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Abstract There is a growing body of evidence supporting
an intimate association of immune activation with the
pathogenesis of cardiovascular diseases, including athero-
sclerosis. Uptake of oxidized low-density lipoprotein (ox-
LDL) through scavenging receptors promotes the
formation of mature lipid-laden macrophages, which sub-
sequently leads to exacerbation of regional inflammation
and atherosclerotic plaque formation. In this study, we first
examined changes in the mRNA level of the lectin-like
oxLDL receptor-1 (LOX-1) in the mouse macrophage cell
line RAW264.7 and the human PMA-induced macrophage
cell line THP-1 after LPS stimulation. LPS significantly
up-regulated LOX-I mRNA in RAW264.7 cells; LOX-1
cell-surface protein expression was also increased. Flow
cytometry and fluorescence microscopy analyses showed
that cellular uptake of fluorescence (Dil)-labeled oxLDL
was significantly augmented with LPS stimulation. The
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augmented uptake of Dil-oxLDL was almost completely
abrogated by treatment with an anti-LOX-1 antibody. Of
note, knockdown of Erkl/2 resulted in a significant
reduction of LPS-induced LOX-1 up-regulation. Treatment
with U0126, a specific inhibitor of MEK, significantly
suppressed LPS-induced expression of LOX-1 at both the
mRNA and protein levels. Furthermore, LOX-1 promoter
activity was significantly augmented by LPS stimulation;
this augmentation was prevented by U0126 treatment.
Similar results were also observed in human PMA-induced
THP-1 macrophages. Taken together, our results indicate
that LPS up-regulates LOX-1, at least in part through
activation of the Erkl/2 signaling pathway, followed by
augmented cellular oxLDL uptake, thus highlighting a
critical role of TLR4-mediated aberrant LOX-1 signaling
in the pathogenesis of atherosclerosis.
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Abbreviations
ABCA1 ATP-binding cassette, sub-family A,
member 1

AP-1 Activator protein 1

CAPE Caffeic acid phenethylester

DAPI 4’ 6-Diamidine-2'-phenylindole
dihydrochloride

DCFH-DA 2,7-Dichlorofluorescin diacetate

Dil 1,1’-Dioctadecyl-3,3,3',3'-
tetramethylindocarbocyanine perchlorate

Erk1/2 Extracellular signal-regulated protein
kinases 1 and 2

FACS Fluorescence-activated cell sorting

GAPDH Glyceraldehyde-3-phosphate dehydrogenase

INK C-Jun N-terminal kinases
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LOX-1 Lectin-like oxidized low-density
lipoprotein receptor-1

MAPK Mitogen-activated protein kinase

MEK MAPK/Erk kinase

NF-xB Nuclear factor of kappa light polypeptide
gene enhancer in B cells

oxLDL Oxidized low-density lipoprotein

SR-A Scavenger receptor A

Introduction

Atherosclerosis, which is globally recognized as a major
cause of cardiovascular disease, results from a passive
accumulation of cholesterol in the artery wall. There is a
growing body of evidence supporting an intimate associa-
tion of immune activation and atherogenesis [1-4]. In the
initial step of atherogenesis, monocytes adhere to the
endothelial monolayer, migrate into the intima during
endothelial dysfunction, and mature to macrophages,
which actively uptake low-density lipoprotein (LDL) and/
or modified LDL, such as oxidized LDL (oxLDL). Uptake
of oxLLDL through scavenging receptors (SRs) leads to the
formation of mature lipid-laden macrophages, which are
called foam cells. Consequently, these cells are further
activated and can supply tissue factor pro-coagulants and
pro-inflammatory cytokines, thereby promoting further
regional inflammation and atherosclerotic plaque formation
[4-6].

Lectin-like oxidized LDL receptor-1 (LOX-1) was ini-
tially identified as a major SR for oxLDL [7, 8]. Although
basal LOX-1 expression level in monocytes/macrophages
is thought to be lower than that in the endothelium, over-
expression of LOX-1 has been observed in endothelial
cells, intimal smooth muscle cells, and macrophages in
human atherosclerotic lesions [9]. In addition, ApoEfl*
mice overexpressing LOX-1 have been reported to show
increases in atheroma-like lesions [10], whereas macro-
phages from LOX-1 knockout mice exhibited a marked
reduction in migration compared to those from wild-type
mice both in vitro and in vivo [11]. Thus, accumulating
evidences implicate the involvement of LOX-1 in the
pathogenesis of atherosclerosis.

Recently, TLR4, which recognizes bacterial LPS, has
been reported to mediate LOX-1 up-regulation in human
monocyte-derived dendritic cells [12]. Another report
showed that LPS increases lipid accumulation, which
results in enhancement of foam cell formation [13].
However, to date, the role of LOX-1 in cellular uptake of
oxLDL and the molecular mechanisms underlying LPS-
induced up-regulation of LOX-1 after LPS stimulation are
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poorly understood. Given the association between the
expression of LOX-1 and the pathophysiology of athero-
sclerosis, it would be of particular interest to determine
whether up-regulation of LOX-1 indeed contributes to
cellular uptake of oxLDL and also to determine how LOX-
1 is up-regulated in activated macrophages.

In the present study, we examined LOX-1 expression
and cellular uptake of oxLLDL after LPS stimulation in the
mouse macrophage cell line RAW264.7 and the human
PMA-induced macrophage cell line THP-1. To our
knowledge, the present study is the first to report the
involvement of LOX-1 in the cellular uptake of oxLDL
through LPS-mediated ERK signaling. We also discuss a
possible molecular mechanism underlying LPS-induced
LOX-1 up-regulation.

Materials and methods
Reagents

RPMI-1640, penicillin—streptomycin solution, SP600125
(JNK inhibitor), SB203580 (p38 inhibitor), and caffeic acid
phenethylester (CAPE, NF-«B inhibitor) were purchased
from Wako Pure Chemical Industries, Ltd. (Osaka, Japan).
LPS was obtained from Sigma-Aldrich Co. (St. Louis, MO,
USA). Protease-free cell dissociation buffer was obtained
from Life Technologies Japan (Tokyo, Japan). Goat anti-
mouse and anti-human LOX-1/OLR1 antibodies were
obtained from R & D Systems (Minneapolis, MN, USA).
PE-labeled anti-mouse LOX-1, anti-mouse SR-A, anti-
mouse CD36, and isotype-matched control antibody were
obtained from Biolegend (San Diego, CA, USA). All other
primary and secondary antibodies for Western blot analysis
and U0126 (MEK inhibitor) were obtained from Cell
Signaling Technology Japan, K.K. (Tokyo, Japan). 1,1'-
Dioctadecyl-3,3,3’,3'-tetramethylindocarbocyanine per-
chlorate(Dil)-labeled human oxLDL (Dil-oxLDL) was
obtained from KALEN BioMedical, LLC (Montgomery
Village, MD, USA). Human unlabeled oxLDL was
obtained from Biomedical Technologies, Inc. (Stoughton,
MA, USA).

Cell culture

RAW264.7 cells (RAW cells, a mouse macrophage cell
line), kindly provided by Takashi Yokochi (Aichi Medical
University School of Medicine, Aichi, Japan), were main-
tained in RPMI1640 medium supplemented with 5 % FBS
and penicillin—streptomycin at 37 °C in 5 % CO, humidi-
fied air. THP-1 cells (human acute monocytic leukemia cell
line), kindly provided by Hiroshi Miwa (Aichi Medical
University School of Medicine, Aichi, Japan), were
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Table 1 Primers applied for qRT-PCR

Gene symbol Sequences (5'-) Product size (bp)
Mouse
LOX-1 Sense 5'- ACA AGA TGA AGC CTG CGA AT 213
Antisense 5'- GCT GAG TAA GGT TCG CTT GG
SR-A Sense 5'- TCA CTG GAT GCA ATC TCC AA 194
Antisense 5'- ACG TGC GCT TGT TCT TCT TT
CD36 Sense 5'- TGC TGG AGC TGT TAT TGG TG 190
Antisense 5'- TGG GTT TTG CAC ATC AAA GA
GAPDH Sense 5'- GAT GAC ATC AAG AAG GTG GTG A 199
Antisense 5'- TGC TGT AGC CGT ATT CAT TGT C
Human
LOX-1 Sense 5'- AAG GAC CAG CCT GAT GAG AA 227
Antisense 5'- GCT GAG ATC TGT CCC TCC AG
GAPDH Sense 5'- GAG TCA ACG GAT TTG GTC GT 209
Antisense 5'- GAC AAG CTT CCC GTT CTC AG

maintained in RPMI1640 medium supplemented with
10 % FBS and penicillin—streptomycin at 37 °C in 5 %
CO,. For differentiation of THP-1 monocytes into macro-
phages, cells were incubated in a medium containing 5
ng/ml PMA as described elsewhere with slight modifica-
tions [14, 15]. After incubation for 48 h, the cells were
washed with PBS, and further incubated in a fresh culture
medium for 24 h. Thereafter, the cells were treated with LPS
(100 ng/ml) for the indicated durations. In order to achieve a
sufficient augmentative effect of LPS on the uptake of ox-
LDL and expression of LOX-1, RAW cells were treated
with 100 ng/ml of LPS (unless otherwise stated).

Quantitative (q) RT-PCR analysis

RAW cells (2 x 10° cells/well) were seeded in 6-well
plates and incubated for 24 h. The cells were incubated in a
medium containing LPS (100 ng/ml) for the indicated
times. QRT-PCR analysis using SYBR Green I was per-
formed as described previously [16]. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was used as an inter-
nal control. The primers used in this study are detailed in
Table 1.

Flow cytometry analysis

RAW cells were stimulated with LPS as described above.
Cells were scraped using enzyme-free cell dissociation buf-
fer, washed with culture medium, and re-suspended in ice-
cold PBS containing 2 % FBS, 1 mM EDTA, and 0.05 %
NaNj; (FACS buffer). The cells were then incubated with PE-
labeled anti-mouse LOX-1 antibody, anti-mouse SR-A, anti-
mouse CD36, or isotype-matched control antibody on ice for
1 h. After incubation, the cells were washed twice, re-sus-
pended in FACS buffer, and examined using a FACSCantoll

system (BD Bioscience; Tokyo, Japan), in which 10,000
events (determined by forward and side scatter) were ana-
lyzed. The data provided represent the mean fluorescence
intensity of triplicate determinations & SE.

Western blot analysis

RAW cells (2 x 10° cells/well) were incubated with LPS
as described above. The cells were washed with ice-cold
PBS and lysed in loading buffer containing 125 mmol/l
Tris (pH 6.8), 4 % SDS, 10 % B-mercaptoethanol, 20 %
glycerol, and 0.02 % bromophenol blue. For analysis of the
supernatant, the cells were incubated in a serum-free
medium containing LPS (100 ng/ml) for the indicated
times (0, 3, 6, 12, 24, and 36 h). After stimulation, cell
culture supernatants were collected, centrifuged at
10,000 x g for 5 min at 4 °C to remove cell debris, and
then concentrated by ultrafiltration. Western blot analysis
was performed as described previously [17]. Immune
complexes were detected with ImmunoStar LD (Wako)
using an LAS-4000 image analyzer (GE Healthcare;
Tokyo, Japan). The band intensity was measured using
ImageQuant TL software (GE Healthcare). Relative protein
levels were calculated after normalization against an
internal control, B-actin.

LOX-1 promoter constructs, transient transfection,
and dual luciferase assay

The 3058-bp (—3,000 to +58) murine LOX-1 promoter was
amplified from genomic DNA using the forward primer 5'-
GCTCCCCTTCCATTCTGTAT-3' and the reverse primer
5'-CTCCAAATTCCTGCTAAGAG-3', and cloned into the
pGL3 basic vector (Promega). The LOX-1 promoter
sequence was confirmed by automatic sequencing. RAW
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cells (1 x 10* cells/well) were plated in a 96-well plate.
The following day, the cells were transiently transfected
with 0.15 pg of the LOX-1 promoter construct and 0.03 pg
of the phRL-TK vector (Promega) as an internal control
using TransIT-2020 (Mirus Bio LLC; Science Drive
Madison, WI, USA). After 24 h, the cells were incubated
with 1 pg/ml LPS for the indicated durations. The cells
were lysed and assayed for both firefly and Renilla lucif-
erase activity using the dual luciferase assay system (Pro-
mega) and a SpectraMAX M5 spectrophotometer
(Molecular Devices; Sunnyvale, CA, USA).

Cellular uptake of Dil-OxLDL

Cellular uptake of oxLDL was measured using both con-
focal microscopy and FACS as described previously [18].
For confocal microscopy, RAW cells or THP-1 cells were
seeded on a poly-L-lysine-coated culture cover glass
(Matsunami Glass Ind., Ltd.; Osaka, Japan). After the cells
were incubated overnight, they were incubated in a med-
ium containing 5 ng/ml PMA as described in above. The
cells were next incubated in a medium containing the
indicated concentration (RAW cells, 100 ng/ml; THP-1
cells, 1,000 ng/ml) of LPS for 6 h, and then treated with
1 pg/ml Dil-oxLDL for another 3 h in the presence of LPS.
For a neutralizing assay, cells were incubated with 10
pg/ml anti-LOX-1 antibody or normal goat IgG for 1 h
prior to LPS (100 ng/ml) stimulation. Then, the cells were
washed 3 times with PBS and fixed with 1 % ice-cold
paraformaldehyde in PBS. For counter-staining, cell nuclei
were stained with DAPI (1 pg/ml) for 10 min at room
temperature. The cells were then analyzed using an
LSM710 confocal microscope (Carl Zeiss; Oberkochen,
Germany). Cellular uptake of Dil-oxLDL was confirmed
by competition with excess (50 pg/ml) unlabeled human
ox-LDL (Biomedical Technologies). For FACS analysis,
cells (2 x 10° cells/well) were seeded in a 6-well plate.
The cells were treated with LPS (1, 10, 25, 50, 100, and
1,000 ng/ml) as described above for microscopy analysis.
Following LPS stimulation for the indicated times (6, 9,
and 15 h), the cells were detached, washed, re-suspended
in PBS, and then examined as described above.

RNA interference

RAW cells (7.5 x 10* cells/well) or THP-1 cells
(2.5 x 10* cells/well) were plated in a 6-well culture plate.
The following day, the THP-1 cells were incubated in a
medium containing 5 ng/ml PMA, as described above. The
cells were then transfected using Lipofectamine RNAi/
MAX (Life Technologies Japan) to deliver 100 nM Erk1 or
Erk2 small interference RNA (siRNA; Cell Signaling
Technology Japan) according to the manufacturer’s
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protocol. siGENOME RISC-Free siRNA (Dharmacon-
Thermo FisherScientific; Tokyo, Japan) was used as a
negative control.

Statistical analysis

At least three independent experiments and three replica-
tion per experiment were performed. The results are
expressed as the mean & SE. Statistical significance
between groups was determined using one-way ANOVA
and Dunnett’s comparison. Statistical analyses were per-
formed using SPSS 15.0 (SPSS Inc; Chicago, IL, USA).

Results
LPS up-regulates LOX-1 in RAW cells

We first performed qRT-PCR to examine whether LPS
affects the mRNA expression of three scavenger receptors,
LOX-1, SR-A, and CD36, in RAW cells. Notably, LOX-1
mRNA expression was found to significantly increase at
2 h after LPS stimulation (p < 0.005, Fig. la), whereas
SR-A and CD36 mRNA expressions were found to slightly
increase at 8 h and 24 h after LPS stimulation, respectively
(Fig. 1b, ¢). We next performed FACS analyses to examine
whether LPS affects the cell-surface expression of LOX-1,
SR-A, and CD36 proteins. As shown in Fig. 1d, cell-sur-
face expression of LOX-1 increased 6 h after LPS stimu-
lation, whereas no changes were observed in the expression
of SR-A and CD36 (Supplementary Fig. S1). The cell-
surface expression of SR-A, CD36, and LOX-1 increased
at both 12 and 24 h after LPS stimulation (Fig. 1d and
Supplementary Fig. S1). We also found that the LOX-1
expression at both the mRNA and protein levels signifi-
cantly increased after LPS stimulation in a concentration-
dependent manner (Supplementary Fig. S2a, b). Moreover,
Western blot analysis revealed that the LOX-1 protein level
increased over time after LPS stimulation (Fig. le). This
increase was accompanied by an increase in the soluble
LOX-1 protein level in the cell culture supernatant
(Fig. le). These results suggest that LPS stimulation pref-
erentially up-regulates LOX-1 rather than CD36 or SR-A.

LPS augments the cellular uptake of Dil-oxLDL
through up-regulation of LOX-1

Several studies have reported an association between
inflammation and atherosclerosis, in which macrophages
uptaking oxLDL secrete pro-coagulants and pro-inflam-
matory cytokines/chemokines, thereby promoting further
regional inflammation and atherosclerotic plaque formation
[3-6, 19]. The results of these studies prompted us to
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Fig. 1 Expression of LOX-1, SR-A, and CD36 in LPS-stimulated
RAW cells. a—¢ mRNA expression of LOX-1 (a), SR-A (b), and CD36
(¢) was examined using qRT-PCR analysis. RAW cells were
stimulated with LPS (100 ng/ml) for the indicated durations. The
relative mRNA expression levels are shown after normalization
against GAPDH mRNA expression. The data are expressed relative to
the mRNA levels found in the control (at O h after LPS), which was
arbitrarily defined as 1. The values shown represent the mean £+ SE
(n = 3). Asterisks (**) or (*) indicate a statistically significant
difference at p < 0.005 or p < 0.05, respectively (n = 3). d The cell-
surface expression of LOX-1 was examined using FACS analysis.
RAW cells were stimulated with LPS (100 ng/ml) for 6 h (left panel),

further investigate whether LPS affects the cellular uptake
of oxLDL. As evidenced by the results of the FACS ana-
lysis (Fig. 2a), the uptake of Dil-oxLDL was significantly
augmented 6 h after LPS stimulation in a concentration-
dependent manner, relative to untreated cells. The cellular
uptake of Dil-oxLDL was confirmed by competition with
an excess amount of unlabeled oxLLDL (data not shown).
We next examined the effect of LPS on the formation of
foam cells using Oil Red O staining-based microscopy.
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12 h (middle panel), and 24 h (right panel). The cells were
subsequently stained with PE-labeled anti-LOX-1 antibody. Dashed
line, stained with control antibody; dotted line, stained with a specific
antibody in the absence of LPS; solid line, stained with a specific
antibody in the presence of LPS. e The protein expression level of
LOX-1 was examined using Western blot analysis. RAW cells were
stimulated with LPS (100 ng/mL) for the indicated durations, and
1 pg of cell lysate was subjected to Western blot analysis to detect
both LOX-1 and B-actin proteins. In addition, 5 pl of 20-fold-
concentrated cell culture supernatant was applied to detect soluble
LOX-1 protein. The values shown represent the mean &+ SE of three
separate experiments

Foam cell formation was enhanced after LPS treatment in a
concentration-dependent manner (Supplementary Fig. S3).
Therefore, we further investigated the involvement of
LOX-1 in the cellular uptake of oxLDL. FACS analysis
revealed that the LPS-augmented uptake of Dil-oxLDL
was significantly prevented by treatment with an anti-
LOX-1 antibody following 6 h (p < 0.005), 9 h (p < 0.05),
and 15 h (p < 0.05) of LPS treatment, but not by treatment
with a control antibody (Fig. 2b). The preventive effect

@ Springer



Mol Cell Biochem (2015) 400:29-40

34
*% * *
A B 260 4 T 1 I 1 I 1 m LPS
250 - 240 4
Kk Kk Kk 2 LPS + control IgG
< 200+ o £ 2201
s 5
% a 200 - O LPS + anti-LOX-11gG
2 160 g 180 4
= o O LPS + excess oxLDL (50x)
% 100 - = 160 1
;
E Dc’ 140
X
° 50 - °
3

0 1 10 25 50 100
LPS concentration (ng/mL)

No staining no LPS

3h 6h 9h
hrs after Dil-oxLDL treatment

LPS + control IgG LPS+ Anti-LOX-1 IgG

LPS + Excess oxLDL (x50)

Fig. 2 Augmented effect of LPS on uptake of Dil-labeled oxLLDL in
RAW cells. a-b Cellular uptake of Dil-oxXLDL was examined using
flow cytometry. a RAW cells were stimulated with the indicated
concentrations (0, 1, 10, 25, 50, and 100 ng/ml) of LPS for 6 h, and
then further incubated with Dil-oxLDL (1 pg/ml) for 3 h. b RAW
cells were incubated with a control goat antibody or anti-LOX-1
antibody at 5 pg/ml, or an excess amount of unlabeled oxLDL (50-
fold excess amount) for 1 h prior to LPS stimulation. The cells were
stimulated with LPS (100 ng/ml) for 6 h and then further incubated
with Dil-oxLDL (1 pg/ml) for 3 h, 6 h, and 9 h in the presence of the
corresponding antibody. The data are expressed relative to the mean

was found to decrease over time (Fig. 2b), suggesting that
other SRs, such as SR-A or CD36, may contribute to the
augmentation of Dil-oxXLDL uptake. To further obtain
experiment evidences for the involvement of LOX-1, we
visualized the uptake of Dil-oxLDL using confocal fluo-
rescence microscopy. The intracellular fluorescence signals
of Dil-oxLDL clearly increased after LPS treatment; this
increase was again blocked by anti-LOX-1 antibody
treatment (Fig. 2c¢). Taken together, these results indicate
that LPS augments the cellular uptake of oxLLDL, at least in
part through up-regulation of LOX-1.

Possible molecular mechanism underlying LPS-induced
LOX-1 expression

It has been reported that NF-xB is involved in up-regula-
tion of LOX-1 mRNA after angiotensin II or pro-inflam-
matory stimulation in human endothelial cells [20], and
that AP-1 plays an important role in up-regulation of LOX-
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fluorescence intensity found in untreated cells, which was arbitrarily
defined as 100 % (n = 3). Asterisks (**) or Asterisk (*) indicate a
statistically significant difference at p < 0.005 or p < 0.05, respec-
tively (n = 3). ¢ RAW cells were treated as described in the legend
for Fig. 2b. After the treatments, the cells were fixed with 1 %
formaldehyde, stained with DAPI (1 pg/ml), and visualized using
fluorescence microscopy. The Dil-oxLDL signals are shown in red.
DAPI (blue) was used to counter-stain the cell nuclei. No staining,
cells incubated without LPS and Dil-oxLLDL; no LPS, cells incubated
with Dil-oxLDL in the absence of LPS. Magnification: x200

1 mRNA after PMA treatment [21]. To clarify the
molecular basis underlying LPS-induced LOX-1 expres-
sion, we examined the effect of CAPE (an NF-xB inhibi-
tor) or MAPK inhibitors, including SB203580 (p38
inhibitor), SP600125 (JNK inhibitor), and U0126 (MEK
inhibitor), on mRNA expression of LOX-I. qRT-PCR
analysis revealed that LPS-induced LOX-I mRNA
expression was significantly attenuated by treatment of
SP600125 (p < 0.05), U0126 (p < 0.005), and CAPE
(p < 0.005) (Fig. 3a). Similarly, FACS analysis revealed
that LPS-induced cell-surface expression of LOX-1 was
significantly attenuated by treatment with SP600125
(p <0.05), U0126 (p <0.005), and CAPE (p < 0.05)
(Fig. 3b). We unexpectedly found that the p38 inhibitor
SB203580 augmented the cell-surface expression of LOX-
1 without any changes in the LOX-1 mRNA level (Fig. 3a
and b). To further confirm the involvement of Erk on LPS-
induced LOX-1 expression, we examined the cell-surface
expression of LOX-1 after LPS under knockdown of Erk1/
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Fig. 3 Possible molecular mechanism underlying LPS-induced
LOX-1 expression. a The effect of CAPE and MAPK inhibitors on
LPS-induced LOX-I mRNA expression was examined using qRT-
PCR analysis. RAW cells were treated with CAPE (NF-kB inhibitor,
10 pmol/l), SP600125 (JNK inhibitor, 5 pmol/l), SB203580 (p38
inhibitor, 10 pumol/l), or U0126 (MEK inhibitor, 10 pmol/l) for 1 h
and then stimulated with LPS (100 ng/ml) for 2 h in the presence of
CAPE (10 pmol/1), SP600125 (5 pmol/1), SB203580 (10 pumol/l), or
U0126 (10 umol/l), respectively. The data are expressed as described
in the legend for Fig. 1a. b The effect of CAPE and MAPK inhibitors
on LPS-induced cell-surface protein expression of LOX-1 was
examined using FACS analysis. RAW cells were treated as described
in a. After LPS stimulation (100 ng/ml) for 6 h, the cells were stained
with PE-labeled anti-LOX-1 antibody. The data are expressed relative
to the mean fluorescence intensity found in the untreated cells, which
was arbitrarily defined as 100 % (n = 3). Asterisks (**) or (*)
indicate a statistically significant difference at p < 0.005 or p < 0.05,

2 using RNA interference. As shown in Fig. 3c and d,
knockdown of Erk1/2 resulted in a significant reduction of
the cell-surface LOX-1 levels, providing experimental
evidence that LPS up-regulates LOX-1 through ERK sig-
naling. We also found that LPS-induced SR-A mRNA and
protein expression were prevented by either U0126 or

respectively. ¢ Effect of Erk1/2 siRNA on protein expression of Erk1/
2. RAW cells were transfected with 100 nmol/l siRNA specific to
Erk1/2 or non-specific control siRNA. After 48 h of transfection, the
cells were stimulated with LPS (100 ng/ml) for 2 h, and 5 pg of the
protein was used to detect the total Erk1/2. B-actin was used as an
internal control. After normalization of the -actin protein, the values
in the bar graph are calculated relative to the protein levels found in
the untreated cells, which were arbitrarily defined as 100 %. An
asterisk (¥) indicates statistically significant differences of p < 0.05
(n = 3). Black bar, p44; gray bar, p42. d RAW cells were transfected
as described in ¢. After 48 h of transfection, the cells were detached
and stimulated with LPS (100 ng/ml) for 6 h. The cells were then
stained with a PE-labeled anti-LOX-1 antibody. The data are
expressed relative to the mean fluorescence intensity found in the
untreated cells, which was arbitrarily defined as 100 % (n = 3).
Asterisks (**) or (*) indicate a statistically significant difference at
p < 0.005 or p < 0.05, respectively

CAPE after 8 h of LPS treatment (Supplementary Fig. 4a
and B), whereas CD36 mRNA and protein expression were
prevented by SP600125 and CAPE after 24 h of LPS
stimulation (Supplementary Fig. 4c and d).

To further investigate the LPS-induced LOX-1 expres-
sion at the transcriptional level, we examined LOX-I
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Fig. 4 Analysis of LOX-1 promoter activity after LPS stimulation. a—
b RAW cells were co-transfected with 0.15 pg of the mouse LOX-1/
pGL3 vector for LOX-1 firefly luciferase activity and 0.03 g of the
phRL-TK vector for internal control Renilla luciferase activity. After
24 h, the cells were stimulated with LPS (100 ng/ml) for the indicated
times (0, 2, 4, 8, 12, and 24 h) (a) and were stimulated with the
indicated concentrations (0, 1, 10, 100, and 1,000 ng/ml) of LPS for
8 h (b). After normalization against Renilla luciferase activity, the
LOX-1 promoter activity was expressed relative to that found in the
control group (at 0 h after LPS), which was arbitrarily defined as 1

promoter activity using the mouse LOX-I promoter region
(—3,000 to +58). Luciferase reporter assays revealed that
LOX-1 promoter activity was increased at 2 h (p < 0.05),
4h (p<0.05), 8h (p <0.005), 12h (p <0.005), and
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(n = 6). ¢ Effects of CAPE and MAPK inhibitors on LOX-1 promoter
activity. RAW cells were co-transfected as described above. After
24 h, the cells were treated with CAPE (10 umol/L) or MAPK
inhibitors (SP600125, 5 umol/l; SB203580, 10 pmol/l; U0126,
10 pmol/l) for 1 h and then stimulated with LPS (100 ng/ml) as
described in the legend for Fig. 3a. After stimulation with LPS
(100 ng/ml) for 8 h, the relative LOX-I promoter activity was
measured as described above. Asterisks (**) or (*) indicate a
statistically significant difference at p < 0.005 or p < 0.05, respec-
tively (n = 6)

24 h (p < 0.05) after LPS stimulation (Fig. 4a). In addi-
tion, LPS increased LOX-1 promoter activity 4 h after LPS
stimulation in a concentration-dependent manner (Fig. 4b).
We also examined the effect of SP600125, U0126, and
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Fig. 5 Analyses of LOX-1 expression and uptake of Dil-labeled
oxLDL after LPS treatment in PMA-stimulated human THP-1
macrophages. a—g THP-1 cells were incubated with PMA (100 ng/ml)
for 48 h. After incubation, the cells were washed, cultured without
PMA for a further 24 h, and used for further analyses. a LOX-I
mRNA expression was examined using qRT-PCR. PMA-stimulated
THP-1 cells were stimulated with the LPS (1 pg/ml) for the indicated
durations (0, 1, 2, 4, 6, 8, 12, and 24 h). The relative mRNA
expression levels are shown as described in the legend for Fig. la.
The values shown represent the mean + SE (n = 3). An asterisk (*)
indicates a statistically significant difference at p < 0.05. b The
protein expression level of LOX-1 was examined using Western blot
analysis. PMA-stimulated THP-1 cells were stimulated with the LPS
(1 pg/ml) for the indicated durations (0, 1, 2, 4, 6, 12, 24, and 36 h).
In total, 10 pg of protein was subjected to Western blot analysis using
a goat anti-human LOX-1 polyclonal antibody (0.1 pg/ml). B-actin
protein was used as an internal control. After normalization against
the B-actin protein level, the bar graph values were calculated relative
to the protein levels found in the untreated cells (at O h after LPS),
which were arbitrarily defined as 100 %. The values shown represent
the mean £ SE of 3 separate experiments. Asterisks (**) or (¥)
indicate a statistically significant difference at p < 0.005 or p < 0.05,
respectively (n = 3). ¢ Cellular uptake of Dil-oxLDL after LPS
stimulation was examined using flow cytometry. PMA-stimulated
THP-1 cells were stimulated with the indicated concentration (0, 10,
100, and 1,000 ng/ml) of LPS for 9 h and then incubated with Dil-

Time (h)

0 1 2 4 6 12 24 36

LOX"]I* —~~---~m

B-actin |- - ————— — |

600 -

— *%
X
= 500
© *
T 400
<
< 300 - *
S
2 200 A
X
o 100~
|
0 -
0 1 2 4 6 12 24 36
hrs after LPS treatment
D 250 - * *
1 ] |
X 200
Q
©
5 150 -
=}
B
g 100 A
<
Q
= 50 -
0 -
LPS - + + + +
Dil-oxLDL + + + + +
Control IgG  — - + - -
Anti-LOX11gG - - - + —
Excess oxLDL - - - - +

oxLDL (1 pg/ml) for 3 h. The data are expressed as described in the
legend for Fig. 2a. d The effect of an anti-LOX-1 antibody on uptake
of Dil-oxLDL after LPS treatment was examined using flow
cytometry. PMA-stimulated THP-1 cells were incubated with a
control antibody or an anti-human LOX-1 antibody at 10 pg/ml, or an
excess amount of oxLDL (50-fold excess amount) for 1 h prior to
LPS treatment. The cells were stimulated with LPS (1 pg/mL) for 9 h
and then incubated with Dil-oxLDL (1 pg/ml) for 3 h. The data are
expressed as described in the legend of Fig. 2a. An asterisk (*)
indicates a statistically significant difference at p < 0.05 (n = 3),
compared to the control (at 0 h after LPS). e PMA-stimulated THP-1
cells were stimulated as described in d. The cells were analyzed and
visualized using fluorescence microscopy as described in the legend
for Fig. 2c. Magnification: x400. f-g Effects of the MEK inhibitor
U0126 (f) and Erk1/2 siRNA (g) on LPS-induced LOX-1 protein
expression were examined using Western blot analysis. f PMA-
stimulated THP-1 cells were treated with U0126 (10 pmol/l) for 1 h
prior to LPS, and then stimulated with LPS (100 ng/ml) for 12 h in
the presence of U0126 (10 pmol/l). g PMA-stimulated THP-1 cells
were transfected with 100 nmol/l siRNA specific to Erk1/2 or non-
specific control siRNA. After 48 h of transfection, the cells were
stimulated with LPS (100 ng/ml) for 12 h, and 10 pg of protein was
subjected to Western blot analysis to detect LOX-1 and total Erk1/2
protein, whereas 1 pg of the protein was used to detect the f-actin
protein
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CAPE on LOX-1 promoter activity. As shown in Fig. 4c,
LPS-activated LOX-1 promoter activity was significantly
inhibited by treatment with the MEK inhibitor U0126, but
not with the JNK inhibitor SP600125 or the NF-xB
inhibitor CAPE. Taken together, these results strongly
indicate that LPS-induced LOX-1 expression is activated
by ERK signaling in RAW cells.

LPS augments Dil-oxLDL uptake through up-
regulating LOX-1 in human THP-1 macrophages

Given our experimental results in mouse macrophage
RAW cells, we next sought to examine whether LPS
affects LOX-1 expression in the human monocyte/macro-
phage cell line, THP-1. As shown in Fig. 5a, b, LOX-1
expression was found to significantly increase at both
mRNA and protein levels after LPS treatment of PMA-
activated THP-1 macrophages. In addition, FACS analysis
revealed that uptake of Dil-oxLDL was augmented 6 h
after LPS treatment in a concentration-dependent manner
(Fig. 5¢). Accordingly, we further investigated the
involvement of LOX-1 in the cellular uptake of oxLDL.
The LPS-augmented uptake of Dil-oxLDL was almost
completely abrogated by the treatment with an anti-LOX-1
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antibody, but not with the control antibody (Figs. 5d).
Confocal fluorescence microscopy revealed similar results
in which the intracellular fluorescence signals of Dil-ox-
LDL increased after LPS stimulation, and this increase was
again abrogated by an anti-LOX-1 antibody (Fig. Se),
strongly suggesting that LOX-1 plays an important role in
the uptake of oxLDL in human macrophages. Finally, we
examined the effect of ERKI/2 gene knockdown and
treatment with the MEK inhibitor U0126 on LPS-induced
LOX-1 expression using Western blot analysis. As shown
in Fig. 5f, g, LPS-induced LOX-1 protein expression was
prevented by both U0126 and Erk1/2 siRNA treatment.
Taken together, these results strongly indicate that LPS up-
regulates LOX-1 through activation of ERK signaling,
thereby enhancing the cellular uptake of oxLDL in human
and mouse macrophages.

Discussion

Immune activation and inflammation contribute to the
development of atherosclerosis, in which activated mac-
rophages are thought to play a pivotal role [1-4]. Activated
macrophages express SRs, which mediate macrophage
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uptake of oxLDL particles. Subsequently, uptake of oxLDL
leads to intracellular cholesterol accumulation and the
formation of foam cells, thereby promoting atherogenesis.
However, the molecular basis underlying LPS-augmented
uptake of oxLDL remains obscure. In the present study, we
demonstrated for the first time that LOX-1 expression was
significantly up-regulated after LPS stimulation in both
mouse RAW264.7 cells and PMA-stimulated THP-
1 human macrophages. We also demonstrated that LOX-1
is involved in uptake of oxLLDL by activated macrophages.

LOX-1, initially identified as a receptor for oxLDL, has
been shown to mediate oxLDL-induced vascular dysfunc-
tion, induce foam cell accumulations, and promote atheroma
formation [10, 22, 23]. To date, LOX-1 has been reported to
be up-regulated by angiotensin II [20], pro-inflammatory
molecules [24, 25], phorbol ester [24], oxLDL [26], fluid
shear stress [27], and a ligand for a lymphocyte-expressed G
protein-coupled receptor, lysophosphatidylcholine [28]. Our
quantitative analyses revealed that LOX-I mRNA expres-
sion was significantly increased after 1, 2, and 4 h of LPS
stimulation, whereas SR-A and CD36 mRNA expressions
were slightly increased after 6 and 8 or 24 h, respectively.
Furthermore, our FACS analysis revealed that cell-surface
expression of LOX-1 increased after 6, 12, and 24 h of LPS
stimulation, whereas that of SR-A and CD36 increased after
12 and 24 h. These results suggest that the molecular basis
underlying LPS-induced LOX-1 expression is distinct from
that underlying LPS-induced SR-A and CD36 expression. It
has been reported that LOX-1 accounts for 5-10 % of ox-
LDL uptake in unstimulated macrophages, whereas inter-
nalization of oxLDL increases by more than 40 % when
LOX-1 is up-regulated after lysophosphatidylcholine stim-
ulation [28]. Another study reported that LPS stimulation
induces lipid accumulation and foam cell formation in
RAW267.4 cells [13]. These results prompted us to examine
whether LPS enhances the cellular uptake of oxLDL by up-
regulating LOX-1 in macrophages. Indeed, we found that
cellular uptake of Dil-oxLDL was augmented after LPS in
both human and mouse macrophages. The uptake of Dil-
oxLDL augmented by LPS was almost completely abro-
gated by treatment with an anti-LOX-1 antibody, strongly
suggesting that LOX-1 plays an important role in oxLDL
uptake in LPS-stimulated macrophages. Furthermore, the
preventive effects against oxLDL uptake were increasingly
impaired over time, suggesting that other SRs and LOX-1
may cooperatively enhance the uptake of oxLDL in the
activated macrophages.

It is known that several stimulants modulate LOX-I
transcription [28]. OxLDL is known to activate LOX-I
transcription through an Oct-1 motif located at nt —1,556
in the human LOX-1 gene locus [29]. PMA and angiotensin
I stimulation also activate LOX-I transcription through
AP-1 and NF-xB, respectively [19, 20]. Therefore, we

further sought to clarify the molecular mechanism under-
lying LPS-induced LOX-1 expression. In this study, we
found that LPS-induced LOX-1 expression was signifi-
cantly prevented by treatment with an MEK inhibitor
(U0126) and an NF-«B inhibitor (CAPE) but was only
moderately prevented by a JNK inhibitor (SP600125) at
both the mRNA and protein levels. In addition, the lucif-
erase reporter gene assay revealed that LPS-induced acti-
vation of LOX-I promoter activity was significantly
prevented by treatment with U0126. Finally, the prevention
of the LPS-induced LOX-1 expression in PMA-activated
human THP-1 macrophages by treatment with Erk siRNA
and UO0126 provided the experimental evidence that ERK
signaling plays a pivotal role in LPS-induced LOX-1
expression. CAPE, an NF-«B inhibitor, significantly sup-
pressed LPS-induced LOX-1 expression at both the mRNA
and protein levels, but did not suppress LOX-I promoter
activity, suggesting that NF-xB may be involved in the
LOX-1 mRNA stability at the post-transcriptional level.
Recently, Zhao et al. reported that knockdown of TLR4
resulted in a significantly decreased LOX-1 expression in
LPS-stimulated human umbilical vein endothelial cells
[30]. Thus, it may be possible that TLR4 mediates cellular
uptake of oxLDL through up-regulation of LOX-1 in LPS-
stimulated macrophages.

It has been reported that LPS induces SR-A expression
in mouse macrophages, whereas LPS reduces the receptor
expression in human macrophages [31]. LPS has been
shown to reduce CD36 expression in primary human
macrophages [32]. LOX-1 is expressed in macrophages of
human carotid atherosclerotic plaques [33]. Although we
used cell lines in this study, it would be of particular
interest to use primary human monocyte-derived macro-
phages to examine whether LPS up-regulates LOX-1
expression and/or enhances the cellular uptake of oxLDL.

In conclusion, this study is the first to demonstrate that
LPS up-regulates LOX-1 through activation of the ERK
signaling pathway, thereby enhancing the cellular uptake of
oxLDL in macrophages. Although CD36 and/or SR-A have
been shown to mediate oxLDL uptake in macrophages, our
novel findings raise the possibility that LOX-1 may pro-
mote the pathogenic actions of activated macrophages by
evoking uptake of oxLDL, thus playing a role in the
pathophysiology of cardiovascular diseases. Further stud-
ies, including in vivo experiments, may contribute to a
better understanding of the molecular basis underlying the
LOX-1-mediated pathogenesis of atherosclerosis associ-
ated with immune activation and inflammation.

Acknowledgments This work was partly supported by a grant from
the Strategic Research Foundation Grant-aided Project for Private
Universities from the Ministry of Education, Culture, Sports, Science
and Technology, Japan (MEXT) [S1101027 to S. K., H. K., and Y.
H.]; and the AIKEIKAI Foundation [to A. O.]. We would like to

@ Springer



40

Mol Cell Biochem (2015) 400:29-40

thank Dr. Takashi Yokochi and Dr. Hiroshi Miwa at Aichi Medical
University (Aichi, Japan) for kindly providing the RAW264.7 mouse
macrophage cell line and THP-1 human acute monocytic leukemia
cell line, respectively.

Conflict of interest disclosure We declare that we have no conflict
of interest.

References

L.

10.

12.

13.

14.

16.

Taghavie-Moghadam PL, Butcher MJ, Galkina EV (2014) The
dynamic lives of macrophage and dendritic cell subsets in ath-
erosclerosis. Ann N 'Y Acad Sci 19:19-37

. Tabas I (2010) Macrophage death and defective inflammation

resolution in atherosclerosis. Nat Rev Immunol 10:36-46

. Libby P, Lichtman AH, Hansson GK (2013) Immune effector

mechanisms implicated in atherosclerosis: from mice to humans.
Immunity 38:1092-1104

. Libby P, Ridker PM, Hansson GK (2011) Progress and challenges

in translating the biology of atherosclerosis. Nature 473:317-325

. Goyal T, Mitr S, Khaidakov M, Wang X, Singla S, Ding Z, Liu S,

Mehta JL (2012) Current concepts of the role of oxidized LDL
receptors in atherosclerosis. Curr Atheroscler Rep 14:150-159

. Martin-Fuentes P, Civeira F, Recalde D, Garcia-Otin AL, Jarauta

E, Marzo I, Cenarro A (2007) Individual variation of scavenger
receptor expression in human macrophages with oxidized low-
density lipoprotein is associated with a differential inflammatory
response. J Immunol 179:3242-3248

. Sawamura T, Kume N, Aoyama T, Moriwaki H, Hoshikawa H,

Aiba Y, Tanaka T, Miwa S, Katsura Y, Kita T, Masaki T (1997)
An endothelial receptor for oxidized low-density lipoprotein.
Nature 386:73-77

. Mitra S, Goyal T, Mehta JL (2011) Oxidized LDL, LOX-1 and

atherosclerosis. Cardiovasc Drugs Ther 5:419-429

. Kataoka H, Kume N, Miyamoto S, Minami M, Moriwaki H,

Murase T, Sawamura T, Masaki T, Hashimoto T, Kita T (1999)
Expression of lectin-like oxidized low-density lipoprotein recep-
tor-1 in human atherosclerotic lesions. Circulation 99:3110-3117
Inoue K, Arai Y, Kurihara H, Kita T, Sawamura T (2005)
Overexpression of lectin-like oxidized low-density lipoprotein
receptor-1 induces intramyocardial vasculopathy in apolipopro-
tein E-null mice. Circ Res 97:176-184

. Ding Z, Mizeracki AM, Hu C, Mehta JL (2013) LOX-1 deletion

and macrophage trafficking in atherosclerosis. Biochem Biophys
Res Commun 440:210-214

Taront S, Dieudonné A, Blanchard S, Jeannin P, Lassalle P,
Delneste Y, Gosset P (2009) Implication of scavenger receptors
in the interactions between diesel exhaust particles and immature
or mature dendritic cells. Part Fibre Toxicol 6:9

Funk JL, Feingold KR, Moser AH, Grunfeld C (1993) Lipo-
polysaccharide stimulation of RAW 264.7 macrophages induces
lipid accumulation and foam cell formation. Atherosclerosis
98:67-82

El Fiky A, Perreault R, McGinnis GJ, Rabin RL (2013) Attenuated
expression of interferon-f and interferon-A1 by human alterna-
tively activated macrophages. Hum Immunol 74:1524-1530

. Komura T, Sakai Y, Honda M, Takamura T, Wada T, Kaneko S

(2013) ER stress induced impaired TLR signaling and macrophage
differentiation of human monocytes. Cell Immunol 282:44-52
Takahashi M, Ota A, Karnan S, Hossain E, Konishi Y, Dam-
dindorj L, Konishi H, Yokochi T, Nitta M, Hosokawa Y (2013)
Arsenic trioxide prevents nitric oxide production in lipopoly-
saccharide-stimulated RAW264.7 by inhibiting a TRIF-depen-
dent pathway. Cancer Sci 104:165-170

@ Springer

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Hossain E, Ota A, Takahashi M, Karnan S, Damdindorj L,
Konishi Y, Konishi H, Hosokawa Y (2013) Arsenic upregulates
the expression of angiotensin II Type I receptor in mouse aortic
endothelial cells. Toxicol Lett 220:70-75

Hossain E, Ota A, Karnan S, Damdindorj L, Takahashi M,
Konishi Y, Konishi H, Hosokawa Y (2013) Arsenic augments the
uptake of oxidized LDL by upregulating the expression of lectin-
like oxidized LDL receptor in mouse aortic endothelial cells.
Toxicol Appl Pharmacol 273:651-658

Zernecke A, Weber C (2014) Chemokines in atherosclerosis:
proceedings resumed. Arterioscler Thromb Vasc Biol 34:742-750
Chen J, Liu Y, Liu H, Hermonat PL, Mehta JL (2006) Molecular
dissection of angiotensin Il-activated human LOX-1 promoter.
Arterioscler Thromb Vasc Biol 26:1163-1168

Ueno T, Fukuda N, Tsunemi A, Yao EH, Matsuda H, Tahira K,
Matsumoto T, Matsumoto K, Matsumoto Y, Nagase H, Sugiyama
H, Sawamura T (2009) A novel gene silencer, pyrrole-imidazole
polyamide targeting human lectin-like oxidized low-density
lipoprotein receptor-1 gene improves endothelial cell function.
J Hypertens 27:508-516

Chen M, Masaki T, Sawamura T (2002) LOX-1, the receptor for
oxidized low-density lipoprotein identified from endothelial cells:
implications in endothelial dysfunction and atherosclerosis.
Pharmacol Ther 95:89-100

Hu C, Dandapat A, Sun L, Chen J, Marwali MR, Romeo F,
Sawamura T, Mehta JL (2008) LOX-1 deletion decreases colla-
gen accumulation in atherosclerotic plaque in low-density lipo-
protein receptor knockout mice fed a high-cholesterol diet.
Cardiovasc Res 79:287-293

Kume N, Murase T, Moriwaki, Aoyama T, Sawamura T, Masaki
T, Kita T (1998) Inducible expression of lectin-like oxidized LDL
receptor-1 in vascular endothelial cells. Circ Res 83:322-327
Nagase M, Abe J, Takahashi K, Ando J, Hirose S, Fujita T (1998)
Genomic organization and regulation of expression of the lectin-
like oxidized low-density lipoprotein receptor (LOX-1) gene.
J Biol Chem 273:33702-33707

Li D, Mehta JL (2000) Upregulation of endothelial receptor for
oxidized LDL (LOX-1) by oxidized LDL and implications in
apoptosis of human coronary artery endothelial cells: evidence
from use of antisense LOX-1 mRNA and chemical inhibitors.
Arterioscler Thromb Vasc Biol 20:1116-1122

Murase T, Kume N, Korenaga R, Ando J, Sawamura T, Masaki
T, Kita T (1998) Fluid shear stress transcriptionally induces
lectin-like oxidized LDL receptor-1 in vascular endothelial cells.
Circ Res 83:328-333

Schaeffer DF, Riazy M, Parhar KS, Chen JH, Duronio V, Sawamura
T, Steinbrecher UP (2009) LOX-1 augments oxLDL uptake by ly-
soPC-stimulated murine macrophages but is not required for oxLDL
clearance from plasma. J Lipid Res 50:1676-1684

Hermonat PL, Zhu H, Cao M, Mehta JL (2011) LOX-1 tran-
scription. Cardiovasc Drugs Ther 25:393-400

Zhao W, Ma G, Chen X (2014) Lipopolysaccharide induced
LOX-1 expression via TLR4/MyD88/ROS activated p38MAPK-
NF-kB pathway. Vascul Pharmacol S1537-1891(14):00128-1.
doi:10.1016/j.vph.2014.06.008

Fitzgerald ML, Moore KJ, Freeman MW, Reed GL (2000)
Lipopolysaccharide induces scavenger receptor A expression in
mouse macrophages: a divergent response relative to human
THP-1 monocyte/macrophages. J Immunol 164:2692-2700
Yesner LM, Huh HY, Pearce SF, Silverstein RL (1996) Regu-
lation of monocyte CD36 and thrombospondin-1 expression by
soluble mediators. Arterioscler Thromb Vasc Biol 16:1019-1025
Kataoka H, Kume N, Miyamoto S, Minami M, Moriwaki H,
Murase T, Sawamura T, Masaki T, Hashimoto N, Kita T (1999)
Expression of lectinlike oxidized low-density lipoprotein recep-
tor-1 in human atherosclerotic lesions. Circulation 99:3110-3117


http://dx.doi.org/10.1016/j.vph.2014.06.008

	Lipopolysaccharide augments the uptake of oxidized LDL by up-regulating lectin-like oxidized LDL receptor-1 in macrophages
	Abstract
	Introduction
	Materials and methods
	Reagents
	Cell culture
	Quantitative (q) RT-PCR analysis
	Flow cytometry analysis
	Western blot analysis
	LOX-1 promoter constructs, transient transfection, and dual luciferase assay
	Cellular uptake of Dil-OxLDL
	RNA interference
	Statistical analysis

	Results
	LPS up-regulates LOX-1 in RAW cells
	LPS augments the cellular uptake of Dil-oxLDL through up-regulation of LOX-1
	Possible molecular mechanism underlying LPS-induced LOX-1 expression
	LPS augments DiI-oxLDL uptake through up-regulating LOX-1 in human THP-1 macrophages

	Discussion
	Acknowledgments
	References


