WEEK 10

AGING

AS ANEURODEGENERATIVE DISEASE



Learning objectives

At the end of this session you will be able to

- Define aging

- Identify different theories of aging

- Describe proximate vs ultimate causes of aging
- Know about aging biomarkers

- Know about aging interventions

- Design a study to investigate causes or treatments of
aging”*

* it time allows
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Today'’s lecture — Overview

1) Definition of aging

2) Theories of aging
- Stochastic
- Non-stochastic

3) Anti-Aging interventions
- Caloric restriction

- Cellular reprogramming

- Parabiosis

4) Evolutionary theories of aging



~ Defniton
What is aging?

- Different theories:

Psychological Sociological



Psychological theories

- We age in pre-defined steps (Erik Erikson, 1960):

Stages of Psycho
Development

B Infant
M Toddler Intimacy vs
Isolation
M Pre-schooler
M Grade-schooler Identity vs
B Teenager Role Confusion
" Young Adult
ung Adu Industry vs
Middle-age Adult Inferiority
Older Adult

Initiative vs
Guilt

Autonomy vs
Shame & Doubt

Trust vs

Mistrust
Prnnneen hv Frikk Frikenn



Psychological theories

- Integrity vs despair feelings impact on the aging process
per se

Psychosocial Development in Maturity

Psychosocial Conflict: Integrity vs. Despair

J

Major Question:
; "Did I live a
-‘,I' meaningful life?"

b
»

SN, : .
Important Event: Reflecting back on life
y



Psychological theories

- Integrity 7 - Despair
- Acceptance - Bitterness

- A sense of wholeness . Regret

- Lack of regret - Ruminating over mistakes

- Feeling at peace

- Feeling that life was wasted
- A sense of success

_ _ - Feeling unproductive
- Feelings of wisdom and

acceptance - Depression

- Hopelessness



Sociological theories

- Aging is accompanied by:
- reduced activity

- social disengagement

- subculture: elderly rest among themselves




o Theores
Biological theories

- Aging can be defined as the time-related deterioration of

the physiological functions necessary for survival and
fertility.

- The aging process has two major facets.

1) Age (in numbers) itself: How long does an organism live?

2) Senescence, the physiological deterioration that characterizes

old age.



What happens during aging,
physiologically speaking?



- Theories—Biologicalagng
Senescence / Biological aging

- The process by which a cell loses its ability to divide,

grow, and function. This loss of function ultimately ends in
death.

- Strictly degenerative without positive features.

- Characterized by the declining ability of cells to respond
to stress, by increased homeostatic imbalance and
increased risk of aging-associated diseases.



Biological aging

WEAR AND TEAR PROGRAMMMED
FREE RADICALS BIOLOGICAL CLOCK
CROSS LINKAGE NEUROENDOCRINE

SOMATIC MUTATION IMMUNOLOGICAL



Stochastic theories of biological aging

- A stochastic or statistical perspective, which identifies

episodic events that happen throughout one's life that cause

random cell damage and accumulate over time, thus
causing aging.



WEAR AND TEAR

FREE RADICALS

CROSS LINKAGE
SOMATIC MUTATION

Wear and Tear

- The daily grind of life, in particular abuse or overuse,
literally wears the body out, leading to disease states.

- Example: The degeneration of cartilage and eventual grinding of
bone on bone causes aging process, as wear and tear exceeds the

body's ability to repar




CROSS LINKAGE
SOMATIC MUTATION

Free Radicals — Oxidative stress

- Driven by reactive oxygen species (ROS)

ROS Structures
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Free Radicals — Oxidative stress

- Manifold consequences of oxidative stress:

free Radical Oxidative Stress

Alzheimer's, Parkinson’s, MS, ALS,0CD, ADHD,
Autism, Migraine, Insomnia,Depression, Dementia,
Bi-Polar Disorder, Cancer

Macular Degeneration, BRMN

Retinal Degeneration,

Cateracts [YB _\
LUNG

Asthma, COPD, Allergies,
Chronic Bronchitis, Cancer

Heart Attack, Stroke,
MEART Aercsieross angina

KIDNEY

Chronic Kidney Disease,

\ Renal Nephritis

~ SKIN

Wrinkles, Acne, Eczema
Psoriasis, Dermatitis,
Cancer

'MULTI-ORGAN

Diabetes, Chronic Fatigue,

BLOOD VESSELS ="

Atherosclerosis, Hypertension
Varicose Veins, Elevated Cholestrol
and Triglycerides

IMMUNE SYSTEM JOINTS

Chronic Inflamation,

Auto-lmmune Disorders, HIV, Herpes, Rheumatoid Arthritis, Fibromyalgia, Heavy Metal Toxicity,
Crohn’s, Hepatitis, Osteo-Arthritis, Lyme Disease
Colds & Flu, Lupus, Cance: Psoriatic Arthritis

in neurodegeneration

Alzheimer’s disease

Neuronal loss

AP accumulation Hyperphosphorylated Tau

/ \\ / Accumulation of iron

i i i i S >SS — . . .
Mltochonfinal —_— Oxidative stress and impaired calcium
dysfunction 5
homeostasis

Membrane disruption Inflammation  Poor antioxidant status

© ThreeWells / Ox Med Cell Long 2021




WEAR AND TEAR

FREE RADICALS
CROSS LINKAGE
SOMATIC MUTATION

Cross Linkage

- Over time, biochemical processes create connections
between structures not normally connected.

° ‘ O I I a e n (i) 3 single gen p! (ii)Coiltog to forma (iii)Covalent cross-linking occurs
polypeptide a-chains (left triple strand: ed within the triple helices and
handed helix structure) P lag | (in llagen helices to
a left-handed helix) form fibrils
N~ RS ~
W .- YOUNGER
m collagen
! ;
1)
J OLDER
O r ™ collagen

(iv)Fibril bundles form fibers with the aid
of glycoproteins and proteoglycans

- Over time, biochemical processes loose connections
between structures normally connected.

- Elastin dries up and cracks with age. Hence skin with less elastin
tends to be drier and wrinkled.

© Proceedings of the SPIE



Cross Linkage

|
- Example of amyloid

dimer tetramer hexamer

>

Free Energy
Free Energy

>

>
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oligomer fibril oligomer fibril
Reaction Coordinate Reaction Coordinate

© J Phys Chem 2021/ BBA 2016



WEAR AND TEAR

FREE RADICALS
CROSS LINKAGE
SOMATIC MUTATION

Somatic mutations

Gene regulation and DNA damage
in the ageing human brain

Tao Lu’, Ying Pan', Shyan-Yuan Kao', Cheng Li?, Isaac Kohane>,
Jennifer Chan* & Bruce A. Yankner'

' Department of Neurology and Division of Neuroscience, The Children’s Hospital
and Harvard Medical School, Enders 260,300 Longwood Avenue, Boston,
Massachusetts 02115, USA

*Department of Biostatistics, Harvard School of Public Health, and *Department
of Medicine, The Children’s Hospital and Harvard Medical School, and
*Department of Pathology, Brigham and Women’s Hospital and Harvard Medical
School, Boston, Massachusetts 02115, USA

The ageing of the human brain is a cause of cognitive decline in
the elderly and the major risk factor for Alzheimer’s disease'. The
time in life when brain ageing begins is undefined®™. Here we
show that transcriptional profiling of the human frontal cortex
from individuals ranging from 26 to 106 years of age defines a set
of genes with reduced expression after age 40. These genes play
central roles in synaptic plasticity, vesicular transport and mito-
chondrial function. This is followed by induction of stress
response, antioxidant and DNA repair genes. DNA damage is
markedly increased in the promoters of genes with reduced
expression in the aged cortex. Moreover, these gene promoters
are selectively damaged by oxidative stress in cultured human
neurons, and show reduced base-excision DNA repair. Thus,
DNA damage may reduce the expression of selectively vulnerable
genes involved in learning, memory and neuronal survival,
initiating a programme of brain ageing that starts early in
adult life.

© Nature 2004



Somatic mutations ,

Cell cycle arrest, apoptosis, DNA repair
cellular senescence

! !

Cell depletion, Accumulation of DNA damage
inflammation and mutations

\ 4

Loss of redundancy and gene
regulatory homeostasis

!
AGING

© Aging Res Rev 2021



Somatic mutations

in neurodegeneration

Q.

o, n APP/PSEN1
2] 15.
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APP/PSEN1 WT APP/PSEN1
5 months 18 months

APP/PS1: A common mouse model of familial Alzheimer’s disease
YH2Ax: Phosphorylated histone H2A, a sign of double stranded DNA breaks
NeuN: A marker of neuronal cells

© Sci Rep 2018



Which of the following happen(s)
during aging?

. Oxidative stress

. Generation of free
radicals

. Accumulation of
mutations

. Telomere shortening
. A,BandC
. A, B CandD



Biological aging

WEAR AND TEAR PROGRAMMMED
C FREE RADICALS BIOLOGICAL CLOCK
CROSS LINKAGE NEUROENDOCRINE
SOMATIC MUTATION IMMUNOLOGICAL

These theories are not mutually exclusive!



Biological aging

WEAR AND TEAR PROGRAMMMED
FREE RADICALS BIOLOGICAL CLOCKS
CROSS LINKAGE NEUROENDOCRINE

SOMATIC MUTATION IMMUNOLOGICAL



Non-stochastic / programmed theories of
biological aging

- Non-stochastic theories view aging as a series of
predetermined events happening to all organisms within a
time framework.

- Cells divide until they can no longer divide, whereupon the
cell's infrastructure recognizes this inability to further divide
and triggers the apoptosis sequence or death of the cell
(Hayflick limit, 1961)

© Vit&Drip Health
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Telomere shortening is programmed

- One such "infrastructure” is telomere shortening

TELOMERE

Telomere Repeats

TTAGGGTTAGGGTTAAGGGTTAGGGTTAGGGTTAGG ¥
AATCCCAATCCCAATCCC ¥

© Vit&Drip Health / Cell Signalling
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Biological clocks

- Each cell, or perhaps the entire organism, has a genetically
programmed aging code that is stored in the organism’s
DNA.

- Cause or effect unclear!

- Best understood example: Epigenetic clocks



Epigenetic clocks

Organism

- With age, there are
increased levels of
changes in DNA
methylation, an
epigenetic modification

Tissue

- occurs on C (cytosine) bases
of the DNA, at position 5

Cell @ Stem cell @ Progenitor cell @ Committed cell @ Senescent cell

m*C

Reversible DNA methylation
o MY IPIPT
Continuous readout: DNAm age

]
CHy

Development Mai ce Decline

Fig. 3| Tissue function versus DNA methylation-based age. DNA methylation-based (DNAm) age s a continuous

readout of molecular processes that playa role in development, tissue maintenance and, ultimately, decline. DNAm age

increases as stem and progenitor cells undergo differentiation to produce more committed cells for growth during the

early developmental years and for replenishment of committed cells during the maintenance years (after 20 years).

';';;x The precise mechanisms linking the innate molecular processes to the decline in tissue function probably relateto
subtle changes in cell composition, for example, a decline in somatic stem cells, and/or the loss of cellular identity.

Independently, senescent cells, which are not measured by the multi-tissue DNAm age estimator, begin to accumulate

Methyl
group

7 LeCtu res in later years owing to numerous factors unrelated to epigenetic ageing. In time, these collective changes at the cellular
level compromise tissue fitness, leading to the decline of organ functions and the manifestation of physical ageing.
Week 12 m®C, 5-methylcytosine.

© Sigma Aldrich / Nat Rev Genet 2018



Epigenetic clocks

- These DNA methylation changes reflect biological age,
rather than chronological age

| ‘Older’ epigenome

EPIGENETICS

DNA methylation-based biomarkers
and the epigenetic clock theory of

ageing

Steve Horvath'2* and Kenneth Raj?

Abstract | Identifying and validating molecular targets of interventions that extend the human
health span and lifespan has been difficult, as most clinical biomarkers are not sufficiently
representative of the fundamental mechanisms of ageing to serve as their indicators. In arecent
breakthrough, biomarkers of ageing based on DNA methylation data have enabled accurate age
estimates for any tissue across the entire life course. These ‘epigenetic clocks’link developmental
and maintenance processes to biological ageing, giving rise to a unified theory of life course.
Epigenetic biomarkers may help to address long-standing questionsin many fields, including the

central question: why do we age?

Average
epigenome at
chronological age

~

Biological age (years)

1

i “Younger’ epigonomoL
| I | | | | | |

10 20 30 40 50 60 70 &0 90 100

Chronological age (years)

© Nat Rev Genet 2018 / Nat Rev Mol Cell Biol 2015



Epigenetic clocks

- These DNA methylation changes reflect biological age,
rather than chronological age

N N N
at ¢ 15 N

8 Chronological clock Biological clock

Methylation age
Methylation age
@

Chronological age Chronological age

© Mol Cell 2018



Epigenetic clocks

- Multiple such clocks

1 o Horvath'sclock —353 CpGs o— Hannum’sclock —71 CpGs o Levine’s clock—513 CpGs
eX I St n Owa d a yS Multi-tissue DNAm age estimator Single-tissue DNAm age estimator DNAm PhenoAge
Age in blood

across lifespan

Current smoker vs AAblood . Age in blood from children

¢ D iffe re nt pe rfo rm a n Ce i n Granulocyte count vs AA blooc/i s~ 7
d iffe re nt ti SS u eS Leukocyte telomere length vs AA blood (

Age across five brain regions, adult lifespan

Age prefrontal cortex, age <65 years

Naive CD8* T cells vs AA blood Gestational age fetal retina

Time to death vs AA blood | Age dermis and epidermis

| Homogeneity across 30 tissues

BMIvs AAblood of a supercentenarian

Females have low-AAblood ¢~ Offspring of centenarians have low-AA blood

BMIvs AA liver Cognitive function vs AA cortex

Neuritic plaques
vs AA cortex
Fig. 1| Comparison of three DNA methylation-based biomarkers of ageing. The multi-tissue DNA methylation-based

(DNAm) age estimator (blue line), also known as Horvath's clock, stands out in terms of its correlation with chronological
age across multiple tissue types, its high accuracy in children, its strong correlation with gestational age (differentiation day)
in neuronal cell culture models and the homogeneity of its age estimates across tissues, for example, 30 tissue samples
collected from a supercentenarian (>110years)*. The phenotypic age estimator (green line), or DNAm PhenoAge

stands out in terms of its predictive accuracy for time to death, its association with smoking status and its association with
various markers of immunosenescence®. In general, DNAm PhenoAge and DNAm age as calculated by the single-tissue
age estimator known as Hannum'’s clock (red line) outperform other blood-based biomarkers in regard to lifespan
prediction. Supplementary information contains the data and details on the construction of this radar plot. AA stands for
(epigenetic) age acceleration, forexample, ‘AA blood’ denotes age acceleration in blood. BMI, body mass index.

© Nat Rev Genet 2018



Epigenetic clocks

- These clocks reflect age-related influences

»

Healthy food intake

All-cause mortality

® & (Gender

FAL

QC Cancer risk/incidence "‘o
O O Neurodegenerative diseases
ERErCIe @ *  Alzheimer’s disease
3 * Parkinson’s disease
Physical fitness +  Huntington’s disease

BMI

metabolic syndrome markers
| [ ]

““\Hu5

Infections

« HIV Stress 5

+  Cytomegalovirus * PTS

. H?Iicobacter pylori * Cumulative lifetime stress

* Childhood violence
© Mech Age Dev 2018



Other blologlcal clocks eX|st as well

Healthspan

Lifespan

Clinical interventions Environmental
and dregs exposure




PROGRAMMMED

BIOLOGICAL CLOCK
NEUROENDOCRINE
IMMUNOLOGICAL

Neuroendocrine theory

- Hormonal changes contribute to aging

- Example in females: Post-menopausal drop in estrogen

HORMONE
LEVELS

Melatonin WWWNW\

AGE

25 35 50 60 75

- Example in males: Age-related decreased testosterone levels

© Lecturio



Neuroendocrine theory

- Hormonal changes contribute to aging

Sex Differences

Female Male

- Brain morphology Sex Hormone Cycle Brain morphology Sex Hormone Cycle
=
= |
= ) Menopause —O Aokl e
o Menstrual
o I O— Puberty
) 1 Abith —0
3 O— After birth O— Inutero
Q Brain volume: Brain volume:

At birth: Reduced (6%) Major sex hormone: At birth: Increased (6%) Major s hormans:

Adult: Reduced (11%) Estrogen Adult: Increased (11%) T

Gradual testosterone
decline in aging

MY o . b N T RN a

5 Energy ¥ B Agerelated AU Y Ener e elated

| ") production ! L9 KO o J £ E o
g e . J :z gene profile (\\' Ll 5 production &;‘4 gene profile

XX' ation @ Phagocytosis

of age-related processes - low energy
transcriptomic changes and increased immune
activation and phagocytosis

© Biomedicines 2023



PROGRAMMMED
BIOLOGICAL CLOCK
NEUROENDOCRINE

IMMUNOLOGICAL

Immunological theory

- Compromised immune system and function with age

IL-1
IL-3

IL-6

IL-8
IL-18
cCL-2
TNF-a
INF-y
TGF-
CXCL1
CXCL12

Young HSC Senescent HSC

A , ‘
..............)% .........¥‘l*/'

Young immune cells Senescent immune cells / Immunosenescence

0 e B B @
2,0 0
P

® ¢ & 6 6 ¢ 6 ¢ ¢ 6 ¢

& ol . % L) ‘: Promote | ﬂ t

| | > Oxidatig SAS n amma ory Microbiome
‘ oot cell death

{ | H Y

HSC, hematopoetic

g
| 20 —@—

stem cell
v Young cell Senescent cell Tissue&Organ IL, interleukin
oun i
g (Inflammation) Aged SASP, senescence-
associated secretory
proteins

© Signal Transduct Target Ther 2023



Irrespective of the theory, these are
conserved physiological hallmarks of aging:

&
s3]
l{@ =¥

vV = occurrence in
neuro degenera tive
disorders too!




How can aging be prevented?



Anti-aging interventions

Mental training

Brain stimulation

Education sensory stimulation
® ® transcranial stimulation
Meditation e e
® Genetics
protective alleles
Social interactions l
Brain/cognitive reserve . @ Neurotrophic
Stress resistance " therapies
. 4 neuratrophic factors
Resience signaling modulators
\j l
Sleep Neural network adaptations Neural adaptations
L4 compensation - 1 neural efficlency
4 synchronization *t synaptic plasticity
\ / neural excitation
neurogenesis
g Y K
® @' st dirculating factors
. & Healthy aging brain GDF-11
Balanced diet & Yy aging ncr.;:-g @
.o cholesterol
Metaboli 2 ¢ Cathepsin B
oulic icdaptations T w- iisin lowering drugs
& 1 mitochondria biogenesis . S
1 .;::phagy _\V /-\ Sy;umlc:daptatlons
& S repair vascular health
Caloric restriction 4 ;. oein fokding LY v/ gutmicrobiome sdaptations @
A protein quality control
° anti-hypertensive
other lifestyle changes Adaptive neuron-glia interactions . drugs
W"h:"w“"‘: A phagocytosis, repair
weight control Al tion sty
limit alcohol intake [ ] *:;T,:::m Probiotics
@
Metabolic modulators ® v
NAD" precursors ® Senolytics
Rapamycin
Metformin : B
St wethtors Physical exercise  Anti-inflammatory drugs
Antioxidants

© Curr Op Neurobiol 2022



e
Today'’s lecture — Overview

1) Definition of aging

2) Theories of aging
» Stochastic
- Non-stochastic

3) Anti-Aging interventions
- Caloric restriction

- Cellular reprogramming

- Parabiosis

4) Evolutionary theories of aging



Caloric restriction

- = reduced caloric
intake by ~ 30%

© Science 2010

Life-span increase

Dietary
restriction

Mutations/
drugs

3-fold

10-fold
(with starvation/

DR)

Beneficial health effects

Dietary
restriction

Extended

Mutations/

2-to 3-fold

10-fold

misexpressed toxic
proteins

None reported

Protection against
cancer, diabetes,
atherosclerosis,cardio-
myopathy, autoimmune,
kidney, and respiratory
diseases; reduced
neurodegeneration

myopathy, fatty liver and
renal lesions. Extended

insulin sensitivity

Prevention of obesity;
protection against
diabetes, cancer, and
cardiovascular disease

Not
tested

Not
determined

Prevention of obesity,
diabetes, hypertension
Reduced risk factors
for cancer and
cardiovascular disease

Possible reduction
in cancer and
diabetes




Caloric restriction

- mode of action

- alteration of NAD/NADH balance, a metabolic co-enzyme
- activation of SIRT1

a Ad libitum b Calorie restriction

Glucose { Glucose |

\ Respiration 1 PNC1t

NA|

NAD/NADH t

Y

Glycolysis 1

© Nat Rev Mol Cell Biol 2005



Caloric restriction

- mode of action

- alteration of NAD/NADH balance, a metabolic co-enzyme
- activation of SIRT1

P53
ROS
v
Cellular _ Cellul'ar.
differentiation
Senescence
3 v
Mitochondrial )
Oxidative stress Fibrosis fithess Apoptosis

© Int J Mol Sci 2021



Caloric restriction

° a g a i n St A D : Neurobiology of Disease

A Dietary Regimen of Caloric Restriction or Pharmacological
Activation of SIRT1 to Delay the Onset of Neurodegeneration

@ CONAL
A CONAL CK-p25 AL CK-p25,CR B B CKpZsAL

St o
'A‘ 'Ai /7 I

AL, ad libitum

CR, caloric restriction

SRT, SIRT1 activating compound
SVP, synaptophysin

VEH, vehicle treatment

stratum radiatum

SVP mean grey value (a.u.)

© J Neurosci 2013

stratum radiatum

SVP mean grey value (a.u.)

B CON,VEH
B CK-p25.VEH
O CK-p25,SRT3657

*
1




Caloric restriction

- A natural activator of SIRT1: Resveratrol?

Resveratrol
FoxO01 SIRT1

\ PGC-1a

PPAR
Klotho v
P53
SMAD4
Autophagy v
Cellular
segzngr:ce differentiation
A f
) '
Mitochondrial )
Oxidative stress Fibrosis fithess Apoptosis

© Int J Mol Sci 2021



Caloric restriction

- Resveratrol is found in red wine...
- But...

Red wine may be much more potent than was thought
in extending human lifespan, researchers say in a new
report that is likely to give impetus to the rapidly
growing search for longevity drugs. The study is
based on dosing mice with resveratrol, an ingredient

of some red wines. . . . [In a related study] scientists
used a dose on mice equivalent to just 35 bottles a
day.

—The Times.

© The New Yorker



Prize
in
Physiology
or
Medicine
2012

Cellular reprogramming

Freta U Maninr
Shinya Yamanaka

- Expression of 4 transcription factors, Oct4, Sox2, Klf4, c-Myc
leads to induced pluripotent stem cells (iPS)

Somatic cell

/“ Reprogramming

Oct3/4, Sox2, Klf4, c-Myc

Q0000

iPS cell

Differentiation - - - - +

Figure 1. iPSCs describe cells that have been reprogrammed to the pluripotent state. In the illustration, a somatic cell has had
OSKM exogenously expressed to initiate the reprogramming mechanism. The result is an iPSC, which in proper culture condi-
tions can be induced to differentiate into any cell type.

© JMA 2018



Cellular reprogramming

iPSCs
- o
) e
Partial \.} e =
reprogramming ‘ - —
O " ai
> 8 = ' .:‘ B ——\i
C,_ __}) \_>.___ - |
Somatic cells Epigenetically unstable N
intermediates TeEer Cate
Direct lineage reprogramming
iPSCs «  Partial reprogramming : Lineage reprogramming
With pluripotent states + * Intermediate states without + = Nointermediate pluripotent states
2 Lecture Similar to ESCs . pluripotency + » Conducted by lineage-specific
. With epigenome rejuvenation + « Short-term induction of OSKM X transcription factors
Fides Zenk Dec 2 Personalized medicine '« With epigenome rejuvenation + o Transition between different
Modeling of diseases + « No cell identity changes - epigenetic states
Potential in cell transplatantion, ! e Suitable for in vitro manipulations |} e« More efficient and fast
gene editing, drug screening * « Invivoamelioration of age- ' o Suitable for in vivo tissue repair

associated hallmarks Avoiding risks for tumorigenesis

© Signal Transduct Target Ther 2023



Partial cellular reprogramming

- Expression of 3 transcription factors, Oct4, Sox2, Klf4

Article

Reprogrammingtorecover youthful
epigeneticinformation andrestore vision

https://doi.org/101038/s41586-020-2975-4  Yuancheng Lu', Benedikt Brommer**", Xiao Tian'", Anitha Krishnan®*", Margarita Meer®",
Received: 31 July 2010 Chen Wang??, Daniel L. Vera', Qiurui Zeng', Doudou Yu', Michael S. Bonkowski',
. Jae-Hyun Yang', Songlin Zhou??, Emma M. Hoffmann®#, Margarete M. Karg**, Michael B. Schultz',
Accepted: 22 October 2020 Alice E. Kane', Noah Davidsohn’, Ekaterina Korobkina®*#, Karolina Chwalek’, Luis A. Rajman’,
R . George M. Church’, Konrad Hochedlinger®, Vadim N. Gladyshev?®, Steve Horvath®,
Published online: 2 December 2020 Morgan E. Levine®, Meredith S. Gregory-Ksander**™, Bruce R. Ksander**™, Zhigang He**" &
m Check for updates David A. Sinclair'°?=

© Nature 2020
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Partial cellular reprogramming
- Expression of 3 transcription factors, Oct4, Sox2, Klf4

A B

: Recent
Experimental layout
recall
AAVE Doxon ©®
——cFos - tTA —
AAVS . — T
—{cFcs)-lTRI— AAVB — > é
ITA

AAVE TRE—ET- or 1 GFP) ox off i
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L §, ) ___»_,’-"
WT, 2vs 10
month old

D Cell identity E Heterochromatin F LaminB1 G

Berdugo-Vega et al., unpublished data



Parabiosis

- Connecting the blood system between two animals

A simple surgery

A veterinary surgeon will anaesthetize the animals, peel away a thin layer of skin along their sides
and stitch or staple the exposed surfaces together. Wound-healing processes join the bloodstreams
through a capillary network, and in one to two weeks, the animals are pumping each other's blood.

MOUSE A * MOUSE B

Condition Condition

Sedentary

Irradiated : Non-irradiated

Fluorescent . Sy Non-fluorescent

Mutant : ; Wild type

© Nature 2015



Parabiosis

Isochronic Heterochronic  Isogenic Heterogenic

"

Rejuvenating the old?

Cell Aging

Regulation Regulation

System

\/ Young Aging the Young old

HETEROCHRONIC PARABIOSIS AND BLOOD EXCHANGE
© Frontiers 2022 / Exp Geront 2023



Parabiosis

- Unclear effects against neurodegeneration

Preclinical Assessment of Young Blood Plasma
for Alzheimer Disease

Jinte Middeldorp, PhD; Benoit Lehallier, PhD; Saul A. Villeda, PhD; Suzanne S. M. Miedema, MSc; Emily Evans; Eva Czirr, PhD;
Hui Zhang, PhD; Jian Luo, MD, PhD; Trisha Stan, PhD; Kira I. Mosher, PhD; Eliezer Masliah, MD, PhD; Tony Wyss-Coray, PhD

3xTg-AD mice Young plasma from C57BL/6J mice (2-3-month) or saline
16-17-month-old 150 pL, i.v., Twice a week for 8 wks

“ -1 0 1 2 3 4 5 6 7 8 wks
> | : | | | | | | | |>
= Behav tests: OF, NOR, MWM, | Euthanized for
rMWM; histological analysis

© JAMA 2016 / Alz Res Ther 2020



Which anti-aging interventions has
the best evidence against AD?

A. Caloric restriction

B. Cellular
reprogramming

C. Partial cellular
reprogramming

D. Parabiosis
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Today'’s lecture — Overview

1) Definition of aging
2) Theories of aging

. Stochastic > Proximate / physiological causes

« Non-stochastic J
3) Anti-Aging interventions
« Caloric restriction

- Cellular reprogramming

4) Evolutionary theories of aging } Ultimate causes



Evolutionary theories

- Here, we are interested in the question of why aging exists,
rather than why and how we age
biologically/psychologically/sociologically speaking

- 3 theories:
1) Mutation accumulation theory
2) Antagonistic pleiotropy

3) Disposable soma



Evolutionary theories

- Aging exists even in a (hypothetical) protected environment
- S0, the question is, why
Protected / does this drop happen?

Age

Survival

Wild

© Nature 2000



| Evoluforarytheories
Mutation (damage) accumulation theory

- Selection pressure to survive
decreases with increased

lifespan
- Why? shacou
- The aim of life is not longevity, but :%
reproduction
- Thus, there is a "selection shadow” Age

after having reached the age of

reproduction to maintain organismal
fitness

reproduction span

© Nature 2000



| Evoluforarytheories
Mutation (damage) accumulation theory

- In other words, there is a selection trade-off between

reproduction and longevity because of a finite amount of
energy

Survival to maximum age
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Antagonistic pleiotropy theory

- Pleiotropy=A single gene Q T
controls multiple traits ) O Twits
O Titc

O Trant D

- The presence of this gene might
be beneficial for reproductive

fitness, but detrimental for PPN —

Survival

survial Good =

Age

© Biology Notes Online 2024 / Nature 2000



- Evoltonarytheores
Antagonistic pleiotropy theory

- Evidence?

EVOLUTIONARY BIOLOGY

Evidence for the role of selection for reproductively
advantageous alleles in human aging

Erping Long"? and Jianzhi Zhang?*

The antagonistic pleiotropy hypothesis posits that natural selection for pleiotropic mutations that confer earlier
or more reproduction but impair the post-reproductive life causes aging. This hypothesis of the evolutionary
origin of aging is supported by case studies but lacks unambiguous genomic evidence. Here, we genomically
test this hypothesis using the genotypes, reproductive phenotypes, and death registry of 276,406 U.K. Biobank
participants. We observe a strong, negative genetic correlation between reproductive traits and life span. Indi-
viduals with higher polygenetic scores for reproduction (PGSg) have lower survivorships to age 76 (SV¢), and
PGSy increased over birth cohorts from 1940 to 1969. Similar trends are seen from individual genetic variants
examined. The antagonistically pleiotropic variants are often associated with cis-regulatory effects across mul- PGSk calculated
tiple tissues or on multiple target genes. These and other findings support the antagonistic pleiotropy hypoth-
esis of aging in humans and point to potential molecular mechanisms of the reproduction-life-span
antagonistic pleiotropy.

primarily with onset
and end of
reproduction

© Sci Adv 2023



Disposable soma theory

- The soma — as opposed to the
germline — is disposable

Survival

Effective maintenance and repair

Age

reproduction span

- Resources for maintenance and a ———
repair are invested during the TL  Lifespan

. ~Soma

reproductive span, but not e el
B R ducti

beyond — eproduction
(e.g.,Energy) Aglng

Soma

© Nature 2000 / BMB Reports 2021



- Bvolfonarytheories
Disposable soma theory

Growth and ! . ¢ Somatic
[ reproduction J [ Lifespan [ maintenance]
L > [ Somatic ] | J
damage

v

[ Ageing-related cellular degeneration ]

and disease

© Nature 2008



Learning objectives

At the end of this session you will be able to

- Define aging

- Identify different theories of aging

- Describe proximate vs ultimate causes of aging
- Know about aging biomarkers

- Know about aging interventions
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