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INTRODUCTION

M
embranous nephropathy (MN) is etiologically
associated with circulating autoantibodies

against M-type phospholipase A2 receptor (PLA2R) in
approximately 80% of cases (when secondary etiologies
are excluded).1 Whereas a kidney biopsy may be un-
necessary to diagnose MN in patients with detectable
serum anti-PLA2R antibody and preserved estimated
glomerular filtration rate, a biopsy may reveal findings
that alter therapy in patients with reduced estimated
glomerular filtration rate.2,3 In this report, we describe
a patient with PLA2R-associated MN who developed
acute kidney injury with renal biopsy findings of
concurrent anti-glomerular basement membrane (GBM)
disease, and discuss diagnostic considerations for pa-
tients with MN and crescents.

CASE PRESENTATION

A 69-year-old Hispanic male with well-controlled hy-
pertension, diabetes mellitus, and rheumatoid arthritis
presented with nephrotic syndrome and preserved
estimated glomerular filtration rate. Serologic evalua-
tion revealed positive anti-PLA2R antibody (43.8 RU/
ml), and a kidney biopsy confirmed the diagnosis of
PLA2R-associated MN. The patient was receiving rit-
uximab for rheumatoid arthritis, received treatment 3
months prior to biopsy, and was not due for another
treatment for 3 months. Therefore, no additional
immunosuppression was administered at that time.
Three months later, the patient presented to the
emergency department with anuric acute kidney
injury, requiring renal replacement therapy. Physical
examination revealed blood pressure of 136/76 mmHg
and edema. Laboratory testing revealed serum
creatinine 6.0 mg/dl. Complement levels of C3 and C4
were normal. A full panel of serologies was ordered and
repeat kidney biopsy was performed.

Kidney Biopsy

Light microscopy revealed 20 glomeruli, none of which
were globally sclerotic. Sixteen of the 20 glomeruli
contained circumferential cellular crescents associated
with extensive fibrinoid necrosis and rupture of the
GBM. (Figure 1a). The remaining 4 glomeruli appeared
normocellular. GBMs were thickened with short spikes
highlighted by periodic acid-Schiff and Jones methe-
namine silver stains. There was diffuse acute tubular
injury, moderate interstitial inflammation, and mild
tubulointerstitial scarring. Vessels exhibited mild
arteriosclerosis, without evidence of vasculitis.

Conventional immunofluorescence revealed 3þ
linear staining for IgG, C3, k and l along the GBMs
(Figure 1b). Closer inspection additionally revealed 2þ
granular staining for IgG, C3, k and l on the outer
aspect of the GBMs (Figure 1b). Immunofluorescence
staining for PLA2R was positive in the distribution of
the subepithelial deposits (Figure 1c).

Ultrastructural examination confirmed the presence
of subepithelial electron dense deposits with inter-
vening GBM spikes (Ehrenreich and Churg stage 1-2;
Figure 1d). No mesangial or subendothelial electron
dense deposits or endothelial tubuloreticular inclusions
were seen. Podocytes displayed 100% foot process
effacement. The findings were diagnostic of anti-GBM
disease and PLA2R-associated MN.

Follow-up

The patient was found to have positive antinuclear
antibody and anti-GBM antibody (65.9 AU/ml).
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Figure 1. A glomerulus with a circumferential cellular crescent associated with GBM and Bowman’s capsule rupture and fibrinoid necrosis (A,
Jones methenamine silver, original magnification � 400). Immunofluorescence staining for IgG reveals 3þ linear global glomerular capillary
wall positivity consistent with anti-GBM disease, which partially obscures the granular subepithelial staining (arrow) of membranous ne-
phropathy (B, Original magnification � 400). Indirect immunofluorescence staining for PLA2R reveals granular subepithelial glomerular capillary
wall positivity consistent with PLA2R-associated membranous nephropathy (C, Original magnification � 400). Ultrastructural evaluation of a
glomerulus containing a crescent shows a compressed capillary loop with subepithelial electron dense deposits (lower left) and a cellular
crescent composed of epithelial cells and fibrin tactoids, associated with focal GBM rupture (arrow) (D, original magnification � 3000).
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Antineutrophil cytoplasmic antibody (ANCA), anti-
dsDNA antibody, hepatitis B surface antigen, and
hepatitis C antibody were undetectable. The patient
had no signs or symptoms of systemic lupus erythe-
matosus. The patient was treated with intravenous
pulse methylprednisone (500 mg), oral cyclophospha-
mide (2 mg/kg/day), 5 cycles of plasmapheresis, and
was maintained on prednisone (60 mg/day). Five
months later, the patient remains dialysis-dependent,
without evidence of pulmonary involvement.
DISCUSSION

MN is a common cause of nephrotic syndrome in
adults. Antibodies against podocyte antigen PLA2R are
implicated in approximately 80% of cases of presumed
“primary”MN.1 Due to the availability of sensitive and
reliable assays for anti-PLA2R antibodies, kidney biopsies
may be unnecessary for the diagnosis of PLA2R-
associated MN in patients with normal kidney func-
tion.2,3 Nevertheless, a rapid decline in kidney function
and/or active urine sediment with red blood cell casts
should prompt further evaluation for a superimposed
disease with serological testing and possibly kidney
biopsy. Differential diagnosis for kidney function
Kidney International Reports (2022) 7, 2308–2311
decline in patients with MN includes renal vein
thrombosis, tubulointerstitial nephritis, acute tubular
injury, and, rarely, superimposed glomerulonephritis
with crescents.4

Crescents are identified in less than 3% of kidney
biopsies with MN from patients who lack evidence of
systemic lupus erythematosus or an alternative sec-
ondary etiology of disease.5,6 In such cases, the
available medical literature suggests that the cres-
cents are due to superimposed ANCA-associated
vasculitis in approximately 46% to 60% of cases
(most commonly anti-MPO ANCA) and anti-GBM
disease in approximately 13% to 33%.5-9 Rarely,
patients with MN and crescents exhibit negative
ANCA and anti-GBM serologies and no evidence of
systemic lupus erythematosus.5,6,S1 Therefore, sero-
logic testing for ANCA, ANA, and anti-GBM anti-
body can be informative in patients with MN and
acute kidney injury and/or active urine sediment and
should be routinely evaluated in patients with MN
and crescents. Most cases of MN with crescents are
not associated with anti-PLA2R antibodies.5-9 In our
experience with 4 additional cases of PLA2R-negative
MN with anti-GBM disease, none were associated
with THSD7A, EXT2, or NELL1.
2309



Table 2. Teaching points

� In patients with MN and a rapid decline in renal function, clinical considerations
include renal vein thrombosis, acute tubular injury, tubulointerstitial nephritis, and
rarely, superimposed crescentic glomerulonephritis.

� MN with crescents should lead to prompt serologic testing for ANCA, ANA, and anti-
GBM antibodies.

� MN with anti-GBM disease is characterized clinically by rapidly progressive
glomerulonephritis, nephrotic range proteinuria, and in some cases pulmonary
involvement. The findings of anti-GBM disease may obscure the findings of MN.
Treatment and outcomes are more typical of anti-GBM disease, and PLA2R
serologies are usually negative.

ANA, antinuclear antibody; ANCA, antineutrophil cytoplasmic antibody; GBM, glomer-
ular basement membrane; MN, membranous nephropathy; PLA2R, phospholipase A2
receptor.

Ta
bl
e
1.

Cl
in
ic
al

an
d
la
bo

ra
to
ry

da
ta

at
pr
es
en

ta
tio
n
of

pa
tie
nt
s
w
ith

co
nc

ur
re
nt

an
ti-
GB

M
an

d
M
N
fro

m
re
ce

nt
ca

se
se
rie

s

Re
fe
re
nc
e

N
o.

of
pt
s

M
ea
n
ag
e

(Y
rs
,
ra
ng
e)

Se
x

Ra
ce

M
ea
n
pr
ot
ei
nu
ria

U
PC

R
(g
/g
)
or

24
h
ur
in
e

pr
ot
ei
n
(g
/d
)

M
ea
n

al
bu
m
in

(g
/d
l)

M
ea
n
sC

r
(m

g/
dl
)

Pt
s
w
ith

AK
I-D

at
pr
es
en
ta
tio
n

(%
,
no
.
of

pt
s)

Pt
s
w
ith

pu
lm
on
ar
y
si
gn
s

or
sy
m
pt
om

sa

(%
,
no
.
of

pt
s)

PL
A2

R
po
si
tiv
ity

(n
o.

of
pt
s
te
st
ed
)

Bi
op
si
es

w
ith

>
50

%
cr
es
ce
nt
s

(%
,
no
.
of

bi
op
si
es
)

Pt
s
w
ith

ki
dn
ey

fa
ilu
re

re
qu
iri
ng

lo
ng
-te

rm
H
D

or
Tx

(%
,
no
.
of

pt
s)

Ji
a
et
al
.7

8
32

1F
,
7M

N
A

7.
9

N
A

5.
9

N
A

62
(5
/8
)

1/
5

62
(5
/8
)

37
(3
/8
)

N
ik
ol
op
ou
lo
u
et
al
.5

5
55

3F
,
2M

4W
,
1A

22
.0

2.
5

7.
6

60
(3
/5
)

20
(1
/5
)

0/
4

40
(2
/5
)

60
(3
/5
)

Al
aw

ie
h
et
al
.6

2
24

1F
,
1M

2W
2.
8
(1

pt
w
as

an
ur
ic
)
3.
6
(N
A
fo
r

1
pt
)

16
.8

10
0
(2
/2
)

10
0
(2
/2
)

0/
2

10
0
(2
/2
)

10
0
(2
/2
)

Ah
m
ad

et
al
.8

12
55

5F
,
7M

9W
,
1B

,
2N

A
3þ

on
ur
in
al
ys
is

2.
9

9.
7

10
0
(1
2/
12

)
8
(1
/1
2)

1/
5

83
(1
0/
12

)
83

(9
/1
2)

Zu
o
et
al
.9

2
67

0F
,
2M

2W
5.
5
(N
A
fo
r
1
pt
)

N
A

11
.4

1
pt

di
d
no
tr
eq
ui
re

H
D

(N
A
fo
r
1
pt
)

N
A

0/
2

10
0
(2
/2
)

1
pt
re
co
ve
re
d
ki
dn
ey

fu
nc
tio
n

(N
A
fo
r
1
pt
)

Co
m
bi
ne
d
da
ta

fro
m

pu
bl
is
he
d
ca
se

se
rie
s

29
47

b
(1
8
to

81
)

10
F,

19
M

17
W
,
1B

,
1A

,
10

N
A

-
-

8.
9b

85
(1
7/
20

)
33

(9
/2
7)

11
%

(2
/1
8)

72
(2
1/
29

)
61

(1
7/
28

)

A,
As

ia
n,
AK

I-D
,d
ia
ly
si
s-
de
pe
nd
en

ta
cu
te

ki
dn
ey

in
ju
ry
;B

,B
la
ck
;F
,f
em

al
e;
GB

M
,g
lo
m
er
ul
ar

ba
se
m
en
tm

em
br
an
e;
HD

,h
em

od
ia
ly
si
s;
M
,m

al
e;
M
N
,m

em
br
an
ou
s
ne
ph
ro
pa
th
y;
N
A,

no
ta

va
ila
bl
e;
N
o,
nu
m
be
r;
PL
A2

R,
an
ti-
ph
os
ph
ol
ip
as
e
A2

re
ce
pt
or
;p
t,

pa
tie
nt
;s
Cr
,s
er
um

cr
ea
tin
in
e;

Tx
,k
id
ne
y
tra

ns
pl
an
t;
UP

CR
,u

rin
e
pr
ot
ei
n
cr
ea
tin
in
e
ra
tio
;W

,W
hi
te
.

a P
ul
m
on
ar
y
si
gn
s
or

sy
m
pt
om

s
re
po
rte

d
in
cl
ud
e
br
ea
th
le
ss
ne
ss
,a

lv
eo
la
r
he
m
or
rh
ag
e,

or
he
m
op
ty
si
s.

b W
ei
gh
te
d
av
er
ag
e.

NEPHROLOGY ROUNDS G Jagannathan et al.: PLA2R-Associated MN and Anti-GBM Disease

2310
MN with anti-GBM disease manifests with fea-
tures of both diseases (Table 1). Patients present
with nephrotic-range proteinuria and rapidly pro-
gressive glomerulonephritis, often requiring hemo-
dialysis.7,8 Though both diseases are often diagnosed
simultaneously, either disease may temporally pre-
cede the other.4 Pulmonary-renal syndrome occurs
in a minority of patients.7,8 The typical histologic
changes are diffuse necrotizing and crescentic
glomerulonephritis, which may obscure the more
subtle light microscopic changes of MN. Immuno-
fluorescence reveals linear staining of the GBM,
characteristic of anti-GBM disease. There is concur-
rent granular staining of the GBM with sera for IgG,
kappa, and lambda, although this is often chal-
lenging to identify because the linear staining of
anti-GBM disease frequently conceals the granular
staining of MN. Therapy is primarily focused on
anti-GBM disease, and includes a combination of
prednisone, cyclophosphamide, rituximab, and
plasmapheresis. The disease severity of concurrent
MN and anti-GBM disease is often intermediate be-
tween isolated MN and isolated anti-GBM disease,
but the overall kidney prognosis is poor, and many
patients eventually require renal replacement ther-
apy.7,8,S2 MN with concurrent ANCA-associated GN is
characterized by fewer crescents than MN with con-
current anti-GBM disease but has a similarly poor
prognosis.9,S3

Animal models provide insight into the pathophys-
iologic link between concurrent MN and anti-GBM
disease. Experimental toxic exposure of brown Nor-
way rats to mercuric chloride produces antibodies
against components of the GBM, resulting in initial
linear GBM staining, followed by granular sub-
epithelial immune complex deposition over time.S4

Experimental immunization of DBA/1 mice with re-
combinant human noncollagenous domain 1 of the a3
chain of type IV collagen (a3(IV)NC1), the target anti-
gen in anti-GBM disease, results in the formation of
Kidney International Reports (2022) 7, 2308–2311
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a3(IV)NC1-specific antibodies that cause concurrent
linear and subepithelial granular GBM staining for IgG.
Mice initially exhibit an MN phenotype with protein-
uria and later develop crescentic glomerulonephritis
in a dose dependent manner.S5,S6 Epitope mapping
studies have further narrowed down specific linear
peptides on a3(IV)NC1 that induce either disease
phenotype.S7 Interestingly, MN and anti-GBM are
linked to HLA-DRB1 alleles, suggesting an over-
lapping genetic proclivity for the development of
both diseases.S8

Declining kidney function in MN can rarely be due
to crescent formation in the setting of superimposed
glomerulonephritis such as anti-GBM disease (Table 2).
Serological testing and kidney biopsies are critical to
the diagnosis and management of this rare complica-
tion. The kidney outcome in these patients is generally
poor with patients often requiring plasmapheresis,
immunosuppression, and renal replacement therapy.
Most cases of MN with crescents are not associated
with anti-PLA2R antibodies.
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