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



The Complement System is tightly regulated
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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; Fl, factor I; MAC, membrane attack complex; MCP, membrane cofactor protein.



Complement activity is highly variable and determines disease susceptibility

Complement activity

is heterogenous
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Complement abnormalities in complement-mediated TMA

In CM-TMA, abnormalities in Acquired factors (anti-factor H
complement genes are present in autoantibodies) are present in many
approximately 40-60% of cases patients with CM-TMA
* Variations in complement regulators The reported prevalence of autoantibodies varies
_CFH: 15-30% widely due to heterogeneity and difficulty in
- MCP: 10-15% detection:
- CFl: 5-15% * Anti-factor H antibodies: 6-50% (depending
* Variations in complement activators on geographical areas)
- C3:2-10%
- CFB: 0-3%

- CFHR1-5: 0-8%



Complement abnormalities in paediatric TMA

* Paediatric cases from the Spanish HUS Registry: 407 patients

" MCP (51%, N=28)
B CFH (29%, N=16)
~ C3 (9%, N=5)
B CFB (5%, N=3)
" CFI (4%, N=2)
B CFHR1 (2%, N=1)

Paediatric
HUS
N=407

Pathogenic
variants

.~ No identified complement abnormality (81%, N=328)
I Pathogenic variants (13%, N=54)
B Anti-FH antibodies (6%, N=25)

Unpublished data



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 S—

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 MCP;;44c haplotypes.

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



Overlap of risk factors between different diseases

C3 Glomerulopathy
IgA Nephropathy

Genetic factors
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Distinc factor H mutations associate with CM-HUS and C3G

C3G Glu1172X

Arg11828er
. ¢.3546_3581dup36

Tyr402His Trp1183Arg
Argi27Leu Cys431Ser Trp1183Leu

ALys224 Cys431T: Cys673Ser Cys959T: Trp1183X
" ys6 " Thr1184Arg
Leu1189Arg
Leu1185Phe
Trp1183Phe
Ser1191Leu
e e o Ser1191Trp
Mutations cause FH deficiency and Giy1194Asp
Val1197Ala

e L3 e

complement dysregulation in fluid phase Glu1196Ala
Glu1198Lys

Glu1198X
Phe1199Ser
Gly1204Glu
GINg50His Arg1210Cys
Tyr951His Arg1215Gly
Thro56Met Arg1215Gin

a H U S le970Val AThr1216

€.351delG Cys973Tyr [c.3674A>T;c.3675_3699del]

AC.371-397 c.1494delA Ser714X Trp978Cys Pro1226Ser

Valg35Leu Val1060Ala AC-3695_3698
Glug50Lys GIn1076GIu

Prog21Thr

Pro258Leu

Glu189X Cye36A ¢.2303_2304dupA Val1007Cys
79 82delA yS g c.3032delG  Asp1119Gly
595303’5‘3% GInd00Lys Cys630Tmp lle881leu  Tyr1021Phe  val1134Gly
His893Arg Tyr1142Cys
Ac.2686_2700 Trp1157Arg
. CTWQQ:’:X c.3486delA
Altered complement regulation on cell surfaces, % Cys1163Trp
n €.3493+1G>A

without affecting plasma FH and C3 levels

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



Acquired drivers in CM-HUS and C3G

Acquired factor aHUS C3G
C3 nephritic factor No Yes
Anti-factor H autoantibodies Yes Yes

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



CFH
Haplotypes

Del.CFHR3-
CFHR1

C3 alleles
€.304 C>G (R102G)

MCP
Haplotypes

CFB alleles

Common gene variants differently associated with disease

C3G aHUS AAV
(n=89) [n=640) (n=87)
OR ’ OR b OR ’
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w 0.755 07 0.942 0.667
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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 TIMA is a complex, polygenic multifactorial disease

’ Environmental
Triggers

* Infections ‘- O
* Malignancies @@ p

* Autoimmune Disease

| Complement:
mediated TMA
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The penetrance of the disease is incomplete
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The risk of developing CM-TMA increases with the genetic load

100 4 CFH-H3
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Impact of complement abnormalities in kidney survival
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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

i doiory10 16614062 0250431 BMC Nephrology
. . . ®

Demographics and baseline disease

characteristics of UK patients within the

global aHUS registry

Rodney D. Gilbert", Imad Al-Dakkak?, Clare Boothe?, Timothy E. Cobb?®, Daniel P. Gale*, Sian Griffin®,
Stephen D. Marks®”, Marie Scully®, Mohan Shenoy?, Acife Waters'® and Neil S. Sheerin!
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Time from aHUS onset (years)
Adult 86 33 29 28 25 22 21 19 17 14 11
Pediatric 68 34 33 31 28 27 25 23 21 17 16

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
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Thank you for your attention!!
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