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A Renaissance in Nephrology: 

Potential Drug Targets and Emerging Therapies for Podocytopathies

Nephrol Dial Transplant, 2024

Complement Targeting Therapies?
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Vivarelli, Kidney International, 2024



Is complement activated in FSGS?

Which pathway?

Can complement activation predict disease severity and outcome?

Possible mechanisms

Outline



Evidence for the systemic activation of complement in FSGS

Huang et al., Plos One 2020

Ju et al., Genome Res 2013



Podocytopathies

Classification and treatments are still based on steroid responsiveness

Giotto - Maestà di Ognissanti 

1310 - Galleria degli Uffizi, Florence



Urinary sC5b9 and C5a creatinine ratios 

compared to proteinuria in FSGS and MCD

Cambier et al. Kidney Int Rep. 2023 Genest et al. Kidney Int Rep. 2022

AP Activation

Khalili, Kidney Int Rep. 2020



Drachenberg, Kidney Int Rep. 2019 

C4d

van de Lest, Kidney Int. 2019 

Abedi, Ann Diagn Pathol. 2024 

Valencia, Nefrologia 2024 



Histology did not correlate with disease severity or clinical course after rituximab

n.s.

Unpublished



Can complement activation predict disease 
severity and outcome?



Defining subgroups of pediatric nephrotic patients with urine proteomics - CureGN Consortium

Cummins et al. Sci Rep. 2025

Tissue Specific Network analysis mapped on Podocytes  

Complement profiling stratified patients into two FSGS 
clusters with similar clinical characteristics and outcomes.

Suggesting a distinct pathological pathway despite 
similar clinical phenotypes?



Lahme, 2026, Cell

Compared with non-MN, MN-patient AIT-EVs contained abundant disease-

associated proteins, including complement (e.g., C1q and C5b-9)
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Is complement activated in FSGS?

Which pathway?

Can complement activation predict disease severity 
and outcome?

Yes

Uncertain

Not clearly predictive

Complement may define biological subgroups 
rather than clinical severity

Tissue deposits and urinary/plasma activation fragments support complement involvement

Alternative pathway is most often implicated, but classical/lectin activation may also contribute

Some studies show prognostic associations, but evidence remains heterogeneous and not ready for routine use
Vivarelli, 2024 KI



Mirioglu, 2019, Kidney Blood Press Res

IgM and C3 deposition are associated with worsening renal function in most reports

IgM C3

Aparecida Ferreira, 2024, Ann Diagn Pathol

Zhang, 2016, cJASN

Amer, 2023, Cureus

Peng, 2023, Front Ped



IgM can bind to glomerular epitopes and activate the 
classical pathway

Trachtman, 2021, Am J Physiol Renal Physiol



Trachtman, 2021, Am J Physiol Renal Physiol



Complement activation induces PEC 

dysregulation and proliferation in response 

to protein-overload

Morigi, Sci Rep. 2016



In proteinuric patients, glomerular C3 deposits were 

associated with the presence of exuberant 

accumulation of activated PECs (CD24)

Morigi, Sci Rep. 2016



Gong et al. Clin Immun. 2025

C5a receptor may mediate glomerular damage in FSGS activating PEC

C5aR1

PEC

C5aR1 antagonistVehicle



CD55 Deficiency, Early-Onset Protein-Losing Enteropathy, and Thrombosis

Ozen et al. 

N Engl J Med 2017

Patients had also proteinuria

Angeletti et al. 

N Engl J Med 2017



Vivarelli, Kidney International, 2024
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Albuminuria and renal injury significantly increased in DAF-/- 

mice in response to adriamycin in B6 mice

(n=12)

(n=24)

(mg/g)

WT DAF-/-

40X

10X

Paolo Cravedi

Angeletti, J Exp Med.
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Albuminuria and renal injury significantly increased in DAF-/- mice 

in response to adriamycin, but not in DAF-/-C3-/-

Days

* (n=5)

(n=7)

(n=4)

*
-/-

-/-

WT DAF-/- C3-/-DAF-/-



Podocytes express CD55 (DAF)



Podocyte-specific removal of DAF from podocytes 
increases susceptibility to 

ADR-induced injury through C3a/C3aR signaling.

Angeletti, J Exp Med.

IL-1β mediates complement-induced podocyte injury in vivo



The development and progression of glomerulosclerosis involve loss of podocyte 

DAF,  triggering local, complement-dependent, IL-1β-induced podocyte injury 

potentially identifying new therapeutic targets

Angeletti, J Exp Med. 2020



IL-1β mediates complement-induced podocyte injury in vivo

Angeletti, J Exp Med. 2020



24yo, woman, FSGS, treated with Anakinra 

Angeletti, KI Reports 2022



Ju et al., Genome Res 2013

Increased expression of mRNA 
for C3, C3aR, and C5aR in samples from 

patients with FSGS or diabetic kidney 
disease compared with control 

individuals

Complement Involvement in Podocytopathies

Pre-clinical studies demonstrated that complement inhibition prevents DKD progression

Front Med (Lausanne). 2021 Jan 

21;7:599236.



Botticelli - Primavera  AD 1480 - Galleria degli Uffizi, Florence

Like Zephyrus, complement may act as a force amplifying podocyte injury.



Nephrol Dial Transplant, 2024

Proposed model for autoimmunity in 
podocytopathies

Kidney International 2024

Vivarelli, Kidney International, 2024

?



Vivarelli, Kidney International, 2024

?

+ AP targeting therapies
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Steroid responsiveness is more useful



Increased expression of mRNA for C3, C3aR, and C5aR in samples from patients with 
FSGS or diabetic kidney disease compared with control individuals

Is complement cascade activated in podocytopaties?

Ju et al., Genome Res 2013



Not specific for FSGS

Khalili, Kidney Int Rep. 2020



Complement dysregulation in T cells drives FSGS in this model

Mice treated with sheep anti–mouse podocyte antibodies

Bao et al., 2009, JCI



No association between urinary TP and eGFR, or chronic lesions

Cambier et al. Kidney Int Rep. 2023



Is complement activated in FSGS?

Which pathway?



Nell, 2024 Biomedicines

Current studies on complement system 

inhibition in various renal diseases

Kant, 2022 Am J Kidney Dis



Potential Urine Proteomic Biomarkers for FSGS and MCD

Increased urinary levels of complement components C4b and 

factors B and I were associated with more severe FSGS

Chebotareva et al., Int. J. Mol. Sci. 2022
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