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Abstract

Membranous nephropathy (MN) is an immune complex-mediated cause of the nephrotic 

syndrome that can occur in all age groups, from infants to the elderly. While systemic disorders 

such as hepatitis B infection or lupus may more frequently cause secondary MN in the younger 

population, primary or “idiopathic” MN has generally been considered a disease of adults. Recent 

progress in our understanding of primary disease was recently made when the target antigen in 

primary MN was identified as the M-type phospholipase A2 receptor (PLA2R). Circulating anti-

PLA2R antibodies may serve both as a diagnostic tool for distinguishing primary from secondary 

disease, and as a biomarker for monitoring the immunological activity of this organ-specific 

autoimmune disease during treatment. Whereas definitive therapy for secondary forms of MN 

should be targeted at the underlying cause, immunosuppressive therapy is often necessary for 

primary disease. Alkylating agents in combination with corticosteroids, as well as calcineurin 

inhibitors (+/− steroids), are first line agents due to randomized controlled trials in an adult 

population with relatively long durations of follow-up. However, rituximab, mycophenolate and 

ACTH have shown promise in smaller and/or observational studies. The optimal therapy for 

children and adolescents with MN is less well defined.
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Introduction

Membranous nephropathy (MN) is one of the most common causes of adult nephrotic 

syndrome, but occurs less frequently in children. Despite its under-representation in the 

pediatric population, MN in its various forms can be found at any age from early infancy to 

the very elderly. Its underlying etiology may be primarily autoimmune (“idiopathic”) or 

instead secondary to infections, other systemic autoimmune processes, drugs, malignancy, 

or even dietary antigens. Although mild and self-resolving in certain cases, in others, MN 

can lead to major complications of the nephrotic syndrome and progression to end-stage 

kidney disease (ESKD).
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Due to the relative infrequency of MN compared to other causes of pediatric nephrotic 

syndrome such as minimal change disease (MCD) or focal and segmental 

glomerulosclerosis (FSGS) [1], the current literature on pediatric MN is sporadic and 

limited. Much of what we know about treatment has been extrapolated from studies in the 

adult population. Since the most recent review of the topic [2], a renaissance in our 

understanding of MN, with implications for both adult and pediatric disease, has occurred 

with the identification of the M-type phospholipase A2 receptor 1 (PLA2R) as the major 

autoantigen in primary MN. This review will highlight these latest findings in MN, with 

emphasis on the pediatric population where possible, and the reader is additionally directed 

to several excellent reviews on adult and pediatric MN [2,3].

Histology and types of MN

It is important to recognize from the outset that the term “membranous nephropathy” merely 

describes a histopathologic pattern identified on kidney biopsy and not a unique disease 

entity. The thickened appearance of the glomerular basement membrane (GBM) resulting in 

the name “membranous” is a consequence of the antibody/antigen deposits that form 

beneath the podocyte as well as the extracellular matrix that forms around them. This newly-

formed matrix gives rise to the spikes characteristically seen on Jones’ silver stain, whereas 

the deposits themselves result in the fine granular capillary loop pattern seen on 

immunofluorescence (IF) and the subepithelial electron dense deposits seen by electron 

microscopy (EM; see more below). MN has traditionally been broken into primary or 

“idiopathic” disease, and secondary disease due to other systemic illness or exposures. 

Whereas the majority of adult MN is primary in nature, and is often associated with 

autoantibodies against PLA2R, secondary disease appears to be more common in the 

pediatric population, comprising up to 75% of pediatric MN in selected cohorts, especially 

below the age of 10 [2]. Commonly reported causes of secondary disease in the pediatric 

population are hepatitis B virus (HBV) infection or systemic lupus erythematosus (SLE). 

Clues to a secondary cause may come from the biopsy: the presence of subendothelial 

deposits, a “full-house” pattern on immunofluorescence, or the absence of IgG4 (when 

stained for) as the predominant IgG subclass can all be suggestive of secondary MN [4].

The hallmark feature of MN is the presence of immune deposits in a subepithelial (early) or 

intramembranous (late) position and is best appreciated by EM. The injured podocyte 

increases synthesis of basement membrane components that accumulate around the deposits, 

which can be characterized by the Ehrenreich-Churg staging system [5]. Stage 1 MN is 

defined by small and sparse subepithelial deposits immediately adjacent to the podocyte foot 

processes. Stage 2 MN is characterized by global subepithelial deposits separated by 

projections of newly-formed matrix material. In stage 3, the intervening projections of GBM 

envelop the subepithelial deposits such that they become intramembranous deposits. Stage 4 

reflects a remodeling phase, in which the deposits become more electron-lucent as they 

undergo absorption.

This staging system does not have precise clinical implications in either adult or pediatric 

populations, as no significant correlation with clinical presentation (eg degree of proteinuria 

or renal function) or prognosis has been found. Furthermore, “progression” from one stage 
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to another (eg stage 2 to stage 3) does not necessarily indicate worsening disease but can 

also be seen with resolution [6,7]. It should be noted that a ‘stage 0’ has recently been 

defined as the presence of IgG ± C3 staining in a capillary-loop pattern in the absence of 

electron-dense deposits by EM [8]. This occurs in recurrent disease that is detected early in 

the course of transplantation by protocol biopsy and is due to the fact that IF staining is more 

sensitive than EM in the detection of miniscule immune deposits.

The light microscopic appearance of early MN may be unremarkable or show only subtle 

abnormalities. In more advanced stages there is diffuse thickening of the glomerular 

capillary walls, and as noted above, spikes and “craters” (non-staining spaces in tangential 

sections, corresponding to the deposits) may be noted on silver stain with advancing disease 

stage. By IF, IgG and C3 are seen in a granular, capillary loop pattern. The IgG4 subclass is 

dominant or co-dominant in primary or idiopathic disease, although IgG1 may predominate 

early in disease [9]. The presence of C1q, especially in the presence of IgA and IgM, should 

suggest a possible diagnosis of lupus or other secondary cause.

A histological variant of MN exists in which the deposits are present in a segmental fashion; 

such segmental MN was found to be more common in children (29%) than in adults (2.4%) 

[10]. The vast majority of these cases were positive for C1q and exhibited mesangial 

deposits, although there was no clinical or serological evidence of lupus. Although this 

pattern has been described in several cases as a “resolution phase” of global MN, the 

possibility of a separate entity is suggested by its stability on serial biopsies in some cases 

[10].

Prevalence and epidemiology

The prevalence of primary MN in the pediatric population is difficult to know with certainty, 

and most data come from single-center or national biopsy registries. Because many pediatric 

patients with steroid-sensitive nephrotic syndrome are never biopsied (since biopsies are 

typically performed only for steroid-resistant nephrotic syndrome and/or worsening renal 

function), the relative prevalence of MN versus MCD and FSGS is unclear. In one of the 

larger studies, a series from Pakistan that investigated 538 children who underwent biopsy 

for idiopathic nephrotic syndrome, the overall rate of MN was 8% [11]. Importantly, in this 

series there was a significant difference between the 3% rate of MN in children younger than 

13 and the 18.5% rate found in adolescents (13–18 years old). An identical rate was found in 

adolescents with idiopathic nephrotic syndrome in a U.S. cohort [12]. Another study 

reported that the incidence of MN was 1% in children 1–12 years of age but increased to 

22% in children between the ages of 13 and 19 years [13]. Summary prevalence rates in the 

1–5% range [2] may therefore partly reflect the proportion of younger children within each 

cohort studied. For example, a recent retrospective chart review of children in New York 

found that MN accounts for approximately 3% of renal biopsies [14]. However, adolescents 

represented only a minority of MN cases; the mean age at presentation was 9.6±4.6 years 

(range: 4–17 years). This study also tabulated demographic data from other studies looking 

at the prevalence of pediatric MN, and found similar median ages of presentation, with onset 

of disease ranging from infancy to young adulthood. While not all studies showed a male 

predominance, the ratio of affected males to females in aggregate was 112:70 [14]. In a 
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systematic review of the literature including 40 studies on the incidence of primary GN from 

Europe, North and South America, Canada, Australasia and the Middle East, the incidence 

rate of MN in children is estimated at around 0.1/100,000 per year compared to adults at 

1.2/100,000 per year [15].

Clinical manifestations and prognosis

The majority of patients with MN have all the features of the nephrotic syndrome, including 

heavy proteinuria, tissue edema, hypoalbuminemia, hyperlipidemia and lipiduria. The onset 

of the edema in MN is typically more gradual than that seen in MCD or primary FSGS and 

thus the precise onset of disease may not be clear. The prevalence of edema in children is 

not well reported. One study reported a prevalence of 38%, which mirrored the percentage 

of cases who exhibited nephrotic-range proteinuria [14].

Due to the low prevalence of MN in the pediatric population and to disparate etiologies of 

disease, it is difficult to generalize about natural history or prognosis. Children do seem to 

have better outcome than adults [2], and patients of Asian ancestry seem to have a better 

long-term prognosis than other ancestries [16]. Renal function is almost always normal in 

children at presentation [14] and to a somewhat lesser extent in adults. However, while 30–

40% of adult patients may eventually develop renal insufficiency [17] progression to renal 

failure in children is the exception [18]. Despite this, there remains a substantial concern that 

MN, if left untreated, will progress to worsening or loss of kidney function. Most studies 

have found that 21–29% of patients show decreased kidney function at final follow-up [14]. 

The U.S. Renal Data System 2012 Annual Data Report found that 0.6% of incident cases of 

pediatric ESKD are due to MN, with a median age for reaching ESKD of 17 [19]. 

Individually-based decisions about treatment (see below) are therefore paramount in order to 

minimize the risk of progression to renal failure.

Hematuria is not typically considered a feature of adult MN, although microscopic 

hematuria may be found in the setting of heavy proteinuria. In pediatric cases of MN, 

however, hematuria is more common and has been reported in up to 69% of patients [14]. 

Among those of Asian ancestry, the prevalence of hematuria has been reported to be as high 

as 92% and 100% in cohorts of MN cases from Japan and China, and gross hematuria was 

found in 30% and 28%, respectively [20,21].

Hypertension is seen at presentation in approximately one third of in adult patients with MN. 

Although reported rates in children are variable, hypertension appears to be less common in 

the pediatric MN population [7,14,21]. Thromboembolism is a significant life-threatening 

complication of nephrotic syndrome and thromboembolic events are more common in MN 

than in other causes of the nephrotic syndrome. Children (2.8%) are less likely than adults 

(26.7%) with nephrotic syndrome to develop thromboembolism [22]. Some of the major 

features that distinguish pediatric from adult disease are presented in Table 1.

The Heymann nephritis animal model of MN

Our understanding of the pathogenetic mechanisms involved in MN has largely come from 

decades of work in the Heymann nephritis (HN) experimental rat model of MN, first 
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described more than 50 years ago [23]. The longevity of this model is due to its faithful 

reproduction of the clinical and histological aspects of human disease. We will use HN to 

briefly introduce some of the concepts that will become important later in this review. For 

more information on this model, the reader is directed to a more comprehensive review of 

this topic [24].

In HN, rats are either actively or passively (via heterologous antibodies raised in sheep) 

immunized against an antigenic fraction of rat proximal tubular brush border known as 

Fx1A. A prevailing theory at the time of this model’s inception suggested that the 

subepithelial deposits that ultimately formed beneath the podocytes were due to circulating 

immune complexes that possessed the appropriate physicochemical properties to pass 

through the endothelial layer and GBM and to deposit beneath the podocyte. Other potential 

mechanisms to explain the development of the subepithelial deposits were the presence of a 

putative intrinsic glomerular antigen in this location, or instead a circulating antigen that 

became “planted” in the subepithelial location. It was not until the late 1970s that two 

research groups independently demonstrated that the antibodies to the brush border antigenic 

fraction actually bound in situ to an intrinsic antigen that was likely a component of the 

podocyte foot process [25,26]. The pathogenic antigen in HN was later identified as the 

large transmembrane glycoprotein, megalin [27], which is involved in protein reuptake in 

the proximal tubular brush border of most mammalian species. In rats, megalin is 

additionally present on the podocyte foot process, a location that provided a rational 

explanation for the mechanism underlying the formation of the subepithelial deposits [28]. It 

was subsequently shown that immune deposits located at the base of the foot processes are 

rapidly shed from the cell membrane into the GBM [29]. Activation of the complement 

cascade by the immune complexes via the classical pathway leads to insertion of the 

terminal complement components C5b-9 into the podocyte cell membrane, causing sublethal 

injury, changes in cellular signaling and cell architecture, and proteinuria (reviewed in [30]). 

Such pathological events are considered to generally hold true in human disease as well, 

despite more limited evidence.

Fetomaternal alloimmune MN

Megalin, the HN antigen, is not expressed by human podocytes and with this realization 

began a long search for the antigenic target in human MN. The first demonstration of a 

relevant human antigen did not occur until 2002 when Debiec and colleagues reported a 

single case of MN that began before birth and was caused by the transplacental passage of 

maternal anti-neutral endopeptidase (NEP) antibodies [31]. This mother was genetically 

deficient in NEP, but had been alloimmunized to this protein during a prior pregnancy and 

miscarriage; the fetus had inherited a functional paternal gene and therefore expressed the 

protein. During her subsequent pregnancy, these pre-existing antibodies targeted the NEP 

antigen present at the cell membrane of the fetal podocytes, initiating in utero a 

pathophysiological process reminiscent of HN. The infant was born with massive 

proteinuria, oligoanuria and respiratory distress, and kidney biopsy later showed MN, the 

clinical features of which resolved after the infant cleared these maternal antibodies. The 

mother, lacking the antigen, remained unaffected by the circulating alloantibodies [32]. 
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These authors found several other cases of fetomaternal alloimmune MN, all due to mothers 

deficient in NEP [33].

PLA2R-associated MN

A major advance in our understanding of MN came in 2009 with the identification of the M-

type phospholipase A2 receptor (PLA2R) as the major antigenic target in adult disease [34]. 

Circulating anti-PLA2R autoantibodies were detected in 70% of adult primary MN patients, 

but in none of the patients with secondary MN, other glomerular or autoimmune disorders, 

or normal controls. PLA2R, a transmembrane glycoprotein and member of the mannose 

receptor family, is expressed by the glomerular podocyte, where its exact function remains 

unknown. In the same manner as megalin in the rat and NEP in humans, the expression of 

this target antigen in the podocyte supports a paradigm in which circulating autoantibodies 

target a glomerular antigen in situ. In biopsies of patients with MN, there was co-

localization of the PLA2R antigen with IgG within the subepithelial immune deposits. 

Furthermore, anti-PLA2R antibodies could be eluted from biopsy samples of patients with 

primary MN, but not secondary MN or IgA nephropathy. IgG4 is the major subclass of anti-

PLA2R, although smaller and varying proportions of IgG1, IgG2, and IgG3 are also present. 

The distinction is important, as IgG4 is felt unable to activate the classical complement 

pathway system. Although pathogenicity of anti-PLA2R antibodies has not yet been 

established due to the lack of an animal model, this report nonetheless heralded the start of a 

new era in the field of MN.

The sensitivity and specificity of anti-PLA2R for primary MN has been confirmed in a 

number of later studies, both in European and Asian cohorts [35–39]. The exact prevalence 

is dependent on the particular cohort studied: incident MN patients have a relatively high 

prevalence of anti-PLA2R, while cross-sectional cohorts that include active patients as well 

as those who have gone into remission, show lower rates of anti-PLA2R seropositivity. 

Immunoassays for anti-PLA2R have evolved from Western blotting techniques [34,40] to IF 

assays using PLA2R-transfected cells [36] to enzyme-linked immunosorbent assays (ELISA) 

using recombinant PLA2R [41,42]. The latter two types of assay are in clinical use in 

Europe, and will be available in the U.S. in the near future.

Due to the high (but not 100%) specificity of anti-PLA2R for primary MN, the question 

arises whether its presence is sufficient to rule out secondary disease. Several authors have 

described cases of what was considered secondary MN that surprisingly tested positive for 

either circulating anti-PLA2R or the presence of the PLA2R antigen within immune deposits 

on kidney biopsy (see below) [4,38]. Secondary disease is often suspected when MN occurs 

in the presence of diseases or exposures historically known to be associated with MN, and 

lengthy tables exist in many reviews and textbooks. However, it is very difficult to truly rule 

out the possibility that two disparate disease processes are occurring coincidentally. There is 

some evidence to suggest that the reported cases of anti-PLA2R-positive “secondary” 

disease actually represent primary autoimmune MN in the presence of another disease such 

as lupus or hepatitis B infection. Qin and colleagues looked at the presence of the IgG4 

subclass within immune deposits on biopsy as indicative of primary disease [38]. These 

authors found that in most cases of MN secondary to lupus, hepatitis B, and malignancy, 
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there was no circulating anti-PLA2R and no IgG4 present on biopsy, both of which would be 

typical of secondary MN. In those few cases that had been initially classified as secondary 

MN but were positive for circulating anti-PLA2R, there were IgG4 deposits similar to and 

suggestive of primary disease. In a histopathology study, Larsen and colleagues found an 

absence of the PLA2R antigen in cases of lupus-associated MN, but interestingly found that 

the majority of MN cases that had been classified as secondary due to association with 

hepatitis C or sarcoidosis had PLA2R within the immune deposits [4]. Future studies that 

use association with PLA2R to establish primary vs. secondary MN may help us narrow 

down the list of diseases and exposures that are truly causative of secondary MN.

In addition to its role in diagnosis and classification, it has become clear that the presence of 

circulating anti-PLA2R indicates ongoing immunological disease activity. Levels are high 

during the initial episode of nephrotic syndrome, fall to undetectable in remission, and re-

appear when clinical relapse occurs [35]. It is likely that there is a lag time after the decline 

and disappearance of anti-PLA2R before improvement in clinical parameters occurs [40,43], 

although this may not be a universal phenomenon [44]. Nonetheless, monitoring of 

immunological activity (ie anti-PLA2R) during therapy, such as has been shown with the 

anti-B cell agent rituximab in primary MN, may provide a more rapid assessment of the 

response to immunosuppressive therapy [34,35,38,40].

As described above, in patients with anti-PLA2R-associated primary MN, the PLA2R 

antigen can be detected within the immune deposits in kidney biopsy (see Figure 1) [34,37]. 

This has turned out to be a useful diagnostic test for the renal pathologist to help distinguish 

primary, anti-PLA2R-associated MN from secondary disease [4,37,45]. There are cases in 

which a proteinuric MN patient who is seronegative for circulating anti-PLA2R 

autoantibodies may be found to have detectable PLA2R antigen within immune deposits on 

biopsy [37]. The most likely explanation for this scenario is that the patient has already had 

a remission of their immunologic disease, but has yet to fully clear the PLA2R- and IgG-

containing subepithelial immune deposits, leading to continued clinical manifestations of 

disease. From a therapeutic point of view, it would be reasonable to withhold 

immunosuppressive treatment and give only conservative, anti-proteinuric and diuretic 

therapy to such a patient. However, there also exists the possibility that, very early in the 

course of disease, the kidney acts as a sink to bind and remove all anti-PLA2R from the 

circulation. Therefore, in the case of seronegativity for anti-PLA2R in the face of positive 

PLA2R staining of the immune deposits, close monitoring of proteinuria is necessary to 

distinguish between these two possibilities.

An important role of PLA2R in the pathogenesis of IMN in adults was supported by the 

association of idiopathic MN with a single nucleotide polymorphism (SNP) within the 

PLA2R1 gene in a genome-wide association study in three European cohorts [46]. A SNP 

within HLA-DQA1 encoding the alpha chain of the class II major histocompatibility protein 

HLA-DQ yielded an even more highly-significant signal, and the odds ratio for an 

individual being homozygous for both PLA2R1 and HLA-DQA1 risk alleles and having MN 

was nearly 80. The genetic risk associated with the PLA2R1 gene has been shown in 

Caucasian, Chinese, and Korean populations, although the pathophysiological significance 

of this finding is not yet understood. Despite the sequencing of all exons within PLA2R1, no 
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specific coding mutation has been found, even in PLA2R-associated disease [47]. These 

authors speculate that a combination of genetic risk alleles in PLA2R1 and one or more HLA 

loci, and perhaps an acquired environmental factor as well, may all be necessary for the 

development of disease. Genotype-phenotype correlations have also recently been observed 

in terms of the presence of circulating autoantibody. In a European population, anti-PLA2R 

titer correlates with the HLA-DQA1*05:01 molecular genotype, as well as with HLA-

DQB1*02:01 [44]. Additionally, among Chinese patients with PLA2R-associated disease, 

those homozygous for a high-risk haplotype consisting of two PLA2R1 alleles and one HLA-

DQA1 allele had a much higher percentage of anti-PLA2R antibodies at the time of biopsy 

than did the group homozygous for the low-risk haplotype [48].

It is important to note that anti-PLA2R autoantibodies have been found in children as young 

as twelve years old (manuscript in preparation) although their exact prevalence in pediatric 

patients has yet to be established. Based on differences in the prevalence of MN in 

adolescence vs. childhood, the associations with primary PLA2R-associated MN are also 

likely to differ in these two age groups. The ability to stain archival biopsy specimens for 

PLA2R has allowed an analysis of the frequency of PLA2R-associated disease in a pediatric 

population. A recent analysis in biopsies from cases ranging in age from 4 to 17 has shown 

that 10/22 (45%) of pediatric biopsies exhibited PLA2R staining in a granular capillary loop 

pattern; the youngest case was from a ten year-old [49]. Those cases negative for PLA2R 

had more evidence of secondary features, such as mesangial deposits, the presence of C1q, 

and predominance of an IgG subclass other than IgG4. However, with average follow-up of 

38 months in 17 patients, none was found to develop a secondary cause of MN such as 

lupus. These seminal findings indicate that primary MN may be more common in the 

pediatric population than had once been thought.

Other autoimmune targets in MN

Other targets for autoantibodies in adult IMN have been described, such as aldose reductase, 

manganese superoxide dismutase and alpha enolase [50], although the prevalence of such 

antibodies is lower than that for anti-PLA2R. The fact that these are intracellular antigens 

and are not found in high amounts in the normal glomerulus (so called “neoantigens’) raises 

the question of whether these antigens become targets of the humoral immune system only 

after podocyte damage has already begun, through the process of inter-molecular epitope 

spreading. A common target antigen to explain the approximately 20–30% of cases of 

idiopathic MN that are not PLA2R-associated has yet to be identified.

Pediatric MN and anti-cationic BSA antibodies

A remarkable case series of pediatric MN has recently been described, which happens to 

recapitulate to another animal model of MN. Debiec and colleagues were able to 

demonstrate antibodies to dietary cationic bovine serum albumin (cBSA) in young infants 

with MN, and showed co-localization of cBSA with IgG within the immune deposits. It was 

hypothesized that the cBSA represented a modified food-derived antigen that was absorbed 

from the relatively-underdeveloped pediatric intestinal tract in a partially-digested or 

undigested form. Cationic BSA had been used in several previous animal models of MN, 
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since its positive charge allows it to deposit on the subepithelial side of the anionic GBM 

and thereby serve as a planted antigen. Anti-BSA antibodies subsequently bind to this 

antigen to form subepithelial immune complexes [51], which is likely what happened in 

these infantile cases.

Subepithelial granular deposits of BSA in biopsy specimens were detected only in children 

who had high levels of circulating cationic BSA. Anti-BSA antibodies eluted from a kidney 

biopsy specimen in one case were reactive with bovine, but not human serum albumin. The 

investigators have shown that during remission, the levels of circulating bovine serum 

albumin and BSA antibodies were substantially decreased. Although rare, the detection of 

antibodies to cBSA in an infant with MN would likely be treated by the avoidance of cow-

derived milk products rather than immunosuppression.

Secondary causes of MN in children

The most important secondary causes of MN, both in children and adults, include SLE and 

chronic hepatitis B infection (especially in East Asia)[52]. There are a number of other 

secondary associations that have been associated with MN, although it is often difficult to 

establish a cause-and-effect relationship vs a coincidental occurrence of two disease 

processes, as noted above [53].

The relationship of MN with HBV is highlighted by the epidemiology of the viral infection 

itself. The reported prevalence of HBV-associated MN closely parallels the geographic 

patterns of prevalence of HBV, and the rarity of HBV-associated nephropathy in developed 

countries probably reflects the rarity of HBV infection, particularly in children [54]. 

National vaccination programs for HBV have clearly influenced the rates of associated MN. 

For example, a universal HBV vaccination program started in 1984 in Taiwan, a highly 

HBV endemic area, reduced the hepatitis B surface antigen (HBsAg)-carrier rate in children 

from 9.8% to 1.3% in 10 years and to less than 1% in 20 years. Studies have shown that the 

incidence of HBV-associated MN significantly declined accordingly, as was the case with 

HBV-associated hepatocellular carcinoma, which has decreased in frequency as well [55]. 

Studies from China [56] and South Africa [55] show similar results.

Due to the decreasing prevalence of HBV-associated MN, more of the pediatric secondary 

MN cases can currently be attributed to SLE; however, pediatric class V lupus nephritis still 

remains an uncommon disease and very little published data are available on its prevalence. 

Among nine series of children and adolescents with any type of lupus nephritis (LN), the 

overall prevalence of World Health Organization (WHO) class V (“membranous”) LN was 

9%, which is similar to the rate reported in adult series (6–27%) [57]. A retrospective study 

from Memphis, Tennessee on 44 children with LN, 82% of whom were African Americans, 

reported a higher (30%) prevalence of class V LN; all of these cases were female [58]. This 

clear female predominance in lupus-associated MN is highlighted by a striking 12:1 female 

to male ratio among Chinese children with class V LN [59].

It is important to recognize that class V LN can be the initial presentation of SLE, only later 

to be followed by the appearance of extra-renal manifestations. Pure class V LN presents 

with proteinuria, with or without the nephrotic syndrome. In a recent cohort of pediatric LN, 
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nephrotic syndrome was present in 30.8% of the cases of class V LN [58]. Class V LN 

typically presents with preserved kidney function and other clinical/serological 

manifestations of SLE (such as hypocomplementemia or anti-double stranded DNA 

antibodies) are often lacking. When accompanied by proliferative GN (class III [focal] or 

class IV [diffuse] LN), there is an increased likelihood of kidney dysfunction, the proteinuria 

is accompanied by hematuria, and typical serological manifestations are usually present. 

Several pathological features suggest the presence of lupus as the underlying etiology of 

membranous nephropathy: mesangial hypercellularity on light microscopy; positive “full 

house” IF staining for IgG, IgA and IgM, C3 and C1q; and the presence of subendothelial 

and mesangial immune deposits, as well as endothelial tubuloreticular structures by EM.

Treatment of MN

Due to the low prevalence of MN in the pediatric population, there are very limited studies 

that can define the optimal treatment of children with MN and consequently, a more 

personalized therapeutic approach needs to be adopted. In children with non-nephrotic 

amounts of proteinuria who are at low risk for complications such as progression of renal 

disease, supportive therapy (renin-angiotensin-aldosterone inhibition, diuretics and salt 

restriction) and avoidance of immunosuppression is a reasonable strategy. Similar to adult 

disease, pediatric MN may undergo spontaneous remission and it is worth following urinary 

protein and serum albumin to see if there is longitudinal improvement. If a child is found to 

be anti-PLA2R-positive, serial titers can also be helpful in assessing whether or not the 

disease might be entering a spontaneous remission.

The management of children with frank nephrotic syndrome is often empiric and begins 

with 4–8 weeks of oral corticosteroids to assess responsiveness. Those children who 

undergo remission with such treatment are not biopsied and are largely considered to have 

had minimal change disease. It should be noted that included in this group could also be 

undiagnosed mild or steroid-responsive MN. Biopsy is generally reserved for steroid-

resistant nephrotic syndrome, and it is then that cases of FSGS or MN are identified. Thus, 

those nephrotic children in whom a diagnosis of MN has been made have often already been 

treated with several weeks of corticosteroids.

In adults, the first-line therapeutic agents for those who require immunosuppressive therapy 

are alkylating agents such as cyclophosphamide or chlorambucil, in conjunction with 

corticosteroids, or calcineurin inhibitors such as cyclosporine or tacrolimus, with or without 

steroids. The latest treatment recommendations and strength of evidence behind them has 

recently been detailed in the KDIGO Glomerulonephritis Guidelines [60], and this document 

contains a brief section on the treatment of pediatric disease. The consensus of this 

committee and of many pediatric nephrologists is that similar treatment choices can be made 

in severe cases of pediatric MN. The majority of published case series have described 

treatment regimens that include cyclophosphamide. In a pediatric population, there is always 

the added concern of inducing infertility, however the use of a limited course of low-dose 

cyclophosphamide can avoid cumulative doses that would be concerning for gonadal 

toxicity. One option that provides a relatively low exposure to cyclophosphamide (total dose 

of < 200 mg/kg) involves a 12 week regimen using daily cyclophosphamide (2 mg/kg/day) 
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with alternate-day steroids and was used successfully in a small uncontrolled study [61]. 

Calcineurin inhibitors may also be effective but, based on experience in adults, they require 

6–12 months of therapy with a slow taper to avoid relapse. Other agents such as the B-cell 

depleting agent rituximab, mycophenolate and adrenocorticotrophic hormone (ACTH) have 

been used in small and/or non-randomized studies in adults, but no evidence exists as to 

their use or appropriateness in the pediatric population.

Summary

Membranous nephropathy may be an uncommon cause of pediatric nephrotic syndrome, but 

it should always be considered in the differential diagnosis when a child or adolescent 

presents with proteinuria and/or edema. The recent identification of the anti-PLA2R 

antibodies has quickly led to new serologic and histologic tests to distinguish primary from 

secondary disease and to monitor disease activity in those with PLA2R-associated MN, 

which is known to occur in adolescents and pre-teens. Although antigens such as BSA or 

NEP can very rarely be the cause of MN in neonates, the etiology of much of pediatric MN 

remains to be elucidated. Secondary causes such as lupus or hepatitis B infection are 

common, and treatment should be targeted at an underlying systemic cause if identified. For 

primary disease, supportive treatment alone is sometimes enough to allow a spontaneous 

remission, although for more severe or progressive disease, courses of oral corticosteroids, 

calcineurin inhibitors, or alkylating agents may be necessary as in adult disease. Awareness 

of the disparate causes of pediatric MN should allow improved diagnosis and more 

individualized therapies for children, as findings from recent studies in adult MN are 

translated to the pediatric population.
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Figure 1. 
Immunofluorescence staining for PLA2R in kidney biopsy specimens from an 11 year-old 

male (A) and a 74 year-old male (B) with membranous nephropathy. Note the absence of 

granular staining in panel A which is indicative of non-PLA2R-associated MN. The finding 

of granular PLA2R staining in a capillary loop pattern (B) is indicative of primary PLA2R-

associated membranous nephropathy. Images by R. Ayalon, 400x.
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Table 1

Differences between pediatric and adult membranous nephropathy (MN)

Pediatric MN Adult MN

Disease type/subtype:

 Proportion of primary nephrotic syndrome cases that are MN < 5% (children)
5–20% (adolescents) 15–30%

 MN that is primary (“idiopathic”) Minority Majority

 Proportion of primary MN that is PLA2R-associated 45% (more common in adolescents) 70–80%

Demographic and clinical features:

 Male predominance Variable Yes

 Full nephrotic syndrome 40–75% 75%

 Microscopic hematuria 70–90% (can be macroscopic) 50%

 Hypertension < 10% 30%

 Thromboembolic events < 5% 10–20%

 Spontaneous remission Common 30%

 Progressive renal impairment < 25% 30–40%

Pathological features:

 Mesangial deposits Up to 50% 30%

 Segmental distribution of deposits Occasional Very rare
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