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Incidence of ABMR 





 Definition of Biomarker based on the NIH 

World J Transplant  2017 June 24; 7(3): 161-178  

“A characteristic that is objectively measured and evaluated as 
an indicator of normal biological processes, pathogenic 
processes, or pharmacologic responses to a therapeutic 
intervention” 



(1) Diagnosis or identification of patients affected by a disease or an 
abnormal condition 

 
(2) Staging of the severity or extent of a disease 
 
(3) Prognosis of a disease 
 
(4) Prediction and monitoring of a clinical response to an intervention 

Principal applications of biomarkers  



Identification of an ideal 
biomarker that predicts 
patients at risk of shorter 
kidney allograft survival 



Madhav C. Menon etal. 
ASN; 2017, 28 (3) 735-747 

Biomarkers development should proceed through a lifecycle 
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Traditional markers  
 

It is worthwhile when  It is worthless because 

 
 
Increased serum cr 
 

 Increasing serum cr. ≥25% 
 Stops decreasing of cr.  
 Any incremental increase in serum 

creatinine in patients with increased 
risk for ABMR (eg, highly sensitized 
patients, recipients of ABO-
incompatible renal allografts, patients 
with donor-specific antibodies [DSAs], 
and patients with inadequate 
immunosuppression).  

 Is neither sensitive nor specific. 
 Subclinical rejection develops in the 

absence of increased cr. 
 

 
Proteinuria >1 g/day 
 

 is an important and independent 
predictor of graft failure 

 Is a nonspecific marker of graft injury. 
 An association between proteinuria 

and specific pathologic processes in 
the renal allograft has not been well 
described 

 
 



Increased serum cr 

Suspicion of acute rejection  

Renal Bx. Still is 
the Golden 

standard for Dx 
of Rejection 

Complications:  
Sampling errors 
Costly 
Labor intensive 
Invasive 

Proteinuria >1 g/day 

Non specific 

Protocol Bx.? 

• Too late 



 To Identify incipient allograft injury 
 To discern the type of injury 
 Preferably to predict the outcome 

An ideal marker in kidney transplantation 

rapidly, accurately, inexpensively and non-invasively 
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 Progression of chronic allograft damage 

Kidney International (2011) 80, 1254 – 1255 

Too late 



MC. Menon etal. 
ASN; 2017, 28 (3) 
735-747 

Diagnosis of Tx rejection based on biomarkers will require use of multiple testing strategies 



The Best PPV and 
NPV for Rejection 



Curr Opin Nephrol Hypertens 2017, 26:509–515 

Sampling for biomarkers 



Development of "omics" methods in the field of transplantation has 
paved the way for the development of several candidate biomarkers 

Proteomics 

Genomics 

Transcriptomics 

Metabolomics 



Characteristics of the Omics biomarkers 

World J Transplant  2017 June 24; 7(3): 161-178  

Transcriptomics: 
The study of 
expression 
patterns of all gene 
transcript 

Proteomics:  
The systematic 
analysis of 
proteins for their 
identity, quantity 
and function 

Metabolomics:  
The quantitative 
analysis of all the 
metabolites of a 
specific biological 
sample 

Genomics:  
The study of 
genome for 
estimating the risk 
for an individual to 
develop a disease 

Blood/Urine 



Proteomic studies for acute rejection 

World J Transplant  2017 June 24; 7(3): 161-178  



Biomarkers identification 

Curr Opin Nephrol Hypertens 2017, 26:509–515 



Luminometer measures light intensity 

Lymphocyte stimulation 

 by PHA 

Lymphocyte 

 separation 
Magnetic 

 separation 

Cell lysis to 

 release ATP 
ATP 

Cylex Method 

ATP Detection Reagents 





Additional studies are 
required to accurately assess 
the specific role of 
ImmuKnow monitoring for 
rejection in liver 
transplantation. 





J Heart Lung Transplant 2010;29:410 – 416 



 High levels of DSAs at the time of transplantation Contraindication 
for Tx. 

 
 Low levels of DSA is not a contraindication to transplant 

Require individual risk assessment.  
 
DSA should be considered as a risk factor for rather than diagnostic 

of ABMR.  

DSA monitoring  



 Proposed natural history of dnDSA 

Early Inflammatory 
Events 

Normal 
Pathology 

Subclinical 
Injury 

Clinical 
Dysfunction 

Transplant Time 
Graft Loss 

+/- Cellular 
Rejection 

American Journal of 
Transplantation 2012; 
12: 1157–1167  



Pre TX survey of DSA in 402 Renal TX. Recipients for subsequent ABMR 

Positive 
Crossmatched by 

CDC 

Positive 
Crossmatched by 

Luminex 

Sensitivity 41% 91% 

Specificity 97% 85% 

PPV 54% 35% 

Lefaucheur C. etal. J Am Soc Nephrol. 2010;21(8):1398–1406. 



Pre-TX. 

Post-TX. 



Lefaucheur C. etal.  J Am Soc Nephrol. 2010;21(8):1398–1406. 

Preexisting DSA predict outcome in kidney transplantation 

Pre-TX. 



dn-DSA 

The graft survival of patients of dnDSA+ compared with dnDSA- 

American Journal of Transplantation 2012; 12: 1157–1167  

Post-TX. 



ELISPOT 
Monitoring of the memory T cells 
 
measures IFN-gamma secretion by recipient T cells in 

response to donor antigens 
 
Enumerates Cytokine secreting cells quantitatively and 

qualitatively 



Overview of ELISPOT Assay 

Spots can be 
visualized 



Drawbacks of Elispot 

Laborious 
Time-consuming 
Impractical use in clinical practice. 



More recently FluoroSpot assay utilizes fluorochrome-conjugated detection antibodies. Thereby allowing the 
simultaneous detection of multiple distinct cytokines and subsequent T cell sub-population analysis  

IFNγ + IL2 secreting T cells IFNγ secreting T cells  IL2 secreting T cells 



Kidney Solid Organ Response Test (KSORT)  
Is a microarray-based assay to detect patients at high risk for acute rejection. It Employs 
quantitative PCR to measure the relative mRNA expression levels of 17 genes known to be 
associated with acute rejection with 93% sensitivity and specificity. 

World J Transplant  2017 June 24; 7(3): 161-178  



PLOS Medicine; November 2014, Issue 11, 1-15  



was unable to distinguish between acute TCMR and ABMR. 

 ROC analysis demonstrated high sensitivity 
and specificity for the kSORT assay 

 Mean kSORT scores were significantly higher in all 
true AR samples than in all true No-AR samples  

PLOS Medicine; November 2014, Issue 11, 1-15  was able to identify subclinical rejection.  



939 kidney recipients at Necker Hospital (2004–2010; principal cohort) and 321 kidney 
recipients at Saint Louis Hospital (2006–2010; validation cohort) and assessed patients with 
ABMR in the first 1 year post-transplant 
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J Am Soc Nephrol 25: 2267–2277, 2014 

ABMR patients with similar histopathology may 
show different levels of molecular signals, reflecting 
distinct activity and disease state 

 The MMS provides insight better than 
the classic, histology-based approach. 

 It guides clinical management and 
clinical trials in transplant medicine. 

Conclusion 



Advantages of Microarray Disadvantages of Microarray 

Small sample requirement The need for a kidney biopsy to obtain a sample for analysis  
 

Reproducibility of the results 

Microarray analysis of the allograft tissue 





donor-derived cell-free DNA (dd-cfDNA) analysis 

Molecular blood biomarkers  





 Gielis EM. etal. PLoS One. (2018) 13 (12); 1-16 

Fit ddcfDNA% curves of stable kidney transplant recipients 



Donor-derived cell-free DNA  

During allograft rejection, large amounts of dd-cfDNA are 
released from the injured allograft into the bloodstream 

Methods for measuring dd-cfDNA: 
 RT-PCR,  
 Droplet Digital PCR 
 SNP 

Quantification of  



Donor-derived cell-free DNA  

De Vlaminck et al, PNAS 2015; 112: 13336-41 Agbor-Enob etal; E-biomedicine, 2019 

Decreased graft survival with 
increased dd-cfDNA 

Increased Sensitivity of ABMR 
with increased dd-cfDNA 







dd-cfDNA has very high NPV for “Active Rejection” greater than Banff 1A 









mRNAs, miRNAs, and proteins 
and peptides 

Urine biomarkers  



Several potential mRNAs (eg, perforin, granzyme B, IFN-inducible 
protein-10, CD3), could distinguish or even predict the diagnosis of 
acute TCMR more than 75%. 

 
 
The potential for extensive degradation of mRNAs in urine is one 

important limitation of this assay. 
  

Urinary mRNA could serve as a noninvasive method to diagnose acute TCMR 

Messenger RNA in the Urine 



miR-10a, miR-10b, and miR-210 were strongly deregulated in the 
urine of patients with acute TCMR  
The combination of miRNA profiling of biopsy and urine samples could 

be used to monitor graft function and predict progression to chronic 
allograft dysfunction. 

Urine microRNAs  

Quantification of miRNA in urine samples has emerged as an 
alternative method to assess allograft status  



Elevated urinary levels of chemokine (C-X-C motif) ligands 9 and 10 (CXCL9 and 
CXCL10) have been associated with acute TCMR 
monocyte chemoattractant protein 1 at six months posttransplant was a 

predictor of severe IF/TA and graft dysfunction at two years posttransplant  
Low urinary CXCL10 levels were associated with improved rejection-free 

allograft survival at one year posttransplant 
Low Urinary CXCL1097% NPV for TC rejection to find optimal candidates 

for immunosuppressive drug weaning. 
However, increased urinary CXCL9 and CXCL10 levels have also been detected in 

patients with BK virus (BKV) infection PPV is low 

Urine proteins (proteomics)  

A number of urinary immune-related proteins have been identified as 
biomarkers of acute rejection of the renal allograft  



Molecular & Cellular Proteomics 13: 10,  621–631,2014 



Molecular & Cellular Proteomics 13: 10,  621–631,2014 

Urine proteomics provide an effective strategy for biomarker 
discovery with the goal of monitoring transplant injury in 

kidney transplant patients 
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Selected biomarkers for outcomes in kidney transplantation: summary of current status 

Madhav C. Menon etal. 
ASN; 2017, 28 (3) 735-747 



Eikmans M. etal, Frontiers in Medicine, 08 January 2019; 1-7 

 Overview of the diagnostic performance of biomarkers in detecting kidney transplant rejection 



Implementation of the new biomarkers into standard clinical practice 
remain challenging.  
Most new biomarkers have high NPV for rejection, but not enough PPV   
Dedicated, prospective, interventional trials are required to demonstrate 

that the use of these biomarkers improves patient or transplant outcomes.  
Significant limitations should be solved before regular usage in clinical 

practice such as: generalizability, cost, ease of interpretation, and 
identification of patient populations who may benefit from more than 
standard-of-care surveillance. 
The definitive Dx. of renal allograft dysfunction still requires an allograft 

biopsy, it remains the gold standard for the assessment of graft status.  

Conclusion 



Thank you for 

your attention 


