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The complement system is a major component of the innate immune system and it provides
a powerful and effective mechanism to protect the host from pathogens. It was first
described in the late nineteenth century as a heat-labile component of serum that
“complemented” the effects of antibodies in the lysis of bacteria and red blood cells'-4. The
term complement was coined by Paul Ehrlich in 1899°6. We now know that the complement
system is made up of some 50 serum and membrane proteins with tightly regulated
proteolytic activation cascades that culminate in the production of effector molecules with
multiple biological functions#®. It has long been known that complement provides host
surveillance and protection from microbes, but it is now clear that complement also plays
important and diverse roles in several other physiological and homeostatic functions, such as
the clearance of dead and dying cells, developmental and regenerative processes, and the
modulation of humoral and cell-mediated immune responses'®. Furthermore, disruption of
the balance between complement activation and complement regulation is involved in the
pathogenesis of several diseases and disease states, ranging from traumatic injury and
ischemia-related conditions, to autoimmune disease, to alloreactivity and transplant
rejection. Complement is also implicated in tumor immune surveillance, and recently tumor
promoting functions of complement have also been described!1:12.

Soluble complement proteins are synthesized primarily by hepatocytes, although significant
amounts are also synthesized by monocytes, macrophages, and some epithelial cells in the
gastrointestinal and urinary tracts®. Activation of complement is normally achieved via three
different pathways: the classical, alternative and lectin. Each of these pathways is initiated
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by different stimuli (Table 1), but all lead to the cleavage and activation of the central
complement protein C3, with the subsequent cleavage of C5 and generation of biological
effector molecules. In addition to the three well-defined pathways of activation, there are
also bypass mechanisms of activation, such as the direct proteolytic cleavage of C513,

ACTIVATION OF THE COMPLEMENT SYSTEM

The Classical Pathway

The classical pathway (CP) is triggered by antibody-antigen immune complexes via C1q
recognition of Fc domains in conformationally-altered IgM or clustered 1gG (Figure 1). The
interaction of C1q with Fc causes a conformational change within the C1q molecule and the
subsequent cleavage and activation of the associated C1r and C1s serine proteases.
Activated C1s then cleaves C4 and C2 into two large active fragments (C4b and C2a) and
two small soluble inactive fragments (C4a and C2b). Cleavage of C4 exposes a reactive
thioester within the C4b fragment, which results in covalent attachment of C4b to the
activating surface. The binding of C2 to C4b and the subsequent cleavage of C2 result in the
covalently attached classical pathway C3 convertase, C4bC2a (note that there is discrepancy
in the literature in the designation of C2a vs. C2b). This complex cleaves C3 into C3b
(large) and C3a (small). Similar to C4b, C3b contains a reactive thioester that can become
covalently bound to the activating surface, and which can initiate activation of the
alternative pathway (see below). If C3b binds to the C4bC2a complex, it forms to classical
pathway C5 convertase (C4bC2aC3b) that cleaves C5 into C5b and C5a, with initiation of
the terminal complement pathway (below). Both C3a and C5a are known as anaphylatoxins
and are powerful biological effector molecules with diverse functions, including
inflammation, modulation of adaptive immunity and repair and regenerative processes.

Not all antibody isotypes bind C1q and activate complement. IgM is very effective at
activating complement, but some subclasses of 1gG are poor activators (human 1gG4 and
mouse 1gG1). Activation of the CP can also occur independently of antibodies, and C1q can
bind directly to certain microbial epitopes or epitopes exposed on apoptotic and necrotic
cells. C1q can also bind to cell surfaces via pattern recognition molecules such as C-reactive
protein (CRP), an acute-phase protein that binds to the surface of pathogens or injured cells
and activates the classical pathway4-16. This process tags surfaces with complement
proteins to facilitate their removal by phagocytes. An interaction can also occur between the
coagulation cascade and the complement system, as activated factor XII (FXIla) is able to
interact with C1 and activate the classical pathway!7:18,

The Lectin Pathway

Activation of the lectin pathway results in formation of the same C3 convertase as is
generated in the classical pathway (C4bC2a). The catalytic activation sequences of the lectin
pathway resemble those of the classical pathway, but with the utilization of different
recognition molecules and different associated serine proteases (Figure 2). In the lectin
pathway, mannose-binding lectin (MBL) or ficolins recognize patterns of carbohydrates
such as N-acetylglucosamine or mannose, but not sialic acid or galactose®, which provides
selectivity for bacterial, viral, fungal and parasitic cell surfaces1%29, Mannose binding lectin
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is structurally and functionally similar to C1, and the binding of MBL (or ficolin) to a
carbohydrate ligand activates MBL-associated serine proteases (MASP-1, MASP-2 and
MASP-3), which generate C4bC2a in a manner analogous to that of the C1 complex.

The Alternative Pathway

In contrast to the CP and LP, the alternative pathway (AP) is constitutively active and
depends on the slow spontaneous hydrolysis of C3, which exposes a binding site for the AP
protein, factor B (fB), and subsequent generation of the AP C3 convertase (C3bBb) (Figure
3). This “tick-over” process provides a primed and rapid response mechanism for the
deposition of complement on foreign surfaces. Activation and amplification of the
alternative pathway depends on the surface to which hydrolyzed C3 becomes covalently
attached. Activating surfaces, such as the surface of a microbe, do not have the means to
regulate further C3 activation and amplification of the cascade, whereas host cell
membranes effectively inhibit further activation. For example, most mammalian cells (host
cells) have high levels of sialic acid, and sialic acid favors the binding of factor H to the
spontaneously deposited C3b on the cell membrane. Factor H acts as cofactor for the serine
esterase Factor I, that cleaves and inactivates C3b rendering it unable participate further in
complement activation*21, On the other hand, microbial surfaces such as bacterial cell
walls, viral envelopes or yeast cell walls have little to no sialic acid. Thus microbial and
foreign surfaces favor the binding of factor B, not factor H, to the deposited C3b. Binding of
factor B to C3b allows for the interaction of factor D with factor B. Factor D cleaves a small
fragment from factor B (Ba) resulting in the formation of the AP C3 convertase, C3bBb22.
The AP C3 convertase is stabilized by properdin which extends the half-life of the
convertase?3. The AP C3 convertase subsequently cleaves more C3 molecules leading to the
rapid generation of C3b, and this amplification loop also amplifies the generation of C3b
produced via the CP and LP. The binding and cleavage of an additional C3 molecule to
C3bBb forms the AP C5 convertase, C3bBbC3b, with the same function as the CP C5
convertase. The AP can also be activated by the binding of properdin to molecular patterns
found on pathogens or injured cells and the subsequent recruitment of fluid phase C3b24.

Regardless of how complement is activated (CP, LP or AP), it has been estimated that the
AP accounts for about 80% of generated complement activation products, and as such it is a
major driver of inflammation?.

The Terminal Pathway of Complement

All three pathways of complement activation converge at the formation of the C3 and C5
convertases, the latter of which cleaves C5. Cleavage of C5 produces the anaphylatoxin C5a,
and a larger C5b fragment that initiates the non-enzymatic terminal pathway of complement
(Figure 4).

The cleavage of C5 exposes a binding site on C5b for C6. The resulting C5b-6 complex then
binds C7 to form C5b-7, and upon formation of this trimeric complex, amphipathic sites are
exposed that allow insertion into lipid bilayers?6-29. In the event that C7 fails to bind to
C5b-6, the complex is released and in the presence of C7 in able to bind to other nearby
membranes. However, membrane insertion is an inefficient process, and most of the
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complexes are inactivated in the fluid phase. The C5b-7 complex than binds C8, exposing
hydrophobic sites that form a stronger association with lipid bilayers. Finally, C5b-8 binds
C9, which then unfolds in the membrane and which exposes further C9 binding sites. Thus,
C5b-8 binds and polymerizes several C9 molecules, the result of which is a cytolytic
transmembrane pore known as the membrane attack complex (MAC, C5b-9y)).

Additional Pathways of Complement Activation

In addition to the classical, alternative and lectin pathways, it is now known that the
complement system can be activated via other means. The best described of such
interactions is the crosstalk between the complement, coagulation and fibrinolysis pathways.
As described above, FXlla is able to activate the classical pathway of complement
activation. Additionally, thrombin has been shown to both cleave C33%:31 and also act as a
C5 convertase, hence, bypassing the early pathways of complement activation3. It is also
well described that plasmin and kallikrein directly cleave C3 and its activation
fragments18:31-33,

Relevant to the current discussion is recent data investigating complement activation in the
pathophysiology of the thrombotic microangiopathies. Evidence suggests that thrombotic
thrombocytopenic purpura (TTP), atypical hemolytic uremic syndrome (aHUS) and typical
shiga toxin-induced hemolytic uremic syndrome (STEC-HUS) are all diseases of aberrant
complement activation34. It is well known that aHUS results from uncontrolled complement
activation secondary to mutation in complement regulatory proteins3°. However, until
recently STEC-HUS and TTP were not considered complement-mediated diseases. In TTP,
current reports suggest widespread activation of complement as an important pathogenic
mechanism36-38, In STEC-HUS, it is thought that complement is activated via p-selectin,
which is upregulated as a result of endothelial damage caused by shiga toxin39:40,

REGULATION OF THE COMPLEMENT SYSTEM

Complement activation leads to the induction of a number of potent immunological
processes. This powerful effector system has the potential to do significant damage to the
host if not kept in check, and it is therefore tightly regulated. A “built-in” mechanism of
regulation for all complement pathways is that many of the intermediate activation products
are very unstable and are spontaneously inactivated if they do not rapidly interact with other
components of the cascade. In addition, there are several complement regulatory proteins
expressed by the host that include both membrane bound and fluid phase inhibitors. These
inhibitors can be general, or can be activation pathway or terminal pathway specific. Before
engaging in a discussion of the functions of individual complement inhibitors, it is pertinent
to discuss the mechanisms that regulate the expression of complement inhibitors. While the
exact mechanisms leading to the modulation of complement inhibitor expression in vivo are
not well understood, in vitro studies indicate that cytokines play a significant role. Several
cytokines including IL-4, TNF-a, IFN-v, IL-18 and TGFp have been shown to induce an
increase in the expression of complement inhibitors on endothelial cells in vitro*1-44,

Complement inhibitors protect the host against collateral complement damage during
episodes of complement activation (e.g. inflammatory responses). Hence, there is
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interconnection between important players in an inflammatory response (i.e. cytokines) and
mechanisms leading to complement inhibitor expression. The following is a review of some
important soluble and membrane-bound complement inhibitors:

Soluble Inhibitors of Complement

C1 Inhibitor (C1-inh)—The first step in the classical pathway is mediated by the C1
complex (C1g, Clr and C1s), and the first step in the lectin pathway is mediated by MBL or
a ficolin complex (MBL/ficolin, MASP-1, MASP-2, MASP-3). C1-inhibitor (C1-inh)
inhibits C1r and C1s proteases of the CP, and MASP-1 and MASP-2 proteases of the LP,
with the result of preventing cleavage of C4 and C24°.

C4-binding Protein (C4bp) and Factor | (f)—C4-binding protein (C4bp) binds to C4b
and accelerates the decay of the CP C3 convertase, and also serves as cofactor for the serine
protease factor | (fl). Factor | cleaves C4b into the inactive fragments C4c and C4d4647,
Factor | can also cleave and inactivate C3b. C4bp regulates the classical and lectin
pathways, while fl is involved in regulating the classical, alternative and lectin pathways.

Factor H (fH)—Factor H is a plasma protein that regulates the alternative pathway both in
the fluid phase and on cell surfaces. After binding to C3b, fH functions by preventing the
formation of, or causing the dissociation the AP C3 convertase. Factor H also serves as a
cofactor for fl, leading to the cleavage and inactivation of C3b and preventing further
progress of the complement cascade?849. Since the alternative pathway spontaneously
activates on any surface and amplifies the other complement pathways, fH provides an
important regulatory mechanism to prevent host cell injury.

MAp44—The initial step in activation of the lectin pathway is the binding of MBL or
ficolins to carbohydrate patterns and the subsequent cleavage of C4 and C2 by associated
MASPs. An additional protein known as Map44 or MAP1 is also associated with the MBL/
ficolin-MASP complex, and this non-proteolytic protein inhibits the LP by displacing the
MASPs from MBL/ficolins and thus preventing C4 and C2 cleavage®9-52,

Membrane-bound Inhibitors of Complement

Complement Receptor Type 1 (CR1, CD35)—Complement receptor 1 (CR1 or CD35)
is a glycoprotein expressed predominantly on blood cell types including erythrocytes and
leukocytes®3:24, It is a receptor for C3b and C4b, and one important function of CR1 is the
removal of complement opsonized microbes or immune complexes via their transport to the
liver or spleen (see below). CR1 expressed on certain leukocytes can also facilitate
phagocytosis of complement-opsonized cells. CR1 functions as a complement inhibitor by
acting as a cofactor for fl-mediated cleavage and inactivation of C3b and C4b, a mechanism
analogous to the function of C4bp and fH. In addition, CR1 can accelerate the decay of the
C3 and C5 convertases®®.

Membrane Cofactor Protein (MCP, CD46)—MCP is a transmembrane protein that is
mostly associated with control of the alternative pathway convertases, although it is reported
to modulate the classical and lectin pathways as well6. It is expressed on most cell types
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except erythrocytes. The complement regulatory functions of MCP are very similar to those
of CR1. Like CR1, MCP acts a cofactor for fl in the cleavage and inactivation of C4b and
C3b. However, unlike CR1 it does not promote the decay of the C3 or C5 convertases. MCP
can also bind to C4b and C3b and block the formation of the C3 and C5 convertases. This
protein has also been shown to down-regulate T helper type 1 (Th1) immune responses®’.

Decay Accelerating Factor (DAF, CD55)—DAF is attached to the cell membrane via a
glycosyl-phosphatidylinositol (GPI) anchor and it is expressed in most tissues®8. It inhibits
the formation of both the CP and AP C3 convertases, as well as accelerates their decay.
Additionally, an alternatively spliced DAF cDNA has been reported and it is thought to
encode for a secreted form of the protein®®.

CD59—Like DAF, CD59 is a GPI-anchored protein. It is abundantly and widely
expressed®3. CD59 is the only well-characterized inhibitor of the terminal pathway, and it
functions by binding to C8 and C9 in the assembling MAC, thus interfering with C9
binding, polymerization and pore formation6%.61,

Additional Pathways of Complement Regulation

As described previously, there is significant crosstalk between the complement, coagulation
and fibrinolysis cascades. This crosstalk not only leads to complement activation, but it can
also lead to complement regulation. For example, thrombomodulin, an important component
of the fibrinolytic pathway, can accelerate the factor I-mediated inactivation of C3b%2. In
addition, thrombomodulin also enhances the thrombin-mediated activation of
procarboxypeptidase B, an inhibitor of the fibrinolytic pathway, resulting in inactivation of
C3a and C5a%2.

FUNCTIONS OF THE COMPLEMENT SYSTEM

The complement system has diverse physiological functions, and is additionally intertwined
with several other biological networks thus expanding the universe of its activity. Here, we
discuss only some of the more well-known and better-documented functions of complement.

Protection of the Host Against Infection

As an essential component of the innate immune system, complement is a first line of
defense against many invading pathogens. Initial infection by microorganisms such as
bacteria, viruses and parasites, can differently activate any complement pathway depending
on the composition of the microbe surface. This activation is triggered by components such
as lipopolysaccharides, peptidoglycans and certain carbohydrates (e.g. mannose). The CP
and LP can also be triggered by natural IgM antibodies that recognize non-self microbial
antigens®3-95, In addition, the classical pathway can be activated if pathogen-specific
antibodies are also present in the host. Complement activation can lead to formation of the
MAC on the surface of the invading microorganism, but MAC-mediated cytolysis is not
effective against most microorganisms. For example, with regard to bacterial infection,
deficiency in one of the terminal complement proteins leads to increased susceptibility to
Neisserial infection only.
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A more important complement-dependent mechanism of host defense involves complement
receptor-dependent phagocytosis of complement-opsonized pathogens. As described above,
factor | cleaves C3 into iC3b and C3f. Factor | further cleaves iC3b into C3c and C3dg.
Subsequently, serum proteases cleave C3dg into C3g and C3d. These C3 activation products
are covalently bound to activating surfaces and thus can opsonize microbes. While these C3
fragments are unable to participate further in complement activation, they can bind to
complement receptors on immune effectors cells and mediate phagocytosis of
microorganisms. Complement-dependent phagocytosis is mediated primarily by
complement receptors 3 and 4 (CR3 and CR4) (Table 2). CR3 is a member of the 02 integrin
family and it is a promiscuous receptor as it binds to iC3b, ICAM-1, LPS, fibrinogen, factor
X and some carbohydrates®6. CR3 is expressed on monocytes, macrophages, neutrophils,
NK cells, follicular dendritic cells (FDC) and subsets of T-cells (6). CR4 belongs to the
same family as CR3, and its ligands and tissue distribution are similar to that of CR3. CR3 is
recognized as being the more important mediator of phagocytosis as determined by studies
of patients with a deficiency in 2 integrins67:68,

Another complement-mechanism that contributes to host defense is the induction of an
inflammatory response. The complement fragments C3a and C5a are anaphylatoxins and
have varied and powerful effects in mediating inflammation. By interacting with their
respective receptors, C3a and C5a mediate inflammation by variously increasing vascular
permeability, inducing smooth muscle contraction, and the recruitment and activation of
immune cells. They can also modulate the adaptive immune response to infectious agents
(see below). With regard to infection, C5a is generally considered the more potent of the
anaphylatoxins at mediating inflammatory processes. The receptor for C5a is expressed on
mast cells, basophils, neutrophils, monocytes, macrophages, endothelial cells, smooth
muscle cells and lymphocytes. In addition to causing degranulation of basophils and mast
cells, C5a is a strong chemotactic agent for neutrophils, eosinophils, basophils and
monocytes®®.70, C5a also plays an important role in the function of neutrophils and
macrophages as it primes these phagocytic cells for enhanced functional responses’?.

Immune homeostasis and disposal of waste

The clearance of immune complexes and the clearance of dead and dying cells are important
functions of complement. Binding of antibody to soluble antigen leads to the formation of
immune complexes. These complexes become coated with C3b and subsequently bind to
CR1 receptors on erythrocytes. Erythrocytes then carry the immune complexes to the liver
and spleen where they are destroyed?2. The failure to clear immune complexes results in
their tissue deposition and complement activation, leading to inflammation and tissue injury.
Complement also plays an important role in the clearance of apoptotic and injured cells.
Apoptotic cells express neoepitopes on their surface that are recognized by natural
circulating IgM antibodies. These antibodies activate both the CP and LP, leading to
complement opsonization of the apoptotic cell and complement-receptor-mediated
phagocytosis. C1q can also bind directly to apoptotic cells, thus activating the CP. The
importance of this clearance process and of the role of complement is demonstrated by the
fact that deficiency in certain complement proteins is strongly linked to the development of
autoimmune disease?1:73,
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Tissue repair, regeneration and development

Few organs are able to regenerate in adult mammals, with the liver being a notable
exception. Preclinical studies into the mechanism of hepatic regeneration have demonstrated
an essential role for C3a and C5a in priming the hepatocyte proliferative response after
injury or resection. This occurs via the effect of C3a/5a receptor signaling on cytokine and
transcription factor expression’#7>. Complement, (principally C3a and C5a) has also been
implicated in the regeneration of bone, cardiac muscle and skeletal muscle, as well as stem
cell engraftment (reviewed in 76-78 ). Additionally, several groups have reported that
complement also plays an important role in several key processes in the central nervous
system (CNS)77-79, While the early consensus was that complement had mainly
neurodegenerative and deleterious effects in the CNS, it is now apparent that complement is
also involved in neuron regeneration, synapse formation and neuroprotection. Particularly
interesting is the finding that C1q and C3 opsonins play an essential role in synaptic pruning
and neuron remodeling during development, which appears to occur via a mechanism
analogous to that for immune homeostasis and apoptotic cell clearance80 (see above).

Bridging of the Innate and Adaptive Immune Responses

Role of Complement in Humoral Immune Responses—The complement system is
not only an essential component of innate immunity, but also an important player in the
induction of adaptive immune responses#21:7:81.82 The role of complement in humoral
immunity is well characterized and it is mediated via complement receptor 2 (CR2). CR2 is
expressed primarily on B-cells, follicular dendritic cells (FDC) and certain T-cell subsets.
Binding of complement (C3d)-opsonized antigen to CR2 on B-cells reduces the threshold
required for B-cell activation83:84, In addition, complement aids in the localization of
antigen to FDCs within lymphoid follicles, promotes the development of B-cell memory and
it can also enhance avidity maturation and class switching’:82.:85-88,

Role of Complement in Cell-mediated Immune Responses—Complement can
modulate all three phases of T-cell immune responses (i.e. inductor phase, effector phase
and contraction phase)82:89-91 and plays an important role during cognate interactions
between antigen presenting cells (APCs) and T-cells. Signaling via co-stimulatory molecules
(CD28, CD80, CD86, CD154 and CD40) results in 1) secretion of C3, factor B, factor D and
C5, 2) upregulation of the surface expression of C3a and C5a receptors (C3aR and C5aR)
and 3) downregulation of surface expression of the complement inhibitor CD55 (DAF)92-95,
These changes in complement protein expression occur in both APCs and T cells, and via
the local production of C3a and C5a results in autocrine and paracrine stimulation of the
engaged APCs and T cells via C3aR and C5aR%2-%4, The role of complement in the effector
phase of T-cell immunity has been shown in preclinical models showing that lack of C3 or
C5aR leads to impaired CD4+ and CD8+ T cell responses against viruses?6-9. A role for
complement in the contraction phase has also been demonstrated; concurrent crosslinking of
the TCR and CD46 (MCP) on T-cells leads to the development of regulatory T-cells (Tregs)
in vitro8:99_ Recently, it has been shown that human T cells can process C3 to C3a and C3b
intracellularly by cathepsin L cleavage, resulting in complement-dependent autocrine
stimulation of T cells. Intracelluarly generated C3a was found to be required for T cell
survival, and following T cell stimulation induced the autocrine production of pro-
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inflammatory cytokines1%. Finally, C3a and C5a receptor signaling can inhibit both natural
and induced T regulatory cell (T reg) function, thereby further modulating the overall
strength of a T cell immune responsel91:192. Depending on the context of complement
activation and regulation, these effects of complement on the shaping of an adaptive
immune response not only impacts immunity to infection, but also autoimmunity,
alloimmunity and tumor immunity.
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Synopsis

The complement system is an essential component of the immune system. It is a highly
integrative system and has a number of functions that include host defense, removal of
injured cells and debris, modulation of metabolic and regenerative processes, and the
regulation of adaptive immunity. Complement is activated via different pathways and it
is tightly regulated by several mechanisms to prevent host injury. Imbalance between
complement activation and regulation can manifest in disease and injury to self. This
article provides an outline of complement activation pathways, regulatory mechanisms,
and normal physiological functions of the system.
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Figure 1. The Classical Pathway of Complement Activation

The classical pathway is initiated by the binding of the C1 complex (C1q, C1r and C1s) to
bound antibody. C1r activates C1s which first cleaves C4 and then cleaves C2 leading to the
formation of the classical pathway C3 convertase (C4bC2a). The C3 convertase
subsequently cleaves C3 leading to the formation of the C5 convertase (C4bC2aC3b) and
the release of the anaphylatoxin C3a. The C5 convertase then cleaves C5 into C5a and C5b.
Cb5a is the most powerful of the anaphylatoxins and C5b is the first component of the

terminal pathway of complement.
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Figure 2. The Lectin Pathway of Complement Activation
The steps in components and reaction in the lectin pathway are very similar to those in the

classical pathway. The only differences are the initiation steps. The lectin pathway is
initiated by binding of the complex of mannose-binding lectin (MBL) and the serine
proteases mannose-binding lectin associated proteases 1 and 2 (MASP-1 and MASP-2) to
mannose groups on the surface of invading pathogens. Next, MASP-1 activates MASP-2
which acts like C1s in the classical pathway and lead to the formation of the C3 convertase.
The remaining steps are the same as in the classical pathway.
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Figure 3. The Alternative Pathway of Complement Activation
The alternative pathway is initiated by the spontaneous hydrolysis of C3 and the deposition

of C3b on the surface of activating surfaces (non-host surfaces) and the release of C3a.
Factor B (FB) binds to C3b and is subsequently cleaved by factor D (FD) leading to the
formation of the alternative pathway C3 convertase (C3bBb). Properdin (P, green) then
binds to the convertase to stabilize it. The C3 convertase cleaves C3 releasing more C3a and
resulting in the formation of the alternative pathway C5 convertase (C3bBbC3b). The C5
convertase then cleaves C5 into C5a and C5b. C5a is the most powerful of the
anaphylatoxins and C5b is the first component of the terminal pathway of complement.
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Figure 4. The Terminal Pathway of Complement
All three pathways of complement activation converge in the terminal pathway. The

terminal pathway begins when C5b binds to C6. C7 then binds to the C5b-C6 complex and
the newly formed C5b-C7 complex inserts into the target membrane. C8 subsequently binds
to the C5b-C7 complex and creates a small pore in the target membrane. The final step in
the terminal pathway is the binding of C9 molecules (up to 21) to the C5b-C8 complex
forming the membrane attack complex.
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Table 1

Activation of the Complement System

Pathway

Trigger for Activation

Classical

Alternative

Lectin

Antibodies bound to bacteria, fungi, viruses
or tumor cells

Immune Complexes
Apoptotic Cells
C-reactive Protein
Activated Factor XII

Continuous hydrolysis of complement
protein C3

Microbes with terminal mannose groups

Other Activators of  Thrombin

Complement

Kallikrein
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Table 2
Distribution of Complement Receptors
Cell Type Receptor | CR1 | CR2 CR3 | CR4 | C3aR | C5aR | Cl1gR
Ligand C3b | C3d iC3b | iC3b | C3a C5a Clq
C4b | C3dg
iC3b
Erythrocytes X
Platelets X X
Neutrophils X X X
Monocytes X X
Macrophages X X X
Eosinophils X
Basophils
Mast Cells
Dendritic Cells
B Cells
T Cells X X X X X X
NK Cells X X
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