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Abstract
When the physiopathology of membranous nephropathy was first described, 
almost 30% of cases were recognized to be secondary to well-known diseases such 
as autoimmune diseases, tumors or infections. The remaining 70% cases were 
called primary membranous nephropathy as the exact mechanism or pathogenic 
factor involved was unknown. The discovery of the M type phospholipase A2 
receptor and thrombospondin type 1 domain containing 7A as causative antigens 
in these “so called” primary membranous nephropathies provided new insights 
into the effective causes of a large proportion of these cases. Novel techniques 
such as laser microdissection and tandem mass spectrometry as well as immuno-
chemistry with antibodies directed against novel proteins allowed the 
confirmation of new involved antigens. Finally, using confocal microscopy to 
localize these new antigens and immunoglobulin G and Western blot analysis of 
serum samples, these new antigens were detected on the glomerular membrane, 
and the related antibodies were detected in serum samples. The same antigens 
have been recognized in some cases of secondary membranous disease due to 
autoimmune diseases, tumors and infections. This has allowed examination of the 
relationship between antigens in primary membranous nephropathy and their 
presence in some secondary nephropathies. The aim of this study is to describe 
the characteristics of the new antigens discovered and their association with other 
diseases.
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Core Tip: The pathophysiological mechanisms of membranous nephropathy have been partially known for 
a long time. Novel techniques have allowed identifying several antigens and the corresponding antibodies 
as the main cause of a large part of these diseases. Therefore, a large part of membranous nephropathy, 
once called primary, are due to immune complexes whose components are now recognized. The same 
antigens have been recognized in a part of secondary membranous disease, which are due to autoimmune 
diseases, tumors and infections, diseases. This fact allows a relationship between antigens found either in 
primary membranous nephropathy or in some forms of secondary nephropathies.
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INTRODUCTION
Membranous nephropathy (MN) is a rare disease that affects podocytes and is characterized by the 
accumulation of immune deposits on the subepithelial side of the glomerular capillary wall. These 
immune deposits consist of immunoglobulin (Ig) G directed against antigens that have long remained 
unknown. MN is referred to as primary MN when there is no association with a known disease (70% of 
cases) or secondary MN when MN occurs in association with clinical conditions such as autoimmune 
diseases, tumors, infections and hepatitis B (30% of cases). Two studies in 2009 and 2014 allowed us to 
identify causal antigens involved in primary MN[1,2]. A related study reported the first human 
podocyte antigen in a rare subset of infants born with MN that developed because the mother was 
deficient in neutral endopeptidase (NEP) due to a truncating mutation in the MME gene coding for NEP
[3,4]. The first antigen, identified in 2009, is the M type phospholipase A2 receptor 1. The antigen 
recognized in the 2014 study is thrombospondin type 1 domain containing 7A (THSD7A)[1,2]. Using 
Western blotting and mass spectrometry, THSD7A was identified in serum samples from patients with 
MN. Additionally, immunohistochemical analysis of biopsy samples from the same patients revealed 
that THSD7A localized to podocytes, and immunoglobulin G (IgG) eluted from these samples was 
specific for THSD7A.

Phospholipase A2 receptor (PLA2R) and THSD7A are involved in 70% and 5% of primary MN cases 
respectively (Figure 1).

These antigens were thought to be specific to primary MN, but were also later found in patients with 
MN related to hepatitis B infection and sarcoidosis[5-7].

Novel techniques
Recently, an approach using laser microdissection and tandem mass spectrometry (MS/MS) enabled the 
detection of novel proteins in glomerular diseases. MS/MS can identify approximately 1500-2000 
proteins in glomerular extracts and allows semiquantitative measurements.

Briefly, these techniques were used to identify proteins with high spectral counts in PLA2R-negative 
MN patients and control patients with different nephropathies. This new protein was identified, using 
immunochemistry with antibodies directed against the new protein, which revealed membranous 
staining along the glomerular basement membrane (GBM), confirming a new antigen involved in MN.

Finally, using confocal microscopy to localize the new antigen and IgG and Western blot analysis of 
serum samples, we detected the new antigen on the glomerular membrane and the related antibody in 
serum samples[8].

The aim of this study is to describe the characteristics of the new antigens discovered principally 
thanks to these novel techniques and to clarify their association with other diseases.

Exostosin 1/ 2 associated MN
An examination of both serum samples and glomerular eluates from patients with the so- called 
idiopathic MN negative for PLA2R with these new techniques revealed the first novel antigens, namely 
exostosin 1 and exostosin 2 (EXT1 and EXT2, respectively).

EXT1/EXT2-positive MN cases were more common in females (80.9 with a mean age of 35.7 years)
[8]. In the first report, the mean serum creatinine and proteinuria levels at presentation were 1 mg% and 
5.9 g/24 h, respectively. A total of 70.8% of patients had abnormal laboratory values for antinuclear 
antibodies, double-stranded DNA antibodies, anti-Smith antibodies or anti-Sjogren syndrome-related 
antigen A or B[9]. Thirty-four percent of patients had a clinical diagnosis of systemic lupus erythem-
atosus.

https://www.wjgnet.com/2220-6124/full/v11/i4/115.htm
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Figure 1 Membranous nephropathy. Old classification of membranous nephropathy. PLA2R: Phospholipase A2 receptor; THSD7A: Thrombospondin type 1 
domain containing 7A.

Based on MS analysis, all four classes of IgG were present in patients with EXT1/EXT2-positive MN 
with IgG1 the most abundant, followed by IgG2, IgG3 and IgG4. In addition to IgG and C3, 84% of 
patients exhibited staining for IgA or IgM. Seventy-three percent of patients showed staining for C1q on 
immunofluorescence, and all patients showed subepithelial deposits. Mesangial deposits were also 
present in 96% of patients. Subendothelial deposits were less frequently found.

Tubulointerstitial inclusions were present in 80% of patients.
The GBM is composed of mostly type IV collagen, laminin, nidogen and heparan sulfate 

proteoglycans. Agrin and perlecan are the main heparan sulfate proteoglycans in GBM. Heparan sulfate 
proteoglycans are present in the basement membrane and matrix and on cell surfaces.

EXTs are glycosyltransferases responsible for the synthesis of heparansulfate, through the addition of 
glycosaminoglycan residues to the core protein. The result is the generation of complex polysaccharides, 
which explains why these two proteins are found together[10,11].

EXT1 and EXT2 show structural similarities, and EXT1 and EXT2 can exist as a heterodimers and act 
as a copolymerases in heparan sulfate chain elongation. The EXT1/EXT2 heterodimer also has increased 
stability and activity compared to those of the individual proteins, which are transmembrane proteins.

EXTs are secreted into the extracellular medium in a truncated form[12]. Five genes encode EXT 
proteins: EXT1, EXT2, EXTL1, EXTL2 and EXTL3[13]. Mutations in EXT1 and EXT2 generate hereditary 
multiple exostoses, one of the most common inherited skeletal disorders[14].

To date, it is still difficult to detect circulating anti-EXT1/EXT2 antibodies. This difficulty may be 
because serum antibodies target truncated EXT proteins or are present at a very low titer.

In a recent study, EXT1/EXT2 were present in 33% of a cohort of patients with membranous lupus 
nephritis[15]. Compared with EXT1/EXT2-negative membranous lupus nephritis, EXT1/EXT2-positive 
disease appears to represent a subgroup with favorable kidney biopsy findings with respect to 
chronicity indices. Indeed, cases of membranous lupus nephritis that are EXT1/EXT2 negative are more 
likely to progress to end-stage kidney disease (ESKD) than those that are EXT1/EXT2 positive.

In conclusion, using proteomics and immunochemistry, the authors found EXT1/EXT2 in the GBM of 
PLA2R-negative MN patients. Clinical and biopsy findings showed features of autoimmune disease, 
including lupus nephritis in 8% of patients[16].

Neural cell adhesion molecule 1
Neural cell adhesion molecule 1 (NCAM1) is a member of the IgG superfamily of proteins that was 
identified using the techniques described above[17]. NCAM1 colocalizes with IgG within glomerular 
immune deposits, and antibodies against NCAM1 could be detected in patient sera. NCAM1 was 
predominantly expressed in membranous lupus nephritis patients but was also found in 2% of primary 
MN patients. Many lupus nephritis patients with NCAM1 were also positive for EXT2. NCAM patients 
were also positive for IgA, IgM and C1q. Neuropsychiatric disease occurred in 40% of NCAM-positive 
patients, probably due to NCAM1 expression in the central nervous system[18].

Neural epidermal growth factor-like 1 protein
Neural epidermal growth factor-like 1 protein (NELL-1) is a secreted, 90-kDa protein expressed in 
osteoblasts that promotes bone regeneration[19]. The NELL-1 gene is named after its similarity to a gene 
called Nel that is strongly expressed in neural tissue and encodes a protein with epidermal growth factor 
(EGF)-like repeats (Figure 2)[20].

In the kidney, NELL-1 expression is increased in tubules and detectable in the glomeruli, as 20% of 
glomerular cells express NELL-1 at the RNA level[21,22].
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Figure 2 Structure of neural epidermal growth factor-1 protein. TSPN: TSP-1-like domain; C-C: Coiled coil domain; VWC: Von Willebrand factor type C 
domain; EGF: EGF-like domains E.

Sethi et al[23] suggested that NELL-1 is associated with MN.
The authors selected PLA2R-negative MN patients and identified this novel NELL-1 protein by laser 

microdissection and MS. Granular anti -NELL-1 GBM staining was documented using immunohisto-
chemistry, and NELL-1 and IgG colocalization was observed by confocal microscopy. Finally, serum 
antibodies against NELL-1 were detected by Western blotting. Sethi et al[23] concluded that NELL-1 
positive MN is a distinct type of MN. The authors suggested that NELL-1 is shed from podocytes rather 
than entrapped from circulating antigens or immune complexes[24].

Most importantly, Sethi’s finding was confirmed by validation in a French cohort and a Belgian 
cohort.

Kidney biopsy specimens from patients with NELL-1-associated MN showed features of MN with a 
thickened GBM as well as IgG and C3 expression. IgG subtyping revealed predominantly IgG1. In a 
subset of the biopsy specimens, a segmental GBM distribution of immune deposits was observed by 
immunofluorescence and electron microscopy[25].

In particular, Kudose et al[25] examined 2003 MN patients without lupus. Fifty of them showed 
segmental MGN (sMGN) defined by subepithelial deposits involving 25%-75% of the GBM. Among 
these cases with sMGNs, NELL-1 staining was present in 25%. PLA2R, THSD7A and EXT 1 were 
negative in all cases evaluated.

Among 21 patients with sMGN at follow-up, 7/21 patients had received immunosuppression, 86% 
had stable improved renal function, and 60% had complete (45%) or partial (15%) remission of 
proteinuria. Accordingly, MGN is a rare PLA2R-negative variant of MN with NELL-1 positivity in 29% 
of patients and favorable prognosis, even in the absence of immunosuppressive treatment.

According to this study, NELL-1 appears to be the first antigen in segmental MN.
In a recent study, Caza et al[26] found that NELL-1 is a target antigen associated with MN 

malignancy. They found active or metastatic malignancy in 33% of patients with NELL-1-associated 
MN. Additionally, they found NELL-1 positivity within glomeruli and a tumor from the same patient 
affected by invasive ductal carcinoma of MN in the breast.

The authors concluded that NELL-1, a recently identified antigen in MN, is enriched in patients with 
malignancy-associated MN, and anti-NELL-1 antibodies can be detected within the serum of these 
patients.

Finally, a recent study by Spain et al[27] found that in patients administered lipoic acid for different 
conditions, high-grade proteinuria could appear. These patients may have NELL-1-associated MN, and 
the discontinuation of lipoic acid could result in proteinuria remission.

Semaphorin 3B-associated MN 
Semaphorin 3B (SEMA 3B) is a recently discovered target antigen that has been principally detected in 
pediatric patients, particularly very young children[8]. The mean age of these pediatric patients was 6.9 
years, and approximately half of SEMA 3B-associated MN was detected in children < 2 years. Among all 
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Table 1 Clinical findings in Semaphorin 3B-associated membranous nephropathy[8,28,29]

Case Age (yr)/sex UP (g/24) Serum CR (mg/dL) Remission Serum CR/UP/24 h

1 41/F 7.9 0.74 Spontaneous 0.6/no proteinuria (16 mo)

2 26/F 6.2 0.4 Spontaneous 0.43/400 mg (18 mo)

3 2/M 5 0.5 Immunosuppressive 0.35/150 mg (24 mo)

4 40/F 17.3 0.9 Immunosuppressive 0.6/no proteinuria (10 yr)

5 19 mo/M 0.4 0.7 Immunosuppressive 0.9/400 mg (18 mo)

6 2/F UP/CR ratio 6.81 0.21 Immunosuppressive UP/CR ratio 0.23 (13 mo)

7 17/M UP/CR ratio 0.78 0.6 Immunosuppressive UP/CR ratio 0.1 (19 mo)

8 9 mo/M UP/CR ratio 0.94 0.45 Immunosuppressive UP/CR ratio 0.09 /14 yr)

9 2/M UP/CR ratio 1.95 0.13 Immunosuppressive UP/CR ratio 0.12 (5 yr)

10 14/M 3 0.64 Lost to follow up n/a

11 16/M 12 0.83 Immunosuppressive Dialysis

F: Female; M: Male; UP: Urinary protein; CR: Creatinine.

patients, SEMA 3B-associated MN is rare and accounts for 1%-3% of all MNs. In the pediatric group, it 
accounts for approximately 15% of MN cases.

After the initial identification of three pediatric patients, an additional eight cases of SEMA 3B-
associated MN were identified in validation cohorts from France and Italy[8]. To date, 11 patients with 
SEMA 3B-associated MN, including three adults have been identified[28].

Using laser dissection and MS/MS, SEMA3B was detected in PLA2R-negative MN biopsies[29].
Semaphorins are a group of secreted and transmembrane/membrane-bound proteins containing a 

conserved extracellular semaphorin (sema) domain of approximately 500 amino acids that is charac-
terized by highly conserved cysteine residues[30-32].

More than 20 semaphorins have been identified and divided into 8 subclasses. SEMA 3B is a secreted 
protein with a sema domain, a plexum-semaphorin-integrin domain, an Ig domain and a basic domain 
(Figure 3).

The semaphorin 3 family and its receptors have been detected in endothelial cells, podocytes and 
tubular epithelial cells[33]. In SEMA 3B-associated MN, bright granular capillary wall staining for 
SEMA 3B along the GBM have been documented, and SEMA 3B may be found using immunofluor-
escence microscopy. Confocal immune fluorescence microscopy analysis has shown the colocalization of 
SEMA 3B and IgG in glomerular immune deposits.

Using Western blot analysis, anti-SEMA 3B antibodies have been detected in patients with SEMA 3B-
associated MN. The SEMA 3B autoantibody can recognize a cryptic epitope that is unmasked by 
disruption of disulfide bonds.

Clinical findings in SEMA 3B-associated MN are shown in Table 1, and proteinuria remission may be 
obtained either spontaneously or with immunosuppressive treatment.

Recurrence of anti-SEMA 3B-mediated MN after kidney transplantation was recently reported[34]. 
Kidney biopsy confirmed histological MN recurrence with the colocalization of SEMA 3B antigen and 
IgG. Treatment with rituximab was effective, and the disappearance of anti-SEMA 3B antibodies was 
noted 40 days after rituximab treatment.

Given the discovery of the antigen SEMA 3B, the distribution of podocyte antigens in patients with 
“primary” MN is presented in Figure 4.

Protocadherin 7-associated MN
Chauhan et al[35] performed laser microdissection and MS/MS in kidney biopsies from patients with 
PLA2R-negative MN and detected a unique protein, namely, protocadherin 7 (PCDH7) in glomeruli 
from 10 patients who were also negative for THSDF7A, EXT1/EXT2, NELL 1 and SEMA 3B. 
Additionally, in a validation cohort from the UCLouvain Kidney Disease Network in Belgium, four 
additional patients were identified[36]. In all patients, immunohistochemistry showed bright granular 
staining along the GBM. Confocal microscopy showed colocalization of PCDH7 and IgG along the 
GBM, and Western blot analysis using sera revealed antibodies against PCDH7.

Cadherins are a large group of transmembrane proteins that mediate cell-cell recognition and 
adhesion[37]. Cadherins are classified into subfamilies on the basis of the number and arrangement of 
extracellular cadherin (EC) domains. Therefore, cadherins are subdivided into classic cadherins, closely 
related cadherins, desmosomal cadherins and protocadherins[38]. PCDH7 is a 16-kDa glycosylated 
protocadherin with seven EC repeats. Its function is unknown, but it is likely important in cell signaling
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Figure 3 Structure of Semaphorin. Sema: Sema domain; PSI: Plexin-semaphorin-integrin; Ig: Immunoglobulin.

Figure 4 Distribution of podocyte antigens in patients with ‘primary’ membranous nephropathy. PLA2R: Phospholipase A2 receptor; THSD7A: 
Thrombospondin type 1 domain containing 7A; NELL-1: Neural epidermal growth factor-like 1 protein; Sema: Sema domain.

[39]. PCDH7 is mostly present in older patients. Complement activation is minimal in these patients, 
and spontaneous remission frequently occurs without immunosuppressive treatment. In addition, the 
MS/MS complement profile of PCDH7-associated MN is lower than that of other antigen-associated 
MNs[40]. The clinical and pathologic findings in PCDH7-associated MN are described in Table 2.

In conclusion, PCDH7 has been identified as a novel antigen along with circulating anti- PCDH7 
autoantibodies, in a subset of adult patients with PLA2R-negative MN.

Interestingly, Bobart et al[41] analyzed a total of 320 adult patients with MN in native kidneys 
between 2015 and 2020. Overall, they found three patients with PCDH7-associated MN. This study is 
interesting as the authors presented a patient distribution based on the antigen found and the presence 
of associated diseases (Figure 5). Similarly, the authors presented a table reporting the demographic and 
clinical characteristics based on the antigen involved (Table 3).

The new classification of MNs is shown in Figure 6.
Sethi[42] suggested that MN is not a single disease but rather a pattern of injury resulting from 

different diseases. Each antigen associated with the MN pattern should be considered as representative 
of a specific disease, and each disease results in an MN pattern of injury (Figure 7).

Newly discovered antigens
As described in Figure 6, other antigens and immune complexes are probably less frequently involved. 
Recently, Contactin 1 was shown to be a novel target antigen in MN associated with chronic inflam-
matory demyelinating polyneuropathy (CIDP)[43].
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Table 2 Clinical and immunomicroscopy findings in protocadherin patients[35,36]

Patient Age (yr) Urinary protein (g/24h) Serum creatinine (mg/dL) Immunofluorescence IgG

1 73 3.2 1.1 IgG 3+; C1q 1+ IgG1 2+; IgG3 1+; IgG4 1+

2 66 9.6 1.3 IgG 2+ IgG1 1+; IgG4 2+

3 68 NA 1.1 IgG 2+ IgG4 2+

4 59 3 1.1 IgG 2+; C3 1+ 1gG 1+; IgG2 2+; IgG3 2+; IgG4 3+

5 61 7 1.9 IgG 3+; C3 1+ IgG1 2+; IgG3 2+

6 38 3 1 IgG 1+ NA

7 37 1.4 1.76 IgG3 + IgG4 1+

8 67 4.3 1.2 IgG 3+ NA

9 75 7 1 IgG 3+; C3 1+ NA

10 70 1 1.6 IgG 3+; C3 1+ NA

11 64 8.4 1.2 IgG 3+; C3 3+ IgG3 2+; IgG2 2+

12 61 3.9 1 IgG 3+ IgG4 2+; IgG2 1+

13 66 23.3 3.8 IgG 3+; IgA 2+ IgG4 2+; IgG2 2+

14 72 21 1.3 IgG 1+ NA

NA: Not applicable. IgG: Immunoglobulin G; IgA: Immunoglobulin A.

Table 3 Demographic and clinical characteristics according to antigen

Total 270 PLA2R 220 EXT1/EXT2 11 NELL 1 6 PCDH7 3 THSD7A 1 NCAM-1 1 Septule 
negative 28

Age 54.0 (43.2-61.0) 40.0 (25.0-48.0) 57.0 (36.7-
66.5)

73 (69.0-74.0) 67.0 46 52 (44.5-66.5)

Male sex % (n) 75.0 (165/220) 27.2 (3/11) 66.6 (4/6) 33.3 (1/3) 100 (1/1) 0 (0/1) 60.7 (17/28)

Serum creatinine (mg/dL) 1.1 (0.9-1.4) 1.0 (0.7-1.1) 1.9 (1.0-4.9) 1.1 (1.03-1.48) 0.9 0.6 1.2 (0.9-1.7)

eGFR (mL/min/1.73 m2) 68 (49.9-91.0) 85.0 (65.2- 113.4) 38.3 (14.5-
75.7)

57 (39.8-66.6) 89.5 114.0 67 (40.0-95.0)

Proteinuria (g/24 h) 8.0 (5.2-12.0) 5.6 2.6-9.3) 11.0 (6.8-16.1) 3.2 ( 1.55-6.05) 14.4 5.7 4.5 (3.2-9.9)

Malignancy % 5.0 (11/220) 9.0 (1/11) 33.3 (2/6) - 100 (1/1) - 25.0 (7/28)

Autoimmunity % 5.4 (12/220) 81.8 (9/11) 33.3 (2/6) - - - 46.4 (13/28)

Paraproteinmemia % 4.0 (9/220) - - - 100 (1/1) - 35 (1/28)

Infection % 0.4 (1/220) - - - - - -

NSAID % 1.8 (4/220) - 16.6 (1/6) - - - 14.2 (6/28)

No associated disease % 84.0 (185/220) 18.1 (2/11) 16.6 (1/6) 100 (3/3) - 100 (1/1) 21.4 (6/28)

eGFR: Estimated glomerular filtration rate; EXT: Exostosin; NCAM-1: Neural cell adhesion molecule 1; NELL-1: Neural epidermal growth factor-like 1 
protein; NSAID: Nonsteroidal anti-inflammatory drug; PCDH7: Protocadherin; PLA2R: Phospholipase A2 receptor; THSD7A: Thrombospondin type 1 
domain containing 7A.

In 2018, Hashimoto et al[44] described a patient with chronic inflammatory demyelinating 
polyneuropathy with concurrent MN. CIDP may be due to autoantibodies against paranodal proteins, 
such as neurofascin 155 (NF155) and contactin-1 (CNTN1).

Autoantibody assays revealed the presence of IgG4- and IgG1-reactive anti- CNTN1 in MN. The 
authors hypothesized that CIDP with MN, can be detected by anti-CNTN1 antibodies in some cases.

More recently, Xu et al[45] described a 57-year-old man admitted to the hospital for limb numbness, 
weakness and sensory disorder. This man had MN and was diagnosed with anti-CNTN1 antibody-
associated autoimmune nodopathy. Reviewing the literature, the authors found 22 cases of CIDP with 
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Figure 5 Patient distribution according to antigen and presence of associated disease. AD: Associated disease; NSAID: Nonsteroidal anti-
inflammatory drug; EXT: Exostosin; MN: Membranous nephropathy; NCAM-1: Neural cell adhesion molecule 1; NELL-1: Neural epidermal growth factor like-1 protein; 
PCDH7: Protocadherin; PLA2R: Phospholipase A2 receptor; SEMA 3B: Semaphorin 3B; THSD7A: Thrombospondin type 1 domain containing 7A.

Figure 6 New proposed classification of membranous nephropathy. PLA2R: Phospholipase A2 receptor; THSD7A: Thrombospondin type 1 domain 
containing 7A; NELL-1: Neural epidermal growth factor-like 1 protein; Sema: Sema domain; PCDH7: Protocadherin 7; EXT: Exostosin; NCAM-1: Neural cell adhesion 
molecule 1.

MN, five of which were associated with the anti-CNTN1 antibody[46-49]. However, given the limited 
available research, no conclusions regarding a common antigen can be drawn.

In their recent study, Le Quintrec et al[43] looked for a novel target antigen by analyzing kidney 
biopsies from 5 patients positive for anti-contactin 1 antibodies who presented with MN combined with 
chronic inflammatory demyelinating polyneuropathy.

Western blot analysis revealed contactin 1 expression in kidney glomeruli. Confocal microscopic 
analysis showed the presence and colocalization of contactin 1 and IgG4 on the GBM. Eluted IgG could 
bind paranodal tissue and colocalized with commercial anti-contactin 1 antibody. Based on these 
findings, contactin 1 is a novel common antigenic target in MN associated with chronic inflammatory 
demyelinating polyneuropathy.

CTNT 1 is a glycosylphosphatidylinositol-anchored cell membrane protein expressed on the 
extracellular side.

Anti-CNTN1 predominantly comprises the IgG4 subclass. IgG4 deposits were found to colocalize 
with CNTN 1 or PLA2R1 in kidney biopsies. IgG4-PLA2R1-MN is considered a kidney autoimmune 
disease. After the formation of immune complexes, complement may be activated[50].
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Figure 7 Schematic classification of different conditions leading to membranous nephropathy. PLA2R: Phospholipase A2 receptor; THSD7A: 
Thrombospondin type 1 domain containing 7A; NELL-1: Neural epidermal growth factor-like 1 protein; Sema: Sema domain; PCDH7: Protocadherin 7; EXT: 
Exostosin; NCAM-1: Neural cell adhesion molecule 1; MN: Membranous nephropathy.

In conclusion, CNTN1 is the first discovered target involved in combined MN and anti-CNTN1-
related CIDP.

Le Quintrec et al[43] detected three proteins (CNTN1, CASPR1, and NF155) in human glomerular 
extracts by immunoblotting and mass spectrometry. The authors were unable to show CNTN1 staining 
in podocytes in the normal human kidney. This finding could be ascribed to the fact that epitopes 
recognized by anti-CNTN1 antibodies are accessible only under pathological conditions[51].

CONCLUSIONS
MN has long been classified as primary MN (70%) with no disease association, and secondary MN 
(30%) with an underlying disease such as autoimmune disorders, tumors or infections. The principal 
known antigens involved as targets in primary MN were phospholipase A2 receptor and THSD7A. The 
availability of new techniques has allowed the discovery of new antigens and antibodies that are less 
frequently involved. Preliminary studies of patients at follow-up have shown different pathological 
findings and different outcomes associated with each of these new antigens. Now, it is possible that 
each new-type of antigen associated MN represents a distinct disease that causes the deposition of 
immune deposits along the GBM. The thickening of the GBM is the common result of these different 
diseases.
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