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We study mechanobiology dealing with mechanical phenomena in the human body, especially
focusing on cellular sensing and mechanotransduction mechanisms underlying the responses to
mechanical stimuli. The main theme of our study is to elucidate how vascular endothelial cells sense
hemodynamic forces (i.e., shear stress and stretch) generated by blood flow and blood pressure. This
would be of benefit not only for understanding the blood flow-mediated regulation of vascular
functions, angiogenesis and vascular remodeling, but also for the elucidation of clinically important
problems, such as the development of cerebral aneurysms and atherosclerosis. In this fiscal year, we

conducted research and development with the following contents.



(1) Mechanisms of blood flow sensing and mechanotransduction in endothelial cells

We examined the influence of shear stress and stretch on the changes in membrane physical
properties, lipid order and fluidity. Two distinct lipid order states coexist in the plasma membranes: a
liquid-ordered (L) state and a liquid-disordered (La) state. Shear stress decreased the membrane
lipid order of human pulmonary artery EC plasma membranes, thereby causing a transition from
the Lo phase to the La phase in some areas, along with an increase in membrane fluidity. In contrast,
uniaxial stretching and hypotonic swelling increased the lipid order and decreased membrane
fluidity. A similar increase in lipid order occurred when the artificial lipid bilayer membranes of
giant unilamellar vesicles were stretched by hypotonic swelling, indicating that this is a physical
phenomenon. The cholesterol content of EC plasma membranes significantly decreased in response
to shear stress, whereas it clearly increased in response to stretch. Blocking these changes in the
membrane lipid order and cholesterol content by adding cholesterol or by depleting membrane
cholesterol with MBCD resulted in a marked inhibition of the EC response specific to stretch and
shear stress, i.e. phosphorylation of VEGF receptors and phosphorylation of PDGF receptors,
respectively. These findings indicate that EC plasma membranes differently respond to shear stress
and stretch by changing their lipid order, fluidity and cholesterol content in opposite directions, and
that these changes in the physical properties of the membrane contribute to the
mechanotransduction that activates membrane receptors specific to each force.

We have also developed tension-induced fusion of lipid vesicles through the use of a
photosensitive surfactant containing an azobenzene moiety. We discussed the mechanism of
photoinduced vesicle fusion in terms of the elastic free energy of the membrane, including the
membrane tension of stretching and the line tension of a fusion pore.

(2) Clarification of mechanisms underlying the pathogenesis of intracranial aneurysm focused on
mechanotransduction of vascular cells

In order to investigate the influence of blood flow mechanotransduction on the formation of
cerebral aneurysm, we have used an animal model of intracranial aneurysm, in which an aneurysm
lesion is induced through increase in hemodynamic stress by one side of carotid ligation and induced
systemic hypertension. To visualize the wall motion of the contralateral bifurcation site, which is the
prospective site of aneurysm induction in our model, in response to increase in hemodynamic stress
and to know what happens under changes in hemodynamic status, we subjected rats to this
aneurysm model and successfully visualized the anterior cerebral artery-olfactory artery bifurcation
in live rats. Furthermore, to examine a clinical relevance of an above animal experiment, we got IRB
(Institutional Review Board) approval from all institutes where human samples are harvested and

started to accumulate human aneurysm specimen in our institute.
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