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Abstract We hypothesized that neutrophil gelatinase-
associated lipocalin (NGAL) is an early predictive bio-
marker of disease activity in lupus nephritis. NGAL in
serial plasma (PNGAL) and urine (UNGAL) samples was
measured by enzyme-linked immunosorbent assay (ELISA)
in 85 participants with pediatric systemic lupus erythema-
tosus (pSLE), healthy children (n=50), and children with
juvenile idiopathic arthritis (JIA) (n=30). Disease activity
was measured by the Systemic Lupus Erythematosus
Disease Activity Index (SLEDAI). Plasma and urinary
NGAL were significantly increased in subjects with pSLE
compared with those with JIA or with healthy controls (all
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»<0.03), and unrelated to subjects’ age, weight, or height.
Plasma and urinary NGAL were stable in pSLE subjects
with unchanged disease activity. The pSLE subjects with
worsening global or renal disease activity had a mean +
standard error (SE) increase of UNGAL (in ng/ml) of 11.5+
6.4 or 36.6£12.1 (p<0.01), corresponding to a 156% or
380% increase, respectively. PNGAL increased with wors-
ening disease but to a much lesser degree than UNGAL
[global disease activity (mean + SE): 7.3+6.2 or 21%); renal
disease activity: 20.2+6.0 or 51%; both p=not significant].
In conclusion, NGAL in urine but not in plasma represents
a novel biomarker for renal disease activity in pSLE.
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Introduction

Renal involvement is one of the main determinants of poor
prognosis of systemic lupus erythematosus (SLE) [1] and is
more frequently encountered in children than in adults with
SLE. Currently available renal biomarkers, i.e. measures of
the degree of SLE renal disease activity and severity, are
too insensitive to allow for early identification of patients
with active SLE nephritis, prohibiting timely initiation of
therapy to avoid permanent renal damage [2]. Randomized
clinical trials in SLE are hindered by the lack of high-
quality biomarkers to verify the effects of therapies within a
short period of time [3].

Neutrophil gelatinase-associated lipocalin (NGAL) is a
member of the lipocalin family of proteins that has been
extensively studied in acute kidney injury [4]. NGAL is one
of the most robustly expressed proteins in the kidney
following ischemic or nephrotoxic injury in both animals
[5-9] and humans [10-13]. Importantly, a recent prospec-
tive pediatric study demonstrated that concentrations of
NGAL in urine and plasma represent novel, sensitive, and
specific biomarkers for early identification of acute kidney
injury following cardiac surgery [13]. Our previous
preliminary data also suggest that urinary NGAL levels
are markers of renal disease activity and renal damage in
children with pediatric SLE (pSLE) [14].

Plasma NGAL concentrations are elevated in patients
with atherosclerosis, ovarian cancer, and systemic vasculitis,
including Kawasaki syndrome [15-18], whereas plasma
NGAL levels in pSLE have not been investigated. In this
study, we hypothesized that both urinary and plasma NGAL
change with renal disease activity. The purpose of this
study, therefore, was to assess the relationship of urine and
plasma NGAL levels with disease activity in pSLE with a
special emphasis on nephritis.

Methods
Patients

With approval of the institutional review boards of the
participating institutions, children fulfilling American College
of Rheumatology Classification Criteria for SLE [1] prior to
the age of 16 years were studied during routine visits to the
pediatric rheumatology and lupus clinics. A convenience
sample of 30 children diagnosed with juvenile idiopathic
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arthritis (JIA) [19] were recruited as disease controls.
Samples of healthy controls (#=50) were obtained from the
Cincinnati Genomic Control Cohort assembled by the
Cincinnati Children’s Hospital Medical Center.

Study design

The medical record was reviewed to screen for preexist-
ing renal disease in subjects with JIA and to obtain
pSLE-specific information. Review of system information
and the results of routine laboratory testing at the time of the
study visits were recorded. Relevant demographic data of
all participants were obtained, as was information on
medication regimens. NGAL levels were assessed cross-
sectionally in all subjects (pSLE subjects, JIA controls,
healthy controls) and over time in the 52 pSLE subjects
with available NGAL testing over time in 3 month
intervals.

Laboratory testing for NGAL

NGAL levels in urine and plasma were quantified by
enzyme-linked immunosorbent assay (ELISA) using an
NGAL ELISA kit (Kit 036; AntibodyShop, Grusbakken,
Denmark) that specifically detects human NGAL. The
assay was performed as per the manufacturer’s protocol.
Briefly, 100 pl of NGAL standards or diluted samples
(urine or plasma) were applied to the precoated microwells
in duplicates. Microwells were then incubated for 1 h at
room temperature and then washed with washing buffer. In
succession, biotinylated NGAL antibody and horseradish
peroxidase (HRP)-streptavidin were incubated in the wells
for 1 h each with shaking at 200 rpm. Tetramethylbenzidine
dihydrochloride (TMB) substrate was added for 10 min in
the dark before adding stop solution. Finally, NGAL
concentration was measured at 450 nm wavelength in each
well, with reference reading at 620 nm in blank wells. The
intra-assay coefficients of variation were 2.1% (range: 1.3—
4.0%) and 3.0% (range: 1.2-4.0%) in urine and plasma,
respectively. Interassay variation was 9.1% (range: 6.8—
18.1%) and 8.2% (range: 2.2—11.2%) in urine and plasma,
respectively. Urine creatinine was measured using quanti-
tative colorimetric Microplate Assay Kit (Oxford Biomedical
Research, Oxford, M1, USA) to standardize urinary NGAL for
changes in urine concentration. Urinary NGAL (UNGAL)
excretion is presented as the amount of urinary NGAL in
nanograms per milliliter (ng/ml) urine (UNGAL-ml), as well
as urinary NGAL in nanograms per milligram (ng/mg) of
urine creatinine to correct for differences in NGAL due to
urine dilution (UNGAL-crea). The concentration of NGAL in
the plasma (in ng/ml plasma) is referred to as PNGAL. All
measurements were made in triplicate and in a blinded
fashion.
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Information obtained for pSLE subjects

Changes in global disease activity were measured by the
Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI-2K) [20]. Extrarenal disease activity was defined
as the summary score of the SLEDAI-2K excluding the
scores accrued in the renal domain of the SLEDAI-2K.
Renal disease activity was defined as the sum of the
SLEDAI-2K scores accrued in the renal domain of the
measurement. Higher SLEDAI-2K scores represent more
active disease.

All participating centers perform kidney biopsies on any
pSLE patient who has abnormal urinalyses that cannot be
explained by mechanisms other than SLE. Because some
renal biopsies were obtained prior to the introduction of the
new classification system of SLE nephritis [21], the original
system was used [22].

Laboratory testing recorded for the study included blood
urea nitrogen (BUN), serum creatinine, urinalysis and urine
microscopy, urinary protein to creatinine ratio, serum
complement levels C3 and C4 (categorized as normal or
low), hemoglobin, erythrocyte sedimentation rate (ESR),
and titers of anti-dsDNA antibodies (Crithidia or Farr assay;
categorized as negative or positive/elevated).

Worsening (flare) of overall (renal) pSLE disease course
between visits was measured in two ways. First, we
recorded physician-rated worsening of global (renal) disease
as defined by an increase in the scores of the disease activity
estimate on a physician visual analog scale (MD-VAS; range
0-10). Second, we determined any increase in the scores of
the overall (renal domain) score of the SLEDAI-2K. Global
disease activity was considered unchanged or improved in
cases where the MD-VAS or the SLEDAI-2K suggested that
the pSLE subject’s disease was stable or improved, respec-
tively. Additionally, physicians completed a Likert scale to
indicate whether there were global (renal) flares, stable
global (renal) disease, or improving global (renal) disease
between study visits.

Control population

Plasma and urine specimens from healthy controls were
generously donated by the Cincinnati Genomic Control
Cohort. Information on the review of systems as well as
demographic information was available. For participants
with JIA, the results of routine urinalyses and serum
creatinine testing ordered to screen for nonsteroidal anti-
inflammatory drug (NSAID)- and/or methotrexate-related
toxicity were recorded. In addition, information pertaining
to subject demographics and the JIA core response
variables was obtained [23], including ESR, physician-
rated disease activity (VAS 0-10), and the number of joints
with active arthritis and those with limited range of motion.

Data analysis

EXCEL XP (Microsoft Inc., Redmond, WA, USA) and
SAS 9.1 (SAS Institute Inc., Cary, NC, USA) were used for
analysis. Means and standard errors (SE) values were
calculated as measures of central tendency. Groups of
patients were assessed for statistically significant differences
using analysis of variance (ANOVA). For pSLE subjects,
plasma and urinary NGAL levels, the values of laboratory
parameters (serum creatinine, glomerular filtration rate,
proteinuria, urinary protein to creatinine ratio, titers of anti-
dsDNA antibodies, hemoglobin), and scores of disease
measures [SLEDAI-2K, British Isles Lupus Activity Group
(BILAG) index, Systemic Lupus International (SDI)] were
correlated using Spearman’s correlation coefficients (7).
Mixed models correcting for differences in gender and race
were used to assess changes of NGAL for important
differences over time in the subset of cSLE subjects with
available longitudinal data. Post hoc testing was performed
with the Tukey procedure.

Results
Pediatric SLE subjects

Data of 85 subjects with pSLE were available, and 52 of
them had at least one follow-up visit (total number of visits:
132). The demographic information of pSLE subjects is
summarized in Table 1 and results of their laboratory
testing are shown in Table 2. The mean time + SE between
the first study visit and the time of renal biopsy was
2+0.35 years for those subjects who had biopsies (n=48).

At baseline, the mean+SE of PNGAL, UNGAL-ml, and
UNGAL-crea of pSLE subjects was 63.6+4.7, 44.6+7.3,
and 29.2+4.6, respectively. UNGAL was unrelated to
PNGAL (r<0.13; p=NS), whereas UNGAL-ml was strong-
ly correlated with UNGAL-crea (r=0.8; p<0.0001).

JIA controls

Thirty children with JIA (female:male=27:3; mean + SE
age 15.6%0.1 years) participated in the study. There were
four African American and 26 Caucasian subjects with JIA.
These subjects were treated with NSAIDs alone (n=2),
methotrexate (MTX) alone (n=8), or the combination of
NSAIDs and MTX (n=12). Eleven JIA subjects were
treated with biologic medications (etanercept, abatacept,
infliximab, adalimumab) alone or in combination with
NSAIDs and/or MTX. The mean = SE number of active
joints and joints with limited range of motion was 2.3+0.3
and 1.7+£0.1, respectively; ESR or C-reactive protein (CRP)
levels were elevated in seven (25%) of the 24 JIA controls
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Table 1 Demographics and
disease outcomes of subjects
with pediatric systemic

lupus erythematosus (pSLE)

SE standard error, NSAIDs
nonsteroidal anti-inflammatory
drugs, WHO World Health
Organization

* TFive subjects were treated
with cyclophosphamide at the
time of study enrollment

® Two subjects with transient
renal disease as per treating
physician did not have a renal
biopsy

¢ The biopsies of three patients
showed considerable overlap of

Parameter Number Percent Mean (SE)
of total
Gender (female:male) 72:13 85 85: 15
Race American Indian 3 4
Asian 11 13
African American 27 32
Pacific Islander 1 1
Caucasian 42 49
Other 1 1
Ethnicity Hispanic 9 11
Non-Hispanic 76 89
Age (in years) 15.5 (0.52)
Disease duration (in years) 5.8 (1.76)
Current medications Prednisone 65 76 17 mg/day (1.9)
Hydroxychloroquine 70 82
Azathioprine, mycophenolate 47 55
mofetil
Cyclophosphamide® 21 25
Aspirin, NSAIDs 19 22
Angiotensin-blocking agents 29 34
Renal biopsies None available® 37
WHO class 11 1
WHO class 111 8
WHO class IV© 23
WHO class V 16

Time since renal biopsy
(in years)

2 (0.35)

WHO IV and WHO V nephritis

with available data. None of the JIA controls had a history
of chronic or recent acute urinary tract infection, and all had
normal urinalyses and normal serum creatinine levels.

The mean+SE of PNGAL, UNGAL-ml, and UNGAL-crea
were 60.7£9.7, 24+3.8, and 17.5+3.1, respectively. There
was no apparent relationship between UNGAL and PNGAL
in JIA (#<0.1; p=NS). PNGAL and UNGAL (UNGAL-ml
or UNGAL-crea) were unrelated to physician-rated JIA
disease activity (MD-VAS with range 0-10) and the weekly
dose of MTX. Furthermore, NGAL in plasma or urine did
not differ with exposure to NSAIDs or biologic medications.

Healthy controls

The 50 healthy children (female:male=28:22) had a mean+
SE age of 14.8+0.05 years. There were 16 African American
and 34 Caucasian healthy controls. The mean+SE of
PNGAL, UNGAL-ml, and UNGAL-crea were 71.4%0.6,
15+0.4, and 7.9+0.2, respectively.

Cross-sectional differences in NGAL levels between pSLE
subjects and controls

Using ANOVA and Tukey post hoc testing, differences in

NGAL levels between groups of subjects (pSLE, JIA
subjects, and healthy children) were assessed. UNGAL
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did not differ significantly between JIA and healthy
controls. Conversely, pSLE subjects had significantly
higher UNGAL-ml (p<0.003) and UNGAL-crea than did
controls (p<0.0001). With respect to PNGAL, JIA controls
had significantly higher levels than did healthy controls
(»<0.03), and pSLE subjects had significantly higher levels
than did subjects with JIA (p<0.03). Irrespective of
diagnosis (JIA, pSLE, or healthy), NGAL (urine or plasma)
did not differ with patient weight, height, or age. Among
PSLE subjects, Caucasians had a trend toward lower NGAL
(urine and plasma); the same was true for male compared
with female pSLE subjects (p=NS). UNGAL but not
PNGAL correlated with the blood pressure of JIA and
pPSLE subjects (all »>0.32; p<0.002).

NGAL: relationship to pSLE disease features

Correlation of NGAL with select pSLE laboratory
parameters and treatments

NGAL (urine and plasma) was unrelated to the daily dose
of prednisone, creatinine clearance, complement C3 and C4
levels, and ESR (all r<0.2). There was a significant
correlation between the urine protein:creatinine ratio and
PNGAL (Spearman correlation coefficient 2=0.2; p=0.03),
UNGAL-ml (+*=0.3, p=0.003), and UNGAL-crea (*=
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Table 2 Disease measures and laboratory testing results of subjects with pediatric systemic lupus erythamutosus (pSLE)

SLE disease parameter Number Mean (SE) Definition of presence of abnormal Number (%) of tested patients
value with abnormal values
Laboratory measures
Erythrocyte sedimentation rate 68 23 (2.5) Increased level of ESR 48 (70)
Serum creatinine 85 Increased serum creatinine level 34
of age or weight
Serum complement C3 or C4 85 Decreased level of C3 and/or C4 46 (54)
Anti-ds-DNA antibodies levels 57 Elevated levels of anti-dsDNA 50 (88)
antibodies (Crithidia)
Protein/creatinine ratio 85 0.93 (0.26) Urine protein/creatinine >0.2 28 (33)
Hematuria 85 At least 5 RBC/HPF 14 (16)
Pyuria 85 At least 5 WBC/HPF 13 (15)
Granular or hemegranular casts 85 At least 1 cast/HPF 15 (18)
Disease Indices
Global disease activity 85 5.3 (0.55) SLEDALI score >0
Renal disease activity — SLEDAI 85 2.1 (0.42) Renal domain SLEDAI score >0 26 (31)
Extrarenal disease activity — 85 3.21 (0.32) Extrarenal domain SLEDAI 65 (76)
SLEDAI score >0
Global disease damage (SDI) 85 0.56 (0.13) SDI >0 25 (29)
Extrarenal damage 85 0.05 (0.02) Extrarenal domain SDI score >0 23 (27)
Renal damage 85 0.05 (0.02) Renal domain SDI score >0 4 (5)
MD assessment of global 85 2.34 (0.19) Visual analog scale >0 ; range 0-10 13 (15)
disease activity
MD assessment of renal 85 5.44 (0.51) Visual analog scale >0; range 0—10 19 (22)

disease activity

SE standard error, SDI Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index, MD physician,
ESR erythrocyte sedimentation rate, RBC red blood cells, WBC white blood cells, HPF high-power field, SLEDAI Systemic Lupus Erythematosus

Disease Activity Index, version 2 k

0.43, p=0.001). NGAL (urine and plasma) levels did not
significantly differ with the use of immunosuppressive
medications. There was a trend toward higher UNGAL in
subjects treated with angiotensin-blocking drugs (for
UNGAL-crea: 42+8.2 vs. 24+5.4; p=NS). Among the
laboratory indicators tested, PNGAL was only weakly
correlated to the pSLE subjects’ ESR (#=0.22; p=0.06).

Plasma NGAL and disease activity

The pSLE subjects with inactive disease (SLEDAI-2K=0)
had somewhat lower PNGAL than those with active disease
(54.5+£10.3 vs. 65.3£5.1; p=NS). PNGAL did not differ
significantly between pSLE subjects with vs. without active
renal disease activity (62.5+7.3 vs. 64.1+£5.9; p=NS).
There was a trend towards higher PNGAL with active vs.
inactive extrarenal disease activity (65.9+5.3 vs. 56.1£9.5;
p=NS).

Urinary NGAL and disease activity
UNGAL correlated moderately with renal disease activity

as measured by the SLEDAI-2K (for UNGAL-crea: r=0.4;
p<0.008). The mean+SE of UNGAL-crea was 45.4+11.6

with active renal disease activity and only 21.7£3.7 in
subjects with inactive lupus nephritis (p=0.02); the mean+
SE of UNGAL-crea differed with active vs. inactive global
disease activity (SLEDAI >0 vs. SLEDAI = 0; 31.7+5.2 vs.
15.6+£7.3; p=0.06). UNGAL-crea did not change with
extrarenal disease activity (active vs. inactive extrarenal
SLEDAI >0 vs. = 0: 65.34+5.1 vs. 54.5+7.3; p=0.2).

NGAL and findings on renal biopsy

Renal damage as measured by the SDI was present in only
four subjects, hence rare in this cohort. UNGAL-crea but
not UNGAL-ml or PNGAL differed between groups of
PSLE subjects with various degrees of renal involvement
[based on World Health Organization (WHO) class] when
compared by ANOVA (p<0.02). When analyzing only the
12 subjects whose kidney biopsy was performed within 2
months of NGAL measurement, the NGAL values differed
significantly between subjects with WHO class IV vs. class
V lupus nephritis. The mean (SE) of PNGAL, UNGAL-ml,
and UNGAL-crea with WHO class IV lupus nephritis (n=7)
was 95 (19), 60 (27), and 58 (17) respectively, compared
with subjects with class V lupus nephritis (z=5) with
corresponding values of 49 (11), 16 (4), and 10 (3),
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respectively. There was a statistically significant difference
in UNGAL-crea between class IV and class V by
nonparametric ANOVA (p=0.02).

Relation of NGAL with worsening in disease activity
over time in pSLE

Changes of PNGAL in relation to worsening disease
activity are summarized in Fig. 1 and those of UNGAL
are shown in Fig. 2 using UNGAL-ml as an example (as
UNGAL-crea showed similar relationships to changes in
disease activity).

PNGAL and worsening of pSLE

Similar trends were observed for both relative (% change of
PNGAL) and absolute changes of PNGAL over time. PNGAL
increased particularly with worsening renal disease activity
(MD-rated, SLEDAI-renal). For example, PNGAL increased
by 40% or a mean+SE (ng/ml) 51£19.4 with worsening

Fig. 1 Mean+standard error 35 1
(SE) of absolute changes in
plasma neutrophil gelatinase- 30 4

associated lipocalin (NGAL) are
depicted in the upper panel and
the mean+SE of percentage
changes of plasma NGAL are
shown on the lower panel with
changes in global and renal
disease activity. Plasma NGAL
increased with worsening of
global but less pronounced as
with worsening of renal disease
activity. Increases in plasma
NGAL varied widely, and after
correction for differences in
NGAL levels for race and
gender in mixed model analysis, 0

25 1

20 A

Change of Plasma NGAL (ng/ml)

SLEDAI-renal scores. Irrespective of the external standard
considered (MD-VAS, SLEDAI-2K), none of these PNGAL
changes reached statistical significance (Fig. 1).

UNGAL and worsening of pSLE

UNGAL levels often increased significantly with worsen-
ing of global disease activity but particularly increased with
worsening renal disease activity (Fig. 2), irrespective of the
external standard used (MD-VAS, SLEDAI-2K). For
example, with increasing renal disease activity (renal
SLEDAI-2K) mean+SE of UNGAL-ml and UNGAL-crea
rose by 380% and 125% or 27+12 and 948, respectively
(all p<0.01).

NGAL and physician-rated clinically significant changes
in renal disease

A Likert scale was completed by the treating physician to
indicate whether pSLE subjects’ renal disease had im-

Worse
B Unchanged or improved

none of the changes reached Global
statistical significance at p<0.05
in mixed-model analysis. Also

see legend, Table 2 80 1

70 A

60 A

50 A

40 1

30 A

% Change of Plasma NGAL

20 A

MD assessment of Disease activity

Renal Global Renal

SLEDAI Score

Total

@ Springer

MD assessment of Disease activity

Renal Total Renal

SLEDAI Score
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Fig. 2 Mean=+standard error 60 - ok 7 Worse
(SE) of absolute levels of neu- W Unchanged or improved
trophil gelatinase-associated lip- = 504 ok
ocalin (NGAL) (ng/ml urine) in £
the urine increased significantly 2
with worsening of renal disease = 40 1
activity (p<0.01), irrespective of % *
the external standard [physician 5 30 1
visual analog scale (MD-VAS) 9
assessment or renal domain S 20
score of the Systemic Lupus 5
Erythematosus Disease Activity 10 1
Index (SLEDAI-2k)] chosen
(upper panel). The same was 0
true when the mean+SE of
relative changes (%) were con- Global Renal Global Renal
sidered (lower panel). Although MD Assessment of Disease activity SLEDAI Score
urinary NGAL increased with
worsening of global or overall *k
disease activity, such changes 600 ~ @ Worse
were less pronounced and only B Unchanged or improved
reached statistical significance 500 A ok
when the MD global assessment -
was used as external standard. é 400 -
Also see Table 2 legend; z
* p<0.05 based on mixed mod- 3 300 *
els correcting for race, gender; 2 i
** p<0.01 based on mixed 2
models correcting for race, :3 200 A
gender °
100 A
0
Global Renal Global Renal
MD Assessment of Disease activity SLEDAI Score

proved (n=16), worsened (n=8), or was stable (n=17)
between visits. The mean+SE of PNGAL decreased by
10.6+£2.0 with renal improvement, decreased by 22.6+11
with renal flare, and increased by 4.9+0.7 when renal
disease was considered to be stable. The respective changes
of UNGAL-ml were —56.8+6.0, +26.8+12.3, and —14.9+
0.5; and of UNGAL-crea —51.5+6.2, +7+7.7, and —5.6+0.5.
Figure 3 provides a comparison of the relative (%) changes
of NGAL in plasma and urine with changes in renal disease
activity as PNGAL remained relatively stable despite
changes in renal disease. This is different from changes in
UNGAL-ml and UNGAL-crea, which increased by 340%
and 129% with renal flares, whereas with improving renal
disease, UNGAL-ml and UNGAL-crea decreases of 47%
and 10% were observed, respectively. On average, only
small increases of UNGAL occurred in pSLE subjects
whose renal disease was considered unchanged. Differences
in UNGAL-ml and UNGAL-crea, but not those of PNGAL,
reached statistical significance at p<0.01 and p<0.05,
respectively.

Changes in other renal disease measures over time

Complement levels (C3, C4) and the protein:creatinine ratio
changed with disease course but to a lesser degree, as
shown in Table 3.

Discussion

Our cross-sectional and longitudinal data indicate that
urinary NGAL rather than plasma NGAL is closely related
to worsening global or renal disease activity in pSLE.
Irrespective of whether urinary NGAL excretion was
standardized for urinary creatinine excretion (UNGAL-
crea) or not (UNGAL-ml), worsening renal disease activity
resulted in marked increases of UNGAL. Plasma concen-
trations of NGAL fluctuated widely in pSLE, and there was
no significant increase with renal disease activity change.
Our previous research supports that UNGAL may be a
new sensitive biomarker of lupus nephritis, with increased
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Fig. 3 Mean=standard error (SE)
of relative (%) changes in neutro-
phil gelatinase-associated lipoca-
lin (NGAL) with changes of lupus
nephritis as judged by the treating
physician are depicted for (1)
plasma NGAL, (2) urinary
NGAL, and (3) urinary NGAL
corrected for urinary creatinine.
Mean+SE of changes of NGAL in
plasma were small compared with
those of NGAL excreted in urine
and did not reach statistical
significance. * p<0.05 based on
mixed models correcting for race,
gender; ** p<0.01 based on
mixed models correcting for race,
gender

350% A

325% A

300% -

275% A

250% -

225%

200% -

175% -

150% -

125% -

100% -

% Change of NGAL concentration

75% A

50% -

25% -

0% -

-25% A

-50% -

Plasma (ng/ml)

levels present in both patients with active lupus nephritis or
renal damage due to pSLE. In the current cohort with its
relative short disease duration of 5.8 years of subjects with
renal biopsy-proven lupus nephritis, disease damage was
rare, prohibiting a statistical analysis of the relationship of
disease damage and NGAL. As in our previous study,
UNGAL was related to disease damage in pSLE [14]. This
is supported by a recent publication by Pitashny et al. who

-16%

*%
340%

7

W Renal improvement
ERenal flare

ONo change in renal disease acitivty

129%

42%

17%

-47% %

Urine (ng/ml) Urine (ng/mg creatinine)

correlated UNGAL in adult SLE patients with renal
parameters of disease activity and severity [24].

UNGAL elevations have been noted with several other
renal diseases and are not specific for pSLE [25-27]. We
speculate that UNGAL in pSLE nephritis is produced
principally by the injured tubule cells, in direct proportion
to the degree and severity of disease. Our studies do not
rule out contributions from other cell types, such as

Table 3 Changes of complement levels and urine protein:creatinine ratio over time®

Type of change

Absolute change (SE) in
protein:creatinine ratio

% (SE) change of complement®

MD-rated change in global disease activity Worse

Better or same
MD-rated change in renal disease activity Worse

Better or same
Total SLEDALI score between visits Worse

Better or same
Renal SLEDALI scores between visits Worse

Better or same

c3 c4
+1% (2%) +15% (9%) ~0.06 (0.04)
+6% (10%) +26% (9%) ~0.23 (0.06)
~4% (7%) ~15% (10%) +1.6 (0.15) ®
+28% (3%) +48% (4%) ~0.61 (0.05) ®
0% (1%) +30% (5%) +0.1 (0.22)
+45% (6%) +56% (6%) ° ~0.25 (0.08)
7% (4%) ~10% (15%) +0.1 (0.12)
+13% (1%) +34% (2%) ~0.55 (0.05) °

MD physician, SLEDAI Systemic Lupus Erythematosus Disease Activity Index, SE standard error

* For legend please see Table 1
® p<0.05 in mixed models correcting for race and gender

¢ Complements were not measured by a central laboratory. Thus different ranges of normal were present, making % changes the more relevant

group comparator
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neutrophils [15] or inflamed vasculature [28], as sources of
UNGAL in pSLE. However, the fact that UNGAL
excretion levels correlated with the markers of renal disease
activity as well as changes in renal disease activity and
involvement much stronger than with global disease
activity as well as the changes in global disease activity,
suggests that the renal epithelial cells are the major source
of NGAL detected in urine. In addition, NGAL produced
elsewhere in the body is thought to be almost completely
reabsorbed by the kidneys at the level of the proximal
tubule, unless there is concomitant renal injury [13, 29].
This is supported by the observation that PNGAL and
UNGAL levels correlated only weakly with each other in
pSLE. Additional support is provided by the observation
that healthy controls and children diagnosed with JIA who,
despite requiring anti-inflammatory and potentially nephro-
toxic medications, have very low UNGAL levels.

Our data support previous reports that NGAL levels do
not differ with patient age, gender, or race [13, 24, 29]. The
trend toward higher NGAL levels among African Americans
may be due to their higher prevalence of nephritis compared
with the participating Caucasian patients with pSLE (28/37=
75% vs. 22/42=52%; p=NS).

Previous studies have indicated that UNGAL is a
predictive biomarker for acute kidney injury. UNGAL
measured at 2 h after an ischemic insult are 98% sensitive
and 100% specific in predicting acute kidney injury up to
several days later [13]. Although our results provide firm
support of NGAL changes with worsening of lupus
nephritis, and our previous studies support that UNGAL
is very sensitive and specific for identifying pSLE patients
with biopsy-proven nephritis, active renal disease and renal
damage [14], the paucity of longitudinal data did not allow
us to effectively test for the predictive properties of NGAL
in pSLE.

In exploratory analysis, PNGAL levels were markedly
and significantly increased with neurological and vascular
disease activity as measured by the BILAG index [30].
However, this was based on few observations and not the
primary focus of our research. Of note, renal-specific
changes of NGAL persisted irrespective of whether the
SLEDAI-2K or the BILAG index was used to measure
pSLE disease activity.

NGAL excretion in relationship to cyclophosphamide
therapy requires further investigation, as alkylating agents
are known to cause uroepithelial injury. However, corrected
for renal disease activity, NGAL levels of the five subjects
treated with cyclophosphamide at the time of the NGAL
measurement did not differ from those of pSLE subjects
who previously received cyclophosphamide or had never
been exposed to the drug (data not shown).

A limitation of this study may be that renal biopsies were
often not obtained in close timely relationship to the study,

limiting their suitability to serve as an external standard for
NGAL validation. This is because renal histology can
change rapidly with therapy, and current laboratory markers
are not suitable to accurately estimate the degree of lupus
nephritis. However, in the limited number of subjects
examined with kidney biopsies obtained within 2 months
of NGAL measurement, the UNGAL levels appeared to
discriminate between WHO class IV and class V lupus
nephritis, UNGAL levels being significantly greater in
subjects with class IV disease. However, this finding needs
to be confirmed in larger studies.

Another limitation is that additional validation studies
based on larger longitudinal data sets are required to
construct receiver operating characteristic curves in an
effort to specify clinically relevant changes of UNGAL
that are indicative for SLE renal flares. Especially important
will be to examine the predictive properties of NGAL, e.g.
to delineate whether rises of UNGAL are indicative of
future renal flares, and whether urinary NGAL levels rise
before C3 levels fall or before serum creatinine or
proteinuria increase.

In summary, we present evidence that UNGAL repre-
sents a high-quality biomarker for SLE renal disease.
Although these data have been obtained in young patients
with pSLE, NGAL measurement may also be useful for
older adults with SLE given the similarities in the
underlying disease processes of both pSLE and adult-onset
SLE. Additional research is required to further characterize
the measurement properties of UNGAL in children and
adults with SLE.
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