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  Cystatin C, a peptide of molecular weight 13 kDa, is produced and secreted to blood at a constant rate by all 

karyocytes, freely filtrated from blood into glomeruli, and completely reabsorbed and catabolized in proximal 

renal tubules. Due to these features, tubular damage directly reduces reabsorption of cystatin C to the proximal 

renal tubules, and glomerular alterations competitively inhibits tubular uptake of cystatin C by the leakage of high 

molecular weight protein, which causes the increase in urinary level. Recently, urinary cystatin C has attracted 

attention as a novel biomarker for detection of both proximal renal tubular and glomerular damage, however, the 

usefulness and characteristics have not been investigated enough. In this study, using acute kidney injury (AKI) 

model whose main lesion was renal tubular injury, AKI model whose main lesion was glomerular injury, and 

diabetic nephropathy model, one of chronic kidney disease (CKD) models, we measured urinary cystatin C level 

and compared it to the conventional biomarkers (blood creatinine, urea nitrogen (UN)) and the other novel 

biomarkers (β2-microglobulin, calbindin, clusterin, EGF, GST-α, GST-μ, KIM-1, NGAL, osteopontin, and 

TIMP-1) in order to clarify the usefulness and characteristics of urinary cystatin C as a renal biomarker for 

damage. In addition, the relationship between the immunohistochemical localization of cystatin C in kidney and 

progression of renal damage was evaluated. 

  In Chapter 1, CDDP-induced AKI rat was used as a model of AKI whose main lesion was renal tubular injury. 

Urinary cystatin C level increased from Day 1. Blood creatinine and UN did from Day 3, and histopathological 

alternations of proximal renal tubule such as necrosis were observed from Day 3, and became more severe and 

spread on Days 5 and 7. These results indicated that urinary cystatin C was useful for the early detection of renal 

damage. Urinary KIM-1, GST-α, and EGF also changed from Day 1, indicating the usefulness for the early 

detection of renal damage, and KIM-1 and GST-α were superior to cystatin C in terms of high-fold increase. 

  In Chapter 2, anti-GBM glomerulonephritis rat was used as a model of AKI whose main lesion was glomerular 

injury. Urinary cystatin C level increased on Day 7. Blood creatinine and UN hardly changed until Day 7. Urinary 

albumin and total protein, diagnostic markers of anti-GBM glomerulonephritis, increased on Day 7. 

Histopathological alternations of glomeruli such as hypercellularity and crescent formation were observed from 

Day 3, and became apparent on Day 7. These results indicated that urinary cystatin C was useful for the early 

detection of renal damage compared to the conventional biomarkers, but it did not have the superiority to urinary 

albumin and total protein. Urinary β2-microglobulin, clusterin, GST-α, and GST-μ also increased on Day 7. 

Urinary KIM-1 and NGAL increased from Day 3, indicating their superiority to cystatin C in terms of the early 



detection of anti-GBM glomerulonephritis. 

  In Chapter 3, ZDF rat which developed diabetic nephropathy was used as a model of CKD. Urinary cystatin C 

level in ZDF rats were higher than that in lean rats (control rats) on Week 12, and it further increased 

age-dependently. Blood creatinine and UN hardly changed from Week 12 to Week 25. Histopathological slight 

change of glomeruli was observed on Week 12, and both glomeruli and renal tubule showed apparent alternations 

on Week 20, and it worsened on Week 25. These results indicated that urinary cystatin C was useful for the early 

detection of diabetic nephropathy compared to conventional biomarkers, and could monitor the progression of 

nephropathy. Urinary albumin in ZDF rats, the most sensitive marker of diabetic nephropathy in clinical settings, 

was also higher than lean rats on Week 12, and further increased age-dependently, indicating the usefulness of 

urinary cystatin C and albumin was similar. Urinary β2-microglobulin, clusterin, GST-μ, KIM-1, and osteopontin 

in ZDF rats were also higher than those in lean rats on Week 12, and it further increased, indicating the usefulness 

for the early detection and monitor the progression of diabetic nephropathy. 

  Additionally, in Chapters 1, 2, and 3, cystatin C was immunohistochemically localized in the proximal renal 

tubule in the kidney, and the immunoreactivity and positive area for cystatin C were hardly changed regardless of 

the progression of renal damage in CDDP-induced AKI rats, anti-GBM glomerulonephritis rats, and ZDF rats.   

  In conclusion, urinary cystatin C was proved to be useful for the early detection of renal damage in AKI whose 

main lesion was renal tubular injury, AKI whose main lesion was glomerular injury, and diabetic nephropathy, one 

of CKD, and monitor the progression of diabetic nephropathy. Compared to urinary albumin and total protein, the 

usefulness of cystatin C was similar to those in AKI whose main lesion was glomerular injury and diabetic 

nephropathy. Regarding with novel renal biomarkers, urinary KIM-1 was also useful for the early detection for the 

three types of renal damages in this study, and monitor the progression of diabetic nephropathy. Urinary 

β2-microglobulin level was similar to urinary cystatin C. Urinary GST-α and EGF were useful for the early 

detection of AKI whose main lesion was renal tubular injury, urinary clusterin, GST-α, GST-μ, and NGAL were 

useful for that of AKI whose main lesion was glomerular injury. Urinary clusterin, GST-μ, and osteopontin were 

useful for the early detection and monitor the progression of diabetic nephropathy. Additionally, cystatin C was 

immunohistochemically localized in the proximal renal tubule in the kidney, and the immunoreactivity and 

positive area for cystatin C were not related to the progressions of AKI whose main lesion was renal tubular injury, 

AKI whose main lesion was glomerular injury, and diabetic nephropathy.  

 

 

 

 

 

 

 

 

 

 

 

 

 


