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Objectives

• Provide an overview of the current state of the science on the aging 
process.
• Review the current hallmarks (drivers) of aging.
• What interventions can one leverage in their lives to improve health 

span and lifespan?
• What does the future hold in the field of aging, longevity and 

rejuvenation medicine?
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Questions for consideration:

• How long can humans actually live?
• Is getting old always synonymous with poor quality of life?
• What is the difference between chronologic age and biologic age?
• Is aging a disease?
• If so, can it be “treated”?
• As age is most strongly correlated with all advanced chronic diseases, 

should we focus on treating diseases or treating aging?
• Can age be regressed?
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Gilgamesh: An Ancient 
story of the timeless 

pursuit of immortality  

The Sumerian Epic of 
Gilgamesh dates back nearly 5,000 
years and is thought to be perhaps 

the oldest written tale on the 
planet. It is a story of the 

mythological hero-king of Uruk and 
his dangerous quests and 

adventures in search of the secret 
of immortality. 

4



Mark Pettus MD 1/20/22

3

“First you forget names, then you 
forget faces. Next you forget to pull 

up your zipper and finally, you 
forget to pull it down.”

George Burns
1896 - 1996
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“Everybody needs a passion. That’s 
what keeps life interesting. If you live 

without passion, you can go though life 
without leaving any footprints.”

—From her book, If You Ask Me (And 
Of Course You Won’t)

Betty White
1922-2021
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Jeanne Louise Calment was a 
French supercentenarian and 

the oldest human whose age is 
well-documented, with a 

lifespan of 122 years and 164 
days. The oldest person living 

today is Kane Tanaka from Japan 
who is 118 years old.
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At age 40, 1/1000 mortality risk

At ages 80+ 1/10 mortality risk
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Healthspan
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Life span extension…

10-fold !

< 2-fold

5-25%
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“Less than 10% of what contributes 
to longevity can be traced to 
genetics. Over 90% of what 
contributes to longevity and 

healthy aging is lifestyle.”

Eric Verdin MD
President and CEO, Buck Institute
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Hallmarks of Aging:
An emerging 

paradigm
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Genetics Environment+

Epigenetic Regulation

Genomic Instability

Telomere attrition

Mitochondrial 
Bioenergetics

Loss of Proteostasis

Altered Intercellular 
Communication

Cellular Senescence

Deregulated
Nutrient Sensing

Stem cell
depletion
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Treating Diseases vs. Treating Aging
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Epigenetic Reprogramming
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Aging has an Epigenetic Signature
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Back to the future: Epigenetic clock plasticity towards healthy aging
•January 2018  Mechanisms of Ageing and Development DOI:10.1016/j.mad.2018.01.002
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https://www.researchgate.net/journal/Mechanisms-of-Ageing-and-Development-0047-6374
http://dx.doi.org/10.1016/j.mad.2018.01.002
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Cellular Senescence: a complex response to stress 

Irreversible
Growth 
Arrest

Resistance 
to

Apoptosis

Inflammatory
Secretions

(Epi)Genomic damage

Multiple replications

Metabolic 
Disruption/AGEs

Organelle Stress e.g. 
oxidative free radicals

Senescence Associated Secretory 
Phenotype Accelerated Aging
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Dr. Judith Campisi Buck Institute
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“The Cause of Everything?”

“Inflammaging”
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Major Metabolic Regulatory Players in the Health span, 
Aging and Longevity Research Field

• Sirtuins (silent information regulator) family
Sirtuin Activators e.g. resveratrol, NAD

• AMPK – AMP Kinase
Metformin

• mTOR – mammalian target of rapamycin
Fasting, Rapamycin

• Insulin-IgF1 (insulin-derived growth factor)
Lower Glycemic Foods, less animal protein
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Sirtuins
A class of enzymes that influence aging 

and longevity through multiple 
molecular pathways. Sirtuins regulate a 

variety of metabolic processes, 
including the release of insulin, 

response to stress, and modulation of 
lifespan. They also influence circadian 
clocks and mitochondrial biogenesis. 

Sirtuins are activated when NAD levels 
rise. Plant-based molecules e.g. 
resveratrol, pterostilbene and 
quercetin can activate sirtuins, 

designated as Sirt1 to Sirt7.
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Hallmarks of Aging 
Associated with Cellular 
depletion of NAD+

• Altered DNA repair 
• Altered epigenetics
• Mitochondrial dysfunction
• Disrupted metabolic-

nutrient sensing e.g. Insulin 
resistance with glucose 
intolerance 

• Cellular senescence
• Decreased autophagy
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NAD Precursors: NMR and NR

• NAD as a precursor for critical metabolic pathways e.g. energy, immune regulation, 
Sirtuin activation for DNA healing

• NAD levels decline with aging in all tissues studied (Aging Dis. 2021 Dec; 12(8): 1879-97)
• All chronic, complex age-related diseases associated with decreased NAD levels 

(Biomolecules. 2019 Jan 9(1) 34)
• Aerobic and resistance exercise raise NAD levels (Physiol Rep. 2019 Jun 7(12))
• NAD levels naturally decline with aging which leads to metabolic and mitochondrial 

dysfunction associated with aging
• Fasting increases NAD levels
• Data on efficacy of NAD boosters is predominantly based on animal research. More 

human clinical trials are needed.
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Poly (ADP-ribose) polymerase, a.k.a. PARP

A family of proteins that use NAD+ as a substrate in their 
role of DNA repair and genomic stability.

As we grow older, the burden of DNA damage grows and it 
is thought to contribute to aging and cancer.

Increased PARP activity can lead to NAD depletion as DNA 
repair is a metabolic priority (Bruce Ames PhD, Metabolic 
Triage Theory)
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mTOR –
Mammalian Target 
of Rapamycin

• mTOR is the major 
nutrient-sensitive regulator 
of growth in animals and 
plays a central role in 
physiology, metabolism, the 
aging process, and common 
diseases.

11818–11825 | PNAS | November 7, 2017 | vol. 114 | no. 45 

41

Gerontology 2018;64:127–134 
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Nutrients

PI3k

mTORc 1

Growth

Rapamycin Metformin

AMPK

Autophagy and stress/metabolic resilience
Mitophagy and mitochondrial biogenesis

Resveratrol

Sirtuins NAD NR
NMN

PPARP
Inflammation

ROS
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Stem cells and 
regenerative 
medicine

• Embryonic: pluripotent, 
can form almost any cell 
type in the human body

• Tissue specific: can form 
only limited types of cells 

• Induced pluripotent: 
engineered by scientists 
to behave like embryonic 
stem cells
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Diseases that stem 
cells have the 
potential to treat

• Blood diseases
• Heart diseases
• Parkinson’s
• Alzheimer’s
• ALS
• Multiple sclerosis
• Macular degenerations
• Cancer
• HIV/AIDS
• Spinal cord injury
• Stroke
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Telomere 
Attrition

• Too much telomere erosion 
causes cells to malfunction and die.

• Telomeric DNA partially shortens 
during the decades of human 
lifetimes
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How can I 
translate this 
science into my 
day-to-day 
routine in 
2022?
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Lee et al., Science 374, eabe7365 (2021) 19 November 2021 
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Cell Metabolism 19, 407–417, March 4, 2014 a2014 Elsevier Inc. 

A good daily target for protein intake for those 60+ years of age is 1 – 1.2 
grams/kg body weight per day. This should be comprised of protein sources 

from plant and if desireable, animal sources that are pasture raised and 
fed. Someone weighing 70 kg would target 70 – 85 grams/day.
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CONCLUSIONSANDRELEVANCE Cardiorespiratory fitness is  inversely associated 
with long-term mortality with no observed upper limit of benefit. Extremely 

high aerobic fitness was associated with the greatest survival and was 
associated with benefit in older patients and those with hypertension. 
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Sauna Therapy

• Evidence for health promotion and 
disease prevention strong

• 30” minutes 3-4x/week
• Steam or infrared
• Stimulates our bodies defense 

mechanisms
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Horizons of 
Longevity 
Innovation

• Computational Biology
• Wearable devices
• Health software and apps with AI-based 

diagnostics
• Gene therapies and editing
• Stem cell technologies
• Nanotechnology with health 

augmentation
• Age regression “cocktails”
• “Quantum-access” therapies
• Consciousness expansion therapies
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