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Involvement of reactive oxygen species and JNK in
increased expression of MCP-1 and infiltration of
inflammatory cells in pressure-overloaded rat hearts
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Abstract. Increasing evidence has shown that inflammation
is involved in pressure overload-induced cardiac remodeling.
Monocyte chemoattractant protein-1 (MCP-1) plays a pivotal
role in the inflammatory process. However, the mechanisms
underlying the upregulation of MCP-1 expression remain poorly
understood. In the present study, we examined the hypothesis
that an increased production of reactive oxygen species (ROS)
mediates the upregulation of MCP-1. In a pressure-overloaded
rat heart model with abdominal aortic coarctation (AC), super-
oxide dismutase-inhibitable cytochrome C reduction assay
showed that ROS generation in the myocardium increased
significantly at 1 week by 61% (n=8, P<0.01), peaked at 2 weeks
and maintained these high levels for 4 weeks. The elevation of
ROS was paralleled by the increased expression of MCP-1 and
left ventricular remodeling (cardiac hypertrophy, perivascular
and interstitial fibrosis). The oral administration of the antioxi-
dant, N-acetylcysteine (NAC, 0.2 g/kg/day), for 2 or 4 weeks,
significantly attenuated ROS production by 69 and 68%,
respectively (n=8, P<0.01), as well as left ventricular remod-
eling. NAC treatment for 2 weeks also significantly reduced the
MCP-1 mRNA and protein levels by 52 and 60%, respectively
(n=4-8, both P<0.01), but had no effect on blood pressure.
In the rats with AC at 2 weeks, when MCP-1 expression and
inflammation changes were overt, immunoblotting with
phospho-specific antibodies revealed that extracellular regu-
lated kinase (ERK) and c-Jun NH,-terminal kinase (JNK), but
not p38 mitogen-activated protein kinase, were activated. NAC
administration attenuated JNK activation, but had no effect on
ERK. Our results suggest that increased ROS production may

Correspondence to: Dr Jiepin Wang or Professor Lianyou Zhao,
Department of Cardiology, Tangdu Hospital, The Fourth Military Medical
University, 1 Xinsi Road, Baqiao District, Xi'an 710038, PR. China
E-mail: wangjp@fmmu.edu.cn

E-mail: zhly717642@hotmail.com

Key words: reactive oxygen species, hypertension, pressure overload-
induced cardiac remodeling, monocyte chemoattractant protein-1

play an important role in the increased expression of MCP-1 in
pressure overload-induced cardiac remodeling. JNK is likely
involved in the signaling pathway.

Introduction

Cardiac remodeling is an independent risk factor for cardio-
vascular events in the context of hypertension and other
cardiovascular diseases. Myocardial hypertrophy and matrix
fibrosis are important hallmarks of cardiac remodeling (1).
Increasing evidence has shown that inflammation is implicated
in the development of cardiac hypertrophy and fibrosis associ-
ated with hypertension (2). The infiltration of inflammatory
cells, particularly monocytes and macrophages, into the cardiac
interstitium is the key step in the initiation of inflammatory reac-
tion, and chemokines have been found to play a pivotal role in
the migration of inflammatory cells. Monocyte chemoattractant
protein-1 (MCP-1) is a potent chemoattractant for monocytes
(3). It has been demonstrated that the expression of MCP-1 is
significantly increased in hypertrophic cardiac tissues and is
involved in cardiac remodeling in various hypertensive models
induced nitric oxide synthase or pressure overload. The blockage
of MCP-1 with specific neutralizing antibody has been shown to
attenuate cardiac hypertrophy and fibrosis (4,5). However, the
molecular mechanisms underlying the upregulation of MCP-1
in hypertrophic cardiac tissues remain poorly understood.
Reactive oxygen species (ROS), in addition to their detri-
mental effects on cells when produced in large amounts, have
been recognized as important cellular signaling molecules,
and are involved in many physiological and pathological
processes (6). A growing body of evidence has shown that
ROS play multiple roles in the initiation and development of
hypertension, including the regulation of cell growth and
apoptosis, modulation of the extracellular matrix, inactiva-
tion of nitric oxide and activation of various protein kinases
(7). The increased production of ROS in hypertrophic cardiac
tissues has been reported in hypertensive rats and antioxidant
intervention has been shown to attenuate the development of
pressure overload-induced cardiac hypertrophy (8,9). ROS
are known to be able to modulate the transcription of many
important genes, mainly via the activation of mitogen-activated
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protein kinases (MAPKSs) and other important redox-sensitive
signaling molecules (10). The upregulated gene transcription
of MCP-1 has been found to be mediated by ROS in cultured
vascular endothelial cells (11).

Based on this background information, we hypothesized
that the increased production of ROS mediates the upregulation
of MCP-1, and the subsequent inflammatory cell infiltration in
hypertrophic cardiac tissues. Our results suggest that increased
ROS production may play an important role in the increased
expression of MCP-1 in pressure-overload induced cardiac
remodeling, and that c-Jun NH,-terminal kinase (JNK) is
likely involved in the signaling pathway.

Materials and methods

The experimental protocols were approved by the Animal Care
and Use Committee at the Fourth Military Medical University
(Xi'an, China) and conformed to the guiding principles of the
‘Guide for the Care and Use of Laboratory Animals’ published
by the USA National Research Council in 1996.

Animal models and experimental protocol. Male Sprague-
Dawley rats (280-320 g) were obtained from the Laboratory
Animal Center of the Fourth Military Medical University. After
an acclimatization period of at least 1 week, rats were randomly
assigned to 3 experimental groups: sham-operated (sham),
aortic coarctation (AC), and AC with N-acetylcysteine (NAC)
treatment (AC + NAC) groups. The AC and AC + NAC group
rats were subjected to abdominal AC procedures as described
previously (12). Briefly, rats were anesthetized with sodium
pentobarbital [45 mg/kg, intraperitonealy (i.p.)]. Abdominal AC
was performed by ligation of the abdominal aorta between the
renal arteries around a blunt 22-gauge needle with 6-0 silk suture
via midline laparotomy. The sham-operated rats underwent a
similar procedure without ligation of the abdominal aorta. AC
+ NAC rats were treated with NAC (0.2 g/kg/d, by intragastric
administration) initiated after AC. The sham-operated and
AC groups were further divided into subgroups of 1, 2, 3 and
4 weeks; the AC + NAC group was divided into subgroups of 2
and 4 weeks. Each subgroup consisted of 8 rats. At the end of
each time-point, the right carotid artery was cannulated in the
anesthetized (sodium pentobarbital, 45 mg/kg, i.p.) rats with a
fluid-filled polyethylene catheter connected to a pressure trans-
ducer in conjunction with a Grass polygraph (model 79D; Grass
Instrument, Quincy, MA, USA). Arterial pressure was recorded
when it was stable. Once the blood pressure measurements were
taken, the animals were sacrificed by cervical transaction. The
thoracic cavity was opened, and the heart was removed and
rinsed. The entire left ventricle (LV) was dissected from the
heart and weighed. The LV was cut into aliquots; some were
fixed in 4% paraformaldehyde and others snap-frozen in liquid
nitrogen, and then stored at -80°C for further analysis.

Histopathology and immunohistochemistry analysis. After
fixation (as described above), tissue aliquots were embedded
in paraffin and sectioned at 5-ym thickness. Sections were
mounted on glass slides. Some samples were stained with picro-
sirius red solution for collagen, as previously described (13).
To determine the degree of collagen fiber accumulation, we
randomly selected 5 fields and calculated the ratio of the fibrotic

SHANG et al: OXIDATIVE STRESS AND MYOCARDIAL INFLAMMATION

area to the total myocardial area, expressed as the collagen
volume fraction, with National Institutes of Health (NIH) Image
software (Atlanta, GA, USA). The ratio of the fibrotic area
surrounding the vessel wall to the total vessel area, expressed
as the perivascular collagen area, was also calculated randomly
in 10 coronary arteries per section. The average percentage was
determined for each animal.

Quantification of ROS. The NADPH-dependent superoxide
(O,) production was measured by superoxide dismutase
(SOD)-inhibitable cytochrome C reduction assay as described
previously by Li er al (14). Briefly, LV tissue homogenate
diluted in Dulbecco's modified Eagle's medium without phenol
red (final concentration, 1 mg/ml) was distributed in 96-well
plates (final volume, 200 pl/well). Cytochrome C (500 yM)
and NADPH (100 M) were added in the presence or absence
of SOD (200 U/ml) and incubated at room temperature for
30 min. Cytochrome C reduction was measured by a reading
absorbance at 550 nm with a microplate reader (Bio-Rad,
Hercules, CA, USA). Superoxide production was calculated
as the portion of total ferricytochrome C reduction that was
inhibitable by SOD and normalized by protein content.

Measurement of MCP-1 mRNA levels. The expression of
MCP-1 mRNA was measured by semi-quantitative reverse
transcription-polymerase chain reaction (RT-PCR) analysis.
Total-RNA was extracted from LV tissue after homogeniza-
tion in a commercial solution (TRIzol, Gibco, Carlsbad, CA,
USA). Complementary DNA was synthesized from 4 ug of
total-RNA with the AMV reverse transcriptase kit (Promega,
USA) according to the manufacturer's instructions. Subsequent
PCR amplifications were performed in a volume of 50 1 PCR
buffer containing 5 pl of cDNA and 1 unit DNA polymerase
(Promega). GAPDH was used as the internal control. The
following primer pairs were used: MCP-1: forward, 5'-GCT
TCT GGG CCT GTT GTT C-3' and reverse, 5-GGT GTT
GGT GGA GTT CGT G-3' (396 bp); GAPDH: forward, 5-GTC
CAT GCC ATC ACT GCC ACT CA-3' and reverse, 5'-GCC
GCC TGC TTC ACC ACC TTC TTG-3' (231 bp). The mixture
was heated initially for 5 min at 94°C followed by 35 cycles
(45 sec at 94°C, 45 sec at 58°C, 1 min at 72°C). A final extension
was performed at 72°C for 10 min. The PCR products were run
on a 1.2% agarose gel and the bands were visualized with the
S-Multilmager Max system (Bio-Rad) and quantified by image
analysis software (Quantity One; Bio-Rad).

Determination of MCP-1 protein levels. LV tissue was homog-
enized in cold phosphate-buffered saline, which contained 1%
Triton X-100, 5 mM dithiothreitol, 20 y g/ml leupeptin, 10 pg/
ml pepstatin, 10 xg/ml aprotinin and 1 mM phenylmethylsul-
fonyl fluoride. MCP-1 protein content in homogenates was
determined by quantitative colorimetric sandwich ELISA
using a rat MCP-1 assay kit, according to the manufacturer's
instructions (BioSource, San Francisco, CA, USA). The absor-
bance of standards and samples was determined at 450 nm with
a microplate reader. Results were calculated from the standard
curve and were recorded as pg/mg protein.

Western blot analysis. MAPK activation was determined
by western bolt analysis with polyclone antibodies against
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Table I. Hemodynamic and morphometric changes in the rats with AC and the effects of NAC.
Subgroup MBP BW LVW LVW/BW CVF PVCA
(n=8) (mmHg) (@ (@ (mg/g) (%) (%)
Sham-operated, 1 week 96+5 337+7 0.72+0.03 2.13+0.04 0.87+0.19 6.19+0.41
AC, 1 week 157+4* 33248 0.74+0.03 2.21+0.06 1.06+0.17 9.02+0.60°
Sham-operated, 2 weeks 97+6 3566 0.78+0.03 2.17+0.07 0.84+0.13 6.18+0.35
AC, 2 weeks 171+6 35149 1.05+0.04° 2.98+0.07 3.28+0.22° 15.03+0.88"
AC + NAC, 2 weeks 169+5 357+7 0.93+0.05° 2.59+0.10° 2.33+0.22° 10.13£0.67°
Sham-operated, 3 weeks 96+5 379+7 0.82+0.03 2.16+0.05 0.89+0.10 6.21+0.51
AC, 3 week 179+7* 382+5 1.19+0.03 3.10+0.04* 5.38+0.17* 20.12+1.01*
Sham-operated, 4 weeks 96+6 398+6 0.90+0.03 2.24+0.05 0.88+0.12 6.27+0.39
AC, 4 weeks 185+7* 395+10 1.29+0.02* 3.27+0.04* 7.09+0.33* 24.99+0.91*
AC + NAC, 4 weeks 180+4* 405+13 1.07+0.06° 2.64+0.07° 3.78+0.16° 14.13+0.76°

1P<0.01 vs. age-matched sham-operated group; "P<0.01 vs. age-matched AC group. MBP, mean blood pressure; BW, body weight; LVW, left

ventricle weight; CVF, collagen volume fraction; PVCA, perivascular collagen area; AC, aortic coarctation; NAC, N-acetylcysteine.
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Figure 1. Reactive oxygen species production in the myocardium of pressure-
overloaded rat hearts and the effects of NAC administration. "P<0.01 vs.
age-matched sham group; "P<0.01 vs. age-matched AC group, n=8 rats in all
the groups. AC, aortic coarctation; NAC, N-acetylcysteine; wk, week.

phosphorylated (phospho)-MAPK isoforms and total-MAPK
isoforms (Cell Signaling Technology, Danvers, MA, USA).
Protein was extracted from frozen tissue in a cold lysis buffer
containing 20 mM Tris (pH 7.5), 0.5 mM EDTA, 0.1% NP-40,
1 mM Na;VO,, 0.5% sodium deoxycholate, 0.1% SDS, 1 mM
sodium orthovanadate, 0.15 U/ml aprotinin and 1 mM phenyl-
methylsulfonyl fluoride. Protein concentration was determined
using the Bradford assay (Bio-Rad). After being boiled for
3 min, total protein (50 ug) was separated by electrophoresis
on a 12% SDS-polyacrylamide gel and blotted onto a PVDF
membrane (Roche, Basel, Switzerland). After blocking in 5%
skim milk, the membranes were incubated with primary anti-
bodies against phospho-extracellular regulated kinase (ERK)1/2
(1:2,000), phospho-p38 (1/1:1,000) or phospho-JNK1/2 (1:1,000)
overnight. Signals were revealed with chemiluminescence
using the ECL-detection system (Amersham Pharmacia
Biotech, Piscataway, NJ, USA). The membranes were stripped
and reprobed with primary antibodies against the total MAPK

isoforms (anti-ERK1/2 diluted to 1:2,000, anti-p38 diluted to
1:1,000, and anti-JNK1/2 diluted to 1:2,000 in TBS buffer). The
films were scanned, and the immunoreactive bands were quan-
tified by densitometry with NIH Image software. The MAPK
activities were reflected by the ratio of phosphorylation level to
the total protein content.

Statistical analysis. All data are expressed as the means + SD.
Statistical differences between the groups were determined by
one-way ANOVA followed by the LSD post-hoc test. P<0.05
denoted a statistically significant difference.

Results

Effect of AC on ROS production in myocardium and effects of
NAC administration. In the sham-operated rats, ROS produc-
tion measured in LV homogenates did not change significantly
after surgery at the different time-points. By contrast, NADPH-
dependent ROS generation by LV homogenates in the AC
group was significantly increased at 1 week after surgery
(5.2840.11 vs. 3.28+0.11 nM/mg protein; P<0.01), peaked at
2 weeks (7.64+0.16 vs. 3.30+0.09 nM/mg protein; P<0.01)
and was maintained at high levels for 4 weeks (7.52+0.22
vs. 3.41+0.14 nM/mg protein for 3 weeks; 7.25+0.19 vs.
3.42+0.08 nM/mg protein for 4 weeks; both P<0.01). In the
AC + NAC group at 2 and 4 weeks, ROS generation was
significantly lower than that of the age-matched AC group
(2.38+0.09 nM/mg protein at 2 weeks; 2.22+0.06 nM/mg
protein at 4 weeks; both P<0.01) (Fig. 1). These data suggest
that ROS production is upregulated in the pressure-overloaded
rat myocardium, and this upregulated ROS production can be
blocked by NAC treatment.

Arterial blood pressure and LV morphological changes in
rats with AC and effects of NAC administration. Mean arterial
blood pressure (MBP), as measured by carotid artery cannu-
lation, was stable in the sham-operated rats at the different
time-points after surgery (Table I). MBP was significantly
increased at 1 week after surgery and continued to increase.
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Figure 2. Changes in MCP-1 mRNA levels in pressure-overloaded rat hearts and the effects of NAC administration. (A) Representative images of electropho-
resis of RT-PCR products for MCP-1 and GAPDH from the sham-operated and AC groups at different time-points. (B) Densitometric analysis of the data in
(A) showed the temporal characteristics of MCP-1 expression in pressure-overloaded rat hearts. (C) Representative images from sham-operated, AC and NAC
groups at 2 weeks. (D) Densitometric analysis of the data in (C). All the data were derived from 4 hearts for each group. "P<0.01 vs. age-matched sham-operated
group; 'P<0.01 vs. age-matched AC group. MCP-1, monocyte chemoattractant protein-1; AC, aortic coarctation; NAC, N-acetylcysteine; wk, week.
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Figure 3. Changes in MCP-1 protein levels in pressure-overloaded rat hearts
and effects of NAC administration. "P<0.01 vs. age-matched sham-operated
group; 'P<0.01 vs. age-matched AC group. n=8. MCP-1, monocyte chemoat-
tractant protein-1; AC, aortic coarctation; NAC, N-acetylcysteine; wk, week.

While there was no significant difference in body weight in
the rats between the age-matched AC, AC + NAC and sham-
operated groups, pressure overload induced a significant
increase in LV weight, the ratio of LV weight to body weight,
and cardiac fibrosis at 2 weeks, suggesting the presence of
cardiac hypertrophy and fibrosis in the rats with AC. However,
perivascular fibrosis was increased at 1 week, preceding the
change in cardiac hypertrophy and fibrosis. All the parameters
further increased with the persistence of pressure overload.
NAC administration for 2 or 4 weeks blunted the morpho-

logical changes, but had no significant effect on blood pressure
(Table I).

Pressure-overload induced changes in MCP-1 mRNA and
protein levels in myocardium and effects of NAC administra-
tion. MCP-1 mRNA levels in the myocardium of rats with AC,
as detected by RT-PCR, increased markedly and promptly
reached the peak at 1 week (Fig. 2). Then, the MCP-1 mRNA
levels declined at 2, 3 and 4 weeks but were still at a higher
level than those of the sham-operated rats. There was no differ-
ence among the MCP-1 mRNA levels in the sham-operated
group at the different time-points. Compared with the rats with
AC, NAC administration for 2 weeks significantly inhibited
the increase in MCP-1 mRNA levels (0.26+0.04 vs. 0.57+0.07,
P<0.01). The protein levels of MCP-1 in the hearts of rats with
AC, as determined by ELISA, were elevated significantly at
1 week (66.9+4.5 vs. 12.7+1.3 pg/mg protein in age-matched
sham-operated rats; P<0.01), peaked at 2 weeks (84.8+5.9 vs.
12.9+1.7 pg/mg protein; P<0.01) and declined steadily (43.1£3.1
vs. 13.0+2.1 pg/mg protein at 3 weeks; 36.2+3.2 vs. 13.3+£1.9 pg/
mg protein at 4 weeks; both P<0.01). NAC administration for 2
or 4 weeks, markedly attenuated the increase in MCP-1 protein
levels in the AC group (33.7+2.4 pg/mg protein at 2 weeks;
19.35+2.82 pg/mg protein at 4 weeks; both P<0.01) (Fig. 3).

Pressure overload-induced MAPK activation in myocardium
and effects of NAC administration. The activation of different
MAPK isoforms was determined by western blot analysis
(Fig. 4). In the rats with AC at 2 weeks after surgery, the activity
of ERK and JNK increased by 53 and 40%, respectively
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Figure 4. Activation of different MAPK isoforms in the pressure-overloaded
rat hearts and effects of NAC administration. The activation of MAPK was
reflected as the ratio of the phosphorylation level to the total amount of MAPK
isoforms. (A) Representative immunoblot showing the activation of ERK, p38
and JNK in myocardium from sham-operated, AC and AC + NAC groups at
2 weeks. (B) Densitometric analysis of the activation of ERK, p38 and JNK.
Results were normalized by a random setting of the densitometer of sham-
operated group sample as 100%. All the data were derived from 4 hearts for
each group. "P<0.01 vs. age-matched sham-operated group; P<0.01 vs. age-
matched AC group.

(both P<0.01). The activity of p38 did not change between the
sham-operated and AC groups. While NAC administration for
2 weeks inhibited the activation of JNK (117+8 vs. 140+10%;
P<0.01), NAC had no effect on the activity of ERK (150+10 vs.
153£11%; P>0.05).

Discussion

The major findings of the present study are that i) NADPH-
dependent ROS generation increased significantly in the
myocardium of pressure-overloaded rat hearts; ii) the increase
of ROS was paralleled by the expression of MCP-1 and LV
remodeling; iii) the administration of NAC, which is a ROS
scavenger, reduced the ROS levels in the pressure-overloaded
rat myocardia, and ameliorated the cardiac structural
changes; iv) ERK and JNK, but not p38, were activated in
the myocardium of pressure-overloaded rat hearts, and NAC
administration inhibited the activation of JNK, but not ERK.
These results suggest that the upregulation of MCP-1 proteins
in pressure-overloaded rat hearts is mediated, at least in part,
by enhanced ROS production; JNK may be involved in the
downstream signaling pathway.
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Compelling evidence in various hypertensive models has
suggested a pivotal role of inflammation in the development
of hypertension, particularly the development of cardiac
fibrosis (2,3). It has been reported that inflammation directly
contributes to reactive and reparative fibrosis, with inflamma-
tory cells secreting profibrogenic factors, such as TGF-f3 and
promoting the phenotypic transformation of cardiac fibroblasts
to myofibroblasts, which adds to the collagen generation (5).
Chemokines play a pivotal role in the infiltration of inflam-
matory cells, and MCP-1 is one of the major chemokines (3).
Consistent with previous reports (5), the present study demon-
strates an increased MCP-1 expression in the myocardium of
pressure-overloaded rat hearts, preceding cardiac remodeling.
It has been shown that, in hypertensive animal models, the
administration of MCP-1 neutralizing antibody inhibits the
inflammatory reaction and cardiac fibrosis (4,5). Thus, modu-
lating the expression/function of MCP-1 proteins may represent
a potential therapeutic tool to control cardiac fibrosis in hyper-
tensive patients. Accordingly, further investigations to explore
the mechanisms underlying the increased expression of MCP-1
and the initiation of inflammation in the pressure-overloaded
myocardium are necessary.

ROS are now recognized as an important second messenger
in cellular signaling transduction (6), and have been shown to
modulate the expression of many genes that are related to cell
apoptosis, proliferation and inflammation (6,15). ROS produc-
tion is regulated by many physiological and pathological
stimuli. In hypertensive patients and animals, ROS genera-
tion is enhanced directly by shear stress (16), and indirectly
via the receptor activation of angiotensin II, endothelin and
other humoral factors (17). NADPH oxidase is one of the
major sources of ROS generation (8,18), and NADPH oxidase
subunit expression and activities are increased in hypertensive
models (8,19). Consistent with previous studies, the present
study demonstrated that NADPH-dependent ROS generation
was significantly increased at 1 week after the initiation of
AC, which was concomitant with the expression of MCP-1. In
order to further investigate the role of ROS in early inflam-
mation, NAC was used as a ROS scavenger (20). In this study,
NAC significantly reduced ROS levels, and inhibited MCP-1
expression and the recruitment of inflammatory cells. NAC
administration also attenuated cardiac remodeling in the pres-
sure-overloaded rat hearts. However, blood pressure was not
affected by NAC administration, suggesting that the inflamma-
tory reaction is not pressure-dependent in cardiac remodeling.
All these results suggest that increased NADPH-dependent
ROS generation may mediate the expression of MCP-1 and the
subsequent inflammation in pressure-overloaded rat hearts.

Although the correlation between ROS and MCP-1 gene
transcription has been identified in both rat myocardium (present
study), and cultured human aortic endothelial cells (11,21), little
is known about the intermediate signaling molecules. The effects
of ROS on gene transcription were found to be mainly mediated
by the activation of certain kinases and transcription factors.
The MAPK signaling pathway is critical in the development of
cardiac hypertrophy (22), and the role of MAPKs (in particular
p38 and JNK isoforms) in inflammation have been suggested in
previous studies (23,24). The present study showed that ERK
and JNK were activated in pressure-overloaded rat hearts at
2 weeks, at which stage MCP-1 expression and macrophage
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filtration were at higher levels. NAC administration inhibited
JNK activation but not that of ERK, suggesting that the activa-
tion of JNK, but not ERK, may be mediated by ROS. Increasing
evidence has indicated that MAPK isoforms can be activated
differently and exert different biological functions. ERK tends
to be involved in cell proliferation and hypertrophy, while p38
and JNK are more likely to be implicated in inflammation and
cell apoptosis (25). p38 activation was not found in this study,
which is consistent with a previous study by Li ez al (8). In the
same model, they found that p38 was activated at later stage as
compared with ERK and JNK, and suggest that p38 may play an
important role during the transition from heart hypertrophy to
failure. After INK is activated by oxidative stress or other types
of stress, INK-mediated phosphorylation enhances the ability of
c-Jun, a component of the AP-1 transcription factor, to activate
gene transcription (26). The JNK activation leads to the induc-
tion of AP-1-dependent target genes involved in inflammation
(24). In cultured rat microglial cells and human corneal fibro-
blasts, it has been shown that JNK activation mediates MCP-1
expression (27,28). All these data suggest the association of
JNK with MCP-1 expression. However, the correlation between
MCP-1 gene expression and the ROS-dependent JNK activation
in pressure-overloaded rat hearts needs to be further studied.

In conclusion, the present study suggests that ROS mediates
the increased expression of MCP-1 in a pressure-overloaded rat
heart model, and that JNK is likely involved in the signaling
pathway. This study provides rationale for using antioxidants to
prevent and control inflammation and ensuing cardiac remod-
eling in the context of hypertension.
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