture. All of these markers may not be equally well expressed in endothelial 

8
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cell preparations. Again, without intending to be bound by any'theory, it is 

postulated that prior art populations were unsuccessful for their intended 

purpose due to low ratios of real endothelial cells and/or low viability.  

132] The combined results of high endothelial cell purity, high viability, and high 

adherence permits a liposuction sample to be taken from a patient to receive a 

vascular graft, to quickly process the sample so that the resulting cells can be 

used to populate the lumen of the vascular graft, and implant the vascular graft 

to the same patient within the same day or two or three days. Moreover, these 

properties permit the colonization by the endothelial cells of the lumen at a 

density of >50,000 cells/cm2 , >75,000 cells/cm, >85,000 cells/cm '>95,000 

cells/cm2, >105,000 cells/cm2 , or >110,000 cells/cm 2, Such high cell densities 

will increase the patency and decrease the failure of vascular grafts.  

Example 1 

1331 Subcutaneous fat tissue was obtained from liposuction or other surgical 

procedures. Fat tissue was subjected to mincing and then to bacterial 

collagenase to effect disaggregation. Disaggregated tissue was then 

centrifuged to separate adipose cells from other cell types (including 

endothelial cells), which reside in the centrifuged pellet. Re-suspension of the 

centrifuged pellet was followed by antibody-based selection for endothelial

specific markers. Fluorescence activated cell sorting for the endothelial 

surface molecule VE-cadherin was utilized. Under these conditions, each 

gram of fat tissue produced between 1.0 - 1.2 million cells in the centrifuged 

pellet after disaggregation. Cell sorting for VE-cadherin resulted in 

endothelial cell selection. We have found that the endothelial cell content in 

the centrifuged cell pellet is approximately 15-20 %. This translates to 

approximately 200,000 endothelial cells per gram of fat. The cellular viability 

of the endothelial cells, as assessed by 7AAD staining, is typically 85-90%.  

Hence, if 10 grams of subcutaneous fat are obtained from a given patient 

(corresponding to 2 teaspoons), approximately 2 million living endothelial 

cells are obtained, which is a sufficient number to line the inside of a vascular 

graft, such as might be used for bypass surgery. The purity of the isolated 

9
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endothelial cells, as assessed by repeat fluorescence activated cell sorting, was 

approximately 90%.  

Example 2 

[341 We tested Liberase Blendzymes (Roche Diagnostics, Indianapolis, Indiana) 

for digesting liposuction tissue and releasing endothelial cells (EC). Liberase 

Blendzymes consist of purified collagenase and other proteases and different 

batches have the same enzyme activity. Therefore, variation resulting from 

enzyme lots can be avoided. Cell yield (number of cells/gm fat) and cell 

viability (measured using 7-AAD by FACS) are shown in Fig. 1 and Fig. 2.  

Average cell yields are similar between LB 1 and LB3 with the same 

incubation time (30min), about 5x 105 cells per gram of fat. Longer incubation 

with LB3 (40min) almost doubles the cell yield (1x10 6) with comparable cell 

viability.  

[35] Percentage of EC as a fraction of the total non-adipocyte cells released from 

fat tissue is similar using different Liberase Blendzyme enzymes and digestion 

times, as shown. (Fig. 3.) These cells are not purified by any means after 

enzymatic digestion, but merely characterized by FACS sorting for 

endothelial-specific markers. These data show that, following enzymatic 

digestion, the non-adipocyte cell population is mixed, with a fraction of 

endothelial cells that are mixed with other cell types. Without purification of 

this mixed cell population that results from enzymatic digestion, this mixed 

population is not optimal for seeding onto a vascular graft, since 

contaminating fibroblasts and other cell types could contribute to intimal 

hyperplasia and graft failure.  

.136] Mixed cell populations derived after enzymatic digestion are purified using 

positive selection with CD31 microbeads. Purified EC express CD3 1, CD34, 

CD144, and CD146; and they are CD105 and CD141 negative (Fig..4). The 

endothelial purity of this population is greater than 80%, as assessed by 

CD144 (VE-cadherin) expression, a marker that is highly specific for 

endothelium.  

10
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[371 Purified EC grow in culture, show typical EC cobble stone morphology (Fig.  

5), and stain von Willebrand factor-positive with inunnocytochemistry (Fig.  

6). Von Willebrand factor (vWF) is a marker for highly differentiated 

endothelium, showing the high functionality of the EC isolated with this 

technique.  

[38] The purified EC cells attach to fibronectin-coated, engineered, vascular grafts 

in about 10 hr. The graft is produced from decellularization of a tissue

engineered artery. The decellularized graft luminal surface, without 

endothelium, is smooth andproteinaceous (Fig. 7A). The purified EC cells 

attach to fibronectin-coated engineered vascular grafts very rapidly. About 50 

% of the surface area has been covered with purified EC in about 16 hr. The 

approximate cell density in this example is 110,000 cells/cm2 . (Fig. 7B).  

[39] Positive selection using anti-CD31 microbeads has been tested for enrichment 

of EC. Percentage of cells expressing CD144, an EC specific marker, was 

used to measure the purity of EC. EC purity after CD31 enrichment is directly 

related to the percentage of EC before enrichment (Table 1). The highest EC 

purity observed with this method is about 87%. This reflects the significant 

variation among individuals regarding EC percentage before purification.  

11
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Table 1. EC purity after enrichment is dependent on EC% prior to enrichment 

Enrichment EC% before EC% after 
methods enrichment enrichment 

CD3 1, 
autoMACS 2.91 17.2 

9.87 56.2 

10 40 

12 58.8 

13.3 41.2 
15.9 52.4 
21.4 84 
28.5 86.7 
42.1 73.3 

[401 Cells released from LB I digestion had the highest plating efficiency after 

culture in EBM-A media for 10 hrs (Table 2, FIG. 9A-9D). The plating 

efficiency is at least 58% from LB1 digestion. This is significantly higher 

than that observed with LB2 or LB3. Importantly, the plating efficiency is 

much higher than with crude collagenase that is utilized by others. One key 

aspect of the invention is the rapid plating (in this case, in 10 hours or less) of 

a high fraction of purified EC from adipose tissue. The underlying reason that 

cells released using LB 1 and then purified have such a high plating efficiency 

could be that dispase (in LBI) is a more gentle enzyme than thermolysin (in 

LB3), and cells digested with LB I may as a result retain receptors necessary 

for cell attachment. In addition, non-purified collagenase may damage cells 

also, and result in a low plating efficiency as compared to highly purified 

forms of enzyme.  

12
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Table 2. Plating efficiency 10 hr post culture in EBM-A 

LB1 LB2 LB3 Col I 
58.5 <5% <5% <5% 
65.4 <5% <5% <5% 
83.6 

Table 3: EC recovery after CD31 microbead purification 

EC 
Starting EC% before CD31* EC% after recovery' 

cells (10 ) purification collection (10 ) purification (%) 
15.5 2.91 2.2 17.2 0.84 
22.4 9.87 2.7 56.2 0.69 
43 13.3 8.1 41.2 0.58 
49 10 4.8 40 0.39 
51 12 6.7 58.8 0.64 

23.4 21.4 4.44 84 0.74 
48.6 15.9 9.3 52.4 0.63 

55 28.5 13.44 86.9 0.75 
15 42.1 3.36 73.3 0.39 
50 28.5 13.44 86.7 0.82 

Mean 0.65 
STDEV 0.16 

Example 3- Materials and Methods 

1. Materials 

1.1. Tissue 

Adipose tissue samples obtained from liposuction aspirates or dissected subcutaneous 

fat tissue 

1.2. Reagents 

1.2.1. Phosphate Buffer Saline without calcium and magnesium (PBS (IX)) or Hanks' 

Balanced Salt Buffer without calcium and magnesium (HBSS (lx)) (Gibco) 

1.2.2. M199 media (Gibco) 

1.2.3. EBM-2 media (Clonetics) 

EC recovery (%) = (starting cell number x EC% before purification)/(CD31 positive 
collection x EC% after purification) x 100 

13
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1.2.4.) RPMI (Gibco) 

1.2.5. Bovine Serum Albumin (BSA) (Miltenyi Biotech) 

1.2.6. Liberase Blendzyme 1 and Liberate Blendzyme 3 (Roche) 

1.2.7. Collagenase type I (Sigma) 

1.2.8. L-glutamine (Invitrogen) 

1.2.9. Hydrocortisone (Sigma) 

1.2.10. Dibutyryl cyclic AMP (Sigma) 

1.2.11. Penicillin-Streptomycin Solution (1 00x Sigmal) 

1.2.13. Trypsin-EDTA (0.25 mg/ml) (Invitrogen) 

1.2.14. Ethylenediamine-tetraacetic acid disodium salt (EDTA) (Sigma) 

1.2.15. Fetal Bovine Serum (FBS) qualified, heat inactivated (US) (Gibco 

1.2.16. CD31 MicroBeads (Miltenyi Biotech) 

1.2.17. FcR blocking reagent (Miltenyi Biotech) 

1.2.18. CD 31-Fitc (BD) 

1.2.19. CD 45-APC (BD) 

1.2.20. CDI05 Fite (Chemicon) 

1.2.21. CD117 APC (BD) 

1.2.22. CD133 PE (BD) 

1.2.23. Thrombomodulin (CD 141-PE, BD) 

1.2.24. Ve-cadherin-PE (CD 144-PE, eBiosciences) 

1.2.25. CD146-PE (BD) 

1.2.26. Uea-1-fitc (Biomeda) 

1.2.27. 7-AAD (BD) 

1.2.28. vWF (Von Willebrand Factor) antibody (Dako) 
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1.2.29. 4% paraformaldehyde (USB) 

1.2.30. Triton X-100 (Sigma) 

1.2.31. Tween-20 (Sigma) 

1.2.32. 4',6-diamidino-2-phenylindole, dihydrochloride (DAPI) (Molecular Probes) 

1.3. Supplies 

1.3.1. 500 ml plastic centrifugation bottles (Coming) 

1.3.2. 0.2 p..m filter units (Nalgene) 

1.3.3. 50 ml conical tubes (Coming) 

1.3.4. 15 conical tubes (Coming) 

1.3.5. 5 ml polystyrene tubes (BD) 

1.4 Equipment 

1.4.1. AutoMACS Separator is benchtop automated magnetic cell sorters (Miltenyi 

Biotech) 

1.4.2. BD FACSCalibur system (BD) 

1.4.3. Titer Plate Shaker (Lab-Line Instruments) 

1.4.3. Centrifuge (Beckman) 

1.4.4. Biosafety Hood 

1.4.5. CO2 Incubator (NUAIR) 

1.4.6. Inverted microscope -Nikon Eclipse TS100 with Epi-Fluorescence Attachment 

(Mercury Lamp Illuminator model name: C-SHG) (Nikon Instruments Incorporation, 

Melville, NY) and equipped with a camera photometric cool-snap (Nikon) 
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1.5. Media stock solution 

All the media solutions are filtered through a 0.2 ptm filter unit and Frozen down in 

50ml tube in -20*C. .  

1.5.1. EBM-A medium 

EBM-2 base medium (CLOTECH) 

20% FBS 

L-glutamine (0.292 mg/ml) 

Hydrocortisone (1 pg/ml) 

Di cAMP (0.25 mg/ml) 

1% Penicillin-Streptomycin Antibiotic solution 

1.5.2. DMEM BASED medium 

DMEM (Invitrogen) 

10% FBS 

1x MVGS (Cascade Biologics) 

Penicillin-Streptomycin 
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2. Methods 

After transportation to the laboratory, the liposuction sample is immediately 

processed to isolate MVEC. If sample can't be processed immediately, store it at 

room temperature and process it in 24 hrs. Before performing the experiment, warm 

up the water bath to 37C.  

All the following procedures are performed in Biosafety Hoods 

2.1. Isolation 

2.1. 1. Warm up buffer 500 or more of PBS or HBSS with 0.1% glucose. Line the 

surface of the biosafety hood with a disposable bench protector.  

2.1.2. Prepare digestion solution (0.75 u/ml Liberase Blendzyme 1 (LB 1) or Liberase 

Blendzyme 3(LB3) or 4mg/ml collagenase type I in PBS or HBSS with 4mg/ml BSA 

and 0.1% glucose), and warm it in the 37"C waterbath.  

2.1.3. Warm M199 and EC media in the 37 C waterbath 

2.1.4. Prepare RPMI/l% FBS/2mM EDTA and keep it at 4'C 

2.1.5. To maintain optimal sterile conditions, open the surgical container used for 

liposuction procedure under the biosafety hood.  

Dispense 200 ml of adipose tissue in 500 ml centrifuge bottles (Corning). Add an 

equal volume of warm PBS or HBSS. Agitate to wash the tissue and then allow phase 

separation for 3-5 min. Aspirate the infranatant solution (lower liquid phase).  

The wash is repeated several times until a clear infranatant solution is obtained 

(usually 3-4 times).  

2.1.6. Centrifuge cells at 1500-2000 rpm for 5-15 min after last wash. Aspirate the 

infranatant solution. Measure adipose tissue and add about 1Iml of warm LB1 or LB3, 
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or collagenase type I solution per 1 g of fat. Tight the lid and place them on a shaker 

in a 37"C incubator with gentle shaking for 30-40min. Mix tissue manually every 10 

mm.  

2.1.7..Add 150 ml of warm M199 media and centrifuge cells at 1200rpm for 5 min.  

2.1.8-After spinning, EC as well as other cells will form a pellet at the bottom of the 

bottle or tube (this will usually include a layer of dark red cells). Carefully remove the 

top layer of oil and fat, the primary adipocytes (a yellow layer of floating cells), and 

the underlying layer of digestion solution. Leave behind a small volume of 

collagenase solution above the pellet so that the cells are not disturbed.  

2.1.9. Suspend the cells in 10 ml of warm M199 media and filter cells with a 70um 

cell strainer. Centrifuge the cells at 1200 rpm in an appropriate centrifuge for 5 

minutes at room temperature.  

2.1.10. Aspirate the remaining media. When aspirating, the tip of the pipette should 

aspirate from the top so that the oil is removed as thoroughly as possible. The cell 

pellet should be at the bottom of the tubes.  

2.1.11. Resuspend the cells with 10 ml of cold RPMI/1% FBS/2mM EDTA medium 

in each tube. Pool the cells in one 50 ml conical tube. Filter cells through a 70um 

stainer.  

2.1.12. Remove 150 ul cell suspension and count cells using Sysmex.  

2.2. EC enrichment with CD31 microbeads 

2.2.1. Transfer 25 x 106 -50 x 106 cells to a 15 ml conical tube and centrifuge cells at 

1200 rpm for 5 minutes at room temperature.  

2.2.2. Aspirate off the supernatant and suspend the cells to a maximum concentration 

of 10 x 106 cells per 60 ul of RPMI/1% FBS/2mM EDTA medium. Add 20ul of FcR 
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blocking reagent per 10 x 106 cells. Mix briefly, and then add 20 ul of CD31

MicroBeads per 10 x 106 cells. Incubate cells for 15 min at 4*C.  

2.2.3. After incubation, rinse cells with RPMI/l% FBS/2mM EDTA medium and 

centrifuge cells at 300xg for 10 min.  

2.2.4. Suspend cell pellet in 2 ml of RPMI/1% FBS/2mM EDTA medium.  

2.2.5. Load cells on autoMACS and separated using program POSSELD.  

2.2.6. Collect CD31 positive and negative cells.  

2.2.7. Transfer 150 ul of either CD31 positve or negative cells to a micro centrifuge 

tube and count cells using Sysmex.  

2.2.8. Characterize cells before and after CD31 separation using using Fluorescence 

Activated Cell Sorting faces) . Viability is measured using FACS by staining cells 

with 7-AAD.  

2.3 Plating efficiency: 

2.3.1. Seed CD31 purified EC with a density of 2-5x 105/cm 2 in ECM coated, such as 

fibronectin, geletin, collagen I, with EC media such as EBM-A or 

MEM/l0%FBS/MVGS and cultured in 5% C02, 37C incubator.  

2.3.2. Next day, shake plate gently and collect media containing unattached cells in a 

tube. Rinse cells with PBS and collect cells in the same tube. Add fresh media to the 

plate and place back to incubator.  

2.3.3. Centrifuge collected media 1500rpm for 5 min.  

2.3.4. Aspirate media and suspend cells in 200 to 500 ul PBS. Vigorously pipet cells 

and count cells using Sysmem.  

2.3.5. Plating efficiency = (number of total seeded cells- number of floating 

cells)/total seeded cells).  
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2.4. Cell characterization 

Cells before and after CD31 microbeads separation as well as cultured for 48 hr are 

collected and characterized by FACS analysis for CD31, CD34, CD45, CD141 and 

CD144, CD146 expression. Some cells from 96 well plates were fixed with 4% 

paraformaldehyde and stained with vWF, eNOS or CD3 1.  

2.5. Seed EC on prosthetic grafts 

A 0.5 x 0.5 cm piece of HumacyteT M engineered grafts were coated with human 

fibronectin (1 00ug/ml) in 6-well plate for 1-8hr at 37'C. CD31 microbead selected 

EC (1 x 106-5 x 106) were then added in the well and incubated for 10-16 hr in the 

incubator. The grafts were fixed in formalin and scanning electron microscopy 

(SEM) was performed on these grafts.  
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WE CLAIM: 

1. A method of preparing endothelial cells from adipose tissue, comprising: 

washing adipose tissue obtained from a liposuction procedure patient; 

collecting cells from the washed adipose tissue; 

enzymatically treating the cells with a purified preparation of 

collagenase, wherein said preparation is depleted in pepsin, trypsin, and 

thermolysin; 

sorting the treated cells by contacting with magnetic beads comprising 

a first antibody specific for an antigen selected from a first group consisting of: 

CD3 1, CD34, CD144, and CD146, or an antigen selected from a second group 

consisting of CD14, CD45, and F19; 

collecting cells which are bound to said magnetic beads if the antibody 

is specific for an antigen in the first group and collecting cells which are not 

bound to said magnetic beads if the antibody is specific for the second group.  

2: The method of claim 1 wherein the collected cells are seeded onto a vascular 

graft within 3 days of liposuction procedure.  

3. The method of claim 1 wherein the collected cells are seeded onto a vascular 

graft within 2 days of liposuction procedure.  

4. The method of claim 1 wherein the collected cells are seeded onto a vascular 

graft within 1 days of liposuction procedure.  

5. The method of claim 1 wherein the vascular graft is implanted into the 

liposuction procedure patient.  

6. The method of claim 1 wherein magnetic beads comprising more than one 

antibody are contacted with the treated cells.  

7. The method of claim 1 wherein the purified preparation of collagenase 

comprises. dispase.  

8. The method of claim 1 wherein the collagenase is from Clostridium 

histolyticum.  

9. The method of claim 7 wherein the dispase is from Bacillus polymixa.  
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10. A method for assaying endothelial cell preparations for suitability for seeding 

in vascular grafts, comprising: 

culturing a endothelial cell preparation in a culture medium suitable 

for endothelial cells for 3 days or less, wherein the culture medium is in a vessel 

having a surface coated with an extracellular matrix protein; 

determining amount of cells in the preparation which adhere to the 

surface.  

11. The method of claim 10 wherein the endothelial cell preparation is cultured 

for 2 days or less.  

12. The method of claim 10 wherein the endothelial cell preparation is cultured 

for 1 days or less.  

13. A population of endothelial cells isolated from adipose tissue, said population 

having the following properties: 

>80 % of cells in the population are viable; 

>80 % of cells in the population are endothelial cells; 

>50 % of cells in the population adhere to a substrate within 24 hours 

of seeding on the substrate.  

14. The population of claim 13 wherein >50 % of cells in the population adhere to 

a substrate within 12 hours of seeding on the substrate.  

15. The population of claim 13 wherein the endothelial cells are CD31*.  

16. The population of claim 13 wherein the endothelial cells are CD31+, CD34*, 

CD144+, CD146*, CD133~, CD117~, and CD141.  

17. The population of claim 13 wherein the endothelial cells are obtained from a 

liposuction sample.  

18. The population of claim 13 wherein the endothelial cells secrete tPA and 

prostacyclin in culture.  

19. A prosthetic vascular graft comprising endothelial cells seeded onto its lumen, 

wherein the endothelial cells adhere to the lumen at a density of >50,000 

cells/cm 2.  
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20. The graft of claim 19 wherein the cells adhere at a density of >75,000 

cells/cm2 

21. The graft of claim 19 wherein the cells adhere at a density of >85,000 

cells/cm2 

22. The graft of claim 19 wherein the cells adhere at a density of >95,000 

cells/cm 2 

23. The graft of claim 19 wherein the cells adhere at a density of >105,000 

cells/cm2 

24. The graft of claim 19 wherein the cells adhere at a density of >1 10,000 

cells/cm 2 
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