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Abstract
Phospholipase A2 receptor (PLA2R) is the most common primary target antigen of idiopathic membranous nephropathy 
(MN) although PLA2R antibodies are also reported to be present in malignancy-associated MN. However, a case of PLA2R-
positive MN secondary to PLA2R-positive carcinoma has not been reported. A 26-year-old Japanese woman presented with 
general fatigue, fever, and nonproductive cough. Computed tomography demonstrated a left kidney mass with pathologic 
diagnosis of Xp11.2 translocation renal cell carcinoma (RCC). After the second time of administration with Sunitinib, the 
patients exhibited significant proteinuria and hypoalbuminemia. Renal biopsy revealed a diagnosis of diffuse MN secondary 
to RCC. Immunofluorescence staining showed granular patterns positive for immunoglobulin (Ig) G, IgA, and C3c. PLA2R 
and IgG1-3 were positive, while IgG4 was negative. For the treatment of severe nephrotic syndrome, we attempted steroid 
therapy without any clinical improvement. Open nephrectomy was performed and surprisingly, RCC was stained for PLA2R 
with polarity for the basal side. At outpatient follow-up, 4 months after the operation, urinary protein had still persisted, 
although serum albumin was slightly increased. We report a case of PLA2R-positive MN secondary to PLA2R-positive RCC.
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Introduction

Membranous nephropathy (MN) is the most common type of 
malignancy-associated glomerular lesions [1, 2]. The most 
common carcinomas causing malignancy-associated MN 
are lung and gastrointestinal carcinomas and cases associ-
ated with renal cell carcinoma (RCC) are rare [2–4]. In MN, 
phospholipase A2 receptor (PLA2R) is recently identified 

as one of the target antigens [4], accounting for 70–80% of 
idiopathic MN cases. Although PLA2R is expected as a non-
invasive tool to diagnose idiopathic MN [5], some reports 
noted the existence of PLA2R antibodies in malignancy-
associated MN [6–8]. Thrombospondin type I domain-con-
taining 7A (THSD7A) is another target antigen of idiopathic 
MN [9]. While cases of THSD7A-positive MN secondary 
to THSD7A-positive cancer have been reported [10–13], 
PLA2R-positive MN secondary to PLA2R-positive carci-
noma has not been reported.

Herein, we reported the case of PLA2R-positive renal cell 
carcinoma (RCC)-associated MN where RCC also expressed 
PLA2R.

Case presentation

A 26-year-old Japanese woman without any medical, surgi-
cal histories, or relevant family history had been healthy 
until February 2016, when she first noticed symptoms, such 
as general fatigue, fever at 38 ℃, and a nonproductive cough. 
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Her home doctor prescribed antibiotics, but her symptoms 
did not improve and she was referred to the community hos-
pital. Computed tomography (CT) and positron emission 
tomography revealed a left kidney mass and left subclav-
icular and periaortic lymphadenopathies. Percutaneous left 
renal tumor needle biopsy was performed and diagnosis of 
Xp11.2 translocation RCC was made. Because of lymph 
node metastasis, Sunitinib was administered at a cycle of 
37.5 mg/day for 4 weeks followed by 2 weeks of rest. After 
the second cycle, the patient had >10 g/day proteinuria and 
an acutely decreased serum albumin level, indicating the 
nephrotic syndrome. Judging from the clinical course, Suni-
tinib was suspected to cause the nephrotic syndrome, and it 
was stopped and oral methylprednisolone (32 mg daily) was 
begun for the treatment of nephrotic syndrome. However, 
this treatment did not resolve proteinuria completely and 
methylprednisolone was tapered gradually to 6 mg daily. She 
was referred to our hospital for further treatment.

At admission, the patient (height 150 cm, weight 42.9 kg) 
had a blood pressure of 118/83 mmHg, pulse 101/min, and 
temperature 36.9 °C. Physical examination revealed left sub-
clavian lymphadenopathy and mild abdominal distension. 
Urinalysis demonstrated protein level 3 + and microscopic 
hematuria (50–100 red blood cells per high power field). The 
24 h urine protein excretion was 4.8 g/day, β-2 microglob-
ulin level was 452  μg/L (reference range  < 230  μg/L), 
and N-acetylglucosamine level was 91.3 U/L (reference 
range  < 7.0 U/L). Urine electrophoresis revealed no abnor-
malities. Her serum creatinine (sCr) level was 0.42 mg/
dL and blood urea nitrogen was 5.9 mg/dL. Liver function 
tests were normal. Serum albumin was 1.4 g/dL (reference 
range 3.9–5.2 g/dL), calcium 7.8 mg/dL (reference range 
8.5–10.2 mg/dL), C-reactive protein (CRP) 8.19 mg/dL (ref-
erence range  < 0.35 m g/dL), immunoglobulin G (IgG) level 
813 mg/dL (reference range 870–1700 mg/dL), IgA level 
355 mg/dL (reference range 110–410 mg/dL), and IgM level 
145 mg/dL (reference range 46–260 mg/dL). Complement 
(C3, C4, and CH50) levels were normal. Antinuclear anti-
body, double-stranded DNA antibody, anti-GBM antibody, 
PR3-antineutrophil cytoplasmic antibody (ANCA), and 
MPO-ANCA were negative. Serum electrophoresis showed 
no abnormalities. Complete blood count was normal except 
for decreased red blood cell count to 4.08 × 106/μL.

Computed tomography scan revealed a 35 mm left het-
erogeneous mass and another 17 mm mass in the left lower 
renal pole. There were several lymphadenopathies around 
the aorta, celiac artery, and bilateral common iliac arter-
ies, as well as a 33 mm supraclavicular lymphadenopathy 
that encased the left vertebral artery. Surgical treatment 
against the lesion was deferred due to the severe nephrotic 
syndrome and left kidney needle biopsy was performed. In 
renal histological, light microscopy showed diffuse spikes 
and a bubbly appearance on periodic Schiff-methenamine 

(PASM) staining and fuchsinophil subepithelial deposits on 
Masson-trichrome staining (Fig. 1a, b), but no mesangial 
expansion, hypercellularity, tubular atrophy, or interstitial 
fibrosis was observed. Arteries were almost intact. Electron 
microscopy showed subepithelial electron dense deposits 
and foot processes effacements (Fig. 1c). Immunofluores-
cence (IF) staining revealed a granular pattern positive for 
IgG, IgA, and C3c (Fig. 2a). Immunohistochemical stud-
ies revealed that PLA2R, IgG1, IgG2, IgG3 were granu-
larly positive along with the capillary wall, but IgG4 and 
THSD7A were negative (Figs. 2b, c).

Based on the pathology and clinical course, diagnosis 
of the nephrotic syndrome caused by secondary MN due to 
RCC was made. Because her nephrotic syndrome was too 
severe for surgery, we attempted pulse steroid therapy for 
3 days followed by oral systemic prednisolone 30 mg daily. 
However, the nephrotic syndrome did not improve. There-
fore, open nephrectomy was performed. Histologic findings 
of the nephrectomy specimen revealed that RCC cells were 
stained for PLA2R with polarity for the basal side. RCC 
cells were not stained positive for IgG or THSD7A. Glomer-
uli around RCC were stained positive for IgG (Fig. 3a–d). 
Four months after surgery, urinary protein level was 2.7 g/
gCr and slightly decreased compared with its value before 
surgery (5.5 g/gCr) and serum albumin level was slightly 
increased (2.3 g/dL) compared with its value before surgery 
(2.0 g/dL). They had not completely remitted.

Discussion

We report a case of malignancy-associated MN secondary 
to Xp11.2 translocation RCC. Our case had two features: (1) 
PLA2R was colocalized with IgG1, 2, and 3 staining on the 
subepithelial area. (2) Both glomeruli and RCC were stained 
positive for PLA2R.

We observed PLA2R expressions in the subepithelial 
area with IgG1, 2, and 3 co-localization. In general, PLA2R 
staining and IgG subclasses, as well as subendothelial depos-
its, mesangial matrix expansion, and C1q staining are used 
to differentiate secondary from idiopathic MN. Although 
PLA2R staining and the serum anti-PLA2R antibody test 
are used clinically to diagnose idiopathic MN, the sensitiv-
ity and specificity of PLA2R staining for idiopathic MN are 
modest (75% and 83%, respectively) [6]. Glomerular PLA2R 
staining showed 56% and approximately 19–25% positive 
rates for idiopathic and malignancy-associated MN, respec-
tively [6, 7]. IgG subclasses are another clue to distinguish 
idiopathic from secondary MN. PLA2Rs are usually IgG4 
in patients with idiopathic MN [14]. One study reported 
that 81.7% of idiopathic MN cases were IgG4 dominant 
[8]. Therefore, an IgG4-dominant staining pattern implies 
idiopathic MN, and some even claim that IgG4 negativity 
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may indicate malignancy-associated MN [15]. In addition, 
a retrospective study reported that IF intensities of IgG1 
and IgG2 were more dominant in the malignancy than in 
the idiopathic group [16]. This difference in IgG subclass 
staining patterns between idiopathic and secondary MN has 
been explained by T helper type 1 (Th1) or Th2 involve-
ment. IgG1 and IgG2 are associated with Th1 and IgG4 with 
Th2 [16, 17]. Idiopathic MN may be involved mainly with 
Th2 [17]. Antigens from malignancy have been reported to 
activate interleukins stimulating Th1 as well as Th2 [16]. In 
our case, IgG1, IgG2, and IgG3 colocalized with PLA2R 
staining on subepithelial deposits, implying that anti-PLA2R 
antibodies were IgG1, IgG2, and IgG3. According to previ-
ous reports, anti-PLA2R IgG1-3 antibody exists [18, 19] 
and these anti-PLA2R IgG1-3 have reactivity to PLA2R 

[8]. These reports may also support our hypothesis. Unfor-
tunately, we did not test circulating anti-PLA2R antibody, 
because her follow-up was finished and she was deceased, 
but this colocalization of IgG1-3 and PLA2R suggests the 
presence of circulating anti-PLA2R antibody.

In the present case, PLA2R was overexpressed in RCC. 
PLA2R is involved in tumor suppressing function. Basic 
researches have shown that ectopic PLA2R expression lead 
to apoptosis in breast cancer cell lines [20, 21]. In contrast, 
PLA2R-knockdown in human kidney cell line, ACHN cells 
induced malignant transformation [21]. In a clinical situa-
tion, PLA2R levels decrease in several carcinomas, includ-
ing RCC [21–23]. On the other hand, PLA2R expression 
increases in some carcinomas [24, 25]. Inflammation and 
proinflammatory conditions are stimuli that upregulate 

Fig. 1   Histological findings of 
kidney biopsy specimen from 
the patient. a PASM staining 
showed spikes (arrow) and 
bubbly appearance (arrow-
head) on the subepithelial side 
of the glomerular basement 
membrane. Scale bar: 10 μm. 
b Masson-Trichrome stain 
showed fuchsinophilic deposits 
(arrow) on the subepithelial 
side of the glomerular base-
ment membrane. Scale bar: 
10 μm. c Electron microscopy 
showed subepithelial electron 
dense deposits (arrow) and foot 
processes effacements. Scale 
bar: 2 μm
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Fig. 2   Immunofluorescence and immunohistochemistry of kidney 
biopsy specimen from the patient. a Immunofluorescence showed a 
granular staining pattern positive for IgG, IgA, and C3c. b PLA2R 

staining was positive in glomeruli, while THSD7A staining was nega-
tive in glomeruli. c IgG1-3 colocalized with PLA2R
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PLA2R expression [20]. Overall, PLA2R overexpression in 
our case may result from the high-inflammatory state associ-
ated with RCC.

A case of MN in which PLA2R is positive both for glo-
merulus and cancer cells has not been reported thus far. 
Cases with another antigen of idiopathic MN, THSD7A, pro-
vided us with some information. THSD7A also is involved 
in angiogenesis and is associated with tumor progression 
[26–28]. Like our case, several reports have shown malig-
nancy-associated MN with THSD7A double-positive for 
MN and cancer [10–13]. These investigators hypothesized 
that an antibody to THSD7A on tumor cells is produced pri-
marily and then this antibody recognizes THSD7A on podo-
cytes, leading to the onset of MN. This hypothesis could be 
the case with our case. Expressed PLA2R on tumor cells by 
treatment with Sunitinib was sensitized and antibodies were 
produced, which caused secondary MN. This mechanism 
resembles the animal Heymann nephritis model [29].

In our case, proteinuria was slightly decreased, but 
had not completely recovered after surgery. We speculate 
that one possible reason may be the remained metastasis 
in several lymph nodes. Hoxha reported that antigen-pre-
senting cells of metastasized lymph nodes were positive for 
THSD7A [10]. Therefore, antigen-presenting cells in lymph 
nodes might contribute to the persistent activity of membra-
nous nephropathy in our case.

Conclusion

This is the first report of PLA2R-positive MN secondary to 
PLA2R-positive RCC.
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