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Pattern-recognition Receptors

The complement system belongs to the innate immunity
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Proteins of initiation

Proteins of the cascade

C1q Lectins (MBL, Ficolins) C3H2O, C3b

C1s, C1r, C4, C2 MASP1,2, 3, C4, C2 C3, FB, FD, Properdine

C3/C5 convertases C4b2a C3bBb

Receptors

Receptors of C3 : 

CR1 (CD35), CR2 (CD21), 

CR3 (CD11b/CD18), CRIg

CR4 (CD11c, CD18)

Receptors of inflammation :

C5aR (C5L2, CD88)

C3aR

Activators Fc Fragment of Ig Bacterial Carbohydrates 24H/24H H20 C3 

Microbial Surface 

C5a

Regulatory Proteins 
C1-Inhibitor, C4bp, 

Factor I

C4bp, 

Factor I

Factor H, CFHRs, MCP (CD46), 

Factor I 

C3b

C3

C3a

MAC (C5b9)

Final common pathway C5b, C6, C7, C8, C9 
C5a

Regulatory Proteins CR1 (CD35), DAF (CD55), CD59, Protein S
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Non canonical functions of Complement: intra-cellular « complosome »

N. Merle et al., Br J Pharmacol (2021)

Role in :
Immune cells regulation+++,pregnancy, tissue haemostasis, lipid metabolism, 
coagulation, cancer…



Complement exploration in human diseases

• Complement component deficiencies : association with various diseases 

 

•  Role in inflammation : autoimmune diseases (SLE, myasthenia gravis…), 
ischemia-reperfusion injury, septic shock…

• Role in tissue injury of some diseases (complement-mediated /associated 
diseases: aHUS, C3G…)

• Complement components : targets of autoantibodies

• Target of new therapies
 



Diseases associated with complement component deficiencies

C3

C1q, C1r, C1s

C2C4 C4b2a

MBL, MASP
Factor B

Lectine pathway

Alternative pathway

C3bBb

Factor H

Finale pathway

Classical pathway

C3bi
Factor I

Factor D

C3b

C3b

Properdine

C5

C9

Neisseria infection

(N meningitidis ++ and gonorrhoae)

Autoimmune diseases + 

Infections S pneumoniae

Renal diseases

aHUS, C3GC1-Inhibitor

Angioedema

CD46

CD55

CD59PNH

Polyneuropathy

Enteropathy (CHAPLE Sd)

Odontopathy



2 types of deficiencies

Deficiencies of one component of the cascade :
Phenotype linked to a default of the complement system function :

-Default of the CIC elimination and adaptative immunity regulation (AID), 
-Default of pathogens elimination (PID)

Deficiencies of one regulator of the cascade
Phenotype linked to an excess of the Complement system 
function: 

-Cell activation (endothelial ₵, Platelets, Lymphocytes, macrophages), 
-Tissu depositions (C3b, C5b9: in kidneys… ), 
-Cellular destructions (endothelial ₵ , axones..)



Zelek, WM, Mol Immunol 2019

(Antibody mediated graft rejection)

Frequent Diseases   potential market!



C1q Lectines (MBL, Ficolines) C3H2O, C3b

C1s, C1r, C4, C2 MASP1, 2, 3, C4, C2 FB, FD, Properdine

C4b2a C3bBb

CR1 (CD35), CR2 (CD21), 

CR3 (CD11b/CD18), CRIg

CR4 (CD11c, CD18)

C5aR (C5L2, CD88)

C3aR

C5a

C1-Inhibitor, C4bp, 

Factor I

C4bp, 

Factor I
Factor H, MCP (CD46), 

Factor I 

C3b

C3

C3a

MAC (C5b9)

C5b, C6, C7, C8, C9 

C5a DAF (CD55), CD59, Protein S

C5

Blocking agents

« Enhancing » agents

▪ MAb

▪ Fusion proteins

▪ Fusion proteins/Mab

▪ Peptides

▪ Enzymatic inhibition

▪ SiRNA

▪ ….

Complement: a multitargeted system
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Context Exploration Objectives

SLE, Urticarial 
vasculatis

First level: CH50, C3,C4, sC5b9
Secund level : Factor B, C1 (q,r,s), C2, 
anti-C1q ab (lupus nephritis, Mac Duffy Sd)

Measure of classical pathway activation
Look for hereditary or acquired classical pathway 
deficiency
Look for anti-C1q ab for diagnosis (Mac Duffy) or 
pronosis (lupus nephritis) 

aHUS, 
C3G

First level: CH50, C3, C4, Factor B, sC5b9, Bb, Factor H, 
Factor I, CD46 (SHUa), anti-FH ab + C3Nef, anti-C3b, anti-FB 
ab (if C3G)
Secund level : Genetic study: CFH,CFI,CD46,C3,FB,CFHRs

Measure of alternative pathway activation
Look for hereditary or acquired deficiency of 
alternative pathway regulation

Infections 
(recurrent, 

Menigococcus, 
pneumococcus)

First level: CH50, C3, C4, AP50
Secund level : C1 (q,r,s), C2 (pneumococcus),
C5/C6/C7/C8/C9,properdine (meningococcus)
Third level: FH, FI, (+/-MBL, Ficolins)

Look for protein deficiency of classical, terminal 
pathways and in properdin,
Eventually deficiency in the alternative pathway 
regulation or in lectins pathway

Angioedema First level: CH50, C3, C4, C1 Inh Ag et fonction
Secund level : anti-C1 Inh ab; C1q, Genetic study:  C1 INH 
+/-bradykinines (Factor XII)

Look for hereditary or acquired C1 inhibitor deficiency

Hemolysis/
thrombosis

Polyneuropathy
Enteropathy

First level:  membrane expression of CD59, CD55 +/- CD14, 
CD16, CD24 on RBC, PNN and monocytes
Same + genetic study
Same + genetic study

Look for PNH clone (lack of GPI-anchored proteins) 
(CD55 neg/ CD59 neg)
CD59 neg/ CD55 pos
CD55 neg/ CD59 pos

Complement exploration according to the clinical context
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Context Exploration Objectives

Treatment by  
distal blockers 
(C5) 

CH50, C3,C4, sC5b9 (+/-C5a?)
Measurement of the drugs (eculizumab, ravulizumab)

Evaluation of biological efficacy: 
-Measure of final pathway activation.

Drug dose adaptation.

Treatment by AP 
proximal 
blockers

CH50, C3, C4, Bb, sC5b9 (+/- C3a, C5a?) Evaluation of biological efficacy : 
-Measure of alternative and final pathways 
activation.

Treatment by 
C5a/C5aR1 axis 

blockers

C5a, 
granulocytes/ monocytes phenotyping 
Cytokines measurement

Evaluation of biological efficacy : 
-Measure of complement activation
-Measure of granulocytes/monocytes activation

Complement exploration according to the treatment



Assessment of Complement activation state in body 
fluids 

01/10/202516

Classical pathway Lectins pathway Alternative pathway

Final/terminal pathway

Only an exploration at the protein level allows detecting complement activation

Only measurement  at the proteic level of products generated by the cascade allows determining the activated 
pathway(s) and its intensity



Humoral complementomics

Assessment of Complement activation state in body 
fluids 

19/05/202617

Multiplexed ELISA (Quidel®) 

Single ELISA (Svar®, Hycult®, Quidel®) 

+/- inflammation markers (in plasma) : 
CRP : IL-6 stimulation, 
Calprotectin : granulocytes activation

(SvarCalpro®)

+/- measurement of intact proteins 
(C4, C3, FB, C5)-> ratios 
(multiplexed ELISA (Quidel®)
or turbidimentry (The Binding site®))

Classical pathway Lectins pathway Alternative pathway



MicroVue Complement Multiplex 

Panel 1: “fragment” 
(Complement Activation)

Panel 2: “complete” (Complement components levels)

Ba, Bb, C3a, C4a, 
C5a, sC5b-9, 

Factor H, 
Factor I

C1q, C2 Intact, C3 Intact, 
C4 Intact, C5 Intact, 
Factor D, Factor P

Panel routine: FH, FI, sC5b9, Bb 
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Complement activation profile assessed in plasma 

from  patients with various complement-mediated disorders.
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Humoral complementomics

Anti-Complement proteins autoantibodies20

SLE/APS

C4BP

Classical pathway Lectins pathway Alternative pathway

Factor H 

RedFactor H 



Humoral complementomics
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SLE/APS

HUS

C3G

Classical pathway Lectins pathway Alternative pathway

Anti-Complement proteins autoantibodies

Factor H 

RedFactor H 



Humoral complementomics

22

Classical pathway Lectins pathway Alternative pathway

Anti-Complement proteins autoantibodies

Factor H 

RedFactor H 

SLE/APS

C3G

HUS

Cancers



Humoral complementomics
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Classical pathway Lectins pathway Alternative pathway

Anti-Complement proteins autoantibodies

Factor H 

RedFactor H 

SLE/APS

C3G

HUS

Cancers

AAV?



C3b

FB

FH

FH

C3b

+ anti-Hum IgG/IgA or IgM PE

Multiplexed detection of anti-complement protein autoantibodies 

Covalent coupling of native proteins on different  

fluorescent beadsRe
F

H

ReF
H

R Philip, Eur J Immunol, 2024
Revel, Artero et al. Oncoimmunol, 2024
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Nephritic factors in C3G and MPGN : Enhancing effect of 
autoantibodies targeting the Convertases

AP C5 convertase

CP C3 convertase

AP C3 convertase

C3 Nef

C4 Nef

C5 Nef



6/16/2026 26Roquigny J, JASN, 2025

Nephritic factors in C3G and MPGN: Enhancing effect of 
autoantibodies targeting the Convertases

AP C5 convertase

CP C3 convertase

AP C3 convertase

C3 Nef

C4 Nef

C5 Nef
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Validated tools

Patients’ cohort  

Controls’ cohort

, C3d

Humoral 
complementomics
Genetic study : NGS, Sanger (SNPs), MLPA CFH and C1-Inh loci (Deletions, insertions, recombinations)

Tissue

Diagnosis, prognosis makers
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Tissue
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Complome
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Validated tools

Patients’ cohort  

Controls’ cohort

, C3d

Genetic study : NGS (64 genes: SNPs), MLPA CFH & C1-Inh loci (deletions, insertions, recombinations)

Tissue

Diagnosis, prognosis makers

Humoral 
complementomics

Complome
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Thanks to Idris Boudhabhay



19/05/202631 In situ Convertases quantification by proximity ligation Assay

Obrecht A, Nephrol Dial Transplant , 2026

40 nm
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Validated tools

Patients’ cohort  

Controls’ cohort

, C3d

Genetic study : NGS (64 genes: SNPs), MLPA CFH & C1-Inh loci (deletions, insertions, recombinations)

Tissue

Diagnosis, prognosis makers

Humoral 
complementomics

Complome

In situ Complementomics



✓ Ct is involved in :
✓ Protection and cleansing (elimination of pathogens, of dying cells, of immune complexes),
✓ Sensoring immune cells and cross talk between innate and adaptative immunity

Take home messages

The use of these molecules must/should be based on well characterized physiopathological mechanisms 
of the diseases

and accompanied by performant and standardized biological exploration to allow a personalized medicine 
and treatment monitoring

! Prevention of infections when using Ct blockers!

✓ There are hereditary or acquired deficiencies, genetic polymorphisms involved in different rare and common 
diseases

✓ Complement activation is involved in numerous pathological situations

✓ The complement activation blockade is a therapeutical approach using different targets and molecules 
already in the market or in the pipeline



Certification FHU Hospital University Federation, 2025

Patients samples

>30 plasma 
biomarkers 

>30 tissue 
biomarkers 

>50 complement 
genes 

Integrated « complementomics » for precision medecine

➢Fast, in-depth phenotyping of the complement 

signature

• Identification of  diagnosis/prognosis biomarkers
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Thank you for your attention!
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