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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

A Greactive protein, leukocytes

A Differential blood count

A Hemoglobin

A Mean corpuscular hemoglobin
concentration

A Mean corpuscular volume (MCV)

A Thrombocytes

A Creatinine

A Blood urea nitrogen (BUN)

A Sodium

A Potassium

A Albumin

A Alanine

A Aminotransferase

A Alkaline phosphatase

A Lactate dehydrogenase,

A Bilirubin

A Coagulation factors II, VII, and X
A (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 29:1441 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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Line Hartmann Rasmussen (2018) Ph.D. thesis 19-09-2018
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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 1 significant: p =0.0019
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Plasma LDH and suPAR levels at admission

Fit Plot for logLDH_1

9.0 -

logLOH 1

=}
6.5

suPAR

Fit O 95% Confidence Limits 95% Prediction Limits

Plasma LDH and suPAR levels at admission, n = 91 i 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

Senescence at the
cellular level-Hayflick
limit.
Increased cell size

Senolytic properties
of BCL-2 family
inhibitors

Identification of the
secretome in multiple
senescent cells (SASP)

as marker of aging

Senolysis extends

_healthspan and

lifespan of naturally
aged mice

Discovery of the
limited replicative
capacity of primary
human cells in culture

Identification of SA-
b-Gal as a marker of
senescence in vitro

and in vivo

Senescent
endothelial cells
detected in human
atherogenic plaques

Identification of the
secretome in multiple
senescent cells (SASP)
as marker of aging

Clearance of
senescent
cells inhibits
atheroslerosis

1961 1965

199=

2008 2011 2016 2017 2018

Cellular senescence
proposed to drive
whole-body aging:

exhaustion of repair

Discovery of p16!NK4A
as master regulator
of senescence cell

cycle arrest

Detection of p16/NK4A
and SA-b-Gal in
aged rodents and
primates

Targeting senescent
cells ameliorates
signs of aging in

progeroid mutant mice

Discovery of p21/SDI1/
WAF1/CIP1 as master
regulator of
senescence

Targeting senescent
cells by senolysis in
osteoarthritis animal
models is beneficial
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Continuous proliferation leads to aging of cells in culture

Sparse culture Confluent culture Human skin fibroblasts

young: 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
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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. Otheré

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

Proliferative \Pathogens 1.

The effects depend
state

‘ mi cr oRNAOG 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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Age in years
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Mean telomere length of 115 year old tissues
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A Telomere lengths of healthy white blood cells were
significantly shorter than in cells from other tissues

A The finite lifespan of hematopoietic stem cells may lead
to hematopoietic clonal evolution at extreme ages.

19-09-2018

REGION

Holstege, H. et al. (2014) Genome Research 24, 733-742.



UNIVERSITY OF COPENHAGEN
FACULTY OF HEALTH AND MEDICAL SCIENCES

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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Senescence Inducer Cell type Reference Disruption of normal
GMECSE 08 [RAS, MEK), DOIS (XRA), REP + IMR-SO, MCAZ, W38, &), PrECs, BPHI, RWPEL PCE Arosta, Coppe
MRS HCAZ, WH-A8, B, PFECs, BEHL, RWPEL PCL tissue structure and function A
SR0a OIS {RAS, MEK), DDIS {¥RA, BLEO), REP  + pecstate fibroblasts (PSC27, PSCL, and PSC32)  Acosta, Cappe, Bauik N““"-" Clearance
GRDu By S [RAS, MEK), DOIS (XRA), REP + IMR.90, HCA2, W1-38, B, PrECS, BPHL, RWPEL PC3  Acosta, Rodier, Coppa
IGF&P.7 S (BRAF) +  melanocytas Wajmoyen
I-da 065 [RAS, MEK), DOIS (XRA, BLED) o INR-90, HCA2, PrECS, BPHY, RWPEL, PC3 Acosta, Cappe, Ut
L6 OIS [RAS, MEX), DOIS (XRA), REP ¢ IMA90, HCAD, WI-38, B), PrECs, BPHI, RWPEL PC3  Acosta, Radier, Coppa ‘ o Reinforced grovnh arrest
Iy OIS {RAS), DOIS (XRA), REP 4 IMR-90, HCA2, WI-38, ) Coppe 2 . = . ; -
INIR-90, HEAD, Wi-38, B3, PeECy, BPH1, RWPEL, PC3, 4
-8 OIS [RAS, MEK), DOIS (XRA, BLED), REP ¢ prostate foroblints (PSC27, PSCITL, and PSC32) Atoota, Rodiee, Coppe, Bwik A
MOP-3 OFS [RAS, MEK), DOIS (XfA), REP ¢ IMR-O0, FCAL, WI-38, B), PriCs, OPHI, RWPEL,PCE  Acoste, Rodier, Coppe, Liu
MCP-2 OIS {RAS), DOIS (XRA), REP + INR-90, MCAZ, WI-38, B) Coppe
MiP-1a OIS {RAS), DOIS (XRA), REP + IMR-S0, 1CA2, WI-38, B, PriCs, BPM1, RWPEL PCS  Coppe
MAE-1 OIS [RAS), DOIS (XRA, BLEO), REP (MIK-S0, MCA2, W1-38, 8) Coppe, Lu
MMP 10 OIS {RAS), DOIS (XRA, BLED, ETOP), HEP IMA. 90, HCA2, Wi-38, BJ, hepatic myohbroblasts  Coppe, Krizhanowsky
MAR3 (45 [RAS), DOIS (XRA, BLED), AEP IMR-B0, HCAZ, W38, B) Coppe, Liv, Parinalla
Intermediate increase (2-4 fold)
| factor | " | anfereoce |
PrECy, BPH 3, RWPES, PCY,
Amphiregulin OIS {RAS), DOIS (XRA, DLED) prostate fibroblasts [PSC22, PSCIL and PSCIZ) Coppe, Bavik
ENA-7H O [RAS, MEK), DOIS (XRA) +  INMR-20, Precs, 871, PC3 Arosta, Coppe
Eotaxin:3 C4S [RAS), DOIS (XRA), REP + IMR-50, HCA2 Coppe
GCP2 O [RAS), DOIS (XRA) + MCAZ PreCs, RWPEL, PC3 Coppe
GTR OIS [RAS), DOIS (XRA) HCA2, PrECs, BPHL RWPEY, PC3 Coppe
IMR-90, HCA2, Wi-38, 8, .
Har 0IS [RAS), BOIS (XRA, BLED), RED peestate Worablints (PSC27, PSC3L, andPSC32)  Coppe, Bavik, Liu §en escence-messaging secretome (SMS)
1CAM-1 045 [RAS), DOIS (XRA), REP IMR-90, HCA2, Wi-38, 1, PIECs, BPH1, RWPEL, PC3  Redier, Cappe .
N0, CAL, W38, 8, PECs, BPHI. IWPES, PC3, Senescence-associated secretory phenotype (SASP)
Gree-2 QOIS (XRA, OLEO), ®EP +  prostate Horablasts (PSC22, PSCAL, and PSCAZ) Redinr, Coppe, Bavik
1804 O [RAS), DOIS (XRA), REN 4 IMR-90, HCA, W3R, B Coppe
G825 0DIS (OLED), R(P +  prostate Ebroblasts (PSC27, PSCAL, and PSCIZ) Bavik
1GF8P-6 4% {RAS ), DOIS (XRA), REP + IMA-S0, MCAL, WI-38, B, PriCs, BPH1, RWPEL FC  Coppe
IL-13 OIS {BAS), COIS (XRA), RLP + IMA-90, WI- 38 Coppe
-8 OIS {RAS), OIS (XRA, BLED), REP + IMR-S0, HCA2, W1-38, B), PrCs, BPHL, RWPEL FCS  Coppe, Lu
MCP-4 0I5 {RAS, MEK), DOIS (XRA), REP +  IWIR-90, HCA2, Wi-38, 81, PrECs, BPHI, RWFEL PC3  Acosta, Cappe
MIF (S (RAS], DOIS (XRA), REP INIR-90, HCA2, WI-38, BJ, PrECs, BPHI, RWPEL PGS Coppe
MIP-3a O4S [RAS, MEK), DOIS (XRA), REP + IMR.S0, HCA2, W1-38, BJ, PrCs, BPH1, RWPEL PC3  Acosta, Coppe
MAP-12 DDIS (XRA, ETOP) IMR.00, HCA2, WI-38, B), hepatic myohbroblasts  Ceppa, Krithancvsky
MAP-13 ODIS (XRA, ETOP) IMR-90, HCA2, WI-3R, B, hepatic myofibrablasts Coppe, Krichanovsky
MAP-34 0DIS (XRA} IMR-0, HCA2, Wi-38, &1 Conpe
NAPZ O |MEx) 1IN0 Azosta
Oncostatis M O1S (MEX), DOES {XRA} INR-S0, WI- 38 Acosts, Coppe
Osteoprotegerin OIS [RAS), COIS (XRA), REP IMVIR-S0, MCAZ, WI-38, B), PriCs, B8PHIL, RWPEL PC3  Roclier, Coppe
PIGE C1S (RAS), DO (XRA), RIP IME-G0, MCAZ, WA, B), PriCs, OPH], RWPEL PCY  Coppe
RANTES ODIS (BLEO) HEA2 Uu
Zp130 015 [RAS), DOIS {XFA), REP IVIR-90, HICAZ, Wi-38, BJ, PrECs, BPHL, RWPEL PC3  Rodier, Coppe
TivP-2 O [RAS), COIS (XRA), RLP IMR-90, MCAZ, Wi-38, 83, PriCs, BPH1, RWFEL, PC3 Rodier, Coppe
TRAIL-R3 DDIS (XRA), REF IMRA-50, HCAZ, WI-35,8) Rodier, Coppe A

High increase (4+ fold)
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Secretome from senescent cells (SASP)
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