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Burden of ischemic heart disease 
Ischemic heart disease (IHD) is a major cause of morbidity and mortality worldwide. The 

therapeutic strategies for acute myocardial infarction (MI) have greatly improved and 

mortality has gradually declined during the last decades, especially in industrialized 

countries. Nevertheless, mortality from MI is still rising in several parts of the world, 

such as Africa and parts of Asia.1–3 In Southeast Asia alone, cardiovascular death rate is 

expected to rise to 5.2 million annually.3 Despite major developments in the prevention, 

detection and treatment of IHD, it is expected to remain the leading cause of death 

worldwide in 2030.1 

There are several possible strategies to improve these numbers, ranging from general 

prevention of cardiovascular disease to the treatment of acute MI. In this thesis, we focus 

on improving the diagnostic procedures and risk stratification of chest pain patients 

presenting to the emergency department (ED), and the reduction of myocardial injury 

following MI by targeting the immune response associated with reperfusion therapy. 

Evaluation of chest pain patients in the ED
Annually, millions of patients present to the ED with chest pain symptoms, suspected of 

having an acute coronary syndrome (ACS).4 Acute coronary syndromes are defined as ST-

segment elevation MI (STEMI, significant ST-segment elevation on the electrocardiogram), 

non ST-segment elevation MI (NSTEMI, rise and fall of cardiac troponin without ST-segment 

elevation on the electrocardiogram) and unstable angina (no rise and fall of cardiac troponin).5 

Mortality is highest within the first hours after the onset of symptoms and early treatment 

greatly improves prognosis. Therefore, it is crucial to recognize ACS as early as possible.6,7 

The evaluation of chest pain patients is based on clinical presentation, 12-lead 

electrocardiogram (ECG) and cardiac troponin measurements, and frequently includes 

imaging modalities (Figure 1).7 Patients presenting to the ED with symptoms suggestive 

of an ACS and with ST-segment elevation on the ECG are mostly easily recognized and are 

entitled to reperfusion therapy as early as possible, preferably by percutaneous coronary 

intervention (PCI).8 Accurately distinguishing non-cardiac chest pain from NSTEMI or 

unstable angina is often challenging. This especially applies to patients presenting early 

after the onset of symptoms, when troponin levels may not have risen yet.6,7 Although 

only 10-20% of chest pain patients presenting to the ED is eventually diagnosed with an 

ACS, many patients with non-cardiac chest pain get admitted to the hospital for serial 

troponin measurements and careful monitoring.9–11 Early identification of patients at very 

low short-term risk for adverse cardiac events is important to avoid unnecessary hospital 

admissions. Therefore, it is important to develop and improve strategies to establish or 

reject the diagnosis ACS at an early stage in patients presenting to the ED with chest pain 

symptoms. 

 



11

General introduction

1

Biomarkers for MI 
Classically, biochemical markers measured in patient plasma, such as cardiac troponin and 

creatine kinase have a central role in diagnosing MI.5 Currently, a rise and fall of cardiac 

troponin, above the cut-off value defined by the 99th percentile and the 10% coefficient of 

variance of the assay used, is the gold standard for the diagnosis MI.5 Although the 

implementation of high sensitivity cardiac troponin assays has greatly improved the 

accuracy of the diagnosis MI in the ED, there are still patients presenting early after the 

onset of symptoms in whom the diagnosis can’t be confirmed or rejected in the first 3-6 

hours.6 In case of uncertainty, patients are admitted to the hospital for serial troponin 

measurements. These patients would greatly benefit from new biomarkers that are able 

to establish or reject the diagnosis ACS safely and accurately in the first hours after the 

onset of symptoms.12

Figure 1. Evaluation of chest pain patients in the emergency department. ACS, acute coronary 
syndrome; hsTn, high sensitivity troponin assay; ULN, upper limit of normal (99th percentile of healthy 
controls); STEMI, ST-segment elevation myocardial infarction; NSTEMI, non ST-segment elevation 
myocardial infarction; DD, differential diagnosis.
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Extracellular vesicles
Extracellular vesicles (ECVs), including microvesicles, microparticles and exosomes, are 

small cell-derived vesicles abundant in serum and plasma (Figure 2). ECVs contain significant 

amounts of RNA, miRNA and protein, depending on the cell of origin and the circumstances 

under which they were shed. They play an important role in intercellular communication 

in a variety of processes including coagulation13,14, antigen presentation15 and tissue injury16, 

and carry information about cellular processes. ECVs are shed by all cell types, including 

cardiomyocytes17, endothelial cells18,19, platelets20 and leucocytes.21 These cells are all 

important players in the pathophysiological processes underlying ACS and are likely the 

first to respond to myocardial ischemia. When cells are injured, the amount and the content 

of the ECVs shed by these cells changes, giving information about cellular processes. It 

has been shown that total plasma ECV concentration is increased in patients with an ACS 

and that also the vesicle content is altered.14,22–25 Therefore, extracellular vesicle content 

might contain promising new early biomarkers for myocardial ischemia.26 
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Figure 2. Schematic overview of extracellular vesicles and their role in coagulation, tissue injury and 
inflammation. (Adapted from Arampatzis C et al. Coronary atherosclerosis: current management and 
treatment. CRC press 2012)
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Role of ethnicity in risk stratification and clinical outcome in patients presenting to 
the ED with chest pain symptoms
Although the incidence of MI and the mortality from MI have decreased importantly during 

the last decades in Western countries, numbers are still rising in Asia.2 These differences 

are partly explained by marked differences in risk factor profile between Caucasians and 

Asian ethnic groups. Indians and Malays experience their first MI at a younger age and 

tend to have more risk factors for cardiovascular disease than Caucasians, such as 

dyslipidemia, diabetes, a higher BMI and more smoking.27–33 Chinese patients generally 

are older than Indians when having their first MI, but younger than Caucasians. Remarkably, 

case fatality rate in Indians is lower than in Chinese and Malays, but long term survival 

after MI is lowest in Malay patients.27,34 

Most studies, however, investigating inter-ethnic differences in cardiovascular risk factor 

profiles and the prevalence of ischemic heart disease were population based or have been 

conducted among Asian immigrants in Western countries. Not much is known about the 

influence of ethnicity on the prevalence of ACS in patients presenting to the ED with chest 

pain symptoms suspected of having an ACS and their prognosis. The identification of inter-

ethnic differences in clinical outcome of chest pain patients could potentially improve risk 

stratification in the ED and subsequently improve patient management. 

Risk scores
Risk scores are important tools to guide clinical decision making in patients with suspected 

ACS in the ED.7 International guidelines recommend the use of risk stratification tools, 

such as the Thrombolysis In Myocardial Infarction (TIMI35) risk score or the Global Registry 

of Acute Cardiac Events (GRACE36) risk score.7 These were designed, however, to predict 

the mortality risk in ACS patients and not for risk stratification in chest pain patients.

The HEART score is an easy and promising new risk score, developed for early risk 

stratification of patients with chest pain symptoms in the ED, enabling to safely and 

accurately identify patients at very low risk of short-term adverse cardiovascular events.37–40 

These risk scores were mostly developed and validated in Western countries, involving 

mainly Caucasians. Several studies have investigated the performance of existing 

cardiovascular risk scores in Asian populations and concluded that recalibration is often 

necessary.41–44 Therefore, it is important to validate risk scores such as the HEART score 

in other ethnic groups and to recalibrate or refit them if necessary before they can safely 

be implemented to assess the individual patients risk in non-Caucasian populations.45,46 

The immune response in myocardial ischemia-reperfusion injury
Immediate reperfusion therapy is the best available treatment to limit infarct size and 

subsequently reduce mortality and the development of heart failure in patients with an 

acute MI.8,47 The induction of myocardial reperfusion also induces processes leading to 

additional injury to cardiomyocytes that were still viable at time of reperfusion and 

paradoxically increases infarct size.48 This multifactorial process is called ischemia-

reperfusion injury (IR) injury, for which to date no clinically approved therapy exists.48–50 
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Experimental studies suggest that myocardial IR injury accounts for up to 50% of the final 

infarct size, indicating that limiting IR injury would greatly improve patient outcome after 

MI.48 Unfortunately, although the processes involved in myocardial IR injury have become 

more and more elucidated and many therapeutic targets have been investigated in the last 

decades, translation of experimental interventions into clinical practice has been 

disappointing so far.49,50 

There are many mechanisms believed to be involved in the hampered recovery of the 

ischemic myocardium following reperfusion, including myocardial stunning, the no-reflow 

phenomenon, reperfusion-induced arrhythmias and lethal reperfusion injury.48,51 Myocardial 

stunning is characterized by contractile dysfunction caused by oxidative stress and 

intracellular calcium overload induced by sudden re-oxygenation.52 The no-reflow 

phenomenon represents (micro)vascular obstruction caused by several factors including 

capillary damage, swelling of endothelial cells and cardiomyocytes, micro-thrombi and 

neutrophil plugging.52 Reperfusion-induced necrosis and apoptosis of cardiomyocytes that 

were still viable during ischemia and at the initiation of reperfusion is called lethal reperfusion 

injury, which is the result of oxidative stress, intracellular calcium overload, myocardial 

hypercontracture and an intense immune response.49,51,52 

The induction of an exaggerated immune response directly following reperfusion is 

considered one of the major factors contributing to myocardial IR injury.48,51,53–55 Whereas 

the immune system is originally thought only to be activated by foreign or non-self ligands, 

such as microorganisms, it also can be activated following tissue injury by the release of 

endogenous ligands.51,53,56 Tissue injury leads to the exposure of danger associated 

molecular patterns (DAMPs), either by release of endogenous ligands by necrotic cells 

and/or by alterations to the extracellular matrix.57 Myocardial necrosis leads to the release 

of intracellular contents, thereby initiating an intense inflammatory response via activation 

of the immune system. Upon binding of endogenous ligands to cell surface receptors, 

several inflammatory pathways can get activated leading to the attraction of various 

inflammatory cells within minutes.53,55,58 This process includes activation of Toll-like 

receptors (TLRs), the complement system and the 5-lipoxygenase (5-LO) pathway. 

Activation of TLRs initiates an inflammatory response via nuclear translocation of NF-κB, 

and blocking TLRs has been shown to reduce infarct size in animal models of myocardial 

IR injury by reducing inflammation and oxidative stress.51,53,59,60 The complement system 

and the 5-LO pathway are complex systems which induce a powerful immune response 

upon activation.61,62

The exaggerated immune response following myocardial IR causes additional myocardial 

injury and therefore is an interesting therapeutic target. Inhibiting or blocking parts of the 

immune response following myocardial reperfusion has been investigated as a therapeutic 

possibility to limit myocardial IR extensively in experimental studies and clinical trials. 

Unfortunately, no drugs have been proven to be effective in clinical trials so far.49,50,52 The 

inflammatory response is not only detrimental, but is also crucial for clearance of the 

infarcted area from dead cells and debris and for the activation of reparative pathways 

necessary for scar formation.63,64 For this, blocking the immune response can lead to 
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impaired scar formation, adverse remodeling and contractile dysfunction. Therefore, it is 

crucial to target detrimental factors and maintain factors responsible for proper scar 

formation.   

Complement system
The complement system is a first line of defense and functions on the interface of innate 

and adaptive immunity.53 It can become activated via three pathways – the classical 

pathway, the lectin pathway, and the alternative pathway – leading to the activation of the 

common terminal pathway resulting in opsonization, phagocytosis, inflammation and direct 

cell lysis.65,66 The involvement of complement activation in myocardial ischemia has been 

first recognized in 1971 in a rat MI model67, and has since been studied extensively as a 

therapeutic target to limit myocardial IR injury (Figure 3).62 

Figure 3. Schematic overview of the complement activation cascade. Experimental therapeutic 
interventions are depicted in red. Abbreviations: Ag-Ab complex, antigen-antibody complex; Anti-C5 
mAB, monoclonal antibody against complement factor C5; Anti-C5a mAB, monoclonal antibody against 
complement factor C5a; Anti-MBL mAB, monoclonal antibody against mannose-binding lectin; C1-INH 
= complement factor C1 esterase inhibitor; C1qa -/- mice, genetically modified mice lacking complement 
factor C1q; CRP, C-reactive protein; CVF, cobra venom factor; hCVF, humanized cobra venom factor; 
IgM-def, deficiency in immunoglobulin M; MAC, membrane attack complex; MASPs, mannose-binding 
lectin associated proteins (type 1 and type 2); MBL, mannose-binding lectin; MBL null mice, genetically 
modified mice lacking MBL; sCR1, soluble complement receptor 1; C5aR antag, C5a receptor 
antagonist. (Adapted from Timmers L. et al. Cardiovasc Res 2012)53
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Complement activation induces among others the production of C5a, a potent anaphylatoxin. 

Upon binding to its receptor (C5aR), C5a induces a powerful inflammatory response by 

chemotaxis of inflammatory cells, vasodilation and up-regulation of endothelial adhesion 

molecules.53,54,68 C5aR is a G-protein coupled receptor expressed by many cells, including 

endothelial cells, neutrophils, T cells and cardiomyocytes, which are important players 

involved in early IR injury in several organs.69–71 Therefore, C5aR is an interesting therapeutic 

target to limit infarct size and preserve cardiac function following myocardial IR injury. 

5-LO pathway
Activation of the 5-LO pathway of arachidonic acid metabolism results in the production 

of leukotrienes, which are potent mediators of the immune response.61,72 Upon activation 

of the pathway, leukotriene A4 (LTA4) is converted by LTA4 hydrolase into leukotriene B4 

(LTB4), one of the most powerful pro-inflammatory products of the 5-LO pathway.61,73 There 

are two receptors for LTB4 – BLT1 and BLT2 – of which BLT1 is the specific, high affinity 

receptor. BLT1 is a G-protein coupled receptor expressed by immune cells, which upon 

activation induces leucocyte chemotaxis and cytokine release.74 LTB4 levels are increased 

following myocardial ischemia and parallel neutrophil infiltration into the injured 

myocardium.58,75 The 5-LO pathway and the LTB4-BLT1 axis have been shown to be involved 

in IR injury in several organs (liver76, kidney77,78, heart75,79–81). Several studies investigated 

the effects of targeting the 5-LO pathway or the LTB4-BLT1 axis in various animal models 

for IR injury, but the results were ambiguous.75,79–81 Selective BLT1 antagonism, however, 

has not been investigated previously as a treatment possibility in myocardial IR injury. This 

more downstream approach influencing exclusively the effects of LTB4 on BLT1 might 

reduce the inflammatory response and prevent myocardial injury following ischemia and 

reperfusion.

Thesis outline
Considering the impact of MI on individual patients and on society and the extent of the 

disease worldwide, it is crucial to keep searching for new strategies to improve the 

evaluation of chest pain patients and the therapy for MI. There is still a lot to gain in the 

evaluation of chest pain patients in the ED, such as the discovery of new biomarkers for 

the early detection or rule-out of ACS, and the optimization of risk stratification tools to 

guide clinical decision making. Furthermore, the development of new treatment strategies 

to reduce reperfusion injury in patients treated with urgent revascularization could greatly 

improve the prognosis of patients following acute MI. The aim of this thesis is to improve 

the evaluation of chest pain patients in the ED and to extend our knowledge on the role 

of the inflammatory response in myocardial IR injury to develop new treatment strategies 

to limit IR injury. 



17

General introduction

1
PART ONE  Evaluation of chest pain patients in the emergency department
The first part of this thesis focuses on the evaluation of patients presenting to the ED with 

chest pain symptoms, suspected of having an ACS. Chapter 2 describes the discovery 

and validation of extracellular vesicle related proteins as potential new biomarkers for the 

detection of ACS in chest pain patients. Chapters 3 and 4 focus on differences in 

cardiovascular risk factor profiles and clinical outcome of patients from four major ethnic 

groups in the Netherlands and Singapore: Caucasians, Chinese, Indians and Malays. In 

Chapter 3, the influence of ethnicity on the probability of having an ACS and of developing 

adverse cardiovascular events during follow-up was investigated in Asian and Caucasian 

patients presenting to the ED with chest pain symptoms. Furthermore, the performance 

of the HEART score for risk stratification of chest pain patients in the ED was evaluated in 

Asian and Caucasian ethnic groups and reported in Chapter 4.

PART TWO  The immune response in myocardial ischemia-reperfusion injury 
In the second part of this thesis, the role of the inflammatory response in myocardial IR 

injury is investigated using mouse models. Activation of the complement system following 

myocardial IR and in particular production of the anaphylatoxin C5a induces the activation 

and massive influx of leucocytes into the injured myocardium. In Chapter 5, the C5a 

receptor was investigated as a potential therapeutic target to limit myocardial IR injury, 

using C5aR knockout mice. Also activation of the 5-LO pathway and the subsequent 

production of LTB4 is importantly involved in chemotaxis and activation of leucocytes 

following ischemia and reperfusion. The potential effects of oral administration of a 

compound blocking BLT1, the selective receptor for LTB4, was investigated in a mouse 

model of myocardial IR injury and is reported in Chapter 6.
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Abstract 

Aims
Biomarkers are essential in the early detection of acute coronary syndromes (ACS). Serum 

extracellular vesicles are small vesicles in the plasma containing protein and RNA, that 

have been shown to be involved in ACS-related processes like apoptosis and coagulation. 

Therefore we hypothesized that serum extracellular vesicle protein levels are associated 

with ACS. 

Methods and results 
Three serum extracellular vesicle proteins potentially associated with ACS were identified 

with differential Q-proteomics and were evaluated in 471 frozen serum samples of ACS-

suspected patients presenting to the emergency department (30% of whom had an ACS). 

Protein levels were measured after vesicle isolation using ExoQuick™. Mean serum 

extracellular vesicle concentration of the different proteins was compared between ACS- 

and non-ACS patients. Selected proteins were tested in a univariable logistic regression 

model, as well as in a multivariable model to adjust for cardiovascular risk factors. A 

separate analysis was performed in men and women. In the multivariable logistic regression 

analysis, pIgR (OR 1.630, p = 0.026), Cystatin C (OR 1.641, p = 0.021) and C5a (OR 1.495, 

p = 0.025) were significantly associated with ACS, while total vesicle protein concentration 

was borderline significant. The association of the individual proteins with ACS was markedly 

stronger in men.

Conclusion
These data show that serum extracellular vesicle pIgR, Cystatin C and C5a concentrations 

are independently associated with ACS and that there are pronounced gender differences. 

These observations should be validated in a large, prospective study to assess the potential 

role of vesicle content in the evaluation of patients suspected of having an ACS.
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Introduction

Although therapy improved markedly and mortality has declined the last decades, acute 

coronary syndromes (ACS) remain a major burden on society and on individual patients.1 

Early reperfusion and adequate drug treatment are the cornerstones of ACS management, 

limiting cardiac dysfunction and subsequent morbidity and mortality. Early diagnosis and 

treatment are the most important predictors of long-term outcome.2 According to the recent 

guidelines of the ESC and the ACC/AHA2-4, the diagnosis ACS is based on combined 

observations: clinical signs and symptoms, electrocardiogram (ECG) and blood biochemical 

markers. Although the application of high sensitivity troponin assays has improved the 

accuracy of the diagnosis, there are still patients presenting early after the onset of 

symptoms in whom the diagnosis cannot be confirmed or rejected in the first 4-6 hours.5 

Patients suspected of having an ACS but with normal troponin levels and no ST-segment 

deviation on the ECG have been shown to have a 3-7% risk of experiencing a myocardial 

infarction or death during one year of follow-up.6 This group of patients would greatly benefit 

from new, early measurable biomarkers for ACS. 

Extracellular vesicles are small vesicles in the serum (Figure 1), containing significant 

amounts of protein and RNA, that play a role in intercellular communication and carry 

information about cellular processes.7-10 Extracellular vesicles have been shown to be 

involved in ACS-related processes, like coagulation, tissue injury and apoptosis.11-16 When 

cells are injured, the content and the function of the extracellular vesicles they excrete 

changes with the pathophysiological context in which they are released.17,18 Extracellular 

vesicles are actively secreted from numerous cell types, including cardiomyocytes19, 

Figure 1. Electron microscopy picture of extracellular vesicles isolated with ExoQuick™ out of human 
serum. Extracellular vesicles are clearly visible with vesicles of different sizes, ranging from 20 to 80 
nm. Magnification x60.000. Bar, 100nm.
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endothelial cells20-22, platelets21,23 and neutrophils.24 These cells participate in the 

pathophysiological processes causing ACS, and are the firsts to respond to myocardial 

ischemia. We hypothesize that protein levels in or on the surface of circulating extracellular 

vesicles change after the occurrence of an acute cardiac event and therefore might carry 

information on the existence of an ACS. The role of vesicle protein concentrations as 

potential biomarkers for ACS remained unexplored thus far. 

Using serum samples from 471 patients with symptoms suggestive of ACS in the 

emergency department, we aimed to identify a potential association of extracellular vesicle 

proteins with ACS.

Methods

Patient cohort
FAME-ER (Fatty acid-binding protein in Acute Myocardial infarction Exclusion in the 

Emergency Room) is a prospective single-center cohort study among ACS-suspected 

patients presenting to the emergency department of a large regional teaching hospital in 

the Netherlands (Meander Medical Center, Amersfoort).25 See the ‘Supplemental material’ 

for a detailed description of the FAME-ER cohort.  

Biomarker selection
Potential extracellular vesicle protein biomarkers were identified with differential 

quantitative-proteomics comparing extracellular vesicles isolated by ultracentrifugation 

from a pooled serum sample of 30 patients diagnosed with ACS with extracellular vesicles 

from a pooled serum sample of 30 sex- and age-matched controls not found to have an 

ACS. Proteins that were found to have a different concentration between the groups were 

selected for validation in the individual patients of the whole cohort, using Ingenuity 

pathway analysis and based on the two top Ingenuity Networks (see the ‘Supplemental 

material’ for a detailed description of quantitative proteomics and biomarker selection). 

This revealed 36 proteins from which three were selected, based on the availability of two 

antibodies and an antigen for Luminex (‘Supplemental material 1’). 

Protein measurement
Extracellular vesicles were isolated from individual patient serum samples using ExoQuick™ 

exosome precipitation solution (System Biosciences). Extracellular vesicle concentrations 

of selected proteins were measured by Luminex based multiplex panels.

Statistical analyses
All statistical analyses were performed using IBM SPSS statistics 20 software. Baseline 

characteristics were compared between patients with ACS and patients without ACS: 

continuous variables using student’s t-test or Mann-Whitney U test when appropriate, 

and dichotomous values using Pearson Chi-squared test. Protein levels were skewed and 
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were therefore log transformed to ensure the best model fit. Mean extracellular vesicle 

protein concentrations were compared between ACS- and non-ACS patients with student’s 

t-test. Mean values were corrected for age and gender using UNIANOVA and compared 

between the ACS and non-ACS groups. 

The proteins were tested in a univariable logistic regression model, as well as in a 

multivariable model corrected for risk factors for cardiovascular disease (CVD) (age, gender, 

hypertension, hypercholesterolemia, diabetes mellitus, smoking (current and former 

smoking) and previous myocardial infarction (MI)). Subgroup analyses were performed for 

men and women, since the interaction terms of the individual proteins with gender were 

significant in the multivariable model (interaction terms of all markers, p<0.05). The analysis 

has been repeated excluding the samples used for proteomic discovery. 

Values are denoted as mean ± standard deviation (SD), unless stated otherwise. p-values 

of <0.05 were considered significant.

Results

Discovery of extracellular vesicle proteins associated with ACS
Frozen serum samples were available from 471 patients out of 541 patients in the whole 

cohort. Of these patients, 140 (30%) were diagnosed with an ACS. From the proteomics 

analysis, three potential biomarkers were selected: polygenic immunoglobulin receptor 

(pIgR), Cystatin C and complement factor C5a (see ‘Supplemental material 1’ for a detailed 

description of protein selection). Total vesicle protein concentration was considered a 

potential independent biomarker and was analyzed accordingly. 

Baseline characteristics
In the ACS-diagnosed group there were significantly more men (66% versus 52%, p = 

0.005) and the average age was higher (67.7 ± 12.6 versus 60.1 ± 14.5 years, p <0.001) 

(Table 1) than in the non-ACS group. ACS-patients were more likely to have hypertension 

and hypercholesterolemia, and more of them had experienced a previous MI. The time 

from onset of symptoms until arriving at the emergency department was the same in both 

groups. The non-ACS control group consisted of 51 patients with stable angina (15%), 24 

with other cardiac diagnoses (8%) and 256 with non-cardiac diagnoses or in whom the 

diagnosis remained unclear (77%) (‘Supplemental material 3’, Table S1).

Mean protein concentration
The mean vesicle concentrations of pIgR (10.81 ± 0.55 versus 10.69 ± 0.51, p = 0.028) 

and Cystatin C (11.58 ± 0.54 versus 11.32 ± 0.56, p<0.001) were significantly higher in 

the ACS-diagnosed patients compared with the non-ACS patients (Table 2A). After 

correction for age and gender, also C5a and total extracellular vesicle protein concentration 

were significantly different between the groups (Table 2B), indicating an association with 

ACS independent of age and gender. 
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Logistic regression models
Consistent with the mean protein concentration findings, in a univariable logistic regression 

model pIgR (OR 1.532, p = 0.029) and Cystatin C (OR 2.297, p<0.001) were associated 

with ACS (Table 3). After correction for risk factors for cardiovascular disease in a 

multivariable model, also C5a (OR 1.495, p = 0.025) became significantly associated with 

ACS, in addition to pIgR (OR 1.630, p = 0.026) and Cystatin C (OR 1.641, p = 0.021); with 

borderline significance for total protein concentration (OR 1.071, p = 0.080) (Table 3). 

Gender 
In the male subgroup (n = 263) pIgR, Cystatin C and total protein concentration were 

strongly associated with ACS in a univariable logistic regression model, whereas C5a 

showed a non-significant trend. In the multivariable model corrected for risk factors, pIgR 

(OR 2.234, p = 0.005), Cystatin C (OR 1.914, p = 0.025), C5a (OR 1.951, p = 0.009) and 

total protein concentration (OR 1.165, p = 0.007) all had a strong association with ACS: the 

associations were stronger in men than in the total group (Table 4). None of these markers 

was associated with ACS in the female subgroup (n = 208) (Figure 2).

Table 1. Baseline characteristics of ACS- and non-ACS patients

Characteristic
n

Non-ACS
331

ACS
140

p-value

Male gender (n=471) 171 (52) 92 (66) 0.005

Age (n=465, years) 60.1 ± 14.5 67.7 ± 12.6 <0.001

Duration of symptoms at presentation (n=435, hours) 12.5 ± 43.9 12.2 ± 39.6 0.950

Risk factors

Previous myocardial infarction (n=466) 59 (18) 40 (29) 0.008

Previous CABG (n=467) 27 (8) 19 (14) 0.066

Previous PCI (n=467) 67 (20) 30 (22) 0.699

Hypertension (n=467) 121 (37) 79 (58) <0.001

Hypercholesterolemia (n=467) 93 (28) 56 (41) 0.009

Total cholesterol (n=262, mmol/L) 4.89 ± 1.34 4.86 ± 1.29 0.854

HDL cholesterol (n=229, mmol/L) 1.27 ± 0.36 1.27 ± 0.30 0.953

LDL cholesterol (n=208 mmol/L) 2.93 ± 1.26 2.79 ± 1.18 0.438

Triglycerides (n=255 mmol/L) 1.49 ± 0.91 1.66 ± 1.07 0.190

Diabetes mellitus (n=467) 47 (14) 25 (18) 0.296

Smoking (n=466) 171 (52) 70 (51) 0.781

Troponin I (n=471, µg/L) 0.03 ± 0.024 1.04 ± 5.52 <0.001

Values are n (%) or mean ± SD. ACS, acute coronary syndrome; CABG, coronary artery bypass 
grafting; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PCI, percutaneous coronary 
intervention.
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Table 2. Mean concentrations of potential markers (non-ACS vs. ACS)

Marker
n

Non-ACS
331

ACS
140

p-value

A. Absolute protein concentrations (log value±SD)

    pIgR (pg/mL) 10.69 ± 0.51 10.81 ± 0.55 0.028

    Cystatin C (pg/mL) 11.32 ± 0.56 11.58 ± 0.54 <0.001

    C5a (pg/mL) 10.31 ± 0.59 10.38 ± 0.70 0.282

    Prot Conc (mg/mL) 10.57 ± 2.72 10.96 ± 2.98 0.163

B. Protein concentrations corrected for age and gender (UNIANOVA) (log value±SE)

    pIgR (pg/mL) 10.68 ± 0.03 10.82 ± 0.05 0.012

    Cystatin C (pg/mL) 11.35 ± 0.03 11.50 ± 0.05 0.007

    C5a (pg/mL) 10.29 ± 0.03 10.43 ± 0.05 0.023

    Prot Conc (mg/mL) 10.52 ± 0.16 11.10 ± 0.25 0.049

Prot Conc, total extracellular vesicle protein concentration. 

Table 3. Logistic regression analysis (all patients, n = 471)

Univariable Multivariable*

Marker OR 95% CI p-value OR 95% CI p-value

pIgR (pg/mL) 1.532 1.044 – 2.248 0.029 1.630 1.060 – 2.507 0.026

Cystatin C (pg/mL) 2.297 1.597 – 3.306 <0.001 1.641 1.076 – 2.502 0.021

C5a (pg/mL) 1.189 0.867 – 1.631 0.282 1.495 1.051 – 2.128 0.025

Prot Conc (mg/mL) 1.051 0.980 – 1.127 0.164 1.071 0.992 –1.157 0.080

*Adjusted for age, previous myocardial infarction, hypertension, hypercholesterolemia, diabetes, 
smoking (current and former). Prot Conc, total extracellular vesicle protein concentration; OR, odds 
ratio; 95% CI, 95% confidence interval.

Figure 2. Forrest plot showing multivariable logistic regression analysis for ACS, corrected for age, 
gender (if applicable), previous myocardial infarction, hypertension, hypercholesterolemia, diabetes 
and smoking. Separate analyses are shown per individual marker for all patients (n=471), males (n=263) 
and females (n=208). Prot Conc, extracellular vesicle protein concentration (mg/ml).
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Analysis excluding proteomics samples
Multivariable analysis excluding the patients used in the discovery proteomics showed the 

same associations between extracellular vesicle proteins and ACS. Multivariable analysis 

corrected for risk factors:  pIgR OR 1.617, p=0.040; Cystatin C OR 1.837, p=0.008; C5a 

OR 1.569, p=0.018; protein concentration 1.092, p=0.032. Multivariable analysis in men 

only corrected for risk factors: pIgR OR 2.069, p=0.018; Cystatin C OR 2.288, p=0.009; 

C5a OR 2.207, p=0.005; protein concentration OR 1.198, p=0.002.

Discussion

This is the first study to demonstrate that selected serum extracellular vesicle proteins 

carry diagnostic information on the presence of ACS. This holds true even when corrected 

for traditional risk factors for cardiovascular disease, indicating that these proteins are 

independently associated with ACS. Although these proteins at this stage cannot compete 

with current biomarkers for ACS (see ‘Supplemental material 4’), these results demonstrate 

that vesicle proteins are associated with ACS and for this have the potential to function as 

biomarkers for ACS. This opens a new field of research. In the current study, pIgR, Cystatin 

C, C5a and total vesicle protein concentration were demonstrated to be associated with 

the presence of an ACS. 

Polymeric immunoglobulin receptors (pIgR) are present in mucosal epithelium and function 

as transporters of IgA from the lamina propria to the mucosal lumen, and indirectly enhance 

the immune function of IgA.26 Their levels have recently been shown to be increased in 

sputum and blood of smokers and COPD patients.27 Their regulation is complex, involving 

inflammatory cytokines and activation by Toll-like receptor signaling.28 A role in tissue injury 

has not been described and remains to be studied. Yet, after correction for smoking, pIgR 

remained significantly associated with ACS, suggesting that this protein holds more 

information on ACS than smoking alone. 

Table 4. Multivariable logistic regression analysis, males (n = 263)

Multivariable*

Marker OR 95% CI p-value

pIgR (pg/mL) 2.234 1.272 – 3.921 0.005

Cystatin C (pg/mL) 1.914 1.085 – 3.376 0.025

C5a (pg/mL) 1.951 1.181 – 3.222 0.009

Prot Conc (mg/mL) 1.165 1.042 – 1.302 0.007

*Adjusted for age, previous myocardial infarction, hypertension, hypercholesterolemia, diabetes, 
smoking (current and former). Prot Conc, total extracellular vesicle protein concentration; OR, odds 
ratio; 95% CI, 95% confidence interval.
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Cystatin C is a cysteine proteinase, produced by all nucleated cells. Serum levels are 

regarded as strong markers of kidney function29, but Cystatin C  is also associated with 

cardiovascular disease independent of renal disease.30,31 Serum Cystatin C has been 

established as a predictor of cardiovascular events and mortality in patients with non-ST-

segment elevation ACS32,33, ST-segment elevation myocardial infarction34, and suspected 

ACS35, but also in the general population36 and in elderly persons.37 Although the predictive 

potential in cardiovascular disease seems to be high, the diagnostic value of Cystatin C for 

acute myocardial ischemia remains unexplored so far. 

Complement factor C5a is part of the terminal pathway of the complement system, and 

is the most potent anaphylatoxin. Activation of C5a by cell damage or pathogens induces 

inflammation by chemotaxis of neutrophils and macrophages to the site of injury or 

infection.38,39 C5a has been shown to play a role in the early inflammation following 

myocardial ischemia, contributing both to tissue repair and additional reperfusion injury.40 

Plasma C5a levels are increased in patients with unstable angina compared with stable 

angina41 and increased plasma levels have been shown to be predictive of future 

cardiovascular events in patients with advanced atherosclerosis42, making it an interesting 

potential marker of ACS. 

Subgroup analyses revealed a striking difference between men and women. The association 

between concentration of the extracellular vesicle proteins studied and ACS was much 

stronger in men than in women. Total vesicle protein concentration had a strong association 

with ACS in men, but no association was found in women. 

An increasing body of evidence indicates that symptoms, pathophysiology and prognosis of 

ACS are markedly different between men and women.43 Although women (suspected of) 

having an ACS tend to have less obstructive coronary artery disease (CAD) and have a more 

preserved left ventricular function, they have a higher mortality and a worse prognosis after 

MI than men. Several studies implicate abnormal coronary reactivity, microvascular 

dysfunction, endothelial dysfunction and distal microembolization in the absence of 

obstructive CAD as pathophysiological mechanisms underlying angina and ACS in women, 

in contrast to men in whom obstructive CAD is the predominant mechanism.44-46 These 

differences are probably driven by several factors, e.g. varying reproductive hormone levels 

and autonomic nervous system adrenergic pathways, in combination with a higher burden 

of pro-atherogenic risk factors in women.43 This may also explain the differences in vesicle 

protein expression found between men and women with an ACS in our study, which 

demonstrates the potential for gender specific diagnostic and prognostic biomarkers of ACS.

Several studies have shown that plasma levels of extracellular vesicles originating from 

platelets47 and endothelial cells47,48, but also the total level of procoagulant extracellular 

vesicles49, are increased in patients with ACS. In our study we now also find an association 

between total vesicle protein content and ACS, which might reflect the increased vesicle 

excretion in response to ischemic cardiac events, in line with previous findings. The results 

of our study, the largest to date, confirm the role of extracellular vesicles in ACS and extend 

their potential use to the domain where diagnostic uncertainty is greatest, namely patients 

suspected of an ACS presenting to the emergency department.
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Study Limitations
Although the markers show a convincing association with ACS, they are not strong enough 

to compete with currently used blood biochemical markers (comparison of the markers 

with Troponin I can be found in the ‘Supplemental material 4’, Figure S1 and Table S2).  

Larger and prospective studies are warranted to evaluate the additional diagnostic value 

of extracellular vesicle proteins for ACS. 

Extracellular vesicle protein discovery on patients that present early (within 3-6 hours after 

onset of symptoms) to the emergency department could be of additional value in identifying 

early diagnostic biomarkers for ACS. Unfortunately, the study is underpowered for subgroup 

analyses for the patients that would benefit most from novel diagnostic biomarkers, i.e. 

patients presenting early after the onset of symptoms, and patients with negative troponin 

at arrival and without ECG changes.

Although for discovery extracellular vesicles were isolated by ultracentrifugation and during 

validation by Exoquick, this does not proof that proteins are indeed in or on vesicles. In 

order to show this, we identified the proteins in the floating vesicles on a sucrose gradient 

(detailed description and results of the experiment can be found in the ‘Supplemental 

material 5’, Figure S2). pIgR, Cystatin C and C5a are all present in the floating fractions, 

showing that at least part of the protein measured is in or on extracellular vesicles. We 

cannot conclude from this experiment where the proteins are located: on the surface, in 

the vesicle membrane or inside the vesicle. 

The design of the FAME-ER cohort study did not consider isolation of extracellular vesicles, 

and therefore sample handling affecting vesicle numbers and content cannot be ruled out. 

However, experiments have shown that freezing and thawing the samples before vesicle 

isolation does not influence protein concentration (‘Supplemental material 6’, Figure S3).  

Extracellular vesicles are preferably isolated from plasma instead of serum, since activation 

of platelets and other cells in serum might cause vesicle release after total blood coagulation. 

Since plasma samples were not available, serum samples were used instead of plasma. 

 

Conclusion
In conclusion, serum extracellular vesicle protein concentrations provide information 

regarding the presence of ACS and therefore have a potential role in the evaluation of 

patients suspected of having an ACS. There are marked differences in association of these 

markers with ACS between men and women, which may be a reflection of different 

pathophysiological mechanisms underlying ischemic heart disease between genders. The 

detected differences between men and women in the current study ask for separate 

discovery in men and women. This can also provide novel gender specific mechanistic 

insights into the pathophysiology of ischemic cardiac events. 
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Supplemental material

De Hoog VC et al. Serum extracellular vesicle protein levels are associated with acute 

coronary syndrome

Supplemental 1

Identification and selection of extracellular vesicle protein 
biomarkers

FAME-ER cohort
FAME-ER (Fatty acid-binding protein in Acute Myocardial infarction Exclusion in the 

Emergency Room) is a prospective single-center cohort study among ACS-suspected 

patients presenting to the emergency department of a regional hospital (Meander Medical 

Center, Amersfoort, the Netherlands).1

This cohort consists of 541 patients, enrolled between 2007 and 2009. Frozen serum 

samples were available from 471 patients. All adult (>18 years) patients presenting to the 

emergency department suspected of having an ACS were eligible for inclusion, except 

patients with an ST-segment elevation myocardial infarction (STEMI). Venous blood samples 

were drawn at arrival before diagnosis and serum samples were frozen for further analysis. 

Final diagnosis was adjudicated retrospectively by consensus of two independent 

cardiologists, with all patient information and digital files at their disposal, including serial 

troponin measurements, serial ECGs, coronary angiography, echocardiography, cardiac 

exercise tests and information from hospital discharge letters, according to the recent 

guidelines of the ESC/ACCF/AHA/WHF.2 In case of non-matching diagnoses the event was 

reviewed by an expert panel of three cardiologists who tried to achieve diagnostic 

consensus. If opinions diverged the majority opinion prevailed.

The study complies with the Declaration of Helsinki, was approved by the regional medical 

ethical committee and written informed consent was obtained from all patients.

Athero-Express cohort
Athero-Express is a longitudinal vascular biobank study which includes biomaterials from 

patients undergoing carotid endarterectomy (CEA) and femoral endarterectomy in two 

Dutch hospitals (University Medical Center, Utrecht and St. Antonius Hospital, Nieuwegein). 

The primary objective of the study is to investigate the relation between single plaque 

characteristics at baseline and clinical outcome during follow-up. The study design has 

been described previously.3 The study has been approved by the institutional review boards 

of both hospitals and written informed consent was obtained from all patients. All patients 

underwent clinical follow-up one year after the surgical intervention and filled out postal 

questionnaires one, two and three years after the surgical intervention. 
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The primary outcome was a composite encompassing all vascular events and interventions: 

vascular death, non-fatal myocardial infarction, non-fatal stroke, and vascular interventions 

that were not foreseen at the time of inclusion.

Secondary outcome was any major vascular event: vascular death, non-fatal myocardial 

infarction, non-fatal stroke and non-fatal aneurysm rupture. Definitions and assessment 

procedures of the outcome events were described previously.3

Quantitative proteome analysis and selection of serum extracellular vesicle proteins  
associated with ACS
Forty mL serum of the 30 confirmed ACS patients was pooled and split in two samples of 

20 mL for ultracentrifugation. The same was done for the 30 age- and gender matched 

confirmed non-ACS patients. After a short centrifugation step (1850g, 10 min RT), the four 

samples were centrifuged for 30 min at 30.000g at 4°C followed by centrifugation of the 

supernatant at 100.000g for 60 min at 4°C. The pellet was resuspended in PBS and again 

centrifuged at 100.000g for 60 min at 4°C. The pellet was then dissolved in 4% SDS and 

used for proteomics analysis.

The relative protein expression in the four samples was quantified by iTRAQ-based shotgun 

proteomics with a LC-MS/MS MuDPIT approach. For the 4-plex iTRAQ experiment, 200µg 

peptides from each sample/condition was labeled with iTRAQ reagent. iTRAQ labelled 

peptides were fractionated using ERLIC with a PolyWAX LP weak anion-exchange column 

(4.6 × 200mm, 5 µm, 300 Å, PolyLC, Columbia, MD, USA) on a Shimadzu Prominence 

UFLC system using solvent A (85% acetonitrile (ACN), 0.1% acetic acid), and solvent B 

(30% ACN, 2% formic acid). Thirty fractions were collected with a 70 minute gradient of 

100% buffer A for 10 minutes, 0%–10% buffer B for 20 minutes, 10%–100% buffer B for 

30 minutes, and 10 minutes at 100% buffer B at a flow rate of 0.5 mL/minute. The collected 

fractions were dried with a vacuum centrifuge. All fractions were analyzed using a QStar 

Elite mass spectrometer coupled with an online TempoTM nano-MDLC system (Applied 

Biosystems). Identification and quantitation of proteins was performed using ProteinPilot 

software (Applied Biosystems).

The first selection was based on proteins with identical duplos (ACS/non-ACS both lower 

then 0.8 or both between 0.8 and 1.2 or both above 1.2). The second selection was based 

on proteins with lower (ACS/non-ACS <0.8) or higher (ACS/non-ACS >1.2) expression in 

group 1 vs. group 2. This revealed a list of 127 proteins. 

This list of 127 proteins was uploaded and analyzed in Ingenuity Pathway Analysis software 

(www.ingenuity.com). 35 proteins of these initial 127 proteins were not listed in the 

Ingenuity database, identifying 92 different types of proteins, including transmembrane 

receptors, transporters and transcription regulators and proteins that are not present in 

serum. 

On these 92 proteins, a Core analysis was performed revealing 16 networks showing the 

indirect and direct relationships between the proteins. Based upon the Ingenuity knowledge 

database, a network shows the indirect and direct relationships between proteins, genes, 

metabolites and protein complexes. For Network 7-16, each Network contained 1 protein 
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of the 92 proteins. Network 6 contained 9 proteins of the 92 proteins; Network 4&5, 10 

proteins and Network 3, 11 proteins. 

Network 1 (score 36, Organismal injuries & disorders, Connective tissue disorders, 

Immunological disease) and 2 (score 32, Cellular Movement, Haematological System 

development & function, Immune Cell trafficking) contained respectively 19 and 16 (35) 

proteins out of the 92 proteins and were merged.

From the Athero-Express discovery proteomics comparing patients that had a secondary 

cardiovascular event during follow-up vs. Athero-Express patients that had no cardiovascular 

event during follow-up, serum extracellular vesicle proteins that were related to secondary 

cardiovascular events during follow-up were added to the merged Networks 1 and 2 when 

they had a direct relationship with one of the 35 selected proteins. This identified Cystatin 

C as a potential serum extracellular vesicle protein related to ACS and was added to the 

35 proteins bringing the total number to 36 potential serum extracellular vesicle proteins 

related to ACS.

From these 36 proteins, three proteins were selected for which a capture antibody, 

biotinylated detection antibody and antigen was available. After spike-recovery and cross-

reactivity tests it was determined that this could be measured within one multiplex panel. 

The three proteins were: C5a, pIgR and Cystatin C.
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Supplemental 2

Serum extracellular vesicle electron microscopy methods

Serum extracellular vesicles were isolated from serum with ExoQuick™ as described before 

(‘Methods’). The pellet was resuspended in 500 µL of PBS and stored at 4°C until use. 

Prior to incubation the vesicles were diluted 1:20 in PBS. A grid (100 M) was placed on a 

drop of the diluted vesicle suspension for 10 minutes at room temperature (RT). The grid 

was subsequently placed in a drop of 1% glutaraldehyde in PBS for 5 minutes at RT and 

then rinsed 10 times for 1 minute with dH2O.

The grid was stained on a drop of uranyl acetate (pH 7.0) for 10 minutes at RT and then 

rinsed once with dH2O. After this, the grid was rinsed with two drops of methyl-cellulose 

uranyl (pH 4.0) followed by an incubation of 10 minutes on ice with methyl-cellulose uranyl 

(pH 4.0). In the following step, the grid was looped out of the methyl-cellulose uranyl and 

the methyl-cellulose was reduced by placing the grid on filter paper to get an even film. 

After drying for 10 minutes at RT, the grid was carefully removed from the loop and analyzed 

with an EM microscope (Jeol Jem-1010, Japan).
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Supplemental 3

Specification of the non-ACS control group

Table S1. Specification of the non-ACS control group (n = 331)

Diagnosis n (%)

Cardiovascular - other 75 (23)

Stable angina 51 (15)

Arrhythmia 16 (5)

Heart failure 7 (2)

Pericarditis 1 (0)

Pulmonary 1 (0)

Pneumonia 1 (0)

Gastrointestinal 28 (8)

Oesphagitis / GERD 18 (5)

Oesophageal spasm 3 (1)

Cholelithiasis 1 (0)

Cholecystitis / cholangitis 5 (2)

Other 1 (0)

Musculoskeletal 8 (2)

Myalgia 7 (2)

Rib fracture 1 (0)

Psychiatric 7 (2)

Anxiety disorder / hyperventilation syndrome 6 (2)

Depression 1 (0)

Other 87 (26)

Atypical chest pain 75 (23)

Other 12 (4)

Unknown 125 (38)

GERD, gastro-esophageal reflux disease.
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Supplemental 4

Troponin I measurement and AUCs of troponin I and pIgR, 
Cystatin C and C5a in patients with ACS and non-ACS controls

Figure S1. Mean troponin I levels (µg/L). Non-ACS 
0.03 ± 0.02 (n = 331) vs. ACS 1.04 ± 5.52 (n = 140), 
p<0.001 (Mann-Whitney U test).
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Table S2. AUCs of troponin I and markers in combination with risk factors

Marker AUC 95% CI p-value

A. All patients (n = 471)

Troponin I 0.839 0.796 – 0.883 <0.001

RF 0.715 0.665 – 0.765 <0.001

RF with 

troponin I 0.875 0.841 – 0.910 <0.001

pIgR 0.718 0.668 – 0.768 <0.001

Cystatin C 0.726 0.677 – 0.774 <0.001

C5a 0.718 0.669 – 0.767 <0.001

Prot Conc 0.718 0.669 – 0.768 <0.001

RF with troponin I and

pIgR 0.875 0.839 – 0.910 <0.001

Cystatin C 0.875 0.840 – 0.910 <0.001

C5a 0.874 0.839 – 0.909 <0.001

Prot Conc 0.874 0.839 – 0.909 <0.001

B. ACS patients (n = 263)

Troponin I 0.859 0.811 – 0.907 <0.001

RF 0.696 0.631 – 0.761 <0.001

RF with 

troponin I 0.878 0.837 – 0.919 <0.001

pIgR 0.716 0.652 – 0.779 <0.001

Cystatin C 0.721 0.659 – 0.783 <0.001

C5a 0.708 0.644 – 0.773 <0.001

Prot Conc 0.719 0.656 – 0.782 <0.001

RF with troponin I and

pIgR 0.878 0.836 – 0.920 <0.001

Cystatin C 0.878 0.837 – 0.920 <0.001

C5a 0.877 0.835 – 0.919 <0.001

Prot Conc 0.878 0.836 – 0.920 <0.001

ACS, acute coronary syndrome; Prot Conc, total serum extracellular vesicle protein concentration 
(mg/ml); AUC, area under the curve; 95% CI, 95% confidence interval; RF, risk factors (age, previous 
myocardial infarction, hypertension, hypercholesterolemia, diabetes, smoking (current and former)).
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Supplemental 5

pIgR, Cystatin C and C5a localization in serum extracellular vesicles

Extracellular vesicles were isolated by ultracentrifugation from serum as described under 

‘Supplemental 1’. The pellet was resuspended in 20 µl PBS and subsequently mixed with 

2.5 M sucrose. Gradient sucrose ultracentrifugation was done using a gradient from 0.4 

to 2 M and centrifuged over night at 4°C at 39.000 rpm in a SW40 rotor using a Beckman 

Le-80K ultracentrifuge at low acceleration and low brake.

After centrifugation, 12 fractions were harvested and the density was measured, 

extracellular vesicles were collected using a SW60 rotor at 100.000g for 1 hour at 4°C. The 

pellet was resuspended in SDS ample buffer and used for Western Blot analysis.

Western Blot analysis was performed on 4-12% gradient Bis-Trisgel (NuPage, Invitrogen), 

or on 12% Bis-Trisgel (NuPage, Invitrogen) for C5a. After blotting, the blot was incubated 

with the following primary antibodies: CD9 (Santa Cruz Biotechnology sc-53679, 100 µg/

ml): dilution 1:200; pIgR (Lifespan Biosciences LS-A9790, 1.0 mg/mL): dilution 1:500; 

Cystatin C (R&D Systems MAB11962, 500 µg/mL): dilution 1:200; C5a (R&D Systems 

MAB2037, 500 µg/mL): dilution 1:500. 

For the secondary antibody a Goat anti-mouse HRP (DAKO P0447) (1000 µg/mL) was used 

in a dilution of 1:2000 for CD9, Cystatin C and C5a and a Goat anti-rabbit HRP (DAKO P0448) 

(250 µg/mL) was used for pIgR. Visualization was done with an ECL kit (Sigma) and image 

capture and analysis was done on a Biorad Chemidoc XRSplus.

Figure S2. Serum extracellular vesicles obtained from the floatation experiment were analyzed with 
Western Blot as described in the ‘Supplemental material 5’. CD9 was used as a marker for exosomes. 
C5a, Cystatin C and pIgR were all present in extracellular vesicles, floating at different densities. Of 
note, two bands were observed for pIgR. UC, ultracentrifuge.
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Supplemental 6

Freeze-thaw cycles and Luminex measurements

Freeze-thaw cycles were performed on two different serum samples from healthy 

volunteers. Fresh serum was used at room temperature and an aliquot was taken (Cycle 

0) for Exoquick serum extracellular vesicle isolation. The remaining serum was frozen on 

dry ice and thawed after which a next aliquot for Exoquick isolation was taken (Cycle 1). 

This was repeated up to four cycles. The Exoquick samples were subsequently used for 

vesicle isolation after which Luminex analysis for pIgR, Cystatin C and C5a was performed 

on the pellet lysate. All proteins remained stable during four freeze-thaw cycles within the 

same serum sample (Figure S3).

Figure S3. Extracellular vesicle protein concentrations after several freeze-thaw cycles. Concentration 
of pIgR, Cystatin C, C5a and total protein concentration in serum extracellular vesicles after Exoquick 
isolation, measured in two serum samples of healthy volunteers. Cycle 0: fresh serum (not frozen); 
Cycle 1: after 1 freeze-thaw cycle; Cycle 2: after 2 freeze-thaw cycles; etcetera. A) total serum vesicle 
protein concentration (µg/ml); B) pIgR concentration (pg/mL); C) Cystatin C concentration (pg/mL); D) 
C5a concentration (pg/mL).
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Abstract

Background
Ethnicity, although known to influence cardiovascular outcome in assorted clinical settings, 

has not been investigated previously as a risk factor in patients presenting to the emergency 

department (ED) with suspected acute myocardial infarction (MI).

Methods
In this multi-ethnic cohort study conducted in Singapore and the Netherlands, 2784 patients 

presenting to the ED with chest pain were enrolled (788 Caucasians, 1281 Chinese, 404 

Indians and 311 Malays) and were followed-up for 1 year.

Results
Although Caucasians on average were older and had incurred more cardiovascular adverse 

events, the Asian ethnic groups carried a greater burden of cardiovascular risk factors. 

Caucasians and Malays were most frequently diagnosed with acute MI (Caucasians 11.2%, 

Chinese and Indians 6.4%, Malays 10.6%, p<0.001), also after correction for baseline 

differences. Chinese and Indian patients, however, more often had unstable angina. Asian 

patients had strikingly more extensive coronary artery disease than Caucasians (triple-vessel 

disease: Caucasians 6.5%, Chinese 22.8%, Indians 32.4%, Malays 32.8%, p<0.001) and 

Chinese patients with MI more frequently underwent coronary revascularization compared 

with Caucasians (Caucasians 41.4%, Chinese 67.5%, Indians 62.5%, Malay 46.7%, 

p=0.005). Ethnicity was not an independent predictor of MACE during 1 year follow-up in 

all chest pain patients.

Conclusions
The prevalence of MI and unstable angina, revascularization rate and extent of coronary 

artery disease differ significantly among chest pain patients of different ethnic groups. 

These findings have important clinical implications and support consideration of ethnicity 

in risk stratification and determination of the patient management strategy in patients with 

symptoms suggestive of MI. 
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Introduction

Acute myocardial infarction (MI) is a major cause of morbidity and mortality worldwide. 

Although therapy for MI has greatly improved and mortality has declined substantially in 

industrialized countries over the last 40 years, mortality from MI is still rising in other parts 

of the world such as Africa and parts of Asia.1–3

Annually, millions of patients present to the emergency department (ED) with chest pain, 

of whom only a minority is diagnosed with an MI.4 Since mortality is highest within the first 

hours after onset of symptoms and early treatment greatly improves prognosis, it is crucial 

to recognize MI as early as possible.5,6 The evaluation of chest pain patients is based on 

clinical presentation, 12-lead electrocardiogram (ECG) and cardiac troponin measurements, 

and frequently also includes imaging modalities.6 Patients with significant elevation of the 

ST-segment on the ECG (STEMI) are candidates for urgent reperfusion therapy, preferably 

by percutaneous coronary intervention (PCI).7,8 The majority of patients presenting with 

chest pain (i.e. generally over 75%) do not have an acute coronary syndrome (ACS).9 Among 

those with ACS most (i.e. generally over 60%) do not have STEMI but might have a non 

ST-segment elevation acute coronary syndrome (NSTE-ACS), further categorized as non 

ST-segment elevation MI (NSTEMI; significant rise and fall of cardiac troponins) or unstable 

angina (no rise/fall of cardiac troponins), or have non-cardiac chest pain.6

Diagnosing or excluding MI at an early stage is often challenging, especially in patients 

presenting soon after onset of symptoms.5,6 The cornerstone of the initial evaluation of 

chest pain patients is to estimate the individual patients risk.6 For this purpose, risk 

stratification tools can be of major assistance. Risk scores such as the Thrombolysis In 

Myocardial Infarction (TIMI10) and the Global Registry of Acute Cardiac Events (GRACE11) 

scores have been developed to predict the outcome of patients with NSTE-ACS. Other 

risk scores, such as the HEART score, estimate cardiovascular risk in patients with 

suspected MI and facilitate clinical decision making in the ED.12 Patients at very low risk 

can be discharged safely, patients at low or medium risk should be observed closely and 

subjected to additional (non-invasive) investigations and patients at high risk should be 

treated and considered for early invasive strategies.6 

Ethnicity currently has no formalized role in risk stratification for suspected MI, although 

marked inter-ethnic differences in the prevalence of cardiovascular risk factors13–15, the 

prevalence of ischemic heart disease (IHD) and in the prognosis of patients with IHD13,16 

are well-recognized. Our current knowledge on risk stratification of chest pain patients 

presenting to the ED is largely based on studies conducted in Western countries, involving 

mainly Caucasians. Several studies have investigated the performance of existing 

cardiovascular risk scores in Asian populations and concluded that recalibration is often 

necessary.17,18 The relationship between ethnicity and clinical outcome in patients suspected 

of having an MI in the ED has not been investigated previously. 

Here, we sought to determine whether ethnicity is related to clinical outcome in patients 

suspected of having an MI. If so, consideration of ethnicity may improve risk stratification 

and, subsequently, patient management in the ED. We studied the relationship of ethnicity 
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to the prevalence of MI, unstable angina, revascularization rate and major adverse 

cardiovascular events during 1 year follow-up among Caucasian, Chinese, Indian and Malay 

patients in the Netherlands and Singapore presenting to the ED with chest pain. 

Methods

This study is a multi-ethnic cohort study involving consecutive patients presenting to the 

ED with symptoms suggestive of MI. Patients were enrolled in three hospitals: Meander 

Medical Center Amersfoort, the Netherlands (January 2012 – January 2013), National 

University Hospital Singapore (NUH) (December 2010 – April 2013) and Singapore General 

Hospital Singapore (SGH) (January 2010 – September 2011). The study has been evaluated 

and approved by the Ethics Committees of all participating centers and written informed 

consent was obtained from all participants. The study conforms to the Declaration of 

Helsinki. A detailed description of the methods can be found in the Supplemental Material. 

 

Results

Study cohort
After exclusion of patients with STEMI at the time of presentation, age younger than 21 

years and those with ethnicity other than Caucasian, Chinese, Indian or Malay, 2784 patients 

were eligible for analysis. In the Netherlands 788 patients were enrolled and in Singapore 

1996 patients were enrolled (162 in National University Hospital Singapore and 1834 in 

Singapore General Hospital). Of all patients, 788 (28.3%) were Caucasian, 1281 (46.0%) 

Chinese, 404 (14.5%) Indian and 311 (11.2%) Malay.  

Patient characteristics
Patient characteristics are summarized in Table 1. Indian and Malay patients were 

significantly younger than Caucasian and Chinese patients. Asian patients tended to carry 

more cardiovascular risk factors than Caucasians. Dyslipidemia was more prevalent in all 

Asian ethnic groups compared with Caucasians. Diabetes was most common in Indians 

and Malays. Smoking and BMI, however, were most favorable in Chinese patients.

Caucasians had a more extensive history of adverse cardiovascular events than Asians. 

Chinese were least likely to have experienced a previous MI, whilst Caucasians and Indians 

had most often undergone a previous PCI. More cardiovascular medications were 

prescribed for Caucasians than for Asians (aspirin, statins, angiotensin-converting enzyme 

(ACE) inhibitors, beta-blockers, calcium antagonists and diuretics). Renal impairment was 

most prevalent in Chinese patients. Clinical characteristics of patients diagnosed with an 

MI can be found in the Supplemental Material (Table S1).
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Table 1. Clinical Characteristics

n
Caucasian

788
Chinese

1281
Indian

404
Malay

311
p-value

Demographics

Age (years ± SD) 62.6 ± 14.3 58.3 ± 12.1*$ 53.0 ± 11.2** 52.8 ± 12.3#$$ <0.001

Male gender (%) 56.3 67.8* 70.3** 65.3 <0.001

Risk factors

BMI (kg/m2 + SD) 27.0 ± 4.7 25.1 ± 4.3*$ 27.3 ± 4.9 28.1 ± 5.2#$$ <0.001

Smoking (%) 28.6 26.5* 32.3 39.7#$$ <0.001

Hypertension (%) 48.6 53.8 50.6 49.0 0.099

Dyslipidemia (%) 30.7 52.9* 49.9** 54.5# <0.001

Diabetes (%) 14.8 21.3*$ 40.7**& 30.0#$$ <0.001

Medical history

Previous MI (%) 19.6 8.4*$ 15.3 13.8$$ <0.001

Previous PCI (%) 22.9 11.8*$ 20.0 15.1# <0.001

Previous CABG (%) 7.4 5.6 8.2 7.1 0.218

CVA / TIA (%) 1.9 3.7 2.0 2.6 0.058

Renal impairment total (%) 18.4 23.5$ 16.4 15.5$$ 0.002

Moderate (%) 15.9 18.2 12.2 9.5$$ 0.001

Severe (%) 2.5 5.3* 4.2 6.1 0.014

Medication prescribed

Aspirin (%) 40.0 16.9* 20.5** 18.7# <0.001

Other antiplatelet (%) 11.7 6.9* 10.9 7.1 <0.001

Statins (%) 42.3 30.5* 29.2** 35.2 <0.001

Beta blockers (%) 39.3 23.4* 17.3** 24.7 <0.001

ACE inhibitors (%) 24.7 13.3* 14.4** 18.4 <0.001

Calcium antagonists (%) 17.3 14.4 11.2 12.9 0.037

Diuretics (%) 25.3 4.5* 5.0** 8.1# <0.001

Baseline characteristics of all patients (n = 2784). BMI, body mass index; MI, myocardial infarction; 
PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; CVA, 
cerebrovascular accident; TIA, transient ischemic attack. Differences between ethnic groups were 
tested with Chi-squared tests for categorical variables and with one-way ANOVA for continuous 
variables. The last column represents overall p-values. *Caucasian vs. Chinese, ** Caucasian vs. 
Indian, # Caucasian vs. Malay, $ Chinese vs. Indian, $$ Chinese vs. Malay, & Indian vs. Malay (p<0.008).
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Ethnicity is an independent predictor of MI during the index visit
Caucasian and Malay patients were most frequently diagnosed with an MI during the index 

visit (Caucasians 11.2%, Chinese 6.4%, Indians 6.4%, Malays 10.6%, p<0.001) (Table 2). 

After adjusting for baseline characteristics Chinese and Indians had a lower chance of 

having an MI than Caucasians (Chinese vs. Caucasians: OR 0.51 (0.34 – 0.77), p=0.001; 

Indians vs. Caucasians: OR 0.46 (0.21 – 0.76), p=0.007) (Figure 1) whereas the rate of MI 

in Malays was comparable with that in Caucasians. There were no significant interactions 

between risk factors and ethnicity for the outcome MI. 

In contrast, Chinese and Indian patients more often were diagnosed with unstable angina 

than Caucasians (Caucasian 5.0%, Chinese 10.5%, Indians 11.4%, Malays 7.4%, p<0.001). 

Consequently, the prevalence of NSTE-ACS was equal across the ethnic groups (Table 2).  

Of the patients diagnosed with MI, Chinese patients more often underwent coronary 

revascularization during their index visit than Caucasians (Caucasians 41.4%, Chinese 67.5%, 

Indians 62.5%, Malays 46.7%, p=0.005). There were no differences in the rate of coronary 

revascularization of unstable angina patients between the ethnic groups (Table 2). 

Figure 1. Forrest plot depicting the odds ratios (ORs) and 95% confidence intervals of the likelihood 
of having an MI (index visit), with Caucasians set as a reference group (OR=1). ORs are adjusted for 
possible confounders in a Logistic regression model. Chinese vs. Caucasians: OR 0.51 (0.34 – 0.77), 
p=0.001; Indians vs. Caucasians: OR 0.41 (0.21 – 0.76), p=0.007; Malays vs. Caucasians: OR 1.03 
(0.59 – 1.74), p=0.924.
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The extent of CAD
Of all patients who underwent coronary angiography, Chinese, Indian and Malay patients 

had significantly more triple-vessel disease than Caucasian patients (Caucasians 6.5%, 

Chinese 22.8%, Indians 32.4%, Malays 32.8%, p<0.001) (Table 3A). This inter-ethnic 

difference was also evident among patients diagnosed with MI (Caucasians 5.4%, Chinese 

31.3%, Indians 31.8%, Malays 41.4%, p<0.001) (Table 3B). Of patients with unstable 

angina, Chinese and Malay patients more frequently underwent coronary angiography 

compared with Caucasians (Caucasians 59.0%, Chinese 89.6%, Indians 80.4%, Malays 

95.7%, p<0.001) (Table 3C). In these patients there were no significant differences in the 

extent of CAD between the ethnic groups. Overall, there were no inter-ethnic differences 

in the prevalence of left main coronary artery lesions. 

Ethnic differences in 1 year prognosis of patients presenting to the ED with chest pain
Complete 1 year follow-up was accomplished in 766/788 (97.2%) of Caucasians, 1147/1281 

(89.5%) of Chinese, 365/404 (90.3%) of Indians and 282/311 (90.7%) of Malays. Caucasians 

Table 2. Clinical outcome

n
Caucasian

788
Chinese

1281
Indian

404
Malay

311
p-value

A. Diagnosis

MI (% of total) 11.2 6.4* 6.4 10.6 <0.001

NSTEMI (%) 10.9 5.9* 5.9** 10.0 <0.001

STEMI (%) 0.3 0.5 0.5 0.6 0.807

Unstable Angina (%) 5.0 10.5* 11.4** 7.4 <0.001

Other (%) 83.8 83.1 82.2 82.0 0.844

NSTE-ACS (%) 16.2 16.9 17.8 18.0 0.844

B. Coronary revascularization (index visit)

All patients (%) 6.6 9.2 8.2 6.7 0.198

MI patients (%) 41.4 67.5* 62.5 46.7 0.005

Unstable angina patients (%) 39.5 39.5 32.6 21.7 0.373

C. Follow-up 1 year 

MACE (%) 12.3 8.7 8.8 8.5 0.050

Death (%) 3.0 1.7 0.8 1.1 0.032

MI (%) 3.3 1.5 1.4 1.8 0.037

Coronary revascularization (%) 8.5 6.7 7.1 6.7 0.508

Clinical outcome of chest pain patients during index visit and during 1 year of follow-up. MI, 
myocardial infarction; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non ST-segment 
elevation myocardial infarction; NSTE-ACS, non ST-segment elevation acute coronary syndrome; 
MACE, major adverse cardiovascular events. Differences between ethnic groups were tested with 
Chi-squared tests. The last column represents overall p-values. *Caucasian vs. Chinese, ** Caucasian 
vs. Indian (p<0.008).
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had the highest absolute rate of MACE during 1 year of follow-up. This difference was driven 

by a higher mortality and more MIs during follow-up (Table 2). However, when adjusted for 

baseline differences in a Cox proportional hazards model, there were no significant 

differences in follow-up between the ethnic groups. A graphical representation of the 

adjusted survival curves based on regression estimates is depicted in Figure 2. The hazard 

ratios (HR) can be found in the Supplemental Material (Table S2). Age was the most important 

factor influencing crude ethnicity-specific event rates. There were modest but statistically 

significant interactions between Chinese ethnicity and diabetes for MACE (p=0.037, higher 

HR in Chinese), between Chinese ethnicity and history of PCI for MI (p=0.012, lower HR in 

Chinese), and between Chinese ethnicity and diabetes and BMI for death (p=0.048 and 

p=0.035, respectively, lower HR in Chinese), compared with Caucasians (Table S3). 

Discussion

In this multi-ethnic cohort study, we found significant inter-ethnic differences in 

cardiovascular risk profile, the prevalence of MI and unstable angina, revascularization rates 

and the severity of CAD in patients presenting to the ED with chest pain.

Previous studies have shown Asians generally harbor more cardiovascular risk factors and 

experience their first MI at a younger age than Caucasians.13–15,19–21 We report that this also 

holds true for patients presenting to the ED with chest pain. Indians and Malays were far 

younger than Caucasians (up to 10 years), whereas the difference was less marked in 

Chinese. Despite their younger age, we found that Indians and Malays, in particular, had 

a more unfavorable risk profile than Caucasians, with more dyslipidemia and diabetes. 

Chinese, however, had the lowest smoking rates and the lowest BMI. 

 This study reports marked inter-ethnic differences in the likelihood of the presence of an 

acute MI among patients presenting to the ED with chest pain. These inter-ethnic 

distinctions are independent of differences in other patient characteristics including 

cardiovascular risk factors. Caucasian and Malay patients had a 1.7 to 1.8-fold higher MI 

rate than Chinese and Indian patients. In the general population the incidence of MI tends 

to be higher in Indians and lower in Chinese, compared with Caucasians.13,16 These previous 

reports, however, were population-based and did not investigate the MI rate among chest 

pain patients presenting to the ED, the setting in which risk stratification is most urgent . 

The low MI rate among Chinese and Indian patients seems to be balanced by higher rates 

of unstable angina in these groups. In fact, the total prevalence of NSTE-ACS did not differ 

between the ethnic groups. This finding shows that although Chinese and Indian patients 

have a relatively low MI rate, they do suffer from severe CAD leading to unstable angina. 

It is also possible this distinction partly reflects differing troponin thresholds (derived mainly 

from studies in Caucasians) applied using different assays in different centers. It is also 

conceivable, though intuitively unlikely, that the relationship of the timing and extent of 

cardiac injury to the associated change in plasma cardiac troponin is influenced by ethnicity. 

This will require further assessment using identical troponin assays across ethnicities.
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Figure 2. Graphical representation of adjusted survival curves for MACE, death, MI and coronary 
revascularization, derived from multivariable Cox proportional hazards models. A) MACE free survival 
probability, adjusted for age, gender, diabetes, dyslipidemia, hypertension, GFR, history of MI, history 
of PCI, history of CABG, use of aspirin, other antiplatelet drugs, statins, ACE inhibitors, beta blockers, 
calcium antagonists and diuretics. B) All cause death free survival probability, adjusted for age, BMI, 
diabetes, GFR, history of CABG, use of aspirin, ACE inhibitors, and diuretics. C) MI free survival 
probability, adjusted for age, GFR, history of MI, history of PCI, history of CABG, use of aspirin, other 
antiplatelet drugs, statins, beta blockers, ACE inhibitors, calcium antagonists and diuretics. D) Coronary 
revascularization free survival probability, adjusted for age, gender, diabetes, hypertension, current 
smoking, history of MI, history of PCI, use of aspirin, other antiplatelet drugs, statins, beta blockers, 
and calcium antagonists; There was no significant association between ethnicity and follow-up events 
for either of the outcomes. Hazard ratios with 95% confidence intervals and p-values can be found in 
the Supplemental Material (Table S2). 
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Table 3. Angiographic findings 

Caucasian Chinese Indian Malay p-value

A. All patients (n) 788 1281 404 311

Coronary angiogram (%) 15.6 18.1 17.6 20.6 0.232

No/minor CAD (%) 32.5 15.5* 8.5** 17.2 <0.001

1-vessel disease (%) 28.5 29.3 22.5 18.8 0.296

2-vessel disease (%) 25.2 22.0 31.0 18.8 0.323

3-vessel disease (%) 6.5 22.8* 32.4** 32.8# <0.001

LMCA disease (total) (%) 7.3 10.3 5.6 12.5 0.423

LMCA (%) 0.8 3.4 1.4 1.6 0.385

LMCA + RCA (%) 6.5 6.9 4.2 10.9 0.488

B. MI patients (n) 88 82 26 33

Coronary angiogram (%) 84.1 78.0 84.6 87.9 0.567

No/minor CAD (%) 24.3 0* 4.5 6.9 <0.001

1-vessel disease (%) 31.1 34.4 13.6 17.2 0.136

2-vessel disease (%) 28.4 20.3 45.5 20.7 0.114

3-vessel disease (%) 5.4 31.3* 31.8** 41.4# <0.001

LMCA disease (total) (%) 10.8 14.1 4.5 13.8 0.654

LMCA (%) 1.4 0 0 3.4 0.464

LMCA + RCA (%) 9.5 14.1 4.5 10.3 0.622

C. Unstable angina patients (n) 39 134 48 23

Coronary angiogram (%) 59.0 89.6* 80.4 95.7# <0.001

No/minor CAD (%) 8.7 3.3 0 9.1 0.210

1-vessel disease (%) 34.8 31.7 24.3 27.3 0.790

2-vessel disease (%) 39.1 28.3 27.0 18.2 0.480

3-vessel disease (%) 13.0 25.0 40.5 27.3 0.112

LMCA disease (total) (%) 4.3 11.7 8.1 18.2 0.459

LMCA (%) 0 5.8 2.7 0 0.374

LMCA + RCA (%) 4.3 5.8 5.4 18.2 0.178

Angiographic findings of all patients (A), patients with MI (B) and patients with unstable angina (C). 
MI, myocardial infarction; CAD, coronary artery disease; LMCA, left main coronary artery; RCA, 
right coronary artery. Differences between ethnic groups were tested with Chi-squared tests.  
The last column represents overall p-values. *Caucasian vs. Chinese, **Caucasian vs. Indian,  
# Caucasian vs. Malay (p<0.008).
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We observed important inter-ethnic differences in the extent of CAD among MI patients, 

as assessed by coronary angiography. MI patients of all Asian ethnic groups had more 

triple-vessel disease than Caucasians, despite being younger. These findings are in line 

with observations from previous studies, showing that South Asians have more severe 

CAD and different anatomical patterns of CAD at younger ages than Caucasians.22–24

 Of the patients diagnosed with MI, Chinese patients most often underwent coronary 

revascularization during the index visit (67.5% of Chinese vs. 41.4% of Caucasians, 

p<0.001). In patients with unstable angina, coronary angiography was performed more 

often in Chinese and Malays than in Caucasians, but there were no significant differences 

in the extent of CAD.

The fact that Caucasian patients experienced more MIs than Chinese and Indians even 

after adjustment for older age, and despite less extensive CAD, suggests there are inter-

ethnic differences in the underlying pathophysiology. NSTEMI is usually caused by acute, 

platelet rich and partially occlusive thrombus formation at the site of a vulnerable plaque.25 

Unstable angina is a dynamic syndrome, often characterized by interplay between multiple 

non-occlusive plaques, intermittent non-occlusive thrombosis on existing plaques, 

progressive mechanical obstruction, inflammation and increased myocardial oxygen 

demand.26 Although ethnic differences in coronary plaque composition have not been 

studied, ethnic differences in the composition and morphology of atherosclerotic carotid 

artery lesions in symptomatic patients have been observed.27 Also inter-ethnic differences 

in other processes involved in the pathogenesis of MI, such as thrombogenicity, response 

to antiplatelet therapy28 and endothelial dysfunction29, might play a role in the observed 

differences in prevalence of MI among chest pain patients. Despite the clear inter-ethnic 

differences in prevalence of MI, unstable angina and extent of CAD among chest pain 

patients, ethnicity did not relate significantly to the adjusted incidence of MACE during 1 

year follow-up. Although the mortality and crude MI rates were higher during follow-up in 

Caucasians than in Asians, these differences disappeared after adjustment for baseline 

differences in a Cox proportional hazards model. In fact, the higher absolute mortality in 

Caucasians following MI compared with Asians is in line with other reports.30 Previous 

studies have also indicated a higher mortality in Malay patients compared with Chinese 

and Indians.16,31 In our cohort, however, no differences were observed between the Asian 

groups, which might be explained by the limited number of MI patients in our study and 

the relatively short follow-up time and/or by universally improved care of acute MI, 

regardless of ethnicity, over recent years. 

Interactions were found between ethnicity and risk factors for follow-up events. The 

influence of diabetes on the occurrence of 1 year MACE was larger in Chinese patients 

compared with Caucasians. Furthermore, a previous history of PCI was stronger associated 

with the incidence of MI during follow-up in Caucasians than in Chinese. These interactions 

indicate that the relative contribution of certain risk factors to the occurrence of future 

adverse cardiovascular events might differ between ethnic groups. 
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Clinical implications
There are substantial inter-ethnic differences in the prevalence of MI and unstable angina, 

revascularization rate and the extent of CAD among patients presenting to the ED with 

suspected MI. These findings potentially have important implications for risk stratification 

and management of these patients. Caucasian patients have a higher chance of MI, despite 

less severe CAD (only no/minor CAD or single vessel disease in the majority of cases), 

compared with Chinese and Indian patients. The underrepresentation of MI in Chinese and 

Indian chest pain patients potentially lowers the risk of adverse outcome at any given level 

of risk scores such as the TIMI, GRACE and HEART scores in these ethnic groups. This in 

turn might lead to underestimation of their cardiovascular risk. Despite a lower prevalence 

of acute MI they frequently harbor severe and diffuse CAD, however, leading to unstable 

angina requiring coronary revascularization. The relationship between ethnicity and clinical 

outcome demonstrated in this study supports the consideration of ethnicity in the risk 

stratification process and clinical decision making in patients with chest pain. The extent 

to which ethnicity impacts upon the performance of accepted risk stratification tools and 

therefore upon the clinical management of these patients warrants further investigation. 

Limitations
Singapore and the Netherlands are highly developed countries with good, accessible health 

care systems32 and a comparable life standard.33 However, possible confounding factors 

such as the environment, cultural differences, socio-economic status, health care quality 

and health care accessibility cannot be ruled out. Cultural and socioeconomic differences 

between the countries and between the ethnic groups could not be corrected for and might 

influence our observations.34,35 For example, a selection bias caused by differences in the 

policy of referral of chest pain patients to the ED cannot be ruled out. Furthermore, different 

troponin assays were used across the recruiting centers and differences in the test 

characteristics and performance of the assays used might influence our interpretations. 

We only studied Asians and Caucasians, not other large ethnic groups such as Hispanics 

and Blacks. 

Conclusions
There are significant inter-ethnic differences in the prevalence of MI and unstable angina, 

coronary revascularization rate and the extent of CAD in patients presenting to the ED with 

chest pain. This may have important implications for risk stratification and patient 

management in the ED. We propose the consideration of ethnicity in risk stratification in 

order to ensure optimal management of chest pain patients in the ED. Additional studies 

are warranted to investigate possible differences in the underlying mechanisms of unstable 

CAD among different ethnicities.
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Supplemental material

De Hoog VC et al. Ethnic differences in clinical outcome of patients presenting to the 

emergency department with chest pain

Methods

Study design 
This study is a multi-ethnic cohort study involving consecutive patients presenting to the 

ED with symptoms suggestive of MI. Patients were enrolled in three hospitals: Meander 

Medical Center Amersfoort, the Netherlands (January 2012 – January 2013), National 

University Hospital Singapore (NUH) (December 2010 – April 2013) and Singapore General 

Hospital Singapore (SGH) (January 2010 – September 2011). The study has been evaluated 

and approved by the Ethics Committees of all participating centers and written informed 

consent was obtained from all participants. The study conforms to the Declaration of 

Helsinki.

Study population
Consecutive patients presenting to the ED with at least five minutes of symptoms 

suggestive for MI were eligible for inclusion.1 Possible cardiac symptoms were defined as 

acute chest, epigastric, neck, jaw, or arm pain, or discomfort or pressure without an 

apparent non-cardiac source, according to American Heart Association case definitions.2 

Patients presenting with an ST-segment elevation myocardial infarction (STEMI) were 

referred for primary percutaneous intervention and excluded from this study. Patients 

younger than 21 years, those unable or unwilling to give their informed consent and patients 

with an ethnicity other than Caucasian, Chinese, Malay or Indian were also excluded.

Study protocol
On arrival at the ED, eligible patients were asked for their informed consent to participate 

in the study. All patients were evaluated and managed according to international 

guidelines.3,4 Information documented in a digital case record form included clinical 

presentation, medical history, cardiovascular risk factors, current medication use, findings 

on physical examination, ECG evaluation, blood biochemical parameters and the results of 

additional investigations. 

Ethnicity was self-reported in the Netherlands, and was determined at hospital registration 

in Singapore, based on information from state-issued identification cards. Hypertension 

was reported if present in the medical history or when diagnosed during the index visit.5 

Patients were considered to have dyslipidemia if diagnosed and/or treated by a physician 

in the medical history or when diagnosed during the index visit, as recommended by the 

ESC/EAS guidelines.1,6 Diabetes was defined as any type of diabetes, regardless of duration 

of disease, in the medical history or diagnosed during index visit.7 Smoking was defined 
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as current smoking, including patients who had quit <3 months before the index visit. Renal 

impairment was defined as a glomerular filtration rate (GFR) of <60 mL/min (moderate 

renal impairment GFR 30-60 mL/min, severe renal impairment GFR <30 mL/min, calculated 

using the Cockroft-Gault equation). 

When coronary angiography was performed, the extent of coronary artery disease (CAD) 

was scored according to the number of epicardial coronary arteries containing lesions of 

≥50% diameter reduction. Lesions in the left main coronary artery (LMCA) were scored 

and compared as a separate category, because of the high risk of adverse events associated 

with these lesions.8 Patients were classified as having no/minor CAD, single-vessel disease, 

double-vessel disease, triple-vessel disease or disease of the LMCA. 

Diagnosis adjudication
All patients have been evaluated retrospectively by two cardiologists, taking in consideration 

all patient information available, including investigations and treatment after the initial 

presentation. In case of dispute, a third cardiologist has decided the final diagnosis. The 

diagnoses STEMI and NSTEMI were adjudicated according to the latest ESC/ACCF/AHA/

WHF guidelines.9 Unstable angina was defined as patients without a rise and fall of cardiac 

troponins, with angina at rest for ≥20 minutes, new onset angina of ≥ class III symptoms 

or accelerated angina of ≥1 class (NYHA classification), and with ischemic ECG changes, 

a positive cardiac stress test or positive coronary angiography (≥70% stenosis).9,10 The 

remaining patients were classified as ‘Other’. Myocardial infarction was defined as patients 

with either STEMI or NSTEMI.

Troponin measurements
Cardiac troponins were measured locally in the center of inclusion. In Meander Medical 

Center Amersfoort the AccuTnI Optimized assay (Beckman Coulter) was used and in NUH 

Singapore the VITROS 5600 TnI assay (Ortho Clinical Diagnostics) was used, both with a 

cut-off level of >0.04 ng/mL. In SGH Singapore, hsTnT was measured on an Elecsys 2010 

system (Roche Diagnostics), with a cut-off level of >0.03 ng/mL (the 10% coefficient of 

variation of the assay).11,12 

Follow-up
Patients were followed up for at least 1 year after inclusion. Local hospital records were 

checked for hospitalization, MI, coronary revascularization and death. Patients were 

contacted by letter and/or telephone and were asked if they had been admitted to a hospital 

since inclusion. When this was the case, hospital records were checked for event 

verification. We recorded major adverse cardiovascular events (MACE), defined as non-fatal 

MI (STEMI/NSTEMI), coronary revascularization (PCI or CABG) and/or all cause death during 

1 year of follow-up. These events were also analyzed separately.
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Statistical analysis
All statistical analyses were performed with the R software package (version 3.1.0). A 

p-value of <0.05 was considered statistically significant. Data were presented as mean 

values ± SD (continuous variables) or as percentages (categorical variables), unless stated 

otherwise.

Continuous variables were compared using one-way ANOVA, with Bonferroni post-hoc 

testing to correct for multiple comparisons. Categorical variables were compared using 

Pearson Chi-squared tests. Since comparisons among four different ethnicities leads to 

six tests per variable, the level of significance was set at 0.05/6 = 0.008, according to the 

Bonferroni principle.  

The association between ethnicity and the diagnosis MI at the index visit was assessed 

by multivariable logistic regression. All baseline characteristics were included in the model 

(age, gender, BMI, hypertension, dyslipidemia, current smoking, diabetes, history of MI, 

history of PCI, history of CABG, history of CVA/TIA, GFR, use of aspirin, other antiplatelet 

drugs, statins, beta blockers, calcium antagonists, ACE inhibitors and diuretics). Caucasian 

ethnicity was used as a reference.  

The association between ethnicity and later events, corrected for baseline differences, 

was examined using Cox proportional hazards models (Andersen and Gill method13). A 

model was made for each outcome including MACE and its individual components (death, 

MI and coronary revascularization). Covariates with a significant univariable association 

with outcome were included in the multivariable model, including ethnicity. The Asian 

ethnic groups were compared with Caucasians, which were the referent group. Risk factors 

associated with outcome in the univariable Cox model were analyzed for interaction with 

ethnicity with respect to the different outcome.  
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Supplemental Tables

Table S1. Clinical characteristics of patients diagnosed with MI (index visit)

n
Caucasian

88
Chinese

82
Indian

26
Malay

33
p-value

Demographics

Age (years ± SD) 65.9 ± 12.2 61.4 ± 10.4* 56.2 ± 11.4** 58.6 ± 12.2# <0.001

Male gender (%) 71.6 84.1 84.6 78.8 0.201

Risk factors

BMI (kg/m2 ± SD) 27.0 ± 4.4 25.2 ± 3.2* 25.9 ± 4.2 28.1 ± 5.3$$ 0.004

Current smoking (%) 34.5 39.0 57.7 51.5 0.105

Hypertension (%) 59.1 58.3 65.4 69.7 0.659

Dyslipidemia (%) 37.2 63.4* 50.0 60.6 0.005

Diabetes (%) 15.1 31.7 46.2** 27.3 0.007

Medical history

Previous MI (%) 22.7 12.2 23.1 27.3 0.185

Previous PCI (%) 20.5 12.2 34.6 27.3 0.053

Previous CABG (%) 8.0 10.1 8.3 6.2 0.925

CVA / TIA (%) 0 3.7 3.8 0 0.207

Renal impairment (%) 15.3 22.8 29.2 27.3 0.318

Moderate (%) 10.6 19.0 20.8 18.2 0.402

Severe (%) 4.7 3.8 8.3 9.1 0.625

Medication prescribed

Aspirin (%) 36.4 20.7 23.1 18.2 0.069

Other antiplatelet (%) 5.7 3.7 15.4 9.1 0.180

Statins (%) 38.6 36.6 26.9 39.4 0.725

Beta blockers (%) 39.8 27.1 18.8 36.0 0.215

ACE inhibitors (%) 27.3 19.5 15.4 18.2 0.444

Calcium antagonists (%) 17.0 12.9 0 12.0 0.321

Diuretics (%) 28.4 5.7* 6.3 12.0 <0.001

Baseline characteristics of MI patients (n = 229). BMI, body mass index; MI, myocardial infarction; 
PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; CVA, cerebrovascular 
accident; TIA, transient ischemic attack; ACE, angiotensin-converting enzyme. Differences between 
ethnic groups were tested with Chi-squared tests for categorical variables and with one-way ANOVA 
for continuous variables. The last column represents overall p-values. * Caucasian vs. Chinese, ** 
Caucasian vs. Indian, $$ Chinese vs. Malay (p<0.008).
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Table S2. Hazard ratios for the probability of having an adverse event during 1 year of follow-up 
between ethnic groups

Cox proportional hazards model

HR (95% CI) p-value

MACE

Caucasians vs. Chinese 0.88 (0.63 – 1.24) 0.47

Caucasians vs. Indians 0.83 (0.52 – 1.34) 0.46

Caucasians vs. Malays 0.91 (0.54 – 1.54) 0.73

Death

Caucasians vs. Chinese 0.71 (0.34 – 1.52) 0.38

Caucasians vs. Indians 0.45 (0.10 – 2.06) 0.30

Caucasians vs. Malays 0.29 (0.04 – 2.22) 0.23

MI

Caucasians vs. Chinese 0.62 (0.30 – 1.26) 0.19

Caucasians vs. Indians 0.51 (0.16 – 1.57) 0.24

Caucasians vs. Malays 0.79 (0.28 – 2.19) 0.65

Coronary revascularization

Caucasians vs. Chinese 0.93 (0.65 – 1.33) 0.68

Caucasians vs. Indians 0.87 (0.53 – 1.44) 0.59

Caucasians vs. Malays 0.86 (0.49 – 1.52) 0.60

Hazard ratios (HR) with 95% confidence intervals (95% CI) for the probability of having an adverse 
event during 1 year of follow-up between ethnic groups, derived from multivariable Cox proportional 
hazards models. Asian groups were compared with Caucasians. An overview of the variables in the 
models can be found in the legend of Figure 2. MACE, major adverse cardiac events (all cause 
death, MI and coronary revascularization); MI, myocardial infarction.

Table S3. Interactions between risk factors and ethnicity for adverse events during 1 year of follow-up

Caucasian Chinese p-value

HR (95% CI) HR (95% CI)

MACE

Diabetes 1.22 (0.75-1.98) 2.76 (1.76-4.35) 0.037

Death

Diabetes 2.79 (0.95-8.18) 1.93 (0.91-4.12) 0.048

BMI 0.98 (0.89-1.08) 0.89 (0.78-1.01) 0.035

MI

History of PCI 3.25 (1.23-8.55) 0.15 (0.02-1.34) 0.012

Interactions between cardiovascular risk factors and ethnicity for adverse events during 1 year of 
follow-up. Only significant interactions are reported. MACE, major adverse cardiac events (all cause 
death, MI and coronary revascularization); BMI, body mass index; MI, myocardial infarction; PCI, 
percutaneous coronary intervention. Hazard ratios (HR) and 95% confidence intervals (95% CI) were 
derived from multivariable Cox regression models. The covariates per model can be found in the 
legend of Figure 2. p-values for the interactions are reported in the last column.
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Abstract

Aims
Risk stratification is fundamental for guiding patient management in patients presenting 

to the emergency department (ED) with suspected acute coronary syndrome (ACS). The 

HEART score is a simple and effective tool to predict short-term major adverse 

cardiovascular events (MACE) in patients suspected of having an ACS. As its performance 

in Asian ethnicities is unknown, we evaluated the performance of the HEART score in 

patients with suspected ACS of Caucasian, Chinese, Indian and Malay ethnicity.

Methods and results
The HEART score was assessed retrospectively in 2402 patients presenting to the ED with 

suspected ACS (730 Caucasians, 1063 Chinese, 346 Indians, 263 Malays), assigning them 

into 3 risk categories. The incidence of MACE within 30 days after presentation was 

comparable between the ethnic groups. A smaller proportion of Caucasian patients was 

in the low risk category compared with Asians (Caucasians 33.8%, Chinese 43.2%, Indians 

44.2%, Malays 44.5%, p<0.001). The negative predictive value (NPV) of a low HEART 

score was slightly lower in the Asian ethnic groups (Caucasians 97.2%, Chinese 95.8%, 

Indians 96.1%, Malays 96.6%). The c-statistic for the HEART score tended to be lower in 

Chinese than in Caucasians (Caucasians 0.80 (0.75-0.84), Chinese 0.74 (0.70-0.78), p = 

0.062). Furthermore, there was interaction between Chinese ethnicity and the HEART 

score for the outcome 30 days MACE.

Conclusion
These results confirm an excellent performance of the HEART score in Caucasian patients, 

but indicate a slightly lower performance in Asian patients. Refitting of the HEART score 

for Asian patients could improve its performance and is recommended before it can safely 

and effectively be applied to assess individual risk of Asian patients suspected of having 

an ACS. 
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Introduction

Acute myocardial infarction (MI) remains a major cause of morbidity and mortality 

worldwide, despite major improvements in prevention strategies and therapy in the last 

decades.1,2 Annually millions of people present to the emergency department (ED) with 

symptoms suggestive of an acute coronary syndrome (ACS), constituting approximately 

6-10% of all ED consultations.3,4 ACS is defined as ST-segment elevation MI (STEMI), non 

ST-segment elevation MI (NSTEMI) or unstable angina.5 A minority of chest pain patients 

presents with STEMI, requiring reperfusion therapy as soon as possible.6 Accurately 

distinguishing non-cardiac chest pain from NSTEMI or unstable angina is often challenging, 

especially in patients presenting early after the onset of symptoms.7,5 Since early treatment 

greatly influences the prognosis after MI, it is crucial to recognize MI as early as possible.7,8 

Up to 85% of chest pain patients presenting to the ED do not have an ACS but have non-

cardiac chest pain.9–11 Many of these patients are admitted to the hospital for serial troponin 

measurements and additional investigations. Early identification of patients at very low 

short-term risk for major adverse cardiovascular events (MACE) will avoid unnecessary 

hospital admissions and reduce patient burden.

The initial evaluation of chest pain patients is based on clinical presentation, 12-lead 

electrocardiogram (ECG) and cardiac troponin measurement, often supported by imaging 

modalities.5 The use of validated risk scores to assess the individual patients risk, such as 

the Thrombolysis In Myocardial Infarction (TIMI12) risk score or the Global Registry of Acute 

Cardiac Events (GRACE13) risk score, is recommended in several International guidelines.5,14 

Whereas these scores were developed to assess mortality risk in patients with ACS, the 

HEART score is a risk score for early risk stratification in chest pain patients in the ED and 

is specifically designed to identify patients at very low risk of short-term MACE.15,16 Studies 

comparing the HEART score with TIMI and GRACE reported higher c-statistics, i.e. better 

overall performance, for the HEART score than for the other scores.17,18 

The HEART score is easy and intuitive and includes well-established factors associated 

with the probability of having an ACS, valued with 0, 1 or 2 points per variable: History, 

ECG findings, Age, cardiovascular Risk factors and cardiac Troponin levels (HEART).15 

Several validation studies showed that approximately one third of chest pain patients in 

the ED has a low HEART score (0-3 points), with a short-term MACE rate of 0.4-2.5%.15–19 

Patients with a low HEART score might be safely dismissed from the ED, patients with an 

intermediate HEART score deserve careful monitoring and serial troponin measurements 

and patients with a high HEART score should be considered for direct treatment and/or 

early invasive strategies. A large prospective, multi-center cluster randomized trial to assess 

the impact of implementation of the HEART score on patient outcomes and costs is 

currently ongoing in the Netherlands (ClinicalTrials.gov 80-82310-97-12154).20

Although the HEART score has been validated internationally18, it has been developed and 

validated in predominantly Caucasian populations. Its performance has not been tested in 

other ethnic groups. Ethnic validation of risk scores is important, since inter-ethnic 

differences in cardiovascular risk factors and course of disease potentially influence risk 
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score performance.21,22 Chinese, Indians and Malays are among the most populous ethnic 

groups in the world.23 There are marked differences in the risk factor burden24–27, incidence 

of MI and the prognosis after MI between Caucasian and Asian populations.24,28–30  

Several studies have shown that extrapolation of risk stratification models to different 

ethnicities is difficult and that recalibration or refitting is often necessary.31–36 Therefore, 

validation of the HEART score in Asian populations is warranted before it can safely be 

applied in clinical practice. In this study, we evaluate the performance of the HEART score  

in four major ethnic groups in the Netherlands and Singapore. 

Methods

Study design
This study is a multi-ethnic cohort study involving consecutive patients who presented to 

the ED with chest pain symptoms, suspected of having an ACS. Three centers were 

involved in patient enrolment: Meander Medical Center Amersfoort, the Netherlands 

(January 2012 – January 2013), National University Hospital Singapore (NUH) (December 

2010 – April 2013) and Singapore General Hospital (SGH) (January 2010 – September 2011). 

The study has been evaluated and approved by the Ethics Committees of all participating 

centers and written informed consent was obtained from all participants. The study 

conforms to the Declaration of Helsinki.

Study population
Consecutive patient presenting to the ED with possible cardiac symptoms for a duration 

of at least 5 minutes and in whom the physician intended to perform serial cardiac troponin 

measurements were eligible for inclusion.37 Possible cardiac symptoms were defined as 

acute chest, epigastric, neck, jaw, or arm pain, or discomfort or pressure without an 

apparent non-cardiac source, according to the American Heart Association case definitions.38 

Patients younger than 21 years, patients who were unable or unwilling to give their 

informed consent and patients with an ethnicity other than Caucasian, Chinese, Indian or 

Malay were excluded. Furthermore, patients with an ST-segment elevation MI (STEMI) 

were directly referred for percutaneous coronary intervention (PCI) and were not included 

in this study. Patients were also excluded if the available clinical data was not sufficient to 

calculate the HEART score retrospectively or when follow-up was missing or incomplete. 

Data acquisition
After the patients had given their informed consent, clinical data was gathered from medical 

records and was documented in a digital case record form: clinical presentation, duration 

of symptoms, medical history, cardiovascular risk factors, ECG evaluation, blood biochemical 

parameters and the results of additional investigations. 

Ethnicity was self-reported in the Netherlands and was determined at hospital registration 

in Singapore, based on information from state-issued identification cards. Smoking was 
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defined as current smoking or smoking within the last three months. Diabetes was defined 

as any type of diabetes diagnosed previously by a physician or during the index visit.39 

Dyslipidemia was scored when diagnosed previously by a physician or diagnosed during 

the index visit, according to the ESC/EAS guidelines.40 Hypertension was scored when 

reported in the medical history, when diagnosed during the index visit or when the patient 

was treated for hypertension.41 Renal impairment was defined as a glomerular filtration 

rate (GFR) of <60 mL/min (moderate renal impairment GFR 30-60 mL/min, severe renal 

impairment GFR <30 mL/min, calculated using the Cockroft-Gault equation).

HEART score protocol
Patient data collected at time of presentation to the ED was used to calculate the HEART 

score. The HEART score consists of five variables: patient History, ECG findings, Age, 

cardiovascular Risk factors and cardiac Troponin level at presentation (HEART). Patients 

were given 0, 1 or 2 points for each variable. Based on the total score, patients were 

categorized as low risk (0-3 points), intermediate risk (4-6 points) or high risk (7-10 points). 

The HEART score algorithm15 is depicted in Table 1. A detailed description of the HEART 

score protocol used can be found in the Supplemental Material. 

Clinical outcome
The primary outcome was major adverse cardiovascular events (MACE), defined as MI, 

coronary revascularization or all cause death, within 30 days after presentation to the ED 

(as defined by previous studies).18 

Table 1. HEART score algorithm15

HEART score for chest pain patients at the emergency department

Variable Description Score

History Highly suspicious
Moderately suspicious
Slightly- or nonsuspicious

2
1
0

ECG Significant ST-depression
Nonspecific repolarization disturbances
Normal

2
1
0

Age ≥65 years
45-65 years
≤45 years

2
1
0

Risk factors ≥3 risk factors, or history of atherosclerotic disease
1 or 2 risk factors
No risk factors known

2
1
0

Troponin ≥3x normal limit
1-2x normal limit
≤ normal limit

2
1
0

Total score: 0-10 points. 0-3 points, low risk; 4-6 points, intermediate risk; 7-10 points, high risk.
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This included the diagnosis adjudicated during the index visit. The diagnosis MI was based 

on the most recent ESC/ACCF/AHA/WHF guidelines (2012)42 and was defined as STEMI 

and NSTEMI type 1. Diagnoses were adjudicated in retrospect by two cardiologists, taking 

in consideration all patient information available, including investigations and treatment 

after the index presentation. In case of dispute, a third cardiologist decided the final 

diagnosis. Coronary revascularization was defined as any percutaneous coronary 

intervention (PCI) or coronary artery bypass grafting (CABG). 

Statistical analysis
All statistical analyses were performed using the R software package (version 3.1.2).  

A p-value of <0.05 was considered statistically significant. Continuous variables were 

presented as mean ± SD and categorical variables as percentages, unless stated otherwise. 

Comparison of continuous variables between two groups was performed with two-sided 

student’s t-test and between multiple groups with one-way ANOVA with Bonferroni post-hoc 

testing, to correct for multiple testing. Categorical variables were compared with Pearson’s 

Chi-squared tests. Since comparison of four groups requires six statistical tests, a p-value 

below 0.05/6 = 0.008 was considered significant, according to the Bonferroni principle. 

HEART score test characteristics (sensitivity, specificity, negative predictive value (NPV) 

and positive predictive value (PPV)) per ethnic group were derived from 2 x 2 tables and 

were calculated for all patients as well as for patients who presented within 4 hours after 

the initiation of symptoms separately. The c-statistics of the HEART score per ethnic group 

were derived from ROC curves to compare performance of the HEART score in different 

ethnic groups, and were compared with DeLong tests. Crude adverse event rates (MACE 

within 30 days after inclusion, defined as MI, coronary revascularization and all cause death) 

were presented per ethnic group using Kaplan-Meier curves and were compared with 

log-rank testing.

The odds ratios (OR) of the HEART score variables and total HEART score were derived 

from logistic regression models for the outcome 30 days MACE per ethnic group, including 

all HEART score variables. Interactions between ethnicity and total HEART score and the 

separate HEART score variables for the outcome 30 days MACE were tested with logistic 

regression (univariably). A p-value for interaction of <0.10 was considered significant.

Results

Patient population
Between 2010 and 2014, 2784 eligible patients were included in the three participating 

centers. Sufficient data to calculate the HEART score as well as complete 30 days follow-

up data was available in 2402 patients: 730 from Meander Medical Center Amersfoort, 

1520 from Singapore General Hospital and 152 from National University Hospital Singapore. 

Of these patients 730 were Caucasian (30.4%), 1063 Chinese (44.3%), 346 Indian (14.4%) 

and 263 Malay (10.9%). 
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Clinical characteristics are reported in Table 2. Patients of Asian ethnicity were significantly 

younger than Caucasians, although the difference was less pronounced in Chinese patients. 

Dyslipidemia and diabetes were more prevalent in all Asian groups compared with 

Caucasians. Chinese more frequently had hypertension and had a lower BMI compared 

with Caucasians. Malays had the highest BMI and smoked most of all groups. Caucasians 

most often had a history of cardiovascular disease, significantly more than Malays (previous 

PCI) and Chinese (history of MI and PCI). Renal impairment was more prevalent in Chinese 

and less in Malays, compared with Caucasians. 

Clinical outcome
The percentage of MACE within 30 days after presentation, including index diagnosis, was 

not significantly different between the ethnic groups (Caucasians 16.3%, Chinese 13.8%, 

Indians 13.0%, Malays 14.4%, p = 0.405) (Table 3). 

Table 2. Clinical characteristics

n
Caucasian

730
Chinese

1063
Indian

346
Malay

263
p-value

Demographics

Age (years ± SD) 63.0 ± 14.0 59.0 ± 11.9*$ 53.4 ± 11.2** 52.6 ± 12.2#$$ <0.001

Male gender (%) 56.2 67.4* 69.4** 64.3 <0.001

Risk factors

BMI (kg/m2 ± SD) 27.1 ± 4.6 25.2 ± 4.3*$ 27.3 ± 4.7 28.3 ± 5.3#$$ <0.001

Smoking (%) 28.4 26.8 32.4 39.5#$$ <0.001

Hypertension (%) 49.0 56.2* 52.9 49.0 0.014

Dyslipidemia (%) 31.1 55.8* 51.7** 56.3# <0.001

Diabetes (%) 15.5 22.7*$ 42.2**& 30.8#$$ <0.001

Medical history

Previous MI (%) 20.6 8.8*$ 15.0 13.7 <0.001

Previous PCI (%) 23.6 12.3*$ 20.5 14.4# <0.001

Previous CABG (%) 7.3 6.1 9.0 6.5 0.318

CVA / TIA (%) 2.1 3.7 2.0 2.7 0.160

Renal impairment (%) 18.2 23.9*$ 15.1 14.3$$ <0.001

Moderate (%) 16.0 19.2$ 11.0 10.0$$ <0.001

Severe (%) 2.2 4.7 4.0 4.3 0.064

Baseline characteristics of all patients (n = 2402). BMI, body mass index; MI, myocardial infarction; 
PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; CVA, 
cerebrovascular attack; TIA, transient ischemic attack; Differences between ethnic groups were 
tested with Chi-squared tests for categorical variables and with one-way ANOVA for continuous 
variables. The last column represents overall p-values. The level of significance has been set at 
0.05/6 = 0.008 to correct for multiple testing. *Caucasian vs. Chinese, **Caucasian vs. Indian,  
# Caucasian vs. Malay, $ Chinese vs. Indian, $$ Chinese vs. Malay, & Indian vs. Malay (p<0.008).
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The incidence of MI, however, was higher in Caucasians than in Chinese. Crude survival 

analysis of 30 days MACE, analyzed with Kaplan-Meier curve analysis, revealed no 

differences between the ethnic groups (p = 0.395) (Figure 1).

Figure 1. Kaplan-Meier curves for MACE free survival within 30 days of follow-up, including the 
diagnosis adjudicated during index visit, per ethnic group. MACE, major adverse cardiovascular events 
(combination of MI, coronary revascularization and death). Log-rank test for difference between the 
ethnic groups: p = 0.395.

Table 3. Clinical outcome: MACE within 30 days after initial presentation

n
Caucasian

730
Chinese

1063
Indian

346
Malay

263
p-value

MACE (%) 16.3 13.8 13.0 14.4 0.405

Death (%) 1.0 0.2 0.3 0 0.052

MI (%) 12.3 7.5* 7.5 12.2 0.002

Coronary revascularization (%) 10.4 11.5 10.1 8.7 0.591

MACE, major adverse cardiovascular events (combination of MI, coronary revascularization and 
death); MI, myocardial infarction. Differences between ethnic groups were tested with Chi-squared 
tests. The last column represents overall p-values. The level of significance has been set at 0.05/6 
= 0.008 to correct for multiple testing. * Caucasian vs. Chinese (p<0.008).
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Patient distribution across the HEART score categories
Of the 2402 patients, 976 (40.6%) were assigned to the low risk category, 1301 (54.2%) 

to the intermediate risk category and 125 (5.2%) to the high risk category. Of the Asians 

patients, 43.2-44.5% were classified as having a low risk (HEART score 0-3), whereas only 

33.8% of the Caucasians were assigned to this category (p<0.001, Figure 2). A higher 

number of Caucasian patients was assigned to the intermediate risk category and the high 

risk category (Figure 2). The patient distribution per HEART score point is depicted in 

Supplemental Figure S1. 

Incidence of MACE per HEART score category among different ethnic groups
The incidence of MACE per HEART score category per ethnic group is reported in Table 4. 

The relationship between HEART score and 30 days MACE per ethnic group is depicted in 

Figure 3. The risk of MACE increased gradually with total HEART score in all ethnic groups.  

Of note, in the patients assigned to the low risk category, 30 days MACE was very low in 

Caucasians, but slightly higher in the Asian ethnic groups, driven by higher numbers of MI 

and coronary revascularization.  

Inter-ethnic differences per HEART score variable
The mean total HEART score and HEART score per variable per ethnic group are reported 

in Table 5. The total HEART score was significantly lower in all Asian groups compared 

Figure 2 Distribution of patients across HEART score categories (% of patients per ethnicity, per 
category). Low risk category: 0-3 points; Intermediate risk category: 4-6 points; High risk category: 
7-10 points. Comparisons between ethnic groups within the HEART score categories were performed 
Chi-squared tests. *p<0.05; **p<0.01; ***p<0.001.
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with Caucasians (Caucasians 4.17 ± 1.58, Chinese 3.76 ± 1.47, Indians 3.70 ± 1.51, Malays 

3.67 ± 1.59, p<0.001). All Asian ethnic groups had lower age scores than Caucasians, 

Chinese patients had a lower risk factor score than Indians and a lower troponin score than 

Caucasians. The differences in HEART score between patients with and without MACE 

within 30 days of follow-up per ethnic group are reported in Supplemental Table S1.

Performance of the HEART score among different ethnic groups
Test characteristics of the HEART score per ethnic group are depicted in Table 6. The 

negative predictive value (NPV) for patients in the low risk category was highest in 

Caucasians and slightly lower in all Asian groups (Table 6), also in the subgroup of patients 

presenting within 4 hours after the onset of symptoms, indicating more adverse events in 

Asian patients assigned to the low risk category. The c-statistic of the HEART score for 30 

days MACE, derived from the HEART score ROC per ethnic group, tended to be lower in 

Chinese compared with Caucasians (Figure 4).

The odds ratios of HEART score variables, derived form logistic regression models for 30 

days MACE per ethnic group, are reported in Table 7. There was significant interaction 

between Chinese ethnicity and total HEART score in a logistic regression model for the 

outcome 30 days MACE (p = 0.072), suggesting that Chinese ethnicity influences the 

relationship between the HEART score and 30 days outcome. Other interactions were 

Malay ethnicity with ECG score (p = 0.049), age score (p = 0.028) and risk factor score (p 

= 0.099) and Chinese ethnicity with risk factor score (p = 0.082) (Table 7). 

Figure 3. Relationship between total HEART score and the percentage of patients who experienced 
MACE within 30 days after inclusion, per ethnic group. A) Total HEART score (0-10 points); B) 
Percentage of MACE within the low risk category (0-3 points). 
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Table 4. Incidence of MACE within 30 days after presentation, per HEART score category per 
ethnicity

n
Caucasian

730
Chinese

1063
Indian

346
Malay

263

MACE – n/n (%)

Low (0-3) 7/247 (2.8) 19/459 (4.1) 6/153 (3.9) 4/117 (3.4)

Intermediate (4-6) 72/427 (16.9) 103/564 (18.3) 28/178 (15.7) 23/132 (17.4)

High (7-10) 40/56 (71.4) 25/40 (62.5) 11/15 (73.3) 11/14 (78.6)

Death – n/n (%)

Low (0-3) 0/247 (0) 0/459 (0) 0/155 (0) 0/117 (0)

Intermediate (4-6) 4/427 (0.9) 2/564 (0.4) 0/178 (0) 0/132 (0)

High (7-10) 3/56 (5.4) 0/40 (0) 1/15 (6.7) 0/14 (0)

MI – n/n (%)

Low (0-3) 2/247 (0.8) 4/459 (0.9) 2/153 (1.3) 3/117 (2.6)

Intermediate (4-6) 49/427 (11.5) 53/564 (9.4) 14/178 (7.9) 17/132 (12.9)

High (7-10) 39/56 (69.6) 20/40 (50.0) 8/15 (53.3) 11/14 (78.6)

Coronary revascularization – n/n (%)

Low (0-3) 6/247 (2.4) 16/459 (3.5) 5/153 (3.3) 3/117 (2.6)

Intermediate (4-6) 53/427 (12.4) 83/564 (14.7) 22/178 (12.4) 14/132 (10.6)

High (7-10) 17/56 (30.4) 23/40 (57.5) 8/15 (53.3) 6/14 (42.9)

Low risk category: 0-3 points; Intermediate risk category: 4-6 points; High risk category: 7-10 points. 
MACE, major adverse cardiovascular events (combination of MI, coronary revascularization and 
death); MI, myocardial infarction.

Table 5. Mean HEART score per ethnicity per HEART score variable

n
Caucasian

730
Chinese

1063
Indian

346
Malay

263
p-value

History 0.82 ± 0.50 0.84 ± 0.44 0.86 ± 0.45 0.86 ± 0.47 0.571

ECG 0.41 ± 0.56 0.35 ± 0.53 0.35 ± 0.53 0.36 ± 0.55 0.153

Age 1.37 ± 0.66 1.19 ± 0.65*$ 0.94 ± 0.64** 0.88 ± 0.62#$$ <0.001

Risk factors 1.34 ± 0.73 1.29 ± 0.72$ 1.45 ± 0.69 1.43 ± 0.68 0.001

Troponin 0.24 ± 0.58 0.13 ± 0.44* 0.14 ± 0.48 0.19 ± 0.53 <0.001

Total 4.17 ± 1.58 3.80 ± 1.51* 3.73 ± 1.55** 3.71 ± 1.63# <0.001

Differences between ethnic groups were tested with one-way ANOVA. The last column represents 
overall p-values. The level of significance has been set at 0.05/6 = 0.008 to correct for multiple 
testing. * Caucasian vs. Chinese, ** Caucasian vs. Indian, # Caucasian vs. Malay, $ Chinese vs. Indian, 
$$ Chinese vs. Malay (p<0.008).
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Table 6. Test characteristics of the HEART score per ethnicity (low risk category vs. others)

Caucasian Chinese Indian Malay

A. All patients (n) 788 1063 404 311

NPV 97.2 (94.2-98.9) 95.8 (93.6-97.5) 96.1 (91.7-98.5) 96.6 (91.5-99.1)

PPV 23.2 (19.5-27.2) 21.2 (18.0-24.7) 20.2 (14.8-26.6) 23.3 (16.7-31.0)

Sensitivity 94.1 (88.3-97.6) 87.1 (80.6-92.0) 86.7 (73.2-94.9) 89.5 (75.2-97.1)

Specificity 39.3 (35.4-43.3) 48.0 (44.8-51.3) 48.8 (43.1-54.6) 50.2 (43.5-56.9)

B. <4 hours (n) 286 377 128 100

NPV 98.0 (93.0-99.8) 93.9 (89.1-97.1) 95.0 (86.1-99.0) 98.0 (89.6-100.0)

PPV 27.6 (21.3-34.6) 24.5 (18.9-30.9) 32.4 (21.8-44.5) 30.6 (18.3-45.4)

Sensitivity 96.2 (87.0-99.5) 83.9 (72.3-92.0) 88.5 (69.8-97.6) 93.8 (69.8-99.8)

Specificity 42.5 (36.1-49.1) 49.2 (43.6-54.9) 54.3 (44.3-64.0) 59.5 (48.3-70.1)

A) All patients (n = 2784); B) Patients who presented to the ED within 4 hours after the onset of 
symptoms (n = 891); NPV, negative predictive value; PPV, positive predictive value.

Figure 4. ROC curves of the HEART score for the outcome 30 days MACE, per ethnic group. c-stat, 
c-statistic. C-statistic: Chinese vs. Caucasians, p = 0.062, Chinese vs. Malays, p = 0.084 (DeLong 
test).
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Discussion

The HEART score has been validated as an effective risk stratification tool to identify 

patients with suspected ACS who are at very low risk of short-term cardiovascular events. 

This study confirms the excellent performance of the HEART score for risk stratification in 

Caucasian patients with suspected ACS. One third of Caucasian patients had a low HEART 

score, of whom 2.4% underwent coronary revascularization and only 0.8% had an MI 

within 30 days after presentation. However, several findings indicate that the HEART score 

appears not to be equally safe and effective in all Asian ethnic groups.

The NPV of a low HEART score (0-3 points) was lower in Asian ethnic groups compared 

with Caucasians, especially in Chinese and Indians. Although the differences are small, 

they potentially are very relevant in clinical practice, as dismissal of a patient with suspected 

ACS from the ED should entail the lowest risk possible. The NPV of the Asian ethnic groups 

is also lower than the NPVs found in several validation studies.15–19 Furthermore, overall 

performance of the HEART score as determined by the c-statistic of the ROC per ethnicity 

was lower in Chinese than in Caucasians. The c-statistic found for Caucasian patients (0.80 

(0.75 – 0.84)) is in line with the range described in literature (0.78 – 0.90).15–19 Although this 

difference in c-statistic was not formally significant, the deviation of the ROC suggests an 

inferior performance of the HEART score in Chinese compared with Caucasians. This 

impression was reinforced when assessing the odds ratios of the HEART score variables 

derived from logistic regression models per ethnic group. Interaction analyses showed that 

Chinese ethnicity had significant interaction with total HEART score and with risk factor 

score for the outcome 30 days MACE. Also, Malay ethnicity had significant interaction with 

ECG score, age score and risk factor score for 30 days MACE. Importantly, these 

interactions indicate that the relationship between HEART score variables and the 

occurrence of 30 days MACE is influenced by ethnicity. 

Table 7. Odds ratios of HEART score variables, derived from multivariable logistic regression models 
for 30 days MACE per ethnic group.

Caucasian Chinese Indian Malay

History 1.78 ± 1.32 1.29 ± 1.27 1.12 ± 1.58 1.51 ± 1.78

ECG 1.71 ± 1.25 1.59 ± 1.20 2.78 ± 1.40 0.72 ± 1.59#

Age 1.17 ± 1.24 1.34 ± 1.19 1.24 ± 1.37 1.79 ± 1.56#

Risk factors 1.38 ± 1.21 1.51 ± 1.18* 1.43 ± 1.40 1.56 ± 1.51#

Troponin 8.48 ± 1.21 6.30 ± 1.20 5.39 ± 1.36 16.51 ± 1.58

Total HEART score 2.36 ± 1.09 1.93 ± 1.07* 2.23 ± 1.14 2.36 ± 1.15

Odds ratios (OR) and standard errors (SE) of HEART score variables and total HEART score, derived 
from logistic regression models for the outcome 30 days MACE per ethnic group. The models 
included all HEART score variables. A p-value of <0.10 for the interaction terms in a univariable 
model was considered significant. *Caucasian vs. Chinese; # Caucasian vs. Malay (p<0.008).
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The clinical characteristics (age, risk factors and medical history) differ importantly between 

the ethnic groups and are naturally reflected in the total HEART score. Indians and Malays, 

and to a lesser extent Chinese, were younger at time of presentation than Caucasians, 

with differences up to 10 years. Since the age categories used in the HEART score 

calculation are based on Caucasian chest pain populations, this difference might influence 

performance of the HEART score in Asian ethnic groups. Likewise, the differences in risk 

factor burden lead to dissimilar contributions of this variable to the total HEART score in 

the different ethnic groups. Overall, the mean total HEART score was significantly lower 

in all Asian ethnic groups compared with Caucasians. This difference was driven by age in 

Indians and Malays and by age, risk factors and troponin in Chinese patients. Thirty days 

MACE, however, was not significantly different between the ethnic groups. This points to 

an underestimation of the risk in the Asian groups as assessed by the HEART score. The 

interactions between ethnicity and HEART score variables confirm the variation in the 

influence of clinical characteristics on HEART score performance in different ethnic groups.

The observed differences in clinical characteristics are also largely responsible for the higher 

proportion of patients with a low HEART score in the Asian ethnic groups compared with 

the Caucasians. When looking at the proportion of patients per HEART score per ethnic 

group, there appears to be a shift of patients to the lower risk categories within the Asian 

ethnic groups. Although it is advantageous to identify as many patients as possible at very 

low risk of short-term MACE, it is crucial that this does not happen at the expense of the 

NPV. The NPV, however, was lower in the Asian ethnic groups, again reflecting an 

underestimation of risk in Asian patients with a low HEART score.

Limitations
Singapore and the Netherlands are both well developed countries with good, accessible 

health care systems. Nevertheless, differences between the countries and between the 

ethnic groups such as cultural influences and differences in socio-economic status might 

have influenced the patient selection. Also differences in the local referral policy from the 

general practitioner to the ED might lead to different patient populations. Nevertheless, it 

is important that the performance of a risk score is also maintained in varying populations. 

In this study the HEART score has been calculated and analyzed retrospectively. Since the 

HEART score is designed for application in a clinical setting, our findings need to be 

confirmed in a prospective analysis and in other multi-ethnic cohorts. 

Conclusion
This study confirms the excellent potential of the HEART score to identify Caucasian 

patients with suspected ACS with a very low risk of 30 days MACE. Our data, however, 

suggest that the HEART score tends to underestimate risk in Asian ethnicities and might 

therefore not be equally safe and effective in Asians. Refitting of the HEART score for 

Asian patients could improve its performance and is therefore recommended before it can 

safely and effectively be applied to assess individual risk of Asian patients suspected of 

having an ACS.
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Supplemental Material

De Hoog VC et al. HEART score performance in Asian and Caucasian patients presenting 

to the emergency department with suspected acute coronary syndrome

HEART score protocol

History
Patient history was scored using definitions for typical and atypical chest pain. Typical chest 

pain was defined as retrosternal or left-sided chest pain with radiation to jaw, neck or left 

arm, induced by exercise or emotional stress, relieved by rest and/or nitroglycerin. Atypical 

presentation was defined as no chest pain, right-sided chest pain, abdominal symptoms, 

pain that radiated to the back or pain worsening on inspiration or palpation. Patients were 

given 0 points in case of atypical symptoms, 2 points in case of typical symptoms and 1 

point when they had both atypical and typical symptoms. 

Electrocardiogram
The first ECG made at time of presentation to the ED was evaluated in retrospect by two 

cardiologists. In case of dispute, a third cardiologist made the decision. Zero points were 

given if the ECG was normal (according to the Minnesota criteria) or showed non-specific 

ST-T wave changes. In case of preexisting ST-T wave changes, signs of previous MI, or other 

abnormalities not diagnostic for ischemia such as left bundle branch block (LBBB), left 

ventricular hypertrophy (LVH) or pacemaker rhythm, 1 point was given. Two points were 

given if there was significant ST-segment elevation or -depression, in the absence of LBBB, 

LVH or use of digoxin, that was not seen previously and was suspect for myocardial ischemia.  

Age
Age at time of presentation was scored as follows: 0 point for age <45 years, 1 point for 

age 45-65 years, 2 points for age >65 years. 

Risk factors
Risk factors taken into account were current smoking, dyslipidemia, hypertension, diabetes 

and history of cardiovascular disease. Zero points were given when the patient had no risk 

factors. One point was given when the patient had 1-2 risk factors. If the patient had 3 or 

more risk factor or had a history of atherosclerosis (coronary revascularization, MI, 

cerebrovascular accident/transient ischemic attack and/or peripheral artery disease), 2 

points were given. 

Troponin 
The first troponin level measured after presentation to the ED was used for calculation of 

the HEART score. Troponin levels were measured according to the locally used assays and 
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standards. The following troponin assays were used: Meander Medical Center AccuTnI 

Optimized, Beckman Coulter (cut-off for MI > 99th percentile upper reference limit, 0.04 

ng/mL); NUH Ortho Clinical Diagnostics 5600 TnI (cut-off for MI > 99th percentile upper 

reference limit, 0.04 ng/mL), SGH Roche hsTnT (cut-off for MI > 0.030 ug/mL; i.e. coefficient 

of variation 10%). Zero point were given for levels below the cut-off value, 1 point for levels 

between 1 and 3 times the cut-off value and 2 points for levels higher than 3 times the 

cut-off value for MI. 

Figure S1. Distribution of patients per HEART score point, depicted per ethnicity. The bars represent 
the percentage of individuals per ethnic group who got assigned that particular HEART score. * p<0.05 
(Chi-squared test). 

Table S1. Mean score per ethnicity per HEART score variable in patients with and without MACE 
within 30 days after presentation. 

n
Caucasian

730
Chinese

1063
Indian

346
Malay

263

MACE
119

No MACE
611

MACE
147

No MACE
916

MACE
45

No MACE
301

MACE
37

No MACE
226

History 0.93** 0.80 0.88 0.84 0.84 0.86 0.97 0.84

ECG 0.75*** 0.34 0.62*** 0.31 0.82*** 0.28 0.50 0.34

Age 1.50* 1.34 1.35** 1.16 1.09 0.91 1.24*** 0.82

Risk 1.43 1.32 1.52*** 1.26 1.69* 1.41 1.68* 1.38

Trop 1.06*** 0.08 0.63*** 0.05 0.78*** 0.05 1.08*** 0.04

Total 5.66*** 3.88 5.00*** 3.61 5.22*** 3.51 5.47*** 3.41

MACE, major adverse cardiovascular events (combination of MI, coronary revascularization and 
death); *p<0.05, **p<0.01, ***p<0.001; MACE vs. no MACE per ethnicity, Student’s t-test.
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Abstract 

Aims
Early reperfusion is mandatory for the treatment of acute myocardial infarction. This 

process, however, also induces additional loss of viable myocardium, called ischemia-

reperfusion (IR) injury. Complement activation plays an important role in IR injury, partly 

through binding of C5a to its major receptor (C5aR). We investigated the role of C5aR on 

infarct size and cardiac function in a model for myocardial IR injury.

Methods and Results
BALB/c (WT) mice and C5aR-/- mice underwent coronary occlusion for 30 minutes, followed 

by reperfusion. Infarct size, determined 24 hours after IR, was reduced in C5aR-/- mice 

compared with WT mice (28.5±2.1% vs. 35.7±2.5%, p=0.017). Bone marrow (BM) chimera 

experiments showed that this effect was due to absence of C5aR on circulating leucocytes, 

since a similar reduction in infarct size was observed in WT mice with C5aR-deficient BM 

cells (25.3±2.2% vs. 34.6±2.8%, p<0.05), but not in C5aR-/- mice with WT BM cells. 

Reduced infarct size was associated with fewer neutrophils, T cells and macrophages in 

the infarcted area 24 hours after IR in C5aR-/- mice, and also with lower levels of 

Caspase-3/7 indicating less inflammation and apoptosis. Echocardiography 4 weeks after 

IR showed an improved ejection fraction in C5aR-/- mice (25.8±5.5% vs. 19.2±5.4%, 

p<0.001).

Conclusion
Absence of C5aR on circulating leucocytes reduces infarct size, is associated with reduced 

leucocyte infiltration and with less apoptosis in the infarcted myocardium, and improves 

cardiac function in a mouse model of myocardial IR injury. Selective blocking of C5aR might 

be a promising strategy to prevent myocardial IR injury.
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Introduction

Early restoration of antegrade coronary blood flow is the best available treatment for acute 

myocardial infarction (AMI). Despite tremendous improvements in this field, patients still 

experience severe myocardial injury and subsequent heart failure due to ischemia-

reperfusion (IR) injury, for which to date no clinically approved therapy exists.1 A large part 

of the IR injury consists of myocardial damage induced by activation of the immune system 

and attraction of inflammatory cells into the infarcted area upon reperfusion.2–4

The complement system, as a part of the innate immune system, has been investigated 

for decades as a possible therapeutic target to limit IR injury in several organs.5–7 Already 

in the ‘70s, inhibition of components of the complement system was shown to reduce 

myocardial injury in animal models.8,9 The complement system classically becomes 

activated by pathogens, but can also get activated by danger associated molecular patterns 

(DAMPs) and endogenous ligands released upon ischemia and reperfusion.10–14 A complex 

activation cascade involving several regulating components leads to the production of, 

among others, anaphylatoxins C3a, C4a and C5a of which the latter one is the most potent 

inflammatory activator. Upon binding to its receptor (C5aR), C5a induces an inflammatory 

response by chemotaxis of inflammatory cells, vasodilation and up regulation of endothelial 

adhesion molecules. Recently, blocking of C5 with an anti-C5 antibody has been investigated 

in clinical trials in the setting of primary percutaneous coronary intervention (PCI) and 

coronary artery bypass grafting (CABG).15–18 Unfortunately, this treatment did not prove to 

be effective in improving patient outcome.19 Since blocking components early in the 

complement pathway affects several effector functions of the complement system20, we 

hypothesized that the receptor for C5a (C5aR; CD88), as one of the main downstream 

receptors involved in influx of inflammatory cells, would be a potential target to reduce 

myocardial IR injury.   

The C5aR is a G-protein coupled receptor expressed on several inflammatory cells, e.g. 

neutrophils, dendritic cells, mast cells, monocytes and T cells, but also on endothelial cells 

and other parenchymal cells such as cardiomyocytes.21–23 Neutrophils as well as T cells are 

known to be crucial players in the process of IR injury in several organs.24–29 Neutrophils 

invade the myocardium in the first hours after reperfusion, enabling them to cause major 

injury during early reperfusion.26,30,31

In support of a role for neutrophils and C5aR in myocardial IR, it was recently shown that 

C5aR knockout (C5aR-/-) mice have reduced infarct sizes after myocardial IR injury, which 

correlated with a reduction of neutrophils infiltrating the infarct area.32 However, it is 

unknown whether C5aR expression on bone marrow (BM)-derived cells or on parenchymal 

cells is responsible for the infarct size reduction seen in C5aR-/- mice. Further, asides from 

neutrophils, it is unclear what role other inflammatory cells play in this process. For example, 

T cells have also been shown to be involved at a very early stage in several models of IR 

injury.25,33,34 C5aR can be expressed by T cell populations and has been shown to be involved 

in differentiation and chemotaxis of these cells, in mice and in humans.35–38 However a 

distinct role for C5aR on T cell responses has not been investigated in a myocardial IR 
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injury setting to date. Finally, the long-term effects of C5aR-deficiency on cardiac function 

and adverse remodeling after myocardial IR have not been investigated.

In this study we therefore aimed to elucidate the role of C5aR expression on BM-derived 

cells as well as on parenchymal cells in mediating myocardial IR injury, and ultimate cardiac 

function and remodeling. We utilized BM chimera mice to differentiate the role of peripheral 

BM leucocyte C5aR and parenchymal C5aR after myocardial IR injury. We show that the 

absence of leucocyte C5aR is solely responsible for beneficial outcomes in C5aR-/- mice 

after IR, and is associated with a marked reduction of neutrophil, T cell, and macrophage 

infiltration into the infarcted myocardium. We also find a reduction in C3 deposition in 

C5aR-/- mice, suggesting that leucocyte-mediated myocardial injury via C5aR is associated 

with amplifying complement-mediated damage.

Methods

Animals
Male BALB/c wildtype (WT) mice (10 to 16 weeks old; 20 to 30g; BALB/cOlaHsd, Harlan, 

Indianapolis, Ind) and male homozygous C5aR knockout mice (C5aR-/-) on a BALB/c 

background (10 to 16 weeks old; 20 to 30 g; C5ar1tm1Cge/J, The Jackson Laboratory, Bar 

Harbor, Me) were used for all experiments. All mice received standard diet and water ad 

libitum and were treated in accordance with the Guide for the Care and Use of Laboratory 

Animals prepared by the Institute of Laboratory Animal Research published by the US 

National Institute of Health (revised 2011), and with prior approval by the Animal 

Experimentation Committee of the Faculty of Medicine, Utrecht University. 

Surgical procedures
Mice were anesthetized by intraperitoneal (i.p.) injection of a mix of Midazolam (5 mg/kg), 

Medetomidine (0.5 mg/kg) and Fentanyl (0.05 mg/kg). Mice were intubated and ventilated 

with 100% oxygen with an automated ventilator (Harvard Apparatus Inc). Myocardial 

ischemia was induced by surgical ligation of the left coronary artery (LCA) for 30 minutes. 

Ischemia was confirmed by bleaching of the myocardium and observed tachyarrhythmia. 

Reperfusion was started hereafter by releasing the ligature. All mice were maintained at 

a core body temperature of approximately 37°C during surgery by continuously monitoring 

temperature with a rectal probe and using an automatic heating blanket. Post-procedural 

analgesia was applied by subcutaneous (s.c.) injection of Buprenorphine 0.15 mg/kg, three 

times daily for up to 48 hours (if applicable). Mice were euthanized 1 hour, 24 hours or 4 

weeks after reperfusion by bleeding and explantation of the heart under general anesthesia 

(i.p. injection of Ketamine 75 mg/kg and Medetomidine 1 mg/kg). The left ventricle was 

isolated and cut in half for immunohistochemistry (stored in 4% formaldehyde in PBS) and 

isolation of protein and RNA (snap frozen in liquid nitrogen, stored at -80°C). 
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Infarct size determination
At 24 hours after myocardial IR the LCA was re-ligated and the hearts were perfused with 

2% Evans Blue dye (Sigma-Aldrich) by retrograde injection into the descending aorta, to 

indicate area at risk (AAR). After dissection of the heart, the left ventricle was isolated and 

cut in 1 mm slices, followed by staining with 2% 2,3,5-triphenyltetrazolium chloride (TTC) 

(Sigma-Aldrich) in Sörensen buffer at 37°C for 15 minutes to be able to discriminate 

between infarcted tissue and viable tissue. Digital photographs were taken, followed by 

assessment of Infarct size and area at risk by digital planimetry. Infarct size, area at risk 

and total left ventricular area were determined with ImageJ software (version 1.45s) in a 

blinded fashion. Infarct size as a percentage of area at risk (IS/AAR) was calculated for each 

group. 

Bone marrow transplantations
Femura and tibiae from WT mice and C5aR-/- mice were explanted after euthanasia (by 

cervical dislocation), and cleaned from soft tissue. Bone marrow (BM) cells were isolated 

by flushing the bones with RPMI-1640 medium with a 30G needle, in a sterile environment. 

The suspension was centrifuged for 10 minutes at 250g and the pellet was resuspended 

with RPMI-1640 to a concentration of 20x106 cells/ml. 

Recipient mice were irradiated with lethal doses of consecutively 700 cGy and 200 cGy 

(1030 monitorunits, 10 MeV) to destroy the BM. Afterwards, mice received 5x106 donor 

BM cells in 250 µl RPMI-1640 medium via tail vein injection and were allowed to recover 

for six weeks to ensure engraftment of the donor BM. Successful chimerization (>95% 

circulating donor cells) was confirmed after six weeks by measuring the percentage of 

C5aR expressing leucocytes and specifically neutrophils in venous blood samples by flow 

cytometry (Cytomics FC500, Beckman Coulter) using an anti-Ly6G antibody (rat anti-mouse 

Ly6G, clone RB6-8C5, eBioscience) and an anti-C5aR antibody (rat anti-mouse C5aR, clone 

20/70, AbD Serotec) (Supplemental Figure S1). Four groups of chimeric mice were created: 

WT BM transplanted in WT mice, C5aR-/- BM transplanted in C5aR-/- mice, WT BM 

transplanted in C5aR-/- mice and C5aR-/- BM transplanted in WT mice. After six weeks 

engraftment these mice were subjected to myocardial IR injury, as described above.

Cardiac function assessment
All measurements of cardiac function were performed with a Vevo® 2100 ultrasound system 

(Visualsonics Inc.) and analyzed with Vevo® 2100 software, version 1.3.0. Echocardiography 

was performed at baseline and 4 weeks after myocardial IR, under general anesthesia 

(Isoflurane 4% during induction, continuous 1.5-2.5% during measurements, in 100% 

oxygen). Temperature was monitored with a rectal probe and core body temperature was 

maintained constant at 36-37°C. Volumes and functional parameters were measured in 

parasternal long-axis view (LV trace mode). The measurements were performed in duplo, 

after which mean values were used for further statistical analysis. 
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Immunohistochemistry
Immunohistochemical stainings were performed on paraffin-embedded isolated left 

ventricles. Fixed tissue was cut into 5 µm sections. Tissue sections were stained for 

neutrophils with an anti-Ly6G antibody (rat anti-mouse Ly6G, clone RB6-8C5, Abcam), for 

T cells with an anti-CD3 antibody (rabbit anti-human CD3, clone F7.2.38, Dako), for 

macrophages with an anti-MAC3 antibody (rat anti-mouse MAC3, clone M3/84, BD 

Biosciences), and for C3 with an anti-C3 antibody (rabbit anti-mouse C3, clone E28-P, 

Abnova), according to manufacturer’s protocols. All sections were counterstained with 

haematoxylin to visualize the cell nuclei. Stained sections were examined by digital light 

microscopy. Digital images were analyzed with CellP software (Olympus Europe, Version 

2.8) in a blinded fashion. Neutrophils, T cells and macrophages were counted in the whole 

infarct area by automatic detection and numbers were corrected for infarct area (cells/

mm2). C3 deposition was measured as percentage positive staining of total infarct area (% 

of area). The infarct area was assessed visually as the area delineated by the borderzone 

between disrupted and intact myocardium.

Collagen density 4 weeks after IR was determined with Picrosirius Red staining. Stained 

sections were examined by digital light microscopy to determine infarct area and polarized 

light microscopy to determine collagen area and intensity. Collagen density was expressed 

as grey value per mm2 infarct area.  

Protein isolation from infarcted myocardial tissue
Infarcted myocardial tissue was dissolved in 250µl tissue lysis buffer (cOmplete Lysis-M, 

Roche). Lysis buffer was added to the tissue samples as well as zirconium oxide beads 

(Bertin Technologies), after which they were processed for 2x 30 seconds using a tissue 

homogenizer (Precellys 24, Bertin Technologies) and kept on ice for 30 minutes. After 

spinning the samples 2x 10 minutes at 25000g the supernatant was stored at -80°C. Sample 

protein concentration was measured with a BCA protein assay (Thermo Scientific). All 

measurements were corrected for protein concentration.

Cytokine- and chemokine measurements
Concentrations of TNFα, IL6 (ProcartaPlex assays, eBioscience), KC (the mouse analog of 

IL8), MIP-1α and G-CSF (Bio-Plex Pro assays, Bio-Rad) were measured in plasma and 

infarcted tissue with multiplex Luminex assays on a Bio-Plex 200 multiplex suspension 

array system (Bio-Rad), according to manufacturer’s protocol. Plasma samples were diluted 

1:1 and concentrations were expressed as pg/ml. For infarct measurements, 30µg of 

protein per sample was loaded and measured concentrations were expressed as ng/µg 

protein.

Caspase-3/7 measurements in infarcted tissue
Caspase-3/7 concentration in the infarcted tissue was measured with a luminescent assay 

(Caspase-Glo 3/7 assay, Promega), according to manufacturer’s protocol.  Per sample 25 

µg of protein was loaded and concentrations were expressed as relative light units (RLU).
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Flow Cytometry
Whole blood was collected in EDTA blood collection tubes at baseline and at 1 hour and 24 

hours after IR, after which 50ul whole blood was incubated with a mix containing antibodies 

against Ly6G (rat anti-mouse Ly6G-APC, clone 1A8, BD Biosciences), Ly6C (rat anti-mouse 

Ly6C-eFluor450, clone HK1.4, eBioscience), CD3 (hamster anti-mouse CD3e-FITC, clone 

eBio500A2, eBioscience), CD4 (rat anti-mouse CD4-eFluor450, clone RM4-5, eBioscience), 

CD8 (rat anti-mouse CD8a-APC-eFluor780, clone 53-6.7, eBioscience), CD11b (rat anti-mouse 

CD11b-APC-eFluor780, clone M1/70, eBioscience) and CD62L (rat anti-mouse CD62L-APC, 

clone MEL-14, eBioscience). The samples were analyzed on a Gallios flow cytometer 

(Beckman Coulter). White blood cell concentration was measured on a Cell-Dyn 3200 

automatic cell counter (Abbott Diagnostics). Neutrophils were defined as Ly6G+CD11b+ 

cells, monocytes as Ly6C+Ly6G-CD11b+ cells and T cells as CD3+ cells. Data analysis was 

performed with Kaluza Analysis Software (Beckman Coulter). Concentrations of leucocyte 

subsets were calculated using the total leucocyte concentration and the percentages of 

neutrophils, monocytes and T cells, as assessed by flow cytometry. 

Statistical analysis
Comparisons between two groups were performed with Mann-Whitney U tests. Multiple 

group comparisons were performed with one-way ANOVA with LSD post-hoc analysis 

(Supplemental Figure S2). Comparisons concerning two variables (differences between 

groups in time, and BM chimera experiments) were performed using two-way ANOVA 

with Bonferroni post-hoc analysis. Values are denoted as mean ± SEM, unless stated 

otherwise. p-values of ≤0.05 were considered statistically significant. Data were analyzed 

using SPSS 21.0 software (IBM® SPSS® Statistics).

Results

Reduced infarct size in C5aR-/- mice at 24 hours after myocardial IR
Infarct size, as a percentage of AAR, was significantly reduced in C5aR-/- mice compared 

with WT mice (28.5 ± 2.1% (C5aR-/-) vs. 35.7 ± 2.5% (WT), p = 0.017) at 24 hours after 

myocardial IR (Figure 1). There were no differences in area at risk between the groups 

(Supplemental Figure S2). There were also no differences in mortality after myocardial IR: 

one WT mouse and two C5aR-/- mice died <24 hours after IR. 

Improved cardiac function and higher collagen density in the infarcts of C5aR-/- mice
To assess the long term functional implications of the observed early infarct size 

reduction, cardiac function was measured at baseline and 4 weeks after myocardial IR. 

The ejection fraction (EF) was markedly improved in C5aR-/- mice after 4 weeks 

compared with WT mice (25.8 ± 5.5% (C5aR-/-) vs. 19.2 ± 5.4% (WT), p <0.001) (Figure 

2A). The improved ejection fraction was mainly attributable to an improvement in end-

systolic volume (ESV) (Table 1). 
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In line with this, cardiac output was also markedly higher in C5aR-/- mice (13.9 ± 0.7µl/min 

(C5aR-/-) vs. 11.3 ± 0.57µl/min (WT), p <0.05) (Table 1). There was no difference in heart 

rate between the groups. Also there were no differences in mortality during follow up. 

Both groups consisted of 20 mice at baseline. One WT mouse and two C5aR-/- mice died 

<24 hours after IR. Five C5aR-/- mice and one WT mouse were euthanized during folow 

up because of severe injuries due to fighting. 

Table 1. Cardiac function at baseline and 4 weeks after myocardial IR

WT C5aR-/- p-value

EDV (ul ± SEM) Baseline 94.2 ± 2.1 82.9 ± 3.0 NS

4 weeks 149.8 ± 7.6 124.0 ± 4.9 <0.01

ESV (ul ± SEM) Baseline 52.8 ± 1.4 45.6 ± 1.8 NS

4 weeks 122.3 ± 7.9 92.4 ± 4.8 <0.01

EF (% ± SEM) Baseline 43.9 ± 0.7 45.0 ± 0.4 NS

4 weeks 19.2 ± 1.3 25.8 ± 1.5 <0.001

CO (ul/min ± SEM) Baseline 18.2 ± 0.9 16.1 ± 0.7 NS

4 weeks 11.3 ± 0.5 13.9 ± 0.7 <0.05

SV (ul ± SEM) Baseline 41.4 ± 1.0 37.2 ± 1.2 NS

4 weeks 27.5 ± 1.3 31.7 ± 1.7 NS

HR (/min ± SEM) Baseline 407.2 ± 11.9 417.8 ± 6.5 NS

4 weeks 405.5 ± 11.1 436.2 ± 9.3 NS

Cardiac function of WT and C5aR-/- mice at baseline and 4 weeks after myocardial IR injury, measured 
with echocardiography (parasternal long-axis view, LV trace mode). Baseline: n = 10 per group; 4 
weeks: n = 18 (WT) and n = 13 (C5aR-/-). EDV, end-diastolic volume; ESV, end-systolic volume; EF, 
ejection fraction; CO, cardiac output; SV, stroke volume; HR, heart rate. Two-way ANOVA with 
Bonferroni post-hoc.

Figure 1. Infarct size / area at risk (IS/
AAR, %) at 24 hours after myocardial 
IR (n = 15-17 per group); * p<0.05 
(Mann-Whitney U test).
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Picrosirius Red staining for collagen showed that collagen density in the infarct area 4 

weeks after IR was higher in C5aR-/- mice compared with WT mice (1.08 ± 0.40 (C5aR-/-) 

vs. 0.30 ± 0.09 (WT), grey value per mm2 infarct area, p = 0.033) (Figure 2B). 

Absence of C5aR on bone marrow-derived cells determines infarct size reduction
To investigate the relative role of C5aR on parenchymal cells and on BM-derived cells in 

myocardial IR injury, BM transplantations were performed to create chimeric mice. 

Leucocyte expression of C5aR in mice transplanted with BM cells lacking C5aR was <1% 

(Supplemental Figure S1), indicating successful chimerization. There was no difference in 

mortality between the groups: two mice died <24 hours in the group of C5aR-/- mice 

transplanted with WT BM and also two died in the group of WT mice transplanted with 

C5aR-/- BM.

The control groups (WT / WT BM and C5aR-/- / C5aR-/- BM) showed a similar IS/AAR 

reduction as was observed in C5aR-/- mice compared with WT mice. Only mice with C5aR-

deficient BM cells (WT / C5aR-/- BM) showed a significant reduction in infarct size at 24 

hours after myocardial IR (25.3 ± 2.2% vs. 34.6 ± 2.8%, p<0.05), comparable to total 

C5aR-/- mice, whereas the C5aR-/- mice with WT BM cells (C5aR-/- / WT BM) showed no 

reduction in infarct size (Figure 3). This implicates that C5aR on BM-derived cells, rather 

than on parenchymal cells, determines infarct size. 

Figure 2. Cardiac function and scar composition at 4 weeks after myocardial IR. A) Ejection fraction 
at baseline (BL) and 4 weeks after myocardial IR (4wks). n = 13-18 per group); B) Collagen density in 
the infarct area 4 weeks after myocardial IR. Collagen density is expressed as grey value per mm2 
infarct area. n = 7-10 per group; * p<0.05 (A: two-way ANOVA with Bonferroni post-hoc;  
B: Mann-Whitney U test).



PART TWO  |  Chapter 5

100

Influx of inflammatory cells and complement activation in the infarct area after 
myocardial IR
In order to investigate differences in inflammatory cells infiltrating the infarct area following 

myocardial IR, neutrophils, T cells and macrophages in the infarct area were quantified 

after myocardial IR. Infarct analysis showed large infiltration of neutrophils between 1 hour 

and 24 hours after myocardial IR, but markedly less in C5aR-/- mice (190 ± 40 cells/mm2 

(C5aR-/-) vs. 471 ± 74 cells/mm2 (WT), p <0.001) (Figure 4A). T cells were seen to be 

infiltrated within 1 hour of reperfusion, and were much more pronounced within 24 hours 

in WT mice, but not in C5aR-/- mice (94 ± 24 cells/mm2 (C5aR-/-) vs. 358 ± 20 cells/mm2 

(WT), p <0.001) (Figure 4B). Although macrophages typically infiltrate at a later stage, 

already after 24 hours influx of macrophages was seen in the infarct area, and was, again, 

significantly reduced in C5aR-/- mice (70 ± 14 cells/mm2 (C5aR-/-) vs. 156 ± 23 cells/mm2 

(WT), p = 0.005) (Figure 4C). A similar reduction of infiltrating leucocytes was observed in 

the mice lacking C5aR only on leucocytes compared with C5aR-/- mice with WT leucocytes 

at 24 hours after myocardial IR (Supplemental Figure S3).

Complement factor 3 (C3)-deposition is considered to be a general marker for complement 

activation. Although the C5aR is a component downstream of C3, deposition of C3 was 

reduced at 24 hours after myocardial IR in C5aR-/- mice (0.30 ± 0.06 area% (C5aR-/-) vs. 

1.07 ± 0.26 area% (WT), p = 0.014), indicating leucocyte-mediated myocardial injury through 

C5aR drives further local complement activation (Figure 4D). 

Less apoptosis in the infarcted tissue of C5aR-/- mice after myocardial IR
Caspase-3/7 concentration in the infarcted tissue, as a marker of apoptosis, was lower at 

24 hours after myocardial IR (15100 ± 961 RLU (C5aR) vs. 18947 ± 1090 (WT), p <0.01) 

(Figure 5). Although plasma levels of pro-inflammatory cytokine TNFα were lower in C5aR-

/- mice (1.01 ± 0.44 pg/ml (C5aR-/-) vs. 3.30 ± 0.43 pg/ml (WT) at t = 1 hour, p <0.01), there 

Figure 3. Infarct size / area at risk 24 
hours after myocardial IR, in BM 
chimeric mice. WT/WT BM and C5aR-
/- / C5aR-/- BM groups serve as control 
groups. A reduction of IS/AAR is only 
seen in mice with knockout BM. 
Groups: WT / WT BM n = 13; C5aR-/- / 
C5aR-/- BM n = 13; C5aR-/- / WT BM n 
= 18; WT / C5aR-/- BM n = 16; IS/AAR, 
infarct size / area at risk (%); *p<0.05 
(two-way ANOVA with Bonferroni post-
hoc).
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Figure 4. Histology of the infarct area at baseline and at 1 hour and 24 hours after myocardial IR. 
Depicted below each figure are typical histology pictures 24 hours after IR injury in WT mice (left 
panel) and C5aR-/- mice (right panel). A) Ly6G+ neutrophils in the infarct area (n = 4 in baseline groups, 
n = 8-12 in other groups); B) CD3+ T cells in the infarct area (n = 4 in baseline groups, n = 7-10 in other 
groups); C) MAC3+ macrophages in the infarct area at 24 hours after myocardial IR (n = 13-14 per 
group); D) C3 deposition as a percentage of infarct area at 24 hours after myocardial IR (n = 7-13 per 
group); The black bar represents 100 µm; *p<0.05, **p<0.01, ***p<0.001 (A and B: two-way ANOVA 
with Bonferroni post-hoc; C and D: Mann-Whitney U test).
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were no differences in the infarcted tissue. Also IL6 levels in plasma and infarcted tissue 

were not different between the groups (Supplemental Figure S4). The concentration of 

the chemokines KC (the mouse analog of IL8) and MIP-1α and of G-CSF, which direct 

leucocyte migration into the tissue and the production of granulocytes in the bone marrow, 

respectively, did not differ between the groups within 24 hours after myocardial IR, in 

plasma nor in the infarcted tissue (Supplemental table S1). 

Less circulating T cells following myocardial IR
One hour after IR there was a marked increase of circulating leucocytes (neutrophils, 

monocytes and T cells) in WT mice, but much less in C5aR-/- mice (7.2 ± 0.5 x106 cells/ml 

(C5aR-/-) vs. 10.8 ± 0.9 x106 cells/ml (WT), p <0.001) (Figure 6A). This difference is mainly 

explained by a reduced number of T cells (2.0 ± 0.3 x106 cells/ml (C5aR-/-) vs. 4.0 ± 0.5 

x106 cells/ml (WT) at t = 1 hour, p <0.001) (Figure 6D), with strongest effects on CD4+ T 

cells, also persisting after 24 hours (Figures 6E and 6F). This trend was also visible in 

circulating monocytes, although not significant (Figure 6C). There were no differences in 

circulating neutrophils following IR between the groups (Figure 6B).

Figure 5. Caspase-3/7 concentration in 
the infarcted tissue 1 hour and 24 hours 
after myocardial IR (RLU, relative light 
units). n = 11-13 per group per time 
point; ** p<0.01 (two-way ANOVA with 
Bonferroni post-hoc).
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Figure 6. Levels of circulating leucocytes and leucocytes subsets, assessed by flow cytometry, at 
baseline (BL) and at 1 hour (1h) and 24 hours (24h) after myocardial IR; A) Total white blood cell 
concentration (x106 cells/ml); B) Concentration of circulating Ly6G+ neutrophils (x106 cells/ml); C) 
Concentration of circulating Ly6C+Ly6G- monocytes (x106 cells/ml); D) Concentration of circulating 
CD3+ T cells (x106 cells/ml); E) Concentration of CD3+CD4+ T cells (x106 cells/ml); F) Concentration of 
CD3+CD8+ T cells (x106 cells/ml); Baseline: n = 3-4 per group, 1h: n = 6-7 per group, 1dy: n = 11 per 
group; * p<0.05; *** p<0.001 (two-way ANOVA with Bonferroni post-hoc).
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Discussion

In this study we show that absence of C5aR selectively on BM-derived cells leads to a 

reduced infarct size after myocardial IR injury. This effect is likely mediated by an early 

reduction of neutrophil, T cell and macrophage influx in the infarct area, and translated into 

improved cardiac function after myocardial IR injury. 

It was recently shown that mice lacking C5aR have a reduced infarct size 24 hours after 

myocardial IR.32 In our study, we confirm these findings and show that this early infarct 

size reduction in mice lacking C5aR results in improved cardiac function after 4 weeks 

(Figure 2A), without increased mortality; an important finding in view of possible future 

clinical application of C5aR inhibitors. Analysis of the scar composition showed more 

collagen in C5aR-/- mice 4 weeks after IR (Figure 2B). The higher collagen density probably 

leads to a firmer scar that provides resistance to the intraventricular pressure and thereby 

contributes to prevention of outward remodeling and deterioration of systolic cardiac 

function. An early infarct size reduction has also been reported after treatment with an 

anti-C5aR antibody just prior to reperfusion in mice32 as well as in pigs39, indicating that 

C5aR exerts its pathogenic effect during reperfusion, not (only) during ischemia. 

Our BM transplantation studies showed that the infarct size reduction was only present in 

mice lacking C5aR on BM-derived cells, not parenchymal cells. This implicates that C5aR 

on parenchymal cells, e.g. endothelial cells, cardiomyocytes, or resident inflammatory cells, 

doesn’t play a role in the determination of infarct size in the setting of myocardial IR injury 

in mice. Interestingly, this is in line with previous findings, showing that lack of TLR2 

expression on circulating leucocytes also leads to infarct size reduction after myocardial 

IR.40 Similar results were also seen in a study showing that targeted deletion of NFkBp50 

on circulating leucocytes results in enhanced cardiac remodeling and deterioration of cardiac 

function in a myocardial infarction model.41 Also in patients with ST-segment elevation MI, 

the extent of TLR (2 and 4) activation correlates with infarct size as measured with cardiac 

magnetic resonance imaging.42 These observations suggest that receptor signalling on the 

leucocytes themselves drives the invasion of inflammatory cells into the injured tissue, 

enhancing the injurious inflammatory response in the setting of myocardial IR injury and 

other diseases. 

Blockade or the absence of C5aR in mice has been shown to result in reduced neutrophil 

influx into the infarct area following myocardial IR injury.32,43 We now extend these findings 

and demonstrate that reduced influx of inflammatory cells is not limited to neutrophils. Our 

studies show that the influx of T cells and macrophages is also strikingly reduced in the 

infarct area of C5aR-/- mice. T cells were seen to invade the myocardium even earlier than 

neutrophils, within 1 hour after reperfusion (Figure 4B). This is in accordance with previous 

studies showing rapid influx of T cells, even in the first minutes after the induction of 

reperfusion.34,40 

Although much research is devoted to the role of neutrophils in the setting of IR injury, in 

the last decade there have been emerging reports on the importance of T cells in this 

process. T cells have been shown to be important invaders following reperfusion in several 
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organs.25,34,44 CD4+ T cell depletion results in infarct size reduction in a mouse myocardial 

IR model, implicating their importance in this process.34 Neutrophil infiltration is also 

reduced in mice lacking CD4+ T cells and is restored by adoptive transfer of CD4+ T cells, 

implicating that T cells drive neutrophil chemotaxis following IR.34 The C5aR is present on 

many inflammatory cells, with several studies also demonstrating T cell expression of 

C5aR. Stimulation of T cell C5aR was shown to induce differentiation, proliferation and 

chemotaxis of T cells.35–38 In this study, we show in a myocardial IR model that lack of C5aR 

leads to an almost complete abrogation of T cells invading the myocardium (Figure 4B). In 

contrast, neutrophil influx is reduced, but not completely blocked at 24 hours after 

myocardial IR, compared with baseline levels (Figure 4A). This identifies the C5aR as an 

essential component in the regulation of T cell migration into the heart, and possibly 

subsequent neutrophil infiltration.

How lack of leucocytic C5aR reduces leucocyte influx into the infarct area has not been 

fully elucidated. Apart from reduced plasma TNFα levels we observed no differences in 

cytokine- and chemokine levels in the infarct area or plasma (Supplemental Figure S4 and 

Table S1). Also endothelial adhesion molecule ICAM-1 in the infarct area did not differ 

between the groups, in line with recent findings32 (data not shown). We however did 

observe a remarkable reduction of leucocyte recruitment into the circulation in C5aR-/- mice 

following IR, especially of CD4+ T cells (Figure 6). Flow cytometric analysis also showed 

less activated CD4+ T cells by shedding of CD62L following IR (Supplemental Figure S5). 

This difference in activated CD4+ T cells however might be explained by the lower levels 

of circulating CD4+ T cells. These observations support the theory that T cell activation and 

recruitment drive leucocytes chemotaxis into the injured myocardium, in line with previous 

findings.34

Deposition of C3 in the infarct area was strongly reduced in C5aR-/- mice at 24 hours after 

myocardial IR, indicating less local complement activation, despite that C5aR is downstream 

of C3. This finding suggests that leucocyte-mediated myocardial injury through C5aR drives 

further local complement activation. In the absence of C5aR, less leucocytes infiltrate the 

infarct area, inducing less damage and therefore limiting complement activation by DAMPs. 

This theory is in accordance with the previous finding that C5aR activation of T cells results 

in local complement activation.37 

The reduced infarct size and preservation of cardiac function appear to be mediated by 

attenuated leucocyte influx and less local complement activation. We also observed lower 

Caspase-3/7 levels in the infarcted tissue of C5aR-/- mice following IR (Figure 5), pointing 

to less apoptosis as a contributing factor to infarct size reduction. 

Despite promising experimental evidence, the humanized anti-C5 monoclonal antibody 

Pexelizumab did not proof to be beneficial in patients undergoing urgent reperfusion therapy 

for AMI (PCI or CABG). A meta-analysis of randomized controlled trials only showed a 

reduction in death following CABG.19 These results might partly be explained by the fact 

that Pexelizumab targets C5, which is earlier in the activation cascade and affects not only 

C5a but also the formation of C5b9 membrane attack complex. Besides, the reduction of 

C5a not only affects activation of C5aR but also of its alternative receptor C5L2. 
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C5aR blockage is a more targeted approach affecting only C5aR expressing cells, making 

it more eligible for clinical application. 

One of the limitations of our studies is that cardiac function was not assessed in chimeric 

mice, so a potential role for parenchymal C5aR expression in the functional deterioration 

and adverse remodeling following myocardial IR can not be excluded. Also, T cell depletion 

studies to fully dissect the role of C5aR on myeloid cells versus lymphoid cells have not 

been performed. It is important to address these issues in future studies. 

In conclusion, this study demonstrates that C5aR-mediated reduction of infarct size after 

cardiac IR is solely determined by C5aR expression on BM-derived cells. This early infarct 

size reduction also results in improved cardiac function at longer term, which is important 

in view of possible clinical application. The reduction of infarct size in the absence of C5aR 

is associated with a reduced influx of several inflammatory cell types, including an ablation 

of T cell infiltration, and reduced apoptosis. These findings point to a new role for T cell 

C5aR activation in influencing myocardial damage after IR injury. However, additional 

research is needed to fully dissect the role of C5aR on myeloid cells versus lymphoid cells. 

Selective inhibitors of the C5a-C5aR axis might be potential clinical candidates to improve 

cardiac function after myocardial IR injury.
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Supplemental Material

De Hoog VC et al. Leucocyte expression of complement C5a receptors exacerbates infarct 

size after myocardial reperfusion injury

Figure S1. C5aR expression on leucocytes and 
neutrophils six weeks after bone marrow 
transplantation, measured with Flow Cytometry. 
C5aR is expressed on <1% of leucocytes and 
neutrophils in mice transplanted with C5aR-/- 
bone marrow. WT / C5aR-/- BM, wildtype mice 
transplanted with C5aR-/- bone marrow; C5aR-/- / 
WT BM, C5aR-/- mice transplanted with wildtype 
bone marrow.

Figure S2. Area at risk / left ventricular area (AAR/
LV) in different groups of mice: WT mice, C5aR-
/- mice and four groups of bone marrow chimeric 
mice. There were no differences in AAR/LV 
between the groups. AAR/LV, area at risk / left 
ventricular area; WT, wildtype; BM, bone marrow; 
(one-way ANOVA with LSD post-hoc).
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Figure S3. Leucocytes in the infarct area of bone marrow chimeras at 24 hours after myocardial IR. 
A) Ly6G+ neutrophils in the infarct area (cells/mm2); B) CD3+ T cells in the infarct area (cells/mm2); C) 
MAC3+ macrophages in the infarct area (cells/mm2); WT / C5aR-/- BM, wildtype mice transplanted 
with C5aR-/- bone marrow; C5aR-/- / WT BM, C5aR-/- mice transplanted with wildtype bone marrow; 
n = 8-9 per group;  *** p<0.001 (Mann-Whitney U test).
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Figure S4. Concentration of TNFα and IL6 in plasma and infarcted tissue at 1 hour and 24 hours after 
myocardial IR. A) Plasma TNFα concentration (pg/ml); B) Infarct TNFα concentration (ng/µg); C) Plasma 
IL6 concentration (pg/ml); Infarct IL6 concentration (ng/µg); n = 7-10 per group; ** p<0.01 (two-way 
ANOVA with Bonferroni post-hoc).
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measured by shedding of CD62L (flow cytometry). Baseline: n = 3-4, 1h: n = 6-7, 1dy: n = 11 per 
group; * p<0.05 (two-way ANOVA with Bonferroni post-hoc).
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Table S1. Concentration of chemokines KC and MIP-1α and of granulocyte colony-stimulating factor 
(G-CSF) in plasma (A) and infarcted tissue (B) at 1 hour (1h) and 24 hours (24h) after myocardial IR.

Time WT
n = 7-10

C5aR-/-
n = 7-9

p-value

A. Plasma

KC (pg/ml ± SEM) 1h 18.30 ± 2.20 16.24 ± 1.75 NS

24h 15.81 ± 1.65 19.99 ± 3.56 NS

MIP-1α (pg/ml ± SEM) 1h ND ND n.a.

24h ND ND n.a.

G-CSF (pg/ml ± SEM) 1h 598.8 ± 17.1 519.0 ± 43.2 NS

24h 683.7 ± 24.1 612.5 ± 44.0 NS

B. Infarcted tissue

KC (ng/µg ± SEM) 1h 38.88 ± 5.45 47.69 ± 8.18 NS

24h 25.99 ± 2.90 27.63 ± 5.29 NS

MIP-1α (ng/µg ± SEM) 1h 10.95 ± 1.42 8.68 ± 0.78 NS

24h 5.27 ± 0.69 6.06 ± 0.75 NS

G-CSF (ng/µg ± SEM) 1h 3.64 ± 0.65 4.91 ± 1.52 NS

24h 9.88 ± 0.58 10.55 ± 0.94 NS

ND, not detectable; n.a., not applicable; Two-way ANOVA with Bonferroni post-hoc.
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Abstract

Aims
Restoration of coronary blood flow is crucial in the treatment of acute myocardial infarction. 

Reperfusion, however, induces ischemia-reperfusion (IR) injury which further deteriorates 

myocardial function. The innate immune system plays an important role in this process, 

mediating rapid influx of immune cells into the reperfused myocardium. Leukotriene B4 is 

an important leucocyte chemoattractant, performing its actions through binding to its 

specific receptor BLT1. We hypothesized that treatment with LSN2792613, a selective 

BLT1 antagonist, reduces infarct size in a mouse model of myocardial IR injury.

Methods and Results
Male C57Bl/6J mice were subjected to myocardial ischemia for 30 minutes by surgical 

coronary artery ligation, followed by reperfusion. Mice received either LSN2792613 or 

vehicle, three times daily (orally) for up to 72 hours after reperfusion. BLT1 inhibition with 

LSN2792613 reduced infarct size compared with vehicle treatment (26.9±2.7% vs. 

34.9±2.2%, p=0.030) at 24 hours after reperfusion. The levels of pro-inflammatory cytokine 

IL6 and chemokine KC were reduced in the infarcted tissue of LSN2792613-treated mice. 

Reduced apoptosis in LSN2792613-treated mice was suggested by increased levels of 

phosphorylated JNK and GSK3α/β, and confirmed by flow cytometric analysis showing less 

early- and late apoptotic and necrotic cardiomyocytes in the infarcted myocardium. 

Echocardiography at 4 weeks after myocardial IR showed an improved cardiac function in 

mice treated with LSN2792613 compared with vehicle-treated mice. 

Conclusion
Selective BLT1 inhibition with LSN2792613 reduces inflammation and apoptosis following 

IR, resulting in reduced infarct size and improved cardiac function, and therefore might be 

a promising strategy to prevent myocardial IR injury. 
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Introduction

Early reperfusion therapy is the cornerstone treatment of acute myocardial infarction (MI).1 

It reduces myocardial infarct size, heart failure development and mortality.2,3 Reperfusion 

itself, however, also has deleterious effects called (ischemia-) reperfusion injury (IR injury). 

IR injury causes additional injury to cardiomyocytes that were still viable at time of 

reperfusion. Many biological cascades have been proposed to be involved in IR injury, for 

which to date no clinically approved therapy exists.4,5 One of the major processes involved 

in myocardial IR injury is an exaggerated immune response.6–8 Targeted inhibition of 

detrimental factors involved in the immune responses at time of reperfusion might improve 

outcome after MI.6,9

Leukotrienes (LTs) are powerful mediators of the immune response and are downstream 

products of the 5-lypoxygenase (5-LO) pathway.10–12 Leukotriene A4 (LTA4) is converted to 

leukotriene B4 (LTB4) via the enzyme LTA4 hydrolase.13,14 LTA4  is expressed in a limited 

number of cells, such as macrophages, neutrophils, and mast cells.13 LTA4 hydrolase, 

however, is also present in other cells, such as vascular smooth muscle cells and endothelial 

cells in atherosclerotic plaques. Therefore, when LTA4 is secreted and transferred to these 

cells, these cells can produce LTB4 as well.12,13 LTB4 is one of the most powerful pro-

inflammatory products of the 5-LO pathway. There are two LTB4 receptors, known as BLT1 

and BLT2, which are G-protein coupled transmembrane receptors.12,15 BLT2 is ubiquitously 

expressed by various cell types and binds to other eicosanoids as well. BLT1, however, is 

the specific high affinity receptor for LTB4, primarily expressed by immune cells to regulate 

leucocyte chemotaxis and cytokine release.13 LTB4 concentrations are increased in ischemic 

myocardial tissue before neutrophil infiltration reaches its maximum.16

The 5-LO as well as LTB4-BLT1 pathways have been demonstrated to be involved in IR 

injury in several organs (liver17–19, kidney20,21, heart22–26). Since the innate immune response 

contributes to tissue injury following reperfusion, it is hypothesized that inhibition of the 

innate immune system, such as the 5-LO or more specifically the LTB4-BLT1 pathway, 

reduces infarct size. However, until now experimental interference in the 5-LO pathway in 

myocardial IR demonstrated ambiguous results. Treatment with a 5-LO inhibitor or 

cyclooxygenase-LO inhibitor before the induction of ischemia reduced infarct size in murine, 

rat and porcine IR models, respectively.21,22,24,25 The clinical utility of these studies, however, 

is limited since treatment was administered before the induction of ischemia, rather then 

just prior to or shortly after the initiation of reperfusion. Following myocardial IR in 5-LO 

knockout mice, TNFα and inflammatory cell influx into the infarcted myocardium were 

increased compared with wild-type mice, and no difference in infarct size was observed.23

In a permanent ligation model, 5-LO knockout mice tended to die due to cardiac rupture.27 

Also, antagonism of BLT2 in a dog myocardial IR model showed no reduction in infarct size 

/ area at risk (IS/AAR).24 The role of selective BLT1 inhibition has not been studied previously. 

This more downstream approach targeting inflammatory cells might reduce the 

inflammatory response and prevent cardiomyocyte injury following IR.
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In this study, we examined the role of LTB4-BLT1 in myocardial IR and the therapeutic 

potential of specific BLT1 antagonism. We hypothesized that inhibition with a novel BLT1 

antagonist LSN2792613 (Eli Lilly, Indianapolis, USA) after myocardial IR attenuates the 

inflammatory response following IR and reduces infarct size, resulting in an improved 

cardiac function.

Methods

Animals 
For all experiments male C57BL/6J mice were used (Charles River Laboratories, 10 to 16 

weeks old, 20 to 30 grams). Mice received standard diet and water was provided ad libitum. 

All mice were treated in accordance with the Directive 2010/63/EU of the European 

Parliament and of the Council on the protection of animals used for scientific purposes 

(2010), and with prior approval by the Animal Ethics Committee of the Faculty of Medicine, 

Utrecht University. 

Surgical procedure and treatment protocol
Mice were anesthetized with a Medetomidine (0.5 mg/kg), Midazolam (5 mg/kg) and 

Fentanyl (0.05 mg/kg) mix, injected intraperitoneally (i.p.), and subsequently intubated and 

ventilated with a mix of 96% oxygen and 4% nitrogen (Harvard Apparatus Inc.). Core body 

temperature was maintained at 37°C during surgery by continuous monitoring with a rectal 

probe and the use of an automatic heating blanket.

Myocardial ischemia was induced by surgical ligation of the left coronary artery (LCA) with 

a 8-0 prolene suture for 30 minutes. Successful ligation was confirmed by bleaching of the 

myocardium at risk and observed tachyarrhythmia. After 30 minutes the ligature was 

released, inducing reperfusion. The chest was closed, after which the mice received a 

subcutaneous injection containing Atipamezole (2.5 mg/kg), Flumazenil (0.5 mg/kg), and 

Buprenorphine (0.15 mg/kg) and were allowed to recover from the surgery. Post-procedural 

analgesia was administered by subcutaneous injections of Buprenorphine 0.15 mg/kg, 

three times daily for up to 24 hours when sacrificed at 24 hours and up to 48 hours when 

sacrificed at 4 weeks after the procedure.

The treatment groups received LSN2792613 (50mg/kg), a selective BLT1 antagonist (a gift 

from Eli Lilly, Indianapolis, USA) dissolved in a vehicle solution of 10% w/v acacia (Sigma-

Aldrich) and 0.05% v/v antifoam (Sigma-Aldrich) in purified water, three times daily via oral 

gavage. Additional information on selectivity for BLT1 (Table S1), time – concentration data 

(Table S2) and pharmacokinetic data (Table S3) of LSN2792613 can be found in the 

Supplemental Material. The first dose was administered directly after recovery from 

anesthesia and treatment was continued for 24 hours when sacrificed at 24 hours or for 

72 hours when sacrificed at 4 weeks. The control groups received vehicle solution only, 

according to the same protocol. 
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Mice were euthanized at 24 hours or 4 weeks after reperfusion by bleeding and explantation 

of the heart under general anesthesia (i.p. injection of Ketamine 75 mg/kg and Medetomidine 

1 mg/kg). The left ventricle was isolated and cut in half lengthwise, through the center of 

the infarct, for immunohistochemistry (stored in 4% formaldehyde in PBS) and isolation 

of protein (snap frozen in liquid nitrogen, stored at -80°C). The procedures for infarct size 

determination are described below.

Timeline diagrams (Figure S1) and an overview of all groups and measurements per group 

(Figure S2) can be found in the Supplemental Material.

Characteristics of BLT1 antagonist LSN2792713
Selectivity for BLT1 (Table S1), time – concentration data in vivo (Table S2) and 

pharmacokinetics (Table S3) of LSN2792613 were assessed following oral administration 

in mice. Male C57Bl/6 mice received 10, 30, or 300 mg/kg LSN2762613 in 10%w/v acacia/ 

0.05%v/v antifoam in purified water. Plasma samples were collected at indicated times 

(Table S2). Concentrations of LSN2792613 were determined by mass spectrometry using 

Sciex API 4000.

Infarct size determination
In the ‘infarct size’ groups the LCA was surgically re-ligated under general anesthesia at 

24 hours after reperfusion (see above). The hearts were flushed and perfused with 2% 

Evans Blue dye (Sigma-Aldrich) by retrograde injection via the descending aorta in vivo, 

with intact circulation, to indicate area at risk (AAR). After explantation of the hearts, the 

left ventricles were isolated, divided into 1 mm slices and subsequently incubated in 2% 

2,3,5-triphenyltetrazolium chloride (TTC) (Sigma-Aldrich) in Sörensen buffer at 37°C for 15 

minutes, to distinguish infarcted tissue from viable myocardium. Digital photographs were 

taken, followed by assessment of infarct size and area at risk by digital planimetry. Infarct 

size, area at risk and total left ventricular area were determined with ImageJ software 

(version 1.45s) in a blinded fashion. Infarct size as a percentage of area at risk (IS/AAR) 

was calculated for each group. 

Echocardiography
Cardiac function was assessed by echocardiography at baseline and at 4 weeks after 

myocardial IR with a Vevo 2100 ultrasound system (Visualsonics Inc.), and analyzed with 

Vevo 2100 software (version 1.3.0). The PSLAX Trace Tool was used in the parasternal long 

axis view, acquired in B-Mode. From these images the Stroke Volume (SV: left ventricular 

end-diastolic volume – left ventricular end-systolic volume), Cardiac Output (CO: SV * heart 

rate) and Ejection Fraction (EF: 100 * (left ventricular end-diastolic volume – left ventricular 

end-systolic volume) / left ventricular end-diastolic volume) were calculated using the 

software in the PSLAX Trace Tool.  

Echocardiography was performed under general anesthesia (Isoflurane 4% during induction, 

followed by continuous 1.5-2.5%, in 100% oxygen). Core body temperature was monitored 

with a rectal probe and maintained at 36-37°C. All measurements were performed and 
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analyzed in duplo, after which the mean values were used for further statistical analysis. 

The results are presented as the percentage change of the parameters at 4 weeks after 

myocardial IR, compared with mean baseline values. 

Immunohistochemistry
Isolated left ventricles were embedded in paraffin and cut into 5µm sections. Tissue 

sections were stained for neutrophils using a Naphtol AS-D Chloroacetate Esterase kit 

(Sigma-Aldrich), T cells with an anti-CD3 antibody (rabbit anti-human CD3, clone F7.2.38, 

Dako), and macrophages with an anti-MAC3 antibody (rat anti-mouse MAC3, clone M3/84, 

BD Biosciences), according to the manufacturer’s protocols. All sections were 

counterstained with haematoxylin to visualize cell nuclei. Stained sections were visualized 

by digital light microscopy (at 200x magnification) and analyzed with CellP software 

(Olympus Europe, version 2.8) in a blinded fashion. Immune cells were quantified in the 

entire infarct area by automatic detection and total counts were corrected for infarct area 

(cells/mm2). 

Picrosirius Red staining was performed on paraffin embedded tissue sections at 4 weeks 

after IR to analyze collagen density in the infarct area. Stained sections were examined 

with digital light microscopy (at 100x magnification) to determine infarct area and with 

polarized light microscopy to determine collagen area and intensity. Collagen density was 

expressed as grey value per mm2 infarct area. 

Protein isolation
Infarcted myocardial tissue was visually identified under a microscope, processed and 

dissolved with tissue lysis buffer (cOmplete Lysis-M, Roche). Tissue samples were mixed 

with 250µL lysis buffer and zirconium oxide beads (Bertin Technologies), after which they 

were processed for 2x 30 seconds using a tissue homogenizer (Precellys 24, Bertin 

Technologies) and kept on ice for 30 minutes. After spinning the samples for 2x 10 minutes 

at 25000g the supernatant was stored at -80°C. Protein concentration was measured using 

a BCA protein assay (Thermo Scientific) and used for adjustment for total protein 

concentration. 

Myeloperoxidase measurements
Myeloperoxidase (MPO) concentration in the infarcted tissue was measured with an ELISA 

assay (Mouse MPO ELISA, Hycult Biotech), according to the manufacturer’s protocol. 

Samples were diluted to a concentration of 25µg/100µL. Measurements were corrected 

for protein concentration and were expressed as ng/mg.

Cytokine- and chemokine measurements
Concentrations of IL6 and KC (keratinocyte chemoattractant; murine IL8 homologue) in 

the infarcted tissue and in plasma were measured with single-plex Luminex assays on a 

Bio-Plex 200 multiplex suspension array system (Bio-Rad), according to the manufacturer’s 

protocol. Plasma samples were diluted 1:1 and concentrations were expressed as pg/mL. 
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For infarct tissue measurements, 30µg of protein per sample was loaded and measured 

concentrations were expressed as pg/mg protein. 

Apoptotic cell signaling protein measurements
Total levels of JNK and GSK3α/β, as well as phosphorylated JNK and GSK3α/β, were 

measured in the infarcted myocardial tissue (carefully dissected under a microscope) with 

a multiplex Luminex assay on a Bio-Plex 200 multiplex suspension array system (Bio-Rad), 

according to the manufacturer’s protocol. Values were expressed as the ratio between 

phosphorylated protein and total protein and were corrected for total protein concentration 

of the samples.

Flow cytometry
Blood was collected in EDTA tubes and infarcted myocardial tissue was identified and 

isolated from the myocardium. Infarcted tissue was cut into ≈1mm2 pieces and enzymatically 

digested in dissociation buffer containing 2.6 U/mL Liberase TL (Roche), 10 x102 U/mL 

DNAse-I (Roche), 10mM HEPES (Life Technologies) in Dulbecco PBS (Gibco) for 20 minutes 

at 37°C. Digested tissue was gently filtered over a 40µm cellstrainer (Greiner) to obtain a 

single-cell suspension, washed and resuspended in FACS buffer (5% FBS/PBS). Fifty (50µL) 

of blood or cell-suspension was added to 100 µL of antibody mixture containing CD45, 

CD11b, Ly6G (clone 1A8) and CD62L (eBioscience) to identify neutrophils and incubated 

for 30 minutes in the dark at room temperature. Blood samples, after red blood cell lysis, 

were directly analyzed by flow cytometry (Gallios, Beckman Coulter), while cells obtained 

by enzymatic digestion were incubated with Sytox Blue (Life Technologies), to exclude 

dead cells, and measured within 30 minutes.

Apoptosis of cardiomyocytes was measured by flow cytometry in digested myocardial 

tissue using a Annexin V-FITC/PI (Proprium Iodide) staining kit (eBioscience) according to 

the manufacturer’s protocol. Annexin V+ PI- cells were identified as early apoptotic, Annexin 

V+ PI+ as late apoptotic and Annexin V- PI+ as necrotic cells. Kaluza Analysis Software 1.2 

was used to analyze all flow cytometry data. 

Statistical analysis
Two-group comparisons were performed with Mann-Whitney U tests, or with Student’s 

t-tests when appropriate. Normally distributed data was compared with a Student’s t-test 

and non-normally distributed data (indicated by a significant Levene test, p<0.05) with a 

Mann-Whitney U test. Values are denoted as mean ± SEM, unless stated otherwise. All 

data were analyzed using SPSS Statistics software (IBM), version 21.0.   
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Results

LSN2792613 reduces infarct size at 24 hours after myocardial IR
At 24 hours after IR, infarct size / area at risk (IS/AAR) was reduced in mice treated with 

LSN2792613 compared with the vehicle-treated group (26.9 ± 2.7% (LSN2792613) vs. 

34.9 ± 2.2%, p = 0.030) (Figure 1A). Similarly, infarct size expressed as a percentage of 

the left ventricle was reduced (10.9 ± 1.0% (LSN2792613) vs. 14.9 ± 1.0%, p = 0.011) 

(Figure 1B), while no difference in area at risk was observed (41.5 ± 2.1% (LSN2792613) 

vs. 43.0 ± 1.7%, NS) (Figure 1C). Representative images are shown in Figure 1D.

Figure 1. Infarct size and area at risk 24 hours after myocardial IR. A) Infarct size / area at risk (%); B) 
Infarct size / left ventricular area (%); C) Area at risk / left ventricular area (%); D) Representative 
pictures of infarct size in vehicle-treated (left) and LSN2792613-treated (right) mice. White tissue = 
infarct, red tissue = area at risk; Vehicle group: n = 14, LSN2792613 group: n = 11. *p < 0.05 (Student’s 
t-test)
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No difference in mortality following myocardial IR after treatment with LSN2792613
No significant differences in survival were found between the groups. A total of 79 mice 

underwent IR injury with 24 hours survival (37 LSN2792613-treated mice, 42 vehicle-treated 

mice). Three LSN2792613-treated mice (8.1%) and four vehicle-treated mice (9.5%) died 

during 24 hours of follow up, and four LSN2792613-treated mice (10.8%) and six vehicle-

treated mice (14.3%) were excluded from the analysis because of procedural problems 

(no infarct, no reperfusion or insufficient TTC staining). There was also no significant 

difference in survival during 4 weeks of follow up after myocardial IR injury (93.8% in the 

LSN2792613-treated group vs. 68.8% in the vehicle-treated group, p = 0.198, Log Rank 

test). Both groups consisted of 16 mice at baseline. One LSN2792613-treated mouse and 

five vehicle-treated mice died within 24 hours after reperfusion. Also one LSN2792613-

treated mouse was euthanized during follow up because of severe injuries due to fighting.

An overview of all groups and measurements per group can be found in Figure S2.

Preservation of cardiac function in mice treated with LSN2792613 following myocardial IR
Treatment with LSN2792613 resulted in a relative preservation of ejection fraction (EF) 

(percentage change -27.3 ± 1.6% (LSN2792613) vs. -36.9 ± 4.4%, p = 0.033), cardiac 

output (CO) (percentage change -19.8 ± 2.8% (LSN2792613) vs. -32.6 ± 3.2%, p = 0.006) 

and stroke volume (SV) (percentage change -15.5 ± 3.1µL (LSN2792613) vs. -26.9 ± 4.7µL, 

p = 0.047) at 4 weeks after IR compared with vehicle treatment (Table 1). Representative 

echocardiographic images of vehicle- and LSN2792613-treated mice at baseline and at 4 

weeks after myocardial IR injury can be found in Figure S5.

Higher collagen density in the infarct area after treatment with LSN2792613 
Picrosirius red staining for collagen at 4 weeks after IR showed a higher collagen density in 

the infarct area of LSN2792613-treated mice compared with vehicle-treated mice (0.53 ± 

0.14 (LSN2792613) vs. 0.11 ± 0.02, grey value per mm2 infarct area, p = 0.043) (Figure 2).

Reduced inflammatory cytokine and chemokine levels after treatment with LSN2792613
The level of pro-inflammatory cytokine IL6 was lower in the infarcted myocardium at 24 

hours after IR (4.0 ± 1.5 pg/mg (LSN2792613) vs. 18.8 ± 5.0 pg/mg, p = 0.026) (Figure 3A), 

but not in plasma (Figure 3B), of mice treated with LSN2792613 compared with vehicle-

treated mice. Also levels of keratinocyte chemoattractant (KC), a potent murine chemokine 

homologous to human IL8, were markedly lower both in infarcted tissue (12.6 ± 3.3 pg/

mg (LSN2792613) vs. 48.0 ± 12.1 pg/mg, p = 0.041) and in plasma (8.2 ± 4.0 pg/mL 

(LSN2792613) vs. 29.3 ± 6.9 pg/mL, p = 0.008) of LSN2792613-treated mice (Figures 3C 

and 3D). 

There were no significant differences in neutrophil, T cell and macrophage influx into the 

infarct area at 24 hours after IR (Figure 4). Also total myeloperoxidase (MPO) concentration 

was not significantly different in the infarcted tissue at 24 hours after IR (56.2 ± 12.4 ng/

mg (LSN2792613) vs. 71.0 ± 18.6 ng/mg (vehicle), NS) (Figure S3). 
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Table 1. Cardiac function at baseline and at 4 weeks after myocardial IR injury.

Baseline 4 weeks % change Sign
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EF (%) 44.8 ± 0.5 43.8 ± 0.4 28.4 ± 1.9 31.9 ± 0.7 -36.9 ± 4.4 -27.3 ± 1.6 0.033

EDV (µL) 83.9 ± 1.2 87.5 ± 2.0 99.0 ± 3.0 100.1 ± 3.5 +16.8 ± 3.1 +15.9 ± 3.1 NS

ESV (µL) 46.3 ± 0.8 49.1 ± 1.0* 71.2 ± 3.5 68.2 ± 2.5 +53.1 ± 7.2 +40.6 ± 3.9 NS

CO (µL/min) 19.7 ± 0.6 20.1 ± 0.9 13.3 ± 0.7 15.8 ± 0.7* -32.6 ± 3.2 -19.8 ± 2.8 0.006

SV (µL) 37.6 ± 0.6 38.4 ± 1.1 27.8 ± 1.6 32.0 ± 1.3 -26.9 ± 4.7 -15.5 ± 3.1 0.047

HR (rpm) 522 ± 11 521 ± 11 482 ± 14 493 ± 7 -6.2 ± 3.4 -4.7 ± 2.1 NS

Cardiac function of mice treated with LSN2792613 vs. vehicle-treated mice, 4 weeks after myocardial 
IR injury, measured with echocardiography (parasternal long-axis view, LV trace mode). The ‘baseline’ 
and ‘4 weeks’ columns report absolute values (mean ± SEM). The ‘% change’ column reports the 
% change at 4 weeks compared with baseline values. p-values (Sign) indicate differences in % 
change between the groups. * Indicates a significant difference between absolute values (p < 0.05). 
Baseline: n = 16 per group; 4 weeks: n = 11 (vehicle group) vs. n = 14 (LSN2792613 group); EF, 
ejection fraction; EDV, end-diastolic volume; ESV, end-systolic volume; CO, cardiac output; SV, 
stroke volume; HR, heart rate; Sign, significance (p-value); (Student’s t-tests)

Figure 2. Collagen density in the 
infarct area at 4 weeks after IR, 
assessed with Picrosirius Red 
staining (grey value / mm2, 100x 
magnification). The black bar 
represents 100 µm. Vehicle group: n 
= 11, LSN2792613 group: n = 14. *p 
< 0.05 (Mann-Whitney U test)
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Flow cytometric analysis of whole blood and infarcted myocardium at 24 hours after 

myocardial IR showed less activated neutrophils in the circulation of LSN2792613-treated 

mice (Figure 5C), but not in the infarcted myocardium (Figure 5D). The percentage of 

neutrophils (compared with total leucocyte number) was not different between the groups 

(Figures 5A and 5B).

LSN2792613 reduces apoptosis in the infarcted myocardium following IR
The ratio between levels of phosphorylated GSK3α/β (pGSK3α/β) and total GSK3α/β in the 

infarcted tissue was higher in LSN2792613-treated mice at 24 hours after IR than in vehicle-

Figure 3. Concentrations of IL6 and KC in the infarcted myocardial tissue and in plasma at 24 hours 
after IR. A) IL6 concentration in the infarcted tissue (pg/mg); B) IL6 concentration in plasma (pg/mL); 
C) KC concentration in the infarcted tissue (pg/mg); D) KC concentration in plasma (pg/mL); Vehicle 
group: n = 7, LSN2792613 group: n = 6. *p < 0.05, **p < 0.01 (Mann-Whitney U tests)
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Figure 4. Leucocyte count in the infarct area at 24 hours after myocardial IR, assessed with 
immunohistochemistry (200x magnification). A) Neutrophils in the infarct area (cells/mm2); B) CD3+  
T cells in the infarct area (cells/mm2); C) MAC3+ macrophages in the infarct area (cells/mm2);  
The black bar represents 100 µm; Vehicle group: n = 7, LSN2792613 group: n = 5. No significant 
differences (Mann-Whitney U tests)



129

BLT1 antagonism reduces myocardial IR injury

6

treated mice (0.029 ± 0.001 (LSN2792613) vs. 0.017 ± 0.001, p = 0.001) (Figure 6A). A 

similar difference was observed for phosphorylated JNK (pJNK) / total JNK (0.847 ± 0.079 

(LSN2792613) vs. 0.478 ± 0.022, p = 0.001) (Figure 6B). 

Flow cytometric analysis of cardiomyocytes isolated from the infarcted area at 24 hours 

after reperfusion showed significantly less early apoptotic (Figure 7A) and late apoptotic 

cells (Figure 7B) as well as less necrotic cells (Figure 7C) in LSN2792613-treated mice. 

Figure 5. Percentage of neutrophils and activated neutrophils in the circulation and in the infarcted 
myocardium at 24 hours after myocardial IR. A) Circulating neutrophils (CD11b+ Ly6GHI) as a percentage 
of total circulating leucocytes; B) Neutrophils (CD11b+ Ly6GHI) in the infarcted tissue as a percentage 
of total leucocytes; C) Percentage of circulating activated neutrophils (CD62L-); D) Percentage of 
activated neutrophils (CD62L-) in the infarcted tissue. Vehicle group: n = 11, LSN2792613 group:  
n = 12. *p < 0.05, **p < 0.01 (whole blood: Mann-Whitney U tests, infarcted tissue: Student’s t-tests)
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Figure 6. Apoptosis signaling proteins GSK3α/β and JNK in the infarcted myocardial tissue at 24 hours 
after IR. Ratio between phosphorylated protein and total protein. Vehicle group: n = 7, LSN2792613 
group: n = 6; **p < 0.01 (Mann-Whitney U tests)

Figure 7. Percentage of early (A) and late (B) apoptotic and necrotic (C) cardiomyocytes in the infarcted 
tissue at 24 hours after myocardial IR. Representative flow cytometry plots are depicted in panel D. 
Vehicle group: n = 11, LSN2792613 group: n = 12; * p < 0.05, **p < 0.01 (Student’s t-tests)
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Discussion
 

In this study we demonstrate that oral treatment with LSN2792613, a selective BLT1 

antagonist, reduces myocardial infarct size after IR injury, most likely by reducing myocardial 

inflammation and apoptosis. The reduced infarct size resulted in an improved cardiac 

function without an increase in complications such as cardiac rupture, which is an important 

finding in view of potential clinical application for patients with acute MI.

Preclinical studies for IR injury, and their translation into clinical practice in particular, are 

notoriously difficult. It is therefore of great importance to optimize the translational value 

of preclinical studies in this field.28 In this study, the treatment was tested in an in vivo 

model and administered at a clinically relevant time point, i.e. directly after reperfusion. 

Also, clinically relevant endpoints, such as infarct size and cardiac function were assessed. 

Our results support future investigations on the use of BLT1 inhibition in adjunction to 

reperfusion therapy following acute MI. In this study, the compound was administered 

orally. Unfortunately, intravenous treatment was not available. Potentially, therapeutic serum 

levels can be reached faster with intravenous treatment, which might result in a more 

significant reduction of infarct size and better preservation of cardiac function. These results 

obtained with oral treatment warrant further studies with intravenous treatment.

An exaggerated inflammatory response and the activation of apoptotic signaling pathways 

are key features in the induction of reperfusion injury.6,8,29 Many studies have shown that 

interference with the early inflammatory response after myocardial reperfusion, mainly by 

influencing influx and activation of inflammatory cells, can limit reperfusion injury in several 

organs.6,30-32 Although BLT1 activation stimulates leucocyte attraction and influx, the number 

of inflammatory cells quantified in the infarct area was not significantly different between 

mice treated with LSN2792613 and vehicle-treated mice. Similarly, myeloperoxidase 

concentration in the infarcted tissue did not differ. The levels of pro-inflammatory cytokine 

IL6 and the potent chemokine KC, however, were reduced after LSN2792613 treatment, 

suggesting that LSN2792613 at least alters the activity of inflammatory cells to a less 

inflammatory phenotype. IL6 is produced by activated leucocytes and activates other 

inflammatory cells to mediate the inflammatory response following myocardial IR.33,34 

Binding of LTB4 to BLT1 induces production of IL6 via NFκB activation.35 KC is an important 

chemotactic protein that plays a role in the attraction, but also in the activation of neutrophils 

following IR.36,37 Although the percentage of activated neutrophils (measured as the 

percentage of CD62L- neutrophils) did not differ in the infarcted myocardium, it was lower 

in the circulation of LSN2792613-treated mice. It seems that the beneficial effects of BLT1 

inhibition following reperfusion are at least partly explained by reduced leucocyte activation 

and inflammation.

In this study, we also observed that collagen density in the infarcted area 4 weeks after IR 

was higher in the mice treated with LSN2792613 compared with control mice. This inverse 

relation between the level of inflammation and collagen density is a phenomenon that was 

observed previously in several myocardial infarction studies.30,38,39 Excessive inflammation 

induces extracellular matrix degradation.29 A firmer, collagen rich scar will be able to better 
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resist the mechanical forces that contribute to adverse cardiac remodeling and deterioration 

of cardiac function at the long term. 

Our findings also implicate that reduction of apoptosis is one of the mechanisms underlying 

the reduced infarct size and functional improvement following treatment with LSN2792613 

after IR injury. We observed higher ratios between phosphorylated and total JNK and 

GSK3α/β in the infarcted tissue at 24 hours after IR. GSK3 can be activated by tissue 

damage and promotes cell death via the intrinsic apoptosis signaling pathway.40 

Phosphorylation of GSK3 causes inactivation of this protein. We observed more 

phosphorylated GSK3α/β in the LSN2792613-treated mice, compared with total GSK3α/β, 

indicating reduced apoptosis. Higher levels of pGSK3 have also been shown to be protective 

in a mouse model of myocardial IR41. Leukotrienes have been shown to influence the 

Wnt/b-Catenin/GSK3 pathway via their G-protein coupled receptors, supporting the 

influence of BLT1 antagonism on GSK3α/β signaling.42 The JNK pathway is also involved 

in apoptosis signaling. JNK can be either pro- or anti-apoptotic.43 Phosphorylated JNK is 

able to suppress apoptosis44, and has been shown to be protective in a rat cardiomyocyte 

IR model.45 We observed a higher pJNK / total JNK ratio in the LSN2792613-treated group, 

suggesting less apoptosis. This is confirmed by flow cytometric analysis of apoptotic and 

necrotic cells in the infarcted myocardium, identifying a reduction of apoptosis as well as 

necrosis as an important contributor to infarct size reduction after LSN2792613 treatment.

Previous studies have shown no beneficial effects of lack of 5-LO on myocardial IR injury 

using 5-LO knockout mice.23 However, 5-LO is high upstream in the pathway and influences 

many LTs and eicosanoids and their actions via many receptors. Targeting a broad range 

of proteins might not only be beneficial but might also influence wound healing and scar 

formation. Inflammation contributes to reperfusion injury and adverse cardiac remodeling, 

but is also necessary for cardiac wound healing/repair after MI. Broad inhibition of 

inflammation by e.g. steroids or non steroid inflammatory drugs impairs myocardial infarct 

healing,46-48 whereas targeted inhibition of more downstream inflammatory mediators may 

improve outcome. The challenge is to selectively inhibit the harmful inflammatory response 

without interfering in the necessary wound healing process. BLT 1 inhibition is a more 

targeted approach, only influencing the actions of LTB4 on its specific receptor and therefore 

might better be suited as a therapeutic, limiting adverse effects.

In conclusion, treatment with LSN2792613 reduces myocardial infarct size and improves 

cardiac function after IR injury, probably by reducing myocardial inflammation and apoptosis. 

LSN2792613 therefore represents a promising auxiliary to early reperfusion therapy for 

patients with acute MI.



133

BLT1 antagonism reduces myocardial IR injury

6

References

1.  Steg PG, James SK, Atar D, Badano LP, Blömstrom-Lundqvist C, Borger MA, Di Mario C, Dickstein 
K, Ducrocq G, Fernandez-Aviles F, Gershlick AH, Giannuzzi P, Halvorsen S, Huber K, Juni P, Kastrati 
A, Knuuti J, Lenzen MJ, Mahaffey KW, Valgimigli M, van ’t Hof A, Widimsky P, Zahger D. ESC 
Guidelines for the management of acute myocardial infarction in patients presenting with ST-
segment elevation. Eur Heart J 2012;33:2569–2619. 

2.  Fox KAA, Steg PG, Eagle KA, Goodman SG, Anderson FA, Granger CB, Flather MD, Budaj A, Quill 
A, Gore JM. Decline in rates of death and heart failure in acute coronary syndromes, 1999-2006. 
JAMA 2007;297:1892–900. 

3.  Keeley EC, Boura JA, Grines CL. Primary angioplasty versus intravenous thrombolytic therapy for 
acute myocardial infarction: a quantitative review of 23 randomised trials. Lancet 2003;361:13–20. 

4.  Fröhlich GM, Meier P, White SK, Yellon DM, Hausenloy DJ. Myocardial reperfusion injury: looking 
beyond primary PCI. Eur Heart J 2013;34:1714–1722. 

5.  Bernink FJP, Timmers L, Beek AM, Diamant M, Roos ST, Van Rossum AC, Appelman Y. Progression 
in attenuating myocardial reperfusion injury: an overview. Int J Cardiol 2014;170:261–269. 

6.  Timmers L, Pasterkamp G, de Hoog VC, Arslan F, Appelman Y, de Kleijn DPV. The innate immune 
response in reperfused myocardium. Cardiovasc Res 2012;94:276–283. 

7.  Yellon DM, Hausenloy DJ. Myocardial reperfusion injury. N Engl J Med. 2007;357:1121–1135. 
8.  Frangogiannis NG, Smith CW, Entman ML. The inflammatory response in myocardial infarction. 

Cardiovasc Res 2002;53:31–47. 
9.  Hausenloy DJ, Yellon DM. Myocardial ischemia-reperfusion injury : a neglected therapeutic target. 

J Clin Invest 2013;123:92–100. 
10.  Spite M, Hellmann J, Tang Y, Mathis SP, Kosuri M, Bhatnagar A, Jala VR, Haribabu B. Deficiency 

of the leukotriene B4 receptor, BLT-1, protects against systemic insulin resistance in diet-induced 
obesity. J Immunol 2011;187:1942–1949. 

11.  Li RC, Haribabu B, Mathis SP, Kim J, Gozal D. Leukotriene B4 receptor-1 mediates intermittent 
hypoxia-induced atherogenesis. Am J Respir Crit Care Med 2011;184:124–131. 

12.  Peters-Golden M, Henderson WR. Leukotrienes. N Engl J Med 2007;357:1841–1854. 
13.  Poeckel D, Funk CD. The 5-lipoxygenase/leukotriene pathway in preclinical models of 

cardiovascular disease. Cardiovasc Res 2010;86:243–253. 
14.  Funk CD. Prostaglandins and leukotrienes: advances in eicosanoid biology. Science 2001;294:1871–

1875. 
15.  Tager AM, Luster AD. BLT1 and BLT2: the leukotriene B 4 receptors. PLEFA 2003;69:123–134. 
16.  Williams FM. Neutrophils and myocardial reperfusion injury. Pharmacol Ther 1996;72:1–12. 
17.  Daglar G, Karaca T, Yuksek YN, Gozalan U, Akbiyik F, Sokmensuer C, Gurel B, Kama NA. Effect 

of montelukast and MK-886 on hepatic ischemia-reperfusion injury in rats. J Surg Res 
2009;153:31–38. 

18.  Takeichi T. Effect of ONO-4057 and tacrolimus on ischemia-reperfusion injury of the liver. World 
J Gastroenterol 2009;15:5712–5715. 

19.  Ohkubo H, Ito Y, Minamino T, Mishima T, Hirata M, Hosono K, Shibuya M, Yokomizo T, Shimizu 
T, Watanabe M, Majima M. Leukotriene B4 type-1 receptor signaling promotes liver repair after 
hepatic ischemia/reperfusion injury through the enhancement of macrophage recruitment. FASEB 
J 2013;27:3132–3143. 

20.  Sener G, Sehirli O, Velioğlu-Oğünç A, Cetinel S, Gedik N, Caner M, Sakarcan A, Yeğen BC. Montelukast 
protects against renal ischemia/reperfusion injury in rats. Pharmacol Res. 2006;54:65–71. 

21.  Patel NSA, Cuzzocrea S, Chatterjee PK, Di Paola R, Sautebin L, Britti D, Thiemermann C. Reduction 
of renal ischemia-reperfusion injury in 5-lipoxygenase knockout mice and by the 5-lipoxygenase 
inhibitor zileuton. Mol Pharmacol 2004;66:220–227. 



PART TWO  |  Chapter 6

134

22.  Elshazly SM, Abd El Motteleb DM, Nassar NN. The selective 5-LOX inhibitor 11-keto-β-boswellic 
acid protects against myocardial ischemia reperfusion injury in rats: involvement of redox and 
inflammatory cascades. Naunyn Schmiedebergs Arch Pharmacol 2013;386:823–833. 

23.  Adamek A, Jung S, Dienesch C, Laser M, Ertl G, Bauersachs J, Frantz S. Role of 5-lipoxygenase 
in myocardial ischemia-reperfusion injury in mice. Eur J Pharmacol 2007;571:51–54. 

24.  Hahn R, MacDonald B, Simpson P, Potts B, Parli J. Antagonism of Leukotriene B4 Receptors 
Does Not Limit Canine Myocardial Infarct Size. J Pharmacol Exp Ther 1990;253:58–66. 

25.  Sasaki K, Ueno A, Kawamura M, Katori M, Shigehiro S, Kikawada R. Reduction of myocardial 
infarct size in rats by a selective 5-lipoxigenase inhibitor (AA-861). Adv Prostaglandin Thromboxane 
Leukot Res 1987;17A:381–383. 

26.  Amsterdam EA, Pan H, Rendig SV, Symons JD, Fletcher MP, Longhurst JC. Limitation of 
myocardial infarct size in pigs with a dual lipoxygenase-cyclooxygenase blocking agent by inhibition 
of neutrophil activity without reduction of neutrophil migration. JACC 1993;22:1738–1744. 

27.  Blömer N, Pachel C, Hofmann U, Nordbeck P, Bauer W, Mathes D, Frey A, Bayer B, Vogel B, Ertl 
G, Bauersachs J, Frantz S. 5-Lipoxygenase facilitates healing after myocardial infarction. Basic 
Res Cardiol 2013;108:367-376. 

28.  Bolli R, Becker L, Gross G, Mentzer R, Balshaw D, Lathrop DA. Myocardial protection at a 
crossroads: the need for translation into clinical therapy. Circ Res 2004;95:125–134. 

29.  Frangogiannis NG. The immune system and cardiac repair. Pharmacol Res 2008;58:88–111. 
30.  De Hoog VC, Timmers L, Van Duijvenvoorde A, De Jager SCA, Van Middelaar BJ, Smeets MB, 

Woodruff TM, Doevendans PA, Pasterkamp G, Hack CE, De Kleijn DPV. Leucocyte expression 
of complement C5a receptors exacerbates infarct size after myocardial reperfusion injury. 
Cardiovasc Res 2014;103:521–529. 

31.  Arslan F, Houtgraaf JH, Keogh B, Kazemi K, de Jong R, McCormack WJ, O’Neill LAJ, McGuirk P, 
Timmers L, Smeets MB, Akeroyd L, Reilly M, Pasterkamp G, de Kleijn DPV. Treatment with OPN-
305, a humanized anti-Toll-Like receptor-2 antibody, reduces myocardial ischemia/reperfusion 
injury in pigs. Circ Cardiovasc Interv 2012;5:279–287. 

32.  Arslan F, Smeets MB, O’Neill LAJ, Keogh B, McGuirk P, Timmers L, Tersteeg C, Hoefer IE, 
Doevendans PA, Pasterkamp G, de Kleijn DPV. Myocardial ischemia/reperfusion injury is mediated 
by leukocytic toll-like receptor-2 and reduced by systemic administration of a novel anti-toll-like 
receptor-2 antibody. Circulation 2010;121:80–90. 

33.  Sawa Y, Ichikawa H, Kagisaki K, Ohata T, Matsuda H. Interleukin-6 derived from hypoxic myocytes 
promotes neutrophil-mediated reperfusion injury in myocardium. J Thorac Cardiovasc Surg 
1998;116:511–517. 

34.  Gwechenberger M, Mendoza LH, Youker KA, Frangogiannis NG, Smith CW, Michael LH, Entman 
ML. Cardiac Myocytes Produce Interleukin-6 in Culture and in Viable Border Zone of Reperfused 
Infarctions. Circulation 1999;99:546–551. 

35.  Sánchez-Galán E, Gómez-Hernández A, Vidal C, Martín-Ventura JL, Blanco-Colio LM, Muñoz-García 
B, Ortega L, Egido J, Tuñón J. Leukotriene B4 enhances the activity of nuclear factor-kappaB 
pathway through BLT1 and BLT2 receptors in atherosclerosis. Cardiovasc Res 2009;81:216–225. 

36.  Lentsch AB, Yoshidome H, Cheadle WG, Miller FN, Edwards MJ. Chemokine involvement in 
hepatic ischemia/reperfusion injury in mice: roles for macrophage inflammatory protein-2 and KC. 
Hepatology 1998;27:1172–1177. 

37.  Frangogiannis NG. Chemokines in the ischemic myocardium: from inflammation to fibrosis. 
Inflamm Res 2004;53:585–595. 

38.  Timmers L, van Keulen JK, Hoefer IE, Meijs MFL, van Middelaar B, den Ouden K, van Echteld 
CJA, Pasterkamp G, de Kleijn DPV. Targeted deletion of nuclear factor kappaB p50 enhances 
cardiac remodeling and dysfunction following myocardial infarction. Circ Res 2009;104:699–706.



135

BLT1 antagonism reduces myocardial IR injury

6

 
39.  Timmers L, Sluijter JPG, van Keulen JK, Hoefer IE, Nederhoff MGJ, Goumans M-J, Doevendans 

PA, van Echteld CJA, Joles JA, Quax PH, Piek JJ, Pasterkamp G, de Kleijn DPV. Toll-like receptor 
4 mediates maladaptive left ventricular remodeling and impairs cardiac function after myocardial 
infarction. Circ Res 2008;102:257–264. 

40.  Beurel E, Jope R. The paradoxical pro- and anti-apoptotic actions of GSK3 in the intrinsic and 
extrinsic apoptosis signaling pathways. Prog Neurobiol 2006;79:173–189. 

41.  Ha T, Hu Y, Liu L, Lu C, McMullen JR, Kelley J, Kao RL, Williams DL, Gao X, Li C. TLR2 ligands 
induce cardioprotection against ischaemia/reperfusion injury through a PI3K/Akt-dependent 
mechanism. Cardiovasc Res 2010;87:694–703. 

42.  Salim T, Sand-Dejmek J, Sjölander A. The inflammatory mediator leukotriene Dğ induces subcellular 
β-catenin translocation and migration of colon cancer cells. Exp Cell Res 2014;321:255–266. 

43.  Dhanasekaran D, Reddy E. JNK signaling in apoptosis. Oncogene 2011;27:6245–6251. 
44.  Yu C, Minemoto Y, Zhang J, Liu J, Tang F, Bui TN, Xiang J, Lin A. JNK suppresses apoptosis via 

phosphorylation of the proapoptotic Bcl-2 family protein BAD. Mol Cell 2004;13:329–340. 
45.  Engelbrecht A-M, Niesler C, Page C, Lochner A. p38 and JNK have distinct regulatory functions 

on the development of apoptosis during simulated ischaemia and reperfusion in neonatal 
cardiomyocytes. Basic Res Cardiol 2004;99:338–350. 

46.  Timmers L, Sluijter JPG, Verlaan CWJ, Steendijk P, Cramer MJ, Emons M, Strijder C, Gründeman 
PF, Sze SK, Hua L, Piek JJ, Borst C, Pasterkamp G, de Kleijn DPV. Cyclooxygenase-2 inhibition 
increases mortality, enhances left ventricular remodeling, and impairs systolic function after 
myocardial infarction in the pig. Circulation 2007;115:326–332. 

47.  Hammerman H, Kloner RA, Schoen FJ, Brown EJ, Hale S, Braunwald E. Indomethacin-induced 
scar thinning after experimental myocardial infarction. Circulation 1983;67:1290–1295. 

48.  Brown EJ, Kloner RA, Schoen FJ, Hammerman H, Hale S, Braunwald E. Scar thinning due to 
ibuprofen administration after experimental myocardial infarction. Am J Cardiol 1983;51:877–883. 



PART TWO  |  Chapter 6

136

Supplemental material

De Hoog VC et al. BLT1 antagonist LSN2792613 reduces infarct size and preserves cardiac 

function in a mouse model of myocardial ischemia-reperfusion injury 

Table S1. Specificity and binding affinity of LSN2792613 for BLT1 and BLT2 

Parameter Units LSN2792613

hBLT1 hBLT2

IC50 nM 7 >10000

Ki nM 0.05 n.a.

IC50, half maximal inhibitory concentration; Ki, inhibitory constant.

Table S2. Time – concentration data for different dosages of LSN2792613, after oral administration 

Time 
(hours)

LSN2792613
10mg/kg
(ng/mL)

n LSN2792613
30mg/kg
(ng/mL)

n LSN2792613
300mg/kg

(ng/mL)

n

0 <1 <1 -

0.25 175.9 ± 24.2 3 - -

0.50 225.3 ± 111.8 3 2176.7 ± 361.2 3 8501.3 ± 7289.5 3

1 49.5 ± 38.2 3 614.3 ± 481.3 3 18633.3 ± 18699.3 3

2 52.9 ± 11.7 3 345.7 ± 113.5 3 6580.0 ± 5875.8 3

4 20.8 ± 5.0 3 301.3 ± 109.1 3 3580.0 ± 1503.4 3

8 3.0 ± 1.4 3 312.0 ± 140.0 2 1694.0 ± 1428.4 3

12 3.3 ± 2.7 3 - -

24 - 71.3 ± 21.8 3 136.5 ± 75.7 3

Table S3. Pharmacokinetics of LSN2792613

Parameter Units Concentration
10 mg/kg

Concentration
30 mg/kg

Concentration
300 mg/kg

AUC ng*Hours/mL 326 6663 56790

T1/2 Hours 2.38 8.91 4.30

Cmax ng/mL 225 2178 18650

Tmax Hours 0.50 0.50 1.0

Pharmacokinetics of LSN2792613 following oral administration of different dosages in mice. AUC, 
area under the curve; T1/2, drug half-life; Cmax, maximal plasma concentration; Tmax, time of 
maximal plasma concentration.
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Figure S1. Timeline diagram of procedures in mice terminated at 24 hours or 4 weeks after myocardial 
ischemia-reperfusion injury.

Figure S2. Flowchart of mouse experiments.
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Figure S3. Myeloperoxidase concentration in the infarcted myocardial tissue at 24 hours after ischemia-
reperfusion injury (ng/mg). Vehicle group: n = 7, LSN2792613 group: n = 6; No significant difference 
(Student’s t-test)

Figure S4. Echocardiographic images of LSN2792613-treated and vehicle-treated mice at baseline 
and 4 weeks after ischemia-reperfusion injury.
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The prevention, diagnostic procedures and treatment strategies for acute myocardial 

infarction (MI) have dramatically improved the last decades. Despite these improvements, 

ischemic heart disease is still a leading cause of death worldwide.1 Whereas mortality has 

declined in industrialized countries, it continues to rise in other parts of the world.1–3 

Improvement of the evaluation of chest pain patients and the treatment of MI is therefore 

needed. 

Diagnosing acute coronary syndrome (ACS) can be challenging, especially in the first hours 

after the onset of symptoms.4 Ruling-out ACS at an early stage is important to avoid 

unnecessary hospital admissions and to reduce patient burden. The discovery and validation 

of early detectable biomarkers could greatly improve patient management and reduce 

health care costs.5 The HEART score is designed for risk stratification of patients with 

suspected ACS in the emergency department (ED), and is able to safely identify patients 

at a very low short-term risk of adverse cardiovascular events.6,7 However, this score has 

only been validated in mainly Caucasian populations. Furthermore, the influence of ethnicity 

on clinical outcome in chest pain patients in the ED has not been investigated. Validation 

of the HEART score in Asian ethnic groups is necessary before it can safely be implemented 

for risk stratification in Asian chest pain patients.

The treatment of acute MI by reperfusion of the ischemic myocardium comes at the cost 

of inducing several processes leading to additional myocardial injury, called ischemia-

reperfusion (IR) injury.8 A fast, exaggerated immune response triggered by myocardial 

ischemia and reperfusion is an important player in myocardial IR injury.9–11 The development 

of treatment strategies to limit myocardial IR injury could potentially greatly improve the 

outcome of patients treated for acute MI. 

In this thesis, we aimed to improve the early evaluation of chest pain patients in the ED 

and to study the early immune response following myocardial ischemia and reperfusion 

to develop new treatment strategies to limit myocardial IR injury and subsequently improve 

patient outcome. 

PART ONE
Evaluation of chest pain patients in the emergency department

Diagnosing or ruling-out ACS at an early stage is often challenging. Patients presenting 

with ST-segment elevation on the ECG (STEMI) are usually easily recognized and should 

be treated immediately.12 In the majority of patients, however, the ECG is not diagnostic, 

but they still might have a non ST-segment elevation MI (NSTEMI) or unstable angina.13 

Troponin levels are not consistently elevated in the first hours after the onset of 

symptoms.14,15 This diagnostic uncertainty leads to hospital admissions, high health care 

costs and a great burden for the patients.5 The discovery of new, early detectable biomarkers 

and validation and optimization of risk stratification tools could greatly improve the evaluation 

and management of chest pain patients in the ED. 
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Extracellular vesicle proteins as early biomarkers for acute MI
In Chapter 2, extracellular vesicle (ECV) related proteins were investigated as potential 

biomarkers for ACS in chest pain patients presenting to the ED with suspected ACS. 

Extracellular vesicles (ECVs) are small vesicles floating in the plasma, containing significant 

amounts of miRNA, RNA and proteins.16 Since ECVs are shed by cells that are important 

in the pathogenesis of ACS, including cardiomyocytes, platelets, endothelial cells and 

leucocytes, their content could be a potential source of early detectable biomarkers for 

ACS.17–20 

Three ECV proteins potentially associated with ACS were identified using differential 

Q-proteomics and were evaluated using frozen serum samples of 471 patients who 

presented to the ED with chest pain symptoms: polygenic immunoglobulin receptor (pIgR), 

Cystatin C and complement factor 5a (C5a). The levels of the selected proteins in the 

isolated vesicle fraction were significantly higher in ACS patients compared with non-cardiac 

controls, after correction for age and gender. Also in multivariable logistic regression models 

the selected proteins were significantly associated with ACS. Gender-specific subgroup 

analyses revealed that there was only an association between the concentration of pIgR, 

Cystatin C and C5a and ACS in men, not in women. 

This study was the first to show an association between the level of selected ECV proteins 

and the existence of myocardial ischemia. Although these proteins at this stage are not 

able to compete with troponin, this study shows that the ECV content changes within the 

first hours after ACS, identifying ECVs as a promising source of biomarkers for ACS. To 

discover strong, early detectable biomarkers for ACS, it is important to perform biomarker 

discovery in patients presenting early, within 3-4 hours after the onset of symptoms. The 

observed gender differences suggest a different pathophysiological mechanism underlying 

ACS in men and women, worth investigating. This finding supports gender specific 

discovery and validation of biomarkers for ACS.

Although the selected proteins have been discovered and validated in isolated vesicle 

fractions, we cannot conclude from this study where the proteins are located: on the 

surface, in the vesicle membrane or inside the vesicles. However, we did show that the 

proteins were in the floating vesicle fraction, by sucrose gradient experiments. Moreover, 

this study was conducted in retrospect, using frozen serum samples. Plasma samples are 

preferred for ECV measurements, since platelet activation in serum might cause ECV 

release after total blood coagulation. Also differences in sample handling might have 

influenced ECV release. Prospective studies designed for the isolation of plasma ECV 

fractions and biomarker measurements are warranted to confirm and strengthen our 

findings. 

Clinical outcome in Caucasian and Asian patients presenting to the ED with chest 
pain symptoms
Many studies have reported differences in cardiovascular risk factor profiles between 

Caucasians and Asian ethnic groups, as well as inter-ethnic differences within Asia.21–25 

Also the incidence of MI and the prognosis after MI are different between ethnic group.26–28 
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In Chapter 3, we investigated the influence of ethnicity on clinical outcome in chest pain 

patients from four major ethnic groups in the Netherlands and Singapore. This multi-ethnic 

cohort study showed that Caucasian and Malay chest pain patients had a 1.7 to 1.8-fold 

higher chance of having an MI compared with Chinese and Indians, even after correction 

for clinical characteristics. In contrast, Chinese and Indian patients had a higher prevalence 

of unstable angina. Furthermore, MI patients from all Asian ethnic groups had more three-

vessel disease than Caucasian MI patients, despite their lower age. Chinese patients with 

MI more frequently underwent coronary revascularization than Caucasian patients with 

MI. Despite these clear differences in the prevalence of MI and unstable angina and the 

extent of CAD, there were no differences in the incidence of major adverse cardiovascular 

events (MACE) during 1 year of follow-up between the ethnic groups, after correction for 

age and other clinical characteristics. There were significant interactions between ethnicity 

and cardiovascular risk factors, e.g. diabetes, suggesting that the relative contribution of 

these factors to the risk of 1 year MACE is influenced by ethnicity. 

The inter-ethnic differences in the prevalence of MI and unstable angina suggest differences 

in the underlying pathophysiology, such as plaque composition or plaque stability.29,30  

Also differences in other processes involved in the pathogenesis of MI might play a role, 

such as thrombogenicity, response to antiplatelet therapy and endothelial dysfunction.31–33 

Additional studies are needed to elucidate the underlying mechanisms.

These findings have important implications for the risk stratification and management of 

patients presenting to the ED with suspected ACS. The low prevalence of MI in Chinese 

and Indian chest pain patients might lead to an underestimation of their cardiovascular risk. 

Chinese and Indian patients frequently suffer from severe CAD leading to unstable angina 

and the need for coronary revascularization. We recommend the consideration of ethnicity 

in risk stratification and clinical decision making in patients presenting to the ED with chest 

pain symptoms. Additional studies are warranted to confirm these findings and to elucidate 

possible differences in the mechanisms underlying unstable coronary disease in different 

ethnic groups. 

Performance of the HEART score in Asian and Caucasian patients with suspected ACS
In Chapter 4, the performance of the HEART score was investigated in Caucasian and 

Asian ethnic groups. The HEART score is a simple and fast risk stratification tool to predict 

short-term risk of MACE in patients with suspected ACS, including well established factors 

associated with the risk of having an ACS.6 Patients with a low HEART score have a very 

low risk of short-term MACE and might be safely dismissed from the ED.6,7,34–36  

However, the HEART score has not been validated in Asian ethnic groups. In our multi-

ethnic cohort study conducted in the Netherlands and Singapore, the excellent performance 

of the HEART score for risk stratification in Caucasian patients with suspected ACS was 

confirmed. Of patients with a low HEART score, 2.4% underwent coronary revascularization 

within 30 days and only 0.8% experiences an MI. However, several findings indicated that 

the HEART score might not be as safe and effective in identifying patients at very low 

short-term risk of MACE in the Asian ethnic groups. Asian patients with a low HEART score 



145

Summary, general discussion, future perspectives

7

had slightly higher MACE rates compared with Caucasians and with previous validation 

studies.7,34,35 The negative predictive value (NPV) of a low HEART score was lower in Asian 

ethnic groups. Also the c-statistic derived from the ROC of the HEART score tended to be 

lower in Chinese patients compared with Caucasian patients. Furthermore, there was 

interaction between ethnicity and HEART score variables for the outcome 30 days MACE, 

indicating that the relationship between HEART score variables and clinical outcome is 

influenced by ethnicity. The average HEART score was lower in the Asian ethnic groups 

compared with Caucasians, mainly due to differences in age and cardiovascular risk factors. 

Subsequently, a higher proportion of patients was in the low risk category in the Asian 

ethnic groups compared with Caucasians. Nevertheless, there were no differences in 30 

days MACE between the ethnic groups, suggesting an underestimation of risk in the Asian 

groups. Although the inter-ethnic differences in NPV were small, they are clinically very 

relevant. Wrongfully dismissing a patients with ACS from the ED can have serious 

consequences and should be avoided at all cost. Therefore, we recommend refitting of 

the HEART score in Asian ethnic groups before it can safely and effectively be applied to 

assess individual risk in Asian patients presenting to the ED with suspected ACS. 

PART TWO
The immune response in myocardial ischemia-reperfusion injury

An exaggerated immune response following myocardial ischemia and reperfusion is a major 

factor contributing to IR injury.10,11,37,38 Inhibition of parts of the immune response might 

lead to a reduction of IR injury and subsequent improved patient outcome after acute MI. 

The inflammatory response, however, is also necessary for clearance of the infarcted area 

from cellular debris and for scar formation. The challenge is to target detrimental factors 

only without impairing proper wound healing. Activation of the complement system and 

the 5-lipoxygenase (5-LO) pathway are important contributors to the immune response 

following myocardial reperfusion.9,11,39 Complement factor 5a (C5a) and leukotriene B4 

(LTB4) are activation products of these pathways and are powerful mediators of the immune 

response. Inhibiting their actions by blocking or deactivating their respective receptors – 

C5a receptor (C5aR) and BLT1 – at time of reperfusion might be promising strategies to 

reduce myocardial IR injury. 

The role of C5a receptors in myocardial ischemia-reperfusion injury
The complement system is a first line of defense and consists of many plasma- and cell 

membrane proteins, circulating as pro-enzymes. Although classically the complement 

system gets activated by pathogens, it can also get activated by danger associated 

molecular patterns (DAMPs) that are released in response to tissue injury, which happens 

during myocardial ischemia and reperfusion.9,40–43 C5a is a potent anaphylatoxin produced 

upon activation of the complement system and acts through binding to its receptor C5aR, 

which is expressed by many leucocytes and parenchymal cells.44–46 C5a-C5aR binding leads 
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to an immune response, including vasodilation, expression of endothelial adhesion 

molecules and leucocyte chemotaxis.44,47 

In Chapter 5, the role of C5aR in myocardial IR injury is investigated using C5aR knockout 

mice (C5aR-/-), lacking C5aR on all cells. C5aR-/- mice had a smaller infarct size at 24 hours 

after reperfusion and had a preserved cardiac function after 4 weeks, compared with 

wildtype mice. Bone marrow chimaera experiments revealed that these effects were 

mediated by lack of C5aR on circulating cells, e.g. leucocytes, not on parenchymal cells. 

There was a reduction of neutrophils, T cells and macrophages in the infarcted tissue at 

24 hours after reperfusion. Neutrophils invaded massively between 1 hour and 24 hours 

after reperfusion. T cells were seen to invade the infarcted myocardium even earlier, within 

1 hour after reperfusion, and were already reduced at 1 hour in C5aR-/- mice. Apart from 

reduced plasma TNFα levels, we observed no differences in cytokine or chemokine levels 

in the plasma or in the infarcted tissue. We did observe reduced Caspase 3/7 levels in the 

infarcted myocardium indicating less apoptosis. Importantly, there were no signs of 

impaired scar formation during 4 weeks of follow-up, i.e. the mortality was not different 

between the groups and there was no cardiac rupture observed. 

This study shows that lack of C5aR on bone marrow derived cells reduces infarct size and 

improves cardiac function in a mouse model of myocardial IR injury. Most studies so far 

has been focusing on the role of neutrophils in myocardial IR injury. However, we observe 

an even earlier massive influx of T cells, inhibited in the absence of leucocytic C5aR. 

Depletion of CD4+ T cell cells results in reduced myocardial IR injury and also neutrophil 

infiltration is reduced in these mice, suggesting that T cells drive neutrophil chemotaxis.48 

Our finding identify C5aR as an essential component driving T cell chemotaxis into the 

infarct area following myocardial reperfusion, and possibly subsequent neutrophil infiltration. 

The exact mechanism and the relative contribution of neutrophils and T cells in myocardial 

IR injury remain to be elucidated. 

The humanized anti-C5 antibody Pexelizumab has been investigated in clinical trials as a 

treatment for myocardial IR injury in MI patients undergoing urgent reperfusion therapy. 

Unfortunately, this treatment has not been proven to be effective in the clinic, despite 

promising preclinical studies.49 Pexelizumab targets C5 and thus inhibits the formation of 

both C5a and C5b9 membrane attack complex, and influences binding of C5a to C5aR and 

its alternative receptor C5L2. C5aR blocking is a more targeted approach influencing only 

cells expressing C5aR, making it more eligible for clinical application. Inhibition of the C5a-

C5aR interaction is a promising target for the treatment of myocardial IR injury and is worth 

pursuing.

Effects of treatment with a BLT1 antagonist in myocardial IR injury
Activation of the 5-LO pathway results in the production of leukotrienes, of which LTB4 is 

an important chemotactic protein.50,51 LTB4 bind to its specific receptor, BLT1, and acts as 

a strong mediator of the immune response, inducing calcium mobilization, chemotaxis and 

activation of leucocytes.52,53 Levels of LTB4 are increased in the first hours following 

myocardial ischemia and reperfusion, suggesting an important role in myocardial IR injury.39,54
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In Chapter 6, the effects of oral administration of a selective BLT1 antagonist, LSN2792613, 

following ischemia and reperfusion was investigated in a mouse model for myocardial IR 

injury. BLT1 antagonism resulted in reduced infarct size after 24 hours, and improved cardiac 

function after 4 weeks, compared with control mice who only received vehicle solution. 

Remarkably, there was no significant reduction of neutrophils, T cells or macrophages in 

the infarcted myocardium. However, levels of IL-6 and KC (the mouse homologue to IL-8) 

were reduced in the infarcted tissue, suggesting that BLT1 antagonism at least influences 

the activation of leucocytes to a less inflammatory phenotype. Furthermore, levels of 

phosphorylated JNK / total JNK and of phosphorylated GSK3α/β / total GSK3α/β were higher 

in the infarcted tissue of mice treated with BLT1 antagonist compared with vehicle-treated 

mice, suggesting less apoptosis.55–58 This was supported by less early- and late apoptotic 

cells and less necrotic cells in the infarcted myocardium. The exact mechanisms remain 

to be elucidated.

Previous experimental studies investigating inhibition of (parts of) the 5-LO pathway in 

myocardial IR showed ambiguous results. In most of these studies, however, 5-LO or LTB4 

were targeted, which are higher up the activation cascade and influence several proteins 

and their receptors.54,59–62 Influencing a broad range of proteins might not only be beneficial 

but might also impair cardiac wound healing and scar formation. BLT1 inhibition is a more 

targeted approach, influencing only the effects of LTB4 on cells expressing BLT1, and 

therefore might be a better target to limit IR injury. The results of our study identify selective 

BLT1 antagonism with LSN2792613 as a promising potential therapeutic for the treatment 

of myocardial IR injury. 

Future perspectives

This thesis contributes to the improvement of early evaluation and risk stratification in ACS 

suspected patients from different ethnicities and extends our knowledge on the contribution 

of inflammatory pathways to myocardial IR injury, possibly leading to new therapeutic 

options. 

Extracellular vesicles are an interesting source for new biomarkers. They are actively 

released into the circulation by numerous cells involved in the pathogenesis of MI and 

contain information on cellular processes. Therefore, potential ECV related biomarkers are 

likely to be early detectable following myocardial ischemia. We have shown in Chapter 2 

that the levels of selected ECV related proteins – pIgR, C5a and Cystatin C – are higher in 

patients with ACS compared with non-cardiac control patients.63 Also ECV related miRNAs 

have been shown to be able to discriminate between ACS and non-cardiac chest pain, 

even at an early stage when troponin levels were still below the detection threshold.64 

Several studies have shown changes in the amount and the content of ECVs following 

cardiac stress or ACS.65–67 Therefore, the discovery of ECV related biomarkers for ACS is 

worth pursuing. Additionally, prospective studies focusing on the discovery and validation 

of biomarkers in patients presenting early after symptom onset (<3-4 hours) and gender-
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specific discovery and validation are warranted to improve the early detection of ACS. For 

this reason, we’ve set up a large cohort study including chest pain patients presenting to 

the ED, designed for gender-specific discovery and validation of early detectable biomarkers 

in several ECV fractions. Furthermore, isolation techniques need to be simplified and 

optimized before ECV measurement can be applied fast and effective in a clinical setting. 

The first diagnostic ECV-based assays have already been developed in the cancer field.68 

The development of ECV-based biomarker assays is very promising and might be the next 

step in improving diagnostic procedures, also in cardiovascular disease.  

In Chapter 3, it was demonstrates that there are inter-ethnic differences in clinical outcome 

of chest pain patients presenting to the ED in the Netherlands and Singapore. Whereas 

Caucasians and Malays frequently were diagnosed with an MI, Chinese and Indian patients 

more frequently had unstable angina. MI patients of all Asian ethnic groups had impressively 

more extensive CAD than Caucasians. Since the underlying pathophysiology of MI and 

unstable angina is different,29 these findings suggest that there might be differences in 

pathophysiology between the ethnic groups, such as differences in plaque composition 

and/or plaque vulnerability, or differences in platelet reactivity, thrombogenicity or endothelial 

function. Studies investigating plaque development and composition, e.g. with molecular 

imaging techniques or post-mortem studies, are needed to elucidate the mechanisms 

underlying the inter-ethnic differences in CAD and clinical outcome. 

The observed inter-ethnic differences in clinical characteristics and outcome might have 

direct consequences for the performance of risk stratification tools for ACS suspected 

patient in Asian ethnic groups. Evaluation of the HEART score for early risk stratification in 

patients with suspected ACS in a multi-ethnic cohort study, reported in Chapter 4, showed 

that the HEART score might not be equally safe for the early rule-out of ACS in Asian 

patients compared with Caucasians, since the NPV was lower in the Asian ethnic groups 

and overall performance tended to be lower in Chinese. Ethnicity was shown to influence 

the relationship between HEART score variables and clinical outcome, especially age score 

and risk factor score. An underestimation of risk in patients with a low HEART score could 

lead to wrongful dismissal from the hospital and could have serious consequences. Our 

studies show that ethnicity needs to be considered in the risk stratification of patients with 

suspected ACS, either by recalibration or refitting of existing risk scores for different ethnic 

groups, or by incorporating ethnicity as a risk score variable. Multi-ethnic validation studies 

are needed to optimize risk stratification and subsequent patient management in ethnicities 

other than Caucasian.

Over the last decades, hundreds of experimental studies have been published reporting 

interventions to prevent myocardial IR injury and to limit infarct size and subsequent heart 

failure.69 Unfortunately, although many therapeutics were successful in preclinical studies, 

all of them so far have failed to show their effects in clinical trials.69–71 Many factors are 

thought to be responsible for this, including the lack of large animal models, the use of 

animal models that are not clinically relevant and the poor design of clinical studies.70  

In Chapters 5 and 6, we investigated the therapeutic potential of interference in two major 
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inflammatory pathways for the prevention of myocardial IR injury in a mouse model.  

The lack of leucocytic C5aR was shown to reduce infarct size and improve cardiac function 

following ischemia and reperfusion, mediated by a reduction of leucocytes invading the 

infarcted area and reduced apoptosis. Also selectively blocking  BLT1 via oral administration 

of a BLT1 antagonist directly after the initiation of reperfusion effectively reduced myocardial 

injury. Blocking receptors has the advantage that it is a targeted approach, influencing only 

cells expressing the receptor. Blocking BLT1 and interference with the C5a-C5aR axis are 

promising potential therapeutic options to limit ischemia-reperfusion injury. The next step 

is to investigate their therapeutic potential and adverse effects in a large, clinically relevant 

animal model. Given the multifactorial character of myocardial IR injury, a combination of 

treatment strategies will probably eventually give the best results.  

In conclusion, there is still a lot of room for improvement in the evaluation of chest pain 

patients and the treatment of myocardial IR injury. ECVs are a promising source of early 

biomarkers for ACS, which needs to be explored in future studies. Also proper validation 

and optimization of risk stratification tools could greatly improve the prognosis of patients 

with suspected ACS. The development of treatment strategies to limit myocardial IR injury 

using relevant, translational models needs to be continued to achieve the next big step in 

the treatment of acute MI.
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Ondanks dat de preventie, diagnostiek en behandeling van myocardinfarcten (MI’s) 

aanzienlijk verbeterd is de afgelopen decennia blijft ischemische hartziekte wereldwijd een 

zeer belangrijke doodsoorzaak. Hoewel de mortaliteit na een MI flink gedaald is in Westerse 

landen, stijgt het nog altijd in grote delen van de wereld. Er is daarom dringend behoefte 

aan verbeteringen op het gebied van detectie van een MI bij mensen met pijn op de borst 

en de behandeling van een MI. 

Het diagnosticeren van een MI kan uitdagend zijn, vooral in de eerste uren na het ontstaan 

van klachten. Onderzoek naar nieuwe biomarkers die in een vroeg stadium een MI kunnen 

aantonen danwel uitsluiten is cruciaal om de behandeling van patiënten met pijn op de 

borst te verbeteren. Ook het gebruik van gevalideerde risicoscores voor mensen met pijn 

op de borst kan bijdragen aan het vroegtijdig uitsluiten van een MI. De HEART score is 

ontwikkeld voor risicostratificatie van patiënten met pijn op de borst en is in staat een grote 

groep patiënten te identificeren met een zeer laag risico op cardiale events op korte termijn. 

Aangezien deze score echter hoofdzakelijk in Kaukasische populaties is gevalideerd is de 

betrouwbaarheid in andere populaties, bijvoorbeeld Aziatische etnische groepen, nog 

onzeker. Bovendien is de invloed van etniciteit op de klinische uitkomsten van patiënten 

met pijn op de borst nooit onderzocht. Validatie en optimalisatie van risicoscores in 

Aziatische patiënten populaties is van groot belang voordat deze scores veilig en effectief 

toegepast kunnen worden bij patiënten met pijn op de borst van verschillende etnische 

afkomst.

De basis van de behandeling van een acuut MI is het vroegtijdig herstellen van de coronaire 

bloedstroom, bijvoorbeeld door een dotterbehandeling. Deze zogenaamde reperfusie van 

het hart leidt echter ook tot extra schade aan het hart: ischemie-reperfusie schade (IR 

schade). Een van de belangrijkste factoren die bijdragen aan deze IR schade is een krachtige 

immuunrespons. De ontwikkeling van een behandeling die ingrijpt op deze immuunrespons 

zou kunnen leiden tot een reductie van hartspierschade en daardoor een verbeterde 

prognose na een MI.

Dit proefschrift beschrijft ons onderzoek naar het verbeteren van de vroege evaluatie van 

patiënten met pijn op de borst en naar potentiele behandeling van IR schade door de vroege 

immuunrespons selectief te remmen, met als doel de prognose van patiënten met een 

MI te verbeteren. 

DEEL EEN
Evaluatie van patiënten met pijn op de borst op de spoedeisende hulp

Bij patiënten die zich melden op de spoedeisende hulp van een ziekenhuis is het cruciaal 

zo snel mogelijk een MI aan te tonen danwel uit te sluiten. Deze evaluatie is momenteel 

hoofdzakelijk gebaseerd op de klinische symptomen, het elektrocardiogram (ECG) en de 

troponine concentratie in het bloed. Patiënten met typische klachten en elevatie van het 

ST-segment op het ECG (ST-segment elevatie myocardinfarct; STEMI) zijn vaak eenvoudig 

te herkennen en dienen direct verwezen te worden voor een spoed revascularisatie. 
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Patiënten zonder ST-segment elevatie op het ECG kunnen echter ook een MI doormaken, 

wat vaak niet direct herkenbaar is (non ST-segment elevatie myocardinfarct; NSTEMI). De 

troponine concentratie in het bloed is niet consistent verhoogd bij patiënten met een MI 

die zich presenteren binnen korte tijd na het ontstaan van klachten, waardoor een MI niet 

direct uitgesloten kan worden. Deze onzekerheid leidt tot veel onnodige ziekenhuisopnames 

en daarmee tot een extra belasting voor patiënten. Met de ontdekking van nieuwe 

biomarkers die in verhoogde concentraties meetbaar zijn in het bloed van patiënten direct 

na het ontstaan van klachten en het valideren en optimaliseren van klinische risicoscores 

voor risicostratificatie van patiënten met pijn op de borst kan de evaluatie en behandeling 

van deze patiënten in belangrijke mate verbeterd worden. 

 

Extracellulaire blaasjes als vroege biomarkers voor een hartinfarct
Extracellulaire blaasjes (ECV’s) zijn blaasjes die uitgescheiden worden in het bloed door 

vrijwel alle cellen in het lichaam. ECV’s bevatten miRNA, RNA en eiwit en geven informatie 

over de processen die zich afspelen in de cel. Aangezien ECV’s actief uitgescheiden worden 

door cellen die betrokken zijn bij een MI zou de inhoud van deze ECV’s een goede bron 

kunnen zijn van vroege biomarkers voor MI. 

In Hoofdstuk 2 wordt beschreven hoe met behulp van differentiële Q-proteomics drie 

ECV-gerelateerde eiwitten werden geselecteerd als potentiele biomarkers voor MI: Cystatin 

C, complement factor 5a (C5a) en polygenic immunoglobulin receptor (pIgR). De 

concentratie van deze eiwitten werd gemeten in ECV’s geïsoleerd uit serum van 471 

patiënten met pijn op de borst. Deze eiwitten waren verhoogd in de ECV fractie van 

patiënten met een acuut coronair syndroom (ACS) vergeleken met controle patiënten 

zonder ACS, gecorrigeerd voor leeftijd en geslacht. Ook in multivariabele logistische 

regressie modellen waren de eiwitten geassocieerd met ACS. Er was echter alleen een 

associatie tussen de concentratie van deze eiwitten en de aanwezigheid van ACS in 

mannen, niet in vrouwen. 

Met deze studie tonen we voor het eerst aan dat er een associatie is tussen de concentratie 

van ECV-gerelateerde eiwitten in het bloed en myocardiale ischemie. Ondanks dat deze 

eiwitten in een diagnostische setting niet zo sterk zijn als troponine – de huidige goud 

standaard – toont deze studie aan dat bepaalde ECV eiwitten in een vroeg stadium na het 

ontstaan van myocardiale ischemie verhoogd zijn en daarom een potentiele bron vormen 

van biomarkers voor de vroege detectie van ACS. Om sterkere, specifiekere markers te 

ontdekken is het van belang om proteomics discovery uit te voeren op plasma van patiënten 

met een ACS die zich presenteren binnen enkele uren na het ontstaan van klachten en in 

mannen en vrouwen apart. 

In deze studie zijn de eiwitten gemeten in een geïsoleerde ECV fractie uit het serum. Het 

is echter niet aangetoond waar deze eiwitten zich bevinden: op de oppervlakte van de 

blaasjes, in de celmembraan of binnen in de blaasjes. Bovendien was dit een retrospectieve 

studie waarbij gebruik werd gemaakt van ingevroren serum. Aangezien activatie van 

bloedplaatjes in serum kan resulteren in uitscheiding van ECV’s en daardoor de ECV 

samenstelling beïnvloedt is gebruik van plasma te prefereren boven serum. Bovendien kan 



PART THREE  |  Chapter 8

158

de behandeling van de samples na afname verschillend zijn en de resultaten beïnvloeden. 

Daarom is het belangrijk prospectieve studies uit te voeren gericht op geslacht-specifieke 

ontdekking en validatie van vroege biomarkers voor ACS in plasma ECV’s van patiënten 

met pijn op de borst. 

Klinische uitkomsten in Kaukasische en Aziatische patiënten met pijn op de borst
Het is aangetoond dat er flinke verschillen zijn in risicofactoren voor hart- en vaatziekten 

tussen Kaukasiërs en Aziatische etnische groepen en tevens tussen etnische groepen 

binnen Azië. Ook de incidentie van MI en de prognose na MI verschillen tussen etnische 

groepen. In Hoofdstuk 3 wordt ons onderzoek naar de invloed van etniciteit op de klinische 

uitkomsten van patiënten met pijn op de borst in verschillende etnische groepen in 

Nederland (Kaukasiërs) en in Singapore (Chinezen, Maleisiërs en Indiërs) beschreven. Deze 

studie toonde aan dat Kaukasische en Maleise patiënten met pijn op de borst een bijna 

tweemaal zo hoge kans hebben een MI te hebben bij presentatie op de spoedeisende hulp 

dan Chinezen en Indiërs, ook na correctie voor risicofactoren voor hart- en vaatziekten. 

Chinezen en Indiërs hadden echter vaker instabiele angina pectoris, waardoor het aantal 

patiënten met een ACS niet verschilde tussen de groepen. Alle Aziatische groepen hadden 

opvallend veel vaker ernstig coronarialijden (3-vatslijden) dan Kaukasische patiënten, 

ondanks dat zij veel jonger waren. Bovendien ondergingen Chinese patiënten met een MI 

vaker revascularisatie tijdens opname dan Kaukasiërs. Ondanks deze bevindingen waren 

er geen aantoonbare verschillen in de prognose binnen een jaar na presentatie tussen de 

etnische groepen, na correctie voor leeftijd en andere klinische karakteristieken. Wel waren 

er statistisch significante interacties tussen etniciteit en cardiovasculaire risicofactoren, 

zoals diabetes, implicerend dat de relatieve bijdrage van deze factoren aan het risico op 

cardiale events binnen een jaar beïnvloed wordt door etniciteit.

De gevonden interetnische verschillen in prevalentie van MI en instabiele angina pectoris 

suggereren een verschillende onderliggende pathologie, zoals verschillen in plaque 

compositie of plaque stabiliteit. Ook andere processen die betrokken zijn bij de pathogenese 

van een MI spelen mogelijk een rol, zoals trombogeniciteit, respons op antiplaatjes therapie 

en endotheel dysfunctie. Om de onderliggende mechanismes duidelijk te krijgen is extra 

onderzoek nodig. 

Deze bevindingen hebben belangrijke implicaties voor risicostratificatie van patiënten met 

pijn op de borst. De lage prevalentie van MI onder Chinese en Maleise patiënten met pijn 

op de borst kan leiden tot een onderschatting van hun cardiovasculair risico. Chinese en 

Indische patiënten hebben vaak ernstig coronarialijden en instabiele angina pectoris en 

hebben in veel gevallen behoefte aan revascularisatie. Daarom adviseren we etniciteit 

formeel te betrekken bij de risicostratificatie van patiënten met pijn op de borst op de 

spoedeisende hulp. Aanvullende studies zijn van belang om deze bevindingen te bevestigen 

en meer inzicht te krijgen in de pathofysiologische mechanismes die deze verschillen 

veroorzaken.
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De HEART score voor risicostratificatie van Aziatische en Kaukasische patiënten met 
pijn op de borst
In Hoofdstuk 4 wordt de validiteit en veiligheid van de HEART score geëvalueerd onder 

Kaukasische en Aziatische patiënten met pijn op de borst. De HEART score is een eenvoudig 

en snel middel voor risicostratificatie van patiënten met pijn op de borst. De score voorspelt 

het risico op cardiale events of overlijden binnen 30 dagen na presentatie op de 

spoedeisende hulp. Patiënten met een lage HEART score hebben een zeer lage kans op 

cardiale events of overlijden binnen 30 dagen en kunnen na uitsluiten van overige pathologie 

veilig naar huis worden ontslagen. De HEART score is echter niet gevalideerd onder 

Aziatische patiënten. In onze multi-etnische cohort studie van patiënten met pijn op de 

borst in Nederland en in Singapore werd de hoge negatief voorspellende waarde van een 

lage HEART score in Kaukasiërs bevestigd. Van de patiënten met een lage HEART score 

kreeg 2.4% een cardiaal event binnen 30 dagen (inclusief revascularisatie), waarvan slechts 

0.8% een MI. 

Er waren echter verschillende aanwijzingen dat de HEART score minder veilig en effectief 

is onder Aziatische patiënten. Aziatische patiënten met een lage HEART score kregen vaker 

een cardiaal event binnen 30 dagen dan Kaukasiërs en daarmee overeenkomend was de 

negatief voorspellende waarde lager. Ook de area under the curve van de HEART score 

was in Chinese patiënten lager dan in Kaukasische patiënten. Bovendien was er significante 

interactie tussen etniciteit en HEART score variabelen voor cardiale events binnen 30 dagen, 

implicerend dat de relatie tussen HEART score variabelen en klinische uitkomsten beïnvloed 

wordt door etniciteit. De gemiddelde HEART score was lager in Aziatische etnische groepen 

vergeleken met Kaukasiërs. Dit wordt voornamelijk verklaard door verschillen in leeftijd en 

in de prevalentie van cardiovasculaire risicofactoren. Daarmee overeenkomend had een 

hoger percentage van de Aziatische patiënten een lage HEART score dan van de Kaukasiërs. 

Gezien de gelijke incidentie van cardiale events tussen de groepen impliceert dit een 

onderschatting van het risico in Aziatische patiënten met pijn op de borst.

Hoewel de verschillen zeer klein waren en grotendeels niet statistisch significant menen 

we dat ze wel klinisch relevant zijn. Het niet herkennen van een patiënt met een ACS of 

met een hoog risico op een cardiaal event binnen 30 dagen kan ernstige consequenties 

hebben en dient voorkomen te worden. Derhalve adviseren we de HEART score te 

valideren en zo nodig te optimaliseren in Aziatische etnische groepen voordat de score 

veilig en effectief gebruikt kan worden voor risicostratificatie van Aziatische patiënten met 

pijn op de borst. 

DEEL TWEE
De rol van de immuunrespons in ischemie-reperfusie schade van het hart

Een hevige immuunrespons ten gevolge van reperfusie van het hart na een infarct draagt 

in belangrijke mate bij aan myocardiale IR schade. Door deze immuunreactie gedeeltelijk 

te remmen is het theoretisch mogelijk IR schade te beperken en daarmee de prognose 
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van patiënten te verbeteren. Aangezien de immuunreactie echter ook bijdraagt aan het 

natuurlijke proces van littekenvorming en wondheling is het cruciaal alleen de schadelijke 

componenten te remmen. 

Activatie van het complement systeem en van de 5-lipoxygenase (5-LO) cascade dragen 

bij aan deze immuunreactie na reperfusie van het hart. Complement factor 5a (C5a) en 

leukotriene B4 (LTB4) zijn activatieproducten van deze cascades en zijn krachtige mediatoren 

van de immuunrespons. Het remmen van de effecten van C5a en LTB4 door het blokkeren 

of deactiveren van hun receptoren – C5aR en BLT1 – bij aanvang van reperfusie van het 

hart zou kunnen leiden tot minder hartschade en een relatief behoud van hartfunctie. 

De rol van C5a receptoren in ischemie-reperfusie schade van het hart
Het complement systeem wordt vroegtijdig geactiveerd in reactie op pathogenen, maar 

kan ook geactiveerd worden door moleculen die vrijkomen bij weefselschade, bijvoorbeeld 

bij ischemie en reperfusie van het hart. C5a is een potente anafylatoxine die geproduceerd 

wordt bij activatie van het complementsysteem en vervolgens bindt aan C5a receptoren 

(C5aR), die tot expressie worden gebracht door meerdere soorten leukocyten en 

parenchymale cellen. C5a-C5aR binding leidt tot een krachtige immuunrespons, met onder 

meer vasodilatatie, expressie van endotheliale adhesiemoleculen en het aantrekken en 

activeren van leukocyten. 

In Hoofdstuk 5 wordt de rol van C5aR bij IR schade van het hart onderzocht met behulp 

van C5aR knock-out muizen (C5aR-/-), waarbij C5aR in alle cellen ontbreekt. Deze C5aR-/- 

muizen hadden een kleiner infarct 24 uur na de inductie van ischemie en reperfusie en 

hadden een relatief behouden hartfunctie na vier weken, vergeleken met controle muizen. 

Beenmerg transplantatie experimenten toonden aan dat deze gunstige effecten gemedieerd 

werden door het ontbreken van C5aR op de circulerende cellen (leukocyten), niet op de 

parenchymale cellen. Er was een reductie van neutrofielen, T cellen en macrofagen in het 

infarctweefsel 24 uur na IR schade. Neutrofielen stroomden massaal het infarctgebied 

binnen tussen één uur en 24 uur na reperfusie. T cellen waren al massaal aanwezig één 

uur na reperfusie en het aantal T cellen in het infarctgebied was reeds na één uur verlaagd 

in C5aR-/- muizen vergeleken met controle muizen. Bovendien was de concentratie van 

Caspase 3/7 in het infarctgebied verlaagd in C5aR-/- muizen, wat impliceert dat er sprake 

was van minder apoptose. Er waren geen aanwijzingen voor verminderde wondheling of 

onvolledige littekenvorming binnen vier weken na IR schade van het hart.  

Deze studie toont aan dat het ontbreken van C5aR op cellen afkomstig van het beenmerg 

resulteert in een kleiner infarct en een relatief behoud van hartfunctie in een muismodel 

voor IR schade van het hart. In de literatuur ligt de focus hoofdzakelijk op gunstige effecten 

van het remmen van neutrofiel influx het infarctgebied in. Wij oberveren echter een 

belangrijke reductie van het aantal T cellen in het infarctgebied al binnen een uur na 

reperfusie. Eerdere studies toonden al dat depletie van CD4+ T cellen resulteert in een 

infarctreductie na IR schade en dat ook het aantal neutrofielen in het infarctgebied lager is 

in deze muizen. Deze observaties impliceren dat C5aR een belangrijke component is voor 

chemotaxis van T cellen het infarctgebied in en dat mogelijk de influx van neutrofielen 
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gedeeltelijk gedreven wordt door T cellen. De exacte mechanismes hierachter en de 

relatieve bijdrage van neutrofielen en T cellen aan IR schade van het hart dienen nog verder 

onderzocht te worden. 

In klinische trials is het effect onderzocht van een monoclonaal anti-C5 antilichaam – 

Pexelizumab –als behandeling van IR schade bij patiënten met een acuut MI die met spoed 

reperfusie ondergingen. Helaas kon in deze studies geen gunstig effect van Pexelizumab 

aangetoond worden, ondanks veelbelovende resultaten in preklinische studies. Pexelizumab 

grijpt in op C5 en remt daarmee de productie van zowel C5a als C5b9 membrane attack 

complex en beïnvloedt de effecten van C5a via binding met zowel C5aR als met zijn 

alternatieve receptor C5L2. Het blokkeren van C5aR is een specifiekere, meer gerichte 

benadering die alleen de effecten van C5a-C5aR binding beïnvloedt op cellen die C5aR tot 

expressie brengen, waardoor het mogelijk beter geschikt is als methode om IR schade 

van het hart te beperken. Het remmen of blokkeren van C5a-C5aR binding is een 

veelbelovende interventie voor het voorkomen van IR schade van het hart en dient verder 

onderzocht te worden in preklinische studies. 

Selectief BLT1 antagonisme als behandeling van ischemie-reperfusie schade van het hart
Activatie van de 5-LO cascade resulteert in de productie van leukotrienen, waarvan LTB4 

een van de belangrijkste chemotactische eiwitten is. De specifieke receptor voor LTB4 is 

BLT1. Activatie van deze receptor resulteert in een sterke immuunrespons: o.a. calcium 

mobilisatie, chemotaxis en activatie van leukocyten. LTB4 is verhoogd in de eerste uren 

na IR en speelt een rol in de vroege immuunrespons. 

In Hoofdstuk 6 worden de effecten van toediening van een specifieke BLT1-antagonist, 

LSN2792613, onderzocht in een muismodel voor IR schade van het hart. Orale toediening 

van LSN2792613 direct na het begin van reperfusie resulteerde in een infarctreductie na 

24 uur en een verbeterde hartfunctie na vier weken ten opzichte van controlemuizen die 

een placebo toegediend kregen. Deze effecten waren het gevolg van minder apoptose en 

minder necrose in het infarct gebied. De concentraties van pro-inflammatoire cytokine IL6 

en van chemoattractant KC waren lager in het infarctgebied van muizen die behandeld 

waren met LSN2792613. Tevens waren er minder geactiveerde neutrofielen in de circulatie, 

implicerend dat selectief BLT1-antagonisme resulteert in verminderde neutrofiel activatie. 

Er waren echter geen aantoonbare verschillen in het aantal leukocyten in het infarctgebied 

tussen muizen behandeld met LSN2792613 en muizen behandeld met placebo. De exacte 

mechanismes die leiden tot infarctreductie en het behoud van cardiale functie na 

behandeling met de selectieve BLT1-antagonist LSN2792613 zijn nog niet geheel duidelijk. 

Eerdere experimentele studies naar de effecten van interferentie in de 5-LO cascade ter 

preventie van IR schade lieten wisselende resultaten zien. In de meeste studies werd 

echter ingegrepen op 5-LO of LTB4, eiwitten hoog in de activatie cascade die invloed 

hebben op meerdere eiwitten en hun receptoren. Het op deze wijze remmen van een 

breed spectrum van effectoren heeft vaak niet alleen gunstige effecten maar kan ook leiden 

tot extra schade of problemen met wondheling en littekenvorming. Selectief BLT1 

antagonisme met LSN2792613 is een meer selectieve aanpak die alleen gericht is op de 
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effecten van LTB4 op cellen die BLT1 tot expressie brengen. De resultaten van onze studie 

suggereren dat selectief BLT1-antagonisme een veelbelovende methode is om myocardiale 

IR schade te bestrijden.   

Concluderend is er nog veel ruimte voor verbetering van de diagnostiek en risicostratificatie 

van patiënten met pijn op de borst op de spoedeisende hulp en de behandeling van IR 

schade van het hart. ECV’s zijn een veelbelovende bron van nieuwe biomarkers voor de 

vroege detectie van ACS waar in de toekomst extra onderzoek naar gedaan dient te 

worden. Ook het valideren en optimaliseren van klinische scores voor risicostratificatie van 

patiënten met pijn op de borst kan de processen op de spoedeisende hulp bespoedigen 

en de prognose van patiënten die verdacht worden van een ACS verbeteren. 

Er is momenteel geen klinische behandeling van IR schade van het hart. Het beperken van 

IR schade zou een zeer belangrijke stap zijn in de behandeling van patiënten met een acuut 

MI. Het gericht remmen van onderdelen van de immuunrespons, bijvoorbeeld het blokkeren 

van C5aR of BLT1 tijdens of direct na de het begin van reperfusie, is in muizenstudies een 

veelbelovende strategie gebleken. Het ontwikkelen van therapieën voor IR schade van het 

hart met gebruik van relevante, translationele modellen kan leiden tot de volgende grote 

stap in de behandeling van een acuut MI.  
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Dankwoord 

Dit proefschrift was er nooit geweest zonder de hulp van vele mensen die me op 

verschillende manieren hebben bijgestaan de afgelopen vier jaar. Toen ik begon aan mijn 

promotieonderzoek had ik eigenlijk geen idee wat me te wachten stond. De werkzaamheden 

– proefjes in het lab en opereren van muizen – en het onderwerp – op dat moment 

hoofdzakelijk de rol van het immuunsysteem in reperfusie schade van het hart – lagen ver 

buiten mijn comfortzone. Ik herinner me nog dat tijdens het sollicitatiegesprek me de vraag 

gesteld werd: ‘dus we moeten jou nog leren hoe je een pipet vast moet houden!?’. Dat 

klopt. Desondanks werd ik aangenomen en kon ik aan de slag.

De eerste en belangrijkste stappen waren (1) bekend te raken met het werken en leven 

in een lab en (2) het leren opereren van muizen. Aangezien dit de belangrijkste pijlers waren 

van mijn promotie wil ik beginnen deze betrokkenen te bedanken.

Beste Ben, jij bent van onschatbare waarde geweest voor het tot stand komen van dit 

proefschrift. Zonder jou was het gros van de experimenten simpelweg niet mogelijk 

geweest. We zouden het bijna vergeten, maar jij hebt me destijds geleerd muizen te 

opereren. Dat viel nog niet mee! Je oneindige geduld toen ik na drie maanden oefenen 

nog steeds zat te intuberen is me erg bijgebleven. Hoewel ik geen enkele intentie heb 

deze bijzondere vaardigheid ooit nog in de praktijk te brengen kan ik het wel mooi op m’n 

CV zetten! Vanaf het moment dat bleek dat muizen opereren niet echt mijn ding is heb jij 

probleemloos alle operaties van me overgenomen. Ik heb genoten van onze samenwerking, 

volgens mij vormden we een sterk team. Je hebt je uitermate flexibel opgesteld en stond 

altijd klaar, ook in de avonden en tijdens je vrije dagen als het moest. Bedankt voor je nooit 

aflatende inzet, de fijne samenwerking en de vele koppen koffie. Ik hoop dat je snel een 

leuke baan vindt als leraar. 

Mijn eerste stapjes in het lab zette ik onder begeleiding van Mirjam. Mirjam, heel erg 

bedankt voor je begeleiding, ik heb veel van je geleerd. Je was vanaf het begin altijd 

vriendelijk, behulpzaam, geduldig en zo nodig streng. Maar bovenal was je altijd bereid om 

te helpen waar nodig. Ook fijn dat ik tijdelijk (uiteindelijk 4,5 jaar) een plekje in de vriezer 

mocht ‘lenen’. 

Beste Karlijn, het is alweer een tijd geleden maar jij hebt een belangrijke rol gespeeld in 

de eerste twee jaar van mijn promotie. Bedankt voor je begeleiding in het GDL en het feit 

dat ik altijd bij je terecht kon. Jij was de dagelijkse begeleider op wie ik altijd terug kon 

vallen. Bovendien dank voor je hulp bij het opstarten van de Minerva studie, top gedaan!

Loes en Sander, bedankt dat jullie altijd bereid waren te helpen, hoe klein of dom mijn 

vragen ook waren. Ik heb veel van jullie geleerd! Bovenal heb ik het erg gezellig met jullie 

gevonden, met als hoogtepunt ons gezamenlijke congresuitje naar Göteborg. Ik hoop in 

de toekomst nog menig speciaalbiertje met jullie te drinken. Noortje, Julie, Elske, bedankt 

voor jullie hulp en gezelligheid. Elske in het bijzonder ook bedankt voor al het werk dat je 

voor Minerva gedaan hebt, het waren lange en soms saaie dagen in het lab. En natuurlijk 
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Arjan, ‘de baas’. Het was even wennen, maar uiteindelijk kon ik je heldere en directe 

communicatie erg waarderen. Bij jou weet je altijd direct waar je aan toe bent. Heel erg 

bedankt voor je hulp en begeleiding, in het bijzonder met de Luminex assays.  

Er waren meer mensen betrokken bij het werk in het GDL. Beste Evelyn, Maike en Marcel, 
bedankt voor jullie hulp bij het organiseren van de varkens- en muisexperimenten en het 

afhandelen van de administratie. Maike, in het bijzonder mijn complimenten voor de manier 

waarop je de nieuwe muizen-OK operationeel hebt gekregen. Fantastisch om te zien hoe 

jij in korte tijd en letterlijk met eigen handen in korte tijd de OK gereed hebt gekregen.  

Ik heb ook nog een blauwe maandag varkensexperimenten gedaan, waar helaas uiteindelijk 

geen publicatie uit voortgekomen is. Alle lof voor dit werk gaat naar het OK-personeel in 

het GDL, in het bijzonder Joyce, Merel en Marlijn. Bedankt voor de samenwerking, het 

is een leerzame tijd geweest! Ook heb ik genoten van de gezelligheid, in mijn herinnering 

hebben we iedere dag taart of wafels gegeten.

De Experimentele Cardiologie zou natuurlijk niet kunnen draaien zonder het secretariaat. 

Beste Ineke, bedankt voor alle hulp door de jaren heen. Met jou in het team weet je dat 

alles altijd perfect geregeld wordt. Beste Irene, ook jij bedankt voor al je werk, maar vooral 

ook voor de gezelligheid. Jij was altijd in de buurt voor een praatje of een kop koffie, dat 

was erg fijn.  

Beste Marjolijn, naast je secretariële werk heb jij een belangrijke rol gehad in mijn promotie. 

Je bent onmisbaar geweest voor de Minerva studie. Zonder jouw enorme inzet en 

regelvaardigheden hadden we nooit op zo’n korte termijn zoveel patiënten kunnen 

includeren. Bovendien erg bedankt voor je gezelligheid, met jou in de buurt heb ik me nooit 

verveeld! Ook onze Minerva luchtballonvaart zal ik niet snel vergeten. Veel succes met je 

eigen bedrijf. 

Lieve collega onderzoekers! Aangezien het al een lang dankwoord wordt ga ik jullie niet 

allemaal bij naam noemen. Wel wil ik een aantal mensen in het bijzonder bedanken. 

Beste Pleunie, Sander en Sandra, collega’s van het eerste uur. Jullie hebben me wegwijs 

gemaakt binnen de Experimentele Cardiologie, waarvoor dank. Ons legendarische lab-uitje 

zal ik niet snel vergeten! Pleunie, heel erg bedankt voor je gezelligheid. Ik heb sinds je 

vertrek de koppen koffie en ons ‘werkoverleg’ wel gemist. Bovendien heb je me erg 

geholpen in het lab, waarvoor veel dank. Ik ben erg blij dat je een leuke baan hebt gevonden 

die goed bij je past. Sandra, je bent alweer lange tijd geleden naar Engeland vertrokken, 

maar ik heb erg veel aan je gehad in mijn eerste jaar. Gelukkig hebben we nog onze 

gezamenlijke BLT1 studie die na al die jaren nu toch echt bijna af is. Ik hoop dat je het naar 

je zin hebt bij je nieuwe baan. En Sander, kamergenoot for life. Dank voor je wijsheid, 

gekheid en gezelligheid. Je was een hele fijne collega, met wie je urenlang kan filosoferen 

maar ook gewoon slap kunt ouwehoeren en bier kunt drinken. Ik heb in het bijzonder erg 

genoten van onze gezamenlijke congressen/cursussen. Ik ben benieuwd waar je na je 

promotie terecht gaat komen.

Dankwoord
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Beste Crystel, travel buddy. Samen hebben we Singapore ontdekt. Of eigenlijk: jij hebt 

me Azië laten zien. Ik vond onze reizen naar Singapore en omstreken fantastisch. Het was 

soms hard werken in Singapore (vooral voor jou), maar dat maakten we goed met mooie 

reizen in het weekend en biertjes aan het strand. Bovendien erg bedankt voor je hulp met 

statistische analyses in R. Erg fijn dat je me altijd wilde helpen en me je scriptjes wilde 

‘lenen’, je bent me constant een stap voor geweest. Ik hoop dat je papers binnenkort en 

masse geaccepteerd worden en je spoedig cardioloog mag worden. 

Beste Ingrid, je hebt bewezen mijn perfecte opvolger te zijn voor de Minerva studie. Je 

hebt fantastisch werk gedaan in Amersfoort, zonder jouw inzet hadden we nooit in zo’n 

korte tijd zoveel patiënten kunnen includeren. De eerste chest pain biobank papers zijn 

mede door jou tot stand gekomen, waarvoor veel dank. Ik hoop dat we in de toekomst 

nog veel samen hieruit kunnen publiceren. 

Overige Toren-genoten: Marten, Geert, Jelte, Jonne, Joyce, Bas, Amir, Ellen, Jeroen, 

Aisha, Quirina, Jessica, Saskia en oud-Torengenoten. Heel erg bedankt voor de fijne 

samenwerking en de vele momenten van ontspanning. Ik heb van jullie gezelschap genoten. 

Jullie maakten het leven als onderzoeker weer dragelijk als het allemaal even niet meezat. 

Beste Erik. Als student heb je belangrijk werk verricht voor de C5aR studie en de BLT1 

studie. Niet voor niets ben je kort daarna begonnen als promovendus bij de Experimentele 

Cardiologie. Naast je kwaliteiten als onderzoek ben je vooral een fijne vent. Bedankt voor 

al je hulp en de fijne samenwerking. Je mag trots zijn op je aanstaande carrière-switch en 

ik wens je veel succes daarmee. 

Alle overige promovendi, stafleden en technici van de Experimentele Cardiologie (inclusief 

de stamcelgroep) en de klinische cardiologie: heel erg bedankt voor de prettige 

samenwerking.

Beste Hester, bedankt voor je hulp en betrokkenheid bij meerdere van mijn studies. Je 

brede kennis en ervaring waren altijd nuttig om snel tot een goed actieplan te komen. Je 

bent altijd duidelijk en to-the-point, en dat werkt erg prettig. Bedankt dat je altijd 

laagdrempelig bereikbaar was en bereid was om te helpen. 

Beste Imo, bedankt voor je kritische blik. Je hebt me vele malen van nuttig commentaar 

en goede ideeën voorzien, vooral destijds toen er nog monday-morning-meetings waren. 

Beste Gerard, bedankt voor je begeleiding de afgelopen jaren. Als hoofd van de 

Experimentele Cardiologie heb je al mijn werk gefaciliteerd en bovendien heb je me 

betrokken in de groep ondanks dat je formeel niet mijn promotor bent. Ik heb veel geleerd 

van onze werkbesprekingen. Door jouw brede blik en je vaak iets andere invalshoek zijn 

we tot veel goede ideeën gekomen. Jouw kennis en ervaring hebben veel bijgedragen aan 

mijn wetenschappelijk werk, waarvoor dank.

Beste Arend, bedankt voor de prettige samenwerking. Dankzij jouw hulp en het beschikbaar 

stellen van de FAME samples hebben we de eerste extracellular vesicle biomarker papers 

kunnen publiceren. Bovendien heb je de Minerva studie mogelijk gemaakt door deze te 

faciliteren en de betrokkenen in het Meander Medisch Centrum te enthousiasmeren.  
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Heel erg bedankt voor je inzet, ik heb veel van je geleerd en hoop in de toekomst nog veel 

met je te mogen samenwerken. 

Ook alle andere cardiologen van het Meander Medisch Centrum Amersfoort, heel erg 

bedankt voor jullie bijdrage aan mijn leerzame tijd als arts-assistent cardiologie en ook voor 

het faciliteren van de Minerva studie. Zonder jullie medewerking was dit project niet van 

de grond gekomen. 

Dear Singaporean friends: Steph, Jong, Aruni, Jiong Wei, Irwani, Swee Han and many 
others. Thank you for your hospitality. I really enjoyed my trips to Singapore and always 

felt welcome, thanks to you. Aruni, thank you for your kindness and hospitality. I really 

enjoyed diner at your place in Singapore and your trip to Utrecht. Jong, many thanks for 

your help extracting ECGs in Singapore General Hospital. The work was very boring and 

mind-numbing, I know, but together we did a great job. Also Steph, you always make me 

feel welcome in Singapore, I had a great time. Thank you for your work in the lab. Irwani, 
thank you for your contributions to the multi-ethnic chest pain cohort. I really appreciate 

you were always willing to help and provide extra data when needed. I hope our first papers 

together will soon get published. Swee Han, thank you for your collaboration. 

Prof. Richards, dear Mark. Thank you for your collaboration. Your experience and critical 

scientific view have greatly improved our papers. I trust that our joint papers involving the 

multi-ethnic chest pain cohort will soon get published. I hope we can work together again 

in the future. 

Een groot deel van mijn vrije tijd heb ik besteed aan het coachen van wedstrijdroeiers op 

de Utrechtsche Studenten Roeivereeniging Triton. Ik heb de afgelopen jaren met veel 

plezier zeer veel trainingen en wedstrijden langs het water en op de kant begeleid. Het 

leukste aan coachen vind ik het werken met roeiers en medecoaches: allemaal gedreven, 

enthousiaste mensen die zich ergens volledig voor inzetten. Mijn ervaringen als coach 

hebben veel bijgedragen aan mijn persoonlijke ontwikkeling en aan mijn ontwikkeling als 

arts en als onderzoeker, en ook andersom. De roeiers en coaches met wie ik de afgelopen 

jaren heb samengewerkt hebben hier in grote mate aan bijgedragen. Het zijn er te veel om 

op te noemen, maar ik wil hierbij alle roeiers en coaches heel hartelijk bedanken voor een 

mooie en leerzame tijd. 

Mijn vrienden zijn ontzettend belangrijk voor een juiste balans tussen werk en ontspanning. 

Ik zal niet iedereen hier apart noemen, maar heel erg bedankt allemaal voor jullie gezelligheid 

en onvoorwaardelijke steun. Zonder jullie was deze promotie niet mogelijk geweest. Ik wil 

hier wel een paar mensen in het bijzonder bedanken.

Beste Hidde en Sjoerd, oude trouwe vrienden. Ik vind het erg leuk dat ik jullie na zoveel 

jaren nog heel regelmatig zie en spreek. We hebben een heel verschillend leven, maar juist 

daarom vind ik onze vriendschap erg waardevol. Bedankt voor jullie trouwe enthousiasme 

en gezelligheid. 
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Dr. Beekhuizen, beste Michiel. We komen elkaar telkens weer tegen, waarbij jij me steeds 

een stapje voor bent. Eerst als huisgenoten, toen als onderzoekers en binnenkort weer in 

het ziekenhuis als artsen. Bedankt voor alle momenten waarop we even uit het onderzoek 

stapten en koffie dronken tussendoor. Ik vond het erg gezellig en ontspannend en miste 

het wel een beetje toen je weer het ziekenhuis in ging als arts. Ik verheug me erop je straks 

in consult te vragen bij mijn patiënten!

Dr. de Groot, beste Arnie. Ouwe bioloog. Bedankt voor de vele momenten van ontspanning 

tijdens onze onderzoekstijd. Ik vond het erg leuk dat je tijdelijk bij mij bivakkeerde voordat 

je naar Zürich verhuisde. Bedankt ook voor je gastvrijheid in Zürich, zoals je wel merkt aan 

mijn frequente bezoeken voel ik me erg welkom. Een van mijn meest productieve 

onderzoeksweken was afgelopen zomer bij jou in Zürich. 

Lieve Tjitske, bedankt dat je mijn huisgenote was. Je gezelligheid en steun vooral in de 

laatste maanden van mijn promotie hebben me erg geholpen. Ik ben ervan overtuigd dat 

het zonder jou nog niet af was geweest. Veel succes als Ärztin im Wald!

Lieve Billie, je bent al jaren een hele goede vriend en een geweldige coach voor me. Je 

optimistische kijk op de wereld is voor mij altijd een bron van inspiratie. In jouw wereld is 

alles mogelijk. We kennen elkaar erg goed en mede daardoor heb je me regelmatig bij 

kunnen sturen wanneer dat nodig was. Bedankt daarvoor. Lieve Anne, ik heb het erg leuk 

gevonden met jou en Bill als huisgenoten, jammer dat het voorbij is. Heel erg bedankt voor 

je steun en luisterend oor. Bedankt ook voor je gastvrijheid in Winterthur, ik hoop dat ik 

nog lange tijd 1.8 keer per jaar langs mag komen.

Lieve Rik en Ruud, mijn paranimfen, en niet voor niets! 

Rik, vanaf het moment dat we huisgenoten werden zijn we al snel beste vrienden 

geworden. We hebben al een hoop meegemaakt samen. Bedankt voor je vriendschap en 

je gezelligheid, ik heb het gevoel altijd bij jou en Evelien terecht te kunnen. Samen coachen, 

fietsen, wijn of whisky drinken en weekendjes weg met jou en onder anderen Ruud waren 

een welkome afwisseling en hebben me erg geholpen dit werk succesvol af te ronden. 

Bedankt daarvoor!

Ruud, huisgenoot, coach, fijne vriend! Jij bent in korte tijd uitgegroeid tot een van mijn 

allerbeste vrienden. Je kent me bijzonder goed en kunt mijn buien als geen ander 

inschatten. Als ik het even somber inzie weet jij me altijd in no-time weer te motiveren 

en op te vrolijken. Ik vind het heel bijzonder dat je altijd bereid bent om te helpen wanneer 

nodig, ondanks je drukke bestaan. Je bent onmisbaar geweest in de laatste fase van 

mijn promotie en nog steeds, zonder jou was het gewoon niet gelukt. Heel erg bedankt 

daarvoor.

Prof. dr. C.E. Hack, beste Erik. Bedankt voor je hulp en begeleiding bij het immunologisch 

onderzoek. Bij onze besprekingen over het C5aR paper heeft jouw brede blik ons altijd op 

goede ideeën gebracht. Mede dankzij jouw bijdrage is het C5aR paper een groot succes 

geworden, waarvoor dank.  
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Dankwoord

Dr. de Jager, beste Saskia. Je bent pas later bij ons komen werken en daardoor later 

ingestapt in mijn promotietraject, maar je kwam als geroepen! Jouw kennis en ervaring 

op het gebied van cardiovasculaire immunologie heeft me zeer geholpen bij de afronding 

van de muisonderzoeken. Maar voor mij was je vooral een goede begeleider die dagelijks 

aanwezig was, waar ik het laatste jaar veel behoefte aan had, en altijd bereid was advies 

te geven en zelfs in het lab bij te springen wanneer nodig. Bedankt voor je hulp, je inzet, 

het laagdrempelige contact en vooral ook alle gezelligheid. 

Geachte dr. Timmers, beste Leo. Wat ben jij belangrijk voor me geweest. Tijdens onze 

mooie tijd als arts-assistenten cardiologie in het Meander in Amersfoort heb jij me dit 

promotietraject ingeloodst. Ik heb destijds erg getwijfeld of ik hieraan moest beginnen, 

aangezien het onderwerp ver buiten mijn comfortzone lag, maar had er veel vertrouwen 

in dat zolang jij me als copromotor bij zou staan er eigenlijk weinig mis kon gaan. En zo 

was het ook. Je bent een fantastische copromotor, coach en vriend. Ondanks je werk in 

de kliniek en je gezin was je vrijwel altijd bereikbaar voor advies en begeleiding, of 

gewoon voor koffie of een goed glas wijn. Juist op de momenten dat het allemaal wat 

minder soepel verliep en ik behoefte had aan begeleiding wist je me telkens weer te 

motiveren en energie te geven. Ik ken vrijwel niemand die zo aanstekelijk enthousiast 

en optimistisch is als jij. Heel erg bedankt voor je begeleiding en ik hoop je over een paar 

jaar weer te treffen als collega, ik als AIOS cardiologie en jij als superviserend cardioloog. 

Ik heb er nu al zin in!

Geachte promotor, prof. dr. D.P.V. de Kleijn, beste Dominique. Bedankt voor je vertrouwen 

in me. Je nam een aanzienlijk risico door een jonge arts zonder enige basaal 

wetenschappelijke ervaring aan te nemen op een project dat draaide om immunologisch 

onderzoek in muizen. Toch heb je mij het vertrouwen gegeven en me vanaf het begin 

vol overtuiging en optimisme begeleid. Ook toen in mijn eerste jaar niet alles liep zoals 

gepland en het roer drastisch om moest heb je me gesteund en samen met mij naar 

oplossingen gezocht. Toegegeven, die begeleiding was een stuk makkelijker toen je nog 

in Utrecht werkte en werd toch een grotere uitdaging toen je besloot met je gezin naar 

Singapore te verhuizen. Maar jij vindt altijd overal oplossingen voor. Ook op deze grote 

afstand is het je gelukt nauw betrokken te blijven bij de lopende projecten in Nederland. 

Bijkomend voordeel was natuurlijk de samenwerking met Singapore en bijbehorende 

(werk)reisjes. Deze samenwerking was een bijzonder leerzame ervaring, bovendien heb 

ik tussendoor een paar mooie plekken in Azië bezocht. Bij de hoogtepunten behoren wat 

mij betreft ook de avonden waarop je ons uitnodigde om bij jou en Kristy te komen eten 

en een goed glas wijn te drinken, het was altijd erg gezellig! Ik heb erg genoten van je 

eerlijkheid, humor, gezelligheid en gastvrijheid en hoop in de toekomst weer met je te 

mogen samenwerken.  

Beste oom Jim. Als huisarts en ‘de medicus van de familie’ heb je me altijd geïnspireerd. 

Ik herinner me nog dat je me een reflexhamer gaf toen ik geneeskunde ging studeren – die 
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ik overigens nog steeds gebruik. Ik heb een geweldige tijd gehad tijdens mijn huisartsenstage 

bij jou in de praktijk. Helaas heb ik toch voor de cardiologie gekozen, maar ik zal die tijd niet 

snel vergeten. 

Lieve Nils en Anne-Sophie. Bedankt voor jullie steun en gezelligheid de afgelopen jaren. 

Ik voel me bij jullie altijd welkom en vind het leuk om bij jullie langs te komen. Onze ietwat 

verschillende kijk op de wereld vanuit het perspectief van arts en verpleegkundige levert 

altijd boeiende discussies op. Nils ik ben trots op je ontwikkelingen en wie weet werken 

we over een paar jaar wel samen. 

Lieve Flore, gekke zus. Mooi dat je erbij bent. Tussen al dat geneeskundige geweld van 

Nils en mij is het vast niet altijd makkelijk je staande te houden in ‘het gezin’. Slimme zet 

dus om naar Schotland te verhuizen en volledig je eigen gang te gaan. En dat lukt je prima! 

Ik ben trots op wat je bereikt en kom graag binnenkort weer eens kijken hoe de winkel 

loopt.

Lieve omi en opi, trouwe fans. Dank voor jullie eeuwige interesse en steun, en de vele 

gezellige taartjes, snoepjes uit de pot en pannenkoekjes tussendoor. Heel erg jammer dat 

opi er niet meer is om dit mee te maken. Hij had het vast en zeker allemaal briljant 

gevonden. 

Lieve papa en mama. Laat het duidelijk zijn dat zonder jullie dit allemaal niet mogelijk was 

geweest. Jullie staan altijd op alle manieren voor me klaar en hebben me altijd enorm 

gesteund, ook op de momenten dat het allemaal niet zo makkelijk ging. Dank voor jullie 

steun en vertrouwen. Ook bedankt voor alle etentjes, gezelligheid, vakanties en weekendjes 

in de hut in Friesland. Dit zijn voor mij allemaal belangrijke randvoorwaarden geweest voor 

een geslaagde promotie. Hopelijk meer van dat in de toekomst!
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