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ABSTRACT: Vascular endothelial growth factor (VEGF) is the most important stimulator of endometrial tumor
angiogenesis, a mechanism that may be a therapeutic target in the context of an incidence and persistent mortality of
endometrial endometrial carcinomas (EEC). In this study, VEGF immunoexpression was analyzed for 50 cases of
EEC in relation to the histopathological parameters of tumor aggressiveness. High VEGF scores have been
associated with the high grade and advanced stage of EEC, but unrelated to the depth of myometrial invasion, the
pattern of tumor invasion, or vascular invasion. VEGF may be useful for assessing EEC aggression, but also for
tumor angiogenic potential, which recommends it as a possible mark for specific antitumor therapy.
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Introduction

Endometrial carcinomas are common in peri-
and postmenopausal age, are associated with
numerous hormonal, metabolic and genetic risk
factors, over 60% of cases being diagnosed after
60 years [1-3].

They represent 80-90% of uterine
malignancies, of which around 60-75% are
endometrial endometrioid carcinomas (EEC)
[1,3,4].

The dualistic classification of endometrial
carcinomas indicates EEC as estrogen-
dependent tumors, with a better prognosis and
mutations in specific genes and microsatellite
instability [1,4,5].

Although the rate of EEC diagnosis has
increased due to screening programs and
accessibility to health care services, and surgical
techniques and oncological protocols have
evolved, the number of newly diagnosed cases
and the mortality rate from these tumors remain
constant.

In this context there is a permanent concern
for the deep study of the biomolecular
mechanisms involved in the progression and
development of endometrial carcinomas [2,6].

One of these mechanisms is represented by
tumor angiogenesis, which consists in the
formation of new blood vessels from pre-
existing ones and which ensures the survival and
development of 1-2mm tumors [7].

The tumor angiogenic switch is essential for
tumor survival, progression and metastasis,

being acquired when the amount of
antiangiogenic  factors is exceeded by
proangiogenic factors [8-10].

Among the proangiogenic factors, the most
studied is the vascular endothelial growth factor
(VEGF), specific for vascular endothelium,
which binds to heparin and ensures local and
distant growth and infiltration of tumor cells, by
stimulating vascular endothelial cell
proliferation and increasing vessel permeability
[11].

The results obtained so far about the VEGF
expression in relation to EEC histopathological
parameters are heterogeneous and controversial,
aspects that may be due to diagnostic criteria,
working protocols or inclusion criteria in the
study [1,7].

In this study, we analyzed VEGF expression
in relation to EEC histological parameters of
aggressiveness.

Material and Methods

In the study were included 50 cases of
endometrioid endometrial carcinomas (EEC),
which were investigated and surgical operated in
Gynecology or General Surgery Departments of
the Emergency County Hospital Craiova during
four years (2017-2020).

The diagnosis was emitted in Pathology
Department of the same hospital, in accordance
with the latest criteria for the classification of
malignant tumors of the uterine body
recommended by the working group within the
World Health Organization [3].

10.12865/CHSJ.48.02.03 This is an open-access article distributed under the terms of a Creative Commons Attribution- 155
NonCommercial-ShareAlike 4.0 International Public License, which permits unrestricted use,
adaptation, distribution and reproduction in any medium, non-commercially, provided the new
creations are licensed under identical terms as the original work and the original work is properly cited.



lleana Drocas et al. - VEGF Immunoexpression in Endometrioid Endometrial Carcinomas

Surgical specimens were represented by total
histerectomy samples, which were fixed in 10%
formaldehyde and processed by the classical
method of paraffin embedding and HE
(Hematoxylin-Eosin) staining.

The study included only primitive EECs with
no history of oncological/hormonal treatments,
or the presence of malignant processes with
other locations.

Subsequently, 4um thick sections for
immunohistochemical investigation (IHC) were
obtained from the paraffin blocks, which were
deparaffined with xylene and hydrated in
alcohol solutions of decreasing concentrations;
the sections were incubated 20 minutes at
microwave in Tris-EDTA buffer solution pH 9
for the antigen retrieval.

Endogenous peroxidase blockage was done
with 3% H202 (hydrogen peroxide) in PBS
(phosphate-buffered saline), and for the non-
specific sites we used 1% BSA (bovine serum
albumin).

The incubation with primary antibody,
represented by mouse monoclonal antihuman
VEGF, clone VG1 (code M7273, Dako) in
dilution of 1/40, was done overnight at 4°C.

EnVision™ FLEX System (code K8002,
Dako) was used for IHC reactions, and the
signal detection was done by using DAB (3,3’-
diaminobenzidine tetrahydrochloride).

IHC reactions were validated by external
negative control, respectively the omission of
primary antibody and by positive external
control (kidney).

IHC reactions were assessed using a
semiquantitative system and a final staining
score (FSS), which was the result of multiplying
of the score for positive labelled cells and the
score for reactions intensity.

Depending on the average percent of positive
cells counted in ten 40x microscopic fields for
each case, the score was 1 (<25%), 2 (25-49%),
3 (50-74%) and 4 (>75%).

Related with the intensity the score was
1 (mild reaction), 2 (moderate reaction) or
3 (strong reaction).

The FSS values were considered to be high
for values of 8-12, and low for 1-4.

The absence of reaction lead to a negative
FSS.

The statistical analysis was done by using
comparison tests, respectively chi square (y2), a
function of the SPSS 10 (Statistical Package for
the Social Sciences) software, the p<0.05 values
being considered significant.

For publication of these data, the patients’
informed consents were obtained, and the study
was approved by the Local Ethics Committee.

Results

In this study the age range for the diagnosis
of EEC was between 40-72 years, with an
average of 62.3+£6.9 years.

Most of the tumors analyzed were well
differentiated (G1) (52%), in stage 1A (48%) and
without vascular invasion (78%).

Histopathological analysis indicated the
presence of histological differentiations in 40%
of cases, the most common being squamous
(20%) and secretory (8%), as well as a series of
particular invasion patterns, especially irregular
(64%) or pushing types (16%).

VEGF immunoexpression was identified in
44 cases (88%), the negative cases belonging to
well/moderate differentiated EEC (G1/G2) with
myometrial invasion (I1A/1B).

Immunoreactions were present in the
cytoplasm of tumor cells, as well as in vascular
endothelium and stromal elements represented
by macrophages, lymphocytes, fibroblasts.

For the whole analyzed group, the average
number of positive tumor cells was 33+20.4,
with variable reaction intensity and an average
FSS value of 3.1.

In relation to the degree of differentiation we
found differences of VEGF expression, the
lowest values being identified in the case of
EEC G1, with an average number of positive
cells of 23+16.3, mild/moderate reaction
intensity and average FSS value of 1.6 (Table 1)
(Figure 1A).
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Figure 1. Endometrioid endometrial carcinoma (EEC), VEGF immunostaining.
A. Well differentiated EEC, x200. B. Moderate differentiated EEC, x200.
C. Poorly differentiated EEC, x200. D. Well differentiated EEC, irregular invasive pattern, x100.
Comparatively, in the case of EEC G2, the In the case of poorly differentiated EEC
number of labeled cells was 37.1+19, the (G3), the mean number of labeled cells was
intensity of mild/moderate reactions, with an 56.8+11.6, the intensity of moderate/ strong
FSS value of 3.6 (Figure 1B). reactions and the FFS mean value of 6.7 (Table

1) (Figure 1C).

Table 1. Cases distribution depending on the EECs histopathological parameters and VEGF FSS values.

HP parameter/No. cases (a\\//eErf(fgz S;ie) p value (y test)
Tumor grade Well differentiated (G1)/26 1.6 p=0.007
Moderate differentiated (G2)/16 3.6
Poorly differentiated (G3)/8 6.7
Tumor stage 1A/24 2.1 p=0.012
IB/19 3
114 7
I1A/C1/3 6.3
Vascular invasion Absent/39 2.8 p=0.393
Present/11 3.8
Regarding the tumor stage, the highest values and 558.5, with an intensity of predominantly
of VEGF reactions were identified in the case of moderate reactions with mean FSS values of
EEC in stages Il and 111/C1, in which the 7 and respectively 6.3.

average number of labeled cells was 60+14.7
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In comparison, in the case of EEC in stages
IA and IB, the average number of labeled
positive cells was 26+20.4 and 32.6+15.8, the
intensity of the reactions being variable, and
VEGF FSS having average values of 2.1 and 3
(Table 1).

In relation to vascular invasion, the values of
VEGF reactions were higher in the case of EEC
that presented this histological parameter, the
tumors having an average number of labeled
positive cells of 39+20.3, with a predominantly
moderate intensity of reactions and an average
FSS value of 3.8.

At the same time, tumors without vascular
invasion had a mean number of labeled cells of

@ VEGF FSS

B Negative
EHigh
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No.cases
T

Il B

G2 G3 G1

B
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o

31.2+20.4, a variable intensity of reactions and a
mean FSS value of 2.8 (Table 1).

Regarding invasion patterns, VEGF FSS high
scores were present in the case of irregular,
pushing or myoinvasive pattern, but the
reactions were determined by  tumor
differentiation, rather than by depth of
myometrial invasion or the presence of vascular
invasion (Figure 1D).

Statistical analysis indicated significant
differences in VEGF FSS related to tumor grade
(p=0.007, %2 test) and tumor stage (p=0.012, x2
test), with high scores being associated with
G2/G3 carcinomas in advanced stages Il/I11
(Figure 2A-B).

) = | vEGFFss
1 B Negative
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CLow

FiE S

IA 1B ] nac1

Figure 2. Distribution of cases depending on VEGF FSS scores and tumor grade (A) and tumor stage (B).

There were no differences in VEGF
expression in relation to the depth of myometrial
invasion, respectively between stages IA and 1B
(p=0.135, %2 test).

The differences were non-significant in
relation to the vascular invasion (p=0.393, y2
test), the tumor differentiations (p=0.869, x2
test) or the patterns of tumor invasion (p=0.575,
¥2 test).

Discussions

Endometrial angiogenesis can be observed
both in the physiological conditions of the
menstrual cycle and in the development of EEC,
being a process that is under the influence of
steroid hormones [1].

Thus, because endothelial cells express
ERa/P (estrogen receptor), estrogen stimulates
or inhibits endothelial proliferation and can
initiate/stop the production of new vessels
directly, depending on the type of receptor to
which it binds [12].

Intussusception, vascular elongation,
sprouting and cooptation of progenitor
endothelial cells are mechanisms by which

angiogenesis is generally made, including in the
endometrium [1,8,9].

These mechanisms are under the influence of
many stimulants, including VEGF, PDGF
(placental growth factor), FGF (fibroblast
growth factor), TGF (transforming growth
factor), EGF (endothelial growth factor), PDGF
(platelet-derived growth factor), angiopoietins
[1,7].

Of these factors, VEGF has been the most
studied and has been considered the most
important stimulator of endothelial cells and
implicitly of tumor angiogenesis [1,8,9].

VEGF was identified in tumor cell lines by
Dvorak H et al. in 1983, being called vascular
permeability factor (VPF) and later on vascular
endothelial growth factor (VEGF), which was
isolated and established with essential role in
angiogenesis [13-15].

The VEGF family includes types A-F and
placental growth factor (PLGF), with effects
mediated mainly by receptors 1 (FLT1) and 2
(KDR), existing also other compatible receptors,
respectively VEGF-3 and neuropilin 1 and 2, as
well and several protein isomorphs [1,16].
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VEGF-A seems to be the most important for
angiogenesis, by binding to receptor 1, the
expression at the endometrium being higher in
the epithelium compared to the stroma and in the
secretory phase compared to the proliferative
one [1,17].

In our study we used an antibody addressed
to three of the five isomorphs of VEGF-A,
respectively VEGF-121, VEGF-165, and VEGF-
189.

VEGF was initially described as a
multifunctional cytokine in angiogenesis, with a
role in maintaining an inflammatory tumor
microenvironment and stimulating paracrine and
autocrine secretion [18].

In this context, in our study we observed the
expression of VEGF, both in stromal
inflammatory elements, vascular endothelium
and fibroblasts.

Some studies indicate that immature stromal
elements have a higher secretion capacity than
the mature ones [18,19].

There are numerous studies in which VEGF
immunoexpression has been analyzed in
endometrial carcinomas, including EEC, with
variable final results.

Thus, while some studies indicate the
association of VEGF overexpression with
myometrial  invasion  depth, degree of
differentiation and advanced stage [7,20], others
indicate the absence of any correlation of VEGF
expression ~ with EEC  histopathological
parameters, although it was superior in G1/G2
tumors  versus  non-tumor  proliferative
endometrium [7,21,22]; also, other studies
indicated that VEGF was associated only with
type 2 endometrial carcinomas, so that later the
same authors on a group of EEC to indicate
VEGF positivity in 42% of cases and a relation
of overexpression with histological grade and
clinical stage [7,2.3].

In this context, Laxmanan S et al. indicated
that by binding to receptor 1, VEGF disrupts the
immune response against tumor cells, which
favors their distant extension [11,24].

The authors indicate increased VEGF
expression in endometrial cancer compared with
atypical hyperplasia or benign tumors [25,26].

There are other studies that have indicated
that VEGF is not associated with the depth of
myometrial invasion, being rather associated
with advanced metastatic stages [27].

Within classical studies, increased VEGF
expression is demonstrated in carcinomas with
different localizations, including in the
gynecological area, such as the endometrial or

ovarian, and blocking of the associated receptors
with  specific  antibodies inhibited the
angiogenesis [28,29].

Also, in some studies, the increased VEGF
expression in the EEC was associated with a
poor prognosis and reduced survival [18].

In our study we found statistical associations
of VEGF expression in relation to the tumor
grade and stage, the highest values being
observed in G2/G3 EEC, in advanced stages
I1/111, an aspect that supports some data in the
literature.

Thus, in a cohort of 50 cases, Sanseverino F
et al. indicates overexpression of VEGF in
high-grade EEC [30], and in a recent study that
analyzed VEGF as a prognostic factor of EEC,
the authors indicated the correlation of high
expression of the growth factor with high-grade
tumors in advanced stages [31].

The variability of the results in the literature
regarding the expression of VEGF, in addition to
aspects related to techniques and inclusion
criteria in studies, may also be the result of the
influence of other growth factors and hormonal
status.

Thus, on endometrial cancer cell lines, it was
established that ERa overexpression
significantly inhibits tumor growth, and
subsequent of the overexpression, VEGF
inhibition occurs in tumor xenografts and thus a
blockade of tumor angiogenesis, which could
explain the positive correlation of ER level with
the rate of survival of patients with EEC [32].

Progesterone does not appear to be involved
in stimulating endometrial VEGF expression,
although in some animal models the stimulatory
effect exists in the endometrium, while other
studies indicate an inhibitory effect on growth
factor [33].

In this study we did not find differences in
VEGF expression in relation to the depth of
myometrial invasion.

There are other studies that have indicated
that VEGF is not associated with the depth of
myometrial invasion, being rather associated
with advanced metastatic stages [27].

In a recent study, the authors indicated an
increase in VEGF expression in malignant
lesions compared to the normal endometrium,
without finding differences between stages 1A
and IB, but with differences between stages |
and 11-1V [11].

In contrast, other authors have indicated the
association of increased VEGF expression with
deep myometrial invasion [34-36].

10.12865/CHSJ.48.02.03
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Also, although in our study we did not
identify statistical associations of VEGF
expression with EEC invasion patterns, some
studies indicate increased marker expression in
the case of microcystic, elongated and
fragmented (MELF) patterns, which together
with the level of angiogenesis, it is considered a
prognostic factor [18].

The analysis of the results obtained in the
context of data from the literature indicates the
need to continue investigating the factors that
modulate endometrial angiogenesis based on a
clear methodology and tumor groups as broad as
possible, in order to validate possible therapeutic
targets to improve EEC prognosis.

Conclusions

The study indicated the presence of VEGF
expression in most EECs, suggesting the role of
angiogenesis in tumor initiation and progression.

The highest scores of VEGF were associated
with high grade tumors in advanced stages, but
unrelated to vascular invasion, pattern of tumor
invasion or depth of myometrial invasion.

VEGF immunoexpression can be considered
an indicator of EEC aggressiveness and
angiogenic potential, and may contribute to the
design of effective therapies targeting
endometrial protumoral mechanisms.
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