
When tested in large clinical trials, specifically, the ILLUMINATE Trial, torcetrapib
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. 

Based on the current information, two separate conceptual approaches - acute and
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, preβ 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.
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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 
preβ HDL particles; Esperion ETC 642, which is designed to elevate LCAT activity; 
and NIH-5A, which selectively removes cholesterol via the ABCA1 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
PGD2 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.
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CONCLUSIONS

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 apoAI
and its combination with a small amount of phospholipid, preβ1-migrating HDL 
particles are formed which interact with the ABCA1 transporter, resulting in small 
discoidal HDL particles of α4-mobility. The free cholesterol on these particles is 
esterified to form small spherical particles known as α3 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 α2- and α1-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 HDL2

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. 
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