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Background: Identifying the potential for drug-induced kidney injury is essential for the
successful research and development of new drugs. Newer and more sensitive preclinical
drug-induced kidney injury biomarkers are now qualified for use in rat toxicology studies, but
biomarkers for clinical studies are still undergoing qualification. The current studies investigated
biomarkers in healthy volunteer (HV) urine samples with and without the addition of stabilizer
as well as in urine from patients with normoalbuminuric diabetes mellitus (P-DM).
Methods: Urine samples from 20 male HV with stabilizer, 69 male HV without stabilizer, and
95 male DM without stabilizer (39 type 1 and 56 type 2) were analyzed for the following biomarkers using multiplex assays: α-1-microglobulin (A1M), β-2-microglobulin, calbindin, clusterin, connective tissue growth factor (CTGF), creatinine, cystatin-C, glutathione s-transferase
α (GSTα), kidney injury marker-1 (KIM-1), microalbumin, neutrophil gelatinase-associated
lipocalin, osteopontin, Tamm–Horsfall urinary glycoprotein (THP), tissue inhibitor of metalloproteinase 1, trefoil factor 3 (TFF3), and vascular endothelial growth factor.
Results: CTGF and GSTα assays on nonstabilized urine were deemed nonoptimal (50% of
values below assay lower limits of quantification). “Expected values” were determined for HV
with stabilizer, HV without stabilizer, and P-DM without stabilizer. There was a statistically
significant difference between HV with stabilizer compared to HV without stabilizer for A1M,
CTGF, GSTα, and THP. DM urine samples differed from HV (without stabilizer) for A1M
CTGF, GSTα, KIM-1, microalbumin, osteopontin, and TFF3. A1M also correctly identified
HV and DM with an accuracy of 89.0%.
Summary: These studies: 1) determined that nonstabilized urine can be used for assays under
qualification; and 2) documented that A1M, CTGF, GSTα, KIM-1, microalbumin, osteopontin,
and TFF3 were significantly increased in urine from P-DM. In addition, the 89.0% accuracy of
A1M in distinguishing P-DM from HV may allow this biomarker to be used to monitor efficacy
of potential renal protective agents.
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The shortcomings of traditional renal function laboratory biomarkers are illustrated
by the fact that kidney function can decrease by more than 50% without any notable
elevation in serum creatinine.1–4 Newer and potentially more sensitive and informative
assays are now available, many of which have been qualified by regulatory agencies
(European Medicines Agency, US Food and Drug Administration, and Pharmaceuticals
and Medical Devices Agency) for preclinical/rat studies.5–7 Given the high level of
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candidate compound attrition during drug development
because of kidney toxicity/injury,8 newer biomarkers are now
undergoing qualification for use in clinical settings with the
goal of earlier detection of drug-induced kidney injury.9
Biomarker qualification for clinical use is a stepwise
process.10 Potential biomarkers are identified, commercial
assays developed, and summary statistics (95% confidence
intervals, inter- and intrasubject variability) are determined
for stabilized urine samples, typically collected from healthy
volunteers (HVs).9 Thereafter, qualification requires evaluation in disease populations and in subjects exposed to known
nephrotoxicants. Sample handling and stability data collected
during these studies can also determine the practicality of
including these biomarkers in routine clinical assessments.
Given its association with kidney injury/damage, diabetes
mellitus is a key disease in which to qualify new kidney
biomarkers – reference values are needed for patients with
normoalbuminuric diabetes mellitus (P-DM), against which
to assess drug effects. In the hospital and medical care setting, α-1-microglobulin (A1M), β-2-microglobulin (B2M),
neutrophil gelatinase-associated lipocalin (NGAL), cystatin-C, and kidney injury marker-1 (KIM-1) are known to be
increased in people with type 1 and/or 2 diabetes, with A1M,
B2M, and NGAL being increased prior to the development of
albuminuria.11–17 It remains unknown, however, whether these
or any of the other newer biomarkers are altered in P-DM,
ie, those participating in typical diabetes-drug clinical trials.
Therefore, urine biomarker data from this patient population
can advance the renal safety biomarker qualification process.
It is also conceivable that these same biomarkers could serve
as efficacy biomarkers during the development of drugs targeting the amelioration of diabetic renal disease.
Preanalytical sample variability attributable to sample
instability, as well as storage condition effects and sample
stabilizer requirements, must be determined during biomarker
qualification. The need for the addition of stabilizer at the time
of sample collection is important as this will determine the
feasibility of retrospective analyses of samples collected in
typical clinical studies. Otherwise, qualified urine biomarker
analyses in clinical studies would require specification for
stabilizer addition and this would limit these analyses to
prospective studies. The need to retrospectively analyze
samples is particularly relevant should a study unexpectedly
uncover a signal suggesting potential kidney injury. Therefore,
qualification studies need to determine if samples stored using
standard procedures (without stabilizer): yield numerical values similar to samples stored with stabilizer; yield different
numerical values that would be interpretable within a given
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study; or cannot be used. This could mean that separate reference intervals are necessary (with versus without stabilizer)
or that the nonstabilized samples must be rejected.
The objectives of the studies reported here included: 1) to
determine biomarker values in HVs and to determine whether
the addition of a stabilizer (biotrin) alters the biomarker
values in urine collected from HVs; and 2) to determine
biomarker levels in nonstabilized urine from P-DM (type 1
and type 2) and to compare the values to those obtained from
HVs (without stabilizer).

Materials and methods
Clinical studies
The studies in this report were performed in accordance with
the ethical principles in the Declaration of Helsinki and Good
Clinical Practice, including written informed consent and
approval by the appropriate Ethics Review Boards.
There were two separate HV studies: HV study 1 has
been previously reported.9 A key feature of this study is that
urine samples were processed with stabilizer. HV study
2 was designed to provide a comparator to study 1, with
urines collected and stored without stabilizer. The Diabetic
Retinopathy Candesartan Trials (DIRECT) program was
the source of the samples from P-DM. DIRECT consisted
of three studies (Prevent 1: N=1,421, Protect 1: N=1,905,
and Protect 2: N=1,905).18–21 Two studies (Prevent 1 and
Protect 1) enrolled patients with type 1 diabetes, with the
Prevent 1 study enrolling patients without retinopathy and
the Protect 1 study enrolling patients with mild to moderate
retinopathy. The third study (Protect 2) enrolled patients with
type 2 diabetes with mild to moderate retinopathy.

HV studies
Eligibility criteria as well as sample collection methods
were the same in HV study 1 and HV study 2 as described
in Brott et al9 and were similar to those for a typical Phase I
clinical study.
Briefly, urine from 20 males between the ages of 18 and
70 years was processed with stabilizer for HV study 1, and
urine from 69 males between the ages of 18 and 55 years
was processed without stabilizer for HV study 2.
At approximately 8:00 am, a spot urine sample was collected (up to 120 mL) and placed on ice as soon as possible.
Up to 50 mL of urine was centrifuged at 2,000× g at 4°C
for 10 minutes, the supernatant was collected, and biotrin
urine stabilizer added at a ratio of 1:4 (for HV study 1).
Aliquots of 1.5 mL were delivered to labeled tubes and frozen
at -80°C until shipment to the analytical laboratory (Rules
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Based Medicine, Austin, TX, USA) where the samples were
thawed and analyzed using multiplex assay/assays for A1M,
B2M, calbindin, clusterin, connective tissue growth factor
(CTGF), creatinine, cystatin-C, glutathione s-transferase
α (GSTα), KIM-1, microalbumin, NGAL, osteopontin,
Tamm–Horsfall urinary glycoprotein (THP), tissue inhibitor
of metalloproteinase 1 (TIMP-1), trefoil factor 3 (TFF3), and
vascular endothelial growth factor (VEGF).

Diabetic studies
The eligibility criteria, materials, and methods for the DIRECT
diabetic studies have been previously reported.18–21
Briefly, the trials enrolled patients with stable diabetic control, who were normoalbuminuric (urinary albumin excretion
rate [UAER] 20 μg/min), with serum creatinine 1.5
mg/dL (men), and who were normotensive (blood pressure 130/85 mmHg). Protect 2 also allowed enrolment of
hypertensive patients, if controlled (blood pressure 160/
90 mmHg).
The urine samples from the patients in the DIRECT studies were from overnight timed urine collections at the baseline
visit and were processed without stabilizer. The samples were
shipped to a central laboratory and stored at -80°C (storage
times ranged from 4 to 8 years). The samples were then sent
frozen to P Rossing at STENO where the designated samples
were thawed and refrozen after an aliquot was forwarded to
Rules Based Medicine. There, the urine was again thawed and
analyzed using multiplex assays for A1M, B2M, calbindin,
clusterin, CTGF, cystatin-C, GSTα, KIM-1, microalbumin,
NGAL, osteopontin, THP, TIMP-1, TFF3, and VEGF. The
200 DIRECT samples analyzed were selected at random
with stratification for study. Only the samples from the
males (n=95) are included in this report so as to allow for
comparison with the all-male HV studies.

Data analysis
Summary statistics were assessed for biomarkers in each
corresponding database (biomarker concentration). Subsequently, potential outliers were identified and omitted in the
summary statistics provided. The P-values were adjusted
for multiplicity due to the number of biomarkers, using the
Benjamini and Hochberg False Discovery Rate method.22
All analyses were carried out using SAS® 9.3.

Results
Demographics
The subject characteristics were similar for the two HV
studies. The mean age of the subjects for these studies was
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also similar, ie, 38.5 and 34.2 years of age for study 1 (with
stabilizer) and study 2 (without stabilizer), respectively
(Table 1).
The eligibility criteria were similar for the two type 1
diabetic studies (Prevent 1 and Protect 1) with the exception
that the Prevent 1 study patients did not have retinopathy and
the Protect 1 study patients did have retinopathy. The mean
age of both studies was similar, ie, 26.5 and 31.7 years for
the Prevent 1 and Protect 1 studies, respectively. As expected,
the mean age of the type 2 diabetic patients (58.2 years) was
older than the HV and diabetic type 1 subjects.

Assay sensitivity
Assay sensitivity, expressed as the percent of values below
the lower limit of quantification (LLOQ), is displayed in
Table 2. The assay for CTGF was deemed nonoptimal (insensitive) since greater than 50% of the subject samples from
HV subjects with stabilizer, HV subjects without stabilizer,
and P-DM were below the assay LLOQ.
The GSTα assay was deemed nonoptimal as none of the
HV samples with stabilizer values were below LLOQ, but
greater than 50% of the HVs without stabilizer values and
P-DM values (without stabilizer) were below LLOQ.
Unexpectedly, it appeared that the TIMP-1 assay may be
more sensitive when stabilizer is not added to the samples as
84% of the samples were below LLOQ in HV subjects with
stabilizer, while only 36% of the HV samples without stabilizer and 25% of samples from P-DM were below LLOQ.
All of the other parameters had less than 50% of the values below LLOQ for each of the subject/patient types, and
the following parameters had less than 10% of the samples
below LLOQ for all subject/sample types: A1M, B2M, calbindin, clusterin, creatinine, cystatin-c, KIM-1, osteopontin,
THP, and VEGF.

HV samples
Much of the published kidney biomarker qualification data
has evaluated samples stored with stabilizer from prospective
Table 1 Study demographics (age)
Study (diabetes type)

Age, years
mean ± standard
deviation (median)

Number
of subjects
(all males)

HV 1 with stabilizer
HV 2 without stabilizer
Diabetic, Prevent 1 (T1)
Diabetic, Protect 1 (T1)
Diabetic, Protect 2 (T2)

38.5±9.4 (41)
34.2±9.9 (35)
26.5±7.3 (23)
31.7±8.0 (30)
58.2±7.1 (58)

20
69
19
20
56

Abbreviations: HV, healthy volunteer; T1, type 1 diabetes mellitus; T2, type 2
diabetes mellitus.
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Table 2 Assay sensitivity

Table 3 Summary statistics of HV samples (concentration)

Biomarker

Biomarker

A1M
B2M
Calbindin
Clusterin
CTGF
Creatinine
Cystatin-C
GSTα
KIM-1
Microalbumin
NGAL
Osteopontin
THP
TIMP-1
TFF3
VEGF

Percentage at or below LLOQ
HV with
stabilizer

HV without
stabilizer

P-DM without
stabilizer

0
0
0
0
68
0
0
0
0
0
11
0
0
84
11
0

6
3
6
7
54
0
3
70
4
12
26
0
1
36
0
0

0
8
0
4
56
0
0
54
0
0
2
0
0
25
1
1

Notes: n=20, 69, 95 for HV with stabilizer, HV without stabilizer, and P-DM without
stabilizer, respectively.
Abbreviations: A1M, α-1-microglobulin; B2M, β-2-microglobulin; CTGF, connective
tissue growth factor; GSTα, glutathione S-transferase α; HV, healthy volunteer;
KIM-1, kidney injury marker-1; LLOQ, lower limit of quantification; NGAL, neutrophil
gelatinase-associated lipocalin; TFF3, trefoil factor 3; THP, Tamm–Horsfall urinary
glycoprotein; TIMP-1, tissue inhibitor of metalloproteinase 1; VEGF, vascular endothelial
growth factor; P-DM, patients with diabetes mellitus.

studies.9 Table 3 contains concentration values comparing kidney biomarker analyses performed on urine with
stabilizer (HV study 1) and urine processed without stabilizer
(HV study 2). Only four parameters differed significantly
between HV samples without stabilizer as compared to with
stabilizer; A1M, CTGF, and GSTα were lower and THP
was higher in HV samples without stabilizer. The rest of the
parameters had comparable summary statistics with regard
to stabilized versus nonstabilized specimens.

Diabetic patient samples
There were no statistical differences between the kidney
biomarker data within the two type 1 diabetic studies (Prevent 1
and Protect 1), nor between the biomarker data within the
subjects with type 1 and type 2 (Protect 2) diabetes (data not
shown). Accordingly, the data from the three diabetic studies
were pooled for statistical analysis.
Seven of the 14 biomarkers were significantly higher in
the samples from P-DM (without stabilizer) than the HVs
without stabilizer (Table 4). A1M and GSTα were more
than tenfold higher in the P-DM than HVs. Microalbumin
concentration was more than fivefold higher in participants
with diabetes (27.34±45.57 μg/mL versus 3.97±6.76 μg/mL),
even though the subjects were considered normoalbuminuric
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A1M (µg/mL)
B2M (µg/mL)
Calbindin (ng/mL)
Clusterin (µg/mL)
CTGF (ng/mL)
Creatinine (mg/dL)
Cystatin-C (ng/mL)
GSTα (ng/mL)
KIM-1 (ng/mL)
Microalbumin (µg/mL)
NGAL (ng/mL)
Osteopontin (ng/mL)
THP (µg/mL)
TIMP-1 (ng/mL)
TFF3 (µg/mL)
VEGF (pg/mL)

Concentration
HV with
stabilizer

HV without
stabilizer

0.92±0.97
0.03±0.02
21.92±24.10
0.019±0.015
0.45±0.21
58.90±33.18
26.11±18.51
7.11±5.55
0.18±0.11
4.11±5.84
12.25±14.89
571.35±404.43
0.80±0.41
2.18±2.98
0.19±0.13
566.75±539.67

0.43±0.42*
0.04±0.07
52.73±237.73
0.011±0.018
0.19±0.13*
103.86±67.08
14.29±19.03
0.32±0.58*
0.18±0.18
3.97±6.76
15.49±27.82
453.17±440.69
4.85±4.38*
1.23±3.82
0.24±0.19
313.73±470.04

Notes: Mean ± standard deviation. *Different from HV with stabilizer (P0.05).
Abbreviations: A1M, α-1-microglobulin; B2M, β-2-microglobulin; CTGF, connective
tissue growth factor; GSTα, glutathione S-transferase α; HV, healthy volunteer; KIM-1,
kidney injury marker-1; NGAL, neutrophil gelatinase-associated lipocalin; TFF3, trefoil
factor 3; THP, Tamm–Horsfall urinary glycoprotein; TIMP-1, tissue inhibitor of
metalloproteinase 1; VEGF, vascular endothelial growth factor.

(UAER 20 μg/min). The following four parameters were
significantly increased by more than twofold but less than
fivefold: CTGF, KIM-1, osteopontin, and TFF3. In addition
to the statistical analysis shown in Table 4, the individual
data points for A1M, CTGF, Cystatin-C, GSTα, KIM-1,
microalbumin, osteopontin, and TFF3 are displayed in
Figure 1. Microalbumin was 20 mg/L in 31% of the diabetic
participants, even though each subject was deemed normoalbuminuric based on UAER levels of 20 μg/min. A1M distinguished between HVs and participants with diabetes with
an accuracy of 89.0%, sensitivity of 86.3%, and specificity
of 94.2%, based on a cutoff of 1.0 µg/mL. The exact same
results (accuracy, sensitivity, and specificity) were observed
when a cutoff of 1.70 mg A1M/mmol creatinine was used on
the normalized A1M data (data not shown).

Discussion
The objectives of the studies reported here included: 1) to
determine biomarker values in HVs and to determine whether
the addition of a stabilizer (biotrin) alters the biomarker values
in urine collected from HVs; and 2) to determine biomarker
levels in nonstabilized urine from P-DM (type 1 and type
2), and to compare the values to those obtained from HVs
(without stabilizer).
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Biomarker

Concentration
HV

Diabetic

A1M (µg/mL)
B2M (µg/mL)
Calbindin (ng/mL)

0.43±0.42
0.04±0.07

4.73±4.17*
0.12±0.32

52.73±237.73

85.11±113.62

Clusterin (µg/mL)
Creatinine (mg/dL)

0.011±0.018

0.021±0.051

103.86±67.08

116.48±71.81

CTGF (ng/mL)

0.19±0.13

0.72±0.45*

Cystatin-C (ng/mL)

14.29±19.03

53.36±172.65

GSTα (ng/mL)
KIM-1 (ng/mL)

0.32±0.58

9.14±14.29*

0.18±0.18

0.77±0.79*

Microalbumin (µg/mL)
NGAL (ng/mL)

3.97±6.76

27.34±45.57*

15.49±27.82

28.18±39.00

Osteopontin (ng/mL)

453.17±440.69

1,070.87±1,389.66*

THP (µg/mL)
TIMP-1 (ng/mL)

4.85±4.38

6.13±6.73

1.23±3.82

6.10±26.11

TFF3 (µg/mL)
VEGF (pg/mL)

0.24±0.19
313.73±470.04

0.66±0.48*
377.72±393.47

Notes: All samples were without stabilizer. Mean ± standard deviation. *Different
from HV without stabilizer (P0.05).
Abbreviations: A1M, α-1-microglobulin; B2M, β-2-microglobulin; CTGF, connective
tissue growth factor; GSTα, glutathione S-transferase α; HV, healthy volunteers;
KIM-1, kidney injury marker-1; NGAL, neutrophil gelatinase-associated lipocalin; TFF3,
trefoil factor 3; THP, Tamm–Horsfall urinary glycoprotein; TIMP-1, tissue inhibitor of
metalloproteinase 1; VEGF, vascular endothelial growth factor.

The assays for CTGF in both stabilized and nonstabilized urine, GSTα in nonstabilized urine, and TIMP-1 in
stabilized urine were deemed nonoptimal as the majority
of the samples from HVs were below LLOQ. In addition,
A1M was lower and THP was higher in HV samples without
stabilizer, compared to with stabilizer, indicating that separate stabilized and nonstabilized reference ranges may be
required for these biomarkers. In addition, several biomarkers
were higher in P-DM than HVs when both urine types were
without stabilizer.
Urinary biomarker data can be reported several different
ways: as a concentration, as the amount excreted over a specified time period, or normalized to creatinine. We reported
all urinary biomarker data as concentrations, consistent with
the earlier findings of the preference for concentrations relative to creatinine-normalized data during qualification of the
biomarkers.9 The concentration data from the current studies
revealed no significant differences between stabilized and
nonstabilized urine for the following parameters: B2M, calbindin, clusterin, cystatin-C, KIM-1, microalbumin, NGAL,
osteopontin, THP, TFF3, and VEGF. There were differences
between HVs stabilized and nonstabilized urine for some of
the biomarkers under qualification, including those assays
which were deemed optimal. The CTGF and GSTα assay
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were nonoptimal assays for use with nonstabilized samples
since more than 50% of the nonstabilized samples were
below the assay LLOQ. Conversely, the THP assay was not
optimal for stabilized samples as greater than 80% of these
samples were below LLOQ. Although an acceptable assay,
TIMP-1 was different in HVs without stabilizer than HVs
with stabilizer. There is no apparent explanation for the
higher TIMP-1 values in the nonstabilized urine samples,
compared to stabilized urine samples.
Since nonstabilized urine was determined to be an acceptable matrix for most of the biomarkers under qualification,
comparisons between the stored samples of HVs and P-DM
were possible. The biomarkers A1M, CTGF, GSTα, KIM-1,
microalbumin, osteopontin, and TFF3 were significantly
higher in the diabetic subjects, compared to HVs without
stabilizer. There were age differences between subjects with
type 1 and type 2 diabetes, but there were no significant biomarker differences across age groups. This could reflect that
the duration of the diabetes was approximately comparable
across the three diabetes studies (Prevent 1: 6.7 years; Protect
1: 11 years; Protect 2: 8.8 years).
Our findings are similar to literature reports in that the
tubule biomarkers A1M, KIM-1, and TFF3 were higher
in patients with normoalbuminuric diabetes, compared to
HVs.16,23–28 Diabetic nephropathy is commonly described
as “glomerulopathy”,29 but there is debate as to the degree
of and timing of tubular nephropathy.26,30–32 UAER and
A1M are two biomarkers that have been used to distinguish
between glomerular and proximal tubular damage, respectively. UAER reflects glomerular permeability with the large
molecular weight protein albumin appearing when there is
glomerular injury. The biomarker A1M is a small molecular
weight protein (less than 40,000 kd). In the healthy kidney, it
is freely filtered through the glomerulus; approximately 95%
is then reabsorbed and catabolized by the proximal tubular
cells. With tubular injury, tubular reabsorption is decreased
so that A1M appears increasingly in excreted urine.33 The
subjects with diabetes in our studies were normoalbuminuric
based on UAER, but the tubular A1M, KIM-1, and TFF3
biomarkers were increased in these subjects, supporting the
hypothesis that tubular injury is an early event in diabetes.
Of interest was the finding that our studies successfully
identified HVs and persons with normoalbuminuric diabetes
using A1M with 89% accuracy. This suggests that A1M is a
biomarker with the potential to discriminate between healthy
subjects and diabetics in early stages of nephropathy. It might
also serve as a marker of the efficacy of “renal protective
agents”. The biomarker differences observed in persons
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Figure 1 Biomarker comparison of urine from healthy volunteers and subjects with diabetes for A1M, CTGF, Cystatin-C, GSTα, KIM-1, microalbumin, osteopontin, and TFF3.
Note: Each subject is presented as a dot within the dot plots to illustrate the variability as well as differences between healthy volunteers and subjects with diabetes. Yes,
subject eventually became microalbuminuric during DIRECT study; No, subject remained normoalbuminuric during DIRECT study.
Abbreviations: A1M, α-1-microglobulin; CTGF, connective tissue growth factor; GSTα, glutathione s-transferase α; HV, healthy volunteer; KIM-1, kidney injury marker-1;
TFF3, trefoil factor 3.
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with diabetes compared to HVs could be due to early renal
injury, hyperglycemic state, or even age. Further studies
will be needed to determine the reason/reasons behind the
biomarker differences.
In our studies, the mean level of NGAL in normoalbuminuric diabetic patients was approximately double that
found in HVs but was not statistically significantly higher.
This is contrary to the findings of Nielsen et al27 who reported
urinary NGAL in normoalbuminuric subjects with type 1 diabetes was significantly (P0.05) higher, more than doubled
compared to HVs.
A limitation of our studies comparing the stabilized and
nonstabilized preanalytical processing in HV samples is that
the data came from two different studies. A study comparing
stabilized and nonstabilized samples from the same subject
could eliminate interpatient variability or other potential
sources of confounding.
The data in the current studies suggest that nonstabilized
urine can be used during the qualification process and that
nonstabilized urine samples collected in typical clinical
trials could be used in the future to evaluate a compound’s
potential to induce kidney injury during drug development.
However, it may be necessary to generate independent
stabilized and nonstabilized reference intervals for some of
the biomarkers.
In conclusion, these studies advanced the qualification
process of the urinary biomarkers by: 1) determining that nonstabilized urine samples can be used for most of the biomarkers under qualification, which will enable retrospective sample
analysis during qualification and urine samples collected in
typical standard studies to be used post the qualification process; and 2) documenting increased levels of A1M, CTGF,
GSTα, KIM-1, microalbumin, osteopontin, and TFF3 in
P-DM. In addition, the 89.0% accuracy of A1M distinguishing
P-DM and HVs typically enrolled in clinical trials suggests
tubular injury may occur prior to glomerular injury, as well
as suggesting that A1M could be further investigated as a biomarker to monitor efficacy of potential renal protective agents.
Therefore, the biomarkers under investigation have passed
this qualification step, with biomarker levels (A1M, CTGF,
GSTα, KIM-1, microalbumin, osteopontin, and TFF3) being
increased in the subjects with diabetes. However, limitations
of some biomarkers have been identified: CTGF and GSTα
assays are nonoptimal assays for use with nonstabilized urine,
although they were higher in subjects with diabetes, and some
biomarkers may require separate expected/normal ranges
for stabilized and nonstabilized urine. Additional studies are
needed in the stepwise qualification process to determine the
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utility of each biomarker and appropriate cutoffs between
normal and injury for each biomarker.
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