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C3-Complement 0.28 g/I

C4-Complement 0.30
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C3 Glomerulopathy
(C3G)

Dense deposit disease C3 glomerulonephritis
(DDD) (C3GN)

33360030 ©93MmDBoEO0L 53500905 (DDD) s
C3 gm3gOHembga®o@o (C3GN) séob
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C3 4@ md9OHIMm35000900.




Historical
classification

Electron
microscopy

Immuno-
fluorescence

Modern
categories

MPGN type |

MPGN type Il

MPGN type Il

l

Mesangial and
subendothelial

Highly electron-dense
mesangial and

Mesangial,
subendothelial,

deposits intramembranous subepithelial, and/or
deposits + Bowman’s intramembranous
capsule deposits deposits
C3 with I1gG C3 alone C3 alone C3 alone C3 with IgG
and/or IgM and/or IgM
Clq l ¢ l Clq
C3GN DDD C3GN
I |
Y

Immunoglobulin-
mediated
MPGN type |

%

C3 glomerulopathies

Immunoglobulin-
mediated
MPGN type llI

;

Consider autoimmunity, infection and monoclonal gammopathy

Nature Reviews | Nephrology
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A B

MNarrowed capillary lumen
Subepithelial immune Red

Basement membrane
complexes ("humps") blaod ceall

Endothelial cell

Increased
number of
mesangial cells

Foot processes
Fenestrated endothelium PMN leukocyte

Fusion of foot processes
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Complement system

Classical pathway Lectin pathway Alternative pathway

Clq _{\ Ag-Ab complexes ..% MBL Pathogens, injured tissue C3b
_ N ‘ '
R

Lectin binds mannose
on pathogens

MASPs
ca
Cc2

CR1 C3 convertase

FcR ) C3
| 5 C3b

opsonization

S— 65 C5 convertase
gocy C5b | cs, 7, cs,

c9

MAC
C5b-9 'lm) Cell lysis and activation



Infographic by Anvitha Rangan

(@AnvithaRangan)

FEATURES

l VLII‘I\JHL .

MICROSCOPY

IMMUNO-
FLUORESCENCE

ELECTRON .
MICROSCOPY

C3 GLOMERULOPATHY

C3GN DDD
Hematiria Children, adults (20-40
Ad H‘S 30_40 rroTeinuria
uyeau('s) Hypertension Drusen deypi::: in retina
Reduced GFR APL.
Non-specific

Mesangial proliferative, membranoproliferative, and endocapillary proliferative
glomerular pattern of injury. Crescents may be present

Bright C3 deposits along GBM, Bowman's capsule, tubular
membranes, and mesangial rings

Electron dense, "sausage shaped”
intramembranous deposits in GBM,
Bowman's capsule and mesangium

Pale/Non-dense, amorphous
subendothelial, intframembranous
and mesangial deposits

APL:Acquired partial lipodystrophy, GBM: Glomerular basement membrane
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* Serum C3 and C4

* Soluble C5b-9 (soluble membrane attack complex or sMAC) —

* Serum factor H

* Serum factor B, factor |, and membrane cofactor protein (MCP, CD46) —

dAMIbENLBIYMgdNL B7LE0MYdS
* C3 nephritic factor (C3NeF)

* C5 nephritic factor (C5NeF)
* C4 nephritic factor (C4NeF)
e Other autoantibodies




Patient with biopsy-proven DDD or
C3GN without an underlying
monoclonal gammopathy*

v

Initial therapy based upon
severity of disease 14

]

|
Mild disease
(proteinuria <1.5 g, hematuria,
normal kidney function)

v

I
Moderate to severe
(proteinuria =1.5 g/day and/or
abnormal kidney function)

¥

1
Rapidly progressive GN
(rapidly deteriorating kidney function and
crescentic GN on kidney biopsy)

4

Treat with supportive
measures? and monitor
for disease progression

MMF and glucocorticoids plus
supportive measures® 8¥

Reduction in proteinuria and
kidney function stable or improved?

Glucocorticoids (IV pulse
followed by oral) plus either
cyclophosphamide or MMF§#

I

Yes No

v ¥

Continue MMF for total of
at least 6 months and
wean off glucocorticoids

Does the patient have
an identified genetic
defect in factor H?

r
Yes

v

1
No

¥

plasma infusion or plasma exchange

Discontinue MMF and
glucocorticoids and offer trial of

Discontinue MMF and
glucocorticoids and switch
to eculizumab




Eculizumab dmddggdoly
d94sb0Bdo

ombo:
eculizumab 900 mg (IV)

330Msb0, 4-5 3300
1200 mg IV mf 330Msdn

qfhnbga.

auto-antibody

Sy

cell antigen

membrane-attack
complex (MAC)

prevent cell damage

|
0(,

eculizumab



Study of NM8074 in Adult C3
Glomerulopathy Patients

Controlled Trial Evaluating Ava
copan in C3 Glomerulopathy

Study of ARO-C3 in Adult Heal
thy Volunteers and Patients Wi
th Complement Mediated Rena
| Disease

A Proof-of-Concept Study of D
anicopan for 6 Months of Treat
ment in Participants With C3 G

& C3 Glomerulopathy Includi
ng_Dense Deposit Disease Tre
ated With OMS721

Evaluation of a Renin Inhibitor,
Aliskiren, Compared to Enalapr
il, in C3 Glomerulopathy

NCT05647811

NCT03301467

NCT05083364

NCT03369236

NCT02682407

NCT04183101

Not yet

recruiting

Completed

WITH RESULTS

Recruiting

Completed

WITH RESULTS

Unknown
status

Recruiting

C3 Glomerulopath
y

C3 Glomerulopath
y (C3G)

C3 Glomerulopath

y
IgA Nephropathy

C3 Glomerulopath
y

C3 Glomerulonephri
tis

Dense Deposit Dise
ase

IgAN

Lupus Nephritis
MN

1 more

C3 Glomerulopath
y
Membranoproliferati
ve Glomerulonephrit
is

Complement Abnor
mality

2 mare

Drug: NM8074

Drug: Avacopan
Drug: Avacopan Matching Placebo

Drug: ARO-C3
Drug: Placebo

Drug: Danicopan
Drug: Placebo

Biological: OMS721 (narsoplimab)

Drug: Aliskiren
Drug: Enalapril

NovelMed Therape
utics

ChemoCentryx

Arrowhead Pharma
ceuticals

Alexion Pharmaceu
ticals, Inc.

Omeros Corporatio
n

Region Skane

Interventior

Interventior

Interventior

Interventior

Interventior

Interventior
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s ; I g 9.6. Immune complex-mediated membranoproliferative
glomerulonephritis (IC-MPGN) and C3 glomerul- opathy

Transplantatlon (c6)

9.6.2.1: We recommend not excluding candidates

with C3G from kidney transplantation; however, the risk of

recurrence should be considered and discussed with the

candi- date (1B).

9.6.2.2: We suggest that candidates with C3G be screened

for genetic or acquired causes for the dysregulation of the

complement alternative pathway to guide treatment and

inform risk of recurrence (2C).

9.6.2.3: Loss of a prior graft due to recurrent C3G indicates

KDIGO Clinical Practice Guideline on the Evaluation and a high risk of recurrence upon subsequent transplantation

TRnGImNBRL of Latuiukases Tor-Rid ey Hansslanbilicn and this factor should be a major consideration in deter-
mining candidacy (Not Graded).

Bl wenn Wi lransplantourmal . com
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CLINICAL RESEARCH

Clinical Findings, Pathology, and Outcomes of C3GN after
Kidney Transplantation

Zand, Ladan”; Lorenz, Elizabeth C.”; Cosio, Fernando G.”; Fervenza, Fernando C."; Nasr, Samih H."; Gandhi, Manish
J.-; Smith, Richard ). H.¥; Sethi, Sanjeev’

Author Information©

Journal of the American Society of Nephrology 25(5):p 1110-1117, May 2014. | DOI: 10.1681/ASN.2013070715

ORIGINAL INVESTIGATION - Volume 73, Issue 3, P316-323, March 2019 ¥, Download Full Issue

Kidney Transplantation in C3 Glomerulopathy: A Case Series

Renu Regunathan-Shenk &* & - Rupali S. Avasare? « Wooin Ahn3- ... « David J. Cohen3 - Gerald B. Appel3 - Andrew S. Bomback 3

... Show more
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Recurrence of immune complex and complement-mediated
membranoproliferative glomerulonephritis in kidney transplantation

— Membranoproliferative glomerulonephritis (MPGN) Few studies have analyzed post-transplant
Background \\ ) represents a histologic pattern of glomerular injury recurrence of MPGN according to current
¥ which may be due to several etiologies. classification.
Methods Results _ _
Retrospective cohort 15% I:("ZI% fail lf’gg;nmper:’d‘;?:;e:s:’e“
idney failure
e 11 hOSpiI'CIIS ' | M Complement-mediated Y and recurrence
* 1981-2021 g B N
* Median follow-up 'mm“'l'e _ 25% Over a median of 16 months
79 months 85% campleshadiaied Disease recurrence after kidney transplantation
220 kid £ o 25% Higher Dysproteinemia (67%)
o 1 ney gra t reC|p|en's - recurrence Complement-med?afed (62%}
* Biopsy-proven native W Fscuiaics
disease due to MPGN No recurrence .
s e Early time to recurrence:
e Assessed recurrence ReI'HISSIOI‘l i 2
759, o ' ; eGFR <30 ml/min/1.73 m
° S dillleln i Serum albumin < 3.5 g/dl

One-fourth of patients developed recurrence in the allograft, especially in cases with

Conclusion . . ; : : i :
complement-mediated disease or in those associated with dysproteinemia.

-EEA NEPHROLOGY Caravaca-Fontén F., et al. NDT (2022)
m‘{:ﬁ.\m.mon @NDTSocial



Patients Transplanted for C3 Glomerulopathy and Primary \
Immune-Complex-Mediated Membranoproliferative I S N

INTERMATIOMAL SOCIETY

Glomerulonephritis OF NEPHROLOGY
COHORT AND METHODS RESULTS
Prospective observational = Mean age at /. Living ﬁ Disease
mu_ltlcentre study from a transplant \- donation recurrence in
Sl oo 48years 53% 17% patients

.. " ) 4 New onset or rapi
: pidly @ Graftloss in
® C3G/IC-MPGN transplanted N 'h.ﬂeal;l.rtlnm: to increasing proteinuria recurrence vs no
' patients included SauITence was an early marker of f recurrence
1.2 years recurrence 28% vs 11%
n=41
m \ Disease recurrence was 14% patients died
Followed up for a mean the primary cause of graft

E 4.7 years III'.' loss in all patients diving followup

C3G/IC-MPGN, C3 Glomerulopathy/Immune-Complex-Mediated Membranoproliferative Glomerulonephritis

Halfon M et al, 2024 Conclusion This study provides important insights into the epidemiology and outcome
of C3G/IC-MPGN patients and their grafts after kidney transplantation. The data also

K I R E PO R T S Visual abstract by: suggest that proteinuria may serve as an early biomarker of disease recurrence and

Kidney International Reports Krishnam Penmatsa. MD,DM,DNB. should be considered in patient management as well as an endpoint in current trials using

X @krishnadoctor1 novel complement modulators.




Treatment of C3
Glomerulopathy in Adult
Kidney Transplant Recipients:
A Systematic Review

Authors: by Maria L Gonzalez Suarez, Charat
Thongprayoon, Panupong Hansrivijit, Karthik
Kovvuru, Swetha R Kanduri, Narothama R
Aeddula, Aleksandra | Pivovarova, Api
Chewcharat, Tarun Bathini, Michael A Mao, Arpita
Basu and Wisit Cheungpasitporn

Link: https://lwww.mdpi.com/2076-3271/8/4/44

Eculizumab

Study

Regunathan-Shenk et al (1)
Alasfar et al

Jeantet et al

Bombacket al (1)

Overall

Q=0.79, p=0.85, 12=0%

Allograft Loss

Random effects

¥ L
o ;
= :
0 02 04 06 08 1
Rate

Therapeutic plasma exchange

Study

Regunathan-Shenk et al (1)
Zand et al

Frangou et al

Bombacket al (1)

Overall

Q=4185, p=0.18, 12=38%

Random effects

Rituximab

Study
Zand et al

Serra et al

Qverall

Q=0.289, p=0.59, 12=0%

0.2 04 086 08
Rate

02 04 06 08
Rate

Rate (35% CI)
033 ( 000, 0.93)
0.00 ( 0.00, 1.00)
0.22 ( 0.01, 0.58)
0.00 ( 0.00, 0.69)

0.22 ( 0.05, 0.48)

Rate (35% CI)
000 ( 0.00, 1.00)
1.00 ( 0.00, 1.00)
1.00 ( 0.31, 1.00)
0.00 ( 0.00, 1.00)

0.56 ( 0.08, 1.00)

Rate (95% CI)
067 ( 0.07, 1.00)

1.00 ( 0.00, 1.00)

0.70 ( 0.24, 1.00)

% Weight
206

8.8

559
147

100.0

% Weight
230
23.0

100.0

% Weight
70.0

30.0

100.0
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C3 dominant glomerulonephritis

PIGN

» ~30% of cases of PIGN are C3 dominant

¢ Complement abnormalities are
presumed to be transient or part of the

recovery from infection

* C3 normalization should occur within
8 weeks; reclassification to C3
glomerulopathy is warranted if C3
remains abnormal at 12 weeks

C3 glomerulopathy

DDD

* ~33% of C3 glomerulopathy cases

¢ Electron microscopy reveals highly
electron-dense, osmiophilic,
sausage-shaped deposits that thicken
and transform the lamina densa of the
glomerular basement membrane

* Mass spectrometry reveals complement
components in the deposits

Paraprotein-associated

glomerulonephritis

* In adults aged >50 years, C3 dominant
glomerulonephritis is most often
associated with a paraprotein

* Complement biomarkers are abnormal in
a subset of patients with a paraprotein

* Complement dysregulation might be
caused by a paraprotein (heavy chain
and/or light chain) acting as a factor H
autoantibody or nephritic factor

» Paraprotein-targeted therapy seems to
improve the prognosis of C3

glomerulopathy

C3GN

* ~66% of C3 glomerulopathy cases

* Electron microscopy reveals deposits
with a similar electron density to matrix
components

* Patients have an increased likelihood of
C5 convertase dysregulation

* Mass spectrometry reveals terminal
complement components in the deposits

® |ICGN can be associated with
complement dysregulation

* Transition to C3 glomerulopathy (and
vice versa) can occur

* Biopsy-confirmed C3 glomerulopathy
might be reclassified as ICGN by pronase
unmasking of immunoglobulin deposits



