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1. Introduction

Although short-term B-type natriuretic peptide (BNP) treatment has been shown to be effective for
decompensated congestive heart failure, little is known about the effects of long-term BNP treatment in
ventricular remodeling and heart failure in response to myocardial infarction. The aim of the present study
was to investigate the effects of long-term BNP treament on ventricular remodeling and heart failure after
myocardial infarction in rats. Myocardial infarction was induced by ligating the left anterior descending
coronary artery. The surviving rats were randomly divided into four groups: 1) vehicle-treated myocardial
infarction group (‘vehicle-treated group’), 2) rats treated with low-dose BNP (‘low BNP group’), 3) rats treated
with high-dose BNP (‘high BNP group’), 4) sham-operated group. Eight weeks after the operation, rats were
sacrificed. Compared with the sham-operated group, the vehicle-treated group had significantly higher
collagen deposition and angiotensin II levels (P<0.01) and a significantly lower cardiac function (P<0.05).
Both BNP-treated groups had significant improvement of these indexes compared with the vehicle-treated
group (P<0.01). The high BNP group had significantly less collagen deposition and better cardiac function
than the untreated and low BNP groups. Moreover, the mRNA and protein expression of TGF31 and Smad2 in
the vehicle-treated group was significantly higher than in the sham-operated group (P<0.01). Both BNP-
treated groups had a suppression of TGF31 and Smad2 expression (P<0.01). In conclusion, long-term
treatment with BNP prevents ventricular remodeling and deterioration of cardiac function in a dose-
dependent fashion, a process that may be associated with the inhibition of TGF31/ Smad2 signaling.

© 2008 Elsevier B.V. All rights reserved.

B-type natriuretic peptide (BNP) is a cardiac hormone produced
primarily by ventricular myocytes. BNP not only possesses potent

The improvement of treatments for acute myocardial infarction
has led to an increase in post myocardial infarction survival. However,
as a consequence of this, the incidence of left ventricular remodeling
and congestive heart failure associated with myocardial infarction has
increased (Holmes et al., 2005; Jessup and Brozena, 2003; Mann and
Bristow, 2005). Left ventricular remodeling is a complex pathological
process of progressive left ventricular dilatation, leading to dysfunc-
tion and heart failure after myocardial infarction. Although it is
initially adaptive, this adaptive remodeling becomes deleterious over
time (Sutton and Sharpe, 2000; Tiyyagura and Pinney, 2006). There-
fore, preventing the remodeling process is an important approach to
prevent heart failure after myocardial infarction.
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natriuretic, diuretic, vasorelaxant, and lusitropic properties, but also
counteracts angiotensin II actions, inhibits renin and aldosterone
release, and has direct and indirect antifibrotic properties (Betten-
court, 2002; Kapoun et al., 2004; Kawakami et al., 2004; Tamura et al.,
2000). Plasma concentrations of BNP are markedly elevated in
patients with congestive heart failure and acute myocardial infarction
and are used to aid diagnosis of heart failure (Morita et al., 1993).
Recent clinical and experimental studies have indicated that exogen-
ous administration of recombinant human BNP improves hemody-
namic parameters in acutely decompensated hearts. Intravenous
recombinant human BNP is effective for the short-term (3 or less than
3 days) treatment of decompensated congestive heart failure
(Bettencourt, 2002; Colucci et al., 2000). Moreover, Hillock et al.
(2008) demonstrated that early short-term (60 h) post-infarct BNP
infusions had beneficial effects on later ventricular remodeling and
other cardiovascular outcomes. However, little is known about the
potential effects of long-term (continue more than 4 weeks) treatment
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with BNP on cardiac remodeling and heart failure following
myocardial infarction.

Numerous studies have emphasized the important role of
transforming growth factor (TGF)-31/Smad2 signaling in ventricular
remodeling following myocardial infarction (Bujak and Frangogian-
nis, 2007; Hao et al.,, 1999; Khan and Sheppard, 2006; Seo and Hare,
2007). TGFP1 is a cytokine with a broad range of regulatory effects
on inflammation and cell proliferation, and it modulates these
processes via signaling pathway proteins called smad (Seo and Hare,
2007). TGFR1 signaling is activated when TGF31 binds to its
receptors. TGFR1 receptors 1 and 2 form a dimerized complex.
Upon the binding of TGF3; ligand, the type Il receptor kinase
activates the type I receptor kinase, which initiates the intracellular
signal through the phosphorylation of receptor-regulated Smads (R-
Smads: Smad2 and Smad3). Once phosphorylated, R-Smads dis-
sociate from the receptor, bind to Co-Smad (Smad4), and enter the
nucleus where the complex can directly or indirectly regulate
specific gene transcription by interacting with other transcription
cofactors (Khan and Sheppard, 2006).

In the present study, we used a rat model of myocardial
infarction to determine whether long-term BNP treatment con-
tributes to left ventricular remodeling and cardiac function after
myocardial infarction, and whether TGF-31/Smad2 signaling are
involved in BNP-mediated effects.

2. Materials and methods

The investigation was carried out according to the Guide for Care
and Use of Laboratory Animals published by the US National Institute
of Health (NIH Publication No. 85-23, revised 1996).

2.1. Animals and experimental designs

Male Sprague-Dawley rats (8-week old; 180-200 g) were
obtained from the Experimental Animal Facility of Sun Yat-sen
University, China. All animals were housed in individual cages on a
12 h light-dark cycle in a room with temperature (24+2 °C) and
humidity control, and with ad libitum access to tap water and
standard rodent chow. The rats were anesthetized by injection of
pentobarbital sodium (40 mg/kg, i.p.) and a left thoracotomy was
performed under volume-controlled mechanical ventilation (tidal-
volume: 3.0 mL; respiratory rate: 70 cycles/min). Ligatures were
placed around the left anterior descending coronary arteries. Similar
surgery was performed in sham-operated rats without coronary
artery ligation. Twenty-four hours after ligation, the surviving rats
were randomly divided into three groups (n=15 per group): 1)
vehicle-treated myocardial infarction group (‘vehicle-treated group’),
2) rats treated with low-dose BNP (‘low BNP group’), 3) rats treated
with high-dose BNP (‘high BNP group’). Venous access was
established in each rat by introducing a 4F catheter into the isolated
left extra-jugular vein. The other end of the catheter was then
threaded to the back of the rat via a subcutaneous tunnel, was
capped with a three-way joint, and was blocked with heparin.
Heparin-saline was used to flush and then blocked it twice daily.
The catheter was replaced if it was found not to be patent.
Treatment started 24 h after operations and continued for 8 weeks.
BNP (nesiritide, American Peptide Company, Sunnyvale, CA) was
administered via the jugular vein tube by injection once a day at the
dose of 5 pg/kg/day (low BNP group) or 15 pg/kg/day (high BNP
group) while isovolumic sodium chloride was administrated in the
same manner for the sham-operated and vehicle-treated groups.

2.2. Doppler echocardiography and hemodynamic measurements

Eight weeks after myocardial infarction, each rat was weighed.
Then, transthoracic echocardiography was performed on each rat.

After anesthetizing rats by intraperitoneal administration of pento-
barbital (40 mg/kg body weight), left ventricular end-diastolic
diameter, left ventricular posterior wall thickness, ejection fraction
and fractional shortening were measured or calculated using an
echocardiographic system (ATL-HDI5000) equipped with a 10-MHz
imaging transducer. All measurements were averaged for 10 con-
secutive cardiac cycles and performed by an experienced technician
who was blinded to study groups.

Then, a catheter was introduced through the right carotid artery
into the left ventricle in all animals. Tracings of the left ventricular
pressure were digitized with a commercially available analog-to-
digital converter and BIOPAC acknowledge analysis software (Goleta,
CA). The digitalized left ventricular pressure recordings were used to
calculate the maximal rate of pressure rise (dP/dtmax), the maximal
rate of pressure fall (dP/dtmin), left ventricular systolic pressure, and
left ventricular end-diastolic pressure.

2.3. Cardiac morphological parameters and cardiac total collagen

Each heart was arrested in diastole by intraperitoneal injection of
KCl and then excised and washed with PBS, and dried with filter
paper. The left ventricle was separated and weighed. Tissue samples
were rapidly obtained from the non-infarcted region (inferior half of
the left ventricle and interventricular septum), frozen in liquid
nitrogen, and then stored at a =70 °C freezer. These tissue samples
were used for RT-PCR and Western blot. Left ventricular samples
(superior half of the left ventricle) were fixed in 10% formalin,
imbedded in paraffin, cut into 4 pm sections and stained with
Masson's trichrome. The percentage of the area occupied by collagen
was quantitated by Masson's trichrome staining which colors the
collagen in blue and the myocardium in red. Eight non-vascular
areas were randomly chosen in each slide under a microscope. The
average value was determined by computer image analysis. The
percentage of the collagen area was calculated as the sum of all
collagen-positive areas divided by the sum of the muscle and
collagen areas.

2.4. Measurement of angiotensinll levels

We used a radioimmunnoassay method to detect the levels of
angiotension Il in plasma and tissue of each rat 8 weeks after
myocardial infarction. Before each rat was sacrificed, 5 ml blood was
collected from the right carotid artery in a test tube containing 25 pl of
0.32 M dimercaprol, 50 pl of 0.30 M EDTA-Na, and 50 pl of 0.34 M 8-
hydroxyquinoline. After they were mixed in ice water bath, the blood
samples were centrifuged at 1000 r/min for 5 min at 4 °C. The plasma
was collected immediately, and stored at —30 °C for assayed. Tissue
samples consisting of the inferior half of each left ventricle, excluding
the interventricular septum were used to measure the tissue
concentration of angiotension II. After being weighed and minced,
each sample (containing 100 mg of myocardial tissue) was added to
1 ml of normal saline containing 25 ul of 0.32 M dimercaprol, 50 ul of
0.30 M EDTA-Na; and 50 pl of 0.34 M 8-hydroxyquinoline, and was
then homogenized individually on ice. The extracted homogenates
were centrifuged at 12000 r/min for 15 min at 4 °C. The supernatant
was collected and stored at -30 °C for assayed. The levels of
angiotension II in plasma and tissue were measured by radio-
immunoassay (Northern Biot Co, Bejing, China) according to the
manufacturer’s instructions. The intra-assay variation was <5%, and
the inter-assay variation was <10%.

2.5. RT-PCR
To evaluate the transcriptional levels of TGF-31 and Smad2,

semiquantitative RT-PCR was performed. In brief, total RNA was extracted
with Trizol Reagent (Invitrogen, Carlsbad, Calif) and quantified by
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Table 1

Cardiac morphometric parameters and collagen content

Parameters Sham (n=12) Vehicle-treated Low BNP High BNP

group (n=10) group (n=11) group (n=11)

Wt (g) 336.50+16.77 323.10+£17.95 329.55+14.26 333.25+£15.27

LVW (g) 0.78+0.07 0.81+0.09° 0.79+0.08>  0.74+0.08"

LVMI (mg/g) 1.76£0.11 2.30£0.15° 2.01£0.25" 1.98+0.16°

Collagen (%) 5.13+0.59 9.67+0.71% 6.77+037°  6.00+£0.42°¢

Plasma Ang I 671+42 2420+290° 1186+103° 874+59P¢
(ng/L)

myocardium 313+23 551+35% 433+21° 423+28°
Ang II (pg/L)

3p<0.01 vs sham, P<0.01 vs vehicle-treated group, P<0.01 vs low BNP group. Wt:
body weight, LVW: left ventricular weight, LVMI: left ventricular weight/body weight
ratio, Ang II: angiotensin II.

spectrophotometry at 260 nm. A one-step RT-PCR kit (Toyobo, Co., Ltd.,
Osaka, Japan) was used to amplify the target sequences. The primers
sequences were, for TGF-31: 5'-GAAGCCATCCGTGGCCAGAT-3’ and 5'-CC
AGTGACGTCAAAAGACAG-3'; for Smad2: 5'-ACTATACCCACTCCATTCCA-3’
and 5’-CACTATCACTTAGGCACTCG-3; for 3-actin: 5'-CCTTCCTGGGTATG-
GAATCCT-3" and 5’-GGAGCAATGATCTTGATCTT-3’ -actin amplification
was conducted simultaneously as an endogeneous reference. Cycling
conditions for cDNA production were as follows: at 38 °C for 20 min; for
PCR, cycling conditions for TGF-31 were as follows: hold at 95 °C for 5 min,
followed by32 cycles of 95 °C for 30 s, 54 °C for 30 s and 72 °C for 30 s;
cycling conditions for Smad2 and -actin were as follows: hold at 95 °C for
5 min, followed by 30 cycles of 95 °C for 30's, 56 °C for 30 s and 72 °C for
30 s. The RT-PCR products were then analyzed by electrophoresis on 1.5%
agarose gel with ethidium bromide staining. The relative amount of each
mRNA was determined by densitometric analysis and normalized to the
control (p-actin).

2.6. Western blot
Cardiac tissues were homogenized in liquid nitrogen and then in

SDS sample buffer to extract total protein. Total protein concentra-
tion was determined using the BCA Protein Assay Kit. The crude

Table 2
Echocardiography and hemodynamic measurements performed 8 weeks after
myocardial infarction

Parameters Sham Vehicle-treated Low BNP High BNP
(n=12) group (n=10) group (n=11)  group (n=12)

HR 486+53 487 +44 500450 472445
(beats/min)

LVSP 133.1843.55 120.94+4.35° 127.62+151°  130.11£6.15"
(mmHg)

LVEDP 20.41£097 28.66+1.72° 20.30+1.10° 12.06+1.79°¢
(mmHg)

dP[dtmax 626027  2.98+0.34° 4.78+0.41° 3.67+0.55>¢
(mmHg/ms)

dP[dtmin 6.16+0.33  2.88+0.31° 4.45+0.59° 3.48+0.49%¢
(mmHg/ms)

EF (%) 71024711  37.93+4.92? 4558+294>  60.70+3.60>¢

FS (%) 38.85+3.36  18.34+3.06° 23.70£3.22°  31.78+4.27°¢

LVDd (mm) 4304040  6.51+0.40% 5.63%0.53" 5.11+0.58"

LVPWd 2144025  143+0.10% 1.73+017° 1.90+0.12°
(mm)

3P<0.01 vs sham-operated group, °P<0.01 vs vehicle-treated group, “P<0.05 vs vehicle-
treated group, 9P<0.01 vs low BNP group. HR: heart rate, LVSP: left ventricular systolic
pressure, LVEDP: left ventricular end-diastolic pressure, dP/dtmax: the maximal rate of
pressure rise, dP/dtmin: the maximal rate of pressure fall, EF: ejection fraction; FS:
fractional shortening, LVDd: left ventricular end-diastolic diameter, LVPWd: left
ventricular posterior wall thickness.

protein extracts 30 pg were then loaded to a 10% SDS-polyacryla-
mide gel and transferred to a PVDF membrane. The membrane was
blocked for 2 h at room temperature in blocking solutions and
incubated with anti-TGF-31 (1:500 dilution, Santa Cruz Biotechnol-
ogy, Santa Cruz, CA), anti-Smad2 (1:1000 dilution, Cell Signal Inc.,
Beverly, MA.), and anti-p-actin (1:1000 dilution, Boshide Inc.,
Wuhan, China) antibodies diluted in TBS-T. After washing, mem-
branes were then incubated for 1 h with rabbit anti-mouse or
mouse anti-goat secondary antibodies diluted 1:5000 in TBS-T. Bands
were visualized using the ECL kit according to the manufacturer's
instruction, and B-actin was used as control. Results were analyzed
using the gel image analysis system.

Fig. 1. Echocardiographic assessment 8 weeks after myocardial infarction. A: sham-operated group (n=12), B: vehicle-treated group (n=10), C: low BNP group (n=11), D: high BNP

group (n=12).
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Fig. 2. Collagen deposition in 8 weeks after myocardial infarction. Blue staining shows collagen deposition while red staining shows the myocardium (Mallory's trichrome staining,
original magnificationx100). A: sham-operated group (n=12), B: vehicle-treated group (n=10), C: low BNP group (n=11), D: high BNP group (n=12). (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article)

2.7. Statistical analysis

All values were expressed as meanzstandard error (SE). The
statistical analysis on differences among the groups was done by one-
way ANOVA. It was followed by Newnam Keul's for multiple
comparisons. Differences were judged to be significant when P<0.05.
Statistical analyses were performed using SPSS 10.0 statistics software
(SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Cardiac morphometric parameters, total collagen and angiotensin II

In our study, the rat survival rate 24 h post myocardial
infarction was 70%. Eight weeks after operation, forty-five rats
survived: 12 rats in the sham-operated group, 10 rats in the
vehicle-treated group, 11 rats in the low BNP group, and 12 rats in
the high BNP group. As shown in Table 1 and Fig. 1, left ventricular
weight, left ventricular weight /body weight ratio, collagen volume
fraction, plasma and myocardium angiotensin II levels were
significantly higher in the vehicle-treated group than in the
sham-operated group (P<0.01). BNP treatment prevented the
increase in these parameters when comparing with the vehicle-
treated group (P<0.01). Hearts in the high BNP group had a
smaller collagen area than the low BNP group (P<0.01).

3.2. Echocardiographic indexes

As shown in Table 2 and Fig. 2, left ventricular posterior wall
thickness, ejection fraction and fractional shortening were significantly
lower in the vehicle-treated group compared with the sham-operated
group (P<0.01). In both BNP-treated groups, left ventricular posterior
wall thickness, ejection fraction, and fractional shortening were
significantly improved compared with the vehicle-treated group
(P<0.01). In addition, left ventricular end-diastolic diameter was
higher in the vehicle-treated group compared with the sham-operated
group (P<0.01), but this was attenuated in both BNP-treated groups

(P<0.01). Effects observed in the high BNP group were more
pronounced compared with the low BNP group (P<0.01).

3.3. Hemodynamic measurements

As shown in Table 2, left ventricular end-diastolic pressure was
significantly lower and left ventricular systolic pressure, dP/dtmax,
and dP/dtmin were higher in the vehicle-treated group compared
with the sham-operated group (P<0.05 and P<0.01). Both low and
high doses of BNP greatly prevented the increase in left ventricular
end-diastolic pressure, dP/dtmax, and dP/dtmin and the decrease in
left ventricular systolic pressure (P<0.01) when compared with the
vehicle-treated group. The effects observed were more pronounced in
the high BNP group compared with the low BNP group.

3.4. Expression of TGF31 and Smad2 mRNA

As shown in Fig. 3, TGF31 and Smad2 mRNA expression was
significantly higher in the vehicle-treated group compared with the

O shan
@B MI

O BNP-L
=S BNP-H

mRNA

Smad2

TGF B 1

Fig. 3. Expression of TGF31 and Smad2 mRNA. Sham: sham-operated group (n=12), MI:
vehicle-treated group (n=10), BNP-L: low BNP group (n=11), BNP-H: high BNP group
(n=12). *: P<0.01 vs sham-operated group, A: P<0.01 vs vehicle-treated group, *:
P<0.01 vs low BNP group.
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sham-operated group (P<0.01). BNP treatment attenuated this
increase in TGF31 and Smad2 mRNA expression. Attenuation of
TGFP1 and Smad2 mRNA expression was more pronounced in the
high BNP group compared with the low BNP group.

3.5. Expression of TGF31 and Smad 2 protein

As shown in Fig. 4, TGF31 and Smad2 protein expression was
significantly higher in the vehicle-treated group compared with the
sham-operated group (P<0.01). BNP treatment attenuated this
increase in TGF31 and Smad2 protein expression. Attenuation of
TGF31 and Smad2 protein expression was more pronounced in the
high BNP group compared with the low BNP group.

4. Discussion

In the present study, we used a rat model of myocardial infarction
to determine the effects of BNP treatment on ventricle remodeling and
function. The rat model mimicked myocardial infarction, with 1)
significant ventricular remodeling as indicated by increases in left
ventricular weight, left ventricular weight /body weight ratio, collagen
volume fraction, left ventricular end-diastolic diameter, and decreases
in Left ventricular posterior wall thickness; and 2) decreased cardiac
function as indicated by elevated left ventricular end-diastolic
pressure, and decreased left ventricular systolic pressure, dP/dtmax,
dP/dtmin, ejection fraction, and fractional shortening. Using this
model, we showed that long-term treatment of BNP (starting 24 h
after myocardial infarction, continue 8 weeks) significantly improved
cardiac function, decreased collagen accumulation, and attenuated left
ventricular remodeling in post-infarct rats. Moreover, high-dose BNP
proved to be more pronounced than low-dose BNP. These results
suggest that long-term treatment with exogenous BNP prevents post-
infarction ventricular remodeling and decrease in cardiac function in a
dose-dependent fashion.

As reported previously, BNP is synthesized and secreted in greatest
abundance by cardiomyocytes, activates the natriuretic peptide
receptor guanylyl cyclase-A (GC-A) that is expressed in a wide variety
of tissues, including kidneys, blood vessels, adrenal glands, and heart.
Activating GC-A mediates its biological actions via 3’,5’-cyclic
guanosine monophosphate (cGMP) (Chen et al., 2000; Tamura et al.,
2000). The BNP/cGMP system may antagonize cardiac fibroblasts
proliferation and extracellular matrix production through the inhibi-
tion of renin-angiotensin and endothelin systems (Tamura et al.,
2000). Nakanishi et al. (2005) found that disrupting GC-A in mice
resulted in a high incidence of acute heart failure leading to increased
mortality and left ventricular remodeling. Thus BNP appears to exert
beneficial effects after myocardial infarction. Moreover, Hillock et al.
(2008) showed that short-term treatment of BNP given soon after
myocardial infarction induced incremental improvements in plasma
cGMP and had beneficial effects on later ventricular remodeling.
However, the effects of long-term treatment with BNP on ventricular
remodeling in response to myocardial infarction are unclear. The use
of peptides as chronic therapies has been limited by enzymatic
degradation (BNP half-life is 22 min after IV injection). Chen et al.
(2000) demonstrated that chronic subcutaneous administration of
BNP was beneficial in early progressive heart failure. Plasma BNP and
c¢GMP rapidly increase and peak 30 min after each subcutaneous BNP
administration during a 10-day regimen of repeated BNP administra-
tion. The peak of plasma BNP persisted for 1 h, whereas the peak of
plasma cGMP persisted for 2 h. Hobbs et al. (1996) showed that a
single bolus injection of BNP at doses of 3 to 15 pg/kg produced
significant beneficial hemodynamic effects in heart failure patients.
The biologic effects of BNP persisted considerably longer than may be
anticipated by its half-life, probably owing to receptor-mediated
hemodynamic effects. In the present study, we chose to inject BNP
once a day (continue 30 min every time, total 8 weeks) at a dose of

5 ug/ kg/day (low BNP group) or 15 pg/kg/day (high BNP group). We
show that BNP treatment prevented the increases in above para-
meters. Beneficial changes included improvement in left ventricular
weight, left ventricular weight /body weight ratio, collagen volume
fraction, left ventricular end-diastolic diameter, Left ventricular
posterior wall thickness, left ventricular end-diastolic pressure, left
ventricular systolic pressure, dP/dtmax, dP/dtmin, ejection fraction
and fractional shortening. The improvement in collagen volume
fraction was more pronounced in the high BNP group compared with
the low BNP group. We suggest that long-term exogenous BNP
treatment prevents post-infarct ventricular remodeling and improves
cardiac function in a dose-dependent fashion. These results support a
potential role for BNP as a new chronic therapeutic strategy for
treatment of myocardial infarction, which is consistent with the
previous study (Cataliotti et al., 2007).

How does BNP affect left ventricular remodeling and cardiac
function after myocardial infarction? We showed that expression of
TGFp1 and Smad?2 in non-infarcted areas was significantly higher in
the vehicle-treated group compared with the sham-operated group.
Our results therefore suggest that TGF31/Smad2 signaling is asso-
ciated with left ventricular remodeling and cardiac dysfunction after
myocardial infarction. Previous studies indicated that TGF31 plays a
crucial role in the process of myocardial remodeling. Several studies
have demonstrated that increased myocardial TGF31 expression is
associated with cardiac hypertrophy and fibrosis. Moreover, Smad2
protein has been identified as a mediator of TGF31-induced cardiac
hypertrophy as well as cardiac fibrosis (Bujak and Frangogiannis,
2007; Seo and Hare, 2007). Hao et al. (1999) reported that TGF-31
mRNA and protein levels were significantly increased in the infarct
scar, while Smad 2, 3, and 4 proteins were greatly increased in the scar
and scar marginal tissues. Our study is consistent with these
observations.

Furthermore, our results showed that TGF31 and Smad2 mRNA
and protein expression levels in non-infarcted area were significantly
lower in BNP-treated group compared with vehicle-treated group.
Moreover, the down-regulation of TGF31 and Smad?2, the decrease in
collagen deposition, and the improvement in cardiac function
mediated by BNP were all dose-dependent, suggesting that exogenous
BNP prevents post-infarct ventricular remodeling and improves

MI BNP-L BNP-H Sham

— . +— 25 KD
TGFB] e - -4- —I125KD
. —42KD
p-actin
14 p
BM
1.2 r *

Smad2

TGF 1

Fig. 4. Protein expression of TGF31 and Smad2 protein. MI: vehicle-treated group
(n=10), BNP-L: low BNP group (n=11), BNP-H: high BNP group (n=12), sham: sham-
operated group (n=12). *: P<0.01 vs sham-operated group, A: P<0.01 vs vehicle-
treated group, %: P<0.01 vs low BNP group.
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cardiac function by modulating the expression of TGF31 and Smad2 in
the non-infarcted area. BNP is known to act as a negative regulator of
the renin-angiotensin-aldosterone system (Colucci et al., 2000;
Cataliotti et al., 2007). Previous studies have shown that the renin-
angiotensin-aldosterone system is activated after myocardial infarc-
tion: renin levels are markedly increased, and angiotensin Il signaling
is significantly enhanced (Sutton and Sharpe, 2000; Tiyyagura and
Pinney, 2006). In addition, angiotensin II induces the expression of
TGF-B1, a process which is mediated by the angiotensin II typel (AT;)
receptor. Moveover, angiotensin Il is associated with TGF-31 expres-
sion in infarcted cardiac tissues, suggesting that angiotensin II
stimulates fibrous tissue formation by promoting TGF-31 synthesis
via angiotensin AT; receptor binding (Tomita et al., 1998; Redondo
et al, 2007; Gray et al.,, 1998). Our results showed that infarction
significantly increased the levels of plasma and myocardial angioten-
sin II, and that BNP treatment significantly attenuated the increase in
angiotensin II, which is consistent with that shown in the previous
study (Schreiner and Protter, 2002). Hence we demonstrated that
long-term BNP treatment contributes to the attenuation of left
ventricular remodeling. BNP beneficial effect may be, at least in part,
associated with direct and/or indirect inhibition of TGF31/Smad2
signaling, including the down-regulation of the renin-angiotensin-
aldosterone system.

In summary, our results suggest that sustained upregulation of
TGFR1/ Smad2 signaling contributes to left ventricular remodeling
and cardiac dysfunction after myocardial infarction. Long-term
treatment with BNP prevents ventricular remodeling and cardiac
dysfunction in a dose-dependent fashion, a process that may be
associated with the inhibition of TGF31/Smad2 signaling.
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