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The two important days
in your life are the day
you were born and the
day you find out why.
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Longevity

New longevity study reveals
sophisticated interplay of:

* Genetics
* Epigenetics
* Metabolism
* Immunity
Lifestyle

FQ Yin, FH Xiao, QP Kong. Factors involved in human healthy aging: insights from long

Longevity (cont’d)

* Those who lived beyond 90 years,
aka long-lived individuals, share
remarkable traits:

* They have less chronic illness

* Push back onset of age-related
diseases

* Maintain better physiological
function

FQ Yin, FH Xiao, QP Kong. Factors involved in human healthy aging: insights from longevity individuals. Front Med, 22 March 2015;19:226-249
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WHO stats - 2022

* Inthe U.S.:

* Expected to live - 77.5 years
» Expected to live in full health - 66.1 years

* Global:
* Lifespan-73.3 years
» Healthy lifespan - 63.7 years

Longevity 2023-24 recap

* Reducing daily caloric intake by 12% improves cell senescence,
slows pace of aging

Waziry R, Ryan CP, Corcoran DL, et al. Effect of long-term caloric restriction on DNA methylation
measures of biological aging in healthy adults from the CALERIE trial. Nat Aging. 2023 Mar;3(3):248-257

* Maintaining levels of taurine fought aging and improved
healthspan and lifespan

Singh P, Gollapalli K, Mangiola S, et al. Taurine deficiency as a driver of aging. Science. 2023 Jun
9;380(6649):eabn9257

* Distinct longevity mechanisms:

» Reduced activity of growth hormone called IGF-1 - found to extend
lifespan across species
» Mitochondrial function found to be essential lifespan extending factor

» Metabolic energy pathways health and robustness - specifically oxidative
phosphorylation, process where cells turn glucose into energy
Zhang Z, Shayani G, Xu Y, et al. Induction of Senescence by Loss of Gata4 in Cardiac Fibroblasts. Cells. 2023; 12(12):1652
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Hallmarks of aging

* Immune reboot * Telomere shortening
 Immune health/resilience * Loss of muscle mass
* Inflammation » * Disrupted nutrient sensing:

* Insulin signaling

* Microbiome
* mTOR pathway

* Mitochondrial dysfunction « AMPK

* Fascial injuries | - Sirtuins i

« Vagus nerve tone . Compro‘mlsed autophagy -
* Zombie/senescent cells [

Adapted from Hallmarks of Aging. Cell, 6 June 2013

Hallmarks of

aging

C Lopez-Otin, MA Blasco, et al.
Hallmarks of aging: An expanding universe. ) 4#,-,%
Cell, 19 January 2023;186(2):243-278 ha
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Biomarkers for longevity

* IL-1B » ApoB/LP(a)

* |L-6 * Omega-3 Index test

e |L-8 * Blood pressure

e TNF-a * Body composition/FFMI

* hs-CRP, CRP * Vo2 Max

« Hemoglobin A1C * Max grip strength

+ Vitamin D test r HOMA-IR |

« ApoE-4  Mitochondrial dysfunction:

* MDA, ROS

s

Adapted from Ranking Biomarkers of Aging by Citation Profiling and Effort Scoring. Front Genet, 21 May 2021;12
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Longevity

Groundbreaking study — utilizing precise
accelerometer data from the National
Health and Nutrition Examination
Survey - unveiled remarkable finding:

Our daily movement patterns serve as
single most powerful indicator of
longevity

A Leroux, E Cui, E Smirrnova, et al. NHANES 2011-2014: Objective Physical Activity |s the Strongest Predictor of All-Cause Mortality. Medicine
& Science in Sports & Exercise, October 2024,;56(10):1926-1934

s Performance
(Walking speed,
Time-up-to-go test)

"4 Skeletal & 4 Handgrip
s, muscle mass strength

The Effect of Omega-3 Fatty Acids on Sarcopenia: Mechanism of Action and Potential Efficacy. Marine Drugs. 2023; 21(7):399
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Low vit. D linked to muscle loss

* Overall results showed those with higher vitamin D levels had
more muscle mass

* Held true even accounting for factors that impact vitamin D status
(e.g. race and time of year) and muscle mass (e.g. age, physical
activity and weight)

Ren, Q., Liang, J., et al. (2025). A Causal Effect of Serum 25(0H)D Level on Appendicular Muscle Mass: Evidence From NHANES Data and Mendelian
Randomization Analyses. Journal of Cachexia, Sarcopenia and Muscle, 16(2), e13778

“You are only as young as your immune system”

New
Scientist

RESET YOUR
st MMUNE AGE
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Mastering the Longevity Code: “Immune Resilience” Is
Key to Resisting Disease and Living Longer

» Ground-breaking research study
introduces concept of “immune
resilience”

» Term represents ability to
withstand/bounce back from infections
and inflammatory stressors

» Using novel metrics — quantified the
varying degrees of immune resilience
among individuals

* Findings — not solely age-dependent
and can affect lifespan/health
outcomes

Ahuja, 5.K., Manoharan, M.5., Lee, G.C. et al. Immune resilience despite inflammatory stress promotes longevity and favorable health outcomes including resistance
to infection. Nat Commun 14, 3286 (2023). https://doi.org/10.1038/s41467-023-38238-6

Immunocompetence

Ability of an organism’s immune
system to effectively recognize and
respond to foreign antigens,
ultimately controlling infection and
preventing disease
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Longevity

* Immune system resilience:
» Reduced inflammaging
Preserved immune cell function
Centenarians exhibit lower IL-6 levels, higher IL-10
Maintained T cell proliferation
Balance between pro-inflammatory Th17 and regulatory T cells

Environmental and lifestyle factors:
* Gut microbiota
* Exercise

FQ Yin, FH Xiao, QP Kong. Factors involved in human healthy aging: insights from longevity individuals. Front Med, 22 March 2015;19:226-249

Dysfunctional
mitochondria in age-related
neurodegeneration

Young mitochondrion
(Optimal function)

Dysfunctional mitochondria in age-
related neurodegeneration: Utility of
melatonin as an antioxidant
e oo Old mitochondrion Old mitochondrion + melatonin
eviews, November 2024;101: (Dysfunctional) (Preserved function)
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Mitochondria/inflammation

* Damaged mitochondria can become “leaky”

* Releases mitochondrial DNA (mtDNA) into the circulation and
causes inflammation

* Inflammation can also be seen as stressor for mitochondrial
damage

* |t’s a circuit loop between these two pathways

Overview of mitochondrial function in health and disease

Functional . - Dysfunctional

ATP Ca“ transport Inflammation
Energy Metabolic stimulation mtDNA or peptides
Stress response ROS
Growth/adaptation Ca? homeostasis
Biosynthesis Cell death
Protein modification ROS mPTP opening
Mitochondrial-nuclear Oxidative stress Cytochrome c release
communication Redox regulation Energy deprivation
. Cell signaling
Thermogenesis

Mitochondrial dysfunction in pathophysiology of heart failure. Journal of Clinical Investigation, 20 Aug 2018;128
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How breakdown in endosymbiosis can lead to inflammation

Obesity Processed foodstuffs Lack of exercise Disrupted circadian rhythm  Environmental pollutants

L J

|

Cytochromec release  H,0, production Metaboite release | miRNA release mtDNArelease  Phosphocreatine
E v
! | ok 4 | ha
Apoptosis Oxidative damage, Succinate Fumarate . MDA-5/RIG-I  cGAS-STING 4
antiparasitic and HLRPS sativas
l antibacterial response l L J . Ttnrﬁlm
Cytokines Pyroptosis,
Cell death SUCNR1 and ;FNS IL-1B, IL-18
Rheumatoid arthritis Multiple sclerosis

A break in mitochondrial endosymbiosis as .
a basis for inflammatory diseases. Nature, 8 Inftammatory bowel disease Asthma
February 2024;626:271-279

mitochondria?
Movernest Drvor hern
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What diseases are affected by the
Seelutal Musce § ]

Atism

Renal Dsecases
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Respiratory Disorders
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Mitochondria — secretly helping fight bacteria

* Mitochondria — energy-producing components of cells

* Involved in immune function:
» Controlling inflammation
» Regulating cell death
» Responding to infections

* They sense bacterial activity and help neutrophils —trap and kill

Wise, A. D., TenBarge, E. G., Mendonga, J. D., et al. Mitochondria sense bacterial lactate and drive release of neutrophil extracellular traps. Cell
Host & Microbe, 12 March 2025;33(3):341- 357.e9

Mitochondria — secretly helping fight bacteria (cont’d)

* Dysfunctional mitochondria leads to weaken immune defense

* Neutrophils are most abundantimmune cell and are immune
system’s first responder

* Key defense mechanism is neutrophil extracellular trap release
(NETosis)

* Mitochondria can detect specific bacterial by-product - lactate -
and use signal to initiate NETosis formation

Wise, A. D., TenBarge, E. G., Mendonga, J. D., et al. Mitochondria sense bacterial lactate and drive release of neutrophil extracellular traps. Cell
Host & Microbe, 12 March 2025;33(3):341- 357.e9
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Mitochondrial biogenesis

* Multiple research — LLLT can improve mitochondrial biogenesis
» Stimulates production of new mitochondria within cells

* Primarily by activating cellular pathways that lead to increased
mitochondrial replication and function when exposed to specific
wavelengths of light

 Mechanism - LLLT is believed to interact with mitochondria by
directly stimulating the ETC, leading to increased ATP production
and signaling pathways that trigger mitochondrial biogenesis

Ferraresi C, Kaippert B, Avci P, et al. Low-level laser (light) therapy increases mitochondrial membrane potential and ATP synthesis in C2C12
myotubes with a peak response at 3-6 h. Photochem Photobiol. 2015 Mar-Apr;91(2):411-6
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