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Background: Acute kidney injury (AKI) is an acute renal insufficiency syndrome, often associated with high morbidity and mor-
tality. Currently, there is a lack of early diagnostic biomarkers. Urine Tissue inhibitor of metalloproteinases 2 (TIMP2) and
insulin-like growth factor-binding protein 7 (IGFBP7) serve as markers of G1 cell cycle arrest and foretell AKI development.
Therefore, this study aimed to investigate the diagnostic efficacy of these two markers in detecting AKI.

Method: We analysed urine and serum samples obtained from the normal control, patients without AKI (NO-AKI), and AKI
groups. We assessed the levels of Neutrophil gelatinase-associated lipocalin (NGAL), TIMP2, and IGFBP7 in urine and serum
creatinine (Scr) levels utilizing corresponding enzyme linked immunosorbent assay (ELISA) kits. The diagnostic values of uri-
nary NGAL, TIMP2, IGFBP7, and serum Scr were evaluated through receiver operating characteristic (ROC) curve analysis.
Moreover, the hypoxia model of renal tubule cells was used to simulate AKI in vitro, and the expression levels of TIMP2 and
IGFBP7 were determined at different time following hypoxia induction.

Results: There were significant differences in urinary TIMP2, IGFBP7, and NGAL levels as well as Scr levels among the three
experimental groups. The urinary TIMP2, IGFBP7, and NGAL levels, as well as Scr levels were significantly higher in the AKI
group than those in the normal and the NO-AKI groups (p < 0.01). However, the urinary IGFBP7 and Scr levels were elevated in
NO-AKI group compared to the normal group. Moreover, there was no substantial difference in urinary TIMP2 and NGAL lev-
els between the NO-AKI and normal groups (p > 0.05). Additionally, ROC curve analysis revealed that the urinary IGFBP7 had
excellent diagnostic performance for AKI, followed by urinary TIMP2, NGAL, and Scr. Furthermore, the TIMP2 and IGFBP7
levels elevated in a time dependent manner, reaching the peak at 120 minutes after hypoxia induction, followed by a gradual
decline (p < 0.001).

Conclusions: The present study shows that IGFBP7 and TIMP2 have good diagnostic value for early AKI, which are potential
biomarkers for early screening of high-risk AKI patients.
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Introduction entirely satisfactory, mainly because of its susceptibility to
many non-renal factors, which fail to reflect the glomeru-

Acute kidney injury (AKI) is an acute renal insuffi-  lar filtration rate [6]. Consequently, there is a need for

ciency syndrome, often associated with high morbidity and
mortality [1]. AKIis a latent risk factor for the development
of early chronic kidney disease, cardiovascular disease, and
end-stage renal disease (ESRD) [2]. It is primarily caused
by ischemia, insufficient circulating blood volume, nephro-
toxic drugs, and urinary tract obstruction [3]. Currently,
blood purification is the most effective treatment approach
for AKI [4]. Fortunately, early-stage AKI is reversible, em-
phasizing the significance of early diagnosis and appropri-
ate intervention to effectively alleviate its effects [5]. Re-
cently, the diagnosis of AKI relies on the elevation of serum
creatinine (Scr) level or a decline in urine volume. How-
ever, the specificity of Scr in the diagnosis of AKI is not

more specific and sensitive biomarkers to diagnose early
AKI and foretell the severity of injury. Presently, signifi-
cant progress has been made in discovering and validating
novel biomarkers for the early diagnosis of AKI [7]. For in-
stance, Neutrophil gelatinase-associated lipocalin (NGAL),
a lipocalin, shows increased plasma levels in AKI, partly
due to elevated liver production, while urine NGAL serv-
ing as a strong marker for AKI [8]. Tissue inhibitor of met-
alloproteinases 2 (TIMP2) and insulin-like growth factor-
binding protein 7 (IGFBP7) are markers of G1 cell cycle
arrest [9]. During the early onset of AKI, elevated levels of
TIMP2 with IGFBP7 in urine have been confirmed as hav-
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ing good clinical predictive capabilities for AKI [10]. De-
spite significant improvements in discovery and validation
of these biomarkers, numerous uncertainties remain regard-
ing their clinical application to the early diagnosis of AKI.
In this study, we analysed urinary NGAL, TIMP2, and
IGFBP7 levels, as well as Scr levels in clinical samples.
Subsequently, we examined the diagnostic efficacy of these
markers in detecting AKI. Finally, we assessed the appro-
priate time point for the clinical application of TIMP2 and
IGFBP7 detection to predict the early onset of AKI.

Methods

Data Collection

We accessed GSE30718 (GSE: GEO accession num-
ber) and GSE227970 datasets from Gene Expression Om-
nibus (GEO; https://www.ncbi.nlm.nih.gov/geo/).  The
GSE30718 dataset included 28 AKI samples and 8 nephrec-
tomy samples. However, the GSE227970 dataset included
9 AKI samples and 3 control samples. Differentially ex-
pressed genes (DEGs) were assessed through the gene ex-
pression omnibus DESeq2 R package (GEO2R) using the
threshold p-value < 0.05 and a [log2fold change| > 1. Sub-
sequently, DEGs underwent Gene Ontology (GO) enrich-
ment analysis. Furthermore, TIMP2 and IGFBP7 expres-
sion levels were determined through both the GSE30718
and GSE227970 datasets.

Study Participants

We included 80 study subjects, including 60 patients
undergoing percutaneous coronary intervention, nephro-
toxic drug use, or hemodynamic instability and 20 healthy
controls, in this study. We collected both blood and urine
samples from all study participants at The Fourth Affil-
iated Hospital of Guangzhou Medical University, China,
from January 2022 to October 2022. Based on the KIDIGO
guidelines [11], clinical specimens of the patients were di-
vided into two groups: the AKI group (n = 26) and the pa-
tients without AKI (NO-AKI) group (n = 34). Moreover,
the clinical diagnosis, pathologic data, and expression lev-
els of biomarkers of each specimen were independently ex-
amined by two pathologists.

Informed consent was obtained from all study partici-
pants. This study was approved by the Ethnic Committee of
The Fourth Affiliated Hospital of Guangzhou Medical Uni-
versity, China (Approval No: 2019-9), and the study design
adhered to the Helsinki Declaration. The included patients
satisfied the diagnostic criteria for acute kidney injury, as
per the KDIGO guidelines, which define acute kidney in-
jury as fulfilling any of the following criteria: (1) An in-
crease in serum creatinine by >0.3 mg/dL (>26.5 umol/L)
within 48 hours, (2) an increase in serum creatinine exceed-
ing 1.5 times the baseline within 7 days, and (3) a urinary
output of less than 0.5 mL/(kg-hr) for 6 hours. However,
the exclusion criteria for the patients were set as follows:
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(1) Patients who died within 24 hours of ICU admission,
(2) patients diagnosed with chronic renal insufficiency and
malignant tumors, and (3) those unwilling to participate in
the study. Based on the predefined inclusion and exclu-
sion criteria, all study participants were included within the
specified time.

Clinical Specimen Collection

Venous blood (5 mL) and urine samples (5 mL) were
collected from each study participant. Venous blood was
collected in a coagulant tube and then separate serum after
4 °C overnight. The samples were centrifuged immediately,
and the resulting supernatants were collected in fresh tubes
and stored at —80 °C for subsequent analysis and biomarker
assessment.

Renal Cell Hypoxia Model

To stimulate renal hypoxia injury in vitro, human re-
nal tubular epithelial cells HK-2 (CL-0109, Procell, Wuhan,
China) were cultured in MEM containing NEAA, 10%
FBS, and 1% P/S (CM-0109, Procell, Wuhan, China).
However, before proceeding with the analysis, the cells un-
derwent STR profiling and mycoplasma verification. The
in vitro renal cells hypoxia model was established following
the previously described method [12]. During this process,
the cells were incubated under hypoxic environmental con-
ditions containing 1% Os, 94% N5, and 5% CO, in modular
gas chambers at 37 °C for 0, 30, 60, 120, 180, and 240 min-
utes. In the control group, cells were cultured under normal
O, condition. Additionally, the cell culture medium was
collected at each time point and stored at —80 °C for subse-
quent biomarkers assessment.

Measurement of Biomarkers

The corresponding commercially available enzyme
linked immunosorbent assay (ELISA) kits were used to de-
termine the levels of NGAL (BMS2202, Novo, Beijing,
China), TIMP2 (XG-E990320, Sig Biotechnology, Shang-
hai, China), IGFBP7 (E-EL-H6176, Elabscience, Wuhan,
China), and creatinine (RY3368, Runyu Biotechnology,
Shanghai, China) following the manufacturer’s guidelines.
For this purpose, the whole blood samples were initially in-
cubated overnight at 2-8 °C. The next day, they were cen-
trifuged (1000 xg) for 20 minutes at 2—8 °C, and the super-
natants were collected for subsequent analysis. Similarly,
urine samples were centrifuged at 1000 xg for 20 min-
utes, and the supernatants were collected for further anal-
ysis. Subsequently, these samples were processed based
on the guidelines provided with each ELISA kit. The OD
values within their respective wavelength ranges were as-
sessed using a Multiscan MK3 microplate reader (Thermo
Fisher Scientific, Waltham, MA, USA), and the level of
each marker was compared with the standard curve.
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Fig. 1. Differentially expressed genes (DEGs) were identified using gene expression omnibus DESeq2 R package (GEO2R) in
the GSE30718 (GSE: GEO accession number) and GSE227970 datasets. (A) The DEGs in the GSE30718 and GSE227970 datasets
were shown using a volcano plot. (B) The DEGs in the GSE30718 and GSE227970 datasets were proceeded for Gene Ontology (GO)

enrichment analysis. GEO, Gene Expression Omnibus; BP, biological process; CC, cell component; MF, molecular function.

Statistical Analysis

Statistical analyses were conducted using IBM SPSS
22.0 (IBM, Armonk, NY, USA). The data were expressed
as the means + SD. Differences between the two groups
were assessed using a #-test, and multiple group compar-
isons were performed through a one-way ANOVA followed
by a Tukey test for post hoc analysis. However, the level of
each biomarker was determined using a receiver operating
characteristic (ROC) curve. A p-value < 0.05 was consid-
ered statistically significant.

Results

TIMP?2 and IGFBP7 Expression in GSE30718 and
GSE227970 Datasets

According to threshold, 2130 DEGs were up-
regulated and 1017 DEGs were down-regulated in
GSE227970 and 527 DEGs were up-regulated and 1473
DEGs were down-regulated in GSE30718 (Fig. 1A). In
addition, these DEGs were explored by GO analysis. The
results revealed that in GSE227970, these DEGs were
enriched in signal transduction, cytoplasm, and protein
binding. In contrast, in GSE30718, they were implicated

in the regulation of transcription, nucleus, and protein
binding (Fig. 1B). Moreover, the expressions of TIMP2
and /GFBP7 were significantly enhanced in both the
GSE30718 and GSE227970 datasets (p < 0.001, Fig. 2).

Comparison of Biomarkers Levels across Three
Groups of Clinical Specimens

We comparatively evaluated the levels of NGAL,
TIMP2, IGFBP7, and Scr in urine samples across differ-
ent groups, including the normal, NO-AKI, and AKI groups
utilizing ELISA assay (Fig. 3). The findings revealed that
the urinary TIMP2, IGFBP7, NGAL, and Scr levels were
significantly higher in the AKI group than in the normal
and NO-AKI groups (p < 0.001). However, the levels of
IGFBP7 and Scr were substantially elevated in the NO-AKI
group compared to the normal group (p < 0.01). Moreover,
there was no significant difference in levels of TIMP2 and
NGAL between the NO-AKI and normal groups.

Diagnostic Efficacy of Biomarkers Levels for AKI

Based on the urinary levels of TIMP2, IGFBP7,
NGAL, and Scr, the sensitivity and specificity for diagnos-
ing normal or AKI cases were determined through ROC
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Fig. 2. Tissue inhibitor of metalloproteinases 2 (7/MP2) and insulin-like growth factor-binding protein 7 (/GFBP?7) expressions
were significantly elevated in both the GSE30718 and GSE227970 datasets. The expressions of 7/MP2 and /GFBP?7 in both the
GSE30718 and GSE227970 datasets were assessed using GEO2R. ***p < 0.001.
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Fig. 3. The urinary TIMP2, IGFBP7, Neutrophil gelatinase-associated lipocalin (NGAL), and serum creatinine (Scr) levels were
significantly elevated in the acute kidney injury (AKI) group. TIMP2, IGFBP7, NGAL, and Scr levels in the clinical specimens of
the normal, patients without AKI (NO-AKI), and AKI groups were assessed using enzyme linked immunosorbent assay (ELISA). **p <

0.01, ***p < 0.001.
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Fig. 4. The receiver operating characteristic (ROC) curve of urinary TIMP2, IGFBP7, NGAL, and Scr levels for AKI.

curve analysis. As shown in Fig. 4 and summarized in Ta-
ble 1, the diagnostic efficacy of urinary TIMP2, IGFBP7,
NGAL, and Scr levels between the normal population and
AKI patients was assessed, and the findings revealed that
the urinary IGFBP7 exhibited the highest diagnostic accu-
racy, followed by urinary TIMP2, NGAL and Scr.

Optimal Time for Clinical Detection of Urinary
TIMP?2 and IGFBP7 Levels in AKI High-Risk
Patients

To explore the appropriate time for detecting urinary
TIMP2 with IGFBP7 levels in high-risk AKI patients, a re-
nal cell hypoxia model was used to simulate AKI in vitro.

However, TIMP2 and IGFBP7 levels were monitored at 30,
60, 120, 180, and 240 minutes after hypoxia induction. We
observed an association between TIMP2 and IGFBP7 levels
and the duration of hypoxia. Furthermore, the TIMP2 with
IGFBP7 levels showed a time-dependent increase, reach-
ing a peak at 120 minutes following hypoxia induction,
followed by a gradual decline (p < 0.001, Fig. 5). These
findings demonstrated that detecting urinary TIMP2 and
IGFBP7 levels approximately 120 minutes after renal injury
holds clinical significance in guiding the early diagnosis of
AKI.
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Table 1. The diagnostic efficacy of TIMP2, IGFBP7, NGAL, and Scr for AKI.
Variable AUC 95% CI Cut-off value Sensitivity % Specificity %
TIMP2 0934 0.871-0.998  >17.31 (ng/mL) 80.77 97.06
IGFBP7 0977 0.948-1.005 >37.05 (ng/mL) 96.15 88.24
NGAL 0.813  0.694-0.932  >54.56 (pg/mL) 80.77 76.47
Ser 0.809  0.699-0.919 >4.62 (mg/L) 57.69 91.18
AUC, area under curve; TIMP2, Tissue inhibitor of metalloproteinases 2; IGFBP7, insulin-
like growth factor-binding protein 7; NGAL, Neutrophil gelatinase-associated lipocalin; Scr,
serum creatinine.
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Fig. 5. TIMP2 and IGFBP7 levels in in vitro renal cell hypoxia model at different time following hypoxia induction. n=35, ***p <

0.001.

Discussion

Our study revealed that the urinary TIMP2, IGFBP7,
NGAL, and Scr levels in the AKI group were significantly
higher than in the normal and NO-AKI groups. Further-
more, the urinary IGFBP7 and Scr levels were elevated in
the NO-AKI group compared to the normal group, while
there was no substantial difference found in the levels
of TIMP2 and NGAL between the NO-AKI and normal
groups. These findings indicated that the urinary IGFBP7
exhibited the highest diagnostic significance for AKI, fol-
lowed by TIMP2, NGAL, and Scr. Moreover, we ob-
served that the TIMP2 with IGFBP7 levels elevated in
a time-dependent manner, reaching the peak at 120 min-
utes following hypoxia induction followed by a gradual de-
cline. These results indicated that detecting urinary TIMP2
with IGFBP7 levels around 120 minutes after renal injury
holds clinical significance for guiding the early AKI diag-
nosis. Our observations provide theoretical support for us-
ing IGFBP7 and TIMP2 levels in early screening of high-
risk AKI patients.

Despite extensive research and significant progress in
clinical treatment methods, the pathogenesis of AKI re-
mains largely unclear [13]. Early diagnosis and interven-
tion continue to be effective in improving the prognosis
of AKI patients [14]. Therefore, identifying and screen-

ing effective diagnostic biomarkers for early AKI detec-
tion have gained considerable focus in the research com-
munity [15]. Traditional renal function biomarkers, Scr and
Cystatin-C, exhibit certain diagnostic accuracy for dam-
aged renal function, but their specificity and sensitivity in
diagnosing AKI remain unsatisfactory [16,17]. Previous re-
search has demonstrated a significant increase in the lev-
els of NGAL after kidney injury, with substantially ele-
vated levels among critically ill children diagnosed with
AKI [18]. Additionally, two new biomarkers, TIMP2 and
IGFBP7, have recently been identified and validated for
their ability to foretell the development of AKI in high-risk
patients [19]. In our study, the urinary TIMP2, IGFBP7,
NGAL, and Scr levels were significantly elevated in the
AKI group compared to those in the normal and NO-AKI
groups, which is consistent with findings observed by Sakyi
et al. [20]. Subsequently, we assessed the diagnostic ef-
ficacy of urinary TIMP2, IGFBP7, NGAL, and Scr lev-
els for diagnosing AKI. TIMP2, at the optimal cutoff value
of 17.31 (ng/mL), showed diagnostic sensitivity and speci-
ficity values of 80.77% and 97.06%, respectively, with
an area under curve (AUC) of 0.934 (95% CI: 0.871—
0.998). Moreover, IGFBP7, at the optimal cut-off value of
37.05 (ng/mL), indicated diagnostic sensitivity and speci-
ficity values of 96.15% and 88.24%, respectively, with an
AUC of 0.977 (95% CI: 0.948-1.005). Similarly, NGAL,
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at the optimal cut off value of 54.56 (pg/mL), exhibited di-
agnostic sensitivity and specificity values of 80.77% and
76.47%, respectively, with an AUC of 0.813 (95% CI:
0.694-0.932). Furthermore, Scr at the optimal cut off value
of 4.62 (mg/L), showed diagnostic sensitivity and speci-
ficity values of 57.6% and 91.18%, respectively, with an
AUC of 0.809 (95% CI: 0.699-0.919). Consistent with
the findings of Sakyi ef al. [20], who reported a higher
AUC of 0.91 for IGFBP7than AUC of 0.87 for TIMP2
in severe AKI, our study showed that the urinary IGFBP7
showed the highest diagnostic performance, followed by
urinary TIMP2, NGAL, and Scr. We further confirmed that
IGFBP7 and TIMP2 exhibited excellent diagnostic value
for early AKI detection. Importantly, the diagnostic effi-
cacy of TIMP2 and IGFBP7 is higher than certain other
commonly used diagnostic proteins, such as serum procal-
citonin and CHI3L1 [21,22]. AKI develops rapidly and of-
ten cannot be ruled out solely based on a doctor’s clinical
judgment in patients with acute diseases [23]. Therefore, it
is crucial to conduct examinations to detect high-risk groups
for AKI development during the early stages of kidney in-
jury. In our study, we aimed to assess the appropriate time
for diagnosing urinary TIMP2 and IGFBP7 levels in high-
risk AKI patients. For this purpose, we used a renal tubu-
lar cell hypoxia model to simulate AKI in vitro. We found
that the TIMP2 with IGFBP7 levels increased in a time-
dependent manner, reaching the peak at 120 minutes after
hypoxia induction, followed by a gradual decline. There-
fore, the detection of urinary TIMP2 and IGFBP7 levels
around 120 minutes after renal injury holds certain clin-
ical guiding significance for the early diagnosis of AKI.
Therefore, the urinary markers TIMP2 and IGFBP7 offer
several crucial advantages as biomarkers for AKI. Firstly,
they show the potential to increase in the early stages of
AKI. Secondly, their non-invasive collection through urine
makes TIMP2 and IGFBP7 convenient and readily accessi-
ble biomarkers in clinical practices. However, the reliabil-
ity of urine output as a measure may be affected by treat-
ments. Furthermore, additional validation through larger
patient cohorts and multicentred trials is needed to deter-
mine whether urinary TIMP2 and IGFBP7 can be estab-
lished as diagnostic markers. In these validation studies,
the inclusion of multivariate analysis can further confirm
the correlation between TIMP2, IGFBP7, and AKI.

Nevertheless, this study has several limitations.
Firstly, the sample size is not sufficiently large, and it is a
single-centre study, limiting its universality to the broader
population. Secondly, we did not perform biomarker tests
at different time points during the progression of AKI
patients. Instead, we used in vitro cell assay simula-
tions, which prevented us from providing standardized time
points and cut-off values for diagnosing AKI outcomes.
Additionally, this study only examines the effect of TIMP2,
IGFBP7, NGAL, and Scr, lacking a comprehensive discus-
sion on the statistical power of the study, potential con-
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founding factors, and how they were addressed. A more
comprehensive statistical analysis will address these limi-
tations in our future investigation.

Conclusions

Our study indicates that IGFBP7 and TIMP2 have ex-
cellent diagnostic significance for early AKI, which are po-
tential biomarkers for early screening of high-risk AKI pa-
tients.
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