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Abstract Many of the pathologies associated with the aging process also contribute

to tumor initiation, growth or metastasis. Insights from biogerontology may

be instrumental for developing new therapies for cancer. This chapter highlights

the rationale for combining biogerontology and cancer research to generate new

strategies for cancer treatment. In particular, this chapter focuses on one gene,

SIRT6, which has emerged as an important regulator of longevity in mammals and

appears to have multiple biochemical functions, which antagonize tumor develop-

ment and may be useful in cancer prevention and treatment.
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9.1 Introduction: Understanding Cancer

as an Age-Related Disease

In mammals, increased age is the single greatest risk factor for the onset and

development of cancer. Epidemiological studies indicate that, in humans, for

adults, the odds of developing cancer increase exponentially during each year of

life [1–4]. This is especially true for tumors of epithelial origin, such as breast

and prostate carcinomas [5, 6]. Consequently, many of the pathologies canonically

associated with the aging process also actively contribute to tumor development.

For instance, decreased immune system efficiency, increased inflammation, irreg-

ular metabolism and the accumulation of senescent cells are all system-wide

hallmarks of aging which also play an important role in the initiation and develop-

ment of tumors [7, 8]. Additionally, age-related changes at the cellular level are also

understood to predispose cells to tumorigenic transformation [9–11]. Most notably,

during aging, cells accumulate disruptive mutations in key cellular pathways,

including: apoptosis, cell cycle control, DNA repair, cytokine production and

energy metabolism. As these pathways become perturbed, they lose their regulatory

power and spontaneous neoplasms become more likely to emerge. This link

between aging and cancer has prompted many researchers to investigate the cellular

pathways which contribute to aging phenotypes in order to gain insight into the

molecular mechanisms driving oncogenesis [3, 12]. Moreover, it is hoped that

understanding the shared etiology of cancer and aging will assist in developing

therapies that may prove useful in forestalling and treating this age-related

disease [13].

One of the key findings from aging research in the context of cancer and cancer

therapy is the observation that environmental, pharmaceutical and genetic mani-

pulations which extend lifespan also tend to reduce the incidence and delay the

onset of cancer. Perhaps the best characterized example of this phenomenon is

caloric restriction. Multiple studies in a variety of different model organisms have

demonstrated that when animals are fed a reduced calorie diet, without malnutri-

tion, that the animals typically exhibit increased mean and maximum lifespans,

concomitant with a delayed onset and reduced incidence of cancer [14, 15].

Similar observations have been made for pharmaceutical compounds, such as

rapamycin, which extends lifespan and simultaneously delays and antagonizes

tumorigenesis in multiple model systems [16–19]. Finally, a variety of genetic

manipulations are known to extend lifespan in different model systems, including:

overexpression of Catalase, Klotho and Sir2, or downregulation of FOXO,

Growth Hormone and TOR; in accordance with dietary and pharmaceutical

modulations, most of these genetic manipulations also result in a reduced risk

of tumorigenesis [20–25]. Importantly, many of these studies have served as a

foundation for further preclinical and clinical trials in the context of human cancer

therapy. For example, there are currently over a dozen rapamycin-family com-

pounds in clinical oncology trials for use as a single agent or in conjunction with

other anti-cancer therapy regimens [26].
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Mechanistically, these “longevity genes”, or genes whose expression regulate

lifespan, appear to impact on carcinogenesis through cross-talk with oncogenic and

tumor suppressive signaling pathways [27–29]. Klotho, for instance, is a transmem-

brane protein which modulates the activity of several signaling pathways relevant

to breast cancer tumorigenesis, including Insulin Receptor, IGF-1 Receptor and

Fibroblast Growth Factor Receptor signal transduction [30]. Other longevity genes

impact on, or are targets of, core tumor suppressor genes such as p53 and PTEN,

while other longevity genes inhibit the activity of canonical oncogenes such as Ras

and Myc. The identification of molecular pathways through which longevity genes

antagonize cancer development has made many of these genes prime targets for

pharmaceutical intervention [31, 32].

9.2 Sirtuins: A Family of Longevity Genes

One class of promising targets are the mammalian homologues of the yeast gene,

Silent Information Regulator 2 (Sir2). Sir2 is a well-conserved gene, and Sir2

homologs, dubbed “sirtuins”, can be found in nearly all organisms, where they

catalyze NAD+ dependent protein deacylation and mono-ADP ribosylation reac-

tions [33, 34]. Initial experiments in yeast indicated that overexpression of Sir2

extended replicative lifespan by approximately 30 %, whereas deletion of the gene

reduced replicative lifespan by nearly 50 % [21]. Subsequent experiments found that

Sir2 homologs positively regulated lifespan and protected against age-related patho-

logies in nematode and drosophila experimental systems as well [33]. Over the past

decade, dietary modulations including mild caloric restriction and decreased glucose

consumption as well as the application of pharmaceutical products, including resve-

ratrol, a natural compound found in red wine, and synthetic sirtuin-activating com-

pounds (STACs) have been applied to activate sirtuins and mimic the effects of

experimentally manipulating these genes [35–39].

These findings spurred research geared toward understanding whether sirtuins

could modulate aging and age-related disease in mammals. There are seven Sir2

homologs (SIRT1-7) in mammals; of these, SIRT1 shares the most homology with

Sir2 and is the best characterized. Interestingly, while SIRT1 overexpression does

not extend lifespan in murine systems, overexpression of the gene does confer

numerous other health-benefits and does delay the onset and protect against many

age-related pathologies, including cardiac hypertrophy and neuropathies such as

Alzheimer’s disease and amyotrophic lateral sclerosis [40–43].

Less is currently known about the remaining mammalian sirtuin genes. SIRT2 is

predominantly localized in the cytoplasm, but can shuttle to the nucleus under

stress. In the cytoplasm SIRT2 deacetylates RIP1 to promote programmed necrosis

among other known functions [44]. SIRTs 3, 4 and 5 localize to the mitochondria.

Here, these proteins regulate acetyl-CoA synthesis, fatty acid oxidation and insulin

secretion in pancreatic β-cells [45–47]. Of the mitochondrial sirtuins, SIRT3 appears

most relevant in the context of aging, as the protein protects against the accumulation

of oxidative damage, attenuates age-associated hearing loss and also has a tumor
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suppressive function – it does not regulate lifespan, however [48, 49]. Recent studies

into the function of SIRT6 indicate that this sirtuin meets many of the criteria of

a longevity gene, and appears to function as a powerful tumor suppressor. SIRT6

will be discussed in greater detail below. SIRT7 is the least studied of the sirtuins.

It appears to function as a positive regulator of RNA polymerase I transcription and

may promote oncogenesis in certain contexts [50, 51].

9.3 SIRT6

Knockout mouse models have been generated for each of the seven sirtuins.

Of these, the SIRT6 knockout mouse exhibits the strongest phenotype in the

context of aging. Specifically, SIRT6 null mice develop a premature aging disorder

with complete penetrance. This progeroid syndrome is characterized by genomic

instability, spinal curvature, decreased bone mineral density, hypoglycemia and a

severely shortened lifespan [52]. In contrast, mice overexpressing SIRT6 exhibit

extended mean and median lifespans [53]. Cumulatively, these mouse models

provide strong evidence that SIRT6 regulates lifespan in mammalian systems.

Follow-up cellular studies designed to understand the molecular mechanisms

through which SIRT6 operates to promote longevity revealed that SIRT6 is a multi-

faceted protein which functions in a diverse set of pathways. The cellular functions

of SIRT6 include the stabilization of telomeres, coordination of DNA double strand

break repair, regulation of cellular metabolic pathways, and suppression of NF-κB
hyperactivity [54–59]. Intriguingly, each of these pathways has also been indepen-

dently identified as critical regulators of longevity in multiple model organisms,

although it is unclear if SIRT6 signaling through each of these pathways or only a

subset of these pathways is required to regulate lifespan [60–62]. Mechanistically,

SIRT6 mediates these diverse functions through its NAD+ dependent deacylase

and mono-ADP ribosyltransferase activities. SIRT6 is known to deacetylate H3K9,

H3K56, and CtIP. Additionally, SIRT6 is known to mono-ADP ribosylate itself

and PARP1, while also demyristoylating TNFα. Finally, SIRT6 impacts on gene

expression by functioning as a co-repressor protein; for example, SIRT6 binds to

Hif-1α, co-localizes with Hif-1α to its target promoters, where SIRT6 deacetylates

H3K9, thereby downregulating expression of Hif-1α target genes.

Further cementing the role of SIRT6 as a longevity gene, several studies have

observed that SIRT6 protein levels decline during aging – although the exact

mechanism underlying this change remains unclear [63, 64]. Telomeric instability,

inefficient double strand break repair, aberrant metabolic processes and diminished

stress responses are, however, well-characterized pathologies associated with cel-

lular aging. Given the important role that SIRT6 plays in regulating each of these

pathways, it seems likely that the depletion of SIRT6 in old cells is contributing to

the aging phenotype. Excitingly, several reports have now demonstrated that

restoring SIRT6 levels in these cells reverses many of these age-related pathologies

and rejuvenates the aged cells. For instance, during replicative aging, cells become
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much less efficient at repairing DNA double strand breaks – a cytotoxic DNA lesion

which contributes to genomic instability and can potentially lead to tumorigenic

recombination of the genome; when SIRT6 is expressed in old cells, however, the

homologous recombination efficiency of the aged cells increases three-fold and is

nearly restored to youthful levels [63]. Increased SIRT6 expression appears to be

sufficient to reverse system-wide age-related pathologies as well. For example,

aging and failing hearts typically have lower levels of SIRT6. This depletion of

SIRT6 leads to hyperactivation of AKT-IGF signaling and leads to cardiac hyper-

trophy and heart failure. When SIRT6 is overexpressed in cardiomyocytes, it

dampens AKT-IGF signaling and protects against cardiac hypertrophy; similar

results are observed in transgenic mice overexpressing SIRT6 in the heart [65].

Cumulatively, SIRT6 has emerged as a powerful longevity gene. In the absence

of SIRT6 mice have a shortened lifespan, while overexpression of SIRT6 extends

lifespan. Importantly, SIRT6 also protects against and forestalls the onset of many

age-related pathologies, both at the cellular and the organism level. Given the core

role that SIRT6 plays in regulating longevity-related pathways, many researchers

hypothesized that SIRT6 may function to suppress tumorigenesis. In particular,

the role that SIRT6 plays in regulating energy metabolism and promoting genome

stability suggested that SIRT6 may function as a tumor suppressor and have

therapeutic applications in cancer therapy.

9.4 SIRT6 and Cancer

The severely shortened lifespan of the SIRT6 knockout mouse made it impossible

to use that particular animal model to test whether SIRT6 impacted on tumori-

genesis. Several preliminary pieces of evidence, however, provided strong support

for the hypothesis that SIRT6 functions as a tumor suppressor gene. First, the

SIRT6 chromosomal locus is mutated in a large number of acute myeloid leukemias

[66], liver, breast and lung cancers [67]. Additionally, in the absence of SIRT6,

cells exhibit global hyperacetylation of H3K56, a chromatin modification that is

well-correlated with tumorigenicity and tumor grade [68]. Lastly, SIRT6 over-

expression delayed the onset of lung tumor development in the whole-body

overexpression mouse [53].

Pathway analysis also suggested that SIRT6 may function as a tumor suppressor

gene. A common feature of nearly all cancer cells is the ability to sustain

uncontrolled proliferation. Achieving this proliferative state typically requires the

cells to acquire a series of mutations in multiple regulatory pathways. While there is

no single recipe for mutations that confer tumorigenicity to normal cells, there are

underlying commonalities between many cancer cells that enabled the acquisition

of transforming mutations, namely: genome instability, inflammation, metabolic

reprogramming and evasion of the host immune system. SIRT6 has been implicated

as a negative regulator of three of these pathways – genome instability, inflamma-

tion and metabolic reprogramming – suggesting that the protein might play an

9 SIRT6: A Promising Target for Cancer Prevention and Therapy 185



important role in protecting against tumor formation. Several recent studies have

more closely examined the role that SIRT6 plays in protecting against tumor

formation. These studies will be discussed in more detail below.

9.4.1 SIRT6 Suppresses Tumor Formation by Regulating
Cellular Metabolism

The metabolic profile and requirements of cancer cells differ sharply from those of

non-transformed cells [69]. While normal cells primarily use mitochondrial oxida-

tive phosphorylation to generate the ATP energy needed for cellular processes,

cancer cells instead tend to catabolize glucose via glycolysis and lactic acid

fermentation to generate the ATP needed to meet their energy requirements. It is

unclear exactly why cancer cells utilize the less-ATP-efficient method for generat-

ing energy, but exploiting this phenomenon – termed the Warburg Effect – has

proven useful in the diagnosis, detection and treatment of cancer.

The first hints that SIRT6 may be relevant in the context of the Warburg Effect

and metabolic reprogramming (the transition from aerobic to anaerobic energy

production, which appears to be a requirement for the initiation of many tumors)

came from the observation that SIRT6 deficient cells exhibited abnormally high

levels of glucose in the cytosol [59]. Interestingly, plasma glucose levels in the

SIRT6 knockout mouse are actually quite low, and the mouse is characterized

as hypoglycemic on this basis – what appears to be happening is that cells are

importing glucose faster than the bloodstream can supply it, so even though glucose

intake is normal at the organism level, at the cellular level the glucose profile of

the animal is quite perturbed. Subsequent studies revealed that SIRT6 tightly

regulates glucose homeostasis and catabolism by controlling the expression of a

broad panel of glycolytic genes. Specifically, SIRT6 functions as a co-repressor of

the Hif-1α transcription factor, deacetylating H3K9 at the promoters of many

glycolytic genes, including GLUT1, PFK1, PDK1 and LDHA thereby suppressing

their transcription. In the absence of SIRT6, Hif1-α signaling is upregulated,

leading to increased glucose uptake (through increased expression of glucose

transporters) and glycolysis as well as diminished oxidative respiration (through

increased expression of glycolytic enzymes) (Fig. 9.1) [59].

To more directly assess whether SIRT6 functions as a tumor suppressor gene,

researchers injected embryonic fibroblasts from wild type and SIRT6 knockout

mice into immunodeficient mice [70]. Typically wild type embryonic fibroblasts

will not form tumors unless they have been transformed with oncogenes. The

researchers found, however, that SIRT6 knockout embryonic fibroblasts did form

tumors in the immunodeficient mice, even in the absence of transforming muta-

tions. Moreover, when SIRT6 was re-expressed in the knockout embryonic fibro-

blasts, the cells lost their ability to form tumors in the immunodeficient mice. The

researchers then used an animal model to confirm these cell-based assays which
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suggested that SIRT6 functions as a tumor suppressor gene. Because SIRT6

knockout mice die young, the researchers instead created a mouse model where

SIRT6 was specifically deleted in the intestines. When these mice were paired with

APC knockout mice – an mouse model of accelerated intestinal tumorigenesis, the

resulting APC�/�;SIRT6intestine�/�animals exhibited colorectal tumors at a much

higher rate than APC�/�controls. Collectively these experiments provided strong

support for the hypothesis that SIRT6 is a tumor suppressor gene [70].

The researchers then sought to determine whether deletion of SIRT6 precipitated

tumor development through the activation of oncogene signaling or through meta-

bolic reprogramming. Interestingly, it was reported that while transformed SIRT6

knockout cells did not appear to have any distinct changes in their oncogenic

signaling pathways, compared to transformed wild-type cells, the transformed knock-

out cells did exhibit a stark activation of glycolytic signaling pathways. Because

transformed SIRT6 knockout cells were more tumorigenic than transformed wild

type cells, the researchers reasoned that metabolic reprogramming was driving the

observed tumorigenicity of the SIRT6 knockout cells. To confirm this, the researchers

used shRNA targeting key glycolytic enzymes, including PDK1 to suppress glycol-

ysis in the SIRT6 knockout cells. When glycolytic signaling was abolished using this

approach, deletion of SIRT6 was no longer able to drive tumor formation, suggesting

that SIRT6 suppresses tumorigenesis by regulating energy metabolism.

These results, based on mouse animal models, appear to be directly relevant to

human cancer as well. Analysis of human cancer databanks reveals that the SIRT6

locus is deleted in nearly 35 % of over a thousand cancer cell lines analyzed

(Fig. 9.2) [70, 71]. In particular, SIRT6 appears to play an important role in

the manifestation of pancreatic and colon cancers, where the locus is deleted

in 69.5 % and 29 % of those cancer cell lines, respectively [71]. Importantly, no

Glycolytic Genes

SIRT6 Hif1α X
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K9-Ac

K9 K9

Glycolytic Genes
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reprogramming

Oxidative 
phosphorylation
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Tumor Suppression
Normal Cell
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Fig. 9.1 SIRT6 suppresses metabolic reprogramming by repressing transcription of core glyco-

lytic genes. SIRT6 functions as a co-repressor of Hif-1α; SIRT6 binds to Hif-1α and co-localizes

with the protein to its target promoters. There SIRT6 deacetylates H3K9, thereby repressing

transcription of Hif-1α target genes
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amplifications of the SIRT6 locus were observed in any of the pancreatic cancer cell

lines and in only 4 % of the colon cancer cell lines [71]. Moreover, human cancer

patients whose tumors expressed higher levels of SIRT6 were 2.2 times less likely

to relapse than those patients whose tumors expressed low levels of SIRT6 [70]. In

these human studies, activation of glycolytic signaling was also observed in con-

junction with loss of SIRT6 [70]. Collectively, these experiments demonstrate that

SIRT6 is a tumor suppressor gene that protects against carcinogenesis in animal

models and in human patients.

Despite the strong evidence that SIRT6 antagonizes tumor formation by

suppressing metabolic reprogramming, researchers have also suggested that

SIRT6 may protect against tumor formation in metabolic-independent pathways.

If true, this would broaden the importance of SIRT6 in protecting against tumor

formation and enlarge the scope of therapeutic applications for activating SIRT6 in

the context of cancer biology. Another such model of SIRT6 and tumor suppression

is discussed below.

9.4.2 SIRT6 Suppresses Tumor Initiation by Mediating
c-FOS Dependent Apoptosis

The canonical model of tumor initiation is that over time, cells acquire a series of

mutations in a step-wise fashion, which may culminate in the transformation of the

cell. Typically, however, the tumor suppressive machinery in the cell can detect

pathway perturbations and permanently halt the cell cycle or initiate programmed
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Fig. 9.2 Searching the Genome Cancer Atlas Portal, a copy number analysis dataset for human

tumor cell lines, reveals that the SIRT6 locus is lost or perturbed in a wide array of cancer cell

lines. Importantly, while SIRT6 is lost with great frequency in a wide range of human tumor

samples, very rarely is the gene amplified
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cell death before the aberrant cell acquires a sufficient number of transforming

mutations. Suppression of this response is usually required for the successful

transition for pre-cancerous legion to malignancy. Understanding the molecular

mechanisms which drive the early stages of tumor initiation has long been a goal of

cancer research because it has important implications in cancer prevention and

therapy. Research in the context of hepatocellular carcinoma, a disease which

causes over 500,000 deaths per year worldwide, indicates that SIRT6 is a critical

component of the cellular machinery that initiates apoptosis in pre-malignant cells

[72]. Typically, when liver cells begin to acquire transforming mutations, cell death

is induced by activation of c-FOS mediated apoptosis. Specifically, activation of

c-FOS in turn induces SIRT6 transcription which, in turn, represses transcription of

Survivin by deacetylating H3K9 residues in the Survivin promoter. Survivin func-

tions to inhibit caspase activation, thereby repressing apoptosis; many tumors

express high levels of Survivin. As such, SIRT6 mediated silencing of Survivin

leads to the initiation of apoptosis in pre-cancerous cells. These researchers found,

however, that pre-malignant cancer cells were sometimes able to evade this

response by suppressing c-FOS signaling. When c-FOS was suppressed, SIRT6

was unable to silence Survivin and the pre-cancerous cells progressed to a malig-

nant state. Importantly, this transition from pre-cancerous legion to malignancy was

independent of metabolic reprogramming. Moreover, using an epistasis approach,

the researchers demonstrated that ectopic expression of SIRT6 was sufficient to

reverse the deleterious effects of c-FOS silencing in the pre-malignant cells and

prevented the transition of these cells to malignancy [72]. Using an animal model, it

was also demonstrated that using adenoviruses to transiently overexpress SIRT6 in the

livers of wild type mice during chemically induced tumor initiationmarkedly reduced

liver tumorigenesis, suggesting that activating SIRT6 may be an important clinical

tool for preventing hepatocellular carcinoma in at risk patients, such as patients with

inflammatory liver disease, fatty livers or chronic hepatitis.

9.4.3 SIRT6 May Suppress Tumorigenesis by Promoting
Genome Stability

While SIRT6 has clearly emerged as a potent tumor suppressor gene, the complete

array of mechanisms by which it prevents tumorigenesis are still being elucidated.

The abilities of SIRT6 to prevent the metabolic reprogramming of cancer cells and

to initiate apoptosis in pre-malignant cells clearly are important mechanisms by

which SIRT6 attenuates tumor growth and development. It is likely, however, that

SIRT6 forestalls tumor formation through other, more subtle mechanisms as well.

In particular, the role that SIRT6 plays in suppressing genome instability is likely to

be important in this context.

Because pre-cancerous cells need to acquire multiple mutations in order to

become malignant, cells which have higher levels of genomic instability are
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predisposed to become tumorigenic. As such, genes which regulate DNA repair are

often considered to be tumor suppressor genes. Indeed, animal models and human

patients with loss-of-function mutations in genes encoding components of the DNA

repair machinery typically exhibit higher incidences and an earlier onset of tumor-

igenesis [12, 62]. SIRT6 plays an important role in regulating DNA repair –

especially, DNA double strand break repair via non-homologous end joining

and homologous recombination. SIRT6 promotes DNA repair through both of

these pathways by activating the upstream repair factor, PARP1 [56]. Additionally,

SIRT6 facilitates homologous recombination by deacetylating and thereby activat-

ing the end resection protein, CtIP [54]. Importantly, in the absence of SIRT6,

cells become extremely sensitive to DNA damage and exhibit abnormal levels of

genomic instability. While the acute animal models described above did not

observe a role for SIRT6 mediated preservation of genomic stability in tumor

prevention, it is possible that other models, in which tumors are initiated at a

slower, more natural pace, may find that the DNA repair function of SIRT6 is an

important safeguard against tumorigenesis.

9.4.4 SIRT6: A Potential Role in Controlling Tumorigenesis
by Suppressing Inflammation

Chronic inflammation is another hallmark of cancer. Several studies have indicated

that inflammation is often initiated in cancer cells by activation of NF-κB signaling.

Moreover, several cancer therapies which function to inhibit NF-κB have had

modest clinical success – although broadly inhibiting NF-κB often has multiple,

unintended side-effects, thus limiting the potential of this therapeutic strategy [73].

SIRT6 has emerged as an important inhibitor of chronic NF-κB signaling by

deacetylating H3K9 at NF-κB target genes [55]. Moreover, the early lethality of

the SIRT6 knockout mouse is in part due to chronic inflammation driven by

constitutively active NF-κB signaling in the absence of SIRT6 [55]. Because

SIRT6 appears to preferentially attenuate chronic NF-κB activity, activation of

SIRT6 may provide an alternative route for silencing NF-κB in tumor cells addicted

to its oncogenic signaling, thereby avoiding unwanted side-effects from more

broadly suppressing basal NF-κB activity in non-transformed, healthy cells.

It should also be noted that the role that SIRT6 plays in inflammation is not entirely

understood. While SIRT6 suppresses NF-κB signaling, it also promotes the secre-

tion of the cytokine, TNF-α, in certain contexts. The relevance of this in the context
of cancer biology remains unclear, although several reports have indicated that in a

narrow subset of conditions SIRT6 mediated secretion of TNF-α had an oncogenic

effect [74]. Clearly more studies are needed to understand the regulatory role that

SIRT6 plays in inflammatory pathways and how these pathways impact on

tumorigenesis.
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9.5 Therapeutic Activation of SIRT6

Given the broad role that SIRT6 plays in suppressing tumor formation (Fig. 9.3),

there is considerable interest in developing methods for activating the protein in a

clinical context. Excitingly, there is emerging evidence that SIRT6 can be activated

through dietary, and pharmaceutical interventions. Moreover, there is good evi-

dence that therapeutic activation of SIRT6 will have important clinical ramifica-

tions, not just in cancer therapy, but for other age-related diseases as well.

Because, Sir2 was activated by caloric restriction in yeast, nematode and fly

systems, many researchers speculated that SIRT6 would also be activated by caloric

restriction. Direct tests of this hypothesis revealed that animals fed a calorically

restricted diet expressed nearly three times as much SIRT6 protein as control

animals. Similarly, when human cells were cultured in low glucose and low

serum conditions that mimic caloric restriction, SIRT6 was also upregulated by

approximately three-fold [75]. This research suggests that SIRT6 may be activated

by caloric restriction or by drugs which mimic the process. It is unclear, as yet,

whether three-fold overexpression of SIRT6 is sufficient to confer significant

protection against oncogenesis, but there is considerable evidence that caloric

restriction does delay the onset of tumorigenesis in mammalian systems and it is

entirely possible that increased levels of SIRT6 contributes to this phenotype [14, 76].

Resveratrol and its chemical derivatives were reported to enhance the enzymatic

activity of SIRT1 by nearly a hundred-fold. While these chemicals do not appear to

activate SIRT6, the shared homology of SIRT1 and SIRT6 suggests that it will be

possible to generate pharmaceutical compounds which can enhance the activity of

SIRT6. Moreover, there is good evidence that doing so would confer numerous

health benefits to the patient. As previously, mentioned, transient overexpression

of SIRT6, delivered by adenovirus, in pre-cancerous livers markedly impaired

tumorigenesis in mice [72]. A study performed in our laboratory has shown that

SIRT6

DNA Repair

Chronic 
Inflammation

Metabolic 
Reprogramming

Telomere 
Maintenance

PARP1CtIPWRN Myc Hif-1α NF-κB

Longevity
Cancer Resistance

Survivin

Apoptosis

Fig. 9.3 SIRT6 functions in a wide-array of pathways relevant to longevity and cancer resistance.

This figure summarizes those pathways and indicates how, collectively, SIRT6 signaling appears

to converge on lifespan extension and cancer resistance
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overexpression of SIRT6 in human cancer cell lines had an apparent therapeutic

benefit [77]. In this study, overexpression of SIRT6 in a panel of cancer cells,

including breast cancer cells, fibrosarcoma cells and cervical carcinoma cells

drove massive apoptosis in these cancerous cell lines, suggesting that SIRT6

functions as an anticancer gene. Importantly, when SIRT6 was overexpressed

in non-transformed control cell lines, no apoptosis was induced. Although the

precise molecular mechanism of this effect remains elusive, apoptosis was driven

redundantly though activation of both p53- and p73-dependent signaling pathways.

Because either p53 or p73 are often mutated in cancer cells, the redundancy of this

effect suggests that activation of SIRT6 may have broad therapeutic implications in

a diverse array of cancer types. In addition to having a powerful role in suppressing

and antagonizing tumor development and growth, SIRT6 activation appears to be a

desirable strategy for several other diseases as well, most notably diet induced

obesity and cardiac hypertrophy. In each case, animal models overexpressing

SIRT6 were resistant to these pathologies, suggesting that pharmacological activa-

tion of SIRT6 may provide a similar protective effect. Additionally, SIRT6

overexpressing mice exhibited an increased lifespan, suggesting that SIRT6

activators may have long-term implications for human health.

9.6 Conclusion

Cumulatively, SIRT6 has emerged as an important tumor suppressor and anticancer

gene. There is considerable evidence indicating that activation of SIRT6 is bene-

ficial in numerous disease contexts, including cancer. Moreover, the ability of

SIRT6 to delay tumorigenesis suggests that long-term activation of the gene

could serve as a powerful preventative strategy for delaying the onset of carcino-

genesis. Clearly more studies in animal models are required to fully validate and

understand the extent to which SIRT6 represents an anticancer drug target and what

the long-term effects of activating SIRT6 would be. Given the evidence that has

accumulated so far, however, there is good reason to believe that activation of

SIRT6 will be an important lynchpin of preventative and acute cancer therapies in

the coming years.
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