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Novel NADPH oxidase inhibitor VAS2870 suppresses
TGF-f-dependent epithelial-to-mesenchymal
transition in retinal pigment epithelial cells
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Abstract. NADPH oxidases (NOXs) are important in the patho-
physiology of fibrotic diseases. The expression and activity of
NOXs are regulated by growth factors, including transforming
growth factor (TGF-f). The proliferation of retinal pigment
epithelial (RPE) cells following epithelial- to-mesenchymal
transition (EMT) is a major pathological change involved in
proliferative vitreoretinopathy (PVR). The aim of the present
study was to determine the effects of the novel NOX inhibitor
VAS2870 on the TGF-f-dependent expression of NOX4
and associated cellular events in RPE cells. Cell viability
was examined using a Cell Counting Kit-8 assay and cell
cycle progression was detected by flow cytometric analysis.
Immunofluorescence analysis and western blot analysis were
performed to assess EMT. It was found that TGF-f3 increased
the expression of NOX4 and that pre-incubation with VAS2870
eliminated this effect. Additionally, TGF-f3 promoted RPE
migration and increased EMT. Pre-incubation with VAS2870
significantly prevented TGF-f2-induced EMT by decreasing
the levels of a-smooth muscle actin and E-cadherin, and also
inhibited the migratory ability of the RPE cells, as demon-
strated by scratch assays. Finally, VAS2870 suppressed the
proliferation of RPE cells, and led to G,-phase cell cycle
arrest and a significant downregulation of the expression of
cyclin D1. In conclusion, the pharmacological inhibition of
NOX may be a promising tool for the treatment of PVR.

Correspondence to: Dr Qianyan Kang, Department of
Ophthalmology, The First Affiliated Hospital, Medical School
of Xian Jiaotong University, 76 Yanta West Road, Xi'an,
Shaanxi 710061, P.R. China
E-mail: kangqy@xjtu.edu.cn

Key words: VAS2870, NADPH oxidase 4, proliferation, epithelial-
to-mesenchymal transition, retinal pigment epithelial cells,
proliferative vitreoretinopathy, a-smooth muscle actin, cyclin D1,
E-cadherin

Introduction

Proliferative vitreoretinopathy (PVR) is a complication of
retinal detachment (RD) and is the primary cause of surgical
failure following RD treatment (1). PVR is characterized by
the formation of fibrotic tissue on the detached retina, which
hinders retinal reattachment and can potentially cause blind-
ness (2). Surgical removal of the fibrotic membranes by retinal
repair is the primary treatment for PVR. The pathology of
the fibrotic membrane reflects an excessive wound healing
reaction characterized by cell proliferation, migration, extra-
cellular matrix (ECM) production and remodeling (3). For
these reasons, the identification of novel treatments to improve
the available therapeutic options is essential for managing this
disease.

Retinal pigment epithelial (RPE) cells are a major compo-
nent of the fibrotic membrane; these cells transform into
fibroblast-like cells through epithelial-to-mesenchymal transi-
tion (EMT) (4). Under normal, healthy conditions, RPE cells
form a monolayer comprising the blood-retina barrier between
the retina and choroid (5). During EMT, RPE cells lose their
epithelial characteristics, including unique cell-to-cell contact,
and obtain mesenchymal properties (6). In addition, the RPE
cells proliferate, migrate towards the vitreous body or intra-
retinal layers, and produce ECM, leading to the formation
of fibrotic membranes (7). However, the specific molecular
mechanisms mediating these processes remain to be fully
elucidated, and an effective therapeutic approach targeting
RPE cells has not been developed.

NADPH oxidases (NOXs) are a family of heme-containing
proteins, the main function of which is the production of
reactive oxygen species. A total of seven NOX proteins have
been identified, including NOX1-5 and DUOX1-2. These
enzymes are widely expressed in numerous tissues and have
various functions, including roles in cell signaling, regula-
tion of gene expression, cell death, cell differentiation, and
growth (8). The expression and activity of these enzymes
are regulated by growth factors, including angiotensin II,
platelet-derived growth factor and transforming growth factor
(TGF)-B (9). Among these, TGF-f initiates the upregulation
of other PVR-inducing factors. The major TGF-f isoform in
the posterior segment of the eye, TGF-2, is overexpressed
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in the vitreous and proliferative membranes of patients with
PVR (10,11).

A previous study showed that RPE cells express NOX1,
NOX?2 and NOX4 under normal physiological conditions (12).
NOX4 is a 578-amino acid flavocytochrome protein with six
transmembrane domains, which has been shown to modulate
epithelial cell cytoskeletal alterations, smooth muscle cell
differentiation, pulmonary fibroblast proliferation, and liver
fibrosis (13-16). NOXs are involved in the development and
progression of a wide spectrum of diseases and represent a
significant therapeutic target. However, the majority of NOX
inhibitors have not demonstrated sufficient clinical efficacy.
For example, apocynin affects other events, including the
induction of transcription factor activator protein-1 (17) and
the formation of thromboxane A2, which is independent of
NOXs (18). In addition, diphenyleneiodonium is not specific
for NOXs as it inhibits all flavoenzymes, including xanthine
oxidase and cytochrome P450 (19).

Accordingly, the present study aimed to investigate the
effects of a novel NOX inhibitor, VAS2870, which is the only
confirmed low-molecular-weight pharmacological inhibitor of
NOX, on the TGF-B-dependent expression of NOX4, migra-
tion, EMT and cell proliferation in RPE cells. The findings
may provide important insights into the potential application
of NOX inhibitors for the treatment and prevention of PVR.

Materials and methods

RPE cell culture and treatment. The ARPE-19 human RPE
cells were obtained from the American Type Culture Collection
(Manassas, VA, USA). The ARPE-19 line is an immortalized
cell line, which spontaneously arose from cultures of human
RPE. The cells were cultured in Dulbecco's modified Eagle's
medium (DMEM)/F12 containing 10% fetal bovine serum
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA).
The cells were cultured to 70% confluence at 37°C in a humidi-
fied atmosphere containing 5% CO,, and the medium was
replaced every 2-3 days. Subsequently, the cells were disaggre-
gated with 0.25% trypsin-0.02% ethylenediaminetetraacetic
acid solution and were passaged every 3-5 days. The cells were
randomly divided into five groups: Control, 5 ng/ml TGF-f32,
TGF-B2+1 uM/ml VAS2870, TGF-$2+3 uM/ml VAS2870,
and TGF-p2+5 pM/ml VAS2870. TGF-$2 and VAS2870 were
purchased from Sigma-Aldrich; Merck KGaA (Darmstadt,
Germany).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) analysis. Total RNA was isolated using an RNA
extraction kit (Fastagen Biotech, Shanghai, China) and
reverse transcribed into complementary DNA (cDNA) using
a PrimerScript First Strand cDNA Synthesis kit (Takara
Biotechnology Co., Ltd., Shiga, Japan) according to the
manufacturer's protocol. The quality of the RNA samples
was controlled by measuring the absorbance at A260/280; an
absorption between 1.8 and 2.1 indicated that the RNA was
of high quality. For PCR amplification, a MyTaq Red DNA
Polymerase (Bioline, London, England) kit was used according
to the manufacturer's protocol (10 ul 5xMyTaq Red Reaction
buffer, forward and reverse primers (20 pM), each 1 ul, 1 ul
MyTaq Red DNA polymerase, 10 ng cDNA and up to 50 ul
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ddH,0). The primers used for detection of mRNA expression
of NOX1-4 and GAPDH were based on previously published
sequences (12). For quantitative detection of NOX/-4 mRNAs,
the following sequence-specific primers were used: NOX1,
forward 5-TTCACCAATTCCCAGGATTGAAGTGGATGG
TC-3'" and reverse 5'-GACCTGTCACGATTGCATGGCCTT
GTCAA-3";, NOX2, forward 5'-AGAGGGTTGGAGGTGGAG
AATT-3" and reverse 5'-GCACAAGGAGCAGGACTAGAT
GA-3";, NOX4, forward 5-CTGGAGGAGCTGGCTCGCCAA
CGAAG-3' and reverse 5'-GTGATCATGAGGAATAGCACC
ACCACCATGCAG-3'; GAPDH, forward 5-UUCUCCGAA
CGUGUCACGUTT-3" and reverse 5'-ACGUGACACGUU
CGGAGAATT-3". The PCR was performed as follows: 30 sec
at 95°C, followed by 40 cycles of 5 sec at 95°C, 20 sec at 60°C
and 20 sec at 72°C. The amplified DNA was visualized with
SYBR Safe DNA Gel staining (diluted to 1:10,000; Invitrogen;
Thermo Fisher Scientific, Inc.) on 3% agarose TAE gels run
at 100 V for 30 min. Positive control tissues for each NOX
homolog were also examined (human NOX1, NOX2 and
NOX4). It was not possible to validate the expression of NOX3
as it is predominantly expressed in the inner ear. The gene
expression levels were normalized to the endogenous control
GAPDH, and fold changes were calculated using the 2-44¢4
method (20). All PCR reactions were performed at least in
triplicate.

Cell Counting Kit-8 (CCK-8) assays. Cell viability was
examined using CCK-8 assays (7Sea Pharmatech, Co., Ltd.,
Shanghai, China). VAS2870 (Sigma-Aldrich; Merck KGaA)
was diluted in dimethylsulfoxide (DMSO; Sigma-Aldrich;
Merck KGaA) to different concentrations. The RPE cells
were plated in 96-well plates (5x10° cells/well) with 100-ul
complete culture medium. The cells were then treated with
0.1,0.5, 1, 5 or 10 uM/ml VAS2870 (dissolved in DMSO).
After 24, 48 or 72 h, 10 ul CCK-8 solution was added to
each well, and the plates were incubated for 2 h at 37°C. The
absorbance was determined at 450 nm with a microplate
reader (Epoch; Bio-Tek Instruments Inc., Winooski, VT,
USA).

Wound healing assays. The RPE cells were seeded in 6-well
cell culture plates at a concentration of 5x10° cells/well, grown
to almost 100% confluence as a monolayer and then incubated
with serum-free DMEM. Wounds were gently introduced in the
center of the well using a sterile 200-u1 pipette tip, following
which the plates were washed with phosphate-buffered saline
(PBS) to remove cell debris. TGF-p2 (5 ng/ml) and VA2870
(5 uM) were then added to the cells. Images of marked regions
along the wound region were captured using an inverted phase
contrast microscope (Leica DMI3000B; Leica Microsystems
GmbH, Asslar, Germany) immediately following creation of
the wound. The distance migrated by the RPE cells into the
wounded region was determined by collecting images every
24 h.

Cell cycle analysis. The RPE cells were seeded in 25-cm?
culture flasks at a density of 1x10° cells/flask. The cells were
starved overnight and divided into four groups (control group,
and 1, 3, and 5 uM VAS2870 groups). Following incubation
at 37°C for 24 h, the cells were collected and fixed in 70%
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Figure 1. VAS2870 suppresses the TGF-f32-induced activated expression of NOX4. (A) Representative western blots depicting the time-course (4, 6,8 and 12 h)
of the expression of NOX4 following TGF-f2 treatment, compared with that in control explants. ‘P<0.05 and “'P<0.01, vs. NC group. (B) Representative results
of reverse transcription-quantitative PCR analysis of NOX1, NOX2 and NOX4 mRNA transcripts after 8 h. For each lane, the PCR products shown correspond
to the expected base pair lengths (NOX1, 62 bp; NOX2, 45 bp; NOX4, 59 bp; GAPDH, 42 bp). (C) Changes in the expression of NOX4 in the presence of 1,3 and
5 ng/ml TGF-2 for 24 h. "P<0.05, vs. NC group. (D) Changes in the expression of NOX4 in the presence of VAS2870 (1,3 or 5 uM) with TGF-B2 (5 ng/ml) for
24 h. "P<0.05, vs. TGF-f group; “P<0.05, vs. NC group. TGF-f2, transforming growth factor-$2; NOX4, NADPH oxidase 4; PCR, polymerase chain reaction;

NC, normal control.

ice-cold ethanol at 4°C overnight. The cells were then washed
twice with PBS, resuspended in 500-x1 PBS containing
100 pg/ml propidium iodide (Sigma-Aldrich; Merck KGaA)
and 100 ug/ml RNase A (Sigma-Aldrich; Merck KGaA), and
incubated in the dark for 20-40 min. Finally, cell cycle distri-
bution was detected by flow cytometry at -24°C, and the cells
were analyzed using a FACSCalibur with FACSort CellQuest
v6.0 software (BD Biosciences, Franklin Lakes, NJ, USA).

Immunofluorescence staining. The cells grown on 8x8 mm?
poly-L-lysine-coated coverslips in 24-well plates were starved
overnight and then treated with 5 ng/ml TGF-$2 and 5 uM
VAS2870. After 24 h, the cells were fixed with 4% paraformal-
dehyde for 30 min and washed three times with PBS. The cells
were then permeabilized with 0.3% Triton X-100 for 20 min at
room temperature,and slides were blocked in goat serum (Boster
Biological Technology, Pleasanton, CA, USA) for 1 h, followed
by overnight incubation at 4°C with the following primary anti-
bodies: Monoclonal rabbit anti-human a-smooth muscle actin
(SMA; 1:200; cat. no. ab124964; Abcam, Cambridge, MA,
USA) and monoclonal rabbit anti-human E-cadherin (1:200;
cat. no. ab53226; Abcam). Following washing with PBS exten-
sively, the cells were exposed to the fluorescent secondary
antibodies, goat anti-rabbit Cy3 (1:10,000; cat. no. CWO0114S)
and goat anti-rabbit FITC (1:10,000; cat. no. CWO0159S) from

CWBio (Beijing, China), in the dark for 30 min. The cover-
slips were washed again, mounted with DAPI for 5 min, and
observed under a fluorescence microscope (DP71; Olympus,
Tokyo, Japan).

Western blot analysis. The cells were lysed in RIPA buffer
(Sigma-Aldrich; Merck KGaA) supplemented with 1%
protease inhibitor cocktail (Roche Diagnostics, Basel,
Switzerland). The proteins (20 pg per lane) were separated
using sodium dodecyl sulfate polyacrylamide gel electropho-
resis (8-10% gel) and transferred onto polyvinylidene difluoride
membranes. Protein concentration was determined using
the BCA kit (Beyotime Institute of Biotechnology, Haimen,
China). The membranes were blocked in tris-buffered saline
with 1% Tween-20 (TBST) containing 8% skim milk at
room temperature for 2 h, and incubated with the following
primary antibodies: Monoclonal rabbit anti-human cyclin D1
(1:20,000; cat. no. ab134175), monoclonal anti-E-cadherin
(1:1,000; cat. no. ab40772), monoclonal anti-NOX4 (1:1,000;
cat. no. ab32419) and monoclonal anti-a-SMA (1:1,000;
cat. no. ab124964), all from Abcam, in a sealed bag over-
night at 4°C and the membranes were then washed three
times for 10 min each with TBS. The membranes were then
incubated with horseradish peroxidase (HRP)-conjugated
secondary antibodies (1:100,000; goat polyclonal anti-rabbit



YANG et al: VAS2870 INHIBITS TGF-3-DEPENDENT EMT IN RPE CELLS

BUT

TGF-p2

TGF-f2+VAS2870 5uM  VAS2870 10pM

126
A 154 Control
23 vAS2870 0.1 uM
& E vAS2870 0.5 uM
wn -
X 10 [ vas2870 1 uM
8 VAS2870 5 pM
8 VAS2870 10 uM
2 054 9
h 7
/
?
5 %
0.0 Lkl s

Figure 2. Effect of VAS2870 on RPE cell viability. (A) RPE cells were treated with VAS2870 at different concentrations for 24, 48 or 72 h, and cell viability
was analyzed. "P<0.05, vs. control group. (B) Images of cells in the presence of VAS2870 at 10 #M, which caused significant cell death (magnification, x200).

RPE cell, retinal pigment epithelial cell.

secondary antibody (IgG-HRP; cat. no. ab6721; Abcam) for
2 h at room temperature, washed three times with TBST for
15 min each, and subjected to chemiluminescence detection
with ECL substrate solution (Genshare Biological, Shaanxi,
China) for 2 min. Subsequently, the membranes were placed
in a LAS-3000 FujiFilm intelligent dark box. The illuminated
bands were detected, and images were captured using Image
reader LAS-3000 software 8.0 (Fujifilm Holdings Corporation,
Tokyo, Japan). Three independent experiments were performed.

Statistical analysis. All data are presented as the mean + stan-
dard deviation. Statistical analyses were performed using SPSS
version 18.0 for Windows (SPSS, Inc., Chicago, IL, USA).
Statistical comparisons were performed using Student's t-test
or two-way analysis of variance followed by ANOVA analysis
(followed by Tukey's post hoc test) for multiple comparisons.
P<0.05 was considered to indicate a statistically significant
difference.

Results

VAS2870 inhibits the expression of NOX4 in TGF-f2-treated
RPE cells. The effects of VAS2870 on the expression of NOX4
following TGF-f2-induced EMT in ARPE-19 cells were deter-
mined by western blot analysis. Specifically, the expression of
NOX4 was assessed at different time points (0,4, 6,8 and 12 h)
following TGF-B2 (5 ng/ml) stimulation. The expression of
NOX4 was initially induced at 4 h following TGF-f treatment
and expression was most pronounced at 8§ h (Fig. 1A).In addition,
in the RPE cells at 8 h, the mRNA levels of NOX4 were highest,
compared with the expression of NOX/ and NOX2 (Fig. 1B).
When treated with different concentrations of TGF-f32, the
protein expression of NOX4 was significantly increased,
compared with the levels in the normal control group (Fig. 1C).
In addition, the upregulation of NOX4 induced by TGF-p2 was
significantly inhibited by VAS2870 (Fig. 1D). These results
suggested that VAS2870 sufficiently inhibited the TGF-f3-
dependent expression of NOX in a dose-dependent manner.

Effects of VAS2870 on RPE cell viability. The effects of
VAS2870 on RPE cell viability were examined using different

concentrations of VAS2870 for 24, 48 and 72 h. As indi-
cated in Fig. 2, VAS2870 treatment resulted in significant
inhibitory effects on cell growth in a concentration-dependent
manner (Fig. 2A). The viability of cells treated with 10 uM
VAS2870 was significantly lower, compared with that in cells
treated with 1 and 5 uM VAS2870 at all three time points.
To determine whether the growth inhibitory effect was due
to VAS2870-induced cell death, the morphology of cells was
evaluated. The results revealed that cells in the normal group
were spindle-shaped with oval nuclei and visible black parti-
cles in the cytoplasm. By contrast, in the TGF-p2 group, the
cells were elongated, whereas 5 M VAS2870 did not affect
cell survival. However, treatment with 10 xuM VAS2870 for
24 h resulted in an increased number of dead cells, which had
lost their original spindle shape and in which cytochrome had
diffused into the extracellular matrix (Fig. 2B). These results
indicated that the growth inhibitory effects of low concentra-
tions of VAS2870 (1 and 5 puM) were predominantly caused by
the suppression of cell proliferation, whereas a higher concen-
tration (10 yM) resulted in cell death. Therefore, 1 and 5 yuM
VAS2870 was used for subsequent experiments.

VAS2870 inhibits TGFpB2-induced cell migration.
TGFp2-mediated cell migration in RPE cells has been impli-
cated in the development of PVR (21). Therefore, the present
study examined whether VAS2870 suppressed this event. As
shown in Fig. 3A, TGFp2 significantly enhanced cell migra-
tion, compared with that in the control group. The distance
covered by cells treated with VAS2870 (5 M) was shorter
than that in the TGF-p2-treated group at 24 h (Fig. 3B). By
48 h, the wound had healed in the TGFB2 group; however, at
the same time point, a gap there remained in the VAS2870
group (Fig. 3C). These data demonstrated that pretreatment
with VAS2870 inhibit TGF-f-dependent migration at a
concentration of 5 M.

VAS2870 inhibits the proliferation of RPE cells by inducing
G,-phase cell cycle arrest. The present study also evaluated
the effects of VAS2870 on cell cycle arrest (Fig. 4A). Upon
culture with different concentrations of VAS2870 (0, 1,
3 and 5 M) for 24 h, an accumulation of RPE cells in the
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Figure 3. Effects of VAS2870 on TGFf@2-induced wound healing in ARPE-19 cell monolayers (magnification, x50). (A) Wounds were introduced in the center
of the cell monolayers at 0 h. (B) Distance traveled by cells at 24 h. The remaining gap in the VAS2870 group was compared with that in the TGF-f2-induced
migration group. (C) Wound healing in the TGF-$2 group and VAS2870 group at 48 h. TGF-f2, transforming growth factor-f2; NC, normal control group.
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Figure 4. Effects of VAS2870 on cell cycle distribution of RPE cells. (A) Representative images of flow cytometry of cells in the four groups: (a) NC group,
and (b) 1, (c) 3 and (d) 5 uM VAS2870 groups. (B) Cell cycle distribution of RPE cells in the four groups. Group B, C and D, “P<0.05 G,/G, vs. NC, "P<0.05
G,/M vs. NC, #P<0.05 S vs. NC. RPE cell, retinal pigment epithelial; NC, normal control.
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Figure 5. Expression of E-cadherin and a-SMA in RPE cells. Immunofluorescence staining for (A) E-cadherin (red) in RPE cells in the (a) normal control
group, (b) TGF-f2-treated group, and (c) VAS2870 group exposed to TGF-f32. (B) Expression of a-SMA (green) in RPE cells in the (a) normal control group,
(b) TGF-p2-treated group and (c) VAS2870 group exposed to TGF-B2. Representative images are shown (magnification, x200; Scale bar=100 pm). TGF-$2,
transforming growth factor-p2; a-SMA, a-smooth muscle actin.
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Figure 6. Results of western blot analysis showing the effects of the inhibition of NOX4 on the protein expression of a-SMA, E-cadherin and cyclin DI in
TGF-B2-exposed RPE cells. *P<0.05 TGF-f3 group vs. NC group, and "P<0.05 TGF-B+VAS2870 vs. TGF- group for the protein expression of a-SMA,
E-cadherin and cyclin D1. NOX4, NADPH oxidase 4; TGF-$2, transforming growth factor-p2; a-SMA, a-smooth muscle actin; VAS, VAS2870; NC, normal

control group.

G,/G, phase and a decrease in the number of cells in the
S and G,/M phases were noted compared with those in the
normal control group (Fig. 4B). These findings indicated that
VAS2870 inhibited the proliferation of RPE cells via G, phase
cell cycle arrest.

VAS2870 prevents TGF-f2-induced EMT in RPE cells. To
investigate whether VAS2870 affects EMT in RPE cells, the
present study examined the expression of E-cadherin (an epithe-
lial marker) and a-SMA (a mesenchymal marker) following
treatment with VAS2870. The expression and distribution of
E-cadherin and a-SMA in RPE cells was also detected by
immunofluorescence staining. Under physiological conditions,
E-cadherin was expressed in the cell membrane (Fig. 5Aa)
whereas, in the presence of TGF-f2, staining for E-cadherin
in the VAS2870 group was more marked, compared with that
in the TGF-f2 group (Fig. SAb and c). Under physiological
conditions, a-SMA was localized to the cytoplasm in RPE
cells (Fig. 5Ba), whereas staining for a-SMA was diffuse and
enhanced in the TGF-f32 group (Fig. 5Bb), compared with that
in the VAS2870 group (Fig. 5Bc).

The results of western blot analysis revealed that the
expression of a-SMA was significantly upregulated and
that of E-cadherin was downregulated following treatment
with TGF-f2 for 24 h, compared with levels in the control
group (P<0.05; Fig. 6), indicating that TGF-B2 promoted
the differentiation of RPE cells. Of note, the differentiation
capacity was reduced by VAS2870; treatment significantly

reduced the expression of a-SMA, compared with that in the
TGF-p2 group, but increased the expression of E-cadherin in
a concentration-dependent manner (P<0.05; Fig. 6). Therefore,
these data showed that the NOX inhibitor VAS2870 signifi-
cantly attenuated TGF-p2-induced EMT in RPE cells.

To investigate the mechanism associated with cell cycle
arrest, the present study examined the effects of the phar-
macological inhibition of NOX on the expression of cell
cycle-regulated proteins by western blot analysis. As expected,
VAS2870 significantly decreased the expression of cyclin D1
in a concentration-dependent manner (P<0.05; Fig. 6). Taken
together, these data suggested that VAS2870 suppressed the
proliferation of RPE cells by inducing G, phase cell cycle
arrest, which occurred through the inhibition of cyclin DI.

In conclusion, the data obtained demonstrated that NOXs
are critical for TGF-f-dependent EMT and migration in
RPE cells and modulate signaling pathways, which promote
proliferation in these cells.

Discussion

In the present study, the effects of the novel NOX inhibitor
VAS2870 on the expression of NOX4 and the functional
effects mediated by growth factors in RPE cells were deter-
mined for the first time, to the best of our knowledge. It was
demonstrated that the mRNA expression of NOX4 was highest
among the NOX homologs analyzed (NOX1 and NOX?2) in RPE
cells, and that the protein expression of NOX4 was increased
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significantly upon TGF-32 stimulation in these cells. It was
also shown that the pan-NOX inhibitor VAS2870 markedly
suppressed the TGF-B2-induced expression of NOX4, and
that RPE cells retained an epithelial-like phenotype following
VAS2870 treatment. In addition, VAS2870 suppressed cell
proliferation, and TGF-f-dependent migration and EMT.

The role of NOX as a signaling molecule in cell migra-
tion has been reported by several groups. In the present
study, it was demonstrated that the NOX inhibitor VAS2870
eliminated TGF-B-dependent migration in RPE cells in a
concentration-dependent manner. These findings are consis-
tent with a previous report demonstrating that this molecule
can inhibit TGF-f-dependent migration in vascular smooth
muscle cells (22). In addition, Boudreau et al indicated that
NOX4 was involved in TGF-f-induced lung and breast epithe-
lial cell migration (23).

However, the role of TGF-f in cell proliferation remains
to be fully elucidated. Treatment with VAS2870 inhibited
cell cycle progression through the G, phase, as determined
by flow cytometry. Several studies have shown that other
NOX inhibitors reduce proliferation in various cell types.
For example, in pulmonary vascular cells, hypoxia-induced
proliferation was significantly suppressed by the inhibition
of NOX activity using the NOX inhibitor GKT137831 (24).
In addition, NOX4 was shown to mediate proliferation
in response to TGF-f in human pulmonary artery smooth
muscle cells (25).

Notably, the present study showed that VAS2870 reversed
TGF-p2-induced EMT in RPE cells. During this process,
expression of the epithelial differentiation marker E-cadherin
in these cells was lost and the expression of mesenchymal
marker a-SMA increased (26,27). E-cadherin, a cell-cell adhe-
sion molecule, is located at the cell-cell boundary of the normal
epithelium (28) and is associated with invasion and metastasis
in cancer (29). The present study showed that this protein was
upregulated in the membrane of RPE cells, indicating that
it can act as an intercellular adhesion molecule. Consistent
with these findings, angiotensin II-induced hepatocyte EMT
was previously reported to be inhibited by NOX4 small
interfering (si)RNA in hepatocytes (30). In the lens capsule,
VAS2870 was shown to inhibit the expression of NOX4, which
is the only NOX isoform expressed during TGF-f2-induced
EM,; those cells which survived following VAS2870 treatment
retained an epithelial-like phenotype, indicating that VAS2870
reversed EMT through the inhibition of NOX4 (31).

NOXs have been shown to transmit downstream TGF-f3
signaling. In skeletal muscle cells, TGF-f induces its own
expression, and the NOX pharmacological inhibitor apocynin
has been shown to inhibit this process (32). By contrast, in liver
tumor cells, VAS2870 effectively attenuates serum-dependent
growth and the phosphorylation of AKT and extracellular
signal-regulated kinase (33). In addition, Boudreau et al
demonstrated that silencing NOX4 prevented cell migra-
tion mediated by the small mothers against decapentaplegic
(Smad) signaling pathway in breast cancer cells (34). In
the investigation of ocular disease, NOX4 was shown to be
required for complete activation of mitogen-activated protein
kinase (MAPK) signaling upstream of reactive oxygen species
in human bronchial epithelial cells during EMT (35). Taken
together, these findings suggest that NOX4 may act as a
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common mediator of these pathways and that redox signaling
may serve as a nexus between parallel signaling pathways,
including those of Smads and MAPKs.

In conclusion, the results of the present study indicated
that the pharmacological inhibition of NOX with VAS2870
effectively impaired the proliferation of RPE cells. VAS2870
treatment also attenuated the migration and EMT induced by
TGF-p2,aphysiological pro-EMT stimulus. Notably, the effects
of VAS2870 on NOX enzymes were not isoform-specific, and
the final results may have been representative of the combined
effects of inhibiting all isoforms expressed in the cells. In RPE
cells, other isoforms, including NOX1 and NOX2, were
expressed at low levels. In particular, NOX4 appeared to be
crucial in RPE cells. Therefore, the pharmacological inhibition
of NOX may provide insights into the development of improved
treatments for PVR. However, there were limitations to the
present study. First, only the biological behaviors of RPE cells
following NOX4 inhibition were observed, and the molecular
mechanisms responsible for this process were not elucidated.
Further experiments are required to examine the efficiency
of NOX4 silencing by siRNA, using the same experimental
conditions, and to examine the effects of VAS2870 on other
signal transduction pathways, to fully elucidate the complex
interactions among these pathways. The pharmacological inhi-
bition of NOX may be a promising therapeutic approach for
proliferative retinopathy and for the prevention of secondary
PVR.
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