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ABSTRACT

Membranous nephropathy (MN) is defined as disease entity characterized by thickening of the glomerular basement
membranes due to subepithelial (SE) deposition of immune complexes. It is typically classified into primary MN (70%) when
there is no disease association, and secondary MN (30%) when there is an underlying disease association such as lupus,
malignancy, infections or drugs. Phospholipase A2 receptor (PLA2R) and thrombospondin type-1 domain-containing 7A
(THSD7A) are target antigens in 70% and 1–5% of primary MN, respectively. The antigens in the remaining MN were not
known. Recently, multiple novel proteins/target antigens have been identified in MN. These include exostosin 1/2, neural
epidermal growth-like 1 protein, semaphorin 3B, protocadherin 7 and neural cell adhesion molecule 1. Some of these
antigens are present in the setting of primary MN, some in secondary MN and some in both, thus blurring the lines between
primary and secondary MN. Preliminary studies show that each of the new antigen-associated MN has distinct clinical,
kidney biopsy findings and outcome data. We propose that each new protein/antigen-associated MN is a specific disease
that results in the common MN pattern of injury characterized by thickened glomerular basement membrane (GBM) with or
without spikes or pinholes on light microscopy, granular immunoglobulin G with or without complement 3 on
immunofluorescence microscopy and SE electron-dense deposits on electron microscopy. In other words, MN is truly only a
pattern of injury resulting from specific diseases that cause deposition of SE immune deposits along the GBM. It is of
paramount importance to ascertain the specific disease entity causing the MN pattern not only for precise diagnosis and
management, but also for future studies on these newly described diseases.

Keywords: exostosin 1/2 , membranous nephropathy, neural cell adhesion molecule 1, neural epidermal growth factor like-1
protein, protocadherin 7, semaphorin 3B

INTRODUCTION

Membranous nephropathy (MN) is an entity defined by the pres-
ence of immunoglobulin (Ig) deposits along the subepithelial
(SE) aspect of the glomerular basement membrane (GBM). MN
occurs more often in the adult population and is characterized
by the development of nephrotic syndrome. The kidney biopsy
in MN shows thickened GBM often with development of spikes
and pinholes that are best seen on periodic acid–Schiff and sil-
ver-stained sections, granular polyclonal IgG along the GBM and

SE electron-dense deposits. Complement activation is often pre-
sent as evidenced by deposition of complement 3 (C3) along the
GBM. The SE electron-dense deposits over time are incorporated
into the GBM. Thus, based on the location and characteristics of
the deposits on electron microscopy (EM), MN is staged from I
through IV, which is helpful in indicating the chronicity of MN
lesion [1].

Based on the clinical presentation of nephrotic syndrome
and the biopsy findings, MN is thought of as a specific
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pathologic disease [2]. Historically, MN is typically divided into
primary MN when there is no underlying disease association,
and secondary MN when there is an underlying disease associa-
tion such as autoimmune disease (most commonly lupus), ma-
lignancy, infection or temporal association with the use of
certain drugs [3]. Until recently, the antigens responsible for MN
were not known. The finding of neutral endopeptidase as the
responsible antigen in a rare subset of patients with alloim-
mune antenatal MN paved the way for the detection of other in-
trinsic podocyte antigens [4]. Subsequently, in 2009 and 2014,
phospholipase A2 receptor (PLA2R) and thrombospondin type-1
domain-containing 7A (THSD7A) were identified as two target
antigens in MN: PLA2R was primarily the target antigen in a ma-
jority of primary MN whereas THSD7A was present in primary
MN but also in secondary MN associated with a malignancy [5,
6]. PLA2R and THSD7A antigens account for �50–60% of target
antigens in all MN (including primary and secondary MN).

Recently, specific proteins/putative antigens associated with
lupus/other autoimmune diseases and new antigens have been
identified in MN. These ‘new’ antigens include exostosin 1/2
(EXT1/2), neural epidermal growth-like 1 protein (NELL1), sema-
phorin 3B (SEMA3B), protocadherin 7 (PCDH7) and neural cell
adhesion molecule 1 (NCAM1) [7–12]. Three more antigens re-
lated to specific secondary MN disease associations are under
active investigation (unpublished data). Some of the new anti-
gens are present in primary MN, others are present in secondary
MN and some in both. Thus, the identification of the new anti-
gens has blurred the lines between primary and secondary MN.
On careful study of MN associated with the ‘new’ antigens, we
find that they have distinct clinical and pathologic findings sug-
gesting that each antigen-associated MN is a specific disease
entity.

Traditionally, glomerulonephritis (GN) was classified based
on the light microscopy (LM) pattern of injury: crescentic GN,
membranoproliferative GN (MPGN), diffuse proliferative GN, etc.
As progress in identifying the varying etiologies associated with
a specific pattern and understanding the pathophysiology of de-
velopment of the specific pattern was achieved, the classifica-
tion was modified to an etiology-based classification [13]. For
example, crescentic GN is now classified into ANCA-associated
GN [14], anti-GBM associated GN and immune complex or com-
plement (C3G)-associated GN [15]; MPGN is classified into im-
mune-complex associated MPGN resulting from either
autoimmune diseases, chronic infections, monoclonal Ig or
resulting from abnormalities in the complement pathways (C3G)
[16]; and diffuse proliferative GN is classified based on identifica-
tion of underlying infection (infection-related GN), cryoglobulin
(cryoglobulinemic GN) or autoimmune disease such as lupus (lu-
pus nephritis). Noninflammatory patterns of injury such as focal
segmental glomerulosclerosis (FSGS) are also now classified
based on the underlying etiology: FSGS due to a presumed circu-
lation permeability factor, FSGS associated with specific genetic
mutations (genetic FSGS) and FSGS associated with specific con-
ditions such as obesity, viral infections, drugs, etc. [17, 18].

Similarly, in this report, we propose that MN is not a specific
disease but represents a pattern of injury resulting from specific
disease entities related to the specific antigen/protein identified
(Figure 1), as was suggested even before the discovery of the
new specific antigens [19]. The membranous pattern is defined
as thickened GBM with or without spikes or pinholes on LM,
granular IgG with or without C3 on immunofluorescence (IF)

and SE electron-dense deposits on EM. The clinical and patho-
logic characteristics of each newly discovered ‘antigens’ associ-
ated with MN are quite specific to the ‘antigen’ and these
should be labeled as specific disease entities (Table 1). While
PLA2R and THSD7A are well studied, in the following para-
graphs, we highlight key unique features of each new ‘antigen’-
associated MN and argue that each represents a distinct disease
entity and should be labeled as such.

EXT1/EXT2-ASSOCIATED MN

• EXT1/EXT2-associated MN occurs at a younger age and is
more common in females (4:1) [7]. Most importantly, EXT1/
EXT2-associated nephropathy is associated with an underly-
ing autoimmune disease such as systemic lupus erythema-
tosus and mixed connective tissue disease. In rare cases
with no known autoimmune disease, EXT1/EXT2-associated
nephropathy may in fact be a marker for development of
subsequent autoimmune disease. EXT1/EXT2-associated ne-
phropathy does not show a temporal association with malig-
nancy, infection or drugs.

• The kidney biopsy findings in EXT1/EXT2-associated MN are
unique in that a proliferative component may be present in
a subset of EXT1/EXT2-positive lupus MN (LMN), IF micros-
copy often shows a full house pattern of staining with IgG,
IgM, IgA, C1q and C3 with the IgG1 representing the domi-
nant IgG subclass, and EM showing SE, mesangial (ME) and
sometimes subendothelial (SU) electron-dense deposits. It
should be pointed out EXT1/EXT2 staining occurs only along

PLA2R-
associated MN

THSD7A-
associated MN

NELL1-
associated MN

SEMA3B-
associated MN

EXT1/2-
associated MN

NCAM1-
associated MN

PCDH7-
associated

MN

Disease Pattern of injury

Membranous
nephropathy

Not a specific
disease

FIGURE 1: Schematic figure of MN. Different diseases are represented in differ-

ent shapes such as PLA2R-associated MN, THSD7A-associated MN, NELL1-asso-

ciated MN, EXT1/2-associated MN, SEMA3B-associated MN, NCAM1-associated

MN and PCDH7-associated MN, all of which result in the membranous pattern

of injury. The membranous pattern is defined as thickened GBM with or without

spikes or pinholes on LM, granular IgG with or without C3 on IF and SE

(6intramembranous) electron-dense deposits on EM.
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the GBM and that there is no ME EXT1/EXT2 staining in
EXT1/EXT2-positive LMN even though ME deposits are also
present.

• Serum antibodies have not yet been detected in EXT1/EXT2-
associated nephropathy.

• Finally, a recent study has shown that EXT1/EXT2-positive
LMN shows favorable biopsy findings and clinical outcomes
compared with EXT1/EXT2-negative LMN [20].

NELL1-ASSOCIATED MN

• NELL1-associated MN occurs in older patients
(63.4 6 10.4 years) with an almost equal male-to-female ratio
[8]. In a subgroup of patients of NELL1-associated MN, a
coexisting malignancy may be present. NELL1-associated
MN is the second most common cause of MN pattern of in-
jury after PLA2R-associated MN [21].

• The kidney biopsy shows thickened GBM on LM, bright IgG
and C3 staining along the GBM on IF microscopy with IgG1
being the dominant IgG subclass and SE electron-dense
deposits on EM. Interestingly, the SE deposits in NELL1-asso-
ciated MN can be segmental along the capillary walls [22].

• Antibodies to NELL1 are detected in NELL1-associated MN;
the antibodies are not detected under reducing conditions,
suggesting that the NELL1 autoantibody recognizes confor-
mation-dependent epitopes.

SEMA3B-ASSOCIATED MN

• SEMA3B-associated MN is primarily present in pediatric
patients (6.9 6 6.8 years) [9]. It is also present in young adult
patients aged 36.3 (standard deviation 67.2) years. In almost
50% of cases, SEMA3B-associated MN is detected below the
age of 2 years. SEMA3B-associated MN is a very rare cause of
MN. SEMA3B-associated MN may have an underlying genetic
basis as it occurs at a very young age and has been found in
siblings and in a family (father and daughter) [9].

• The kidney biopsy shows bright IgG and C3 along the GBM,
with IgG1 being the dominant IgG subclass; and in the pedi-
atric cases <2 years of age, there is also IgG staining along
the tubular basement membrane (TBM). However, SEMA3B
staining is present only along the GBM and not along the
TBM.

• Antibodies to SEMA3B are detected in SEMA3B-associated
MN, and unlike NELL1-associated MN, the antibodies are
detected under reducing conditions, suggesting that
SEMA3B autoantibody may recognize a cryptic epitope that
is unmasked by disruption of disulfide bonds, and that an
event is required to disrupt the disulfide bonds and expose
the epitope.

PCDH7-ASSOCIATED MN

• PCDH7-associated MN is primarily present in older patients
(61 6 11.7 years). In one series, it appears to be the fourth
most common after PLA2R-, EXT1/EXT2- and NELL1-associ-
ated MN [10]. Rarely, malignancy may be associated with
PCDH7-associated MN.

• The kidney biopsy shows thickened GBM, bright IgG staining
along the GBM on IF microscopy and SE electron-denseT
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deposits on EM. IgG subtypes show either predominantly
IgG1 or IgG4. Importantly, C1q and C3 staining are minimal/
absent.

• Antibodies to PCDH7 are detected under nonreducing condi-
tions in PCDH7-associated MN.

• The proteinuria may be in the non-nephrotic range, and a
subset of PCDH7-associated MN undergo remission with
conservative management.

NCAM1-ASSOCIATED MN

• NCAM1-associated MN occurs at a younger age
(34 6 12 years) and is more common in women (2.3:1) [11].
Ninety-one percent of NCAM1-associated MN have systemic
lupus erythematosus. In addition, 40% patients have neuro-
psychiatric disease.

• The kidney biopsy shows thickened GBM with proliferative
features in 25% of the cases, bright IgG and C3 with full
house Ig in 40% of cases on IF, and SE and ME electron-dense
deposits in all cases and SU deposits in 21%.

• Antibodies to NCAM1 are detected under nonreducing
conditions.

SUMMARY

Taken together, the clinical presentation including age and sex,
the kidney biopsy findings such as dual GBM staining for EXT1
and EXT2 (EXT1/EXT2-associated MN), segmental GBM staining
(NELL1-associated MN) and TBM deposits (SEMA3B-associated
MN), although TBM deposits are negative for SEMA3B staining or
lack of complement staining (PCDH7-associated MN), detection
of antibodies under nonreducing (NELL1- and SEMA3B-associ-
ated MN) and reducing conditions (PCDH7- and NCAM1-associ-
ated MN), and clinical outcomes including favorable outcomes
in EXT1/EXT2-associated membranous lupus nephritis and
remission with conservative treatment in PCDH7-associated
MN, all point to distinct disease entities rather than a single dis-
ease entity of MN. Thus, we propose that each ‘antigen’ associ-
ated with MN pattern should be considered as specific disease
and labeled as EXT1/EXT2-associated MN, NELL1-associated MN,
SEMA3B-associated MN, PCDH7-associated MN and NCAM1-as-
sociated MN, recognizing that each disease results in an MN
pattern of injury (Figure 1). Further studies are required to deter-
mine the pathogenesis, response to treatment and long-term
outcomes of these new specific diseases. Lastly, any clinical trial
of MN should take into account the specific antigens/protein-as-
sociated MN, even though some are rare, rather than lumping all
cases together as a single MN disease entity.
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