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Abstract 
Angiogenesis is a critical component of normal implantation and placentation and underlines the importance of vascularization in early 
pregnancy. Differentiated expression of angiogenesis factors in different decision tissues during different stages of implantation, indicates 
their involvement in the regulation of vascular remodeling and angiogenesis. Disorders in vascular development may play a role in the 
pathogenesis of recurrent abortions. The success of implantation, placentation and subsequent pregnancy evolution requires coordination 
of vascular development and adaptations at both sides of the maternal–fetal interface. The human implantation process is a continuous 
process, which begins with the apposition and attachment of the blastocyst to the apical surface of the luminal endometrial epithelium and 
continues throughout the first trimester of pregnancy until the extravillous trophoblast invades and remodels maternal vascularization. 
Numerous regulatory molecules play functional roles in many processes, including preparation of the endometrial stroma (decidualization), 
epithelium for implantation, control of trophoblastic adhesion and invasion. These regulatory molecules include cytokines, chemokines, and 
proteases, many of which are expressed by different cell types, having slightly different functions as the implant progresses. 
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 Introduction 
The blastocyst implantation process represents a series 

of reciprocal interactions between the blastocyst and 
maternal tissues. The purpose of this process is to not only 
provide the necessary nutrition for the development of 
the embryo by connecting the vascular system of the 
embryo to the maternal circulation, therefore ensuring  
a physiologically and endocrinologically appropriate 
environment until the formation of the placenta; but  
to likewise protect the embryo from any attack by the 
maternal immune system [1]. 

The implantation process has often been referred to as 
nesting, the term coming from the Latin word “nidus”, 
signifying a nest or breeding site, with the blastocyst 
implanting at the antimesometrial pole. Synchronization 
between the development of the embryo and the prepa-
ration of the uterus is essential, as it would otherwise lead 
to the failure of the implantation process, it being  
a necessary condition for the embryo’s subsequent 
development. 

An in-depth understanding of embryonic development 

during both the pre-implantation and implantation process 
will help ensure the identification of aberrant mechanisms 
leading to pregnancy loss, as well as offer new strategies 
for improving fertility rates along with preventing further 
complications related to pregnancy. The mechanisms that 
coordinate blastocyst development and maternal uterine 
receptivity are not yet fully known. 

Angiogenesis is a key component of normal implan-
tation and placentation, with the vascular component 
playing an important role in the early stages of pregnancy. 
This hypothesis was confirmed by studies done on mice. 
Thus, a single dose of an antiangiogenic compound was 
sufficient to inhibit the process of angiogenesis, either 
before or shortly following implantation, which ultimately 
resulted in the disruption of the placenta and resorption 
of all embryos [2]. 

Studies conducted in the last two decades have pointed 
to the involvement of numerous proteases, metabolites, 
ions, growth factors, cytokines, matrix proteins which 
can modulate the angiogenesis/vasculogenesis processes 
either positively or negatively. 
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The mediating factors of angiogenesis can be grouped 
into: 

▪ Cells: trophoblasts, uterine natural killer (uNK) cells, 
B- and T-lymphocytes, macrophages; 

▪ Soluble products: vascular endothelial growth factor 
(VEGF), placental growth factor (PlGF), fibroblast growth 
factors (FGFs), transforming growth factor-beta (TGF-β), 
human chorionic gonadotropin (hCG), insulin-like growth 
factor-II (IGF-II), angiopoietin (Ang) and its receptors. 

Trophoblast 

The trophoblast constitutes the interface between fetal 
and maternal tissues, hence playing a key role in promoting 
angiogenesis during implantation. The trophoblast is a 
source of angiogenic growth factors. Zooming in on the 
placenta at approximately 21 days, the cytotrophoblast 
and syncytiotrophoblast at the level of chorionic villi 
produce numerous angiogenic factors, as well as their 
corresponding receptors [3, 4]. 

During the implantation process, the cytotrophoblast 
migrates to the maternal decidua, where it differentiates 
into the extravillous trophoblast which, in turn, will express 
various angiogenic factors along with their receptors [5]. 
Several studies have shown that giant trophoblastic cells 
acquire unique features during differentiation and can 
synthesize a variety of angiogenic, vasoactive and hormonal 
factors [6–8]. 

uNK cells 

uNK cells are phenotypically and functionally different 
from those found in circulating blood (pNK). They play a 
crucial role in the production of integrins, which allow for 
their migration, decidualization, and endometrial invasion. 
In the decidua and under the action of progesterone, 
maturation of pre-uNK cells into granular uNK cells 
containing many leukocytes from the implantation site 
takes place. These cells serve as an important source  
of angiogenic and angiomodulatory factors, of cytokines 
(Ang-1, Ang-2), growth factors (PlGF, VEGF-C), 
interleukin (IL)-18, interferon-gamma (IFN-γ), which are 
essential for the successful implantation and development 
of the placenta [9]. 

B- and T-lymphocytes 

The human decidua incorporates T-lymphocytes and, 
to a lesser extent, B-lymphocytes, which are heavily 
involved in the immunological acceptance of the embryo 
[10]. Information regarding the roles of T-cells and/or B-
cells in the process of angiogenesis, during implantation, is 
limited. It is, however, known that B-cells express c-Myc 
proto-oncogenes, which stimulate the production of VEGF 
and therefore influence the process of angiogenesis [11]. 

In contrast to B-cells, T-cells have been studied for their 
involvement in successful implantation and subsequent 
pregnancy. This has been observed mainly from an 
immunological point of view, and less relating to their 
contribution to the angiogenic process. T-helper cells are 
involved in angiogenesis by way of producing cytokines 
that control endothelial cell proliferation, apoptosis, and 
migration, modulating the process of angiogenesis either 
positively or negatively [11]. 

After implantation, the embryo is surrounded by 

lymphocytes and macrophages, which will be activated to 
induce the synthesis of cytokines, such as tumor necrosis 
factor-alpha (TNF-α), a pro-inflammatory T-helper 1 (Th1) 
cytokine which plays a significant role in controlling 
angiogenesis by way of stimulating the production of 
angiogenic factors at the decidual level [12]. The function 
of TNF-α has been extensively studied, highlighting its 
influence on the inhibition of embryo and fetal develop-
ment [13], regulation of VEGF production in the first 
trimester of pregnancy, and indirect modulation of vascular 
permeability of the placenta and the angiogenic process 
[14]. 

Other pro-inflammatory Th1 cytokines that have been 
studied in vitro and marked as being involved in regulating 
angiogenesis, but in the negative sense, are IFN-γ and IL-
12. IFN-γ, specifically when synthesized by lymphocytes, 
inhibits epithelial cell growth and capillary formation. IL-12 
exhibits anti-angiogenic properties, thereby inhibiting the 
production of VEGF [11]. Both IFN-γ and IL-12 are vital 
mediators of uNK cells, activating and stimulating their 
modulatory function, involved in the formation of the 
maternal spiral artery during pregnancy [15]. 

Anti-inflammatory T-helper 2 (Th2) cytokines, such 
as IL-4, IL-5, IL-6, IL-10, IL-13, are associated with the 
release of human placental lactogen (hPL) and hCG from 
the trophoblast [16]. Of these cytokines, IL-6 has pro-
angiogenic effects, whereas IL-4 can influence endothelial 
cell function in both a positive and a negative sense [17]. 

Macrophages 

Macrophages are commonly present in the endometrium 
of non-pregnant women, their number increased in response 
to insemination [18]. The maternal decidua contains 20–
30% macrophages. In addition to these macrophages, the 
placenta accommodates a distinct variety of macrophages, 
known as Hofbauer cells. These cells express angiogenic 
growth factors, such as VEGF and IL-17 [19]. It was also 
found that Hofbauer cells exhibit immunoreactivity 
towards the VEGF receptor-1 (VEGFR-1) (also referred to 
as FLT-1/flt-1, Fms-like tyrosine kinase receptor-1), thus 
highlighting their involvement in the angiogenesis occurring 
at the fetal–placental border [20, 21]. Macrophages from 
the decidua secrete various compounds, such as endothelial 
growth factor (EGF), TGF-β, platelet-derived growth factor 
(PDGF), IGFs, FGF [22], which feature pro-angiogenic 
effects. Furthermore, macrophages have been shown to 
inhibit angiogenesis through the release of anti-angiogenic 
mediators, such as the soluble variant of the VEGFR-1 
(sVEGFR-1, sFLT-1, sflt-1), a mediator with a key role 
in pregnancy loss [23]. 

PlGF 

PlGF is a pro-angiogenic growth factor, belonging to 
the VEGF family [24] and is produced mainly by the 
trophoblast in four isoforms [25]. PlGF acts on three 
receptors: neuropilin-1 (NRP-1), neuropilin-2 (NRP-2) 
and VEGFR-1 [26]. Under hypoxic conditions, PlGF 
expression decreases in the trophoblast and sVEGFR-1 
expression is induced [27]. Studies have demonstrated 
that PlGF is associated with an increase in placental 
perfusion at the maternal–fetal interface [28] and PlGF 
also induces the relaxation of placental vessels ex vivo 
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[15]. PlGF is involved in mediating the molecular and 
morphological pathways of vasculogenesis and angiogenesis 
at the level of the placental villi, either directly or 
indirectly by synergizing with VEGF [29]. 

FGFs 

FGFs are a family of 22 polypeptides with a high 
affinity for heparin sulfate proteoglycans. They bind to 
the heparin located on the surface of these structures, 
thereby being an essential mechanism for intracellular 
signal transduction. FGFs bind to one or more of the four 
known receptors (FGFR 1–4) [30]. The significance of 
these growth factors in mediating angiogenesis during 
implantation has been insufficiently studied in humans. 
Only a few isoforms, FGF2, FGF4, FGF7, FGF9, have 
been investigated during implantation, with evidence of 
involvement in implantation and during the beginning of 
pregnancy being highlighted for FGF2/FGFb (also known 
as basal FGF). FGF2/FGFb was first isolated from human 
placental tissue and is known as a mitogenic and angiogenic 
growth factor in vivo [31]. In vitro, the trophoblast has 
been shown to produce and release FGF2 in the appropriate 
culture media [32]. 

TGF-β 

TGF-β is part of a large family of proteins, which 
perform numerous functions. TGF-β1 protein has been 
extensively studied, showing involvement in spermato-
genesis, ovulation, implantation, trophoblast differentiation, 
angiogenesis, and immunoregulation at the maternal–fetal 
interface [33]. In vitro studies have shown that TGF-β1 can 
induce angiogenesis, either directly at the chorioallantoic 
membrane [34] or indirectly by increasing VEGF expression 
in the trophoblast [14, 35]. 

Ogasawara et al. have shown that an excessive increase 
of TGF-β1 may be associated with a higher incidence of 
spontaneous abortions, explained by the inhibitory action 
of TGF-β1 on trophoblastic invasion [36]. Studies in 
mice have demonstrated that null mutations of TGF-β1 
contribute to an increase in mortality due to defects in the 
vasculogenesis of the yolk sac, high levels of disorganized 
vessels and, in some cases, absence of vessels and impaired 
endothelial differentiation [37]. 

hCG 

Beyond its classical effects (within the female repro-
ductive tract), hCG also exhibits significant neovascular 
activity. The mechanism by which hCG induces angio-
genesis would be an increase in the release of VEGF in the 
endometrial epithelial cells [38] and/or the trophoblast 
[34]. Studies have determined that high levels of hCG, 
released from the trophoblast level at the beginning of 
embryogenesis, suggest that hCG could be making a 
decisive contribution to endometrial angiogenesis during 
implantation [39]. 

IGF-II 

IGF-II is considered to be a major modulator of 
placental and fetal growth and is likewise involved in 
placental transport [40]. Studies have illustrated that IGF-II 
is expressed by the trophoblast during early implantation, 
and IGF-II receptors’ involvement has been highlighted 

in developing vessels near implantation sites, thus 
suggesting that IGF-II may influence the angiogenesis of 
the decidua [41]. The biological activity of IGF-II is 
regulated by the presence or absence of specific binding 
factors/proteins (IGFBP), with studies having determined 
that the increased presence of the IGFBP-1 factor in the 
uterine lumen causes inhibition of embryonic vasculari-
zation and even inadequate implantation [42]. 

Ang and Tie receptors 

Ang has two tyrosine kinase receptors, which are 
specific for endothelial cells, tunica interna endothelial cell 
kinase-1, -2 (Tie-1 and Tie-2) [43]. The Tie-2 receptor is 
the functional one and it can bind to Ang-1 and Ang-2, 
both being growth factors from the Ang family. The two 
factors act antagonistically by competing for the binding 
of Tie-2. Thus, Ang-1 after binding to Tie-2 induces 
vascular remodeling, maturation, and stabilization by 
stimulating per endothelial cell recruitment, whereas the 
binding of Ang-2 is followed by destabilization of blood 
vessels and initiation of neovascularization processes [44]. 
Alteration of the normal ratio of these proteins, Ang-1/ 
Ang-2, has been found to produce an altered angiogenic 
response [45]. 

Vuorela et al. have shown reduced expression in the 
endometrial vascular endothelium of Tie-1 and Tie-2 
receptors in recurrent abortions when compared with tissue 
samples of a normal pregnancy and of the same age [46]. 
Low expression of Tie-1 in the trophoblast has been noted, 
as well [47]. 

Matsumoto et al. have shown that VEGF together 
with angiopoietins and their Tie-2 receptor are involved 
in modulating angiogenesis during the decidualization 
process, following implantation [48]. 

 Regulation of placental vasculogenesis 
and angiogenesis 

Angiogenesis is an extensive process, mediated by 
complex interactions between inhibitors and activators, 
vital for the growth and development of all tissues, 
including the placenta, during which new capillaries are 
formed from pre-existing blood vessels. 

The placenta is an extremely fast-growing tissue with 
high metabolic needs and serves as an exchange organ 
between maternal and fetal systems. At the level of the 
placenta, a dynamic angiogenic process is initiated from 
the beginning until the end of pregnancy to provide support 
for both its regular growth and functioning [49–51]. 

The angiogenic process consists of three sequential 
stages: (i) degradation of the vascular substrate membrane 
and interstitial matrix by endothelial cells, (ii) migration 
and proliferation of endothelial cells, and (iii) tubulogenesis 
and capillary vessel formation. 

The initial trigger for these stages is the initiation of a 
“switch on” signal in preexisting vessels in response to 
angiogenic factors. Endothelial cells can adhere to and 
assemble into new vascular structures, thus playing an 
important role in regulating vasculogenesis and angio-
genesis. Vasculogenesis and angiogenesis are two essential 
processes required in establishing the circulation between 
the uterus and the placenta. 



Lidia Boldeanu et al. 

 

4 

Studies conducted so far have highlighted the impor-
tance of vasculogenesis and angiogenesis during early 
pregnancy, while data regarding the time of placental 
angiogenesis initiation, changes in vascular development 
and expression of angiogenic factors during this period, 
is scarce [52–54]. 

Grazul-Bilska et al. have shown that the proliferation of 
vascular cells, vascular growth, along with the expression 
of certain angiogenic factors and their receptors, as well as 
of the factors involved in the regulation of angiogenesis, 
all take place starting from early pregnancy. They have 
similarly highlighted the fact that the expression of certain 
angiogenic factors increases from day 16 of gestation, 
with all previously mentioned processes being closely 
correlated [55–57]. 

Under normal physiological conditions, angiogenesis 
occurs mainly in the uterus and ovaries of adult women 
during the cycle of reproduction and pregnancy [58]. 

VEGF 

Increased vascular permeability and angiogenesis are 
crucial for successful implantation, decidualization, and 
placentation. Several studies have primarily tracked the 
changes throughout the uterus, specifically the expression 
of several genetic determinants known to regulate vascular 
permeability and angiogenesis, including VEGF and its 
receptors, without further investigating the angiogenic 
status of the uterus [58–61]. 

VEGF, along with its receptors, is known as an essential 
growth factor, integral to the modulation of vascular 
permeability and angiogenesis. Initial studies indicated the 
involvement of VEGF as a vascular permeability factor, 
only subsequently having its role stated as a potent mitogen 
for endothelial cells and a key regulator of vasculogenesis 
and uterine angiogenesis during implantation [61, 62]. 

The VEGF family consists of several members: 
VEGF-A, PlGF, VEGF-B, VEGF-C, VEGF-D, and their 
specific receptors. VEGF has several isoforms seen in 
both humans and mice: VEGF121 and VEGF165 being 
predominant isoforms in humans, while VEGF120 and 
VEGF164 are isoforms found in mice [60, 63]. VEGF’s 
effects are mediated by two tyrosine kinase receptors, 
VEGFR-1 and VEGFR-2 (KDR/flk, KDR, kinase insert 
domain receptor – human receptor designation and flk, 
fetal liver kinase – the receptor name used in mice) [64]. 

VEGFR-1/FLT-1 is composed of seven extracellular 
immunoglobulin domains, a single transmembrane region, 
and an intracellular tyrosine-kinase sequence [65]. The 
gene encoding FLT-1 is located on chromosome 13q12-
q13 [66]. This receptor has a high affinity for VEGF-A, 
VEGF-B, and PlGF. Studies have shown that it is expressed 
in the trophoblast and its expression is regulated by 
hypoxia [67]. 

Two soluble isoforms of FLT-1 have been revealed: 
(i) sFLT-1, secreted by endothelial cells, monocytes and 
by the placenta [68], is considered to be a potent anti-
angiogenic factor due to its inhibition of VEGF-A and 
PlGF binding [69], but also through the formation of 
heterodimers together with KDR [70]; (ii) sFLT-14, 
secreted by non-epithelial cells, specifically vascular 
smooth muscle cells [71], is also regarded as a potent 
inhibitor of VEGF-A activity. 

VEGFR-2/KDR/flk1 has a structure similar to that of 
VEGFR-1 [66]. The gene encoding KDR is located on 
chromosome 4q11-q12. KDR has an affinity and binds to 
VEGF-A, VEGF-C, and VEGF-D, proteins that are 
implicated in regulating KDR expression. Studies have 
pointed to this receptor as being the main messenger of 
the VEGF signaling pathways in endothelial cells, inducing 
chemotaxis, actin reorganization, and endothelial proli-
feration [72–76]. 

Klagsbrun et al. have in their studies highlighted two 
other multifunctional co-receptors, belonging to the VEGF 
family, NRP-1 and NRP-2 [77]. NRP-1 functions as a 
receptor for various ligands, such as VEGF-A and VEGF-B. 
However, in human endothelial cells, it is expressed as a 
receptor specific for VEGF165 [78]. NRP-1 has a pivotal 
role in stabilizing VEGF/VEGFR complexes, thereby 
stimulating the transmission of VEGF signals. It has been 
observed that the interaction of VEGF-A with NRP-1 is 
essential for VEGF-A to bind to KDR, activate it, and 
regulate it signaling, as well as its biological actions [79–
82]. Moreover, in the case of NRP-2, the interaction of 
VEGF-A or VEGF-C with this receptor is an essential step 
in KDR activation, which promotes endothelial cell 
survival and motility [83]. 

Experimental studies performed on laboratory animals 
have demonstrated that VEGF isoforms, along with their 
receptors FLT-1, KDR, and NRP-1, are differentially 
expressed in utero during implantation. Thus, it has been 
observed that the VEGF164 isoform predominant in mice, 
mainly interacts with flk1 and NRP1 receptors [58, 60]. 

Other studies have highlighted the influence of steroid 
hormones on VEGF expression and its receptors in the 
uterus during pregnancy [62, 84]. Namely, Hyder & Stancel 
have hypothesized that estrogen directly regulates the 
transcriptional expression of VEGF, with the VEGF gene 
containing elements that respond to this hormone. Estrogen 
rapidly stimulates uterine vascular permeability, quite 
noteworthy because vascular permeability is a prerequisite 
for angiogenesis [83]. 

The earliest commencement of vasculogenesis in the 
human placenta is at 21 days after conception, through 
the formation of hemangioblastic cords and is observed 
early in the tertiary chorionic villi area [85]. The initial 
period of vasculogenesis is followed by a branching phase 
(from day 32 to 25 weeks after conception), during which 
hemangioblastic cords develop in a richly branched 
capillary bed [19]. In this specific phase of angiogenesis, 
it has been shown that placental expression of VEGF-A, 
FLT-1, and KDR is exceptional and noteworthy, while 
PlGF expression is moderate [86]. 

Demir et al. have illustrated that, in the process of 
organizing the very first blood vessels, angiogenic factors 
are paramount to the initiation of angiogenesis, which is 
provided by cytotrophoblastic cells. Furthermore, it has 
been observed that an additional source of VEGF-A is the 
stromal cells, including the Hofbauer cells (placental 
macrophages) [21, 29]. 

In another study, about an in vitro experiment on the 
chorioallantoic membrane of chickens, Wilting et al. have 
shown that the binding of VEGF-A to FLT-1 and KDR is 
followed by stimulation of the branching phase of 
angiogenesis [87]. 
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Beginning with gestation week 25, during angiogenesis, 
the transition from the branching phase to the non-
branching phase is taken up, during which the expression 
of VEGF-A and KDR decreases and the expression of 
PlGF, FLT-1 and sFLT-1 increases [46, 88–90]. 

 Conclusions 
The implantation is a process by which embryonic 

blood vessels are brought into functional communication 
with the maternal circulation, leading to the formation of a 
functional placenta and pregnancy, a process that functions 
as a two-way interaction between the blastocyst and the 
maternal endometrium. Understanding the phenomena 
that occur during the pre-implantation period and the 
mechanisms of implantation was an attempt for biologists 
and obstetricians, depending on the correct assessment of 
the causes of infertility and the embryonic quality, the 
main factor in obtaining descendants of good biological 
quality. Also, information can be useful in developing 
some contraceptive methods to limit the growth of the 
global population. 
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