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[ToLo amo ta nopakatw voonuoto AEN

[Mopo&UO LK VUKTEPLVN aLlpoodaLlplvoupla
KANPOVOULKO ayyeLootonpa

Yriotporialovoec AotpweeLc amo Neisseria spp
. «KAaoowkn» olwdnc moAvaptnpitida

EkdpUALon wypac kNALdac oxeT(OMEVN UE TNV
NALKLaL

oxeTlleTal pe dlatapaxr TOU GUUTANPWUATOG; ki



Tt elval TO CUMTTANPWUAL;

AvakaAudpOnke To 1890 amno
Tov Jules Bordet cav pla
Beppoevaiodbntn ovcia tou
duoLoAoyLkoU TAAOLLOTOC TNC
orolac n 6pAacn «CUUTANPWVE»
TN BakTnplokTovo tkavotnta
TOU 0poU.

‘Eva oUvoAo >30 StaAuTtwyV

TIPWTEVWYV TIOU UTTAPXOUV OTO
alpa Kol AN CWUATLKA LYPAL.

Evepyomoleltal pe €va
«KOTOPPAKTN» SLadoyLkwyv
avu()pc’xoewv « svepvon’.oinonq»
EVOG HEXPL TOTE QVEVEPYOU
otolyelou («KAdopaToC») Tou
OUUMANPWHATOC

Classical pathway

@ Clqrs
l C4,C2

l C3 Convertase
Lectin pathway C4b2a and
MASP-1
MASP-2
MASP-3

-

Alternative pathway
C3

C3 ( H20

C3 Convertase

H20 )Bb  Factor D C3bBbP

: JL

LL

Cdb

Opsonization

C5 Convertase

l Perturbation

Cé C7 C8 an

Membrane attack
complex C5b-9

i1l

s
uﬁ C5b
T

C5 Convertase
(C3b), Bb



[TolEC elval oL BLOAOYLKEC TOU AELTOUPVYLEC;

- EgUTU] pETE'L 3 B(IOLKéC A€ LTOUDV,LEC' Stages of complement action
* lpoaywyn tng GAEYUOVAG KaL TNG
QVOOOAOVYIKNC ATIOKPLONG Pattern recognition trigger
*  Avayvwplon Kol ETULOAMOVON EEVWV UALKWV —

KOl KATEOTPAUHUEVWY LOLWV KUTTAPWV

/ / Protease cascade amplification/C3 convertase
(o wvivomolnon ko payokutTAPWOn)

g ' : NI
* Apueon Bavatwon naboyovwy \/
(kuTTtOpoOAvon) Inflammation
. 14 14 4
2U MH«‘,ETEXEL OTLC ATtO KpL,OEL,C TOOO TOouv e
ovOoTNMUATOC TNG CI)UOLKI’]C O0O0 KOl TNG
ETUKTNTNG AVOOLAC Membrane attack

AV Kal TO CUMITARpW A avoKaAUPONKe oav Eva EKTEAECTIKO OKEAOC TNG OLVTIOWHOTLKAG
QTOKPLONG, TWPA YWWPLIOUUE OTL EEEAXONKE OaV LEPOG TOU CUOTNHATOC TNG PUCLKNG
avooioc to omoio mpoodEpel mpootacia o mpwipa otadar TG Aolpwéng, TPV

SnuovpynBouv Ta avVTLIoWATA.
\ﬂll pyn T oW y




APXEYOVO HEPOUG TOU OUGTAHOTOG TNG GUGLKNG aVOGLaG IOV UTIAPXEL OTO atpa («o
dUAKAG TOU evOayyELAKOU XWPOU»)

EvanotiBetaloe Baktipla kal Lovg, Ta oPpwvivorolel kat Ta AVEL o€ OEUTEPOAETTA
OL TIEPLOCOTEPEC MPWTEIVEC TOU CUUTANPWMATOC CuUVTIBevTaL Ao TO NAP
AvokUKAWVETOLouveXWC (To kKAaopa C3 avakukAwveTalpe puBbuo 1 - 2%/wpa)
‘Exel Bpoyxouc evioxuonc (N Betiknc avadpaonc) mou analtoly oTevr) pubuLon
YUUETEXEL OTO OPAOTIKO OKEAOC TOU CUOTAMOTOC TNC XULKAC avooiac (IgM & 1gG)
2NUAVTIKOG POAOC OTNV QTOUAKPUVOTN KUTTAPLKWY UTIOAELUATWY

3N 0€ CUYKEVTPWON MPWTELVN OTO QLA LETA TIC AVOOOOPALPIVES KOL TN
AEUKWUATIVN

/\aroupva oaVv c|>uc5u<o QVOOOEVIOYUTIKO (adjuvant) ko «kaBodnyei» TIC amokploelg
TNC emikTNTNC avooiag

‘EMeWpn evepyomonNTkwy KAAOUATWY TOU CUUTMANPWHATOC 0dnyel o€ BakTtnplakeg
AOLUWEELC 1) auToavooia

EMeubn PUBLULOTIKWY KAAOUATWY TOU CUUMANPWUATOC 0dnyel oe Lotk BAABN N
LOTLKA ekdUALON

Goldman-Cecil Medicine, Ch 44:26™M Ed (2020)



[eveTikOC Tomoc C2 & C4: HLA

Chromosome 6
Long arm Short arm

HLA region
6p21.1-21.3
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CLASSICAL
PATHWAY

Antigen:antibody
complexes

Lectin binding to
pathogen surfaces

Pathogen surfaces

L

)

inflammatory cells

of pathogens

J &
D
Complement activation
J 2 ¢ 2,
Recruitment of Opsonization Killing

of pathogens

Figure 2-18 Immunobiology, 6/e. (© Garland Science 2005)




ONOMATOAOT'IA

Mmopel va mpokaAEoel ouvxuon eNeLdn Ta KAAOUATO TOU CU urt}\r]pwuaroq
ovouatioOnkav pe Tn oepd Tou avakaAuGOnKav, EMOUEVWCS UTIAPXOUV KATTOLEC
«AVTLPAOELCY

KAoook 060¢ Cn: C1 — C9 avaAoya e TN OELpA evEPYOTIOLNONC
* EZAIPEZH: To C4 evepyormoleitat plv to C3
® (Clqg, Clr, Cls: AladopeTikec mpwTeivec kal oxL mpoiovta didomaong tou Cl
Tow KAQOPOTAL TIOU TIPOKUTITOUV Ao TNV MPwTeOAUon ovopalovtal Cna (to
LLLKPOTEPO) Kal Cnb (to peyaAutepo) mx C3a & C3b. To pkpoTEPO KAAOUa lval To a.
®* EZAIPEZH: To C2a eivalto peyaAutepo kat To C2b To UIKPOTEPO KAATHA
EvaAAakTikr) 080¢: mapdyovtec B, D kAT
* [lpolovta daomnaong: B = Bb + Ba
0O80¢ Aektivng
* [lepattépw npwteoAvon: C3b = C3c + C3d
Yrodoyelc ocupminpwpuatoc: CR
PuBpuotikec mpwtetvec: CD
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mniam

CDb55 (DAF)
CD46 (MCP)
CDb9
Receptors

CD35 (CR1)

CD21 (CR2)
CD11b/CD18 (CR3)
CD11¢/CD18 (CR4)
CRIg

C5aR (CDSS)

C5L2

C3aR

Membrane Regulatory Proteins




Functional protein classes in
the complement system

Binding to antigen:antibody . _ C5a
complexes and pathogen Clq Peptide mediators 035
surfaces of inflammation Cda
Binding to carbohydrate MBL
structures such as Ficolins C5b
mannose or GIcNAc on Properdin . C6
microbial surfaces (factor P) Membrane-attack proteins C7
C8
Clr -
Cls
C2a CR1
- - Bb CR2
Activating enzymes D Complement receptors CR3
MASP-1 CR4
MASP-2 CRlg
MASP-3
C1INH
Surface-binding Cdb C4BP
proteins and opsonins C3b I(\ZKIF(;}’//%%%;%
Complement-regulatory
proteins DAF’ED%
I
P
CD59




OL TpELC 000L TOU CUUTTANPWHLATOC

" Tpewc obol =2 Tpelc TpomoL Evapénc evepyomoinong
= KAaoowkn 060¢, 000¢ Aektivng, evaAaKTIKn 060C

® ‘Eva Koo cupfav: avayvwplon pikpofBakwyv dopwyv (Pathogen-
associated molecular patterns— PAMPs) 1 Sopwv mou umapyouv o€
KATEOTPAUMEVA N QTOTITWTLKA (Ola KUTTAPQ, Ao MPWTEIVEC TOU
OUUMTANPWHATOC

" Tpelwcodol =2 'Eva koo mpoiov: C3 convertase

" '‘Eva KOO Tpolov =2 Tpelc SLadpopeTIKEC EKBAOELC
* Mpoaywyn dAeyuovng
* Oywvwvomoinon kat GayokuTTApwWon
®* Apeon Bavatwon maboyovwy

[Kdﬁs 000G uropelva EXELKALTLC TPELS sKBdostq]




Evepyormolnon Tou ouuUImANPWUOTOC

EPEGIZMA
ENEPTOMOIHZHZTOY
ZYMNAHPQMATOZ

ENAAAAKTIKH OAOZ OAOZ AEKTINHZ
MapayovrecB & D, MBL/Ficolin, MASP,
[pomepdivn, C3 C4,C2

KAA22IKH OAO2
Cl1q,C1rC1s, C4, C2

C3 convertase

DAlOKYTTAPQEH AME2H AY2H
[MTAGOTONOY NMAGOIONOY
C3b C5-9

MHXANIZMOZ DAENVIONH
BAABHZ €33, C5a

MoutoonouAou NabBoducloroyia Ked 15(2019)



0d0oc¢ Aektivng

OL pLkpoopyaviopotl epouv otnNV EMLPAVELL TOUC LOVASLKEC LOPLOKEC
dopec (Pathogen-associated molecular patterns — PAMPs).
® Autotelyoiko otV [Gram (+)], AutomoAucakyapitne [Gram)-)], YAuKAveg
(HUKNTEQ)
H 000¢ TNC AekTlvNC avIXVEVEL KATTOLEC ATIO AUTEC TLC SOUEC TWV
ETUPAVELWY TWV LLLKPOOPYOVIOUWY LECOW ELOLKWY UTIOOOXEWV
AEeKTIVEC: ALOAUTEC MPWTELVEC oL cuvdeovTal Ue LOATAVOPAKEC OTLC
LLLKPORBLOKEG ETILPAVELEG
* Mannose-binding lectin (MBL): cuvtiBetal ano to nmap, avAKEL OTLS
«KOM\EKTIVEDY.
DOwkoAlvec: To TUAMA avayvVwPLONC TOU poplou elval TUTou PLUTPOVEKTLVNC.
Aev ocuvoeovTal e UOATAVOPOKEC TIOU TIEPLEXOLV pavvoln.
® L-Ficolin (Ficolin-2), M-Ficolin (Ficolin-1), & H-Ficolin (icolin-3).



OLvudatavBpakec tnc emupaveLlac twy naboyovwy dtapepouy A4
QO OUTOUC TWV OTIOVO UAWTWV

N-linked glycoproteins of yeasts contain many terminal mannose residues,
whereas glycoproteins of vertebrates have terminal sialic acid residues
Yeasts Vertebrates
QJ
>
1%
|n

— Asn |— —] Asn |— —] Asn |—
@ glucose  © mannose [ N-acetylglucosamine 0 sialic acid (O galactose A fucose




MBL monomers form trimeric clusters of
carhohydrate-recognition domains

Ficolins are similar in structure to MBL but
have a different carbohydrate-binding domain

collagen
helices

a-helical
coiled coils

carbohydrate-recognition domains

collagen
helices

a-helical
coiled coils

fibronectin domains

< =
N
MBL binds with high avidity to mannose
and fucose residues

o =
N
Ficolins bind oligosaccharides containing
acetylated sugars

OLvunodoyeic tnc odou
AEKTLVNC

" [loAupepn popla: KaBe
Beon ouvdeonc €xel
XaunAn cuvadela (affinity),
WOTOO00 AOYW TOU PEYAAOU
aplBuou Twv BEcewy
oUVOEONC, N CUVOALKN
OUYYEVELQ TNG oUVOEDNC
(avidity) elvat upnAn

= MASP (MBL-associated
serine proteases):
Evepyomolouvtal Stadoyika
LLE TN ouvdeon NG
MBL/dLkoAlvng e TnVv
erupavela Twy maboyovwy

* Ataormouv to C4 kal
EKKLVOUV TNV 080 AekTivnc



Mapaywyn C3 convertase tnc 060U TNC AEKTLvN 5

Activated MASP-2 associated with
MBL or ficolin cleaves C4 to C4a
and C4b, which binds to the
microbial surface

G4b then binds G2, which can

then be cleaved by MASP-2 to

C2a, with which it forms the
C4b2a complex, and C2b

C4b2a is an active C3 convertase
cleaving C3 to C3a and C3b, which
binds to the microbial surface or
to the convertase itself

One molecule of C4b2a can cleave
up to 1000 molecules of C3 to
C3b. Many C3b molecules bind to
the microbial surface

Cda

-

MASP-2

J

>

C4b

2P .
C

s

C4b2a

& .

C3b
C4b2a

C3 convertase

C4b2a3b (’

* 50 ®

AMPLIFICATION

C2a: eival to peya\uTtepo KAAoua - n e€aipeon otnv OVOUATOAOYIA TOU GUTANPWLATOC




KAaootkn 060c¢

KAaoowkr) 060¢: N mpwtn 060C TOU CUUMANPWHATOC TIoU avakaAudBnke
" [apopota pe TNV 000 TNS AeKTivNg
" Avayvwplilel ta maboyova peow tou oupmAgypatoc C1 (Clg/Clr/Cls)

* To(Cl avavvaLZELra naBoyova ¢ apecQ N LEOW avrtowuarwv 9 N KAQLOOLKN
000C CUMUETEXEL TOOO O0TN PUOCLKI) OCO KoL OTNV ETKTNTN avooia

" (Clg: poplo avayvwploncg (onwg n MBL)
® Apecn MPOOKOANGCN O€ MPWTELVEC N MTOAUAVLIOVIKEC OOUEC BakTnplwy (Tt
AUTOTELXIKO 0&V)

® >Uvbeon pe tnv CRP n omola pe tn oepd TNG ouvoeeTal e TN dwodoxoAivn
Loplwv tnc Baktnplaknc empaveLlac (rmy moAvoakyapitng C tou
TIVEU LOVLOKOKKOU)

® YUvbeon e To KAaopa Fc Twv avtiowpatwy—IgM, 1gG1l, 1gG3

Quokad avILoWHATA: OVTICWHATO XAMNANG OUYVEVEWG TIou avayvwpilouv Kowa
ocuotatikd t™ng Baktnpuakng pnepBpavng (rx pwodoxoAivn) 1 koL autoavryova Kat
mapayovral xwplc va €xel mponynBel avayvwplon avilyovou Kol armokpon Tng

EMLKTNTNC avooia
% ntng G )




Ekkivnon th¢ KAaooLknc ooouU

C1qg: n ouvdeon 6UO N MEPLOCOTEPWY BECEWY
avayvwplonc tou C1 pe to ouvdetn touc odnyel oe
aAlayn Stapopdwonc tov cupmAeypatog Clr:Clg
KL QUTOKOTOAUTLKY evepyomoinon twv Clr/Cls

Clr/Cls — popLa evepyormoinong
* Avaloyatnc MASP-2

gl | region

collagen

* JYnuatilouv TETpALEPN
Clr: evepyornoleitat kat dtaoma to Cls pe n
SnuLovpyla poc SpacTikne PWTEAONC 0EPLvNC
H §paotik) popdn tou Cls Staomna ta KAAopota
C4 & C2




Nopaywyn C3 convertase tnc kKAoooLknc oSou it

Activated C1s cleaves G4 to C4a
and G4b, which binds to the
microbial surface

CG4b then binds G2, which can
then be cleaved by C1s to
C2a, with which it forms the
C4b2a complex, and C2b

C4b2a is an active C3 convertase
cleaving C3 to C3a and C3b, which
binds to the microbial surface or
to the convertase itself

One molecule of G4b2a can cleave
up to 1000 molecules of C3 to
C3b. Many C3b molecules bind to
the microbial surface

e |
C

s

C4b2a

&

C3b
C4b2a

Classical pathway
C3 convertase

C4b2a3b (’

P 20 ®

AMPLIFICATION

Classical pathway C3 convertase: (dwa pe tn C3 convertase tng 060U tng Aektivng — MAPE TO Ovoua MELON
avakoAU$Onke mpwtn




EvaAAokTik 000C

H apyaltotepn €EEALKTIKA 000C — OVOUACONKE «EVAANQKTLKN» EMELON
avakaAUdOnke devtepn.

KUpLO X paKTNPELOTLKO: QUTOMATN EVEPYOTIOLNON
Evepyomnoteital pe dVo tpomoug 2 duo dladopetikeg C3 convertases

Mapaywyrn C3b amo tnv 000 TNC AekTivng Ko TNV KAaooLkry 060: dnuoupyla
TNnc C3 convertase tn¢ evaAaktiknc odou C3bBb (avti C4b2a)

* Efawtiagautngtng C3 convertase n evaAaktikn 0806 propetl va Aettoupyet oav
evagc Bpoyxoc evioxvonc (Betikng avadpaong)

Avtopatn udpoAuon (“tickover”) C3: o C3 unapyet oe adpBovia oto mMAaoua
Kal N avtopatn udpoiuon odnyel otnv napaywyn Tng Bpaxvfiag C3
convertase vypng ¢ aong[C3(H,0)Bb]

Ou C3 convertases tnN¢ evaAaKTIKNG 0d0oU elval BpaxuBLlec aAla
otaBepormolovvrtal cuvdeoueveg ue ipomepdivn (mapaywv P)



Evepyormoinon tg evaAAakTikig 080U amd tnvfis
000 TNC AeKTlvNC N TNV KAAOOLKN 000

factor B%

P, e

.
P T

Ao tn otypn mou Ba oxnuatiotel C3b, anod onowadnmote 060, N evalhaktikry 0666 Spa cav Bpoyxog
gvioyuong kat au&avel taxvTota Tov apLBpo Twv popiwv C3b



AuTOpOTN EVEPYOTIOLNON TNC EVAANAKTLKNC

000U

C3 undergoes spontaneous
hydrolysis to C3(H20), which
binds to factor B, allowing it
to be cleaved by factor D
into Ba and Bb

The C3(H20)Bb complex is a
C3 convertase, cleaving more
C3 into C3a and C3b. C3b is
rapidly inactivated unless it
binds to a cell surface

Factor B binds noncovalently
to C3b on a cell surface and
is cleaved to Bb by factor D

factor B factor D

C3(H20)

Bb 3
w O cza

C3H0) K

..

factor B f Ba o

factor D

P B

YIPH QAzH |



2>Uvodn TNC EKKlvNONC TwV TPLWV 00WV

LECTIN PATHWAY CLASSICAL PATHWAY ALTERNATIVE PATHWAY

Mannose-hinding lectin (MBL) and ficolins i ; ; C3 undergoes spontaneous hydrolysis to
recognize and bind carbohydrates on pathogen C1g mte;?]?[;[;o\g’igg Egm%g?g ;&gggg or with C3(H,0) to initiate eventual deposition of
surface C3 convertase on microbial surfaces

factor D factor B

-’ Clqg , @ properdin
Cir Cls C3(H,0) (factor P)
C3bBb

ficolin MBL

pathogen

surface
T = = = = =
N NS "
MBL/ficolin, MASP-2 Clq, Cir, C1s ]Eac}[or g
C4 c4 actor

properdin
c2 c2 Ca




H dpaon tnc C3 convertase

All pathways generate a C3 convertase, which
cleaves C3, leaving C3b bound to the microbial
surface and releasing C3a

H C3 convertase ouvdeeTal
OLLOLOTIOALKA L€ TNV ETULDAVELA TOU
naBboyovou

Atoomid to C3 Kol tapAyeL LEYAAEC
noootntec C3b (to kLpLO 6 paoTIKO
HLOPLO TOU CUCTAHATOG TOU

O U WMANPWUATOC) Kat c3a To omnolo
ouvOEETAL € ELOIKOUG UTIOOOXELS KAl
TPOAYEL TN PAeyUOVA

H dwdomaon tou C3 elval to kplowo
Brjua otnVv evepyormoinon tou
CUMTANPWHATOG Ka 0dnyel apeoan
EUEOQ OE OAEC TIC OPAOTLKEC
(ekTeAeOTIKEC) AsLlTOUPYiEC TOU
OUOTAMOTOC TOU CUUTTANPWHATOC



C3b binds to both C4b2a and C3bBb,
forming the active C5 convertases
C4b2a3b and C3byBb

C2a_g Cdb Bb -~ C3b
C3b
C3b

C4h2a3b C3b2Bb
=~

C5 binds to the C3b component of the
C5 convertase enzyme

£ &

C4b2a3b C3boBb

J

N\
C5 is cleaved by C2a or Bb to form
Cbb and Cba

Coa . Coa .

» &

C4b2a3b C3boBb

Ol 6paocelc tou C3b

= YUVOEETOL OLOLOTIOALKA LE TNV ETUPAVELD TWV
LLLKPOOPYQVLIOMWY Kal dpa oav «oPwvivn» - o
LLLKPOOPYQVLOMOC KaAUTtTeTal pe C3b kat elvat
Suvatn N $ayoKUTTAPWOr) TOU amo KUTTAP TIoU
dEPOLV UTTOOOYELC CUUTIANPWUATOC

" To C3b umopel va ocuvdeBel pe tn C3 convertase
TNC KAQOOLKNG Kol TNS EVAANOKTIKAG 060U Kal va
oxnuatioel to evlupo C5 convertase

* H C5 convertase dtaond to C5, aneAeuBepwvovtac to

C5a, eva e€alpetikad mpodpAeypovwdeg memntidLo kal To
C5b

* To C5b ekkivel Ta «oPLpo» otadla tnC evepyormnotnong
TOU CUUMANPWHUOTOC TIOU KATAANYOUV OTNV
TIAPAY WY TOU CUUMAEYUATOC TIPOCPBOANC TNC
ueuBpdvng [Membrane attack complex (MAC) ]



ATtoTEAEOHATA TNG

All pathways generate a C3 convertase, which
cleaves C3, leaving C3b bound to the microbial

’ surface and releasing C3a
gvepyornoLnong
TOU ( cs ( o
O U LN pWLOTOC Ot © o
(’ C3b C’ (’
] |

f C JC \Jl
N/ S A

C3a and Cba recruit phagocytic cells to the site
of infection and promote inflammation

Phagocytes with receptors for C3b engulf and
destroy the pathogen

Completion of the complement cascade leads to
formation of a membrane-attack complex (MAC),
which disrupts cell membrane and causes cell lysis

= jinfected tissue ¢

Phagocyte

/?

complement
receptors




Ta podpAeypovwdn LKA KAAOUATO TOU OUUTTANPWHATOC

«Avadulatolivec

" Ta khaopata C3a & C5a dpouv o€ eldLlkouc umodoxelc ota evéoBnALaka Kal
TQ OLTEUTLKA KUTTAPA Kol 06nyouv o€ Torukn dAeypovwdn amokpion. To
C5a €xeL TNV LoYupoTEPN OpAcn

C4a: bev €xelL Loxupn podAeypovwdn dpaon kol Sev €xeL eLOLIKO UTIOOOXEQ.

" Meyalec moootnteg C3a & C5a Spouv CUCTNHUATIKA KoL TIPOKAAOUV
avadUAakTik Kataminéia =2 «avadpulatofivecy

200Ta0N TwV AELWV MUKWV VWV, AUENON TNG AYYELAKAG SLATEPATOTNTAG KAL
EMAYOULV TNV €kdpacn Loplwv npOOKo}\?\nonq ota evboBnAlaka KutTapa

EvepyomolouV Ta OLTEVTIKA KUTTOPA 0TOUG UTTOBAEVVOYOVIOUC LOTOUC, TA OoTtola
arnelevBepwvouv dAeyoOVWOELC LecoAABNTEC OTIWC N oTapivn kat o TNF-a.

H cuooWPELEGN LUYPOU GTOUG LOTOUG ETLTAXVVEL TNV KivnoN TWV
QVTLYOVOTIOPOUCLOOTIKWY KUTTAPWY TIPOG TOUG ETIXWPLOUG AEUPaSEVES KaL
OUVELOPEPEL OTNV TAXUTEPN EvVaPEN TWV ATMOKPLOEWY TNC EMIKTNTNG avooiac.



Small complement-cleavage products
act on blood vessels to increase vascular
permeability and cell-adhesion molecules

H dpaon Twv
C3a & Cha

" QOudpaocelc twyv C3a & Cha
ETILOTPATEVOUV QVTLOWUATA,
CULMANPWUO Kol dayokuTTopo
oTnVv €otla TN Aolpwénc

* To C5aé€xeL apeon dpaon ota

Increased permeability allows increased fluid
leakage from blood vessels and extravasation
of immunoglobulin and complement molecules

Migration of macrophages, polymorphonuclear
leukocytes (PMNs), and lymphocytes is
increased. Microbicidal activity of
macrophages and PMNs is also increased

oubeTEPOPIAQ KOLL TAL
LLOVOKUTTOPO: QUEAVELTNV

complement
components

TPOOKOAANTIKOTNTA TOUC OTO
Tolywua Twv ayyelwy, Exel
XNUELOTAKTIKA SpAon Ko
au&aveLTn GayoKUTTAPLK) TOUC
LKOLVOTNTA KOALL AUEAVEL TNV
ekPpaon TwV UTIOOOXEWV
ocuprmAnpwpuatoc (CR1, CR3)




Yodoxelg oUUIMANPWHATOC KAl GayoKUTIApwoi

" Honuavtikotepn 6pAcn TOU CUMMANPWUATOC Elval n dleukoAuvon tne mpooAnyng
KOl KATAOTPOodNCTWV maboyovwy amo ta dayokuTTapa.
" Ta payokuTTOopa GEPOLV OTNV ETULHAVELX TOUC UTIOOO0XE(C oupmAnpwuatoc (CR) mou
deopevouv naboyova oPpwvivorolnueva ano to C3b (katAyotepo armo to C4b).
* JuvnBwcyla tnv evapén tng GayokuTTAPWONG AMALTE(TAL KAL N EVEPYOTIOiNGN TOU
dayokuTTApou, cuvnBwc anod C5a

" OLunodoyeic ekppdlovtal oe dSladopa idn Kurrapwv LokpodAya, povokUTTapQ,
B & T AepdokitTapa, oudetepodha, SeVSPLTIKA KUTTOPO

= (CR1, CR2,CR3, CR4: cuvbeovtal e C3b to onolo BplokeTal otnv emipavela Twv
naboyovwy

" To C3btnc emdpavelac twv naboyovwy dtaomatal (armo TG pUOULOTIKES TIPWTELVEC
napaywv P kat MCP) oe pn dpaotikd khaopata (iC3b).

* Ta K)\aouara Tou C3b avavvatlovrou amno Stadopoug vrodoyxeic: To C3dg avavaptisrat
aro tov utodoxea CR2 mou umdpyetl ota B Aepdokitrapa — pe auto Tov rpono Ta B
KUTTOPQ IOV avayvwpilouy To avtlyovo Tou aboyovou AapBavouv LloxupoTeEPO
SLEYEPTIKO O =2 LOXUPOTEPN AVTIOWUATIKA AmoKpLon



Receptor Specificity Functions Cell types
Promotes C3b and C4b decay Erythrocytes,
CR1 C3b, Stimulates phagocytosis (requires Cba) macrophages, monocytes,
(CD35) Cahi Erythrocyte transport polymorphonuclear leukocytes,
of immune complexes B cells, FDC
Part of B-cell co-receptor
CR?2 C3d, iC3b, Enhances B-cell response to antigens B cells,
(cD21) C3dg bearing C3d, iC3b, or C3dg FDC
Epstein—Barr virus receptor
8\?20_1) . . . Macrophages, monocytes,
(CD11b: iC3b Stimulates phagocytosis polymorphonuclear leukocytes,
CD18) b
g:ﬂ' 50, 95) . . _ Macrophages, monocytes,
(CD11 o iC3b Stimulates phagocytosis polymorphonuclear leukocytes,
CD18) ) dendritic cells
CRI C3b, Phagocytosis of circulating Tissue-resident macrophages,
9 iC3b pathogens hepatic sinusoid macrophages
C5a Neutrophils,
Binding of Cba macrophages,
{SB%%)O r Coa activates G protein endothelial cells,
mast cells
C5L2 C5a Decoy receptor, Neutrophils,
(GPR77) regulates Cha receptor macrophages
- Macrophages,
C3a Binding of C3a, ;
receptor C3a activates G protein endothelial cells,

mast cells

Yriodoyelc

OUUTIANPWHLATOC

" ELOLKOLyLo OUYKEKPLULEVQL

KAQopata

OLeplocoTepOL Elval
gvodwTtikolTng
dbayokuTTApWOoNnC
e E-AIPE2H: C5L2 —
urtodoyxeac C5a e
PUBLLLOTIKO POAO
Mropel voL CUUUETEXOUV
OTLC OTTOKPLOELC TNG
eTIKTNTNC avoolac
* CR2: ouvurnodoyxeac BCR



2O IAeypa mpooBoAnc LepPpavnc

Atadoxikeg avtidpaoelc evepyomoinong C6-C9 mou 0dnyouV 0TO OXNHATIOMUO EVOC
nopou otn Auudiakn SuthootolBada tou BaktnELaKoU KUTTAPOU

® OAvaToC TOU KUTTAPOU HEOW KATAAuonCTou mpavouc (gradient) mpwtoviwy
Exkivnon: Altdomnaontou C5 armo tnv C5 convertase kat apaywyrn C5b
AtadoxLkn) ouvdeon oto cUUMAey o tou C6 kol C7
To C7 vdlotatal alayn SLlapopdwonc Kal EL0EPXETAL OTN MEMBPAVN TOU KUTTAPOU

Me Tov (blo Tpomo cuvdeovtal oTo cUMAeya To C8 To omolo kataAvEeL Tov
nMoAupePLopO 10-16 popiwv C9 KAl TO OXNUATIOUO ULlaC cwAnvoeldbouc Soung
(Ol petpoc 10 um) n omola emtpemnel TNV eAeVBepn §lodo LOATOC Kol SLAAUUEVWY
OUGCLWV.

®* Eloodoc evlUupwv (Avooluun)
Meploplopévn Broloykn onuaocia — EMetpota C5-C9 =2 Aopwéelc and Neisseria
Spp
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NG TNG HERPPAVNG

/

To cUuMAEyO TTPOGBOA

C5h67

complex

lipid bilayer

pathogen




To cupmMANpPpwHO KUKAODOPEL OTO alpor aAAQL
EVEPYOTIOLELTOL O€ ETULHAVELEC

H evepyomolnon Tou CUMMANPWILATOC EEKLVAEL UE TN oUVOEDN TWV
TMPWTELVWYV TOU HLE TNV €T AVELQ TOU aBoyovou

Etva onpavTko n evepyormoinon va mepLopitetaL otny empaveta tou
MaBoyovou Kal va NV EMEKTELVETAL OTO MAAOHA 1) OTNV ETULPAVELQ TWV
KUTTAPWV TOU EeVIOTN

To C4b npemnel va oxnUatioel OpOLOTIOALKO OEOLLO LE TNV ETILPAVELQ TOU
naBoyovou

Av auto 6ev cupPel (evtoc msec!) o BeloeoteplkOC OECUOC UOPOAUETAL KOt
T0 C4b amnevepyornoleitat

‘EtoL epmodiletal n cSLaxuor] Tou C4b poakpla ano to maboyovo Kal n
TPOOKOAANGT) TOU OTA KUTTAPA TOU EEVLOTH.

Ta enmopeva kKAaouata (C2, C3) evepyornolouvtol cuvdedepeva oto C4b,
OTIOTE KOl EKELVA TTapaLEVOUV OTNV eriidAveLa TOU TTaBoyovou



[Twc meploptleTal N EMEKTAON TNC
evepyormnoinonc tou C3b

bond

thioester e%g

C3 convertase
(C4b2a)

patfiogen — p
M\ 0
@ a —~ ~ Cys Gln




PuBpuLotikol pnxaviopol tng evepyorolnonc
TOU OUUITANPWHOTOC

" H evepyormolnon TOU CULMANPWUOTOC VIVETOL TTAVW OE
Boktnplokec pepBpavec kol epLOPLlETOL OE AUTEC

" PUBOULOTLKEC TIPWTELVEC: SLOAUTEC N HEUBPOVIKEC
NMPWTELVEC OL OTtoLEC TtEPLOPL{OUV TNV AUTOMATN
EVEPYOTIOLNON TOU KATAPPAKTN TOU CUUTANPWUATOC.

" C1inhibitor (C1INH): amopakpuvel ta Clr:Cls armo 1o
Clqg kot mepLoplleL TNV evepyomoilnon TNC KAACOLKNC
oO0U

* 'EAewn CLINH: KAnpovouLko ayyelooldnpa

" Protectin (CD59): avaotéAeL tn dnuoupyia tou MAC



PUBLILON 6paoTnPLOTNTAC OUUTTANPWUATOC

C1q binding to antigen:antibody C1 inhibitor (C1INH) dissociates C1r and
complexes activates C1r and C1s Cis from the active C1 complex

C1INH

Cir

microbe




PUBLILON 6paoTnPLOTNTAC OUUTTANPWUATOC

The terminal components of complement CD59 prevents final assembly
form a membrane pore— of the membrane-attack complex
the membrane-attack complex at the C8 to C9 stage

I

) CD59
L>

C9
C5b678




Regulatory proteins of the classical and alternative pathways

Soluble factors regulating complement
Ligand/ . . .
Name binding factor Action Pathology if defective
C1 inhibitor C1r, C1s (C1q); | Displaces C1r/s and
(C1INH) MASP-2 MASP-2, inhibiting Hereditary angiodema
(MBL) activation of C1q and MBL
o . Displaces C2a; cofactor
C4-binding protein CAb for C4b cleavage
(C4BP) by factor |
CPNT1 :
(Carboxypeptidase N) C3a, Cha Inactivates C3a and Cba
: Age-related macular
Factor H C3b %f F;le?cig? |Bb’ cofactor degeneration, atypical
hemolytic uremic syndrome
Serine protease, Low C3 levels, hemolytic
FE L C3b, C4b cleaves C3b and C4b uremic syndrome
: C5h67 L :
Protein S complex Inhibits MAC formation




Regulatory proteins of the classical and alternative pathways

Membrane-bound factors regulating complement

Ligand/

Name binding factor Action Pathology if defective
CRI C3b, iC3b, Inhibits activation of Increased susceptibiity to
g C3c alternative pathway blood-borne infections

Complement Cofactor for factor I;
receptor 1 C3b, C4db displaces Bb from C3b,
(CR1, CD35) and C2a from C4b

Decay-accelerating
factor

C3 convertase

Displaces Bb and C2a
from C3b and C4b,

Paroxysmal nocturnal
hemoglobinuria

(DAF, CD55) respectively

Membrane-cofactor . :
protein C3b, C4b Cofactor for factor | Qmjrﬁgl hemolytic
(MCP, CD46)

Protectin (CD59) c8 Inhibits MAC formation Paroxysmal nocturnal

hemoglobinuria




O pOAOC TOU CUUTANPWUATOC OTNV ETKTNTN
avoola

To cupm\npwpa Opa Kuplwe ota mMAalola TG duoLknC avootac ala
eTLOPA KoL TNV ETUKTNTN avooia

H opwvivonoinon twv naboyovwy armo to ouurt?\npwua SLEUKOAUVEL TNV
MEOCANYr) TOUC ATO TA AVILYOVOTIAPOUCLACTIKA Kurrapa To orola pEpouv
UnocSoXELq ouurt)\npwuatoq ‘Etol evodwvetal n mapoucioon Twy
avtlyovwy ota T kuTTopa

Ta B AepdokitTapa pepouvv umodoxeilc cupminpwuatoc. H Seopevon Twv
UTTOOOXEWV OLUTWV EVIOXVEL TIC AVTLOWLLATIKEC AMOKPLOELC TwV B KUTTApWVY
OpLopEVA OTTO TA KAQAOUATO TOU CUUITANPWLATOC UTIOPOUV VAL EMINPEACOUV
TNV mapaywyn KUTTAPOKLVWY QTTO TA OVTLYOVOTIAPOUCLAOTLKA KUTTAPQ,
ETMOUEVWC VO ETLEPACOUV OTNV KATEVBUVON KAL TNV EKTALON TNC QTTOKPLONG
TNC €MikTNTNC awvoolac.



Epyaotnplakoc mpoodLopLopoC

= MeBoboloyia:
® AVTLYOVIKOC TIPOCOLOPLOMOG: avoooAoyLKeC LeBodot yia C3 & C4
® AELTOUPYLKOC TIPOCOLOPLOMOG: OALKO QLLUOAUTIKO cupmAnpwpa (CH50).
® CH50: tkavotnta opoul va AUeL epuBpokuttapa mpolatou
gvaloBntomnotnpeva pe IgM

* EA€yyovtal OAa ta KAAopato tng KAaookng odou (C1-C9). Aev eAeyxel TANPWC
NV evaAaktikr 0d06 (Factor B, properdin)

* MeBodoc screening
" (C3 & C4: Nedpelopetpla

® AELTOUPYLIKEC SOKLUOOLEC CUYKEKPLUEVWVY npwrewwv o€ €LOLKA EPYOLOTHPLOL —

ouvnOwc Oev xpaa(ovrou KaBWC 0 avVTLYOoVIKOC TpoodLoplopoc oupPadilel pe thn
AELTOUPYLKN LKOVOTNTA

* [lpemnel va akoAouBouv tnv evpeon xapnAou CH50



CH50

" Twun: To avtiotpodo tnc apaiwonc mou AveL to 50% Twv epuBpokuTTApWY
* CH50=200u/mL = 0 0pd¢ tou e€etaoBévtocAVEL To 50% TwV epUBPOKUTTAPWYV
o€ apaiwon 1:200
* EW8LKeG OUVOINKEG XELPLOHOU SElYHATOG: OL TIPWTELVEG TOU GUUTANPWHOTOG ElvaLl
aotabelc— apeon e€ctaon N duAdaén oe katapuén
= XapnAa enineda:

® MoAv xapnAa 1 pndevika: 2uyyevng eMeubn evog r MEPLOCOTEPWY TIPWTEV WV
TOU OUMTANPWMATOC. My atdLa e umoTPoTLAloVOEC PAKTNPLAKEC AOLUWEELS

kot CH50<10 u/mL
* XapnAa emnineda: KATAVAAWGON CUUTTANPWUATOC AOYW TIAPAYWYNC
QVOOOCUUTAEYUATWYV (Tlapoucia avtoavtiowuatog). My SLE, kpuoodatpvatuia
" YnAd enineda:

. I\/Iepoq NG avtidpaong oEELaq dAaonC— ekTOC Ao auTo oL UPNAEC TLUES Sev
gxouv oLlalitepn onuaocia



Atatapayxec C3 & C4

OL ouxvotepa TPOOOLOPL{OLEVEC UELOVWEVEC TIPWTELVEC TOU
OUUTTANPWUOTOC.
C3d (N N), C4 : evepyornoinon tng kKAaoolkng odou
* Noonuata ano avoooouunAeyuata: SLE, kpuoodatpwvatula
* To C3 pmopel va pelwveTal aAAQ Vo TTOPAPEVEL O PUOLOAOYLKA ETtES O
C3d/, CAN: evepyomnoinon evalakTikng odou
® BaKTNPLOKEC AOLLUWEELC
* MeuBpavolmepnAaoTikh omelpapatovedpitida (C3 vedpltiOIKOC mapayovTag)
* ‘Evdela mapayovta H
C3N, C4 | :
* Juyyevnc eEMeupn C4 (C4 null alleles)
* KAnpovoulko ayyelooidnpuo



TABLE 44-4

Examples of diseases in which complement activation contributes to the
immunopathology:

Atypical hemolytic uremic syndrome™”

Paroxysmal nocturnal hemoglobinuria’

Age-related macular degeneration™

Membranoproliferative glomerulonephritis (types 1, 2, and 3)"

Myasthenia gravis®

Bullous pemphigoid’

Systemic lupus erythematosus/antiphospholipid syndrome’

Rheumatoid arthritis®

Immune hemolytic anemias’

Immune vasculitis (the ANCA-positive syndromes)’

Ischemia reperfusion injury*

Allotransplantation”

Serum sickness’

Exposures to foreign materials (e.g., membranes, nanoparticles)*

*Injury, ischemia, trauma, degeneration, or foreign body is the trigger (innate immune activation).
"Lack of adequate regulation contributes to disease pathogenesis.

*Antibody dependent activation of the complement system (adaptive humoral immune activation).
ANCA = antineutrophil cytoplasmic antibody.

Goldman-Cecil Medicine, Ch 44:26™M Ed (2020)



2UVYVEVN EANELUUOTO OUUTTANPWULATOC

2uvNOwc umtapxel etepoluywTtia — oL OOlUYWTEC Elval oTIAVLIOL
EMelppato ota mpwipa K)\aouatamq K?\aoou«]q oboU (Clq, Clr,Cls,C4, & C2)
odnyouv o€ mpodLabeon ylao auToAVOooa VOoHuaTa, KUplwc SLE.

* Mrnopet emlonc va mapatnpnBouv Kal uTtoTPorlAlouoeC AOLUWEELS
EMelpata twv o Lpwv KAACHATWY TOU CUMANPWHATOC TNG KAaoowknc odou (C3-
C9) npodlabetouv o€ UTIOTPOTILALOUCEC AOLMWEELC LOIKA aTtO S. pneumoniae, H.
influenza (eMeupn C3) katAopwéelc ano Neisseria spp (eMewpn C5, C6, C7, C8, 1
C9)
EMelpata puBuLoTIKWY MPWTEIVWY — aVEEEAEYKTN EVEPYOTIOINCN TOU
OUUITANPW HOTOC

* [Afpnc eMeuwpn odnyel oe katavaAwon MOAAATAWY KAAOUATWY eVTOC TNC dlac 0dou

Ta pewpéva enimeda odnyouv o€ €vtovn TOTUKA GAEYUOVI I} CUCCWPEUOCN KUTTAPLKWY
UTTOAE LU LATWV.

KANpovouKO ayyeLlooldnpa, ATUTIO ALLOAUTIKO-OUPOLULKO UVOPOLO, YEPOVTIKY EKGUALON
wXPAGS KNALSac



ALaTapoXEC PUBULOTIKWY TTPWTEIVWY TOU
OUUTTANPWHLATOC

KANPOVOULKO avvaoou’inua evdelatou C1INH pe anore)\ecua
urtepPoAkn mapaywyrn C2b mouv odnyel oe mapaywyn C2 Kvivnc.
* Enlong umdpyel Kat urtepPoALkr) mapaywyn Bpadukvivne etattiag pn
AVOLOTOANG TNC KAAALKPEIVNG (eAeyxeTal kat auth aro tov C1INH)
aHUS: Atatapoyrn o€ puBLuLotikec mpwtelvec TnC evaAAaKTknC odou
[factor H, factor |, MCP (CD46)] ue amoteAeopa evdoBnAlakn BAAPN
[epoVTIKN EKPUALON WXPAC KNALOAC: ALATAPOXEC OTOUC TIALPAYOVTEC
H kol | odnyouv o€ €vtovn Torkn GAEyLOVN.
[Tapo&UO LK VUKTEPLVN alpoodalplvoupia: dtatapoaxr Tou popilou
GPI to omoto elvat umevBuvo yla tn cvvdeon pUBULOTIKWY
NMPWTEIVWV Tou ocupunmAnpwpatoc (DAF, CD59) — evepyormoinon
OUUIMTANPWUOTOC.



Mnyaviopoc dpaonc Eculizumab




Mnyaviopot Staduync twv aboydvwy and tofe
OUUTTANP WL ‘

Ta maBoyova €xouv eEeAitel pnxaviopouc Staduync amo tn Opaon Tou
OUUTTANPWUOTOC
2UvOEoN PUBULOTIKWY HLOoPLwY TOU CUMITANPWLATOC OTLC ETILPAVELEC TOUC

* Neisseria meningitidis: mapayet factor H binding protein kat PorA, adpavorolel
T0 C3b KoL VAOTEANEL TNV EVEPYOTIOLNCN TOU CUUTTANPWHUATOC

‘EKKPLON TTPWTEIVWVY TIOU AVA.OTEAAOUV ALLECO OTOLXELQ TOU CUUTIANPWUATOC

* Staphylococcusaureus: mapayeL Spa — cuVOEETAL e TO KAAoMa FcTwv
avooodalpvwy Kol eprmodilel tnv evepyornoinon tou C1.

* Staphylococcus aureus: Staphylokinase (SAK) — dtaomad tic avoooodalpivec mou
£XOUV MPOOKOAANBEeL otn pepBpavn tou naboyovou

* Staphylococcusaureus: Staphylococcal complement inhibitor (SCIN) — deopeUet
Tnv C3 convertase tnNC KAAOOLKNC KAl TNG EVAANAKTIKAC 060U,



[TpwTtelvec OLaduyNC CUUTTANPWHLATOC

Pathogen Evasion molecule Host target Mechanism of action
Membrane proteins

%ﬁ?ﬁgﬁ?‘idis E?g’;[girn I-Efﬁénp(iing Factor H Inactivates bound C3b

gﬁﬁ;ﬁ:‘;{;‘f@n’ Srli;[; rinSTErf?OC:;epE) Factor H Inactivates bound C3b

g;rgﬁfz;?ggg;us Ep;l;mogo(cpcsaplcs)urface Factor H Inactivates bound C3b




[TpwTtelvec OLaduyNC CUUTTANPWHLATOC

Pathogen Evasion molecule Host target Mechanism of action
Secreted proteins

Neisseria :

meningitidis PorA C4BP Inactivates bound C3b

Staphylococcus Clumping factor A :

aUreus (CIfA) Factor | Inactivates bound C3b

Staphylococcus Staphylococcus , Binds to Fc regions and

aureus protein A (Spa) Immunoglobulin interferes with C1 activation

gﬂigﬁjs/lococcus (SgipK;lylokinase Immunoglobulin Cleaves immunoglobulins

Staphylococcus Complement inhibitor C3 convertase Inhibition of convertase

aureus (SCIN) (C3b2a, C3bBb) activity




=\




EPQTH2EI2 MCQ

1. Regarding the complement pathway, which one of the followingis
the most accurate?
(A) C3 convertase protects normal cells from lysis by complement.

(B) C3ais a decay-accelerating factor and causes the rapid decay and death
of bacteria.

(C) In general, gram-positive bacteria are more likely to be killed by
complement than gram-negative bacteria.

(D) The membrane attack complexis formed as a result of activation of the
classic pathway but not by activation of the alternative

pathway.
(E) The first time a personis exposed to a microorganism, the alternative

pathway of complement is more likely to be activated than the classic
pathway.



2. Of the following complement components, which
one is the most important opsonin?

(A) C1
(B) C3a
(C) C3b
(D) C5a
(E) C5b




3. Of the following complement components, which
one is the most potentin attracting neutrophils to the
site of infection (i.e., acting as a chemokine)?

(A)C1

(B) C2

(C) C3b

(D) C5a

(E) Mannan-binding lectin



4. Of the following, which one is the most important
function of the complex formed by complement
components C5b,6,7,8,97

(A) To enhance antibody production

(B) To inhibit immune complex formation

(C) To opsonize viruses

(D) To perforate bacterial cell membranes

(E) To release histamine from mast cells



5. A deficiency of which one of the following
complement components predisposes to bacteremia
caused by members of the genus Neisseria?

(A) C1

(B) C3b

(C) C5a

(D) C5b

(E) C5b,6,7,8,9



6. Your patientis a 20-year-old woman who complains of
swellingson her arms and legs and a feeling of fullnessin her
throat that makes it difficultto breath. The swellings are not red,
hot, or tender. You suspect she may have angioedema caused by
a complementabnormality. Of the following, which one is the
most likely explanation?

(A) She has too little C1 inhibitor.

(B) She has too little C3b.

(C) She has too little factor B.

(D) She has too much Cba.

(E) She has too much C9.



