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CETP inhibition does not

necessarily promote When tested in large clinical trials, specifically, the ILLUMINATE Trial, torcetrapib
dysfunctional HDL was found not only to raise systolic blood pressure but also to increase the risk of
total mortality and fatal infarctions; and the development of the drug was halted. It
is now known that torcetrapib increased serum aldosterone and cortisol levels and
altered serum electrolyte concentrations in some subjects, metabolic changes that
could account for the adverse effects of the drug. Moreover, in the ILLUMINATE
Trial, the subjects achieving the highest levels of HDL cholesterol appeared to get
the most benefit in terms of CHD risk reduction, indicating that CETP inhibition
does not necessarily promote dysfunctional HDL particles.

- .
Infusions of lipid-poor

HDL may accelerate

cholesterol efflux from Based on the current information, two separate conceptual approaches - acute and
macrophages in the chronic HDL therapy - are under development to raise HDL cholesterol and
potentially decrease clinical events. Acute HDL therapy is directed toward acutely
increasing lipid-poor, nascent, pre HDL by infusion into acute coronary syndrome
patients at high risk for repeated clinical events. The underlying hope is that the
HDL infusions will accelerate the efflux of cholesterol from macrophages and foam
cells in the arterial wall and reduce the number of vulnerable plaques that could
rupture and result in acute cardiac events.

particles.

arterial wall and reduce
plaque formation.
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The aim is a peptide
that, at the least,
increases plasma levels
of total cholesterol and
HDL cholesterol,
selectively improves
ABCA1-mediated
cholesterol efflux,
converts HDL from
proinflammatory to
anti-inflammatory
particles, and reduces
the concentration of
cellular adhesion
molecules and other
inflammatory factors.

There is renewed
optimism for CETP
inhibition as a
therapeutic target; and
second generation CETP
inhibitors are now being
evaluated as potential
approaches to increasing
HDL and reducing
cardiovascular risk.

The first clinical data to suggest that infusions of lipid-poor apoA-I would be
effective in decreasing atherosclerosis were provided by the apoA-I Milano infusion
study. In patients with acute coronary syndrome, five weekly infusions of apoA-I
Milano/phospholipid complexes resulted in significant regression in coronary artery
atherosclerosis, as assessed by intravascular ultrasound (IVUS). The decrease in
plaque volume was greater than that obtained with 80 mg/day of atorvastatin therapy.
Infusions of autologous selectively delipidated HDL have also shown reduction in
atherosclerosis as quantitated by IVUS, similar to the apoA-I Milano results.

Under development at present are synthetic apoA-I mimetic peptides based on the
amphipathic structure of apoA-I. These include D-4F, which increases the levels of
preP HDL particles; Esperion ETC 642, which is designed to elevate LCAT activity;
and NIH-5A, which selectively removes cholesterol via the ABCALI transporter. The
aim is a peptide that, at the least, increases plasma levels of total cholesterol and
HDL cholesterol, selectively improves ABCA1-mediated cholesterol efflux, converts
HDL from proinflammatory to anti-inflammatory particles, and reduces the
concentration of cellular adhesion molecules and other inflammatory factors.

The chronic approach involves the development of oral agents that significantly
increase plasma HDL cholesterol and can be used for a long or indefinite period of
time. Currently available are fibrates and niacin. Niacin co-administered with a
PGD?2 inhibitor shown to decrease flushing markedly and facilitate patient compliance
is in development. The most promising HDL-raising strategy, until recently, was CETP
inhibition. CETP inhibitors both increase HDL and reduce LDL. As mentioned
previously, evidence to support the concept that the failure of torcetrapib was due to
an off-target, compound-specific, rather than a class, effect is accumulating.
Experiments in preclinical models have revealed that the increased blood pressure
caused by torcetrapib is independent of CETP inhibition and is accompanied by
increased circulating levels of aldosterone. Taken together with the apparent lack of
this side effect with other CETP inhibitors, such as anacetrapib and dalcetrapib, there
is renewed optimism for CETP inhibition as a therapeutic target; and second
generation CETP inhibitors are now being evaluated as potential approaches to
increasing HDL and reducing cardiovascular risk.

In the end, however, it is very likely that no individual therapy will be completely
effective in reducing the residual cardiac events present in statin-treated patients. The
most beneficial treatment may be a combination of HDL-raising and LDL-lowering
agents, having effects that are complementary and additive, that improve both the
absolute plasma cholesterol levels and the functional quality of the lipoprotein
particles. [l
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In the next 5 years many
clinical trials
concentrating on HDL
metabolism will be
completed. This will
provide us with
significant information
and data to support
incorporating HDL
cholesterol into the
guidelines for therapy
with specific targets for
CHD prevention.

CONCLUSIONS

M Low levels of HDL cholesterol (<40 mg/dL or 1 mmol/L) have clearly been shown
to be an independent risk factor for premature heart disease, even at low levels of
LDL cholesterol. HDL formation depends upon the synthesis and secretion of apoA-I,
the major protein of HDL. In the absence of apoA-I gene expression in humans,
there is pronounced HDL deficiency, normal plasma levels of triglycerides and LDL,
and marked premature heart disease. Genetic variants of apoA-I, however, are not
necessarily associated with premature heart disease. Those affecting LCAT activity
possibly are not associated; and the apoA-I Milano variant appears to decrease the
risk of heart disease.

HDL is clearly important for cellular cholesterol efflux. After the formation of apoAl
and its combination with a small amount of phospholipid, preff1-migrating HDL
particles are formed which interact with the ABCAI transporter, resulting in small
discoidal HDL particles of a4-mobility. The free cholesterol on these particles is
esterified to form small spherical particles known as o3 HDL. It is known that these
particles can interact with the transporter ABCG1 for promoting more cholesterol
efflux and the further enlargement of the particles, forming 0.2- and o1-migrating
particles, as the free cholesterol is esterified.

HDL remodeling is modulated by not only by the enzymes LCAT and HL but also
by CETP and the HDL receptor, SR-BI. CETP facilitates the transfer of cholesteryl
esters to triglyceride-rich, apoB-containing lipoproteins in exchange for triglyceride.
In the absence of CETP, HDL cholesterol levels are very high, there is no clear
evidence of heart disease, and longevity is enhanced. SR-BI allows cholesterol to be
taken up by the liver for excretion from the body.

HDL particles also appear to have important anti-inflammatory and anti-oxidative
properties. Both apoA-I and apoA-II inhibit acute vascular inflammation and do so,
in part, by inhibiting the expression of chemokines and their receptors. Large HDL,
particles that promote sterol efflux via ABCG1 may have a particular role in
protecting endothelial cells and macrophages from the adverse effects of oxysterols
consumed in the diet or formed on LDL. HDL3-enriched protein clusters have been
found in vitro to attenuate LDL oxidation in human endothelial cells. Such
observations substantiate the existence of HDL subpopulations with atheroprotective
functions other than reverse cholesterol transport.

Both genetic and nutritional factors regulate HDL levels. Effective ways to increase
plasma levels of HDL cholesterol and large atheroprotective HDL particles include
weight loss, exercise, alcohol consumption, restriction of sugars, estrogen, and
pharmacological agents like niacin, statins, fish oil, fibrates, and CETP inhibitors.
Of these modalities, the ones that are currently used widely include statins, fibrates,
and niacin. Large scale studies are now underway testing whether statin-niacin and
statin-CETP inhibitor combinations are more effective in CHD risk reduction than
statin alone. Infusion therapy is also under development, and preliminary clinical
trials using apoA-I Milano as well as reconstituted HDL have been very promising.
In the next 5 years many clinical trials concentrating on HDL metabolism will be
completed. This will provide us with significant information and data to support
incorporating HDL cholesterol into the guidelines for therapy with specific targets
for CHD prevention. Il

25



26

XV International Symposium on Atherosclerosis

Satellite Symposium

HIGH-DENSITY LIPOPROTEINS AND ATHEROSCLEROSIS: HIGHLIGHTS

SUGGESTED READINGS

Assmann G, Schulte H, Cullen P, Seedorf U.

Assessing risk of myocardial infarction and stroke; new data from the Prospective Cardiovascular
Muenster (PROCAM) Study.

Eur J Clin Invest 2007; 37:925-32.

Asztalos BF, de la Llera-Moya M, Dallal GE, Horvath KV, Schaefer EJ, Rothblat GH.

Differential effects of HDL subpopulations on cellular ABCA1- and SRB1-mediated cholesterol
efflux.

J Lipid Res 2005; 46:2246-53.

Asztalos BE, Schaefer EJ, Horvath KV, Yamashita S, Miller M, Franceschini G, et al.
Role of LCAT in HDL remodeling: investigation in LCAT deficiency states.
J Lipid Res 2007; 48:592-99.

Barter PJ, Caulfield M, Eriksson M, Grundy SM, Kastelein JJ, Komajda M, et al.
Effects of torcetrapib in patients at high risk for coronary events.
N Engl J Med 2007; 357:2109-22.

Brewer, HB Jr.

HDL metabolism and the role of HDL in the treatment of high-risk patients with cardiovascular
disease.

Curr Cardiol Rep 2007; 9:486-92.

Brown BG, Stukovsky KH, Zhao XQ.

Simultaneous low-density lipoprotein-C lowering and high-density lipoprotein-C elevation for
optimum cardiovascular disease prevention with various drug classes, and their combinations: a
meta-analysis of 23 randomized lipid trials.

Curr Opin Lipidol 2006; 17:631-36.

Calabresi L, Franceschini G.

High density lipoprotein and coronary heart disease: insights from mutations leading to low high
density lipoprotein.

Curr Opin Lipidol 1997, 8:219-24.

Calabresi L, Baldassare D, Castelnuevo S, Conco P, Bocchi L, Candini C, et al.
Functional lecithin:cholesterol acyltransferase is not required for efficient atheroprotection in humans.
Circulation 2009; 120:628-35.

Canner PL, Furberg CD, Terrin ML, McGovern ME.

Benefits of niacin by glycemic status in patients with healed myocardial infarction (from the
Coronary Drug Project).

Am J Cardiol 2005; 95:254-57.

Davidson WS, Silva RA, Chantepie S, Lagor WR, Chapman MJ, Kontush A.

Proteomic analysis of defined HDL subpopulations reveals particle-specific protein clusters:
relevance to antioxidative function.

Arterioscler Thromb Vasc Biol 2009; 29:870-76.



SUGGESTED READINGS

GISSI Prevenzione Investigators.

Dietary supplementation with n-3 polyunsaturated fatty acids and vitamin E after myocardial
infarction: results of the GISSI Prevenzione trial. Gruppo Italiano per lo Studio della
Sopravvivenza nell’Infarto Miocardico.

Lancet 1999; 354:447-55.

Holleboom, AG, Vergeer M, Hovingh GK, Kastelein JJ, Kuivenhoven JA.
The value of HDL genetics.
Curr Opin Lipidol 2008; 19:385-94.

Keech AC, Mitchell P, Summanen PA, O’Day J, Davis TM, Moffitt MS, et al., FIELD study
investigators.

Effect of fenofibrate on the need for laser treatment for diabetic retinopathy (FIELD study): a
randomised controlled trial.

Lancet 2007; 370:1687-97.

Kocher O, Krieger M.
Role of the adaptor protein PDZK1 in controlling the HDL receptor SR-BI.
Curr Opin Lipidol 2009; 20:236-41.

Koizumi J, Mabuchi H, Yoshimura A, Michishita I, Takeda M, Itoh H, et al.
Deficiency of serum cholesteryl-ester transfer activity in patients with familial
hyperalphalipoproteinaema.

Atherosclerosis 1985; 58:175-86.

Kontush A, Chapman MJ.

Functionally defective high-density lipoprotein: a new therapeutic target at the crossroads of
dyslipidemia, inflammation, and atherosclerosis.

Pharmacol Rev 2006; 58:342-74.

Lamon-Fava S, Diffenderfer MR, Barrett PH, Buchsbaum A, Nyaku M, Horvath KV, et al.
Extended-release niacin alters the metabolism of plasma apolipprotein (Apo) A-I and
ApoB-containing lipoproteins.

Arterioscler Thromb Vasc Biol 2008; 28:1672-78.

Manninen V, Elo MO, Frick MH, Haapa K, Heinonen OP, Helo P, et al.
Lipid alterations and decline in the incidence of coronary heart disease in the Helsinki Heart Study.
JAMA 1988; 260:641-51.

Nicholls SJ, Tuzcu EM, Sipahi I, Grasso AW, Schoenhagen P, Hu T, et al.
Statins, high-density lipoprotein cholesterol, and regression of coronary atherosclerosis.
JAMA 2007; 297:499-508.

Pencina MJ, D’ Agostino RB Sr, Larson MG, Massaro JM, Vasan RS.
Predicting the 30-year risk of cardiovascular disease: the Framingham Heart Study.
Circulation 2009; 119:3078-84.

Rader DJ, Alexander ET, Weibel GL, Billheimer J, Rothblat GH.
The role of reverse cholesterol transport in animals and humans and relationship to atherosclerosis.
J Lipid Res 2009; 50:S189-S194.

Ridker PM, Paynter NP, Rifai N, Gaziano JM, Cook NR.

C-reactive protein and parental history improve global cardiovascular risk prediction: the Reynolds
Risk Score for men.

Circulation 2008; 118:2243-51.

27



28

SUGGESTED READINGS

Robins SJ, Collins D, Wittes JT, Papademetriou V, Deedwania PC, Schaefer EJ, et al.; the
VA-HIT Study Group. Veterans Affairs High-Density Lipoprotein Intervention Trial.
Relation of gemfibrozil treatment and lipid levels with major coronary events: VA-HIT:
arandomized controlled trial.

JAMA 2001; 285:1585-91.

Santos RD, Schaefer EJ, Asztalos BF, Polisecki E, Wang J, Hegele RA, et al.
Characterization of high density lipoprotein particles in familial apolipoprotein A-I deficiency.
J Lipid Res 2008; 49:349-57.

Schaefer EJ, Asztalos BE.

Cholesteryl ester transfer protein inhibition, high-density lipoprotein metabolism and heart
disease risk reduction.

Curr Opin Lipidol 2006; 17:394-98.

Staels B, Dallongeville J, Auwerx J, Schoonjans K, Leitersdorf E, Fruchart JC.
Mechanism of action of fibrates on lipid and lipoprotein metabolism.
Circulation 1998; 98:2088-93.

Tabet F, Rye KA.
High-density lipoproteins, inflammation and oxidative stress.
Clin Sci 2009; 116:87-98.

Tall AR, Yvan-Charvet L, Terasaka N, Pagler T, Wang N.

HDL, ABC transporters, and cholesterol efflux: implications for the treatment of
atherosclerosis.

Cell Metabolism 2008; 7:365-75.

Watts GE, Barrett PH, Chan DC.
HDL metabolism in context: looking on the bright side.
Curr Opin Lipidol 2008; 19:395-404.

Yokoyama M, Origasa H, Matsuzaki M, Matsuzawa Y, Saito Y, Ishikawa Y, et al.; Japan EPA lipid
intervention study (JELIS) investigators.

Effects of eicosapentaenoic acid on major coronary events in hypercholesterolaemic patients
(JELIS): a randomized open-label, blinded endpoint analysis.

Lancet 2007; 370:1090-98.

Zanni EE, Koukos G, Drosatos K, Vezeridis A, Anni EE, Kypreos KE, et al.

Discrete roles of apoA-I and apoE in the biogenesis of HDL species: lessons learned from gene
transfer studies in different mouse models.

Ann Med 2008; 40(Suppl 1):14-28.



XV International Symposium on Atherosclerosis
Satellite Symposium

HIGH-DENSITY LIPOPROTEINS
AND ATHEROSCLEROSIS

HIGHLIGHTS





