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Background

Activity and chronicity of kidney involvement in ANCA-associated vasculitis (AAV) can be currently reliably evaluated only by kidney biopsy. In this study, we measured a panel of serum and urinary biomarkers collected at the time of kidney biopsy and hypothesized that they could reflect specific histopathological parameters in the biopsy and help to predict prognosis.





Methods

We examined a cohort of 45 patients with AAV and 10 healthy controls. Biomarker levels (DKK-3, CD163, EGF, PRO-C6 and C3M) were measured in this study by ELISA. Biopsies were scored with a scoring system for AAV (focal x crescentic x sclerotic x mixed class) and interstitial fibrosis was quantified.





Results

Levels of urinary DKK-3, CD163, EGF, PRO-C6 and C3M significantly differed among biopsy classes in AAV, with urinary DKK-3 and PRO-C6 levels being highest in the sclerotic class and lowest in the focal class, urinary CD163 levels highest in the crescentic class and urinary C3M levels highest in the focal class. Moreover, the urinary biomarkers were able to discriminate focal biopsy class from the other classes. Urinary DKK-3, EGF, PRO-C6 and C3M levels measured at the time of biopsy were also significantly related to the extent of fibrosis and to the final kidney function at the end of follow-up.





Conclusions

This small pilot study suggests that selected urinary biomarkers of fibrosis and inflammation may reflect changes in the kidney biopsy and be prognostic of kidney outcome in patients with AAV.
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1 Introduction

The anti-neuthrophil cytoplasmic antibody (ANCA) – associated vasculitis (AAV) is a rare multisystemic autoimmune disease characterized by the presence of ANCA and necrotizing inflammation of small vessels (1, 2).

AAV is a severe disease involving mainly respiratory tract and the kidneys, with progression to end-stage kidney disease (ESKD) in 20-30% of cases within 5 years (3, 4).

Kidney biopsy is the gold standard for establishing the diagnosis and for assessing the disease activity/chronicity stage of ANCA associated glomerulonephritis (5). However, the kidney biopsy is invasive, associated with a risk of bleeding and usually requires a short hospital stay. Furthermore, in some patients it may not be feasible because of the severity of the disease, need for intensive care treatment or other comorbidities.

Kidney fibrosis is a typical feature of chronic kidney disease (CKD) present also in patients with AAV. It is caused by an imbalance in turnover of extracellular matrix (ECM) components. ECM biomarkers describing the morphological changes in the kidney tissue are detectable in serum and urine, potentially even in patients with still preserved kidney function (6).

Novel serum and, especially, urinary biomarkers able to assess the type, extent and potentially prognosis of kidney disease in AAV are needed. In this study, we aimed to assess the potential value of a panel of fibrosis, kidney tissue injury and inflammation biomarkers to diagnose and assess kidney disease in AAV.

Several biomarkers of the morphological changes in the kidney tissue have been already described. DKK-3 (Dickkopf-related protein 3), a stress-induced tubular epithelia-derived profibrotic glycoprotein, was shown to be prognostic for risk of short-term eGFR loss regardless of the cause of kidney injury and specifically correlated with the extent of tubular atrophy and interstitial fibrosis (6–8). High levels of urinary soluble CD163 (a specific macrophage activation marker) were significantly associated with active renal vasculitis (9, 10).EGF (epidermal growth factor), a specific tubular marker, when measured in urine, could assess the degree of tubular damage and predict chronic kidney disease progression in patients with AAV (11–13).

PRO-C6 and C3M are two markers of collagen turnover that have been previously shown to strongly correlate with kidney function and associate with adverse kidney- and cardiovascular-related outcomes in patients with CKD of different aetiology (14–17). Increased levels of serum and urine PRO-C6 were previously associated with more advanced degrees of interstitial fibrosis in patients with IgA nephropathy, ANCA vasculitis and lupus nephritis (18, 19). Decreased levels of urinary C3M were associated with a higher extent of fibrosis in lupus nephritis patients (19).

The aim of this study was to investigate the association of DKK-3, CD163, EGF, PRO-C6 and C3M measured in urine with the histological changes in kidney biopsies (including both glomerular and interstitial changes), as well as their prognostic potential for kidney function in patients with AAV. To our knowledge, this is the first time these biomarkers have been studied together in a cohort of AAV patients.




2 Methods



2.1 Subjects

The cohort consisted of 45 patients with AAV (M/F 27/18, median age 63 (range 28-81) years, type of ANCA PR3 (proteinase - 3)/MPO (myeloperoxidase)/double 20/23/2) sampled on the day of kidney biopsy, and 10 healthy controls (M/F 1/9, median age 41 (range 26-48) years). All patients were recruited from Department of Nephrology of the General University Hospital in Prague, Czech Republic. Follow-up clinical data were available at 1 year in 44 patients and at 3 years in 32 patients. Two mentioned biomarkers (DKK3 and PRO-C6) were measured in the same cohort of patients in our previous research study (18).

All patients received standard immunosuppressive therapy, including corticosteroids and cyclophosphamide, immediately after the diagnosis of AAV, and were later switched to maintenance therapy (mostly with azathioprine). One year after diagnosis, all patients were still treated with maintenance immunosuppressive therapy, and after 3 years the immunosuppressive therapy was completely withdrawn in 6% of the patients.

The study was conducted in accordance with the World Medical Association’s Declaration of Helsinki. The participants provided their written informed consent to participate in this study and the study was reviewed and approved by the Ethics Committee of General University Hospital in Prague.




2.2 Data collection

Basic clinical and laboratory data were obtained from routine patients’ visits (including serum creatinine, proteinuria, ANCA levels) at the time of diagnosis and during follow-up (1 and 3 years after diagnosis and the last visit, the median time of follow-up was 38 months). Serum and urine samples were collected and stored in the Biobank at -80°C. According to the median of serum creatinine (156 µmol/l) at the end of follow-up, we divided patients into two groups – the favourable prognosis group with the last available serum creatinine below 156 µmol/l and the unfavourable prognosis group with the last serum creatinine above 156 µmol/l (including dialysis).




2.3 Assays

The selected biomarkers were measured in paired serum and urine samples using commercially available enzyme-linked immunosorbent assay (ELISA). DKK-3 was measured in serum and urine with the human ELISA kit by Sigma-Aldrich. CD163 and EGF were measured in urine with ELISA kits by R&D systems. All of them were measured in the laboratories of the General University Hospital in Prague. PRO-C6 and C3M levels were measured in serum and urine with ELISA kits by Nordic Bioscience, Denmark. Serum and urinary samples used for measurement of these biomarkers were not available for all 45 patients. Finally, we had 45 samples in AAV group measured for the basic comparison with healthy controls, 40 samples for measuring biomarkers in particular biopsy classes used in most subanalyses, and 38 samples for measuring renal outcome. Urinary marker levels were normalized to urinary creatinine measured by standard measurement method in the Institute of Medical Biochemistry and Laboratory Diagnostics in the General University Hospital in Prague.




2.4 Kidney biopsy

Ultrasound-guided kidney biopsies were performed at the time of diagnosis of AAV at the General University Hospital in Prague.

The glomerular morphology in the biopsies was classified according to Berden’s scoring system for AAV as focal (> 50% of normal glomeruli), crescentic (> 50% of glomeruli with cellular crescents), sclerotic (> 50% of globally sclerotic glomeruli) or mixed (meeting none of the above criteria) (5). The Banff classification was used to quantify interstitial fibrosis. Interstitial fibrosis in the cortical area was classified as: ci0 – in up to 5%, ci1 – in 6-25% (mild), ci2 – in 26-50% (moderate) and ci3 – in > 50% (severe) (20).




2.5 Statistical analyses

All biomarkers were measured in both serum and urine samples but only urine biomarkers were kept in the final statistical analyses for their non-invasive character.

For the comparison of various groups, the non-parametric tests were used. Two groups may be compared by Mann-Whitney test, for more than two groups the Kruskal-Wallis test was used.

The p-value is obtained using the asymptotic approximation of the distribution of the statistic. The estimation of p-values is included in software XLSTAT.

Linear discriminant analysis was used for the calculation of ROC only. All results were confirmed by the Logistic regression.

Linear discriminant analysis predicts a membership in a group or category based on observed values of several continuous variables (21). Specifically, discriminant analysis predicts a classification Y variable (e.g. ANCA classes) based on known continuous responses X (biochemical, clinical, histological markers). The data for a discriminant analysis consists of a sample of observations with known group membership together with their values on the continuous variables. We used discriminant analysis with transformed variables, the so-called principal. To verify the correct discriminant ability, confusion matrix was used, which resulted in classifying each of the objects in those categories.

Logistic regression is a frequently used method, as it enables binary variables, the sum of binary variables, polytomous variables (variables with more than two categories), or ordinal variables (polytomous variables with ordered values) to be modeled. The principle of the logistic regression model is to link the occurrence or non-occurrence of an event to explanatory variables. For logistic regression, the dependent variable (y), also called the response variable, follows a Bernoulli distribution for parameter p (p is the mean probability that an event will occur) when the experiment is repeated once. The probability parameter p is here a linear combination of explanatory variables, xi. The most common functions used to link probability p to the explanatory variables, xi (i=1,n), are the logistic function (the Logit model). XLSTAT uses the Newton-Raphson algorithm to iteratively find a solution. All statistical analysis were performed by XLSTAT software.





3 Results



3.1 Baseline characteristics of the study cohort

The demographic, clinical and laboratory data on participants are summarized in Table 1. All patients with AAV had biopsy-confirmed kidney involvement, often severe, with 22% of them requiring dialysis at the time of diagnosis.


Table 1 | Baseline characteristics of study subjects at entry.






3.2 Comparison of selected biomarkers between AAV and healthy controls

Using discrimination analysis, a combination of 5 urinary markers (DKK-3, CD163, EGF, PRO-C6 and C3M) could significantly differentiate patients with AAV from healthy controls with 100% accuracy of discrimination. Urinary DKK-3, CD163 and PRO-C6 levels were higher and urinary EGF and C3M levels were lower in patients with AAV as compared with healthy controls. The medians and I. and III. quartile of biomarkers levels in patients with AAV and healthy controls are summarized in Table 2.


Table 2 | Levels of urinary biomarkers in AAV patients and healthy controls.






3.3 Association of biomarkers with renal biopsy findings

Kidney biopsies were classified as focal, crescentic, sclerotic and mixed class. Urinary DKK-3, CD163, EGF, PRO-C6 and C3M significantly differed in patients with different biopsy classes. These 5 urinary biomarkers were able to discriminate the focal class from the other classes (crescentic, sclerotic and mixed) with 90% accuracy (ROC 0.964 - Figure 1), or 92.5% accuracy with serum creatinine included. The urinary biomarkers were also able to discriminate the focal class from the crescentic class with 95.2% accuracy (Table 3) and the focal class from the sclerotic class with 95.4% accuracy (Table 4). We also tried to use the urinary biomarkers to differ the crescentic and sclerotic class. In this case, the accuracy of discrimination was not as high as in the previous measurements but the sensitivity of discrimination of these two classes was 100% (Table 5).




Figure 1 | Discrimination of Focal class from the other classes with five selected urine biomarkers/ROC curve.




Table 3 | AUC (from ROC), accuracy, sensitivity and specificity of the discrimination of Focal class from Crescentic class with selected urinary biomarkers.




Table 4 | AUC (from ROC), accuracy, sensitivity and specificity of the discrimination of Focal class from Sclerotic class with selected urinary biomarkers.




Table 5 | AUC (from ROC), accuracy, sensitivity and specificity of the discrimination of Crescentic class from Sclerotic class with selected urinary biomarkers.



The medians and I. and III. quartile of biomarker levels in particular biopsy classes are shown in Table 6.


Table 6 | Biomarker concentration in serum and urine in the different bioptic classes (total N=40).



The urinary DKK-3, EGF, PRO-C6 levels were also significantly related to the extent of renal fibrosis. While the urinary DKK-3 and PRO-C6 levels were highest in patients with more than 25% renal fibrosis (ci2+ci3, p-value for the comparison of ci0+ci1 vs. ci2+ci3 was 0.05 for urinary DKK3 and 0.01 for urinary PRO-C6), urinary EGF and C3M levels were highest in patients with less than 25% renal fibrosis (ci0+ci1) according to the Banff schema (p-value for the comparison of ci0+ci1 vs. ci2+ci3 was 0.025 for urinary EGF. However, p-value for urinary C3M was 0.1).

Simultaneously, we were able to describe the association between the renal biopsy class and extent of renal fibrosis at the time of diagnosis. Unsurprisingly, while most patients with the focal and crescentic class had an interstitial fibrosis percentage less than 25% (Banff ci0+ci1), the sclerotic class displayed interstitial fibrosis of more than 25% (in the majority even more than 50% - Banff ci3) (Figure 2).




Figure 2 | Extent of interstitial fibrosis in the different biopsy classes. According to Banff score: 1 – ci0+ci1; 2 – ci2+ci3.



We were interested in the representation of ANCA type for the different biopsy classes. ANCA MPO prevailed in the examined cohort and appeared mainly in patients with the sclerotic and mixed biopsy class. On the contrary, ANCA PR3 were represented mostly in the focal biopsy class (Figure 3). We also compared the biomarker results between the PR-3 and MPO-ANCA positive patients and did not find any statistically significant differences (p-values for all urinary biomarkers – DKK-3, CD163, EGF, PRO-C6, C3M were > 0.05).




Figure 3 | Relative frequency of ANCA type for the different biopsy classes.






3.4 Prognosis of final renal function

The median time of follow-up was 38 months (range 12-71 months). The median of final serum creatinine was 156 (range 69-800) µmol/l in the whole cohort and 8 patients (18%) reached end-stage renal disease. Five urinary biomarkers (DKK-3, CD163, EGF, PRO-C6, C3M) collected at the time of diagnosis AAV were able to differentiate between patients with better or worse final renal function (favourable and unfavourable prognosis) at the end of follow-up with 88.9% accuracy (ROC 0.961, Figure 4), or 92.6% accuracy with serum creatinine included (Table 7). The levels of urinary DKK-3 and PRO-C6 collected at the time of renal biopsy were significantly higher in patients with worse final renal function at the end of follow-up. On the contrary, urinary EGF and C3M levels at entry were significantly higher in patients with better final renal function at follow-up. However, there was no significant association between urinary CD163 at entry and renal function at the end of follow-up (Table 8).




Figure 4 | Differentiation of the two groups (favourable and unfavourable kidney outcome) by a combination of the five urinary biomarkers (DKK-3, CD163, EGF, PRO-C6, C3M).




Table 7 | AUC (from ROC), accuracy, sensitivity and specificity of the discrimination of the two groups (favourable and unfavourable kidney outcome) with 6 analysed biomarkers.




Table 8 | Biomarker concentrations in urine at baseline in patients with favourable prognosis (serum creatinine at follow-up<156 µmol/l) and unfavourable prognosis (serum creatinine at follow-up>156 µmol/l, HD and Tx).







4 Discussion

In this study we examined a cohort of patients with AAV and a different extent of histological changes in their kidney biopsy in order to explore the potential association of selected biomarkers of fibrosis, inflammation and kidney tissue injury with biopsy findings and kidney function at the end of follow-up. We confirmed the diagnostic and prognostic value of selected urinary biomarkers in patients with AAV. Taken together, a panel consisting of 5 urinary biomarkers was able to clearly differentiate patients with renal AAV from healthy controls and together with routinely available serum creatinine was able to distinguish the biopsy classes with 92.5% accuracy.

Collagen type VI is a crucial ECM molecule for the control of tissue organization. It is present at the interface of the glomerular basement membrane and interstitial matrix and its levels have been reported elevated in glomeruli of patients with glomerular diseases (22). In previous studies, endotrophin, a fragment released during deposition of collagen VI and measured by the PRO-C6 assays, has shown profibrotic potential (23, 24). There is now an increasing interest in the role of PRO-C6 as a prognostic biomarker in different CKD settings (14, 16, 17, 25). In this study that complements and further expands results of our previous study in the same patient cohort (18), we observed increased urinary PRO-C6 levels in patients with AAV as compared with the healthy cohort. Furthermore, we proved the association between the high urinary PRO-C6 levels and more advanced renal biopsy findings (sclerotic class, more extensive interstitial fibrosis).

Similar to collagen type VI, collagen type III is an important ECM component in human body, and its imbalanced turnover is associated with CKD progression and advanced histological changes (15). We measured a collagen type III degradation biomarker (C3M) in serum and urine. In our cohort, especially urinary C3M levels were significantly higher in patients with less extensive histological changes in kidneys.

The levels of DKK-3, a stress-induced tubular epithelia-derived profibrotic glycoprotein, are significantly elevated in association with a higher degree of tubulointerstitial fibrosis in different glomerular and tubulointerstitial diseases (6) and they were related to progressive chronic kidney disease (7). Very similarly to PRO-C6, we observed that the urinary levels of DKK-3 increased with worse biopsy findings (e.g. in sclerotic class or extent of renal fibrosis more than 25%) in AAV.

Urinary soluble CD163 is a macrophage marker strongly expressed in glomerular crescents which was associated very tightly with active renal vasculitis (9, 10). In our cohort, urinary soluble CD163 levels were highest in patients with crescentic biopsy class, which indicates the most active renal vasculitis. In a previous study, patients with active ANCA GN had elevated urinary CD163 levels and the highest levels were observed in patients with crescentic biopsy class (10). Urinary soluble CD163 was also elevated in some patients with nonvasculitic forms of glomerulonephritis and was significantly elevated in active lupus nephritis (26).

The kidney is one of the major sites of EGF production. EGF is a very important marker for several biological functions, such as modulation of cell growth, renal repair following injury, regulation of cellular metabolism and glomerular haemodynamics (11). It is known that urinary EGF levels decrease in more severe renal disease. Low urinary EGF levels were associated with higher risk of progression to composite outcome in patients with AAV (27). Here we confirmed previous results, as we observed that patients with crescentic and sclerotic biopsy class had decreased urinary EGF levels.

We have used only urinary biomarkers (DKK-3, CD163, EGF, PRO-C6, C3M), as a fully non-invasive method, to distinguish respective biopsy classes. Although, the accuracy of discrimination with only urinary biomarkers was not as high as with serum and urinary biomarkers (data not shown), still the accuracy and sensitivity were high enough (80% and more). While the discrimination between the focal and the sclerotic class, and between the focal and the crescentic class reached 100% sensitivity and more than 90% specificity, distinguishing the crescentic from the sclerotic class proved to be less specific. We think that this might be caused by a high serum creatinine levels in both classes and found CD163 to be the most useful biomarker for this discrimination. In order to achieve higher accuracy and specificity, one would perhaps need to find yet another biomarker in the future. Furthermore, only the urinary DKK-3, EGF and PRO-C6 levels were significantly related to the extent of renal fibrosis.

As regards to ANCA levels in various biopsy classes, we observed higher ANCA PR3 levels in the focal class and higher ANCA MPO levels in the other biopsy classes, mainly in the sclerotic class. These findings could be explained by different manifestation of AAV with ANCA MPO and PR3. While ANCA MPO AAV is mostly connected with more gradual renal impairment and AAV is usually diagnosed later with more advanced histological changes, ANCA PR3 AAV is often diagnosed earlier due to extrarenal manifestation when renal impairment is not so advanced yet. We did not find any statistically significant differences in comparison between the biomarker levels and the PR-3 and MPO-ANCA positive patients.

We have also investigated the association of biomarker levels at the time of diagnosis and renal outcome at the end of follow-up. The 5 selected urinary biomarkers (DKK-3, CD163, EGF, PRO-C6 and C3M) significantly differed favourable and unfavourable group of patients. Urinary DKK-3 and PRO-C6 levels at the time of diagnosis were higher in patients with the worse renal function at the end of follow-up. On the contrary, urinary EGF and C3M levels were higher in patients with better renal function at the end of follow-up. Our findings support various studies in different renal diseases in which similar results had been observed (6, 8, 12, 14, 15, 28).

The limitations of this study include the inclusion of a relatively low number of patients in a single-center cohort, and a possible selection bias in the recruitment of the patients, as some of the patients were not included due to the lack of renal biopsy because of life-threatening disease symptoms, requiring acute hemodialysis or plasma exchange. Due to the design of the study and low number of patients, we were not able to confirm the results in a validation cohort, but plan to do that in the future. Moreover, we do not have any data on longitudinal biomarkers measurements that would elucidate the exact relationship of the markers to vasculitis activity, impact of treatment and kidney fibrosis ongoing development.

The strength of this study is that we have used biomarkers that can be easily assessed in biological fluids. Moreover, the urinary biomarkers identified in this study could be used as a non-invasive tool for monitoring histological and functional changes of kidney.One day, with further investigation and systematic assessment, the urinary biomarkers potentially can replace the renal biopsy, especially, they might be preferentially used where the biopsy was considered risky or could not be done due to aggressive disease course, or used for activity/chronicity assessment in cases with a suboptimal size of the biopsy samples, etc.

In conclusion, this small study demonstrated that non-invasive biomarkers of fibrosis, inflammation and kidney tissue injury were associated with severity of renal involvement and prognosis of kidney disease progression in patients with AAV.
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