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CUCTEM HA ROMINNIEMEHT

NMpod. Ao-p Koyo AMMUTPOBCKM
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LUTO Ke HayuyuTe ...

dyHKUMja Ha KOMNIEMEHT

KOMNOHEHTN Ha KOMMAEMEHTOT

AKTUBaLUMja Ha KOMMJEMEHTOT

Perynauuja Ha KOMNAEMEHTOT

BuonoLwKn nocneamum of, akTMBaLmja Ha KOMMNJIEMEHTOT

HepocTtaTtoum BO CUCTEMOT Ha KOMMNAEMEHT
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complement was so coined by Paul Ehrlich
because it complements the action of antibody
in destroying microorganisms.

Bp3yBarbeTo Ha AT-Ar Hema BUAMBA KOPUCT (CO UCKYHOK KOra aHTUTENOTO 1o
MOKPWBA BMPYCOT UK BaKeTMjaTa Cco LUTO ro cnpeyyBa Ja ce Bp3e 3a LesHaTa
KNeTKa), ce AoAeKa He ce aKTUBMPaA HEKOj ePeKTOPHMUOT MeXaHMU3am —
KOMMN/JI€MEHTOT.

Unu,

AHTUTENATA ja nokarkysaat uenta, a KOMIMJIEMEHTOT ja yHuwTyBa.
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OVYHKUMUN HA KOMNJIEMEHTOT

aKTUBaLUMja Ha
socnanuteney /TMPEHC HAa MMYHM
nn3a OncoHusaumja KOMMNJIeKCU
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KOMNOHEeHTU Ha KOMNAeMeHTOT

- 30-THHa COIIV6M!'IHM NPOTENHU U TTTNKOMNPOTENHU, KON Ce€ CUHTETU3NPAAT BO

Xenap, MOHOLUUTU, TKUBHMU MaKpodarun, ennUTenHn KNeTku Ha MNT,
reHUTOYPUHAPEH TPaKT.

-ce u3pasysaat Hymepuuiku: C1-C9 nnn co byksu: paktop D, B;

- UWPRYINPAT KaKO NpoeH3InMmm — 3aMMOreHu (HeaI-(TMBHM (I)OpMM), ce AoadeKa

NPOTEO/IUTUYKUTE EH3UMMU He ro “oTuenaTt’ MHXMOUTOPHUOT GParmeHT, CO LWTO Ke
Ce NMPUKarke akTMBHOTO MECTO Ha MmosiekynaTta. MHOry KOMMNOHEHTU 0, CUCTEMOT
CNYXAT KaKo CyncTpaT 3a NpeTxoagHaTta KOMMNOHEHTA, @ NOTOA Ce eH3UM 33
aKTUBUpatbe Ha caedHaTa KOMMNOHeHTa (KacKkageH cuctem).

- MO pacuenysakbe Ha KOMIMOHEHTATA HA KOMNNEMEHTOT, MOMa/INOT d)parmeH =4,

noronemmnot = b. (McKny4yoK e KomnoHeHTaTa C2).
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AKTMBaLMja Ha KOMNJIEMEHTOT

- COIIy6l/U'IHl/I KOMMNNEKCHU
- Ha UeNHa K.

CLASSICAL PATHWAY 3aBpPWHUNOT Aen

IgM-1gG3-1gG1-1gG2

Antigen-antibody e 3A Eﬂ,H NYKU
- Activated
/ Clgr,s,
12 > Iczb
T Ca-— > Cab Cab2a Cab2a3b
LECTIN PATHWAY ]C 4 (C3 convertase)/ (C5 convertase)
MBL ——> ——> Activated C1-like complex C3a
MIASP
L 4 } &
. . C3 ms) C3b C5 C5b— — — —(C5b6789 (MACQ)
Microbial Y A C6 C7 C8 C9
cell wall C3a C5a
B Ba

C3a
325 c3b LA) C3bBb C3bBb3b

T (C3 convertase) (C5 convertase|

Microbial
surfaces

ALTERNATIVE PATHWA

ar D
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C1 - KomnoHeTa = eAMHMLA 3a NPeno3HaBame

Binds C,,2 domain

of antibody |
BAaXXHO!

V

Collagen-like
triple helix

> Stalk

%)) ==l
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C1 - KomnoHeTa = eAMHMLA 3a NPeno3HaBame

Activation of C1grs

Binds C,,2 domain \\M/
of antibody \;/y ‘&g

V

Collagen-like
triple helix

> Stalk

%)) ==l
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AKTnBauuja Ha KomnnemeHToT — KJIACUYEH MAT

(1
T C1q binds antigen-bound antibody. C1r activates
CLASSICAL PATHWAY ) | ; .
_ : . | auto-catalytically and activates the second C1r;
Antigen-antibod ! i
— / both activate C1s.

Clarys; Clqr,s, : :
(C1) ! Clqr,s, . |
C4—> Cab— _ -~
LECTIN PATHWAY ]ma " Antibody Clrys; 7 |
MBL—— —— Activated C1-like complex : .}", i
T MASP ' E. // |
A ). |
Microbial ! ) !
cell wall ! i
U
C3a B Ba ] [
35 cab LA) C3bBb C3bBb3b
T T (C3 convertase) (C5 convertase)
Microbial Factor D
surfaces
ALTERNATIVE PATHWAY
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AKTBauunja Ha KomnaemeHToT — K/TACUYEH AT

CLASSICAL PATHWAY
Antigen-antibody

Activated

Clarys; — Clqr,s; \\
4T) C4b
LECTIN PATHWAY Cla <3 _C(_"_“_"Er_tﬂfe_)/_ ______________________________

MBL—— —— Activated C1-like complex

T MASP T C1s cleaves C4 and C2.Cleaving C4 exposes the
L ' | binding site for C2.C4 binds the surface near C1
M'I?mbl'r' ' | and C2 binds C4, forming C3 convertase.

cellwa :

c —ii)’c3bBA-j
11

Microbial Factor
surfaces

ALTERNATIVE PATHWAY i
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AKTBauunja Ha KomnaemeHToT — K/TACUYEH AT

CLASSICAL PATHWAY
Antigen-antibody

Activated
Clgrys; ——> Ciqr,s,
(C1) c2 |C2b
c4 C4b C4b2a
LECTIN PATHWAY ]C4a (C3 convertase)
MBL—— —— Activated C1-like complex
MASP /
Microbial
cell wall
B Ba

C4b2a3b
(C5 convertase)

. ———— - - - - - - - - — - —— —— ———— —— —

C3 convertase hydrolyzes many C3 molecules.
Some combine with C3 convertase to form C5
convertase.

T T (C3 ¢onvertase) | D + )
Microbial Factor D < \/CBb e
surfaces ’_@ . )
ALTERNATIVE PATHWAY
C4b2a3b
C5 convertase

4
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AKkTuBaumnja Ha KomniemeHToT — K/TACUYEH [Yec3b component of C5 convertase
i binds C5, permitting C4b2a to cleave C5.

CLASSICAL PATHWAY
Antigen-antibody

Activated
C1grys; ——> Clgr,s, C5 convertase
(C1) c2 |C2b D A
c4 C4b C4b2a C4b2a3b
LECTIN PATHWAY ]C 4 (C3 convertase)/ / (C5 convertase)
MBL—— —— Activated C1-like complex c3
MASP P a l
. . C3 =) C3b C5 C5b— — — — (C5b6789 (MAC)
Microbial A
Cé6 C7 C8 C9
cell wall C3a C5a
C3a B Ba
c3 2 c3b LA) C3bBb C3bBb3b
T T (C3 convertase) (C5 convertase)
Microbial Factor D
surfaces
ALTERNATIVE PATHWAY
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AKTVI Ba LI|Mj a H a KOM nn eMe HTOT - Kj-l AC M LI E H I_IAT :%CSB binds C6, initiating the formation of the

membrane-attack complex.

C5b  C5b67 C5b678

CLASSICAL PATHWAY
Antigen-antibody

Activated
Clqrys; —> Clgrs,s,
c4 C4b Cab2a C4b2asb |
LECTIN PATHWAY Caa (C3 convertase)/ (C5 convertase)
. . // m""_ﬁ\\\
MBL—— —— Activated C1-like complex c3
MASP P a l V\
Microbial Cc3 T) C3b C5 C5b— — — — C5b6789 (MAC)
Y A C6/C7 C8 C9
cell wall C3a C5a
~ .
C3a B Ba B
c3 2 c3b LA) C3bBb C3bBb3b
T T (C3 convertase) (C5 convertase)
Microbial Factor D
surfaces
ALTERNATIVE PATHWAY
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AKTnBauunja Ha KomnanemeHToT — AJITEPHATUBEH TAT

aKTUBAaLMja Ha aNTepPHaTUBHUOT NaT
HaAoBpeLHaTa NoOBPLIMHA Ha: BaKkTepumn, rabnykm, BUpycu, NnapasmTtm

HenaToreHu: Kobpa BeHOM HaKTOpP, XETEPOreHn eEPUTPOLUTH
aHjOHCKK noanmepu (aeKcTpaH)

YUCTU jarneHoxmapaTth (araposa, UHYINH)

c —) C3b C5 C5b— — — —(C5b6789 (MAC)
C6 C7 C8 C9

3

_ 3bBb C3bBb3b 4 KOMNOHEHTU Ha
convertase) (C5 convertase) aNTepHaTUBHUOT NaTt

Microbial

surfaces C3
ALTERNATIVE PATHWAY
faktor B
faktor D

LS A A OV L= .Y IS AL LLAAAT 1LANDMAAN L LL AT

Prof dr K. Dlmltrovskl — za interna upotreba na Medicinski fakultet Skopje UKIM




AKTnBauunja Ha KomnanemeHToT — AJITEPHATUBEH TAT

1
C3 hydrolyzes spontaneously; C3b
fragment attaches to foreign surface.

cujanuHaiiia K-Ha og MemopaHaiia Ha
HOpMaNHUWe KIeWKY - ja UHAKIUeupa

C3b

2
Factor B binds C3a, exposes site acted

on by factor D. Cleavage generates

C3bBb, which has C3 convertase

activity.

3
inding of properdin stabilizes
convertase.

O

c3

l

{1

KeilodHuite UoepuiuHu Ha
MUKPOOp2AHUIMUuiie umaaiti MaiKy
cujanuHamia K-Ha u He ja
unaxwmwusupaaii C3b

{2

C3bB +  properdin <: 4

4
Convertase generates C3b; some

binds to C3 convertase, activating C5'

convertase. C5b binds to antigenic

surface.

C3 convertase
Oc
A NB:
QIS amnanduKaumja
008 3 2 x 106
C3bBbC3b
C5 convertase

N\

= == — Membrane-

cs Cs5b

+

attack

prpnpregey Py
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AKTnBauunja Ha KomnaemeHToT — JIEKTUHCKU TAT

CLASSICAL PATHWAY 3aBpPWHUNOT Aen
Antigen-antibody e 3A Eﬂ, HAYKU

/“\l_)Activated

Clgrys; = Cigrys;

k (1) / l C2 |C2b
e

Cc4 Cib C4b2a C4b2a3b
]C A5 (C3 convertase)/ (C5 convertase)
C1-like complex

LECTIN PATHWAY

MBLH Activated ;\33
Microbial Cc3 ;N) C3b cs5 C5b— — — —>C5b6789 (MACQ)
i 5 A C6 C7 C8 C9

cell wall C3a C5a
aKTMBaUMja CAMUYHA CO ... csa B Ba
nponaraumja canyHa co ...CLA)C%LA) S C3bBb3b

T T (C3 convertase) (C5 convertase|
Microbial Factor D
surfaces
ALTERNATIVE PATHWAY
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AKTnBauunja Ha KomnaemeHToT — PESUME

CTapT:
| Mannose-binding
Classical | _ lectin (MBL) Lectin
pathway | binds foreign surface pathway
a@ l
+ MBL-associated proteases
(MASP1 + 2) bind MBL,
CTa pT: generate activated
C1 binds C1-like complex
antigen-antibody — Actlvated
complex e .
_____________________ ' C5 convertase !
i__€3_c_°_"_"f'ff_“ff__l_1€1t121_ L____D_G_Cft*z%ﬁ*z__i
————————— amplification |) C|C3b 5 5
step \E/
3 comvertase (0] catet — \) - o = — = — — \\/-Cti
. C3convertase (J c3bBb ———— (JQT c3bBbC3b 4o
B = Eiconyertass |
Factor D
Alternative
pathway Membrane-
attack
complex
@csb Kpaj
D(\ Spontaneous, slow,

CTANT:®

small amounts
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Complement and coagulation: strangers or partners in crime?
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Abstract

The convergence between complement and the clotting system extends far beyond the
chemical nature of the complement and coagulation components, both of which form
proteolytic cascades. Complement effectors directly enhance coagulation. These effects are
supplemented by the interactions of complement with other inflammatory mediators that
can increase the thrombogenicity of blood. In addition, complement inhibits anticoagulant
factors. The crosstalk between complement and coagulation is also well illustrated by the
ability of certain coagulation enzymes to activate complement components. Understanding
the interplay between complement and coagulation has fundamental clinical implications in
the context of diseases with an inflammatory pathogenesis, in which complement coagulation
interactions contribute to the development of life-threatening complications. Here, we review
the interactions of the complement system with hemostasis and their roles in various
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Perynaumja Ha cMCTEeMOT Ha KOMNJZ1IEMEHTOT

3owTo?

KomnneHeToT e HecneundunyeH ePpekTopeH MmexaHn3am Ha
MMYHMNOT cuctem. MHOry KOMMNOHEHTM 0, KOMM/IEMEHTOT Ce
cnocobHm Aa rm HanaaHaT CONCTBEHM KNETKU, UCTO KAaKo U TyrnuTe
KNETKU UM MUKPOOPraHU3MuTe.

1. NMacuBeH mexaHW3am Ha perynauuja:

AKTUBUPAHUTE KOMMOHEHTU OZ, KOMMJIEMEHTOT C€ MHOTY
NnabunnHn, Taka Aa ako He ce Bp3aT 3a ciegHaTa KOMMOHETa,
CMOHTAHO ce MHakTuBupaat (np. C3 KoHBepTa3a, ako He ce
cTabuamnsmpa co nponepanH 3a 5 MMHYTH, ce NHaAKTUBUPA).

2. AKTBEH MexaHM3aM Ha perynaumja:
Co cepuja Ha perysiaToOpHU NPOTENHWU (1/2 on, cUCTEMOT Ha KOMMIEMEHT),
KOW MHAKTUBMPAAT Pa3/IMYHU KOMMOHEHTUN 04, KOMNEMEHTOT.
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Perynauuja Ha CUCTEMOT Ha KOMMN/IEMEHTOT

[MpoTENHWN KOWU ro peryanpaaT CUCTEMOTKOMMIEMEHT

[lpoTenH 3acerHar nart

% % % %

TN Ha NpoTenH

MMYHO/IOWKA GYHKUMja

C1 inhibitor (C1Inh)

C4b-binding protein (C4bBP)*

Factor H*

Complement receptor
type 1 (CR1 or CD35)*
Membrane-cofactor

protein (MCP or CD46)*

Soluble

Soluble

Soluble

Membrane bound

Classical

Classical and lectin

Alternative

Classical, alternative,
and lectin

Serine protease inhibitor: causes C1r,s, to
dissociate from C1q

Blocks formation oby

binding C4b; cofactor for cleavage of C4b
by factor |

Blocks formation oby
binding C3b; cofactor for cleavage of C3b

by factor|

Block formation omy

binding C4b or C3b; cofactor for factor
I-catalyzed cleavage of C4b or C3b

Decay-accelerating Membrane bound Classical, alternative, Accelerates dissociation of C4b d

factor (DAF or CD55)¢ and lectin C3bBb|classical and alternatiw

Factor | Soluble Classical, alternative, Serine protease: cleaves C4b or C3b using
and lectin C4bBP, CR1, factor H, DAE, or MCP as

cofactor

S protein Soluble Terminal Binds soluble C5b67 and prevents its

(vitronectin) insertion into cell membrane

Homologous restriction Membrane bound Terminal Bind to C5b678 on autologous cells,

factor (HRF), also called blocking binding of C9

membrane inhibitor of

reactive lysis (MIRL or CD59)*

Anaphylatoxin inactivator Soluble Effector Inactivates anaphylatoxin activity of C3a,

C4a, and C5a by carboxypeptidase
N-catalyzed removal of C-terminal Arg
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Regulation of the Complement System

mms)  (a)[Before assembly of convertase activity |

1
OC1 inhibitor (C1Inh) binds C1r,s,, causing dissociation

ol Antibody
@ C4bBP, CR1, or MCP P Cac
~Association of C4b and C2a is blocked by binding \ factor |
C4b-binding protein (C4bBP), complement receptor type G \ = ‘ ek cad
I, or membrane cofactor protein (MCP). C2a f C4b .
@Inhibitor—bound C4b is cleaved by factor . | C3 convertase
a CR1, MCP, factor H
In alternative pathway, CR1, MCP, or factor H prevents — \ factor | l':‘- C3f
binding of C3b and factor B. gy ©iC3b
5 factorl
Inhibitor-bound C3b is cleaved by factor . |
C3 convertase C3cg pC3dg
— [ () After assembly of convertase | C4bBP,CR1,
(D factor H, DAF Dissociation of convertase;
C3 convertases are dissociated by C4bBP, CR1, factor H, —— remaining C4b or C3b
and decay-accelerating factor (DAF). m cleaved by factor I.
— (c) Regulation at assembly of membrane-attac
complex (MAC)
3\
GJS protein prevents insertion of C5b67 MAC component —= Cannot attack nearby cells
into the membrane. \ S protein

C5b67

®Homologous restriction factor
(HRF) or membrane inhibitor of
reactive lysis (MIRL or

CD59) bind C5b678, preventing
assembly of poly-C9 and
blocking formation of MAC.

%_I
Membrane-attack complex
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BuonowkKn nocneguum oa aKkTusaumjata
Ha KOMNJIEMEeHTOT

I'Ipernep, Ha 6uMonowkurte Ed)EKTM npean3smuKaHu og NpoaAyKTU Ha KOMNZIEMEHTOT

EdbekT NPOAYKT HAa KOMMN/IEMEHTOT
KnetouHa nunsa C5b-9, membrane attack complex (MAC)

BocnanuteneH oarosop

- AerpaHynaumja Ha macTtoumnTn n 6asodpuau C3a, C4a, C5a

- AerpaHynaumja Ha eo3nHOGUIN C3a3, C5a

- eKCTpaBasaumja N xeMoTaKca C3a, C5a, C567
Arperauuja Ha TpomboLUTU C3a, C5a

N ekcnpecuja Ha KOMMNEMET peLenTopu C5a
OncoHusauymja C3b, C4b, iC3b
BupycHa HeyTpaaunlauuja C3b, C5b-9 (MAC)
KnupeHc Ha UMYyHU KOoMNeKcun C3b
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MHory o, 6MONOLWKMUTE aKTUBHOCTU Ha KOMMIEMEHTOT 3aBUCAT Of, BP3yBaHETO
Ha HEroBUTE KOMMOHEHTU U GPArMeHTN 33 KOMMNJIEMEHT PeLenTopuTe, Kou ce
HaofaaT Ha NOBPLUNHATA OA, PA3/IUYHUN KNETKN.

KomnnemeHT Bp3yBauku peuentopu

peuenTtop rMmaBeH NnraHg AdKTUBHOCT KIieTo4Ha LI,I/ICTpVI6yLl,I/Ija
Receptor Major ligands Activity Cellular distribution
CR1 (CD35) C3b,C4b Blocks formation of C3 Erythrocytes, neutrophils,
convertase; binds immune monocytes, macrophages,
complexes to cells eosinophils, follicular dendritic
cells, B cells,some T cells
CR2 (CD21) C3d,C3dg,* Part of B-cell coreceptor; B cells, follicular dendritic
iC3b binds Epstein-Barr virus cells,someT cells
CR3 (CD11b/18) Bind cell adhesion molecules Monocytes, macrophages,
iC3b on neutrophils, facilitating their neutrophils, natural killer
CR4 (CD11c/18) extravasation; bind immune cells,someT cells
complexes, enhancing their
phagocytosis
C3a/C4a receptor C3a,C4a Induces degranulation of mast Mast cells, basophils, granulocytes
cells and basophils
C5areceptor C5a Induces degranulation of mast Mast cells, basophils, granulocytes,

cells and basophils

monocytes, macrophages,
platelets, endothelial cells

*Cleavage of C3dg by serum proteases generates C3d and C3g.
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NIN3UNPAIBE Ha KneTku

v v Complement
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OMNCOHU3ALIUIA

Bacteria “ Complement
receptor

Ynora Ha C3b Bo oncoHunsaumja

Phagocyte

Bacterium

C3b, C4b, iC3b

Complement
activation _

—

_‘ Ec receptor]—
>— C3b

IgG
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KTUPEHC HA UMYHU
Ynora Ha KOMMNA1eMeHTOT KOMMEKCH
BO KIMPEHCOT Ha MMYHU KOMMNNEKCH o W
complex

- AKTUBUPAHE Ha KOMM/IEMEHTOT
O, NPUCYCTBO Ha LUPKYINPAYKHU
MMYHU KOMNaeKcu (np. SLE)

- C3b ce Bp3yBa 3a CR1, co wto ce 6a0KMpa
NOHATAaMOLWHOTO co3aaBarbe Ha C3-KoHBepTasa

- BO KpBTa CR1 peuenTtopun numaart: Erc (~5x10%/kneTka) n
rpaHynounTn (~5x10%/KneTka) co pasnmyHa ryctuHa

CR1— - BO KpBTa nma 1000x noseke Erc oa HeyTpoduan!!!
LIVER - 90% oa, CR1 BO KpBTa ce HaoraaT Ha Erc

AND
SPLEEN - Erc ce rnaBHu Hocauun Ha C3b Bo KpeTa!!l

Erythrocyte

- Erc umyHunTe Komnnekcu Bp3aHu npeky C3b 3a CR1rum
HOCaT BO Xenap u MeH, Kage numa makpodarm co
\ ronema ryctmHa Ha CR1, 3apaau wro C3b 3aeaHo co
priadocyle MMYHWTE KOMNAeKcK ce ,,npeB3ema” og CR1 Ha
/\ MaKpodarnte. Kom UeamoT Konaekc ro daroumtmpaar.
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HepoctaTtoum BO CUCTEMOT Ha KOMMNJIEMEHT

[eHEeTCKM HeaoCTaToLUM BO KOMMNIEMEHTOT MMa 3a CeKoja KOMMOHEHTa

-XOMO3UroTHUTE HegocTaToum Bo paHute KomnoHeHTUu (Clq, Clr, Cls, C4, C2) ce
MaHUPecTMpaaT CIMYHO, CO 3HAYUTENHO NOKavyyBare Ha BoNecTn co UMyHM
KomnnaeKkecun: SLE, glomerulonephritis, vasculitis. (Hema gosonHo C3b, HamaneH
KIMPEHC HA UMYHU KOMMNJIEKCU) U CO YECTU THOjHU MHPEKLUN
(ctpenTo/cTadnnoOKOKM).

- Dednuntn Bo pakTop D u propredin (paHM KOMNOHEHTU Ha aNTEPHATUBHUOT
naT) —yectn bakTepmnckn nHbekumnm co Neisseria, Ho He 1 6onecTr co MMyHHU
KOMMJIEKCH.

- C3 pedurumnT: Haju3pas3eHn CUMNTOMM Ha YECTU UHPEKLNN U UMYHUN KOMMIEKCHU
- C4 BapmnjabunHo HMBO — No4ecT aBTOMMYHU BonecTu.

- Xomo3urotHu gedpmnuymntn Ha KomnoHeHTn og MAC goBeayBsaaT A0 YeCcTU
MEHMHIOKOKHU M TOHOKOKHU MHPeKUMmn (Hema 6onect Ha UMYyHU KOMMAEKCH,
buaejkmu nwva goBosHO HMBO Ha C3b).

- C1-inh. pedunuurtor noBeayBsa Ao xepeauTapeH aHrmoegem (1:1000/>kutenn)
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Cl-inhibitor deficiency:
hereditary angioedema
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