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Extrinsic Apoptotic pathway

As the pame suggests, the extrmsic apoptotic pathway originates from

transmembrane receptor-mediated interactions at the plasma membrane. These receptors
belong to the tumor necrosis factor (TNF) receptor gene superfamily (Locksley et al.,
2001). They all share a similar cysteine-rich extracellular domain and an 80 residue
cytoplasmic region called the death domain (DD) (Ashkenazi and Dixit, 1998). Mutations
in these receptors inhibit extrinsic apoptosis demonstrating that these DDs are critical for
{ransmission of extra cellular death signals ( i.e. CD95L, TNFa or TRAIL) from the cell
sﬁrface to the intracellular pathways since mutations in these receptors inhibit extrinsic
apoptosis (Zamzami et al., 1997).

The sequence of events for the extrinsic pathway is best characterized for the
FasL/FasR and TNF-o/TNFR1 models. In these models, there is a clustering of receptors
upon binding with the homologous trimeric ligand. Upon ligand binding, the cytoplasmic
adapter protemns are recruited on the cytosolic face of the receptors. For example, Fas
ligand binding to the Fas receptor cesults in binding of the adapter protein FADD,
whereas TNF ligand binding to the TNF receptor resuits in binding of the adapter protein
TRADD, with the subsequent recruitment of FADD and RIP (Hsu et al,, 1995). FADD
then associates with procaspase-8 to form the death inducing signaling complex (DISC).
This results in the auto-catalytic activation of procaspase-8 to caspase 8. Activated
caspase 8 then cleaves and activates procaspase-3 to caspase 3, leading to activation of

the execution phase of extrinsic apoptosis.




Intrinsic Apoptotic pathway

The intrinsic/mitochondrial pathway, involves a diverse range of non-receptor-
mediated stimuli that produce intracellular signals to initiate cell death. The signals that
initiate this pathway fall into categories, negative and positive (Brenner and Mak, 2009).
Negative signals include the absence of growth factors such as hormones and cﬁolcines,
that lead to de-repression of the apoptotic program. Positive signals directly activate the
cell death program, and include radiation, free radicals, hypoxia and toxins. In the
intrinsic pathway, caspases play a critical role. Their activation is dependent on the
permeabilization of the outer mitochondrial membrane (OMM), which m furn, is
influenced by an array of factors. These include members of the Bcl-2 family of proteins,
mitochondrial lipids, proteins regulating bioenergetic metabolic flux, and components of
mitochondrial permeability transition pore complex (Tait and Green, 2012).

Disruption of the OMM leads to the release of apoptogenic intermeembrane space
(IMS) proteins into the cytoplasm. These proteins include cytochrome c, Smac/DIABLO,
Omi/iltrA2, apoptosis-inducing factor (AIF) and endonuclease G (Wallace, 2012). Once
in the cytoplasm, these proteins trigger the execution phase of the cell death program by
activating caspases (Jourdain and Martinou, 2009). Hc:wcver, caspase Independent
pathways have also been reported (Galluzzi ¢t al, 2012b). Of the various pro apoptotic
proteins released from the IMS, the role of cytochrome ¢ is the best understood. Once in
the cytoplasm, it binds to apoptotic protease activating factor 1 (Apaf-1) (Hittemann et
al,, 2011). This protein contains an N-terminal cdspase recruitrnent domaiﬁ (CARD), a

nucleotide binding domain and a C-terminal domain containing 12-13 WD-40 repeats

(Zou et al., 1997). Cytochrome c binding to Apaf-1 facilitates the recruitment of dATP




through its nucleotide binding domain, which then exposes the N-terminai CARD
domain, allowing recruitment of pro-caspase 9 to form the apoptosome complex. Finally,
the executioner pro-caspase 3 is rercruited to the apoptosome complex, where it is
activated to caspase 3 leading to cleavage of many cellular proteins and ultimately
apoptosis (Adrain et al., 1999).

Other IMS proteins also have a significant role in the infrinsic pathway. In
contrast to cytochrome ¢, Smac/DIABLO and Omi/HirA2 neutralize the endogenous
caspase inhibitors known as inhibitor of apoptosis proteins (IAPs). Smac is a nuclear
encoded protein With' a mitochon’drial targeting sequence. After éieavage in the
mitochondria, the imported protein is about 23 kDa (Du et al., 2000) and binds to XIAP,
cIAP1, ¢XIAP2 and survivin. Omi/HirA2 is also a nuclear encoded, 49 kDa protein with
N-terminal mitochondrial localization signal that mediates its translocation into the TMS
(Suzuki et al., 2001). It is processed in the IMS mto a 37 kDa mature form and, once
released, promotes cell death similarly to Smac/DIABLO in a caspase-dependent manner

by neufralizing IAPs (Saelens et al., 2004).

Post mitochondrial or Execution Phase

The extrinsic and the intrinsic pathways converge on a common pathway called
the execution phase. Here, the activated caspases degrade the nuclear and cytoplasmic
proteins. Caspase 3, caspase 6 and caspase 7 act as executioner caspases cleaving
substrates ranging from PARP to plasma membrane-associated proteins, resulting in the
collapse of cellular structure (Slee et al., 2001). One of the most important executioner

caspases is caspase 3. This caspase cleaves and activates caspase activated DNAse
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(CAD) which then degrades nuclear DNA. Caspase 3 1s activated by inittator caspases,

which include caspase 8, caspase 9 and caspase 10.

Bcl-2 family of proteins and regulation of apoptosis

The signaling cascade linking MOMP to the execution of apoptosis has been
extensively characterized (for review see (Jourdain and Martinou, 2009)). Importantly,
the interplay between pro- and anti- apoptotic members of the Bel-2 protein family has
been found to control MOMP. The identification of Bcl-2 as a cell death regulator was
first determined from cytogenetic anatysis of human B cell lymphomas. In this work a
strong correlation was observed between t[14:18] chromosomal translocation and B cell
lymphomas. This rearrangement placed bel-2 (B cell lymphoma-2) expression under the
control of the immunoglobulin heavy chain gene enhancer Ep (Tsujimoto et al., 1984).
Later, the pro-survival function of bcl-2 was confirmed by Vaux er al. Using retroviral
transduction, théy introduced bcl-2 ¢DNA into bone marrow cells of wild type or c-myc
transgenic mice. Bcl-2 was found to cooperate with c-myc to induce proliferation of B-
cell precursors, some of which became tumorigenic. Inblymphoid and myeloid cell lines
which require interlenkin-3 (IL-3) growth factor for survival, the absence of bcl-2
promoted the survival upon IL-3 withdrawal (Strasser et al, 1990; Vaux et al;, 1988).
These were the first studies to implicate bel-2 as an oncogene and showed that co-
expression with c-myc had a synergistic effect in tumorigenesis.

The discovery that bel-2 could function as a tumor promoter opened a new avenue

of cancer research. Bel-2 was found to be a member of a family of proteins which are |

capable of regulating apoptosis (Davids and Letai, 2012). The Bel-2 family is divided
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into three main sub-classes, defined in part by the homology shared with the four
conserved regions termed Bcl-2 homology (BH) 1-4 domains. The anti-apoptotic
members include Bel-2, Bel-Xy, Mcl-1, Al and Bel-w. The pro-apoptotic members
containing BH1-3 domains include the effecter proteins Bax and Bak. Interestingly, both
proteins require are activated and function as a rheostat to regulate the apoptotic process.
Finally, the BH3-only protein subclass, includes Bid, Bim, Bad, Puma, Noxa, Hrk, Bmf,
and Bik. These proteins are the most apical regulators of death signaling cascades and are
activated by mulﬁple iJ_ltemal and external stimuli to 1nitiate the apoptotic response. Their
BH3 domain binds either multidomain anti- or pro-apoptotic Bel-2 family members. This
interaction either antagonizes the swrvival activity of anti-apoptotic proteins or activates

pro-apoptotic Bax and Bak proteins, resulting in MOMP.

Activation of Bax and Bak and MOMP

Two models of Bax and Bak activation have been put forward. The indirect
activator or neutralization model proposes that Bax and Bak are bound in a constitutively
active state by anti-apoptotic Bel-2 proteins. A compc;titive interaction of BH3-only
proteins with anti-apoptotic Bcl-2 family members is sufficient to release active Bax and
Bak. The direct activator or derepressor model proposes that Bax and Bak are inactivate
and only activated following interactions with a subset of BH3-only proteins known as
direct activators. Anti-apoptotic Bel-2 proteins prevent MOMP either by sequestering the
activating BH3-only proteins or by inhibiting activated Bax and Bak. A second subset of
BH3-only proteins, known as sensitizers, cannot directly activate Bax and Bak but

neutralize anti-apoptotic Bel-2 proteins (Letai et al., 2002; Willis et al, 2005). Bax and
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Bak activity is larg_ely controlled through interactions with other Bel-2 proteins (Wei et
al., 2001). Activation of Bax and Bak occurs through similar mecharisms, though Bax
requires an additional step due to its cytoplasmic localization (Kim et al,, 2009). Upon
activation, Bax and Bak undergo conformational changes leading to mitochondrial
targeting of Bax, and homo-oligomerization of Bak and Bax (Eskes et al., 2000; Hsu et
al., 1997; Wei et al, 2000). Oligomerization of Bax and Bak is an essential step, as
mutants that fail to undergo oligomerization do not induce MOMP (George et al., 2007).
MOMP results in rapid release of cytochrome ¢ and other soluble proteins into the
cytoplasm; rapid caspase activation ensues and results in the cleavage of hundreds of
proteins and ultimately, apoptosis (Chipuk et al., 2006). Thus, MOMP functions as the
point of no return for the cell.

Various studies have -now proposed a model for Bak activation and
oligomerization. Bak activation leads to exposure of t;he BH3 domain and its insertion
into the hydrophobic groove of an adjacent, activated Bak molecule. This interaction
leads to the formation of a symmetrical Bak homodimer. Higher order oligomers of Bak
are formed by dimer-dimer interactions mediated tbrougi; interfaces that are exposed
following Bak activation. These oligomers form a channel on the OMM that leads to the

release of IMS proteins (Dewson et al., 2009).
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Mitochondria and Necrosis

Necrosis is a toxic process where the cell is a passive victim, and follows an
energy-independent mode of cell death. Compared to apoptosis, which is a controlled,
energy-dependent process affecting either a single cell or a cluster of cells; necrosis is an
uncontrolled and passive process that usually affects a large field of cells. During
necrosis, there is cell swelling, formation of cytoplasmic vacuoles, distension of the
endoplasmic reticulum, formation of cytoplasmic blebs, as well as condensed, swollen or
" ruptured mitochondria, disaggregation and detachment of ribosomes, disrupted organelle
membranes, swollen.and ruptured lysosomes, and eveﬁmaﬂy disruption of the cell
membrane (Kerr et al, 1972; Majno and Joris, 1995 ; Trump et al.,, 1997). The loss of cell
membrane integrity resulis in the release of the cytoplasmic contents into the surrounding
tissue, sending chemotactic signals that recruit inflammatory cells. Since apoptotic cells
do not release their cellular contents into the surrounding interstitial tigsue and are
quickly phagocytosed by macrophages or adjacent normal cells. there is essenfially no
inflammatory response (Savill and Fadok, 2000). [mportantly, cell death that occurs with
apoptotic morphology can be shifted to a more necrotic phenotype when caspase
activation is inhibited by pharmacological inhibitors or by elinmnation of essentia]
caspase activators such as Apaf-1 (Pedersen, 1999).

Activation of the necrotic pathway is preceded by loss of the permeability of the
imner mitochondrial membrane (IMM), known as mitochondrial membrane
permeabilization (MMP), IMM permeabilization implies the formation of pores or

channels that dissipate AW, built across the inner membrane due to the activity of the
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electron transport chain. The proteins responsible for formation of the channel is a multi-

protein complex known as the mitochondrial permeability transition pore (MPTP).

Mitochondrial permeability transition (MIPT) and unecrosis

Mitochondrial permeability transition (MPT) is defined as the sudden increase in
the permeability of the IMM to solutes of molecular mass of less than 1500 Da. This losg
in permeability results in loss of AYr,, mitochondrial swelling and rupture of the OMM.
It was first reported by Huqter et al. that the MPT is a consequence of Ca®" induced
increased IMM permeability that is characterized by simultaneous stimulation of ATPage,
uncoupling of oxidative phosphorylation, and, finally, loss of respiratory control (Hunter
et al., 1976). It was first considered an artifact, but later the authors suggested that it may
have physiological relevance, and that mitochondria have protective mechanisms to
guard against this induction, Further experimentation solidified the idea that MPT is not a
consequence of non-specific mitochondrial membrane damage but, instead, is the result
of opening of a pore or megachannel, known as the MPTP (Crompton and Costi, 1988;
Hunter and Haworth, 1979). The best studied example of MPT tavolvement in necrotic
cell death is in reperfusion mjury in the heart. During the ischemic phase of the insult,
calcium concentrations rise and production of reactive oxygen species (ROS) increases,
resﬁlting in oxidative stress. Increased calcium and ROS are potent inducers of the MPT,
but in this phase, due to enhanced glycolysis, accumulation of lactic acid results in
decreased intraceliular pH. This prevents MPTP opening, which is progressively

inhibited as the pH drops below 7. However, upon reperfusion, there is a burst of ROS
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formation and the pH returns to normal, stimulating pore opening and increased cell

death (Halestrap et al., 1998; Halestrap et al., 2004).

Mitochondrial Permeability Transition Pore (MPTP) structure

In the last three decadeis, intensive research has been carried out to 1dentify the
constituents of the MPT megachannel. On a molecular basis the MPT pore consists of
voltage dependent anion channel (VDAC), an unspecific pore protem also known as
porin, in the OMM (Roos et al., 1982}. In the IMM, the channel consists of a specific
ATP/ADP ftransporter called the adenine nucleotide translocator (ANT). Directlj
associated with the ANT in the matrix of mitochondria is c?clophilin D (Cyp-D), a
chaperone with peptidylprolyl isomerase (PPlase) activity (Tanveer et al., 1996). With
advances in transgenic mouse technology, the contributions of each of the constituents of
the MPTP are becoming better defined.

Mammalian VDAC is a 31 kDa protein with three isoforms (VDACI-3). The
generation of isoform-specific VDAC deficient mice allowed the assessment of the role
of mdividual VDAC isqforms in the MPT pore structure. Mice lacking VDACI and
VIDAC3 were viable, whereas elimination of VDAC2 resulted in embryonic lethality,
suggesting that VDAC2 is important for embryonic development. Though VDAC is
considered to be a constituent of the MPTP, recent studies have shown that it might be
dispensable for MPT induction. MPT properties in mitochondria from VDAC 1 * mice
were indistinguishable from those of wild type mice {(Krauskopf et al,, 2006). More

convincingly, Baines er a/ showed that mitochondria from VDAC1™”, VDAC3" or

VDACI"/VDAC3™ mice or fibroblasts lacking all three isoforms exhibited oxidative
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stress induced MPT, which was indistinguishable from wild type (Bames et al., 2007).
These results suggest that VDAC, instead of having a direct effect, may bave an
accessory role in induction of MET.

Mammals have three isoforms of ANT (ANT1-3), another constituent of the
MPTP, which are expressed in a tissue specific pattern. Genetic knockout of ANT in
mouse liver demonstrated that MPT could still be induced in the mitochondria by Ca™,
albeit, at a higher concentration. Furthermore, inhibitor studies proved that ANT in a
constituent of the MPTP. Atractyloside induced opening of MPTP, whereas bongkrekic
acid inhibited poré opening m mitochondria overloaded with Ca*" (Hunter and Haworth,
1979). |

Genetic studies with Cyp-D knockout mice confirmed its role in the regulation of
MPTP machinery. Cyclopsorin A (CsA) inhibits MPTP opening by inhibiting the PPlase
activity of Cyp-D (Crompton et al., 1988) and mitochodria from Cyp-D knockout mice
did not exhibit CsA-sensitive MPTP opening. Similar to ANT-deficient mitochondria,
Cyp—D'/* mitochondria also showed more resistance to Caz’: induced MPT induction

(Baines et al., 2003).
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Sirtuins: regulation of cellular physiology and cell death

The silent information regulator (Sir) proteins were first identified in the budding
yeast S. cerevisiae and function in genomic silencing, cell cycle progression and
maintenance of chromosome stability (Brachmann et al., 1995). In yeast, the Sir family
comprises four proteins: Sirl, Sir2, Sir3 and Sird. Of the four, Sir2 is the most widely
studied and is associated with an extension of replicative lifespan. Sir2 deletion mutants
showed shorter life spans, whereas increasing the gene dosage extended the life span in
wild type cells (Kaeberlein et al., 1999). Sir2 promoted longevity in yeast by suppressing
the formation of toxic extrachromosomal TDNA circles (ERCs) (Sinclair and Guarente,
1997). Initially, Sir2 was found to have ADP-ribosyltransferase activity; this enzymatic
activity was essential for its genome silencing function (Tanny et al., 1999). However,
further studies showed that Sir2 was actually a deacetylase, because active Sir2 catalyzed
an NAD" dependent deacetylation of histones, and mutations of a histidine residue in the
core enzymatic domain abolished the enzymatic activity (Landry et al., 2000).

Calorie restriction (CR) was first described as a reductic?n in food intake in rats of
30-40% of ad libitum levels that would extend their lifespan by up to 50%. CR extends
life span in a wide variety of organisms, although the mechanism is still unclear (Barger
et al., 2003). CR in yeast also extended life span; this extension of life span was

dependent on Sir? and its deacetylase activity, which required NAD™ (Imai et al., 2000;

Lin et al., 2000).




Sirtuins and Evolutionary History

Sir2 is considered the founding: member of the histone deacetylases (HDACs),
which are involved in, cell cycle progression, chromosome stability and the repair of the
double stranded DNA breaks (Brachmann et al,, 1995). Sirtuins are conserved proteiﬁs
found in bacteria to mammals (Frye, 1999; Frye, 2000). The hallmark of the family is a
domain of approximately 260 amino acids that has a high degree of séquence similarity in

all sirtnins. They are further divided into five classes (I'IV and U) on the basis of

phylogenetic analyses of 60 sirtuins from a wide variety of organisms (Fig. 1). The

human genome encode 7 sirtuins (Sirtl-Sirt7) (Frye, 2000).
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Figare 1: An unrooted tree diagram derived from phylogenetic analysis of the conserved
domains of 60 sirtuin sequences from all sirtuin classes. (lasses L I, I, TV, and U apd
subdivisions of classes I and IV are indicated. Organism abbreviations: A. act, detinchacillus
actinomycetemcomitans, A. aeo, Aquifex aeolicus; A. ful, A?;chaeogloéus Julgidus; A. per,

Aeropyrum pernix; A. tha, Arabidopsis thaliona; B. per, Bordetella pertussis; B. sub, Bacillus

subtilis; C. ace, Clostridium acetabutylicum; C. alb, Candida albicans, C. dif, Clostridium

difficile; C. ele, Caenorhabditis elegans;, C. jej, Campylobacter jejuni; D. mel, Drosophila
melanogaster; D. rad, Deinococcus radiodurans; B. col, Escherichia coli; B. fae, Enterococcus
Jaecalis; H. sap, Homo sapiens; H. pyl, Helicobacter pylori; L. maj, Leishmania major; M, avi,
Mycobacterium avium; M. tub, Mycobacterium tuberculosis; O. sat, Oryza sativa;, P. aby,
Pyrococcus abyssi; P. fal, Plasmodium Jalciparum; P. hor, Pyrococcus horikoshii; S. aur,
Staphylococcus aureus; S. coe, Streptomyces coelicolor; S. pom, Schizosaccharomyces pombe, S.
typ, Salmonella typhimurium; S. cer, Saccharomyces cerevisiae; T. bru, Trypancsoma brucei; T.

mar, Thermotoga maritima; Y, pes, Yersinia pestis.
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Mammalian Sirtuins

The seven mammalian sirtains have significant sequence homology and are also
homologous with yeast Sir2. Based on the phylogenetic analysis of 60 sirtuins in wide
variety of organisms they are divided into five classes (I-1V and U) (Fig 1). They contain

a central, conserved catalytic domain where acety! transferase or ADP-ribosy! transferase

enzymatic activity resides, and a NAD™ binding domain (Table 1) (Fig 2). The sirtuin

protein has been found in a wide variety of subcellular compartment. Three sirtuins,

Sirtl, Sirt6 and Sirt7, are nuclear proteins. Sirt2 localizes to cytoplasm. The remaining i

three sirtuins, Sirt3, Sirt4 and Sirt5, arc present in the mitochondria. (Michishita et al.,

2005).
Table 1: Classification, localization and enzymatic activity of mammalian sirtuins ‘
Sirtuin Class Localization | Activity Targets I
Sirtl I Nucleus Deacetylation | PGCla,FOXO1, |
FOXO03, p53 l
Sirt2 I Cytosol Deacetylation Tubulin,
FOXO1,
PEPCK
Sirt3 I Mitochondria | Deacetylation | LCAD, GDH,
: AceCS2
Sirt4 I Mitochondria ADP- GDH
' ribosylation
Sirts 111 Mitochondria | Deacetylation, | CPS1
demalonylation,
desuccinylation
Sirt v Nucleus Deacetylation, | H3K9, H3K56
ADP-
ribosylation
Sirt7 v Nucleolus Deacetylation | Unknown
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Location

N-terminal domakn Core C-terminal domain
SIRTY Euchromatin
SIRT2 Cytoplasm
SIRT3 Mitochondria
SIRT4 Mitochondria
SiRTs Mitochondria
SIRTé Hetero-chromatin
SIRT7 Nucfeolus

7igure 2: Homology between human sirtuins. The dark grey block represents the cord
atalytic domain. The light grey regions represent the N- and C- terminal domains

Enzymatic activity of mammalian sirtuins

The deacetylase or ADP-ribosyltransferase activities of mammalian  sirtuins
require NAD™ as a cofactor. During deacetylation, sirtuins use an acetylated protein and
one molecule of NAD" as substrate to give nicotinamide (NAM), 2’»O—acety1—ADP-
ribose and a deacetylated protein as products. During the Aﬁ)P—ribosylation reaction, an
ADP ribose is transferred from NAD' to a target protern to forrn NAM and the ADP-
nibosylated protein (Fig 3). The enzymatic activity of sirtuins is regulated by the celtular
[INAD'Y [NADH] ratio. NAD" acts as an activator whereas NAM and reduced
micotinamide adenine dinucleotide (NADH) inhibit their activity (Lin et al., 2004). Based
on their enzymatic activity mammalian sirtuins are classified as cither deacetylases (Sirtl,

Sirt2, Sirt3, Sirt5 and Sirt7) or ADP-ribosyliransferases (Sirtd and Sirt6),
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Deacetylation

NAD 27'-—0~acet'yl- — 3"-0O-acetyl-
ADPR = <€ ADPR
SIRT1-3, 5
ADP-ribosylation

SIRT4, 6

lFig__{ure 3: NAD' dependent deacetylation (Sirt1, Sirt2, Sirt3, Sirt5) and
ADP-ribosylation (Sirt4, Sirt6) reactions catalyzed by sirtuins

Sirtuins: Aging and cancer
There is a strong correlation between aging and cancer incidence. During aging,

mutations arise from errors in DNA replication, environmental insults or accumulation
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intracellnlar ROS (Balaban et al., 2005). In many organisms decreased intracellular ROS
correlates with increased lifespan (Barger et al., 2003). Since Sir2 was implicated in
aging, it was postulated that Sir2 may also have an important role in cancer progression.
In fact, Su2 negatively regulates p53-dependent apoptosis in yeast during oxidative
stress. Sir2p physically associates with p53 and induced its deacetylation, therby
suppressing p53-dependent apoptosis in response to DNA damage and oxidative stress
{Luo et al., 2001).

Various mammalian sirtuins have a role in cancer pathogenesis. However, studies
have shown that mammalian sutums can both suppress and promote tumor format-ion.
For example, Sirtl promofes cell survival under a CR diet in rats, an effect which
requires its deacetylase activity (Cohen et al., 2004b) and also promotes survival of tumor
cells (Huffman et al., 2007). Mitochondrial Sirt3 also has both pro- and anti-apoptotic
functions depending on the cell and tumor type. Understanding the mechanistic
differences i tumor types will enhance our knowledge of the complex biclogy of sirfuins

in cancer and will be beneficial in developing better anti-cancer drugs.

Nuclear Sirtuins
Sirtuin 1

Sirtuin 1 (Sirtl) is the most studied protein of the sirtuin family and its increased
expression has been observed in a number of cancers (Herranz and Serrano, 2010;
Huffman et al., 2007; Pfluger et al., 2008). One possible mechanism by which Sirt] could
promote tumors 1s by loss or inactivation of its transcriptional repressors (e.g. p53). Sirtl

promoters have two p53 binding sites. Under oxidative stress, FOXO3a translocates to
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the nucleus from thé cytoplasm where it interacts with p53. This interaction inhibits the
tumor suppressive function of p53, leading to increased expression of Sirtl. Also, Sirtl
levels are usually high in tumors that lack functional p53 (Nemoto et al., 2004).

Hypermethylated in cancer T (HIC1), is a zinc finger transcription factor that
cooperates with p53 to prevent tumor development in mice (Dehennaut and Leprince,
2009). Recently, HIC1 has also been shown to regulate Sirtl expression (Naqvi et al.,
2010). HIC1 interacts with Sirt! to form a transcriptional repression complex that binds
to a Sirt] promoter, forr_m'ng a negative feedback loop and further inhibiting its function.
In HIC1" @ce, Sirtl jnactivated.p53 by deacetylation and allowed cells to bypass
apoptosis during DNA damage (Chen et al., 2005; Huffman et al., 2007).

Another farget of Sirtl is Ku70. Ku70 localizes mainly to the nucleus and is
involved in DNA damage repair (Ahmed et al, 2013). Increased Sirtl expression
promotes deacetylation of Ku70 at lysines 539 and 542, which increases its interaction
with Bax and prevents apoptosis. Mutations which mimic X539 and/or K542 acetylation,
or treatment with deacetylase inhibitors, prevented the ébilit¥ of Ku70 to suppress Bax
mediated apoptosis (Cohen et al., 2004a).

Forkhead box O (FOXO) proteins are important transcription factors that regulate
the expression of proapoptotic genes such as Bim and Fasl, (Fu and Tindall, 2008).
FOXO factors are key regulators of stress response, longevity and oncogenesis (Charitou
and M Th Burgering, 2012). FOX01, a member of the family, interacts with Sirtl, Sirt]-
mediated FOXO1 deacetylation inhibited its transcriptional function and promoted

prostate tumorigenesis in response to stress (Kojima et al., 2008; Yang et al., 2005).
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