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Abstract

Sirtuin activators, including small molecules such as polyphenols and resveratrol, are much desired
due to their potential to ameliorate metabolic disorder and delay or prevent aging. In contrast, recent
studies demonstrate that targeted silencing of sirtuin 1 (SIRT1) expression or activity by the deleted
in breast cancer 1 (DBC1) may be beneficial by promoting p53-induced apoptosis in cancer cells,
and by sensitizing cancerous cells to radiation therapy. Negative SIRT1 regulation also alleviates
gene-repression associated with fragile X mental retardation syndrome. The targeted activation or
inhibition of SIRT1 activity therefore emerges as a critical point of regulation in disease pathogenesis.

Sirtuin 1 (SIRT1), mammalian homologue of the silencing information regulator 2 (Sir2) yeast
gene, is a class 111 nicotinamide adenine dinucleotide (NAD™)-dependent histone deacetylase
that is conserved across species and plays an important role in extending lifespan [1]. Located
within the nucleus, SIRT1 regulates cell survival by modulating cellular stress, metabolic
pathways and apoptosis. Although the numerous targets and functions of SIRT1 are constantly
being unraveled (as summarized in Figure 1 and reviewed in [2-6]), cell survival was initially
demonstrated to involve the SIRT-associated deacetylation of tumor suppressor gene, p53
[7-9]. Intriguingly, overexpression of SIRT1 was observed in colon, prostate, breast [10] and
lung [11] cancers, and was correlated with silenced tumor suppressor genes (TSGs) [12] as
well as resistance to chemotherapy and ionizing radiation [13,14]. Knockdown of SIRT1
expression induced a p53-dependent apoptosis in response to DNA damage, whereas inhibition
of SIRT1 deacetylating activity by small molecule inhibitors was insufficient to induce
apoptosis, suggesting that catalytic activity alone may not be adequate to influence
carcinogenesis [15]. It was therefore hypothesized that the down-regulation of SIRT1 would
be beneficial for cancer treatment and prevention.

Promoter hypermethylation, critical in gene silencing, is implicated in the regulation of genes
which are involved in cellular pathways such as cell cycle regulation (CDKN2B, CDKN2A,
TP73, PTEN, NES-1, LATS-1), apoptosis (p14, ASPP-1, APAF1) or cell adhesion (CDH13,
CDHZ1,; please see [16] and references within). The deleted in breast cancer 1 (DBC1) gene was
identified as a potential tumor suppressor gene that is either found hypermethylated or deleted
in cancer [16-18], and is associated with antiproliferative properties leading to cell cycle arrest
in the G1 phase [19,20]. In the January 2008 issue of Nature Zhao et al. demonstrated an
association between p53-mediated apoptosis and the inhibition of SIRT1 by DBC1 [21]. Using
affinity chromatography purification and mass spectrometry, they identified SIRT1-containing
protein complexes from native HeLa cells and demonstrated that DBC1 was not only strongly
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associated with SIRT1 but also co-immunoprecipitated with it [21]. The importance of DBC1-
SIRT1 interactions was further emphasized by the fact that the p53 deacetylating capacity of
Fag-tagged SIRT1 is strongly repressed by Flag-tagged DBCL1 in a dose dependent manner,
suggesting that DBCL1 is a negative regulator of SIRT1 activity [21]. RNAi knockdown of
SIRT1 abolished the protein-protein binding of DBC1 and increased both p53 acetylation and
BAX expression, whereas RNAi knockdown of DBCL1 expression did not affect p53 stability,
but significantly reduced the expression of its downstream transcriptional targets, PUMA and
BAX [21]. The inhibition of DBC1 expression by RNA. also rendered the DNA-damaged
human osteosacrcoma cells (U20S ) resistant to p53-mediated apoptosis, but otherwise had
no effect upon the deacetylation of p53 by histone deacetylase complex 1 (HDAC1 [21]).

Within the same issue of Nature, Kim et al. concurrently demonstrated a co-
immunoprecipitation of DBC1 with SIRT1 in 293T cells and an associated inhibition of SIRT
activity [22]. Both Zhao et al. [21] and Kim et al. [22] demonstrate that DBC1 specifically
binds to SIRT1, but not SIRT6 or SIRT7, which co-localize in the nucleus with SIRT1.
Regardless of its nuclear localization, SIRT1 is subject to nucleocytoplasmic shuttling, and the
nuclear localization of SIRT1 was associated with the inhibition of oxidative stress-induced
cell death in C2C12 mouse muscle cells [23]. In contrast, the nuclear expulsion and cytoplasmic
localization of SIRT1 appears critical in muscle development through an amelioration of MyoD
repression [24]. Studies by Zhao et al. were conducted using whole cell extracts and therefore
the precise location of DBC1-SIRTL1 interactions is unclear [21]. Similar to SIRT1, DBC1 is
also localized to the nucleus, but upon cleavage by caspases becomes localized within the
cytoplasm and functions to promote apoptosis [25]. Is it then possible that DBC1-SIRT
interactions are cytoplasmic, as SIRT1 is highly expressed within the cytoplasm of cancerous
cells [15]? If so, future studies are warranted to identify the triggers that co-ordinately sequester
DBC1 and SIRT1 within the cytoplasm (Figure 2). The binding of DBC1 to SIRT1 was
abolished by deleting the leucine zipper motif of DBC1 and the catalytic domain of SIRT1,
implicating the importance of these two regions in the regulation of SIRT1 by DBC1 [22].
Moreover, co-expression of DBC1 significantly reduced the binding of SIRT1 to its substrates,
p53 and forkhead box transcription factor (FOXO) by blocking substrate access [22].
Functional studies reveal that genotoxic stress stimulates DBC1 binding to SIRT1 and
increased expression of FOXO target genes, manganese superoxide dismutase (MnSOD) and
Gadd45a, with a concomitant reduction in Bim expression [22]. It is also predicted that the
Nudix hydroxylase domain of DBC1 may bind NAD metabolites such as ADP-ribose [25].
Overall, although inhibition of apoptosis in response to cellular oxidative stress is critical to
retard/prevent ageing, the promotion of apoptosis is also desirable to prevent carcinogenesis.

To recapitulate, recent studies by Zhao et al. [21] and Kim et al. [22] appear to support the old
adage that ‘one man’s food is another man’s poison’. The very unique feature and ability of
SIRT1 to promote cell survival has proven detrimental to cancerous cells, as SIRT1
overexpression is often associated with deacetylation of TSG, p53, leading to survival of tumor
cells and possible resistance to cancer therapy [15,16,26]. New studies reveal an additional
function of p53 in regulating not only mitochondrial respiration, but also secondary changes
in glycolysis and glucose metabolism [27,28]. Since SIRT1 also regulates glucose metabolism
and p53 functions [29-31], it would be of further interest to identify the exact role of SIRT1/
p53 in the regulation of glucose metabolism and apoptosis in tumor cells. Calorie restriction
(CR) is a robust phenomenon and is the only known intervention which increases lifespan
across species via an augmentation of SIRT1 activity [32-35]. Long-term CR is an extremely
challenging task, and therefore the quest for CR mimetic and SIRT activators has captured
undivided attention from both the scientific and pharmaceutical communities. SIRT seems to
stand at the nexus of two cross roads: cellular senescence, a potent mechanism of tumor
suppression; and cell survival or retardation of apoptosis involved in aging. It is therefore of
concern that ubiquitous up-regulation may not be always desirable, as exemplified further by
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the fact that inhibition of SIRT1 alleviates gene silencing detrimental in diseases such as fragile
X mental retardation syndrome [36], and various models of neurodegeneration including
Parkinson’s disease [37]. In summary, it seems that it is not only SIRT1 activators, but also
inhibitors, which offer therapeutic potential in the treatment of human health and disease.
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CR

calorie restriction
DBC1

deleted in breast cancer 1
FOXO

Forkhead box O
GDH

glutamate dehydrogenase
IRS2

insulin receptor substrate-2
NAD

nicotinamide adenine dinucleotide
PPARYy

peroxisome proliferator-activated receptor gamma
PGCl-a

PPAR coordinator 1a
TSG

tumor suppressor gene
UCP2

uncoupling protein 2
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Figure 1. Targets and functions of SIRT1

Numerous studies have now unraveled the role of SIRT1 not only in histone deacetylation, but
also in the deacetylation and ADP-ribosylation of proteins involved in cell survival (p53,
FOXO), adipogenesis (PPARY), glucose and lipid metabolism (GDH, IRS2, PGC1-a, UCP2),
peripheral insulin resistance (PTP-1B, adiponectin), inflammation and apoptosis (NF-«xB) as
well as myogenesis (MyoD).
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Figure 2. Depicts the inhibitory effects of protein-protein interaction between DBC1 and SIRT1
SIRT1 is highly expressed in the cytoplasm of cancer cells, while nuclear expulsion of DBC1
induces apoptosis. Binding of DBC1 to SIRT catalytic domain was demonstrated to induce
apoptosis in cancer cells and sensitize them to ionizing radiation. It is however unknown
whether binding of DBCL triggers cytoplasmic translocation of SIRT or whether the nuclear
export of the DBC1/SIRT1 complex is triggered by factors regulating DBC1.

Cellscience. Author manuscript; available in PMC 2009 September 10.



