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The mechanisms responsible for the inverse relationship between
plasma high-density lipoprotein (HDL) levels and atherosclerotic
cardiovascular disease are poorly understood. The ATP-binding
cassette transporter A1 (ABCA1) mediates efflux of cellular cho-
lesterol to lipid-poor apolipoproteins but not to HDL particles that
constitute the bulk of plasma HDL. We show that two ABC
transporters of unknown function, ABCG1 and ABCG4, mediate
isotopic and net mass efflux of cellular cholesterol to HDL. In
transfected 293 cells, ABCG1 and ABCG4 stimulate cholesterol
efflux to both smaller (HDL-3) and larger (HDL-2) subclasses but not
to lipid-poor apoA-I. Treatment of macrophages with an liver X
receptor activator results in up-regulation of ABCG1 and increases
cholesterol efflux to HDL. RNA interference reduced the expression
of ABCG1 in liver X receptor-activated macrophages and caused a
parallel decrease in cholesterol efflux to HDL. These studies indi-
cate that ABCG1 and ABCG4 promote cholesterol efflux from cells
to HDL. ABCG1 is highly expressed in macrophages and probably
mediates cholesterol efflux from macrophage foam cells to the
major HDL fractions, providing a mechanism to explain the rela-
tionship between HDL levels and atherosclerosis risk.

A major theory to account for the inverse relationship
between high-density lipoprotein (HDL) levels and cardio-

vascular risk is that HDL promotes the efflux of cholesterol from
arterial wall macrophage foam cells and decrease atherosclero-
sis. This hypothesis appeared to be supported by the discovery
that Tangier disease, a disorder characterized by very low HDL
levels, macrophage foam cell accumulation, and increased ath-
erosclerosis, is caused by mutations in the ATP-binding cassette
transporter, ABCA1 (1–4). ABCA1 mediates eff lux of cellular
phospholipids and cholesterol to lipid-poor apolipoproteins,
such as apoA-I and apoE (5, 6), initiating the formation of HDL.
However, ABCA1 interacts poorly with HDL-2 and HDL-3
particles (5, 7) that constitute the bulk of the plasma HDL, and
ABCA1 variants are not likely to account for a major part of the
genetic variation in HDL levels in the general population (8).
Thus, the activity of ABCA1 does not readily account for
cholesterol eff lux from foam cells to HDL, and the mechanism
underlying the inverse relationship between HDL levels and
atherosclerosis risk remains uncertain.

The oxysterol-activated transcription factors liver X receptor�
retinoid X receptor (LXR�RXR) induce the expression of
ABCA1, as well as a number of other molecules involved in
cellular cholesterol eff lux, transport, and excretion (9, 10).
Treatment of macrophages with LXR activators increased net
cholesterol eff lux to HDL-2, suggesting the presence of unique
LXR target genes mediating cholesterol eff lux to HDL (11).
Some ABCG family members are also LXR�RXR targets, such
as ABCG5 and ABCG8, the defective genes in sitosterolemia
(12–14). ABCG family members are half-transporters, largely of
unknown function. These considerations led us to investigate the
possibility that different members of the ABCG transporter
family might be responsible for cellular cholesterol eff lux to
HDL.

Methods
Plasma Lipoprotein Preparations. HDL-2 (density 1.063–1.125
g�ml) and HDL-3 (density 1.125–1.210 g�ml) were isolated by

preparative ultracentrifugation from normolipidemic human
plasma and stored in PBS containing 1 mM EDTA. Low-density
lipoprotein (LDL) was from Biomedical Technologies (Stough-
ton, MA). ABCA1�/� mice were kindly provided by O. Francone
(Pfizer, Groton, CT), and macrophages isolated from the WT
and knockout littermates were used for the experiments.

Plasmid Constructs and Cell Transfection. The plasmid constructs
expressing mouse ABCG transporters were prepared by cloning
mouse full-length cDNAs into pCMV-sport6 vector, and the
cDNA sequence was confirmed by DNA sequencing. For tran-
sient transfection of human embryonic kidney (HEK)293 cells,
cells in 12- or 24-well collagen-coated plates were transfected
with various plasmid constructs with LipofectAMINE 2000
(Invitrogen) at 37°C overnight (�20 h). To estimate transfection
efficiency, a construct expressing GFP was routinely used in the
experiment to visually monitor for transfection efficiency. The
transfection efficiency of HEK293 cells was in the range of
60–80% of cells. Although transfection efficiency did vary from
experiment to experiment, we found that the variation within the
same experiment was small.

Cellular Lipid Efflux Assays. Generally, HEK293 cells were labeled
by culturing for 24 h in 10% FBS�DMEM containing either 2
�Ci�ml [3H]cholesterol for cholesterol eff lux or 2 �Ci�ml
[3H]choline (1 Ci � 37 GBq) for phospholipid efflux. The next
day, cells were washed with fresh media and then HDL, LDL, or
cyclodextrin were added as acceptor and incubated for the
indicated period before the media and cells were collected for
analysis. Phospholipid and cholesterol eff lux were expressed as
the percentage of the radioactivity released from the cells into
the medium relative to the total radioactivity in cells plus
medium. For cholesterol mass eff lux, the collected media were
extracted with hexane:isopropanol (3:2 vol�vol) with �-sitosterol
(5 �g per sample) added as the internal standard. The recovered
lipid fractions were dried under nitrogen gas; 100 �l of chloro-
form was added, and the samples were subject to gas-liquid
chromatographic analysis. For HDL cell association, cells were
incubated with [125I]HDL (1.5 �g�ml) in 0.2% BSA�DMEM for
1 h at 37°C. After washing three times with fresh media, cells
were lysed with 0.1% SDS and 0.1 M NaOH lysis buffer, and
radioactivity was determined by �-counter. To determine the
free cholesterol mass in media after cholesterol eff lux in the
presence or absence of HDL, the lipid fraction was extracted
from the media with hexane:isopropanol (3:2). After drying
under nitrogen gas, the mass of free cholesterol dissolved in
chloroform was determined by using gas chromatography.

Small Interfering (si)RNA-Mediated Macrophage RNA Interference
(RNAi). cRNA oligonucleotides derived from the mouse ABCG1
and ABCG4 target sequences were obtained from Dharmacon
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(Lafayette, CO) and used to induce RNAi to suppress ABCG1
and ABCG4 expression in thioglycollate-elicited mouse perito-
neal macrophages. Two target sequences were selected by using
the program from Dharmacon: 5�-CGTGGATGAGGTT-
GAGACA-3� and 5�-GGTGGACAACAACTTCACA-3� for
ABCG1; and 5�-GAAGGTGGAGAACCATATC-3� and 5�-
GCACTTGAACTACTGGTAT-3� for ABCG4.

Where indicated, RNA oligonucleotides targeting both se-
quences were mixed and used to down-regulate ABCG1 or
ABCG4 gene expression. The scrambled control RNA oligonu-
cleotides also were obtained from Dharmacon. An independent
set of siRNA targeting ABCG1 (5�-TCGTATCTTATCTGTA-
GAGAA-3� or ABCG4 (5�-CCGGGTCAAGTCAAGTCT-
GAGAGATA-3�) was obtained from Qiagen and used where
indicated. For cholesterol eff lux assay, mouse peritoneal mac-
rophages were plated in 24- or 48-well plates and cultured in 10%
FBS and DMEM at 37°C for 24 h. Cell were then transfected
with siRNA and LipofectAMINE 2000 at indicated concentra-
tion and labeled with isotopic cholesterol (2 �Ci�ml [3H]cho-
lesterol in 1% FBS) in the presence or absence of TO901317 (2
�M) for 48 h. Cells were washed twice and equilibrated for 30
min for the third wash, and then HDL or other acceptors were
added for the indicated period. Levels of ABCG1 and ABCG4
mRNAs normalized against �-actin mRNA were determined by
using TaqMan real-time quantititative RT-PCR. The primers
and probes were from Applied Biosystems.

Results
We previously showed that LXR activation in macrophages
resulted in increased cholesterol eff lux to HDL-2 (11). Because
HDL-2 does not appear to interact with ABCA1 in transfected
293 cells (7), this finding suggested the possibility that LXR
activation might induce an alternative pathway, leading to in-
creased cholesterol eff lux to HDL. To more directly test this
possibility, macrophages from WT or ABCA1�/� mice were
treated with LXR�RXR activators, and then cholesterol eff lux
to apolipoprotein (apo)A-I or HDL-2 was determined. LXR�
RXR activation induced cholesterol eff lux to both apoA-I (Fig.
1A) and to HDL-2 (Fig. 1B). Whereas deficiency of ABCA1
virtually abolished cholesterol eff lux to apoA-I, there was no
effect on cholesterol eff lux to HDL, confirming an ABCA1-
independent, LXR-induced efflux pathway to HDL. Our previ-
ous studies (11) ruled out a role of apoE or SR-BI in this process
because LXR�RXR activation led to increased cholesterol ef-
f lux to HDL-2 in apoE�/� macrophages or macrophages treated
with scavenger receptor (SR)-BI-neutralizing Ab. This finding
led us to evaluate the possibility that unique ABC transporters
that are LXR targets might mediate cholesterol eff lux to HDL.
Members of the ABCG family have been implicated in choles-

terol transport (12), and several members of this family are
known LXR targets (13, 15).

To examine the hypothesis that an ABCG transporter family
member might be responsible for cholesterol eff lux to HDL, we
cloned all six members of the family that are expressed in
mammalian cells and transiently expressed each cDNA in
HEK293 cells labeled with isotopic cholesterol. Incubation of
mock-transfected 293 cells with plasma HDL caused efflux of
isotopic cholesterol (Fig. 2A), likely reflecting passive exchange
of cholesterol between HDL and cells. Transient transfection
with ABCG1 or ABCG4 resulted in stimulation of isotopic
cholesterol eff lux to both HDL-2 and HDL-3 (Fig. 2 A). HDL-
specific cholesterol eff lux (total minus control) was approxi-
mately doubled for HDL-3, whereas efflux to HDL-2 was
increased by �50% (Fig. 2B). The combination of ABCG1 and
ABCG4 resulted in a further small increase in cholesterol eff lux.
In contrast, other ABCG transporters that we examined,
ABCG2, ABCG3 (Fig. 2 A), ABCG5, ABCG8, or ABCG5�
ABCG8, co-expression (Fig. 2B) did not promote cholesterol
eff lux to HDL. Combination of ABCG1 or ABCG4 with any of
the other ABCG transporters did not lead to a further increase
in cholesterol eff lux to HDL (data not shown). Time- and
concentration-dependence experiments showed that eff lux me-
diated by ABCG1 or ABCG4 continued to increase over 24 h
and reached a maximum at �50 �g�ml HDL protein, similar to
the concentration of HDL present in interstitial f luid (ref. 16 and
Fig. 2 C and D).

The efflux of isotopic cholesterol can result either from a net
transfer process or from exchange of free cholesterol between
the cell and HDL. Remarkably, gas-chromatographic measure-
ment of cholesterol content in media indicated almost a doubling
of HDL-free cholesterol mass after incubation with cells ex-
pressing ABCG1 or ABCG4, indicating a marked stimulation of
net free cholesterol eff lux (Fig. 3A). A similar increase in free
cholesterol mass was observed both for total HDL (Fig. 3A) and
for HDL-2 (data not shown). We also determined total cellular
cholesterol mass in transfected 293 cells after HDL-mediated
cholesterol eff lux (Fig. 3B). HDL treatment slightly decreased
cellular cholesterol mass (Fig. 3B) and ABCG1 or ABCG4
expression further reduced the cellular cholesterol content (Fig.
3B), reflecting the increased cholesterol eff lux to HDL.

When incubated with lipid-poor apoA-I, cells transfected with
ABCG1, ABCG4, or the other ABCG transporters did not
stimulate cholesterol eff lux to apoA-I (Fig. 4A). In marked
contrast, ABCA1 stimulated efflux to apoA-I but not HDL-2, as
reported (7). Cell transfection with ABCG1 or ABCG4 also
resulted in a slight increase in efflux of phospholipid radioac-
tivity to HDL (Fig. 4B). However, this transfection represented
�1% of cellular phospholipid; by comparison, cells transfected
with ABCA1 typically eff lux several percentage of both cellular

Fig. 1. LXR�RXR activation increases macrophage cholesterol efflux to HDL independent of ABCA1. (A and B) Cholesterol efflux to apoA-I (15 �g�ml protein)
(A) or HDL-2 (25 �g�ml protein) (B) was determined in mouse peritoneal macrophages isolated from WT or ABCA1�/� mice. The cells were labeled with
[3H]cholesterol in cell culture media plus 10% FBS for 16 h and then treated with or without 5 �M TO901317 plus 5 �M 9-cis-retinoic acid for 16 h followed by
cholesterol efflux for 4 h.
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phospholipid and cholesterol to apoA-I (5, 7). Thus, ABCG1 and
ABCG4 mediate prominent net cholesterol eff lux to HDL but
not to lipid-poor apoA-I.

We also determined the ability of ABCG1 and ABCG4 to
stimulate cholesterol eff lux to LDL and to an inert cholesterol
acceptor, cyclodextrin (Fig. 4C). In cells transfected with
ABCG1 or ABCG4, there was a small but significant stimulation
of cholesterol eff lux to LDL and to cyclodextrin, but this amount
was less than observed with HDL. ABCA1 binds lipid-poor
apolipoproteins, and this activity is closely correlated with its
ability to mediate lipid efflux from cells (5, 17, 18). Similarly,
SR-BI binds HDL and this result appears to be required for its
selective uptake function (19). In contrast, cells transfected
with ABCG1 or ABCG4 did not bind HDL above control levels
(Fig. 4D).

The finding that ABCG1 and ABCG4 promote cholesterol
eff lux to HDL-2 but not to apoA-I could explain our earlier
observations, suggesting an LXR-induced, ABCA1-independent
pathway of cholesterol eff lux in macrophages (Fig. 1 and ref. 11).

ABCG1 and ABCG4 are expressed in macrophages and are
induced by LXR�RXR activation with 22-OH cholesterol and
9-cis-retinoic acid (15, 20, 21). A specific LXR activator,
TO901317 (2 �M) increased mRNA levels of ABCG1 and
ABCG4 by 3- and 2-fold in mouse macrophages (data not
shown), confirming the previous findings.

To determine if the induction of cholesterol eff lux to HDL-2
is due to expression of ABCG1 and�or ABCG4, we used RNAi
induced by synthetic siRNA in mouse peritoneal macrophages
pretreated with the LXR activator TO901317 (2 �M). Knock-
down experiments were conducted at two different concentra-
tions of siRNA (40 and 120 nM). Suppression of ABCG1
resulted in a dose-dependent significant reduction in cholesterol
eff lux to HDL (Fig. 5A). At the higher dose, the suppression
resulted in approximately a 30% reduction in isotopic eff lux to
HDL. By contrast, RNAi by using scrambled RNA or an
irrelevant ABCA7 target sequence did not change cholesterol
eff lux. Measurements of mRNA levels by real-time RT-PCR
indicated a specific suppression of ABCG1 mRNA, with �50%

Fig. 2. Cells transfected with ABCG1 and ABCG4 cDNAs show increased cholesterol efflux to HDL. HEK293 cells were transiently transfected with plasmid
constructs expressing ABCG transporters or control empty vector (mock), and cholesterol efflux was initiated by addition of HDL to media. (A) [3H]cholesterol
efflux to HDL-2 or HDL-3 (25 �g�ml HDL protein) or media alone (control) for 4 h. (B) [3H]Cholesterol efflux to HDL-2 (25 �g�ml HDL protein) for 4 h. (C)
[3H]Cholesterol efflux to HDL-2 at indicated concentrations for 4 h. (D) [3H]Cholesterol efflux to HDL-2 (25 �g�ml HDL protein) for the indicated period of time.

Fig. 3. ABCG1 and ABCG4 expression increase cholesterol mass efflux to HDL and decrease cellular cholesterol content. (A) Free cholesterol mass in culture
media determined in transfected 293 cells incubated with HDL-2 (25 �g�ml HDL protein) for 4 h. (B) Total cellular cholesterol was determined after 6 h incubation
of transfected 293 cells with HDL-2 (25 �g�ml HDL protein).
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reduction at the higher level of RNAi (Fig. 5B). Initial results
with siRNA against ABCG4 showed a reduced macrophage
cholesterol eff lux to HDL. However, ABCG1 mRNA was also
reduced by the ABCG4 siRNAs (data not shown), probably due

to homology in the target sequences (22). An independent set of
siRNAs targeting different sequences in ABCG1 and ABCG4
confirmed a decreased cholesterol eff lux to HDL (data not
shown). Because the residual eff lux of isotopic cholesterol likely
includes a large component due to passive exchange processes,
these data suggest that ABCG1, and possibly ABCG4, makes a
major contribution to HDL-mediated cholesterol eff lux in LXR-
induced macrophages.

Discussion
Our previous studies (11) suggested the existence of an LXR-
induced, ABCA1-independent pathway of cholesterol eff lux to
HDL. This hypothesis was confirmed by comparing efflux in WT
and ABCA1�/� macrophages (Fig. 1). By using cell transfection
and RNAi, we now show that two known LXR targets of
unknown function, ABCG1 and ABCG4, mediate cholesterol
eff lux to the major HDL fractions HDL-2 and HDL-3 but not
to lipid-poor apoA-I. In contrast, ABCA1 mediates cholesterol
eff lux to apoA-I and interacts poorly with HDL-2 and HDL-3 (5,
7). The ability of ABCG1, and possibly ABCG4, to mediate
cholesterol eff lux to HDL could be important in the athero-
protective effect of HDL because the bulk of plasma HDL
consists of such mature HDL particles.

Although it has been speculated that ABCG1 could have a
role in cellular cholesterol eff lux and reverse cholesterol trans-
port (23, 24), no definite function of either ABCG1 or ABCG4
has been previously assigned. ABCG1 was initially identified as
a macrophage LXR target (15). Schmitz and coworkers (21)
reported that an antisense oligodeoxynucleotide to ABCG1
reduced macrophage cholesterol eff lux to HDL-3. However, this
group subsequently stated that the same oligodeoxynucleotide
also reduced expression of apoE and questioned whether
ABCG1 was directly involved in lipid efflux (23). Hepatocyte
overexpression of ABCG1 by adenovirus infection in mice
resulted in a slight lowering of HDL and increased biliary
cholesterol secretion (24, 25). Physiological relevance of these
experiments is somewhat uncertain because hepatic expression

Fig. 4. ABCG1 and ABCG4 do not promote cholesterol efflux to apoA-I and do not bind HDL while promoting cholesterol efflux to HDL, LDL, and cyclodextrin.
(A) HDL-2 (25 �g�ml HDL protein) and apoA-I (15 �g�ml protein) mediated cholesterol efflux during a 4-h incubation with 293 cells expressing ABCG transporters.
(B) [3H]choline-containing phospholipid efflux to HDL-2 (25 �g�ml HDL protein) during a 4-h incubation with 293 cells expressing ABCG transporters. (C)
Cholesterol efflux to HDL (25 �g�ml HDL protein), LDL (25 �g�ml LDL protein), or cyclodextrin (1 mM) during a 4-h incubation with 293 cells expressing ABCG
transporters. (D) [125I]HDL binding to 293 cells expressing SR-BI or ABCG transporters.

Fig. 5. Suppression of ABCG1 expression by RNAi decreases macrophage
cholesterol efflux to HDL. [3H]cholesterol efflux to HDL-2 was determined by
using mouse peritoneal macrophages after transfection of the cells with
synthetic siRNA against ABCG1 (A and B). Two different concentrations of
siRNA were used, as indicated. As a control, scrambled siRNA or siRNA against
ABCA7 were used. mRNA levels of ABCG1 (B) normalized against �-actin
mRNA from macrophages treated with 120 nM siRNA were determined by
TaqMan real-time RT-PCR. *, P � 0.05; **, P � 0.01.
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of ABCG1 is probably predominantly in Kupffer cells (26),
whereas adenovirus is expressed mainly in hepatocytes. Thus,
the function of ABCG1 has remained enigmatic and its role in
reverse cholesterol transport is considered uncertain (24).

The present study suggests a major role of ABCG1 in HDL-
mediated cholesterol eff lux in macrophages while the role of
ABCG4 in macrophages is less certain. Although ABCG4
mRNA is detectable in this and other studies by using RT-PCR
methodology (20), these semiquantitative measurements suggest
a low level of ABCG4 expression in mouse macrophages even
after LXR activation (data not shown). However, ABCG4 is
highly expressed in brain (27), and HDL-like particles are
present in cerebrospinal f luids (28, 29). Therefore, ABCG4
could promote cholesterol eff lux to these HDL particles in brain.
This finding is of particular interest in light of recent studies of
the role of cholesterol metabolism in development of Alzhei-
mer’s disease, which suggest that promotion of cholesterol eff lux
in neuronal cells decreases amyloid � peptide formation and
secretion (30).

In addition to ABCG1 and ABCG4, we showed previously
that SR-BI also facilitates cholesterol eff lux to HDL, but not to
lipid-poor apoA-I (31). SR-BI promotes the bidirectional f lux of
cholesterol between cells and HDL and when HDL is phospho-
lipid-rich and cholesterol-poor, net cholesterol eff lux can result.
However, unlike the findings with ABCG1 and ABCG4, SR-BI
does not create a gradient of cholesterol concentration from cells
to HDL. Studies with bone marrow transplantation show an
increased atherosclerotic lesion area in apoE�/�-recipient mice
treated with SR-BI�/� apoE�/� donor cells compared with
apoE�/�-recipient mice receiving SR-BI�/� apoE�/� donor cells
(32). However, the SR-BI knockout macrophages display no
difference in cholesterol eff lux to HDL compared with WT
macrophages (32), suggesting that macrophage SR-BI does not
have a major role in cholesterol eff lux to HDL in mice.

ABCG1 is most closely related to ABCG4, and both may be
mammalian homologs of the Drosophila white gene. ABCG
transporters are thought to function either as heterodimers,
e.g., ABCG5�ABCG8 (33), or homodimers�homomultimers,
e.g., ABCG2 (34). Because overexpression of either ABCG1 or
ABCG4 resulted in cholesterol eff lux to HDL, it appears they
can function as homodimers. Also, inconsistent with function as
heterodimers, the distribution of the two mRNAs in various
tissues does not appear to be strongly correlated (27, 35), and
they did not make functional partners with other ABCG family
members in our cell expression experiments. However, several
different transcripts of ABCG1 are present in macrophages (35,
36), raising the possibility of different functions and possibly
heterodimerization with other half-transporters. Moreover,
different functions in various cell types and tissues are also
possible (26).

When comparing the ability of different acceptors to take up
cholesterol, we found that in addition to efflux to HDL, ABCG1
and ABCG4 caused a slight but significant stimulation of choles-
terol efflux to LDL and to an inert cholesterol acceptor, cyclodex-
trin (Fig. 2). Thus, ABCG1 and ABCG4 can promote cholesterol
efflux to a variety of lipoprotein and nonlipoprotein acceptors,
suggesting that these transporters may increase availability of
cholesterol at the plasma membrane or at sites that are readily
accessible to the plasma membrane. Although specific binding of
HDL to ABCG1 and ABCG4 was not observed, HDL can bind cell
membranes by nonspecific lipid–lipid interactions (37), perhaps
acting to facilitate cholesterol efflux in ABCG1- or ABCG4-
expressing cells (38). Rapid and slow components of cholesterol
efflux to cyclodextrin have been described (39). The slow compo-
nent of efflux is ATP dependent and may reflect cholesterol
movement from the endocytic recycling compartment to the plasma
membrane (40). A possible relationship of ABCG1 and ABCG4 to
these efflux pathways warrants further investigation.

At equal protein concentrations, the level of cholesterol eff lux
to LDL was �55% of that observed for HDL (Fig. 3). Because
HDL protein concentration in plasma normally exceeds that of
LDL, this finding suggests that HDL will represent the major
acceptor in normal plasma. However, in subjects with high LDL
and low HDL levels, cholesterol eff lux to LDL could predom-
inate, giving rise to a futile cycle if LDL particles are subse-
quently ingested by macrophages.

Epidemiological studies indicate that both HDL-2 and HDL-3
are inversely related to atherosclerosis risk (41). Much of the
difference in HDL levels among individuals reflects different
levels of HDL-2, and HDL levels are in major part genetically
determined by variation at the hepatic lipase and apoA-I�apoC-
III�apoA-IV loci (8). Because ABCA1 does not directly interact
with the main fraction of HDL (5), and does not likely account
for a major part of the genetic variation in HDL levels in the
general population (8, 42), ABCA1–HDL interactions or asso-
ciations do not readily explain the protective effect of HDL. In
contrast, our demonstration that ABCG1 promotes net cellular
cholesterol eff lux to HDL has the potential to provide a mech-
anistic understanding of the relationship of HDL to atheroscle-
rosis risk. HDL infusions in humans are being carried out with
reconstituted HDL particles (43), and HDL-raising therapies
such as niacin (44) or cholesterol ester transfer protein inhibition
(45) primarily block HDL catabolism and cause an increase in
larger particles that are unlikely to interact with ABCA1.
Cholesterol ester transfer protein inhibitors are in advanced
human trials (46). Our findings suggest a mechanism to explain
how these HDL-directed therapies could lead to cholesterol
eff lux from macrophage foam cells.
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