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Abstract

Breast cancer is the leading cause of cancer related deaths worldwide. The development of new blood vessel from
preexisting vasculature is associated to the growth and metastasis of breast cancer. The present review aimed to
highlight the mechanisms of angiogenesis and the progression of malignancy in breast cancer. Poor breast cancer
prognosis correlate with increased micro-vascular density and factors that stimulate vascular growth. Inhibiting
angiogenesis of this process reduce the oxygen and nutrient supply. Therefore, tumor angiogenesis is a strategic
therapeutic target for preventing breast cancer. We suggest the use of angiogenesis inhibitors to be explored to

interrupt the process of tumor development.
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Introduction

Breast Cancer is a complex disease that affects
millions of women worldwide. It is characterized by the
uncontrolled growth and spread of cancerous cells in the
breast tissue. According to World Health Organization
(WHO), in 2020, about 2.3 million women were diagnosed
with breast cancer globally with over 685 000 deaths,
and 7.8 million women are at risk, making it the world’s
most prevalent cancer among women [1]. Despite several
investigations directed toward understanding and
controlling breast cancer, it persists as a major health
burden both in developed and developing countries [2].

Cancerous cells are often surrounded by stromal cells
in the tumor microenvironment. Common stromal cell
surrounding the mammary epithelium include fibroblasts,
immune cells, and adipocytes. The stromal cell facilitates
neoplastic cells to produce pro-angiogenic factors which
cause angiogenic activity in blood vessels leading to the
formation of new blood vessels to supply oxygen and
nutrients to tumor cells [3,4]. The newly formed tumor
vasculature is dynamically unstable, hyper permeable,
immature with reduced pericyte coverage, and irregular.
Angiogenesis is an essential step for the growth and distant
metastasis of solid cancers [5]. It has been observed that
the release of pro-angiogenic factors such as vascular
endothelial growth factor (VEGF), fibroblast growth
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factor (FGF), angiopoietin, platelet-derived growth
factor (PDGF) and the transforming growth factor-f§ by
cancer cells excites the growth of new blood vessels,
supplying the tumor with oxygen and nutrients, promoting
its survival and metastasis [6]. Inhibiting angiogenesis
or targeting existing tumor vessels can be utilized as
a treatment approach alongside, as an alternative to
conventional chemotherapy. Improved survival of breast
cancer is proven in early detection concomitant with
effective medical treatments [7]. The present study aimed
to highlight the mechanisms of angiogenesis, assessing the
factors that trigger angiogenesis, and the progression of
malignancy in breast cancer as well as reviewing current
knowledge on the inhibitors of angiogenesis as a potential
therapeutic agent.

Angiogenesis in Breast Cancer

Angiogenesis encompasses a series of stages by which
new blood vessels are formed from existing vessels,
allowing the transport of oxygen and nutrients to the
body’s tissues [8]. They are established in the earlier
stage of vasculogenesis. Angiogenesis continues the
growth of the vasculature by processes of sprouting and
splitting. It is a requirement for embryonic development
and typically occurs during wound healing, but is also
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necessary for tumor growth and spread in cancer.

Different tumor types, including breast cancer, have
proven the vital role of tumor neovascularization. To grow
bigger than a few centimeters in diameter, breast cancer
like other solid tumors, requires the development of
new blood vessels which is the neovascularization [9].
The extra tumor angiogenesis in breast cancer veins not
only supplies more nutrients to the tumor, but they also
provide possible pathways for tumor distribution and
metastasis [10].

Moreover, breast cancer cells, depend on a vascular
network of capillaries to provide food and oxygen
consistently. Endothelial cells (ECs), which line the
internal surface of blood vessels, do not reproduce,
hence capillaries do not spread rapidly. Hypoxia which
means lack oxygen triggers a variety of transcriptional
responses that are facilitated by transcription factors
called hypoxia-inducible factors [11]. The hypoxia
inducible factors (HIFs) are transcription factors that
control the expression of genes involved in physiological
processes including angiogenesis, metabolism, and
cell division. Local angiogenesis is one of the tumor
microenvironment’s long-term major responses to low
oxygen levels. It is the fusion of endothelial cell (EC)
precursors that leads to the creation of capillary plexus,
which thereafter evolves into blood vessels. Angiogenesis
is required for a variety of normal processes, including
embryonic development, growth, and wound healing [12].
As a result, the tumor activates an angiogenic switch and
enters an irreversible active angiogenic state. Because of
the tumors’ newly acquired status, they can recruit new
capillaries, restoring oxygen and nutrients to both the
angiogenic and none angiogenic cells, resulting in rapid
tumor growth [13].

Even though surgical excision of tumours is the
current standard of care for breast cancer, adjuvant
therapy such as anti-angiogenic therapy, has been used
after surgery in advanced disease stages when surgery
is no longer an option [14]. Angiogenesis-targeting
compounds have recently received a lot of attention in
breast cancer research. Bevacizumab is a recombinant
vascular endothelial growth factor (VEGF) antibody
that binds to all known isoforms of VEGF-A and blocks
receptor interaction, inhibiting angiogenesis and tumor
growth. It was made from a mouse monoclonal antibody
that had been humanized [15]. One of the milestones of
antiangiogenic treatment, which was first suggested by
Judah Folkman many years ago, contributed immensely
to this angiogenic factor controlling many of the processes
involved in angiogenesis, as well as its importance as
a model for the rational design of an anticancer agent.
Because all tumors including liquid tumors like leukemia’s
are angiogenesis dependent, angiogenesis is highly
restricted in adults, the endothelium of the vessels is
accessible, and any treatment would be amplified through
subsequent tumor necrosis, the antiangiogenic approach
has always appealed to researchers. Furthermore, because
endothelial cells are non-neoplastic and should have a
stable genome, cancer resistance should no longer be an
issue [16].
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After encouraging results in preclinical trials targeting
VEGF, the FDA authorized bevacizumab in 2008 for the
treatment of metastatic HER2-negative breast cancer
[17]. Following that, multiple anti-angiogenic medicines
targeting VEGF or obstructing its receptor’s action
were licensed, and they are now routinely utilized in the
treatment of various cancers. The FDA, however, cancelled
its certification in 2011 due to contradicting results from
earlier trials and claims of increased toxicity as a result
[18]. While the discovery of these anti-angiogenic drugs
ansd small molecules were declared as a success in one
aspect of the cancer fight, the agents’ modest activities,
such as their inability to arrest recurring tumors in a latent
state and the reasonable improvement in overall patient
survival, dampened the celebration.

Mechanism of Angiogenesis

Two basic types of angiogenesis exist, sprouting and
intussusception [19]. Sprouting angiogenesis represents
the major mechanism of angiogenic growth and is
characterized by sprouts of endothelial cells growing
through the branching morphogenesis process [3,20].
Alternatively, intussusception angiogenesis involves the
splitting of existing blood vessels to form new ones [19].

The process of angiogenesis in breast cancer includes
the following steps:

Vasodilation: The first step in angiogenesis, is the
expansion of the existing blood vessels, which is caused
by the release of nitric oxide and other vasodilators.

Extracellular matrix degradation: involves the
deterioration of the extracellular matrix (ECM)
surrounding the existing blood vessels. This is achieved
by the release of proteolytic enzymes such as matrix
metalloproteinase (MMPs).

Endothelial cell migration: After the ECM is broken
down, endothelial cells (ECs) move towards the site of
angiogenesis.

Proliferation: the endothelial cells then reach the site of
angiogenesis, they begin to proliferate, and sprout.

Tube formation: Tubes are formed from the sprouts of
endothelial cells which eventually become new blood
vessels [21].

When stimulating the growth of cells in vitro,
angiogenic activators play a major role in starting
the process of angiogenesis (Figure 1). This involves
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Figure 1. Formation of New Blood Vessels from
Pre-existing Vasculature and Proliferation of Endothelial
Cells.
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communication between tumor cells and numerous
other cell types within the tumor microenvironment [22].
The release of pro-angiogenic growth factors by the tumor
cells affects the existing blood vessels, and a balance
between pro- and anti-angiogenic factors is maintained in
the microenvironment to develop and stabilize the newly
formed blood vessels [23].

Tumors can trigger the angiogenic switch by altering
the balance between angiogenesis inducers and inhibitors
exerting an antagonistic action (Figure 2). The switch is
turned on or off depending on this balance.

The angiogenic switch mechanism of action is
considered to be in control of the formation of new blood
vessels. In breast cancer, the balance between activators
and inhibitors is crucial to maintain the right equilibrium
to prevent uncontrolled growth [24]. The growth
stimulation of new blood vessels in a tumor is a very
complex process that is regulated by hypoxia, that is,
reduced oxygen levels at every step [25]. Furthermore,
endothelial cells play a crucial role in this process while
several studies have continued to show that a protein
called HIF-10 along with other members of the HIF family
wheels almost every aspect of angiogenesis. In other
words, the HIF pathway acts as a master regulator of
angiogenesis. For a new blood vessels to emerge, hypoxia
and the HIF pathway in the tumor cells are essential. They
regulate the expression of various genes that support
angiogenesis, including angiopoietin-1, an-giopoietin-2,
cytokines, platelet-derived growth factor (PDGF),
vascular endothelial growth factor (VEGF), and basic
fibroblast growth factor (bFGF). The FGF and vascular
endothelial growth factor (VEGF) families are particularly
important in the field of neoplastic vascularization as they
play a key role in cancer therapy and diagnosis [26].

Vascular Endothelial Growth Factor Pathway

Vascular endothelial growth factor (VEGF-A) was
discovered back in 1983 and its complete sequence was
determined in 1989. It was the first cytokine identified
as a major player to tumor angiogenesis. Initially, it was
purified from tumor cell ascites and referred to as vascular
permeability factor (VPF) [27]. It was found to have some
biological effects on endothelial cell mitogenesis; so it
became commonly known as VEGF [28]. Nowadays,
VEGEF is recognized as a multifunctional peptide that can
stimulate the proliferation of endothelial cells and promote
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angiogenesis both in vivo and in vitro (Figure 3). The
VEGF family consists of at least five different members,
and their effects are mediated through the three VEGF
receptors (VEGFR).

Tumor cell causes a complex cascade of angiogenic
signaling and activates downstream cellular events in
multiple cell types, especially the endothelial cells, leading
to angiogenesis. Pro-angiogenic factors include fibroblast
growth factor (FGF) families, vascular endothelial growth
factor (VEGF), platelet-derived growth factor (PDGF),
transforming growth factors-alpha/beta (TGF-a/B), and
angiopoietins (Ang. 1 and 2) and the associated receptors.
The detachment of the perivascular cells from the mature
blood vessels initiates vessel remodeling and endothelial
cell proliferation. Platelets become activated and recruited
to the sites of the exposed basement membrane. Tumor-
associated macrophages (TAM) produce angiogenic factors
such as VEGF, MMPs, and urokinase-type plasminogen
activator (uPA) whereas, precursor endothelial cells move
to the perceived wound site and release angiogenic factors.
The activated endothelial cells release proteases that lead
to the extracellular matrix (ECM) remodeling followed
by directional sprouting. The signaling cascades activate
tube formation and branching, followed by vessel arterio-
venous patterning and maturation. Cancer progenitor
stem cells could differentiate to endothelial cells thereby
contributes in angiogenesis [29].

The vascular endothelial growth factor receptors
(VEGFR) communicate with the inside of the cells
through trans-membrane receptor tyrosine kinases (RTKs)
[30]. As soon as VEGF is formed, it binds to its receptor
(VEGFR) and ligands on the surface of endothelial cells,
this binding activates the trans-membrane tyrosine kinase
receptors on the cell surface, which results in dimerization,
auto phosphorylation, and activation of the downstream
signaling pathway. After this process a series of events
take place including;

A. It promotes the survival of endothelial cells

B. It triggers the degradation of basement membrane
by proteases;

C. It stimulates the migration of endothelial cells (ECs)
into the interstitial space, causing sprouting;

D. Then endothelial cell proliferation at the migrating
tip; leading to an increase in endothelial cell proliferation

E. Eventually, lumen formation occurs,
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Figure 3. The VEGF Signaling Pathway
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Figure 4. A Schematic Process of Angiogenesis

generation of new basement membrane with the
recruitment of pericytes, the formation of anastomoses,
and finally, the establishment of blood flow [31].

EC; endothelial, HIF; hypoxia inducible factor, VEGF;
vascular endothelial growth factor.

The process of angiogenesis is strongly regulated by
the following factors (Figure 4);

1. Ischemic tissue release proangiogenic signals which
diffuse into nearby tissue

2. Pericytes detach from nearby vessels and endothelial
cells form sprouts

3. ECs proliferate and migrate towards the signal
gradient

4. ECs align into immature vessels

5. Pericytes are recruited to the new vessels

6. Vasculature is remodeled and stabilized

An Increase in the production of pro-angiogenic
factors like VEGF and proteolytic enzymes along with a
decrease in anti-angiogenic factors leads to the activation
of endothelial cells as discussed earlier [32]. In due
course, a capillary network is formed, furnishing the
growing tumor with the necessary nutrients and oxygen.
Through this network, tumor cells could enter the systemic
circulation leading to distant metastases. The detection of
various angiogenic inducers over the past decade has shed
light on the regulatory process of angiogenesis in tumors.
Targeting tumor angiogenesis has become an attractive
approach for therapy in different types of human tumors
which is aimed to inhibit the growth of tumor vessels by
interfering with the intracellular signaling of VEGF and
VEGFR [33].
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Angiogenesis Inhibitors

In breast cancer treatment, inhibiting the growth of
blood vessels is been proposed a number of years ago
by Judah Folkman as an innovative therapeutic strategy
[34]. Studies have explored the use of anti-angiogenic
factors and compounds that can decrease the release of
pro-angiogenic factors, prevent their binding to receptors,
or inhibit their actions. These approaches offer promising
anti-angiogenic targets that have been identified include;

1. Inhibition of the growth factors that promote
endothelial proliferation

2. Inhibition of the proteases required for endothelial
cells to penetrate the basement membrane and form new
blood vessels

3. Interruption of specific intracellular signal
transduction pathway

4. Initiation of endothelial cell apoptosis or inhibition
of EC survival

5. Inhibition of endothelial bone marrow precursor
cells

6. Inhibition of avB3-integrin-vitronectin interaction
that is pivotal in mediating ECs adhesion to ECM during
neovascularization[31]. As a result, research has made
the inhibition of the VEGF pathway a central focus of
angiogenesis therapy [35]. Some of the strategies that
have been formulated, other than inhibiting the VEGF
pathway include employing antibodies targeting VEGF
or VEGFR, use of soluble VEGFR/VEGFR hybrids, and
use of inhibitors directed against tyrosine kinase [36].

Natural Inhibitor of Angiogenesis

Neovastat: Neovastat is a substance derived from
shark cartilage that blocks the growth of extra blood
vessels by competing with VEGF and its receptor.
It also inhibits matrix metalloproteinase, activates tissue
plasminogen activator enzymatic activities, and triggers
cell death in endothelial cells. Neovastat has been found to
have significant anti-tumor effects, and experiments have
shown that it prevents the formation of blood vessels in
implants containing basic fibroblast growth factor (bFGF).

Curcumin: which is found in turmeric has been shown
anti-angiogenic effects by reducing VEGF production and
disrupting signaling pathways [22].

Health Implications of Anti-angiogenic Therapy

It has been reported that angiogenesis inhibitors
interfere with several normal body processes such as
wound healing [37], blood pressure, kidney function,
fetal development, reproduction, and increased the risk of
clots formation in the arteries that would result in stroke
or heart attack [38]. Some of the effects of anti-angiogenic
therapy include the following:

Hypertension: this is one of the most observed
side effects of systemic inhibition of VEGF signaling,
which is also one of the most manageable side effects
with the use of standard anti-hypertensive medications
[39]. Treatments of cancer by the inhibition of VEGF
signaling will cause endothelial dysfunction by decreasing
the level of VEGF which will eventually result in
hypertension. Under normal condition, VEGF is known
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to release vasodilator nitric oxide (NO) in vessel walls by
up-regulating endothelial nitric oxide synthase (eNOS)
and prostacyclin (PGI2), resulting in vasodilation through
the activation of the mitogen-activated protein kinase
(MAPK) and phosphatidylinositol 3-kinase (PI3K)
downstream pathways [40]. Therefore, by inhibiting
VEGTF, the production of NO will be decreased which will
promote vasoconstriction, increase peripheral resistance,
and eventually raise the blood pressure [41].

Because angiogenesis is required for wound healing,
high levels of VEGF are produced during the repair of
normal wounds. It has been reported that the inhibition of
VEGF in angiogenesis therapy could interfere with normal
angiogenesis and cause a disruption in the angiogenic
process of wound healing. In this regard, the treatment
of patients having metastatic colorectal cancer with
bevacizumab showed an increase in post-surgical wound
healing complications, including wound dehiscence and
impaired wound healing [42]. It was thought earlier
that anti-angiogenesis strategies by blocking tumor
angiogenesis would limit the permeability of its own and
other adjunct therapies. However, data demonstrated that
treatment with anti-angiogenic drugs results in a more
efficient normalized vasculature that might allow for
improved tumor delivery of drugs [43].

Angiogenic Markers

Understanding and assessing angiogenesis in breast
cancer has different methods. It can be quantified by
invasive and noninvasive methods.

Analysis of angiogenic markers: This assesses the
diagnostic performance of angiogenesis markers in
tumors and their reflecting levels in the serum of breast
cancer patients. Angiogenin, Ang.2, fibroblast growth
factor basic, intercellular adhesion molecule (ICAM)-1,
keratinocyte growth factor (KGF), platelet-derived growth
factor-BB, and VEGF- A are measured using a growth
factor multiplex protein assay.

Immunohistochemistry: Immunohistochemistry is a
technique where the corresponding antibodies are used
to detect specific proteins in tissue samples. It helps to
identify the expression of angiogenesis-related proteins
in breast cancer tissue samples by classifying several
molecular subtypes [44].

Gene expression profile: Used to diagnose angiogenesis
in breast cancer. It categorizes breast carcinomas into
the molecular subtypes with significant variations
in occurrence, risk factors, prognosis, and treatment
reactivity.

Biopsy and Histopathology: A biopsy is performed to
collect tissue specimens for measurement of quantitative
parameters by light or electron microscopy of blood
vessels and histological examination of tissue sections
stained with endothelial antibody or blood flow with
intravascular markers such as colloidal carbon, India ink,
and high molecular weight trackers for the presence of
blood vessels. This is classified as an invasive method [45].

Noninvasive methods include: Magnetic resonance
imaging, functional computed tomography, and positron
emission tomography scanning. Noninvasive methods in
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comparison with invasive methods have a much lower
resolution and generally cannot expose the vessels of
the micro circulation. Many non-invasive techniques are
developed for humans [17].

In conclusion, angiogenesis occurring within tumors
plays a crucial role in breast cancer development
and metastasis. Targeting this critical process shows
a promising therapeutic method for breast cancer.
However, the effectiveness of angiogenesis inhibitors
could be at variance across the different tumor types.
Consequently, more research is required to better
understand the mechanisms and improved the effectiveness
of antiangiogenic therapies. In addition, it is important to
identify the biomarkers that could predict response to
treatment for personalized approaches and reducing the
menace of breast cancer.
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