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INTRODUCTION 

Membranous glomerulonephritis (MGN) is among the 
well-known etiologies of nephrotic syndrome. It affects 
approximately 30% of all adults and 1-9% of the total pedi-
atric population worldwide. The disease is more common 
in males, and the ages 30-50 exhibit the peak incidence. 
While primary MGN is more common, other pathologies 
such as systemic lupus erythematosus, tumors and infection 
can result in secondary MGN in 25% of all cases [1]. Patients 
with kidney failure at diagnosis, glomerulosclerosis, high rate 
of proteinuria, vascular damage and tubulointerstitial fibrosis 
are connected with poor prognosis [2]. The deposition  
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of the immune complex at the outer layer of the glomeru-
lar basement membrane (GBM), which in turn disturbs the 
functionality of the glomerular filtration barrier and results 
in proteinuria has been documented as the main hallmark 
of MGN [3-5]. This in situ antibody deposition occurs  
in response to the presence of antigens in podocytes, of which 
the M-type phospholipase A2 receptor (PLA2R) is the main 
antigen involved in almost all cases of primary MGN [6]. 

From a pathologic point of view, diffuse thickening and 
spike generation in GBM are the major observed altera-
tions. However, such changes are dynamic and might not be 
distinguished from minimal change disease (MCD) in early 
stages, therefore other diagnostic techniques such as electron 
microscopy or immunofluorescence are required [7]. In the 
absence of fresh tissues and/or specimens without glomeruli 
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Membranous glomerulonephritis (MGN) is the most common cause of adulthood 
nephrotic syndrome. Diagnosis of membranous nephritis is based on light electron 
immunofluorescence microscopy and clinical signs. Immune complex deposition against 
podocyte antigens such as phospholipase A2 receptor (PLA2R) activates the complement 
system. Of this, complement Component C4d (C4d) is involved in the classical and 
lectin pathways. This marker may be used by immunohistochemistry to diagnose MGN 
when other methods are not available. In this work, C4d expression was monitored by 
immunohistochemical analysis in the glomerular capillaries of patients with primary 
MGN (study group, N=33) versus patients with minimal change disease (MCD, control 
group, N=20) in a cross-sectional evaluation performed based on the diagnosis confirmed 
by light microscopy and immunofluorescence. There was no significant demographic 
difference between the two groups except for age (P=0.002). C4d immune-expression 
was positive in glomerular capillary (2+ to 4+) in most of the MGN patients, while it 
was negative in the MCD group. The sensitivity and specificity of C4d immunostaining 
were 95% and 100%, respectively. The Pearson correlation coefficient was 0.74 between 
C4d (immunohistochemistry) and immunoglobulins (IgG; immunofluorescence) 
and 0.65 between C4d (immunohistochemistry) and the C3 complement product 
(immunofluorescence). Immunohistochemical evaluation of C4d is, therefore, a sensitive 
and specific method that has a high correlation with IgG immunofluorescence. 
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section, however, these methods are ineffective, and not 
all clinical centers are equipped with electron microscopy. 
Activation of the complement system is a critical event  
in the initiation of several glomerular diseases [8]. 

The complement factor C5b-9 is found in the urine and 
renal tissues of MGN patients as a marker of complement 
system cytotoxicity [9]. In contrast, IgG4 is the chief immu-
noglobulin deposited in the kidneys of patients with primary 
MGN [10]. When the classical and lectin pathways of the 
complement system are activated, the C4d fac-tor/compo-
nent is produced upon the degradation of C4 and can form 
a strong covalent bond with the tissue. Therefore, C4d has 
been utilized as a marker of complement system activation 
and antibody-related response [11]. C4d has also been clas-
sically used in the diagnosis of antibody-mediated rejection 
(AMR) in clinics, but has been implicated in the detection 
of complement activation and disease prognosis in glomeru-
lopathies [12]. Given the significance of the involvement 
of the complement system in MGN, the present work is 
aimed at evaluating the expression of C4d in MGN cases by 
immunohistochemistry, as well as monitoring its specificity 
and sensitivity as an important biomarker of the dis-ease.

MATERIALS AND METHODS

Patients
In this cross-sectional diagnostic study, of patients 

referred to the Nephrology Department of the Educational 
Center Imam Reza Treatment and Research Hospital, 33 
patients with glomerulonephritis were included in the patient 
group. The control group encompassed 20 patients diag-
nosed with minimal change disease (MCD) with normal 
histology and without any antibody deposition as noted 
by immunofluorescence microscopy. All patients provided 
informed consent before inclusion in the study. Silver jones, 
hematoxylin and eosin (H&E), and periodic acid–Schiff 
(PAS) tests were applied to screen for MGN, and immu-
nofluorescence microscopy as a gold standard technique 
confirmed the presence of glomerulonephritis.

The immunofluorescence microscopy procedure con-
sisted of the following: 4µm-thick frozen sections of the 
biopsies were fixed in acetone for 5 min at -20 °C followed 
by incubating in a polyclonal rabbit anti-C4d (Gibco, Invi-
trogen) for 1 h. Fluorescein isothiocyanate (FITC)-labeled 
goat anti-rabbit (Sigma) and Texas Red-labeled horse anti-
mouse (Vector) antibodies were then utilized to incubate 
the slides for half an hour. The diluation employed was 
1:100, and incubation occurred in a humidified chamber  
at room temperature, under conditions of darkness. Finally, 
immunofluorescence microscopy (Olympus,Tokyo, Japan) 
was applied to visualize C4d double-immunofluorescence 
section slides. All those in the patient group were found  
to have primary idiopathic MGN.

The inclusion criteria for both groups were as follows: 
patients with an age range of 14 to 60 years old, IgG and 
C3 immunofluorescence of at least +2 in the patient group, 
normal serum creatinine, and standard sample preparation. 
The presence of other diseases such as lupus, cirrhosis, and 
HIV, and <6 fixed glomeruli were considered as the exclu-
sion criteria. Immunofluorescence was refereed to be positive 

if there were positive granular capillary staining in the glom-
eruli, and negative if there were no staining in glomeruli. 
Each stain was given a score on a scale of 0−4+ [13]. The 
ethics committee of Tabriz University of Medical Sciences 
approved this study (IR.TBZMED.REC.1397.1020).

Immunohistochemical evaluation

The detection of C4d via immunohistochemistry was 
performed on formalin-fixed, paraffin-embedded kidney 
sections (4 µm) through an indirect immunoperoxidase 
staining method. The activity of endogenous peroxidase 
in renal tissue sections was prohibited using 8-min 1:4, 
30% hydrogen peroxide dilution with distilled water after 
the deparaffinization step. The retrieval of the antigen was 
achieved through a cooking process at 250°C under 1 bar 
pressure for 13 min. Primary polyclonal rabbit IgG anti-
human C4d antibodies were implemented and an incubation 
step for 60 min at 37°C took place. Afterward, the secondary 
antibody, HRP2 (BIO CARE) was utilized and ultimately 
the slides were tested by two independent pathologists under 
a light microscope (Olympus BX53, Tokyo, Japan). The 
immunohistochemistry scoring results for C4d were based 
on the staining intensity of the GBM as follows: (+1) faint 
reactivity; (+2); (+3); (+4) strong reactivity [14].

Statistical analysis

Data obtained from the study were analyzed using the 
Mann-Whitney test, T-test, and Chi-square test as descrip-
tive statistical methods. The receiver operating character-
istic (ROC) curve, which is a graphical plot demonstrating 
the diagnostic ability of a binary classifier system [15] was 
plotted to identify the predictive value of C4d-staining and 
the sensitivity specificity. Pearson correlation coefficient, 
and Kappa coefficient were calculated. Spss18 (SPSS, 
Chicago, IL) was used to analyze the data.

RESULTS

In this study, 53 patients (33 patients diagnosed as 
primary MGN versus 20 patients with MCD as a control 
group) were included. The mean age was 47±14 in the target 
MGN patients and 33±14 in the MCD control group, this 
difference was significant (P=0.002). The mean protein-
uria (mg/24 h) level was 3 g/24 h in MGN patients and 2.9 
g/24 h in the MCD control group (P=0.715). The creatinine 
level was considered normal in all patients (mean value of 
0.98 mg/dL). There was no difference in the serum level of 
creatinine between the studied groups (P =0.082) (Table 1).
Table 1. Demographic and clinical data

Characteristics Total NS 
patients MCD group MGN group P-valuea

No. of cases 52 20 32 -

Gender % 
(N)

Male 53.8 (28) 45(9) 59.4(19)
0.312b

Female 46.2(24) 55(11) 40.6(13)

Age, mean± SD 
(years) 41.71±15.93 33.15±14.00 47.06±14.8 0.002

Proteinuria (mg/24h) 3.09±1.48 2.95±1.35 3.09±1.25 0.715

Serum creatinine 
(mg/dL) 0.98±0.33 0.88±0.22 1.00±0.22 0.082

Abbreviations: SD - standard deviation; NS - nephrotic syndrome; MCD - 
minimal change disease; MGN - membranous glomerulonephritis.  
The data are expressed as mean ± SD. P values are given for a MGN versus 
MCD and b based on the Chi-square test
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Immunofluorescence microscopy revealed values of +2 
to +4 for IgG and of up to +2 for C3 in the target MGN 
patients. In contrast, the results of immunofluorescence 
microscopy were negative in all MCD patients of the control 
group (Figure 1). 

Figure 1. Immunofluorescent staining of C4d complement in 
MGN. IgG and the complement are accumulated in the glomerular 
basement membrane and exhibit a diffuse granular pattern

Immunohistochemistry analysis showed an intensity 
of +2 to +4 for C4d in the majority of the MGN patients, 
while no deposition was observed in the MCD control group 
(Figure 2).

Figure 2. Immunohistochemistry staining of C4d complement 
product with ×10 (A) and ×40 (B) of Olympus CX23 microscope. 
The deposition intensity of +3 and + 4 is observed in all kidney 
glomerules

Also, the results of the ROC curve showed a sensitivity 
of 95% and specificity of 100% for C4d (Figure 3).

The Pearson correlation coefficients were 0.74 between 
C4d (immunohistochemistry) and IgG (immunofluores-
cence) (Table 2) and 0.65 between C4d and C3 (Table 2), 
which could be due to the small size of the samples tested, 
as well as the lower intensity of C3 in the immunofluores-
cence test.

Furthermore, the Kappa coefficient values were 0.42 and 
0.006, respectively, between C4d (immunohistochemistry) 
and IgG (immunofluorescence) and C4d and C3 (Table 3).

Figure 3. ROC curve for the C4d-staining. The intensity of 
markers-staining scores was used and the results of IgG and C3 
were used as gold standard tests

Table 2. Pearson correlation coefficients between C4d and IgG 
and between C4d and C3

Spearman’s rho IF IgG IF C3 C4d intensity

IF IgG
r 1 -0.374 0.744

Sig. (2-tailed) - 0.048 <0.001

IF C3
r -0.374* 1 -0.091

Sig. (2-tailed) 0.048 - 0.653

C4d intensity
r 0.744 -0.091 1

Sig. (2-tailed) <0.001 0.653 -

IF: immunofluorescent. r: Correlation Coefficient

Table 3. Kappa coefficients between C4d and IgG and between 
C4d and C3

Value Asymptotic
Standard Errora Approximate Tb P-value

Measure of Agreement 
Kappa between C4d 
and IgG

0.426 0.116 3.912 <0.001

Measure of Agreement 
Kappa between C4d 
and C3

0.006 0.006 0.416 0.678

a – Not assuming the null hypothesis; b – Using the asymptotic standard 
error assuming the null hypothesis

DISCUSSION

MGN is a major glomerulopathy that has been exten-
sively investigated from a pathophysiological point of view 
to develop more efficient treatment opportunities [16]. While 
numerous studies aimed at defining the target antigen, 
the current research focused on the effector mechanisms  
of podocyte damages, especially the complement system 
activation and the effect of cytokines. The complement 
system might be activated through three main pathways: 
(1) the classical C1q pathway; (2) the lectin pathway; (3)  
the alternative pathway which is connected by the hydroly-
sis of the C3 segment [17]. The membrane attack complex 
(C5b-9) is generated after the activation of any of these 
pathways, resulting in membrane damages of target cells [8].
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Accumulating evidence from experimental studies 
indicates a close connection between the activation of the 
complement system and the progression of glomerular 
diseases [18]. The deposition of interstitial vascular C4d 
has been reported in acute and chronic AMR [19,20]. Both 
the classical and lectin complement pathways can result in 
the formation of inactive C4b, which then can turn into the 
surface-bound split C4d product. The C4d receptor has not 
been described so far and its biological functions remain 
unknown [21]. 

Normal human kidney, as well as primary and second-
ary nephropathies, has been reported with C4d-positive 
staining. The physiological clearance of IgM-compromising 
immune complexes might be the reason for weak segmental 
C4d staining in normal renal biopsies [22]. Elevated IgM 
glomerular deposits have been observed in C4-deficient 
animals [23]. The podocyte proteins, the PLA2R, are the 
target antigen in MGN and its antibodies are mostly IgG4 
types [24]. The activation of the complement system and 
in situ immune system reactions are involved in local renal 
injuries in empirical models [25]. However, the complement 
system is not activated by IgG4, therefore, we propose that 
other IgG subclasses may activate the complement system 
in MGN. The presence of C4d deposits has been previously 
documented in MGN samples and is utilized as positive 
control staining in kidney transplantation in the diagnosis 
of AMR [26].

Although the pivotal role of the complement system  
in MGN has been elucidated, information regarding the pre-
dominant pathway involved in MGN is still sparse. Previous 
studies mainly showed more than 905 positive cases regard-
ing C4d in MGN patients [27-29]. The results of Song et al.  
[30], however, did not indicate the presence of  C4d  
in primary MGN, as compared with secondary MGN 
patients with lupus erythematosus. This might be due to dif-
ferent methodologies applied in different studies. Moreover, 
the number of patients included in the studies might address 
such discrepancies.

C1q positive expression has also been reported, along 
with that of C4d, suggesting a possible involvement  
of the classical pathway in this study. The presence of C1q 
was supported by other studies where the segmental MN 
pattern was observed [31]. Immunostaining of complement 
factors showed positive results for factor B, the main marker  
of the alternative pathway [32]. Recently, the activation 
of the alternative pathway in a primary MN case has 
been documented [33], with intense deposition of factor 
B, PLA2R, and IgG4, while C1q and C4d exhibited weak 
deposition. The occurrence of glomerular injuries has 
been connected with an absence and/or malfunction of 
counter-regulatory proteins in the alternative pathway as 
reported in experimental studies [34]. Therefore, a plausible 
hypothesis is an activation of the classical pathway by IgG 
resulting in the stimulation of the alternative pathways and,  
in particular, the lectin pathway, with time [9]. As supported 
by different studies, the lectin pathway is the major activated 
complement system in MN [35]. In a study conducted 
by Custódio et al. [29], C1g and C4d were investigated 
in 69 MGN patients, with C4d being positive in 84% of 

the cases and C1g in only 17% of them, showing that  
the lectin pathway may be mostly involved in MN [29]. 
The presence of other antigens rather than PLA2R might 
explain the diverseness of the pathways activated in the 
complement system [36].

For the first time to our best knowledge, our study 
examined the sensitivity and specificity of C4d expression 
via immunohistochemistry and evaluated its value in the 
diagnosis of MGN instead of the immunofluorescence tech-
nique – which is not available in all centers and requires 
fresh tissues. According to our results, 95% sensitivity 
and 100% specificity were calculated for the C4d marker.  
In the study from Hai and colleagues [37], the target group 
included primary and secondary MGN patients and the 
control group had different diagnoses (including DM,  
and amyloidosis). Here, C4d immunohistochemical staining 
was positive in the target patients and negative in the control 
group. 

Secondary MGN in the target group can be a confound-
ing factor in the research results. To omit it here, all the 
cases were selected from idiopathic primary nephropathy. 
In line with our work, Hernandez et al. [38] also studied 
C4d deposition in MN patients by immunohistochemis-
try, but, in marked contrast to our blinded evaluation, the 
pathologist was not blind regarding the results of optical 
microscopy and immunofluorescence, which can also be  
a confounding factor. Beyond the aforementioned, Lim et al. 
[39] reported that C4d deposition in the surrounding capillar-
ies of transplanted MN patients was more elevated than IgG 
nephropathy post-transplantation, although 19 cases were 
only examined. Thus, larger sample sizes must be inves-
tigated. In another study, C4d deposition was diagnosed 
in patients with different diseases and the diffuse granular 
deposition pattern in the glomerular capillaries of MN was 
considered as a distinguishing factor [27]. Still, to differenti-
ate primary and secondary MN, again, studies with larger 
sample sizes will be necessary. In this study, the Pearson 
and Kappa correlation coefficients were calculated which 
is essential to determine the diagnostic value of immuno-
histochemistry relative to other techniques. Overall, and 
compared with other studies, our data show that the C4d 
deposition in capillary loop glomeruli of MN patients due 
to the activation of the lectin pathway may be considered 
as a useful diagnostic tool.

CONCLUSIONS

Based on this study, immunohistochemical staining  
of C4d may be used as a surrogate method to diagnose 
MGN. Investigating the outputs in larger sample sizes is 
ongoing to provide more accurate and reliable results. To 
improve the diagnostic value of this approach, the C4d depo-
sition pattern with intensity and percentage may also be 
evaluated in other types of glomerulonephritis.
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