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Research and development project | “Elucidation of mechanisms by which mechanotransduction
pathways induced by cell adhesion apparatuses regulate front-rear polarity and directional collective
migration of endothelial cells during angiogenesis.”

Development of light-activated tension modulator

We designed molecular modules that increase (TenG) and decrease (TenR) tension applied to the cell adhesion
apparatuses in response to light stimulation by utilizing blue light photoreceptors in plants. To modulate tension
applied to cell-cell adhesions in a light-dependent manner, we constructed the plasmids encoding TenG-VEC
and TenR-VEC in which TenG and TenR modules are inserted into vascular endothelial cadherin. We also
generated the plasmids expressing TenG-VIN and TenR-VIN in which TenG and TenR modules are inserted into
vinculin, which links integrin to actin cytoskeleton, to modulate tension applied to cell-substratum adhesions.
When expressed in HeLa cells, TenG/TenR-VEC localized at cell-cell adhesions, while TenG/TenR-VIN were
located to focal adhesions. Furthermore, TenG-VEC was accumulated at cell-cell junctions and exhibited zipper-
like localization upon stimulation with blue light, suggesting that TenG-VEC might apply tension to cell-cell
adhesions in a light-dependent manner.

Imaging analysis of endothelial cell dynamics and tension during angiogenesis

We investigated molecular mechanisms underlying directional collective migration of endothelial cells (ECs) in
angiogenesis by performing fluorescent bio-imaging of EC behavior during mesencephalic vein formation in
zebrafish. In angiogenesis, leader cells at the front of growing vessels established front-rear polarity by
contacting with follower cells to move forward. On the other hand, follower cells frequently moved forward
when the distance to cell in front was long and that to cell in rear was short. Migrating follower cells were found
to have front-rear polarity. These results suggest that ECs move forward by establishing front-rear polarity

through the mechanical interaction with the cells located at the front and rear during sprouting angiogenesis.

Research and development project 11 “Elucidation of molecular mechanisms underlying the regulation of
angiogenesis by mechanical stresses such as shear stress and blood pressure.”
Role of intraluminal pressure acting on endothelial cells in angiogenesis.

By performing time-lapse imaging of angiogenesis in the wounded skin of adult zebrafish, we have shown that
wound angiogenesis occurred through both elongation of injured blood vessels and sprouting from pre-existing
ones. Intriguingly, the elongation was actively induced in the injured vessels located at the downstream side of
blood flow, while the upstream vessels only slightly elongated. Since intraluminal pressure is assumed to be
higher in the upstream vessels than in the downstream ones, we investigated the role of intraluminal pressure in
angiogenesis and found that the injured vessels at the upstream side began to elongate when intraluminal
pressure was diminished by cutting a more upstream site. By performing an in vitro angiogenesis assay using a
microfluidic device, we also found that vessel elongation in angiogenesis was halted by increasing intraluminal
pressure. These findings indicate that intraluminal pressure suppresses vessel elongation in angiogenesis.
Furthermore, we investigated the underlying mechanism and found that intraluminal pressure induced expansion
of injured blood vessels to stretch the ECs. Mechanical stretching of ECs resulted in suppression of actomyosin
activity, thereby inhibiting elongation of blood vessels. In conclusion, we successfully reveal an unexpected
role for intraluminal pressure in controlling angiogenesis.
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