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Aging is a universal process

Human Mouse

Yeast Worm

AGING: Gradual changes in structure and function of organisms that occur with the passage of 
time, not as a result from disease or other gross accidents. 



Cancer
Breast Cancer
Cervical Cancer
Colon and Rectal Cancer
Prostate Cancer
Lung Cancer
Skin Cancer

Cardiovascular Disease
Heart Attack
Stroke
Hypertension

Vision Impairment
Cataracts
Macular Degeneration

Disability
Osteoporosis
Sarcopenia
Dependency
Arthritis

Dementia
Alzheimer's Disease
Multi-Infarct Dementia

Miscellaneous
Diabetes
Sterility
Urinary Incontinence
Prostate Enlargement
Hearing Impairment

Cosmetic Changes
Hair Loss
Graying Hair
Wrinkles
Age Spots
Altered fat distribution

Dental Problems
Gum Disease
Tooth Loss
Tooth Damage

Consequences of Growing Old 

Kumar and Lombard



YOUNG CHILDREN AND OLDER PEOPLE                   PROJECTED INCREASE IN GLOBAL POPULATION

AS A  PERCENTAGE OF GLOBAL POPULATION                         BETWEEN  2005 and 2030, BY AGE

United Nation Department of Economic and Social Affairs, Population Division.World Population Prospects.  The 2004

Revision.  New York: United Nations, 2005 in Why Population Aging Matters:  A Global Perspective at 

www.nia.nih.gov/ResearchInformation/ExtramuralPrograms/BehavioralAndSocialResearch/GlobalAging.htm

The world is aging

2017

………rapidly!

http://www.nia.nih.gov/ResearchInformation/ExtramuralPrograms/BehavioralAndSocialResearch/GlobalAging.htm


Heart Disease

Cancer

Stroke

Emphysema

Pneumonia

Diabetes

Accidents

Kidney Disease

Alzheimer’s
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Aging is the major risk factor for ALL
chronic diseases



Our Bottom Line

•The mission of our biomedical research 
is to increase the quality of human life

•Chronic diseases of the elderly are 
currently the main limitation to achieving 
an increase in the quality of life. 

In order to do this, we must address the 
major risk factor for chronic diseases: 

AGING!



NO!
…..but we can alter its onset and progression 
through interventions 



Trajectories of Human Lifespan

Squaring the survival curve in human populations
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http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://nextbigfuture.com/2014_07_06_archive.html&ei=tNFlVZrzEMqngwSeu4CwDw&bvm=bv.93990622,d.eXY&psig=AFQjCNFJ83xyQd-UuOrO1dVhGW3w9A6Fpw&ust=1432822512500265


Adapted from Weindruch et al., 1979

Caloric restriction

C3B10RF1 mice





There’s always a catch



How Does CR Work?

Energy 
Intake

Body 
Size

Adiposity

Metabolic 
Rate

Oxidative 
Stress

Insulin 
Signaling

Chronic 
Inflammation

GH/IGF1 
Signaling

Ingestion 
of AGEs

Hormesis

mTOR Signaling
AMPK 
ActivitySirtuin

Activity



Molecular Targets for Caloric Restriction and 
Pharmacological Interventions For Healthy Aging

de Cabo et al. (Cell, 2014)



Adapted from Weindruch et al., 1979

Caloric Restriction Mimetics
(Interventions for Healthy Aging)

C3B10RF1 mice



BUT



Acarbose: Longevity Effect Greater in Males

Harrison et al. (Aging Cell, 2014)

Rapamycin: Females better than Males

Miller et al., Aging Cell, In Press



Most CR mimetics are not universal! 

- Sex effect

- Diet Composition

- Genetic background

- Age of onset
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CR on Body Weight
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Common Pathways of Diverse CR Strategies

Time Restricted 
Feeding

Dietary 
Manipulations

CR mimetics
Amino Acid 
Restriction

Intermittent 
Fasting

Figure 1



Bolstered Bioenergetics
Improved Calcium Handling
Reduced Oxidative Damage
Enhanced Autophagy
Reduced inflammation

ADAPTIVE STRESS RESPONSES
Calcium signaling
CREB, NF-kB
Neurotrophic factors (BDNF, FGF2)
Sirtuins
DNA repair proteins
Mitochondrial biogenesis
Protein chaperones

Energy Restriction
Exercise
Intellectual Endeavors

REDUCED PRODUCTION AND ENHANCED
CLEARANCE OF PATHOGENIC PROTEINS
Ab
Tau
TDP-43
a-Synuclein

Synaptic plasticity
Neuronal survival
Neurogenesis

Optimal Brain Function
AND 

Resistance to Injury and Disease

Beneficial effects of intermittent fasting on neurons
Promoting optimal function and resistance to neurodegenerative disorders 

Mattson et al. 



Mice that overeat and are diabetic (db/db mice) exhibit reduced synapse numbers and 
BDNF levels in the hippocampus, whereas dietary energy restriction and running increase 

synapse numbers and BDNF levels

Stranahan et al. (2008) Nature Neurosci. 11: 309-317.

Stranahan et al. (2009) Hippocampus 19: 951-961.

Dendritic spines (postsynaptic structures)

on hippocampal neurons

3 months of running and/or CR



Fasting effects on other clinically relevant mouse models.



Effect of 14 months dietary regimens on Escape latency in 

Triple-Transgenic Alzheimer's mice in MWM (Females)
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Effect of 14 months dietary regimens on Path length in 

Triple-Transgenic Alzheimer's mice in MWM (Females)
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Halagappa VK et al (2007) 

Neurobiol Dis. 26:212-20. 

AL – ad libitum

IF- intermittent (alternate day) fasting

CR – 30% daily calorie restriction

Two CR interventions on a mouse model of AD



In summary…

• The lifespan of most species can be extended by calorie restriction 
(McKay, 1935, and many, many others). 

•This lead to the discovery of genes and identification of several 
molecular pathways which can extend lifespan (IGF, sirtuins, mTOR).

• This in turn has led to non-genetic extension of lifespan 
(resveratrol, rapamycin, SRT1720, metformin, acarbose and a growing 
etc).

•There area growing number of CR strategies that seem to 
recapitulate the original observations (Intermittent fasting, Time 
restricted feeding, etc)

Adapted from Felipe Sierra



• Provide a better understanding of basic biological 
mechanisms of aging 

•A better success rate in translating findings into 
improvements of human health. 

• A better understanding of multiple chronic diseases, 
including etiology, risk factors, onset, progression and 
response to treatment.

• An ability to address the most common presentation of 
diseases in the population: comorbidities.

Elucidating CR mechanism should 



 Well documented in Caloric Restriction over the last 20 years (reduced 
cell metabolism, ROS production, replicative stress and immune 
dysfunction, as well as delay in onset of diseases)

 Resveratrol delays the appearance of age- and disease-related 
inflammation, arterial stiffness, loss of motor coordination, cataract 
formation and loss of bone mineral density, and protects against ischemic 
stroke. 

 Rapamycin:
Decreases Ab in the brain 

of mouse models

Caccamo et al. – JBC 2010

Healthspan is also improved

Decreases TPA-induced 
skin tumors

Checkley et al. – Ca Prev. Res (2011)



Importantly



Some of these finding are being translated



Some of these finding are being translated



Where are we now? 



We are here now

Where are we now? 

Hope to be here soon!!!
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http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://en.wikipedia.org/wiki/Stone_tool&ei=IjJjVcfxI7GwsASXtoPICg&bvm=bv.93990622,d.cWc&psig=AFQjCNE08okhQmKE2dAjVIL_eskCbuRRhg&ust=1432650621024846


Predictive Mechanism-Related Markers for Aging-Related 
Outcomes 

BLSA Data

SLAM Data

Model
organisms

Where are we heading?

Metrics
VALIDATED

METRICS

Interventions Multi
Morbidity

Healthspan

Lifespan

Target Engagement And ValidationIdentification of Predictive Targets

Adapted from Felipe Sierra
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“See, the problem with doing things to prolong your life is that 

all the extra years come at the end, when you’re old.”



Domains of the Aging Phenotype

Healthspan

And

Active Life Expectancy

AGING and DISEASES

Ferrucci L, Studenski S. Clinical Problems of Aging. In: Harrison’s Principles of Internal Medicine, 18th Ed. – 2011

The Hallmarks of Aging López-Otín C, Blasco MA, Partridge L, Serrano M, Kroemer G. Cell 3013, 153:  1194

Changes in

Body Composition

Energy Imbalance 

Production/Utilization

Homeostatic

Dysregulation
Neurodegeneration

Translational Gerontology Branch
Research Into The Cellular And Molecular Mechanisms For Healthspan

and Active Life Expectancy

Consequences
Disease Susceptibility
Reduced Functional Reserve: 
Impaired Stress Response and Healing Capacity 
Unstable Health 
Failure to Thrive
Impaired Physical Function
Disability
Dementia

Stem Cells 
Exhaustion

Altered 
Intercellular 

Communication
Genomic 
Instability

Telomere 
Attrition

Epigenetic 
Alterations

Loss of 
Proteostasis

Deregulated 
Nutrient 
Sensing

Mitochondrial 
Dysfunction

Cellular 
Senescence

Domains of 

the Aging

Phenotype

TGB Strategies
Drug Discovery
Animal Studies
Interventions
Translational studies
Clinical Trials
Population Studies
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