
Biomarkers of PADBiomarkers of PAD

John P. Cooke MD PhD

Stanford University

6-7-09



DisclosuresDisclosures

•• Stanford University owns intellectual property Stanford University owns intellectual property 
related to biomarkers for PAD.  Dr. Cooke is an related to biomarkers for PAD.  Dr. Cooke is an 
inventor of this IP, and may receive royalties.inventor of this IP, and may receive royalties.



OverviewOverview

•• Rationale for PAD BiomarkersRationale for PAD Biomarkers

•• Importance of detecting PAD in the patient with Importance of detecting PAD in the patient with 
PADPAD

•• Proteomic Profiling for Discovery of BiomarkersProteomic Profiling for Discovery of Biomarkers

•• Beta 2 Beta 2 MicroglobulinMicroglobulin as Proof of Conceptas Proof of Concept



Why do we need a biomarker for PAD?Why do we need a biomarker for PAD?

•• 10 million people with PAD in US10 million people with PAD in US

•• Most are undiagnosedMost are undiagnosed

•• Screening is not routinely performedScreening is not routinely performed

•• PAD is not a benign diseasePAD is not a benign disease

•• Therapy to reduce M&M is not being Therapy to reduce M&M is not being 
implementedimplemented



Public awareness of PADPublic awareness of PAD
The most common disease youThe most common disease you’’ ve never heard aboutve never heard about

Hirsch et al, Circulation Sept 2007
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PARTNERS STUDYPARTNERS STUDY
7000+ ambulatory individuals7000+ ambulatory individuals

>70 or >50 and diabetic or smoker>70 or >50 and diabetic or smoker

•• What is the prevalence of PAD?                 What is the prevalence of PAD?                 

•• What percentage of these are diagnosed?    What percentage of these are diagnosed?    

>25% >25% 

<50%<50%

Hirsch AT et al, JAMA 2001



PAD                                        
Symptoms

•Cramping, Fatigue, Aching, Burning

•Calf, thigh and/or buttocks

•With exertion

•Relieved by standing still

McDermott et al Circulation 2000; Hirsch et al JAMA 2001; 
McDermott et al JAMA 2001

•Classic symptoms in minority

•Many patients have atypical 
symptoms or are “asymptomatic”



PAD is not benignPAD is not benign

*Kaplan*Kaplan--Meier survival curves based on mortality from all causes.Meier survival curves based on mortality from all causes.
Criqui MH et al. Criqui MH et al. N Engl J MedN Engl J Med. 1992;326:381. 1992;326:381--386.386.

Normal SubjectsNormal Subjects

Asymptomatic LVAsymptomatic LV --PADPAD††

Symptomatic LVSymptomatic LV --PADPAD††

Severe Symptomatic LVSevere Symptomatic LV --PADPAD††
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PAD as a risk factor during coronary PAD as a risk factor during coronary 
interventionintervention

•• Increased complications at access siteIncreased complications at access site

•• Increased risk of Increased risk of atheroembolismatheroembolism

•• Increased M&M after procedureIncreased M&M after procedure



,,

•3,716 patients with AMI (PAMI 
trials)

•PVD:  h/o CVA, PAD  

•Pts with PVD older, women, 
more RF and co-morbidities

•Less use of B-blockade

•PVD independent predictor of in 

hospital and 1 y mortality



GENEPAD studyGENEPAD study
Mt SinaiMt Sinai--Stanford collaborationStanford collaboration

•• 1800 patients undergoing elective coronary 1800 patients undergoing elective coronary 
angiographyangiography

•• 21% with PAD (as detected by ABI)21% with PAD (as detected by ABI)

•• Older, diabetic, women, AfricanOlder, diabetic, women, African--AmericanAmerican

•• Higher baseline CRPHigher baseline CRP

•• LM/3V disease 43% LM/3V disease 43% vsvs 27%27%

•• 94% with 94% with hemodynamicallyhemodynamicallysignificant coronary significant coronary 
lesionlesion



PARTNERS STUDYPARTNERS STUDY

What percentage are treated with:  What percentage are treated with:  

•• Antihypertensive agents?  Antihypertensive agents?  

•• StatinsStatins?           ?           

•• AntiplateletAntiplateletagents?agents?

80%80%

60%60%

50%50%

Hirsch AT et al, JAMA 2001

How are we doing with PAD management?How are we doing with PAD management?



Allcause mortality with 
CV meds taken by 2,420 
PAD pts in a prospective 
8 y observational cohort 
study.  

Identifying the PAD 
patient can improve 
therapy (also institute 
foot care; walking 
program; modified 
approach to 
interventions)

Adapted from Feringa
HH et al, JACC 2006, by  
Gornik and Creager



A Blood Test for PAD would simplify diagnosis

ABI

•Time consuming

•Special equipment

•Special training

Blood Test

•High throughput

•Equipment available

•Trained Venipuncture Techs



Potential biomarkers for PADPotential biomarkers for PAD

•• Traditional risk factorsTraditional risk factors
•• Oxidative stress (oxOxidative stress (ox--LDL, LDL, isoprostanesisoprostanes))
•• Inflammatory cytokines (CRP, ILInflammatory cytokines (CRP, IL--6, TNF6, TNF�� , OPG, IL, OPG, IL--10*, TGF10*, TGF�� ** ))
•• ChemokinesChemokines(MCP(MCP--1)1)
•• ThromboticThromboticfactors (factors (egeg. fibrinogen, TF, PAI. fibrinogen, TF, PAI--1)1)
•• Matrix modulators (MMPMatrix modulators (MMP--9)9)
•• Soluble adhesion molecules (Soluble adhesion molecules (sVCAMsVCAM, CD40L), CD40L)
•• AngiogenicAngiogenicfactors (s Tie 2, factors (s Tie 2, angiopoietinangiopoietin2, VEGF, HGF)2, VEGF, HGF)
•• Endothelial progenitor cellsEndothelial progenitor cells

None are specific for PAD, but some correlate with PAD severity 

McDermott et al. Am Heart J 2005;  Tzoulaki et al, Circulation 2005; Allison et al JACC 2006; Libra et al J 
Clin Pathol2006; Fiotti et al, Atherosclerosis 1999; Danielsson et al,  Vasc Med 2005;  Ziegler et al, 
Atherosclerosis 2005;  DePalma et al,  J Surg Res2003. Nylaende et al. Vasc Med 2006; Hoogeveen et al, 
Atherosclerosis 2005; Girn et al, Vasc Med 2007; Tayebjee et al, J Intern Med 2005; Findley et al JACC 2008; 



Circulation 2008

Angiopoietin 2

VEGF

s Tie 2



Angiogenesis:  Role of Endothelial progenitor cells

•Putative EPCs described 
by Asahara in 1997

•Circulating cells which 
participate in 
angiogenesis.

•CD34+CD133+ KDR+ 



EPC number correlates with:

Framingham Risk Score Endothelial Vasodilator Function



Lancet 2002



‘‘ EPCsEPCs’’ are a  Misnomerare a  Misnomer
A mixed population of progenitors of hematopoietic and endotheliA mixed population of progenitors of hematopoietic and endothelial lineageal lineage

Hirschi KK et al, ATVB 2008

•Surface markers for ‘EPCs’ such as 
CD34,CD133, KDR, also shared with 
hematopoietic cells

•Different methods for purification and 
isolation of ‘EPCs’

•Best method for identifying 
endothelial lineage is functional 
(tubulogenesis, inosculation) 



Discovery of biomarkers for PADDiscovery of biomarkers for PAD
Ideal biomarkerIdeal biomarker

•• Blood biomarkerBlood biomarker

•• High specificityHigh specificity

•• High sensitivityHigh sensitivity

•• Highly reproducibleHighly reproducible

•• Levels correlated with severityLevels correlated with severity

•• Stable during blood processingStable during blood processing



Hypothesis driving Proteomic ProfilingHypothesis driving Proteomic Profiling

•Obtain plasma from PAD patients

•Obtain plasma from appropriate control 
patients

•Subject plasma to proteomic profiling 

•High throughput data collection and 
analysis to develop protein profile of PAD

Hypothesis: Intermittent episodes of ischemia/reperfusion (I/R).  

I/R induces alteration in vascular protein elaboration.    

Produces alteration in plasma protein profile 

Specific Aim: Identify protein profile of I/R in PAD
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Dynamic range of the plasma proteome Dynamic range of the plasma proteome 
A hurdle in search for new biomarkersA hurdle in search for new biomarkers
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Classical Ion Exchange FractionationClassical Ion Exchange Fractionation
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ProteinChip Arrays:ProteinChip Arrays:
Surface Properties Discriminate Classes of ProteinsSurface Properties Discriminate Classes of Proteins

Hydrophobic Ionic 

Chemical Surfaces

Antibody DNA Enzyme Receptor 

Biochemical Surfaces

Drug  
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Proteomics approachProteomics approach
SELDISELDI--TOF MSTOF MS

•• Crude sample is placed on  Crude sample is placed on  
ProteinChip ArrayProteinChip Array

•• Proteins bind to chemical or Proteins bind to chemical or 
biological biological ““ docking sitesdocking sites””



Matrix Crystals

Embedded Proteins

Chip Surface
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ProteinChip Technology: ProteinChip Technology: 
SELDI TOFSELDI TOF --MS DetectionMS Detection

• Retained proteins are released by Laser Desorption/Ionization 
• Ionized proteins are detected and their mass determined by TOF-MS
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Disease Biomarker Discovery:Disease Biomarker Discovery:
Prostate Cancer SerumProstate Cancer Serum

2500 5000 7500 10000 12500

2500 5000 7500 10000 12500

Ret Map 1-4

Ret Map 1-3

Ret Map 1-4(2)

Ret Map 1-3(2)
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Study OverviewStudy Overview
•• Discovery study.Discovery study.

45 PAD, 43  controls    SELDI45 PAD, 43  controls    SELDI--TOFTOF
•• Confirmation study.Confirmation study.

20 PAD, 20 controls.  20 PAD, 20 controls.  ImmunoaffinityImmunoaffinity , , 
Westerns, ELISAWesterns, ELISA

•• Validation study.Validation study.
243 subjects undergoing coronary 243 subjects undergoing coronary 
angioangio.   ELISA.   ELISA



Volume of data from discovery studyVolume of data from discovery study

•• 88 patients 88 patients (45 PAD, 43 age/gender matched controls)

•• 1440 protein peaks per patient per chip1440 protein peaks per patient per chip

•• 3 time points3 time points

•• In duplicateIn duplicate

88 x 1440 x 3 x 2 =88 x 1440 x 3 x 2 =760,320 data points760,320 data points



Basal differences in PAD patients
SAM analysis of protein levelsSAM analysis of protein levels

Line of 
identity

FDR 

Upregulated
proteins 



An 11.7 kD Protein correlates with ABI
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rs=-0.491 
P<0.01)

Proof of concept….

also a relationship between protein level and absolute claudication time…
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Also confirmed with immunoaffinity studies…



12.7 kD Protein
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rs=-0.491 
P<0.01)

Proof of concept….

Confirmed to be � 2 
microglobulin by 
immunoaffinity and ELISA

Wilson et al, Circulation 2007



Risk Factors for PADRisk Factors for PAD

00··027027Log Log �� 2M2M

00··55 55 GFRGFR

00··35 35 BMIBMI

00··88 88 GenderGender

00··83 83 HCHC

00··92 92 HTNHTN

00··0303TobTob

<0<0··001001DMDM

00··0101AgeAge
•Validation study 

•Studied patients referred 
to cardiac catheterization 
laboratory (n=237)

•Multivariate regression 
for risk factors associated 
with PAD



What is What is �� 22M?M?

•• An 12  An 12  kDakDa protein (99 amino acids).protein (99 amino acids).

•• Stabilizes the structure of the MHC class I Stabilizes the structure of the MHC class I �� --
chain. chain. 

•• NonNon--covalently associated with the covalently associated with the �� --chain.  chain.  
Circulates in the blood. Circulates in the blood. 

•• �� 2m levels are elevated in CRF and contribute to 2m levels are elevated in CRF and contribute to 
vascular and cardiac vascular and cardiac amyloidamyloiddeposition.deposition.

•• Increased plasma levels of Increased plasma levels of �� 2m also occur in 2m also occur in 
autoimmune, autoimmune, neoplasticneoplasticand infectious diseases. and infectious diseases. 



Other proteins correlating with ABIOther proteins correlating with ABI

•• CystatinCystatinCC

•• LysozymeLysozymeCC

•• Unidentified proteins at 22 Unidentified proteins at 22 kDakDa and 36 and 36 kDakDa



Arch Intern Med 168:200-206, 2008

•• Prospective observational studyProspective observational study

•• 1034 ambulatory subjects1034 ambulatory subjects

•• Inclusion criteria:  ageInclusion criteria:  age�� 6565

•• CRP, CRP, CystatinCystatinC and C and �� 2MM

•• Mortality over 8yMortality over 8y



Arch Intern Med 168:200-206, 2008

Hazard ratios by tertile

� 2M: predicted mortality after 
adjustment for sex, age, RF, BMI, 
BP, TC and HDL-C, HbA1c,Alb, 
GFR(est), WBC, CRP, Cystatin C, 
self-rated health and walking speed



ROC curves for 8 y mortalityROC curves for 8 y mortality

Arch Intern Med 168:200-206, 2008



Figure 2
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Wilson et al, Vascular Medicine 2008, in press



Deep Proteomic ProfilingDeep Proteomic Profiling

•• New technologies to find rare, and perhaps more New technologies to find rare, and perhaps more 
informative, protein biomarkersinformative, protein biomarkers
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Principle of Protein EqualizerPrinciple of Protein Equalizer## Beads Beads 
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Unfractionated serum profiled before and after Unfractionated serum profiled before and after 
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ROC for 13 marker index

High sensitivity and specificity of 
novel biomarkers



A Biomarker Panel for PAD:A Biomarker Panel for PAD:
Specificity from multiple processes occurring locally, Specificity from multiple processes occurring locally, 

circulating systemically circulating systemically 

Lipid [Lp(a)]

Cytokines [Il-6]

Thrombosis [TF]

Chemokines [MCP-1]Angiogenic factors [VEGF]

Matrix modulators [MMP9] Metabolic [glu, sRAGE]

Endothelial [ADMA, EPCs]

I/R injury[B2M]

PAD 
processes

Adhesion [sVCAM]

Oxidative stress [isoprostanes]



Annex B, Circulation 2007



Stenvinkel P et al, Clin J Am Soc Nephrol


