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        Abstract



        
          Background:


          Membranous Nephropathy (MN) is a common cause of nephrotic syndrome in adults that can also occur in children, albeit less frequently. Recently, the M-type phospholipase A2 receptor (PLA2R) was identified as the target antigen in idiopathic membranous nephropathy (IMN), making it a useful marker for diagnosis. However, there are few studies describing the potential role of PLA2R in children with IMN. The aim of this study was to clarify the involvement of PLA2R in childhood IMN.

        


        
          Methods:


          We enrolled 11 patients diagnosed with IMN from January 1998 to March 2017. We performed PLA2R staining in paraffin-embedded renal biopsy sections. The clinical data were collected from the patients’ medical records.

        


        
          Results:


          The median age at biopsy was 6 years (range, 4 to 14 years). A single 6-year-old boy among all pediatric patients with IMN had granular PLA2R staining along his glomerular capillary loops and the prevalence of PLA2R-positivity was 9%. He also showed IgG4 co-dominant staining in terms of IgG subclass. There were no apparent differences in his clinical features such as clinical data at the time of renal biopsy, the time from the treatment initiation to remission, and relapse or renal dysfunction during the follow-up period.

        


        
          Conclusion:


          We suggest that PLA2R staining can be a diagnostic tool for patients with IMN of any age, though pediatric patients with IMN have lower prevalence of PLA2R-positive staining than adult patients.
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      1. INTRODUCTION


      Membranous Nephropathy (MN) is a common cause of immune complex-mediated nephrotic syndrome, which can develop at any age from infants to the elderly [1]. It ispathologically characterized by subepithelial deposits of immune complex [2]. There are a number of etiologies for these deposits, including autoimmune diseases such as Systemic Lupus Erythematosus (SLE), viral hepatitis, malignancy, and drugs such as penicillamine. If such a cause can be identified, it is termed Secondary Membranous Nephropathy (SMN); if none can be identified, it is termed Idiopathic Membranous Nephropathy (IMN). In adults, IMN needs to be considered during diagnosis, but SMN due to SLE, hepatitis B viral infection, and congenital syphilis is more frequent in children [3]. To decide on the optimal treatment strategy, it is essential to distinguish IMN from SMN.


      A recent study showed that a specific antigen called M-type phospholipase A2 receptor (PLA2R) is found on the podocytes of adult patients with IMN [4]. In later studies, it was reported that the sensitivity of the presence of PLA2R autoantibodies in the serum was 70-82%, and the sensitivity of PLA2R staining in glomerular tissue was 74% [4, 5], and it has been shown to be a useful marker for diagnosis of IMN. However, several of these reports only investigated adult patients with IMN.


      IMN is a rare disease in children; the International Study for Kidney Disease in Children reported that the incidence of MN was 1.5% in children with nephrotic syndrome [6], and another report showed that 4.5% of the patients who underwent renal biopsy to evaluate proteinuria were diagnosed with MN, with IMN patients constituting 26.4% of all MN patients [7]. There are also few studies on the potential role of PLA2R in childhood IMN [8-10]. Therefore, to clarify the involvement of PLA2R in childhood IMN, we performed immunofluorescent staining using an anti-PLA2R antibody in renal biopsy specimens of Japanese pediatric patients with IMN.

    


    
      

      2. MATERIALS AND METHODS


      
        

        2.1. Patients


        The present study enrolled 11 patients whose diagnosis of IMN was pathologically made from kidney biopsies at Hyogo Prefectural Kobe Children’s Hospital and Kobe University Hospital from January 1998 to March 2017. Patients were excluded if they had possible causes of SMN such as autoimmune diseases, hepatitis B or C viral infection and malignancy. The following data were collected from the patients’ medical records: age, gender, serum creatinine (Cr), serum albumin, urine Protein to Creatinine Ratio (uPCR), hematuria at the time of the renal biopsy, the period from onset to the renal biopsy, treatment, and the period from treatment initiation to remission. Glomerular Filtration Rate (GFR) was estimated using serum Cr according to the new Schwartz formula [11]. The treatment strategy was formulated at the discretion of the attending physician. The results of light and electron microscopy, and immunofluorescent staining in all patients were reviewed.

      


      
        

        2.2. Pathological Evaluation


        All renal biopsy specimens were fixed in formalin and embedded in paraffin. All paraffin sections were stained with hematoxylin and eosin, periodic acid-Schiff, Masson trichrome, and periodic acid-methenamine-silver. The visual findings caused by deposition of immune complexes, such as subepithelial deposits, spike formation, and thickening or bubbling of the glomerular capillary loops, were evaluated using light and electron microscopy. All direct immunofluorescence specimens using frozen sections were stained with fluorescein-tagged rabbit polyclonal antibodies to immunoglobulin G (IgG), IgA, IgM, complement component 1q (C1q), C3, and C4. Additionally, IgG subclass analysis for paraffin-embedded or frozen sections was performed using antibodies against IgG1, IgG2, IgG3, and IgG4 (Invitrogen, Camarillo, CA, USA), followed by fluorescein isothiocyanate-conjugated secondary antibodies (Invitrogen) [12]. The paraffin-embedded and frozen sections were used for IgG subclass analysis of patients 1-7 and patients 8-11, respectively. The paraffin-embedded sections were deparaffinized, and proteinase K was applied for 30 min at room temperature. Each staining intensity was evaluated on a five-grade scale of 0-3+ (0, negative; <1+, spare; 1+, weak; 2+, moderate; 3+, strong). IMN was divided into segmental IMN and global IMN on the basis of the lesion occupied by the IgG deposits along the glomerular capillary on immunofluorescence. Segmental IMN was defined as a lesion occupying less than 50% of the glomerulus, and global IMN comprised a lesion occupying more than 50%. The cases of IMN were staged using electron microscopy images according to the Ehrenreich and Churg classification [13].

      


      
        

        2.3. PLA2R Immunofluorescence


        PLA2R was detected in formalin-fixed, paraffin-embedded renal biopsy sections using rabbit polyclonal anti-PLA2R1 antibodies (Sigma-Aldrich, St. Louis, MO, USA) at a dilution of 1:50 followed by highly cross-adsorbed Alexa Fluor 488 goat anti-rabbit IgG (Life Technologies, Carlsbad, CA) at a dilution of 1:100 as previously described [2]. PLA2R staining images were assessed using a conventional immunofluorescence microscope (Olympus, Tokyo, Japan). Each image was run with a positive and negative control. If there was bright granular staining along the glomerular capillary loops for PLA2R, it was considered positive.

      


      
        

        2.4. Clinical Outcome


        During the follow-up period, remission was defined as resolution of proteinuria and hematuria after treatment. Renal dysfunction was defined as an estimated GFR <90 mL/min/ 1.73m2.

      

    


    
      3. RESULTS


      The clinical data of the 11 patients who were diagnosed with IMN are shown in Table 1. The median age at the biopsy was 6 years (range, 4 to 14 years), with 7 boys and 4 girls. School urine screening led to the diagnosis of 9 patients, 1 was diagnosed after the appearance of edema, and 1 was diagnosed at pregnancy. Nephrotic syndrome was found at the time of renal biopsy in 3 patients. The average proteinuria at the time of the renal biopsy was 1.9 g/g·Cr, the average serum albumin was 3.2 mg/dL, and serum Cr levels were normal in all patients. As shown in Fig. 1, only patient 8 showed bright granular staining along the glomerular capillary loops for PLA2R, with a positive staining rate of 9%. He was a 6-year-old who was diagnosed incidentally as a result of school urine screening. He had moderate proteinuria (1.9 g/g·Cr), hematuria, as well as mild hypoalbuminemia (3.3 mg/dL) at the time of the renal biopsy.


      
        Table 1 Clinical characteristics of patients diagnosed with idiopathic membranous nephropathy at the time of the renal biopsy.


        
          
            
              	Patient

              	Age

              	Gender

              	Serum Creatinine

              	eGFR

              	Serum Albumin

              	uPCR

              	Hematuria
            


            
              	–

              	(Years)

              	–

              	(mg/dL)

              	(mL/min/1.73 m2)

              	(mg/dL)

              	(g/g·Cr)

              	(RBCs/HPF)
            

          

          
            
              	1

              	4

              	F

              	0.25

              	176.8

              	2.9

              	1.5

              	20 - 29
            


            
              	2

              	14

              	F

              	0.49

              	134.9

              	1.2

              	4.4

              	1 - 4
            


            
              	3

              	6

              	M

              	0.34

              	138.5

              	1.6

              	1.9

              	5 - 9
            


            
              	4

              	4

              	M

              	0.3

              	143.2

              	4.1

              	NA

              	30 - 49
            


            
              	5

              	6

              	M

              	0.4

              	118.7

              	3.5

              	NA

              	10 - 19
            


            
              	6

              	5

              	M

              	0.33

              	131.4

              	2.1

              	2.5

              	20 - 29
            


            
              	7

              	11

              	M

              	0.38

              	144.6

              	3.9

              	0.9

              	0 - 1
            


            
              	8

              	6

              	M

              	0.28

              	168.2

              	3

              	1.9

              	20 - 29
            


            
              	9

              	7

              	F

              	0.43

              	124.9

              	4.4

              	0.3

              	10 - 19
            


            
              	10

              	8

              	M

              	0.32

              	170.4

              	2.9

              	1.6

              	5 - 9
            


            
              	11

              	11

              	F

              	0.34

              	170.1

              	2.8

              	1.8

              	10 - 19
            

          
        


        
          eGFR: estimated Glomerular Filtration Rate, uPCR: urine Protein to Creatinine Ratio, NA: data not available, RBCs/HPF: Red Blood Cells/High-Powered Fields
        


      


      [image: ]
Fig 1

      Phospholipase A2 receptor staining pattern in idiopathic membranous nephropathy. (a) Granular staining for phospholipase A2 receptor (PLA2R) along with glomerular capillary loops in a 6-year-old boy. (b) Granular staining for PLA2R along with glomerular capillary loops in a positive control. (c) No staining for PLA2R in the glomerulus of a negative control.

      
        Table 2 Pathological findings including immunofluorescence and electron microscopy findings. staining intensity on five-grade scale of 0 - 3+; 0, negative; <1+, spare; 1+, weak; 2+, moderate; 3+, strong


        
          
            
              	Patient

              	Immunofluorescence

              	Electron Microscopy
            


            
              	

              	PLA2R

              	IgG

              	IgA

              	IgM

              	C3

              	C4

              	C1q

              	IgG Subclass

              	Lesions with

              	Ehrenreich-Churg
            


            
              	

              	

              	

              	

              	

              	

              	

              	

              	IgG1

              	IgG2

              	IgG3

              	IgG4

              	IgG Deposits

              	stage
            

          

          
            
              	1

              	-

              	2+

              	0

              	<1+

              	0

              	0

              	0

              	0

              	0

              	1+

              	0

              	global

              	stage 1/2
            


            
              	2

              	-

              	1+

              	1+

              	0

              	<1+

              	1+

              	0

              	0

              	0

              	0

              	0

              	global

              	stage 1
            


            
              	3

              	-

              	3+

              	<1+

              	1+

              	1+

              	<1+

              	1+

              	0

              	0

              	2+

              	1+

              	global

              	stage 1
            


            
              	4

              	-

              	2+

              	0

              	0

              	<1+

              	0

              	0

              	0

              	0

              	0

              	0

              	NA

              	stage 1
            


            
              	5

              	-

              	2+

              	0

              	1+

              	2+

              	0

              	0

              	0

              	0

              	2+

              	0

              	NA

              	stage 1/2
            


            
              	6

              	-

              	2+

              	0

              	0

              	0

              	0

              	1+

              	0

              	0

              	1+

              	0

              	segmental

              	stage 2
            


            
              	7

              	-

              	2+

              	0

              	0

              	<1+

              	0

              	0

              	0

              	0

              	1+

              	0

              	global

              	stage 1
            


            
              	8

              	+

              	2+

              	0

              	0

              	1+

              	0

              	0

              	1+

              	0

              	<1+

              	1+

              	global

              	stage 1
            


            
              	9

              	-

              	2+

              	1+

              	0

              	0

              	0

              	2+

              	0

              	0

              	1+

              	0

              	segmental

              	stage 2
            


            
              	10

              	-

              	3+

              	0

              	0

              	<1+

              	3+

              	0

              	<1+

              	0

              	0

              	1+

              	global

              	stage 2
            


            
              	11

              	-

              	3+

              	1+

              	0

              	2

              	3+

              	0

              	1+

              	1+

              	0

              	3+

              	global

              	stage 1
            

          
        


        
          PLA2R: Phospholipase A2 receptor, NA: data not available, Ig: Immunoglobulin, C: Complement
        


      


      The pathological characteristics are shown in Table 2. Immunofluorescence examination showed that all patients had granular deposits of IgG along the glomerular capillary loops, and 8 patients were positive for C3. IgM and IgA staining were positive in 3 and 4 patients, respectively. C1q staining was positive in 3 patients, one of whom showed a “full house” pattern. IgG subclass staining was performed in all patients and was positive in 9 patients. IgG4 dominant or co-dominant staining was observed in 3 of the 9 patients, 1 of whom was PLA2R-positive. IgG3 dominance was observed in 6 patients. Electron microscopy showed that all patients had subepithelial deposits of immune complex, a characteristic finding of MN. According to the Ehrenreich and Churg classification, 6 patients were in stage 1, 3 were in stage 2, and 3 were in an intermediate stage between 1 and 2.


      The clinical outcomes during the follow-up period are shown in Table 3. During follow-up, 9 of 11 patients were in remission, and 1 patient with PLA2R-positive staining was in remission within 9 months after the initiation of treatment. The remaining 2 patients did not reach remission because the follow-up period was less than 12 months after the initiation of treatment, but proteinuria and hematuria decreased in both patients. They are currently being treated. None of the 9 patients who had remission relapsed or suffered from renal dysfunction. None of the patients had any indication of SMN clinically and serologically during the follow-up.

    


    
      

      4. DISCUSSION


      The measurement of serum anti-PLA2R antibody and PLA2R staining of glomerular tissue have been previously reported as useful diagnostic markers of IMN in adults. Phospholipase A2(PLA2), the ligand of PLA2R, plays a key role in inositol-related biological pathway [14]. Physiological significance of PLA2 in MN is not clear, but studies on various diseases has been advanced [15]. Some studies reported that some patients with MN may not have detectable anti-PLA2R antibodies in their serum but have PLA2R deposition in their glomerular capillary loops. Thus, immunofluorescence for PLA2R staining is equivalent or more sensitive than serological measurements for the diagnosis of IMN [16, 17]. In children, the incidence of IMN is lower than in adults, and there are few reports on the involvement of PLA2R in childhood IMN. Therefore, we performed immunofluorescent staining using anti-PLA2R antibodies in renal biopsy specimens from pediatric patients with IMN, and investigated the involvement of PLA2R in childhood IMN.


      The most remarkable finding in our study was that even younger patient with IMN showed positive staining of PLA2R. Some previous reports indicated that all PLA2R-positive pediatric patients with IMN were older than 10 years, suggesting that PLA2R might a play role in adolescent and preteen IMN patients [8, 9]. Combined with the single previous report [10], IMN patients at any age could be PLA2R-positive in kidney specimens. Further accumulation of data is required to confirm our findings.


      In our study, one patient showed bright granular staining along the glomerular capillary loops for PLA2R and the prevalence of PLA2R-positivity was 9%. The prevalence of PLA2R staining along glomerular capillary loops in adult patients with IMN has been reported to range between 53% and 84% [5, 18-20]. In children, Cossey et al. reported that PLA2R-positivity was found in 45% of IMN patients [8]. On the other hand, Kanda et al. reported that it was only observed in 6% of pediatric patients with IMN in Japan [9], which was almost equivalent to our findings. There may be several explanations for this discrepancy; first, the differences in the prevalence of PLA2R staining may be due to the studies’ small sample sizes. Second, it may also be explained by differences in the racial makeup of the study cohorts in the USA and Japan. In adult IMN patients, the prevalence of anti-PLA2R antibodies was 70-82% in American patients [4, 5, 19], whereas that in Japanese was only 50-55% [18, 20, 21]. A clear mechanism linking PLA2R-positivity with race is unknown. Third, differences in the prevalence of PLA2R-positivity may be related to age; the median age of the study patients reported by Cossey et al. was 14 years [8], whereas in our study it was 6 years. Finally, the different prevalence may also be related to disease activity and the degree of proteinuria. Beck and Salant speculated that the absence of anti-PLA2R antibodies in the serum indicated an absence of immunologic disease activity at the time [22]. In addition, Qin et al. reported that in patients who had achieved remission, PLA2R antigen deposits showed a trend towards decrease or remaining unchanged, whereas in patients not in remission, they tended to increase or remained stable [17].


      We performed IgG subclass analysis with immunofluorescence staining for all renal biopsy specimens in our study. The previous studies had suggested that IgG4 dominant staining was associated with IMN, whereas SMN was dominantly stained with IgG1, IgG2 and IgG3 [18, 23]. On the other hand, IMN with segmentally positive staining of IgG, which is called segmental IMN, showed different pattern of IgG subclass staining; positive staining of IgG1 and IgG3 [23]. These would result from the difference of stage in IMN, which means that segmental IMN would be thought as either an early stage or incomplete form of global IMN [23]. In our study, 3 patients with global IMN had IgG4 dominant staining and 2 patients with segmental IMN showed IgG3 dominant staining, suggesting that this finding is consistent with a similar trend reported by Segawa et al. [23]. In terms of the relation between PLA2R and IgG subclass analysis, the previous report mentioned that serum anti-PLA2R antibody in human consists of IgG4, and the PLA2R antigen could be co-localized with IgG4 in glomerular immune deposits of IMN [4, 24]. IgG4 dominant deposits in glomeruli were mainly found in PLA2R related patients [19]. Consistent with these findings, 1 patient who was PLA2R-positive showed IgG4 co-dominant staining in IgG subclass. IgG subclass analysis, as well as PLA2R staining, would achieve a certain result to confirm IMN in children.


      
        Table 3 Clinical outcome during follow-up.


        
          
            
              	Patient

              	The Period from Onset to Renal Biopsy (months)

              	Treatment

              	The period from Treatment Initiation to Remission (months)

              	Renal Dysfunction

              	Follow-up After Treatment Initiation (months)
            

          

          
            
              	1

              	3

              	ACE-I

              	5

              	-

              	66
            


            
              	2

              	1

              	PSL

              	2

              	-

              	37
            


            
              	3

              	NA

              	PSL, ACE-I, ARB

              	16

              	-

              	75
            


            
              	4

              	2

              	PSL

              	19

              	-

              	106
            


            
              	5

              	1

              	PSL

              	8

              	-

              	138
            


            
              	6

              	1

              	PSL

              	5

              	-

              	50
            


            
              	7

              	2

              	ACE-I

              	13

              	-

              	40
            


            
              	8

              	2

              	ACE-I

              	9

              	-

              	33
            


            
              	9

              	9

              	ACE-I

              	5

              	-

              	11
            


            
              	10

              	7

              	ACE-I

              	no remission

              	-

              	7
            


            
              	11

              	3

              	ACE-I

              	no remission

              	-

              	11
            

          
        


        
          PSL: prednisolone, ACE-I: angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker, NA: data not available
        


      


      Several limitations exist with respect to this study. First, the sample size of our study was small. Second, we were unable to mention about anti-PLA2R antibodies in the serum which we did not measure. Although PLA2R staining of glomerular tissue is equivalent or more sensitive than serological measurements for the diagnosis of IMN in adults, if we had evaluated serum anti-PLA2R antibodies, it might have been revealed that the serum findings correlate with the renal biopsy findings.

    


    
      CONCLUSION


      In conclusion, this study showed that the IMN patient who was positive for PLA2R was a young boy. Although the prevalence of PLA2R-positivity in pediatric patients with IMN was lower than adult patients, PLA2R staining can be a diagnostic tool for patients with IMN of any age.
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