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Abstract

Increasing attention has focused on efforts to promote the biological ac-
tivities of high-density lipoproteins (HDL) in order to reduce cardiovascular
risk. Targeting apolipoprotein A-l (apoA-l), the major protein carried on HDL
particles, represents an attractive approach to promoting HDL by virtue of its
ability to increase endogenous synthesis of functional HDL particles. A num-
ber of pharmacological strategies that target apoA-I, including upregulation
of its production with the bromodomain and extraterminal (BET) protein
inhibitor RVX-208, development of short peptide sequences that mimic its
action, and administration as a component of reconstituted HDL particles,
have undergone clinical development. The impact of these approaches on
cardiovascular biomarkers will be reviewed.

Key words: apolipoprotein A-I, atherosclerosis, risk factors, clinical trials,
lipids.

Introduction

Randomized controlled trials have consistently demonstrated that
lowering levels of low-density lipoprotein cholesterol (LDL-C) reduces car-
diovascular event rates in the primary and secondary prevention settings
[1-4]. As a result, LDL-C lowering, primarily with statins, has become cen-
tral to all therapeutic strategies designed to reduce cardiovascular risk.
Despite their widespread use, there remains a considerable residual risk
of cardiovascular events [5]. This supports the need to develop novel
therapeutic approaches to further reduce cardiovascular risk in the sta-
tin-treated patient.

What we know about high-density lipoproteins

High-density lipoproteins (HDL) circulate as a heterogeneous popu-
lation of particles differing in size, shape and composition of both pro-
tein and lipid species. The mature HDL particle is spherical, containing
a core of esterified cholesterol, surrounded by a surface layer comprising
phospholipid, free cholesterol and a range of apolipoproteins. A number
of lines of evidence support the concept that HDL are cardioprotective
[6, 7]. Population studies demonstrate an inverse relationship between
HDL-C levels and cardiovascular risk, regardless of the level of athero-

AMS


mailto:stephen.nicholls@sahmri.com
mailto:stephen.nicholls@sahmri.com

Inducing apolipoprotein A-I synthesis to reduce cardiovascular risk: from ASSERT to SUSTAIN and beyond

genic lipid parameter [8-11]. In clinical trials of
intensive lipid lowering, this inverse association
continues to be observed and is primarily driven
by high cardiovascular risk being observed at low
HDL-C levels. Animal studies have shown that in-
terventions that target HDL via transgenic expres-
sion of its major proteins (apoA-l, apoA-Il) or by
direct intravenous infusions have a favorable im-
pact on both the size and histologic composition
of atherosclerotic plaque [12-14].

The principal biological activity of HDL ap-
pears to be its central role in the promotion of
reverse cholesterol transport, the process by
which excess cholesterol is removed from pe-
ripheral tissues. High-density lipoprotein acts as
the preferred acceptor for free cholesterol that
undergoes efflux from cells, via a range of trans-
membrane pathways facilitated by ATP binding
cassette Al (ABCA1), ATP binding cassette G1
(ABCG1) and scavenger receptor-Bl (SR-BI) [15,
16]. Following efflux to the surface of the HDL
particle, cholesterol undergoes esterification by
the factor lecithin:cholesterol acyltransferase
(LCAT), enabling cholesterol to be stored within
the HDL particle core. This maintains a relative-
ly low concentration of cholesterol on the par-
ticle surface, enabling ongoing cholesterol efflux
activity, and results in a spherical particle of in-
creasing size and cholesterol content. The lipid
within HDL is ultimately delivered to the liver via
the SR-BI receptor or by LDL particles following
cholesteryl ester transfer protein (CETP) mediat-
ed exchange from HDL.

Additional studies have demonstrated that
HDL possess biological activities beyond their role
in lipid mobilization. These include favorable influ-
ences on inflammatory, oxidative, thrombotic and
apoptotic pathways implicated in the pathogene-
sis of atherosclerosis [17]. Central to these activ-
ities is the demonstration that HDL increases the
bioavailability of nitric oxide via a direct impact
on endothelial nitric oxide synthase activity [18].
The demonstration that these functional activi-
ties occur in animals with low cholesterol levels
suggests that they are not secondary to the cho-
lesterol efflux activity of HDL [7]. More recently,
evidence has revealed considerable heterogeneity
with regard to HDL functionality [19-22]. Whether
this reflects the variety of circulating HDL parti-
cles in its protein cargo or the biological activity of
pathways that have been reported to impair HDL
function remains to be determined [23]. Recent
reports that functional assays of HDL that mea-
sure cholesterol efflux or anti-oxidant activity in-
dependently predict cardiovascular risk have pro-
vided further support for the importance of HDL
quality, as opposed to quantity, in determining
cardiovascular risk [24-28].

Therapeutic strategies to promote
high-density lipoproteins

Current approaches to lipid modification have
modest effects on HDL Lifestyle measures have
been demonstrated to raise HDL-C by up to 10%,
with the greater effects observed in patients who
lose abdominal adiposity [29]. Statins raise HDL-C
by 3-15% in addition to their LDL-C lowering prop-
erties [30—-32]. Modestly raising HDL-C by 7.5% has
been reported to independently associate with the
ability of statins to slow progression of coronary
atherosclerosis and to reduce cardiovascular event
rates. Fibrates increase HDL-C by 5-20%, with evi-
dence that increasing the circulating concentration
of small HDL particles was the strongest predictor
of a beneficial effect of gemfibrozil on cardiovascu-
lar events [33]. Niacin is the strongest HDL-C rais-
ing agent, with early evidence of a beneficial effect
on cardiovascular events in the pre-statin era [34]
and having a favorable impact on vascular disease
in serial imaging [35-37]. Difficulty with tolerance,
limiting the ability to use sufficiently high doses in
clinical practice, has stimulated efforts to develop
novel approaches to its administration that will im-
prove tolerance. However, large clinical trials have
failed to demonstrate cardiovascular benefit of
these efforts to administer extended release forms
of niacin in statin-treated patients [38]. CETP in-
hibitors are currently undergoing development by
virtue of their ability to substantially raise HDL-C
levels much more than niacin [39]. However, en-
thusiasm for this approach has been attenuated by
observations from clinical trials that early CETP in-
hibitors are associated with adverse clinical effects
or have no cardiovascular benefit at all [40, 41].
Ongoing clinical trials of potent CETP inhibitors will
ultimately determine whether this approach has
any clinical potential.

Increasing apoA-l synthesis

While considerable attention has focused on
raising HDL-C levels by disrupting physiological
lipoprotein remodeling factors, in parallel there
has been immense interest in simply turning on
endogenous HDL production by increasing hepatic
synthesis of apoA-I. Production of apoA-I by the
liver would be rapidly combined with phospho-
lipid to form nascent, discoidal HDL particles that
enter the circulation and carry out its biological
activities. Despite this interest, developing an
agent that selectively upregulates hepatic synthe-
sis of apoA-1 has proven elusive.

RVX-208 is a bromodomain and extraterminal
(BET) protein inhibitor, which has been devel-
oped as a selective means to increase endoge-
nous synthesis of apoA-I. BET proteins have been
demonstrated to repress the genetic sequence
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encoding for apoA-I, preventing expression. RVX-
208 has been demonstrated to selectively bind to
the BET family member BRD4, which competes
for the apoA-l site bound by the endogenous
ligand, acetylated lysine. This results in induction
of apoA-I mRNA expression with evidence of in-
creasing systemic levels of apoA-I and lipid-de-
pleted pre-B HDL particles. This is associated with
increasing systemic cholesterol efflux capacity
in non-human primate models [42] and reduced
atherosclerotic lesion formation in hyperlipidemic
apoE knockout mice [43].

The ApoA-I Synthesis Stimulation Evaluation in
Patients Requiring Treatment for Coronary Artery
Disease (ASSERT) study investigated the effect
of administration of RVX-208 in 299 statin-treat-
ed patients with coronary artery disease. After
12 weeks of treatment, RVX-208 produced a mod-
est dose-dependent increase in apoA-lI by up to
5.6% and HDL-C by up to 8.3%. This was largely
driven by an increase in the circulating concentra-
tion of larger, cholesterol-enriched HDL particles
by up to 21.1%, which would be consistent with
the generation of nascent HDL particles which
subsequently facilitate cholesterol mobilization,
resulting in an increase in HDL size [44]. Eleva-
tions in liver transaminases, without accompany-
ing increases in bilirubin, were demonstrated with
increasing RVX-208 doses.

The Study of Quantitative Serial Trends in Lip-
ids with Apolipoprotein A-l Stimulation (SUSTAIN)
was performed with a view to characterizing the
longer term lipid effects of RVX-208 100 mg twice
daily administration for 24 weeks in patients treat-
ed with low or moderate doses of atorvastatin or
rosuvastatin and without baseline liver enzyme
abnormalities [45]. Consistent with the earlier
ASSERT study, modest, albeit statistically signifi-
cant effects were observed with regard to percent-
age changes in HDL-C, apoA-l and large HDL parti-
clesinthe RVX-208 treatment group compared with
placebo. Similar increases in ALT (11.4% vs. 0%)
and AST (5.7% vs. 0%) greater than three times
the upper limit of normal were observed with
RVX-208, with all such increases observed in the
first 12 weeks, quickly decreased with study drug
cessation and did not recur in the patients who
subsequently completed treatment as per proto-
col (Table I).

The impact of RVX-208 administration on cor-
onary atherosclerosis was subsequently inves-
tigated in the ApoA-l Synthesis Stimulation and
Intravascular Ultrasound for Coronary Atheroma
Regression Evaluation (ASSURE) study. Three hun-
dred and twenty-three patients with angiographic
coronary artery disease and low HDL-C levels were
treated with RVX-208 100 mg or placebo twice
daily for 26 weeks and underwent evaluation of

Table I. Mean (*median) percentage change in lipid and inflammatory parameters from baseline to week 24 with

RVX-208 and placebo in SUSTAIN

Parameter Placebo RVX-208 P-value

Intent-to-treat analysis:
HDL-C -4.96% +2.84% 0.0003
ApoA-I* -0.56% +4.03% 0.0015
LDL-C* -1.45% -1.55% 0.54
Triglycerides* -1.20% +1.30% 0.75
ApoB* -3.33% +4.34% 0.85
Large HDL -5.49% +8.11% 0.01
CRP -13.98% -14.37% 0.50

Per protocol analysis:
HDL-C —4.88% +4.27% < 0.0001
ApoA-I* -1.59% +6.00% 0.0004
LDL-C* -0.86% -3.52% 0.21
Triglycerides* -5.22% +0.62% 0.67
ApoB* +2.00% -0.51% 0.39
Large HDL -5.74% +16.02% 0.004
CRP -13.24% -14.83% 0.26

Apo — apolipoprotein, CRP — C-reactive protein, HDL — high-density lipoprotein, LDL — low-density lipoprotein.

1304

Arch Med Sci 6, December / 2016



Inducing apolipoprotein A-I synthesis to reduce cardiovascular risk: from ASSERT to SUSTAIN and beyond

progression of coronary atherosclerosis with serial
intravascular ultrasonography. There were similar
increases in apoA-l by 10.6% and 12.8% and in
HDL-C by 9.1% and 11.1% with placebo and RVX-
208 respectively. This was associated with similar
reductions in percent atheroma volume (by 0.30%
and 0.40% with placebo and RVX-208 respective-
ly) and total atheroma volume (by 3.8 mm?* and
4.2 mm? with placebo and RVX-208 respectively)
in both groups. While reductions in atheroma bur-
den were consistent with the changes in HDL-as-
sociated parameters, the similar findings in both
treatment groups reflected a similar lipid benefit
in placebo-treated patients, which may have re-
flected lifestyle modification in these patients.

As a result, early data from clinical trials in pa-
tients with established coronary artery disease re-
veal modest favorable changes in HDL-associated
parameters with RVX-208, suggesting a potentially
beneficial effect on the generation of nascent HDL
particles and stimulation of lipid transport. The
unusually beneficial lipid changes in the placebo
group in ASSURE prevent meaningful assessment
of the true impact of RVX-208 on coronary athero-
sclerosis. Post hoc pooled analysis of the ASSURE
and SUSTAIN studies suggested potentially few-
er cardiovascular events in patients treated with
RVX-208, which is now being developed as a BET
inhibitor with potential cardioprotective effects be-
yond HDL. Further understanding of the potential
cardiovascular impact of RVX-208 is being under-
taken in a phase 3 clinical trial (BETonMACE) and
will ultimately require larger clinical trials.

Short mimetic peptides

Interest has also focused on the synthesis of
short peptides that form an amphiphatic helix
and share considerable functional properties with
apoA-I. When produced with D-type amino acids,
which are resistant to gastric hydrolysis, these
peptides can be administered orally and therefore
represent an additional apoA-| targeted approach
to treatment of cardiovascular disease [46]. Early
preclinical studies of these peptides demonstrat-
ed favorable effects on cholesterol efflux and in-
flammatory pathways, which was associated with
an atheroprotective impact in mouse models of
atherosclerosis [47, 48]. Unfortunately, to date no
such peptides have advanced in clinical develop-
ment to the point where they can achieve thera-
peutically active concentrations in the circulation.

Infusional approaches involving apoA-I

A number of groups have investigated the im-
pact of directly infusing forms of apoA-l either
as a pro-protein or as part of reconstituted HDL
particles [49]. Such approaches, in principle, rep-
resent an alternative approach to directly admin-

istering nascent HDL, which can then carry out its
biological activities in vivo. Early studies demon-
strated that infusing pro-apoA-I increased excre-
tion of fecal sterol, a surrogate marker of reverse
cholesterol transport [50]. Infusing reconstituted
HDL has favorable effects on animal models of
atherosclerosis and vascular injury [12-14], while
in humans it improves endothelial function in ad-
dition to favorable effects on cholesterol efflux
and LCAT activity [51, 52]. Serial coronary imag-
ing with intravascular ultrasound in patients with
a recent acute coronary syndrome revealed that
infusing reconstituted HDL containing either wild-
type apoA-I or its genetic variant, apoA-l,,.. . over
a course of approximately 6 weeks promoted rap-
id regression of coronary atherosclerosis [53, 54].
Challenges with producing these preparations in
sufficiently large quantities have prevented these
infusions from proceeding to large clinical out-
come trials. Accordingly, their ultimate cardiovas-
cular impact remains to be established.

Conclusions

Given that apoA-l is the major protein carried
on HDL particles and contributes to the potentially
beneficial functional properties, there remains con-
siderable interest in developing therapies that tar-
get its levels and activity. All of these approaches
demonstrate varying degrees of promise, which re-
mains to be fully characterized in large clinical trials.

Conflict of interest

The authors declare no conflict of interest.

References

1. Randomised trial of cholesterol lowering in 4444 pa-
tients with coronary heart disease: the Scandinavian
Simvastatin Survival Study (4S). Lancet 1994; 344:
1383-9.

2. Prevention of cardiovascular events and death with
pravastatin in patients with coronary heart disease and
a broad range of initial cholesterol levels. The Long-Term
Intervention with Pravastatin in Ischaemic Disease
(LIPID) Study Group. N Engl ) Med 1998; 339: 1349-57.

3. Sacks FM, Pfeffer MA, Moye LA, et al. The effect of
pravastatin on coronary events after myocardial infarc-
tion in patients with average cholesterol levels. Choles-
terol and Recurrent Events Trial investigators. N Engl
J Med 1996; 335: 1001-9.

4. Shepherd J, Cobbe SM, Ford |, et al. Prevention of coro-
nary heart disease with pravastatin in men with hyper-
cholesterolemia. West of Scotland Coronary Prevention
Study Group. N Engl ) Med 1995; 333: 1301-7.

5. Barter P Gotto AM, LaRosa JC, et al. HDL cholesterol,
very low levels of LDL cholesterol, and cardiovascular
events. N Engl ) Med 2007; 357: 1301-10.

6. Besler C, Luscher TF, Landmesser U. Molecular mecha-
nisms of vascular effects of high-density lipoprotein:
alterations in cardiovascular disease. EMBO Mol Med
2012; 4: 251-68.

Arch Med Sci 6, December / 2016

1305



Belinda A. Di Bartolo, Daniel J. Scherer, Stephen J. Nicholls

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Nicholls SJ, Dusting GJ, Cutri B, et al. Reconstituted
high-density lipoproteins inhibit the acute pro-oxidant
and proinflammatory vascular changes induced by
a periarterial collar in normocholesterolemic rabbits.
Circulation 2005; 111: 1543-50.

. Emerging Risk Factors Collaboration, Di Angelantonio E,

Sarwar N, Perry B et al. Major lipids, apolipoproteins, and
risk of vascular disease. JAMA 2009; 302: 1993-2000.

. Gordon DJ, Probstfield JL, Garrison RJ, et al. High-den-

sity lipoprotein cholesterol and cardiovascular disease.
Four prospective American studies. Circulation 1989;
79: 8-15.

Gordon DJ, Rifkind BM. High-density lipoprotein: the
clinical implications of recent studies. N Engl J Med
1989; 321: 1311-6.

Gordon T, Castelli WR Hjortland MC, Kannel WB, Daw-
ber TR. High density lipoprotein as a protective factor
against coronary heart disease. The Framingham Study.
Am J Med 1977; 62: 707-14.

Nicholls SJ, Cutri B, Worthley SG, et al. Impact of short-
term administration of high-density lipoproteins and
atorvastatin on atherosclerosis in rabbits. Arterioscler
Thromb Vasc Biol 2005; 25: 2416-21.

Badimon JJ, Badimon L, Fuster V. Regression of athero-
sclerotic lesions by high density lipoprotein plasma frac-
tion in the cholesterol-fed rabbit. ) Clin Invest 1990; 85:
1234-41.

Badimon JJ, Badimon L, Galvez A, Dische R, Fuster V.
High density lipoprotein plasma fractions inhibit aortic
fatty streaks in cholesterol-fed rabbits. Lab Invest 1989;
60: 455-61.

Cavelier C, Rohrer L, von Eckardstein A. ATP-binding cas-
sette transporter A1 modulates apolipoprotein A-| tran-
scytosis through aortic endothelial cells. Circ Res 2006;
99: 1060-6.

Rohrer L, Ohnsorg PM, Lehner M, Landolt F, Rinnin-
ger F, von Eckardstein A. High-density lipoprotein trans-
port through aortic endothelial cells involves scavenger
receptor Bl and ATP-binding cassette transporter G1.
Circ Res 2009; 104: 142-50.

Barter PJ, Nicholls S, Rye KA, Anantharamaiah GM, Nav-
ab M, Fogelman AM. Antiinflammatory properties of
HDL. Circ Res 2004; 95: 764-72.

Shaul PW, Mineo C. HDL action on the vascular wall: is
the answer NO? J Clin Invest 2004; 113: 509-13.
Angeloni E, Paneni F Landmesser U, et al. Lack of pro-
tective role of HDL-C in patients with coronary artery
disease undergoing elective coronary artery bypass
grafting. Eur Heart ) 2013; 34: 3557-62.

Kennedy DJ, Tang WH, Fan Y, et al. Diminished antioxi-
dant activity of high-density lipoprotein-associated pro-
teins in chronic kidney disease. ] Am Heart Assoc 2013;
2: e000104.

McEneny J, Blair S, Woodside JV, Murray L, Boreham C,
Young IS. High-density lipoprotein subfractions display
proatherogenic properties in overweight and obese chil-
dren. Pediatr Res 2013; 74: 279-83.

Park KH, Shin DG, Cho KH. Dysfunctional lipoproteins
from young smokers exacerbate cellular senescence
and atherogenesis with smaller particle size and severe
oxidation and glycation. Toxicol Sci 2014; 140: 16-25.
Barylski M, Toth PR Nikolic D, Banach M, Rizzo M, Mon-
talto G. Emerging therapies for raising high-density
lipoprotein cholesterol (HDL-C) and augmenting HDL
particle functionality. Best Pract Res Clin Endocrinol Me-
tab 2014; 28: 453-61.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Khera AV, Cuchel M, de la Llera-Moya M, et al. Cholester-
ol efflux capacity, high-density lipoprotein function, and
atherosclerosis. N Engl ) Med 2011; 364: 127-35.
Rohatgi A, Khera A, Berry JD, et al. HDL cholesterol ef-
flux capacity and incident cardiovascular events. N Engl
J Med 2014; 371: 2383-93.

Saleheen D, Scott R, Javad S, et al. Association of HDL
cholesterol efflux capacity with incident coronary heart
disease events: a prospective case-control study. Lancet
Diabetes Endocrinol 2015; 3: 507-13.

Dragan S, Serban C, Banach M. Can we change the func-
tionality of HDL cholesterol with nonpharmacological
and pharmacological agents? Curr Med Chem 2014; 21:
2927-46.

Otocka-Kmiecik A, Mikhailidis DP Nicholls SJ, Davidson M,
Rysz J, Banach M. Dysfunctional HDL: a novel important
diagnostic and therapeutic target in cardiovascular dis-
ease? Prog Lipid Res 2012; 51: 314-24.

Kraus WE, Houmard JA, Duscha BD, et al. Effects of the
amount and intensity of exercise on plasma lipopro-
teins. N Engl ) Med 2002; 347: 1483-92.

Athyros VG, Mikhailidis DR, Papageorgiou AA, et al. Ef-
fect of atorvastatin on high density lipoprotein cho-
lesterol and its relationship with coronary events:
a subgroup analysis of the GREek Atorvastatin and Cor-
onary-heart-disease Evaluation (GREACE) Study. Curr
Med Res Opin 2004; 20: 627-37.

Cui Y, Watson DJ, Girman CJ, et al. Effects of increas-
ing high-density lipoprotein cholesterol and decreasing
low-density lipoprotein cholesterol on the incidence of
first acute coronary events (from the Air Force/Texas
Coronary Atherosclerosis Prevention Study). Am J Cardiol
2009; 104: 829-34.

Nicholls SJ, Tuzcu EM, Sipahi |, et al. Statins, high-den-
sity lipoprotein cholesterol, and regression of coronary
atherosclerosis. JAMA 2007; 297: 499-508.

Asztalos BF, Collins D, Horvath KV, Bloomfield HE, Ro-
bins SJ, Schaefer EJ. Relation of gemfibrozil treatment
and high-density lipoprotein subpopulation profile with
cardiovascular events in the Veterans Affairs High-Den-
sity Lipoprotein Intervention Trial. Metabolism 2008; 57:
77-83.

Canner PL, Berge KG, Wenger NK, et al. Fifteen year
mortality in Coronary Drug Project patients: long-term
benefit with niacin. ) Am Coll Cardiol 1986; 8: 1245-55.
Brown BG, Zhao XQ, Chait A, et al. Simvastatin and ni-
acin, antioxidant vitamins, or the combination for the
prevention of coronary disease. N EnglJ) 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 ni-
acin on atherosclerosis progression in secondary pre-
vention patients treated with statins. Circulation 2004;
110: 3512-7.

Taylor AJ, Villines TC, Stanek EJ, et al. Extended-release
niacin or ezetimibe and carotid intima-media thickness.
N Engl) Med 2009; 361: 2113-22.

AIM-HIGH Investigators; Boden WE, Probstfield JL, An-
derson T, et al. Niacin in patients with low HDL choles-
terol levels receiving intensive statin therapy. N Engl
J Med 2011; 365: 2255-67.

Nicholls SJ, Tuzcu EM, Brennan DM, Tardif JC, Nissen SE.
Cholesteryl ester transfer protein inhibition, high-densi-
ty lipoprotein raising, and progression of coronary ath-

1306

Arch Med Sci 6, December / 2016



Inducing apolipoprotein A-I synthesis to reduce cardiovascular risk: from ASSERT to SUSTAIN and beyond

erosclerosis: insights from ILLUSTRATE (Investigation of
Lipid Level Management Using Coronary Ultrasound to
Assess Reduction of Atherosclerosis by CETP Inhibition
and HDL Elevation). Circulation 2008; 118: 2506-14.

40. Keene D, Price C, Shun-Shin MJ, Francis DP. Effect on
cardiovascular risk of high density lipoprotein targeted
drug treatments niacin, fibrates, and CETP inhibitors:
meta-analysis of randomised controlled trials including
117,411 patients. BMJ 2014; 349: g4379.

41. Toth PR Barylski M, Nikolic D, Rizzo M, Montalto G, Ba-
nach M. Should low high-density lipoprotein cholesterol
(HDL-C) be treated? Best Pract Res Clin Endocrinol Me-
tab 2014; 28: 353-68.

42.Bailey D, Jahagirdar R, Gordon A, et al. RVX-208:
a small molecule that increases apolipoprotein A-I and
high-density lipoprotein cholesterol in vitro and in vivo.
J Am Coll Cardiol 2010; 55: 2580-9.

43. Jahagirdar R, Zhang H, Azhar S, et al. A novel BET bromo-
domain inhibitor, RVX-208, shows reduction of athero-
sclerosis in hyperlipidemic ApoE deficient mice. Athero-
sclerosis 2014; 236: 91-100.

44. Nicholls SJ, Gordon A, Johannson J, et al. Efficacy and
safety of a novel oral inducer of apolipoprotein a-I syn-
thesis in statin-treated patients with stable coronary
artery disease a randomized controlled trial. } Am Coll
Cardiol 2011; 57: 1111-9.

45. Nicholls SJ, Gordon A, Johannson J, et al. ApoA-I induc-
tion as a potential cardioprotective strategy: rationale
for the SUSTAIN and ASSURE studies. Cardiovasc Drugs
Ther 2012; 26: 181-7.

46. Navab M, Reddy ST, Van Lenten BJ, et al. High-density
lipoprotein and 4F peptide reduce systemic inflamma-
tion by modulating intestinal oxidized lipid metabolism:
novel hypotheses and review of literature. Arterioscler
Thromb Vasc Biol 2012; 32: 2553-60.

47. Bielicki JK, Zhang H, Cortez Y, et al. A new HDL mimetic
peptide that stimulates cellular cholesterol efflux with
high efficiency greatly reduces atherosclerosis in mice.
J Lipid Res 2010; 51: 1496-503.

48. Datta G, Chaddha M, Hama S, et al. Effects of increasing
hydrophobicity on the physical-chemical and biologi-
cal properties of a class A amphipathic helical peptide.
J Lipid Res 2001; 42: 1096-104.

49. Shah PK, Yano J, Reyes O, et al. High-dose recombinant
apolipoprotein A-l (milano) mobilizes tissue cholesterol
and rapidly reduces plaque lipid and macrophage con-
tent in apolipoprotein e-deficient mice. Potential impli-
cations for acute plaque stabilization. Circulation 2001;
103: 3047-50.

50. Angelin B, Parini B Eriksson M. Reverse cholesterol
transport in man: promotion of fecal steroid excretion
by infusion of reconstituted HDL Atheroscler Suppl
2002; 3: 23-30.

51. Bisoendial RJ, Hovingh GK, Levels JH, et al. Restoration
of endothelial function by increasing high-density lipo-
protein in subjects with isolated low high-density lipo-
protein. Circulation 2003; 107: 2944-8.

52. Spieker LE, Sudano |, Hiirlimann D, et al. High-density
lipoprotein restores endothelial function in hypercho-
lesterolemic men. Circulation 2002; 105: 1399-402.

53. Nissen SE, Tsunoda T, Tuzcu EM, et al. Effect of recom-
binant ApoA-I Milano on coronary atherosclerosis in
patients with acute coronary syndromes: a randomized
controlled trial. JAMA 2003; 290: 2292-300.

54. Weibel GL, Alexander ET, Joshi MR, et al. Wild-type
ApoA-l and the Milano variant have similar abilities to
stimulate cellular lipid mobilization and efflux. Arterio-
scler Thromb Vasc Biol 2007; 27: 2022-9.

Arch Med Sci 6, December / 2016 1307



