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Abstract

Background—Recent meta-analyses support the utility of urinary biomarkers for the diagnosis
and prognosis of acute kidney injury. It is critical to establish optimal sample handling conditions
for short-term processing and long-term urinary storage, prior to widespread clinical deployment
and meaningful use in prospective clinical trials.

Study Design—Prospective study.

Setting & Participants—Eighty children (median age, 1.1 [IQR, 0.5-4.2] years) undergoing
cardiac surgery with cardiopulmonary bypass at our center. Fifty percent of the patients had acute
kidney injury (defined as a 50% or greater increase in serum creatinine from baseline).

Predictors—We tested the effect on biomarker concentrations of short-term urine storage in
ambient, refrigerator, and freezer conditions. We also tested the effects of multiple freeze-thaw
cycles, as well as prolonged storage for five years.

Outcomes—Urine concentrations of neutrophil gelatinase-associated lipocalin (NGAL), kidney
injury molecule 1 (KIM-1), and interleukin 18 (IL-18).

Measurements—All biomarkers were measured using commercially available kits.
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Results—All three biomarkers were stable in urine stored at 4°C for 24 hours, but showed
significant degradation (5.6%-10.1% from baseline) when stored at 25°C. All three biomarkers
showed only a small although significant decrease in concentration (0.77%-2.9% from baseline)
after three freeze-thaw cycles. Similarly, all three biomarkers displayed only a small but
significant decrease in concentration (0.84%-3.2%) after storage for 5 years.

Limitations—Only the three most widely studied biomarkers were tested. Protease inhibitors
were not evaluated.

Conclusions—Short-term storage of urine samples for measurement of NGAL, KIM-1 and
IL-18 may be performed at 4°C for up to 24 hours, but not at room temperature. These urinary
biomarkers are stable at —80°C for up to five years of storage. Our results are reassuring for the
deployment of these assays as biomarkers in clinical practice, as well as in prospective clinical
studies requiring long term urine storage.
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acute kidney injury (AKI); urinary biomarker; biomarker stability; urine storage; freeze-thaw
cycle; sample handling conditions; neutrophil gelatinase-associated lipocalin (NGAL); kidney
injury molecule 1 (KIM-1); interleukin 18 (IL-18); enzyme-linked immunosorbent assay (ELISA);
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The use of urinary biomarkers for early detection and prognostication of acute kidney injury
(AKI) is a rapidly developing field within nephrology research. In particular, the most
promising biomarkers such as neutrophil gelatinase-associated lipocalin (NGAL),! kidney
injury molecule 1 (KIM-1),2 and interleukin 18 (IL-18)3 have now been investigated to the
point that systematic reviews and meta-analyses of their diagnostic utility have recently
appeared.*” A number of pivotal prospective clinical studies are now collecting serial urine
samples at various points in time, for batch analysis of biomarkers at a much later date. In
addition, clinical platforms for the measurement of select urinary biomarkers of AKI (e.qg.
NGAL) have been launched.8 It is therefore critical to establish optimal sample handling
conditions for both short-term as well as long-term urinary storage.®

In the present study, we investigated the stability of urine NGAL, KIM-1 and IL-18 in a
cohort of children undergoing cardiac surgery with cardiopulmonary bypass at our center.
We first evaluated the effect on biomarker concentrations of short term storage over 24
hours in ambient, refrigerator, and freezer conditions. These findings are directly pertinent to
obtaining reliable and reproducible results in the clinical setting. We then analyzed the effect
of multiple freeze-thaw cycles, as well as the stability of these urinary biomarkers after
prolonged storage (for 5 years). These results are highly relevant to clinical and translational
research studies aimed at biomarker measurements in urine samples following long-term
storage.

METHODS

Patient Population

This study was approved by the Institutional Review Board of Cincinnati Children’s
Hospital Medical Center. All patients younger than 18 years undergoing cardiac surgery
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with cardiopulmonary bypass at our center from January 2004 through July 2007 were
approached for study inclusion. The demographics of the original cohort of 220 patients
have been previously described.10 The percentage increase in serum creatinine was
calculated during the index hospitalization, with AKI defined as a 50% increase in serum
creatinine from baseline. Urine samples for biomarker analysis were obtained at baseline
and at various time points after initiation of cardiopulmonary bypass. For this study, we
chose urine samples from 80 patients obtained at 2-6 hours after bypass, since this time
point yielded the highest biomarker concentration in previous studies.19 The samples were
chosen based on availability, from patients selected for even gender distribution and other
characteristics representative of the original cohort. All urine samples were centrifuged upon
collection, the supernatant divided into 1 ml aliquots, and processed in one of the following
three methods, as illustrated in Figure 1. No protease inhibitors were employed.

Process 1: Effect of Temperature on Short-term Storage—Twenty urine samples
were aliquoted and subjected to immediate biomarker testing (baseline, with testing initiated
within 15 minutes of aliquoting), or tested after storage for 24 hours at -80°C, 4°C, or at
25°C (each on a separate aliquot).

Process 2: Effect of Freeze—Thaw Cycles—The effect of multiple freeze cycles on
biomarker stability was evaluated in the same twenty subjects as for process 1. After
immediate biomarker testing (baseline), samples were tested after a series of three sequential
freeze-thaw cycles following storage for 24 hours at —80°C.

Process 3: Effect of Long-term Storage—Sixty urine samples were aliquoted and
subjected to immediate biomarker testing (baseline), or tested after storage at —80°C for 3 or
for 5 years (separate aliquots).

Biomarker Measurements

Single measurements of each biomarker were accomplished in a blinded fashion as
previously described.1% The urine NGAL ELISA was performed using a commercially
available assay (NGAL ELISA Kit 036, Bioporto, Grusbakken, Denmark) that specifically
detects human NGAL and utilizes monoclonal capture and detection antibodies. The starting
dilution factor for this assay is 1:500. The lower limit of detection for the NGAL ELISA is 4
pg/ml. The intra-assay and inter-assay coefficients of variation were 2.1% and 9.1%,
respectively. The urine KIM-1 ELISA was constructed using commercially available
reagents (DuoSet DY 1750, R&D Systems, Minneapolis, MN) as described previously!l.
The KIM-1 ELISA uses affinity purified polyclonal capture and detection antibodies. The
starting dilution for the KIM-1 ELISA is 1:1. The lower limit of detection is 59 pg/ml. Intra-
and inter-assay coefficients of variation were 2.0% and 7.8%, respectively. The urine I1L-18
ELISA kit was from Medical and Biological Laboratories, Nagoya, Japan. The 1L18 ELISA
uses monoclonal capture and detection antibodies. The starting dilution for the IL18 ELISA
is 1:1. The lower limit of detection is 12.5 pg/ml. Intra- and inter-assay coefficients of
variation were 7.5% and 7.3%, respectively.
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Statistical Analysis

RESULTS

Biomarker concentrations are reported as median (interquartile range [IQR]). Analysis of
variance (ANOVA) with repeated measures was used to evaluate change in biomarker
concentrations during each process. We applied a log transformation (natural log) to
biomarker concentrations in our statistical analyses, since the data were not normally
distributed. Significance was set at p < 0.05 after Bonferroni correction for multiple
comparisons (six comparisons for processes 1 and 2 and three comparisons for process 3).
All statistical analyses were performed using SAS 9.3 statistical software (SAS Institute
Inc).

Study Participants

Processes

The median age of the entire cohort (N = 80) was 1.1 (IQR, 0.5-4.2) years. Twenty unique
patients (10 with AKI and 10 without AKI) participated in processes 1 and 2, and 60
additional patients (30 with AKI and 30 without AKI) were analyzed in process 3. All
samples had biomarker levels within the range for each assay, and none of the samples were
below the lower limits of detection for all three biomarkers. The patient characteristics for
each process are shown in Table 1. There were no significant differences between the two
groups.

Process 1: Effect of Temperature on Short-term Storage—Baseline measurements
of NGAL, KIM-1 and IL-18 were 56 (IQR, 20-88.5) ng/ml, 720.6 (IQR, 333.8-1469) pg/ml,
and 68.7 (IQR, 28.9-200) pg/ml, respectively, as shown in Table 2. There was no significant
difference between concentration measurements at baseline, 24 hours at 4°C, or 24 hours at
—80°C. However, there was a significant decrease in the concentration measurements of all
three biomarkers after 24 hours at 25°C (P < 0.05), with an NGAL concentration of 53.5
(IQR, 18.5-81) ng/ml, KIM-1 of 668.6 (IQR, 320.8-1348.9) pg/ml and IL-18 of 62 (IQR,
27.25-173.95) pg/ml. This corresponded to a median percentage decrease from baseline of
5.6% for NGAL, 6.1% for KIM-1, and 10.1% for IL-18 when measured after 24 hours of
storage at 25°C.

Process 2: Effect of Freeze—Thaw Cycles—The NGAL, KIM-1, and IL-18 values
were measured at baseline and after 3 consecutive freeze-thaw cycles following 24 hours of
storage at —80°C. Overall, all three biomarkers demonstrated a small but consistent trend to
decrease with subsequent freeze-thaw cycles, as shown in Table 3. There was a significant
decrease from baseline in all three biomarker levels by cycle 2, and a significant decrease
from both baseline and cycle 1 after cycle 3. Although a statistically significant decrease, the
total percentage decrease remained relatively small, ranging from 0.77% for KIM-1 to 2.9%
for NGAL when comparing cycle 3 to baseline values.

Process 3: Effect of Long-term Storage—Baseline measurements of NGAL, KIM-1,
and IL-18 were 59.3 (IQR, 18.8-221.24) ng/ml, 298.2 (IQR, 175-699.8) pg/ml, and 36.5
(IQR, 21.6-85) pg/ml, respectively. Overall, there was a small but significant trend for each
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biomarker to decrease over time, as shown in Table 4. After three years of storage, urinary
NGAL levels decreased by 0.42%, KIM-1 decreased by 0.38%, and IL-18 decreased by
1.31%. Small but significant decreases were again observed after five years, with a decrease
of 0.84% for NGAL, 1.98% for KIM-1, and 3.20% for IL-18. The results were similar when
dividing the groups into those with versus without AKI, with significant yet relatively small
decreases over five years (median decrease ranges of 0.68%-3.0% and 1.1%-4.2%,
respectively).

DISCUSSION

This study comprehensively investigated the effects of both short-term processing and long-
term storage of the three most promising and extensively studied urinary biomarkers for
AKI, namely NGAL, KIM-1 and IL-18. We demonstrated that firstly, storage at 4°C for up
to 24 hours does not significantly affect biomarker levels, while storage at 25°C should be
avoided. Secondly, up to three sequential freeze-thaw cycles caused only a small decrease in
biomarker concentration. Thirdly, long-term storage of urinary biomarkers resulted in only a
relatively small decrease in concentrations at 5-year follow up, representing only a 1%-3%
decrease from baseline values. Therefore, long-term storage of urine for up to 5 years can be
reliably accomplished with only minimal degradation of the tested biomarkers. In AKI
patients, for all three processes, the small changes in biomarker concentration did not result
in a decrease of the tested biomarkers to below the thresholds proposed for the clinical
diagnosis of AKI. 47

Identification of novel biomarkers for early detection and risk stratification of AKI
continues to be a rapidly developing field, yet little is still known about their stability both
over time and by various storage methods. Previous studies have provided some insights
into the effects of various short term storage conditions on biomarker stability, including
centrifugation, protease inhibitors, and temperature. In regards to short-term storage, Van de
Vrie et al. found that NGAL and KIM-1 remained stable at 4°C for up to 48 hours.12
However, they found a significant decrease in urinary KIM-1 concentration when samples
were stored at 4°C beyond 48 hours. Sample stability was not affected by the addition of
protease inhibitors. Parikh et al. tested varying processing conditions for short-term handling
of multiple biomarkers.13 Conditions included storing urine samples at 4°C for 48 hours
prior to freezing at —80°C, centrifugation with storage at 25°C for 48 hours before freezing
at —80°C, and immediate freezing at —80°C without centrifugation. Their investigation
showed that storage at 4°C for up to 48 hours and lack of centrifuging did not affect
biomarker levels of NGAL, KIM-1, or IL-18. However, IL-18 demonstrated suboptimal
stability when stored at 25°C. Similarly, Han et al. showed decreased biomarker
concentrations after storage at room temperature.24 Our results indicate that urine samples
should not be stored at 25°C for even short (24-hour) periods of time as this leads to
significant decreases in concentrations of NGAL, KIM-1, and IL-18. Although ideally all
samples would be processed immediately, our data support the notion that biomarker testing
can be delayed for up to 24 hours at 4°C without compromising results. In this way, a urine
sample collected overnight could be processed later that day without concerns for biomarker
degradation. Our standard operating procedure calls for all obtained urine samples to be
immediately stored at 4°C. Samples are processed at least twice daily by laboratory
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technicians, ensuring that sample processing is completed within approximately 12 hours
after collection. Following centrifugation to remove particulate matter, the urine samples are
aliquoted and promptly frozen at —80°C for future analysis. Our results indicate that urinary
NGAL, KIM-1 and IL-18 are sufficiently stable to allow for routine clinical testing of
samples stored at 4°C for up to 24 hours.

We demonstrated that repeated freeze-thaw cycles do cause a decrease in biomarker values.
However, the percentage decrease, while statistically significant, remained small and is
likely not clinically relevant unless more than three freeze-thaw cycles are employed. The
analysis of multiple freeze-thaw cycles is relevant to current laboratory practice as well as to
prospective clinical research studies. Clinically, a 1-ml aliquot of urine is often more than
enough for any one test, and therefore the same sample may be frozen and reused at a later
time for another test. In research studies, samples are routinely frozen and batch analyzed at
a later date. In both circumstances, the relative stability of the measured biomarkers after up
to three freeze-thaw cycles as shown in this study is encouraging.

The few studies that have previously analyzed the effect of long-term freezing on biomarker
stability have yielded conflicting results. Nauta et al. investigated the effect of —80°C
storage on multiple urinary biomarkers, including NGAL and KIM-1, and found a gradual
decrease in the median concentration of these biomarkers over the course of one year.1®
However, others have reported better stability of urinary biomarkers after long-term storage.
Van de Vrie et al. found that samples stored for up to 6 months at —80°C did not result in a
decrease in concentration of NGAL or KIM-1.12 Similarly Pennemans et al. also
demonstrated that urinary samples can be stored for 1.5 years without significant decrease in
KIM-1 values 6. The reasons for these discrepant findings are not clear. Methodological
differences, in particular storage for even short periods of time at room temperature prior to
freezing, may have differentially affected biomarker levels. However, our data confirm that
with optimal initial handling and processing of samples, urinary concentrations of NGAL,
KIM-1, and IL-18 remained remarkably stable after long-term storage.

Our study is the first to confirm the stability of urinary NGAL, KIM-1, and IL-18 for up to
five years of storage at —80°C. Other strengths include examining patients both with and
without AKI, which allows for a wide dynamic range of biomarker concentrations for
testing. One limitation of our study is the evaluation of only the three most promising
biomarkers of AKI that have been most extensively studied to date. The encouraging results
for NGAL, KIM-1, and IL-18 reported herein may not be applicable for other biomarkers,
including the very recently described markers of cell cycle arrest that hold promise for the
prediction of severe AKI.17 Another limitation pertains to the lack of protease inhibitor use.
It is possible that even the small degree of degradation measured after five years of storage
in our study may have been prevented by the addition of protease inhibitors at baseline. An
additional limitation pertains to the lack of urine creatinine measurements in the present
study. Urinary biomarkers are often expressed as a ratio with urine creatinine, and we did
not measure the effect of the three processes on urine creatinine. Finally, this study was a
single center cohort study of a select population of children undergoing cardiac surgery with
cardiopulmonary bypass. The results may not be generalizable to other patient populations,
such as adults or centers with different laboratory practices.
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conclusion, our study demonstrates that short-term storage of urine samples for

measurement of NGAL, KIM-1, and IL-18 should be performed at 4°C and within 24 hours

of
to

sample acquisition. Up to three freeze-thaw cycles, and long term storage at —80°C for up
five years, result in only a minimal decrease in biomarker levels. Our results therefore

indicate that long-term storage and retesting can be accomplished with excellent stability of
urinary biomarkers of AKI examined in this study. Our results are reassuring for the

de

ployment of these assays as biomarkers of AKI in clinical practice, as well as for

prospective clinical studies requiring long term storage prior to batch measurement.
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FIGURE 1.
Schematic representation of the study design
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TABLE 1
Patient Characteristics
. Processes 1 and 2 Process 3
Characteristic (n=20) (n=60)
Age, y 2.90 [0.46-4.32] 0.77 [0.50-4.15)
Female sex 10 (50) 31(52)
AKI 10 (50) 30 (50)

Increase in serum creatinine

Non-AKI

6.25% [0%-20.0%]

20.0% [0%-25.0%]

AKI

70.8% [66.7%-100.0%]

77.5% [66.7%-116.7%]

Page 10

Note: Values for categorical variables are given as number (percentage); for continuous variables, as median [interquartile range]. Conversion
factor for serum creatinine in mg/dL to pmol/L, x88.4.

Abbreviations: AKI, acute kidney injury
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Process 1: Effect of temperature on urinary concentrations of biomarkers after short-term storage

TABLE 2

NGAL

KIM-1

IL-18

Baseline

56 (20-88.5)

720.6 (333.8-1469.0)

68.7 (28.9-200.0)

short-term storage at —80°C

55.5 (19.5-87.5)

718.26 (331.77-1465.42)

68.0 (28.75-198.0)

Decrease from baseline

0.2% (0%-2.1%)

0.3% (0.1%-0.6%)

1.1%(0.6%-1.6%)

short-term storage at 4°C

55.5 (19.5-87.5)

719.17 (331.48-1464.75)

68.0 (28.75-198.0)

Decrease from baseline

0.9% (0%-2.3%)

0.5%(0.2%-1.0%)

1.0%(0.4%-2.1%)

short-term storage at 25°C

535 (18.5-81.0)"

668.6 (320.8-1348.88)"

62.0 (27.25-173.95)"

Decrease from baseline

5.6% (4%.5-7.8%)

6.1% (4.0%-8.4%)

10.1% (8.1%-14.2%)

Page 11

Note: Values are given as median [interquartile range]. Biomarkers were measured either immediately (baseline) or 24 hours after storage at the

temperatures indicated. Unless otherwise indicated, NGAL expressed in ng/mL; KIM-1, in pg/mL; and IL-18, in pg/mL.

*
significant difference in measurement from baseline, short-term storage at —80°C, and short-term storage at 4°C at p<0.05 with Bonferroni
correction from analysis of variance with biomarker modeled with natural log transformation.

Abbreviations: NGAL, neutrophil gelatinase-associated lipocalin; KIM-1, kidney injury molecule 1; IL-18, interleukin 18.
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Process 2: Effect of multiple freeze-thaw cycles on urinary concentrations of biomarkers

TABLE 3

NGAL KIM-1 IL-18
Baseline 56 (20-88.5) 720.6 (333.8-1469.0) | 68.7 (28.9-200.0)
Cycle 1 55.5 (19.5-87.5) 718.3 (331.8-1465.4)" | 68.0 (28.8-198.0)"

Decrease from baseline

0.25% (0%-2.0%)

0.28% (0.089%-0.62%)

1.1% (0.56%-1.6%)

Cycle 2

55.0 (19.0-86.5)"

718.3 (331.9-1464.2)"

67.5(28.3-197.0)"

Decrease from baseline

2.0% (0.12%-3.5%)

0.51% (0.18%-0.70%)

1.7% (1.3%-3.1%)

Cycle 3

54.5 (19.0-85.5)"

716.1 (331.0-1448.4)

67.5(28.2-194.7)""

Decrease from baseline

2.9% (0.1%-5.0%)

0.77% (0.63%-1.0%)

2.5% (1.5%-3.9%)

Page 12

Note: Values are given as median [interquartile range]. Biomarkers were measured either immediately (baseline) or after 24 hours of storage at

-80°C followed by freeze-thaw cycles as indicated. Values are given as median (interquartile range). Percent changes are for each cycle in
comparison to baseline. Significance set at p<0.05 with Bonferroni correction from ANOVA with biomarker modeled with natural log
transformation. Unless otherwise indicated, NGAL expressed in ng/mL; KIM-1, in pg/mL; and IL-18, in pg/mL.

*
significantly different from baseline;

Fk

significantly different from baseline and from cycle 1;

Tsignificantly different from baseline, cycle 1, and cycle 2

Abbreviations: NGAL, neutrophil gelatinase-associated lipocalin; KIM-1, kidney injury molecule 1; IL-18, interleukin 18.
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