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Classical pathway of complement activation

Lectin pathway of complement activation

Regulation of complement cascade

Diseases



Classical pathway of complement 
activation start with the binding by 

C1complex to antibodies linked to a 
multivalent antigen 

IgG (IgG1 and IgG3) 
IgM

C1q fraction bind Fcs of:



C1q recognizes  
antigen-antibody complexes

C1 is constituted by: 
C1q (6 subunits) > recognition


C1r (2 subunits) > enzymatic activity


C1s (2 subunits) > enzymatic activity

C1r and C1s are inactive when 
the complex is not bound to Ig

C1r and C1s are activated when 
the complex is bound to Ig

Globular domains  for antibody binding

C1r2-C1s2 tetramer



C1q recognizes antigen bound 
IgG and IgM

IgM activate C1 more efficiently due to their pentameric structure (each IgM can bind 2 C1q)

(IgG1 and IgG3)



Activated C1 mediate the 
proteolysis of C4 and C2

Assembly of C3 convertase

C1q C1r C1s

Different nomenclature!!!

Alternative pathway C3bBb 



Assembly of the C5 convertase

Assembly of C5 convertase

Alternative pathway C3bBbC3b 





Lectin pathway of 
complement activation

Triggered by collectins and ficolins

MBL recognising mannose residues
Similar in structure to C1

Upon recognition, MASP1 and 
MASP2 get activated by proteolysis, 
and can cleave C4 and C2 (as in the 

classical pathway)



Regardless of the 
activation pathway…

1. Lysis (MAC)

2. Opsonisation - complement recognition by phagocytes (C3b/C4b CR1, 

CR3 and CR4)

3. Support humoral response of B lymphocytes to respond to antigen (C3d, 

iC3b through CR2)

4. Inflammation (C3a and C5a lead to release of histamine by mast cells 

and/or basophils and act on vascular endothelium)

5. Destruction of immune complexes in the liver and spleen (CR1 on 

erythrocytes)




CR1 on erythrocytes allows the 
removal of immune complexes

In the liver specialized macrophages called 
Kupffer cells express CR1, CR3, CR4 and 
CRIg, which capture immune complexes 

transported by erythrocytes

Immune complex = antigen antibody complex 
Can have deposition of complement



Vintage version



Regulation of 
complement activity

1.Protect autologous cells


2.Limit in time complement activation





C1r, C1s and MASP2 are 
inactivated by C1 inhibitor

C1 INH deficiency cause a genetic disease called hereditary angioedema



C3b attached to the cell 
membrane can be degradated
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> DAF > MCP; this hierarchy may reflect the relative 
abundance of these proteins on cell surfaces.

The function of regulatory proteins may be over-
whelmed by excessive activation of complement pathways. 
We have emphasized the importance of these regulatory 
proteins in preventing complement activation on normal 
cells. However, complement-mediated phagocytosis and 
damage to normal cells are important pathogenic mecha-
nisms in many immunologic diseases (see Chapter 19). 
In these diseases, large amounts of antibodies may be 
deposited on host cells, generating enough active comple-
ment proteins that the regulatory molecules are unable 
to control complement activation.

Functions of Complement

The principal functions of the complement system in 
innate immunity and adaptive humoral immunity are to 
promote phagocytosis of microbes on which com plement 
is activated, to stimulate inflammation, and to induce the 
lysis of these microbes. In addition, products of comple-
ment activation facilitate the activation of B lymphocytes 
and the production of antibodies. Phagocytosis, inflam-
mation, and stimulation of humoral immunity are all 
mediated by the binding of proteolytic fragments of 
complement proteins to various cell surface receptors, 
whereas cell lysis is mediated by the MAC. In the fol-
lowing section, we will describe these functions of the 
complement system and their roles in host defense.

Opsonization and Phagocytosis

Microbes on which complement is activated become coated 
with C3b, iC3b, or C4b and are phagocytosed by the 
binding of these proteins to specific receptors on macro-
phages and neutrophils (Fig. 13.17A). As discussed previ-
ously, activation of complement leads to the generation 
of C3b and iC3b covalently bound to cell surfaces. Both 
C3b and iC3b act as opsonins by virtue of the fact that 
they specifically bind to receptors on neutrophils and 
macrophages. C3b and C4b (the latter generated by the 
classical pathway only) bind to CR1, and iC3b binds to 
CR3 (Mac-1) and CR4. By itself, CR1 is inefficient at 
inducing the phagocytosis of C3b-coated microbes, but 
its ability to do so is enhanced if the microbes are coated 

Covalent 
attachment of C3b 

(or C4b) to cells

Factor I
MCP/
CR1

Proteolysis
of C3b

C3f

MCP (and CR1) act as cofactors for 
Factor I–mediated proteolytic cleavage 

of C3b, producing iC3b

iC3bC3b C3b C3b

FIGURE 13.15 Factor I–mediated cleavage of C3b. In the presence of cell membrane–bound 
cofactors (MCP or CR1), plasma factor I proteolytically cleaves C3b attached to cell surfaces, leaving an 
inactive form of C3b (iC3b). Factor H and C4-binding protein can also serve as cofactors for factor I–mediated 
cleavage of C3b. The same process is involved in the proteolysis of C4. 

• Cell-associated C3b is proteolytically degraded by a 
plasma serine protease called Factor I, which is active 
only in the presence of regulatory proteins (Fig. 13.15). 
MCP, Factor H, C4BP, and CR1 all serve as cofactors for 
Factor I–mediated cleavage of C3b (and C4b). Thus, 
these regulatory host cell proteins promote proteolytic 
degradation of complement proteins; as discussed 
earlier, the same regulatory proteins cause dissocia-
tion of C3b (and C4b)–containing complexes. Factor 
I–mediated cleavage of C3b generates the fragments 
called iC3b, C3d, and C3dg, which do not participate 
in complement activation but are recognized by recep-
tors on phagocytes and B lymphocytes.

• Inflammation induced by C3a and C5a is regulated by 
the rapid cleavage of their C-terminal arginine resi-
dues by plasma carboxypeptidases. This results in the 
generation of C3a des-Arg and C5a des-Arg, which 
each have only approximately 10% of the activity of 
the native forms of these proteins.

• Formation of the MAC is inhibited by a membrane 
protein called CD59. CD59 is a GPI-linked protein 
expressed on many cell types. It works by incorporat-
ing itself into assembling MACs after the membrane 
insertion of C5b-8, thereby inhibiting the subsequent 
addition of C9 molecules (Fig. 13.16). CD59 is present 
on normal host cells, where it limits MAC formation, 
but it is not present on microbes. Formation of the 
MAC is also inhibited by plasma proteins such as S 
protein, which functions by binding to soluble C5b,6,7 
complexes and thereby preventing their insertion into 
cell membranes near the site where the complement 
cascade was initiated. Growing MACs can insert into 
any neighboring cell membrane besides the membrane 
on which they were generated. Inhibitors of the MAC 
in the plasma and in host cell membranes ensure that 
lysis of innocent bystander cells does not occur near 
the site of complement activation.

Much of the analysis of the function of complement 
regulatory proteins has relied on in vitro experiments, 
and most of these experiments have focused on assays 
that measure MAC-mediated cell lysis as an endpoint. On 
the basis of these studies, a hierarchy of importance for 
inhibiting complement activation is believed to be CD59 
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MCP, CR1,DAF,C4BP and factor F

Generated fragments are recognized by phagocytes and B Lymphocytes



C3 and C5 convertases assembly 
are blocked by several proteins
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characterized by recurrent bouts of intravascular 
hemolysis, at least partly attributable to unregulated 
complement activation on the surface of erythrocytes. 
Recurrent intravascular hemolysis in turn leads to 
chronic hemolytic anemia and venous thrombosis. An 
unusual feature of this disease is that the causative 
mutation in the DAF gene is not inherited but is an 
acquired mutation in hematopoietic stem cells.

Factor H over the alternative pathway protein Factor 
B. Mammalian cells express higher levels of sialic acid 
than most microbes do, which is another reason that 
complement activation is prevented on normal host 
cells and permitted on microbes.

DAF is a glycophosphatidylinositol (GPI)-linked 
membrane protein expressed on endothelial cells and 
erythrocytes. A deficiency in hematopoietic stem cells 
of the enzyme required to form such protein-lipid 
linkages results in the failure to express many GPI-
linked membrane proteins, including DAF and CD59 
(see following) and causes a disease called paroxys-
mal nocturnal hemoglobinuria. This disease is 

Receptor Structure Distribution Interacts With Function

C1 inhibitor (C1 INH) 104 kD Plasma protein; conc. 
200 μg/mL

C1r, C1s Serine protease inhibitor; binds to C1r 
and C1s and dissociates them from 
C1q

Factor I 88-kD dimer of 
50- and 38-kD 
subunits

Plasma protein; conc. 
35 μg/mL

C4b, C3b Serine protease; cleaves C3b and C4b 
by using factor H, MCP, C4BP, or 
CR1 as cofactors

Factor H 150 kD; multiple 
CCPRs

Plasma protein; conc. 
480 μg/mL

C3b Binds C3b and displaces Bb
Cofactor for factor I–mediated 

cleavage of C3b

C4-binding protein 
(C4BP)

570 kD; multiple 
CCPRs

Plasma protein; conc. 
300 μg/mL

C4b Binds C4b and displaces C2
Cofactor for factor I–mediated 

cleavage of C4b

Membrane cofactor 
protein (MCP, CD46)

45–70 kD; four 
CCPRs

Leukocytes, epithelial 
cells, endothelial cells

C3b, C4b Cofactor for factor I–mediated 
cleavage of C3b and C4b

Decay-accelerating 
factor (DAF)

70 kD; GPI linked, 
four CCPRs

Blood cells, endothelial 
cells, epithelial cells

C4b2a, C3bBb Displaces C2a from C4b and Bb from 
C3b (dissociation of C3 convertases)

CD59 18 kD; GPI linked Blood cells, endothelial 
cells, epithelial cells

C7, C8 Blocks C9 binding and prevents 
formation of the MAC

TABLE 13.9 Regulators of Complement Activation

CCPRs, Complement control protein repeats; conc., concentration; GPI, glycophosphatidylinositol; MAC, membrane attack complex.

C1q binds to antigen-
complexed antibodies,
resulting in activation 

of C1r2s2

C1 INH 
prevents C1r2s2 
from becoming 

proteolytically active

C1 INH

C1r2s2Antibody

C1q
C1r2s2

FIGURE 13.13 Regulation of C1 activity by C1 inhibitor. 
C1 inhibitor displaces C1r2s2 from C1q and terminates classical pathway 
activation. 

Formation of
C3 convertases

Dissociation of
C3 convertases

by DAF

DAF

Bb

Bb2a

C3b2aC4b

Bb2a

C3bC4b

FIGURE 13.14 Inhibition of the formation of C3 conver-
tases. The classical pathway C3 convertase, C4b2a, or the alternative 
pathway C3 convertase, C3bBb, can be dissociated by the replacement 
of one component with decay accelerating factor (DAF). Other regulatory 
proteins, such as membrane cofactor protein (MCP) and CR1, function 
similarly to DAF (see text). 

C3 and C5 convertases assembly 
are blocked by RCA proteins

MCP, CRI,DAF,C4BP and factor H



CD59 blocks the binding of 
C9 and MAC assembly

CD59 expressed on host cell membrane  
but not on microorganisms 

CD59 is expressed on membrane 

S protein is expressed  
on cytosol

To avoid MAC insertion  
in not infected cells 



Paroxysmal nocturnal hemoglobinuria (PNH)

Acquired (somatic) mutations in hematopoietic stem cells in the 
PIG-A gene (Phosphatidylinositol N-acetylglucosaminyltransferase 
subunit A) lead to the loss of GPI anchored proteins. The gene is 
in the X chromosome.

DAF and CD59 are GPI (glycosylphosphatidylinositol) anchored 
proteins.

COMPLEMENT INDUCED LYSIS OF ERYTHROCYTES

Treatment: Eculizumab inhibits the cleavage of C5 by the C5 convertase 
(warning: meningococcal infections, as deficit in alternative pathway)

Unregulated complement activation on the surface of 
erythrocytes. Recurrent intravascular hemolysis that in turn leads 
to chronic hemolytic anemia and venous thrombosis. 




Pentraxins
A group of structurally homologous pentameric 


plasma proteins

Famous examples:

- C Reactive Protein (CRP)

- Serum amyloid P (SAP)

- Pentraxin 3 (PTX3) 



CRP SAP

Phosphorylcholine Phosphatidylethanolamine 

Bacterial membranes but also human apoptotic cells

LIGANDS



C Reactive Protein (CRP) 
and SAP

Marker of inflammation!

Low levels in healthy individuals 

High levels in response to inflammation (IL-6 and IL-1) 
by Phagocytes and DCs

Produced by the liver

Extremely common blood test



CRP, SAP (and others) 
are acute phase proteins

PTX3 respond to TLR 
activation and TNF 

accumulated also in granules 
of neutrophils 



Pentraxin can initiate 
complement cascade

CRP, SAP and PTX3 bind to 
complement subunit C1q

C1q initiates the “classical pathway” 
of complement activation



Collectins (MBL, SP-A,SP-D) and 
Ficolins are structurally similar to 

C1q
Lectin Pathway Classical

Hexameric proteins 
Each subunit with collagen 

 simil domain

Carbohidrates fibrinogen likeCa type binding



In summary


