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PEI(; hinds antigen-boumnd antibacly, and induces a conlafimational
change in one Clr mofeeule, activating it This Cla thien activates

the second Clr and thie two Cls molecules.

Clqr,s,
A

; N
&
% 9
Cll‘,\zf

Antiboxdy

Antibody bliling sites
on antigen (epitopest

2

Cls cleaves Giand C2, Cais cleaved firse and Cib binds 1o the
membrane close 10 €1 Cab binds C2 andd eiposes it 1o the action
of Cls.(Cls cleaves C2, creating the (8 convertase, Cab2a

Ciab2a
C3 convertase

C3 convertase hydrolyzes many C3imolecules, Some combing '.
withy C3 convertase to lorm €3 convertase.
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\ Preteins of the classical pathway of complement activation
Native Active S . &
component o Furction of the active form
Cla Binds directly to patnogen surfaces or indirectly to antibody bound
{ to pathogens, thus allowing autoactivation of C1r
C1
(C1q. e i Aq5a
CiryCls,) Cir Cleaves C1s lo active proteass
Cls Cleaves C4 and C?
Cdb Covalently binds to pathogen and opsonizes it. y
Binds CZ for cleavage by C1s
C4
Cda Peptide mediator of inflammation (weak activity)
oo Active enzyme of classical pathway C3/C5 convertase:
et cleaves 03 and C5
c2
C2b Precursor of vasoactive £2 kinin
i Many molecules of C3b bind to pathoge: surface and act as opsinins
L Initiates amplification via the alternative pathway. «
C3 Binds CF tor cleavage by C2a
C3a Meptide mediator of inflammation (intermediate activity) |' ‘
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C3 convertase hydrolyzes many C3 moleailes, Some combine
with C3 convertase 1o form C3 convertase,

PAMP recognition
by fectins

Ciblaib
Cihalmertase

Cab2a
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MASP cleaves G4 and C2LC4 is ceaved first and C4b hinds 1o the The'C3b component of C5 copvienase binds C5, permining
membrane close 10 G, Gib binds C2 and exposis it to the action Cib2a o cleave C5.
of MASPs . MASPs cleaves C2, creating the €3 convenase, Cib2a,
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Froteins of the classical pathway of compiernent activation
Native 7 Active . P,
compenent o Function of the active form
MBL/iicolin Binds direcily to pathogen surfaces
MASP-2 Cleaves C4 and C2
cab Covalently binds to pathogen and opsonizes it.
- Binds C2 for'cleavage by Cls

C4

Cda Perlide mediator of inflammation (weak activity) | «‘

o Active enzyme of ciassical pathway C3/C8 convertase:

i cleaves C3 and C5

C2

C2b Precursor of vasoactive C2 Kinin @

Cab Many molecules of C3b'bind to pathogen surface and act as opsonins

Initiates amplification via the alternative. pathway.

G3 Binds C5 for cleavage by C2a

C3a Peptide mediator of inflammation (intermediate activity) ‘m
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Proteins of the aiternative pathway of complement activation

Native Active :
uoimponent fragments Functior,
c3 Cab Binds to pathagen surface, binds B for cleavage by D,
C3bBh is C3 convertase and C3b,Bbis C5 convertase
Ra Small fragment of B, unknowh function
Factor B (B)
Bb Bb is active enzyme of the C3 convertase C3bBb and
C5 convertase (3b,Bb
Plasma serine protease, cleaves B when it is bound to C3b
Factor D (D) D to B'and Bb
Properdin’{P) B Plasma protein that binds to bacteriai surfaces and stabilizes

the C3bBb convertase
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C1 inhibitor (C1IN¥| dissociates C1r and
C1s from Ih) active C1 complex
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TABLE 6-4
Fluid phase or

Protein membrane Pathway affectsd Function

C1 inhibitor (CTINH) Fluid phéase Classicg!and lectin Induces dissociation and inhibition of
Cirys, from Clq; serine protease inhibitor

Decay Accelerating Membrane bound Classical, alternative, Accelerates dissotiation of C4b2a and

Factor (DAF) CD55 and lectin C3bBb C3 convertases

CR1(CD35) Membrane bound Classical, alterrjative, Blocks forpfiation of, or accelerates dissociation

and lectin of, the-{3 convertases C4b2a anid C3bBb by

biriding C4b or C3b
Cofactor for factor | in ((3b and C4b
degradation on host ¢ell surface

C4BP Soluble Classical and lectin Blocks formation of, or accelerates dissgciation
of, C4b2a (3 convertase
Cofacio? for factor | in C4b degradation

Factor H Soluble Alternative Blocks formation of, or accgliérates dissociation
of, C3bBb C3 convertase
Cofactor for factgi in C3b degradation

Factor | Soluble Classical, alternative, Serine protease: cleaves C4b and C3b using

and lectin cofactors shown in Figure 6-16

Membrane cpfactor Membrang kound Classical, ajtemative, Cofactor for factor | in degradation of C3b

of protenlysis, MCP and lectif) aid C4b

(CD46)

S\protein or Soluble All pathways Binds soluble CSES® and prevents insertion

Vitronectin into host cell mémbrane

Protectin (CD59) Membrane bound All pathways Binds C51:678 on host cells, blocking binding
of C9 @nd the formation of the MAC complex

Carboxypeptidases Soluble Anaphylidtoxins produced Cleave and inactivate the anaphylatoxins C3a

N, B, and R byall pathways and C5a

j ¢ T Tas







Table¢'). Conventional Corinilement Deficiencies

Protein Diseuse Associations
Recognition Protein Disease Assoclations
MBL infections in Structural Protein Discase Associations
immunocompromised
individuals C3 bacterial infections, SLE-liKe Control
sytidrome
H-feblin immuné deficiency, Properdin meningococcalinfection
necrotizing enterocolitis C4 SLE-like syndrome, : 5
encapsulated bacterial Factor'H hemolyticlufemic syndrome
Clq SLE-like syndrome, recurient infections (HUS), dense deposit disease
bacterial infections o3 ; x N
CH mening&coccal infection C1-INH héreditary angioedema (HAE)
CD11a (LFA-1), leukocyte adhesion defitiency
. y meni i jon “D11b (CR3), type | (LAD 1)
Enzidhes o6 meningococcal infection CE CR3), )
il CD11c (CR4)
Y 1
MASP-2 imniune deficiency 2 ; = /CD1§
= Cc7 meningoecoccal infection
Clrfs SLE-like syndrome, recurrent — : i i i
bacterial infections y CD46 (MCP) atypical hemolytic uremic
c8 meningicoccal infection synidrome {aHUS)
CD5S, paroxysmal nocturpal
C2 autoimmiune disease CD59 hemoglobinuria (PNH)
(PIGA)?
Factor D meningococcal and 9 meningococcal infection
encapsulated bacterial
infections
Factor | encapsulated Dacterial

infections

689-705

88(3)

’011 Jun 10;

=

Am J Hum Genet.



Compleivient evasion strategy

Example

Interference with antibody‘complement interaction

Binding and inactivation of complement prot&ins

Protease-mediated destrugtion of complement comipgnent

Microblal riiimicry of complement reguatory components

L

Antibody gepletion by Staphylococqal protein A

Reracwval of 1gG by Staphylokingsa

Staureus protein SCIN birids and inactivates the C35BhL'C3
convertase

Parasite proteiny C2receptor trispanning protsin disrupts the
binding between C2 and C4

Elastase arid alkaline phosphatase frem Pseudomonas degradé
Clqand C3/C3b

5¢pA and ScpB from Streplococcus degrade C5a

Streptococcus pyogenes M proteins bind C4BP anld factor H to the
cell surface, accelerating the decay of C3 cofwértases bound to
the bacterial surface

Variola and VVaccinia viruses express proteins that act as cofactors
forfacior | in degrading C3b arichC4b

A o WY 0 AN
b Evasion Host cell
‘\_“ L) cm
L Captuning
Initial AP €3 @
\ Cleavage comems:/ o R—{ [——
‘ (") b= €3 Inhibution a
= Inhikition m anta;omm
S —"! | ' Cla
“‘..'..'-" ---.®
| C4da PRI, - RCA
Clinhibition Ao @ ,. O ' n CSInhibIt:on—' mimjcry
- M \,
il ‘}“.f‘q..i"’ : 'k— Convertate . | €
C1le
.4,.41 or .»— NN mhautlon R -) ihibihon _" \ ﬂ/.\
PAANY RGN *

WL HE 07 'M» ; _«.@&@f

cPC) AP C) CPandAPCS Clb IC3b

convertase convertase convertases
Pathogen Antibody RCA re¢riitment and mimicry MAC inlubition RCA recrisitinent
cell Inactivation Convertase decay C3b degradation

vruary 2008)

Nature Reviews Microbiolcgy 6, 132-142 (
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b T30 (ALXA an\
0y .\ T
Compstatinderivatiwes \
{APL-1, APL-2 (long~
lasting))

E 0 I NM9401 and /
I compstatin n kac A y
1d¢‘.‘}r‘wnn:c 5 g »hlka{:l‘onmh f (6 sprc-ﬁc antibady
{Amyndas) [ NY ~._ (Reqencsance)
Amplificition > Ny ’ “ Jerminal
loop e, L . N pathway
Properdin inhibitor
fovelgied) e -

"] Monoclenal antibedy 7] Simall molecule

ALXN1210, | (
ALXNS 500 /

Natuie Reviews Drug Siscovery 14, 85

[7] Peptide Protein or biologic

Nucleic acid-based therapy =




|
||
|
4
'g ;!‘
L)

5

be=A

o’
Tissue repair
Apoptotic Angiogenesis
Inflammation cell recogniticn Grow!'i factors
resolution and removal Prosurvival pathways
and repair : Y
"Homeostasis
\d St |
B cells. C;.?‘Q | Prevention of autoimmunity J'
—rJ ‘ PN
\ gSa 3 Helper T cell
Adaptive \ 8 4 differentiation \
defense i . (o ® .
Activation/survival Polycional v w| T cells Taf=T17 = Ta17=Tgl
Ab response response T‘ce;ls
Complement C3a, ¢ ,
., Autoimmunity Opsonkatic a3 APC DC | N
. Fe@® LILIN ‘ !  DAF 4
Taii) I b - .
Interface D \ait TCC lysis / CsaTTLR
Enhanced*” G % xS, Osteal tissue ‘ Csa | activation
activation and o SN o) \5‘6‘:\% Synovial cells Sl
phagocylosis MBL 3059 Ny <
;9'%;@,,% 5 .
Bone marrowj Cartilage and
i bone resparation
Innate Spr;ad of DIC HSPC molhilization
deferise infection Im'rpu_ne cell
and o8 replgnishment
inflammation Inflammatory Enhanced Cell-dépendent
¢ antimicrobial ! :
cytokine finetione differential
amplification . regulation of
(Phagocytosis,™ *y "45 fami
oxidative burst i
and &0 on)

|
|

Nature Immunciogy 11, 785-737 (2010)
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Alternative Cellisurface binding or
Receptor  name(s) Ligand expression Functién
CR1 CD35 C3b, C4b, Erythrocytes, neutcophils, monocytes, Clearance of immune gcomplexes,
Clq, macrophages, eosinophils, FDCs, enhancement of phagocytosis, requlation
iC3b B cells, and some T cells of C3 breakdgmn
CR2 cD21, €3d, C3dg B cells'and FDCs Enhancement of B-cell activation, 8-cell
Epstein-Barr (human), C3d coregeptor, and retention of C3d-tagged
virus receptor  (mouse) iC3b immune complexes
CR3 CD11b/CD18, iC3b and Monocytes, magiophages, neutrophils, Binding to adhesion wiolecules on
fMac-1 factor H NK cells, zosinophils, FDCs, T cells leukocytes, facilitates extravasation; iC35
binding enhaiices opsonization of
immurie complexes
CR4 CD11c/CENB8 iC3b Monocytes, macrophages, neutrophils,  iG3kmediated phagocytosis
dendritic cells, NK cells, T cells
CRIg VEIGA C3b, iC3b, Fixed-tissug mdcrophages iC3b-mediated ghigocytosis and inhibition
andC3c of alternative pathway
CigR,, cD93 C1q, MBL Mondcytes, neutrophils, endothelial Induces(f*cell activation; enhanées
ceil, platelets, T cells phagocytosis
SIGN-R1 cD209 Ciq Marginal zone and lymph node Znhances opsonization @f bacteria by MZ
macrophages macrophages
C3aR None C3a Mast cells, basophils, granulocytés Induces degranulation
C5aR CcD3s8 C5a Mast cells, basophils, granulocytes, Induces degranulation; chemoattraction;
munocytes, macrophages; platelets, acts with IL-18 and/or TNF-«/t@induce acute
endothelial cells, Tcells phidse response; induces(respiratory burst
in neutrophils
csL2 None C5a Mast cells, basophils, immature Uncertain, but imgist probably down-

dendritic cells

requlates proihflammatory effects of CSa
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Evaliiaciontsa

= A/CH50 75 a 160 U/m!

= C1 Inhibidor 16 a 33.rng/ dl

= (C3 Hombres 88 ¢ 252 mg/ dl
n "C3 Mujeres 88 a 206 mg/ dil
= C4 Hombies 12 a 72 mg/ dl

=  C4 Mujeres 13 a 75 rg/ dl

= 'CH50=0 & AH50=normal » Cléasica (upst)
=  CH50=normal & AH50=0 P Alterna (upst)

= CH50=0 & AH50=0 P oyt
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La actividad aumentcida de
complemento puedie verse en:

v
v
v

Cancer
Colitiz ulcerosa
Infurto agudo de yniocardio

La actividad disminuida de
complemento puede verse en:

v
v
v

P
W

v

v

o 7

Angioedema hereditario

Cirrosis hepatica
Glomerulonefritis

Hepatitis infecciosa

Lupus Eritematoso Sistémico con
afectcicion renal

Malnutricién

Rechazo de transplante de
érganos
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Phagocytey Pathogin associated
on (neutrndhils, molecular patterns “
At.,,,,./ dendrtic cells, (PAMPSs)
nsicrophages) v

PAMPs recognized 9,

by patiern recognition ‘
receptors (PRRs) ’ Antimicrobial
Pathogen Killed and / peptides

degraded in lysosamivs “fathogen
Wy - '1 ‘\
Phiigocyte tifeactive & D
’“:’""" L SP-A, SP-D, protein (CRP) Pt e
PrRISE Mannose- C - N
anti-microbial : ' ‘omplemcnt -
binding proteins

OmMponenty, K3
S RERLD Phagocytosis lectin (MBL) Merb e
followed hy ‘

3 f damage kills
secretion of = houd
infldmmation- ! pathogen
promoting

cytokines and

chemokines

Opsonins are recognizid
by opsonin receprors,
enhancing phagocytosis

CRP, MBL, complement
proteins activate
complement pathway

Innate initiation of

adaptive response i

* Dendritic cell PRRs _
recoinize PAMPs, o Y Complemient flcstmys
Activating phagocytosis e /,‘ fncmbmmt‘ stimulates
and signaling pathways. G’ inflammation, attracts

y - neutrophils and other
* Dendritic cells migrate
Wy h cells

to lymph nodes, carrying
intact or ideuraded
pathogena.

e Antigen fragments bound

weell surface MIHC
proteins are recognizod
by T cells.

e Activated T cells initiate
adaptive rosponses.,

T el
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LFAT-ICAMI
V0IASA-VCANMI 1
G4B,4ntegrin-l‘.u‘DCAm ECAM‘
Selecrins SRC kinases CD59
PSGLI Selectin FI3K MaC JAMS ICAMI
VLA sgnalling IChemokines] VAV, VAVZ, VAV3 ICAMI ESAM PECAMI?
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Recgptor type on phagocytes Examples Ligands
Pattern recognition ‘eceptors Microbial ligands (fosnd on microbes)
C-type lectin réceptors (CLRs) Mannose regéptor Mannans (bacteria, fungi, parasites)

Dectin 1 B-glucans (fungi, some bacteria)

PC-SIGN Mannans (bacteria, fungi, parasites)
Scavenger receptors SR-A lipopolysaccharide (LPS), lipoteichoic acid

(LTA) (bacteria)
SR-B LTA, lipopeptideés, diacylglycerides (bacteria),

B-glucans (fungi)

Mictrobe-binding opsonins

Opsonin receptors {soluble; bind to miciobes)

( Collagen-domiain receptor CD91/calreticulin Collectins SP-A, £P-D, MBL; L-ficolin; C1g
Complement receptors CR1, CR3, CR4, CRIg, CigRp Complemént components and fragments*
Immunoglobulin Fc receptois FER Spécific IgA antibodies boutid to antigen®

FcyRs Specific IgG antibodies bound to antigen;’

C-reactive protein
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Antimicrobial 1'tsedi'ant§ma§-of'éh§mﬁ~w:

Class of mechanism Macrophage products Neutrophil products

7 Bacterium becomes
attached o membfane
evaginations called

Acidification pH=~3.5-4.0, bacteriostatic or bactericida!

pscudopodia
(2) Toxi : Supieroxide 0,7, hydrogen peroxide H,0,, singlet oxygen "0,
\2J Xic oxygen-derived products 2 22 2
I Bactgdium is ingested, ) oaved P e hydroxyl radical .OH, hypotmixle ocr
r farming phagosome :
1G) b - g ki g
a3 Phagosome fuses with Torte mtrogen oxides Nitnic. oxide NO

Iysosome

(3) ch:k ; §‘§ . a-Defensins (HNP1-4), B-defensin
T Bacterium-is Killed and "-k R . - Cathelicigin, macrophage HBD4, cathelicidin, azurogidin,
then digested by P Antimicro0iel gepides elasiase-derived peptide . || 'bacterial permeabilty,indcing protein
Iysdsomal enzvmes. "/>{§ l @ I (BPI), lactoferricin
© et v
[ Digestion products are” |~ % Lysozyme: digests cell walls of some Gram-posilive bacteria
~ released from cell; | " Enzymes Acid hydrolasts (e.g. elastase and othar proteases):

break down ingested microbes

Lactoferrin (sequesters Fe?'), vitamin

Competitors By,-binding protein
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Front Biosci. 2003 Sep i;8:s1266-79. Kidney Int Suppl.
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Antimicrobial species generated from exygen and nitroger:

NADPH OH™ Hydroxyl
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Reactive oxygen species (ROS) A
ool phagosome Superoxitle » *OH | radicals
D CLpasXide -‘mnon) oxidase dismutase / Myeloperoxidase
OH- (hydroxyl radical) 0, S 0, > H0, ' > HCIO™
H,Q; (hydrogen peroxide) Oxygen Superoxide Hydrogen Hypochlorous
HCIO (hypochlorous acid) ion peroxide acid
|
Cl™
Chloride
ion
Reactive nitrogen specics (RNS) /\->—) ONOO
Ble nite ol Feroxynitrite i ’
NO (nitric oxide) l(l)‘l;lil(ll(?lb)l(; :;:;rlc ‘ /, S-nitrosothiols
_ RS L ¢ sy S
ggz)‘(‘)’ﬁ"\’“gg‘xﬂf‘% L-Atginine > NO > NO,
BEFOX} ' Nitric oxide Nitrogen dioxide
L-Citruliine
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El complejo NADPH-oxidasa en la
enfermedad granulomatosa cronica:
Descripcion preliminar de¢ un foco
en Mérida-Vemnezuela.

Siham Salmen’, Ilweth Berrueta', Paul Heyworth Lérida Borges’ :
Manuel Hernandez' y José Munoz'

'Instituto de lnmunologla Climiica, Universidad de Los Andes, Mérida,
Venezuela'y Depdrtament of Molecular and Experimental Medicine,
The Scripps Research Institute, La Jolla, California U.S.A.
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INFECCIONES Y CONDICIONES CRONIZAS QUE SE PRESENTAN EN LA ENFERMEDAD GRANULOMATOSA CRONICA

INFECCIONES % DE MICROQRGANISMOS % DE CONDICIONES % DE
EPISODIOS INVOLUCRADOS AISLADOS CRONICAS ASOCIADAS CASOS
Neumonia 70-80  Staphvlococcus aureus 30-50 Linfadenopatia 98
Linfaderitis 60-80  Aspergillus sp 10-20 Hipergammaglobulinemia 60-90)
Infecciones cutdneas/impétigo 60-70,,, 'Escherichia colf 5-10 Hepatomegalia 50-90
Hepatitis /absceso perihepatico 30-40  Klebsiella sp 5-10 Esplenomegalia 60-80
Osteomielitis 20-30  Salmonellasp 5-10 Anemiz 'cronica Comun
Abscesos perirectal/fistulas 15-30  Pseudomona cepacia y 5-10 Bajo peso 70
aeruginosa
Sepicemia 10-20 | .Serratia marcescens 5-10 Diarrea crinica 20-60
Otitis media AR Staphylocaccus ‘epidermidis 5 Baja estatura 50
Conjuntivitis 15 Streptococcus sp 4 Gingivitis 50
Infecciones entéricas 10 Enterabacter sp 3 Deérenatitis 35
Infeccion del tracto urinario/ 5-15 Proteus sp 3 Hidronefrosis 10-25
pielonefritis
Sinusitis <10 Candida albicanis 3 Estomatitis ulcerativa 5-15
Renal/abscesps perifrénico <10 Nocardia 5p 2 Fibrosis pulmonar <10
Absceso cercbral <5 Haemaphilus influenzae 1 Esofagitis <10
Pericarditis <5 Pneumaocystis carinii <1 Estrechez gastrica aitral <10
Meningitis <=5 Mycobacterium fortuitum <1 Ileocolitis granulomatosa £10
Chromobacterium violaceum <1 Corioretinitis <10
Francisella philomiragia <1 Cistitis granulomatosa <10
Torulspsis glabrata <1 Glomerulonefritis <10
Lupus eritematoso discoide <10
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