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Abstract. The aim of the present study was to investi-
gate whether urinary kidney injury molecule‑1 (KIM‑1) 
presents a suitable early diagnostic biomarker of obstruc-
tive nephropathy‑induced acute kidney injury (AKI), and 
to develop a rapid detection method for urinary KIM‑1. 
Obstructive AKI was induced in an experimental rat model 
by a unilateral ureteral obstruction (UUO) operation. 
Macro‑ and micromorphological kidney alterations were 
determined by visual observation and hematoxylin and 
eosin (HE) staining, respectively. Kidney functions were 
evaluated by detecting urea nitrogen and creatinine levels 
in rat urine and blood. Urinary KIM‑1 levels were measured 
using an enzyme‑linked immunosorbent assay, and the 
protein expression levels of KIM‑1, α‑smooth muscle actin 
(α‑SMA) and vimentin in kidney tissues were detected using 
immunohistochemical assays. In order to measure KIM‑1 
levels, colloidal gold immunochromatographic strips were 
developed based on the colloidal gold immunochromato-
graphic assay. The results indicated that KIM‑1 levels were 
significantly higher in the UUO group when compared 
with the Sham group. KIM‑1 levels in the urine and kidney 
tissues exhibited a time‑dependent increase, together with 
increasing obstructive AKI in the UUO group. In addition, 
KIM‑1 levels were demonstrated to be a more sensitive 
biomarker of early obstructive AKI, when compared with 
α‑SMA and vimentin. A colloidal gold‑based immunochro-
matographic strip was developed, whereby the detection 

of urinary KIM‑1 could be completed within 5‑10 min. In 
conclusion, results of the present study demonstrated that 
urinary KIM‑1 may be a valuable biomarker for the early 
diagnosis of obstructive AKI, and the use of a colloidal gold 
immunochromatographic strip may be a promising method 
for the rapid detection of urinary KIM‑1.

Introduction

Acute kidney injury (AKI), previously defined as acute renal 
failure, is a common and devastating complication among 
hospitalized patients with acute illnesses, particularly among 
those with a life‑threatening illness  (1). AKI is character-
ized by aberrant alterations in kidney function within hours 
to days following onset (2). According to a systematic study 
reviewing AKI incidence between the years of 2004 and 2012, 
the worldwide incidence rates in adults and children were 21.6 
and 33.7%, respectively, and the corresponding mortality rates 
were 23.9 and 13.8%, respectively (3). Although clinicians have 
made significant progress in AKI treatment (4), the prognosis 
of AKI remains poor. This may be due, in part, to the lack of 
effective strategies that enable early diagnosis of AKI, which 
may lead to neglecting appropriate opportunities for interven-
tion during the early stages of the disease (5). Therefore, the 
development of efficient biomarkers for the early diagnosis 
of AKI has become an important area of research worldwide 
during the last decade (6).

Kidney injury molecule‑1 (KIM‑1) is a type I transmem-
brane glycoprotein primarily expressed on the surface of  
T cells, and possesses two extracellular domains (7). KIM‑1 
expression is low in normal kidneys, but is significantly 
increased in proximal tubule cells following kidney injury. 
Upon injury, the extracellular domains of KIM‑1 separate 
from the cell surface and enter the urine through a metallopro-
teinase‑dependent process (7). It has been demonstrated that 
urinary KIM‑1 concentration is markedly increased within h 
following kidney injury (8). Therefore, detecting the level of 
urinary KIM‑1 may potentially be an effective method for the 
early diagnosis of AKI. Urinary KIM‑1 levels have, thus far, 
been permitted by the US Food and Drug Administration to be 
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used as an early diagnostic biomarker of drug‑induced AKI in 
preclinical studies (5).

However, whether urinary KIM‑1 may be used as an early 
diagnostic biomarker of obstructive AKI requires further 
validation. Obstructive AKI is the nephropathy‑induced 
form of AKI caused by congenital or acquired urinary tract 
obstruction (9). In the present study, the potential of urinary 
KIM‑1 as an early diagnostic biomarker of obstructive AKI 
was investigated by establishing a unilateral ureteral obstruc-
tion (UUO) rat model. In addition, a colloidal gold‑based 
immunochromatographic strip for the detection of KIM‑1 was 
developed, with the aim of providing a novel technique for the 
rapid diagnosis of AKI.

Materials and methods

Reagents. Chloral hydrate was bought from Qilu  
Pharmaceutical Co. Ltd. (Jinan, China). A hematoxylin 
and eosin (HE) staining kit was obtained from Beijing 
Disinbio Science Technology Co. Ltd. (Beijing, China). A 
KIM‑1 enzyme‑linked immunosorbent assay (ELISA) kit 
was purchased from R&D Systems, Inc. (Minneapolis, MN, 
USA). Immunohistochemistry (IHC) kits for KIM‑1, α‑SMA 
and vimentin were obtained from BD Biosciences (Franklin 
Lakes, NJ, USA). Human KIM‑1 monoclonal antibody (McAb; 
cat. no., BAF1750), goat anti‑mouse IgG (cat. no., BAF007) 
and the goat anti‑human polyclonal antibody (PcAb) KIM‑1 
(cat. no., AF1750) were obtained from R&D Systems, Inc. A 
fiberglass membrane SB06, polyester fiber membrane VL78, 
absorbent paper CH27 and a PVC plastic back plate were 
purchased from Shanghai Goldbio Technology Co., Ltd. 
(Shanghai, China), and the nitrocellulose membrane was 
obtained from Merck Millipore (Darmstadt, Germany).

Animals and design. Wistar rats (20 male and 20 female; age, 6‑8 
weeks; weight, 180‑220 g) were provided by the Experimental 
Animal Center of Jilin University (Changchun, China). All 
rats were housed in a pathogen‑free facility with free access 
to water and standard laboratory chow. The temperature was 
maintained at 20‑25˚C and a 12/12 h light/dark cycle was simu-
lated. Prior to establishment of the UUO model, the rats were 
randomly assigned into four equal groups, consisting of a Sham 
group and three UUO groups. The Sham group was used as the 
control group, whereby ligation and severing of the ureter was 
not performed during the modeling processes. The three UUO 
groups were UUO1, UUO3 and UUO7, and consisted of rats 
that were sacrificed at 1, 3 and 7 days post‑UUO, respectively. 
The mental state and diet of rats in each group was recorded 
every day, and body weight was measured before and after 
UUO modeling. Following UUO modeling, the body weights 
were determined before the rats were sacrificed. The present 
study was approved by the Animal Ethical Committee of Jilin 
University (Changchun, China). Following blood collection, rats 
were sacrificed by cervical dislocation. Rats in UUO1, UUO3 
and UUO7 groups were sacrificed at 1, 3 and 7 days post‑UUO, 
respectively. Those in the Sham group were sacrificed at 7 days 
after the modeling operation.

UUO modeling. Rats were first acclimated to laboratory 
conditions for 7 days and fasted for 12 h, before they were 

anesthetized by intraperitoneal injection of 10% chloral 
hydrate at a dose of 2 mg/kg and fixed in a supine position. On 
the left‑hand side of the middle abdomen, a 2‑cm lengthwise 
incision was made. The left ureter was isolated and ligated in 
the renal pelvis and in the upper third of the ureter before it 
was severed between the two ligatures. The incised abdominal 
skin was subsequently sutured layer‑by‑layer. This procedure 
was conducted under sterile conditions. For rats in the sham 
group, the same procedure was performed without ligating or 
severing the ureter.

Collection of urine and blood, and evaluation of kidney func‑
tion. One day prior to sacrifice, rats were placed in metabolic 
cages and their urine was collected over a period of 24 h. 
During this process, rats were fasted but had free access to 
water. The total volume of urine from each rat over 24 h was 
measured, and 3 ml of the urine was centrifuged at 400 x g for 
10 min at room temperature. The supernatant was collected 
and transferred to Eppendorf tubes, before storing at ‑20˚C 
for downstream analysis. A total of 5 ml blood was harvested 
from vessels near the eyeball by removing the eyeball, before 
centrifuging at 600 g for 10 min at room temperature. Serum 
was collected and stored at ‑20˚C until further analysis. Kidney 
function was evaluated by examining the level of urea nitrogen 
and creatinine in rat urine and blood, which was performed 
using a 7150 Biochemical Analyzer (Hitachi, Tokyo, Japan) 
according to the manufacturer's instructions.

Kidney tissue specimen collection. Both kidneys from each 
rat were obtained immediately following sacrifice and were 
analyzed for morphological alterations in appearance and 
internal structures. Following removal of the capsule, kidneys 
were rinsed with saline and weighed using scales. They were 
then divided into several pieces, quickly frozen with liquid 
nitrogen and stored at ‑80˚C. Prior to analysis, kidney tissues 
were paraffin‑embedded and divided into sections (3 µm in 
thickness) according to the description by Wu et al (10).

Histological examination of kidney damage. Following 
deparaffinization and rehydration, tissue sections were 
stained with HE for histopathological observation using a 
Hematoxylin‑Eosin Staining kit. Histological alterations in 
the renal tubule interstitium were assessed according to the 
quantitative measurements of tubular damage, characterized 
by tubular epithelial swelling, degeneration, necrosis, tubular 
ectasia, inflammatory cell infiltration and tubular interstitial 
fibrosis (11). Ten kidney sections from each rat were randomly 
selected and evaluated at x200 magnification. The degree of 
kidney damage was scored according to the following criteria 
described by Leelahavanichkul et al (11): 0, normal; 1, area 
of damage =<25% of tubules; 2, area of damage =25‑50% of 
tubules; 3, area of damage =50‑75% of tubules; and 4, area of 
damage =75‑100% of tubules.

ELISA. Urinary KIM‑1 levels were detected using the KIM‑1 
ELISA kit according to the manufacturer's instructions (R&D 
Systems, Inc.). Urine samples with coating buffer were added 
to 96‑well plates (100 µl/well) and incubated overnight at 4˚C. 
The remaining protein‑binding sites were then blocked by 
incubating samples for 1.5 h with blocking buffer containing 
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2% fetal bovine serum at 37˚C. Primary mouse anti‑rat KIM‑1 
monoclonal antibodies (dilution, 1:1,000) and goat anti‑mouse 
IgG secondary antibodies (dilution, 1:2,000) were added in 
order to bind specifically with the target antigen. Following 
treatment with 3,3‑diaminobenzidene (DAB) solution from 
the ELISA kit and stop buffer, the plates were read at 490 nm 
using a microplate reader (DG5031, Shanghai Jinggong 
Industrial Co., Ltd, Shanghai, China).

IHC analysis. Protein expression of KIM‑1, α‑SMA and 
vimentin in kidney tissues was detected using an IHC kit 
according to the manufacturer's instructions (BD Biosciences). 
Following deparaffinization and rehydration, tissue sections 
were incubated with 1% H2O2 for 5‑10  min to inactivate 
endogenous peroxidases, and the antigen was retrieved by 
microwaving for 5 min in citrate buffer. The sections were 
subsequently blocked with goat serum for 20 min at room 
temperature and incubated with primary antibodies (mouse 
anti‑rat KIM‑1 McAb, dilution, 1:200, BAF1750, R&D 
Systems, Inc.; mouse anti‑rat α‑SMA McAb, dilution, 1:200, 
BSM‑33187M, BIOSS, Beijing, China; mouse anti‑rat McAb, 
dilution, 1:200, V5255, Sigma‑Aldrich; Merck‑Millipore, 
Darmstadt, Germany) overnight at 4˚C. Sections were then 
incubated with the ready‑to‑use secondary antibody conju-
gated to horseradish peroxidase (SP‑0022, BIOSS) at room 
temperature for 40 min. After rinsing with phosphate‑buffered 
saline, the sections were incubated in streptaridin‑peroxidase 
mixture (BIOSS) at room temperature for 20 min, followed by 
DAB solution for 10 min at room temperature. The sections 
were then counterstained with hematoxylin and mounted with 
neutral balsam. Brown staining observed under the microscope 
indicated KIM‑1, α‑SMA or vimentin protein expression. 
Semi‑quantitative analysis was performed according to 
staining intensity and area, and was scored as 0 (no staining 
or extremely weak), 1 (mild, staining area <25%), 2 (moderate, 
staining area involving 26‑50%), 3 (strong, staining area 
involving 51‑75%) or 4 (strong, staining area >76%).

Preparation of colloidal gold‑McAb KIM‑1 conjugates. 
Colloidal gold with a diameter of 40  nm was purchased 
from Shanghai Kinbio Tech Co., Ltd (Shanghai, China). The 
optimal pH for binding colloidal gold with protein was equal 
to the isoelectric point (pI) of the protein plus 0.5 (12). The 
pI of human KIM‑1 McAb was 7.4, so the optimal pH for 
binding colloidal gold with human KIM‑1 McAb was 7.9. The 
minimal McAb KIM‑1/colloidal gold ratio at which colloidal 
gold is stabilized with McAb KIM‑1 was determined by 
mixing 100 µl colloidal gold (pH 7.9) with different volumes 
(0‑50  µl; 5  µl increments) of McAb KIM‑1 (100  µg/ml). 
At the minimal ratio or higher, the mixtures will maintain 
their red color due to the stabilized colloidal gold by using 
enough McAb KIM‑1, or the color will change from red to 
blue accompanied with the deposition of redundant colloidal 
gold. Therefore, the minimal McAb KIM‑1/colloidal gold 
ratio can be determined by observing the color change of 
these mixtures. The actual volume of McAb KIM‑1 used 
was the minimum calculated volume, based on the minimal 
ratio plus 10% of this volume. Colloidal gold and KIM‑1 
McAb were mixed according to the actual usage ratio to 
obtain the colloidal gold‑McAb KIM‑1 conjugate solution. 

This was then purified through a two‑step centrifugation. 
The conjugate solution was centrifuged at 600 x g for 10 min 
at 4˚C, and the supernatant was collected and centrifuged 
again at 8,000 x g for 60 min at 4˚C. The precipitate was 
harvested and resuspended with 0.01 M phosphate‑buffered 
saline supplemented with 0.02% NaN3 and 1% bovine serum 
albumin, whereby the purified colloidal gold‑McAb KIM‑1 
conjugate solution was obtained.

Development of a colloidal gold‑based immunochromato‑
graphic strip. The immunochromatographic strip consisted 
of five sections, which were sourced from Shanghai Goldbio 
Technology Co., Ltd., unless stated otherwise. The section 
consisted of the following components: A sample pad fiber-
glass membrane (SB06), a conjugate pad polyester fiber 
membrane (VL78), an analyzing nitrocellulose membrane 
(Merck Millipore), an absorbent pad (CH27) and a plastic 
back plate. The conjugate pad was pretreated with the puri-
fied colloidal gold‑McAb KIM‑1 conjugates, and then dried 
in an incubator at 37˚C for 30 min. A control (C) line and test 
(T) line were marked on the analyzing membrane with goat 
anti‑mouse IgG (2 mg/ml; BAF007, R&D Systems, Inc.) and 
goat anti‑human PcAb KIM‑1 (200 µg/ml, dilution, 1:200, 
AF1750, R&D Systems, Inc.), respectively. The sample pad, 
pretreated conjugate pad, analyzing membrane and absorbent 
pad were pasted on a plastic back plate. The detection limit 
of the colloidal gold‑based immunochromatographic strip 
was determined by detecting normal urine specimens supple-
mented with KIM‑1 at the final concentrations of 0, 50 and 
100 ng/ml, and 1 and 10 µg/ml, respectively.

Statistical analysis. Statistical analyses of rat weight, kidney 
weight, kidney function and ELISA assays among the experi-
mental groups were performed using one‑way analysis of 
variance. Comparisons between two groups were further 
analyzed with the Student‑Newman‑Keuls post‑hoc test. All 
the statistical analyses were performed with the SPSS soft-
ware program (version, 19.0; IBM SPSS, Armonk, NY, USA). 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Obstructive AKI was successfully induced by the UUO 
operation. Rats in all experimental groups survived the UUO 
operation, however UUO rats exhibited signs of depression, 
which was accompanied by a distinct reduction in food intake. 
The average body weights of rats in the UUO3 and UUO7 
groups were significantly decreased following UUO modeling 
(P=0.036 and P=0.048, respectively), and the decrease was 
time‑dependent (Fig. 1A). Conversely, the weight of the left 
kidney in UUO groups was consistently higher than that of the 
right kidney (Fig. 1B), which reached statistical significance in 
the UUO7 group (P=0.032). By contrast, the body and kidney 
weight of the Sham group demonstrated no significant altera-
tions before and after UUO modeling (P>0.05).

With regards to kidney morphology, the left kidney in rats 
from all UUO groups appeared larger and was darker in color, 
when compared with corresponding right kidney, and the left 
ureter above the ligatures exhibited obvious enlargements. 
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Following a transverse cut in the kidney, ischemic injury was 
observed in the left kidney, particularly in the renal cortex. 
Renal pelvis and calyces were enlarged and were filled with 
turbid brown urine. Renal papillae were smooth and disap-
peared. The renal parenchyma was thinner with an indistinct 
boundary between the renal cortex and the medulla. The 
above alterations in the appearance and internal structures of 
left kidneys in UUO groups were time‑dependent. By contrast, 
rat kidneys in the Sham group exhibited no substantial altera-
tions (data not shown).

Histopathological observations suggested that kidneys 
in the Sham group demonstrated no obvious damage and 
were scored as 0 (data not shown). In UUO groups, kidneys 
exhibited mild damage one day following the UUO operation 
(scored as 1; data not shown). Three days later, the damage 
became evident, as indicated by the presence of enlarged 
tubules, vacuolar degeneration of tubular epithelial cells, renal 
interstitial edema and inflammatory cell infiltration (scored as 
2; data not shown). Following seven days, these pathological 

alterations progressed with tubular epithelial necrosis, renal 
interstitial broadening, and tubular interstitial fibrosis (scored 
as 3; data not shown). Representative tissue sections with HE 
staining are shown in Fig. 1C.

Sham and UUO groups demonstrated significant differ-
ences in kidney function. In the majority of cases, the serum 
and urinary urea nitrogen levels were significantly higher in 
UUO groups when compared with the Sham group (P=0.027 
and P=0.023 for SUN of UUO1 and UUO3 group vs. Sham 
group, respectively; P=0.018, P=0.020 and P=0.017 for UUN 
of UUO1, UUO3 and UUO7 group vs. Sham group, respec-
tively; Fig. 2A). Similar results were observed in the serum 
and urinary creatinine levels (P=0.022 for SCr of UUO1 
group vs. Sham group; P=0.016, P=0.025 and P=0.019 for 
UCr of UUO1, UUO3 and UUO7 group vs. Sham group, 
respectively; Fig.  2B). These results suggest that kidney 
dysfunction had been successfully induced in the UUO 
groups. The significant difference in kidney morphology and 
kidney function, between Sham and UUO groups suggested 

Figure 1. Alterations in body weight, kidney weight and micro‑morphology following UUO operation. (A) The body weight of rats at 1 (UUO1), 3 (UUO3) 
and 7 (UUO7) days following UUO decreased following UUO operation (*P<0.05 vs. before UUO). (B) The weight of the left kidney was greater than that of 
the right kidney in the UUO groups following the UUO operation (*P<0.05 vs. the left kidney). (C) Kidney injury at the micro‑morphological level increased 
in a time‑dependent manner in the UUO group as shown by the arrows. In the Sham group, no clear damage was observed; In UUO1 group, kidney tubules 
were enlarged marginally and the renal interstitium was infiltrated by few inflammatory cells. In the UUO3 group, alterations such as renal interstitial edema, 
inflammatory cell infiltration and vacuolar degeneration of tubular epithelial cells were clear. In the UUO7 group, the damage was progressed further, which 
was characterized by tubular epithelial necrosis, renal interstitial broadening, and tubular interstitial fibrosis. UUO, unilateral ureteral obstruction.

Figure 2. Kidney dysfunction was induced by UUO operation. (A) Urea nitrogen levels in the serum (SUN) and urine (UUN) were higher in rats at 1 (UUO1), 
3 (UUO3) and 7 (UUO7) days following UUO when compared with the Sham group. (B) Serum (SCr) and urine creatinine (UCr) levels were higher in the 
UUO group when compared with the Sham group. *P<0.05 vs. Sham group. UUO, unilateral ureteral obstruction.
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that obstructive AKI was successfully induced by the UUO 
operation.

KIM‑1 is a valuable biomarker for the early diagnosis of 
obstructive AKI. Urinary KIM‑1 levels were detected using 
an ELISA assay. The urinary KIM‑1 concentrations of rats 
in the UUO1, UUO3 and UUO7 groups were 3.20±0.42, 
4.02±0.26 and 4.62±0.10 ng/ml, respectively; all of which were 
significantly higher than that of Sham group (1.89±0.36 ng/ml; 
P=0.031, P=0.026 and P=0.015, respectively; Fig. 3). In addi-
tion, urinary KIM‑1 levels in the UUO groups displayed a 
time‑dependent increase, correlating with the increasing 
kidney damage. The same result was subsequently demon-
strated with IHC analysis, in which KIM‑1 protein expression 
increased with the increasing area of kidney damage in UUO1, 
UUO3 and UUO7 groups with IHC scores of 1, 2 and 3, 
respectively (Table I). Conversely, the Sham group exhibited 
no obvious KIM‑1 expression and was scored as 0 (Fig. 4 
and Table I). KIM‑1 expression was highly correlated with 
the development of obstructive AKI, and may therefore be a 
potential biomarker of obstructive AKI.

To evaluate whether KIM‑1 may be a more sensitive marker 
for early obstructive AKI compared with other biomarkers, 
the expression of α‑SMA and vimentin, which have previ-
ously been identified as the effective AKI markers (13) were 

examined. The IHC scores are shown in Table I. Similar to 
α‑SMA and vimentin, KIM‑1 was not detected in the Sham 
group, but was induced in the UUO groups in a time‑depen-
dent manner. Notably, KIM‑1 expression was detected in the 
UUO1 group where obstructive AKI was induced within 24 h 
of the UUO operation (Table  I). By contrast, α‑SMA and 
vimentin were not detected in this group, which indicates that 
KIM‑1 demonstrated a higher sensitivity for the detection of 
obstructive AKI when compared with the other established 
biomarkers. Representative results are displayed in Fig. 4. 
Therefore, KIM‑1 was considered to be a valuable biomarker 
for the early diagnosis of obstructive AKI.

Development of a colloidal gold immunochromatographic 
strip for the rapid detection of urinary KIM‑1. Colloidal gold 
(pH 7.9) and a McAb of KIM‑1 were combined according to 
the volumes listed in Fig. 5A. Mixtures 2‑10 maintained a red 
color, which meant that these tubes contained enough McAb 
KIM‑1 to stabilize colloidal gold. Therefore, the minimal 
volume of McAb KIM‑1 (100 µg/ml) required to stabilize 
100 µl colloidal gold was determined to be between 5 and 10 µl. 
In order to identify the optimum volume of KIM‑1 required to 
stabilize 100 µl colloidal gold, 6‑9 µl of KIM‑1 were tested 
(Fig. 5B). Following 2 h, mixture D maintained its red color, 
thus the minimal volume of McAb KIM‑1 (100 µg/ml) required 
to stabilize 100 µl colloidal gold was determined to be 9 µl, 
and the actual volume was calculated as 9 µl x (1+10%)=9.9 µl. 
Based on this volume, a colloidal gold‑McAb KIM‑1 conjugate 
solution was obtained and purified for utilization in the prepa-
ration of animmunochromatographic strip.

Each component of the immunochromatographic strip was 
prepared according to the aforementioned methods. The strip 
was assembled as shown in Fig. 5C. Prior to detection, urine 
samples were centrifuged at 600 g for 20 min at room tempera-
ture, and the supernatant was collected for the following test. 
A detection test was performed by adding the sample to the 
sample pad of the strip and the results were determined within 
5‑10 min. Schematic representations of positive, negative and 
invalid results are shown in Fig. 5D.

To evaluate the sensitivity of the strip, normal human 
urine was collected and divided into five individual samples, 

Figure 3. Alterations in KIM‑1 levels in the urine. Urinary KIM‑1 levels 
demonstrated a time‑dependent increase in rats at 1 (UUO1), 3 (UUO3) and 7 
(UUO7) days following UUO. *P<0.05 vs. Sham group. KIM‑1, kidney injury 
molecule‑1; UUO, unilateral ureteral obstruction.

Figure 4. Comparison of KIM‑1, α‑SMA and vimentin expression in kidney 
tissues of rats at 1 (UUO1), 3 (UUO3) and 7 (UUO7) days following UUO. 
Representative immunohistochemistry results of KIM‑1, α‑SMA and 
vimentin protein expression (magnification, <x200). Brown staining repre-
sents the expression of target proteins. KIM‑1, kidney injury molecule‑1; 
α‑SMA, α‑smooth muscle actin; UUO, unilateral ureteral obstruction.

Table I. Evaluation of KIM‑1, α‑SMA and vimentin expression 
in Sham, UUO1, UUO3 and UUO7 groups by scoring of 
immunohistochemical assays.

		  Score
		 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 KIM‑1	 α‑SMA	 Vimentin

Sham	 0	 0	 0
UUO1	 1	 0	 0
UUO3	 2	 1	 1
UUO7	 3	 2	 2

KIM‑1 was a more sensitive marker of obstructive acute kidney 
injury when compared with α‑SMA and vimentin. KIM‑1, kidney 
injury molecule‑1; α‑SMA, α‑smooth muscle actin; UUO1, 3 and 7, 
rats at 1, 3 and 7 days following unilateral ureteral obstruction.
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which were spiked with KIM‑1 to final concentrations of 0, 50 
and 100 ng/ml, and 1 and 10 µg/ml. The samples were then 
analyzed using the strip in triplicate, and the representative 
results are shown in Fig. 5E. Samples with KIM‑1 concen-
trations of ≥100  ng/ml were positive, while samples that  
contained <100 ng/ml KIM‑1 were negative. Therefore, the 
detection limit of the strip was determined to be 100 ng/ml.

Discussion

Early diagnosis of obstructive AKI remains challenging 
due to the lack of sensitive and specific biomarkers (14). A 
recent cohort study indicated that urinary KIM‑1 levels were 
significantly higher in children with severe hydronephrosis 
when compared with those with mild and non‑obstructive 
forms  (9). The authors suggested that increased urinary 
KIM‑1 levels were associated with increased obstruction. 
An additional study involving 90  patients with obstruc-
tive nephropathy demonstrated that urinary KIM‑1 content 

was markedly higher in AKI patients when compared with 
non‑AKI patients (15). In addition, this study indicated that 
urinary KIM‑1 was a long‑term predicator of renal outcome 
in obstructive nephropathy patients with AKI (15). Based on 
these results, it was hypothesized that urinary KIM‑1 may be 
a useful biomarker for the early diagnosis of obstructive AKI, 
which is consistent with the results of the present study.

In the current study, UUO rat models were established with 
sham‑operated rats as the control. There was a lower starting 
body weight in the UUO7 group, which may due to the small 
sample size, however, rats used in the present study are adult, 
thus it was assumed that body weight had no decisive effect 
on parameters included in the current study. Rats in the UUO 
groups exhibited significant macro‑ and micro‑morphological 
alterations accompanied by significant kidney dysfunction 
within hours to days, when compared with the Sham group. 
This indicated that obstructive AKI was successfully induced 
in rat models following UUO. The results of the ELISA assays 
suggested that urinary KIM‑1 levels were significantly higher 

Figure 5. Development of a colloidal gold‑based immunochromatographic strip for the rapid detection of urinary KIM‑1. Determination of the minimal ratio 
of McAb KIM‑1/colloidal gold with volumes of (A) 0‑50 µl and (B) 6‑9 µl McAb KIM‑1. (C) Components of the colloidal gold immunochromatographic strip 
and the assembling sequence. (D) Schematic representation of example results. The positive result that Both T and C lines are red demonstrates the presence 
of enough KIM‑1 in samples; the negative result that only C line is in red color suggests the absence or less than the detection limit of KIM‑1 in samples; the 
invalid results, where the C line is uncolored regardless of the color of T line, indicates the failure of strips. (E) The detection limit of the strip was determined 
to be 100 ng/ml. KIM‑1, kidney injury molecule‑1; McAb, monoclonal antibody; T, goat anti‑human KIM‑1 polyclonal antibody test line; C, goat anti‑mouse 
IgG control line.
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in the UUO groups, when compared with the Sham group, 
and were increased in a time‑dependent manner. In addition, 
IHC assays further confirmed a time‑dependent increase in 
KIM‑1 expression in rats from the UUO groups, which was 
not detected in the kidneys of rats in the Sham group. The 
results demonstrated a positive correlation between increasing 
urinary KIM‑1 levels and increased obstructive AKI. In 
addition, KIM‑1 was demonstrated to be a more sensitive 
biomarker of obstructive AKI than α‑SMA and vimentin, as 
it was detected during mild obstructive AKI, while α‑SMA 
and vimentin was not. The present study provided evidence to 
suggest that urinary KIM‑1 may be a valuable biomarker for 
the early diagnosis of obstructive AKI.

Although the function of KIM‑1 in AKI progression has 
not yet been completely elucidated (16), assessing KIM‑1 levels 
may provide additional information, when combined with 
other diagnostic parameters, as early diagnostic biomarkers 
in preclinical and clinical studies  (5). The present study 
provided evidence for the application of urinary KIM‑1 as an 
early diagnostic biomarker of obstructive AKI, which may be 
useful for the identification of a therapeutic window during 
the early stages of the disease. While its applications have not 
yet reached clinical use, it is necessary to develop an efficient 
detection method for urinary KIM‑1.

Rapidity is a core principle for effective disease diagnosis. 
The existing detection methods for KIM‑1 include IHC, ELISA 
and western blotting; however these methods do not meet 
clinical diagnostic requirements due to their time‑consuming 
and complicated detection methods. In the present study, a 
rapid detection method for KIM‑1 was developed, based on the 
colloidal gold immunochromatographic assay, which detected 
urinary KIM‑1 within 5‑10 min. This method has been widely 
adopted in a number of fields, including medicine, food and 
pharmaceuticals (17‑19). With the advantage of convenience 
and rapidity, colloidal gold‑based immunochromatographic 
strips are a promising strategy in clinical practice for the rapid 
diagnosis of AKI. However, in the present study, the detec-
tion limit of the strip (100 ng/ml) was unsatisfactory, thus 
the sensitivity of the strip requires further optimization. The 
present study is a preliminary attempt, and future studies will 
be conducted to improve the sensitivity and specificity of the 
strip.

In conclusion, the present study confirmed that urinary 
KIM‑1 may be a useful biomarker for the early diagnosis of 
obstructive nephropathy‑induced AKI, which may provide 
a useful strategy for identifying opportunities for early 
intervention in the treatment of this disease. In addition, the 
development of a rapid detection system for urinary KIM‑1 
was attempted, which provided an insight into the rapid diag-
nosis of AKI. However, future studies will aim to improve the 
detection limit via systematic analysis, in order to develop a 
readily available immunochromatographic strip for the rapid 
and sensitive detection of urinary KIM‑1.
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