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Letter to Editor

The role of vascular endothelial growth factor in 
angiogenesis and brain circulation after stroke
The process of angiogenesis is paramount in blood 
vessel recovery and regeneration after a cerebrovascular 
accident. The reparative role of angiogenesis in the 
maintenance of brain circulation after an acute ischemic 
stroke (AIS) episode is mediated by cellular signaling 
cascades orchestrated through many molecules 
including an essential protein regulator of angiogenesis 
known as vascular endothelial growth factor (VEGF).[1] 
The use of VEGF as a molecular target for therapeutic 
treatment of AIS events is complex, and its application 
involves an intricate timeline to minimize nervous 
system tissue damage and maximize blood vessel 
restoration. There are numerous ongoing investigations 
aimed at better understanding the cellular and molecular 
mechanisms of VEGF in the setting of AIS. These clinical 
and scientific studies have similar long-term goals, 
such as the development of rational drug therapies, 
including monoclonal antibodies and stem cells, and 
the improvement of patients’ functional outcomes and 
rehabilitative times.

In mammals, the VEGF family consists of five members, 
including Placental Growth Factor and VEGF‑A/B/C/D. 
The outstanding molecule in this family is certainly 
VEGF‑A due to its ability to promote angiogenesis and 
neurogenesis along with neuroprotection.[2-7] After AIS, 
VEGF induces astrocyte transdifferentiation into new 
neurons, thus promoting neurogenesis.[8] In theory, 
the supportive role of VEGF‑A in both angiogenesis 
and neurogenesis makes it an attractive molecular 
target for rational drug therapy in the setting of AIS. 
Contrariwise, under these circumstances, the increase 
in endogenous VEGF levels and the use of exogenous 
VEGF in ischemic cerebral tissue is actually injurious 
in the early recovery phase after AIS.[9,10] Perhaps, these 
inconsistencies are best reconciled through realizing the 
dual role of VEGF‑A in AIS; it establishes the endothelial 
network through enhancing endothelial cell migration 
and proliferation, but also induces vascular leakiness 
and permeability.[11,12]

The phosphorylation of tyrosine residues within VEGF‑A 
activates its receptor tyrosine kinase activity and causes 
activation of its downstream target proteins in three 
important signal transduction pathways: (1) the Akt 
and phosphatidylinositol-3-kinase (PI3K) pathways, (2) 
the mitogen-activated protein kinase (MAPK) pathway, 
and (3) matrix metalloproteinases (MMPs).[13-16] The 

VEGF‑A molecule supports neuron survival in cell 
culture models of AIS, including the excitotoxicity 
model[12-13] and the oxygen-and-glucose deprivation 
model.[15] In the AIS setting, the upregulation of the first 
and second signaling pathways are beneficial for neuron 
proliferation and survival while increased MMP levels 
lead to VEGF‑A‑mediated cerebrovascular edema and 
inflammatory damage.[13-16] A recent research study 
in a rodent middle cerebral artery occlusion (MCAO) 
model of AIS made four key conclusions: (1) the early 
secretion of VEGF contributes to endothelial leakiness 
after AIS, (2) the early inhibition of VEGF may reduce 
neurovascular permeability along with (3) decreasing 
infarct volume and increasing neurological functioning, 
and (4) these neuroprotective effects may decrease MMP 
2 and 9 levels and simultaneously increase tight junction 
proteins such as occludin.[16]

When implementing these treatments, there are important 
temporal constraints for physicians and scientists to 
consider. For example, the application of intravenous 
VEGF‑A is contraindicated at both the 1–3 h up to 24 
h time intervals after an episode of AIS.[13,17] Instead 
the use of VEGF‑A 1 day after AIS appears to confer 
neuroprotection through decreasing infarct volume and 
increasing vascular volume.[18,19] In humans, the efficacy 
and timing of VEGF‑A administration still need to be fully 
resolved to ensure its safe use in the recovery phase of AIS.

There have been recent therapeutic efforts to molecularly 
target VEGF‑A through using stem cells, chemical agents, 
and alternative medicines to improve neurological 
outcomes in the recovery phase of AIS. Foremost, the 
injection of stem cells overexpressing VEGF‑A has been 
demonstrated to induce angiogenesis in nervous system 
tissue.[20] Similarly, transplantation of human neural 
stem cells into rat cerebral cortex 1-week post-MCAO 
decreased behavioral deficits and infarct volume 
and these positive effects were diminished through 
administration of bevacizumab, a human monoclonal 
antibody against VEGF‑A.[21] Next, the application of 
the chemical agent dl-3-n-butylphthalide in eighty 
human patients after AIS was recently shown to be 
salubrious because it decreased neurological deficits 
and increased serum VEGF levels.[22] Furthermore, the 
application of a traditional Chinese medicinal herb, 
xueshuantong (Panax notoginseng), is reputed to be 
beneficial in the treatment of AIS in humans.[23] In a recent 
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Figure 1: The temporal effects of vascular endothelial growth factor in acute 
ischemic stroke. In middle cerebral artery occlusion models of acute ischemic 

stroke there are increases in vascular endothelial growth factor levels. In the first 
4 h after acute ischemic stroke, there is vascular endothelial growth factor‑mediated 

activation of matrix metalloproteinases causing cerebral edema and localized 
inflammation, thus damaging neurons and nervous system tissue. After this acute 

inflammatory phase, the positive effects of vascular endothelial growth factor 
signaling to its downstream target proteins, such as Akt, mitogen‑activated protein 
kinase, and phosphatidyl‑inositol‑3‑kinase, include angiogenesis and neurogenesis
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