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Background

Rapidly progressive glomerulonephritis caused by antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is typically characterized as pauci-immune glomerulonephritis. However, immune complex (IC) deposition in the glomerulus has been reported in a growing number of studies. Here, we assess the presence of glomerular immune deposits alongside renal outcome in myeloperoxidase (MPO)-ANCA associated glomerulonephritis (MPO-ANCA GN).



Methods

Clinical and histopathologic characteristics of 97 patients with MPO-ANCA GN classified by renal biopsy from January 2008 to December 2019 were extracted retrospectively from electronic medical records. The extent of immune deposits in the kidney (C3, C4, C1q, IgA, IgG, IgM) at diagnosis were analyzed by immunofluorescence (IF). Patients were followed up for a median period of 15 months. The response to treatment and outcomes of renal and histological lesion changes were also assessed.



Results

In our study, 41% (40/97) of patients showed positive IF (≥2+) for at least one of the six immunoglobulin or complement components tested. Patients with IC deposits showed higher levels of serum creatinine (p=0.025), lower platelet counts (p=0.009), lower serum complement C3 (sC3) (≤790 ml/L) (p=0.013) and serum IgG (p=0.018) than patients with pauci-immune (PI) deposition at diagnosis. End-stage renal disease was negatively associated with eGFR (HR 0.885, 95% CI 0.837 to 0.935, p<0.0001), platelet count (HR 0.996, 95% CI 0.992 to 1.000, p=0.046) and serum globulin (HR 0.905, 95% CI 0.854 to 0.959, p=0.001). Patients with lower sC3 levels showed a worse renal outcome than the patients with normal sC3 at diagnosis (p=0.003). Analysis of the components of the renal deposits found that patients with IgG deposits exhibited a poorer renal outcome compared to patients that were IgG negative (p=0.028). Moreover, Bowman’s capsule rupture occurred less frequently in patients with IgM deposition compared with IgM negative counterparts (p=0.028). Vascular lesions and granuloma-like lesions had been seen more frequently in cases with IgA deposition than those without IgA deposition (p=0.03 and 0.015, respectively).



Conclusion

In conclusion, patients with immune complex deposits in the kidney showed less platelet count, lower sC3 and sIgG levels, and higher serum creatinine levels. Patients with low sC3 at initial and with continued low sC3 during the treatment displayed a trend toward poorer kidney survival. Moreover, the IC group showed a worse renal outcome than the PI group, further enforcing the present strategy of introducing complement targeted therapies in AAV.
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Introduction

Antineutrophil cytoplasmic antibody (ANCA) associated glomerulonephritis (ANCA-GN) is typically characterized by no or little immune deposition in the glomerulus, which is defined as pauci-immune glomerulonephritis (GN) (1). However, glomerular immune-complex (IC) deposits were also reported in the renal biopsy of patients with ANCA-GN in some studies (2, 3). IC GN is characterized by granular deposits of polyclonal immunoglobulin (Ig) by immunofluorescence (IF) or immunohistochemistry (IHC), and complement is often co-deposited along with the Ig. Immune deposits were also found by electron microscopy in over half of the renal biopsies with ANCA-associated crescentic GN (2).

Analysis of the features of patients with ANCA-associated vasculitis (AAV) with immune complex deposition in the kidney showed more proteinuria, greater hypocomplementaemia, and greater glomerular hypercellularity (3, 4). Additionally, the type and location of the immune deposits often indicate the underlying etiology and display different histological lesions in ANCA-GN. Renal complement deposition and decreased serum complement levels observed in ANCA-GN patients indicated that ANCA-GN patients usually undergo complement activation (5, 6). Renal IgA deposition had also been reported in previous studies. Haas et al. and Chen et al. found that patients with necrotizing and/or crescentic GN with glomerular IgA deposits responded well to aggressive therapy (7, 8). Dudreuilh et al. reported that the appearance of IgG deposits in renal biopsy did not affect the renal outcome or probability of relapse (9).

Myeloperoxidase ANCA-associated vasculitis (MPO-AAV) often manifests as rapidly progressive GN (RPGN) and is much more common in China than PR3-AAV (10, 11). In this study, we focused on immune-complex deposits in renal biopsy specimens from MPO-AAV patients. Also, the clinical and histologic features and outcomes of patients were studied retrospectively.



Methods


Patients

The patients diagnosed with primary MPO-AAV and received a renal biopsy in Xiangya Hospital from January 2008 to December 2019 were enrolled in this study. All patients fulfilled 2012 revised International Chapel Hill Consensus Conference nomenclature of vasculitides. The clinical data and the pathological information of the biopsy were reviewed. Patients excluded from the study included those with anti-GBM antibody nephritis, lupus nephritis, IgA nephropathy, secondary vasculitis, such as drugs, infections. A total of 97 biopsies meeting these criteria were identified. The detail for recruitment was displayed in Supplemental Figure 1. The study protocol was in accordance with the ethical standards of the Ethics Committee of Xiangya Hospital of Central South University (IRB approval number 200901008) and with the Declaration of Helsinki. Informed consent was obtained from all individual participants included in the study.



Clinical and Laboratory Findings

Patient age and gender were recorded. Vasculitis disease activity was evaluated by the Birmingham Vasculitis Activity Score (BVAS) (12). Laboratory data included the following: routine blood test, serum albumin, serum creatinine (Scr), erythrocyte sedimentation rate (ESR), 24 hours urine protein, C reactive protein (CRP), serum Complement 3 (sC3) and 4 (sC4), serum IgA (sIgA), serum IgG (sIgG) and serum IgM (sIgM) levels. All these parameters were collected at the approximate time of biopsy, and during follow-up. The estimated glomerular filtration rate (eGFR) was calculated according to the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation (13).



Renal Biopsy

All study patients received a renal biopsy when first hospitalized with newly-diagnosed MPO-ANCA GN, as well as before the commencement of immunosuppressive therapy. All 97 renal biopsies were reviewed using light microscopy by two pathologists who were blinded to the patient clinical data. The classification of MPO-ANCA GN was based on the Berden classification (14). The proportion of cellular crescent and global glomerulosclerosis, histological characteristics, including fibrinoid necrosis, Bowman’s capsule rupture, periglomerular inflammation, granuloma-like lesions, vascular lesions, thrombotic microangiopathy (TMA), and the scores of interstitial infiltrate and tubulointerstitial injury were all evaluated. Interstitial infiltrate and tubulointerstitial lesions were described as: mild (score of 1) for < 25% involvement, moderate (score of 2) for 25-50% involvement and severe (score of 3) for > 50% involvement (15).



Immunofluorescence and Immunohistochemical

Glomerular immunofluorescence for IgA, IgM, IgG, C3, C1q, and C4 were scored by the intensity of immunostaining: negative (–), trace(±), mild (1+), moderate (2+), and strong (3+) (16). A biopsy with no or few immune deposits (pauci-immune) was defined as less than 2+ intensity of immunostaining (on an intensity scale 0, ±, 1+, 2+, 3+). The immune complex deposition was defined as a score of 2+ or higher in staining for any kind of immunoglobulin (Ig) and/or complement observed by immunofluorescence microscopy (2). Cases of positive for fibrin in immunofluorescence were calculated. Macrophages, neutrophils, and T cells infiltrated in renal tissue were assessed by probed with CD68, CD15, CD3 antibodies Macrophages, neutrophils, and T cells infiltrated in renal tissue were assessed by probed with CD68, CD15, CD3 antibodies in 51 cases of PI group and 39 cases of IC group, respectively. The frequencies of leukocytes cells were determined as the sum of expressing cells in all glomeruli divided by the number of glomerular cross-sections.



Treatment and Follow-Up

As described previously, all 97 patients received the standard induction therapy including glucocorticoids combined with cyclophosphamide (17). Treatment resistance was defined as having an increasing and/or unchanged disease activity in patients with acute AAV after 4 weeks of treatment with standard induction therapy, or a reduction of 50% in BVAS after 6 weeks of treatment, or a chronic, persistent disease defined as the presence of at least 1 major or 3 minor items on the BVAS list after 12 weeks of therapy (18). End-stage renal disease (ESRD) was defined as eGFR < 15 mL/min/1.73 m2 and requiring permanent renal replacement therapy (RRT), or kidney transplantation. We assessed the response to the treatment and the development of ESRD during follow-up every 3 months. The patients were followed up until the death or the last follow-up date (June 30, 2020). All the patients were followed-up for a median period of 15 months, ranging from 1 month in those cases which died to 137 months.



Statistical Analysis

Results are expressed as a percentage or mean ± SD for normally distributed variables and median (range) for non-normally distributed variables. All parameters were compared by the χ2 test or Fisher’s exact test for categorical data and Kruskal–Wallis test and Mann-Whitney U test for normally or non-normally distributed continuous data. Predictors of ESRD were evaluated in all patients using multivariate cox regression analysis, and the results are expressed as hazard ratios (HRs) with 95% confidence intervals (95% CIs) and p values. We evaluated baseline characteristics as potential covariates and transformed these to proper function forms to fit the models best and meet the inferential goal of finding predictors for the outcome of ESRD. Hemoglobin, blood platelet count, serum creatine, ESR, serum C3, C4 and serum immunoglobulin, and tubulointerstitial scores were used as continuous variables. Age, eGFR, CRP, and urine protein indexes were categorized as quartiles. The percentage of different histological classification were used as categorical covariates and changed contrast by using indicator method. The presence of IC deposits (≥2+) and gender, histological characteristics (fibrinoid necrosis, and Bowman’s capsule rupture, TMA, periglomerular inflammatory, granulomatous lesions) on biopsy were used as binary covariates. Each regression model was conducted with a selection criterion of P<0.05. Then, significant predictor variables were chosen by backward elimination using anαlevel of 0.05 until all variables remaining in the model show significant association with ESRD. Renal survival and patient survival were evaluated by Kaplan-Meier curves using log-rank and generalized Wilcoxon-Breslow tests. A P-value<0.05 was considered to be statistically significant. Analyses were performed using SPSS statistical software (version 23.0).




Results


Baseline Patient Characteristics

Among all 97 patients with MPO-ANCA GN, 59% (57/97) of patients had no or few deposits in their glomeruli from renal biopsy, which were classified as the “pauci-immune” (PI) group, while the other 41% (40/97) of cases were classified as the “immune complex” (IC) group. The clinical and histopathological characteristics of the two groups are shown in Table 1.


Table 1 |  Comparison of clinicopathologic parameters between MPO-ANCA-GN patients with and without immune complex deposits.



Immune complex deposits in the glomeruli were more frequently found in males than females with MPO-ANCA GN. Patients with immune complex deposits in the kidney showed less platelet count, lower sC3, sIgA and sIgG level, and higher serum creatinine levels than the PI group (p=0.009, 0.013, 0.018, 0.023, 0.025, respectively). CRP and ESR levels were higher in the PI group compared with the IC group (p=0.001 and 0.036, respectively). It is noteworthy that we also found more glomerular fibrin deposition in patients in the IC group than in the PI group, although the differences observed did not reach statistical significance (p=0.139). We also assessed the frequency of neutrophils, macrophages and T cells in the glomerular, periglomerular and interstitial compartments by immunostaining. The immune cells were detected in similar numbers in PI and IC groups as shown in Table 1.



Risk Factors for ESRD

Of the 97 patients, ESRD occurred in 42 (43.30%) patients during follow-up. Furthermore, 55% (22/40) patients in IC group and 35.09% (20/57) patients in PI group experienced ESRD during follow-up. In the multivariate analysis (Table 2), ESRD was shown to be negatively associated with eGFR (HR 0.885, 95% CI 0.837 to 0.935, p<0.0001), platelet count (HR 0.996, 95% CI 0.992 to 1.000, p=0.046) and serum globulin (HR 0.905, 95% CI 0.854 to 0.959, p=0.001).


Table 2 | Multivariable predictors of ESRDa by multivariate COX regression analysis.





Renal Histopathology and IC Deposits

As shown in Table 3, C3 was the most common complement component found in the glomeruli of kidney biopsy specimens. C3 IF staining of 1+ was seen in 18 (18.56%) cases, while there were only 19 cases (19.59%) that were more intensively stained. C1q was also seen in 10 (10.75%) renal biopsies with IF staining ≥1+, but only 4 (4.30%) cases showed stronger staining (IF≥2+). Only 7 patients (13.73%) showed a weak stain (1+) in C4 deposits. For renal immunoglobulin deposition, IgA, IgM and IgG showed an IF intensity of 1+ in 18.75%, 17.71%, 13.54% cases, respectively and strong intensity IF (≥2+) was found in 5.21%, 28.12%, 18.75% cases, respectively (Table 3).


Table 3 | Immunofluorescence findings in biopsies and histopathological features in MPO-ANCA-GN.



As shown in Table 3, Bowman’s capsule rupture (p=0.028) and periglomerular inflammation (p=0.034) were less commonly seen in biopsies with IgM deposition.

Besides, in the renal biopsies with stronger IgA deposition (IF≥2+), granuloma-like lesions and vascular lesions were more frequently seen than those without IgA deposition (p=0.03 and 0.015, respectively).



Renal Survival Analysis

Analysis of renal survival showed patients which had lower sC3 levels had higher rates of ESRD compared to cases with normal serum C3 values (p=0.003, Figure 1A). Furthermore, the patients with continued low sC3 during therapy showed worse renal outcomes than the patients with sC3 levels returning to normal during treatment (p=0.013, Figure 1B). Also, patients with low sC3 both at initial and with continued low sC3 during the treatment all displayed a trend toward decreased patient survival (Figures 1C, D) without reaching statistical significance.




Figure 1 | Patients with low sC3 showed worse renal outcomes than patients with normal sC3 level at diagnosis (p = 0.003) (A). Patients who persist with low sC3 exhibit a substantially higher degree of ESRD than the patients whose sC3 level returned to normal during the treatment process (p = 0.013) (B). The patient survival of patients with low sC3 at diagnosis and persists with low sC3 in the treatment (C, D).



The IC group showed a worse renal outcome than the PI group (Breslow p=0.030) (Figure 2A), but there was no difference in patient survival (Figure 2B). In further analysis of the outcome of patients with different types of immune deposits, no differences in renal survival were observed between patients with kidney IF intensities ≥2+ for C3, C1q, IgA, IgM and patients with kidney IF intensities ≤1+ for C3, C1q, IgA, IgM (Figures 3A–D). However, patients with IgG deposits (≥2+ in IF) showed a poorer renal outcome than the patients with no or low level deposits (≤1+ in IF) (p=0.028) (Figure 3E).




Figure 2 | Patients of the immune complex deposits (IC) group had a higher incidence of ESRD than the pauci-immune (PI) group (p = 0.030) (A). No distinction of patient survival had been observed between PI and IC group (B).






Figure 3 | Renal survival of patients with and without C3, C1q, IgA, IgM deposits (A–D). Patients with IgG deposits showed poorer renal prognosis than patients that had no or low IgG deposits in the glomeruli (p = 0.028) (E).






Discussion

Immune complex deposition in MPO-AAV does not seem to be as uncommon as previously considered. We found that 41% of cases had at least one Ig or complement component deposited in the glomeruli (IF≥2+ on a scale of 0 to 4). Though the absence or paucity of IC localization in the glomeruli is classically defined as a characteristic of ANCA-GN, similar to our study, there have been some previous studies that reported ANCA-GN as not always being pauci-immune. Hass et al. reported that 54% of 126 cases showed immune complex deposits by electron microscopy (2). Another study also showed 26.4% of ANCA-GN cases exhibited immunostaining of ≥2+ intensity in renal biopsies (19). The prevalence of stronger IF findings in our study was higher than previously reported, which may be ascribed to recruiting only MPO-ANCA GN patients rather than all the ANCA-GN patients including PR3-ANCA-GN, and there were no comparative data in detail about IC deposition between MPO-ANCA GN and PR3-ANCA-GN.

In our study, the serological tests at diagnosis, namely lower platelet count, sC3, sIgG, and higher sCr can be seen in patients with IC deposits compared with the PI group. The most plausible reason for that sCr is significantly higher in the patients with IC deposits but eGFR is not significantly different between the two groups is that there were more males in the IC group compared with PI group. Low levels of platelets suggest active coagulation particularly the renal deposition of fibrin which has been shown to a prominent mediator of inflammatory kidney injury (20). Although there was a trend of increased glomerular fibrin deposition in MPO-AAV-GN patients with immune complex deposits in the kidney, this did not reach statistical significance. Further studies with a large number of patients are needed to quantitate the level of renal fibrin deposition in the kidney of MPO-ANCA-GN patients, which may suggest the renal presence of another important potential therapeutic target.

Meaningfully, platelet counts, serum globulin and eGFR were shown to be risk factors for ESRD in our multifactorial analysis. In line with previous reports, patients with lower sC3 at diagnosis displayed poorer renal survival (6). In addition, treatment resistance was observed to be negatively associated with platelet count and sC3 level in our previous study (21). Our data here is consistent with the findings of others (15, 22–26). We found that there was a significantly poorer renal outcome in patients with persistently lower sC3 levels than those whose sC3 levels recovered to normal during therapy upon follow-up. The documented role of sC3 reduction in treatment resistance and renal prognosis in the MPO-AAV patients, as shown in our data, support the use of complement targeted therapies in AAV, such as the C5a receptor inhibitor CCX168 (21, 27–30).

However, we did not observe significant differences in BVAS. The Berden classification of renal injury in ANCA-GN is widely accepted (14). This classification does allow the intensity of immune inflammation and damage to be assessed. Nonetheless, we find no differences of the four classes of MPO-ANCA-GN, active and chronic lesions between PI and IC groups. The reason for this is unclear. We suspect that one plausible explanation for this is the small number of patients in the present study. It is now widely accepted that cell mediated immunity is prominent in MPO-AAV patients and has been shown to be a major components in inducing inflammatory injury in many models of this disease (31). The immune cells were detected in similar numbers in the glomerular, periglomerular and interstitial compartments in PI and IC groups (Table S1). Furthermore, ESR and CPR levels, which are routinely used as biomarkers of disease activity in clinical work, were lower in the group with IC than the pauci-immune group. This data is consistent with that obtained by other investigators (32, 33), but our data were in contrast to the study by Brons et al. showing immune deposits in skin lesions of patients with Wegener’s granulomatosis during active disease (34). The exact reason for this remains unknown, which might be associated with the production and deposition of ICs in the kidney in MPO-AAV patients. It suggested that IC in the glomeruli might have no relation to systemic disease activity. On the contrary, IC in the glomeruli might be associated with the chronic process in MPO-ANCA GN.

Moreover, different types of deposition also have various implications in MPO-ANCA GN. In agreement with the results of previous studies, the deposition of complement in our study has suggested again that complement activation usually occurs in MPO-ANCA GN. Gou et al. detected the alternative complement pathway activation fragment Bb deposited both in the kidney and in urine which confirmed complement activation through the alternative pathway that occurred in the development of AAV (35). In our study, more commonly C3 and less commonly C1q had been seen deposited in the kidney, similar to previous reports (36), suggesting that the complement system may be commonly activated by the alternative pathway but also by the classical complement pathway less often (5). However, contrary to previous studies (29, 36), both C3 and C1q deposition in the kidney didn’t show a special connection with any histopathological signs of MPO-ANCA-GN.

The findings of immunoglobulin in kidney specimens were accompanied by C3 deposition. IgG deposits had no relation with histological changes, but it was associated with a higher risk for ESRD. The patients with IgG deposition demonstrated a higher rate of ESRD, which was in contrast to another retrospective study (9). The basis for this discrepancy needs to be investigated in future studies. Differences in participants and an insufficient number of cases in both studies may partly explain this discrepancy. Different from IgG deposits, IgA seems to be more related to histological characteristics of ANCA-GN. Granuloma-like and vascular lesions had been more frequently seen in the cases with IgA deposition. As reported previously, IgA nephropathy (IgAN) with ANCA positivity showed less typical mild, focal, and segmental mesangial and endocapillary hypercellularity and more severe clinical features than the cases that were ANCA negative (7, 37). Also, some reports proposed that patients both with IgA deposition and ANCA positivity responded well to aggressive immunosuppressive therapy (37, 38). But, there were few studies about ANCA-GN with IgA deposition (32). In our study, there was no difference in renal outcome between patients with and without IgA deposition. However, granuloma-like and vascular lesions, as the characteristic pathological changes of MPO-ANCA GN, were closely associated with IgA deposition.

Unexpectedly, on histological sections, we also discovered that Bowman’s capsule rupture and periglomerular inflammation occurred infrequently in the cases with IgA and IgM deposits. Bowman’s capsule is implicated in functionally isolating potential immune effectors thereby preventing injury to the glomerulus. So, the rupture was considered as a trigger of inflammatory cell migration (such as CD8+ T cells and macrophagocytes) and crescentic formation (39). The inverse negative relationship between IC deposits and Bowman’s capsule rupture and periglomerular inflammation suggests that Bowman’s capsule rupture and periglomerular inflammation with subsequent inflammatory cell infiltration into the glomerulus might be related to the clearance of IC in MPO-ANCA GN. This needs more clinical observation and animal studies to further confirm.

Our study has several limitations as it is retrospective and has a small case load, which may have introduced information and recall bias. Moreover, the number of glomeruli in some biopsies is relatively small, which might lead to some bias and reduce the power to demonstrate associations between histopathological findings and immune deposits. The relatively short period of follow-up was another limitation in our study, which also influenced the analysis of the prognosis of patients.

In conclusion, patients with immune complex deposits in the kidney showed less platelet count, lower sC3 and sIgG levels and higher serum creatinine levels. Patients with low sC3 at initial and with continued low sC3 during treatment all displayed a trend toward poorer kidney survival. Moreover, the IC group showed worse renal outcome than the PI group, further enforcing the present orientation to introduce complement targeted therapies in AAV. Also, patients with IgG deposits showed a poorer renal outcome, which can help to evaluate prognosis to some extent. IgA deposits were associated with vascular and granuloma-like lesions in MPO-ANCA GN, suggesting the connection between the immune deposits and histological features in ANCA-GN. Our findings suggest MPO-AAV-associated renal damage can be immune complex-induced and could assist in guiding clinical work.
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