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ABSTRACT 

Research on membranous nephropathy truly exploded in the last 15 years. This happened because of the application of 
new techniques ( laser capture microdissection, mass spectrometry, protein G immunoprecipitation, arrays) to the study 
of its pathogenesis. After the discovery of PLA2R as the major target antigen, many other antigens were identified and 
others are probably ongoing. Clinical and pathophysiology rebounds of new discoveries are relevant in terms of diagnosis 
and prognosis and it is time to make a first assessment of the innovative issues. In terms of classification, target 
antigens can be divided into: ‘membrane antigens’ and ‘second wave’ antigens. The first group consists of antigens 
constitutionally expressed on the podocyte membrane ( as PLA2R) that may become a target of an autoimmune process 
because of perturbation of immune-tolerance. ‘Second wave’ antigens are antigens neo-expressed by the podocyte or by 
infiltrating cells after a stressing event: this allows the immune system to produce antibodies against them that 
intensify and maintain glomerular damage. With this abundance of target antigens it is not possible, at the moment, to 
test all antibodies at the bedside. In the absence of this possibility, the role of histological evaluation is still irreplaceable. 
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While around the 75% of patients with MN have the kidney as 
unique manifestation and have been classified as ‘ idiopathic ’ and 
then ‘ primary ’ after those specific antigens were identified, an- 
other 25% of cases need to be defined as ‘ secondary ’ because they 
are contemporarily associated with a causative disease, such 
as malignancies, infections, drug reactions, or systemic autoim- 
mune diseases including systemic lupus erythematosus. 

In past decades, the research on the pathogenesis of 
MN was characterized by a ‘wave’ trend, switching cycles of 
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NTRODUCTION 

embranous nephropathy ( MN) is the most common cause of 
ephrotic syndrome among Caucasian adults while it rarely oc- 
urs in the pediatric setting. It is an autoimmune condition char-
cterized by the deposition of anti-podocyte antibodies on the 
ubepithelial layer of the glomerular capillary wall that leads 
o the thickening of the glomerular basement membrane, com- 
lement activation and glomerular capillary injury with conse- 

uent proteinuria. 
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nthusiasm and disappointment. In the early 1960s, Heymann 
t al. presented an animal model able to closely reproduce the 
uman disease, known as ‘Heymann nephritis’ ( HN) [1 ], that 
oosted the research activity on MN worldwide. This model was 
seful to define a few fundamental aspects of pathogenesis: ( i) 
he in situ formation of immune-complexes against the podocyte 
ntigen megalin; ( ii) the fundamental role of complement acti- 
ation in glomerular damage; and ( iii) the podocyte as the main 
nd unique target of the autoimmune reaction. After that, dif- 
erent animal models of MN were proposed, each one having 
ts own podocyte target antigen. However, circulating antibodies 
gainst podocyte antigens described as pathological in animal 
odels ( including megalin in HN) , were not reported in human 
N. For several decades, researchers worldwide failed to identify 

he podocyte antigens involved in the pathogenesis of human 
N, therefore the disease maintained the definition of idiopathic 

2 ]. 
In 2002, the lights were turned on again: Hanna Debiec et al.

dentified neutral endopeptidase ( NEP) as the target antigen in 
n ante-natal form of MN [3 ]. During a first pregnancy, a mother 
enetically deficient in NEP, developed circulating anti-NEP an- 
ibodies that crossed the placenta and targeted NEP on the fetal 
idney ( possessing NEP) during her subsequent pregnancy, lead- 
ng to nephrotic syndrome. However, this is an ultra-rare event,
nly a few other cases were subsequently described and a clin- 
cal screening on a large cohort of patients on circulating anti- 
EP resulted as negative [4 , 5 ]. The serendipity of this discovery 
as that NEP was the first identified human antigen in MN, but 
he pathogenesis was still far from being elucidated. 

Identification of IgG4 autoantibodies against M-type phos- 
holipase A2 receptor type 1 ( PLA2R) and, later, against 
hrombospondin type 1 domain containing 7A ( THSD7A) , two 
odocyte-expressed proteins, represented a fundamental ma- 
or step forward in defining the disease pathogenesis [6 –8 ]. Re- 
ently, circulating antibodies targeting several other membrane 
ntigens have been described in a limited number of patients 
epresenting further evolution on mechanisms of MN [8 , 9 ]. MN 

ssociated with antibodies targeting specific glomerular anti- 
ens and without any other manifestation is now classified as 
rimary . 

However, several issues are still to be clarified. Among oth- 
rs, the natural history of the disease is extremely variable and 
t is only partially correlated with the presence and/or the levels 
f circulating autoantibodies. The hypothesis that further adap- 
ive immune processes, linked to the development of antibodies 
locking reparative processes, such as oxidative protection and 
acrophages, and how they may be involved in the pathogene- 
is of MN represent the main topic of the present review [10 ]. 

LA2R1/anti-PLA2R1, the historical discovery 

n the past 20 years, the development of new technologies played 
n essential role in the research on MN: in particular, laser cap- 
ure micro-dissection allowed glomeruli to be obtained from 

enal biopsies and consented to elute only antibodies deriv- 
ng from glomeruli. They were then tested against protein ex- 
racts of podocytes previously separated by two-dimensional 
lectrophoresis ( in non-denaturing and denaturing conditions) 
nd analysed by mass spectrometry. With separation of non- 
enatured glomerular extracts, Beck et al . [6 ] identified PLA2R 
s the antigen responsible for 60–70% of cases of MN. Actually,
LA2R is identifiable also in glomeruli of healthy kidneys but 
n MN patients it probably delocalizes and co-stains with IgG 

n immune deposits [11 , 12 ]. PLA2R is a type I transmembrane 
lycoprotein with a molecular mass of about 180 kDa that be- 
ongs to the mannose receptor family. Membrane PLA2R has an 
xtracellular portion consisting of a NH2 -terminal cysteine-rich 
omain, a fibronectin-like type II ( FNII) domain, a tandem re- 
eat of 8 C-type lectin-like domains ( CTLD) and a short intracel- 
ular COOH-terminal region that acts as an internalization se- 
uence [13 ]. Its biological function is not completely revealed,
ut experimental data suggest that PLA2R is involved in apop- 
osis, being a potential tumor suppressor gene [14 ]. The bind- 
ng of circulating PLA2 IB ( formerly identified as a digestive pro- 
ein for its abundance in the pancreas) with PLA2R in glomeruli 
nduces podocyte apoptosis via the ERK1/2-cPLA2 α-AA-p53 sig- 
aling pathway. Another possible function of podocyte PLA2R 
s the interaction with collagen IV that promotes cellular ad- 
esion to the GBM and anti-PLA2R may limit this binding [15 ,
6 ]. These findings suggest that the over-expression of podocyte 
LA2R and/or its interaction with anti-PLA2R might contribute 
o kidney damage via podocyte apoptosis and/or to disarrange- 
ent of the glomerular filtration barrier. 
As previously reported, circulating anti-PLA2R antibodies 

re found positive at diagnosis in about two thirds of patients 
ith MN, with some differences according to the different study 
ohorts [17 ]. Therefore, the detection of anti-PLA2R antibod- 
es, both in sera or in glomeruli, emerged as a fundamental 
ool to differentiate primary and secondary MN forms and 
or distinguishing MN from other glomerulonephritis. Many 
uthors supported the opportunity to avoid kidney biopsy 
ith the positivity of circulating anti-PLA2R antibodies, like 

n the most recent KDIGO guidelines [18 ]. This seems sup- 
orted by many data since anti-PLA2R were almost negative in 
ephropathies different from MN; however, with the more and 
ore widespread use of antibody testing, some authors reported 
poradic non-specific positivities, such as in diabetic nephropa- 
hy, potentially due to technical problems with the ELISA test 
19 , 20 ]. The conclusion is that kidney biopsy is still fundamental 
o define MN and to characterize the histological score, in terms 
f extension of glomerual basement membrane deposits. 
Since the first reports, many cohorts were tested to evalu- 

te the potential prognostic power of the anti-PLA2R antibodies 
n respect of remission or recurrence, anticipating therefore the 
linical manifestations of nephrotic syndrome. Another point of 
nterest was whether both the presence and levels of anti-PLA2R 
ntibodies could be used to decide on therapies. Overall, results 
rom studies were not definitive [21 ]. In a recent report from the
etherlands [22 ], two cohorts of anti-PLA2R pos + MN patients 
ere treated with the same standard protocols based on a six- 
onth regimen with lower cyclophosphamide doses: circulat- 

ng anti-PLA2R antibodies were evaluated every two months and 
he treatment was discontinued in a part of patients ( the ex- 
erimental cohort) if antibodies resulted negative. The rate of 
emission resulted similar in patients with protracted therapy 
nd in those with anti-PLA2R antibody guided treatment sug- 
esting the possibility to limit immunodepression on this basis.
owever, in the experimental cohort, a few patients showed a 
clinical-serological dissociation’, both being anti-PLA2R nega- 
ive but still nephrotic or in clinical remission but with circulat- 
ng antibodies. 

Beside the above-reported clinical limits of anti-PLA2R anti- 
odies, several pathological mechanisms are still to be clarified.
mong others, the reasons why only some subjects develop an- 
ibodies against PLA2R, that is an antigen commonly expressed 
n the kidney. 

Attempts to reproduce PLA2R-induced MN in rats were only 
artially successful, as PLA2R1 is not expressed on podocytes 
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Table 1: Clinical and histological features of membrane antigens targets of autoimmunity in membranous nephropathy. 

Antigen Prevalence in iMN ( %) Associations Neo-expressed Ag IgG subclass Serum antibody in iMN 

PLA2R 65% Rare with secondary MN No IgG4 Yes 
THSD7A 1–3% Cancer 10% No IgG4 Yes 
NELL1 1–2% Cancer 30% Yes IgG1 Yes 
HTRA1 1% unknown No IgG4 Yes 
PCDH7 1% Cancer 21%Autoim. MN 14% Yes IgG4/IgG1 Yes 
SEMA3B < 1% Pediatric MN No IgG1 Yes 
EXT 1/2 2–3% Lupus MN17–38% Yes IgG1 preval. No
NCAM1 0.5–2% Lupus MN 6% No IgG1 preval. Yes 
TGFBR3 0% Lupus MN 5% No IgG1, IgG2, IgG3, IgG4 No 
FCN3 0.2% 

a Lupus MN 2.8% Yes Unknown Unknown 
CD206 1 case None Yes Unknown Unknown 
EEA1 1.2% 

a Lupus MN 4.9% Yes Variable Unknown 
SEZ6L2 0.2% 

a None Yes IgG4 > IgG1 Unknown 
NPR3 1 case None Yes Unknown Unknown 
MST1 1.2% 

a Lupus MN 2.1% Yes IgG1 > gG4 Unknown 
VASN 1.5% 

a Lupus MN 11% Yes IgG1 Unknown 
PCSK6 0.7% 

a NSAID use Yes IgG4/IgG1 Unknown 
NDNF 0.4% 

a syphilis Yes IgG1, IgG2, IgG3 Unknown 

a means that prevalence was evaluated only in one case series. 

m  

a
m
t  

a  

i  

c  

t  

d  

o
m
x
m

N

A  

T  

[
t  

o  

M
l
T  

e
n
a  

(
P  

i  

b
a
m
t  

m
s
T
a
w

b

g  

p  

k  

S  

i  

M  

e
7
m
(  

n
(
t  

(
h
t  

2
 

a  

c
 

i  

i  

d  

I  

n  

p  

l  

r  

d
 

i  

v  

o  

p  

a  

c
d

h  

T  
embrane in rodents. In 2023, Tomas et al . [23 ] engineered
 transgenic model where human PLA2R was expressed on 
ice podocytes. Animals spontaneously developed massive pro- 

einuria and typical renal lesions of MN after four weeks on
n immulogic basis, since de novo MN was completely abol-
shed in Rag2-deficient mice that lack both mature B and T
ells. Two issues in transgenic mice for human PLA2R remain
o be explained: the first is why all mice develop MN that
oes not fit with the heterogeneity of human MN, the sec-
nd is that circulating anti-human PLA2R do not recognize 
ouse-PLA2R, thus leading to consideration of a mechanism of 
eno-immunization and not a proper model of human-PLA2R- 
embranous nephropathy. 

ovel membrane antibodies in the clinical contests 

fter a few years from the first report on anti-PLA2R, in 2014,
HSD7A was identified in a few cases of negative-PLA2R MN
7 ]. THSD7A is a 250-kDa multidomain trans-membrane pro- 
ein expressed by podocytes in healthy conditions, and in anal-
gy with PLA2R, the expression pattern of THSD7A changes in
N patients, becoming more granular and acquiring the co- 

ocalization with IgG in sub epithelial immune-deposits. Anti- 
HSD7A were found positive in about 3–5% of MN. Of inter-
st, circulating anti-THSD7A resulted positive only in anti-PLA2R 
egative patients and, moreover, human anti-THSD7A can re- 
ct with podocytes THSD7A in mice. In fact, only rare reports
 overall, six cases) described the coexistence of THSD7A and 
LA2R in immune deposits of the same patient [21 ], suggest-
ng that they are independent in inducing MN lesions, proba-
ly based on different pathogenetic mechanisms. Differently to 
nti-PLA2R, anti-THSD7A antibodies are often associated with 
alignancies and neoplastic cells may express THSD7A. The ec- 

opic expression of this protein may activate a ‘non-self’ im-
unization with consequent antibodies production and depo- 
ition on podocytse. The homology between mouse and human 
HSD7A is important because the pathogenetic involvement of 
nti-THSD7A was easily demonstrated, inducing MN in mice 
ith the sole injections of human purified antibodies. 
More recently, a bunch of different glomerular antigens have 

een described in MN. This happened because the technolo- 
ies utilized in identifications of new antigens have been sim-
lified in two steps, protein G immunoprecipitation of frozen
idney tissue and characterization by mass spectrometry [8 ].
ubsequent tissue co-localization with IgG acts as the val-
dation test. A probably not fully comprehensive list of all
N antigens is: neural epidermal growth factor-like 1 ( NELL1) ,
xostosin 1/2 ( EXT1/2) , serine protease HTRA1, protocadherin 
A ( PCDH7) , semaphorin 3B ( SEMA3B) , neural cell adhesion 
olecule-1 ( NCAM1) , transforming growth factor beta receptor 3 

 TGFBR3) , protocadherin FAT1 ( PCDH FAT1) , contactin 1 ( CNTN1) ,
eural cell adhesion molecule-1 ( NCAM1) , netrin G1, vasorin 
 VASN) , ficolin 3 ( FCN3) , macrophage stimulating 1 ( MST1) , na- 
riuretic peptide receptor 3 ( NPR3) , early endosome antigen 1
 EEA1) , cluster of differentiation 206 ( CD206) , seizure-related 6 
omolog like 2 ( SEZ6L2) , proprotein convertase subtilisin/kexin 
ype 6 ( PCSK6) and neuron-derived neurotropic factor ( NDNF) [8 ,
4 –30 ] ( Table 1 ) . 

The global prevalence of each of these antigens varies from
 single case described to about 3% of MN cases. Some of them
laim a brief description to discuss their peculiar aspects. 

NELL1 is probably the most intriguing antigen. It is described
n MN ( prevalence 2%) but it has the higher known prevalence
n cancer-associated MN ( 33%) and it has been described also in
rug, autoimmune and infection-associated MN [31 ]. In all cases
gG1 is the prevalent isotype present in immune deposits. It is
eeded to highlight the fact that NELL-1 is not expressed by the
odocyte in normal conditions [25 ]. All these characteristics ( i.e.
ack of specificity, IgG1 prevalence and podocyte neo-expression)
aise the possibility that a unique disease pathogenesis lies un-
er NELL-1-associated MN. 
Another target protein that is not expressed by podocytes

s PCDH7, a transmembrane protein highly present in the ner-
ous system [27 ]. The estimated prevalence [25 ] of PCDH7 is 1%
f MN cases and its peculiar characteristics are sub-nephrotic
roteinuria and low complement deposition. Both of these two
spects may suggest that PCDH7 is a ‘late’ antigen that be-
omes identifiable after the causative antigen/antibody complex 
isappeared. 
Among unique details that differentiate antigens, SEMA3B 

as been described only in pediatric MN and EXT1/2, NCAM1,
GFBR3 that have a high prevalence in membranous lupus
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Table 2: Clinical and histological features of ‘second-wave’ antigens targets of autoimmunity in membranous nephropathy. 

Antigen Prevalence in MN ( %) Associations 
Neo-expressed 

podocyte antigen IgG subclass 
Serum antibody in 

MN 

AR 32% Unknown Yes IgG4 Yes 
SOD2 28% Unknown Yes IgG4 Yes 
AENO 41% Rheumatoid 

Arthritis IgG1/IgG3, 
82% Lupus MN IgG2 

Yes IgG4 Yes 

FMN-1 50% FSGS, IgAN No ( antigen is 
present in tissue 
macrophages, not 
on podocytes) 

Unknown Yes 
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ephritis ( 5–30%) . It is, however, noteworthy that anti-EXT1/2 
nd TGFBR3 were never found in sera, neither in reducing nor 
ot-reducing conditions, questioning whether they are real tar- 
et antigens or only a histologic marker of the disease [2 ]. 

ctivation of the complement cascade, a mechanism 

or proteinuria in MN 

omplement cascade has a key role in MN and several compo- 
ents, such as C3 and C5b-9 or MAC, can be localized by im- 
unofluorescence and by proteomics in biopsies of patients 
ith MN [33 ]. The formation of MAC appears central to deter- 
ine the acute glomerular damage and proteinuria that follow 

eposition of specific antibodies in MN and there is consensus 
n considering that complement participates to worsen renal 
unction in either humans and animal models [32 –35 ]. The di- 
ect correlation between complement and glomerular damage 
n MN has been clearly demonstrated in complement-deficient 
ice immunized with THSD7A which developed limited or no 

esions compared with wild-type littermates [33 ]. 
However, complement involvement in MN appears as a para- 

ox since IgG4, the typical isotypes of all MN autoantibodies,
re poor activators of the complement system [36 ] and the com- 
lement pathway activated in MN is not completely elucidated.
lassical pathway activation of C1q-by IgG binding in patients 
ith both anti-PLA2R1 and anti-THSD7A MN was found, ma- 

or for IgG1, IgG2, and IgG3 but not the IgG4 score. In the same 
tudies, IgG4 were found to activate the lectin pathway via the 
annose-binding lectin ( MBL) and the associated serine pro- 

eases ( MASPs) with a direct correlation with C4bC2b C3 conver- 
ase activation in a subset of cases. Therefore, in MN the comple- 
ent may be activated through the classical pathway by IgG1-3 
nd through the MBL pathway by IgG4 on the other hand [33 ]. 

Other studies utilizing the combination of laser microdis- 
ection of glomeruli and proteomics of glomerular eluates con- 
rmed the conclusions above. Sethi et al . [37 ] showed a rele- 
ant increase of either C3 or C4A complement components as 
 consequence of the MBL-pathway activation. In line with this,
igh circulating levels of MBL were also found in association 
ith anti-PLA2R IgG4, but not in their absence [38 ]. In vitro, anti- 
LA2R1 IgG4 autoantibodies were able to activate the MBL path- 
ay and induce injury in podocytes [39 ]. Finally, anti-PLA2R IgG4 

nduced MN also in MBL-deficient mice [40 ], supporting the pos- 
ibility of an alternance with the classical pathway. It has been 
ecently shown that IgG4 can activate the classical complement 
ascade, but only at high antigen and antibody concentrations 
41 , 42 ], therefore confirming the concept on activation of the 
lassical complement pathway in MN and proposing that also 
gG4 at a high concentration may be involved in the mechanism.

econd-wave antibodies and their potential role in the 
daptive contest 

nti-SOD2, anti-AR, anti-ENO 

t the same time as the PLA2R discovery, using the same laser
icrodissection and separation of proteins in denaturing condi- 

ions, our research group identified three other target antigens 
hat were neo-expressed by podocytes in MN and co-localized 
n the sub-epithelial deposits with IgG and C3, the major one of 
hich was superoxyde dismutase 2 ( SOD2) [9 ]. SOD2 is an an- 
ioxidant enzyme playing a major role in protecting cells from 

n oxidative injury that is generically up-regulated following 
nflammatory stimuli. An increased SOD2 expression was ob- 
erved in glomeruli of mice injected with anti-THSD7A autoanti- 
odies and in podocytes stimulated in vitro by IgG4 purified from 

N patients [43 ], suggesting that an oxidative stress takes place 
ollowing auto-antibody deposition in MN. SOD2 is critical to re- 
uce intracellular lipid peroxidation and cell death. Because the 
ntioxidative effect of SOD is strongly dependent on its expres- 
ion levels [44 ], anti-SOD2 autoantibodies may alter the antioxi- 
ant protective effect by reducing SOD2, worsening the outcome.
ldose reductase ( AR) and enolase ( ENO) completed the panel 
f neo-expressed antigens in MN [9 ]. Circulating anti-ENO were 
rst described in serum of MN patients in 1999 by Wakui et al.
45 ] and then confirmed by Kimura et al. [46 ] in 75% of primary
nd secondary MN, in association with anti-PLA2R in the for- 
er group. These authors could not detect ENO in sub-epithelial 
eposits. 
Subsequent studies confirmed high circulating levels of IgG4 

ntibodies against all the neo-expressed podocyte antigens 
 SOD2, AR, and ENO) in a large cohort of MN patients [10 , 47 ]. It
as proved that antibodies coexist with different combinations 

n different patients, positive or negative for either circulating 
nti-PLA2R and anti-TSHD7A antibodies. Anti-SOD2 serum 

evels were associated with nephrotic proteinuria and anti-ENO 

ith reduced renal function [10 ]. Overall, a multi-signature 
nalysis better predicted a clinical outcome in MN patients [10 ].
his class of antibodies was defined as a ‘second wave’, to be 
istinguished from those classically involved in MN genesis 
 anti-PLA2R, anti-THSD7A, and potentially others) that target 
embrane proteins in glomeruli and represent the first hit 
f the disease ( Fig. 1 ) . A crucial characteristic of second-wave 
ntibodies is that they are not specific for MN, but may be 
lso involved in other glomerulonephrites, typically in lupus 
ephritis, as key adaptive phenomenon [48 ]. 
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Figure 1: Scheme reproducing the possible steps of MN and the interactive nature of first and second autoimmune hits. 
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nti-FMNL1 

 further group of second-wave antibodies ( the major of which 
re anti-formin-like 1 protein or FMNL1) has been recently dis- 
overed by utilizing ‘peptide arrays’, a new technology derived 
rom pharmacology research and able to characterize binding 
pitopes of monoclonal antibodies [49 , 50 ] and to define autoan-
ibody signatures in several diseases [51 ]. Peptide arrays con-
ist in 7 499 126 encompassing tiled peptides of 16 aminoacids
ach ( covering the whole protein sequences coded by the human 
enome) linked to solid matrices to allow a direct interaction 
ith human serum [52 ]. In this way, sera of MN were incubated
ith all the peptides of the customized array and the intensity
f the relative fluorescence deriving from their interaction was 
ligned in sequence by informatic technologies to identify a sin-
le protein ( 34 peptides differing only by one amino acid can
dentify a protein) . High anti-FMNL1 IgG4 were demonstrated in 
era of MN patients and in glomeruli where they co-stained with
D68 that is the marker of macrophages ( Fig. 2 ) . FMNL1 is, in
act, a part of the formin family involved in actin-dependent pro-
esses, including migration, vesicle trafficking, and morphogen- 
sis of macrophages [53 , 54 ]. Circulating anti-FMNL1 IgG4 were 
ssociated with lack of remission of proteinuria in MN patients
52 ], strengthening the concept that autoantibodies directed to 
ells of the tissue repair have a definite role in determining the
isease outcome. 

he second-wave antibodies hypothesis in MN 

ased on the data reported above, it is clear that the pathogen-
sis of MN is not so simple as previously speculated. The ‘one-
ize-fits-all’ hypothesis, with one antigen playing as the only 
ctor on the stage, does not stand the test of experimental data.
n fact, even if a single podocyte antigen probably stimulates
he first-hit of the disease, it is highly probable that many other
ifferent antigens are involved in the pathological mechanisms
nd in the self-maintaining. Experimental data suggest that the
rst antigen is a protein normally expressed on the podocyte
urface or on GBM that in healthy conditions is not immuno-
enic. This is either because it is recognized as a ‘self’ protein or
ecause it is expressed in an area of ‘immunologic tolerance’, as
he glomerular urinary area is considered. One perturbing event
cting as a trigger may stimulate a self immunisation against
his antigen, leading to podocytes damage and stimulation.
ctivated podocytes and stress conditions may favour the
xpression of many proteins on the cellular surface [55 ]. These
eo antigens ( ie. AR, SOD2, ENO, formin, and others) become
argets of a new wave of immunization that leads to their
o-localization with IgG and complement in immune deposits.
ome of them were also found to be autoimmunity targets in
ther nephropathies such as lupus nephropathy [56 ]. This lack
f specificity is not in contrast with their involvement in MN,
ut suggests a common pathway of podocyte deregulation and
ctivation. As an example, the main difference found between
N and systemic lupus erythematosus is the IgG isotype: in

hese cases a few targets are the same but differ for the isotype
f the antibody that is IgG4-predominant in MN and IgG2 in lu-
us nephritis. This may open the question about the reason for
hese differences that should be linked with extra-renal factors.

It is clear that all of these second-wave antigens are not in-
olved in the first pathological steps of MN, but in the main-
enance of the disease. Therefore, based on previous findings
e can speculate a time-course between the primary antibod-

es that may have been cleared when the second wave is still
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Figure 2: Stainings of a renal bioptic fragment from a patient with MN with anti-CDl8 and anti-FMNL1 antibodies immunoperoxidase staining. 
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resent and worsened the glomerular damage. Based on that,
t seems clear that focusing on only one antigen, as suggested 
y KDIGO guidelines, might not be enough to have a complete 
verview to provide a good treatment to the patient. This may 
e valid both in diagnosis and in the follow-up. 

An important limitation of the ‘second wave’ theory is that it 
s largely based on data produced by a single group of research 
nd have only limited confirmation outside [46 ]; a second issue 
s the ‘non-specificity’ of these antibodies. However, the pres- 
nce of second-wave antibodies in other glomerulonephritis,
uch as in lupus nephritis, should not be a weakness if one 
ccepts the idea that addictive mechanisms for progression 
f the renal damage may intervene during the evolution of 
he disease and may even be of the same importance as the 
rst hit. Their association with the outcome in MN patients 
lso strengthens the concept that addictive mechanisms of 
rogression ( such as the block of anti-oxidant mechanisms in 
he case of anti-SOD2 antibodies) have a key role and should 
ecome of interest for either pathologists and clinicians. The 
iscovery of anti-FMNL1 antibodies also underscores the role 
f macrophages in glomerulonephritis that was recognized 
ears ago either in experimental [57 ] and human [58 ] glomeru- 
onephritis, with a differential effect depending on the M1 
 pro-inflammatory) and M2a-M2c ( protective) phenotypes [58 ].
t is probably time to extend our interest on mechanisms that 
re involved in protection ( SOD2) and/or in regeneration of 
enal tissue that follows the inflammatory phase triggered by a 

rst hit. 
linical considerations 

N is a potentially evolving condition that may lead to end- 
tage kidney disease ( ESKD) in 30% of cases generally over 10–
5 years of disease. Therapeutical startegies targeting antibod- 
es’ production with concomitant corticosteroids and cyclophos- 
hamide and more recently with anti-CD20 monoclonal anti- 
odies, appeared as equivalent in inducing partial or completed 
ephrotic syndrome remission [59 ]. However, kidney disease 
rogression is not homogeneous and contextual with high levels 
f circulating anti-PLA2R and ‘second wave’ antibodies at diag- 
osis represent an independent risk factor of kidney failure [10 ].
As previously mentioned, 30% of patients with a diagno- 

is of MN have a spontaneous long-standing remission. They 
hould be identified prior to administering any immunosup- 
ressive therapies, with the aim to limit any possible adverse 
vents. Levels and persistence of serum antibodies should cor- 
elate with the intensity of pro-inflammatory and oxidative ef- 
ect in glomeruli, as animal models seem to indicate [43 ]. The
oncomitance of circulating anti-SOD antibodies plays a neg- 
tive effect, limiting the antioxidant repairing effect of SOD 

43 ]. Therefore, both anti-PLA2R and anti-SOD antibodies rep- 
esent potential biomarkers to define the grade of renal injury 
nd should be measured in MN patients at diagnosis. The re- 
ults on the 1-year outcome of proteinuria and renal function 
n 285 patients of the Italian cohort of MN definitively strength- 
ned this concept: the entire cohort was divided into four sub- 
roups depending on combination of anti-PLA2R and anti-SOD2 
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ositivity ( ie. PLA2R + /SOD2 + , PLA2R-/SOD2-, PLA2R + /SOD2-,
LA2R-/SOD2 +) and were followed for 1 year during which they
eceived standard of care. As main results, 50% of PLA2R-/SOD2- 
ad complete remission of proteinuria after 1 year compared to
5% of PLA2R + /SOD2- patients. Of relevance, single anti-SOD2 
ositivity ( PLA2R-/SOD2 +) or its combination with anti-PLA2R1 
 PLA2R + /SOD2 +) significantly increased the risk of reducing re-
al function under 60 ml/min at 12 months of follow-up [10 ].
herefore, the definition of the multi-panel positivity referred to 
nti-PLA2R and anti-SOD2 antibody is key to predict the clinical
utcome of MN patients. Patients negative for both antibodies 
ave a good outcome, suggesting that positivity for other mem-
rane antigens more recently discovered ( not together with anti- 
LA2R) does not modify the favourable clinical outcome. Despite 
n apparent interest, the clinical application of a multi-panel 
iomarker approach is limited by reasons already discussed in 
he preceding paragraph. It is possible that the application of a
ulti-panel approach could better predict the outcome and fills 
 space that is left unresolved by current research on causative
ntibodies ( anti-PLA2R in this case) . Personal unpublished ob- 
ervations on a predictive role of anti-FMNL1 in lupus nephri-
is go in this direction and may re-open a discussion on a wide
echanism for renal progression. 
Also, therapies should be modeled considering that the anti- 

ody panel at diagnosis may influence the outcome. In clinical
rials recruiting hundreds of patients, the random assignment 
o different therapeutic regimen should reduce or null the im-
ortance of this bias, but the presence or not of second-wave
ntibodies should be considered in cases of clinical studies with
 limited number of enrolled MN patients. 
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