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ABSTRACT

Atherosclerosis is the leading cause of death in developed countries. High density lipoproteins (HDL) cholesterol
level correlates inversely with the risk of cardiovascular diseases. Thus, HDL has obtained lots of interest for
drug development. In this review, we summarized the mechanisms for the antiatherogenic function of HDL,
current HDL-based drugs in clinical use and the future direction for HDL-based therapy development.
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INTRODUCTION

Cardiovascular disease (CVD) is the number one killer
disease in the United States and most other developed
countties."' Plasma level of cholesterol is the key indicator
for the risk of developing CVD. Low-density lipoprotein
cholesterol (LDL-C) and high-density lipoprotein
cholesterol (HDL-C) levels are two independent risk
factors.’l High concentration of LDL-C is strongly
associated with cardiovascular disease. In contrast,
HDL-C correlates inversely with the risk of CVD.*’!
The National Cholesterol Education Program (NCEP)
Adult Treatment Panel 111 guidelines have recognized
low HDL-C (<40 mg/dL) as an independent major risk
factor for CVD.M Currently, statins are the most widely
used drugs in modifying the cholesterol level. Statins
inhibit 3-hydroxy-3-methyglutaryl-coenzyme A (HMG-
CoA) reductase activity, and, thus, inhibits cholesterol
synthesis in the liver.Pl As a result, expression of LDL
receptors is boosted to facilitate the removal of LDL
from circulation.P! Therefore, it is believed that the anti-
atherosclerotic function of statins is mainly due to their
abilities to lower plasma LDL-C.I*”l However, despite
the wide use of statins, CVD remains the leading cause
of death in industrialized countries. Therefore, other
lipid-modifying therapeutic strategies are being sought to
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improve the treatment of atherosclerosis. This includes an
increasing interest in using HDL as a therapeutic target.

HDL COMPOSITION, STRUCTURE, AND FUNCTION

HDL are heterogeneous complexes of proteins and
lipids differing in shape (nascent discoidal or mature
spherical), diameter (813 nm), density (1.21-1.063 g/ml),
protein and lipid composition, and function.”! Nascent
discoidal HDL are comprised of a cholesterol-containing
phospholipid bilayer surrounded by apolipoprotein
a-helices.”) Mature spherical HDL are composed of a
monolayer of phospholipids and helical proteins on the
surface and cholesterol ester as well as a small amount of
triglycerides in the hydrophobic core!'” Apolipoprotein
A-I (apoA-l) is the major protein on HDL that accounts
for ~70% of total HDL proteins. The second major
protein, apoA-1l, represents ~20%, and other HDL
proteins, including apoE, apoA-1V, apoA-V, apo], apoC-1,
apoC-11, and apoC-I11, account for <10% of the HDL
protein content."! Based on their density, mature HDL
can be further divided into HDL., (1.063—1.125 g/ml) and
HDL, (1.125-1.21 g/ml). These subclasses vary in protein
and lipid composition and have different functions.
For example, smaller HDL, are relatively enriched in
apoA-IL" Importantly, HDL, and HDL, have distinct
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functional and metabolic properties. Large HDL, are
believed to be more atheroprotective than small HDL,,
because epidemiologic studies show that, compared with
healthy individuals, patients with high risks of CVD
often have higher levels of small HDL, but lower level
of large HDL, .l Also, HDL, have been reported to have
an enhanced ability to mediate cholesterol ester uptake
via the scavenger receptor type B1 (SR-B1)," which is
expected to contribute to their cardioprotective action.

HDL protect against atherosclerosis mainly by playing
a central role in reverse cholesterol transport (RCT).
RCT involves removal of cholesterol from arterial
macrophages and delivery of this excess cholesterol to the
liver for excretion or to steroidogenic organs for hormone
synthesis, thereby preventing the formation of arterial
plaques.™ Since RCT is the only cholesterol-removal
pathway in human, the role of HDL in cadioprotection
is indispensable. Cholesterol efflux mediated by lipid-
free or lipid-poor apoA-I through ABCA1 is the most
efficient cholesterol removal pathway.' In the presence
of lecithin:cholesterol acyltransterase (LCAT), cholesterol
in HDL surface is esterified. The apolar molecules of
cholesterol ester move from the surface to the core of the
particle. As a result, mature HDL acquire their spherical
shapes. Small spherical HDL, can take up additional
cholesterol and are further remodeled by LCAT and
other plasma factors. Subsequently, they fuse into larger
HDL,. HDL finally deliver their cargo of cholesterol to
the liver for excretion through scavenger receptor class B
type I (SR-BI). Although lipid-free or lipid-poor apoA-I
is the primary cell cholesterol acceptor, spherical HDL
also pick up cholesterol from peripheral tissues. Several
ABC transporters, including ABCG1 and ABCGH4, are
involved in cholesterol efflux from macrophages to HDL,
and HDL, "l Moreover, SR-BI is proposed to mediate
bidirectional flux of cholesterol between mature HDL
and cells. Thus, SR-BI can promote cholesterol efflux into
HDL when a concentration gradient exists.!')

In addition to their central role in RCT, HDL also have
antioxidant, anti-inflammatory and anti-thrombotic
properties, which contributes to their anti-atherogenic
action. The anti-oxidant property of HDL is mainly due to
their ability to inhibit LDL oxidation and remove oxidized
lipids from LDL. According to the oxidation hypothesis
of atherogenesis, oxidized LDL is more readily taken up
by macrophages, which promotes foam cell formation.
Therefore, deoxidization of LDL can decrease the risk of
arterial plaque formation.

The anti-inflammatory property of HDL is due to their
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ability to inhibit the expression of adhesion molecules, such
as vascular cell adhesion molecule 1, intercellular adhesion
molecule 1, and E-selection," thereby inhibiting monocyte
adhesion to endothelial cells, infiltration into the arterial
wall, and maturation to macrophage. The mechanism
of inhibition may involve apoA-I, apoA-II, apoA-1V,
and phospholipids such as sphigosine-1-phosphate and
sphingosylphosphorylcholine."® As oxidized lipids are
pro-inflammatory,"” the ability of HDL to remove these
lipids also contributes to their anti-inflammatory action.

The anti-thrombotic action of HDL is due to the inhibition
of factors that promote blood coagulation, including factors
X, Va, and VIllIa. This inhibition may result from anionic
HDL lipids cardiolipin and phosphatidylethanolamine,
which have anticoagulant properties.'"

HDL-BASED THERAPIES

Statins have been reported to moderately increase the
HDL-C level by 3-13%." This HDL-C increasing effect
is significantly smaller than the statin-induced LDL-C
lowering effect. Thus, the benefits of statin-induced
HDL-C elevation are unclear and statins normally are not
considered as HDL-raising drugs. Currently, niacin and
fibrates are the main HDL-targeting therapies.

Niacin

To date, niacin (Nicotinic acid, Vitamin B3) is the most
effective drug in the market to increase HDL-C (by
15-30%).%"" Although niacin is available from many
dietary sources, only high dose of niacin (1.5-2 g/day)
has HDL-C elevation effects. Many clinical trials have
demonstrated that the niacin-induced increase in HDL-C
level is associated with reduced risk of CVD. These
clinical trails include Coronary Drug Project (CDP),*!
Familial Atherosclerosis Treatment Study (FATS),"
HDL Atherosclerosis Treatment Study (HATS),*! and,
more recently, the randomized Arterial Biology for the
Investigation of the Treatment Effects of Reducing
Cholesterol Trials (ARBITER-2 and ARBITER-3).2%*7!

The beneficial effect of niacin in modifying cholesterol
levels was discovered 50 years ago,* but the undetlying
mechanism began to be elucidated only recently. Niacin
activates the niacin receptor HM74A (GPR109B) in
adipocytes, which inhibits adenylyl cyclase. Consequently,
the amount of free fatty acid released from adipocytes
to circulation is decreased, which leads to diminished
plasma and hepatic triglyceride levels. As a result, HDL-C
is increased.® However, the side effect of flushing
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compromised the wide use of niacin. Extended-release
(ER) formulations of niacin, which cause less flushing
because of slower release of niacin, are available, but some
of them seem to have increased liver toxicity. P! Niacin
causes flushing by elevating the synthesis of prostaglandin
D2, which activates DP1 receptor and thus acts as a
vasodilator. P! Laropiprant, a DP1 antagonist, was
developed by Merck & Co. for use in combination with
niacin to minimize flushing. Laropiprant was approved
by the European Medicines Agency, but not by the FDA,
since administration of 325 mg aspirin, a widely used
non-steroidal antiinflammatory drug, 30—60 min before

niacin can also reduce flushing.””

Fibrates

Fibrates are the other HDL-C raising drugs (by 5-20%)
in the market. Fibrates indirectly raise plasma HDL level
and lower triglyceride concentration through activating
nuclear transcription factor PPARa. It has been proposed
that fibrates increase HDL level through upregulation of
apoA-I and ABCA1 and downregulation of SR-B1. Many
clinical trials showed that fibrates are beneficial for both
primary and secondary prevention of CVDs, including
the Helsinki Heart Study (HHS) (600 mg of gemfibrozil
twice daily) and Veterans Affairs HDL Intervention Trial
(VA-HIT) (1.2 g/day gemfibrozil).?** However, effects
of fibrates on CVD seem to be uncertain; for example,
the Fenofibrate Intervention and Event Lowering in
Diabetes (FIELD) trial (fenofibrate 200 mg/day) failed to
demonstrate beneficial effects of fibrates.

FUTURE DIRECTIONS FOR HDL-BASED DRUGS
ApoA-I mimetic peptides

ApoA-I mimetic peptides are amphipathic peptides of
18-22 amino acids, which mimic the lipid-binding domain
of apoA-I. ApoA-I mimetics retain functional properties
of apoA-I, such as the ability to form complexes with
lipids, promote cell cholesterol efflux, and activate
LCAT.F® The advantage of mimetic peptides over the
full-length apoA-I is that they are relatively easy and
cheap to synthesize. D4E, an orally active peptide with
D-amino acids (to avoid proteolysis by gut peptidases
that recognize L-amino acids) and 4 phenylalanine
substitutions, has been shown to enhance the anti-oxidant
and anti-inflammatory function of HDL and improve
its cholesterol efflux ability without increasing plasma
HDL-C levels in mouse models.”Y! However, D4F seems
to show toxicity in human trials.
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CETP inhibitor

Cholesterol ester transfer protein (CETP) mediates
equimolar exchange of cholesterol ester for triglyceride
among HDL and the triglyceride-rich apoB-containing
lipoproteins (VLDL, IDL, LDL, chylomicrons, and their
remnants).”” The net effect of CETP action on HDL is
enrichment with triglyceride and depletion of cholesterol
ester.’l As CETP reduces the HDL-C level, therapeutic
approaches targeting CETP inhibition have been of interest
for years.” Indeed, humans with CETP deficiency have
higher levels of HDL-C and apoA-I and tend to have
lower rates of atherosclerosis.’®! However, the clinical
trials of torcetrapib, a CETP inhibitor developed by
Pfizer, were halted in 2006 due to an interim finding of
Investigation of Lipid Level Management to Understand
Its Impact in Atherosclerotic Events ILLUMINATE) trail.
PI'Even though torcetrapib elevated the HDL-C level, it
unexpectedly increased the risk for atherosclerotic events
and led to a higher incidence of cardiovascular and non-
cardiovascular death.P It is not entirely clear whether
the increased cardiovascular risk was due to the CETP
inhibition or to the off-target effects of torcetrapib.!*!
Currently, two other CETP inhibitors, Dalcetrapib (JTT-
705) and Anacetrapib (MK-0859), are still in clinical trials.
In contrast to torcetrapib, Dalcetrapib and Anacetrapib
increase HDL-C without increasing blood pressure, but
further clinical trials are required to evaluate their efficacy
and safety.*1*4

The failure of torcetrapib suggests that raising HDL-C
levels alone may not necessarily provide protection from
atherosclerosis."’! Growing clinical evidence suggests
that both HDL quantity and quality are important for
cardioprotection. Epidemiological studies show that larger
HDL are more cardioprotective than smaller HDL.I"’
Functional studies revealed that mild oxidation benefits
HDL function in cholesterol efflux while extensive
oxidation impairs this function.”) Studies by Gursky
and colleagues suggest that less stable HDL has better
functional properties and is more cardioprotective.***!
Therefore, measuring HDL stability may provide a simple
way to assess HDL quality.

Lipase inhibitors
Hepatic lipase (HL)" and endothelial lipase (EL) can
hydrolyze HDL triglycerides and phospholipids, leading to

generation of lipid-poor apoA-1, which is susceptible to
degradation. Thus, inhibition of HL. and EL was proposed
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to increase the plasma HDL level.”*1 However, HL can

also clear atherogenic apoB-containing particles; therefore,
therapeutic strategies involving HL inhibition should be
treated with caution. On the other hand, elevated EL levels
are reportedly associated with atherosclerosis in humans.
7l More research is needed to determine the potential of
using EL inhibitors to raise the plasma level of HDL.

Liver X receptor agonists

Liver X receptor(LXR), one of the ligand-activated
transcription factors, belongs to the nuclear receptor
family. LXR regulates genes in cholesterol efflux (ABCAT1,
ABCG1, ABCGH4), genes in HDL remodeling (CETP
and phospholipid transfer protein), genes in cholesterol
secretion and bile-acid synthesis, and genes in hepatic
lipogenesis.’”! Animal studies have shown that LXR
activation leads to elevated HDL-C, and also elevated
triglycerides, which may lead to the development of
fatty liver.!”*I Thus, the ideal LXR agonist would
selectively upregulate ABCA1 and ABCG transporters
in macrophages to promote reverse cholesterol transport
and selectively upregulate genes in cholesterol secretion
without activating genes in hepatic lipogenesis. LXRs have
two isoforms, LXRa and LXRJ. LXRoa is more abundant
in the liver while LXR is ubiquitously expressed. Thus,
selective modulation of LXR but not LXRa may lead
to elevated HDL-C levels without the risk of developing
hypertriglyceridemia and fatty liver.

CONCLUSIONS

LDL-C reducing drugs have been clinically used for
decades, but the incidence of CVD is still high. Thus,
increasing HDL level to complement statins, the LDL-
lowering drugs, became an attractive target. Despite
vigorous efforts, HDL-modifying drugs are still not
effective in decreasing mortality. In addition, the failure of
CETP inhibitor torcetrapib casts a shadow on HDL-based
drug development. Most HDL-based drug development
efforts were focused on HDL-C increase. Recent studies
showed that both the quantity and the quality of HDL
are important for cardioprotection. It is possible that
improving various aspects of HDL function will become
a new direction for the development of HDL-based
therapies in the future. Thus, not only increasing HDL-C
level but also increasing functionally improved HDL may
be a more effective strategy for CVD treatment.

ACKNOWLEDGMENTS
We would like to thank Dr. Olga Gursky for her helpful review

Available Online: www.jcdronline.org

of this manuscript and thoughtful suggestions. This work
was supported by the National Institutes of Health Grants
GMO067260 and HIL026355.

REFERENCES

1. Murray CJ, Lopez AD. Mortality by cause for eight regions of the world:
Global Burden of Disease Study. Lancet 1997;349:1269-76.

2. Boden WE. High-density lipoprotein cholesterol as an independent risk
factor in cardiovascular disease: Assessing the data from Framingham to
the Veterans Affairs High--Density Lipoprotein Intervention Trial. Am J
Cardiol 2000;86:191.-22.

3. Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel
WB. Prediction of coronary heart disease using risk factor categories.
Circulation 1998;97:1837-47.

4. Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults. Executive Summary of The Third Report of
The National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, And Treatment of High Blood Cholesterol In Adults
(Adult Treatment Panel III). JAMA 2001;285:2486-97.

5. Goldstein JL, Brown MS. The LDL receptor. Arterioscler Thromb Vasc
Biol 2009;29:431-8.

6. Heart Protection Study Collaborative Group. MRC/BHF Heart Protection
Study of cholesterol lowering with simvastatin in 20,536 high-risk
individuals: A randomised placebo-controlled trial. Lancet 2002;360:7-22.

7. Sever PS, Dahlof B, Poulter NR, Wedel H, Beevers G, Caulfield M, ez a/.
Prevention of coronary and stroke events with atorvastatin in hypertensive
patients who have average or lower-than-average cholesterol concentrations,
in the Anglo-Scandinavian Cardiac Outcomes Trial--Lipid Lowering
Arm (ASCOT-LLA): A multicentre randomised controlled trial. Lancet
2003;361:1149-58.

8. Movva R, Rader DJ. Laboratory assessment of HDL heterogeneity and
function. Clin Chem 2008;54:788-800.

9. Wlodawer A, Segrest JP, Chung BH, Chiovetti R Jr, Weinstein JN. High-
density lipoprotein recombinants: Evidence for a bicycle tite micelle
structure obtained by neutron scattering and electron microscopy. FEBS
Lett 1979;104:231-5.

10.  Shipley GG, Atkinson D, Scanu AM. Small-angle x-ray scattering of human
serum high-density lipoproteins. ] Supramol Struct 1972;1:98-104.

11. 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.

12. Malle E, Marsche G, Panzenboeck U, Sattler W. Myeloperoxidase-mediated
oxidation of high-density lipoproteins: Fingerprints of newly recognized
potential proatherogenic lipoproteins. Arch Biochem Biophys 2006;
445:245-55.

13. Joy T, Hegele RA. Is raising HDL a futile strategy for atheroprotection?
Nat Rev Drug Discov 2008;7:143-55.

14. de Beer MC, Durbin DM, Cai L, Jonas A, de Beer FC, Van der Westhuyzen
DR. Apolipoprotein A-I conformation markedly influences HDL interaction
with scavenger receptor BL. J Lipid Res 2001;42:309-13.

15. Fielding CJ, Fielding PE. Molecular physiology of reverse cholesterol
transport. | Lipid Res 1995;36:211-28.

16. Lewis GF, Rader DJ. New insights into the regulation of HDL metabolism
and reverse cholesterol transport. Circ Res 2005;96:1221-32.

17. Wang N, Lan D, Chen W, Matsuura F, Tall AR. ATP-binding cassette
transporters G1 and G4 mediate cellular cholesterol efflux to high-density
lipoproteins. Proc Natl Acad Sci U S A 2004;101:9774-9.

18.  Baker PW, Rye KA, Gamble JR, Vadas MA, Barter P]. Ability of reconstituted
high density lipoproteins to inhibit cytokine-induced expression of vascular
cell adhesion molecule-1 in human umbilical vein endothelial cells. ] Lipid
Res 1999;40:345-53.

19. Furnkranz A, Schober A, Bochkov VN, Bashtrykov P, Kronke G, Kadl A,
et al. Oxidized phospholipids trigger atherogenic inflammation in murine
arteries. Arterioscler Thromb Vasc Biol 2005;25:633-8.

20. Chapman M]J. Are the effects of statins on HDIL-cholesterol clinically

Journal of Cardiovascular Disease Research Vol. 1/ No 3



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Gao and Yuan: HDL-based therapies for atherosclerosis

relevant? Eur Heart | 200456 (suppl C): C58-63.

Natarajan P, Ray KI, Cannon CP. High-density lipoprotein and coronaty
heart disease: Current and future therapies. ] Am Coll Cardiol 2010;55:
1283-99.

Knopp RH. Drug treatment of lipid disorders. N Engl | Med 1999;341:
498-511.

Canner PL, Berge KG, Wenger NK, Stamler ], Friedman L, Prineas R], ez
al. Fifteen year mortality in Coronary Drug Project patients: Long-term
benefit with niacin. ] Am Coll Cardiol 1986;8:1245-55.

Brown G, Albers JJ, Fisher LD, Schaefer SM, Lin JT, Kaplan C, ¢ al.
Regression of coronary artery disease as a result of intensive lipid-lowering
therapy in men with high levels of apolipoprotein B. N Engl | Med
1990;323:1289-98.

Brown BG, Zhao XQ, Chait A, Fisher LD, Cheung MC, Motse ]S, ¢f al.
Simvastatin and niacin, antioxidant vitamins, or the combination for the
prevention of coronary disease. N Engl ] Med 2001;345:1583-92.

Taylor AJ, Sullenberger LE, Lee HJ, Lee JK, Grace KA. Arterial Biology
for the Investigation of the Treatment Effects of Reducing Cholesterol
(ARBITER) 2: A double-blind, placebo-controlled study of extended-release
niacin on atherosclerosis progression in secondary prevention patients
treated with statins. Circulation 2004;110:3512-7.

Taylor AJ, Lee HJ, Sullenberger LE. The effect of 24 months of combination
statin and extended-release niacin on carotid intima-media thickness:
ARBITER 3. Curr Med Res Opin 2006;22:2243-50.

Altschul R, Hoffer A, Stephen JD. Influence of nicotinic acid on serum
cholesterol in man. Arch Biochem 1955;54:558-9.

Soudijn W, van Wijngaarden I, Ijzerman AP. Nicotinic acid receptor subtypes
and their ligands. Med Res Rev 2007; 27:417-33.

Linsel-Nitschke P, Tall AR. HDL as a target in the treatment of
atherosclerotic cardiovascular disease. Nat Rev Drug Discov 2005;4:193-205.
Sood A, Arora R. Mechanisms of flushing due to niacin and abolition of
these effects. ] Clin Hypertens (Greenwich) 2009;11:685-9.

Whelan AM, Price SO, Fowler SF, Hainer BL. The effect of aspirin on
niacin-induced cutaneous reactions. ] Fam Pract 1992;34:165-8.

Rubins HB, Robins SJ, Collins D, Fye CL, Anderson JW, Elam MB, e/ al.
Gemlfibrozil for the secondary prevention of coronary heart disease in men
with low levels of high-density lipoprotein cholesterol. Veterans Affairs
High-Density Lipoprotein Cholesterol Intervention Trial Study Group. N
Engl ] Med 1999;341:410-8.

Frick MH, Elo O, Haapa K, Heinonen OP, Heinsalmi P, Helo P, e# a/. Helsinki
Heart Study: Primary-prevention trial with gemfibrozil in middle-aged men
with dyslipidemia. Safety of treatment, changes in risk factors, and incidence
of coronary heart disease. N Engl ] Med 1987;317:1237-45.

Keech A, Simes RJ, Barter P, Best J, Scott R, Taskinen MR, ez a/. Effects
of long-term fenofibrate therapy on cardiovascular events in 9795 people
with type 2 diabetes mellitus (the FIELD study): Randomised controlled
trial. Lancet 2005;366:1849-61.

Navab M, Anantharamaiah GM, Reddy ST, Van Lenten BJ, Datta G, Garber

Journal of Cardiovascular Disease Research Vol. 1/No 3

103

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

D, ¢z al. Potential clinical utility of high-density lipoprotein-mimetic peptides.
Curr Opin Lipidol 2006;17:440-4.

Masson D, Jiang XC, Lagrost L, Tall AR. The role of plasma lipid
transfer proteins in lipoprotein metabolism and atherogenesis. | Lipid Res
2009;50:5201-6.

Boekholdt SM, Sacks FM, Jukema JW, Shepherd J, Freeman DJ, McMahon
AD, et al. Cholesteryl ester transfer protein TaqlB variant, high-density
lipoprotein cholesterol levels, cardiovascular risk, and efficacy of pravastatin
treatment: Individual patient meta-analysis of 13,677 subjects. Circulation
2005;111:278-87.

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 ] Med 2007;357:2109-22.

Connelly MA, Parry T], Giardino Edward C, Huang Z, Cheung W, Chen
C, ¢t al. Torcetrapib Produces Endothelial Dysfunction Independent of
Cholesteryl Ester Transfer Protein Inhibition. ] Cardiovasc. Pharmacol
2010;55:459-568.

Kuivenhoven JA, de Grooth GJ, Kawamura H, Klerkx AH, Wilhelm E Trip
MD, ¢ al. Effectiveness of inhibition of cholesteryl ester transfer protein
by JTT-705 in combination with pravastatin in type II dyslipidemia. Am J
Cardiol 2005;95:1085-8.

Krishna R, Anderson MS, Bergman A J, Jin B, Fallon M, Cote ], ¢ al.
Effect of the cholesteryl ester transfer protein inhibitor, anacetrapib, on
lipoproteins in patients with dyslipidaemia and on 24-h ambulatory blood
pressure in healthy individuals: Two double-blind, randomised placebo-
controlled phase I studies. Lancet 2007;370:1907-14.

Pirillo A, Uboldi P, Pappalardo G, Kuhn H, Catapano AL. Modification of
HDL3 by mild oxidative stress increases ATP-binding cassette transporter
1-mediated cholesterol efflux. Cardiovasc Res 2007;75:566-74.

Gao X, Jayaraman S, Gursky O. Mild oxidation promotes and advanced
oxidation impairs remodeling of human high-density lipoprotein i vitro. |
Mol Biol 2008;376:997-1007.

Gao X, Yuan S, Jayaraman S, Gursky O. Differential stability of high-density
lipoprotein subclasses: Effects of particle size and protein composition. |
Mol Biol 2009;387:628-38.

Guha M, Gao X, Jayaraman S, Gursky O. Correlation of structural stability
with functional remodeling of high-density lipoproteins: The importance
of being disordered. Biochemistry 2008;47:11393-7.

Badellino KO, Wolfe ML, Reilly MP, Rader DJ. Endothelial lipase
concentrations are increased in metabolic syndrome and associated with
coronary atherosclerosis. PLoS Med 2006;3:¢22.

Li AC, Glass CK. PPAR- and LXR-dependent pathways controlling
lipid metabolism and the development of atherosclerosis. | Lipid Res
2004;45:2161-73.

Source of Support: National Institutes of Health,
Conflict of Interest: None declared.

Available Online: www.jcdronline.org



