
Abstract. – OBJECTIVE: Atrial fibrillation
(AF) has been identified to contribute signifi-
cantly to the morbidity and mortality of cardio-
vascular disease patients. The atrial structural
remodeling is a hallmark of AF and the molec-
ular mechanisms underlying this remain un-
clear. Hence the objective of the present study
is to determine the role of angiotensin II (Ang-
II)/Ang-II type 1 (AT1) receptor – STAT3 signal-
ing pathway on – atrial structural remodeling.

MATERIALS AND METHODS: The method of
this study involves incubation of atrial my-
ocytes, with Ang-II, to increase the level of
apoptosis expressions by Tunel assay and the
expression of apoptosis related factors like
caspase 3 and 8 release of cytochrome C from
mitochondria to cytosol by western blot test af-
ter OGD pre-treatment.

RESULTS: Atrial myocytes were shown to
simulate the ischemia, hypoxia and atrial fibril-
lation. When incubated with Ang-II, (inhibited by
losartan) the improvement was observed in the
expression of caspase-3 and caspase-8. Ang-II
also significantly promoted the transfer of cy-
tochrome C levels from the mitochondria to the
cytoplasm and this transfer was observed to be
inhibited by losartan and WP1066. Ang-II incu-
bation showed improved transcriptions of col-
lagens and MMP expressions in atrial fibrob-
lasts. In cultured atrial myocytes and fibrob-
lasts, Ang-II induced tyrosine and serine phos-
phorylation of STAT3 showing interaction with
MMP1 and MMP2 and DNA promoter sequences
in atrial fibroblasts. The complete sequence
was observed to have an affinity to be inhibited
by losartan and WP1066.

CONCLUSIONS: Ang-II/AT1 receptor/STAT3 is
an important signaling pathway in the atrial
structural remodeling, Ang-II enhances the
apoptosis of atrial parenchyma and deposition
of atrial ECM, which might contributes to atrial
fibrillation.

Keywords:
Atrial fibrillation, Atrial structural remodeling, An-

giotensin II, Signal Transducers and Activators of Tran-
scription (STAT).

Corresponding Author: Xinping Du, MD; Jin Wang, MD; wj0463@163.com 2365

Introduction

Atrial fibrillation (AF) is one of the most com-
mon arrhythmias encountered in cardiology related
clinical practice1-3 and remains the major cause for
morbidity and mortality in humans4. During the
process of development of AF structural changes in
atria have been reported to occur, which include
perinuclear accumulation of glycogen, alterations
in connexin expression, and changes in shape of
mitochondria5-7. myocytic hypertrophy, interstitial
fibrosis8 and apoptosis of myocytes9, resulting in
an increased conduction of heterogeneity and con-
tribute in facilitating recurrence of AF.

The treatment of AF is most often based on its
pathogenesis10. The structural remodeling of AF
refers to architectural deterioration of the ar-
rhythmogenic substrate.

Even though multiple factors have been impli-
cated during the signaling processes of structural
remodeling of AF which includes angiotensin II
(Ang-II), transforming growth factor-β [TGF-
β1], and platelet-derived growth Factor, etc, the
precise signaling process of AF structural remod-
eling is still unclear.

Recently, the activation of the renin-angiotensin II
pathway has been identified to be involved in struc-
tural remodeling of AF11-13, both in animal models
and in biopsies from patients with AF and its inhibi-
tion has been shown to attenuate the formation of fi-
brosis and diminish the incidence of AF13-15.

Angiotensin II is said to induce myocardial tissue
and vasculature remodeling via the activation of the
mitogen-activated protein kinases (MAPK)16,17 and
NAD(P)H oxidases18. Recently, signal transducers
and activators of transcription (STAT) pathway, has
been identified to be involved in vascular athero-
sclerosis, ventricular hypertrophy19-22 and atrial fi-
brosis23. The activation of this pathway by Ang-II
has been observed to mediate cardiac myocytes and
fibroblasts23, and showed its effects on myocardial
infarction24.
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sealed the box at 37°C incubated for 4 hours.
Then, changed the D-Hanks solution with com-
plete medium, warmed at 37°C and equilibrated
with 5% CO2 incubator for reoxygenation.

Chromatin Immunoprecipitation
Chromatin immunoprecipitation (ChIP) assays

were carried out using the EpiQuik™ Chromatin
Immunoprecipitation Kit (Epigentek Group,
Farmingdale, NY, USA) following the manufac-
turer’s protocol. STAT3-associated chromatin
fragments were immunoprecipitated using anti-
STAT3 antibodies. Four pairs of primers were de-
signed based on the 8000 bp upstream sequence
of immune precipitated promoter fragments for
amplification Primer sequence for MMP-1,
MMP-2, Collagen I & III designated includes:

• Sense: 5’ TCAGTACCAAGGACGTTTG 3'
• Antisense5'TTTTAAGCTAGCCCTTGCT3'

for 235 bp MMP-1 promoter;
• Sense: 5'ATGGCCACCTCTTTAAAGC 3' ,
• Antisense 5' CCAGGGCATCGTTATTAGG 3'

for 229bp MMP-2 promoter;
• Sense: 5' CTTCTTCCAGATGAGCCTG3',
• Antisense: 5'GTGGTCAGTTCCAAAGGAT3'

for 230bp collagenIpromoter;
• Sense: 5' GTCTCTGCAAACAGGGTGG 3',
• Antisense: 5'AAAACCTTCACGTTTCCTG 3'

for 232bp collagen III promoter;

TUNEL reaction and DAPI staining
Cells were fixed in 4% poly formaldehyde, and

then rinsed two times with phosphate buffered
saline (PBS), treated in 0.1% Triton X-100 for 5
minutes. Join the mixture of enzyme buffer and la-
beling buffer at the ratio of 1:9, remove the mix-
ture, drop the TUNEL reaction solution, reaction at
37°C, damp, dark environment 60 min. Cleaning 3
times, then adding 50 µl DAPI (4',6-diamidino-2-
phenylindole, dilactate) buffer solution (DAPI 0.01
mg/ml), reaction in the dark environment 5 min.
Photographed under a fluorescence microscope in
the same view: green fluorescent (fracture of DNA
by TUNEL staining) blue fluorescence (hyperchro-
matic nuclei by DAPI staining).

RNA Extraction and Quantitative
Real-time Reverse Transcription
Polymerase Chain Reaction (RT-PCR)

Total RNA was prepared by using Isogen, and
treated with DNase. First-strand cDNA synthesis
was performed according to the manufacturer’s
protocol. PCR was carried out with 1.5 mM Mg-

Signal transducers and activators of transcrip-
tions (STAT) were originally discovered as latent
cytoplasmic transcription factors that mediate cel-
lular responses to diverse cytokines and growth
factors25-30. STAT family is required for diverse bi-
ological processes including embryonic develop-
ment and adult homeostasis, as well as differenti-
ation, proliferation, survival and apoptosis31.

Hence, in the present study, an attempt was
made for the first time, to study atrial myocytes
and fibroblasts in vitro to characterize the status
of Ang-II-STAT signaling pathway in atrial struc-
tural remodeling.

Materials and Methods

Western Blot
The extract of cytosolic and cytoskeleton pro-

teins were performed according to the manufac-
turer’s instructions (Chemicon Compartment
Protein Extraction Kit, Millipore, Billerica, MA,
USA). Western blotting was performed according
to standard protocols. Low-molecular-weight
marker (Cell Signaling Technology) and 50 µg of
protein from samples were separated on 10% or
12% SDS gels by SDS-PAGE. Separated protein
was transferred to a poly (vinylidenedifluoride)
membrane that was blocked at room temperature
for 1 hour in Tris-buffered saline with 0.2%
Tween 20 (TBS-T) containing 5% skim milk and
probed with primary antibodies overnight at 4°C.
The diluted concentrations of the primary anti-
bodies (Abcam Cambridge, Cell Signaling Tech-
nology, Billerica, MA, USA) were as follows:
STAT3/phospho Y705, 1:200; STAT3/phospho
S727, 1:250; STAT3, 1:200; caspase 3, 1:250;
caspase 8, 1:250; cytochrome C, 1:200; β-actin,
1:500. Secondary antibodies (Cell Signaling
Technology) included horse radish peroxidase-la-
beled and were diluted 1:1000 with 0.2% TBS-T
and 1% skim milk and incubated for 1 hour at
room temperature. Protein bands on Western
blots were visualized using ECL Plus (Amer-
sham, Arlington Hts, IL, USA). Relative band
densities of proteins in Western blots were nor-
malized against β-actin.

Construct ion of oxygen and
glucose deprivation model

The myocytes in culture plates were washed
with 2 ml D-Hanks balanced solution two times.
The culture plates was put into the box, filled
with mixed gas of 95% N2 and 5% CO2, and
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Results

Angiotensin II induced apoptosis of atri-
al myocytes

Apoptosis has been observed in cardiomyopath-
ic conditions including human dialated cardiacmy-
opathy (DCM) and ischaemic cardiomyopathy
(ICM)32,33 in pacing-induced canine heart fail-
ure34,35. Studies have shown a definite relationship
between apoptosis of cardiomyocytes and atrial
structural remodeling9. This study showed the ef-
fect of Ang-II on apoptosis of atrial myocytes and
Ang-II receptor blocker, losartan inhibited Ang-II-
induced apoptosis of myocytes through oxygen
and glucose deprivation model where atrial my-
ocytes were shown to simulate the ischemia, hy-
poxia and atrial fibrillation (Figure 1). This report
also examined the level of apoptosis by Tunel as-
say and the expressions of apoptosis-related fac-
tors by western blot in atrial myocytes.

Cleavage and activation of caspases play a cen-
tral role in the initiation and execution of apopto-
sis36,37 where caspase-8 is an initiator and caspase-
3 is the key executive. After preconditioning with
oxygen and glucose deprivation model, Atrial my-
ocytes were incubated with Ang-II, (inhibited by
losartan) and observed improvement in the expres-
sion of caspase-3 and caspase-8 (Figure 2). Ang-II
also significantly promoted the transfer of cy-
tochrome C levels from the mitochondria to the
cytoplasm and this transfer was observed to be in-
hibited by losartan (Figure 3).

Angiotensin II increases expressions of
collagens and MMPS in atrial fibroblasts

Accumulation of extracellular matrix (ECM)
and fibrosis are important structural changes in
AF38,39. The predominant matrix proteins in my-
ocardial ECM are the collagens, which are de-
posited in the myocardial interstitium in a fibrillar
architecture to ensure myocardial stability and or-
ganization40. Increased collagen deposition has
been well documented in AF patients compared
with control subjects41. Of the 5 different collagen
isoforms found in the heart, fibrillar collagen type
I and III comprise approximately 85% of the car-
diac interstitium42,43. Matrix metallo-proteinases
(MMPs), a key enzyme family, involved in fibro-
sis. It is known that MMPs-degraded physiologi-
cal collagens are replaced by fibrous interstitial
deposits of various unorganized ECM proteins. A
number of experimental and clinical studies have
illustrated that MMP levels are associated with
atrial fibrosis in AF patients44,45. We used collagen

Cl2, 250 mM dNTPs, 0.2 mM each primer and
0.04 U/ml EX Taq polymeras. For RT-PCR,
primer sequences and the expected size of ampli-
fication products are as follows:

• Sense: 5' TCTGCCAGGTAAACTTGATGC 3'
• Antisense: 5'ATTCCAGGGAAATCTTCT-

GCT 3' for 297 bp MMP-1;
• Sense: 5' TGGAAGCATCAAATCGGACTG 3' ,
• Antisense: 5' GAAAGTAGCACCTGGG-

AGGGA 3' for 243 bp MMP-2;
• Sense: 5' GGTCCCAAAGGTGCTGATGG 3',
• Antisense 5' GACCAGGCTCACCACGGTCT

3' for 175 bp collagen I;
• Sense: 5' CGAGGTGACAGAGGTGAAAGA 3',
• Antisense: 5' AACCCAGTATTCTCCGCTCTT

3' for 336 bp collagen III;
• Sense: 5' GCATCCATGAAACTACATTCA 3'
• Antisense: 5' ACAGTCCGCCTAGAAG-

CATTT 3' for 320 bp β-actin.

A mathematical model was used to determine
the relative quantification of target genes com-
pared with the β-actin gene.

Tunel assay
Apoptosis in the atrial tissue was determined us-

ing an In situ cell death detection kit (Roche Diag-
nostics, Indianapolis, IN, USA). Briefly, sections
were cut from paraffin blocks at 44-µm thickness
and mounted onto slides. Sections were dewaxed
in xylene and rehydrated through a graded series of
alcohols. Sections were immersed in 0.1% TX-100
in 0.1% sodium citrate buffer for 8 min at room
temperature. Following rinsing, sections were incu-
bated with TUNEL buffer (containing Tris, 0.7 M
NaCaco, CoCl2, 10% BSA in water) for 10 min at
room temperature. Sections were then incubated
with the reaction mixture as specified by the manu-
facturer's instructions. Subsequently, tissue sec-
tions were incubated with anti-fluorescein antibody
labeled with alkaline phosphatase in a humidified
chamber for 1 h. Apoptotic cells were visualized
with precipitating substrate fast red in 0.1 M Tris-
HCl for 15 min at room temperature. Sections
were counter stained with Lillie-Mayer's haema-
toxylin and blued in lithium carbonate before being
mounted in glycerol. Apoptotic cells were viewed
under light microscopy.

Statistical Analysis
Data are expressed as means±SE. ANOVA,

Student t test were used to determine statistical
significance and p value < 0.05 was considered
statistically significant.



Figure 1. Representation of Ang-II induced apoptosis of atrial myocytes. Blue fluorescent: hyperchromatic nuclei by DAPI
staining. Green fluorescent: fracture of DNA of apoptotic atrial myocytes by TUNEL staining in the same view. Bottom:
Graph representing quantification by percentage of apoptotic cells N=3 per experiment; data are mean±SD. *p < 0.05 vs atrial
myocytes + OGD **p < 0.05 vs myocytes+OGD+Ang-II. WP1066: STAT3 inhibitor; Losartan: Angiotensin II receptor bloker;
OGD: oxygen and glucose deprivation.
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727 phosphorylation of STAT3 (Figure 5). The
phosphorylation of STAT3 in both atrial my-
ocytes and fibroblasts can be inhibited with
ARB: losartan and STAT3 inhibitor: WP1066.
These results suggest STAT3 pathway is activat-
ed by Ang-II in atrial myocytes and fibroblasts.

In many cancer cells and tissues, STAT3 has
been described as mediator for survival anti-
apoptosis. To examine the role of STAT3 in Ang-
II-induced apoptosis of atrial myocytes, A
STAT3-specific inhibitor: WP1066 was used, af-
ter preconditioning with Oxygen and glucose de-
privation model, incubation with WP1066 in-
creased significantly Ang-II-induced apoptosis in
atrial myocytes (Figure 1). WP1066 also was ob-
served to promote Ang-II-induced expressions of
caspase-3 and caspase-8 (Figure 2) and transfer
of cytochrome C from the mitochondria to the

I and III, MMP1 and MMP2 expression to repre-
sent fibrosis in atrial fibroblasts44-47. To investigate
the effect of Ang-II on atrial fibrosis, we exam-
ined the expression of collagen type I, collagen
type III and MMP1, MMP2 in atrial fibroblasts
with RT-PCR. In this study Ang-II significantly
increased the levels of collagen I and III and after
stimulation (Figure 4). Similarly improved ex-
pression was observed with MMPs 1 and 2 after
stimulation with Ang-II (Figure 4). Losartan in-
hibited both collagens and MMPs activities in-
duced by Ang-II in fibroblasts.

Dual role of Ang-II-induced STAT3
pathway on atrial structural remodeling

In both atrial myocytes and fibroblasts, stimu-
lation with Ang-II (10-6 mol/L) significantly in-
duced tyrosine 705 phosphorylation and serine
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Figure 2. Oxygen and glucose deprivation model representing incubation of Atrial myocytes with Ang-II and its inhibition by
losartan showing improved expression of caspase-3 and caspase-8. A, Representating expression of caspase-3 measured by
western blot. B, Representating expression of caspase-8 measured by western blot. C, Quantified expression of caspase-3 mea-
sured by densitometry. D, Quantified expression of caspase-8 measured by densitometry. N=3 per experiment; data are
mean±SD. *p < 0.05 vs atrial myocytes+OGD **p < 0.05 vs myocytes+OGD+Ang-II. WP1066: STAT3 inhibitor; Losartan:
Angiotensin II receptor bloker; OGD: oxygen and glucose deprivation.
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Discussion

In the present study, demonstrated the role of
STAT3 by regulation of Ang-II induced atrial
structural changes which were attenuated by
losartan. This was the first study to report the re-
quirement of STAT3-DNA binding activity for
Ang-II-induced MMP1 and MMP2 transcription
in atrial fibroblasts.

Ang-II and atrial structural remodeling
Among the plethora of identified fibrogenic fac-

tors, the renin angiotensin system, especially Ang-
II has been implicated to play an important role in
the development of atrial remodeling during
AF23,47. In the present study; we also found a much
higher level of Ang-II in atrial samples of AF pa-
tients than in those of without AF. Ang-II may me-
diate multiple responses including cell growth, in-
flammation, cardiac apoptosis-fibroblast prolifera-
tion, transformation and extracellular matrix
(ECM) deposition48-49. The present study demon-
strated that Ang-II incubation induced profound
increases of collagen synthesis atrial myocytes

cytoplasm (Figure 3). Ang-II-induced apoptosis
was not STAT3-dependent (not blocked by
STAT3 inhibitor WP1066, but promoted by
WP1066). These results indicate STAT3 protects
atrial myocytes from apoptosis.

Binding of Ang-II-induced STAT-3
to MMPS DNA promoter sequences

Chromatin immuno precipitation (ChIP) bind-
ing assays were employed to determine the
DNA-STAT3 binding activity. The nuclear pro-
teins from Ang-II-induced atrial fibroblasts were
observed to directly associate with DNA se-
quence of MMP1 and MMP2 (Figure 6). Be-
cause the affinity of antibody which, captured
protein is anti-STAT3 antibody, two pairs of
primers were used in the ChIP analysis and were
designed according to the promoter sequences of
MMP1 and MMP2. The above association was
induced by Ang-II, which was inhibited by losar-
tan and WP1066. We also investigated the inter-
action of STAT3 with DNA promoter sequence
of collagen I and collagen III, but no binding be-
tween them was observed (data not shown).



Figure 3. Atrial myocyte showing the transfer of cytochrome C levels from the mitochondria to the cytoplasm in atrial my-
ocytes after OGD pretreatment and its inhibition by losartan. A, Release of cytochrome C levels from the mitochondria to the
cytoplasm in atrial myocytes after OGD pretreatment measured by western blot. B, Quantity of Cytochrome C levels from the
mitochondria to the cytoplasm in atrial myocytes after OGD pretreatment measured by densitometry. N=3 per experiment; data
are mean±SD. *p < 0.05 vs atrial myocytes+OGD **p < 0.05 vs myocytes+OGD+Ang-II. WP1066: STAT3 inhibitor; Losar-
tan: Angiotensin II receptor bloker; OGD: oxygen and glucose deprivation.
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plained by reporting involvement of multiple
pathways in Ang-II-induced atrial remodeling
downstream signaling23,47,54. These pathways in-
teract with one another resulting in either induc-
tion or inhibition of apoptosis. Most of these
pathways are involved as one of the Ang-II
downstream signaling pathways. In atrium−
apoptosis induction pathways are dominant and
play a leading role. Thus, Ang-II showed as
apoptosis induction, while STAT3 pathway acts
as an anti-apoptotic regulator, which plays a mi-
nor role.

STAT3 play dual role in Ang-II-induced
atrial structural remodeling

With regard to Ang-II-induced atrial structural
remodeling by STAT3 activation, 2 distinct mecha-
nisms were identified to operate in atrial myocytes
and fibroblasts. In atrial fibroblasts, activation of
STAT3 by Ang-II probably required Rac1-induced
autocrine or paracrine factors and the activation of
JAKs53,54. In the present study blockade of STAT3
with WP1066, decreased Ang-II-induced genes
transcription of fibrogenic factors and attenuated
composition of collagen. These results, illustrated
that STAT3 pathway promoted the progression of
atrial fibrosis and acted as a positive regulator of
Ang-II-induced atrial structural remodeling. In atri-
al myocytes, caspases family proteins are involved
in the apoptosis which occurs in various car-
diopathies55-58. Inhibition of STAT3 signaling was
reported to induce apoptosis in lymphoma59 and
malignant cells60. In present study, inhibition of

and apoptosis in atrial fibroblasts, strongly sug-
gesting that Ang-II advance the progression of
atrial fibrosis and apoptosis. Ang-II participates in
the development of AF-induced myocardial fibro-
sis could occur through activation of AT1 and AT2
receptors49-54. AT1 receptor antagonism signifi-
cantly attenuates fibrosis process of atrial fibrilla-
tion in dogs51. Consistent with our in vitro obser-
vations, we found that AT1 receptor antagonist:
losartan inhibited the Ang-II-induced increase in
collagens and MMPs expressions in atrial fibrob-
lasts and apoptosis in atrial myocytes, implicating
an AT1 receptor-specific mechanism for the Ang-
II activation of atrial remodeling signaling path-
way.

Multiple signaling pathways
underlying Ang-II-induced atrial
structural remodeling

Ang-II activates multiple intracellular second mes-
senger Molecules which induce cardiac remodeling.
These molecules include: GATA, AP-1, SMAD47,48

and STAT323. In our study not only incubation with
Ang-II in vitro but also Ang-II infusion in vivo signifi-
cantly improved the phosphorylation of STAT3.

Ang-II also improved the level of atrial apop-
tosis both in vitro and in vivo trials, which is in-
hibited by AT1 receptor antagonist: losartan. So
our study supports the hypothesis that Ang-II
might promote atrial apoptosis though STAT3
signal pathway. Surprisingly, after blockade of
STAT3 with WP1066, apoptosis of atrial my-
ocytes increased markedly. This could be ex-
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Figure 4. Angiotensin II showing increased expressions of collagens and MMPS in atrial fibroblasts and its inhibition by
losartan and WP1066. A, Representing transcriptions of collagen I, III measured by RT-PCR. B, Quantification of collagens
measured by densitometry. C, Representing transcriptions of MMPs 1, 2 measured by RT-PCR. D, Quantification of MMPs
measured by densitometry. N=3 per experiment; data are mean±SD. *p < 0.05 vs controled atrial fibroblasts **p < 0.05 vs
Ang-II-treated atrial fibroblasts. WP1066: STAT3 inhibitor; Losartan: Angiotensin II receptor bloker;
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Figure 5. Represention of Ang-II induced phosphorylation of STAT3 in both atrial myocytes and fibroblasts and its attenua-
tion by losartan and WP1066. A, Represention of Ang-II induced phosphorylation of STAT3 in atrial myocytes and its attenua-
tion by losartan and WP1066 western blot. B, Quantification of Ang-II induced phosphorylation of STAT3 in atrial myocytes
and its attenuation by losartan and WP1066 by densitometry. C, Represention of Ang-II induced phosphorylation of STAT3 in
atrial fibroblasts and its attenuation by losartan and WP1066 western blot. D, Quantification of Ang-II induced phosphoryla-
tion of STAT3 in atrial fibroblasts and its attenuation by losartan and WP1066 by densitometry. N=3 per experiment; data are
mean±SD. *p < 0.05 vs controled atrial fibroblasts **p < 0.05 vs Ang-II treated atrial fibroblasts. WP1066: STAT3 inhibitor;
Losartan: Angiotensin II receptor bloker; p-STAT3: phosphorylated STAT3.
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Figure 6. Interaction of STAT-3 with MMP1 and MMP2 DNA promoter sequences in atrial fibroblasts by chromatin immuno-
precipitation (ChIP)-binding assay. A, Representation of lysates of atrial fibroblasts with DNA sequences of MMP1, immune
precipitated with anti-STAT3 antibody and subjected for PCR. B, Lysates of atrial fibroblasts with DNA sequences of MMP1
were immunoprecipitated with anti-STAT3 antibody and were quantified by densitometry. C, Representation of lysates of atrial
fibroblasts with DNA sequences of MMP2, immune precipitated with anti-STAT3 antibody and subjected for PCR. D, Lysates
of atrial fibroblasts with DNA sequences of MMP2 were immunoprecipitated with anti-STAT3 antibody and were quantified
by densitometry. N=3 per experiment; data are mean±SD. *p < 0.05 vs controled atrial fibroblasts ** p < 0.05 vs Ang-II treated
atrial fibroblasts. WP1066: STAT3 inhibitor; Losartan: Angiotensin II receptor bloker;

Angiotensin II and atrial structural remodeling

2373

is subject to four levels of regulation, including
transcriptional regulation, mRNA stability, activa-
tion of proenzyme, and inhibition or activation of
enzyme through the tissue inhibitors of metallopro-
teinases61-68. Our chromatin immuno precipitation
(ChIP) identified a binding of STAT3 with MMP-1
and 2 promoter sequence after Ang-II stimulation
in atrial fibroblasts. Phosphorylated STATs (P-
STAT) bind to DNA-response elements named in-
terferon-(gamma)-activated sequence-3 (GAS-3) in
the promotion of target genes and activate specific
gene expression programs25. Several groups have
studied the transcriptional regulation of MMPs by
other transcription factors62,69-71.

Previous researches72 have proved STAT3 be-
comes phosphorylated and achieves efficient in-
duction of MMP-1 promoter by interacting with

STAT3 with WP1066 markedly improved Ang-II-
induced gene expression of caspase3 and caspase8,
promoted apoptosis of atrial myocytes after OGD
preconditioning. This suggests that contrary to the
pro fibrotic function, STAT3 pathway also protect
atria from apoptosis and acted as a negative regula-
tor of Ang-II-induced atrial structural remodeling
(Figure 7).

STAT3-DNA binding activity was required
for Ang-II-induced MMP expression

Our experimental results provide direct evidence
that in atrial fibroblasts, the increased MMP-1,
MMP-2 expressions could be attributed to elevated
STAT3 activity, and that STAT3-DNA binding ac-
tivity is required for Ang-II-induced MMP-1, 2 ex-
pressions in atrial fibroblast. The activity of MMPs
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Figure 7. Signal transduction pathways of Ang-
II-induced atrial structural remodeling.

c-JUN and AP-1 in T24 bladder cancer cells. In
our study, the result that the affinity of STAT3
with MMP1and 2 promoter sequence was attenu-
ated by WP1066 and losartan further proved
STAT3-DNA binding activity was required for
Ang-II-induced MMP expression. Xie et al73

identified a high-affinity STAT3-binding element
mapped between bp _617 and _610 of the proxi-
mal MMP-2 promoter. Mutation of this STAT3-
binding element significantly eliminated MMP-2
promoter trans-activation by constitutively acti-
vated STAT3, indicating that STAT3-binding ele-
ment within the proximal MMP-2 promoter was
required for activation.

Conclusions

The present study provides compelling experi-
mental evidence that Ang-II/AT1 receptor/STAT3
is an important signaling pathway in the atrial
myocardium. Ang-II affects intracellular signal-
ing cascades in various atrial cells, and advances,
apoptosis of atrial parenchyma and deposition of
atrial ECM resulting in atrial arrhythmias. The
results of this study provide newer insights into
the understanding of the mechanisms of Ang-II-
induced myocardial remodeling and novel thera-
peutic targets of AF
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