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Aims Transforming growth factor B1 (TGF-B1) is a prosclerotic cytokine involved in cardiac remodelling leading to heart
failure (HF). Acetylation/de-acetylation of specific lysine residues in Smad2/3 has been shown to regulate TGF-f sig-
nalling by altering its transcriptional activity. Recently, the lysine de-acetylase sirtuin 1 (SIRT1) has been shown to
have a cardioprotective effect; however, SIRT1 expression and activity are paradoxically reduced in HF. Herein, we
investigate whether pharmacological activation of SIRT1 would induce cardioprotection in a pressure overload

model and assess the impact of SIRT1 activation on TGF-f signalling and the fibrotic response.

Methods Eight weeks old male C57BL/6 mice were randomized to undergo sham surgery or transverse aortic constriction
and results (TAC) to induce pressure overload. Post-surgery, animals were further randomized to receive SRT1720 or vehicle
treatment. Echocardiography, pressure—volume loops, and histological analysis revealed an impairment in cardiac
function and deleterious left ventricular remodelling in TAC-operated animals that was improved with SRT1720
treatment. Genetic ablation and cell culture studies using a Smad-binding response element revealed SIRT1 to be a

specific target of SRT1720 and identified Smad2/3 as a SIRT1 specific substrate.

Conclusion Overall, our data demonstrate that Smad2/3 is a specific SIRT1 target and suggests that pharmacological activation
of SIRT1 may be a novel therapeutic strategy to prevent/reverse HF via modifying Smad activity.
Keywords Heart failure o Fibrosis e Hypertrophy e TGF-f signalling e Sirtuin 1

1. Introduction

Despite advances in medical therapy, including neuro-hormonal block-
ade and the use of cardiac resynchronization therapy, mortality from
congestive heart failure (HF) remains unacceptably high, at 25.2% per
year." As a result, urgent therapies are required to reduce mortality and
morbidity.

A significant body of data has emerged which identifies that overex-
pression of the pro-fibrotic growth factor transforming growth factor 1

(TGF-B1) leads to cardiac hypertrophy and fibrosis culminating in HF.>™
The binding of TGF-B1 to its receptor leads to the nuclear translocation
of key TGF-f signalling intermediates, namely Smad2 and Smad3, which
increase collagen transcription/fibrosis and mediate cell—cell communica-
tion. Regulation of TGF-f signalling is highly complex and can be manipu-
lated at multiple levels with well-described canonical/non-canonical
signalling pathways enabling precise regulation.'® The modification of
specific lysine residues by acetylation and de-acetylation has been identi-
fied as a major regulator of gene and protein function."” Of particular rel-
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evance to this study, TGF-f signalling was among the first target to be
identified as modifiable by lysine acetylation.' Ross et al'® using an
in vitro transcription system demonstrated that lysine acetylation/de-
acetylation is an absolute requirement for Smad-mediated transcription.

Sirtuins, a family of nicotine adenine di-nucleotide (NAD+) depen-
dent de-acetylating enzymes, were originally identified as key enzymes
that modulate life expectancy in yeast, Caenorhabditis elegans, Drosophila,
and mice."* There are seven known mammalian sirtuins; however, most
research has focused on sirtuin 1 (SIRT1), the ortholog of silent informa-
tion regulator protein 2 that is responsible for life extension in yeast."®
Substrates of SIRT1 include proteins that modulate chromatin folding,
metabolic regulation, and stress responses. Accordingly, SIRT1 has been
repeatedly implicated not only in the ageing process, but also in cancer,
cardiovascular disease, and neurodegenerative disorders.'®"”

Recent data by our group demonstrate that with the development of
HF, a reduction in SIRT1 expression occurs. Accordingly, it was thought
that enhancing SIRT1 activity through pharmacological manipulation
might prevent the development of HF. Recently, a number of novel
SIRT1 activators have been developed. Amongst these is SRT1720, a
small molecule that dramatically increases SIRT1 de-acetylase activity
(greater than seven-fold when compared with existing SIRT1
activators).'®

Herein, we hypothesize that loss of SIRT1 expression and activity, as
seen with HF, results in unopposed and chronic TGF-f signalling activa-
tion. Accordingly, restoration of SIRT1 activity through the use of the
SIRT1 activator SRT1720 will reduce TGF-f signalling activation, prevent
ventricular remodelling, and improve cardiac function in a clinically rele-
vant animal model of cardiac disease.

2. Methods

2.1 Human biopsies

Human studies were conducted in accordance with the ethical standards
of the responsible committee on human experimentation (institutional
and national) and in accordance with the Helsinki Declaration of 1975, as
revised in 2008. Informed written consent was obtained from patients
with end-stage HF before the insertion of a left ventricular assist device
(LVAD). Eight left ventricular endocardial specimens were obtained, and
excised samples were either snap frozen at -80°C, stored in formalin or
embedded in optimal cutting temperature compound and stored at
-80°C for subsequent analysis. Three commercially available normal
adult human left ventricular (LV) lysates, from different donors, were
purchased and used as ‘healthy’ controls (ScienCell Research
Laboratories, Carlsbad, CA, USA,; Biochain, Newark, CA, USA; Abcam,
Cambridge, MA, USA).

2.2 Animal studies—part |

Mice were housed in a vivarium with constant room temperature of
21+1°C on a 12 h light/dark cycle. The mice were fed standard chow
preparation and provided water ad libitum. All animal studies were ap-
proved by the St. Michael’'s Hospital Animal Care Committee in accor-
dance with the Guide for the Care and Use of Laboratory Animals (NIH
Publication No. 85-23, revised in 2011 by the National Research
Council). Forty-five mice were randomized into four groups: (i)
sham 4 vehicle (n=14), (i) transverse aortic  constriction
(TAC) + vehicle (n=15), (i) sham+SRT1720 (n=6), and (iv)
TAC + SRT1720 (n=10). All mice randomized to the SRT1720-treated
arms of the study received 100 mg/kg of body weight of the compound

via gavage once daily for the duration of the study. These mice were also
pre-treated with SRT1720 for 1 week prior to TAC or sham surgeries
to allow the drug to reach steady-state levels. This approach was taken
with the rationale that SRT1720, similar to sirtuin-activating compounds
that are safe and found in food, could be used as a prophylactic for
hypertensive individuals, with patients taking SRT1720 and anti-
hypertensive therapy well before the advent of an adverse event such as
an acute myocardial infarction/LV remodelling. All mice were euthanized
at 6 weeks post-surgery, following cardiac catheterization. Post-mortem
morphometric data were obtained, including detailed heart weights.
Cardiac tissue was collected from the apex of the heart and frozen with
liquid nitrogen for RNA and protein analyses.

2.3 Transverse aortic constriction

Constriction of the transverse aorta was performed on 8- to 10-week-
old mice as previously described.'” Mice were anaesthetized with 2%
isoflurane, intubated, and placed on a respirator. Ventilation rate was ad-
justed based on body weight of the animal. Body temperature was main-
tained at 37 = 1°C by placing the mouse on a heating pad connected to a
circulating warm water pump. Midline sternotomy was performed, the
aorta was visualized, and a 6.0 Prolene suture was placed around the
aorta distal to the brachiocephalic artery. The suture was tightened
around a blunt 25- to 26-gauge needle placed adjacent to the aorta.
Needle size was selected based on the weight of the mice at time of sur-
gery (2024 g, 26-gauge needle; 25-30g, 25-gauge needle) as recom-
mended to induce a 0.4mm diameter constriction. The needle was
removed inducing a narrowing of the transverse aorta. The chest and un-
derlying skin were then closed, and animals were recovered on a respira-
tor. Sham animals underwent a similar procedure with midline
sternotomy and aorta visualization without tightening of the suture
around the aorta. Both TAC and sham mice received 48 h of pain man-
agement via subcutaneous Anafen (5 mg/kg, twice daily) and buprenor-
phine (0.2 mg/kg, twice daily) injections.

2.4 Animal studies—part Il

Male homozygous SIRT™" mice, 8-10 weeks of age, were a kind gift
from Michael McBurney, Ottawa, Canada.®® Twenty mice were housed
in a vivarium with constant room temperature of 21+ 1°C on a 12
h light/dark cycle. The mice were fed standard chow preparation and
provided water ad libitum. Mice were randomized into two groups: (i)
TAC + vehicle (n=10) and (ii) TAC 4 SRT1720 (n = 10). Mice were eu-
thanized 6 weeks post-TAC, following cardiac catheterization.

2.5 Echocardiography

Echocardiography was performed under anaesthetic (1-1.5% isofluor-
ane, 2 L/min oxygen flow rate) and intubation. Echocardiography was
performed 48 h post-TAC surgery to confirm successful aortic banding
or sham procedure. Mice were then imaged at the 4 week time point to
confirm progression or lack of left ventricular hypertrophy. Imaging was
also performed at 6 weeks, just prior to end study for final assessment.
All echocardiographic assessments were performed using the Vevo®
2100 system and a MS-400 Red probe as previously reported.”’ Novel
echocardiographic techniques to assess regional cardiac function such as
strain imaging were performed using velocity vector imaging as previ-

ously reported.”**3
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2.6 Cardiac catheterization

Left ventricular cardiac catheterization was performed at end-study un-
der anaesthetic (1-2% isofluorane, 2 L/min oxygen flow rate) with mice
intubated. The right internal carotid artery was used for insertion of the
catheter and advanced to the aorta, then entered into the left ventricle.
Using the pressure conductance data, functional parameters were then
calculated with Millar analysis software as previously reported.”" All ani-
mals were euthanized following cardiac catheterization, while under an-
aesthesia, via cervical dislocation.

2.7 Histopathology
Left ventricular cross-sectional samples were cut and fixed in 10% for-
malin. Paraffin blocks were cut into 4 um sections and mounted on
charged microscope slides, then left to dry at 35°C for 2448 h. The ex-
tent of cardiac myocyte hypertrophy was determined on haematoxylin
and eosin-stained sections, as adapted from a previous study.
Approximately 10-20 images were captured at 400 x magnification across
the sub-endocardium. Circular-shaped cardiac myocytes with nuclei in the
sub-endocardium were selected, and the transverse diameter was mea-
sured using AxioVision software (Version 4.8.2). The pixel measurement
was then converted into pm? utilizing known conversions, as previously
demonstrated.** For each animal, the average diameter of 30-50 cardiac
myocytes was calculated. Analysis was conducted in a blinded fashion.
The extent of fibrosis was quantified on picrosirius red (PSR) stained
sections. Ten images per animal were captured at 400x magnification
from each region of the sub-endocardium. Using ImageScope software,
the red colour of the PSR stain was selected from a colour range so that
the software may identify it accurately. Calculation of the proportional
area stained per image was then determined utilizing ImageScope, and an
average was calculated from the 10 representative images per animal, as
a percentage of stain as previously reported.*

2.8 RNA quantification

Total RNA was isolated from homogenized cardiac apex tissue using
TRIzol reagent. Total RNA (2 pug) was converted to cDNA (for a 20 puL
reaction) using the High Capacity cONA Reverse Transcription Kit and
stored at -20°C until further analysis.

Measurement of the foetal gene programme was expressed relative
to Rpl13a, and measurement of Smad2/3 responsive genes were
expressed relative to RPL32A using MicroAmp® Optical 384-Well
Reaction Plates with a ViA™™ 7 Real-Time polymerase chain reaction
system, as previously reported.”> Experiments were performed in tripli-
cates, and data analysis was performed using Applied Biosystems
Comparative Ct method. All primer sequences are listed in
Supplementary material online, Table ST.

2.9 Luciferase reporter assay

Smad-dependent transcriptional activity was assessed by a Smad2/3-
responsive reporter construct containing four consecutive Smad-binding
elements driving the expression of firefly luciferase (SBE4-Luc). Briefly,
human embryonic kidney (HEK) cells were plated (0.15 x 10° cells/well)
onto fibronectin-coated plates and after 24 h were co-transfected with
0.4 pg/well SBE4-Luc and 0.2 pug/well of the normalizing vector RL-TK
Renilla luciferase. After 16 h, cells were serum starved for 3 h, then incu-
bated with TGF-B1 (2 ng/mL) with and without SRT1720 for 24 h. Cells
were then lysed, and luciferase activity was determined using the Dual
Luciferase Reporter Assay System kit (Promega) and a luminometer
(Lumat 9507; Berthold) according to the manufacturers’ instructions.

For each condition, treatments were performed in triplicates, and
experiments were repeated at least three times. For each sample, firefly
luciferase activity was normalized to the Renilla luciferase activity of the
same sample. Results were then expressed as fold changes compared
with the mean firefly/Renilla ratio of untreated controls.

2.10 Immunoblot and immunofluorescence
Total protein was extracted with ice-cold radioimmunoprecipitation
buffer containing a protease inhibitor mixture and quantified with a Bio-
Rad Protein Assay Reagent. Protein samples were then separated by
SDS-PAGE and transferred onto nitrocellulose membranes. Membranes
were blocked with 5% skim milk in TBS-T and probed with the following
antibodies from Cell Signaling Technologies, Beverly, MA, USA
(GAPDH, 2118; phospho-Smad2, 3101; phospho-Smad3, 9520;
phospho-Smad2/3, 8828; Smad3, 9513; Smad2/3, 3102; acetylH3K9/14,
9677; SIRT1 (human), 9475; SIRT1, 2028 (mouse); acetylated-lysine,
9441). Anti-rabbit (7074) or anti-mouse (7076) secondary antibody con-
jugated to horseradish peroxidase (Cell Signaling Technologies) was sub-
sequently used, and signal was visualized with an enhanced
chemiluminescence detection system (Amersham Biosciences).
Immunofluorescence signal for phospho-Smad2/3 was visualized using
standard immunostaining protocol. Images were captured using a Zeiss
LSM700 confocal microscopy and processed using a ZEN imaging
software.

2.11 SIRT1 activity assay

Left ventricular tissue samples were cut into small pieces and added to
1 mL of phosphate-buffered saline. Samples were then homogenized us-
ing an ultrasonic homogenizer (Model 3000; Biologics Inc.), followed by
centrifugation at 500xg for 3 min to remove the supernatant. Nuclear
and cytoplasmic fractions were prepared using a nuclear/cytosol frac-
tionation kit (BioVision Inc., Mountain View, CA, USA) according to the
manufacturer’s instructions, and protein concentration for each sub-cel-
lular fraction was determined using the Bradford method (Bio-Rad
Laboratories Inc., Hercules, CA, USA). SIRT1 activity was measured us-
ing 20 ng of protein from the total nuclear fraction with the aid of a fluo-
rometric SIRT1 activity assay kit (Abcam Inc., Cambridge, MA, USA).
Assay was performed according to the manufacturer’s instructions, and
fluorescence intensity was measured at 3 min intervals for up to 60 min,
with excitation at 355 nm and emission at 460 nm.

2.12 Cell culture

Human cardiac fibroblast cells (ScienCell Research Laboratories,
Carlsbad, CA, USA) were stimulated with 5ng/mL TGF-f1 (R&D
Biosystems, Minneapolis, MN, USA) in the presence or absence of
SRT1720 (5 pmol/L) for 1 h to assess canonical TGF-f3 activation or 24 h
to assess to the expression of TGF-f3 responsive genes.

2.13 Acetylation assay

HEK cells were seeded to ~80% confluence and transfected with a
Smad3 construct (pPCMV5B/Flag-Smad3) along with an empty vector or
a dominant negative SIRT1 construct (Flag-SIRT1, H355A; Addgene,
Cambridge, MA, USA) using Lipofectamine 3000 (Life Technologies,
Carslbad, CA, USA) according to the manufacturer’s instructions. After
24 h, cells were stimulated with TGF-B1 (5 ng/mL) in the presence or ab-
sence of SRT1720 (5 umol/L) for 24 h. Cells were then fractionated into
nuclear and cytoplasmic fractions using a Nuclear/Cytosol Fractionation
kit (BioVision, Mountain View, CA, USA). Nuclear fraction (200 pg) was
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used, along with a Smad3-specific antibody (Smad3; Cell Signaling
Technologies) to immunoprecipitate Smad3. This was followed by im-
munoblotting with a pan-specific anti-acetylated lysine antibody (Cell
Signaling Technologies).

2.14 [3H]-proline incorporation assay
Following serum starvation, primary neonatal rat cardiac fibroblasts
were stimulated with 10ng/mL of TGF-f (R & D Biosystems,
Minneapolis, MN, USA) and incubated with [°H]-proline (1 pCilwell,
Amersham Biosciences) in the presence or absence of SRT1720
(5 pmol/L) for 44 h. Incorporation of [°H]-proline was measured using a
liquid scintillation counter (LS 6000; Beckman Instruments, Beckman
Coulter, Mississauga, Canada), as previously reported.

2.15 Statistics

Data are expressed as mean * standard error of mean (SEM). Statistical
significance was determined by two-way ANOVA with Tukey post hoc
multiple comparison. Student’s t-test was used when the means of two
groups were compared. All statistics were performed using GraphPad
Prism 6 (GraphPad Software Inc,, San Diego, CA, USA). A P-value of
<0.05 was considered to indicate statistically significance.

3. Results

3.1 SIRT1 expression is reduced in end-
stage human HF

Human left ventricular (LV) biopsy specimens obtained from patients
with end-stage coronary artery disease were analysed for SIRT1 expres-
sion by western blotting (Figure 1A). Total SIRT1 levels were lower in LV

A Healthy End-Stage
— 1.5+ Pe0.od Controls Heart Fallure
5
<
5 -
S -
o= - 120 kD SIRT1
g3 101Kk a
g L R )
E g -
& ‘; 0.54
®z 37 kDa e . w—" pw| GAPDH
&
0.0 == T
Control HF
B

159 P

=
1

.
i Sham TAC
-

g T

SIRT1/GAPDH
Relative Expression (AU)
-]
tn

37 kDa GAPDH

o
1

e e—
Sham TAC

Figure | SIRT1 expression is reduced in human end-stage HF and in
a murine pressure overload model. (A) Representative image of SIRT1
protein expression in end-stage heart failure. Robust SIRT1 expression
was noted in healthy controls (n=3) and a significant reduction of
SIRT1 protein in LV specimens of patients undergoing LVAD implanta-
tion (n=28). (B) Similarly, SIRT1 expression was markedly reduced in
pressure overload animals (n=10) compared with sham controls
(n=6). All data are presented as mean + SEM; comparison between
groups assessed using a two-tailed, unpaired Student’s t-test.

samples from patients with end-stage HF when compared with controls.
To confirm this observation, an experimental model of HF—a pressure
overload model—was used to evaluate the expression of SIRT1 in the
LV. Similar to end-stage human HF, SIRT1 expression was also reduced
in animals that had underwent TAC (Figure 1B).

3.2 SIRT1720 improves cardiac function in

pressure overload mice

SRT1720 has previously been reported to extend lifespan and improve
cardiac health. However, despite its reported benefits, the molecular
mechanisms underlying its protective effects are not completely under-
stood. To investigate the direct effect of pharmacological activation of
SIRT1 on the heart, a murine TAC model was used. At 6 weeks post-sur-
gery, TAC-operated animals showed signs of cardiac hypertrophy and
pulmonary congestion (Table 7). Treatment of TAC-operated animals
with SRT1720 significantly reduced LV mass—when indexed to tibia
length—without having a pronounced effect on lung weight (Table 7).

3.3 SIRT1720 improves aberrant changes in

the LV following pressure overload
Echocardiographic assessment of cardiac structure post-pressure over-
load revealed an increase in LV mass, wall thickness, and the occurrence of
LV systolic dysfunction in TAC-operated animals (Table 2). These changes
were reversed in TAC-operated animals treated with SRT1720 (Table 2).

To assess regional cardiac function and to account for changes in load-
ing conditions, vector imaging was employed. TAC-operated animals
exhibited impaired radial and longitudinal strain, which was normalized
in TAC-operated animals treated with SRT1720 (Figure 2A-D). No nota-
ble differences were observed between sham-operated animals and
those treated with the compound SRT1720.

Pressure—volume loops were used to assess loading insensitive meas-
ures of cardiac contractility and relaxation. Steady-state pressure—vol-
ume loops revealed worse function in TAC-operated animals when
compared with sham-operated controls—with a rightwards and up-
wards shift of the PV loop (Figure 3A and B). This was associated with a
significant increase in end-systolic pressure (Figure 3E). Pre-treatment of
TAC-operated animals with SRT1720 resulted in a shift of the steady-
state PV loop to the left, indicating an improvement in systolic function
(Figure 3C and D). No change in end-systolic pressure was observed with
SRT1720-treatment in shams (Figure 3E).

Furthermore, assessment of cardiac contractility using the preload
recruitable stroke work index demonstrated a significant increase in
TAC-operated animals treated with SRT1720 when compared with ve-
hicle-treated animals (Figure 3F). Surprisingly, neither pressure overload
nor SRT1720 affected diastolic function, as assessed by end-diastolic
pressure, Tau or the slope of the end-diastolic pressure—volume rela-
tionship (Table 3).

3.4 SRT1720 attenuates pressure

overload-induced fibrosis and hypertrophy

Pressure overload resulted in LV fibrosis in TAC-operated animals, as
assessed by PSR staining. The amount of PSR staining was significantly re-
duced in SRT1720-treated TAC-operated animals when compared with
vehicle-treated TAC-operated mice (Figure 4A and B). We also assessed
the impact of pressure overload on cardiomyocyte hypertrophy. TAC-
operated animals had a larger mean cell size—a 32% increase (272 pm?
vs. 206 um?, P < 0.0001) than sham-operated controls (Figure 4C and D).
With SRT1720 treatment, the mean cell size of TAC-operated animals
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Table | Characteristics of animals

Sham Sham + SRT1720 TAC TAC + SRT1720
(n=14) (n=6) (n=13) (n=9)

Body weight (g) 29.0+2.6 24.7 £1.2% 28.7+2.0 25.7 £2.1%%*
Tibia length (mm) 15.1+£0.5 15.8+0.2 162+0.6 162+0.2
Heart weight (mg) 1226 +2.7 108.5+5.0 180.7 £ 10.6* 146.1 £ 8.1%*
HW:BW (mg/g) 42+01 44+02 6.3+£0.4* 5.7+£0.2%
HW:TL (mg/mm) 82+04 6.9+04 11.3£0.9% 9.0+ 0.5%*
LV mass (mg) 86.79+£2.0 76.5+33 135.6 £ 7.0* 105.6 + 6.3%*
LV:BW (mg/g) 3.0+01 3.1+0.2 4.7 +0.3*% 4.1+£0.2%
LV:TL (mg/mm) 58+0.3 48+0.2 8.5+ 0.6* 6.5 +0.4%*
Lung weight (mg) 128.1+3.8 1382+ 9.5% 1582 +11.7* 141.7 £ 5.4+
LW:BW (mg/g) 44102 5.6+04 55+£04 56+03
LW:TL (g/mm) 8.6+0.3 8.8+0.7 10.0+1.0 8.7+0.3

Data are presented as mean + SEM.

BW, body weight; HW, heart weight; LW, lung weight; TAC, transverse aortic constriction; TL, tibial length.

*P <0.05 compared with sham using a two-way ANOVA with Tukey’s post hoc test.

*#P <0.05 compared with TAC using a two-way ANOVA with Tukey’s post hoc test.

Table 2 Echocardiographic data
Sham Sham + SRT1720 TAC TAC + SRT1720
(n=14) (n=26) (n=11) (n=28)

Cardiac output (mL/min) 187+£13 173+£18 204+19 19.1+£12
Ejection fraction (%) 65.3+34 705+34 534 +4.5% 65.3+2.7%*
Fractional area change (%) 543+3.0 63.1+£45 40.9 £4.2% 53.6 £3.3%*
Fractional shortening (%) 36325 39.6+238 28.0+2.8 354+19
LVAWD; d (mm) 0.88+0.03 0.86 £ 0.05 1.18 £0.05* 1.00 £ 0.05%*
LVPWD; d (mm) 0.84+0.04 0.89+0.03 1.14 £0.05* 0.98 £ 0.04**
LV mass corr (mg) 105.8+3.1 83.75+5.6 1763 +£17.3*% 115.3 £ 9.4%*

Data are presented as mean + SEM.

LV mass corr, corrected left ventricular mass; LVAWD; d, left ventricular anterior wall diameter; LVPWD; d, left ventricular posterior wall diameter; TAC, transverse aortic

constriction.
#P <0.05 compared with sham using a two-way ANOVA with Tukey’s post hoc test.
*P <0.05 compared with TAC using a two-way ANOVA with Tukey’s post hoc test.

was reduced compared with their untreated counterparts (207 pm? vs.
272 um?, P< 0.0001; Figure 4C and D).

Further analysis of LV tissue revealed the induction of the foetal gene
programme in TAC-operated animals (Table 4). A decrease in B:0-myo-
sin heavy chain (MHC) ratio (0.89 vs. 3.69, P<0.0001), atrial natriuretic
peptide (ANP, 0.51 vs. 3.95; P < 0.01), and skeletal alpha-actin expression
(SKA, 0.75 vs. 2.63; P < 0.01) was observed with SRT1720 treatment, but
no significant effect on o-MHC or SERCA2a expression was noted.
SRT1720-treated sham-operated animals showed changes in the expres-
sion of all foetal genes when compared with untreated sham-operated
controls; with a-MHC, B-MHC, and SERCA2a being significant reduced
(P<0.05). These changes, however, did not translate to functional or
structural changes in the heart as assessed by echocardiography and
in vivo cardiac catheterization.

3.5 SIRT1 activity is crucial for
SRT1720-induced cardioprotection

To investigate the mechanism by which SRT1720 confers cardiopro-
tection, we assessed SIRT1 expression and de-acetylase activity in

our TAC model. TAC-operated animals demonstrated a reduction in
SIRT1T mRNA expression when compared with sham-operated
controls. Treatment with SRT1720 did not alter SIRT1 mRNA
expression in either shams or TAC-operated animals (Figure 5A).
SIRT1 de-acetylase activity was notably reduced (12% reduction c/w sham,
P<0.05) in TAC-operated animals when compared with sham-
operated controls; however, this was restored with SRT1720
treatment (Figure 5B).

To address potential concerns regarding SRT1720’s specificity to-
wards SIRT1, a SIRT1 catalytically inactive mouse model was used. In this
model, a point mutation at H355Y renders SIRT1 catalytically inactive
(SIRT1™); thus the model expresses normal SIRT1 protein but unde-
tectable SIRT1 de-acetylase activity. SIRT1""Y displays a similar pheno-
type to that of SIRTT1-null animals. To assess whether the
cardioprotective effect of SRT1720 in our pressure overload model is
specific to SIRT1 activation, SIRT1"" animals underwent TAC surgery
followed by randomization into two groups—vehicle-treated group vs.
SRT1720-treated group. No significant differences were noted between
SRT1720-treated SIRT1™Y animals and the vehicle-treated animals.
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Figure 2 Impaired radial and longitudinal strain in pressure overload mice. Velocity vector imaging was used to assess regional cardiac function in TAC
and TAC + SRT1720-treated mice. (A) TAC impaired both radial and (B) longitudinal strain, which were normalized with SRT1720 treatment. Quantitative
data of (C) radial (n = 3—10 animals per group) and (D) longitudinal strain (n = 410 animals per group) are presented as mean + SEM and analysed using a

two-way ANOVA with Tukey’s post hoc test.

Parameters used to evaluate cardiac function, including LV weight
and LV wall thickness, were not altered with SRT1720 treatment
(Figure 5C—E). Similarly, there were no changes to systolic or diastolic
function in the SRT1720-treated SIRT1""Y animals. Collectively, these
observations suggest that the cardioprotective effect of SRT1720 in
our TAC model is contingent on its ability to alter the enzymatic
activity of SIRT1.

3.6 SIRT1720 modifies TGF-f signalling and
histone H3 acetylation status in the murine

heart
TGF-B is a pleiotropic cytokine that has been reported to play a central
role in maladaptive changes in response to sustained pressure overload.®
LV samples from TAC-operated animals and SIRT1720-treated animals
were assessed for TGF-f3 activation. As expected, an increase in Smad2
phosphorylation was observed in TAC-operated animals; this, however,
was reduced with SRT1720 treatment (Figure 6A and C). In vitro assess-
ment of the effect of SRT1720 on TGF-f signing also provided similar
results. Treatment of human cardiac fibroblast cells with TGF-B1
increased the phosphorylation levels of Smad3, which was reduced with
SRT1720 treatment (Figure 6D). A reduction of nuclear phospho-
Smad2/3 levels with SRT1720 treatment, as assessed by immunofluores-
cence microscopy, was also noted (Figure 6E). As an aside, the acetyla-
tion status of histone H3 at lysine residues 9 and 14 was also assessed to
gage the enzymatic/de-acetylase activity of SIRT1. The acetylation level
of histone H3K9/K14 was elevated in TAC-operated animals and re-
duced in SRT1720-treated animals (Figure 6B and C).

To determine whether the effect of SRT1720 on TGF-f signalling was
mediated by pharmacological activation of SIRT1 with SRT1720, HEK
cells were transfected with a SIRT1 catalytically inactive dominant

negative mutant (H355A) and stimulated with TGF-B1, SRT1720, or a
combination of the two. Under normal conditions (untransfected HEK
cell; without H355A), HEK stimulated with TGF-f1 showed an increase
in Smad3 acetylation. This, however, was reduced when cells were pre-
treated with SRT1720 prior to TGF-B1 stimulation (Figure 7A). In the
presence of the H355A SIRT1 dominant negative mutant, SRT1720 was
no longer able to reduce Smad3 acetylation levels (Figure 7A), suggesting
that the presence of a functional SIRT1 protein is required for the
SRT1720-mediated decrease of Smad3 acetylation previously observed.

Next, we assessed whether SIRT1720 can alter the transcriptional ac-
tivity of key intracellular signalling molecules involved in TGF-f signal-
ling—namely Smad2/3. Using a Smad2/3-responsive reporter construct,
HEK cells were transfected with a reporter construct containing four
consecutive Smad-binding elements driving the expression of firefly lucif-
erase (SBE4-Luc) prior to being stimulated with TGF-f1. Upon stimula-
tion with TGF-1, Smad2/3 promoter construct activity was robustly
enhanced, as assessed by luciferase activity (Figure 7B). This, however,
was reduced when cells were co-treated with the compound SRT1720
(Figure 7B).

To determine the effect of SRT1720 on downstream Smad2/3
activity—specifically, its effect on TGF-induced fibrotic response—>H-
proline incorporation was assessed as a measure of collagen synthesis
using primary neonatal rat cardiac fibroblast cells and the expression
of Smad2/3 responsive genes was assessed using human cardiac fibro-
blast cells. As anticipated, TGF-f1 increased 3H—proline incorpora-
tion (Figure 7C) and the expression of Smad2/3 responsive genes
collagen type 1, connective tissue growth factor, and alpha skeletal
actin (Figure 7D—F). However, treatment of cells with SRT1720 in the
presence of TGF-B1 significantly reduced this effect, demonstrating
that SRT1720 attenuates TGF-f signalling and directly affects the
downstream fibrotic response.



Smad2/3 is de-acetylated by Sirtuin 1

1635

Sham

w0

LV Fressure (mmHg|

"l TAC

150

s [mmig)

100

LV Pre

150

LV Pressure (mmHg)

]

n
LV Valume (4]

an “

Sham + SRT1720

30
LV Veleme [ul)

40

(] 10 L) an 50

"
LV Vokme |t}

D, TAC + SRT1720

150

LYV Pressure (mmbg]

m

200 =

150 =

L4
o
5

P<0.0001  peg 05
O  p<0.0001

oo

100 4 FO3 - o

End Systolic Pressure (mmHg)

T

150 =

100

PRSW (mmHg)
g
L

L] L] L L]
Sham TAC Sham TAC

SRT1720
P<0.05

£2<0.01
Op

3

o

Veh

o

4—?%*

1
LV Voleme (gL)

| | L | | | | |
Sham TAC Sham TAC
Veh SRT1720

Figure 3 SRT1720 improves cardiac contractility in pressure overload mice. (A-D) Steady-state representative PV loops of cardiac function. (E) End-sys-
tolic pressure was improved with SRT1720 treatment (n=5—14 animals per group); data are presented as mean = SEM and analysed using a two-way
ANOVA with Tukey’s post hoc test. (F) The load insensitive marker of cardiac contractility, the preload recruitable stroke work index was similar in TAC
mice compared with sham-operated animals, but was increased in SRT1720-treated TAC mice (n=3-8 animals per group); data are presented as
mean £ SEM and analysed using a two-way ANOVA with Tukey’s post hoc test.

Table 3 Pressure-volume loop data

Sham
(n=14)

Sham + SRT1720
(n=5)

TAC + SRT1720
(n=8)

Ped (mmHg)

Pes (mmHg)

Tau (ms)

dP/dt max (mmHg/s)
dP/dt min (mmHg/s)
EDPVR

ESPVR

PRSW

6.97 £ 1.1
85.26+2.3
8.66+0.5
6475+ 411
-5771+£309
0.26 £0.04
282+04
61.26+4.7

3.62+0.8
75.53+£4.0
8.33+0.9
6914 +£958
-4848 + 527
0.19+£0.09
239+1.0
40.20£3.0

9.01+£18
139 £4.6*
7.85+0.7
8497 £ 478*
-8090 + 574*
0.26 £0.09
214+0.29
56.90+4.7

6.87 £ 1.1
122 £ 6.7
79303
7328 + 368
-6839 £405
0.26+£0.03
285+04
89 + 11°%*

Data are presented as mean + SEM. All measurements are of the left ventricle.
dP/dt max, maximal rate of pressure rise in the left ventricle; dP/dt min, minimum rate of pressure rise in the left ventricle; EDPVR, end diastolic pressurevolume relationship;
ESPVR, end-systolic pressurevolume relationship; Ped, end diastolic pressure; Pes, end-systolic pressure; PRSW, preload recruitable stroke work; TAC, transverse aortic

constriction.

*P < 0.05 compared with sham using a two-way ANOVA with Tukey’s post hoc test.
**P < 0.05 compared with TAC using a two-way ANOVA with Tukey’s post hoc test.
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Figure 4 SRT1720 reduces pressure overload-induced cardiac hypertrophy and fibrosis. Representative images of the sub-endocardial zone of LV sections
stained with PSR. (A) Increased collagen staining observed in TAC-operated animals compared with sham controls was reduced with SRT1720 treatment. (B)
Quantification of PSR staining intensity (n = 5—13 animals per group); data are presented as mean = SEM and analysed using a two-way ANOVA with Tukey’s
post hoc test. (C) The sub-endocardial zone of LV sections stained with haematoxylin and eosin revealed an increase in myocyte size in TAC-operated animals,

which was normalized with SRT1720 treatment. (D) Quantitative data (n =

Table 4 Foetal gene programme

6—13 animals per group) are presented as mean + SEM. Scale bar: 20 um.

Sham Sham + SRT1720 TAC TAC + SRT1720
(n=10) (n=6) (n=6) (n=9)

B-MHC 114102 0.50+0.1% 2.02+£0.3* 0.34 £ 0.1+

2-MHC 1.03+0.1 035+0.1% 0.51+0.1% 047 £0.1%

B:0-MHC ratio 110402 145402 3.69+0.7% 0.89 + 0.2%*

SERCA2 1,06 +0.1 028+0.1% 0.51+0.1% 0.52+0.1%

SKA 1.06+0.1 033101 2.63+£0.9% 0.75 £ 0.1+

ANP 1.03+0.1 0.53+0.1 395+ 1.7% 0.51 £ 0.01#%*

Data are presented as mean £ SEM. All values are compared with RPL13a_2 control gene expression.
ANP, atrial natriuretic peptide; MHC, myosin heavy chain; SERCA2, sarcoplasmic reticulum calcium ATPase 2; SKA, skeletal a-actin.

*P <0.05 compared with sham using a two-way ANOVA with Tukey’s post hoc test
##P <0.05 compared with TAC using a two-way ANOVA with Tukey’s post hoc test.

4. Discussion

HF is a chronic condition characterized by ventricular remodelling which
occurs secondary to a variety of processes including metabolic dysregu-
lation and changes in cardiac gene expression.”® The various mechanisms
responsible for these changes are the subject of intense investigation.”’”
Whilst many signalling pathways become dysregulated in the pathogene-

sis of HF, altered TGF-f signalling has been implicated in both the

pathogenesis and progression of HF.%*® Although the regulation of ca-
nonical TGF-f signalling is complex, the recognition that Smads, down-
stream mediators of TGF-f activation, require the acetylation of specific
lysine residues in the MH1 domain provides a point whereby protein
function can be precisely regulated.””*® With lysine acetylation via the
histone acetyltransferase p300/CBP garnering much interest, the oppos-
ing effect of lysine de-acetylase in modifying protein function has also be-

come a focus of investigation.® 2
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Figure 5 SRT1720 increases SIRT1 de-acetylase activity in pressure overload animals: (A) SIRT1 expression (n =5 animals per group) and (B) de-acetylase
activity (n=>5-7 animals per group) were markedly reduced in TAC-operated animals, but normalized with SRT1720 treatment. Data are presented as
mean £ SEM and analysed using a two-way ANOVA with Tukey’s post hoc test. The specificity of SRT1720 was assessed using a SIRT1 catalytically inactive
mouse model (SIRT1"). No significant differences in cardiac structure and function were observed in TAC-operated SIRT1Y/Y animals treated with
SRT1720 or vehicle. (C) Left ventricular (LV) weight normalized to tibia length (n = 6-8 animals per group), (D) LV anterior wall diameter (LVAW, d; n=7—
8 animals per group), and (E) LV posterior wall diameter (LVPW, d; n = 7-8 animals per group) were not improved with SRT1720 treatment. Data are pre-
sented as mean + SEM and analysed using a two-tailed, unpaired Student’s t-test.

SIRT1, an enzyme with de-acetylase activity, is a potential candidate
that may contribute to the remodelling response.’* Recent data have
emerged demonstrating that sirtuins are involved in key intracellular pro-
cesses and that substrates of sirtuins include proteins that modulate
chromatin folding, metabolic regulation, and stress responses—all of
which are dysregulated in HF.>® In this study, we show that in humans
and experimental HF samples, SIRT1 expression and activity are re-
duced. By increasing the de-acetylase activity of SIRT1 using the com-
pound SRT1720, we were able to prevent ventricular remodelling and
reduce TGF-f activation in a murine model of pressure overload. These
findings suggest that a loss of SIRT1 de-acetylase activity contributes to
ventricular remodelling and that the enhancement of SIRT1 de-acetylase
activity, with the use of SRT1720, may be a novel therapeutic target
for HF.

At present, there are seven known mammalian sirtuins, with SIRT1
being the best studied in the cardiac literature. The main body of knowl-
edge regarding SIRT1 in cardiac (patho)physiology involves overexpres-
sion studies in transgenic mice on a C57BL/6j background. Intriguingly,

conflicting results have emerged. Overexpression by approximately
nine-fold promotes LV hypertrophy,>* whereas modest overexpression
by approximately three-fold demonstrates a protective and antioxidant
effect and reduces ischaemia reperfusion injury.>®> Whilst these studies
give insight into the role of SIRT1, they are less clinically relevant.

In this study, we hypothesized that loss of SIRT1 expression and activ-
ity may influence gene and protein function directly through a loss of its
de-acetylase activity. Of relevance to the current study is TGF-B1, a pro-
sclerotic cytokine implicated in the remodelling response and one of the
first targets to be identified as modifiable by lysine acetylation.'* Indeed,
our group has shown that inhibition of p300-mediated lysine acetylation
of Smad2 reduces TGF-B1 activity both in vivo and in vitro and prevents
the progression to HF in the setting of diabetic cardiomyopathy.*® As a
result, we hypothesize that a loss of SIRT1 de-acetylase activity pro-
motes unopposed Smad2/3 acetylation, thereby augmenting TGF-$1
activity.

Utilizing a well-described murine model of pressure overload, in which
TGF-B activity is increased, treatment with SRT1720 significantly inhibited
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Figure 6 SRT1720 attenuates canonical TGF-B1 signalling: TGF-B1 activity was assessed by quantifying Smad2/3 phosphorylation and acetylation. (A and
C) TAC-induced Smad2 phosphorylation (n = 6—8 animals per group) was reduced by treatment with SRT1720. (B and C) SRT1720 also reduced acetylated
histone H3K9/K14 protein expression (n=5 animals per group) in TAC animals compared with their untreated counterparts. Data are presented as
mean + SEM and analysed with two-way ANOVA with Tukey’s post hoc test. (D) Treatment of human cardiac fibroblast cells with TGF-B1 increased Smad3
phosphorylation, which was reduced with SRT1720 treatment (n = 6 per group); data are presented as mean = SEM and analysed with two-way ANOVA
with Tukey’s post hoc test. (E) This was corroborated with immunofluorescence microscopy, which revealed an increase in phosphorylated Smad2/3 nuclear
localization with TGF-f1 treatment but a reduction with SRT1720 co-treatment (n = 6 per group); scale bar: 10 um.

TGF-B activation and reduced cardiac fibrosis and hypertrophy. The ob-
served reduction in Smad2 phosphorylation, noted with SRT1720 treat-
ment, is consistent with a reduction in canonical TGF-B signalling via
inhibition of the well-described TGF-B1  auto-induction loop.'*
However, the SRT1720-mediated increase of SIRT1 activity and subse-
quent diminution of TGF-f3 signalling and expression of pro-fibrotic genes
did not appear to favour Smad2 over Smad3 and vice versa. Although
Smad3 has been extensively studied and recognized as a key mediator of
TGF-B-induced pro-fibrotic outcomes, both Smad2 and Smad3 have been
implicated in ECM production and tissue fibrosis.>**¢~*® Indeed, a recent
study by Jeffrey Molkentin’s group demonstrates that, although Smad2 and
Smad3 may play distinct roles in tissue fibrosis, both Smad2 and Smad3 are
critical in the induction and maintenance of activated fibroblast activity and
fibrosis in the heart, whether in response to pressure overload or TGF-f31
ligand itself.*® These findings closely align with our observation that SIRT1
activation improves cardiac fibrosis by targeting both Smad2 and Smad3
signalling, as evidenced by reduced Smad2/3 phosphorylation, nuclear
translocation, and promoter activity.

Whilst increasing SIRT1 activity improved cardiac function and re-
duced TGF-B activity, it is likely that other targets are influenced by this
approach. SIRT1 has been demonstrated to interact with a variety of
other important LV signalling targets such as IGF1, FOXO1, AKT,
PGC1-alpha, and the MAP kinases.>” Indeed, de-acetylation of

FOXO1 by SIRT1 has been shown to stimulate FOXO1-mediated tran-
scription of anti-oxidants in order to suppress oxidative stress in cardiac
myocytes and to protect the heart from ischaemia/reperfusion injury.>
SIRT1 has also been shown to de-acetylate AKT to modulate its activity
and involvement in cellular processes implicated in the development of
cardiac hypertrophy and ageing.43 It can also de-acetylate p53 and atten-
uate its ability to activate downstream target genes such as p21 and Bax
to regulate cell cycle arrest and apoptosis, respectively.***> Whilst this
lack of SIRT1 specificity may be perceived as a limitation, in terms of un-
derstanding pharmacological mechanism of action, from a translational
perspective this may be highly beneficial. For instance, current HF thera-
pies effect many thousands of downstream LV signalling targets, with
inhibitors of the angiotensin-converting enzyme cascade being a classic
example.* Also, novel approaches to the treatment of HF, using
microRNA strategies for example, interact with as many as 60-80
genes"’; therefore, given the complexity of the remodelling response, it
is likely that this lack of specificity may in fact be highly beneficial in the
in vivo setting. Our data demonstrate that the intracellular signalling mole-
cules Smad?2/3 are a target of SIRT1 de-acetylase activity and that phar-
macological manipulation of SIRT1 activity with the compound SRT1720
results in modification of downstream TGF-f3 signalling.

To ensure that the functional effects of SRT1720 are not depen-
dent upon altered loading conditions, two complementary state of
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Figure 7 SRT1720 modulates TGF-f fibrotic response. (A) Nuclear protein extracted from HEK cells transfected with a SIRT1 catalytically inactive domi-
nant negative mutant (H355A) and stimulated with TGF-B1 in the presence and absence of SRT1720 was isolated. Smad3 acetylation levels were increased
with TGF-B1 stimulation both in the absence and in the presence of the dominant negative mutant. This, however, was reduced when cells were pre-treated
with SRT1720, in the absence of the dominant negative mutant. The SRT1720-mediated decrease in Smad3 acetylation was abrogated in the presence of
H355A mutant. A representative western blot is shown above and quantification data (n =5 per group) presented as mean + SEM and analysed with two-
way ANOVA with Tukey’s post hoc test. (B) HEK cells were transfected with the Smad2/3 reporter construct SBE4-Luc were strongly stimulated by TGF-
1, as assessed by luciferase activity. This, however, was attenuated by SRT1720 (n=6 per group); data are presented as mean £ SEM and analysed with
two-way ANOVA with Tukey’s post hoc test. (C) SRT1720 also reduced tritiated proline incorporation (n= 6 per group), a marker of collagen synthesis, in
cardiac fibroblasts stimulated with TGF-31 and also reduced the expression of TGF-f3 responsive genes (D) collagen type 1 (n = 6 per group), (E) connective
tissue growth factor (n=5—6 per group), and (F) alpha skeletal actin (n=6 per group). Data are presented as mean + SEM and analysed with two-way

ANOVA with Tukey'’s post hoc test.

the art approaches were used to interrogate cardiac function. First,
cardiac systolic function was assessed non-invasively using traditional
two-dimensional measures of cardiac function such as ejection frac-
tion, complemented with an assessment of regional cardiac function
using velocity vector imaging. At 6 weeks post-surgery, global and re-
gional systolic functions were reduced in TAC-operated animals.
Despite no significant difference in afterload (as measured by end-
systolic pressure), SRT1720 improved global and regional function.
These findings were complemented by invasive pressure—volume
loop analysis at study termination. Cardiac contractility, as measured
by the load-insensitive preload recruitable stroke work index, was
improved by treatment with SRT1720. Somewhat surprisingly, there
was no difference observed between sham- and TAC-operated ani-
mals, in terms of diastolic function. Despite TAC-operated animals

demonstrating a marked increase in cardiac fibrosis and hypertrophy,
end-diastolic pressure, Tau and the slope of the end-diastolic pres-
sure—volume relationship remained unchanged. These findings are in
keeping with that observed by Norton et al.*® in a rat model of pres-
sure overload. Indeed, Klotz et al.*® demonstrated using the Dahl salt-
sensitive rat that the slope of the EDPVR may shift upwards, remain
unchanged, or shift down and to the right in a time- and geometry-de-
pendent fashion despite overt left ventricular hypertrophy and inter-
stitial fibrosis being present. These results underscore the important
distinction between pump dysfunction (which depends not only on
muscle function, geometry, LV mass, and activation sequence) and in-
trinsic myocardial dysfunction, and the need to interrogate cardiac
function with multiple, complementary modalities such as echocardi-
ography and invasive PV loops.
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In keeping with a significant reduction in LV mass, treatment of TAC-
operated animals with SRT1720 inhibited TAC-induced activation of the
‘foetal gene programme’. TAC induced -MHC, SKA, and ANP expres-
sion, whilst repressing SERCA 2A and o-MHC expression. SRT1720 in
TAC-operated animals normalized the B:0-MHC ratio and reduced
ANP expression. Of note, it had no effect on SERCA 2A or o-MHC ex-
pression. These findings are different from those observed by Sulaiman
et al®® and Pillai et al>' who demonstrate that resveratrol, a putative
SIRT1 activator, increased both SERCA 2A and o-MHC. Whilst much
early excitement was generated by the use of the SIRT1 activator resver-

atrol'®>?

in the treatment of CV and neurological disease, recent data
have tempered such enthusiasm with studies clearly demonstrating the
non-specific nature of resveratrol’s activity,” thus making interpretation
of the results difficult. It has not escaped our attention that treatment of
sham-operated animals with SRT1720 was accompanied by a reduction
in the expression of B-MHC, SERCA 2A, SKA, and ANP, when com-
pared with their untreated counterparts. However, this observation is in
keeping with the reported role of SIRT1 as a facilitator of heterochroma-
tin formation and thus general transcriptional repression.'>**>¢
Although SRT1720 altered the expression of the foetal gene programme
in sham-operated animals, these changes did not impact cardiac struc-
ture and function. Indeed, the hearts of sham-operated animals treated
with SRT1720 were structurally and functionally similar to those of
untreated sham-operated animals as assessed by echocardiography and
cardiac catheterization.

In this study, we utilized SRT1720, a small molecule that was initially
shown to increase SIRT1 de-acetylase activity up to 781% at orders of
magnitude lower concentrations than resveratrol.'®
cently the specificity of SIRT1 activating compounds (STACs) such as
SRT1720 has been questioned.>* To address this, we utilized multiple dif-
ferent methods, including a genetically modified SIRT1 inactive model
and cells transfected with a SIRT1 catalytically inactive mutant (H355A)
to demonstrate specificity. Our data demonstrate that SRT1720 reduces

However, more re-

Smad acetylation in vitro and that this effect was lost when SIRT1 was
modified to a catalytically inactive mutant form. Furthermore, work by
our group has demonstrated that another STAC, SRT3025, improved
both renal and cardiac structure and function in a rodent model of pro-
gressive kidney disease.”” However, it should be noted that while the
precise sub-molecular target that accounts for an increase in SIRT1 de-
acetylase activity by SRT1720 is incompletely understood, recent data
suggest it activates SIRT1-mediated de-acetylation via an allosteric mech-
anism."®® These findings are in keeping with the initial studies by Milne

"8 and demonstrate the specificity of STAC’s for SIRT1 activation
59

eta
and their potential beneficial role in cardiovascular disease.

5. Conclusion

Despite significant therapeutic advances, the mortality and morbidity of
HF remains high, and it is one of the health care systems most expensive
diagnosis, Our data demonstrate that pharmacological activation of
SIRT1 using the compound SRT1720 prevents remodelling in pressure
overload mice and that the intracellular signalling molecule Smad2/3 is a
likely target of the SRT1720-mediated increase in SIRT1 de-acetylase ac-
tivity. Altogether, these findings suggest that enhancing SIRT1 activity
may be a novel therapeutic strategy to prevent/reverse HF.

Supplementary material

Supplementary material is available at Cardiovascular Research online.
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