
Vulnerable or High Risk Plaque - Inflammation
Evaluation and Management  2009-2019 

Detection of Molecular & Cell Biology          (3)

Detection Invasive (I) – Local Rx                   (3)

Detection Invasive (I) - General Rx               (3)

Detection Non-Invasive (NI)                           (3)  

Aware of Economics - Think Globally            (3)



1970 1975 1980 1985 1990 1995 2000 2005  2010          

G
ro

w
th

 (
%

)

-10

-5

0

5

10

15

20

25

a) J Loscalzo.  NEJM 2006; 354:1665 (modified
) Economists:  “Extended healthy lives” in part due to medical research

($45 billion annually), which generates dramatic returns ($ trillions     
annually) - Albert & Mary Lasker Foundation - Funding First, 2002
b) ARRA (American Reinvestment & Recovery Act) Science 2009;324:127

1) ANNUAL NIH BUDGET, 1971 – 2009  : ARRA

a)                b)



2) Features of a Multimodal Nanoparticles
Biocompatible Options Via Surface Modification

Choudhury R, Fuster V, Fayad ZA  Nature Rev. Drug Disc 2004;3:913
Jaffer FA et al., Circ 2007; 116:1052 - Sanz J et al., Nature  2008; 451:
Mulder WJM , Fayad ZAet al. et. al. Nat CP Cardiov. Med. 2008;5:s10



3) INFLAMMATION  - CAUSES,  PHYSIOLOGY ,  PATHOLOG

R Medzhitov.  Nat. 2008;454:428 (Modif)  - <Active / >Active / Apoptos
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The Pathogenic Role of Chemokines 
in Atherogenesis

P Aukrust et. al. ATVB. 2008;28:1909.



Cell death and its consequences

R Medzhitov   Nature,2008;454:428 (Yale).
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PGC in the Pathogenesis of Atherosclerosis

Satoh et. al. Cardiovasc Res. 2008;77:445.
J Zoll et. al. Cardiovasc Res. 2008;77:471.



```````````````
Embryonic Stem Cell Derived,       

CV  Progenitor Cells (FLK Positive Cells)

E Adler, ZA Fayad, S Kattman, G Keller et al 2009(Subm
K.A. Moore, I R Lemischka et. al. Science 2006;311:188
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Hyafil, F et. al J Cardiov. Magn Reson 2007;9:278 
Winter, PM, et al. . Circulation. 2003;108:2270-4.- Mice

Neovessels In Atherosclerotic Plaques Of
Hypercholesterolemic Rabbits Using Paramagnetic Micelles 

Targeted to Alphavbeta3-Integrins And CMRI



Bowman BH, et al. Adv Hum Gen 1982;12:189 - Clin Chem 1996; 42: 158
Levy AP, Moreno PR, Fuster V et al.ATVB 2007;27:134
Levy AP, Moreno PR, Fuster et al., Circ Res 2007;101:106
Moreno PR, Levy AP, Fuster V et al. JAC C 2008;52:1049
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PLAQUE  WITH INFLAMMATION & RUPTURED IEL

Moreno PR, Purushothaman K-R, O’Connor WN, Fuster V,  Circ. 2002;105:2504
Moreno PR, Purushothaman KR, Fuster V, et al.  Circ 2004;110:2032
Moreno PR, Purushothaman KR, Levy AA, Fuster V. Circ  2008 (In Press)



Baseline 24 months follow up

R Corti, J J Wentzel, Z A Fayad, et al. JACC 2005;46:106
JAC Lima et al., Circ 2004; 110:2336 (Hopkins, Baltimore) 

MRI-LIPID LOWERING (SIMVASTATIN 20 or 80 mg/d)
AND REGRESSION OF ATHEROSCLEROSIS

Corti, ZA Fayad, V Fuster, et al. Circ. 2001;104:249-252
R Corti, V Fuster, ZA Fayad, et al. Circ 2002;106:288



Phase 2 MI – Neoangigenesis / Fibrosis / Hypertrophy 
Vasa Vasorum Imaging  � vß3/ß5 Integrin   

JW Verjans, J Narula, L Hofstra, et al., Circ 2007; 116:II-740
.



CMR Demonstrates Reversible and Irreversible
Myocardial Injury

Zagrosek et. al . J Am Coll Cardiol .2009;2:131. (Berlin )

Acute

18 mo



DHE  / CMR  - EXTENT OF LV SCAR PREDICTS OUTCOM IN 
ISCHEMIC CARDIOMYOPATHY (N=349)
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log-rank statistic p-value = 0.03

Mean scar %: 1 st quartile
Mean scar %: 2 nd quartile
Mean scar %: 3 rd quartile
Mean scar %: 4 th quartile

D Kwon, S Flavam.  JACC: Cardiov. Imaging 2009; 2:34 (Cleveland)



-D Display and Integration of Scar Within the 
Electroanatomic Map

FM Bogun et. al. J Am Coll Cardiol . 2009;53:1138.



Synthesis and Degradation of Collagen Type I in The  
Hypertensive Myocardium

A Gonzalez, J Diez, et al., Cardiovasc Res 2009; 81:509



The Relationship of Cardiac Architecture to
Ventricular Function

G Buckberg et. al. Circulation 2008;118:2571.



R Medzhitov.  Nature 2008; 454:428 (Modified)
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Apoptosis, CaspaseApoptosis, Caspase--3 Expression & Tissue Factor3 Expression & Tissue Factor
In Cultured Monocyte Treated with oxLDLIn Cultured Monocyte Treated with oxLDL

oxLDL TreatedoxLDL Treated Control CellControl Cell

Hutter R, Fuster V, Sauter B, Badimon JJ,  2007 



HDL-C: A Potential Therapeutic Target
for the Prevention of Cardiovascular Disease

Bryan Brewer, H Arterioscler Thromb Vasc Biol 2004;24:387.
ApoA-I  > ABCA1 (<Degradation ) and > HDL Generation

R Lu et. al. ATVB. 2008;28:1820
<TLRs L Yvan-Charvet, AR Tall et al., Circ 2008;118:1837 -

.



SR-BI  mRNA  GENE  EXPRESSION  IN AORTA  (RABBIT)
RNA x 10-3 (X-FOLD TO HOUSEKEEPING GENE)
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INDUCIBLE  iNOS  AND CASPASE-3  GENE  EXPRESSION  
IN AORTA (RABBITS)
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G Cimmino, B Ibanez, V Fuster, JJ Badimon, et al. J Cell Mol Med 20



CHOLESTEROL  CONTENT  IN THE  AORTIC ARTERIAL  WALL
FROM  HYPERCHOLESTEROLEMIC  RABBITS (N=16) 

RECEIVING rApoA-IMilano (rApoA-IM) OR PLACEBO1
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MRI - Atherosclerotic Plaque Regression  & TF
in Rabbits  Recombinant ApoA-I Milano

Reduction in gene & Protein Tissue Factor Expression 
Ibanez B, Badimon JJ, Fuster V et. al. JACC 2008;51:1104.
Badimon JJ, Badimon L, Fuster V, JCI 1990; 85:1234–Apo A1 Rab
Nissen SE JAMA 2003; 290:2292– Apo A1 in Humans - IVUS



R Medzhitov.  Nature 2008; 454:428 (Modified)
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Macrophages in the High Risk  Plaques 

J Narula, R Virmani, HW Strauss et. al. Nat CP Cardiov Med. 2008;5:s
Current Medicine © Shapiro et al. 2007Atlas CV Comp.Tom. 119 edn 1

J Narula, HW Strauss  et. al. Nat Med 200713: 532.�



Nanoparticle CT Iodine Contrast N1177 Targeted 
at Macrophages of Rabbit  Aortic Atherosclerosis 

Before & After its Administration (G,Reconstruction

.
WJM Mulder, ZA Fayad et al. Nat CP Cardiov. Med2008;5:S1
F Hyafil, V Fuster, ZA Fayad et la. Nat Med 2007;13:636.



Roles of local Factors in Myocardial Repair /    
Remodeling Following Infarction

Y Sun,  Cardiovasc Res . 2009;81:482.
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1) Frequency of  X TCFA / Pl. Rupture / Trombus
AMI (n=35) & SAP (n=20) - A 3-Vessel OCT

M Masutani et. al. J Am Coll Cardiol . 2008;52:787 (Japan ).

X TCFA: MI 69% - SAP 10%   Rupture: MI 31% - SAP 10
Thrombus: MI 45% - SAP 25%



FA Jaffer, R Weissleder et. al. Circulation. 2008;118:180

NIRF catheter 
prototype

2) Real-time, In Vivo Fluorescence Sensing
of Inflammation –Cystein Protease Activity

in Atherosclerotic Vessels (Rabbits)



3) FUNCTIONALLY NON SIGNIFICANT STENOSIS
BY QUANTITATIVE CORONARY ANGIOGRAPHY – ROLE OF PC
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1) C-Reactive Protein
Structure Affects Function
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Verma, S et. al. Circulation 2004;109:1914 – 2005-2008 numerous but In Vitro
JUPITER (PM Ridker et al.) NEJM 2008; 359:2195



1) CV EVENTS (MI, Stroke, CV Death, Revasc., Hospital,   UA)  
ROSUVASTATIN IN HEALTHY MEN AND WOMEN 

WITH ELEVATED CRP AND WITHOUT HYPERLIPIDEMIA (N=178
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Jupiter Strikes Earth (V Fuster, S Bansilal) Nature CP Cardiov 2009;6



2) Lipoprotein- Associated Phospholipase A2
Risk Marker or a Risk Factor?

A Lerman et. al. Am J Cardiol , 2008;101[suppl]:11F.
IBIS 2 (PW Serruys et. al.) Circ . 2008;118:1172 .



2) Lipoprotein-Associated Phospholipase A2       
IVUS-RF: Darapladib / Placebo (n=330,FU 12 mo)

IBIS 2 (PW Serruys et. al.) Circ . 2008;118:1172 .



WJM  Mulder, V Fuster,  ZA Fayad et. al. 2009 (subm

3) A Glucocorticoid-based Nanomedicine 
Anti-inflammatory Treatment for Atherosclerosis
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