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【 CASE REPORT 】

A Refractory Case of Secondary Membranous Nephropathy
Concurrent with IgG4-related Tubulointerstitial Nephritis
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Abstract:
A 58-year-old man with type 1 autoimmune pancreatitis was referred to nephrologists for severe protein-

uria. Laboratory data revealed a high serum IgG4 level, hypoalbuminemia, and massive proteinuria, which

were compatible with nephrotic syndrome. The renal pathological findings confirmed the diagnosis of secon-

dary membranous nephropathy concurrent with IgG4-related tubulointerstitial nephritis. Despite the improve-

ment of interstitial markers, the proteinuria was refractory to prednisolone, requiring cyclosporine to achieve

complete remission. Membranous nephropathy is a rare manifestation of IgG4-related kidney disease. This

case shows that the therapeutic response to prednisolone significantly differs between glomerular lesions and

interstitial lesions of IgG4-related kidney disease.
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Introduction

IgG4-related disease (IgG4-RD) is a recently recognized

clinical entity characterized by an elevated serum IgG4 con-

centration, a dense lymphoplasmacytic infiltrate rich in

IgG4-positive plasma cells, and a typical fibrotic lesion

(“storiform” fibrosis) (1). Previous studies have reported the

renal involvement of IgG4-RD, comprehensively termed

IgG4-related kidney disease (IgG4-RKD) (2). Tubulointersti-

tial nephritis (TIN) with dominant IgG4-positive plasma cell

infiltration and fibrosis is the most common histological

finding and generally responds well to corticosteroid ther-

apy (3, 4). Glomerular lesions occasionally coincide with

IgG4-related tubulointerstitial nephritis (IgG4-TIN), and a

variety of glomerular diseases have been reported, including

membranous nephropathy (MN), membranoproliferative

glomerulonephritis, and minimal change disease (5, 6).

However, the underlying pathophysiology of glomerular le-

sions in the context of IgG4-RKD has yet to be elucidated.

We herein report a case of secondary MN concurrent with

IgG4-TIN that required combination therapy of prednisolone

(PSL) and cyclosporine (CyA).

Case Report

A 58-year-old man was admitted to our hospital with a 2-

month history of persistent proteinuria. One year before ad-

mission, he had been diagnosed with type 1 autoimmune

pancreatitis (AIP) and received PSL 35 mg/day. The AIP

improved promptly, and the serum IgG4 level decreased

from 473 mg/dL to 226 mg/dL. As PSL was tapered to 10

mg/day over the next 6 months, the AIP further improved,

but the serum IgG4 level gradually increased. Two months

before admission, proteinuria developed and rapidly became

aggravated. He was referred to nephrologists for a further
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Figure　1.　Renal pathological findings. (a) Interstitial infiltration of plasma cells (Hematoxylin and 
Eosin staining). Original magnification, ×100. (b) Characteristic “storiform” fibrosis (periodic acid-
methenamine-silver; PAM stain). Original magnification, ×200. (c) Well-preserved glomerular struc-
ture (PAM stain). Original magnification, ×400. (d, e) An immunohistochemical study for IgG (d) and 
IgG4 (e). The IgG4/IgG-positive plasma cell ratio was 44.8%. (f) Subepithelial and subendothelial 
deposits (arrows and arrow heads, respectively.) on electron microscopy. Original magnification, 
×20,000. (g-j) Immunofluorescence staining for IgG1 (g), IgG2 (h), IgG3 (i) and IgG4 (j). The deposi-
tion of IgG1 was dominant among IgG subclasses on the glomerular basement membrane.

examination and treatment.

On admission, he was receiving PSL at 10 mg/day, and

his AIP was in remission. He also had a history of diabetes

mellitus due to AIP and PSL. His family history and social

history were unremarkable. A physical examination revealed

bilateral pitting edema on the lower extremities. Laboratory

data at the referral revealed the following: serum albumin,

2.2 g/dL; serum total protein, 5.8 g/dL; serum creatinine,

0.80 mg/dL; serum IgG4 level, 495 mg/dL; serum IgE level,

1,934 IU/L; HbA1c, 8.5%; urinary protein excretion, 12.2 g/

day; and urinary N-acetyl-β-D-glucosaminidase (NAG) 30.4

U/L. Based on these findings, he was diagnosed with neph-

rotic syndrome. Anti-nuclear antibody, hepatitis-B surface

antigen, hepatitis C antibody, and cryoglobulin were nega-

tive. Serum IgG, IgA, IgM, and complement levels were

within normal limits. Serum autoantibody against M-type

phospholipase A2 receptor (anti-PLA2R antibody) was un-

detectable. Contrast-enhanced computed tomography (CT)

revealed mild swelling of the mediastinal lymph nodes and

pancreatic body. No renal involvement was noted, including

low-density areas or mass lesions in the renal parenchyma.

A percutaneous kidney biopsy was performed, and the

specimen revealed interstitial infiltration of plasma cells

(Fig. 1a) and storiform fibrosis (Fig. 1b). The glomerular

basement structure was well-preserved on PAM staining

(Fig. 1c). On immunohistochemistry, the ratio of IgG4-

positive plasma cells to IgG-positive plasma cells was 44.8%

(Fig. 1d and e). Electron microscopy revealed electron dense

deposits in subepithelial and subendothelial regions along

the glomerular basement membrane (Fig. 1f). Immunofluo-

rescence staining revealed the presence of granular deposits

of IgG, C3, and C1q along the glomerular basement mem-

brane. Staining of IgM, IgA, and PLA2R was negative. On

IgG-subclass staining, dominant IgG1 deposition was ob-

served along the glomerular basement membrane, while

staining for IgG2, IgG3, and IgG4 was comparatively weak

(Fig. 1g-j). Other underlying etiologies, including infection,

autoimmune disease, and malignancy, were excluded by sys-

temic work-up. Based on these findings, we confirmed the

diagnosis of secondary MN concurrent with IgG4-TIN.

After the diagnosis, we increased the PSL dose to 35 mg/

day (Fig. 2). Although urinary NAG decreased promptly to

normal levels after increasing the PSL dosage, severe prote-

inuria persisted. The proteinuria was refractory to mizoribine

(MZR) and intravenous cyclophosphamide (IVCY), so we

administered CyA in addition to PSL. His urinary protein

excretion had gradually decreased, and complete remission

was achieved at 21 months’ follow-up with a PSL dose of

12.5 mg/day. Although the PSL tapering had increased the

serum IgG4 level again, the AIP and nephrotic syndrome

were in remission under a maintenance PSL dose. The labo-

ratory data at remission were as follows: serum IgG4 level,

203 mg/dL; serum albumin, 3.6 g/dL; and urinary protein

0.13 g/gCre.

Discussion

Our patient presented with nephrotic syndrome during

maintenance PSL therapy for AIP, and the pathological find-

ings confirmed the diagnosis of secondary MN concurrent

with IgG4-TIN, which was refractory to PSL therapy com-

bined with mizoribine and IVCY. Glomerular lesions are

rare manifestations of IgG4-RKD, and a previous report re-

vealed that MN coincides with 7% of IgG4-RKD (7). The

mechanism underlying the onset of MN in the context of

IgG4-RKD remains unclear.



Intern Med 57: 2873-2877, 2018 DOI: 10.2169/internalmedicine.0836-18

2875

Figure　2.　The clinical course after the diagnosis of secondary membranous nephropathy concur-
rent with IgG4-related tubulointerstitial nephritis. Although urinary NAG decreased promptly with 
the increase in the PSL dose, the proteinuria persisted even after combination treatment with mizorib-
ine and IVCY. After the coadministration of CyA with PSL, the urinary protein excretion gradually 
decreased, and complete remission was achieved at 21 months of follow-up. Although the serum IgG4 
level had been re-elevated by PSL tapering, the proteinuria was sufficiently suppressed. NAG: 
N-acetyl-β-D-glucosaminidase, PSL: prednisolone, MZR: mizoribine, IVCY: intravenous cyclophos-
phamide, CyA: cyclosporine

Table.　Fluorescence Staining Pattern of IgG-subclass and Treatment Response in Secondary Membranous 
Nephropathy Concurrent with IgG4-RD.

Age 

and 

sex

Staining pattern of 

IgG-subclass
TIN Tx

Proteinuria 

response

U-pro 

(g/day) 

Pre Tx

U-pro 

(g/day) 

Post Tx

Length 

of f/u 

(months)

Reference

67F IgG2>IgG4>IgG1≒IgG3 (+) PSL CR 4.0 0.2 7 (7)

67M IgG4>IgG1≒IgG2>IgG3 (+) PSL+CyA CR 4.5 0.7 7 (7)

53M IgG4>IgG2≒IgG3>IgG1 (−) PSL+MMF PR 16 3.1 46 (7)

34M IgG4>IgG3>IgG1≒IgG2 (−) np np np np np (7)

58M IgG4>IgG1≒IgG2>IgG3 (+) PSL+Tac CR 15.7 np 18 (9)

29F IgG4>IgG1≒IgG2≒IgG3 (+) PSL+CyA CR 5.6 np 5 (10)

54M IgG3>IgG4>IgG1>IgG2 (−) PSL+Rit NR 3.9 5.6 17 (11)

83M IgG1≒IgG4>IgG2>IgG3 (+) PSL NR 2.3 1.6 4 (12)

58M IgG1>IgG2≒IgG4>IgG3 (+) PSL+CyA CR 12.2 0.1 21 This case

TIN: tubulointerstitial nephritis, PSL: prednisolone, CyA: cyclosporine, MMF: mycophenolate mofetil, Tac: tacrolimus, Rit: rituximab, 

CR: complete response, PR: partial response, NR: no response, np: not provided, Tx: treatment, f/u: follow up

The characteristic pathological findings of IgG4-RKD in-

clude tubulointerstitial nephritis and storiform fibrosis (3). In

MN concurrent with IgG4-TIN, the renal pathological find-

ings are generally compatible with the features of secondary

MN. Therefore, the exclusion of other underlying conditions

is an important diagnostic rationale. In our case, the renal

pathological findings revealed the dominant granular deposi-

tion of IgG1 along the glomerular basement membrane and

the presence of electron-dense deposits on subendothelial

and subepithelial lesions. On immunofluorescence staining,

idiopathic MN generally shows IgG4-dominant deposits,

while IgG2 or G3 is the dominant IgG subclass in secon-

dary MN (8). Regarding secondary MN concurrent with

IgG4-RD, previous reports have revealed several patterns of

dominant deposition of IgG-subclasses on glomeruli (Table).

Five cases showed the dominant deposition of IgG4 on

glomeruli, while the other three showed the deposition of

various IgG-subclasses, including IgG1, IgG2, and

IgG3 (7, 9-12). These findings indicate that the dominant

deposition of IgG-subclass is not totally diagnostic for sec-

ondary MN concurrent with IgG4-RD (Table).

M-type phospholipase A2 receptor (PLA2R) is a recently

identified target antigen for idiopathic MN (13). The sensi-

tivity and specificity of serum anti-PLA2R antibodies for

idiopathic MN were reported to be >75% and 100%, respec-

tively (14). In contrast, anti-PLA2R antibodies do not play a

principal role in the pathogenesis of IgG4-RKD (15). Serum

anti-PLA2R antibodies and the immunostaining for PLA2R

on histology were negative in all reported cases (7, 9-12),

suggesting that negative results of serum anti-PLA2R anti-

bodies and the negative immunostaining for PLA2R may

contribute to the diagnosis of secondary MN concurrent



Intern Med 57: 2873-2877, 2018 DOI: 10.2169/internalmedicine.0836-18

2876

with IgG4-RD. Although the prevalence of anti-PLA2R anti-

bodies in Japanese patients is lower than in patients from

other countries, no Japanese patients with secondary MN

have been positive for anti-PLA2R antibodies (16). There-

fore, the analysis of anti-PLA2R antibodies is still extremely

valuable for differentiating secondary MN from idiopathic

MN. In our case, undetected serum anti-PLA2R antibodies,

characteristic renal pathological findings, and the exclusion

of other underlying etiologies confirmed the diagnosis.

Generally, IgG4-RD and IgG4-TIN respond well to PSL

therapy (4, 17). A previous report demonstrated that 90%

patients with IgG4-TIN showed a prompt response to corti-

costeroid therapy (18). In contrast, glomerular lesions of

IgG4-RKD are occasionally refractory to PSL mono-therapy

(Table). Of 9 previous cases, only 1 treated by PSL mono-

therapy reached complete response of proteinuria, defined as

<1 g/day proteinuria. Other cases required combination ther-

apy with immunosuppressive agents to achieve a complete

response or only achieved a partial response, defined as a

>50% decrease in proteinuria but not reaching <1 g/day. The

effectiveness of various immunosuppressive agents and B-

cell depletion by rituximab therapy has been re-

ported (19, 20). In our case, while the urinary NAG level

decreased promptly after the increase in the PSL dose, se-

vere proteinuria persisted even under PSL combined with

MZR and IVCY. Sustained combination therapy of CyA and

PSL ultimately resulted in complete remission. These differ-

ences in the response to PSL between the glomerular lesion

and the interstitial lesion were compatible with the findings

of previous reports.

The serum IgG4 level is an important diagnostic marker

for IgG4-RD (21). The serum IgG4 concentration is corre-

lated with the number of involved organs and usually de-

creases immediately after PSL therapy (22, 23). However,

although more than 70% of cases of IgG4-RD exhibit a high

serum IgG4 level (1), in the current consensus guideline

statements on IgG4-RD, an elevated serum IgG4 concentra-

tion (�135 mg/dL) is neither necessary nor sufficient for the

diagnosis of IgG4-RD (3). Furthermore, the degree of serum

IgG4 level elevation has only an imperfect correlation with

the underlying disease activity (24). In previous reports, the

serum IgG4 level was re-elevated without an apparent re-

lapse in half of the patients with IgG4-RKD during mainte-

nance PSL therapy (16). In our case, the serum IgG4 level

was re-elevated by PSL tapering, but the proteinuria and

AIP remained in remission, indicating that the serum IgG4

level does not directly reflect the activity of glomerular le-

sions. In order to effectively monitor the disease activity of

IgG4-RKD, we should not rely solely on the serum IgG4

concentration, taking care to consider other clinical findings

and laboratory data as well.

In conclusion, we described a refractory case of secon-

dary MN concurrent with IgG4-TIN that presented with

nephrotic syndrome during maintenance PSL therapy for

AIP. The present case illustrates the important clinical and

pathological features of secondary MN concurrent with

IgG4-TIN. When a patient with IgG4-RD presents with pro-

teinuria, the possibility of glomerular complications of

IgG4-RKD should be considered. The renal pathology is the

most important diagnostic clue, and the measurement of se-

rum PLA2R antibodies also contributes to the diagnosis. In

contrast to extra-renal lesions of IgG4-RD and IgG4-TIN,

PSL therapy might be ineffective for treating the glomerular

manifestation of IgG4-RKD, indicating that the underlying

pathological mechanisms differ between interstitial and

glomerular lesions of IgG4-RKD. Specific treatments for

glomerular lesions of IgG4-RKD have yet to be established,

indicating the need for further investigation.

Written informed consent was obtained from the patient for

the publication of this case report and any accompanying images.

The authors state that they have no Conflict of Interest (COI).
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