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Onset of age-related diseases
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pathologies aging aging aging

-

Geriatric syndromes
(initial clinical symptoms)
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PERSPECTIVE

AGING
The Gracefully Aging Immune System

Diana Boraschi,’ M. Teresa Aguado,” Catherine Dutel,® Jorg Goronzy,* Jacques
Louis,® Beatrix Grubeck-Loebenstein,” Rino Rappuoli,® Giuseppe Del Giudice®*

Vaccine uptake:
peripher

MontesinoJCI2013
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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

CD8* T cells

Expansion of CD8* CD28" cells
Skewed repertoire
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CD4* T cells

Increased differentiation
into Th17 cells
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INDIVIDUALIZED AGE-ASSOCIATED CHANGES IN IMMUNE SYSTEM
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The Nobel Prize in Physiology or
Medicine 2009

“for the discovery of how chromosomes are protected by
telomeres and the enzyme telomerase”
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Telomere length of an adult.
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Telomere length of a teenager.

Chramosome

Telomere length of an elderly adult.
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The NASA twins study: The Kelly Brothers




Scott’s Telomere
Dynamics

After Returnon In Space
Earth

Telomeres length (Kb)

Very short Short Normal Long

After 6 months from space

Figure 1. Telomere dynamics in space and Earth.




~"4 HHS Public Access
1 Author manuscript
a Science. Author manuscript; available in PMC 2020 October 22.

Published in final edited form as:
Science. 2019 April 12; 364{6436): . doi:10.1126/science aau8630.

The NASA Twins Study: A multidimensional analysis of a year-

long human spaceflight
Garrett-Bakelman et al.
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Original article

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

Per Sjégren,' Rachel Fisher,” Lena Kallings,® Ulrika Svenson,* Géran Roos,”
Mai-Lis Hellénius®

A Control B Intervention
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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
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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 Virelogy, Immunology,
and Medical Genetics, College of Medicine, Ohio State University, Columbus, OH 43210; "Department 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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Joumal of Cellular Biothemistry 114:1257-1270 (2013)

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

Aik Kia Khaw,' M. Pradeepa Hande,' Guruprasad Kalthur,"* and M. Prakash Hande"™
! Genome Stability Laboratory, Department of Physiology, Yong Loo Lin School of Medicine,
National University of Singapore, Singapore 117597, Singapaore
5 of Obstetrics and Clinical Embryology, Kasturba Medical College, Manipal University,
Mmlq;u! 576 104, India
*Tembusu College, National University of Singap
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MeLESIN MAJOR ARTICLE

Telomere Length as an Indicator of the
Robustness of B- and T-Cell Response to

Influenza in Older Adults

Kevin Najarro,"* Huy Nguyen,'® Guobing Chen,' Mai Xu,' Sandy Alcorta,? Xu Yao,® Linda Zukley,” E. Jeffrey Metter,”
Thai Truong,’ Yun Lin,' Huifen Li,* Mathias Oelke,’ Xiyan Xu.® Shari M. Ling Dan L. Longo,® Jonathan Schneck,

Sean Leng,’ Luigi Ferrucci,? and Nan-ping Weng'
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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 irology DOI: 10.1002/rmv.598
REUIEW .
s Cytomegalovirus and human
G o
.~ immunosenescence

\) Graham Pawelec'*, Evelyna Derhovanessian', Anis Larbi’, Jan Strindhall®

and Anders Wikby”

'Center for Medical Research, University of Tibingen Medical School, Tibingen, Germany

’Department of Natural Science and Biomedicine, School of Health Sciences, Jonkdping University, Johkop-
ing, Sweden




CMV infection Latency with recurrent reactivation Memaory 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
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Lifespan
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Premature telomeric loss in rheumatoid arthritis is
genetically determined and involves both myeloid
and lymphoid cell lineages

Stefan O. Schonland®, Consuelo Lopez'™, Thomas Widmann™, Julia Zimmer', Ewa Bryl*, Jorg J. Goronzy's,

and Cornelia M. Weyand ™7
PNAS | Movember 11,2003 | vol 100 | no.23 | 13471-13476

11000

TRF (bp)

Fig. 3. Premature telomeric erosion in granulocytes of HLA-DR4* donors.
TRF lengths were measured in granulocytes from 39 HLA-DR4" (@) and 39
HLA-DR4 "~ (O) donors. The age dependency of telomeric loss in both cohorts
is indicated by regression lines (dashed line, HLA-DR4*; solid line, HLA-DR4 ).
Granulocytes from HLA-DR4* donors had significantly shorter telomeres (P =
0.004). The annual loss during adult life did not differ significantly (P = 0.24).



Research article

Skewed distribution of proinflammatory CD4+CD28nulIT cells in
rheumatoid arthritis

Andreas ER Fasth!, Omri Snir!, Anna AT Johansson!, Birgitta Nordmark!, Afsar Rahbar?, Erik af
Klint?, Niklas K Bjorkstrém3, Ann-Kristin Ulfgren?, Ronald F van Vollenhoven!,

Vivianne Malmstrom!* and Christina Trollmo1*
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Figure 2
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Skewed distribution of CD4*CD28"T cells in synovial fluid and peripheral blood. (a) Paired samples of synovial fluid (SF) and peripheral blood
(PB) from 128 rheumatoid arthritis patients were compared for the frequency of CD4*CD28"T cells by flow cytometry. (b) Frequencies of
CD4*CD28"'T cells in SF tend to be higher in patients with large populations in PB. (¢) Comparison of the frequency of CD4+*CD28"4T cells in

SF from two different synovial compartments. Open circle, elbow; open squares, shoulder joints. Frequencies of CD4+CD28"* T cells in (d) SF and
(e) PB in patients seronegative and seropositive for human cytomegalovirus (HCMV), (f) Frequencies of CD4*CD28"4T cells in paired PB and SF
of patients seropositive for HCMV.



Circulation le4

Volume 109, Issue 22, 8 June 2004; Pages 2744-2748 himeriean
https://doi.org/10.1161/01.CIR.0000131450.66017.B3 Association
CLINICAL INVESTIGATION AND REPORTS

CD4+CD28- T Lymphocytes Contribute to Early
Atherosclerotic Damage in Rheumatoid Arthritis Patients

Roberto Gerli, MD, Giuseppe Schillaci, MD, Andrea Giordano, MD, Elena Bartoloni
Bocci, MD, Onelia Bistoni, BiolSc, Gaetano Vaudo, MD, Simona Marchesi, MD, Matteo
Pirro, MD, Federica Ragni, MD, Yehuda Shoenfeld, MD, FRCP, and ElImo Mannarino, MD
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Novel Senescent Regulatory T-Cell
Subset with Impaired Suppressive
Function in Rheumatoid Arthritis

Johannes Fessler', Andrea Raicht, Rusmir Husic', Anja Ficjan', Christine Schwarz’,

Christina Dufter’, Wolfgang Schwinger’, Winfried B. Graninger’, Mertin H. Stradoer'*
and Chvistian Dejaco**
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FIGURE 5§ | CD28" regulatory T-cells (Tregs)-like cells show reduced suppressive capacity. Graphs show (A) representative histograms and box plots of

in vitro suppression assays with CD28" Tregs (green), CD28- Treg-like cells (blue), as well as conventional T-cells (gray) of nine rheumatoid arthritis patients, (B) box
plots of in vitro suppression assays with CD28* Tregs (green) as well as (C) CD28 Treg-like cells (blug) in the presence of neutralizing ab to IFN-y (yellow) or TNF-a
(pink); (D) proliferative potential of CD28* Tregs (green) and CD28" Treg-like cels (blue) following stimulation with anti-CD3; and (E) apoptotic (green), late apoptotic
(blue), as well as necrotic (red) cells. Mann-Whitney U test was used to assess differences between groups. *p < 0.056.
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