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Overview

" C3G versus <idiopathic= IC-MPGN

" C3G: causes

" C3G: evaluation

" C3G: treatment



MPGN: history

Membranoproliferative glomerulonephritis 

(mesangiocapillary glomerulonephritis)

Description of pattern of glomerular injury

Thickening of capillary wall (double contours) and mesangial 

proliferation

EM: 

Type I: subendothelial deposits

Type II: intramembranous dense (ribbon-like) deposits (DDD)

Type III: subendothelial, subepithelial (intramembranous) deposits



Hou H et al. A working definition of C3G by immunofluorescence Kidney International 2014;85:450-456

MPGN: histology

TYPE I

TYPE II (DDD)

TYPE III



MPGN: differences in IF patterns

Cook, H. T. & Pickering, M. C. (2014) Histopathology of MPGN and C3 glomerulopathies Nat. Rev. Nephrol. doi:10.1038/nrneph.2014.217

Immunofluorescence: variable

" Negative (chronic TMA)

" Positive for IgG and C3 (C1q)

" Positive for C3 only  

Note: IF frozen more sensitive and reliable than IP paraffin

Note: Ig masked if transport media are used (à pronase 

digestion)



MPGN: differences in IF patterns

Cook, H. T. & Pickering, M. C. (2014) Histopathology of MPGN and C3 glomerulopathies Nat. Rev. Nephrol. doi:10.1038/nrneph.2014.217

Immunofluorescence: variable

" Negative (chronic TMA)

" Positive for IgG and C3 (C1q)

" Positive for C3 only  à C3G?

Note: IF frozen more sensitive and reliable than IP paraffin

Note: Ig masked if transport media are used (à pronase 

digestion)



The relationship between historical and modern classification of 

glomerulonephritis with membranoproliferative morphology

Cook, H. T. & Pickering, M. C. (2014) Histopathology of MPGN and C3 glomerulopathies Nat. Rev. Nephrol. doi:10.1038/nrneph.2014.217



Hou H et al. A working definition of C3G by immunofluorescence Kidney International 2014;85:450-456

C3G definition: it is not that simple

Biopsy Bank Columbia University

Period 1999 3 2012

Biopsy with MPGN (N = 796)

Exclusion:   N = 396 with systemic disease, HCV, cryoglobulins, M-protein 

  N = 58 inadequate biopsy material

  N= 23 repeat biopsies

Included in study: n = 319 <primary=MPGN

" type I n=200

" Type II n= 42

" Type III n = 77

Biopsy reports: IF criteria (C3 alone; C3 > IgM; C3 > IgG by 2+; etc)



Hou H et al. A working definition of C3G by immunofluorescence Kidney International 2014;85:450-456

C3G definition: it is not that simple



DDD as < golden standard= for C3G à C3-only identified only 50% of cases! à Criterium 3

Many patients with MPGN do not have C3G! Although systemic disease etc were excluded!  

Should we be lest strict?

C3G: definition

Hou H et al. A working definition of C3G by immunofluorescence Kidney International 2014;85:450-456

diagnosis cases Criterium 1 Criterium 2 Criteria 3 Combined

DDD 42 50% 21.4% 16.7% 88.1%

MPGN I 200 8% 6.5% 16% 30.5%

MPGN III 77 10.4% 14.3% 14.3% 39%



2 patients with C3 only à IC-MPGN with only + C3>IgG or even codominant staining

2 patients with IC-MPGN à C3G
Hou H et al. A working definition of C3G by immunofluorescence Kidney International 2014;85:450-456

C3G: change in morphology during follow-up



C3G and  <idiopathic= IC-MPGN: separate entities?

Iatropoulos et al. JASN 2018

IC-MPGN may represent 

complement dysregulation in 

some patients?

Note: biopsy IC-MPGN à C3G
(3 out of 11 in Lomax-Browne CJASN 2022;17:994)

(2out of 23 in Hou J et al KI 2014;85:450-456; also in 

2/23 the reverse C3G à IC-MPGN)

IC-MPGN without complement 

dysregulation: worse outcome

Separate entity? 

Late stage C3G?
" Age 29 yr (vs 14-17yr)

" Kidney impairment 39% (vs 6-

19%)

" GS 17% (1-8%)



MPGN and C3G: pitfalls

Cook, H. T. & Pickering, M. C. (2014) Histopathology of MPGN and C3 glomerulopathies Nat. Rev. Nephrol. doi:10.1038/nrneph.2014.217

No underlying cause: IC-MPGN /Ig-MPGN

may be complement mediated

C3-dominant Glomerulopathies

Not always MPGN pattern!

MPGN  25-71%

Mesangialprol gn 24-45%

Crescentic 5-18%

Endocapillary prol 12-19%



C3G (and some IC-MPGN): causes

" Infections:  Post-infectious GN cannot be differentiated from C3G

 à in patients with suspected PIGN with persistent hypocomplementemia 

and/or persistent kidney injury after 12 weeks à biopsy 

" Complement dysregulation: 

qGenetic: variants in CFH, CFI, C3, CFB, CFHR5

qAcquired: nephritic factors, antibodies against CFH, CFB, C3

qM-protein (MGRS)

IC-MPGN without underlying disease: evaluate as C3G



Noris M et al. Pediatric Nephrology 2019; 34: 1311-1323

C3G: nephritic factors à complement activation

C3NeF most frequent; 50-80%

Pitfall: no standardized assays; no 100% association with clinical course



Podos S et al. Baseline Clinical Characteristics and Complement Biomarkers of Patients with C3 Glomerulopathy Enrolled in Two Phase 2 Studies Investigating the Factor D 

Inhibitor Danicopan Am J Nephrol. 2023;53(10):675-686. doi:10.1159/000527166

C3G: complement activation markers

Low C3 and C5, normal C4; increased complement degradation; may al be normal!

Pitfall: variable disease duration; heterogeneity of diseases (C3GN/DDD/IC-MPGN)

Quite variable



Podos S et al. Baseline Clinical Characteristics and Complement Biomarkers of Patients with C3 Glomerulopathy Enrolled in Two Phase 2 Studies Investigating the Factor D Inhibitor 

Danicopan Am J Nephrol. 2023;53(10):675-686. doi:10.1159/000527166

C3G: complement activation markers and eGFR



Podos S et al. Baseline Clinical Characteristics and Complement Biomarkers of Patients with C3 Glomerulopathy Enrolled in Two Phase 2 Studies Investigating the Factor D Inhibitor 

Danicopan Am J Nephrol. 2023;53(10):675-686. doi:10.1159/000527166

C3G: complement activation markers and eGFR

Pitfall: CFD and Ba determined by eGFR



C3G and IC-MPGN: complement variants

Meuleman et al C3G IgMPGN and complement rare variants CJASN 2023;18:1435-1445



C3G and IC-MPGN: complement variants

Meuleman et al C3G IgMPGN and complement rare variants CJASN 2023;18:1435-1445

With variants:  older, lower eGFR, less often treated with 

IS; more ESRD



C3G and IC-MPGN: complement variants

no difference in C3 or C5b-9

Without variants: more frequent C3Nef, anti-FH ab

With variants: more frequent reduced Factor H or Factor I levels

Meuleman et al C3G IgMPGN and complement rare variants CJASN 2023;18:1435-1445



C3 glomerulopathy (non-MGRS): treatment

no evidence from RCT, data suggest efficacy of MMF

Positive studies

Rabasco C et al. Effectiveness of  mycophenolate mofetil in C3 

glomerulonephritis. Kidney International 2015; 88: 1153-1160

Avasare RS et al.  Mycophenolate mofetil in combination with 

steroids for treatment of C3 glomerulopathy. CJASN 2018; 13:406-

413

But also many inconclusive/negative studies (uncontrolled, biased 

by indication etc)

Noris M ea NDT 2023; 0:1-13



Caravaco-Fontan F et al. MMF in C3G. CJASN 2020;15:1287-1298

C3 glomerulopathy (non-MGRS): treatment MMF

Response rate:

Overall n=97: 46%

MMF n=42: 79%

Age: 32 (SD 21)

Screat 1.5 (0.8-3.0) mg/dl 

Uprot: 3 (1.6-6.8) g/day

Low C3: 68%

MPGN: 70%



C3 glomerulopathy (non-MGRS): treatment MMF

Caravaco-Fontan F et al. MMF in C3G. CJASN 2020;15:1287-1298

Overall

No adjustment

MMF



Caravaco-Fontan F et al. MMF in C3G. CJASN 2020;15:1287-1298

C3 glomerulopathy (non-MGRS): treatment MMF

Comparison with propensity matched cohort

MMF

MMF

MMF



Le Quintrec M et al. Patterns of clinical response to eculizumab in patients with C3 glomerulopathy. AJKD 2018;72: 84-92

Children (n=13) Adults (n=13)

Global response 2 4

Partial response 5 1

No response 6 8

Overall response rate: children 54%, adults 38%

Eculizumab in C3GN?  Retrospective case series of eculizumab
treated patients 2010-2016 France+Québec

C3 glomerulopathy: anticomplement therapy



Eculizumab in C3GN: predictors of response?

Le Quintrec M et al. Patterns of clinical response to eculizumab in patients with C3 glomerulopathy. AJKD 2018;72: 84-92

Global response

(n=6)

Partial response 

(n=6)

No response

(n=14)

Screat (mg/dl) 4.8 (0.5-6) 0.7 (0.6-1.1) 1.2 (0.2-9.9)

UPCR (g/g) 9.4 (0.24 3 12) 3.9 (0.4-6.2) 3.0 (1.3 -10)

RPGN 5 (83%) 0 (0%) 2 (14%)

Crescents > 25% 4 (66%) 0 (0%) 0 (0%)

Interstitial fibrosis > 25% 3 (50%) 1 (20%) 1 (11%)

C3, C3NeF, C5b-9: no predictive value

Eculizumab effective only in patients with RPGN 

C3 glomerulopathy: anticomplement therapy



Two pathways of kidney injury in C3G?

Smith et al. Nature Rev 2019

Duineveld et al. Ped Neph 2020

C3-blockade



Nephrol Dial Transplant, gfad182, https://doi.org/10.1093/ndt/gfad182

The content of this slide may be subject to copyright: please see the slide notes for details.

C3 glomerulopathy (non-MGRS): what is new?

https://doi.org/10.1093/ndt/gfad182


Wong E et al.  Iptacopan in c3G. Kidney Int Reports 2023;8:2754-2764

Iptacopan

N=16 native kidney

pegcetacoplan

N=8 native kidney

Dixon BP et al.  Pegcetacoplan in C3G. Kidney Int Reports 2023;8:2284-2293

C3 glomerulopathy: complement-inhibitors



Wong E et al.  Iptacopan in c3G. Kidney Int Reports 2023;8:2754-2764

Iptacopan

N=11 transplant recurrence

pegcetacoplan

N=10 transplant recurrence

C3 glomerulopathy: complement-inhibitors

Bomback et al. ASN 2023 poster



C3G: bimodal age distribution (dependent on M-protein)

With monoclonal Ig

(n=36)

w/o monoclonal Ig

(n=59)

Age (yrs) 60 (20-85) 28 (4-84)

Male/female 25/11 28/31

Screat (mg/dl) 1.9 (0.8 3 14.7) 1.3 (0.3-7.9)

Proteinuria (g/day) 3 (0.2-15) 1.7 (0.3-24.2)

MGRS/sMM/MM/CLL/CryoT1 26/2/5/2/1

Low C3 34% 48%

Elevated C5b-9 83% 86%

Ravindran A et al. C3 glomerulopathy associated with monoclonal IgG is a distinct subtype. Kidney Int 
2018;94:178-186

Chauvet S et al. Treatment of B-cell disorder improves renal outcome of patients with monoclonal 
gammopathy-associated C3 glomerulopathy. Blood 2017;129:1437-1447

In patients with C3GN: always look for 

paraproteins, especially if > 50 years



Paraproteins and C3 Nephropathy

C3 glomerulonephritis: dominant C3 ( g 2+ vs IgG)

Disorder Symptoms LM IF EM Serum

Urine

C3 glomerulopathy 

with monoclonal 

gammopathy

Variable

Proteinuria

Nephrosis

Hematuria

CKD

MPGN

MesPGN

Endo_GN

Granular C3

No LC

no Ig

Intramembranous 

dense deposits 

(DDD)

Subendothelial and 

mesangial deposits

(C3GN)

sIEF 100%

FLC 75-100%

Frank Bridoux,  et al Kidney International, Volume 87, Issue 4, 2015, 6983711

MPGN = membranoproliferative glomerulonephritis; MesPGN= mesangialproliferative 

glomerulonephritis; Endo-GN = endocapillary glomerulonephritis

LC = light chain; Ig = immunoglobulins



Chauvet S et al. Treatment of B-cell disorder improves renal outcome of patients with monoclonal gammopathy-
associated C3 glomerulopathy. Blood 2017;129:1437-1447

Clone directed therapy improves outcome; hematological rem. à renal remission

C3 glomerulopathy (MGRS): 

efficacy of clone-directed therapy



Nephrol Dial Transplant, gfad182, https://doi.org/10.1093/ndt/gfad182
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Figure 2: Flow chart of diagnostic algorithm and currently available treatment algorithm in 

C3G and Ig-MPGN. 

https://doi.org/10.1093/ndt/gfad182


CONCLUSIONS I 

C3G: entity caused by complement dysregulation:

 young age: inherited or acquired 

 old age: M-protein

IC-MPGN: many patients should be managed as C3G

Post-infectious GN: may be a look-alike

Evaluation/diagnosis:

Good pathology!

Complement diagnostics (+ m-protein in older patients)

As yet: no accurate biomarkers



CONCLUSIONS II

Management:

Maximal conservative therapy

Not all patients may need immunosuppressive or anticomplement 

therapy immediately

In progressive/severe cases: try MMF + prednisone 

(or Cyclophosphamide in RPGN)

FUTURE: looks bright 3 novel anticomplement therapies



Questions? 


