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Abstract

C3-dominance by immunofluorescence is a defining feature in the diagnosis of C3 glomerulopathy. Most pathologists stain
for C3c, which has been reported as a trace/negative even in otherwise clear-cut cases of dense deposit disease. We
investigated the usefulness of C3d immunohistochemistry in biopsies with C3 glomerulopathy as an ancillary diagnostic
tool. All biopsies from patients diagnosed with C3 glomerulopathy in the period January 2005 to June 2017 in the Erasmus
MC, Rotterdam were included (n = 14; 10 C3 glomerulonephritis, 4 dense deposit disease). The staining pattern of C3d and
C4d by immunohistochemistry was analyzed. As controls, biopsies from patients with immune complex membranopro-
liferative glomerulonephritis (n =2), infection-associated glomerulonephritis (n = 6), pauci-immune crescentic glomer-
ulonephritis (n =7), tubulointerstitial nephritis (m =7) and chronic-active antibody-mediated rejection (n=9) were
included. All 14 biopsies with C3 glomerulopathy showed a C3d score of 22, including two clear-cut biopsies with C3
glomerulopathy originally showing a trace/negative staining for C3c. In the control group, a C3d score 22 was observed in
11 biopsies (35%; 2 with immune complex membranoproliferative glomerulonephritis (100%), 6 with infection-associated
glomerulonephritis (100%), 1 with pauci-immune crescentic glomerulonephritis (14%), 1 with tubulointerstitial nephritis
(14%) and 1 with chronic-active antibody-mediated rejection (11%)). C4d was positive in 71% of the biopsies with C3
glomerulopathy (10/14). In conclusion, C3d immunohistochemistry is a valuable tool in the diagnosis of C3 glomerulopathy,
especially in cases in which C3c immunofluorescence shows a trace/negative. We recommend the use of C3d in addition to
C3c in cases suspicious for C3 glomerulopathy.

Introduction

C3 glomerulopathy is a rare type of glomerulonephritis that
encompasses both C3 glomerulonephritis and dense deposit
disease [1]. C3 glomerulopathy is characterized by C3
deposits in the glomeruli and is caused by uncontrolled
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activation of the alternative pathway of the complement
system [2, 3]. When the alternative complement pathway
becomes activated, C3 is split into C3a and C3b by C3
convertase. C3b can react with other components of the
complement cascade leading to the formation of the mem-
brane attack complex (C5—C9), which together with C3a
induces localized cell injury and inflammation. Degradation
of C3b leads to the formation of C3c and the end product
C3d [4-6].

Activation of the alternative complement pathway in
patients with C3 glomerulopathy can be caused by muta-
tions in the complement genes, regulatory factors or by
acquired defects [7]. For example, specific autoantibodies
called C3 nephritic factor, inhibitory autoantibodies against
complement factor H as well as inhibitory genetic altera-
tions in the complement factor H gene can impair normal
regulation of the alternative complement system [8—11].
Rarely, monoclonal immunoglobulin may cause C3 glo-
merulopathy [12].

Renal biopsies from patients with C3 glomerulopathy
can reveal various patterns of glomerular injury by light
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microscopy. In rare cases, no abnormalities are visualized
by light microscopy [3]. The main feature of C3 glomer-
ulopathy is the presence of isolated C3 deposits in the
glomeruli [2, 3]. In 2013, the definition of C3 glomerulo-
pathy was further defined by the presence of dominant
C3 staining with a staining score being at least two orders of
magnitude greater than the other stainings (i.e. IgG, IgM,
IgA and Clq) [3, 13]. Based on electron microscopy find-
ings, C3 glomerulopathy can be further subclassified into
C3 glomerulonephritis and dense deposit disease, the pro-
totypical form of C3 glomerulopathy [2].

In most laboratories, C3 is detected by immuno-
fluorescence on frozen kidney tissue using an antibody
against C3c [3, 14]. However, even in clear-cut cases of
dense deposit disease, C4d has been shown to be dominant
on immunostaining instead of C3c in the experience of
others [15, 16], as well as in our own experience. C4d is a
fragment of C4 that can be derived from activation of both
the classical and lectin complement pathway [17]. In con-
trast, the activation of C4 is bypassed in the alternative
pathway of complement [18]. After the activation of C4,
C4b is generated which is then cleaved into C4d and other
fragments such as C4c [17, 19].

C3d has been suggested to be a more sensitive marker to
detect complement activation than the currently used
immunofluorescence antibody to C3c [20]. While C3c and
other components of the complement system disappear after
recovery from cell injury, C3d remains attached to the target
cell [20]. Therefore, C3d might be a more robust marker of
C3 activation than C3c. Moreover, recent mass spectro-
metry data have shown that C3b, which also covalently
binds surrounding structures, and C3d rather than C3c,
accumulate in C3 glomerulopathy [21].

These observations challenge the traditional use of an
antibody against C3c as the sole means of detecting C3
activation and deposition. In the present study we investi-
gated if C3d staining by immunohistochemistry could be a
useful complementary tool for detecting C3 deposits in the
diagnosis of C3 glomerulopathy, particularly in those cases
that are pathogenetically defined but do not meet the con-
sensus criterion of C3-dominance with the traditionally used
C3c immunofluorescence.

Methods
Study cohort

The database of the Department of Pathology (Erasmus MC,
University Medical Center, Rotterdam, the Netherlands) was
searched retrospectively for biopsies from patients diagnosed
with C3 glomerulopathy between January 2005 and June
2017. The following clinical data were collected: age, gender,
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serum creatinine, proteinuria, C-reactive protein and serum
C3 and C4 concentrations at the time of biopsy. The presence
of antinuclear antigen antibodies, antineutrophil cytoplasmic
antibodies, double stranded DNA antibodies, C3 nephritic
factor autoantibodies and complement factor H auto-
antibodies, and genetic mutations in the complement genes
was evaluated within 1 month before to 1 month after the first
biopsy.

Cases

A total of 14 biopsies from 11 different patients with C3
glomerulopathy were identified; eight patients were diag-
nosed with C3 glomerulonephritis and three with dense
deposit disease. In two patients, more than one biopsy was
performed (Table 1). In patient 11, two biopsies were per-
formed: the first biopsy did not show specific glomerular
deposition for C3c by immunofluorescence. Therefore, a
second biopsy was performed 6 weeks later. In patient 8,
four biopsies were performed; the first biopsy was a native
kidney biopsy that showed C3 glomerulonephritis. Four
years later the patient received a kidney transplant with a
decline of renal function 2 weeks after transplantation. A
total of three allograft biopsies was subsequently performed
(2 weeks, 8 months and 13 months after transplantation,
respectively) which all showed features of a recurrence of
C3 glomerulonephritis. The renal allograft biopsy taken
13 months after transplantation also showed light micro-
scopic features of a borderline acute cellular rejection and
was therefore excluded from the present study.

Controls

Two biopsies from patients with immune complex mem-
branoproliferative glomerulonephritis (both cases of hepatitis
C-associated immune complex membranoproliferative glo-
merulonephritis), six biopsies from patients with infection-
associated glomerulonephritis, seven biopsies from patients
with pauci-immune crescentic glomerulonephritis, seven
biopsies from patients with tubulointerstitial nephritis and
nine from patients with chronic-active antibody-mediated
rejection with transplant glomerulopathy (Banff Lesion Score
cg>0) were included as controls [22].

Tissue processing

For light microscopy, paraffin-embedded sections were
routinely stained with hematoxylin and eosin, periodic acid-
Schiff, Jones and Trichrome, according to the standardized
diagnostic protocols for renal biopsy processing. Immuno-
fluorescence staining for IgG, IgA, IgM, C3c, Clq, kappa
and lambda on fresh snap-frozen renal tissue was routinely
performed immediately after renal biopsy in all cases.
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Table 1 Clinical characteristics of patients with C3 glomerulopathy

C3NeF CFH Genetic defect

ANA ANCA  Anti-dsDNA

Serum C3 (g/L) Serum C4 (g/L)

CRP (mg/L)
(rr < 10 mg/L)

Proteinuria (g/L)
(rr 0.01-1.5 g/L)

Creatinine (umol/L)
(rr 50-100 pmol/L)

Biopsy  Diagnosis  Gender Age

Patient

(s)

(TU/mL)

(rr 0.65-1.65g/L) (rr 0.16-0.6 g/L)

(rr < 10 IU/mL)

No

Neg

Neg

Neg
5.6
1.4
0.6
0.5

Neg

Neg

0.18
0.05
0.32
0.25
0.07
0.09
0.24
0.20
0.22
0.41
0.54
0.15
0.33
0.18

0.95
0.04
1.2

0.72
0.49
0.30
0.98
0.30
0.23
0.57
0.90
0.23
0.54
0.77

25.2

6.00
5.51
0.36
3.44
1.88
5.75
11.76
3.55
0.37
3.73
0.45
2.84
8.29
0.24

315
74

15
16
76
37
56

F
F

C3GN
C3GN
C3GN
C3GN
C3GN
C3GN
C3GN
C3GN
C3GN
C3GN
DDD

DDD

DDD

DDD

1

+/- Yes*
NA

Pos
NA

Neg

Pos

0.3
24.0

NA
No

Neg
NA
NA

Pos

944

M
M
M
F

3

+/-
Neg

Neg
NA

Neg

0.3

146

No

Neg

0.7

103
72

5

No

Neg
NA

Neg

Neg
NA

Neg

Neg

0.3

NA

NA

Neg

Neg

24
1.0

14.0

1087
92

25
14
17
18

M
M
M
M

7

No

Neg

Neg

Neg
NA

Neg

Pos

8.1

No

Neg

Neg

Neg

Pos
Pos

172
192
85
75

8.2
8.3

No

Neg

Neg

Neg
NA

Neg

0.8
16.0

No

Neg

Neg

Neg

Neg

No

Neg

Pos

Neg
NA

Neg
0.8

Pos
Pos

0.3
21.0

13
16
16

10

10

11

No

Neg

Neg

Neg

1456
1154

11.1

No

Neg

Neg

Neg

Pos

2.2

11.2

ANA antinuclear antigen autoantibodies, ANCA antineutrophil cytoplasmic antibodies, anti-dsDNA double-stranded DNA antibodies, CFH complement factor H autoantibodies, CRP C-reactive

protein, C3GN C3 glomerulonephritis, C3NeF C3 nephritic factor autoantibodies, DDD dense deposit disease, NA not available, rr reference ranges, +/— doubtful positive

A heterozygous mutation of unknown significance was found in the C3 gene (c.691A >C p.(Ser231Arg))

Immunofluorescence was performed on 5pum sections of
fresh snap-frozen tissue, which were air dried on adhesive
glass slides and pretreated with acetone for 10 min.
Fluorescein-tagged polyclonal rabbit antihuman antibodies
to IgG, IgA, IgM, C3c, Clq, kappa and lambda were all
performed on a VENTANA BenchMark ULTRA according
to the BenchMark Ultra protocol. For C3c, incubation with
anti-C3c-FITC conjugated (Ventana 760-2686) for 24 min
at 36°C was performed. Immunofluorescence results,
including C3c, were collected retrospectively from the
biopsy reports. Electron microscopy was performed in all
cases to differentiate between C3 glomerulonephritis and
dense deposit disease.

For the purpose of the present study, immunohisto-
chemical C3d staining was performed on 2-3 pm sections
of formalin-fixed paraffin-embedded tissue. Tissue sections
were dried overnight at 58 °C and subsequently depar-
affinized, rehydrated and subjected to antigen retrieval
using Lab Vision™ PT Module™ Deparaffinization and
Heat-Induced Epitope Retrieval Solutions at pH 8. The
tissue samples were incubated with the polyclonal antibody
against C3d (#403A-76, Cell Marque) at 97 °C for 20 min
and dilution 1:50. The detection system was used as
recommended by the manufacturer.

Immunohistochemical C4d staining was performed on
4 um slides of formalin-fixed paraffin-embedded tissue with
an automated, validated and accredited staining system
(Ventana Benchmark ULTRA, Ventana Medical Systems,
Tucsen, AZ, USA) using an ultra-view universal DAB
detection kit. In brief, following deparaffinization and heat-
induced antigen retrieval with CC1 (#950-124, Ventana) for
64 min, the tissue samples were incubated with C4d (SP91,
#760-4803, Cell Marque) for 24 min at 36 °C. C3d and C4d
immunohistochemistry were scored on a scale from 0O to 3+
by two pathologists (MS and JUB) who were blinded to
patient information.

We ruled out the entity of masked IgG kappa deposits
recently described by Larsen et al. [23, 24] by staining all
biopsies for kappa-light chains by immunohistochemistry
after proteinase treatment of paraffin sections. Five biopsies
from patients with C3 glomerulopathy showed positivity for
kappa (36%); three biopsies showed 2+ staining (21%) and
two biopsies 14 staining (14%). 3+ staining for kappa was
not observed in any of the biopsies with C3 glomerulo-
pathy, effectively ruling out this entity in all biopsies.

Results
Patient characteristics

Patient characteristics are given in Table 1. The mean age at
the time of diagnosis was 26 + 22 years (range 5-76 years).
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Six patients (55%) were male. The mean serum creatinine
concentration at the time of diagnosis was 412+
151 umol/L. The degree of proteinuria at the time of biopsy
was highly variable and ranged from 0.4 to 11.8 g/L
(mean proteinuria 4.5 +3.4 g/L). Nephrotic-range protei-
nuria was present in 6 of 11 patients. C-reactive protein
was relatively low in all patients (mean 10.1 mg/L,
range 0.30-25.2 mg/L; reference range < 10 mg/L). Mean
serum C3 at the time of diagnosis was 0.51 g/ (range
0.04-0.98 g/L; reference range: 0.65-1.65g/L) and a low
serum C3 (<0.65 g/L.) was observed in six patients. Mean
serum C4 at the time of diagnosis was 0.22 g/L. (range
0.05-0.54 g/L; reference range: 0.16-0.6 g/L); a decreased
serum C4 was observed in four patients. Antinuclear anti-
gen antibodies were found in five patients (45%); none of
the patients tested positive for antineutrophil cytoplasmic
antibodies. Evaluation of the alternative complement path-
way was performed in nine patients. C3 nephritic factor
autoantibodies were present in two patients (patients 2 and
10; Table 1). In one patient (patient 2) a heterozygous
mutation with unknown significance was found in the C3
gene ((c.691A>C p.(Ser231Arg)). Complement factor H
autoantibodies were dubiously positive in two patients
(patients 2 and 4).

Fig. 1 Examples of C3c by
immunofluorescence in biopsies
from patients with C3
glomerulopathy (negative (a;
biopsy 2), 1+ (b; biopsy 11.1),
2+ (c; biopsy 5) and 3+ (d;
biopsy 8.3)
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Glomerular C3c staining by IF

Dominant C3c staining by immunofluorescence was
observed in 12 biopsies from patients with C3 glomerulo-
pathy (ten biopsies showed 3+ staining and two biopsies
2+ staining). In two biopsies (patients 2 and 11) C3c by
immunofluorescence showed negative to 1+ staining only
(Fig. 1). C3c by immunofluorescence was also dominant
with 34 in all biopsies with infection-associated
glomerulonephritis.

Immunohistochemical glomerular C3d staining

All 14 biopsies with C3 glomerulopathy were positive for
C3d: 11 biopsies showed 3+ staining for C3d and three
biopsies showed 2+ staining for C3d (Fig. 2). A score of
2+ and 3+ was observed in the two biopsies showing
1+ and negative C3c staining by immunofluorescence,
respectively (Table 2).

In the control group, C3d immunohistochemistry was
positive in 22 of 31 biopsies; 2+ or 3+ C3d staining was
observed in 11 of 31 biopsies (35%): two biopsies with
immune complex membranoproliferative glomerulone-
phritis (100%), six biopsies with infection-associated
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Fig. 2 Examples of C3d immunohistochemistry 1+ (a; biopsy 23), 2+ (b; biopsy 11.1) and 3+ (c; biopsy 2)

Table 2 Overview of C3c staining score by immunofluorescence and
C3d staining by immunohistochemistry in biopsies from patients with
C3 glomerulopathy

Patient Biopsy Diagnosis C3c IF C3d IHC
1 1 C3GN 3 3
2 2 C3GN 0 3
3 3 C3GN 3 3
4 4 C3GN 3 3
5 5 C3GN 2 3
6 6 C3GN 3 3
7 7 C3GN 3 2
8 8.1 C3GN 3 3
8.2 C3GN NA? 3
8.3 C3GN 3 3
9 9 DDD 3 3
10 10 DDD 3 3
11 11.1 DDD 1 2
11.2 DDD 2 2

C3GN C3 glomerulonephritis, DDD dense deposit disease, NA not
available

#No glomeruli present in the snap frozen renal biopsy

glomerulonephritis (100%), one biopsy with pauci-immune
crescentic glomerulonephritis (14%), one biopsy with
tubulointerstitial nephritis (14%) and one biopsy with
chronic-active antibody-mediated rejection (11%). A score
of 14 for C3d was seen in 11 of 31 biopsies (35%): four
biopsies with pauci-immune crescentic glomerulonephritis
(57%), one biopsy with tubulointerstitial nephritis (14%),
six biopsies with chronic-active antibody-mediated rejection
(67%). The immunohistochemical findings are shown in
Table 3.

Consensus criteria for C3 glomerulopathy
Ten of 14 biopsies fulfilled the consensus criteria for C3

glomerulopathy based on C3c immunofluorescence staining
alone (8/10 C3 glomerulonephritis and 2/4 dense deposit

disease) [3]. These ten biopsies showed dominant C3c
staining by immunofluorescence and electron-dense
deposits without substructure by electron microscopy.

Based on both C3c immunofluorescence and C3d immu-
nohistochemistry, 12 of 14 biopsies (10/10 C3 glomerulone-
phritis, 2/4 dense deposit disease) fulfilled the criteria for C3
glomerulopathy. In patient 2, the diagnosis of C3 glomer-
ulopathy could only be made after C3d immunohistochem-
istry staining because C3c immunofluorescence was negative
while C3d immunohistochemistry showed 34 staining. This
patient showed characteristic ribbon-like electron-dense
deposits in the thickened glomerular basement membrane by
electron microscopy. One of the three biopsies performed in
patient 8 did not contain glomeruli in the snap-frozen tissue
and therefore the diagnosis of C3 glomerulopathy could not
be made on this biopsy based on C3c immunofluorescence.
However, C3d immunohistochemistry on the formalin-fixed
paraffin-embedded slide showed 3+ staining in this biopsy. In
patient 11, the diagnosis of C3 glomerulopathy could not be
made according to the consensus criteria using both C3c
immunofluorescence and C3d immunohistochemistry. How-
ever, electron microscopy showed glomerular basement
membrane thickening with dense osmiophilic intramem-
branous electron deposits diagnostic of dense deposit disease.
In this patient, two biopsies were performed, showing 14 and
2+ staining for C3c immunofluorescence respectively,
whereas both biopsies showed 2+ staining for C3d immu-
nohistochemistry, raising the C3 staining to codominant. Clq
showed 2+ staining in both biopsies.

Immunohistochemical glomerular C4d staining

C4d staining was positive in 10 of 14 biopsies with C3
glomerulopathy (71%); six biopsies showed 3+ staining
(43%), three biopsies 24 staining (21%) and one biopsy 1+
staining (7%) (Fig. 3). In addition, both biopsies with
immune complex membranoproliferative glomerulonephritis
showed 3+ staining for C4d (100%). Only 2/6 biopsies with
infection-associated glomerulonephritis showed >2+ staining
for C4d (33%), the other four were negative. Three biopsies
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Table 3 Immunohistochemical staining with C3d, C4d and
kappa in biopsies from patients with C3 glomerulonephritis,
dense deposit disease, immune complex membranoproliferative
glomerulonephritis, infection-associated glomerulonephritis, pauci-
immune glomerulonephritis, tubulointerstitial nephritis and chronic-
active antibody-mediated rejection

Patient Biopsy Diagnosis C3d C4d kappa
1 1 C3GN 3 3 0
2 2 C3GN 3 2 0
3 3 C3GN 3 0 2
4 4 C3GN 3 1 0
5 5 C3GN 3 3 0
6 6 C3GN 3 2 0
7 7 C3GN 2 3 0
8 8.1 C3GN 3 3 0
8.2 C3GN 3 2 2
8.3 C3GN 3 0 1
9 9 DDD 3 0 0
10 10 DDD 3 3 2
11 11.1 DDD 2 0 0
11.2 DDD 2 3 1
12 12 ICMGNP 3 3 1
13 13 ICMGNP 3 3 2
14 14 IAGN 3 3 0
15 15 IAGN 3 2 0
16 16 TIAGN 3 0 0
17 17 IAGN 3 0 0
18 18 IAGN 3 0 0
19 19 TIAGN 3 0 0
20 20 PCGN 1 0 1
21 21 PCGN 0 0 1
22 22 PCGN 1 2 0
23 23 PCGN 1 0 0
24 24 PCGN 2 2 3
25 25 PCGN 1 2 0
26 26 PCGN 0 0 0
27 27 TIN 0 0 0
28 28 TIN 0 0 0
29 29 TIN 0 0 0
30 30 TIN 0 0 0
31 31 TIN 2 0 0
32 32 TIN 0 0 0
33 33 TIN 1 0 0
34 34 c-aABMR 0 3 0
35 35 c-aABMR 1 1 0
36 36 c-aABMR 1 0 0
37 37 c-aABMR 0 0 1
38 38 c-aABMR 1 1 0
39 39 c-aABMR 1 1 1
40 40 c-aABMR 1 2 0
41 41 c-aABMR 2 1 0
42 42 c-aABMR 1 0 0

c-aABMR chronic-active antibody-mediated rejection, C3GN C3 glo-
merulonephritis, DDD dense deposit disease, JAGN infection-associated
glomerulonephritis, /[CM GNP immune complex membranoproliferative
glomerulonephritis, PCGN pauci-immune glomerulonephritis, 7IN
tubulointerstitial nephritis
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with pauci-immune crescentic glomerulonephritis showed
2+ staining (43%), while the other four were negative for
C4d (57%). All seven biopsies with tubulointerstitial
nephritis were negative for C4d. In biopsies with chronic-
active antibody-mediated rejection, one showed 3+ staining
(11%), one showed 2+ staining (11%), four showed 1+
staining (45%) and three biopsies were negative (33%).

Discussion

C3 glomerulopathy is a disease entity defined by dysregu-
lation of the alternative complement pathway [2, 3]. This
results in the deposition of complement C3 fragments in the
glomerulus which is currently detected using immuno-
fluorescence with an antibody to C3c [3]. However, cases of
dense deposit disease, the prototypical form of C3 glo-
merulopathy, with C4d-dominance (C4-dense deposit dis-
ease) not fulfilling the consensus criteria, have been
observed [16, 25].

C3d is one of the final degradation products of C3 and is
more stable in vivo than C3c, because C3d remains attached
to the tissue site after recovery of injury leaving a visible
footprint [20]. Therefore, we hypothesized that C3d would
be a more sensitive and robust immunostaining marker for
the diagnosis of C3 glomerulopathy than C3c.

We observed at least 2+ staining for C3d in all 14
biopsies with C3 glomerulopathy. Interestingly, two biop-
sies with C3 glomerulopathy, in which C3c staining by
immunofluorescence was negative/sparse, showed >2+
staining with C3d by immunohistochemistry (patients 2 and
11), enabling the reclassification as at least C3-codominant.

In patient 11, two biopsies were performed in which the
diagnosis of C3 glomerulopathy, according to the consensus
criteria, could still not be made after C3d immunohis-
tochemistry since both C3d immunohistochemistry and Clq
immunofluorescence showed 2+ staining in both biopsies
[3]. However, electron microscopy showed glomerular
basement membrane thickening with dense osmiophilic
intramembranous deposits characteristic for dense deposit
disease. So even after the use of C3d immunohistochemistry
we are left with cases that, as either codominant or as only
dominant by one magnitude do not fulfill the consensus
criteria for C3 glomerulopathy. These findings raise the
question whether the current consensus criteria are sensitive
enough.

In patient 2, C4d immunohistochemistry was also per-
formed at the time of diagnosis. Sethi et al. recently
described three cases with C3 glomerulopathy in which no
or only sparse C3c staining was observed by immuno-
fluorescence and introduced a new entity called C4 glo-
merulopathy characterized by mesangial electron-dense
deposits and bright staining for C4d with either
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Fig. 3 Examples of C4d immunohistochemistry 1+ (a; biopsy 4), 2+ (b; biopsy 2) and 3+ (c; biopsy 11.2)

immunohistochemistry or immunofluorescence and absent
to a trace staining for C3 and immunoglobulins [15, 16]. In
patient 2, C4d immunohistochemistry showed 24 staining
and therefore the diagnosis of C4 glomerulopathy was made
at that time. However, C3d staining by immunohis-
tochemistry showed 3+ staining and therefore this case
might in fact represent a case of C3 glomerulopathy. Of
course, we cannot rule out with absolute certainty a role for
abnormal C1 or lectin pathway activation in this patient.
However, positive C3 nephritic factor autoantibodies and a
genetic mutation in the C3 gene were found, arguing for the
diagnosis of C3 glomerulopathy in this particular case. Just
relying on the traditional C3c immunofluorescence along
with C4d staining, cases might be misdiagnosed as C4
glomerulonephritis or C4 dense deposit disease. C3d
immunohistochemistry could be helpful in avoiding this
mistake and to demonstrate a histopathological correlate to
C3 activation.

In a study by Sethi et al., the use of C4d was evaluated to
distinguish C3 glomerulopathy from immune complex
membranoproliferative  glomerulonephritis [26]. They
observed 224 C4d staining in 89% (16/18) of the biopsies
with immune complex membranoproliferative glomer-
ulonephritis, while C4d staining was found in only 20%
(6/30) of the biopsies with C3 glomerulopathy showing
only a trace or 1+ staining. Based on these results, they
suggested that negative glomerular staining for C4d can
serve as a marker for C3 glomerulopathy. In contrast, we
observed C4d immunohistochemical staining in 10/14
biopsies with C3 glomerulopathy (71%), suggesting that
C4d staining is in fact often observed in patients with C3
glomerulopathy. In line with our findings, Bouatou et al.
concluded that C4d staining is of limited value for the
discrimination between C3 glomerulopathy and immune
complex membranoproliferative glomerulonephritis [27].

We observed the presence of both >2+ staining for C3
(either C3c or C3d) and C4d in a total of nine biopsies with
C3 glomerulopathy (64%) showing evidence of a
complement-mediated glomerular disease driven by both
the alternative and classical/lectin pathway. This finding has

been described previously in a single case of dense deposit
disease by Vankalakunt et al. [28]. Singh et al. performed
an observational study including 27 dense deposit disease
cases and 14 C3 glomerulonephritis cases. They observed
C4d staining of variable intensity with >2+ staining in 48%
of dense deposit disease cases and 21% of C3 glomer-
ulonephritis cases [29]. It has been hypothesized that in
these cases the alternative complement pathway is upregu-
lated in addition to activation of the classical or lectin
pathway caused by infection, auto-immune disease or
monoclonal gammopathy [18]. We stained for kappa after
protease digestion on all biopsies and excluded monoclonal
gammopathy in all C3 glomerulopathy cases in our study,
effectively ruling out monoclonal gammopathy-associated
forms of glomerulonephritis and the peculiar entity of
masked kappa deposits recently described [23, 24]. The
possibility of an infection as a trigger for C3 glomerulo-
pathy in some of the patients reported here could not be
totally excluded [30]. However, the rather low C-reactive
protein concentration at the time of biopsy and the clinical
findings in all patients argues against this.

The “typical” work-up for patients with suspicion for C3
glomerulopathy includes testing for antinuclear antigen
antibodies, antineutrophil cytoplasmic antibodies, double-
stranded DNA antibodies and exclusion of infections with
hepatitis B and C, and HIV, as well as monoclonal gam-
mopathy. In addition, patients are tested for serum com-
plement C3, C4 and Clq, autoantibodies against
complement factor H, C3 nephritic factor, C4 nephritic
factor, terminal complement complex, Bb, C3bc, C3bBbP,
Factor H, Factor I, Factor B and abnormalities in comple-
ment protein encoding or regulating genes.

Abnormalities in the alternative complement pathway are
observed in most patients with C3 glomerulopathy [31, 32].
In contrast to other studies, no abnormalities in the alter-
native complement pathway were observed in the majority
of C3 glomerulopathy patients in our study. This may be
explained by the small cohort size or the fact that alternative
complement pathway abnormalities were only thoroughly
evaluated in 9 out 11 patients (82%).
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Limitations of this proof-of-principle study are the small
cohort size and the fact that this was a retrospective study
and therefore some clinical data were not available. How-
ever, a relatively large control group was included to
compare immunohistochemical C3d staining results in renal
biopsies from patients with C3 glomerulopathy to biopsies
from patients with such diverse diagnoses as immune
complex  membranoproliferative  glomerulonephritis,
infection-associated  glomerulonephritis, pauci-immune
crescentic glomerulonephritis, tubulointerstitial nephritis
and chronic-active antibody-mediated rejection. As expec-
ted, biopsies from patients with immune complex mem-
branoproliferative  glomerulonephritis and infection-
associated glomerulonephritis showed 3+ staining for C3d
immunohistochemistry. Biopsies with tubulointerstitial
nephritis, pauci-immune crescentic glomerulonephritis and
chronic-active antibody-mediated rejection were negative or
showed only 1+ staining for C3d immunohistochemistry in
most of the cases. C3 glomerulopathy can show overlapping
histomorphologic features with pauci-immune crescentic
glomerulonephritis and chronic-active antibody-mediated
rejection which can make it difficult to distinguish between
these entities by light microscopy [33-35]. Dominant C3d
staining by immunohistochemistry may support the diag-
nosis of C3 glomerulopathy in these cases.

Based on the findings in the present study, we recom-
mend the use of C3d immunohistochemistry in addition to
C3c immunofluorescence in all cases with membranopro-
liferative glomerulonephritis. In addition, both clinical
suspicion and electron microscopy findings indicative of
dense deposit disease could be of guidance to recommend
the use of C3d immunohistochemistry, especially in those
cases in which C3c immunofluorescence shows a trace/
negative. Furthermore, C3d immunohistochemistry can be
of value in those cases with a trace/negative C3c immu-
nofluorescence and positive C4d staining, since these cases
could be incorrectly labeled as C4d-dominant glomerulo-
pathy. Also, in those cases where frozen renal tissue is not
available, C3d immunohistochemistry could be used in
common practice (in combination with C3c immunohis-
tochemistry when this is available). For example, in our
study no glomeruli were present in a snap-frozen renal
biopsy from patient 8 (biopsy 8.2). This is a problem in
cases with a strong suspicion for C3 glomerulopathy. C3c
immunofluorescence has been reported to not be reliable by
salvage technique on formalin-fixed paraffin-embedded
tissue by some laboratories [36]. In those situations, C3d
immunohistochemistry can be performed on the formalin-
fixed paraffin-embedded tissue.

In conclusion, C3d immunohistochemistry shows at
least codominant staining in all biopsies with C3 glomer-
ulopathy and could especially be helpful in those C3 glo-
merulopathy cases with absent or a trace C3c staining by
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immunofluorescence. Therefore, we recommend the use
of C3d in addition to C3c on all biopsies suspicious for
C3 glomerulopathy. Our results about the usefulness of
C3d need validation in large, multicenter studies employing
cluster-analysis approaches as has been suggested recently
[37].
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