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Outline

➢Mucosal immunity of IgA nephropathy

➢Mechanisms of glomerular deposition of IgA

➢ Role of BAFF and APRIL



IgA Nephropathy
• Described by Berger, 1968 based on

        “intercapillary deposits of IgA-IgG” (IgA1, not IgA2)

• Renal biopsy: IgA1 deposits, activation of mesangial cells: proliferation, ECM expansion

• Outcomes in this large IgA nephropathy cohort are generally poor with few patients 

expected to avoid kidney failure in their lifetime (Pitcher D, et al CJASN 2023).

• Recurrent after transplantation in >50% patients -> Key molecule is extra-renal origin

                                                                                       = circulating immune complexes 

IgA

IgA1 deposition

Gd-IgA1 (KM55 mAb)IgA

Suzuki H, et al. Kidney Int, 2018

Modified from Novak J, et al. Semin Immunopathol, 2012



Aberrantly glycosylated IgA1

IgA1 in the circulation and 

glomerular deposits of IgAN 

patients is aberrantly glycosylated

Gomes MM, Suzuki H, Biochemistry 49: 5671-82, 2010

Galactose-deficient IgA1: Gd-IgA1

Gd-IgA1 (KM55 mAb)IgA

Suzuki H, et al. Kidney Int, 2018
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Gd-IgA1:

✓ mostly polymeric

✓ form immune complexes

Aberrant O-Glycosylation in the IgA1 hinge region by 

electron capture dissociation FT-ICR mass spectrometry

Matthew BR, et al, J Bio Chem, 2005



Complex Changes in Biosynthetic Pathways of O-linked Glycans 

in IgA1-producing Cells from IgAN Patients 
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Genotypic effects and worldwide allelic frequency of 

glycosytransferases differ between ethnicities

Kiryluk K, et al. Plos Genet 2017
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IL-6 accentuated galactose deficiency of IgA1 via 

coordinated modulation of key glycosyltransferases

Core 1 β1,3galactosyl-transferase

-Ser/Thr--Ser/Thr-

α2,6 GalNAc-

sialyltransferase II

GalNAc-transferases (20 enzymes)

~Infection or inflammation may trigger overproduction of Gd-IgA1~



Pathogenesis of IgAN

Genetic factor Environmental factor

Mucosal immunity 

・upper respiratory tract

・intestinal tract

Exogeneous antigen  

food antigen

Ethnic 

difference



Kiryluk K, Nat Genet 55, 7, 2023

GWAS reveals signaling pathways related to pathogenesis, 

enabling the identification of drug targets



Genetic factor Environmental factor

Mucosal immunity 

・upper respiratory tract

・intestinal tract

Exogeneous antigen  

food antigen

Ethnic 

difference

Pathogenesis of IgAN



Postinfectious gross hematuria 

in patients with IgAN

Pharyngitis, 

Tonsillitis, 

Intestinal infections Gross hematuria

1~3 days later



Dysregulation of mucosal immune system in IgAN 

Clinical observation of episodes of gross hematuria with infections of upper 

respiratory tract or intestine associated with the mucosal immunity 

Toll Like Receptors (TLRs)

 Pattern-recognition receptors (PRR) are 

essential components of the innate 

immune response.

 TLRs play a critical role in the early 

innate and mucosal immune responses to 

the invading pathogens.

*different TLRs are located in different 

membranes

Brown J, et al. J Dent Res. 90: 417-427, 2011



In IgAN onset model mice, transcript levels of TLR9 were associated with the 

severity of glomerulonephritis, levels of serum IgA, and urinary albumin

TLR9 plays a critical role in the pathogenesis of IgAN

Suzuki H, et al: J Am Soc Nephrol, 2008

Polymorphisms of the TLR9 gene are associated with 

histological severity of patients with IgAN

χ2= 52.014,   P<0.0001

SNP analysis：TLR9 (rs352140) 
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CpG Oligodeoxynucleotides 

(ligands for TLR9) aggravated 

renal injury with elevation of 

serum IgA and IgA-IgG IC

IgA



TLR7, recognizing RNA, is also involved in IgAN

TLR7 in B cells promotes renal inflammation 

and Gd-IgA1 synthesis in IgAN

Zheng N, et al. JCI Insight, 2020

eGFR UPCR
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TLR9                         TLR7

HCQ is treatment option for IgAN

PAS

IgA

IgG

C3

➢ Nasal administration of CpG-ODN and imiquimod developed IgAN

➢ Co-administration of Hydroxychloroquine (HCQ) improved 

glomerular deposition of IgA and C3



Responsible mucosal site for 

the pathogenesis of IgA nephropathy



Which is responsible for 

the pathogenesis of IgA nephropathy?

NALT: Nasal-associated 

lymphoid tissue

GALT: Gut-associated lymphatic 

tissue

？

Shikakukaibougaku, Kangoroo
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Abnormal expressions of specific 

glycosyltransferases of IgA1 in tonsillar B cell of IgAN

Production of Gd-IgA1



Muto M, et al, J Am Soc Nephrol, 2017

APRIL and its receptors are overexpressed in tonsils of IgAN
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Patients with IgAN exhibited exaggerated IgA-

biased anti-Neisseria responses to both pathogenic 

and nonpathogenic Neisseria species.

The most abundant genus in tonsil swabs in 
patients with IgAN was Neisseria

Currie EG. JCI Insight 8: e141289, 2022

Aberrant mucosal immune responses to oropharyngeal pathobionts, 

such as Neisseria, in the immunopathogenesis of IgAN



Kawamura T. Sci Rep 13: 18455, 2023

PSL+tonsillectomy

PSL only

without PSL

Renal outcome

Tonsillectomy with corticosteroid therapy is effective for kidney 

survival in a multicenter prospective study for IgAN

PSL: corticosteroid



Which is responsible for 

the pathogenesis of IgA nephropathy?

NALT: Nasal-associated 

lymphoid tissue

GALT: Gut-associated lymphatic 

tissue

？



Increased IgA+ PCs in the intestine in patients 

with inflammatory bowel diseases (IBD)

Increased IgA+ Plasma cells in the intestine

in patients with active IBD  

Wang J, et al. J Clin Invest 113,826-835, 2004
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Intestinal mucosal immune response in IgAN

Gluten exacerbates IgAN in 

IgA1+CD89+ humanized mice

Christina P et al,: kidney Int 88,276-285, 2015

• Deposition of IgA1/C3

• Immune complex

• Hematuria/proteinuria

Treatment with a gluten-free 

diet could be beneficial to 

prevent progression of IgAN
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Lafayette R. Lancet 402: 859, 2023

Kidney Int 105:381, 2024

Budesonide

→Gd-IgA1          

→IgA-IgG IC

Budesonide

Efficacy and safety of a targeted-release formulation of budesonide in patients 

with IgAN (NefIgArd): 2-year results from a randomised phase 3 trial



IgA IgG C3PAS
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Germ free condition markedly decreased proteinuria 

and IgA, IgG, C3 deposits in the mesangium

Kano T, Kidney Int 2021

Bacteria?

Virus?

Oral?

Pharynx?

Gut?



Several bacterial species have been 

reported to be potential contributors to 

the pathogenesis of IgAN, including 

 --periodontitis-related and 

 --dental caries-related bacteria

Misaki T. PLOS ONE 18: e0282367, 2023

Association between glomerular IgA and Gd-IgA1 and the rate of 

cnm-positive S. mutans in the oral cavity



Sho Hamaguchi, et al. Deep shotgun metagenomic analysis of the oral 

microbiome identifies certain bacterial plasmids associated with IgAN. 
                     Please see the Oral Communications 7: Basic Research, Oral 5-4, 5th Dec, 2025

saliva



NALT

GALT

IgA        KM55

Multi-Hit model of pathogenesis of IgA nephropathy

Exogenous 

         antigens

or

Suzuki H, et al. Semin Immunopathol, 2021

Dysregulation of mucosal/innate Immunity

(TLR7 & 9, BAFF/APRIL)



pDCs promote production of aberrantly-glycosylated IgA in IgAN via 
TLR9 signaling, highlighting a novel target of treatment for IgAN

Plasmacytoid dendritic cells (pDC) modulate the 
pathogenesis of IgA nephropathy by facilitating 

aberrantly glycosylated IgA production

Fukao, Y. et al.
Nephrol Dial Transplant

NDT (2025) 

Results

pDC isolation
Exposures:

Methods
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Outcomes:
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Outline

➢Mucosal immunity of IgA nephropathy

➢Mechanisms of glomerular deposition of IgA

➢Development of new treatment



IgA IgG C3 

Gd-IgA1 

+ 

IgG (IgAN)

Gd-IgA1 

Normal IgA1 

Gd-IgA1-IgG IC-injected mice showed mesangial deposits of 

IgA, IgG, and C3 with albuminuria and hematuria

75

50

25

3+

2+

1+

U
-A

lb
 (

m
g

/d
l)

H
e

m
a

tu
ri

a

75

50

25

3+

2+

1+

U
-A

lb
 (

m
g

/d
l)

H
e

m
a

tu
ri

a

75

50

25

3+

2+

1+

U
-A

lb
 (

m
g

/d
l)

H
e

m
a

tu
ri

a

Moldoveanu Z, et al. J Autoimmun, 2021



Gd-IgA1 ICs

Mesangial cell

Endothelial cell

Real-time glycocalyx imaging

Inhalation anesthesia

Injection of 

fluorescent dye

Blood pressure

objective 

lens Microvascular

Renal tubule

Gd-IgA1 + IgG (IgAN)

Gd-IgA1 + PBS
Balb/cAJcl-nu/nu

How Gd-IgA1 ICs 

deposit in mesangium? 

Makita Y, Nephrol Dial Transplant, 2022



Gd-IgA1-IgG IC damaged renal microvascular 

glycocalyx immediately after injection

Gd-IgA1 

+ 

IgG (IgAN)

Gd-IgA1 

Baseline After 45-min

Glycocalyx

Autofluorescence of tubuleMakita Y. Nephrol Dial Transplant, 2022



βII-spectrin

IgAN model IgAN model



Homing to inflammation 

site （Kidney）

Mesangial deposition

IgA Gd-IgA1

？？

Cell surface on 

mesangial cell

Nihei Y, et al. Sci Adv, 2023

βII-spectrin

anti–βII-spectrin IgA

Serum anti–βII-spectrin IgA

tubulointerstitium

anti–βII-spectrin IgA

produsing plasma cells

Potential novel biomarker



Gd-IgA1 producing cell targeting 

therapeutic Intervention



Mesangial deposition and 

activation of mesangial cells 

resulting in glomerular injury

Increased circulating 

galactose-deficient IgA1

(IgG, IgA)

Production of unique 

anti-glycan antibodies

Formation of pathogenic 

IgA1-containing circulation 

immune complexes

Hit1 Hit2

Hit3

Hit4

Multi-Hit model of pathogenesis of IgA nephropathy

Suzuki H, et al: J Am Soc Nephrol, 2011
IgA Gd-IgA1 Merge

Rituximab?



Controlled trial of Rituximab in IgA nephropathy

Lafayette RA. JASN 28:1306-1313, 2017

rituximab versus control

no favorable effect of rituximab on Gd-IgA1 or autoantibodies to Gd-IgA1

Total IgA (mg/mL)

Gd-IgA1 (U)

Anti-Gd-IgA1 IgG (U/mL)

5.0

54.8

1492.5

4.4

60.5

1751.3

Baseline    after treatment (1yr)

No effect for proteinuria

No change

Gd-IgA1 and anti Gd-IgA1 IgG may originate 

from plasma cells.

Plasma cell

Rituximab

B cell differentiation

pro-B    pre-B   immature mature  GC B  memory B



Gd-IgA1+ cell populations in peripheral blood are enriched 

with plasmablasts/plasma cells

Zachova K, J am Soc Nephrol 33: 908-17, 2022



Anti-CD38 Ab: Targeting plasma cells

Phase 2 clinical trials are underway in patients with IgAN

Heeger PS, Nat Rev Nephrol. 2024



B lymphocyte development, selection, 

and homoeostasis



Members of TNFa superfamily ligands

BAFF: B cell activating factor,   APRIL: a proliferation inducing ligand

➢ BAFF and APRIL play a central role in B lymphocyte 

development, selection, and homoeostasis

BAFF and APRIL

Vincent FB. Nat Rev Rheumatol 10: 365-373, 2014



McCarthy DD. J Clin Invest 121: 3991, 2011

BAFF-Tg mice exhibit 

IgA-associated nephropathy

Serum levels of a APRIL and BAFF 

elevated in patients with IgAN 



Serum levels of BAFF and APRIL were correlated with 

proteinuria or eGFR in patients with IgAN

Sallustio F. Nephrol Dial Transplant 27: 1765, 2022



APRIL: candidate genes

Kiryluk k, et al. Nat Gent 2014

Discovery of new risk loci for IgA 

nephropathy implicates genes 

involved in immunity against 

intestinal pathogens

Kiryluk K, et al. Nat Genet, 2014

A genome-wide association study in Han Chinese 

identifies multiple susceptibility loci for IgA nephropathy

Yu XQ, et al. Nat Genet, 2011

GWAS for IgAN demonstrated strong contribution of 

TNFSF13 (APRIL) to disease risk



Serum levels of APRIL increased in patients with IgAN

High levels of serum APRIL associated with high risk for ESRD

IgAN   Healthy   MN       LN       DMN

Serum APRIL

Risk for ESRD (%) Risk for doubling sCr (%)

Han SS, et al: J Am Soc Nephrol, 2016

Canada         U.S.A

Serum APRIL

McCarthy DD. J Clin Invest 121:3991-4002, 2011



Anti-APRIL antibody treatment effectively reduces key IgA 

related disease mechanisms in the mouse model of IgAN

Anti APRIL

Myette J, Kano T, Suzuki H, Suzuki Y. et al. Kidney Int, 2019

Clinical trials

IgA

Isotype 

Control

Anti-

APRIL

IgG C3



Decrease of proteinuria

Decrease of serum Gd-IgA1

N Engl J Med 390: 20-31, 2024

treatment

-40%

treatment

-60%



N Engl J Med 2025

At 9 months

⚫ UPCR: 50.2% reduction 

At 12 months, 

⚫ Hematuria positive ratio: 

  78.3 → 19.8%

⚫ Gd-IgA1: 67.1 % reduction

Consistency was observed in 

baseline histopathologic activity 

and medication history



-45.7

-68.3

-81.0

Changes in Gd-IgA1                         

Changes in UPCR                                    Changes in Hematuria                            

Atacicept: Dual blockade of BAFF and APRIL



Lafayette R. N Engl J Med, 2025

Consistency was observed in baseline histopathologic activity 

and medication history



Schrezenmeier E. J Am Soc Nephrol 29: 741-758, 2018

Schneider P. Curr Opin Immunol 17: 282, 2005

Interventions and their 

potential to target 

distinctly B lineage 

subsets and plasma cells

✓ BAFF bind strongly to BAFF-R and TACI and 

weakly to BCMA

✓ APRIL binds strongly to BCMA and 

moderately to TACI



Exogenous antigen

Plasma cell

Plasma blast

Gd-IgA1

Dysregulation of immune  

response (TLR9 and TLR7) 

Gd-IgA1-specific Ab

(IgG, IgA)

1st Hit 2nd Hit

3rd Hit

Gd-IgA1 IC

Mesangium

IgA

4th Hit

Gd-IgA1

BAFF/APRIL

Classical Lectin Alternative

C1q MBL, MASP, Ficolins C3b(H2O)

C3b

C5

C5b-9

Complement activation

Treatment target of IgAN by Multi-Hit pathogenesis

Lower Part:

Anti-inflammation after Gd-IgA1 deposition

Upper Part:

Reduction of Gd-IgA1 IC production

Suzuki H, et al. Semin Immunopathol, 2021

pDC, T cell
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