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Abstract

Acute Kidney Injury (AKI) is a common condition with a high risk of mortality and
morbidity, so, early diagnosis and management of AKI is very important in clinical
practice. Despite significant progress in the management of AKI, it still carries high
morbidity and mortality. BUN and serum creatinine are not very sensitive nor specific
for the diagnosis of AKI because they are affected by many renal and non-renal fac-
tors that are independent of kidney injury or kidney function and change significantly
only after significant Ridney injury and with a substantial time delay. Detection of bi-
omarkers of AKI made predominantly by the injured kidney tissue are essential for
the early diagnosis of AKI. An ideal biomarker should be one that could be easily
measured, with no interference with other biologic variables, and be able to clarify
early phases of kidney damage. The most common biomarkers studied are Neutro-
phil Gelatinase-Associated Lipocalin (NGAL), Interleukin-18 (IL-18), Kidney Injury Mol-
ecule-1 (KIM-1), Cystatin-C, L type Fatty Acid-Binding Protein (L-FABP), N-Acetyl- -
D Glucosaminidase (NAG), netrin-1, vanin-1, and Monocyte Chemoattractant Protein-
1 (MCP-1) and calprotectin.
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Introduction

Acute Kidney Injury (AKI) is very common and its
absolute incidence has increased in over the last years.
AKI has been reported to complicate 1-7% of all hospi-
tal admissions and 1-25% of Intensive Care Unit (ICU)
admissions 1. Over the past 50 years, mortality rates of
patients with AKI in ICUs have remained high approx-
imately 50-70%. In ICU, between 5-20% of critically
ill patients have at least one episode of AKI 2,

Under normal conditions renal blood flow is about
5-6 mls/g/min with a pressure of 60-100 mmHg which
is necessary to maintain normal renal function 3. Renal
blood flow is primarily governed by multiple factors
involving extra-renal processes such as vascular tone,
neuro-hormonal processes and vasodilator/vasocons-
trictor substances among others. Failure in any of these
mechanisms will lead to hypoxia of the organ which
can be severe and not depending on the magnitude of
these mechanisms. It also, depends on the compensato-
ry mechanisms, such as afferent arteriolar dilatation
and efferent arteriolar constriction which can regulate
the supply of oxygen needs at the right time. At this
time secretion of pro-inflammatory mediators due to
tissue damage occurs which serve as biomarkers for
early kidney injury detection. These include Neutrophil

Copyright © 2022, Avicenna Journal of Medical Biotechnology. All rights reserved.

Gelatinase-Associated Lipocalin (NGAL) and Kidney
Injury Molecule-1 (KIM-1). Interleukin-18 (IL-18) se-
creted by inflammatory cells, such as macrophages are
neutrophils that enter the kidneys during the inflamma-
tory phase 4. A number of pathophysiological mecha-
nisms can contribute to AKI following an ischemic or
toxic insult. These include (a) alterations in renal per-
fusion resulting from loss of autoregulation and in-
creased renal vasoconstriction, (b) tubular dysfunction
and cell death by apoptosis and necrosis, (c) desquama-
tion of viable and dead cells contributing to intratubu-
lar obstruction, (d) metabolic alterations resulting in
transport abnormalities that can lead to abnormalities
of tubule glomerular balance, and (e) local production
of inflammatory mediators resulting in interstitial in-
flammation and vascular congestion 5. After the renal
blood flow reduction, the epithelial cells cannot main-
tain adequate intracellular ATP for the essential meta-
bolic processes. This ATP depletion leads to cellular
damage and, if severe enough, can cause cellular death
by necrosis or apoptosis. During an ischemic event, all
the segments of the nephrons are potentially affected,
but the proximal tubular cells are the most commonly
damaged segment 7. Consequently, these enzymes are
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secreted by the tubular epithelial cells and are excreted
in the urine as a response to the AKI; among these are
N-Acetyl-b-Glucosaminidase (NAG), cytoplasmic pro-
tein lactate dehydrogenase and glycoprotein &°. These
secreted enzymes are biomarkers classified based on
their role in the pathophysiology of AKI °. Detection
of newer stress biomarkers such as cell cycle arrest
markers measuring cellular stress even before damage
or loss of function (preinjury phase) is quite promising
11-14 A list of biomarkers for detecting renal injury in
relation to their site of excretion is given in table 1.

NGAL

Neutrophil Gelatinase-Associated Lipocalin (NG-
AL) NGAL is a 21-kDa protein of the lipocalin super-
family. NGAL is a critical component of innate im-
munity to bacterial infections and is expressed by im-
mune cells, hepatocytes, and renal tubular cells in vari-
ous disease states °. NGAL is a small secreted poly-
peptide protease resistant and so, may be easily detect-
ed in urine. The origin of NGAL is proximal tubular
cells and is detected in the urine at early stage of AKI.
It is reabsorbed almost totally in the proximal tubule
and its elevated levels may be an indication of proxi-
mal tubular damage. Production of NGAL can be in-
creased up to 1000 times in Henle’s loop and distal
tubule when AKI is occurring 6, NGAL is identified as
being one of the seven genes whose expression was up-
regulated more than tenfold within the first few hours
after ischemic renal injury in a mouse model "8,
NGAL levels seem to be more sensitive and specific in
predicting AKI in studies with homogeneous patients

with a single acute illness. NGAL levels seem to pre-
dict AKI in children with better accuracy than in adults
(which make up the vast majority of patients with AKI)
19, The basal levels of plasma NGAL are higher in pa-
tients with malignancies and systemic bacterial infec-
tions, and these can be confusing. The levels of urinary
NGAL may also be elevated in urinary tract infections.
Urinary NGAL can be used to diagnose early infec-
tions of the urinary tract in the absence of AKI 2.
NGAL is also, an early predictive biomarker of Con-
trast-Induced Nephropathy (CIN) in children. A signif-
icant elevation of NGAL concentrations in urine and
plasma was noted within 2 hr after cardiac catheteriza-
tion. In contrast, detection of CIN by an increase in
serum creatinine was only possible 6 to 24 hr after
cardiac catheterization. By multivariate analysis, the 2-
hr NGAL concentrations in the urine and plasma, but
not patient demographics or contrast volume, were
found to be powerful independent predictors of CIN 2.

KIM-1

Human-Kidney Injury Molecule-1 (KIM-1) is a pu-
tative epithelial cell adhesion molecule containing a
novel immunoglobulin domain. KIM-1 messenger
RNA and protein are expressed at a low level in normal
kidney but are increased dramatically in post ischemic
kidney %. KIM-1 is a 38.7 kDa transmembrane type 1
glycoprotein with a similar domain as extracellular
immunoglobulin similar to mucin. It is expressed in
low levels in the kidney and other organs but, its ex-
pression is accentuated in pre-renal kidney injury and
after its reperfusion %. The KIM-1 gene or protein ex-

Table 1. List of biomarkers for detecting renal injury

Proximal tubule Glomerulus Preinjury biomarkers

Albumin Albumin IGFBP-7

IL-18 Total protein TIMP-2
DKK1-4

Cystatin C (urinary)

KIM-1
a-1 microglobulin
a-2 microglobulin

NGAL Osteopontin
HGF NHE-3
Netrin-1 Distal tubules
Osteopontin GST-wn
NHE-3 NGAL
Cyr61 Osteopontin
GST-a (urinary) Clusterin
Clusterin H-FABP
Exosomal fetuin-A Calbindin D-28
Calprotectin

NAG Collecting duct
I-FABP Calbindin D-28
RBP

Cystatin C (urinary)

a-1 microglobulin
a-2 microglobulin
Loop of henle

(DKK-3) * (serum, urinary)
Hemojuvelin (HJV) (urinary)
Micro-RNAs (U) (urinary)
Whnt (serum, urinary)
Others
Cytochrome-C (urinary)
Epidermal growth factor (urinary)
Malondialdehyde (urinary)

DKK-3-Dickkopf-3, * DKK-3 is used most commonly; NHE-3-Na+/H+ exchanger isoform 3; NAG-N-Acetyl- p-d-
Glucosaminidase; NGAL-Neutrophil Gelatinase-Associated Lipocalin; RBP-Retinol Binding Protein; Cyr 61-
Cysteine-rich 61; IL-18- Interleukin 18; GST-f, Glutathione S-Transferase-f;; HGF-Hepatocyte Growth Factor; I-
FABP- I-type Fatty Acid-Binding Protein; IGFBP-7-Insulin-like Growth Factor-Binding Protein-7; TIMP-2-Tissue
Inhibitor of Metalloproteinase 2; [IGFBP-7] [TIMP-2] are always used together and are marketed as such; H-

FABP, heart fatty acid-binding protein.
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pression is undetectable in normal kidneys after injury
and the related mRNA (messenger ribonucleic acid) of
KIM-1 is rapidly synthesized and the excess protein
production generated is found in high levels at the api-
cal membrane of the proximal tubule. In humans with
ischemic and toxic AKI, KIM-1 is found in all three
segments of the proximal tubules KIM-1 24, It is also a
sensitive biomarker of tubular injury in other renal dis-
eases at besides. Renal KIM-1 expression was signifi-
cantly increased in human kidney tissue in patients
with focal glomerulosclerosis, immunoglobulin A
nephropathy, membranoproliferative glomerulonephri-
tis, membranous glomerulonephritis, acute rejection,
chronic allograft nephropathy, systemic lupus erythe-
matosus, diabetic nephropathy, hypertension and We-
gener's granulomatosis compared with normal Kidney
tissue 2. Urinary KIM-1 has shown to be very sensitive
and specific marker of proximal tubular kidney injury
and can also, distinguish ischemic acute tubular necro-
sis from pre-renal azotemia 2.

Cystatin C

Cystatin C (Cys-C) is a cysteine protease inhibitor
synthesized by all nucleated cells in the body. It is
freely filtered by the glomerulus, fully reabsorbed and
not secreted at all so, it is an endogenous marker of
renal dysfunction. The urinary excretion of low molec-
ular weight cystatin C protein correlates with the sever-
ity of acute tubular injury ?6. Cys-C is a 13 kDa pro-
teinase inhibitor which plays and important role in in-
tra-cellular catabolism of proteins and peptides 27. Over
the past decade, serum Cys-C has been extensively
studied and found to be a sensitive serum marker of
Glomerular Filtration Rate (GFR) and stronger predic-
tor than serum creatinine in detecting the risk of death
and cardiovascular events in older patients. Its serum
concentration appears to be independent of sex, age
and muscle mass ?8. Serum Cys-C can be a useful bi-
omarker of AKI prediction; its urinary excretion indi-
cates tubular damage, and it needs a moderate diagnos-
tic facility 2°. Its concentrations are elevated in acute
and chronic kidney disease, and in contrary to creati-
nine does not depend on height, weight, age, sex, nutri-
tional status, and inflammatory processes *°. However,
Cys-C is more of a GFR marker instead of a biomarker
indicator of primary AKI. So far other factors such as
thyroid dysfunction, obesity, use of corticosteroids and
inflammation can interfere in its serum levels 3.

IL-18

Interleukin-18 (IL-18) is a proinflammatory cyto-
kine constitutively expressed in the interspersed cells
of the distal convoluted tubule and the collecting tubule
in the healthy human kidney 2. It is initially synthe-
sized as a signal-free inactive precursor and remains in
the intracellular space until it is excised by caspase-1.
It is secreted predominantly by monocytes and macro-
phages ®. It is an inflammatory mediator produced in
response to ischemia of several organs, including the

heart, brain, and kidneys. Urinary levels of IL-18 were
significantly higher and had high sensitivity and speci-
ficity in detection of Acute Tubular Necrosis (ATN).
Urinary IL-8 also, raise in urinary tract infection,
Chronic Kidney Disease (CKD) and even normal renal
function among some healthy subjects. In this way IL-
18 can serve as a marker for proximal tubular damage
in ATN 34 Early increase of IL-18 concentrations in
the urine correlates with AKI severity, as well as mor-
tality. Considering IL-18 as a proinflammatory cyto-
kine that plays an important role in sepsis, its concen-
trations can also be influenced by a number of coexist-
ing variables such as, inflammatory diseases and auto-
immune diseases. Serum IL-18 level increases in in-
flammatory arthritis, inflammatory bowel disease, sys-
temic lupus erythematosus, psoriasis hepatitis, and
multiple sclerosis . Urinary IL-18 level is elevated in
patients with AKI and delayed graft function compared
with normal subjects and patients with pre-renal azo-
temia, Urinary Tract Infection (UTI), chronic renal
insufficiency and nephrotic syndrome 3.

NAG

N-Acetyl-B-d-Glucosaminidase N, -Acetyl-&-D-Glu-
cosaminidase (NAG) is a lysosomal enzyme predomi-
nantly found in proximal tubules, so increased activity
of this enzyme in urine suggests tubular cell injury and,
therefore, it can serve as a specific urinary marker of
tubular cells damage ¥'. Increased activity of urinary N-
acetyl-B-D-glucosaminidase (NAG) can serve as an
early indicator of damage to the tubular epithelium %,
The increase in urinary NAG activity indicates damage
to the tubular cells, although it may also reflect an in-
creased lysosomal activity without any cell damage.
Increased urinary excretion of NAG was reported in
acute kidney diseases due to various etiologies induced
by toxic agents, after cardiac surgery and after kidney
transplantation and diabetic nephropathy, hyperthy-
roidism and rheumatic diseases *.

Calprotectin

Calprotectin is an immunomodulatory protein, re-
garded as an inflammatory factor, and has a protective
role in oxidative processes of inflammation 4%4L, It is
mostly derived from neutrophils and a few amounts are
secreted by monocyte and macrophage. Tubular epithe-
lial cells of the collecting system also, secrete in re-
sponse to inflammation; such as renal tissue injuries. It
has also been reported in long-lasting urinary tract ob-
structions, UTI (secreted from epithelial cells or leuko-
cytes in the urine), rheumatoid arthritis, inflammatory
bowel diseases, CKD, and urethra and bladder carci-
nomas 442, Detecting calprotectin in urine before its
detection or its elevation in serum is much more help-
ful in clinical practice. Urinary calprotectin also differ-
entiates a between pre-renal and intrinsic acute renal
allograft failure so, urinary calprotectin is a promising
biomarker to differentiate pre-renal and intrinsic acute
renal allograft failure .
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a-1 microglobulin and -2 microglobulin ($2M)

Both of these molecules rise in serum and urine in
response to glomerular or tubular lesions leading to a
considerable reduction in the GFR. Their main ad-
vantage is their low cost; despite this it depends on the
urinary pH as they are degraded in lower PHs, decreas-
ing their beneficently if the pH is less than 5.5 . In-
creased urinary B2M excretion has been observed to be
an early marker of tubular injury in a number of set-
tings including nephrotoxic substance exposure, cardi-
ac surgery, and renal transplantation, preceding the rise
in serum creatinine by as many as 4-5 days 6. Unfor-
tunately, the utility of B2M as a biomarker has been
limited by its instability in urine, with rapid degrada-
tion occurring at room temperature and in urine with a
pH lower than 6.0 #’. Urinary B2M is a potential bi-
omarker of tubular injury in renal allografts *. a-1 mi-
croglobulin has been found to be a sensitive biomarker
for proximal tubular dysfunction even in the early
phase of injury when no histologic damage is detecta-
ble. Urinary a-1 has been proposed to be a useful
marker of tubular dysfunction even in low-gestational-
age preterm infants, a population at higher risk of AKI.
A number of other conditions have been associated
with altered plasma/serum levels, including liver dis-
ease, HIV, and mood disorders and therefore urinary
specificity and sensitivity for AKI may be suboptimal
in these settings *°.

Monocyte chemotactic peptide-1 (MCP-1)

MCP-1 has been reported as a potent chemokine
produced by kidney cells and it acts as a mediator of
acute ischemic and toxic kidney injury. The MCP-1
protein and its corresponding mRNA increase in in-
trarenal lesions in larger amounts than the NGAL. In
pre-renal and post-renal injuries NGAL expression of
the MCP-1 gene increases comparatively. In contrast,
uremia per se induced the NGAL gene in the absence of
renal injury, but not of the MCP-1, showing better
MCP-1 specificity for the AKI diagnosis 2.

Vanin-1

Vanin-1 is an epithelial ectoenzyme with pante-
theine activity that responds to oxidative stress and
converted of pantetheine to pantothenic acid (vitamin
B5) and cysteamine. Yoshida et al discovered in-
creased levels of kidney vanin-1 mRNA in rats with
ischemia-reperfusion type of lesion 0. It has been
found that elevated urinary concentration of vanin-1
occurs before conventional markers with nephrotoxin-
induced lesions. Therefore, it appears that urinary
vanin-1 may be a potential biomarker for early detec-
tion of AKI 5%,

Netrin-1

Netrin-1 is one of the most related kidney injury bi-
omarkers expressed in tubular epithelial cells of normal
kidneys. Netrin-1 levels increased 2 hr after extracor-
poreal circulation and peaked at 6 hr and remained
elevated until 48 hr 52, Significantly higher levels were

found in urine samples from patients with ischemic
AKI induced by radiocontrast agents, sepsis and drugs.
Therefore, netrin-1 is a urinary biomarker that rises
early on for the detection of renal injury and can also
serve as a universal biomarker of AKI %,

Alkaline phosphatase and gamma-glumatil transferase (G-
GT)

Alkaline phosphatase is an endogenous metalloen-
zyme found in the serum and multiple organs, includ-
ing kidneys, liver, bone and intestines. It has shown
efficacy in sepsis-induced AKI with alkaline phos-
phates >. GGT is an enzyme located in the cell mem-
brane found in the proximal renal tubules, liver, pan-
creas and intestines. Urinary GGT is an indicator of
tubular damage as it can express changes in renal func-
tion state *°.

YKL-40

YKL-40 is a glycoprotein involve in inflammation,
cellular protection and repair. It is synthesized by renal
macrophages and contributes to tissue remodeling and
scarring by limiting cellular apoptosis; it promotes cel-
lular repair after ischemic renal injury, becoming a
good marker of AKI recovery stage 5%,

Conclusion

Numerous biomarkers have been used for early de-
tection of AKI but unfortunately, none of the bi-
omarkers have been truly specific for AKI. Early de-
tection and intervention in AKI decrease the ongoing
damage and reduce the chance of complications and
mortality. It seems that due to the etiological diversity
of these markers using a panel of biomarkers for diag-
nosing AKI may be a better strategy than using a single
biomarker assay.
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