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Sirtuin 3: A Janus face in cancer (Review)
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Abstract. The NAD-dependent protein deacetylase sirtuin 3
(SIRT3) is an enzyme localized primarily in the mitochon-
drion, where it modulates cellular functions such as nutrient
metabolism, ATP balance, antioxidant machinery, and other
mechanisms fundamental to mitochondria. SIRT3 is closely
associated with the pathogenesis of diverse disorders. In
particular, it plays a dual role in the development and progres-
sion of cancer. In many cancers, SIRT3 acts as an oncogene
by promoting or maintaining the malignant phenotypes of
neoplastic cells, including uncontrolled proliferation, resis-
tance to apoptosis, and increased motility or invasiveness;
however, SIRT3 suppresses these phenotypes in certain types
of malignancy. The underlying mechanisms involve deple-
tion of intracellular reactive oxygen species, modulation of
metabolic reprogramming, and regulation of intracellular
signaling responsible for cell growth and death. This review
summarizes recent findings concerning the characteristics
and substrates/interacting partners of SIRT3, with particular
emphasis on emerging mechanisms responsible for fine-tuning
cellular behaviors that potentially underlie its conflicting roles
in carcinogenesis.
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1. Introduction

Cancer is one of the leading causes of mortality, accounting for
~13% of deaths worldwide (1). Carcinogenesis is characterized
by the enrichment of cells displaying phenotypes that result in
excessive proliferation, resistance to apoptosis, and metabolic
dysregulation (2). The cellular machineries that determine
these cellular behaviors remain unclear. However, it is known
that post-translational modification of proteins is a common
mechanism responsible for fine-tuning intracellular signaling
and metabolic pathways that either facilitate or impair malig-
nant transformation.

Lysine acetylation is a fundamental modification that
profoundly affects the activity of a protein, as evidenced by
proteomic studies revealing that >2,000 proteins involved in
diverse cellular processes are acetylated (3-5). The lysine acety-
lation status of individual proteins is concurrently determined
by the balance between acetylation and deacetylation, a process
catalyzed by a cohort of acetyltransferases and deacetylases,
respectively. In contrast to the largely constitutive and non-
selective activities of several known acetyltransferases, the
mechanism of protein deacetylation has been studied extensively,
leading to the characterization of four classes of deacetylase, all
of which show variable catalytic characteristics and substrate
profiles. Sirtuins (SIRTs), a family comprising seven members
(SIRT 1-7), are class III deacetylases that deacetylate diverse
histone or non-histone proteins in a nicotinamide adenine
dinucleotide (NAD)-dependent manner. SIRTs are involved in
regulating diverse cellular activities such as cell proliferation,
survival, and metabolism (6-9). Among this evolutionarily
conserved deacetylase family, SIRT3 is a primary mitochondrial
deacetylase, whose dysregulation is involved in the develop-
ment of diseases such as diabetes (10), myocardial injury (11),
and cancer (12,13). In particular, SIRT3 plays a conflicting role
in cancer initiation and progression; the signaling networks
involved in these processes remain unclear (13-16).

2. Protein structure and localization of SIRT3

The SIRT3 protein comprises two main functional domains.
The larger Rossmann domain provides sites for NAD*



2228

binding, whereas the smaller domain binds zinc atoms. The
cleft between the two domains serves as a docking site for
acetylation substrates (17,18). SIRT3 is first expressed in the
cytoplasm as a 399-amino acid (44 kDa) inactive precursor.
This precursor is subsequently targeted to the mitochondrion,
where it is cleaved at the N-terminus by the mitochondrial
matrix processing peptidase protein (MPP) to generate a
mature 28-kDa protein comprising 257 amino acid residues
(19-21). Mitochondrial trafficking depends on the N-terminal
100 amino acids, of which residues 1-25 play an important role
both in mitochondrial targeting and proteolytic processing
(19). Intriguingly, full-length SIRT3 also exists in the nucleus,
where it normally exhibits histone deacetylation activity
and undergoes cytoplasmic translocation under stress condi-
tions (22) (Fig. 1).

3. Cellular events regulated by SIRT3

SIRT3 is the primary mitochondrial deacetylase that determines
the acetylation level of many mitochondrial proteins (23). As a
result, SIRT3 plays a pivotal role in varied cellular events such
as nutrient metabolism, ATP balance, antioxidant machinery
regulation, and some fundamental mitochondrial functions
(Fig. 2).

Nutrient metabolism. SIRT3 orchestrates global shifts in
nutrient metabolism by regulating the activity of diverse
substrates involved in multiple metabolic pathways. In
carbohydrate metabolism, for example, SIRT3 deacetylates
and inactivates cyclophilin D (CyP-D), resulting in the
dissociation of hexokinase 2 (HK2) from the mitochondrial
outer membrane and the subsequent inhibition of glycolysis
(24). SIRT3 can also block the malate-aspartate shuttle by
inhibiting glutamate oxaloacetate transaminase 2 (GOT?2)
(25). Acetyl-CoA is a primary entry point in the tricarboxylic
acid cycle (TCA). To this end, SIRT3 can deacetylate and
activate acetyl-CoA synthetase 2 (AceCS2), thereby providing
increased acetyl-CoA to the TCA (26,27). SIRT3 also increases
acetyl-CoA levels by deacetylating the upstream enzymes
responsible for activating the pyruvate dehydrogenase complex
(PDC) (28). In addition, SIRT3 accelerates the oxidation of
isocitrate by targeting isocitrate dehydrogenase 2 (IDH2),
which plays a vital role in glutathione antioxidant systems by
generating NADPH (29). Furthermore, SIRT3 coordinates the
TCA cycle and the electron transport chain (ETC) by acti-
vating complex 1I, e.g., the flavoprotein subunit of succinate
dehydrogenase (SDH) that plays a critical role in both of these
processes (30,31). Finally, SIRT3 interacts with complexes I,
III, and IV, thereby improving the efficiency of electron trans-
port (10,23).

SIRT3 participates in amino acid metabolism and in the
urea cycle. SIRT3 deacetylates and increases the enzymatic
activity of glutamate dehydrogenase (GDH), a key enzyme
involved in amino acid oxidation (32). Moreover, SIRT3
deacetylates ornithine transcarbamylase (OTC), thereby
increasing urea cycle flux during energy restriction (33).

During lipid metabolism, SIRT3 accelerates the process of
fatty acid oxidation by modulating the activity of long chain
acyl-CoA dehydrogenase (LCAD) (34). SIRT3 also enhances
the enzymatic activity of 3-hydroxy-3-methylglutaryl CoA
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synthase 2 (HMGCS2) to promote synthesis of the ketone
body, f-hydroxybutyrate (35).

Antioxidant machinery and ATP balance. SIRT3 acts as a
watchdog that maintains redox homeostasis by regulating
the antioxidant machinery and ATP balance. For instance,
SIRT3 deacetylates and activates the transcriptional factor
forkhead box O3 (FOXO3a), leading to upregulation of
manganese-dependent superoxide dismutase 2 (MnSOD?2) and
catalase (Cat), two important antioxidant proteins that deplete
intracellular reactive oxygen species (ROS) (36). As mentioned
above, SIRT3 also licenses glutathione antioxidant systems by
targeting IDH2 (29), and facilitates electron transportation by
preventing slow ETC flux-triggered electron leaking and ROS
production (23). SIRT3 also interacts with and deacetylates
liver kinase Bl (LKBI1). The deacetylation of LKBI activates
5' AMP-activated protein kinase (AMPK), leading to high
levels of ATP (37). AMPK in turn increases SIRT3 activity by
increasing cellular NAD* levels via feedback regulation (38).
Furthermore, the activity of SIRT3 depends on a high ratio
of cellular NAD* to NADH, an indication of energy-deficient
state that increases AMPK activity (38,39).

Functions of mitochondria. SIRT3 plays a fundamental role
in mitochondrial functions such as repair, respiration, and
dynamics. For example, SIRT3 deacetylates and prevents the
degradation of 8-oxoguanine glycosylase 1 (OGG1), a DNA
glycosylase enzyme responsible for repair of mitochondrial
DNA (40). SIRT3 also regulates mitochondrial respiration by
targeting mitochondrial ribosomal protein 10 (MRPLI10) (41).
In addition, SIRT3 deacetylates and activates optic atrophy 1
(OPA1), thereby modulating mitochondrial dynamics (42).
SIRT3 also plays a role in maintaining mitochondrial perme-
ability transition and preventing accumulation of misfolded
proteins within mitochondria [the so-called mitochondrial
unfolded protein response (UPRmt)] (43,44).

4. Dual role of SIRT3 in cancer

The causal relationship between SIRT3 deregulation and
cancer is well documented. However, SIRT3 may exhibit
tumor-promoting or -suppressive capacity depending upon the
type of cancer and, probably, the context of intracellular signal
pathways (Fig. 3). SIRT3 also plays conflicting roles in malig-
nancies originating from the same types of tissue, e.g., gastric
cancer (45,46), lung cancer (47,48), colon cancer (49,50), and
head and neck squamous cell cancer (51-53).

SIRT3 as an oncogenic protein. SIRT3 is an oncogenic factor
for many types of carcinoma: high expression correlates with
hallmarks of malignancy and a poor clinical prognosis. This
is exemplified by esophageal cancer, in which high expression
of SIRT3 is associated with a poor outcome; indeed, the level
of SIRT3 expression is an independent predictor for cancer
prognosis (54). High SIRT3 expression is also associated
with poor prognosis in patients with grade 3 breast cancer;
SIRT3 knockdown increases the efficacy of cisplatin and
tamoxifen, which are used to treat this disease (55). SIRT3
is also overexpressed in oral squamous cell carcinoma
cells. Silencing of SIRT3 inhibits cancer cell proliferation,
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Figure 1. Structure and subcellular localization of SIRT3. (A) SIRT3 is a conserved protein belonging to the sirtuin family. SIRT3 contains an active site, four
NAD* sites, four Zn** sites, and a mitochondrial targeting sequence. (B) SIRT3 is directed to the mitochondrion by the targeting sequence, where it undergoes
cleavage by mitochondrial MPP to generate the mature protein. It functions primarily as a mitochondrial deacetylase, but also has histone deacetylation
activity in the nucleus. Ac, acetyl; H4, histone H4.

Figure 2. Functions of SIRT3 in the cell. SIRT3 is the primary mitochondrial deacetylase, mediating diverse cellular processes via deacetylation of a variety of
proteins. It regulates the metabolism of carbohydrates, lipids, and amino acids by targeting critical enzymes; it functions as part of the antioxidant machinery
and regulates ATP balance in different ways; it also plays a vital role in fundamental mitochondrial functions.
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Figure 3. Dual roles of SIRT3 in cancer. SIRT3 plays conflicting roles in carcinogenesis dependent on the tissue of origin. SIRT3 functions as an oncoprotein
in thyroid, esophageal, melanoma, renal, and oral squamous cancer, while acting as a tumor suppressor in breast, pancreatic, hepatocellular, ovarian, and basal
cell cancers and B cell malignancies. SIRT3 can either promote or antagonize tumor development in gastric cancer, lung cancer, colon cancer, and head and
neck squamous cancer.
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Figure 4. Mechanisms underlying the roles of SIRT3 in cancer. SIRT3 can deacetylate and regulate numerous substrate proteins involved in varied signaling
events responsible for cell growth and metabolism. The regulatory role of SIRT3 in carcinogenesis relies largely on its critical involvement in the machineries
determining the generation of ROS and the metabolic patterns of nutrients like carbohydrates, as well as in signaling pathways responsible for cell proliferation
and apoptotic cell death.

reduces tumor burden, and sensitizes these cells to radiation  nevi tissues; the same is true in cell lines derived from these
or chemotherapy (56). Furthermore, SIRT3 expression in  tissues. Knockdown of SIRT3 reduces proliferation, colony
markedly elevated in melanoma compared with melanocytic =~ formation, and cellular migration, and induces senescence
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and Gl-phase arrest in human melanoma cells, with a corre-
sponding increase in pl6 and p21 expression and a decrease
in expression of cyclin D1 and El and cyclin-dependent
kinases (CDKs) 2, 4, and 6. SIRT3 knockdown significantly
inhibits tumorigenesis in a xenograft model of melanoma.
Conversely, forced overexpression of SIRT3 increases the
proliferative potential of melanoma cell lines (57). SIRT3 is
also overexpressed in renal cancer, in which SIRT3 depletion
or an inactive mutant inhibits cell proliferation and xenograft
tumor growth (58). Immunohistochemical analysis of thyroid
cancer demonstrated that SIRT3 expression is associated
with tumors showing low SIRT3 levels in benign thyroid
tissues, moderately increased levels in follicular carcinomas,
and high levels in papillary thyroid carcinomas and well-
differentiated thyroid carcinomas. Such a distribution is in
accordance with the expression pattern of nicotinamide phos-
phoribosyltransferase (NAMPT), a rate-limiting enzyme in
NAD" biosynthesis, supporting the critical involvement of the
NAD"-dependent deacetylase, SIRT3, in thyroid gland (59).

SIRT3 as a tumor suppressor. SIRT3 inhibits proliferation,
metabolic reprogramming, and other malignant phenotypes
of cells, and correlates with a good outcome for many types
of cancer. For instance, SIRT3 expression is markedly lower
in breast cancer cells than in paired normal breast epithe-
lium, and lower SIRT3 expression is associated with shorter
locoregional relapse-free survival (60). SIRT3 expression also
correlates with clinical characteristics such as the distribution
of estrogen receptors and levels of oxidative stress (61). SIRT3
induces inhibition of glycolysis and reverses metabolic repro-
gramming in breast cell lines (24). The tumor-suppressive role
of SIRT3 is also manifest in hepatocellular cancer (HCC), in
which SIRT3 expression in cancerous tissues is much lower
than that in adjacent non-cancerous tissue. Survival analyses
indicate that high SIRT3 expression correlates with increased
overall survival and recurrence-free survival. In addition, lower
SIRT3 expression is associated with unfavorable clinicopatho-
logical parameters such as differentiation, clinical stage, and
tumor multiplicity (62-64). Overexpression of SIRT3 inhibits
growth and induces apoptosis in HCC cells and increases their
sensitivity to chemotherapeutic agents (65-67). Furthermore,
lower SIRT3 expression correlates with increased aggressive-
ness of pancreatic cancer and a shorter time to relapse and
patient survival in the absence of chemotherapeutic inter-
vention, suggesting that SIRT3 is tumor-suppressive in the
context of pancreatic cancer and may also represent a novel
predictive biomarker for chemotherapeutic response (68).
Mechanistically, SIRT3 inhibits pancreatic cell metabolism
and growth by impeding malate-aspartate shuttle activity
(25) or preventing iron metabolism (69). SIRT3 expression in
samples from patients with B cell malignancies is lower than
that in primary B cells from healthy donors, and low SIRT3
expression predicts worse overall survival. Overexpression
of SIRT3 decreases the proliferation and diminishes the
Warburg-like phenotype of SIRT3-deficient B cell lymphoma
cells (70). As a potential prognostic biomarker for basal cell
cancer, SIRT3 expression is lower in cancerous tissues than in
normal tissues (71). In addition, SIRT3 expression is signifi-
cantly downregulated in metastatic ovarian cancer tissues and
in highly metastatic ovarian cancer cell lines. Knockdown of
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SIRT3 increases ovarian cancer cell migration and invasion
in vitro and liver metastasis in vivo by downregulating Twist,
thereby suppressing epithelial-to-mesenchymal transition
(EMT) (72).

5. Mechanisms underlying SIRT3-mediated regulation of
cancer

The precise mechanism by which SIRT3 regulates the patho-
genesis of cancer remains a matter for debate. Nevertheless,
depletion of ROS, modulation of metabolism, and regulation
of proliferative or apoptotic pathways provide a biochemical
rationale for its regulatory role in cancer (Fig. 4).

Depletion of ROS. ROS either expedite or inhibit malignancy.
These controversial findings are attributed to the diverse
roles played by ROS during cancer development (73). ROS
can damage macromolecules like DNA by oxidizing specific
intracellular chemical moieties, leading to genetic mutations
and the activation of biochemical pathways that stimulate cell
proliferation and neoplastic transformation (74). As shown
above, SIRT3 reduces ROS levels by activating the antioxidant
defense system. Loss of SIRT3 triggers oxidative damage,
activates ROS-mediated signaling, and causes carcinogenesis
in various cell types (14). For example, mouse embryonic
fibroblasts (MEFs) lacking SIRT3 exhibit increased ROS
levels and high genomic instability, and can be transformed by
ectopic expression of a single oncogene. By contrast, wild-type
MEFs require both Myc and Ras to acquire a malignant
phenotype (75). SIRT3 knockdown facilitates tumorigenesis
in xenograft models, which is inhibited by treatment with
the antioxidant, N-acetyl cysteine, whereas overexpression of
SIRT3 decreases tumorigenesis in xenografts (76). Loss of
SIRT3 causes MnSOD?2 acetylation and elevates ROS levels,
resulting in endocrine therapy resistance in human luminal B
breast cancer (77). SIRT3 deficiency promotes the growth of
B cell lymphoma via a ROS-dependent mechanism. Consistent
with this, low SIRT3 levels in clinical B lymphomas correlated
with hyperacetylation and reduced activities of the mitochon-
drial proteins IDH2 and MnSOD?2 and with high levels of
ROS (70). Therefore, SIRT3 functions as a tumor suppressor
by scavenging ROS.

Consistent with the role of ROS in tumor formation and
progression, removal of ROS may also underlie the onco-
genic role of SIRT3. For example, overexpression of SIRT3
in gastric cancer promotes cell proliferation and glycolysis,
which is ascribed to the ability of SIRT3 to maintain the low
levels of intracellular ROS (46). Interestingly, SIRT3 acti-
vates hypoxia-induced mitophagy in human glioma cells by
increasing the interaction between VDACI and Parkin, while
inhibiting SIRT3-mediated mitophagy further decreases the
mitochondrial membrane potential, and increases the accu-
mulation of ROS, which in turn triggers degradation of the
antiapoptotic proteins Mcl-1 and survivin via the proteasomal
pathway; this suggests that SIRT3 may maintain ROS at levels
that contribute to the malignant phenotype of cancer cells (78).

Modulation of metabolism reprogramming. Cancer cells
prefer to utilize glycolysis for energy production, even
in the presence of sufficient oxygen: this phenomenon is
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called ‘aerobic glycolysis’ or ‘the Warburg effect’ (79). The
resulting metabolic reprogramming, in addition to enabling
rapid energy supply, provides enough glycolytic intermedi-
ates for biosynthetic pathways and facilitates the synthesis
of the macromolecules and organelles needed for generating
new cancer cells (80-82). Accumulating studies support
a suppressive role for SIRT3 in cancer-related metabolic
reprogramming via two different pathways (13). First,
SIRT3-mediated reductions in ROS levels induce activation
of oxygen-dependent prolyl hydroxylases (PHD), followed by
degradation of hypoxia-inducible factor 1-a (HIF-1a), a key
mediator of metabolic reprogramming. Consistent with this,
loss of SIRT3 from breast cancer cells provides an impetus
for metabolic reprogramming via the ROS/HIF-1o pathway
(83). In this regard, the anticancer role of profilinl (Pfnl) in
pancreatic cancer was ascribed to its capacity to upregulate
SIRTS3, resulting in destabilization of HIF-1a and suppressed
expression of glycolytic genes (84). Second, SIRT3 stimulates
the TCA or inhibits glycolysis by directly targeting metabolic
enzymes. As described above, SIRT3 blocks a critical step of
glycolysis in both breast cancer and gastric cancer by inhib-
iting HK2 (24,45). Another key enzyme modified by SIRT3
is PDC, which links the glycolysis metabolic pathway to the
TCA by converting pyruvate into acetyl-CoA. The activity of
PDC is either inhibited by pyruvate dehydrogenase kinase or
restored by pyruvate dehydrogenase phosphatase. In cancer
cells, mitochondrial ACAT1 acetylates and inhibits PDC
by recruiting PDK1, while PDC is deacetylated by SIRT3.
ACATI1 and SIRTS3 also acetylate and deacetylate PDPI,
resulting in the dissociation from, or association with, PDC,
respectively (28,85). In pancreatic cells, SIRT3 deacetylates
and inhibits the activity of GOT2, the limiting enzyme in the
malate-aspartate shuttle, thereby impairing the transport of
cytosolic NADH into the mitochondria, a process required
for glycolysis (25).

SIRT3 also shows a dark side when regulating metabolic
reprogramming. For example, in gastric cancer cells, SIRT3
can deacetylate and activate lactate dehydrogenase A, thereby
promoting anaerobic glycolysis and carcinogenesis (46). In
addition, a cluster of glycolysis-associated proteins (HK2
and glucose transporters) is upregulated in SIRT3-expressing
gastric carcinoma cells (46). These findings suggest that
SIRT3 may expedite malignant transformation by promoting
metabolic reprogramming.

Control of proliferative signaling. Cell division is driven
by intracellular signals normally initiated by growth factor
engagement of cognate receptors, culminating in activation of
transcriptional factors and expression of proteins required for
cell cycle progression. The canonical signaling pathways that
contribute to cell proliferation are tailored and orchestrated
by numerous regulators. To this end, SIRT3 deacetylates and
modifies the activity of components or master regulators of
proliferative signaling and is, therefore, essential for tumori-
genesis.

First, SIRT3 plays a regulatory role in cellular levels of
P53, the well-characterized tumor suppressor. SIRT3 attenu-
ates p53 degradation by downregulating the mouse double
minute 2 homolog (MDM?2) in HCC cells (65). SIRT3-mediated
deacetylation also upregulates the activity of phosphatase and
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tension homolog, leading to a reduction in MDM?2 transcrip-
tion and p53 degradation in various cancer cells (48,86).

Second, SIRT3 dictates cell proliferation by modulating
the classical mitogen-activated protein kinases/extracellular
signal-regulated kinases (MAPK/ERK) and protein kinase B
(PKB/Akt) signaling pathways. In HCC and prostate cancer
cells, ectopic expression of SIRT3 reduces phosphorylation of
ERK1/2 and Akt, thereby suppressing cell survival and prolif-
eration (65). While reduced mitochondrial ROS production
may underlie SIRT3 suppression of the PI3K/Akt pathway,
the ubiquitination and degradation of the oncoprotein c-MYC
is responsible for inhibiting cell proliferation downstream of
SIRT3/Akt signaling (87,88).

Third, SIRT3 can suppress mitosis by directly targeting
cell cycle proteins. S-phase kinase-associated protein 2 (Skp2)
enables cell cycle progression through the G1/S checkpoint by
promoting destruction of p27 (89). Acetylation of Skp2 by p300
increases its stability and cytoplasmic translocation, whereas
SIRT3 deacetylates Skp2 and antagonizes p300-mediated
Skp2 activation (90).

Finally, SIRT3 suppresses the growth of pancreatic cancer
by modulating cellular iron metabolism. Overexpression of
SIRT3 impairs enrichment of iron regulatory protein 1 (IRP1)
on the iron-responsive elements, thereby downregulating the
transferrin receptor 1 (TfR1) and suppressing TfR1-mediated
iron uptake and cell growth (69).

It is noteworthy that SIRT3 also facilitates carcinogenesis
by reinforcing proliferative signal pathways. In bladder tumor-
derived EJ-P53 cells, SIRT3 appears to rescue p53-induced
growth arrest by abrogating p53 activity (91). In non-small cell
lung cancer cells, SIRT3 promotes growth and proliferation by
interacting with nicotinamide mononucleotide adenylyltrans-
ferase 2 (NMNAT?2), which catalyzes an essential step in NAD
(and NADP) biosynthesis (47).

Regulation of apoptotic pathways. Programmed cell death
or apoptosis plays an important role in ontogenesis and the
development of various disorders. Resistance to apoptosis is a
hallmark of cancer cells (2). Recent studies show that SIRT3
extensively participates in the regulation of the apoptotic
machinery.

The B cell lymphoma 2 (Bcl-2) family proteins are key
regulators of the apoptotic pathway. Its proapoptotic members,
such as Bcl-2-associated X protein (Bax), damage the integrity
of the outer mitochondrial membrane, leading to cytochrome ¢
release into the cytosol and a subsequent cascade of caspase
activation that triggers apoptosis. The mitochondrial pore-
forming activity of these proapoptotic proteins is inhibited
by their association with antiapoptotic members. SIRT3
regulates both proapoptotic and antiapoptotic members of
the Bcl-2 family. For example, SIRT3 mediates Bcl-2- and
JNK2-regulated apoptosis in colorectal carcinoma cells under
basal conditions (92). Moreover, SIRT3 overexpression in
HCC cells promotes chemotherapeutic agent- and sorafenib-
induced apoptosis, while SIRT3 silencing confers resistance to
chemotherapy. Mechanistically, SIRT3 decreases the amount
of glutathione S-transferase P1 (GSTPI), causing sequential
activation of JNK and c-Jun and upregulating the c-Jun tran-
scriptional target, Bim (67). The proapoptotic role of SIRT3
was also verified in lung adenocarcinoma cells, in which SIRT3
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overexpression induces apoptosis by increasing the Bax/
Bcl-2 ratio (48). Kaempferol, a flavonoid compound, induces
apoptosis by upregulating Bax and SIRT3 and downregulating
Bcl-2 (93). Interestingly, the BH3-only protein mimetic S1, a
novel pan Bcl-2 inhibitor, simultaneously interrupts glucose
metabolism and induces apoptosis of ovarian cancer cells by
upregulating and inducing the mitochondrial translocation
of nuclear SIRT3, suggesting reciprocal regulation between
SIRT3 and Bcl-2 family proteins in cancer cells (94). Finally,
given the regulatory role of SIRT3 on p53, SIRT3 may also
induce apoptosis through transcriptional activation of Bax and
downregulation of Bcl-2.

Conversely, SIRT3 could also function as an antiapoptotic
protein in various types of cell. SIRT3 blocks apoptosis in
cervical carcinoma HeLa cells by deacetylating Ku70, thereby
facilitating its association with Bax and preventing Bax trans-
location to the mitochondrion (11). Cancer cells have evolved
the ability to escape anoikis, a specific form of apoptosis trig-
gered by loss of contact with the extracellular matrix (95,96).
In oral squamous cell carcinoma, dissociation of focal adhe-
sion kinase from receptor interacting protein (RIP) promotes
RIP binding to Fas and the formation of the death-inducing
signaling complex that triggers anoikis; however, SIRT3 func-
tions as a negative regulator of RIP downstream signaling,
thereby rendering neoplastic cells resistant to anoikis (97,98).

6. Conclusion

As a crucial mitochondrial deacetylase, SIRT3 modulates the
activity of an increasing list of substrate proteins. Mounting
evidence supports causal involvement of SIRT3 in various
disorders, including carcinogenesis. However, studies using
different carcinoma models have reached diverse conclusions
concerning the precise role of SIRT3 in tumorigenesis. These
studies may have reached different conclusions because SIRT3
acts on a wide array of substrates in different cellular contexts.
Also, SIRT3 catalyzes deacetylation of both histone and non-
histone proteins in the mitochondrion and nucleus, which
has different effects on individual proteins. These are further
complicated by the non-physiological manipulation of genes
in vitro. Therefore, further studies are required to discriminate
SIRT3-regulated key events that drive carcinogenesis from
those that do not (or even suppress it). In this respect, while
utilization of SIRT3-deficient cells or animal models allows
systemic study of its global contributions to intracellular
signaling or metabolic pattern shifts, studies based on clinical
cancers will help define a bona fide correlation between SIRT3
and the pathogenesis of different malignancies. Nonetheless, a
clearer understanding of the role of SIRT3 in carcinogenesis
will eventually open new avenues for cancer treatment by
targeting this mitochondrial deacetylase.
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