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INTRODUCTION
Complement refers to a collection of over 30 heat-labile proteins found in
human blood plasma. The proteins act in a cascading fashion to lyse cell
membranes, augment phagocytosis, and produce inflammatory peptides.

These activities were said to "complement“ the other antibacterial activities of
the host; hence the name complement.
Complement activation can be initiated by three different signals, but all three
lead to a common final pathway that:
(1) defends against bacterial infections by facilitating and enhancing
phagocytosis, chemotaxis, activation of leukocytes, and lysis of bacteria;
(2) bridges innate and specific immune functions by enhancing antibody
responses and immunologic memory; and
(3) disposes of wastes such as dead host cells and immune complexes, the
products of inflammatory injury.

Note: Discovered in 1893 by the Belgian scientist JULES BORDET, who
called it ‘alexine’. PAUL EHRLICH later introduced the rival term
‘complement’.



The name “complement” is derived from experiments performed by Jules
Bordet shortly after the discovery of antibodies. He demonstrated that if fresh
serum containing an antibacterial antibody is added to the bacteria at
physiologic temperature (37°C), the bacteria are lysed. If, however, the serum
is heated to 56°C or more, it loses its lytic capacity. This loss of lytic capacity
is not due to decay of antibody activity because antibodies are relatively heat
stable, and even heated serum is capable of agglutinating the bacteria. Bordet
concluded that the serum must contain another heat-labile component that
assists, or complements, the lytic function of antibodies, and this component
was later given the name complement.



The Functions of Complement

The complement system is one of the major effector mechanisms of humoral
immunity and is also an important effector mechanism of innate immunity.

The complement system consists of serum and cell surface proteins that
interact with one another and with other molecules of the immune system in a
highly regulated manner to generate products that function to eliminate
microbes. Complement proteins are plasma proteins that are normally
inactive; they are activated only under particular conditions to generate
products that mediate various effector functions of complement.

Several features of complement activation are essential for its normal
function.



After initial activation, the various complement components interact, in a
highly regulated cascade, to carry out a number of basic functions including:

Lysis of cells, bacteria, and viruses

Opsonization, which promotes phagocytosis of particulate antigens

Binding to specific complement receptors on cells of the immune system,
triggering specific cell functions, inflammation, and secretion of
immunoregulatory molecules.

Immune clearance, which removes immune complexes from the
circulation and deposits them in the spleen and liver





THE COMPLEMENT COMPONENTS
The proteins and glycoproteins that compose the complement system are
synthesized mainly by liver hepatocytes, although significant amounts are also
produced by blood monocytes, tissue macrophages, and epithelial cells of the
gastrointestinal and genitourinary tracts. These components constitute 5% (by
weight) of the serum globulin fraction. Most circulate in the serum in
functionally inactive forms as proenzymes, or zymogens, which are inactive
until proteolytic cleavage, which removes an inhibitory fragment and exposes
the active site. The complement-reaction sequence starts with an enzyme
cascade.
Complement components are designated by numerals (C1–C9), by letter
symbols (e.g., factor D). Peptide fragments formed by activation of a
component are denoted by small letters. In most cases, the smaller fragment
resulting from cleavage of a component is designated “a” and the larger
fragment designated “b” (e.g., C3a, C3b; note that C2 is an exception: C2a is
the larger cleavage fragment). The larger fragments bind to the target near the
site of activation, and the smaller fragments diffuse from the site and can
initiate localized inflammatory responses by binding to specific receptors.



PATHWAYS OF COMPLEMENT ACTIVATION

There are three major pathways of complement activation:

The lectin pathway is initiated by soluble carbohydrate-binding proteins—
mannose-binding lectin (MBL) and the ficolins—that bind to particular
carbohydrate structures on microbial surfaces. Specific proteases, called MBL-
associated serine proteases (MASPs), that associate with these recognition
proteins then trigger the cleavage of complement proteins and activation of the
pathway.

The classical pathway is initiated when the complement component C1, which
comprises a recognition protein (C1q) associated with proteases (C1r and C1s),
either recognizes a microbial surface directly or binds to antibodies already
bound to a pathogen.

Finally, the alternative pathway can be initiated by spontaneous hydrolysis and
activation of the complement component C3, which can then bind directly to
microbial surfaces.











The classical pathway is initiated by binding of the complement protein C1 to
the CH2 domains of IgG or the CH3 domains of IgM molecules that have bound
antigen.
The pathway is activated through antigen-antibody complexes: initially, C1

component binds to a site on the Fc fragment of Ig (IgG (but not IgG4) or IgM);
however, native Ig molecules do not interact with C1.

C1 component – contains three polypeptides (C1q, C1r, C1s); C1q attaches
first to Ig (for initiation of complement activation, C1q has to interact with two
or more Ig monomers) → C1q activates proenzyme C1r → C1r cleaves
proenzyme C1s→ C1s is able to cleave C4 component .

Activated C1s cleaves C4 to C4a (an anaphylatoxin) + C4b → C4b binds to
cell membranes → the next component becomes susceptible to enzymatic
attack by activated C1
C4b + C2 + C1s → removal of C2a → enzymatically active molecular

complex C4b2a (= C3 convertase of the classical pathway).
Formation of C3 convertase represents the nodal point for all pathways of

complement system activation .

THE CLASSICAL PATHWAY







The alternative pathway is antibody-independent.

The alternative pathway is considered to be a primitive „bypass“ mechanism,
that does not require C1, C2 and C4.

The pathway is activated through reaction of the complement system and
some substances of microbial origin (polysaccharides – e.g.
lipopolysaccharides of Gram negative bacteria, teichoic acid of G positive
bacteria, zymosan from yeast cell walls, surface components of some animal
parasites) or other foreign materials.

C3 cleaves into C3a + C3b spontaneously; however, these are inactive under
standard conditions.

In this case, C3b binds to microbial surface → it reacts with factor B →
removal of Ba (it is chemotactic for neutrophils) → C3bBb (= C3 convertase
of the alternative pathway) – it is stabilized by properdin (P).

THE ALTERNATIVE PATHWAY







THE LECTIN PATHWAY 
The lectin pathway, like the classical pathway, proceeds through the activation
of a C3 convertase composed of C4b and C2a. However, instead of relying on
antibodies to recognize the microbial threat and to initiate the complement
activation process, this pathway uses lectins—proteins that recognize specific
carbohydrate components primarily found on microbial surfaces—as its
specific receptor molecules.

Mannose-binding lectin (MBL), the first lectin demonstrated to be capable
of initiating complement activation, binds close-knit arrays of mannose
residues that are found on microbial surfaces such as those of Salmonella,
Listeria, and Neisseria strains of bacteria; Cryptococcus neoformans and
Candida albicans strains of fungi; and even the membranes of some viruses
such as HIV-1 and respiratory syncytial virus.

The complement pathway that it initiates is referred to as the lectin
pathway of complement activation.





REGULATION OF THE COMPLEMENT SYSTEM
Because many elements of the complement system are capable of attacking host
cells as well as foreign cells and microorganisms, elaborate regulatory
mechanisms have evolved to restrict complement activity to designated targets.



BIOLOGICAL CONSEQUENCES
(COMPLEMENT ACTIVATION) 

Complement serves as an important mediator of the humoral response by
amplifying the response and converting it into an effective defense mechanism to
destroy invading microorganisms.

The MAC mediates cell lysis, while other complement components or split
products participate in the inflammatory response, opsonization of antigen, viral
neutralization, and clearance of immune complexes





COMPLEMENT RECEPTORS

Fragments of complement components can bind to complement receptors,
which are expressed on the surface of different cells.



FUNCTIONS OF THE COMPLEMENT 
SYSTEM - OVERVIEW

• Inflammation (mast cell degranulation, chemotaxis, increases
vascular permeability, margination and diapedesis of
polymorphonuclears, smooth muscle contraction, activation of
polymorphonuclears, NK cells and macrophages)

• Clearance of immune complexes
• Cell lysis (G negative bacteria, Protozoa, some viruses)
• Viral neutralization
• Opsonization



THE COMPLEMENT SYSTEM - OVERVIEW

• The alternative and lectin pathways are clear components of innate
immune system, whereas the classical pathway depends on addaptive
immune response (it is triggered through antigen-antibody reaction)

• Three functions of the complement system:
1. C3b coats microbes and promotes the binding of these microbes to
phagocytes (by receptors for C3b).

2. Some breakdown products of complement proteins are
chemoattractants for neutrophils and monocytes and promote
inflammation at the site of complement activation.

3. Complement activation results to the formation of a polymeric protein
complex (MAC), causing osmolysis or apoptosis of microbes.





• Complement is central to the development of inflammatory reactions
and forms one of the major immune defense systems of the body.

• Complement activation pathways have evolved to label pathogens for
elimination. The classical pathway links to the adaptive immune system. The
alternative and lectin pathways provide non-specific ‘innate’ immunity, and
the alternative pathway is linked to the classical pathway.

• The complement system is controlled to protect the host. C1 inhibitor
controls the classical and lectin pathways. C3 and C5 convertase activity are
controlled by decay and enzymatic degradation.

• The membrane attack pathway results in the formation of a
transmembrane pore. Regulation of the membrane attack pathway reduces
the risk of ‘bystander’ damage to adjacent cells.

SUMMARY



• Many cells express one or more membrane receptors for complement
products. Receptors for fragments of C3 are widely distributed on different
leukocyte populations. Receptors for C1q are present on phagocytes, mast cells,
and platelets.

• Complement has a variety of functions. Its principal functions are chemotaxis
including opsonization and cell activation, lysis of target cells, and priming of the
adaptive immune response.

• Complement deficiencies illustrate the homeostatic roles of complement.
Classical pathway deficiencies result in tissue inflammation. Deficiencies of
mannan-binding lectin (MBL) are associated with infection in infants.
Alternative pathway and C3 deficiencies are associated with bacterial infections.
Terminal pathway deficiencies predispose to Gram-negative bacterial infections.
C1inhibitor deficiency leads to hereditary angioedema. Deficiencies in
alternative pathway regulators produce a secondary loss of C3.



THANKS
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