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Inhibition of ERK1/2 improves lipid balance in
rat macrophages via ABCA1/G1 and CD36

XIE-HUA XUE'"", FENG-FEI SHI>", TONG CHEN?, WEI WEI', XIAO-MAO ZHOU? and LI-DIAN CHEN?

1De:partment of Neurology, Rehabilitation Hospital Affiliated to Fujian University of Traditional Chinese Medicine;

*Institute of Rehabilitation Medicine, Rehabilitation Technology Collaborative Innovation Center,

College of Rehabilitation Medicine, Fujian University of Traditional Chinese Medicine,
Fuzhou, Fujian 350003, P.R. China

Received February 8, 2015; Accepted December 7, 2015

DOI: 10.3892/mmr.2015.4697

Abstract. ATP-binding cassette transporters Al (ABCAI)
and G1 (ABCGI), and macrophage scavenger receptor, cluster
of differentiation (CD)36, function as key mediators of choles-
terol efflux and influx from macrophages. In addition, they are
associated with foam cell formation and the development of
atherosclerosis (AS). The aim of the present study was to inves-
tigate the effects of extracellular signal-regulated kinases 1/2
(ERK1/2) inhibition on lipid balance in oxidized-low-density
lipoprotein (Ox-LDL)-stimulated rat macrophages, and to
examine the role of ERK1/2 inhibitors in AS. Rat peritoneal
macrophages were treated with Ox-LDL alone or in combi-
nation with an ERK1/2 inhibitor, U0126, and untreated cells
served as controls. Ox-LDL-induced lipid accumulation was
detected by Dil fluorescence and oil red O staining. In addition,
the mRNA and protein expression levels of ABCA1, ABCGI1
and CD36 were determined using polymerase chain reaction
and western blotting, respectively. Treatment with Ox-LDL
significantly increased lipid accumulation and upregulated
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the mRNA and protein expression levels of ABCA1, ABCGI
and CD36 in macrophages. The addition of U0126 resulted
in a marked reduction of lipid deposition, upregulation of
ABCAL1/G1 expression and suppression of CD36 expression in
Ox-LDL-stimulated macrophages. The results of the present
study indicated a novel association between ERK1/2 signaling
and lipid metabolism, thus suggesting that inhibition of
ERK1/2 may be considered a promising therapeutic strategy
against AS.

Introduction

Atherosclerosis (AS) is a progressive disease characterized
by accumulation of lipids and fibrous elements in the arterial
tunica intima, which results in atherosclerotic plaque forma-
tion and arterial narrowing (1). During the progression of
AS, macrophages are critical (2). The development of AS is
strongly associated with engulfment of oxidized-low-density
lipoprotein (Ox-LDL) by macrophages. It has previously been
reported that macrophages engulf Ox-LDL via scavenger
receptors, resulting in the deposition of a large quantity of
lipids, which further promote the progression of AS (1).
Recently, mitogen-activated protein kinase (MAPK) signaling
cascades have been investigated in macrophages in vitro, in
order to evaluate their importance (3).

Extracellular signal-regulated kinases 1/2 (ERK1/2) are
members of the MAPK family, which are involved in medi-
ating various processes, including cell cycle progression,
cell migration, survival, differentiation and proliferation (4).
However, the association between ERK1/2 signaling and lipid
metabolism remains to be elucidated.

ERK1/2 inhibitors have been reported to synergize
with liver X receptor (LXR) ligand to induce ATP-binding
cassette transporter (ABC)A1l expression and regulate
cholesterol efflux (5). In addition, ABCA1 and ABCGI
have been demonstrated to stimulate the efflux of lipids via
the reverse cholesterol transport (RCT) pathway (6). As a
specific macrophage scavenger receptor, cluster of differen-
tiation (CD)36 recognizes and internalizes Ox-LDL particles,
resulting in cellular cholesterol uptake, lipid accumulation in
intracellular space and the production of foam cells (7). It
has therefore been hypothesized that ABCA1/G1 and CD36
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are crucial to the maintenance of intracellular cholesterol
stability or the efficacy of the RCT process (8). However, the
regulation of ABCA1/G1 and CD36 expression by ERK1/2 in
macrophages remains to be elucidated. The aim of the present
study was to investigate the association between ERK1/2 and
lipid metabolism, and evaluate the effect of ERK1/2 on the
expression levels of ABCA1/G1 and CD36 in macrophages.

Materials and methods

Animals. A total of 40 male Sprague Dawley rats (weight,
200-220 g; age, 8-9 weeks) were purchased from the
Laboratory Animal Center of Fujian Medical University
(Fuzhou, China). The rats were housed under a 12 h light/dark
cycle at 37°C in an atmosphere containing 5% CO,, and were
given ad libitum access to food and water. All animal experi-
ments in the present study were performed in accordance with
the recommendations of the Guidelines for the Care and Use
of Laboratory Animals of the Ministry of Science of People's
Republic of China. The present study was approved by the
Animal Care and Use Committee and Institutional Review
Board of Fujian University of Traditional Chinese Medicine
(Fuzhou, China) (permission no. IRB201100117) and the
Ethics Review Committee of Fujian University of Traditional
Chinese Medicine (permission no. FJZYYDXERC2011010).

Isolation and treatment of rat peritoneal macrophages
(RPM:s). The rats were anesthetized with 10% chloral hydrate
(Peking Union-Biology Co., Ltd., Beijing, China) and were
sacrificed by cervical dislocation, and soaked in 75% ethanol
for 5 min. RPMs were harvested by lavaging the peritoneal
cavity with 10 ml Dulbecco's modified Eagle's medium/Ham's
F12 (DMEM-F12; Hyclone; GE Healthcare Life Sciences,
Logan, UT, USA). Cells were centrifuged at 4°C, 1,000 x g
for 15 min, and cultured in DMEM supplemented with 1%
glutamine and penicillin/streptomycin (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA), and 10% fetal
bovine serum (FBS; Hyclone; GE Healthcare Life Sciences)
at 37°C in an incubator containing 5% CO,. RPMs in the
exponential growth phase were seeded onto 6-well plates at a
density of 5x10° cells/well for the indicated time. RPMs were
randomly assigned to three groups. Cells in the control group
were incubated in DMEM-F12 supplemented with 10% FBS
for 12, 24 and 48 h; cells in the Ox-LDL group were treated
with 50 mg/l Ox-LDL (Peking Union-Biology Co., Ltd.) or
10 pg/ml Dil-Ox-LDL (Peking Union-Biology Co., Ltd.)
for 12, 24 and 48 h, respectively (8-12); whereas cells in
the Ox-LDL + U0126 group were incubated in DMEM-F12
containing 10% FBS supplemented with 10 xM U0126
(Sigma-Aldrich, St. Louis, MO, USA) and Ox-LDL or
Dil-Ox-LDL for 12, 24 or 48 h.

Morphological observation. RPMs were incubated with
DMEM-FI12 containing 10% FBS in 6-well plates. Once the
cells had adhered to the culture plates, RPMs were pretreated
with Ox-LDL alone, or in combination with U0126, for 12,
24 and 48 h, whereas the untreated cells served as controls.
Cellular lipid accumulation was detected using oil red O
staining and Dil fluorescence. Cells were washed three times
with phosphate-buffered saline (PBS), fixed in 5% formalin
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solution for 15 min at room temperature, washed once with
PBS and stained with oil red O (Wuhan Boster Biological
Technology, Ltd., Wuhan, China) for 10 min, followed by hema-
toxylin (Wuhan Boster Biological Technology, Ltd.) staining
for 5 min. Cells were then observed under a Leica DM IL
compact inverted stereo microscope (Leica Microsystems
GmbH, Wetzlar, Germany), and images were captured at
magnification x400. In addition, RPMs in monolayer cultures
were exposed to Dil-Ox-LDL alone, or in combination with
U0126, for 12, 24 and 48 h. The medium was removed and
cells were washed with PBS, mounted on cover slips and
analyzed using fluorescent microscopy.

Cytotoxicity assay. The viability of RPMs post-treatment with
Ox-LDL (10, 30, 50, 70 and 90 mg/1) was assessed using an
MTS assay (Promega Corporation, Madison, WI, USA). The
RPMs were grown in 96-well plates and were incubated with
Ox-LDL (10, 30, 50,70 or 90 mg/1) for 12,24 or 48 h. The MTS
assay was used to measure the viability of the cells. Cells were
incubated at 37°C with MTS (1.90 mg/ml) for 4 h, and absor-
bance was measured using a microplate reader (Multiskan
GO; Thermo Fisher Scientific Inc.) at a wavelength of 490 nm.
Three wells were set for each concentration of Ox-LDL. All
experiments were repeated twice.

Reverse transcription-polymerase chain reaction (RT-PCR)
assay. Total RNA was isolated from the RPMs using TRIzol®
(Invitrogen; Thermo Fisher Scientific, Inc.), and total RNA
(500 ng) was reverse transcribed in a total volume of 20 ul
containing oligo (dT) primers at 42°C for 30 min using
TransScript® One-Step gDNA Removal and cDNA Synthesis
SuperMix (Beijing Transgen Biotech Co., Ltd., Beijing,
China). Primers used for PCR (Thermo Fisher Scientific, Inc.)
are presented in Table I. PCR was performed on an Applied
Biosystems® 2720 Thermal Cycler (Applied Biosystems;
Thermo Fisher Scientific, Inc.) in a 20 pl reaction system
containing cDNA (500 ng/ul), each specific primer, and 2X
EasyTaq® PCR SuperMix (Beijing Transgen Biotech Co., Ltd.)
under the following conditions: Pre-denaturation at 94°C for 5
min; 35 cycles at 94°C for 30 sec, 58°C for 30 sec and 72°C for
1 min; followed by final extension at 72°C for 7 min. The PCR
products were separated by 1.5% agarose gel electrophoresis,
and the relative mRNA expression levels were determined as
the ratio of the grayscale value of the target gene to GAPDH
(Image-Lab version 5.0; Bio-Rad Laboratories, Inc., Hercules,
CA, USA). The experiment was repeated three times.

Western blot analysis. RPMs were digested with pancreatin
(Gibco; Thermo Fisher Scientific, Inc.), pippetted evenly,
and centrifuged. The supernatant was transferred to a 1.5 ml
centrifuge tube, lysed on ice in radioimmunoprecipitation
assay lysis buffer (Beyotime Institute of Biotechnology,
Shanghai, China) for 30 min, and fractionated three times with
ultrasound. The mixture was then centrifuged at 13,800 x g
for 15 min, and the supernatant was stored at -80°C for
subsequent experiments. Protein isolated from the RPMs was
quantified using the Bicinchoninic Acid assay (Wuhan Boster
Biological Technology, Ltd). Approximately 30 g protein was
separated by 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis at 110 V for 2.5 h at room temperature, and



MOLECULAR MEDICINE REPORTS 13: 1533-1540, 2016

Table I. Sequences of primers used for reverse transcrip-
tion-polymerase chain reaction.

Gene Primer sequence, 5'>3'
CD36 F: ACTCCAGAACCCAGACAACCAC
R: ACCAAGTAAGACCATCTCAACCAG
ABCAl F: CCTAAGCATTATCAAGGAGGGAAG
R: AGAGATGACAAGGAGGACGGAAG
ABCGI F: GTCCTGGGCATCTTCTTCATCTC
R: CCAACTCAGCCAACACTCCTCTC
GAPDH F: ACGGCAAGTTCAACGGCACAG

R:GAAGACGCCAGTAGACTCCACGAC

CD36, cluster of differentiation 36; ABCA1, ATP-binding cassette
transporter A-1; ABCG1, ATP-binding cassette transporter G-1;
GAPDH, glyceraldehyde 3-phosphate dehydrogenase; F, forward; R,
reverse.

was then transferred to polyvinylidene difluoride membranes
(EMD Millipore, Billerica, MA, USA) for a further 1.5 h at
110 V and 4°C. The membrane was blocked with 5% non-fat
milk in Tris-buffered saline for 1 h at room temperature
and probed with mouse monoclonal anti-ABCAT1 (1:1,000;
cat. no. ab18180), rabbit monoclonal anti-ABCG1 (1:1,000;
cat. no. ab52617), rabbit polyclonal anti-CD36 (1:500;
cat. no. ab78054) (Abcam, Cambridge, UK), rabbit poly-
clonal phosphorylated (p)-p44/42 MAPK (ERK1/2) (1:1,000;
cat. no. 9101), rabbit polyclonal p44/42 MAPK (ERK1/2)
(1:1,000; cat. no. 9102) and anti-B-actin (1:1,000; cat. no. 4967)
(Cell Signaling Technology, Inc., Danvers, MA, USA) anti-
bodies at 4°C overnight. The membrane was then washed with
PBS, and incubated with horseradish peroxidase-conjugated
goat anti-rabbit (1:5,000; cat. no. A0208) and anti-mouse
(1:5,000; cat. no. A0216) secondary antibodies (Beyotime
Institute of Biotechnology) for a further 2 h atroom temperature.
Enhanced chemiluminescence reagents (Beyotime Institute of
Biotechnology) and chemiluminescent substrates were used
to visualize immunoreactive bands. The grayscale values of
the protein bands were estimated using the image processing
software Image-Lab version 5.0 (Bio-Rad Laboratories, Inc.).
The ratio of the grayscale value of the target protein band to
(-actin protein band was defined as the protein expression
level. All experiments were repeated three times.

Statistical analysis. All data are presented as the mean + stan-
dard deviation. Differences between means were determined
using one-way analysis of variance followed by Dunnett's test,
or Student's t-test. Statistical analyses were conducted using
SPSS version 18.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

Oil red O staining. RPMs were treated with 50 mg/l Ox-LDL
for 12, 24 and 48 h, washed twice with PBS, and stained with
oil red O and hematoxylin. Intense oil red O staining (red) was
detected in RPMs treated with Ox-LDL, indicating intracellular
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lipid accumulation. However, staining was markedly reduced in
RPMs co-treated with Ox-LDL and 10 M UO0126, suggesting
reduced lipid deposition (Fig. 1A).

Fluorescence. To examine the effects of the ERK1/2 inhibitor
on Dil-Ox-LDL uptake by the RPMs, cells were cultured with
Dil-Ox-LDL for 12, 24 and 48 h. Treatment with Dil-Ox-LDL
markedly increased cytoplasmic fluorescence of RPMs, as
compared with untreated controls (Fig. 1B), and engulfment
of Dil-Ox-LDL in RPMs was demonstrated by observation of
intracellular accumulation of Dil-labeled lipids. However, mark-
edly reduced Dil-Ox-LDL fluorescence was observed in RPMs
following the addition of U0126, indicating that treatment with
U0126 may result in reduced lipid deposition.

MTS assay. To evaluate the hypothesis that Ox-LDL may result
in necrosis and apoptosis of RPMs, the effect of Ox-LDL on
cell viability was evaluated by MTS assay. A greater viability
of RPMs was observed following treatment with Ox-LDL at
a concentration of 50 mg/l, as compared with Ox-LDL treat-
ment at 10, 30, 70 and 90 mg/l for 12 and 48 h. Treatment
with Ox-LDL at a concentration of 50 mg/l resulted in greater
viability of RPMs, as compared with Ox-LDL treatment at 70
and 90 mg/1 for 24 h. These results suggest that cell viability was
increased in response to 50 mg/l Ox-LDL treatment (Fig. 2A).

Expression levels of ERK and p-ERK. Western blot analysis
detected comparative ERK expression in RPMs treated with
Ox-LDL for 12, 24 and 48 h, whereas p-ERK expression
levels were markedly increased in Ox-LDL-treated RPMs,
as compared with untreated RPMs (Fig. 2B). The addition
of 10 uM UO0126 led to a marked reduction in the expression
levels of p-ERK, as compared with treatment with Ox-LDL
alone, indicating that the ERK1/2 inhibitor attenuates
ERK1/2 phosphorylation.

Inhibition of ERK1/2 upregulates Ox-LDL-induced ABCAI
expression. To evaluate the effect of ERK1/2 inhibition on
ABCALI expression, mRNA and protein expression levels of
ABCAI1 were determined in Ox-LDL-treated RPMs. ABCA1
expression levels were markedly elevated in RPMs treated with
Ox-LDL alone or Ox-LDL + U0126 at the mRNA (Fig. 3A)
and protein (Fig. 3B) level. In addition, the mRNA and protein
expression levels of ABCA1 were notably increased in RPMs
following co-treatment with Ox-LDL + U0126 for 12 and
24 h; however, the mRNA and protein expression levels of
ABCAI1 were not significantly greater in RPMs treated with
Ox-LDL + UO0126 for 48 h, as compared with RPMs treated
with Ox-LDL alone. These results indicate that ERK1/2 inhi-
bition may upregulate mRNA and protein expression levels
of ABCAI in Ox-LDL-treated macrophages.

Inhibition of ERKI1/2 augments Ox-LDL-induced ABCGI
expression. Western blotting and RT-PCR indicated a
significant increase in ABCGI expression at the transcrip-
tional (Fig. 4A) and translational (Fig. 4B) level following
Ox-LDL treatment. In addition, mRNA and protein expres-
sion levels of ABCG1 were significantly higher in RPMs
co-treated with Ox-LDL and U0126 for 12 and 24 h, as
compared with those treated with Ox-LDL alone. Conversely,
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Figure 1. ERK1/2 inhibitor, U0126, markedly reduces lipid deposition in RPMs treated with 50 mg/l Ox-LDL alone or in combination with 10 zM U0126 for
12, 24 and 48 h. (A) Cells were stained with oil red O and examined under an inverted microscope (magnification, x400). RPMs were observed to engulf a
large quantity of lipids (red). (B) No red fluorescence was detected in untreated RPMs, whereas red fluorescence was detected in Dil-Ox-LDL-treated RPMs,
suggesting lipid deposition in macrophages (magnification, x400). ERK, extracellular signal-regulated kinases; RPMs, rat peritoneal macrophages; Ox-LDL,

oxidized-low-density lipoprotein.
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Figure 2. Effects of Ox-LDL treatment on ERK and p-ERK protein expression levels in RPMs. (A) RPMs were treated with Ox-LDL at various concentrations
for 12, 24 and 48 h. Cell viability was determined by MTS assay. OD demonstrates the viability of cells. (B) RPMs were treated with 50 mg/l Ox-LDL alone
or in combination with 10 xM U0126 (ERK inhibitor) for 12,24 and 48 h, and western blotting was performed to detect ERK and p-ERK protein expression
levels. Data are presented as the mean + standard deviation. OD, optical density; Ox-LDL, oxidized-low-density lipoprotein; RPMs, rat peritoneal macro-
phages; ERK, extracellular signal-regulated kinases; p-ERK, phosphorylated ERK.

no significant difference was detected in ABCG1 mRNA
and protein expression levels at 48 h post-treatment with
Ox-LDL alone or in combination with U0126, and the mRNA
and protein expression levels of ABCGI were not higher in
RPMs treated with Ox-LDL + U0126, as compared with
RPMs treated with Ox-LDL alone. These results indicate that

ERK1/2 inhibition augments mRNA and protein expression
levels of ABCGI in Ox-LDL-stimulated macrophages.

Inhibition of ERKI/2 reduces CD36 expression in
Ox-LDL-treated macrophages. The effect of ERK1/2 inhibi-
tion on Ox-LDL-induced CD36 expression was evaluated by
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Figure 3. ABCA1 mRNA and protein expression levels in RPMs. RPMs were treated with 50 mg/l Ox-LDL alone or in combination with 10 xM U0126 (ERK
inhibitor) for 12,24 and 48 h. (A) Reverse transcription-polymerase chain reaction was used to determine ABCA1 mRNA expression. GAPDH served as an internal
control. (B) Whole cell lysates were used for western blot analysis to determine ABCAL1 protein expression. Data are presented as the mean =+ standard deviation.
"P<0.05, “'P<0.01, the Ox-LDL group vs. the control group; *P<0.05, #P<0.01, the Ox-LDL + U0126 group vs. the Ox-LDL group. Ox-LDL, oxidized-low-density
lipoprotein; ABCAL, ATP-binding cassette transporter A-1; RPMs, rat peritoneal macrophages; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Figure 4. Effects of ERK1/2 inhibitor, U0126, on ABCG1 mRNA and protein expression levels in RPMs. RPMs were treated with 50 mg/1 Ox-LDL alone or in
combination with 10 M UO0126 for 12, 24 and 48 h. (A) Reverse transcription-polymerase chain reaction was used to determine ABCG1 mRNA expression.
GAPDH served as an internal control. (B) Whole cell lysates were used for western blot analysis to determine protein expression. Data are presented as the
mean = standard deviation. "P<0.05, “P<0.01, the Ox-LDL group vs. the control group; “P<0.03, #P<0.01, the Ox-LDL + U0126 group vs. the Ox-LDL group.
RPMs, rat peritoneal macrophages; ERK, extracellular signal-regulated kinases; Ox-LDL, oxidized-low-density lipoprotein; ABCG1, ATP-binding cassette

transporter G-1; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

RT-PCR and western blotting. Treatment with Ox-LDL resulted
in a significant elevation in the expression levels of CD36, as
compared with the untreated controls (P<0.05), and co-treat-
ment with Ox-LDL and U0126 for 12, 24 and 48 h resulted in
significant reductions in mRNA (Fig. 5A) and protein (Fig. 5B)
expression levels of CD36, as compared with treatment with
Ox-LDL alone. These results suggest that Ox-LDL markedly
induces CD36 expression and inhibition of ERK1/2 reduces
CD36 expression in Ox-LDL-treated macrophages.

Discussion

Atherosclerotic lesions are characterized by accumulation
of cholesterol in the arterial tunica intima. Macrophages are
central to the development and progression of AS (13,14); they
have been observed to remove cholesterol deposits in arteries,
which is beneficial in the initial stages of AS; however,
continued cholesterol accumulation may result in the formation
of foam cells, which are involved in AS progression (15,16).
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GAPDH served as an internal control. (B) Whole cell lysates were used for western blot analysis to determine CD36 protein expression. Data are presented
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group. CD, cluster of differentiation; Ox-LDL, oxidized-low-density lipoprotein; RPMs, rat peritoneal macrophages; ERK, extracellular signal-regulated

kinases; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

The response of RPMs to modified LDL is considered a good
model for AS research (17,18). The results of the present study
indicated that RPMs engulfed a large quantity of Ox-LDL,
as demonstrated by Dil fluorescence and oil red O staining.
In addition, the present study demonstrated that inhibition of
ERK1/2 markedly reduced Ox-LDL deposition in the RPMs.
It has previously been reported that ERK1/2 is associated with
cell migration, survival, differentiation and proliferation (4).
However, the association between ERK1/2 and lipid metabo-
lism remains to be elucidated.

Cholesterol uptake is a pathway by which extracellularly
modified LDLs are ingested by macrophages via scavenger
receptors. As a major scavenger receptor of Ox-LDL (19,20),
CD36 binds to >50% of Ox-LDL in macrophages (21), which is
crucial to the progression of AS. Absence of CD36 on the cell
surface of macrophages has been demonstrated to be protective
against AS (22). In addition, treatment with a CD36 competi-
tive peptide ligand (EP80317) that blocks the Ox-LDL-binding
site of CD36 resulted in a marked reduction (up to 51%) of
atherosclerotic lesions in apolipoprotein E-deficient mice (23).
It has therefore been hypothesized that inhibition of CD36
expression in macrophages has potential anti-atherosclerotic
effects. It has been reported that the CD36 signaling pathway
may be initiated by internalization of Ox-LDL (3,7). Consistent
with these previous findings, the present study indicated
that Ox-LDL resulted in a notable increase in CD36 expres-
sion. Increasing evidence suggests that Ox-LDL increases
ERK phosphorylation (3,20,24). The results of the present
study indicated that inhibition of ERK1/2 markedly reduced
Ox-LDL-induced CD36 expression in RPMs. Furthermore, a
p38 MAPK inhibitor, SB203580, has previously been demon-
strated to suppress CD36 expression in THP-1 cell lines (24)
and RAW264.7 cells (20). The present study demonstrated

that treatment with an ERK1/2 inhibitor, U0126, attenuated
Ox-LDL-induced CD36 expression at the transcriptional and
translational level. It is therefore assumed that ERK1/2 may
be important in mediating CD36 expression in macrophages.
Macrophages have been reported to maintain cellular lipid
homeostasis via cholesterol efflux pathways. The principle
molecules associated with cholesterol efflux in macrophages
are ABCAI1 and ABCGI1 (25,26). In THP-1 cells, Ox-LDL
has been shown to upregulate ABCAL1 expression (27). The
present study demonstrated that the mRNA and protein
expression levels of ABCA1 were significantly increased
following Ox-LDL treatment, and that inhibition of ERK1/2
increased ABCA1 mRNA and protein expression levels in
macrophages. It has been reported that ERK1/2 inhibitors
synergize with LXR activation, in order to induce ABCA1
expression in a RAW macrophage cell line (5), and U0126, an
ERK1/2 inhibitor, has been demonstrated to delay the degra-
dation of ABCA1 mRNA and protein in macrophages (28).
However, a previous study indicated that inhibition of
ERK1/2 was able to promote ABCA1 and ABCGI protein
degradation in tumor cells, whereas inhibition of ERK1/2
upregulated ABCA1 and ABCGI expression in human
THP-1 macrophages (29). It is therefore hypothesized that the
effect of ERK1/2 inhibition on ABCA1 and ABCGI expres-
sion may depend on cell specificity. The results of the present
study demonstrated that inhibition of ERK1/2 increased
ABCAL1 expression in Ox-LDL-induced macrophages at
12 and 24 h, and gradually decreased ABCA1 expres-
sion at 48 h. The half-life of ABCAI1 protein is 1-2 h, and
ABCAL is frequently present during homeostasis between
expression and degradation. Inhibition of ERK1/2 has been
demonstrated to suppress the degradation of ABCA1 mRNA
and protein (5) or increase its stability (5). However, macro-
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phages secrete various inflammatory cytokines, which affect
ABCAL1 expression (30,31). Further studies are required
to investigate the mechanisms underlying the effects of
ERK1/2 inhibition on the regulation of cytokines that affect
ABCAI1 expression. The present study demonstrated that
alterations to ABCGI mRNA and protein expression levels
were similar to those observed in ABCAI expression at 12
and 24 h post-treatment with Ox-LDL. It has been reported
that macrophages may overexpress unsaturated fatty acids
and products of 12/15-lipoxygenase, which increase the
degradation of ABCGI protein (32,33). In addition, ABCG1
expression is affected by cell activity and cytokines secreted
from macrophages (34).

The present study indicated that inhibition of ERK1/2 mark-
edly suppressed lipid deposition in macrophages by promoting
ABCA1 and ABCGI expression, which are associated with
cholesterol efflux. ABCA1 and ABCGI expression may be
induced by ERK1/2 inhibition or LXRa (35), thus indicating
that an association may exist between LXR and ERK. Since
ABCAI and ABCGTI are nuclear receptor LXR target genes
involved in cholesterol efflux, activation of LXR may increase
ABCAI1 and ABCGI expression in macrophages (36,37).
However, it has been reported that ERK1/2 inhibitors have no
effect on LXRa and LXRf expression (5). It is conceivable that
ERK1/2 inhibition may directly increase ABCAI and ABCGl1
expression by methods other than upregulating LXR expression.
ERK1/2 controls transcriptional and post-transcriptional regu-
lation of LXR and peroxisome proliferator-activated receptor
(PPAR)a/y (29,38-40), and mediates expression of their target
genes. Further studies are required to elucidate the association
between ERK and PPARs/LXRs-ABCA1/G1, and to understand
the underlying mechanisms.

In conclusion, inhibition of ERK1/2 increases macrophage
lipid efflux by upregulating ABCA1 and ABCGI expression,
and suppresses lipid engulfment by downregulating CD36
expression at the transcriptional and translational level. These
findings suggest that inhibition of ERK1/2 may exert potential
anti-atherosclerotic effects, and involvement of the ERK1/2
pathway in lipid metabolism may provide additional knowledge
for the development of novel treatment strategies for AS.
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