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Introduction

Definition and epidemiology

Summary

Membranous nephropathy (MN), the leading cause of nephrotic syndrome in
adults, is characterized by the deposition of subepithelial immune deposits
that consist mainly of immunoglobulin (Ig)G and complement. Most of the
cases are primary or idiopathic (iMN), while only approximately 25% of the
cases are secondary to some known disease such as systemic lupus
erythematosus, hepatitis B, drugs and malignancies. Most of our knowledge
on the pathogenesis of iMN has relied upon old experimental models (i.e.
Heymann nephritis) that have shown that immune deposits are formed in
situ by the reaction of autoantibodies against the respective podocyte antigen.
Recent findings indicate that podocyte proteins also act as an autoantigen in
human iMN. The M-type phospholipase A2 receptor (PLA2R) has been
identified as the main target antigen, as it can be found in approximately 70%
of iMN patients but only rarely in other glomerulonephritides. Podocytes
damage in the experimental model of Heymann nephritis is complement-
mediated. In humans, the presence of complement within the subepithelial
deposits is well established, but IgG4, which does not activate complement by
classical or alternative pathways, represents the predominant subclass of IgG
anti-PLA2R. Some evidence suggests that 1gG4 anti-PLA2R autoantibodies
can bind mannan-binding lectin (MBL) and activate the lectin complement
pathway. A genetic background for iMN has been demonstrated by genome-
wide association studies that have shown highly significant associations of the
PLA2R1 and the human leucocyte antigen (HLA)-DQAL1 loci with iMN. In
addition to their diagnostic value, anti-PLA2R antibodies may be useful to
monitor disease activity and predict response to treatment.

Keywords: anti-PLA2R antibody, membranous nephropathy, podocyte, sub-
epithelial deposits IgG4

iIMN is considered an organ-specific autoimmune dis-
ease mediated by autoantibodies, which co-localize with
the target antigens to form subepithelial immune com-

Membranous nephropathy (MN) is a glomerular disease
defined histopathologically by the presence of diffuse thick-
ening of the glomerular capillary wall on light microscopy
as a result of an immune complex deposition on the extrac-
apillary side of glomerular basement membrane (GBM).
The immune deposits contain the complement fraction C3
and immunoglobulin (Ig)G (mainly IgG4 in idiopathic
form) in a peripheral capillary loop pattern, as revealed by
immunofluorescence (IF), and appear as electron-dense
subepithelial deposits on electron microscopy (EM).

plexes (IC), leading to complement activation and the
development of proteinuria as a result of podocyte damage.
MN is characterized clinically by non-selective proteinu-
ria, usually in the nephrotic range (>3-5 g/die), and by a
possible progression to end-stage renal disease (ESRD).
Idiopathic MN (iMN) accounts for approximately 30%
of cases of nephrotic syndrome in the Caucasian adult pop-
ulation (European annual incidence, 1-7 per 100 000), and
presents a 2 : 1 male-to-female predominance and a
median age of onset from the fourth to the sixth decades
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Table 1. Conditions and drugs associated with membranous nephropathy (secondary forms).

Common

Uncommon

Immune diseases Systemic lupus erythematosus

Infections Hepatitis B virus
Drugs and toxins
Tumours

Miscellaneous Diabetes mellitus, renal transplantation

Non-steroidal anti-inflammatory drugs (NSAIDs), gold, penicillamine
Cancers (bladder, breast, pancreas, prostate, stomach, lung)

Rheumatoid arthritis, Hashimoto thyroiditis,
Sjogren’s syndrome, psoriasis, sarcoidosis,
mixed connective tissue disease, IgG4-related
disease

Hepatitis C virus, streptococcal infection,
malaria, Schistosomiasis, syphilis, leprosy

Captopril, clopidogrel, mercury

Lymphomas, chronic lymphocytic leukaemia

Sickle cell disease, haematopoietic stem cells
transplantation

[1,2], but the disease can affect patients of all ages and eth-
nic groups. It is one of the main causes of ESRD among
primary glomerulonephritis, and 2% of kidney transplant
recipients are affected by iMN as primary renal disease [3].

In developed countries, approximately 75% of all MN
are idiopathic (or primary); the remaining 20-25% are sec-
ondary to different conditions, such as infections (hepatitis
B virus, hepatitis C virus, human immunodeficiency virus,
malaria, etc.), malignancies (lung, breast, stomach and
ovarian cancer, lymphoproliferative disorder, etc.), sys-
temic autoimmune disease [lupus, rheumatoid arthritis
(RA), etc.] and drugs (Table 1).

Pathological and clinical features

Diagnosis of both primary and secondary membranous
nephropathy relies on renal biopsy, in particular on the
finding of deposits of IgG in a granular pattern along the
glomerular capillary loop by IF (Fig. 1), particularly in the
earliest stage (I) in which the glomeruli may appear normal
on light microscopy [4].

In the next stages (II-IV) there is a progressive homoge-
neous thickening of the capillary wall, with the formation of

Fig. 1. Granular subepithelial deposits of immunoglobulin (Ig)G in a

case of idiopathic membranous nephropathy (original magnification
X 400).

projections of the GBM between deposits called ‘spikes), until
the last stage (V) in which the deposits are not recognizable
as they are completely incorporated into the GBM [5].

Some histological features may help in discrimination
between the two forms of MN (Table 2).

In primary MN, no endocapillary proliferation is usually
seen, and the presence of a pronounced mesangial prolifer-
ation implies a secondary form of MN.

IgG4 is predominant for unknown reasons in idiopathic
MN. A positive staining for non-IgG4 subclasses (IgGl,
IgG3), IgA, IgM or significant staining in the glomerular
mesangium suggests a secondary MN, often lupus nephritis
class V.

Complement component C3 is also present in approxi-
mately 50% of iMN patients, and its presence probably
reflects active, ongoing immune deposit formation and
complement activation [6].

C4 and Clq, expression of a complement activation
through the ‘classical pathway’, are often absent in iMN
and their presence is suggestive of secondary membranous
nephropathy.

On electron microscopy, the hallmark lesions are subepi-
thelial electron-dense deposits, effacement of the foot proc-
esses and expansion of the glomerular basement membrane
due to deposition of new extracellular matrix between the
deposits. The electron-dense deposits reflect the IgG and
C3 staining on IF, so in idiopathic form they are not usually
seen at subendothelial or mesangial level.

Despite the characteristics described, discrimination
between the two forms of MN can sometimes be extremely
challenging.

With disease progression, especially in severe proteinuric
cases, focal glomerular segmental sclerosis and interstitial
tubular damage is observed [7].

iMN is a chronic disease with a variable and unpredict-
able clinical outcome, which can include spontaneous
remissions and relapses. Spontaneous remission occurs in
up to 30-40% of cases [8]; the remaining two-thirds of the
patients present with persistent proteinuria, and approxi-
mately 40% of those will progress within 10 years to ESRD
[9]. Consequently, treatment with potentially toxic drugs
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Table 2. Distinctive histopathological features of secondary forms of
membranous nephropathy.

Features

Significant mesangial proliferation

e Positive staining for IgG1 or IgG3, IgA,
IgM

e Positive staining for Cl1q and/or C4

Light microscopy
Immunofluorescence

e Mesangial immunofluorescence
deposition
Electron microscopy Electron-dense deposits in mesangial and/

or subendothelial sites

Ig: immunoglobulin.

remains controversial. However, an increase of cardiovas-
cular risk, hypercoagulability, major susceptibility to infec-
tions and progressive renal failure afflict a severe and
persistent nephrotic syndrome.

The identification of reliable prognostic factors (clinical,
laboratoristic and/or histological) is extremely important
to guide any therapeutic decision. Classical predictors of
long-term progression are baseline proteinuria more than
8 g/day, male sex, important tubular-interstitial damage
and glomerular sclerosis at renal biopsy, age older than 50
years and altered renal function at onset [10].

Achieving complete remission predicts an excellent long-
term renal prognosis and those patients have an almost
100% renal survival at 10 years, whereas the number falls
to 90% with partial remission and 45% with no remission
[11].

podocytes

Immunology of membranous nephropathy
Pathogenesis

From experimental models to identification
of human antigenic targets

iMN is an excellent example of disease in which most of
the knowledge on the pathophysiological mechanisms is
derived from animal experimental studies; in particular,
the model of Heymann nephritis [12], which allowed iden-
tification of the podocyte target antigen of the autoanti-
body response in rats and showed that the formation of the
IC occurs in situ.

In theory, subepithelial IC deposits can form in three
different ways. Antibodies can bind to exogenous antigens
that localize on the subepithelial surface because of their
cationic charge and small size (Fig. 2); secondly, antigens
and antibodies can be trapped as immune complexes on
the glomerular filtration wall (Fig. 3); and finally, the anti-
gens could be endogenous constituents of a fixed subepi-
thelial structure, such as a podocyte membrane protein
(Fig. 4) [13].

In the experimental rat model of Heymann nephritis, the
subepithelial deposits are formed in situ when circulating
antibodies (resulting from either active or passive immuni-
zation of the animal) bind an intrinsic antigen in the glo-
merular capillary wall. This antigen was identified as
megalin, a glycoprotein of 516 kDa members of the low-
density lipoprotein (LDL) receptor family present, expressed
with clathrin, on the foot process of podocytes [14-17].

The binding of circulating anti-megalin antibodies to
surface megalin induces complement activation and local
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Fig. 2. Mechanism of in-situ subepithelial immune complex formation in early childhood idiopathic membranous nephropathy. Because of its

size and charge, modified, the cationic form of bovine serum albumin (BSA) reaches anionic glomerular subepithelial structures and serves as a

planted antigen with subsequent formation of immune complexes in situ. The functional impairment represented by proteinuria is the result of
formation of the membrane attack complex (C5b-C9, MAC), which leads to sublethal podocyte injury resulting in the activation of transcription

factors encoding for mediators of fibrosis and cytoskeletal podocyte rearrangement. It also increases production of potentially nephritogenic

molecules such as reactive oxygen species (ROS), proinflammatory cytokines, proteases and vasoactive molecules.
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leakage complex deposition in membranous

nephropathy. Preformed small-sized
circulating immune complexes may
traverse the glomerular basement
membrane (GBM) and deposit beneath the
podocyte. The functional impairment
represented by proteinuria is the result of
formation of the membrane attack
complex (C5b-C9, MAC), which leads to
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generation of the membrane attack complex (MAC, C5b-
C9). The immune complexes are subsequently degraded
and form discontinuous subepithelial deposits.

The functional impairment represented by proteinuria is
the result of the formation of MAC, which leads to suble-
thal podocyte injury resulting in the activation of tran-
scription factors encoding for mediators of fibrosis and
cytoskeletal podocyte rearrangement. It also increases the
production of potentially nephritogenic molecules such as
reactive oxygen species (ROS), proinflammatory cytokines,
proteases and vasoactive molecules (Fig. 4) [13,18].

However, megalin is absent in human glomeruli and its
human counterpart, the LDL receptor, is not detected in
the subepithelial immune deposits of iMN patients [19].

A fundamental step in the identification of antigens
involved in human iMN was the discovery by Ronco et al.,
in 2002, of a human counterpart to passive Heymann
nephritis in a neonate born with membranous nephropathy.

Complement

in situ IC Slaiieli e

podocytes

endothelial
cells ey (. N/
| | PtV A |

i W | | AN
| A\ oA

7\ ,|\ | /\/|\ AN AN

ey |
A /|\ |

,|\= anti-podocyte autoantibody (IgG4), A\

e.g. anti-PLA2R, anti-THSD7A, others

160

proteases and vasoactive molecules.

Maternal antibodies to neutral endopeptidase (NEP), which
crossed the placenta and bound to fetal glomerular podo-
cytes, induced the disease antenatally [20,21]. The mother
was a carrier of a homozygous deletion in the gene encoding
the protein NEP and became alloimmunized to the pater-
nally inherited neutral endopeptidase antigen expressed in
the placenta.

This rare form of MN was also the first demonstration
of the cardinal role of circulating antibodies against
intrinsic podocyte antigens in the pathogenesis of human
disease, and the detection of MAC C5b-C9 in the sub-
epithelial deposits confirmed that the role of complement
was also central in human MN.

In 2011, Debiec et al. described another rare form of
early childhood MN in which a modified, cationic form of
bovine serum albumin (BSA), derived probably from die-
tary sources and absorbed intact by the immature intestinal
tract of infants, served as a planted antigen. The size and

MAC deposits, Fig. 4. Mechanism of anti-podocyte
ROS, protein . . . .
leakage autoantibody-mediated disease in

membranous nephropathy. Circulating
autoantibodies can target surface-exposed
intrinsic podocyte proteins to form in-situ
immune deposits. The functional
impairment represented by proteinuria is
the result of formation of the membrane
attack complex (C5b-C9, MAC), which
leads to sublethal podocyte injury
resulting in the activation of transcription

W= autoAg,
e.g. PLA2R

factors encoding for mediators of fibrosis
and cytoskeletal podocyte rearrangement.
It also increases production of potentially
nephritogenic molecules such as reactive
oxygen species (ROS), proinflammatory
cytokines, proteases and vasoactive
molecules.
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charge of this exogenous antigen are responsible for its
localization at the glomerular filtration barrier, binding to
anionic glomerular structures and the subsequent forma-
tion of immune complexes in situ (Fig. 2) [22].

Both NEP and megalin were ruled out as potential anti-
gens in adult idiopathic MN, but recent evidence indicates
that the majority of patients with primary MN have circu-
lating autoantibodies to the M-type phospholipase A2
receptor 1 (PLA,R) [23].

The major human target in iMN: M-type PLA,R

In 2009, Beck et al. demonstrated the presence of circulat-
ing anti-PLA2R antibodies in 26 of 37 iMN patients, per-
forming Western blotting under non-reducing conditions
with extracts from normal human glomeruli as a source of
antigens. They observed a high-molecular-weight band
which, after partial purification using lectin chromatogra-
phy, resulted in the mass spectrometric identification of
PLA2R, a protein expressed in the podocytes.

Such anti-PLA2R antibodies were highly specific for idi-
opathic forms as they were not detected in sera of controls,
patients affected by other primary glomerulonephritis or
by secondary forms of MN. Circulating anti-PLA2R anti-
bodies of patients with primary iMN were predominantly,
but not exclusively, 1gG4. The receptor of PLA2 and 1gG4
co-localized in the immune deposits at subepithelial level,
and only the IgG eluted from the biopsy samples of iMN
patients reacted with the PLA2R. These results led to the
confirmation that the pathogenic mechanisms underlining
human iMN were similar to the one responsible of the
Heymann nephritis [23].

Circulating autoantibodies to PLA2R were detected in
approximately 70% of patient with iMN in all the different
studies performed.

PLA2R is a transmembrane glycoprotein of highly glyco-
sylated 185 kDa, and is a member of the mannose receptor
(MR) family. All MR family members have a conserved
extracellular structure, with an N-terminal cysteine-rich
domain (Cys-R), a fibronectin II-like domain (FNII) and
eight to 10 C-type lectin-like domains (CTLD) [24]. The
cytoplasmic domain is short and contains motifs important
for the constitutive recycling of these receptors, as all mem-
bers are internalized with their ligands and recirculate con-
tinuously between the membrane and the endosomal
compartment. MR family members undergo conforma-
tional shifts between a more extended conformation and a
compact, folded configuration that may be regulated by
pH, oligomerization and/or ligand binding [25]. This con-
formational shift is particularly important, because the tar-
get epitopes of the circulating autoantibodies appear to be
accessible only in one of the two conformations.

Studies of the different reactivity of iMN patients’ sera to
the native and deglycosylated forms of PLA2R show that
the autoantibodies recognize a conformational epitope,

Immunology of membranous nephropathy

and studies of high-throughput capture immunoassay
allowed the identification of putative linear epitopes [26].

In 2015, a major immunodominant epitope region was
characterized in the three most N-terminal domains of
PLA2R by US [27] and British groups [28], who each used
different technical approaches. Two major overlapping
epitopes have been identified. The first, characterized by
Western blotting of truncated extracellular domains of
PLA2R under non-reducing conditions, is a protein com-
plex consisting of the Cys-R domain, the FNII domain and
the CTLD domain 1 of PLA2R [27]. Absence of either the
Cys-R or the CTLD1 domain prevents autoantibody recog-
nition of the remaining domains. This three-domain com-
plex contains at least one disulphide bond (required for
conformational configuration) and completely blocks the
reactivity of autoantibodies with the full length PLA2R.

The second overlapping epitope was identified in the
Cys-R domain. Two peptides from the Cys-R domain
showed strong inhibition of autoantibody binding to
PLA2R by surface plasmon resonance, with a sequence cov-
ering both peptides (31-mer) producing 85% inhibition of
autoantibody binding. Anti-PLA2R antibody directly binds
this 31-mer peptide under non-denaturing conditions, and
binding is sensitive to reduction because of an internal
disulphide bond [28]. The identification of these major
PLA,R epitopes could enable future therapeutic strategies
for iMN patients, including antibody inhibition therapy
and immunoadsorption.

The physiological role of PLA2 receptor is unclear. Bind-
ing of circulating PLA2 to its receptor participates in both
positive and negative regulation of PLA2 functions as well
as in its clearance by internalization (endocytosis) of
ligand-receptor complex. PLA2R also regulates cellular
senescence through the production of ROS and the activa-
tion of the DNA-damage pathways [29].

PLA2R is expressed highly in kidney tissue and is con-
fined almost exclusively to the glomerular podocytes [30].

Predisposing gene variation for idiopathic MN

Apart from rare cases, MN is not a typical hereditary dis-
ease in Mendelian terms [31]. However, the influence of
genetic factors is well established in both rats and humans.

Genome-wide association studies have shown highly sig-
nificant associations of the 6p21 HLA-DQAI and 2q24
PLA2RI loci with idiopathic membranous nephropathy in
Caucasian European patients. These risk alleles of the two
genes had an additive effect for development of idiopathic
membranous nephropathy. Patients carrying all four risk
alleles had an odds ratio close to 80, compared with indi-
viduals who had only the protective alleles [32].

The observation that anti-PLA2R antibodies were found
in 73% of patients with high-risk genotypical variations,
while they were absent in non-carriers, supports the role of
PLA2R as a principal antigenic target in iMN [33].

© 2015 British Society for Immunology, Clinical and Experimental Immunology, 183: 157-165 161
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Additional studies are needed to explain how alleles in the
PLA2R1 and HLA-DQAI loci interact with each other to
increase susceptibility to membranous nephropathy.

A possible explanation is that a particular HLA molecule
may facilitate the autoimmune response against PLA2R
presenting it to T helper type 2 in an aberrant or exuberant
way [34].

Additional candidate antigens

Using a proteomic approach involving the use of in-vitro
human podocytes exposed to iMN patient sera, in 2012
Ghiggeri et al. identified various intracellular enzymes
[superoxide dismutase 2 (SOD2) aldose reductase AR and
a-enolase] as different targets of circulating autoantibodies
in MN [35]. These antigens co-localize in iMN patient
biopsies with MAC C5b-9 and IgG4, but they are not nor-
mally expressed highly in normal glomeruli and are not
present on the cell surface of podocytes. It is possible that
podocyte over-expression and delocalization of SOD2, and
AR may represent an anti-oxidant response preceding the
humoral immune response [35]. These characteristics sug-
gest that they are more likely to be neo-antigens exposed
aberrantly on cellular surface after the initial podocyte
damage, with the consequent production of autoantibodies
that could worsen and/or maintain the podocytes
complement-mediated damage [36]. In Heymann nephri-
tis, podocyte-produced oxygen radicals in the presence of
C5b-9 and mediate glomerular damage. In this light, anti-
SOD2 and anti-AR antibodies should follow a first auto-
immune phase [35].

The prevalence of anti-SOD2, anti-AR and anti
a-enolase antibodies in iMN is lower than that of anti-
PLA2R, reaching values of 28, 34 and 43%, respectively,
and their specificity appears not comparable to anti-
PLA2R antibodies as they are also present in other auto-
immune diseases [anti-SOD2 in systemic lupus erythema-
tosus (SLE), anti a-enolase in SLE and RA] [35]. Although
no strong association with clinical outcome was found for
any single autoantibody, follow-up proteinuria was lower
in patients who were negative for all antibodies [35].

In 2014 Tomas and Beck discovered the presence of cir-
culating autoantibodies against THSD7A (thrombospon-
din type-1 domain containing 7A), a protein of 250 kD
glomerular, in 8-14% of iMN patients’ sera negative for
anti-PLA2R. This protein shares different biochemical
characteristics with PLA2R, such as N-glycosylation, trans-
membrane localization in glomerular podocytes and serum
reactivity only in non-reducing conditions [37].

Anti-THSD7A antibodies also appear specific, as they are
not detected in healthy individual serum, in patients with
secondary MN or different glomerulopathy. Interestingly,
these antibodies are mutually exclusive with anti-PLA2R,
suggesting that PLA2R-associated and THSD7A-associated
MN are two separate molecular entities [37].

Further additional non-identified autoantigens might
exist, as 10-20% of serum samples from iMN patients are
negative for both anti-PLA2R and THSD7A antibodies.

Disease effectors: differences between
PLA2R-associated iMN and Heymann nephritis

Podocyte damage in the Heymann nephritis experimental
model is complement-mediated, as established by the pres-
ence of C5b-9 in the subepithelial deposits and the lack of
proteinuria development, with the final depletion of
complement-cascade components or the use of anti-
megalin antibodies inhibiting complement activation [38].

In human disease, the presence of complement factors
within the subepithelial deposits is well established, but
IgG4, which does not activate complement by classical or
alternative pathways, represents the predominant subclass
of IgG anti-PLA2R.

The discrepancy could have two different explanations.
The first is based on the observation that both IgG1 and
Clq are detected especially in early immune deposits [39],
and there are low levels of circulating IgG1 or IgG3 anti-
PLA2R [23] which could, possibly, be responsible for com-
plement activation through the classical pathway.

The second more probable explanation could be that
IgG4 anti-PLA2R autoantibodies can bind mannan-
binding lectin (MBL) and activate the lectin complement
pathway. Purified anti-PLA2R IgG4 autoantibodies from
iMN patients have a high ratio of GaNAC (N-acetylglucos-
amine) to Gal in a terminal position, an amino acidic
sequence not usually present in mammalian carbohydrates,
and thereby can bind to C4 through MBL in vitro [40].

In addition to activating complement, anti-podocyte
antibodies might directly change podocyte biology. Solu-
ble PLA2 (sPLa2R) is a potent proinflammatory enzyme.
Binding of sPLA2 to its receptor regulates its function pos-
itively and negatively depending on the cell type. PLA2R
could act as a clearance receptor with potentially anti-
inflammatory activity, which might be affected by an
anti-PLA2R antibody. PLA2R also regulates cellular senes-
cence, and because markers of senescence are over-
expressed in podocytes from patients with iMN, a poten-
tial agonistic activity of anti-PLA2R antibodies should be
considered [41].

Anti-PLA2R antibodies

A few years after the discovery of the role of anti-PLA2R
antibodies in iMN, many studies on their prevalence and
clinical significance have been published. Anti-PLA2R
autoantibodies have emerged as a specific and sensitive bio-
marker of idiopathic membranous nephropathy.

There are at least two commercially available tests for
the detection and quantification of circulating anti-PLA2R
antibodies (Euroimmun AG, Liibeck, Germany). The
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Table 3. Clinical value of anti-phospholipase A2 receptor (PLA2r) antibodies.

Features

Diagnostic biomarker e High specificity
e Good sensitivity

Prognostic biomarker

High serum titres correlate with:

e Increased risk of renal function deterioration

e Lower probability of reaching clinical remission or longer time to reach it

e Higher rate of recurrence

Monitoring tool

e Serum titres correlate with immunological disease activity

e Adjustment of immunosuppressive treatment based on immunological activity to limit side effects

immunofluorescence test, which provides a qualitative and
semiquantitative antibody analysis, uses biochips coated
with human embryonic kidney cells (HEK293) transfected
(or not, to serve as negative control) with the full-length
human PLA2R1 ¢cDNA and incubated with a serum sample
from the patient [42]. The enzyme-linked immunosorbent
assay (ELISA), based on purified recombinant PLA2R,
enables a more quantitative and faster identification of
anti-PLA2R than the immunofluorescence test, although
the latter is slightly more sensitive [43]. As the specificity of
these tests for iMN is close to 100%, some authors suggest
not performing a renal biopsy in selected cases (elderly,
single kidney or coagulation disorders) if the PLA2R test
is positive [44]. The sensitivity is, instead, approximately
70-80% in all the population studies carried out to date.

A low prevalence of anti-PLA2R antibodies is reported
in a secondary form of MN related to infection, drug intox-
ication, graft-versus-host disease and tumours, in which it
can be difficult to exclude a correlation of iMN with the
associated disease [45-48]. In addition, patients with MN
related to sarcoidosis or active hepatitis B may show an
increased prevalence of anti-PLA2R antibodies, which sug-
gests that immunological disorders associated with these
two diseases might induce or enhance immune response
against PLA2R [48,49].

Detection of the PLA2R antigen in immune deposits in
biopsy speciments is also possible with the use of a com-
mercial antibody after a retrieval step to unmask PLA2R
epitopes [50]. This method appears to be more sensitive
than the detection of circulating antibodies, as the PLA2R
antigen can still also be found in deposits in some anti-
PLA2R seronegative patients. Several explanations could
be proposed, including the possible rapid clearance of cir-
culating antibodies, immunological remission or kidney
biopsy performed long after disease onset. In addition, this
method allows the retrospective diagnosis of PLA2R-
related MN in archival kidney biopsy samples, especially
in patients awaiting a kidney graft, because of the possibil-
ity of a recurrence of the primitive disease on the trans-
planted kidney. Although the detection of PLA2R antigen
in biopsy specimens is promising, the measurements of
circulating antibodies appear more accessible and simpler
to perform.

Anti-PLA2R antibodies: clinical applications

In addition to the diagnostic significance of the PLA2R
antibodies, many studies have shown a correlation between
the concentration of circulating antibodies and disease
activity expressed in terms of urinary protein output. Anti-
PLA2R antibodies usually become undetectable at sponta-
neous or treatment-induced remission and re-emerge or
increase at relapse [23,51-54].

Anti-PLA2R antibody concentration also seems to pre-
dict outcome, as high serum levels correlate with a lower
probability of spontaneous or treatment-induced remission
and with an increased risk of deterioration in renal func-
tion. The time intervals from the start of immunosuppres-
sive therapy to remission are increased in patients with the
highest antibody titres [53,55,56].

Several studies have shown that partial or complete deple-
tion of anti-PLA2R antibodies precedes renal remission by
several weeks or months [51]. The time lag from immuno-
logical remission to renal remission probably corresponds to
the time required for the restoration of the glomerular filtra-
tion barrier. Monitoring of anti-PLA2R titres could also be
relevant in cases of partial remission in which the persistent
proteinuria might be due to immunological activity or irre-
versible podocyte damage, in which a continuation of
immunosuppressive therapy would have no benefit.

Furthermore, antibody titres at the end of immunosup-
pressive treatment seem to predict recurrences, as relapses
are observed more frequently in patients with high anti-
body titres after treatment [57] (Table 3).

Quantification of anti-PLA2R antibodies is becoming a
monitoring tool of immunological activity of idiopathic
membranous nephropathy; however, further studies on
larger cohorts of patients are needed to establish and con-
firm their real utility value in clinical practice.
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