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Proteomic role in Individualized Medicine: 
Future Perspectives 



The Need 

 Issues 
•  Diseases are often multi-factorial and many overlap. 
Therefore, need to assess the patient within their disease 
setting. Current markers have a limited focus.   

•  What is required is to broaden focus and assess many 
disease pathways, simultaneously.  This will provide a more 
accurate assessment of patient immediate and future health. 

•  This requires technical pipelines for discovery and preclinical 
proteomics with seamless interplay.  

To provide a compressive assessment 
of  the physiological and pathological 

status of an individual. 	  

Medical  
Need 



Clinical	  Diagnos,c	  Domains	  

AMI	  
	  

Framingham	  
Risk	  Scores	  

10	  yrs	   1	  yr	   1	  month	   hrs/mins	  

Elevated	  cTnI/cTnT	  

Ischemia	  

unstable	  and	  stable	  angina	  

Present	  	  
at	  ED	  

Vulnerable	  plaque	  

Imminent	  risk	  

AorEc	  dissecEon	  

Heart	  failure	  

ImplementaEon	  VerificaEon	  Discovery	  

	  DiagnosEc	  Pipeline	  



 Gene 
Genomics 
            mRNA 

 Transcriptomics 
                                   

  Proteomics 

4 mRNA transcripts 11 mRNA transcripts 

PTMs 

Challenge: The analyte needs to be exclusive for an unique 
disease attribute. 
Solution: Proteins have sufficient diversity to allow for a specific  
form(s) to be diagnostic to a unique state in the disease. 



There are 5892 annotated human cardiac proteins. 68% have a PTM. 

 ~25% have more than one type of modification (Agnetti et al. Circ Res 2011)   
 
 
  
 

PhosphorylaEon	  
(2891)	  

AcetylaEon	  
(698)	  

GlycosylaEon	  
(171)	  

ProteolyEc	  
Cleavage	  (122)	  

SumoylaEon	  
(33)	  

Disulfide	  Bridge	  
(32)	  

MethylaEon	  
(26)	  

S-‐NitrosylaEon	  
(19)	  

PalmitoylaEon	  
(15)	  

Improved method – 83 new SNO sites 
within the mitochondria. Murphy et al. MCP 2010 

CitrullinaEon	  

A PTM newly discovered in the 
heart 
 

Human protein reference database 

PKA AC 

COOH 

PAK 

PKC 

MST1 

Cardiac	  Troponin	  I	  
Regulatory	  myofilament	  protein	  
CirculaEng	  biomarker	  for	  MI	  	  

Novel sites 
S4, S5 
Y25, S38 
T77, S165 
T180, S198 

 
Protein diversity directly links to 

function is at heart of  
disease-specificity 

 
 

Personalized response is due 
to proteome differences. 

 
To exploit this diversity required 
identification and quantification 

of key protein targets. 
 
 
 

  
 The diversity of proteins and their 
PTMs drives biology and underlie 
pathological processes.  

  
 The disease-induced protein 
changes reflect alterations at the 
gene, mRNA and metabolite level.  

  
 Quantitative assessment of 
disease-induced PTMs should 
provide disease stage specificity, 
thus improving individual risk 
stratification. 



Proteomics:	  MulEple	  needs,	  technologies	  and	  tools	  

	  	  

Many	  separa,on/enrichment	  methods	  
Use	  depends	  on	  goal	  

Many	  mass	  spectrometers	  
Use	  depends	  on	  goal	  

Challenges	  
1.  Large	  cellular/sample	  dynamic	  range.	  
2.  No	  protein	  amplificaEon	  system.	  
3.  Change	  in	  single	  amino	  acid	  is	  sufficient	  to	  alter	  physical	  and	  funcEonal	  

properEes.	  
4.  The	  same	  and	  different	  PTMs	  can	  be	  located	  at	  mulEple	  sites	  within	  

one	  protein.	  
5.  Different	  PTMs	  can	  compete	  for	  the	  same	  amino	  acid	  residue.	  	  	  
6.  Small	  stoichiometric	  changes	  can	  have	  large	  funcEonal	  affects.	  	  



All Necrosis All Ischemia Mix Ischemia/Necrosis 

1-2 -12 to 0 hrs Time 
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Necrosis markers 
Cellular release of cardiac 
(organ) specific isoform of 
cTnI/cTnT into blood. 

cut off 

Non-necrosis ischemic markers 
Cell secreted proteins, shredded cell 
surface or extracellular matrix protein 
may not be organ specific. 

cTn 

To measure organ necrotic/cell death the use of cell specific intracellular 
protein released into blood stream is sufficient. 
Challenge: Measurement of an analyte(s) in body fluid (non- 
invasive) that allows the  assessment of non-cell death disease states.  

Disease induced PTMs of cTnI 
Ischemic/hypoxic-release of protein 
from isolated cardiac myoctyes and 
fibroblasts or directly into plasma 



Cell	  Surface/secreted	  “Biomarkers”	  
	  

Func,on/therapeu,c	  interven,on	  
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Cell	  Surface	  “Barcode”	  for	  enrichment	  

XIC of +MRM (138 pairs): 732.200/647.100 amu Expected RT: 8.3 ID: h_S100 A9 -1: LGHPDTLNQGEFK^_y11 (+2) from Sample 15 (0... Max. 5031.0 cps.
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XIC of +MRM (138 pairs): 473.900/393.200 amu Expected RT: 8.0 ID: l_ECM -2: ELPSLQHPNEQK_y10 (+3) from Sample 15 (01_3-2) ... Max. 4916.0 cps.
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Membrane	  

Secreted	  proteins	  



R1 and D3 cell lines, common mouse embryonic stem cell models 
     R1: tetraploid aggregation (complete embryo from ES cell) 
     D3: No tetraploid aggregation 
    Slightly different developmental stage (d 3.5 vs. 4 blastocyst) 

Find	  unique	  cell	  surface	  markers	  to	  differenEate	  embryonic	  
stem	  cells	  (ESC)	  and	  	  induced	  pluripotent	  stem	  cells	  (iPS)	  

>500	  Cell	  Surface	  Proteins	  
>30	  CD	  molecules	  
>1000	  glycosites	  
 

Two common methods to produce mouse iPS cells 
 2D4: embryonic fibroblast; lentiviral (integrating) 

TTF1: tail-tip fibroblast; adenoviral (non-integrating 
 

417	  Cell	  Surface	  proteins	  
>25	  CD	  molecules	  
>700	  glycosites	  

PotenEally	  unique	  to	  ES	  =	  56	  
	  
PotenEally	  unique	  to	  iPS	  =	  4	  

!

Biotin-labeled 
mouse ESC 



Discovery,	  ValidaEon,	  QuanEficaEon	  of	  
Candidate	  Secreted	  Proteins	   Diagnos(c	  /prognos(c	  

biomarkers	  	  

CirculaEng	  biomarker	  	  
for	  risk	  straEficaEon	  	  

[Absolute]	  in	  	  
large	  clinical	  trial	  &	  
populaEon	  studies	  

A	  	  development	  pipeline	  

The	  Secreted	  Proteome	  

Review:	  Stastna	  et	  al	  FEBS	  Lee.	  2009;583:1800-‐7.	  
Method:	  Stastna	  et	  al.,	  Circ	  Gen,	  2011;	  in	  press	   



De	  novo	  discovery	  –	  direct	  analysis	  

•   O v e r  p a s t  5  y e a r s , 
technological p ipel ines for 
biomarker discovery have been 
established   

•  Allowed relative quantification of 
2 5 0 0 - 5 5 0 0 n o n r e d u n d a n t 
proteins and their modified forms 
in 100s of samples.    

•  Generated substantial numbers 
of potential biomarkers which 
need to be vetted in clinical 
t r i a l s a n d a g a i n s t m a n y 
confounding disease situations. 

Serum/plasma 

1DLC          2DLC 

Lipids 
HA proteins  
(2-14) 

LTQ-Orbitrap  
Quantification based on peptide # 

and # observations 
 Protein name redundancy 

removed based 
Amino acid sequence homology 

. 	  
Representa,ve	  proteins	  
observed	  

Es,mated	  normal	  
Ref	  range*	  [ng/ml]	  

Beta-‐2-‐glycoprotein	  1	   100,000-‐200,000	  	  

Angiotensin(ogen)	   1500	  

Beta-‐2-‐microglobulin	   1000-‐2000	  

Faey	  acid-‐binding	  protein	  	   2	  

Atrial	  natriureEc	  factor	   0.2-‐0.1	  

TGF	  β1	   5	  

Interleukin	  16	   0.010-‐8	  

Interleukin	  3	  	   <50	  	  

VEGF	   0.03	  

Myoglobin	  	   42	  
Troponin	  I,	  fast	  skeletal	  
muscle	  	   	  1	  

Glial	  fibrillary	  acidic	  protein	   0.45	  

CystaEn-‐C	   500-‐1000	  

Insulin	   2000	  

Insulin-‐like	  growth	  factor	  II	   0.05-‐20	  

Myeloperoxidase	  	   50-‐300	  
*Can	  depends	  on	  age,	  gender,	  race	  



‘SUPPLY ISCHEMIA’ ‘DEMAND ISCHEMIA’ 

Discovery Cohort I 
 
Atrial pacing 
Dr. James de Lemos, UT Southwestern 
•  non-acute stable angina patients  

 referred to cath lab 
•  demand ischemia due to stepwise pacing 
•  controlled time of max pacing/until symptoms 
•  4 coronary sinus blood samples 
•  19 (16) individuals 

Discovery Cohort II 
 
Valve replacement surgery 
Dr. Targett, Oxford, UK 
•  non-acute patients requiring valve 

replacement 
•  controlled time of global ischemia  (~90m.) 
•  2 coronary sinus (+ 4 periphery) samples 
•  20 individuals 

Finding new markers:  
Multiple cohorts used to defined diagnostic space 



AMI	  
	  

Framingham	  
Risk	  Scores	  

10	  yrs	   1	  yr	   1	  month	   hrs/mins	  

Elevated	  cTnI/cTnT	  

Present	  at	  ED	  

Ischemia	  

Metabolic	  Ischemia	  	   Demand	  Ischemia	  	  

911	   2205	  1549	  
proteins	  

 
18 increased 

 

	  
8	  	  

 
23 increased 

 

Total	  	  
Non-‐redundant	  

Proteins	  
	  
	  

Proteins	  	  
changed	  	  

with	  ischemia	  

Q.	  Fu,	  S.	  Sheng,	  	  



Quantitative western ELISA MRM 

standards protein protein protein or peptide 

CV% >20% 2-20% 2-20% 
LLOQ mg ng-pg/ml 10 amol - nmol/peptide 

mg-pg/ml* 
multiplex Not common <10 <40 

Multiple 
Reaction 

Monitoring 
(MRM) 

•  Relative and absolute quantitation 
•  Primarily antibody-free assay  
•  Multiple protein quantified simultaneously 
•  Differentiation between protein isoforms (splice variants/gene) 
•  Multiple PTM quantified simultaneously  
•  Any body fluid and tissue/cells 

How can one quantify each protein or 
modified amino acid residue? 



Johns Hopkins ITCR Biomarker Development  Group  
Johns Hopkins Bayview Proteomics Center  

JHU Collaborators                                       
Dr. Allen Everett 
Dr. Zongming Fu 
Dr. James Casella 
Dr. Will Savage 
 
Dr. Anne Murphy 
 
Dr. Joe Coresh 
Dr. Richie Sharret 
Dr. Julie Miller 
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Dr. Peter Matt (Bern) 
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Dr. Joan Bathlon (Columbia) 
Dr.  Felipe  Andrade 
 
 

JHU NHLBI Proteomics 
 Innovation Group on 
Heart Failure 
Dr. Bob Cole 
Dr. Joe Coresh 
Dr. Bob Cotter 
Dr. David Graham 
Dr. David Kass 
Dr. Anne Murphy 
Dr. Jerry Hart 
Dr. Brian O’Rourke 
Dr. Akhilesh Pandey 
Dr. Gregg Semenza 
Dr. Hui Zhang 

Dr. James De Lemos (UTSW) 
Dr. David Targett (UK) 
Dr. Allan Jaffee (Mayo) 
Dr. Jeremy Simpson (Guelph) 
Dr. Ralf Labbuger (Inverness) 
Shijun Simon Sheng (Quest) 
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Dr. Miroslava Stastna  
Dr. Pingbo Zhang 
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Dr. Zhicheng Jin 
Dr. Justyna Fert-Boder 
Dr. Giulio Agnetti 
Dr. Shengbing Wang 
Dr. Ronald Holewinski 
Dr. John Tra 
Dr. Helge Uhrigshardt 
Dr. Catherine Husberg 
Dr. Viola Kooij 
Dr. Hao-Dong Li 
Dr. Kun Karen Yan 
Dr. Eric Grote 
Dr. Sarah Parker 
Dr. Fred Korley 
Hea Seung Sophia Chung 
Chris Murray 
Irina Chernysheva 
Vidya Venkatraman 
Weihua Ji 
Jie Zhu 




