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Angiogenesis, the formation of new capillaries from existing blood vessels, is a naturally 

occurring phenomenon in adult humans, encompassing a range of normal functions from the 

physiological maturation of the female reproductive system to wound healing, as well as 

pathological functions such as aiding unwanted tumor growth. Although ample evidence 

suggests that angiogenesis occurs in humans and laboratory animals after brain 

ischemia 1, 2, it has long been debated whether angiogenesis contributes to the recovery of 

function after stroke and whether it can be harnessed as a therapy to treat stroke. The pro 

and con opinions of post stroke angiogenesis have been eloquently and pertinently discussed 

by Dr. David Greenberg, who attests to the benefit of angiogenesis and the potential for 

clinical application; and by Drs. Joanna Adamczak and Mathias Hoehn, who address the risk 

of angiogenesis and potential consequences in aggravating stroke progression.

In light of the recent failure of several angiogenesis therapy trials, a critical appraisal of the 

angiogenic approaches is now overdue 3. Among the most obvious flaws comes first the 

overly simplistic selection of angiogenesis therapeutic targets. It is well known that in order 

to form the correct patterning of a functional blood vessel, multiple angiogenic factors must 

work together in concert with spatio-temporal precision. However, the majority of 

angiogenesis therapy regimens only involved the administration of a single angiogenic 

factor. Second, despite some evidence supporting a positive correlation between pro-

angiogenic factor levels and stroke outcome, a potential adverse effect of angiogenesis-

based therapy involving VEGF is linked to the generation of immature and unstable vessels 

that leads to edema and vessel regression over time. To form mature and functional blood 

vessels, pericytes and vascular smooth muscle cells are required to stabilize capillaries and 

control vessel conductance, respectively. Co-delivery of PDGF-BB with VEGF was 

reported to recruit pericytes and enhance vessel maturation. Ang-1 was also shown to reduce 

VEGF-induced vascular leakage, whereas FGF-9 promoted the recruitment of smooth 
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muscle cells and enhanced vasoreactivity. Lastly, considerable effort has been made to 

improve the delivery technology for angiogenic factors. A polymer-based scaffold system 

has made it possible to achieve spatial gradients of factors in tissue, whereas electrospun 

fibers offer controlled release. Together, with the right cocktail of factors, it seems feasible 

to recreate an angiogenic microenvironment with spatio-temporal precision.

It is apparent that the benefit of angiogenesis is more neurorestorative than neuroprotective 

in nature, considering the timing of its action. Arteriogenesis, the remodeling of preexisting 

collateral vessels on the other hand, plays a major role in neuroprotection and has been 

shown to determine stroke outcome 4, 5. Although distinct triggering mechanisms are 

responsible for each vascular remodeling process, similar growth factors and cytokines are 

likely shared by angiogenesis and the growth of collateral vessels. Emerging evidence 

suggest that genetics and underlying vascular risk factors might contribute to the variance in 

native collaterals and the collateral status after stroke, respectively 5–7. Similar vascular risk 

factors might also hamper post stroke angiogenesis and consequently, the recovery of 

function. Thus, a thorough understanding of the pro-angiogenic factors involved in both 

processes holds the key for developing an effective therapy for stroke.

Focal ischemia-induced angiogenesis appears to be transient and restricted to the border of 

the infarct. Whether or not the real mission of angiogenesis is to clean up the necrotic brain 

tissue, it suggests that at least the process is self-contained spatially and temporally. 

Nonetheless, it does raise another concern that therapeutic neovascularization may increase 

the risk of cancer if not managed properly. The bright side of this transient improvement in 

capillary blood flow surrounding an ischemic infarct is that it may promote other 

regenerative processes and neuroplasticity. While we all contemplate whether it is feasible 

to develop a safe and effective angiogenesis therapy in the future, for the moment at least we 

can still rely on the old fashion approach in improving cerebral blood perfusion with 

physical exercise, which not only “trains the vessel”, but also “gains the brain” 8.
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