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C3 Glomerulopathy: A Review with 
Emphasis on Ultrastructural Features
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Key Points

• While light microscopic patterns in C3 glomerulopathy are quite variable, the diagnosis of all such 
cases depends on the demonstration of C3-dominant glomerular staining by immunofluorescence 
microscopy, that is, at least two orders of intensity greater than that of any other immune reactant.

• Electron microscopy is necessary for establishing a diagnosis, in particular for dense deposit disease 
presenting with varying light microscopic phenotypes.

• Electron microscopy helps distinguish C3 glomerulopathies from their mimickers, especially in cases 
of postinfectious glomerulonephritis.
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Abstract
C3 glomerulopathy (C3G) is a rare disease resulting from dys-
regulation of the alternative complement pathway, result-
ing in the deposition of complement component 3 (C3) in 
the kidney. It encompasses two major subgroups: dense de-
posit disease and C3 glomerulonephritis (C3GN). Although 
the alternative complement pathway is typically a very tight-
ly controlled system, dysregulation can be a result of genet-
ic mutations in the fluid phase or membrane-bound inhibi-
tors or accelerators. In addition, de novo/acquired autoanti-
bodies against any of the regulatory proteins can alter 
complement activation either by negating an inhibitor or 
activating an accelerator. Triggering events can be complex; 
however, the final pathway is characterized by the uncon-
trolled deposition of C3 in glomeruli and the formation of 

the membrane attack complex. Light microscopic findings 
can be quite heterogeneous with a membranoproliferative 
pattern most commonly encountered. Diagnostic confirma-
tion of C3G is based on a characteristic pattern of glomerular 
immunofluorescence staining, with C3-dominant deposits 
that are at least 2 orders of intensity greater than staining for 
any immunoglobulin (Ig) or C1q. Electron microscopy is nec-
essary for diagnosing DDD in particular, but can also help to 
distinguish C3GN from other glomerular disease mimickers.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Definition and Nomenclature

C3 glomerulopathy (C3G) is a relatively newly recog-
nized disease entity that, by definition, encompasses a 
group of glomerular lesions resulting from uncontrolled 
deposition of complement factor 3 (C3) due to dysregula-
tion of the alternative complement pathway [1, 2]. Impor-
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tantly, C3G was defined in such a way that it incorporat-
ed a subset of glomerular pathologies that had been previ-
ously classified according to ultrastructural appearances 
only, without reference to the underlying etiology or 
mechanism of glomerular injury. Many of these early cas-
es displayed diffuse mesangial and endocapillary hyper-
cellularity with glomerular basement membrane (GBM) 
duplication, i.e., a “membranoproliferative” pattern. 
Based on this histologic pattern of glomerular injury and 
the distribution of glomerular immune deposits, primar-
ily with respect to the glomerular basement membranes 
(GBMs) noted by electron microscopy (EM), these cases 
were historically classified as membranoproliferative glo-
merulonephritis (MPGN) types I, II, and III [3, 4]. While 
light microscopic (LM) findings are quite heterogeneous, 
specific immunofluorescence (IF) patterns emerged over 
time. The IF pattern in MPGN types I and III was most 
commonly characterized by variably positive staining for 
complement proteins and different classes of Igs, while 
cases of MPGN type II frequently stained exclusively or 
almost exclusively for C3, with very little or no staining 
for Igs or other complement proteins. MPGN II was also 
characterized by elongated or “sausage-like” intramem-
branous accumulation of homogeneously electron-dense 
material and thereby becoming known as dense deposit 
disease (DDD). The pathogenesis of DDD was eventually 
linked to defects in alternative complement pathway reg-
ulation and served as the prototypic disease for the devel-

opment of IF criteria to define C3G [5]. Over time, these 
IF criteria were amended [6], and diagnostic guidelines 
for C3G were expanded to not only include DDD but also 
those glomerular lesions characterized by dominant C3 
staining, defined as at least two orders of intensity (on a 
0–3+ scale) greater than any Ig or other complement pro-
tein. These newly encompassed cases were subsequently 
termed C3 glomerulonephritis or C3GN (Fig. 1).

Alternative Complement Pathway and Pathogenesis 
of C3G

It has been noted that the kidney seems to be particu-
larly susceptible to injury resulting from complement 
dysregulation, manifestations of which include atypical 
hemolytic uremic syndrome and C3G [7]. Dysregulation 
and excessive activation of the alternative complement 
pathway underlie the key pathogenic mechanism of C3G. 
This pathway normally maintains a low degree of baseline 
constitutive activity via a spontaneous hydrolysis reac-
tion occurring in the fluid phase that converts C3 to 
C3(H2O), known as C3 “tick-over.” C3(H2O) interacts 
with factor B and factor D to form an intermediate en-
zyme C3(H2O)Bb, which acts as a weak initial C3 conver-
tase in the alternative complement pathway. C3(H2O)Bb 
then cleaves C3 to C3b, which can bind to target surfaces 
and also interacts with factor B and factor D to form the 

Fig. 1. Evolution of C3G classification. His-
torical classifications based on ultrastruc-
tural findings were re-evaluated according 
to IF findings. Cases once classified as 
MPGN types I and III demonstrating only 
C3 or C3-dominant staining by IF are now 
subcategorized as C3GN. MPGN II, which 
frequently shows only C3 staining with vir-
tually all remaining cases being C3 domi-
nant, retained the designation DDD. The 
general category of C3G encompasses cases 
of DDD and C3GN.
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C3 convertase C3bBb. C3bBb in turn can propagate and 
amplify the C3 tick-over reaction to produce more C3b 
[8–10]. This positive feedback mechanism eventually 
generates enough C3b to bind with C3bBb and form the 
C5 convertase (C3bBbC3b), which initiates the activation 
of the terminal complement pathway leading to the gen-
eration of C5b-9, the membrane attack complex that dis-
rupts cell membranes to cause cell injury and lysis [9, 11, 
12]. Although C3 and factor B are both abundant circulat-
ing plasma proteins, they do not spontaneously interact 
without the conversion of C3 to C3b from the tightly reg-
ulated C3 tick-over reaction [13]. Factor H regulates 
complement activity by promoting the proteolytic inacti-
vation of C3b and the decay of C3 and C5 convertases. 
Factor I can combine with Factor H or complement re-
ceptor 1 (CR1) to inactivate C3b in the fluid phase and on 
cell surfaces, respectively [13, 14]. There are several com-
plement factor H-related proteins (CFHR 1–5) with com-
mon structural motifs that are thought to be able to com-
pete with factor H-binding and thereby alter factor H-
mediated regulatory control [13, 14]. Properdin is a 
plasma protein that upregulates the alternative comple-
ment pathway by stabilizing C3bBb and thus promoting 
the formation of C3bBbC3b and downstream MAC as-
sembly [9, 15].

In C3G, the C3 convertase activity can be upregulated 
via either the abnormal stabilization of C3bBb by autoan-
tibodies collectively known as C3 nephritic factors 
(C3NeF), the loss of inhibitory function by factor H or 
factor I, or mutations of different CFHR that disrupt fac-
tor H-mediated regulation [13, 14]. These pathogenic 
mechanisms were originally demonstrated in animal 
models and are supported by genetic analysis and tissue 
biopsy studies of C3G patients [11–13, 16, 17]. Patients 
may also have variant alleles for complement proteins or 
regulatory factors that confer an increased risk of C3G 
[11, 18], while others may have inhibitory autoantibody 
production against factor H [19]. Rare cases of monoclo-
nal gammopathy with a paraprotein exhibiting an inhib-
itory effect against factor H have also been reported [20].

The mechanism(s) of glomerular complement accu-
mulation leading to deposits in C3GN and DDD are not 
well understood and there is no clear genotype-pheno-
type correlation. The kidney may be particularly suscep-
tible to complement-mediated injury due to the hemo-
concentrated microenvironment in glomeruli that expos-
es the GBM containing abundant amine or hydroxyl 
groups for C3b binding to higher concentrations of com-
plement proteins [10, 21]. Mass spectrometry analyses of 
laser microdissected glomeruli from renal biopsy tissue in 

C3G patients have revealed similar C3 proteomic profiles 
between C3GN and DDD and identified the thioester-
containing C3dg fragment as the most abundant C3 
cleavage product within glomerular deposits in both 
C3GN and DDD [21]. As the thioester bond is responsi-
ble for covalently attaching C3b to target surfaces (such 
as the GBM), the accumulation of C3dg fragments in glo-
meruli may reflect factor I-mediated cleavage of C3b that 
releases C3c into the fluid phase [21]. The current detec-
tion method for C3 deposits in renal biopsies may also be 
limited as most laboratories use anti-C3c for routine IF 
that does not detect C3dg [2, 21]. Some studies have sug-
gested that the balance of C3 convertase versus C5 con-
vertase dysregulation may influence the phenotype of 
C3G [22, 23]. Properdin deficiency is associated with a 
predominance of C3 convertase dysregulation over C5 
convertase dysregulation and leads to an aggressive mu-
rine C3G phenotype with ultrastructural features similar 
in appearance to those seen in human DDD [22, 23]. Pa-
tients with stabilizing autoantibodies against C5 conver-
tase (C5 nephritic factors) were shown to be more likely 
to have C3GN than DDD and have higher serum levels of 
soluble C5b-9 [12].

Clinical Manifestations

C3Gs are rare diseases with an estimated incidence of 
1 to 3 patients per million, with C3GN reportedly being 
between 3 and 9 times more common than DDD [24–26]. 
Patients with DDD are typically diagnosed at a younger 
age than those with C3GN; DDD primarily affects chil-
dren and young adults, although it has been reported in 
older adults [27]. Older patients diagnosed with C3G 
should be screened for monoclonal gammopathy as many 
reported C3G cases in older adults were found to be as-
sociated with a monoclonal paraprotein [13, 28].

Patients with C3G (both C3GN and DDD) can have 
variable clinical presentations ranging from asymptom-
atic and low-grade proteinuria to nephrotic syndrome, 
nephritic syndrome, or rapidly progressive glomerulone-
phritis [24]. Most C3G patients have selectively decreased 
serum C3 levels, which is more commonly reported in 
DDD than in C3GN [24–26]. A minority of patients can 
also have decreased serum C4 levels [24–26]. Comple-
ment autoantibodies including C3NeF, factor H anti-
body, and factor B antibody have been identified in pa-
tients with varying frequencies, although they are more 
commonly reported in DDD than in C3GN [16, 24–26]. 
Patients tested for complement abnormalities can have a 
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variety of complement factor genetic variants, many of 
which are of unknown significance [24, 26]. DDD, but 
not C3GN, has been associated with extrarenal manifes-
tations including acquired partial lipodystrophy and dru-
sen-like macular deposits similar to those seen in age-
related macular degeneration [29, 30].

Whenever possible, all patients diagnosed with C3G 
are recommended to undergo thorough complement 
testing that includes screening for autoantibodies against 
complement regulators, serum levels of complement 
proteins and split products, and overall complement ac-
tivity [2, 13, 31]. These results may offer diagnostic and/
or prognostic information and help guide treatment, es-
pecially when new targeted therapies against comple-
ment proteins or regulators become available in the fu-
ture [2, 13]. Importantly, genetic testing for mutations in 
regulators of the alternative pathway, particularly CFH 
and CFHR, may help uncover familial cases of C3G that 
could help in the diagnosis of affected family members 
[14].

Treatment for C3G has not been well established and 
should be tailored towards each patient based on the clin-
ical presentation and underlying complement disorder. 
Therapeutic approaches include general modalities such 
as blood pressure control, blockade of the renin-angio-
tensin system, and lipid-lowering agents, as well as more 
specific and aggressive interventions such as immuno-
suppressive therapy, plasma exchange, and targeted anti-
complement therapy (eculizumab) [13, 14, 31].

IF Findings and Diagnostic Criteria

With recognition that C3G resulted from dysregula-
tion of the alternative complement pathway, new IF cri-
teria were proposed in 2014 [6] to improve diagnostic 
decision-making and to identify potential patients who 
might benefit from a comprehensive complement work-
up. In order to cast as broad a diagnostic net as possible, 
IF criteria stipulated that cases of C3G should include not 
only those with exclusive IF staining for C3 but also those 
with dominant C3 staining that was at least two orders of 
intensity (on a 0–3+ scale) greater than that for any other 
immune reactant (IgG, IgA, IgM, or C1q). IF detection of 
C3 in most laboratories is performed using an antibody 
to C3c (a physiological breakdown product of activated 
C3) [2]. These criteria were subsequently incorporated 
into the consensus diagnostic recommendations for C3G 
[2].

The pattern of C3 staining can vary considerably. 
While deposits typically display linear, band-like staining 
of GBMs and some tubular basement membranes (TBMs) 
in DDD (Fig.  2a, b), the deposits can also form coarse 
granular to larger, rounded (“ring form”) deposits in the 
mesangium (Fig.  2a) [32]. There can also be variable 
GBM staining ranging from finely or coarsely granular to 
semiconfluent with peripheral accentuation (Fig.  2c). 
Where present, lower grade staining for Igs and/or C1q 
typically colocalizes with C3. When there is light chain 
staining, this should generally be polytypic. To exclude 
the possibility of immune complex-mediated GN with 
masked monotypic Ig deposits, it is important to consid-

Fig. 2. IF staining patterns in C3G. Staining for C3c in DDD reveals the characteristic confluent granular to lin-
ear staining of GBMs (a), with occasional linear TBM staining (b). Mesangial staining in all cases of C3G (includ-
ing DDD) can be quite variable ranging from discrete, large rounded deposits (a) to coarsely granular (c) or 
confluent granular, all with variable accentuation of capillary walls. All panels: anti-C3c fluorescein isothiocya-
nate-conjugate, ×400.
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er performing IF on pronase-digested paraffin sections in 
cases with C3-dominant staining on routine frozen IF, 
especially in patients with paraproteinemia [31, 33]. It has 
been suggested that staining for C4d may be useful in dis-
criminating between C3G and immune complex-mediat-
ed glomerulonephritis. Sethi et al. [30] demonstrated that 
glomerular C4d staining was often positive in cases of im-
mune complex-mediated glomerulonephritides likely 
due to activation of the classical and/or lectin pathways of 
complement but that C4d staining was very weak or ab-
sent in cases of C3G with disturbances in the alternative 
complement pathway.

LM Findings
The LM findings in C3G are quite heterogeneous; as 

such it is generally not possible to predict which cases of 
a proliferative GN will be C3-dominant. Often a MPGN 
pattern is seen with GBM duplication, and double con-
tours as a response to subendothelial immune complex 
deposition [3]. In some cases of DDD, the intramembra-
nous accumulation of C3 can be histologically apparent 
as thickened glomerular capillary walls demonstrating a 
homogeneous, eosinophilic, glassy appearance on hema-
toxylin and eosin stains (Fig. 3a), and a variably fuchsino-
philic appearance with the Masson’s trichrome stain. The 
deposits are also nonargyrophilic, which can help differ-
entiate these from normal basement membrane material 
that is silver positive. Occasionally, similar changes may 
also be seen in TBMs (Fig. 3b). However, the deposits of 
DDD are most often quite subtle and are frequently 
missed on initial histologic evaluation, only to be detected 
by IF. C3 deposits in the non-DDD cases of C3G, or 
C3GN, display similar tinctorial staining characteristics, 
although the glomerular location of the deposits can vary.

Cases of C3G (including both DDD and C3GN) can 
display a wide array of glomerular histologic features 
ranging from a mesangial proliferative, membranoprolif-
erative, and/or endocapillary proliferative glomerulone-
phritis, with or without active crescents and fibrinoid ne-
crosis (Fig. 4a–c). While membranoproliferative features 
are often present, they are not a diagnostic requirement. 
In the largest cohort of reported C3G cases in the USA 
[24], the most common histologic pattern was that of 
MPGN, accounting for more than half of the 111 cases. 
Mesangial proliferation was the second most common 
histologic pattern, with slightly fewer cases demonstrat-
ing a diffuse endocapillary proliferative pattern. Active 
(cellular and/or fibrocellular) crescents were present in 
approximately 10% of cases in the entire cohort. A C3 
Glomerulopathy Histologic Index has been proposed, 
which utilizes different histologic features of activity and 
chronicity as predictors of renal outcome [24]. While 
higher total activity and chronicity scores were predictors 
of a poor clinical outcome by multivariate analysis, cres-
cents were the only individual histologic feature demon-
strating such correlation by univariate analysis [24]. 
However, when this histologic scoring index was recently 
validated in a large cohort of patients, it was determined 
that the chronicity score was the principal histologic cor-
relate for renal failure [34].

EM Findings
Although C3-dominant IF staining is constant in C3G, 

the distribution of the C3 deposits and the associated his-
tologic changes can be quite heterogeneous. Likewise, the 
location and ultrastructural appearance of the C3 depos-
its can also display considerable variability. Generally, the 
deposits are most commonly and easily identified in me-
sangial regions, with variable subendothelial and subepi-

Fig. 3. The characteristic LM finding in 
DDD is that of prominent ribbon-like 
thickening of glomerular capillary walls 
(arrows), resulting from C3 deposition (a). 
Similar deposits can be seen in TBMs as 
well (arrows, b). Hematoxylin and eosin 
stain, magnified from original ×600 image.
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thelial involvement. These deposits can be in addition to 
the typical elongated intramembranous GBM transfor-
mation of DDD, and the combination of these glomerular 
deposits generates a pattern historically referred to as 
MPGN III. For this reason, EM is absolutely necessary to 
distinguish DDD from C3GN [35, 36].

Several descriptors have been used to describe the fine 
ultrastructural appearance of the C3 deposits. While typ-
ical immune complex deposits composed of immuno-
globulins often have well-defined, sharp borders with a 
dense and granular EM appearance, C3 deposits (Fig. 5) 
are often described as smudgy and “cloudy” with ill-de-
fined borders [14]. Unlike the highly osmiophilic and 
finely granular immunoglobulin containing deposits 
such as those seen in IgA nephropathy (Fig. 6), C3 depos-

its often display an ultrastructural texture slightly denser 
than that of the mesangial matrix material. As such, the 
borders can gradually blend into the surrounding matrix 
and be difficult to delineate (Fig. 5b). In the mesangium, 
the deposits can form discrete and rounded, spherical, or 
“globular” aggregates located within the mesangial ma-
trix material that can vary in size from small to quite large, 
with the associated widening of the mesangial areas 
(Fig. 7). In cases with abundant mesangial C3, the depos-
its can appear to be confluent, pushing outwards and up 
against the overlying paramesangial basement mem-
branes with impingement into capillary lumina and con-
siderable mesangial expansion (Fig. 8a). The deposits can 
also display heterogeneity within the same biopsy, rang-
ing from evenly dispersed (Fig. 8b) to a geographic ap-

Fig. 4. Heterogeneous histologic appearances of C3G: Mesangioproliferative with silver negative deposits (a); 
membranoproliferative features (b), and diffuse endocapillary proliferative with crescentic involvement (c). All 
panels: Jones methenamine silver stain, ×600.

Fig. 5. EM of mesangial C3 deposits of varying size ranging from small (a) to large. The C3 deposits are less elec-
tron dense than immunoglobulin-containing deposits (see Fig. 6) and can blend into the surrounding mesangial 
matrix material (b). c Other deposits can be “smudgy” in appearance. Uranyl acetate and lead citrate stains, 
original magnifications: a ×60,000, b ×25,000, and c ×10,000.
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pearance with irregularly shaped and angulated aggre-
gates of varying size (Fig. 8c).

Excluding DDD, which typically shows more uniform 
involvement of GBMs, capillary wall involvement in 
C3GN can also be quite variable from capillary to capil-
lary. In some biopsies with predominantly mesangial in-
volvement, subendothelial C3 deposits with a typical 
smudgy appearance can be small and discrete (Fig. 9a) or 
assume a rounded appearance (Fig. 9b), similar to what 

may be seen in the mesangium. Large and discrete glo-
merular subendothelial deposits have not been common-
ly described [36, 37] but can also be observed (Fig. 9c). In 
other cases, the subendothelial deposits can become con-
fluent and assume an elongated appearance, with consid-
erable involvement of capillary loops (Fig. 9d, e). Intra-
membranous deposits are also common, ranging in ap-
pearance from small and discrete to elongated (Fig. 10), 
sometimes with evidence of glomerular basement remod-

Fig. 6. EM of typical immunoglobulin-con-
taining immune complex deposits in IgA 
nephropathy. Note the well-defined borders 
and distinct dense texture of the deposits, as 
compared with the ill-defined borders and 
“smudgy” appearance of C3 deposits (see 
Fig. 5). Uranyl acetate and lead citrate stains, 
original magnification ×3,000.

Fig. 7. C3 deposits can form discrete rounded and “globular” mesangial deposits (a), as 
well as deposits with ill-defined, blending borders (b). Note the “smudgy” appearance of 
the C3 deposits (b). Uranyl acetate and lead citrate stains, original magnifications: a 
×6,000, b ×10,000.

Fig. 8. Extensive, confluent mesangial C3 deposits with mesangial expansion (a). Confluent mesangial deposits 
may also have a more evenly dispersed texture (b) or assume a more geographic appearance (c), composed of ir-
regularly shaped and variably sized aggregates. Uranyl acetate and lead citrate stains, original magnifications: a 
×4,000, b ×14,000, c ×10,000.
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eling and deposits in various stages of resorption 
(Fig. 10b).

The appearance and distribution of the intramembra-
nous deposits on high magnification are crucial in differ-
entiating DDD from C3GN. In DDD, there is deposition 

and transformation of the lamina densa by homogeneous, 
hyperosmiophilic material [37]. In well-established DDD 
cases, the intramembranous C3 deposits in the GBMs are 
confluent, elongated, and linear. The deposits can show 
variability in thickness ranging from segmentally thin to 

Fig. 9. Varying appearance of subendothelial deposits in C3GN. C3 deposits can form small, discrete subendo-
thelial deposits (arrow, a), occasionally with a rounded appearance similar to what is seen in mesangial deposits 
(arrow, b). Although large, rounded subendothelial deposits are rare, they can sometimes be observed (arrow, c). 
d, e In other cases, the subendothelial deposits can be confluent and elongated, with considerable and variable 
involvement of capillary loops. Uranyl acetate and lead citrate stains, original magnifications: a ×6,000; b ×7,500; 
c ×10,000; d ×12,000, e ×6,000.

Fig. 10. Intramembranous deposits in C3G 
can range in appearance from elongated, 
with evidence of GBM remodeling (a, b), to 
small and discrete (b). Uranyl acetate and 
lead citrate stains, original magnifications: 
a ×10,000, b ×10,000.
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thick, sometimes imparting a “sausage on a string” ap-
pearance (Fig. 11a), occasionally with segmental discon-
tinuities which may be observed at the paramesangial re-
flection (Fig. 11b). Segmental to global mesangial depos-

its can also be seen, some of which are large and rounded 
“ring-form” deposits [32]. Similar deposits can also be 
seen in Bowman’s capsule and TBMs (Fig. 11c, d), in dis-
crete and/or elongated configurations [13]. The deposits 

Fig. 11. DDD is defined by the ultrastruc-
tural appearance and distribution of the C3 
deposits in GBMs and TBMs. a Elongated 
intramembranous deposits display vari-
able thickness ranging from segmentally 
thin to thick, sometimes imparting a “sau-
sage on a string” appearance. b Intramem-
branous deposits involve both glomerular 
and paramesangial basement membranes 
and can show segmental discontinuities. 
C3 deposits can also be seen in TBMs, 
where they can exhibit a discrete (c) and/or 
elongated (d) appearance. Uranyl acetate 
and lead citrate stains, original magnifica-
tions: a ×5,000, b ×7,500, c ×4,800, d 
×14,000.

Fig. 12. a C3 deposits in DDD lack substructure, even at extremely high magnifications. b In some cases, the de-
posits can involve and transform the entire thickness of GBM (b), and can show hyperdense transformation 
which is almost exclusively limited to GBMs. b, c Typical variation in thickness of the C3 deposits resulting in a 
“sausage on a string” appearance are present. Uranyl acetate and lead citrate stains, original magnifications: a 
×25,000, b ×4,800, c ×7,500.
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of DDD lack substructure, even at extremely high magni-
fications (Fig. 12a). In a well-established disease, the de-
posits can span the entire thickness of the GBM (Fig. 12b) 
and can show almost exclusive GBM involvement 
(Fig. 12c). Early stages of lamina densa transformation by 
the C3 deposits can also be seen, with evenly dispersed 
and ill-defined intramembranous C3 deposits (Fig. 13a), 
or narrow but uniform band-like deposits in affected 
GBMs (Fig. 13b, c). Distinction between C3GN and DDD 
may not always be possible even with EM, as some cases 
show an overlap of ultrastructural findings in C3GN and 
DDD with a mixture of intramembranous elongate hy-
perdense deposits typical of DDD as well as discrete sub-
endothelial and mesangial deposits typical of C3GN [35, 
38].

The underlying genetic and functional abnormalities 
that determine the location and ultrastructural appear-
ance of the C3 deposits in C3GN versus DDD are not 
completely understood. Some associations drawn from 
animal experiments and human studies have demon-
strated key roles of several complement regulatory pro-
teins including CFH, properdin, and C3NeF, and also 
highlighted the heterogeneous properties of C3NeF in ac-
tivating the alternative complement system [23]. Genetic 
or pharmacological blockade of properdin converted the 
mild C3GN phenotype of CFH-deficient mice (Cfh−/−) 
into a lethal C3GN phenotype with glomerular deposits 
which resembled those of human DDD [39]. CFH-defi-
cient mice (Cfh−/−) show depletion of both C3 and C5 in 
the plasma similar to the complement profile in humans 
with properdin-dependent C3NeF. Whereas mice defi-
cient in both CFH and properdin (Cfh−/−, P−/−) show de-
pletion of plasma C3 predominantly, which is similar to 

the complement profile in humans with properdin-inde-
pendent C3NeF and may provide a better model for com-
plement dysregulation and renal pathology findings in 
human DDD [13, 22, 23].

The historical classification of MPGN was further di-
vided into MPGN types I, II (DDD), and III based on the 
distribution of the immune complex deposits, specifically 
with respect to the GBMs [40–43]. Cases of C3GN with 
an MPGN type I pattern display prominent, and some-
times confluent subendothelial C3 deposits and GBM du-
plication, with or without mesangial cell interposition 
(Fig. 14a, b). Early rodent studies demonstrated that mice 
with targeted deletion of CFH alone demonstrated glo-
merular C3 deposits which were primarily subendothe-
lial in distribution [44] rather than intramembranous as 
seen in DDD. IF staining for complement factors C3 and 
C9 preceded the ultrastructural detection of deposits and 
the relatively late onset of MPGN-like changes by light 
microscopy. Other studies found that glomeruli with 
DDD contain various terminal complex components C5, 
C6, C7, C8, and C9 which appeared to be typical for DDD 
(and C3GN) and uncommon in IC-mediated MPGN [21, 
36, 45].

C3G not only shows intramembranous and/or suben-
dothelial glomerular deposits but can also have subepi-
thelial deposits, sometimes in the absence of MPGN fea-
tures. The subepithelial deposits can range from segmen-
tal and small (Fig. 15a), to global and prominent. In some 
cases, the subepithelial deposits can display a membra-
nous pattern (Fig. 15b). Subepithelial humps occur but 
are usually not as prominent as those seen in acute postin-
fectious glomerulonephritis (Fig.  15c). Historically, an 
MPGN pattern of glomerular injury with prominent sub-

Fig. 13. The early stages of lamina densa transformation by C3 deposits can be evenly dispersed and ill-defined 
(a), or form discrete, well-defined band-like deposits (b, c). Uranyl acetate and lead citrate stains, original mag-
nifications: a ×30,000, b ×6,000, c ×12,000.
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epithelial deposits by EM was termed MPGN type III. The 
Burkholder variant of MPGN III (Fig. 14c) is character-
ized by the presence of discrete subepithelial deposits 
which can be separated by spikes of GBM material, super-
imposed on MPGN type I features. The Strife and Anders 

variant [35] of MPGN III (Fig. 14d) is characterized by 
complex subepithelial and intra/transmembranous de-
posits that cause disruption and fraying of the lamina 
densa. Of note, cases of C3GN with subepithelial humps 
and glomerular C3 deposits may be difficult to distin-

Fig. 14. C3GN with an MPGN pattern of 
injury. Large subendothelial deposits with 
GBM duplication define the MPGN type I 
pattern of injury (a, b), which can be ac-
companied by mesangial cell interposition 
(a). MPGN type III is historically subcate-
gorized into Burkholder variant, with sub-
epithelial deposits which can be separated 
by intervening spikes of basement mem-
brane material and display a membranous 
appearance (c), and the Strife and Anders 
variant with complex intramembranous, 
subepithelial, and transmembranous de-
posits which are frequently associated with 
disruption of the lamina densa (d). Uranyl 
acetate and lead citrate stains, original 
magnifications: a ×3,000, b ×7,200,  
c ×7,200, d ×10,000.

Fig. 15. Subepithelial deposits in the absence of membranoproliferative features can be seen in C3G. The sub-
epithelial deposits may be segmental and discrete (a) or can be global and separated by intervening spikes of 
basement membrane material, with a membranous appearance (b). c Occasionally, subepithelial “hump”-shaped 
deposits may also be present, although these tend not to be the dominant ultrastructural appearance of subepi-
thelial deposits Uranyl acetate and lead citrate stains, original magnifications: a ×5,000, b ×7,200, c ×14,000.
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guish from infection-related or postinfectious glomeru-
lonephritis, which will be discussed in the following sec-
tion.

Mimickers

There are situations in which a definitive diagnosis of 
C3G may not be possible, particularly when the histolog-
ic or EM features are atypical. In these cases, the consen-
sus report [2] suggests using the terminology of “glomer-
ulonephritis with dominant C3.” In practice, the differen-
tial diagnosis in this situation includes both C3G and 
PIGN. Differentiating the two entities starts with a de-
tailed clinical history. A history of a prior infection, de-
creased serum C3 and C4, and positive ASO titers are 
suggestive of PIGN [46]. LM features of acute PIGN may 
show prominent glomerular neutrophilic infiltration (ex-
udative features), crescents, and numerous fuchsinophil-
ic subepithelial “hump”-shaped deposits on peripheral 
capillary walls and in mesangial “waist” regions [47, 48]. 
EM findings of elongated intramembranous hyperdense 
deposits can help distinguish DDD from PIGN. However, 
differentiating acute PIGN from hypercellular C3GN 
may not always be possible, as the prominent subepithe-
lial “hump”-shaped deposits that are considered key ul-
trastructural findings in acute PIGN may also be present 
in cases of C3G [8, 49]. The considerable overlap in LM, 
IF, and EM findings has led some to suggest that C3G and 
PIGN may represent entities on the same disease spec-
trum [50].

The distinction may become especially problematic in 
cases of subacute or resolving PIGN, where the exudative 
features have disappeared and the subepithelial humps 
are no longer prominent; however, C3 deposits (mainly 
mesangial) are still detectable by IF microscopy, and 
smudgy mesangial deposits are identified by EM. “Atypi-
cal” PIGN can have EM findings overlapping with C3G 
(usually DDD features) such as the presence of elongated, 
smudgy intramembranous deposits, or detection of dense 
deposits in the lamina densa reminiscent of early DDD. 
Figure 16 displays representative images from cases where 
there was a documented history of infection preceding 
the renal biopsy, and where EM findings show GBM de-
posits which demonstrate very focal overlapping features 
with DDD (Fig.  16). With eventual clinical recovery, 
there was no further suspicion of a misdiagnosed or 
“masked” C3G. However, overlapping EM features oc-
curring in a subset of “atypical PIGN” cases may indicate 
that an infection has triggered or “uncovered” an inher-
ent underlying defect in the alternative complement 
pathway (genetic or acquired) that leads to C3GN-like 
clinical presentations and biopsy findings [51].

While the ultrastructural appearance of the GBM de-
posits can be helpful in distinguishing “typical” PIGN 
from DDD (subepithelial hump-shaped deposits in PIGN 
vs. elongated intramembranous deposits in DDD), it may 
not be practical to definitively distinguish PIGN from 
C3GN, where the ultrastructural appearance of the de-
posits can show considerable overlap. This highlights the 
importance of clinical history in the diagnosis. “Typical 
PIGN” is a self-limited process of relatively short dura-
tion, whereas atypical PIGN/C3G commonly follows a 

Fig. 16. a Infection-related (postinfectious) glomerulonephritis may display atypical features, with smudgy, elon-
gated intramembranous deposits (yellow arrow) in the presence of typical “hump”-shaped deposits (red arrow-
head). Discrete intramembranous deposits (b) may grow to confluence (c), morphologically similar to what is 
seen in DDD. Uranyl acetate and lead citrate stains, original magnifications: a ×3,000, b ×4,800, c ×4,800.
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protracted/chronic clinical course. Rapid normalization 
of serum complements would favor a diagnosis of PIGN, 
whereas persistent hypocomplementemia several months 
following disease onset might favor C3G. Patients with 
PIGN who are not recovering renal function as expected, 
or those with persistent isolated depression of serum C3 
levels should be tested for an underlying abnormality in 
the alternative complement pathway. However, it should 
also be noted that a small subset of PIGN cases and some 
cases of C3G may not be associated with any alterations 
in complement levels, and normocomplementemia could 
indicate either disease [49]. Chauvet et al. [52] demon-
strated that a significantly higher proportion of pediatric 
patients with acute PIGN have autoantibodies targeting 
factor B at disease onset compared to those with hypo-
complementemic C3G, suggesting that screening for an-
ti-factor B autoantibodies during the acute phase may be 
a potentially useful clinical test to help distinguish acute 
PIGN from C3G in those difficult cases with overlapping 
clinicopathologic features.

Pitfalls

The major impediment to the diagnosis of C3G is in-
sufficient (frozen) tissue for IF and unreliable data on C3 
staining. Unfortunately, techniques to reprocess forma-
lin-fixed and paraffin-embedded tissue for IF studies, 
such as enzyme-based antigen retrieval, are not as effec-
tive for visualizing complement factor C3 deposits as they 
are for immunoglobulins or C1q [33]. Although a diag-
nosis of C3G may be suspected when typical EM findings 
are present (and serum C3 levels are decreased), a defini-
tive diagnosis cannot be rendered without the diagnostic 
IF staining pattern. Furthermore, there may be biopsies 

in which C3-dominant IF staining has been demonstrat-
ed, but there are no glomeruli available for ultrastructur-
al evaluation. In these cases, attempts to reprocess paraf-
fin-embedded or frozen tissue for EM can be successful; 
however, severe tissue reprocessing artifacts and archi-
tectural distortion might impact proper diagnostic deci-
sion making [53].

Conclusion

While the diagnosis of C3G is dependent on IF studies 
and dominant staining for C3, EM analysis is necessary 
for diagnostic confirmation. In addition, clinical correla-
tion with serum complement C3 levels as well as targeted 
testing for abnormalities in the alternative complement 
pathway is necessary for proper personalized patient 
management.
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