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Impact of KIM-1 expression on the
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ABSTRACT--One of the major challenges that are being faced by the public healthcare is the renal
failure. The suggested ancient clinical biomarkers for this renal failure are the blood urea nitrogen and
serum creatinine. But now-a-days these are not considered that sensitive or specific enough as they solely
increase significantly after the presence of extensive failure. Therefore there is a need to investigate more
of sensitive and specific biomarkers for any type of renal failure is an important factor in nephropathies.
Thus specific biomarkers that can help in detecting the injury at the disease starting stage and early
diagnosis of these renal diseases would enable better and enhanced therapeutic treatment for the benefit
of the individuals in terms of economic and wellbeing. Application of the recent and advanced technologies
such as functional genomics, proteomics, and bio fluid profiling has revealed several new molecules that
are emerging as predictive biomarkers of renal failure. The most promising and encouraging in current
scenario among those include the urinary proteins such as NGAL, KIM-1, and L-FABP (liver-type fatty
acid binding protein). Thus keeping all these points in view of the insensitivity and lack of specificity of
the traditional and so called gold standard biomarkers the present review focuses on emphasizing the
current insights of the novel biomarkers specifically (KIM-1) Kidney Injury Molecule-1. Thus this review
gives an insight of the KIM-1 and its expanding evidence as biomarker for early detector in kidney damage
and other kidney diseases. It also discusses about the structure, function, detection and signaling pathway.
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.  INTRODUCTION

Research in the human physiology has achieved enhanced knowledge and understanding of diseases.
Today treatment of diseases is able to save more lives than older days, however several areas in human
physiology is still a mystery and needs more research. One of these areas is the renal diseases, which is a
major health problem all over the world. The first sign for the kidney failure till now is the reduction of
the kidney function and it is seen when the protein urea is measured >0.2 and the individuals are reaching
to nearly stage 111 of the disease (Fig 1). Until now the kidney failure is being identified by the use of
blood urea and serum creatinine, but these are not specific and sensitive and lack high predictive value
that is proved in a research conducted by the Steubl et al. (1). He recommended that there is a rising and

falling relationship between serum creatinine and estimated glomerular filtration rate (eGFR) and the
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creatinine concentrations were raised in the blood serum only when the kidneys were damaged to

approximately 40-50%. Thus there is a lack of detection of the kidney problems at an early stage.
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Figure 1: Graph representing the significant increase of the creatinine in the blood after the individual

reached to stage IlI.

For this reason there is a need to identify precise and effective biomarkers that are rapid, reliable, can
detect kidney disease at an early stage, site specific to detect injuries, applicable for different age groups
and races. Research is being conducted on many new molecules for analyzing the potential role in early
detection of the renal failure. Some of the proteins based on previous research that have been recognized
as the promising biomarkers for the animal and early human studies are NGAI, IL-18, KIM-1, L-FABP,
cystatin C, Tissue inhibitor of metalloproteinase-2 (TIMP-2) and Insulin like growth factor binding
protein 7 (IGFBP7). (2).

Il.  KIDNEY INJURY MOLECULE-1

The present review article is being focused on the Kidney Injury Molecule. It is one such biomarker
that is proved to be an outstanding biomarker that is being identified as an early biomarker for the kidney
injuries. KIM-1 (T-cell immunoglobulin; mucin-containing molecule) is a type 1 trans-membrane protein.
The structure of this molecule as shown in figure 2 consists of two portions one is the extracellular portion
and the other is the cytoplasmic portion. The cytoplasmic portion is seen at very low levels in the normal
levels whereas the extracellular portion that weighs about 90 KDa is seen in the blood circulation only
after an ischemic damage to the kidney (3, 4). The intracellular domain is about 14 KDa called KIM-1b
that contains a signaling motif for the tyrosine phosphorylation present in the renal form of protein and
the extracellular ectodomain contains a six-cysteine immunoglobulin like domain. There is a high
homology between the KIM-1 genes and the hepatitis A virus cell receptor that could promote the entry
of virus in certain conditions (5). Thus the whole structure of the KIM-1 reiterates a conclusion of its

adhesion property (6).
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In aresearch done on rats by the Han et al. it is identified that KIM-1 is seen at lower levels or is absent in the
disease free kidneys but is markedly visible by the proximal epithelial and proximal tubular cells after damage to
the Kidneys by ischemic to toxic injury (7). This molecule is also seen in higher levels in the patients affected with
renal cell carcinoma that is associated with the proximal tubule cell dedifferentiation (7, 8). The shedding of this
Kim-1 after the injury is regulated in part by the MAP kinase signaling pathway due to the stress that resulted in
the release of a soluble kidney injury molecule (sKIM-1). In the mutagenesis studies it is shown that the
juxtamembrane protein secondary structure affected susceptibility to the metalloproteinase-mediated KIM-1
cleavage (4).

The gene is up-regulated in the kidney in renal diseases, which was confirmed at the protein level (9). Right
from its identification it has been identified as a sensitive and specific marker in both humans and animal models.
This was confirmed in a study that within 48 hrs KIM-1 mRNA was increased in post-ischemic rats compared to
any other mRNA in the analysis. This visible elevation of this molecule was also confirmed in other studies (10).
Amin RP et. al. have shown that urinary KIM-1 was established to be good marker for detectable changes in eGFR
on rats on mice. (11). Compared to serum creatinine the tissue and urinary KIM-1 is proved to be a faster and
superior maker in a Cisplastin-induced nephrotoxicity (4). KIM-1 is known to be a potential biomarker for chronic
disease mediated by the tubular interstitial damage (12).

Recent advancements in the molecular biology helped to detect discover robust methods to detect the KIM-1.
In that one is the micro bead based KIM-1 ELISA to facilitate the urinary KIM-1 as a biomarker for acute kidney
injury in animal models (13) and the other is the laminar flow dipstick assay (14). Using these methods one can
measure KIM-1 levels in the urine and serum in a rapid manner. In some studies they also demonstrated the
correlation between the progression of the KIM-1 and the degree of renal function (15). It was demonstrated that
urinary KIM-1 is in higher levels in patients with chronic kidney disease than in acute kidney injury that was
proved in a research done of three rat models that KIM-1 levels are increased at an early stage and persistently
increased in renal fibroids and may play a pivotal role in macrophage activation via the MAPK pathway in kidney
disease (16). Thus KIM-1 is not only recognized as an early biomarker for the acute kidney injury but also has a

budding role in the prediction of long term renal failure.
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By the Support of the research results, significance and the impact on the upregulation of the chronic kidney
diseases, the US Food and Drug Administration and the European Medicines Agency noticed KIM-1 as urinary
biomarker in the perspective of drug-induced nephrotoxicity in rat models (17).

In several studies it has been demonstrated that KIM-1 can differentiate patients with different types of tubular
necrosis. It can differentiate patients from acute graft rejection and ill patients from those without Acute Kidney
Injury (18).

In a study it is identified that urine samples were stable for the detection of KIM-1 for 48hrs if stored at 4°Cand
for 6 months if stored at a temperature of -80°C (19). The concentrations of the urinary KIM-1 were also related to
the pre-freezing and thawing time. If the samples were frozen and thawed several times then it will adversely affect
the KIM-1 measurement. Hence it is suggested that the urine samples should freeze within 3h after the collection
and should thaw or defreeze before the measurement (19).

KIM-1 has a dual role in acting as a biomarker and also in repair of the proximal tubule repair. In a study it is
indicated that the transition from normal to dedifferentiation cells is associated with an upregulation of the KIM-1
expression but the mechanism is not yet clear (6).

Significant positive linear progression is obtained in correlation between the KIM-1, age and sex (21) but in

recent study it is revealed that there is no association between the KIM-1 elevation and sex (22).

I11.  CONCLUSION

KIM-1 is expressed in the proximal tubule epithelial cells and is absent or expressed in low amounts in the
normal kidneys. But in the diseased state to the kidneys it is up-regulated as the extracellular portion will be cleaved
after an injury. Thus it is recommended as sensitive biomarker for the renal proximal tubule damage. It also plays
an important role in regeneration process of the tubule epithelial cells. In the case of cancers associated with the
kidney the increased levels of urinary KIM-1 expression is an indication for the renal tumor pathological process.
Thus it is a sensitive, specific and early biomarker of kidney injury in acute and chronic condition. Thus it can be

used to predict the progress and outcome of kidney disease.
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