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“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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Learning Objectives

* Review the current hallmarks (drivers) of
aging.

* Review current research on “information
theory of aging” and epigenetic clocks

* Distinguish chronologic age from biologic age

* Review the evidence to support health-

promoting lifestyle on the modification of
biologic age
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Questions for consideration:

* How long can humans actually live?

* |s getting old always synonymous with poor quality of life?

* What is the difference between chronologic age and biologic age?
* s 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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Person / Earth / Oldest

Jeanne Calment

Kane, who is now aged 118, is only fours years shy of breaking the record of oldest person ever, which
currently belongs to the Jeanne Louise Calment (France), who was born on 21 February 1875 and died
aged 122. Sep 30, 2021
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Source: Riley (2005), Clio Infra (2015), and UN Population Division (2019) OurWorldInData.org/life-expectancy « CC BY
Note; Shown is period life expectancy at birth, the average number of years a newborn would live if the pattern of mortality in the given year
werel{%eézfggﬂthe same throughout its life.
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The silver tsunami
12-fold increase
1950
2050
The “silver tsunami” is upon us. The world is experiencing a rapid increase in its
aging population and the global population of over 60s will surpass two billion
by 2050: a 12-fold increase from 1950 (World Health Organization, 2021).
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Short lifespan
Short morbidity

\

Advances in

healthcare and
living

Longer lifespan
Short morbidity
Long lifespan

Long morbidity /]\

Advances in
biotechnology, Al
and geroscience

The past Today The future

Today, individuals live a significant portion of their lives with increased frailty,

suffering from multiple morbidities and experiencing late-life disability.

INITY COLLEGE
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At ages 80+ 1/10 mortality risk
Annual risk of death (1 in X) by age and sex
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Goal: improve health span / longevity

=i

Human health index

Chronological age

#MIGlobal Emmn INSTITUTE
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Biological age: =)
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Two individuals with the same chronological age could have very different
healthspans. This would be better captured with an accurate biological age,

which is a better representation of the individual’s internal health status.
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Verdin Lab

Eric Verdin, MD
President and Chief Executive Officer, Professor

“Only 8% 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 GLLI
President and CEO, Buck Institute rem———
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[ Epigenetic Regulation ]
Stem cell
Genomic Instability depletion
o Deregulated
Telomere attrition . .
Nutrient Sensing
Mitochondrial Altered Intercellular
Bioenergetics Communication
%‘% Loss of Proteostasis Cellular Senescence 3 LLI
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Treating Diseases vs. Treating Aging

Age-related diseases raise exponentially:
This is not a coincedence!

Prolonging the healthy years of life:
Improving lifespan and healthspan!
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nature reviews genetics
Explore content v About the journal v Publish with us v Subscribe
nature > nature reviews genetics > review articles > article
Review Article \ Published: 11 April 2018
EPIGENETICS
. .
DNA methylation-based biomarkers and the
. . .
epigenetic clock theory of ageing
Steve Horvath & Kenneth Raj
Positive epigenetic | Average epigenetic
age acceleration | age acceleration at
4 chronological age
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Epigenetics:
A life with many
possibilities.
17
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~ Health as a byproduct of gene-
~ environmental compatibility
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Aging Has An Epigenetic Signaturs
Aging has an Epigenetic Signature
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“It from bit symbolizes the idea that
every item of the physical world has at
bottom...an immaterial source and

FE hi5 7 lanation...that all thi hysical
A LIFX n /00 ’ explanation...that all things physical are

information-theoretic in origin and that
this is a participatory universe”

?/ % John Archibald Wheeler
) Du:: %

]T OHN A ii‘é‘}’f'l {ﬁ'"‘; LD Particles....Energy....Information
WHEELER

wis KENNETH FORD
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Cell Supports open access

ARTICLE | ONLINE NOW

Loss of epigenetic information as a cause of

mammalian aging

Jae-Hyun Yang & 2° = e Motoshi Hayano 2° e Patrick T. Griffin » ... Andreas R. Pfenning e Luis A. Rajman e

David A. Sinclair & 3° = e Show all authors ¢ Show footnotes

Published: January 12, 2023 * DOI: https://doi.org/10.1016/j.cell.2022.12.027

P ool

22

11



Mark Pettus MD 01/26/2024

Epigenetic Reprogramming
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Cell Metabolism ¢

CelPress
Available online 4 January 2024

In Press, Corrected Proof @ What's this? 2

Review

Human trials exploring anti-aging
medicines

Leonard Guarente '? 2 X, David A. Sinclair ? 3, Guido Kroemer? 456 o =

Show more v

+ AddtoMendeley g Share 33 Cite

https://doi.org/10.1016/j.cmet.2023.12.007 A Get rights and content 2
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Sirtuins

DNA repair

N

* A class of enzymes that influence
aging and longevity through multiple

molecular pathways. Sirtuins
regulate a variety of metabolic

Sirtuins

Telomeres SIRT1-7

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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Metabolism
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Stem cells

Survival
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——| Inflammation

Differentiation
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Hallmarks of Aging
Associated with Cellular
depletion of NAD+

NAD LEVELS OVER TIME

* Altered DNA repair (PARP
activity NAD-dependent)

* Altered epigenetics

* Mitochondrial dysfunction

* Disrupted metabolic-
nutrient sensing e.g. Insulin

resistance with glucose

into|era nce Ref: Massudi, Ross Grant, Nady Braidy, Jade Guest, Bruce Farnsworth, Gillies Guillemen, Age-Associated
Changes in Oxidative Stress and NAD* Metabolism In Human Tissue, PLOS One, July, 2012

¢ Cellular senescence
* Decreased autophagy

1/26/2024
27
NAD boosters:
Dietary supplements that purportedly increase cellular levels of nicotinamide adenine
dinucleotide (NAD+). Examples of potential NAD+ boosters include nicotinamide riboside
and nicotinamide mononucleotide.
O _NH, o
NH,
L N
0] N__~ o) /C,) (@) N/+
,P\O/\g e
Hoﬁq HO R
s "OH N
HO HO OH
NR: Nicotinamide Riboside NMN: Nicotinamide Mononucleotide
WikiE) %i&&%ntributors. "Nicotinamide riboside." Wikipedia, Wikipedia contributors. "Nicotinamide mononucleotide." Wikipedia, The Free
The F/rezee Encyclopedia, 20 Nov. 2019. Web. 26 Nov. 2019. Encyclopedia, 14 Nov. 2019. Web. 26 Nov. 2019.
28

14



Mark Pettus MD

01/26/2024

Sirtuin-Activating
Compounds (STACs)
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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.

ENAS |

Twenty-five years of mTOR: Uncovering the link from

nutrients to growth

David M. Sabatini>><d!

“Whitehead Institute for Biomedical Research, Cambridge, MA 02142; *Howard Hughes Medical Institute, Massachusetts Institute of Technology,
Cambridge, MA 02139; “Department of Biology, Massachusetts Institute of Technology, Cambridge, MA 02142; “Koch Institute for Integrative Cancer
Research, Massachusetts Institute of Technology, Cambridge, MA 02142; and Broad Institute of Harvard and Massachusetts Institute of Technology,

Cambridge, MA 02142

This contribution is part of the special series of Inaugural Articles by members of the National Academy of Sciences elected in 2016.

Contributed by David M. Sabatini, September 22, 2017 (sent for review September 14, 2017; reviewed by Lewis C. Cantley and Joseph L. Goldstein)

In my PNAS Inaugural Article, | describe the development of the
mTOR field, starting with efforts to understand the mechanism of
action of the drug rapamycin, which ~25 y ago led to the discovery
of the mTOR protein kinase. | focus on insights that we have con-
tributed and on work that has been particularly influential to me,
as well as provide some personal reflections and stories. We now
appreciate that, as part of two distinct complexes, mTORC1 and
mTORC2, mTOR is the major regulator of growth (mass accumula-
tion) in animals and is the key link between the availability of
nutrients in the environment and the control of most anabolic
and catabolic processes. Nutrients signal to mTORC1 through the
lysosome-associated Rag GTPases and their many regulators and
associated cytosolic and lysosomal nutrient sensors. mTOR signal-
ing is deregulated in common diseases, like cancer and epilepsy,
and mTORC1 is a well-validated modulator of aging in multiple
model organisms. There is significant excitement around using
mTORC inhibitors to treat cancer and neurological disease and,
potentially, to improve healthspan and lifespan.

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

recollections that highlight work that has been particularly in-
fluential to me. I suppose one writes such pieces when one has
been around for a while. This appears to be the case, even
though I am still surprised when someone refers to me as senior
or I am asked by young scientists to talk about my career.

In the fall of 1992, I went to see Sol Snyder about a thesis
project. T remember the meeting well, as T would meet with Sol
one-on-one very few times during my time in his laboratory. Sol sat
in a comly office chair in the balled-up way that those of us in his
Iaboratory found impossible to mimic, and he was quict, knowing
the power of silence (we assumed it was a trick he learned during
his psychiatry training). I was nervous and blurted out that 1
wanted to talk about potential projects. After a bit, he said, “Well,
David, we work on the brain.” That scemed like a great start, as 1
wanted to do neuroscience, but then more silence followed, and, as
I was to learn, that meant the conversation was over. I left un-
settled because the brain was obviously a big topic, meaning I was
project-less. That conversation though was likely the most impor-
tant scientific interaction of mv career as Snl was oivino me the

©LLI

AT BERKSHIRE COMMUNITY COLLEGE

30

15



Mark Pettus MD 01/26/2024

ngev,
T

Agin®

Fig. 2. The role of mTORCI1 in longevity and aging. The mecha-
nisms of how mTORCI regulates longevity and aging.

©LLI

Gerontology 2018;64:127-134
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* Polyamine that is found in foods and produced
endogenously
* May have effects of delayed aging in humans (Aging.
2018 Aug; 10(8): 2209-2211.)
* Autophagy is upregulated and may be an anti-aging
mechanism
* All-cause Mortality inversely related to spermidine
intake in observational studies (Am J Clin Nutr. 2018
Aug 1;108(2): 371-380)
* Improved cognition in older adults (Alzheimer’s Res
Ther. 2019;11:36.)
* SmartAge Study recruitment
* Dietary sources are plant and fungi derived (Ann Rev H
Nutr. 2020 Sep 23;40:135-159)
* Great sources include vegetable sprouts, mushrooms, N
peas, legumes, broccoli, cauliflower \/ \/\/\
« Safety and tolerability in older adults at doses 1.2 N H
mg/day (Aging. 2018 Jan; 10(1): 19-33) 2
1/26/2024
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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

AT BERKSHIRE COMMUNITY COLLEGE
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Induced Pluripotent Stem (iPS) Cells
Virus engineered <
to express four 9
. key “pluripotency” PGPSR o

N . genes > ¥ 2 o9 2

The Winding Road to Trge et €
o o
Dlscoverlng Pros: No embryos required
o No immune rejection?
o Disease in a dish?
i ells
’QQVQ X 4 Cons: May not be = to ESCs
The Life of Yamanaka Shinya Genetically engineered
Skin cells iPS cells
YAMANAKA Shinya
Interviewor MIDORI Shinya
e ww\"
= e/ \
JIUIEA
tarwtnd vy Tony Akinson LLI
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Diseases that stem
cells have the
potential to treat

* Blood diseases

* Heart diseases

* Parkinson’s

e Alzheimer’s

* ALS

e Multiple sclerosis
* Macular degenerations
* Cancer

* HIV/AIDS
 Spinal cord injury
e Stroke

1/26/2024

Bone Marrow (Hematopoietic Stem Cell) Transplant
Example of a tissue-specific stem cell therapy

i

infuse stem cells reduce volume
patient in chemotherapy iiito patient yopreserve  of fluid with
and/or radiation therapy slem Mn e stem cells

© 2001 Encyclopadia Britannica, Inc.
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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

1/26/2024

LONG
TELOMERES

SHORT
TELOMERES
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36

18



Mark Pettus MD

01/26/2024

Ciad

@i

= f -
Cell division p "‘g ‘!
; r% ! % Associated with
Decreased telomere Cellular dysfuntion
length

Alzheimer’s
Female reproductive aging
Metabolic disease ——
Cardiovascular disease —

AT BERKSHIRE COMMUNITY COLLEGE

1/26/2024
37
ITI Baseline leukocyte telomere length decile predicted mortality
2 | after 7 years
1400 Decile 10 =
.
Multivariate- P R?= 097775
Adjusted Mortality » §
Hazard Ratio: T8
£
22
0 1 2 3 < 5 6 7 8 9 10
1 14 Telomere length decile; 1 = longest; 10 = shortest
- All-cause mortality ———Unspecified cause death” Death from other causes e===Cardiovascular ANy Cancer
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ORIGINAL ARTICLE

Aging & wiLey

Reversal of epigenetic aging and immunosenescent trends in

humans

Gregory M. Fahy' @ | Robert T. Brooke! @ | James P.Watson? | Zinaida Good®©® |

Shreyas S. Vasanawala*

| Holden Maecker® | Michael D. Leipold® @ |

David T.S.Lin®© | Michael S. Kobor® ©@ | Steve Horvath’

Intervene Immune, Los Angeles, CA, USA

2UCLA Division of Plastic and
Reconstructive Surgery, David Geffen
School of Medicine, Los Angeles, CA, USA

3Departments of Microbiology and

Immunology, Stanford University, Stanford,

CA,USA

“Stanford Medical Center, Stanford, CA,
USA

SInstitute for Immunity, Transplantation
and Infection, Stanford School of
Medicine, Human Immune Monitoring
Center, Stanford, CA, USA
“Department of Medical Genetics,

BC Children's Hospital Research
Institute, Centre for Molecular Medicine
and Therapeutics, University of British
Columbia, Vancouver, BC, Canada
Human Genetics, David Geffen School
of Medicine Universitv of Califarnia | o

Abstract

Epigenetic “clocks” can now surpass chronological age in accuracy for estimating
biological age. Here, we use four such age estimators to show that epigenetic aging
can be reversed in humans. Using a protocol intended to regenerate the thymus, we
observed protective immunological changes, improved risk indices for many age-re-
lated diseases, and a mean epigenetic age approximately 1.5 years less than baseline
after 1 year of treatment (-2.5-year change compared to no treatment at the end of
the study). The rate of epigenetic aging reversal relative to chronological age acceler-
ated from -1.6 year/year from 0-9 month to -6.5 year/year from 9-12 month. The
GrimAge predictor of human morbidity and mortality showed a 2-year decrease in
epigenetic vs. chronological age that persisted six months after discontinuing treat-
ment. This is to our knowledge the first report of an increase, based on an epigenetic
age estimator, in predicted human lifespan by means of a currently accessible aging
intervention.
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Regenerating The
Thymus: Profile Of Greg
Fahy
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Maybe We Can!

September 8, 2019:

We published
the first strong

Aging ANATQMICA

evidence that

aging can be
reversed humans

ORIGINALARTICLE = @ OpenAccess @ ®

in humans.

Reversal of epigenetic aging and immunosenescent trends in

“This is to our knowledge the first report of an increase . . . in predicted

human lifespan by means of a currently accessible aging intervention.”

Greg Fahey MD, UCLA

1/26/2024
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www.aging-us.com AGING 2023, Vol. 15, No. 6

Research Paper
Potential reversal of biological age in women following an 8-week
methylation-supportive diet and lifestyle program: a case series

Kara N. Fitzgerald®, Tish Campbell?, Suzanne Makarem?, Romilly Hodges?

!Institute for Functional Medicine, Federal Way, WA 98003, USA
%irginia Commonwealth University, Richmond, VA 23284, USA
3American Nutrition Association, Hinsdale, IL 60521, USA

Correspondence to: Kara N. Fitzgerald; email: kf@drkarafitzgerald.com
Keywords: DNA methylation, epigenetic, aging, lifestyle, biological clock
Received: January 1, 2023 Accepted: March 1, 2023 Published: March 22, 2023

Copyright: © 2023 Fitzgerald et al. This is an open access article distributed under the terms of the Creative Commons
Attribution License (CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

ABSTRACT

Here we report on a case series of six women who completed a methylation-supportive diet and lifestyle
program designed to impact DNA methylation and measures of biological aging. The intervention consisted of
an 8-week program that included diet, sleep, exercise and rel ion guidance, suppl al probiotics and

©LLI
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M BioAge Baseline BioAge Endpoint

55.83 55.49

51.23*
48.1*
T-test of Mean Differences Wilcoxon signed-rank test of
Median Differences
Figure 1. Partici ’ average biol, | age change analysis. *Significant difference with p-value < .05.
www.aging-us.com 1835 AGING
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www.aging-us.com AGING 2021, Vol. 13, No. 7

Research Paper
Potential reversal of epigenetic age using a diet and lifestyle
intervention: a pilot randomized clinical trial

Kara N. Fitzgerald!, Romilly Hodges? Douglas Hanes?, Emily Stack®, David Cheishvili®,
Moshe Szyf®, Janine Henkel’, Melissa W. Twedt’, Despina Giannopoulou’, Josette Herdell’,
Sally Logan’, Ryan Bradley”®

lInstitute for Functional Medicine, Federal Way, WA 98003, USA

2American Nutrition Association, Hinsdale, IL 60521, USA

3Helfgott Research Institute, National University of Natural Medicine, Portland, OR 97201, USA

“Helfgott Research Institute, National University of Natural Medicine, Portland, OR 97201, USA

SHKG Epitherapeutics (Hong Kong), Department of Molecular Biology, Ariel University, Israel, Gerald Bronfman
Department of Oncology, McGill University, Montreal, Quebec, Canada

SDepartment of Pharmacology and Therapeutics, McGill University, Montreal, QC H3G 1Y6, Canada

"Helfgott Research Institute, National University of Natural Medicine, Portland, OR 97201, USA

8Division of Preventive Medicine, University of California, San Diego, CA 92023, USA

Correspondence to: Kara N. Fitzgerald; email: kf@drkarafitzgerald.com

Keywords: DNA methylation, epigenetic, aging, lifestyle, biological clock

Received: December 15, 2020 Accepted: March 13, 2021 Published: April 12, 2021
Correction: This article has been corrected. Please see Aging 2022: https://doi.org/10.18632/aging.204197
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Figure 2. Comparison of DNAmAge change between
treatment and control groups. Each dot is a subject, and the
vertical axis represents difference in DNAmAge from the
beginning to the end of the eight-week term. Participants scored
an average 1.96 years younger, controls an average 1.27 years
older. The age reduction of the treatment group strongly trended
towards significance (p=0.066), while the age increase of the
control group itself was not significant (p=0.153). The difference
between control and treatment groups was significant at the
level p=0.018 (unpaired two-tailed t-test). Long red and blue lines
represent group averages (mean).

After 1-year, treatment group with
healthy lifestyle interventions
regressed biologic age 1.96 years
compared to control group who
aged 1.27 years

AT BERKSHIRE COMMUNITY COLLEGE
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AGING 2023, Vol. 15, No. 13

Priority Research Paper

Chemically induced reprogramming to reverse cellular aging

Jae-Hyun Yang'”, Christopher A. Petty®", Thomas Dixon-McDougall*, Maria Vina Lopez?,
Alexander Tyshkovskiy?3, Sun Maybury-Lewis?, Xiao Tian?, Nabilah Ibrahim?, Zhili Chen?,
Patrick T. Griffinl, Matthew Arnold?, Jien Li%, Oswaldo A. Martinez'®, Alexander Behn?,
Ryan Rogers-Hammond?, Suzanne Angeli*, Vadim N. Gladyshev?, David A. Sinclair!

*Paul F. Glenn Center for Biology of Aging Research, Department of Genetics, Blavatnik Institute, Harvard Medical
School (HMS), Boston, MA 02115, USA
Division of Genetics, Department of Medicine, Brigham and Women'’s Hospital, Harvard Medical School, Boston,

MA 02115, USA

3Belozersky Institute of Physico-Chemical Biology, Moscow State University, Moscow 119234, Russia
“Molecular and Biomedical Sciences, University of Maine, Orono, ME 04467, USA
*Department of Biology and Chemistry, Massachusetts Institute of Technology, Cambridge, MA 02142, USA

"Equal contribution

Correspondence to: David A. Sinclair; email: david_sinclair@hms.harvard.edu

Keywords: reprogramming, rejuvenation medicine, information theory of aging, small molecules, epigenetics

Received: June 30, 2023

Accepted: July 4, 2023

Published: July 12, 2023

Copyright: © 2023 Yang et al. This is an open access article distributed under the terms of the Creative Commons Attribution
License (CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original @
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David Sinclair PhD, Harvard Medical School
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How can |
translate this
science into my
day-to-day
routine in
20247
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e good friends each day. s o B ithout thinking about it
PURPOSE % . e o "
Wake up with purpose % . 4 s Py Y.
each day to add upto 7 . . E N K RIGHT TRIBE Y.
years to your lfe. . 4 e = : Surround yourself with people Y
. ® o 3 . who support positive behaviors.
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Live longer by applying these principles
from the people who have lived longest!
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Mark Pettus MD

“The future ain’t what it used to be.”
Yogi Berra
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