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Abstract Pediatric acute kidney injury (AKI) is associated
with increased morbidity, mortality and associated health-
care costs. Unfortunately, there are currently no effective
therapies available, and this has been attributed in part to the
late diagnosis of AKI. Therefore, significant efforts have
been made to develop early diagnostic tools for AKI in the
hope that early identification of renal injury will allow for
effective therapeutic intervention. Different transcriptomic,
proteomic and metabolomic technologies offer unbiased
approaches to identifying novel biomarkers of AKI. This
review will provide an overview of non-invasive pediatric
AKI biomarkers. It will focus on unbiased technologies by
using examples of biomarkers identified with “-omic” tech-
nologies and different methodological and implementation
challenges will be highlighted. Finally, emerging proteomic
techniques that may be applicable to biomarker discovery
will be presented. Ultimately, the development of novel
biomarkers of AKI may lead to the early diagnosis and
effective therapeutic intervention of AKI to improve patient
outcomes.
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Overview

Acute kidney injury (AKI) is associated with a significantly
increased risk of mortality, as well as an increased risk for
developing chronic kidney disease (CKD). Children are
especially vulnerable and experience an increased incidence
of AKI compared to adults following cardiac surgery [1, 2].
Currently, the clinical diagnosis for AKI is made late, thus
impeding effective therapeutic intervention. The early diag-
nosis of AKI is hampered by multiple factors, including the
lack of a standardized definition for AKI, a flawed clinical
gold standard for diagnosis (serum creatinine) and the com-
plex underlying pathophysiology. While the former has now
been largely rectified with new AKI diagnosis and staging
guidelines [3], the latter issues continue to impede the early
diagnosis of AKI. Therefore, the development of novel
biomarkers for early AKI diagnosis is an identified research
priority [3], and the purpose of this review is to discuss
different strategies for biomarker discovery that may inform
new diagnostics.

Mortality and morbidity associated with pediatric AKI

Acute kidney injury in the pediatric intensive care unit
(PICU) is very common. Analysis of all children admitted
to the PICU demonstrates a 10 % incidence of AKI [4],
which increases to 58–82 % when considering severely ill
PICU patients [5, 6]. It is associated with a two- to five-fold
increase in short-term mortality [5, 6], and there is a dose-
dependent relationship such that increasing severity of AKI
is associated with increased mortality [4]. Indeed, children
with severe AKI requiring continuous renal replacement
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therapy have a survival rate of only 58 % [7]. Importantly,
AKI is an independent predictor of mortality in the PICU,
demonstrating that it may be causally related to death [4].
Even mild increases in serum creatinine (0.3 mg/dL) are
associated with increased mortality in children with decom-
pensated heart failure [8]. Hospitalized children with AKI

also have an increased risk for long-term mortality with a 3-
to 5-year survival rate of 80 % [9].

Pediatric AKI is associated with considerable morbidity,
including increased hospital and PICU length of stay [4], and
the risk of developing CKD [10]. Approximately 10 % of
children with AKI in the PICU develop CKD in the 1–3 years
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Fig. 1 Timing of clinical
events in relation to
pathological phases of acute
kidney injury (AKI). Adapted
from Sutton et al. [21], used
with permission
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Proximal tubular injury:
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Fig. 2 Biomarkers of human acute kidney injury (AKI) reflect injury in
different compartments.NGAL neutrophil gelatinase-associated lipocalin,
KIM-1 kidney injury molecule-1, L-FABP liver fatty acid-binding protein,
NAG N-acetyl-β-(D)-glucosaminidase, IL18 interleukin 18, α-GST α-

glutathione-5-transferase, +-GT +-glutamyl transpeptidase, AAP Alanine
aminopeptidase, APAlkaline phosphatase, RBP Retinol binding protein,
NHE3 Sodium/hydrogen exchanger isoform, :-GST :-glutathione-S-
transferase
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following discharge [11]. These findings also extend to hos-
pitalized children with AKI who also demonstrate a higher
risk of CKD [9]. While adult AKI is associated with an
increased risk of CKD [12–14], the consequences of CKD in
children are unique as there may be growth and developmen-
tal implications [15]. Taken together, these data suggest that
pediatric AKI poses a significant healthcare burden, resulting
in increased mortality and morbidity and a decreased quality
of life [16]. Unfortunately, there are no specific interventions
that have been proven to successfully treat AKI, and this lack
has been attributed in part to its late diagnosis (Fig. 1).

Challenges to early AKI diagnosis

The complex, pathophysiological pathways involved in AKI
have been an obstacle to developing early diagnostics and a
contributing factor to the variable performance of novel bio-
markers. AKI is a spectrum of events that can be conceptually
separated into initiation, extension, maintenance and repair
phases [17]. The initiation and extension phases are charac-
terized by an insult, resulting in abnormal microvascular he-
modynamics and white blood cell activation. Tubular injury
can lead to necrosis and apoptosis of tubular cells [18], with
sloughing into the lumen causing obstruction and backleak.
Sublethally injured tubular cells lose their cytoskeletal integ-
rity, brush border membranes and cell polarity. Mis-
localization of adhesion molecules leads to loss of viable
epithelial cells into the tubular lumen [19]. Surviving epithe-
lial cells undergo dedifferentiation, proliferation and re-
differentiation, leading to restitution of normal tubular epithe-
lium during the repair phase of AKI [18].

Currently, the diagnosis of AKI is supported by serum
creatinine measurements that are neither sensitive nor spe-
cific for renal injury [20]. Since creatinine indicates loss of
glomerular filtration, it is only capable of detecting late AKI
in the maintenance phase well after renal injury has evolved,
and typically manifests after ≥50 % loss of function (Fig. 1)
[21]. Serum creatinine is also influenced by age, sex, muscle
mass and diet, which are highly variable in children [22].
While serum cystatin C is a superior marker of glomerular
filtration [23], it is still limited in detecting early tubular
injury since it must be preceded by a loss of function. Early
AKI in the initiation and extension phase is more likely to
be detected by tubular proteins shed by viable or nonviable
cells rather than loss of glomerular filtration. Finally, a
comprehensive strategy of biomarker use that combines
different components of renal injury may provide a more
sensitive means for detecting early AKI (Fig. 2).

Novel biomarkers of AKI—knowledge gaps

Promising AKI biomarkers include neutrophil gelatinase-
associated lipocalin (NGAL), interleukin-18 (IL18) and

cystatin C, and a summary of the relevant pediatric studies
on novel biomarkers is given in Table 1 [1, 24–38]. However,
many studies are limited by small numbers, single centers and
selected high-risk populations. The Translational Research
Investigating Biomarker Endpoints in Acute Kidney Injury
(TRIBE-AKI) is a large multi-center prospective observational
study with the aim of evaluating biomarkers of AKI in an adult
(n=1,219) and pediatric (n=311) cardiac surgery population
[1, 2, 35, 39]. It is the largest study to date addressing the utility
of NGAL, IL18 and cystatin C as biomarkers for AKI in
children [1, 2, 35, 39]. While novel biomarkers have demon-
strated excellent diagnostic performance in single-center stud-
ies, their discriminatory ability has proven less robust in multi-
center studies (Table 1). Indeed, the pediatric TRIBE-AKI
studies demonstrated that urine NGAL, urine IL18 and serum
cystatin C had a receiver operating characteristic area under the
time–concentration curve (AUC) of 0.71–0.81, which only
modestly improved upon the clinical risk prediction model
[1, 35]. This suggests that NGAL, IL18, cystatin C and clinical
risk prediction alone are insufficient for the early detection of
AKI. Therefore, new targets are needed in order to improve the
overall diagnostic performance of biomarkers, and diagnostic
accuracy may improve if biomarkers are interpreted as a panel,
rather than in isolation [24, 38].

Unbiased techniques for biomarker discovery

Novel biomarker development can proceed from a tradition-
al hypothesis-driven approach derived from the current un-
derstanding of AKI pathophysiology, or from an unbiased
approach using “-omic” technologies. Each has their
strengths and weaknesses, but this review will focus on
unbiased techniques. Conceptually, the “-omic” technolo-
gies follow the lifespan of a protein. Genes (genomics) are
transcribed (transcriptomics) into proteins (proteomics),
which may then undergo post-translational modification
prior to carrying out their designated function. Some pro-
teins are enzymes which are only active in a specific con-
formational state (catabolomics), which then release
metabolic products (metabolomics) (Fig. 3). Each step is
tightly regulated, so changes in gene expression or transcript
levels do not necessarily correlate with downstream effects.
Therefore, protein expression may be more physiologically
relevant. While metabolomics may discriminate between
different disease states, metabolite identification does not
necessarily identify the pathophysiological pathways in-
volved. Regardless of the “-omic” technology used, it is
important that novel biomarkers be translated into easy
diagnostic assays that can rapidly process multiple samples
(e.g. high throughput) to facilitate translation from bench to
bedside. Biomarkers that require highly specialized techni-
ques or equipment are unlikely to survive translation into an
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effective clinical test. Selected examples of human AKI
models will be used to demonstrate how unbiased technol-
ogies can be useful for biomarker discovery.

Transcriptomics

A transcriptome-wide interrogation strategy using microar-
ray technology discovered NGAL, a novel protein, to be up-
regulated in a mouse model of ischemia reperfusion injury
(IRI) [40]. NGAL protein expression was subsequently
detected in injured proximal tubular cells [40]. NGAL is
an antimicrobial peptide that forms a complex with iron-
binding siderophores. The NGAL:siderophore:Fe complex
has been found to be protective in renal IRI by up-regulating

heme-oxygenase 1, preserving proximal tubular N-cadherin
and inhibiting cell death [41]. Interestingly, this action was
found to be dependent on NGAL being bound to the side-
rophore:Fe complex and was blocked by the iron chelator,
deferoxamine, suggesting that Fe binding is a key mediator
of NGAL’s effect [41]. Exogenously administered NGAL
has also been shown to ameliorate ischemic AKI in a mouse
model of IRI [42]. Due to the early timing of NGAL release
and its dose relation to severity of renal insufficiency,
NGAL was postulated to be an early AKI biomarker, and
this has since been confirmed in multiple human AKI bio-
marker studies [43].

Kidney injury molecule-1 (KIM-1) was discovered to be
up-regulated in a rat model of IRI utilizing a subtractive

Table 1 Pediatric acute kidney injury biomarker studies and utility

Biomarker Pediatric
population

Number of
patients in
study

AKI definition Area under
the curve

First author
of study/year

Ref.

NGAL, urine Cardiac surgery 311 Cr ×2 or dialysis 0.71 Parikh/2011a, b [1]

NGAL, plasma Cardiac surgery 311 Cr ×2 or dialysis 0.56 Parikh/2011a, b [1]

NGAL, urine Cardiac surgery 220 Cr>50 % 0.91 Krawczeski/2011a [24]

NGAL, plasma Cardiac surgery 338 Cr>50 % 0.94 Krawczeski/ 2011 [25]

NGAL, urine Cardiac surgery 338 Cr>50 % 0.92 Krawczeski/2011 [25]

NGAL, urine Cardiac surgery 71 Cr>50 % 0.998 Mishra/2005 [26]

NGAL, serum Cardiac surgery 71 Cr>50 % 0.91 Mishra/2005 [26]

NGAL, urine Cardiac surgery 196 Cr>50 % 0.95 Bennett/2008 [27]

NGAL, plasma Cardiac surgery 120 Cr>50 % 0.96 Dent/2007 [28]

NGAL, urine ICU 140 RIFLE 0.78 Zapittelli/2007 [29]

NGAL, serum ICU 143 BUN>100 or Cr>2
or dialysis

0.68 Wheeler/2008b [30]

NGAL, urine ER 252 pRIFLE—R, I, F 0.63–0.66 Du/2011 [31]

IL18, urine Cardiac surgery 311 Cr ×2 or dialysis 0.72 Parikh/2011a, b [1]

IL18, urine Cardiac surgery 220 Cr>50 % 0.84 Krawczeski/ 2011a [24]

IL18, urine Cardiac surgery Nested
case control (1.75:1)

55 Cr>50 % 0.75 Parikh/2006 [32]

IL18, urine ER 252 pRIFLE—R, I, F 0.44–0.54 Du/2011 [31]

KIM-1, urine Adult & pediatric
cross-sectional study

74+20 Cr>50 % 0.83 Han/2008 [33]

KIM-1, urine ER 252 pRIFLE—R, I, F 0.60 Du/2011 [31]

L-FABP, urine Cardiac surgery 220 Cr>50 % 0.77 Krawczeski/2011a [24]

L-FABP, urine Cardiac surgery 40 Cr>50 % 0.81 Portilla/2008 [34]

Cystatin C, serum Cardiac surgery 288 Cr>50 % 0.81 Zappitelli/2011a, b [35]

Cystatin C, serum Cardiac surgery 374 Cr>50 % 0.81 Krawczeski/2010 [36]

Cystatin C, serum Cardiac surgery 100 Cr>50 % 0.67 Hassinger/2012 [37]

Albumin, urine Cardiac surgery 294 AKI stage ≥1 0.72–0.82 Zappitelli/2012a, b [38]

β2-microglobulin, urine ER 252 pRIFLE— R, I, F 0.59 Du/2011 [31]

AKI Acute kidney injury, NGAL Neutrophil gelatinase-associated lipocalin, IL18 interleukin-18, L-FABP liver-type fatty acid-binding protein, KIM-
1 kidney injury molecule 1, ICU intensive care unit, ER emergency room, Cr creatinine, pRIFLE pediatric Risk, Injury, Failure, Loss, End-stage
renal disease,
a Biomarker was analyzed in addition to a base clinical model
b A multi-centre study
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hybridization approach [44] and was shown to be a marker of
proximal tubular injury [45]. KIM-1 is a phosphatidylserine
receptor which recognizes apoptotic cells and enhances their
clearance by directing them to lysosomes for degradation [46].
KIM-1 also mediates the phagocytosis of necrotic cells and
oxidized lipoproteins, and may therefore promote the repair of
injured renal tubular epithelium [47]. Furthermore, KIM-1
may play a role in modulating the immune response
during IRI via the leukocyte mono-immunoglobulin-like
receptor 5 (LMIR5)/CD300 [46]. KIM-1 has been evalu-
ated in multiple models of human AKI and demonstrated
variable diagnostic performance, which may be related in
part to the delayed peak in urinary KIM-1 compared to
other biomarkers [48].

Proteomics

Proteomic techniques typically involve an initial protein
separation step to reduce sample complexity. This is neces-
sary to decrease the “noise” generated by high-abundance
proteins, so peptide/protein identification with tandem mass
spectrometry (MS-MS) can be performed. Examples of sep-
aration techniques include surface-enhanced laser desorp-
tion ionization time of flight mass spectrometry (SELDI
TOF-MS) chips which differentially bind proteins based
on their biochemical characteristics (e.g. hydrophobic, cat-
ionic), capillary electrophoresis with differential sample elu-
tion times based on size and charge and two-dimensional
(2D) gel electrophoresis where samples are also differential-
ly resolved by size and charge. In-depth, semi-quantitative
discovery proteomics are usually performed in small sample

numbers due to the complexity and cost of analysis.
Therefore, targets identified with these techniques are strict-
ly hypothesis-generating and require additional quantitative
validation in larger cohorts.

MS-based proteomics

SELDI TOF-MS was used to identify hepcidin-25 in a
prospective, nested case–control population (n=44) [49].
SELDI TOF-MS demonstrated a 2.78-kDa protein peak that
was differentially up-regulated at post-operative day 1 in
non-AKI versus AKI patients. This protein was isolated
with ion exchange chromatography, purified by reverse
phase-high-performance liquid chromatography (RP-
HPLC) and identified with MS-MS [49]. These results were
subsequently validated in an urinary hepcidin-25 enzyme-
linked immunosorbent assay (ELISA) in a larger prospective
cohort (n=345) [50]. This result demonstrated that the urinary
hepcidin-25:creatinine ratio is strongly and independently
associated with avoidance of AKI [odds ratio (OR) 0.26,
95 % confidence interval (CI) 0.12–0.58, p<0.0001)] with
an AUC of 0.80 (95 % CI 0.70–0.89) [50]. Furthermore,
hepcidin-25 has a strong negative predictive value of 0.96
for ruling out AKI and is associated with preservation of
renal function [50]. These findings have since been inde-
pendently confirmed in two prospective adult cardiac sur-
gery cohorts [51, 52]. Hepcidin-25 is an antimicrobial
peptide and regulator of iron homeostasis which may be
renoprotective in IRI via iron sequestration. It is uniquely
associated with avoidance of AKI and may complement
biomarkers that detect renal injury.

Genomics

Transcriptomics

Proteomics

Metabolomics

Hypothesis-driven examples:

Cystatin C
IL-18
NHE3
MCP-1
Klotho
Etc.

SELDI TOF-MS
CE MS-MS
2D DIGE

Differential isotope labeling
Activity-based protein profiling

Unbiased analysis Targeted analysis

Microarrays
Subtractive hybridization

NMR
MS MS

Fig. 3 Overview of different
types of strategies for biomarker
discovery. SELDI TOF-MS
Surface enhanced laser
desorption ionization time-of-
flight mass spectrometry,
CE MS-MS Capillary
electrophoresis mass
spectrometry, 2D DIGE
Two-dimensional fluorescence
difference gel electrophoresis,
NMR Nuclear magnetic
resonance,MS-MS Tandemmass
spectrometry, IL18 Interleukin
18, NHE3 Sodium/hydrogen
exchanger isoform, MCP-1
Monocyte chemoattractant
protein-1
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SELDI TOF-MS detected novel urine protein peaks at 6.4,
28.5, 43 and 66 kDa associated with AKI in a prospective
cohort of pediatric cardiac surgery patients (n=60) [53] that
were identified as aprotinin, α1-microglobulin, α1-acid glyco-
protein and albumin, respectively [54, 55]. Urinary aprotinin
quantity was evaluated in a pediatric cardiac surgery
cohort (n=106) utilizing SELDI TOF-MS peak intensity
(AUC 0.92), and aprotinin activity was assessed with a func-
tional activity assay (AUC 0.98) [54]. Urinary aprotinin ac-
tivity significantly correlated with aprotinin dose, suggesting
that the amount of anti-thrombolytic (aprotinin) administered
on cardiopulmonary bypass (CPB) caused the observed in-
crease in amount and activity [54]. This correlation is sup-
ported by the multivariate model which demonstrated that
prolonged CPB time and aprotinin use were the only signifi-
cant predictors of AKI, suggesting that aprotinin may have
limited utility as an AKI biomarker [54]. Urinary α1-
microglobulin, α1-acid glycoprotein and albumin were also
evaluated in a pediatric cardiac surgery population (test set n=
30, validation set n=365) and demonstrated an AUC of 0.84,
0.87 and 0.76, respectively, at 6 h after cardiac surgery [55].
Importantly, these three biomarkers are measurable by neph-
elometry, which is a high-throughput technique and easily
accessible to clinical laboratories.

A variant of human β defensin-1 and an unidentified
protein peak (4,631 Da) were detected with SELDI TOF-
MS in a nested case–control study of pediatric cardiac
catheterization patients (n=17) [56]. In the pre-procedural
urine samples, human β defensin-1 was elevated in non-
AKI patients (AUC 0.89–0.99), and the 4,631-Da peak
(AUC 0.84) was elevated in AKI patients [56]. Human β
defensin-1 is an antimicrobial peptide, similar to NGAL and
hepcidin-25, and it has been postulated that it may have a
renoprotective effect. The 4,631-Da peak has yet to be
identified, and this illustrates a critical limitation of SELDI
TOF-MS. SELDI TOF-MS is a high-throughput platform
for detecting differentially expressed protein peaks, but the
translation of these “diagnostic” peaks into clinical labora-
tory testing is not practical due to the sample processing and
infrastructure required. Therefore, the utility of SELDI
TOF-MS hinges on the ability to isolate and identify the
specific protein so it can be translated into an assay appro-
priate for clinical use. The proteins analyzed are restricted to
those with the specific biochemical properties that bind the
SELDI chip and therefore show a limited portion of the
proteome. Furthermore, SELDI TOF-MS is optimized to
the low molecular weight range and has poor resolution
for high molecular weight proteins. Finally, SELDI TOF-
MS is semi-quantitative and requires quantitative validation.

Capillary electrophoresis mass spectrometry has been used
to identify 20 urine peptides that were the degradation products
of six proteins from a critical care model of AKI (n=20). Adult
AKI patients were found to have increased albumin, α1-

antitrypsin and β2-microglobulin peptides, as well as de-
creased fibrinogen-α, collagen 1α (I) and collagen 1α (III)
peptides [57]. The diagnostic performance of the combined
peptide panel demonstrated an AUC of 0.91, and these results
were then tested in an independent ICU patient population (n=
20, AUC 0.84) and hematopoietic stem cell transplant cohort
(n=31, AUC 0.90) [57]. The β2-microglobulin and albumin
data are consistent with data reported previously [49, 55]. MS-
based techniques, such as capillary electrophoresis-MS, are
invaluable for unbiased biomarker discovery. However, the
translation of MS-based assays to the bedside is impaired by
expensive infrastructure, complex sample processing and the
need for technical expertise. Unfortunately, attaining antibod-
ies with epitopes specific to biomarker peptides that do not
exhibit cross-reactivity with their parent molecules may prove
very challenging. This may further limit the applicability of
peptide-based diagnostics to wider dissemination since most
quantitative, high-throughput platforms are antibody-based.

Differential protein profiling identified chitinase 3-like pro-
tein 1 in a rat model of sepsis [58]. Rat septic AKI and non-AKI
urine samples were compared by labeling with light versus
heavy isotopes using propionylation [58]. The light and heavy
isotope-labeled samples were combined and subjected to MS-
MS for identification of differentially regulated proteins. This
affinity tag adds a predictable mass/charge separation and
therefore allows for the determination of relative abundance
at the same time as protein identification. Other examples of
differential labeling include isotope coded affinity tags, O-
methylisourea and isobaric tag for relative and absolute quan-
titation (iTRAQ) [59]. Eight protein candidates have been
validated with western blot: NGAL, thioredoxin, gelsolin, chi-
tinase 3-like protein 3, sepiapterin reductase, osteopontin, ca-
thepsin L1 and uteroglobin [58]. In a small cohort of septic
patients (n=12) chitinase 3-like protein 1 was found to be
elevated in septic AKI in a pattern similar to NGAL [58].
Differential protein profiling is a powerful method for identi-
fying differentially expressed proteins; however, it can be
limited by the extent to which the label is incorporated in a
sample. For example, ICAT labels are incorporated at cysteines,
O-methylisourea is incorporated at trypsin digestion sites, and
iTRAQ labels are incorporated at N-terminal or lysine side
chains. Therefore, relative abundances will not be determined
for peptides that do not have these specific labeling sites.

Gel-based proteomics

Two-dimensional fluorescence difference gel electrophore-
sis (2D DIGE) has also been used to identify novel bio-
markers of AKI. In a small nested case–control study of
adult cardiac surgery patients (n=12), 2D DIGE identified
four differentially regulated proteins in AKI versus non-AKI
patients, including zinc α2-glycoprotein [60]. Zinc α2-
glycoprotein was then quantified with western blot and
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ELISA to demonstrate an AUC of 0.68 [60]. Urinary exo-
somal fetuin-A was also identified with 2D DIGE in differ-
ent rat models of AKI (IRI, cisplatin and prerenal azotemia)
[61]. Urinary exosomal fetuin-A is significantly increased in
AKI, and these findings were evaluated by western blot in a
very small group (n=6) of ICU patients [61]. Although 2D
DIGE can be a powerful method for identifying differentially
expressed proteins, gel-based proteomics is significantly lim-
ited in its ability to identify low-abundance proteins.
Furthermore, small relative changes in protein abundance that
may be physiologically relevant may not be detected with gel-
based techniques as they lack the resolution of in-solution
approaches (e.g. capillary electrophoresis, RP-HPLC).

Metabolomics

Mass spectrometry-based metabolomics was used in a pro-
spective cohort of pediatric cardiac surgery patients (n=40)
to identify homovanillic acid sulphate (HVA-SO4), a dopa-
mine metabolite, as being associated with AKI [62]. The
diagnostic performance of HVA-SO4 demonstrated an AUC
of 0.78 at 4 h post-cardiac surgery for identifying AKI,
defined as a serum creatinine rise of ≥50 % from baseline.
The group with AKI tended to have significantly longer
CPB times and lengths of hospital stay, suggesting a sicker
cohort. One of the limitations of this study was that vaso-
pressor support was not listed; therefore, it is unknown
whether the increase in dopamine metabolites identified in
the AKI group was confounded by exogenous dopamine
administration. Metabolomics may be limited in translating
to clinical practice because of the need for expensive infra-
structure, operator expertise and complex sample handling
(e.g. nuclear magnetic resonance, MS-MS).

Challenges and limitations

In addition to technology-specific methodological limitations,
there are currently no standardized criteria for urine and serum
(or plasma) sample processing, which can further confound
biological variability with extra technical variability. One of
the advantages in studying children is that biological vari-
ability may be decreased due to a lower co-morbid burden;
however, this may be off-set by inherent age-dependent
developmental variability. Therefore, it is imperative that
novel biomarkers undergo independent validation in large,
prospective cohorts that are sufficiently powered to evaluate
diagnostic performance. Furthermore, it is important that
biomarkers be tested in different AKI clinical settings to
ensure generalizability. Ideally, biomarker candidates should
be sensitive, specific, accurate within a broad dynamic range
and easily quantifiable on accessible, high-throughput
platforms.

Future directions in proteomics

Activity-based protein profiling (ABPP) is a new technique
that is based on the use of probes that selectively and
irreversibly bind to the active conformational site of an
enzyme family (e.g. serine hydrolase, cysteine protease).
ABPP can demonstrate differential enzyme activity, and
the probes can be used for affinity purification and enzyme
identification on MS-MS [63, 64]. This unbiased analysis
provides important functional insight, since enzyme activity
can be independent from enzyme quantity based on the
current conformational state. Critically, if differentially-
activated urinary enzymes can be identified in AKI it may
be possible to develop a rapid, colorimetric or fluorometric
point-of-care screening assay based on immobilizing the
substrate to a test strip to create a “urine dipstick” for AKI.

Conclusion

The “-omics” technologies offer an unbiased approach to
identifying novel biomarkers of AKI. These techniques can
be integrated with, and are complementary to, traditional
hypothesis-driven approaches and provide additional arma-
mentarium for discovery-based biomarker studies. These
techniques can provide novel insights into the underlying
pathophysiology of AKI and may also identify novel thera-
peutic targets. There are >1,500 proteins in normal urine
alone. While nephrologists have made excellent clinical
diagnostic and prognostic use of urinary protein and albu-
minuria, it is possible to delve much deeper into the urinary
proteome to maximize its diagnostic and prognostic poten-
tial. Ultimately, the early diagnosis of AKI will provide a
means to stratify patients for early interventional AKI trials
in the hope that the morbidity and mortality associated with
AKI may be reduced by the discovery and implementation
of effective therapies.
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