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Definition
• C3 glomerulopathy (C3G) describes a pathologic pattern of injury.

• dominant deposition of (C3) in the renal glomerulus.

• The underlying pathophysiology is driven by dysregulation of the 
alternative pathway of complement in the fluid phase and in the 
glomerular microenvironment. 

• Absence or near-absence of other immune reactants.

• Am J Med Genet. 2022;190C:344–357
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• Adding an electron microscopic evaluation to IF facilitates the 
recognition of two subgroups of C3Glomerulopathy: 

• Dense deposit disease (DDD) 

• C3 glomerulonephritis (C3GN)

• Each subgroup is defined by the specific localization pattern and 
characteristics of deposits within renal tissue. 



Electron Microgra[h



Incidence

• . In the United States, the incidence of C3 glomerulopathy is 
estimated to be between ~1 case per 1,000,000 and ~2–3 cases per 
1,000,000 based on an analysis of C3 glomerulopathy registry data 
(49 cases per year over the past 3 years).

• Data derived from four European studies provide estimates of ~0.2–
1.0 cases per 1,000,000 of the population.

• Smith et al.Nat Rev Nephrol. 2019 March ; 15(3): 129–143.



Disease presentation

• C3G presents as glomerulonephritis (GN).
• The classical constellation of signs and symptoms, includes hematuria, 

proteinuria, edema, and often hypertension.

• In most patients, serum C3 levels are also low.

• The differential diagnosis for GN is broad and if symptoms persist and C3 
levels remain low for more than 3 months, a renal biopsy is warranted. ¹

• Patients often have a history of haematuria and hypertension, which can be 
severe and might be an associated history of  (AKI) and/or (CKD). ²

• 1.HEIDERSCHEIT ET AL, Am J Med Genet. 2022;190C:344–357

• 2. Smith et al.Nat Rev Nephrol. 2019 March ; 15(3): 129–143



1.(Servais et al., 2012)
.2. Nasr et al., 2009)

• The average age at diagnosis of C3G is 21 years, however stratifying by 
subgroups, age at diagnosis is higher in C3GN than in DDD (about 30
and 19 years old, respectively).¹

• C3G is also associated with the development of drusen, making an 
ophthalmologic evaluation an essential part of a C3G patient's regular 
care.²

• It is the so-called partial lipodystrophy, which is characterized by a loss 
of adipose tissue, predominantly affecting the upper half of the body 
(upper extremities and trunk). 
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• . Autoantibodies to the C3 and C5 convertases of complement are 
the most commonly detected drivers of complement dysregulation.

• Genetic variation in complement-related genes is a less frequent 
cause

• Approximately 30- 50% of the patients progress to end-stage renal 
disease within 10 years of diagnosis.

• High risk for disease recurrence(90%) and allograft failure.



THE COMPLEMENT CASCADE

• The complement system is the cornerstone of innate immunity.

• It is the first line of defense against foreign and altered host cells, 
leading to the activation of adaptive immunity.

• Activation is facilitated by three different initiating pathways: 

• classical pathway (CP), lectin pathway (LP), and AP.



Figure 1





• Complement activity is tightly controlled by numerous proteins 
known collectively as regulators of complement activity (RCAs), 
which are present in the:

• fluid phase 

• membrane-bound.



1.Norris & Remuzzi, 2015; Turkmen, Baloglu, & Ozer, 2021),
2.Carroll, 2008; Ricklin et al., 2016; Turkmen et al., 2021)

• . Fluid phase regulators include : 

• C4BP, vitronectin (S protein), clusterin, factor I (FI), factor H(FH), 

and factor H-like 1 (FHL-1).¹ 

• Membrane-bound RCAs:

• decay accelerating factor (DAF or CD55),

• membrane cofactor protein (MCP or CD46)

• complement receptor 1 (CR1 or CD35) 

• Protectin (CD59) .²





1.(Reid et al., 1986).

• The RCA that is most relevant to C3G is FH, a linear protein comprised of 
20 short consensus repeat (SCR) units each about 60 amino acids in length 
connected one to another by short linker regions. 

• The four amino-terminal SCRs of FH can bind to C3b, enabling FH to 
regulate complement activity at the level of C3 convertase by three 
mechanisms:

• (a) cleavage of C3b to inactive C3b (iC3b) through cofactor activity with FI,

• (b) decay accelerating activity (DAA) by sterically displacing Bb from the C3 
convertase (C3bBb)

• (c) inhibition of C3 convertase formation by competing with FB for binding 
with C3b.¹

•



1.Sethi et al., 2009).
2.(Xiao, Pickering, & Smith, 2014).

• Type 1 FHRs, in particular FHR1 and FHR5, are prominently found in 
renal biopsies of C3G patients. ¹

• In addition, pathologic type 1 FHR gene rearrangements that generate 
novel FHRs proteins are implicated in genetically driven types of C3G.²







Evaluation







1.Iatropoulos et al., 2016; Servais et al., 2012; Yuzhou Zhang et al., 2012

2.Servais et al., 2012; Xiao et al., 2014.

• Drivers of disease | 
Acquired drivers

• C3 nephritic factors (C3Nefs) against C3bBb are most common, and 
are reported in 50–80% of DDD patients and 44–50% of C3GN 
patients.¹

• This convertase in the fluid phase, typically leading to an associated 
reduction in serum levels of C3 with a concomitant increase in levels 
of its cleavage product, C3c .²



1.Marinozzi et al., 2017

• C5 nephritic factors (C5Nefs) are also common.

• The likelihood of co-positivity for both C3Nefs and C5Nefs is high. 

• As a general rule, C5Nefs are more frequently associated with C3GN
than 

DDD.¹



1.Halbwachs, Leveilla, Lesavre, Wattel, & Leibowitch, 1980; McLean & Nilson, 1979).

2.Chiara Marinozzi et al., 2017
3.Blanc et al., 2015; Chen, Muller, Rudolph, et al., 2011; Goodship et al., 2012; Strobel, Zimmering, Papp, Prechl, & Jozsi,  2010).

• Less frequently, C4 nephritic factors (C4Nefs), which bind to and 
stabilize C4b2a, are identified.¹

• In addition to nephritic factors, autoantibodies against FH and FB are
occasionally detected.²

• These autoantibodies impair FH regulation and stabilize the C3 
convertase against FH-mediated decay, respectively.³



Genetic drivers

• Approximately 25% of C3G patients carry rare variants or genomic 
rearrangements in complement genes.¹

• Testing should focus on genes implicated in C3G, which include
• C3
• CFB
• CFH
• CFI
• DGKE
• CFHR5

1.(Servais et al., 2012).



Genetic drivers

• . In addition, the CFHR genomic region should be screened for 
complex rearrangements typically by multiplex-ligation-dependent 
probe amplification (MLPA), a multiplex PCR-based method that can 
detect the copy number of each CFHR gene. 

• When exon-specific probes are used, CFHR genomic rearrangements 
such as the CFHR5 fusion gene endemic to Cyprus can be easily 
identified 

• (Gale et al., 2010; Garam et al., 2021; Schouten et al., 2002).



• The prototypical example of this process is CFHR5 nephropathy, a 
subtype of C3GN that is endemic to Cyprus, where it affects 1 in 
6,000 persons.

• The mutant protein shows increased avidity for C3 ligands and 
interacts with surface C3 within glomeruli more efficiently than FH, 
thereby promoting complement activation through a gain-of-function 
mechanism. 



Fig 6. CFHR1 blocks other CFH-interaction sites on C3b.

Hannan JP, Laskowski J, Thurman JM, Hageman GS, Holers VM (2016) Mapping the Complement Factor H-Related Protein 1 (CFHR1):C3b/C3d 
Interactions. PLOS ONE 11(11): e0166200. https://doi.org/10.1371/journal.pone.0166200
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0166200

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0166200


1.(Gale & Pickering, 2011

• The clinical hallmark of this process is microscopic hematuria, almost 
always exacerbated by respiratory infections. 

• About 25–50% of affected persons report macroscopic hematuria as 
well.

• Importantly, there is generally no evidence of systemic complement 
dysregulation; rather, AP dysregulation is confined to the glomerular 
microenvironment. 

• The eventual outcome is that over 80% of males but only a small 
proportion of females suffer a stepwise deterioration in renal function 
that leads to ESRD usually between 30 and 70 years of age.¹ 



PATIENT EVALUATION AND TREATMENT

• There are guideline recommendations to support renal health, most 
recently those published by the KDIGO Glomerular Diseases Work 
Group, which reflect the expert opinion and the collective experience 
derived from a number of clinical case series.¹ 

• 1. (Rovin et al., 2021). 





Nonspecific treatments

• Angiotensin-converting enzyme (ACE) inhibitors and/or angiotensin 
receptor blockers (ARBs) are first line treatments for proteinuria and 
blood pressure control as their use has been shown to improve renal 
survival. ¹

• Lipid-lowering agents can also be considered. 

• If proteinuria increases, general immunosuppressive therapy should 
be considered with mycophenolate mofetil (MMF) plus steroids. 

• 1.   (Servais et al., 2012; Turkmen et al., 2021). 









• —A total of 114 C3G patients seen at Mayo Clinic from January 1, 2007 to 
December 31, 2016

• Results:The mean age at diagnosis for the entire cohort was 40.4 (±22.3) 
years, with median serum creatinine and proteinuria of 1.6 mg/dl and 2605 
mg/24h, respectively. 

• C3/C4 levels were low in 44.6%/11.8% of patients

• A genetic variant in complement genes, C3 nephritic factor, and other 
autoantibodies were present in 37.1%, 43.5%, and 13.4 % of patients, 
respectively.



• In patients, at a median follow-up of 22.3 months, median 
serum creatinine and proteinuria were 1.4 mg/dL and 825.5 
mg/24 hours, with 7 patients (10.3%) progressing to ESRD.

• Conclusion—C3 glomerulopathy is a heterogeneous disease 
entity with complex triggering events and abnormalities of the 
alternative pathway of complement. 

• The disease tends to be progressive and shows a variable 
response to immunosuppressive therapy.



• In aggregate, these results suggest that while MMF plus steroids may be 
effective in some C3G patients; however, there is a pressing need for 
disease-specific treatments.





Abstract

• This study aims to analyze the main determinants of disease progression 
and response to corticosteroids and MMF

•
A retrospective, multicenter, observational cohort study in 35 nephrology 
departments from the Spanish group.
Patients with C3 glomerulonephritis (N= 81) or DDD( N=16)between 1995 
and 2018 were enrolled.

•
Multivariate and propensity score matching analyses were used to evaluate 
the association of clinical and genetic factors with response to treatment 
with Gc and MMF as measured by the proportion of patients with disease 
remission and kidney survival.



Results
• 97 patients (84% C3 glomerulonephritis, 16% DD).

• 42 patients were treated with corticosteroids + MMF, this treatment was associated 
with a higher rate of remission 79%, and a lower rate of kidney failure 14%.

•
With other immunosuppressives, remission was 24%, and kidney failure was 59%.

•
Eculizumab remission was 33%, kidney failure was 67%,

• conservative management remission was 18%, and kidney failure was 65%.

•
GC and MMF's therapeutic effect was observed in patients with complement
abnormality and with autoantibodies.

•
Patients with pathogenic variants in complement genes only achieved partial remission 
and complete emission was common in antibody-mediated forms.

•
Relapses occurred after treatment discontinuation in33%, longer treatment length of 
MMF was associated with a lower risk of relapse.



Plasma therapy and exchange. 

• plasma therapy was effective in a pair of siblings with C3 glomerulopathy caused 
by homozygosity for an in-frame amino-acid deletion in factor H that altered its 
ability to control complement activity .

• Plasma therapy has also been useful in patients with C3 glomerulopathy who 
have AKI, but has been unsuccessful in patients with C3 nephritic factors, 
presumably because production of these autoantibodies continues after they are 
removed. 

• One 15-year-old girl with recurrence of DDD after renal transplantation received 
thrice-weekly plasma exchanges, which were successful in removing circulating 
C3 nephritic factors; however, when this treatment was discontinued (after more 
than 100 exchanges) the allograft failed .

• These data suggest that the precise role of plasma therapy in C3 glomerulopathy
patients remains to be defined.



1.Le Quintrec et al., 2018; Ruggenenti et al., 2019

Anti complement therapy

• When these drugs are compared to Eculizumab and Ravulizumab, both of which 
target C5 to prevent the propagation of the terminal pathway.

• Eculizumab is currently available to treat C3G on an off-label basis and is often 
considered when proteinuria and disease progression are refractory to 
immunosuppressive treatment with MMF. 

• Eculizumab is most effective in patients with rapidly progressive C3G, 

• 10–20% will have a global response,

• 20–25% will have a partial response,

• 55– 70% will have no response to treatment.¹



Anti-complement therapy with Eculizumab.

• The authors concluded that some but not all patients respond to 
eculizumab and that an elevated soluble C5b-9 level is a potentially useful 
marker of response to this agent.

• This finding mirrors data generated in animal models of C3 glomerulopathy, 
which show that C5 blockade alleviates glomerular inflammation and 
reduces proteinuria but does not affect complement deposition in the 
kidney.



• Among treated C3G patients, data on soluble membrane attack 
complex of complement (sMAC) were limited to patients treated with 
eculizumab (N = 7).

• 80% of patients with elevated sMAC before eculizumab responded 
to treatment.

• In addition, all patients who responded to eculizumab had normal 
sMAC levels after post-eculizumab.

• .



1.Le Quintrec et al., 2018; Ruggenenti et al., 2019

• Preventing C3 convertase formation should prevent C5 convertase
formation and preventing the formation of both convertases should 
provide disease-specific treatment for C3G.

• Each of these targets is predicted to halt the amplification phase of 
complement activity.





• Results: 

• Twelve studies (7 cohort studies and 5 case series) consisting of 122 KTx
patients with C3G (73 C3 glomerulonephritis (C3GN) and 49 (DDD) were 
included.

• The pooled estimated rates of allograft loss among KTx patients with 
C3G was 

• 33% (95% CI: 12–57%) after eculizumab, 

• 42% (95% CI: 2–89%) after (TPE),

• 81% (95% CI: 50–100%) after rituximab. 









• To improve the identification of patients with poor prognoses, we 
performed a detailed analysis of kidney biopsies in a large cohort of 
patients.

• Using a validated histologic scoring system, we analyzed 156 native 
diagnostic kidney biopsies from a retrospective cohort of 123 patients 
with C3 glomerulopathy and 33 patients with Ig-associated MPGN

• We used linear regression, survival analysis, and Cox proportional 
hazard models to assess the relationship between histologic and 
clinical parameters and outcomes.



Results

• Multivariate analysis showed negative associations between eGFR and
crescents, interstitial inflammation, and interstitial fibrosis/tubular 
atrophy.

• Proteinuria was positively associated with endocapillary hypercellularity
and GBM double contours.

• Analysis of second native biopsies did not demonstrate associations 
between immunosuppression treatment and improvement in histology.







• Patients with C3G from cohort 1 (n=89) were obtained from a well-defined 
and previously reported cohort of patients belonging to the Spanish Group 
for the Study of Glomerular Diseases.

• They also showed that elevated levels of FHR-1 are associated with poor 
renal prognosis for patients with C3 G, 

• whereas a genetic deficiency of FHR-1 offers protection against C3 
development.
These findings advance our understanding of C3G pathogenesis and 
suggest that inhibition of FHR-1 may have therapeutic potential in C3G.





• In a large cohort of 165 patients from the French National registry, we 
retrospectively assess the prognostic value of C3, soluble C5b-9, C3 
nephritic factor, and rare disease–predicting variants in complement 
genes in predicting the clinical outcome of patients.

•
By,  multivariate analysis, normal C3/high sC5b-9 levels or low 
C3/normal sC5c-9 levels remained independently associated with a 
worse kidney prognosis, with a relative risk of 3.7 - 8 times higher, 
respectively.

• In children only the presence of rare –disease predicting variants 
correlated with kidney survival.











Ren et al. Front. Med. November 2021 | Volume 8 | Article 775280



1.(Ren, Perkins, Love-Gregory, Atkinson, & Java, 2021).

• The risk of recurrent disease after kidney transplantation is impacted by 
underlying genetic abnormalities. 

• Genetic variants in complement proteins are identified in 30–40% of C3G 
patients. 

• Recently, Ren et al. evaluated the clinicopathologic significance of genetic 
variants in a TMA and C3G kidney transplant cohort.

• The group reported 10 variants in CFH, of which were four pathogenic, 
one was likely benign, and five were classified as variants of uncertain 
significance.¹

• The presence of pathogenic variants increased the risk for recurrent 
disease in the transplant.
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