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Why do we need accurate and simple makers of 
kidney injury in people with diabetes?

• Diabetes is the leading cause of end-stage kidney 
disease in the Western World

• The traditional method for screening people with 
diabetes to determine risk for a progressive decline in 
GFR (measuring urinary albumin) lacks specificity and 
sensitivity
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Possible approaches to improving 
estimates

of GFR in diabetes before stage 3 CKD
is reached

1. Improve the bias and accuracy of 
creatinine based methods but still need 
to include extra-renal factors such as 
age and gender

2. Use alternative markers that are not 
affected by extra-renal factors

MDRD bias in the validation 
population

CKD-EPI bias in the validation 
population
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Cystatin C 

A l l t d l•A nonglycosylated, low 
molecular mass (13.4 kDa) 
protein
•Contains 120 amino acids
•A proteinase inhibitor 
produced by all nucleated 
cellscells.

•Physiological role is to regulate proteinases leaked 
from dying or diseased cells. 
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Cystatin C

 Cystatin C is freely filtered by the Cystatin C is freely filtered by the 
glomerulus.

 Almost completely reabsorbed and 
catabolized by the proximal tubular 
cells.

 No urinary excretion  of Cystatin C 
in the healthy state.in the healthy state.

 “Ideal marker of GFR?”

Cystatin C as  a marker of GFR

 Cystatin C first proposed as a endogenous serum 
marker of glomerular filtration rate Simonsen Omarker of glomerular filtration rate. Simonsen O, 
Grubb A, Thysell H. The blood serum concentration 
of cystatin C as a measure of the glomerular filtration 
rate. Scand J Clin Lab Invest, 45:97-101, 1985.

 Serum cystatin C is superior to serum creatinine as a 
marker of kidney function: a meta-analysis (46 y y (
studies/4500 subjects). Dharnidhaka VR, Kwon C, 
Stevens G. Am J Kidney Dis. 2002 Aug;40(2):221-6.

 Approved by the FDA as an alternative measure of 
kidney function in 2004
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Methods for measuring cystatin C 
 Particle-enchanced nephelometric 

immunoassay (PENIA)
Particle enhanced turbidimetric Particle-enhanced turbidimetric 
immunoassay (PETIA)

 ELISA

Rates of change in GFR as measured by the indirect estimates 
and the reference method in the 19 subjects (type 1 diabetes) 
with declining GFR (rate of decline >3.3 ml/min/1.73m2 per 
year)

Isotopic-
GFR

initial iGFR 105 & final 52 iGFR ml/min/1.73m2

Cys-2-GFR

Cys-1-GFR

MDRD-6

MDRD-4

C-G

Cr-GFR *

*

*

*

* p <0.05

Mean rate of decline in GFR
(ml/min/1.73m2 per year)

0 1 2 3 4 5 6 7 8

Premaratne, MacIsaac & Jerums, Diabetes Care 2008

Cys-1-GFR = 86.7/Cystatin C-4.2  
Cys-2-GFR = 100/Cystatin C
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Non-GFR influences on Cystatin C levels

 Inflammation
 Malignancy
 Corticosteriod use Corticosteriod use
 Thyroid function 

abnormalities
 Others?

 Age?
 Gender? Gender?
 weight?
 Smoking?
 CRP?
 Fenofibrate?

Clinical Journal of the American Society of Nephrology 2011, 6, 1952 

(Using the Dade-Behring assay)
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Clinical Journal of the American Society of Nephrology 2011, 6, 2150 
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Diabetes Care 2011.33, 1337
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Name Abbreviation  Comment

Neutrophil gelatinase‐ NGAL Produced by epithelial       

associated lipocalin cells and neutrophils

Produced in renal 
tubules in response totubules in response to 
structural kidney injury

A marker of functioning 
tubular mass.

Kidney injury molecule‐1 KIM‐1 A transmembrane 
glycoprotein expressed 
in proximal tubularin proximal tubular 
cells.

A marker of tubular 
damage in various 
chronic kidney diseases
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Kidney International, 79, 1113

No significant association between tubular markers and decline in GFR 
after adjustment for known progression promoters
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Urinary proteomic profile of type 2 diabetic patients with macro-
albuminuria as determined by two-dimensional differential in-gel 
electrophoresis (DIGE)-after depletion of albumin, IgG, IgA, anti-
trypsin, transferrin & haptoglobin 

Proteomic Identification of Urinary Biomarkers of Diabetic Nephropathy
Rao P V et al. Diabetes Care 2007;30:629-637

Swiss-Prot accession no Protein name -Fold change

Urine proteins differentially expressed in type 2 diabetic 
patients with macroalbuminuria compared to those without 
albuminuria detected by 2-D DIGE .  Protein identification 
was performed by liquid chromatography-tandem mass 
spectrometry

Swiss Prot accession no. Protein name Fold change
P04217 α1B-Glycoprotein 6.95
P25311 α2-Glycoprotein, zinc 5.86
P02774 VDBP 4.84
P02765 α2-HS-glycoprotein 4.71
P06702 Calgranulin B 3.87
P01009 α1-Antitrypsin 2.89
P02790 Hemopexin 2 39P02790 Hemopexin 2.39
P02753 Plasma RBP −1.52
P02760 AMBP protein −1.61
P02647 ApoA-1 −3.20
P02766 Transthyretin −4.32

Proteomic Identification of Urinary Biomarkers of Diabetic Nephropathy
Rao P V et al. Diabetes Care 2007;30:629-637
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Conclusions
Cystatin C is a promising marker of GFR but assay 
standardisation and measurement reliability must be 
addressed

El t d i id l l k f i kElevated serum uric acid levels are a maker of  risk 
for a progressive decline in GFR (do uric acid levels 
rise before a decline in GFR?)

NGAL & KIM-1 are promising tubular markers of an 
increased risk for a progressive decline in GFR, but 
do they provide additional prognostic informationdo they provide additional prognostic information  
over and above that of known progression 
promoters?

Urinary proteomics may uncover novel markers of 
risk for a progressive decline in renal function

The End


