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ABSTRACT: Cancer continues to maintain its importance as a pathological condition whose incidence continues

to increase. Since the source of pathophysiology is multifaceted, it is one of the popular topics that pharmaceutical

and medicinal chemists attach importance to in their studies. Recent studies have highlighted the association between

vascular formation mechanisms and the action mechanisms of drugs. As a result, the mechanisms of angiogenesis,

as well as the systemic pathways of EGF and VEGF, which play a significant role in angiogenesis, have been

elucidated. Inhibition of these systems was targeted while designing drugs and VEGFR emerged. The aim of this

study is to compile the types of VEGFR, their relationship with cancer and the mechanisms of action of clinically

used drugs approved by various authorities and to enable the readers of this review to recognize the specificities in

targets in VEGFR inhibitor design.
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1 INTRODUCTION

Cancer remains one of the most significant
health  complications  globally.  Many
biological mechanisms play a role in the
development and spread of this complex
disease. One of these mechanisms is the need
for the formation of new blood vessels to
support cancer cell growth and metastasis. This
process is called angiogenesis and vascular
endothelial growth factor (VEGF) is one of the
key regulators of this process. In recent years,
research to understand the role of VEGF in
cancer biology has accelerated, and significant

progress has been made in treatments targeting

this molecule. Recent studies have also
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highlighted the role of VEGFR?2 in cancer stem
cell self-renewal, particularly through the
VEGFR2/STAT3 signaling pathway, which
upregulates oncogenes such as Myc and
Sox210. This suggests that VEGFR2 not only
contributes to angiogenesis but also to the
maintenance of cancer-initiating cells, further
underscoring its importance in cancer biology.
Understanding the multifaceted role of
VEGFR2 in cancer can lead to more effective
therapeutic strategies, potentially improving
outcomes for patients with various types of
cancer. Understanding the multifaceted role of

VEGFR2 in cancer can lead to more effective
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therapeutic strategies, potentially improving
outcomes for patients with various types of
cancer [1].
1.1 Role of VEGF in Cancer Biology

VEGEF is a growth factor that initiates
and regulates angiogenesis. During their rapid
growth, cancer cells are exposed to hypoxia
due to shortage oxygen and nutrients. In
response to hypoxia, VEGF production
increases in the tumor microenvironment,
leading to the formation of new blood vessels.
These vessels supply tumor cells with nutrients
and oxygen, allowing them to grow. In
addition, these new blood vessels facilitate the
entry of cancer cells into circulation,
increasing the risk of metastasis [2].

Studies emphasizing the importance of
VEGF in cancer have shown that this molecule
is present at high levels, especially in
metastatic cancer types. For example,
overexpression of VEGF in many tumors such
as colorectal, lung and kidney, breast cancer
has been associated with poor prognosis [3].

The critical role of VEGF in cancer
biology has brought treatment approaches
targeting this molecule to the forefront. The
use of drugs that inhibit VEGF has led to
significant results, especially in metastatic
cancers. Anti-VEGF monoclonal antibodies
such as bevacizumab inhibit angiogenesis and
suppress tumor growth by binding VEGF. In
addition, tyrosine kinase inhibitors (TKIs)

targeting VEGF receptors have also been
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effective in inhibiting angiogenesis [3].
However, the efficacy of these treatments may
remain limited. The resistance mechanisms
that develop against anti-angiogenic therapies
make the long-term use of these drugs difficult.
Especially adaptive changes in the tumor
microenvironment and activation of alternative
angiogenic pathways play an important role in
the development of resistance [4]. Therefore,
there are ongoing studies suggesting that
VEGF-targeted therapies should be supported
by combination therapies.

Recent studies have revealed that
VEGEF plays a role not only in angiogenesis but
also in the regulation of the immune system.
High levels of VEGF cause an increase in
immunosuppressive cells in the tumor
microenvironment and suppress the function of
cytotoxic T cells [5]. This has made the
combination of immunotherapy and VEGF
inhibitors an attractive option. For example,
clinical trials using anti PDi/PD-Li
immunotherapies in combination with anti-
VEGF therapies have yielded promising
results. These combinations both reduce tumor
vascularity and enable the immune system to
develop a more effective response against the
tumor [6]. In addition, studies on genetic and
epigenetic regulation of VEGF are increasing.
Experimental research on direct modification
of VEGF expressions using gene editing

technologies such as CRISPR-cas9 is ongoing

[7].
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tyrosine kinase activity is low compared to
other VEGFR types. The primary functions of
VEGFR1 are:

Embryonic Development: VEGFRI1 plays a
critical role in the formation of the vascular
network during embryonic development. It is a
key regulator especially in the differentiation
of endothelial cells.

Negative Regulation: VEGFR1 can negatively
regulate angiogenesis by limiting the binding
of VEGF to VEGFR2. For this reason,
VEGFRI1 is often described as a ‘trapping
receptor’.  However, overactivation of
VEGFR1 has been associated with some
pathological conditions. For example, the
soluble form of VEGFR1 (sFlt-1) plays an
important role in pregnancy complications
such as pre-eclampsia [9].

VEGFR2 (KDR/FIk-1): It is considered the
most important receptor in angiogenesis. This
receptor activates the main signaling pathway
that initiates the biological effects of VEGF.
The main properties of VEGFR2 are:
Endothelial ~Cell  Activation: VEGFR2
promotes  endothelial cell proliferation,
migration and tube formation.

Vascular Permeability: Receptor activation
leads to an increase in vascular permeability.
This is important in both physiological and
pathological processes. Overactivation of
VEGFR2 is associated with  tumor

angiogenesis in diseases such as cancer.

Therefore, anti-angiogenic therapies targeting
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VEGFR2 have been developed [10].
VEGFR3 (Flt-4): It has a critical role in
lymph-angiogenesis and is essential for the
development and maintenance of lymphatic
vessels. The main functions of this receptor
can be summarized as follows:

Lymphatic Vessel Development: Regulates
proliferation and migration of lymphatic
endothelial cells.

Lymphoedema Pathology: Dysfunction of
VEGFR3 has been associated with congenital
or acquired lymphoedema diseases. Studies in
recent years have also revealed the role of
VEGFR3 in cancer metastasis via lymphatic
vessels. These findings emphasize the
importance of therapeutic strategies targeting
lymphangiogenesis [11].

1.4  Targeting VEGFR as an Indication

According to the latest data, new
findings on the efficacy of anti-VEGF
therapies in cancer treatment have been
obtained. Monoclonal antibodies such as
bevacizumab are widely used in certain types
of cancer. However, research on resistance
mechanisms emphasizes the importance of
combined treatment approaches [12].

In recent years, the use of VEGF
inhibitors has increased in diseases such as
age-related macular degeneration and diabetic
retinopathy. Especially molecules such as
aflibercept have given successful results in the
treatment of these diseases [13].

Studies on the role of VEGF in
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cardiovascular diseases show that this protein
can be used in the treatment of myocardial
regeneration and ischemia. Especially gene
therapy approaches have attracted attention in
recent years [4].

Research on VEGF has led to a better
understanding of the biological effects of this
protein family and has enabled the
development of new therapeutic approaches
in the treatment of various diseases. The focus
of future studies will be to further elucidate
the specific roles of different isoforms of
VEGF and integrate this knowledge into
clinical practice.

1.5  Angiogenesis and the Role of VEGF

Angiogenesis is the process of
sprouting new blood vessels from existing
vascular structures. This is critical for
conditions such as surgery, embryogenesis,
and wound healing, as well as pathological
conditions such as tumor metastasis and
growth. The VEGF family is one of the most
important growth factors that initiate and
regulate angiogenesis. VEGF plays a role in
providing the tumor microenvironment with
oxygen and nutrients by increasing the
proliferation,  migration, and  vascular
permeability of endothelial cells [14].
VEGFR2 plays the most important role in
tumor angiogenesis [9, 11]. Activation of
VEGFR2 triggers mitogenic  signaling
pathways in the endothelial lining, expanding

proliferation and new vessel formation.
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1.6 The Importance of VEGF and Its
Receptors in Breast Cancer

Breast cancer is one of the most
widespread malignancies in women and
angiogenesis plays a key role in disease
progression (Figure 1). Breast cancer cells
increase VEGF expression through Hypoxia-
Inducible Factor-la (HIFi«) in response to
hypoxia. Increased VEGF levels promote
angiogenesis in the tumor microenvironment
and increase metastatic potential [14, 15, 16].
The importance of VEGFR2 in breast cancer is
particularly striking. Overexpression of this
receptor has been associated with more
aggressive tumor phenotypes. Furthermore,
activation of the VEGFR?2 signaling pathway
facilitates the metastasis process by increasing
cellular migration and invasion. Recent studies
suggest that targeting VEGFR2 is a promising
approach in the treatment of breast cancer. For
example, clinical studies on the inhibition of
this pathway using anti-VEGF monoclonal
antibodies or tyrosine kinase inhibitors have
revealed a reduction in tumor growth [3, 17].
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Figure 1. Survival graph of VGFR2
inhibition in BRCA gene-related breast cancer
studied from GEPIA database.
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Therapeutic strategies targeting the
VEGF/VEGFR axis have an important place in
the treatment of breast cancer. Anti-VEGF
antibodies such as bevacizumab or multi-
tyrosine kinase inhibitors such as pazopanib
aim to reduce tumor vascularity by blocking
this axis. However, the efficacy of these
therapies 1is usually limited, and the
development of resistance is common. Recent
studies suggest that combination therapies
(anti VEGF agents and immunotherapies or
chemotherapies) may be more effective in
overcoming resistance mechanisms [18].

The effects of VEGF on angiogenesis
and the role of VEGF receptors in breast
cancer emphasize the importance of this
molecular pathway in cancer therapy. Recent
research has led to a better understanding of
the VEGF/VEGFR axis and provided a new
perspective on therapeutic strategies targeting
this axis. Advances in this field may allow the
development of more effective approaches in
the treatment of aggressive malignancies such
as breast cancer.

1.7  Biochemical Mechanisms

The biochemical parameters of VEGF
begin with the ligand-receptor agreement. The
binding of VEGF-A to VEGFR2 leads to its
dimerization and autophosphorylation. This
process triggers the activation of the following
signals: Vascular endothelial growth factor
receptor 2 (VEGFR2) is considered one of the

key regulators of the angiogenesis process.
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VEGFR2 interacts with VEGF-A to trigger
endothelial cell proliferation, migration and
new vessel formation. This process allows both
physiological and pathological angiogenesis to
be carried out [5].

1. PI3K/AKT Pathway: Regulates cell
survival signaling and suppresses apoptosis.

2. RAS/RAF/MEK/ERK Pathway: Promotes
cell proliferation.

3. p38 MAPK Pathway: Plays a role in
endothelial cell migration and tubule
formation.

These signaling pathways work together to
support the basic biological processes of
angiogenesis (Figure 2).

1.7.1 Relationship between VEGFR2 and
Apoptosis:  Metabolic Pathways and
Mechanisms

VEGFR?2 is a tyrosine kinase receptor
known for its fundamental role in
angiogenesis. It is increasingly recognized that
VEGFR?2 is an important regulator not only in
vessel formation but also in cellular survival
and apoptosis processes. In this article, the
effects of VEGFR2 on apoptosis and the
metabolic pathways involved in this process
will be discussed [16].

The role of VEGFR2 in regulating
apoptosis is not limited to signaling pathways;
it also affects cellular energy metabolism.
VEGFR2 activation helping cells meet their
energy demands by increasing the rate of

glycolysis. Increased glycolysis is an
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Figure 2. VEGF signaling pathway map [6].

important adaptation that supports survival in
hypoxic microenvironments such as cancer
[18]. It has also been shown that VEGFR2
regulates lipid metabolism and thus maintains
membrane stability.

The apoptosis-regulating effects of
VEGFR2 have become an important target,
especially in cancer therapy. VEGFR2
inhibitors are used to limit tumor growth and
direct cancer cells to apoptosis. However, a
better understanding of both the pro-apoptotic
and anti-apoptotic mechanisms of VEGFR2 is
required to minimize the side effects of such
therapies. VEGFR2 has a critical role not only
in angiogenesis but also in the regulation of
Suppressing apoptosis through
signaling pathways PI3K/Akt,

MAPK/ERK and NF-xB, VEGFR2 also

apoptosis.
such as
supports cellular survival through its effects on
energy metabolism [5]. A better understanding

of these mechanisms may lead to significant

advances in both basic biology and clinical
applications.
1.8  Structure and Function of VEGFR2
VEGFR2 is activated at the cell surface
by interacting with VEGF (Figure 3). This
activation leads to autotransphosphorylation of
tyrosine residues and initiates intracellular
signaling pathways. One of the best-known
functions of VEGFR 2 is to promote the
formation of new blood vessels by promoting
endothelial cell proliferation and migration [7,
10].
VEGFR2 also has an important effect on

However, recent studies show that
mechanisms that prevent apoptosis.
1.8.1 Apoptosis and VEGFR2

Apoptosis is a programmed process
that allows cells to die in a controlled manner.
This process is critical for maintaining the
homeostasis of the organism and ensuring that
damaged or unnecessary cells are eliminated.
The question of how VEGFR?2 regulates
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Figure 3. VEGFR2 structure in silico
demonstration [7].

apoptosis is of great interest, especially in
pathological conditions such as cancer.
Overexpression of VEGFR2 in cancer cells
can lead to suppression of apoptosis and
increased cellular survival [11]. The effect of
VEGFR2 on apoptosis can be explained
through the following main signaling
pathways.

PI3K/Akt Pathway: Activation of VEGFR2
triggers the phosphatidylinositol 3-kinase
(PI3K)  pathway,  which leads to
phosphorylation of Akt. Akt activates several
target proteins that suppress apoptosis. For
example, Akt inhibits the mitochondrial
apoptosis pathway by inactivating the pro-
apoptotic protein Bad [3] Akt also activates the
mTOR pathway, which regulates the cell cycle
and promotes survival.

MAPK/ERK Pathway: Activation of
VEGFR?2 also activates the mitogen-activated
protein kinase (MAPK) pathway. ERK1/2, a
component of this pathway, promotes cellular
survival by increasing the transcription of anti-

apoptotic genes. Activation of ERK1/2
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protects cells against external factors that
trigger apoptosis, especially oxidative stress
[21].
NF-kB Activation: Another important effect
of VEGFR2 signaling is the activation of the
nuclear factor kappa B (NF-kB) pathway. NF-
kB reduces cellular stress by increasing the
expression of anti-apoptotic genes. This
mechanism  potentiates  the  apoptosis
suppressive effect of VEGFR2, especially in
the inflammatory microenvironment [15, 22].
1.9 VEGFR2 Inhibitors and Clinical
Uses

Vascular endothelial growth factor
receptor 2 (VEGFR2) is a tyrosine kinase
receptor that plays a key role in angiogenesis.
Angiogenesis plays an important role in both
physiological and pathological processes [23].
Especially in diseases such as cancer,
VEGFR?2 signaling pathway is known to be
active in the formation of new blood vessels
that support the growth and metastasis of
tumors. Therefore, VEGFR2 inhibitors have
been developed as targeted therapeutic agents
in cancer treatment and are widely used in the
clinic. In this article, the clinical use of
VEGFR2 inhibitors and current literature
information in this field are discussed.
VEGFR?2 inhibitors disrupt the functioning of
the VEGF signaling pathway by blocking the
activation of the receptor. This prevents new

vessel formation and limits the tumor’s ability

to receive oxygen and nutrients. VEGFR2
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inhibitors are generally in the tyrosine kinase
inhibitor (TKI) class and can be taken orally.
Some inhibitors have been developed as
monoclonal antibodies [24].

VEGFR?2 Inhibitors Used in the Clinic
Sorafenib: Sorafenib is a multikinase inhibitor
that inhibits both VEGFR2 and other tyrosine
kinase receptors (Figure 4). It is used in the
remedy of hepatocellular carcinoma (HCC)
and renal cell carcinoma (RCC). It has also
been shown to be effective in some forms of

thyroid cancer [23, 26].

Figure 4. Sorafenib 2D
Sunitinib: Sunitinib targets VEGFR2 as well
as other receptors such as PDGFR and c-Kit
(Figure 5). It is widely used in the treatment of

renal cell carcinoma and gastrointestinal

stromal tumors (GIST) [27, 28].

Figure 5. Sunitinib 2D

Pazopanib: Pazopanib is another tyrosine

kinase inhibitor approved for the treatment of
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renal cell carcinoma and soft tissue sarcoma
that acts by inhibiting VEGFR1, VEGFR2, and
VEGFR3 [29].

Axitinib: Axitinib is a VEGFR2 inhibitor used
as 2" line therapy, especially in metastatic
renal cell carcinoma (Figure 6). It is
characterized by its high selectivity [30].
selectively  blocks  VEGFRI,
VEGFR2 and VEGFR3 tyrosine kinase

Axitinib

receptors [31].

Figure 6. Axitinib 2D
Ramucirumab: Ramucirumab is a

monoclonal antibody that binds to VEGFR2
(Figure 7). This binding prevents the receptor
from being activated. It is currently approved
for use in various types of cancer (gastric

cancer, colon cancer) [32].

Figure 7. Ramucirumab 2D
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2 CONCLUSION

VEGF plays a critical role in cancer
biology and therapies targeting this molecule
have an important place in oncology.
However, resistance mechanisms and limited
efficacy against anti-VEGF therapies require
further research in this field. Current studies
emphasize the combination of VEGF
inhibitors with immunotherapies and genetic
editing strategies. In the light of these
developments, VEGF-targeted therapies are
expected to offer more effective and
personalized approaches in the future [33,
34,35].

The VEGF family continues to occupy
an important place in biomedical research. The
findings obtained in the last five years have
provided a better understanding of the
biological functions of this protein family and
shed light on the development of new
therapeutic targets. Understanding the role of
VEGF in a wide range of diseases from cancer
to cardiovascular diseases will form the basis
of future therapeutic strategies [36,37].

VEGFs and VEGFRs are among the
most critical pro-angiogenic factors regulating
tumor  angiogenesis.  Therefore, anti-
angiogenic therapies targeting VEGF and it
signaling pathways are promising in the
treatment of  various cancers. The
VEGF/VEGFR2 system functions as an

autocrine/paracrine process required for the

proliferation and survival of cancer cells [38].
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At the same time, in recent years, significant
progress has been made in identifying
intracellular signaling cascades specific to
VEGFR2. Recent research has also revealed
aberrant VEGFR2 expression and signaling
activity in cancer cells. Targeting VEGFR2
overexpression has been focused on because it
may be an effective way to treat breast cancer
and other cancers.
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