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ABSTRACT
Endothelial cell dysfunction proceeding with increased inflammation and monocyte increase is one of the main causes of 
vessel injury in CAD. SIRT1 (Sirtuin 1) protein plays an important role in the regulation of cellular physiological mechanisms. 
SIRT1 has roles in regulating angiogenesis and preventing endothelial dysfunction and reperfusion injury due to ischemia. 
Suppression of SIRT1 causes monocyte affinity due to endothelial dysfunction. Sirtuins activators are involved in pathologies 
of many diseases with promising treatments. The objective of this review is to summarize the current progress and future 
directions of sirtuin protein in the field of CAD.
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Coronary artery disease (CAD) is the most frequent 
cardiovascular disease worldwide. CAD arises from 

the interaction of genetic factors as other complex hered-
itary diseases. The Genome-wide analysis predicted that 
the role of genetic factors in CAD is about 40–50% [1, 
2]. Sirtuins (SIRTs) are NAD + - dependent class 3 his-
tone deacetylases (HDAC’s) containing various biolog-
ical activities, such as transcription, recombination and 
genome stability by modifying histones, transcription 
factors and epigenetic enzymes [3]. Genetic code is high-
ly preserved for SIRTs and translated into seven sirtuin 
proteins (SIRT1-SIRT7) in mammalians (Table 1) [4]. 
SIRT1 gene is located on 10q21.3 chromosome and con-
sists of 11 exons [5]. SIRT1 is a cardioprotective protein 
taking serious roles in the regulation of angiogenesis and 
the prevention of endothelial dysfunction and malicious 
effects of ischemia-reperfusion injury [6, 7]. It enhances 
the DNA stability by binding and deactivating several 
substrates at a molecular level; regulates the expression 
of endothelial nitric oxide synthase (eNOS) and man-

ganese superoxide dismutase (MnSOD) and activates 
the FoxO1 dependent pathways [8, 9]. Increased levels 
of SIRT1 in patients with prior myocardial infarction or 
CAD is a result of a compensatory mechanism for elim-
inating hazardous effects of oxidative stress and hypoxia 
[10]. SIRT1 inhibits ischemia-induced endothelial dys-
function by regulating nitric oxide synthase (eNOS) ex-
pression and acts as a cardioprotective molecule. Treat-
ment with SIRT1 activators is tested as the treatment 
of coronary artery disease. Sirtuins provide additional 
benefits in many diseases by regulating physiological sig-
nals. Shortly, sirtuin modulation promises to help over-
come several diseases. The objective of this review is to 
summarize the current progress and future directions of 
sirtuin protein in the field of CAD.

The Cardioprotective Role of SIRT1 in CAD
SIRT1 participates in the biological processes associated 
with the development of heart failure (HF), including 
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regulation of energy consumption, autophagy and cell 
death and survival [11]. Insulin-like growth factor 1 
(IGF-1) propeptide (mIGF-1) protects the heart against 
hypertrophy and oxidative stress by preventing infarction 
using induction of SIRT1 expression in cardiomyocytes 
[12]. Oxidative stress and tissue hypoxia are among the 
most important triggering factors for the development 
and exacerbation of cardiovascular diseases. SIRT1 is 
known to be induced in cardiac diseases to manage ad-
verse events associated with diseases driven by hypoxia 
and oxidative stress [10, 13]. The role of SIRT1 in some 
age-related diseases like diabetes, neurological disorders, 
renal and cardiovascular diseases is proven [14–16]. 
In detail, SIRT1 regulation causes hyperacetylation of 
chromatin and increases the eNOS expression, which 
enhances endothelial cell injury [8]. Besides, SIRT1 me-
diated hyperacetylation causes increased SREBP1C gene 
transcription, which leads to the accumulation of fatty 
acids and cholesterol [17]. Moreover, at the very begin-
ning of the cardiac stress, the nucleus and its cytoplasmic 
location are remodeled [18]. Remodeling of the SIRT1 
gene is a natural phenomenon during the growth of blood 
vessels, so changes in transcription, translation and/or 
post-translation modifications of this gene give rise to 
the generation of protein products disrupting vessel for-
mation mechanisms [19]. Endothelial SIRT1 is assumed 
to be an atherosclerotic factor and might be associated 
with more reasonable mechanisms, such as inhibition 
of apoptosis by oxLDL, regulation of eNOS expression 
and improving endothelial relaxation function [19].

The functional role of monocytes in CAD must be in-
vestigated more to provide a novel therapeutic approach 
in patients with CAD. In another study performed by 
Chan et al. [20], by suppressing SIRT1 in patients with 
CAD, monocytes show a greater affinity to endothelial 

cells. Increasing oxidative stress also causes upregula-
tion in endothelial adhesion molecules of monocytes 
and these lead to more deterioration in endothelial dys-
function. Inhibition of SIRT1 causes increased apopto-
sis and oxidative stress. However, there are not enough 
data coming from studies confirming that inhibition of 
SIRT1 in monocytes is increasing or not in CAD yet.

To increase SIRT1 expression and/or activity may 
lead to an increase in histone deacetylation and conse-
quent DNA methylation [21]. SIRT1 mediated epige-
netic changes may increase the risk of CAD. These stud-
ies suggest that oxidative stress may cause a pathological 
increase in SIRT1 expression in patients with CAD. 
Increasing SIRT1 levels as a therapeutic approach may 
be suggested as a compensatory mechanism to increase 
antioxidants against oxidative stress in CAD. Besides, 
some medications used in CAD treatment may increase 
SIRT1 levels [22].

Some other disease markers, such as endothelial dys-
function and oxidative stress and their association with 
SIRT1 protein levels, are also investigated to explain the 
effects of SIRT1 protein in CAD more explicitly. The 
common feature of the most cardiovascular risk factors, 
such as hypertension and obesity, is originated from en-
dothelial dysfunction, which is increasing atherosclero-
sis. Endothelial dysfunction may be due to a decrease 
in eNOS expression. eNOS protects the cardiovascular 
system from atherosclerosis using regulating vascular re-
laxation. eNOS deficiency is associated with several risks 
for CAD, such as hypertension, ventricular hypertrophy 
and dietary dependent atherosclerosis [23].

SIRT1 hyperphosphorylation is another mechanism 
that reduces SIRT1 activity. Specifically, the serine/thre-
onine kinase cyclin-dependent Kinase 5 (CDK5) phos-

Sirt Class Size (kDa) Localization Enzymatic activity

1 I 62 Nucleus Lysine deacetylase
2 I 41 Cytoplasm Lysine deacetylase
3 I 44 Mitochondrium Lysine deacetylase
4 II 35 Mitochondrium ADP-ribosyltransferase
5 III 34 Mitochondrium Succinyltransferase, malonyltransferase
6 IV 39 Nucleus Demyristoylase, depalmitoylase, ADP-ribosyltransferase, deacetylase
7 IV 45 Nucleus Demyristoylase, depalmitoylase, ADP-ribosyltransferase, deacetylase

Table 1. Mammal sirtuins
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phorylates SIRT1 in serine 47 increases with aging (Fig. 
1). Hyperphosphorylated SIRT1 is distributed outside 
the nucleoles to the nucleoplasm. SIRT1 delocalization 
has an inhibitory effect on cytosolic Liver Kinase B1 
(LKB1) and Aging-Aging Nuclear Telomeric Recom-
binant Factor 2-Interfering Protein 1 (TERF2IP) [24]. 
Specifically, they show an increase in the production of 
ROS on chronic stress, resulting in loss of cathepsin and 
consequent loss of lysosomal integrity leading to the de-
composition and inactivation of SIRT1 [25]. Ito et al. 
[26] showed that increased miR-34a expression in en-
dothelial cells caused inhibition of SIRT1 protein trans-
lation in CAD (Fig. 1). SIRT1, which has an important 
role in endothelial physiology, protects against endothe-
lial aging and vascular homeostatic changes. Specifically, 
it regulates p53 acetylation, Jun NH2-terminal kinase 
( JNK) phosphorylation, and endothelial NO synthase 
(eNOS) expression and activity. These mechanisms re-
duce the vascular pathologies associated with diabetes 
and atherosclerosis (Fig. 1) [27–29].

The Cardioprotective Role of SIRT1 in Other 
Situations
SIRT1 acts a pivotal role in mediating calorie restrictions. 
Activating SIRT1 can deescalate metabolic syndrome 
via its protective effects against oxidative and genotoxic 
stress by deacetylation of some substrates, such as the 
p53 transcription factor [30]. SIRT1 decreases choles-
terol accumulation in macrophages by activating the liver 
X receptor (LXR), functioning as a cholesterol sensor 
[31]. SIRT1 activation preserves cardiac and renal func-
tions under stressful circumstances. Lack of SIRT1 is 
associated with pathophysiological changes in cardiovas-
cular and renal diseases [32, 33].

Recent studies suggested that long-lived SIRT1 acts 
a part in metabolic regulation of AMP-activated protein 
kinase (AMPK) in skeletal muscles, liver, fatty tissue, 
and pancreas beta cells. Moreover, it is enounced that the 
aging process itself is associated with a decrease in both 
SIRT1 and AMPK activities [34–36]. Wang et al. [37] 
provided evidence about the important role of AMPK 
in cardiovascular prevention against ischemia and reper-
fusion injury. SIRT1 emerges as a critical regulator in 
the heart in the course of ischemia/reperfusion [38]. 
SIRT1 activates the LKB1 gene leading to the activation 
of AMPK, which is acting a role in glucose homeosta-
sis and being the central energy regulator in maintaining 
cellular ATP levels [8]. AMPK, fulfill SIRT1 activation 
via increasing intracellular NAD+ levels [35].

SIRT1-AMPK signaling disrupted by ischemia 
makes mitochondria become more susceptible to isch-
emic stress and triggers the formation of reactive oxygen 
species causing inflamatuar response during ischemia and 
reperfusion. Studies show that AMPK is the potential 
pharmacological target to prevent adverse events due to 
aging. Metformin, biguanide derivative as an anti-diabet-
ic agent, can induce AMPK activation. Administration 
of metformin during myocardial ischemia is shown to 
reduce the ischemia-reperfusion injury and left ventric-
ular reverse remodeling [39]. Cardiac SIRT1 activity de-
creases with age; therefore, ischemia-reperfusion injury is 
more frequent in elderly people than younger adults [38].

Activation of SIRT1 not only suppresses apoptosis 
but also balances the oxidative stress in the heart such 
that lack of SIRT1 causes chronic inflammation, oxida-
tive stress and arrest of the cellular cycle [40]. SIRT1 op-
erates as a cardioprotective molecule protecting against 
aging and inducing the resistance against the hypertro-
phic and oxidative stress, inhibiting apoptosis of cardio-
myocytes and regulating cardiac energy metabolism [41].

Chan et al. [20] discovered that activation of SIRT1 
is protective against homocysteine derived endothelial 
apoptosis and oxidative stress. Exercise training is shown 
to increase the SIRT1 activity and antioxidant capacity 
in elder animals [42].

Most of the studies observe increased SIRT1 ex-
pression in both tissues and blood circulation after 
losing weight and reports diminished SIRT1 levels in 
obese people [43]. In a previous transgenic rat study, re-
searchers discovered that SIRT1 is acting as a dose-de-
pendent way in the heart. For example, the moderate 
elevation of SIRT1 preserves cardiomyocytes, and an 

Figure 1. SIRT1-mediated anti-aging effects of endothelium.
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extreme increase of SIRT1 decreases cardiac function 
and causes cardiomyopathy [9]. In another study, Sun 
et al. [44] observed an increase in SIRT1 protein ex-
pression in patients with atrial fibrillation. Alcendor et 
al. [9] demonstrate that increased SIRT1 expression of 
2,5 to 7,5 fold decreases age-dependent cardiac hyper-
trophy, apoptosis, cardiac dysfunction and expression 
of aging markers; however, 12,5 fold increase in SIRT1 
expression causes oxidative stress, apoptosis and in-
creased cardiac hypertrophy.

CONCLUSION

Preventing endothelial dysfunction and reperfusion inju-
ry due to ischemia, SIRT1 operates as a cardioprotective 
molecule via regulating the expression of endothelial ni-
tric oxide synthase (eNOS), which improves endothelial 
relaxation function and inducing the resistance against 
the hypertrophic and oxidative stress, inhibiting apop-
tosis of cardiomyocytes and regulating cardiac energy 
metabolism. Endothelial SIRT1 is assumed to be an 
atherosclerotic factor, so suppression of SIRT1 causes 
increased monocyte affinity to endothelial cells, which is 
leading an increase in endothelial dysfunction. However, 
there are not enough data confirming that inhibition of 
SIRT1 in monocytes is increasing or not in CAD yet; 
thus, the functional role of monocytes in CAD should 
be investigated more in future studies to provide a novel 
therapeutic approach in patients with CAD.

Increasing SIRT1 levels as a therapeutic approach 
may be suggested as a compensatory mechanism to in-
crease antioxidants, but the appropriate level needed to 
do so should be evaluated in further prospective studies. 
Diminished SIRT1 levels in obese people may also be a 
therapeutic target to be considered in future studies.

SIRT1 participates in the biological processes as-
sociated with the development of heart failure (HF), 
including regulation of energy consumption, autopha-
gy and cell death and survival. Thus, HF is also in the 
scope of the therapeutic approach depending on the 
SIRT1 regulation.
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