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Increased circulating 

galactose-deficient IgA1

(IgG, IgA)

Production of unique 

anti-glycan antibodies

Hit1 Hit2

Multi-Hit model of pathogenesis of IgA nephropathy

Suzuki H, et al: J Am Soc Nephrol, 2011

Mesangial deposition and 

activation of mesangial cells 

resulting in glomerular injury

Formation of pathogenic 

IgA1-containing circulation 

immune complexes

Hit3

Hit4

IgA Gd-IgA1 Merge

Complement 

activation

Following the mesangial 

deposition of IgA-ICs, 

complement activation 

occurs, which drives and 

amplifies glomerular 

inflammation and 

damage



Classical lectin Alternative

C1q MBL, MASP, Ficolins C3b(H2O)

C3b

C5

C5b-9

Complement activation

✓ What is the extent of the role of 

complement? Truly only 

inflammation or more fundamental 

role in pathogenesis?

✓ Ongoing active injury vs. resolving 

injury?

✓ Should we use complement 

assays/histological staining to 

guide therapy?

✓ Limitations of current complement 

measurements available to 

clinicians. 

IgA             C3              C1q

Glomerular co-deposition of C3 with IgA is detected 

in >90% of kidney biopsies in IgAN 



How is the complement system activated?



IgG have pro- and anti-inflammatory activities, depending 

on the engagement of Fcγ receptors and the activation of 

the complement system, depends on the IgG subclass, 

glycosylation, and antigen density

J Immunol 11:1725-1735, 2023



IgGIgA C3 C1q

Case 1

Case 2

Case 3

IgAN was described by Berger, in 1968, 

based on

“intercapillary deposits of IgA-IgG”.

However, not all of the patients show 

glomerular IgG deposition by regular 

clinical immunofluorescent analysis. 



Routine immunofluorescence (RIF) microscopy fails to detect IgG in many 

kidney biopsies from patients with IgAN

A nanobody specific for the CH3 domain of its Fc portion detects 

IgG in all patients with IgAN
Rizk DV, et al. J Am Soc Nephrol 30, 2017–2026, 2019



Does IgA have complement activity?



Fujita T. Nat Rev Immunol, 2002  

MBL

Collagen-like

domain

carbohydrate-

recognition 

domain

Mannose

GlcNAc
Galactose

Sialic acid

Roos A. J Immunol 167: 2861, 2001

MBL binds to mannose and GlcNAc in a Ca-dependent manner

Polymeric IgA binds via the carbohydrate recognition domain of MBL

Polymeric IgA

Roos A. JASN 17: 1724-1734, 2006



Oortwijn B, JASN 17: 3529, 2017

Complement activity of IgA：polymeric >> monomeric

Monomeric            Polymeric

MBL binding

Monomeric             Polymeric  

C4 deposition

Monomeric          Polymeric

HAA lectin binding

Gd-IgA1



Eur J Immunol 17: 321, 1987

Does IgA activate the alternative pathway?

Polymeric IgA is capable of activating the alternative pathway of complement.

Alternative

Pathway

Activation

Lectin

Pathway

Activation

Alternative

Pathway

Activation

Lectin

Pathway

Activation

Rizk DV. Front Immunol 10, 504, 2019



Medjeral-Thomas NR. Semin Immunopathol 43: 679, 2021

Complement Pathway



Involvement of Alternative Pathway 



Serum Factor Ba                   Serum Factor Ba associate 

with UPCR                 

Serum Factor Ba inversely correlated with eGFR                             

Factor B: key mediator of alternative pathway

Chiu YL. Front Immunol 10: 12: 638309, 2021



Medjeral-Thomas NR. Semin Immunopathol 43: 679, 2021

Active IgAN

Inactive IgAN

Alternative Pathway



Medjeral-Thomas NR. Semin Immunopathol 43: 679, 2021

Active IgAN

Inactive IgAN

Alternative Pathway

Factor H (FH)    Complement FHR5

CFHR5



➢Inactivation of the complement system by Factor H

➢CFHR competes with Factor H to activate complement

PNAS 110: 4685, 2013



Kiryluk K. Nat Genet 55: 1091, 2023

GWAS studies have identified CFHR1/3 as candidate 

genes, and it is known that CFHR1-CFHR3 deficiency 

suppresses the progression of this disease and reduces 

glomerular C3 staining.



Kideny Int 92: 942, 2017

CFHR suppresses Factor H

CFHR

健常人 IgAN 健常人 IgAN

Factor H

CFHR increase in active IgAN



Kidney Int 94: 150, 2018

Serum CFHR5 levels are elevated in 

IgAN and correlate with renal prognosis

CFHR5 levels increase from disease 

stages where renal function is preserved

FHR5 levels correlate with acute (active) lesions



Involvement of Lectin Pathway



Medjeral-Thomas NR. Semin Immunopathol 43: 679, 2021

Complement Pathway



Roos A. JASN 17: 1724-1734, 2006

Active lectin pathway

（25%）

Association with; 

-- M lesion, 

-- E lesion, 

-- global sclerosis 



Jiang Y. Kidney Med 3: 1014–1021, 2021

Glomerular C4d positivity rate: 19-56%



Mario E. CJASN 9: 897-904, 2014

Poor prognosis in C4d positive case

Renal survival

C4d positive in glomerulus

C4d negative



Jiang Y. Kidney Med 3: 1014–1021, 2021

Glomerular C4d positivity: Associated with decreased 

renal function and severe proteinuria

Meta-analysis



Renal survival

Nonlinear association between MBL 

levels and adjusted hazard ratios of 

50% eGFR decline or ESRD

Both MBL deficiency and high levels 

have poor renal prognosis

JASN 28: 317, 2017

MBL deficiency

MBL high



IgG-C3-containing ICs were detected 

in 24% of the patients and correlated 

with levels of IgA-C3 containing ICs

IgM-C3-containing ICs were elevated 

in only 9%

Czerkinsky C, et al. J Clin Invest 77: 1931–8, 1986

C3 is present in IgA1-containing circulating ICs 

of patients with IgAN



Tsuji Y. Sci Rep, 2025

Circulatory IgA-ICs of patients with IgAN have a 

greater abundance of complement proteins CFHR1

Complement proteome found in glomerular and 

circulatory IgA-ICs.

It is suggested an association of complement regulatory 

proteins, such as CFHR1, with pathogenic IgA-ICs.



Several techniques can be used to interrogate 

complement in affected patients with IgAN

Genetic

Tissue staining

Complement biomarkers

Drugs

•Variants in CFH and CFHR genes associate with disease

•C3c detected in nearly all active IgAN biopsies

•FHR5 detected in glomeruli

•Increased levels of plasma and urine complement activation fragments

•Presence of alternative pathway activation fragments

•Elevated plasma Ba levels

•Elevated circulating levels of FHR1 and FHR5

•Several positive clinical trials of complement inhibitory drugs have been reported

•A complement inhibitor, iptacopan, was recently approved for use in IgAN patients



Complement inhibitory drugs and their targets

Kalyanaraman KJ. Glomerular Dis 5: 48-59, 2024

Narsoplimab×



iptacopan: a factor B inhibitor

Zhang H. Kidney Int, 105: 189, 2024

eGFR > 30 mL/min/1.73 m2

UPCR > 0.75 g/24 hours



eGFR (～day 90)

Zhang H. Kidney Int, 105: 189, 2024

eGFR (～day 180)

Placebo

Placebo



N Engl J Med 392: 531-543, 2025

Iptacopan = specifically binds 

to factor B and inhibits the 

alternative pathway



Plasma Factor B

Floege J. Kidney Int, 105: 28, 2024

Urinary C5b-9



Cemdisiran (siRNA): RNA interference therapeutic that suppresses

hepatic production of complement component 5 (C5)

CJASN 19: 452, 2024

-37.4%

C5: reduced 98.7%

Hematuria also improved

in 77% patients with IgAN

at 32W.



CKJ 15: 922, 2022

Avacopan: C5a receptor selective inhibitor

-25%

-30%

treatment treatment





Phase 3 clinical trials open in 2025 

evaluating new treatments for IgAN

Drug targets                       Drug                       Target                         Clinical trial

Drugs targeting the 
production of 
pathogenic forms of 
IgAN

Iptacopan (LNP023) Complement alternative 
pathway factor B

APPLAUSE-IgAN 
     NCT04578834

Sefaxersen 
(RO7434656)

Complement 
alternative pathway 
factor B

IMAGINATION
      NCT05797610

Ravulizumab Complement terminal 
pathway C5 

I CAN
        NCT06291376

Kidney Int 108: S1-S71, 2025



Kidney Int 107: 640-651, 2025

Treatment targets in IgAN and the positioning of drugs 
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