SIRT3 is a member of the sirtuin family of protein deacetylases that is preferentially localized to mitochondria. Prominent among the proteins targeted by SIRT3 are enzymes involved in energy metabolism processes, including the respiratory chain, tricarboxylic acid cycle, fatty acid β-oxidation and ketogenesis (Giralt et al, 2012). Through these actions, SIRT3 controls the flow of mitochondrial oxidative pathways and, consequently, the rate of production of reactive oxygen species (ROS). The fact that SIRT3 appears to be the main sirtuin deacetylase in mitochondria, an organelle central in the control of bioenergetics, oxidative stress and cellular death processes, highlights the importance of SIRT3 and the growing recognition of its role as both a central actor in the control of basic cell biology processes and a pharmacological and/or nutritional target for intervention.
Whether SIRT3 serves as a tumor promoter or suppressor has been wildly discussed. On one hand, increased levels of SIRT3 associated with node-positive breast cancer versus non-malignant breast tissue (Ashraf et al, 2006) as well as with oral squamlors cell carcinoma, suggesting that SIRT3 could function as a tumor promoter. On the other hand, SIRT3 expression is decreased in many different types of human cancers, and heterozygous loss of SIRT3 occurs in 40% of human breast malignancies(Bell et al, 2011; Chen et al, 2005; Qiu et al, 2010; Fineley et al, 2011; Haigis et al, 2012). Much work will be needed to pinpoint the precise molecular mechanisms governing SIRT3 functions in cancer. But one thing is sure: these proteins clearly link DNA repair and metabolism, two hallmarks of cancer. As such, it is tempting to envision that modulators of SIRT3 activity could provide future beneficial alternatives against this devastating disease.
Other than cancer, SIRT3 plays a role in the emerging cardiac pathologies associated with diabetes, obesity, and cardiac ischemia (Lu et al, 2009; Schwartz et al, 2008; Neubauer 2007; Pound et al, 2009; Nakagawa et al, 2005; Sundaresan et al, 2008). Direct investigations have shown that SIRT3 plays an important ameliorative role in preventing pathology form pressure overload and aging-associated decline in cardiac function. Whether the direct pharmacological modulation of SIRT3 may confer greater benefit compared with the disappointing results to date of other antioxidant approaches in cardiac disease is an intriguing concept, although direct pharmacological activators of SIRT3 have not been developed at current time. 
Lu and colleagues (Lu et al, 2011; Schwer et al, 2009) revealed that fasting or caloric-restriction exacerbate the redox-stress-dependent toxicity of APAP. Given the known increase in SIRT3 activity on nutrient deprivation, if protein acetylation inhibits NAPQI binding, SIRT3-mediated deacetylation might aggravate acetaminophen-induced liver injury. SIRT3 might act as a double-edged sword raising a word of caution regarding therapeutic strategies aimed at potentiating SIRT3 activity.
The involvement of SIRT3 in processes closely associated with human pathologies, from the metabolic syndrome to cancer, as well as in many other aging-related diseases (cardiac dysfunction and neural degeneration), raises the enormous interests in SIRT3 function and regulation in the context of biomedical research. As with other sirtuins, SIRT3 holds great promise as a ‘druggable protein’, i.e. a protein target capable of binding drug-like molecules. In this scenario, SIRT3 and its subsequent biological effects may be modulated by small molecules or nutrient pharmaceuticals (nutriceuticals) that influence the deacetylase activity of SIRT3.
References
Ashraf, N., Zino, S., Macintyre, A., Kingsmore, D., Payne, A. P., George, W.D. and Shiels, P.G. (2006) Altered sirtuin expression is associated with node-positive breast cancer. Br. J. Cancer 95, 1056-1061.
Bell, E.L.,Emerling,B.M.,Ricoult,S. J.H.,andGuarente,L.(2011).SirT3 suppresses hypoxia inducible factor 1α and tumor growth by inhibiting mitochondrial ROS production. Oncogene 30, 2986–2996. 
Chen, W.Y.,Wang,D.H.,Yen,R. C., Luo,J.,Gu,W.,andBaylin,S. B.(2005).TumorsuppressorHIC1 directlyregulatesSIRT1tomod- ulatep53-dependentDNA-damage responses. Cell 123, 437–448.
Finley,L.W.S.,Carracedo,A.,Lee, J.,Souza,A.,Egia,A.,Zhang,J., Teruya-Feldstein,J.,Moreira,P.I., Cardoso,S.M.,Clish,C.B.,Pan- dolfi, P.P.,andHaigis,M.C. (2011). SIRT3opposesreprogram- ming ofcancercellmetabolism throughHIF1α destabilization. Can-cer Cell 19, 416–428.
Giralt A and Villarroya F. SIRT3, a pivotal actor in mitochondrial functions: metabolism, cell death and aging. Biochem J (2012) 444, 1-10.
Haigis MC, Deng CX, Finley LWS et al. SIRT3 is a mitochondrial tumor suppressor: a scientific tale that connects Aberrant cellular ROS, the Warburg effect, and carcinogenesis. Cancer Research (2012) 72: 2468-2472.
Kim,H.-S.,Patel,K.,Muldoon-Jacobs, K., Bisht,K.S.,Aykin-Burns,N., Pennington,J.D.,vanderMeer, R., Nguyen,P.,Savage,J.,Owens, K. M.,Vassilopoulos,A.,Ozden,O., Park,S.-H.,Singh,K.K.,Abdulka- dir,S.A.,Spitz,D.R.,Deng,C.- X., and Gius,D.(2010).SIRT3isa mitochondria-localizedtumorsup- pressorrequiredformaintenanceof mitochondrialintegrityandmetab- olism duringstress. Cancer Cell 17, 41–52.
Lu Z, Bourdi M, Li JH, Aponte AM, Chen Y, Lombard DB, Gucek M, Pohl LR, and Sack MN. (2011) SIRT3-dependent deacetylation exacerbates acetaminophen hepatotoxicity. EMBO Rep 12:840 - 846.
Lu Z, Scott I, Webster BR, Sack MN. The emerging characterization of lysine residue deacetylation on the modulation of mitochondrial function and cardiovascular biology. Circ Res 105: 830–841, 2009.
Neubauer S. The failing heart—an engine out of fuel. N Engl J Med 356: 1140–1151, 2007.
Nakagawa T, Shimizu S, Watanabe T, Yamaguchi O, Otsu K,Yamagata H, Inohara H, Kubo T, Tsujimoto Y. Cyclophilin D-dependent mitochondrial permeability transition regulates some necrotic but not apoptotic cell death. Nature 434: 652–658, 2005.
Sundaresan NR, Samant SA, Pillai VB, Rajamohan SB, Gupta MP.SIRT3 is a stress-responsive deacetylase in cardiomyocytes that protects cells from stress-mediated cell death by deacetylation of Ku70. Mol Cell Biol 28: 6384–6401, 2008.
Pound KM, Sorokina N, Ballal K, Berkich DA, Fasano M, Lanoue KF, Taegtmeyer H, O’Donnell JM, Lewandowski ED. Substrate-enzyme competition attenuates upregulated anaplerotic flux through malic enzyme in hypertrophied rat heart and restores triacylglyceride content: attenuating upregulated anaplerosis in hypertrophy. Circ Res 104: 805–812, 2009.
Qiu, X.,Brown,K.,Hirschey,M.D., Verdin,E.,andChen,D.(2010). Calorierestrictionreducesoxida- tivestressbySIRT3-mediatedSOD2 activation. CellMetab. 12, 662–667.
Schwer B, Eckersdorff M, Li Y, Silva JC, Fermin D, Kurtev MV, Giallourakis C, Comb MJ, Alt FW, and Lombard DB(2009) Calorie Restriction Alters Mitochondrial Protein Acetylation. Aging cell 5:604-606.
Schwartz DR, Sack MN. Targeting the mitochondria to augment myocardial protection. Curr Opin Pharmacol 8: 160–165, 2008.
Tao,R.,Coleman,M.C.,Pennington, J.D.,Ozden,O.,Park,S.-H.,Jiang, H., Kim,H.-S.,Flynn,C.R.,Hill, S., HayesMcDonald,W.,Olivier,A. K., Spitz,D.R.,andGius,D.(2010). Sirt3-ediated deacetylation of evolutionarily conserved lysine122 regulates MnSOD activity in response to stress. Mol.Cell 40, 893–904.)

