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Abstract: Background: C4d has been used as an evaluation marker for antibody-mediated rejection for solid organ 
transplantation. Although some studies have proposed that complement activation is involved in renal diseases, 
very little information is available on pathogenesis. This study was conducted to investigate C4d deposition in IgA 
nephropathy and to find its relations with histopathology and albuminuria. Methods: This retrospective study includ-
ed 23 patients who underwent renal biopsy at our medical center. The WHO grade of IgA nephropathy, interstitial 
inflammation and fibrosis, C4d staining and medical records including sex, age, and urine albumin were reviewed. 
Results: Thirteen patients (56.5%) were positive for C4d staining in the glomerulus and eleven patients (47.8%) 
were positive in the tubular epithelium. Glomerular C4d deposition was associated with albuminuria (p=0.044), 
and tubular C4d deposition was associated with a higher grade of IgA nephropathy (p=0.014). Conclusions: Activa-
tion of the complement system was involved in renal damage and was identified through deposition of C4d in the 
glomerulus and tubules. Positive C4d staining in the glomerulus and the tubules may be associated with functional 
damage related to glomerular filtration and poor renal outcome.
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Introduction

C4d is a well-known biomarker of the comple-
ment cascade. Although C4d itself has no bio-
logical function, it is recognized for its function 
of complement activation through the classical, 
alternative or lectin pathway. C4d is derived 
from cleavage of the labile thioester bond of 
C4b. This cleavage provides C4d a covalent 
bond which helps C4d to anchor to nearby cells 
where immune complexes are deposited. 
Antibodies dissociate naturally because of rela-
tively weak hydrostatic and Van der Waals forc-
es between antigens and antibodies, whereas 
covalent bond of C4d has a much longer half-
life [1]. For this reason, C4d serves as a foot-
print for complement activation.

The usefulness of C4d in the identification of 
antibody-mediated rejection (AMR) has gener-
ally been accepted. C4d was incorporated in 
the Banff classification in 2003 [2]. Clinically, 
C4d immunohistochemistry has been used as 

an evaluation marker for AMR for solid organ 
transplantation. In particular, deposition of C4d 
in the peritubular capillary endothelium serves 
crucial role in the rejection mechanism of kid-
ney transplantation. Therefore, many studies 
have been focusing on C4d as a diagnostic tool 
for AMR.

Recently, many researchers have turned their 
attention to C4d deposition in native renal dis-
ease. Xing et al [3] recently investigated that 
complement activation is involved in renal dam-
age of pauci-immune crescentic glomerulone-
phritis. Espinosa et al [4] suggested that C4d is 
a useful tool for the differential diagnosis of 
membranous nephropathy and minimal change 
disease. However, very little information is 
available on the pathogenesis of various dis-
eases that are activated by the complement 
system.

Therefore, it is reasonable to expand the study 
of C4d to other immunologic diseases to prove 
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C4d deposition on immune-complexes and to 
find a new role of C4d in other diseases. We 
undertook a study on C4d deposition with 23 
cases of IgA nephropathy by immunohisto-
chemistry. In addition, we connected C4d depo-
sition to histopathology and albuminuria. The 
aim of our study was to investigate deposition 
of C4d in IgA nephropathy and to find its rela-
tions with histopathology and albuminuria.

Materials and methods

This retrospective study incorporated all con-
secutive patients who underwent renal biopsy 
at our medical center between January 2010 

and December 2011. The diagnosis of IgA nep- 
hropathy and minimal change disease (MCD) 
was based on the histological assessment of 
renal biopsy specimens by light microscopy, 
with H&E, Masson’s trichrome, periodic acid-
Schiff (PAS), and periodic acid methenamine 
(PAM) silver stain. Immunofluorescence (IF) 
study was performed with polyclonal IgG, IgM, 
IgA, C3, and C1q. Electronic microscopic study 
was performed with standard laboratory proto-
cols. The study group was divided into IgA group 
and control group (Figure 1). As complement 
activation has been considered not to be invo- 
lved in MCD [5], renal biopsy samples from 11 
patients with MCD were included as controls.

Figure 1. Hematoxylin and eosin (A and B), immunohistochemistry, immunofluorescence with IgA antibodies, and 
electron microscopic studies in IgA nephropathy and minimal change disease patient. The same granular pattern of 
IgA and C4d deposits are observed by immunohistochemical stain (C) and immunofluorescence (E). Electron-den-
sity deposits in the subendothelium were detected by electron microscopy (G). C4d depositions were not observed 
in minimal change disease (D, F and H).

Figure 2. Immunohistochemical C4d staining in IgA nephropathy patient. A. Glomerular C4d staining was distributed 
along the capillary loops in the glomerulus. The mesangial staining was suggested in small focus. B. Granular distri-
bution of C4d staining was observed in tubular epithelium. A, B. Original magnification X400.
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Medical records and laboratory findings were 
reviewed at the time of renal biopsy. The follow-
ing data, including patient sex, age, and urine 
albumin, were recorded: urine albumin was 
scored as 0 when <15 mg/dL, 1+ when 15 mg/
dL-30 mg/dL, 2+ when 30 mg/dL-100 mg/dL, 
and 3+ when >100 mg/dL.

Histologic evaluation

Routine H&E, PAS, PAM silver stain, and 
Masson’s trichrome were evaluated on renal 
biopsy specimens. Assessment of histological 
compartments in the kidney (glomeruli, tubules, 
interstitiums, and blood vessels) was per-
formed separately. For the IgA nephropathy 
group, the histologic grade was assessed using 
the WHO classification.

C4d immunohistochemical staining

Staining of C4d was performed by immunohis-
tochemical staining. Paraffin embedded renal 
tissues were cut into 4 μm sections and depar-
affinized. The sections underwent immunohis-
tochemical staining using anti-human C4d poly-
clonal antibodies as primary antibodies 
(Biomedica, Vienna, Austria). Immunoreactivity 
in each compartment of the kidney was ana-
lyzed as below:

Glomerular C4d staining: C4d staining was 
observed in both endothelial and mesangial 
cells. Glomerular C4d was defined positive 
when more than 50% of glomeruli staining were 
observed.

Tubular C4d staining: Tubular basement mem-
brane (TBM) C4d staining was considered to be 
present if more than half of the circumference 
of TBM was stained [6]. Tubular epithelial stain-
ing was considered to be positive if the granular 
pattern of C4d staining was present.

Peritubular capillary and vascular staining: 
Peritubular capillary staining and vascular were 
classified as absent or present in <10% or 
>10% of stained tissues available for evalua-
tion as recommended by Banff 2007 [7].

Statistical analysis

The data are expressed as mean ± standard 
deviation for continuous variables and percent-
age for categorical variables. Fisher’s exact test 
or the Pearson Chi-square test was used to 
compare the differences in qualitative data. A 
P-value of less than 0.05 was considered sta-
tistically significant. Statistical analyses were 
performed using IBM SPSS statistics software 
version 19.0 (IBM corp., Armonk, NY, USA).

Results

Twenty three patients diagnosed with IgA 
nephropathy were included in our study group 
and 11 patients with MCD were included as the 
control group.

Histologic evaluation

Renal biopsy of the IgA nephropathy group was 
reviewed in each compartment of histological 

Figure 3. The number and percentage of IgA nephropathy patients with albuminuria and the grade of WHO classifi-
cation. A. The degree of albuminuria was divided into group A (0, 1+: albuminuria < 30 mg/dL) and group B (2+, 3+: 
albuminuria > 30 mg/dL). There was statistical significance between group A and B, according to positivity of the 
glomerular C4d staining (p=0.044). B. The grade of WHO classification was sub-grouped into low grade (class I and 
II) and high grade (class III and IV). There was significant difference between two groups, according to C4d staining 
in tubular epithelium (p=0.014).
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structure and graded according to the WHO 
classification. Eleven subjects (47.8%) had no 
inflammation, 10 subjects (43.5%) had mild 
inflammation, and 1 subject (4.3%) had moder-
ate inflammation in the tubule and interstitium 
in the IgA group.

The numbers of IgA patients according to the 
WHO grade were as follows: grade I (17.4%), 
grade II (52.2%), grade III (26.1%), and grade IV 
(4.3%). There was no patient with grade V IgA 
nephropathy in our study.

Fibrosis in the tubules and interstitium was 
scored as: none (60.9%), mild (34.8%), moder-
ate (0%), and severe (4.3%), respectively. 
Thickening of blood vessels was identified as 
unremarkable (60.9%) and mild thickening 
(39.1%).

Immunohistochemical C4d staining

Staining of C4d in the tubular basement mem-
brane, peritubular capillary, and vascular struc-
ture was not detected in both the IgA and MCD 
groups. Therefore, they were not included in the 
statistical analysis.

Glomerular C4d staining: In the IgA nephropa-
thy group, glomerular C4d staining was 

observed in 13 out of 23 patients (56.5%). The 
staining pattern of glomerular C4d showed 
granular distributions outlining the capillary 
loops and in the mesangium (Figure 2A). On 
the other hand, in the MCD group, no glomeru-
lar C4d staining was detected in the glomeruli.

In IgA nephropathy, the amount of albuminuria 
is significantly correlated with glomerular C4d 
staining (p=0.044) (Figure 3A). However, there 
was no significant correlation between C4d 
staining and the WHO grade (p=0.562), inflam-
mation (p=0.463), fibrosis (p=0.318), or thick-
ening of blood vessels (p=0.102) (Table 1).

Tubular C4d staining: Eleven out of 21 patients 
(47.8%) had C4d staining in the tubular epithe-
lium in the IgA nephropathy group (Figure 2B). 
Two cases were classified as indeterminate for 
C4d staining in the tubular epithelium. However, 
C4d staining in the tubular epithelium was not 
detected in the MCD group.

The higher grade of the WHO classification was 
significantly correlated with C4d staining in the 
tubular epithelium (p=0.014) (Figure 3B). How- 
ever, positive C4d in the tubular epithelium did 
not correlate with albuminuria (p=0.173), inf- 
lammation (p=0.066), fibrosis (p=0.124), or thi- 
ckening of blood vessels (p=0.183) (Table 2).

Table 1. C4d staining in glomerulus and association with histopatholgy and albuminuria in IgA ne-
phropathy
G-C4d‡ Grade, N (%) p-value†

Inflammation 0 1+ 2+ 3+ Total 0.463
    C4d (+) 7 (30.4%) 1 (4.3%) 4 (17.4%) 0 (0%) 12 (52.1%)
    C4d (-) 4 (17.4%) 0 (0%) 5 (21.7%) 1 (4.3%) 10 (43.4%)
Fibrosis 0 1+ 2+ 3+ Total 0.318
    C4d (+) 9 (39.1%) 3 (13.0%) 0 (0%) 1 (4.3%) 13 (56.5%)
    C4d (-) 5 (21.7%) 5 (21.7%) 0 (0%) 0 (0%) 10 (43.5%)
Blood vessel Unremarkable Thickening Total 0.102
    C4d (+) 10 (43.5%) 3 (13.0%) 13 (56.5%)
    C4d (-) 4 (28.6%) 6 (66.7%) 10 (43.5%)
WHO classification I II III IV Total 0.562
    C4d (+) 3 (13.0%) 7 (30.4%) 2 (8.7%) 1 (4.3%) 13 (56.5%)
    C4d (-) 1 (4.3%) 5 (21.7%) 4 (17.4%) 0 (0%) 10 (43.5%)
Albuminuria 0 1+ 2+ 3+ Total 0.044
    C4d (+) 6 (28.6%) 3 (14.3%) 1 (4.8%) 2 (9.5%) 12 (57.1%)
    C4d (-) 1 (4.8%) 1 (4.8%) 6 (28.6%) 1 (4.8%) 9 (42.9%)
Inflammation and fibrosis score in inerstitium: (0) negative, (1+) mild, (2+) moderate, (3+) severe. Albuminuria score: (0) < 15 
mg/dL, (1+) 15 mg/dL-30 mg/dL, (2+) 30 mg/dL-100 mg/dL, (3+) > 100 mg/dL. †Calculated by Fisher’s exact tests or Pearson 
chi-square tests. ‡G-C4d: Glomerular C4d staining. Missing data and obscure cases of C4d staining were excluded from the 
analysis.
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Tubular basement C4d staining was not found 
either in the IgA nephropathy group or in the 
MCD group.

Discussion

C4d is a degradation product of the comple-
ment cascade. Although C4d has no biological 
effect, it is a well-known biomarker as a foot-
print of complement activation. During comple-
ment activation, C4d is derived from cleavage 
of C4b and binds covalently to the endothelium 
or adjacent tissue. Until recently, the majority of 
C4d studies have been focusing on AMR in 
renal allografts as a diagnostic tool. Recent dis-
coveries regarding C4d deposition in native 
renal diseases have been reported, yet there 
are only few studies.

IgA nephropathy is believed to be associated 
with immunoglobulin deposition in the kidney 
but the exact pathogenesis remains unknown. 
Our study demonstrated C4d deposition in the 
glomerulus and tubular epithelium in the renal 
tissue previously diagnosed with IgA nephropa-
thy. This deposition of C4d was shown to 
matched with the histology and the degree of 
albuminuria. Glomerular C4d staining was 
observed in 13/23 (56.5%) in the IgA group. 

The staining area of C4d immunohistochemis-
try and IgA IF coincided with the same granular 
pattern in the endothelium and mesangium in 
the glomeruli. Our study suggests that glomeru-
lar C4d probably reflects in situ activation of 
the complement pathway by deposition of 
immune complexes.

In renal allotransplantation, glomerular C4d 
staining is regarded as a non-specific indication 
of glomerular damage [6, 8]. However, in our 
study, positive glomerular C4d staining was 
associated with a higher degree of albuminuria 
(p=0.044) in IgA nephropathy. Tamouza et al. 
[9] showed that IgA1 immune complex-mediat-
ed activation of the MAPK/ERK pathway in 
mesangial cells in IgA nephropathy is associat-
ed with glomerular damage and filtration barri-
er manifested by proteinuria. These findings 
imply that immune complex mediated comple-
ment activation might be involved in glomerular 
damage, either in a direct or indirect fashion. 
Therefore, we propose that glomerular C4d 
staining could be considered as an indication 
of glomerular damage in IgA nephropathy. We 
are also consistent with the idea that positive 
mesangial C4d staining in the glomerulus is 
associated with poor prognosis in IgA nephrop-
athy [10].

Table 2. C4d staining in tubular epithelium and association with histopatholgy and albuminuria in IgA 
nephropathy
T-C4d‡ Grade, N (%) p-value†

Inflammation 0 1+ 2+ 3+ Total 0.066
    C4d (+) 8 (38.1%) 1 (4.8%) 1 (4.8%) 1 (4.8%) 11 (52.4%)
    C4d (-) 3 (14.3%) 0 (0%) 6 (28.6%) 0 (0%) 10 (47.6%)
Fibrosis 0 1+ 2+ 3+ Total 0.124
    C4d (+) 9 (42.9%) 2 (9.5%) 0 (0%) 0 (0%) 11 (52.4%)
    C4d (-) 4 (19.0%) 5 (23.8%) 0 (0%) 1 (4.8%) 10 (47.6%)
Blood vessel Unremarkable Thickening Total 0.183
    C4d (+) 9 (42.9%) 2 (9.5%) 11 (52.4%)
    C4d (-) 5 (23.8%) 5 (23.8%) 10 (47.6%)
WHO classification I II III IV Total 0.014
    C4d (+) 3 (14.3%) 8 (38.1%) 0 (0%) 0 (0%) 11 (52.4%)
    C4d (-) 1 (4.8%) 3 (14.3%) 5 (23.8%) 1 (4.8%) 10 (47.6%)
Albuminuria 0 1+ 2+ 3+ Total 0.173
    C4d (+) 6 (28.6%) 2 (9.5%) 2 (9.5%) 1 (4.8%) 11 (52.4%)
    C4d (-) 1 (4.8%) 2 (9.5%) 5 (23.8%) 2 (9.5%) 10 (47.6%)
Inflammation and fibrosis score in inerstitium: (0) negative, (1+) mild, (2+) moderate, (3+) severe. Albuminuria score: (0) < 15 
mg/dL, (1+) 15 mg/dL-30 mg/dL, (2+) 30 mg/dL-100 mg/dL, (3+) > 100 mg/dL. †Calculated by Fisher’s exact tests or Pearson 
chi-square tests. ‡T-C4d: tubular epithelial C4d staining. Missing data and obscure cases of C4d staining were excluded from 
the analysis.
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A granular pattern of C4d staining in the tubular 
epithelium was observed in 11/21 (52.4%) in 
the IgA group. Positive epithelial C4d staining in 
the tubules was associated with a higher grade 
of the WHO classification (p=0.014). Although it 
was not statistically significant, the degree of 
interstitial inflammation also appeared to have 
an association tendency with staining in the 
tubular epithelium (p=0.066). Van Es et al. [11] 
revealed intraepithelial lymphocytes in the 
tubules and interstitial B cells as a predictive 
marker of progression in the early stage of IgA 
nephropathy. Our previous observation which 
showed an association of a higher WHO grade 
and a higher degree of interstitial inflammation 
with positive C4d staining in the tubular epithe-
lium explains that the complement system may 
be involved in the progression in IgA 
nephropathy.

In renal allograft biopsy, peritubular capillary 
C4d was correlated with AMR and was associ-
ated with poor renal outcome [2, 12-14]. 
Peritubular capillary C4d staining was investi-
gated in various native kidney diseases [3, 
15-19], where peritubular capillary C4d was 
never observed, except for lupus nephritis [A]. 
In our study, we did not detect peritubular capil-
lary C4d staining in both the IgA and control 
groups. In native renal diseases, such as IgA 
nephropathy and MCD in our case, C4d does 
not seem to deposit nor activate the comple-
ment system in peritubular capillaries. Overall, 
C4d staining indicates a probable local activa-
tion of the complement system in each com-
partment in IgA nephropathy [10, 20], while 
complement activation plays no role in the 
pathogenesis of MCD [4].

Our study has some limitations. This was an 
observational study; the relations with C4d 
staining should be interpreted carefully as 
associations rather than casualties. Including 
more IgA nephropathy patients and MCD 
patients would have provided more significant 
data.

In summary, this is the first study to show the 
relation between C4d staining in different his-
tologic compartments, histopathology, and 
degree of albuminuria in IgA nephropathy. This 
study revealed that C4d depositions were 
observed in the glomerulus and tubular epithe-
lium. Glomerular C4d staining reflects in situ 
activation of the complement pathway by 

immune complex deposition and shows an 
association with a higher degree of albumin-
uria. Also, positive staining in the tubular epi-
thelium correlates significantly with a higher 
grade of WHO classification. Our study sug-
gests that C4d deposition in each compart-
ment indicates poor prognosis and identifies 
glomerular and tubular damage through C4d 
immunohistochemical staining.
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