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EDITORIAL

A New Small Molecule Increases Cholesterol Efflux

Anouk G. Groenen®, Marit Westerterp

transport, the removal of cholesterol from macrophage

foam cells in the arterial wall by HDLs (high-density-
lipoproteins), transport in plasma, uptake by the liver and
ultimate secretion into the bile." While the cholesterol
transporter ABCA1 (ATP-binding cassette A1) mediates
cholesterol efflux to apolipoprotein A1 and small HDL
particles, ABCG1 mediates cholesterol efflux to mature
HDL.> Studies in animal models have shown antiathero-
genic roles for Abcal- and Abcg1-mediated cholesterol
efflux pathways in macrophages, hematopoietic stem and
progenitor cells, and endothelial cells.5® Studies in large
population cohorts have shown that the cholesterol efflux
capacity of HDL (ie, its potential to act as an acceptor
for cholesterol efflux from macrophages) is an inverse
predictor of cardiovascular disease.'®'? Hence, enhanc-
ing cholesterol efflux is a highly desirable therapeutic
approach to decrease cardiovascular risk. While agonists
of the transcription factor the liver X receptor (LXR) that
upregulates Abcal and Abcg1 expression?3'® have been
developed for this purpose,'*'® their therapeutic ben-
efit has been compromised by adverse effects such as
hepatic steatosis and elevated plasma LDL (low-density-
lipoprotein)-cholesterol levels.'>='

Cholesterol efflux is the first step in reverse cholesterol

See accompanying article on page €284

In this issue of Arteriosclerosis, Thrombosis, and
Vascular Biology, Xu et al'® identify the small molecule
E17241 in an ABCA1 promoter luciferase reporter
assay high-throughput screen in HepG2 cells. E17241
dose-dependently upregulates Abcal mRNA expression
in macrophages and hepatocytes and increases mac-
rophage cholesterol efflux to apolipoprotein A-l in vitro
and macrophage reverse cholesterol transport in vivo. At

2 different doses, daily gavage of E17241 showed ath-
eroprotective effects in mice deficient in apolipoprotein E
(Apoe™ mice) fed a Western-type diet, accompanied by
increases in Abcal protein expression in macrophages
of atherosclerotic plaques and in hepatocytes.”® Plasma
levels of HDL-cholesterol were not affected, presumably
because hepatic levels of the scavenger receptor Bl (SR-
BI) were also increased by E17241. E17241 decreased
plasma ALT (alanine aminotransferase) and AST (aspar-
tate transaminase) levels, suggesting no hepatic toxicity.'®
Hence, E17241 upregulates Abcal in macrophages and
hepatocytes without adverse effects on the liver.

E17241 enhances the activity of PKCE (protein kinase
C ©),'® which phosphorylates the specificity protein 1 (Sp1)
element in the Abcal promoter, and induces Abcal expres-
sion in macrophages.’® Upon phosphorylation, Sp1 helps
recruitment of the LXR/retinoid X receptor heterodimer
to the Abcal promoter by physical binding.'*% Indeed, the
effect of E17241 was dependent on the direct repeat of 2
hexameric binding motifs spaced by 4 nucleotides (DR4)
element in the Abcal promoter, where the LXR/retinoid X
receptor heterodimer binds (Figure).'® E17241, by induc-
ing PKCT activity, enhanced expression of the transcription
factors LXRa, LXRp, retinoid X receptor, PPAR (peroxi-
some proliferator-activated receptor)a, PPARY, and PPARS
in luciferase assays in HepG2 cells, suggesting a broad
spectrum of action.'® However, these data were obtained
in an overexpressor system and need to be confirmed in
vivo. E17241 enhanced hepatic SR-BI expression, which
was proposed to be mediated by LXR activation. While this
requires mechanistic evidence, livers from mice treated with
E17241 showed a decrease in triglyceride accumulation,
suggesting that other LXR target genes, such as those that
enhance lipogenic gene expression, were not affected by
E17241. Hence, E17241 does not activate all LXR tar-
get genes in hepatocytes, and perhaps increases SR-BI
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Figure. Proposed model of E17241 mediated effects on
regulatory elements of the ABCA1 (ATP-binding cassette A1)
gene promoter.

The small molecule E17241 phosphorylates PKCT (protein kinase
C ), leading to its activation. Activated PKCT, phosphorylates

Sp1 (specificity protein 1), which binds to the ABCA1 promoter.
When the liver X receptor (LXR) and retinoid X receptor (RXR) are
activated by their ligands, the LXR/RXR heterodimer is formed.
Sp1 helps recruitment of the LXR/RXR heterodimer to the DR4
regulatory element on the ABCA1 promoter, presumably by forming
a multiprotein complex with the heterodimer and co-activators. This
upregulates ABCA1 gene expression.

expression via an indirect LXR-mediated mechanism,
similar to its effects on ABCA1. The mechanisms for the
decrease in hepatic TG warrant further investigation.

Xu et al extended their findings on E17241 in mice
to golden hamsters fed Western-type diet. E17241 did
not elicit hepatic toxicity in hamsters. While E17241
tended to increase fecal cholesterol in Apoe™ mice,
these effects reached statistical significance in hamsters
and may be the result of increased reverse cholesterol
transport or direct effects of E17241 on fecal cholesterol
excretion. Unlike in Western-type diet-fed Apoe™™ mice,
E17241 decreased plasma LDL-cholesterol levels and
plasma TG levels in hamsters.'® ApoE and CETP (choles-
teryl ester transfer protein) expression in hamsters may
contribute to these beneficial effects. Hence, E12741
may affect the expression of more genes than Abcal
alone. While E17241 increased the expression of Abcal
in hepatocytes and macrophages, it lowered plasma
glucose levels.'”® Hepatic Abcal expression decreases
glucose levels; however, this effect is downstream of
increased plasma HDL.2" Plasma HDL was not affected
by E17241.% E17241 may reduce glucose levels by
increasing Abcal expression in f-cells directly.?? Effects
of E17241 on Abcal expression in other tissues, as well
as mechanisms for its TG- and LDL-lowering effects
would need to be elucidated.
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Abcal expression is anti-inflammatory*-%* Macro-
phage Abcal deficiency increases toll-like receptor 4 and
MyD88 signaling,*** and combined deficiency of Abcal
and Abcg! in macrophages enhances proinflammatory
gene expression in atherosclerotic plaques.® Heterozygous
ABCAT mutation carriers show increased systemic and
vascular inflammation.?” Moreover, patients with Tangier
Disease with homozygous ABCA1 loss-of-function muta-
tions show inflammasome activation.?® Therefore, E17241
could suppress inflammation by upregulating Abca1l
expression, contributing to its antiatherogenic effects.

The question remains as to how E17241 compares
to known compounds that upregulate Abcal expression,
such as antagomirs to microRNA(miR)-33, and LXR ago-
nists. MiR-33 antagomirs and LXR agonists have a wide
range of effects. To circumvent the adverse effects of LXR
agonism on hepatic steatosis and increasing plasma LDL-
cholesterol levels downstream of the LXR target gene
the inducible degrader of the LDL receptor (IDOL) in the
liver,”"'" nanoparticles targeted to the vessel wall encap-
sulating the LXR agonist GW3965, have been devel-
oped.?® These nanoparticles decrease atherosclerosis in
Ldlr’= mice and upregulate Abcal mRNA expression in
CD68* macrophages of the atherosclerotic plaque, while
downregulating inflammatory gene expression, and not
affecting hepatic LXR target genes.?® These data suggest
that nanoparticles containing GW3965 have therapeu-
tic potential for cardiovascular disease. E17241 has the
advantage over a nanoparticle that it exerts its antiathero-
genic effects upon oral administration.

MiR-33 antagomirs decrease atherosclerosis progres-
sion and induce atherosclerosis regression in mice by
increasing Abcal expression in macrophages and hepato-
cytes?30 and also increase HDL and decrease VLDL-TG in
nonhuman primates' While an elegant study has shown
that the antiatherogenic effects of miR-33 deficiency were
dependent on macrophage Abcal expression*? miR-33 has
a multitude of target genes. Whole-body miR-33 deficiency
induces food intake, obesity, and insulin resistance.® Hence,
similar to LXR agonists, miR-33 antagomirs may require
tissue-specific targeting to exert antiatherogenic effects.

In conclusion, Xu et al identified a new small mole-
cule that upregulates Abcal expression in macrophages
and hepatocytes. If E17241 is indeed highly specific for
Abcal, it may hold great promise as a lead compound for
cardiovascular therapy.
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