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The 
complement 
system 

• 30 enzymes circulating in serum in an 
inactive state

• Indicated with letter (C) and number

• Activation triggered via different pathways 
after pathogen recognition

• Sequential activation of components by 
proteolysis



Inflammation Lysis
Phagocytosis of complement 

coated microbes 
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Proteolytic enzymes

(Thrombin, elastase

Plasmin, kallikrein)

The complement system

Markieweski and Lambris, Am J Pathol, 2007

Guo and Ward, Annu Rev Immunol, 2005

C3aR

Classical pathway MB Lectin Pathway Alternative Pathway

(Antigen-Antibody)

C1, C4, C2 MASP, C4, C2 C3b, Factor B, Factor D

C3-Convertase

C3

C3a

C3b

C3b

C5-Convertase

C5

C5a

C5b

MAC: C5b-C9

C5aR

anaphylatoxin

anaphylatoxin



Initial activation

10/6/2025 Harboe and Mollnes, J Cell Mol Med. 2008



C3 convertase
• Alternative pathway→ C3(H2O)Bb

• Classical and lectin pathway→ C4b2a

10/6/2025 Merle et al., Frontiers Immunology 2015



C5 convertase

10/6/2025 Merle et al., Frontiers Immunology 2015
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• Alternative Pathway is permanently active at low levels to survey for presence of pathogens.

• Healthy host cells are protected against complement.

• The three pathways are activated on the surface of apoptotic cells to ensure homeostasis.

• Complement is only fully activated during infection. 



Pathogen recognition Merle et al., Frontiers 
Immunology 2015
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Complement activation and inhibition in 
normal vs apoptotic cells

6/10/2025Merle et al., Frontiers Immunology 2015
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Complement dependent phagocytosis

10/6/2025Merle et al., Frontiers Immunology 2015



To sum up
West and Kemper, Nat Rev Nephrol. 2023
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Complement in disease 
pathogenesis
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Complement 
in disease
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Genetics of 
complement 
deficiencies
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Hereditary 
Angioedema



AUTOIMMUNE HEMOLYTIC ANEMIA

• Acute extravascular hemolysis

• Autoantibodies are directed against RBC components (eg, Kell antigen)

• May be warm-reacting (IgG) or cold-reacting (IgM) antibody



• NATURE OF THE AUTOANTIBODIES

• ●IgG antibodies – react with protein antigens on the RBC surface at 
body temperature "warm agglutinins".

• ●IgM antibodies – react with polysaccharide antigens on the RBC 
surface only at temperatures below that of the core temperature of the 
body "cold agglutinins." 

• ●Antibodies of the IgA isotype are much less common and often of 
unknown significance.



Pathogenesis of 
Autoimmune 
Hemolytic Anemia
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Berentsen et al, Ther Adv Hematol, 2019



Paroxysmal 
Nocturnal 
Hemoglobinuria
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Genetics of 
PNH

Charles J. Parker, 
Hematology Am Soc 
Hematol Educ Program, 
2016.



Diagnosis 
of PNH

Charles J. Parker, 
Hematology Am Soc 
Hematol Educ Program, 
2016.



Pathogenesis 
of PNH

Charles J. Parker, Hematology Am 
Soc Hematol Educ Program, 2016.



Treatment of Paroxysmal 
Nocturnal Hemoglobinuria

• Transfus Med Hemother. 2024;51(5):310-320. 
doi:10.1159/000540474
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Breakthrough hemolysis
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Breakthrough hemolysis

Risitano, BJH, 2021
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On-label and Off-label 

Studies of Eculizumab

JAMA Intern Med. 2020;180(2):315-317



Complement inhibitors in 
the treatment of treatment 
of glomerular disorders





Complement and coagulation Van der Poll, et al, Nat Rev 
Immunol, 2017



Neutrophil 
extracellular 
traps



NETs provide a 
scaffold for platelet 
adhesion and 
aggregation

Fuchs et al, PNAS, 2010



NETs 
activate 
alternative 
complement 
pathway

Schreiber et al, PNAS, 
2017



Complement-
NETs-VTE in 
ANCA 
vasculitis

Chen et al, Nat Rev 
Nephrol, 2017
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