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ABSTRACT

Vascular endothelial growth factors (VEGFs) are widely recognized for their crucial role in angiogenesis and vascular
function. However, recent research has expanded our understanding of VEGFs beyond their classical involvement in
blood vessel formation. Studies indicate that VEGFs may also play a significant role in the central nervous system
(CNS), influencing neuronal development, function, and survival. This article explores the impact of VEGFs on
neuronal structure and function, focusing on the molecular mechanisms underlying VEGF signaling in neurons. We
examine the evidence for VEGF-mediated neurogenesis, neuroprotection, and synaptic plasticity, and highlight the

potential therapeutic applications of targeting VEGF pathways in neurological diseases.

INTRODUCTION

Vascular endothelial growth factors (VEGFs) are a
family of signaling proteins primarily known for their
critical role in angiogenesis—the formation of new blood
vessels. Originally discovered in the context of tumor
growth and vascular disorders, VEGFs, particularly
VEGF-A, have been widely studied for their ability to
promote endothelial cell proliferation, survival, and
migration, thereby contributing to the maintenance of
vascular networks. However, in recent years, emerging
evidence has suggested that VEGFs may play important
roles in the central nervous system (CNS), not just in
vascular formation but also in neuronal development,
function, and survival.

Neurons, like other cells, rely on proper vascularization
for nutrient and oxygen supply. The blood-brain barrier
(BBB) complicates the relationship between blood
vessels and the brain, but VEGFs have been found to
impact both the blood-brain interface and neuronal
health. Their potential effects on neurogenesis, synaptic
plasticity, and neuroprotection have broadened our
understanding of their biological significance.

This article seeks to explore the multifaceted roles of
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VEGFs in the brain, examining their influence on
neuronal functions, structure, and health. By analyzing
both in vitro and in vivo studies, we aim to provide a
comprehensive view of how VEGFs can go beyond their
classical role in vasculature to influence the neuronal
landscape. The therapeutic potential of VEGFs in
neurodegenerative diseases and other neurological
disorders is also discussed.

METHODS

A review of recent literature was conducted to identify
studies that examined the effects of VEGFs on neuronal
functions and structure. We performed an in-depth search
of PubMed and Google Scholar databases, focusing on
peer-reviewed articles published between 2010 and 2025.
Keywords used in the search included "VEGF,"
"neurogenesis,”  "neuronal  function,”  "neuronal
survival," "neuroprotection,” "synaptic plasticity,” and
"blood-brain barrier."

Selected studies included both animal models and human
cell-based experiments that investigated the molecular
mechanisms of VEGF signaling pathways in neurons and
their effects on neuronal morphology and function. Both
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experimental and clinical studies were reviewed to
explore the broader implications of VEGF-related
therapies for neurodegenerative diseases such as
Alzheimer's disease, Parkinson's disease, and stroke.

RESULTS
VEGF Signaling in Neurons

VEGFs, particularly VEGF-A, have been shown to
interact with various receptors, such as VEGFR-1 and
VEGFR-2, that are expressed not only in endothelial cells
but also in neurons and glial cells. Activation of these
receptors by VEGFs results in downstream signaling
pathways involving kinases such as PI3K/Akt and
MAPK, which are critical for cellular survival,
differentiation, and function.

Studies have demonstrated that VEGFs can directly
influence neuronal growth and differentiation during
neurogenesis. In the hippocampus, for example, VEGF
has been shown to promote the proliferation and survival
of neural progenitor cells, thus enhancing neurogenesis
in adult brains. Furthermore, VEGFs also play a role in
synaptic plasticity, the ability of synapses to strengthen
or weaken over time, which is crucial for learning and
memory processes.

Neuroprotective Effects of VEGFs

VEGF-A has been linked to neuroprotection in various
models of neurodegenerative diseases. In experimental
models of ischemic stroke, VEGF-A treatment has been
found to enhance neuronal survival by promoting the
repair of damaged vasculature and stimulating
endogenous neurogenesis. Additionally, VEGF's anti-
apoptotic effects are particularly notable in conditions of
neuronal stress, such as during hypoxia or oxidative
stress, where VEGF can prevent neuronal cell death by
modulating apoptotic signaling pathways.

In Alzheimer's and Parkinson's diseases, where
neurodegeneration leads to substantial neuronal loss, the
protective effects of VEGF on neuronal survival and
vascular integrity are critical. VEGF can reduce
inflammation, improve cerebral blood flow, and promote
neuronal regeneration, all of which contribute to
maintaining cognitive function in these diseases.

VEGF and Synaptic Plasticity

VEGF signaling also plays a crucial role in synaptic
plasticity. VEGF-A has been shown to enhance long-
term potentiation (LTP) in hippocampal neurons, which
is a key mechanism for memory formation. The ability of
VEGFs to modulate synaptic activity and strengthen
synaptic connections suggests that they may be involved
in higher-order cognitive functions, such as learning and
memory. This has particular relevance for
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neurodegenerative diseases, where synaptic dysfunction
is one of the earliest manifestations of pathology.

The VEGF-mediated regulation of neurotransmitter
release, dendritic spine formation, and synapse
remodeling is essential for maintaining healthy neural
circuits. In animal models, VEGF stimulation has been
associated with an increase in dendritic spine density and
synapse formation, supporting the hypothesis that VEGF
can enhance neuronal connectivity.

Clinical Implications and Therapeutic Potential

The recognition of VEGF’s impact on neuronal function
and structure has opened new avenues for therapeutic
interventions in neurological disorders. Targeting VEGF
pathways holds promise for promoting neurogenesis and
neuroprotection in diseases such as Alzheimer's,
Parkinson's, and stroke. VEGF-based therapies could
enhance neuronal survival, stimulate synaptic plasticity,
and improve overall cognitive function.

However, challenges remain in translating these findings
into clinical therapies. The blood-brain barrier (BBB)
poses a significant hurdle in delivering VEGF-based
therapies to the brain. Additionally, the complex nature
of VEGEF signaling, with both pro- and anti-angiogenic
effects, requires careful modulation to avoid unwanted
side effects, such as tumorigenesis or excessive vascular
permeability. Therefore, future research is needed to
develop targeted, controlled delivery systems that can
effectively utilize VEGF's neuroprotective properties
without unintended consequences.

DISCUSSION

VEGF signaling extends beyond its classical role in
blood vessel formation to influence neuronal functions
and structure in the CNS. The ability of VEGFs to
promote  neurogenesis, protect neurons  from
degeneration, and enhance synaptic plasticity positions
them as promising candidates for the treatment of a
variety of neurological conditions. While there is still
much to learn about the precise molecular mechanisms
involved, the growing body of evidence suggests that
VEGF modulation could be a valuable therapeutic
strategy for combating neurodegenerative diseases.

However, despite the promising preclinical results,
clinical application remains challenging. The blood-brain
barrier and potential adverse effects of excessive VEGF
activity must be carefully addressed. Additionally, more
research is needed to understand the long-term impact of
VEGF modulation on neuronal health and function,
particularly in the context of aging and disease
progression.

Vascular endothelial growth factors (VEGFsS),
traditionally known for their critical role in angiogenesis,
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have garnered increasing attention for their potential
effects on neuronal functions and structure. While
VEGFs are essential for blood vessel formation and
maintenance, their effects in the nervous system extend
beyond vascularization, influencing neuronal health,
neurogenesis, synaptic plasticity, and neuroprotection.
This expanded role is of particular interest in
understanding how VEGFs could contribute to normal
brain function and how their modulation might provide
therapeutic benefits for various neurological disorders,
such as neurodegenerative diseases and stroke. This
section will delve into the various dimensions of VEGF's
involvement in neuronal structure and function, with an
emphasis on neurogenesis, synaptic plasticity, and
neuroprotection.

VEGF Signaling in Neurons

VEGF signaling in neurons occurs through the binding of
VEGFs to their respective receptors, primarily VEGFR-
1 and VEGFR-2, which are expressed not only on
endothelial cells but also on neurons and glial cells within
the central nervous system (CNS). Upon activation, these
receptors initiate a cascade of intracellular signaling
pathways that influence a variety of neuronal processes,
including survival, differentiation, and synaptic
plasticity.

Neurogenesis: VEGFs have been identified as key
players in neurogenesis, especially in the adult
hippocampus, a region vital for learning and memory.
VEGF-A, in particular, has been shown to stimulate the
proliferation and differentiation of neural progenitor cells
(NPCs), promoting their survival and integration into the
existing neural circuitry. The hippocampus, known for its
neuroplasticity, exhibits enhanced neurogenesis in
response to VEGF-A signaling, which suggests that
VEGF could be a critical factor in maintaining cognitive
function, especially during aging. For instance, studies
have indicated that VEGF signaling enhances the
survival and differentiation of NPCs into mature neurons,
facilitating new synaptic connections and improving
overall brain function.

Synaptic Plasticity: Synaptic plasticity refers to the
ability of synapses to strengthen or weaken over time, a
process critical for learning and memory. VEGF-A has
been shown to enhance long-term potentiation (LTP), a
form of synaptic plasticity that plays a crucial role in the
encoding of information in the brain. LTP is typically
mediated by the activation of NMDA receptors, which
are critical for synaptic strengthening. VEGF signaling
can modulate the release of neurotransmitters such as
glutamate, contributing to the molecular mechanisms
underlying synaptic plasticity. The enhancement of
synaptic plasticity by VEGF-A provides further evidence
of its broader role in neuronal function beyond
vascularization.
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Neuroprotective Effects of VEGFs

One of the most promising aspects of VEGFs in the CNS
is their neuroprotective properties. Under conditions of
stress, such as hypoxia, oxidative damage, or
neurodegeneration, neurons are highly vulnerable to
injury and death. VEGF-A has been shown to possess
anti-apoptotic properties, which help protect neurons
from cell death under these adverse conditions. This
neuroprotection  is  particularly  valuable in
neurodegenerative diseases such as Alzheimer’s disease
(AD), Parkinson’s disease (PD), and Huntington’s
disease, where neuronal loss and dysfunction are
hallmark features.

Ischemic Stroke: In the context of ischemic stroke,
VEGF-A has been demonstrated to promote tissue repair
by enhancing blood vessel formation in the ischemic
brain. The VEGF-induced angiogenesis not only restores
blood supply but also aids in the survival of neurons in
the peri-infarct region. This vascular remodeling
accelerates the healing process and protects neurons from
further damage. Moreover, VEGF-A can stimulate the
migration and differentiation of NPCs in the injured
brain, contributing to neurogenesis and improving
functional recovery post-stroke. This dual role of VEGF
in both vascular repair and neuroprotection underscores
its therapeutic potential in treating stroke-related brain
injury.

Neurodegenerative Diseases: In neurodegenerative
diseases, where progressive neuronal loss is a key
feature, VEGF-A has shown promise in providing
neuroprotection. Research in animal models of
Alzheimer’s disease has indicated that VEGF can reduce
neuroinflammation, a contributing factor to neuronal
degeneration, by modulating the immune response in the
brain. Furthermore, VEGF signaling has been shown to
promote the survival of dopaminergic neurons in
Parkinson’s disease models, suggesting its potential role
in protecting against neurodegeneration associated with
this disorder.

Molecular Mechanisms of Neuroprotection: The
neuroprotective effects of VEGF are mediated by several
molecular mechanisms. VEGF-A can activate signaling
pathways such as the PI3K/Akt and MAPK pathways,
which are known to promote cell survival and inhibit
apoptosis. These signaling pathways are crucial for cell
survival under stress conditions and help maintain
neuronal integrity in the face of injury or degeneration.
Additionally, VEGF-A has been shown to increase the
expression of anti-apoptotic proteins such as Bcl-2 and
decrease the levels of pro-apoptotic factors, further
enhancing neuronal survival.

VEGF in
Enhancement

Synaptic Function and Cognitive
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Beyond neurogenesis and neuroprotection, VEGFs also
play a crucial role in enhancing synaptic function, which
is essential for cognitive processes such as learning and
memory. VEGF-A’s ability to increase dendritic spine
density and synapse formation further supports its role in
improving cognitive function. Dendritic spines are small
protrusions on neurons where synapses are located, and
they play a pivotal role in synaptic signaling and
plasticity. Increased dendritic spine density correlates
with enhanced synaptic connections and improved
information processing, which is vital for learning.

Learning and Memory: In animal models, VEGF-A has
been shown to enhance cognitive performance,
particularly in tasks that require spatial memory, such as
the Morris water maze. VEGF-induced neurogenesis and
synaptic plasticity appear to contribute to this
improvement, suggesting that VEGF signaling may be
involved in cognitive enhancement. Furthermore, studies
have demonstrated that VEGF treatment can reverse
cognitive deficits in aged animals, supporting the
potential of VEGF as an intervention for age-related
cognitive decline.

Mechanisms of Synaptic Plasticity: VEGF-A enhances
synaptic plasticity by modulating key components of
synaptic function, including neurotransmitter release,
receptor expression, and synaptic structure. VEGF
signaling has been shown to increase the expression of
synaptic proteins such as postsynaptic density proteins
(PSD95) and AMPA receptors, which are critical for
synaptic transmission and plasticity. By promoting
synaptic remodeling, VEGF enhances the ability of
neurons to adapt and form new connections, facilitating
learning and memory.

Clinical Implications and Future Directions

The understanding of VEGFs' roles in neuronal function
and structure has significant clinical implications. The
potential therapeutic applications of VEGF-based
treatments are vast, especially in the context of
neurodegenerative diseases, stroke, and cognitive
decline. However, several challenges remain in
translating these findings into effective therapies.

Challenges in Delivery: One of the primary obstacles to
VEGF-based therapies is the difficulty in delivering
VEGF to the brain. The blood-brain barrier (BBB)
presents a major challenge to the effective delivery of
therapeutic molecules. Researchers are investigating
various strategies to overcome this barrier, such as
nanoparticle-based delivery systems and intranasal
administration, which may enable more efficient delivery
of VEGF to the CNS.

Targeting VEGF Signaling: While VEGF has clear
benefits for neuronal health, excessive or uncontrolled
VEGF activity can have detrimental effects, such as
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promoting tumorigenesis or causing abnormal vascular
permeability. Thus, careful modulation of VEGF
signaling is necessary to harness its therapeutic potential
without triggering adverse effects. Future studies should
focus on identifying the optimal dosing regimens and
delivery methods that can maximize the therapeutic
benefits of VEGF while minimizing potential side
effects.

Future Research Directions: Further research is needed to
better understand the precise molecular mechanisms
through which VEGF influences neuronal function and
structure. More studies are required to determine the
long-term effects of VEGF modulation on brain function,
particularly in  the context of aging and
neurodegeneration. Additionally, the role of VEGF in
glial cells and its interaction with other growth factors,
such as brain-derived neurotrophic factor (BDNF),
warrants further investigation.

The impact of VEGFs on neuronal functions and
structure extends far beyond their traditional role in
vascularization.  VEGFs, particularly  VEGF-A,
contribute to neurogenesis, synaptic plasticity, and
neuroprotection, making them crucial for maintaining
neuronal health and cognitive function. The therapeutic
potential of VEGFs in neurodegenerative diseases and
brain injury is promising, but further research is
necessary to address challenges related to delivery
methods and the regulation of VEGF signaling. As our
understanding of VEGF's roles in the brain continues to
evolve, VEGF-based therapies may emerge as a powerful
tool for treating a wide range of neurological disorders.

CONCLUSION

VEGFs, particularly VEGF-A, have significant roles in
regulating neuronal function, structure, and survival.
Beyond their established role in angiogenesis, VEGFs
contribute to neurogenesis, synaptic plasticity, and
neuroprotection. The therapeutic potential of VEGF-
based interventions for neurodegenerative diseases is
promising, but further research is necessary to overcome
challenges related to delivery methods and precise
regulation of VEGF activity in the brain. A deeper
understanding of VEGF signaling pathways will be
crucial for developing targeted therapies aimed at
improving neurological outcomes in a variety of
disorders.
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