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The modern practice of medicine depends on recognizing patterns that identify the 
patient’s disease using historical data, physical examination, and clinical laboratory 
tests. The use of more sophisticated laboratory markers of disease has allowed the 
implementation of therapies that are targeted to the individual and hold the promise to 
introduce an era of truly individualized medicine. The overall goal of this proposal was to 
establish a Pediatric Clinical Proteomics Center to accelerate the progress of proteomic 
discovery of human disease biomarkers.  
The application proposed the establishment of a Clinical Proteomics Center composed of 
three Laboratory Cores to focus initially on four clinical proteomics projects. The four 
proposed Cores were: 

1. Shotgun Proteomics Core 
2. Quantitative Proteomics Core 
3. Small Molecule Identification and Quantitation Core 
4. Gene expression Core 

 
 
 The pilot projects that were proposed were analysis to identify lead biomarkers in the 
following diseases 
Project 1: Diabetic kidney disease 
Project 2: Metabolic syndrome/Prediabetes 
Project 3: Environmental exacerbations of asthma 
 
Manuscripts Published from DE-FG02-05ER6406  
The diabetes and pre-diabetes projects were addressed throughout the funding period 
(2005-2012, including two no-cost extensions. In addition to investigation of diabetes, 
the laboratory soon turned to very productive collaborations in the field of Alzheimers 
Disease. The proteomics laboratory (1-12) published twelve clinical papers during this 
period that applied proteomic analysis to the study of diabetes, pre-diabetes anemia, and 
Alzheimers Disease. As the capabilities of the laboratory increased and became more well 
known, we were able to provide proteomic analysis to investigators working in basic 
science fields including ophthalmology, nephrology, physiology and neuroscience in 
animal and cell culture models that examined problems in macular degeneration, 
diabetic nephropathy, nitric oxide synthesis, and neurodegeneration (13-29). The 
environmental exposures role in asthma project was discontinued due to insufficient 
patient enrollment.  
 
Grants and Contracts Resulting from DE-FG02-05ER6406   
The preliminary data developed in the published manuscripts led directly to the 
following funded grant proposals: 
 

       
      PI:   Tongalp Tezel, M.D.     Primary Mentor: Jon B. Klein, M.D., Ph.D  

K08 EY016120 - NIH – Mentored Clinical Scientist Development Award  
“Proteomic Analysis of Age-Related Macular Degeneration”  
 
NIH (PA-03-107)     R21-HD050564-01                                                                             PI:    
Mary Jayne Kennedy, Ph.D.     Co-PI:    Jon B. Klein, M.D., Ph.D.                             
"Urinary Proteomics in Aminoglycoside Treated Newborns”                                                       
This project seeks to utilize proteomic methods such as two-dimensional gel 
electrophoresis and mass spectrometry to identify and develop biomarkers of 

 
4/1/2005-
3/31/2008  
   



aminoglycoside nephrotoxicity in newborns. 
 
 

 
 

 
      PI: Jon B. Klein, M.D., Ph.D.  

R01 DK067638 02 - Joslin Diabetes Center (NIH-Sub Contract)  
“The Urinary Proteome and Renal Function Loss in Diabetes”  
Proteomic analysis of urine from clinical diabetic samples will be analyzed in order to 
identify proteins associated with diabetic nephropathy. 
 

 1K01DK080951-01A1  (Michelle T. Barati, Ph.D.) 
NIH-NIDDK - Mentored Research Scientist Development Award   
Jon B. Klein, MD., PHD – Primary Mentor                              0.00 Calendar 
Title:  “Endoplasmic Reticulum-Induced Stress and Apoptosis in the Renal 
Tubule” 
 The goal of this project is to delineate the signaling pathways regulating ER stress    
 response and associated apoptosis in renal tubule cells during diabetes and the role of  
 this stress response in renal function changes during  diabetes, using transgenic mouse 
models. 

 
 

 
4/1/2004-
3/31/2009  
  
 
 
 
12/01/2008- 
11/30/2013 
TDC: 
$126,383 
  

NIH-R01  R01-01DK091584- Development & Validation of Disease Biomarkers  
“Novel Biomarker Validation and dosing algorithms for anemia management in 
ESRD” 
PIs:  Drs. Michael L. Merchant & Michael Brier, PhD 
Co-Investigator:  Jon B. Klein, MD., PhD.                                2.4 Cal Mos (15%) 
 

 
04/01/2011 
- 
03/31/2016 
TDC:  
$2,381,244 

 
The proteomics laboratory funded by DE-FG02-05ER6406 continues to function and 
has developed resources to replace the equipment originally purchased. Ongoing projects 
include biomarker work in diabetic nephropathy, pediatric lupus nephritis, and 
environmental cardiac damage.  
 

Literature Citations 
 

1. Rood IM, Deegens JK, Merchant ML, Tamboer WP, Wilkey DW, Wetzels JF, Klein JB: 
Comparison of three methods for isolation of urinary microvesicles to identify 
biomarkers of nephrotic syndrome. Kidney Int 2010; 
2. Merchant ML, Powell DW, Wilkey DW, Cummins TD, Deegens JK, Rood IM, McAfee 
KJ, Fleischer C, Klein E, Klein JB: Microfiltration isolation of human urinary exosomes 
for characterization by MS. PROTEOMICS – Clinical Applications 2010;4:84-96 
3. Merchant M, Klein J: Proteomic discovery of diabetic nephropathy biomarkers. Adv 
Chronic Kidney Dis 2010;17:480-486 
4. Merchant ML, Klein JB: Proteomics and diabetic retinopathy. Clin Lab Med 
2009;29:139-149 
5. Beck LH, Jr., Bonegio RG, Lambeau G, Beck DM, Powell DW, Cummins TD, Klein JB, 
Salant DJ: M-type phospholipase A2 receptor as target antigen in idiopathic 
membranous nephropathy. N Engl J Med 2009;361:11-21 



6. Tezel TH, Geng, L., Bodek, E., Schaal. S., Dean, D., Klein, J.B., Kaplan, H.J.: Synthesis 
and secretion of hemoglobin by retinal pigment epithelium. Invest Ophthalmol Vis Sci 
2008;In Press 
7. Sultana R, Boyd-Kimball D, Cai J, Pierce WM, Klein JB, Merchant M, Butterfield DA: 
Proteomics analysis of the Alzheimer's disease hippocampal proteome. J Alzheimers Dis 
2007;11:153-164 
8. Lominadze G, Ward RA, Klein JB, McLeish KR: Proteomic analysis of human 
neutrophils. Methods Mol Biol 2006;332:343-356 
9. Boratyn GM, Merchant ML, Klein JB: Utlization of Human Expert Techniques for 
Detection of Low-Abundant Peaks in High-Resolution Mass Spectra. Conf Proc IEEE 
Eng Med Biol Soc 2006;1:5798-5801 
10. Sultana R, Boyd-Kimball D, Poon HF, Cai J, Pierce WM, Klein JB, Merchant M, 
Markesbery WR, Butterfield DA: Redox proteomics identification of oxidized proteins in 
Alzheimer's disease hippocampus and cerebellum: An approach to understand 
pathological and biochemical alterations in AD. NeurobiolAging 2005; 
11. Merchant ML, Perkins BA, Boratyn GM, Ficociello LH, Wilkey DW, Barati MT, 
Bertram CC, Page GP, Rovin BH, Warram JH, Krolewski AS, Klein JB: Urinary 
peptidome may predict renal function decline in type 1 diabetes and microalbuminuria. J 
Am Soc Nephrol 2009;20:2065-2074 
12. Canter MP, Graham CA, Heit MH, Blackwell LS, Wilkey DW, Klein JB, Merchant ML: 
Proteomic techniques identify urine proteins that differentiate patients with interstitial 
cystitis from asymptomatic control subjects. Am J Obstet Gynecol 2008;198:553 e551-
556 
13. Smith C, Merchant M, Fekete A, Nyugen HL, Oh P, Tain YL, Klein JB, Baylis C: Splice 
variants of neuronal nitric oxide synthase are present in the rat kidney. Nephrol Dial 
Transplant 2009;24:1422-1428 
14. Barati MT, Merchant ML, Kain AB, Jevans AW, McLeish KR, Klein JB: Proteomic 
analysis defines altered cellular redox pathways and advanced glycation end-product 
metabolism in glomeruli of db/db diabetic mice. Am J Physiol Renal Physiol 
2007;293:F1157-1165 
15. Sultana R, Newman SF, Abdul HM, Cai J, Pierce WM, Klein JB, Merchant M, 
Butterfield DA: Protective effect of D609 against amyloid-beta1-42-induced oxidative 
modification of neuronal proteins: redox proteomics study. J Neurosci Res 
2006;84:409-417 
16. Poon HF, Hensley K, Thongboonkerd V, Merchant ML, Lynn BC, Pierce WM, Klein 
JB, Calabrese V, Butterfield DA: Redox proteomics analysis of oxidatively modified 
proteins in G93A-SOD1 transgenic mice--a model of familial amyotrophic lateral 
sclerosis. Free Radic Biol Med 2005;39:453-462 
17. Mello CF, Sultana R, Piroddi M, Cai J, Pierce WM, Klein JB, Butterfield DA: Acrolein 
induces selective protein carbonylation in synaptosomes. Neuroscience 2007;147:674-
679 
18. Chen Y, Daosukho C, Opii WO, Turner DM, Pierce WM, Klein JB, Vore M, Butterfield 
DA, St Clair DK: Redox proteomic identification of oxidized cardiac proteins in 
Adriamycin-treated mice. Free Radic Biol Med 2006;41:1470-1477 
19. Boyd-Kimball D, Poon HF, Lynn BC, Cai J, Pierce WM, Jr., Klein JB, Ferguson J, 
Link CD, Butterfield DA: Proteomic identification of proteins specifically oxidized in 
Caenorhabditis elegans expressing human Abeta(1-42): implications for Alzheimer's 
disease. Neurobiol Aging 2006;27:1239-1249 
20. Boyd-Kimball D, Poon HF, Lynn BC, Cai J, Pierce Jr WM, Klein JB, Ferguson J, Link 
CD, Butterfield DA: Proteomic identification of proteins specifically oxidized in 



Caenorhabditis elegans expressing human Abeta(1-42): Implications for Alzheimer's 
disease. NeurobiolAging 2005; 
21. Perluigi M, Poon HF, Maragos W, Pierce WM, Klein JB, Calabrese V, Cini C, De MC, 
Butterfield DA: Proteomic analysis of protein expression and oxidative modification in 
R6/2 transgenic mice - A model of Huntington's disease. MolCell Proteomics 2005; 
22. Perluigi M, Fai PH, Hensley K, Pierce WM, Klein JB, Calabrese V, De MC, Butterfield 
DA: Proteomic analysis of 4-hydroxy-2-nonenal-modified proteins in G93A-SOD1 
transgenic mice--a model of familial amyotrophic lateral sclerosis. Free RadicBiolMed 
2005;38:960-968 
23. Pocernich CB, Boyd-Kimball D, Poon HF, Thongboonkerd V, Lynn BC, Klein JB, 
Calebrese V, Nath A, Butterfield DA: Proteomics analysis of human astrocytes expressing 
the HIV protein Tat. Brain ResMolBrain Res 2005;133:307-316 
24. Pocernich CB, Fai PH, Boyd-Kimball D, Lynn BC, Nath A, Klein JB, Allan BD: 
Proteomic analysis of oxidatively modified proteins induced by the mitochondrial toxin 
3-nitropropionic acid in human astrocytes expressing the HIV protein tat. Brain 
ResMolBrain Res 2005;133:299-306 
25. Poon HF, Farr SA, Thongboonkerd V, Lynn BC, Banks WA, Morley JE, Klein JB, 
Butterfield DA: Proteomic analysis of specific brain proteins in aged SAMP8 mice treated 
with alpha-lipoic acid: implications for aging and age-related neurodegenerative 
disorders. NeurochemInt 2005;46:159-168 
26. Poon HF, Shepherd HM, Reed TT, Calabrese V, Stella AM, Pennisi G, Cai J, Pierce 
WM, Klein JB, Butterfield DA: Proteomics analysis provides insight into caloric 
restriction mediated oxidation and expression of brain proteins associated with age-
related impaired cellular processes: Mitochondrial dysfunction, glutamate dysregulation 
and impaired protein synthesis. NeurobiolAging 2005; 
27. Poon HF, Farr SA, Banks WA, Pierce WM, Klein JB, Morley JE, Butterfield DA: 
Proteomic identification of less oxidized brain proteins in aged senescence-accelerated 
mice following administration of antisense oligonucleotide directed at the Abeta region 
of amyloid precursor protein. Brain ResMolBrain Res 2005;138:8-16 
28. Merchant ML, Gaweda AE, Dailey AJ, Wilkey DW, Zhang X, Rovin BH, Klein JB, 
Brier ME: Oncostatin M receptor beta and cysteine/histidine-rich 1 are biomarkers of the 
response to erythropoietin in hemodialysis patients. Kidney Int 2011;79:546-554 
29. Ahmad A, Khundmiri SJ, Pribble F, Merchant ML, Ameen M, Klein JB, Levi M, 
Lederer ED: Role of vacuolar ATPase in the trafficking of renal type IIa sodium-
phosphate cotransporter. Cell Physiol Biochem 2011;27:703-714 
 
 


