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ABSTRACT

Introduction: It has been demonstrated that urinary neutrophil gelatinase-associated lipocalin
(NGAL) and calprotectin are helpful biomarkers in the differentiation of intrinsic and prerenal
acute kidney injury.

Objective: The present cross-sectional study investigates, whether urinary biomarkers are able
to differentiate primarily inflammatory from non-inflammatory entities in chronic kidney dis-
ease (CKD).

Methods: Urinary calprotectin, NGAL, and kidney injury molecule-1 (KIM-1) concentrations were
assessed in a study population of 143 patients with stable CKD and 29 healthy controls. Stable
renal function was defined as an eGFR fluctuation <5ml/min/1.73 m? in the past 12 months.
Pyuria, metastatic carcinoma, and renal transplantation were regarded as exclusion criteria.
Diabetic nephropathy, hypertensive nephropathy, and polycystic kidney disease were categorized
as ‘primarily non-inflammatory renal diseases’ (NIRD), whereas glomerulonephritis and vasculitis
were regarded as ‘primarily inflammatory renal diseases’ (IRD).

Results: Urinary calprotectin and NGAL concentrations significantly differed between CKD and
healthy controls (p < 0.05 each), whereas KIM-1 concentrations did not (p=0.84). The three bio-
markers did neither show significant differences in-between the individual entities, nor the two
categories of IRD vs. NIRD (calprotectin 155.7 vs. 96.99 ng/ml; NGAL 14 896 vs. 11 977 pg/ml;
KIM-1 1388 vs. 1009 pg/ml; p > 0.05 each). Albumin exceeds the diagnostic power of the investi-
gated biomarkers by far.

Conclusions: The urinary biomarkers calprotectin, NGAL, and KIM-1 have no diagnostic value in
the differentiation of primarily inflammatory vs. non-inflammatory etiologies of CKD.

Abbreviations: ACR: albumin-creatinine ratio; ADPKD: autosomal-dominant polycystic kidney dis-
ease; AKI: acute kidney injury; AUC: area under the curve; CKD: chronic kidney disease; DAMP:
danger associated molecular pattern protein; eGFR: estimated glomerular filtration rate; ELISA:
enzyme-linked immunosorbent assay; IQR: interquartile range; IRD: inflammatory renal diseases;
KIM-1: kidney injury molecule 1; NGAL: neutrophil gelatinase-associated lipocalin; NIRD: non-
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Introduction

A kidney biopsy is the only possibility to establish a def-
inite diagnosis of an individual's renal disease. The histo-
logical identification of glomerulonephritis or vasculitis
allows the initiation of a specific therapeutic interven-
tion like immunosuppression. In contrast, hypertensive
or diabetic nephropathy is primarily managed by unspe-
cific measures like control of blood pressure, diabetes,
and hyperlipidemia. Hence, these subjects do not

benefit from kidney biopsy. The selection of patients
with chronic kidney disease (CKD), who should undergo
a kidney biopsy, constitutes an unresolved challenge.
Today, the decision to perform a biopsy in a hyperten-
sive or diabetic subject is usually based on clinical scen-
arios like microscopic hematuria, nephrotic range
proteinuria, impairment of renal function with diabetes/
hypertension of short duration, or a rapidly worsening
glomerular filtration rate (GFR) in previously stable
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subjects [1]. The definition of these clinical scenarios
varies substantially between individual nephrological
institutions. It is therefore not surprising that, for
example, the rate of reported biopsy-proven coinciden-
tal renal diseases in diabetics varies ranging from 3 to
83% [2,3]. There is an unmet clinical need for a diagnos-
tic tool, that allows identification of subjects, that would
profit from an individualized immunomodulatory ther-
apy in the setting of stable CKD, hence probably need-
ing a kidney biopsy to reliably determine the disease
entity and stage. Unfortunately, there is no biomarker,
that reliably differentiates primarily inflammatory kidney
diseases from non-inflammatory entities, the latter not
suitable for an immunomodulatory medication.

Analogously, there was a search for a biomarker that
differentiates between intrinsic and prerenal acute kid-
ney injury (AKI). A reliable noninvasive test for the differ-
entiation of prerenal and intrinsic AKI was desirable
since it would shorten the time to initiation of therapy
and it would prevent unnecessary biopsies in prerenal
disease. We and others have shown that urinary calpro-
tectin and neutrophil gelatinase-associated lipocalin
(NGAL) are helpful biomarkers in this context: Whereas
urinary concentrations are substantially increased in
intrinsic AKI, concentrations are comparable to healthy
controls in the case of prerenal AKI [4-9]. A recent meta-
analysis summarized the available studies for calprotec-
tin comprising both adult and pediatric populations
[10]. Calprotectin is a mediator protein of the innate
immune system. It is predominantly released by mono-
cytes and neutrophils and acts as a danger-associated
molecular pattern protein (DAMP) [11]. NGAL is secreted
from neutrophils and stimulated or damaged epithelial
cells of the distal tubule [12]. It exerts a bacteriostatic
function of the innate immune system by preventing
bacterial iron uptake [13,14]. Kidney injury molecule-1
(KIM-1) is expressed at low levels in the normal kidney
as well as in other organs, but its expression is dramatic-
ally up-regulated in the kidney post-ischemia/reperfu-
sion injury in proximal tubule cells [15]. In contrast to
calprotectin and NGAL, KIM-1 has not been shown to
differentiate between intrinsic and prerenal AKI [16].
Conditional expression of KIM-1 in renal epithelial cells
leads to progressive interstitial kidney inflammation and
fibrosis in rodent models and is therefore supposed to
have an unfavorable effect in CKD [17].

Whereas these urinary biomarkers have been exten-
sively studied in AKI, it remains elusive, whether they
may provide helpful diagnostic information in stable
CKD as well. With regard to their role as mediator pro-
teins of the innate immune system and their substantial
increase in intrinsic AKI (calprotectin and NGAL) and the

described impact on inflammation and fibrosis (KIM-1),
it may be hypothesized that the urinary concentrations
of these biomarkers are higher in primarily inflammatory
than in primarily non-inflammatory underlying entities
of CKD. The present cross-sectional study investigates
this hypothesis in a population of stable CKD.

Methods
Study design and protocol

The present work constitutes a multicenter study at
two nephrological outpatient offices in Berlin, Germany.
143 patients with stable CKD as well as 29 healthy sub-
jects without any medical history serving as control
were enrolled. The study population has been
described in a former study [18]. CKD was defined
according to KDIGO criteria [19]. CKD was regarded
‘stable’ if the glomerular filtration rate (eGFR, MDRD for-
mula) differed <5ml/min per 1.73m? within the past
12 months. We refrained from including subjects with a
higher deterioration of eGFR in order to reliably exclude
any states of acute on chronic kidney injury. Exclusion
criteria were obstructive uropathy, urothelial carcinoma,
metastatic cancer, and pyuria. Etiological entities were
categorized in primarily inflammatory renal diseases
(glomerulonephritis, vasculitis; group 1, IRD) and pri-
marily non-inflammatory diseases (diabetic nephrop-
athy, hypertensive nephropathy, autosomal-dominant
polycystic kidney disease [ADPKD], and ‘others’; group
2, NIRD). This categorization was done despite the fact
that inflammatory mechanisms are of relevance in the
pathogenesis of these entities as well. The mechanisms,
however, can contribute to the progression of the dis-
eases but do not initiate them and do not necessitate
immunosuppression. Glomerulonephritis/vasculitis
comprised subjects with lupus nephritis, crescentic
glomerulonephritis due to polyangiitis with granuloma-
tosis, membranous glomerulonephritis, IgA-nephrop-
athy and mesangioproliferative glomerulonephritis in
Schonlein-Henoch purpura, focal segmental glomerulo-
sclerosis, and glomerulonephritis of unknown origin.
This study was approved by the local ethics committee
of the Charité — University Hospital Berlin (EA4/043/09)
and by the ethics committee of the Ruhr-University of
Bochum (5019-14). All patients provided written
informed consent.

Measurement of urinary NGAL, KIM-1,
calprotectin, and albumin concentrations

Urine samples (10 ml) were collected and stored frozen
(—20°C) until an assessment of biomarker concentra-
tions took place. Urinary concentrations of NGAL and



KIM-1 were assessed by ELISA (BPD-KIT-036 from
BioPorto Diagnostics and ADI-900-226-0001 from Enzo
Life Science, respectively). Urine concentrations of cal-
protectin were quantified using an enzyme-linked
immunosorbent assay (ELISA) kit (PhiCal® Calprotectin,
catalog number K 6928, Immundiagnostik AG,
Bensheim, Germany) according to the manufacturer’s
protocol as published previously [4,5,20]. Albuminuria
was documented as the albumin-creatinine ratio (ACR).

Statistical analysis

Data were analyzed for Gaussian distribution
(D’Agostino Pearson). Due to non-Gaussian distribution,
data were analyzed non-parametrically. Data are pre-
sented as the median and interquartile range (IQR).
Numeric data of patients with primarily inflammatory
(IRD) vs. non-inflammatory (NIRD) entities were com-
pared using the Mann-Whitney U test. An analysis of
variance (Kruskal-Wallis) was used to test for significant
intergroup differences of numeric parameters between
the different etiological entities of CKD. Post-hoc ana-
lysis for interindividual comparisons was performed by
Dunn’s post-test. Receiver—operating characteristic
(ROQ) curves were formed in an attempt to determine
the accuracy of urinary calprotectin, NGAL, KIM-1, and
ACR in the differentiation of primarily inflammatory
(glomerulonephritis/vasculitis) from primarily non-
inflammatory entities as well as from apparent healthy
from patients suffering from CKD. p<0.05 was
regarded statistically significant. All statistical analyses
were performed using Prism 6 (GraphPad Software, La
Jolla, California, USA).
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Results

The study included 143 subjects with stable CKD includ-
ing 29 female and 114 male patients with a median age
of 72 (IQR 67-77). Group 2 (NIRD, n =128, 89.5%) com-
prised 41 (28.7%) diabetic and 42 (29.4%) hypertensive
patients. A combination of diabetes and hypertension
as a cause of CKD was postulated in 19 subjects
(13.3%). The remaining primarily non-inflammatory eti-
ologies comprised 7 (4.9%) patients with ADPKD and 19
subjects affiliated to ‘others’ (13.3%). 15 (10.5%)
patients suffered from glomerulonephritis/vasculitis and
are represented in group 1 (IRD). eGFR was higher in
IRD (55.4 [IQR 44.3-76] ml/min/1.73 m?) compared to
NIRD (38.4 [IQR 30.1-46.1] ml/min/1.73 m% p=0.001). A
body mass index above 30 kg/m? was seen in 38.8% of
the study population. Ferritin (194.2 [IQR 143.0-235.8]
vs. 127.0 [IQR 56.0-218.4] ng/ml; p=0.284), hemoglo-
bin (14.5 [IQR 13.7-14.8] vs. 13.4 [IQR 12.2-14.5] g/d;
p =0.104) and C-reactive protein (2.4 [IQR 1.2-5] vs. 2.9
[IQR 1.2-6.8] g/dl; p =0.444) did not differ between the
two groups. 29 healthy controls did not suffer from any
preexisting overt medical condition. They included 21
male and 8 female subjects with a median age of 74
(IQR 58-77). Assessment of urinary calprotectin, NGAL,
and KIM-1 was successful in the whole study popula-
tion. Biomarker concentrations in dependence on the
underlying etiology of CKD are presented in Table 1.

Urinary calprotectin

Healthy controls showed significantly lower concentra-
tions (56.9ng/ml, IQR 13.3-124.6 ng/ml; n=29) than
the CKD population (98.6 ng/ml, IQR 37.8-425.8 ng/ml;
p=0.0068; Figure 1). The highest concentrations of

Table 1. Concentrations of urinary biomarkers in dependence of the origin of chronic kidney disease.

Etiology of chronic kidney disease

Calprotectin (ng/ml)

NGAL (pg/ml) KIM-1 (pg/ml)  Albumin/creatinine ratio (mg/g)

Overall CKD population, n =143

Diabetes, n =41 (28.7%) 74.1 (33.0-217.9
Hypertension, n =42 (29.4%) 137.5 (38.1-562.9
Comb. diabetes & hypertension, n =19 (13.3%) 63.3 (24.4-707.8
Autosomal-dominant polycystic kidney disease, n=7 (4.9%) 50.5 (7.7-404.9)

Glomerulonephritis/vasculitis (IRD), n =15 (9.8%)
Others, n=19 (13.3%)
Non-inflammatory renal diseases (NIRD), n =128 (89.5%)
Healthy controls, n =29
(age: 74; 58-77)

Mann-Whitney U test **p =0.0068
(overall CKD population vs.
healthy controls)

Mann-Whitney U test p=0.81

(IRD vs. NIRD)

98.6 (37.8-425.8)

155.7 (20.8-1325.0)
144.30 (57.2-448.3)
97.0 (39.0-420.7)
56.9 (13.3-124.6)

12 015 (5658-23 448) 1040 (502-2672) 44.2 (9.1-320.5)
10 414 (5400-27 064) 990 (601-2444) 174.4 (34.7-678.4)
13 173 (6567-25 936) 1223 (312-3501) 18.1 (8.5-93.1)
18 741 (10 571-35 067) 1246 (623-2680) 29.6 (9-502.2)
16 692 (4153-18 534) 1556 (455-2143) 117.2 (6.3-991.9)
14 896 (5658-28 881) 1388 (833-2730) 198.9 (34.5-1205)
9706 (3840-14 401) 651 (386-1938) 8.2 (3.6-63.13)
11 977 (5658-22 770) 1009 (427-2669) 26.6 (8.8-264.3)
) ( )

4765 (2449-9877) 1183 (626-2497 0 (0-0)
*¥p<0.001 p=0.84 ***p<0.001
p=041 p=034 *p=0.028

Data presented as median with interquartile range in brackets. CKD: chronic kidney disease; NGAL: neutrophil gelatinase-associated lipocalin; KIM-1: kid-
ney injury molecule 1; NIRD: non-inflammatory renal disease; IRD: inflammatory renal disease.

Bold represents statistically significant values (p < 0.05).
*p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 1. Comparison of the CKD population with healthy controls for urinary (A) calprotectin, (B) NGAL, (C) KIM-1, and (D) ACR.
Data are presented as scatter plots (logarithmic Y-axis, medians are indicated by horizontal lines). Significant differences were
**#%p < 0.001 and **p <0.01 by Mann-Whitney testing. NGAL: Neutrophil gelatinase-associated lipocalin; KIM-1: kidney injury
molecule-1; ACR: albumin/creatinine ratio; CKD: chronic kidney disease.

calprotectin were obtained in IRD. Among NIRD, the
lowest concentrations were seen in ADPKD (n=7).
Median concentrations of diabetes (n=41), hyperten-
sion (n=42), and the combination of these entities
(n=19) fell between the values of these two groups.
Analysis of variance showed no intergroup differences
in the CKD population (p =0.88, Supplements Figure 1).
Calprotectin showed a non-significant numerical trend
to higher values in IRD compared to NIRD (155.7 ng/ml
vs. 97ng/ml, p=0.81, Figure 2). Receiver-operating
characteristic (ROC) curves provided an area under the
curve (AUC) of 0.52 in the differentiation of IRD from
NIRD (Figure 3).

Urinary NGAL

NGAL was higher in the CKD population (12 015 pg/ml,
IQR 5658-23 448) compared to healthy controls
(4765 pg/ml, IQR 2449-9877 pg/ml; p < 0.001; Figure 1).
The combined etiology of diabetes and arterial hyper-
tension show the highest concentrations (18 741 pg/ml,
IQR 10 571-35 067 pg/ml; n=19). Diabetes and hyper-
tension led to median concentrations of 10 414 (IQR
5400-27 064pg/ml) and 13 173pg/ml (IQR
6567-25 936 pg/ml), respectively. Subjects of IRD had a

median  concentration of 14 896pg/ml (IQR
5658-28 881 pg/ml). Patients with ADPKD yielded a
urinary NGAL of 16 692 pg/ml (IQR 4153-18 534 pg/ml).
The lowest concentrations were measured in the
remaining etiologies of CKD (9706pg/ml, IQR
3840-14 401 pg/ml; n=19). Analysis of variance
showed no intergroup differences in the CKD popula-
tion (p=0.19, Supplements Figure 1). NGAL showed a
numerical trend to higher values in IRD compared to
NIRD  without reaching statistical significance
(14 896pg/ml vs. 11 977 pg/ml, p=0.41; Figure 2).
Receiver-operating characteristic (ROC) curves yielded
an AUC of 0.57 in the differentiation of IRD from NIRD
(Figure 3).

Urinary KIM-1

Urinary KIM-1 concentrations did not differ between
healthy controls (1183 pg/ml, IQR 626-2497 pg/ml) and
the CKD population (1040 pg/ml, IQR 502-2672 pg/ml;
p=0.84, Figure 1). ADPKD was associated with the
highest concentration of urinary KIM-1 (1556 pg/ml, IQR
454.9-2143 pg/ml; n=7), followed by IRD (1388 pg/ml,
IQR 833-2730pg/ml). The lowest concentrations were
obtained in the remaining etiologies (651 pg/ml, IQR
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Figure 2. Discriminatory potency of biomarkers between the primarily inflammatory entities glomerulonephritis/vasculitis (IRD)
vs. other entities of CKD (NIRD), illustrated by scatter plots (logarithmic Y-axis, medians are indicated by horizontal lines) of urin-
ary (A) calprotectin, (B) NGAL, (C) KIM-1, and (D) ACR. Significant differences were *p < 0.05 calculated by Mann-Whitney test.
NGAL: neutrophil gelatinase-associated lipocalin; KIM-1: kidney injury molecule-1; ACR: albumin/creatinine ratio.

386-1938 pg/ml). Median concentrations of diabetes,
hypertension, and the combination of these entities fell
between the values of these two groups. Analysis of
variance showed no intergroup differences in the CKD
population (p=0.77, Supplements Figure 1). KIM-1
showed a numerical trend to higher values in IRD com-
pared to NIRD without reaching statistical significance
(1388 vs. 1009pg/ml, p=0.34, Figure 2).
Receiver-operating characteristic (ROC) curves yielded
an AUC of 0.58 in the differentiation of IRD from NIRD
(Figure 3).

Albuminuria

Healthy controls (median of 0 mg/g creatinine) had a
lower ACR than the CKD population (44.2 mg/g creatin-
ine; p < 0.001, Figure 2). The highest ACR was obtained
in diabetes (174.4 mg/g creatinine, IQR 34.7-678.4 mg/g
creatinine) and IRD (198.9mg/g creatinine, IQR
34.5-1205mg/g creatinine). The lowest ratios were
measured in hypertension (18.1mg/g creatinine, IQR

8.5-93.1 mg/g creatinine; n =42) and the combined eti-
ology of diabetes and hypertension (29.60 mg/g cre-
atinine, IQR 9-502.2mg/g creatinine). Analysis of
variance showed an intergroup difference in the CKD
population (p < 0.001, Supplements Figure 1) with a
post-hoc analysis yielding significance for pairwise com-
parison of diabetes and hypertension (p =0.02) as well
as diabetes and ‘others’ (p <0.001). ACR was signifi-
cantly higher in IRD compared to NIRD (198.9 vs.
26.6 mg/g creatinine, p=0.028, Figure 3).
Receiver-operating characteristic (ROC) curves revealed
an AUC of 0.70 in the differentiation of IRD from NIRD
(Figure 3).

Discussion

Renal biomarkers have been proven valuable for the
differentiation and prediction of adverse outcomes in
prerenal and intrinsic AKI [4,5,20,21]. We showed previ-
ously, that the prognostic value in stable CKD is
neglectable [18]. In the present study, we investigated
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Figure 3. Discriminatory potency of biomarkers between the primarily inflammatory entities glomerulonephritis/vasculitis (IRD)
vs. other entities of CKD (NIRD), illustrated by receiver-operating characteristic (ROC) curves of urinary (A) calprotectin, (B) NGAL,
(C) KIM-1, and (D) ACR. Diagonal lines indicate differentiation by chance. NGAL: Neutrophil gelatinase-associated lipocalin; KIM-1:

kidney injury molecule-1; ACR: albumin/creatinine ratio.

the diagnostic potential of renal biomarkers in the
same heterogenous CKD population regarding the dif-
ferentiation of primarily inflammatory (IRD) and primar-
ily non-inflammatory renal diseases (NIRD).

The first finding of the study is that concentrations
of urinary calprotectin and NGAL were significantly
higher in CKD than in healthy controls. KIM-1 concen-
trations did not differ between these groups. Due to
the exclusion of subjects with ‘unstable CKD" with an
eGFR fluctuation of >5ml/min in the past 12 months,
this phenomenon cannot be explained by ‘acute on
chronic’ kidney injury, but rather reflects the tubular
and/or inflammatory damage and activity of the under-
lying CKD entity.

The three biomarkers revealed no discriminative
potential for the individual etiological entities of the
underlying CKD. We decided to test KIM-1 and NGAL in
order to reflect proximal and distal tubular injury.
Calprotectin as a mediator of the innate immune sys-
tem was a candidate molecule for the differentiation for
IRD and NIRD. Indeed, it showed the highest concentra-
tions in IRD. The discriminatory accuracy as described
by the AUC of 0.52 in ROC analysis, however, was far
too low to differentiate these primarily inflammatory
from the remaining entities. This may be explained on
the one hand by its character as a so-called ‘danger
associated molecular pattern protein’ (DAMP). It can be
released as a proinflammatory danger signal from both



leukocytes (predominantly neutrophils and monocytes)
and damaged tissue itself [11,22,23]. Primarily NIRD
with any kind of damaged structures can evoke a sec-
ondary infiltration of leukocytes, for example, in ische-
mia/reperfusion injury. Thus, calprotectin has been
shown to play a pathophysiological role in the regener-
ation of tubular function after ischemia-reperfusion
injury [24]. On the other hand, it is known that
immunological mechanisms are involved in the evolu-
tion of diabetic and hypertensive kidney disease as well
[25-28]. Hence, a completely ‘non-inflammatory’ renal
disease does not exist.

KIM-1 and NGAL reflect tubular damage. Hence,
these molecules may be candidate biomarkers for
ADPKD. Indeed, an increase in urinary KIM-1 reflects
tubular damage in the proximal S3 tubule segment
[29], and Meijer et al. already demonstrated the correl-
ation of an increase in KIM-1 with kidney volume [30].
Results about NGAL, however, were heterogeneous
[30-32]. Indeed, ADPKD patients had the highest urin-
ary KIM-1 concentrations and the second-highest NGAL
concentrations. In analogy to calprotectin, there was no
relevant discriminatory potential. All three biomarkers
do not seem to be suitable for the differentiation of dif-
ferent disease entities in stable CKD, whether it would
be primarily an inflammatory entity or renal disease
with a predominant tubular injury.

The study did not evaluate novel glomerular bio-
markers like podocin or nephrin. It did include, how-
ever, albumin as the most established and widespread
biomarker of glomerular injury. In fact, the discrimin-
atory potency of ACR was better than NGAL, calprotec-
tin, and KIM-1. There was a significant intergroup
difference compared to the aforementioned bio-
markers. The highest values were reached amongst the
inflammatory entities and diabetes, CKD due to hyper-
tension reached the lowest concentrations. With an
AUC of 0.70 albuminuria had the highest discriminatory
potency of all the biomarkers in the differentiation of
IRD and NIRD.

NGAL, KIM-1, and calprotectin detect acute deterio-
rations of renal function. There are abundant investiga-
tions of NGAL and KIM-1 in various settings of AKI as
well as their use as predictors for renal and cardiovascu-
lar endpoints, whereas work on its differential diagnos-
tic potential in CKD is extremely scarce. The present
study aimed to characterize their diagnostic potency in
merely chronic disease. The trial provides information
on both a heterogeneous ‘real life’ CKD population and
a subgroup of primarily inflammatory renal diseases.
Calprotectin was tested for the first time with the aim
to discriminate for primarily inflammatory entities. In
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order to avoid any ‘acute on chronic’ states of kidney
disease, we focused on stable CKD with an eGFR loss
<5ml in the past 12months. This aspect in study
design was mandatorily for a clear separation of acute
from chronic disease. On the other hand, it is a limita-
tion: It cannot be excluded, that there is a diagnostic
potency of these biomarkers in progressive CKD. Future
studies addressing this question should be welcomed.

Conclusions

In summary, urinary calprotectin, NGAL, and KIM-1 were
not able to differentiate between various entities of sta-
ble CKD. Specifically, IRD could not be discriminated
from NIRD. Albumin as a traditional glomerular bio-
marker exceeds the diagnostic performance of these
new biomarkers by far. Their characteristics in ‘unstable
CKD', for example, active glomerulonephritis or vascu-
litis, remain elusive.

Acknowledgments

The authors thank Simone Voigt for her tireless devotion to
this study.

Disclosure statement

The authors declare that they have no conflict of interest.
The results presented in this paper have not been published
previously in whole or part, except in abstract format.

Funding

The study was funded by the German Research Foundation
(Research Unit FOR1368). The funders had no role in study
design, data collection, and analysis, decision to publish, or
preparation of the manuscript.

ORCID

Felix S. Seibert () http://orcid.org/0000-0003-4347-2481

References

[11  Fiorentino M, Bolignano D, Tesar V, et al. Renal biopsy
in 2015-from epidemiology to evidence-based indica-
tions. Am J Nephrol. 2016;43(1):1-19.

[2] Olsen S, Mogensen CE. How often is NIDDM compli-
cated with non-diabetic renal disease? An analysis of
renal biopsies and the literature. Diabetologia. 1996;
39(12):1638-1645.

[31 Zhuo L, Ren W, Li W, et al. Evaluation of renal biopsies
in type 2 diabetic patients with kidney disease: a clini-
copathological study of 216 cases. Int Urol Nephrol.
2013;45(1):173-179.



424 (&) F.S.SEIBERT ET AL.

(4]

[5]

(6]

[7]

(8l

[9]

(10l

(11l

[12]

[13]

[14]

[15]

[16]

[17]

Heller F, Frischmann S, Grunbaum M, et al. Urinary
calprotectin and the distinction between prerenal and
intrinsic acute kidney injury. Clin J Am Soc Nephrol.
2011;6(10):2347-2355.

Seibert FS, Pagonas N, Arndt R, et al. Calprotectin and
neutrophil gelatinase-associated lipocalin in the differ-
entiation of pre-renal and intrinsic acute kidney injury.
Acta Physiol. 2013;207(4):700-708.

de Geus HR, Woo JG, Wang Y, et al. Urinary neutrophil
gelatinase-associated lipocalin measured on admission
to the intensive care unit accurately discriminates
between sustained and transient acute kidney injury
in adult critically ill patients. Nephron Extra. 2011;1(1):
9-23.

Nickolas TL, Schmidt-Ott KM, Canetta P, et al.
Diagnostic and prognostic stratification in the emer-
gency department using urinary biomarkers of neph-
ron damage: a multicenter prospective cohort study. J
Am Coll Cardiol. 2012;59(3):246-255.

Singer E, Elger A, Elitok S, et al. Urinary neutrophil
gelatinase-associated lipocalin distinguishes pre-renal
from intrinsic renal failure and predicts outcomes.
Kidney Int. 2011;80(4):405-414.

Chang CH, Yang CH, Yang HY, et al. Urinary bio-
markers improve the diagnosis of intrinsic acute kid-
ney injury in coronary care units. Medicine. 2015;94:
e1703.

Chen JJ, Fan PC, Kou G, et al. Meta-analysis: urinary
calprotectin for discrimination of intrinsic and prerenal
acute kidney injury. J Clin Med. 2019;8(1):74.

Ehrchen JM, Sunderkotter C, Foell D, et al. The
endogenous Toll-like receptor 4 agonist S100A8/
S100A9 (calprotectin) as innate amplifier of infection,
autoimmunity, and cancer. J Leukoc Biol. 2009;86(3):
557-566.

Schrezenmeier EV, Barasch J, Budde K, et al.
Biomarkers in acute kidney injury - pathophysiological
basis and clinical performance. Acta Physiol. 2017;
219(3):554-572.

Goetz DH, Holmes MA, Borregaard N, et al. The neu-
trophil lipocalin NGAL is a bacteriostatic agent that
interferes with siderophore-mediated iron acquisition.
Mol Cell. 2002;10(5):1033-1043.

Flo TH, Smith KD, Sato S, et al. Lipocalin 2 mediates
an innate immune response to bacterial infection by
sequestrating iron. Nature. 2004;432(7019):917-921.
Han WK, Bailly V, Abichandani R, et al. Kidney injury
molecule-1 (KIM-1): a novel biomarker for human
renal proximal tubule injury. Kidney Int. 2002;62(1):
237-244.

Westhoff JH, Fichtner A, Waldherr S, et al. Urinary bio-
markers for the differentiation of prerenal and intrinsic
pediatric acute kidney injury. Pediatr Nephrol. 2016;
31(12):2353-2363.

Humphreys BD, Xu F, Sabbisetti V, et al. Chronic epi-
thelial kidney injury molecule-1 expression causes

8]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

murine kidney fibrosis. J Clin Invest. 2013;123(9):
4023-4035.

Seibert FS, Sitz M, Passfall J, et al. Prognostic value of
urinary calprotectin, NGAL and KIM-1 in chronic kid-
ney disease. Kidney Blood Press Res. 2018;43(4):
1255-1262.

Kidney Disease Improving Global Outcomes (KDIGO)
CKD Work Group. KDIGO 2012 clinical practice guide-
line for the evaluation and management of chronic
kidney disease. Kidney Int Suppl. 2013;3:1-150.

Seibert FS, Rosenberger C, Mathia S, et al. Urinary cal-
protectin differentiates between prerenal and intrinsic
acute renal allograft failure. Transplantation. 2017;
101(2):387-394.

Nickolas TL, O'Rourke MJ, Yang J, et al. Sensitivity and
specificity of a single emergency department meas-
urement of urinary neutrophil gelatinase-associated
lipocalin for diagnosing acute kidney injury. Ann
Intern Med. 2008;148(11):810-819.

Fujiu K, Manabe |, Nagai R. Renal collecting duct epi-
thelial cells regulate inflammation in tubulointerstitial
damage in mice. J Clin Invest. 2011;121(9):3425-3441.
Foell D, Wittkowski H, Vogl T, et al. S100 proteins
expressed in phagocytes: a novel group of damage-
associated molecular pattern molecules. J Leukoc Biol.
2007;81(1):28-37.

Dessing MC, Tammaro A, Pulskens WP, et al. The cal-
cium-binding protein complex S100A8/A9 has a cru-
cial role in controlling macrophage-mediated renal
repair following ischemia/reperfusion. Kidney Int.
2015;87(1):85-94.

Fornoni A, ljaz A, Tejada T, et al. Role of inflammation
in diabetic nephropathy. Curr Diabetes Rev. 2008;4(1):
10-17.

Rivero A, Mora C, Muros M, et al. Pathogenic perspec-
tives for the role of inflammation in diabetic nephrop-
athy. Clin Sci. 2009;116(6):479-492.

Imig JD, Ryan MJ. Immune and inflammatory role in
renal disease. Compr Physiol. 2013;3(2):957-976.
Wenzel U, Turner JE, Krebs C, et al. Immune mecha-
nisms in arterial hypertension. J Am Soc Nephrol.
2016;27(3):677-686.

Kuehn EW, Park KM, Somlo S, et al. Kidney injury mol-
ecule-1 expression in murine polycystic kidney dis-
ease. Am J Physiol Renal Physiol. 2002;283(6):
F1326-36.

Meijer E, Boertien WE, Nauta FL, et al. Association of
urinary biomarkers with disease severity in patients
with autosomal dominant polycystic kidney disease: a
cross-sectional analysis. Am J Kidney Dis. 2010;56(5):
883-895.

Virzi GM, Gastaldon F, Corradi V, et al. [Plasma NGAL
and ADPKD progression]. G Ital Nefrol. 2015;32(3):1-8.
Italian.

Kawano H, Muto S, Ohmoto Y, et al. Exploring urinary
biomarkers in autosomal dominant polycystic kidney
disease. Clin Exp Nephrol. 2015;19(5):968-973.



	Abstract
	Introduction
	Methods
	Study design and protocol
	Measurement of urinary NGAL, KIM-1, calprotectin, and albumin concentrations
	Statistical analysis

	Results
	Urinary calprotectin
	Urinary NGAL
	Urinary KIM-1
	Albuminuria

	Discussion
	Conclusions
	Acknowledgments
	Disclosure statement
	Funding
	Orcid
	References


