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Biomarker Definition (1998)  

National Institutes of Health Biomarkers Definition Working Group  

1. Objectively measure 

2.  It can evaluate a biological process , pathologic process, or 

pharmacologic responses to therapeutic intervention . 

3. It provide a dynamic and powerful approach to understanding the 

spectrum of a disease from earliest manifestations to terminal stage. 



Why This Review Is Important ? 

 Prevalent disease worldwide and a rise in incidence rate 

 Albuminuria in not a sensitive and specific marker of diabetic nephropathy . 

 Need to diagnose early risk of diabetic nephropathy 

 Predict the progression of the disease 

 Stratify the stage of disease  

 Enabling targeted personalized therapy 

 

 



Currently Used Biomarkers And Predictive Value 

 GFR :MDRD , Cockcroft gault, CKD EPI formula  (creatinine based), measures GFR 

 Limitations :Does not reflect the early stage of renal dysfunction, limited by 

variations in creatinine production  

 BUN :Marker of kidney function 

 Limitations :Blood volume ,febrile illness, high protein diet, alimentary tube feeding, 

gastrointestinal bleeding, dehydrated patients, and drugs. Liver dependent 



Continued 

 Cystatin C: As a marker of renal function ,a sensitive marker of diabetic nephropathy 

 Limitations: High cost and not universally calibrated in every lab, thyroid function tests 

and corticosteroid consumptions have interfering effect 

 Albuminuria: increased risk of cardiovascular and CKD progression 

 Limitations : Some DN patients have not albuminuria, some times it is reversible and is 

not predictor of ESRD. 



1-Hemodynamic Alterations 

2- hyperglycemia 

3- Inflammation 



Site Of Origin Of Commonly Associated Biomarkers 
Predictive Of DKD. 





Proteomics and Peptidomics 
 Study of proteins is termed proteomics, whereas the study of naturally occurring   

peptides generated by endogenous protease activity is termed peptidomics. 

 Urinary proteins and peptides originate from glomerular filtration , tubular secretion 

and epithelial cells shed from the kidney and urinary tract, exosomes, and 

secretions .  

 Urine is a rich source of biomarkers for a wide range of diseases . 

 Various techniques including two dimensional electrophoresis combined with mass 

spectrometry (MS) and/or immunochemical identification of proteins, (liquid 

chromatography coupled to mass spectrometry and surface-enhanced laser 

desorption/ionization mass spectrometry (SELDI-MS) 

 



Proteome analysis (800- 17000 Da)of urine 

samples from 230 patients with (different 

causes) CKD and 379 healthy control subjects.  

A combination of the 273 CKD-specific 

biomarkers in a CKD-specific biomarker pattern 

would more accurately discriminate CKD patients 

from unaffected individuals. 

CKD is a conglomerate of diseases, and this fact 

is also reflected by the character of the 

biomarkers. 

Good et al ,Molecular and cellular proteomics 2010 



 Validation of CKD 273 in 9 centers for diabetic nephropathy (DN) 

  PRIORITY aims to evaluate the early detection of DN inpatients 

with type 2 diabetes (T2D) using a urinary proteome based 

classifier (CKD273) 

 175 urine samples in  9 centers in type 2 diabetic patients in two 

group :No kidney involvement , Macroalbuminuric patients. 

 This resulted in AUC values for the individual centers ranging 

between 0.9 and 1.0 

 Prominent peptides are shown. 

 

 Siwy ,NDT, 2014 



 Post hoc analysis in the Diabetic 

Retinopathy Candesartan Trials 

  737 were analysed and 89 developed 

persistent microalbuminuria (12%) with 

a mean follow-up of 4.1 years.  

 CKD273-classifier was an independent 

predictor of microalbuminuria and 

improved the risk prediction. 

Hazard ratios from Cox-regression 
models with backward elimination with 
an event of persistent microalbuminuria 
as endpoint 
(n = 723, events = 87) 

Linhart et al NDT 2016 , 



 The relationships between urinary proteins , their interaction and the underlying 

biological processes revealed by the analyses. 

 31 relevant urinary proteomic/peptidomics studies in diabetes were included. 

 76 different protein which was reported in DN and inputted in network analysis. 

JASN 2017 



Localization Of The Most Promising Urinary Markers Of 
Diabetic Kidney Disease In Different Nephron Segments 

AHSG, a2-HSglycoprotein; 

B2M, b2-microglobulin; 

 CLU, clusterin;  

CUBN, cubilin;  

HPX, hemopexin; 

HSPG2, heparan sulfate proteoglycan; LRP2, megalin; 

 MASP2, mannan-binding lectin serine 

protease 2 ;  

ORM1, a1-acid glycoprotein 1; 

 RBP4, retinol-binding protein 4;  

SERPINA1,a1-antitrypsin;  

SPP1, osteopontin;  

TF, transferrin;  

TTR, transthyretin; 

 UMOD, uromodulin 



Protein-protein interaction networks for differentially 
excreted proteins in diabetic kidney disease 

Uncomplicated DM Incipient DN Overt DN 





 

 Cystatin C, urinary kidney injury molecule–1,(uKIM-1), and urinary neutrophil gelatinase-

associated lipocalin (UNGAL) in 5367 individuals with type 2 diabetes mellitus (EXAMINE Trial) 

 eGFR decline occurred in 98 patients (1.8%) over a median of 1.5 years. 

 The addition of Cystatin C or biomarkers of tubular injury did not meaningfully improve the 

prediction of eGFR decline beyond common clinical factors and routine laboratory data in a large 

cohort of patients with type 2 diabetes and recent acute coronary syndrome. 

www.cjasn.org Vol 13 March, 2018 



 210 patients with type 2 diabetes and biopsy-proven DN managed from 1985 to 2011, Primary 

outcome ESRD, Follow-up 2.3 Yrs. 

 Conclusion :Adding urinary NAG and b2-MG excretion to known promoters of progression did not 

improve prognostication, whereas adding the IFTA score did. The IFTA score may be superior to 

these tubulointerstitial markers for predicting the renal prognosis in advanced DN 

Clin J Am Soc Nephrol 11: 593–601, 2016 



 MCP-1 is a member of the chemokine family that promotes recruitment and transformation of monocytes 

into macrophages. 

 Kidney cells secrete MCP-1 in response to an inflammatory stimuli, and MCP-1 is known to be upregulated 

in kidney diseases as part of ongoing inflammation. 

 uIL-18 is a proinflammatory cytokine of the IL-1 superfamily, and it is known to be upregulated in response 

to ischemia-reperfusion injury. 

 uKIM-1 is a transmembrane glycoprotein that is expressed in the apical membrane of proximal tubular 

cells in 

    response to injury. 
Clin J Am Soc Nephrol 11: 1343–1352, 
2016 



Continued 

 They examined the association of four biomarker-to-creatinine ratio levels (monocyte 

 Chemotactic protein-1, IL-18, kidney injury molecule-1, and YKL-40) with renal outcome. 

 A nested case-control design in the Action to Control Cardiovascular Disease Trial 

 190 participants with >40% sustained eGFR decline over the 5-year 

 Follow-up period to 190 participants with <10% eGFR decline in a 1:1 fashion 

 Conclusion: Urinary monocyte chemotactic protein-1-to-creatinine ratio concentrations 

were strongly associated with sustained renal decline in patients with type 2 diabetes with 

preserved renal function. 

Clin J Am Soc Nephrol 11: 1343–1352, 2016 



 Between 2003 and 2009, 1476 patients, 743 patients with albuminuria and 

733 patients with normoalbuminuria 

 5-12 years  follow-up  with serial measurements of serum creatinine 

  Biomarkers which were measured included : TNFR1, Fibroblast growth 

factor 23, Urinary and plasma KIM-1,Urine MCP-1, and EGF 



Prognostic Multimarker Test To Identify Patients At Risk Of 
Early Renal Decline 

Kidney international 2018 

Conclusions :In addition to high 

systolic blood pressure and ACR, 

the risk of early renal decline was 

strongly associated with high 

circulating levels of TNFR1,KIM-1, 

and with a decreased urinary 

EGF/MCP-1 ratio 

 



Looker et al ,KI, 2015  

A case–control design nested within a prospective 

cohort of patients. 

eGFR 30–60 ml/min per 1.73m2. Within a 3.5-year 

period of Go-DARTS study patients, 

154 had over a 40% eGFR decline and 153 

controls maintained over 95% of baseline eGFR. 

 A total of 207 serum biomarkers were measured 





 Screening metabolomics in serum and urine samples by GC/MS and UPLC/MS/MS* in 286 T2DM 

patients  . 

 Biomarker identification was performed by random forest using an eGFR <60 or an 

albumin/creatinine >30 mg/g as response variables 

 At 3 years  follow-up, eGFR had Declined by 16  [9] (median [IQR]) ml.Min-1.1.73m2 and ACR had 

increased by 41 [135] mg/G. 

 The 5 serum metabolites best correlated with either eGFR<60 or ACR>30 at baseline were tested 

for their ability to improve clinical prediction. 

J Clin Endocrinol Metab 2015 
*Ultrahigh performance liquid chromatography/Mass Spectroscopy(UPLC/MS/MS). 



 Sum of C- glycosyltryptophan, 

pseudouridine,and N-acetylthreonine 

(MetIndex) raised ROC to 0.739 

(p0.0001).  

 MetIndex also predicted ACR increase 

with an OR : 2.82. 

 eGFR decline was predicted by the 

top MetaIndex quartile OR:5.48.  

 Urine metabolites did not add 

significant predictivity. 



 Urinary Microvesicles 
 Urinary exosomes are membrane vesicles, secreted by tubular 

cells, with a diameter of 40–100 nm, while microparticles are 

membrane-shed vesicles with a size range between 100–1000 

nm. 

  Majority of microvesicles isolated from urine are thought to be 

exosome. 

 Characterisations of these exosome-detected proteins under  

normal and pathological conditions will help to define them 

as biomarkers of diseases 

 
Diabetes & Vascular Disease Research ,2012 



 Dipeptidyl peptidase-IV (DPP IV) might be a 

urinary component of microvesicles. 

 They studied the changes in microvesicle-

dipeptidyl peptidase-IV (DPP IV) levels in 127 

DM patients in different level of proteinuria. 

 The urinary microvesicle-DPP IV level was 

positively correlated with UACR in patients with 

T2DM.  

 Findings suggest that the urinary level of 

microvesicle-bound DPP IV is associated with 

the severity of DKD. 

Ai-li Sun et al, Diabetes & Vascular Disease Research, 2012 



Urinary exosomes released by podocytes are microvesicles containing information 

of the originated cells. 

 Podocyte-derived signal transduction factors (PDSTFs) are good candidates to 

assess podocyte injuries. 

Among PDSTFs in urinary exosomes, Wilms tumor 1 (WT1) levels reflected damage 

of diabetic glomeruli in the patients.  

Urinary exosomal WT1 is a useful biomarker to predict  future decline in renal 

function to improve risk stratification in patients with DN.  

 

  

 

 

Journal of Medical Investigation, 2018 



 MicroRNAs (miRNAs), a class of small non-protein-encoding RNAs, 
regulate gene expression via suppression of target mRNAs. 

 MiRNAs are present in body fluids in a remarkable stable form as 
packaged in microvesicles of endocytic origin, named exosomes. 

 Exposure of cultured mesangial cells to high glucose increased miR-
145 content in both mesangial cells and mesangial cells derived 
exosomes, providing a potential mechanism for diabetes-induced 
miR-145 overexpression. 

 In conclusion, urinary exosomal miRNA content is altered in type 1 
diabetic patients with incipient diabetic nephropathy and miR-145 
may represent a novel candidate biomarker/player in the 
complication. 

PLOS ONE,2013  



 Deregulated miR-320c, which might have an impact on the TGF-β-signaling pathway 

via targeting thrombospondin 1(TSP-1) shows promise as a novel candidate marker 

for disease progression in type II DN that should be evaluated in future studies. 

March 2016 



 The GENIE (GEnetics of Nephropathy an International Effort) consortium was initiated to 

perform the most comprehensive and well powered DN susceptibility genome wide association 

study (GWAS) analysis to date, using the largest collection of type 1 diabetics with and without 

kidney disease across four study cohorts. 

 Through access to this data, they identified significant associations at susceptibility loci on 

chromosomes 9q, 11p, and 13q that have reproducibly been associated with diabetic 

nephropathy and that appear to be common in both T1D and T2D. 

 

Pezzolesi et al., Kidney Int. 2011 



    332 differentially expressed genes were identified 

between glomeruli tissues and tubulointerstitium 

tissues. 

    Nine hub genes were selected as the most potential 

biomarkers in the occurrence of DN. 

Three genes VAV1, LCK, and Plk had the potential to 

serve as indicators for the occurrence and 

development of DN in clinical management. J Cell Physiol. 2018;1–8. 



 Multinational, multicenter investigator-initiated clinical 

trial. 

  Aim to include more than 3000 participants with 3 

years  follow-up. 

▪ Randomized, double masked intervention with 

spironolactone 25 mg, or placebo, in selected 

participants. 

▪ Biomarker-directed therapy trial aiming at primary 

prevention of diabetic nephropathy. 

▪ Validation of pre-existing urinary proteomics based on 

chronic kidney disease (CKD) risk classifier(CKD273). 



The Effects Of Atrasentan On Urinary Metabolites In Patients With Type 
2  Diabetes And Nephropathy 

Atrasentan therapy on a pre-specified 

panel of 13 urinary metabolites known 

to reflect mitochondrial function in 

patients with diabetic kidney disease. 

doi: 10.1111/dom.12864 



 Biomarkers in Use :Cystatin C , B2 Microglobin , N-acyl-β-D- glucosidase 



Urinary NGAL, KIM-1 



 داستان پیل و خانه تاریک
 

 همچنین هر یک به جزوی که رسید

 

 فهم آن می کرد هر جا می شنید

 

 از نظرگه گفتشان شد مختلف

 

 آن یکی دالش لقب داد این الف

 

 در کف هر کس اگر شمعی بدی

 

 اختلاف از گفتشان بیرون شدی
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