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Urinary Biomarkers in Relapsing Antineutrophil
Cytoplasmic Antibody-associated Vasculitis
Jason G. Lieberthal, David Cuthbertson, Simon Carette, Gary S. Hoffman, Nader A. Khalidi,
Curry L. Koening, Carol A. Langford, Kathleen Maksimowicz-McKinnon, Philip Seo, 
Ulrich Specks, Steven R. Ytterberg, Peter A. Merkel, Paul A. Monach, and the Vasculitis
Clinical Research Consortium

ABSTRACT. Objective. Glomerulonephritis (GN) is common in antineutrophil cytoplasmic antibody
(ANCA)-associated vasculitis (AAV), but tools for early detection of renal involvement are
imperfect. We investigated 4 urinary proteins as markers of active renal AAV: alpha-1 acid glyco-
protein (AGP), kidney injury molecule-1 (KIM-1), monocyte chemoattractant protein-1 (MCP-1),
and neutrophil gelatinase-associated lipocalin (NGAL).
Methods. Patients with active renal AAV (n = 20), active nonrenal AAV (n = 16), and AAV in
longterm remission (n = 14) were identified within a longitudinal cohort. Urinary biomarker concen-
trations (by ELISA) were normalized for urine creatinine. Marker levels during active AAV were
compared to baseline remission levels (from 1–4 visits) for each patient. Areas under
receiver-operating characteristic curves (AUC), sensitivities, specificities, and likelihood ratios (LR)
comparing disease states were calculated.
Results. Baseline biomarker levels varied among patients. All 4 markers increased during renal
flares (p < 0.05). MCP-1 discriminated best between active renal disease and remission: a 1.3-fold
increase in MCP-1 had 94% sensitivity and 89% specificity for active renal disease (AUC = 0.93,
positive LR 8.5, negative LR 0.07). Increased MCP-1 also characterized 50% of apparently nonrenal
flares. Change in AGP, KIM-1, or NGAL showed more modest ability to distinguish active renal
disease from remission (AUC 0.71–0.75). Hematuria was noted in 83% of active renal episodes, but
also 43% of nonrenal flares and 25% of remission samples.
Conclusion. Either urinary MCP-1 is not specific for GN in AAV, or it identifies early GN not
detected by standard assessment and thus has potential to improve care. A followup study with kidney
biopsy as the gold standard is needed. (First Release April 1 2013; J Rheumatol 2013;40:674–83;
doi:10.3899/jrheum.120879)
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Antineutrophil cytoplasmic antibody (ANCA)-associated
vasculitis (AAV) refers to a group of closely related
systemic diseases [granulomatosis with polyangiitis
(GPA; Wegener’s), microscopic polyangiitis (MPA), and

Churg-Strauss syndrome (CSS)] that typically involve
multiple organ systems. Renal involvement is manifested as
necrotizing glomerulonephritis (GN), which can lead to
rapid and irreversible renal damage. More than 70% of
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patients with GPA or MPA1,2,3,4 and 15%–25% of patients
with CSS5,6,7,8 will have GN during the course of their
illness. Patients with GPA are at particular risk for relapse of
renal disease or a first presentation of GN after initial
diagnosis and treatment of GPA1. The high rates of GN at
presentation and at relapse call for vigilance in monitoring
patients for evidence of GN.

Renal biopsy is the gold standard for diagnosis of active
GN, but the procedure is not without risk, and repeated renal
biopsies are not practical. Noninvasive indicators of GN
such as a rise in serum creatinine and/or the presence of new
hematuria, worsening proteinuria, and urinary red blood cell
casts in particular can be effective indicators of active renal
disease, but there are problems with each of these methods.
A rise in serum creatinine provides no information about the
cause of renal injury and may not occur until there has been
substantial, and sometimes permanent, loss of function9.
While urine sediment analysis is helpful in identifying a
relapse of GN, detection of red blood cell casts is insensitive
and is operator-dependent. Objective and more sensitive
components of urinalysis are problematic for the opposite
reason: hematuria and proteinuria can persist long after
remission is achieved10, and nonglomerular hematuria can
be caused by previous exposure to cyclophosphamide,
which is commonly used to treat AAV.

Thus, additional biomarkers of renal inflammation and
injury are needed for detecting relapsing disease and would
ideally provide sensitive and disease-specific evidence of
activity prior to decline of the glomerular filtration rate
(GFR)9. Urinary biomarkers of renal disease have several
potential advantages. Collection of urine is noninvasive,
inexpensive, and reflects disease activity throughout the
kidney rather than in the limited sample of glomeruli
obtained in a biopsy. Proteomic techniques, such as
2-dimensional electrophoresis and mass spectrometry, have
led to identification of urinary biomarkers of renal disease11,
particularly in patients with systemic lupus erythe-
matosus12,13. In AAV, the few studies of urinary
biomarkers14,15,16,17 have suggested that these are potential
markers of active renal disease: urinary monocyte chemo-
attractant protein-1 (MCP-1), tumor necrosis factor (TNF),
interleukin 6 (IL-6), IL-8, vascular cell adhesion molecule-1
(VCAM-1), and tissue inhibitor of matrix metallopro-
teinases-1 (TIMP-1).

We evaluated potential urinary biomarkers of active
kidney injury in AAV using a candidate protein approach.
Markers were selected based on confirmation as markers of
renal injury in AAV or in other kidney diseases, and relative
ease of measurement using commercially available ELISA
kits. We selected 4 candidate proteins: 3 that have not been
reported previously in AAV [kidney injury molecule-1
(KIM-1), neutrophil gelatinase-associated lipocalin (NGAL),
and alpha-1 acid glycoprotein (AGP)], and 1 protein for which
data in AAV seemed particularly impressive (MCP-1)14.

KIM-1 (also known as HAVCR1 and TIM-1) was first
identified as a protein upregulated during ischemic kidney
injury in rats18. KIM-1 was then found in the urine of human
patients with ischemic acute tubular necrosis19. Urinary
KIM-1 is elevated in rats exposed to nephrotoxic and
ischemic insults20,21 and in a variety of human kidney
diseases22,23. The urinary concentration of KIM-1 correlates
directly with staining for KIM-1 in renal biopsies, and varies
inversely with renal function23. Although KIM-1 staining
occurs in the tubules rather than the glomeruli, elevation of
urinary KIM-1 has also been observed in diseases that are
primarily glomerular23.

NGAL (lipocalin 2) was originally purified from human
neutrophils24. NGAL mRNA was found to be dramatically
upregulated following ischemic renal injury in mice25, and
subsequently in acute tubular necrosis and other forms of
kidney injury in humans26. Increased NGAL can be detected
in biopsy specimens, serum, and urine of patients with acute
tubular necrosis26. As with KIM-1, expression is predomi-
nantly in tubules, but urinary NGAL can be elevated in
disease that is primarily glomerular; for example, urinary
NGAL levels correlate with disease activity and are
predictive of flares of lupus nephritis27,28.

MCP-1 (CCL2) is a chemokine that participates in
recruitment of leukocytes to areas of inflammation by
binding its receptor, CCR229. MCP-1 is upregulated in a
rodent model of GN as well as in human inflammatory
glomerulopathies30. MCP-1 may play a direct role in
promoting renal fibrosis in diabetic nephropathy31. Urinary
MCP-1 correlates well with disease activity in lupus
nephritis32 and has been shown to be a marker of both active
renal disease and poor prognosis in AAV14,17.

AGP (orosomucoid) is an acute-phase protein released in
response to systemic inflammation. Proteomic analysis of
urine from patients with lupus nephritis identified AGP as a
potential biomarker. Subsequent work showed that urinary
AGP can be used to predict renal flares in lupus nephritis13,33.

We compared the urinary concentrations of these proteins
before, during, and after renal flares of AAV, and also
measured concentrations in patients with active vasculitis
but no current evidence of renal involvement and in patients
in longterm remission.

MATERIALS AND METHODS
Patients and clinical data collection. Patients were enrolled in the
Vasculitis Clinical Research Consortium (VCRC) longitudinal studies of
patients with granulomatosis with polyangiitis (GPA), microscopic
polyangiitis (MPA), or Churg-Strauss syndrome (CSS), from 8 referral
centers in the United States and Canada. Patients had to meet American
College of Rheumatology (ACR) criteria for GPA modified to include
ANCA, or the Chapel Hill Consensus Conference definition of MPA,
or ACR criteria for CSS adapted so that biopsy proof of small-vessel
vasculitis was not required. Clinical data, including measures of
disease activity (see below), were collected on a quarterly or annual
basis and at times of increased activity of vasculitis. Treatment with
immune-suppressive medications (yes/no) was recorded at each visit. All
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patients were enrolled using protocols approved by the institutional review
boards or ethics committees of all participating sites and written informed
consent documents in keeping with The Declaration of Helsinki.
Measures of vasculitis disease activity. Information on specific manifesta-
tions of vasculitis was recorded using the Birmingham Vasculitis Activity
Score34 as well as a more detailed form designed for the VCRC studies.
Data elements that defined active renal disease included hematuria, urinary
red blood cell casts, and/or rise in serum creatinine > 30% that were inter-
preted by the clinician as being due to active vasculitis. Only 2 patients had
renal biopsies done at the time of this clinical assessment. Physician global
assessment (PGA) of current overall vasculitis activity was assessed with 2
measures: a 0–10 Likert scale and a categorical assessment (remission or
low, moderate, or high disease activity).
Study design. The goals of the study were (1) to assay 4 urinary biomarkers
in samples from every subject in the VCRC cohort in whom an episode of
active renal disease had been confirmed; (2) to compare those results to
results obtained during remission in the same patients; (3) to compare to
results obtained from patients in whom nonrenal disease flares were
identified; (4) to compare to results from patients in remission for at least 2
years; (5) to assay multiple samples during remission; and (6) to limit the
study size to about 180 assays per marker because of cost. 

Twenty patients with an episode of active renal disease and at least 1
remission visit were identified (Group 1). These episodes all occurred
among patients who were experiencing relapses rather than first-ever
episodes of vasculitis, and 16 of these patients had had prior episodes of
renal disease. Since overall vasculitis disease activity was characterized as
being “moderate” or “high” in the categorical assessment (and/or PGA ≥ 3)
for all but 2 episodes characterized as having active renal involvement, the
comparison group of 16 patients with active vasculitis but without active
renal disease (Group 2) was limited to subjects with episodes of active
vasculitis of similar severity using the same categorical and PGA scales.
For both groups, the 2 visits in remission preceding and the 2 visits in
remission following the visit during active disease were selected if
available (4 per patient). Fourteen patients in longterm remission, based on
absence of active disease during any assessment for at least 2 consecutive
years in the VCRC study, were also selected (Group 3), with 3 consecutive
visits from the middle of the observational period selected for each such
patient. Patients in Groups 2 and 3 were selected to include patients with a
history of renal involvement from vasculitis prior to enrollment in the
VCRC (7/16 in Group 2, 7/14 in Group 3), based on information collected
on the baseline VCRC medical history form.
Collection and storage of urine samples. Urine was collected by the
patients in sterile cups (the same ones subsequently sent to the clinical
laboratory for urinalyses), with processing time typical of outpatient
sample collection. Urine was aliquoted without further manipulation,
frozen at –80°C at each participating clinical site, shipped on dry ice to the
VCRC specimen repository, and stored at –80°C until use for this study.
Quantification of urine protein, urine creatinine, and biomarker concen-
trations. Urine samples were thawed at room temperature, then gently
centrifuged to remove solid debris. There was no adjustment of pH. Urine
protein concentrations were determined by microscale Bradford assay
(Sigma; catalog no. TP0100) using 5 µl of urine. Albumin was used for the
standard curve, and concentrations > 0.35 mg/ml were regarded as reliable
after inspection of those data. Urine creatinine was quantified using a
microplate assay (Arbor Assays, DetectX; catalog no. K002). AGP, KIM-1,
MCP-1, and lipocalin-2/NGAL were quantified by ELISA (R&D; catalog
numbers DAGP00, DKM100, DCP100, DLCN20). Urine was diluted
10-fold for the AGP assay, 2-fold for MCP-1, and undiluted for KIM-1 and
NGAL assays. Absorbances were measured using a plate reader.
Polynomial trendlines were fitted to standard curve data using Microsoft
Excel, and the trendline equations were then used to calculate concentra-
tions for each sample. Marker concentrations were then divided by urine
creatinine concentrations prior to analysis.
Clinical laboratory tests. Serum creatinine and urinalyses (dipstick and

microscopy) were performed in CLIA-approved laboratories at the clinical
sites according to standard practice for collection and processing of
out-patient specimens. Results of dipstick and microscopic urinalyses were
recorded in the VCRC database as positive or negative (without further
quantification) for blood, protein, red blood cells (RBC), and RBC casts,
based on the official urinalysis results. RBC and RBC casts could also be
noted as positive based on examination by the investigator or a nephrologist
colleague at the time of the patient visit, but such an examination was not
required nor was the method standardized, nor was it recorded whether
assessment for RBC or casts was made by the clinical laboratory or the
investigator. The presence or absence of dysmorphic RBC was not
recorded. Glomerular filtration rate (GFR, ml/min per 1.73 m2 body surface
area) was calculated from serum creatinine using the MDRD formula35.
Statistical analysis: Analysis of marker levels in remission. To determine
whether levels in remission differed pre- or post-flare, pre-flare and
post-flare values were compared by paired T test. In addition, the difference
between pre- and post-flare values was determined, and the distribution
analyzed by signed-rank test.

To determine whether remission values varied significantly with time
before or after flare, the difference between the flare level and each
remission level was used as the dependent variable in a generalized linear
model (GLM) in which time pre/post flare and a unique patient identifier
served as the independent variables.

Data from patients with multiple remission visits and the manufac-
turer’s reported coefficient of variation (CV) for analytical imprecision
(6%–7% for each assay) were used to calculate within-subject normal
biological variation, between-subject variation, and the index of
individuality36,37.
Comparison of marker levels in active vasculitis and remission. For each
patient, marker level during active vasculitis was divided by the mean of
marker levels during remission for that patient to calculate a fold-change.
Groups were defined by the presence or absence of active renal disease.
Statistical significance within each group was determined by signed-rank test.
Analysis of change in marker level. Fold-change relative to the patient’s
baseline was calculated for each individual sample (active or remission),
from each patient who had at least 2 samples during remission.
Fold-changes during remission were pooled across the 3 clinical groups 
(n = 125 samples), and fold-changes associated with active vasculitis were
pooled within each clinical group (n = 17 renal, n = 14 nonrenal). Logistic
regression, with fold-change in marker level as the independent variable
and disease state as the dichotomous dependent variable, was used to
generate receiver-operating characteristic (ROC) curves for comparisons of
3 pairs of disease states: active renal disease versus remission, active
nonrenal disease versus remission, and active renal versus active nonrenal
disease. The optimal cutpoint for distinguishing 2 disease states was deter-
mined using the Youden index, which is the maximum of the sum of sensi-
tivity and specificity38. Sensitivity and specificity at this cutpoint were used
to calculate the positive likelihood ratio [sensitivity/(1 – specificity)] and
negative likelihood ratio [(1 – sensitivity)/specificity]. Ninety-five percent
CI of sensitivity and specificity were determined by the asymptotic method.
Analysis of the effect of proteinuria on marker level. Association of marker
level with proteinuria was measured using Pearson correlation coefficients
and linear regression. The primary analysis was limited to the 12 samples
(from 8 patients) with protein > 0.35 mg/ml during remission, but larger
subsets of remission samples were also analyzed to ensure consistency as
noted in the text. Multiple linear regression was also performed using all
samples (active and remission), with MCP-1/creatinine as the dependent
variable and protein/creatinine, age, sex, active disease (vs remission), and
active renal disease (vs not) as independent variables. Marker levels during
remission in groups defined by presence or absence of urinary RBC (by
microscopic examination) and/or protein (by dipstick urinalysis) were
compared by Kruskal-Wallis test. 
Effects of demographic and disease-related factors. The mean marker
levels during remission were determined for each patient. Marker levels
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between groups (male vs female, GPA vs MPA/CSS/unknown) were
compared using Wilcoxon rank-sum tests. Marker levels were compared to
age and GFR using Spearman correlation coefficients.

Since treatment could change longitudinally, GLM was performed
using data from all samples, with marker level as the dependent variable
and treatment (yes/no) as one of the independent variables, along with
active vasculitis versus remission, active renal disease versus not,
protein/creatinine (continuous variable), and either (1) patient ID (as a
composite of all variables that change minimally over time); or (2) age, sex,
and AAV subtype (GPA, MPA, CSS, or unknown). 

All analyses were performed using SAS 9.1 (SAS Institute) or InStat
(GraphPad Software).

RESULTS
Patient characteristics. As shown in Table 1, most patients
had GPA with anti-PR3 antibodies, had longstanding disease
(median duration 6.5 yrs at study enrollment), and were
being treated with immune-suppressive drugs at times of
both active disease and remission. Each patient was
classified into 1 of 3 groups (described above): active renal
disease, active nonrenal disease, and longterm remission.

Results of urinalyses were available for most visits
(Table 1). Hematuria (dipstick), proteinuria, and RBC were

each present during 74%–83% of episodes of active renal
disease, and there was always at least 1 such abnormality.
Hematuria was also seen during episodes of active nonrenal
disease (43% by dipstick, 33% by microscopy) and during
remission in 25% of visits across all 3 clinical groups. RBC
casts were rarely seen during remission or in active nonrenal
disease. RBC casts were reported in only 50% of cases of
active renal disease, although we could not determine in
how many cases a microscopic examination for casts was
performed by the investigator or a colleague. These results
highlight the challenge of assessing for active GN in this
cohort. Although “grumbling” renal disease cannot be ruled
out as a cause of hematuria in any individual sample, the
frequent finding of hematuria or proteinuria in patients
without progression of renal dysfunction during a prolonged
period of continuous remission, without escalation in
treatment, argues that in most cases these patients truly were
in remission.
Variation of marker concentrations during remission.
Trajectories of marker concentrations in individual patients
are shown in Figure 1. Baseline (remission) levels of all

Table 1. Characteristics of patients in this study.

Characteristic Active Renal, Active Nonrenal, Longterm Remission Total,
n = 20 n = 16 n = 14 n = 50

Sex
Female 8 8 4 20
Male 12 8 10 30

Age, yrs* 60 (48–67; 26–80) 50 (34–57; 17–71) 48 (40–56; 19–63) 52 (44–61; 17–80)
Disease

GPA 17 13 10 40
MPA 1 0 1 2
CSS 0 3 3 6
Unknown 2 0 0 2

ANCA specificity
PR3 17 11 7 35
MPO 1 1 2 4

Disease duration, yrs* 6.9 (3.6–9.1; 1.2–18) 4.9 (3.0–8.8; 0.6–21) 5.2 (2.9–11; 1.9–28) 6.5 (3.2–9.8; 0.6–28)
GFR* 59 (48–71; 24–78) 87 (74–99; 55–175) 71 (51–86; 25–115) 70 (52–86; 24–175)
Treatment: yes/no**

Active 15/4 14/2 NA 29/6
Remission 33/14 34/4 41/1 108/19

Proteinuria: yes/no**
Active 14/5 2/12 NA 16/17
Remission 14/31 4/29 9/31 27/91

Hematuria: yes/no**
Active 15/3 6/8 NA 21/11
Remission 13/31 7/25 8/30 28/86

RBC: yes/no**
Active 15/3 4/8 NA 19/11
Remission 10/28 8/20 9/31 27/78

RBC casts: yes/no**
Active 8/8 1/10 NA 9/18
Remission 3/28 0/26 1/35 4/89

* For age, disease duration, and GFR, numbers indicate median (25%–75%; range). ** Data on treatment and urinalyses are reported per sample, stratified
by the presence or absence of active vasculitis. Because of missing data, numbers do not always sum to the numbers of patients in the group. GPA: granulo-
matosis with polyangiitis; MPA: microscopic polyangiitis; CSS: Churg-Strauss syndrome; PR3: proteinase-3; MPO: myeloperoxidase; GFR: glomerular
filtration rate, ml/min per 1.73 m2. NA: not applicable; ANCA: antineutrophil cytoplasmic antibody; RBC: red blood cells.
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markers varied among patients (p = 0.004 for NGAL, p <
0.001 for the other 3 markers). Within-subject normal
biological variation (expressed as a CV) was estimated at
79% for AGP, 40% for KIM-1, 45% for MCP-1, and 56%
for NGAL. Between-subject variation was 56% for AGP,
85% for KIM-1, 104% for MCP-1, and 99% for NGAL.
Therefore, KIM-1, MCP-1, and NGAL all had indices of
individuality < 0.6, indicating that change in marker level
for a given person was more appropriate for analysis than
use of population reference intervals (“normal ranges”)39,40.

There was no significant association of any marker level
with time pre- or post-flare, and no significant differences
between levels at pre-flare and post-flare remission visits
(data not shown). Therefore, it was appropriate to average
all the remission values for each patient.
Sensitivity, specificity, likelihood ratio, and ROC curve for
change in marker level. All markers were significantly (p <
0.05) higher during active renal disease than remission in
the same patient (data not shown). We then analyzed how
well the fold-change from baseline distinguished disease
states in pairwise comparisons: active renal disease to
remission, active nonrenal disease to remission, and renal to
nonrenal active disease (Figure 2). Change in MCP-1
showed the best ability to distinguish active renal disease
from remission, with area under the ROC curve (AUC) =
0.93; a 1.3-fold increase in MCP-1 showed 94% sensitivity
(95% CI 74%–100%) and 89% specificity (95% CI

81%–93%), yielding positive likelihood ratio (LR) = 8.5 and
negative LR = 0.07. Change in AGP, KIM-1, or NGAL
showed more modest ability to distinguish active renal
disease from remission (AUC 0.71–0.75).

All 4 markers were also modestly but significantly higher
in nonrenal disease than in remission (AUC 0.52–0.73). No
marker showed a strong ability to separate active renal
disease from active nonrenal vasculitis (AUC 0.48–0.63),
but power for this analysis was low. Seven of the 14 samples
from patients with nonrenal flares showed increases in MCP
of at least 1.3-fold. It was impossible to determine whether
elevated marker levels during (apparently) nonrenal disease
reflected poor specificity or improved sensitivity, i.e., renal
involvement that was not apparent to the clinician.

Analyses limited to the 40 patients with GPA gave
similar results: AUC distinguishing active renal disease
from remission were almost identical to what was obtained
using the full dataset, and AUC continued to indicate modest
distinction of nonrenal vasculitis from remission (range
0.60–0.79) and poor distinction of renal from nonrenal
active vasculitis (range 0.42–0.61), with caveats regarding
limited power as above.
Effects of proteinuria, hematuria, and demographic and
disease-related factors on marker levels. The effect of
nonspecific proteinuria on marker concentrations was
measured using samples from patients clinically in
remission but with accurately measurable urine protein 

Figure 1. Trajectories of urinary biomarker concentrations in individual patients, divided into groups based on the presence of a flare of vasculitis with renal
involvement (left panels), flare without evidence of renal involvement (middle panels), or remission for at least 2 years (right panels). Flare was defined as
Day 0, and time before or after that visit was calculated for every other sample. For patients in longterm remission, the middle of the 3 visits was defined as
Day 0. Concentrations of all markers were divided by the urine creatinine concentration. AGP: alpha-1 acid glycoprotein; KIM-1: kidney injury molecule-1;
MCP-1: monocyte chemoattractant protein-1; NGAL: neutrophil gelatinase-associated lipocalin; Cr: urine creatinine.
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Figure 2. Ability of fold-change in biomarker concentration to distinguish active renal disease, active nonrenal disease, and
remission. Concentrations of all markers were divided by the urine creatinine (Cr) concentration. The marker level for each
sample was divided by the mean level during remission for each patient. Such fold-changes are shown in the left panels,
with patients divided into groups as in Figure 1. Receiver-operating characteristic curves (ROC; right panels) were calcu-
lated using fold-changes in marker levels as the independent variables and disease state (active renal disease vs remission)
as the dichotomous dependent variable; areas under the ROC curves (AUC) are shown. AGP: alpha-1 acid glycoprotein;
KIM-1: kidney injury molecule-1; MCP-1: monocyte chemoattractant protein-1; NGAL: neutrophil gelatinase-associated
lipocalin.
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(> 0.35 mg/ml). As shown in Figure 3A, there was a
moderate correlation between proteinuria and urinary
marker level for each of the biomarkers studied. Although
this analysis was limited by the small numbers of samples,
inclusion of data from samples with lower levels of
proteinuria did not change this interpretation: associations
showed strong statistical significance, but correlation coeffi-
cients were lower, consistent with increased noise at low
levels of proteinuria (Figure 4A).

MCP-1 was estimated to rise by 52–69 pg/mg creatinine
for each increase in the urine protein/creatinine ratio of 0.1.
However, active renal disease was still a significant
predictor of MCP-1 level after accounting for proteinuria,
using either multivariable models or adjusted MCP-1 levels
(data not shown).

Marker levels during remission did not differ signifi-
cantly in groups defined by the presence or absence of RBC
and/or protein on urinalysis (Figure 3B). The small number
of samples with abnormal urinalyses that also had high
levels of KIM-1 and MCP-1 had the highest protein/
creatinine ratios in the study (Figure 3A), suggesting that
kidney damage or proteinuria per se was the driver of

marker elevation, rather than unrecognized inflammation.
Marker levels also did not appear to differ among patients
with active nonrenal disease stratified by hematuria and/or
proteinuria, although power to make such an assessment
was low (Figure 3B).

In contrast to proteinuria, GFR did not correlate closely
with marker level during remission: Spearman correlation
coefficients ranged from 0.12 to 0.35 (Figure 4B).
Remission levels of KIM-1 were significantly correlated
with age (r = 0.39, p = 0.005), and remission levels of
NGAL were higher in females than males (p = 0.005; Figure
4C, 4D). Multivariable models confirmed that associations
of KIM-1 with age, NGAL with sex, and all 4 markers with
proteinuria persisted after adjustment for the other variables.
Such models also showed that association of MCP-1 with
active renal disease persisted after adjustment for other
variables, and that current treatment status was not
associated with marker levels (data not shown).

Marker levels in remission did not differ significantly
among patients with GPA, MPA, or CSS, although power to
detect such differences was low. Marker levels during active
renal disease could not be compared among the different

Figure 3. Association of urinary biomarker concentration with total urine protein concentration (A) and urinalysis results (B). A. Data points from the same
patients are connected by broken lines. Solid lines show results of linear regression, and correlation coefficients (r) are shown. Both marker and protein
concentrations were divided by urinary creatinine (Cr) concentrations, which is equivalent to simply plotting marker versus total protein concentration without
such normalization. B. All samples from patients in remission (top panels) or with active nonrenal vasculitis (bottom panels) that also had urinalysis data were
classified into 4 groups based on the presence of urinary red blood cells (RBC; by microscopy) and/or protein (on dipstick). P values from Kruskal-Wallis
tests are shown in the top panels; p values for comparisons in the bottom panels were all > 0.3, but power to detect differences was low. AGP: alpha-1 acid
glycoprotein; KIM-1: kidney injury molecule-1; MCP-1: monocyte chemoattractant protein-1; NGAL: neutrophil gelatinase-associated lipocalin.
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Figure 4. Relationship between urinary biomarker concentrations and urinary protein concentration (A), glomerular filtration rate (B), age (C), and sex (D).
Concentrations of all markers were divided by the urine creatinine concentration. Results of all samples are shown in the top set of panels in A; only data
from samples with urine protein/creatinine (Pr/Cr) between 0.15 and 0.7 are shown in the bottom set of panels in A. In B to D, the mean remission value for
each patient is plotted, and in B, glomerular filtration rate (GFR) was calculated at the last remission visit. Spearman correlation coefficients (r) and associated
p values are shown; in D, p values were determined by Wilcoxon rank-sum tests. AGP: alpha-1 acid glycoprotein; KIM-1: kidney injury molecule-1; MCP-1:
monocyte chemoattractant protein-1; NGAL: neutrophil gelatinase-associated lipocalin.
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subtypes of AAV, because only 1 patient with MPA (and
none with CSS) had active renal disease.

DISCUSSION
Urinary levels of MCP-1, AGP, KIM-1, and NGAL each
showed statistically significant increases during renal flares
among patients with AAV. MCP-1 showed the best discrim-
ination between active renal disease and remission. KIM-1,
NGAL, and AGP, despite being among the most promising
markers in other kidney diseases, have lower prospects for
clinical use in AAV.

There is a growing body of evidence that urinary MCP-1
is elevated in a variety of renal diseases41. Our results
largely confirm the findings of Tam, et al14 regarding
increased urinary MCP-1 coinciding with renal flares of
AAV, but with 3 important differences: (1) we observed
multiple cases of active renal disease in which MCP-1
concentrations fell within the range of values seen during
remission, likely because all the patients in our study were
experiencing relapses rather than being studied at diagnosis;
(2) we observed an association of urinary MCP-1 with
proteinuria among patients in remission, whereas Tam, et al
did not, although sample sizes in both studies were small;
and (3) we found elevated concentrations of MCP-1 in
multiple patients who had active AAV but no evidence of
active renal involvement.

There are 2 potential interpretations for elevations of
MCP-1 in active “nonrenal” disease: either urinary MCP-1
is not specific for GN in AAV, or it is a marker of early GN
not detected by standard clinical assessment methods as
interpreted by clinicians with expertise in vasculitis, and
thus has potential to improve care. Results of urinalyses
suggested that the latter explanation is plausible. A followup
study in which kidney biopsy is used as the gold standard
would be ideal.

Multiple studies have investigated circulating levels of
MCP-1. Tam, et al reported that serum MCP-1 was similar
in all study groups, which included patients with active GN,
active AAV without GN, remission, and healthy controls14.
Ohlsson, et al found higher levels of plasma MCP-1 in
patients with AAV compared to healthy controls, but the
difference was not significant after correction for renal
function17. Tomasson, et al found that plasma MCP-1 was
lower in patients with active GPA (regardless of status of
renal disease) than in the same patients in remission42.
These findings indicate that urinary MCP-1 is increased by
local inflammation in the kidney rather than increased
filtration of circulating MCP-1. Indeed, urinary MCP-1
levels correlate well with histologic changes and
recruitment of CD68-positive cells in experimental GN43.
Expression of MCP-1 was increased both in glomeruli and
the tubulointerstitium and in parenchymal and infiltrating
cells in biopsies from patients with GN due to AAV14.

Elevation of urinary MCP-1 in the absence of elevation

in the circulation is an advantage in considering potential
clinical use. Markers that are also elevated in serum or
plasma, which have included TNF, IL-6, IL-8, VCAM-1,
and TIMP-1 in previous studies15,16, should ideally be
measured in urine and serum/plasma simultaneously, with
calculation of fractional excretion15.

The main limitation of our study is its size, which
reduced the precision of estimation of the tests’ abilities to
distinguish disease states. However, the fact that this small
sample size was sufficient to find significant differences
indicates that additional research is worth pursuing. We also
cannot guarantee that the assessment of the urine sediment
was of maximal accuracy (as might be achieved through a
standardized review of slides or photographs by multiple
skilled nephrologists). However, all the investigators are
experienced in this technique and confer with nephrologist
colleagues in cases of uncertainty, and our definition of
active renal disease (an expert clinician’s interpretation of
standard clinical data) is more relevant to clinical practice
than a more rigorous protocol would be. Assessment for
differences between subtypes of AAV and for direct effects
of treatment independent of disease activity was also
limited. In addition, before urinary MCP-1 could be used
clinically, effects of preanalytical factors such as time of
collection, sample processing and storage, and urine pH
would need to be determined, as would levels in renal and
urologic conditions other than GN.

The strengths of the study include testing of multiple
specimens from each patient, linkage of those data to
detailed clinical data that had been collected prospectively
in a standardized manner, and study of patients in
different clinical states. This study design allowed us to
estimate within-subject normal biological variation and
between-subject variation, and thereby determine that estab-
lishing a baseline for each patient may be essential for any
future use of urinary MCP-1 clinically. The importance of
these factors is well known to professionals in laboratory
medicine36,44 but, we suspect, underappreciated by trans-
lational researchers interested in developing new laboratory
tests.
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