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To avoooToLNTLKO cUoTNUA OTNV TPLTN NALKIO
A fair fight against diseases?

Avoooynpovon/ immunosenescence
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Cell Senescence

Cell debris
(e.g. cmtDNA)
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inflammation

[\ lex

/ Ocular
disease

Autoimmune

Neurodegenerative
disease

Pulmonary
disease

= Accumulation of senescent cells

* Unresolved infection

» Dysbiosis

= Activated microglia and macrophages
= Cytokine and chemokine dysregulation

Potential contributors and therapeutic targets:

* Imbalance between pro-inflammation
mediators and pro-resolution mediators

= Gene mutations

* Epigenetic modifications

= Lifestyle risk factors

Debbie Maizek/S pringsr Mature

[< ING'S

College
LONDOIIN
Founded 1829



Geroscience

Age-related accelerated normal successful
pathologies aging aging aging

Geriatric syndromes
(initial clinical symptoms)

Onset of age-related diseases

0 50 100  years




Constant Normal Constant
undernutrition nutrition overnutrition

Franchessi Nat Rev 2018

Time

—&— Nutrition levels —@— |nflammatory levels
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Inflammaging

Basal inflammation '

Physiological
inflammation

&
®

Franchessi Nat Rev 2018
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Geroscience
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Genetics Biochemistry Cell biology

Evolution / Endocrinology
/

theory —

Ageing
- T~ Comparative
Bioethics :
biology
Ageing-related )
disease Regenerative
cardiovascular medicine Demography
disease, Alzheimer’ s, cancer, stem cells

diabetes, etc




1 important question about ageing

Comparative biology:

Maximum lifespans in mammals

3 years 59 years 122 years
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Fountain of Youth" by Lucas Cranach



C. elegans
Kouvopopoitng o kouwyog

A microbiverious terrestrial nematode, ~1.2 mm long
Genome: ~97,000,000 bases; ~19,000 genes
Signs of ageing

*Reduced fertility, feeding, movement

Increased cuticular wrinking (collagen cross linking)
Increased protein carbonyl, mitochondrial DNA deletions, lipofuscin

Hermaphrodite
(XX)

Male (XO0)




The hunt for lifespan mutants
Short lived or long lived?

Tom Johnson (1988): age-1(hx546) mutation
65% increase 1n mean lifespan
110% increase in maximum lifespan
Remains youthful for longer

Tom Johnson




Cynthia Kenyon (1993): Mutations in daf-2
greatly increase lifespan

—— Wild-type males

—tr— daf-2 males

—O0— Wild-type hermaphrodites
—O— daf-2 hermaphrodites

Cynthia Kenyon
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2) Evolutionary biology: How/why does ageing evolve? How
does it contribute to fitness?

3) Model organisms: Can aging be suppressed and lifespan

increased?
Caenorhabditis Drosophila
elegans melanogaster Mus musculus
‘ i
*Reduced insulin/ )|

IGF-1 signalling
\ \ .

eCaloric restriction

daf-2/daf-2 ~35 days chico/chico ~65 days Igflr+/-  ~24.9 months
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T —
Ageing — Disability

* Leading causes of catastrophic disability
l. Strokes

CHF

Pneumonia and influenza

Ischemic heart disease

Cancer

N W W

Hip fracture

A Older adults lose up to 5% of their functional
muscle strength each day they spend in bed.
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Lack of antibody production in old age
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Precursor cells ———>»
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Antigen uptake
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Human ageing

setpoint

CTL action
threshold

50 — 100 years
Susceptible to
HIV load . commeon infections
'Ideal’ virus load

and o riunistic infections
oTL. ARG resting' B and oppo

Immune resources

TRENDS in immunoiogy
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Total T cells (%)
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Memory generation
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Memory homeostasis Immuno-

senescence
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Empirical Vaccine Development
(Isolate — Inactivate — Inject)

R ()
SR

Personalized Vaccinology
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SOME FACTORS IN AGING

Glycation

glucose sugar binds
to and inhibits DNA,
proteins and lipids
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INDIVIDUALIZED AGE-ASSOCIATED CHANGES IN IMMUNE SYSTEM
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Telomeres Paired Strands Telomeres
(protective tips) of DNA (protective tips)

TELOMERE

3 Centrosome
(a region of repetitive nucleotide
Ny | sequences at each end

' 3 Chromosome

of a chromosome)

Telomere
'GGGATT'

Adenine

Thymine

Cytosine CCCTAA
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Cell division Chromosomes

Cell o .

/ \ Telomeres

’

Shortened /
telomeres

O O O

/ \ /\N/\/\
coLeeconee

Senescence cell Telomeres shorten,
cell division stops
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NMeyoAwvovToc

The Nobel Prize in Physiol or :
m Medicine 2009 S 0 The Nobel Peace Prize 2009

“for the discovery of how chromosomes are protected by
telomeres and the enzyme telomerase”

"for his extraordinary efforts to strengthen
international diplomacy and cooperation between
peoples”
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Tin2 _ TPP1
TRF2

POT1

...TTAGGGTTAGGG AGG
......... TTCCAATCCCA/ TC Shelterin complex

TRF1
RAP1

Current Opinion in Cell Biology
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l Sub-telomeric probe ) ‘

u Distal gene probe ,’ ‘\
/ \

/
Long telomeres /ﬁmm
llllllﬂl_ll!lll 1

Proximal gene |

l Telomere shortening

= T == Proximalgene H Proximal gene jmEI 1Y (1111

Altered gene No change in gene expression
expression with telomere shortening

Current Opinion in Cell Bology
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Telomere length of an infant. Telomere length of a teenager.
Chromosome Chromosome
« D : )
Telomers.
Telomere length of an adult. Telomere length of an elderly adult.
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Telomerase

) RNA
template




Telomere repeat €3

Cell divisions

l+ hTERT

ING'S

¥ College
LONDOIIN

Founded 1829




@ immortalization

S - Q

@
' DNA stabilization /"
eamggeAmcy =

.. f _. & ‘m:abn:;; @ \ &invasion & metastasis
©) &(\/\‘)’ self-renewal
o
senescence % ( @ @ .D

dlffenntiation




Nguyen Nature 2008
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Genetic variation in human telomerase is associated
with telomere length in Ashkenazi centenarians

Gil Atzmon®™"2, Miook Cho™’, Richard M. Cawthon®, Temuri Budagov®, Micol Katz®, Xiaoman Yang®, Glenn Siegel®,
Aviv Bergman?, Derek M. Huffman®®, Clyde B. Schechter®, Woodring E. Wright', Jerry W. Shay', Nir Barzilai*®,
Diddahally R. Govindaraju?, and Yousin Suh®"?

2Departments of Medicine and Genetics, Albert Einstein College of Medicine, Bronx, NY 10461; "Institute for Aging Research, Diabetes Research and Training
Center, Albert Einstein College of Medicine, Bronx, NY 10461; “Department of Human Genetics, University of Utah, Salt Lake City, UT 84112; ®Department of
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Downloaded from bjsm.bmj.com on September 4, 2014 - Published by group.bmj.com
ine i nublished o epn o S [} 6/bisports-20

Orig

inal article

Stand up for health—avoiding sedentary behaviour
might lengthen your telomeres: secondary outcomes
from a physical activity RCT in older people

Per Sjogren,' Rachel Fisher,? Lena Kallings,® Ulrika Svenson,* Géran Roos,*
Mai-Lis Hellénius
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Figure 1 (A and B) Relationship between changes in telomere length (per month) and changes in exercise time of at least moderate intensity
(min/week) over 6 months in individuals receiving minimal intervention (A, control, n=21) or individualised physical activity on prescription
(B, intervention, n=21). Rho and p Values derived from Spearman rank correlation.
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global cancer control International Journal of Cancer

Shortened telomeres in individuals with abuse
in alcohol consumption

Sofia Pavanello®, Mirjam Hoxha?, Laura Dioni?, Pier Alberto Bertazzi?, Rossella Snenghi?,
Alessandro Nalesso®, Santo Davide Ferrara®, Massimo Montisci® and Andrea Baccarelli*

Table 2. Telomere length in alcohol abusers and controls

Alcohol abusers Controls Statistics

n = 200 n =257 p value Unadjusted  p-value Adjusted®
Telomere length (T/S)
Geometric mean (range)® 0.43 (0.20-1.11)  0.87 (0.30-4.84) <0.0001 <0.0001
N (%) < 5° percentile TL value of controls (0.38 T/S) 59 (30) 14(5) <0.0001 0.0005

'Unadjusted geometric means. Geometric means adjusted by age, BMI, current smoking, vegetables, and job at elevated risk of accident were 0.42
in alcohol abusers and 0.87 in controls. Adjusted by age, BMI, current smoking, vegetables, job at elevated risk of accident.
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VITAMIN D AND TELOMERE LENGTH

T.46 4

i P for trend = 0.001
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HIGH CRP LOW CRP HIGH CRP LOW CRP HIGH CRP LOW CRP
LOWEST 25-0H-VITANMIN D TERTILE MIDDLE 25-0H-VITAMIN D TERTILE HEGHEST 25-0H-VITAMIN D TERTILE

Richards Am J Clin Nutr 2007
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Joumal of Cellulsr Biochemistry 114:1257-1270 (2013)

Curcumin Inhibits Telomerase and Induces Telomere
Shortening and Apoptosis in Brain Tumour Cells

Wt e g Pt

Aik Kia Khaw,' M. Pradeepa Hande,' Guruprasad Kalthur,' and M. Prakash Hande'* - -
! Genome Stability Laboratory, Department of Physiology, Yong Loo Lin School of Medicine,
Narional University of Singapore, Singapore 117597, Singapore
?Department of Obstetrics and Gynaecology, Clinical Embryology, Kasturba Medical College, Manipal University, =
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*Tembusu College, National University of Singap i 138598, Singap
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Accelerated telomere shortening in response
to life stress

Elissa S. Epel**, Elizabeth H. Blackburn?®, Jue Lin*, Firdaus S. Dhabhar$, Nancy E. Adler*, Jason D. Morrow?",
and Richard M. Cawthon/

*Department of Psychiatry, University of California, 3333 California Street, Suite 465, San Francisco, CA 94143; *Department of Biochemistry and Biophysics,
University of California, San Francisco, CA 94143; SDepartment of Oral Biology, College of Dentistry, and Department of Molecular Virology, Immunology,
and Medical Genetics, College of Medicine, Ohio State University, Columbus, OH 43210; TDepartment of Medicine and Pharmacology, Vanderbilt

University School of Medicine, Nashville, TN 37232; and |Department of Human Genetics, University of Utah, 15 North 2030 E Street, Room 2100,
Salt Lake City, UT 84112
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Shortened telomere length of PBMC, T cells, and
monocytes in Alzheimer’s disease caregivers.

Y
X
The Journal of Immunology Nemer
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Accelerated Telomere Erosion Is Associated with a Declining o
Immune Function of Caregivers of Alzheimer’s Disease g
Patients’ 2
-
Amanda K. Damjanovic,* Yinhua Yang,* Ronald Glaser,>'** Janice K. Kiecolt-Glaser, 1
Huy Nguyen,* Bryon Laskowski, # Yixiao Zou,* David Q. Beversdorf,!
and Nan-ping Weng?* B
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K. Ferrara et al f Cancer Treatment Reviews 60 (2017) 60-68

mEldery patients M Young patients

Garassino et al, PDL1 > 25%*

Garassino et al, PDL1 < 25%*

Jerusalem et al*
Rizvi et al*
Gettinger et al#
0 5 10 15 20 o] 30
# : cut off 70 years old * :cut off 65 years old

Fig. 1. ORR barplot stratified by age (cut-ofl: 65 years), from four phase I/Il trials of anti PD-1/PD-L1 mAbs in advanced NSCLC.
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- Reduced development and
numbers of naive B cells

- Decreased diversity of B cell
repertoires and B cell responses,
to new antigens

T 'ym._ e
- Reduced development and
numbers of naive CD4'/CD8" T cells
- Decline in CD4* function and in
CD8" T cell ytotoxicity+proliferation
- Reduced generation of Th subsets

Macrophage

- Defective phagocytosis
2 PR - Decreased cytokine
® .0 production,
- 0o antigen presentation
0 ¢ and superoxide anion
N production
NK cell | Neutrophils
-Reduced cytolytic potential 0 5ced phagocyrosis,
an'cli CD1 expression in NKT chemotaxis and apoptosis
cells
- Decreased cytokine and neron
chemokine production
Dendritic cell

- Reduced IFN production and
expression of CD25 and ICAM-1 in
mature MODCs

- Reduction in lymphocyte cytotoxicity
and greater migratory capacity of
monocyte-macrophage derived APCs




Salutary environment

B cells

Robust secretion of
high-avidity antibodies

CD8* CD28* T cells

Diverse repertoire
Robust response to antigens

CD4* T cells

Diverse repertoire
Robust response to antigens

Strength
of immune
response

Inflammatory environment

<«

B cells

Reduced antibody avidity and/or
number of responding cells

S5

CD8* T cells

Expansion of CD8* CD28" cells
Skewed repertoire

oD@
CD4* T cells

Increased differentiation
into Th17 cells
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Variation in the Human Immune System
Is Largely Driven by Non-Heritable Influences

Petter Brodin,'-=*"" Vladimir Jojic,*'" Tianxiang Gao," Sanchita Bhattacharya,” Cesar J. Lopez Angel,* David Furman,?~
Shai Shen-Orr,5 Cornelia L. Dekker,® Gary E. Swan,” Atul J. Butte,®.f Holden T. Maecker,”.? and Mark M. Davis2.3.10.*

A Systems-level analysis B Cell populations

Cell populations
Twins (Mass and Flow Cytometry)
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Cell functions (Flow Cytometry)
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Variation in the Human Immune System
Is Largely Driven by Non-Heritable Influences

Petter Brodin,'-=="" Vladimir Jojic,*'" Tianxiang Gao," Sanchita Bhattacharya,” Cesar J. Lopez Angel,* David Furman,?~
Shai Shen-Orr,5 Cornelia L. Dekker,® Gary E. Swan,” Atul J. Butte,®.¢ Holden T. Maecker,?-? and Mark M. Davis2.3.10.*
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PERSPECTIVE

AGING
The Gracefully Aging Immune System

Diana Boraschi,’ M. Teresa Aguado,’ Catherine Dutel,® Jérg Goronzy,* Jacques
Louis,® Beatrix Grubeck-Loebenstein,” Rino Rappuoli,t Giuseppe Del Giudice®*
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Montesino JCI 2013
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TAILORED VACCINES FOR THE ELDERLY

Adapting vaccination
for the aging immune system
* Increasing dose
* Adjusting vaccine schedules
e Utilization of alternative routes

Personalized Vaccinology

o M,

Apply Charactenze
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A B Split Virus Vaccine High-Dose Split Virus Vaccine

M1-Matrix protein

> - M2-lon channel

Ribonucleoprotein

(RNA, polymerase,
nucleoprotein)
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Involuted
thymus

Thymocyte

el A

B
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i i iii
Factors acting on Factors acting on Factors acting on

thymocytes thymocytes and stromal cells stromal cells
IL-7 GH ————» |GF-1

Increase in DN thymocytes Increase in thymus size Rejuvenation of thymic epithelium
No effects on stromal cells IGF-1 primarily acts via stromal cells  Increase in ETP proliferation
Modest increase in thymus size Increase in ETPs and DN cells Increase in ETPs and DN cells
Peripheral T cell effects Peripheral T cell effects Downregulation of Ink4a in ETPs
Montesino JCI 2013
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Rev. Med. Virol. 2009; 19: 47-56.
Published online 26 November 2008 in Wiley InterScience
(www.interscience.wiley.com)

Reviews in Medical Virology DOI: 10.1002/rmv.598
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CMV infection Latency with recurrent reactivation Memory inflation

Immunomodulation?

Increased responses to vaccination? Decreased responses to vaccination
| | | |
- - .‘
Lifespan
Immunosenescence

Physical and functional impairments, increased morbidity and mortality
Reduced responsiveness to influenza vaccination




FRC FDC
-Reduced and altered -Area decreased in
in aging LN (ref. 39) aged mice (ref. 83)

\ % Lymphatic
N~ vessels

LECs HEVs
-LECs decrease numerically -Impaired T cell

by 30-40% (H. Thompson, diapedesis (ref. 43)
_personal communication)

Efferent
lymphatic vessels

Blood vessels
lined with BECs

KiEs
Nicolich-Zurich Nat Immun 2017 LoDy
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Bloed flow

A4

Circulating

memory T cells:
localized
inflammatory
cytokines

Latent Reactivating /'
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Tissue-resident
memory T cells:
localized
inflammatory

cytokines

Tissue
i I E

KiNes
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Lifespan

>
Chivically significant io the elderly
Young Aged: >65 years - Increased susceptbility to infections
(immunocompetent) (immunosenescent) - Insufficient T-cell responses to vaccines
Thymic involution
® O 0o bl B Reduced repertoire diversity
10 eejew ele
Naive i > : : Db:ss”u‘:;he: ':'celk —
3 t omeostah tion
Tcells (@@ @@ @| HCMYiofection ® e 2 E—
- Related to reduced numbers @ )
of CD4" naive T cells
I Clonal expansion of highly differentiated
CD4SRACDS" Ty cells
4 e \ Traoscriptional Profile
Upregulated:
_ - Transcrption factors: T-bet, EOMES
- Effector finction: Granzyme B, perforin [FN-y
X Downregulated:
- Co-stmulation: CD28
Memory ;7 > - Homing markers: CD62L, CCR7
- Functionality: PD-1 IL2
T cells Latent HCMYV infection ﬁ Bt B taon
- Results in memory mflation . DNA methylation J
- Enhances immunosenescence - Histons madiicstions
H3K9ac, H3K9me3, H3K16ac | H3S10ph T
- microRNA
e e Ny mR-92a | , mR-24 1

@ CuarymeB @ Perforin \ ‘i’lo; 0’: J - Chromatin accessibility

IL2 promoter |
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Association Between Telomere Length and Risk of Cancer and
Non-Neoplastic Diseases: A Mendelian Randomization Study

The Telomeres Mendelian Randomization Collaboration
JAMA Oncol 2017

Summary data were available for 35 cancers and
48 non-neoplastic diseases, corresponding to
420 081 cases (median cases, 2526 per disease)
and 1 093 105 controls (median, 6789 per
disease)
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Association Between Telomere Length and Risk of Cancer and
Non-Neoplastic Diseases: A Mendelian Randomization Study

The Telomeres Mendelian Randomization Collaboration

Key Points
Question

What is the causal relevance of telomere length for risk of cancer and non-neoplastic
diseases?

Findings

In this Mendelian randomization study, genetically longer telomeres were associated with
higher odds of disease for 9 of 22 primary cancers tested but with reduced odds of
disease for 6 of 32 primary non-neoplastic diseases, including cardiovascular diseases.

Meaning

It is likely that longer telomeres increase risk for several cancers but reduce risk for some
non-neoplastic diseases, including cardiovascular diseases. This trade-off in risk should
be carefully considered in any diagnostic, prognostic, or therapeutic applications based
on telomere length,
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General composition of the maternal and infant microbiome in pregnancy and early life

Microbiome g 5u = u ) W LIS L
abundance 3 _ ; 06’ 0 8@0 08 0 0%0QSI%D %“Q Dg%
and diveraity e . ‘{0 b m M T RS o
Influential
factors 2
onthe !
- . H !
iictebiome Maternal diet E Hormonal Diet
1
Maternal obesity ! : changes? Pregnancy
1 =
Gestational diabetes | | Diet? Obesity
. ! i H ! Obesity? ici
Exgesf g?ﬁtatuonal - E litfsdiotion E ty Ethnicity '
Wolgh ga age at delivery |  ©f solid foods ! Host genetics
Delivery mode? |  Continuance | Err‘wirgnr?enta‘;
+ of breast milk chemicals an
NICU exposure E feeding : exposures?
: Antibiotics
Breast milk
vs. formula

Kjersti Aagaard et al. EMBO Rep. 2016;17:1679-1684
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Firmicutes
¥ Bacteroidetes
B Actinobacteria
B Proteobacteria
others

formula-fed

breast-fed
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Constant Normal Constant
undernutrition nutrition overnutrition

Franchessi Nat Rev 2018

Time

—&— Nutrition levels —@— |nflammatory levels
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Inflammaging

Basal inflammation '

Physiological
inflammation

&
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Franchessi Nat Rev 2018
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