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Multii-Hit madél lof pathogenesis of igAcephiopatiy

Hitl Hit2
Increased circulating Production of unique
galactose -deficient IgA1 anti -glycan antibodies
(19G, IgA)
Hit3 C&V

v, ",‘ Proliferation
ECM production
Cytokines
Growth factors

o\\i ~ Mesangial cell
£° TIgA1 complexes

Formation of pathogenic
IgAl-containing circulation
iImmune complexes

Hit4 l,

oroknes | Following the mesangial
deposition of IgA-ICs,
complement activation
occurs, which drives and

Complement amplifies glomerular
inflammation and

Mesangial deposition and
activation of mesangial cells
resulting in glomerular injury

activation d
ZW —
Suzuki H, et al: 3 Am Soc Nephrol, 2011



Glomerular co-deposition of C3 with IgA is detected
iIn >90% of kidney biopsies in IgAN

w) Complement activation

Classical 1@Alternativ§)

Clq MBL, MASP, Ficolins C3b(H,0)
C3b
C5

l

C5b-9

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.



How Is: thiezcomplement systene activatedd?



IgG have pro - and anti -inflammatory activities, depending

+ NHS
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IgAN was described by Berger, in 1968,
based on

Aintercapillary deposits of IgA -1gGo .

However, not all of the patients show

glomerular IgG deposition by regular

clinical iImmunofluorescent analysis.



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

kidney biopsies from patients with

IgAN biopsy positive for IgG by routine
immunofluorescence: IgAN+RIF

IgAN biopsy negative for IgG by routine
immunofluorescence: IgAN-RIF

IgG molecular integrity RESULTS IgG specific for Gd-IgA1 by
confirmed by SDS-PAGE ELISA
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Confocal Microscopy
IgA and IgG co-localize

IgA, green
IgG, red
Nuclei, blue

—

IgGAN-RIF

IgAN+RIF

A nanobody specific for the CH3 domain of its Fc portion detects
1gG i alll patients svitith 1gAN

Rizk DV, et al. J Am Soc Nephrol 30, 20177 2026, 2019
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Polymerici gArbindsiviaithel carbohydrate aecognitionidomainot:MBL MEBL

MBL binding IgA detection
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ComplementfactivitytofdgAj A : polymericc>>>monomericic

HAA lectin binding

HAA binding (OD 415nm)

MBL binding

C4 deposition
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Does IgA\activatedhée altémmativepathwiay2y 7

nology

Translational Eur J Immunol 17: 321, 1987

Article

Activation of the alternative pathway of complement by human serum IgA

Pieter S. Hiemstra, Arko Gorter, Marly E. Stuurman, Leendert A. Van Es, Mohamed R. Daha

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

Polymeric Unprimed Intraglomerular Gd-gA,-lgG-Complex-Activated
Gd-lgA, Gd-IgA -IgG Complexes Mesangial Cell Intraglomerular Mesangial Cell

) Alternative
/8«
3: % 7 V| VS Co e Pathway

\ &gﬁ Activation

Anti-Gid-IgA, IgG ' Lectin
ﬁ] [F' s | Y | Pathway
Activation

Rizk DV. Front Immunol 10, 504, 2019



ComplementPathway y

Lectin pathway Classical pathway Alternative pathway

Antigen/antibody
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Factor Bb

C3c

Facton B: Keyymediatomofdltermative pathwiay
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AlternativecPathivayy
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Actiiee IgAN
C3b/iC3b/C3c

Inactive: IgAN
C3b/iC3b/c3C
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U Inactivationrobthé eamplement: systendoy Factordtor H
U CFHR competesswithiaector totactivateacomplementent

Common architecture 4
for CFHR 1,2 & 5 e S
dimerisation : no—Pp T
LR S Hdeiane C8b activation
C3b binding i
domains 4
C3b binding CF"‘~
domains N\

Regulation De-Regulation
complement complement
inactivation activation

PNAS 110: 4685, 2013



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.

DEFA3  DEFA1

—

Kiryluk K. Nat Genet 55: 1091, 2023



clinical investigation www.kidney-international.org

Circulating complement factor H-related
proteins 1 and 5 correlate with disease
activity in IgA nephropathy

Nicholas R. Medjeral-Thomas ', Hannah J. Lomax-Browne'°, Hannah Beckwith',
Michelle Willicombe’, Adam G. McLean”, Paul Brookes’, Charles D. Pusey”, Mario Falchi’,

H. Terence Cook' and Matthew C. Pickering' Kideny Int 92: 942, 2017
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Serum CFHHRS levelssanecelevated dnin
IgAN and correlateawithiinenal prognosissis

30% eGFR decline
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ComplementPathway y

Lectin pathway Classical pathway Alternative pathway

Antigen/antibody
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Active lectin pathway
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Glomenular iC4d-positivityi rateit:9 19-56%

Nam et al”* Sato et al'® Segarra et al’ Fabiano et al'* Sahin et al'* Espinosa et al”

Study, y (2020) (2019) (2018) (2017) (2014) (2014)
Country Korea Japan Spain Brazil Turkey Spain

No. of patients 380 25 190 47 33 283

Ace 4d+/Cad- : 9 5/13 80/29 0 0 5/8 8 5 g 6/30 4
Patients C4d+ 72 (18.9%) 14 (56.0%) 38 (20.0%) 10 (21.3%) 11 (33.3%) 109 (38.5%)
UJetinition of 4d positivi 0% U%% o

C4d staining method IHC IF IHC IHC IHC IHC

Male sex (C4d+/C4d-) 48.6%/41.9% 43.0%/27.0% 63.0%/65.0% 60.0%/62.0% 55.0%/50.0% 74.0%/73.0%
Follow-up, y 79 20 15.8 5.6/9.5 2.7 6.0
Proteinuria (g/d or g/g) 1.6/0.7 2.0/0.8 1.9M1.5 0.9/0.1 4.0M1.3 221.7
(C4d+/C4d-)

Baseline eGFR, mL/min/1.73 m* 72.8/88.0 121.0 /125.0 98.0/99.0 127.0/148.5 45.6/68.7 58.9/73.2
(C4d+/C4ad-)

Serum creatinine, mg/dL 1.4M1.0 NA 1.0/1.0 NA 3.0/1.8 NA
(C4d+/C4ad-)

Macroscopic hematuria NA 64.0%/45.0% 42.0%/43.0% NA NA 39.0%/49.0%
(C4d+/C4d-)

Hypertension (C4d+/C4d-) 41.7%/471% NA 16.0%/12.0% 10.0%/22.0% 64.0%/36.0% 72.0%/44.0%
M1 (C4d+/C4ad-) 39/80 12/9 15/42 3/13 11/6 771106

E1 (C4d+/C4d-) 11/40 41 514 1/3 NA 28/34

S1 (C4d+/C4d-) 51191 9/4 6/16 2/10 10/8 35/22

T (1) (C4d+/C4d-) 19/18 0(71) 12/28 1/0 7/3 41/49

T (2) (C4d+/C4d-) 1/3 0 3/14 NA NA 53/28

C (1) (C4d+/C4ad-) 13/34 10/6 NA NA NA NA

C (2) (C4d+/C4d-) 2 /7 NA NA NA NA NA

RAS blockers (C4d+/C4d-) 63/201 1410 32/123 T4 NA 90/135
immunosuppression (C4d+/C4d-) 11/21 11/7 26/47 717 58/102 19/6

Jiang Y. Kidney Med 3: 101471 1021, 2021



Poaor prognosis ¢ni€4did positive: case

C4d negative

Renal survival
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Mario E. CJASN 9: 897-904, 2014



Meta-analysis

Glomenulan C4ddpositivityit Asseciated iwithndgcréasethsed
renall functionrand severerprotelntinairia

Clinical Characteristics

C4d-positive (N)

C4d-negative (N)

Mean Difference
IV, Random, 95% CI

Estimated GFR 301 750 —  —— -11.48 [-18.27, -4.70](p < 0.001 )
24h urine protein excretion 146 254 0 0.99 [0.50, 1.47](p < 0.001)
Urine protein creatinine ratio 155 496 0.8710.53, 1.21]1(p < 0.001)
: : :
20 10 10 20
C4d-positive C4d-neagtive Risk Ratio

Oxford N with lesions Total N with lesionsTotal M-H, Random, 95% CI
M1 lesions 202 (65%) 312 298 (38%) 782 <> 1.50[1.12, 1.99](p = 0.006 )
E1 lesions 78 (26%) 301 109 (14%) 760 o 1.65[1.23, 2.22](p < 0.001)
S1 lesions 139 (45%) 312 289 (37%) 782 < 1.50 [1.12, 1.99](p = 0.006 )
T1+2 lesions 160 (51%) 312 155 (20%) 782 =

2.53[1.81, 3.53](p < 0.001 )

0.01 0.1

10 100

Jiang Y. Kidney Med 3: 10141 1021, 2021



\ BRIEF COMMUNICATION | www.jasn.org JASN 28: 317, 2017

Mannose-Binding Lectin Levels Could Predict Prognosis
in IgA Nephropathy

Wei-yi Guo,*™5 Li Zhu,*™5 Si;jun Meng,*™% Su-fang Shi,*™$ Li-jun Liu,*™% Ji-cheng Lv,*™*3 NOnllnear aSSOCIatIOH between M BL
and Hon ang* ™S . .

aica S levels and adjusted hazard ratios of
50% eGFR decline or ESRD
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Both MBL deficiency and high levels
have poor renal prognosis



SD units
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C3 is presentinrigAd 1-containingccirculatingng ICs
of patientsawitith IgAN
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|gG-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: 19311 8, 1986



Sqe ntlﬁc Reports https:Hdoi.orgﬂ 0.1038/541598-025-29024-z
Article in Press

- - - - Circulatory IgA -ICs of patients with IgAN have a
Complement proteins associated with circulatory greater abundance of complement proteins CFHR1

and glomerular IgA-containing immune

. s . _ Immunosuppressive therapy
complexes in patients with IgA nephropathy F=0.0009
154 | . P=0.0020
~ P =0.0003 21
CFHR1 IgA merge g 1 » 24
\ o O
. - - L ——
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Complement proteome found in glomerular and
circulatory IgA -ICs.
Control It is suggested an association of complement regulatory
proteins, such as CFHR1, with pathogenic IgA  -ICs.

Tsuji Y. Sci Rep, 2025



Severall techniques can bé&usec:to interregatgate
complement inraffécted: patientswithvith IgAN

Genetic
Avariants in CFH and CFHR genes associate with disease

Tissue staining

AC3c detected in nearly all active IgAN biopsies
AHRS5 detected in glomeruli

Complement biomarkers

Ancreased levels of plasma and urine complement activation fragments
Mresence of alternative pathway activation fragments

Alevated plasma Ba levels

A levated circulating levels of FHR1 and FHR5

-
Drugs ISeveral positive clinical trials of complement inhibitory drugs have been reported

A\ complement inhibitor, iptacopan , was recently approved for use in  IgAN patients
. y,




Complementinhibitorydrugs @nd thethtargetsyets
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C'a(féi;ca' R sl Len Alternative — ARO-CFB (F)

Vemircopan (FD)

Nar&élimab BCX10013 (FD)

Pegcetacoplan
ARO-C3

Ravulizumab

Cemdisiran
KP104

EREm

Avacopan —

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



www.kidney-international.org clinical trial

Results of a randomized double-blind Iptacopan : a factor B inhibitor
placebo-controlled Phase 2 study propose """

iptacopan as an alternative complement OPEN

pathway inhibitor for IgA nephropathy

Hong Zhang', Dana V. Rizk’, Vlado Perkovic’, Bart Maes", Naoki Kashihara, Brad Rovin®,

I3 7 B O - - 10 . . [ 1 2
Hernan Trimarchi’, Ben Sprangers ™, Matthias Meier -, Dmitrij Kollins ~, Olympia Papachristofi'”, eGFR > 30 mL/min/1.73 m

Julie Milojevic'', Guido Junge'’, Prasanna Kumar Nidamarthy'“, Alan Charney'” and UPCR > 0.75 g/24 hours
Jonathan Barratt'* ">
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Adjusted arithmetic mean
(80% CI) of eGFR (mL/min/1.73m?)

eGFR ( day 90)

— |Iptacopan 10 mg — Iptacopan 50 mg
— Iptacopan 100 mg — |ptacopan 200 mg
— Placebo

(change from baseline) over time

Baseline D8 D15 D30 D90
Time (days)

eGFR ( day 180)

_
o
|

o
I

Adjusted arithmetic mean
(80% Cl) of eGFR (mL/min/1.73m?)
(change from baseline) over time

Bas D8 D15 D30 D60 D90 D135 D180
Time (days)
~————f— Iptacopan 10 mg ——@— |ptacopan 50 mg iy |ptacopan 100 mg ——3}— Iptacopan 200 mg

wff}—— Placebo
Zhang H. Kidney Int, 105: 189, 2024



e NEW ENGLAND JOURNALof MEDICINE
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A Research Summary based on Perkovic V et al. | 10.1056/NEJMoa2410316 | Published on October 25, 2024 to factor B and inhibits the
alternative pathway
Change in 24-Hour Urinary Protein-to-Creatinine Ratio 'P;gg‘:’;"

Difference, 38.3% (95% Cl, 26.0-48.6); P<0.001
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