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Abstract

The world’s population continues to age at a rapid pace. By the year 2050, individuals over the age
of 65 will account for sixteen percent of the world’s population and life expectancy will increase
well over eighty years of age. Accompanied with the aging of the global population is a significant
rise in non-communicable diseases (NCDs). Neurodegenerative disorders will form a significant
component for NCDs. Currently, dementia is the 7! leading cause of death and can be the result of
multiple causes that include diabetes mellitus, vascular disease, and Alzheimer’s disease (AD).
AD may represent at least sixty percent of these cases. Current treatment for these disorders is
extremely limited to provide only some symptomatic relief at present. Sirtuins and in particular,
the silent mating type information regulation 2 homolog 1 (Saccharomyces cerevisiae) (SIRT1),
represent innovative strategies for the treatment of cognitive loss. New work has revealed that
SIRT1 provides protection against memory loss through mechanisms that involve oxidative stress,
AB toxicity, neurofibrillary degeneration, vascular injury, mitochondrial dysfunction, and neuronal
loss. In addition, SIRT1 relies upon other avenues that can include trophic factors, such as
erythropoietin, and signaling pathways, such as Wntl inducible signaling pathway protein 1
(WISP1/CCN4). Yet, SIRT1 can have detrimental effects as well that involve tumorigenesis and
blockade of stem cell differentiation and maturation that can limit reparative processes for
cognitive loss. Further investigations with sirtuins and SIRT1 should be able to capitalize upon
these novel targets for dementia and cognitive loss.
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The Global Aging of the World’s Population

It is expected that the number of individuals age 65 or older will increase from 524 million
to over 1.5 billion by the year 2050. This number would represent sixteen percent of the
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world’s population. The age of the global population will increase with life expectancy well
over eighty years of age (1). Of further interest, it has been observed that the number of
individuals over the age of sixty-five has doubled during the previous fifty years (2). The
number of elderly individuals in large developing countries such as India and China also will
increase from five percent to ten percent over the next several decades (3, 4). For developed
nations, the development of new and effective strategies for multiple disorders that include
cardiovascular disease (5-9), glucose regulation (10-15), and metabolic disease (15-19) as
well as access to preventive care measures have contributed to the increased life span of the
world’s population.

Accompanying the increasing age of the world’s population is a rise in non-communicable
diseases (NCDs). NCDs cause more than sixty percent of the annual fifty-seven million
global deaths (20). Interestingly, neurodegenerative disorders form a significant component
for NCDs (21). Neurodegenerative disorders include more than six hundred disease entities
and progressively lead to nervous system dysfunction (22). Acute and chronic
neurodegenerative disorders lead to disability and death for greater than thirty million
individuals worldwide (23). Improvements in clinical care that have fostered an increased
life span for the global population are also believed to have produced a continual rise in the
presentation of neurodegenerative disorders that can result in memory loss (24). According
to the World Health Organization (25), tens of millions of individuals worldwide suffer from
dementia and memory loss. Currently, at least fifty million individuals in the world have
dementia and dementia is now considered to be the 7t leading cause of death (26). The
number of new cases of memory loss each year throughout the globe is increasing at
approximately 10 million per year. By the year 2030, 82 million people are expected to have
dementia and by the year 2050, 152 million are expected to have the disease.

Memory Loss with Advanced Aging

Multiple etiologies can result in memory and cognitive loss, such as diabetes mellitus (DM),
vascular disease, and Alzheimer’s disease (AD). DM affects multiple systems of the body
and results in progressive functional loss, such as in cardiac tissue (7, 27, 28), renal disease
(11, 29, 30), and the nervous system (14, 31-34). In the nervous system, DM can lead to
visual impairment (32, 35-37), stroke (3, 38-42), memory loss (24, 43, 44), and may also be
a component of AD (3, 31, 44-46).

Vascular disease as well contributes significantly to the onset and progression of memory
impairment. Dementia caused by vascular disease may be treated with therapies that focus
on hypertension and metabolic disorders (47). Vascular disorders rank high among NCDs
and fall within the five leading causes of death that include cardiac disease, cancer, chronic
lower respiratory disease, stroke, and traumatic accidents (48). Vascular disease through a
number of cellular mechanisms can present significant risk for stroke and memory loss (49—
54). In addition, cerebral ischemic and hemorrhagic disorders affect over fifteen million
individuals every year and lead to an annual cost of seventy-five billion dollars in the United
States (1, 23, 55-57).
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If one considers AD during cognitive loss, this disorder affects greater than 5 million
individuals in the United States alone (58, 59). Worldwide, over fifty million million people
suffer from some form of dementia with approximately sixty percent of these cases resulting
from AD (3, 22, 59, 60). Multiple pathways may lead to AD such as cellular injury from f-
amyloid (AB), tau, excitotoxicity, mitochondrial damage, acetylcholine loss, astrocytic cell
injury, oxidative stress, mechanistic target of rapamycin, microRNAs, and iron regulation
(45, 47, 61-65). Most available treatments that are directed to treat AD involve the use of
cholinesterase inhibitors (66) while newer therapies focus on trophic pathways such as
erythropoietin (EPO) (61, 67-72).

Innovative Pathways for Cognitive Loss with Sirtuins

An innovative pathway to tackle the challenges of cognitive loss and Alzheimer’s disease
involves sirtuins. Sirtuins are histone deacetylases (59, 73-80) that transfer acetyl groups
from e-N-acetyl lysine amino acids on the histones of DNA to control transcription. Seven
identified mammalian homologues of Sir2 exist that include the family members of the
silent mating type information regulation 2 homolog 1 (Saccharomyces cerevisiag) (SIRT1)
through SIRT7. These histone deacetylases oversee post-translational changes of proteins
and control cellular growth, metabolism, stem cells, and neuronal and vascular function as
well as cell death through apoptosis and autophagy (14, 47, 81-85).

SIRT1 may have particular value as a target against memory loss and AD. Several studies
suggest that SIRT1 activation can decrease oxidative stress and prevent cell injury that
would lead to memory loss and neurodegenerative disorders such as AD (77, 80, 86-91).
Oxidative stress may incite aberrant cell cycle re-entry that can lead to neuronal death during
AD (92, 93). Reduction in reactive oxygen species in models of AD has led to reduced
toxicity of Ap, further suggesting that oxidative stress is a critical component in the
pathology of AD (59). In other models of AD, agents that reduce levels of oxidative stress
with reduction in AP expression led to improved cognitive function (94).

SIRT1 also may function to directly prevent Ap and tau toxicity as well as mitochondrial
dysfunction. SIRT1 may be active against AP to decrease the toxicity of this protein (95—
98). Additional studies suggest that dysregulation of tau exon 10 splicing could be prevented
by SIRT1 to block neurofibrillary degeneration (99). Work also has demonstrated that SIRT1
can preserve mitochondrial function and reduce oxidative stress and the generation of
reactive oxygen species to preserve cellular function (4, 14, 50, 75, 81, 100-103). Overall,
through these processes with SIRT1 activation, memory function is improved (82, 99).

Vascular and neuronal protection in the brain that would be relevant for ischemic mediated
dementia as well as AD also may be modulated by SIRT1 activation (3, 73, 77, 87, 104—
111). New studies have demonstrated that other agents, such as EPO, may rely upon SIRT1,
to protect neuronal (17, 112), vascular (113, 114), and cardiac cells (75). Pathways such as
Whntl inducible signaling pathway protein 1 (WISP1/CCN4) also can be dependent upon
SIRT1 for neuronal cell protection (24, 115).
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Future Considerations

Given that the number of individuals age 65 or older will increase from over 524 million to
over 1.5 hillion by the year 2050, it is clear that NCDs also will increase. Neurodegenerative
disorders will form a significant component for NCDs that result in cognitive impairment,
memory loss, and an increase in the incidence of AD. New and innovative treatment
strategies are required to prevent the onset and development of disabilities tied to cognitive
loss. SIRT1 is an attractive target for the treatment of cognitive loss. SIRT1 can provide
protection against a number of central nervous insults that affect memory and cognitive
impairment that include oxidative stress, AB toxicity, neurofibrillary degeneration, vascular
injury, mitochondrial dysfunction, and neuronal loss. However, modulation of SIRT1 activity
can have unwanted clinical effects if not precisely targeted. For example, SIRT1 can be
associated with tumorigenesis (50, 116-118). However, examples exist that show that SIRT1
also may limit tumor growth (83). Although some reports note that SIRT1 can be beneficial
against diabetic retinopathy (14), in other circumstances un-controlled vascular growth
through SIRT1 could be detrimental (17, 119). In the nervous system, SIRT1 may be a
negative modulator of neural precursors. Only a loss of SIRT1 may result in the
differentiation and maturation of embryonic stem cells in the nervous system that may be
required for reparative processes (3, 81, 118). Despite these concerns, sirtuins and especially
SIRT1 offer new hope for the treatment of cognitive loss in conjunction with further
investigation and understanding of these pathways.

Acknowledgments:

This research was supported by the following grants to Kenneth Maiese: American Diabetes Association, American
Heart Association, NIH NIEHS, NIH NIA, NIH NINDS, and NIH ARRA.

References

1. Maiese K Cutting through the Complexities of mTOR for the Treatment of Stroke. Curr Neurovasc
Res. 2014;11(2):177-86. [PubMed: 24712647]

2. Hayutin A Global demographic shifts create challenges and opportunities. PREA Quarterly. 2007;
(Fall):46-53.

3. Maiese K SIRT1 and stem cells: In the forefront with cardiovascular disease, neurodegeneration and
cancer. World J Stem Cells. 2015;7(2):235-42. [PubMed: 25815111]

4. Maiese K Programming apoptosis and autophagy with novel approaches for diabetes mellitus. Curr
Neurovasc Res. 2015;12(2):173-88. [PubMed: 25742566]

5.Ding S, Zhu Y, Liang Y, Huang H, Xu Y, Zhong C. Circular RNAs in Vascular Functions and
Diseases. Adv Exp Med Biol. 2018;1087:287-97. [PubMed: 30259375]

6. Gualdani R, Cavalluzzi MM, Tadini-Buoninsegni F, Convertino M, Gailly P, Stary-Weinzinger A, et
al. Molecular Insights into hERG Potassium Channel Blockade by Lubeluzole. Cell Physiol
Biochem. 2018;45(6):2233-45. [PubMed: 29550817]

7. Tong J, Lai Y, Yao YA, Wang XJ, Shi YS, Hou HJ, et al. Qiligiangxin Rescues Mouse Cardiac
Function by Regulating AGTR1/TRPV1-Mediated Autophagy in STZ-Induced Diabetes Mellitus.
Cell Physiol Biochem. 2018;47(4):1365-76. [PubMed: 29929188]

8. Wright LH, Herr DJ, Brown SS, Kasiganesan H, Menick DR. Angiokine Wisp-1 is increased in
myocardial infarction and regulates cardiac endothelial signaling. JCI insight. 2018;3(4).

9. Zhou G, Wu J, Gu C, Wang B, Abel ED, Cheung AK, et al. Prorenin independently causes
hypertension and renal and cardiac fibrosis in cyplal-prorenin transgenic rats. Clin Sci (Lond).
2018.

Curr Neurovasc Res. Author manuscript; available in PMC 2020 May 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Maiese

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
217.

28.

29.

30.

31.

Page 5

Canistro D, Vivarelli F, Cirillo S, Soleti A, Albertini B, Passerini N, et al. Efficacy of a new
delivery system based on solid lipid microparticles for the oral administration of the non-
conventional antioxidant IAC on a diabetes mouse model. Journal of endocrinological
investigation. 2018.

Esterline RL, Vaag A, Oscarsson J, Vora J. MECHANISMS IN ENDOCRINOLOGY: SGLT2
inhibitors; clinical benefits by restoration of normal diurnal metabolism? Eur J Endocrinol. 2018.

Gkogkolou P, Sarna M, Sarna T, Paus R, Luger TA, Bohm M. Protection of glucotoxicity by a
tripeptide derivative of alpha-melanocyte-stimulating hormone in human epidermal keratinocytes.
The British journal of dermatology. 2018.

Jamalat Y, Gamallat Y, Jaceline Gislaine PS, Meyiah A, Shopit A, Li H, et al. Phosphocreatine
attenuates endoplasmic reticulum stress-mediated hepatocellular apoptosis ameliorates insulin
resistance in diabetes model. Biochem Biophys Res Commun. 2018.

Mishra M, Duraisamy AJ, Kowluru RA. Sirtl- A Guardian of the Development of Diabetic
Retinopathy. Diabetes. 2018.

Wang AR, Yan XQ, Zhang C, Du CQ, Long WJ, Zhan D, et al. Characterization of Wntl1-inducible
Signaling Pathway Protein-1 in Obese Children and Adolescents. Current medical science.
2018;38(5):868-74. [PubMed: 30341522]

Maiese K Disease onset and aging in the world of circular RNAs. J Transl Sci. 2016;2(6):327-9.
[PubMed: 27642518]

Maiese K, Chong ZZ, Shang YC, Wang S. Novel directions for diabetes mellitus drug discovery.
Expert opinion on drug discovery. 2013;8(1):35-48. [PubMed: 23092114]

Maiese K, Li F, Chong ZZ, Shang YC. The Wnt signaling pathway: Aging gracefully as a
protectionist? Pharmacol Ther. 2008;118(1):58-81. [PubMed: 18313758]

Sahin Ersoy G, Altun Ensari T, Subas S, Giray B, Simsek EE, Cevik O. WISP1 is a novel
adipokine linked to metabolic parameters in gestational diabetes mellitus. J Matern Fetal Neonatal
Med. 2016:1-5.

World Health Organization. Description of the global burden of NCDs, their risk factors and
determinants. Global status report on noncommunicable diseases 2010. 2011(April):1-176.
Maiese K Targeting molecules to medicine with mTOR, autophagy and neurodegenerative
disorders. Br J Clin Pharmacol. 2016;82(5):1245-66. [PubMed: 26469771]

Chong ZZ, Li F, Maiese K. Oxidative stress in the brain: Novel cellular targets that govern survival
during neurodegenerative disease. Prog Neurobiol. 2005;75(3):207-46. [PubMed: 15882775]
Maiese K Driving neural regeneration through the mammalian target of rapamycin. Neural
regeneration research. 2014;9(15):1413-7. [PubMed: 25317149]

Maiese K Novel nervous and multi-system regenerative therapeutic strategies for diabetes mellitus
with mTOR. Neural regeneration research. 2016;11(3):372-85. [PubMed: 27127460]

World Health Organization. Global action plan on the public health response to dementia 2017—
2025. 2017:1-44.

Maiese K Dampening the Progression of Dementia. Curr Neurovasc Res. 2018;15(2).

Maiese K Erythropoietin and diabetes mellitus. World J Diabetes. 2015;6(14):1259-73. [PubMed:
26516410]

Yao T, Fujimura T, Murayama K, Okumura K, Seko Y. Oxidative Stress-Responsive Apoptosis
Inducing Protein (ORAIP) Plays a Critical Role in High Glucose-Induced Apoptosis in Rat
Cardiac Myocytes and Murine Pancreatic beta-Cells. Cells. 2017;6(4).

Stinghen AE, Massy ZA, Vlassara H, Striker GE, Boullier A. Uremic Toxicity of Advanced
Glycation End Products in CKD. J Am Soc Nephrol. 2015.

Xiang L, Mittwede PN, Clemmer JS. Glucose Homeostasis and Cardiovascular Alterations in
Diabetes. Comprehensive Physiology. 2015;5(4):1815-39. [PubMed: 26426468]

Crespo MC, Tome-Carneiro J, Pintado C, Davalos A, Visioli F, Burgos-Ramos E. Hydroxytyrosol
restores proper insulin signaling in an astrocytic model of Alzheimer’s disease. BioFactors
(Oxford, England). 2017.

Curr Neurovasc Res. Author manuscript; available in PMC 2020 May 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Maiese

Page 6

32. Maiese K Novel applications of trophic factors, Wnt and WISP for neuronal repair and
regeneration in metabolic disease. Neural regeneration research. 2015;10(4):518-28. [PubMed:
26170801]

33. Maiese K mTOR: Driving apoptosis and autophagy for neurocardiac complications of diabetes
mellitus. World J Diabetes. 2015;6(2):217-24. [PubMed: 25789103]

34. Yang X, Huo F, Liu B, Liu J, Chen T, Li J, et al. Crocin Inhibits Oxidative Stress and Pro-
inflammatory Response of Microglial Cells Associated with Diabetic Retinopathy Through the
Activation of PI3K/AKkt Signaling Pathway. J Mol Neurosci. 2017.

35. Busch S, Kannt A, Kolibabka M, Schlotterer A, Wang Q, Lin J, et al. Systemic treatment with
erythropoietin protects the neurovascular unit in a rat model of retinal neurodegeneration. PL0S
One. 2014;9(7):€102013. [PubMed: 25013951]

36. Fu D, Wu M, Zhang J, Du M, Yang S, Hammad SM, et al. Mechanisms of modified LDL-induced
pericyte loss and retinal injury in diabetic retinopathy. Diabetologia. 2012;55(11):3128-40.
[PubMed: 22935961]

37. Lee K, Hu Y, Ding L, Chen Y, Takahashi Y, Mott R, et al. Therapeutic potential of a monoclonal
antibody blocking the Wnt pathway in diabetic retinopathy. Diabetes. 2012;61(11):2948-57.
[PubMed: 22891217]

38. Alexandru N, Popov D, Georgescu A. Platelet dysfunction in vascular pathologies and how can it
be treated. Thromb Res. 2012;129(2):116-26. [PubMed: 22035630]

39.Jiang T, Yu JT, Zhu XC, Wang HF, Tan MS, Cao L, et al. Acute metformin preconditioning confers
neuroprotection against focal cerebral ischaemia by pre-activation of AMPK-dependent autophagy.
Br J Pharmacol. 2014;171(13):3146-57. [PubMed: 24611741]

40. Maiese K, Chong ZZ, Hou J, Shang YC. Erythropoietin and oxidative stress. Curr Neurovasc Res.
2008;5(2):125-42. [PubMed: 18473829]

41. Xiao FH, He YH, Li QG, Wu H, Luo LH, Kong QP. A genome-wide scan reveals important roles
of DNA methylation in human longevity by regulating age-related disease genes. PLoS One.
2015;10(3):e0120388. [PubMed: 25793257]

42. Xu YJ, Tappia PS, Neki NS, Dhalla NS. Prevention of diabetes-induced cardiovascular
complications upon treatment with antioxidants. Heart failure reviews. 2014;19(1):113-21.
[PubMed: 23436032]

43. Ahshin-Majd S, Zamani S, Kiamari T, Kiasalari Z, Baluchnejadmojarad T, Roghani M. Carnosine
ameliorates cognitive deficits in streptozotocin-induced diabetic rats: Possible involved
mechanisms. Peptides. 2016;86:102-11. [PubMed: 27777064]

44, Ong WY, Wu YJ, Farooqui T, Farooqui AA. Qi Fu Yin-a Ming Dynasty Prescription for the
Treatment of Dementia. Mol Neurobiol. 2018.

45. Kell DB, Pretorius E. No effects without causes: the Iron Dysregulation and Dormant Microbes
hypothesis for chronic, inflammatory diseases. Biological reviews of the Cambridge Philosophical
Society. 2018.

46. Maiese K, Chong ZZ, Wang S, Shang YC. Oxidant Stress and Signal Transduction in the Nervous
System with the PI 3-K, Akt, and mTOR Cascade. International journal of molecular sciences.
2013;13(11):13830-66.

47. Maiese K The mechanistic target of rapamycin (mTOR) and the silent mating-type information
regulation 2 homolog 1 (SIRT1): oversight for neurodegenerative disorders. Biochem Soc Trans.
2018;46(2):351-60. [PubMed: 29523769]

48. Minino AM, Murphy SL. Death in the United States, 2010. NCHS data brief. 2012(99):1-8.

49. Hu M, Liu Z, Lv P, Wang H, Zhu Y, Qi Q, et al. Nimodipine activates neuroprotective signaling
events and inactivates autophages in the VCID rat hippocampus. Neurol Res. 2017:1-6.

50. Maiese K Forkhead Transcription Factors: Formulating a FOXO Target for Cognitive Loss. Curr
Neurovasc Res. 2017;14(4):415-20. [PubMed: 29149835]

51. Maiese K New Directions for Dementia. Curr Neurovasc Res. 2017;14(4):305. [PubMed:
29185396]

52. Park JA, Lee CH. Temporal changes in mammalian target of rapamycin (mTOR) and
phosphorylated-mTOR expressions in the hippocampal CA1 region of rat with vascular dementia.
Journal of veterinary science. 2017;18(1):11-6. [PubMed: 27297423]

Curr Neurovasc Res. Author manuscript; available in PMC 2020 May 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Maiese

Page 7

53. Yang H, Shi O, Jin Y, Henrich-Noack P, Qiao H, Cai C, et al. Functional protection of learning and
memory abilities in rats with vascular dementia. Restor Neurol Neurosci. 2014;32(5):689-700.
[PubMed: 25015703]

54. Yu TM, Chuang YW, Sun KT, Yu MC, Kung SC, Lee BK, et al. Polycystic kidney disease is
significantly associated with dementia risk. Neurology. 2017.

55. Kim JY, Park J, Chang JY, Kim SH, Lee JE. Inflammation after Ischemic Stroke: The Role of
Leukocytes and Glial Cells. Experimental neurobiology. 2016;25(5):241-51. [PubMed: 27790058]

56. Shahjouei S, Ansari S, Pourmotabbed T, Zand R. Potential Roles of Adropin in Central Nervous
System: Review of Current Literature. Frontiers in molecular biosciences. 2016;3:25. [PubMed:
27446928]

57. Zhao EY, Efendizade A, Cai L, Ding Y. The role of Akt (protein kinase B) and protein kinase C in
ischemia-reperfusion injury. Neurol Res. 2016:1-8.

58. Filley CM, Rollins YD, Anderson CA, Arciniegas DB, Howard KL, Murrell JR, et al. The genetics
of very early onset Alzheimer disease. Cognitive and behavioral neurology : official journal of the
Society for Behavioral and Cognitive Neurology. 2007;20(3):149-56. [PubMed: 17846513]

59. Maiese K Taking aim at Alzheimer’s disease through the mammalian target of rapamycin. Ann
Med. 2014,;46(8):587-96. [PubMed: 25105207]

60. Maiese K, Chong ZZ, Shang YC, Wang S. mTOR: on target for novel therapeutic strategies in the
nervous system. Trends Mol Med. 2013;19(1):51-60. [PubMed: 23265840]

61. Chang R, Maghribi AA, Vanderpoel V, Vasilevko V, Cribbs DH, Boado R, et al. A Brain
Penetrating Bifunctional Erythropoietin-Transferrin Receptor Antibody Fusion Protein for
Alzheimer’s Disease. Molecular pharmaceutics. 2018.

62. Cheng J, North BJ, Zhang T, Dai X, Tao K, Guo J, et al. The emerging roles of protein
homeostasis-governing pathways in Alzheimer’s disease. Aging Cell. 2018;17(5):e12801.
[PubMed: 29992725]

63. Lin X, Zhang N. Berberine: Pathways to protect neurons. Phytotherapy research : PTR. 2018.

64.Lv Z, HuL, Yang Y, Zhang K, Sun Z, Zhang J, et al. Comparative study of microRNA profiling in
one Chinese Family with PSEN1 G378E mutation. Metab Brain Dis. 2018.

65. Morris G, Berk M, Maes M, Puri BK. Could Alzheimer’s Disease Originate in the Periphery and If
So How So? Mol Neurobiol. 2018.

66. Ruhal P, Dhingra D. Inosine improves cognitive function and decreases aging-induced oxidative
stress and neuroinflammation in aged female rats. Inflammopharmacology. 2018;26(5):1317-29.
[PubMed: 29619603]

67. Castillo C, Zaror S, Gonzalez M, Hidalgo A, Burgos CF, Cabezas Ol, et al. Neuroprotective effect
of a new variant of Epo nonhematopoietic against oxidative stress. Redox biology. 2017;14:285-
94. [PubMed: 28987867]

68. Maiese K Regeneration in the nervous system with erythropoietin. Frontiers in bioscience
(Landmark edition). 2016;21:561-96.

69. Maiese K, Chong ZZ, Hou J, Shang YC. New strategies for Alzheimer’s disease and cognitive
impairment. Oxid Med Cell Longev. 2009;2(5):279-89. [PubMed: 20716915]

70. Maiese K, Li F, Chong ZZ. Erythropoietin and cancer. JAMA. 2005;293(15):1858-9. [PubMed:
15840858]

71. Wu H, Wang H, Zhang W, Wei X, Zhao J, Yan P, et al. rhEPO affects apoptosis in hippocampus of
aging rats by upregulating SIRT1. Int J Clin Exp Pathol. 2015;8(6):6870-80. [PubMed: 26261574]

72. Yu DF, Zhu LH, Jiang L. Recombinant Human Erythropoietin Augments Neovascularization
Responses in a Neonatal Rat Model of Premature Brain Damage by Phosphatidylinositol 3
Kinase/Akt Pathway. Chin Med J (Engl). 2017;130(7):854-8. [PubMed: 28345550]

73. Charles S, Raj V, Arokiaraj J, Mala K. Caveolinl/protein arginine methyltransferasel/sirtuinl axis
as a potential target against endothelial dysfunction. Pharmacol Res. 2017;119:1-11. [PubMed:
28126510]

74. Chong ZZ, Shang YC, Wang S, Maiese K. SIRT1: New avenues of discovery for disorders of
oxidative stress. Expert opinion on therapeutic targets. 2012;16(2):167-78. [PubMed: 22233091]

Curr Neurovasc Res. Author manuscript; available in PMC 2020 May 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Maiese

Page 8

75. Cui L, Guo J, Zhang Q, Yin J, Li J, Zhou W, et al. Erythropoietin activates SIRT1 to protect human
cardiomyocytes against doxorubicin-induced mitochondrial dysfunction and toxicity. Toxicol Lett.
2017;275:28-38. [PubMed: 28456571]

76. Jenwitheesuk A, Park S, Wongchitrat P, Tocharus J, Mukda S, Shimokawa I, et al. Comparing the
Effects of Melatonin with Caloric Restriction in the Hippocampus of Aging Mice: Involvement of
Sirtuinl and the FOXOs Pathway. Neurochem Res. 2017.

77. Maiese K Harnessing the Power of SIRT1 and Non-coding RNAs in Vascular Disease. Curr
Neurovasc Res. 2017;14(1):82-8. [PubMed: 27897112]

78. Maulik M, Mitra S, Hunter S, Hunstiger M, Oliver SR, Bult-1to A, et al. Sir-2.1 mediated
attenuation of alpha-synuclein expression by Alaskan bog blueberry polyphenols in a transgenic
model of Caenorhabditis elegans. Scientific reports. 2018;8(1):10216. [PubMed: 29976995]

79. Pande S, Kratasyuk VA, Medvedeva NN, Kolenchukova OA, Salmina AB. Nutritional biomarkers:
current view and future perspectives. Critical reviews in food science and nutrition. 2017:0.

80. Wang XL, Li T, Li JH, Miao SY, Xiao XZ. The Effects of Resveratrol on Inflammation and
Oxidative Stress in a Rat Model of Chronic Obstructive Pulmonary Disease. Molecules.
2017;22(9).

81. Hsu YC, Wu YT, Tsai CL, Wei YH. Current understanding and future perspectives of the roles of
sirtuins in the reprogramming and differentiation of pluripotent stem cells. Exp Biol Med
(Maywood). 2018;243(6):563-75. [PubMed: 29557214]

82. Maiese K Novel Treatment Strategies for the Nervous System: Circadian Clock Genes, Non-coding
RNAs, and Forkhead Transcription Factors. Curr Neurovasc Res. 2018;15(1):81-91. [PubMed:
29557749]

83. Manna D, Bhuyan R, Saikh F, Ghosh S, Basak J, Ghosh R. Novel 1,4-dihydropyridine induces
apoptosis in human cancer cells through overexpression of Sirtuinl. Apoptosis. 2018.

84. Sanchez DI, Gonzalez-Fernandez B, Crespo I, San-Miguel B, Alvarez M, Gonzalez-Gallego J, et
al. Melatonin modulates dysregulated circadian clocks in mice with diethylnitrosamine-induced
hepatocellular carcinoma. J Pineal Res. 2018:e12506. [PubMed: 29770483]

85. Zhang H, Yang X, Pang X, Zhao Z, Yu H, Zhou H. Genistein protects against ox-LDL-induced
senescence through enhancing SIRT1/LKB1/AMPK-mediated autophagy flux in HUVECs. Mol
Cell Biochem. 2018.

86. Balan V, Miller GS, Kaplun L, Balan K, Chong ZZ, Li F, et al. Life span extension and neuronal
cell protection by Drosophila nicotinamidase. J Biol Chem. 2008;283(41):27810-9. [PubMed:
18678867]

87. Chong ZZ, Maiese K. Enhanced Tolerance against Early and Late Apoptotic Oxidative Stress in
Mammalian Neurons through Nicotinamidase and Sirtuin Mediated Pathways. Curr Neurovasc
Res. 2008;5(3):159-70. [PubMed: 18691073]

88. Lamoke F, Shaw S, Yuan J, Ananth S, Duncan M, Martin P, et al. Increased Oxidative and Nitrative
Stress Accelerates Aging of the Retinal Vasculature in the Diabetic Retina. PLoS One.
2015;10(10):e0139664. [PubMed: 26466127]

89. Maiese K The bright side of reactive oxygen species: lifespan extension without cellular demise. J
Transl Sci. 2016;2(3):185-7. [PubMed: 27200181]

90. Poljsak B, Milisav I. The NAD(+)-depletion theory of ageing: NAD(+) as the link between
oxidative stress, inflammation, caloric restriction, exercise, DNA repair, longevity and health span.
Rejuvenation Res. 2016.

91. Zhang XS, Wu Q, Wu LY, Ye ZN, Jiang TW, Li W, et al. Sirtuin 1 activation protects against early
brain injury after experimental subarachnoid hemorrhage in rats. Cell death & disease.
2016;7(10):€2416. [PubMed: 27735947]

92. Chong ZZ, Li F, Maiese K. Attempted Cell Cycle Induction in Post-Mitotic Neurons Occurs in
Early and Late Apoptotic Programs Through Rb, E2F1, and Caspase 3. Curr Neurovasc Res.
2006;3(1):25-39. [PubMed: 16472123]

93. Folch J, Junyent F, Verdaguer E, Auladell C, Pizarro JG, Beas-Zarate C, et al. Role of cell cycle re-
entry in neurons: a common apoptotic mechanism of neuronal cell death. Neurotox Res.
2012;22(3):195-207. [PubMed: 21965004]

Curr Neurovasc Res. Author manuscript; available in PMC 2020 May 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Maiese

94.

95.

96.

97.

98.

99.

100

101.

102.

103.

104

105.

106.

107.

108.

109.

110.

111.

Page 9

Wang CM, Liu MY, Wang F, Wei MJ, Wang S, Wu CF, et al. Anti-amnesic effect of
pseudoginsenoside-F11 in two mouse models of Alzheimer’s disease. Pharmacol Biochem Behav.
2013;106:57-67. [PubMed: 23541491]

Albani D, Polito L, Batelli S, De Mauro S, Fracasso C, Martelli G, et al. The SIRT1 activator
resveratrol protects SK-N-BE cells from oxidative stress and against toxicity caused by alpha-
synuclein or amyloid-beta (1-42) peptide. J Neurochem. 2009;110(5):1445-56. [PubMed:
19558452]

Guo P, Wang D, Wang X, Feng H, Tang Y, Sun R, et al. Effect and mechanism of fuzhisan and
donepezil on the sirtuin 1 pathway and amyloid precursor protein metabolism in PC12 cells.
Molecular medicine reports. 2016;13(4):3539-46. [PubMed: 26936536]

Li MZ, Zheng LJ, Shen J, Li XY, Zhang Q, Bai X, et al. SIRT1 facilitates amyloid beta peptide
degradation by upregulating lysosome number in primary astrocytes. Neural regeneration research.
2018;13(11):2005-13. [PubMed: 30233076]

Sun Q, Jia N, Wang W, Jin H, Xu J, Hu H. Activation of SIRT1 by curcumin blocks the
neurotoxicity of amyloid-beta25-35 in rat cortical neurons. Biochem Biophys Res Commun.
2014;448(1):89-94. [PubMed: 24755072]

Qian S, Gu J, Dai W, Jin N, Chu D, Huang Q, et al. Sirt1 enhances tau exon 10 inclusion and
improves spatial memory of Htau mice. Aging (Albany NY). 2018;10(9):2498-510. [PubMed:
30243024]

.Geng C, Xu H, Zhang Y, Gao Y, Li M, Liu X, et al. Retinoic acid ameliorates high-fat diet-
induced liver steatosis through sirtl. Science China Life sciences. 2017.

Hung CH, Chan SH, Chu PM, Tsai KL. Quercetin is a potent anti-atherosclerotic compound by
activation of SIRT1 signaling under oxLDL stimulation. Molecular nutrition & food research.
2015.

Liu Z, Gan L, Zhang T, Ren Q, Sun C. Melatonin alleviates adipose inflammation through
elevating alpha-ketoglutarate and diverting adipose-derived exosomes to macrophages in mice. J
Pineal Res. 2017.

Poulose N, Raju R. Sirtuin regulation in aging and injury. Biochim Biophys Acta. 2015;1852(11):
2442-55. [PubMed: 26303641]

. Arunachalam G, Lakshmanan AP, Samuel SM, Triggle CR, Ding H. Molecular Interplay between
microRNA-34a and Sirtuinl in Hyperglycemia-Mediated Impaired Angiogenesis in Endothelial
Cells: Effects of Metformin. J Pharmacol Exp Ther. 2016;356(2):314-23. [PubMed: 26582729]
Bruckbauer A, Banerjee J, Cao Q, Cui X, Jing J, Zha L, et al. Leucine-nicotinic acid synergy
stimulates AMPK/Sirt1 signaling and regulates lipid metabolism and lifespan in Caenorhabditis
elegans, and hyperlipidemia and atherosclerosis in mice. American journal of cardiovascular
disease. 2017;7(2):33-47. [PubMed: 28533928]

Chong ZZ, Wang S, Shang YC, Maiese K. Targeting cardiovascular disease with novel SIRT1
pathways. Future Cardiol. 2012;8(1):89-100. [PubMed: 22185448]

Maiese K FoxO Transcription Factors and Regenerative Pathways in Diabetes Mellitus. Curr
Neurovasc Res. 2015;12(4):404-13. [PubMed: 26256004]

Maiese K, Chong ZZ, Shang YC, Wang S. Translating cell survival and cell longevity into
treatment strategies with SIRT1. Rom J Morphol Embryol. 2011;52(4):1173-85. [PubMed:
22203920]

Saboori S, Koohdani F, Nematipour E, Yousefi Rad E, Saboor-Yaraghi AA, Javanbakht MH, et al.
Beneficial effects of omega-3 and vitamin E coadministration on gene expression of SIRT1 and
PGCl1lalpha and serum antioxidant enzymes in patients with coronary artery disease. Nutrition,
metabolism, and cardiovascular diseases : NMCD. 2016;26(6):489-94. [PubMed: 27033026]

Yu L, Liang H, Dong X, Zhao G, Jin Z, Zhai M, et al. Reduced silent information regulator 1
signaling exacerbates myocardial ischemia-reperfusion injury in type 2 diabetic rats and the
protective effect of melatonin. J Pineal Res. 2015;59(3):376-90. [PubMed: 26327197]

Zhang C, Li C, Chen S, Li Z, Ma L, Jia X, et al. Hormetic effect of panaxatriol saponins confers
neuroprotection in PC12 cells and zebrafish through PI3BK/AKT/mTOR and AMPK/SIRT1/
FOXO03 pathways. Scientific reports. 2017;7:41082. [PubMed: 28112228]

Curr Neurovasc Res. Author manuscript; available in PMC 2020 May 28.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Maiese

112.

113.

114.

115.

116.

117.

118.

119.

Page 10

Maiese K Erythropoietin and mTOR: A “One-Two Punch” for Aging-Related Disorders
Accompanied by Enhanced Life Expectancy. Curr Neurovasc Res. 2016;13(4):329-40. [PubMed:
27488211]

Hou J, Chong ZZ, Shang YC, Maiese K. Early apoptotic vascular signaling is determined by Sirtl
through nuclear shuttling, forkhead trafficking, bad, and mitochondrial caspase activation. Curr
Neurovasc Res. 2010;7(2):95-112. [PubMed: 20370652]

Hou J, Wang S, Shang YC, Chong ZZ, Maiese K. Erythropoietin Employs Cell Longevity
Pathways of SIRT1 to Foster Endothelial Vascular Integrity During Oxidant Stress. Curr
Neurovasc Res. 2011;8(3):220-35. [PubMed: 21722091]

Wang S, Chong ZZ, Shang YC, Maiese K. WISP1 neuroprotection requires FoxO3a post-
translational modulation with autoregulatory control of SIRT1. Curr Neurovasc Res. 2013;10(1):
54-60. [PubMed: 23151077]

Fang M, Ohman Strickland PA, Kang HG, Zarbl H. Uncoupling genotoxic stress responses from
circadian control increases susceptibility to mammary carcinogenesis. Oncotarget. 2017;8(20):
32752-68. [PubMed: 28427145]

Lin L, Zheng X, Qiu C, Dongol S, Lv Q, Jiang J, et al. SIRT1 promotes endometrial tumor growth
by targeting SREBP1 and lipogenesis. Oncology reports. 2014;32(6):2831-5. [PubMed:
25270091]

Maiese K Stem cell guidance through the mechanistic target of rapamycin. World J Stem Cells.
2015;7(7):999-1009. [PubMed: 26328016]

Maiese K New Insights for Oxidative Stress and Diabetes Mellitus. Oxid Med Cell Longev.
2015;2015(2015:875961).

Curr Neurovasc Res. Author manuscript; available in PMC 2020 May 28.



	Abstract
	The Global Aging of the World’s Population
	Memory Loss with Advanced Aging
	Innovative Pathways for Cognitive Loss with Sirtuins
	Future Considerations
	References

