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Abstract
The development of vascular system in vertebrates has been traditionally explained by early vasculogenic assembly of angio-
blasts followed by angiogenic outgrowth of pre-existing vessels. The discovery of adult endothelial progenitor cells (Asahara 
et al. in Science 275(5302):964–967, 1997) challenged this view, since postnatal vascular growth could be accomplished by 
recruitment of circulating cells with the ability to differentiate into endothelial cells. However, the existence of embryonic 
circulating endothelial progenitor cells and their actual contribution to vascular development is far less known. We review 
in this paper the literature concerning the features, origin and physiological functions of embryonic and foetal circulating 
endothelial progenitors. Our review includes the early (E7.5) progenitors isolated from yolk sac, the hematovascular pro-
genitors identified in the foetal liver, the yolk sac-derived erythro-myeloid progenitors, circulating hematopoietic cells from 
the G2-GATA4 lineage and the endothelial colony-forming cells isolated from the placenta and umbilical cord blood. We 
highlight the need of further characterization of these populations and the relationships between them.
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Introduction

The development and growth of the vessels depend on two 
main processes involving the endothelial cells. Vasculo-
genesis is the de novo formation of endothelial tubes in the 
embryo by assembly of mesodermal cells called angioblasts. 
Angiogenesis is the process of vascular sprouting from pre-
existing vessels [1]. This process involves activation, pro-
liferation and migration of endothelial cells in response to 
angiogenic stimuli. During embryonic angiogenesis, tissue-
resident angioblasts can eventually be recruited and incorpo-
rated to the growing vessels. Adult angiogenesis, however, 
can be accomplished only by mature endothelial cells.

It was thought for long time that these processes were 
necessary and sufficient to explain the full deployment of the 

vascular tree throughout the vertebrate body, including the 
postnatal vascular growth, either in physiological or patho-
logical conditions (e.g. supporting tumour growth). This 
concept was challenged in the late 90s by Isner’s [2], who 
demonstrated that circulating endothelial progenitor cells 
(EPC) derived from bone marrow and expressing CD34 and 
VEGFR2, were able to differentiate into endothelial cells 
in culture. In vivo experiments suggested that they incor-
porated to the adult vessels in ischemic conditions, con-
tributing to vascular growth. This process was known as 
“postnatal vasculogenesis”. This seminal paper gave rise to 
a large number of studies about the origin, characterization 
and clinical potential of the EPC (reviewed in [3]). Along 
the last two decades it has been realized that EPC are not 
a single, homogeneous progenitor population, as we will 
describe below. Within EPC, it is necessary to distinguish 
between myeloid angiogenic cells (MAC) and endothelial 
colony-forming cells (ECFC) [4, 5]. Nevertheless, it has 
been confirmed that both types of adult EPC do contribute 
to the vascular growth in the vascular response to ischemia, 
and they can be relevant for tumoral growth.

The knowledge about prenatal EPC is far less abundant. 
It is well known that ECFC can be isolated from umbilical 
vein blood and also from placenta (reviewed in [6]). Foe-
tal ECFC show much higher proliferative, colony-forming 
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and neovascularisation abilities than adult ECFC. However, 
it has been scarcely studied if circulating EPC actually 
contribute to vascular growth during embryonic develop-
ment, besides the “classical” process of vasculogenesis and 
angiogenesis.

The aim of this paper is to review the relevant literature 
about the origin and features of the embryonic and foetal 
EPC, and the available evidence pointing to a significant 
participation of circulating EPC in the development of the 
embryonic vasculature. We are aware that the term EPC can 
be ambiguous when referred to adult organisms (see next 
section). However, we will keep EPC in our review as a com-
prehensive term to refer to those embryonic cells that are 
able to circulate throughout the blood stream and actually 
or potentially can contribute to the endothelium of different 
organs during development. As we will discuss below, these 
embryonic EPC are a set of heterogeneous populations that 
require a much better characterization (features summarized 
in Table 1, Fig. 1).

Adult EPC. A brief description

As stated above, the original term “endothelial progenitor 
cell” encompasses two main types of adult cells that can be 
recruited to sites of neovascularisation and efficiently con-
tribute to postnatal growth of vessels [4] (Fig. 2). MAC, the 
type originally described in Asahara’s paper, have also been 
called “early endothelial progenitor cells”, since they appear 
soon (1 week) when mononuclear cells from human periph-
eral blood are cultured in endothelial medium [7]. They have 
a hematopoietic origin, derive from bone marrow, express 
CD45 and CD14 together with endothelial markers (CD31, 
VEGFR2) and support angiogenic growth through paracrine 
mechanisms. However, they do not differentiate into mature 
endothelial cells in vivo. ECFC or “late endothelial progenitor 
cells” appear in culture of mononuclear cells after 3 weeks, 
do not express CD45 or CD14, and they express the full set of 
canonical endothelial markers as well as the adhesion protein 
CD146 and the TGFβ receptor endoglin (CD105). They form 

Table 1  Comparison between the different types of embryonic circulating endothelial progenitors included in this review. Adult EPC are also 
included for comparison

Type Origin Phenotype Function/properties References

Embryonic EPC E7.5 yolk sac and egg cylinder Thrombomodulin+, Tie2+, 
Sca1+,cKit+, VEGFR2 low 
or negative

Contribute to endothelium in 
ischemic sites after transplan-
tation into adults

[21]

Hematovascular progenitors Foetal liver Full endothelial set, Sca1+, 
CD34+, CD133+, VCAM+, 
Lyve1+, cKit-, Mac1−

Contribute to normal endothe-
lium after transplantation into 
newborns or adults

[37]

G2-GATA4 endothelial pro-
genitors

Allantois/placenta and yolk sac Not characterized. Express 
CD31 and endomucin when 
incorporated into the ven-
tricular endocardium

Contribute to normal endothe-
lium of the heart and other 
organs during development, 
and also differentiate into 
endothelial cells of many 
organs after transplantation 
into newborns

[40, 41]

Erythro-myeloid endothelial 
progenitors

Yolk sac CD31-, CD45 low, cKit+, 
VEGFR2+

Contribute to normal endothe-
lium of the liver and other 
organs during development

[45]

Placeltal ECFC Placenta CD31+ or low, CD34 vari-
able, CD105+ , CD144+ , 
CD146+ , VEGFR2+ , 
CD45−

Contribute to normal endothe-
lium of the placenta, endome-
trium and differentiate into 
endothelial cells of ischemic 
sites after transplantation

[46, 47]

Umbilical cord blood ECFC Umbilical cord blood CD31+, CD34+ , CD105+, 
CD144+ , CD146+ , 
VEGFR2+ , CD45−, 
CD133−

Contribute to endothelium in 
ischemic sites after transplan-
tation into adults

[51]

Adult ECFC Peripheral blood, vessel wall Full endothelial set, CD105+, 
CD146+, CD45−

Contribute to endothelium in 
ischemic sites after transplan-
tation into adults

[4, 7]

Adult myeloid angiogenic cells Bone marrow CD31+ , VEGFR2+, CD45+, 
CD14+

Support angiogenic growth in 
ischemic sites, but they do 
not differentiate into endothe-
lial cells

[4, 7]
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tubes when cultured on matrigel, and they can differentiate into 
endothelial cells either in in vitro or in vivo assays [7].

The precise origin of adult ECFC is controversial, but they 
do not derive from bone marrow. In fact, bone marrow cells do 
not originate endothelial cells in physiological or pathological 
conditions [8, 9]. Combining parabiosis with the hind limb 
ischemia model, Aicher et al. demonstrated that 75% of the 
cells incorporated to the ischemic area were not derived from 
bone marrow. Instead, liver and intestine were the main source 
of the recruited cells [10].

Probably, adult ECFC arise from the vessel walls [11–13], 
or from the endothelium itself (reviewed in [14]). Furthermore, 
they have been also localized in adipose tissue [15].

EPC in non‑mammalian embryos

The existence of embryonic EPC in avian embryos has 
been well characterized, due to the ease of their experi-
mental manipulation. A simple quail chick parabiosis, 
a model in which the bloodstream of both embryos are 
connected, showed that quail endothelial cells became 
integrated in the vessels of the chick embryos [16]. The 
presence of donor endothelial cells was detected by these 
authors in most tissues, but their number was low. This 
integration was much increased in wounded embryonic tis-
sues or in tumour grafts. However, sprouting angiogenesis 

Fig. 1  Graphic summary of all the types of embryonic and adult 
endothelial progenitor cells described in this paper. The main con-
tributions of these cells to the foetal, normal adult and ischemic 
endothelium are shown by the arrows. Blue arrows represent endothe-
lial differentiation of progenitor cells after transplant. The red sur-
face represents expression of endothelial markers. EMP erythro-

myeloid progenitors, eEPC embryonic endothelial progenitor cells, 
G2-GATA4 endothelial progenitors derived from a GATA4-express-
ing lineage, HVP hematovascular progenitors, MAC myeloid angio-
genic cells, PL-ECFC and UC-ECFC placental and umbilical cord 
endothelial colony-forming cells, respectively
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induced by VEGF in the chorioallantoic membrane did 
not enhance recruitment of EPC. Thus, EPC play a physi-
ological, albeit minor role in the vascular growth of the 
avian embryos.

It was soon established that the origin of avian EPC was 
extraembryonic. Grafts of quail allantois into the coelomic 
cavity of chick embryos revealed the presence of endothelial 
cells in the host. These allantois-derived cells could only 
reach their destination through the circulation [17]. The 
existence of circulating EPC derived from the allantois was 
later confirmed [18] as well as their scarce contribution to 
the host endothelium (< 50 cells/mm3). Donor-derived cells 
were found mainly in heart, liver and wing buds. Besides the 
allantois, the yolk sac is also a source of embryonic EPC, 
as shown by yolk sac chimaeras [19]. The fusion of a chick 
embryo with a quail yolk sac allowed the study of the colo-
nization of the host vascular system by yolk sac EPC. The 
process starts very soon but the density of donor endothelial 
cells decreases from 143 to 26 cells/mm3 between day 1 and 
day 4 of incubation. About 1% of the host endothelium was 
finally derived from the yolk sac. All the tissues incorpo-
rated EPC, mainly into the capillaries. However, this study 
did not detect EPC originating within the embryo.

In summary, extraembryonic, circulating EPC exist in the 
avian embryo although their contribution to vascular growth 
is scarce and their phenotype has been poorly characterized 
by the lack of specific markers.

Embryonic EPC have not hitherto been described in 
other non-mammalian models. However, it has been shown 
that human cord blood CD34+ cells injected in zebrafish 

embryos cosegregate with resident hemangiobasts and are 
recruited to developing vessels where they exert a paracrine 
proangiogenic activity. These human EPC also enhance vas-
cular repair in the model of adult caudal fin amputation [20].

Early embryonic EPC in the mammalian 
embryo

An embryonic cell population obtained from dissociated egg 
cylinder and yolk sac from E7.5 mouse embryos and charac-
terized by expression of thrombomodulin showed EPC fea-
tures [21]. Their expression of thrombomodulin and GATA4 
suggested that they derived from proximal lateral mesoderm. 
These cells were termed embryonic EPC (eEPC) by their 
discoverers, and their role as bona fide circulating endothe-
lial progenitors with potential therapeutic applications was 
soon confirmed by a number of papers [22–24]. When 
injected into chick embryos, eEPC give rise to endothelial 
cells from brain, heart and liver. Induction with retinoic 
acid promotes their differentiation into endothelial cells 
in culture. Phenotypically, eEPC are characterized by the 
expression of the angiopoietin receptor Tie2, cKit and Sca1, 
but their expression of VEGFR2 is low or absent [21]. An 
advantage of eEPC is the lack of MHC-I expression as well 
as their resistance to killer cell-mediated cytolysis, allowing 
their use in non-syngeneic animals [25].

In physiological conditions, transplanted eEPC are not 
recruited by normal adult vessels. However, they are home to 
hypoxic areas and colonize tumor metastases in mice where 
they contribute to the tumoral endothelium. Their recruit-
ment is mediated by both, E and P selectins, and P-selectin 
glycoprotein ligand-1 (PSGL1) [26]. In fact, incorporation of 
a “suicide gene” in eEPC allowed for targeting these cells to 
hypoxic lung metastases after intravenous injection, demon-
strating antitumoral efficacy in a preclinic model [25]. When 
eEPC are pre-stimulated with tumor-conditioned medium 
they display macrophagic capacity in a murine model of 
melanoma metastasis, decreasing the number of metastases 
[27].

In the hind limb ischemia model, injected eEPC increase 
capillary density and limb perfusion [23]. This effect is 
produced also by eEPC encapsulated into hialuronic acid 
to protect them from systemic cytotoxicity [28]. The abil-
ity of eEPC to improve neovascularisation in the hind limb 
ischemia model is enhanced by pharmacological activa-
tion of the NFκB pathway before injection. This activation 
upregulates expression of E-selectin and PSGL1, increasing 
the adhesion of the eEPC to the endothelium of the ischemic 
areas [29].

Cardiac output is also improved by eEPC infusion after 
myocardial ischemia–reperfusion injury in pigs. Part of 
these effects are probably due to paracrine action, since 

Fig. 2  Adult endothelial progenitor cells. Culture of circulating mon-
onuclear cells give rise to early (MAC) and late (ECFC) progenitor 
cells. Only ECFC give rise to endothelial cells in vivo
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eEPC express a number of angiogenic factors [23] as well as 
thymosin β4 [30]. In addition to this effect, eEPC express the 
neuregulin 1 receptors erbB2 and erbB3. Treatment of eEPC 
with neuregulin 1β before injection in the model of myo-
cardial ischemia increased phosphorilation of Akt, ERK1-2 
and GSK3β, promoting anti-apoptotic activity on cardiomy-
ocytes [31]. On the other hand, stimulation of the adenosine 
receptor 1 in eEPC increases their expression of P-selectin, 
their adhesion to cardiac microvascular endothelial cells and 
their retention in isolated mouse hearts [32]. It was well 
known that extracellular adenosine concentration increases 
in sites of ischemia promoting neovascularisation. In a rat 
model of chronic cerebral ischemia, eEPC also increase col-
lateralization and promotes hemodynamic rescue [24].

The interaction of eEPC with platelets seems to be very 
important for their functions. Platelets increase recruitment 
of eEPC to sites of damage and induce their differentiation 
into endothelium. The adhesion is enhanced in both, static 
and dynamic conditions and it is mediated by P-selectin and 
β1 integrin [33].

Thus, eEPC can be detected in the mouse embryo as soon 
as E7.5 and they share properties with adult ECFC, particu-
larly the ability to contribute to sites of neovascularization. 
However, a detailed comparison of their phenotypic profiles 
as well as an estimation of their actual contribution to the 
normal development of the embryonic vascularization have 
not been performed yet.

Foetal liver hematovascular progenitors

The presence of putative EPC in the foetal liver had been 
suggested by culture of CD31+ /Sca1+ cells obtained from 
dissociated livers on a layer of liver feeder fibroblasts. Colo-
nies of EPC emerge between 2 and 3 weeks of culture (a 
time corresponding to late adult EPC, i.e. ECFC). These 
foetal liver EPC express VEGFR2, CD34, CD133, VCAM 
and VE-Cadherin [34]. On the other hand, it was well known 
that foetal liver contains a large number of hematopoietic 
stem cells that can be transplanted to myeloablated mice 
where they show long-term reconstitution potential of all the 
hematopoietic system [35]. The features of the hematovascu-
lar foetal liver cells was further investigated using a SCL-3′ 
enhancer lineage tracing system, and it was observed that a 
population of foetal hematopoietic liver cells was also able to 
give rise to endothelial cells after transplantation [36]. Injec-
tion of these hematovascular progenitors was performed in 
two models, newborns treated with the myeloablative drug 
busulfan and irradiation of adult mice. In both cases, donor-
derived endothelial cells were found in liver, heart and kid-
neys. However, when the mice were injected in the same 
conditions with adult bone marrow cells, only a few donor-
derived endothelial patches were found. This demonstrated 

the EPC ability of a subset of foetal liver cells, probably 
corresponding to the cultured CD31+/Sca1+ cells described 
by Cherqui et al. [34]. More recently, the foetal liver EPC 
were characterized as a VE-Cadherin+/CD45− population 
derived from the SCL-3′ enhancer lineage. This popula-
tion showed a clearly endothelial profile, expressing Lyve1, 
CD31, Tie2, VEGFR2 and CD34, but being negative for 
Mac1 or cKit [37]. The endotheliogenic potential of foetal 
liver hematovascular progenitors is maintained along the 
embryonic development and it can be detected even post-
natally. Although this has not been experimentally demon-
strated it is conceivable that this population contributes to 
the endothelium of different organs along the embryonic 
development. However, Bockamp et al. did not find SCL-
tagged endothelial cells between the stages E9 and E12.5 
using a different reporter system [38].

G2‑GATA4 lineage endothelial progenitors

GATA4 is a transcription factor widely expressed in meso-
derm and endoderm. Its expression is regulated by a num-
ber of tissue-specific enhancers. The G2 enhancer drives 
GATA4 expression in the lateral mesoderm and allantois 
[39]. Recently, it was shown that about 20% of the adult 
murine hematopoietic stem cells derive from progenitors 
where GATA4 expression is driven by the G2 enhancer. 
Probably, most of these progenitors arise from the placenta 
[40]. A number of endothelial cells derived from this lineage 
were found in different organs. Furthermore, transplanta-
tion of cells obtained from the placenta or the aorta-gonad-
mesonephros (AGM) area into busulfan-treated newborns 
gives rise to patches of donor-derived endothelial cells in 
the liver and heart. This was interpreted as the differentiation 
of endothelial cells from circulating hematopoietic progeni-
tors [40]. More recently, it was shown that about 20% of all 
the cardiac endothelial cells of the mouse embryo belong to 
the G2-GATA4 lineage [41] (Fig. 3). A minor part of these 
endothelial cells derive from the epicardium, a tissue that 
expresses the G2-GATA4 lineage reporter, but at least 15% 
of all the embryonic cardiac/coronary endothelium arises 
from circulating progenitors, according to this report. In fact, 
most G2-GATA4 endothelial cells appear associated to the 
ventricular endocardium, while the endothelial cells express-
ing epicardial lineage reporters such as WT1 or GATA5 
are mainly located into the compact ventricular layer. It is 
important to remark that the embryonic ventricular endo-
cardium is a main contributor of the coronary endothelium 
[42]. Consequently, the recruitment of circulating cells by 
the endocardium would contribute to the rapid expansion 
of the coronary vessels throughout the compact myocar-
dial layer. G2-GATA4 endothelial cells were also observed 
in the brain vessels, where they can only be derived from 
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blood-borne cells. Thus, circulating endothelial progenitors 
from a G2-GATA4 lineage, probably originated into the pla-
cental mesoderm, contribute to the vascularisation of the 
heart and, probably, of other organs.

Erythro‑myeloid endothelial progenitors

Tissue-resident macrophages originate in mice from the yolk 
sac endothelium in two waves, first between E7.0 and E8.25 
and then from E8.25 onwards [43, 44]. The early wave colo-
nizes the embryo and gives rise to the microglia and Langer-
hans cells of the epidermis, while the late wave colonizes 
the liver. When the promoter of the colony-stimulating factor 
receptor 1 (Csfr1) was used as a driver to track the lineage 
of the tissue-resident macrophages, a number of endothe-
lial cells appeared as derived from this lineage [45]. The 
erythro-myeloid progenitors of these endothelial cells were 
localized by the stage E12.5 in liver and peripheral blood 
and they showed a CD31−/CD45low/cKit+ profile. They 
contribute mainly to the liver endothelium (about 60% of 
all the endothelial cells) and to the heart, lung and brain in a 
lesser extent. Interestingly, the endothelial cells derived from 
the Csfr1 lineage keep a particular transcriptional signature 
in adults. This study concluded that the vascularisation of 
fast-growing organs is supported by recruitment of circu-
lating endothelial progenitors and thus, it does not depend 
only of angiogenic proliferation of the local endothelium or 
integration of tissue-resident angioblasts.

ECFC have been localized in the human placenta. They 
are characterized by the expression of CD31, CD105, 
CD144 and VEGFR2, but they are negative for CD45 and 
CD34 [46]. According to that study, placental ECFC are 
phenotypically similar to cord blood ECFC, but they exhibit 
a higher vasculogenic potential in vivo. Placental ECFC 
were also studied by [47], who found a CD45−/CD34+/
CD31low profile, somewhat different to that reported by [46] 
as well as expression of CD105, CD144 and CD146. All 
these markers are similar to those from the ECFC isolated 
from human cord blood. However, the number of ECFC 
found in one placenta is 27 times higher than those found 
in cord blood. According to this report, both, placental and 
cord blood ECFC show similar vessel forming ability in vivo 
and in vitro, and their performance in the hind limb ischemia 
model is similar. Further comparisons between placental and 
cord blood ECFC were reviewed by [48].

A comparison between ECFC derived from microvascu-
lar (i.e. maternal) and macrovascular (i.e. foetal) circulation 
was performed by Solomon et al. [49]. In both cases ECFC 
were characterized by a similar profile (positive for CD31, 
CD105, CD146, CD144, negative for CD45 and CD14). 
Foetal ECFC showed higher clonogenic, proliferative and 

Fig. 3  Circulating endothelial progenitors derived from a GATA4-
expressing cell lineage under control of the G2 enhancer [40]. a, b 
Ventricle of G2-GATA4Cre;YFP mouse embryos, E11.5. Some cir-
culating cells expressing the reporter (arrows) can be seen in the 
ventricular lumen (a) and close to the endocardial lining (b), where 
endothelial cells of the G2-GATA4 lineage appear (arrowheads). In 
the insert, two large cells from the G2-GATA4 lineage can be seen 
attached to the endocardium of a myocardial trabecula (M), one of 
them expressing the endothelial marker CD31. c When foetal liver 
cells from E11.5 G2-GATA4Cre; YFP embryos are injected into the 
bloodstream of busulfan-treated newborns, donor endothelial cells 
can be found in the lungs of the recipient mice after 1 month (arrow-
heads). Scale bar: 25 µm for all the figures
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in vitro tube formation potential, while maternal ECFC 
showed a higher potential in in vivo vasculogenic assays.

The mammalian placenta is an evolutionary derivative of 
the allantois, and it is important to remark that circulating 
endothelial progenitors were localized into the avian allan-
tois [17, 18] as commented above. Thus, the presence of 
ECFC in the placenta can be considered as the evolutionary 
conservation of a property of the allantois.

Umbilical cord blood ECFC

The best characterized foetal endothelial progenitors are 
those derived from the umbilical cord blood. They were 
first identified by Ingram et al. [50]. The methods of their 
isolation, cloning and expansion were described by Prasain 
et al. and Zhang et al. who phenotypically characterized 
cord blood ECFC as CD31+/CD144+/CD34+/CD146+/
CD45−/CD14−/CD133− cells [51, 52]. A detailed com-
parison between endothelial cells differentiated in vitro 
from cord blood ECFC, HUVEC (human umbilical vein 
endothelial cells) and adult endothelial cells has been per-
formed by Bompais et al. [43]. Despite a similar expres-
sion of endothelial markers, fully differentiated endothelial 
cells derived from cord blood ECFC showed higher prolif-
erative potential, were more sensitive to angiogenic stimuli 
and exhibited more hematopoietic supportive activity than 
HUVEC or adult endothelial cells.

Cord blood ECFC abundance and properties change along 
gestation. ECFC isolated between weeks 33 and 36 showed 
the same clonogenic potential than those obtained from full-
term pregnancies. However, ECFC obtained between weeks 
24 and 28 give rise to less colonies in culture. Anyway, the 
foetal ECFC can give rise to 100 times more progeny than 
the ECFC isolated from adult blood [54]. Other studies have 
reported more ECFC in cord blood of preterm infants [55]. 
Safranow et al. found higher early ECFC (CD133+) and 
late ECFC (CD133−) in cord blood of preterm infants [56]. 
The number of ECFC was inversely correlated with APGAR 
score of preterm infants. This observation is consistent with 
the decrease in the number of ECFC along the gestational 
age [57]. These authors found that an abnormal low number 
of ECFC in preterm infants was associated with higher risk 
of bronchopulmonary dysplasia.

An increase of ECFC along the third trimester of ges-
tation was reported by Muñoz-Hernández et al. [58]. In 
this report, a low number of ECFC in the cord blood 
was related with preeclampsia risk. A lower number of 
ECFC, showing lower proliferation, migration and vascu-
logenic potential in vitro, has also been reported in cases 
of preeclampsia. This defect was attributed to Vitamin D3 
deficiency and, in fact, treatment of ECFC with vitamin 
D3 promoted the vasculogenic ability of ECFC and the 

upregulation of VEGF expression [59, 60]. The close rela-
tionships between ECFC and preeclampsia and the contro-
versial findings obtained in some cases have been recently 
reviewed by Attar et al. [61].

Low body weight at birth has also been associated with 
lower number of cord blood ECFC-derived colonies and 
tube formation ability in vitro. ECFC from low birth weight 
preterm infants showed increased expression of thrombos-
pondin-1, an antiangiogenic glycoprotein [62]. It is impor-
tant to remark in this context that murine foetal ECFC are 
able to migrate to the maternal circulation and contribute to 
uterine vasculature potentiating placental perfusion and con-
sequently the foetal growth [63]. This finding can be related 
with the lower number, lower proliferation, impaired migra-
tion and reduced in vitro vasculogenic potential of ECFC 
isolated from foetus suffering intrauterine growth restriction 
[64]. When implanted into an in vivo vasculogenic assay, 
these ECFC showed a sixfold decrease in de novo capillary 
formation.

Conflicting data on cord blood ECFC have also been 
obtained in gestational diabetes mellitus. Some studies 
report no changes in ECFC number, while other have found 
a decrease in the number of colonies generated by ECFC in 
culture, as well as lower migration and tube formation poten-
tial. In general, gestational diabetes mellitus seems to pro-
voke functional abnormalities in ECFC function (reviewed 
in [6]). As described above for the impaired function of 
ECFC in preeclampsia, Vitamin D can rescue the quantity 
and the impaired angiogenesis-related function of ECFC 
obtained from gestational diabetes mellitus pregnancies [65].

As described above for eEPC, platelet function seems to 
be relevant for cord blood ECFC function. A platelet lysate 
increased cord blood ECFC survival via activation of the 
Akt pathway, as well as tube formation in vitro [66].

Recently, Reid et al. have used human cord blood ECFC 
for cellular therapy of ischemic retinopathies. They isolated 
these cells by plating CD31+/CD105+/CD45-/CD14− mon-
onuclear cells and performed systemic and intravitreal injec-
tions in a murine model of ischemic retinopathy, obtaining 
good therapeutic efficacy. However, the injected cells did not 
persist in the retina for more than 24 h [67].

About the origin of the cord blood ECFC, an interest-
ing proposal was made by Ingram et al. comparing HUVEC 
with HAEC (human aortic endothelial cells). They found 
that HUVEC were able of 40 doubling population in vitro. 
These cells expressed the typical markers of umbilical 
cord ECFC (CD31, C105, CD146, CD144, VEGFR2). The 
authors concluded that HUVEC could be a main source of 
the cord blood endothelial progenitors [68]. It may be sig-
nificant in this context that adult ECFC can be expanded 
in vitro using blood plasma instead of FBS [69]. However, 
as stated above, functional differences between cord blood 
ECFC and HUVEC have been reported [53].
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Conclusions and future directions

The classical view about the development of the vascular 
system in vertebrates (early vasculogenic assembly of angio-
blasts followed by angiogenic outgrowth of pre-existing ves-
sels) has been challenged by the increasing evidence of a 
prenatal incorporation of circulating progenitor cells of the 
endothelial lining of the vessels. However, many uncertain-
ties remain, since embryonic circulating EPC have been 
described in many different contexts, and frequently they 
have only been characterized by in vitro assays or for their 
potential of neovascularisation in pathological conditions. 
We still do not know if the different sets of embryonic EPC 
herein described reflect an actual physiological complex-
ity concerning their origin, phenotype and contribution to 
the prenatal vascular growth. We do not know if the late 
ECFC populations found in umbilical cord blood or pla-
centa are related in some extent with the early EPC popula-
tions (hematovascular foetal liver, G2-GATA4 and erythro-
myeloid progenitors as well as the earliest eEPC). We do 
not know what the total amount of endothelial cells that are 
derived from EPC recruitment during development is. We 
know that circulating EPC in avian embryos have a real, 
albeit limited, contribution to the embryonic blood vessels, 
and some of the reports quoted in this review suggest that 
this contribution could be even higher in mammals, at least 
in fast-growing organs like the liver or heart. We do not 
know what the meaning of the differences in EPC number 
reported among organs is, or if the EPC-derived endothelial 
cells keep some differential features in adults. Could these 
differential features have translational interest? For example, 
the origin of adult EPC could be related with the persistence 
of embryonic EPC progenitors in the vessel wall.

Finally, we think that the issue of the existence of embry-
onic EPC must be regarded in a wider evolutionary con-
text. The ontogeny of endothelial and blood cells has been 
closely related by concepts such as the hemangioblast, the 
hemogenic endothelium (reviewed in [70]) or the origin 
of endothelial cells from hematopoietic progenitors herein 
reviewed. We think that the still existing controversies about 
these concepts should consider that the endothelial cells 
can be regarded as a specialized type of blood cells whose 
evolutionary origin is related to the origin of vertebrates 
[71]. In this way, the transitions between hematopoietic and 
endothelial phenotypes during ontogeny can be much bet-
ter understood, since we are actually dealing with a single 
lineage of cells related by a common evolutionary origin.
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