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ABSTRACT 

Despite its name, the current diagnosis of acute kidney injury ( AKI ) still depends on markers of decreased kidney 
function and not on markers of injury. This results in a delayed diagnosis: AKI is diagnosed based on serum creatinine 
criteria only when the severity of injury is enough to decrease glomerular filtration rate. Moreover, by the time AKI is 
diagnosed, the insult may have already ceased, and even appropriate therapy targeted at the specific insult and its 
associated pathogenic pathways may no longer be effective. Biomarkers of injury are needed that allow the diagnosis of 
AKI based on injury criteria. At least three commercially available immunoassays assessing urinary or plasma 
neutrophil gelatinase-associated lipocalin and urinary tissue inhibitor of metalloproteinases-2 × insulin-like growth 

factor-binding protein-7 ( [TIMP2]*[IGFBP7] ) ( NephroCheck ®) have generated promising data regarding prediction and 
early diagnosis of AKI, although their relative performance may depend on clinical context. Recently, a urinary 
peptidomics classifier ( PeptAKI ) was reported to predict AKI better than current biomarkers. Focusing on 

[TIMP2]*[IGFBP7], the cellular origin of urinary TIMP2 and IGFBP7 remains unclear, especially under the most common 

predisposing condition for AKI, i.e. chronic kidney disease. We now discuss novel data on the kidney cell expression of 
TIMP2 and IGFBP7 and its clinical implications. 

Keywords: acute kidney injury, biomarkers, chronic kidney disease, IGFBP7, NephroCheck, NGAL, TIMP2, urinary 
proteomics 
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for a spontaneous recovery, with some exceptions in which 
a cause with specific treatment is identified ( e.g. crescentic 
glomerulonephritis ) . Furthermore, AKI preventive measures 
rely mainly on avoiding malpractice, such a maintaining ade- 
quate kidney perfusion or avoiding nephrotoxic drugs, rather 
than on modulating molecular drivers of kidney injury, and 
despite this, compliance was poor in clinical trials [ 3 ]. 
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ACKGROUND 

cute kidney injury ( AKI ) is common among hospitalized pa- 
ients, occurs more frequently in those with preexistent chronic 
idney disease ( CKD ) and is associated with high mortality,
s recently confirmed during the coronavirus disease 2019 
 COVID-19 ) pandemic [ 1 , 2 ]. Currently, there is no treatment

or AKI beyond kidney replacement therapy ( KRT ) and hoping 
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Figure 1: Decrease in eGFR associated with an increase in serum creatinine of 0.3 mg/dL or more in individuals with different levels on baseline serum creatinine. 
Baseline eGFR and eGFR after serum creatinine increase by 0.3 mg/dL was estimated in females aged 20 years using the 2009 CKD Epidemiology Collaboration equation 
without using race correction. For the calculations, it was assumed that following the increase in serum creatinine that allowed the diagnosis of AKI, serum creatinine 
remained stable thereafter for at least a week. 

S
D

A
i
r
f
d
o
m
o
s
p
f
o
l
t
c
L
s
o  

t
w
p
C

 

t
a
p
l
t
b
r
fi
p
d

a
a  

r
u
i

K
A

A  

u
g
o
s
a
t
e  

a
(
[
b
N
b
a
u
s
m
f  

g
A  

d
r
c

a

HORTCOMINGS OF THE CURRENT 

IAGNOSTIC CRITERIA FOR AKI 

 suboptimal definition may partly explain unmet clinical needs 
n the treatment and outcomes of AKI. Despite its name, its cur- 
ent definition still depends on markers of decreased kidney 
unction and not on markers of injury. This results in a delayed 
iagnosis: AKI is diagnosed based on serum creatinine criteria 
nly when the severity of injury is enough to decrease the esti- 
ated glomerular filtration rate ( eGFR ) . However, the magnitude 
f the decrease of eGFR associated with a 0.3 mg/dL increase in 
erum creatinine may vary from ≥1 to ≥36 mL/min/1.73 m 

2 , de- 
ending on baseline eGFR ( Fig. 1 ) [ 4 ]. This very broad range of 
unctional deterioration encompassed under the umbrella term 

f AKI also illustrates the need for biomarkers of injury that al- 
ow a diagnosis of AKI in patients with milder functional de- 
erioration. Given these limitations, the 2021 American Asso- 
iation for Clinical Chemistry ( AACC ) Guidance Document on 
aboratory Investigation of AKI proposed to amend the KDIGO 

erum creatinine thresholds for diagnosis of AKI to an increase 
f + 0.20 mg/dL or + 20% ( whichever is greater ) [ 5 ]. Furthermore,
he AACC guidelines recommend the use of creatinine assays 
ith intra-laboratory analytical variability ≤3.4% [ 5 ]. This would 
revent a diagnosis of AKI in patients with preexisting advanced 
KD who display small changes in serum creatinine. 
To complicate matters further, by the time AKI is diagnosed,

he insult may have already ceased, and even appropriate ther- 
py targeted at the specific insult and its associated pathogenic 
athways may no longer be effective. The combination of de- 
ayed diagnosis, lack of information on ongoing injury or on ac- 
ive pathophysiological mechanisms, and a serum creatinine–
ased definition of AKI that encompasses decrements in eGFR 
anging from 1 to > 100 mL/min/1.73 m 

2 makes it especially dif- 
cult to design clinical trials that recruit a homogenous patient 
opulation characterized by active ongoing kidney injury and to 
efine appropriate endpoints that also reflect a homogeneous 
ssessment of outcome. Biomarkers of injury are needed that 
llow the diagnosis of AKI or risk of AKI based on injury crite-
ia. This may allow the recruitment of more homogenous pop- 
lations for early treatment clinical trials and, eventually, early 
ntervention in clinical practice. 

EY NOVEL BIOMARKERS FOR AKI DIAGNOSIS 

ND RISK CATEGORIZATION 

mong the multiple emerging biomarkers in the field of AKI,
rinary tissue inhibitor of metalloproteinases-2 × insulin-like 
rowth factor-binding protein-7 ( [TIMP2]*[IGFBP7] ) and urinary 
r plasma neutrophil gelatinase-associated lipocalin ( NGAL ) are 
upported by more evidence. At least three commercially avail- 
ble immunoassays are marketed to enable earlier identifica- 
ion of AKI or short-term risk of AKI based on these biomark- 
rs, thus facilitating the early adoption of therapeutic measures,
nd potentially leading to improved outcomes. NephroCheck ®

 Astute Medical, Inc., San Diego, CA, USA ) assesses urinary 
TIMP2]*[IGFBP7]. Additionally, urine NGAL ( ARCHITECT ®, Ab- 
ott Laboratories, Abbott Park, IL, USA ) and urine and plasma 
GAL ( BioPorto Diagnostics A/S, Hellerup, Denmark ) can also 
e assessed [ 6 ]. However, a 2022 systematic review and meta- 
nalysis found no studies addressing the clinical impact of the 
se of these biomarkers on patient outcomes compared with 
tandard care, and concluded that it was not possible to deter- 
ine a plausible base-case incremental cost-effectiveness ratio 

or the tests, again compared with standard care [ 6 ]. In this re-
ard, urinary [TIMP2]*[IGFBP7] was not yet recommended by the 
ACC for routine risk assessment of AKI due to the lack of evi-
ence of benefit shown in outcome studies, high false-positive 
ate, and limited performance studies outside of the intensive 
are unit ( ICU ) or perioperative setting [ 5 ]. 

In addition to these immunoassays, serum cystatin A and 
 point-of-care test for plasma proenkephalin A 119–159 have 
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Figure 2: Number of publications in PubMed retrieved by the query 
“( nephrocheck OR TIMP2 OR IGFBP7 ) AND acute kidney injury” on 15 February 

2023. 
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een proposed as more precise measures of GFR than serum
reatinine to be used in patients with AKI ( penKid, Sphingotec
mbH, Hennigsdorf, Germany ) [ 7 ], and the Nephroclear CCL14
est assessing urinary C-C motif chemokine ligand 14 ( CCL4 )
redicted persistent severe AKI [ 8 , 9 ]. The 2021 AACC Guid-
nce Document on Laboratory Investigation of AKI indicates that 
erum cystatin C may be helpful in predicting renal recovery 
arlier than serum creatinine among hospitalized patients with 
KI. However, the assay was not universally recommended due 
o poor standardization, the lack of availability from most ven-
ors and high cost ( in comparison with creatinine ) [ 5 ]. Addition-
lly, the 2021 AACC document recommended the use of a urine
ediment scoring system based on the number of granular casts
nd renal tubular epithelial cells per high-power field to differ-
ntially diagnose AKI [ 5 ]. 

TIMP2]*[IGFBP7], NEPHROCHECK AND 

KIRISK 

ephroCheck is a bedside test that provides a numeric result,
abeled AKIRisk, obtained from calculating the product of uri- 
ary TIMP2 and IGFBP7 concentrations ( [TIMP2]*[IGFBP7] ) [ 10 ].
n 2014, the US Food and Drug Administration approved the use
f [TIMP2]*[IGFBP7] to aid in the early prediction of AKI [ 10 ]. In
our clinical settings [ischemia–reperfusion injury ( IRI ) , cardiac 
ailure, severe AKI and chemotherapy-induced kidney injury],
KIRisk increased rapidly prior to any change in serum creati-
ine. Moreover, a rapid decline in AKIRisk was associated with
he restoration of kidney function, whereas a persistent increase 
as associated with kidney failure. However, the dynamics may 
iffer, depending on the cause and the extent of injury [ 11 ]. 
NephroCheck is based on studies going back 10 years [ 12 ]

 Fig. 2 ) . In 2013, Kashani et al . identified and validated urinary
TIMP2]*[IGFBP7] as a predictor of moderate to severe AKI ( KDIGO
tage 2–3 ) within 12 h of sample collection among over 1200
articipants from three observational studies that enrolled crit- 
cally ill patients divided into discovery and validation cohorts 
 12 ]. The area under the receiver operating characteristic curve
 AUC ) for AKI KDIGO stage 2–3 was 0.80 and was superior to urine
r plasma NGAL, or urine kidney injury molecule-1 ( KIM-1 ) , in-
erleukin ( IL ) -18, Glutathione S-transferase pi ( GST-pi ) or liver- 
ype fatty acid-binding protein ( L-FABP ) , none of which achieved
n AUC > 0.72. However, the combination added little overall in-
ormation over that provided by urinary TIMP2 alone [AUC 0.79
ith overlapping 95% confidence intervals ( CIs ) ], although this 
ay vary with clinical setting, and this was likely the reason for
ombining both biomarkers into a single numeric result. The
est performance was observed in patients with sepsis ( AUC
.82 ) and post-surgery ( AUC 0.85 ) . Differential performances ac-
ording to clinical setting were also suggested for other biomark-
rs: urine and plasma NGAL performed better than urine KIM-1
or sepsis, while the reverse was true post-surgery [ 12 ]. Further-
ore, [TIMP2]*[IGFBP7] significantly improved risk stratification 

or AKI when added to a nine-variable clinical model and pre-
icted major adverse kidney events ( death, dialysis or persis-
ent renal dysfunction ) within 30 days [ 12 ]. Over the next year,
ut-off points were established for clinical use in the prediction
f AKI. The relative risk ( 95% CI ) of AKI within 12 h for sub-
ects with AKIRisk TM score values of > 0.3–2.0 ( ng/mL ) 2 /1000 was
.4–4.7 higher than for those with values ≤0.3 ( ng/mL ) 2 /1000.
or AKIRisk TM scores > 2.0 ( ng/mL ) 2 /1000, the relative risk was
2–18 higher than for those with lower scores. Sensitivity was
9% and 42%–43% and specificity 50%–53% and 90%–95%, re-
pectively for each cut-off point [ 13 ]. Moreover, a positive test
lso identified patients with AKI at increased risk for mortal-
ty or need for KRT over the next 9 months [ 14 ]. A rapid de-
line in [TIMP2]*[IGFBP7] also predicted renal recovery in pa-
ients with AKI [ 15 ]. In 2019, an expert panel representing
urope and North America suggested that patients undergo-
ng major surgery ( both cardiac and non-cardiac ) , those who
ere hemodynamically unstable or those with sepsis, may be
ested for kidney stress using [TIMP2]*[IGFBP7] and categorized 
nto those at high risk and those candidates for “fast-track”
rotocols [ 16 ]. 
In additional studies, serial urinary [TIMP2]*[IGFBP7] values 

t baseline, 12 and 24 h, and up through 3 days were prognostic
or the occurrence of AKI stage 2/3 over the course of critical ill-
ess [ 17 ]. Three consecutive negative values [ ≤0.3 ( ng/mL ) 2 /1000]
ere associated with very low ( 13.0% ) incidence of AKI stage 2/3
ver the course of 7 days. Conversely, strongly positive results
 > 2.0 ( ng/mL ) 2 /1000], emerging or persistent, predict very high
ncidence rates ( up to 94.4% ) of AKI stage 2/3. There was a low
ate of test results between 0.3 and 2.0 ( ng/mL ) 2 /1000, where the
rimary endpoint was observed in a third of cases [ 17 ]. 
The PrevAKI-Multicenter Randomized Controlled Trial exam- 

ned the adherence to the KDIGO bundle ( primary endpoint ) con-
isting of optimization of volume status and hemodynamics,
unctional hemodynamic monitoring, avoidance of nephrotoxic 
rugs and prevention of hyperglycemia in high-risk patients
dentified by urinary [TIMP2]*[IGFBP7] after cardiac surgery. This
ilot study analyzed 278 patients, found that the protocol was
easible, although compliance was poor ( 65% ) and observed a re-
uction in moderate to severe AKI [secondary endpoint: 14.0% vs
3.9%; absolute risk reduction 10.0% ( 95% CI, 0.9–19.1 ) ; P = .034]
n the intervention group, despite no differences in the overall
ncidence of AKI [ 3 ]. In further studies, the combination of uri-
ary [TIMP2]*[IGFBP7] with serum creatinine, but not with cys-
atin C or proenkephalin, improved risk stratification for the de-
elopment of AKI stage 2/3 over [TIMP2]*[IGFBP7] alone [ 18 ]. 

Urinary [TIMP2]*[IGFBP7] was also reported to respond to
idney protective therapy. Patients with acute decompensated 
eart failure with or without diabetes were randomized to em-
agliflozin 10 mg or placebo for 30 days. Empagliflozin signifi-
antly reduced urinary [TIMP2]*[IGFBP7], which became signifi- 
ant after 3 days of treatment [placebo: 1.1 ± 1.1 ( ng/mL ) 2 /1000;
mpagliflozin: 0.3 ± 0.2 ( ng/mL ) 2 /1000; P = .02] and remained sig-
ificant at the 7-day time point [placebo: 2.5 ± 3.8 ( ng/mL ) 2 /1000;
mpagliflozin: 0.3 ± 0.2 ( ng/mL ) 2 /1000; P = .003] [ 19 ]. Thus,
n intervention improved urinary [TIMP2]*[IGFBP7] values, but 
ince sodium-glucose cotransporter 2 ( SGLT2 ) inhibition is both
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idney protective and heart protective [ 20 ], a pathophysiological 
nterpretation of the data is not straightforward. 

Interestingly, following a marathon race, serum creatinine 
ncreased by 40%, urinary TIMP2 by 555% and urinary IGFBP7 
y 1094% over the course of the race, but in the limited num- 
er of participants who supplied samples 24 h post-race, val- 
es were similar to baseline for all variables. The study suggests 
hat beyond functional changes in kidney function, marathon 
unning causes kidney stress and potential injury [ 21 ]. Unfortu- 
ately, given the low number of participants with follow-up data,
o firm conclusions can be reached on the relative dynamics of 
erum creatinine vs urinary [TIMP2]*[IGFBP7] values. 

However, not all datasets support a superiority of urinary 
TIMP2]*[IGFBP7] over other biomarkers for AKI prediction. As an 
xample, in a military operation scenario, urine NGAL dipstick 
learly outperformed NephroCheck to predict KRT or death in 
ombat casualties [ 22 ]. Moreover, a November 2022 systematic 
eview and meta-analysis of 110 studies with 38 725 patients 
oncluded that biomarkers containing NGAL had the best pre- 
ictive accuracy for the occurrence of AKI, regardless of whether 
he values were adjusted by urinary creatinine [ 23 ]. However, dif- 
erences were found according to setting. In surgical patients,
rinary NGAL/creatinine was the most accurate biomarker. Dif- 
erences between biomarkers were larger for non-critical pa- 
ients while serum NGAL and urinary NGAL/creatinine, NGAL,
IM-1, L-FABP, IL-18 and [TIMP2]*[IGFBP7] had similar predictive 
erformance in critically ill patients [ 23 ]. Additional subtle dif- 
erences were found for different contexts of use, but in none 
as [TIMP2]*[IGFBP7] the best option. 

XPRESSION AND FUNCTION OF TIMP2 AND 

GFBP7 IN KIDNEY INJURY 

oth TIMP2 and IGFBP7 have been reported to induce G1 cell cy- 
le arrest, mainly in non-kidney studies, and to contribute to the 
everity of AKI. Indeed, IGFBP7 overexpression induced cell cy- 
le arrest at the G1–G0 phases and apoptosis in HK-2 human 
roximal tubular cells [ 24 ]. Mechanistically, IGFBP7 bound to 
oly ( ADP-ribose ) polymerase 1 ( PARP1 ) and inhibited its degra- 
ation by antagonizing the E3 ubiquitin ligase ring finger protein 
 ( RNF4 ) [ 25 ]. Global or tubular knockout of IGFBP7 prevented AKI 
nduced by cisplatin, kidney ischemia–reperfusion, lipopolysac- 
haride ( LPS ) or bacterial sepsis in mice [ 25 , 26 ]. TIMP2 overex- 
ression induced endoplasmic reticulum stress and apoptosis,
nd amplified the inflammatory response to LPS in HK-2 cells 
 27 , 28 ]. Kidney- or tubule-specific deficiency of TIMP2 prevented 
PS or sepsis-induced AKI as well as kidney fibrosis induced 
y ureteral obstruction [ 27 –29 ]. Supporting a tubular cell origin 
f the biomarkers, renal vein levels of IGFBP7 and TIMP2 were 
ncreased in patients with renal artery stenosis, and baseline 
GFBP7 correlated inversely with pre-stent cortical blood flow 

 30 ]. Moreover, both proteins are expressed and secreted by pri- 
ary cultures of human tubules: IGFBP7 is equally expressed 
cross tubule cell types yet preferentially secreted by cells of 
roximal tubule origin, while TIMP2 is both expressed and se- 
reted preferentially by cells of distal tubule origin [ 31 ]. In hu- 
an kidney tissue, strong staining of IGFBP7 was seen in the lu- 
inal brush-border region of a subset of proximal tubule cells,
nd TIMP2 stained intracellularly in distal tubules. An in vitro 
odel of ischemia–reperfusion demonstrated enhanced secre- 

ion of both markers early after reperfusion [ 31 ]. Thus, there is 
lear evidence that both tubular TIMP2 and IGFBP7 contribute 
o the pathogenesis experimental kidney injury. Moreover, these 
tudies point to extracellular TIMP2 and IGFBP7 as bioactive con- 
ributors to the severity of AKI, which at least in mice, are se-
reted by tubular cells. 

However, some reports have questioned the tubular origin of 
rinary TIMP2 and IGFBP7 or, at least, that their de novo synthesis
ccounts for the increased urinary levels. 

In murine AKI induced by rhabdomyolysis ( glycerol ) , maleate 
r ischemia–reperfusion, increased urinary TIMP2 and IGFBP7 
roteins were observed within 4–18 h, however this occurred 
n the absence of upregulation of kidney mRNA expression, ar- 
uing against de novo gene transcription in tubular cells as the 
ource of the urinary biomarkers [ 32 ]. Additionally, a progres- 
ive decrease in TIMP2/IGFBP7 immunostaining was observed 
n injured proximal tubule cells and evidence was generated 
upporting that TIMP2/IGFBP7 are reabsorbed by healthy prox- 
mal tubular cells. In this regard, their low molecular weights 
 ≈24 and ≈30 kDa, respectively ) suggest that they may undergo 
lomerular filtration and proximal tubular reabsorption. These 
ndings are compatible with preexistent TIMP2/IGFBP7 inside 
ubular cells leaking into urine during AKI, decreased reabsorp- 
ion by injured proximal tubular cells of molecules physiologi- 
ally filtered by glomeruli or a combination of both mechanisms 
 32 ]. If these molecules are filtered by normal glomeruli, a fur-
her source of urinary TIMP2 and/or IGFBP7 during AKI or severe 
llness should be contemplated, i.e. massive production and re- 
ease into the circulation from organs stressed during conditions 
uch as surgery, sepsis or marathon running ( Fig. 3 ) . For example,
eart injury or failure increase the local production and circu- 
ating levels of IGFBP7 [ 33 , 34 ], while TIMP2 is increased in heart
issue surrounding a myocardial infarction [ 35 ]. 

Timing of sampling may explain some of the potential dis- 
repancies observed. A clear increase in tubular IGFBP7 im- 
unostaining was observed in human AKI and at 24 h in murine 
isplatin- and IRI-induced AKI, in the latter associated with in- 
reased kidney mRNA expression [ 25 ]. In sepsis, the kidney gene 
nd protein expression of TIMP2 increased and correlated with 
he severity of AKI [ 28 ]. However, although kidney TIMP2 protein
as observed in control kidneys, increased kidney TIMP2 was 
nly observed from 12 h onwards, i.e. later than expected for the 
rinary pattern of TIMP2/IGFBP7 in at least some clinical sce- 
arios. In murine unilateral ureteric obstruction, kidney Timp2 
RNA did not increase until aft the chronic phase ( after 14 days 

ollowing IRI ) , while tubular TIMP2 remained unchanged or in- 
reased after 48 h [ 36 , 37 ]. These findings are consistent with a
cenario in which high urinary [TIMP2]*[IGFBP7] may to some ex- 
ent reflect preexistent kidney injury, a hypothesis supported by 
 recent manuscript in CKJ that presents human kidney biopsy 
ata [ 38 ]. In this regard, CKD is a key risk factor for AKI and a
ecreased eGFR is a late consequence ( and diagnostic criterion ) 
f CKD. 

ELL CYCLE ARREST IN AKI 

TIMP2]*[IGFBP7] are thought to be markers of tubular cell cycle 
rrest. However, cell cycle arrest may have diverse roles in AKI 
 38 , 39 ]. On one hand, a transient, protective G1 cell cycle arrest 
ay be triggered by ischemic preconditioning and contribute to 
idney protection [ 38 ]. In this regard, cell cycle arrest can protect
ells from the disastrous consequences of entering cell division 
ith damaged DNA or insufficient bioenergetic resources during 

njury or stress [ 39 ]. On the other hand, epithelial cell arrest
n G1 or G2 favors a hypertrophic and fibrotic phenotype [ 39 ].
hus, biomarkers of cell cycle arrest may theoretically reflect 
spects of these two faces of cell cycle arrest. In this regard, the
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Figure 3: Potential sources of urinary TIMP2 and IGFBP7. Urinary [TIMP2]*[IGFBP7] values may be the end-result of multiple simultaneous or sequential processes. 
( 1 ) Both molecules may be released from injured organs outside the kidneys. For example, this has been shown for the injured heart. ( 2 ) Circulating TIMP2 and IGFBP7 
of non-renal origin may be filtered by normal glomeruli, given that they are small proteins. Increased non-renal production with subsequent increased glomerular 
filtration may contribute to higher urinary [TIMP2]*[IGFBP7] levels and to their association with adverse outcomes if urinary [TIMP2]*[IGFBP7] represents more severe 

non-renal injury. ( 3 ) As for other small proteins, proximal tubular cells could reabsorb both TIMP2 and IGFBP7. Injured proximal tubular cells may fail to reabsorb TIMP2 
and IGFBP7 and this may also contribute to higher urinary [TIMP2]*[IGFBP7] levels and to their association with adverse outcomes. ( 4 ) Additionally, both TIMP2 and 
IGFBP7 can directly injure proximal tubular cells. The fact that both molecules may cause tubular cell injury may also contribute to explain the association between 
higher urinary [TIMP2]*[IGFBP7] levels and adverse outcome. ( 5 ) Immunostaining of human kidney tissue has localized IGFBP7 to tubular cells, mainly proximal tubular 

cells. Gene expression data and the fact that IGFBP7 immunostaining is not limited to proximal tubular cells support that proximal tubular cells are indeed a source of 
IGFBP7 beyond any immunostaining resulting from reabsorbed proteins. Increased IGFBP7 release from injured proximal tubular cells may contribute to higher urinary 
[TIMP2]*[IGFBP7] levels and to their association with adverse outcome. ( 6 ) Finally, immunostaining of human kidney tissue has localized TIMP2 to distal tubular cells, 
suggesting that they may be a source of urinary TIMP2. TIMP2 release from injured distal tubular cells may contribute to higher urinary [TIMP2]*[IGFBP7] levels and 

to their association with adverse outcomes. ( 7 ) Overall, urinary [TIMP2]*[IGFBP7] may be the end result of multiple processes, each of which may be independently 
associated with more severe kidney injury. 
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idney expression of both Timp2 and Igfbp7 mRNA expression 
ncreased transiently in reversible ischemia–reperfusion AKI 
n mice, while both increased progressively, peaking at last 
ollow-up at 14 days in mice with irreversible unilateral ureteral
bstruction [ 40 ]. However, the site of expression differed: fi-
roblasts, myofibroblasts and failed-repair proximal tubule 
ells expressed the highest levels of Igfbp7 , while fibroblasts,
yofibroblasts and acute injury proximal tubule cells expressed 

he highest levels of Timp2 [ 40 ]. 

IMP2 AND IGFBP7 IMMUNOSTAINING 

N HUMAN CKD 

n this issue of CKJ , Schanz et al . analyzed 37 kidney biopsies
f patients with kidney disease ( 19 with a clinical diagnosis of
KI ) and 10 non-diseased control biopsies for TIMP2 and IGFBP7
xpression using immunohistochemistry and assessed urinary 
TIMP2]*[IGFBP7] at the time of biopsy using NephroCheck [ 41 ].
he kidney expression of TIMP2 and IGFBP7 was increased in
iseased kidney biopsies as compared with control tissue and 
taining was prominent in the tubular compartment: IGFBP7 
as located to proximal and distal tubules while TIMP2 was pre-
ominantly localized in the collecting ducts. This location was 
onsistent with prior cell culture and human kidney data [ 31 ]. 

Tubular TIMP2 and IGFBP7 staining intensity and urinary 
TIMP2]*[IGFBP7] correlated with the tubular injury score, again 
onsistent with the fact that urinary [TIMP2]*[IGFBP7] is a 
arker of early AKI or short-term risk of AKI [ 41 ]. However, tubu-

ar expression and urinary findings did not correlate. To some
xtent, it is expected that different markers of kidney injury
ssessed in the same small piece of tissue corresponding to a
idney biopsy are correlated. However, the lack of correlation
etween immunohistochemistry and urinary results is more 
ifficult to interpret, given that immunohistochemistry is not
uantitative, and the biopsy sample may not be fully repre-
entative of the whole kidney parenchyma in both kidneys.
espite these limitations, urinary biomarkers have frequently 
orrelated to histological assessment of the protein [ 42 ] or with
verall severity of kidney injury [ 43 ]. Thus, the lack of correlation
etween urinary and tissue [TIMP2]*[IGFBP7] may reflect a non-
ubular origin of these urinary biomarkers or an impact of reab-
orption or secretion dynamics [ 32 –35 ]. 

In Schanz’s study, patients with AKI had more often and
ore severe preexistent CKD as assessed by low baseline eGFR

23 ( 13–29 ) mL/min/1.73 m 

2 ] and evidence of chronicity in
he kidney biopsy [ 41 ]. However, urinary [TIMP2]*[IGFBP7] was
igh [ > 0.3 ( ng/mL ) 2 /1000] in a majority of participants, with-
ut significant differences between participants with and with-
ut AKI in either TIMP2 or IGFBP7 immunostaining or urinary
TIMP2]*[IGFBP7]. Interestingly, an increase in both glomerular 
nd tubular TIMP2 or IGFBP7 immunostaining versus controls
as observed in very diverse nephropathies, ranging from mem-
ranous nephropathy to ANCA-associated vasculitis to a mis-
ellaneous group of glomerular and interstitial nephropathies.
onsistent with these results, Schanz et al . concluded that TIMP2
nd IGFBP7 are unspecific markers of renal injury. This may
xplain some of the discrepant results regarding the informa-
ion provided by urinary [TIMP2]*[IGFBP7] in different clinical
ontexts. The frequent coexistence of AKI and CKD in this
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ohort and the lack of data on severity or timing of AKI 
imit the conclusions to be drawn on urinary [TIMP2]*[IGFBP7] 
alues in patients with CKD. Nevertheless, the data call 
or a more thorough evaluation of the performance of uri- 
ary [TIMP2]*[IGFBP7] across patients with a wide range of 
aseline eGFR, albuminuria/proteinuria values and causes of 
KD. 

EW KIDS ON THE BLOCK 

n 2022, Piedrafita et al . studied derivation and validation co- 
orts totalling 1170 major cardiac bypass surgery patients and 
n external cohort of 1569 ICU patients to develop a uri- 
ary peptidomics-based score predictive of AKI ( 7-day KDIGO 

lassification ) termed PeptAKI [ 44 ]. PeptAKI is composed of 204 
rinary peptides derived from 48 proteins related to fibrosis,
emolysis, inflammation, immune cells, and cell growth and 
urvival. A positive PeptAKI score conferred an odds ratio of 
.1 for AKI, which was almost double that associated with 
linical risk scores, urinary [TIMP2]*[IGFBP7] and urinary NGAL 
mong cardiac surgery patients with AUCs of 0.78. 0.70, 0.76 
nd 0.70, respectively for the different biomarkers. The perfor- 
ance of PeptAKI was confirmed in the ICU cohort in which 

t also predicted death. In the ICU setting, the overall PeptAKI 
erformance was closer to that of urinary NGAL [ 44 ]. How- 
ver, in post-operative AKI, the PeptAKI AUC ( 0.86 ) compared 
avorably with the AUC obtained in the derivation and inter- 
al validation cohorts. While these results are promising, there 
s currently no point-of-care device that allows timely assess- 
ent of urinary peptide biomarkers to guide rapid clinical deci- 
ion making, contrary to the situation with [TIMP2]*[IGFBP7] or 
GAL. 

ONCLUSION 

n conclusion, after 10 years of clinical development, uri- 
ary [TIMP2]*[IGFBP7] as assessed by the point-of-care test 
ephroCheck is already in clinical use, although it remains 
ostly and its impact on clinical outcomes has not been con- 
lusively demonstrated. In this regard, no major clinical guid- 
nce documents by scientific societies provide recommenda- 
ions for context of use and actions to be implemented in re- 
ponse to [TIMP2]*[IGFBP7] values. However, it remains an attrac- 
ive biomarker for future outcomes-focused clinical trials that 
se NephroCheck results as a port of entry for enrollment, clini- 
al decision-making and treatment prescription. The recent data 
y Schanz et al . suggest widespread upregulation of kidney tis- 
ue TIMP2 and IGFBP7 in human CKD, without further upreg- 
lation in AKI, and an unclear role of urinary [TIMP2]*[IGFBP7] 
n providing information on kidney histology in presence of 
KI and/or CKD. Further studies should carefully characterize 
aseline urinary [TIMP2]*[IGFBP7] values in patients with pre- 
xistent CKD of different causes and severity. Similar issues 
ar NGAL, which may be released by inflammatory cells addi- 

ion to damaged tubular cells, and levels can increase in other 
hronic and acute inflammatory conditions, including CKD and 
rinary tract infections [ 45 ]. In this regard, the urinary biomark- 
rs field keeps evolving and multiparametric panels potentially 
ncluding non-kidney-derived and kidney-derived markers such 
s urinary peptidomics may provide the major breakthrough 
n the AKI prediction field not yet provided by current individ- 
al biomarkers, although the technology should be adapted to 
oint-of-care testing. 
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