© Wydawnictwo UR 2018
ISSN 2544-1361 (online); ISSN 2544-2406
doi: 10.15584/ejcem.2018.1.4

http://www.ejcem.ur.edu.pl/en/
European Journal of Clinical and Experimental Medicine
Eur J Clin Exp Med 2018; 16 (1): 28-33

REVIEW PAPER

Tomasz Kubrak @ 'A80FG) Rafat Podgoérski @ 74, David Aebisher @ 29,

3,4(ABDFG)

Agnieszka Gala-Btadzirska

The significance of NGAL and KIM-1 proteins for diagnosis of acute
kidney injury (AKIl) in clinical practice

! Department of Biochemistry, Institute of Clinical and Experimental Medicine, Faculty of Medicine,
University of Rzeszow, Poland
2Department of Human Immunology, Faculty of Medicine, University of Rzeszow, Poland
3St'Queen Jadwiga Clinical District Hospital No. 2 in Rzeszow, Poland
*Faculty of Medicine, University of Rzeszow, Poland

ABSTRACT

Introduction. Despite advances in medical care AKI (acute kidney injury) is associated with high morbidity and mortality. The
lack of adequate early renal injury biomarkers is often a problem for an early AKI diagnosis.

In recent years, numerous scientific studies have been carried out which reveal new urine and serum markers to assess the pe-
riod of the kidney injury before revealing its late clinical effects. In most clinical settings, AKl is due to acute renal tubular ne-
crosis which results in protein accumulation in urine. Determination of the concentrations of proteins such as NGAL-(neutrophil
gelatinase-associated lipocalin) and KIM-1 (kidney injury molecule-1) are of great significance in the diagnosis of AKI.

Aim. The purpose of the study was to review the literature about significance of NGAL and KIM-1 proteins for diagnosis of acu-
te kidney injury (AKI) in clinical practice.

Materials and method. Analysis of Polish and foreign literature.
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Introduction

Neutrophil gelatinase-associated lipocalin (NGAL) and
kidney injury molecule-1 (KIM-1) proteins have recent-
ly been used as biomarkers for renal injury. Their biolog-
ical function is not fully understood. Both in a healthy
kidney and in the urine, the level of these proteins is al-
most undetectable. As a result of renal ischaemia or the
potentially nephrotoxic substances action, their expres-

sion and synthesis are intensified. Expression of NGAL
like KIM-1 proteins are stimulated in damaged epitheli-
al nephrons cells in the distal tubule and the S3 segment
of the proximal tubule respectively.

Therefore, these are early, non-invasive markers of
kidney injury detected especially in urine prior to the
development of a full-blown AKI.-
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Biochemical description of the NGAL protein
Neutrophil gelatinase-associated lipocalin also known
as lipocalin-2, siderocalin, uterocalin and 24p3, is a 25
kDa protein belonging to the lipocalin superfamily.™?
The lipocalin protein family is a large group of small ex-
tracellular proteins.’ Lipokalin can have different func-
tions. They participate in the processes of regulating
cell aging, differentiation and modeling of the immune
response. In the human body, NGAL also influenc-
es the growth, development and differentiation of var-
ious cells.* A similar secondary and tertiary structure as
well as the presence of ligand binding sites is a common
feature of lipocalin. NGAL may exist in the form of a
monomer, a dimer or in combination with other mol-
ecules, e.g. metalloproteinase-9 (matrix metalloprotein-
ase-9; MMP-9), also called gelatinase B or collagenase
type IV?

Neutrophil gelatinase-associated lipocalin are en-
dogenous and ubiquitous biomarker molecules that
are secreted by various types of human tissues, includ-
ing the gastrointestinal tract, respiratory tract and kid-
neys. In the kidneys, NGAL is secreted into the urine
by the thick ascending limb of loop of Henle and col-
lecting ducts of the kidney, with synthesis in the distal
nephron.®” Due to its small molecular size, the NGAL
protein is freely filtered and can be easily detected in
the urine. Neutrophil gelatinase-associated lipocalin in
urine (uNGAL) appears in a very short time and its in-
creased concentration is a result of acute kidney injury,
diabetic nephropathy, nephritic syndrome, tubulointer-
stitial nephritis, and IgA nephropathy.*1°

Biochemical description of the KIM-1 protein
Kidney injury molecule-1 (KIM-1) is a type I trans-
membrane glycoprotein with an ectodomain containing
both an Ig-like and a mucin domain. It was discovered
in renal tubular epithelial cells in a screen for molecules
involved in the pathogenesis of AKI."

The glycoprotein is located primarily on the apical
surface of the proximal tubule of the nephron in the out-
er core layer. With the participation of metalloprotein-
ases, the extracellular domain is cleaved and excreted
into the urine. That ectodomain is a quantitative marker
of kidney damage. The soluble KIM-1 has a molecular
weight of around 90 kDa.'>"?

During normal kidney function, KIM-1 is almost
undetectable in the urine. Renal ischaemia, and also
damage to various nephrotoxic factors induces its ex-
pression and synthesis. Therefore, the molecule is a
quantitative biomarker of kidney injury.14 Clinical
studies show that KIM-1 is upregulated in tubules of
patients with focal segmental glomerulosclerosis, IgA
nephropathy, or membranoproliferative glomerulone-
phritis and that it is associated with tubular injury and
interstitial fibrosis. These results have led to the sug-

gestion that KIM-1 may be a promising, non-invasive,
easily detected in urine biomarker of chronic tubuloint-
erstitial damage.15,16

The role of NGAL and KIM-1 proteins in AKI
current clinical diagnosis allows for detection of new
biomarkers of renal tubular damage such as NGAL,
KIM-1, interleukin 18 (IL-18), liver-type fatty-ac-
id-binding protein (L-FABP), insulin-like-growth-fac-
tor-binding protein 7 (IGFBP7), and tissue inhibitor of
metalloproteinase 2 (TIMP-2). Marking them by clini-
cians enables diagnosis of acute renal injury in the pre-
clinical phase of the disease."”

Due to some renal complications, e.g. due to car-
dio-renal syndrome, attempts have been made to adapt
several well-characterized markers for early diagnosis
of kidney damage in patients treated for cardiovascu-
lar diseases. Among the large group of known markers,
NGAL has the highest diagnostic significance due to the
very fast response time to tubular lesions. This is par-
ticularly important because AKI complications during
cardiac surgery are a cause of prolonged hospitalization
and increased mortality.'#*

Neutrophil gelatinase-associated lipocalin seems
to be a good biomarker of injury, due to the fact that
the increase in the concentration of this protein both
in plasma and in urine is observed already 2 hours af-
ter the kidney damaging factor action that significantly
precedes serum creatinine elevation that occurs around
24-48 hours after kidney injury.

A large number of experimental studies confirm the
usefulness of NGAL-1 gene in the diagnosis of AKI. In
the ischemic and toxic AKI model, it was shown that the
NGAL-1 gene was more expressed, and the protein en-
coded by it was one of the biomarkers of kidney damage
synthesized in the largest amounts.”®*' The usefulness
of NGAL as “renal troponin” has also been confirmed
in clinical trials.?> Patients hospitalized in the inten-
sive care unit with symptoms of acute renal failure were
characterized by a significant increase in NGAL concen-
tration, both in urine and plasma.”

It was noted that in adult patients who underwent
cardiac surgery who developed post-operative AKI di-
agnosed on the third day after surgery evidenced by a
50% increase in serum creatinine in relation to its base-
line, plasma NGAL concentration increased only 1-3
hours after surgery.** Similarly, it was observed among
children operated on due to congenital heart disease
who also developed AKI as a result of disorders of renal
blood supply due to extracorporeal circulation.”

In a cohort of high-risk adult patients undergoing
cardiac surgery, there was an increase in postoperative
AKIT and 1-year mortality in patients with higher preop-
erative serum NGAL. Those patients with serum NGAL
above 220ng/L had an estimated twofold increase risk
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of cardiovascular and all-cause mortality at 1year fol-
lowing cardiac surgery.”® In other studies of patients
with acute nephropathy caused by radiographic con-
trast agents, urea and serum NGAL elevation were also
observed.”

A meta-analysis summarizing the usefulness
of the determination of NGAL in patients at risk of
AKTI after cardiac surgery during treatment in inten-
sive care units after administration of contrast agents,
clearly confirmed the reliability of the determination
of NGAL concentration using standardized reagent
kits. Based on a thorough review of the test results,
covering over 2,500 patients, the predictive value of
NGAL concentration was found to be higher than
150 ng/ml. Attention was also drawn to the higher
predictive value of NGAL concentration in AKI in
children.?

The high clinical utility of the marker NGAL can
be demonstrated by the synthesis of lipocalin-2 and its
use in relieving the symptoms of ischemic acute myo-
cardial injury. In an established murine model of re-
nal ischemia-reperfusion injury, intravenous NGAL
administered before, during, or after ischemia result-
ed in marked amelioration of the morphologic and
functional consequences, as evidenced by a signif-
icant decrease in histopathologic damage to tubules
and in serum creatinine measurements. Neutrophil
gelatinase-associated lipocalin-treated animals also
displayed a reduction in the number of apoptotic tu-
bule cells and an increase in proliferating proximal
tubule cells after ischemic injury. The results indicate
that NGAL may represent a novel therapeutic inter-
vention in ischemic acute renal failure, based at least
in part on its ability to tilt the balance of tubule cell
fate toward survival.?®

The therapeutic success of surgical treatment is large-
ly associated with the lack of serious postoperative com-
plications. Such postoperative complications include
AKTI, in which, depending on the type of surgery, mortal-
ity affects from 7-60% of patients.’**** Acute kidney injury
markedly increases peri-operative mortality risk. How-
ever, despite the development of less invasive techniques,
cardiac surgery remains the first option in many condi-
tions such as severe coronary artery disease, valve diseas-
es and complex interventions. Therefore, there is interest
among cardiologists and cardiosurgeons in research on
new markers of kidney damage. Numerous studies in
the field of cardiology include issues of elevated serum
NGAL levels, which are a consequence of cardiac sur-
gery using extracorporeal circulation'®, as well as coro-
nary bypass and coronary revascularization.”. The results
of the study clearly show that the increase in lipocaline
precedes the increase of serum creatinine concentration
by 24-48 hours, which gives the opportunity to use serum
and urinary NGAL determinations in monitoring kidney

damage of patients after these procedures and rapid im-
plementation of measures to protect the kidneys from
progressive damage.'

Malyszko et al.® also see the usefulness of the de-
termination of serum NGAL concentration in the diag-
nosis of kidney damage in the course of hypertension.
Based on the concentration of NGAL, groups of pa-
tients at risk of early deterioration of renal function in
the course of hypertensive nephropathy may be iden-
tified and appropriate treatment may be implemented.

A higher concentration of NGAL was found in the
urine in patients with left ventricular hypertrophy in
the course of primary hypertension®, with atheroscle-
rosis.”® The prognostic significance of the NGAL con-
centration assessment in the urine and serum in renal
syndrome® and in the assessment of acute renal failure
in patients with acute congestive heart failure was also
demonstrated.””

Studies show a positive correlation of higher levels
of lipocalin-2 with a worse prognosis in patients with se-
rum NGAL levels above 140 ng/ml at admission where
seven times more often the deterioration of kidney
function develops until failure. During long-term fol-
low-up, shorter survival periods of patients with acute
congestive heart failure have been demonstrated with
initially higher levels of NGAL (above 215 ng/ml).?"*

Determination of NGAL levels in humans is used
primarily in the assessment of AKI, but also in the diag-
nosis of the progression of chronic kidney diseases, e.g.
obstructive nephropathy®, IgA nephropathy*® or pro-
gression of kidney damage in systemic diseases such as
diabetes*"*2, arterial hypertension® or lupus erythema-
tosus.* A positive effect of the determination of NGAL
concentration for the evaluation of nephrotoxicity of
contrast agents used in radiological diagnostics*® and
the nephrotoxicity of some drugs, e.g. cisplatin, was also
demonstrated.*

The potential role of KIM-1 as a biomarker in vari-
ous pathologies of the kidneys is still intensively studied,
and in many analyses it has been shown that KIM-1 is a
sensitive and specific marker of proximal tubular dam-
age.”” Any increase in KIM-1 in the urine indicates kid-
ney damage, because the protein is not out of the kidney
in an amount that can change its level in the urine. Both
experimental and clinical studies indicate that KIM-1 is
a biomarker of tubular lesions already appearing, simi-
larly to NGAL-1, on the first hours after toxic or isch-
emic damage to the nephrons tubules.

Determination of this protein as a laboratory AKI
index is also important in the assessment of the sever-
ity of this disease. Liangos et al.*® embraced the study
of 201 hospitalized AKI patients and found that those
with the highest urinary KIM-1 level had a statistically
3-fold higher dialysis implementation frequency. A sim-
ilar relationship was found in a subsequent study evalu-
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ating the need renal replacement therapy and mortality
among AKI development patients.*

Clearly increased KIM-1 concentrations were also
observed in patients with acute tubular damage that de-
veloped due to previous cardiac surgery or with symp-
toms of acute renal failure in the course of sepsis.”*!
In addition, it was observed that the risk of rejection
of allogenic kidney transplant increases with elevating
urinary KIM-1 concentration.”* Increased KIM-1 se-
cretion into the urine was also revealed in patients with
clear cell renal carcinoma.*

Clinical usefulness of KIM-1 protein is not limited
to the diagnosis of acute renal injury or failure. There
are studies showing KIM-1 utility in diagnosing and
monitoring of chronic kidney disease (CKD). Analy-
sis of changes in the concentration of this marker in
the urine may indicate the transition of AKI into the
CKD.* Patients with chronic heart failure and cardio-
renal syndrome were characterized by a higher con-
centration of KIM-1 in urine in relation to healthy
people.’

This protein proves to be useful for identifying
groups of patients with AKI or those at risk of its oc-
currence, especially those undergoing cardiac surgery.
Early diagnosis and appropriate treatment may help re-
duce the number of patients requiring renal replace-
ment therapy.

Conclusions

Biochemical diagnostics of AKI mainly based on classi-
cal laboratory parameters such serum creatinine or urea
is still insufficient. There is a need to extend diagnos-
tics with new protein biomarkers discussed briefly in
this work. The use of NGAL and KIM-1 in combination
with other biomarkers, i.e. cystatin C, naKlotho protein
or IL-18, allows an earlier and more reliable diagnosis of
AKT in the preclinical phase of disease. Such knowledge
will enable the rapid implementation of appropriate and
effective therapeutic procedures.

There is hope that the determination of the protein
biomarkers in the urine and plasma will become a rou-
tine diagnostic procedure in patients with AKI risk fac-
tors in clinical settings.

References

1. Yang], Goetz D, LiJY, et al. An iron delivery pathway me-
diated by a lipocalin. Mol Cell. 2002;10:1045-56.

2. Bolignano D, Donato V, Lacquaniti A, et al. Neutro-
phil gelatinase-associated lipocalin (NGAL) in human
neoplasias: a new protein enters the scene. Cancer Lett.
2010;288:10-16.

3. Flower DR. The lipocalin protein family: structure and
function. Biochem J. 1996;318:1-14.

4. Clerico A, Galli C, Fortunato A, Ronco C. Neutrophil
gelatinaseassociated lipocalin (NGAL) as biomarker

10.

11.

12.

13.

14.

15.

16.

17.

of acute kidney injury:a review of the laboratory char-
acteristics and clinical evidences. Clin Chem Lab Med.
2012;50:1505-17.

Monisha ], Padmavathi G, Bordoloi D, Roy NK, Kunnu-
makkara AB. Neutrophil gelatinase — associated lipocalin
(NGAL): A promising biomarker for cancer diagnosis and
a potential target for cancer therapeutics. J Cell Sci Molecul
Biol. 2014;1:106.

Mishra J, Ma Q, Prada A, et al. Identification of neutro-
phil gelatinase-associated lipocalin as a novel early urinary
biomarker for ischemic renal injury. ] Am Soc Nephrol.
2003;14:2534-43.

Schmidt-Ott KM, Mori K, LiJY, et al. Dual action of neu-
trophil gelatinase-associated lipocalin. ] Am Soc Nephrol.
2007;18:407-13.

Ding H, He Y, Li K, et al. Urinary neutrophil gelatinase-as-
sociated lipocalin (NGAL) is an early biomarker for renal
tubulointerstitial injury in IgA nephropathy. Clin Immu-
nol. 2007;123:227-34.

Nickolas TL, O'Rourke M]J, Yang J, et al. Sensitivity and
specificity of a single emergency department measure-
ment of urinary neutrophil gelatinaseassociated lipo-
calin for diagnosing acute kidney injury. Ann Intern Med.
2008;148:810-19.

Kuwabara T, Mori K, Mukoyama M, et al. Urinary neu-
trophil gelatinase-associated lipocalin levels reflect dam-
age to glomeruli, proximal tubules, and distal nephrons.
Kidney Int. 2009;75:285-94.

Ichimura T, Bonventre JV, Bailly V, et al. Kidney injury
molecule-1 (KIM-1), a putative epithelial cell adhesion
molecule containing a novel immunoglobulin domain,
is up-regulated in renal cells after injury. J Biol Chem.
1998;273:4135-42.

Peters HP, Waanders F, Meijer E, et al. High urinary ex-
cretion of kidney injury molecule-1 is an independent
predictor of end-stage renal disease in patients with
IgA nephrophathy. Nephrol Dial Transplant. 2011;26:
3581-88.

Guo L, Takino T, Endo Y, Domoto T, Sato H. Shedding
of kidney injury molecule-1 by membrane-type 1 matrix
metalloproteinase. ] Biochem. 2012;152:425-32.
Bonventre JV. Kidney injury molecule-1 (KIM-1): a uri-
nary biomarker and much more. Nephrol Dial Transplant.
2009;24:3765-68.

van Timmeren MM, van den Heuvel MC, Bailly V, Bak-
ker SJ, van Goor H, Stegeman CA. Tubular kidney inju-
ry molecule-1 (KIM-1) in human renal disease. J Pathol.
2007;212:209-17.

Wasilewska A, Taranta-Janusz K, Debek W, Zoch-Zwierz
W, Kuroczycka-Saniutycz E. KIM-1 and NGAL: new
markers of obstructive nephropathy. Pediatr Nephrol.
2011;26:579-86.

Malhotra R, Siew ED. Biomarkers for the Early Detection
and Prognosis of Acute Kidney Injury. Clin ] Am Soc Ne-
phrol. 2017;12:149-73,



32

European Journal of Clinical and Experimental Medicine 2018; 16 (1): 28-33

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Cai L, Borowiec ], Xu S, Han W, Venge P. Assays of urine
levels of HNL/NGAL in patients undergoing cardiac
surgery and the impact of antibody configuration on
their clinical performances. Clin Chim Acta. 2009;403:
121-25.

Malyszko ], Bachorzewska-Gajewska H, Poniatowski B,
Malyszko JS, Dobrzycki S. Urinary and serum biomarkers
after cardiac catheterization in diabetic patients with sta-
ble angina and without severe chronic kidney disease. Ren
Fail. 2009;31:910-19.

Devarajan P, Mishra ], Supavekin S, Patterson LT, Steven
Potter S. Gene expression in early ischemic renal injury:
clues towards pathogenesis, biomarker discovery, and
novel therapeutics. Mol Genet Metab. 2003;80:365-76.
Mishra J, Ma Q, Prada A, et al. Identification of neutro-
phil gelatinase-associated lipocalin as a novel early urinary
biomarker for ischemic renal injury. ] Am Soc Nephrol.
2003;14:2534-43.

Sporek M, Gala-Bladzinska A, Dumnicka P, et al. Urine
NGAL is useful in the clinical evaluation of renal function
in the early course of acute pancreatitis. Folia Med Cracov.
2016;56:13-25.

Mori K, Lee HT, Rapoport D, et al. Endocytic deliv-
ery of lipocalin-siderophore-iron complex rescues the
kidney from ischemia-reperfusion injury. J Clin Invest.
2005;115:610-21.

Wagener G, Jan M, Mori K, Barasch JM, Sladen RN,
Lee HT. Association between increases in urinary neu-
trophil gelatinase-associated lipocalin and acute renal
dysfunction after adult cadiac surgery. Anesthesiology.
2006;105:485-91.

Mishra J, Dent C, Tarabishi R, et al. Neutrophil gelati-
nase-associated lipocalin (NGAL) as a biomarker
for acute renal injury after cardiac surgery. Lancet.
2005;365:1231-38.

Bulluck H, Maiti R, Chakraborty B, et al. Neutrophil
gelatinase-associated lipocalin prior to cardiac sur-
gery predicts acute kidney injury and mortality. Heart.
2018;104:313-17.

Hirsch R, Dent C, Pfriem H, et al. GAL is an early predic-
tive biomarker of contrast-induced nephropathy in chil-
dren. Pediatr Nephrol. 2007;22:2089-95.

Haase M, Bellomo R, Devarajan P, Schlattmann P,
Haase-Fielitz A. Accuracy of neutrophil gelatinase-associ-
ated lipocalin (NGAL) in diagnosis and prognosis in acute
kidney injury: a systematic review and meta-analysis. Am
J Kidney Dis. 2009;4:1012-1024.

Mishra ], Mori K, Ma Q, et al. Amelioration of ischemic
acute renal injury by neutrophil gelatinase-associated li-
pocalin. J Am Soc Nephrol. 2004;15:3073-3082.
Bourgeois E, Bataille A, Jacob L. Perioperative modifica-
tions in kidney function. Presse Med. 2009;38:1621-1629.
Borthwick E, Ferguson A. Perioperative acute kidney inju-
ry: risk factors, recognition, management, and outcomes.
British Medical Journal, 2010;341:¢3365.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Coppolino G, Presta P, Saturno L, Fuiano G. Acute kidney
injury in patients undergoing cardiac surgery. J. Nephrol.
2013;26,1:32-40.

Malyszko J, Bachorzewska-Gajewska H, Malyszko ]S,
Pawlak K, Dobrzycki S. Serum neutrophil gelatinase-as-
sociated lipocalin as a marker of renal function in hyper-
tensive and normotensive patients with coronary artery
disease. Nephrology. 2008;13:153-156.

Leoncini G, Mussap M, Viazzi F, et al. Combined use of uri-
nary neutrophil gelatinase-associated lipocalin (uUNGAL)
and albumin as markers of early cardiac damage in primary
hypertension. Clin Chim Acta. 2011;412:1951-1956.
Bolignano D, Coppolino G, Lacquaniti A, Buemi M. From
kidney to cardiovascular diseases: NGAL as a biomark-
er beyond the confines of nephrology. Eur ] Clin Invest.
2010;40:273-276.

Hawkins R. New biomarkers of acute kidney injury and the
cardio-renal syndrome. Korean J Lab Med. 2011;31:72-80.
Aghel A, Shrestha K, Mullens W, Borowski A, Tang WH.
Serum neutrophil gelatinase-associated lipocalin (NGAL)
in predicting worsening renal function in acute decom-
pensated heart failure. ] Card Fail. 2010;16:49-54.

Alvelos M, Lourenco P, Dias C, et al. Prognostic value of
neutrophil gelatinase-associated lipocalin in acute heart
failure. Int ] Cardiol. 2013;165,1:51-5.

Wasilewska A, Taranta-Janusz K, Dabek W, Zoch-Zwi-
erz W. Kuroczycka-Saniutycz E. KIM-1 and NGAL: new
markers of obstructive nephropathy. Pediatr Nephrol.
2011;26:579-586.

Ding H, He Y, Li K. Urinary neutrophil gelatinase-associ-
ated lipocalin (NGAL) is an early biomarker for renal tu-
bulointerstitial injury in IgA nephropathy. Clin Immunol.
2007;123:227-234.

Yang YH, He X]J, Chen SR, Wang L, Li EM, Xu LY. Chang-
es of serum and urine neutrophil gelatinase-associated
lipocalin in type-2 diabetic patients with nephropa-
thy: one year observational follow-up study. Endocrine.
2009;36:45-51.

Gala-Bladzinska A, Dumnicka P, Ku$nierz-Cabala B, et
al. Urinary Neutrophil Gelatinase-Associated Lipoca-
lin Is Complementary to Albuminuria in Diagnosis of
Early-Stage Diabetic Kidney Disease in Type 2 Diabe-
tes. Biomed Res Int. 2017;4691389. doi: 10.1155/2017/
4691389.

Blumczynski A, Sottysiak J, Lipkowska K, et al. Hyperten-
sive nephropathy in children - do we diagnose early eno-
ugh? Blood Press. 2012;21:233-239.

Hinze Claas H, Suzuki M, Klein-Gitelman M, et al. Neu-
trophil gelatinase-associated lipocalin anticipates the
course of global and renal childhood-onset systemic
lupus erythematosus disease activity. Arthritis Rheum.
2009;60:2772-2781.

Lichosik M, Jung A, Jobs K, Mierzejewska A, Zdanow-
ski R, Kalicki B. Interleukin 18 and neutrophil-gelatinase
associated lipocalin in assessment of the risk of contrast-



The significance of NGAL and KIM-1 proteins for diagnosis of acute kidney injury (AKI) in clinical practice 33

46.

47.

48.

49.

50.

-induced nephropathy in children. Cent Eur ] Immunol.
2015;40,4: 447-453.

Peres LA, da Cunha ADJr, Assumpg¢ido RA, et al. Evalu-
ation of the cisplatin nephrotoxicity using the urinary neu-
trophil gelatinase-associated lipocalin (NGAL) in patients
with head and neck cancer. ] Bras Nefrol. 2014;36,3:280-
288.

Han WK, Bailly V, Abichandani R, Thadhani R, Bonventre
JV. Kidney Injury Molecule-1 (KIM-1): a novel biomar-
ker for human renal proximal tubule injury. Kidney Int.
2002;62,1:237-244.

Liangos O, Perianayagam MC, Vaidya VS, et al. Urinary
N-acetyl-B-D-glucosaminidase activity and kidney injury
molecule-1 level are associated with adverse outcomes in
acute renal failure. ] Am Soc Nephrol. 2007;18:904-912.
Vaidya VS, Waikar SS, Ferguson MA, et al. Urinary bio-
markers for sensitive and specific detection of acute kid-
ney injury in humans. Clin Transl Sci. 2008;1:200-208.
Liang XL, Liu SX, Chen YH, et al. Combination of urina-
ry kidney injury molecule-1 and interleukin-18 as early
biomarkers for the diagnosis and progressive assessment

51.

52.

53.

55.

56.

of acute kidney injury following cardiopulmonary bypass
surgery: a prospective nested case-control study. Biomar-
kers. 2010;15:332-339.

Liang XL, Shi W. Beyond early diagnosis: prognostic bio-
markers for monitoring acute kidney injury. Hong Kong J
Nephrol. 2010;12:45-49.

Jin ZK, Tian PX, Wang XZ, et al. Kidney injury molecule-1
and osteopontin: new markers for prediction of early kid-
ney transplant rejection. Mol Immunol. 2013;54:457-464.
Song L, Xue L, Yu J, Zhao J, Zhang W, Fu Y. Kidney inju-
ry molecule-1 expression is closely associated with renal
allograft damage. Bosn ] Basic Med Sci. 2013;13:170-174.

. Han WK, Alinani A, Wu CL, et al. Human kidney injury

molecule-1 is a tissue and urinary tumor marker of renal
cell carcinoma. ] Am Soc Nephrol. 2005;16:1126-1134.

Ko GJ, Grigoryev DN, Linfert D, et al. Transcriptional ana-
lysis of kidneys during repair from AKI reveals possible
roles for NGAL and KIM-1 as biomarkers of AKI to CKD
transition. Am ] Physiol Renal Physiol. 2010;298:1472-1483.
Comnick M, Ishani A. Renal biomarkers of kidney injury in
cardiorenal syndrome. Curr Heart Fail Rep. 2011;8,2:99-105.



