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ABSTRACT

Background
The early detection of renal involvement in anti-neutrophil cytoplasmic antibody (AN-
CA)-associated vasculitis (AAV) patients is crucial to minimize renal damage. Tradi-
tional inflammatory biomarkers lack specificity and sensitivity for the detection of renal 
disease activity. Urinary soluble CD163 (usCD163), a scavenger receptor expressed by 
macrophages, has recently been demonstrated to be a potent biomarker for renal active 
disease in AAV patients. However, even with usCD163 up to 27% of renal active patients 
still test false negative. Here, we investigated whether serum soluble CD206 (ssCD206), 
another macrophage scavenger receptor, may aid usCD163 in the detection of renal 
active disease in AAV patients.

Methods
Kidney biopsies from renal active AAV patients (n=8) were immunohistochemically 
stained for CD163 and CD206. Immunofluorescence double staining was performed to 
assess colocalization of CD163 and CD206. Levels of soluble CD163 and soluble CD206 
were measured in urine and serum respectively, using enzyme-linked immunosorbent 
assay (ELISA) in two independent cohorts (inception and validation) with a total of 62 
renal active patients, 17 extrarenal active patients, 46 patients in remission, and 38 
healthy controls. Receiver operating characteristics (ROC) curves were generated and 
the utility of ssCD206 in the detection of renal disease activity in combination with 
usCD163 was analysed.

Results
Immunohistochemistry revealed abundant infiltration of CD163 and CD206 positive mac-
rophages in the kidney biopsies of renal active AAV patients. Interestingly, CD163+CD206- 
macrophages were mainly detected in affected glomeruli while CD206+CD163+ and 
CD206+CD163- macrophages were mainly found in the tubulointerstitium. Significantly 
higher levels of sCD163 were detected in the urine of renal active AAV patients compared 
to extrarenal active AAV patients and patients in remission in both the inception and 
validation cohort. sCD206 levels were significantly higher in the serum of renal active 
AAV patients compared to healthy individuals in the inception cohort and patients in 
remission in the validation cohort. Moreover, ssCD206 increased the sensitivity in the 
detection of renal active AAV compared to usCD163 alone.

Conclusion
In the kidneys of renal active AAV patients, distinct populations of CD163+ and CD206+ 
macrophages can be detected. The combined measurement of ssCD206 and usCD163 
levels is superior to usCD163 alone in the detection of renal activity in AAV patients.

INTRODUCTION

The anti-neutrophil cytoplasmic antibody (ANCA) associated vasculitides (AAV) are 
a group of autoimmune diseases characterized by systemic inflammation of small- to 
medium-sized vessels mainly affecting the kidneys and upper airways (1). Up to 70% of 
all AAV patients eventually develop kidney involvement associated with a decline in renal 
function leading to increased morbidity and mortality (2,3). Traditional inflammatory 
biomarkers such as C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) 
and even urinary markers (i.e. proteinuria and hematuria) lack sufficient sensitivity and 
specificity for the detection of renal activity. Hence, the gold standard in establishing 
renal involvement in AAV is a kidney biopsy which is an invasive procedure with the risk 
for complications (4). Therefore, there is a clinical need for non-invasive biomarkers to 
detect renal activity in patients diagnosed with AAV.

A histological hallmark of renal active AAV is crescentic glomerulonephritis (GN), 
a term coined for diseases that injure the glomeruli presenting as half-moon shaped 
extracapillary lesions characterized by proliferating parietal epithelial cells and the 
accumulation of macrophages (5,6). Upon activation, macrophages shed or secrete 
various proteins that might be detectable in the urine or serum and signal (renal) active 
disease. CD163, a receptor for the haemoglobin/haptoglobin complex expressed by 
macrophages, has recently been identified as a marker for active renal vasculitis (7). In 
response to inflammatory stimuli, CD163 can be actively shed from macrophages result-
ing in a soluble form of CD163 (sCD163) (8). sCD163 has been detected in the serum and 
plasma of patients affected by various autoimmune and inflammatory conditions such 
as systemic sclerosis, multiple sclerosis and rheumatoid arthritis (9–11). In AAV patients, 
O’Reilly et al. were the first to show that increased levels of urinary sCD163 (usCD163) 
correlate tightly with active renal vasculitis and glomerular macrophage infiltration (7). 
However, in the same study, a significant proportion of renal active AAV patients (up 
to 27%) still tested negative for usCD163. In a recent study, Dekkema et al. proposed 
soluble CD25 (sCD25), a marker of T-cell activation, as an additional biomarker of renal 
disease activity in AAV patients (12). The study demonstrated improved detection of 
renal flares by measuring serum sCD25 (ssCD25) and urinary sCD25 (usCD25) levels 
in combination with usCD163. Notably, 15% of renal active patients still tested negative 
despite the combined measurement of ssCD25, usCD25 and usCD163 - emphasizing 
the need for additional or better biomarkers to improve the accuracy of detecting active 
renal vasculitis.

CD206, also known as the mannose receptor (MR), is a pattern recognition receptor 
expressed on the surface of macrophages that binds mannose and fucose residues with 
high affinity (13). Both CD206+ and CD163+ macrophages have been detected in active 
crescentic nephritis in systemic lupus erythematosus and AAV patients, suggesting 
a role in glomerular crescent formation (14). Moreover, like CD163, CD206 is shed by 
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macrophages upon activation suggesting that levels of soluble CD206 may reflect renal 
active AAV as well (8).

In this study, we aimed to investigate whether serum soluble CD206 (ssCD206) is a 
suitable biomarker for active renal disease in AAV. To this end, we first performed im-
munohistochemical analysis of CD206 on kidney biopsies of AAV patients to assess the 
presence and spatial distribution of CD206+ macrophages in renal vasculitis lesions. 
Next, ssCD206 levels were measured in two independent cohorts of AAV patients and 
its potential as a biomarker to complement usCD163 was analyzed.

MATERIALS AND METHODS

Patients
This study involved patients from two independent cohorts. Patients included in the 
inception cohort were recruited from the University Medical Center Groningen (UMCG), 
Groningen, The Netherlands. The inception cohort consisted of 17 patients with active 
renal AAV, 3 patients with active non-renal AAV and 8 patients in remission. Serum 
samples from 38 healthy donors were included as control. Samples in the validation 
cohort were obtained from the Rare Kidney Disease (RKD) Biobank, Trinity Healthy Kidney 
Centre, Dublin, Ireland. The validation cohort consisted of 45 patients with active renal 
AAV, 14 patients with active non-renal AAV and 38 patients in remission. Patient char-
acteristics are listed in Table 1. The Chapel Hill consensus classification criteria were 
used to assess AAV (15). Disease activity was determined using the third version of the 
Birmingham Vasculitis Activity Score (BVAS v3) (16). Active renal vasculitis was defined 
according to clinical practice as new or increasing haematuria, and/or proteinuria, and/or 
a rise in serum creatinine, or renal tissue when available. For immunohistochemical and 
immunofluorescence stainings, eight formalin-fixed paraffin-embedded kidney biopsies 
from renal active AAV patients were obtained from the Limburg Renal Registry Maas-
tricht University Medical Center, Limburg, The Netherlands. The study was approved by 
the local ethics committees and informed consent was obtained from all participants 
in accordance with the Declaration of Helsinki.

Immunohistochemistry
Formalin-fixed, paraffin-embedded renal tissue sections were stained for CD163 and 
CD206. Three µm sections were deparaffinized and rehydrated, followed by antigen 
retrieval with Tris-EDTA buffer (pH 9) at 98 °C for 60 minutes and blocking with 3% H2O2. 
Rabbit anti-CD163 mAb (Abcam, Cambridge, United Kingdom) and mouse anti-MMR/
CD206 mAb (R&D systems, Minneapolis, MN, USA) were diluted 1:300 and 1:50, respec-
tively, in PBS and were incubated for 30 minutes. EnVision anti-rabbit HRP (Agilent, Santa 
Clara, CA, USA) was used to visualize CD163 and CD206.

Immunofluorescence staining
For costaining of CD163 and CD206, three µm sections were deparaffinized and rehydrat-
ed, followed by antigen retrieval with Tris-EDTA buffer (pH 9) at 98 °C for 60 minutes and 
blocking with 10% goat serum/PBS. Sections were incubated overnight at 4° with rabbit 
anti-CD163 mAb (Abcam, Cambridge, United Kingdom) and mouse anti-MMR/CD206 
mAb (R&D systems, Minneapolis, MN, USA) diluted 1:100 and 1:20, respectively, in 10% 
goat serum/PBS. Subsequently, sections were incubated with secondary antibodies Goat 
anti-rabbit IgG-AF488 (ThermoFisher, Waltham, MA, USA) and Goat anti-mouse IgG-
AF544 (ThermoFisher, Waltham, MA, USA) diluted both 1:200. Slides were sealed with 
Vectashield Antifade Mounting Medium with DAPI (Vector Laboratories, Inc., Burlingame, 
CA, USA). Images were captured using a Zeiss Axioplan 2 Fluorescent Microscope (Carl 
Zeiss Microscopy GmbH, Oberkochen, Germany).

Table 1. Patient characteristics.

Characteristics Inception 
cohort 
(Groningen)

Validation cohort
(Irish)

Healthy controls
(Groningen)

Number of patients 28 97 34

Median age, years (range) 53 (32.92-81.92) 59.7 (18.61-86.54) 69.99 (62.26-91.32)

Male, n (%) 12 (42.86) 57 (58.76) 15 (44.1)

ANCA Specificity, n (%)
- MPO
- PR3
- ELISA negative

7 (25)
21 (75)

52 (53.61)
42 (43.29)
3 (3.09)

Disease state, n (%)
- Active renal
- Extrarenal active
- Remission

17 (60.7)
3 (10.7)
8 (28.6)

47 (48.45)
12 (12.37)
38 (39.18)

Diagnose/Relapse
- Active renal
- Extrarenal active

8/9
2/1

41/6
4/8

BVAS, active renal (IQR)
BVAS, extra renal active (IQR)

15 (14-20)
18 (14.5-18.5)

15 (12.5-18.5)
9.5 (6.75-13.5)

Serum creatinine (umol/L)
- Active renal (IQR)
- Extrarenal active (IQR)
- Remission (IQR)

253 (134-345)
90 (76.5-128)
85 (74.25-132.5)

272 (142-355.5)
85 (64-99.5)
116.5 (93.5-220.25)

Immunosuppressive 
medications, n (%)

12 (42.86) 61 (62.89)
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Serum sample collection and preparation
Ten mL of blood was collected and allowed to clot at room temperature for 1 h. Sam-
ples were then centrifuged for 10 min at 1500 g and serum was collected and stored 
at either −20°C (UMCG samples) or −80°C (RKD samples). For patients recruited in the 
UMCG, urine samples were diluted 1:1 in phosphate-buffered saline (PBS), centrifuged 
for 15 min at 1200 g, and the supernatants were collected and stored at −20°C until use. 
Urine samples from patients enrolled in the RKD cohort were centrifuged at 2000 g for 
10 min at 4°C and supernatants were stored at −80°C until use.

Detection of serum sCD206 and urinary sCD163 ELISA
sCD206 levels were detected in serum and sCD163 levels were detected in urine by en-
zyme-linked immunosorbent assay (ELISA) (human soluble Mannose Receptor HK381; 
HycultBiotech, Uden, The Netherlands) according to the manufacturer’s instructions. 
For sCD206, serum was diluted 1:10 in dilution buffer provided in the kit. In the case of 
urinary sCD163 (usCD163), levels measured were corrected for urinary creatinine levels 
to correct for urinary dilution. These data have been published previously (7) but are 
presented here as well to determine the utility to detect renal active vasculitis of ssCD206 
alone or in combination with usCD163.

Statistical analysis
Statistical analyses were performed with Prism Graphpad 8 for Windows (GraphPad 
Software, La Jolla, CA, USA). Differences between the groups were analyzed using the 
Kruskal-Wallis test with posthoc Dunn’s comparison. Wilcoxon matched-pairs testing 
was used for paired analysis. Correlations were tested using Spearman’s rank (rs) cor-
relation. Receiver operating characteristic (ROC) analysis was used to assess the diag-
nostic accuracy of the macrophage markers. The optimal cut-off points were identified 
by the maximum of the sum of sensitivity and specificity subtracted by 1 (sensitivity + 
specificity – 1), according to the Youden Index.

RESULTS

CD163 and CD206 are expressed by infiltrating macrophages in kid-
neys of renal active AAV patients
Immunochemistry was performed on kidney biopsies obtained from renal active AAV 
patients to determine the presence and spatial distribution of CD163+ and CD206+ 
macrophages in renal lesions. Indeed, both CD163+ and CD206+ macrophages were 
detected in inflamed kidneys (Figure 1A&B). CD163+ macrophages were detected in both 
the affected glomeruli and tubulointerstitial compartments. In contrast, CD206+ macro-
phages were most abundant in the tubulointerstitial compartment and rarely detected in 
glomeruli. Immunofluorescent double staining further revealed the presence of CD163+ 
and CD206+ single positive macrophages, as well as CD163+/CD206+ double positive 
macrophages in the kidneys of AAV patients (Figure 2). CD163+ single positive mac-

rophages were most abundant in affected glomeruli whereas CD163+/CD206+ double 
positive as well CD206+ single positive macrophages were predominantly detected in 
the tubulointerstitium.

Figure 1. Distribution pattern of CD163+ and CD206+ macrophages in the kidneys of renal active 
AAV patients. Shown are representative consecutive immunohistochemistry stainings for CD163 
and CD206 in kidney biopsies from two renal active AAV patients (A&B). CD163+ macrophages 
were detected in the affected glomeruli (red circles) and tubulointerstitial compartment (blue 
circles). CD206+ macrophages on the other hand, were mostly detected in the tubulointerstitial 
compartment (blue circles) but rarely in glomeruli (red circles).

Urinary soluble CD163 and serum soluble CD206 are elevated in pa-
tients with active renal AAV
Patients with active renal vasculitis had significantly higher levels of usCD163 compared 
to non-renal active AAV patients and patients in remission in both the inception and 
validation cohort (Figure 3A-B). Similarly, ssCD206 levels were elevated in renal active 
AAV patients compared to healthy individuals in the inception cohort and patients in 
remission in the validation cohort (Figure 3C-D). However, no significant difference in 
ssCD206 levels was detected between renal active and extrarenal AAV patients.
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Figure 2. CD163+, CD206+ and CD163+CD206+ macrophages were detected in the kidneys of 
renal active AAV patients. The image shown is a representative immunofluorescence staining 
of CD163 (green) and CD206 (red) in a kidney of a renal active AAV patient. Images in green and 
red boxes represent zoom-in images showing the tubulointerstitial compartment and glomerulus 
respectively. CD163+CD206+ macrophages (yellow arrows) are found abundantly in the tubuloint-
erstitial compartment but rarely in the glomerulus. CD163+CD206- macrophages (green arrows) 
are found abundantly in the glomerulus while a small number of CD206+CD163- macrophages are 
detected in the tubulointerstitial compartments.

Figure 3. Urinary sCD163 and serum sCD206 levels of renal active patients compared to extra-re-
nal active patients, patients in remission and healthy controls. usCD163 levels were significantly 
higher in renal active patients compared to non-renal active patients and patients in remission. 
ssCD206 levels were significantly higher in renal active patients compared to healthy controls or 
patients in remission. Differences between the groups were tested using the Kruskal-Wallis test. 
The lines shown indicate the median and interquartile range.

The utility of usCD163 and ssCCD206 as biomarkers of renal active AAV
In order to test the utility of these markers for detecting renal active disease, ROC curves 
were generated for patients with renal active AAV compared to those without renal active 
AAV and patients in remission (Supplementary figure 1A&C, Figure 4A). Based on the 
ROC curves generated for the inception cohort, optimal cut-off points were calculated 
for usCD163 (372,6 ng/mmol) and ssCD206 (269,9 ng/mL) based on the Youden index.
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Table 2. The utility of usCD163 and ssCD206 as biomarkers for renal active AAV.

AUC Sens Spec Cut-off

Inception cohort (AAV renal = 17; AAV non-
renal/rem = 11)

usCD163/creatinine (ng/mmol) 0.98 88.2 100 > 372.6 ng/mmol

ssCD206 (ng/mL) 0.84 100 63.6 > 269.9 ng/mL

Decision tree
(inception cohort) - 100 63.6 -

Validation cohort (AAV renal = 47; AAV non-
renal/rem = 50)

usCD163/creatinine (ng/mmol) 0.88 63.8 100 -

ssCD206 (ng/mL) 0.73 44.7 88 -

Decision tree
(validation cohort) - 80.9 88 -

Total cohort (AAV renal = 64; AAV non-renal/
rem = 61)

usCD163/creatinine (ng/mmol) 0.91 70.3 100 -

ssCD206 (ng/mL) 0.76 59.4 83.6 -

Decision tree
(total cohort) - 85.9 83.6 -

AUC: area under the curve; Sens: sensitivity; Spec: specificity.

In both cohorts, usCD163 was effective in detecting active renal vasculitis with a 
sensitivity of 88.2% in the inception cohort and 63.8% in the validation cohort (Table 
2). Interestingly, when used alone, ssCD206 levels were highly efficacious with a 100% 
sensitivity in the inception cohort but performed poorly with only 44.7% sensitivity in the 
validation cohort. Additionally, usCD163 tested to be 100% specific in both inception and 
validation cohorts, while ssCD206 also showed a specificity of 63.6% in the inception 
cohort and 88% in the validation cohort.

ssCD206 complements usCD163 for the detection of renal active AAV
Next, to investigate if ssCD206 would complement usCD163 and subsequently increase 
the sensitivity of detecting active renal vasculitis, we assessed the combination of both 
markers by creating decision trees based on the cut-off points calculated from the ROC 
curve generated from the data of the inception cohort. Patients were first tested with 
usCD163 alone and those with levels above cut-off values were considered to have renal 
active AAV. Patients who did not reach the cut-off values were subsequently tested 
for ssCD206. Patients who reached the cut-off values of ssCD206 were considered as 
having active renal AAV. Patients who tested below the cut-off values for both usCD163 
and ssCD206 were considered to be non-renal active. With this combination, the test 
sensitivity to detect renal active AAV was increased in both the inception cohort (100% 

sensitivity) and validation cohort (80.9% sensitivity) compared to usCD163 alone (incep-
tion cohort 88.2% sensitivity, validation cohort 63.8% sensitivity, Supplementary figure 
1B&D; Table 2). In the total cohort, this combination of usCD163 and ssCD206 led to an 
increase in sensitivity from 70.3% using usCD163 alone to 85.9% for the combination 
(Figure 4B; Table 2).

Figure 4. ROC curve and decision tree for the utility of usCD163 and ssCD206 in the detection of 
renal active AAV in the total cohort. (A) ROC curves of ssCD206 and ssCD163. (B) Decision tree 
flowchart based on the cut-off values of usCD163 and ssCD206 calculated from the inception 
cohort. The bold numbers represent patients with active renal disease while the italic numbers 
represent patients with AAV without renal involvement and patients in remission.
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ssCD206 correlates with elevated serum creatinine
In order to study the relation between ssCD206 and serum creatinine as another marker 
for renal disease activity, correlation analyses were performed (Figure 5A&B). A moder-
ate positive correlation of ssCD206 with serum creatinine was found in both the inception 
cohort (r=0.6596, p=0.0001) and validation cohort (r=0.4694, p<0.0001).

Figure 5. ssCD206 levels correlate positively with serum creatinine levels. Spearman’s correlation 
analysis of ssCD206 with serum creatinine showed moderate positive correlation between both 
markers in inception cohort (r=0.6596, P=0.0001) and validation cohort (r=0.4694, P<0.0001).

DISCUSSION

Early detection of renal involvement in AAV patients is clinically important to allow 
prompt treatment and limit renal damage. Previous studies have identified soluble CD163 
as a promising urinary marker for the detection of active renal disease in AAV patients 
with high specificity and sensitivity (7, 12, 17). However, a significant number of AAV 
patients with renal involvement (up to 27%) still test negative for usCD163. Therefore, 
we investigated the utility of ssCD206 as an additional macrophage derived biomarker 
to complement usCD163 in the detection of active renal disease in patients with an 
established diagnosis of AAV.

Macrophages are one of the most prominent cell types in the pathology of AAV. These 
cells are considered to play a central role in the development of renal injury as well as 
tissue repair. Macrophages are associated with granulomatous inflammation (18, 19), 
which is a characteristic pathological feature in the kidneys of renal active AAV patients. 
In the early stages of ANCA-associated necrotizing glomerulonephritis, CD163+ macro-
phages are the most prominent infiltrating cell type at sites of fibrinoid necrosis, where 
they surpass the numbers of T cells and neutrophils (5,14). In other studies, CD206+ 
macrophages have been documented in the renal lesion of an experimental autoimmune 
vasculitis (EAV) rat model and the kidneys of active crescentic nephritis AAV patients, 
supporting the rationale of measuring ssCD206 as a biomarker for renal disease activity 
in AAV patients (7,11).

In kidney biopsies from patients with renal active AAV, CD206+ macrophages were 
abundant in the tubulointerstitial compartment but rarely detectable in affected glomeru-
li corroborating previous observations by Li et al. (14). Conversely, CD163+ macrophages 
were more abundantly present in affected glomeruli (14). In a separate study, the group 
reported massive infiltration of CD206+ macrophages in acute tubulointerstitial diseases 
including interstitial nephritis and tubular necrosis (21). A recent publication confirmed 
that CD163+ macrophages are abundant in the glomeruli of renal active AAV patients, 
that usCD163 levels correlate with the severity of glomerular crescents and fibrinoid 
necrosis and that usCD163 can recognize relapsing ANCA GN (17). Additionally, diverse 
phenotypes of CD206+CD163-, CD163+CD206- and CD163+CD206+ macrophages have 
been reported to be present in affected glomeruli in EAV rat model (7). Collectively, 
these studies suggest the presence of diverse macrophage phenotypes with distinct 
roles in the immunopathology of renal AAV. Future studies unraveling the roles of these 
different macrophage populations in the immunopathology of renal AAV are warranted.

Here we showed that serum soluble CD206 levels are elevated in patients with renal 
active AAV in comparison to healthy donors and patients in remission. Alone, ssCD206 
proved to be a reasonable marker for active renal AAV with an area under the curve of 
0.84 (inception cohort), 0.73 (validation cohort) and 0.76 (total cohort). However, we 
observed a notable difference in the sensitivity when using ssCD206 alone in the incep-
tion cohort (100% sensitive) compared to the validation cohort (44.7% sensitivity) using 
the cut-off value determined from the inception cohort. This difference in sensitivity 
is probably due to the significantly higher levels of ssCD206 measured in the patient 
samples in the inception cohort and could be due to the higher proportion of patients 
receiving immunosuppressive treatment at the time of sampling in the validation cohort. 
Furthermore, in both cohorts, the presence of active renal vasculitis was based on tra-
ditional biomarkers as opposed to a renal biopsy, i.e., the golden standard to detect 
active renal vasculitis.

We also show that ssCD206 complements usCD163 in detecting renal activity in AAV 
patients. As mentioned before, usCD163 has been demonstrated as a potent marker for 
active renal disease that outperforms ssCD206 with a sensitivity that ranges between 
73% and 96% (7). However, the use of serum ssCD206 in combination with usCD163 
levels improves the detection of active renal patients. In our cohorts, the measurement 
of usCD163 alone led to false-negative rates ranging from 36.2% to 11.8%. However, in 
combination with ssCD206, the false-negative rate decreased to 19.1% to 0%, a com-
pelling increase in sensitivity compared to usCD163 alone. However, the combination 
with ssCD206 also led to a decrease in specificity, with up to 36.4% of patients without 
renal involvement also testing positive. This is most likely due to the fact that CD206+ 
macrophages also contribute to extrarenal manifestations implying that ssCD206 does 
not solely reflect renal involvement but extrarenal inflammation as well. Indeed, elevat-
ed ssCD206 levels have been reported in the serum and plasma of patients affected 
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with various infections, autoimmune and inflammatory conditions such as rheumatoid 
arthritis and alcohol induced inflammatory liver disease (22–27).

Similar to usCD163, we attempted to measure sCD206 in the urine of AAV patients 
and healthy controls but found this to be undetectable despite the fact that up to 70% 
of recombinant CD206 spiked into healthy donor urine was detectable by ELISA (data 
not shown). Although sCD206 is relatively stable in the blood (28), these findings may 
suggest that sCD206 might be unstable in urine upon long-term storage as was the 
case for the urine samples used in this study. Future studies with freshly obtained urine 
samples as well as investigations into the stability of sCD206 in urine are certainly war-
ranted to further explore the utility of usCD206 as a biomarker for active renal disease 
in AAV patients.

In conclusion, our results confirm that CD206+ macrophages are a prominent com-
ponent of the cellular infiltrate in the kidneys of renal active AAV patients, indicating 
that these macrophages may play a distinct role in the renal immunopathology in AAV. 
Additionally, soluble CD206 levels in serum may complement usCD163 in the detection 
of active renal disease in AAV patients.
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SUPPLEMENTARY MATERIALS

Supplementary figure 1. ROC curves and decision trees for the utility of usCD163 and 
ssCD206 in the detection of renal active AAV in the inception and validation cohorts. 
ROC curves of ssCD206, ssCD163 in the inception cohort (A) and validation cohort (C). 
Decision tree flowchart for the inception (B) and validation cohort (D) based on the 
cut-off values of usCD163 and ssCD206 calculated from the inception cohort. The bold 
numbers represent patients with active renal disease while the italic numbers represent 
patients with AAV without renal involvement and patients in remission.
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