
145

doi: 10.2169/internalmedicine.4752-20

Intern Med 60: 145-150, 2021

http://internmed.jp

【 CASE REPORT 】

Membranous Nephropathy with Proteinase 3-ANCA-
associated Vasculitis Successfully Treated with Rituximab

Shun Yoshida, Shunichiro Hanai, Daiki Nakagomi, Kei Kobayashi,

Kazuya Takahashi and Fumihiko Furuya

Abstract:
Membranous nephropathy (MN) with anti-neutrophil cytoplasmic antibody (ANCA)-associated glomeru-

lonephritis (ANCA-GN) is seen infrequently. Previous reports of patients with ANCA-GN with MN showed

that the most frequent ANCA subtype was myeloperoxidase-ANCA. We herein present a 73-year-old woman

with scleritis, hematuria, proteinuria, and positive serum proteinase 3 (PR3)-ANCA. She underwent a renal

biopsy and was diagnosed with MN and ANCA-GN. Immunofluorescence staining for PR3 colocalized with

IgG along the glomerular basement membrane were observed. Oral prednisolone and intravenous rituximab

therapy immediately improved her symptoms and urinalysis abnormalities. PR3-ANCA may be involved in

the pathogenesis of MN via the formation of immune complexes.
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Introduction

Anti-neutrophil cytoplasmic antibody (ANCA)-associated

vasculitis (AAV) is defined as necrotizing vasculitis, with

few or no immune deposits, predominantly affecting small

vessels. AAV is comprised of microscopic polyangiitis,

granulomatosis with polyangiitis, and eosinophilic granulo-

matosis with polyangiitis; glomerulonephritis is common (1).

The typical renal involvement of AAV is pauci-immune ne-

crotizing and crescentic glomerulonephritis. However, im-

mune complex deposition in ANCA-associated glomeru-

lonephritis (ANCA-GN) is not unusual (2, 3).

Membranous nephropathy (MN) is the most common

cause of nephrotic syndrome in nondiabetic adults (4). MN

is an immune complex disease caused by subepithelial de-

posits. The pathologic features of MN on light microscopy

include glomerular basement membrane (GBM) thickening

with little or no cellular proliferation or infiltration (5). Ap-

proximately 20% of all cases of MN are secondary to other

diseases, such as infections, malignancy, and autoimmune

diseases, or to drugs and toxins. Among autoimmune dis-

eases, the most common cause is systemic lupus erythema-

tosus (4).

Crescentic GN with MN and small vessel vasculitis, such

as AAV, have been reported recently, but these reports were

mainly case studies and case series (6-10). In these previous

studies, the most frequent ANCA subtype was myeloperoxi-

dase (MPO)-ANCA, whereas proteinase 3 (PR3)-ANCA was

rare. We herein present a 73-year-old woman who had MN

with PR3-ANCA-associated vasculitis who was successfully

treated with glucocorticoid therapy and rituximab (RTX).

Case Report

A 73-year-old Japanese woman developed ophthalmalgia

and congestion of her left eye a month earlier. She was di-

agnosed with scleritis by an ophthalmologist and referred to

our hospital for the further assessment of possible rheumatic

diseases. She had hypertension and dyslipidemia, and was

taking oral amlodipine 2.5 mg and atorvastatin 5 mg daily.

The results of a physical examination on admission were as

follows: temperature, 36.4°C; heart rate, 80 beats per min-

ute; blood pressure, 131/69 mmHg; and oxygen saturation,
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Figure　1.　High-resolution computed tomography of the 
lungs shows bilateral ground-glass opacity, which indicates al-
veolar hemorrhaging (arrowhead).

Figure　2.　Histopathologic findings of the kidney biopsy specimen. (A) Spike formation and a bub-
bly appearance of the basement membrane are observed on the outer surface of the capillary wall 
(arrow) (periodic acid-methenamine silver staining; original magnification, ×400). Fibrocellular cres-
cents are detected in the same glomeruli (*). (B) Subepithelial deposits are globally detected in glom-
eruli. (Masson trichrome staining; original magnification, ×400).

98% while breathing ambient air. Both lungs were clear on

auscultation. Heart sounds were normal, and no murmur was

audible. Scleral congestion of her left eye was observed.

Edema or purpura was not present on her lower extremities.

Here serum creatinine level was 0.91 mg/dL; C-reactive

protein, 0.4 mg/dL; IgG, 1,165 mg/dL; C3, 111 mg/dL; C4,

29 mg/dL; anti-nuclear antibody was positive (1:80 with ho-

mogenous and speckled pattern); rheumatoid factor, 11 IU/

mL (normal, <15 IU/mL); anti-double stranded DNA anti-

body, 10 U/mL (normal, <12 U/mL); MPO-ANCA, <0.5 U/

mL (normal, <3.5 U/mL); PR3-ANCA, 725 U/mL (normal,

<15 U/mL); and anti-GBM antibody and anti-phospholipase

A2 receptor (PLA2R) antibody were negative. Urinalysis

findings included a positive occult blood test (3+), and pro-

tein was 2+ (urine protein was negative in a medical

checkup 1 year previously). The urinary sediment contained

10 to 15 erythrocytes per high-power field. No urine casts

were observed. The urine protein/creatinine ratio (UPCR)

was 2.6 g/gCr. Chest X-ray showed no apparent pulmonary

opacity, but computed tomography of the lungs revealed bi-

lateral ground-glass opacity, which indicated alveolar hemor-

rhaging (Fig. 1). However, she had no bloody sputum or he-

moptysis. Based on the positive PR3-ANCA, urinalysis, and

computed tomography findings, she was suspected of having

PR3-AAV.

A renal biopsy was performed, and the findings on light

microscopy showed 24 glomeruli, 2 with global sclerosis

and 1 with fibrocellular crescents (Fig. 2A). Spike formation

and a bubbly appearance of the basement membrane were

observed on the outer surface of the capillary wall with peri-

odic acid-methenamine silver staining (Fig. 2A). Subepithe-

lial deposits were detected with Masson trichrome staining

(Fig. 2B). Immunofluorescence staining revealed diffuse and

global granular deposits of IgG along the outer surfaces of

all capillary walls (score 2+, on a scale of 0 to 4+, Dako,

Denmark) (Fig. 3). An IgG subclass analysis (Binding Site

Group, UK) showed that IgG1 was 2+, IgG2, IgG3, and IgG

4 were 1+ (Fig. 3). No apparent staining was seen for IgA,

IgM, C1q, C3, or C4 (data not shown). Electron microscopy

showed electron-dense deposits mainly in the subepithelial

area, spike formation of the glomerular basement membrane,

effacement of the podocyte foot processes, and thickening of

the GBM (Fig. 4A). Findings on light and electron micros-

copy indicated MN stage II concomitant with crescentic GN.

Immunofluorescence staining for PR3 colocalized with IgG

along the GBM were observed (Fig. 4B) (Immunofluores-

cence with Alexa Fluor 555 (red)-labeled anti-PR3; MyBio-

Source, San Diego, USA, and FITC (green)-labeled anti-
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Figure　3.　Immunofluorescence staining of the kidney biopsy specimen. There are granular deposits 
of IgG along the outer surfaces of all capillary walls (original magnification, ×400, score 2+). The in-
tensity levels of IgG subclass staining are IgG1: 2+, IgG2 1+, IgG3 1+, and IgG4 1+.

IgG; Proteintech Group, Rosemont, USA). In contrast, neph-

rosclerosis showed no staining for PR3.

According to her clinical symptoms, such as scleritis, ra-

diographic findings indicating pulmonary hemorrhage, and

histopathologic findings of renal biopsy, she was diagnosed

with MN and PR3-AAV. There were no signs of interstitial

pneumonia or otolaryngologic involvement. Her clinical

course is shown in Fig. 5. She received oral prednisolone 25

mg/day and 4 infusions of RTX (375 mg/m2) at 1-week in-

tervals. Her ophthalmalgia and congestion thereafter imme-

diately improved, and UPCR gradually decreased. Four

weeks after induction of therapy, UPCR was reduced to 0.15

g/gCr. No deterioration in her renal function was seen.

Thereafter, she received maintenance therapy with infusions

of RTX 1,000 mg every 6 months a total of 3 times. Gluco-

corticoid therapy was gradually tapered off over 7 months.

She has had no recurrence for about 2 years.

Discussion

The typical renal involvement of AAV is crescentic GN

characterized by a paucity of glomerular immune complex

deposits (1). The term “pauci-immune” is defined as 2+ or

lower staining for any immunoglobulin on immunofluores-

cence staining (on a scale of 0 to 4+) and the absence of

immune complex type electron dense deposits on electron

microscopy (11). Previous studies reported that 18-54% of

AAV patients who underwent renal biopsies had glomerular
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Figure　4.　(A) Electron microscopy showed electron-dense deposits in the subepithelial lesion (ar-
rowhead) and thickening of the glomerular basement membrane. (B) Immunofluorescence with Al-
exa Fluor 555 (red) -labeled anti-PR3, and FITC (green) -labeled anti-IgG. The merger of immuno-
fluorescence in some parts of the GBM and the mesangium demonstrated colocalization of PR3 and 
IgG within these areas. In contrast, nephrosclerosis showed no staining for PR3.

Figure　5.　The clinical course of the patient. Cr: creatinine, CRP: C-reactive protein, PR3-ANCA: 
proteinase 3-anti-neutrophil cytoplasmic antibodies, PSL: prednisolone, RTX: rituximab, UPCR: 
urine protein/creatinine ratio



Intern Med 60: 145-150, 2021 DOI: 10.2169/internalmedicine.4752-20

149

immune complex deposits on light or electron micros-

copy (2, 3, 12). In these patients, crescentic GN with immu-

noglobulin deposition in the mesangium or capillary loops

represented the majority of renal histopathological features,

while concomitant IgA nephropathy or MN was rarely re-

ported.

The occurrence of ANCA-GN with MN has been increas-

ingly documented (6-10), but these reports are confined

mainly to case studies and case series, and the pathogenesis

has not yet been fully elucidated. In a case series of 14 pa-

tients with ANCA-GN with MN, heavy proteinuria, hema-

turia, and acute renal injury were noted (7). Additionally, in

a cohort study of 27 patients with combined ANCA-GN and

MN, patients had significantly higher levels of initial serum

creatinine, a higher Birmingham Vasculitis Activity Score,

and a worse renal outcome than ANCA-GN patients without

MN (10). According to previous studies, ANCA-GN with

MN is more likely to have a progressive clinical course than

MN alone (7, 9, 10), although our patient had a favorable

clinical outcome. We considered that her early diagnosis

based on her clinical symptoms and renal biopsy findings,

and intensive treatment with RTX contributed to her good

prognosis.

RTX is a monoclonal antibody against the CD20 antigen

expressed on B lymphocytes. The selective depletion of B

cells by RTX is known to be a beneficial treatment for idi-

opathic MN (13). Previous studies have demonstrated the ef-

ficacy of RTX for MN (13). A combination of glucocorti-

coid therapy and cyclophosphamide has been the standard

therapy to induce a remission of AAV (14, 15). However,

various adverse events including infertility, cytopenia, infec-

tions, bladder injury, and cancer limit this treatment strategy.

Two major controlled trials demonstrated the efficacy and

safety of RTX for AAV treatment (14, 15). Due to the effi-

cacy of an RTX-based regimen for both idiopathic MN and

AAV patients, RTX may therefore be a promising treatment

for patients with ANCA-GN with MN. As mentioned above,

because patients with ANCA-GN with MN may have severe

proteinuria and a poor renal prognosis, the immediate induc-

tion of remission may be key to improving the renal out-

come. A favorable outcome for our patient was achieved

with low-dose glucocorticoid and RTX combination therapy.

Our patient exhibited serum PR3-ANCA positivity. The

ANCA subtypes reported in previous studies were mostly

MPO- or perinuclear-ANCA (7-10, 16); PR 3- and

cytoplasmic-ANCA were rare (3, 7, 10). The precise mecha-

nisms of MN formation with ANCA-GN are still unclear. In

cases of MPO-ANCA-GN with MN, it is hypothesized that

MPO released from activated neutrophils may bind to im-

mune complex deposits and thus lead to the development of

MN-like lesions. Indeed, the colocalization of MPO and IgG

within the GBM was observed in patients with ANCA-GN

with MN (10, 17). Similar to these reports, our patient ex-

hibited granular deposition of PR3 and IgG along the GBM.

This finding may indicate that PR3 can induce MN via the

formation of immune complexes. In vitro data indicate that

both ANCA serotypes can activate neutrophils and release

inflammatory mediators (18). Subsequently, ANCAs are re-

leased into the circulation from neutrophils and bind to en-

dothelial cells, thus causing vascular inflammation (18). Ad-

ditionally, PR3 expression is genetically determined (19).

From these findings, it was speculated that PR3 released

into the circulation from highly expressed activated neutro-

phils formed immune complexes with IgG, which were

trapped within the GBM and consequently caused MN.

Previous studies indicated that IgG subclasses and anti-

PLA2R antibodies were important to distinguish idiopathic

from secondary MN (10, 20). Idiopathic MN typically

shows positive serum anti-PLA2R antibodies and IgG4

staining on immunofluorescence, but the significance of

these findings has not been fully elucidated. Secondary MN,

including that seen in our patient, is generally associated

with negative anti-PLA2R antibodies (10), although some

reports have shown MPO-ANCA-MN patients with positive

serum PLA2R antibodies (16). The important issue in this

patient is whether MN occurred with or was secondary to

PR3-AAV. Negative serum anti-PLA2R antibodies may indi-

cate that MN was secondary to PR3-AAV in our case. Addi-

tionally, as mentioned above, PR3 and IgG staining along

the GBM may indicate the formation of immune complexes.

Thus, we assume that MN was caused by PR3-AAV in this

patient. Further investigations are needed to clarify the rela-

tionship between PR3-ANCA and MN formation.

To the best of our knowledge, there have been no reports

presenting immunofluorescence staining of PR3 and IgG

with ANCA-GN with MN. PR3-ANCA as well as MPO-

ANCA may be involved in the formation of ANCA-MN. We

should keep in mind that ANCA-GN with MN is not a rare

condition. Generally, ANCA-MN may have a poor renal out-

come. Thus, making an early diagnosis and treatment, which

could include the use of RTX, is important.

Written informed consent was obtained from the patient by the

corresponding author. The signed consent forms are retained by

the corresponding author. We anonymized the patient’s details as

much as possible.
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