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Wall shear stress

A shear stress, is defined as the component of stress coplanar with a material cross section. Shear
stress arises from the force vector component parallel to the cross section. Normal stress, on the
other hand, arises from the force vector component perpendicular to the material cross section on
which it acts.

Wall shear stress (WSS) is one of the main pathogenic factors in the development of saccular
aneurysms.

Degenerative cerebral aneurysm walls are associated with aneurysm rupture and subarachnoid
hemorrhage. Thin-walled regions (TWRs) represent fragile areas that may eventually lead to
aneurysm rupture.

see Computational fluid dynamics for thin walled region.

Assuming a preexisting reduced resistibility of the vessel wall to pressure changes and an area of
permanently low wall shear stress WSS, an increase in pressure induces geometrical changes. These
cause changes of intravascular flow distribution, lowering the already low WSS in specific locations.
This leads to endothelial damage in this area and to a decreasing stability of the vessel wall, causing
aneurysm development, growth, and rupture 1).

In brain, microvascular endothelial cells are exposed to various forces, including shear stress (SS).
However, little is known about the effects of high shear stress (HSS) on human brain microvascular
endothelial cells (HBMECs) and the underlying mechanism. The cholesterol efflux regulator ATP-
binding cassette subfamily A member 1 (ABCA1) has been demonstrated to exert protective effect on
HBMECs. However, whether ABCA1 is involved in the mechanism underneath the effect of HSS on
HBMECs remains obscure. In a study, a series of experiments were performed to better understand
the effect of HSS on cellular processes of HBMECs and the possible involvement of ABCA1 and
PI3K/Akt/eNOS in the underlying mechanisms.

HBMECs were subjected to physiological SS (PSS) or high SS (HSS). Cell migration was evaluated
using Transwell assay. Apoptotic HBMECs were detected by flow cytometry or caspase3/7 activity.
IL-1β, IL-6, MCP-1 and TNF-α levels were measured by ELISA. RT-qPCR and western blotting were used
for mRNA and protein expression detection, respectively. ROS and NO levels were detected using
specific detection kits. Compared to PSS, HBMECs exhibited decreased cell viability and migration and
increased cell apoptosis, increased levels of inflammatory cytokines, and improved ROS and NO
productions after HSS treatment. Moreover, HSS downregulated ABCA1 but upregulated the
cholesterol efflux-related proteins MMP9, AQP4, and CYP46 and activated PI3K/Akt/eNOS pathway.
Overexpression of ABCA1 in HBMECS inhibited PI3K/Akt/eNOS pathway and counteracted the
deleterious effects of HSS. Contrary effects were observed by ABCA1 silencing. Inhibiting
PI3K/Akt/eNOS pathway mimicked ABCA1 effects, suggesting that ABCA1 protects HBMECs from HSS
via PI3K/Akt/eNOS signaling.

These results advanced our understanding on the mechanisms of HSS on HBMECs and potentiated
ABCA1/PI3K/Akt/eNOS pathway as therapeutic target for cerebrovascular diseases 2).
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