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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

Klausen, HH et al. BMC Geriatrics (2017) 17:62
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ÅC-reactive protein, leukocytes
ÅDifferential blood count
ÅHemoglobin
ÅMean corpuscular hemoglobin 

concentration
ÅMean corpuscular volume (MCV)
ÅThrombocytes
ÅCreatinine
ÅBlood urea nitrogen (BUN)
ÅSodium

For acutely admitted patients, the emergency department 

performs a standard panel of laboratory tests

ÅPotassium
ÅAlbumin
ÅAlanine
ÅAminotransferase
ÅAlkaline phosphatase
ÅLactate dehydrogenase,
ÅBilirubin
ÅCoagulation factors II, VII, and X
Å(sUPAR)*
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Meyer, J. et al. (2018) Scand J Trauma Resusc Emerg Med 26:11

Intensive care unit mortality 

rates according to the 4 ranges 

of suPAR concentrations

90-day post-operative mortality in 

acutely operated patients, stratified 

on suPAR concentrations
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Targets of suPAR

Line Hartmann Rasmussen  (2018)  Ph.D. thesis
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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.

Design of the FAM-CPH cohort



Amager og Hvidovre Hospital
Klinisk Forskningscenter

819-09-2018

Plasma LDH at 4-weeks after discharge and age, n= 77ïsignificant: p = 0.0019

Plasma LDH levels 4 weeks after discharge and age
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Plasma LDH and suPAR levels at admission, n = 91 ïsignificant: 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.

Plasma LDH and suPAR levels at admission
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Timeline of milestones in aging biomarkers research

1961 1965 1995 1996 2002 2004 2008 2011 2016 2017 2018

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

Clearance of 
senescent 

cells inhibits 
atheroslerosis

Detection of p16INK4A 

and SA-b-Gal in 
aged rodents and 

primates

Discovery of p16INK4A  

as master regulator 
of senescence cell 

cycle arrest

Cellular senescence 
proposed to drive 
whole-body aging: 

exhaustion of repair

Targeting senescent 
cells ameliorates 
signs of aging in 

progeroid mutant mice

Identification of the 
secretome in multiple 

senescent cells (SASP) 
as marker of aging

Senescence at the 
cellular level-Hayflick 

limit.
Increased cell size

Targeting senescent 
cells by senolysis in 
osteoarthritis animal 
models is beneficial

Identification of the 
secretome in multiple 

senescent cells (SASP) 
as marker of aging

Senolysis extends 
healthspan and 

lifespan of naturally 
aged mice 

Senolytic properties 
of BCL-2 family 

inhibitors

19-09-2018

Discovery of p21/SDI1/ 
WAF1/CIP1 as master 

regulator of 
senescence
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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

Continuous proliferation leads to aging of cells in culture
Sparse culture Confluent culture

young: less than 

30% lifespan completed

middle aged: between 60 

and 80% lifespan completed

old: more than 95% lifespan 

completed

19-09-2018 11

Replicative

senescence

Increased cell

size as 

biomarker of 

aging

Human skin fibroblasts

Hayflick, L. & Moorhead, P. S. Exp. Cell Res. 25, 585ï621 (1961)

https://www.ncbi.nlm.nih.gov/pubmed/13905658
https://www.ncbi.nlm.nih.gov/pubmed/13905658
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SA-bGal: First commonly used senescence biomarker

Dimri, GP et al (1995) Proc. Natl. Acad. Sci. USA 26;92(20):9363-7

Childs, BG et al (2017)  Nat Rev Drugs Disc 16:718-

SA-bGal: Senescence-associated beta-galactosidase, a 

lysosomal marker that is specific for a pH 6.0 b-galactosidase

https://www.ncbi.nlm.nih.gov/pubmed/7568133
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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.

13Hayflick, L & Moorhead, PS (1961) Exp Cell Res. 25:585-621.

Shay, J. (2000) Nat Rev Mol Cell Biol. 1(1):72-6.

19-09-2018

1. The effects depend

on dose and time of

exposure

2. The SIPS cellular

expression profiles

are different from

those of replicatively

senescent cells

Chemicals

Damage

Pathogens

Sublethal 

heat shock
UV radiation

Hyperoxia

microRNAôs

Young

Advanced

Glycation

End-products

Senescent

Proliferative 

state

Cell size could increase

Abnormal phenotype

Apoptosis resistance

Irreversible cell cycle arrest

Young Premature senescence

Ionizing

radiationPressure

SA-bGal+

biomarker

https://www.ncbi.nlm.nih.gov/pubmed/13905658
https://www.ncbi.nlm.nih.gov/pubmed/13905658
https://www.ncbi.nlm.nih.gov/pubmed/13905658
https://www.ncbi.nlm.nih.gov/pubmed/13905658
https://www.ncbi.nlm.nih.gov/pubmed/13905658
https://www.ncbi.nlm.nih.gov/pubmed/?term=shay+Nat+Rev+Mol+Cell+Biol+1:72
https://www.ncbi.nlm.nih.gov/pubmed/?term=shay+Nat+Rev+Mol+Cell+Biol+1:72
https://www.ncbi.nlm.nih.gov/pubmed/?term=shay+Nat+Rev+Mol+Cell+Biol+1:72
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Neuner, B et al. (2015) PLoS One. 10(10):e0139308 + many other refs.

Age and natural log-transformed telomere

length, males and females, n = 343.

Regression lines for men (blue circles) 

and women (green circles)

Association of telomere length of 

peripheral blood leukocytes with age

Telomere length

reduction in 

comparison with 

chronological age

19-09-2018

https://www.ncbi.nlm.nih.gov/pubmed/?term=neuner+not-related+2015
https://www.ncbi.nlm.nih.gov/pubmed/?term=neuner+not-related+2015
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Holstege, H. et al. (2014) Genome Research 24, 733-742.

Mean telomere length of 115 year old tissues

Å Telomere lengths of healthy white blood cells were

significantly shorter than in cells from other tissues

Å The finite lifespan of hematopoietic stem cells may lead

to hematopoietic clonal evolution at extreme ages.
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Childs, BG et al (2015) Nat Med. 21(12):1424-35; Serrano, M (2015) Trends Cell Biol. 25(11):634-

6; Munoz-Espin, D & Serrano, M (2014) Nat Rev Mol Cell Biol. 15(7):482-96; Zhu, Y et al. (2015)

Aging Cell. 14(4):644-58; Sharpless, NE & Sherr, CJ (2015) Nat Rev Cancer. 15(7):397-408

Senescence-associated secretory phenotype: SASP

The Senescence-

associated Secretory 

phenotype (SASP) 

consists of several 

secreted cytokines 

and chemokines that 

are involved in 

promoting a pro-

inflammatory state

https://www.ncbi.nlm.nih.gov/pubmed/26646499
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trends+Cell+Biol.+25(11):634-6
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nat.+Rev.Mol.Cell+Biol.+15,+482%E2%80%93496
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aging+Cell+14(4):644-58
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nature+Reviews+Cancer+15,397%E2%80%93408
http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCPSbydTplMkCFQFbDwod9T0Djw&url=http://www.nature.com/nrc/journal/v15/n7/abs/nrc3960.html&psig=AFQjCNEFvwjlwSfpG8YfDUhBK5ngjlATnA&ust=1447758870905049
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Secretome from senescent cells (SASP)

Kuilman, T & Peeper, DS (2009) Nat Rev Cancer. ;9(2):81-94 

Freund, A  et al (2010) Trends Mol Med. 16(5):238-46.

Senescence-messaging secretome (SMS)

Senescence-associated secretory phenotype (SASP)
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Nat+Rev+Cancer+9+kuilman
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trends+Mol+Med+16(5):238
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trends+Mol+Med+16(5):238
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trends+Mol+Med+16(5):238

