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Abstract: Angiogenesis (the growth of new blood vessels) is essential in most of the body’s
physiological processes, such as in the normal functioning of the endometrium during and
after the menstrual cycle. Vascular endothelial growth factor (VEGF) and matrix metallopro-
teinase (MMP) are the mostly expressed angiogenic factors, especially, during the process of
endometrial degeneration and remodeling. In carcinogenesis, tumor hypoxia-induced factors,
through the process of “angiogenic switch”, stimulate the production of angiogenic factors,
particularly VEGF and MMP. Subsequently, these angiogenic factors are associated with
degradation, differentiation, proliferation, and migration of vascular endothelial cells, enhancing
the formation of new blood vessels to supply the tumor with oxygen and nutrients. This process
is equally significant for tumor development and metastasis. Hence, like in other cancers, the
overexpression of MMP and VEGF in endometrial cancer (EC) seems to play a significant role
in its tumorigenesis and metastasis. This research will discuss the influence of MMP and VEGF
on angiogenesis, metastasis, and the prognosis of EC as well as the clinical importance of the
factors in the diagnosis of EC.
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Introduction

Angiogenesis (ie, growth of new blood vessels) is vital for several physiological
processes including wound healing and tissue remodeling in the case of ischemic
tissue diseases.!? It is also crucial for embryo implantation and post-menstruation
endometrial repair.®> Angiogenesis has also been associated with disorders such as
diabetic retinopathy.** Recently, several angiogenic factors have been studied, which
include vascular endothelial growth factor (VEGF)-A, -B, -C, and -D and their receptors
(VEGFR-1, VEGFR-2, and VEGFR-3), placental growth factor (PLGF), matrix metal-
loproteinase (MMP), platelets-derived growth factor (PDGF), fibroblast growth factor
(FGF), tumor growth factor (TGF), and angiopoietins. VEGF-A has been associated
with the proliferation, differentiation, degradation, and migration of endothelial cells.
Consequently, this leads to the formation of new tubes in the extracellular matrix which
is necessary for new vessel formation.® Under normal physiological processes, most
of these factors are harmless; however, aberrations during angiogenesis may enhance
tumor development.
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In some types of cancer such as colorectal cancer, VEGF-
associated angiogenesis seems to play a major role con-
tributing to factors associated with unfavorable prognosis.’
However, in other types of cancers, the role of angiogenesis
in carcinogenesis and cancer progression is not well under-
stood. This fact has led most physicians and researchers not
to conclusively label angiogenesis as an independent factor
in the diagnosis and prognosis of these cancers.

Endometrial cancer (EC) starts in the endometrium (the
inner lining of the uterus). There are two known clinical
pathological variants of EC — Type I and Type II. The most
common variant of EC is endometrioid type endometrial
carcinoma (EEC), which falls under Type I, and it accounts
for about 80%—90% of all ECs. This type of cancer is estrogen
dependent and is associated with endometrial hyperplasia,
resulted from excessive unopposed estrogen secretion.
It mostly affects post-menopausal women of the average
age of 60 years. The prognosis of this cancer is good if early
detected. In contrast, Type II EC is non-estrogen dependent
and it consists of variants such as uterine serous carcinoma,
clear cell carcinoma, and mucinous adenocarcinoma.
It mostly affects perimenopause women and typically has
poor prognosis.® In the United States alone, about 60,000
new cases of EC have been predicted in 2016, and about
10,000 women would die of the disease.’

The purpose of this review is to evaluate the clinical
significance of angiogenic markers, specifically VEGF-A
and MMP-2/MMP-9, and their related influence in predicting
metastasis and prognosis of the patients with EC. Further-
more, we will research whether these markers can be applied
as diagnostic markers and in angiogenic inhibition-based
therapy for treatment of this deadly disease.

Overview of angiogenesis in cancer

The essential role of angiogenesis in tumor growth was alleg-
edly first proposed in 1971 by Judah Folkman. Tumor cells
are those that have lost their ability to divide in a controlled
fashion. Moreover, in order to grow, they need constant
nourishment. According to Naumov et al'? and Folkman,'"
the ability of tumors to progress from a non-angiogenic to
an angiogenic phenotype is central to the progression of
cancer and is termed the “angiogenic switch”.!° This phe-
nomenon is a prerequisite for tumor growth and metastasis.
Tumor cells can migrate from their primary site to a new site
through direct metastasis, blood vessels, or lymphatic system.
However, if these tumors are of a microscopic size and
angiogenic factors are inhibited, they may remain dormant
without further growth. But if the inhibitor is suppressed,

they resume rapid growth. Tumors that grow >1-2 mm are
angiogenic dependent. Angiogenesis facilitates the escape
of cancer cells through the new blood vessels and starts to
form a new colony of cancers called metastasis. Tumors that
are located in avascular areas (blood vessels scarce areas)
mostly remain dormant for longer periods compared to those
located in a well-vascularized area; the former is associated
with late symptoms and late metastasis compared to the
latter.!** Arguably, Gelao et al'* found that the tendency
of tumor dormancy is multifactorial and does not depend
entirely on angiogenesis.

Vascular endothelial growth factor
and matrix metalloproteinase in the

endometrium and cancers in general

VEGF is a member of six structurally related proteins which
include VEGF-B, -C, -D, and the PLGF. VEGF-A was the
earliest to be found and the most studied of the members.!*
Originally known as vascular permeability factor (VPF),
it is a prime angiogenic stimulus for vascular permeability
based on its capability to bring on vascular leakage.'®!” Aber-
ration of this factor may contribute to the pathology of the
endometrium-like dysfunctional uterine bleeding.'® In line
with the process of endometrial remodeling, the release of
VEGF is thought to be initiated by the hypoxia or ischemia of
tissues. When a tissue is hypoxic, the hypoxia-induced factors
are stimulated through a number of pathways to signal the
release of different growth factors including VEGF, which
then leads to the degradation of the extracellular matrix by
the MMP. "

In adults, angiogenesis and biological effects of VEGF,
which induce endothelial cell proliferation and migration
to form new vessels, are mediated by two tyrosine kinase
receptors, VEGF receptor-1 and -2 (VEGFR-1 and VEGFR-2).
Of'the two tyrosine kinases, VEGFR-2 is thought to be more
prominent and more involved in the angiogenic processes
than VEGFR-1. VEGF can also bind to a lymphangiogenesis-
related tyrosine kinase VEGFR-3.'¢ According to Lucas
et al* VEGF expression is restricted not only to vascular
endothelial blood cells but it can also be expressed in other
cells like macrophages.

MMPs, a family of zinc-dependent endoproteinases,
are key players in the degradation of extracellular matrix
and basement membranes, as well as in vascularization and
cell migration.?!??> There are 24 estimated types of MMP
genes and 23 types of MMP proteins known so far which
have diverse physiological and pathological functions.?%
The physiological functions of MMPs are controlled by the
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proteins called tissue inhibitors of the matrix metallopro-
teinase (TIMPs), which are also expressed in tumor sites.?
MMP-2 and MMP-9 are also known as the gelatinases
(gelatinases A and B, respectively).

The angiogenic markers MMP and VEGF are considered
to be involved in the remodeling of endometrium after men-
struation. Goffin et al using normal endometrial tissues of
healthy women with regular menstrual cycles found that the
MMP-9 mRNA was highly expressed during the menstrual
phase while MMP-2 mRNA remained consistent throughout
the whole cycle.” In another study, Skinner et al using the
tissue samples of women with normal, regular menstrual
cycle reported that MMP-9 protein was immunolocalized
to glandular epithelial cells throughout the menstrual cycle
with maximal intensity in the glandular epithelium.? These
constant cyclic changes in the endometrium, degeneration of
the superficial layer, and reconstruction of a new one are all
associated with angiogenesis and neovascularization.

In patients with anovulatory dysfunctional uterine bleeding,
Shan et al found that VEGF, MMP-2, and MMP-9 were
equally overexpressed, and silencing VEGF significantly
reduced the expression of MMP-2 and MMP-9.% In the case
of implantation, MMP activity is reduced and VEGF activity
is increased to prepare the endometrium for placentation.
Therefore, the two angiogenic markers work hand in hand
to ensure the normal functioning of the endometrium during
menstrual cycle and implantation.*

VEGF and MMP, simultaneously, have been found
to have significant impacts on either tumor invasion,
metastasis, advanced tumor stage, or adverse prognosis. For
example, using thyroid cancer cells, Jia et al*' studied the
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Tumor HIF

Tumor <2 mm
self-sufficient for
oxygen and
nutrients

VEGF and other

angiogenesis-related protein S100A4 and discovered that
its downregulation resulted also in the downregulation of
VEGF together with MMP-9. Additionally, the knockdown
of both VEGF and MMP-9 resulted in significant inhibition
of the thyroid cells invasion, metastasis, and angiogenesis,
respectively. Moreover, Zheng et al*? by using 249 gastric
cancer tissues found that MMP-2, MMP-9, and VEGF were
positively correlated with tumor size, depth of invasion,
lymphatic and venous invasion, lymph node metastasis,
and microvascular density (MVD) of gastric carcinoma.
In addition, VEGF expression was positively linked with
levels of MMP-2 and MMP-9. Furthermore, VEGF, MMP-2,
and MMP-9 were also found to be significantly related to
recurrence of hepatocellular carcinoma in the patients who
underwent liver transplant.®

In gynecological cancers, for example in ovarian cancer,
the expression of VEGF was closely related to the expression
of MMP-2 which in turn resulted in the increased invasion
of the epithelial ovarian cancer cells in vitro and in vivo.***
In addition, in uterine cervical cancer, MMP-2 and VEGF
were found to be correlated with adverse prognosis in
young women.>

The mechanism resulting to tumor metastasis has been
elucidated using “angiogenic switch” phenomenon. Figure 1
summarizes the process of angiogenic switch and metastasis
as previously described by Folkman. '

The overexpression of VEGF and its relationship with
prognosis and metastasis have been widely studied in different
types of solid cancers. For instance, VEGF angiogenesis
was found to be an independent prognostic indicator in
breast cancer and was associated with poor prognosis and
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Abbreviations: EC, endometrial cancer; ECM, extracellular matrix; HIF, hypoxia-induced factor; VEGF-A, vascular endothelial growth factor-A.
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metastasis.’”’ In non-small cell lung carcinoma, Bremnes
et al*® found that VEGF was found to be associated with
poor prognosis, disease aggressiveness, and poor survival.
In ovarian cancer,* cervical cancer,* colon cancers, and
melanomas,**? the overexpression of serum VEGF was
either associated with lower disease-free survival (DFS),
metastasis, or poor disease progression. According to the
study of Dai et al, Piastowska-Ciesielska et al, and Yang et
al,®* it is evident that VEGF is overexpressed in endometrial
malignancies, and it is thought to be an important angiogenic
marker in the carcinogenesis of this type of cancer.

The mechanism in which these tumors induce signals for
VEGF expression is said to be due to tumor hypoxia which
then signals the production of cellular hypoxia-inducible
factor (HIF). According to North et al,* this factor initiates
the overproduction of VEGF and starts the angiogenic pro-
cess through the tyrosine kinase pathway which stimulates
endothelial cell proliferation, migration, and the formation
of new vessels to supply oxygen and nutrients to the tumor
which facilitate its growth and metastasis.

Saarelainen et al, while assessing the prognostic signifi-
cance of VEGF in EC from preoperative sera of 98 women
presenting with EC, reported that the serum concentrations
of VEGF and its receptors were assessed by enzyme-linked
immunosorbent assay (ELISA). The results were correlated
to the presence of deep (>50%) myometrial invasion and
metastasis. The serum concentration of VEGF was higher in
the group with metastasis than in the group without metas-
tasis (median [range]: 743 pg/mL [546-1,183 pg/mL] vs
383 pg/mL [31-1,524 pg/mL]) and hence VEGF was related
to poor prognosis and metastasis.*’ In addition, Topolovec
et al*® found that the overexpression of VEGF was also asso-
ciated with deep myometrial invasion, advanced histological
stage, and grade of differentiation.

Contrary to the above findings, Soufla et al* found that
VEGF expression status (whether high or low) corresponded
only with the malignant transformation of the endometrium
but did not correlate with either tumor stage, myometrial
invasion, or grade of differentiation; therefore, its expres-
sion was not a significant indicator of prognosis. Dobrzycka
et al®* went further to investigate the expression of VEGF
in the two pathological types of EC and found that VEGF
expression was associated with advanced stage in Type II
but not in Type I EC and was not found to be an independent
prognostic factor or corresponding with DFS.>*! Tn 2010,
the same authors evaluated the prognostic significance of
VEGEF using 84 EEC tissue samples; their results showed that
out of 84 cancer tissue samples, strong positive expression

of VEGF was observed in 35 (42%) tumors. There was a
significant correlation between histological grade, clinical
stage, and VEGF overexpression. The 5-year DFS of patients
with VEGF overexpression was significantly lower than that
of those with a weakly positive or negative tumor.> Further-
more, Wang et al found that serum VEGF overexpression in
ECs was significantly higher in late stage EC than in early
stage EC and it increased significantly from well differenti-
ated to poorly differentiated tumors.>* Moreover, Topolovec
et al*® and Yang et al® in two different studies also found that
elevated VEGF expression was significantly associated with
either deep myometrial invasion, poor differentiation and his-
tologic type, or lymph node metastasis in patients with EC.

Influence of matrix metalloproteinase-2
and matrix metalloproteinase-9 in

endometrial cancer

Association of MMPs with carcinogenesis has been studied
in different types of solid cancers such as colon cancers,*
ovarian cancer,* and breast cancer.’® These studies found
MMPs to correlate either with cancer progression, disease
aggressiveness, metastasis, and poor disease prognosis or
with poor DFS. This part of the review will discuss the influ-
ence of MMP-2 and MMP-9 on metastasis and the overall
prognosis of EC.

There is evidence that MMP-2 and MMP-9 are overex-
pressed in EC, especially in EEC; however, their expression
varies according to the grade of differentiation or histological
grades.””® There are scarce studies on how these gelati-
nases influence prognosis and metastasis of EC. However,
the limited data already available provide insight into how
important gelatinases are in the pathogenesis of EC. Li et al®!
examined the correlation of MMP-2 expression with the
clinical characteristics and prognosis of the endometrial
adenocarcinoma in patients aged 32—80 years in 81 paraffin-
embedded samples. They found that the overexpression of
MMP-2 was negatively correlated with tumor differentiation
and prognosis of endometrial adenocarcinoma.

In determining the prognostic significance of MMP-2
in EC, Honkavuori-Toivola et al used 225 tissue samples
of patients with EEC; in their results, they found MMP-2
negative patients had a significantly higher 5-year survival
rate compared to MMP-2 positive patients. Also relative risk
of death in the latter group was 4.7 times higher compared
to the former group of patients.®? Additionally, Yu et al used
128 tissue samples from Chinese women with EC to study
the MMP-9 expression and its correlation with survival and
clinicopathological features. Their results showed that there
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was a significantly higher expression of MMP-9 in the tis-
sues; this overexpression was correlated only with lymph
node metastasis, histological grade, and myometrial invasion
but was not correlated with patient survival.®® However,
Bogusiewicz et al, in studying the activities of MMP-2 and
MMP-9 in EC, used 28 samples of EC and 15 samples of
normal endometrium. They observed significantly higher
activity of MMP-9 in EC samples compared to normal
endometrium, which was related to EC progression, however
there was no changes of activity for MMP-2 in EC compared
to the normal endometrium. These same results were found
with Yilmaz et al.+6

In their experiment to further explore whether the stromal
MMP-2 and MMP-9 or epithelial MMP-2 and MMP-9 were
more significant in determining prognosis in EC patients,
Puljiz et al found that in univariate analysis stromal MMP-2
expression was identified as one of the significant determi-
nants of EC recurrence while epithelial MMP-2 expression
and epithelial and stromal MMP-9 expressions were not.
During multivariate analysis, strong staining of stromal
MMP-2 increased the risk of EC recurrence in a subgroup
of patients aged =63.6 years with endometrioid adeno-
carcinoma and papillary serous carcinoma, and all FIGO
(International Federation of Gynecology and Obstetrics
revised version of 2009) stage 1 diseases.®® The study by
Karahan et al supported MMP-2 and MMP-9 to signifi-
cantly correlate with myometrial, vascular, and lymphatic
invasions.?”” Contrarily, authors like Aglund et al found that
the protein overexpression of both MMP-2 and MMP-9 was
associated with poor survival and histological grades, and
only MMP-9 correlated with clinical stage of EC and not
MMP-2. Furthermore, the overexpression of both proteins
was not associated with any type of invasion.®® However,
Graesslin et al in two different studies®’° revealed that only
MMP-2 correlated with histological grade and was signifi-
cant as a prognostic marker for local and distal metastases
in endometrial carcinoma.

Concluding remarks for VEGF-A

The prognostic and metastatic effects of VEGF have been
associated with the value/number of new blood vessels
formed, which is referred to as MVD. This means that the
higher the value of MVD, the higher is the likelihood of deep
myometrial invasion, vascular metastasis, poor grade, poor
prognosis, and consequently, less DFS. According to the
study by Horrée et al”' and the above theory, it seems that
the more the new blood vessels are formed the higher are the
chances of tumor metastasis and poor prognosis.

There is a positive correlation between the overexpression
of VEGF and MVD with either increased deep myometrial
invasion, poorly differentiated tumors, histological-type
FIGO stage, lymphovascular infiltration, or lymph node
involvement. #8727

In this review, the overexpression of VEGF seems to
play a critical role in determining prognosis and metastasis
and hence overall survival in EC. It is well established that
the uterus is a hormonally controlled organ; therefore, in
order to widely grasp the extent to which this angiogenic
factor affects prognosis and metastasis of EC, the influence
of hormones such as estrogen and progesterone in relation
to VEGF expression cannot be neglected.” In addition,
since the introduction of the use of the angiogenesis inhibi-
tors for VEGF, such as bevacizumab, as a single agent or
in combination with other agents like chemotherapy drugs
for the treatment of EC, many patients have benefited in
spite of the claimed major side effects, especially those
of cardiovascular and gastrointestinal systems.”>’¢ In view
of the above, serum levels of VEGF should be considered
before, during, and after treatment and as a routine checkup
for EC patients at a certain interval. This is significant in
comparing the patients’ disease progression and evaluating
treatment efficiency.

Concluding remarks for

MMP-2/MMP-9

In conclusion, both MMP-2 and MMP-9 seem to play sig-
nificant independent roles in tumor/cancer development,
thereby being involved one way or the other as a prognosis
and metastasis indicator. However, in EC, there is still a
controversy involving which of the MMPs are more involved
in metastasis, advanced tumor grade, histological grade,
depth of invasion, and poor prognosis. Moreover, most of
the cited authors pointed out that the enhanced expression
of MMP-2 is more associated with disease progression and
aggressiveness and more unfavorable prognosis compared
to that of MMP-9 in EC.

In addition, studies concerning the influence of these
angiogenic markers on EC variants, histological grade,
and the stage are greatly needed as they will give a deeper
understanding of their involvement in the progression of EC.
However, further studies will determine whether stromal or
epithelial MMP-2/MMP-9 has much significance in carcino-
genesis of EC. The above concerns may widen the knowledge
in the field of metalloproteinase-based therapy which can help
reduce the mortality and morbidity and prolong the survival
rate in endometrial carcinoma patients.
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Finally, understanding the connected pathways that
associate VEGFs and MMPs in carcinogenesis and their
contributing factors of their enhanced expression in either
serum or cancer tissues, and their association with other genes
that are involved in apoptotic, migration, and differentiation
of cells, may contribute significantly in the establishment of
angiogenic-based inhibition therapy for EC.
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