
“Phenotypic characterization of endothelial cells in the differentiation 

process” 

 

Civilization diseases are one of the biggest health risks in developed countries. Among 

them there are cardiovascular diseases, such as atherosclerosis or myocardial infarction, 

characterized by dysfunction or damage of endothelial cells. From the end of last century, when 

endothelial progenitor cells (EPC) were discovered by Asahara et al. followed by series of 

successful experiments, using these cells on animals, the experimental therapy, based on the 

angiogenic potential of EPC is being proposed for humans. This angiogenic potential may result 

from both, the direct integration of EPC with vessel wall and their differentiation into 

endothelial cells, but also from the secretion by these cells cytokines that contribute to 

angiogenesis. However, in the in vitro and in vivo studies, as well as experimental therapies, 

different subpopulations commonly referred to as EPC are used. The most important of them 

are so-called early outgrowth EPC – cells appearing early in the culture (supposed EPC with 

hematopoietic origin) and so-called late outgrowth EPC – cells appearing late in the culture 

(actual EPC). It is postulated that the main function of early outgrowth EPCs is the production 

of factors that create an environment conducive to the repair of damaged or creation of new 

vessel, while the main function of late outgrowth EPC is considered to be direct involvement 

in these processes by homing, incorporation into the newly formed vessel and differentiation 

into functionally mature endothelium.  

Despite methods of cells separation, which are constantly improved, research are often 

done on mixtures of cells, which are at different stages of differentiation, with different potential 

for self-renewal and vasculature formationy, as well as different proliferative and secretory 

properties. It seems that an established and well characterised cell line could solve problem of 

cell diversity. Moreover, a cell line provides practically unlimited amount of homogeneous 

material for testing and ensures repeatability of results. This is very difficult to achieve while 

using cells isolated directly from the patient. 

The main objective of this research was to better define and characterize EPC. Studies 

have been made using immortalized and patented EPC cell lines obtained from a fraction of 

mononuclear cells of human umbilical cord blood named: HEPC-CB.1 and HEPC-CB.2.  

Cells of both lines were found to express stem cell specific antigens: CD133, CD271, 

CD90 and endothelial cell-specific molecules: CD202b, VEGFR2, CD146, CD105, and 

CD143. At the same time, these cells do not express mature endothelial cell markers: CD31 and 



vWf nor CD45 molecules, characteristic for cells of hematopoietic origin. Phenotypic analysis 

indicates that HEPC-CB.1 and HEPC-CB.2 cells are endothelial precursors at a very early stage 

of differentiation. To date, they are the only human EPC lines with such an early phenotype. 

The endothelial nature of both lines was also confirmed by their ability to form pseudovessels 

on Matrigel. It has been shown that these cell lines cooperate with the mature endothelial cells 

in formation of the new pseudovessels. Moreover, the network is created more efficiently by 

mixture of mature and immature cells than by the monocultures of these cells. 

In the second phase of the study attempts were made to differentiate HEPC-CB.1 and 

HEPC-CB.2 cells. The best results were obtained with a mixture of three factors: all trans 

retinoic acid, di-butyryl cyclic adenosinomonophosphate and VEGF. The differentiation 

process was manifested by a decrease in the expression of stem cell antigens CD133, CD271 

and CD90 and an increase in the expression of endothelial antigens: CD146 and mRNA for 

CD31. However, end-stage differentiated endothelial cells have not been obtained. It has been 

shown that differentiated HEPC-CB.1 cells form new pseudovessels more efficiently than non-

differentiated ones and efficiently integrate into the network formed by mature endothelial cells 

and support them in the creation of pseudovessels. 

The next step was to determine the factors produced by HEPC-CB.1 and HEPC-CB.2 

cells, and to evaluate the effect of these factors on cells involved in the formation of new vessels 

and regeneration of the lesions, such as mature endothelium, fibroblasts, keratinocytes and 

vascular smooth muscle cells. It was found that during culture in normoxic conditions 

HEPC-CB.1 and HEPC-CB.2 cells secrete 13 out of 48 analyzed factors; proangiogenic: 

angiogenin, IL-7, IL-8, MCP-1, MCP-3, PlGF, VEGF, IGFBP-2, pro- or antiangiogenic TGFβ1 

and TGFβ2 and antiangiogenic IP-10, TIMP-1 and TIMP-2. Cells of both lines do not differ in 

the type of the produced factors but only in the level of their production, which changed slightly 

in hypoxia (1% O2) and under the influence of the differentiation process. It was found that the 

factors produced by HEPC-CB.1 cells reduce the migration rate of mature endothelial cells, 

while increase the rate of fibroblast migration. It was further demonstrated that HEPC-CB.1 

supernatant mimics the proangiogenic effect of the cells and improves the efficiency of 

pseudovessels formation by mature endothelium. 

The results suggest that HEPC-CB.1 and HEPC-CB.2 may be a good model for 

angiogenesis studies, particularly for the development of potential angiogenic therapies. 

Therefore, it seems justified to continue the in vivo study, assessing HEPC-CB.1 and 

HEPC-CB.2 cells ability to homing, incorporation into existing vascular structures, 

participation in the formation of new blood vessels and the possibility of their potential use as 



a carrier of therapeutic genes. Because these cells do not express MHC class II molecules, they 

may also find a possible clinical application. 


