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Abstract
BACKGROUND
Monoclonal immunoglobulin can cause renal damage, with a wide spectrum of pathological changes and clinical manifestations without hematological evidence of malignancy. These disorders can be missed, especially when combined with other kidney diseases.

CASE SUMMARY
A 61-year-old woman presented with moderate proteinuria with normal renal function. She was diagnosed with IgA nephropathy combined with monoclonal gammopathy of undetermined significance after the first renal biopsy. Although having received immunosuppressive treatment for 3 years, the patient developed nephrotic syndrome. Repeated renal biopsy and laser microdissection/mass spectrometry analysis confirmed heavy chain amyloidosis. After nine cycles of bortezomib, cyclophosphamide and dexamethasone, she achieved very good partial hematological and kidney responses.

CONCLUSION
Renal injury should be monitored closely in monoclonal gammopathy patients without obvious hematological malignancy, especially in patients with other pre-existing renal diseases. 
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Core tip: Monoclonal immunoglobulin can cause renal injury without hematological evidence of malignancy. These disorders can be missed, especially when combined with other kidney diseases. We present a patient initially diagnosed with IgA nephropathy and monoclonal gammopathy of undetermined significance (MGUS). Atypical characteristics and treatment refractoriness of IgA nephropathy led to a second renal biopsy. Amyloidosis was revealed, and laser microdissection/mass spectrometry was used for typing. The patient improved well after therapy containing bortezomib. Renal involvement should be monitored closely in patients with MGUS, especially in those with pre-existing kidney diseases.
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INTRODUCTION
Monoclonal gammopathy of undetermined significance (MGUS) is found in 3%-4% of the population, especially in elderly people[1,2]. MGUS can progress to renal damage without evidence of hematological malignancy[3]. Renal involvement is then easily missed, especially when combined with underlying kidney diseases. We present a 61-year-old woman who was diagnosed with IgA nephropathy and MGUS after the first renal biopsy and other detailed examinations. The renal injury aggravation exacerbated, despite 3 years of aggressive treatment. Repeated renal biopsy discovered underlying heavy chain amyloidosis. 

CASE PRESENTATION
Chief complaints
A 61-year-old woman was hospitalized for the second time for gradually aggravated lower limb edema on February 21, 2017.

History of present illness
The patient was admitted 3 years ago because of moderate proteinuria. Urine protein excretory rate (UPER) was 1.91 g/24 h, and urine sediment showed no hematuria. Serum creatinine and albumin were normal. A monoclonal serum immunoglobulin M lambda (IgMλ) was found without evidence of hematological diseases. Blood pressure (BP) was low to normal. The patient underwent renal biopsy. Mild increased mesangial matrix and mesangial hypercellularity were observed under light microscopy. Immunofluorescence microscopy showed moderate positive signals for IgA in the mesangial area of all observed glomeruli, while other immunoglobulin heavy chains, immunoglobulin light chains and Congo red staining were negative. In electron microscopy, electron-dense deposits were observed in the paramesangium (Figure 1). No specific fibrils were seen in the mesangial area, glomerular basement membrane (GBM) and arterioles. The patient was diagnosed with IgA nephropathy combined with MGUS. She was intolerant to renin-angiotensin system inhibitors (RASIs) because of relatively low BP. Therefore, prednisone and Tripterygium wilfordii were given. UPER decreased to an average 1.5 g/24 h in the first 6 mo, but increased to 2-3 g/24 h after 1 year. Cyclophosphamide (cumulative dosage 12 g) and tacrolimus (FK506 concentration 5.7 ng/mL) were prescribed successively. However, lower limb edema was gradually aggravated. The patient was also followed up regularly in the hematology clinic, and the diagnosis of IgMλ MGUS was maintained.

Past, personal and family history, and physical examination upon admission
The patient had normal BP and moderate pitting edema in the lower limbs. There was no enlargement of superficial lymph nodes, liver or spleen. She had no significant past or family history. 

Laboratory and imaging examinations
Laboratory tests revealed a normal complete blood count. UPER was 4.5 g/24 h, serum albumin was 24 g/L, and serum creatinine was normal. Differences between involved and uninvolved serum immunoglobulin free light chain levels (dFLC) was 56.3 mg/L. Thoracic and abdominal computed tomography and bone marrow biopsy were normal.

Renal biopsy
The repeated kidney biopsy specimen had 18 glomeruli. In light microscopy, mild pale eosinophilic material in the mesangium was found, but mesangial hypercellularity was not obvious. There was marked diffuse thickening of GBM, with subepithelial fringe-like projections. The tubulointerstitium had no significant changes. Arterioles were Congo red positive, with pathognomonic apple green birefringence under polarized light. In light microscopy, diffuse mesangial deposits of IgM, κ and λ were detected. IgA was detected by immunohistochemical staining. In electron microscopy, 8-12-nm diameter, nonbranching fibrils were deposited in the mesangial area, GBM and arterioles (Figure 2). There were also a few electron-dense deposits in the mesangial area. Renal amyloidosis and IgA nephropathy were coexistent. Laser microdissection/mass spectrometry (LMD/MS) analysis of the Congo-red-positive area confirmed heavy chain amyloidosis (μ chain). We performed LMD/MS on the first renal biopsy specimen, and found no evidence of amyloidosis. 

FINAL DIAGNOSIS
The final diagnosis of the presented case is renal amyloidosis and IgA nephropathy.

TREATMENT 
Immunosuppressants were replaced by the combination of intravenous (iv) bortezomib 1.3 mg/m2 on days 1, 8, 15 and 22, cyclophosphamide 270 mg/m2 iv on days 1, 8 and 15, and dexamethasone 40 mg iv on days 1, 8, 15 and 22 for nine cycles. 

OUTCOME AND FOLLOW-UP
The patient achieved very good partial hematological and kidney responses. At the last follow-up, UPER was 1.6 g/24 h, serum albumin was 31 g/L, and creatinine was still normal. Serum and urinary immunofixation electrophoresis both turned negative, and dFLC fell from 56.3 to 9.8 mg/L. 

DISCUSSION
The patient was diagnosed with IgA nephropathy combined with IgMλ MGUS after detailed investigation 3 years ago. Since MGUS can progress to hematological malignancy, the patient was followed up regularly in both hematology and nephrology clinics. Kyle et al[4] identified 1,384 MGUS patients diagnosed at the Mayo Clinic from 1960 to 1994. During 11,009 person-years of follow-up, MGUS progressed in 115 patients to multiple myeloma and other disorders. IgM MGUS represents about 15% of all MGUS cases, and has increased risk of progression to malignancy compared with other subtypes[5]. In a study with long-term follow-up, about 14% of the patients with IgM MGUS developed malignancies, the majority of which were non-Hodgkin’s lymphoma, Waldenström macroglobulinemia and chronic lymphocytic leukemia[6]. No such disorders were discovered in our patient. However, the aggravated proteinuria, despite aggressive treatment for IgA nephropathy, urged us to find an underlying disorder. Amyloidosis was diagnosed by repeated renal biopsy.
Rarely, IgM MGUS can progress to renal limited injury, as in the present case. Monoclonal gammopathy of renal significance (MGRS) was proposed by multinational and multidisciplinary cooperations in 2012 to emphasize those patients with renal damage caused by monoclonal immunoglobulin (MIg) secreted by small B cell clones[3]. These patients do not meet the diagnostic criteria for malignancy mentioned above. The spectrum of MGRS varies widely according to characteristics of pathogenic MIg, which can deposit in kidneys in the form of fibrils, microtubules, crystals, inclusions or nonorganized deposits/inclusions. Renal amyloidosis is most well-known among the different types of MGRS. Renal biopsy can help confirm renal involvement from MIg and identify different pathological types. Although monoclonal gammopathy is suggested to increase the risk of hemorrhagic complications[7], several reports show a similar risk of major hemorrhagic complications after percutaneous renal biopsy[8,9]. Renal biopsy is important, and can be performed safely using the same screening criteria as for patients without MIg.
Our patient showed heavy chain amyloidosis, which is rare. One recent study suggested that, compared with light chain amyloidosis, heavy chain amyloidosis and heavy and light chain amyloidosis have less heart involvement and lower sensitivity of fat pad and bone marrow biopsy. The renal response to treatment is better, and the survival rate higher[10]. Our patient also showed a good response to treatment. Immunofluorescence or immunohistochemistry staining of renal biopsy specimens can show the subtype of amyloidosis. However, 7.3% of cases of light chain amyloidosis fail to be diagnosed with immunostaining[11]. There can be false-negative results when epitopes are concealed or even deleted in the deposits[11,12]. On the other hand, the staining pattern can be nonspecific when several potential components have similar staining intensity simultaneously[13,14]. Serum protein contamination and charge interaction between antibody and deposit are possible reasons for this false-positive diagnoses. In our case, typing was difficult, since the patient had positive immunofluorescence staining for IgM, κ and λ at the same time. LMD/MS was performed, and finally confirmed μ chain (IgM) deposit. LMD/MS is suggested if there are negative or confusing immunostaining results.
IgA nephropathy in this patient was atypical. Peak incidence of IgA nephropathy is in the second and third decades of life, and it is rare for proteinuria to occur without microscopic hematuria. We suspected that IgA nephropathy might have been a mild indolent background in this patient, which happened to be discovered. Although no use of RASI for IgA nephropathy was a limitation of this case, treatment refractoriness to aggressive immunosuppressants still makes us question whether proteinuria was explained by conditions other than IgA nephropathy at the outset. Hetzel et al[15] reported a patient initially presenting with nephrotic syndrome and minimal change glomerulonephritis. However, repeated renal biopsy suggested light chain amyloidosis. Additionally, Thoenes et al[16] observed abundant pathologically-altered epithelia in amyloid-free loops in amyloidosis patients. They speculated that there must be patients with amyloidosis who do not yet show any amyloid in the glomeruli, but suffer from proteinuria. In our patient, we also suspected that proteinuria at the beginning may have been partly due to the “future” amyloidosis. Another explanation is that deposition of amyloid fibrils may be focal and easily missed at the early stage of amyloidosis. Therefore, the diagnosis of MGUS should be made carefully and be closely reassessed.

CONCLUSION
Patients with MGUS, especially the IgM type, may progress to different kinds of malignancy. Renal damage can also occur without hematological evidence of malignancy. Renal injury needs be monitored in those patients, especially in patients with pre-existing renal diseases. For some patients, proteinuria is suspected even before renal amyloidosis can be diagnosed. LMD/MS is useful in typing amyloidosis in difficult cases (Figure 3). 
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Figure 1 First renal biopsy manifestations. A: Light microscopy showed mild increased mesangial matrix and mesangial hypercellularity (periodic acid-Schiff-methenamine stain, 200 ×); B: Immunofluorescence showed deposits of IgA in the mesangium (200 ×); C: Electron microscopy showed electron-dense deposits in the mesangium (blue arrow).
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[bookmark: OLE_LINK974][bookmark: OLE_LINK975]Figure 2 Second renal biopsy manifestations. A: Light microscopy showed well-opened capillary loops and mild pale eosinophilic material in the mesangium and basement membranes (hematoxylin and eosin stain, 400 ×); B: Thickened GBM with subepithelial fringe-like projections (red arrow) (periodic acid-Schiff-methenamine stain, 400 ×); C: Congo red stain was greenish under polarized light (white arrow, 100 ×), involving an afferent glomerular arteriole; D: Immunofluorescence showed deposits of IgM in the mesangium and small vessels (200 ×). κ and λ were also positive (not shown); E and F: Electron microscopy showed randomly oriented amyloid fibrils along glomerular capillary walls (blue arrow).
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Figure 3 Flow chart.
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Patient’s information®
61 year-old, female”
Chief complaint: lower limbs edema-’
History of present illness: moderate proteinuria was found 3 y,
ago. IgA nephropathy was diagnosed after the first renal biopsy
and combined with monoclonal gammopathy of undetermined
significance. Immunosuppressive treatment was given in the next
3 yg with poor response.
Other histories: noncontributory

Clinical findings*
Nephrotic syndrome-
Normal renal function®
No hematuria©

Diagnostic tests¢
Renal biopsy: amyloid fibrils deposition with positive Congo red
staining, IgA nephropathy
Bone biopsy, thoracic and abdominal computed tomography:
unremarkable
laser microdissection/mass spectrometry: p chain (heavy chain of
IgM) in Congo-red-positive area

|

Diagnosis¢
Heavy chain renal amyloidosis and IgA nephropathy

|

Treatment
Nine cycles of bortezomib, cyclophosphamide and
dexamethasone+

1

Two-year follow-up¢
Very good partial hematological response
Kidney response: Reduction of 24-h urinary protein excretion by
‘more than 50%, normal renal function.





