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Abstract
NAD+-dependent Class III histone deacetylase SIRT1 is a multiple function protein critically
involved in stress responses, cellular metabolism and aging through deacetylating a variety of
substrates including p53, forkhead-box transcription factors, PGC-1α, NF-κB, Ku70 and histones.
The first discovered non-histone target of SIRT1, p53, is suggested to play a central role in SIRT1-
mediated functions in tumorigenesis and senescence. SIRT1 was originally considered to be a
potential tumor promoter since it negatively regulates the tumor suppressor p53 and other tumor
suppressors. There is new evidence that SIRT1 acts as a tumor suppressor based on its role in
negatively regulating β-catenin and survivin. This review provides an overview of current knowledge
of SIRT1-p53 signaling and controversies regarding the functions of SIRT1 in tumorigenesis.
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Introduction
In Saccharomyces cerevisceae, the protein called Sir2, has a wide range of functions including
chromatin silencing, life span extension and maintenance of genomic stability. There are seven
human homologues of Sir2 in humans, called SIRT1-SIRT7, with SIRT1 largest in total
sequence and most studied. SIRT1 and yeast Sir2 are members of a family of enzymes called
sirtuins that are NAD+ -dependent protein deacetylases, although they are sometimes classified
as class III histone deacetylases (HDACs). For example, SIRT1 not only deacetylates histones
H1, H3 and H4, but also deacetylates many non-histone proteins including p53, FOXO, Ku70,
p300, Rb, E2F1, NF-kB, p73 and PGC-1α[1,2]. In virtue of these important targets, SIRT1 is
linked to regulatory control of diverse normal and abnormal cellular processes ranging from
stress responses, aging, and metabolism to cancer.

p53 was the first non-histone deacetylation target identified for SIRT1 [3,4]. p53 deacetylation
was originally found to be mediated by PID/HDAC1 (PID: p53 target protein in the deacetylase
complexes) complex [5]. p53 acetylation was found to be extremely unstable even in the
presence of the HDAC inhibitor trichostatin A (TSA) in the cell lysates [5]. The discovery of
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the sirtuin deacetylases suggested that one of the human isoforms could be responsible for the
observed instability of p53 acetylation [6,7]. We focused our attention on SIRT1 noting that
its deacetylase activity was unable to be inhibited by the common HDAC inhibitor TSA [6].
Further work demonstrated that p53 is indeed a SIRT1 target and that SIRT1 deacetylation of
p53 regulates its function [3], a finding independently confirmed by Vaziri and colleagues
[4] and Langley and colleagues [8].

The tumor suppressor p53, has powerful apoptotic effects, and consequently is subject to tight
regulatory control in cells. Normally, p53 protein is maintained at a low level through the
MDM2-mediated ubiquitination and degradation pathway. However, when cells are exposed
to stress including genotoxic stress, p53 protein is rapidly accumulated and activated for
downstream biological functions. The regulatory events that affect the amount, stability and
activity of p53 are in part derived from a variety of post-translational modifications, including
phosphorylation, ubiquitination and acetylation. It is of interest to point out that p53 is the first
functional non-histone substrate identified for the histone acetyltransferases (HATs) [9]. This
discovery brought the significant new insight that HATs modulate the functions of a set of
non-histone proteins through acetylation.

To date, many types of stress have been reported to enhance p53 acetylation. p53 can be
acetylated by CBP/p300 at Lys 370, 372, 373, 381, 382, and 386 residues in the carboxy-
terminal region. The C-terminal region acetylation of p53 activates its sequence-specific DNA
binding activity and target gene expression as well as increases its stability due to inhibition
of ubiquitination at acetylated lysines [10]. PCAF (p300/CBP associated factor) acetylates p53
at Lys 320. The acetylation at this site also increases its DNA binding and transcriptional
activity and induces cell growth arrest [11,12]. DNA-damage increases the acetylation of p53
at Lys 120 within the DNA-binding domain by Tip60 or hMOF acetyltransferases and this
acetylation site is crucial for p53-mediated apoptosis via BAX and PUMA activation [13,14].
More recently, a final acetylation site of p53 was identified at Lys 164 which is acetylated by
CBP/p300. Acetylation at this site is required for p53-induced cell growth arrest and apoptosis
although it does not affect p53 DNA binding activity [15]. Taken together, enhanced
acetylation at these acetylation sites correlated well with p53 stabilization, and increased
recruitment to target promoter regions for gene activation in response to various cellular
stresses demonstrating that p53 acetylation is an indispensable event for p53 activation.

Reversal of the acetylation modification can modulate the function of p53, weakening the
biologic effects of acetylation described in the prior section. Two different protein systems can
mediate p53 deacetylation, as mentioned previously, SIRT1 and the PID/HDAC1 complex.
Biochemical analysis identified PID as a direct interacting protein for p53 in the HDAC1
complex. PID thereby recruits p53 to the HDAC1 complex for deacetylation [5]. p53
deacetylation by PID/HDAC1 complex strongly represses p53 transactivation activity and
modulates cell growth arrest and apoptosis. As previously discussed, SIRT1 was found to
deacetylate p53 and regulate p53 functions in cells. Overexpression of SIRT1 strongly
attenuated p53 transcription-dependent apoptosis upon DNA-damage and oxidative stress, and
expression of SIRT1-H363Y in cells, a dominant-negative mutant of SIRT1 (DNSIRT1),
significantly increased the p53 acetylation level. Consistent with the positive effects of
acetylation on p53 transcriptional activities, DNSIRT1 increased expression levels of p53
targets p21 and Bax. Furthermore, DNSIRT1 was able to sensitize cells to apoptosis caused
by oxidative stress[3], DNA damage[3,4], and ionizing radiation [4].

SIRT1 regulates both of the two types of known p53-mediated apoptotic pathways. p53
transcription-dependent apoptosis requires the expression of apoptosis-related target genes
including BAX, PUMA, and NOXA. p53 transcription-independent apoptosis is initiated by
the release of cytochrome C from the mitochondrial intramembrane by a direct interaction
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between mitochondrial p53 and antiapoptotic BCL (B Cell Lymphoma, members of which
bearing at least one of four conserved Bcl-2 homology domains but opposite effect on apoptosis
process) proteins [16]. Han and colleagues showed that SIRT1 can facilitate the mitochondrial-
dependent apoptotic response by controlling p53 subcellular localization in mouse embryonic
stem (mES) cells through blocking cytoplasmic p53 nuclear translocation [17]. They found
that when intracellular ROS is elevated in SIRT1-deficient mES cells in which the SIRT1
alleles were sequentially targeted with knockout vectors designed to delete exons 5 and 6[18,
19], p53 was acetylated at Lys 379 (equivalent to human Lys 382), a known target for SIRT1
[20] and this modification led to nuclear localization of p53, indicating that SIRT1 blocks
nuclear translocation of p53 induced by oxidative stress via its deacetylation [17]. Meanwhile,
intracellular ROS elevation resulted in translocation of p53 into mitochondria and induced
apoptosis in wild-type, but not in SIRT1-deficient mES cells. The above findings suggest that
SIRT1 can redirect p53 from the cytosol to the mitochondria in response to increased ROS.
The biological consequence of which is transcription-independent p53-induced apoptosis
(Figure 1). From these studies, it appears that SIRT1 activity levels during oxidative stress can
regulate cell fate by p53 deacetylation. SIRT1 deacetylation blocks nuclear translocation,
however, deacetylation increases the accumulation of cytosolic p53 and enhances its passage
to mitochondria. Thus, SIRT1 blocks transcription dependent apoptosis by p53, but increases
p53-mediated transcription independent apoptosis.

SIRT1-p53 and cancer
The tumor suppressor p53 can exert anti-proliferative effects, including growth arrest,
apoptosis, and cell senescence in response to various types of cell stress. Mutations within the
p53 gene have been documented in more than half of all human tumor types [21]. Accumulating
evidence further indicates that tumors that retain wild-type p53 have other defects in the p53
pathway which are important in cancer formation [22]. Given that SIRT1 can negatively
regulate p53 localization to the nucleus and its function as a transcription factor, it is worth
considering if SIRT1 can have a role in the formation of cancers. Several studies support the
notion that SIRT1 could be involved in carcinogenesis: first, SIRT1 knockout mice exhibit p53
hyperacetylation and increased radiation-induced apoptosis consistent with SIRT1 inhibition
of p53 function, raising the possibility that SIRT1 can facilitate tumor growth by antagonism
of p53 [20]; second, inhibition of SIRT1 activity by Sirtinol, an inhibitor of SIRT1, induces
senescence-like cell growth arrest with attenuated Ras-MAPK signaling in human cancer cells
[23]; third, DBC1 (deleted in breast cancer 1) acts as a native inhibitor of SIRT1 in human
cells. Repression of SIRT1 by DBC1 leads to increased level of p53 acetylation and
upregulation of p53 function [24,25]. The finding of SIRT1 up-regulation in various cancers
such as leukemia, prostate cancer, skin cancer and colon cancers [26–29], also supports the
hypothesis of SIRT1 playing a role in the formation of cancers.

On the other hand, studies also indicate that SIRT1 can act as a tumor suppressor. SIRT1
suppressed intestinal tumorigenesis and colon cancer growth in a β-catenin-driven mouse
model of colon cancer [30]. Deacetylation of β-catenin promoted cytoplasmic localization of
the otherwise nuclear-localized oncogenic form of β-catenin, reminiscent of its effects on p53
and significantly reduced colon cancer tumor formation and proliferation [30].

SIRT1 suppresses survivin in BRCA1 (breast cancer 1, a tumor suppressor mutated in some
breast cancers)-associated breast cancer. Survivin is a small molecular weight protein that is
an inhibitor of apoptosis, and is overexpressed in various cancers. Moreover, it is a validated
target for anti-cancer drug discovery.[31]. BRCA1-associated breast cancers have low levels
of SIRT1 and high levels of survivin. BRCA1 is found at the SIRT1 promoter in mammary
tumor cell lines with wild-type BRCA1 and increases SIRT1 expression [32]. SIRT1 in turn
inhibits survivin expression by deacetylation of histone H3 within nucleosomes at the survivin
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promoter [32]. The discovery that SIRT1 down regulates survivin provides a potential strategy
to inhibit survivin in cancer cells. Thus SIRT1 activators could be interesting drugs for survivin
overexpressing cancers. The report that significantly lower levels of SIRT1 were detected in
breast and hepatic carcinoma compared to the adjacent normal tissue provides evidence that
SIRT1 may function as a tumor suppressor [33]. The seemingly contradictory findings for
numerous studies examining the effect of SIRT1 in biological processes linked to cancers
underscore the importance of further studies to explore the link between SIRT1 in human cancer
and in tumorigenesis.

SIRT1 knockout mice have allowed further understanding of the roles of SIRT1 in regulating
p53 and its biological functions. SIRT1-deficient mice were employed to study SIRT1
functions by several independent groups [18–20,33]. SIRT1−/− mice were generated which
lack part of the catalytic domain of SIRT1. These SIRT1−/− mice and embryos were smaller
than their littermate controls. The majority of the mice died before birth or during the early
postnatal period [18–20,33]. These findings, combined with the observation that SIRT1 is
strongly expressed in embryonic mouse heart and brain, suggest that SIRT1 is important for
embryogenesis. Supporting a role for SIRT1 in regulating p53 acetylation levels, SIRT1-
deficient thymocytes displayed p53 hyperacetylation following adriamycin treatment and
enhanced ionizing radiation-induced apoptosis [20]. A question thus emerged as to whether
p53 hyperacetylation results in the embryonic lethality of SIRT1−/− mice. Wang et al. found
that SIRT1−/−; p53−/−double knockout mice still died in embryonic stages, indicating that
SIRT1 deficiency likely causes other essential pathway defects [33]. Intriguingly, double
heterozygotic SIRT1+/−; p53+/− mice survived but exhibited a remarkably high incidence
(76%) of tumors, while only two of 21 SIRT1+/− mice and 3 of 23 p53+/− mice developed
tumors [33]. Further analysis of tumor tissues in double heterozygotic mice showed severe
genomic impairment including extensive aneuploidy and diverse chromosomal aberrations.
73% of the tumors had lost p53 expression and 44% tumors had little or no SIRT1. These
findings suggest that genomic integrity and stability require cooperation of p53 and SIRT1.
As cancer has been considered as a set of diseases driven by epigenetic changes and genetic
modifications in oncogenes and/or tumor suppressors, it seems likely that elaborate and
complex signal networks protect genome integrity in cells. With insufficiency of SIRT1 or p53
alone, compensatory signal pathways may be activated or enhanced to inhibit tumorigenesis.
With loss of both SIRT1 and p53, cells appear to lose control of genomic integrity, and these
cells could be at greater risk for development of tumors. In this context, SIRT1 seems to act
as a tumor suppressor.

Several potential tumor suppressors, including HIC1, microRNA34a, and DBC1, have been
reported to modulate p53-mediated apoptosis by directly repressing SIRT1 expression and
activity [24,25,34,35]. Tumor suppressor HIC1 (hypermethylated in cancer 1) causes promoter
hypermethylation and epigenetic silencing in many types of human cancers [36–40]. HIC1+/
− mice develop various malignant tumors, including epithelial cancers, lymphomas and
sarcomas. In many of these tumors, the wild type HIC1 allele is silenced by hypermethylation
epigenetic modification [41]. HIC1 is a target of p53 transactivation [42,43]. A study of mice
heterozygous for both HIC1 and p53 suggested that HIC1 functionally cooperates with p53 to
suppress age-dependent tumorigenesis [41]. Chen and colleagues put forward a model of the
HIC1-SIRT1-p53 regulatory loop [34] in which under normal conditions, stress-induced rapid
accumulation of p53 activates the HIC1 gene. The POZ (poxvirus and zinc finger, a conserved
protein-protein interaction motif) domain of HIC1 binds to SIRT1 to form a transcriptional
repression complex. The SIRT1/HIC1 complex is recruited to the SIRT1 promoter to suppress
SIRT1 transcription. Reduced SIRT1 levels are apparently responsible for increased
acetylation level of p53, thereby facilitating its functions of cell cycle arrest, DNA repair and
apoptosis. SIRT1 expression was increased due to age associated promoter hypermethylation
and epigenetic silencing of HIC1 expression. As a consequence of age dependent derepression
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of SIRT1 transcription, it is hypothesized that p53 function is less active in aged cells since
deacetylation of p53 provides negative regulation on its nuclear functions. Downregulated p53
activity is expected to produce a defective apoptotic response to diverse types of genotoxic
stress. Thereby, this could be one of the mechanisms by which aged cells can increase cancer
risk in mammals [34].

SIRT1 might also act as a tumor promoter by repressing p53-induced expression of microRNA
34a. Several groups have reported the abnormal expression of microRNA family members in
human cancers and the involvement of microRNAs in tumorigenesis, progression and
metastasis [44,45]. MicroRNA 34a (miR34a), a p53 target gene, has been identified as a
potential tumor suppressor gene [46]. A recent study reported that miR34a binds to the 3′-UTR
of SIRT1 mRNA to repress its translation [35]. Consistently, miR34a enhanced p53 acetylation
and activation of p53-dependent apoptosis by increased expression of the p53 target PUMA
in HCT116 cells. Overexpression of SIRT1 rescued cells from miR34a-induced apoptosis
[35]. Collectively these data indicate that miR34a functions as a potential tumor suppressor by
its antagonism of SIRT1 mediated p53 negative regulation, which, in turn increases miR34a
expression via upregulation of p53 transcriptional activity. These relationships establish a
positive feedback loop for miR34a action via SIRT1 and p53..

As previously mentioned, DBC1 (deleted in breast cancer 1) serves as a negative regulator of
SIRT1 [24,25]. The DBC1 gene was initially identified to be homozygously deleted in
chromosome 8p21 in a breast cancer specimen. Frequent silencing or downregulation of DBC1
has also been observed in non-small cell lung cancers, leukemia and bladder cancers [47,48].
Co-immunoprecipitation assay demonstrated that DBC1 binding to SIRT1 disrupts the
interaction between SIRT1 and p53 [24,25]. DBC1-mediated repression of SIRT1 leads to
increased p53 acetylation and p53-induced apoptotic responses to genotoxic stress [25].
Conversely, down-regulation of DBC1 enhances SIRT1-dependent stress-resistance and cell
survival [25,26]. A recent study discovered that DBC1 and its homologs contain a catalytically
inactive version of the Nudix hydrolase domain which is known to bind NAD+. Hence, they
predicted that DBC1 and its homologs integrate of diverse regulatory signal pathways
involving chromatin protein modification and NAD+ metabolism [49]. A study by Li and
colleagues suggested that DBC1 disrupted the SUV39H1-SIRT1 complex (SUV39H1 is a
histone H3K9-specific methyltransferase essential for heterochromatin formation) and
inactivated both enzymes [50]. Therefore, DBC1 may modulate SIRT1 activity by both
potentially interacting with NAD+ metabolism and by direct interactions with SIRT1 for
regulating its function and its downstream targets. The current data invites the possibility that
DBC1 could play a significant role in regulating SIRT1-related activities in metabolism, cancer
and aging (Figure 2).

The multifunctional role of SIRT1, especially the evidence for both tumor promoter and tumor
suppressor functions, has attracted great interest in SIRT1 directed drugs for tumor therapy.
Both SIRT1 inhibitors and activators have been discovered [51,52]. The study of these small
molecules will help to understand the molecular mechanism underlying biological functions
of SIRT1. The most studied natural compound for SIRT1 activator is resveratrol although the
activation effects of resveratrol on SIRT activity are controversial [53]. Activation of SIRT1
by resveratrol has been claimed to partially mimic caloric restriction and resveratrol delays
aging parameters in mice [54]. In spite of the appeal of SIRT1 activation for improving
metabolic parameters in mammals, an increased cancer risk is a concern if activation of SIRT1
leads to unhealthy repression of p53 activity. It would be highly desirable to find an optimal
condition or drug that would activate SIRT1 and not increase human cancer risk.

The concept of inhibiting SIRT1 as an anti-tumor strategy has been explored by several groups.
Recent findings by Lain and colleagues on a novel small-molecule sirtuin inhibitors, tenovin-1
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and the more water-soluble derivative, tenovin-6, which act on SIRT1 and SIRT2, suggest new
approaches to cancer therapy [55]. Sequential target identification studies demonstrated that
tenovins acted by inhibiting deacetylase activity of SIRT1 and SIRT2, thereby significantly
increasing acetylation level of p53K382, histoneH4K16 and tubulinK40. Lain et al. [55] further
demonstrated that tenovin-6 can slow tumor growth in a ARN8 melanoma xenograft model in
SCID mice. The anti-tumor activity of these two compounds suggests that inhibition of SIRT1
activity to activate p53 may be a useful anticancer approach. The concept that sirtuin inhibition
can be a potentially interesting anti-cancer approach has been supported by research with other
described sirtuin inhibitors, including cambinol which induced hyperacetylation of BCL6 and
p53, with increased apoptosis in Burkitt lymphoma cells [56]. In addition selermide was shown
to reactivate transcription of proapoptotic genes epigenetically repressed in cancer cells [57].

SIRT1-p53 and senescence
Besides inducing cell growth arrest and apoptosis, p53 activation also induces cellular
senescence in response to oxidative stress. The promyelocytic leukemia protein (PML) nuclear
bodies are discrete nuclear substructures and represent the natural accumulation sites of PML
proteins [8]. The size and number of PML nuclear bodies are altered during the cell cycle and
in response to various cellular and environmental stresses [58]. There are seven splice variants
of PML named PML I–VII in mammalian cells. PML IV interacts with HDACs in the
regulation of p53 function and induction of premature senescence [8,59–61]. Upon PML IV
upregulation or oncogenic Ras expression, SIRT1 is recruited to nuclear bodies and interacts
directly with PML IV and p53 to repress p53-dependent transactivation by deacetylation of
p53 [8]. The recruitment of SIRT1 also rescues PML-induced cellular senescence by inhibiting
p53 acetylation [8]. This phenomenon of senescence inhibition by SIRT1 also exists in human
endothelial cells [62]. Endothelial cells with down-regulated SIRT1 exhibit increased
acetylation of p53 and premature senescence-like phenotype. Conversely, overexpression of
SIRT1 prevents cells from physiological alteration toward senescence [62]. Therefore, SIRT1
seems to exert a protective role against p53-dependent senescence under multiple cellular
stresses although it was also reported that SIRT1 could limit replicative life span in response
to chronic genotoxic stress [63].

The activity of NAD+ biosynthetic enzymes, which can indirectly regulate sirtuins by their
effects on NAD and metabolites, can also affect cell senescence. For example, Nicotinamide
phosphoribosyltransferase (Nampt) is a rate-limiting enzyme for NAD+ biosynthesis from
nicotinamide in mammalian cells, and limits on its activity have been found to be associated
with the development of senescence in some cell types. The intracellular levels of NAD+ and
nicotinamide have been identified as important factors for regulating SIRT1 deacetylase
activity. A recent study by van der Veer and colleagues [64] demonstrated an extension of
human vascular smooth muscle cell (SMC) lifespan by overexpression of Nampt. Nampt is
known to increase cellular NAD+ and caused increased SIRT1 activity and reduced fraction
of p53 bearing acetylation on Lys382 [64]. Low Nampt activity was observed in both
replicative senescence and FK866-induced premature senescence in SMCs. In contrast,
overexpression of Nampt resulted in deferred senescence and significantly prolonged lifespan,
concomitant with enhanced SIRT1 activity and degradation of increased deacetylated p53.
Moreover, exogenous p53 introduced via adenovirus to co-transfected SMCs (Nampt and p53)
abolished Nampt protection from senescence [64]. The data from this study support a
mechanism wherein increased Nampt activity produces more NAD+ from nicotinamide in
cells, which in turn activates SIRT1 deacetylase activity. Increased SIRT1 activity represses
p53 activity to prevent p53-dependent cellular senescence. The above findings provide
evidence that the SIRT1-p53 axis also determines cell fate, growth or senescence, in response
to various types of stress in mammalian cells and this function can be regulated by modulating
the NAD+ level in cells for SIRT1 activation and p53 repression.
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SIRT1-p53 and neurodegeneration
Aging is associated with progressive loss of neurons and a variety of neurodegenerative
disorders, such as Alzheimer’s disease (AD) and amyotrophic lateral sclerosis (ALS), diseases
which currently lack treatment or prevention strategies. Neuroprotection can be understood to
be constituted from the natural survival and maintenance mechanisms acting within neural
tissues, as well as the medical strategies that can be used to enhance these mechanisms or to
inhibit cell death mechanisms. From the latter, medical scientists hope to slow or prevent
neurodegeneration in the Central Nervous System. Several studies have suggested that sirtuins
could play roles in natural forms of neuroprotection and regulation of cell death in neurons,
and could be targeted for therapy. For example, SIRT1 activation has been suggested to be one
mechanism by which increased nuclear NAD+ biosynthesis prevents axonal degeneration in
Wallerian degeneration slow mice [65], although another group has controverted this view
[66]. Recent studies found that SIRT1 has an important function in neuronal survival via p53
deacetylation [67,68]. Mouse models for AD or ALS and primary neurons display increased
SIRT1 expression upon neurotoxic insults and SIRT1 promotes neuronal survival [68]. Either
SIRT1 overexpression or resveratrol treatment promoted neuronal survival and prevented
neurodegeneration in mouse models. Deacetylation of p53K382 is required for this
neuroprotective effect [68].

Hasegawa and colleagues recently reported that Necdin reduced p53-induced DNA damage
response via SIRT1 mediated p53 deacetylation in cortical neurons [65]. Necdin is a member
of melanoma antigen (MAGE) family protein that promotes neuronal differentiation and
survival by interacting with p53 and repressing p53-mediated apoptosis. Necdin is expressed
predominantly in post-mitotic neurons and it has been shown to interact with p53 and SIRT1.
The three proteins form a stable complex in cells as shown in both co-immunoprecipitation
and immunostaining assays [67]. An increased interaction was correlated with a reduced
amount of acetylated p53 in cortical neurons [67]. Necdin represses p53-dependent neuronal
apoptosis in response to camptothecin (topoisomerase-I inhibitor, a strong DNA damaging
compound) via SIRT1 deacetylase activity. Moreover, either Necdin deficiency or SIRT1
knockdown enhanced p53 acetylation and apoptosis in neuron cells[67]. These observations
implythat SIRT1 plays an important rolein Necdin -mediated neuron survival through
modulating p53 acetylation. The above findings suggestthat SIRT1 has an important function
in neuronal survival via p53 deacetylation. Further work is needed to explore the possibility
that activation of SIRT1 may be beneficial for treatment of neurodegenerative disorders.

Perspective
The seemingly controversial roles of SIRT1 in tumorigenesis underscore the importance for
further studies including: 1) more investigation on the expression level of SIRT1 in human
cancer cells and tissues; 2) development of transgenic animals with over expression or down-
regulation of SIRT1 for tumorigenesis analysis; 3) investigation of the influence of other targets
of SIRT1 such as Ku70, NF-kB and Foxo on interactions between SIRT1 and p53 in human
cancers. 4) Studies of the effects of small molecules which regulate SIRT1 activity (positively
or negatively) to develop novel effective gene-targeting drugs against tumors, neuronal
disorders, aging and other diseases. As SIRT1 and p53 are important regulators of aging and
cellular senescence, further research on SIRT1-p53 signaling will be likely to provide specific
clues for understanding the complicated relationship between cellular senescence, aging and
tumorigenesis.
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Figure 1.
SIRT1 promotes p53 transcription-independent apoptosis. In mouse embryonic stem cells,
intracellular ROS activates cytoplasm SIRT1 protein. SIRT1 binds to and deacetylates p53 at
K379 (human K382) and blocks p53 nuclear translocation. Deacetylated p53 translocates onto
the mitochondrial outer-membrane and releases proapototic BCL protein BAX by interacting
with anti-apoptotic BCL proteins including BCL2, BCLxl. Activated BAX leads to the release
of Cytochrome c from mitochondrial to cytoplasm. p53 transcription-independent apoptosis
initiated.
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Figure 2.
SIRT1 promotes tumorigenesis. Upon genotoxic stress, p53 is acetylated at K382, which
enhanced DNA binding and transactivation activity. HIC1, miR34a, and DBC1 suppress
SIRT1 activity. Multilayered inhibition of SIRT1 allows the activation status of p53 for p21,
PUMA and BAX genes expression which induced cell cycle arrest, apoptosis, and senescence.
Resveratrol and AROS, Along with other SIRT1 activators, enhance SIRT1 deacetylation on
p53 and suppress p53 transcription-dependent cell cycle arrest and apoptosis by genotoxic
stress.
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