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ABSTRACT
The process of angiogenesis is regulated by several growth factors, the most important factor is VEGF which is an
important mediator because it facilitates the growth of blood vessels and the remodeling processes. In addition,
angiogenesis is significantly involved in tumor progression giving the tumor the necessary supplies for its survival
and thus causing metastases in other organs by providing a site of entry to the circulation of vessels blood. The
objective of this review is to reflect the fundamental role that angiogenesis has in the development and spread of
cancer through vascular endothelial growth factor, its receptors, and its signaling pathways. On the other hand,
antiangiogenics strategies (angiogenesis inhibitors) are proposed to fight cancer and clinical trials are presented to
verify the survival range of patients who have been treated with anti-angiogenic therapy.
Keywords: Angiogenesis, anti-angiogenesis, VEGF, inhibitors, cancer

INTRODUCTION
Angiogenesis is the formation of new blood vessels from other pre-existing ones. It is a process that is already
inhibited when the human being reaches its adult stage, however, it can be activated in response to a physiological
process or by a tissue damage, for example, in wound healing.1 It was demonstrated that there are different molecules
involved in the positive regulation of angiogenesis, including the vascular endothelial growth factor. VEGF is a
homodimeric glycoprotein with specific mitogenic action of endothelial cells, it is the main molecule in the
intervention of neovascularization. So far, it have identified three high affinity receptors for this factor: VEGF-R1 or
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Fit-1, VEGF-R2 or FLK-1/KDR and VEGF-RB, which are receptors of tyrosine kinases.2 Therefore, VEGF is an
important mediator in angiogenesis, as it facilitates the growth of blood vessels and remodeling processes.3 On the
other hand, angiogenesis was identified as an important process in cancer growth. Angiogenesis does not participate
in carcinogenesis, but if it promotes tumor progression, it provides the oxygen supply tumor and nutrients necessary
for the tumor to grow 4 and may cause metastases in other organs.
In the last years years, a challenge in medicine has been to find pharmaceutical agents that make tumor cells more
sensitive to chemotherapy, avoiding the creation of toxic effects in the organism.5 For this, several clinical trials were
carried out by putting to testing anti-angiogenic drugs, developed through the study of the molecules involved in
antiangiogenesis. Then they different ways of inhibiting angiogenesis have been distinguished, it has been
demonstrated that agents that attack the VEGF molecule can inhibit neovasculature.
We will know about two types of drugs or molecules that have helped to reduce or prevent metastasis in ovarian
cancer. The first is a monoclonal antibody that is responsible for interrupting the binding between VEGF and its
receptor and the second is a recently found tyrosine kinase inhibitor. It was evaluated its efficacy through the study of
one clinical trials, administering and evaluating its progress after consuming the drug.

ANGIOGENESIS
According to Martínez, J y Herrera, L 2 : Angiogenesis is carried out mainly by the following steps: (1) The
endothelial cells (ECs) precursors give origin to the blood vessels; (2) ECs are assembled forming a primitive
vascular maze of small capillaries; (3) The vascular plexus expands progressively due to the birth of the vessels; (4)
which is remodeling forming a highly organized vascular network of large vessels branching into small vessels; (5)
The newly formed channels by ECs are covered by pericytes and smooth muscle cells, which regulate the contraction
and dilatation of the blood vessels, providing resistance and allowing the regulation of the perfusion of the vessels.2
Angiogenesis can be physiological (normal) or pathological (abnormal); The physiological is produced in the healing
of the wounds and in the reproductive cycle female, and the pathological one appears when it reaches the limit or
exceeds the limit between the activating and inhibiting molecules, and takes place during the tumor growth,
rheumatoid arthritis and diabetic retinopathy proliferative.2,6

       

                                                                       

Figure 1. Process of angiogenesis

ANGIOGENESIS IN CANCER
Tumor angiogenesis is the proliferation of a group of new blood vessels that penetrate into the inside of the tumor,
providing oxygen and nutrients. This occurs because the tumor and host cells unload chemicals near the tumor. The
process of angiogenesis is regulated by activating and inhibiting molecules.7
In normal conditions predominates the inhibition. And when the need for a new vascularization is presented, the
activators of the angiogenesis increase and the inhibitors decrease.
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This causes the secretion of molecules by part of the tumor that send signals to the surrounding healthy tissue. This
signal activates certain genes of the host tissue, which causes the stimulation of proteins for the growth of new blood
vessels. These new vessels are neither functional nor morphologically normal. These vessels are weak, blind and
their flow is inverted and discontinuous.7
As a result, although there is an increase in vascularization, the intake of oxygen and drugs is scarcer than in healthy
tissue. This contributes to the genetic selection of tumor cells and the resistance to drugs and radiation.7

Figure 2. Process of angiogenesis in cancer.

Angiogenesis does not participate in carcinogenesis, but if it promotes tumor progression and is fundamental to the
formation of metastases by providing a site of entry to the circulation of blood vessels, as well as oxygen and
nutrients by angiogenesis.3

GROWTH FACTORS ANGIOGENIC.
There are 12 angiogenic proteins currently recognized. The most commonly identified in tumors are fibroblast
growth factor (FGF) and vascular endothelial growth factor (VEGF).1

Vascular Endothelial Growth Factor (VEGF).
VEGF is a homodimeric glycoprotein of between 34 and 46 kDa with specific mitogenic action of endothelial cells.6
VEGF is normally produced during embryogenesis and in adult life in normal and pathological processes, including
tumor development. Currently, VEGF and its receptors are recognized as the main regulator of the ECs vascular and
the formation of blood vessels.6,8
The VEGF family includes VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E and placental growth factor (PlGF).
All of them are located on different chromosomes, but they share a considerable homology. In addition, VEGF-A
exists in four isoforms. VEGF121, VEGF165, VEGF189, and VEGF206 are generated by alternative mRNA
splicing.8
According to Binda, M 6 “Most tumors overexpress the VEGF factor. In malignant tumors and in wounds usually
occurs the hypoxia that increases the transcription of the gene that encodes for VEGF and makes the messenger RNA
more stable once that occurred. During hypoxia, is produces a molecule called transcription factor 1 inducible by
hypoxia (HIF-l) that is translocated to the nucleus and sticks to a nucleotide sequence called hypoxia response
element (HRE) located in the region 5' promoter of gene VEGF. The binding of HIF-1 to HRE initiates the
transcription of the gene. Solid tumors usually grow up to 1mm in diameter, coming to them the nutrients by simple
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diffusion. Beyond that volume, simple diffusion is not sufficient and hypoxia is generated in the center of the tumor,
thus increasing the expression of VEGF. The production of this factor produces the growth of new blood vessels
towards the tumor.”
Therefore, VEGF is an important mediator in angiogenesis, because it facilitates the growth of blood vessels and
remodeling processes, as well as providing mitogenic and survival stimuli for endothelial cells.3

VEGF receptors
Members of the VEGF family are characterized by different interactions with three receptors of tyrosine kinase, that
include the VEGFr-1 (FLT-1), VEGFr-2 (FLK-1/KDR) and VEGFr-3 and two non-protein receptors of tyrosine
kinase that including Neuropilin 1 and Neuropilin 2. Hypoxia induces the formation of VEGF by the EC and
produces an increase in the number of VEGF receptors.2 The main receivers are:
●       VEGFr-1 generates signals that organize the assembly of the EC in functional tubes and vessels.8
●       VEGFr-2 is responsible for the proliferation and migration of EC.8
●       VEGFr-3 (FLT-4) has the function of maintaining the ECs coating during tumour angiogenesis.2

ANTI-ANGIOGENIC THERAPY IN CANCER TREATMENTS
The inhibition of angiogenesis has been investigated for a long time as an important goal to fight cancer. Achieving
as a first step to identify all the molecules involved in the angiogenic process, however, it should be taken into
account which are the most important and whose regulatory capacity on vascular proliferation both intervenes in the
stimulation as the inhibition.
The anti-angiogenesis involves a therapy against stimulating molecules in the neovasculature, with the intention of
inhibiting the formation and expansion of blood vessels,9 especially used in cancer therapies. Many antiangiogenics
techniques are being developed based on the inhibition of endothelial cell function (e.g., inhibitors of the
Metaloproteasas matrix, MMP) and others based on directly attacking the specific molecules involved in the
formation of blood vessels 10 as the Vascular Growth factor (VEGF). The VEGF inhibitory technique has become
the main objective 9 because this technique has shown positive effects against tumors in vivo tests on animals.
As we previously saw the Vascular endothelial growth factor (VEGF) is a key mediator of normal physiological
angiogenesis, in the same way, acts as an important molecule of tumor angiogenesis, stimulates the growth of new
blood vessels and in this way the tumor can be supplied with oxygen and nutrients needed to continue its growth.3
Therefore, blocking the action of VEGF seems to be one of the best ways to attack tumors, has been investigated
several ways to mitigate the role of this growth factor and thus avoid angiogenesis, among the most investigated we
have the monoclonal antibodies against VEGF receptors. Also, are inhibitors that bind to VEGF and/or its receptor
on the surface of endothelial cells by blocking their activity 11 and low molecular weight tyrosine kinase (TKI)
inhibitors. Each of these strategies is being investigated in clinical trials.

Monoclonal antibodies against VEGF
One of the most studied clinical trials to inhibit the key factor of angiogenesis (VEGF) is through monoclonal
antibodies. In 2004 was approved bevacizumab in the United States by the Food and Drug Administration (FDA).12
2,12
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Bevacizumab is an antibody monoclonal

anti-VEGF. This antibody binds to VEGF to prevent binding of this

with its receptors Flt-1 (VEGFR-1) and KDR (VEGFR-2),12 inhibiting the activity of VEGF occurs a regression of
the tumor and prevents a new formation of blood vessels to help the growth of the tumor. Bevacizumab or also called
Avastin is applied for the treatment of colorectal and lung cancer initially, however, when discovering the presence
of VEGF factor in ovarian and prostate cancer, studies and tests were started to apply the drug in the two types of
cancer and as mentioned by the American Cancer Society 13 "Bevacizumab has shown that it shrinks or decreases the
growth of advanced-stage epithelial ovarian cancers." On the other hand, it has been found that this drug has a better
activity if it is administered along with chemotherapy.14 However, all drugs bring side effects, the most frequent and
mild in patients treated with this medicine is hypertension and the most serious is the gastrointestinal perforation that
can lead to the death of the patient.15

Tyrosine Kinase Inhibitors (TKI)
Another important way to inhibit the activity of the Vascular endothelial growth factor is through different molecules
that can recognize and inhibit the receptors of tyrosine kinase. Its objective is to block the intracellular signaling
induced by the activation of the tyrosine kinase receptor (VEGFR),2 inhibitors are responsible for blocking directly
the changes that occur in the intracellular domain. The table 1 shows the most used drugs for cancer therapy, using as
target molecules these involved in the process of angiogenesis, inhibiting their ability to create new blood vessels.

Table 1: VEGF RTKIs and the cancer types where these drugs could act

Angiogenesis plays a fundamental role in the growth of tumors, for this reason, the mitigation or inhibition of VEGF
could be a solution to avoid a metastasis of cancer or even to make that all the cancer cells die.

OVARIAN CANCER
This type of cancer is originating by the ovaries, although some ovarian cancers can start in the fallopian tubes and it
spread. Usually this type of cancer appears in late stages, when women arrive at the menopause stage.18
Ovaries are an important part of the female reproductive system. Its function is to secrete ovules and produce sex
hormones. This type of cancer can be caused by genetic, hormonal or reproductive factors.19 For example, it can be
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caused by a hereditary genetic mutation of the genes BRCA1 and BRCA2, these mutations were identified in people
who previously had breast cancer and it is estimated that more than 10% of cancers of this type are caused by this
mutation.19 In addition, these mutations increase the risk of acquiring another type of cancer such as fallopian tube
carcinoma.19
Ovarian cancer in its early stages is difficult to detect because it does not have visible symptoms. And when these
symptoms become notorious is because the cancer is already advanced and at that time it is difficult to treat it. The
most common symptoms are the pains in the lower abdomen and the vaginal hemorrhages.20
According to Rivas, LM 18 “Ovarian cancer is the fifth leading cause of death in women. Approximately 50% of
women who are diagnosed with ovarian cancer are above the age of 62 years. White women are more likely to have
ovarian cancer than African American women. The American Cancer Society estimates that in 2016, in the United
States, there will be approximately 22.280 new cases of ovarian cancer and approximately 14.240 people will die
from it.”

ANGIOGENESIS INHIBITORS IN CLINICAL TRIALS

Several clinical essays have been realized to verify the ability of drugs to inhibit angiogenesis and thus prevent the
spread of cancer. We analyze one study with a way of inhibiting VEGF, it was done by applying monoclonal
antibodies as Bevacizumab.
In this study, we will discuss patients with ovarian cancer who were subjected to a treatment with bevacizumab. The
study involved 1873 women from different states suffering from epithelial ovarian cancers, more than 80% had
tumor Grade 3 serous adenocarcinomas,21 none were previously treated and neither underwent surgery for the
eradication of cancer. It was a treatment of 22 cycles in 3 weeks where the patients were randomly divided into 3
groups, the first group was composed of 625 women and were the control group, the second group of similar form
were 625 women and were the therapy of initiation with bevacizumab and the last group formed by 623 women
obtained the full dose Bevacizumab in all their treatment.
The three groups were subjected to chemotherapy with carboplatin and paclitaxel (175mg/m2) in the first 6 cycles,
their only difference was the additional compound. In group 1, an additional placebo was applied since cycle 2 and
then the placebo was applied throughout the treatment. In group 2 additional to chemotherapy was applied
Bevacizumab in the first 6 cycles and then only apply placebo and in group 3 was applied chemotherapy along with
Bevacizumab, but the drug from cycle 7 onwards only applied the Bevacizumab (15mg/kg).
The results of this study were a significant improvement in progression-free survival.21 When the patients were
subjected to therapy of bevacizumab along with the chemotherapy and then single dose of bevacizumab compared
with therapy control only with placebo and with chemotherapy alone, this resulted in the 28% reduction in the risk of
progression.21 In addition, there were differences in other aspects such as gastrointestinal perforation rates where in
this study it was observed that the groups that received the drug suffered from gastrointestinal perforation rather
more than the control group, however, the rate of concerned was still less than people with tumors not gynecological.
Although about 66% of women in the study abandoned treatment before finishing for reasons such as progression of
the disease or by side effects caused by the drug, it was possible to verify greater effectiveness of the drug
Bevacizumab along with chemotherapy.

CONCLUSION
In order to understand antiangiogenesis, first had to understand how angiogenesis works or intervenes in the
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propagation of tumors. The role of the angiogénesis was examined in the process of development of cancer, knowing
all the molecules and receptors in addition to the intracellular signaling involved during the neovasculature. The
VEGF was taken as a fundamental molecule, by its capacity to intervene in both the stimulation as in the inhibition
of the neovascularization. By knowing all the processes by which this molecule must pass to achieve the creation of
blood vessels, it would provide several strategies to interfere in the process. Two different molecules inhibitors of
angiogenesis were presented, the first was monoclonal antibodies capable of interfering with the process of binding
between VEGF and its receptor in such a way that it cannot be started with angiogenesis. For example, Bevacizumab
is an antibody elaborated for this purpose for this reason its efficacy was assessed by a clinical study. The second was
tyrosine kinase inhibitor (TKI) molecules that act by intervening in the intracellular signaling and thus avoid the
creation of new blood vessels. With the clinical trials analyzed, it was concluded that angiogenesis inhibitors in
combination with chemotherapy may produce better therapeutic benefits in the treatment of ovarian cancer.
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