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Figure 1 Therapeutic strategy to promote brain vascular repair and regeneration following stroke. After focal cerebral ischemia, brain vascular death
occurs, and the infarction gradually grows from the ischemic core and results in a peripheral ischemic border zone, inducing inflammation, brain
edema, blood-brain barrier leakage, and neuronal death. Conventional recanalization therapies are effective only when conducted during the early
4.5-6 h after acute ischemic events. At later time points, promoting brain vascular regeneration becomes the major goal. Combining application of
vascular endothelial growth factors and neuronal-vascular guidance molecules, recruitment of endothelial precursor cells from the bone marrow into

the injured area can promote angiogenesis, collateral circulation and revascularization in the ischemic CNS
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Figure 2 Functions of meningeal lymphatics in brain vascular repair and regeneration. A: The structure of meningeal lymphatic vessels and their
main function—draining brain-derived soluble waste from meningeal lymphatic vessels into the deep cervical lymph nodes; B: in response to brain
vascular injury, in vivo time-lapse imaging revealed that the meningeal lymphatic endothelial cells rapidly invade the injured brain parenchyma,
forming lumenized lymphatic vessels. These invaded lymphatic vessels, on one hand, drain interstitial fluid to resolve cerebral edema, while on the
other hand, they act as “growing tracks” to provide guidance and support for the growth of nascent blood vessels. The ingrown lymphatic vessels
undergo apoptosis after brain vascular regeneration is complete
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Figure 3 Microglia mediate the repair of brain micro vessels ruptures.
A: Following neuronal damage, microglia change from resident state
into activated state, become polarized, proliferate, phagocytize neuronal
debris, secrete cytokines and neuroprotective factors, and repair the
blood brain barrier; B: once rupture of brain blood vessel occurs, ATP is
released from the rupture, microglia are attracted by extracellular ATP
and form direct physical adhesions with endothelial ends, and repair the
rupture through direct physical adhesion to the breaking points and
generation of mechanical traction forces
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The cellular and molecular mechanisms of cerebrovascular
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Stroke is a severe acute cerebrovascular disease that can cause a number of neuronal deaths and brain edema. The treatment of
ischemic stroke mainly includes hyperacute vascular recanalization and later pro-angiogenesis therapy. At present, the promotion of
angiogenesis is mainly through the combined application of vascular growth factors and guidance molecules, and the transplantation
of endothelial progenitor cells to promote vascular regeneration and repair. Pericytes can promote angiogenesis and rebuild brain-
blood-barrier. Activated platelets shed microparticles, which contain a variety of growth factors central to angiogenesis and
neurogenesis during brain vascular regeneration. The newly discovered meningeal lymphatic vessels can invade the injured
parenchyma to resolve edema and act as “growing tracks” to guide the growth of nascent blood vessels. These functions of pericytes,
platelets, and the meningeal lymphatics suggest their potential as novel pro-angiogenic targets for ischemic stroke. In addition to
ischemic stroke, microbleeds resulting from ruptures in microvessels are also a very extensive chronic cerebrovascular disease. After
cerebral microbleeds, microglia can mediate the repair of brain vascular rupture through direct physical adhesion and mechanical
traction. Here, we review the cellular and molecular mechanisms in cerebral vascular regeneration and repair. In addition, we provide
our perspectives for future mechanistic studies and treatment strategies for neurovascular diseases.

cerebrovascular regeneration, guidance molecules, endothelial progenitor cells, pericytes, platelets, meningeal
lymphatic vessels, microglia
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