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Nox1 Mediates Basic Fibroblast Growth Factor–Induced
Migration of Vascular Smooth Muscle Cells

Katrin Schröder, Ina Helmcke, Katalin Palfi, Karl-Heinz Krause, Rudi Busse, Ralf P. Brandes

Objectives—Basic fibroblast growth factor (bFGF) stimulates vascular smooth muscle cell (SMC) migration. We
determined whether bFGF increases SMC reactive oxygen-species (ROS) and studied the role of ROS for SMC
migration.

Methods and Results—bFGF rapidly increased rat SMC ROS formation and migration through pathways sensitive to inhibition
of NADPH oxidases, PI3-kinase, protein kinase C, and Rac-1. SiRNA directed against the NADPH oxidase Nox4 impaired
basal but not bFGF-induced ROS formation and did not affect migration. In contrast, siRNA against Nox1 blocked the
agonist-induced ROS generation as well as the bFGF-induced migration. Agonist-induced migration was also attenuated in
SMC derived from Nox1 y/� mice and transduction of Nox1 restored normal migration. Likewise, SMC outgrowth in
response to bFGF was attenuated in aortic segments from Nox1 y/� mice as compared with Nox1 y/� mice. bFGF activated
JNK but not Src in a Nox1-dependent manner. Consequently, phosphorylation of the adaptor protein paxillin, which is central
for migration and secretion of matrix-metalloproteinases, were dependent on Nox1 as well as JNK but not Src.

Conclusions—These data demonstrate that bFGF activates the Nox1-containing NADPH oxidase and that bFGF through
a pathway involving ROS and JNK stimulates SMC migration. (Arterioscler Thromb Vasc Biol. 2007;27:1736-1743.)
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Restenosis is the major clinical problem after percutaneous
transluminal coronary angioplasty (PTCA) and coronary

artery stent implantation and is characterized by vascular smooth
muscle cell (VSMC) migration.1 Several cytokines such as basic
fibroblast growth factor (bFGF) and platelet-derived growth
factor (PDGF) that are known to promote SMC migration are
released in the course of restenosis.1 It is thought that PDGF
elicits a chemotactic stimulus for SMC migration toward the
intimal layer whereas bFGF does not evoke polarization of cells
and thus directed migration. bFGF therefore rather increases
the motility rate per se,2 but this is sufficient to result in
neointima formation in vivo3 as well as intimal hyperplasia
and angiogenesis.4

bFGF belongs to a class of at least 22 proteins with a
molecular weight of 17 to 34 kDa which share a conserved
sequence of 120 amino acids. FGFs mediate their biological
effects by high affinity binding to its receptor with tyrosine
kinase activity (FGFR1-FGFR4) but also to several low
affinity receptors and heparin sulfate proteoglycans.5 In the
vasculature, bFGF is thought to mainly act via FGFR2 which
autophosphorylates after ligand binding.

Migration is a complex process which involves several
events inside as well as outside the cell. Small GTPases have
a central function in controlling the cytoskeleton of cells
thereby determining cell shape, motility, and migration.6

Individual phases in the cell motility process are dependent
on different GTPases: RhoA regulates the assembly of focal
adhesions and actin stress fiber formation, whereas Rac-1 is
needed for membrane ruffling.7

Many elements in the process leading to cell migration are
considered to be redox-sensitive, such as the phosphorylation
of receptor protein tyrosine kinases8 or the regulation of the
actin cytoskeleton.9 However, it is not known whether bFGF
alters the cellular redox balance.

The most significant sources of oxygen-derived free radi-
cals (ROS) in the vascular system are NADPH oxidases.10

Initially, such enzymes have been described in leukocytes.
This classic NADPH oxidase consist of the two membrane-
bound subunits Nox2 and p22phox and the cytosolic compo-
nents p47phox, p67phox, p40phox, and Rac-1. The cytosolic
subunits have to assemble with the membrane bound subunits
to allow the transfer of electrons from NADPH to molecular
oxygen by the Nox subunit. Recently, several isoforms of the
NADPH oxidase have been reported,10 which mainly differ in
their large membrane-bound Nox subunit. Of the 5 proteins
described until now, Nox1, Nox2, and Nox4 are involved in
vascular ROS formation.10 Whereas Nox4 is thought to be
expressed in all layers of the vessel wall, Nox2 expression is
usually restricted to endothelial cells11 and fibroblasts, while
Nox1 is found in SMC.10 A vascular phenotype in NOX1-
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From the Institut für Kardiovaskuläre Physiologie (K.S., I.H., K.P., R.B. R.P.B), Johann Wolfgang Goethe-Universität, Frankfurt am Main, Germany;

and The Department of Pathology, Immunology and Clinical Pathology (K.-H.K.), Centre Medical Universitaire, Geneva, Switzerland.
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