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Abstract

Shear stress plays a critical role in the regulation of vascular biology and diseases, such as atherosclerosis, via
modulation of signal transduction and redox balance. Atherosclerosis preferentially occurs in a site-specific manner
linked to disturbed flow. In this Forum on Vascular Shear Stress, emerging role of redox-dependent molecular
mechanisms by which shear stress regulates pro- and antiatherogenic responses in endothelial cells both in vitro and
in vivo are reviewed in depth by experts. This Forum also provides comprehensive reviews regarding experimental
apparatus and in vivo, ex vivo, and in vitro systems used for shear stress studies. Antioxid. Redox Signal. 15, 1367–1368.

Vascular shear stress is generated by blood flowing
over endothelial layer and plays a critical role in vascular

biology and diseases such as atherosclerosis. Atherosclerosis
preferentially occurs in branched or curved arterial regions
associated with unstable blood flow, whereas straight vessels
that are exposed to stable flow are spared from the disease (4,
13, 15). Further, recent studies using Apolipoprotein E - / -

mice showed that acute exposure to disturbed flow, charac-
terized with low and oscillating shear stress, rapidly induces
robust atherosclerosis in mouse carotid artery, providing di-
rect evidence that disturbed flow can indeed induce athero-
sclerosis in hyperlipidemic condition (6). The mechanisms by
which shear stress either induces or inhibits atherosclerosis
have been studied by numerous groups, leading to better
molecular insights. Shear stress is recognized by endothelial
cells via various mechanosensors including the gap junctional
protein platelet/endothelial cell adhesion molecule 1, cell
surface glycocalyx, primary cilia, ion channels, caveolae and
G-proteins, cytoskeletal proteins, and integrins (2, 10). Upon
mechanosensing, shear stress regulates endothelial function
and structure by inducing cascades of cell signaling events
and changing gene expression patterns. Regulation of redox
balance through production and removal of reactive oxygen
species (ROS) and nitric oxide is a critical mechanism by
which shear stress acts as a potent pro- or antiatherogenic
stimulus. In this Forum on Vascular Shear Stress, a series of
review articles and research articles have been put together to
summarize current understanding in mechanisms by which
shear stress regulates vascular biology and disease and to
highlight the role of redox balance in this evolving field
(Fig. 1). Ando and Yamamoto (3) and Berk and colleagues (8)
provide general reviews regarding the role of shear stress and

an additional vascular stress, stretching, in endothelial bi-
ology and atherosclerosis. The antiatherogenic role of a me-
chanosensitive gene Klf2 is reviewed by Jain’s group (7), and
Noguchi’s group (12) discusses the role of Nrf2 in regulation
of antioxidant level and antiatherogenesis by stable shear
stress. In contrast, Davies’ group (5) highlights the emerging
role of ER stress and redox environment in inflammation and
atherosclerosis in flow-disturbed arterial regions in vivo. Hsiai
and colleagues (11) report the role of JNK and mitochondrial
ROS in regulation of endothelial inflammation in response to
oscillatory shear stress. Jo and colleagues (9) summarize var-
ious in vitro, ex vivo, and in vivo experimental models used to
study the role of shear stress in vascular biology and athero-
sclerosis. Taylor’s group (14) reports a novel model of dis-
turbed flow and ROS using coarcted mouse abdominal aorta.
Last, Garcia-Cardeña’s group (1) discusses the emerging role
of shear stress in stem cell differentiation. With this Forum, we
attempted to provide comprehensive reviews on the current
insights into the role of vascular shear stress in vascular bi-
ology and diseases as well as the experimental tools and cell,
tissue, and animal models used for shear experiments.
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Abbreviation Used

ROS¼ reactive oxygen species

FIG. 1. Opposing roles of stable flow and disturbed flow in endothelial biology and atherosclerosis. (To see this illustration
in color the reader is referred to the web version of this article at www.liebertonline.com/ars).
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