Complement

There are three pathways of complement activation:  classical, lectin, and alternative pathways.

1. Classical pathway is activated by antibodies acting on C1.

2. Lectin pathway substitutes mannose-binding lectin (MBL) in place of C1.  MBL, like C1, has 
globular lectin heads that bind oligosaccharides on pathogens.  After binding, MBL acts 
just like C1 to cleave C2 and C4.

3.  Alternative pathway is activated by spontaneous slow hydrolysis (auto-activation) of C3, 
creating the active C3b.  The microenvironment where this occurs determines if the 
pathway continues (via activation of factor B) or ceases (via activation of factor H).

All of the various complement fragments mediate chemotaxis and adhesion via complement 
receptors on leukocytes and endothelial cells.  

All three pathways converge with the activation/cleaving of C3.  This releases C3a (a small 
chemoattractant fragment that acts on mast cells and eosinophils) and C3b (a large 
fragment that binds proteins and carbs).

C3b deposition is augmented by an amplification loop using factor B of the alternative pathway.

C5 is also activated by cleavage.  This releases C5a, which is a chemoattractant that is much more 
potent than C3a and acts on neutrophils, macrophages, basophils, and eosinophils.  C5a 
especially attracts macrophages and upregulates their expression of CR1 (the C3b receptor) 
and CR3 (the iC3b receptor), as well as their production of IL1 and TNF.  
Macrophages can also be activated by IL4, IFNγ, and TNF.  So C5a is highly inflammatory, and in 
addition macrophages can be stimulated by multiple signals. 
(Raymond removed image showing macrophage-activating signals.)

The terminal complement proteins (C5b-C9) assemble into the membrane attack complex (MAC).  Insertion of sublytic amounts of MAC into leukocytes or endothelial cells causes their activation.  This is receptor-independent activation.  Endothelial cells activated by MAC will release 
preformed vWF (procoagulant that results in fibrin and platelet aggregation) and P-selectin 
(initiates adhesion and activates neutrophils and monocytes).  The endothelial cells will 
also synthesize IL8 and MCP1 (recruit neutrophils), E-selectin and ICAMs (promote 
leukocyte attachment and infiltration), and PDGF (augments inflammation).

Clearly C5 activation is what starts the inflammatory cascade.  So there is lots of control over C5 
convertase to keep inflammation in check.  For instance, lots of C3 can be deposited with 
little C5 activation.  
--Healthy cells have high expression of these complement regulators, and keep complement 
activators sequestered internally.
--Apoptotic cells have low expression of complement regulators, and complement activators are 
exposed on the surface.

(Raymond removed image showing macrophage killing a cell with low C regulator expression.)

C3 is also regulated, but even as C3 is broken down, the cleavage products themselves are active.  
C3 is cleaved by C3 convertase to C3b.  Factor I then successively cleaves C3b into iC3b 
and finally C3d.  These are each active themselves, and interact with different complement 
receptors to mediate different effects:
(Raymond removed image of C3 cleavage products and their effects.)

The early complement components (C1-C4) are responsible for preventing autoimmunity.  Deficiencies of these early complement components leads to autoimmune diseases, especially SLE.  Deficiencies of later components leads to susceptibility to infection.
(Raymond removed graph showing incidence of autoimmunity vs infections.)

Summary
Complement activates vascular cells
Complement is tightly regulated

C1-C4 are mostly non-inflammatory, and are involved in preventing autoimmunity

C5a and the MAC are very inflammatory, and are involved in preventing infection

(Raymond removed an image showing complement pore activation and the complement cascade.)

