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Abstract Angiotensin II (Ang II) plays a profound reg-
ulatory effect on NADPH oxidase and the functional fea-
tures of vascular adventitial fibroblasts, but its role in
antioxidant enzyme defense remains unclear. This study
investigated the effect of Ang II on expressions and
activities of superoxide dismutase (SOD), catalase (CAT),
and glutathione peroxidase (GPx) in adventitial fibroblasts
and the possible mechanism involved. Ang II decreased the
expression and activity of CAT in a dose- and time-
dependent manner, but not that of SOD and GPx. The
effects were abolished by the angiotensin II type 1 receptor
(AT1R) blocker losartan and AT1R small-interfering RNA
(siRNA). Incubation with polyethylene glycol-CAT

Weiwei Yang and Jia Zhang equally contributed to this work.

Electronic supplementary material The online version of this
article (doi:10.1007/s11010-011-0915-1) contains supplementary
material, which is available to authorized users.

W. Yang - J. Zhang - H. Wang - N. Fang (D)

Department of Geriatrics, RenJi Hospital, Shanghai Jiao Tong
University School of Medicine, No. 145, Shandong Middle
Road, Shanghai 200001, China

e-mail: rjfangny @shsmu.edu.cn

P. Gao

Joint Laboratory of Vascular Biology of Health Science Center
and Shanghai Institute of Hypertension, Ruijin Hospital,
Shanghai Jiao Tong University School of Medicine, Shanghai
200025, China

M. Singh
Department of Pathology, University of Western Ontario,
London, ON, Canada

K. Shen
Division of Cardiology, Zhoushan People’s Hospital, Zhoushan,
Zhejiang 316000, China

prevented the Ang II-induced effects on reactive oxygen
species (ROS) generation and myofibroblast differentia-
tion. Moreover, Ang II rapidly induced phosphorylation of
ERK1/2, which was reversed by losartan and ATIR siR-
NA. Pharmacological blockade of ERK1/2 improved Ang
[I-induced decrease in CAT protein expression. These in
vitro results indicate that Ang II induces ERK1/2 activa-
tion, contributing to the downregulation of CAT as well as
promoting oxidative stress and adventitial fibroblast phe-
notypic differentiation in an AT1R-mediated manner.
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Abbreviations

Ang II Angiotensin II

ATIR Angiotensin II type 1 receptor
oa-SMA o-Smooth muscle actin

CAT Catalase

ERK1/2 Extracellular signal-regulated kinase 1/2
GPx Glutathione peroxidase

H,0, Hydrogen peroxide

MAPKs Mitogen-activated protein kinases
PI3-kinase = Phosphoinositide-3-kinase

ROS Reactive oxygen species

SOD Superoxide dismutase
Introduction

Hypertension is associated with vascular changes charac-
terized by vascular inflammation, structural remodeling,
and altered vascular tone [1]. Undoubtedly, the mecha-
nisms involved are complex, however, there is now a
compelling evidence that an elevation in reactive oxygen
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species (ROS) and an impairment of antioxidant enzyme
defense play a pivotal role in this process [2, 3]. Generation
of angiotensin II (Ang II) by cells present in the adventitia
could potentiate endogenous ROS production and myofi-
broblast formation [4], leading to a potential mechanism
for vascular pathology during hypertension.

Superoxide dismutase (SOD), catalase (CAT), and glu-
tathione peroxidase (GPx) are important endogenous anti-
oxidant enzymes that scavenge intracellular ROS in the
physiological state. Deficiencies in these can cause oxida-
tive stress, in which uncontained ROS can inflict tissue
injury and dysfunction by attacking functional and struc-
tural molecules. Evidence suggesting the role for the above
antioxidant enzymes include reports that overexpression of
CAT or treatment with liposome-encapsulated SOD
attenuates ROS generation [5] and prevents hypertension
[6]. A number of tissues and cell types have developed
CAT, SOD, or GPx with their activities and/or levels
varying widely [7, 8]. Ang II has been shown to reduce the
activity levels and expression of SOD in cardiac fibroblasts
with no influence on that of CAT and GPx [9]. However,
little is known about the role of Ang II in the expression of
the above antioxidant enzymes in vascular adventitial
fibroblasts and their potential functions in Ang II-induced
adventitial fibroblast phenotypic differentiation.

Extracellular signal-regulated kinases 1/2 (ERK1/2) are
a family of serine/threonine protein kinases activated as an
early response to a variety of stimuli, such as cytokines and
ROS, and ultimately regulate transcription factor activa-
tion, proliferation, and differentiation [10]. Ang II can
rapidly trigger the phosphorylation of ERK1/2 via ROS
generation in different cells [11, 12]. Meanwhile, it has
been suggested that activation of the ERK1/2 pathway is
regulated through phosphoinositide-3 (PI3)-kinase by sev-
eral stimuli [13], which itself is regulated by Ang II via
angiotensin II type 1 receptor (ATIR) in fibroblasts of
human hypertrophic scars [14].

Thus, we hypothesized that Ang II stimulates an anti-
oxidant enzyme expression via a mechanism involving the
ERK1/2 and/or PI3-kinase-dependent activation in vascular
adventitial fibroblasts. To test this hypothesis, we investi-
gated the effects of Ang II on the expressions and activities
of SOD, CAT, and GPx in the presence and absence of
inhibitors for ERK1/2 and PI3-kinase in adventitial
fibroblasts.

Materials and methods
Cell culture and materials

Adventitial fibroblasts were isolated from thoracic aortas of
200 g male Sprague—-Dawley rats [15]. Cells were grown in
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Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with 20% fetal bovine serum, 100 U/ml penicillin,
and 100 pg/ml streptomycin in 5% CO, at 37°C. Fibro-
blasts from the third to sixth passages were used for all
experiments. The subconfluent cells were made quiescent
by incubation in serum-free medium for 24 h before
stimulation. Ang II, PD98059, PD123319, LY294002, and
losartan were purchased from Sigma (St Louis, MO, USA).
Actinomycin D and cycloheximide were from Beyotime
Institute of Biotechnology (Beyotime, Jiangsu, China).

Western blotting

Following stimulation with different compounds, total pro-
tein was extracted, and protein concentration was measured
with Protein Extraction Kit and BCA Protein Assay Kit,
respectively (Beyotime, Jiangsu, China). Protein samples
were separated on 10% SDS-PAGE and transferred to
nitrocellulose membranes. After blocking with 5% non-fat
milk, the membranes were incubated with primary anti-
bodies against CAT, Mn-SOD, Cu/Zn-SOD, GPx (Cayman
Chemical, Ann Arbor, MI, USA), phosphor-ERK1/2, ERK1/
2 (Cell Signaling, Beverly, MA, USA), ATIR (Santa Cruz,
CA, USA), and a-smooth muscle actin (2-SMA, Sigma, St.
Louis, MO, USA) at 4°C overnight. After washing, the
membranes were incubated with horseradish peroxidase-
conjugated antibody for 1 h at room temperature. Western
blots were developed using ECL (Roche, Mannheim,
Germany) and quantified by scanning densitometry.

Reverse transcription-polymerase chain reaction
(RT-PCR)

Total RNA was extracted from cultured adventitial fibro-
blasts using the TRIzol reagent (Invitrogen, USA), and RT-
PCR was performed as described previously [16]. The
primers used were as follows: CAT, 5-GAG TCT CTC
CAT CAG GTT AC-3' (sense) and 5'-TGA TGC CCT
GGT CAG TCT TG-3' (antisense); Cu/Zn-SOD, 5'-GCA
GAA GGC AAG CGG TGA AC-3' (sense) and 5'-TAG
CAG GAC AGC AGA TGA GT-3’ (antisense); Mn-SOD,
5-TGA CCT GCC TTA CGA CTA TG-3' (sense) and 5'-
GCT GCA ATG CTC TAC ACT AC-3' (antisense); GPx,
5'-CTC TCC GCG GTG GCA CAG-3' (sense) and 5'-CCA
CCA CCG GGT CGG ACA TAC-3 (antisense). The
temperature programme for the amplification was 32 cycles
of 50 s at 94°C, 45 s at 60°C and 50 s at 72°C. RT-PCR
analyses were conducted in triplicate for each sample.

Measurement of CAT, SOD and GPx activities

The CAT activity was measured with the OxiSelect™
Catalase Activity Assay Kit (Cell Biolabs, San Diego, CA,
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USA) according to the manufacturer’s protocol. Total SOD
activity was assayed by using commercial test kit pur-
chased from Nanjing Jiancheng Bioengineering Institute
(Nanjing, China), which was presented as units per milli-
gram of protein. The GPx activity was determined spec-
trophotometrically by Bioxytech GPx-340™ Assay Kit
(Oxis Research, Portland, OR, USA).

Small-interfering RNA (siRNA)

A double strand siRNA oligonucleotide targeting ATIR
(sense: 5-CGU CAU CCA UGA CUG UAA ATT-3,
antisense: 5'-UUU ACA GUC AUG GAU GAC GTT-3')
and a pair of negative control siRNA (NC siRNA) (sense:
5-UUC UCC GAA CGU GUC ACG UTT-3, antisense:
5-ACG UGA CAC UGG CGG AGA ATT-3) were
designed and synthesized by Shanghai GenePharma Co
Ltd. For transfection, cells were plated into 6-well plates
and grown to 80% confluence. ATIR siRNA or NC siRNA
was then delivered to cells at 100 nM final concentration
for 48 h through FuGENE® HD Transfection Reagent
(Roche, Mannheim, Germany) according to the manufac-
turer’s instructions.

Assay of ROS production

2/, 7-Dichlorodihydrofluorescein diacetate (H,DCFH-DA,
Calbiochem, Darmstadt, Germany)was utilized to detect
the production of intracellular ROS as described by Baas
and Berk [17]. In brief, serum-starved cells on round
coverslips were incubated with H,DCFH-DA (10 pM) for
30 min at 37°C, then harvested and suspended in phos-
phate-buffered saline. Fluorescence was analyzed by flow
cytometry (FACS Calibur, Becton—Dickinson, San Jose,
CA, USA).

Statistical analysis

All values are presented as mean + SD. Statistical analysis
was done by Student’s f-test or by one-way analysis of
variation (ANOVA). A value of P < 0.05 was considered
to be statistically significant.

Results

Effect of Ang II on antioxidant enzymes activity
and expression levels in adventitial fibroblasts

Adventitial fibroblasts were cultured with medium in the
presence of different concentrations (0, 10_8, 1077, 10_6,
107> M) of Ang II for 24 h or in the presence of 10~’ M
Ang II for 0-24 h (0, 0.5, 2, 6, 12, and 24 h). The basic

activity levels of CAT were very high, and Ang II
remarkably decreased the CAT activity in a time-depen-
dent (Fig. 1a) and dose-dependent (Fig. 1b) manner. The
CAT protein and mRNA levels were also reduced time-
dependently in Ang II-stimulated fibroblasts after a tran-
sient increase (Fig. 1c). Furthermore, CAT protein
expression decreased dose-dependently after exposure to
Ang II (Fig. 1d). However, no differences were found
between the controls and the Ang II-stimulated fibroblasts
with regard to the expressions and activities of SOD and
GPx (see Supplementary Fig. S1-S11 online).

We next examined whether de novo RNA or protein
synthesis was required for CAT downregulation by Ang II.
As shown in Fig. le, CAT mRNA levels were stable and
similar in both control cells and Ang II-stimulated fibro-
blasts after actinomycin D pulse, a potent RNA synthesis
inhibitor. In addition, the CAT protein synthesis was sig-
nificantly decreased by Ang II relative to the controls. The
effect of Ang II was not prevented by cycloheximide, a
protein synthesis inhibitor that blocked CAT expression in
the normal fibroblasts (Fig. 1f). These results suggest that
RNA transcription was responsible for the decrease in CAT
expression.

Ang Il-induced suppression of CAT expression
was mediated by ATIR in adventitial fibroblasts

To explore the receptor involved in the regulation of CAT
expression by Ang II, we first examined the protein
expression of CAT after preincubation with the ATIR
antagonist losartan and the angiotensin II type 2 receptor
(AT2R) antagonist PD123319 in Ang II-stimulated
adventitial fibroblasts, the results showed that the addition
of losartan, but not PD123319, abolished the decrease in
CAT protein expression induced by Ang II (Fig. 2a). Then,
we constructed specific ATIR siRNA to block ATIR
expression in adventitial fibroblasts. As shown in our pre-
vious study [18], the ATIR protein expression in the cells
transfected with AT1R siRNA was significantly lower than
that in the cells transfected with NC siRNA (P < 0.01)
(Fig. 2b). After inhibiting ATIR expression by ATIR
siRNA, the CAT downregulation induced by Ang II was
reversed markedly (P < 0.01) (Fig. 2c). These results
suggest that CAT expression induced by Ang II is mediated
through ATIR.

Modulation of Ang II-induced ROS formation
and fibroblast phenotype differentiation by PEG-CAT

Adventitial fibroblasts in the control state showed a slight
basal ROS production. Ang II significantly increased ROS
production in fibroblast homogenates as compared with
controls (P < 0.01). The cell-permeant H,O,-scavenging

@ Springer



Mol Cell Biochem (2011) 358:21-29

g
=
]

=
tn
1

7y
—]
|

L
in
1

e
=
1

24
a 2007 s
)
2
8 1001 }H
5 A
§ 20 ] ® % CAT
‘% \_{ T B -actin
= |
- 4
2 80 "
° ]
=] 1]
40 — =
0 6 12 18 24 30 36 42 48 S
Ang IT (hours) -
=
b 50 - =
Eﬁ =
2 150 =
=
g %
2 100 -
£ £
g ¢
: S0 g
o <
0 -
0 108 107 106 10° U
Ang Il (mol/L)
d Ang II (moV/L)
(] 10 107 106 105
CAT l A - ‘
B -actin [- = =D e e ‘
& ¥
& &
f & S é&s & ,ibs&
o ¥ ol L
CAT G o o o——

B -actin GINNED gD G TED

Fig. 1 Effect of Ang II on CAT activity and expression in adventitial
fibroblasts. a Time course of CAT activity. Cells were stimulated with
Ang 11 (1077 M) for the indicated time. b Dose-dependent CAT
activity. Cells were incubated for 24 h with indicated Ang II
concentrations. ¢ Time course of CAT protein and mRNA expres-
sions. Cells were stimulated with Ang II (1077 M) for the indicated
time. d Dose-dependent CAT protein expression. Cells were
incubated for 24 h with indicated Ang II concentrations. e Effect of
Ang II on CAT mRNA stability. Cells were incubated in the absence

enzyme, PEG-CAT, reduced the increase in ROS produc-

tion induced by Ang II (P < 0.01 vs. Ang II) (Fig. 3a).
To determine the specific role of ROS in Ang II-induced

fibroblast phenotype differentiation, we examined the
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24 h. CAT activity was measured with the CAT Activity Assay Kit
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total RNA were analyzed by Western blotting and RT-PCR. Data are
means = SD from three independent experiments. Ap <0.05,
*P < 0.01 versus basic value

effect of PEG-CAT on Ang II-induced a-SMA expression,
an indicator of fibroblasts differentiation to myofibroblasts.
Preincubation with this compound significantly suppressed
o-SMA expression induced by Ang II (Fig. 3b). These
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Fig. 2 ATIR was involved in Ang Il-induced CAT downregulation
in adventitial fibroblasts. a Effects of losartan and PD123319 on Ang
II-induced decrease in CAT protein expression. Cells were preincu-
bated with losartan or PD123319 (10~ M each) for 30 min before the
addition of Ang II (1077 M) for 24 h. b Transfection efficacy of
ATIR siRNA. Cells were transfected with NC siRNA or ATIR
siRNA (100 nM each) for 48 h. ¢ Effect of ATIR siRNA transfection

findings suggest that Ang II-mediated downregulation of
CAT is capable of inducing oxidative stress and phenotypic
differentiation of adventitial fibroblasts.

Effects of ERK1/2 and PI3-kinase inhibitors on CAT
expression induced by Ang II in adventitial fibroblasts

In order to determine the signaling molecules involving in
Ang II-stimulated CAT downregulation, the activation of
ERK1/2 pathway was first confirmed. As shown in Fig. 4a,
the phosphorylation of ERK1/2 was elevated in Ang II-
stimulated adventitial fibroblasts, which was significantly
lowered by losartan preincubation and ATIR transfection
(P < 0.01), demonstrating that Ang II induces ERK1/2
phosphorylation through ATIR. We further tested the
expression of CAT and o-SMA in Ang II-induced adven-
titial fibroblasts after blocking ERK1/2 pathway with
ERK1/2 inhibitor PD98059. The results showed that the
addition of PD98059 significantly diminished Ang II-
induced decrease in CAT protein and mRNA expression
(P <0.01 vs Ang II) (Fig. 4b). Similarly, the «-SMA
production by Ang II-stimulated fibroblast was also abol-
ished by PD98059 (Fig. 4c).

It has been described that ERK1/2 is a downstream
target of PI3-kinase, and the activation of the ERK1/2
pathway is regulated by PI3-kinase [13]. Thus, we exam-
ined the effect of PI3-kinase inhibitor on Ang Il-induced
ERK1/2 phosphorylation and CAT downregulation. Stim-
ulation with the PI3-kinase inhibitor LY294002 did not

on Ang Il-induced decrease in CAT protein expression. Cells were
transfected with NC siRNA or ATIR siRNA (100 nM each) for 48 h
before exposure to Ang IT (10~ M) for an additional 24 h. The whole
cell lysates and total RNA were analyzed by Western blotting and
RT-PCR. Data are means+SD from three independent experiments.
#P < 0.01 versus control, *P < 0.01 versus Ang II

modify the effect of Ang II on ERK1/2 phosphorylation
(Fig. 4d) as well as CAT downregulation (Fig. 4e). These
results suggest that the PI3-kinase pathway is not involved
in Ang II-induced ERK1/2 activation and downregulation
of CAT.

Discussion

The main findings of the present study demonstrate that
Ang II decreases the protein and mRNA expressions as
well as activity level of CAT in vascular adventitial
fibroblasts from adult rats, but without influencing the
expressions and activities of Mn-SOD, Cu/Zn-SOD, and
GPx. Moreover, the inhibition of CAT mediated by Ang II
led to oxidative stress and fibroblasts phenotypic differ-
entiation. The mechanisms of these potentially harmful
vascular effects are partially clarified in the present study.
Our results suggest that ERK1/2 pathway is involved in the
decrease of CAT through a mechanism that is dependent of
ATIR activation.

There is a growing evidence that oxidative stress plays a
major role in many vascular diseases. Ang II has been
demonstrated to regulate ROS generation in cardiac, vas-
cular smooth muscle, endothelial, adventitial, and mesan-
gial cells [19]. Infusion of Ang II increases NADPH
oxidase activity and superoxide anion production in rat
aorta [20]. While in cultured rat cardiac fibroblasts, Ang II
not only increases superoxide anion production and
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Fig. 3 PEG-CAT modulated ROS generation and a-SMA expression
induced by Ang II. a Effect of PEG-CAT on Ang II-induced ROS
production. Cells were preincubated with PEG-CAT (1,000 U/ml) for
30 min before exposure to Ang IT (1077 M) for 4 h, and then stained
with 10 pM 2/,7-H,DCFH-DA. b Effect of PEG-CAT on Ang II-
induced a-SMA expression. Cells were preincubated with PEG-CAT
(1000 U/ml) for 30 min before exposure to Ang II (10_7 M) for 24 h.
Oxidant levels were determined by fluorescence-activated cell sorting
analysis of 2/,7'-DCF fluorescence, and the whole cell lysates were
analyzed by Western blotting. Data are means£SD from three
independent experiments. *P < 0.01 versus control, P < 0.01
versus Ang II

intracellular ROS formation but also decreases the activity
levels of Cu/Zn-SOD and Mn-SOD [21, 22]. It is well
established that adventitia is a major source of ROS in the
rabbit and rat aorta [23], and vascular adventitial fibroblasts
NADPH oxidase-derived ROS is the sensor and messenger
for the early development of vascular disease [24]. Pro-
inflammatory Ang II induces oxidative stress by increasing
superoxide production in adventitial fibroblasts within
hours [4] as well as regulating the expression of antioxidant
enzymes. Contradictory findings have been reported
regarding the effect of Ang II on the activities and
expressions of CAT, Mn-SOD, Cu/Zn-SOD, and GPx in
various cells and tissues [9, 25], implying that the effect of
Ang II on them are highly cell-specific. In this report,
although Ang II decreased CAT expression and activity in
a time-dependent and dose-dependent manner after stimu-
lation for 6 h, there was a transient increase in CAT protein
and mRNA levels. Recent studies have highlighted the
importance of CAT in the clearance of high concentrations
of H,0,, showing an adaptive increase of CAT activity

@ Springer

after H,O, infusion [26, 27]. These changes in CAT are
likely to be compensatory responses to oxidative stress.
Many transcription factors, including NF-E2-related factor
(Nrf2) and peroxisome proliferator-activated receptor 7
(PPAR y), have been reported to regulate CAT expression
and activity [18, 28]. In adventitial fibroblasts taken from
adult rats, we have observed that Ang II decreases PPAR y
expression but increases Nrf2 protein levels in a time-
dependent manner. This mechanism could account for the
alteration of CAT expression in the early and later phases
of Ang II stimulation. Moreover, Ang II did not affect CAT
mRNA stability, and CAT protein synthesis induced by
Ang II was not suppressed by cycloheximide. It was sug-
gested that CAT expression suppression was linked to a
downregulation of its mRNA levels, thereby indicating that
the alterations in CAT expression resulted from an altered
gene expression rather than from alterations in post-tran-
scriptional regulation. In addition, we clearly document a
novel role for ATIR in mediating Ang II-induced down-
regulation of CAT, as indicated by the finding that the Ang
II effect was blocked by losartan and AT1R siRNA but not
by PD123319 or NC siRNA. This is in agreement with the
previous results obtained in other cell types [9, 12].

ROS generation and phenotypic differentiation of
fibroblasts into myofibroblasts have been speculated to be
of special importance in the initiation and progression of
many vascular diseases. Ang II induces ROS formation
via NADPH oxidase stimulation, resulting in fibroblast
phenotypic differentiation [29]. Consistent with this
observation, we found that ROS generation and a-SMA
expression were significantly increased in Ang II-stimu-
lated fibroblasts. Since the intracellular redox status is
also governed by antioxidant enzymes, the cell-permeant
specific scavenger of H,O,, PEG-CAT, was employed to
incubate adventitial fibroblasts before stimulation with
Ang II. Treatment with this agent has been reported to be
effective in reducing H,O, levels and oxidant-mediated
injury [30]. As referred previously, PEG-CAT abolished
Ang II-induced ROS and «-SMA productions. Thus, it is
possible that oxidative stress and fibroblasts phenotypic
differentiation observed after stimulation with Ang II may
be induced by inhibition of CAT expression and activity,
indicating that modulation of CAT expression and activity
seems to be a promising strategy in the prevention or
treatment of pathological vascular structural changes.

Mitogen-activated protein kinases (MAPKSs) participate
in signal transduction classically associated with cell dif-
ferentiation, cell growth, and cell death [31]. Of the three
major MAPKs, ERK1/2 is a key growth signaling kinase.
Once activated, ERK1/2 could phosphorylate a wide array
of intracellular targets and result in the reprogramming of
gene expression. Several reports indicated that Ang II
stimulated activation of ERKI1/2 in different cell types
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Fig. 4 Inhibitory effect of Ang I on CAT expression in adventitial
fibroblasts was mediated by ERK1/2 pathway but independent of PI3-
kinase. a Effects of losartan and AT1R siRNA transfection on Ang II-
induced ERK1/2 activation. Cells were preincubated with losartan
(107> M) for 30 min or transfected with NC siRNA or AT1R siRNA
(100 nM each) for 48 h before exposure to Ang II (1077 M) for
10 min. b Effect of PD98059 on Ang Il-induced decrease in CAT
protein and mRNA expressions. Cells were preincubated with
PD98059 (107> M) for 30 min before the addition of Ang 1I
(1077 M) for 24 h. ¢ Effect of PD98059 on Ang Il-induced a-SMA

[12, 32]. In the present study, we observed that losartan and
ATIR siRNA blocked Ang II-induced ERK1/2 activation,
suggesting that, in vascular adventitial fibroblasts, this
activation is AT1R dependent. Notably, we proved that
inhibiting ERK1/2 activity with PD98059 attenuated the
Ang II-induced decrease in CAT expression and increase in
a-SMA expression in adventitial fibroblasts. These data
provide strong support to the idea that Ang II-mediated
activation of ERK1/2 is capable of inducing the down-
regulation of CAT, contributing to oxidative stress and
phenotypic differentiation of adventitial fibroblasts.

In addition, we explored the upstream signaling
involved in Ang II-induced ERK1/2 activation. It has been
reported that PI3-kinase activates the ERK1/2 pathway by
several stimuli [23]. We demonstrated that the activation of
ERK1/2 by Ang II was not suppressed by PI3-kinase
inhibitor LY294002, indicating that this process is inde-
pendent on PI3-kinase activation. Moreover, preincubation
with L Y294002 did not block Ang II-induced decrease in
CAT expression. These results suggest that PI3-kinase
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expression. Cells were preincubated with PD98059 (10™> M) for
30 min before the addition of Ang II (1077 M) for 24 h. d Effect of
LY294002 on Ang Il-induced ERK1/2 activation. Cells were exposed
to LY294002 (1075 M) for 30 min and then stimulated with Ang II
(10~7 M) for 10 min. e Effect of LY294002 on Ang II-induced CAT
downregulation. Cells were preincubated with LY294002 (107> M)
for 30 min before the addition of Ang II (1077 M) for 24 h. The
whole cell lysates were analyzed by Western blotting. Data are
means=£SD from three independent experiments. *P < 0.01 versus
control, *P < 0.01 versus Ang II

pathway does not play a dominant role in the Ang II-
induced ERKI1/2 activation and the downregulation of
CAT in adventitial fibroblasts.

In conclusion, the present results provide the first evidence
that Ang II decreases CAT expression and activity in aortic
fibroblasts, at least in part, through mechanisms that include
ERK1/2 signaling and dependent of ATIR. The decreased
CAT levels induced by Ang II led initially to ROS generation
and adventitial fibroblasts activation followed by a pheno-
typic transformation to myofibroblasts. The dependence of
these changes on CAT downregulation is supported by the
observation that overexpression of CAT suppressed these
responses to Ang II. Hence, it is tempting to speculate that in
vivo rise in Ang II levels may play a key role in mediating
oxidative stress and then adventitial remodeling. Blockade of
CAT downregulation might be a potential therapeutic target
in the treatment of Ang II-induced vessel wall damage.
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