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Abstract

Reverse cholesterol transport (RCT), a process to deliver excess cholesterol from the periphery to the liver for excretion from body, is a major
atheroprotective property of high-density lipoproteins. As major transporters for cholesterol efflux in macrophages, ATP-binding cassette transporter A1
(ABCA1) and G1 (ABCG1) are critical for RCT. We investigated mechanisms for the regulation of ABCA1 and ABCG1 expression by fatty acids (FA) in RAW264.7
macrophages. Cells were incubated with 100 μmol/L of palmitic, oleic, linoleic, linolenic or eicosapentaenoic acids in the absence or presence of T0901317, a liver
X receptor (LXR) agonist. Unsaturated FA, but not saturated FA, significantly reduced ABCA1 and ABCG1 mRNA without the agonist. Trichostatin A (TSA), a
histone deacetylase inhibitor, not only increased basal ABC transporter expression but abrogated the transcriptional repression by unsaturated FA. The increased
basal ABCA1 and ABCG1 mRNA by TSA paralleled the increased peroxisome proliferator-activated receptor γ (PPARγ) and PPARγ coactivator 1α expression,
whereas LXRα and PGC-1β expression was significantly lowered. Although the repressive effect of ABCA1 and ABCG1 mRNA by unsaturated FA was abolished by
T0901317, protein levels remained diminished. Chemical and genetic deficiency of protein kinase C δ did not abolish the repressive effect of linoleic acid on
ABCA1 and ABCG1. In conclusion, unsaturated FA repressed ABCA1 and ABCG1 expression by two distinct mechanisms in RAW 264.7 macrophages: LXR-
dependent transcriptional repression possibly by modulating histone acetylation state and LXR-independent posttranslational inhibition.
© 2012 Elsevier Inc. All rights reserved.
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1. Introduction

Since the hypothesis that high levels of plasma high-density
lipoprotein (HDL) cholesterol are protective against coronary heart
disease (CHD) was initially proposed in the early 1950s [1],
epidemiological studies have consistently shown a strong inverse
relationship between plasma HDL cholesterol levels and the incident
of CHD [2–5]. Dyslipidemia, an underlying pathological condition for
CHD and type 2 diabetes, is characterized by high plasma concentra-
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tions of total cholesterol, low-density lipoprotein (LDL) cholesterol
and triglycerides as well as low plasma HDL cholesterol levels [6]. The
antiatherogenic effect of HDL is due in part to the ability of HDL to
promote cholesterol efflux from cells and to participate in reverse
cholesterol transport (RCT) [7–9]. In the RCT, excess cholesterol is
transported from the periphery to the liver for ultimate excretion
from body, and HDL functions as the primary acceptor of cellular free
cholesterol [10].

Removal of cholesterol from macrophages in arterial wall via the
RCT is of significant importance in the prevention of atherosclerosis
development. ATP binding cassette transporter A1 (ABCA1) and G1
(ABCG1) play a pivotal role in this process. ABCA1 facilitates the efflux
of cellular cholesterol to extracellular acceptors, namely, lipid-free or
lipid-poor apolipoprotein A-I [11–14]. In contrast, ABCG1 is highly
expressed in macrophages and mediates the efflux of cholesterol to
HDL2 [15,16]. Deletion of macrophage Abcg1 led to the deposition of
free cholesterol and cholesteryl esters in various tissues, implicating
its role in maintaining cellular cholesterol level [17,18]. Studies have
shown that dysfunction of ABCA1 and ABCG1 inmacrophages induces
cholesterol accumulation and accelerates atherosclerosis, although
some contradictory observations exist as to the role of ABCG1 in
atherogenesis [19–24].

Transcription of ABCA1 and ABCG1 is primarily under the control
of liver X receptors (LXRs) in response to cellular cholesterol levels
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Table 1
Quantitative real-time PCR primers

Gene Forward primer Reverse primer

ABCA1 5′-CGTTTCCGGGAAGTGTCCTA-3′ 5′-GCTAGAGATGACAAGGAGGATGGA-3′
ABCG1 5′-AGGTCTCAGCCTTCTAAAGTTCCTC-3′ 5′-TCTCTCGAAGTGAATGAAATTTATCG-3′
LXRα 5′-CGACAGAGCTTCGTCCACAA-3′ 5′-ACAGCTCGTTCCCCAGCAT-3′
PPARγ 5′-GCCCACCAACTTCGGAATC-3′ 5′-TGCGAGTGGTCTTCCATCAC-3′
PGC-1α 5′-AAGCTGAAGCCCTCTTGCAA-3′ 5′-ACTGTACCGGGCCCTCTTG-3′
PGC-1β 5′-CGCTCCAGGAGACTGAATCCAGT-3′ 5′-CTTGACTACTGTCTGTGAGGC-3′
GAPDH 5′-TGTGTCCGTCGTGGATCTGA-3′ 5′-CCTGCTTCACCACCTTCTTGAT-3′
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[25]. Studies have shown that fatty acids can also alter ABCA1
expression at the transcriptional and posttranscriptional levels.
Posttranscriptional repression of ABCA1 expression by unsaturated
fatty acids in macrophages has been demonstrated by a series of
studies conducted by Wang et al. [26] and Wang and Oram [27–
29].In their studies, unsaturated fatty acids increase ABCA1 protein
degradation in macrophages by activating phospholipase D2 (PLD2)
and subsequently protein kinase C δ (PKCδ). This, in turn,
phosphorylates ABCA1 serine residues for protein degradation.
Other studies exist to demonstrate that fatty acids could alter
transcription of ABCA1 and ABCG1. In human monocyte-derived
macrophages, basal ABCA1 and ABCG1 mRNA levels were lowered
by linoleic acid (18:2) compared with palmitic acid (16:0) [6]. Basal
ABCA1 mRNA abundance in HepG2 and RAW 264.7 macrophages
was reduced by eicosapentaenoic acid in a dose-dependent manner
[30]. Unsaturated fatty acids, including oleic acid, arachidonic acid
and eicosapentaenoic acid, also significantly lowered ABCA1 expres-
sion when an LXR agonist was present by decreasing ABCA1
promoter activity [30]. In RAW 264.7 macrophages, unsaturated
fatty acids repressed ABCA1 and ABCG1 mRNA levels in the absence
or presence of an LXR agonist, and mutations or deletion of direct
repeat 4, a cis-acting element for LXR binding, in the promoters of
ABCA1 and ABCG1 abolished the suppressive effects [31]. These
studies suggest that unsaturated fatty acids repress the basal as well
as LXR-activated ABC transporter expression.

Studies have demonstrated that unsaturated fatty acids, but not
saturated fatty acids, reduce ABCA1 and ABCG1 expression. However,
limited and contradictory observations exist as to the molecular
mechanisms underlying the repressive effect of unsaturated fatty
acids. This study shows that fatty acids commonly present in diet can
alter gene expression via a modulation of histone deacetylation. In
addition, an LXR-independent posttranscriptional inhibition of the
ABC transporter expression exists in macrophages.

2. Methods and materials

2.1. Cell culture and fatty acid preparation

RAW 264.7 macrophages were purchased from ATCC (Manassas, VA, USA) and
maintained in RPMI medium containing 10% fetal bovine serum (FBS), 100 kU/L
penicillin,100 mg/L streptomycin, 1× vitamins and 2 mmol/L L-glutamine in a
humidified incubator at 37°C with 5% CO2. All cell culture supplies were purchased
from Mediatech (Manassas, VA, USA).

Sodium salts of fatty acids (Nu-Chek, Elysian, MN, USA) were dissolved in the fatty-
acid-poor and endotoxin-free bovine serum albumin (BSA) stock solution (2mmol/L in
PBS; EMD Chemicals, Gibbstown, NJ, USA) to a final concentration of 5mmol/L. The
fatty acid and BSA mixture was purged with N2 and sonicated in warm water bath
(∼40°C) until the solution became clear to form BSA/fatty acid complex (a molar ratio
to BSA of 1:2.5). The complex was then filter sterilized and diluted with cell medium to
reach a final concentration of 100 μmol/L of fatty acid and incubated in a water bath at
37°C for 1 h prior to addition to cells.

RAW264.7 macrophages were incubated without or with 10 μmol/L T0901317
(Sigma-Aldrich, St. Louis, MO, USA), an LXR agonist, in dimethyl sulfoxide (DMSO) for
18 h, after which cells were treated with BSA only (control) or 100 μmol/L of fatty acid
for 12 h. Rottlerin (Santa Cruz Biotechnology, Santa Cruz, CA, USA), a PKCδ inhibitor, at
5 or 10 μmol/L in DMSO was used to inhibit PKCδ. For this inhibitor experiment, cells
were preincubated with the inhibitor for 2 h and subsequently with 100 μmol/L of fatty
acid for 12 h. For experiments with trichostatin A (TSA; Sigma-Aldrich), a pan-histone
deacetylase inhibitor (HDACi), RAW 264.7 macrophages were incubated with 100
μmol/L fatty acid in the absence or presence of 500 nmol/L of TSA for 24 h. Cells were
cultured in complete medium devoid of FBS when they were treated with fatty acid to
eliminate any potential contamination of fatty acids present in FBS. When inhibitors
were dissolved in DMSO, control cells were incubated with the same amount of DMSO
for a vehicle control.

2.2. Small interfering RNA (siRNA) transfection

RAW 264.7 macrophages were transfected with Silencer Negative Control
scrambled siRNA (Ambion, Austin, TX, USA) or siGENOME PKCδ siRNA (Dharmacon,
Lafayette, CO, USA) to knockdown PKCδ using DharmaFECT1 transfection reagent
(Dharmacon) according to the manufacturer's protocol. Briefly, transfection reagent
was diluted with a factor of 40 using cell medium void of antibiotics and FBS. Two
micromoles per liter of siRNA solution was prepared in RNase-free sterile water and
mixed with equal volume of cell medium void of antibiotics and FBS. Subsequently, the
media containing transfection agent and siRNA were combined and incubated for
20 min at room temperature before being added to cells. Twenty-four hours later, the
cells were washed twice with PBS and treated with BSA or 100 μmol/L of fatty acid for
24 h. In our preliminary experiments, knockdown of genes peaked at 24 h after
transfection and was prolonged for up to 48 h.

2.3. Total RNA isolation and quantitative real-time polymerase chain reaction (qPCR)

Total RNA was extracted from cells using TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) following manufacturer's protocol. Reverse transcription for cDNA synthesis and
qPCR analysis were performed as previously described [32,33]. Primers were designed
according to GenBank database using the Primer Express software (Applied
Biosystems, Austin, TX, USA). Lists of primer sequence are in Table 1.

2.4. Western blot analysis

Cell lysate was prepared and Western blot analysis was performed as previously
described [32,33]. Rabbit ABCA1 antiserum was a generous gift from Dr. John Parks at
Wake Forest University School of Medicine. ABCG1 and PKCδ antibodies were
purchased from Novus Biologicals (Littleton, CO, USA) and Santa Cruz Biotechnology
(Santa Cruz, CA USA), respectively. Monoclonal antibody against β-actin was
purchased from Sigma-Aldrich (St. Louis, MO, USA) and used as a loading control to
normalize the data.

2.5. Statistical analysis

One-way analysis of variance (ANOVA) and Tukey's post hoc test were used to
identify statistically significant differences of treatments using GraphPad InStat 3
(GraphPad Software, Inc.). Two-way ANOVA was performed to analyze fatty acid effect
and TSA effect and interaction on ABCA1 and ABCG1 mRNA expression. Pb.05 was
considered significant, and data are expressed as mean±S.E.M.

3. Results

3.1. Macrophage ABCA1 and ABCG1 expression was repressed by
unsaturated fatty acids

RAW264.7 macrophages were treated with various fatty acids
including palmitic acid (16:0), palmitoleic acid (16:1), oleic acid
(18:1), 18:2, linolenic acid (18:3) and eicosapentaenoic acid (20:5) in
the absence or presence of T091317, an LXR agonist. In the absence of
the LXR agonist, both ABCA1 and ABCG1 mRNA levels were
significantly repressed by all the unsaturated fatty acids tested
compared with the control (Fig. 1A). However, when T0901317 was
present, the repressive effect was completely abolished. Consistent
with mRNA data in Fig. 1A, ABCA1 (∼250 kDa) and ABCG1 (∼60 kDa)
protein levels were also markedly reduced by unsaturated fatty acids
in the absence of T0901317 (Fig. 1B). Unsaturated fatty acids,
however, were able to lower the ABC transporter protein levels
when the cells were treated with the LXR agonist despite no changes
in mRNA abundance observed.

3.2. Inhibition of histone deacetylase (HDAC) activity abolished the
repressive effect of unsaturated fatty acids on ABCA1 and ABCG1
mRNA levels

We evaluated if modulations in histone acetylation status
are involved in the unsaturated fatty acid-induced transcriptional



Fig. 1. Regulation of ABCA1 and ABCG1 expression by fatty acids in RAW 264.7 macrophages. Cells were incubated with or without LXR agonist T0901317 (10 μmol/L) for 18 h and
subsequently with BSA only (control) or fatty acids (100 μmol/L) complexed with BSA for 12 h. (A) ABCA1 and ABCG1mRNA abundance by qPCR. Values are means±S.E.M, n=6. Bars
without a common letter are significantly different, Pb.05. (B) ABCA1 and ABCG1 protein by Western blot analysis with β-actin as a loading control. A representative blot of two or
three separate experiments is shown.
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repression of macrophage ABCA1 and ABCG1. RAW 264.7
macrophages were incubated with 16:0 and 18:2 in the presence
of TSA. Consistent with the previous observation shown in Fig. 1,
without TSA, both ABCA1 and ABCG1 mRNA levels were
significantly repressed by 18:2 (Fig. 2). However, when the
macrophages were treated with TSA, mRNA levels of ABCA1 and
ABCG1 were significantly increased, and furthermore, the repres-
sion by 18:2 was completely abolished. It is of interest that, in
the presence of TSA, 16:0-treated cells showed significantly
lower ABCA1 and ABCG1 mRNA abundance than control and
18:2-treated cells.

TSA treatment altered the expression of other genes that have
been linked to the regulation of ABCA1 and ABCG1 transcription.
Whereas peroxisome proliferator-activated receptor γ (PPARγ) and
PPARγ coactivator 1α (PGC-1α) expression was significantly
increased by TSA along with ABCA1 and ABCG1, LXRα and PGC-
1β mRNA levels were significantly decreased by TSA in controls
(Fig. 3).
3.3. Rottlerin did not abolish the unsaturated fatty acids-induced
reduction in ABCA1 and ABCG1 proteins

Macrophage ABCA1 and ABCG1 protein levels were diminished by
unsaturated fatty acids even with LXR activation in the condition
which the repression of mRNA levels was abolished. Posttranscrip-
tional regulation of ABCA1 by unsaturated fatty acids was suggested
to result from destabilization of ABCA1 protein through its phos-
phorylation by PKCδ pathway [29]. To evaluate a role of PKCδ in the
fatty acid regulation of ABCA1 as well as ABCG1 protein levels, we
incubated RAW 264.7 macrophages with 16:0 or 18:2 in the presence
of rottlerin, a commonly used PKCδ inhibitor, or after depletion of
PKCδ using siRNA. Neither rottlerin nor PKCδ siRNA abolished the
repressive effect of 18:2 on ABCA1 and ABCG1 proteins (Fig. 4A
and B). Instead, the ABC transporter protein levels in 18:2-treated
cells were shown least when cells were treated with rottlerin and
PKCδwas deficient compared with no rottlerin control and scrambled
control, respectively.



0 5 10 0 5 10 0 5 10
Control 16:0 18:2

ABCA1
ABCG1
ββ-actin

Rottlerin
(μμmol/L)

Control 16:0 18:2

ABCA1
PKCδδ

ββ-actin

siRNA Sc PKCδδ Sc PKCδδ Sc PKCδδ

A

B

Control 16:0 18:2

ABCG1
PKCδδ

ββ-actin

siRNA Sc PKCδδ Sc PKCδδ Sc PKCδδ

Fig. 4. Role of PKCδ in ABCA1 and ABCG1 protein levels in RAW 264.7 macrophages. (A)
Cells were preincubated with rottlerin (5 and 10 μmol/L) for 2 h, after which they were
treated with for 12 h as described in Fig. 1. ABCA1 and ABCG1 protein expression was
measured by Western blot analysis using β-actin as a loading control. A representative
blot of two separate experiments is shown. Densitometry analysis was conducted using
β-actin for normalization, and relative ABCA1 and ABCG1 protein levels to BSA control
without rottlerin are as follows from left to right: 1.00, 1.31, 1.26, 1.02, 1.12, 0.78, 0.57,
0.43 and 0.49 for ABCA1; 1.00, 1.13, 1.03, 0.77, 0.79, 0.65, 0.40, 0.32 and 0.44 for ABCG1.
(B) Cells were transfected with 100 nmol/L of scrambled control (Sc) or PKCδ siRNA for
24 h and subsequently incubatedwith BSA only (control), 16:0 or 18:2 (100 μmol/L) for
24 h. A representative blot of two separate experiments is shown. Densitometry
analysis of ABCA1 and ABCG1 protein relative to scrambled BSA control is as follows
from left to right treatment as an average of two lanes: 1.00, 0.48, 0.77, 0.62, 0.47 and
0.24 for ABCA1; 1.00, 0.58, 0.81, 0.50, 0.58 and 0.38 for ABCG1.
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Fig. 2. Effect of TSA on ABCA1 and ABCG1 expression in RAW 264.7 macrophages.
The cells were incubated with 500 nmol/L TSA for 20 h together with fatty acids
(100 μmol/L) or BSA control (C) for qPCR. Means±S.E.M, n=6–13. Bars with a different
letter within the same TSA treatment are significantly different (Pb.05). ⁎Within-group
differences from −TSA to +TSA (Pb.05).
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4. Discussion

As major transporters for cholesterol efflux in macrophages,
ABCA1 and ABCG1 play a pivotal role in maintaining cellular
cholesterol homeostasis. Disturbance of the ABC transporter functions
in macrophages, particularly in the arterial wall, could facilitate foam
cell formation and consequently atherogenesis. The goal of this study
was to understand molecular mechanisms for the regulation of
macrophage ABCA1 and ABCG1 by fatty acids, whose plasma
concentrations are commonly elevated in obesity-associated meta-
bolic diseases, notably CHD [34–38]. We found that expression of
ABCA1 and ABCG1 in macrophages is repressed by unsaturated fatty
acids via two distinctmechanisms, i.e., LXR-dependent transcriptional
inhibition and posttranscriptional regulation to facilitate protein
degradation. In particular, the transcriptional repression by linoleate
is likely mediated via modulations of histone deacetylation state. This
study demonstrates that fatty acids commonly present in diet can
regulate gene expression by altering HDAC in macrophages.

Several studies have reported that fatty acids modulate the
expression of ABCA1 and ABCG1 [6,26–31,39,40]. The detailed
regulatory mechanisms, however, remain largely enigmatic and
contradictory. We observed that unsaturated fatty acids repressed
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Fig. 3. Effect of TSA on the expression of genes related to transcriptional regulation of
ABC transporters in RAW 264.7 macrophages. The cells incubated with TSA and fatty
acids as described in Fig. 2 legend were analyzed by qPCR. Means±S.E.M., n=6–13,
⁎Pb.05 compared with −TSA control.
mRNA abundance of ABCA1 and ABCG1 in RAW 264.7 macrophages
and that the repression was abolished by an LXR agonist. Our results
indicate that unsaturated fatty acids may inhibit the basal expression
of the ABC transporters possibly in an LXR-dependent manner in
macrophages. Involvement of LXR in the transcriptional repression of
ABCA1 and ABCG1 in macrophages was also suggested by Uehara
et al. [30,31]. Of importance is that unliganded LXR is suggested to
repress the basal expression of the ABC transporters by recruiting co-
repressors, such as nuclear receptor co-repressors (NCoR) and
silencing mediators for retinoid and thyroid hormone receptors
(SMRT), in macrophages but not in the liver [41]. As we observed the
transcriptional repression of the basal ABCA1 expression by unsatu-
rated fatty acids only in macrophages but not in HepG2 cells
(manuscript in preparation), it can be presumed that unsaturated
fatty acids could enhance recruitment of the co-repressor complex to
unliganded LXR and/or its activity in the promoters of macrophage
ABCA1 and ABCG1. Derepression of the ABC transporter expression by
an LXR agonist in unsaturated fatty acid-treated cells further supports
this speculation. However, we cannot rule out the possibility that the
effect of TSA on ABCA1 and ABCG1 expression may be mediated
through PPARγ pathway, as we observed a significant increase in
PPARγ and PGC-1α by TSA, whereas LXRα mRNA levels were
significantly reduced. Although LXR is the major transcription factor
for the ABC transporter expression, LXR-independent but PPAR-
dependent transcriptional regulation has been suggested [42].
Further study is necessary to identify major factors responsible for
the fatty acid regulation of ABCA1 and ABCG1 expression.

Exchange of co-repressor with co-activator is widely used to
switch function of transcription factors from active repression to
transcriptional activation. Transcription factors that have been shown
to interact with a co-repressor complex for transcriptional repression
include activator protein 1 [43–45], nuclear factor κB [44–46], thyroid
hormone receptor [47–49] and LXRα [41]. NCoR and SMRT are
essential components of co-repressor complex and mediate active

image of Fig. 3
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transcriptional repression via activating HDAC in the complex
[43,50,51]. Interestingly, we found that TSA, a pan-HDACi, markedly
increased the basal ABC transporter mRNA and abolished the
repressive effect of unsaturated fatty acids on the transporter
expression in RAW 264.7 macrophages. The result led us to speculate
that basal transcription of ABCA1 and ABCG1 may be repressed by an
HDAC and that unsaturated fatty acid could further inhibit the
transcription by inducing histone deacetylation in the promoters of
the ABC transporters. TSA treatment also increased ABCA1 and ABCG1
mRNA levels in palmitate-treated macrophages, but the extent of the
increase was markedly lower than control and linoleic acid-treated
groups. Eighteen HDACs have been identified and divided into four
classes based on their homology to yeast HDAC, subcellular
localization and their enzyme activities [52]. HDACs are subject to
posttranslational modifications, such as acetylation, methylation,
phosphorylation, ubiquitination and sumoylation, that determine
stability, localization, activity and protein–protein interaction of
HDAC [53].We assume that fatty acids may modify HDAC posttran-
slationally, consequently altering its activity. Our data indicate that
saturated and unsaturated fatty acids may have a differential effect on
histone deacetylation in the promoters of ABCA1 and ABCG1 possibly
by different modes of action or extent of the regulation. Several lines
of evidence exist to support potential roles of fatty acids, such as
short-chain fatty acid (e.g., butyrate) and 9-hydroxystearic acid, in
modulating chromatin structure [54,55]. However, whether fatty
acids commonly present in the diet could utilize this mode of
transcriptional regulation is largely unknown. It should be further
investigated whether long-chain fatty acids utilize HDAC to alter
gene expression.

Turnover of ABCA1 protein is rapid, with a half-life of less than 1 h
in macrophages [56,57], suggesting that posttranscriptional regula-
tion could be an important determinant for its function. We found
that unsaturated fatty acids reduced ABCA1 and ABCG1 protein levels
in macrophages. Although T0901317 abolished the repression of the
ABC transporter mRNA levels by unsaturated fatty acids, protein
levels of both transporters remained to be diminished by unsaturated
fatty acids compared with saturated fatty acids, suggesting that
posttranscriptional repression of ABCA1 and ABCG1 is likely to exist in
addition to the transcriptional inhibition. Reduced ABCA1 protein
levels by 18:2 were at least partly due to faster protein degradation as
demonstrated by the experiment using cycloheximide, a translation
inhibitor (data not shown). It has been suggested that unsaturated
fatty acids induce ABCA1 protein degradation by activating PLD2 and
PKCδ pathway that phosphorylates serine residues of ABCA1 for
degradation [26–29]. We, however, found that PKCδ may function in
an opposite direction, as its depletion by siRNA reduced ABCA1 and
ABCG1 proteins and both genetic and chemical inhibition of PKCδ did
not reverse the repressive effect of unsaturated fatty acids. The reason
for the contradictory observations is not clear. However, we found
similar results in HepG2 as well as FHs 74 Int cell lines (unpublished
data), and further study is necessary to identify the role of PKCδ in the
posttranscriptional regulation of the ABC transporters by fatty acids.

In summary, we found that unsaturated fatty acids repress the
expression of ABCA1 and ABCG1 in macrophages at the transcription
and posttranscription levels. In particular, our following observations
support that unsaturated fatty acids lower ABCA1 and ABCG1
transcription in an LXR-dependent manner by altering HDAC in a
corepressor complex: (1) repression of the ABC transporter mRNA
levels by unsaturated fatty acids was completely repressed in the
presence of an LXR agonist, (2) the ABC transporter mRNA levels were
significantly increased by inhibiting HDAC activity using TSA, and (3)
an inhibitory effect of linoleate on ABCA1 and ABCG1 mRNA was
completely abolished by TSA. As macrophage ABCA1 and ABCG1 play
a pivotal role in removal of cellular cholesterol, which can prevent
foam cell formation and consequently atherogenesis, the inhibitory
function of unsaturated fatty acids in the transporter expression could
be regarded as unfavorable. Understanding of mechanisms by which
fatty acids modulate the ABC transporters in macrophages is
necessary to develop a therapeutic means to enhance beneficial
effect of unsaturated fatty acids in the prevention of atherogenesis by
potentiating their atheroprotective properties including reductions in
triglycerides, anti-inflammation and antithrombosis [58–61].
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