
Innate 
Immunity



Components

Cellular effectors of innate immunity 
- Phagocytes

- ILCs and NK cells

Cell associated Pattern Recognition Receptors 
- Toll-Like Receptors (TLRs)

- NOD-Like Receptors (NLRs)

- RIG-I-Like Receptors (RLRs)

- STING-associated CDS

-

Soluble effectors of innate immunity 
- the complement system

- pentraxins

- collectins and ficollins

Anatomical and chemical barriers✔

✔



Effector system of innate immunity and humoral immunity (Bordet)



Soluble effectors of innate 
immunity

Present in the blood and extracellular fluids

Three main mechanism of action:

1 - Opsonization and induction of phagocytosis


2 - Direct killing of microbes


3 - Induction of inflammatory response

3 Stages of Complement Cascade 
• Initiation – beginning the reaction 
• Amplification – producing cascade effect  
• Membrane attack – kills microorganisms 



The complement system

A group of plasma proteins, proteases (C 
or F-factor), inactive, but that can be 

activated by proteolysis

Three different activation pathways

What do they have in common?

Serum and surface proteins that interact in a  regulated manner with other 
molecules of the immune system to generate products that function to eliminate 

microbes.

Attack concentrate on microbe surfaces 
 (microbes, Ab, apoptotic cells)

Proteolytic cascade to activate zymogens



C3 is activated by proteolysis 
in two fragments: C3a and C3b

C3 proteolysis is 
mediated by a complex 
called C3 convertase

General rule for 
complement proteins:

a = smaller product

b = larger product


covalent bond



C5 is activated by proteolysis 
in two fragments: C5a and C5b

C5 proteolysis is mediated by a 
complex called C5 convertase

covalent bond



The complement system
THE ALTERNATIVE PATHWAY

C3 is continuously cleaved 
at a low rate (C3 tickover).  

1-2% h

Cleavage induce exposure of 
the C3b thioester domain, 
carrying a reactive thioester 

that can bind covalently 
surface of microbes 

Ab absence

Hydrolysis of thioester and inactivation 



C3 thioester

Reactivity with OH (shown) or NH2

Ester (shown) or amide



The complement system
THE ALTERNATIVE PATHWAY

C3 is continuously cleaved 
at a low rate (C3 tickover)

Cleavage induce exposure of 
the C3b thioester domain, 
carrying a reactive thioester

Cleavage also induce 
exposure in C3b of the 
Factor B binding site



The complement system
THE ALTERNATIVE PATHWAY

C3 is continuously cleaved 
at a low rate (C3 tickover)

Cleavage induce exposure of 
the C3b thioester domain, 
carrying a reactive thioester

Cleavage also induce 
exposure in C3b of the 
Factor B binding site

Factor B is cleaved by 
Factor DProperdin: made by neutrophils



The complement system
THE ALTERNATIVE PATHWAY

Generation of C3 
convertase!



The complement system
THE ALTERNATIVE PATHWAY

Generation of C3 
convertase!

Generation of C5 
convertase!



The complement system 
Terminal steps

THE ALTERNATIVE PATHWAY

Generation of C5 
convertase!

Activation of C6-7-8-9

MAC (Membrane Attack  Complex)

C5b-C9


Large pores in the attacked cells

C9 create polymers





The membrane attack 
complex (MAC)

External diameter 20 nm 
Internal diameter 10 nm 

H 15 nm 
 

PORES



Cytolysis mediated by 
complement

The Complement System 295

discussed earlier, immune complexes with attached C3b 
bind to CR1 on erythrocytes, and the complexes are 
cleared by phagocytes in the liver.

The C3d protein generated from C3 binds to CR2 on 
B cells and facilitates B cell activation and the initiation 
of humoral immune responses. C3d is generated when 
complement is activated by an antigen, either directly 
(e.g., when the antigen is a microbial polysaccharide) 
or after the binding of antibody. Complement activation 
results in the covalent attachment of C3b and its cleavage 
product C3d to the antigen. B lymphocytes can bind the 
antigen through their Ig receptors and simultaneously 
bind the attached C3d through CR2, the coreceptor on  
B cells, thus enhancing antigen-induced signaling in B 
lymphocytes (see Chapters 7 and 12). Opsonized anti-
gens are also bound by FDCs in the germinal centers 
of lymphoid organs. FDCs display antigens to B cells  
in the germinal centers, and this process is important 
for the selection of high-affinity B cells (see Fig. 12.19). 
The importance of complement in humoral immune 
responses is illustrated by the severe impairment in 
antibody production and germinal center formation seen 
in knockout mice lacking C3 or C4 or the CR2 protein.

have evolved thick cell walls or capsules that impede 
access of the MAC to their cell membranes. Complement-
mediated lysis appears to be critical for defense against 
only a few pathogens that are unable to resist MAC 
insertion, such as bacteria of the genus Neisseria, which 
have very thin cell walls.

Other Functions of the Complement System

By binding to antigen-antibody complexes, complement 
proteins promote the solubilization of these complexes 
and their clearance by phagocytes. Small numbers of 
immune complexes are frequently formed in the circula-
tion when an individual mounts a vigorous antibody 
response to a circulating antigen. If the immune com-
plexes accumulate in the blood, they may be deposited 
in vessel walls and lead to inflammatory reactions that 
damage the vessels and surrounding tissue. The forma-
tion of immune complexes may require not only the 
multivalent binding of Ig Fab regions to antigens but also 
noncovalent interactions of Fc regions of juxtaposed Ig 
molecules. Complement activation on Ig molecules can 
sterically block these Fc-Fc interactions, thereby promot-
ing dissolution of the immune complexes. In addition, as 
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FIGURE 13.17 Functions of complement. The major functions of the complement system in host 
defense are shown. Cell-bound C3b is an opsonin that promotes phagocytosis of coated cells (A); the pro-
teolytic products C5a, C3a, and (to a lesser extent) C4a stimulate leukocyte recruitment and inflammation 
(B); and the membrane attack complex (MAC) lyses cells (C). 



…but the 
MAC is just 

the tip of 
the iceberg

MAC Cell lysis 

Phagocytosis 

Inflammation

Activation of humoral activity



Phagocytes ligate C3b and 
uptake opsonized microbes 

Macrophages and neutrophils express complement receptors (CR) 
that ligate complement coated microbes and trigger phagocytosis



C3a and C5a are soluble 
mediators of inflammation

C3a and C5a induce mast cell degranulation and release of histamine

 and vasodilatation
C5a induces neutrophil activation: motility adhesion to endothelium  and 
oxidative burst (ROS)

C5a induces expression of P-selectin by the vascular endothelium 
(rolling) and increased vascular permeability



Follicular dendritic cells express CR2 and 
capture immune-complexes

The B cell follicle can host germinal centers

Antigen is captured in form of 
immune complexes, and 
stored by follicular dendritic 
cells (FDCs)  where are 


presented to responding B 
cells 


 Naive B cells
FDCs
Responding B cells

RECEPTOR FOR PROTEIN OF COMPLEMENT and activation of humoral response

Immune complex are covered  
Of C3 fragments  




