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Abstract

Accompanied with the broad application of interventional therapy, the incidence of acute
kidney injury (AKI) has been recently increasing in clinical renal medicine. The pathogenesis of
AKlis diverse and complex. In the context of the requirements for the diagnosis and treatment
of a renal disorder, a large number of studies have explored biological markers and their
usefulness to the early diagnosis and treatment of AKI, including glomerular injury, renal tubular
injury, and others. These biomarkers provide an important basis for early monitoring of AK],
but are still not quite sufficient. More ideal biomarkers are needed to be identified. Therefore,
future studies are necessary to explore more effective biomarkers for AKI clinical practice,
which would play an important role in the early diagnosis and intervention treatment of AKL
This review summarizes the important biomarkers identified by previous studies and aims to
highlight the advancements that might provide new methods for early clinical diagnosis and
effective therapeutic options, along with prediction of response to treatment for AKL
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This review summarizes the current clinical and research progress of some important
biomarkers in the field of acute kidney injury (AKI). In recent years, the incidence of contrast
medium-induced acute kidney injury (CI-AKI) has gradually increased along with the broad
application of interventional therapy, which is gaining increasing attention. According to
the Kidney Disease: Improving Global Outcomes (KDIGO) (2012) clinical practice guideline
for AKI, it is a common clinical problem defined by an abrupt (< 48 h) increase in serum
creatinine (Scr) resulting from an injury or insult that induces an abnormal kidney structure
and function, including blood, urine, and tissue tests or imaging markers of renal injury in
terms of an exception, persists for more than 6 h. Current diagnostic criteria include sharp
decline in renal function manifested by increase in serum Scr levels within 48 h after injury
(2 0.3 mg/dl (= 26.5 pmol/L) or increase in Scr to 1.5 times baseline within the previous
7 days or urine output < 0.5 ml/kg/h for 6 h [1]. These new criteria with a lower demand
for baseline Scr values determine the diagnosis time window and meanwhile emphasize the
importance of urine volume. How an earlier diagnosis of AKI can be achieved is a question
that has received extensive attention in various related disciplines, such as cardiovascular
medicine, nephrology, emergency medicine, and laboratory medicine.

AKI is a complex process resulting from multiple causes, including renal medullary
ischemia caused by insufficient renal perfusion and renal vasoconstriction, decreased
glomerular filtration rate (GFR), renal tubular obstruction, and remodeling and metabolic
changes of renal tubular epithelial cells. Today, kidney ischemia/reperfusion (I/R) is
regarded as an important process of AKI. There are two important factors to be considered
here: 1) Vascular factors, including renal vasoconstriction; decreased renal blood flow;
drop in glomerular blood pressure, which result in lateral medullary ischemia, leading
to aggravation and activation of tubuloglomerular feedback; ischemic tissue damage; or
cell necrosis. 2) Renal tubule factors, including obstruction of renal tubules, reabsorption
dysfunction, and renal interstitial inflammation [2]. In addition, oxidative stress response
activated by inflammatory mediators produced from damaged epithelial cells and the release
of various vasoconstrictor substances can all aggravate ischemic damage [3], especially of
proximal straight tubule (S3 segment) and medullary thick ascending limb. As a traditional
biochemical marker for the diagnosis of AKI, Scr is not sensitive enough for early monitoring.
Elevated Scr level is the consequence of loss of glomerular ultrafiltration capacity. On one
hand, several AKI cases occur due to acute renal tubular necrosis caused by ischemia or toxic
substances, but they do not directly correlate with glomerular damage. On the other hand,
the glomerulus has powerful compensatory capacity, and Scr usually begins to rise days or
even weeks after AKI onset when GFR decreases by one-third to half, but not obvious in the
diagnosis time window (48 h). In addition, Scr level can be influenced by several interference
factors, such as age, sex, race, prerenal factors, muscle mass, metabolism, and nutrition
status.

Further in-depth research on the pathogenesis of AKI has resulted in biological makers
with a higher sensitivity and stronger specificity that have played an important role in the
early diagnosis and early intervention treatment of AKI. This review summarizes a certain
important biomarkers and the current progress of clinical and research issues in this field.

Biomarkers of glomerular injury

Matrix metalloproteinase 9 (MMP-9)

Matrix metalloproteinase family is named after their metal-ion cofactors (calcium,
zing, or other metal ions). Members of this protein family generally have a similar structure
containing five domains with different functions, including the signal peptide region,
propeptide region, and catalytic domain, which are highly conserved. MMP-9 (92-kDa
type IV collagenase, gelatinase B) was recognized as a marker of glomerular injury that is
primarily expressed in the glomerulus and plays an important role in tissue development
and stability of internal environment. MMP-9 levels in patients with sepsis were significantly
increased compared with the control group at 6 h and reached the peak value at 12 h. A
study has found that, in animal models, renal ischemia reperfusion injury was associated
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with increased MMP-9 levels, which can regulate the glomerular and renal tubular vascular
changes and enhance the permeability of renal tubules [4]. Urinary MMP-9 concentration was
significantly improved in patients suffering from AKI compared with patients with chronic
kidney disease and healthy individuals, suggesting that MMP-9 may play a role in the early
phase of nephropathy, but its application has been limited because of its high susceptibility
to inflammatory factors such as urinary tract infections.

Cysteine-rich 61 (Cyr61)

Cyr61 is a heparin-binding, extracellular matrix-associated protein of the CYR61/
CTGF/NOV (CCN) family and is a ligand of integrin receptor, with a molecular weight of
42, 000 Da. Cyr61 has multiple functions: induction of angiogenesis in vivo, purified Cyr61
mediates cell adhesion and induces adhesive signaling, stimulates cell migration, enhances
cell proliferation, accelerates tissue remodeling and wound healing, promotes cell survival
in both fibroblasts and endothelial cells, participates in the composition of membrane
and extracellular matrix, and it is also involved in membrane formation, cytophagy and
pinocytosis, membrane transport, cytoskeleton stability, ion channel formation and opening,
and ion flow regulation of glomerular ultrastructure. In the renal tissue of healthy adults,
Cyr61 is secreted by podocytes and has a protective effect on mesangial cells, including
promotion of mesangial cell migration, inhibition of mesangial cell adhesion, enhancement of
glomerular cell repair, and prevention of glomerular capillary occlusion. Animal experiments
and clinical studies have confirmed that the proximal straight tubule (S3 segment) can
be induced to produce Cyr61 3-6 h after renal ischemic damage, and its level increased
significantly, reached a peak at 6-9 h, and then gradually decreased [5]. Cyr61 was initially
considered as a marker of renal tubular damage, whereas a recent study found that podocyte
Cyr61 expression was significantly decreased in the renal biopsy tissues of patients with
glomerular diseases, suggesting that Cyr61 is a sensitive marker of podocyte damage and
can be used for diagnosis of AKI as marker of glomerular damage [6]. There are two factors
limiting its clinical application: 1) Cyr61 disappears very quickly in urine. In an experimental
model of ischemia reperfusion, urinary Cyr61 decreased rapidly, along with continuing
kidney damage aggravation; 2) the sensitivity and efficiency of Cyr61 test methods, such as
heparin magnetic agarose bead purification technology, are not significant.

Cystatin C (CysC)

CysC belongs to the cysteine proteins inhibitors family with a 122-amino acid structure
of low molecular weight (13 kDa). It is synthesized and released into plasma by all nucleated
cellsata constantrate, can be freely filtered by the glomerulus due to its small size and positive
charge, and is completely reabsorbed and degraded but not secreted by renal tubules. Hence,
serum CysC is an early biomarker of AKI that can reflect the early changes in renal function
and the decline of GFR. Initially, it was believed to be less influenced by factors such as
weight, age, and gender. However, subsequent studies revealed that CysC concentration was
higher in patients with greater height, body weight, age, and muscle content [7]. The time
period of CysC increase was slightly different due to the initial cause of AKI and patient's age.
A prospective single-center study showed that compared with a non-AKI group, CysC levels
in pediatric patients with AKI were significantly increased 2 h after cardiopulmonary bypass
surgery, suggesting that it may be a good biological marker for early diagnosis of AKI [8].
Similarly, Krawceski et al [9] found that Cys C is a sensitive and specific marker for children
who developed AKI 12 h after cardiac surgery. Haase Fielitz et al [10] found that blood CysC
had 71% sensitivity and 53% specificity for diagnosing AKI in adults within 6 h after cardiac
surgery. Recent studies showed that within 12 h after pediatric cardiopulmonary bypass
surgery, serum CysC level was significantly elevated in patients who developed AKI [11]
and increased significantly 8 h after percutaneous coronary interventions in patients who
developed CI-AKI [12].

Several studies have confirmed that serum CysC can diagnose AKI earlier than Scr [13,
14], but later than neutrophil gelatinase-associated lipocalin (NGAL) [15, 16]. Serum CysC
can detect AKI 1-2 days earlier than Scr, and its sensitivity was also significantly higher than
that of Scr. Using 99 mTc-DTPA clearance as index of glomerular filtration function, Uzun et
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al [17] found that the sensitivity of CysC for diagnosing renal insufficiency was 82.8%, while
that of Scr was only 68.2%, thus CysC is easier to detect. Therefore, as a marker of kidney
function, CysC is more ideal than Scr [18]. The areas under the curve of CysC and Scr were
0.728 and 0.901, respectively, in patients with traumatic hemorrhagic shock. Although CysC
levels were significantly increased in the early stage and can serve as a predictor of AKI, its
value in early diagnosis of traumatic hemorrhagic shock was still lower than Scr [19].

Till date, serum CysC has been recognized as an ideal index of GFR, with a high sensitivity
and specificity. Some factors, including storage conditions, muscle mass, age, gender, diet,
infections, inflammation, and tumor may not affect serum CysC levels, but CysC may be
influenced by thyroid dysfunction, immunosuppressant use (e.g., glucocorticoids), smoking,
systemic inflammatory response, and elevated C-reactive protein [20]. Its widespread
application in clinical has been limited because of lack of a standardized test.

Renal tubular injury biomarkers

Tissue inhibitor of metalloproteinase-2 (TIMP-2)

Matrix metalloproteinase gene family member MMP-2 gene located on human
chromosome 16q21 comprises 13 exons and 12 introns in its composition, with a total
length of 27 kb. Activated MMP-2 is located at the protruding points where cells, through
matrix, may play a “Bit” role in enzymolysis of collagen type IV, the primary component of
intercellular matrix and basement membrane. TIMP-2 is a natural inhibitor of MMP-2 and
participates in the regulation of cell growth and apoptosis [21]. TIMP2 is one biomarker for
cellular stress in the early phase of tubular cell injury caused by a wide variety of insults
(oxidative stress, inflammation, ischemia, drugs, and toxins). When DNA damage occurs, the
levle of protein TIMP-2 would increase in renal tubular cells. TIMP-2 is a G1 phase blocker
that can induce a temporary G1 arrest, thus avoiding the possibility of cell damage. A study
in an in vivo rat model of kidney ischemia-reperfusion showed that TIMP-2 expression
was significantly increased after renal ischemia for 12 min [22]. In addition, Jiang et al [23]
found that compared with healthy controls, TIMP-2 levels were significantly increased in
patients with lupus nephritis. Furthermore, another multicenter study showed that urine
TIMP-2 was more sensitive than other markers (such as NGAL and IL-18) in the prediction
of moderate to severe AKI (grades 2-3, KDIGO) within 12 h, suggesting that it can be used
as anew selectable marker for AKI. TIMP-2 is involved with the phenomenon of G1 cell cycle
arrest during the very early phases of cell injury [24].

Kidney injury molecule 1 (KIM-1)

KIM-1 is a 100 kDa, type I transmembrane glycoprotein member of the TIM family of
immunoglobulin superfamily molecules, with an immunoglobulin and mucin domain and
consisting of 359 amino acid residues. It was first isolated and characterized by Ichimura
et al in 1998. As a biomarker of AKI, KIM-1 has been widely studied in recent years. It
was found to be expressed at low to undetectable levels in normal kidney tissue but was
markedly expressed in rodent kidneys with dedifferentiated proximal tubular epithelial
cells after ischemic or toxic injury [25]. It was undetectable in completely atrophic renal
tubular epithelial cells and, therefore, may play an important role in early tubular damage by
modulation of damage or repair mechanisms. KIM-1 can exist stably at room temperature.
The cell surface form (mature) of KIM-1 is a 104-kDa peptide, whereas the soluble form of
KIM-1 that appears in urine of rodents and humans with renal injury is about 90 kDa [26,
27]. Urine KIM-1 levels are associated with KIM-1 protein expression in experimental and
clinical renal disease [28]. KIM-1 can also serve as a blood biomarker of kidney injury [29].
As a new early biomarker for AKI, it was elevated at the early stage of AKI and also has
predictive value for early diagnosis of chronic kidney disease [30].

KIM-1 is highly sensitive for the diagnosis of AKI. The expression of KIM-1 was
markedly upregulated in the proximal tubule of renal biopsy tissues from patients with AKI.
Several studies concluded that urinary KIM-1 levels were significantly elevated within few
hours after kidney damage [31-33]. Plasma KIM-1 levels were higher in patients with AKI
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than in healthy controls or post-cardiac surgery patients without AKI. It shows a positive
correlation with duration of hypertension or ischemia and thus may be a potential predictor
of renal damage caused by hypertensive nephropathy or ischemia reperfusion [29, 30]. A
single-center, nested case-control study of thirty-two patients who underwent coronary
angiography demonstrated that KIM-1 can be used for early diagnosis and early initiation of
treatment for CIN and thus reduce the risk of mortality [34]. Similar results were obtained
in a study of patients with diabetes mellitus undergoing PCI, in which of the 145 diabetic
patients undergoing PCI, 19 (13.1%) patients exhibited CI-AKI, and there was a significant
difference between urinary KIM-1 levels measured 2, 6, 12, 24, and 48 h after the procedure
and those prior to the procedure in the CI-AKI group. The Scr concentration was positively
correlated with the urinary KIM-1 level during the time prior to the procedure and 24 and
48 h after the procedure. Urinary KIM-1 may be a potential indicator for the early diagnosis
of CI-AKI [35].

KIM-1 was reported as an AKI biomarker for the first time in 2002. Original studies
showed that compared with other novel markers, the increase of KIM-1 level has a certain
hysteresis, although in renal biopsy tissue of patients with acute renal tubular injury. The
positive rate of KIM-1 could reach 100%, even when 28% of the patients did not exhibit
morphological changes of kidney. The results indicate that KIM-1 can detect renal tubular
damage earlier than histological examination [36]. KIM-1 level was significantly increased
as early as 3 h of renal I/R injury. Based on a large-scale analysis of AKI patients from 2002
to 2009, Huang Y et al. confirmed that KIM-1 was an early biomarker of AKI within 24 h after
kidney injury [37]. Regarding the diagnosis specificity, Han et al. [26] demonstrated that
urinary KIM-1 can precisely differentiate ischemic AKI from prerenal axotemia and chronic
kidney disease. Its level was not influenced by urinary tract infections and contrast media-
induced AKI (CI-AKI) [38].

In a recent experimental renal toxicity study using rat model, KIM-1 was considered
to be a predictor of renal tubule pathological damage. Urinary KIM-1 was superior to Scr
and blood urea nitrogen in a variety of kidney damage [39]. In CI-AKI rats, KIM-1 levels
in urine and renal tissue were elevated rapidly prior to a significant rise in Scr. KIM-1
showed a high sensitivity of 100% for diagnosis of AKI, and its specificity was even higher
in the late stage [40, 41]. Urinary KIM-1 was stable even after the urine was frozen and
thawed for 4 cycles. Due to its noninvasive, conveniently good compliance and being not
affected by the physicochemical properties of urine, the specificity was greater than NGAL
in early AKI and the sensitivity was higher than N-acetyl-beta-D-amino glucoside enzyme
(NAG) but lower than NGAL. Furthermore, KIM-1 level was consistent with the degree of
pathological damage [42-45]. In an experimental study of rat renal toxicity [46] using degree
of pathological changes as a parameter for judging the severity of proximal renal tubular
damage, the researchers found that KIM-1 has the highest sensitivity and specificity in 21
types of urine detection indexes. KIM-1 has obvious advantages in AKI prediction, but the
increased degree is varied according to the etiology of AKI. For example, a study involving
62 patients undergoing renal transplant has shown that KIM-1 levels in kidney tissues were
significantly elevated in all patients who developed AKI. For patients with acute rejection,
the rate reached even 92% [47].However, there was no significant change in AKI patients
with complicated nephrotic syndrome [44, 48].

KIM-1 can also serve as a repair indicator of kidney injury. It can induce apoptotic body
phagocytosis by renal tubular epithelial cells, slough off necrotic renal tubular epithelial cells,
and contribute to the recovery of renal tubular function. Overall, KIM-1 is an ideal indicator
of renal function recovery after proximal tubular injury [49, 50]. In the late stage of AKI, high
KIM-1 expression is associated with renal fibrosis and chronic inflammation and may be an
important predictor of progression of chronic kidney disease [51, 52].

Urinary KIM-1 expression was also associated with adverse clinical outcomes in AKI
patients, including death and dialysis, [44] but it has no advantage in predicting the rate of
progression to renal replacement therapy and mortality compared to Scr and urea nitrogen
[26].

In conclusion, KIM-1 may be a good biomarker for kidney injury because of the
following three reasons: First, it cannot be detected in normal renal tissue; second, it is
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expressed only in damaged proximal tubular epithelial cells, regardless of nephrotoxicity
or the initial stage of ischemic injury; third, the ectodomain of KIM-1 is shed from cells,
secreted into urine within 12 h, and continue to exist until epithelial regeneration [53].
Urinary KIM-1 concentration is closely related to the severity of renal damage; thus, it can be
used as a sensitive, noninvasive, and quantitative biomarker for diagnosis and monitoring of
kidney injury [54]. KIM-1 is stable in urine and is not influenced by physical and chemical
characteristics of urine, and hence has the potential to become an important marker for
classifying renal injury. Currently, enzyme-linked immunosorbent assay (ELISA) is widely
used in clinical tests, which is helpful to confirm the effectiveness of KIM-1[55]. KIM-1 was
confirmed as a highly sensitive and specific biomarker for drug-induced kidney injury by
the Food and Drug Administration (FDA) and the European Medicines Agency (EMEA) [56].
Nevertheless, KIM-1 levels increase slowly, usually lagging behind renal injury, and can be
influenced by nephrotoxic drugs (such as cisplatin, ring spore element, gentamicin, and
cadmium), inflammation, fiber lesions, and persistent proteinuria [57]. Therefore, combining
with other sensitive markers such as NGAL/IL-18 can improve its diagnostic specificity.

NGAL

NGAL is the most extensively studied biomarker of AKI. It was originally identified in
human neutrophils and later found to be distributed widely in immune cells and various
tissues and organs, including trachea, lung, stomach, liver, colon, and kidney [58, 59]. NGAL
is a member of the lipocalin superfamily of carrier proteins, which are approximately 25
kDa in size. A typical lipocalin fold of NGAL with an eight-stranded beta-barrel, but with an
unusually large cavity lined with more polar and positively charged amino acid residues
than normally seen in lipocalins. It is produced by activated neutrophils of proximal tubule,
covalently bound to neutrophil gelatinase [60]. The expression level of NGAL is usually in
low state, but can be secreted by epithelial cells, and is markedly elevated in pathological
conditions [61]. It was shown to be involved in various physiological and pathological events
such as inflammatory immune response, lipid metabolism, intracellular iron transport, renal
tubular repair, and differentiation of kidney progenitor cells into tubular epithelial cells.
NGAL is often expressed in tissues that frequently contact with microorganisms and thus
plays a role in host defense.

In renal ischemia or toxic damage, NGAL was significantly increased in injured tubular
(especially proximal renal tubular) epithelial cells. Meanwhile, besides inducing neutrophil
apoptosis in renal tubular interstitial cells, NGAL protects from the invasion of inflammatory
cells, by inducing renal interstitial cell conversion to tubular epithelial cells and promoting
the repair and regeneration of renal tubular epithelial cells. This small molecular peptide
can resist the effects of proteolytic enzymes and can thus be easily detected in urine samples.
Therefore, it is an early, sensitive, and specific biological marker of ischemic or nephrotoxic
injury. In various available biomarkers of AKI, only NGAL and cystine protease inhibitor C can
be reliably detected by the automatic biochemical analyzer. NGAL appears to be a promising
marker for early detection of AKI and is likely to be adapted for wide-scale clinical use in
patient management as a point-of-care test; use of NGAL along with a panel of other renal
biomarkers can improve the rate of early detection of AKI [62].

NGAL is a predictor of AKI caused by various reasons. A meta-analysis of data from 19
studies including 487 patients with AKI revealed that the NGAL levels in urine and blood
have guiding significance for predicting early AKI [63]. NGAL demonstrated a sensitivity of
85% and specificity of 83% for predicting AKI after hematopoietic stem cell transplantation
(HSCT). The changes of day +9 uNGAL concentrations from baseline could be of value for
predicting AKI in HSCT patients [64]. NGAL levels can be used as an AKI biomarker after
extracorporeal circulation cardiac surgery and aortic valve replacement; after aortic
valve replacement, NGAL levels more than 136 ng/ml show an obvious correlation with
early treatment intervention. In the prediction of the occurrence of AKI and early medical
intervention, NGAL is superior to the traditional warning factor such as creatinine and hence
can be used as a predictor of AKI occurring postoperatively after heart surgery [65, 66, 67]. In
addition, the ability of NGAL to predict AKI primarily caused by body fluid loss and unbalanced
perfusion has also been confirmed. Urinary NGAL can be detected within 3 h after acute
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renal ischemia-reperfusion injury [68]. Whole blood NGAL significantly increased in burn
patients who developed AKI during the first week after burn. NGAL is an early independent
predictor of AKI during acute resuscitation for severe burn injury [69]. Elevated NGAL levels
were observed in neonates with hypoplastic left-heart syndrome (HLHS) and diagnosed
AKI stage 1 compared to those newborns without AKI. Umbilical blood NGAL could predict
AKI in neonates with high sensitivity and specificity and its concentration may be an early
marker to predict AKI in neonates with HLHS [70].

Several other studies also confirmed that NGAL has high sensitivity and specificity
for the diagnosis of AKI. Makris et al [71] found that NGAL had a sensitivity of 91% and a
specificity of 95% for ICU patients who developed AKI. However, some researchers also have
reservations about the conclusions. A prospective study of organ transplant ICU patients
showed that P-NGAL, U-NGAL/Cr, and L-FABP/Cr before ICU admission have no correlation
with AKI, and there were no differences in P-NGAL, U-NGAL/Cr, and L-FABP/Cr levels from
day 1 to day 6 between patients who did not recover from AKI and patients who recovered
from AKI. NGAL and L-FABP upon ICU admission are not predictive of AKI, and serial NGAL
and L-FABP measurements may be ineffective for monitoring the status and treatment of
posttransplantation AKI [72].

Several studies have shown that NGAL has obvious advantages in the prediction of AKI
(especially drug-induced AKI). Chemotherapy agents, such as cisplatin and carboplatin,
have the primary side effect of renal toxicity. Urine NGAL/creatinine ratio was significantly
increased in patients with cisplatin-associated AKI, urinary NGAL can be detected at 2 h after
cisplatin infusion, and urinary NGAL-creatinine ratio within the first 24 hours after cisplatin
infusion may be better than Scr to predict cisplatin-associated nephrotoxicity [68, 73]. In
another study, a total of 42 patients received platin compounds (cisplatin, carboplatin, or
oxaliplatin), and the results also indicated that urinary NGAL seems to be promising in
detecting AKI earlier than with creatinine [74]. Tacrolimus is a primary immunosuppressant
after liver transplantation. In a study of 31 patients who underwent living donor liver
transplantation (LDLT), 20 recipients developed tacrolimus-induced AKI, and urinary levels
of NGAL, monocyte chemoattractant protein-1 (MCP-1), and liver-type fatty acid-binding
protein were significantly higher in patients with AKI than in those without AKI. The
predictive effect of urinary NGAL was stronger than other six biomarkers (MCP-1, liver-type
fatty acid-binding protein, interleukin-18, osteopontin, cystatin C, and clusterin.) [75].

Additionally, NGAL may also be used to exclude drug-induced AKI. A recent study
showed that after 6 h of contrast media exposure, urinary NGAL <20 ng/ml and sNGAL
<179 ng/ml is a reliable sign that ruled out contrast agent-induced AKI [76]. NGAL can be
used as an early biomarker for the evaluation of degree and prognosis of AKI. A study found
that NGAL could independently predict 28-day mortality of AKI patients who require renal
replacement therapy (RRT). Plasma and urine NGAL levels are important predictors for the
occurrence and prognosis of AKI in critically ill patients, or AKI following heart surgery, and
contrast administration and NGAL level were gradually increased with increasing severity
of AKI [63].

It should be noted that both urinary and plasma NGAL levels have their own advantages
and disadvantages. Plasma sample is easy to obtain, but it needs to have blood drawn.
Therefore, it is an invasive procedure. Moreover, plasma NGAL may be influenced by
bacterial infections, systemic inflammation, and malignancy [72]. The interference factors
of urinary NGAL are relatively few, but they cannot be determined in patients with anuria
[77]. Martensson et al [77] found that urine NGAL level was not increased in sepsis patients
without AKI. Therefore, it may be an index to evaluate whether sepsis patients developed
AKI. However, another study found that in patients without AKI, kidney tissue can also
produce NGAL to increase its urinary excretion rate. The increased levels of uNGAL can also
be due to overspill from the systemic circulation, which render the discriminative value of
NGAL as a biomarker for AKI in patients with sepsis to become blurred [63, 78]. Hence, the
choice of the sample type should be according to the specific clinical situation [79].

In short, NGAL is one of the most valuable biomarkers for monitoring AKI, with high
sensitivity and specificity[80], but it is easily affected by various interference factors, which
seems to be more applicable for AKI patients with relatively fewer complications.
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Interleukin-18 (IL-18) and IL-6

IL-18 belongs to interleukin 1 family, with a molecular weight of 18 kDa, and is a
novel cytokine that plays an important role in the T-cell-helper type 1 (Th1) response. It
is produced by macrophages and renal tubular cells, playing active roles in several renal
pathological processes, including ischemia or reperfusion, infection, autoimmune conditions,
and malignant tumor. It also induces ischemic injury of the brain, heart, and kidney. Renal
tubular epithelial cells are important sources of caspase-1 and IL-18. Pro-IL-18 can be
quickly expressed after ischemic stimulation and activated by caspase-1 and then involve
in the process of kidney injury and recovery. The important role of IL-18 in ischemic AKI
was originally confirmed in animal experiments, and then later, it was found that IL-18
may also be an important biological marker for human AKI. In 2004, it was first found that
compared to prerenal axotemia, urinary tract infections, chronic renal failure, and nephrotic
syndrome, the concentration of urinary IL-18 was significantly increased in AKI patients.
IL-18 has been reported to increase about 2 days earlier than Scr. It is an early sensitive
predictor of AKI, which is closely related to the severity of AKI and mortality rates [81]. In
AKI patients, urinary IL-18 can be increased within 4-6 h, reaching the peak at 12 h and
remaining significantly higher after 48 h, which reveals a temporal relationship with urinary
NGAL. The specificity and sensitivity of urinary IL-18 are both greater than 90% for the
early diagnosis of AKI [81]. In pediatric patients who developed AKI 1-2 days after cardiac
surgery, urinary IL-18 increased at 6 h after the surgery and peaked at over 25-fold at 12 h.
Urinary IL-18 was highly correlated to the risk of AKI, and its level was closely related to the
duration of AKI, indicating that it can be used to monitor the progression of AKI [82, 83].

Urinary IL-18 level was also associated with the severity and prognosis of AKI, which
was significantly increased with the severity of AKI, using 100 pg/L as the critical value of
diagnosis. IL-18 had a specificity of 93% to predict AKI duration 248 h [84]. Urinary IL-
18 is an independent risk factor for mortality and is associated with poor outcomes in AKI
patients [85]. In a prospective study of critically ill ICU children with mechanical ventilation,
Washburn et al [86] found that in urine of children with AKI, the change in IL-18 levels was
at least 2 days earlier than Scr. Urinary IL-18 level was proportional to the severity of AKI.
It not only was a sensitive indicator for critically ill patients developing AKI, but it can also
effectively predict mortality. In addition, according to a study on AKI patients complicated
with acute respiratory distress syndrome (ARDS), urinary IL-18 could predict mortality
after mechanical ventilation [81]. Hall et al [87] found that IL-18 could accurately predict
the need for dialysis within the first week of kidney transplantation.

[L-18 is the only predictive indicator for severe AKI. Studies involving 258 patients who
underwent coronary artery bypass surgery confirmed that IL-18 could predict AKI after
coronary artery bypass surgery [81, 88, 89]. However, some researchers have also indicated
that IL-18 appears not to be valuable in identifying patients who develop AKI after cardiac
surgery [90, 91].

The detection of IL-18 is fast, reliable, and inexpensive, with good a prospect. IL-18 can
be tested by ELISA method, and it has a great advantage compared with other biological
markers [92]. While as a proinflammatory cytokine, IL-18 plays an important role in sepsis
[93]. However, its levels may be affected by several factors, including endotoxin, inflammation,
and immune factors. Serum IL-18 increased in some pathophysiological conditions, such
as arthritis, systemic lupus erythematosus (SLE), inflammatory bowel disease, psoriasis,
hepatitis, and multiple sclerosis [94]. Thus, this cytokine only can be a potential indicator
for AKI, and the proinflammatory effects and increment adjustment role in inflammatory
diseases may affect its sensitivity and specificity.

The proinflammatory cytokine IL-6 has been widely expressed during tissue injury
(e.g., sepsis), which is filtered through the glomerulus, reabsorbed, and metabolized in
proximal tubules. It was significantly increased in animal models of ischemic and toxic
AKI. In the study of AKI following cardiac surgery, IL-6 was increased in AKI group within
6 h postoperatively, with the sensitivity in diagnosing AKI reaching 88% [95]. For kidney
allograft, compared to clinical acute inflammation, subclinical acute kidney inflammation
has lower extend of transcriptional profile of immune injury and inflammatory mediator
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such as cytokine receptors (CCRL2, CCR1, CXCRS5, IL1RAPL2), proinflammatory cytokines
(LTA, IL12A), complement protein C3 and inflammatory mediator (PTAFR) [96].

Liver-type fatty acid-binding protein (L-FABP)

FABP belongs to the fatty acid-binding protein superfamily; it is a small, highly
conserved cytoplasmic protein that binds long-chain fatty acids, with a molecular mass of
about 14 KD, and widely exists in metabolically active adipose tissue, expressed at high
abundance in the mammalian liver, but with low expression in the pancreas, kidney, and
intestine. So, far, two different FABPs have been identified in human kidney, L (liver-type)-
FABP is located predominantly in the proximal tubular system, while H (heart-type)-FABP is
primarily found in the distal tubular system. Under normal physiological conditions, L-FABP
isreleased into the blood circulation, glomerular filtration, and in renal tubular reabsorption
[97]. Hence, L-FABP is primarily expressed in proximal tubules, associated with the severity
of renal tubular injury. L-FABP level is correlated with the peritubular capillary blood flow
and ischemic time in kidney transplantation and can be used for monitoring the process of
acute ischemic renal injury, chronic kidney disease, diabetes, and IgA nephropathy [98].

Elevated FABP serum concentrations are related to a number of common comorbidities,
such as heart failure, chronic kidney disease, diabetes, and metabolic syndrome, which
represent important risk factors for postoperative AKI. Urinary L-FABP seems to have
a similar effect. Several studies have demonstrated that urinary L-FABP was significantly
increased in a short time in AKI patients caused by various reasons (such as heart surgery,
sepsis and renal tubular necrosis, and contrast nephropathy) [99-101]. Portila et al found
that the sensitivity and specificity of urinary L-FABP to predict AKI after cardiac surgery were
71% and 81%, respectively [102]. A study of 84 patients undergoing allogeneic stem cell
transplantation found that high urinary L-FABP was an independent risk for the emergence
of AKI. Increased baseline urinary L-FABP may indicate previous incipient kidney injury and
was linked with a high risk of AKI after allogeneic stem cell transplantation [103]. Urinary
L-FABP was significantly increased prior to the impairment of renal tubular function, and
hence urinary L-FABP may be a sensitive indicator for early diagnosis of kidney disease [104].
Noiri et al [105] found that in a rat model of AKI and chronic kidney disease, urinary L-FABP
may serve as a new marker of renal function superior to Scr. Urinary L-FABP can be detected
at 24 h in cisplatin-induced and ischemia-reperfusion AKI animal model, while elevated Scr
cannot be detected until 72 h later, suggesting that urinary L-FABP was more sensitive than
Scr concentration as a marker of renal function. The range of dynamic monitoring of L-FABP
was broader than Scr and can indirectly reflect the decline in GFR [106].

In addition, mortality in AKI patients diagnosed by Scr was increased remarkably when
urinary L-FABP and NAG were positive. Both these biomarkers can specifically detect high-
risk patients among creatinine-based diagnosed AKI [107]. Recent studies have further
confirmed its efficiency in clinical diagnosis of AKI. Furthermore, L-FABP levels showed a
significant positive correlation with days of hospitalization and mortality. These findings
indicate that L-FABP was more sensitive to predict early AKI and it may be a good biomarker
for AKI diagnosis and prognosis [100, 101, 108].

Na*/H* exchanger isoform 3 protein (NHE3)

NHE3 was mostly present on the apical membrane of cells in the proximal tubule and
the loop of Henle, as the major transporter responsible for reabsorption of filtered Na+
and HCO3 in the proximal tubule. At early stage of renal damage, followed by brush border
damage and tubular necrosis, the intracellular fluid and apical membrane are released into
the tubular fluid, resulting in increased urinary NHE3. Urinary NHE3 can be detected in ICU
patients with AKI, which can discern AKI subtypes (prerenal, intrinsic renal, or post renal),
and distinguish between the underlying causes, including prerenal axotemia, obstructive
nephropathy or urinary tractinfections, and thus can be used as a specific, noninvasive marker
for tubular damage [109]. However, the complexity of specimen processing limits its clinical
application; urinary NHE3 threshold for AKI of unknown etiology is yet undetermined. For
this reason, further research is needed to verify the effectiveness of NHE3.
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B2-Microglobulin (2-MG)

B2-MG is a protein widely distributed on the cell surface in a form noncovalently
associated with the o chain of the class I major histocompatibility complex (MHC) molecules.
Because of its small molecular weight, f2-MG has the ability to be freely filtered through
the glomerular wall into the tubule, about 99.9% of 2-MG is reabsorbed by lysosomal
degradation of amino acids rather than back into the blood; therefore, the normal urinary
32-MG content is small, and only the renal tubular damage and urinary 2-MG will increase.
Therefore, it may be one of the sensitive markers of proximal tubule injury [110] and is now
being implemented in clinical uses.

Retinol-binding protein (RBP)

RBP is a 21-kDa plasma protein and a specific transport protein for vitamin A, which
is known as one of the liver synthetic vitamin A transporters. Through all-trans-retinol
to stimulate and with the specific binding, the formation of retinol-RBP complex (Holo-
RBP), RBP is then secreted into the circulation in a 1:1:1 complex with ROH (holo-RBP4)
and transthyretin (TTR), which can be taken up by target tissues until being filtered in the
glomerulus, reabsorbed, and degraded in proximal tubular epithelial cells. Urinary RBP was
highly sensitive to renal tubular dysfunction caused by various types of AKI and elevated
prior to urinary NAG, more stable than 32-MG in acidic urine. Roberts et al reported that
[111] neonatal Scr level was largely dependent on maternal Scr level. It is difficult to
determine renal damage by Scr; however, the increased RBP level during the first 2 days of
life was predictive of clinically significant AKI in infants following birth asphyxia. However,
as a vitamin A transporter, its detective value was depressed in patients with vitamin A
deficiency. Almost all of RBP through glomerular filtration is reabsorbed and degraded in
the proximal renal tubule. As an AKI biological marker, its specificity is not ideal enough in
patients with heavy glomerular proteinuria or high filtration state. Its detection has been
often limited by the occurrence of saturation of tubular reabsorption.

Clusterin

Clusterin is a heterodimeric glycoprotein of approximately 80 kDa, with high
modification efficiency such as glycosylation, division, and forming dimmers, playing
roles in lipid transport, cell-cell interaction, regulation of the complement cascade, and
apoptosis initiation during renal injury. In AKI caused by nephrectomy, polycystic kidney,
and renal cell carcinoma, the expression of clusterin on dedifferentiated tubular cells was
significantly increased as KIM-1 [112]. One study found that in a rat model of unilateral
ureteral obstruction, the clusterin mRNA expression was significantly increased in injured
renal tubular epithelial cells, and its content in urine elevated at the same time, suggesting
that clusterin can serve as an early biomarker of AKI [113]. The renal tissue still maintains
the normal morphology when clusterin emerges in tubular injury location, and thus it can be
used as an early marker of renal damage.

Osteoactivin

Osteoactivin is a glycoprotein containing 572 amino acids, with a molecular weight of
65, 000-115, 000 daltons, and plays an important role in the regulation of myofibroblast
differentiation, osteoblast growth, and osteoclast differentiation. Animal experiments
have shown that osteoactivin expression can be observed even in the early stage of acute
cyclosporine A-induced nephrotoxicity, which was more sensitive than Scr. It is primarily
expressed in renal tubular epithelial cells and interstitial cells. The early-phase upregulation
of osteoactivin expression in the tubular epithelium in response to renal injury caused by
acute CsA toxicity might play a key role in triggering renal interstitial fibrosis via activating
the expression of MMPs and collagen remodeling in SD rats, suggesting that it can serve as
an early indicator of renal tubular damage and predict the effect of targeted therapy. Further
studies are needed to determine the specific biological effects and its mechanism in renal
fibrosis [114].
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Tubular marker enzymes

In recent years, several studies have shown that some proteins, especially enzymes
released from the damaged proximal or distal renal tubular cells, can predict early tubular
damage, and enzyme activities were positively correlated with the degree of damage [115].
Currently, diagnostic tubular marker enzymes are primarily derived from two parts of renal
tubular epithelial cells: brush border membrane and cytolysosome. Therefore, these urinary
enzymes can indicate the damage position as well as severity; glutathione S-transferase
(GST), y-pancreatic acyltransferase (y-GT), alkaline phosphatase (AP), n-acetyl-B3-d-amino
glycosidase (NAG), and (-galactose glucoside(B-GAL) are mostly studied at present.

GST is a soluble cytosolic enzyme with two subtypes: a & m respectively expressed in
the proximal convoluted tubule and distal convoluted tubule. It can be detected in urine
before Scr increased in patients with various kidney damages. y-GT and AP are brush
border enzymes, and their increased secretion indicates the damage of brush border. NAG
is a lysosomal enzyme that primarily exists in the proximal convoluted tubule. Increased
urinary NAG level indicates renal tubular epithelial cell injury and is one of the sensitive and
long-lasting indexes of renal tubular damage. Urine NAG still has several advantages besides
being sensitive and “quantitative” and positively correlated with proximal renal tubular
damage degree. However, some damage factors outside of renal tubular damage, such as
industrial solvents, heavy metals, and certain disease states (including rheumatoid arthritis,
abnormal glucose tolerance, and hyperthyroidism patients), and lysosome activity elevation
(such as protein increase from glomerular filtration and renal tubular reabsorption) can
lead to elevated urinary NAG. All of these produced certain influences on its sensitivity and
specificity [116, 117].

B-GALisalysosomal enzyme derived from renal tubular epithelial cells, existsin newborn
lysosomes with more vigorous metabolism, and was found to be moderately increased in
active pyelonephritis and active glomerulonephritis. Significantly increased 3-GAL level in
acute tubular necrosis and acute kidney transplantation rejection can be an index for repair
effectiveness after lysosomal damage. The change curve of the GAL has certain differences in
different types and period of renal parenchyma damage, combined with urine NAG enzyme
spectrum analysis, and can be used for the diagnosis and prognosis observation of various
renal injuries. Renal tubular marker enzyme testing is simple and convenient, but there
is a problem of threshold setting. If the threshold is set too low, the sensitivity will be too
high, leading to renal tubular lesion being misdiagnosed as AKI. There is still a need for
considerable research work for setting an appropriate forecast threshold, closely combined
with clinical requirements, meanwhile, and joint detection with other markers.

In addition, there are also plenty of tubular marker enzymes such as keratinization
cell-derived chemokine (KC) and its human isomorphic Gro-a, urinary transferrin (TRF),
urine cluster, galactose lectin 3, perforin protein and enzyme B particles, bone protection
and variety of urinary enzymes, including urinary n-acetyl-p glucose glycosidase, GSH-S-
transferase, y-pancreatic acyltransferase, alkaline phosphatase, and a-2 microglobulin. All
of them can reflect the renal tubular reabsorption function and degree of damage. Their
sensitivity and specificity degree were relatively higher than those of Scr. However, they also
have several shortcomings for defining AKI primarily because of several factors influenced
by clinical application, lack of threshold standards, unstable detection level, and complicated
detection method.

Noncoding RNA

Using circulating DNA and other genetic materials as biomarkers of various tissue
injuries, cancer and fetal situations have achieved more and more attention. TrAnscript
Predicting Survival in AKI (TapSAKI) was enriched in tubular epithelial cells subjected to
ATP depletion. The expression of plasma long noncoding RNA (IncRNAs) was upregulated in
patients with AKI. The alteration of circulating concentrations of IncRNAs in patients with
AKI supports TapSAKI as a predictor of mortality. TapSAKI can be used as an independent
predictor of 28-day survival [118].
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Gutierrez-Escolano et al used an miRNA microarray assay to detect CIN miRNAs
in kidney tissues in a rat model and found that a total of 51 species of miRNAs showed
abnormal expression in the renal tissue of CIN rats. Among them, 17 kinds of miRNAs in CIN
rat kidney tissues increased more than two times than in control group rats, and only 6 of the
17 also showed abnormal expression in CIN rat plasma. Compared with CIN group rats, the
expression of miR-320 and miR-30 family (miR-30a, miR-30c, and miR-30e) was significantly
increased in CIN rat plasma, but the miRNAs let-7a and miR-200a were significantly reduced.
In validation studies using human plasma samples, only miR30a, miR-30c, and miR-30e
increased in CIN patients more than two times compared to non-CIN patients, confirming
that plasma miRNAs, especially three members of the miR-30 family (miR-30a, miR-30c,
miR-30e), may be the early markers and/or candidate targets for CIN [119].

Others

Netrin-1

Netrin-1 is a small, secreted protein associated with laminin, ranging in molecular
weight from 50, 000 to 75, 000, and plays an important role in the formation of new blood
vessels, cell adhesion, and tumorigenesis. It was initially found to be widely expressed in
the nervous system and was later found in a variety of tissues and organs (lung, pancreas,
breast, kidney, and blood vessels), regulating their growth, differentiation, and migration
[120]. In healthy renal tubular epithelial cells, Netrin-1 has no or low expression, but it is
significantly expressed during the recovery phase of ischemic AKI caused by toxins, fatty
acids, and ischemic renal tubule cells [58, 121]. There were reports that the expression of
Netrin-1 was significantly increased in AKI caused by various etiologies, including ischemic
injury [122], and thus plays a protective role through promoting kidney epithelial cell
proliferation and inhibiting apoptosis [123]. Ramesh et al [124] found that urinary Netrin-1
level began to increase at 2 h after cardiopulmonary bypass, reached the peak at 6 h, and
maintained a high level at 48 h. In addition, the increased degree was related to the severity
and duration of AKI; therefore, Netrin-1 can be used as an early predictor marker of AKI
after cardiopulmonary bypass. Four mice models of renal injury have shown that Netrin-1
could be secreted into urine within 1 h of renal injury, and increased to 30-40 times 3 h
later, which was earlier than the elevated Scr and urea nitrogen. In a renal ischemia animal
model, urinary Netrin-1 increased quickly within 3 h and 6 h, reaching the peak, and then
began to decline close to baseline values within 72 h. However, Scr elevated until 24 h after
reperfusion. These results demonstrated that urinary Netrin-1 is a predictor biomarker of
early renal damage [125]. Compared with NGAL, NAG, KIM-1, and Cyr61, Netrin-1 is secreted
into the urine rapidly when kidney damage occurs and is returned to the normal level after
perfusion; thus, Netrin-1 can also be used to evaluate the prognosis of renal function recovery
[126]. For renal transplantation patients with delayed function recovery, Netrin-1 may play
arole as a survival factor in the recovery process after ischemia-reperfusion. Low Netrin-1
gene expression was closely related to delayed graft function after kidney transplantation.
Recently, a study showed that Netrin 1 may play an important role in the protection of
diabetic nephropathy [127]. Above all, Netrin-1 can be used as an early diagnostic marker
of AKI, but urinary Netrin-1 was significantly higher in AKI patients caused by ischemia,
contrast agents, drugs, and sepsis than that in normal healthy people [128]. Further studies
are still needed to clarify the underlying mechanism of this protective function.

Fetuin-A

Fetuin-A is a negative acute phase protein synthesized by the liver and released into
the circulation. The pathological significance of Fetuin-A in AKI is still not clear, but it may
related to apoptosis of renal tubular cells. Recent experimental evidence shows that in
cisplatin-induced renal damage, Fetuin-A was significantly increased at day 2 (1 day before
Scr increase and tubule damage) and remained elevated at day 5 after cisplatin injection.
Elevated urinary Fetuin-A levels were also observed in kidney ischemia-reperfusion injury,
but not in prerenal azotemia [129]. The disadvantage of Fetuin-A is that a defect in the
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method of separation and its detection and the sensitivity, efficiency, and quantification
limits its clinical application [130]. The low separation and detection sensitivity and the
shortcomings in the current methods of efficiency, identification, and quantification may all
limit its clinical application [131].

Insulin-Like Growth Factor-Binding Protein 7 (IGFBP7)

IGFBP7 is a new member of IGFBPs. It is a kind of glycoprotein with a molecular weight
of 30 KD, which can be secreted by epithelial cells, endothelial cells, and smooth muscle
cells [131, 132]. It can be detected in plasma, urine, bowel, bladder, and kidney [133, 134].
In kidney damage caused by sepsis or ischemia, renal tubular epithelial cells involved in
cell cycle G1 block, IGFBP7 precisely is an inducer of G1 phase block [135-137]. IGFBP7 can
prevent cell division in the case of DNA damage and block the division process until DNA
damage has been fixed in order to avoid apoptosis, which may be a response mechanism of
early AKI [138]. Aregger et al [139] indicated that compared with NGAL, IGFBP7 was likely
to be a more accurate predictor for prognosis of AKI. A large sample study combined urine
IGFBP7 and TIMP-2 to predict the occurrence of AKI, and the results showed that to predict
the prognosis of AKI, urinary TIMP-2 and IGFBP7 were more sensitive than using only one
or other markers (NGAL, KIM-1, IL-18, etc.)[140, 141].

Trefoil factor 3 (TFF3)

TFF3 family is a group of small molecule polypeptides, also known as Intestinal Trefoil
Factor (ITF). The relative molecular weight of a single polymer is 6,692,000 and for dimers, it
is 13,146,146. It has important implications in mucosal repair, cell protection, and apoptosis.
Among the biological markers, TFF3 is a research hot spot of kidney injury. TFF3 is small
molecular peptide hormone secreted by human mucous cells and epithelial cells of various
tissues. Each TFF3 molecule is composed of 59 amino acids and contains 1 P domain structure.
The primary function of TFF3 is to maintain and repair the surface of the mucous membrane.
Urine TFF3 was significantly reduced following renal tubular damage, and prior to tissue
toxicity, it changes and reaches the level of Scr. A study showed that decreased urinary TFF3
levels were significantly associated with aging of rats. TFF3 level has no obvious change
when no kidney injury occurs, and urinary TFF3 level significantly decreases before Scr is
elevated in outer medullary renal tubular damage, suggesting that TFF3 can be used as a
sensitive marker of AKI [142].

Monocyte chemotactic protein 1 (MCP-1)

MCP-1 mRNA expressionwasincreased inkidneyischemia-reperfusioninjury; therefore,
after the local ischemic renal injury, MCP-1 can be used as a biomarker of mononuclear
cells participating in the inflammatory process. Long-term studies have found that MCP-1
was an effective chemokine produced in kidney cells during acute ischemic and toxic renal
damage. Several previous studies have shown that expression of MCP-1 protein and mRNA
was greater than NGAL in renal damage. In prerenal and postrenal injury, elevated level of
NGAL corresponded to MCP-1 gene expression [143]. Other studies proved that uremia,
in the absence of renal injury, induced the NGAL gene, but not MCP-1, which supports the
specificity of MCP-1 in AKI diagnosis [143].

Soluble triggering receptor expressed on myeloid cells-1 (sTREM-1)

SsTREM-1 plays an important role in sepsis diagnosis and prediction of sepsis-associated
AKI. It has been demonstrated that urine STREM-1 is a risk factor for AKI occurrence in
sepsis patients. However, the mechanisms of sTREM-1 involvement in AKI have not been
clearly demonstrated. In addition to systemic inflammation, local inflammatory response
in the kidney can also help to increase urinary sTREM-1 secretion. To further evaluate the
role of sSTREM-1 in this process, Su L et al [144] conducted a larger cohort multicenter study
to reveal the diagnostic value and mechanism of sTREM-1 during sepsis-associated AKI
process. The research is currently ongoing, and if successful, urine STREM-1 could be a good
marker for sepsis and its associated AKI and could contribute to noninvasive diagnosis and
monitoring in the clinical setting.
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Table 1. Promising biomarkers undergoing clinical evaluation in AKI

Detection Measure-

Biomar (Surem and/ ment Detfectlon Outcome Functions and Limitations References
kers . time
or urine) results
Glomerular injury
MMP-9  Urine Increased -6 h and AKI, Limited because of its high [3]
peak at inflammation susceptibility to inflammatory
12h factors
Cyré61 Urine Increased -3to9h AKI, others Disappears very quickly in [4, 5]
and peak urine, while the sensitivity and
at6-9h efficiency of detectiond
methods Cyr61 are not good
enough
CysC Serum Increased -2to 48 AKI, others Earlier than Scr, but later than [7,8,
h; NGAL, limited because of lack of  11-16, 19]
peak at a standardized test and the
6-8h result can be influenced by

many reasons

Renal tubular injury

TIMP-2  Urine Increased -1to12h  AKI, others disease More sensitive in the prediction  [21-23]
with DNA damage of moderate to severe AKI
KIM-1 Serum/ Increased -1to24h  AKI], others renal Highly sensitive and specific [28-32,
urine disease induced by biomarker for drug-induced 34-36,
nephrotoxic drugs kidney injury, limited because 38-44,

of it’s levels increase slowly and ~ 48-56]
non-specific

NGAL Serum/ Increased -2to24h  AKI, others renal High sensitivity and specificity, [64-71,
urine disease induced by but it is easily affected by 75-77]
bacterial infections, various interference factors

systemic inflammation,
and malignancy
IL-18 Serum/ Increased -4to48h  AKI, others The only predictive indicator for  [78-80, 85,
urine severe AKI, while serum IL-18 86,89-91]
may with lower sensitivity and
specificity affected by
inflammatory diseases

IL-6 Serum/ Increased -1to6h AKI, others High sensitivity [92]
urine
L-FABP  Serum/ Increased -12to > AKI, others More sensitive to predict early [95-97,
urine 72h AKI and good for AKI diagnosis 102-104]
and prognosis
Others
Netrin-  Serum/ Increased -1to72h, AKI, others Urinary Netrin-1 early [118-122]
1 urine peak at increased than NGAL, NAG,
6 h KIM-1, and Cyr61, and can also
be used to evaluate the
prognosis of renal function
recovery
Fetuin-  Urine Increased -2 day AKI The current methods of [125-127]
A to 5 day efficiency, identification, and
quantification may all limit its
clinical application
IGFBP7  Serum/ Increased AKI, others More accurate predictor for [129, 130,

urine prognosis of AKI than NGAL, 134-137]

combined with urine TIMP-2 to

predict the occurrence of AKI is

more sensitive than using only

one or other markers (NGAL,

KIM-1, IL-18, etc.)
TFF3 Urine Decreased AKI More sensitive than Scr [138]
Abbreviations: AKI, acute kidney injury; Cyr61, Cysteine-rich 61; CysC, Cystatin C; IGFBP7, Insulin-Like Growth
Factor-Binding Protein 7; IL-6, Interleukin-6; IL-18, Interleukin-18; KIM-1, Kidney injury molecule 1; L-FABP, Liver-type
fatty acid-binding protein; MMP-9, Matrix metalloproteinase 9; NGAL, neutrophil gelatinase-associated lipocalin; TFF3,
Trefoil factor 3; TIMP-2, Tissue inhibitor of metalloproteinase-2.

Conclusion

The discovery of the above-described biological markers has shed more light on the
early diagnosis and treatment of AKI (Summized in Table 1), while some of them, such as
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NAG and CysC, have entered clinical application. They provide an important basis for early
monitoring of AKI, but there are still some problems and shortcomings. An ideal biological
marker should include the following advantages: First, they should reflect early kidney
damage and the degree. Second, the cause of renal injury should be distinguishable. Third,
they should help in assessing the location of renal injury. Fourth, they should reflect the
prognosis of kidney injury. Fifth, the detection method must be rapid and convenient.
Only with these characteristics can a biological marker be helpful for early diagnosis,
early intervention, targeted therapy, and therapeutic monitoring of AKI, thereby reducing
morbidity and mortality. The etiological factors and pathogenesis of AKI are diverse and
complex, and combinational detection of different markers is needed to achieve the expected
purpose. Therefore, future studies are necessary to explore an effective combination of
detection factors to identify a more effective method for the prevention and treatment of
AKI.
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