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High density lipoproteins (HDL) represent diverse subpopu-
lations of particles that are heterogeneous in their physico-
chemical composition and functionality [1–3]. The cholesterol
content of HDL particles, HDL cholesterol, has been used as a
biomarker of atherosclerotic cardiovascular disease risk, and a
target for pharmaceutical intervention [4]. Sincemany of these
clinical trials were initiated, there have been transformational
changes in our understanding of HDL biology and function
such that increasing the cholesterol content of HDL is a failed
therapeutic strategy [3, 4].

Among high-risk individuals treated with high-intensity
statin therapy, low HDL-C has not been a consistent biomark-
er of cardiovascular events [5, 6]. In the Treating to New
Targets (TNT) trial, atorvastatin-treated patients who achieved
low density lipoprotein (LDL) cholesterol levels less than
70 mg/dL, recurrent cardiovascular events were higher among
subgroups with low HDL cholesterol levels [7]. However, this
association may have been confounded by the higher apolipo-
protein B, the major protein on atherogenic lipoproteins, in the
subgroups of patients with low HDL cholesterol levels. Low
HDL cholesterol is also considered a biomarker of elevated
triglyceride-rich lipoproteins as shown in Mendelian random-
ization studies [9]. In contrast to HDL cholesterol, HDL

particle number is more strongly associated with increased
cardiovascular risk in statin-treated individuals [6]. In
JUPITER, a primary prevention trial of individuals at high
risk for an initial cardiovascular event, on-trial levels of
HDL cholesterol were not associated with cardiovascular risk
in rosuvastatin-treated individuals [10]. In contrast, low on-
trial levels of HDL particles were predictive of cardiovascular
events.

Cholesteryl ester transfer protein (CETP) is a plasma pro-
tein that facilitates exchange of neutral lipid between lipopro-
tein particles resulting in lower concentrations of VLDL and
LDL particles without necessarily changing HDL particle
concentration with the exception of dalcetrapib that had mod-
est effects of increasing HDL particle concentration [10]. In a
Mendelian randomization study that included 16,503 cases
and 46,576 controls, the CETP polymorphism rs3764261 on
chromosome 16q13 were associated with higher levels of
HDL cholesterol (3.86 mg/dL per allele) and lower levels of
LDL cholesterol (-1.16 mg/dL per allele) [8]. Carriers of the
rs3764261 trait had a 4 % lower risk of myocardial infarction
than non-carriers. Thus, CETP inhibition is a potential strate-
gy for lowering cardiovascular events based on
pharmacogenomics.

Two clinical outcomes trials have been completed with
CETP inhibitors [11, 12]. The ILLUSTRATE trial investigat-
ed the efficacy of the CETP inhibitor torcetrapib as a strategy
to reduce the risk of recurrent events in atorvastatin-treated
patients with stable coronary heart disease [11]. As compared
with baseline values, torcetrapib increased HDL cholesterol
by 72.1 %, and lowered LDL cholesterol and triglycerides
by 24.9 and 9 %, respectively. Due to a higher mortality rate

R. S. Rosenson (*)
Mount Sinai Heart, Mount Sinai Icahn School of Medicine, New
York, NY, USA
e-mail: robert.rosenson@mssm.edu

H. B. Brewer Jr.
MedStar Heart Institute, Washington Hospital Center,
Washington, DC, USA

Cardiovasc Drugs Ther (2015) 29:1–3
DOI 10.1007/s10557-015-6576-7



in torcetrapib-treated participants, this trial was terminated
early. The adverse cardiovascular outcomes with torcetrapib
were attributed to off-target toxicity that involved activation of
the renin-angiotensin-aldosterone system. The dal-Outcomes
trial compared the efficacy of the CETPmodulator dalcetrapib
in nearly 16,000 patients with recent acute coronary syn-
dromes [12]. In the dalcetrapib group, 97 % received statin
therapy., Dalcetrapib-treated participants had an increase in
HDL cholesterol during the trial that ranged from by 31 to
40 %, but neither baseline nor on-trial changes in HDL cho-
lesterol were associated with the primary composite cardio-
vascular outcome. Although baseline LDL cholesterol levels
were associated with future risk of cardiovascular events,
dalcetrapib did not change LDL cholesterols from a baseline
concentration of 76±26 mg/dL. This trial was terminated ear-
ly due to a lack of efficacy. On therapy with either dalcetrapib
or placebo, there were no associations between baseline HDL
cholesterol or apolipoprotein A-I and cardiovascular out-
comes. In the dal-ACUTE trial, dalcetrapib improved macro-
phage cholesterol efflux but primarily via a non-ABCA1 path-
way [13].

Despite the lack of clinical utility of HDL cholesterol and
apolipoprotein A-I as bioimarkers of cardiovascular out-
comes, CETP inhibition with dalcetrapib was shown to in-
crease reverse cholesterol transport in an experimental animal
model [14]. In hamsters injected with macrophage-
radiolabelled cholesterol, dalcetrapib administration increased
plasma and fecal elimination of labeled sterol. However, these
experiments were conducted in the absence of concomitant
statin therapy.

In this issue, Niesor and colleagues investigate the effects
of various statins on ABCA1 expression and macrophage
cholesterol efflux to HDL [15]. Statins increase transcription
of sterol element-binding protein (SREBP) and the expression
of SREBP regulated genes that include microRNA33
(miR33). MicroRNAs are genomic encoded, short double-
stranded RNAs that repress translation either through inhibi-
tion of ribosomal recognition and/or destabilization of mRNA
by activation of RNA-induced silencing complex.
MicroiRNA33 downregulates the expression of ABCA1 and
ABCG1, and reduces HDL-mediated cholesterol efflux at the
tissue level. In human THP-1 macrophages that were choles-
terol loaded with acetylated LDL, incubation with atorvastatin
(1 μM) increased miR33 by 33 % and reduced ABCA1 ex-
pression by 47 %. In mouse J7774A.1 macrophages loaded
with 3H-cholesterol, ABCA1 mRNA and ABCA1-mediated
cholesterol efflux were reduced with incubation by 1 μM stat-
in. The reduction in ABCA1 efflux was statin-specific
(simvastatin>pitavastatin>atorvastatin> rosuvastatin>
pravastatin) and dose-dependent for simvastatin. Of additional
interest is the potential tissue specificity of the inhibition of
miR33 with minimum effect of statins on hepatic ABCA1 and
potential major modulation on beta cell function and diabetes.

This study has important implications for our understand-
ing of statin biology as well as the future development of HDL
modifying therapies. Since ABCA1 is the essential pathway
that mediates macrophage cholesterol efflux, and high poten-
cy statin therapy is evidence-based and guideline recommend-
ed therapy for high cardiovascular risk patients, Thus, the
implications of this current report [15] may represent one
source of residual cardiovascular risk in statin-treated patients.
Interestingly, increased expression of hepatic miRNA33 [16]
may be one explanation for the dose-dependent reduction in
HDL cholesterol levels observed with atorvastatin [17] and
differences in HDL cholesterol and HDL particle concentra-
tion reported with equipotent LDL cholesterol lowering doses
of atorvastatin and rosuvastatin [6].

Future approaches for the development of new targets that
reduce cardiovascular risk in statin-treated patients with HDL
modifying therapies include inhibition of miR33, increase
production of cholesterol deficient and phospholipid depleted
apoA-I moieties that serve as ligands for ABCA1, and mobi-
lization of cholesteryl ester from lipid-laden macrophages
with LXR agonists [18].
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