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Biomarkers

• Significant impact in early detection of 
sub-clinical disease

• Diagnostic of acute or chronic syndromes
• Risk stratification
• Monitoring of disease or therapy



Biomarkers in 
cardiovascular medicine

Cardiac troponin I and T
B-type natriuretic peptides (BNP and NT-proBNP)

C-reactive protein(CRP)
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Biomarkers in 
cardiovascular medicine

1. These new biomarkers can be useful for 
clinicians?

2. Can the clinicians easily measure the 
biomarker?

3. Does the biomarker add new information?
4. WilI help the clinician manage patients?



Galectin-3



Galectin-3
Galectin-3 is a beta-
galactoside-binding 
lectin that appears 
to be a mediator of 
cardiac fibrosis in a 
number of recent 
experimental 
studies. 



Galectin-3



Galectin-3

• After HF diagnosis
§ 60% men and 45% women die within 5y.
(Ho JE et al, J Am Coll Cardiol 2012)

• Strategies to target patients with cardiac 
remodeling earlier

• Cardiac imaging is not recommended



Galectin-3
Clinical studies on the prognostic role 

Jennifer E. Ho, Galectin-3, a Marker of Cardiac Fibrosis, Predicts Incident Heart Failure in the Community,
Am Coll Cardiol. October 02, 2012,60(14):1249-1256



Biomarkers in 
cardiovascular medicine

Ho JE et al, J Am Coll Cardiol 2012

Framigham Study en 1941, prospective n=3353



Galectine-3
• Higher circulating Gal-3 concentrations are associated 

with increased risk for new-onset HF and all-cause 
mortality in the community. 

• Future potential clinical uses of Gal-3 measurement 
might include the identification of asymptomatic subjects 
with early evidence of cardiac fibrosis, in whom targeted 
therapies may be useful to delay the onset of HF. 

• Animal data suggest that Gal-3 is a mediator of fibrosis, 
and directly targeting the Gal-3 pathway may represent a 
future preventive treatment strategy.



Copeptin



Copeptin

• Copeptin is the C-terminal fragment of the 
vasopressin precursor hormone and directly 
mirrors vasopressin production since it is 
stoichiometrically co-secreted.

• Physiological stress and shock hormone and 
released in response to low blood 
pressure,temperature,cytokines,endogenous
stress, and hypoxemia.



Copeptin
• Copeptin is the C-terminal fragment of the 

vasopressin precursor hormone and directly 
mirrors vasopressin production since it is 
stoichiometrically co-secreted.

• Physiological stress and shock hormone
• Released in response to
Ø Low blood pressure 
Ø Temperature
Ø Cytokines
Ø Endogenous stress
Ø Hypoxemia



Copeptin

• Short halftime in vivo.
• The major advantage of copeptin 

compared to vasopressin is its longer half 
life in the circulation that makes it easier to 
measure.

• Combination of copeptin with troponin 
significantly improved the AMI diagnostic 
performance (ROC= 0.97).

Hochhlozer and al.American Heart Journal, 2010
Neuhold S et al. JACC2008;52:266



Copeptin

N=786 (NYHA) Neuhold S et al. JACC2008;52:266
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GDF-15

• A distinct up-regulation has been found in a wide range 
of cancers  and in many tissues following injury, 
ischemia, and other forms of stress.

• Cardiomyocytes express and secrete GDF-15 in the 
setting of ischemia and reperfusion, suggesting that it 
might be a protective factor.



GDF-15

• Oxidative Stress
• Oxidized LDL
• Inflammatory 

Cytokines
• Ischemia/reperfusion
• Mechanical strech
• Pressure overload
• Heart failure

Macrophages

GDF-15

Cardiac Myocytes

GDF-15

Growth differentiation factor 15 (GDF-15) is one of the more than 40 members of 
the transforming growth factor-β superfamily 



GDF-15

Higher GDF-15 levels
• Higher  age
• Current smoking
• Physical activity
• Diabetes
• Acute or chronic inflammation
• Genetic factors
• Renal dysfunction
• Anemia and bleeding
• Vascular disease
• Heart failure
• Atrial fibrillation
• Cancer



GDF-15

Ramu A.et al. Journal of Diabetes Research(2015)
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GDF-15

Hochholzer WD et al,Am Heart J 2010;160:583-94



GDF-15
• GDF-15 could be a prognostic and diagnostic marker for 

the cardiovascular diseases.
• Proper reference ranges of GDF-15 need to be 

established to identify the disease severity and risk 
stratification of the diseases

• Questions
– (1) Whether GDF-15 measurement can support therapeutic 

management?
– (2) Can it be used for the routine clinical practice or clinical 

measurement?
– (3) Whether GDF-15 level can give any diagnostic and prognostic 

information?
– (4) Whether it can be used to take clinical decision for any particular 

diseases like B-type natriuretic peptide (BNP) for the heart failure and 
troponin for the acute coronary syndrome (ACS).

– (5) GDF-15 can be used as a single marker or multi marker approach 
along with other individual marker. 
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ST2 plays a role in reducing 
cardiomycyte hypertrophy and 

fibrosis



ST2

• Is NOT a stretch marker
• Is NOT an inflammatory marker
• Is a marker of fibrosis and cardiac

remodeling providing prognostic guidance
• Clinical use is not effected by typical
confounders such as obesity and renal
impairment!!!



ST2

Results From the PRIDE (Pro-Brain Natriuretic Peptide Investigation of Dyspnea in the 
Emergency Department) Study - Januzzi J. et al, JACC 2007



ST2

• Increased sST2 is an independent 
predictor of long-term all-cause mortality 
and provide complementary prognostic 
information to hs-cTnT and NT-proBNP

Dieplinger, Clin Chem 2013



H-FABP (heart-type fatty acid 
binding protein)

üStable protein located in the cytoplasm
üAbundant in the heart (muscle, brain)
üEarly rise marker of AMI (30 min following

the onset of an ischemic episode)
üCombination with Tn improve the 

diagnostic sensitivity for AMI



H-FABP (heart-type fatty acid binding protein)

H-FABP (heart-type fatty acid 
binding protein)

43



H-FABP (heart-type fatty acid 
binding protein)
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BNP???

• Protease neprilysin is known to be 
responsible for the degradation of 
natriuretic peptides. 

• Increase the circulating B-type natriuretic
peptide (BNP) concentrations, making
the results of BNP measurements 
diagnostically ambiguous…..

Semenov et al., Different Susceptibility of B-Type Natriuretic Peptide (BNP) and 
BNP Precursor to Cleavage by Neprylisin,Clinical chemistry 2016, 62:4



Entresto

Semenov et al., Different Susceptibility of B-Type Natriuretic Peptide (BNP) and BNP Precursor to Cleavage by 
Neprylisin,Clinical chemistry 2016, 62:4



ST2

• Journal of Cardiac Failure 2016 22, S29-
S30DOI: (10.1016/j.cardfail.2016.06.094

Journal of Cardiac Failure 2016 22, S29-S30DOI: (10.1016/j.cardfail.2016.06.094

STOP GUIDE IT 
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Troponins

Determination of 19 cardiac troponin I and T assay 99th percentile values from a 
common presumably healthy population. Apple FS, Ler R, Murakami MM. Clin Chem. 
2012 Nov;58(11):1574-81



Troponins 

Apple, F.S. (2009). A new season for cardiac troponin assays: It’s time to keep a scorecard. Clin Chem, 55, 1303-6.
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• First studies demonstrate (2009-2010) that with cTnT-hs the time to diagnosis of  
NSTEMI  was made 2h55 min earlier with cTnT-hs than with cTnT Gen 4 1,2

• A rapid rule-out protocol (0 and 3h) has been recommended in 2011 by the ESC task force 
when hs cTn tests are available 3

Troponins
Is a safe AMI diagnosis possible in a shorter time?

1. Reichlin et al. (2009). NEJM  361(9):858-67.
2. Giannitsis et al. (2010). Clin Chem 56 (2): 254-61.
3. Hamm et al (2011). Eur Heart J 32:2999–3054.
4. De Luca et al (2004). Circulation 109:1223-25.

cTn: Cardiac troponin; ECG: Electrocardiogram; 
ED: Emergency department; 

ESC: European Society of Cardiology 

1
.

2.

Conventional troponin test3

2.

High sensitivity troponin test3

0 63 
Time since admission (hours)

Faster rule-in       Faster appropriate 
therapy
Faster rule-out     Reduced ED crowding

3 h saving time: 
Estimated reduction in1 year mortality4 ≈ 

45%



How to interpret the results?
Delta change from serial testing is essential 

onset
of pain

Tr
op

on
in

Δ Troponin ?
99th 
percentile

“Delta change should be defined and validated for each 
assay” 1

1 Apple FS & Collinson PO for the IFCC Task Force on Clinical Applications of Cardiac Biomarkers. (2012) Clin Chem 58 (1):154–61. 

Time

20% or 30% or 50% ?
Absolute or relative ? 



ESC guideline recommendation on hs-cTn - 2012
Based on literature, which mainly has investigated cTnT-hs

“Optimal change value will need to be established for each hs-cTn Assay”

Thygesen et al. (2012). Eur Heart J; 33: 2252-7.

Acute chest pain

Admissi
on

3 hours 
later

6 hours 
later

Myocardial 
necrosis

Evidence of 
ischaemia*

Myocardial 
infarction

Initial hs-cTn value ≤URL

hs-cTn value at 3 hours 
>URL + increase >50% of 
URL
hs-cTn value at 6 hours 
>URL + increase >50% of 
URL

Initial hs-cTn value >URL

hs-cTn value at 3 hours 
>URL + increase >20% of 
initial value
hs-cTn value at 6 hours 
>URL + increase >20% of 
initial value

Recommended delta change: 50% at 
99th = 7 ng/L for cTnT-hs

Recommended delta 
change



APACE trial1 Advantageous Predictors of Acute Coronary Syndrome Evaluation 

Troponins
Is the safe diagnosis of AMI possible in a shorter time?

1. Reichlin et al. (2012 ). Arch Intern Med 172 (16):1211-8.
2. Hamm  et al. (2011). Eur Heart J 32:2999–3054.

1
.

2.

Conventional troponin test2

2.

High sensitivity troponin test2

2.

Possible ?

0 63 1
Time since admission (hours)

Reduce time to diagnosis
Faster rule-in       Faster appropriate 
therapy
Faster rule-out     Reduced ED crowding

APACE1

&
TRAPID-AMI?

• pilot study (872 patients)
• <12 h from chest pain 

onset1



ESC 2015

Timing for measurements ?

Performance of the 1-h algorithm for rapid 
AMI diagnosis
Reichlin T. et al., CMAJ. 2015

1/ TAT

2/ Algorithm



The APACE study: Algorithm and 
results

Others

Observational zone

23% of patients 
(n = 101)

Prevalence of AMI: 8%

0 h ≥52 ng/L or
∆1 h ≥5 ng/L

Rule-in

17% of patients 
(n = 76)

Specificity: 97%
PPV: 84%

0 h <12 ng/L and
∆1 h <3 ng/L

Rule-out

60% of patients 
(n = 259)

Sensitivity: 100%
NPV: 100%

cTnT-hs values in patients presenting
to the ED with chest pain

Proposed 
algorithm

1. Reichlin et al (2012). Arch Intern Med 172 (16):1211-8.

Results

0 h: Presentation to the ED;  ∆1 h: Absolute 
change of cTnT-hs within the first hour; AMI: 

Acute myocardial infarction; cTnT-hs: Cardiac 
Troponin T high-sensitive; ED: Emergency 

department; NPV: Negative predictive value; 
PPV: Positive predictive value

• Very high  NPV for a  safe rule-out of 60 % patients within 1 hour 1

• Definitive rule-in or rule-out of a total of 77 % of patients within 1 hour1



TnThs  1h-algorithm
1. Profit 1: Medical values for patients
èTime is Life

2. Profit 2: Medical values for the clinician
èTime is Myocardium

3. Profit 3: Medical values for health care
èTime is Money

Reichlin et al. (2012 ). Arch Intern Med 172 (16):1211-8.
Reichlin et al. (2015). CMAJ May 19;187 (8):E243-52.
De Luca et al. (2004). Circulation 109:1223-1225.
Hamm et al (2011).Eur Heart J 32:2999–3054.



Conclusions

• Many new biomarkers
• Selection based pragmatic criteria

• Good use of actual biomakers!







GDF-15




