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Background

Idiopathic membranous nephropathy (IMN) is the most common pathological type in adults with nephrotic syndrome. Many target antigens have been discovered. However, dual antigen-positive IMN patients are very rare, with only a few such cases being briefly described in various studies. There is no specific study on the clinicopathological and prognostic characteristics of dual antigen-positive IMN patients, and the disease characteristics of such patients remain unclear.





Methods

Immunohistochemical staining of PLA2R, THSD7A, and NELL-1 was conducted on kidney tissue samples obtained from patients diagnosed with IMN. Simultaneously, the presence of corresponding serum antibodies was determined. Patients exhibiting positivity for dual antigens were included in the study, identified either through tissue staining or serum antibody detection. We retrospectively collected their clinical, pathological, and follow-up data and measured their serum antibody levels at multiple time points. Additionally, the same type of dual antigen-positive IMN cases reported in the literature were reviewed to extract clinical, pathological, and prognostic information. We compared the data for all of the above dual antigen-positive and PLA2R single-positive IMN cases at our center.





Results

We identified 6 IMN patients with dual antigen positivity at our center, approximately 0.7% of whole MN series; the previous literature reports 43 IMN patients with dual antigen positivity, the proportion ranged from 0.2% to 2.8%. The IgG1 positivity rate in the renal tissue of the dual antigen-positive patients at our center was significantly lower than that of dual antigen-positive patients previously reported (16.7% vs. 100.0%, p=0.015), but there was no significant difference in clinical or prognostic aspects. Patients with dual antigen positivity reported at our center and in the literature were combined and compared with PLA2R single-positive IMN reported at our center. Compared with PLA2R single-positive IMN patients, dual antigen-positive IMN patients had a higher renal tissue IgG1 positivity rate (58.3% vs. 22.3%, p=0.016), and the time required to achieve remission was longer [13.5 (3.3,35.0) vs. 3.0 (1.0,8.0), p=0.052]. Overall, The changes in urine protein were consistent with the changes in serum PLA2R antibody levels in dual antigen-positive IMN patients.





Conclusions

For patients with primary membranous nephropathy who did not attain remission following prolonged treatment, multiple target antigen staining should still be actively performed, even with positivity for the PLA2R target antigen.
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1 Introduction

Idiopathic membranous nephropathy (IMN) is an immune-mediated primary glomerular disease and the most common pathological type in adults with nephrotic syndrome (1). Research has confirmed that the main pathogenesis of IMN is specific binding of circulating antibodies to target antigens on the glomerular basement membrane to form immune complexes that are deposited in the subepithelial area, activating the complement cascade, causing podocyte damage, and ultimately leading to proteinuria (2). Since M-type anti-phospholipase A2 receptor (PLA2R), the first specific target antigen in adult IMN, was discovered in 2009 (3) research on IMN target antigens has been growing rapidly. Indeed, many IMN target antigens have been discovered over the past decade, including thrombospondin type 1 domain containing 7A (THSD7A) and neuroepidermal growth factor-like type 1 protein (NELL-1) (4, 5). However, the vast majority of IMN patients reported thus far are single antigen-positive; in contrast, dual antigen-positive IMN patients are very rare, with only a few such cases being briefly described in various studies (6–8). There is no specific study on the clinicopathological and prognostic characteristics of dual antigen-positive IMN patients, and the disease characteristics of such patients remain unclear.

Here, we provide a detailed description of the clinical pathological characteristics and prognosis of dual antigen-positive IMN patients at our center. In addition, we reviewed previous literature on dual antigen-positive IMN cases, extracted patient information, and compared the clinical and pathological data of dual antigen-positive IMN cases reported thus far with those of PLA2R single-positive IMN cases in an effort to help clinicians further understand this rare dual antigen-positive IMN.




2 Materials and methods



2.1 Information collection of dual antigen-positive IMN and PLA2R single-positive IMN patients at our center

We continuously reviewed patients diagnosed with IMN by renal biopsy in the Department of Nephrology, Beijing Anzhen Hospital, Capital Medical University from 2015 to 2019. By staining of PLA2R, THSD7A, NELL-1 antigen in kidney tissue and detection of corresponding serum antibodies, we screened the dual antigen- positive IMN and PLA2R single-positive IMN, diagnosed by positive tissue staining or positive serum antibodies. Their baseline clinical, pathological and prognostic information were retrospectively collected. Follow-up data were obtained by reviewing the medical records and/or from telephone interviews of patients, and they were available on some patients. The treatment and prognostic analyses were performed in patients with complete information on follow-up. The definitions of remission complied with the 2012 Kidney Disease Improving Global Outcomes guideline for glomerular nephropathy (9). Complete remission was defined as urinary protein excretion <0.3 g/d, confirmed by two values at least 1 week apart, accompanied by normal serum albumin and creatinine levels. Partial remission was defined as urinary protein excretion <3.5 g/d and at least a 50% reduction from peak values accompanied by an improvement or normalization of serum albumin and stable serum creatinine levels. Complete remission and partial remission are collectively referred to as remission. Worsening of renal function was defined as a doubling of creatinine.




2.2 Immunohistochemical staining of renal tissue in dual antigen-positive IMN patients at our center

Paraffin-embedded kidney tissue (4 μm) was obtained. PLA2R and NELL-1 antigens were retrieved with pH 6 citrate solution combined with trypsin; THSD7A was retrieved with pH 9 EDTA solution. The primary antibodies used were monoclonal rabbit anti-human PLA2R1 antibody (Sigma, HPAO12657) (1:800 dilution), monoclonal rabbit anti-human NELL-1 antibody (Sigma, HPAO51535) (1:400 dilution), and monoclonal rabbit anti-human THSD7A antibody (Sigma, HPAO00923) (1:3000 dilution), which were incubated overnight at 4°C. The secondary antibody, alkaline phosphatase-labeled immunohistochemistry reagent (Max Vision, KIT-5103) or horseradish peroxidase-labeled immunohistochemistry reagent (Max Vision, KIT-5004), was added and incubated at room temperature for 30 minutes. Fast-Red reagent (Zhongshan Jinqiao, ZLI-9042) or DAB reagent (Zhongshan Jinqiao, ZLI-9018) was used for color development. Antigen positive is judged as granular brown staining in the glomerular capillary loops, while the renal tubule and other background staining linear reduction (10).




2.3 Other pathological staining and electron microscope examination of renal tissue

The routine fluorescent staining and histochemical staining are carried out in accordance with the standard procedures and the recommended procedures of the reagent specification. Fluorescence intensity criteria: there is no light at both low and high magnification as “-”; negative at low magnification, seemed to be visible at high magnification as “±”; it seems to be visible at low magnification, and blurred at high magnification as “+”; it is obviously visible at low magnification and clearly visible at high magnification as “++”; clearly visible at low magnification and dazzling fluorescence at high magnification as “+++”: dazzling at low magnification and dazzling fluorescence at high magnification as “++++”. Electron microscope examination of renal tissue was delivered to the testing center.




2.4 Antibody detection in serum of dual antigen-positive IMN patients at our center

Serum samples were collected on the day of kidney biopsy and stored at -80°C until use. Serum anti-PLA2R antibodies were detected using the ELISA (EUROIMMUN, Germany) method. Serum anti-THSD7A and anti-NELL-1 antibodies were detected using an indirect immunofluorescence assay kit (EUROIMMUN, Germany) according to the standard protocol.




2.5 Systematic review of previous reports on IMN patients with dual antigen positivity

We searched for “M-type anti-phospholipase A2 receptor”, “thrombospondin type 1 domain containing 7A”, and “neuroepidermal growth factor-like type 1 protein” in the three major English databases Medline, Embase, and Cochrane Library and the two major Chinese databases Wan fang and CNKI (the specific search strategies are provided in Supplementary Material). All literature related to dual antigen-positive IMN was screened as of June 6, 2023, and literature information and clinicopathological and prognostic data of dual antigen-positive patients were extracted.




2.6 Statistical methods

The continuous variables of normal distribution were represented by mean ± standard deviation, and the difference between groups was compared by independent sample t test. Continuous variables with non-normal distributions were expressed as median and quartile distances (P25, P75), and non-parametric tests were used to compare group differences. The number and percentage of categorical variables were expressed, and Chi-square test and Fisher exact test were used to compare the differences between groups. SPSS 23.0 software was used for statistical analysis, and bilateral P value <0.05 was considered statistically significant.





3 Results



3.1 Clinicopathological characteristics and prognosis of dual antigen-positive IMN patients at our center

A total of 827 patients diagnosed with IMN by renal biopsy at our center from 2015 to 2019, with an average age of 48 years old, accounted for 63.6% of males. Through tissue antigen staining and serum antibody detection, 6 patients with dual antigen positivity were screened, including 3 PLA2R- and NELL-1-positive patients and 3 PLA2R- and THSD7A-positive patients. Detection of tissue antigens and serum antibodies in the 6 patients is shown in Table 1.


Table 1A | Clinicopathological and prognostic characteristics of 6 IMN patients with dual antigen positivity at our center.




Table 1B | Clinicopathological and prognostic characteristics of 6 IMN patients with dual antigen positivity at our center.




Table 1C | Clinicopathological and prognostic characteristics of 6 IMN patients with dual antigen positivity at our center.




Table 1D | Clinicopathological and prognostic characteristics of 6 IMN patients with dual antigen positivity at our center.





The clinical data of the 6 patients are shown in Table 1. The median age was 55.5 years old, and 4 patients were older than 45 years. Four patients (66.7%) had significant proteinuria, of whom only 3 (50%) presented with nephrotic syndrome (NS); 1 patient (MN4) had a slight increase in blood creatinine. To date, no concomitant tumor diseases have been detected during follow-up of the 6 patients, but the tumor markers of patient MN1 continued to increase during the course of the disease (Supplementary Figure 1).

Typical IMN manifestations under light microscopy were observed for these six patients, with all cases showing subepithelial deposition of fuchsinophilic protein. Only one IMN patient with PLA2R and THSD7A positivity (MN4) exhibited mild mesangial cell proliferation and increased mesangial matrix in the glomerulus. Immunofluorescence showed IgG particles deposited along the basement membrane in all 6 patients, without any other immunoglobulin deposits. IgG subclass staining for all 6 patients mainly showed IgG4; only one PLA2R- and NELL-1-positive patient (MN1) showed the same fluorescence intensity as for IgG1 and IgG4. The results of electron microscopy were consistent with those of light microscopy. In all 6 patients, electronic dense matter was found to be deposited in the subepithelial area of basement membrane area of the glomerulus (Table 1, Figure 1).




Figure 1 | Renal tissue staining of 6 dual antigen-positive IMN patients at our center. From left to right, there are PASM+MASSON staining (×400), IgG immunofluorescence staining (×200), IgG1 immunofluorescence staining (×200), IgG2 immunofluorescence staining (×200), IgG3 immunofluorescence staining (×200), IgG4 immunofluorescence staining (×200), Electron microscope (×12000), PLA2R immunohistochemistry staining (×400), NELL-1 immunohistochemistry staining (×400), THSD7A immunohistochemistry staining in renal tissue. Among the 6 cases,MN1– MN3 are positive for PLA2R and NELL-1 staining; MN4-MN6 are positive for PLA2R and THSD7A staining.



The median follow-up time of the 6 patients was 40 months. Except for patient 5, whose treatment regimen we did not track, all patients received immunosuppressive therapy. Four of the patients achieved disease remission after treatment, but only 1 patient (MN1) achieved it within half a year. Of the 2 patients (MN1, MN2) with follow-up data after remission, 1 patient experienced relapse, whereas remission was maintained in the other patient. None of the patients had worsening of renal function during follow-up (Table 1).




3.2 Literature review and information extraction of previous reports on dual antigen-positive IMN patients

We conducted a systematic review of the literature on previous studies involving double antigen-positive IMN. By June 6, 2023, a total of 11 studies (7, 11–20) involving 43 dual antigen-positive IMN patients, were included (Supplementary Table 1, Supplementary Figure 2). Of the 43 patients, highly detailed information was available for only 11, and we extracted clinical, pathological, and prognostic information for these 11 patients (Table 2) and then performed comparisons with the 6 dual antigen-positive IMN patients at our center (Supplementary Table 2).


Table 2 | Clinicopathological and prognostic characteristics of 11 cases of dual antigen-positive IMN patients in previous studies.






3.3 Comparison of clinicopathological features and prognosis between dual antigen-positive IMN patients and PLA2R single-positive IMN patients

To explore the difference between dual antigen-positive IMN and PLA2R single-positive IMN, we compared the two groups of patients. However, because the number of PLA2R single-positive IMN at our center is much larger than the number of dual antigen-positive IMN in the same time period, we only continuously enrolled 141 patients with PLA2R single-positive IMN within one year (2018-2019)of this time period. The comparison of clinicopathology and prognosis of the two groups at our center is shown in Supplementary Tables 3, 4. There was no significant difference in clinicopathology and prognosis between the two groups. Since the number of IMN patients with dual antigen positivity is small, meanwhile, we compared the baseline clinical and pathological data of all known dual antigen-positive IMN patients, including the 6 cases from our center and the 11 cases in the literature with complete clinical and pathological data, with 141 PLA2R single-positive patients at our center (Table 3). The results showed that the dual antigen-positive patients had a higher IgG1-positive rate in renal tissue than the PLA2R single-positive patients (58.3% vs. 22.3%, p=0.016). We also conducted a meta-analysis of baseline urine protein and serum albumin comparison results between 17 dual antigen-positive patients and the 141 PLA2R single-positive patients (Supplementary Figures 3, 4), with no significant difference in baseline urine protein and blood albumin between the two groups. Prognosis comparison between the two groups showed a longer time to achieve remission in the patients with dual antigen positivity than in those with PLA2R single positivity, even though this difference did not reach statistical significance (p=0.052) (Table 4).


Table 3 | Comparison of clinical and pathologic data between all dual antigen-positive IMN patients and PLA2R single-positive IMN patients at our center.




Table 4 | Comparison of prognosis between all dual antigen-positive IMN patients and PLA2R single-positive IMN patients at our center.






3.4 Follow-up of serum antibodies in dual antigen-positive IMN patients

Serum antibody levels were measured at multiple nodes of disease change for three of the patients at our center (MN1, MN2, and MN4) (Figure 2). The condition of MN1 was protracted, starting with NS. After 4 months of treatment, partial remission was achieved, and the serum anti-PLA2R antibody titer gradually decreased. After 4 years, relapse of NS occurred, and the serum anti-PLA2R antibody titer continued to increase by >1500 RU/ml. Urinary protein remained stable, but his serum anti-NELL-1 antibody remained negative throughout the disease course. MN2 did not achieve complete remission until 21 months of immunosuppressive therapy, and there was no recurrence thereafter. During the course of the disease, the patient’s serum anti-PLA2R antibodies and anti-NELL-1 antibodies remained negative. After 4 months of immunosuppressive therapy, the condition of MN4 did not improve. The serum anti-PLA2R antibody titer decreased only slightly from 41.49 RU/ml to 30 RU/ml, and serum was negative for anti-THSD7A antibody.




Figure 2 | Serum antibody levels were measured at multiple nodes of disease change for three of the patients at our center. MN1 patient (PLA2R- and NELL-1-positive) achieved remission after treatment, but relapsed 46 months later. His serum anti-PLA2R antibody titers were consistent with changes in urine protein, but his serum anti-NELL-1 antibody remained negative throughout the disease course (A); MN2 patient (PLA2R- and NELL-1-positive) achieved complete remission after treatment and there was no recurrence thereafter. His serum anti-PLA2R antibody titers continued to be 0R/ml and serum anti-NELL-1 antibodies continued to be negative (B); MN4 patient (PLA2R- and THSD7A-positive) did not improve after 4 months of treatment, with a slight decrease in serum anti-PLA2R antibody titers and continuous negative serum anti-THSD7A antibodies (C).







4 Discussion

This is the first study focusing on dual antigen-positive IMN patients and describes in detail the clinicopathological and prognostic characteristics of dual antigen-positive IMN patients at our center. The clinical, pathological and prognosis of dual antigen-positive IMN patients reported thus far are also summarized. This study provides contributes to our understanding of such IMN patients.

This study showed that the clinical and pathological manifestations of dual antigen-positive IMN patients did not differ significantly from those of general IMN patients. It is currently believed that THSD7A- and NELL-1-positive MN may be associated with tumors (21, 22). Among all reported dual antigen-positive IMN cases, only one patient with PLA2R and THSD7A positivity had concurrent tumors (13). None of the six patients at our center had tumors in the past or during follow-up. However, due to the limited number of dual antigen-positive IMN patients, more cases need to be analyzed. Nevertheless, it is worth mentioning that one patient with PLA2R and NELL-1 positivity (MN1) at our center displayed continuous mild increases in CA199 and CEA during follow-up, even though no evidence of tumor was found clinically. After standard treatment, the PLA2R antibody titer remained high, and NS continued. The fluorescence intensity of IgG1 in the renal tissue of this patient was also strong, which suggests that we need to continue to consider other secondary diseases, such as tumors, during follow-up.

In this study, the time to achieve remission after standard treatment was longer in dual antigen-positive IMN than in PLA2R single-positive IMN. Although the difference did not reach statistical significance, it may be related to the small number of cases. Moreover, the positive rate of IgG1 subclasses in the renal tissues of dual antigen-positive IMN patients was higher. Previous studies have shown that IgG4 subclasses predominate in IMN glomeruli with PLA2R or THSD7A single positivity and that IgG1 subclasses predominate in IMN glomeruli with NELL-1 single positivity (23). IgG subclasses are associated with the complement activation pathway. Does the difference in IgG subclasses in the renal tissue of dual antigen-positive IMN correlate with a more refractory prognosis? Is the type and extent of complement activation in the renal tissue of dual antigen-positive IMN different from that of single antigen-positive IMN? Further studies are needed to address these questions.

Based on previous studies of PLA2R-positive MN and THSD7A-positive MN, it is known that the titer of serum antibodies is closely related to the clinical severity and disease change of patients with kidney disease (24, 25). An increase in serum anti-PLA2R antibody may precede aggravation of proteinuria to indicate the possibility of disease recurrence (26, 27). However, are the effects of the two antigens consistent in dual antigen-positive IMN? Which antibodies can help to determine a change in the disease? There are no studies or reports on these issues to date. In this study, 6 patients with dual antigen-positive IMN at our center were tested for serum antibodies. Among them, we only detected PLA2R antibodies (66.7%), whereas THSD7A and NELL-1 antibodies were not detected. The low positive rate of serum antibody detection may be related to the kidney-as-a-sink effect, in which antibodies do not “overflow” the glomeruli into the serum to be detected at the beginning of the disease (28). Literature shows that in a considerable part of IMN patients, serum antibodies are detected later than tissue antigens (29). Three patients (MN1, MN2, MN4) underwent multiple tests of serum anti-PLA2R antibodies during the course of their disease, and levels of serum anti-PLA2R antibodies in MN1 and MN4 were consistent with the progression of their condition. Among the 11 dual antigen-positive cases reported in the literature, only 2 patients with PLA2R and THSD7A positivity underwent serum antibody testing during disease progression (8). In these cases, a gradual decrease in urine protein as the titers of serum anti-PLA2R and THSD7A antibodies declined occurred in one patient; in the other patient, both serum anti-PLA2R antibody titers and urine protein decreased as titers of serum anti-THSD7A antibodies increased during the disease course. These results suggest that PLA2R antibody levels in dual antigen-positive IMN may correlate well with the condition. A recent study (30) that confirmed that serum anti-PLA2R antibodies can directly induce podocyte damage independently of the complement system also provides some theoretical support for this idea. However, due to the small number of cases, the role of multiple antigens in kidney tissue needs to be clarified in more cases and through further clinical and basic research.

At present, there is no relevant study on the mechanism of the occurrence of dual antigen-positive IMN. The PLA2R, THSD7A and NELL-1 antigens differ in structure and expression position in normal kidneys. Hence, we postulate that the likelihood of an interaction between the two proteins is diminished due to the apparent dissimilarity among the three antigens. However, it has been reported that THSD7A-positive MN and NELL-1-positive MN occur under the action of tumor, drugs and other secondary factors. Is there an underlying cause of THSD7A and NELL-1 positive in kidney tissue? We will also continue to closely monitor these patients and will explore the possible mechanisms of the presence of dual antigens in subsequent basic studies.

This study has certain limitations. Although we reviewed all previous studies that reported dual antigen-positive IMN, there were still very few cases with detailed information. It is necessary to expand the number of cases of multiple antigen-positive patients in larger MN cohorts and with longer follow-up observations.

In summary, this study suggests no significant specificity in clinical and pathological manifestations for patients with dual antigen-positive IMN. Compared with PLA2R single-positive IMN patients, dual antigen-positive IMN patients have a higher IgG1 positivity rate in renal tissue, and a longer is needed to achieve remission after standardized treatment. Among the two antigens, PLA2R may correlate more with the disease, and serum anti-PLA2R antibody levels may be associated with disease progression. For IMN patients who experience poor treatment efficacy, multiple antigen staining should still be actively performed even if PLA2R is positive. For double antigen-positive IMN, continuous tracking of secondary causes and the possibility of tumors is necessary.
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