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Abstract
Cytoskeletal alterations in endothelial cells have been linked to nitric oxide generation and cell-
cell interactions. Transforming growth factor (TGF)-β has been described to affect cytoskeletal
rearrangement in numerous cell types; however, the underlying pathway is unclear. In the present
study, we found that human umbilical vein endothelial cells (HUVEC) have marked cytoskeletal
alterations with short-term TGF-β treatment resulting in filipodia formation and F-actin assembly.
The cytoskeletal alterations were blocked by the novel TGF-β type I receptor/ALK5 kinase
inhibitor (SB-505124) but not by the p38 kinase inhibitor (SB-203580). TGF-β also induced
marked stimulation of reactive oxygen species (ROS) within 5 min of TGF-β exposure. TGF-β
stimulation of ROS was mediated by the NAPDH oxidase homolog Nox4 as DPI, an inhibitor of
NADPH oxidase, and dominant-negative Nox4 adenovirus blocked ROS production. Finally,
inhibition of ROS with ROS scavengers or dominant-negative Nox4 blocked the TGF-β effect on
cytoskeleton changes in endothelial cells. In conclusion, our studies show for the first time that
TGF-β-induced ROS production in human endothelial cells is via Nox4 and that TGF-β alteration
of cytoskeleton in HUVEC is mediated via a Nox4-dependent pathway.
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ENDOTHELIAL FUNCTION IS CLOSELY linked to the cytoskeleton. Alterations in endothelial cytoskeleton
have been linked to endothelial adhesion (10) and regulation of endothelial nitric oxide
synthase activity (34). The regulation of endothelial cytoskeleton has been linked to reactive
oxygen species (ROS) activity (10) and several growth factors (26). Endothelial dysfunction,
characterized by deterioration of endothelial adhesion and vasodilator function, has been
linked to numerous vascular diseases including diabetes and cardiovascular disease
(16,25,33) and may be influenced by alterations in the cytoskeleton. Proposed mechanisms
for endothelial dysfunction in diabetes involve generation of ROS (4). However, the role of
transforming growth factor (TGF)-β, a growth factor closely linked to diabetic
microvascular complications and a stimulator of ROS production (11,31,44), has not been
previously examined in the regulation of human endothelial cytoskeleton and ROS
production.

TGF-β is a multifunctional cytokine that can inhibit endothelial and epithelial cellular
proliferation, stimulate matrix accumulation, and suppress inflammation (29). TGF-β is also
a major factor in diabetic microvascular complications (31,37). The major pathway involved
in TGF-β signaling is via binding of active TGF-β to the type II receptor and subsequent
binding of the type I receptor/ALK5 (18). It has recently been reported that endothelial cells
also contain ALK1 as well as ALK5 and ALK1 may mediate certain effects of TGF-β (9).
The activated ALK5 receptor then phosphorylates Smad2 or Smad3, which then translocates
to the nucleus with the Co-Smad4 to regulate gene transcription. Although the role of Smads
appears critical to TGF-β-induced gene regulation (19,38), the role of Smads in mediating
rapid effects of TGF-β has been questioned. In particular, cytoskeletal alterations by TGF-β
occur in a biphasic manner in human prostate carcinoma cells and require Smad4 in the
chronic phase (12-24 h) but are Smad4 independent and Rho GTPase dependent in the acute
phase (5-30 min) (32). In murine mesangial cells, TGF-β induced rapid cytoskeletal changes
via a calcium entry pathway (20), whereas in cat endothelial cells TGF-β induced F-actin
assembly (26) via uncharacterized mechanisms.

A potential pathway of mediating cytoskeletal alterations by TGF-β is via ROS generation.
ROS generation has been found to regulate the cytoskeleton in several cell types, including
endothelial cells (10). Several studies identified NADPH oxidase as a major source of ROS
production in endothelial cells (21,43) and human umbilical vein endothelial cells (HUVEC)
primarily express the NADPH oxidase isoform, Nox4 (1). Nox4 is a member of the family
of gp91phox homologs that have recently been characterized in numerous cell types (15). In
endothelial cells, hydrogen peroxide addition stimulates cytoskeletal changes and tyrosine
phosphorylation of several proteins intimately involved in cytoskeletal regulation, including
focal adhesion kinase (FAK), paxillin, and p130cas (10). Interestingly, TGF-β has been
found to stimulate ROS production in a variety of cell types (13,35), including endothelial
cells (11), and also to stimulate tyrosine phosphorylation of cytoskeletal proteins (14).
However, prior studies have not identified the enzyme responsible for ROS production by
TGF-β in endothelial cells. In addition, the role of ROS in TGF-β-induced cytoskeletal
alterations has not been addressed.

In the present study, we show that TGF-β can stimulate cytoskeletal alterations in HUVEC
as characterized by filipodia formation and F-actin assembly. We found that TGF-β
stimulation of ROS in endothelial cells is via Nox4 and that Nox4-induced ROS generation
mediates TGF-β-induced cytoskeletal alterations.

MATERIALS AND METHODS
Reagents. Endothelial growth medium (EGM) culture medium was from Cambrex Bio
Science Walkersville (Walkersville, MD). SB-505124 (ALK 5 inhibitor) was from Glaxo
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SmithKline (King of Prussia, PA, courtesy of N. Laping) and SB-203580 was from Biomol
(Plymouth Meeting, PA). Type B Gelatin, EGTA, NAC, and DPI were purchased from
Sigma (St. Louis, MO). SlowFade light antifade kit, Hoechst 33342, CM-H2DCFDA,
rhodamine-phalloidin, and FITC-DNaseI were from Molecular Probes (Eugene, OR). TGF-
β1 was from R&D Systems (Minneapolis, MN). Formaldehyde 37%, Triton X-100, and No.
1 coverslips were purchased from Fisher Scientific (Pittsburgh, PA). Black walled 96-well
plates were purchased from Corning (Corning, NY).

Cell culture. HUVEC were isolated from human umbilical cord veins as described
previously (23,39) and cultured on 0.2% gelatin-coated dishes in EGM culture medium
containing 10% FBS. The cells were routinely passaged with trypsin-EDTA and used for
experiments between passages 2-6; 293 cells were obtained from American Type Culture
Collection.

F- and G-actin staining by confocal microscopy. F-actin was stained with rhodamine
phalloidin, and G-actin was stained with FITC DNase I. Cells were plated on coverslips
coated with gelatin. Cells were kept quiescent in EGM culture media containing 0.5% BSA
overnight before experimental treatment. Immediately after experimental protocol, cells
were fixed with 3.7% formaldehyde and permeabilized with 0.1% Triton X-100. Coverslips
were then incubated at room temperature with rhodamine-phalloidin (0.165 μM) alone or
with FITC-DNaseI (0.3 μM) for 20 min. Cells were washed three times with PBS, and the
coverslips were then mounted in SlowFade mounting media and sealed. Cells were directly
visualized by fluorescence microscopy or confocal microscopy and representative
photographs were obtained.

F- and G-actin quantitation with fluorescent plate reader. HUVEC were cultured to reach
80-90% confluence in 96-well black plates (Corning) coated with gelatin. After treatment,
cells went through the same staining procedure as described above but FITC-phalloidin was
used instead of rhodamine-phalloidin. Staining with FITC-phalloidin or FITC-DNase I was
performed in separate wells. After being stained, the cells were washed three times with
PBS and then 100 μl of PBS were left in each well and the plate was read with Millipore
Cytofluor 2300 fluorescent plate reader using filter setting for excitation wavelength at 485
nm and emission wavelength at 530 nm. In selected experiments, cells were treated with
kinase inhibitors, NAC or DPI, before TGF-β exposure or transduced with adenovirus for 72
h before TGF-β exposure.

ROS visualization and quantitation. HUVEC were plated on coverslips and made quiescent
overnight in 0.5% BSA before stimulation with TGF-β. Cells were loaded for 10 min with 5
μM CM-H2DCFDA in phenol-red-free medium in the dark and then treated with TGF-β in
the presence or absence of various inhibitors. In separate experiments, cells were transduced
with adenoviral LacZ or dominant-negative ΔNADPH Nox4 vectors 72 h before
experiments. Cells were then visualized by immunofluorescence microscopy after fixation
and staining of the nuclei with DAPI or examined live using confocal microscopy. DCF
fluorescence was visualized at an excitation wavelength of 488 nm and emission at 515 to
540 nm. To avoid photooxidation of the indicator dye, images were collected with a single
rapid scan using identical parameters for all samples.

As a quantitative index of ROS generation, the Amplex Red reagent [10-acetyl-3,7-
dihydroxyphenoxazine; Amplex Red Hydrogen Peroxide/Peroxidase Assay Kit, Molecular
Probes (A-22188)] was used. Amplex Red reacts with hydrogen peroxide in the presence of
horseradish peroxidase (HRP) with a 1:1 stoichiometry to form resorufin. HUVEC were
cultured on 96-well black plates coated with gelatin. The cells were rested overnight with
0.5% BSA in EGM medium and modulated with adenovirus or inhibitors. After the
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completion of pretreatment of HUVEC, Amplex Red and peroxidase in Kreb’s Ringer
phosphate buffer (pH 7.4) were introduced into each well in the dark. The final reaction
volume in each well was 100 μl. TGF-β at different concentrations was introduced just
before reading the plate. The contents of the plate were shaken for 5 s before the
commencement of the first cycle of measurement. Fluorescence intensity was kinetically
recorded with excitation at 544 nm and emission of 590 nm at 37°C over a 20-cycle period
with 10 flashes per well via fluorescent plate reader (POLARstar OPTIMA, BMG
Labtechnologies). Measurements were made at 1-min intervals over a 20-min period. The
data are reported as the mean value from each well over a 20-cycle period with n = 4-6 wells
per experiment. Each experiment was repeated three times.

Immunoblot analysis of Nox4. Whole cell lysates from 293 cells and HUVEC were prepared
with lysis buffer that contained 50 mM Tris·HCl (pH 7.2), 150 mM NaCl, 1% (wt/vol)
Triton X-100, 1 mM EDTA, 1 mM PMSF, and 5 μg/ml aprotonin and leupeptin. Forty
micrograms of cell lysate were resolved on a 10% reducing SDSPAGE and immunoblotted
with antibody to Nox4 at 1:1,500 dilution. A secondary HRP-conjugated anti-rabbit
antibody (Santa Cruz Biotechnology, Santa Cruz, CA) was used at 1:2,000 dilution. The
antibody to Nox4 was raised against the COOH-terminal end of Nox4 and detected by ECL
chemiluminescence as previously described (17). Two hundred ninety-three cells were
transfected with a cDNA construct for human Nox4 as previously described (6,17).

Immunostaining for Nox4 in HUVEC. HUVEC were plated on coverslips and made
quiescent overnight in 0.5% BSA before stimulation with TGF-β. After stimulation, primary
antibody at 1:100 dilution (rabbit polyclonal anti-Nox4 antibody) and secondary antibody
(goat anti-rabbit IgG) conjugated to Alexa-Fluor-568 at 10 μg/ml final concentration
(Molecular Probes) were used to detect Nox4. Bio-Rad MRC-600 confocal laser-scanning
microscope mounted on a Zeiss Axiovert 100 fluorescent microscope equipped with a ×63
objective with rhodamine filter was used. Negative control was performed by omitting the
primary antibody.

Preparation of NADPH Nox4 adenoviral construct and transduction of HUVEC. Nox4
deletion construct was generated as described previously (17). Briefly, cDNA for dominant-
negative Nox4 lacking the NADPH binding domain was generated by removing the COOH-
terminal sequence from wild-type Nox4 cDNA encoding 578 amino acids (GenBank
accession number AF254621) for NADPH (amino acids 1 to 383). The construct was
introduced into Ad-5 adenovirus using the Adeno-X expression system (BD Biosciences,
Palo Alto, CA). A recombinant adenovirus encoding β-galactosidase was used as a control.
Adenoviral constructs (600 infection forming units/cell) were preincubated for 100 min at
room temperature with EGM media containing 0.5% BSA and 0.5 mg polylysine/ml.
Transduction efficiency as measured by percent of cells expressing β-galactosidase was
90-95%, similar to prior studies with adenoviral transduction efficiency in HUVEC (22,24).
After preincubation, adenovirus transduction of HUVEC was performed by incubating cells
in adenovirus-containing media overnight. The next day medium was changed to fresh EGM
medium with 10% FBS. Seventy-two hours posttransduction, cells were used for
experiments, after being made quiescent overnight in media containing 0.5% BSA.

Statistical analysis. In all experiments, data were evaluated for significance by one-way
ANOVA using Student’s t-test. P < 0.05 was considered statistically significant.

RESULTS
TGF-β1 stimulates filipodia formation in HUVEC. To investigate whether TGF-β1 affects
cytoskeletal alterations in endothelial cells, we treated HUVEC with TGF-β1 for different
times and stained for F actin with rhodamine-phalloidin. Compared with control, TGF-β1
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induced a rapid induction of lamelipodia between 5 and 15 min, which was then followed by
development of long, thin membrane actin spikes, or filipodia, on the cell surface (Fig. 1).
Using dual labeling of cells, we found that TGF-β increased F-actin staining coincident with
reduced G-actin staining (Fig. 2A). The amount of F-actin and G-actin was quantified and
the data are presented in Fig. 2B. After TGF-β treatment, F:G ratio progressively increased
from 1.31 to 1.86 from 5 to 30 min (Fig. 2B).

Role of TGF-β type I receptor/ALK5 and p38 on cytoskeletal changes in HUVEC. TGF-β
primarily signals via TGF-β receptors located at the cell surface. Specific inhibition of the
TGF-β type I receptor/ALK5 serine-threonine kinase with SB-505124 abolished the effects
of TGF-β1 on F-actin assembly (Fig. 3, A and B). p38 Kinase activity has been implicated in
regulating cytoskeletal assembly of endothelial cells (40,42) as well as TGF-β-induced
cytoskeletal changes in other cell types (32). However, pretreatment with SB-203580, an
inhibitor of p38 MAP kinase, had no effect on F-actin assembly by TGF-β (Fig. 3, A and B).

TGF-β stimulates ROS production in HUVEC. As ROS production has been implicated in
cytoskeletal changes, we examined whether TGF-β induced ROS. Using DCF fluorescence,
we found that TGF-β induced a marked stimulation of ROS within 5 min of TGF-β exposure
(Fig. 4). The increased ROS production was maintained for 60 min following TGF-β
exposure. TGF-β-induced ROS requires the TGF-β type I receptor as the Alk5 inhibitor
(SB-505124) prevented ROS production (Fig. 4F). ROS production was completely
inhibited using the ROS scavenger NAC (Fig. 4G). The pathway involved in TGF-β-induced
ROS production is likely via NADPH oxidase as inhibition of NADPH oxidase with DPI
completely inhibited ROS production (Fig. 4H).

TGF-β stimulation of ROS is via Nox4. Several isoforms of NADPH oxidase have been
identified; however, Nox4 is the predominant isoform expressed in HUVEC by RT-PCR
studies (1). We identified a distinct 65-kDa band for Nox4 in HUVEC as demonstrated by
Western analysis (Fig. 5A) corresponding to the same sized band in 293 cells transfected
with human Nox4, and as previously described in 3T3-L1 cells (17) and pancreatic cancer
cells (41). Immunostaining of Nox4 revealed a diffuse pattern of Nox4 in HUVEC (Fig. 5B).
Following short-term TGF-β treatment, there was increased localization of Nox4 to nucleus
and the periphery of the cell (Fig. 5B).

To demonstrate the role of Nox4 in mediating TGF-β stimulation of ROS, we employed an
adenoviral vector encoding Nox4 with a deletion of the NADPH binding site. This construct
has been previously shown to have dominant-negative activity (17). Using adenovirus
delivery, we found that dominant-negative NADPH-deficient Nox4 completely blocked
TGF-β-induced ROS production (Fig. 6, Ac and Ad), whereas a control adenovirus vector
encoding lacZ had no effect in inhibiting TGF-β-induced ROS production (Fig. 6Aa).
Similar results were found with a quantitative assay using Amplex red (Fig. 6B).

TGF-β-induced cytoskeletal changes are mediated via ROS production. To determine the
role of NADPH oxidase and ROS production by TGF-β in cytoskeletal alterations, we
employed NAC, DPI, and the dominant-negative Nox4 adenovirus. Induction of filipodia by
TGF-β was not affected in LacZ adenoviral transduced cells; however, filipodia formation
was completely blocked by dominant-negative Nox4 (Fig. 7A). Similar findings were noted
with NAC and DPI. NAC, DPI, and dominant-negative Nox4 blocked the TGF-β-induced
increase in F/G-actin ratio (Fig. 7B).

DISCUSSION
In the present study, we show that the actin cytoskeleton in HUVEC undergoes dramatic
changes in response to TGF-β. TGF-β type I receptor/ALK5 kinase inhibition completely
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blocks TGF-β-induced cytoskeletal alterations, whereas p38 MAPkinase does not appear to
be involved in mediating cytoskeletal changes by TGF-β in HUVEC. The intracellular
signaling pathway involves generation of ROS by TGF-β as TGF-β stimulates ROS, and
inhibitors of ROS block TGF-β-induced F/G-actin alterations. The major Nox isoform in
HUVEC is Nox4, and inhibition of Nox4 activity blocks TGF-β-induced ROS production
and cytoskeletal alterations.

F-actin assembly is associated with focal adhesion formation and generation of lamilipodia
and filipodia structures. The formation of focal adhesion complexes may contribute to cell-
cell contact. This appears to be the case with HUVEC as TGF-β-induced filipodia formation
primarily occurred at sites adjacent to other cells. Other processes associated with F-actin
assembly include regulation of cell growth, matrix adhesion, and apoptosis. Interestingly,
TGF-β is well known to regulate endothelial cell differentiation, matrix production, and
apoptosis (27,28,30). TGF-β-induced cytoskeletal changes are also likely related to
chemotaxis of endothelial cells and effects on cell-cell communication and adhesion.

The signaling pathway by which TGF-β exerts cytoskeletal changes has been found to be
both Smad independent and Smad dependent. Dominant-negative Smad4-transfected cells
have been demonstrated to undergo rapid actin cytoskeletal alterations with the same
kinetics as nontransfected epithelial cells (32) and in mesangial cells (unpublished
observations, Sharma K). However, chronic exposure to TGF-β (24 h) induced cytoskeletal
changes in epithelial cells in a Smad4-dependent manner (32). In our present studies, the
rapid effects by TGF-β to regulate cytoskeletal changes suggest that the effect is Smad
independent. Further studies are required to evaluate the chronic effects of TGF-β on
endothelial cell actin cytoskeleton. The role of ROS stimulation to mediate TGF-β-induced
cytoskeletal changes has not been previously described. ROS stimulation may mediate
cytoskeletal changes via stimulation of pathways to regulate phosphorylation of the
cytoskeletal proteins, paxillin, p130 cas, and FAK (10). Interactions of ROS with calcium,
the RhoGTPase pathway, and cofilin and profilin are all likely involved in regulating the
conversion of G-actin monomers to F-actin and development of filipodia (5,8). Interestingly,
TGF-β-induced cytoskeletal changes have been linked to calcium entry (20), RhoGTPase
Cdc42 activation (32), and cofilin regulation (3). Furthermore, regulation of profilin was
found to occur in the context of diabetic complications and regulated by ROS production
(7).

The stimulation of ROS by TGF-β has been demonstrated in several cell types, including
endothelial cells, smooth muscle cells, and fibroblasts (11,35,36). However, the timing of
ROS stimulation in most studies has been described to occur in a time frame of 6 - 8 h,
whereas we find stimulation of ROS within minutes of TGF-β exposure. In one study with
human lung fibroblasts, TGF-β also induced ROS stimulation in a similar time frame (13);
however, the source of ROS production was not identified. The stimulation of ROS by TGF-
β in HUVEC appears to be via Nox4 as NADPH oxidase inhibition completely blocks ROS
production and the use of dominant-negative Nox4 also prevents TGF-β-induced ROS
production. It is conceivable that Nox1 may also contribute to ROS production as Nox1 has
also been identified in HUVEC; however, the predominant isoform in HUVEC is Nox4 (1).
The cellular distribution of Nox4 in HUVEC is similar to the reported distribution in
vascular smooth muscle cells (12). It is interesting to note that Nox4 has been identified
previously to colocalize with actin fibers suggesting an intimate relationship with the
cytoskeleton (12). TGF-β treatment increased peripheral membrane localization of Nox4,
suggesting possible association with NADPH oxidase subunits, such as phox22. Although
phox22 may be integral to activation of Nox4 (2), the mechanism of stimulation of Nox4 by
growth factors is unclear at present and is the subject of intense investigation.
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In summary, we find that TGF-β stimulates F-actin assembly and filipodia formation in
endothelial cells. The regulation of this effect is via the NADPH oxidase isoform Nox4.
Further studies to understand the mechanisms of Nox4 activation by TGF-β and consequent
effects on actin cytoskeleton and filipodia formation will likely reveal important insight into
the relevance of these pathways in a variety of pathophysiological conditions, including
diabetic vascular complications.
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Fig. 1.
Induction of filipodia formation by transforming growth factor (TGF)-β in human umbilical
vein endothelial cells (HUVEC). HUVEC were treated with vehicle or TGF-β1 (10 ng/ml)
for various time points and cells were fixed and stained with rhodamine-phalloidin (A-D).
Confocal microscopy was used to visualize cells and representative photographs were
obtained. There is a dramatic increase in F-actin following TGF-β treatment at 15 and 30
min. Filipodia formation was noted in between cells as well (C) as away from neighboring
cells (arrows; D).
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Fig. 2.
Induction of F-actin assembly by TGF-β in HUVEC. A: F-actin and G-actin were imaged on
the same cells using rhodamine-phallodin and FITC-DNaseI, respectively, on HUVEC after
TGF-β (10 ng/ml) treatment. There is a progressive increase in F-actin staining with a
coincident decrease in G-actin staining. Also noted were prominent filipodial protrusions
composed of F-actin. These results were most marked at 15 and 30 min after TGF-β
treatment. B: F/G actin quantitation was performed in cells plated on a 96-well plate and
stained with FITC-phalloidin or FITC-DNaseI. Fluorescence was measured using a
fluorescent plate reader. There were 6 replicates per condition and experiments were
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repeated 3 times. Data are presented as the mean F/G actin ratio ± SE from a representative
experiment. *P < 0.05 vs. control.
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Fig. 3.
Inhibition of TGF-β type I receptor/ALK5 kinase, but not p38 kinase, blocks F-actin
assembly by TGF-β. HUVEC were treated with TGF-β1 (10 ng/ml) for 30 min alone or
preincubated with inhibitors for the TGF-β type I receptor kinase (SB-505124, 500 nM) or
p38 kinase inhibitor (SB-203580, 5 μM) and imaged by confocal analysis (A). F/G actin
quantitation was performed using a fluorescent plate reader (B). There were 6 replicates per
condition and 3 separate experiments were performed. Data are presented as the mean F/G
actin ratio ± SE from a representative experiment. *P < 0.05 vs. control.
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Fig. 4.
TGF-β stimulates reactive oxygen species (ROS) production. TGF-β1 (10 ng/ml)-induced
ROS production was evaluated in HUVEC using DCF-loaded cells and costained with
DAPI. A: control. B: TGF-β1 treatment 5 min. C: TGF-β1 treatment 20 min. D: TGF-β1
treatment 30 min. E: TGF-β1 treatment 60 min. F: ROS imaging after pretreatment with
SB-505124 (500 nM, 4 h). G: 10 mM NAC (30 min). H: 10 μM DPI (30 min) and followed
by TGF-β1 (10 ng/ml) treatment for 5 min. Experiments were repeated 3 times and
representative photographs are shown.
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Fig. 5.
Nox 4 protein in HUVEC. A: cell lysates from 293 cells and HUVEC cells were analyzed
for Nox4 protein by Western blot analysis. There is a distinct band at ∼65 kDa
corresponding to Nox4 in HUVEC. A faint band is seen in lacZ-transfected 293 cells and is
increased with transfection with wild-type Nox4. B: Nox4 protein was visualized by
immunostaining of HUVEC with antibody to Nox4 and confocal microscopy. A Bio-Rad
MRC-600 confocal laser-scanning microscope mounted on a Zeiss Axiovert 100 fluorescent
microscope equipped with a ×63 objective with rhodamine filter was used. Under control
conditions, Nox4 is present throughout the cell but concentrated in the nuclear region. With
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short-term TGF-β treatment, there is increased Nox4 in nuclear compartment and the
periphery of the cell (see arrow).
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Fig. 6.
Nox 4 in HUVEC mediates TGF-β-induced ROS production. A: HUVEC were transduced
with adenovirus encoding lacZ (a, b), or dominant-negative mutant Nox4 lacking NADPH
binding site (c, d). Cells were loaded with DCF and treated with TGF-β (10 ng/ml, 5 min)
and imaged using live confocal microscopy. Representative photographs were taken from 3
separate experiments. B: to quantitate ROS production, the Amplex Red assay was used to
measure H2O2 production in HUVEC following TGF-β treatment alone and in the presence
of DPI, LacZ adenovirus, and dominant-negative mutant Nox4. There were 6 replicates per
condition and 3 separate experiments were performed. Data are presented as the mean
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percent control of H2O2 production ± SE from a representative experiment. *P < 0.05 vs.
control.
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Fig. 7.
Inhibition of ROS and NADPH oxidase blocks TGF-β-induced cytoskeletal changes. A:
TGF-β treatment induced F-actin assembly and filipodia formation in LacZ adenoviral-
treated HUVEC but not in HUVEC transduced with adenovirus encoding dominant-negative
Nox4. Experiments were repeated 3 times and representative photographs are shown. B:
quantitation of F/G actin ratios was performed in wild-type HUVEC with and without TGF-
β and in the presence of NAC (10 mM, 30 min) and DPI (10 μM, 30 min). LacZ adenoviral-
transduced and NADPH-Nox4 adenoviral-transduced HUVEC were assessed under control
conditions and following TGF-β1 treatment for 30 min. There were 6 replicates per
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condition and 3 separate experiments were performed. Data are presented as mean F/G actin
ratio ± SE from a representative experiment. *P < 0.05 vs. control.
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