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Abstract 

Heart diseases are common and significant contributors to worldwide mortality 

and morbidity. During recent years complement mediated inflammation has 

been shown to be an important player in a variety of heart diseases. Despite 

some negative results from clinical trials using complement inhibitors, 

emerging evidence points to an association between the complement system 

and heart diseases. Thus, complement seems to be important in coronary 

heart disease as well as in heart failure, where several studies underscore the 

prognostic importance of complement activation. Furthermore, patients with 

atrial fibrillation often share risk factors both with coronary heart disease and 

heart failure, and there is some evidence implicating complement activation in 

atrial fibrillation. Moreover, Chagas heart disease, a protozoal infection, is an 

important cause of heart failure in Latin America, and the complement system 

is crucial for the protozoa-host interaction. Thus, complement activation 

appears to be involved in the pathophysiology of a diverse range of cardiac 

conditions. Determination of the exact role of complement in the various heart 

diseases will hopefully help to identify patients that might benefit from 

therapeutic complement intervention.     

   

 

 

Keywords: Complement system, myocardial infarction, coronary heart 

disease, heart failure, atrial fibrillation, Chagas disease 
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1 Introduction 

 

Heart diseases are significant contributors to worldwide morbidity and 

mortality (Moran et al., 2014a). However, while mortality rates from coronary 

heart disease have declined over the last 30 years, the identification and 

treatment of unstable coronary lesions is still a challenge. Moreover, due to 

the growing and ageing population, there is an increase in the global burden 

of coronary heart disease (Moran et al., 2014b). There is also an increase in 

heart failure as a result of coronary heart disease, dilated cardiomyopathy, 

hypertension and type 2 diabetes (Moran et al., 2014b). Another cause of 

heart failure is Chagas disease, predominantly found in Latin America where it 

is caused by a parasitic infection (Bocchi et al., 2013). In 2012, the global cost 

of heart failure worldwide was estimated to 108 billion US dollars (Cook et al., 

2014). Due to the elderly population, and paradoxically, the improved survival 

in coronary heart disease, the prevalence and mortality rates of atrial 

fibrillation are increasing as well (Chugh et al., 2014).  

 

1.1 The complement system 

 

The complement system consists of more than 40 soluble and membrane 

bound proteins. A substantial number are inhibitors, which are crucially 

important to keep the system under control during normal conditions. The 

system can be activated through three main pathways: classical-, lectin- and 

alternative pathway. I addition a direct activation of C5 without prior activation 

of C3 has been described (Huber-Lang et al., 2006). The different activation 

pathways converge in the common pathway with activation of C3 and C5 

continuing to the terminal pathway with release of the biologically highly 

potent anaphylatoxin C5a and formation of the terminal C5b-9 complement 

complex (TCC). The terminal complement complex can appear as a soluble 

complex in the fluid phase (sC5b-9) or attack cell membranes as the 

membrane attack complex (MAC). The latter may either lead to lysis of 

bacteria and cells, or, if formed in sub-lytic amounts, to stimulation of the cell 

with subsequent release of inflammatory mediators. Recent studies suggest 

that complement also can be regarded as a surveillance system that quickly 
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can be activated by sensing danger signals, both sterile and non-sterile, to the 

host and thereby contribute to maintain tissue homeostasis and promote 

tissue repair (Ricklin et al., 2010). On the other hand, undesired or 

uncontrolled complement activation can induce tissue damage and organ 

dysfunction in the host such as can be seen during septicemia and various 

autoimmune disorders (Barratt-Due et al., 2012). 

 

1.2 Inflammation and cardiovascular disease 

 

Atherosclerosis is a common chronic inflammatory disease of the arterial 

vasculature that is associated with lipid accumulation in the arterial wall with 

the bidirectional interaction between lipid and inflammation as a phenotypical 

hallmark. This process is the underlying pathology of major cardiovascular 

diseases, including coronary heart disease and heart failure (Hansson and 

Libby, 2006; Hansson and Hermansson, 2011). Modified lipoproteins and 

cholesterol crystals in the arterial wall are potentially dangerous stressors. 

The innate immune system initiates and orchestrates the immune response to 

these particles. In this “first line of defence” a variety of pattern recognition 

receptors are used, including cellular pattern recognition receptors such as 

scavenger receptors and Toll-like receptors (TLRs), and soluble pattern 

recognition receptors such as complement components. Oxidized low-density 

lipoprotein (LDL) is endocytosed by CD36 that among others coordinates the 

intracellular conversion of this ligand to cholesterol crystals (Sheedy et al., 

2013). Phagocytosis of cholesterol crystals induces lysosomal damage that 

results in the activation of the NLRP3 inflammasome, with subsequent 

activation of caspase-1 and secretion of IL-1 and IL-18 (Duewell et al., 

2010). Recent data have demonstrated that the complement system can 

control several cellular processes involved in cholesterol crystal-induced 

inflammasome activation (Samstad et al., 2014).   

 

Hence, there is considerable crosstalk between the different parts of the 

innate immune system in the atherosclerotic process. There is also an 

intensive crosstalk between the coagulation and the complement systems, 
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and if uncontrolled this “immunothrombosis” may lead to thrombotic 

complications including myocardial infarction and stroke (Engelmann and 

Massberg, 2013). Inflammatory responses are also involved in the 

development and progression of heart failure, and again, innate immune 

responses and complement seem to participate in these responses.  

 

In the current review we address the latest research on the importance of the 

complement system for the evolvement of different heart diseases with focus 

on coronary heart disease, heart failure, arrhythmias and Chagas disease 

(Figure 1). We also discuss complement inhibition in heart diseases, as well 

as the possibility of combined inhibition of complement and other components 

of innate immunity. 

 

2 Coronary heart diseases and the complement system 

 

Coronary heart disease is, in the great majority of cases, caused by 

atherosclerosis in the coronary arteries, and spans from silent ischemia, 

effort-induced angina pectoris, acute coronary syndromes (unstable angina 

and myocardial infarction) to sudden cardiac death. There is an important 

distinction both prognostically and therapeutically, between ST-elevation 

myocardial infarction (STEMI) and non-ST-elevation myocardial infarction. 

Innate immunity, including the complement system, is important in the 

formation of atherosclerotic plaques (Haskard et al., 2008; Hansson and 

Hermansson, 2011; Weber and Noels, 2011; Torzewski and Bhakdi, 2012). 

These plaques may be stable, characterized by a large fibrous cap, or 

unstable, where inflammatory cells and lipids dominate. While the former 

lesion may be associated with a narrow lumen giving rise to stable ischemic 

symptoms, the latter lesion is associated with plaque rupture and thrombus 

formation with subsequent development of an acute coronary syndrome.  

 

2.1 Genetic studies on the complement system and risk of coronary heart 

disease 
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The C4A and C4B genes code for C4, important in both the classical and the 

lectin pathways. Low C4B numbers are associated with increased short-term 

mortality in smoking myocardial infection patients (Blaskó et al., 2008). The 

mannose-binding lectin (MBL) 2 gene codes for MBL in the lectin pathway. 

Øhlenschlager et al. and Siezenga et al. found that the O/O genotype of 

MBL2, was associated with future risk of coronary heart disease in patients 

with systemic lupus erytmatosus and type 2 diabetes, respectively 

(Øhlenschlaeger et al., 2004; Siezenga et al., 2011). Alipour et al. did not find 

any association between MBL2 haplotypes and the progression of coronary 

heart disease in statin treated patients (Alipour et al., 2011). Vengen et al. 

have found that MBL2 gene variants with functional MBL deficiency were 

associated with increased risk for myocardial infarction in a population-based 

cohort of young individuals followed for 10 years (Vengen et al., 2012). Leban 

et al. recently described a strong relationship between the C3F allele of the 

C3 gene, coding for complement factor C3 of the common pathway, and risk 

of myocardial infarction (Leban et al., 2013). Factor H is a complement 

regulator, and polymorphisms, especially Y402H, in the Factor H-gene is 

extensively studied and associated with age-related macular degeneration 

(Gehrs et al., 2010). There are conflicting results about the Y402H 

polymorphisms and cardiovascular disease including myocardial infarction, 

but most studies find no association, so the importance of factor H variants in 

cardiovascular disease at present is unclear (Zee et al., 2006; Kardys et al., 

2006; Nicaud et al., 2007; Stark et al., 2007; Sofat et al., 2010). Thus, some 

variants in genes encoding proteins of the complement system including MBL 

and C3 are associated with risk for coronary heart disease, while in others like 

factor H appear to be more uncertain.  

 

2.2 The complement system and myocardial ischemia-reperfusion injury 

 

The treatment of acute coronary heart disease has been substantially 

improved with the introduction of reperfusion strategies including fibrinolysis 

and percutaneous coronary intervention. However, reperfusion of the 

ischemic myocardium may itself cause damage to the heart. This ischemia-

reperfusion injury involves direct cardiomyocyte death and also myocardial 
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stunning, arrhythmias and the “no reflow" phenomenon (Gerczuk and Kloner, 

2012; Jennings 2013; Ovize et al., 2013). Several approaches including pre-, 

post-, and remote- ischemic conditioning and several pharmacological 

therapies including immune modulation have been promising in both pre-

clinical and clinical models. However, there is currently no widely approved 

therapy that addresses this important clinical problem (Heusch 2013; Kloner 

2013; Frangogiannis 2014). Experimental studies strongly implicate the 

complement system as pivotal in ischemia-reperfusion injury. However, the 

results from trials with specific complement inhibitors have thus far been 

disappointing  (Banz and Rieben, 2012; Gorsuch et al., 2012; Timmers et al., 

2012). 

 

2.3 Evidence for complement activation in coronary heart disease 

 

More than four decades ago Hill and Ward induced acute myocardial 

infarction in rats by ligating a coronary artery, and demonstrated the 

occurrence of C3-convertase in the infarcted myocardium, indeed confirming 

in situ complement activation (Hill and Ward, 1971). Since then, several 

studies have underlined the importance of the complement system in 

coronary heart disease. There are some indications that the lectin pathway 

plays a more prominent role in the induction of complement activation than 

the classical and the alternative, during ischemia-reperfusion injury (Jordan et 

al., 2001; Walsh et al., 2005; Busche et al., 2009). Trendelenburg et al. 

discovered that serum MBL of or below 100 ng/ml, due to MBL deficiency, 

was associated with reduced mortality in patients with STEMI treated with 

primary percutaneous coronary intervention (Trendelenburg et al., 2010). In 

contrast, low concentration of the MBL serine proteases seems to be 

unfavourable. Thus, Zhang et al. detected that MBL associated serine 

protease 2 (MASP-2) was reduced in peripheral blood of myocardial infarction 

patients compared to controls (Zhang et al., 2013). They extended those 

findings to a coronary artery bypass grafting (CABG) setting, in which 

coronary levels of reduced MASP-2 correlated with larger myocardial necrosis 

measured by serum troponin-I levels (Zhang et al., 2013). This finding has 

later been confirmed (Frauenknecht et al., 2013). The latter group also 
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measured an increase in plasma MASP-1 in acute myocardial infarction, a 

finding recently reproduced by others (Frauenknecht et al., 2013; Holt et al., 

2014). Collectively these data indicate that genetic low MBL is beneficial by 

reduced activation potential of the lectin pathway, whereas the consequences 

of the changes in MASPs are more uncertain.   

 

Moreover, Horvath et al. found evidence of classical activation in stable 

coronary heart disease, evidenced by increased C1rsC1-inhibitor complexes 

(Horváth et al., 2012). Another group, using a proteomic approach, showed a 

decrease in inflammatory proteins in acute myocardial infarction after the 

acute phase, however there was an increase in serum amyloid P-component, 

a known activator of the classical pathway (Cubedo et al., 2013). Recently, 

Kishida et al. demonstrated elevated plasma C1q in acute coronary 

syndromes, and also an increase in the complex of adiponectin and C1q 

(Kishida et al., 2014). So even if the lectin pathway seems involved in acute 

myocardial infarction, recent research has indicated a role for the classical 

pathway as well. 

 

C3, the central component of all three activation pathways, is an acute phase 

response protein. Several studies have demonstrated that increased serum 

C3 and/or increased C3/C4 ratio are associated with increased risk in 

coronary heart disease (Széplaki et al., 2004; Palikhe et al., 2007). Engström 

et al. confirmed these findings, however they also detected that elevated 

levels of plasma C4 was associated with an increase in coronary events  

(Engström et al., 2007). The highly bioactive anaphylatoxins C3a and C5a, 

generated by activation of C3 and C5, are associated with increased risk in 

coronary heart disease (Speidl et al., 2005; Distelmaier et al., 2009), and C3a- 

and C5a receptors are expressed in human coronary plaques  (Oksjoki et al., 

2007). Recently Nilsson et al. established that plasma C3, C4 and the 

activation fragment C3a-desArg were strongly related with adipose tissue 

volume and established risk factors for cardiovascular diseases (Nilsson et 

al., 2014). 
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Hoffmeister et al. found that both C-reactive protein (CRP) and plasma sC5b-

9 were associated with unstable coronary disease (Hoffmeister et al., 2002). 

Ørn et al. demonstrated an increase in sC5b-9 two days after 

revascularization in STEMI, consistent with complement activation in the 

infarcted area (Ørn et al., 2009). It has later been confirmed that plasma 

sC5b-9 at hospital admittance is a negative prognostic factor in acute 

myocardial infarction (Lindberg et al., 2012; Mellbin et al., 2012).  

 

Hence the different parts of the complement system play a role in both stable 

and unstable coronary heart disease. Recent research indicates that 

cholesterol crystals are important activators of the complement cascade 

(Samstad et al., 2014). Complement activation through both the classical and 

the lectin pathway seem involved, and the activation products C3a, C5a are 

sC5b-9 are all negative prognostic markers. Thus, several steps in the 

complement cascade are candidates for therapeutic intervention in acute 

coronary syndromes. 

 

2.4 Complement inhibition in coronary heart disease 

 

Animal models have emphasized the importance of the complement system in 

myocardial infarction, and pharmacological inhibition of the complement 

system has also shown promising results in experimental studies (del Balzo et 

al., 1985; Weisman et al., 1990; Fairweather et al., 2006; van der Pals et al., 

2010; Mueller et al., 2013). 

 

Human soluble complement receptor 1, designated TP10, inhibits C3 

activation, thus blocking the activation from all three initial pathways 

(Shandelya et al., 1993). Weisman et al. have demonstrated reduced 

myocardial infarction size, using TP10 in a rat ischemia-reperfusion model 

(Weisman et al., 1990). Lazar et al. studied the effects of TP10 in high-risk 

patients undergoing cardiac surgery, but even if complement activation was 

effectively suppressed by TP10, there was no reduction in the clinical 

composite primary endpoint (Lazar et al., 2004). However, there was a 

reduction in mortality and myocardial infarction size in males but not in 
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females (Lazar et al., 2004; Lazar et al., 2007), suggesting that the effects of 

TP10 may be gender-related. These observations have not been further 

explored. 

 

Almost two decades ago pexelizumab, a monoclonal antibody binding to and 

inhibiting the cleavage of C5, was developed using a recombinant technique 

(Thomas et al., 1996). Large scale clinical testing of pexelizumab in various 

settings of coronary heart disease has been performed, so far with 

disappointing results (Table 1).  

 

Altogether, complement activation is clearly a participant in the evolvement of 

cardiac heart disease, including acute myocardial infarction and ischemia-

reperfusion injury. However, from a clinical point of view, it seems as if 

complement inhibition with pexelizumab has no effect on primary endpoints in 

STEMI patients. Martel et al. have tried to establish why pexelizumab failed to 

reduce the primary endpoint in the APEX-AMI study (APEX AMI Investigators 

2007), and found that pexelizumab apparently reduced plasma C5a, but not 

the formation of sC5b-9, and thus not the downstream sub-lytic MAC 

inflammation (Martel et al., 2012). This activation probably occurred previous 

to the administration of the drug and thus the delayed administration could 

explain the lack of clinical benefit. However there seem to be a window of 

opportunity for complement inhibition in CABG patients. A post hoc analysis of 

the PRIMO-CABG study (Verrier et al., 2004) indicated benefit of pexelizumab 

in high-risk patients undergoing CABG (Haverich et al., 2006). Testa et al. 

performed a meta-analysis of the pexelizumab studies which indicated 

reduced mortality in CABG patients (Testa et al., 2008). The reason for 

clinical effect during CABG but not during STEMI, could be the known 

powerful complement activation that takes place during external circulation 

with heart-lung machines due to the surfaces of the tubing and bypass loops 

used, an activation more extensive than in the setting of STEMI (Edmunds 

1998). Furthermore, the aspect of timing, i.e. when to administer the inhibitor 

in relation to the onset of the ischemic-reperfusion injury, may be a factor 

which allows for effect in controlled conditions, but precludes effect in an 

acute clinical setting. 
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3 Heart failure and the complement system 

 

In addition to ischemic heart disease, there are several other known causes of 

heart failure, including hypertension, valvular diseases and cardiomyopathy of 

unknown etiologies, often called idiopathic dilated cardiomyopathy. Heart 

failure development is characterized by several structural and cellular 

changes, commonly referred to as myocardial remodeling. This remodeling 

involves cardiomyocyte hypertrophy, ventricular dilation and fibrosis, and 

experimental and some clinical evidence implicates inflammatory mediators 

as important mediators of remodeling and heart failure development 

(Yndestad et al., 2007).  

 

3.1 Complement activation in heart failure 

 

More than a decade ago, Aukrust et al. demonstrated increased complement 

activation in patients with congestive heart failure, including both patients with 

idiopathic dilated and ischemic cardiomyopathies (Aukrust et al., 2001). 

During treatment with high-dose intravenous immunoglobulin they noted an 

increase in left ventricular ejection fraction and an increase in complement 

activation, the latter a known effect of intravenous immunoglobulin (Mollnes et 

al., 1997). Whether the increase in complement activation in these patients 

reflected a shift from tissue phase to the fluid phase or if it reflected a more 

general systemic increase in complement activation, e.g. induced by a chronic 

whole body ischemia, or release of alarmins, is unknown. It is also unclear 

whether these changes in complement activation in any way were directly 

involved in the change in ejection fraction.  

 

Ficolins are recognition molecules in the lectin pathway. Schoos et al. found 

that plasma ficolin-2 combined with other lectin pathway proteins, including 

MBL and MBL/ficolin-associated Protein-1 were associated with larger left 

ventricular volumes following STEMI (Schoos et al., 2013). Prohászka et al. 

could not find any association between plasma ficolin-2 and heart failure, 
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however they established an association between low levels of plasma ficolin-

3 and advanced heart failure, and they found that low levels of ficolin-3 was a 

significant predictor of mortality (Prohászka et al., 2013). Oliveira et al. studied 

myocardial biopsies in heart failure before and after implantation of left 

ventricular assist devices, compared to normal control biopsies obtained from 

donor hearts (Oliveira et al., 2006). They found that MAC in the myocardium 

was increased in failing hearts compared to normal controls, however this 

increase was normalized after left ventricular assist device implantation. 

Lappegård and Bjørnstad discovered that there was improvement in ejection 

fraction after cardiac resynchronization therapy, however complement 

activation was not changed (Lappegård and Bjørnstad, 2006). Bjerre et al. 

found an increase in sC5b-9 measured in peripheral blood in patients with 

ischemic origin of the heart failure, but not in the heart failure group as a 

whole (Bjerre et al., 2010). Gombos et al. demonstrated that high plasma 

levels of the anaphylatoxin C3a in patients with left ventricular ejection fraction 

below 45% predicted risk for re-hospitalizations, cardiovascular events and 

mortality (Gombos et al., 2012).  

 

3.2 Pathogenic role of complement in heart failure development 

 

C5a-C5a receptor interaction has previously been shown to be centrally 

involved in sepsis-induced cardiomyocyte dysfunction and heart failure 

(Niederbichler et al., 2006; Atefi et al., 2011). Recent data show that 

complement may be a pivotal regulator of sterile inflammatory processes in 

the heart as well, and Iyer et al. showed that C5a receptor antagonism with 

the cyclic peptide antagonist PMX53 inhibited hypertension-induced 

myocardial fibrosis and stiffness (Iyer et al., 2011). Zhang et al. recently 

demonstrated complement activation during hypertension and that a C5a 

receptor signaling pathway on blood monocytes/macrophages played a 

pathological role in angiotensin II–induced cardiac inflammation and 

remodeling (Zhang et al., 2014). Conversely, C5a-receptor deficiency in a 

murine knock-out model has been associated with decreased resistance to 

cardiac stress, underscoring that complement might act as a double-edged 
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sword also in the heart (Mullick et al., 2011). The mechanisms for in situ 

increased complement activation in heart failure are currently unknown, but 

myocardial levels of complement factor B are upregulated after myocardial 

infarction through toll-like receptor signaling and inflammatory cytokines 

(Singh et al., 2009; Singh et al., 2012). Complement factor B deficient mice 

subjected to myocardial infarction have improved survival and cardiac 

function, less cardiac hypertrophy, and importantly, markedly reduced 

myocardial C3 deposition. It is conceivable that increased myocardial 

complement factor B production may represent a mechanism for increased 

local complement activation that again may promote the pathogenesis of 

heart failure. 

 

Thus, components of the complement system can be used to assess 

prognosis in heart failure, and experimental data are emerging that indicate a 

direct pathogenic role of complement activation. However, to date there are 

no studies on complement directed therapy in patients with heart failure. 

 

4 Arrhythmias and the complement system 

 

It is established that atrial fibrillation is associated with increased inflammatory 

activity, reviewed in (Lappegård et al., 2013), and also that inflammation is a 

key player in the development of thrombo-embolic complications (Hijazi et al., 

2013). Paradoxically, due to increased survival in coronary heart disease and 

congestive heart failure, along with an ageing population, the prevalence of 

atrial fibrillation is increasing. 

 

In a study performed nearly two decades ago, Bruins et al. found that 

complement activation after CABG was associated with increased CRP-levels 

and furthermore that this complement activation increased the risk of post-

surgery arrhythmia (Bruins et al., 1997). Dernellis and Panaretou found, in a 

population study from a Greek island, that increased inflammation, as defined 

by serum levels of CRP, C3 and C4, increased the risk of atrial fibrillation 

(Dernellis and Panaretou, 2006). However, elevated CRP levels alone did not 

predict risk of atrial fibrillation whereas the combination of elevated CRP and 
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complement levels did. In a larger population based study from Sweden, 

complement factors C3 and C4 separately failed to predict risk of atrial 

fibrillation, whereas a combination of inflammation sensitive proteins, 

including C3 and C4, did (Adamsson Eryd et al., 2011). In a proteomic study 

of non-valvular atrial fibrillation, an increased level of vitronectin, a terminal 

pathway inhibitor, was found in patients with hypertension, while an increased 

level of C5-precursor protein was found in patients with diabetes (Chan et al., 

2012). Finally, atrial fibrillation is a known and frequent complication of heart 

surgery, including CABG and valve surgery (Maisel et al., 2001). Rubens et 

al. used a copolymer in the bypass-circuit tubes and found a decrease in 

generation of plasma sC5b-9, and the addition of methylprednisolone further 

reduced sC5b-9 levels and also the occurrence of atrial fibrillation (Rubens et 

al., 2005). 

 

There are few studies addressing arrhythmias other than atrial fibrillation, 

however Di Domenico et al. performed a proteomic study of patients with 

Brugada syndrome, an inherited disease with increased risk of sudden death 

due to altered ionic channels in the cardiomyocytes (Di Domenico et al., 

2013). They detected increased plasma levels of the complement inhibitors 

factor H, vitronectin and clusterin, the latter being a terminal pathway inhibitor. 

 

Even if there are relatively few studies on atrial fibrillation and complement, 

there are clear indications that inflammation in general is important in atrial 

fibrillation. Some studies underscore the importance of complement in 

particular, which could open therapeutic possibilities in the future. 

 

5 Chagas disease and the complement system 

 

Infectious agents may directly or indirectly cause myocardial failure. Thus, 

viruses like enterovirus and parvovirus B19 are well known causes of 

myocarditis. Bacteria like Borrelia species and Chlamydophila pneumoniae 

may affect the myocardium. In Latin America, Chagas disease causes up to 

21% of the heart failure cases (Bocchi et al., 2013), and here we discuss this 

as a model for the involvement of complement in infectious-mediated heart 
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disease. Chagas disease is caused by the protozoa Trypanasoma cruzi (T 

cruzi), is endemic in Latin America, but due to increased intercontinental 

travel, the disease can be encountered in other parts of the world as well 

(Nunes et al., 2013). A few of the patients with acute febrile illness due to T 

cruzi may have fatal acute myocarditis, and up to 30% of the patients with 

Chagas disease develop chronic heart disease after 15-30 years, including 

conduction disturbances, bradyarrhythmias, tachyarrhythmias, apical 

aneurisms and congestive heart failure (Rassi et al., 2010).  

 

A decade ago Ferreira et al. detected that calreticulin from T cruzi, a 

multifunctional protein present in many cell types, specifically inhibits 

complement activation through the classical and the lectin pathway (Ferreira 

et al., 2004), a finding later confirmed by others (Valck et al., 2010; Ramírez 

et al., 2011). Sosoniuk et al. recently detected that calreticulin binds directly to 

ficolin-2, thus inhibiting complement activation through the lectin pathway  

(Sosoniuk et al., 2014). The lectin pathway has also been shown to attack T 

cruzi early during infection, and MBL, ficolin-2 and ficolin-3 bind to T cruzi  

(Cestari et al., 2009). Polymorphisms in the MBL2 gene with subsequent low 

levels of MBL increase the risk for Chagas disease, hence confirming that the 

lectin pathway has a protective role (Weitzel et al., 2012). Lower levels of 

plasma ficolin-2 have been observed in patients with Chagas disease than in 

controls (Luz et al., 2013). The T cruzi parasites may induce microvesicles 

from blood cells, and these microvesicles form a complex on the T cruzi 

surface with the C3 convertase, the crucial common complement activation 

step, protecting the T cruzi from complement attack (Cestari et al., 2012).  

 

In an autopsy study, myocardial biopsies from Chagas patients were 

compared to biopsies from dilated cardiomyopathy of other causes. The 

Chagas patients had increased expression of MAC in the myocardium, but not 

of the inhibitor CD59 (Aiello et al., 2002). Regulators of the human 

complement system are crucial in order to keep the system “in check” and 

thereby avoid untoward activation and damage. T cruzi produces different 

types of complement regulatory proteins (Beucher and Norris, 2008). One of 

these, the complement C2 receptor inhibitor trispanning (CRIT) protein inhibits 
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C2 and thereby the classical and lectin pathways. Parasites with 

overexpression of the CRIT gene have higher survival in human serum 

(Cestari et al., 2008). Later it has been demonstrated that CRIT inhibits 

MASP-2 cleavage of C2, thus inhibiting the formation of the C3 convertase 

(Cestari et al., 2009). 

 

Clearly, the complement system is important in Chagas disease, even though 

the exact mechanism explaining how the complement system is involved in 

heart disease is unknown. This infection is a considerable contributor to heart 

failure, especially in Latin America. Both the parasite and the host utilize 

components of the complement system, which therefore might be an 

attractive target for medical therapy in the future, and future research should 

address this.  

 

6 Conclusions and directions for future research 

 

In heart diseases the importance of the innate immune system in general, and 

the complement system in particular, has achieved increasing recognition. So 

far, the results from trials with complement inhibition in patients with coronary 

heart disease have been disappointing. However, research should continue to 

reveal more of the mechanisms by which the complement system contributes 

to heart disease. The development of new complement inhibitors is promising, 

and specific approaches like tissue targeted therapy and inhibition of specific 

proteins and receptors are to be explored. Furthermore, the question of 

appropriate timing of complement inhibition in the various clinical settings 

should be subject to more research. We have previously discussed the 

concept of dual inhibition of “bottle neck” molecules of innate immunity, e.g. 

C3 or C5 and Toll-like receptor co-factor CD14, in inflammatory diseases 

(Mollnes et al., 2008; Barratt-Due et al., 2012), and future research should 

explore new possibilities for inhibition and modulation of the innate immune 

system in order to further reduce the burden of heart diseases. 
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Table 1. Pexelizumab vs. placebo in coronary heart disease. 

     

Reference Clinical setting N   Primary endpoint P-value 

     

Mahaffey et al., 2003 STEMI1, fibrinolysis 920   Infarct size 0.81 

Granger et al., 2003 STEMI, pPCI 960   Infarct size 0.76 

APEX AMI Investigators 2007 STEMI, pPCI 2860   Death, 30 days 0.78 

Shernan et al., 2004 CABG+/- valve              914     Composite2    -   3 

Verrier et al., 2004 CABG+/- valve       3099 Death/MI, 30 days 0.07 

Smith et al., 2011 CABG+/- valve       4254 Death/MI, 30 days 0.20 

 

1 Abbreviations: STEMI: ST-elevation Myocardial Infarction. pPCI:  Primary Percutaneous Coronary Intervention. CABG:  

  Coronary artery bypass grafting. MI: Myocardial infarction. NS: not significant 

2 Death, MI, coronary heart failure, new central nervous system deficit 

3 Non-significant, no P value given 
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Figure 1. Heart diseases with complement system involved in the 

pathophysiology. Panel A: A normal heart for comparision. Panel B: In 

atrial fibrillation there are multiple wavelets of electrical activation in the atria 

and lack of synchronous contraction. Panel C: In heart failure, the ventricles 

may dilate resulting in reduced pump function. Panel D: In ST elevation 

myocardial infarction, there is an acute occlusion of a coronary artery, due to 

a ruptured plaque and a superimposed thrombus. This leads to myocardial 

cell death and necrosis, the degree of which is related to whether and when 

the myocardium is reperfused. Panel E: In Chagas disease, Trypanosoma 

cruzi may be transmitted to humans by a Triatomine bug, giving rise to a 

parasitic infection of the human host. This may induce acute myocarditis, but 

most commonly dilated heart failure, sometimes with an aneurismatic apex, 

evolving after several decades.                             
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