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Abstract— Adipose tissue is a rich source of stem cells, especially mesenchymal stem cells (MSCs). This study 
aimed to identify and isolate endothelial progenitor cells (EPCs) from human adipose tissue. Belly adipose tissues 
were collected from donors with consent. Stromal vascular fractions (SVFs) were extracted from adipose tissues by 
enzyme collagenase using commercial kits. SVFs were cultured in MSCCult medium for 24 h to obtain MSCs, then 
supernatant was collected and cell pellet cultured in EGM-2 medium to obtain adipose tissue EPCs (ADEPCs). 
ADEPCs were checked for surface marker expression of CD31 and VEGFR2, and for angiogenesis capability in vitro. 
The results showed that SVFs contained a pool of EPCs with strong angiogenesis potential and that adipose tissue is 
not only a source for MSCs but also for EPCs. Therefore, ADEPCs may a useful source of EPCs for vascular 
medicine. 
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INTRODUCTION 

Diseases related to ischemia have gradually increased 

in recent years. There have been many therapeutic 

efforts to treat ischemic heart diseases, including 

surgery (angioplasty, stents, atherectomy, etc.) to 

medications (beta-blockers, blood thinners, diuretics, 

etc.) (Imai et al., 2016; Kang et al., 2016; Lukasiewicz, 

2016; von Segesser et al., 2016). Stem cell 

transplantation is a candidate therapy that has 

recently been tested to treat ischemia-related diseases, 

such as stroke (Kasahara et al., 2016; Vahidy et al., 

2016; Wang et al., 2016), heart infarction (Henry et al., 

2016; Li et al., 2016; Winters et al., 2016), and hindlimb 

ischemia (Kishimoto et al., 2016; Shin et al., 2016; 

Yoshida et al., 2016). There are two kinds of stem cells 

mainly used in transplantation studies; these include 

mesenchymal stem cells (MSCs) and endothelial 

progenitor cells (EPCs). MSCs are considered to be 

differentiated from mesoderm; they have shown to be 

of benefit in transplanted patients, leading to patient 

improvement (Lin et al., 2016; Yuan et al., 2016).  

EPCs are another group of important stem cells; they 

exhibit strong angiogenesis potential and play a key 

role in vasculogenesis and angiogenesis (Chong et al., 

2016). EPCs have been used effectively to treat 

hindlimb ischemia (Flex et al., 2016; Yu et al., 2015), 

stroke (Bai et al., 2015; Li et al., 2015), diabetic ulcer 

(Barcelos et al., 2009; Tam et al., 2015), and myocardial 

infarction (Mehmood et al., 2015; Sheng et al., 2015). 

However, the greatest limitation of EPC-based 

transplantation is the scarcity of EPCs; unlike other 

stem cells, EPCs exist in umbilical cord blood (Finney 

et al., 2006; Lin et al., 2011; Moon et al., 2013; Phuc et 

al., 2012), bone marrow (Ii, 2010) and peripheral blood 

(Donndorf et al., 2015), with extremely low numbers, 

and have slow proliferation in vitro. To overcome 

these limitations, our study is aimed at isolating and 

culturing EPCs from adipose tissue, as an alternative 

primary source.  

Compared to adipose tissue-derived stem cells 

(ADSCs) that have been studied longer, adipose tissue 

derived EPCs (ADEPCs) have only recently been 
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investigated and reported in the literature. There has 

been some controversy regarding EPCs from adipose 

tissue. Initially, studies showed that adipose tissue 

could be broken down into stromal vascular fractions 

(SVFs); in fact, SVFs were thought to be the 

mononuclear cells from adipose tissue. However, it 

was later demonstrated that SVFs actually contained 

stem cells which could differentiate into various 

lineages, including fibroblasts, adipocytes, pericytes, 

osteoblasts, chondrocytes and myocytes (Miyazaki et 

al., 2005; Zuk et al., 2001). Recently, cultured SVFs was 

reported to contain adipose-derived stem/progenitor 

cells (ASCs or ADSCs) or adipose- derived 

regenerative cells (ADRCs). ADSCs have been proven 

to be MSCs, or to exhibit the minimal criteria for MSC 

lineage, as suggested by Domicini et al. (Dominici et 

al., 2006).  

To obtain EPCs for therapy, it has been reported that 

ADSCs can differentiate into ECs or EPCs (Miranville 

et al., 2004; Planat-Benard et al., 2004; Sumi et al., 

2007). However, some studies have rejected this 

notion, and refute that ADSCs can differentiate into 

ECs/EPCs (Kondo et al., 2009). Several recent studies 

have indicated that adipose-derived regenerative cells 

(ADRCs) can differentiate into pericytes in vitro and in 

vivo (Amos et al., 2008; Traktuev et al., 2008; 

Zannettino et al., 2008). However, transplantation of 

ADSCs, as well as SVFs, have demonstrated neo-

angiogenesis and vasculogenesis in vivo(Guo et al., 

2016; Zhong et al., 2016). Based on these reports, we 

hypothesized that ADSCs do not differentiate into 

EPCs, but that SVFs may contain an EPC population. 

 

 

MATERIALS AND METHODS 

Adipose tissue collection 

All patients enrolled in this study were required to 

sign a consent form. All procedures used in the study 

were approved by the ethical committee of the 

hospital. Three adipose tissue samples were used in 

this study. Approximately 50–100 mL of lipoaspirate 

was collected from each patient in two 50 mL sterile 

syringes. 

Isolation of SVFs from adipose tissue 

SVFs from the adipose tissue (lipoaspirate) in syringes 

were collected using the SVF Rapid Kit 

(RegenMedLab, HCM, Vietnam). The extraction 

procedure was performed according to the 

manufacturer’s instructions. Briefly, two syringes of 

aspirated fat were connected with 2 syringes of the 

Rapid kit. The syringes were put into an extraction 

machine with the following parameters: time: 30 min, 

speed: 1 cycle/min. The lysed fat was then centrifuged 

at 1000 g for 5 min at room temperature to collect 

SVFs. Finally, SVFs were washed twice with 

phosphate buffered saline (PBS). The pellet was 

resuspended in PBS for determination of cell quantity 

and viability using an automatic cell counter 

(NucleoCounter; Chemometec, Denmark). 

Primary culture 

Three SVF samples were used to isolate EPCs by a 2-

step procedure. In the first step, SVF samples were 

cultured in MSCCult medium (RegenMed Lab, HCM, 

Vietnam) containing DMEM/F12 supplemented with 

antibiotic-antimycotic, epidermal growth factor (EGF), 

basic fibroblast growth factor (bFGF), with 10% FBS 

(Thermo-Scientific, MA). The cells were plated at 5 × 

104 cells/mL in T-75 flasks (SPL, Korea) and incubated 

at 37°C with 5% CO2 to collect rapidly adherent cells. 

After 48 h, the supernatant was collected. In the 

second step, the supernatant was centrifuged at 1000 g 

for 5 min to harvest the cell pellet. The pellet was 

resuspended in EGM-2 solution from the EGM-2 

BulletKit (Lonza, Basel, Switzerland); 3 mL of EGM-2 

was used per 3 mL of original supernatant. The 

suspension was then incubated at 37°C with 5% CO2 

to collect slowly adherent cells, which were 

considered to be adipose tissue derived endothelial 

progenitor cells (ADEPCs). After 7 d, the cell medium 

was replaced with fresh medium, and continually 

replaced every subsequent 3 d until the cells reached 

70–80% confluence. At that point, the cells were sub-

cultured by TrypLe Express (Thermo-Scientific, MA).  

Flow cytometry 

Cell markers were analyzed following a previously 

published protocol. Briefly, cells were washed twice in 

PBS containing 1% bovine serum albumin (BSA). The 

cells were then stained with anti-CD31-FITC and anti-

vascular endothelial growth factor receptor 2 (anti-

VEGFR2)-PE (both purchased from Santa Cruz 

Biotechnology, Canada) for ADEPCs, and anti-CD44-

PE, anti-CD73-PE, and anti-CD90-FITC (all purchased 

from Santa Cruz Biotechnology) for MSCs. Stained 

cells were analyzed by a FACSCalibur flow cytometer 

(BD Biosciences). Isotype controls were used in all 

analyses. 
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Capillary-like structure formation assay 

Capillary-like structure formation was done by an 

angiogenesis starter kit (Life Technologies, Carlsbad, 

CA, USA). Briefly, ADEPCs were seeded on 6-well 

flat-bottom plates coated with Geltrex Matrix and 

Medium 200. Eighteen hours after incubation, 

capillary-like structures were observed under an 

Axiovert microscope (Carl-Zeiss, Germany).  

Statistical analysis 

Significant differences between mean values were 

assessed by t-tests and analysis of variance (ANOVA). 

A P-value of <0.05 was considered statistically 

significant. All data were analyzed by GraphPad 

Prism 6 software. 

 

 

RESULTS 

SVF extraction 

Three samples of adipose tissue were used to isolate 

SVFs. The results showed that adipose tissues 

contained 1.31±0.27 106 SVF cells with percent viability 

of 92.17±5.81%.  

SVF culture and proliferation 

In the first step, SVFs were cultured in DMEM/F12 

medium for 48 h to isolate MSCs. The culture 

supernatant was collected and placed in new flasks 

with fresh medium (containing EGM-2). After 48 h of 

culture, adherent cells appeared in the flasks. After 5 

d, these cells rapidly proliferated and formed colonies. 

Under the microscope, these colonies (or EPC 

candidates) exhibited the characteristic shape of EPCs 

(Fig. 1).  

 

 

 

Figure 1. EPC isolation from adipose tissue. EPC candidates adhered tothe flask surface after 3 days of culture (A). Some EPC 

candidate colonies were formed in the culture (B). And EPCs became a homogenous population after 3 times of sub-culture. A and 

B were captured at 10x magnification, and C at 20x magnification.  

 

 

 

Expression of CD31 and VEGFR2  

Expression of CD31 and VEGFR2 on the surface of 

EPC candidates were evaluated by flow cytometry 

and immunocytochemistry.  The results showed that 

the majority of AD-EPCs showed high expression of 

CD31 and VEGFR2, with 93.31±9.11% and 98.91±1.14% 

of the cells staining positive, respectively (Fig. 2F). 

ADEPC marker expression was also confirmed by 

immunocytochemistry; almost all of the ADEPCs were 

positive for CD31 and VEGFR2 (Fig. 2A-D). The 

double positive CD31+VEGFR2+ population was also 

observed (Fig. 2E).  

Capillary-like network formation in vitro 

ADEPCs were assessed for in vitro capillary formation 

in Matrigel. As shown in Fig. 3, ADEPCs were capable 

of forming capillaries (Fig. 3A, D), similar to human 

vein endothelial cells (HUVECs) (Fig. 3B, E), while 

MSCs derived from the same samples of SVFs could 

not form capillaries (Fig. 3C, F).  
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Figure 2. EPC candidates were positive with CD31 and VEGFR2. ADEPCs were stained with CD31-FITC (C), with VEGFR2-PE 

(D), and counterstained with DAPI for cell nuclei (B). The merged figure showed that these cells co-expressed CD31 and VEGFR2 

(E). The expression of CD31 and VEGFR2 also were confirmed by flow cytometry (F). All figures were captured at 20X 

magnification.  

 

 

Figure 3. Capillary-like network formation in vitro  of EPC candidates. ADEPCs can formed the capillary-like network when 

cultured in the Matrigel (D) compared to normal culture condition (A). This result was similar to HUVECs cultured in Matrigel (E) 

compared to adhere culture (B). However, the MSCs obtained from the same sample of adipose tissue could not form capillary-like 

network in Matrigel and normal condition (C and F). All figures were captured at 10X magnification. 

 

 

Isolation of both MSCs and EPCs from same adipose 

tissue samples 

We were able to isolate both MSCs (ADSCs) and 

ADEPCs from the same adipose tissues. In the first 

culture (first 24 h), the adherent cells exhibited the 

characteristic MSC phenotypes. The cells adhered 

tothe flask surface with fibroblast-like shape (Fig. 4A). 

They also expressed particular MSC markers, such as 

CD44 (98.89±3.12%), CD73 (98.78±1.21%) and CD90 

(100%) (Fig. 4B). Although they failed to form 

capillary-like network formation in vitro, the cells 

could differentiate into osteoblasts, chondroblasts and 

adipocytes (Fig. 4C). In fact, after induction with an 

osteoblast-inducing medium, the cells stained positive 

with alizarin red staining. Moreover, after induction 

by chondrogenesis, MSCs stained positive with 

Safranin O staining; after induction by adipogenesis, 

MSCs were positive with Oil Red staining.  
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Figure 4. MSCs phenotype and characterization. MSCs from adipose tissue were positive forCD44 (D), CD73 (E) and CD90 (F), 

while negative with CD14 (A), CD45 (B) and HLADR (C). These cells also exhibited the fibroblast-like shape (G), successfully 

differentiated into adipocytes that were positive with Oil red (H); osteoblasts that were positive with alizarin red (I), chondroblasts 

that were positive with Safranin O (K).  

 

 

DISCUSSION 

EPCs are essential stem cells in regenerative medicine 

as well as vascular medicine. This study evaluated 

adipose tissue as a potential new source for EPCs. The 

ADEPCs exhibited phenotypic and functional markers 

of EPCs. It has been noted in some previous studies 

that EPCs are detected, and only at low numbers, in 

umbilical cord blood (Finney et al., 2006; Lin et al., 

2011; Moon et al., 2013; Phuc et al., 2012), bone 

marrow (Ii, 2010) and peripheral blood (Donndorf et 

al., 2015). These EPCs have been successfully applied 

to treat ischemia-related diseases, such as hindlimb 

ischemia (Flex et al., 2016; Yu et al., 2015), stroke (Bai 

et al., 2015; Li et al., 2015), diabetic ulcer (Barcelos et 

al., 2009; Tam et al., 2015), and myocardial infarction 

(Mehmood et al., 2015; Sheng et al., 2015).  

 

Although the EPCs from our study were obtained 

from a different source (adipose tissue), they exhibited 

several common properties of EPCs, including 

expression of CD31 and VEGFR2, and capillary-like 

network formation in vitro(Finney et al., 2006; Ii, 2010; 

Lin et al., 2011; Moon et al., 2013; Phuc et al., 2012). 

Expression of CD31 and VEGFR2 was strong after the 

3rd cell passage. The cells demonstrated the ability to 

form new blood vessels in vitro, similar to HUVECs.  

The isolation of EPCs derived from adipose tissue has 

been suggested by Planat-Benard et al. (Planat-Benard 

et al., 2004). Planat-Benard’s procedure was not 

different from standard MSC isolation procedure; 

ADEPCs were isolated and proliferated in DMEM/F12 

medium supplemented with 10% NCS. Mouse 

ADEPCs have been isolated and evaluated in recent 

years by Zhou et al (Zhou et al., 2015). Similar to 
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Planat-Benard et al., Zhou et al. also used DMEM 

medium with 10% FBS, without any growth factors or 

cytokines. Both of these procedures are similar to MSC 

isolation that has been published in the literature 

(Cheng et al., 2011; Devitt et al., 2015; Francis et al., 

2010).  

In 2014, Navarro et al. showed that there was a cell 

population in SVFs exhibiting endothelial cell 

properties (Navarro et al., 2014). The fraction of 

CD14+ cells contained cells that co-expressed CD45 

with some progenitor markers, such as VEGFR2 

(KDR), VEGFR1 (Flt1), and Tie2 (Navarro et al., 2014). 

These cells also produced VEGF and bFGF at high 

levels, compared to MSCs (Navarro et al., 2014).  

Our study can be considered as the first study to use 

direct cell culture procedures to isolate EPCs from 

adipose tissue. The principle for EPC isolation from 

SVFs is similar to our previously published study on 

isolation of EPCs from umbilical cord blood by cell 

culture (Phuc et al., 2012). Based on the different 

adherent capacities of MSCs (plastic rapidly-adherent 

cells) and EPCs (slowly-adherent), we successfully 

isolated MSCs and EPCs from the same samples of 

umbilical cord blood mononuclear cells. Similarly, in 

this study, the slowly adherent cell population from 

SVFs were found to be EPCs, and the rapidly adherent 

cells were MSCs.  

 

 

CONCLUSION 

Previous studies have shown that EPCs are usually 

isolated from umbilical cord blood, bone marrow or 

peripheral blood, in limited quantity. This study 

suggested that a new source of EPCs could be derived 

from adipose tissue. The ADEPCs in our study 

expressed endothelial cell markers, such as CD31 and 

VEGFR2, and formed blood vessels in vitro, similar to 

HUVECs. We demonstrated that EPCs can be easily 

isolated from adipose tissue by selecting the slowly 

adherent cell population from SVFs. These findings 

demonstrate the potential and rationale for the use of 

adipose tissue for EPC isolation to treat vascular 

diseases. 
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