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Novel biomarker is needed for  

Precise Medicine of kidney disease 

 

 

 

Zhang L, et al. Lancet. 2012 Mar 3;379(9818):815-22.  

 China’s adult prevalence rate of CKD is 10.8% 
  The biomarkers for early detection and dynamic 

monitor of kidney disease is still missing  
 Novel biomarkers are needed for precise diagnosis 



CKD is a progressive disease from inflammation to fibrosis 

Meng et al. Nat Rev Nephrol. 2014 Sep;10(9):493-503 

The only way to assess renal inflammation and fibrosis is 
through kidney biopsy. 



Noninvasive diagnostic biomarkers are needed 
to complement kidney biopsy  

• Kidney biopsy is an invasive procedure and cannot be 
performed repeatedly 

• It is associated with discomfort and a risk of major 
complications 

• Cannot be employed in the early detection and 
screening  test 

 



Urine contains rich biological information: 
An ideal source for non-invasive biomarker 

  

Sediment 

Supernatant  

Extracelluar  

vesicle 

Differential 
centrifugation 

Cell (debris), extracelluar vesicle 
Protein 
RNA (mRNA, non-coding RNA) 



Urine sediment examination  is a well-established 
test in the evaluation of patients with kidney disease 

Perazella MA. Am J Kidney Dis. 2015 Nov;66(5):748-55 

More information to be explored  in Urine sediment! 

The Physician 
Gerrit DOU 
Leiden(1631-1675) 



Human Urine as a Noninvasive Source of 
Kidney Cells 

 Arcolino F et al. Stem Cells Int. 2015;2015:362562 

Immune cells  

 Stem/progenitor cells 

 PETCs 

 Podocyte 

Extracelluar vesicle 



Urinary immune cell biomarker for Lupus nephritis 

Kopetschke et al. Arthritis Research & Therapy (2015) 17:94 

Diagnosing proliferative lupus nephritis (LN) among SLE patients Urinary cells in SLE patients and in patients with 
different nephropathies. 



Urinary Podocyte Loss Is a Specific Marker of Ongoing 
Glomerular Damage  

Yu D et al. J Am Soc Nephrol 16: 1733–1741, 2005 

Time course of podocyturia and proteinuria in 
the different disease models Viable Podocytes from the Urine 

PAN 

Anti-Thy 1.1 
nephritis 

5/6 nephrectomy 



• Urinary sediments contains shedding 

cells originated from the kidney and 

urinary tract.  

• Real-time PCR can make rapid detection 

with low cost. 

• Genetic markers are more stable 

compared with protein markers. 

Urinary sediment RNA—Novel CKD Biomarkers 



Urinary Perforin, Granzyme B mRNA in Diagnosing 

Acute Rejection of Renal Allografts 

Li B  et al. N Engl J Med. 2001 Mar 29;344(13):947-54. 

Levels of mRNA in Urinary Cells. 

AUC=0.86 

AUC=0.86 

AUC=0.58 



Relation Between Cytokine mRNA Expression 

 in Urinary Sediment and Histological Damage 

Szeto CC, et al. Nephrol Dial Transplant. 2005 Dec;20(12):2793-6.  



 Urinary HGF mRNA may be a useful tool for  

predicting CKD progression 

Szeto CC et al, Am J Kidney Dis. 2006 Apr;47(4):578-86. 



Urinary sediment α-SMA, fibronectin, MMP-9 and 
FSP1 mRNA increased significantly in DN patients 

Zheng M, Clin Endocrinol (Oxf). 2012 May;76(5):657-64. 

Urine mRNA level ROC of urine mRNA for identifying DN 



  Urinary sediment Podocyte mRNA 
expression in diagnosing DN 

  

Zheng M et al PLoS One. 2011; 6(5): e20431. 

Urine mRNA level ROC of urine mRNA for identifying DN 



miR-146a and miR-155 from urine sediment could 
be used as potential markers of lupus nephritis 

Wang  G et al. Clin Rheumatol (2012) 31:435–440 

Therapeutic response 

Renal function and disease activity 
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PCR array for Urinary sediment mRNA Detection 

Zheng M Lv LL et al. PLoS One. 2012; 7(5): e34824. 





Fold Change Expressions of multiple mRNAs 

Between DN Patients and Controls  
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Fold change expressions of mRNAs between DN patients and controls. Red and green lines represent fold change above or 
below 15 respectively. Those mRNAs with 15 fold increased levels when DN patients were compared with normal controls 
included 8 ones as followings: NOTCH3, ACTN4, CDH2, ACE, FAT1, COL4A1, SYNPO, TWIST1. And TIMP-1 was found with 15 fold 
decreased levels in DN group compared with normal controls. 

Zheng M, Lv LL et al. PLoS One. 2012; 7(5): e34824. 



Vimentin mRNA of urine sediment was 
identified from the screening study of CKD 

Cao Y, Lv LL et al. Am J Physiol Renal Physiol 309: F514–F522, 2015. 



 vimentin mRNA was validated in an independent 
set  of study 

Cao Y, Lv LL et al. Am J Physiol Renal Physiol 309: F514–F522, 2015. 

Urine vimentin mRNA Urine vimentin mRNA   
discriminates fibrosis degree 



Urine supernatant inflammatory  
biomarkers for LN 

• LN are often treated without the benefit of kidney 
pathology after initial treatment  

• A continuous read-out of kidney pathology would be 
helpful in following therapy for LN 

• Urine inflammatory cytokines might be biomarker of 
histological activity.  



Urine  MCP-1 and Lupus Nephritis Disease Activity 

Alharazy  S et al. Autoimmune Dis. 2015; 2015: 962046. 

Urine MCP-1 



Urinary TWEAK as a biomarker of lupus nephritis 

SLE+LN         SLE No LN 

Schwartz N et al. Arthritis Res Ther. 2009;11(5):R143. 

TWEAK: TNF-like weak inducer of apoptosis 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Schwartz N[Author]&cauthor=true&cauthor_uid=19785730
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schwartz N[Author]&cauthor=true&cauthor_uid=19785730


 High-throughput analysis of urine protein: 
Urine proteomics  

• Abundance of molecular information 
obtained from urinary proteome 
analysis. 

• It is  at the transition towards clinical 
implementation. 

Mischak. Nephrol Dial Transplant (2015) 30: 532–537 



Urinary peptides (CKD273) is well suited for the early 
detection of CKD and for prognosis of progression 

 

Siwy J et al. Nephrol Dial Transplant. 2014 Aug;29(8):1563-70. 
Schanstra et al. J Am Soc Nephrol 2015; doi: 10.1681/ASN.2014050423 
  

PRIORITY, a multicentric intervention study   
(3280 diabetic patients) 



Urine cytokine increased in CKD patients 

control  CKD group A CKD group B 

Liu BC et al. Am J Nephrol. 2006;26(5):483-90.  



Urinary Extracellular Vesicles (EVs)- 
fluid biopsy of kidney 

• Urine EVs are small particles 
originating from cells of different 
nephron segments or of the urinary 
tract   

• Released with cytoplasmic proteins, 
lipids, nucleic acids  

• Urinary EVs represent a unique source 
of information for diagnostic  
purposes 

Musante et al. Front Endocrinol (Lausanne) 2014; 5: 149. 
van Balkom et al. Kidney International (2011) 80, 1138–1145 



Subsets of Extracellular Vesicles 

Fang et al. Nephrology 18 (2013) 1–10 



Urinary exosome contain mRNA transcripts encoding specific 
genes from various regions of kidney 

Miranda KC et al. Kidney Int. 2010 Jul;78(2):191-9. 



Exosome from podocyte was isolated 
from urine 

Lv LL, Liu BC et al. Clin Chim Acta. 2014 Jan 20;428:26-31 



Urinary exosome CD2AP mRNA correlated with kidney 
function and histological change 
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Relative expression of CD2AP  

r=-0.389 

p=0.03 

Lv LL, Liu BC et al. Clin Chim Acta. 2014 Jan 20;428:26-31 



miRNAs was mainly packed in urinary exosome 

Papadopoulos T et al. Expert Rev Mol Diagn. 2015 Mar;15(3):361-74.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Papadopoulos T[Author]&cauthor=true&cauthor_uid=25660955
http://www.ncbi.nlm.nih.gov/pubmed/?term=miRNAs+in+urine:+a+mirror+image+of+kidney+disease?
http://www.ncbi.nlm.nih.gov/pubmed/?term=miRNAs+in+urine:+a+mirror+image+of+kidney+disease?
http://www.ncbi.nlm.nih.gov/pubmed/?term=miRNAs+in+urine:+a+mirror+image+of+kidney+disease?


Weber et al. Clinical Chemistry 2010 

A variety of miRNA 
can be detected in 

urine 



 
Advantages of urine exosome miRNA  as biomarker 

• Exosome may protect RNA during urine passage 

• More stable than RNA extracted from whole urine 

• Derived from functioning cells 

• miRNA was enriched in exosome 

 



Stability of exosome miRNA 

1. 4℃, 24hours 
2. 2, 37℃, 24hours  
3. 3. -80℃, 24hours 
4. 4. -80℃, 6months 
5.  5. -80℃C, 12months 

31.6nm 

Lv LL, Liu BC et al. Int J Biol Sci. 2013; 9(10): 1021–1031.  



Real-time PCR assays  

Simple and accurate  High-throughput  

Next-generation 
sequencing 

Identify novel miRNA, 

high sensitivity   

PCR-Array 

Detection of miRNA 



miR-29c from urinary exosome is potential 
biomarkers of renal fibrosis 

AQP2 

CD9 

NC 

Urine exosome 

Lv LL, Liu BC et al. Am J Physiol Renal Physiol 305: F1220–F1227, 2013. 



Challenges in kidney disease Biomarker Study  

• Large cohort validation studies is lacked for most new 
biomarkers and very few novel biomarkers have been 
translated to clinic 

• Urine (exosome) samples are often collected, processed 
and stored under different protocols  

• Sensitivity and specificity not comparable to traditional 
clinic parameters   



Phases of diagnostic or prognostic biomarker studies 

Description Aim of study sample sizes 

Ia Discovery Identification of promising biomarkers 10–100 

Ib Assay development, 
assay validation 

Define and optimize analytical process into 
robust, reproducible, and valid device 

10–100 

Ic Retrospective 
validation 

Clinical assay detects disease; development of 
first algorithm for combination test 

50–500 

II Retrospective 
refinement 

Validation of early detection properties of 
biomarker (set); development and/or 
refinement of algorithm(s) for combination 
tests 

100–1,000 

III Prospective 
investigation 

Determination of diagnostic accuracy 
(sensitivity, specificity) in the situation of 
clinical routine 

200–1,000 

IVa Randomized 
controlled trial 

Quantification of effect of making the 
biomarker information available to the doctor 
to reduce disease burden 

200–1,000 

IVb Health economics 
study 

Quantification of cost-effectiveness 



   

Urine TIMP2 × IGFBP7 increases 24 hours before 
severe AKI 

M Ostermann et al. Crit Care. 2014; 18(Suppl 1): P380. 
Koyner  et al. JASN July 2015 26: 1485-1488 



Multivariate biomarker to improve 
diagnostic performance 

• Novel biomarker combined with traditional clinic 
parameters 

• Multiple novel biomarker combined  

 

Lemley et al, Pediatr Nephrol, 2007 



Composite biomarker with multiple novel 
biomarkers 

Development of a six-gene urinary cell diagnostic signature to 

differentiate acute rejection (AR)  from acute tubular injury( ATI) : 

 

(0.523lnCD3)+(1.023lnCD105)+(0.813lnTLR4)+(21.163lnCD14) 
+(0.283 lnComplement Factor B)+(20.793lnVimentin) 

 

 

Matignon M et al. J Am Soc Nephrol. 2014 July; 25(7): 1586–1597. 
 



Combination of novel biomarker with 
traditional clinic parameters 

Zhang et al. Kidney Int. 2012 February; 81(4): 401–406 



We are expecting more potential urine 

biomarker translated to clinic! 

 Different component of urine contain rich information for 
biomarker discovery, among which urine (exosome) mRNA , 
miRNA were interesting target for further study.   

 Large cohort validation study is needed for translating novel 
biomarkers to clinic. 

 
 

Summary 
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