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Abstract
BACKGROUND
About 70%-80% of patients with primary membranous nephropathy (MN) have phospholipase A2 receptor (PLA2R) in renal tissue. Systemic light-chain (AL) amyloidosis is the most common type of amyloidosis. MN complicated with amyloidosis is rare. 

CASE SUMMARY
[bookmark: OLE_LINK110][bookmark: OLE_LINK111]A 48-year-old Chinese male presented with nephrotic syndrome, positive serum PLA2R antibody, and positive serum and urine IgG-lambda type M-protein, with a normal ratio of serum-free light-chain level. The patient was diagnosed with MN accompanied by AL amyloidosis. He was treated with rituximab with glucocorticoids and CyBorD regimen of chemotherapy. After 21 mo of follow-up, the patient achieved complete remission regarding nephrotic syndrome without adverse effects of chemotherapy.

CONCLUSION
We report a case of PLA2R-related MN complicated with primary AL amyloidosis only with renal involvement and successfully treated with rituximab, glucocorticoids and chemotherapy.
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Core Tip: We report a rare case of phospholipase A2 receptor-related membranous nephropathy complicated with primary systemic light-chain amyloidosis with only renal involvement. The patient achieved complete remission after receiving rituximab, glucocorticoids and CyBorD regimen chemotherapy. Additionally, we conducted a literature review to provide current evidence on early diagnosis and treatment of this disease.

INTRODUCTION
Membranous nephropathy (MN) is a major cause of adult nephrotic syndrome. It can be divided into primary and secondary MN, depending on the presence or absence of secondary factors[1]. In 2009, phospholipase A2 receptor (PLA2R), as an autoantigen of podocytes, was discovered to mediate the development of primary MN[2]. About 70%-80% of primary MN patients are positive for anti-PLA2R[3]. Amyloidosis is a heterogeneous acquired or inherited disease[4]. The common types of amyloidosis are immunoglobulin light-chain (AL) amyloidosis, amyloid A amyloidosis, leukocyte chemotactic factor 2 amyloidosis, and apolipoprotein A-1 amyloidosis. AL amyloidosis is the most common type, with an incidence rate of 8.9-12.7/million person-years[5]. It is usually caused by a small clone of abnormally proliferating bone marrow plasma cells that secrete an insoluble amyloid monoclonal immunoglobulin light chain, which is deposited in organs or tissues, causing their dysfunction[6]. The organs most commonly affected are the heart (about 75%-80%) and kidneys (about 65%)[5]. Cases of MN combined with amyloidosis are relatively rare. We report a case of anti-PLA2R–positive MN combined with primary AL amyloid nephropathy. We also provide a systematic review of the English literature on MN combined with amyloidosis, briefly describing related clinical features and expanding clinician’s understanding of such rare cases, to reduce the possibility of underdiagnosis and misdiagnosis. At the same time, our patients achieved a good prognosis in long-term follow-up, offering possible options for the treatment of such patients.

CASE PRESENTATION
Chief complaints
A 48-year-old Chinese male presented with a 1-year history of foamy urine and a 1-month history of lower limb edema.

History of present illness
The patient was hospitalized in our department on December 24, 2020. He experienced a 1-year history of foamy urine after an upper respiratory tract infection and a 1-month history of edema of lower limbs. The patient was treated with antibiotics due to a toothache, concurrently developing edema. Before admission, the patient had taken diuretics and urine protein-lowering drugs orally on an irregular basis, but it was not effective.

History of past illness
The patient had a 1-year history of hypertension, which was well-controlled with benidipine. Moreover, he had been diagnosed with chronic pulpitis 1 mo earlier.

Personal and family history
His personal history and family history were unremarkable. 

Physical examination
Physical symptoms were blood pressure of 146/96 mmHg, heart rate of 67 beats per min, temperature of 36.5°C, and respiratory rate of 14 breaths per min. Physical examination showed symmetrical moderate pitting edema in both lower limbs. 

Laboratory examinations
Laboratory examinations are shown in Table 1.

Imaging examinations
Ultrasound showed an enlarged kidney and clear demarcation between the cortex and medulla. Echocardiography, whole-body X-ray scanning and thoracoabdominal computed tomography scanning did not show obvious abnormalities.

Renal biopsy
The Kidney Disease: Improving Global Outcomes 2021 Clinical Practice Guideline recommends that a renal biopsy is not required to diagnose MN in patients with nephrotic syndrome presenting with positive PLA2R antibodies. However, we unexpectedly found that the patient was positive for serum and urine IgG-lambda-M protein on immunofixation electrophoresis, and the serum free light-chain (FLC) ratio was still within the normal range, which did not exclude M protein-related disease. After assessing the risk of bleeding, renal biopsy was advised. The patient accepted and underwent a renal puncture biopsy on December 30, 2020. Light microscopy showed that biopsy tissue contained 14 glomeruli with a thickened glomerular basement membrane and mild glomerular mesangial area proliferation. Vacuolation and granular degeneration of the tubular epithelium, as well as focal fibrosis of the interstitium, were observed (Figures 1A and B). Positive Congo red staining was seen in the glomerular mesangial area, interstitium, and some walls of small arteries (Figures 1C and D). Immunofluorescence showed that the type of IgG deposition was predominantly IgG1 and IgG4, with positive FLC-kappa and negative FLC-lambda. Electron microscopy showed clumps of electron-dense deposits in the subepithelial area, basement membrane, and glomerular mesangial area and a haphazard arrangement of fibers (≤10 nm) in the glomerular mesangial area. Thus, the patient was initially diagnosed with MN accompanying acute tubulointerstitial nephropathy and AL renal amyloidosis.

Differential diagnosis
After the diagnosis of AL amyloidosis is confirmed, primary and secondary amyloidosis require distinction, and a systemic examination should also be performed to identify amyloid involvement. Bone marrow biopsy showed abnormal monoclonal plasma cells occupying 0.4% of nucleated cells. FISH showed an IGH deletion signal in 7% of cells and a CCND1 amplification signal in 11% of cells at t(11,14) locus (threshold 6%). No significant abnormalities were seen in 13/del(13q). Systemic examination indicated that amyloidosis only involved the kidney.

FINAL DIAGNOSIS
The patient was finally diagnosed with PLA2R-related MN accompanying primary AL renal amyloidosis.

TREATMENT
Before the renal biopsy, the patient had only received supportive treatment. As soon as the diagnosis was established, a therapeutic program was created. Treatment and follow-up were divided into two stages. From January 5, 2021, to February 9, 2022, the patient took 32 mg methylprednisolone once a day (then changed to 40 mg prednisone once a day due to abnormal liver function tests), with 1 g rituximab (three times successively) and support treatment. Notably, we examined the possibility of potential infections before proceeding with rituximab therapy to ensure safety. Then, the patient’s edema improved significantly, and prednisone was slowly and regularly reduced to 2.5 mg once daily for maintenance, without adverse effects or complications. Later, the patient was advised to undergo autologous hematopoietic stem cell transplantation (ASCT) but declined it for financial reasons. He eventually received CyBorD chemotherapy and completed 21 cycles of treatment without intolerable adverse effects or complications. During this period, he was treated with 2.5 mg prednisone as maintenance.

OUTCOME AND FOLLOW-UP
There was a gradual reduction in urine protein during this period. On February 9, 2022, the patient’s urine protein was 3.09 g/24 h, serum creatinine was 75.6 μmol/L, estimated glomerular filtration rate was 102.06 mL/min/1.73 m2, and albumin was 39.5 g/L, while anti-PLA2R was negative, indicating immunological remission. However, serum immunofixation electrophoresis was still positive for IgG-lambda M protein at approximately 2.2 g/L. Urine immunofixation electrophoresis did not reveal M protein. Serum FLC-kappa/Lambda was 0.96 (0.26–1.65). Bone marrow aspiration suggested abnormal monoclonal plasma cells occupying 0.3% of nucleated cells. The systemic examination still showed only kidney involvement. In the second stage, which was from February 9, 2022, to September 12, 2022, he was transferred to the hematology department for further treatment. According to the 2012 Mayo staging system[7], he was classified as stage II, and according to the renal staging system[8], he was classified as stage I with a 0%–3% risk of progression to dialysis within 2 years. As stated previously, the patient eventually received CyBorD chemotherapy and completed 21 cycles of treatment without intolerable adverse effects or complications. Eventually, the patient was in complete remission with normal renal function. The trends in urinary proteinuria and glomerular filtration rate levels during the patient’s follow-up are shown in Figure 2.

DISCUSSION
We reported a rare case of MN combined with renal amyloidosis. The patient was promptly and correctly diagnosed and then treated with rituximab combined with glucocorticoids and CyBorD chemotherapy. Ultimately, a satisfactory outcome was achieved after 21 mo of follow-up. The related English literature reported previously is shown in Tables 2 and 3[9-13]. Thirteen cases (excluding the present case) have been reported in the English literature, with six cases of amyloid A amyloidosis, one case of apolipoprotein A-1 amyloidosis, four cases of leukocyte chemotactic factor 2 amyloidosis, and two cases of AL amyloidosis. Of the 13 cases, six were Chinese, and the patients were middle-aged and elderly. Their clinical presentation was predominantly nephrotic syndrome with normal renal function. Our patient was a Chinese male with prominent nephrotic syndrome. In fact, amyloid accumulation in different parts of the renal tissue has various clinical manifestations. AL amyloidosis is most commonly deposited in the glomeruli, and the majority of patients present with proteinuria within the nephrotic range. In contrast, if amyloid is deposited in the renal tubules or renal vessels, there is little proteinuria[14]. The uniqueness of our case was that amyloid deposits were extensive, involving both glomerular and interstitial tubules, as well as some of the small renal arteries.
For the diagnosis of amyloidosis (Table 3), renal biopsy was used in all patients, in addition to abdominal fat biopsy and rectal mucosal biopsy in two patients and mass spectrometry in four patients. Due to objective constraints, only the renal biopsy was used in our case. The clinical diagnosis of amyloidosis should first be confirmed by the presence of amyloid deposits. For AL amyloidosis, the gold standard is the characteristic apple-green birefringence of the biopsy tissue after Congo red staining in cross-polarized light. However, a biopsy of organs is an invasive test, and less invasive tests, such as abdominal fat aspiration and bone marrow biopsy, can be chosen first[6]. The next step is to identify the type of amyloid fibrils. For this, immunohistochemistry or immunofluorescence are the most common methods, while mass spectrometry is the gold standard[15]. After the diagnosis of AL amyloidosis is confirmed, a bone marrow aspiration biopsy can be performed to identify the presence of hematologic malignancy, thus, classifying AL amyloidosis as primary or secondary. Systemic investigations are also required to assess the extent of systemic organ involvement[16]. Finally, it is necessary to perform risk stratification, clarify the disease stage, and establish a prognosis[17,18]. Amyloidosis is highly underdiagnosed and misdiagnosed in clinical practice[5]. Early detection and early intervention are particularly important. In middle-aged or elderly patients with nephrotic syndrome who do not respond to standard diuretic, antihypertensive, and urinary protein-lowering drugs, those with heart failure whose ejection fraction does not decrease, those with hypotension, macroglossia, and hepatomegaly, we would consider combined amyloidosis[19]. In our case, a middle-aged male was admitted with nephrotic syndrome and found to be positive for serum PLA2R antibodies; hence, the patient was considered to have PLA2R-related MN. Although there were no obvious signs of involvement of other systems, such as macroglossia or heart failure, the patient was treated with supportive therapy with no effect. Furthermore, in view of the fact that it was his first time receiving a systematic consultation, he was screened with immunofixation electrophoresis and FLC examination. Finally, we confirmed the diagnosis of amyloidosis with renal biopsy. After the diagnosis of AL amyloidosis was established, we needed to identify the type of amyloid fibrils. Serum and urine immunofixation electrophoresis of the patient were positive for IgG-lambda-M protein, and serum FLC-lambda was slightly higher. However, immunofluorescence staining of renal tissue for light-chain showed kappa (++) and lambda (-) types, which was not consistent with serum and urine results. In practice, the sensitivity of immunofluorescence or immunohistochemistry is only about 60% due to problems such as kidney tissue sampling or interactions between amyloid and reagents[20]. Additionally, the lambda type accounts for approximately 75%–80% of AL amyloidosis[17], and it is also more common with renal involvement; therefore, we considered that this patient might be more likely to have the lambda type. A study showed that in patients with AL amyloidosis, there was no difference in overall survival between patients with lambda or kappa type[21]. Serological tests, positive Congo red staining in kidney biopsy, and electron microscopy of haphazardly arranged fibrils not exceeding 10 nm are sufficient to diagnose amyloidosis.
In the therapy of MN with amyloidosis, there are no systematic treatment options available. In the previous literature (Table 3), two patients who were treated with glucocorticoids and immunosuppressives achieved remission, and two patients who received support therapy showed stable renal function. A patient suffering from MN combined with secondary AL amyloidosis was found to have renal amyloidosis 5 years after ASCT. Then, the patient was treated with two doses of rituximab. Two years later, he achieved complete remission. The overall principle of treatment for AL amyloidosis is to remove the abnormal plasma cells that produce a monoclonal immunoglobulin light chain and reduce amyloid deposits. ASCT is the first-choice treatment for suitable patients[15]. For patients who are unable or unwilling to receive ASCT, a CyBorD chemotherapy regimen consisting of cyclophosphamide, bortezomib, and dexamethasone is the first-line treatment, with response rates up to 90%[16]. Other drugs, such as daratumumab, lenalidomide, and thalidomide, are also used in AL amyloidosis[15,22]. Rituximab is becoming a first-line treatment option for MN[23]. Rituximab could also have a therapeutic effect on AL amyloidosis. However, only about 10%–40% of clonal plasma cells in AL amyloidosis express CD20[24]; thus, there are not many therapeutic options for rituximab. Our patient was treated with 1 g rituximab (cumulative dose), followed by glucocorticoid maintenance. At 1-year follow-up, urine protein decreased from 17.84 g/24 h to 3.09 g/24 h, the renal function returned to normal, and serum PLA2R antibodies turned negative, indicating significant improvement. The serum FLC ratio remained normal. The patient then received CyBorD regimen chemotherapy and long-term prednisone maintenance treatment. Eventually, after 21 mo, he achieved complete remission of his nephrotic syndrome and maintained normal renal function. At the same time, no significant adverse effects were observed. This suggested that rituximab in combination with glucocorticoids and chemotherapy showed good efficacy and, although the sample size was relatively homogeneous, provided a possible option for the treatment of such patients.
MN combined with renal amyloidosis is rare, and whether it is two independent diseases or their pathogenesis has some connection is not clear from current studies. Kuroda et al[9] reported six cases of MN combined with rheumatoid arthritis-related amyloid A amyloidosis and suggested that the cause of MN in these patients may be related to the Disease-Modifying Antirheumatic Drugs. Veelken et al[25] suggested a possible association between rheumatoid arthritis and AL amyloidosis. On the one hand, persistent activation of the immune system by autoantigens was associated with an increased rate of cancerous transformation in B-lymphocytes[26], and on the other hand, precancerous clones were associated with inflammation. MN is an autoimmune disease. Recent research found that gene expression of inflammatory signalling pathways (like the IL-6 signalling pathway) was elevated in MN[27]. Inflammation may be another mechanism in the pathogenesis of MN[28]. However, whether MN is also associated with the development of AL amyloidosis is unknown. Khalighi et al[29] suggested that non-branching fibrils could disrupt the glomerular basement membrane, but there were few studies suggesting that MN may be caused by antigenic exposure following amyloid deposition. Therefore, the clinical significance of MN combined with amyloidosis needs to be explored by further studies.

CONCLUSION
We report a rare case of PLA2R-related MN combined with primary AL amyloidosis, with the kidney as the only involved organ. The presentation of rare cases can increase clinicians’ awareness about such conditions. Renal amyloidosis combined with renal diseases such as MN is particularly easy to be missed and misdiagnosed. For middle-aged and old patients with nephrotic syndrome who consult the doctor for the first time, we suggest that protein electrophoresis, immunofixation electrophoresis, and FLC tests can be completed routinely, with perfecting Congo red staining as far as possible in patients receiving renal biopsy, to achieve early detection and early treatment. In this case, the combination of rituximab with glucocorticoids and CyBorD chemotherapy regimen showed good efficacy and provided a reference for the treatment of such patients. Additionally, the pathogenesis of MN combined with renal amyloidosis is not fully understood and could be a point for subsequent scientific research.
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Figure Legends
[image: ]
Figure 1 Light microscope images of kidney biopsy. A: Thickened glomerular basement membrane (PASM stain, 400×); B: Interstitial renal fibrosis (Masson, 400×); C: Positive Congo red staining in the glomerular mesangial area (Congo red stain, 400×); D: Positive Congo red staining in the renal interstitium (Congo red stain, 400×). 
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Figure 2 The trends in urinary proteinuria and glomerular filtration rate levels during the patient’s follow-up. A: Changes in urinary proteinuria levels during follow-up; B: Changes in estimated glomerular filtration rate levels during follow-up.




Table 1 Laboratory data before kidney biopsy
	Blood examination
	-
	Urinary examination
	-

	ALB (g/L, 35–55)
	18.3
	RBC (cell/HPF, 0–4.5)
	65.3

	SCr (μmol/L, 35–106)
	97.3
	Proteinuria (g/24 h, < 0.16)
	17.84

	eGFR (mL/min/1.73 m2)
	78.9
	mALB/Cr (mg/mmoL Cr, < 3.7)
	560.55

	UA (μmol/L, 150–420)
	465
	α1-MG (mg/dL, < 1.25)
	41.1

	CHO (mmol/L, < 5.2)
	7.68
	β2-MG (μg/L, 0–150)
	16573.54

	TG (mmol/L, < 1.7)
	3.64
	IgG-lambda-M protein (neg.)
	Pos.

	IgG-lambda-M protein (g/L, neg.)
	 0.9
	
	

	FLC-lambda (mg/L, 5.71–26.3)
	28.1
	Hepatitis serology
	-

	FLC-kappa/lambda (0.26–1.65)
	0.61
	Anti-HBs (mIU/mL, < 10)
	721

	Anti-PLA2R (RU/mL, 4–20)
	374.3
	Anti-HBc (COI, > 1)
	0.03

	IgG (mg/dL, 694–1620)
	357
	HBV-DNA (IU/mL, < 100)
	<0.01 

	IgA (mg/dL, 68–378)
	53.9
	Anti-HCV (neg.)
	Neg.

	C3, C4 
	normal
	HIV Ag/Ab (neg.)
	Neg.

	RF (IU/mL, < 20)
	 20.2 
	
	

	Autoantibodies (ANA, MPO, ANCA, anti-SSA, anti-SSB）
	Neg.
	Hematology
	-

	[bookmark: OLE_LINK102][bookmark: OLE_LINK103]Coagulation
	normal
	WBC (×109 cell/L, 3.5–9.5)
	9.6

	BNP, hsTnI
	normal
	HB (g/L, 130–175)
	123


[bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK101]ALB: Albumin; Anti-PLA2R: Phospholipase A2 receptor antibody; ANA: Antinuclear antibody, anti-SSA: Anti-Sjögren's-syndrome-related antigen A; Anti-HBs: Hepatitis B surface antibody; Anti-HBc: Hepatitis B core antibody, anti-HCV: Hepatitis C virus antibody; α1-MG: α1-microglobulin; BNP: B-type natriuretic peptides; β2-MG: β2-microglobulin; CHO: Cholesterol; C3: Complement 3; C4: Complement 4; eGFR: Estimated glomerular filtration rate; FLC: Free light-chain; hsTnI: High-sensitive troponin I; HIV Ag/Ab: Human immunodeficiency virus antigen/antibody; HBV: Hepatitis B virus; Hb: Hemoglobin; IgA: Immunoglobulin A; IgG: Immunoglobulin G; MPO-ANCA: Myeloperoxidase antineutrophil cytoplasmic antibody; Neg.: Negative; Pos.: Positive; RF: Rheumatoid factor; RBC: Red blood cell; SCr: Serum creatinine; TG: Triglyceride; UA: Uric acid; WBC: White blood cell.


Table 2 Literature review of membranous nephropathy with amyloidosis
	Ref.
	No.
	Pat.
	Country
	Age
	Sex
	Proteinuria (g/d)
	Scr (μmol/L)
	ALB (g/L)

	Kuroda et al[9], 2012
	6
	
	Japan
	NA
	NA
	NA
	NA
	NA

	Lu et al[10], 2017 
	1 
	pat 1
	China
	64
	M
	10.06-10.52
	77.35
	26.7

	Li et al[11], 2020
	4
	pat 4
	China
	74
	F
	11.26
	118
	26.5

	
	
	pat 5
	China
	61
	F
	2.44
	76
	22.3

	
	
	pat 6
	China
	79
	M
	7.92
	541.8
	24.7

	
	
	pat 7
	China
	61
	F
	3.89
	70.2
	31.4

	Morel et al[12], 2022
	1
	
	France
	56
	M
	UPCR 522 mg/mmol
(after 6 years)
	eGFR 78.9 mL/min/1.73 m2
(after 6 years)
	23
(after 6 years)

	Wang et al[13], 2022
	1
	
	China
	39
	M
	8.01
	95.3
	13.1

	The present case
	1
	
	China
	48
	M
	17.84
	97.3
	18.3


ALB: Albumin; eGFR: Estimated glomerular filtration rate; F: Female; M: Male; No: Number; NA: Not available; pat: Patient; SCr: Serum creatinine; UPCR: Urine protein/creatinine ratio.



Table 3 Summary of outcomes of reported studies
	Ref.
	PLA2R
	Type of amyloidosis
	Affected organs
	Diagnosis of amyloidosis
	Treatment 
	Renal outcomes

	Kuroda et al[9], 2012
	NA
	Reactive AA (related to RA)
	Renal
	Renal biopsy
	NSAIDs+DMARD
	NA

	Lu et al[10], 2017
	Pos.
	Nonhereditary ApoA-1
	Renal
	Biopsy of abdominal fat, rectal mucosa, bone marrow and renal 
	GC+cyclosporine
	Remission

	Li et al[11], 2020, Pat 4
	Pos.
	ALECT2
	Renal
	Renal biopsy, MS
	Support therapy
	Maintenance

	Li et al[11], 2020, Pat 5
	Suspicious Pos.
	ALECT2
	Renal
	Renal biopsy, MS
	Support therapy
	Maintenance

	Li et al[11], 2020, Pat 6
	Pos.
	ALECT2
	Renal
	Renal biopsy, MS
	GC+CTX
	Remission

	Li et al[11], 2020, Pat 7
	Suspicious Pos.
	ALECT2
	Renal
	Renal biopsy, MS
	Chelation therapy (due to mercury poisoning)
	Maintenance

	Morel et al[12], 2022
	Neg.
	Secondary AL (related to WM)
	Retro-peritoneal, mesent-eric adipose tissue, bone marrow, bladder, cardiac and renal
	Biopsy of retro-peritoneal, mesenteric adipose tissue, bone marrow, bladder, cardiac and renal
	ASCT+RTX
	Complete remission (after 2 yr)

	Wang et al[13], 2022
	Pos.
	Primary AL
	Renal
	Renal biopsy
	Support therapy
	NA

	The present case
	Pos.
	Primary AL
	Renal
	Renal biopsy
	RTX+GC+CyBorD 
	Complete remission (after 21 mo)


AA: Amyloid A; ApoA-1: Apolipoprotein A-1; ALECT2: Leukocyte chemotactic factor 2; AL: Amyloid light chain; ASCT: Autologous stem cell transplantation; CTX: Cyclophosphamide; CyBorD: Cyclophosphamide, bortezomib, and dexamethasone; DMARD: Disease-modifying antirheumatic drug; GC: Glucocorticoid; MS: mass spectrometry; NA: Not available; Neg.: Negative; NSAIDs: Non-steroidal anti-inflammatory drugs; PLA2R: Phospholipase A2 receptor; Pos.: Positive; RA: Rheumatoid arthritis; RTX: Rituximab; WM: Waldenström macroglobulinemia.
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