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YUoTnuo 2upnAnpwpatoc (22): “Canonical” & “Non —

Canonical Evepyomoinon

Alternative pathway

| |
Classical pathway C1, C2, C4 /- ! :
. : —_— Cda i amplification loo I
: g;‘;‘bOdY and antigen C1r_,I_C1s p\ | P o P ! Extrinsic J—
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T I proteases : o~ gr—
I . —— 4
Alternative pathway I’ A‘ R [l @ @?ﬁ@
» Pathogens C3,FB,FD ]
* Altered self AT - - CRi1, CRIg
« ‘Tick over CSa-de@*— @39 @3[} Complement
- /\ - -y receptor ggagg
(cpPN ) FIy CR3,CR4, | signalling a
cDae Fil » Adhesion
= FH, FI, C4BP e Immune . )
Céd;_:l\\ CR2, CR3 »| complex
Q—//‘ clearance
Breakdown » Phagocytosis
pathway e Chemotaxis
C3aR . Immunel
. > modulation

Mastellos DC et al Nat Rev Immunol. 2024



YUoTnua 2upnmAnpwpuatoc: Mopla Evepyomotlnonc kKal

Mnxaviopot

Classical pathway Alternative pathway Lectin pathway

Immune complexes ‘Tickover’ GO carbohydrate
(IgM/1gG) glycoforms

C-reactive protein Amplification loop Cytokeratin-1

Apoptotic bodies (C1q)
Beta-amyloid fibrils

Serum amyloid P

Mitochondrial products

C4 nephritic factor

PTX-3

Coagulation system
‘cross-talk’

IgA immune complexes
Endotoxin

Polysaccharides
C3 nephritic factor

Cobra venom factor
Properdin

Acetylated proteins
IgG4 pathogenic
glycoforms

Mannose, N-acetylglu-

cosamine, fucose

Holers VM. Ann Rheum Dis. 2026



2>Nuela PuBuiwonc kat EAgyxou Tou 2U0TNUATOC TOU

2 U UTTANPWULATOC

Evioxuon

[Evanéeeo
[Avavvo’opton OTOXOU ]

Lectin pathway » FI = Fl
. MBL * FH Ampli_fifcg_tig:tl loop « FH
» Ficolins MASPs. c2.c4 » CABP So “T--,|, *C4BP
= CR1 = Fl o 3 convertaseY | = CR1 CE-CO
+ Carbohydrates NG « CD55 «FH  —H|C3b '| «CDS5 C5b )
) » CDA6 » CDA6 . F « CDAG 1
Classical pathway e e » Target
) . . ! Qpsonization
. g?tlbﬂd}' or antigen M C3 > Ca . C5 . (E’E::' > MAC | * Target killing
« L1g convertases 1 convertases T 1| « Inflammatory
reaction
Alternative pathway ¥ . gfﬁ? i
C3a ChEa L] LISTenn
» Altered se

» Tick over ’

[ZL’)veeon MAC ]

West EE, Kemper C. Nat Rev Nephrol. 2023



PuBuiotika
2UOoTNLLATA TOU
2 UUITANPWHOTO

Regulator Alternate  Localisation of activity Molecular target{s) of Mechanizsm of action Primary clinical manifest ation
nama{z) inhibitory activity with mutations or
palymorphic/expression
wariation
C1-INH n'a Fluid phaze Clr/Clz Protease trap HAE
MASP-1 /MASP-2
Factor H FH Fluid phaze GC3b Drecay-acceleration aHUS
Cell surface C3/C5 altemative Cofactor activity AND
Matrix pathwray C3 glomerulopathy (C306)
COTVETLasES Infecton
MAp44 n'a Fluid phaze MASP-1 Competitive inhibitor Infecton (associated with
MASP-1 deficiency)
MAp19 nv'a Fluid phase MASP-2 Competitive inhibitor Infection (associated with
MASP-2 deficiency)
C4b-binding protein C4-bp Fluid phase C3/C5 classical Decay-acceleration aHUS
pathway Cofactor actvity
COTIVertases
FactorI F Fluid phaze C3b Protease (requires cofactor) Recumrent bacterial infections
Cell membrane iC3b (loner C3)
Matrix Ch aHUS
iC4b
Decay-accelerating DAF Intrinzic membrans C3/C5 pathway Comvertase decay-aceeleration PMNH
factor/CDG5 055 convertases CHAPLE dizease
Membmane cofactor protein MCP Intrinzic membrans C3b Cofactor for Factor 1 aHUS
CDH46 Cdb
Membmane inhibitor MIRL Intrinzic membrans CH Disruption of CR:C9 and PMNH
of reactive lysis CD59 c9 poly-C9 binding interactions Haemaolysis with neurapathy
Vitronectin VTN Fluid phaze MAC Disruption of binding interactons | NA
Clysterip CI10 Eluid phaze BAAC Dizmuptiop of bindipe interactione L T8
Properdin P Fluid phase C3/C5 convertases Stabilizes alternative pathway Infection
Cell membrane C3/Ch convertases
Matrix
Complement factor CFHR1 C3 activation fragments  FH hmetion Drysregulates complement AMD
H-related 1 Cell membrane Potentially immune aHUS
Matrix TespOnse Anti-FH sutoantibodies
Apoptotc cells
CRP
Complement factor CFHR2 3 activation fragments  FH function Drysregulates complement C3G
H-related 2 Cell membrane Potentially immune
Matrix Tesponse
Complement factor CFHR3 C3 activation fragments  FH functon Drpzregulates complement aHUS
H-related 3 Cell membrane Potentially immune Anti-FH autoantbodies
Matrix response
Complement factor CFHR4 C3 activation fragments  FH function Drysregulates complement Infection
H-related 4 Cell membrane potentially immune
Matrix TespOnse
CRP
Complement factor CFHR5 C3 activation fragments  FH fimection Drysregulates complement C3G

H-related 5

Cell membrane
Matrix

Apoptotic cells CRP
Properdin

potentially immune
response

Holers VM. Ann Rheum Dis. 2026



YrodoyeLC TOU 2UOTNUATOC TOU 2UUITANPWLLATOC,

Kuttapikn Katoavoun kot Baolkec Aeltoupylec

(_mj , 7. ,
CD35 [/ AvocoppBuLdIoHdKpuvon drogwwXnyelotadia

OAULUEVWVY v uetve {onomon WBCs, PLTs, Mast cellsjﬂ

kot ERAVRE G sﬁwvw

, \ ' v
(v nouékpuvon ) ca W mlerntyol WA Wt 4
OVOOOGOU UITAEY LATWVY ‘ =tepss)= CR2 ¢ n AEeens P HE '8
v (D ’ (CD21) \ FCR
oyokKuTTapWOoN &
v" Fl cupnapdyovta ¢ RS
ovpMrapay G 1 (CD11bCD18)
v' iC3b > C3d H
\_ 8 _J ¢ C5aR1 C5aR2 C3aR
& (CD88)
Receptor g9
Complement ligand(s) C3b, C4b iC3b, C3d iC3b C3b Cba Cbha C3a
¢ Red blood cells « B cells « Macrophages e Kupffercells e« Macrophages e Macrophages e Macrophages
e B cells e FDCs » Neutrophils e Macrophages + Neutrophils » Neutrophils » Neutrophils
Primary distribution ® Podocytes o T cells s DCs » Kupffer cells e« Hepatic stellate « Kupffer cells
e Neutrophils e Kupffer cells » Kupffer cells
+ Macrophages « NK cells
e FDCs * Microglia

CRIg: Complement Receptor of the Immunoglobulin superfamily

Holers VM. Nat Rev Rheumatol. 2023



OpotomoAkn 2uvdeon Tou Avtlyovou pe to C3b ko n

olLaomoon Tou o€ looduvapouc 2uvdetec Tou CR2

( Non-complement
protease
Fl+ cofactor %
— \

) oo |10 %)y G

[
HS-C=0 HS-C=0

| I
OH OH OH OH O OH OH O OH
Relative CR2 binding +/- +++ +++ 4+

CUB = complement C1r/C1s, Uegf, Bmp1l domain

Carroll MC, Isenman DE . Immunity. 2012



To 2U0TNUA TOU 2UUMANPWHOTOC WC [Edpupa 2UvVOEONC

LETOEL TNC Epdutnc kat tne Emiktntng Avoolac

A. Zuvdéopeuon tou umodoxéa twv B
Aepdokuttapwyv  (BCR) pe  tov

urtodoxea CR2
B. MoplakOC OVOCOEVIOXUTIKOC POAOG
_ tou C3d Y,

¥

~

1 C3d-binding - CR2:
A. Zuv — OleyepTikd popLo ywa ta B
— KUTTO P
B. 1o katwdAL evepyomoinong

FDC

Twv B — kuttdpwv
\ %

Carroll MC, Isenman DE . Immunity. 2012



Odol Avayvwplonc Avtlyovou armo ta B AepdokutTapa

otov Aeudadeva

i cp21 | CR3
@ C3ad
)Q IgG
@ Ag

—]
L

Carroll MC, Isenman DE . Immunity. 2012



EvOokuTttaplo 2uotnua 2uprmAnpwpatoc (Complosome

s Intracellular
+ Subcellular compartments

» Extracellular
» Cells and tissues

CcD4as
C3 | (C3a)— i
convertase g)< —_

« Extracellular
« Systemic

Liver (hepatocytes)®

Detection and remaoval of
bloodborne pathogenic
threats and damaged self

Immune and non-immune cells

Induction of cell activation and
function in an autocrine and/or
paracrine fashion

Gene transcription

C3a

t

Immune and non-Immune cells

» Maintenance of cell survival and homeostasis
« Control of basic cell physiological processes

e[ C3 e
—— C3 )= Cytoplasm
@5;— con\f':EErtase —»{CS@ Cholesterol efflux |
1 284 * Autophagy
Vesicle b « MAVS activation
ChaR C3aR |
Lo
2 I.. o
) Mitochondrion
CD59
Qk_‘l_.‘ Lysosome
[ . .
\ c3) (&5 =
n e st
G
« Cytokines Insulin Cas o
. -C3Cs » NLRP2 activaticn secretion - C3aR
+ Survival ’
» Proliferation ;
Protein
translation mTOR ROS
mTORC OXPHOS
Glycolysis
I ATP production
Nucleus Ca™ flux
ER ETC flux

West EE, Kemper C.

Nat Rev Nephrol. 2023



2UO0TNUA 2UUITANPWUATOC: Tpormormolnon tne

BloAoyiac kat tnc Opotootaonc Twv T AEUPOKUTTAP WY

l‘ — M MTORC1 =—————> CD4+ T cells = Th1 cells

J— /63@ CD46
(C3(H:0)) 27
LT T ‘ b caar C3b)
4 _
SERAEE T
.' ‘l '| ] _._.__:.-'-"_"_ -"--'L'._'____._”
A Recycling “‘ "_-:-'ffk 0 ' 74 "\ Mitochondrion —_— ™ ROS =——> N NLRP3
Cytosol ‘. pathway S | a . f,_sf-'
. R CSE . 3 ) e
"”'ESH 0 )| f/"\ C5aR1 l
h ( } CTS\ 39 pe— i Intracellular complement
_4/ A y ( a)- Ll t * Cell survival and differentiation
' AV « Metabolic reprogramming /]\ ”—'1B
e Inflammatory priming
» Tumour progression
e Pathogen clearance
« Autophagy regulation

Nucleus

™ Th1 responses

Mastellos DC et al Nat Rev Immunol. 2024



EVOOKUTTAPLO 2U0TNHA 2UUTTANPWULATOC

Complosome) ota Kuttapa Kot Touc 1otouc

Immune cells Non-immune cells Tissue or organ
e T T
CD4" T cells Epithelial cells o .
« OXPHOS, glycolysis FHR-3 f‘b « Cell cycle i Kidney « Endothelial and epithelial
CD46 - » ROS production (.Ao « NF-kB nuclear translocation ! cell integrity and function
™| N « Gene transcription - * RNA translation !
c3 CCS,/\) + NLRP3 activation c3 (05;.\ * Autophagy ! Bladder «» Control of epithelial cell
| 1 | + Homeostatic survival ~ e « MAVS and RIG-| activation ! growth arrest
d « T 1cell induction and i | » +C3 expression !
contraction 1 « Maintenance of epithelial
FH Clga or b ———
C3aR  C5aR1 CtiBP T >| Intestine cell integrity
CD8" Tcells Endothelial cells Lung « Response to pathogenic
_ i E?;;YHac‘jéd ——— TS ——— or environmental stress
= « ATP production . -
» Mitochondrial respiration « NF-kB nuclear translocation Eve Responseto enviranmental
« I[FNy production -

» Cytotoxic activity
* SLEC survival

I
I
|
'
1
1
|
1
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1
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'
1
1
|
1
'
-
1
I
1
'
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'
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I
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'
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|
|

Pancreatic B-cells _
T « ROS production

+ Mitochondrial + Insulin secretion
respiration ———— 1 Pancreas Response to glycasmic

stress

biomechanics

z:g;%?rlfj:: lacr::ls « mTOR activation
Bcells « NLRP3 activation + Sensing of antigen
3 « Gene transcription i « HIF1a expression —l—— Joint re-exposure
‘ Cc3 i ! « Tissue priming
{(cay ) i
..\ /- i
o Hepalo?\.nfs « Lipophagy !
4 \ » VLDL secretion ! - f L
\ Liver . :«‘Iallntenagce otggrlra
c3 )0 - > i i [
Monocytes, « OXPHOS, glycolysis | ! riglyceride metabolism
macrophages « Mitochondrial homeostasis |
— « ETC flux, ROS i
. P « NLRP3 activation H
gC3 Q:_EIJ o IL-1B production Neurons * ROS production i
\ Handling of antigenic cargo = Mitochondrial , . i
g s ' L e . % respiration —————— Braln Response to hypoxic
. ’ i brain injury
: |
Pl
i
Neutrophils s Possibly control of h
cytoskeleton and cell N
i
1
[
|

Tissue-specific roles of Immune cells

West EE, Kemper C. Nat Rev Nephrol. 2023



Infection and infection-associated pathology

» Respiratory tract infections (C3, C3aR, CD46)
» Immunodeficiency (C3)
» SARS-CoV-2-induced lung pathology (C3)

c3) (C5) CaaR M cnaef%

Cardiovascular disease

» Atherosclerosis (C5, C5aR1)
e Plaque destabilization (C5, C5aR1)

OB 7
(C5) CsaRr1 [l

Cancer

» Colon cancer (Cl1g, C1gBP)
» Bladder cancer (CD46)

cm& f%

Kidney disease

+ Renal endothelial dysfunction (FH)

e Injury-induced nephropathy (C5, C5aR1)
e Fibrosis (C5, C5aR1)

e Clear-cell renal cell carcinoma (FH, C1)

C g i &

EvOOKUTTAPLO 2U0TNLLA TOU 2UUTIANPWHUOTOC

(complosome): PoAoc otnv AvBpwritvn Noco

Autoimmunity - arthritic disease

+ Rheumatoid arthritis (C3, CD46)
* SLE (Cl1q, C3, Cb, CD46, FH)
+ Scleroderma (C3, C5, ChaR1, CD46)

o) @ i iy &, f*

Diabetes and metabolic syndrome

+ Diabetes (C3, CD59)
+ Non-alcoholic fatty liver disease (C3)

C3) cD59 @

IBD
e Crohn's disease (C3, C3aR)
C3) (W

Potential complosome-driven disease

e AMD (FHR-3)

« Ageing-related pathological conditions of tissue

e COPD, asthma

¢ C3 glomerulopathies, lupus nephritis

« Chronic neuroinflammation (for example, AD and MS)
» Diseases driven by defects in haematopoiesis

C3 FHR-3 eee

West EE, Kemper C. Nat Rev Nephrol. 2023



H amoppuBuLlon Tou CUUMANPWIOTOC TTUPOOOTEL TNV

noBoyevela otnv PNH

4 )
1 o ot heomegiobmus O Noorjpata evboayyelakic alpoéAuvonc:

pa thway g ulatiof DAF f‘ ’ ’
(\_)/\ C3b o Bsonization o - u zUVGpO“O UT[EpaLlJ-OAU O-nc
L@ ——_{C3b) _} C3 inhibitor rrraeg;ﬁr:rlgggic?naization
Q% 5

FE\
Q—.@sb __ (cab
CSb CR'I and MAC formation u a H U S

\_/ x’/ l Abse ‘.‘l \ )

GPl-a h d

Red blood o IL| (C.’ib DAF a d CD59 l | Alternative pathway
-\ 4 dysregulation
/ ’ MAC
cad) A %o ®
e - o2 o
M st ©°
MAC . _os) 05‘-—/ o ®
;\-___ J_ () Cell lysis
i ntravascular

Qf\“ verand pleen /EI Evboayyelakn atpoAvon - T Alun 9\
&g | Evepyomoinon 22:

\<f.‘.3b .
X o< = | Factor | (I C3b)
icap) — "
. @b N = | ékdpaon CD46, DAF
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Mastellos DC et al Nat Rev Immunol. 2024



Complement dysregulation supports COVID-19-

associated immunothrombosis

i}%‘&& SARS-CoV-2

Complement activation

e Classical pathway: anti-SARS-CoV-2 IgG, IgM or autoantibodies

e Lectin pathway: spike protein glycan recognition by MBL

 Alternative pathway: competition between spike protein and
factor H for binding to GAGs

i |
l 'l 5aR1
l Neutrophil
W Neutrophll activation
/_ \ Tissue lv
; 0 * Endothelial cell factor
activation and injury L oy { NETosis
:E\(\'?LJL% A NET'
=< k4
Platelet Platelet Thrombus formation
activation and tissue injury
- » Vasculopathy
Thrombin i Vel * Thrombaotic
_. [ microangiopathy
7"’ * ARDS

s Multi-organ failure

O SARS-CoV-2:
=  Evepyormoinon kot Twv 3 odwv Tou
22

\

J

[

\_

d 1 C3a, C5a, MAC A
= P evepyomnoinon evéoBnAiou

= Ayyelakn BAABNn
= AvoocoBpoupwon

J

Mastellos DC et al Nat Rev Immunol. 2024



Evepyormotlnon Tou oupmAnpwuatoc: RA

x
Alternative ; | Classical
pathway; ° pathway

Cartilage

Bone

Activation of
immune cells
C SaR‘

e——

Immune cell

Synovium

Release of
matrix proteins

Immune \ ’

complex _

P Accumulation
Joint of immune cells
damage

Trouw LA et al Nat Rev Rheumatol. 2017



Alternative |

. Classical
pathway' ° pathway

-
+#

Endothelial
cell

C X C

Deposited
immune
©. .. complex

_

Activation of
immune cells

!

Ch5aR

Immune cell

l

Evepyomoilnon Tou ocupmAnpwuatoc: 2EA

Red blood cell

Transportation

complexes

Organ
damage

o,

Immune
complex

X

X X

X

oo oo ]
TNe . TTTTeT™ TN
Podocyte

—y@_, of immune
CR1

Trouw LA et al Nat Rev Rheumatol. 2017



Evepyornotnon tou cupnAnpwpuatoc otic ANCA

OXETL(OUEVEC AYVELTLOEC

¢ Neutrophil
priming

Released

ANCA properdin
Primed X I/ L o Alternative pathway
neutrophil > @ "mmemssmssssssssmccp @ ------------ .
- " e s S
iNCA Alternative ’." '."Classical \4
antigen ChaR pathway,’ .. pathway @
® ? ’
NET e, ’
oo 8
- S
e 3 i
¥ Activated
neutrophil
o0
‘Endothe[ial OROS
cell
C X X X X X )

Trouw LA et al Nat Rev Rheumatol. 2017



Evepyomotlnon tou cupnAnpwpuatoc: OA

Classical
pathway

) |

MB-lectin
pathway

Alternative ]

pathway
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inflammation
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- - ) <
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<
e = - %
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MAC (C5b-9)

Isotype control
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Mostly
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Wang Q. Nat Med. 2011



Noonuata mou oXeTiovtal e TO cLOTNLLA TOU

OUUTIANPWHOTOC KAl EVKEKPLUEVEC BepaTeLeC

Affected complement components Complement-driven pathologies Approved drug
Paroxysmal nocturnal No regulators CD55 and CD59 Increased AP activity; MAC-mediated nocturnal lysis of RBCs | Eculizumab (anti-C5);
haemoglobinuria (IVH); C3b, iC3b, or C3d deposition on RBCs (EVH in the liver)| ravulizumab (anti-C5);
pegcetacoplan (C3 inhibitor)
Atypical haemolytic syndrome LOF mutations in complement requlator genes (CD46, Increased AP activity; MAC-mediated injury of kidney basal Eculizumab (anti-C5);
CFH, and CFI); GOF mutations (C3, CFB); autoantibodies ~ membrane; platelet activation (C5aR1); endothelial cell ravulizumab (anti-C5)
against FH activation (C5aR1); TMA
Geographic atrophy secondaryto | Rare variants in complement genes (C3, C9, CFB, CFl, CFH, Increased AP activity; MAC-mediated death of retinal Pegcetacoplan (C3 inhibitor)
age-related macular degeneration | CD46, etc) epithelial cells and photoreceptors; increased ocular
recruitment of immune cells (C3aR and C5aRs)
ANCA-associated vasculitis (1 activation by autoantibodies to proteinase 3 CP activation with subsequent AP activation; neutrophil Avacopan (C5aR1 antagonist)
(PR3-ANCA) or myeloperoxidase (MPO-ANCA) expressed activation (ROS production) and NET formation (C5aR1);
by neutrophils endothelial cell activation (C5aR1)
Neuromyelitis optica spectrum (1 activation by autoantibodies to aquaporin 4 CP activation with subsequent AP activation; MAC-mediated| Eculizumab (anti-C5)
disorder expressed on cells of the CNS injury of astrocytes and subsequent neuronal damage
gMG (1 activation at neuromuscular interfaces by anti-AChR  CP activation with subsequent AP activation; MAC-mediated| Eculizumab (anti-C5) and

damage of cell membranes at the neuromuscular junctions | ravulizumab (anti-C5)-both for
anti-AChR+ gMG

Cold agglutinins disease C1 activation by IgM antibodies recognising RBC CP activation with subsequent AP activation; MAC-mediated| Sutimlimab (anti-C1s)
antigens at temperatures <32°C lysis of RBCs (IVH); C3b, iC3b, or C3d deposition on RBCs
(EVH in the liver)
COVID-19 Direct CP, LP, and AP activation by SARS-CoV-2 spike Endothelial and epithelial cell activation and injury (C5aR1, | Vilobelimab (anti-C5a); US
protein; SARS-CoV-2-induced type 2 pneumocyte local ~ MAC); activation of the clotting cascade; immune cell Food and Drug Administration
(3 production and activation recruitment and activation (C3aR and C5aRs) emergency use authorisation

AChR=anti-acetylcholine receptor antibody. ANCA= anti-neutrophil cytoplasmic antibody. anti-AChR=autoantibodies to the acetylcholine receptor. AP=alternative pathway. CP=classical pathway. EVH=extravascular
haemolysis. FH=factor H. gMG=generalised myasthenia gravis. GOF=gain of function. IVH=intravascular haemolysis. LOF=loss of function. LP=lectin pathway. MAC=membrane attack complex. NET=neutrophil
extracellular trap. RBC=red blood cell. ROS=reactive oxygen species. TMA=thrombotic microangiopathy.

West EE et al Lancet. 2024



Complement therapeutics and their targets in the

complement pathway

Classical Lectin Alternative
Antigen-antibody Microbial carbohydrates, ‘ Tickover, Acceptor
complexes, Innate ligands MBL, Ficolins, Collectins surfaces

\m = Narsoplimab v
| C1qC‘1rC1s | " MASP-1/2 L ch

W( 1 Pegcetacoplan e l .
C3(H20) | 0 .
Danicopar BN ‘ Katnyopieg:

Iptacopan Properdin

v Erperdn " Qgpaneieg pubulotwy TOU 22
’ [caven = AvooToAeiC Twv 08wV evepyonoinong

TOU 22

Pegcetacoplan
\/ — J = AvaotoAei¢tou C3 R C5

ﬁ i * " AVOOTOAE(G TWV EKTEAECTWV N
05 Convertases —h C4b2a3b C3a,iC3b C3bBb3b ,

CSd \ UTtOSOXEWV TOU 22 /
Eculizumab

Ravalizumab
Complement Pozghmab
receptor ligands Avacincaptad

Zilucoplan

Crovalimab
MAC Avacopan
Vilobelimab
Lysis, Cell Activation

Holers VM. Ann Rheum Dis. 2026



PeupatoAoyLlka VOO UOTA KOl OLVOLOTOAELC TOU

OUUTIANPWHOTOC WC BeparmeuTikn EmMAoyn

Disease Approved  Correlative human disease biomarker  Primary clinical setting and/or positive Supportive murine model(s)
therapeutic data case reports
ANCA-associated Avacopan  Presence of histologic, urinary and Steroid sparing and clinical benefit in AAV  C5aR inhibition and alternative pathway
vasculitis circulating complement activation with renal disease [66] deficiency impairs passive antibody
fragments [77,78] transfer-induced renal disease [79,96]
Rheumatoid arthritis No approval Presence of histologic and circulating  Early RA [80] Many pathway and receptor inhibitors
complement activation fragments [9] (summarised in [9])
Lupus nephritis No approval Presence of histologic and circulating  Case reports with eculizumab in refractory Inhibitors of alternative pathway, MAC and
complement activation fragments systemic disease or lupus nephritis [84] C5aR1 receptor [83,98]
971 TMA-like presentation
Dermatomyositis No approval Presence of histologic complement Not tested but likely best in clinically NA
activation fragments [81] active disease [99]
Antiphospholipid No approval Presence of circulating complement Case reports with eculizumab in cata- Classical and alternative pathway defi-
syndrome activation fragments [87] strophic antiphospholipid ciency or receptor inhibitors [100,101]
syndrome [88]
IgA vasculitis No approval Presence of circulating complement Not tested but likely in clinically active NA
activation fragments [81,82] disease
Scleroderma No approval Low factor levels potentially Chronic disease NA
secondary to consumption Case reports of renal crisis with eculizumab
[85]
SpA (PsA, axSpA) No approval Presence of circulating complement Not tested but likely best in clinically Improvement with complement inhibition
activation fragments [89,90] active disease in model of ankylosing spondylitis [91]
Gout, crystalline No approval Ex vivo complement activation Not tested but likely best in clinically NA
arthritis by crystals [92] active disease
Osteoarthritis No approval Presence of histologic and synovial Chronic disease [93] Specific pathway or C5aR1 inhibitors [93]
fluid complement activation frag-
ments [93]
Behcet's disease No approval Altered complement receptor levels Not tested but likely best in clinically NA
[94] active disease
IgG4 disease No approval Hypocomplementaemia [95] Not tested but likely best in clinically NA
active disease
Complement- No approval Variable complement biomarker Case reports of renal crisis with NA

activating
conditions (CAC)

associations [86]

eculizumab [86]

Holers VM. Ann Rheum Dis. 2026
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Deficiency

Gene localisation

Results of complement
analysis™

Associated Symptoms/Disorders’

OMIM database

ComHonem.s —
Clg 1p36 CH50 | SLE-like (= 90%, mostly clinically severe), infections 613652
C1
Clq
Clr/s (mostly combined) 12pl3 CH50 | SLE-like, RA, infections 216950
Cl1
Clr
C4 (C4A, C4B) 6p21 CH50 | SLE-like, RA, infections, homozygous: severe symptoms; heterozygous: 614380
C4 often clinically inapparent 614379
c2 6p21 CH50 | SLE-like, RA, infections (pneumonia), vasculitis, often clinically 217000
c2 inapparent
c3 19p13 CH50, AH50 | Pyogenic infections 613779
C3
5 0g33-34 CH50, AHS0 €5 | Meningitis (Neisseriae), SLE 609536
Ch Epl3 CH50, AHS0 Co | Meningitis (Neisseriae), SLE 612446
c7 Epl3 CH50, AHS0 C7 | Meningitis (Neisseriae), SLE 610102
CBa—y*/CBp C8a/P: 1p32 CH50, AHS0 C8 | Meningitis (Neisseriae), SLE 613790 613789
CBy: 9g34
c9 Spl4-pl2 CH50, AHS0 C9 | Neisserial infections (mostly asymptomatic) 613825
Factor B 6p21 AHS0 FB | Neisserial infections 615561
Factor [) 19p13 AH_SO FD - | Meisserial infections 134350
MEBL 10g11 LP function MBL | Bacterial infections (mostly asymptomatic) 614372
Ficolin 3 (H-Ficolin) 1p36 Ficolin | Respiratory infections, necrotizing enterocolitis 613860
MASP-2 1p36 LP function MASP-2 | Respiratory infections 613791
|

MASP-3, CL-K1, CL-L1

1p36, 225, 3q27

MASP-2 CL-K1, CL-L1

IMC syndrome

257920, 265050,
248340

Regulators
Cl-Inhibitor 11g11-ql3 C4 C1-INH | Hereditary angioedema 106100
C4-binding Protein 1932 C4BP L 120830 120831
I Properdin Xpll (AHS0) Properdin | Meningitis (Neisseria), 312060
Factor H Igqa2 Homozygous: CH50, AHS0 } Intections, aHUS /C30G TUOR12
C3 FH
Heterozygous: CH50, AHS0 | aHUS, C3G/MPGN
n/C3 n/
FHR1 (FHR3) 1932 (1932) CH50, AHSOn C3nFHn aHUS, RA, SLE often associated with factor H autoantibodies = = 134371
DEAP(deficiency of CFHR proteins and CFH autoantibody positive)-
HUS
Factor [ 4q25 CH50, AH50 C3 | Infections (sepsis, meningitis, pneumonia) aHUS 610984
CD46,/MCP 1932 CH50, AH50 n CD46 | aHUS 120920
CDSE/DAF 1932 CHS50, AHS0 n CD55 | CHAPLE syndrome: Severe enteropathy Angiopathic thrombaosis 226300 125240
Complement hyperactivation
PIG-A: X Paroxysmale nocturnal hemoglobinuria (somatic mutation of PIG-A 300818
Gene**)
CD59 11p13 CH50, AH50 n CD59 | GBS-like symptoms, hemolysis 612300 107271
PIG-A: X Paroxysmale nocturnal hemoglobinuria (somatic mutation of PIGA 300818
Gene**)
Receptors
CR3 (CD18/CD11k) CD18: 21q22 CD18/CD11b | Leukocyte adhesion deficiency I (LAD I) 116920
CR4 (CD18/CD11c, LFA-  CD11b: 16pll CD18/CD11c 600065

1)

CD1le: 16pl1

Carroll MC, Isenman DE . Immunity. 2012




2Uyxpovec MeBodol Atlohoynonc tnc ApaotnpLOTNTOC

TwV OOWV TOU 2UUTANPWUATOC

Testing category Factor(s) measured Testing method(s) and strategies Clinical setting example(s) Example(s) of
clinical utility
Pathway component level E3 ELISA Complement deficiency Diagnosis
c4 SLE Disease flare
aHUS Prognosis
Other complementopathies
D I-l ! A ! z Z Pathway function CH50 Haemolysis andfor Complement deficiency Diagnosis
8 p LO p LO 'J'O l- OT nv a l-o Ov r] 0 r] TO U OT r]V APS0 ELISA activation measure Therapeutic effect Disease flare
’ ’ sC5b-9 generation
KAWVLKA Ttpagn: allpathuays)
.
, , , Activation products Clg ELISA Lupus nephritis Disease flare
] A X r] 6 e p u ( X C3a Immunohistochemistry AAV Prognosis
Vl' VE U 0 E l LKwV aU 0 atwv T[ AN C5a Antibody-mediated transplant rejection

Glomerulopathies

CBa, C5a, SC5-9) ié:;cblcsd

Protein complexes sC5h-9 ELISA

= A&loAdynon katavaAwong —
napaywyng

C3 and C5 convertases

Immunohistochemistry

Lupus nephritis
C3 glomerulopathies

Diagnosis
Disease flare

Genetics FH DNA seguencing aHUS Diagnosis
MCP C3 glomerulopathy
4 L L Fi Infecti
" EVTOTILOMOG OUYKEKPLUEVNG EAAELPNC i
7 J 7 Cc3
= Metpnon tng avaotoAng o€ aocBevelc re
CFHR
7 ’ ’
uTto Bepareia (C3 avaotoAeic) =
Autoantibodies Anti-Clq ELISA Lupus nephritis Diagnosis
Anti-FH Function aHUS Prognosis
C3 and C5 nephritic C3 glomerulopathy
factors
Cell-fixed activation fragments J Cell-bound complement Flow cytometry SLE Diagnosis
activation products Prognosis

Holers VM. Nat Rev Rheumatol. 2023



Epyaotnplokn avaAuon Twv OLatTopaxwy Tou

OUOTNLATOC TOU CUUITANPWUATOC

,Complement status”
[ D Red F|agS ] Classical {CP) / altemnative (AP} f lectin pathway (LP) function (F)

C3, C4, activation products (e.g. C3d, sC5b-9)

h

CP-F', AP-F2, LP-F® = CP-F!/LP-F* andfor AP-F2}, CP-F! and/or LP-F2 and/or AP-F2},
, , activation products 4 activation products 4 activation products —r
L MnviyyttdokokKLKN pnviyyitda og I i T
AWKiec > 5 eTwv 4 N Y £ N
D r] q i , cg;:satéﬁgﬁﬂagrﬁgaeggggd compiement consumption? Protein loss syndrome?
YT[OTp ot LOLZO UOE c ouv GTr] uaTLKE C defect of regulators? defect of parhw?}; cor?ponenls or Deﬁcfe:?cy of CRP. AP, LP or common
}\O l,l.l(b&&: l,q aT[(I) BaKTr’] p Lo lJ.E K(’],LIJ a ¢ regulators? terminal pathway components?
NG N AN A
1 Autoavooa voonpata (ZEA) ™~ o ol
, , , expression/function of FH, FI CP: C1g, C1r,C1s,C2,C4
L Ayyelooidnua anouvoia kvidwong Ceulisiz sicenibodies i FH F aucanbodies o C1q
D q)AEv uov(bé r'l Voor'] ua-[a TWwV stabilizing autoantibodies AP: FB, FD, properdin .
against AP C3 convertase LP: MBL, MASP1;‘2, ficolin
' 1 (e,g. C3 nephritic factor) CP+AP+LP: C3, C5-C9
vedpwv/odOaApwy j
\ v i
genetic analysis
1 funclien of the classical pathway (CH50) 2 function of the alternative pathway (AHS50) 3 function of the leclin pathway

Carroll MC, Isenman DE . Immunity. 2012



Take home messages

v To oUoTNUA TOU CUMMANPWHATOC EWVOL EUPEWC
KOTOLVE LN LEVO OTOV OPYQVLOLO

v'H Bcon NG dpaotnpLotnTac TOoU
oUUNMANpwpaToC daivetal va Kabopilel TLg
TOLKIAEC AeLtoupylec Tou.

v'H ovaoTtoAf] TOU CUUTTANPWHOTOC OTOTEAEL pLLoL
UTtooXOMEVN  Beparmevutiky  €mloyn  ota
PEVUUOTLKA VOO LaTa
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