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The role of complement in various kidney diseases

Prototypical rare diseases

Complement dysfunction
has primary role Complement dysfunction
is secondary driver of injury
Common multifactorial diseases
aHUS (AAV, SLE " Secondary TMA || Diabetic nephropathy
C3G IgAN, IgAVN Secondary MPGN
Primary IC-MPGN _APS, MN J FSGS

Potential impact of complement inhibition

Vivarelli et al, Kidney Int 2024



which allows for targeted treatment

Complement dysregulation is disease-specific,

C3G -+

Classical Lectin Alternative
Pathway Pathway Pathway
C1 MBL/Ficolins C3
At .~ Bacterial wall -
ntige 4 : Tick-over
antibodies * C4 MASP1/2
v
C1* . | . CHike G0
++ ~FB
o+
Cdb FH—| .. FD
G2 4
Amplification C3(H,0)Bb m— DAF
Loop J
C4BP —1 C4b2a =
\( FY
C3 Activati f
C3 convertases R c(évg /nbgaig r.l;;c;es
CSbBb o

C5 convertases C4b2b3b = DAF m C3bBb3b

Terminal CD59

Pathway CS 6 7 o8 c9 l

SR A T PO 8
VTN A\ N5 sC5b9

Modified from Lemaire et al, Clin J Am Soc Nephrol 2021

-pMN CP (all?)
-IgAN LP (all?)
-SLE  CP (all?)
- AAV  (C5aR

- aHUS




Objectives

New insights into the pathogenesis of two primary complementopathies:

 aHUS A potential role for the endothelial glycocalyx
in aHUS pathogenesis.

 |C-MPGN / C3G Cluster analysis to predict patient outcomes:
A potential role for neutrophils and NETs in C3G pathogenesis.



The role of complement in the pathogenesis of aHUS (TMA)
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Complement dysregulation due to
endothelial glycocalyx injury
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Cyclosporine A (CsA) induces TMA

Zarifian et al, Kidney Int 1999
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CsA causes complement activation on ECs
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CsA causes dose- and time-dependent cytotoxicity
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CsA induces upregulation
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CsA reduces availability of Factor H at the EC surface
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CsA diminishes endothelial glycocalyx
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Reduced FH EC surface binding results in reduced FH cofactor activity
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Tacrolimus diminishes endothelial glycocalyx and reduces Factor H binding
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Mahmud / Zekri et al — unpublished data



Endothelial glycocalyx and TMA — concept

Healthy endothelium with physiological complement control

Intact AP
regulation
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Teoh et al, Front Med 2023
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Current treatment recommendations for MPGN/C3G

Kidney biopsy

Diagnosis
8 Proliferative GN with intense C3 (IF)
|
IC-MPGN C3G
IF: C3 and IgG positive IF: C3 dominant
EM: based on location of deposits = C3GN or DDD
AP complement workup
Including biochemistry, autoantibodies and genetics (Table 1)
Rule out secondary causes (ANA titers for SLE, infectious serologies i.e. HBV, HCV, etc.)
Supportive thera
Treatment PP erapy
RAAS blockade, low-salt diet, lipid control
|
Moderate disease Severe disease
Proteinuria =500 mg/24hr or . N Proteinuria >2000 mg/24hr or
moderate inflammation on renal biopsy andfor Severe inflammation on renal biopsy and/or
risk for progressive disease eGFR <90ml/min/m?
| |
Immunosuppression Immunosuppression
Prednisone + MMF Consider i Methylprednisolone pulses
Prednisone + MMF
Complete remission?
Follow-up P
Reassess after 6-9 months of therapy
|
Yes No
| |
Taver Predni Coneid X - I s Vivarelli et al,
aper Prednisone onsider rescue therapy with complement blockers .
Continue MMF for at least 12 months Consider participation in C3G clinical trials Pediatr Nephrol 2022 &

Kidney Int 2024 (KDIGO)



Outcome of C3G and IC-MPGN patients - Treatment
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Percent renal survival

Comparison of pediatric and adult onset C3G patients
Long-term outcome
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A C3 Glomerulopathy MPGN Pattern
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Clustering of IC-MPGN and C3G patients by clinical and immunologic profile at biopsy
Italian cohort (n=295; 178 children and 117 adults)
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Clustering of IC-MPGN and C3G patients by clinical and immunologic profile at biopsy
Italian cohort (n=295; 178 children and 117 adults)
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untangled complexities in immune complex-mediated idiopathic MPGN
and C3 glomerulopathy
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The cluster-based web-application is a promising approach for predicting outcomes and
aiding future research and treatment strategies.




Clustering of C3G patients by transcriptome profiles at biopsy

French cohort (n=42; 21 children and 21 adults)

Total N 8 11 6 3
Children, N 2 8 2 2
Cluster 1 Cluster 2 Cluster 3 Cluster 4
Age Minority of children Majority of children Minority of children Majority of children 100 _ SN
eGFR CKD3a CKD3b CKD 1 ] - ":
Proteinuria Mephrotic range MNephrotic range T

Median Histological
activity score

Median Histological
chronicity score

Glomerular C5b-9
deposits

T cells

Myeloid cells

MNeutrophils

Fibroblasts

High
High dominant
High

High

Outcome-free survival (%)
o
[=]
]

High |
|
L - !
ow ] — Others clusters
: ; ; ] p=0.008 _L Cluster 1
Low/intermediate Low/intermediate Low 0]
] ] | |
1] 30 1] a0 120
Low
months
Low — 20 14 10 L 2
. 8 4 1
Low
Low Low

Chauvet et al, Kidney Int 2022; Meuleman et al, ] Am Soc Nephrol 2024



-log10(adjusted p-value)

Terminal pathway activation in C3G patients is associated with
glomerular immune response and determines outcome
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Glomerular neutrophil infiltration is found in C3G patients and
correlates with proteinuria

30 e r=0.3107
7] o 3
2 o ® P =0.0003
] @ .
g 20 % 2 o % o
S
‘6 [=3
o
o o
> =
-1
10 >
o
c
c
@ O-
0’ — [} i
Absent 05 10 15 20 25 30 = 0 10 20 30
Mean neutrophils score Proteinuria (g/24h)

C3G patient data courtesy of Terrence Cook, Imperial College, London, UK



Neutrophil extracellular traps (NETSs)

DNA +

- Myeloperoxidase (MPO)
- Neutrophil elastase (NE)
- Histone proteins

' ’ 1
10.0um)

-

Anti-microbial mechanism

Potential cause of
glomerular injury

5.00kV 6.8mm x2.50k SE

Jariwala and Laxer, Current Rheumatology Reports 2021 Brinkmann et al, Science 2004



NETs are found in the glomeruli of C3G patients

Kim O’Sullivan, Monash University, Melbourne, Australia — unpublished data



NETs might be a novel treatment target in C3G?
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Proposed concept

Disease state Therapeutic strategy
Predominant Anti-inflammatory / IS
inflammation

Steroids / MMF

Neutrophils / NETs ? Anti-NETosis thera,

Repeat pattern during disease flare up

Predominant Complement blockade
complement dysregulation

Complement deposition AP C3 convertase blocker




Take home messages

The pathogenesis of complement-mediated kidney diseases includes canonical and non-canonical
pathways / mechanisms.

Disturbance of cellular / tissue integrity (e.g., eGC; NETs) causes “complementopathies”.
Future diagnostic strategies should include mechanisms affecting complement homeostasis.

Future therapeutic strategies should consider the combination of complement-targeting and non-
complement targeting concepts.
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