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A review of the literature is devoted to angiogenesis in the female sex gland. Some cellular mechanisms of 
regulation and participation in this process of endothelial progenitor cells are described. We consider molecular 
stimulators (growth factors: vascular endothelial, nervous, transforming, fibroblast) and inhibitors of angiogenesis, 
their participation in the creation of the ovarian reserve, the development of follicles and the yellow body. The 
aberrant activity of most angiogenic factors can be the cause of widespread female diseases: polycystic ovary syn-
drome, endometriosis and neoplasia, hence the study of the role of these substances in neoplasm of ovarian vessels 
is necessary.
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The vascular system provides a full-
fledged operation of any organ, including the 
ovaries, in which even a short-term distur-
bance of the blood supply leads to persistent 
changes in reproductive and endocrine func-
tions [7, 24, 42, 43, 44]. All the main processes 
of the reproductive cycle in women are closely 
related to the formation of new vessels, angio-
genesis, which is tightly regulated, especially 
during pregnancy [3, 6, 41, 42]. Regulation 
of angiogenesis presupposes the presence of 
mechanisms that induce the development and 
integration of vessels that accelerate or inhibit 
their growth [6, 40, 44]. Unlike most other or-
gans, the formation of new blood vessels in 
the female reproductive system is a natural 
physiological process that takes place in the 
sexually mature age. With the development of 
pathology, this process is disrupted, resulting 
in destructive changes in the ovaries [6, 7]. 
Disturbances of angiogenesis are accompa-
nied by a variety of ovarian diseases (benign 
and malignant tumors, polycystic ovaries, en-
dometriosis, follicular cysts) [8, 12, 41, 44]. 
Today it has become clear that the cellular and 
molecular mechanisms regulating the growth, 
development and regression of blood vessels 
are also key factors that ensure reproduction 
processes, which is one of the reasons for in-
terest in this problem.

Regulation of angiogenesis is carried out 
by cellular and molecular mechanisms that 
promote the formation of vascular networks 
of follicles and the yellow body and their re-
modeling in different phases of the cycle. In 
adults under physiological conditions, the pro-
cess of angiogenesis is under strict control of 
the body’s regulatory systems, which provide a 
delicate balance between stimulants and angio-
genesis inhibitors [14].

A special role in the process of angiogene-
sis is played by cellular mechanisms, namely, 
endothelial progenitor cells. Endothelial pro-

genitor cells represent a fraction of cells that, 
like embryonic angioblasts, proliferate and 
migrate in response to angiogenic growth fac-
tors and differentiate into mature endothelial 
cells in situ. They contribute to the formation 
of vessels in the adult body, and an increase 
in their number leads to neovascularization and 
recovery of ischemic tissues [27]. Sources of 
endothelial progenitor cells, along with bone 
marrow, are mesenchymal stromal cells, tissue 
resident cells, as well as spleen mononuclear 
cells, tissue-resident progenitor cells of the in-
testine and liver. Even in adipose tissue, stem 
cells secreting a large spectrum of proangio-
genic factors and differentiating into endothe-
lial cells in vitro, which promote neovasculari-
zation in vivo are found in adipose tissue [16]. 
Thus, endothelial progenitor cells are a hetero-
geneous population.

Equally important role is assigned to mo-
lecular mechanisms, the main role in which is 
performed by various growth factors – stimu-
lants and angiogenesis inhibitors. Stimulants 
of angiogenesis are: peptide growth factors 
(VEGF, FRT, FRF); cyto- and chemokines 
(TNF-a, IL-8); enzymes (angiogenin; platelet 
FR); hormones (estrogens, prostaglandins E, 
follistatin, proliferin); oligosaccharides (hya-
luronan, gangliosides); hematopoietic growth 
factors (erythropoietin, granulocyte and gran-
ulocyte-macrophage colony-stimulating fac-
tors). Inhibitors of angiogenesis should be 
considered: proteolytic peptides (angiotensin, 
endostatin, a fragment of prolactin, laminin, 
fibronectin); inhibitors of enzyme activity 
(MMP-1 inhibitors, -2, -3, -4, -9); cyto- and 
chemokines (TNF-a in high doses, interferons, 
IL-12, platelet factor 4); molecules of the extra-
cellular matrix (thrombospondin); hormones / 
metabolites (2-methoxyestradiol, protein asso-
ciated with proliferin); oligosaccharides (hya-
luronan, high-molecular fractions) [4, 27, 30, 
31]. The most important regulators of angio-
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genesis are members of the family of vascular 
endothelial growth factors: VEGF, FGF, TGF, 
NGF, angiopoietins [35, 44].

The effect of vascular endothelial growth 
factor (VEGF) on angiogenesis in the ova-
ries is a proven fact. Expression of this factor 
was found even in egg cords and developing 
follicles, ovarian stroma in perinatal ontogen-
esis [9, 13, 23]. Immunohistochemically, ex-
pression of proteins and mRNA for various 
VEGF isoforms and in the definitive female 
gonad, namely in ovules, granulosa cells and 
ovarian stroma of girls and women at different 
ontogenesis periods, has been observed [14, 
22]. According to the authors, the presence of 
receptors for VEGF-ɑ, especially granulosis, 
suggests that this factor participates in folli-
culogenesis, arousing primordial follicles and 
continues its action in the preantral [1, 2, 22]. 
Several studies have shown that the vascular 
system has a significant influence on the early 
development of egg balls, primordial follicles 
and some other ovarian formations [22]. The 
main factor of vasculogenesis is endothelial 
growth factor, which plays an important role 
in endothelial cell differentiation and develop-
ment of the vascular bed of the organ. VEGF 
is also part of a system that restores the supply 
of oxygen to tissues when blood circulation is 
inadequate. Treatment with VEGF promotes 
the activation of primordial follicles, providing 
an alternative approach to stimulating the early 
development of follicles [1, 3, 13].

The growth factor of fibroblasts (FGF) is 
a promising angiogenic molecule that modu-
lates the growth of blood vessels during their 
neoplasm. FRF (both acidic and basic) is a po-
tential mitogen. It is believed that FGF stimu-
lates angiogenesis by directly affecting endo-
thelial cells, while the transforming growth 
factor (TGF-β) exerts indirect influence, “in-
ducing” other cellular types to isolate factors 
that stimulate endothelial cells [17]. It is likely 
that FGF can be released from cells as a result 
of their damage [19]. Other members of the 
family FRF, for example, the proto-oncogene 
int-2 (FRF-3), freely secreted in embryogen-
esis, can serve as initiators of angiogenesis in 
the development process [44].

Transforming growth factor-β (TGF-β) – 
is important in many cell types as a regulator 
of cell proliferation, angiogenesis, cellular re-
modeling and other cellular processes. TRF is 
necessary for normal growth of the follicle and 
luteinization of the latter. An increase in the ex-
pression of the transforming growth factor in 
the preovulatory follicle has been demonstrat-
ed, reaching a maximum during ovulation [19, 

39]. TRF-β1 is essential in the stabilization and 
differentiation of pericytes, hence, the integrity 
of the vascular wall is compromised in TRP-
β1-deficient mice [21]. Follicular ovary cells 
expressing TRP-β1 contribute to the prolif-
eration and differentiation of granulosa cells, 
which certainly helps in the growth of the dom-
inant follicle. Most researchers believe that 
the transforming growth factor-β indirectly, 
through the VEGF, and in conjunction with the 
fibroblast growth factor participates in the for-
mation of the vascular ovulatory cascade [19, 
20, 21, 39]. TPPβ (primarily TRPβ-1) is con-
sidered a potent inhibitor of endothelial cell 
proliferation in vitro, but it is also able to in-
duce angiogenesis in vivo [25, 38].

The nerve growth factor (NGF) is one 
of the most important in the physiology of the 
ovaries. Already in newborn rats, FSH receptor 
expression is detected, which is stimulated by 
a nerve growth factor. The lack of action of this 
factor contributes to the delay of folliculogene-
sis at the stage of small antral follicles, delayed 
puberty and disruption of estrual cyclicity. 
Along with previous factors, this is involved 
in the preovulatory pulsation of gonadotropins 
and promotes ovulation [21, 28]. NGF prob-
ably stimulates and angiogenesis, induces the 
expression of angiogenic molecules in many 
tissues, including the ovary, but can be neutral-
ized by the neurotrophin, which reduces neo-
vascularization. According to some authors, 
NGF for several hours before ovulation in-
creases and enhances the cascade of expression 
of other growth factors, increasing the area of ​​
blood vessels and their rupture. This study re-
liably shows that NGF promotes the enhance-
ment of angiogenesis-dependent parameters: 
the expression of proangiogenic molecules and 
the number of ovarian blood vessels [21, 35]. 
It is also reported that NGF is capable of acti-
vating the proliferation of endothelial cells, re-
gardless of the content of the VEGF, is capable 
of increasing the area of ​​the ovarian vessels, 
which is fundamental in the cyclic physiology 
of the female gonad. In addition to NGF, the 
neurotrophic factors bdnf, HT3 and NT4 in the 
neonatal ovary [21] have been described, some 
of which are associated with the development 
of the early follicular stage. NGF and neuro-
trophin receptors have been implicated in such 
processes as steroidogenesis, FSH receptor 
expression and proliferation of somatic cells 
in rodents and human ovaries [28, 35]. These 
results are the first and confirm the angiogenic 
effects of NGF in the ovary of rats, giving a 
new look at its role in the function of mam-
malian ovaries.
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Vascularization of the ovary during the re-
productive period of ontogenesis is regulated 
by factors such as delta-like ligand 4, throm-
bospondin-1, prokineticin-1 and prostaglan-
din E2 [12]. All these factors contribute to the 
survival and functioning of the ovarian reserve 
in different ways and prevent abnormal angio-
genesis [12]. The role of acid cysteine-rich se-
creted proteins in key angiogenesis processes 
in the luteinization phase are elucidated. The 
role of these proteins in the regulation of 
proangiogenic factors and components of the 
extracellular matrix of the follicle during lute-
inization is shown [44].

The role of cytokines, in particular tumor 
necrosis factor, interferon gamma, Fas ligand 
for angiogenic activity and VEGF mRNA lev-
el, as well as its receptors throughout the luteal 
stage has been determined [15]. The depend-
ence of angiogenesis in the development of the 
yellow body, luteolysis from the action of these 
cytokines is shown [15]. Especially important is 
the effect of the action during pregnancy, due 
to the active secretion of progesterone. Vazoin-
hibin-1 was found in the yellow body endothe-
lium, acting as a negative feedback regulator of 
angiogenesis and lymphogenesis in the yellow 
body of ovaries of cows [30]. Evidence of leptin 
involvement in the angiogenic process at an ear-
ly stage of formation of the yellow body is pre-
sented [37]. This involvement is associated with 
growth factors that are expressed in response to 
an increase in leptin content in ovarian tissue, 
namely, fibroblast growth factor, angiopoietin-1 
and vascular endothelial growth factor.

Ovary is an important organ for study-
ing angiogenesis and vascular function. In 
one study, a model for the expression of ele-
ments of the Notch signaling pathway in the 
ovary and the key roles of the regulatory path-
ways of Notch transmission in angiogenesis in 
pathological conditions were determined. This 
pathway is a promising target for the treatment 
of angiogenesis disorders in the treatment of 
ovarian diseases. A series of Notch pathway 
inhibitors has been developed, including mon-
oclonal antibodies aimed at blocking Notch li-
gands / receptors, gamma-secretase inhibitors, 
peptides aimed at blocking the transcriptional 
complex. Thus, components of the Notch sign-
aling pathway are targets for regulating ab-
normal angiogenesis and other pathological 
processes in the ovary. In addition, the role of 
the Notch signaling pathway for anovulation, 
ovarian production of androgens, and polycys-
tic morphology, which are closely related to 
ovarian angiogenesis, have not been fully elu-
cidated [34].

Angiogenesis in ovarian pathology
Defects in the regulation of angiogenesis 

can be associated with a variety of pathologies, 
such as polycystic ovary syndrome (PCOS), en-
dometriosis and most neoplastic processes [18, 
44]. Polycystic ovary syndrome is one of the 
most frequent endocrine pathologies among 
women of reproductive age. Women with poly-
cystic ovary have an increased ovarian blood 
flow, which is probably due to a higher serum 
VEGF level found in these patients [22, 26, 33, 
44]. Ovarian enlargement is observed in rats 
with steroid-induced polycystosis and intrao-
variant neutralization of the nerve growth factor. 
This mechanism cannot be excluded in cases of 
some forms of polycystic ovary, infertility and 
other processes associated with disorders of an-
giogenesis, due to the fact that there is a disrup-
tion of the NGF release and, therefore, aberrant 
products of the VEGF [5, 10]. It has been found 
that an increased level of VEGF in serum and 
follicular fluid contributes to all clinical mani-
festations of this syndrome, such as anovula-
tion, oligomenoreya, giperandrogeniya, obesity 
and insulin resistance [2, 11, 31, 32]. Some au-
thors on the model of dehydroepiandrosterone-
induced PCOS show the effect on the VEGF 
level, leading to a partial restoration of folliculo-
genesis, improvement of ovulation, and the de-
velopment of follicles. Therefore, inhibition of 
angiogenesis in the ovaries can be considered in 
the treatment of such patients with the purpose 
of restoring the function of the ovaries [2, 36].

Another acute problem is endometriosis, 
including endometriosis of the ovaries. Since 
the implantation of endometrial fragments on 
foreign sites requires neovascularization, an-
giogenesis plays a key role in the growth of 
these ectopic implants. In one study, it was de-
termined that the areas of the ovarian endome-
trioma exhibit an aberrant blood vessel forma-
tion indicative of angiogenesis in these ectopic 
tissues [29]. To confirm neovascularization, 
an immunofluorescence study was carried out 
with an antibody against von Willebrand factor 
in the early and late stages of ovarian endome-
triosis. It was found that this factor is specific 
for blood vessels and exhibits increased ex-
pression in the late stages of the disease. Also, 
an important regulator of the angiogenic envi-
ronment, cyclooxygenase-2, was determined at 
different stages of the disease. Expression of 
cyclooxygenase-2 was significantly increased 
and was found to be localized both in the glan-
dular epithelium and in the stromal cells. VEGF 
is an indispensable factor of angiogenesis, as 
it regulates proliferation of endothelial cells, 
germination, assembly, lumen development, 
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permeability and vascular distribution. In this 
experiment, the main factor of angiogenesis 
was significantly increased with the course of 
the disease, which confirmed the involvement 
of angiogenesis in the progression of ovarian 
endometriosis [29].

And finally, ovarian cancer, one of the most 
common, life-threatening, gynecological neo-
plasms, is a heterogeneous, rapidly progressing 
and very dangerous disease. Angiogenesis is a 
sign of ovarian cancer, and it is a key process 
that promotes tumor growth and metastases. 
The increased vascular density in ovarian can-
cer was positively associated with an increase 
in the incidence of metastases, as well as a de-
crease in patient survival [35, 44].
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