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                   LEARNING OBJECTIVES 
 
 
1. To  identify convergent and divergent mechanism between aging and cancer 

 
2. To learn the pathways that regulate aging and cancer 

 
3.  To study the effects of  caloric restriction in longevity and cancer 
 
 



AGING 

-An old concept linked growing old=decline.

-The accumulation of damage to molecules, cells and tissues 
over a lifetime, often leads to frailty and malfunction.

-Increase risk factor for many diseases like cancer, 
cardiovascular and neurodegenerative diseases.

-A new concept: Aging process is subjected to regulation by 
classical signaling pathways and transcription factors.

-Aging is regulated by specific genes conserved from yeast to 
mice.
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Regulation of Aging

-Mutations that extend lifespan affect stress-response genes
or nutrient sensors.

-Excess of food: stress levels are low and genes support
growth and reproduction.

-Harsh conditions: animal undergoes to a stage of cell
protection and maintenance to protect it from environmental
stress and it also extends lifespan.

-CR or DR was assumed to extend lifespan simply by reducing
the rate at which cellular damage accumulates over time as a
result of nutrient metabolism.

-Longevity response to CR is actively regulated by nutrients-
sensing pathways involving the kinase mTOR, AMPK, sirtuins
and IGF-1 signaling.
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Insulin/IGF-1 and FOXO signaling 
affects mouse and human lifespan





AGED-RELATED STRESS AND DISEASE 



Mitochondrial Biogenesis and healthy Aging

-Mitochondria are particularly susceptive to damage over time as
they are the major bioenergetic machinery and source of oxidative
stress in cells.

-Effective control of mitochondrial biogenesis and turnover, is
critical for the maintenance of energy production, the prevention of
endogenous oxidative stress and the promotion of healthy aging.

-Multiple endogenous and exogenous factors regulate
mitochondrial biogenesis through the peroxisome proliferator
activated receptor gamma coactivator-1α (PGC-1α).

-Activators of PGC-1α include nitric oxide, CREB and AMPK. CR and
resveratrol, a proposed CR mimetic, also increase mitochondrial
biogenesis through activation of PGC-1α.
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-PGC-1α is at the center of a complex network of signals affected by 
metabolic, nutritional and environmental factors that modulate (e.g.
through transcriptional and post-translational modifications).

PGC-1α regulating network
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AGING and CANCER

-Same signaling pathways that are involved in cancer are also
involved in cellular and organism aging.

-In 1917 it was shown that CR, a reduction in food intake
without malnutrition, extends life span and prevents age
related infertility in rodents.

-Cancer is not a disease limited to a number of proliferating
mutated cells but a complex process that also involves
interactions with the neighboring non-mutated mesenchymal
and inflammatory cells that are also affected by aging and/or
cancer risk factors.
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CANCER

A complex multistage disease associated with accumulation of multiple
DNA mutations that cause a deregulation of cell proliferation and
differentiation, loss of normal tissue organization, and eventually
tissue invasion and dislocation to distant sites.

DNA damage, which occurs continuously in both the dividing and non-
dividing cells of the human body, can increase after exposure to
exogenous genotoxic carcinogens (e.g. radiations, chemicals, tobacco
smoke, viruses, aflatoxin and other food-derived carcinogens), can be
prevented or repaired by endogenous protective small molecules and
enzymes.

However, detoxification and repair systems might fail, particularly in
environments that promote cell proliferation and inhibit cell apoptosis.

Accumulation of multiple DNA mutations in critical genes (i.e.
oncogenes or tumor suppressor genes) of particular cells, if not
properly controlled through induction of senescence or apoptosis, can
lead to uncontrolled cell proliferation and progressive transformation
of normal human cells into highly malignant tumor cells.
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Checkpoint for DNA damage
Role of p53

2 pathways: dependent and independent of p53
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Hallmarks of Cancer

-Tumor microenvironment and cell-to-cell interactions between cancer
cells and their neighbor stromal and inflammatory cells play a central
role in driving tumor cell proliferation, tissue invasion and metastasis.

-Initiation
-Promotion
-Progression



CANCER



Convergent Mechanisms

-Improved Metabolic Efficiency: 
mitochondrial respiration.
-Antioxidant Defenses: reduced ROS 
production
-Tumor Suppressor p53: integrator of 
cellular stress



Divergent Mechanisms

-Telomeres shortening
-p16 INK4a:  binds and inhibits CDK4 and CDK6



PROPOSED  LINKS  BETWEEN   AGING  AND  CANCER 



EMERGING  MODELS  FOR  AGING  AND  CANCER 



Role of telomeres 
in cancer and aging



AGING CONNECTS TELOMERASE WITH MITOCHONDRIAL FUNCTION 



Balance between convergent and
divergent mechanisms of cancer and ageing





Genotoxic Stress Model of Aging







The role of SIRT1 in the induction of 
age-associated physiological changes

Sirtuin is a nicotinamide adenine dinucleotide (NAD+)-dependent deacetylase.





SIRT1: a molecular target for pharmaceutical and 
nutriceutical anti-aging interventions.



Tissue-specific metabolic functions of SIRT1 in the 
regulation of the sensitivity and secretion of insulin.



CR and Cancer

CR without malnutrition is the most potent and
reproducible physiological intervention for increasing
lifespan and protecting against cancer in mammals.

CR reduces the levels of several anabolic hormones, growth
factors and inflammatory cytokines, reduces oxidative
stress and cell proliferation, enhances autophagy and
several DNA repair processes.

Nutrition: diet (fried, red meat, preserved food, alcohol,
salted, vitamins, nutrients) plays an important role in
initiation, promotion and progression in cancers in Western
countries.

Excessive adiposity and cancer risk: chronic inflammation,
adiponectin, leptin and cytokines.

Endocrine regulation by insulin and steroids.
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CALORIC  RESTRICTION  AND  CANCER 







CR and Cancer Prevention





CALORIC RESTRICTION

-Reduces activity of pro-aging pathways.

-Reduces growth and inflammation in the pre-
cancerous and normal neighbor cells.

-Increases apoptosis in damaged cells might reduce
oncogene mutation frequency.

-Modulates the growth and invasiveness potentials of
the mutated cancerous cells.

-CR Mimetic:
A. Resveratrol (activates SIRT1) anticancer activity
through p53.
B. Metformin: activates genes that reduce glucose
production in liver.
C. 2-deoxy-D-glucose: inhibits glycolysis



MAJOR METABOLIC PATHAYS THAT REGULATE MAMMALIAN LONGEVITY 



CR causes a significant inhibition of 4T1 murine mammary tumor formation in syngeneic mice.  

De Lorenzo M S et al. Carcinogenesis 2011;32:1381-1387 

© The Author 2011. Published by Oxford University Press. All rights reserved. For Permissions, 
please email: journals.permissions@oup.com 



CR causes a decrease in the number of spontaneous and experimental lung metastases.  

De Lorenzo M S et al. Carcinogenesis 2011;32:1381-1387 

© The Author 2011. Published by Oxford University Press. All rights reserved. For Permissions, 
please email: journals.permissions@oup.com 



CR reduces intratumor microvessel density and in vivo angiogenesis induced by 4T1 tumors.  

De Lorenzo M S et al. Carcinogenesis 2011;32:1381-1387 

© The Author 2011. Published by Oxford University Press. All rights reserved. For Permissions, 
please email: journals.permissions@oup.com 



Levels of TGF-β are reduced in CR mice.  

De Lorenzo M S et al. Carcinogenesis 2011;32:1381-1387 

© The Author 2011. Published by Oxford University Press. All rights reserved. For Permissions, 
please email: journals.permissions@oup.com 



CR mice possess reduced intratumor collagen IV expression.  

De Lorenzo M S et al. Carcinogenesis 2011;32:1381-1387 

© The Author 2011. Published by Oxford University Press. All rights reserved. For Permissions, 
please email: journals.permissions@oup.com 
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