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ABSTRACT 

Sirtuins are a group of NAD+-dependent protein deacetylases that play an important role in cellular homeostasis, with wide-ranging effects on 
health and disease. Gene expression, metabolism, DNA repair, stress responses, and longevity are just a few of the biological processes that are 
affected by these evolutionarily conserved enzymes. Seven sirtuin subtypes (SIRT1–SIRT7) comprise the sirtuin family, and each has unique 
enzymatic properties and subcellular locations. Sirtuins are essential agents in chromatin remodelling, coordinating epigenetic changes that affect 
gene transcription and cellular destiny. Additionally, they play a crucial role in controlling pathways for nutrition sensing and energy homeostasis, 
which regulate the cellular metabolism. Notably, sirtuins participate in DNA repair and affect cell cycle progression, both of which are essential for 
maintaining genomic stability. This article offers a thorough overview of sirtuin biology, with an emphasis on their numerous roles, cellular 
localization, and consequences in various physiological and pathological circumstances. 
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INTRODUCTION 

A novel class of chromatin metabolic enzymes, termed sirtuins, was 
initially discovered in yeast S. cerevisiae. This group consists of seven 
members (Sirtuin 1-7), whose enzymatic activity depends upon 
nicotinamide adenine dinucleotide (NAD). Sirtuins facilitate the post-
translational modification of numerous cellular proteins through 
deacetylation (sirtuins 1, 2, 3, and 5) and the transfer of adenosine 
diphosphate and ribose (ADP-ribose). Sirtuin activity has been 
associated with gene repression, metabolic regulation, stress responses, 
genome stability, apoptosis and cell survival, DNA repair, maturation, 
inflammation, neuroprotection, and healthy aging. While sirtuin 
modification may present therapeutic advantages for human diseases, 
the identification of biomolecules that modulate sirtuin activity is 
becoming increasingly crucial. Based on sequence-based genomic 
studies, sirtuins in animals can be categorized into four groups: SIRT1-
SIRT3 belong to group I, SIRT 4 to group II, SIRT 5 to group III, and SIRT 
6 and SIRT7 to group IV [1, 2]. A comprehensive literature search was 
conducted using databases such as PubMed, Scopus, and Web of Science 
using keywords such as ‘sirtuins, subcellular localization of sirtuins,’ 
‘sirtuin activators, and ‘sirtuin inhibitors. 

Subcellular localisation of sirtuin 

Sirtuins exhibit distinct intracellular distributions in mammals. 
SIRT1 is predominantly localized in the nucleus, although it is also 
present in the cytoplasm. It plays a crucial role in regulating gene 
expression and is frequently associated with processes such as DNA 
repair, chromatin remodelling and transcriptional regulation. SIRT2 
is primarily cytoplasmic but can translocate into the nucleus and is 
involved in a range of cellular activities, such as regulating the cell 
cycle, managing microtubule dynamics, and organizing the 
cytoskeleton. SIRT 3, 4, and 5 (SIRT3, SIRT4, and SIRT5) are 
predominantly located in the mitochondria, which are the energy-
generating organelles of the cell. These sirtuins play crucial roles in 
regulating mitochondrial function, ensuring mitochondrial integrity, 
and minimizing oxidative stress. Sirtuins play an important role in 
various processes, such as inflammation, apoptosis, metabolism, and 
oxidative stress; therefore, they can be targets for disease conditions 
such as cancer, cardiovascular disease, and respiratory diseases [3]. 
SIRT6 is primarily nuclear and is involved in chromatin regulation, 
DNA repair, and maintenance of genomic stability. SIRT7 is localized 
within the nucleolus, particularly in the nucleolar regions associated 
with rRNA transcription. It is associated with ribosome biogenesis 
and plays a role in the regulation of ribosomal RNA (rRNA) 

transcription [4]. The following table (table 1) summarizes the 
sirtuin subtypes, their subcellular localization, and their respective 
physiological functions [5]. 

Physiological roles of sirtuins 

SIRT1 is a crucial metabolic controller whose activity is influenced by 
dietary intake; it is upregulated throughout the body when food 
abstinence and calorie deficit are practised. In addition to encouraging 
the breakdown of cholesterol and lipids in the liver, skeletal muscles, 
and fatty tissues, SIRT1 upregulates mitochondrial biogenesis in 
several tissues, promotes gluconeogenic genes, represses glycolytic 
genes, and broadly activates fatty acid oxidation [5]. The major target 
of SIRT2 deacetylase in humans is α-tubulin, which is why mammalian 
SIRT2 is mostly a cytoplasmic catalyst that is closely associated with 
tubulins. Moreover, SIRT2 interacts with histone H4's Lys16 during 
the G2/M transition and deacetylates it, causing condensed chromatin 
formation. Furthermore, SIRT2 levels are diminished in gliomas, 
implying that SIRT2 removal may promote tumor growth and that 
SIRT2 replacement may function as a tumor-suppressing therapy [6]. 
The mitochondria contain SIRT3, SIRT4, and SIRT5, which are 
associated with the control of fundamental mitochondrial functions, 
such as adenosine triphosphate (ATP) generation, metabolism, 
mortality, and cellular signalling [7]. The role of SIRT3 in ameliorating 
depression has been studied by scientists, where it was concluded that 
exercise leads to an increase in SIRT3 levels and alleviates depression 
[8]. SIRT5 may contribute to the regulation of apoptosis and alter 
oxygenation. In mammalian cells, SIRT 6 integrates stress signalling to 
fuel the DNA repair process, considering oxidative damage, and plays a 
critical role in genome repair and preservation of genetic stability. 
SIRT6 is a desirable target for cancer therapy because it causes 
significant apoptosis in an assortment of disease cell lines but not in 
typical cells [9, 10]. SIRT7 interacts with several chromatin-
remodelling complexes in the nucleolus and RNA and controls 
transcription, which is crucial for mammalian cell survival [11]. 

Sirtuin activators 

Sirtuin activators enhance the activity of sirtuin enzymes, 
influencing various physiological processes, such as metabolism, 
aging, and age-related diseases. A docking study was conducted 
using the Indonesian herbal database, and many compounds, such as 
alpha-carotene, cassiamin C, casuarinin, and lutein, were found to be 
good SIRT1 activators [12]. The following is a list of compounds that 
have been reported to be sirtuin activators. 
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Table 1: Sirtuin subtypes, their subcellular localization, and respective physiological functions 

Sirtuin Subcellular localization Physiological functions 
SIRT1 Nucleus, Cytoplasm Regulates transcription, DNA repair, metabolism, cell survival, aging 
SIRT2 Cytoplasm, Nucleus Controls microtubule dynamics, cell cycle, oxidative stress response 
SIRT3 Mitochondria Maintains mitochondrial integrity, regulates energy metabolism, ROS detoxification 
SIRT4 Mitochondria Modulates insulin secretion, fatty acid oxidation, metabolic stress response 
SIRT5 Mitochondria Regulates ammonia detoxification, urea cycle, lysine desuccinylation/demalonylation 
SIRT6 Nucleus DNA repair, telomere maintenance, glucose and lipid metabolism, inflammation control 
SIRT7 Nucleolus Ribosomal RNA transcription, chromatin regulation, stress response 

 

Resveratrol 

Resveratrol (RSV), a polyphenol with two benzyl rings connected via 
a methylene linkage, was the initial substance shown to imitate 
calorie restriction (CR) by activating sirtuins. Resveratrol 
significantly reduced aging symptoms without changing the 
expression of any sirtuin genes and mimicked CR-induced gene 
expression patterns in numerous organs. Red wine and other grape 
products contain resveratrol (RSV), a non-flavonoid polyphenol 
which prevents the development of malignancy. In addition, RSV 
possesses anticancer, anti-neurodegenerative, and anti-irritation 
properties [13]. In vivo studies of RSV have shown improved general 
health in infected patients. Researchers have explored the role of 
resveratrol in aging and concluded that resveratrol can play a 
beneficial role in aging by modulating the sirtuin pathway [14, 15]. 
Age-related symptoms such as decreased proteinuria and cataract 
development, improved arterial flexibility, reduced vascular 
endothelium inflammation and apoptosis, improved motor 
coordination, and constant mineral density of bones were 
significantly improved in mice. Owing to RSV's low bioavailability, 
repackaged varieties with increased bioavailability have been 
developed. The dietary supplement resVida, which includes 150 mg 
of resveratrol daily, also produced excellent results in terms of 
lowering intrahepatic lipid content, blood glucose levels, circulating 
fatty acids, alanine aminotransferase levels, and inflammatory 
markers in healthy obese men. Sirtuins enhance the phosphorylation 
of MAPKs (mitogen-activated protein kinases), AKT, AMPK (5' AMP-
activated protein kinase), RhoA (Ras homolog family member A), 
and BDNF (Brain-Derived Neurotropic Factor) while simultaneously 
decreasing the activation of the NLRP3 (NLR family pyrin domain 
containing 3) inflammasome, NF-κB, and STAT3 (Signal Transducer 
and Activator of Transcription 3). Additionally, they facilitated the 
SIRT1/SREBP1c pathway, lowered β-amyloid levels via the SIRT1-
NF-κB-BACE1 signalling pathway, and alleviated mitochondrial 
damage by deacetylating PGC-1α [16, 17].  

Quercetin 

Fruits, vegetables, and nuts contain quercetin (Que; 3,3′,4′,5,7-
pentahydroxyflavone), a type of flavonoid polyphenol, which has a 
characteristic nutritive enhancement that is protected and has 
mitigating and cell reinforcement qualities. Quercetin is present in 
organic products, seeds, vegetables, bracken greenery, coffee, tea, 
and a few other plants, as well as in natural dyes [18]. Quercetin 
binds to sirtuins (mainly SIRT1 and SIRT6) and increases their 
deacetylase activity. It plays an important role in inflammation, 
oxidative stress, mitochondrial health and autophagy by modulating 
the SIRT1/NF-κB, SIRT1/Nrf2/HO-1, mitochondrial biogenesis and 
SIRT1/FoxO pathways, respectively [19]. It has several properties 
that could make it a successful enemy of disease. Quercetin has been 
shown to play a significant role in the concealment of cancer cells in 
the breast, colon, prostate, ovary, endometrium, and lungs. 
Quercetin, which respond to the radicals produced, can prevent the 
negative effects of lipid peroxidation on the body, such as 
cardiovascular and neurological diseases [20, 21]. 

Berberine 

Berberine is a yellow alkaloid found in many plants. It interacts 
mainly with SIRT1 by activating the AMPK pathway which 
influences lipid breakdown, lowers insulin resistance and decreases 
oxidative stress in liver, pancreas or heart diseases. Berberine 
activates SIRT3 in adipose tissue and improves metabolism. It helps 
in combination of SIRT1 with TFEB (a transcription factor) and 

induces autophagy. Berberine (BBR) has been linked to analgesic, 
antitumor, anti-aging, and cardiac preventive effects. It has 
antioxidative protective properties under various pathological and 
physiological circumstances [22, 23]. 

Fisetin 

The natural polyphenol fisetin (3,3′,4,7-tetra-hydroxyflavone), is a 
dietary flavonoid found in apples, persimmons, grapes, onions, kiwi, 
kale, and strawberries[24]. It activates SIRT1 and 6 and modulates 
SIRT3. Fisetin has an inhibitory effect on SIRT 2. Activation of SIRT 1 
has an anti-inflammatory effect and regulates differentiation of fat 
cells. SIRT 6 activation helps in inhibiting senescence. The modulation 
of SIRT3 leads to mitophagy and helps in reduction of oxidative stress. 
SIRT2 inhibition lead to anticancer potential of Fisetin, especially in 
cancers of the pancreas [25, 26]. Diabetic animals treated with fisetin 
showed increased levels of plasma insulin, C peptide, and 
haemoglobin. These results confirm that fisetin plays a significant role 
in maintaining glucose homeostasis. Fisetin was found to have 
antibacterial properties in several tests [27, 28]. 

Curcumin 

Curcumin which is an active compound found in turmeric, can 
activate and increase the expression of SIRT1, leading to activation 
of AMPK pathway. Curcumin due its action on SIRT1 has an anti-
inflammatory effect and has the ability to decrease age-related 
stress. Increase in SIRT1 activity has a neuroprotective effect and 
prevents against Alzheimer's and Parkinson's disease. Through the 
activation of SIRT, curcumin can affect apoptosis, mitochondrial 
biogenesis, and malfunction. Diabetes, ischemia/reperfusion injury, 
cardiac fibrosis, and other disorders can be prevented or treated by 
curcumin-induced SIRT1 overexpression [29, 30]. 

Sirtuin inhibitors 

Sirtuin inhibitors suppress or reduce the activity of sirtuin enzymes. 
They are being explored for their potential therapeutic applications 
in specific contexts, such as cancer treatment [31, 32]. 

Splitomicin and its derivatives 

Splitomicin and its analogues have been studied for cell-based SIRT2 
inhibition, and the most effective analogues had hydrolysis rates 
comparable to that of splitomicin in an in vitro SIRT2 inhibition 
assay. Splitomicin does not effectively inhibit human sirtuins; 
therefore, several α-phenyl splitomicin analogues have been 
developed. The direction of the-phenyl bunch is essential for the role 
of these chemicals in SIRT2 movement, and a connection between 
higher catalyst hindrance and anticancer action has been 
established. These compounds may be helpful in the treatment of 
cancer and other conditions by activating suppressive properties, 
inducing cell death, and inhibiting the activity of transcriptional 
repressors of oncogenes [33, 34]. 

Sirtinol 

Sirtinol is a 2-[(2-hydroxy-naphthalen-1-yl) methylene-amino] 
compound. In vitro hindrance of yeast SIRT2 and human SIRT2 
action by N-(1-phenyl-ethyl)-benzamide shows that this compound 
directly reduces enzymatic activity and serves as a generic inhibitor 
of sirtuins. It has been shown that drugs with the 2-hydroxyl-1-
napthol moiety belong to another class of sirtuin inhibitors and are 
effective for restraint. A different class of sirtuin inhibitors, 
comprising combinations including the 2-hydroxyl-1-napthol moiety 
grouping, has been shown to be effective at inhibiting sirtuins. Two 
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further analogues have been made: [(2-hydroxy-1-
naphthalenylmethylene) amino]-3 and 4-1 phenylethylbenzamide-
N-(i. e., m-and p-sirtinol) [35]. 

AGK2 

AGK2 is a chemical compound that acts as a sirtuin inhibitor, 
specifically targeting SIRT2. AGK2 can alter the deacetylation of 
SIRT2 target proteins and impact various cellular processes 
associated with sirtuins. Inhibiting SIRT2 can affect various cellular 
processes, such as the cell cycle, microtubule dynamics, and cellular 
stress response, and may have implications for cell proliferation, 
differentiation, and survival [32]. 

Cambinol 

Cambinol is a chemically stable drug that reduces SIRT1 and SIRT2 
levels in vitro. It possesses a sirtinol and splitomicin β-
naphtholpharmacophore. SIRT5 was only slightly inhibited by 
cambinol (42% inhibition at 300 µM). Cambinol decreased the 

growth of Burkitt lymphoma xenografts in mice and induced 
apoptosis by hyperacetylating the oncoproteins BCL6 and p53. The 
phenyl ring of cambinol was modified to enhance the activity and 
selectivity for SIRT1, and several SIRT2-selective analogues have 
been discovered. Cambinol has also been explored for its anticancer 
activity. In certain cancer types, SIRT1 and SIRT2 activities can 
promote tumor growth and survival. Inhibiting these sirtuins with 
cambinol may disrupt cancer growth [36]. 

Suramin 

The inhibitor suramin is more powerful than cannabinol in SIRT5 
NAD-subordinate deacetylase movement. Originally used to treat 
trypanosomiasis, suramin is a polyhydrous naphthyl urea that also 
has antiproliferative and antiviral properties [37]. 

Protective effects of sirtuin 

Sirtuins play an important role in disease pathways. The fig. below 
illustrates the role of various sirtuins in disease pathways [38]. 

 

 

Fig. 1: Roles of different sirtuin subtypes in various diseases 

 

The renal defensive impacts of sirtuin 

Acute kidney injury 

Different models of intense kidney injury have been used to show 
the renal protective effects of sirtuins. According to research, SIRT1 
protects the kidneys by deacetylating p53 and promoting catalase 
activity, which prevents apoptosis and oxidative damage, 
respectively. By deacetylating and activating peroxisome 
proliferator-initiated receptor gamma coactivator 1-alpha, SRT1720, 
a specific SIRT1 activator, promotes the biogenesis of mitochondria, 
mitochondrial proteins, and mitochondrial respiration. Thus, 
SRT1720 re-establishes separated and enraptured tubule 
epithelium, decreasing reoxygenation injury. These capabilities are 
related to the assurance of intense tissue or cell affronts through 
powerful energy use. By deacetylating nuclear factor-(NF-) p65 and 
mitogen-activated protein kinase phosphatase-1, SIRT2 further 
protects the kidney in a lipopolysaccharide-activated severe renal 
damage model [39]. 

Cyst formation 

SIRT1 has recently been associated with renal cyst formation. 
Knockout mice SIRT1 and the polycystic kidney disease gene Pkd1 
developed cysts less frequently than the other mice. Pkd1 knockout 
mice were administered a SIRT1 inhibitor, which reduced the rate of 
cyst formation. Cilia development observed in Pkd1 knockdown was 
inhibited by SIRT2 overexpression in renal epithelial cells [40, 41].  

Diabetic nephropathy 

Sirtuin 1 has a role in diabetes [42]. Sirtuins have been investigated 
for their functions in the initiation and progression of diabetic 

nephropathy. Through deacetylating and inactivating Nuclear Factor 
kappa-light-chain-enhancer of activated B cells (NFκB) in mesangial 
cells, 3,5-diiodothyronine activates SIRT1. This inhibits the 
phosphorylation of the Jun proto-oncogene (c-JUN), expansion of 
mesangial cells, and production of urinary proteins. SIRT1 
inactivates signal transducer and activator of transcription 3 
(STAT3) and NF-’s p65 subunit, which suppresses podocyte 
destruction and visceral epithelial cell dysfunction in diabetic 
nephropathy and increases urine protein levels in diabetic 
nephropathy. As a result, podocyte apoptosis and urinary protein 
levels are reduced [43]. 

Neuroprotective impacts of sirtuins 

Acute disorder 

Cerebral ischemia 

According to Raval et al., SIRT1 has a neuroprotective effect. 
According to their findings, ischemic preconditioning and 
resveratrol therapy both lessen the neuronal damage caused by N-
methyl-D-aspartate (NMDA) challenge to hippocampal CA1 neurons 
in slices, as well as overall cerebral ischemia in rats. Additionally, 
they demonstrated that resveratrol and preconditioning have 
protective effects by enhancing SIRT1 activity. Two recent 
examinations have shown that sirtuin 1 actuation increases blood 
supply to the brain and that one potential pathway is the negative 
impact of the mitochondrial unfasten protein 2, further prove 
SIRT1's neuroprotective job. In addition to providing direct safety, 
SIRT1 also works synergistically with other neuroprotective 
substances, including tetrahydroxy stilbene glucoside and 
leptinicariin [44]. 
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Depression 

Scientists have reported the protective effects of increased SIRT3 
expression in depression. They found that swimming increased the 
expression of SIRT3 and alleviated depression caused by mild stress [45].  

Retinal injury 

The sensory system's retina is vulnerable to various injuries from 
UV rays, blood shortages, irritation, and retinal degeneration. SIRT1 
is present throughout the normal retinal layers and is essential for 
retinal health. However, the retinas of SIRT1-deficient animals 
exhibit disordered cellular patterns, lower cell counts in many 
layers, and hyperacetylation of p53. SIRT1 has also been linked to 
neuroprotective functions against retinal damage. For instance, 
resveratrol upregulates SIRT1, which protects the retina against 
antibody-induced apoptosis. SIRT1 is absent in retinal degeneration 
10 (rd10) mice, an animal model of retinal degeneration, and this 
absence of SIRT1 causes retinal degeneration. Similarly, the absence 
of E2Fs, a transcription factor for SIRT1, causes SIRT1 to be 
downregulated, p53 to become hyperacetylated, and retinal 
apoptosis to increase. Taken together, these findings show that 
SIRT1 is helpful for retinal health and maintenance [46]. 

Neurodegenerative diseases 

Alzheimer’s disease 

Sirtuins are evolutionarily conserved, NAD⁺-dependent enzymes 
known for their roles in protecting against age-related disorders. In 
Alzheimer's disease (AD), various mouse and cell culture models 
have demonstrated that elevating SIRT1 levels can counteract AD-
related pathology. SIRT1 is also a key mediator of the physiological 
benefits associated with calorie restriction (CR); mice lacking SIRT1 
fail to respond normally to CR, while transgenic mice overexpressing 
SIRT1 show CR-like adaptations. This establishes a strong link 
between CR and SIRT1 activity. Early evidence of CR’s influence on 
AD came from findings that calorie-restricted AD mice had fewer 
amyloid-β plaques. In AD and Amyotrophic Lateral Sclerosis (ALS) 
mouse models, SIRT1 levels were found to increase, and in cell-
based models of both diseases, resveratrol and SIRT1 activation 
improved neuronal survival [47, 48].  

Parkinson's disease (PD) 

Is characterized by the loss of dopaminergic neurons in the 
substantia nigra, which is defined by bradykinesia, postural 
instability, muscle rigidity, and resting tremor. All organs, including 
the brain, express SIRT1, particularly in neurons. SIRT1 may be 
protective against PD. SIRT1 could, on the one hand, avoid α-
synuclein aggregation in PD animal and cell models by activating 
molecular chaperones. To prevent PD pathogenesis, SIRT1 
deacetylase activity facilitates α-synuclein elimination via light chain 
3 (LC3)-mediated autophagy. Additionally, extracellular α-syn 
accumulation results in mitochondrial dysfunction and a decrease in 
SIRT1 production. Resveratrol and another sirtuin-activating 
compound, quercetin, prevented the loss of dopaminergic neurons 
caused by the dopaminergic neurotoxin 1-methyl-4-phenyl pyridinium 
(MPP+), which affects dopaminergic neurons, according to studies on 
the neuroprotective effects of resveratrol on dopaminergic neurons in 
organotypic midbrain cut cultures. Whether SIRT2 plays a role in the 
etiology of neurodegenerative disorders is debatable. Expanded 
deacetylation of tubulin, which decreases microtubule integrity in 
neurons, may be the cause of SIRT2 overexpression, promoting 
neurodegeneration. Repressing SIRT2 resulted in less development of 
polyglutamine at the N-end of neurons in a mouse model of 
Huntington's disease. In addition, SIRT2 inhibition increased neuronal 
cell survival, but SIRT2 expression increased α-synuclein toxicity in PD 
models. Additionally, SIRT2 expression can lessen brain cell death in 
animal models after MPP+ treatment. Hence, depending on the 
circumstances, the role of SIRT2 may change. SIRT2 increases α-syn 
toxicity and aggregation [49, 50]. 

Huntington's disease 

Huntington’s disease (HD) is an autosomal dominant neurological 
condition that often affects people in their midlife. Slow-progressive 

HD is characterized by personality changes as a defining feature, 
neurological impairment, unusual motor motions, and ultimately 
patient death. Sirtuin deacetylases have been investigated as 
potential therapeutic targets for slowing HD progression in human-
like cell culture and animal models. The experiments of Parker and 
colleagues, which revealed that overexpression of Sir1 or therapy 
with resveratrol reverses Caeno rhabditiselegans' mutant 
polyglutamine-induced neuronal dysfunction phenotypes, were the 
first to link SIRT1 to HD. Pre-treatment with resveratrol helped rats 
recover from the cognitive and motor abnormalities induced by 3-
nitropropionic acid in a chemically induced HD model. Nicotinamide, 
a pharmacological inhibitor that may affect several sirtuin proteins, 
was administered to these mice. This therapy reduced the motor 
impairments associated with HD, but had no effect on mice 
huntingtin aggregation or weight loss. These studies highlight the 
potential of nicotinamide and resveratrol as potent medicinal agents 
[51, 52]. 

Wallerian degeneration 

Axonal degradation is an active mechanism in neurodegenerative 
diseases and peripheral neuropathies. Anterograde degeneration of 
transected axons is noticeably delayed in a mutant mouse strain 
called Wallerian degeneration slow (Wld). After axon transection, 
neurons pretreated with resveratrol or NAD showed less axonal 
breakdown. Additionally, sirtinol therapy and 
SIRT1knockdownprevented NAD-dependent axonal protection. 
Therefore, SIRT1 was suggested as the downstream effector of 
Nmnat/NAD axonal protective activity. Furthermore, the protective 
effects of NAD were unaffected by the SIRT1 inhibitor sirtinol or 
resveratrol in the same experiment [53, 54]. 

Regulation of cell proliferation, stress resistance, and cancer by 
sirtuins 

Numerous components, such as p53, which control cell proliferation 
and apoptosis, have been discovered to be sirtuin substrates. SIRT1 
may have both tumour-promoting and tumour-suppressive 
functions in cancer. The dual nature of SIRT1’s role in cancer is 
influenced by tissue-specific factors and the genetic background of 
the tumour. As a tumour promoter, SIRT1 can increase cell survival, 
inhibit apoptosis, and promote cancer cell proliferation and 
metastasis. In contrast, SIRT1 activation inhibits tumour growth and 
induces apoptosis. This dual nature of SIRT1 in cancer requires 
careful consideration. The effect of SIRT1 in cancer depends on the 
tissue type, stage of cancer progression, and genetic background. It has 
been suggested that SIRT1 and the tumour-suppressing protein p53 
are related. Stopping the cell cycle and cell death are brought on by the 
hyperacetylation of p53, which stabilizes and activates it due to its 
many acetylation sites. In contrast, it is predicted that SIRT1's 
deacetylation of p53 will cause its destruction via an MDM2-
dependent ubiquitin-mediated mechanism. Overexpression of the 
dominant-negative SIRT1 protein reduces p53 transcriptional activity 
and p53-dependent apoptosis. Except for SIRT5, all mammalian 
sirtuins have been implicated in carcinogenesis. A key regulator of 
cancer cell proliferation, DNA restoration, and survivability under 
various stresses has been identified as SIRT1 [55, 56]. 

Breast cancer 

SIRT1 exhibits both pro-tumorigenic and antitumorigenic effects in 
breast cancer. SIRT1can facilitate DNA repair and suppress 
inflammation, which may confer tumor-suppressive properties to it. 
Nonetheless, SIRT1 can enhance cell survival pathways, potentially 
contributing to tumor proliferation. It achieves DNA repair by 
deacetylating essential DNA repair proteins, thereby preserving 
genomic stability and mitigating the risk of tumorigenesis. 
Furthermore, SIRT1 can attenuate inflammation by deacetylating 
and inactivating pro-inflammatory transcription factors such as NF-
κB. This anti-inflammatory mechanism may play a role in inhibiting 
the initiation and progression of breast cancer, while it has also been 
linked to tumour promotion. It can promote cell survival pathways, 
potentially supporting cancer cell growth and survival. Additionally, 
in certain breast cancer subtypes, it enhances oestrogen receptor 
signalling, which may contribute to tumour progression [57, 58]. 
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Lung cancer 

Patients with invasive non-small cell lung cancer showed positive 
expression of SIRT1. Advanced tumour invasion, lymph node 
metastases, and high pathological T stage were all strongly 
correlated with SIRT1 expression. In 118 patients with non-small 
cell lung cancer, the HIC1-SIRT1-p53 regulatory loop was found to 
be deregulated. Patients with worse prognoses usually showed low 
p53 acetylation, high SIRT1 expression, and low HIC1 expression 
levels. SIRT6 can also act as a tumour suppressor in lung cancer by 
inhibiting glycolysis and reducing tumor growth. 

Colon cancer 

c-MYC is associated with increased SIRT1 protein levels in colorectal 
cancer. A positive feedback regulatory loop is created by c-MYC, 
nicotinamide phosphoribosyl transferase, breast cancer protein c-
MYC deletion, and SIRT1. Increased expression of SIRT1 and c-MYC 
is strongly associated with higher levels of malignancy in colorectal 
serrated lesions. SIRT 6 can also inhibit colorectal cancer cell growth 
by regulating glucose metabolism and suppressing inflammation 
[59, 60].  

Thyroid cancer 

SIRT1 has been suggested to have tumour-suppressive effects in 
some studies on thyroid cancer. It can promote DNA repair 
mechanisms, which helps maintain genomic stability and reduce the 
risk of cancer development. SIRT1 overexpression and c-MYC 
protein levels are positively associated with human thyroid tumours. 
SIRT1 may promote thyroid cell differentiation, which can be 
disrupted in thyroid cancer cells. Enhanced differentiation may slow 
down tumour growth. Transgenic SIRT1 expression promotes 
phosphatase and tensin homolog-induced thyroid carcinogenesis in 
mice SIRT1 boosts cellular MYC (c-MYC) transcription and stabilizes 
this protein in thyroid tumours. SIRT 6 can also act as a tumour 
suppressor in thyroid cancer by promoting DNA repair mechanisms, 
inhibiting inflammation, and regulating glucose metabolism, all of 
which may contribute to slowing tumour growth [61]. 

Pancreatic cancer 

Both mRNA and protein upregulation of SIRT1 were observed in 
pancreatic cancer tissues. In pancreatic cancer cells, apoptosis and 
senescence are induced by SIRT1 knockdown, which also inhibits 
invasion and increases chemosensitivity. By deacetylating pancreatic 
transcription factor-1 and β-catenin, SIRT1 controls acinar-to-ductal 
metaplasia in pancreatic cancer and promotes cancer cell survival. 
SIRT3 also exerts tumour-suppressive effects in pancreatic cancer. It 
can promote mitochondrial function and reduce oxidative stress, 
which may slow tumour growth. SIRT6 also has a tumour-
suppressive role by inhibiting glycolysis, promoting DNA repair 
mechanisms, and regulating inflammation [61]. 

Malignancies of the ovary and cervical 

SIRT1 is frequently overexpressed in ovarian cancer. It facilitates 
cancer cell proliferation and inhibits cancer cell apoptosis. SIRT1 
stops the transcriptional factor FOXL2 from activating on locations 
necessary for the cell cycle and DNA repair in granulosa cells. In 
contrast, nicotinamide's suppression of SIRT1 reduces granulosa cell 
proliferation by increasing FOXL2 expression. Human 
papillomavirus E7, an oncogenic viral protein that up regulates 
SIRT1, can control the pro-survival effect of the virus by inhibiting 
p53 function in human SiHa cervical cancer cells. SIRT3 may 
function as a tumour suppressor in ovarian cancer by modulating 
mitochondrial function and mitigating oxidative stress [62]. 

Lymphoma and leukaemia 

SIRT1 is associated with both pro-tumorigenic and anti-tumorigenic 
functions in various leukaemia subtypes. It may enhance cell 
survival pathways and inhibit apoptosis in certain contexts, thereby 
potentially facilitating leukaemia cell proliferation. SIRT1 is 
overexpressed in adult T-cell leukaemia cells, and sirtinol inhibition 
leads to apoptosis. In 104 patients with diffuse large B-cell 
lymphoma, 74% (77/104) exhibited positive SIRT1 protein 
expression, which was strongly associated with worse overall 

survival. SIRT1 expression was also excessive (more than 2-fold). 
Increased SIRT1 expression appears to be essential for cell survival. 
Burkitt lymphoma cells undergo apoptosis when cambinol inhibits 
SIRT1/2. SIRT2 has role in both tumour-promotion and tumour-
suppression roles. Some studies suggest that SIRT3 may have 
tumour-suppressive effects in certain types of leukaemia by 
regulating mitochondrial function and oxidative stress. SIRT6 can 
promote DNA repair, inhibit inflammation, and regulate cellular 
metabolism, all of which may contribute to slowing tumor growth 
[63]. 

CONCLUSION 

This review highlights the diverse functions of sirtuins, which are 
crucial enzymes. Although sirtuins show therapeutic potential, their 
context-dependent roles and limited clinical data necessitate further 
mechanistic and translational research. Altering sirtuin activity may 
influence various pathological changes in different diseases. Sirtuins 
belong to a family of well-preserved enzymes that are vital for 
numerous cellular activities, such as metabolism, stress response, 
and aging. These NAD+-dependent deacetylases have attracted 
considerable interest recently because of their wide-ranging roles 
and potential therapeutic uses. Sirtuins are key regulators of gene 
expression, DNA repair, and cellular balance, making them 
indispensable for sustaining overall cellular health and longevity. 
Their significance extends beyond basic cellular functions, as they 
are linked to several pathological conditions, including 
cardiovascular disease, neurodegenerative disorders, and cancer. 
Studies have indicated that adjusting sirtuin activity may alleviate or 
even reverse some of the harmful effects associated with these 
diseases. For example, activating specific sirtuins has been shown to 
enhance insulin sensitivity in diabetes, decrease inflammation in 
cardiovascular conditions, and boost neuroprotection in 
neurodegenerative diseases. Consequently, targeting sirtuins 
through pharmacological means or lifestyle changes has emerged as 
a promising strategy for developing new therapeutic approaches to 
address a broad spectrum of age-related and metabolic disorders. 
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