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The identification of biomarkers for the early detection of acute kidney injury (AKI) is clinically import-

ant. Acute kidney injury (AKI) in critically ill patients is closely associated with increased morbidity and

mortality. Conventional biomarkers, such as serum creatinine (SCr) and blood urea nitrogen (BUN), are

frequently used to diagnose AKI. However, these biomarkers increase only after significant structural

damage has occurred. Recent efforts have focused on identification and validation of new noninvasive bio-

markers for the early detection of AKI, prior to extensive structural damage. Furthermore, AKI biomark-

ers can provide valuable insight into the molecular mechanisms of this complex and heterogeneous

disease. Our previous study suggested that pyruvate kinase M2 (PKM2), which is excreted in the urine, is

a sensitive biomarker for nephrotoxicity. To appropriately and optimally utilize PKM2 as a biomarker for

AKI requires its complete characterization. This review highlights the major studies that have addressed

the diagnostic and prognostic predictive power of biomarkers for AKI and assesses the potential usage of

PKM2 as an early biomarker for AKI. We summarize the current state of knowledge regarding the role of

biomarkers and the molecular and cellular mechanisms of AKI. This review will elucidate the biological

basis of specific biomarkers that will contribute to improving the early detection and diagnosis of AKI.
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INTRODUCTION

Acute kidney injury (AKI) is defined as a sudden decline

in the glomerular filtration rate (GFR) and leads to high

patient mortality. During AKI, many changes occur at the

cellular and molecular level in the kidney (1,2). Over the

past decade, there have been promising advances in the

clinical diagnosis of AKI, but the exact mechanisms of this

disease are not entirely understood because a wide array of

molecules are involved in its induction (3-5). Earlier detec-

tion may reduce the risk of AKI. Although sensitive and

reliable noninvasive biomarkers have been discovered,

serum creatinine (SCr) and blood urea nitrogen (BUN) are

still routinely used in clinical trials for the detection of AKI.

However, they are not useful in early detection of AKI

because changes in SCr and BUN levels occur only after

severe histopathological damage in the kidney (6,7). Fur-

thermore, it is worth noting that changes in SCr and BUN

are not specific to AKI and are influenced by a variety of

non-renal factors, such as age, muscle mass, and diet, which

hinder their use in AKI diagnosis (8,9). Recently, the rate of

discovery of new biomarkers has increased substantially,

and new potential biomarkers have been introduced. How-

ever, which biomarkers are the most useful for the detec-

tion of AKI is still unknown because measuring biomarkers

at an optimal time is necessary to understand disease pro-

gression. Furthermore, biomarkers should not be measured

indirectly, and their measurements must be directly related

to tissue damage in clinical trials.

This review will focus on the current status of the most

promising biomarkers for detecting AKI, and we will also

describe the characteristics of several biomarkers currently

in use. AKI causes urinary excretion of several enzymes
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which are often indicative of injury in specific anatomical

locations; these biomarkers are either upregulated or leak

from disrupted cell membranes. These enzymes include

gamma-glutamyl transpeptidase (GGT), alkaline phosphatase

(ALP), beta-galactosidase, alpha-glutathione-S-transferase

(αGST), and N-acetyl-beta-D-glucosaminidase (NAG), which

are found predominantly in the proximal tubules. The cur-

rent understanding of the novel biomarker glycolytic enzyme

pyruvate kinase M2 (PKM2) is also presented.

CURRENTLY PROPOSED BIOMARKERS FOR 
EARLY DETECTION OF AKI

The clinical definition of AKI is a rapid loss of kidney

function within 7 days (10). AKI has multiple causes, includ-

ing renal ischemia, exposure to nephrotoxicants, inflamma-

tory processes, and obstruction of the urinary tract (11).

Patients with AKI may have an increased risk of chronic

kidney disease (CKD). The causes of AKI are commonly

categorized as prerenal, intrinsic, and postrenal (11,12) and

its probable biomarkers are shown in Fig. 1. These bio-

markers can help identify the stage of AKI and the extent of

renal cell damage. The characteristics of early biomarkers

of AKI are listed in Table 1. Several molecules secreted in the

urine, such as creatinine, kidney injury molecule-1 (KIM-1),

clusterin, neutrophil gelatinase-associated lipocalin (NGAL),

tissue inhibitors of metalloproteinases-1 (TIMP-1), and cys-

tatin C, have been suggested as biomarkers for the detec-

tion of AKI (13). Increased use of these biomarkers will be

beneficial in facilitating early diagnosis, guiding targeted

intervention, and monitoring disease progression and reso-

lution (14).

Neutrophil gelatinase-associated lipocalin (NGAL).
NGAL, a lipocalin protein, is associated with innate immu-

nity as it binds iron and thus limit bacterial growth (25). It

is synthesized during the maturation process of granulo-

cytes, which are involved in innate immunity (26). NGAL

is highly upregulated following renal injury, and it can be

detected in the serum and urine within 2 hr of injury, prior

to functional changes in the kidney (27). In AKI, NGAL is

expressed in proximal tubule cells and then readily secreted

into the urine without reabsorption; this occurs before SCr

levels rise (28). Therefore, NGAL is a useful biomarker for

the early diagnosis of AKI. In clinical studies, normal serum

NGAL levels were approximately 80 ng/mL in healthy indi-

viduals (29,30), but increase > 10-fold in serum and > 100-

fold in urine following AKI (27). The role of NGAL as an

AKI biomarker has been established. In our previous study,

mild histopathological alterations were noted on day 1, and

these changes became severe on day 3 and 5 in cisplatin-

treated rats. Furthermore, the levels of new urinary protein-

based biomarkers, KIM-1 and NGAL, and osteopontin,

were significantly elevated on day 3 and 5 (31).

Xin et al. (2008) reported a significant increase in serum

NGAL levels within 2~4 hr in patients undergoing cardiac

surgery (32). Moreover, a substantial increase in NGAL

levels was negatively correlated with renal function in uni-

lateral renal ischemia models (33). However, there are some

limitations to the value of NGAL as a biomarker for AKI.

Fig. 1. The cellular mechanisms involved in acute kidney injury and its urinary biomarkers. Biomarkers are renal or non-renal derived
molecules that report the functional status of kidney filtration and tubule injury. Markers may be non-renal molecules that are filtered,
secreted or reabsorbed, molecules that are constitutively expressed, or molecules that are up-regulated by inflammation-mediated
immune cells.
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NGAL appears to be less sensitive and specific in studies

on the multifactorial causes of AKI. Sprenkle et al. (2013)

did saw no increase in urinary NGAL levels in partial

nephrectomy patients 24 hr after surgery (34). Similarly, a

significant change in urinary NGAL levels was not observed

in 40 nephrolithiasis patients treated with shock-wave litho-

tripsy (35). Cisplatin markedly increases tubule cell necro-

sis and apoptosis in experimental animals. Our previous

study indicated that NGAL protein expression in the kid-

ney rapidly increased within 3 hr after cisplatin treatment.

Similarly, urinary excretion of NGAL was highly increased

within 3 hr after cisplatin administration. However, urinary

NAG and SCr levels were not significantly increased until

96 hr after cisplatin treatment (31). Our results indicate that

NGAL is an early and quantitative urinary biomarker for

cisplatin nephrotoxicity.

Kidney injury molecule-1 (KIM-1). KIM-1 is a type-1

transmembrane glycoprotein with unknown function. KIM-

1 is not expressed in normal kidney tissue but is expressed

in proximal tubular cells after ischemic or nephrotoxic

injury (36,37). Previous reports have shown that KIM-1 is

an outstanding biomarker of kidney injury and is better able

to predict proximal tubule injury in a rat model than is SCr

(38). Urinary KIM-1 levels can be detected within 24 hr of

acute tubular necrosis, even when SCr concentrations do

not increase. van Timmeren et al. indicated that KIM-1 was

primarily expressed on the luminal side of dedifferentiated

proximal tubules, in areas with fibrosis and inflammation

(38). KIM-1 can be detected in the urine immediately fol-

lowing injury. A strong correlation between immunohisto-

chemical KIM-1 expression and tubular cell injury was

shown in renal allograft biopsies of patients with active

antibody-mediated transplant rejection (39). In addition,

children with AKI following cardiac surgery have elevated

urinary KIM-1 levels 12 hr after surgery (40).

KIM-1 levels in the urine are strongly related to tubular

KIM-1 expression in experimental models and in humans

with renal disease (41). To fully understand the diagnostic

and predictive value of urinary KIM-1 as an AKI biomarker,

we characterized cisplatin-induced AKI animal models,

which will be helpful for early clinical detection and diag-

nosis of AKI (31,42). We also identified KIM-1 as a poten-

tial in vitro biomarker for nephrotoxicity (42). To obtain in

vivo validation of the in vitro data, we measured KIM-1 lev-

els in the urine of rats treated with cisplatin. The levels of

KIM-1 were normalized to urinary Cr concentration. KIM-

1 was significantly increased in the urine of cisplatin-treated

Table 1. Characteristics of biomarkers for the early detection of acute kidney injury

Biomarker Physiological roles Molecular weight Source References

Creatinine
Metabolic product of skeletal muscle creatine and creatine 

phosphate
113 Da Serum 6-8

Albumin
Protein which binds the compounds and is used to detect albu-

minuria, the secretion of albumin into the urine
66.5 kDa Urine 15

Kidney injury molecule-1
Transmembrane glycoprotein with immunoglobulin and mucin 

domains
90 kDa

Serum

Urine
15

Neutrophil gelatinease-

associated lipocalin
Epithelial cell origin 21 kDa

Serum

Urine
27-30

β2-microglobulin
Low molecular weight protein with sequence homology to 

immunoglobulins
11.8kDa

Serum

Urine
16

Clusterin
Regulation of the cytolytic activity of the membrane attack 

complex of complement
70 kDa

Serum

Urine
17-19

Cystatin C
Lysosomal protease inhibitor expressed by all nucleated cells. 

A good indicator of glomeral filtrate Rate (GFR) function
13 kDa

Serum

Urine
47-49

Metallopeptidase

inhibitor 1

TIMP-1 activity indicates biochemical perturbations due to 

renal toxicity.
23.17 kDa

Serum

Urine
20

Interleukin-18
A proinflammatory cytokine released in response to injury to 

renal tubular epithelial cells
24 kDa

Serum

Urine
21

Osteopontin
Osteopontin levels increase in rat models and humans follow-

ing nephrotoxicity
44 kDa

Serum

Urine
23

α-Glutathione-S-

Transferase

Phase II detoxification enzyme that catalyzes the conjugation of 

the reduced form of glutathione (GSH). Proximal tubular injury
25 kDa Urine 22

Intestinal trefoil factor Decreased TFF3 level correlate with nephrotoxicity 6.7 kDa
Serum

Urine
24
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rats at day 1 and day 3. The results provided in vivo valida-

tion of the in vitro results. KIM-1 levels did not increase

following treatment with D-galactosamine, a potent hepato-

toxicant (43), demonstrating that it is specific to nephrotox-

icity. We evaluated KIM-1 levels in a Cd-induced nephropathy

model. Our data indicated that levels of KIM-1 in the urine

are highly sensitive for the detection of kidney injury (44).

In conclusion, KIM-1 is upregulated in renal disease and is

associated with renal fibrosis and inflammation. Urinary

KIM-1 is also associated with inflammation and renal func-

tion and reflects tissue KIM-1 levels, indicating that it can

be used as a non-invasive biomarker for renal disease.

Cystatin C. Cystatin C is a low molecular weight pro-

tein (approximately 13.3 kDa) that is removed from the

bloodstream by glomerular filtration. Cystatin C is a prote-

ase inhibitor that is normally expressed in nucleated cells

and is solely excreted by the kidney without muscle catabo-

lism (45,46). Cystatin C is not normally detected in the

urine, but it has been found in the urine of patients with

tubular damage. Urinary levels of cystatin C were signifi-

cantly elevated in AKI after elective cardiac surgery (47).

Compared with SCr, it is less dependent on age, sex, race

and muscle mass when measured in the serum after kidney

damage (46). Previous studies have demonstrated that

reduction in kidney function and GFR are positively cor-

related with blood levels of cystatin C (47,48). In patients

with AKI, serum cystatin C increased by more than 50%

14 hr earlier than an observable increase in SCr (49). Thus,

this study concluded that serum cystatin C levels are useful

in the detection of AKI and may allow for the detection of

AKI 1 to 2 days earlier than Cr.

Osteopontin. Osteopontin is a glycoprotein that is

highly expressed in bone and epithelial tissues (50) and is

secreted in both phosphorylated and non-phosphorylated

forms (51-53). It is expressed in various cell types, includ-

ing macrophages, activated T cells, smooth muscle cells,

and endothelial cells (54). Osteopontin is abundant in the

bone matrix and is present in the kidney and epithelial cells

as well as in other organs and body fluids (55). Osteopontin

can be detected at high levels in human urine when the kid-

neys are markedly damaged by various nephrotoxicants,

such as gentamicin, cisplatin, and cyclosporin (56). Kahles

et al. (2014) reported that osteopontin was linked to obe-

sity-induced adipose inflammation and insulin resistance

(57). Therefore, pharmacological inhibition of osteopontin

expression may provide a novel approach for the treatment

of type 2 diabetes and its complications.

IL-18. IL-18 is a pro-inflammatory cytokine that is acti-

vated in proximal tubule cells and excreted in the urine fol-

lowing kidney injury (58). A previous study reported that

IL-18 has been shown to exacerbate tubular necrosis, and

neutralizing antibodies against IL-18 were found to reduce

renal injury in mice (59). Furthermore, urinary excretion of

IL-18 significantly increased 6 hr after pediatric cardiac sur-

gery, whereas SCr levels did not increase until 48~72 hr

after surgery (60). Moreover, urinary IL-18 levels also

markedly increased (up to 600 pg/mL) 2 hr after AKI in

adults (61). Taken together, inhibition of IL-18 is protective

against AKI in mice (62). In summary, the pro-inflamma-

tory cytokine IL-18 is both a mediator and a biomarker of

AKI in mice and humans.

N-acetyl-beta-D-glucosaminidase (NAG). N-acetyl-

beta-D-glucosaminidase (NAG) is a lysosomal enzyme

present in proximal tubular cells. NAG is released into the

urine following proximal tubule injury in the kidneys (63).

It specifically cleaves N-acetyl-glucosamine from larger

precursors. NAG cannot be reabsorbed in the glomeruli

because of its relatively high molecular weight; it is rapidly

cleared from circulation by the liver (64). Urinary NAG

concentration is a sensitive index of renal tubular function

because its presence in the urine is primarily attributable to

proximal tubule cell damage. Previous experiments have

shown that NAG is a sensitive marker of acute ischemic

and oxidative stress within the kidney. A significant eleva-

tion in the urinary concentration of NAG was observed in

animals exposed to gentamicin, cisplatin, or lithium (65).

However, the clinical utility of NAG remains limited as the

urinary excretion of this enzyme is also increased in glo-

merular diseases such as diabetic nephropathy (66). A com-

bination of urinary biomarkers such as KIM-1, NGAL (high

specificity), and NAG (high sensitivity) may enhance the

detection of early stage of AKI in patients following surgery.

Beta-2-Microglobulin (β2M). A number of low molec-

ular weight proteins have been identified as markers of

abnormal glomerular filtration, including α-1-microglobu-

lin (α1M), β-2-microglobulin (β2M), and retinol binding

protein (65). β2M is a small (11.8 kDa) subunit of the major

histocompatibility class I complex, present in all nucleated

cells (67). Circulating β2M is cleared almost exclusively by

the kidney, where it is freely filtered by the glomeruli and

reabsorbed and metabolized in the proximal tubules (68).

Therefore, the concentration of β2M in the blood has been

proposed to be a measure of GFR (69). A test for β2M lev-

els may be useful when known suspected kidney damage

occurs, as it enables clinicians to distinguish between glo-

merular and tubular disorders of the kidney.

Glutathione-S-transferase (GST). GSTs are a family

of cytosolic, microsomal, and membrane-bound enzymes.

The GST alpha isoform is localized to the proximal tubular

cells, whereas the GST pi isoform is confined to distal tubu-

lar cells (70). Increased levels of GST in the urine after

nephrotoxic injury are attributed to leakage from the tubu-
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lar epithelial cells into the tubular lumen secondary to cell

damage (71). In two rat strains, GST alpha indicated proxi-

mal tubular necrosis as early as 48 hr after cisplatin-induced

injury (72). In patients with rheumatoid arthritis, acute tubu-

lar injury from methotrexate and disease-modifying anti-

rheumatic drugs could be ruled out by normal activity of

GST alpha (73). GST alpha was the most sensitive bio-

marker for polymyxin-induced nephrotoxicity, outperform-

ing the conventional biomarkers.

POSSIBLE ROLE OF PKM2 IN AKI

Pyruvate kinase (PK) catalyzes the final rate-limiting

reaction in the glycolytic process, transfer of a high-energy

phosphate group from phosphoenolpyruvate (PEP) to ADP,

producing ATP and pyruvate (74,75). In the PK subfamily,

the M2 isoform (PKM2) is subjected to a complex regula-

tion by both oncogenes and tumor suppressors, which

allows for fine-tuning of PKM2 activity (74,76). The less

active form of PKM2 directs glucose to aerobic glycolysis,

while active PKM2 directs glucose towards oxidative

metabolism. In this paper, we will focus on our previous

study on the regulation of PKM2 and its contribution to

AKI.

The kidney cortex and plasma samples showed early

decreases in glucose, a pyruvate metabolite, and lactate

during glucose metabolism (77). Intermediate molecules in

the TCA cycle, including succinate and malate, showed a

similar pattern in the plasma but not in the kidney cortex

(78). These patterns of metabolic change during energy

metabolism in the kidney cortex and the plasma can be

observed after inflammatory disease, ischemia, or toxicant

exposure. Metabolomic studies have contributed to the dis-

covery of new biochemical parameters and the understand-

ing of their role in disease. The metabolites that are altered

during the process of AKI include amino acids, intermedi-

ates of the glucose pathway, and lipids metabolism. To

obtain new insight into the relationship between PKM2

expression and differentially present metabolites in normal

human kidney tubular HK-2 cells following cisplatin-induced

in vitro AKI, we used [1H]NMR in the samples of HK-2

cells or conditioned media.

First, HK-2 cells were plated in 96-well plates at 1 × 104

cells/well and were incubated at 37oC with 5% CO2 for

24 hr. The culture plates were then incubated with fresh

medium containing cisplatin (10 μM) for 6, 12, 24, or 48 hr.

Cell and conditioned media samples were stored in −80oC

freezer until NMR analysis. The metabolites from HK-2

cells or conditioned media treated with cisplatin were mea-

sured using [1H]NMR to establish cellular metabolite pro-

files. In the conditioned media of cisplatin-treated HK-2

cells, lactate, acetate, and glutamate levels were signifi-

cantly increased in a time-dependent manner. Notably, lac-

tate concentration increased 12-fold 48 hr after incubation

with cisplatin (Fig. 2). In HK-2 cells, acetate and glutamate

levels were also increased in a time-dependent manner, but

acetate levels decreased (Fig. 3). Moreover, glutamate con-

centration increased to protect against tissue injury, and ala-

nine accumulated to inhibit the proteolysis of skeletal

muscle proteins, resulting in increased serum levels of gluta-

mate and alanine (data not shown). Based on our study, we

suggest that cisplatin-treated HK-2 cells underwent a meta-

bolic switch from pyruvate to lactate for energy production.

The data presented are consistent with a model in which a

cisplatin-induced alteration in glucose utilization influences

SIRT1 and AMPK activity (79). Lactate is mainly gener-

ated by anaerobic glycolysis and is not associated with the

primary energy supply under normal conditions. During

Fig. 2. Fold change in metabolites observed in conditioned media from HK-2 cells treated with cisplatin (10μM). Fold changes were
calculated as the ratio of cisplatin-treated groups and control groups (cisplatin-treated/control) of a given metabolite at each time
point. Data are representative of 3 independent experiments. Concentrations of metabolites were detected by [¹H]NMR in conditioned
media of HK-2 cells after cisplatin-treatment. Data were then calibrated to TSP-d4 at δ 0.00 ppm. Spectral assignment was performed
by Chenomx NMR Suite 7.1 software (Chenomx Inc., Edmonton, Canada) and compared with published data. After processing, data
were reduced into 920 spectral integral regions corresponding to a chemical shift range of δ 0.2 ppm-10 ppm using the Chenomx
NMR Suite.
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hypoxia, an insufficient oxygen supply can reduce Krebs

cycle reactions, thus leading to a reduction in the produc-

tion of ATP, and an enhancement of glycolysis, resulting in

a decreased ability of the liver and kidneys to remove

wastes and, ultimately, to accumulation of lactate in plasma

(80,81).

Lactate is a universal marker of the inflammatory pro-

cess, and increases in lactate levels have been observed in

the plasma of patients with rheumatoid arthritis (82). Pyru-

vate may be converted to lactate by PKM2, and increased

urine lactate level is a strong predictor of AKI. Lactate is a

waste product of normal metabolism that is reversibly con-

verted from pyruvate via the enzyme lactate dehydrogenase

(LDHA). In our previous study, metabolomics analysis

showed altered urinary glucose, amino acid, and TCA inter-

mediates that preceded SCr in cisplatin-induced acute renal

failure (31). Therefore, we suggest that a metabolomic

study may be useful for detecting biochemical changes in

amino acid, nucleic acid, and carbohydrate metabolites in the

serum or urine of patients with AKI, as well as unidentified

metabolites with novel functions. Understanding these

changes in metabolic products may be important for devel-

oping new strategies to prevent AKI or stop its progression

in patients with CKD.

To elucidate the molecular role of PKM2 during glycoly-

sis in kidney proximal tubular cells, we investigated the

secretion of PKM2 in the conditioned media of HK-2 cells

treated with cisplatin (10 μM). Previously, we reported that

cisplatin-induced cell damage was linked closely to apopto-

sis in renal tubular HK-2 cells (42). In addition, we observed

a relationship between PKM2 expression and apoptosis-

related molecules. These results indicate that PKM2 may be

secreted or leak from cells after severe apoptotic cell dam-

age. When apoptosis was blocked, cisplatin-mediated PKM2

secretion in conditioned media was markedly inhibited.

Therefore, our data suggest that cisplatin-induced apoptosis

may be responsible for the increased release of PKM2 in

the conditioned media. In contrast, cisplatin treatment

increased the levels of PKM2 in conditioned media of kid-

ney cells but not in liver cells or breast cells (42). The

increase of PKM2 levels in conditioned media was also

observed following treatment with other nephrotoxic agents

such as CdCl2, HgCl2, and cyclosporine A. Therefore, PKM2

as a biomarker of cisplatin-induced AKI has been evaluated

in vivo. PKM2 was detected in the urine of rats injected

with cisplatin (10 mg/kg) at 1 day and 3 days after treat-

ment (Fig. 4). Furthermore, a large number of metabolites

were decreased from day 1 to 3 relative to the control,

including citrate, cis-aconitate, trigonelline, hippurate, and

3-indoxylsulfate, in the urine of cisplatin-treated rats (31).

Similar to the in vitro study, lactate, a metabolic product of

pyruvate, was significantly increased on day 1 and day 3.

This study provided evidence that PKM2 can potentially be

used as a sensitive biomarker for nephrotoxicity. Our data

suggest that the response to cisplatin-induced AKI encom-

passed several aspects of energy metabolism in kidney tis-

sue. After the early steps of the AKI process, the PKM2

isoenzyme is expressed in the kidney, followed by the loss

of PKM2. However, confirming this relationship is difficult

and needs further investigation.

CONCLUSIONS

Kidneys play an important role in the excretion of xeno-

biotics, including drugs and toxic environmental agents.

Due to their secretory functions, proximal tubular cells are

easily exposed to higher concentrations of chemical metab-

olites than are those occurring in plasma or extracellular

Fig. 3. Fold change of metabolites observed in the lysates of HK-2 cells treated with cisplatin (10μM). Fold changes were calculated
as the ratio of cisplatin-treated groups and control groups (cisplatin-treated/control) of a given metabolite at each time point. Data are
representative of 3 independent experiments. Concentrations of metabolites were detected by [1H]NMR in lysates of HK-2 cells after
cisplatin-treatment. Data were then normalized to TSP-d4 at δ 0.00 ppm. Spectral assignment was performed by Chenomx NMR Suite
7.1 software (Chenomx Inc., Edmonton, Canada) and compared with published data. After processing, data were reduced into 920
spectral integral regions corresponding to a chemical shift range of δ 0.2 ppm-10 ppm using the Chenomx NMR Suite.
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fluids. Therefore, urine can include various proteins and

metabolites that are highly sensitive and specific and thus

allow for the detection of AKI. The best ways to reduce the

chance of kidney damage and to protect kidney function are

to prevent AKI or to treat AKI as early as possible. How-

ever, traditional biomarkers such as SCr and BUN lack the

sensitivity and/or specificity needed to detect AKI before

significant loss of renal function. Urinary enzymes or pro-

teins have been proposed as promising non-invasive mark-

ers for the early detection of AKI. In this review, we

focused on the major biomarkers that have sensitive and

specific characteristics for the diagnosis of AKI. We also

evaluated PKM2 as an early biomarker of AKI. This review

will help understand the biological basis of specific bio-

markers that will contribute to improving the early detec-

tion or diagnosis of AKI. However, the use of current

biomarkers or newer biomarkers discovered in the future

can be combined with the use of SCr and BUN to increase

prognostic ability; these combined biomarkers will enhance

the possibility for early detection of AKI.
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