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Implication for health policy/practice/research/medical education:
This review adds to the body of work on kidney injury molecule 1 on different types of kidney diseases in different ethnic groups. 
Further, we summarize the literature data regarding KIM-1 being a potential marker for diagnostic, therapeutic, and prognosis 
of clinical outcomes and management in kidney diseases.
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Kidney injury is the main cause of mortality and morbidity globally. The kidney injury molecule 
(KIM-1) is a type 1 transmembrane protein, which is been upregulated during renal injury at high 
levels in urine, serum, plasma, and tissues and plays a crucial role in the pathogenesis of renal 
diseases. Kidney injury molecule has been used as a marker for the diagnosis of renal disease at an 
early stage as well as to predict the progression of disease with a clinical outcome. This review article 
aims to discuss and summarize the available literature data regarding KIM-1 being a potential 
marker for diagnostic, therapeutic, and prognosis of clinical outcomes and management in kidney 
diseases. We also discuss the relationship between KIM-1 and kidney injury in a few common 
renal diseases such as acute pyelonephritis, acute tubular nephrosis (ATN), diabetic kidney disease 
(DKD), acute kidney injury (AKI), chronic kidney disease (CKD), and other pathologies.  
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A B S T R A C T

Introduction 
Renal disease results from damage to the kidneys thus 
losing their normal function of filtration of wastes in 
the body. Renal injury may be caused due to hereditary 
defects, immunologic reactions, or exposure to certain 
drugs. Lifestyle changes have an impact on modifying 
behavioral risk factors, development, and progression 
of kidney disease. As per World Health Organization 
(WHO), around 850 million people affected kidney 
related diseases, and have risen to the world’s 13th leading 
cause of death. Further, the morbidity and mortality rate 
has increased from 813 000 in 2000 to 1.3 million in 2020 
(1). As per GBD India, the number of cases of kidney 
diseases has increased from 7 008 675 in 2015 to 7 519,691 
in 2019 with males being affected more than females. 
Tamil Nadu and Uttar Pradesh have the most disability-

adjusted life years concerning kidney disease. The main 
aim for treating kidney disease is its early detection to 
begin the therapy at early as possible. The research for the 
identification of early biomarkers to detect renal damage 
is a crucial and effective treatment for major renal clinical 
disorders, including acute kidney injury (AKI), diabetic 
kidney disease (DKD), chronic kidney disease (CKD), 
and other renal pathologies (2). Assessment of kidney 
function is based on a few laboratory tests which include 
serum creatinine, estimation of glomerular filtration 
rate (eGFR), blood urea nitrogen (BUN), albuminuria, 
and proteinuria. Most of these clinical biomarkers level 
tend to appear after 48-72 hours of severe renal injury 
which is disappointing. To aid in the early detection, 
differential diagnosis, and prognosis of kidney diseases, 
several promising kidney injury biomarkers have been 
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researched. These include liver-type fatty acid-binding 
protein (L-FABP), neutrophil gelatinase-associated 
lipocalin (NGAL), interleukin 18 (IL-18), and tubular 
enzymes like N-acetyl-β-D glucosaminidase (NAG), 
and γ-glutamyltransferase. Out of which kidney injury 
molecule-1 appears one of the promising indicators (2). 
KIM-1, often termed as T-cell immunoglobulin mucin-1 
and hepatitis A virus cellular receptor is expressed during 
ischaemic or toxic injury whereas in healthy kidneys it 
is undetectable. The mechanism behind the loss of renal 
function and expression of KIM-1 remains unclear. Several 
pieces of evidence indicate KIM-1 as a sensitive and 
specific marker for a renal injury which can predict disease 
progression in AKI and CKD (3). Table 1 summarizes the 
studies conducted so far on various kidney diseases linked 
with KIM 1.

Rat models exposed to nephrotoxic substances like 
gentamicin, mercury, and chromium, were shown the 
urine KIM-1 to be more sensitive than serum creatinine, 
BUN, and urinary NAG for identifying AKI (55). Clinical 
and preclinical studies were shown that the urinary KIM-
1 has an excellent indication for early detection of tubular 
damage. This review aims to discuss and summarize the 
available literature data regarding KIM-1 as a possible 
indicator for the diagnosis of renal disease at an early 
stage as well as to predict the progression of disease with 
a clinical outcome. Further, we discussed the relationship 
between KIM-1 and kidney injury in a few common renal 
diseases.

Methods
Literature data were searched using the key terms: KIM-
1, association, biomarker, renal diseases, acute kidney 
injury, chronic kidney disease, lupus nephritis, nephrotic 
syndrome, kidney stones, polycystic kidney disease, 
renal cell carcinoma, diabetic nephropathy, urinary tract 
infection, pyelonephritis, and hydronephrosis published 
in PubMed, NCBI, Google scholar and web of science till 
September 2022. The article was published in English and 
full-length studies were included in this review.

KIM-1 structure
The integral membrane protein of KIM-1 is expressed in 
the testis, liver, and kidney. It expands 104 kDa peptide, 
composed of 90 kDa soluble portions and 14 kDa 
membrane-bound fragments. The extracellular region 
has a six-cysteine immunoglobulin-like rich domain, 
two N-glycosylation sites, and a Thr/Ser-Pro-rich 
domain which is specific to mucin-like O-glycosylated 
proteins. Similarly, the Kim-1 gene is expressed by 
the activation of CD4+T-cells during the helper T-cell 
response development. KIM-1 is often termed T-cell 
immunoglobulin mucin domain-1 (TIM-1) due to its 
expression in low levels of activated T cells. TIM-1 is a 
cell surface molecule of T cells that can enhance cytokine 
production and T-cell proliferation. The cytoplasmic 

region has two short splice variants, KIM-1a and KIM-1b. 
Tyrosine kinase phosphorylation is lacking in the KIM-
1a variant which is expressed in the liver. KIM-1b has a 
tyrosine kinase phosphorylation motif and two conserved 
tyrosine residues which are expressed in kidneys (56). 

Human and rat cDNAs encoding KIM-1 (in rats) were 
first identified using analysis between ischemic injury 
kidneys and normal kidneys followed by proximal tubular 
cell regeneration. KIM-1 is found to be less expressed 
or sometimes at undetectable levels in the rat kidney of 
adults. In response to ischemic or toxic kidney injury, it is 
found to be expressed by proximal tubular epithelial cells 
(57). Cytogenetic procedures like immunohistochemistry 
and in situ hybridization showed KIM-1 as an indicator of 
regeneration and proliferation in proximal tubules (58). 
In vivo studies on rats and rodents models observed the 
KIM 1 ectodomain cells in urine due to proximal tubular 
injury (59). 

Molecular mechanism of KIM-1 in renal diseases
KIM-1 expression gets elevated when there is kidney 
injury resulting from hypoxia, toxicity, ischemia, and 
polycystic kidney disease and thus acts as a marker for 
kidney damage. The majority of KIM-1-expressing cells 
are found in proximal renal tubular epithelial cells that 
can regenerate following a kidney injury, particularly in 
the proximal tubule S3 outer medulla region. Mitogen-
activated protein kinase (MAPK) signalling pathways 
cause the extracellular region of KIM-1 to be released into 
the renal tube cavity and then further shed into the urine 
after renal tubular cells are damaged (56). As a result, a 
disintegrin and metalloprotease (ADAM) and membrane 
matrix metalloproteinases (MT-MMPS) get activated 
(60) as shown in Figure 1. Thus, measurement of KIM-1 
expression might help in the early diagnosis of CKD and 
AKI.

Figure 1 shows the molecular mechanism of KIM-1 in 
renal disease. KIM-1 expression is seen in the proximal 
convoluted tubule after renal injury phagocyting 
apoptotic cells. This leads to extracellular domain 
shedding and enhances apoptotic bodies and necrotic 
debris phagocytosis. Renal injury due to radiation, 
mitochondrial damage, or inflammasomes (IL-6, IL-1β, 
tumour necrosis factor α [TNFα]) results in renal damage 
which exhibits reduced phosphorylation of ERK resulting 
in increased phosphorylation of STAT3 downstream. 
These changes upregulate KIM-1 which leads to renal 
cortex damage. This activates ADAM and membrane-
type matrix metalloproteinases (MT-MMPS) which is 
associated with inflammation, epithelial-mesenchymal 
transition (EMT), cell proliferation, angiogenesis, and 
apoptosis. The ERK/STAT3-KIM-1 pathway is suggested 
to play role in renal injury.

a. KIM-1 and AKI
KIM-1 expression levels are very high in acute renal 
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Table 1. Tabulates the existing literature on KIM-1 used as a biomarker for the detection of renal diseases

Disease Population Sample Type of study Outcome/Conclusion Ref.

AKI

Cardiopulmonary bypass patients, New York Urine Prospective Can be used as a marker for detecting early AKI post-cardiac surgery. (4)

Cardiac surgery patients, Chicago Urine Prospective Can determine the prognosis of AKI and detect early AKI (5)

Sprague Dawley rats Tissue Animal Helps to know the disease progression in rats having AKI. (6)

AKI patients Urine Can predict the prognosis of traumatic AKI patients. (7)

Sepsis patients Urine Prospective cohort Higher uKIM-1 predicts mortality risk scores in septic AKI patients. (8)

Sepsis patients Urine Prospective Can be used as a diagnostic marker and as well as determine prognosis in septic AKI patients. (9)
Mice, Rat, Human Plasma, serum Prospective Can predict early AKI post-cardiac surgery. (3)

CKD

Fischer rats Serum Animal Has association with SCr, can serve as a marker for CKD (10)
African American & Caucasian people with 
atherosclerosis risk Urine Case-control Cannot serve as a marker to predict CKD risk. (11)

South Sri Lankan farmers Urine Cross-sectional Can predict renal injury among farmers. (12)

Male BALB/c mice Urine Animal Can detect postischemic kidney injury. (13)

LN

LN patients Urine Has an association with kidney injury indices, and can predict tubulointerstitial lesions. (14)

LN children Urine Cross-sectional study Helps to predict renal activity index among children and adults of LN (15)

Healthy children Urine Has a positive association with age to predict LN activity in paediatric. (16)

LN patients Urine Cross-sectional study Can serve as a maker for LN (17)

LN patients Urine Cross-sectional study Correlates with tubular damage, and proteinuria in active LN group. (18)

LN patients Urine Can predict tubular injury in LN groups. (19)

NS
NS patients Urine Cross-sectional Capable of differentiating ATN and AKI in LN patients (20)

Children Urine Can predict tubulointerstitial fibrosis and has a positive correlation with proteinuria in SRNS. (21)

Kidney stones
Kidney stone patients Urine Pilot study Can predict tissue injury post SWL treatment. (22)

PNL patients Urine Randomized & prospective 
controlled Can serve as a marker to predict AKI in renal stone patients after percutaneous surgery. (23)

PKD

Advanced CKD Urine Prospective, randomized Has no association with htTKV, has an independent association with eGFR decline (24)

Rat Tissue Animal Role in cellular injury in PKD not established. (25)

Constructs and plasmids Tissue Acts as a regulatory molecule in flow-induced calcium signaling. (26, 27)

Mice Tissue Animal Has a role in nephron loss and develops interstitial fibrosis in murine ADPKD (28)

RCC

RCC patients Tissue Has a role in tumour growth, and angiogenesis. (29, 30)

ccRCC patients Tissue & Urine Prospective cohort Correlates with tumour grade, lymphovascular invasion, and Sensitive marker for ccRCC. (31)

RCC patients Plasma Prospective cohort Predicts RCC but did not correlate with survival rate. (32)

ccRCC patients Plasma Has high sensitivity to detect ccRCC (33)

RCC patients Urine Prospective Can be a marker for RCC (34)
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Disease Population Sample Type of study Outcome/Conclusion Ref.

DN

T2D patients Urine Pilot study Correlates with SCr, microalbuminuria. (35)

T1D patients Urine Cross-sectional Correlates with resistivity index (RI) (36)

T1D patients Urine Cross-sectional Can predict tubular damage. (37)

T2D patients Urine Cross-sectional Can predict early renal damage (38)

T2D patients Urine Cross-sectional No significant difference between control and normoalbuminuric groups thus cannot serve as a marker. (39)

T1D patients Urine Mendelian Randomization Could not detect ESRD progression. (40)

Diabetic rats Plasma Levels dropped on treatment with strawberry leaves. (41)

UTI

UTI patients Urine Observational case-control Cannot serve as a biomarker for detecting/differentiating upper and lower UTIs. (25)

fUTI children Urine Prospective Helps in the diagnosis of fUTI in children of age. (42)

Children Urine Prospective Had a negative association with UTI in febrile and non-febrile infants. (43)

Wister rats Urine Animal Can be used to diagnose fUTI in children. (44)

UTI children Urine Prospective Cannot serve as a marker for AKI in UTI children. More sensitive for ischemic injury (45)

UTI patients Serum & Urine Cross-sectional Couldn't predict AKI in UTI adults (46)

Children Serum Prospective Had a positive association with predicting febrile UTI but had a negative association with non-febrile UTI in 
infants. (47)

PN
Children Urine Prospective Cannot predict APN in fUTI children. (43)

APN patients Urine Prospective Cannot serve as a marker for AKI in PN patients. (48)

HN

HN patients Urine Prospective cohort Can serve as a marker for AKI in HN as well as measure renal injury. (49)

Children Urine Cannot serve as a marker for ON in HN children. (50)

Children Urine Prospective case-control Has an association with obstruction worsening. (51)

Children Urine Prospective case-control Has an association with tubular damage, renal fibrosis, and a negative correlation with DRF (52)

Pediatric patients Urine Prospective case-control Not significant in predicting renal dysfunction in HN. (53)

Neonates Urine Prospective case-control Can predict obstructive HN in neonates. (54)

Table 1. Continued
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tubular injury patients compared to the general 
population. According to the proposed mechanism, 
acute renal damage starts the phosphorylation of STAT3 
and signal transducer and activator of transcription 3 
(ERK1/2). Afterward, nuclear STAT3 binds to the KIM-
1 promoter and raises the level of its mRNA and protein 
(61). The increase in the level of KIM-1 is an indication 
of declined eGFR and kidney damage. KIM-1 can be 
beneficial by having a protective role in renal tubules 
in the early stages of AKI. It can prevent renal ischemia 
damage by preventing GTP loading and reducing Gα12 
activation (62).

b. KIM-1 and CKD
KIM-1 acts as a sensitive biomarker for CKD. Its 
overexpression is correlated to rapid kidney disease 
progression, hypertension, and inflammation of the 
renal tubules. According to animal studies, KIM-1 
overexpression increases macrophage chemotaxis, which 
further encourages fibrosis and renal tubular inflammation 
(63). A study on clinical samples showed that the increase 
in KIM-1 favored the increase in renal M1-dependent 
mRNA expression of FNG (interferon gamma) and INOS 
(nitric oxide synthase 2). There was an increase in TNF-α 
and IL-6 and a decrease in Arg1 (arginase 1), IL-4, and IL-
10 in the blood which plays a significant role in the MAPK 
pathway (64).

c. KIM-1 and DKD
The KIM-1 expression is elevated in the early stage of 
DKD mostly in the capsule of the proliferative parietal 
epithelium. The overexpression of KIM-1 is correlated to 
podocyte injury and proteinuria. The levels of MCP-1 and 
KIM-1 in the urine can both indicate the inflammation 
and be connected to how well the glomeruli are 
prognosticated in anti-neutrophil cytoplasmic antibodies 
(ANCA)-associated glomerulonephritis (65).

KIM-1 in acute kidney injury
Acute kidney injury is a kidney disease in which the plasma 
creatinine concentration is increased over a baseline of 
≥50% within 7 days or serum creatinine increased by 
0.3 mg/dL in 2 days. AKI is diagnosed based on serum 
creatinine concentration and urine output, in which the 
detection of kidney damage may be delayed. KIM-1 plays 
an important role in detecting AKI. Different analysis was 
performed in mRNA populations between normal kidneys 
and regenerating kidneys (after reperfusion or ischemic). 
It was found that KIM-1 mRNA and proteins are expressed 
at an increased level in proximal tubular epithelial cells 
(66). Urinary kidney injury molecule-1 levels were higher 
(0.68 and 0.65) 3h post cardiac surgery. This helps to 
predict AKI before serum creatinine (Scr) increases after 
cardiac surgery (4). Urinary kidney injury molecule-1 
values measured at the time of initial development of AKI, 
preoperative baseline, and postoperative were compared 
but showed poor prediction for the disease progression. 
This helps in the early detection of AKI and helps in 
determining the prognosis of the disease (5). A cisplatin 
drug toxicity study with AKI rats was done to know the 
KIM-1 function as an indicator for disease progression. 
Positive immunostaining was observed after 1 day and 
had increased uKIM-1 levels indicating tKIM-1 as an 
early indicator for AKI (6). uKIM-1 levels significantly 
increased along with the stages of AKI. Urinary kidney 
injury molecule-1 were higher in deceased patients 
(8.9 ± 0.5 ng/L) compared to livings (6.4 ± 1.1 ng/L). 
The sensitivity and specificity of uKIM-1 were 77.5% 
and 79.5% respectively, indicating KIM-1 as a predictor 
for traumatic acute kidney injury (TAKI) with renal 
replacement (SLED-sustained low-efficiency dialysis) (7). 
Urinary kidney injury molecule-1 levels higher than 7.3 
ng/ml can be used to predict death risk in AKI patients. 
Higher KIM-1 levels indicate a poor prognosis of kidney 
function. It can further be used as a diagnostic marker for 

Figure 1. The molecular mechanism of KIM-1 in renal disease. It is mainly involved in MAPK and JAK/STAT pathways and ultimately activates ADAM and 
MT-MMPS.
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septic AKI (8). A study shows blood KIM-1 levels were 
higher in mice after 3 hours of reperfusion, and after 
gentamicin treatment and human plasma KIM-1 levels 
were elevated in post-cardiac surgery indicating KIM-1 as 
an early blood-based marker for AKI (3). 

KIM-1 in chronic kidney disease
Chronic kidney disease is a condition where there is long-
term loss of kidney function due to decreased GFR. A 
study was conducted in various age groups on Fischer rats 
with ad libitum diet or calorie-restricted diet to know the 
relationship between KIM-1 as a biomarker for CKD by 
using the structural equation modeling (SEM) technique. 
It showed that the older the age more is the rat prone to 
kidney damage. KIM-1 has a positive correlation with 
serum creatinine indicating that KIM-1 is a marker for 
CKD (10). uKIM-1 levels had no association with CKD 
progression. It was seen in a study that uKIM-1 levels were 
higher in the Sri Lankan farmer population despite ACR 
normal levels (<30 mg/g) indicating early tubular damage, 
probably CKD among the agricultural community (12). 
Similarly, uKIM-1 levels were elevated and found to be 
related to tKIM-1 levels correlating with kidney tissue 
damage in rats having CKD (13). 

KIM-1 in lupus nephritis
Systemic lupus erythematosus is an autoimmune disease 
that causes various tissue and organ damage leading to 
lupus nephritis (LN) (a form of glomerulonephritis). 
Urinary KIM-1 levels were higher in LN compared to 
controls (P < 0.001). Urinary kidney injury molecule-1 
levels were decreased in LN after remission and there 
was no significant difference between controls. Urinary 
kidney injury molecule-1 levels were associated with Scr 
(r = 0.294, P = 0.002), proteinuria (r = 0.434, P < 0.001) 
and eGFR (r = -0.300, P = 0.002). Urinary kidney injury 
molecule-1 levels were increased more in the presence of 
cellular crescents (r = 0.355, P < 0.001) than endocapillary 
hypercellularity (r = 0.230, P = 0.016), tubular atrophy 
(r = 0.208, P = 0.030). Urinary kidney injury molecule-1 
was higher in active tubulointerstitial lesions (0.458 ng/
mg Cr [0.063-2.191]) than in chronic tubulointerstitial 
lesions (0.117 ng/mg Cr [0.071-0.168]). The increase in 
uKIM-1 helped in predicting tubulointerstitial lesions and 
kidney injury in LN and renal outcomes (14). Urinary 
kidney injury molecule-1 was elevated in LN patients as 
well as in kidney biopsy samples showing endocapillary 
hypercellularity. Urinary kidney injury molecule-1 can be 
used as a marker for renal activity index for lupus nephritis 
(RAIL) in children and young adults (15). Furthermore, 
the level of KIM-1 was studied in association with age and 
gender. Urinary kidney injury molecule-1 increases with 
the progression of age and can be used as a RAIL marker 
in monitoring LN in pediatrics as well as adults. Urinary 
kidney injury molecule-1 levels were higher in active LN 
patients (0.27 [0.36] ng/mg Cr) compared to non-LN 

patients (0.19 [0.17] ng/mg Cr). Except for complement 
C4, uKIM-1 (urinary KIM-1) correlated for selected 
immunological markers like (anti-ds DNA, complement 
C3, Uprot/Ucreat ratio, SLEDAI, and rSLEDAI. Urinary 
kidney injury molecule-1 had low sensitivity and 
specificity in differentiating LN patients and controls 
(17). The systemic lupus erythematosus (SLE) patients 
with active LN had increased uKIM-1 levels and tKIM-
1 expression (6.7 ±0.5 versus 3.8 ±0.9 ng/day) when 
compared to inactive LN (7.7 ± 6.5 versus 2.3 ± 2.1 ng/
day). The increase in the level ok KIM-1 helps us to know 
the severity of SLE patients in LN groups. Estimation of 
KIM-1 can predict glomerular nephritis, tubulointerstitial 
inflammation, renal damage, and tubule atrophy (18). 
Urinary kidney injury molecule-1 levels correlate with the 
risk of tubular interstitial injury and gene expression of 
urinary KIM-1 is related to tissue KIM-1 in LN patients 
(19).
 
KIM-1 in nephrotic syndrome
Nephrotic syndrome is characterized by increased 
proteinuria (>40 mg/m2 hour) caused due to damage to 
the basement membrane in the renal glomerulus (67). 
Nephrotic syndrome patients with AKI had higher uKIM-
1 level (4254 [815-9534] pg/mL) than compared to control 
(1006 [202-2539] pg/ml, P = 0.009). Urinary kidney injury 
molecule-1 had a positive correlation (r =0.4884 95% CI 
0.1856 to 0.7065, P = 0.0008) with the histological lesions 
of the renal cortex in acute tubular nephrosis (ATN) 
patients with nephrotic syndrome. This uKIM-1 can help 
detect the complication in nephrotic syndrome leading to 
AKI or ATN (20). The uKIM-1/creatinine ratio was higher 
in children with idiopathic nephrotic syndrome (P<0.02) 
compared to controls. The uKIM-1/creatinine ratio 
was higher in children with steroid-resistant nephrotic 
syndrome (SRNS) (P=0.02) compared to children with 
steroid-dependent nephrotic syndrome. Urinary kidney 
injury molecule-1 excretion in children with idiopathic 
nephrotic syndrome indicates that they are at risk of 
developing proximal tubular injury (tubulointerstitial 
fibrosis) due to the correlation of uKIM-1, proteinuria, 
and children with SRNS which can develop early kidney 
damage (21). 

KIM-1 in kidney stones
Kidney stones are a urological disorder in which crystal 
concretions are formed in the kidneys, with a higher 
risk of end-stage renal disorder (ESRD). uKIM-1 levels 
were higher in patients with kidney stones irrespective 
of stone size compared to normal individuals. A higher 
concentration of uKIM-1 was seen in kidney stone 
patients before shockwave lithotripsy (SWL) and the 
concentrations were back to baseline level after 2 weeks 
of s SWL (P < 0.01). There was no difference in uKIM-1 
levels in samples of patients before and after ureteroscopy 
(fURS). Baseline voided urine samples had higher uKIM-1 
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compared to controls (P < 0.01). The decrease of uKIM-1 
after SWL indicates the end for enzymatic leak and cellular 
injury and it does not reflect the residual damage (22). The 
KIM-1/Cr value was measured in patients with kidney 
stones who underwent percutaneous nephrolithotripsy 
(PNL) procedures. There was no significant difference (P 
> 0.05) between values of preoperative (2.12 ± 0.98) and 
2 hours after PNL (3.32 ± 1.78). Mean values of KIM-1/
Cr,24 hours post PNL (4.47 ± 2.41) were significantly 
higher than preoperative (P = 0.001). This indicates that 
the value of 24 hours post PLN helps in detecting early 
AKI (obstructive uropathy) secondary to the presence of 
kidney stones (23). 

KIM-1 in polycystic kidney disease
Polycystic kidney disease is cilia related disorder and is of 
two types namely autosomal dominant polycystic kidney 
disease (ADPKD) and autosomal recessive polycystic 
kidney disease (ARPKD). Urinary KIM1KIM-1/Cr levels 
were higher in ADPKD patients but the values had no 
association between cyst size or cyst growth. Increased 
uKIM-1/Cr reflects the tubular cell disruption and may 
be a marker for several cysts and has no association 
with baseline height-adjusted total kidney volume 
(HtTKV) (24). During cystogenesis KIM-1 is expressed in 
dedifferentiating proximal tubules in a rat model having 
PKD. The role of KIM-1 in disease progression or cellular 
injury is still not established (25). KIM-1 is a regulatory 
molecule for flow-induced calcium signaling and further 
interacts with TRPP2 after upregulated ischemic injury in 
PKD (27). Tissue KIM-1 is expressed in murine ADPKD 
kidneys compared to normal kidneys and it is present in 
proximal tubules near cysts and as well as in small sized 
cysts. The role of KIM-1 in the cyst is still unknown but its 
expression is related to the dedifferentiation of epithelial 
cells in tubules. 

KIM-1 in renal cell carcinoma
Renal cell carcinoma originates from renal tubular 
epithelial cells and is a heterogeneous group of cancer. 
Hepatitis A virus cellular receptor 1(HAVCR)/KIM-1 has 
a role in promoting tumour growth, angiogenic factors, 
and metastasis in clear cell renal cell carcinoma (ccRCC) 
by the activation of STAT-3 on inducing IL-6 expression. 
Moreover, HAVCR/KIM-1 can be conducted as a marker 
for tumor prognosis (29). In renal cell carcinoma patients 
plasma KIM-1 was elevated and was able to predict the 
incidence up to 5 years before diagnosis but did not 
correlate with the survival rate (32). Likewise urinary 
HAVCR/KIM-1 levels were higher in clear cell renal cell 
carcinoma before surgery and expression plays a role in 
tumour development in clear cell renal cell carcinoma. A 
lower membrane expression of HAVCR/KIM-1 correlates 
with activated shedding and increased ectodomain 
shedding which in turn correlates with tumour malignancy 
and higher cell invasiveness (30). Blood plasma levels of 

KIM-1 in malignant and benign renal tumor (P<0.00001) 
was higher compared to controls (P<0.01). KIM-1 
levels correlate with the tumour stage. Thus, it can be 
used as a sensitive marker in ccRCC for early detection 
(33). Based on the tumour grade, patients had radical 
nephrectomy or partial nephrectomy (PN). Tissue KIM-
1 was higher in radical nephrectomy groups compared 
to partial nephrectomy and higher tKIM-1 expression 
due to lymphovascular invasion had elevated uKIM-1. 
Tissue KIM-1 expression correlates with lymphovascular 
invasion, the surgery type, and tumour grade (31). uKIM-
1/uCr levels were higher in preoperative and reduced in 
post-surgery indicating KIM-1 can serve as a surrogate 
marker in clear cell and papillary renal cancer (34). 

KIM-1 in diabetic nephropathy
Diabetic nephropathy (DN) is a kidney disease resulting 
from the worsening of renal functions noticed in CKD 
and ESRD. Diabetic nephropathy is staged into incipient 
nephropathy or microalbuminuria and overt nephropathy 
or macroalbuminuria. Serum KIM-1 increases along with 
the development of kidney disease as well as depending 
on the duration of diabetes. Increased duration of kidney 
disease results in higher KIM-1 levels. Nephropathy 
can be predicted with urinary KIM-1 in type 2 diabetic 
patients. Increased levels of KIM-1 in the urine of type 
2 diabetes with nephropathy correlates with serum 
creatinine, urinary microalbumin, BUN, and blood urea, 
thus showing its role as a diagnostic and prognostic 
biomarker for nephropathy in type 2 diabetic patients 
considering other common risk factors (35). Urinary KIM-
1 level seems to be increased in type 1 diabetic patients 
before they develop symptoms of microalbuminuria 
or macroalbuminuria, indicating tubular damage thus 
playing as a biomarker of normoalbuminuric diabetic 
nephropathy (36). Urinary KIM-1 is increased in the 
macroalbuminuria population and correlates with 
albumin in the urine in consideration of risk factors in 
early diabetic nephropathy (38). Measurement of KIM-1 
gene expressions in type 2 diabetic patients helps in the 
early diagnosis of DN and the disease progression may 
be controlled which can prevent overt microalbuminuria. 
uKIM-1 levels were higher in albuminuric patients but 
had no difference between non-albuminuric and control 
groups, thus it cannot serve as an early diagnostic marker 
for diabetic nephropathy. A toxicity study was conducted 
on DN rats where the KIM-1 levels were elevated. Three 
different doses of 50 mg/kg, 100 mg/kg, and 200 mg/kg of 
strawberry leaf extract were used and the plasma KIM-1 
levels were reduced when a high dose of 200 mg/kg was 
used. It can be used as a herbal medicine for diabetic 
nephropathy (41). Diabetic nephropathy rats with T1D 
had an elevated uKIM-1, on those treated with curcumin 
(130 mg/kg) showed a significant difference in KIM-1 
gene and protein expression when compared to diabetic 
control groups. uKIM-1 levels were higher in DN patients 
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but KIM-1 had low significance for determining ESRD 
progression independent of albumin excretion rate (AER) 
(40). 

KIM-1 in urinary tract infection
Urinary tract infection (UTI) is a common bacterial 
infection classified as a complicated and uncomplicated 
UTI. Infection can occur in any region of the urinary tract 
that is the kidney, bladder, ureter, and urethra. KIM-1 is a 
marker for kidney function, mediates phagocytosis, and 
converts proximal epithelial cells into phagocytes during 
kidney injury. Urinary KIM-1 is not a suitable diagnostic 
marker for both upper UTI and lower UTI due to its 
undifferentiated levels of KIM-1 in the urine of control 
groups and infected patients (42). Urinary KIM-1 is 
elevated in febrile urinary tract infection in children (0 to 4 
years) and helps in the diagnosis of UTI as young children 
are unable to express their physical illness often and it 
can further help to detect renal scarring development 
and acute photon defects (42). Serum KIM-1 levels were 
high compared to urine KIM-1 and thus can be used to 
predict febrile UTI in infants whereas both serum and 
urine KIM-1 were not suitable for detecting non-febrile 
UTI. Urine KIM-1 of rats was increased after two days of 
E. coli injection and showed sensitivity in the diagnosis of 
febrile urinary tract infection in children (44). Serum and 
urine KIM-1 was low and couldn’t be diagnosed for AKI 
in adults with urinary tract infections (46). Urine KIM-1 
is a marker for ischemic kidney injury but is not good for 
screening AKI development in children having urinary 
tract infections (45). 

KIM-1 in pyelonephritis
The complication of ascending UTI leads to acute 
pyelonephritis in which the kidneys are inflamed due to 
bacterial infections. A study showed that urine KIM-1 
was less effective in diagnosing acute pyelonephritis in 
children having febrile UTIs (43). Urine KIM-1 levels 
were increased in acute pyelonephritis with AKI patients 
compared to non-AKI. KIM-1 can predict tubular injury 
but is not a marker for AKI in acute pyelonephritis (48).

KIM-1 in hydronephrosis
Hydronephrosis (HN) is a condition where urine cannot 
pass from the kidney to the bladder due to the enlargement 
of the kidney. Elevated urinary KIM-1 can be a potential 
biomarker for subclinical AKI in hydronephrosis 
patients despite the sCr level and can measure the renal 
injury grade which helps in treatment modification 
(49). The uKIM-1/uKIM-1/Cr are not early markers in 
pediatric patients with hydronephrosis to detect renal 
dysfunction as there is no significant difference between 
hydronephrosis groups and controls (53). The uKIM-1: Cr 
ratios were higher in neonates having severe obstruction 
hydronephrosis compared to mild obstructions and 
are prone to ureteropelvic junction obstruction. KIM-

1 can help to diagnose prenatal hydronephrosis (54). 
Urine KIM-1 excretion was higher in hydronephrosis 
children of grade 2- to 4 but the KIM-1/Cr ratio had no 
diagnostic role in detecting obstructive nephropathy with 
hydronephrosis children (50). Moreover, uKIM-1 may 
be used as a biomarker for children having congenital 
hydronephrosis due to ureteropelvic junction obstruction 
as it has a relation with worsening obstruction (51). Urine 
KIM-1 levels can be used as a result of surgical outcomes 
and in the management of children with unilateral 
hydronephrosis as there was decreased uKIM-1 after 
pyeloplasty.

KIM-1 and cardiorenal syndrome
Cardiorenal syndrome is a condition in which the 
heart or kidney organ fails, causing acute or chronic 
dysfunction in the other organ. Pathophysiology, such 
as neurohormonal system activation and decreased 
renal perfusion is poorly established. Due to delayed 
diagnosis, the clinical result of cardiorenal syndrome is 
still dismal with a significant mortality rate. As a result, 
investigations are currently being conducted to check 
the clinical relevance of novel biomarkers. A study 
revealed KIM-1 as an excellent prognostic marker for 
acute tubular injury in individuals with chronic heart 
failure following diuretic therapy discontinuation and 
reintroduction. KIM-1 levels rose exponentially after 8 
hours of diuretics discontinuation, elevated for three days, 
and then returned to normal after 4 hours of furosemide 
was restarted (68). KIM-1 outperformed other indicators 
like NGAL and NAG conducive to tubular injury which is 
undetected by traditionally used biomarkers. In chronic 
heart failure patients, KIM-1 was linked to an increased 
risk of hospitalization or death regardless of GFR (69). 
More research is needed to determine the functional 
relevance of KIM-1 in the early diagnosis and evaluation 
of cardiorenal syndrome.

KIM-1 and myocardial infarction
Although the factors driving renal failure are poorly 
understood, progressive deterioration in renal function 
concurs with myocardial infarction (MI). These patients 
have a significant mortality rate with 20% of the 
hospitalized myocardial infarction patients having a renal 
impairment (70). Inflammatory response and various 
TNFα transforming growth factor beta (TGF-β), and 
IL-6 cytokines seemed to assist in renal fibrosis in 
the pathophysiology after myocardial infarction (71). 
In both animals and humans after acute myocardial 
infarction neurohormonal activation and hemodynamic 
disturbance affect cardiac pump function leading to 
systemic hypoperfusion or hypotension of the kidney 
(72). Lekawanvijit et al in his study demonstrated that 
staining of tubules of MI+ rats showed a positive result for 
KIM-1 concluding it to be a useful biomarker for the early 
detection of kidney disease (73). 
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KIM-1 and COVID-19
Renal abnormalities are prominent in COVID-19 patients, 
and AKI is related to a poor prognosis and a high death 
rate. KIM-1 is known as a marker for AKI and tubular 
damage. KIM-1 expression is not seen in normal kidneys, 
but it is substantially enhanced in proximal tubular cells 
after injury. KIM-1 helps to regenerate wounded tubules 
by acting as a scavenging receptor, aiding the removal of 
apoptotic and necrotic cells from the tubular lumen and 
tubulointerstitial fibrosis and inflammation are bestowed 
by chronic KIM-1 expression. In viruses like Dengue 
and Ebola, KIM-1 interacts with phosphatidylserine 
binding residues within the extracellular immunoglobulin 
variable (IgV) domain and phosphatidylserine on the viral 
envelope causing virus internalization (74). SARS-CoV-2 
is another type of enveloped virus. According to a recent 
study, for SARS-CoV-2-associated AKI, KIM-1 is not just a 
biomarker but binds to the SARS-CoV-2 receptor binding 
domain through IgV as a receptor. Likewise, KIM-1 is 
involved in SARS-CoV and MERS-CoV invasions. The 
viral invasion is intervened by angiotensin-converting 
enzyme-2 (ACE2) and KIM-1 resulting in acute tubular 
injury, and the consequent elevation of KIM-1 increases 
SARS-CoV-2 entrance, creating a vicious cycle in the 
kidney. However, it is vague how KIM-1 improves 
SARS-CoV-2 internalization following binding. Another 
finding is that a KIM-1-derived antagonist peptide with a 
flexible linker like three glycines covers two SARS-CoV-2 
contacting motifs. The peptide efficiently prevents the 
KIM-1 and SARS-CoV-2 connection, which may aid in 
the development of novel drugs (75).

Conclusion 
Kidney injury molecule-1 is present in the renal proximal 
tubule of epithelial cells and is usually expressed in normal 
kidneys at a very low concentration. Serum and urinary 
KIM-1 has been upregulated due to ischemic or toxic 
injury in many primary and secondary renal diseases. It is 
a sensitive and specific marker for tubular injury as well as 
it can predict early kidney injury. Mostly urinary KIM-1 
shows to be more specific than serum or plasma KIM-1 
indicating its role as a non-invasive marker for predicting 
diseases at an earlier onset. KIM-1 can serve as a marker 
for diagnostic, therapeutic, and prognosis of clinical 
outcomes and management in renal diseases. 

Acknowledgments
The authors would like to thank the Apollo hospitals, 
Bengaluru, and Vellore Institute of Technology, Vellore for 
providing the necessary facilities.

Authors’ contribution 
Conceptualization: GR and DGA.
Methodology: PCD and DV.
Validation: GR and DGA.
Formal analysis: PCD and DV.

Investigation: GR and DGA.
Resources: PCD and DV.
Data curation: GR and DGA.
Writing—original draft preparation: GR, DGA, PCD and 
DV.
Writing—review and editing: GR, DGA, PCD and DV.
Visualization: GR and DGA.
Supervision: GR.
Project administration: GR.

Conflict of interest
The authors declare that no conflict of interest

Ethical issues
Ethical issues (including plagiarism, data fabrication, 
and double publication) were completely observed by the 
authors.

Funding/Support
None.

References
1.	 WHO. The top 10 causes of death: WHO; 2020 [2 

November 2022]. https://www.who.int/news-room/fact-
sheets/detail/the-top-10-causes-of-death.

2.	 Moresco RN, Bochi GV, Stein CS, De Carvalho JAM, 
Cembranel BM, Bollick YS. Urinary kidney injury 
molecule-1 in renal disease. Clin Chim Acta. 2018;487:15-
21. doi: 10.1016/j.cca.2018.09.011. 

3.	 Sabbisetti VS, Waikar SS, Antoine DJ, Smiles A, Wang C, 
Ravisankar A, et al. Blood kidney injury molecule-1 is a 
biomarker of acute and chronic kidney injury and predicts 
progression to ESRD in type I diabetes. J Am Soc Nephrol. 
2014;25:2177-86. doi: 10.1681/ASN.2013070758. 

4.	 Han WK, Wagener G, Zhu Y, Wang S, Lee HT. Urinary 
biomarkers in the early detection of acute kidney injury 
after cardiac surgery. Clin J Am Soc Nephrol. 2009;4:873-
82. doi: 10.2215/CJN.04810908. 

5.	 Koyner JL, Vaidya VS, Bennett MR, Ma Q, Worcester 
E, Akhter SA, et al. Urinary biomarkers in the clinical 
prognosis and early detection of acute kidney injury. 
Clin J Am Soc Nephrol. 2010;5:2154-65. doi: 10.2215/
CJN.00740110. 

6.	 Vinken P, Starckx S, Barale-Thomas E, Looszova A, 
Sonee M, Goeminne N, et al. Tissue Kim-1 and urinary 
clusterin as early indicators of cisplatin-induced acute 
kidney injury in rats. Toxicol Pathol. 2012;40:1049-62. doi: 
10.1177/0192623312444765. 

7.	 Meiling Guo YL, and Haibo Li. Predictive value of NGAL 
and KIM-1 on survivors of acute kidney injury requiring 
dialysis. European Journal of Inflammation. 2019;17. doi: 
10.1177/2058739219856830. 

8.	 Fan H, Zhao Y, Sun M, Zhu JH. Urinary neutrophil 
gelatinase-associated lipocalin, kidney injury molecule-1, 
N-acetyl-beta-D-glucosaminidase levels and mortality risk 
in septic patients with acute kidney injury. Arch Med Sci. 
2018;14:1381-6. doi: 10.5114/aoms.2018.79006. 

9.	 Tu Y, Wang H, Sun R, Ni Y, Ma L, Xv F, et al. Urinary 

https://jnephropharmacology.com


Journal of Nephropharmacology, Volume x, Issue x, 2023          https://jnephropharmacology.com10 

Anandkumar DG et al

netrin-1 and KIM-1 as early biomarkers for septic 
acute kidney injury. Ren Fail. 2014;36:1559-63. doi: 
10.3109/0886022X.2014.949764. 

10.	 Gardiner L, Akintola A, Chen G, Catania JM, Vaidya 
V, Burghardt RC, et al. Structural equation modeling 
highlights the potential of Kim-1 as a biomarker for 
chronic kidney disease. Am J Nephrol. 2012;35:152-63. doi: 
10.1159/000335579. 

11.	 Bhavsar NA, Kottgen A, Coresh J, Astor BC. Neutrophil 
gelatinase-associated lipocalin (NGAL) and kidney injury 
molecule 1 (KIM-1) as predictors of incident CKD stage 
3: the Atherosclerosis Risk in Communities (ARIC) 
Study. Am J Kidney Dis. 2012;60:233-40. doi: 10.1053/j.
ajkd.2012.02.336. 

12.	 De Silva PM, Mohammed Abdul KS, Eakanayake EM, 
Jayasinghe SS, Jayasumana C, Asanthi HB, et al. Urinary 
Biomarkers KIM-1 and NGAL for Detection of Chronic 
Kidney Disease of Uncertain Etiology (CKDu) among 
Agricultural Communities in Sri Lanka. PLoS Negl Trop 
Dis. 2016;10:e0004979. doi: 10.1371/journal.pntd.0004979. 

13.	 Sabbisetti VS, Ito K, Wang C, Yang L, Mefferd SC, Bonventre 
JV. Novel assays for detection of urinary KIM-1 in mouse 
models of kidney injury. Toxicol Sci. 2013;131:13-25. doi: 
10.1093/toxsci/kfs268. 

14.	 Ding Y, Nie LM, Pang Y, Wu WJ, Tan Y, Yu F, et al. Composite 
urinary biomarkers to predict pathological tubulointerstitial 
lesions in lupus nephritis. Lupus. 2018;27:1778-89. doi: 
10.1177/0961203318788167. 

15.	 Brunner HI, Bennett MR, Abulaban K, Klein-Gitelman MS, 
O’Neil KM, Tucker L, et al. Development of a Novel Renal 
Activity Index of Lupus Nephritis in Children and Young 
Adults. Arthritis Care Res (Hoboken). 2016;68:1003-11. 
doi: 10.1002/acr.22762. 

16.	 Bennett MR, Ma Q, Ying J, Devarajan P, Brunner H. 
Effects of age and gender on reference levels of biomarkers 
comprising the pediatric Renal Activity Index for 
Lupus Nephritis (p-RAIL). Pediatr Rheumatol Online J. 
2017;15:74. doi: 10.1186/s12969-017-0202-0. 

17.	 Siti Khadijah SM Nazri B, Wan Syamimee W Ghazali, MD, 
MMed, Noor Suryani M Ashari, MD, MPath and Wan 
Zuraida WA Hamid, MD, MPath. Urinary VCAM-1, KIM-
1, and ET-1 as Biomarkers of Lupus Nephritis: Correlation 
with Immunological Parameters in Hospital USM. Journal 
of Rheumatic Diseases and Treatment. 2019;5:71. doi: 
10.23937/2469-5726/1510071. 

18.	 Nozaki Y, Kinoshita K, Yano T, Shiga T, Hino S, Niki K, 
et al. Estimation of kidney injury molecule-1 (Kim-1) in 
patients with lupus nephritis. Lupus. 2014;23:769-77. doi: 
10.1177/0961203314526292. 

19.	 Mas L, Hayes Salinas M, Retamozo S, et al. 
AB0018 Tubulointerstitial injury in lupus nephritis and 
gene expresion of KIM-1. Ann Rheum Dis. 2013;71:638-
638.

20.	 Tavares MB, Melo CVB, Fernandes PN, Almeida M, 
Carneiro M, Santos RFS, et al. Biomarkers of acute kidney 
injury in patients with nephrotic syndrome. J Bras Nefrol. 
2021;43:20-7. doi: 10.1590/2175-8239-JBN-2020-0021. 

21.	 Bienias B, Zajaczkowska M, Borzecka H, Sikora P, 
Wieczorkiewicz-Plaza A, Wilczynska B. Early Markers 
of Tubulointerstitial Fibrosis in Children With 

Idiopathic Nephrotic Syndrome: Preliminary Report. 
Medicine (Baltimore). 2015;94:e1746. doi: 10.1097/
MD.0000000000001746. 

22.	 Fahmy N, Sener A, Sabbisetti V, Nott L, Lang RM, Welk BK, 
et al. Urinary expression of novel tissue markers of kidney 
injury after ureteroscopy, shockwave lithotripsy, and in 
normal healthy controls. J Endourol. 2013;27:1455-62. doi: 
10.1089/end.2013.0188. 

23.	 Daggulli M, Utangac MM, Dede O, Bodakci MN, 
Hatipoglu NK, Penbegul N, et al. Potential biomarkers 
for the early detection of acute kidney injury after 
percutaneous nephrolithotripsy. Ren Fail. 2016;38:151-6. 
doi: 10.3109/0886022X.2015.1073494. 

24.	 Griffin BR, You Z, Noureddine L, Gitomer B, Perrenoud 
L, Wang W, et al. KIM-1 and Kidney Disease Progression 
in Autosomal Dominant Polycystic Kidney Disease: 
HALT-PKD Results. Am J Nephrol. 2020;51:473-9. doi: 
10.1159/000508051. 

25.	 Gauer S, Urbschat A, Gretz N, Hoffmann SC, Kranzlin B, 
Geiger H, et al. Kidney Injury Molecule-1 Is Specifically 
Expressed in Cystically-Transformed Proximal Tubules 
of the PKD/Mhm (cy/+) Rat Model of Polycystic Kidney 
Disease. Int J Mol Sci. 2016;17. doi: 10.3390/ijms17060802. 

26.	 Kotsis F, Nitschke R, Boehlke C, Bashkurov M, Walz G, 
Kuehn EW. Ciliary calcium signaling is modulated by kidney 
injury molecule-1 (Kim1). Pflugers Arch. 2007;453:819-29. 
doi: 10.1007/s00424-006-0168-0. 

27.	 Kuehn EW, Hirt MN, John AK, Muehlenhardt P, Boehlke 
C, Putz M, et al. Kidney injury molecule 1 (Kim1) is a novel 
ciliary molecule and interactor of polycystin 2. Biochem 
Biophys Res Commun. 2007;364:861-6. doi: 10.1016/j.
bbrc.2007.10.103. 

28.	 Kuehn EW, Park KM, Somlo S, Bonventre JV. Kidney 
injury molecule-1 expression in murine polycystic kidney 
disease. Am J Physiol Renal Physiol. 2002;283:F1326-36. 
doi: 10.1152/ajprenal.00166.2002. 

29.	 Cuadros T, Trilla E, Sarro E, Vila MR, Vilardell J, de 
Torres I, et al. HAVCR/KIM-1 activates the IL-6/STAT-3 
pathway in clear cell renal cell carcinoma and determines 
tumor progression and patient outcome. Cancer Res. 
2014;74:1416-28. doi: 10.1158/0008-5472.CAN-13-1671. 

30.	 Cuadros T, Trilla E, Vila MR, de Torres I, Vilardell J, 
Messaoud NB, et al. Hepatitis A virus cellular receptor 1/
kidney injury molecule-1 is a susceptibility gene for clear 
cell renal cell carcinoma and hepatitis A virus cellular 
receptor/kidney injury molecule-1 ectodomain shedding a 
predictive biomarker of tumour progression. Eur J Cancer. 
2013;49:2034-47. doi: 10.1016/j.ejca.2012.12.020. 

31.	 Mijuskovic M, Stanojevic I, Milovic N, Cerovic S, Petrovic 
D, Maksic D, et al. Tissue and urinary KIM-1 relate to tumor 
characteristics in patients with clear renal cell carcinoma. 
Int Urol Nephrol. 2018;50:63-70. doi: 10.1007/s11255-017-
1724-6. 

32.	 Scelo G, Muller DC, Riboli E, Johansson M, Cross AJ, 
Vineis P, et al. KIM-1 as a Blood-Based Marker for Early 
Detection of Kidney Cancer: A Prospective Nested Case-
Control Study. Clin Cancer Res. 2018;24:5594-601. doi: 
10.1158/1078-0432.CCR-18-1496. 

33.	 Kushlinskii NE, Gershtein ES, Naberezhnov DS, Taipov 
MA, Bezhanova SD, Pushkar DY, et al. Kidney Injury 

https://jnephropharmacology.com/


                            Journal of Nephropharmacology, Volume x, Issue x, 2022https://jnephropharmacology.com 11

Kidney injury molecule-1

Molecule-1 (KIM-1) in Blood Plasma of Patients with 
Clear-Cell Carcinoma. Bull Exp Biol Med. 2019;167:388-92. 
doi: 10.1007/s10517-019-04533-w. 

34.	 Zhang KJ, Wilson GD, Kara S, Majeske A, Zhang PL, 
Hafron JM. Diagnostic role of kidney injury molecule-1 in 
renal cell carcinoma. Int Urol Nephrol. 2019;51:1893-902. 
doi: 10.1007/s11255-019-02231-0. 

35.	 El-Ashmawy NE E-ZE, Khedr NF, Abd El-Fattah AI, 
Eltoukhy SA. Kidney injury molecule-1 (Kim-1): an early 
biomarker for nephropathy in type II diabetic patients. Int 
J Diabetes Dev Ctries. 2015;35:431-8. doi: 10.1007/s13410-
015-0403-3. 

36.	 Abd El Dayem S, El Bohy Ael M, El Shehaby A. Value of 
the intrarenal arterial resistivity indices and different renal 
biomarkers for early identification of diabetic nephropathy 
in type 1 diabetic patients. J Pediatr Endocrinol Metab. 
2016;29:273-9. doi: 10.1515/jpem-2014-0397. 

37.	 Nielsen SE, Schjoedt KJ, Astrup AS, Tarnow L, Lajer 
M, Hansen PR, et al. Neutrophil Gelatinase-Associated 
Lipocalin (NGAL) and Kidney Injury Molecule 1 (KIM1) in 
patients with diabetic nephropathy: a cross-sectional study 
and the effects of lisinopril. Diabet Med. 2010;27:1144-50. 
doi: 10.1111/j.1464-5491.2010.03083.x. 

38.	 Kim SS, Song SH, Kim IJ, Yang JY, Lee JG, Kwak IS, et 
al. Clinical implication of urinary tubular markers in the 
early stage of nephropathy with type 2 diabetic patients. 
Diabetes Res Clin Pract. 2012;97:251-7. doi: 10.1016/j.
diabres.2012.02.019. 

39.	 Gao P, Xu B, Song P, Zhu X, Yuan S, Kanwar YS, et al. 
The Kidney Specific Protein myo-Inositol Oxygenase, a 
Potential Biomarker for Diabetic Nephropathy. Kidney 
Blood Press Res. 2018;43:1772-85. doi: 10.1159/000495635. 

40.	 Panduru NM, Sandholm N, Forsblom C, Saraheimo M, 
Dahlstrom EH, Thorn LM, et al. Kidney injury molecule-1 
and the loss of kidney function in diabetic nephropathy: a 
likely causal link in patients with type 1 diabetes. Diabetes 
Care. 2015;38:1130-7. doi: 10.2337/dc14-2330. 

41.	 Ibrahim DS, Abd El-Maksoud MA. Effect of strawberry 
(Fragaria x ananassa) leaf extract on diabetic nephropathy 
in rats. Int J Exp Pathol. 2015;96:87-93. doi: 10.1111/
iep.12116. 

42.	 Lee HE, Kim DK, Kang HK, Park K. The diagnosis of febrile 
urinary tract infection in children may be facilitated by 
urinary biomarkers. Pediatr Nephrol. 2015;30:123-30. doi: 
10.1007/s00467-014-2905-5. 

43.	 Krzemien G, Panczyk-Tomaszewska M, Kotula I, Demkow 
U, Szmigielska A. Diagnostic accuracy of urine neutrophil 
gelatinase-associated lipocalin and urine kidney injury 
molecule-1 as predictors of acute pyelonephritis in young 
children with febrile urinary tract infection. Cent Eur J 
Immunol. 2019;44:174-80. doi: 10.5114/ceji.2019.87069. 

44.	 Lee HE, Lee SH, Baek M, Choi H, Park K. Urinary 
Measurement of Neutrophil Gelatinase Associated 
Lipocalin and Kidney Injury Molecule-1 Helps Diagnose 
Acute Pyelonephritis in a Preclinical Model. J Biomark. 
2013;2013:413853. doi: 10.1155/2013/413853. 

45.	 Petrovic S, Bogavac-Stanojevic N, Peco-Antic A, Ivanisevic 
I, Kotur-Stevuljevic J, Paripovic D, et al. Clinical application 
neutrophil gelatinase-associated lipocalin and kidney 
injury molecule-1 as indicators of inflammation persistence 
and acute kidney injury in children with urinary tract 

infection. Biomed Res Int. 2013;2013:947157. doi: 
10.1155/2013/947157. 

46.	 Kana S, Nachiappa Ganesh R, Surendran D, Kulkarni RG, 
Bobbili RK, Jeby JO. Urine microscopy and neutrophil-
lymphocyte ratio are early predictors of acute kidney 
injury in patients with urinary tract infection. Asian J Urol. 
2021;8:220-6. doi: 10.1016/j.ajur.2020.01.002. 

47.	 Krzemien G, Turczyn A, Panczyk-Tomaszewska M, Kotula 
I, Demkow U, Szmigielska A. Prognostic value of serum 
and urine kidney injury molecule-1 in infants with urinary 
tract infection. Cent Eur J Immunol. 2019;44:262-8. doi: 
10.5114/ceji.2019.89600. 

48.	 Hong MY, Tseng CC, Chuang CC, Chen CL, Lin SH, Lin 
CF. Urinary macrophage migration inhibitory factor 
serves as a potential biomarker for acute kidney injury in 
patients with acute pyelonephritis. Mediators Inflamm. 
2012;2012:381358. doi: 10.1155/2012/381358. 

49.	 Olvera-Posada D, Dayarathna T, Dion M, Alenezi H, 
Sener A, Denstedt JD, et al. KIM-1 Is a Potential Urinary 
Biomarker of Obstruction: Results from a Prospective 
Cohort Study. J Endourol. 2017;31:111-8. doi: 10.1089/
end.2016.0215. 

50.	 Bienias B, Sikora P. Potential Novel Biomarkers 
of Obstructive Nephropathy in Children with 
Hydronephrosis. Dis Markers. 2018;2018:1015726. doi: 
10.1155/2018/1015726. 

51.	 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. doi: 10.1007/s00467-011-1773-5. 

52.	 Karakus S, Oktar T, Kucukgergin C, Kalelioglu I, Seckin S, 
Atar A, et al. Urinary IP-10, MCP-1, NGAL, Cystatin-C, 
and KIM-1 Levels in Prenatally Diagnosed Unilateral 
Hydronephrosis: The Search for an Ideal Biomarker. Urology. 
2016;87:185-92. doi: 10.1016/j.urology.2015.09.007. 

53.	 Noyan A, Parmaksiz G, Dursun H, Ezer SS, Anarat R, Cengiz 
N. Urinary NGAL, KIM-1 and L-FABP concentrations in 
antenatal hydronephrosis. J Pediatr Urol. 2015;11:249 e1-6. 
doi: 10.1016/j.jpurol.2015.02.021. 

54.	 Mohammadjafari H, Rafiei A, Kosaryan M, Yeganeh 
Y, Hosseinimehr SJ. Determination of the severity of 
ureteropelvic junction obstruction using urinary epidermal 
growth factor and kidney injury molecule 1 levels. Biomark 
Med. 2014;8:1199-206. doi: 10.2217/bmm.14.79. 

55.	 Zhou Y, Vaidya VS, Brown RP, Zhang J, Rosenzweig 
BA, Thompson KL, et al. Comparison of kidney injury 
molecule-1 and other nephrotoxicity biomarkers in urine 
and kidney following acute exposure to gentamicin, 
mercury, and chromium. Toxicol Sci. 2008;101:159-70. doi: 
10.1093/toxsci/kfm260. 

56.	 Zhang Z, Humphreys BD, Bonventre JV. Shedding of 
the urinary biomarker kidney injury molecule-1 (KIM-
1) is regulated by MAP kinases and juxtamembrane 
region. J Am Soc Nephrol. 2007;18:2704-14. doi: 10.1681/
ASN.2007030325. 

57.	 Bailly V, Zhang Z, Meier W, Cate R, Sanicola M, Bonventre 
JV. Shedding of kidney injury molecule-1, a putative 
adhesion protein involved in renal regeneration. J Biol 
Chem. 2002;277:39739-48. doi: 10.1074/jbc.M200562200. 

58.	 Ichimura T, Brooks CR, Bonventre JV. Kim-1/Tim-1 and 
immune cells: shifting sands. Kidney Int. 2012;81:809-11. 

https://jnephropharmacology.com


Journal of Nephropharmacology, Volume x, Issue x, 2023          https://jnephropharmacology.com12 

Anandkumar DG et al

doi: 10.1038/ki.2012.11. 
59.	 Prozialeck WC, Vaidya VS, Liu J, Waalkes MP, Edwards 

JR, Lamar PC, et al. Kidney injury molecule-1 is an 
early biomarker of cadmium nephrotoxicity. Kidney Int. 
2007;72:985-93. doi: 10.1038/sj.ki.5002467. 

60.	 Schweigert O, Dewitz C, Moller-Hackbarth K, Trad A, 
Garbers C, Rose-John S, et al. Soluble T cell immunoglobulin 
and mucin domain (TIM)-1 and -4 generated by A 
Disintegrin And Metalloprotease (ADAM)-10 and -17 
bind to phosphatidylserine. Biochim Biophys Acta. 
2014;1843:275-87. doi: 10.1016/j.bbamcr.2013.11.014. 

61.	 Collier JB, Schnellmann RG. Extracellular Signal-Regulated 
Kinase 1/2 Regulates Mouse Kidney Injury Molecule-1 
Expression Physiologically and Following Ischemic and 
Septic Renal Injury. J Pharmacol Exp Ther. 2017;363:419-
27. doi: 10.1124/jpet.117.244152. 

62.	 Ismail OZ, Zhang X, Wei J, Haig A, Denker BM, Suri RS, 
et al. Kidney injury molecule-1 protects against Galpha12 
activation and tissue damage in renal ischemia-reperfusion 
injury. Am J Pathol. 2015;185:1207-15. doi: 10.1016/j.
ajpath.2015.02.003. 

63.	 Lin Q, Chen Y, Lv J, Zhang H, Tang J, Gunaratnam L, et al. 
Kidney injury molecule-1 expression in IgA nephropathy 
and its correlation with hypoxia and tubulointerstitial 
inflammation. Am J Physiol Renal Physiol. 2014;306:F885-
95. doi: 10.1152/ajprenal.00331.2013. 

64.	 Tian L, Shao X, Xie Y, Wang Q, Che X, Zhang M, et al. 
Kidney Injury Molecule-1 is Elevated in Nephropathy and 
Mediates Macrophage Activation via the Mapk Signalling 
Pathway. Cell Physiol Biochem. 2017;41:769-83. doi: 
10.1159/000458737. 

65.	 Bulanov NM, Serova AG, Kuznetsova EI, Bulanova ML, 
Novikov PI, Kozlovskaya LV, et al. [Kidney injury molecules 
(KIM-1, MCP-1) and type IV collagen in the assessment of 
activity of antineutrophil cytoplasmic antibody-associated 
glomerulonephritis]. Ter Arkh. 2017;89:48-55. doi: 
10.17116/terarkh201789648-55. 

66.	 Ichimura T, Bonventre JV, Bailly V, Wei H, Hession CA, 
Cate RL, 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. doi: 
10.1074/jbc.273.7.4135. 

67.	 Tapia C, Bashir K. Nephrotic Syndrome. In: StatPearls 
[Internet]. Treasure Island (FL): StatPearls Publishing; 2022 
Jan.

68.	 Damman K, Masson S, Hillege HL, Maggioni AP, Voors 
AA, Opasich C, et al. Clinical outcome of renal tubular 
damage in chronic heart failure. Eur Heart J. 2011;32:2705-
12. doi: 10.1093/eurheartj/ehr190. 

69.	 Ghatanatti R, Teli A, Tirkey SS, Bhattacharya S, Sengupta G, 
Mondal A. Role of renal biomarkers as predictors of acute 
kidney injury in cardiac surgery. Asian Cardiovasc Thorac 
Ann. 2014;22:234-41. doi: 10.1177/0218492313502028. 

70.	 Goldberg A, Kogan E, Hammerman H, Markiewicz 
W, Aronson D. The impact of transient and persistent 
acute kidney injury on long-term outcomes after acute 
myocardial infarction. Kidney Int. 2009;76:900-6. doi: 
10.1038/ki.2009.295. 

71.	 Aronson D. Cardiorenal syndrome in acute decompensated 
heart failure. Expert Rev Cardiovasc Ther. 2012;10:177-89. 
doi: 10.1586/erc.11.193. 

72.	 Fraccarollo D, Galuppo P, Hildemann S, Christ M, Ertl 
G, Bauersachs J. Additive improvement of left ventricular 
remodeling and neurohormonal activation by aldosterone 
receptor blockade with eplerenone and ACE inhibition 
in rats with myocardial infarction. J Am Coll Cardiol. 
2003;42:1666-73. doi: 10.1016/j.jacc.2003.05.003. 

73.	 Lekawanvijit S, Kompa AR, Zhang Y, Wang BH, Kelly DJ, 
Krum H. Myocardial infarction impairs renal function, 
induces renal interstitial fibrosis, and increases renal KIM-
1 expression: implications for cardiorenal syndrome. Am 
J Physiol Heart Circ Physiol. 2012;302:H1884-93. doi: 
10.1152/ajpheart.00967.2011. 

74.	 Moller-Tank S, Albritton LM, Rennert PD, Maury W. 
Characterizing functional domains for TIM-mediated 
enveloped virus entry. J Virol. 2014;88:6702-13. doi: 
10.1128/JVI.00300-14. 

75.	 Yang C, Zhang Y, Zeng X, Chen H, Chen Y, Yang D, et al. 
Kidney injury molecule-1 is a potential receptor for SARS-
CoV-2. J Mol Cell Biol. 2021;13:185-96. doi: 10.1093/jmcb/
mjab003. 

Copyright © 2023 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://jnephropharmacology.com/

