
Modern Pathology (2019) 32:1320–1328
https://doi.org/10.1038/s41379-019-0267-z

ARTICLE

Diagnostic role of renal biopsy in PLA2R1-antibody-positive patients
with nephrotic syndrome

Thorsten Wiech1
● Rolf A. K. Stahl2 ● Elion Hoxha2

Received: 14 January 2019 / Revised: 25 February 2019 / Accepted: 25 February 2019 / Published online: 8 April 2019
© United States & Canadian Academy of Pathology 2019

Abstract
Renal biopsy is the gold standard for diagnosis of membranous nephropathy. Circulating PLA2R1 antibody found in 75% of
patients with membranous nephropathy is very specific for the diagnosis of this disease. Therefore, the question arises
whether PLA2R1-antibody-positive patients still need a diagnostic renal biopsy. In this study we investigated whether
additional relevant information is obtained by performing renal biopsy in nephrotic patients, who are PLA2R1-antibody
positive. A detailed analysis of renal biopsies, including immunohistochemistry and electron microscopy, was performed in
263 patients with biopsy-proven membranous nephropathy, of whom 194 patients were PLA2R1-antibody positive, to detect
diagnostic features additional to membranous nephropathy. Twelve (6%) of the 194 PLA2R1-antibody-positive patients had
a second relevant diagnosis in addition to membranous nephropathy: five (3%) patients had interstitial nephritis, in five (3%)
other patients a diabetic nephropathy was diagnosed and two (1%) patients had IgA nephropathy. Patients with a second
diagnosis in addition to membranous nephropathy had a significantly higher serum creatinine (p < 0.01) and lower eGFR
(p= 0.04) compared to patients in whom only the diagnosis of membranous nephropathy was made. In 7 (10%) of 69
PLA2R1-antibody-negative patients, renal biopsies showed an additional diagnosis to membranous nephropathy: one (1%)
case of IgA nephropathy, cholesterol emboli, IgG4-related disease, necrotising glomerulonephritis, thrombotic
microangiopathy, interstitial nephritis and diabetic nephropathy each. The advantage of detecting an additional diagnosis
to membranous nephropathy in 6% of PLA2R1-antibody-positive patients by renal biopsy has to be balanced to the potential
risks and costs of the biopsy procedure. Renal biopsy is particularly relevant in patients presenting with impaired renal
function and abnormalities in urinalysis going beyond proteinuria. Immunohistochemical staining for PLA2R1 was the only
histomorphologic analysis allowing a reliable differentiation of PLA2R1-antibody-positive from PLA2R1-antibody-negative
membranous nephropathy.

Introduction

Renal biopsy is still the gold standard for the diagnosis of
membranous nephropathy. A granular positivity for IgG
along the glomerular basement membrane and electron-
dense deposits restricted to the subepithelial space of the
glomerular filtration barrier are the characteristic morpho-
logic features [1]. By light microscopy the capillary walls

are mostly thickened, however, this may be absent in early
stages of disease. The identification of the phospholipase A2

receptor 1 (PLA2R1) as the major target antigen in mem-
branous nephropathy has led to major improvements in the
diagnosis and treatment of these patients [2]. The diagnosis
of PLA2R1-associated membranous nephropathy can be
made by measuring circulating PLA2R1-antibody levels or
staining for the PLA2R1 antigen in the renal tissue [3, 4].
Staining of renal tissue is more sensitive, since PLA2R1-
antibody can become negative spontaneously, or when
patients are treated with immunosuppression [5–7]. Find-
ings from renal biopsies are helpful not only for confirming
the diagnosis membranous nephropathy but also allowing
an estimation of tissue damage, i.e. tubular atrophy and
interstitial fibrosis or glomerular sclerosis, as well as diag-
nosis of lesions not related to membranous nephropathy.
Renal biopsy, however, is an invasive procedure and
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complications, most notably bleeding, are a matter of con-
cern [8, 9], particularly in patients who are at high risk for
bleeding. Therefore, the risks and benefits of renal biopsy
have to be considered when deciding whether to perform
this procedure. PLA2R1-antibody detection in serum of
nephrotic patients has been shown to be extremely specific
for the diagnosis of membranous nephropathy [6, 7]. Con-
sidering these points the question arises, whether nephrotic
patients who are PLA2R1-antibody positive but otherwise
show no symptoms or abnormalities in renal function and
urinalysis need a renal biopsy to make the diagnosis of
PLA2R1-associated membranous nephropathy, or whether
other findings in renal biopsies of such patients might jus-
tify performing the procedure despite detection of PLA2R1
antibodies.

In order to address this question, we analysed renal
biopsies, PLA2R1-antibody findings and the clinical pre-
sentation of 263 patients who were diagnosed with mem-
branous nephropathy.

Materials and methods

Patients and study design

We included 263 patients with the histologic diagnosis of
membranous nephropathy in this study. Patients with evi-
dence of a secondary form of disease (i.e. lupus erythe-
matodes) were excluded from the study. In all patients
PLA2R1-antibody levels were measured within 6 months
from the time of renal biopsy. PLA2R1-antibody measure-
ment in the serum was performed by ELISA, an indirect
immunofluorescence test, and western blot as described
previously [3, 7, 10]. According to the manufacturer, the
ELISA results were considered positive at a PLA2R1-
antibody level >20 U/ml. The indirect immunofluorescence
test is commercially available (EUROIMMUN, Lübeck)
and makes use of transfected HEK293 cells, which express
PLA2R1 on the surface. Upon incubation with a PLA2R1-
antibody-positive blood sample the cells show a specific
cytoplasmic fluorescence. A blood sample was considered
to be PLA2R1-antibody positive if a specific cytoplasmic
fluorescence of the transfected cells was detected at a serum
dilution of 1:10 or higher. Some of the clinical data of this
patient cohort have been published earlier [10]. Proteinuria
and serum creatinine were analysed for all patients at the
time of study inclusion. Membranous nephropathy was
diagnosed by renal biopsy at the Nephropathology Sec-
tion, Institute of Pathology, University Medical Centre
Hamburg-Eppendorf. Diagnosis was made based on light
microscopy, immunohistochemistry and electron micro-
scopy findings. The study was approved by the local ethics

committee of the chamber of physicians in Hamburg and
conducted in accordance with the ethical principles stated
by the Declaration of Helsinki. An informed consent was
obtained from all participating patients.

Histological and immunohistochemical analyses

Slides with 1–2 µm thin slices from formalin-fixed, paraffin-
embedded renal biopsies were stained with PAS and tri-
chrome (Masson-Goldner-Elastica). Immunohistochemical
analyses were routinely performed for IgG, IgA, IgM, C1q,
C3 and fibrinogen/fibrin. After deparaffinization, slides
were pre-treated in proteinase (protease P-8038, Sigma-
Aldrich, St. Louis, MO, USA) at 40 °C for 15 min followed
by incubation with normal serum (Vector S2000) for
10 min. Primary antibodies for IgA (1:8000), IgM (1:3000),
fibrinogen/fibrin (1:12000), C3 (1:3000), C1q (1:1500) (all
polycloncal antibodies from rabbit, A0262, A0425, A0080,
A0062, A0136, respectively, DAKO, Eching, Germany)
and IgG (1:7500) (mouse monoclonal antibody, 209-005-
088, Dianova, Hamburg, Germany) were added for 30 min
at 40 °C. Bound antibodies were then visualised manually
using a standard APAAP protocol.

For PLA2R1 immunohistochemical analyses slides were
deparaffinized, pre-treated in citrate buffer (pH 6.2) for
15 min at 120 °C and cooled down in iced water (10 min).
After rinsing in 99% ethanol, slides were incubated for
10 min with normal serum (Vector S2000; Vector Labora-
tories, Burlingame, CA) followed by PLA2R1-antibodies
(polyclonal antibody from rabbit, 1:3000, HPA 012657,
Sigma-Aldrich, St. Louis, MO) overnight at 4 °C. The slides
were then washed in PBS, incubated with polymer
1 (Zytomed Zytochem-Plus AP Polymer-Kit POLAP),
rinsed in PBS and incubated with polymer 2 (Zytomed
Zytochem-Plus AP Polymer-Kit POLAP). After washing in
PBS, slides were stained in new fuchsin naphthol As-Bi
phosphate substrate mixture (30 min) followed by 1 min of
nuclear staining in hemalaun (Mayer).

Electron microscopy

Small parts (1 mm) of the formaldehyde fixed biopsy were
put in sodium cacodylate buffer (10 min at 80 °C) and 1%
osmium tetroxide and sucrose (2 h). After washing in
cacodylate buffer and 1 h contrasting in uranyl acetate, the
specimens were dehydrated in an ascending ethanol series
and diethyl ether, embedded in araldite and polymerised
12 h up to 100 °C. Semi-thin sections were stained with
toluidine blue. Ultra-thin sections were contrasted with lead
citrate. Images were taken using a transmission electron
microscope (Zeiss EM109) equipped with a digital camera
(TRS 2K-CCD).
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Statistical analyses

Descriptive analyses of continuous data are presented as
median and 1st and 3rd quartile unless stated otherwise. For
categorical data, absolute counts and percentages are
reported. Mann–Whitney U tests were employed for group-
wise comparisons of continuous and ordinal variables while
Fisher’s exact tests were used for group-wise comparisons
of categorical variables. Statistical significance was defined
as p < 0.05.

Results

Clinical baseline characteristics

At study inclusion median serum creatinine was 1.0 mg/dl
(1st to 3rd quartile 0.8–1.4 mg/dl) and proteinuria 6.3 g/day
(1st to 3rd quartile 3.9–10.0 g/day) (Table 1). The median
age was 56.0 years (1st to 3rd quartile 43.0–68.0 years) and
182 (69%) patients were male. The median time from renal
biopsy to study inclusion and measurement of the PLA2R1-
antibody levels was 0.5 months (1st to 3rd quartile 0.0–
1.0 months). At study inclusion PLA2R1 antibody was
detectable in 194 (74%) patients. PLA2R1-antibody-
positive patients were more often males and had a higher
proteinuria at baseline compared to patients who were
PLA2R1-antibody negative, while age and renal function
was not significantly different between the two groups
(Table 1).

Renal diagnoses in biopsies from PLA2R1-antibody-
positive and PLA2R1-antibody-negative patients

In 12 (6%) PLA2R1-antibody-positive patients renal biopsy
revealed a second diagnosis, in addition to membranous
nephropathy. Five patients had an interstitial nephritis

(Fig. 1a, b), five patients had diabetic nephropathy
(Fig. 1c, d) and two patients IgA nephropathy (Fig. 1e, f).
Diabetes was known from clinical data in the five patients
with diabetic nephropathy. Patients in whom a second renal
diagnosis was made, had significantly higher serum creati-
nine levels (p= 0.006), lower eGFR (p= 0.04) and higher
proteinuria (p= 0.001) compared to patients with the
diagnosis of membranous nephropathy only (Table 2).
Remarkably only 2 (17%) out of 12 patients with a second
diagnosis presented with serum creatinine below 1.0 mg/dl
at baseline (both patients with IgA nephropathy), while this
was the case in 94 out of 182 (52%) patients with mem-
branous nephropathy as the sole diagnosis (p= 0.03).
Therefore, in our study cohort the prevalence of a second
diagnosis in addition to membranous nephropathy was
significantly higher in patients with serum creatinine levels
above 1.0 mg/dl compared to patients with serum creatinine
below 1.0 mg/dl (10% versus 2%, p= 0.03). Not surpris-
ingly, patients with a second diagnosis in the renal biopsy
also had more advanced tubular atrophy/interstitial fibrosis
and glomerular sclerosis compared to patients with the
diagnosis of membranous nephropathy only (Table 2).
Arteriolosclerosis was also more advanced in patients with
an additional diagnosis in the renal biopsy.

In PLA2R1-antibody-negative patients a second diag-
nosis additional to membranous nephropathy was made in 7
(10%) cases, however, the spectrum of diagnoses was
markedly broader, including one case of cholesterol emboli,
IgG4-related disease, necrotising glomerulonephritis,
thrombotic microangiopathy, IgA nephropathy, interstitial
nephritis and diabetic nephropathy each (Fig. 2). Similar to
the findings in PLA2R1-antibody-positive cases, patients in
whom a second renal diagnosis was made, had more
advanced tubular atrophy/interstitial fibrosis and glomerular
sclerosis compared to patients with the diagnosis of mem-
branous nephropathy only (Table 3). Patients with no
additional diagnosis in the renal biopsy had more often

Table 1 Clinical baseline characteristics of PLA2R1-antibody-positive and PLA2R1-antibody-negative patients

Complete cohort PLA2R1-antibody
positive

PLA2R1-antibody
negative

P-value

Number of patients 263 194 69 Na

Age—years (median, 1st to 3rd quartile) 56, 43–68 55, 43–68 57, 45–68 0.54

Male sex (%) 182 (69%) 142 (73%) 40 (58%) 0.02

Proteinuria—g/24 h (median, 1st to 3rd quartile) 6.3, 3.9–10.0 6.8, 4.3–10.4 4.8, 2.2–7.0 <0.001

Serum creatinine—mg/dl (median, 1st to 3rd quartile) 1.0, 0.8–1.4 1.0, 0.8–1.4 1.0, 0.8–1.3 0.63

eGFR, CKD-EPI—mL/min/1.73 m2 (median, 1st to 3rd
quartile)

82, 48–100 83, 47–101 77, 48–97 0.61

PLA2R1-ab level, U/ml (median, 1st to 3rd quartile) 65, 3–198 131, 52–280 2, 1–3 <0.001

Time renal biopsy to study inclusion—months (median,
1st to 3rd quartile)

0.5, 0.0–1.0 0.5, 0.0–1.0 0.5, 0.2–1.0 0.12

eGFR estimated GFR according to the CKD-EPI formula
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advanced stages of glomerular lesions in electron
microscopy.

Histomorphological findings in PLA2R1-antibody-
positive patients compared to PLA2R1-antibody-
negative patients

Next, we performed a detailed analysis of all renal biopsies
from the patients included in the study (Table 4). In all 194
PLA2R1-antibody-positive patients a membranous nephro-
pathy could be diagnosed in the renal biopsy. In patients with

PLA2R1-antibody-positive membranous nephropathy, we
found more tubular atrophy/interstitial fibrosis (p= 0.008),
although the absolute difference between the two groups was
small (8% versus 5% of the tubulointerstitial space) and
therefore its clinical significance unclear. The extent of glo-
merular scarring was not different between the two groups
and we found no difference in the number of biopsies
showing a granular positivity for IgA, IgM or C1q along the
glomerular basement membrane between PLA2R1-antibody-
positive and PLA2R1-antibody-negative patients. Interest-
ingly, patients with PLA2R1-antibody-positive membranous

A B

C D

E F

Fig. 1 Biopsy findings in PLA2R1-antibody-positive patients with an
additional renal diagnosis. a, b Interstitial nephritis (a PAS, b IgG
immunohistochemistry); c d diabetic glomerulosclerosis (a PAS,

b IgG). Concurrent IgA nephropathy with mesangial IgA deposits (e)
and granular IgG deposits along the peripheral basement membranes
(f, same glomerulus as e)
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nephropathy were more often positive for C3 and fibrin in
immunohistochemical analyses (p < 0.001 for both compar-
isons) and showed in electron microscopy more often
advanced stages of glomerular lesions compared to PLA2R1-
antibody-negative patients (p= 0.007).

Previous studies have shown that a PLA2R1 staining
might have a higher sensitivity for the diagnosis of
PLA2R1-associated membranous nephropathy compared to
the detection of PLA2R1-antibodies in blood [3, 4]. For this
reason, we performed a PLA2R1 staining in 40 out of the 69
biopsies from the patients who were negative for PLA2R1-
antibodies in the serum. In 5 (13%) out of these 40 cases,
we detected an enhanced staining for PLA2R1, typical for
the diagnosis of PLA2R1-associated membranous nephro-
pathy. None of these five biopsies showed a second diag-
nosis in addition to PLA2R1-associated membranous
nephropathy.

We also performed a PLA2R1 staining in 122 out of the
194 biopsies from PLA2R1-antibody-positive patients. In
120 (98%) of these cases we were able to detect an
enhanced PLA2R1 staining in the renal tissue. In the
remaining two cases PLA2R1 staining was not enhanced,
however, at the same time both cases showed a barely
detectable positivity for IgG in the immunohistochemical

staining and only very few and small electron-dense
deposits in the electron microscopy. PLA2R1 antibody in
both cases was only detectable by western blot, which has
been shown to be more sensitive than the other serological
tests (immunofluorescence test and ELISA).

Histomorphological findings in biopsies performed
during the study follow-up

During the study follow-up a second renal biopsy was
performed in 15 patients. The median time between the first
diagnostic biopsy and the second biopsy performed during
follow-up was 39 months (1st to 3rd quartile:
20–60 months). Twelve (80%) of these patients were male
(median age at diagnosis 49.8 years). Ten (67%) of the 15
patients had a PLA2R1-antibody-positive membranous
nephropathy while the remaining five patients were
PLA2R1-antibody negative. In all 15 biopsies the diagnosis
membranous nephropathy was confirmed and in none of the
ten PLA2R1-antibody-positive patients an additional renal
diagnosis was made at the second renal biopsy. The biopsy
of one of the PLA2R1-antibody-negative patients revealed
an interstitial nephritis while the remaining four biopsies did
not show a second renal diagnosis.

Table 2 Clinical and histological characteristics of PLA2R1-antibody-positive patients in whom a second renal diagnosis in addition to
membranous nephropathy was made

No additional diagnosis Additional diagnosis P-value

Number of patients 182 12

Age—years (median, 1st to 3rd quartile) 55, 43–67 62, 40–71 0.58

Male sex (%) 131 (72%) 11 (92%) 0.19

Proteinuria—g/24 h (median, 1st to 3rd quartile) 6.7, 4.2–10.0 10.7, 9.0–12.0 0.001

Serum creatinine—mg/dl (median, 1st to 3rd quartile) 1.0, 0.8–1.4 1.5, 1.2–2.2 0.006

eGFR, CKD-EPI—mL/min/1.73 m2 (median, 1st to 3rd quartile) 84, 50–101 51, 29–72 0.04

PLA2R1-antibody level, U/ml (median, 1st to 3rd quartile) 137, 55–283 43, 23–132 0.08

% Tubular atrophy and interstitial fibrosis (median, 1st to 3rd quartile) 8%, 0–25% 33%, 24–54% 0.005

Number of analysed glomeruli per biopsy (median, 1st to 3rd quartile) 12, 8–18 15, 10–19 0.48

% of scarred glomeruli per biopsy (median, 1st to 3rd quartile) 0%, 0–11% 14%, 0–30% 0.12

Biopsies with segmental sclerosis (%) 22 (12%) 5 (42%) 0.01

Arteriolosclerosis None (%) 113 (62%) 4 (33%) 0.02

Minor (%) 40 (22%) 2 (17%)

Moderate (%) 28 (15%) 6 (50%)

Severe (%) 1 (1%) 0 (0%)

Immunohistochemical positivity along the glomerular basement membrane
in the renal biopsies

IgA 18 (10%) (n= 173) 0 (0%) (n= 10) 0.60

IgM 40 (26%) (n= 157) 2 (20%) (n= 10) >0.99

C1q 132 (82%) (n= 161) 8 (80%) (n= 10) >0.99

C3 151 (85%) (n= 178) 10 (83%) (n= 12) >0.99

Fibrinogen/fibrin 53 (31%) (n= 170) 4 (36%) (n= 11) 0.74

Glomerular lesions in renal biopsies (electron microscopy, n= 193) Stage I (%) 1 (1%) 0 (0%) 0.91

Stage II (%) 104 (58%) 7 (58%)

Stage III (%) 38 (21%) 2 (17%)

Stage IV (%) 38 (21%) 3 (25%)

When immunohistochemical analyses were not performed in all 194 PLA2R1-antibody-positive patients of the study cohort, the number of
analysed biopsies is given in the corresponding box. eGFR: estimated GFR according to the CKD-EPI formula
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Discussion

Renal biopsy is the cornerstone and gold standard for
diagnosis of most renal diseases [11]. In adult patients with
nephrotic syndrome a biopsy is needed to make the diag-
nosis and estimate the prognosis of the patients. In contrast,
children with nephrotic syndrome are often treated with
steroids without performing a renal biopsy [12]. The ratio-
nale of this approach is the fact that in almost 90% of cases
renal biopsy would show minimal change disease as the

cause for steroid-sensitive nephrotic syndrome. Since in
these cases the risks for performing a renal biopsy are
considered to outweigh the benefits of the procedure, chil-
dren are treated with steroids and only if they do not
respond to treatment a renal biopsy is performed. In the past
few years there have been major improvements in our
understanding of the pathomechanisms leading to mem-
branous nephropathy based upon the identification of
PLA2R1 as the major target antigen [2]. Detection of
PLA2R1 antibody in serum has an almost 100% specificity

A B

C D

E F

Fig. 2 Biopsy findings in PLA2R1-antibody-negative patients with an
additional renal diagnosis. a Cholesterol embolus in an arteriole
(PAS); b interstitial nephritis (PAS); c thrombotic microangiopathy
with fresh fibrin thrombi within the glomerular capillary lumen (PAS);

d necrotising glomerulonephritis (PAS); e, f concurrent IgA nephro-
pathy with mesangial IgA deposits (e) and granular IgG deposits along
the peripheral basement membranes (f, same glomerulus as e)
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for the diagnosis of PLA2R1-associated membranous
nephropathy [3, 4], leading to the question, whether all
nephrotic patients with detectable PLA2R1 antibody in
serum need a renal biopsy to confirm the diagnosis of
membranous nephropathy. In order to address this question,
the potential risks of renal biopsy should be weighed against
the potential benefits, i.e. diagnostic and prognostic infor-
mation gained.

Regarding the diagnostic role of the biopsy, we found a
second renal diagnosis in addition to membranous
nephropathy in 12 (6%) PLA2R1-antibody-positive
patients. Diabetic nephropathy was found in five cases,
who were known to have diabetes mellitus. The diagnosis
of additional diabetic nephropathy was therefore not sur-
prising. However, in these cases it is likely that protei-
nuria is at least partially caused by the diabetic
glomerulosclerosis, which could explain persistent pro-
teinuria in patients with disappearing PLA2R1 antibody in
serum in the further course of disease. Importantly, a
second diagnosis was mostly made in patients who had an
impaired renal function, with the exception of the two
patients with IgA nephropathy. Therefore, in our study
cohort the probability of a second diagnosis in addition to
membranous nephropathy was significantly higher in

patients with impaired renal function compared to patients
with low serum creatinine levels.

During the study follow-up a second biopsy was per-
formed in 15 patients, confirming the diagnosis membra-
nous nephropathy in all cases. However, in none of the
PLA2R1-antibody-positive patients the biopsy yielded new
diagnostic information. These data suggest that patients
with a PLA2R1-antibody-positive membranous nephro-
pathy, who have a relapse of PLA2R1-antibody and relapse
of proteinuria should not receive a renal biopsy to confirm
the diagnosis “relapse” of disease. Such a biopsy might be
warranted in cases when the pathology of disease is unclear,
i.e. patients with a relapse of proteinuria but negative
PLA2R1-antibody, or patients with a glomerular haematuria
and acute renal failure with no obvious clinical explanation.

Renal biopsy also provides significant information in
assessing the extent of chronic renal damage i.e. glomer-
ulosclerosis, tubular atrophy/interstitial fibrosis, or arter-
iolosclerosis, all of which can of course be significantly
present in patients with normal levels of serum creatinine.
Thus, an initial biopsy can be referred to in the further
course of disease and comparison to later biopsies allows
estimation of the progress of chronic changes. Furthermore,
electron microscopic stages of the disease can provide an

Table 3 Clinical and histological characteristics of PLA2R1-antibody-negative patients in whom a second renal diagnosis in addition to
membranous nephropathy was made

No additional diagnosis Additional diagnosis P-value

Number of patients 62 7 Na

Age—years (median, 1st to 3rd quartile) 57, 44–67 67, 51–74 0.24

Male sex (%) 34 (55%) 6 (86%) 0.23

Proteinuria—g/24 h (median, 1st to 3rd quartile) 4.9, 2.3–7.0 4.8, 3.0–8.0 0.98

Serum creatinine—mg/dl (median, 1st to 3rd quartile) 1.0, 0.8–1.3 1.3, 1.0–1.5 0.18

eGFR, CKD-EPI—mL/min/1.73 m2 (median, 1st to 3rd quartile) 79, 49–97 58, 45–78 0.25

PLA2R1-ab level, U/ml (median, 1st to 3rd quartile) 2, 1–3 2, 1–3 0.62

% Tubular atrophy and interstitial fibrosis (median, 1st to 3rd quartile) 5%, 0–10% 15%, 8–48% 0.03

Number of analysed glomeruli per biopsy (median, 1st to 3rd quartile) 9, 7–15 17, 14–21 0.03

% of scarred glomeruli per biopsy (median, 1st to 3rd quartile) 0%, 0–7% 16%, 5–29% 0.01

Biopsies with segmental sclerosis (%) 8 (13%) 2 (29%) 0.27

Arteriolosclerosis None (%) 42 (68%) 5 (71%) 0.96

Minor (%) 11 (18%) 0 (0.0%)

Moderate (%) 8 (13%) 2 (29%)

Severe (%) 1 (2%) 0 (0%)

Immunohistochemical positivity along the glomerular basement membrane
in the renal biopsies

IgA 1 (2%) (n= 59) 1 (20%) (n= 5) 0.20

IgM 12 (20%) (n= 60) 0 (0%) (n= 5) 0.58

C1q 40 (77%) (n= 52) 4 (57%) (n= 7) 0.36

C3 38 (62%) (n= 61) 5 (71%) (n= 7) >0.99

Fibrinogen/fibrin 7 (12%) (n= 61) 0 (0%) (n= 4) >0.99

Glomerular lesions in renal biopsies (electron microscopy, n= 68) Stage I (%) 4 (7%) 3 (43%) 0.04

Stage II (%) 37 (61%) 3 (43%)

Stage III (%) 14 (23%) 1 (14%)

Stage IV (%) 6 (10%) 0 (0%)

When immunohistochemical analyses were not performed in all 69 PLA2R1-antibody-negative patients of the study cohort, the number of analysed
biopsies is given in the corresponding box; eGFR—estimated GFR according to the CKD-EPI formula
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indication of the time course of the immunological process.
We did not perform immunohistochemical staining for
kappa and lambda light chains in our cohort. Since very rare
cases of membranous nephropathy can also show mono-
clonal appearing subepithelial deposits [13], these analyses
might be diagnostically relevant in some clinical settings.

The decision to perform a renal biopsy remains to be
made individually for any patient, depending on the clinical
data and risk factors. In this context, the benefits of a renal
biopsy should be considered against the potential risks and
costs of the procedure. The risks of ultrasound-guided renal
biopsy have decreased in the past few years, but they
remain high in patients with a single kidney, anatomical
abnormalities, or high risk of bleeding, i.e. thrombocyto-
penia, coagulopathy, antiplatelet or anticoagulant therapy.
The data obtained from our study might be helpful for
clinicians when deciding the best diagnostic approach in
these patients, especially when they present with a nephrotic
syndrome only, without other abnormalities in renal func-
tion and in the urine.

In PLA2R1-antibody-negative patients a renal biopsy is
needed to make a diagnosis. In our cohort 13% of these
patients turned out to have an enhanced immunohisto-
chemical glomerular positivity for PLA2R1 and were
therefore diagnosed as PLA2R1-associated membranous
nephropathy. The higher sensitivity of the PLA2R1 staining
in the biopsy compared to the PLA2R1-antibody detection
in the blood for the differential diagnosis of PLA2R1-
associated membranous nephropathy has been shown
before [3, 4]. Our findings confirm these data and underline

the diagnostic value of the kidney biopsy, which might lead
to the diagnosis of PLA2R1-associated membranous
nephropathy in patients who are negative for PLA2R1-
antibody. In our cohort of PLA2R1-antibody-positive
patients we identified two (2%) patients, in whom no
enhanced PLA2R1 staining was detectable. In both cases it
is probable, that the immunologic disease activity was
extremely low, as shown by the barely detectable positivity
for IgG by immunohistochemistry, the very few and small
electron dense deposits in electron microscopy and the
serological negativity for PLA2R1 antibody by both routine
serological tests (immunofluorescence test and ELISA). We
were able to identify these patients as PLA2R1-antibody
positive only by very sensitive western blot analyses, which
are not routinely available, but rather in scientific labs only.
Therefore, in these two cases both immunohistochemical
detection of the PLA2R1 antigen in the kidney and ser-
ological detection of PLA2R1-antibodies in the blood might
have reached their sensitivity limits.

In 10% of PLA2R1-antibody-negative patients we also
found second renal diseases, in addition to membranous
nephropathy. Interestingly, the spectrum of these diseases
was much broader compared to patients with PLA2R1-
antibody positive membranous nephropathy. Whether in
some of these cases both diseases were caused by common
pathomechanisms remain unclear. We found some statisti-
cally significant differences in the histomorphological
characteristics of PLA2R1-antibody-positive and PLA2R1-
antibody-negative patients, however, considering the rela-
tively low differences in the absolute values of all these

Table 4 Histomorphological characterisation of PLA2R1-antibody-positive and PLA2R1-antibody-negative patients

Complete cohort PLA2R1-antibody
positive

PLA2R1-antibody
negative

P-value

Number of patients 263 194 69 Na

% Tubular atrophy and interstitial fibrosis (median, 1st to 3rd quartile) 8%, 0–23% 8%, 0–25% 5%, 0–10% 0.008

Number of analysed glomeruli per biopsy (median, 1st to 3rd quartile) 11, 8–18 12, 8–12 10, 7–16 0.18

% of scarred glomeruli per biopsy (median, 1st to 3rd quartile) 0%, 0–13% 0%, 0–13% 0%, 0–10% 0.53

Biopsies with segmental sclerosis (%) 37 (14%) 27 (14%) 10 (15%) >0.99

Arteriolosclerosis None (%) 164 (62%) 117 (60%) 47 (68%) 0.31

Minor (%) 54 (21%) 42 (22%) 11 (16%)

Moderate (%) 43 (16%) 34 (18%) 10 (15%)

Severe (%) 2 (0.8%) 1 (0.5%) 1 (2%)

Immunohistochemical positivity along the glomerular basement
membrane in the renal biopsies

IgA 20 (8%) (n= 247) 18 (10%) (n= 183) 2 (3%) (n= 64) 0.11

IgM 54 (23%) (n= 232) 42 (25%) (n= 167) 12 (19%) (n= 65) 0.31

C1q 184 (80%) (n= 230) 140 (82%) (n= 171) 44 (75%) (n= 59) 0.26

C3 204 (79%) (n= 258) 161 (85%) (n= 190) 43 (63%) (n= 68) <0.001

Fibrinogen/fibrin 64 (26%) (n= 246) 57 (32%) (n= 181) 7 (11%) (n= 65) <0.001

Glomerular lesions in renal biopsies (electron microscopy, n= 261) Stage I (%) 8 (3%) 1 (0.5%) 7 (10%) 0.007

Stage II (%) 151 (58%) 111 (56%) 40 (59%)

Stage III (%) 55 (21%) 40 (21%) 15 (22%)

Stage IV (%) 47 (18%) 41 (21%) 6 (9%)

When immunohistochemical analyses were not performed in all patients of the study cohort, the number of analysed biopsies is given in the
corresponding box
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characteristics, their suitability for a reliable differentiation
of PLA2R1-associated from PLA2R1-antibody-negative
membranous nephropathy is limited.

In conclusion, in this study we found a second renal
diagnosis in the biopsy of 6% of patients with PLA2R1-
antibody-positive membranous nephropathy and in 10% of
patients with PLA2R1-antibody-negative membranous
nephropathy, especially in patients with impaired renal
function. Diabetic nephropathy, interstitial nephritis and
IgA nephropathy were the diagnoses made in patients with
PLA2R1-antibody-positive membranous nephropathy,
while in PLA2R1-antibody-negative membranous nephro-
pathy a broader range of additional renal diseases was
observed. Our data suggest that in nephrotic PLA2R1-
antibody-positive patients a more individualised approach
to the decision on whether to perform a kidney biopsy is
possible and considering the information provided by the
biopsy this procedure should be performed in patients who
do not have a high risk for complications.
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