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Are We Already at the Limit  ?

Inconvenient Truths About Human Longevity
S. Jay Olshansky, PhD'* and Bruce A. Carnes, PhD?

Table 1. Annual Average Rate of Improvement in e
(United States, 1990-2016)

by Decade

(o'

Life Expectancy Annual

at Birth Improvement

1990 75.40 —

2000 76.84 0.142
2010 78.81 0.197
2016 78.91 0.017

Jay Olshanksy

Note: Human Mortality Database (1) (data accessed, January 2019).

Olshanksy and Carnes, J Gerontol A Biol
Sci Med Sci, 2019, 74(S1): SBS12



Lifespan vs. Healthspan
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Long -Lived People Age Well

A Lived on her own until 110
A Rode a bicycle at over 100
A Took up fencing at 85
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Jeanne Calment

Longest human lifespan
122 years, 164 days
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Jeanne Calment Frank Buckles, the last surviving soldier of World
- Smoked until the age of 117 War |, lived for 110 years and died in 2011. When
asked about his secret for long life, he simply
offered, "When you start to die... don't."

A General consensus is that lifespan is ~20 -25% heritable

A But individual genes have small effect sizes in GWAS



Challenges Testing Human Longevity

Very limited ability to genetically or
pharmacologically manipulate the system

Huge genetic, environmental, and
pehavioral diversity

One experiment per lifetime
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Why Be Hopeful ?

Evol uti on doesnot care a
reproductive success.

The f act t
evidence t

h at we don
hat
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Germ cells have to be
| mmortal éso t




We donot know how
maximum lifespans

But nat ure does



Aldabra Tortoise Max. lifespan
over 255 years

Bristlecone Pine Max. lifespan over

Yelloweye Rockfish (Red Snapper
5000 years 4 ( Pper)

Max. lifespan over 115 years



Selecting Longer Life in Drosophila

15 generations
of selection for
late -life fertility
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Michael R. Rose, Evolution, 1984
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Steven N. Austad, J. Zool., 1993




Lifespan is Plastic in Model Organisms

age -1 mutation in C. elegans

—A— SR808: age-1(mg44),
outcrossed 6x to N2
-¥ - GR1168: age-1(mg44)
not outcrossed |
—@— N2DRM, wild-tyge

Normal age -1 mutants
controls
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Ayyadevara et al, Aging Cell, 2008




The Geroscience Hypothesis

oTargeting fundamental aging
prevent, alleviate, or reverse a wide range of diseases

and cond I-}US'[IICG%'[ aI{I], §G‘er09tol A Biol Sci Med Sci 71:1415, 2016

- = cancer

- = death

" | w— CHF

" == COPD
o = M|

;= healthspan

Aging is the biggest

| = dementia

4 risk factor for
(almost) everything
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What causes aging ?

2011

Can we slow it down ?

69
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The Rate of Living Theory

';/
%’ oln general , the duration of life
’7 varies inversely with the rate of

energy expenditure

Pearl, R. (1928). The Rate of Living .
,m London: University of London Press.

Raymond Pearl

Photo from Genetics . 162: 997-1001, 2002



Lifetime Heartbeats and Animal Size

Weight Heart Rate Longevity | Product | Lifetime Heartbeats

Creature (grams) (/minute) ‘ (years) (billions)
Human 90000 | 60 70 221
Cat 2000 150 15 1.18

Smalldog 2000 | 100 10 0.53

Medium dog | 5000 90 15 0.71

Large dogs | 8000 75 | 17 0.67
Hamster 60 | 3 | | 0.71
Chicken 1500 15 2.17
Monkey 5000 15 1.50

Horse 1200000 | |40 | 10.93
800000 2 075

Pig | 150000 125 1 10.92

Rabbit 1000 9 0.97

elephant 5000000 | 70 1.1

giraffe 900000 20 0.68

large whale | 120000000 0.834 KOTTKE.ORG




Free Radical Theory of Aging - 1956

Mitochondrial Free Radical Theory of

K GSSG
ZGSH

H 0 . catalase catalase_ 4 O

Aging - 1972

Denham Harman

von Zglinicki, T. Ageing at the molecular
level. Kluwer Academic: Boston, 2003



THE EFFECT OF RETARDED GROWTH UPON THE
LENGTH OF LIFE SPAN AND UPON THE:
ULTIMATE BODY SIZE

C. M. McCAY, MARY F, CROWELL AND L. A. MAYNARD
Animal Nulrition Laboratory, Cornell University, Ithaca

ONE FIGURE

(Recoived for publication January 18, 1935)




McCay et al. Journal of Nutrition, 1935

Male Rats
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McCay et al. Journal of Nutrition, 1939

Fig.2 Age 964 days. This photograph was taken the last day of life for
the last of the controls on the left and 36 days before the retarded rat on the
right was allowed to mature. Note the contrast in degree of senescence.







CALERIE: 2 Years of CR In Humans

ocoédecreases Iin cardi omet abol
daily energy expenditure adjusted for weight change,
Wit hout adverse effects o

N AL Group
1 CR Group

Cholesterol Triglycerides Insulin Resistance Blood Pressure

0.1

0.0

. -04

5 -02
< .03

P<.001 04

F N TN o = N

-0.5

Longevity ?

Ravussin et al, J Gerontol A Biol Sci Med Sci, 70:1097 (2015)



Caloric Restriction in Rhesus Macaques

A | |

han-gry

(han-gree) adj.

a state of anger caused by

lack of food; hunger causing

a negative change in
emotional state.

Colman et al . Science . 325:201 (2009)



2 Studies of Caloric Restriction in Primates

Disagreement on Mortality Delayed Disease

Averag eT

onset

Age-related mortality

Percent survival
Percent without
age-related morbidities

— Control
—CR

10 15 20 25 30 35 10 20
Age (years) Age in years

L s C0Ntrol
- R
Average

onset

Control-F ——-
CR-F ---
Control-M —
CR-M —

Percent without
age-related morbidities

15 20 25 30 10 2
Age in years

Age (years)

Colman etal. Science . 2009, Mattison et al. Nature . 2012, Colman et al. Nat Comm . 2014, Mattison et al. Nat Comm . 2017



|s Calorie Restriction Evidence for the
ARate of Livingo or




Many Gene Deletions Blocks CR in Model
Organisms 0 Active Signaling ?
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Smelling Yeast Shortens Drosophila Lifespan
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Libert et al, Science, 315:1133 (2007)



Correlation
Between
Metabolism

Lifespan (days)

and Lifespan
In Female
Outbred Mice

1.7 2.2 2.7 : Speakman, JR
et al . J. Nutr.

- y 132:1583S
Metabolic intensity (kJ.day .g ') 1597S, 2002




Superoxide Dismutase Deficiency Does
not Shorten Life
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Van Remmen et al . Physiol. Genomics 16:29 (2003)



Antioxidant Vitamins Do Not Extend Life

Cochrane Database Systemic Review of 78
randomized clinical trials comprising 296,707
participant, assessing mortality:

AUut horso concl usi ons:

0 Wefound no evidence to support antioxidant

supplements for primary or secondary prevention .
Beta -carotene and vitamin E seem to Increase

mortality, and so may higher doses of vitamin Aé 0

Bjelakovic et al., Cochrane Database SystRev. 2012 Mar 14;3:CD007176



There Is No Widespread Agreement on the
Fundamental Cause of Aging

DNA Mutations
0 DNA repair defects and radiation cause progeroid syndromes

Werner Syndrome (DNA helicase mutation)

Oshima et al, Ageing Res Rev, 33:105 (2016)



There Is No Widespread Agreement on the
Fundamental Cause of Aging

DNA Mutations
DNA repair defects and radiation cause progeroid syndromes
Serial cloning from adult cells does not shorten lifespan

No

ND 1 2 6 3 3 4 ND16 20 14 11 9 810“'“(.3e

FFETEEE S IFTFS

Generation of serial clones Wakayama et al, Cell
Stem Cell, 12:293 (2013)



There Is No Widespread Agreement on the
Fundamental Cause of Aging

DNA Mutations
DNA repair defects and radiation cause progeroid syndromes
Serial cloning from adult cells does not shorten lifespan

Mitochondrial DNA Mutations (_ Heteroplasmy )

MtDNA mutations accumulate with age and increasing them
causes a progeroid syndrome in mice




POLG O6Mutator 6 Mi

Error-prone copying of mtDNA
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Kujoth et al, Science, 309:481 (2004) Trifunovic et al, Nature, 429:417 (2004)



There Is No Widespread Agreement on the
Fundamental Cause of Aging

DNA Mutations
DNA repair defects and radiation cause progeroid syndromes
Serial cloning from adult cells does not shorten lifespan

Mitochondrial DNA Mutations (_ Heteroplasmy )

MtDNA mutations accumulate with age and increasing them
causes a progeroid syndrome in mice

MtDNA deficient cells are rare in aged mice and mutator
mice appear to have a much greater mutation burden




There Is No Widespread Agreement on the
Fundamental Cause of Aging

DNA Mutations
DNA repair defects and radiation cause progeroid syndromes
Serial cloning from adult cells does not shorten lifespan

Mitochondrial DNA Mutations (_ Heteroplasmy )

MtDNA mutations accumulate with age and increasing them
causes a progeroid syndrome in mice

MtDNA deficient cells are rare in aged mice and mutator
mice appear to have a much greater mutation burden

Epigenetic Changes
DNA methylation measurably shifts with age -> o0cl ockso
Reprogramming factors can reset the methylation clock




Partial Reprogramming

Expression of 3 of the 4 Yamanaka factors required to
generate induced pluripotent stem cells (OSK)

AAV injection

- TRE-OSK: n=2O—J *
—  Control-Dox: n=20 *

Jax historical; n=33

120 125 130 135 140 145 150 155 160 165 170
Weeks

Macip et al, Cell Reprogram, 26:24 (2024)



There Is No Widespread Agreement on the
Fundamental Cause of Aging

DNA Mutations
DNA repair defects and radiation cause progeroid syndromes
Serial cloning from adult cells does not shorten lifespan

Mitochondrial DNA Mutations (_ Heteroplasmy )

MtDNA mutations accumulate with age and increasing them
causes a progeroid syndrome in mice

MtDNA deficient cells are rare in aged mice and mutator
mice appear to have a much greater mutation burden

Epigenetic Changes
DNA methylation measurably shifts with age -> o0cl ockso
Reprogramming factors can reset the methylation clock

Whether clocks accurately predict health or longevity is
unknown




How Do We Approach Aging Without
Being Sure of the Cause ?

Explore existing drugs that seem to have positive
effects

Intervene in age -related changes that are more
accessible

Young blood ?



Heterochronic Parabiosis

Exposure to young blood extends mouse lifespan

Separated Parabiosed Detached

Lifespan extension
3 months
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Zhang et al, Nature Aging, 3:948 (2023)



Metformin Lengthens Life in Diabetics

B Metformin monotherapy
[ Sulphonylurea monotherapy

[l Controls (matched with metformin)
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Bannister et al, Diabetes, Obesity, and Metabolism, 16:1165 (2014)



TAME (Targeting Aging with Metformin)

A placebo -controlled multi -center study of ~3000
elderly people with a composite outcome
evaluating multiple age -related diseases.

OAnN intended consequence of this effort is to create
a paradigm for evaluation of pharmacologic
approaches to delay aging. 6

Barzilai et al, Cell Metab 23:1060, 2016



GLP-1R Agonist ( Semaglutide /Ozempic)

Contents lists available at ScienceDirect "Alx ; \I‘ i ]', (\ ;l
LESEAR
REVIEWS

il Ageing Research Reviews

Eaes

ELSEVIER journal homepage: www.elsevier.com/locate/arr

Semaglutide as a possible therapy for healthy aging: Targeting the
hallmarks of aging

Gabriela Ueta Ortiz°, Ellen Cristini de Freitas ™"

All-cause deaths

Semaglutide —— Placebo

Scirica et al, J Am Coll Cardiol (2024)
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Restoring Lean (Muscle) on Ozempic

Percent change in lean mass weight Percent change in fat mass weight
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Nunn et. al, Mol Metab




Eliminating Senescent Cells

Senescent cells
Growth arrested

Secrete inflammatory
factors

Promote cancer
Accumulate with age

Genetic or
pharmacological
elimination in mice Is
beneficial
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Genetic removal of
pl6* senescent cells

—ATTAC-AP (n=57) |
--- ATTAC +AP (n=59)
-=-WT (n=62) ]

. pl6* cells
/ removed

900

Baker et al, Nature (2016)



NAD* Correlates With Age and Functional Status

NAD* is critical > 500
biochemical reactions

Levels fall with age in
multiple tissues of mice
and humans

Supplementation

Has anti -inflammatory
effects

Improves function in
mitochondrial
myopathy

Improves peripheral
artery disease
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Nicotinamide Riboside (NAD * Booster)
Rescues Lethal Arrhythmias

NR Rescue

Knockout
(Low NAD)
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Rapamycin

Inhibitor of MTORC1 (acute) and mTORC2  (chronic)

Glucose Insulin Gytokines

ATP
Oxygen x i Oncogenes

\ mTORCA _Tumour suppressors
\ /

.

Amino acids

Stress — mTOR mLST8 <+—— Infectious agents

TN

‘Autophagy mRNA  Aerobic  Denovo | Pentose  De novo
translation glycolysis lipid phosphate nucleotide

l S synthesis  pathway  synthesis
ATP

Ribosome Biosynthetic
biogenesis precursors

l AAS Glyce%

Protein Membranes Nucleic acids

Rapamycin

Anabolic cell growth and proliferation

Dibble and Manning, Nature 15:555 (2013)



Rapamycin Extends Mouse Lifespan

1.0 Females, pooled

Males, pooled
0.8

0.6 -

0.4

—&— Control '\; § 3 —a— Control
024 |~ Rapa (4.7) % 0.2 —o— Rapa (4.7)

—o— Rapa (14) W —a— Rapa (14)

—&— Rapa (42) R —&— Rapa (42)

O~ 0.0 : : : - . 0w
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400

0.0

Age (Days) Age (Days)

Miller et al, Aging Cell (2013)

15% Lifespan extension in marmosets reported in abstract form
(Salmon et al AGE 2024)



MTORCL1 Inhibitors Improve Viral Immunity

[1 RTB101 10 mg once daily [ Placebo

Coronavirus

1676 Participants

Metapneumovirus

over age 65
treated for 16 -24 Rhinovirus or Enterovirus
weeks Influenza A
Influenza B
Data shown are Parainfluenza

SRR L RO Respiratory syiicytial virus

0 5 10 15 20 25

Laboratory-confirmed
RTls (n)

Mannick et al, Lancet Healthy Longev 2:e250 (2021)



Should We Try Everything That Comes Along ?

ﬁ Andrew Yang @Y= @ A oo

@AndrewYang

If something goes down 10% and then up 10% are you back where you
started?

No because the decrease is from a bigger number.

E.g.,100-10=90+9=99

9:43 PM - Apr 9, 2025 - 5.2M Views

It is much easier to shorten life then to lengthen it!!!



Rapamycin risks emerging ?

Inhibition of mTORC1 by rapamycin results in
feedback activation of AktS473 and aggravates
hallmarks of osteoarthritis in female mice and non-

human primates

Dennis M Minton 7 2, Aditya R Ailiani 7 2, Michael D K Focht 3, Mariana E Kersh 2 4, AmyLi 7 2,
Christian J Elliehausen 1 2, Michelle M Sonsalla ® €, Dudley W Lamming ® ©, Angela J Marolf 7,

Kelly S Santangelo &, Adam B Salmon ¢ 1%, Adam R Konopka 1 2 1

| stopped taking rapamycin

Written by: Bryan Johnson | Published on: January 25, 2025

Despite the immense potential from
pre -clinical trials, my team and |
came to the conclusion that the
benefits of lifelong dosing of
Rapamycin do not justify the hefty
side -effects (intermittent skin/soft
tissue infections, lipid abnormalities,
glucose elevations, and increased
resting heart rate).




Summary

There is hope for interventions in aging, but science takes time

-Let 6s al |l start from the gooc

g to certain ages in the US in 2019 for males and females (US Mortality DataBase)

Donot S mo k e
Exercise
Eat Vegetables
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