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Sirtuins: The Future Insight 
Suvarna BS

ABSTRACT 
Sirtuins are evolutionary conserved NAD+ dependent acetyl-lysine deacetylases 
and ADP ribosyltransferases dual-function enzymes involved in the regulation 
of metabolism and lifespan. Sirtuins represent a promising new class of III NAD 
dependent histone deacetylases that regulate a number of physiological processes, 
originally identified in yeast. Sirtuins regulate various normal and abnormal 
cellular and metabolic processes, including tumorgenesis, neurodegeneration and 
processes associated with type 2 diabetes and obesity. Several age-related diseases 
such as Alzheimer’s disease and longevity have also been linked to the functions of 
sirtuins. Because of these associations, the identification of small molecules sirtuin 
modulators has been of significant interest.
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INTRODUCTION
Sirtuins are a class III NAD dependent histone deacetylases 
that regulate a number of physiological processes, play 
an important role in the regulation of metabolism, aging, 
oncogenesis and cancer progression.1 Histone deacetylases 
(HDACs) are a part of a group of proteins that regulate 
acetylation. These enzymes are responsible for removing 
the acetyl group from ε-lysine residues and consequently 
are involved in gene repression and heterochromatin 
formation. This role also makes HDACs key players in 
epigenetic regulation and management of specific spatial- 
temporal programs of expression, such as development 
and cellular differentiation.2 

Sirtuins are also implicated in determining the balance 
between apoptosis, cell survival and cell proliferation.1 In 
Humans, seven sirtuins isoforms have been identified.3 
The three mammalian sirtuins (SIRT1, SIRT6, SIRT7) are 
localised to the nucleus, SIRT2 localised to the cytoplasm 
and SIRT4, SIRT3, SIRT5 localised to mitochondria. SIRT1 is 
most extensively studied, has more than a dozen known 
substrates and is a guardian against cellular oxidative stress 
and DNA damage. Moreover, SIRT1 plays a prominent role 
in metabolic tissues, such as pancreas, fat and liver. SIRT6 
and SIRT7 may be important regulators of DNA damage 

and metabolism respectively.3 The sirtuin family of histone 
deacetylases (HDACs) was named after their homology 
to the Saccharomyces cerevisiae gene silent information 
regulator 2 (Sir2).4

Epigenetic modulations (transformations) play an 
important role in regulating gene expression, life span 
and tumorgenesis. They are not modulated (regulated) by 
inhibitors of class I, II and IV HDACs. The deacetylase activity 
of sirtuins is controlled by the cellular (NAD)/(NADH) ratio, 
where NAD+ works as an activator, while nicotinamide and 
NADH act as inhibitors. Expressed from bacteria to humans, 
sirtuins seem to preferentially target non-histone proteins, 
although little is currently known about target specificity 
and selectivity.5 Two reactions may be catalysed by sirtuins: 
deacetylation and ADP-ribosylation. In both reactions, the 
cleavage of NAD+ is the initial step. Sirtuins (SirT1, SirT2, 
SirT3, SirT5 and SirT7) catalyse a deacetylation reaction 
on lysine residues of target proteins using NAD+ as co-
factor and releasing nicotinamide with the production of 
2-O-acetyl-ADP ribose. In contrast, SirT4 and SirT6 catalyse 
an ADP-ribosylation reaction, in which ADP-ribosyl moiety 
is transferred to the substrate.6 SirT1, the closest to yeast 
Sir2 in terms of sequence, is a proto-member of the family. 
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SIRT1 is most extensively studied, has more than a dozen 
known substrates, and is a guardian against cellular 
oxidative stress and DNA damage. Moreover, SIRT1 plays a 
prominent role in metabolic tissues, such as pancreas, fat, 
and liver.7

SirT1 mediates heterochromatin formation through 
deacetylation of K26 on histone H1, K9 on histone H3 and 
K16 on histone H4.  SirT1 is also involved in the deacetylation 
of non-histone proteins, which can be divided into three 
groups: (1) transcription factors (p53, FOXO, E2F1, BCL6, 
p53, Rb) (2) DNA repair proteins (3) signalling factors. Due 
to its ability to deacetylate a variety of substrates, SirT1 
is involved in a broad range of physiological functions, 
including control of gene expression, metabolism, 
tumorgenesis and aging.3 

Human SirT2 co-localises with microtubules in cytoplasm. 
Thus, knockdown of SirT2 results in tubulin hyperacetylation. 
SirT2 also bind FOXO3a, reducing its acetylation levels. 7, 8 
Mammalian SIRT2 is a predominantly cytoplasmic protein 
co-localizes with tubulin, and can deacetylate a number 
of substrates in vitro, including a-tubulin and histones, 
although the physiological consequences of a-tubulin 
deacetylation by SIRT2 are not yet clear.9-11 Cell culture 
studies demonstrate SIRT2 may be important in regulating 
mammalian cell cycle. SIRT2 protein levels increase during 
mitotic phase of the cell cycle and its over expression delays 
mitosis.9 Consistent with the idea that SIRT2 may restrain 
the cell cycle, expression of this sirtuin is down-regulated 
in human gliomas, compared with normal brain samples.12

SIRT3 was the first sirtuin shown to be localized to the 
mitochondria of mammalian cells.11,13,14 SIRT3 is localized 
to the mitochondrial matrix and cleavage of its signal 
sequence is necessary for enzymatic activity.14 SIRT3 
deacetylates multiple substrates in vitro including histone 
peptides and tubulin.10,13,14 SIRT3 is expressed in brown 
adipose tissue and induced by cold exposure.15 Moreover, 
the deacetylase activity of SIRT3 is reported to be required 
for the induction of uncoupling protein 1 (UCP-1). SIRT3 
also appears to regulate mitochondrial functions, as its 
over-expression increases respiration, while decreasing 
reactive oxygen species production.15

Two recent studies demonstrate that SIRT3 may regulate 
the activity of acetyl-CoA synthetase (AceCS), representing 
a striking, conserved activity with the bacterial sirtuin, 
cobB.14,16-18 AceCS uses acetate, CoA, and ATP to form acetyl-
CoA, which is an intermediate in the TCA cycle, and is also 
required for cholesterol and fatty acid synthesis. Acetylation 
of mitochondrial AceCS (AceCS2) inactivates the enzyme, 
whereas deacetylation by SIRT3 activates it. Interestingly, 
SIRT1 can deacetylate and activate the cytosolic form of 
AceCS (AceCS1). These data suggest that SIRT3 may play 
a role in regulating the entry of carbons from acetate 
into central metabolism. In sum, SIRT3 may be especially 
important under conditions of energy limitation—i.e., 
during fasting or CR to ensure full incorporation of dietary 

or ketone-derived acetate into metabolism.

SIRT4 is another mitochondrial protein that regulates energy 
usage. SIRT4 lacks detectable deacetylase activity,but 
demonstrates ADP-ribosyltransferases activity.10,11 SIRT4 
plays an important role in regulating amino acid-stimulated 
insulin secretion (AASIS) in pancreatic ß-cells by ADP-
ribosylating and inhibiting glutamate dehydrogenase 
(GDH).19 GDH converts glutamate into α-ketoglutarate, a 
TCA cycle intermediate. GDH-activating mutations cause 
hyperinsulinism in humans showing that this enzyme 
regulates insulin secretion by gating the flow of amino 
acids into central metabolism in ß-cells.20

The third mitochondrial sirtuin, SIRT5 localised in the inter-
membrane space, deacetylases carbamoyl phosphate 
synthetase 1 (CPS 1), an enzyme which is the first and 
rate-limiting step in urea cycle. Deacetylation of CPS 1 
by SIRT5 results in activation of CPS 1 enzymatic activity. 
Animal study showed in SIRT5-deficient mice failed to up-
regulate CPS 1activity and showed hyper ammonia during 
fasting. Similar effects are also observed on high protein 
diet or calorie restriction.  These data indicate SIRT5 as an 
emerging role in the metabolic adaptation to fasting, high 
protein diet and calorie restriction.21

The mitochondrial localization of SIRT3–5 is especially 
intriguing because mitochondrial dysfunction is associated 
with mammalian aging and many diseases, including 
diabetes, neurodegenerative diseases, and cancer.22 
Lifespan analysis of animals with varying SIRT3–5 level has 
not been performed; however, there is growing evidence 
linking mitochondrial sirtuins with regulating energy usage 
and even human lifespan.

The last two sirtuins, SirT6 and SirT7 have recently been 
characterized. SirT6 exerts an NAD+ -dependent histone 
H3K9 deacetylase action able to modulate telomeric 
chromatin functions.23 SirT6 has a role in genome stability. 
In mammalian cells subjected to oxidative stress, SirT6 
is recruited on DNA double-strand breaks (DSB) and 
stimulates repair through both homologous and non-
homologous end-joining recombination.

SirT7 is a predominantly nucleolar protein associated with 
active rRNA genes (rDNA), where it interacts with RNA 
polymerase I and histones.3 SirT7 does not seem to have 
any NAD+ dependent activity.3 Animal studies showed that 
SIRT7 prevents apoptosis in response to stress response in 
the heart.24 Interestingly, SIRT7 expression correlates with 
growth and it is abundant in tissues with high proliferation, 
such as liver, spleen, and testes.25 By contrast, SIRT7 
expression is absent or low in non-proliferating tissues, 
like heart, brain, and muscle. Recent work has shown that 
SIRT7 may regulate cellular growth and metabolism.25 In 
the nucleolus, SIRT7 associates with rDNA and interacts 
with RNA polymerase I (Pol I). Overexpressing SIRT7 
increases rRNA transcription and RNA inhibition of SIRT7 
decreases transcription, showing that this sirtuin activates 
Pol I transcription.25
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Some sirtuins may relocalise depending on cell or tissue 
type, development stage, stress condition and metabolic 
status suggesting that their localization is important for 
regulating function.26

Sirtuins and Diseases:

Diabetes Mellitus: SIRT1 down regulates p53 activity, 
increasing lifespan, cell survival and neuroprotection; 
it also deacetylates peroxisome proliferator – activated 
receptor gamma and its co-activator 1 alpha, promoting 
fat mobilization, increasing mitochondrial size and number, 
and positively regulating insulin secretion. Resveratrol 
might help in the treatment or prevention of obesity and in 
preventing the aging related decline in heart function and 
neuronal loss. New SIRT1 activators are 1000 times more 
effective than Resveratrol according to recent research.27

Antiageing: Ageing is characterized by a progressive 
deterioration functions and metabolic processes. In 
aging and in diseases associated with the elderly, such 
as Alzheimer’s or Parkinson’s, the loss of cells in vital 
structures or organs may be related to several factors, 
among which the production of reactive oxygen species 
(ROS) by mitochondria is a common denominator, one 
that leads to DNA damage, apoptosis and death. It is well 
established that reducing food intake (caloric restriction) 
extends the life span in a wide range of species. The protein 
implicated in this protective process is the silent information 
regulator 2 (SIRT2, SIRT1 in mammals), an enzyme that 
belongs to a nicotinamide adenine dinucleotide (NAD) 
+ dependent protein deacetylases. The link between the 
role of sirtuins, caloric restriction and longevity was first 
described in S. Cerevisiae. Lifespan extension has not 
been observed in yeast lacking Sir2.28 SIRs regulate gene 
silencing, DNA repair, rDNA recombination and ageing, 
apart from regulating programmed cell death. In this 
context, increasing SIRT1 has been found to protect cells 
against amyloid beta-induced ROS production and DNA 
damage, thereby reducing apoptotic death in vitro. The 
aging process is associated with telomere erosion. Recent 
studies have demonstrated that reduction or removal 
of SirT6 results in telomere dysfunction and end-to-end 
chromosomal fusions. Symptoms displayed in the absence 
of SirT6 are similar to those caused by a premature aging 
disease known as Werner’s syndrome. Little known about 
other sirtuins, but no evidence suggests their involvement 
with telomere function, formation and stability.29 SirT1 has 
been shown to promote replicative senescence in response 
to chronic oxidative stress by regulation of the p19ARF 
senescence regulator, which in turn positively regulates 
p53 via inhibition of MDM2, a protein mediating p53 
degradation.30  

It has also been demonstrated that Alzheimer’s and 
Huntington’s disease neurons are rescued by the over- 
expression of SIRT1, induced by either caloric restriction 
or administration of Resveratrol, a potential activator of 
this enzyme. The therapeutic use of Resveratrol and other 

related compounds utilise SIRT1 pathway modulators in 
treating aging-related brain disorders.31

In models of Huntington’s disease, SirT1 activation reduces 
cell death by inhibition of NFкB signalling. Alzheimer’s 
disease is also related to sirtuin action given that SirT1 
over expression in the brain of mice reduces β-Amyloid 
production and the formation of plaques. The β-Amyloid 
peptide generates protein aggregates (plaques) in the 
brain of patients.32 Recent studies also suggest that SirT1 
may benefit learning and memory by activating the gene 
for brain derived neurotrophic factor  also protects against 
amyotrophic lateral sclerosis.33,34

Cancer: Interest in sirtuins has grown in the last decade, 
mainly because of their critical role in different biological 
processes, such as regulation of gene expression, control 
of metabolic processes, apoptosis and cell survival, DNA 
repair, development, neuroprotection and inflammation. 
SIRT1 associates with the tumour suppressor protein p536 
and regulates protein levels of p53 through deacetylation 
of residue L382, which destabilises p53, thereby promoting 
cell survival.6,35-38 Over-expression of SIRT1 has been found 
in cancer cells to promote tumour cell survival.39 SIRT1 can 
deacetylase the DNA repair factor Ku70 which sequesters 
the pro-apoptotic protein BAX in the mitochondria thus 
preventing apoptosis.40

Nevertheless, SirT1 seems to play contradictory roles, 
both as tumour suppressor or tumour promoter.41,42 The 
initial evidence that SirT1 acts as tumour promoter derives 
from its repressive effect on tumour suppressor p53.41 By 
interacting physically with p53, SirT1 blocks its functions 
through deacetylation at the C-terminal K382 residue.43 

SirT1 over expression in cancer represses p53- dependent 
cell-cycle arrest and apoptosis in response to DNA damage 
and oxidative stress. DNA damage-induced acetylation of 
p53 leads to its activation. In response to damage, SirT1 
binds to and deacetylates p53, thus reducing its functional 
and transcriptional activities. Over expression of SirT1 
disrupts p53-dependent pathways, resulting in a significant 
reduction in the cell’s ability to respond to stress and DNA 
damage. The inhibition of SirT1 potentiates p53-dependent 
apoptosis.41,44 

Decreased SirT1 levels have been reported for glioma, 
bladder, prostate and ovarian cancers. Some studies 
have suggested that SirT1 over expression in APC-/+ mice 
reduces rather than increases colon cancer formation.45 

This action seems to be caused by SirT1 deacetylation of 
β-catenin, which promotes Cytoplasmic localization of 
the nuclear localized oncogenic form of β-catenin. SirT1 
deficiency also causes reduced DNA double strand break 
repair and radiation sensitivity.46 A potential tumour 
suppressor role has also been proposed for the other 
human sirtuins.26 This hypothesis is supported by several 
findings such as the reduction of SirT2 in a large number of 
human brain tumour cell lines, and its involvement in cell-
cycle progression. SirT3 is the only mitochondrial sirtuin 
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implicated in tumorgenesis. Its reduction in several cancers 
leads to an increase in ROS (reactive oxygen species) 
production which results in enhanced tumour growth.47 
SirT5 over expression may be found in a study of pancreatic 
cancer.48 

Recently, a role for SirT6 and SirT7 in tumorgenesis has 
been proposed. SirT6 might be involved as a result of its 
control of the NFкB pathway and DNA double strand repair. 
SirT7, whose expression inversely correlates with the 
tumorigenic potential in several murine cell lines, displays 
increased expression levels in breast cancer.49,50

Gene expression and deacetylase activity of the class 
III histone deacetylase SIRT1 are up-regulated in cancer 
cells due to oncogene over expression or loss of function 
of tumour suppressor genes. SIRT1 induces histone 
deacetylation and methylation, promoter CpG island 
methylation, transcriptional repression and deacetylation 
of tumour suppressor proteins. SIRT1 may play a critical 
role in tumour initiation, progression and drug resistance 
by blocking senescence and apoptosis and promoting cell 
growth and angiogenesis. SIRT1 inhibitors have shown 
promising anticancer effects in animal models of cancer.51

Sirtuins is emerging as a promising antitumor strategy 
whereby Salermide, a reserve amide with a strong in 
vitro inhibitory effect on Sirt1 and Sirt2 has been studied. 
Salermide was well tolerated by mice at concentrations up 
to 100uM and promoted tumour – specific cell death in a 
wide range of human cancer cell lines. The studies showed 
the apoptotic effect of Salermide to the reactivation of 
proapoptotic genes epigenetically repressed in cancer cells 
by SIRT1.52

Sirtuin modulators: 

A great deal of research interest has been focused on the 
identification of small chemical compounds that modulate 
these proteins. Many inhibitors of sirtuins have been 
proposed for therapy against neurodegenerative diseases 
and cancer.3 Sirtinol is mainly an inhibitor of the yeast Sir2 
and human SirT2.53 Its inhibitory effect on growth has been 
described in human breast, lung and prostate cancer cells. 
Another potent and selective inhibitor of SirT2 is AGK2. 
It was demonstrated that the inhibition of SirT2 protects 
against dopaminergic cell death in a Drosophilia model of 
Parkinson’s disease.33 Suramin is a potent inhibitor of many 
sirtuins. However its nephrotoxicity limits its therapeutic 
use.54,55 Cambinol and Salermide are inhibitors of SirT1 
and SirT2.56,57 Cambinol shows the potent activity against 
Burkitt lymphoma cell lines by a mechanism involving BCL6 
acetylation. Salermide induces apoptosis in cancer cells in 
a p53 independent manner. The indole derivative, EX-527 
is a celI permeable selective inhibitor of SirT1. Treatment 
with EX-527 increases acetylation at K382 of p53 after DNA 
damage induction in primary human mammary epithelial 
cells and several cell lines.58 The direct interaction between 

SirT1 and p53 highlights potential SirT1 involvement in p53 
functions including differentiation, DNA repair and aging. 
Currently EX-527 is in phase 1 clinical trials for the treatment 
of Huntington’s disease. In preclinical studies this inhibitor 
was shown to reduce neuronal death. Tenovins, a family 
of small molecule inhibitors have a potential therapeutic 
interest for the development of new drugs that act against 
tumour cells over expressing SirT1.59 Uv15008 has recently 
been reported as a novel epigenetic modifier able to 
inhibit simultaneously histone deacetylases, sirtuins and 
DNA methyltransferases. This compound induces cancer 
cell sensitive death in several human models. This action 
is independent of p53; Bcl-2-modifying factor (BMF) and 
TNF-related apoptosis-inducing ligand (TRAIL), affecting 
the growth of tumour cells deficient or mutated for these 
factors. This finding may potentiate its application in 
therapy by overcoming potential drug resistance limits.60 

CONCLUSION

Over the decade, the study of sirtuins has made 
remarkable progress and expanded our knowledge. 
Sirtuins influences several cellular processes. Growing 
evidence has underlined their involvement in many 
diseases. Although SirT1 has been extensively researched, 
a better understanding of its involvement in pathogenesis 
is required. However, our understanding of sirtuin biology 
is still far from complete and many questions remain to be 
answered. The development of potent sirtuin modulators 
may revert the disease process and possibly extend healthy 
human lifespan.  Emerging from research on the sirtuins 
is a growing appreciation that they are a very complicated 
biological response system that influences many other 
regulator molecules and pathways in complex manners. 
Recently, growing interest in sirtuin modulation has led 
to discovery and characterization of small molecules able 
to modify sirtuin activity. While it may be years before 
we know whether sirtuins regulate mammalian lifespan, 
current data suggests that these proteins are regulated 
by diet and in turn, regulate multiple facets of physiology, 
making them interesting therapeutic targets for metabolic 
and neurodegenerative diseases. Thus, to achieve the goal 
of a therapeutic intervention of aging, it will be important 
to fully elucidate the functions of all seven sirtuins and in 
many different tissues.
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