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Diet and lifestyle has become important to the mainte-
nance of mitochondrial biogenesis that has become of ma-
jor concern to chronic diseases. The anti-aging gene Sirtuin 
1 (Sirt 1) is regulated by diet with high calorie diets involved 
in its downregulation. Under post-prandial conditions with 
increased fatty acids and glucose consumption the Sirt 1 
regulation of suprachiasmatic nucleus (SCN) involved in the 
regulation of brain and liver amyloid beta metabolism [1] 
is reset with circadian rhythm alterations related to cho-
lesterol efflux disturbances, amyloid beta aggregation and 
mitochondrial apoptosis [2-5]. Individuals with apolipo-
protein E4 (apo E4) are more susceptible to mitochondrial 
apoptosis [6] when compared with apo E3 and related to 
the reduced liver amyloid beta clearance. Defective Sirt 1 in 
diabetes and Alzheimer’s disease [1] involve hypercholes-
terolemia and amyloid beta aggregation with induction of 
mitophagy and programmed cell death (Figure 1).

Heat shock proteins (HSP) are now linked to obesity, 
cardiovascular disease, adiposity and Alzheimer’s disease  
[7-9]. Stress and calorie consumption are sensitive to hepat-
ic heat shock protein (HSP 60,70,90) metabolism with rel-
evance to Sirt 1 and its involvement in HSP 70 metabolism 
and mitochondrial biogenesis [9,10-15]. Sirt 1 repression 
involves HSP interaction with amyloid beta relevant to en-
doplasmic reticulum stress with induction of mitochondria 
induced programmed cell death [9,14]. High calorie diets 
that repress Sirt 1 involve HSP-insulin receptor [9] interac-
tions with relevance to insulin resistance and mitochondrial 

apoptosis. Sirt 1 defects interfere with liver X receptor-ATP 
binding cassette transporter proteins involved in cholester-
ol efflux [16] and supersede apo E3 regulation of choles-
terol/amyloid beta metabolism with elevated HSP 70 inter-
actions involved in defective mitochondrial apoptosis [17].

Figure 1: Diet and lifestyle changes in diabetes 

and neurodegenerative diseases have become of 

critical importance to prevent mitochondrial apop-

tosis. In various genetic and cell biology studies 

cholesterol and apo E (apo E3 vs apo E4) have been 

shown to be essential for amyloid beta (abeta) me-

tabolism in cultured cells and in genetically en-

gineered animals. In apo E4 individuals defective 

amyloid beta metabolism induces mitochondrial 

apoptosis. In various post-prandial studies, high 

fat/sugar diets downregulate the nuclear receptor 

Sirt 1 in diabetes and neurodegenerative diseases 

with the induction of mitochondrial apoptosis. Sirt 

1 defects override apo E3 isoform control of cho-

lesterol and amyloid beta metabolism with the in-

duction of mitochondrial apoptosis.
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Figure 2: The peripheral sink amyloid beta 

model (Panel 2) shows the rapid hepatic 

clearance of neuron amyloid beta transported 

from the brain to the liver (1). In Panel 1 Sirt 

1 nuclear receptor repression indicates brain 

HSP-abeta interactions interfere with the ef-

flux of amyloid beta from the brain and in the 

liver HSP-abeta complexes induce endoplas-

mic reticulum-mitochondria programmed cell 

death [17].

Inhibitors of Sirt 1 induce mitochondrial apoptosis, hy-
percholesterolemia and amyloidosis [18]. Advances in the 
peripheral sink amyloid beta clearance model indicates 
rapid brain to liver transport of amyloid beta (Figure 2, 
Panel 2) now involves the heat shock protein 70 (HSP70) 
[9] (Figure 2, Panel 1). Induction of HSP from cells has  
become of major interest and experiments in the nematode 
C. elegans used for toxicological studies indicate caffeine 
doses that induce HSP release [19]. C. elegans sirtuins have 
similar homology to human Sirt 1 [20] with relevance to 
effects of caffeine on Sirt 1 circadian dysregulation [18,21] 
with corruption of the peripheral sink clearance pathway. 
LPS is involved in Sirt 1 repression and apo E neutralization 
[22,23] and shown to induce HSPs [9] with relevance to mi-
tochondrial apoptosis and corruption of the peripheral sink 
amyloid beta clearance pathway (Figure 2).

CONCLUSION

Advances in the peripheral sink amyloid beta clearance 
model identify the calorie sensitive anti-aging gene Sirt 1 as 

the defective gene in the hepatic clearance of amyloid beta 
in diabetes and neurodegenerative diseases. High calorie 
diets, LPS and caffeine induce HSP dysregulation that de-
termines the defective hepatic amyloid beta clearance from 
the central nervous system and plasma with relevance to 
mitochondrial induced hepatocyte and neuron apoptosis.

ACKNOWLEDGEMENTS

This work was supported by grants from Edith Cowan 
University, the McCusker Alzheimer’s Research Foundation 
and the National Health and Medical Research Council.

Keywords: Nutrition; Sirtuin 1; Mitochondria; Heat Shock 
Protein; Amyloid Beta; Cholesterol; Diabetes; Alzheimer’s 
Disease

BIBLIOGRAPHY

1.	 Martins IJ. “Nutritional and Genotoxic Stress Contributes to 
Diabetes and Neurodegenerative Diseases such as Parkin-
son’s and Alzheimer’s Diseases”. Frontiers in Clinical Drug 
Research -CNS and Neurological Disorders 3 (2015): 158-
192.

2.	 Chen JX and Yan SD. “Amyloid-beta-induced mitochondrial 
dysfunction”. Journal of Alzheimer’s Disease 12.2 (2007): 
177-184.

3.	 Mossmann D., et al. “Amyloid-β peptide induces mitochon-
drial dysfunction by inhibition of preprotein maturation”. 
Cell Metabolism 20.4 (2014): 662-669. 

4.	 Martins IJ. “Unhealthy Nutrigenomic Diets Accelerate NA-
FLD and Adiposity in Global communities”. Journal of Mo-
lecular and Genetic Medicine 9.1 (2015): 162.

5.	 Martins IJ. “Appetite Control with Relevance to Mitochon-
drial Biogenesis and Activation of Post- Prandial Lipid Me-
tabolism in Obesity Linked Diabetes”. Annals of Obesity and 
Disorders 1.3 (2016): 1012.

6.	 Chen X., et al. “Mitochondrial dysfunction and Alzheimer’s 
disease”. Current Alzheimer Research 3.5 (2006): 515-520.

7.	 Habich C and Sell H. “Heat shock proteins in obesity: links 
to cardiovascular disease”. Hormone Molecular Biology and 



Calorie Sensitive Anti-Aging Gene Regulates Hepatic Amyloid Beta Clearance in Diabetes and Neurodegenerative Diseases

Citation: Ian James Martins. “Calorie Sensitive Anti-Aging Gene Regulates Hepatic Amyloid Beta Clearance in Diabetes and  

Neurodegenerative Diseases”. EC Nutrition ECO.01 (2017): 30-32.

32

©All rights reserved by Ian James Martins.

Clinical Investigation 21.2 (2015): 117-124. 

8.	 Rogers RS., et al. “Heat shock proteins: in vivo heat treat-
ments reveal adipose tissue depot-specific effects”.  Journal 
of Applied Physiology 118.1 (2015): 98-106. 

9.	 Martins IJ. “Type 3 diabetes with links to NAFLD and Other 
Chronic Disease in the Western World”. International Journal 
of Diabetes 1.1 (2016): 1-5.

10.	 Daugaard M., et al. “The heat shock protein 70 family: High-
ly homologous proteins with overlapping and distinct func-
tions”. FEBS Letters 581.19 (2007): 3702-3710. 

11.	 Yu A., et al. “Roles of Hsp70s in Stress Responses of Microor-
ganisms, Plants, and Animals”. BioMed Research Internation-
al (2015): 510319. 

12.	 Heydari AR., et al. “Effect of caloric restriction on the expres-
sion of heat shock protein 70 and the activation of heat shock 
transcription factor 1”. Developmental Genetics 18.2 (1996): 
114-124.

13.	 Monteiro JP and Cano MI. “SIRT1 deacetylase activity and the 
maintenance of protein homeostasis in response to stress: an 
overview”. Protein and Peptide Letters 18.2 (2011): 167-173.

14.	 Herrmann JM., et al. “Mitochondrial heat shock protein 70, a 
molecular chaperone for proteins encoded by mitochondrial 
DNA”. Journal of Cell Biology 127.4 (1994): 893-902.

15.	 Böttinger L., et al. “Mitochondrial heat shock protein (Hsp) 
70 and Hsp10 cooperate in the formation of Hsp60 complex-
es”. Journal of Biological Chemistry 290.18 (2015): 11611-
11622.

16.	 Martins IJ. “Unhealthy Diets Determine Benign or Toxic Am-
yloid Beta States and Promote Brain Amyloid Beta Aggrega-
tion”. Austin Journal of Clinical Neurology 2.7 (2015): 1060-
1066.

17.	 Parcellier A., et al. “Heat shock proteins, cellular chaperones 
that modulate mitochondrial cell death pathways”. Biochem-
ical and Biophysical Research Communications 304.3 (2003): 
505-512.

18.	 Martins IJ. “Nutrition Therapy Regulates Caffeine Metabo-
lism with Relevance to NAFLD and Induction of Type 3 Dia-

betes”. Journal of Diabetes and Metabolic Disorders 4 (2017): 
1-9.

19.	 Leung MC., et al. “Caenorhabditis elegans: an emerging model 
in biomedical and environmental toxicology”. Journal of Toxi-
cological Sciences 106.1 (2008): 5-28. 

20.	 Viswanathan M and Tissenbaum HA. “C. elegans sirtuins”. 
Methods in Molecular Biology 1077 (2013): 39-56.

21.	 Al-Amin M., et al. “Caffeine Induces the Stress Response and 
Up-Regulates Heat Shock Proteins in Caenorhabditis ele-
gans”. Molecules and Cells 39.2 (2016): 163-168. 

22.	 Martins IJ. “The Future of Genomic Medicine Involves the 
Maintenance of Sirtuin 1 in Global Populations”. International 
Journal of Molecular Biology 2.1 (2017): 1-4.

23.	 Martins IJ. “LPS Regulates Apolipoprotein E and Aβ Interac-
tions with Effects on Acute Phase Proteins and Amyloidosis”. 
Advances in Aging Research 4.2 (2015): 69-77.


