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Expression of VEGF isoforms and their
receptors in uterine myomas
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Abstract

Objectives: The aim of the study was to determine the expression of VEGF (vascular endothelial growth factor)
isoforms and their receptors in uterine myomas.

Material and methods: The study included 40 women with myomas of reproductive age and 40 perimenopausal
women (the study group). Myometrial samples (the control group) were taken from 10 women undergoing
hysterectomy for ovarian tumors and 10 older women undergoing hysterectomy for uterine prolapse.

Results: A significantly increased expression of VEGF-A has been found in myomas, both small and large, in the
younger women, which may by a sign of increased angiogenesis and intensive tumor growth. In perimenopausal
women, the increase of VEGF expression was observed only in the endothelium and vascular smooth muscle.
Conclusion: An important conclusion of this study is that angiogenesis is independent of myoma size, which may
suggest intensive tumor growth and the related increased angiogenesis. High expression of VEGF-A and VEGF-R1
receptors in large myomas can probably cause malignant transformation and more extensive growth, regardless
of patient age.
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Streszczenie

Cel pracy: Celem pracy byfo proba okreslenia ekspresji izoform VEGF (ang. vascular endothelial growth factor)

i ich receptoréw w migsniakach macicy.

Materiat i Metody: Badania przeprowadzono na 40 chorych z migesniakami w wieku rozrodczym i 40 chorych
z miesniakami w okresie okotomenopauzalnym. Grupe kontrolng stanowity proby pobrane od 10 kobiet poddanych
histerektomii z powodu guzow jajnika i 10 starszych kobiet poddanych histerektomii po wypadnieciu macicy.

Wyniki: Stwierdzono statystycznie wyzszg ekspresje VEGF-A w komdrkach miesniakow matych i duzych u kobiet
mtodych. Moze to skazywac na zwiekszong angiogeneze, a co za tym idzie wzmozony wzrost guza. U kobiet
w wieku okotomenopauzalnym wzrost ekspresji VEGF stwierdzono jedynie w srodbtonku i miesniowce naczyn.

Whniosek: Waznym podsumowaniem tej pracy, jest stwierdzenie, ze angiogeneza jest niezalezna od wielkosci
miesniaka. Mozna zatem wnioskowac, ze wzmozony wzrost guza zwigzany jest ze zwiekszong angiogeneza.
Wysoka ekspresja VEGF-A i receptora VEGF-R1 w miesniakach duzych, moze by¢ powigzana ze wzrostem
ztosliwosci komaorek i ich intensywnym rozwojem niezaleznie od wieku kobiety.

Stowa kluczowe: VEGF / mig$niak / macica / kobieta

Introduction

Uterine myoma is the most frequent mild tumor of female
reproductive organs, originating from the myometrium. The
notion ‘fibroid’, based on the microscopic image, is the least
precise but most often used in the English language literature,
both scientific and popular. The name ‘leiomyoma’, referring to
the levicellular myoma, most accurately indicates the histological
origin of the tumor [1-3].

Various reports published in the United States point to
myoma as the most frequent indication for hysterectomy, a
condition contributing significantly to the growing costs of
treatment and remarkably deteriorating patient quality of life
[1, 3]. The prevalence of myomas in women >35 years of age is
estimated at 20-50% of the Caucasian female population [1, 4],
and up to 80% of the Afro-American female population [3, 5, 6].

Numerous risk factors promoting the development of uterine
myomas have been recognized, including early menstruation, age,
obesity, oral contraception, and others. However, these cannot be
evaluated individually as in many cases only their co-occurrence
may lead to myometrial pathology.

Formation of new blood vessels is stimulated by the
environmental factors, oncogenes, and cytokines [7, 8].
Angiogenesis is precisely regulated by the system of balanced
pro- and anti-angiogenic factors. Numerous biologically active
substances have been identified to play a role in angiogenesis,
among those the vascular endothelial growth factor (VEGF). The
family of VEGF proteins includes VEGF-A, VEGF-B, VEGF-C,
VEGF-D, VEGF-E, and the placental growth factor (PIGF) [9,
10].

VEGEF receptors are membrane glycoproteins made of three
functional elements: the extracellular domain, the transmembrane,
and the intracellular one, showing tyrosine kinase activity [11-13].
The family of VEGF membrane receptors includes VEGF-R1,
VEGF-R2, VEGF-R3, and sVEGF-R1 [10, 12].

The family of VEGF proteins stimulates proliferation and
migration of the endothelial cells and their organization into
the tubular structures, as well as determines the permeability of
vessels. Among others, this family includes VEGF-A, VEGF-B,
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VEGF-C and VEGF-D. The expression of VEGF isoforms has
been confirmed in many cells, tissues, and organs.

The aim of the study was to establish whether there are any
differences in the quantity and distribution of VEGF isoforms in
myomas of different size, taken from females of various ages,
as compared to normal tissue. Another objective of our study
was to show whether there exist any differences in the quantity
and location of VEGF isoforms, as well as their receptors in the
obtained samples.

The role of VEGF and its receptors in cancer has been already
established. However, their role in uterine myomas remains to be
fully elucidated [14—16]. To the best of our knowledge, our study
has been one of the first and very few papers which deal with
angiogenesis in uterine myomas in women of different ages.

Material and Methods

Patients

The study group included 40 women with myomas of
reproductive age (<45 years, FSH<30 mIU/ml; samples collected
during the follicular phase of the menstrual cycle) and 40
perimenopausal patients with myomas (45-55 years, FSH>30
mlU/ml). 20 women undergoing hysterectomy (10 for ovarian
tumors and 10 older women for uterine prolapse) constituted the
control group.

The inclusion criteria were as follows: myoma detected on
USG, eligibility for hysterectomy, and informed consent.

The exclusion criteria were as follows: therapy with
any drugs, including hormonal drugs, for at least 3 months
before enrollment to the study, neoplastic disease, endometrial
hypertrophy, metabolic and systemic disturbances, nicotinism. In
our study, we used only material from uteruses with one large
myoma or one large and a few small myomas.

The study population was further subdivided.

Group 1 was denoted as the ‘control group of reproductive
age women’: myometrium of young women undergoing
hysterectomy for reasons other than uterine leiomyomas (n=10).

Group 2 was denoted as ‘small myomas of reproductive age
women’: leiomyomas of <3cm in diameter (n=20).
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Group 3 was denoted as ‘large myomas of reproductive age
women’: leiomyomas of >5cm in diameter (n=20).

Group 4 was denoted as the ‘control group of perimenopausal
women’: myometrium of perimenopausal women undergoing
hysterectomy for reasons other than uterine leiomyomas (n=10).

Group 5 was denoted as ‘small myomas of perimenopausal
women’: leiomyomas of <3cm in diameter (n=20).

Group 6 was denoted as ‘large myomas of perimenopausal
women’: leiomyomas of >5 cm in diameter (n=20).

Histology
Tissue samples were fixed in buffered formalin, dehydrated,
cleared, and embedded in paraffin.

Immunohistochemical studies

Paraffin sections (5 pum) were dewaxed and rehydrated.
The sections were treated with 10 mM citrate buffer, pH 6 (30
min. at 95°C), or Tris-EDTA pH 9 (45 min. at 95°C) in water
bath for antigen retrieval, then treated with 1.5% (v/v) H,O, in
methanol for 20 min. for quenching of endogenous peroxidase
activity. Nonspecific binding was reduced by incubation in 1%
BSA for 60 min. Next, the slides were incubated with rabbit anti-
VEGF-A (Santa Cruz Biotech. Inc., USA), goat anti-VEGF-C
(Abcam, Cambridge, USA), rabbit anti-VEGF-D (Abcam,
Cambridge, USA), rabbit anti-VEGF-R1 (Santa Cruz Biotech.
Inc., USA), rabbit anti-VEGF-R2 (Abcam, Cambridge, USA),
rabbit anti-VEGF-R3 (Abcam, Cambridge, USA) polyclonal
antibodies or mouse anti-VEGF-B (Santa Cruz Biotech. Inc.,
USA) monoclonal antibodies for 22h at 4°C. After washing,
the sections were incubated with biotinylated goat anti-rabbit,
horse anti-mouse, and rabbit anti-goat immunoglobulins (Vector
Laboratories Inc., Burlingame, USA), respectively and next with
avidin-biotinylated peroxidase complex (Vector).

The bound antibodies were visualized with DAB and H,O,
according to supplier’s instructions (Vector). Finally, the tissues
were stained with Gill’s hematoxylin, dehydrated, and cover-
slipped. Negative controls were performed by substituting the
primary antibodies with rabbit IgG, mouse IgG and goat IgG,
respectively.

Optical density analysis

In each positively stained cell, the intensity of staining was
measured as the optical density of the reaction product, with
the image analyze program NIS-AR. For each analyzed area,
average optical density was calculated. Three sections for every
studied protein and every patient were analyzed. Ten fields were
examined in each section. Finally, the arithmetic mean and
standard deviation were calculated.

Statistical analysis

Normal distribution of the data was confirmed by the
Shapiro-Wilk test. Measured values were analyzed with the
one-way ANOVA. Turkey test was used for post-hoc analysis.
The differences were considered as statistically significant
at the significance level of p<0.05. Results are presented as
meandstandard deviation. The statistical analysis was performed
with Statistica 10 (StatSoft, USA).
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Results

VEGF-A

Membrane and cytoplasmic reactions have been observed
in the endothelial cells, the blood vessel muscular coat, and the
myoma cells. Moreover, among the controls, the staining reaction
has been observed in gland cells and myometrial myocytes.

In the control group comprising reproductive age women,
70% of the cells were stained, while in perimenopausal
controls only 50% of the cells were stained. In case of both
myoma groups, in younger women the immunohistochemical
reaction was observed in 100% of the cells, whereas among the
perimenopausal women the percentage of the stained cells was
80% for small and large myomas. It was only the control group
of perimenopausal women which showed the vascular muscular
coat reaction higher than that in the myometrium. In the remaining
cases, the immunohistochemical reaction was comparable to that
of vascular myocytes.

In both, reproductive age and perimenopausal women, the
expression of the VEGF-A factor was statistically significantly
higher than in controls, regardless of myoma size. In the group
of small myomas in reproductive age females, the level of the
expression of the VEGF-A isoform was 135% of the control
values, while the level observed in the older females was 120%
of the control values. The highest growth in the expression of this
factor was observed in large myomas in females from both age
groups. In younger women, the level reached 140% of the control
values and in the perimenopausal group — 125% of the control
values. None of the age groups showed any differences between
large and small myomas (Figure 1, Figure 2).

VEGF-A expression in perimenopausal controls was the
same as in reproductive age controls. The same evaluation of
the study groups showed the expression of this isoform in small
myomas, lower in the older women, scoring 85% of the values
for reproductive age women. In the group with large myomas, the
level of VEGF-A expression in perimenopausal women reached
90% of the values recorded in younger women.

VEGF-B

The immunohistochemical reaction was observed only in
the endothelial membrane of blood vessels. The reproductive
age women showed statistically significant growth of VEGF-B
expression in the group of small myomas, reaching about 140%
of the control level. The expression of VEGF-B in large myomas
was comparable to controls, while the group of small myomas
showed statistically significant decrease, down to the level of 75%
of the control values. In perimenopausal females, a decreased
expression of VEGF-B was observed, evident particularly in
the group of large myomas, which showed two-fold reduction,
as compared to controls. The results were statistically significant
when compared to both, controls and the group of small myomas,
in both cases reaching practically a two-fold decrease in the
expression of the discussed isoform (Figure 3, Figure 4).

The expression of VEGF-B in perimenopausal controls was
clearly higher than in the reproductive age controls, reaching 160%
of the values revealed in younger women. Similar evaluation of
the study groups showed the same expression of this isoform in
small myomas in both age groups. In the group of large myomas,
the level of VEGF-B expression in perimenopausal women
reached about 75% of the values revealed in younger females.
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Figure 1. Immunohistochemical staining of uterine samples from reproductive (A)-(C) and perimenopausal age women (D)—(F) with rabbit anti-VEGF-A polyclonal antibodies.
(A), (D) myometrium of control groups; (B), (E) small myomas; (C), (F) large myomas. Magnification 200x.

VEGF-C

The membrane and cytoplasmic reactions have been
observed in the endothelial cells, the blood vessel muscular coat,
and the myoma cells. Moreover, the staining reaction has been
observed in gland cells and myometrial myocytes.

In reproductive age women, the immunohistochemical
reaction was shown by 50% of myocytes in the control group and
proved to be much stronger than in the myometrium. All cells of
small myomas showed the staining reaction and it was stronger
in comparison to vascular myocytes. In large myomas, 70% of
the cells were stained at the level comparable to the vascular
myocytes. In perimenopausal women, the staining reaction was
observed in 70% of the myometric cells in the control group
and it was weaker in comparison to vascular muscular coat.
The immunohistochemical reaction, comparable to vascular
myocytes, was observed in all cells of small myomas and in 80%
of the cells of large myomas.

The expression of VEGF-C in small myomas was higher
than in controls, in both age groups. In reproductive age women,
the expression of this isoform was twice as high as in controls,
reaching 140% growth in older women. In large myomas in
the reproductive age females, VEGF-C expression showed
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Figure 2. Optical density of the reaction product for VEGF-A, depending on myoma
size and patient age.

The letters indicate statistically significant changes at p<0.05 between:

b - the control group and any type of myomas for reproductive age women,

d - the control group and any type of myomas for perimenopausal women.

169



PRACE ORYGINALNE
ginekologia

DOI: 10.17772/gp/60979

Ginekol Pol. 2016, 87, 166-177

Danuta Plewka et al. Expression of VEGF isoforms and their receptors in uterine myomas.

Figure 3. Immunohistochemical staining of uterine samples from reproductive (A)~(C) and perimenopausal age women (D)—(F) with mouse anti-VEGF-B monoclonal
antibodies. (A), (D) myometrium of control groups; (B), (E) small myomas; (C), (F) large myomas. Magnification 200x.

statistically significant growth, reaching 170% of the control
level, while in small myomas it was significantly lower, reaching
85% of the level recorded for that group. In perimenopausal
women, VEGF-C expression in the group with large myomas
was comparable to controls. However, the value was significantly
lower as compared to small myomas, sharing <70% of the
expression level observed in that group (Figure 5, Figure 6).

VEGF-C expression in perimenopausal controls was higher
than in reproductive age controls, reaching 145% of the values
revealed in younger women. Similar evaluation of the study
groups showed that the expression of this isoform observed in
small myomas was the same in both age groups. In the group
with large myomas, VEGF-C expression in perimenopausal
women was lower and reached about 80% of the values revealed
in younger women.

VEGF-D

Similarly to VEGF-C, also in this case the membrane and
cytoplasmic reactions have been observed in the endothelial cells,
the blood vessel muscular coat, and the myoma cells, as well as in
gland cells and myometrial myocytes.
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Figure 4. Optical density of the reaction product for VEGF-A, depending on myoma
size and patient age.

The letters indicate statistically significant changes at p<0.05 between:

a - control groups,

b - the control group and any type of myomas for reproductive age women,

¢ - small and large myomas in reproductive age women,

d - the control group and any type of myomas in perimenopausal women,

e - small and large myomas in perimenopausal women,

g - large myomas in both age groups.
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Figure 5. Immunohistochemical staining of uterine samples from reproductive (A)-(C) and perimenopausal age women (D)—(F) with goat anti-VEGF-C polyclonal antibodies.
(A), (D) myometrium of control groups; (B), (E) small myomas; (C), (F) large myomas. Magnification 200x.

The immunohistochemical reaction in the control groups was
observed in 50% of the myocytes of the reproductive age women
and in 70% of perimenopausal women. In case of large and small
myomas in both age groups, the staining reaction was observed in
100% of the cells. The reaction intensity in the myometrium was
comparable to myoma cells or myocytes in controls.

Evaluation of changes in VEGF-D showed a statistically
significant growth of the expression of this factor only in the
reproductive age women group. It was the case in both, small and
large myomas, while a slightly higher reaction was observed in
small myomas (155% of the control values). The level of VEGF-D
expression in small and large myomas in perimenopausal females
maintained a constant level and showed no statistically significant
differences as compared to controls. Similarly, no differences
were observed between the groups with different myoma sizes,
both in reproductive age and older women (Figure 7, Figure 8).

VEGF-D expression in perimenopausal controls was clearly
higher than that observed in reproductive age controls, reaching
170% of the values revealed in younger women. The same
evaluation of the study groups showed a similar expression of
this isoform observed in small myomas in both age groups.
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Figure 6. Optical density of the reaction product for VEGF-C, depending on myoma
size and patient age.

The letters indicate statistically significant changes at p<0.05 between:

a - control groups,

b - the control group and any type of myomas for reproductive age women,

¢ - small and large myomas in reproductive age women,

d - the control group and any type of myomas in perimenopausal women,

e - small and large myomas in perimenopausal women,

g - large myomas in both age groups.
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Figure 7. Immunohistochemical staining of uterine samples from reproductive (A)~(C) and perimenopausal age women (D)—(F) with rabbit anti-VEGF-D polyclonal antibodies.
(A), (D) myometrium of control groups; (B), (E) small myomas; (C), (F) large myomas. Magnification 200x.

In the group with large myomas, the level of VEGF-D
expression in perimenopausal women was higher and reached
about 120% of the values revealed in younger females.

VEGF-R1

The membrane and cytoplasmic reactions have been
observed in the endothelial cells, the blood vessel muscular coat,
and the myoma cells. Moreover, the staining reaction has been
observed in gland cells and myometrial myocytes.

In the control group of reproductive age women, 70%
of the cells were stained, with only 50% in perimenopausal
females. In both myoma groups in younger women, the
immunohistochemical reaction was observed in 100% of the
cells. In perimenopausal females, the percentage of the stained
cells was 80% for both, small and large myomas. It was only the
perimenopausal control group which showed a vascular muscular
coat reaction stronger than in the myometrium. In the remaining
cases, the immunohistochemical reaction was comparable to the
vascular myocytes.

The expression level of the R1 receptor was the highest in
large myomas of women in both age groups. In reproductive age
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Figure 8. OOptical density of the reaction product for VEGF-D, depending on
myoma size and patient age.

TThe letters indicate statistically significant changes at p <0.05 between:

a - control groups,

b - the control group and any type of myomas for reproductive age women,

g - large myomas in both age groups.
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Figure 9. Immunohistochemical staining of uterine samples from reproductive (A)~(C) and perimenopausal age women (D)—(F) with rabbit anti-VEGF-R1 polyclonal antibodies.
(A), (D) myometrium of control groups; (B), (E) small myomas; (C), (F) large myomas. Magnification 200x.

females, the growth was statistically significant as compared
to controls, in small (approx. 120%) and large (approx. 150%)
myomas. A comparison of the expression in the test groups
revealed the values in the group with large myomas to be higher
than in the small myomas, reaching 125% of the level recorded for
that group. The expression of the R1 receptor in small myomas of
the perimenopausal women was comparable to controls, while a
slight increase was observed in the group with large myomas. The
result was statistically significant as compared to small myomas
(Figure 9, Figure 10).

The expression of the receptor in perimenopausal controls
was higher than in the reproductive age controls, reaching 125%
of the values revealed in younger women. Similar evaluation
of the study groups showed that the expression of this receptor,
observed in small myomas, was the same in both age groups.
In the group with large myomas, VEGF-R1 expression in
perimenopausal women was similar (in both age groups), to the
values revealed in the small myoma group.
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Figure 10. Optical density of the reaction product for VEGF-R1, depending on
myoma size and patient age.

The letters indicate statistically significant changes at p<0.05 between:

a - control groups,

b - the control group and any type of myomas for reproductive age women,

¢ - small and large myomas in reproductive age women,

e - small and large myomas in perimenopausal women.

173




PRACE ORYGINALNE
ginekologia

DOI: 10.17772/gp/60979

Ginekol Pol. 2016, 87, 166-177

Danuta Plewka et al. Expression of VEGF isoforms and their receptors in uterine myomas.

Figure 11. Immunohistochemical staining of uterine samples from reproductive (A)-(C) and perimenopausal age women (D)—(F) with rabbit anti-VEGF-R2 polyclonal
antibodies. (A), (D) myometrium of control groups; (B), (E) small myomas; (C), (F) large myomas. Magnification 200x.

VEGF-R2

The membrane and cytoplasmic reactions have been
observed in the endothelial cells, the blood vessel muscular
coat, and the myoma cells. Moreover, in the control groups, the
staining reaction has been observed in gland cells and myometrial
myocytes.

The immunohistochemical reaction, at a constant level of
30% of the cells, was observed in reproductive age women in both
myoma groups and the control myometrium. The same results
were observed in perimenopausal controls. In both control groups,
the vascular myocyte reaction was stronger than in the muscular
coat. In both, small and large myoma groups of perimenopausal
women, the staining reaction was observed in 20% of the cells. In
small myomas the reaction was stronger, while in large myomas
it proved to be comparable to the reaction in vascular myocytes.

The expression level of the R2 receptor in the reproductive age
women in both study groups showed no differences, as compared
to controls. The perimenopausal group showed a statistically
significant decrease in the expression of the R2 receptor in both,
large and small myomas, reaching in both cases about 75% of the
level observed in controls (Figure 11, Figure 12).
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Figure 12. Optical density of the reaction product for VEGF-R2, depending on
myoma size and patient age.

The letters indicate statistically significant changes at p<0.05 between:

d - the control group and any type of myomas in perimenopausal age women,

f - small myomas in both age groups,

g - large myomas in both age groups.
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Figure 13. Immunohistochemical staining of uterine samples from reproductive (A)-(C) and perimenopausal age women (D)(F) with rabbit anti-VEGF-R3 polyclonal
antibodies. (A), (D) myometrium of control groups; (B), (E) small myomas; (C), (F) large myomas. Magnification 200x.

The expression of the R2 receptor in perimenopausal
controls was the same as in the reproductive age controls. Similar
evaluation of the study groups showed that the expression of this
receptor, observed in small and large myomas, was the same in
both age groups (lower in perimenopausal women). In both cases,
the decrease reached about 75% of the values revealed in younger
women.

VEGF-R3

The membrane and cytoplasmic reactions have been
observed in the endothelial cells, the blood vessel muscular
coat, and the myoma cells. Moreover, in the control groups, the
staining reaction has been observed in gland cells and myometrial
myocytes.

In the reproductive controls, the staining reaction was
observed in 70% of the myocytes. The immunohistochemical
reaction in perimenopausal controls was observed in 80% of the
myocytes and was comparable to the blood vessel cells. In the
first case, the vascular myocyte reaction was stronger than in the
myometrium.
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Figure 14. Optical density of the reaction product for VEGF-R3, depending on
myoma size and patient age.

The letters indicate statistically significant changes at p<0.05 between:

a - control groups,

b - the control group and any type of myomas for reproductive age women,

f - small myomas in both age groups,

g - large myomas in both age groups.
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In small and large myomas of the reproductive age women,
100% of the cells were stained at the level comparable to that
observed in the vascular myocytes. In both myoma groups of
perimenopausal women, the reaction was also comparable to
vascular myocytes, however it was observed only in 80% of the
small myoma cells and only in 60% of the large myoma cells
(Figure 13, Figure 14).

The growth in the expression of the R3 receptor was
statistically significant in both study groups and reached about
175% of the control level in each of the cases. In perimenopausal
women, the statistically significant growth of the expression was
observed only in the group with large myomas. The expression of
the R3 receptor in the group with small myomas, within the same
age range, was comparable to the control values. No differences
in the expression between the study groups were shown.

The expression of the R3 receptor in perimenopausal controls
was higher than in the reproductive age controls, reaching about
140% of the values revealed for younger females. Similar
evaluation of the study groups showed that the expression of this
receptor, observed in small and large myomas, was the same in
both age groups (lower in perimenopausal women). In both cases,
the decrease reached about 80% of the values revealed in younger
women.

Discussion

Our study showed a distinct growth of the VEGF-A
expression in both, small and large myomas, which is consistent
with the results obtained by Hague et al. [17]. It could indicate
a high rate of tumor growth as manifested by intensified
angiogenesis. Noteworthy, the expression of angiogenesis was
independent of myoma size. Vascular density and the endothelial
proliferation index remained unchanged throughout the menstrual
cycle in the myometrium, the endometrium, and the leiomyoma.
This was consistent with some earlier studies on the myometrium
and the endometrium [18, 19]. Vascular density correlated with
the proliferation index in the endometrium, the myometrium and
the leiomyoma. Different results, which may have been the effect
of a different methodology applied, were reported by Harison-
Wolrych et al. [20]. The use of frozen tissue samples could have
resulted in the measurement error. Nevertheless these authors
did not exclude the role of VEGF-A in the angiogenesis within
myomas.

Leiomyomas are thought to show poor vascularization.
However, we proved indirectly that vascular density of leiomyomas
is comparable to that observed in normal myometrium. We also
demonstrated that vascular density of the myometrium in higher
in a uterus with leiomyoma, as compared to controls. This could
be due to excessive release of angiogenic stimuli by leiomyomas,
stimulating angiogenesis in the surrounding myometrium. It is
also likely that females showing extremely high vascular density
of the myometrium or an elevated expression of VEGF-A or
aFGF and bFGF may be predisposed to develop leiomyoma. This
appears interesting when viewed in the light of a known family
predispositions to leiomyoma [21, 22].

VEGF-B deficiency has no effect on angiogenesis in most
organs [23], as much as VEGF-B deficiency does not influence
the pathological angiogenesis in most of the evaluated organs,
such as injured skin, hypoxic lungs, or ischemic retina.
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Some results support the concept of VEGF-B function
restricted to the ‘survival’ factor rather than the angiogenic one.
This explains, and to a certain extent combines, the conflicting
opinions about the ‘angiogenic’ character of VEGF-B. This
means that acting as a survival factor, VEGF-B has also some
minor role in inducing blood vessel growth [24, 25].

High level of VEGF expression observed in leiomyomas
appears to be a possible target of therapeutic intervention, making
use of antibodies specific for VEGF to treat myomas. Specific,
monoclonal antibodies, capable of inhibiting VEGF, have become
available [26,27]. In fact, it was shown that removal of VEGF
signaling results in apoptosis of the vascular cells and subsidence
of the neoplastic lesions. Surprisingly, the use of blocking, anti-
VEGF antibodies revealed little side effects [28, 29].

In light of the above considerations, one must not forget
about the receptors, the ligand for which is the vascular factor
VEGF. One of those is VEGFR-1. The role of this receptor
remains debatable. It is present in membranes of endothelial
cells, monocytes, macrophages or neoplastic cells of solid tumors
[30]. Extremely interesting observations were made during the
experimental studies on tumor biology. For example, it was
shown that stimulation of proliferation, migration and increase
of the invasive potential of the tumor cells result from activation
of VEGF-RI1. Our studies pointed to the increased level of
this receptor, particularly in large myomas, which may be an
indication of enhanced proliferation and higher rate of the mass
increase, as compared to small myomas.

Our study found no changes in the expression of the R2
receptor in any of the evaluated groups. It should be remembered
that VEGF-R2 is the main receptor through which VEGF-A
imposes its effect, i.e. the mitogenic effect, the angiogenic one
and promoting permeability of blood vessels. VEGF-R1, on the
other hand, shows both, the inhibitory and the stimulating effect
toward angiogenesis. It appears, therefore that a possible increase
in the myoma’s mass is not associated with better vascularization.
It is likely that upon the observed, higher level of VEGF-A, the
blood vessels in the myoma show distinct growth of permeability,
which may improve nutrition of the myoma, due to enhanced
diffusion.

Based on our findings as well as the available literature,
it seems safe to assume that VEGF-R1 and VEGF-R2 play
different roles in the process of physiological and pathological
angiogenesis. During early embryogenesis, the receptors perform
in the opposite directions in order to achieve balance required
for the proper level of angiogenesis. During the adult stage,
VEGF-R2 seems to be restricted to the endothelial vascular
cells, while VEGF-R1 has a role in both, the vascular cells of
the endothelium and the macrophages. VEGF-R1 stimulates
the inflammatory process, tumor growth and metastasis, at least
partly, in the macrophage-dependent manner. Therefore, the
inhibitors which block specifically VEGF-R1 or VEGF-R2 may
prove helpful in controlling VEGF-VEGF-R signaling to treat the
diseases with maximum effectiveness and minimal side effects.
Nevertheless, the relation between the VEGF-R pathway and
other signaling pathways should be extensively investigated to
ensure full understanding of the molecular base controlling blood
circulation in a human body.
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