
CLINICAL RESEARCH www.jasn.org

Urinary Soluble CD163 in Active Renal Vasculitis

Vincent P. O’Reilly,* Limy Wong,* Claire Kennedy,* Louise A. Elliot,† Shane O’Meachair,‡

Alice Marie Coughlan,* Eoin C. O’Brien,* Michelle M. Ryan,* Diego Sandoval,*
Emma Connolly,* Gerjan J. Dekkema,§ Jiaying Lau,* Wayel H. Abdulahad,¶

Jan-Stephan F. Sanders,§ Peter Heeringa,¶ Colm Buckley,** Cathal O’Brien,††‡‡

Stephen Finn,††‡‡ Clemens D. Cohen,§§ Maja T. Lindemeyer,§§ Fionnuala B. Hickey,*
Paul V. O’Hara,* Conleth Feighery,† Sarah M. Moran,* George Mellotte,*
Michael R. Clarkson,║║ Anthony J. Dorman,** Patrick T. Murray,¶¶ and Mark A. Little*

Due to the number of contributing authors, the affiliations are listed at the end of this article.

ABSTRACT
A specific biomarker that can separate active renal vasculitis fromother causes of renal dysfunction is lacking,
with a kidney biopsy often being required. Soluble CD163 (sCD163), shed by monocytes and macrophages,
has been reported as a potential biomarker in diseases associated with excessive macrophage activation.
Thus, we hypothesized that urinary sCD163 shed by crescent macrophages correlates with active glomerular
inflammation. We detected sCD163 in rat urine early in the disease course of experimental vasculitis. More-
over, microdissected glomeruli from patients with small vessel vasculitis (SVV) had markedly higher levels of
CD163 mRNA than did those from patients with lupus nephritis, diabetic nephropathy, or nephrotic syn-
drome. Both glomeruli and interstitium of patients with SVV strongly expressed CD163 protein. In 479 indi-
viduals, including patients with SVV, disease controls, and healthy controls, serum levels of sCD163 did not
differ between the groups. However, in an inception cohort, including 177 patients with SVV, patients with
active renal vasculitis had markedly higher urinary sCD163 levels than did patients in remission, disease
controls, or healthy controls. Analyses inboth internal andexternal validation cohorts confirmed these results.
Setting a derived optimum cutoff for urinary sCD163 of 0.3 ng/mmol creatinine for detection of active renal
vasculitis resulted in a sensitivity of 83%, specificity of 96%, and a positive likelihood ratio of 20.8. These data
indicate that urinary sCD163 level associates very tightly with active renal vasculitis, and assessing this level
may be a noninvasive method for diagnosing renal flare in the setting of a known diagnosis of SVV.

J Am Soc Nephrol 27: ccc–ccc, 2016. doi: 10.1681/ASN.2015050511

Crescentic GN is the histologic hallmark of small
vessel vasculitis (SVV) with renal involvement.
The main causes of renal vasculitis are antiANCA
vasculitis and antiglomerular basement membrane
(GBM) disease. Traditional biomarkers such as
ANCAtiters have limited value in identifying relapse
as rising titers have been reported in up to 40% of
patients without new or worsening disease activity.1

Commonly measured inflammatory markers such
as C‑reactive protein are limited by lack of specific-
ity, as they are affected by other diseases including
concomitant infection. Other tests such as urine
sediment analysis and proteinuria can be helpful
in detecting early relapse of renal vasculitis. How-
ever, proteinuria may also indicate chronic renal

scarring rather than active disease. Hematuria is
similarly nonspecific because this can persist for
months or years despite clinical remission: Magrey
et al. reported that 25% of patients with sustained
remission had persistent hematuria after a median
follow-up of 38 months.2 Use of serum creatinine
level cannot distinguish active renal vasculitis from
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other causes of renal dysfunction, and there may be substan-
tial loss of function prior to an observed rise. Kidney biopsy,
an invasive procedure associated with potential morbidity,
is therefore usually required to definitively diagnose wors-
ening renal vasculitis.

CD163 is a glycosylated membrane protein exclusively
expressed on monocytes and macrophages3 that acts as a
scavenger of hemoglobin/haptoglobin complexes.4 It is enzy-
matically cleaved to form soluble CD163 (sCD163) via ecto-
domain shedding in response to proinflammatory stimuli
such as LPS.5 The exact function of sCD163 is unknown,
although it may have anti-inflammatory properties as puri-
fied sCD163 inhibits phorbol ester-induced T lymphocyte
activation in a dose-dependent manner.6 Serum sCD163 level
has recently gained traction as a biomarker in diseases asso-
ciated with excessive macrophage activation and proliferation
such as Gaucher disease,7,8 hemophagocytic syndrome,9 and
celiac disease.10

Macrophages are themost frequent inflammatory cell type in
glomerular crescents.11 We hypothesized that activated macro-
phages infiltrating the glomerulus during evolution of crescentic
renal vasculitiswould shed sCD163 into the urinary space,where
it could bemeasured and serve as a clinically relevant biomarker
of active renal vasculitis.

RESULTS

CD163 is Expressed in Kidneys in a Rat Model of ANCA
Vasculitis and is Detected in the Urine
The experimental autoimmune vasculitis (EAV) model was
used to examine kidney expression of CD163 in ANCA
vasculitis.12 Rats immunized with human myeloperoxidase
(MPO) analyzed at day 28 had proliferative GNand occasional
early crescent formation (Supplemental Figure 1). We exam-
ined urinary sCD163 excretion over a time course (Figure 1A)
and surprisingly found that, although histologic evidence of
disease is most severe at day 56, urine sCD163 level was highest
at day 28 (mean6SD: 3.661.1 ng/mmol). The level returned to
that observed in control animals by day 56 (1.560.4 ng/mmol)
and continued to fall further by 6 months (0.560.1 ng/mmol).
At day 56, rats had fibrinoid necrosis and crescentic GN, as
described previously,13 and CD163+ cells were present in both
the glomerular and tubulointerstitial compartments (Figure 1,
B–H). To further phenotype the CD163+ cells, we stained EAV
kidney tissue for CCR7 (macrophage subtype M1 marker) and
CD206 (M2 marker, Figure 1, I–K). CD163 did not colocalize
with CCR7, but was variably colocalized with CD206, with
CD163+CD206– cells also being present. The level of urine
sCD163 was correlated with the degree of macrophage infiltra-
tion (Figure 1L).

CD163 is Highly Expressed in the Kidneys of Patients
with Vasculitis
To assess the level of CD163 expression in the kidney of
patients with renal vasculitis we first measured CD163mRNA

in microdissected glomerular and tubulointerstitial compart-
ments in diabetic nephropathy, minimal change disease (MCD),
IgA nephropathy, FSGS, membranous nephropathy (MGN),
lupus nephritis, and ANCA vasculitis (Figure 2). Of all con-
ditions examined, CD163 was most highly expressed in the
glomeruli and tubulointerstitium of patients with ANCA
vasculitis (23.4-fold and 7.5-fold change above control, re-
spectively; P,0.001). We then confirmed expression of
CD163 protein in kidney biopsy samples from patients with
renal vasculitis by immunohistochemistry (Figure 2, B–I).
High expression of CD163 was observed in both the glomeruli
and interstitium of patients with active renal vasculitis. Inter-
estingly, CD163 was observed in glomeruli that appeared un-
affected based on histologic markers. Patients with anti-GBM
disease exhibited the highest CD163 expression in all five
compartments scored, particularly in histologically unaf-
fected glomerular tufts. CD163 expression was similar in
MPO and proteinase 3-ANCA positive patients. However,
when patients were separated based on diagnosis rather than
autoantibody specificity, patients with granulomatosis with
polyangiitis were found to have relatively low levels of kidney
CD163 expression (Figure 2C). Very occasional CD163+ cells
were noted in healthy kidney from live transplant donors
(Figure 2E) and healed fibrous crescents exhibited very little
CD163 staining (Figure 2I).

Urinary sCD163 Levels are Elevated in Active Renal
Vasculitis
To test our hypothesis that the urinary level of sCD163 could act
as a diagnostic measure for active renal vasculitis, we measured
urinary sCD163 in an inception cohort of 177 subjects (14.6%
with active renal vasculitis [n=26], 5.9% with active extrarenal
vasculitis [n=11], and 79.4% in remission [n=140], Table 1). In
order to account for differences in the concentration of urine
between individuals, all sCD163 values were normalized to
urinary creatinine. Normalized urinary sCD163 levels were
significantly elevated in patients with active renal vasculitis
(0.56 ng/mmol) compared with patients with active extra-
renal vasculitis (0.12 ng/mmol), remission renal vasculitis
(0.11 ng/mmol), and remission extrarenal vasculitis (0.1 ng/
mmol) (Figure 3A). To assess whether this finding was a surro-
gate of hematuria (reflecting monocyturia), we assayed sCD163
in control urine spiked with serial dilutions of blood and cor-
related the result with urine dipstick analysis of hematuria.
Addition of blood to urine only led to a rise in sCD163 level
when the concentration of blood in urine was .2%. The
urine appeared frankly blood-stained down to a concentra-
tion of 0.7% and was dipstick positive for blood down to
0.1%, levels at which sCD163 was undetectable (Supplemen-
tal Figure 2C). In order to assess the stability of sCD163 in
urine, samples were stored under various conditions and al-
iquots were taken for repeated analyses. There was no signif-
icant change in sCD163 level after 1 week of storage at room
temperature, 4°C, or –20°C, and the sCD163 level was stable
for up to four freeze–thaw cycles. Freeze–thaw cycles beyond
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this caused a significant decline in sCD163 level (Supplemen-
tal Figure 2, A and B).

Serum sCD163 is Not Increased in Patients with Active
Vasculitis
In order to assess whether serum levels of sCD163 could predict
vasculitis disease activity wemeasured this in active SVVpatients

(n=59), patients in remission (n=184), disease controls (n=37),
and healthy controls (n=57). Serum sCD163 concentration did
not differ significantly between patients with active vasculitis
(median 387 ng/ml), remission vasculitis (313 ng/ml), disease
controls (298 ng/ml), and healthy controls (287 ng/ml) (Sup-
plemental Figure 3). Furthermore, serum and urine sCD163
levels did not correlate (Supplemental Figure 3).

Figure 1. CD163 is present in the urine and kidneys of rats with EAV. (A) Urine was collected from healthy control rats (n=3) and rats 28 days
(n=5), 56 days (n=6), and 186 days (n=3) after induction of EAV. sCD163 levels were determined by ELISA. Data are presented as mean
sCD163 n /mmol creatinine 6SEM. One-way ANOVA and Dunn’s multiple comparison test were used to test for linear trend (*P,0.05).
(B, C, E–G, I–K) Confocal images of glomeruli from rats with EAV dual stained with antibodies to the macrophage marker CD68 (C, F, G, green)
and CD163 (red). Panels (B) and (C) depict representative images from tissue stained with isotype control and test antibody, respectively.
The white line indicates Bowman’s capsule, while the fine yellow line in panel (C) indicates a glomerular crescent (white arrow). Panels (E)
and (F) show confocal images in the CD163 and CD68 channels, respectively, while panel (G) shows the merged image. Although most cells
are positive for one of the markers only, cells are also identified with dual staining (yellow arrow). Panel (I) shows dual staining with CD163
(yellow arrow) and CCR7 (green); there was no colocalization between the two markers, CCR7 being most strongly expressed in small blood
vessels (white arrow). Panels (J) and (K) show staining with CD163 and CD206 (green), showing colocalization in panel (J, arrow) and lack of
colocalization in panel (K, arrow). (D, H) Using 5 uM kidney sections from EAV and control rats, cells staining positive for CD68, CD163 or
both markers were counted blind in 30 consecutive glomeruli (D) and ten 340 fields containing tubulointerstitial compartment only (H),
(*P,0.05; **P,0.01; ****P,0.001). (L) The average number of cells per high power field (hpf) in rats with EAV was correlated with the urine
sCD163 level in the same animal. GCS, glomerular cross section.
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Internal Validation of the Association between
Elevated Urine sCD163 and Active Renal Vasculitis
Using inception cohort data, we generated a receiver–operator
characteristic (ROC) curve to examine the ability of urinary
sCD163 to identify active renal vasculitis in patients with a
known diagnosis (Figure 3D). The area under the ROC curve
was 0.94, indicating excellent biomarker potential. We used
this curve to define an optimum cutoff value of 0.3 ng/mmol
creatinine and applied this to two validation cohorts of 155

and 133 subjects (Table 2). These cohorts provided virtually
identical results to the inception cohort, with sCD163 signif-
icantly elevated in the urine of patients with active renal vas-
culitis compared with patients with active extrarenal vasculitis
and remission patients with previous renal or extrarenal
vasculitis (Figure 3, B and C). The chosen cutoff accurately
diagnosed active renal disease in 87% and 73% of SVV patients
in the two cohorts. Conversely, none of the patients with active
extrarenal vasculitis were positive. False-positive rates in

Figure 2. CD163 is highly expressed in the kidneys of patients with vasculitis. (A) RNA was extracted frommicrodissected glomerular and
tubulointerstitial compartments from patients with diabetic nephropathy (DN), minimal change disease (MCD), IgA nephropathy (IgA),
FSGS, MGN, lupus nephritis (SLE), and ANCA vasculitis. The degree of expression of the CD163 gene compared with microdissected
healthy control kidney was determined by Affymetrix microarrays. Bars represent fold changes compared with the respective controls.
(****q,0.01%; q,5%) (b) Paraffin-embedded human kidney sections from patients with vasculitis were stained for CD163 protein by
immunohistochemistry and scored blind according to the location of cells with each of five regions: (1) within regions of fibrinoid necrosis
or crescent formation, (2) within regions of apparently normal glomeruli, (3) in the periglomerular region, (4) within tubules, and (5) in the
interstitial compartment. (C) CD163 scores in each of the respective five regions stratified by clinical diagnosis (upper graphs) and
antibody specificity (lower graphs), (P,0.05; **P,0.01; ***P,0.001). (D–I) Images depict representative low power (340 magnification)
views of healthy control (D) and vasculitic (E) kidney, alongside high power (3400) views of healthy control kidney (F), a glomerulus with
mild vasculitic injury (G, arrow), a severely affected glomerulus with established crescent formation (H, arrow), and a glomerulus
with a fibrous crescent from previous vasculitic injury (I, arrow, 3200). MPA, microscopic polyangiitis; GPA, granulomatosis with
polyangiitis.
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remission patients were 1.5% and 3.4%, respectively, for pa-
tients with previous renal and extrarenal vasculitis. Stratifica-
tion of values by ANCA specificity (proteinase 3 versus MPO)
revealed no difference in the ability of sCD163 to identify active

renal vasculitis (Supplemental Figure 4).
Biomarker statistics for diagnosis of active
renal vasculitis within the overall vasculitis
cohorts are summarized in Table 3. Notable
values are specificity of 96% and positive
likelihood ratio of 20.8. The non-normalized
(to creatinine) urine sCD163 values also
performed well, although specificity
(92%) and positive likelihood ratio (10.0)
were less than for the normalized values
(Table 3). In individuals in whom sCD163
was measured in serial samples following
presentation with active disease, the level
fell rapidly with treatment, and remained
low. In those with active extrarenal vasculi-
tis, the level was low at all time points (Fig-
ure 3E). To assess the relationship between
renal CD163 protein expression and the
urine sCD163 level, we identified 25 cases
with renal tissue obtained at approximately
the same time as the test urine sample.
Of these, sufficient glomerular tissue was
available for analysis from 17 patients and
extraglomerular tissue was available from
20. There was a correlation between the
number of CD163+ cells in glomeruli and
the linked level of urine sCD163 (Supple-
mental Figure 5). The correlation with
extraglomerular staining was weaker.

External Validation of the Association
between Elevated Urine sCD163 and
Active Renal Vasculitis
An independent Dutch cohort comprising
52 subjects (39 SVV patients and 13 healthy
controls) was interrogated to further vali-
date ourfindings. These analyses confirmed
the ability of urinary sCD163 to iden-
tify active renal disease in SVV patients.

sCD163 was significantly elevated in the urine of patients with
active renal vasculitis compared with remission patients with
previous renal involvement, and healthy controls (Figure 4B).
Using the cutoff value of 0.3 ng/mmol, 79% of patients with

Figure 3. sCD163 is elevated in the urine of those with active renal vasculitis, but not
active extrarenal vasculitis. sCD163 levels were measured by ELISA in an inception
cohort (n=177) (A) and two validation cohorts (n=155+133) (B, C). Graphs show
comparison of levels found in active renal vasculitis, active extrarenal vasculitis, re-
mission (Rem) renal vasculitis, and remission extrarenal vasculitis. Data are presented
as median sCD163 ng/mmol creatinine with interquartile range. The boxes in panels
(B) and (C) indicate the fraction of positive samples in each group using the optimum
cutoff of 0.3 ng/mmol. Nonparametric one-way ANOVA (Kruskal-Wallis test) and
Dunn’s multiple comparison test were used to test for significance of each group
compared with the active renal vasculitis group (**P,0.01, ***P,0.001). (D) ROC
curves calculated from normalized (solid line) and non-normalized (dashed line) data
derived from the inception cohort depicting the ability of sCD163 to detect active
renal vasculitis. The respective areas under the curves were 0.94 and 0.96, respec-
tively. (E) sCD163 was measured by ELISA in serial samples during periods of active
disease, low disease activity (LDA), and remission (Rem). Graphs show sCD163 levels
over time in renal and extrarenal vasculitis patients. Lines depict samples from the
same subject at different time points.

Table 2. Generation of optimum cutoff in inception cohort, with application to two separate validation cohorts

Cohort Analysed AUC Cutoff Sensitivity Specificity PPV NPV PLR NLR

Inception
sCD163 normalized 0.96 0.3 0.96 0.94 0.69 0.99 14.7 0.05

Validation
sCD163 normalized 0.97 0.3 0.87 0.98 0.81 0.99 43.5 0.13

Validation 2
sCD163 normalized 0.94 0.3 0.73 0.98 0.92 0.92 36.5 0.28

Statistics were determined by first analyzing data from the inception cohort to define optimum cutoff, and applying this to the validation cohorts. AUC, area under
curve; PPV, positive predictive value; NPV, negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio.
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active renal vasculitis were positively diagnosed. No
false-positive cases were seen in patients with active extrarenal
vasculitis, remission renal vasculitis, or healthy controls.

Patients with kidney disease without active crescentic
GN do not present with elevated urinary sCD163
In order to examine the specificity of elevated urinary sCD163
for active renal vasculitis, we measured the urine sCD163 level

in a series of disease control groups (Figure 4A, Table 1). El-
evated urine sCD163 levels (above cutoff of 0.3 ng/mmol
creatinine) were identified in a small number of critically ill
patients in the intensive care unit, with 6.3% of patients with
sepsis and AKI, 14.7% of patients with AKI but no sepsis, and
7.8% of patients with no AKI or sepsis testing positive. Urinary
sCD163 was not significantly elevated in a cohort of disease
controls without GN (n=54) or in healthy controls (n=55).
However, one quarter of disease controls with nonvasculitic
GN, in whom variable degrees of macrophage infiltration
would be expected, had an elevated level (n=30).

Urine sCD163 is a significantly better biomarker for
active renal vasculitis than urine protein excretion rate
Using the internal validation cohorts, we tested the utility of
urine sCD163 in the identification of active renal vasculitis
against urine protein-to-creatinine ratio (PCR), using a PCR
cutoff of 15 mg/mmol (Table 4). On its own, urine sCD163
was superior by all measures of biomarker performance in-
cluding sensitivity and specificity, which acts a measure of
false-positive rate. Combining urine sCD163 with urine
PCR did not provide a statistically significant improvement
in biomarker performance versus the use of sCD163 alone.
In a small subset of individuals for whom samples were avail-
able from an incident histologically proven renal flare, the
biomarker precision of urine sCD163, c-reactive protein,
hematuria, and ANCA titer were compared (Supplemental
Table 1). Urine sCD163 was superior to the other three bio-
markers by all measures of biomarker performance.

DISCUSSION

We have identified a highly specific association between active
renal vasculitis and the level of urinary sCD163. There is a
strong biologic rationale for this finding as this macrophage
marker is strongly expressed in glomerular crescents. The
shedding of this protein from the glomerular cell surface
directly into the urine makes it attractive as a potential
biomarker. Our key finding was elevated urinary sCD163 levels
in patients with active renal vasculitis compared with vasculitis
patients in remission, disease controls, and healthy controls.
Those with active extrarenal vasculitis were indistinguish-
able from all control groups in terms of sCD163 levels,
despite the presence of severe vasculiticmanifestations, such
as alveolar hemorrhage. Moderately elevated levels of urine

Table 3. Biomarker attributes of normalized and non-normalized urine sCD163 for discriminating active renal vasculitis from
remission

sCD163 Value Analysed AUC Cutoff Sensitivity Specificity PPV NPV PLR NLR

sCD163 normalized 0.93 0.3 0.83 0.96 0.8 0.97 20.75 0.17
sCD163 non-normalized 0.91 1.3 0.80 0.92 0.64 0.96 10.0 0.22

Statistics were determined by analyzing combined data fromboth the inception and validation cohorts. AUC, area under curve; PPV, positive predictive value; NPV,
negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio.

Figure 4. sCD163 is elevated in the urine of patients with active
renal vasculitis recruited from an independent cohort and com-
pared with a range of control groups. (A) The data from the
inception and validation cohorts (n=465) were combined and
compared with healthy controls (n=55) and a diverse disease
control group comprising samples from patients in the intensive
care unit with sepsis with or without AKI (n=32), AKI without
sepsis (n=286), and no AKI or sepsis (n=463), in addition to a
nonICU disease control group with (n=30) and without (n=54)
nonvasculitic GN. The boxes refer to the fraction of cases with a
urine sCD163 level .0.3 ng/mmol (dotted line). (B) sCD163
levels were also measured by ELISA in an independent external
validation cohort (n=52). Graph showing comparison of levels
found in active renal vasculitis (Act), active extrarenal vasculitis,
remission renal vasculitis (Rem), and healthy controls. Data are
presented as median sCD163 ng/mmol creatinine with
interquartile range. Nonparametric one-way ANOVA (Kruskal-
Wallis test) and Dunn’s multiple comparison test were used to
test for significance of each group compared with the active renal
vasculitis group (***P,0.001).
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sCD163 were detected in a small number of disease controls.
These individuals had severe nephrotic syndrome due to MCD
or MGN, suggesting that in this setting sCD163 may spill over
from the blood. Caution will, therefore, need to be applied in
patients with very heavy proteinuria.

Urine sCD163 was also elevated in some patients with
nonvasculitic forms of GN, suggesting that other forms of
macrophage-rich glomerular disease are also characterized by
urinary sCD163 excretion. Of note, CD163+ macrophages
have recently been shown to accumulate in the kidney of pa-
tients with lupus nephritis, to correlate with histologic activity
and to be increased in the urine of these patients.14 The goal of
the current study was to diagnose active renal vasculitis in
those with a known diagnosis of SVV, not to distinguish
SVV from other causes of GN, although our results suggest
that this test may have utility in these conditions also. Of note,
the biomarker statistics were generated without reference to
utility of urine microscopy for casts and dysmorphic red cells,
which was not routinely documented in the biomarker data-
set, so the superior performance of urine sCD163 over con-
ventional tests may be less marked if urine microscopy is used.
There were no significant differences in serum sCD163 among
the experimental groups, supporting our hypothesis that in-
creased urinary sCD163 observed in active renal vasculitis is
due to increased local shedding from the glomerulus.

We found sCD163 to be maximally elevated in the urine of
rats with EAV 28 days after induction of disease, a time point
when renal inflammation is developing. The degree of glomer-
ular inflammation, as measured by conventional histologic
methods, is relatively subtle at this time point, with maximum
histologic renal damage occurring at 8 weeks post immuni-
zation. Return of urine sCD163 levels to baseline by day 56
indicates that glomerular CD163 shedding occurs relatively
early in the pathologic vasculitic process. This suggests that
it may serve as an early indicator of active disease and if in-
corporated into routine patient testing could allow therapeutic
intervention prior to structural injury occurring.

Su et al. reported that urine sCD163 was elevated in pa-
tients with sepsis, particularly in those with AKI (area under
ROC curve to differentiate AKI from non-AKI was 0.69).15

The average level of non-normalized urine sCD163 in their
cohort (74.8 ng/ml) was two-log higher than that observed in
our sepsis/AKI cohort (0.4 ng/ml). The study by Su et al.
used a different ELISA product (IQ Products) to that used in

our study (DuoSet, R&D Systems, Minneapolis, MN). Of
note, the R&DDuoSet ELISA has been shown byMoller et al.
to result in lower values than the IQ Products kit.16 Indeed, the
serum levels we observed (mean 441 ng/ml) were lower than
the reference range suggested byMoller et al. (890–3950 ng/ml).
This lack of standardization, with commercial assays systemati-
cally reporting lower values than Moller’s in-house automated
assay, will clearly need to be clarified prior to its introduction as a
clinical test. Notwithstanding this, the massively elevated urine
level found in these patients with sepsis is interesting and remains
unexplained. Su et al. also found a correlation between serum
and urine sCD163 (correlation coefficient 0.51, P,0.001), in
contrast to our findings. Indeed, in our study population, which
was 10 times larger, we found a correlation coefficient of 0.15,
suggesting minimal correlation between urine and serum values.
Themost likely reason for this is the study setting of severe sepsis,
which could conceivably nonspecifically increase renal perme-
ability to sCD163, and which may also partially account for the
markedly elevated urine level. However, in our cohort of critically
ill patients with sepsis, only occasional cases were noted to have
an elevated level, and never to the extent observed by Su et al.

Aurinary biomarker that could reliably identify active renal
vasculitis in patients alreadydiagnosedwith SVVwould reduce
the need for expensive and invasive kidney biopsies. In this
context, several proteins have been investigated as biomarkers
of active disease in vasculitis, including alpha‑1 acid glycopro-
tein, kidney injurymolecule‑1, fractalkine, neutrophil gelatinase-
associated lipocalin, and monocyte chemoattractant protein‑1
(MCP‑1).17,18 Of these, MCP‑1 has shown most promise as a
biomarker for active vasculitis. This chemokine was elevated in
the urine, but not the serum of patients with active or persistent
renal vasculitis, and levels were found to decline with treat-
ment.18 Lieberthal et al. demonstrated that, in discriminating
active renal vasculitis, MCP‑1 had a specificity of 94% and a
sensitivity of 89% (AUC=0.93, positive likelihood ratio of 8.5
and negative likelihood ratio of 0.07),17 values that are close to
those obtained in our study.

sCD163 is a highly stable protein,making it an attractive clinical
biomarker. Inwhole blood it is stable for 24 and 48 hours at room
temperature and 4°C, respectively, while in plasma it is stable for
weeks at 4°C and several years at –20°C.16 Similarly, we have found
that in urine sCD163 is stable for at least 1 week at room temper-
ature. This stability means that variations in the collection and
processing of samples are unlikely to be a determining factor in

Table 4. Biomarker comparison of urine sCD163 with urine PCR and combination sCD163/PCR for discriminating active renal
vasculitis from remission

Comparator Variable AUC Cutoff Sensitivity Specificity PPV NPV PLR NLR

sCD163 normalized 0.91 0.3 0.83 0.97 0.89 0.95 30.6 0.17
PCR 0.68 15 0.97 0.39 0.3 0.97 1.6 0.08
sCD163+PCR 0.93 0.8 0.97 0.89 0.95 29.33 0.21
Bootstrap P-value 0.07

Statistics were determined by analyzing data from a subset of cases from the combined cohort. The bootstrap test compared the AUC sCD163 and PCR. AUC, area
under curve; PPV, positive predictive value; NPV, negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio.
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the assay result. This represents a significant advantage over
MCP‑1, which degrades quickly. MCP‑1 is actively produced by
intrinsic renal cells and leukocytes in response to inflammatory
stimuli, resulting inmonocyte chemoattraction, cells which them-
selves are likely to express CD163. Therefore, MCP‑1 and sCD163
measurements reflect subtly different elements of a similar process;
their use in combinationmay further increase diagnostic precision.

The excellent biomarker characteristics of urinary sCD163
in identifying active renal vasculitis, the availability of high-
quality detection antibody, and its stability during sample
storage suggest that this biomarker could now be developed for
clinical use. Most biomarker development programs rely upon
panels of proteins or metabolites; the ability of urine sCD163
alone (or normalized to creatinine) to identify active renal
vasculitis suggests that it is ideal for development as a point-of-
care dipstick test and may have additional use in tracking
induction therapy response, allowing more tailored and less
toxic treatment regimens, or potentially to triage patients with
undifferentiated AKI in settings where there may be delay in
obtaining serological or histologic diagnosis.

CONCISE METHODS

Induction of EAV
EAV, amodelofMPOANCAvasculitis,was induced in rats, aspreviously

described, with slight amendments.13 Briefly, 6-week-oldWistar–Kyoto

(WKY) rats were immunized with 3.2 mg/kg human MPO (kind gift

from Biovitrum, Sweden) in CFA along with 1 mg of Pertussis toxin

(Sigma-Aldrich, St. Louis, MO). Rats were boosted with 4 mg LPS and

0.1 mg/kg MPO (without adjuvant) after 28 and 35 days, respectively.

Control animals were left unimmunized. Urine samples were collected

at several time points during EAV progression by placing rats in meta-

bolic cages for 24 hours. Urine samples were centrifuged at 2000 3g

for 10 minutes at 4°C and stored at –80°C until analysis. sCD163 levels

were measured in neat urine using a rat sCD163/soluble hemoglobin

scavenger receptor kit (BlueGene), following the manufacturer’s in-

structions. Rats were sacrificed at day 28 and 56 post immunization

and renal sectionswere stainedwithhematoxylin and eosin andperiodic

acid Schiff stains. Animal studies were approved by local ethics com-

mittee and complied with a project license granted by the Irish

Medicines Board.

Immunohistochemistry of EAV Renal Tissue
Kidneys harvested from rats 56 days after EAV inductionwere sectioned

and blocked with 20% normal goat serum. Sections were dual stained

with antibodies specific for rat CD68 (rabbit polyclonal; Abcam, Inc.,

Cambridge, MA) and rat CD163 (mouse anti-rat ED2, AbD Serotec,

used for all rat CD163 staining) followed by Alexa Fluor 568 goat

anti-mouse IgG (Life Technologies, Carlsbad, CA) and Alexa Fluor 488

goat anti-rabbit IgG (Abcam, Inc.). Sections were also dual stained with

antibodies specific for rat CCR7 (rabbitmAb; Abcam, Inc.) or rat CD206

(rabbit polyclonal; Abcam, Inc.) and rat CD163, followed by Alexa Fluor

goat anti-rabbit IgG 488 and Alexa Fluor goat anti-mouse IgG 568, as

above.Nucleiwere stainedwithHoechst 33342 (Life Technologies). The

numbers of CD68+ andCD163+ cells per glomeruluswere scored blindly

for at least 30 glomeruli and ten340 fields (without glomeruli) using a

fluorescent microscope (Eclipse 90i, Nikon, Tokyo, Japan). Images were

obtained using a confocal microscope (Carl Zeiss LSM 510).

Clinical Recruitment and Assessment
Patients with SVV (comprising granulomatosis with polyangiitis,

microscopic polyangiitis, eosinophilic granulomatosis with polyangiitis,

and anti-GBMdisease), healthy controls, and disease controls were

recruited through the Rare KidneyDisease (RKD) Biobank.Disease

controls (Supplemental Table 2) were divided into those with GN in

whomglomerularmacrophage infiltrationmay be expected, thosewith-

out GN, and intensive care unit patients with nonimmune-mediated

AKI, multisystem failure, and sepsis. To address the latter, we tested a

large number of urine samples from the Prospective Validation of Acute

Kidney Injury Biomarkers andDefinitions inCritically Ill Patients study.

Samples were archived until analysis in the RKDBiobank and the linked

registry was used to define clinical details. The study was approved by

the institutional review board (reference 2012/38/04) and all recruits

provided written, informed consent. All vasculitis patients were classi-

fied according to the Chapel Hill consensus classification criteria.19 The

healthy control group were self-reported as healthy and had a normal

urine dipstick examination. Vasculitis disease activity was recorded us-

ing the BirminghamVasculitis Activity Score (BVAS).20 Active vasculitis

was considered to be present with a BVAS score $0. Active renal vas-

culitis was defined as BVAS.0 with one or more renal items, including

the presence of hematuria by urine dipstick; urine samples were not

routinely assessed for the presence of casts or dysmorphic red cells.

Patients with both newly diagnosed and flaring disease were included

in the analysis. The presence or absence of active vasculitis was adjudi-

cated without knowledge of the sCD163 level by reference to the clinical

state and response to therapy onemonth after obtaining the sample. For

the purpose of assessment of biomarker performance, we randomly

assigned each recruit to either an inception or one of two validation

cohorts prior to measurement of sCD163 levels.

CD163 Staining of Human Kidney Sections
All recruits undergoing a clinically indicated kidney biopsy at one

of the study sites (Beaumont Hospital) were further analyzed by

immunohistochemistry of renal tissue to determine the degree and

pattern of CD163 expression. Formalin fixed paraffin wax embedded

renal tissue sections were run with the ultraView Universal DAB

detection kit run on the Benchmark XT (Roche, Basel, Switzerland)

automated immunostaining machine. Cell Conditioning 1 (CC1;

Roche) was used for 30 minutes at 96°C to retrieve the antigen.

Mouse antihuman mAb CD163 (10D6; Abcam, Inc.) and ref

ab74604 (Abcam, Inc.) were used at a dilution of 1/20 for 40 minutes

at 37°C. CD163 expression was quantified using the technique of

Zhao et al. Expression was assessed within areas of fibrinoid necrosis/

crescent formation, within normal appearing glomeruli, in the

periglomerular region, within tubules, and in the interstitial

space.11 Scores were assigned as follows: 0=no CD163+ cells,

1=1–5 CD163+ cells, 2=6–10 CD163+ cells and 3=.10 CD163+

cells. Values were calculated per glomerular cross section for each

of the three glomerular regions, and by estimating the fraction of
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tubular or interstitial compartments with CD163+ cells and mul-

tiplying this by the score. To derive a quantitative measure to com-

pare with the urine sCD163 value we performed image analysis on

samples with a paired urine sCD163 value using the Visiopharm

Integrator System (Visiopharm, Hoersholm, Denmark) (Supple-

mental Figure 5). The number of nuclei associated with CD163

staining was quantified in glomerular, obsolescent glomerular,

and extraglomerular (renal cortex) compartments, the same

threshold being applied to all sections.

Microdissection and CD163 mRNA Quantification in
Human Kidney
Human renal biopsy specimens and Affymetrix microarray expression

data were procured within the framework of the European Renal cDNA

Bank–Kröner-Fresenius Biopsy Bank.21,22 Biopsies were obtained from

patients after informed consent and with approval of the local ethics

committees. Following renal biopsy, the tissue was transferred to RNase

inhibitor and microdissected into glomerular and tubular fragments.

Total RNA was isolated from microdissected glomeruli, reverse tran-

scribed, and linearly amplified according to a protocol previously re-

ported.23 The microarray expression data used in this study came from

individual patients with diabetic nephropathy, MCD, IgA nephropathy

(IgA), FSGS, MGN, and ANCA vasculitis. Pretransplantation kidney

biopsies from living donors were used as control renal tissue. Fragmen-

tation, hybridization, staining, and imaging were performed according

to the Affymetrix Expression Analysis Technical Manual (Affymetrix,

Santa Clara, CA). CEL file normalization was performed with the

Robust Multichip Average method using RMAExpress (version

1.0.5) and the human Entrez-Gene customCDF annotation fromBrain

Array version 18 (http://brainarray.mbni.med.umich.edu/Brainarray/

default.asp). To identify differentially expressed genes the Significance

Analysis of Microarrays method was applied using TiGR (MeV, version

4.8.1).24 A q-value ,5% was considered to be statistically significant.

Measurement of sCD163 in Human Serum and Urine
Samples
Venous bloodwas collected into serum tubes and allowed toclot at room

temperature before being centrifuged at 15003g for 10 minutes at 4°C.

Serum was removed and stored at –80°C until assayed. Urine samples

were centrifuged at 20003g for 10 minutes at 4°C, with storage of the

supernatant at –80°C until assay. Samples from the Groningen valida-

tion cohort were processed slightly different. Venous blood was centri-

fuged at 20003g for 10 minutes, after which serum was collected and

stored at –20°C until assay. Urine was centrifuged for 15 minutes at

12003g, supernatant was collected, diluted 1:1 in PBS, and stored at

–20°C until assay. Serum and urine sCD163 levels were determined by

ELISA (R&D Systems, human sCD163 DuoSet, DY1607) following the

manufacturer’s instructions. Serum and urine samples were diluted

1:400 and 1:4, respectively. We normalized the urine sCD163 level to

the creatinine level as determined by a modified Jaffe technique.

Investigation of the Impact of Hematuria on Urine
sCD163 Level
To assess whether the urine sCD163 was merely a surrogate marker

of hematuria, we obtained urine from a healthy control (confirmed

previously as negative for sCD163) and spiked in serial dilutions of

anticoagulated blood. At each dilution the urine was tested for blood

by dipstick and by visual inspection for macroscopic hematuria. After

incubation at room temperature for 1 hour, the urinewas centrifuged

and sCD163 levels measured as described above.

Assessment of the Impact of Prolonged Storage and
Freeze–Thaws on sCD163 Level
To assess stability of sCD163 under normal urine handling conditions

we first prepared a series of aliquots from a urine sample with known

elevated sCD163 level and stored them at room temperature, 4°C,

–20°C, and -80°C for up to 1 week. Aliquots were removed at 24 and

168 hours for sCD163 assay (n=6 per condition), with the level

being normalized to the level in the original sample. We then took

stored urine from the same patient and subjected aliquots to between

one and six freeze–thaw cycles to assess the effect on sCD163 level.

Statistical Analyses
Analyses were performed using GraphPad Prism version 6.01 for

Windows (GraphPad Software, San Diego, CA), SPSS (IBM, version

21, Amrok) and R (R Foundation for Statistical Computing, version

3.1.1, Vienna, Austria). Datawere expressed asmedian6interquartile

range and P-values ,0.05 were considered significant. Differences

between two groups were analyzed using the Mann–Whitney

U-test, while differences between three or more groups were analyzed

using Kruskal–Wallis test with a post hoc Dunn test. To assess the

ability of sCD163 to predict active renal vasculitis over urine protein

excretion rate, ROC curves for sCD163, urine PCR, and their com-

bination were estimated using data from the combined cohorts. Note

that the full cohort was not available for this analysis, so the optimum

sCD163 cutoff was slightly different. Logistic regression was used to

estimate the combination of sCD163 and urine protein excretion

rate. Inference on differences between ROC curves was performed

using bootstrap resampling. The point on the curves that maximized

the sum of sensitivity and specificity was chosen as a cutoff for

predicting active renal vasculitis. For PCR, the standard laboratory

cutoff of 15 mg/mmol was used. Optimum cutoffs were then used

to predict active renal vasculitis in the validation cohort and estimate

sensitivity, specificity, positive/negative predictive value, positive/

negative likelihood ratios.
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