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Sirtuins, in mammals, are a group of seven enzymes (SIRT1–SIRT7) involved in the post-translational modification

of proteins—they are considered longevity proteins. Sirtuin 6 (SIRT6), classified as class IV, is located on the cell

nucleus. It affects many molecular pathways involved in aging: telomere maintenance, DNA repair, inflammatory

processes or glycolysis. SIRT6 is involved in the regulation of homeostasis—an increase in the protein’s activity

has been noted in calorie-restriction diets and with significant weight loss, among others. Expression of this protein

is also elevated in people who regularly exercise. 

sirtuins  SIRT6  aging  metabolism

1. Introduction

Silent information regulator (Sir) proteins belong to NAD -dependent deacetylases, enzymes catalyzing the

deacetylation reaction. Sirtuins were first discovered in the yeast Saccharomyces cerevisiae by virtue of their role

in the establishment of transcriptional silencing of mating-type loci. Further studies have shown that Sir2 is also

crucial in the partitioning of carbonylated proteins between mother and daughter cells, as well as for silencing at

yeast telomeres and in the rDNA. The conserved enzymes called sirtuins, originally discovered in yeast, are

produced by almost all organisms, from non-nucleated prokaryotes, to unicellular archaea and bacteria, to

mammals .

Sirtuins play an important role in maintaining health and affect many pathways that increase the lifespan of

organisms . In mammals, they constitute a group of seven proteins (SIRT 1–7) belonging to class III histone

deacetylases (HDACs). Sirtuins have a common catalytic domain of NAD , consisting of about 260 amino acid

residues . Individual sirtuin isoforms differ in sequence and length in the N- and C-terminal domains, which

affects their enzymatic activity, cellular localization and substrate specificity .

Initially, sirtuins were studied in the context of organism aging and gene silencing, but many other biological

functions of proteins belonging to this group have been revealed in mammalian cells . Studies on yeast aging

showed a relationship between the Silent Information Regulator 2 (Sir2) gene and the viability of budding yeast .

Sirtuin 6 (SIRT6), belonging to class IV, is in the cell nucleus. SIRT6 promotes the repair of double-stranded DNA

breaks by forming a complex with DNA-dependent protein kinase (DNA-PK) . It has a hydrophobic pocket where

the myristoylated group is located before being cleaved from the modified protein . It has been suggested that

this enzyme exhibits higher deacylase activity than deacetylase activity .
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In a healthy organism or with minor damage, this protein promotes cell proliferation and activation of repair

processes, while in the case of serious damage, it supports the apoptosis of damaged cells. It is in this mechanism

that SIRT6 prevents the proliferation of damaged cancer cells . SIRT6 slows down the course of

gluconeogenesis by inhibiting the action of the PGC-1α factor. The activity of PGC-1α depends on the degree of its

acetylation. This process is controlled by the acetyltransferase GCN5. SIRT6 causes deacetylation and

phosphorylation of GCN5, which increases its acetylase activity. Over-acetylating PGC-1α, the acetyltransferase

leads to a decrease in its activity and, consequently, to the inhibition of gluconeogenesis .

The association of sirtuins with aging is a well-known topic. Imai et al.  pointed to several mechanisms,

including: effects on metabolism and regulation of circadian clock mechanisms, and emphasized that sirtuin activity

decreases with age, which should be associated with a decrease in NAD . The most important sirtuin described by

the paper’s authors was SIRT1. Furthermore, it has been the most extensively studied protein of the mammalian

sirtuin family. However, it has been shown that not only a loss of SIRT1 activity enhances DNA damage, but also

SIRT6 . 

2. Structure

SIRT6 is a widely expressed protein . Mahlknecht et al.  demonstrated that the human SIRT6 genomic

sequence has one single genomic locus, which spans a region of 8427 bp. The human SIRT6 gene is located on

chromosome 19p13.3 and consists of eight exons ranging in size from 60 bp (exon 4) to 838 bp (exon 8). The

mRNA for human SIRT6 encodes a protein of 355 amino acids, with a predicted molecular weight of 39.1 kDa and

an isoelectric point of 9.12 . SIRT6 is composed of two main domains—a large domain containing a nucleotide

binding and Rossmann fold (responsible for binding NAD ) and a small domain containing a Zn  binding loop.

Zinc ions play a role in maintaining the integrity of the catalytic domain and stabilizing the enzyme structure .

Activation and Reactivation of Gene Expression

The DNA molecule, which is a long strand, is wound around histone proteins that constitute a structural element of

chromatin. The modification reaction of histone proteins is histone deacetylation, which involves the detachment of

an acetyl group from the N-terminus of the histone. This reaction is carried out by histone deacetylases .

SIRT6, as a histone deacetylase, inhibits the transcriptional activity of several transcription factors and

deacetylates specific histone lysine residues, such as H3K9 and H3K56, depending on NAD  .

The N-terminal extension of SIRT6 is important for chromatin association and the internal catalytic activity of the

core domain . As a non-histone protein deacetylase, SIRT6 deacetylates forkhead box O1 protein, pyruvate

kinase M2, C-terminal binding protein and GATA-binding protein 3 . The C-terminal extension is essential for

proper nuclear localization .
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Although SIRT6-mediated histone deacetylation generally correlates with chromatin condensation and gene

silencing , there is also evidence that SIRT6 can activate certain genes by mediating histone deacetylation.

For example, SIRT6 acts as a transcriptional coactivator of erythroid 2-related factor 2 (Nrf2) to protect against

oxidative stress in human mesenchymal stem cells, and it has been found that SIRT6 is in a protein complex with

Nrf2 and RNAP II . Nrf2 is one of the master regulators of antioxidant responses—binds to the antioxidant

response elements (AREs) and activates antioxidant genes, for example, heme oxygenase 1 (HMOX1), which is

known for counteracting reactive oxygen species (ROS). In aging cells, a decrease in Nrf2-ARE activity is

observed, which may be caused by oxidative stress-related tissue degeneration . Nrf2 activation occurs during

evasion from Keap1-mediated proteasomal degradation in the cytosol . SIRT6 activates Nrf2 by inhibiting Keap1

transcription and directly interacting with Nrf2 . It is indicated that SIRT6 is required for HOMX1 induction in

response to oxidative stress and SIRT6 deficiency increases basal cellular ROS  (Figure 1).

Figure 1. SIRT6 and Nrf2 path. ROS—reactive oxygen species; SIRT6—sirtuin 6, Keap1—Kelch-like ECH-

associated protein 1, Nrf2—erythroid 2-related factor 2; ARE—antioxidant response elements; HMOX1—heme

oxygenase 1.

3. Aging

Aging of the body is a physiological, dynamic and inevitable process. It is believed that the aging process begins at

different times in different systems (the skin is one of the first organs to age). However, aging usually begins in the

fourth decade of life and ends at the end of biological life. Important factors influencing aging are extrinsic,

biological and psychosocial factors. However, the basic determinant of organism aging is the individual’s genotype

. Lopez-Otin et al.  proposed nine so-called hallmarks of aging: telomere attrition, genomic instability, loss of
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proteostasis, epigenetic alterations, deregulated nutrient sensing, mitochondrial dysfunction, stem cell exhaustion,

cellular senescence and altered intercellular communication. There are some symptoms that occur in psychological

aging, but at a younger age . It is associated with accelerated or premature aging, where interrelated molecular

and cellular phenomena are intensified.

Nowadays, it is hypothesized that SIRT6 regulates lifespan by influencing a series of processes that control aging,

such as genome stability, transcriptional processes of DNA repair elements, the ability to regulate telomere length

and metabolic homeostasis (including carbohydrate metabolism)  (Figure 2).

Figure 2. The role of the SIRT6 in aging.

4. Metabolic Activity

SIRT6 is involved in regulating glucose homeostasis in the body. It has been shown that SIRT6 levels are

increased during fasting. Additionally, by increasing the expression of genes involved in gluconeogenesis, it

controls this process in the liver. Zhong et al.  discovered that the expression of gluconeogenic genes was

increased in livers with SIRT6 deficiency. Researchers also identified the role of SIRT6 as a corepressor of Hif1α

(Hypoxia-inducible factor 1α), a critical regulator of the response to nutritional stress. Cells deficient in SIRT6

exhibit increased Hif1α activity, thus showing increased glucose uptake. SIRT6, therefore, acts as a corepressor of

the transcription factor Hif1α, reducing glycolysis during normal nutrition and stimulating mitochondrial fatty acid

oxidation .
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Kim et al.  pointed out that liver-specific deletion of SIRT6 in mice leads to profound changes in gene

expression, causing increased glycolysis, intensified triglyceride synthesis, decreased β-oxidation and liver

steatosis. Other authors suggest that SIRT6 may therefore be a potential target in the treatment of liver diseases

characterized by lipid accumulation .

Dominy et al.  indicated the usefulness of activating liver SIRT6 in the therapeutic treatment of insulin-resistant

diabetes. Xiong et al.  demonstrated a significant decrease (50%) in glucose-stimulated insulin secretion in mice

subjected to SIRT6 knockdown in pancreatic beta cells. The mice also had lower levels of ATP in the studied cells

compared to the wild-type control group. An increased number of damaged mitochondria was also identified.

Based on the obtained results, the authors suggested that SIRT6 regulates proper insulin secretion through the

regulation of mitochondrial glucose oxidation. Therefore, activating the protein may be helpful in improving insulin

secretion in diabetic states. The process described here takes place in the mitochondria. This underscores that

SIRT6 acts in many cellular organelles, so it can be said that it acts throughout the cell.

Further experiments have indicated that mice with SIRT6 knockout were more susceptible to high-fat diet-induced

obesity, attributed to adipocyte hypertrophy. Moreover, increased macrophage infiltration into the examined

adipose tissue was observed, indicating an intensified inflammatory process in these mice. It was found that SIRT6

regulates energy homeostasis by modulating the activity and expression of lipase in adipose tissue . Kanfi et al.

 noticed increased glucose tolerance and insulin secretion stimulated by glucose in mice with SIRT6

overexpression. Their study indicated that SIRT6 overexpression increases triglyceride clearance in the blood and

reduces triglyceride production in adipose tissue. Mice with SIRT6 overexpression subjected to a high-fat diet

accumulated significantly less visceral fat, LDL cholesterol and triglycerides compared to wild-type mice. This

suggests a protective role of SIRT6 against metabolic consequences of obesity caused by an improper diet .

Tang et al.  came to similar conclusions—SIRT6 overexpression in the arcuate nucleus of the hypothalamus in

mice reduced their body weight induced by a high-fat diet. A decrease in the weight of eWAT (epididymal white

adipose tissue) and iWAT (inguinal white adipose tissue) and adipocyte size was also observed. Furthermore, the

impairment of leptin activity in the POMC neurons of mice subjected to SIRT6 neuron-specific knockout was

demonstrated. These mice exhibited a predisposition to obesity and increased food consumption.

Increased SIRT6 levels were observed in in vivo models—in mice after fasting, rats after caloric restriction and in

vitro—in cell cultures in a medium deprived of nutrients. The authors indicated that the increase in SIRT6 levels is

caused by the stabilization of the SIRT6 protein, not an increase in SIRT6 transcription. Moreover, p53 positively

regulates SIRT6 protein levels under standard growth conditions but does not play a role in regulating SIRT6 under

caloric restriction . It is widely known that calorie restriction diets (CR) slow down aging processes and may

contribute to extending life . In light of the above research, it can be suggested that the beneficial effects of a

calorie-restricted diet are strongly related to increased SIRT6 stability, and the increased expression of the protein

generated by factors other than starvation may exhibit similar effects to CR . The role of SIRT6 in metabolism

has been summarized in Table 1.

Table 1. Role of the SIRT6 in metabolic activity regulation.
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The “sirtfoods’’ diet, combing sirtuin-activating foods belonging to both Mediterranean and Asian diets, may be a

promising dietary strategy in preventing chronic diseases, thereby ensuring healthy aging . “Sirtfoods’’ can be

found in: olive oil ; red wine ; grapes ; apple, strawberries, onion and cabbage ; soybeans ; tofu

; licorice ; shallot . Pallauf et al.  suggested that omega-3 fatty acids, vitamins and antioxidants do not

work in isolation. They should synergistically work to prevent chronic diseases.
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