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Membranous nephropathy (MN) is a heterogeneous 
group of diseases characterized by a common histopatho-
logical picture in the form of diffuse thickening and chan
ges in the structure of the glomerular basement membrane 
(GBM) as a result of subepithelial and intramembranous 
deposition of immune complexes and deposition of matrix 
material produced by affected podocytes. Podocyte injury 
resulting from the immune deposits increases glomerular 
permeability to plasma proteins, which results in proteinuria 
and potentially in nephrotic syndrome (NS). In the kid-
neys, in situ, immune complexes are formed, consisting of 
their own podocyte or exogenous antigens and autoantibo
dies produced for them, belonging to the immunoglobulin 
(Ig) G class. This leads to complement activation along the 
classical pathway with the formation of a membrane attack 
complex in the subepithelial space [1, 2].

J. Feehally, in his famous book “Comprehensive Clini-
cal Nephrology” (2016), notes that the term membranous 
refers to thickening of the glomerular capillary wall on light 
microscopy of a kidney biopsy, but the condition now called 
membranous nephropathy is determined using immuno-
fluorescence and electron microscopy. These methods re-
veal diffuse fine-grained immune deposits on immunofluo-
rescence and electron-dense deposits in the subepithelial 
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space, which are currently considered pathognomonic for 
MN (Fig. 1). Therefore, MN is a pathological diagnosis that 
is made in proteinuric patients whose glomeruli show these 
immune deposits without concomitant hypercellularity or 
inflammatory changes [3].

Although terms such as membranous glomerulonephri-
tis or epimembranous glomerulonephritis were used to name 
the disease in the past, the term membranous nephropathy 
is often preferred today, especially because of its noninflam-
matory character [4].

MN is one of the most common causes of NS in adults 
(20–40 % of cases); in children with NS, it is observed in 
less than 1 % of cases [5, 6]. It is the most common cause 
of primary nephrotic syndrome in older (> 60 years) white 
adults, but the age range is wide and patients may first pre
sent during adolescence [7]. The incidence of MN is ap-
proximately 1 case per 100,000 population per year [8]. In 
the structure of morphological variants of chronic glomeru-
lonephritis in adults, MN accounts for up to 10–23 % of 
cases [9–11].

In his excellent review article, W.G. Couser [12] notes 
that about 70–80 % of MN patients are classified as pri-
mary MN (PMN), while 20–30 % are classified as secon
dary MN. Primary membranous nephropathy is a kidney-
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specific, autoimmune glomerular disease that presents with 
increased protein in the urine associated with a pathogno-
monic pattern of injury in glomeruli. PMN is the most com-
mon cause of idiopathic nephrotic syndrome in nondiabetic 
adults worldwide, representing between 20 and 37 % in most 
series and rising to as high as 40 % in adults over 60. MN is 
rare in children (1–7 % of biopsies).

About 20 % of all cases of membranous nephropathy 
are associated with other diseases or exposures (secondary 
MN). The most common underlying causes of secondary 
MN are infections, drugs, malignancies, and autoimmune 
diseases (Table 1). The frequency of secondary MN is higher 
in patients diagnosed with MN in childhood or advanced 

ages, and detailed research should be done on the under
lying causes [12].

The first evidence for MN as a kidney-limited autoim-
mune disease was derived via the immunization of rats with 
kidney extracts (Heymann nephritis rats) in 1959 [13]; this 
animal model was instrumental in the subsequent identi-
fication of GP330 or megalin expressed on the podocyte 
surface as the antigen for membranous glomerulonephritis 
developed in Heymann nephritis rats [14].

The first confirmation that PMN in man involved an 
analogous mechanism came from Debiec et al. in Paris in 
2002, who showed that alloimmune MN in babies of neutral 
endoproteinase (NEP)-deficient mothers was mediated by 

maternal anti-NEP antibody that 
formed immune complexes in situ 
with NEP on the podocyte mem-
branes of the infant [34].

The discovery of MN-asso-
ciated podocyte surface antigens 
in humans was greatly influenced 
by research by Boston Univer-
sity School of Medicine scientists 
published in the New England 
Journal of Medicine in 2009 and 
2014. Thus, in 2009, Beck L.H. 
et al. reported the discovery of 
the M-type phospholipase A2 
receptor (PLA2R) [15], and To-
mas N.M. et al. reported the dis-
covery of the thrombospondin 7A 
domain (THSD7A) in 2014 [16]. 
Both discoveries paved the way for 
further discoveries of other sur-
face antigens of the glomerular 
basement membrane and helped Figure 1. Subepithelial deposits of immune complexes in MN [3]

Table 1. Recognized causes of anti-PLA2R/THSD7A-negative secondary membranous nephropathy  
(Couser W.G. et al., 2017) [12]

Cause Examples

Infections HBV, HCV, HIV, parasites (filariasis, schistosomiasis, malaria), leprosy, syphilis, hydatid 
disease, sarcoid

Malignancy
Solid tumors (lung 26 %, prostate 15 %, hematologic (plasma cell dyscrasias, non-Hodgkin 
lymphoma, CLL) 14 %, colon 11 %), mesothelioma, melanoma, pheochromocytoma; some 
benign tumors

Autoimmune diseases

SLE (class V), thyroiditis, diabetes, rheumatoid arthritis, Sjogren syndrome, dermatomyositis, 
mixed connective tissue disease, ankylosing spondylitis, retroperitoneal fibrosis, renal 
allografts

Anti-GBM disease, IgAN, ANCA-associated vasculitis

IgG4 disease

Membranous-like glomerulopathy with masked IgG κ deposits

Alloimmune diseases Graft versus host disease, autologous stem cell transplants, de novo MN in transplants/
transplant glomerulopathy

Drugs/toxins

NSAIDs and cyclooxygenase-2 inhibitors, gold, d-penicillamine, bucillamine, captopril, 
probenecid, sulindac, anti-TNF-α, thiola, trimetadione, tiopronin

Mercury, lithium, hydrocarbons, formaldehyde, environmental air pollution (China)

Cationic BSA (infants)
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to significantly improve the diagnosis and treatment of this 
disease. PLA2R, and to a lesser extend THSD7A, are the 
two major MN antigens expressed on the podocyte surface. 
Based on studies involving different cohorts, accumulative 
evidence reveals the presence of anti-PLA2R antibodies 
and anti-THSD7A antibodies in 50–80 and 3–5 % of PMN 
cases, respectively [17–21].

In adults, primary MN associated with the formation of 
antibodies to podocyte auto-antigens (primarily PLA2R) 
develops more frequently (70 % of cases) than secondary 
MN [12]. The peak incidence of MN occurs at the age of 
40–60 years (the average age of patients with primary MN 
is ≈ 50 years); with secondary MN, the age distribution is 
wider [22]. Among patients with PLA2R-associated primary 
MN, men predominate (the ratio of men to women is 2 : 1); 
with other variants of MN, the predominance of males is 
less pronounced [23].

About 10 % of patients with typical PMN are negative 
for both antibodies, making it probable that more autoan-
tibodies to podocyte antigens will be found. Dual expres-
sion of antibodies to both PLA2R and THSD7A has been 
reported but is rare.

In primary and secondary MN, the following antigens 
and antibodies have been identified (Fig. 2):

— In 80 % of patients with primary MN, autoantibo
dies to the PLA2R are found in the 
systemic circulation and/or in the 
kidney tissue [24].

— In 1–5 % of patients with 
PLA2R-negative MN, auto-
antibodies (mainly of the IgG4 
subclass) are detected to the 
THSD7A in the blood and/or the 
THSD7A protein in the kidney 
tissue [16]. Since THSD7A is also 
expressed in a number of malig-
nant neoplasms, the body’s anti-
tumor humoral response can also 
be directed to THSD7A localized 
in the renal glomeruli, leading to 
the development of MR [25]. Ap-
proximately 20 % of patients with 
THSD7A-positive MN are di-
agnosed with a malignant tumor 
within 3 months after the detec-
tion of kidney damage.

— In some cases of PLA2R-negative MN, neural epi-
dermal growth factor-like 1 protein (NELL-1) is found in 
the glomeruli of the kidneys, it is a protein expressed by 
various cells, including podocytes [26]. Among all forms of 
MN, NELL-1-associated MN accounts for approximately 
2.5 % of cases. In NELL-1-associated MN, autoantibodies 
of the IgG1 subclass predominate.

— In some patients with PLA2R-negative MN (mainly 
in children under 2 years of age, less often in adults), the 
transmembrane protein semaphorin 3B is found in podo-
cytes, and autoantibodies to semaphorin 3B are found in the 
circulation, mainly IgG1 or IgG3 subclasses [27, 28].

— In secondary MN associated with systemic autoim-
mune diseases (mainly class V lupus nephritis), the immune 
deposits may contain exostosin 1 and exostosin 2 proteins 
expressed by podocytes [27, 28].

— Approximately 6 % of patients with class V lupus ne-
phritis and 2.0 % of patients with primary MN express neural 
cell adhesion molecules 1 (NCAM1) in the kidney tissue, and 
antibodies to NCAM1 are detected in the blood serum [29].

The diagnosis should include an antigen pathogeni-
cally associated with the development of MN (for example, 
PLA2R-positive), since in some cases, in the absence of 
signs of a secondary disease, the distinction between pri-
mary and secondary MN can be blurred. Thus, in some 

Table 2. Interpretation of serum anti-podocyte antibody and glomerular antigen staining  
in primary membranous nephropathy [12]

Serum antibody (±) Glomerular antigen (±) Biopsied patients, % Diagnosis

Anti-PLA2R (+) PLA2R (+) 70 PLA2R-mediated PMN (active)

Anti-PLA2R (–) PLA2R (+) 15 PLA2R-mediated PMN (inactive)

Anti-THSD7A (+) THSD7A (+) 3–5 THSD7A-mediated PMN (active)

Anti-THSD7A (–) THSD7A (+) Unknown THSD7A-mediated PMN (inactive)

Anti-PLA2R/THSD7A (–) PLA2R/THSD7A (–) 10 Non-PLA2R/THSD7A-mediated 
(pathogenesis unknown)

Figure 2. Practical approach and classification of MN antigens [48]



114 , ISSN 2307-1257 (print), ISSN 2307-1265 (online) Vol. 12, No. 2, 2023

Огляд / Review

patients, PLA2R-positive MN is combined with diseases 
that can lead to the development of secondary MN (such as 
infections caused by hepatitis B and C viruses, sarcoidosis, 
malignant neoplasms, etc.) [30–33].

MN is a chronic disease, with spontaneous remission and 
relapses clearly documented. The clinical course is charac-
terized by great variability in the rate of disease progression, 
and the natural course is difficult to assess in part because 
of the selection criteria, geographic variability, and genetic 
characteristics of the subjects presented in different studies. 
Although in most patients the disease progresses relatively 
slowly, approximately 40 % eventually develop end-stage re-
nal disease (ESRD) after focal segmental glomerulosclerosis 
and lupus nephritis.

At presentation, 60 to 70 % of patients have nephrotic 
syndrome, with the remaining 30 to 40 % presenting with 
proteinuria 3.5 g/day in an otherwise asymptomatic patient. 
Although, more than 90 % of patients have no evidence of 
impaired kidney function at the time of presentation, hy-
pertension at onset is found in 10 to 20 % of cases. The pre
sence of microscopic hematuria is common (30 to 40 %), 
but macroscopic hematuria and red blood cell casts are rare 
and these findings should suggest an alternative diagnosis. 
Findings of physical examination may vary from mild pe-
ripheral edema to full-blown nephrotic syndrome, including 
ascites and pericardial and pleural effusions.

Spontaneous remissions occur in about 32 % of cases 
in an average of 14 months and up to 62 % by 5 years, and 
occur more commonly in patients with low anti-PLA2R/
THSD7A levels [35–37]. Anti-PLA2R/THSD7A levels 
generally correlate with proteinuria, clinical course, and 
outcomes [38]. The clinical consequences of PMN can be 
considered as both short and long term. In the short term, 
they include complications of nephrotic syndrome such as 
development of thrombotic and thromboembolic events 
that are proportional to the degree of hypoalbuminemia and 
increase significantly below albumin levels of about 2.8 g/L 
[39–41]. There is also an increased risk of infection, due 
primarily to urinary loss of immunpglobulins, and of car-
diovascular disease. An association with malignancies is well 
documented [42]. Cancer may be seen within 3 years in up 
to 20 % of patients over 60 and may be more common in the 
anti-THSD7A group where up to 20 % have had a malig-
nancy detected within 3 months [42–45].

The most feared long-term consequence of MN is pro-
gressive loss of renal function as occurs in 60 % of untrea
ted patients, with about 35 % eventually developing ESRD 
within 10 years [46]. Patients who never become nephrotic 
virtually never progress [47].

The KDIGO 2021 Clinical Practice Guideline for the 
Management of Glomerular Diseases, in contrast to the 
KDIGO 2012 guidelines, no longer consider a kidney bi-

Table 3. Histopathological features of primary and secondary MN [3]

Primary MN Secondary MN

Immunofluorescence microscopy

IgG4 > IgG1, IgG3
IgA, IgM absent
Mesangial Ig staining absent
C1q negative or weak
PLA2R-positive and co-localizes with IgG

IgG1, IgG3 > IgG4
IgA, IgM may be present
Mesangial Ig staining may be present
C1q-positive
PLA2R-negative

Electron microscopy

Subepithelial deposits only ± mesangial deposits rarely Subepithelial deposits ± mesangial and subendothelial 
deposits

Figure 3. When to consider a kidney biopsy in anti-PLA2R antibody-positive patients [48]



http://kidneys.zaslavsky.com.ua 115Vol. 12, No. 2, 2023

Огляд / Review

opsy to be absolutely necessary to confirm a diagnosis of 
MN in patients with NS and a positive test for antibodies to 
PLA2R [48]. However, even in these circumstances, a kid-
ney biopsy can provide important additional information.

Confirming the diagnosis of MN in patients with a com-
patible clinical presentation is pivotal in guiding manage-
ment and treatment decisions. A kidney biopsy usually is 
considered the gold standard for the diagnosis of glomerular 
disease; however, for MN, antibodies against PLA2R is a 
biomarker that can establish the diagnosis of MN with high 
accuracy and without the associated risks of a biopsy, inclu
ding insufficient tissue for a conclusive diagnosis, pain, and 
bleeding. Thus, a kidney biopsy should be done for purposes 
other than detecting MN in patients who are anti-PLA2R 
antibody-positive. There are currently insufficient data to 

support the use of anti-THSD7A antibody as a diagnostic 
biomarker for MN in lieu of a biopsy [48].

In patients who are anti-PLA2R antibody-negative, 
a kidney biopsy should be performed with staining for the 
PLA2R antigen, and this may disclose anti-PLA2R anti-
body-associated MN (Fig. 3). This can occur in patients for 
whom the serum enzyme-linked immunosorbent assay and 
immunofluorescence test are falsely negative, for example, 
because of low titers. Moreover, it has been suggested that 
antibodies may be absent in the early phase of MN, being 
captured in the kidney, and becoming detectable after pro-
longed follow-up.

On morphological examination of the biopsy speci-
men, the earliest pathological sign of MN is the formation 
of subepithelial immune complexes of IgG and comple-

Figure 4. Electron microscopy in membranous nephropathy [3]. A. Early (stage II) MN. Glomerular capillary 
wall with discrete, electron-dense deposits on the subepithelial surface of the BM corresponding to granular 

deposits of IgG detected by immunofluorescence microscopy (corresponding to light micrograph in B). There 
are diffuse, granular immune complex deposits (white asterisks) along outer surface of the capillary wall, with 
effacement of overlying podocyte foot processes. Small extensions of the BM between deposits (arrows) are 

also evident and represent the projections that are seen as spikes by light microscopy with silver methenamine 
staining. B. More advanced (stage III) MN. Two glomerular capillary loops show involvement of the BM by the 
immune complex deposition (arrows). There is prominent membrane synthesis surrounding and incorporating 
these deposits into the BM (corresponding to spikes seen on silver-stained histologic preparations). Overlying 
cells continue to demonstrate widespread effacement of foot processes. C. Morphologically advanced (stage 
IV) MN. Capillary BM is diffusely thickened; scattered electron-dense immune deposits (arrows) are present 
throughout its thickness, in addition to scattered subepithelial deposits. Overlying glomerular epithelial cells 

continue to demonstrate effacement of foot processes (adapted from C.E. Alpers, 1998)
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ment along the outer surface of the capillary wall, in which 
the glomeruli appear histologically normal and, therefore, 
can be mistaken for a disease with minimal changes if only 
light microscopy is performed. MN begins with the forma-
tion of immune complexes at the podocyte-GBM interface 
with subsequent changes in the podocyte, deposition of new 
extracellular matrix material between and around immune 
deposits, thickening of the GBM (membranous change) 
and, in some cases, focal glomerulosclerosis, tubular atro-
phy, and interstitial fibrosis. In the earliest stages of MN, 
the glomeruli and interstitial tissue appear normal on light 
microscopy, and the diagnosis is made by immunohistologi-
cal examination and electron microscopy (Fig. 3).

Although most patients with MN do reasonably well 
long term, MN is still the second or third leading cause of 
ESRD in patients with primary glomerulonephritis [3]. The 
factor still missing from most MN survival data is the much 
higher-than-expected mortality from cardiovascular disease 
or thromboembolic events seen in patients who remain ne-
phrotic. When another renal condition is superimposed on 
MN, there is often an associated acceleration in the rate of 
renal function loss. The most common conditions to con-
sider in this setting are drug-induced interstitial nephritis, 
superimposed crescentic glomerulonephritis, including an-
ti-GBM disease, and renal vein thrombosis.

Patients with primary MN who develop ESRD are gene
rally suitable candidates for kidney transplantation, although 
the disease may recur in up to 50 %. Recurrence may be 
asymptomatic and found only on protocol biopsy, but those 
with recurrence of nephrotic syndrome have a high rate of 
graft loss. A high titer positive serologic test for anti-PLA2R 
at transplantation may predict early recurrence [49–51].

Because spontaneous remission is relatively common in 
MN and because immunosuppressive treatment has adverse 
effects, it is important to assess the risk of progressive loss of 
kidney function prior to deciding about whether and when 
to implement immunosuppressive treatment. Table 4 shows 
clinical criteria that may be used to divide patients into ca
tegories of low, moderate, high, and very high risk of pro-
gressive loss of kidney function.

There are caveats to the evaluation of risk in MN. In 
most patients, it is reasonable to wait 6 months for sponta-
neous remission while using maximal antiproteinuria the
rapy. High levels of proteinuria, anti-PLA2R antibodies, or 
low-molecular weight proteinuria should lead to re-evalua-
tion earlier than 6 months. Patients with deteriorating kid-
ney function or severe unresponsive NS may be considered 
for immediate immunosuppressive therapy, as the likeli-
hood of progression is 84 % in those with a documented 
20% decrease in estimated glomerular filtration rate within 
any time period of fewer than 24 months [52]. According to 
the KDIGO 2021 recommendations [48], there is currently 
no model that combines all of these clinical considerations, 
but they suggest that in clinical practice it is useful to think 
about risk as a combination of factors (e.g., high proteinuria 
in patients with low antibody titers may be judged differently 
than high proteinuria in the presence of high antibody ti-
ters).

Relapse from a complete remission occurs in approxi-
mately 25 to 40 % of MN cases, but the timing is unpre-
dictable. Relapses have been reported up to 20 years after 
the primary remission. However, most patients will relapse 
only with subnephrotic-range proteinuria and will maintain 
stable long-term kidney function with conservative manage-
ment alone [53]. In contrast, the relapse rate is as high as 
50 % in those achieving only a partial remission. Achieve-
ment of either a complete or a partial remission, however, 
significantly slows progression and increases renal survival. 
Review of 348 nephrotic patients with MN documented a 
10-year renal survival in those with a complete remission 
of 100 %; with partial remission, 90 %; and with no remis-
sion, only 45 % [54]. A recent update suggested durability 
of remission, whether complete or partial, drug-induced or 
spontaneous, is closely related to the long-term outcome 
[53]. This offers hope that complete and partial remission 
may become acceptable end-points for clinical trials rather 
than reduction in glomerular filtration rate, which com-
monly takes years to evolve in MN [55].

Thus, the discovery in 2009 and 2014 of surface antigens 
of the glomerular basement membrane spurred scientists to 

Table 4. Clinical criteria for assessing risk of progressive loss of kidney function (KDIGO, 2021) [48]

Low risk Moderate risk High risk Very high risk

Normal eGFR, proteinuria 
< 3.5 g/d and serum 
albumin > 30 g/l
OR
Normal eGFR, proteinuria 
< 3.5 g/d or a decrease 
> 50 % after 6 months of 
conservative therapy with 
ACEi/ARB

Normal eGFR, 
proteinuria > 3.5 g/d 
and no decrease 
> 50 % after 6 months 
of conservative therapy 
with ACEi/ARB
AND
Not fulfilling high-risk 
criteria

eGFR < 60 ml/min/1.73 m2 and/or 
proteinuria > 8 g/d for > 6 months
OR
Normal eGFR, proteinuria > 3.5 g/d 
and no decrease > 50 % after 6 
months of conservative therapy 
with ACEi/ARB
AND at least one of the following:
— serum albumin < 25 g/l;
— PLA2R antibodies > 50 RU/ml;
— urinary α1-microglobulin  
> 40 µg/min;
— urinary IgG > 1 µg/min;
— urinary β2-microglobulin 
> 250 mg/d;
— selectivity index > 0.20

Life-threatening nephrotic 
syndrome
OR
Rapid deterioration 
of kidney function not 
otherwise explained
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further identify other possible antigens that play a role in 
the pathogenesis of membranous nephropathy. Today is an 
exciting time for the study of MN, as all the research and 
discovery of new antigens and biomarkers contributes to the 
further improvement of methods for diagnosing and mana
ging patients with membranous nephropathy.
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Мембранозна нефропатія: поточний стан проблеми

Резюме. Мембранозна нефропатія (МН) — автоімунне за-
хворювання ниркових клубочків, одна з провідних причин 
нефротичного синдрому. Захворювання характеризується 
гетерогенними наслідками, приблизно в 30 % випадків про-
гресує до термінальної стадії ниркової недостатності. Ви-
вчення механізму розвитку МН неухильно вдосконалюється 
завдяки ідентифікації автоантитіл до рецептора фосфоліпа-
зи А2 (PLA2R) у 2009 р. та тромбоспондинового домена 7А 
(THSD7A) на поверхні пoдоцитів у 2014 р. Приблизно 50–80 

і 3–5 % первинних випадків МН пов’язані з антитілами або 
PLA2R, або THSD7A відповідно. Наявність цих автоантитіл 
використовується для діагностики МН. Рівні антитіл корелю-
ють із тяжкістю захворювання і мають значення як біомарке-
ри при моніторингу прогресування захворювання та відповіді 
на лікування.
Ключові слова: мембранозна нефропатія; нефротичний 
синдром; базальна мембрана клубочка; протеїнурія; антитіла; 
PLA2R; THSD7A
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