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The Complement System

C3, complement 3; C5, complement 5; MAC, membrane attack complex.

The complement 
system

Main functions:
defence against pathogens, clearance 

of apoptotic cells and immune 
complexes, and regulation of the 

adaptative immune response
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C1INH, C1 inhibitor; C4BP, C4 binding protein; CR1, complement receptor 1; DAF, decay accelerating factor; FH, factor H; FHR, FH-related protein; FI, factor I; MAC, membrane attack complex; MCP, membrane cofactor protein.

Complement regulation

Tight regulation of the complement 
cascade avoids host tissue damage, 
controls inflammation and prevents 

complement consumption
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The Complement System is tightly regulated



Complement activity is highly variable and determines disease susceptibility

Disease DiseaseComplement activity

Complement activity

Risk of infection Risk of inflammation
and/or tissue damage

Activators Regulators Environmental factors

.

Complement activation can be 
influenced by:

Complement activity 
is heterogenous

Genetic variation

Acquired factors



The reported prevalence of autoantibodies varies 
widely due to heterogeneity and difficulty in 
detection:

• Anti-factor H antibodies: 6-50% (depending 
on geographical areas)

• Variations in complement regulators

- CFH: 15-30%
- MCP: 10-15%
- CFI: 5-15%

• Variations in complement activators
- C3: 2-10%
- CFB: 0-3%
- CFHR1-5: 0-8%

In CM-TMA, abnormalities in 
complement genes are present in 

approximately 40-60% of cases

Acquired factors (anti-factor H 
autoantibodies) are present in many 

patients with CM-TMA

Complement abnormalities in complement-mediated TMA



Complement abnormalities in paediatric TMA

• Paediatric cases from the Spanish HUS Registry: 407 patients

Unpublished data
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Molecular basis of CM-TMA

Pathogenic variants:

• Loss-of function in complement regulators: CFH, CFI, MCP

• Gain-of-function in complement activators: C3, CFB, CFHRs

Common gene variants:

• Non-pathogenic per se, but they contribute to the risk of developing aHUS in the presence 
of a pathogenic variant or an aHUS-associated trigger.

• aHUS-associated common variants: CFH-H3 and MCPGGAAC haplotypes.

Autoantibodies:

• Anti-factor H antibodies (usually against the C-term and in the presence of Del.CFHR3-CFHR1)

Not everything goes!



Overlap of risk factors between different diseases
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Genetic factors
• Mutations

• Polymorphisms
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Distinc factor H mutations associate with CM-HUS and C3G

Altered complement regulation on cell surfaces,
without affecting plasma FH and C3 levels 

aHUS

Mutations cause FH deficiency and
complement dysregulation in fluid phase

S. Rodríguez de Córdoba and E. Goicoechea de Jorge. 2008. Clin. Exp. Immunol. 
151:1-13

C3G



Acquired drivers in CM-HUS and C3G

S. Rodríguez de Córdoba and E. Goicoechea de Jorge. 2008. Clin. Exp. Immunol. 151:1-13



Common gene variants differently associated with disease

Tortajada et al., Kidney International, 2017.
Lucientes-Continente et al. Kidney International, 2024.
Goicoechea de Jorge, unpublished data.



Complement abnormalities may lead to AP dysregulation
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Complement abnormalities may lead to AP dysregulation
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Complement-mediated TMA is a complex, polygenic multifactorial disease

Disease

Pathogenic variants

Polymorphisms

Acquired factors

Environmental factors

Risk factors are not causative, but predisposing factors



The penetrance of the disease is incomplete



The risk of developing CM-TMA increases with the genetic load



Impact of complement abnormalities in kidney survival

Fremeaux-Bacchi et al. CJASN, 2013

Pediatric patients with CFH mutations are associated with poorer renal survival, 
whereas abnormalities in MCP are associated with the best prognosis



Renal survival in pediatric and adult CM-TMA

• The probability of ESKD-free survival at 
one and five years was significanly better 
in paediatric patients compared with 
adults.

Gilbert et al. BMC Nephrology, 2025, 26:434



Thank you for your attention!!


	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20

