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Abstract  The multiple interconnections among complement proteins, immune cells, and mediators provide an 
excellent mechanism to protect the organism against infections and support the repair of damaged tissues. However, 
disturbances in this “defense machinery” contribute to the pathogenesis of various diseases. The role of complement 
in various inflammatory disorders is multifaceted; for example, the activation of complement can significantly 
contribute to inflammation-mediated tissue damage, whereas inherited or acquired complement deficiencies highly 
favor the development of autoimmunity. Complement as an essential component of the immune system is of 
substantial relevance for the destruction of invading microorganisms and for maintaining tissue homeostasis 
including the protection against autoimmune diseases. The involvement of complement in the pathogenesis of a 
great number of partly life threatening diseases defines the importance to develop inhibitors which specifically 
interfere with its deleterious action. Endogenous soluble complement-inhibitors, antibodies or low molecular weight 
antagonists, either blocking key proteins of the cascade reaction or neutralizing the action of the complement-
derived anaphylatoxins have successfully been tested in various animal models over the past years. 
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1. Introduction 
The complement system plays a fundamental role in 

innate immunity in addition to enhancing adaptive 
immune responses and is therefore a primary line of 
defence against infection following injury. The soluble 
components of complement are present not only in the 
circulation but also in body fluids and tissues, ready to 
engage in defense reactions triggered by exogenous (eg, 
infectious agents) or endogenous (eg, ischemia, 
autoimmunity) stimuli that could cause cell injury. Today, 
complement should rather be viewed as a system that 
orchestrates and connects various responses during 
immune and inflammatory reactions and not merely as a 
killer of bacteria. [1] However, excessive or uncontrolled 
complement activation significantly contributes to 
undesired tissue damage. The interactions between the 
complement system and proinflammatory cytokines are 
reciprocal. Several reports have suggested that 
proinflammatory cytokines enhance the expression of 
anaphylatoxin receptors in inflammatory cells. [2,3] 
Complement activation following ischemia-
reperfusion(I/R) is associated with myocardial infarction 
[4], atherosclerosis [5], intestinal ischemia [6], 
hemorrhagic shock [7], sepsis 8and pulmonary injury [9]. 
The formation of immune complexes is one of the 

principal ways of activating the classical pathway of the 
complement system. C1q triggers the activation process of 
the complement system when it binds to immune 
complexes, bridges the innate and adaptive immune 
systems. When antigens meet B cells in the presence of 
complement, the threshold for activation of the B cell is 
lowered. [10] The complement system has an important 
role in clearing immune complexes from the circulation 
[11]. It can also bind to apoptotic cells and helps to 
eliminate these cells from tissue. [12,13] If the 
complement system fails in this function, waste material 
can accumulate and evoke an autoimmune response. [15] 
Activation of the complement system has been proven to 
participate in the pathogenesis of a number of diseases. 
[14,15]. 

2. Organization and Regulation of the 
Complement System 

The complement system is subdivided into three 
pathways: the classical, alternative and more recently 
described lectin complement pathway (LCP). Activation 
of these pathways occurs sequentially through the 
proteolytic cleavage and association of precursor 
molecules. Classical complement pathway activation 
occurs when antibody/antigen complexes interact with the 
first complement component, C1, leading to the 
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generation of C1q. C1q can then bind to the Fc portion of 
complexed immunoglobulins resulting in activation of the 
C1r and C1 s esterase sub-components of C1, and 
ultimately the formation of a C3 convertase. The 
alternative complement pathway is an antibody-
independent pathway activated by a variety of 
mechanisms including yeast cell walls (zymosan), 
biomaterials (i.e., cardiopulmonary bypass and 
hemodialysis tubing), and tissue type plasminogen 
activator. The LCP is also an antibody-independent 
pathway activated by binding of mannose-binding lectin 
(also known as mannan/mannose binding protein; MBL) 
to carbohydrate structures present on the surface of 
bacteria, yeast, parasitic protozoa, and viruses [16]. 

All three pathways merge at C3, where it is cleaved into 
C3a and C3b, and C5 is subsequently cleaved to form C5a 
and C5b. Addition of C6, C7, C8 and multiple C9 units to 
C5b results in formation of the terminal complement 
complex, C5b-9. Following complement activation, 
biologically active peptides, such as C5a and C3a elicit a 
number of proinflammatory effects, including the 
recruitment of leukocytes, degranulation of phagocytic 
cells, mast cells and basophils, smooth muscle contraction, 
and increase of vascular permeability. Upon complement-
dependent cell activation, the inflammatory response is 
further amplified by subsequent generation of toxic 
oxygen radicals and the induction of synthesis and release 
of arachidonic acid metabolites and cytokines. The 
complement system acts as a rapid first-line defence 
against pathogen invasion by opsonisation and lytic 
destruction [17]. 

Under physiological conditions, activation of 
complement is effectively controlled by the coordinated 
action of soluble as well as membrane-associated 
regulatory proteins. Soluble complement regulators, such 
as C1-inhibitor, anaphylotoxin inhibitor (serum 
carboxypeptidase N), C4b binding protein (C4BP), factors 
Hand I, clusterin and S-protein (vitronectin), restrict the 
action of complement in body fluids at multiple sites of 
the cascade reaction. In addition, each individual cell is 
protected against the attack of homologous complement 
by surface proteins, such as the complement receptor1 
(CR1, CD35), the membrane cofactor protein (MCP, 
CD46) as well as by the glycosylphosphatidylinositol 
(GPI)-anchored proteins, decay-accelerating factor (DAF, 
CD55) and CD59. When complement is improperly 
activated, these regulatory mechanisms may be 
overwhelmed, resulting in tissue destruction and disease 
[18]. 

3. Complement in Inflammatory 
Disorders 

The complement system seems to be a major 
contributor to the tissue damage that occurs after ischemia 
and reperfusion. Complement activation following 
ischemia/reperfusion occurs during myocardial infarction 
[19,20]; ischemia of the intestine, [21] hind limb, [22] and 
kidney [23] hemorrhagic shock [24]; sepsis [25]; and 
pulmonary injury. [26] The list of such conditions is 
rapidly growing, including immune-complex diseases 
such as rheumatoid arthritis and systemic lupus 
erythematosus, ischemia–reperfusion (I/R) injury locally 

manifested as infarctions or systemically as a post-
ischemic inflammatory syndrome, systemic inflammatory 
response syndrome (SIRS) and acute respiratory distress 
syndrome (ARDS), septic shock, trauma, burns, acid 
aspiration to then lungs, renal diseases, inflammatory and 
degenerative diseases in the nervous system, 
arteriosclerosis, transplant rejection and inflammatory 
complications seen after cardiopulmonary bypass and 
haemodialysis. In principle, when inflammation is 
involved in the pathogenesis, complement has to be 
considered as a possible mediator in the disease process. 
[27] As yet there is no definitive answer to the question of 
how complement is activated after I/R. It seems that all 
three pathways of complement activation are involved in 
the initiation of the proteolytic cleavage of complement 
cascade components. Whatever the mechanism of 
activation, the components of complement are often 
deposited on the surface of endothelial cells. The 
endothelium, together with the underlying basement 
membrane, builds a vascular barrier, which has particular 
significance for the pathogenesis of I/R injury. [28] It has 
been postulated that natural antibodies reacting with 
antigen epitopes that are exposed after damage to 
endothelial cells play an important role in the activation of 
complement during I/R injury. [29] iC3b, formed by the 
proteolytic cleavage of C3b deposited on the endothelial 
surface, acts as a ligand for β2 integrin CD11b/CD18 
(CR3). This adhesion molecule is up-regulated in 
activated leukocytes and contributes to the accumulation 
of these cells in the extravascular compartment. The 
deposition of several complement proteins on the surface 
of endothelium ultimately leads to the formation of 
terminal complement complex, which, when incorporated 
into the cellular membrane, activates endothelial nuclear 
factor κB. Thereby, it increases the transcription and 
expression of several adhesion molecules, including 
vascular cell adhesion molecule-1, intracellular adhesion 
molecule-1, and E- and P-selectins. [30] Terminal 
complement complex also stimulates the endothelium to 
produce IL-8 and monocyte chemoattractant protein-1 and 
directly affects vascular tone by inhibiting endothelium-
dependent relaxation and decreasing endothelial cyclic 
guanosine monophosphate. [31] Terminal complement 
complex also induces the activation of platelets, 
contributing to platelet-leukocyte aggregation. [32] 
Anaphylatoxins C3a and C5a activate endothelial cells 
and leukocytes. C5a, more potent as an inflammatory 
mediator than C3a, up-regulates the expression of 
adhesion molecules on endothelium and induces the 
release of various cytokines, including IL-1, IL-6, 
monocyte chemoattractant protein-1, and TNF-α. [33,34]. 
C5a is also a strong chemoattractant, contributing to the 
accumulation of inflammatory cells at the site of injury. 
[35] Studies in animals support functional relationships 
between complement activation and the pathogenesis of 
atherosclerosis and thrombosis. In rabbits fed a high-fat 
diet, C5b-9 expression was detected in the intima 
preceding monocyte infiltration and foam cell formation 
[36], and C5b-9 also impaired endothelium-dependent 
vasorelaxation [37], indicating a role for complement 
activation in endothelial dysfunction and the early stages 
of atheroma formation. Also in high-fat fed rabbits, the 
extent of atherosclerosis was greatly reduced in C6-
deficient compared with wild-type (WT) animals [38], 
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supporting a functional role for the C5b-9 complex in the 
development and progression of atherosclerosis. 

4. The Complement System and 
Cardiovascular Disease 

Despite more than two decades of study, the role of 
complement in I/R injury is not fully understood. Initial 
observations by Hill and Ward in a rat model of 
permanent coronary artery occlusion demonstrated that the 
ischemic heart produced a protease that cleaved C3 and 
stimulated leukocyte activation and chemotaxis. [39] 
Several studies have demonstrated that complement 
activity is upregulated during the acute phase of MI. 
[40,41,42] A number of prospective and case control 
studies have reported strong relationships between several 
complement components and cardiovascular outcomes. 
Studies have shown that C3 predicts future cardiovascular 
events in men and women [43,44,45,46], and case control 
studies have shown that C3 is elevated in patients with 
CVD, independent of conventional cardiovascular risk 
factors including CRP [47,48,49]. Plasma C3 and C5a 
predict increased intima-media thickness in patients with 
systemic lupus erythematosus (SLE) [50], and C5a 
predicts future cardiovascular events in patients with 
peripheral arterial disease [51], suggesting that 
complement activation contributes to progression of 
atherosclerosis and acute thrombotic events [52].  

5. Selected Diseases Related to 
Dysfunction of Complement System 

It was evidenced that deficiencies of various 
complement components have a negative impact on 
immunity in animals, including humans. [53]. In the case 
of deficiencies of C3, principally increased susceptibility 
is recorded to infections caused by Hemophilus influenzae, 
Streptococcus pneumoniae and Streptococcus pyogenes. 
[54] Furthermore, deficiency of components C3, C1, C2 
or C4 is related to the occurrence of suppurative infections, 
while deficiency of components C5-C9, MBL, as well as 
components of alternative pathway, namely factors B, D 
and P of properdin, results in increased risk of infections 
caused by Neisseria sp. [54,55] Infections caused by 
Neisseria meningitidis may also be a result of defects in 
the functioning of MAC, or deficiency of components 
necessary to generate it. [53] In rheumatic diseases, such 
as SLE (systemic lupus erythematosus) or juvenile 
idiopathic arthritis (JIA), there are genetically conditioned 
deficiencies of complement components, which makes it 
difficult not only to eliminate immunological complexes, 
but also contributes to their deposition in tissues, and thus 
to sustaining the inflammatory processes. [54] The studies 
indicated that the deficit of components C1, C2, C4 or 
MBL is related to the development of SLE, yet according 
to other authors, deficiency of components to the lectin 
pathway, in particular MBL and C3, rather contributes to 
the development of circulatory system diseases or 
arteriosclerosis. [56] Deficiency of C1q or C2 components 
may lead to the development of other autoimmunological 
diseases, e.g. the focal form of lupus erythematosus, 

glomerulonephritis, dermatomyosytis, or scleroderma. 
[57,58,59] The complement system is also becoming 
increasingly implicated in diseases of the central nervous 
system such as Alzheimer's disease and other 
neurodegenerative conditions such as spinal cord injuries. 
[60] It is thought that the complement system might play a 
role in many diseases with an immune component, such as 
Barraquer-Simons Syndrome, asthma, glomerulonephritis, 
various forms of arthritis, autoimmune heart disease, 
multiple sclerosis, inflammatory bowel disease, 
paroxysmal nocturnal hemoglobinuria, atypical hemolytic 
uremic syndrome [61,62] and rejection of transplanted 
organs. [63] Mutations in the complement regulators 
factor H and membrane cofactor protein have been 
associated with atypical hemolytic uremic syndrome. 
[64,65] Polymorphisms of complement component 3, 
complement factor B, and complement factor I, as well as 
deletion of complement factor H-related 3 and 
complement factor H-related 1 also affect a person's risk 
of developing age-related macular degeneration. [66] 
Mutations in the C1 inhibitor gene can cause hereditary 
angioedema, an autoimmune condition resulting from 
reduced regulation of the complement pathway [67,68]. 

6. Therapeutic Inhibition of the 
Complement System 

Excessive complement activation resulting in organ 
injury is associated with a variety of human pathological 
conditions. The effectiveness of complement inhibition or 
depletion in preventing tissue injury following oxidative 
stress has been established in many animal models. One of 
the first recombinant complement inhibitors was soluble 
CR1 (sCR1), also known as TP10. Weisman et al 
developed this molecule, which comprises the entire 
extracellular domain of CR1, and showed that it inhibited 
formation of C3 and C5 convertases in vivo. [69] 
Administration of soluble complement receptor 1 (CR1), a 
C3 convertase inhibitor, significantly reduces the size of 
an experimental myocardial infarct. In an isolated rat 
model of ischemia-reperfusion injury, sCR1 was able to 
prevent post-ischemic myocardial contractile dysfunction 
and enhance coronary blood flow. [70] Couser et al 
studied complement inhibition in three different animal 
models of complement-mediated glomerulonephritis. [71] 
In these models, administration of sCR1 were able to 
reduce the morphologic and functional characteristics of 
renal disease, as measured by mesangiolysis, glomerular 
infiltration by platelets and macrophages, and proteinuria. 
Similarly, sCR1 reduced tissue injury in 
ischemia/reperfusion of mouse skeletal muscle [72], rat 
intestine [73], rat liver [74], and remote organs after lower 
torso ischemia in the rat [75]. sCR1 has been shown to 
reduce complement-mediated tissue injury in animal 
models with a wide range of human acute and chronic 
inflammatory diseases. These include dermal vascular 
reactions [76,77], lung injury [78,79], trauma [80], 
myasthenia gravis [81], multiple sclerosis [82], allergic 
reactions [83], and asthma [84]. In addition, sCR1 protects 
against vascular injury and cellular infiltration in 
allografts [85,86] and attenuates hyperacute rejection in 
xenografts. [87,88,89] Soluble recombinant MCP and 
DAF have also been developed and have been shown to 



118 American Journal of Medical Sciences and Medicine  

inhibit complement both in vitro and in vivo [90,91]. 
Soluble versions of DAF (sDAF) have been shown to 
inhibit complement activation in the reversed passive 
Arthus reaction in guinea pigs [90]. Studies of the role of 
complement activation in myocardial ischemia and 
reperfusion [92,93] have used C1 inhibitor in feline [94], 
rat [95], and pig [96] models. All these studies have 
demonstrated that blocking the classical pathway of 
complement activation by C1 inhibitor is an effective 
means of protecting ischemic myocardial tissue from 
reperfusion injury. Similarly, a recombinant single-chain 
antibody against human C5 (pexelizumab) attenuates 
leukocyte activation, myocardial injury, and acute 
postoperative mortality in patients undergoing 
cardiopulmonary bypass surgery. [97] Using anti-C5a 
antibody or anti-C5aR cyclic peptide can reverse 

neutrophil paralysis and, more importantly, can increase 
survival in animals with severe sepsis [98]. It was shown 
that the systemic administration of the anti-C5 mAb in 
mice blocked complement activation, prevented the onset 
of arthritis in immunized animals, and ameliorated 
established disease. [99] Many others compound are 
currently undergoing clinical trials, and anticomplement 
therapies seem to be a novel and promising approach to 
minimizing the consequences of I/R-associated diseases 
[100]. 

The majority of approaches to inhibit complement has 
focused on either blocking at the level of C3 implying a 
general and broad inhibition of the system, or on selective 
blocking of C5 activation with subsequent inhibition of 
C5a and C5b-9 (TCC) formation (Figure 1). 

 

Figure 1. Potential sites in the complement cascade to be inhibited 

7. Concluding Remarks 
These complex associations of complement raise 

essential questions regarding therapeutic approaches to 
patients with inflammatory disorders. It seems to inhibit 
complement has becomes more valid for current therapy 
than it was in the past. Our knowledge of the complement 
system supports the design of therapeutics that could 
specifically inhibit complement components at various 

activation steps, block reciprocal complement receptors, 
or prevent the generation of complement effectors. 
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