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Abstract

Introduction: Anti-phospholipase A2 receptor (PLA2R) is de-
tected in approximately 70% of biopsies of “primary” mem-
branous nephropathy (MN). Crescents in MN in nonlupus pa-
tients suggest additional injury, such as antineutrophil cyto-
plasmic antibody (ANCA) or anti-glomerular basement
membrane (anti-GBM)-associated glomerulonephritis and
are postulated to reflect injury by a mechanism that un-
masks cryptic epitopes leading to the second autoantibody.
Methods: We studied PLA2R staining in nonlupus patients
with MN and crescents. Native renal biopsies in 16 nonlupus
patients with MN and crescents were stained for PLA2R.
Results: The patients included 5 women and 11 men, with
mean age 61 years and elevated serum creatinine (mean
4.68 mg/dL). Hematuria and proteinuria (mean 4.97 g/day)
were documented in 13 patients. Two patients had positive
serum anti-GBM antibody. Nine of 11 patients tested for

ANCA were positive, with p-ANCA (n = 4), c-ANCA (n=2), or
both (n= 1), with 2 not specified. On average, 27% of glomer-
uli had crescents. One patient had an initial biopsy with MN,
4 years later had MN with crescent, and 7 years later had re-
biopsy with persistent MN with crescents. One patient had
ANCA-associated vasculitis, and 5 years later had MN and
crescent. The remaining 14 patients had concurrent diagno-
ses of MN and crescents. PLA2R was positive in 5 cases, 3 with
ANCA positivity, 2 with unknown ANCA status, and none
with anti-GBM disease. The patient with initial MN preceding
crescent was PLA2R positive; the patient with initial ANCA-
associated vasculitis preceding MN was PLA2R negative.
Conclusions: Most patients (64%) presented with concomi-
tant MN and crescents, with rare occurrence of an initial dis-
ease process followed later by the second injury. PLA2R was
positive in 31% of patients, suggesting most are secondary
MN. Further study to determine the cryptic epitopes may
shed light on the triggering mechanisms for these rare but
unlikely coincidental glomerular injuries.
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Introduction

Membranous nephropathy (MN) is one of the most
common causes of nephrotic range proteinuria in adults
[1]. Approximately 80% of cases are so-called “primary,”
without evident triggering etiology and the remainder are
so-called “secondary,” associated with, e.g., systemic dis-
eases, drug or exogenous agent exposures. Phospholipase
A2 receptor (PLA2R) staining is positive in kidney biopsies
in about 70% of so-called primary MN, with an increasing
number of endogenous antigens recognized as the target in
the PLA2R-negative cases [2-5]. Crescents in primary MN
are unusual, and suggest lupus nephritis, or other addition-
al injury, such as antineutrophil cytoplasmic antibody
(ANCA)- or anti-glomerular basement membrane (anti-
GBM)-associated glomerulonephritis [6, 7]. The coexis-
tence of nonlupus MN with crescents has been postulated
to reflect initial injury by one of these mechanisms that may
then unmask cryptic epitopes and lead to the second auto-
antibody [8]. Although a few case reports and case series
describe the clinical presentation, pathological findings,
and clinical outcomes of this unusual coexistence of lesions
[6, 8-12], the role of anti-PLA2R and the possible causal
relationship between these two injury processes remain un-
clear. Here, we studied 16 nonlupus patients with MN and
crescents, PLA2R staining, and ANCA and anti-GBM anti-
body status. Our case series represents the largest number
of such MN patients including those with ANCA or anti-
GBM antibody studied for PLA2R staining. Additionally,
our cohort offered the opportunity to investigate rare pa-
tients where MN and the crescentic injury were document-
ed at different time points. We hypothesized that if crescen-
tic injury was the initial insult, the ensuing MN would like-
ly be PLA2R negative, and conversely if MN was the first
injury, it more commonly would be PLA2R positive, re-
flecting the more common form of MN.

Materials and Methods

With approval from the Institutional Review Board of Vander-
bilt University, the archives of the renal pathology laboratory at the
Vanderbilt University Medical Center were searched for native
kidney biopsy cases from January 2008 to March 2018 to identify
biopsies with MN with any crescentic lesions. Patients with sys-
temic lupus erythematosus were excluded. Patients’ medical re-
cords including evidence of systemic vasculitis, medication histo-
ry, and laboratory results, including ANCA specificity, serum cre-
atinine, urinalysis, proteinuria, treatment, and outcome were
reviewed.

Standard techniques of renal biopsies processed at our institu-
tion included light microscopy (LM), immunofluorescence (IF),
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and electron microscopy (EM). For LM, 2-um sections from for-
malin-fixed paraffin-embedded tissue were stained with hematox-
ylin and eosin, periodic acid-Schiff (PAS), and Jones’ methena-
mine silver. For IF, 4 um cryostat sections were stained with poly-
clonal fluorescein isothiocyanate-conjugated antibodies to IgG,
IgA, IgM, C3, Clq, kappa and lambda light chains and polyvalent
antisera. IF intensity and pattern were described and semi-quanti-
tatively scored by the pathologist at time of diagnosis on a scale of
0-3+. EM was performed in all cases with available tissue and ex-
amined by an experienced renal pathologist using a Philips FEI
Morgagni transmission electron microscope.

Anti- PLA2R staining was performed for this study by IF on
frozen sections, using a rabbit anti-PLA2R1 primary antibody
(Sigma-Aldrich) and polyclonal goat anti-rabbit IgG (Life Tech-
nologies) as the secondary antibody. Biopsies of known PLA2R-
positive MN were used as positive controls, while biopsies of lupus
membranous nephritis were used as negative controls, with addi-
tional negative controls without primary antibody. PLA2R anti-
body staining was considered positive if it showed granular capil-
lary loop staining in the same pattern as IgG. The extent of cres-
cents and other lesions were evaluated independently of knowledge
of the PLA2R staining.

Statistical analysis was performed using SPSS for Windows.
Continuous variables are reported as the mean + standard devia-
tion. For all tests, statistical significance was assumed at p < 0.05.

Results

Clinical Presentation and Laboratory Findings

Our cohort study consisted of 16 patients including 5
women and 11 men. The clinical presentation, laboratory
findings, treatment, and outcomes of these patients with
MN and crescents are summarized in Table 1.

Three patients were black and 12 were white with 1
patient of unknown ethnicity. The mean age at biopsy was
61 years (range 22-81 years). Proteinuria and hematuria
were present in all 13 patients in whom this assessment
was documented. Nine of 13 patients had 24-h urine col-
lections with mean proteinuria 4.97 g/day (range 0.31-
8.40 g/day). The remaining 4 patients had 100 mg/dL, 300
mg/dL, >300 mg/dL, or “nephrotic range” proteinuria on
urinalysis. All patients had elevated serum creatinine lev-
els, mean 4.68 mg/dL (range 1.84-20.00 mg/dL). In 7 pa-
tients in whom baseline creatinine levels were available,
the range of increase of serum creatinine over follow-up
was from 1.25 to 5.75 fold.

Two patients had positive serum anti-GBM antibody
tests. Nine of 11 patients tested had positive ANCA; among
these, 4 had p-ANCA, 2 had c-ANCA, 1 had both positive,
and 2 had ANCA type not specified. One patient (case 4)
was serologically positive for hepatitis C. Antinuclear anti-
body was negative in the 5 patients tested, and anti-dou-
blestranded DNA was negative in both patients tested.
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Table 1. Clinical data

Patient Age, Ethnicity Gender ANCA Anti-GBM Urine protein, Serum Cr,
years serology mg/24 h or UA mg/dL

1 59 White Male Negative Positive 5,500 2.8

2 61 White Female c-ANCA and MPO positive Negative 8,000 8.0

3 46 Black Male Unknown Unknown 8,400 2.7

4 56 Black Male Unknown Unknown 7,000 24

5 63 Unknown Female c-ANCA positive Unknown 300 mg/dL 4.1

6 47 White Male p-ANCA positive (1:160), MPO positive (58.5) Negative 309.3 2.1

7 22 White Male Unknown Unknown >300 mg/dL 2.0

8 74 White Male Unknown Markedly elevated Unknown 20.0

9 73 White Female Unknown Unknown 5,000 2.0

10 81 White Male P-ANCA positive Negative 4,980 3.7

11 54 White Male Positive (5 yr ago), persistently elevated Unknown 1,000 1.8

12 50 Black Female Negative Unknown Nephrotic 46

13 58 White Male p-ANCA (+) Unknown 100 mg/dL 35

14 79 White Female PR3 (+) Unknown 4,500 3.7

15 88 White Male p-ANCA (+) Negative Unknown 4.8

16 60 White Male ANCA (+) Unknown Unknown 6.6

ANCA, antineutrophil cytoplasmic antibodies; c-ANCA, cytoplasmic antineutrophil cytoplasmic antibodies; p-ANCA, perinuclear antineutrophil
cytoplasmic antibodies; MPO, myeloperoxidase; PR3, proteinase 3; UA, urinalysis; Serum Cr, serum creatinine; GBMs, glomerular basement membranes.

Pathologic Findings

The renal biopsy features are summarized in Table 2.
Diagnostic features of MN and crescentic lesions were
present in all biopsies by study design. Fifteen glomeruli
on average were present in the light microscopic sample
(range 5-26). Crescents were present in 27% of glomeru-
li on average (range 5-89%), mostly cellular (54% of cres-
cents, range 0-100%). Fibrinoid necrosis, evidenced by
GBM breaks, karyorrhexis and fibrin, was present in 13%
of glomeruli (range 0-56%). MN features were evident by
LM in 11 cases, including pinpoint hole appearance and
spike formation along the GBM on silver stains. None of
the cases showed endocapillary hypercellularity. The de-
gree of interstitial fibrosis with proportional tubular atro-
phy ranged from mild (affecting 1-25% of the cortex; 7
patients) to moderate (affecting 26-50% of the cortex, 7
patients) to severe (>50% of the cortex; 2 patients), on av-
erage 32% (range 10-65%). There was no necrotizing vas-
culitis in the arterioles or arteries.

IF demonstrated granular, segmental to global glo-
merular capillary loop positivity in all patients for IgG,
and in all except 1 for kappa and lambda light chains, with
the mean intensity for these staining for all patients 1.77,
1.19, and 1.06 (0-3+ scale), respectively. Of our 16 pa-
tients, 2 patients showed weaker than IgG level staining
for IgA, 11 had weaker IgM, 14 had weaker C3, and 5 pa-
tients had weaker C1q, respectively. In the 2 patients with

PLA2R in Crescentic Membranous
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positive anti-GBM antibody, anti-GBM staining was evi-
denced by trace to 1+ linear capillary loop IgG staining in
addition to 3+ granular capillary wall staining for IgG.
None of the patients showed a full-house staining pattern,
which would be suggestive of lupus nephritis. No extra-
glomerular staining for IgG was present.

EM was performed in all cases and showed character-
istic features of MN with subepithelial and/or intramem-
branous electron dense deposits. Among these, 10 cases
showed a global or near global pattern of deposits (involv-
ing >50% of the glomerular capillary loops). Foot process
effacement was on average 73% (range 10-100%). Me-
sangial deposits were identified in 10 cases, ranging from
very rare small to scattered medium-sized, which are
commonly reported in the setting of pauci-immune nec-
rotizing crescentic glomerulonephritis. Four cases
showed rare small to occasional medium-sized subendo-
thelial deposits. None of the cases demonstrated tubulo-
reticular inclusions or tubular basement membrane de-
posits.

ANCA versus Anti-GBM Associated Cases and Time

Course

We then compared the 2 patients with positive anti-
GBM antibody and the group with positive ANCA (9 pa-
tients). As expected, the patients with positive anti-GBM
antibody had more extensive crescents including both
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Fig. 1. Kidney biopsy of Case 9. a A repre-
sentative glomerulus shows the rigid GBM
with rare pinpoint hole appearance, char-
acteristic of early MN (Jones’ silver stain,
x400). b A cellular crescent is present
(Jones’ silver stain, x200). ¢ A representa-
tive glomerulus shows finely granular
staining along the glomerular capillary
loops for PLA2R (anti-PLA2R IF stain,
x400). MN, membranous nephropathy; IF,
immunofluorescence; PLA2R, phospholi-
pase A2 receptor; GBMs, glomerular base-
ment membranes.

cellular and fibrocellular crescents, involving 70 + 28% of
glomeruli, compared to the patients with positive ANCA,
23 £15% (p =0.006). The percentage of cellular crescents
or the percentage of crescents with fibrinoid necrosis did
not differ between groups (p = 0.46 and 0.65, respective-
ly).

Next, we studied the sequence of MN and develop-
ment of crescents. The most common pattern was detec-
tion of concurrent MN with crescents at the time of bi-
opsy, observed in 14 patients. Among these, 2 had posi-
tive anti-GBM antibody and 8 had positive ANCA. Of
note, 1 patient (case 9) had an initial biopsy of MN evi-
denced by spikes along the GBM with classic polyclonal
IgG granular capillary loop staining without any cres-
cents. A second biopsy 5 years later showed a cellular
crescent in addition to persistent MN with unknown sta-
tus of ANCA and anti-GBM antibody at that time (Fig. 1).
A third biopsy 7 years after initial presentation showed
MN features and 2 fibrocellular crescents. Another pa-
tient (case 11) had a clinical diagnosis of vasculitis with
positive ANCA 5 years prior to a kidney biopsy, which
demonstrated MN with 1 fibrous crescent.

PLAZ2R Staining
Five of the 16 cases showed PLA2R positivity in the
kidney biopsies. Neither of the 2 cases with positive anti-

PLA2R in Crescentic Membranous
Nephropathy

GBM antibody had positive PLA2R. Among the 14 cases
with concurrent detection of MN and crescents, 4 cases
were PLA2R positive, 3 of these with positive ANCA, and
10 were PLA2R negative, and 5 with positive ANCA. In
addition, 2 cases with unknown ANCA status were
PLA2R positive. The biopsy in the patient (case 9) with
initial diagnosis of MN, and MN with crescent 5 years
later showed positive PLA2R staining. The biopsy in the
patient (case 11) with positive ANCA and vasculitis for 5
years prior to the renal biopsy with MN and crescent was
PLA2R negative (Fig. 2).

Clinical Follow-Up

Follow-up on most of these biopsies was not available,
as most were outside referral biopsies sent to us for pri-
mary diagnosis. In patient 9, repeat biopsy 2 years after a
second biopsy showed persistent MN and crescents, with
increased chronicity with fibrocellular crescents and in-
creased interstitial fibrosis and tubular atrophy after ini-
tial treatment with unspecified immunosuppression.

Patient 1 presented with a 1-month history of hema-
turia, proteinuria (5.5 g/day), fatigue, and fever and had
increased serum creatinine (2.8 mg/dL, from baseline
creatinine 0.9 mg/dL 4 months earlier). After biopsy, this
patient was treated with plasmapheresis, then cytoxan for
slightly more than a year, and then switched to Imuran
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Fig. 2. Kidney biopsy of Case 11: a A fi-
brous crescent is present (Jones’ silver
stain, x400). b A representative glomerulus
shows finely granular staining along the
glomerular capillary loop for IgG (IF stain,
x400). ¢ A representative glomerulus
shows negative staining for PLA2R (anti-
PLA2RIF stain, x400). IF, immunofluores-
cence; PLA2R, phospholipase A2 receptor.

for 1 year, and has since been off treatment. The patient
has remained in remission with mild proteinuria (0.28 g/
day) and serum creatinine 1.4 mg/dL at last known fol-
low-up 8 years after biopsy.

Patient 13 received monthly cyclophosphamide 1 gi.v.
for 6 months, then azathioprine for maintenance therapy
for 2.5 years. His serum creatinine has remained near 2
mg/dL without hematuria or proteinuria.

Patient 15 presented with edema, weight loss, and in-
creased serum creatinine. After biopsy results, he was
treated with steroids and oral cyclophosphamide. The pa-
tient then showed monoclonal gammopathy of undeter-
mined significance, with no monoclonal component in
the biopsy. Initially, serum creatinine improved from 5
mg/dLto 2.7 mg/dL, but 1 month after biopsy had marked
edema and dyspnea with little response to aggressive
therapy with steady worsening of renal function. He and
his family eventually opted for comfort care only and de-
clined dialysis.

Discussion

In the absence of evidence of systemic lupus erythema-
tosus, MN with crescentic lesions is rarely encountered.
When present, these findings suggest the possibility of a
superimposed disease process, either additional anti-
GBM disease or ANCA-associated necrotizing crescentic
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glomerulonephritis. Little is known about the potential
causal relationship between the injury processes leading
to MN and crescents. In this study, we investigated a co-
hort of nonlupus MN with crescents and assessed PLA2R
staining and ANCA and anti-GBM antibody status. Our
study is the first and largest series to date with PLA2R
staining of such MN patients with crescents, including
those with ANCA or anti-GBM antibody. Our data dem-
onstrate that 64% of the patients with concurrent MN and
crescents had coexisting ANCA-associated disease, while
14% of the patients with concurrent MN and crescents
had coexisting anti-GBM disease. PLA2R was negative in
69% of patients, suggesting most cases are likely so-called
secondary MN. Importantly and uniquely, in 2 of our pa-
tients, we shed additional light on the potential interac-
tion of these injury mechanisms, where either MN or AN-
CA-related disease was proven to be the initial injury.

In 1974, MN combined with anti-GBM antibody glo-
merulonephritis was first recognized by Klassen et al. [13]
in a patient with biopsy-proven MN followed by an acute
decline in renal function and death. The autopsy demon-
strated crescentic lesions with IgG linear staining along
the GBM in addition to classic MN. The authors postu-
lated that the MN induced release of antigenic GBM frag-
ments, which subsequently provoked an immune re-
sponse with formation of antibodies against the GBM.
Since then, 60-70 cases have been described so far [14-
17]. In some cases, MN was followed by anti-GBM glo-
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merulonephritis; in some, anti-GBM glomerulonephritis
was followed by MN; and the remaining showed simulta-
neous detection of findings of MN and anti-GBM disease.

In our study, 2 patients demonstrated simultaneous
findings of MN and anti-GBM disease, with fair progno-
sis, similar to previous studies [17]. In the most recent
case series of 12 patients with anti-GBM disease and MN,
concurrent detection of both patterns of injury was the
most common presentation and only 1 of 5 of the patients
tested for PLA2R was positive [14]. Neither of the 2 cases
in our study with MN and anti-GBM disease showed pos-
itive PLA2R. In addition, the scattered small mesangial
deposits by EM in one of our cases, although not specific,
could suggest a secondary MN. Other possibilities of neg-
ative PLA2R in a MN case without specific exogenous
trigger include autoantibodies to additional uncommon
antigens of MN such as thrombospondin type-1 domain
containing 7A, exostosin-1/2, neural epidermal growth
factor-like 1 protein, or other novel antigens, or low con-
centration of PLA2R below the detection level. Recently,
a mouse model study demonstrated that the linear pep-
tide of human alpha3(IV)NCI could induce clinical and
histopathological features of MN in DBA/1 mice, which
might provide clues to the mechanism underlying devel-
opment of MN in combination with anti-GBM disease
[18].

MN with superimposed ANCA disease is also a rare
phenomenon. So far approximately 50 cases have been
reported, including 2 larger cohort studies [10, 19-21]. In
one of these larger series, 14 cases were identified, all with
heavy proteinuria, active urine sediment, and acute kid-
ney injury with 50% of patients reaching end-stage kid-
ney disease or death. One patient had biopsy-proven MN
7 months prior to MN with crescent formation. Another
patient had granulomatosis with polyangiitis for 1 year
before a biopsy showed MN with crescents. The remain-
ing cases showed simultaneous detection of MN and cres-
centic lesions. No PLA2R or IgG subclasses studies were
performed [10]. In another large series, 13 cases were
identified, all with simultaneous detection of the com-
bined lesions. IgG subclasses and PLA2R studies were
conducted in 7 of these cases, and only 2 were positive for
PLA2R [19]. A most recent UK study of 7 cases with MN
and crescents with positive ANCA showed negative
PLA2R staining [11]. Our cohort demonstrated similar
findings, in that most patients (6 of 9) with ANCA were
negative for PLA2R, indicating more likely a secondary
MN process. Combined with the published series above,
the results were similar (18 of 22 patients with MN and
crescents and ANCA showing negative PLA2R).

PLA2R in Crescentic Membranous
Nephropathy

Interestingly, in our study, there was rare documented
occurrence of an initial disease process followed later by
the second injury. These rare cases include MN develop-
ing first in one patient, and ANCA disease first in anoth-
er patient. The PLA2R findings in these 2 patients are of
further interest. Thus, our patient #11 had a positive
ANCA and a clinical diagnosis of vasculitis 5 years prior
to a renal biopsy showing PLA2R-negative MN with a fi-
brous crescent. We postulate that this initial crescentic
injury damaged the capillary wall, and thus may have
played a role in initiating a second autoantibody causing
MN, which was PLA2R negative, not as seen in most cas-
es of usual “primary” MN. In contrast, patient #9 had bi-
opsy-proven PLA2R positive MN preceding a second bi-
opsy 5 years later with crescentic injury. We postulate that
in this patient, the MN injury which preceded the subse-
quent development of an additional crescentic process
damaged the capillary wall, and thus may have played a
role in initiating a second autoantibody causing a vascu-
litic injury. Although serological studies for ANCA and
anti-GBM antibodies were not done, the very limited
crescents and lack of detection of anti-GBM staining in
the biopsy support that the added crescentic process like-
ly was an ANCA-associated type vasculitic injury.

The remaining 14 cases of our study revealed concur-
rent MN and crescents at the time of biopsy, including
biopsies with coexisting anti-GBM disease or coexisting
ANCA-associated disease. One of these biopsies, patient
#4 with positive hepatitis C and unknown ANCA and an-
ti-GBM antibody serologies showed scattered subendo-
thelial deposits by EM, supporting a secondary etiology
of the predominantly MN pattern of injury. This MN pat-
tern injury was also PLA2R negative. Our case series is
limited by relatively small size of these rare double injury
pattern biopsies, lack of follow-up information of all pa-
tients, and lack of testing for IgG subclasses and other
potential antigens of MN in the PLA2R-negative cases.

In summary, in our study, we present the largest num-
ber of such patients studied for PLA2R staining, rare pa-
tients where MN and the crescentic injury were docu-
mented at different time points. We speculate that indi-
viduals predisposed to develop one type of autoimmune
disease may have a second such disease. Such multiple
processes may relate to specific HLA alleles or other im-
mune regulatory predispositions to autoimmune
disease(s) which could potentially trigger unmasking of
cryptic epitopes. Further study to determine the cryptic
epitopes may shed light on the triggering mechanisms for
these rare but unlikely coincidental glomerular injuries.
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