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Heart Attacks Gone with the Century
Brown and Goldstein:  Science 1996
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% Cardiovascular Events in Major Statin Trials Lancet 2005

Have Statins Eliminated Heart Attacks ?Have Statins Eliminated Heart Attacks ?

Glass is 2/3rds Empty



Residual Risk in Statin Treated Patients with LDL-C Levels <70 mg/dl is related to HDL-C Levels

Barter P et al : NEJM 2007; 357:1301

Post-hoc Analysis of TNT-Trial
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Epidemiology: Lower the HDL Higher the risk
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Transgenic overexpression of human Apo A-I
dramatically reduces atherosclerosis in
hyperlipidemic Apo E knockout mice

Mean Aortic Lesion Area (mm3)

Pastzy et al, JCI 1994
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Apo E knockout
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Biological Actions

Reverse Lipid Transport

Anti-inflammatory

Anti-oxidant

Anti-thrombotic



0

10

20

30

40

50

60

70

80

90

100

Torcetrapib Markedly Increases 
HDL-C Levels in Humans

10 mg       30mg      60mg     120mg     240mg

16% 28%

62%

73%

91%

Clark et al : ATVB 2004:24: 490

HDL-C (mg/dl)

Illuminate Trial: Randomized Trial Comparing 
Atorvastatin vs Atrovastatin +Torcetrapib 

Combination 
On Clinical Outcomes in 15000 Patients

Trial was prematurely terminatedat 18 months
by the Data Safety Monitoring Board

on December  2, 2006  because of 60% (82 vs 51 events)
excess in Adverse Outcomes 

in the Atorvastatin-Torcetrapib Combination Arm
Despite Lower LDL and Higher HDL Levels 
Excess events included : Death, MI, UA, Revascularization, CHF

No effect on atherosclerosis
As assessed by Carotid IMT
(Radiance 1 and 2 Trials)
or IVUS Coronary Plaque Size
(Illustrate Trial) and significant
Increase in Blood Pressure 

(NEJM 2007, LANCET 2007)
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CETP  Inhibitors

JTT 705
Torcetrapib
Merck Drug

Loss of Function
CETP Mutations
Associated with
High HDL-C

Brown et al:  Nature 1989
Inazuet al: NEJM 1990



Crystal Structure of CETP:
Qiu X et al : Nature Structural Biology 2007

CETP Inhibition by Torcetrapib
Creates Large HDL particles
Enriched in Apo E and containing
CETP-Torcetrapib Complex



Normal
HDL

Dysfunctional/Proinflammatory
HDL

Torcetrapib ?
CETP inhibition ???

HDL  Quality /Function May Be Important Determinant of Athero-protection

Athero-promotion Athero-protection



HDL  Becomes Pro-inflammatory During Acute Phase Response
Van Lenten  et al : JCI   1995

PON
SAA

Normal HDL

Apo A-I

Inhibits ox-LDL Induced Subendothelial
Monocyte Recruitment in-vitro

(Anti-inflammatory)

Promotes  ox-LDL Induced Subendothelial
Monocyte Recruitment in-vitro

(Pro-inflammatory)

Acute Phase HDL

Acute illness

A high proportion of CAD patients have Dysfunctional HDL 
Ansell B, Navab M, Fogleman A et al : Circulation 2003



Apo A-II overexpression
increases atherosclerosis
in transgenic mice despite 

High HDL
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Warden C et al: Science 1993

In apo A-II trangenic animals
the HDL  is Pro-inflammatory

, probably because it is depleted
of Paraoxonase, an antioxidant enzyme

carried by normal HDL

Castellani L et al : JCI 1997

Potential Reason



MPO

Chlorination of Tyrosine results in 3-chlorotyrosine a fingerprint of MPO action

Bengt C et al: PNAS 2004

Zengh L et al: JCI 2004

H2O2 + Cl - + H+                    HOCL + H2O



Bergt C et al : 
PNAS 2004

Hypochlorous Acid Impairs
Cholesterol Efflux Effects of

HDL and Apo A-I

MPO

H2O2 + Cl - + H+                    HOCL + H2O
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Normal
HDL

Dysfunctional/Proinflammatory
HDL

Apo A-I depletion
PON depletion
Mast cell tryptase
SAA enrichment
Myeloperoxidase

Torcetrapib ?
CETP inhibition ???

HDL  Quality /Function May Be Important Determinant of Athero-protection

Athero-promotion Athero-protection



Normal
HDL

Dysfunctional/Proinflammatory
HDL

Myeloperoxidase
Apo A-I depletion
PON depletion
Mast cell tryptase
SAA enrichment
Torcetrapib ?
CETP inhibition ???

Super
HDL

????????

HDL  Quality /Function May Be Important Determinant of Athero-protection

Athero-promotion Athero-protection Enhanced Athero-protection



CSMC

Navab M et al : Circulation 2002

Ac-D-W-F-K-A-F-Y-D-K-V-A-E-K- F-K-E-A-F-NH2 (4F)9
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Li X et al: Circulation  2004

Ac-D-W-F-K-A-F-Y-D-K-V-A-E-K- F-K-E-A-F-NH2 (4F)9

D4F Enhances Anti-inflammatry Effects of HDL



CSMC

Apo AApo A--IImilano milano 

A naturally occurring mutant of apolipoprotein AA naturally occurring mutant of apolipoprotein A--I I 

Human carriers  of Apo A-Imilano 
mutation 

*born in Limone sul Garda in Italy

• heterozygous for the mutant allele

• descendents of Giovani Pomaroli and 
Rosa Giovaneli born in 1780

• have very low HDL and apo A-I  and 
high TG

• have no excess in vascular disease

• have family h/o longevity

*

*

Arginine at 173

Cysteine at 173

Wild typeWild type

Milano mutantMilano mutant

In  carriers , Apo A-Imilano circulates as a
monomer, homodimer and

heterodimer with wt apo A-II
Franceshcini ,Sirtori, Weisgraberet al : JCI 1980
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Plaque Area (mm2)

P= 0.002

IV r-Apo A-Imilano(r-HDL) Reduces Atherosclerosis and Plaque Inflammation in Hyperlipidemic Rabbits and Mice 
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Ameli S, Nilsoon J, 
Shah PK et al: Circ 1994

Shah  PK et al : Circ 1998



Reduced Plaque Lipid  and Inflammation  48 Hours After a Single Reduced Plaque Lipid  and Inflammation  48 Hours After a Single IVIV --Dose of Dose of 
rApo ArApo A--II milanomilano in Apo E in Apo E --//-- MiceMice
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Shah PK: Circ 2001
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Nissen et al.: JAMA, 2003

Rapid Regression of Human Coronary Plaque after 5 Weekly Intravenous 
Injections of  Recombinant  rApo A-Imilano (ETC-216)

Overall r Apo A-I milano ( ETC-216 ) 
produced 

4.5 % net regression of coronary atheroma 
volume in 6 Weeks 

N=47  patients with ACS
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A-Im A-ImPlacebo Placebo

10 mm coronary segments with the largest plaque
showed  11 % net regression: Nichols JACC 2006



Apo A-I milano 
versus 

Wild type Apo A-I

Are they functionally different ?



6-8 wk Male 
ApoE-/- and Apo A-I  -/-
Double Knockout Mice

Irradiate 1100cGy, 
split dose

Transduced Bone Marrow
Cells 
Infused Via Tail vein

7
( 1X107cells )

Donor

6-8 wk  Female 
ApoE-/- and Apo A-I  -/-
Double Knockout Mice

Recipient

Isolate Bone Marrow
Transduce with

Retrovirus encoding
Apo A-I or Apo A-Imilano

Under a macrophage specific SRA 
promoter

High Fat Diet

Sacrifice at 30 wks

Gene Therapy via Bone Marrow  Transplantation

Wang L et al:JACC2006 
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Transplantation of Bone-marrow Transduced with Retrovirus Carrying 
Apo A-I (wild type) Or Apo A-ImilanoGene: Comparative Anti-atherogenic Effects

% Aortic Surface with Atheroma
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Wang L et al: JACC 2006



Vector Ctl Apo A-I Apo A-IM
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GFP Apo A-I Apo A-I milano

Gene  Transduced Macrophages

P<0.01

P<0.001

3 H Cholesterol Efflux (CPM/ 10 5 Cells)

Cholesterol  Efflux Promoting Capacity: Apo A-I wild type  versus Apo A-I milano
JACC 2006



Higher Antioxidant Activity of Apo A-I milano
Compared to Apo A-I paris and Apo A-I wt

Bielicki : Biochemistry 2002

A-I milano

A-I Paris

A-I wt



Vascular Protective Effects of HDL 
and its Apolipoproteins: 

An Idea Whose Time for Testing is Here
Shah PK et al : Circulation 2001

Recombinant HDL
(rApo A-1milano) Apo A-I- mimetic peptides (D4F) ? 

CETP inhibition
(Torcetrapib, JTT) ???

RXR , PPAR and LXR 
Agonists ???

HDL-related Gene Therapy

HDL-associated antioxidants
Paraoxonase ?

SUV(PL) ?

Small
molecules HDL

Delipidation

Rimonobant?

Niacin
Niacin plus DP-1  blocker

Shah PK: 
Future Lipidology 2007

Plasma Derived
ApoA-I
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Molecular  Mechanisms of Niacin Flush

1DP-1

DP-2

PGD
2

NiacinGPR 109A

Selective 
DP-1 Receptor

Antagonists
MK -0534

Markedly reduces 
Niacin Flush in mice 

and huumans

Benyo Z: JCI 2005,     Pike N: JCI 2005,     Chang K: PNAS 2006
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Homologous Plasma Derived HDL Injections Reduce Fatty Streaks in Cholesterol-fed Rabbits
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LDL-Lowering with Statins Reduces Cardiovascular Events
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Effect of Human Plasma Derived  Reconstituted HDL (CSL-111) Infusions on Coronary Plaque
Tardiff JC et al : JAMA 2007
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