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Abstract
Background and objectives Several studies have suggested that activation of the complement system is a
contributing pathogenic mechanism in IgA nephropathy (IgAN). C4d staining is an inexpensive and easy-toperform method for the analysis of renal biopsies. This study aimed to assess the clinical and prognostic
implications of C4d staining in IgAN.

Due to the number of
contributing authors,
the affiliations are
provided in the
Supplemental
Material.

Design, setting, participants, & measurements This retrospective cohort study included 283 patients with IgAN in
11 hospitals in Spain who underwent a renal biopsy between 1979 and 2010. The primary predictor was
mesangial C4d staining. Secondary predictors included demographic, clinical, and laboratory characteristics,
and Oxford pathologic classiﬁcation criteria. The primary end point was the cumulative percentage of patients
who developed ESRD, deﬁned as onset of chronic dialysis or renal transplantation. C4d was analyzed by
immunohistochemical staining using a polyclonal antibody. Kaplan–Meier and Cox proportional hazards
analyses were performed to evaluate the effect of C4d staining on renal survival.
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Results There were 109 patients (38.5%) and 174 patients (61.5%) who were classiﬁed as C4d positive and C4d
negative, respectively. Renal survival at 20 years was 28% in C4d-positive patients versus 85% in C4d-negative
patients (P,0.001). Independent risk factors associated with ESRD were as follows: proteinuria (hazard ratio
[HR] per every 1 g/d increase. 1.16; 95% conﬁdence interval [95% CI], 1.03 to 1.31; P=0.01), eGFR (HR per every 1
ml/min per 1.73 m2 increase, 0.96; 95% CI, 0.94 to 0.97; P,0.001), T2 Oxford classiﬁcation (tubular atrophy/
interstitial ﬁbrosis, .50%; HR, 4.42; 95% CI, 1.40 to 13.88; P=0.01), and C4d-positive staining (HR, 2.45; 95% CI,
1.30 to 4.64; P=0.01).
Conclusions C4d-positive staining is an independent risk factor for the development of ESRD in IgAN. This
ﬁnding is consistent with the possibility that complement activation is involved in the pathogenesis of this
disease.
Clin J Am Soc Nephrol 9: ccc–ccc, 2014. doi: 10.2215/CJN.09710913

Introduction
IgA nephropathy (IgAN) is the most common primary
GN worldwide and is deﬁned by the predominant
deposition of IgA in the glomerular mesangium (1). It
is characterized by a highly variable course ranging
from a totally benign condition (2) to ESRD (3,4).
There are several clinical and histologic factors
(arterial hypertension, proteinuria, renal function,
and Oxford classiﬁcation score) that strongly determine the ﬁnal outcome of patients with IgAN (5,6).
The identiﬁcation of new prognostic markers could
provide insights into the pathogenesis of IgAN and
unveil new therapeutic avenues.
The following processes are involved in the pathogenesis (7) of IgAN: aberrant glycosylation of IgA1
(8), synthesis of antibodies directed against galactosedeﬁcient IgA1, binding of the galactose-deﬁcient
IgA1 by antibodies to form immune complexes, and
www.cjasn.org Vol 9 May, 2014

deposition of these complexes in the glomerular mesangium, inducing activation of mesangial cells and
glomerular damage (9–12).
Several studies have demonstrated that activation
of the complement system augments the inﬂammatory cascade and potentiates tissue injury in IgAN
(13). Roos et al. (14) showed that those patients with
IgAN with glomerular deposition of mannose-binding
lectin (MBL) had more severe histologic damage and
more proteinuria. In this study, the deposition of MBL
was always accompanied by deposits of L -ﬁcolin
and C4d, indicating an activation of complement by
the lectin pathway. The majority of both MBL-positive
and MBL-negative patients showed glomerular deposition of C3, whereas C1q deposits were distinctly absent in all of the patients. These data suggested an
activation of complement by the alternative pathway
(no deposits of MBL) in a majority of patients with
Copyright © 2014 by the American Society of Nephrology
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IgAN (75% in this study), and an activation by the lectin
pathway (glomerular deposits of C3, C4d, MBL, and L ﬁcolin) in the remaining 25% of patients (Figure 1). C4d
deposition could be a marker of complement activation
by the lectin pathway in IgAN. Interestingly, C4d staining is now a routine histologic technique in the study of
kidney biopsies, after the discovery of its crucial importance in the diagnosis of humoral rejection in kidney
transplantation (15).
In a previous study, we showed that 32% of patients with
IgAN had a positive staining result for glomerular C4d and
that their renal survival at 10 years was 43.9% compared
with 90.9% in C4d-negative patients (16). Our study aimed
to assess the clinical and prognostic implications of C4d
staining in a larger cohort of patients with IgAN.

Materials and Methods
Design
This study was an initiative of the Scientiﬁc Committee
of the Spanish Group for the Study of Glomerular Diseases.
Eleven centers in Spain that agreed to participate in the
study sent renal tissue to one of the centers (Reina Soﬁa
Hospital, Córdoba, Spain) for C4d study. This study was
approved by the ethics committees and research boards of
these institutions. Patient information was managed according to applicable data protection regulations.
Patients
Participating centers were required to include all patients
with a diagnosis of biopsy-proven IgAN between 1979 and
2010. Patients with Henoch–Schönlein purpura, liver diseases, diabetes, systemic diseases, and any type of secondary IgAN were excluded. Patients with hepatitis C or B
infection were also excluded. For each patient, the date
of renal biopsy was established as the baseline point.
The diagnosis of IgAN was based on histologic assessment
of renal biopsy tissue with hematoxylin and eosin, Masson’s
trichrome, periodic acid–Schiff, and methenamine silver for
light microscopy and staining with antibodies against IgG,
IgA, IgM, C1q, and C3 for immunoﬂuorescence. IgAN was

Figure 1. | The complement system and C4d. C4d can be derived
from the classic and lectin pathway activation. In patients in whom
C1q deposits are not detected, the classic pathway of complement
activation can be ruled out. MBL, mannose-binding lectin.

deﬁned by the presence of at least 1+ (range, 0–3) IgA
mesangial deposits as dominant or codominant Igs on
immunoﬂuorescence microscopy performed on frozen
tissue.
The medical records were reviewed and the following
information at the time of the renal biopsy was recorded:
patient age, sex, presence or absence of macroscopic
hematuria, hypertension (deﬁned as systolic BP.140
mmHg and/or diastolic BP.90 mmHg or the use of antihypertensive agents), 24-hour urine protein excretion, and
serum creatinine level. Mean values of the two latest measurements performed within the month before renal biopsy
were selected. Proteinuria was used either as a continuous
variable as a category variable (,0.30 g/d, 0.30–0.99 g/d,
1.0–2.99 g/d, and $3.00 g/d) or as a dichotomous variable ($1 g/d versus ,1 g/d). We calculated the eGFR in
adults by using the abbreviated Modiﬁcation of Diet in
Renal Disease study equation (17): eGFR (ml/min per 1.73
m2)=186.33(serum creatinine in mg/dl21.154)3(age20.203)3
(0.742 if female)3(1.21 if black). The Schwartz formula was
used to calculate the eGFR in children.
The use of treatment with immunosuppressive agents,
corticosteroids or renin-angiotensin system blockers, and
either angiotensin-converting enzyme inhibitors (ACEIs) or
angiotensin receptor antagonists (ARBs) in the follow-up
was also recorded. Onset of renal disease was not recorded
and was not analyzed.

C4d Staining and Histologic Studies
C4d staining was performed at Reina Sofía Hospital by
one of the investigators (R.O.), who was blinded to the
identity of the tissue. Formaldehyde-ﬁxed renal tissue
from 437 patients was received for C4d study. Only patients with .3 nonsclerotic glomeruli available for the C4d
study were included. We excluded 72 patients who did not
fulﬁll these criteria. In addition, 82 were excluded because
of incomplete data on age, proteinuria, renal function, BP,
or Oxford pathologic classiﬁcation criteria. A total of 283
patients comprised the study cohort.
C4d immunohistochemical staining was performed on
3-mm deparafﬁnized and rehydrated sections of formaldehydeﬁxed renal tissue, using rabbit polyclonal anti-human C4d
(Biomedica, Vienna, Austria) as the antibody. To block
nonspeciﬁc staining, antigen retrieval was performed in
advance of slide treatment by pressure cooking (5 minutes
at +125°C in Tris/EDTA buffer, pH 8.5) and cooling to
room temperature. A section of kidney with transplant
humoral rejection and a section with minimal change
nephropathy served as the positive and negative controls, respectively.
C4d immunohistochemical staining was scored as negative or positive, with scores of 0 or 1, respectively. Patients
were classiﬁed as positive when .25% of the nonsclerotic
glomeruli were positive for C4d. This positive glomerular
staining was predominantly mesangial. No staining was
observed in peritubular capillaries, whereas tubular staining was observed irregularly in some patients.
Histologic ﬁndings were also grouped according to the
Oxford classiﬁcation (5,6). Four histopathologic variables were scored as follows by the pathologist at the
local center by review of the biopsy material: mesangial
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hypercellularity (M0/M1), endocapillary hypercellularity
(E0/E1), segmental glomerulosclerosis (S0/S1), and tubular
atrophy/interstitial ﬁbrosis (T0, ,25%; T1, 26%–50%; and
T2, .50%).
To assess whether immunohistochemistry could be a less
sensitive method than immunoﬂuorescence for the detection of C4d, we compared both techniques in a subgroup
of 23 patients biopsied after 2008 in one of the participating
centers.
Study End Points
For each patient, the date of renal biopsy was established
as the baseline point. Follow-up time was considered as the
interval between renal biopsy and the last outpatient visit,
death, or ESRD (deﬁned as onset of chronic dialysis or renal
transplantation). The primary end point of the study was
the cumulative percentage of patients who developed
ESRD in the course of the study (renal survival). No
patient died before the time of ESRD.
Statistical Analyses
Results are reported as the mean6SD when normally
distributed or as the median (interquartile range [IQR])
otherwise. Comparisons of continuous variables between
two groups were assessed using the unpaired t test or the
Mann–Whitney U test as appropriate. The differences in
the proportions of different patient groups were compared
by the Fisher’s exact test. A P value ,0.05 was considered
to be statistically signiﬁcant.
Kaplan–Meier and Cox proportional hazards analyses
were performed to evaluate the effect of C4d staining on
renal survival. The primary end point was ESRD. Univariate survival comparisons were made using the log-rank
test. All univariate tests were two-sided, with a a level of
0.05. The Cox proportional hazards model was used to
estimate the adjusted relative risk of each parameter
with regard to renal survival. Survival time for each patient was computed from baseline evaluation to the last
follow-up or the primary end point (ESRD). Variables previously found to affect renal survival were included in the
Cox proportional hazards model. Variables were selected
by backward elimination using likelihood ratio tests. Calculations were performed using SPSS statistical software
(version 15.0; SPSS, Chicago, IL).

Results
Baseline Clinical and Histologic Findings
Table 1 shows the main baseline clinical and histologic
data of the 283 included patients. Participants were predominantly men (73.8%) and the mean age was 39.1617.2
years. The median proteinuria was 1.9 g/d (IQR, 1.0–3.0)
and 55.2% of patients were hypertensive. The mean eGFR
was 67635 ml/min per 1.73 m2. Histologic ﬁndings were
systematized according to the Oxford classiﬁcation. We
observed mesangial proliferation in .50% of glomeruli
(M1) in 183 patients (64%), endocapillary proliferation
(E1) in 62 patients (21%), and FSGS (S1) in 57 patients
(20%). Regarding the severity of tubulointerstitial ﬁbrosis
(T0 to T2), we found T0 in 112 patients (39%), T1 in 90
patients (31%), and T2 in 81 patients (28%). Our results
showed that 225 patients (79%) received ACEI or ARB
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therapy throughout follow-up, 100 patients (35%) received
oral corticosteroids, and 60 patients (21%) received other
immunosuppressive agents.
Complement Staining
Glomerular staining for C4d (.25% of glomeruli) was
observed, in a mesangial pattern, in 109 biopsies (38.5%).
In 174 biopsies (61.5%), #25% of glomeruli were positive
for C4d and these patients were considered as negative.
The proportion of patients who stained positive for C3
and IgG was similar among C4d-positive patients (71%
and 17%, respectively) and C4d-negative patients (72%
and 22%, respectively). C1q staining was negative in all
of the patients. Figure 2 shows a patient with a negative
staining and a representative patient with a C4d-positive
staining. A renal biopsy was repeated in only one patient,
12 years after the ﬁrst one, because of progressive renal
failure. Mesangial C4d staining was evident in both renal
biopsies.
C4d staining was analyzed by immunoﬂuorescence and
immunohistochemistry in 23 patients from one of the
participating centers. Both techniques were concordant in
20 patients (87%), showing positive staining in 14 patients
and negative staining in 6 patients. Disagreement between
both techniques was observed in three patients, in whom
immunoﬂuorescence was positive and immunohistochemistry was negative.
Differences between C4d-Positive and C4d-Negative
Patients
Table 1 shows the clinical and pathologic data of the
patients at the time of renal biopsy according to their positive or negative staining for C4d. The proportion of participants with hypertension was signiﬁcantly higher
(71.6% versus 44.8%; P,0.001) in C4d-positive patients.
C4d-positive patients also had a lower eGFR (59634 versus 73636 ml/min per 1.73 m2; P,0.001) and a higher
amount of proteinuria compared with C4d-negative patients (median 2.2 versus 1.7 g/d; P,0.001).
The proportion of patients treated in the follow-up with
ACEI/ARB, prednisone, or immunosuppressive agents
was similar in both groups. The proportion of patients with
segmental glomerulosclerosis (S1) and tubulointerstitial
ﬁbrosis (T1 and T2) was higher in C4d-positive patients.
On the contrary, the proportion of patients without
tubulointerstitial ﬁbrosis (T0) was signiﬁcantly lower in
C4d-positive patients. Finally, a higher proportion of C4dpositive patients developed ESRD (37.6% versus 9.8%;
P,0.001). The median follow-up was 5.3 years (IQR, 2.9–
8.3) for C4d-positive patients and 6.6 years (IQR, 3.0–13.1)
for C4d-negative patients.
Primary End Point
Fifty-eight patients (20.5%) reached the primary end
point (ESRD). As shown in Figure 3, the Kaplan–Meier
total renal survival at 10, 15, and 20 years was 75%,
70%, and 64%, respectively. Table 2 presents unadjusted
and multivariable adjusted hazard ratios (HRs) for the
end point of ESRD. Univariate analysis showed that
age, hypertension, proteinuria, and eGFR among clinical
data, and tubulointerstitial ﬁbrosis (T1, T2), segmental
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Table 1. Clinical and histologic characteristics of the patients at baseline and during the follow-up period according to C4d staining

Variable
Mean age (yr)
Male sex
Macroscopic hematuria
Hypertension
eGFR (ml/min per 1.73 m2)
Stage (eGFR in ml/min/1.73 m2)
1 ($90)
2 (60–89)
3 (30–59)
4 (15–29)
5 (,15)
Median urinary protein excretion (g/d)
Urinary protein excretion (g/d)
,0.30
0.30–0.99
1–2.99
$3.0
Proteinuria$1 g/d
Oxford classiﬁcation
M1
E1
S1
Tubular atrophy/interstitial ﬁbrosis (%)
T0 (,25)
T1 (25–50)
T2 (.50)
Use of ACEI/ARB
Use of prednisone
Any other immunosuppressive
treatmenta
Median follow-up period (yr)
Evolution to ESRD in the follow-upb

Total (N=283)

C4d-Positive
(n=109)

C4d-Negative
(n=174)

P Value
0.72
0.89
0.06
,0.001
0.001
0.02

39.1617.2
208 (73.8)
129 (45.6)
155 (55.2)
67.7635.9

38.6615.0
81 (74.3)
43 (39.4)
78 (71.6)
58.9634.1

39.4618.5
127 (73.4)
86 (49.4)
77 (44.8)
73.2636.0

84 (29.7)
69 (24.4)
82 (29.0)
29 (10.2)
18 (6.4)
1.9 (1.0–3.0)

22 (20.2)
26 (23.9)
38 (34.9)
16 (14.7)
7 (6.4)
2.2 (1.4–3.6)

62 (35.8)
43 (24.9)
44 (25.4)
13 (7.5)
11 (6.4)
1.7 (1.0–2.6)

13 (4.6)
42 (14.8)
150 (53.0)
78 (27.6)
228 (80.6)

1 (0.9)
14 (12.8)
53 (48.6)
41 (37.6)
94 (86.2)

12 (6.9)
28 (16.1)
97 (55.7)
37 (21.3)
134 (77.0)

183 (64.7)
62 (21.9)
57 (20.1)

77 (73.3)
28 (25.7)
35 (32.4)

106 (66.3)
34 (19.5)
22 (12.6)

112 (39.6)
90 (31.8)
81 (28.6)
225 (79.5)
100 (35.3)
60 (21.2)

15 (13.8)
41 (37.6)
53 (48.6)
90 (89.1)
35 (33.7)
23 (23.2)

97 (55.7)
49 (28.2)
28 (16.1)
135 (87.1)
65 (38.2)
37 (23.9)

0.39
0.51
.0.99

6.0 (3.0–11.7)
58 (20.5)

5.3 (2.9–8.3)
41 (37.6)

6.6 (3.0–13.1)
17 (9.8)

0.03
,0.001

,0.001
0.01

0.03
0.13
0.14
,0.001
,0.001

For quantitative variables, values are expressed as the mean6SD or the median (interquartile range) as appropriate. For qualitative
variables, values are expressed as n (%). M, mesangial hypercellularity; E, endocapillary hypercellularity; S, segmental glomerulosclerosis; T, tubular atrophy/interstitial ﬁbrosis; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.
a
Immunosuppressive agents include cyclophosphamide, mycophenolate, or others.
b
ESRD: chronic dialysis or renal transplantation.

glomerulosclerosis (S1), and positive C4d staining among
histologic data, were associated with the appearance of
ESRD. Only the amount of proteinuria (HR per every 1
g/d increase, 1.16; 95% conﬁdence interval [95% CI], 1.03
to 1.31; P=0.01), eGFR (HR per every 1 ml/min per 1.73 m2
increase, 0.96; 95% CI, 0.94 to 0.97; P,0.001), presence of T2
tubulointerstitial ﬁbrosis (HR, 4.42; 95% CI, 1.40 to 13.88;
P=0.01) and a positive C4d staining (HR, 2.45; 95% CI, 1.30
to 4.64; P=0.01) remained as signiﬁcant predictors of ESRD
by multivariate analysis.
Renal survival at 5 and 20 years was 76% and 28%,
respectively, in C4d-positive patients compared with 91%
and 85% in C4d-negative patients (log-rank, P,0.001)
(Figure 3).
There were 24 patients aged,18 years: 6 (5.5%) in the
C4d-positive group and 18 (10.3%) in the C4d-negative
group. When these patients were excluded, the results
did not change. C4d-positive staining was an independent
risk factor for the development of ESRD (HR, 2.38; 95% CI,

1.26 to 4.48; P=0.01). In this analysis, proteinuria, eGFR,
and T2 Oxford classiﬁcation score were also independent
risk factors.
When patients with an eGFR,15ml/min per 1.73 m2
were excluded the results were similar. C4d-positive staining was an independent risk factor for the development of
ESRD (HR, 3.06; 95% CI, 1.49 to 6.29; P=0.002). In this
analysis, the other independent risk factors were proteinuria, eGFR, and S1 Oxford classiﬁcation score.

Discussion
IgAN is characterized by a highly variable course
ranging from a totally benign condition to progressive
loss of renal function leading to ESRD. As demonstrated by
several studies, serum creatinine, proteinuria, and arterial
hypertension at presentation are the strongest predictors of
an unfavorable outcome (18–24). Among pathologic data,
mesangial hypercellularity, glomerular sclerosis, interstitial
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Figure 2. | Renal tissue from patients with IgAN was stained for the presence of C4d. Representative images are shown. (A and B) A patient with
a negative C4d staining. (C and D) A representative patient with a positive C4d staining in mesangial areas. No staining is detected in peritubular
capillaries. Tubular staining is observed. IgAN, IgA nephropathy. Original magnification, 3100 in A; 3200 in B; 340 in C; 3400 in D.

Figure 3. | Renal survival according to C4d staining.

ﬁbrosis, and tubular atrophy have been recognized as independent predictors of renal failure (6).
Our study shows by the ﬁrst time that mesangial C4d
staining is an independent risk factor for the development
of ESRD in IgAN. As shown in Figure 3, renal survival was
signiﬁcantly higher in C4d-negative patients compared

with C4d-positive patients. This fact is relevant because
in addition to identifying a new prognostic factor, it supports the notion that the activation of the complement system may play a crucial role in the pathogenesis of IgAN (25).
Mesangial deposition of IgA is considered to be the
initiating event that precipitates renal damage in IgAN,
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Table 2. Univariate and multivariate Cox regression analyses with ESRDa as the end point in 283 patients with IgA nephropathy

b

P Value

Hazard Ratio (95% Conﬁdence Interval)

0.02
1.53
1.84
0.25
20.04

0.001
,0.001
,0.001
,0.001
,0.001

1.02 (1.01 to 1.04)
4.65 (2.63 to 8.22)
6.30 (2.98 to 13.31)
1.28 (1.16 to 1.43)
0.95 (0.94 to 0.96)

1.10

,0.001

1.93
3.27

,0.001
,0.001

3.02 (1.76 to 5.16)
1 (reference)
6.89 (2.31 to 20.5)
26.23 (9.23 to 75.43)

0.89
0.15
20.04

0.01
0.01
,0.001

2.45 (1.30 to 4.64)
1.16 (1.03 to 1.31)
0.96 (0.94 to 0.97)

0.01

1 (reference)
4.42 (1.40 to 13.88)

Analysis
Univariate
Age (yr)
Positive C4d staining
Hypertension
Proteinuria (g/d)
eGFR (ml/min per 1.73 m2)
Oxford classiﬁcation
S1
T0
T1
T2
Multivariate
Positive C4d staining
Proteinuria (g/d)
eGFR (ml/min per 1.73 m2)
Oxford classiﬁcation
T0
T2
a

1.48

ESRD: chronic dialysis or renal transplantation.

inducing mesangial cell proliferation and expansion of
extracellular matrix components. The contribution of the
complement system to amplify tissue injury in IgAN has
been suggested by several studies, but the precise pathways of complement activation remain largely unknown.
However, as strongly suggested by the study by Roos et al.
(14) as well as our own data (16), activation of the lectin
pathway (indicated by C4d deposition) is associated with
more severe histologic damage and signiﬁcantly reduced
renal survival.
It is unknown whether mesangial C4d deposition might
change during the course of the disease (26). In our study, a
second renal biopsy was performed in a C4d-positive patient, 12 years after the ﬁrst one. Mesangial C4d staining,
similar to that observed in the ﬁrst renal biopsy, was found.
The pathogenic mechanisms explaining why C4d-positive
patients with IgAN have more serious histologic injury
and a worse prognosis are presently unknown. The pattern
of IgA1 glycosylation and the molecular mass of IgA1containing immune complexes are important factors that
determine the ability of IgA1 to activate the different
complement pathways (27). It was recently shown that
elevated serum levels of galactose-deﬁcient IgA1 are associated with a poor prognosis in IgAN (28). Whether the
IgA1 glycosylation pattern of patients who show a positive
staining for C4d is different from that of C4d negative
patients is unknown. On the other hand, it is possible
that IgA1-induced activation of the lectin pathway could
speciﬁcally recruit other amplifying mechanisms, rendering the complement system activation more aggressive.
Thus, positive costaining for C4-binding protein has been
reported in patients with IgAN with a C4d-positive staining, but not in those with a C4d-negative staining (14,29).
C4-binding protein behaves as a bridge between the complement system and coagulation (30), and this pathway
could play a role in the formation of thrombotic microangiopathy lesions that some studies have reported (31,32) as

well as in the pathogenesis of accelerated or malignant hypertension that some patients with IgAN develop (31,33).
We showed in a previous study that renal survival at 10
years was 43.9% in C4d-positive patients compared with
90.9% in C4d-negative patients (16). However, C4d staining was not an independent factor for renal survival, probably because of the low number of patients analyzed. In
this study, which included a large cohort of patients with
biopsy-proven IgAN, a positive staining for C4d was a
conclusive independent risk factor for renal survival.
This ﬁnding implies important practical applications because C4d staining is a relatively inexpensive and easyto-perform test in the routine study of renal biopsies. In
fact, C4d staining is routinely performed in renal transplant biopsies as a marker of antibody-mediated humoral
rejection. Interpretation of C4d staining is simple and relatively speciﬁc and has a low possibility of false positive
results. Immunoﬂuorescence studies on frozen tissues
are a more sensitive technique than immunohistochemistry for detecting C4d deposition in renal transplantation.
Data regarding sensitivity of both techniques in glomerular diseases are scarce. Suzuki et al. (34) showed similar
sensitivity of immunoﬂuorescence and immunohistochemistry to detect C4d glomerular deposits, although staining
was apparently weaker with immunohistochemistry. In
our experience (35), which is conﬁrmed by others (36),
there were no differences between both techniques to detect C4d deposits in patients with membranous nephropathy and minimal change disease (C4d staining was
positive in all of the patients with membranous nephropathy and negative in all of the patients with minimal
change disease). For this study, we compared both techniques in a subgroup of 23 patients and we found that both
techniques yielded the same results in 87% of patients.
Our study has the inherent limitations of a retrospective
observational investigation. The relationship between
C4d staining and progression of renal damage must be
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interpreted cautiously in terms of association rather than
causality. We selected the date of renal biopsy as the
baseline time. The onset of renal disease and proteinuria in
the follow-up were not analyzed. In our study, MBL staining
was also not analyzed. However, it was previously shown
that deposition of C4d was accompanied by deposits of MBL
in 100% of patients (14). C4d in the absence of C1q is a
marker for lectin pathway activation (Figure 1).
Our analysis has important strengths, mainly the number
of biopsy-proven patients included, their careful and longterm follow-up, and the use of hard clinical end points such
as ESRD.
In conclusion, our study shows for the ﬁrst time that the
deposition of C4d is an independent risk factor for renal
survival in IgAN. Staining for C4d could be incorporated
into the routine analysis of renal biopsies in patients with
this disease, given its prognostic importance. These ﬁndings are consistent with the possibility that complement
activation is involved in the pathogenesis of IgAN.
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