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Experimentos pivotales

Utilizando cobayos inmunizados con la bacteria Vibrio cholera, Jules Bordet (1870-1961)
demostrd que el suero de un cobayo inmunizado podia matar a las bacterias gracias a la
presencia de un componente termolabil que era independiente de la inmunizacion. Aflos mas
tarde, Bordet postuld que este componente, al que Ehrlich denomind sistema complemento,
junto con anticuerpos séricos contribuye a generar lisis a microorganismos invasores. También
anadio que la cantidad de complemento en el suero es finita y se consume. Por estos
descubrimientos recibié el premio Nobel en 1919.



Sistema complemento: proteinas séricas que se activan en cascada y generan productos que
conducen a lisis bacteriana o celular, a fagocitosis eficiente y a inflamacidn.

Via de las lectinas
MBL, ficolinas

Inflamacion,
quimiotaxis

Convertasas
de C3

n6a ) Inflamacion,
quimiotaxis

MBL: lectina de unidn a manosa

MAGSP: esterasa asociada a MBL Lisis de células

Ademas cumple un papel importante en la activaciéon de la respuesta humoral de la
inmunidad adaptativa y en la regulacidon de dicha respuesta.



SISTEMA COMPLEMENTO
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Inicio via clasica : Estructura del complejo C1 formado por Cl1q,C1r
y Cls.

Binds ;2 domain
of antibody

triple helix

FIGURE 6-3 Structure of the C1 macromolecular complex. (2) Clq interacts with two
molecules each of Clr and Cls to create the C1 complex. (b) The Clg molecule consists of 18
polypeptide chains in six collagen-like triple helices, each of which contains one A, B, and C chain,
shown in three different shades of green. The head group of each triplet contains elements of all
three chains. (¢) Electron micrograph of C1q molecule showing stalk and six globular heads. The
dark circle is a gold-labeled molecule of fibromodulin, a component of cartilage that binds the
head groups of C1q. [Sjoberg, A, et al. September 16, 2005 The J. Biological Chem, Vol. 280, Issue 37, 32301-
32308. 22005 by the Merican Society for Biochemistry and Molecular Biology.]




Etapas en la activacion del complemento: inicio, amplificacion y término
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Fase de amplificacion

Intermediates in the Classical Pathway of Complement Activation
up to the Formation of the C5 Convertase

1
Clyg binds antigen-bound antibody, and induces a conformational

change in one Clr molecule, activating it. This Clr then activates
the second Clr and the two Cls molecules.

C3 convertase hydrolyres many C3 molecules. Some combine
with C3 convertase o form C3 convertase.

Clgrys;

/C]q

Clrys
Antibody o7

Fo—

Antibody binding sites
on antigen (epitopes)

a-r

3 \ / Clinb Cla

Cib2Za C4b2a3b
Oy convertase

2
Cls cleaves C4 and C2. C4 is cleaved first and Cdb binds o the
membrane close to Cl. C4b binds C2 and exposes it to the action
of Cls. Cls cleaves C2, creating the C3 convenase, C4b2a.

The C3b component of C5 convertase binds C3, permitting
Cib2a to cleave C5.

L

Antigenic determinants are shown in dark red, initiating components (antibodies and C1q) are shown in green, active enzymes are shown

in blue, and anaphylatoxins in bright red.




Complejo de ataque a la membrana

Membrana celular

Figura 1. Las proteinas del complemento forman un complejo de ataque a
la membrana en las parecedes bacterianas que permite su lisis.

C5b inicia la via del complejo de ataque
a membrana que concluye con la
formacién del MAC o complejo de
ataque a membrana que consiste de
C5b, C6, C7, C8 y un polimero de C9.
MAC es el producto citolitico final de la
cascada del complemento. Forma un
canal de transmembrana que provoca
la lisis osmotica de la célula blanco.
Las células de Kupffer y otros tipos de
macréfagos ayudan a eliminar a los
patogenos cubiertos de complemento.
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Representacion de C1qgrs




Representacion de MAC




Activacion por Anticuerpos Activacion por Lectinas

Azicares en la
superficie del patdgeno

Estructura del complejo C1 y comparaciéon con MBL

c3 VIA CLASICA/LECTINAS

Covertasa de C3
Via clisica y de las lectinas

Covertasa de C5



ACTIVACION

Via de las lectinas

MBL

MASP-1

/ or MASP-2

Polysaccharide
antigen

FIGURE 6-7 Initiation of the lectin pathway relies on lec-
tin receptor recognition of microbial cell surface carbohy-
drates.
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FIGURE 6-8 The initiation of the alternative tickover
pathway of complement.
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Formacion del complejo de atague a membrana (MAC)

(a)

Cell membrane

(b)

FIGURE 6-10 Formation of the membrane attack
complex (MAC). (a) The formation of the MAC showing the
addition of C6, C7, C8, and C9 components to the C5b compo-
nent. (b) Photomicrograph of poly-C9 complex formed by in
vitro polymerization of C9 (inset) and complement-induced
lesions on the membrane of a red blood cell. These lesions result
from formation of membrane-attack complexes. [Part b from E. R.
Podack, 1986, immunobiology of the Complement System, G. Ross, ed,
Academic Press, Orlando, FL; part b inset from J. Humphrey and R. Dour-
mashkin, 1969, The lesions in cell-membranes caused by complement,

Advances in Immunology, 11:75.]




Clases de proteinas del sistema complemento con relacion a su funcién

Unidn a complejo membrana- antigeno- anticuerpo =y Clq
Unidn a la manosa en superficie bacteriana ) MBL

Actividad enzimatica memmm) ClryCls
mmmm) C2b Bb D Masp-1 Masp-2

Actividad de opsonina ===y C3b y C4b

Actividad proinflamatoria ) C3a, C4ay Cha

Actividad de ataque a membrana === C5b, C6,C7,C8y (C9

Actividad reguladora ====sp  C1INH, C4bp, CR1, MCP, DAF, H, I, Py CD59

Receptores de los factores del complemento en la membrana : CR1, CR2, CR3, CR4y C1gR




Comparacion de las tres vias

Activation pathway Classic Alternative Lectin
Activator Ag-Ab Complex|spontaneous hydrolysis of C3 | MBL-Mannose Complex
C3-convertase C4bZa C3bBb C4bZa

CH-convertase C4bZaib C3bC3bBb C4bZa3b

MAC development C5b+Ce+CT+C8+C9

Piensen ustedes lo peligroso que puede ser este sistema si se activa en
momentos inapropiados o con intensidad exagerada. El sistema debe
por lo tanto ser regulado. Esto se logra mediante proteinas de control
gue estan presentes en una mayor concentracion en el plasma
sanguineo que las proteinas de la via del complemento. Algunas
proteinas de control estan presentes en las membranas de las células
propias previniendo que sean atacadas por el complemento. Un
ejemplo es CD59 que se conoce como protectina ya que inhibe la
polimerizacion durante la formacion del MAC. La via clasica es inhibida
en su inicio por C1 inhibidor que se une a C1 para impedir su
activacion. La C3 convertasa puede ser inhibida el factor acelerador del
decaimiento (DAF) que se une a membranas plasmaticas de eritrocitos.
Hay otras formas de regulacion que no ahondaremos en esta ocasion.



Interaccion del complemento con otros componentes tisulares

CLASSICAL PATHWAY ALTERMATE PATHWAY
Ag-Ab Properdin, |gA, etc.
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RESUMEN DE LAS
TRES VIAS
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1. Defensa del huésped
contra la infeccion =2
Inflamacion

2. Interfase entre
Inmunidad innata y
adaptativa

3. Remocidn de restos

Principales actividades biolégicas del complemento

Opsonizacion

Quimiotaxis y activacion de
leucocitos

Lisis de células bacterianas

Aumento de la respuesta de
anticuerpos

Facilitacion de la memoria
inmunoldgica

Remocién de complejos
inmunes desde los tejidos

Remocion de células
apoptoticas

Fragmentos de C3 y C4 unidos
covalentemente

Anafilotoxinas (C3a, Cd4ay
C5a) y sus receptores en
leucocitos

Complejo de ataque a
membrana MAC (C5b a C9)

C3b y C4b unido a complejos
inmunes y antigeno
Receptores de C3 encels. By
CPAs

C3b y C4b unido a complejos
inmunes y antigeno
Receptores de C3 en células
foliculares dendriticas

Clqg; fragmentos de C3y C4

Clqg; fragmentos de C3y C4



Accion pro-inflamatoria

Anaphylatoxins and inflammartory response
cal) s [l

Macrophage

Mast cell

Chemotaxis
Cytokine production
Phagocytosis

Chemotaxis
Oxidative burst
Phagocytosis
Degranulation

Degranulation

Degranulation
Chemotaxis

Degranulation
Chemotaxis

FIGURE 6-12 Binding of the anaphylatoxins C3a and C5a to the G-protein-coupled receptors C2aR and C5aR. The C3aR and
(C5aR receptors are members of the G-protein-coupled receptor family described in Chapter 4. Binding of the anaphylatoxins to these receptors
stimulates the release of proinflammatory mediators from macrophages, neutrophils, basophils, eosinophils, and mast cells, as indicated.
[Adapted from J. R. Dunkelberger and W.-C. Song, 2010 Complement and its role in innate and adaptive immune responses, Cell Research 20:34-50, Figure 38.]



Opsonizacion y fagocitosis

(2) Opsonization and phagocytosis

oy 1 o

Clg MBL- Antibody: C3b/
mannose  antigen  C4b

(iC3b, C3c, C3dg)
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C3b cleavage
products

FIGURE 6-13 Opsonization of microbial cells by comple-
ment components and antibodies. (3) Phagocytosis is mediated
by many different complement receptors on the surface of macro-
phages and neutrophils, including CR1, CR3, CR4, and Crlg. Phago-

CR1 CR3 CR4 CRlg
(CD35) (CD1lb/ (CDIl</
CD18) CDI8)

cytes, using their Fc receptors, also bind to antigens opsonized by
antibody binding. (b} Electron micrograph of Epstein-Barr virus
coated with antibody and (3b and bound to the Fc and C3b receptor
{(CR1) on a B lymphocyte. [Part b from N. R. Cooper and G. R. Nemerow, 1586,
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Eliminacidon de complejos inmunes

Erythrocyte
Soluble immune complex i

Complement activation LIVER
AND
SPLEEN
C3ib—
Phagocyte

FIGURE &-14 clearance of circulating immune complexes
by reaction with receptors for complement products on
erythrocytes and removal of these complexes by receptors
on macrophages in the liver and spleen.




Activacion de linfocitos B

C3d

CDh21
(CRZ)

CDiEl
(TAPA-1)

mlgM

FIGURE 6-11 Coligation of antigen to B cells via IgM and
CD21. The B-cell coreceptor is a complex of the three cell membrane
molecules, CD21 (CR2), CD&1 (TAPA-1), and CD19. The CD19 compo-
nent is important in BCR antigen receptor signaling. Antigen that has
been covalently bound to fragments of the C3 complerment compo-

nent is bound by both the immunoglobulin BCR and by the CD21
complement receptor, thus significantly increasing the avidity of the
cell receptors for the antigen and allowing lower concentrations of
antigen to trigger B-cell activation.



Evasidn microbiana de la accion del complemento

1[:1:{R Y-S Some microbial complement evasion strategies

Complement evasion strategy Example

Interference with antibody-complement interaction Antibody depletion by Staphylococcal protein A
Removal of lgG by Staphylokinase

Binding and inactivation of complement proteins 5 aureus protein SCIN binds and inactivates the C3bBb (3
convertase

Parasite protein Z2 receptor trispanning protein disrupts the
binding between C2 and C4

Protease-mediated destruction of complement component Elastase and alkaline phosphatase from Pseudomonas degrade
C1gand C3/C3b
Scph and ScpB from Streptococcus degrade C5a

Microbial mimicry of complement regulatory components Streptococcus pyogenes M proteins bind C4BP and factor H to the

cell surface, accelerating the decay of C3 convertases bound to
the bacteral surface

Variola and Vaccinia viruses express proteins that act as cofactors
for factor | in degrading C3b and C4b
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