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Organ TransplantationOrgan Transplantation

• Optimal Choice for end stage organ failure
• Significant number of transplant occur every 

yearyear
Total transplantation in the US January - June 2011 = 13, 969 
(source: ttp://optn.transplant.hrsa.gov)

• Causes of organ dysfunction after transplantation:
 Donor related
 Ischemia reperfusion injury
 Recipient’s Immune response
 Drug toxicity

• Improvements in organ procurement & 
Immunosuppressive drugs have contributed to short 
term outcome

• Long-term outcome is still not very satisfactory andLong term outcome is still not very satisfactory and 
needs  to be improved http://www.mode.org.in/organ_transplantation.html



Biomarkers in TransplantationBiomarkers in Transplantation

Biomarker: Substance (molecules such as gene, proteins, metabolites etc) that can be 
measured to determine the biological, pathological, pharmacological state 

Current monitoring relies on dated technologies
 Serum creatinine level
 Histopathology of  biopsy samples

DISCOVERYDISCOVERY
(microarrays)(microarrays) Data AnalysisData Analysis

ValidationValidation
((qPCRqPCR))

N Engl J Med. 2003 Jul 10;349(2):125-38.
Molecular heterogeneity in acute renal allograft rejection identified by DNA microarray profiling.Molecular heterogeneity in acute renal allograft rejection identified by DNA microarray profiling.
Sarwal M, Chua MS, Kambham N, Hsieh SC, Satterwhite T, Masek M, Salvatierra O Jr.



Gene Expression & Protein Biomarkers  



Hypothesis Hypothesis 

There is a signature of proteins present in the 
bl d d i hi h ldblood and urine which could serve as non‐
invasive biomarkers for organ transplant 
i jinjury



The Goal The Goal 

Acute Rejection

Chronic Injury Stable Graft 
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Urinary Protein Biomarkers
Urine ProteomicsUrine Proteomics



Optimization of Proteomics ProtocolOptimization of Proteomics Protocol
Sigdel et al. Clin Transplant. 2008 (5):617‐23Sigdel et al. Clin Transplant. 2008 (5):617 23

Peptidomics (<10 kDa peptides) 

Proteomics (>10 kDa proteins) 



Urine Protein Biomarkers for Kidney Transplantation Rejection
(Study Subjects)  



Shotgun Proteomics Analysis of Urine Identifies AR Specific Urine Markers

Sigdel et al Proteomics Clin Appl. 2010 Jan 1;4(1):32‐47

High throughput  proteomics using shotgun proteomics identified a total of 1446 urinary proteins 
which included a number of AR specific proteins.which included a number of AR specific proteins.

We have identified alterations in a number of specific urinary proteins in AR, primarily relating 
to MHC antigens, the complement cascade and extra‐cellular matrix proteins. 

Selected candidates were verified by ELISA in an independent urine sample set



Identification of More Proteins in Urine
Sigdel et al Proteomics Clin Appl. 2010 Jan 1;4(1):32‐47



Acute Rejection Specific Proteins
Sigdel et al Proteomics Clin Appl. 2010 Jan 1;4(1):32‐47



Transplantation and AR Specific Proteins
Sigdel et al Proteomics Clin Appl. 2010 Jan 1;4(1):32‐47



Verification of Urine Protein Markers
UMOD, SERPINF1 and CD44 (ELISA Assay)

Sigdel et al Proteomics Clin Appl. 2010 Jan 1;4(1):32-47

We validated observation made in discovery step by ELISA assay performed on independent set of 
samples.  

Sigdel et al Proteomics Clin Appl. 2010 Jan 1;4(1):32 47

Shotgun proteomics approach for analyzing urinary proteome in normal and disease states is aShotgun proteomics approach for analyzing urinary proteome in normal and disease states is a 
robust and sensitive method for detection of urinary proteins for serial, non‐invasive clinical 
monitoring for graft rejection after kidney transplantation. 



Integrative Urinary Peptidomics in Renal Transplantation 
Identifies Novel Biomarkers for Acute Rejection 

Ling and Sigdel et al JASN 2010 Apr;21(4):646‐53Ling and Sigdel et al JASN 2010 Apr;21(4):646 53

Peptidomics approach for biomarker discovery (70 urine samples)
(50 renal transplant and 20 controls) 

We identified a panel of 40 peptides that discriminates AR from non‐AR,  ROC AUC>0.96  



Verification of Urine Peptide Markers
Ling and Sigdel et al JASN 2010 Apr;21(4):646-53

SRM verification of  two UMOD peptide biomarkers



Discovery of Disease Specific 
Proteolytic ActivityProteolytic Activity 

Collegens Uromodulin



Decreased Fragments of COL and UMOD in AR  
Ling and Sigdel et al J Am Soc Nephrol. 2010Ling and Sigdel et  al J Am Soc Nephrol. 2010 



Transcription-Translation-Proteolysis
Is there an altered gene expression for the precursor gene of biomarker 

peptides in AR? Ling and Sigdel et al J Am Soc Nephrol. 2010peptides in AR? 

Microarray data (Affymetrix HU133 plus 2) 
on 82 biopsies

Ling and Sigdel et  al J Am Soc Nephrol. 2010 

i h fBiopsy arrays chosen for 
study on overlapping urine 
peptidomic samples for 20 
AR 20 STA and 10 HCAR, 20 STA and 10 HC.



A Panel of genes as biomarkers specific for AR
(Q-PCR validation)  

Ling and Sigdel et al J Am Soc Nephrol. 2010Ling and Sigdel et  al J Am Soc Nephrol. 2010 

Kidney gene expression analysis:
1. Upregulation of COL1A2, COL3A1, MMP7, SERPING1, and  TIMP1

2. Downregulation of UMOD

14    10   10

Q-PCR validation



A New UnderstandingA New Understanding



Protein Biomarkers in the Blood 

Serum ProteomicsSe u o eo cs



Serum Protein Biomarkers 
Study DesignStudy Design

Serum Protein Biomarkers for Renal Transplant Injury
Samples (n=78)

Transplant Injury Phenotype Transplant Non-injury Phenotype

AR CAN BKV STAAR CAN BKV STA

Shotgun Proteomics

Data Analysis

Discovery Verification ValidationDiscovery Verification Validation



Patient DemographyPatient Demography
Discovery (n=60) (50 transplantation 10 healthy normal)
Phenotype AR STA CAN CNIT BKV

Number of Patients 10 10 10 10 10Number of Patients  10 10 10 10 10

Steroid‐free/Steroid‐based 5/5 4/6 3/7 8/2 6/4

Recipient Gender (M/F) 6/4 7/3 6/4 8/2 7/3

Recipient Age*  12 ± 5 (14; 10‐19) 16 ± 3 (16; 10‐19) 12 ± 6 (9; 8‐18)
11 ± 6 (11; 3‐

17) 13.5 ± 7 (18; 1‐20)

Living/Deceased 3/7 5/5 1/2 3/7 6/4

Donor Gender (M/F) 5/5 6/4 4/6 6/4 7/3

Donor Age* 28 ± 8 (29; 17‐37) 28 ± 10 (27; 14‐47) 24 ± 8 (25; 16‐31)
28 ± 10 (28; 

17‐37) 29 ± 9 (30; 16‐47)

Verification (n=71) (71 transplantation sera)
Number of Patients  16 15 17 10 13

Steroid‐free/Steroid‐based 9/7 9/6 8/9 5/5 9/4

Recipient Gender 12/4 10/5 6/11 5/5 8/5

R i i t A * 12 ± 5 (14 3 19) 13 ± 7 (16 1 20) 8 ± 6 (7 1 17)
13 ± 5 (15; 4‐

20) 11 ± 8 (15 1 19)Recipient Age*  12 ± 5 (14; 3‐19) 13 ± 7 (16; 1‐20) 8 ± 6 (7; 1‐17) 20) 11 ± 8 (15; 1‐19)

Living/Deceased 13/3 2/13 10/7 6/4 11/2

Donor Gender 8/8 8/7 11/6 7/3 10/3

Donor Age* 24 ± 5 (14; 5‐38) 23 ± 6 (23; 14‐36) 30 ± 10 (28; 14‐44)
35 ± 5 (37; 29‐

44) 27 ± 16 (29; 1‐49)

Heart transplantation sera (n=29)
Lung transplantation sera (n=27)



Work Flow

Sera Retrieval

Immunodepletion
To deplete 20 highly abundant proteins from serum

Protein Assay

Trypsin DigestionTrypsin Digestion 

MS MS/MS Analysis

Data Analysis



There is slightly increased protein presence in AR Overall

AR   STA

High Abundance

Medium Abundance

Low Abundance 



Antibody Biomarkers in the BloodAntibody Biomarkers in the Blood 

High-density Protein Arrays
“Antibiomics”Antibiomics



Immune Response Markers for Immune Response Markers for 
Chronic Allograft InjuryChronic Allograft InjuryChronic Allograft InjuryChronic Allograft Injury



ConclusionConclusion

 There is a dire need of more sensitive and specific
biomarkers

 Carefully designed proteomics studies on appropriateCarefully designed proteomics studies on appropriate
samples could provide potential biomarkers for diagnosis
and monitoring of transplant dysfunction

 Our effort in this field has yielded a number of potential
biomarker proteins and peptides that could provide more
specific and sensitive biomarkers that can be used in
clinical setting
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