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[Tolo armo ta mapakatw voornpoto AEN
oxetiletal pe dlatapaxr TOU CUMANPWHATOG; K

[Mopo&UOULKN VUKTEPLVN alpoodatplvoupla
KAnpovouLKko ayyelootdnua

A.
B.
C. Yrmotporudlovosc Aotpweelc amo Neisseria spp
D. «Khaoowkr» olwdnc moAvaptnpltda

E.

EkdUAlon wyxpac kNALOaC oXeTWOUEVN LE TNV
NALKLQL



TL elval TO CUMTTANP WA,

AvakaAUdBnke To 1890 armod
Tov Jules Bordet cav pa
Bepuoevaiobntn ovoia tou
dUcLoAOYLKOU TIAAOLLOTOC TNG
omolac n 6pdon «CUUTANPWVE»
TN BOKTNPLOKTOVO LKAVOTNTA
TOL 0poU.

‘Eva ouvolo >30 SlaAutwyv

TMPWTEIVWY TIOU UTIAPYXOUV OTO
atpa Kol AAAO CWUATIKA UyPA.

Evepyormoleital pe Eva
«KOTAPEAKTN» SLASOYLIKWY
aVTLOPACEWY «EVEPYOTIOLNONGCY
EVOC LEXPL TOTE AVEVEPYOU
OTOLXElOU («KAQOLOTOCY) TOU
OUMUTANPWUATOC

Classical pathway

@ Clqrs
l C4,C2
l C3 Convertase
Lectin pathway C4b2aand | Cdb
MASP-1

MASP-2 l
MASP-3

. o

Alternative pathway
CS

C3( H20

C3 Convertase

H20 )Bb  Factor D C3bBbP

s JL

T

Opsonization

C5 Convertase

l Perturbation

cée C7 C8 CQn

Membrane attack
complex C5b-9

i 1l

C5 Convertase
(C3b), Bb



[ToleC elval ol BLOAOYLKEC TOU AELTOUPYLEC;

= Etunnpetel 3 BaolkeC Aettoupylec: Stages of complement action
* [poaywyr tNGg AEYUOVAG KL TNG
QVOOOAOYLKNAC ATOKPLONG Pattern recognition trigger
* Avayvwplon Kal Mo Pavon EEVwV UALKWY -

KOl KATEOTPAUUEVWY LOLWV KUTTAPWV
(o wvivomoinon kat payokuttdpwon)
* Apeon Bavatwon naboyovwy
(kuttapoAuon) Inflammation
= Ju uuerexa OTLC OUIOKpLOELq TOOO TOU
oucm LOTOG TNG dUOLKNC 00O KAL TNG
ET[LKTI']TI’]C (IVOOLO(C Membrane attack

Protease cascade amplification/C3 convertase

~ 2

Phagocytosis

Av KaL TO CUUTANPpWHA avakaAU$ONKe cav Eva EKTEAECTIKO OKEAOG TNG AVILOWHATIKAG
arokpLonG, Twpa yvwplloupe OtL €eAixOnke cav LEPOC TOU CUOTNMATOC TNG PUOLKNG
avoolac to omolo mpoodEpel mpootacia oe mpwipa otadia g Aolpwéng, mpwv
dnuoupynBouv Ta avilowpata. y

.




Ta KUpLOL XApOKTNPLOTLIKA TOU OUUTTAN p(buatoq

ApPXEYOVO LLEPOUC TOU OUCTAMATOC TNC GUOLKNC avooiac mou UmapxeL oto atpa («o
dUAaKaAC Tou evdayyELAKOU XWPOU»)

EvamotiBetal og Baktrpla Kat Loug, Ta oPwvivorolel Kal Ta AVEL 0 SEUTEPOAETTA
OL EPLOCOTEPEC TIPWTEIVEC TOU CUUMANPWHATOC cuvTiBevtal amod To Nmap
AvakuKAWVETAL ouVEXWC (To KAGoua C3 avakukAwveTal e pubuod 1 - 2%/wpa)
‘Exel Bpoyxouc evioxuonc (f Betiknc avadpaonc) mou amaltouy otevhn pubuon
YUUMETEXEL OTO OPAOTLKO OKEAOC TOU CUOCTIATOC TNG XU LKA C avoolac (IgM & 1gG)
2 NUOVTLKOC pOAOC OTNV ATIOUAKPUVON KUTTAPLKWY UTIOAE LUUATWY

3" 0€ CUYKEVTPWON MPWTELVN OTO QL LETA TIG avoooodalplveg Kal TN
AeUKwaTivN

NeLtoupyel ooV GUOLKO VOCOEVIOXUTIKO (adjuvant) kat «kabodnyel» TG amokpioelg
TNC emikTNTNG avooiac

‘EAewn evepvortothva KAQOLLATWY TOU CUMTMANPWHOTOC 0dnyel o€ BaKTNPLAKEC
AOLLWEELSC N autoavooia

‘EAelPn puBULOTIKWY KAQOUATWY TOU CUUMANpwHaTtoc odnyel oe Lotikr) BAABN N
LOTIKA eKPUALON

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



[eveTikoc tomoc C2 & C4: HLA

Chromosome 6

Long arm Short arm
HLA region
6p21.1-21.3
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Evepyormolnon Tou oUUIMANPWHLATOC

EPEGIZMA
ENEPTOlMOIHZHE TOY
ZYMMNAHPOMATOZ

ENAAAAKTIKH OAOZ OAO2 AEKTINHZ
Mapayovrec B & D, MBL/Ficolin, MASP,
[Mpomepdivn, C3 C4,C2

KAAZSIKH OAOS
C1q,ClrCls, C4, C2

C3 convertase

QAIOKYTTAPQZH AMEZH AYZH
[MTAGOIONOY MA©OIONOY
C3b C5-9

MHXANIZMOZ OAETMONH
BAABHZ C3a,C5a

MouTtoomnoulou MNaBoduactoroyia Ked 15 (2019)



ONOMATOAOTIA

Mrmopel va mpoKaAETEL ouvxuon eMeLdr) Ta KAQoOTA TOU ouun}\npwuaroq
ovopatioBnkayv e TN oepa mou avakaAUPBnKayv, EMOUEVWCE UTIAPXOUV KATTOLEC
«AVTIPAOELC»

KAaoowkry 060¢ Cn: C1 — CY avaloya e TN OELpA EVEPYOTIOLNONG
® EZAIPEZH: To C4 evepyomnoleitatmplv to C3
®* (Clq, Clr, Cls: AladopeTikeg mpwTeiveg kat oxL mpotlovta dtaocmacng tou C1
To KAQopaTa Tou TIPOKUTTTOUV Ao TNV mpwteoAvon ovopdlovtal Cna (to
LLKpOTEPO) Kal Cnb (to peyaAutepo) mx C3a & C3b. To pikpotEPO KAAoUa glval To a.
* EZAIPEZH:To C2a eivaLto peyaAutepo kat to C2b To ULKPOTEPO KAAOUQ
EvaAlaktikr) 060¢: mapdyovtec B, D kATt
* [Ipoiovta Staomaonc: B = Bb + Ba
080¢ Aektivnc
* [epattépw mpwtedivon: C3b = C3c + C3d
Ynodoxeic cupnmAnpwuatog: CR
PuBuotikec mpwteivec: CD
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Membrane Regulatory Proteins
CD55 (DAF)

CD46 (MCP)

CD59

Receptors
CD35 (CR1)

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

ChaR (CD88)

ChL2

C3aR




Functional protein classes in
the complement system

Binding to antigen:antibody . _ C5a
complexes and pathogen Clq Peptide mediators 033
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
Cir ¢9
Cls
C2a CR1
ot * Bb CR2
Activating enzymes D Complement receptors CR3
MASP-1 CR4
MASP-2 CRlg
MASP-3
C1INH
Surface-binding C4b C4BP
proteins and opsonins C3b I(\ZKIF(;}’//%%%;%
Complement-regulatory
proteins DAFfl_CI:D55
I
P
CD59




OL TpeLc 060l TOU CUUTANPWHOTOC

Tpelc odol =2 Tpelc TpoTmoL Evapénc evepyormoinong
KAaoolkn 060¢, 000¢ AekTlvNG, EVAANAKTLKI) 000C

® ‘Eva koo cupfav: avayvwplon pikpoBlakwy dopwyv (Pathogen-
associated molecular patterns — PAMPs) 1 douwv ou umapxouV o€
KATEOTPOAMUEVA | ATTOTITWTLKA (Lo KUTTOPQ, Ao MPWTELVEC TOU
OUUTTANPWHLATOC

Tpelc odot =2 ‘Eva kowo mpoilov: C3 convertase
Tpetc odol =2 Tpelc SlapopeTIKEC EKPATELC

* lMpoaywyn dAeypovng

* Oywvwvomoinon katl GoyoKUTTAPWOoN

* Aueon Bavatwon noboyovwy

[KdBe 000¢ propel va EXEL KaL TG TPELS edeoemq]




0b0cC Aektivng

Ol LKpoopyavLIopol pEpouV 0TNV €TULPAVELA TOUG LOVAOLIKES LOPLOKEG
dopec (Pathogen-associated molecular patterns — PAMPs).
® Autotelyoiko oV [Gram (+)], AutomoAuvoakyapitng [Gram)-)], YAUKAVEC
(HUKNTEG)
H 0606¢ tng Aektivne aviyvel el KATIOLEC A0 AUTEC TLC SOUEC TWV
ETUPOVELWY TWV ULKPOOPYOVIOUWY HECW ELOLKWVY UTIOOOXEWV
NeKTIVEC: AlaAUTEC MpwTElveC Tou cuvdeovTal Pe LOATAVOPAKEC OTLC
LLLKPORBLAKEC ETULPAVELEC
®* Mannose-binding lectin (MBL): cuvtiBetal ano to Amap, avnKeL OTLS
«KOA\eKTIVEDY.
DukoAlvec: To TUAUO avayvwpLlong TOU Moplou elval TUTIOU PLUTTPOVEKTIVNC.
Aev ocuvdeovtal e vOATAVOPAKEC TTOU TTEPLEXOUV Havvoln.

® |-Ficolin (Ficolin-2), M-Ficolin (Ficolin-1), & H-Ficolin (icolin-3).



Ot vdatavBpakec TNC empaveLaC TwV maboyovwy OLapEPOLV
QO QWUTOUC TWV OTIOVOUAWTWY

N-linked glycoproteins of yeasts contain many terminal mannose residues,
whereas glycoproteins of vertebrates have terminal sialic acid residues
Yeasts Vertebrates
Q.
>
0
n

— Asn |— —] Ash |— —] Asn |—
@ glucose @ mannose [ N-acetylglucosamine ‘ sialic acid O galactose A fucose




MBL monomers form trimeric clusters of Ficolins are similar in structure to MBL but O l_ U T[O 6 OXE (_C '[r'] q O 6 O L’)

carbohydrate-recognition domains have a different carbohydrate-binding domain
7
AEKTLVNC

collagen
helices

collagen
helices

" [loAupepn popla: Kabe
Beon ouvdeonc €xel
xapnAn cuvadela (affinity),
WOTO0O0 AOYW TOU PEYAAOU

a-helical

coiled coils coiled coils

carbohydrate-recognition domains fibronectin domains / ’
- = . aplBuou Twyv Becewy
N\ ' -
MBL binds with high avidity to mannose Ficolins bind oligosaccharides containing ou V6(<,EO- n q’ r] ou V,O}\LK r]
and fucose residues acetylated sugars 0)0) vv EVELA '[r] q ouv V6 €O r‘l q

(avidity) etvat upnAn

= MASP (MBL-associated
serine proteases):
Evepyomolouvtal Stadoyika
LLE TN ouvdeon TNC
MBL/dkoAlvng pe tnv
eTLPAVELQ TWV TTaBoyovwv

* Ataomouv to C4 kal
EKKLVOUV TNV 000 AekTivng




Napaywyn C3 convertase tng 000U TNG AeKTivn @c

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

C4b then binds G2, which can
then be cleaved by MASP-2 to
G2a, with which it forms the
C4b2a complex, and C2b

C4b2a is an active C3 convertase
cleaving C3 to G3a 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

C4 .
, Cda

MASP-2

&

>

Cab

—

&
C

P

C4b2a

&

C3b
C4b2a

C3 convertase

C4b2a3b (’

* 00 ®

AMPLIFICATION

C2a: elvaL to peyoAUtepo KAGopa - n e€aipeon oTnv OVOUATOAOYIA TOU GUUTANPWLLATOG



KAaootkn 060c¢

" KAooolwk 000¢: N mpwtn 060C TOU OUUMANPWLLATOC TTOU avakaAUdOnke
" [lapopola pe TNV 060 TNC AekTivng
" Avayvwpllel ta maboyova pecw tou cupmAgypatoc C1 (Clg/Clr/Cls)

* To Cl avayvwpilet ta maboyova Apeoa i LECW AVILOWUATWY =2 N KAQLOGLKNA
000C OULUETEXEL TOOO 0T GUOLKI 00O KAl OTNV EMIKTNTN avooia

= (Clg: poplo avayvwplonc (onmwc n MBL)
®* Aueon MPOOKOAANGCN O€ MPWTELVEC 1) TOAUAVLIOVLIKEC OPEC BakTnplwy (X
AUTOTEL( (KO 0&V)
® JUvdeon pe tnv CRP n omola pe tn oepd tnc ouvdeeTal pe tn dwodoyxoAivn
Loplwv tnc Baktnplaknc emipavelag (rmy moAvoakyapitne C tou
TIVEU LLOVLOKOKKOU)

® JUvdeon e to KAAopa Fc twyv avtiowpatwy — IgM, 1gG1, 1gG3

QuUOIKA QVTIOWHOTO: AVILOWHOTA XOMNANG OCUYYEVELQC TIOU avayvwpillouv Kowa

ouoTaTtka tnG PBoaktnplakng pepPBpavng (mx ¢wodoxoAivn) n kal autoavilyova Kat

TapAyovtal Xwpeic va €xel mponynBel avayvwplon avilyovou KoL QmoKPLon TNG
Gninntnq avootag y




Exkivnon tn¢ kKAaooknc odou

C1qg: n ouvdeon Vo 1 MepLoocoteEpWY BECEWY
avayvwplonc tou C1 pe to cuvOETN Touc odnyeL o€
aAlayn Oltapopdwonc tou cupmAeypatoc Clr:Clq
KOl QUTOKOTAAUTLKA evepyoroinon twv Clr/Cls

Clr/Cls — popla evepyormoinonc

* Avaloya tnc MASP-2

* Jxnuoatilouv TeETpALEPN
Clr: evepyomnoleitat kot Staoma to Cls pe tn
Snuloupyla pac dpaoTiknc mpwItedonc oeplvnc

H dpaotikn popdr tou Cls dlaomd tar KAdopoTa
C4 & C2

J | collagen
il | region




[Tapaywyn C3 convertase TnC kKAaooLknc 0do

Activated C1s cleaves C4 to C4a
and C4b, which hinds to the

microbial surface

C4b then binds C2, which can
then be cleaved by Cis 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

P
C

s

C4b2a

& .

C3b
C4b2a

Classical pathway
C3 convertase

C4b2a3b &

® » e ®

AMPLIFICATION

Classical pathway C3 convertase: idwa pe tn C3 convertase tng 060U tng Aektivng— mrpe To Ovoua EMELON
avakaAU$OnkKe mpwtn




EvaAAoKTIK) 000C

H apyatdtepn 080¢ — ovopdoBnke «eVOANAKTLKA» MELSN avakKaAUdOnKe
delTepN.

KUpLO xapaKTNPLOTLKO: QUTOMATN EVEPYOTIOLNON

Evepyornoleital pe Vo tpomnouc =2 duo dtadopetikeg C3 convertases
Mapaywyn C3b anod tnv 060 tng Aektivne Kat TtV KAaookr) 060: dnpoupyia
tnc C3 convertase tn¢ evoAaktiknc odou C3bBb (avti C4b2a)

° Eﬁamag QUTNC g C3 convertase n eVAANQKTLKN) 000C pumopel va Aettoupyel oav
evag Bpoyxocg evioxuonc (Betiknc avadpaonc)
Auvtopoatn udpoAuon (“tickover”) C3: o C3 unapyxel o adpBovia oto mAaopa
Ko N avtopatn udpoAuon odnyel otnv mapaywyn tng BpaxvBlac C3
convertase uypng ¢aong [C3(H,0)Bb]
Ot C3 convertases TNC evaANaKTLKNC 000U elval BpoxUBLlec aAla
otaBepomnolovvtal cuvdeopevec pe pomnepdivn (mapaywv P)



Evepyornolnon tng eVOAAQKTIKAG 060U arto TNV
056 NG Aektivng A TV khawook 086 M

factor %

F &




AuTOUATN €VEPYOTIOLNON TNG EVAAANQKTIKAG

odoU

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(H,0)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 c3a

C3H0) K

.

factor B f Bao

factor D

P? P

YIPH QAZH !



2Uvoyn TNC EKKLVNONC TwV TPLWV 00wV

LECTIN PATHWAY CLASSICAL PATHWAY ALTERNATIVE PATHWAY

Mannose-binding lectin (MBL) and ficolins ; ; ; C3 undergoes spontaneous hydrolysis to
recognize and bind carbohydrates on pathogen Clg Inte;%?[;[ﬁo‘é\;gg Egm%gig Sslﬂ:gg or with C3(H,0) to initiate eventual deposition of
surface C3 convertase on microbial surfaces

factor D ' factor B
-’ Cliq , :9 properdin
Clr Cls C3(H,0) (factor P)

C3bBb

ficolin MBL

pathogen

surface
T = = = =
N NS "
MBL/ficolin, MASP-2 Cl1q, Cir, C1s factor D
C4 ca factor B

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

HF¢ P O
k @ C3a X O ®
\
ym

»® &

H C3 convertase cuvdesTal
OLLOLOTIOALKAL UE TNV ETUDAVELD TOU
naboyovou

Awaomia to C3 ko napavst LLEVAAEC
TOCOTNTEG C3b (to KUPLO SpaoTLKO
MOPLO TOU CUOTAATOC TOU
OUMMANPWHOTOC) Kat c3a To omnolo
ouvoeeTal og elOLkoulc urtodoyeic kal
npoayeL TN pAeypovn

H dtaomaon tou C3 elval to kpiloo
Bripo oTnV EVEpPyoTIOiNON TOU
OUMMANPWMATOC Kat odnyel apeoa n
EUUEOA O OAEC TIC OPAOTIKEC
(ekTeAEOTIKEC) AELTOVPYLEC TOU
OUOTAMATOC TOU OULTTANPWHATOC



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

C2a C4b Bb C3b
C3b
C3b

C4b2a3b C3b2Bb

- =
N\
C5 binds to the C3b component of the
C5 convertase enzyme

€ £

C4b2a3b C3b2Bb

o

N\
C5 is cleaved by C2a or Bb to form
C5b and Cba

Cha . Coa .

» @

C4b2a3b C3boBb

Ol 6paocelc tou C3b

" JUVOEETAL OLLOLOTIOALKAL UE TNV ETILHAVELA TWV
LLKPOOPYaVIoUWV Kal Spa oav «owvivn» - o
LLLKPOOPYAVLOMOC KaAuTtteTal e C3b kat eival
duvatn N GayoKUTTAPWO TOU Ao KUTTOPO TToU
dEPOLV UTIOOOXEIC CUUMTANPWMATOC

" To C3b umopet va ouvdebel pe tn C3 convertase
TNC KAQLOOLKNC KoL TNG EVAAANQKTLKAC 000U Kol va
oxnuotioel to evlupo C5 convertase

* H C5 convertase dtaomna to C5, aneAeuBepwvovtac To
C5a, éva etatpeTikd podAeypovwdec memtidLo Kal To
C5b

* To C5b ekkwel Ta «oPLpa» otadla Tne evepyomnoinong
TOU CUUTTANPWHOTOC TIOU KATAANYOUV OTNV
TAPOYwWynN TOU CUUMAEYUATOC TIPOOBOANC TNG
neuBpavnc [Membrane attack complex (MAC) ]



AmnoteAéopata TNG

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

’ surface and releasing C3a
EVEPYOTIOLNONG
TOU ( 3 ( )
CUMTANPWHATOC O °© o
(’ C3b C’ C’
|
I L J L vﬂ—,
N/ NS N

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

= infected tissue ¢

Phagocyte

/90

complement
receptors




Ta mpodAeypovwodn UKPA KAACUOTA TOU OUUTTANPWUOTOC

«Avadpulatoéivec»

" Ta kAaopata C3a & C5a dpouv o€ eldkouc utodoxelc ota evdoBnALlaka Kot
TOL OLTEVTIKA KUTTAPQ KAl 0dnyouv o€ Torikry pAeypovwon amnokplon. To
C5a €xeLtnV Loxupotepn Opaon

Cda: Oev €xeL Loxupn mpodAeypovwdn dpaon kot dev £xeL eLOLKO uTTOdOXEQ.

" Meyalec moootntec C3a & C5a Spouv CUCTNUATLKA KAl TIPOKAAOUV
avaduAakTiky katamAnéia =2 «avapulatoivec»

2UoTaon TwV AWV HULKWY VWV, avénon TNG ayyELaknc SLamepatotnTag Kal
ETAYOUV TNV EkPPACN LOPLwV TIPOOKOAANONG ota evooBnAlaka KutTapa
EvepyormoloUv Ta OLTEVTLKA KUTTAPO 0TOUG UTTOPAEVVOYOVLIOUC LOTOUC, Ta omola
aneleuBepwvouv PAEYUOVWOELS LecOAABNTES OwC N LoTtapivn kat o TNF-a.

H CUGOWPEUGN LYPOL OTOUG LOTOUG ETULTAXVUVEL TNV KivNon TwV
QVTLYOVOMAPOUCLACTIKWY KUTTAPWY TIPOG TOUG ETUXWPLOUG AedadEVES Kal
OUVELODEPEL OTNV TAXUTEPN EVAPEN TWV ATIOKPIOEWY TNG ETKTNTNC AvVOoiag.



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

H dpaon Twv
C3a & Cha

= OL6paocelc Twy C3a & Cha
ETILOTPATEVUOUV AVILOWUOTA,
CUMTANpWUO Kol payokUTTapO
oTNnV €0tia TNC AolpwéNnc

* To C5a €xeL aueon 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

oudeTEPODIAQ KaL TAL
LoOVOKUTTOPO: AUEAVEL TNV

complement
components

TIPOOKOAANTLIKOTNTA TOUC OTO
Tolywpa Twv ayyelwy, xeL
XNUELoTaktikn Spaon Kat
au&Aavel TN GayoKUTTAPLKI) TOUC
LKOVOTNTO KoL U EAVEL TNV
Ekdppaon Twv UTTOOOXEWV
oupnAnpwpatog (CR1, CR3)




YoS0xelC GUUMANPWHATOC Kol GayoKUTTAPWO s

" H onuovtikotepn dpAcn TOU CUMMANPWMATOC elval n SLeuKOAUvVON TNC MPoOoANPNg
KoL KATOLOTPOPNC TwV aboyovwy amo ta payokUuTTapa.

" Ta payokuttapa depouvv otnv ermdpaveLld Touc umodoyxeic cupnmAnpwpatoc (CR) mou
Sdeopevouv maboyova oPwvivorotnpeva amo to C3b (kat Atyotepo amno to C4b).

* JuvnBwc yla tnv evapén tng GayokuTTAPWOoNG AMALTE(TAL KAl n EVEPyomolnon Tou
dayokutTtapou, cuvnBwc ano C5a

" QOuunodoyxeic ekppalovtal oe Stadpopa 0N KUTTAPWV: LakpodAya, LOVOKUTTAPA,
B & T Aepdokutrapa, oudetepodila, SevOpLTIKA KUTTAPO

= (CR1, CR2, CR3, CR4: cuvdeovtal pe C3b to onolo Bploketal otnv emipaveLla Twv
naboyovwv

" To C3b tn¢ emupavelac twv naboyovwy OLooTIAToL (Ao T PUOULOTIKES TTPWTELVEC
napaywv P kat MCP) og un dpaotikd kAaopata (iC3b).

* Ta kAaopoata tou C3b avayvwpilovtal amno dtadopouc unodoyeic: to C3dg avayvwpiletal
aro tov untodoyxea CR2 mou unapxel ota B Aepudpokutropa — e auto Tov TPomo Ta B
KOTTAPA IOV avayvwpllouv To avtlyovo tou maboyovou AauBavouv LoxupoTEPO
SLEYEPTIKO OAUA =2 LOXUPOTEPN AVTLOWLLATLKA armoKpLon



/
Receptor | Specificity Functions Cell types Yn O 6 OXE Lq
Promotes C3b and C4b decay Erythrocytes, !
CR1 C3h, Stimulates phagocytosis (requires C5a) macrophages, monocytes, 0 U HHA n p w uato q
(CD35) C4bi Erythrocyte transport polymorphonuclear leukocytes,
of immune complexes B cells, FDC
. 14 14
. Part of B-cell co—receptor_ EL6LKOL Vl_a OUVKE KpLHEVCX
CR2 C3d, iC3b, Enhances B-cell response to antigens B cells, f
cD21 C3d bearing C3d, iC3b, or C3dg FDC
( ) 9 Epstein—Barr virus receptor K)\ao- Mara
/4 I
gﬁli—ﬂ Macrophages, monocytes, O L T[E p LOOOITE p O l' 8 LVCXL
g iC3b Stimulates phagocytosis polymorphonuclear leukocytes,
(CD11b: !
ol foc EUOOWTIKOLTNG
&%50 95) cab Stimulates of s I}/Iacroprt:agesl, molnockytest, d)avo KUTTaprn q
' i imulates phagocytosis polymorphonuclear leukocytes, -
E%J:g)q dendritic cells * E:A|6PEZ,H : C5 I_Z —
urtoooxeac C5a pe
CRI C3b, Phagocytosis of circulating Tissue-resident macrophages, X S ' M
g iC3b pathogens hepatic sinusoid macrophages p U e H[_O"[LKO pO)\O
14 4
Neutrophils,
?scaeptor C5a Binding of Cba maiﬁggﬁaé:s, I\/I T[O p 8 l' Va ,O-U UMETEXO U V
i i dothelial cell
(CD88) activates G protein en r?qasetliellcs S, O-ELC ano Kp LOE l.q -[r] C
14 14
C5L2 C5a Decoy receptor, Neutrophils, ET[ LKTnTn C aVOO Laq
(GPR77) regulates Cba receptor macrophages ° C R2 . OUVUT[OCSOXE'OLC BCR
P Macrophages,
C3a Binding of C3a, .
receptor C3a activates G protein endothelial cells,
mast cells




2UUTAEY O TTPOOBOANC pepBpavng

Altadoylkec avtdpaoel evepyomnoinong C6-C mou odnyouv 0TO OXNUATIOMO
£VOC TMOpou otn Autdlakn duthootolBada tou Baktnplakol KUTTAPOU

®* OAvatoc ToU KUTTAPOU LECW KaTAAuonc tou mpavoulc (gradient) mpwtoviwy
Exkivnon: Atdomaon tou C5 amno tnv C5 convertase kat mapaywyr C5b
Atadoykn cuvdeon oto cUpmAeypa tou C6 kot C7

To C7 udlotatat alayn Slapopdwaonc KaL ELOEPYETAL OTN LEUPBPAVN TOU
KUTTAPOU

Me tov (6o Tpomo cuvdeevtal oTo cUUMAeyua To C8 To omolo KaTaAUEL ToV
noAvpepLopo 10-16 poptlwv C9 Kal To oXNUATIOUO (Lo cwAnvoeLdboug
dopnc (drapetpoc 10 um) n omola emiTpemneL TNV eEAeVBepn dlodo Ldatog
Kot SLAAULEVWY OUCLWV.

* Eloobog evluuwyv (Avooluun)

MNeploplopévn Broloyikn onpoocio — EAetpata C5-C9 = Aolpwéeslc amnod
Neisseria spp
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To cupmANpwpA KUKAOPOPEL OTO atpa aAAQ
EVEPYOTIOLELTOL OE ETULPAVELEC

H evepyormoinon Tou oUUMANPWUATOC EEKLWVAEL UE TN oUVOEDN TWV
MPWTEIVWY TOU PE TNV eTiLdAveLa Tou taBoyovou

Elval onpavtiko n evepyomoinon va neploptletal otnv empaveLla Tou
naboyovou Kol va [NV EMEKTEIVETOL OTO MAACUA N 0TNV ETULPAVELA TWV
KUTTAPWV TOU EEVLOTN

To C4b npenel va oxnUatioel OLLOLOTIOAKO SECLO LE TNV ETULPAVELD TOU
noaBoyovou

Av auTO 6ev cupPel (evtoc msec!) o Beloeoteplkoc Seopoc udpoAUETaL KAl
To C4b amevepyormoleital

‘EtoL epmodiletal n dtayvon tou C4b pakpla amo to maboyovo Kal n
MPOOKOAANCN TOU OTA KUTTAPO TOU EEVLOTH).

Ta enoueva kKAaopata (C2, C3) evepyomnolovvral cuvdedepeva oto Cab,
OTIOTE KOl EKELVOL TTAPAEVOUY OTNV eTLPAvVELA TOU Tto.Boyovou



[Twc meploplleTal N EMEKTAON TNC
gevepyorolnonc tou C3b

thioester aﬂa

bond

C3 convertase
(C4b2a)

pathogen
%
()




PuBuLoTikol pnyowviopol tTng evepyomnoinonc
TOU CUUTIANPWUATOC

" H evepyomolnon Tou CUUTMANPWIATOC VIVETAL TTAVW OE
BoKkTnpLakeC HEUBPAVEC KaL TIEPLOPLIETAL OE AUTEC

" PUBDLIOTIKEC TIPWTELVEC: OLAAUTEC N LEUPPOVIKEC
MPWTELVEC OL OTOLEC TTEPLOPL(OVV TNV QLUTOUATN
EVEPYOTIOLNON TOU KATAPPAKTN TOU OUUITANPWHLATOC.

" C1 inhibitor (C1INH): amopokpuvelta Clr:Cls amo to
Clg kol eploptlel TNV evepyomoLnon TNC KAAOOLKNC
000U

* ‘EAewn C1INH: kKAnpovouLKko ayyeLtooldnpua

" Protectin (CD59): avaote el Tn dnuoupyia tou MAC



PUOLLLON 6paocTNPLOTNTAC OUUITANPWHOTOC

C1q binding to antigen:antibody
complexes activates C1r and C1s

C1 inhibitor (C1INH) dissociates C1r and
C1s from the active C1 complex

microbe




PUOLLLON 6paocTNPLOTNTAC OUUITANPWHOTOC

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

I CD59
>

c9

C5b678




Regulatory proteins of the classical and alternative pathways

Soluble factors regulating complement
Ligand/ . . .
Name e Action Pathology if defective
C1 inhibitor Cir, C1s (C1q); | Displaces C1r/s and
(C1INH) MASP-2 MASP-2, inhibiting Hereditary angiodema
(MBL) activation of C1g and MBL
o . Displaces C2a; cofactor
C4-binding protein for C4b cleavage
C4BP Cab
(C4BP) by factor |
CPN1 :
(Carboxypeptidase N) C3a, Cha Inactivates C3a and Cba
: Age-related macular
Factor H C3b f[')olrs al’fciif le’ cofactor degeneration, atypical
hemolytic uremic syndrome
Serine protease, Low C3 levels, hemolytic
AL C3b, C4b cleaves C3b and C4b uremic syndrome
: C5b67 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 |
receptor 1 C3b, C4b 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 | gmjr:figl hemolytic
(MCP, CD46)

Protectin (CD59) c8 Inhibits MAC formation Paroxysmal nocturnal

hemoglobinuria




O pOAOC TOU CUUITANPWHATOC OTNV ETILKTNTN
avoola

To CUUMANPWHOL 6pa Kuplwc ota mAalola tTnc dpuoikne avoolac aAAd
eTLOPA KOl TNV ETUKTNTN avooia

H opwvivomnoinon tTwv maboyovwy armo To ou un)\r']pwua SLEVKOAUVEL TNV
npocAnyPn Toug amo Ta aVILyOVOTIapOUCLOOTIKA KU'E'EO(pOL Ta omola pEpouv
unocSoxac oLl un)\npwuoctoc ‘EtoL evodwveTal n mapouciacn Twv
avtlyovwy ota T kuTTapa

Ta B )\euclJOKurtapa cbepouv uTtoO0XE(C oU ur()\r]pwuaroc H (Ssoueucm TWV
UTTIOOOXEWV QUTWYV EVIOXVEL TIC AVTIOWHOTIKEG ATOKPLOELC TwV B KUTTApWY

Oplopéva amo ta KAACOUATO TOU CUUMANPWHOTOC UITOPOUV VA ETINPEATOUV
TNV apaywyrn KUTTOPOKLWVWY QTto TA AVTLYOVOTIPOUCLAOTLKA KUTTAPQ,
ETIOMEVWC VA ETLOPACOUV OTNV KATEVLBUVON KoL TNV EKTOON TNC ATTOKPLONC
NG €mikTNTNCG avoolac.



Epyaotnplokoc mpoodLlopLlopocg

MeBodboAoyia:

®  AVTLYOVLKOC POoOoOLOPLOUOGC: aVvOOOAOYLIKEC LEBodoL yia C3 & C4

® AELTOUPYLKOC MPOCOLOPLOUOC: OALKO OULLOAUTIKO cupmAnpwa (CH50).
CH50: ikavotnta opou va AVeL epuBpokUTTapa Ipoatou
guaLoOntonolnpeva pe IgM

® EA€yxovtal oAa ta kKAdopata tne KAaootkc odou (C1-C9). Aev e EyxeL TANPWC
TNV evaAlaktikr) 0d606 (Factor B, properdin)

* MeBoboc screening
C3 & C4: Nedpelopetpla

® AELTOUPYIKEC SOKLUAOLEC CUYKEKPLUEVWY TIPWTEIVWYV: 0€ €LOLKA EpyaOTHPLA —
ouvnNBOwc dev xpelalovtal KaBwe 0 avTlyovikog mpoodloplooc cuuPadilel pe tn
AELTOUPYLKN LKavOTNTA

* [lpemel va akoAouBouv tnv eVpeon xapunAou CH50



CH50

" Tun: to avtiotpodo tTnS apaiwonc mou AveL Tto 50% Twv EpUOPOKUTTAPWV

® (CH50=200 u/mL = 0 0poc tou e€eTtaobevtoc AUel To 50% TwV £pUBPOKUTTAPWY
o€ apaiwon 1:200

* EWOIKEC ouven KEC xaptouou SelyaTOC: OL TIPWTEIVEG TOU CUUTANPWUATOC €lval
aotaBeic — dpeon eg€taon N dulaén oe katapuén

= XapnAa enimeda:
® [ToAU xopunAd f unOevIka: 2uyyevng eAeLP N eVOC N TIEPLOCOTEPWY TIPWTEIVWV
TOU CUMUMANPWHATOC. My matdld pe umotporitdlovoec BaKTNPLAKES AOLUWEELS
kot CH<10 u/mL
* XaunAd enimeda: KATAVAAWON CUUTMANPWHATOC AOYW TIAPAYWYNS
QVOCOCUMUTAEYLATWY (Tapoucia avtoaviiowpatocg). My SLE, kpuoodatpvatuia
" YynAa enimeda:

* Mepoc tnc avtidpaonc ofelag dAong — EKTOC amo aUTO oL UPNAEC TLUEC dev
exouv WoLlaitepn onpaoia



C3&C4

OL ouxvotepa MPooOLOPLLOUEVEC UELOVWUEVEC TIPWTEVEC TOU
OUUTANPWHATOC.
C3d (N N), C44,: evepyomnoinon tng kAaoolkrnc odou
* Noonpata amnod avoocoouunAeypata: SLE, kpuoodatpvatpia
®* To C3 umopel va petwvetal aAAd va TtopapeveLl o€ GUOLOAOYLKA eTtimeda
C3/, C4N: evepyormoinon evarlaktikng odou
®* Baktnplakec AOLUWEELS
* MeuBpavoinepnhaotikn onelpapatovedpitidoa (C3 vedpltidikog mapayovIag)
* ‘Evéela mapayovta H
C3N, C4 { :
* Juyyevnc EAeupn C4 (C4 null alleles)
* KANPOVOLLKO ayyelooidnua



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: 26t Ed (2020)



2UYVEVN EAAELLOTO OUUTTANPWLATOC

>uvnBwc umapyxeL etepoluywtia — oL opoluywTeC €lval omaviot
EAelppata ota mpwipa kKAdopata tne kKhaoowknc odou (Clg, Clr, Cls, C4, & C2)
odnyouv o€ nmpodlabeon yLa auTtodvooa voorpata, Kuplwc SLE.
* Mnopel eniong va mapatnpnBouv Kot UTTOTPOTULALOUCEC AOLUWEELC
EAAeLpoTa TwV OP LWV KAAOUATWY TOU CUUMANPWHATOC TNC KAaoolknc odou (C3-

C9) npodLabeTouv og UTOTPOTILALOUCEC AOLUWEELC EOLIKA arto S. pneumoniae, H.
influenza (EAeuwpn C3) kat Aotpwéelc amod Neisseria spp (EAewbn C5, C6, C7, C8, N
C9)
EAAelpaTO pUBULOTIKWY TIPWTEIVWVY — AVEEEAEYKTN EVEPYOTIOLNCN TOU
ouurt)\npwuatoq

MARPNC EAelPn o0dnyel oe KatavaAwon MOAAATIAWY KAQOUATWY €VTOC TNG (&Lag odou

Ta petwpeva enimeda 0dnyolv o€ Evtovn TOTUKY) PAEYUOVA | CUCCWPEVGCN KUTTAPLKWY
UTTOAELLLUATWV.

KANpOVOULKO ayyelooidnpua, ATUTIO ALLOAUTIKO-0OUPALLLKO CUVOPOLO, YEPOVTLKY EKDUALON
wxpac knAldagc



ALQTapOXEC PUBULOTIKWY TIPWTEIVWY TOU
OULTIANPWHLATOC

KAnpovoutko ayyeltooidbnua: evoela tou C1INH pe amoteleopa
urtepBoALkn mapaywyn C2b mou 0dnyel o mapaywyn C2 Kwivnc.
* Emnilonc umapyxet kat umtepPoAikn mapaywyn Bpadukwivng eattiac pn
QAVOLOTOANC TNC KAAALKPEIVNC (eAEyxeTal Kal autr) armo tov C1INH)
aHUS: Alatapaxn o€ puBULOTIKEC TIPWTELVEC TNC EVAANOKTLKAC 000U
[factor H, factor I, MCP (CD46)] pe anoteAeopa evooBnAlakn PAALN
[epovTikn eKPUALON WYPAC KNALOOC: AlaTAPAXEC OTOUC TIAPAYOVTEC
H kot | odnyoUv o€ evtovn Torkn GAEyLLOVH).
[TapououLkn VUKTEPLVN aLpoodatpvoupia: Slatapaxn Tou poplou
GPI to omolo eivat umevBuvo yLa tn cvvdeon PUBULOTIKWY
NPWTEIVWYV Tou cupnmAnpwpatoc (DAF, CD59) — evepyonoinon
OUUTTANPWLATOC.
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Mnyaviopot Staduyic Twv maboydvwy amnod tofe:
OUUTANpW A "

Ta maBoyova €xouv e€eAiel unxaviopouc dladuyng amo tn dpaon Tou
OUUTTANPWUATOG
2UvOEON PUOULOTIKWY HOPLWY TOU CUUMANPWHATOC OTLC ETUPAVELEC TOUG

* Neisseria meningitidis: mapayel factor H binding protein kat PorA, adpavormnolel
To C3b KoL aVOLOTEAAEL TNV EVEPYOTIOLNON TOU OUUMTANPWUATOC

‘EKKpLON TIPWTEIVWY TIOU OVOLOTEANOUV QUECOL OTOLXELQL TOU OUUMANPWHLATOC

® Staphylococcus aureus: mapayeLl Spa — cuVOEETAL UE TO KAAopa Fc Twv
avooodalplvwy Kol epmodilel Tnv evepyonoinon tou C1.

* Staphylococcus aureus: Staphylokinase (SAK) — dtaomd TIC avoooodalpivec mou
£XOUV TPOOKOAANBEeL ot pepBpavn Tou maboyovou

* Staphylococcus aureus: Staphylococcal complement inhibitor (SCIN) — deopevel
TNV C3 convertase tnC KAQOOLKNC Kal TNG EVOAAAKTIKAC 060U.



[MpwTtelvec dLaduync OUUTANPWHLATOC

Pathogen Evasion molecule Host target Mechanism of action
Membrane proteins

%‘c’:ﬁ%ﬁdfs E?g’;[girn |}bean(§ing Factor H Inactivates bound C3b

fﬁgii]:‘)ifen' grlgtee rinsuErf?(;:s?pE) Factor H Inactivates bound C3b

;S);rgﬁrtggﬁg;us Ep;gmogogpcsagcs),urface Factor H Inactivates bound C3b




[MpwTtelvec dLaduync OUUTANPWHLATOC

Pathogen Evasion molecule Host target Mechanism of action
Secreted proteins
Neisseria :
meningitidis PorA C4BP Inactivates bound C3b
gﬂigzjs/lococcus ?éﬁg:)ping factor A Factor | Inactivates bound C3b
Staphylococcus Staphylococcus : Binds to Fc regions and
aureus protein A (Spa) Immunoglobulin interferes with C1 activation
Staphylococcus Staphylokinase . , ,
AUreus (SAK) Immunoglobulin Cleaves immunoglobulins
Staphylococcus Complement inhibitor C3 convertase Inhibition of convertase
aureus (SCIN) (C3b2a, C3bBb) activity







