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Who Wants to Live Forever?Who Wants to Live Forever?
� “Old Age may have wisdom, but it will always envy 

youth for its potential.” Gretchen Vogel, Science v286, 
2238,’99

� “New research gives a glimpse into a world in which 
aging-and even death-may no longer be inevitable.” 
John Harris, Science v288, 59,’00



Theories of AgingTheories of Aging
� Programmed Theories v. Accumulation of Errors

Interaction of genetic make-up and exposure to elements that result in 
gene expression/activation
Average Life Expectancy/ “Successful Aging”- 70% explained by 
environmental exposure vs. 30% genetic make up (Mac Arthur 
Studies) 
Centenarian Studies- Genetic influence markedly more important in 
survival to extreme old age (New Eng C.S.)

� Antagonistic Pleiotropy-What shaped Genetic Map? 
Genetic package evolved to deal with stress and when
Evolutionary pressure: reproduction linked to senescence
Don’t fool with mother nature…

– Steroid/Hormone Replacement, regulation of immunity
– Downstream consequences



Theories of AgingTheories of Aging
� Programmed (Genetic) Theories- replicating tissue

Progressive loss of integrity/reserve capacity- ‘homeostenosis’, results 
in an impaired stress response

– Autoimmune- chronic inflammation
– Neuroendocrine- loss of response, late expression of death hormone

Evidence for Genetic theory:  Werner’s syndrome (progeria)- mutation 
of helicase- impaired gene activation to stress
DNA microarray- 1% of genes incr, 1% decr expression

� Accumulation of Errors- brain and muscle
Cross-linking- stiffness of tissue, DNA
Wear and Tear- infections, stress
Rate of living- limited supply of energy (genetic+ environment)-
damage to mitochondria
Oxidative stress- most ‘Marketed’ theory
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Sardina’s Mysterious 
Male Methuselahs
R Koenig
Science 291, 01 
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Interaction of Genes & Exposure
Yin & Yang
Interaction of Genes & Exposure
Yin & Yang

� Tissue response to injury/stimulation/stress-developmental 
change vs. pathology

� Cellular proliferation v. apoptosis v. necrosis/inflam or 
repair capacity in non-replicative tissue

Alteration in transcription factors- oxidative stress
� Development of Disease-response to stress

Aging-dependent disease- accumulate as we age 
– Cell Accumulation- CV disease, cancer (some)
– Cell loss- Alzheimer’s, Parkinson, stroke, diabetes, osteoporosis
– Delay in progression is key

Age-dependent- occur at a proscribed age
– Werner’s, MS, ALS, cancer (many)
– Delay of onset is crucial



Response of a cell to stimulation- Genes + environment
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Similar Control 
of Aging

across species

E. Straus 
Science ‘01:292;42-3



Life span extension by Caloric RestrictionLife span extension by Caloric Restriction

CK Lee, Science v285,1390;’99- Microarray
Improved biosynthesis, more efficient metab
Less macromolecule damage, less stress response
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The Hayflick
Phenomenon
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Telomere: 
end of chromosome- attachment of DNA polymerase
Telomere: 
end of chromosome- attachment of DNA polymerase



Inhibition of Cirrhosis in Mice via Telomerase
Gene Delivery
KL Rudolph, Science v287,1253;’00

Inhibition of Cirrhosis in Mice via Telomerase
Gene Delivery
KL Rudolph, Science v287,1253;’00

� Accelerated telomere loss may contribute to chronic 
disease 

� Hepatocyte proliferative arrest found in Cirrhosis, related 
to telomere attrition? 

� Telomerase-deficient mice (mTR-/-) 
early cirrhosis in response to injury

� Adenovirus delivery of Telomerase mRNA in to mTR-/-
(short telomeres) 

alleviated cirrhotic pathology & improved liver function



Inhibition of 
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in mice by 
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Science
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Role of Chronic Inflammation in 
Age-Related Disease
Role of Chronic Inflammation in 
Age-Related Disease

� Atheroslerosis- Chlamydia, CMV, H. pylori
Disease occurs in individuals with no risk factors
Only 50% of disease prevented when risk factors treated
Markers of immune activation predict disease

� Alzheimer’s Disease
Inflammatory proteins assoc with plaques/local glial cells
Polymorphisms of acute-phase proteins & cytokines incr risk or 
predispose to earlier onset of AD
Epidemiological studies of NSAID use- slow disease

� Timing of immunomodulation is KEY-
prevention v. treatment
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M Mayr, Circulation 102 833-9, ’00M Mayr, Circulation 102 833-9, ’00



Interaction of Chronic Disease/Infection 
& Host Defense/Progression of Disease
Interaction of Chronic Disease/Infection 
& Host Defense/Progression of Disease

�Chronic infections may contribute to chronic 
diseases- promote autoimmunity

�Chronic diseases increase susceptibility to acute 
infections, & impair eradication of chronic 
infections

� Infections may result in progression of disease, 
or accelerate decline in reserve capacity 
associated with aging.



Prevention of Disease, 
Maintenance of Healthy Aging
Prevention of Disease, 
Maintenance of Healthy Aging
� Downregulation of unregulated/ inappropriate 

inflammation in disease states
� Boosting of immunity against pathogens/ cancer
� Early detection/intervention of dysregulation

Exercise and Diet
Disease management
Targeted interventions- population/timing, local/systemic

– Cytokine balance- type 1 vs. type 2
– Vitamin E
– Cox 2 inhibitors
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