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Abstract
Objective—Vascular NADPH oxidases (Noxes) have been implicated in cardiovascular diseases;
however, the importance of individual Nox homologues remains unclear. Here, the role of the
vascular smooth muscle cell (VSMC) Nox1 in neointima formation was studied using genetically
modified animal models.
Methods and results—Wire injury-induced neointima formation in the femoral artery, along with
proliferation and apoptosis, was reduced in Nox1y/- mice, but there was little difference in
TgSMCnox1 mice compared with wild type (WT) mice. Proliferation and migration were reduced in
cultured Nox1y/- VSMCs and increased in TgSMCnox1 cells. TgSMCnox1 cells exhibited increased
fibronectin secretion, but neither collagen I production nor cell adhesion was affected by alteration
of Nox1. Using antibody microarray and Western blotting analysis, increased cofilin phosphorylation
and mDia1 expression and decreased PAK1 expression were detected in Nox1y/- cells.
Overexpression of S3A, a constitutively active cofilin mutant, partially recovered reduced migration
of Nox1y/- cells, suggesting that reduction in cofilin activity contributes to impaired migration of
Nox1y/- VSMCs.
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Conclusions—These results indicate that Nox1 plays a critical role in neointima formation by
mediating VSMC migration, proliferation and extracellular matrix production, and that cofilin is a
major effector of Nox1-mediated migration. Inhibition of Nox1 may be an efficient strategy to
suppress neointimal formation.

Introduction
The abnormal intimal growth of blood vessels as a `response to injury' is key in the development
of vascular occlusive diseases such as in-stent stenosis, intimal proliferation following vein
grafts and atherosclerosis; hence, it is the major limitation for the efficacy of corrective surgery.
1 Vascular smooth muscle cells (VSMCs) are a main constituent of the neointima in these
lesions. Following injury, VSMCs migrate to the damaged area, proliferate and elaborate
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extracellular matrix (ECM), largely in response to platelet-derived growth factor (PDGF)
stimulation.2 The molecular mechanisms underlying these events are poorly understood.
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Reactive oxygen species (ROS) such as superoxide and hydrogen peroxide mediate signal
transduction pathways that contribute to the pathophysiological responses of VSMCs including
migration, proliferation, apoptosis, phenotypic modulation, and hypertrophy.3 Major sources
of ROS in VSMCs, especially in pathological conditions, are the NADPH oxidase (Nox) family
of enzymes. VSMCs from conduit arteries express Nox1 and Nox4,4 while those from
resistance arteries express Nox2 and Nox4.5 These oxidases serve different functions within
the cells,6 presumably owing to their distinct intracellular compartmentalization and different
mechanism of regulation and activation.7 Of interest, studies have linked Nox1 to VSMC
phenotypic changes including angiotensin II-induced hypertrophy8, serum-induced
proliferation4, ECM production9 and basic fibroblast growth factor (bFGF)-induced migration.
10
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In vivo studies of the role of specific Nox homologues in vascular lesions are limited. However,
enhanced generation of superoxide and increased NADPH oxidase expression or activity are
observed in rat balloon-injured carotid11 and coronary12 arteries and vein grafts,13. In
accordance with these findings, antioxidant treatment with tempol or N-acetyl-cysteine reduces
injury-induced restenosis.14 Furthermore, superoxide production is prominent in neointimal
and medial SMCs after carotid injury,11 and intimal SMCs are predominantly responsible for
the elevated NADPH oxidase activity in venous bypass graft intimal hyperplasia.13 The
expression of Nox1 increases early in the restenotic response and remains elevated during the
growth phase of the lesion.11
Based on these observations, we hypothesized that Nox1-derived ROS participate in neointimal
formation by mediating PDGF-induced signaling. We tested this by subjecting Nox1 knockout
(KO) and smooth muscle-specific, Nox1 overexpressing (OE) mice to wire injury of the
femoral artery. Our data show that deletion of Nox1 indeed impairs the response to injury,
support a role for Nox1 in proliferation, migration and extracellular matrix secretion, and
provide insight into the signaling that regulates such responses. Understanding the role of
specific NADPH oxidases such as Nox1 will permit better design of therapies targeted to
reducing oxidative stress in vascular disease.

Materials and Methods
An expanded Materials and Methods section is available in the online data supplement at
http://atvb.ahajournals.org.
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Reagents
All reagents and antibodies used here were purchased from standard suppliers. The coding
sequence for the S3A cofilin mutant in pcDNA3 expression vector was kindly provided by Dr.
J. S. Condeelis (Albert Einstein College of Medicine, Bronx, New York).15 Anti-Nox4 rabbit
polyclonal antibody was prepared as previously described.7
Animals
Nox1y/- mice were generated by Dr. K. H. Krause.9, 16 TgSMCnox1 mice, transgenic mice
overexpressing Nox1 in smooth muscle were also previously described.8 All mice are fully
backcrossed onto a C57Bl/6 background.
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Mouse femoral artery injury model
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Transluminal mechanical injury of bilateral femoral arteries was induced by introducing a large
wire as previously reported.17 At 21 days, the mice were sacrificed and pressure-perfused at
100 mm Hg with 0.9% sodium chloride, followed by pressure-fixation with 10% formalin.
Arteries were then carefully excised and embedded in paraffin. To assess the early apoptotic
response to injury, arteries were obtained 2 hrs after injury induction, as described previously.
17

Histological analysis of neointima
Hematoxylin and eosin (H&E) staining was used to assess morphological analysis.
Proliferating cell nuclear antigen (PCNA) and TUNEL staining were performed to identify
proliferating and apoptotic cells, respectively. Fibronectin and collagen were measured to
determine matrix accumulation. Mac-3 was used to detect macrophages. Images were acquired
with an Axioskop microscope and Axiocam CCD camera, and analyzed using NIH ImageJ or
MetaMorph (Molecular Devices) software. Percent stenosis was calculated from the ratio of
intimal area to the area inside the internal elastic lamina x 100.
Cell culture
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VSMCs were isolated from mouse aorta by enzymatic digestion18 and used between passages
3 to 10.
RNA extraction and reverse transcriptase-polymerase chain reaction (RT-PCR)
Total RNA was extracted with the RNeasy kit (Qiagen). cDNA was synthesized using random
primers and Superscript II (Invitrogen)4. For PCR, primers (forward: 5'CTGAGGGGCACCTGCTCATT-3', backward: 5'CTGGAATTTGTACCAGATAGATTTCAAG-3') were designed to amplify both mouse and
human Nox1 cDNA, but not DNA from KO cells that lack the annealing site for the forward
primer.
NADPH oxidase activity
NADPH oxidase activity was assayed in membrane preparations.19 Superoxide was quantified
by NADPH-dependent, SOD-inhibitable formation of 3-carboxy-proxyl radical (CP•) from 1hydroxy-3-carboxy-pyrrolidine (CPH), using ESR.
Cell proliferation assay
Proliferation was assessed by cell counting as previously described.20
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Migration assay
Migration was measured using a modified Boyden chamber assay. Migration was stimulated
by 10 ng/ml PDGF for 3 hrs. Migrated cells were stained with DAPI. Four (x20) fields were
visualized using Zeiss Axioskop and quantified with NIH ImageJ.
Cell transfection
VSMCs were transfected with pcDNA3/S3Acofilin or pcDNA3 by electroporation using a
Nucleofector (Amaxa Biosystems). The transfection was made 12 hrs before a 48 h serum
deprivation prior to the experiments.
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Extracellular matrix (ECM) production
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ECM production was assessed by measuring collagen I and fibronectin in the culture media.
Serum-deprived VSMCs were maintained in media containing 50 μg/ml ascorbic acid and 50
μg/ml β-aminopropionitrile (β-APN) with or without 10 ng/ml PDGF. After 72 hrs, media was
collected and subjected to Western blot analysis. To correct for possible differences in ECM
protein generation caused by differences in cell growth rate, gel loading was adjusted for total
protein concentration of the media.
Cell adhesion assay
VSMCs were plated and allowed to adhere for 30, 60 and 90 min. Attached cells were fixed/
stained with 0.5% crystal violet. Dye was extracted with 0.5 ml of 1% SDS, and absorbance
was measured at 590 nm.
Antibody microarray
Characterization of expression and phosphorylation of signaling molecules was performed by
Kinexus (Vancouver, Canada) using the Kinex Antibody Microarray. All changes reported in
Results were confirmed by Western analysis.
Western blotting
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VSMCs lysates were prepared and subjected to SDS-PAGE.21 Immunoreactive proteins were
detected by chemiluminescence. Band intensity was quantified by densitometry using NIH
ImageJ.
Statistical Analysis
Data are reported as mean±SE. Statistical significance was assessed by ANOVA on
untransformed data, followed by contrast analysis. A p<0.05 was considered statistically
significant.

Results
Analysis of injury-induced neointima formation and histological characteristics in Nox1y/and TgSMCnox1 mice
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To assess the role of Nox1 in neointimal formation, a wire-injury model of the mouse femoral
artery was employed. Three weeks after injury, morphological analysis of the injured artery
was performed. We confirmed that there was no increased intimal or medial thickness in shamoperated mice. As shown in Figure 1, both intimal thickness and cross-sectional area of femoral
arteries were significantly reduced in Nox1y/- mice, but there was minimal change in
TgSMCnox1 mice. No significant difference was found in medial thickness or area among WT,
Nox1y/- and TgSMCnox1 mice. Accordingly, the intima/media ratio and % stenosis were
diminished in Nox1y/- mice.
Cellular responses related with neointimal growth, proliferation, apoptosis, matrix
accumulation were examined with histological methods such as PCNA, TUNEL, fibronectin
and collagen staining. Low levels of PCNA expression and TUNEL positive cells were
observed in neointima of Nox1y/- arteries, whereas TgSMCnox1 arteries were not different from
WT arteries (Figure 2A and B). Expression of fibronectin was lower in Nox1y/- arteries;
however, there was no significant difference in collagen among groups (Figure 2C). To
investigate the involvement of inflammation in this injury model, we stained for macrophages
using Mac3-conjugated quantum dots (Figure S1). Macrophage distribution was not detected
in the neointima, consistent with previous reports,17 and no difference was observed among
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groups. These results suggest that Nox1 is necessary for neointimal formation, but
overexpression in smooth muscle itself does not augment the response to injury.
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Characterization of VSMCs from Nox1y/- and TgSMCnox1 mice
To determine how Nox1 influences the cellular functions of smooth muscle that contribute to
neointimal formation, we prepared VSMCs from Nox1y/- or TgSMCnox1 animals. Cell identity
was confirmed with smooth muscle α-actin and calponin staining (Figure S2), and nox1
expression was detected by RT-PCR. As predicted, nox1 expression was undetectable in
Nox1y/- cells, while TgSMCnox1 cells exhibited a marked increase (Figure 3A). Because rodent
aortic SMCs exclusively express Nox1 and Nox4 among gp91 homologues,4 we investigated
a possible compensatory Nox4 upregulation by measuring Nox4 expression in Nox1y/- and
TgSMCnox1 cells. However, consistent with previous studies,8, 16 we found no change in Nox4
basal expression (Figure 3B). This excludes a differential effect of Nox4 in the following cell
function studies employing Nox1y/- and TgSMCnox1 cells.
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To test whether alteration of Nox1 expression reflects a functional change in NADPH oxidase
activity, NADPH oxidase-dependent superoxide production was measured in basal and PDGFactivated conditions. As shown in Figure 3C, WT superoxide production was increased by
PDGF, which is consistent with previous reports demonstrating that Nox1 is PDGF-inducible.
4 However, such an increase was not observed in Nox1y/- cells, whereas TgSMCnox1 exhibited
higher levels of superoxide compared with WT cells both basally and after treatment.
Compared with Nox4, basal expression of Nox1 is remarkably low;4 therefore, basal
production of superoxide was not different between Nox1y/- and WT cells. These results
confirm that manipulations of Nox1 expression are in fact functional.
Effect of Nox1 on VSMC proliferation, migration, adhesion and extracellular matrix
production
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VSMC proliferation, adhesion, extracellular matrix (ECM) production and migration are major
contributors to neointimal formation.22-24 Hence, the effect of Nox1 on these cellular functions
was tested in Nox1-modified VSMCs. Nox1y/- cells had a slightly, but significantly, reduced
proliferative activity, while the growth rate of TgSMCnox1 cells was higher than that of WT
cells (Figure 4A). Cellular migration was modified to a greater extent than proliferation.
Compared to that in WT cells, PDGF-induced migration was inhibited by 35 ± 8% in
Nox1y/- cells, and both basal and PDGF-stimulated migration was significantly increased in
TgSMCnox1 cells (180 ± 17% and 180 ± 23% of WT cells, respectively, Figure 4B). This was
not due to alterations in cell adhesion, since altering Nox1 expression did not induce any
difference in adhesion capacity (Figure S3). These results suggest that Nox1 contributes to the
proliferative and migratory responses of VSMCs.
The effect of Nox1 on ECM deposition was assessed by measuring the most abundant proteins
present in ECM, collagen I and fibronectin. 22, 25, 26 Both basal and PDGF-stimulated
fibronectin production were significantly enhanced in TgSMCnox1 compared with WT cells,
while Nox1 knockout had no effect (Figure 4C). Neither Nox1y/- nor TgSMCnox1 cells exhibited
significant changes in collagen I production. It thus appears that Nox1 is capable of inducing
fibronectin production, but may not be required for this response.
Mechanism of Nox1-mediated VSMC migration
The ROS-sensitive mechanisms underlying Nox1-mediated proliferation have been well
studied,6, 27, 28 but those regulating migration are less understood. To clarify these
mechanisms, we examined potential signaling molecules responsible for Nox1-mediated
functional alterations of VSMCs. The goal was to identify targets that satisfied two criteria:
relation with migration or proliferation, and regulation by ROS. Initially, we tested whether
Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2010 April 1.
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the activation of PDGF receptor itself is altered in Nox1y/- or TgSMCnox1 cells. Both the total
expression and site-specific phosphorylation at Tyr716, an indicator of intrinsic receptor
tyrosine kinase activity, were examined. Neither expressed protein nor activation by PDGF
was changed by differential expression of Nox1 (Figure S4). Antibody microarray analysis
was then performed with 4 samples, WT-untreated cell lysate, and lysates from WT, Nox1y/and TgSMCnox1 cells treated with 10 ng/ml PDGF for 5 min. Cogent results from the antibody
microarray were confirmed with Western blotting. No significant difference was detected in
total protein and/or phosphorylated levels of Src, PLCγ1, Erk1/2, p38, PRK1, p85S6K,
PKCδ, PP2A, or vinculin (Table S1). However, significant changes in protein expression or
activation were detected in the cytoskeletal-associated proteins cofilin (a regulator of actin
depolymerization), mDia1 (a RhoA adapter protein), and PAK1 (a serine/threonine kinase that
promotes cytoskeletal reorganization) (Table S1 and Figure 5). Nox1y/- cells exhibited more
phosphorylated cofilin both basally and after PDGF stimulation, without alteration of cofilin
expression. Expression of mDia1 was increased and PAK1 was decreased in Nox1y/- cells.
Taken together, these data suggest that Nox1 may regulate migration by modulating the actin
cytoskeleton.
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Cofilin is known to be primarily involved in cytoskeletal reorganization by depolymerizing
actin, which influences cell migration and growth.29 Phosphorylation of cofilin at Ser3 inhibits
its activity.15 The observed increase in cofilin phosphorylation suggests that persistent
inactivation of cofilin may explain the impaired migration in Nox1y/- cells. To examine this
hypothesis, we attempted to reverse the reduced migration in Nox1y/- cells by expressing a
constitutively active cofilin mutant, S3A.15 As shown in Figure 6, S3A recovered the impaired
migration of Nox1y/- cells to the control level. This result suggests that decreased cofilin
activity is mainly responsible for reduced migration of Nox1y/- cells.

Discussion
The results of this study support a role for Nox1 in the process of neointima formation induced
by injury. Nox1 is required for the formation of neointima, but overexpression in VSMC above
the normal upregulation of Nox1 after injury does not significantly enhance injury-induced
neointimal formation. In vitro studies reveal that both migration and growth of VSMCs are
dependent on expression of Nox1. Regulation of cytoskeletal dynamics is presumably
responsible for the effect of Nox1 on migration, and in particular, cofilin serves as Nox1
effector. Thus, suppression of Nox1 may be a promising strategy to treat vascular diseases
associated with neointimal formation.
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The process of neointimal formation is complex, involving endothelial injury, thrombosis,
phenotypic transformation followed by migration and proliferation of VSMCs, elaboration of
ECM, redifferentiation of VSMCs and regrowth of the endothelium. For this reason, we studied
the overall effect of Nox1y/- or TgSMCnox1 in vivo, and used in vitro assays to probe those
events related to VSMCs. The reduced neointima in Nox1y/- mice indicates that Nox1 is
necessary for the neointimal response. In contrast, its overexpression does not induce a further
response, since neointimal formation in TgSMCnox1 mice was similar to WT. In other words,
additional activity of Nox1 does not evoke stronger signals, perhaps because Nox1 is already
upregulated in injured WT arteries.11 It is also possible that because Nox1 mediates early
proliferative and migratory responses, potential differences between TgSMCnox1 and WT mice
were obscured by 3 weeks after injury. This view is well correlated with the finding that, in
these experimental conditions, there was no prominent increase in proliferating cells in
TgSMCnox1 (Figure 2A). Finally, non-VSMC components contribute to neointimal formation
in vivo, making it difficult to quantify enhanced smooth-muscle specific responses in this
setting. For these reasons, the reduction in neointimal formation in Nox1y/- animals gives a
clearer picture of the importance of Nox1 in this response.
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Our studies suggest several mechanisms by which Nox1 can affect lesion formation and healing
in vivo. Previous studies showed that Nox1 mediates cell proliferation.20, 27, 28 Similarly, we
found that overexpression of Nox1 enhanced, while knockout of Nox1 inhibited, proliferation.
A similar pattern was seen for Nox1 in migration. Nox1 knockout also resulted in reduced
apoptosis after injury, which is consistent with previous reports demonstrating the involvement
of ROS signaling in apoptotic signals.30 The role of apoptosis in neointima formation is still
controversial, but early apoptosis after injury is generally believed to induce a greater wound
healing process.31 Therefore, the observed reduction of the apoptotic response in Nox1y/arteries is consistent with subsequent decreased neointimal growth. However, we saw a limited
effect of Nox1 on ECM production. Alteration of Nox1 had no effect on collagen in culture or
in vivo. Fibronectin accumulation was reduced in the neointima of Nox1y/- arteries and
augmented in TgSMCnox1 VSMCs. This suggests that Nox1 may differentially regulate matrix
components, leading to enrichment of fibronectin. Taken together, our results indicate that
Nox1 mediates multiple processes associated with the de-differentiated, synthetic VSMC
phenotype.
Because others have delineated many of the growth-related signaling pathways associated with
Nox1,27, 28 we focused here on understanding the mechanisms by which Nox1 regulates cell
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migration. The Src/phosphoinositide-dependent kinase-1 (PDK1)/PAK signaling axis has been
implicated as a major mediator of PDGF-induced, ROS- and NADPH oxidase-dependent
migration of VSMCs,32, 33 while thrombin-induced migration appears to depend on ROSregulated p38 MAPK activation,34 and c-Jun-N-terminal kinase (JNK) regulates bFGFinduced, Nox1-dependent migration of VSMCs.10 However, we found no changes in Src, p38
MAPK (Table S1), or JNK (in antibody microarray, not shown), suggesting that migratory
signaling may be agonist- and Nox-specific.
Migration is an integrated, dynamic, and cyclical process, dependent upon a well-orchestrated
regulation of the actin cytoskeleton.35 Important regulators of the actin cytoskeleton include
cofilin, mDia1 and PAK1, all of which are effectors of the Rho GTPase.36 Cofilin is capable
of disassembling and severing actin filaments.29 The activity of cofilin is controlled by its
phosphorylation state: Enhancement of cofilin activity by dephosphorylation accelerates
filamentous actin turnover and migration, while its phosphorylation impairs actin turnover.37
Our data revealed that Nox1y/- cells possess less active cofilin than WT cells in both basal and
PDGF-activated conditions. In addition, rescue of cofilin activity with a constitutively active
mutant restored impaired migration of Nox1y/- cells, suggesting that cofilin is responsible for
the impaired migration of Nox1y/- cells. These results are consistent with a previous report
demonstrating that Nox1 mediates Ras-induced cofilin activation (dephosphorylation), and
silencing of Nox1 by siRNA recovers phosphocofilin levels in normal rat kidney fibroblasts.
38
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The reason for the increase in cofilin phosphorylation in Nox1y/- cells is unclear. PAK1 is
upstream of cofilin, and activates the cofilin kinase LIMK,36 so one would expect its
expression/activity to be increased, rather than decreased. The observed decrease in PAK
expression may thus represent an attempt by the cell to compensate for persistent cofilin
inactivation. In support of a compensatory effect, we also found an increase in mDia1 in
Nox1y/- cells. mDia contributes to cytoskeletal remodeling by regulating actin polymerization
through profilin interaction, and promoting the stabilization and polarization of microtubules.
39, 40 Loss of mDia is associated with impaired T-lymphocyte trafficking,41 so increased mDia
expression is unlikely to account for impaired migration in the Nox1y/- cells. One other
possibility is that Nox1 may influence slingshot (SSH) phosphatase, which mediates PDGFinduced cofilin phosphorylation.42 The redox-sensitivity of SSH is unknown; however, Nox1
may affect cofilin dephosphorylation by regulating SSH activation. Nonetheless, it is clear that
Nox1 has a strong influence on cytoskeletal dynamics that will require further investigation.

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2010 April 1.

Lee et al.

Page 8

NIH-PA Author Manuscript

In summary, Nox1 is a critical element of neointimal formation after vascular injury. It
apparently exerts its effects in part by modulating VSMC growth and migration, and by
influencing matrix accumulation. Because neointima formation is a complex and multistage
process in which diverse cell types participate,43-47 the clear reduction in neointima in
Nox1y/- mice suggests that the role of Nox1 should be investigated in other vascular cells as
well. Meanwhile, these results identify Nox1 as a potentially novel target for therapy aimed at
reduction of intimal hyperplasia.
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Figure 1.

Analysis of neointima formation in WT, Nox1y/- and TgSMCnox1 mice. Injury was induced by
insertion of a guide wire into the left femoral artery, and arteries were harvested after 21 days.
A. Representative images of arterial cross-sections from WT, Nox1y/- and TgSMCnox1 mice.
B. Assessment of medial and intimal area, intima/media ratio, and %stenosis. Areas of media
and intima were averaged from duplicate cross-sections, from which intima/media ratio and
%stenosis were calculated. Values are means±SE of 13 (WT) and 6 (Nox1y/- and
TgSMCnox1) animals. *Significantly different from WT control (p < 0.05). Scale bar=50 μm.

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2010 April 1.

Lee et al.

Page 12

NIH-PA Author Manuscript
NIH-PA Author Manuscript
NIH-PA Author Manuscript

Figure 2.

Histological analysis of proliferation, apoptosis, and extracellular matrix distribution in arterial
cross-sections obtained from WT, Nox1y/- and TgSMCnox1 mice. Arterial sections obtained on
day 21 after injury induction were stained for proliferating cell nuclear antigen (PCNA) (A),
fibronectin (C, top panels) and collagen (C, bottom panels). TUNEL staining was performed
after 2 hrs of injury induction (B). PCNA and TUNEL positive cells were stained red and dark
brown, respectively (A and B). Red or orange color indicates fibronectin or collagen,
respectively (C). Background images were obtained from WT arteries omitting primary
antibody staining (A and C upper panel), and nuclei were counterstained with hematoxylin (C
upper panel). Arrowhead indicates positive staining of PCNA (A), and neointimal area
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analyzed for fibronectin is indicated with a solid line in images (C upper panel). Images for
PCNA, TUNEL, collagen and fibronectin staining are representative of sections from at least
3 animals of each genotype. Mean±SE are provided to the right of each image. `M' and `N'
denote media and neointima (A). Scale bar=30 (A), 20 (C upper panel), 50 (B and C lower
panel) μm.
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Figure 3.

Characterization of primary-cultured aortic smooth muscle cells from Nox1y/- and
TgSMCnox1 mice. A. PCR was conducted with primer pairs that can distinguish cDNA of
Nox1y/- cells from that of WT or TgSMCnox1 cells. PCR products were detected on agarose gel
electrophoresis. A representative gel image is presented. B. Nox4 protein expression was
measured by Western blotting. CDK4 was measured as a loading control. Representative
images are shown in upper panels. Values are means±SE from 3 independent experiments. C.
Serum-starved VSMCs were treated with 25 ng/ml PDGF for 4 h, which corresponds to
maximal activation of NADPH oxidase. Membrane fractions were prepared, and NADPHdependent, SOD-inhibitable superoxide generation was measured with ESR using CPH.
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Figure 4.

Effect of Nox1 expression on proliferation, migration and extracellular matrix (ECM)
production. A. Growth curves were obtained from WT, Nox1y/- and OE cells. B. Cell migration
was assessed using the modified Boyden chamber assay. Quiescent VSMCs were treated with
10 ng/ml PDGF for 3 h. C. Measurement of collagen I and fibronectin in culture media. Serumstarved VSMCs were maintained in the presence of 50 μg/mL ascorbic acid and βaminopropionitrile with or without 10 ng/ml PDGF for 72 h. Media was collected and subjected
to Western blotting. Representative immunoblots are shown in C. Values are means±SE of 6
(A) and 3 (B and C) independent observations. * Significantly different from corresponding
control (p < 0.05).
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Figure 5.

Alteration of cofilin, mDia and PAK1 expression or activity in WT, Nox1y/- and TgSMCnox1
VSMCs. Lysates were prepared from serum-deprived, untreated cells for total protein
measurement. To investigate phosphocofilin levels, serum-starved VSMCs were treated with
or without 10 ng/ml PDGF for 15 min, and cell lysates were subjected to Western blotting.
Band density of each protein was normalized to that of CDK4 (cofilin and PAK1), cofilin
(phospho-cofilin), or β-tubulin (mDia1), and the relative fold-changes over WT groups were
calculated. Values are means ± SE of 4 (cofilin) or 3 (phospho-cofilin, mDia1, PAK1)
independent experiments. * Significantly different from corresponding control (p < 0.05).
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Figure 6.

Recovery of impaired migration in Nox1y/- VSMCs by expression of constitutively active
cofilin, S3A. pcDNA3/S3A or pcDNA3 was introduced into Nox1y/- or WT VSMCs by
electroporation. After 12 h, serum was removed for 48 h, and migration induced by PDGF (10
ng/ml) was measured. Values are means±SE of 3 independent observations. *Significantly
different from corresponding control, Nox1y/- cells transfected with pcDNA (p < 0.05).
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