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Aims Remodelling of the extracellular matrix (ECM) plays an important role in the production of arrhythmogenic substrate
for atrial fibrillation (AF), and is considered to be promoted by the connective tissue growth factor (CTGF). Our
objective was to assess the relationship between CTGF and ECM synthesis, and the effect of olmesartan on these
processes.

Methods
and results

Fifteen canine AF models were produced by rapid atrial stimulation. They were divided into three groups: pacing
control (n ¼ 5): 6-week pacing, pacing + olmesartan (n ¼ 5): pacing with olmesartan (2 mg/kg/day), and non-
pacing group (n ¼ 5). In the pacing control group, messenger ribonucleic acid expressions of CTGF and collagen
types 1 and 3 were up-regulated in comparison with the non-pacing group (P , 0.05) while transforming growth
factor-b (TGF-b) did not exhibit a significant difference. In the pacing + olmesartan group, these up-regulations
were suppressed (P , 0.05). In fluorescent immunostaining, the expression of CTGF was localized in the cytoplasm.
The protein level of collagen type 3 was increased in the pacing control and it was suppressed in the pacing +
olmesartan group.

Conclusions CTGF and associated genes were up-regulated in the atria with the appearance of fibrosis. Because this up-regulation
was independent of TGF-b and suppressed by olmesartan, CTGF up-regulation was considered to be mediated by
angiotensin II.
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Introduction
Atrial remodelling as the construction of the arrhythmogenic sub-
strate of atrial fibrillation (AF) can be characterized electrophysio-
logically by the shortening of atrial refractoriness and the decrease
in conduction velocity.1 Because atrial interstitial fibrosis, fibroblas-
tic degeneration, and extracellular matrix (ECM) synthesis destroy
the electrophysiological connection between atrial myocytes, they

can cause conduction disturbance and may play important roles in
atrial remodelling for AF.2 Interstitial changes, i.e. ECM synthesis,
can be caused by various stimulations, e.g. inflammatory cytokines,
angiotensin-II, oxidative stress, etc., but one of the main and im-
portant mediators is connective tissue growth factor (CTGF), re-
gardless of basic stimulation. Connective tissue growth factor is a
potent profibrotic factor and it implicates cellular adhesion as
well as the promotion of ECM synthesis.3,4 Tissue fibrosis can be
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strongly mediated by CTGF and CTGF up-regulation has been
reported in various fibrotic diseases of the lung, kidney, liver,
and skin, and even in the myocardium in patients with structural
heart disease.5 –9 Because various stimulations are induced under
AF conditions, CTGF can also be up-regulated and may play a
role in atrial structural remodelling. In this study, we evaluated
the expression of CTGF and atrial fibrosis, and then the effect of
olmesartan, an angiotensin receptor blocker (ARB), on these
factors in the canine AF model to clarify the role of CTGF and
the stimulation of angiotensin in atrial remodelling for AF.

Methods

Initial surgery
Fifteen adult female beagle dogs (12.6+1.2 kg) were anaesthetized
with sodium pentobarbital (NEMBUTALw, 30 mg/kg, intravenous),
and followed by additional dose of 2 mg/kg at the end of each hour.
Preceding the intubation, the dogs were anaesthetized with butorpha-
nol tartrate (Butorphanolw, 0.3 mg/kg, intramuscular) as an analgesic.
After endotracheal intubation, dogs were maintained on controlled
ventilation with 100% oxygen using a mechanical ventilator (Model
SN-480-5; Shinano Manufacturing, Tokyo, Japan)10– 15 Core body tem-
perature was maintained at normothermia (38+ 18C) with an electric
heater (Pig-heaterdanw, Tozai Co., Ltd, Japan) and body temperature
was monitored with a temperature probe in the rectum. Saline was
given intravenously (250 mL/h) to replace fluid loss. To keep adequate
anaesthesia level, continuous arterial blood pressure, heart rate, and
end-tidal carbon dioxide were monitored during the surgical proced-
ure. Two pairs of electrodes were sutured at the right atrial free
wall to monitor the atrial electrograms. The other ends of the elec-
trode wires were tunnelled subcutaneously and exposed at the back
of the neck. For continuous rapid atrial pacing, a unipolar screw-in
lead (CapSureFix 5568; Medtronic Inc., Minneapolis, MN, USA) was
inserted through the right external jugular vein, and the distal end of
the lead was screwed into the endocardial side of the right atrial ap-
pendage. The proximal end of the pacing lead was connected to a
rapid pulse generator (Soletraw; Medtronic Inc.), which was implanted
into a subcutaneous pocket at the back of the neck. Atrioventricular
block was not produced in this study in order to mimic the hemo-
dynamic situation of clinical cases of AF.10 –15

All studies were performed in accordance with the guidelines speci-
fied by the Animal Experimentation and Ethics Committee of Kitasato
University School of Medicine. The investigation conforms to the
Guide for the Care and Use of Laboratory Animals, US National Insti-
tutes of Health (NIH Publication No. 85–23, revised 1996).

Study protocol
To obtain stable baseline conditions, each dog was allowed to recover
after the initial surgical procedure for at least 1 week without pacing.
Atrial rapid pacing (400 beats/min) was performed in 10 of the 15
dogs, and no pacing was carried out in the remained 5 dogs assigned
as a non-pacing group. We divided the 10 dogs with atrial rapid
pacing to two groups, a pacing control group (n ¼ 5) without any
oral administration, and a pacing + olmesartan group (n ¼ 5) with
oral administration of olmesartan (2 mg/kg/day) starting 2 weeks
before the initiation of rapid pacing.

At the end of the protocol, all dogs were anaesthetized and venti-
lated mechanically as previously mentioned in the initial surgery to
evaluate hemodynamic parameters. To exclude the hemodynamic dif-
ference caused by olmesartan administration, the hemodynamic

parameters of systemic blood pressure, pulmonary arterial pressure,
pulmonary arterial wedge pressure, central venous pressure, and
cardiac output were evaluated by a thermo-dilution catheter in the
pacing control and pacing + olmesartan groups at the end of the
protocol.

After the hemodynamic evaluation, the chest was opened to expose
the heart under anaesthesia and euthanasia was performed in all dogs,
including the non-pacing group, by following procedure; ventricular fib-
rillation was induced with a small amount of electric current directly to
the heart using an alkaline battery (9 V). Then small portions of the
right and left atrial free walls were rapidly excised for histological
and biochemical analyses. The histology of the atrial tissue was evalu-
ated by haematoxylin and eosin (HE) staining.

Quantitative real-time reverse
transcriptase–polymerase chain reaction
Small portions of both atria were sampled from the area close to the
electrodes at the end of the protocol. The atrial tissues were rinsed
and soaked in RNA stabilization solution (RNAlaterw Ambion) immedi-
ately. Total RNA was prepared from the right and left atrial free walls
using a total RNA isolation kit (SV Total RNA Isolation system;
Promega, Madison, WI, USA). Complementary deoxyribonucleic acid
(cDNA) was synthesized from 3 mg total RNA with reverse transcript-
ase (Invitrogen, San Diego, CA, USA) in a final volume of 20 mL. The
messenger ribonucleic acid (mRNA) levels of the ECM-related
molecules, CTGF, collagen type 1 (COL1), collagen type 3 (COL3),
and fibronectin 1 (FN1), and inflammation-related molecules, trans-
forming growth factor-b (TGF-b) and monocyte chemotactic
protein-1 (MCP-1) were evaluated by quantitative real-time reverse
transcriptase–polymerase chain reaction (RT–PCR). The level of
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was also evalu-
ated as the internal control. Real-time RT–PCR was performed with a
QuantiTectTM SYBER Green PCR Master Mix (Qiagen, Valencia, CA,
USA) and CFD 3240 Chromo4TM Detection System (Bio-Rad Lab,
Inc., Richmond, CA, USA) using each primer pair described in Table 1.
For the standard curve, the standard plasmid for each molecule was con-
structed as previously described.16 Each cDNA sample was diluted in
200 mL of nuclease-free water, and then 1 mL was used as the template
for real-time RT–PCR. Serially diluted standard plasmids were analysed
at the same time and the absolute copy numbers were calculated.

Fluorescent immunostaining of connective
tissue growth factor
The cardiac tissues were fixed in 4% paraformaldehyde for 7 days.
Paraffin sections were prepared using a Young-type sliding micro-
tome (Sakura Finetek Japan, Co., Ltd) and the disposable microtome
blade. The sections were about 3 mm in thickness and mounted on
silane-coated slides and deparaffinized with xylene followed by a
stepwise change of ethyl alcohol. The slides were then exposed to
1% hydrogen peroxide/methanol for 30 min in order to block en-
dogenous peroxidase activity, and rinsed in Tris–buffered saline
(TBS). The slides were treated with 8% skimmed milk for 30 min.
Anti-rabbit-polyclonal antibody to CTGF (GeneTexw, Inc., USA) in
TBS was applied to the sections in a moisture chamber at 48C for
1 h. After incubation in Alexa Fluor 488 goat anti-rabbit IgG antibody
for 45 min and rinsing in TBS, the sections were counterstained with
DAPI (Vectashield Mounting Medium). The stained sections were
then observed with a fluorescence microscope, Olympus DP70
(Olympus, Japan).
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Western blot analysis
The cardiac tissues were homogenized in ice-cold lysis buffer contain-
ing 50 mM of Tris–HCl (pH 7.5), 1 mM of ethylene glycol tetraacetic
acid, 150 mM of NaCl, 0.25% SDC, 1 mM of sodium orthovanadate,
1% Triton X-100, 2 mg/mL of aprotinin, 1 mM of phenylmethane sul-
fonyl fluoride, and 5 mg/mL of leupeptin. For western blotting, 20 mg
of total proteins were separated by 7.5% sodium dodecyl sulphate-
polyacrylamide gel electrophoresis and electroblotted onto a polyviny-
lidene fluoride transfer membrane (Amersham HypondTM-P; GE
Healthcare UK Ltd., Little Chalfont, Buckinghamshire, UK). After
blocking with 5% non-fat milk, the membrane was incubated with anti-
rabbit COL1 antibody (sc-8784; Santa Cruz Biotechnology, Inc., CA,
USA), anti-rabbit COL3 antibody (LSL-LB-1387; Cosmo Bio Co.,
Ltd., Japan) or anti-mouse GAPDH antibody (GTX28245; GeneTexw

Inc., USA) and subsequently with the secondary antibody (Amersham
ECL Plus Western blotting reagent pack; GE Healthcare UK Ltd.).
After development with the ECL detection kit (Amersham ECL
PlusTM Western Blotting Detection System), the densities of each
band in the digitized images were measured using the public domain
NIH Image programme.

Statistical analysis
All statistical analyses were performed using JMP statistical software
(SAS Institute Inc., Cary, NC, USA). The values are presented as the
mean+ standard deviation. The basic comparative statistics were
analysed with one-way analysis-of-variance test or the paired t-test.
A P value of , 0.05 was considered significant.

Results

Histopathology
Macroscopically, no obvious difference was observed among the
three groups; however, on HE staining, tissue fibrosis and ECM
changes were observed. In comparison with the non-pacing
group, the pacing control group exhibited partial cellular degener-
ation, fatty degeneration, and interstitial proliferation, but the infil-
tration of mononuclear cells was not observed. The degrees of
these changes seemed to be more prominent in the left atrium
(LA) than in the right atrium (RA). In contrast, in the pacing +
olmesartan group, these changes were suppressed.

Haemodynamic parameters
Table 2 shows the haemodynamic parameters obtained in the
pacing control and pacing + olmesartan groups. There were no

significant differences between the two groups in these
parameters.

Messenger ribonucleic acid expressions
of extracellular matrix and
inflammatory-related molecules
Figure 1 exhibits the expression levels of mRNA of ECM and
inflammatory-related molecules. In the pacing control group, the
mRNA expression of CTGF was up-regulated in comparison
with the non-pacing group in both the LA and RA. In the
pacing + olmesartan group, this up-regulation of CTGF was sup-
pressed in both atria in comparison with the pacing control
group. The mRNA expressions of COL1, COL3, and FN1, which
reflect ECM synthesis, exhibited a similar pattern to CTGF,
except for COL1 in the LA in which up-regulation was not sup-
pressed in the pacing + olmesartan group in comparison with
the pacing control group.

Regarding inflammation-related molecules, the mRNA expres-
sion of TGF-b did not exhibit any difference among the three
groups in both atria. The mRNA expression of MCP-1 did not
differ among the three groups in the RA, but significant
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Table 1 Polymerase chain reaction primers used for amplification of inflammation and fibrosis-related genes

Sense Antisense

Connective tissue growth factor 5′-TTTAGGAACAGTGGGAGAGC 5′-CATGAAGAAGGCTGGAGAAC

Transforming growth factor-b 5′-TATATGCCAGCGTGAAGTGC 5′-GAAGCAGGTTGGGCATTAGT

Collagen type 1 5′-CAAGAACCCCAAGGAGAAGA 5′-AGTGGTAGGTGATGTTCTGG

Collagen type 3 5′-TCTGTGAATCCTGCCCTACT 5′-AGCCAGGATGACCAGATGTA

Glyceraldehyde-3-phosphate dehydrogenase 5′ AAAGCTGTGGGCAAGGTCAT 5′-TCCGATGCCTGCTTCACTAC

Fibronectin 1 5′-GAGAAGACAGGACCGATGAA 5′-TTCTTGGAGGGCTGACATTC

Monocyte chemotactic protein-1 5′-GCCAGCTATAAAAGAGTCAC 5′-CAGTTTGGGTTTGGCTTTTC

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Haemodynamic parameters

Pacing
control

Pacing 1

olmesartan
P
value

Systolic blood pressure (mmHg) 156+15 156+4 0.940

Diastolic blood pressure
(mmHg)

85+5 68+8 0.120

Systolic pulmonary arterial
pressure (mmHg)

15+1 18+1 0.094

Diastolic pulmonary arterial
pressure (mmHg)

6+1 6+1 1.000

Pulmonary arterial wedge
pressure (mmHg)

7+2 6+1 0.690

Central venous pressure
(mmHg)

2+1 2+1 0.760

Cardiac output 2.9+0.4 4.2+0.7 0.180

Ventricular activation rate
during induced atrial
fibrillation (bpm)

185+5 183+9 0.8353
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up-regulation in the pacing control group, and suppression of the
up-regulation in the pacing + olmesartan groups were observed
in the LA.

Fluorescent immunostaining of
connective tissue growth factor
Figure 2 shows representative examples of the fluorescent immu-
nostaining of CTGF in the atrial tissues of the three groups. The

upper six panels show low magnification (×100) and the lower
panels show high magnification (×400). Green indicates green
fluorescence bound to CTGF protein, and blue shows nuclei.
In comparison with the non-pacing group (Figure 2A, D, G, J), the
pacing control group exhibited enhanced expression of CTGF
(Figure 2B, E, H, K). In contrast, in the pacing + olmesartan
group, the enhancement of CTGF expression was suppressed
(Figure 2C, F, I, L). In low-magnification images, the enhancement
of CTGF expression seemed to be more prominent in the RA

Figure 1 Messenger ribonucleic acid expressions of extracellular matrix and inflammation-related molecules. In the pacing control group,
mRNA expressions of extracellular matrix-related genes (connective tissue growth factor, collagen type 1 and 3, and fibronectin 1) were
up-regulated, especially in the right atrium in comparison with the non-pacing group, and this up-regulation was suppressed in the pacing +
olmesartan group. In contrast, messenger ribonucleic acid expression of transforming growth factor-b did not differ among the three
groups. See text for details. RA, right atrium; LA, left atrium; CTGF, connective tissue growth factor; COL1, collagen type 1; COL3, collagen
type 3; FN1, fibronectin 1; TGF-b, transforming growth factor-b; MCP-1, monocyte chemotactic protein-1. *P , 0.05 vs. non-pacing group;
†P , 0.05 vs. pacing control group.
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than LA (Figure 2B and E). In the high-magnification images, the en-
hancement of CTGF expression was localized in the cytosol of the
myocardium.

Western blot analysis of collagen
type 1 and 3
Figure 3 shows the results of the western blot analysis of COL1
and 3 and GAPDH protein levels. Figure 3A shows representa-
tive examples of the bands and Figure 3B shows a summary of
all samples. GAPDH protein level was measured as an internal
control and did not show any difference among the
three groups. The protein level of COL1 did not show any dif-
ference among the three groups; however, the protein level of

COL3 was up-regulated in the pacing control group in compari-
son with the non-pacing group in both the LA and RA, and this
up-regulation was suppressed in the pacing + olmesartan group,
almost completely in the RA and partially in the LA.

Discussion
In this study, we have demonstrated several interesting findings.
First, 6-week rapid atrial pacing caused ECM synthesis in the
atrial tissue as well as interstitial fibrosis in our canine AF model.
Second, CTGF, a strong mediator of ECM synthesis, was
up-regulated with the proliferation of collagen fibres. Third,
TGF-b, a major mediator of CTGF, was not up-regulated in the

Figure 1 (Continued)
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phase of CTGF up-regulation in our AF model. Finally, olmesartan,
an ARB, suppressed the up-regulation of CTGF, COL3, and atrial
ECM remodelling at least in the sub-acute phase, i.e. 6-week con-
tinuous pacing, of our canine model of AF.

Role of connective tissue growth factor
and extracellular matrix synthesis in atrial
remodelling of atrial fibrillation
In the preceding publications, atrial interstitial fibrosis was consid-
ered to be involved as the mechanism for constructing the

arrhythmogenic substrate for AF because atrial fibrosis may
destroy cell-to-cell electrophysiological coupling.2 As a result, the
conduction velocity in atrial tissue would be decreased and then
AF inducibility would be increased due to shortening of the wave-
length.1 In this mechanism, the role of extracellular signal-regulated
kinase (ERK) has been emphasized because ERK would be acti-
vated by stimulation of angiotensin-receptor 1 and would cause
cellular hypertrophy, degeneration, and apoptosis, resulting in
tissue fibrosis.17 In this study, we did not examine the expression
levels of phospho-Erk2, but several additional mediators may con-
tribute to tissue fibrosis in the situation of AF. Connective tissue

Figure 2 Fluorescent immunostaining of connective tissue growth factor. These pictures show fluorescent immunostaining of connective
tissue growth factor. The expression of connective tissue growth factor was localized in cytoplasm of the atrium. The expression level of
CTGF was increased in the pacing control group in comparison with the non-pacing group, whereas this increase was suppressed in the
pacing + olmesartan group. (A) and (G) Samples from RA in Non-pacing group; (B) and (H) RA in Pacing control; (C) and (I) RA in Pacing +
olmesartan; (D) and (J) LA in Non-pacing; (E) and (K) LA in Pacing control; (F) and (L) LA in Pacing + olmesartan.

Atrial extracellular matrix remodelling in AF 1211



growth factor is a potent profibrotic factor and is a most common
and important mediator of ECM synthesis and tissue fibrosis.3,4

The up-regulation of CTGF has been reported in various fibrotic
diseases in many organs, including the lung, kidney, liver, skin,
and even in fibrosis of the myocardium.5– 9 In accordance with a
report by Tsai et al.,18 tachycardia of atrial myocytes induced para-
crine section of angiotensin II and reactive oxygen species, which in

turn induced expression of CTGF and procollagen in cocultured
atrial fibrosis. In this study, we have documented the up-regulation
of CTGF in atrial tissue with enhanced expressions of collagen in
the canine AF model. These results suggest that CTGF works as
a mediator of the induction of tissue fibrosis even in AF. In con-
trast, Garrett et al.19 reported that CTGF alone is not sufficient
to induce myofibroblast differentiation and collagen matrix

Figure 3 Western blot analysis of protein levels of collagens. (A) Representative examples of the bands and (B) a summary of all samples.
Glyceraldehyde-3-phosphate dehydrogenase protein level was measured as an internal control. The protein level of collagen type 1 did not
show any difference, but collagen type 3 was up-regulated in the pacing control group in comparison with the non-pacing group, and this
up-regulation was suppressed in the pacing + olmesartan group. See text for details. RA, right atrium; LA, left atrium; COL1, collagen
type 1; COL3, collagen type 3; GAPDH, glyceraldehyde-3-phosphate dehydrogenase. *P , 0.05 vs. non-pacing group; †P , 0.05 vs. pacing
control group.
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contraction. On the contrary, Panek et al.20 demonstrated that
cardiomyocyte-specific overexpression of CTGF does not
prompt the development of fibrosis, and CTGF transgenic mice
were protected from the AngII-dependent induction of fibrosis
and showed preserved cardiac function under these conditions.
In support of a ‘protective role’ of CTGF, Abreu et al.21 reported
that CTGF via its CR–domain bind to and, thus, antagonize BMP-4
and TGF-b1. There is no evidence to prove causality between
CTGF and atrial fibrosis. However, CTGF is one of the most im-
portant factors for tissue fibrosis and its role in atrial fibrosis
and AF should be investigated in the future study.

Type of collagen in atrial fibrosis in the
atrial fibrillation model
Xu et al.22 demonstrated that the volume fraction of COL1 was
increased in atrial tissue in patients with persistent AF in com-
parison with that without AF in analysis of an extracted human
heart, whereas no difference was observed in the volume frac-
tion of COL3. This suggests that the main component of prolif-
erated ECM protein in atrial tissue in patients with AF is COL1
instead of COL3; however, in this study, the result indicated that
the predominant ECM protein was not COL1 but COL3, at least
in the 6-week rapid atrial pacing of the canine AF model. This
difference might be explained by the phase of myocardial
remodelling. Human samples of atrial tissues were extracted
from patients who underwent heart transplantation because of
dilated cardiomyopathy and end-stage heart failure, so the myo-
cardium is considered to suffer from long-term myocardial
remodelling. In contrast, myocardial tissues in the canine heart
should be basically normal and just suffer from relatively short-
term, remodelling without heart failure. This speculation is sup-
ported by the following reports. In the early phase of established
left ventricular hypertrophy, dominant up-regulation of COL3
and a decreased COL1/COL3 ratio were observed in ventricular
tissues in an experimental hypertensive canine model, but COL3
did not increase in the late phase.23 Ventricular myocardial biop-
sies revealed a significantly higher proportion of COL3 in
patients with diabetes in comparison with those without dia-
betes, whereas COL1 did not exhibit any difference;24 therefore,
predominant proliferation of COL3 instead of COL1 is consid-
ered to appear in a relatively earlier phase of myocardial remod-
elling. In this study, COL1 and COL3 were up-regulated at the
mRNA level, but only COL3 was increased at the protein
level. The reason is not clear; however, we speculate that
COL1 and COL3 protein levels depend on AF duration.
Further examinations in the longer- or shorter-term rapid-pacing
model should be performed.

Effect of angiotensin receptor blocker
on extracellular matrix synthesis
and the role of inflammation
In the preceding studies, the suppressive effect of ARB on atrial re-
modelling in the animal AF model was documented, which can be
characterized by the suppression of interstitial fibrosis.25,26 This
effect was partly explained by the suppression of ERK in intracel-
lular signal transduction; however, to the best of our knowledge,

this study is the first report to focus on the effect of ARB on
CTGF under the condition of atrial remodelling for AF.

In this study, we demonstrated whether olmesartan, a strong
ARB, suppressed the up-regulation of CTGF and atrial ECM pro-
liferation as well as the progression of electrical remodelling25,26

in a canine AF model. This result may indicate a role of CTGF in
atrial remodelling of the AF substrate, which was strongly sup-
pressed by olmesartan. Connective tissue growth factor is a
common mediator of tissue fibrosis and can be activated by
various stimulations, such as mechanical stretch, inflammation,
hyperoxidative stress, enhanced activation of the renin–angioten-
sin system, etc.3,6,8,27 The pathological condition of AF includes
all such stimulations in the environment of atrial tissue, so
CTGF can be activated by any of those factors. Atrial fibrillation
is frequently associated with inflammatory conditions, such as
cardiac surgery, myocarditis, and pericarditis,28 and Chung
et al.29 have reported the elevation of C-reactive protein even
in non-post-operative AF patients. By considering these reports
and that inflammatory stimulation is the most common inducer
of CTGF, it was expected that the main mechanism of CTGF
up-regulation would be based on inflammatory stress in our ex-
perimental model of AF; however, in this study, the inflammatory
condition was not obvious on histology and the expression of
TGF-b was not increased even under AF conditions. In addition,
the suppressive effect of olmesartan on the proliferation of col-
lagen was parallel to its effect on CTGF but not on TGF-b. This
clearly indicates that the suppressive effect of olmesartan on
ECM proliferation appeared independently of its effect on
inflammation.

Some studies reported increased tissue levels of TGF-b1 during
AF or rapid pacing.18,30 Verheule et al.31 and Nakajima et al.32 have
reported AF inducibility is increased in MHC-TGFcys33ser trans-
genic mice, which have increased fibrosis in the atrium caused by
overexpression of TGF-b1. In contrast, our canine atrial rapid-
pacing model showed no significant alteration of TGF-b expres-
sion. In accordance with a report by Adam et al.7, transgenic
mice with overexpression of constitutively active V12Rac1, which
AF develops at old age, showed no significant alteration of
TGF-b expression. And they also reported that angiotensin II
induces CTGF through activation of the small G protein Rac1
GTPase and nicotinamide adenine dinucleotide phosphate
oxidase activity, and activated CTGF by Rac1 stimulation leads to
interstitial fibrosis, contributing to the signal transduction of
atrial structural remodelling.7 From the results of this study, the ac-
tivation of angiotensin II type 1 receptor was considered to be the
main mechanism of ECM synthesis and interstitial fibrosis in the
sub-acute phase of atrial remodelling of AF.

Differences between right and left atrium
The effects of olmesartan on the canine model are different
between RA and LA. Collagen type 1 expression was suppressed
by olmesartan in RA but not in LA. In addition, the effect of olme-
sartan on CTGF, COL3, and FN1 expression was stronger in RA
than that in LA. We previously reported atrial effective refractory
period shortening in LA was greater than that in RA, and AF indu-
cibility by burst pacing was higher in LA than that in RA in the same
canine AF model.26 In addition, olmesartan suppressed increased
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AF inducibility especially in RA.26 We speculate that these different
results for LA and RA relate to what AF normally originates in and
depends on the LA.

Conclusions
CTGF and associated genes were markedly up-regulated in the
atria with the appearance of fibrosis in this AF model.
Because this up-regulation was independent of TGF-b gene ex-
pression and was suppressed by olmesartan, CTGF up-regulation
was considered to be mediated by angiotensin II itself or via
other factors, such as oxidative stress, in the sub-acute phase of
this AF model.
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