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Abstract. Ex vivo expansion of endothelial progenitor cells 
(EPCs) may be a promising strategy to overcome the clinical 
problem of limited cell numbers. As the culture medium is 
the key for the cell characteristics, the effects of different 
culture media on EPCs were investigated in the present 
study. Rat bone marrow mononuclear cells were cultured in 
different media, including M-199 media with 20% fetal bovine 
serum (FBS) and bovine pituitary extract (M1); M-199 media 
with 10% FBS, 20 ng/ml vascular endothelial growth factor 
(VEGF) and 10 ng/ml basic fibroblast growth factor (bFGF; 
M2) or epidermal growth medium (EGM)-2MV media. The 
cell morphology and biological functions, such as prolifera-
tion, adhesion, migration, tube formation and nitric oxide (NO) 
production were subsequently assayed in vitro. Moreover, 
endothelial biomarkers and apoptosis were also analyzed. The 
results showed that endothelial-like cells appeared in all of the 
culture systems. First-passage cells, namely early EPCs, tended 
to form colonies in M2 and EGM-2MV media but showed a 
fusiform shape in M1 media. The 3rd or 4th generation EPCs, 
namely late EPCs, cultured in EGM-2MV media exhibited 
increased adhesion, migration, tube formation and NO produc-
tion as compared with EPCs in M1 or M2 media. Furthermore, 
late EPCs cultured in EGM-2MV expressed higher levels of 
endothelial cell markers, such as von Willibrand factor (vWF)
and CD31, but relatively greater levels of apoptosis were 
observed. In conclusion, cell culture conditions, for example 
the medium used, affects the biological properties of bone 
marrow-derived early and late EPCs.

Introduction

Loss of endothelial integrity and impaired capacity for 
neovascularization are hypothesized to contribute to cardio-
vascular diseases, such as atherosclerosis and ischemic events 
in the limbs, retina and myocardium (1). Recent studies have 
shown that endogenous re-endothelialization and postnatal 
neovascularization rely on the migration, proliferation and 
sprouting of preexisting mature endothelial cells, as well as 
on the activity of endothelial progenitor cells (EPCs) (2,3). 
EPCs promote re-endothelialization or stimulate angiogenesis 
directly by differentation and proliferation, and also indirectly 
with secretory factors that mobilize endothelial and progenitor 
cells to be involved in angiogenesis and reconstruction (4,5). 
Therefore, EPCs may be used as a potential therapeutic 
strategy in vascular disorders.

It has been recognized that EPCs are a heterogeneous 
population and, according to their morphology, function and 
growth potential, are classified into at least two different popu-
lations in ex vivo culture systems: Pro-angiogenic cells, namely 
early EPCs, and endothelial colony forming cells (ECFCs), 
also termed late EPCs. Early EPCs appear within 4 to 7 days 
of culture, are spindle-shaped and have a limited prolifera-
tion potential. Late EPCs develop after two to three weeks of 
culture and have a cobblestone appearance (6). Previous data 
suggest that late EPCs are closer to mature endothelial cells 
in phenotype but show notable proliferative, migrational and 
tube-forming capabilities; while early EPCs may contribute to 
endothelialization and neovascularization by the secretion of 
vasoactive substances, such as cytokines, stromal cell-derived 
factor-1 (SDF-1), nitric oxide (NO) and prostaglandin I2 (6-8).

Although the treatment of cardiovascular patients with 
EPCs may be a potential therapeutic option, the numbers of 
cells that are directly obtained from bone marrow, peripheral 
blood and umbilical cord blood are not large enough for use in 
a clinical setting. For example, the animal study results from 
Iwaguro et al (9) indicated that up to 12 L of autologous blood 
may be required to harvest sufficient EPCs in order to induce 
angiogenesis in patients following intravenous cell infusion. 
Thus, ex vivo culture and expansion of EPCs may be a prom-
ising strategy to overcome the clinical problem of limited cell 
numbers. However, EPCs which were cultured in different 
culture conditions exhibited different morphologies, surface 
markers and biologic functions. It is known that the culture 
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medium is the key in the determination of cell characteristics. 
At present, the common media used for ex vivo expansion of 
EPCs, include M-199 with 20% fetal bovine serum (FBS) and 
0.05 mg/ml bovine pituitary extract (10,11); M-199 with 10% 
FBS, 20 ng/ml vascular endothelial growth factor (VEGF) and 
10 ng/ml basic fibroblast growth factor (bFGF) (12,13); and 
endothelium growth medium (EGM)-2 MV medium (supple-
mented with EGM-2 bullet kit, including 5% fetal calf serum, 
vascular endothelial growth factor (VEGF), R3-insulin-like 
growth factor 1 (R3-IGF-1), human recombinant epidermal 
growth factor (rhEGF), human recombinant fibroblast growth 
factor (rhFGF)-B, Gentamicin, Amphotericin-B (GA-1000), 
hydrocortisone and ascorbic acid) (14,15). Therefore, the 
purpose of the present study was to investigate and compare 
the effects of these different culture media on the early and 
late EPC morphology and cell functions (proliferation, adhe-
sion, migration, differentiation, secretion and tube formation).

Materials and methods

Isolation of bone marrow mononuclear cells and cell culture. 
Whole bone marrow was isolated from the femurs and tibias 
of Sprague-Dawley rats (weight, 150-175 g), which were 
obtained from Weifang Medical University, Shandong, China. 
The bone marrow mononuclear cells (MNCs) were fraction-
ated by density gradient centrifugation (Histopaque®-1083, 
Sigma-Aldrich, St. Louis, MO, USA). MNCs were plated 
on dishes precoated with fibronectin (Roche, Mannheim, 
Germany) and were cultured in M1 [M-199 (HyClone, Logan, 
UT, USA) with 20% FBS (HyClone) and bovine pituitary 
extract (Sigma Aldrich Chemie, Schnelldorf, Germany)], M2 
[M-199 with 10% FBS, 20 ng/ml VEGF (PeproTech, Rocky 
Hill, NJ, USA) and 10 ng/ml bFGF (Sigma Aldrich Chemie)] 
or EGM-2MV (EGM-2 with EGM-2 bullet kit, including, 
5% fetal calf serum, VEGF, R3-IGF-1, rhEGF, rhFGF-B, 
GA-1000, hydrocortisone and ascorbic acid) media. After 
four days in culture, unattached cells were removed by a single 
washing step with phosphate-buffered saline (PBS), following 
which, fresh medium was added. This study was conducted 
in accordance with the recommendations of the Guide for the 
Care and Use of Laboratory Animals of the National Institutes 
of Health. All animal protocols were approved by the local 
ethics committee at Weifang Medical University (Weifang, 
China; permit no. 5876).

Colony‑forming assay. Isolated MNCs were resuspended 
in different growth media, and in total, 5x106 MNCs were 
preplated in fibronectin‑coated 6‑well plates in duplicate. After 
two days, the non-adherent cells were collected and 1x106 cells 
were replated onto a fibronectin‑coated 24‑well plate. On the 
fifth day, the number of colony‑forming units (CFUs)/well was 
counted for each sample. A colony of EPCs was defined as a 
central core of round cells with elongated sprouting cells at the 
periphery. All colonies were counted manually in a minimum 
of three wells by two independent investigators under blind 
conditions as described previously (16).

Cell proliferation assay. Cell proliferative activities were 
analyzed using cell counting kit-8 (CCK-8; Dojindo 
Laboratories, Kumamoto, Japan). Briefly, EPCs were seeded 

onto 96-well plates (density, 1,000 cells/100 µl/well), CCK-8 
was added to each well according to the manufacturer's 
instructions and incubated for 1 h at 37˚C. The optical density 
(OD) value at 450 nm was measured using an enzyme-linked 
immunoabsorbent assay reader (Bio-Rad 680; Bio-Rad 
Laboratories, Hercules, CA, USA).

Cell differentiation assay. Total cellular RNA was isolated 
with TRIzol reagent (Invitrogen Life Technologies, Carlsbad, 
CA, USA) and reverse-transcribed to cDNA using the SYBR® 
PrimeScript® RT-PCR kit (Takara Bio Inc., Shiga, Japan) at 
37˚C for 15 min. Endothelial cell differentiation markers, such 
as von Willibrand factor (vWF) and CD31, and gene expression 
were analyzed by SYBR® Premix Ex Taq™ (Takara Bio, Inc.). 
Primers used for amplification were as follows: Sense: 5'‑GCG 
TGG CAG TGG TAG AGT A-3' and antisense: 5'-GGA GAT 
AGC GGG TGA AAT A-3' for vWF; sense: 5'-GAC AGC CAA 
GGC AGA TGC AC-3' and antisense: 5'-ATT GGA TGG CTT 
GGC CTG AA-3' for CD31; and sense: 5'-GGC ACA GTC 
AAG GCT GAG AAT-3' and antisense: 5'-ATG GTG GTG 
AAG ACG CCA GTA-3' for glyceraldehyde 3-phosphate dehy-
drogenase, which was used as a housekeeping gene, in order 
to normalize the expression target gene. The thermal cycling 
conditions were as follows: 30 sec at 95˚C for pre‑denaturation, 
40 cycles for 15 sec at 95˚C for denaturation, 1 min at 59˚C 
for annealing and 10 sec at 72˚C for elongation. At the end 
of each cycle, the fluorescence emitted by SYBR‑Green I was 
measured. Following the completion of the cycling process, 
samples were immediately subjected to a temperature ramp 
for melting curve analysis.

The protein expression of CD31 and vWF was also deter-
mined by a fluorescence‑activated cell sorter (FACS, Becton 
Dickinson, Franklin Lakes, NJ, USA). Cells were trypsinized 
and incubated with CD31 or vWF antibody (eBioscience, 
San Diego, CA ,USA) for 1 h. For the detection of vWF, the 
cells were permeabilized with 0.1% Triton X-100 prior to 
incubation with the antibody. Typically, ~20,000 late EPCs 
were measured for fluorescence intensity per experiment. In 
addition, isotype controls were performed for each sample 
condition and the mean fluorescence intensity identified for 
the isotype control was subtracted from the mean fluorescent 
intensity of the antibody-bound cells.

Cell apoptosis assay. Approximately 1x106 cells were 
double‑stained with Annexin V‑fluorescein isothiocyanate and 
propidium iodide (PI) using an Annexin V-FITC Apoptosis 
Detection kit (Becton Dickinson) according to the manufac-
turer's instructions. Apoptotic cells (Annexin V+/PI-) were 
detected by FACS. The apoptotic percentage analysis was 
performed using Cell-Quest software (Becton Dickinson).

Cell adhesion assay. Cells were washed with PBS, and gently 
detached with 0.25% trypsin/EDTA. Following centrifuga-
tion and resuspension with serum-free medium, equal cell 
numbers were seeded on 50 µg/ml fibronectin‑coated culture 
dishes, and incubated for 1 h at 37˚C. Cultures were washed 
three times with PBS to remove non-adherent cells. Then 
adherent cells were counted independently in six random 
high power (x100) microscope fields/well by three blinded 
observers. 
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Cell migration assay. The migratory function of EPCs was 
analyzed by a modified Boyden chamber (CoStar, Cambridge, 
MA, USA) assay. Briefly, a total of 1x105 EPCs were placed in 
the upper chamber and medium containing with SDF-1 was 
placed in the lower chamber. The assays were conducted over 
a 16 h incubation period at 37˚C in an incubator equilibrated 
to 5% CO2. The membrane was then washed gently with PBS 
and fixed with 4% paraformaldeyde. Non-migrating cells 
were gently removed with cotton balls from the upper side of 
the membrane, and the membrane was then stained by using 
DAPI. The migration of late EPCs was analyzed by counting 
the number of migrated cells in six random high-power (x100) 
microscope fields/well.

In vitro tube formation assay. A 96-well plate was coated with 
100 µl Matrigel (Becton Dickinson) and incubated at 37˚C for 
1 h. Late EPCs/ml (2x105) were added to each well for 10 h. 
The enclosed networks of tubes were photographed from six 
randomly chosen fields under a microscope. The averages of 
the total number and area of complete tubes, formed by late 
EPCs, per unit area were compared by Image-Pro Plus (Media 
Cybernetics, Rockville, MD, USA).

NO concentration assay. The NO concentration in EPC 
culture supernatants was detected using an NO nitrate reduc-
tase assay kit (Nanjing Jiancheng Bioengineering Institute, 
Nanjing, China), according to the manufacturer's instruc-
tions. The NO concentration was calculated according to the 
following formula: NO (µmol/l) = standard concentration 
(100 µmol/l dilution factory of sample x (OD of NO measuring 
tube-OD of blank tube)/(OD of standard-OD of blank).

Statistical analysis. Unless otherwise indicated, results are 
presented as the mean ± SE from at least three independent 
experiments. Statistical analyses were performed by one-way 
analysis of variance, followed by Tukey-Kramer post hoc test 
for multiple comparisons. P<0.05 was considered to indicate 
a statistically significant difference. All data were analyzed 
using SPSS software (version 15.0; SPSS Inc., Chicago, IL, 
USA).

Results

Morphological characteristics of EPCs in different culture 
media. The bone marrow MNCs initially cultured in the 

Figure 1. Morphological characteristics of endothelial progenitor cells (EPCs) in different culture media. Mononuclear cells (MNCs) isolated from rat bone 
marrow were plated on dishes precoated with fibronectin and cultured in M1, M2 or EGM‑2MV media, respectively. MNCs initially cultured in the different 
media were round. Seven days following plating, the primary culture of MNCs started to differentiate into early EPCs and tended to form colonies with the 
round cells at the center and the typical spindle cells at the periphery. After 21 days, the third-forth passage cells (late EPCs) exhibited a cobblestone-like 
morphology (magnification, x100).
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different media were round. After changing the medium on 
day four, attached cells were observed. Seven days following 
plating, the primary culture of MNCs started to differentiate 
into early EPCs (17) and tended to form colonies with the 
round cells at the center and the typical spindle cells at the 
periphery in M2 and EGM-2MV media, although the sizes of 
the colonies were different. The colonies grown in M2 media 
were smaller than those in EGM-2MV media. However, the 
attached cells in M1 media showed a fusiform shape. After 
3 weeks, the 3rd or 4th generations of EPCs, namely late EPCs, 
with a cobblestone-like morphology similar to mature endo-
thelial cells were grown to confluence in all media (Fig. 1).

EPC colony‑forming capacity and proliferation in different 
culture media. Subsequent to seeding MNCs on wells, cells 
were incubated with the different culture media. Cells in 
EGM-2MV media exhibited the greatest colony forming 
capacity, followed by M2 and finally M1 media (Fig. 2A). The 
ability of late EPCs in M2 media to expand was low. However, 
late EPCs in M1 media reached confluence in a short period 
of time. Furthermore, the effects of different culture media 
on late EPC proliferation were analyzed by a CCK-8 assay. 
In comparison to cells grown in M1 media, those in M2 and 
EGM-2MV media did not exhibit such a high level of cell 
proliferation (Fig. 2B).

Figure 2. Endothelial progenitor cell (EPC) colony-forming capacity and proliferation in different culture media. (A) Mononuclear cells (MNCs) isolated form 
rat bone marrow were cultured in M1, M2 or EGM-2MV media, respectively. After 2 days, the non-adherent cells were collected and 1x106 cells were replated 
on a fibronectin‑coated 24‑well plate. On the 5th day, the number of colony‑forming units (CFU) per well was counted. (B) A cell counting kit‑8 assay was 
performed for late EPC proliferation. Data are presented as the mean ± SE of four different experiments. *P<0.05 and **P<0.01.

Figure 3. Late endothelial progenitor cell (EPC) differentiation in different culture media. Late EPCs were cultured in M1, M2 or EGM-2MV media, respec-
tively. (A) The gene expression of von Willibrand Factor (vWF) and CD31 was then determined using qPCR. (B) Protein expression of vWF and CD31 was 
determined by a fluorescence‑activated cell sorter (FACS). Representative FACS profiles of three independent experiments are shown in the left panels. Right 
panels show the relative fluorescence intensity that is normalized to the mean fluorescence intensity of isotype control. Data are presented as the mean ± SE of 
four different experiments. *P<0.05 and **P<0.01.
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Late EPC differentiation in different culture media. To 
identify the effects of different culture media on late EPC 
differentiation, the gene and protein expression of endothe-
lial cell differentiation markers, such as vWF and CD31, 
was analyzed by qPCR and FACS. A number of cells were 
observed to express vWF and CD31 in each group, consis-
tent with our previous results, which showed that cultured 
EPCs express endothelial cell differentiation markers (18). 
Moreover, late EPCs cultured in EGM-2MV media exhibited 
the highest gene and protein expression levels of CD31 and 
vWF (Fig. 3).

EPC apoptosis in different culture media. To determine 
the effects of different culture media on cell apoptosis, late 
EPCs were incubated in M1, M2 or EGM-2MV media. The 
cells were harvested and the apoptotic cells were quantified 
by FACS following Annexin V and PI staining. As shown in 
Fig. 4, late EPCs cultured with EGM-2MV medium exhibited 
significantly increased numbers of apoptotic cells, followed by 
M2 and finally M1 media.

EPC adhesion, migration and angiogenic properties in 
different culture media. As adhesion to the extracellular 
matrix is hypothesized to be important during novel blood 
vessel growth (19), the adhesion capacity of late EPCs cultured 
with different media was investigated. Quantitative analysis 
demonstrated that the number of cells that adhered to fibro-
nectin was significantly higher in late EPCs cultured with 
EGM-2MV than those in the other groups (Fig. 5A).

The migratory function of EPCs in response to SDF-1 
is also important during neovascularization and reendothe-
lialization (19), and late EPCs have been shown to exhibit a 
greater migratory capacity than early EPCs in vitro (20). Thus, 
the effects of the different culture media on late EPC migra-
tion were analyzed by a modified Boyden chamber assay using 
SDF-1 as a chemoattractant. After 16 h, late EPCs cultured in 

EGM-2MV exhibited the highest number of migrating cells 
among the three different groups (Fig. 5B).

It has been shown that late EPCs, but not early EPCs, 
successfully form capillary networks on Matrigel (6). An 
in vitro angiogenesis assay was performed with late EPCs to 
investigate the effects of the different culture media on EPC 
neovascularization. The functional capacity for tube forma-
tion of late EPCs on Matrigel was significantly stronger in the 
EGM-2MV group compared with the other groups (Fig. 5C).

NO production of late EPCs in different culture media. EPCs 
are able to secrete NO. NO is critical for regulating EPC func-
tions (21). Therefore the effects of different culture media on 
the NO production in late EPCs were investigated. The culture 
media were collected, and the quantity of NO released from 
the late EPCs were determined. The results show that the level 
of NO was highest in the EGM-2MV group (Fig. 6).

Discussion

EPCs were initially isolated from adult human peripheral blood 
in 1997 by Asahara et al (22). Since the discovery, the original 
culture-based method to obtain human EPCs from blood has 
been adapted to mouse, pig and rat EPCs isolated from bone 
marrow (12,14,17,23). MNCs isolated by density-gradient 
centrifugation from bone marrow were cultured with endothelial 
medium, which induced the MNCs to differentiate into EPCs.

Recent studies have suggested that the culture medium 
may be involved in the number and function of EPCs (17,24). 
Therefore, in the present study, three common media were 
selected to culture EPCs isolated from rat bone marrow. The 
results have shown that EPCs exhibit different biological prop-
erties in different media.

In the conventional EPC culture, two predominant cell types 
have been shown to emerge from MNC cultures: Early and late 
EPCs (6). In the present study, after seven days, the primary 

Figure 4. Endothelial progenitor cell (EPC) apoptosis in different culture media. (A) Late EPCs were cultured in M1, M2 or EGM-2MV media, respectively. 
Cells were harvested and the apoptotic cells were quantified by a fluorescence‑activated cell sorter following Annexin V fluorescein isothiocyanate and 
propidium iodide staining. Annexin V‑positive and PI‑negative cells were defined as apoptotic. (B) The proportion of apoptotic cells. Data are presented as the 
mean ± SE of four different experiments. **P<0.01.
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  A
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culture of MNCs differentiating into early EPCs (17) showed 
different morphological phenotypes and exhibited different 
colony-forming capacities. The attached cells in M1 medium 
did not form the obvious clone and showed a fusiform shape. 
However, the cells cultured with M2 and EGM-2MV tended to 
form colonies with round cells at the center and the typical spindle 
cells at the periphery, with the colonies in M2 medium being 
smaller than those in EGM-2MV. A study by Yang et al (25) 
indicated that larger colonies exhibit greater differentiation than 
smaller colonies. In line with these results it was demonstrated 
that after three weeks, the 3rd or 4th generations of EPCs, 
namely late EPCs, cultured in EGM-2MV exhibited the highest 

gene and protein expression levels of CD31 and vWF, suggesting 
that endothelial differentiation may occur more robustly in cells 
cultured in EGM-2MV. In the present study it was also observed 
that late EPCs cultured in EGM-2MV exhibit a greater number 
of apoptotic cells. Ramasamy et al (26) demonstrated that 
elevated expression of stem cell-associated transcription factors 
is correlated with a reduction in cell apoptosis. As EGM-2MV 
is the medium that most strongly supports the differentiation of 
EPCs towards endothelial cells, it is reasonable that a greater 
number of apoptotic cells were observed in late EPCs in the 
EGM-2MV medium.

Cell proliferation is markedly affected by culture condi-
tions, particularly the addition of cytokines. When the required 
cytokines were not added to the culture media, cell profanation 
was slower and cell death occurred. In the present study it was 
demonstrated that early EPCs cultured in EGM-2MV exhibited 
the highest colony forming capacity, followed by those cultured 
in M2 and finally in M1 media. However, M1 greatest effect 
on the promotion of proliferation of late EPCs. These results 
indicated that the requirement of cytokines is different during 
EPC maturation. Jianguo et al (17) demonstrated that combina-
tions of cytokines increased the rate of proliferation of EPCs. 
It is therefore reasonable that M1 was identified to exhibit the 
greatest effect on late-EPC proliferation as the bovine pituitary 
extract contained more than one type of cytokine.

The Matrigel model is a global assay, which analyzes 
multiple cellular processes involved in blood vessel growth, such 
as cell migration, adhesion and differentiation. In the present 

Figure 6. Nitric oxide (NO) production of late endothelial progenitor cells 
(EPCs) in different culture media. Late EPCs were cultured in M1, M2 or 
EGM-2MV media, respectively and the culture media were then collected. 
The quantity of NO was determined by the NO nitrate reductase assay. Data 
are presented as the mean ± SE of four different experiments. **P<0.01.

Figure 5. Endothelial progenitor cell (EPC) adhesion, migration and angiogenic properties in different culture media. Cultured late EPCs were reseeded 
on plate surfaces coated with fibronectin and incubated for 1 h at 37˚C. When non‑adherent cells were removed by washing, adherent cells were fixed and 
stained with DAPI. DAPI positive cells were counted and averaged. (B) Late EPCs were cultured in M1, M2 or EGM-2MV media, respectively. Cells were 
harvested and 1x105 cells were placed in the upper chamber, and the lower chamber was filled with medium containg stromal cell‑derived factor‑1. After 
16 h, the migrated cells were stained with DAPI and analyzed. (C) Representative images of capillary networks formed by late EPCs cultured in different 
media (magnification, x100). The complete tubes formed by cells were compared by computer software. Data are presented as the mean ± SE of four different 
experiments. *P<0.05 and **P<0.01.
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  B



MOLECULAR MEDICINE REPORTS  8:  1722-1728,  20131728

study, it was demonstrated that the number cell that adhered to 
fibronectin and migrated in response to SDF‑1 was significantly 
higher in late EPCs cultured with EGM-2MV. Thus, EGM-2MV 
medium was also identified to markedly increase the number of 
cell extensions formed within cell networks.

In the present study, it was also observed that the production 
of NO in late EPCs was greatest when cultured in EGM-2MV 
medium. NO is a predominant vasodilator and a key survival 
factor for the endothelium. Endothelial dysfunction is char-
acterized by low bioavailability of endothelium-derived NO, 
which itself is an independent predictor of future cardiovas-
cular events (27). Ozuyaman et al (28) demonstrated that 
NO stimulates EPC mobilization from bone marrow stem 
cell niches to the peripheral circulation, implying that they 
participate in the neovascularization process (28). Moreover, 
NO is essential for the survival, migration and angiogenesis 
of EPCs (29). This indicates the importance of NO in main-
taining EPC function. These results suggest the possibility 
that the increased NO production in EGM-2MV cultured cells 
contributes to the promotion of EPC functions, such as migra-
tion, adhesion and tube formation in vitro. The biological 
properties of bone marrow-derived early and late EPCs were 
observed in vitro. However, further investigation is required 
to determine the functions of EPCs cultured in the different 
media in vivo.

In conclusion, ex vivo culture and expansion of EPCs may 
be a promising strategy to overcome the clinical problem 
of limited cell numbers; however, cell culture condition, for 
example cell media, affect the biological properties of bone 
marrow-derived early and late EPCs.
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