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Abstract
Purpose  This study evaluated the correlation of anti-β2-glycoprotein I (anti-β2-GPI) antibodies with complement activation 
in patients with idiopathic membranous nephropathy (IMN).
Methods  Thirty-two IMN patients with positive anti-β2-GPI antibody were enrolled, and 32 age- and sex-matched IMN 
patients with negative anti-β2-GPI antibody were randomly enrolled as controls. The frozen serum samples of these 64 
patients were collected for detection of anti-phospholipase A2 receptor (PLA2R) antibody and the activity of three com-
plement pathways. Paraffin specimens of the kidney tissues of these 64 patients were collected for immunohistochemical 
staining of C4d.
Results  IMN patients with positive anti-β2-GPI antibody had a significant decline of the residual complement activity of 
alternative pathway than those with negative anti-β2-GPI antibody (37.4 ± 21.2% vs 65.7 ± 50.5%, P = 0.021). The positive 
rate of kidney C4d staining in IMN patients with and without anti-β2-GPI was 65.6 and 81.2%, with no significant difference 
(P = 0.257). Patients with and without anti-β2-GPI had the same positive rate of anti-PLA2R antibody.
Conclusion  Anti-β2-GPI antibody was associated with alternative complement activation in patients with IMN.
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Introduction

Idiopathic membranous nephropathy (IMN) is a non-
inflammatory autoimmune disease of the kidney glomeru-
lus, characterized by the formation of immune deposits 
and complement-mediated proteinuria [1, 2]. The autoim-
mune nature of MN was clearly delineated in 2009 with the 
identification of the antigen of phospholipase A2 receptor 

(PLA2R) [3]. In 2014, a second autoantigen, thrombospon-
din type-1 domain-containing 7A (THSD7A) was identified 
[4]. Recently, neural epidermal growth factor-like 1 protein 
(NELL-1) protein was defined as a third possible antigen in 
IMN [5]. Anti-PLA2R antibodies and anti-THSD7A anti-
bodies can be detected in approximately 70% or more of 
IMN patients [6], still up to 30% of IMN patients have no 
detectable serum antibodies. After the glomerular deposi-
tion of autoimmune antibodies, complement activation is 
involved in the progress of IMN [7]. Although immunostain-
ing for complement C3 is universal in IMN renal biopsy 
tissue, the serum levels of C3 and C4 are always in normal 
ranges, and the pathway of complement activation involved 
is unclear. There are three complement activation pathways, 
which are classical pathway, mannan-binding lectin (MBL) 
pathway and alternative pathway. Thus far, most reports 
showed that the complement activation in IMN was mainly 
through the alternative pathway, while the classical pathway 
was not involved, and the involvement of MBL pathway was 
still uncertain [8, 9].

Antiphospholipid antibodies (aPLs) are a hetero-
geneous family of antibodies against phospholipids or 
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phospholipid-binding proteins. Among these, the main 
antibodies are anti-β2-glycoprotein I (anti-β2 GPI) antibod-
ies and anticardiolipin (ACL) antibodies [10, 11]. In vivo 
immune-deficient mice transfused with peripheral blood 
lymphocytes from a patient with aPLs and MN developed 
renal lesions resembling human MN [12]. In a retrospective 
study, ten antiphospholipid syndrome (APS) patients with 
renal involvement underwent renal biopsy and four of them 
had MN [13]. In our previous study [14], we found that the 
positive rate of anti-β2-GPI antibodies in IMN patients was 
11.9%, which was significantly higher than the nephrotic 
patients with MCD/FSGS (3.7%), and anti-β2-GPI antibody-
positive MN patients had significant improvement of serum 
creatinine compared to anti-β2-GPI antibody-negative MN 
patients after 24 weeks of treatment [14]. These results 
revealed that anti-β2-GPI antibody may play a role in the 
progression of IMN.

In this study, we measured the serum levels of anti-β2GPI 
antibody, anti-PLA2R antibody and the complement com-
ponents in the same IMN patients, and tried to find out the 
association between anti-β2GPI antibody and anti-PLA2R 
antibody and the correlation of anti-β2GPI antibody with 
complement activation pathways.

Patients and methods

Patients

According to our reported study [14], there were 267 IMN 
patients hospitalized in the First Affiliated Hospital of Zhe-
jiang University between June 2015 and June 2017. Among 
them, 32 patients were anti-β2-GPI antibody-positive, 
the other 32 age- and sex-matched patients with negative 
anti-β2-GPI antibody were randomly enrolled as controls. 
Briefly, patients with negative anti-β2-GPI antibody were 
matched to patients with positive anti-β2-GPI antibody 
according to age ± 2 years and same gender, then the “Case 
Control Matching” procedure was used to choose the con-
trols by SPSS 22.0. The frozen serum samples of these 64 
patients were collected from the biological sample bank 
of our hospital (stored in the refrigerator at – 80 ℃) for 
detection of anti-PLA2R antibody and the activity of three 
complement pathways. Paraffin specimens of the kidney tis-
sues of these 64 patients were collected from the kidney 
pathological specimen library of our hospital for immuno-
histochemical staining of C4d. This study was approved by 
the Ethics Committee of First Affiliated Hospital, Zhejiang 
University, approval number 2018503.

Data collection

Clinical data were collected before renal biopsy, including 
anti-β2-GPI antibodies, ACL antibodies, sex, age, dura-
tion, serum albumin, serum creatinine, estimated glo-
merular filtration rate (eGFR), serum complement C3 and 
C4, and urine protein/creatinine ratio; renal biopsy data 
were including C3, C1q and IgG subtypes (IgG1and IgG4) 
deposits in the kidney.

Measurement of anti‑PLA2R antibodies

The serum samples were stored at – 80 ℃ and thawed at 
room temperature, the levels of anti-PLA2R antibody were 
measured using ELISA kits (EUROIMMUN®, German). 
The concentration ≥ 14RU/ml was considered positive for 
anti-PLA2R antibody.

Activations of the three complement pathways

We measured the activity of the complement pathways 
using a commercial kit (WIESLAB®, Sweden) accord-
ing to the manufacture’s recommendations. This enzyme 
immunoassay is used for the measurement of a function-
ally active classical pathway, MBL pathway, and alterna-
tive pathway in human serum. The wells of the microtiter 
plate were coated with specific activators of each path-
way. Patient sera used in the classical and MBL pathway 
assays were applied to the wells at 1:100 dilution; for the 
alternative pathway assay, a 1:18 dilution with the dilu-
ent provided in the kit was used. The quantity of comple-
ment activation correlates with the color intensity and the 
absorbance was measured at OD405. All measured values 
were expressed as percentage complement activity, deter-
mined as follows: (sample value − negative control value)/
(positive control value − negative control value) × 100.

Immunohistochemical staining of C4d

Expression of C4d was performed by immunohistochem-
istry using the immunoperoxidase technique. The sections 
were deparaffinized and hydrated, and antigen retrieval 
was performed by high-temperature and high-pressure 
method. After incubation with anti-C4d primary antibody 
(Biomedica®, Austria), the sections were developed using 
Kit-9901 (Sangon Biotech, China) as a secondary anti-
body, and diaminobenzidine (Sangon Biotech, China). 
Immunostaining for C4d was considered positive in cases 
with more than 50% of immune-stained glomeruli [15].
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Statistical analysis

Variables are described as mean and standard deviation or 
proportion. Chi-square analysis or t-tests were used to com-
pare differences between MN patients with and without anti-
β2-GPI antibody. A P value of < 0.05 was considered sta-
tistically significant. All statistical analyses were performed 
using SPSS 22 (IBM, Cary, NC, USA).

Results

The general clinical characteristics of these 64 patients 
with IMN were summarized in Table 1, there were no 
significant differences in disease duration, the levels of 
serum albumin, serum creatinine, eGFR and urine protein/

creatinine ratio between patients with and without anti-β2-
GPI antibody.

As shown in Table 2, the average positive rate of anti-
PLA2R antibody was 64.1%, including 20 cases (62.5%) in 
the anti-β2-GPI positive group and 21 cases (65.6%) in the 
anti-β2-GPI negative group (P > 0.05). The median titer of 
anti-PLA2R was 58.1 (0–290.5) RU/ml in the anti-β2-GPI 
positive group and 88.2 (0–612.9) RU/ml for the anti-β2-
GPI negative group (P = 0.324).

IMN patients with positive anti-β2-GPI antibody had 
a significant decline of the residual complement activity 
of alternative pathway than those with negative anti-β2-
GPI antibody (37.4 ± 21.2% vs 65.7 ± 50.5%, P = 0.021), 
indicating that the complement alternative pathway was 
significantly activated in IMN patients with positive anti-
β2-GPI antibody. There were no significant differences in 
the residual complement activity of classical pathway and 
the MBL pathway between the two groups. The positive 
rate of kidney C4d staining in IMN patients with and with-
out anti-β2-GPI antibody was 65.6 and 81.2% (P = 0.257). 
Figure 1a, b showed C4d-positive and C4d-negative glo-
merulus of typical IMN kidney. There were no significant 
differences of serum levels of C3 and C4, and glomeru-
lar deposits of C3, C1q, IgG1, and IgG4 between the two 
groups (Table 3).

Table 1   Clinical characteristics of idiopathic membranous nephropa-
thy patients with and without anti-β2-GPI antibodies

Variables Anti-β2-GPI 
( +) (n = 32)

Anti-β2-GPI 
(−) (n = 32)

P value

Male (n, %) 17 (53.1) 17 (53.1) 1.000
Age ( years) 58.5 ± 12.5 58.6 ± 12.4 1.000
Disease duration (months) 6.8 (2.3–24) 7.0 (2.6–27) 0.794
Urine protein/creatinine ratio 

(g/g)
4.2 ± 3.3 3.5 ± 2.4 0.219

Serum album(g/L) 25.8 ± 16.1 26.2 ± 7.6 0.813
Serum creatinine (μmol/L) 84.5 ± 29.6 76.3 ± 21.4 0.122
eGFR (ml/min/1.73 m2) 80.4 ± 21.3 94.0 ± 60.3 0.232

Table 2   Anti-PLA2R in IMN 
patients with and without anti-
β2-GPI antibodies

PLA2R: phospholipase A2 receptor; IMN: idiopathic membranous nephropathy

Variables Anti-β2-GPI ( +) (n = 32) Anti-β2-GPI (−) (n = 32) P value

Anti-PLA2R( +) (n, %) 20 (62.5) 21 (65.6) 1.000
Level of Anti-PLA2R (RU/ml) 58.1 (0–290.5) 88.2 (0–612.9) 0.324

Fig. 1   a C4d-positive glomeruli; b C4d-negative glomeruli (Immunohistochemical staining, × 400)
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Discussion

In this study, we found that serum activity of complement 
alternative pathway was significant higher in IMN patients 
with positive anti-β2-GPI antibody compared with those 
with negative anti-β2-GPI antibody, and there were no sig-
nificant differences in C1q and C4d deposits between the 
two groups, showing the presence of anti-β2-GPI antibody 
was associated with higher activity of complement alterna-
tive pathway but not classical pathway or MBL pathway. 
There were evidences of alternative complement activation 
in MN. Studies have shown that C1q deposition in glomeru-
lus was negative in IMN patients, but C3c, MAC and fac-
tor P were positive [16, 17]. The Borza group [18] used a 
model of MN induced by immunization with the noncolla-
genous domain of the α-3 chain of collagen in complement 
factor B-deficient mice, which lack a functional alternative 
pathway. Unlike wild-type mice, those lacking factor B did 
not develop albuminuria or exhibit glomerular deposition 
of C5b-9, despite similar amounts of deposited IgG. Thus, 
this model provided direct evidence that alternative pathway 
was necessary for complement activation by subepithelial 
immune complexes.

β2 GPI has a weak binding capacity with negatively 
charged phospholipids and therefore does not inhibit 
phospholipid-dependent clotting, but in the presence of 
aPLs, such as anti-β2-GPI antibody or ACL, it can medi-
ate the binding of aPLs to the membrane/phospholipid 
membrane, causing damage to endothelial cells, leading to 
hypercoagulability and thrombus formation [10, 11]. Stud-
ies also showed a strong association between complement 
activation and aPLs in patients with primary or secondly 
APS [19, 20]. Oku et al. investigated the significance of 
complement activation in patients with primary APS and 
found that low serum concentrations of complement were 
common in patients with primary APS, suggesting that 
aPLs may activate monocytes and macrophages via an 

aphylatoxins produced during complement activation [21]. 
In a study of the correlation between anti-β2-GPI anti-
bodies and B factor in patients with lupus nephritis (LN) 
and glomerular microthrombosis, Zhou et al. found that 
the serum B factor was significantly correlated with anti-
β2GPI antibody, which indicated the process of alternative 
complement activation mediated by anti-β2GPI antibody 
[22].

In our study, the positive rate of anti-PLA2R antibody 
was 62.5% in anti-β2-GPI positive group and 65.6% in anti-
β2-GPI negative group, which was similar to previous stud-
ies about the positive rate of anti-PLA2R antibody in IMN 
(50–80%) [7, 8]. Also, in our results, there was no significant 
difference of the positive rate of kidney PLA2R staining 
between MN patients with and without anti-β2-GPI antibody 
(84.3% vs 90.6%, P = 0.708, not shown in the results part). 
The above results indicated that there was no correlation 
between anti-PLA2R antibody and anti-β2-GPI antibody, 
and did supported that patients in anti-β2-GPI positive group 
were not secondary MN.

It is generally believed that that MN patients are more 
likely to develop deep vein and renal vein thrombosis com-
paring with other pathological types of nephrotic syndrome 
[23, 24]. However, whether antiphospholipid antibodies 
play a role is still unknown. In the present study, we did 
not analyze the results of coagulation function indicators 
and thrombosis events, so the correlation between anti-β2-
GPI antibody positivity and thrombosis in MN needs further 
research to confirm.

However, our study has several limitations. Firstly, the 
small sample size may affect the efficacy of the test. Second, 
due to the complexity of the complement system, we meas-
ured the residual activities of the complement pathways, but 
did not measure the levels of some important regulatory fac-
tors, such as B factor and P factor, which may help to further 
prove the role of anti-β2GPI antibody-correlated comple-
ment pathway in IMN.

Table 3   Activity of complement in idiopathic membranous nephropathy patients with and without anti-β2-GPI antibodies

Variables Anti-β2-GPI ( +) (n = 32) Anti-β2-GPI (−) (n = 32) P value

Classical pathway residual activity (%) 161.6 ± 109.0 170.3 ± 146.5 0.794
Mannan-binding lectin pathway residual activity (%) 59.7 ± 45.6 66.2 ± 45.7 0.583
Alternative pathway residual activity (%) 37.4 ± 21.2 65.7 ± 50.5 0.021
Serum C3 (mg/dl) 103.0 ± 26.4 103.8 ± 24.0 0.894
Serum C4 (mg/dl) 21.6 ± 7.6 23.7 ± 8.7 0.312
Immune complex deposits in the kidney
 C3 (n, %) 17(53.1) 20(62.5) 0.613
 C4d (n, %) 21(65.6) 26(81.2) 0.257
 C1q (n, %) 5(15.6) 6(18.7) 1.000
 IgG1 (n, %) 22(68.7) 24(75.0) 0.782
 IgG4 (n, %) 26(81.2) 26(81.2) 1.000
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In conclusion, we showed here that anti-β2-GPI antibody 
was associated with alternative complement activation in 
patients with IMN.
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