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Overview 

• The complement system – activation and regulation 
 

• The spectrum of complement-mediated disease 
 

• aHUS – a complement-mediated disease 
 

• Diagnosis of aHUS 
 

• Treatment of aHUS 



The spectrum of complement-mediated diseases 



Etiology based classification of TMA 

Loirat et al, Pediatr Nephrol 2015 



Benefit of complement-targeting treatment 
supports common pathogenetic role for complement 

Thrombotic thrombocytopenic purpura (TTP) 

Hemolytic uremic syndrome 
 - “typical” HUS / STEC HUS 
 - atypical HUS 

TMA post solid organ transplantation 
 - de novo TMA 
 - TMA recurrence 

TMA associated with pregnancy 

TMA post hematopoietic stem cell transplantation 

TMA associated with glomerulonephritis 

TMA associated with drugs 

TMA associated with metabolic disease 

TMA associated with infections 

TMA associated with malignant hypertension 

Riedl / Licht et al, Semin Thromb Hemost 2014 



Primary complement dysregulation 

Secondary complement activation / dysregulation 

• Endogenous defects – mutations / autoantibodies 
 

• Conditions resulting in EC activation and 
secondary complement activation 
• Drugs 
• Malignant hypertension 
• Pregnancy 

 
• Conditions activating complement 

• Immune complexes 
• Autoantibodies 
• Infections 

 
• Conditions inhibiting complement regulators 

• Shiga toxin 



The complement system – activation and regulation 



The complement system 

• 1889 – Hans Ernst August Buchner 
… detects that a cell free system that can kill bacteria. 
 

• 1896 – Julius Bordet 
… detects a heat-insensitive component with specific anti-microbial 
function (i.e. antibodies) and a heat-sensitive component  with unspecific 
anti-microbial function (i.e. complement). 
 

•  1900 – Paul Ehrlich 
… coins the term “complement” (i.e. something that complements the 
function of antibodies). 
 

•  1930 – Jackie Stanley 
… establishes our current understanding of the complement system and its 
role for innate and acquired immunity. 



Regulation Activation 

Self Foreign 

Candida albicans 

Injury 





The complement system 

Zipfel and Skerka, Nat Rev Immunol 2009 



Chiang and Inagi, Nat Rev Immunol 2010 

C3b inactivation (CD46/MCP) Decay of C3 convertase (CD55/DAF) Prevention of C5b-9 formation (CD59) 

Complement alternative pathway: 
Regulation and dysregulation on the endothelium 



Chiang and Inagi, Nat Rev Immunol 2010 

C3b inactivation (CD46/MCP) Decay of C3 Convertase (CD55/DAF) Prevention of C5b-9 formation (CD59) 



aHUS – a complement-mediated disease 



CFH deficiency 
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Mutation in SCR15: 
- cDNA: T2770A (exchange) 
- Protein: Y899Stop (premature stop codon) 

Consequence: 
- CFH protein truncated 
- CFH protein stays intracellularly and is not secreted 

Licht et al, Am J Kidney Dis 2005 



CFH mutations 

Zheng and Sadler, Annu Rev Pathol Mech Dis 2008 



CFH autoantibodies – DEAP HUS 

• Dragon-Durey et al, J Am Soc Nephrol 2005: 
- Normal CFH levels 
- Decreased CFH activity 
- No CFH mutations 
- CFH autoantibodies in 6% of aHUS patients 

 

• Jozsi et al, Blood 2008: 
- CFH autoantibodies bind and inhibit CFH C-terminus 

• Jozsi and Licht et al, Blood 2008: 
- CFH autoantibodies in 11% juvenile aHUS patients 
- Patients lack CFHR1/3 expression 
- New aHUS subgroup: DEAP HUS 
  (deficiency of CFHR and CFH autoantibody positive) 

 

• Abarrategui-Garrido et al, Blood 2009: 
- CFH antibodies associated with CFHR1 deficiency 
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aHUS-associated complement defects 

• Loss of function mutations 
- Factor H (CFH) 
- Factor I (CFI) 
- Membrane cofactor protein (MCP/CD46)  
- Thrombomodulin (THBD/CD141) 
 

• Autoantibodies 
- CFH (in combination with CFHR3/CFHR1 deletion: DEAP-HUS) 
 

• Gain of function mutations 
- CFB 
- C3 
 

• Diacylglycerolkinase-ε (DGKE) 
 

• Plasminogen (PLG) 
Noris and Remuzzi, N Engl J Med 2009; George and Nester, N Engl J Med 2014 

Ozaltin et al, J Am Soc Nephrol 2013; Lemaire et al, Nat Genet 2013; Bu et al, J Am Soc Nephrol 2014 
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Functional consequences of DGKE mutations 
Endothelial cells: 
- PAF 
- PAI-1 
- vWF 
- TF 
- tPA 
- VEGEFR2 

Platelets: 
- Granule secretion 
- TA2 

Podocytes: 
- Slit diaphragm function 
- Nephrin endocytosis 



Complement mutation – disease manifestation 

Fremeaux-Bacchi et al, Clin J Am Soc  Nephrol 2013 



Age at disease manifestation and genotype – 
renal outcome 

Fremeaux-Bacchi et al, Clin J Am Soc  Nephrol 2013 



Long-term outcome 

• Relapse:  
- 40% overall risk (43% in children; 35% in adults) 
- 57% of relapses in children and 82% in adults during the first year (!) 
   (92% of relapses in children with MCP/CD46 mutations) 
- 25% of relapses in all patients after the first year 
 

• ESRD / death: 
- 17% in children and 46% in adults at 1 month 
- 36% in children and 64% in adults at 5 years  
 

• Extrarenal manifestation: 
- Overall 10-30% 
- Most prominent organ system – CNS (11%) 
- Other organ systems – GI (e.g. liver/pancreas), heart, etc. 

Noris et al, J Am Soc Nephrol 2010; Fremeaux-Bacchi et al, Clin J Am Soc  Nephrol 2013 



Individual vs. combined complement mutations 

Bresin et al, Clin J Am Soc  Nephrol 2013 

- Patients carrying any mutation  44% (350/795) 
- Patients carrying single gene mutation 40.6% 
- Patients carrying combined mutations 3.4% 
- Additional mutation risk MCP/CD46 22.6% 
- Additional mutation risk CFI  27% 
- Additional mutation risk CFH, C3, CFB 8-10% 
- Additional mutations have no impact on overall outcome (except for MCP/CD46) 
- MCP/CD46 alone 18.5% vs. MCP/CD46 combined 50% ESRD at 3 years 



Risk haplotypes 

Roumenina et al, Blood 2012; Bresin et al, Clin J Am Soc  Nephrol 2013 

- CFH-H3 tgtgt 
- MCP ggaac 
- C3 R139W + CFH-H3 tgtgt 4 fold risk 
- C3 R139W + MCP ggaac 3 fold risk 



Diagnosis of aHUS 



Diagnostic algorithm for aHUS 

Laurence, Clin Adv Hem Oncol 2012; Coppo et al, PLoS One 2010 

Diagnostic work up for aHUS includes: 
- Screening for mutations in target genes 
- MLPA for CFHR1-5 
- ELISA for CFH autoantibodies 



Diagnostic algorithm for aHUS 

Loirat et al, Pediatr Nephrol 2015 



Genetic testing of aHUS patients 

Loirat et al, Pediatr Nephrol 2015 



Treatment of aHUS 



Plasma therapy 

• First-line treatment (2009) 
 

• Plasma infusion: 
- Replacing deficient and/or defective complement factors 
- Dose limited because of volume challenge 
 

• Plasma exchange: 
- Removing mutant complement factors and/or antibodies 
- Restoring functional complement regulators 
- Providing larger amounts of plasma than with infusion 

Ariceta et al, Pediatr Nephrol 2009 



Ariceta et al, Pediatr Nephrol 2009 



Limitations and complications 

• Not all aHUS patients respond to plasma therapy. 
 

• Patients with mutations of membrane-anchored complement regulators 
(e.g. MCP/CD46; THBD/CD141) may not benefit from plasma therapy. 
 

• Possibility for multiple mutations (e.g. in MCP/CD46 mutation carriers). 
(Beresin et al, J Am Soc Nephrol 2013) 

 
• Secondary failure to plasma therapy in patient with CFH mutation. 

(Nathanson et al, Pediatr Nephrol 2006) 

 
• Plasma therapy requires central venous access or AV fistula – 

high complication rate especially in children. 

Ariceta et al, Pediatr Nephrol 2009; Johnson et al, Pediatr Nephrol 2014 



aHUS outcome 

(1) Caprioli et al, Blood 2006; (2) Sallée et al, Nephrol Dial Transpl 2010; 
(3) Noris et al, Clin J Am Soc Nephrol 2010; (4) Noris et al, N Eng J Med 2009 

• Sudden death and vital organ 
damage.1,2 

• 33-40% of patients die or progress 
to ESRD with the  
1st clinical manifestation.1,3 

• Chronic progressive course with 
premature mortality.1,3,4 

• 65% of all patients die, require 
dialysis or have permanent renal 
damage within the 1st year after 
diagnosis despite plasma 
exchange or plasma infusion.1 



aHUS outcome 

Fremeaux-Bacchi et al, Clin J Am Soc  Nephrol 2013 



aHUS outcome 

• Relapse:  
- 40% overall risk (43% in children; 35% in adults) 
- 57% of relapses in children and 82% in adults during the first year (!) 
   (92% of relapses in children with MCP/CD46 mutations) 
- 25% of relapses in all patients after the first year 
 

• ESRD / death: 
- 17% in children and 46% in adults at 1 month 
- 36% in children and 64% in adults at 5 years  
 

• Extrarenal manifestation: 
- Overall 10-30% 
- Most prominent organ system – CNS (11%) 
- Other organ systems – GI (e.g. liver/pancreas), heart, etc. 

Noris et al, J Am Soc Nephrol 2010; Fremeaux-Bacchi et al, Clin J Am Soc  Nephrol 2013 



Eculizumab (Soliris®) 
Humanized monoclonal anti-C5 antibody 
 

Leaves proximal complement intact 
Weak anaphylatoxin (C3a) 
Immune complex clearance (C3b) 
Microbial opsonization (C3b) 
 

Blocks terminal complement 
Binds with high affinity to C5 
Blocks activation of C5 to generate C5a and C5b 
Blocks activation of terminal complement (C5b9) 

Eculizumab  
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aHUS treatment 
Eculizumab 

Rother et al, Nat Biotechnol 2007 



First successful use of eculizumab in aHUS 

Nuernberger et al, N Engl J Med 2009 



First successful use of eculizumab in aHUS 

Gruppo et al, N Engl J Med 2009 
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Heinen et al, Mol Immunol 2012 



Meningococcal infection prophylaxis 

Loirat et al, Pediatr Nephrol 2015 



Treatment of patients with antibody-mediated aHUS 

Loirat et al, Pediatr Nephrol 2015 



Treatment duration in aHUS 

Loirat et al, Pediatr Nephrol 2015 



Management of aHUS patients with kidney transplants 

Loirat et al, Pediatr Nephrol 2015 
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