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AIM

Introduce and implement prognostic biomarkers in
routine clinical practice such as in emergency
departments to predict short- or long-term all-cause
mortality among acutely admitted patients
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Cumulative incidence plots of mortality within 3 years
post-discharge for 3172 patients without cancer diagnoses
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For acutely admitted patients, the emergency department
performs a standard panel of laboratory tests

* C-reactive protein, leukocytes

* Differential blood count

 Hemoglobin

* Mean corpuscular hemoglobin
concentration

 Mean corpuscular volume (MCV)

 Thrombocytes

* Creatinine

* Blood urea nitrogen (BUN)

* Sodium

Potassium

Albumin

Alanine

Aminotransferase

Alkaline phosphatase

Lactate dehydrogenase,
Bilirubin

Coagulation factors I, VII, and X
(sUPAR)*
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ICU mortality (%)

Intensive care unit mortality
rates according to the 4 ranges
of sUPAR concentrations
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Donadello et al. (2014) Journal of Critical Care 29:144-149
Meyer, J. et al. (2018) Scand J Trauma Resusc Emerg Med 26:11

90-day post-operative mortality in
acutely operated patients, stratified
on SuPAR concentrations
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Targets of sUPAR

Impaired neutrophil uPA- Vitronectin- Angiogenesis Regulation of Integrin Podocyte injury
efferocytosis scavenging blndlng chemotaxis interaction
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Design of the FAM-CPH cohort
Acute illness Baseline 1-year follow-up
FAM-group | . 4 weeks after 56 weeks after
(265 years, acutely admitted) G [T ()] discharge ite of 0l discharge

Control group
(265 years, no acute admissions = : >
within 2 years prior to inclusion) ate of aging

In dark grey, the FAM-group consists of acutely ill patients aged 65 and over (n=128). In light grey, the Control group consists
of citizen matched 1:1 on age, sex and municipality with patients from the FAM-group, but with no recent acute hospital
admission (n=54). In italics and arrows, the aspects of biological aging that we will investigate: resilience as the development
in aging markers between acute illness and baseline, the biological age as the difference in aging markers between the
groups at baseline, the rate of aging as the development in aging markers between baseline and the 1-year follow-up.
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Plasma LDH levels 4 weeks after discharge and age

Fit Plot for logLDH_2
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Plasma LDH at 4-weeks after discharge and age, n= 77 — significant: p = 0.0019
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Plasma LDH and suPAR levels at admission

Fit Plot for logLDH_1
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Plasma LDH and suPAR levels at admission, n = 91 — significant: p = 0.0003. The tissue-

breakdown marker LDH (lactate dehydrogenase 1) [15] and the mortality marker suPAR (soluble
urokinase-type plasminogen activator receptor) [16] are predictors of frailty and mortality.
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Timeline of milestones in aging biomarkers research
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Continuous proliferation leads to aging of cells in culture

Sparse culture Confluent culture Human skin fibroblasts

yvoungq: less than
30% lifespan completed

Replicative
senescence

middle aged: between 60
and 80% lifespan completed

Increased cell
size as
biomarker of

aging

old: more than 95% lifespan
completed

Senescence is the gradual and progressive slowing of cellular activity, including
cell division, that occurs with aging. Cells lose the ability to divide over time

19-09-2018
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SA-BGal: Senescence-associated beta-galactosidase, a
lysosomal marker that is specific for a pH 6.0 b-galactosidase
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Causes of aging of cells in cell culture
1. Replicative senescence
2. Stress-induced premature senescence (SIPS)
3. Oncogene-induced senescence (OIS)
4. Other....

Chemicals Hyperoxia o
lonizing
Pressure radiation
Sublethal o
heat shock <+«——UV radiation

Proliferative \Pathogens 1.

The effects depend
state

‘ microRNA’s on dose and time of
exposure
Advanced J Damage 2. The SIPS cellular
Glycation

expression profiles
are different from
those of replicatively
senescent cells

End-products ‘

ell size could increase

Abnormal phenotype
Apoptosis resistance

Irreversible cell cycle arrest

SA-BGal+
biomarker
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Association of telomere length of
peripheral blood leukocytes with age

Gender
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(O Females

7 O Males

(o) o ™ Females
' T~ Males

Telomere length
reduction in
comparison with
chronological age

47

i1

=57 Age and natural log-transformed telomere
length, males and females, n = 343.
Regression lines for men (blue circles)

and women (green circles)

Natural log-transformed telomere length (Ln-T/S ratio)

:
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Mean telomere length of 115 year old tissues
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« Telomere lengths of healthy white blood cells were
significantly shorter than in cells from other tissues

* The finite lifespan of hematopoietic stem cells may lead
to hematopoietic clonal evolution at extreme ages.
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Senescence-associated secretory phenotype: SASP
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Stress triggers: Senescence phenotype: Biomarkers:

¢ Telomere erosion ¢ Cell cycle arrest * SAB-gal

* Unresolved DNA damage ¢ Resistance to mitogens * Elevated expression

e Lysosomal stress and oncogenic transformation levels of p16™**A and

¢ Unresolved UPR hypophosphorylated RB

* Oncogene activation * Telomere damage
* SASP

e SAHFs

¢ ‘Culture shock’
* ROS

The Senescence-
associated Secretory
phenotype (SASP)
consists of several
secreted cytokines
and chemokines that
are involved in
promoting a pro-
inflammatory state
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tissue structure and function
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Secretome from senescent cells (SASP)

High increase (4+ fold)

Clearance

Senescence-messaging secretome (SMS)
Senescence-associated secretory phenotype (SASP)
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In vitro cellular senescence biomarkers

« SA-B-Gal H2AX (SAHF)

* p53 « DEC1/DEC2

¢ p21 « DCR2

e plE'NKaa  Hl/macroH2A/H3.3/H3metLys9

o p14ARF « Asfla/HIRA

e pl15/NKab « HP1/HMGA

« DPP4 « SASP/SMS (IL6/IL8)

« Lipofuscin Telomere-associated DNA damage
foci(TAF)/DDR

DDR: DNA-damage response; SA-B-Gal: senescence-associated B-Galactosidase; SAHF: senescence-associated
heterochromatin foci; SASP: senescence-associated secretory phenotype; SMS: senescence-messaging secretome.
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Replicative Senescence. Springer, ISBN 978-3-319-26237-6
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Intracellular senescence biomarkers
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Lawless, C et al (2010) 45(10):772-8
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Expression of p16'Nk4ain peripheral blood T
lymphocytes is a biomarker of human aging

« Analyses of p16'Nk4a expression from human whole blood showed the highest expression in peripheral
blood T lymphocytes (PBTL)

« Expression of pl6INK4a but not other INK4/ARF transcripts, appeared to exponentially increase with
donor chronologic age (170 donors). Importantly, p16'Nk4a2 expression did not independently correlate
with gender or body mass index, but was significantly associated with tobacco use and physical
inactivity.

« pl6'NK4a expression was associated with plasma interleukin-6 concentration, a marker of human frailty.

« pl6'NK4aexpression in PBTL is an easily measured, peripheral blood biomarker of molecular age.
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Liu, Y et al (2009) 8(4):439-48.
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DNA methylation is an epigenetic marker of age that
Is areliable predictor of biological aging
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Aging metabolome:
Long-chain fatty acids as blood biomarkers of aging

Blood metabolites
Cumulative predictive accuracy = 100%
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Metabolite and pathway enrichment of targeted metabolomics and microarrays
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Mitochondrial Dysfunction Induces Senescence
with a Distinct Secretory Phenotype (mitSASP)
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Human aging and longevity are characterized
by high levels of mitokines
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The mitokines are secreted in response to mitochondrial stress and are associated with

worsened parameters (such as handgrip strength, insulin sensitivity, triglycerides), particularly in
70-year-old persons, and their levels are inversely correlated with survival in the oldest subjects.
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Quantification of biological aging in young adults
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The science of healthspan extension may be focused on the wrong end of the lifespan; rather
than only studying old humans, geroscience should also study the young

Various proposed approaches to quantifying biological aging may not measure the
same aspects of the aging process.
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Causes of senescence and biomarker validation
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