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Artesunate attenuates foam cell formation by enhancing
cholesterol efflux
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Background: Atherosclerosis is the main cause of many cardiovascular diseases and the second leading
cause of death in elderly people. The formation of intimal macrophage-derived foam cells is a major feature
of early atherosclerotic lesions. Little is known about the effects of artesunate (ART) on macrophage-derived
foam cell formation.

Methods: Oil red O staining was employed to detect foam cell formation; colorimetric analysis was
employed for cholesterol measurement; quantitative real time polymerase chain reaction (QRT-PCR) and
western blot analysis were employed to assess messenger RNA (mRNA) and protein expression, respectively;
enzyme-linked immunosorbent assay (ELISA) analyses were used to observe interleukin 6 (IL-6) and tumor
necrosis factor-a (TNF-a) release; and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) assays were used to examine cell viability.

Results: It was revealed that ART attenuated oxidized low-density lipoprotein (ox-LDL)-induced foam
cell formation from THP-1-derived macrophages by decreasing cholesterol accumulation, and the effect
might have occurred via enhanced cholesterol efflux. Additionally, ART decreased toll-like receptor 4 (TLR4)
expression, increased adenosine triphosphate (ATP)-binding cassette transporter Al (ABCAI) and ATP-
binding cassette transporter G1 (ABCG1) expression, and reduced the secretion of IL-6 and TNF-a.
Conclusions: This study showed that ART attenuated the ox-LDL-induced formation of foam cells from
THP-1-derived macrophages by increasing ABCA1 and ABCG1 expression via inhibiting TLR4 expression
and reducing TNF-a and IL-6 secretion from macrophages induced by ox-LDL, which ultimately decreased
the accumulation of cholesterol. It is worthwhile further investigate ART as a potential drug for the

treatment of atherosclerosis.
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Introduction early atherosclerotic lesions (3). Excessive intake of oxidized

low-density lipoprotein (ox-LDL), excessive cholesterol

Atherosclerotic diseases are important causes of death esterification, and insufficient cholesterol release cause the

and disability in patients, which develop throughout life accumulation and storage of cholesterol esters. Cholesterol
through a multi-step process (1,2). The formation of esters are stored as cytoplasmic lipid droplets and ultimately
intimal macrophage-derived foam cells is a major feature of lead to foam cell formation. Therefore, balancing
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cholesterol influx, efflux, and esterification in macrophages
is critical for avoiding lipid overload and the formation of
atherosclerotic plaques (3,4).

Very low-density lipoprotein receptor (VLDL-R),
scavenger receptors (SRs), class A SR (SR-A), and CD36 are
critical for internalizing of modified LDL (such as ox-LDL)
in macrophages, which increases cellular accumulation of
cholesterol. In contrast, reverse cholesterol transporters
(RCTs), such as adenosine triphosphate (ATP)-binding
cassette transporter G1 ABCGI, ATP-binding cassette
transporter A1 ABCALI, and clearance receptor BI (SR-
BI) are responsible for cholesterol efflux in macrophages.
Cholesterol esterification is mainly controlled by acyl
coenzyme A:cholesterolacyltransferase-1 (ACAT1) and
neutral cholesterol ester hydrolase (nCEH) (3,4). When
cholesterol influx or esterification increases or cholesterol
efflux decreases, macrophages become lipid-filled foam
cells.

Atherosclerosis is also a chronic inflammatory
process. Macrophage-derived foam cells produce various
chemokines and cytokines during lipid accumulation,
inducing inflammation (5). Toll-like receptors (T'LRs)
play important roles in the pathological process of
inflammatory diseases, such as coronary artery disease
(CAD). The TLRs are expressed in many immune cells,
and each receptor initiates a corresponding inflammatory
signal after detecting the appropriate pathogen-associated
molecular pattern (PAMP) (6). In addition, in the absence
of exogenous infections, the TLR signaling cascade can
also be activated by a variety of host-derived molecules.
Among the TLRs, TLR4 is the chief mediator of foam cell
formation (7).

Artemisinin is a commonly used antimalarial drug that
was first extracted from the medicinal plant Artemisia annua
L. in 1971. Artemisinin is a novel sesquiterpene lactone with
a peroxy bridge structure (8). Artesunate (ART) is a water-
soluble cysteine derivative of artemisinin. In addition to its
antimalarial effects, ART has been demonstrated to have
anticancer, antiangiogenic, and anti-inflammatory effects
(9-13). In our previous studies, we found that ART could
decrease the progression of atherosclerotic lesion formation
by inhibiting TLR4 expression and proinflammatory
cytokine release (14). However, little is known about the
role of ART in foam cell formation and whether the effect
of ART on TLR4 expression influences the formation of
foam cells. Therefore, in this study, we examined the role of
ART in foam cell formation.

We present the following article in accordance with
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the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-3551).

Methods
Materials

Reagents

In this study, we used injectable ART (injection preparation,
Guilin Pharma Corp, Guangxi, People’s Republic of
China National Medicine Standard H10930195) with no
endotoxin detected. We obtained 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide (MTT) and
lipopolysaccharide (LPS) from Sigma-Aldrich (St. Louis,
MO, USA); ox-LDL from Yiyuan (Guangzhou, Guangdong,
China); and Oil Red O from Yeasen (Catalog No YB-002-1,
Shanghai, China). Enhanced chemiluminescence (ECL)
reagents were provided by Pierce, Inc. (Rockford, IL, USA).
A cholesterol assay kit was provided by Applygen (Beijing,
China). Human enzyme-linked immunosorbent assay
(ELISA) kits for interleukin 6 (IL-6) and tumor necrosis
factor-a (TNF-a) were provided by Boster Ltd. (Wuhan,
Hubei, China). Avian myeloblastosis virus (AMV) reverse
transcriptase and T4 polynucleotide kinase were provided
by Promega (Madison, WI, USA). Quantitative real-time
polymerase chain reaction (QRT-PCR) master mix was
provided by ToYoBo Ltd. (Osaka, Japan). All primers were
synthesized by Invitrogen Ltd. (Shanghai, China). Cell
culture medium and fetal bovine plasma were provided
by Invitrogen (Carlsbad, CA, USA). The total protein
extraction kit was provided by BestBio Ltd. (Shanghai,
China). Antibodies for western blotting were provided by
Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA).

Cells

Human monocyte THP-1 (CLS Cat# 300356) cells
were provided by the American Type Culture Collection
(Manassas, VA, USA). The THP-1 monocyte culture was
performed in Roswell Park Memorial Institute (RPMI)-
1640 (Hyclone, Logan, UT, USA) with 10% fetal bovine
serum (FBS) (Hyclone). Depending on the experiment,
THP-1 cells were seeded at a density of 5.0x10’ cells/mL
in 96-, 24-, or 6-well plates. Pretreatment with 80 nM
PMA (Sigma-Aldrich, St. Louis, MO, USA) for 72 h, to
differentiated the THP-1 monocytic cells into adherent
macrophages. After that, replaced the medium containing
phorbol 12-myristate 13-acetate (PMA) with RPMI-1640
containing 10% (v/v) FBS. Before treatment, adherent
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Gene Forward sequence Reverse sequence

GAPDH 5'-CAACAGCGACACCCACTCCT-3' 5'-CACCCTGTTGCTGTAGCCAAA-3'
SR-A 5'-TCCTCGTGTTTGCAGTTCTC-3' 5'-GCAATTCTTCGTTTCCCACT-3'
CD36 5'-TTGAACTTCTGGGCAAATG-3' 5'-TGGGGATGCCTTCAAACAC-3'
VLDL-R 5'-GGTCAGACTGGGGCGAGCCA-3' 5'-GCTGGCAGGCAGAGATATTC-3'
ABCA1 5'-CCTGCTTCCGTTATCCAACT-3' 5'-CCTCTGAGCGTCTGAGAACA-3'
ABCGT1 5'-TCCTGCTTCCAAGTGGTGTC-3' 5'-GGCACGAGATTGGAGACCTT-3'
SR-BI 5'-GCCCATCATCATCTGCCAAC-3' 5'-TCCTGGG-AGCCCTTTTTACT-3'
ACAT-1 5'-TAG TCTACGCCTGTGGAGCC-3' 5'-TCTTATTTCCTGCACCAGCCTC-3'
Nceht 5'-AGCCTGCAGTTTGAGCTTA-3' 5'-AGAGTCGGTATTTCTGGAGACG-3'
TLR4 5'-TTTATTCAGAGCCGTTGG-3' 5'-TTTATTCAGAGCCGTTGG-3'

gRT-PCR, quantitative real-time polymerase chain reaction.

macrophages were cultured for an additional 24 h.

Study methods

Cell treatments
The cells were diluted in phosphate-buffered saline (PBS)
with 0.4% trypan blue and counted with a hemocytometer.
The THP-1-derived macrophages (5.0x10° cells/mL,
2 mL) were incubated in 6-well plates until adherent. Then,
the cells were washed twice, and different concentrations
of ART (0, 1.5, 5, and 15 pg/mL) were added. After 12 h of
incubation, the cells were treated by ox-LDL (100 pg/mL)
for another 24 h. After treatment, we collected the
supernatants for cytokine assays, oil red O staining, and
cholesterol measurement.

Oil red O staining

Oil red O staining was employed to detect lipid
accumulation in foam cells. Briefly, the cells were first fixed
in 4% frozen formaldehyde for 30 min and then washed with
PBS. Then, the cells were incubated in propylene glycol
for 5 min and 0.5% (w/v) oil red O solution for 15 min.
Excess water was evaporated at 60 °C. Next, the cells were
washed with 85% propylene glycol for 5 min and then
washed with PBS 5 times. After washing, the foam cells
were photographed with a microscope.

After the extraction was completed, the density of the
total neutral lipid content of the cells was measured using
a microplate reader. The absorbances of the standard and
samples were measured against the blank at 540 nm.
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Cholesterol colorimetric assay

The cholesterol content in macrophages was quantitatively
measured by enzymatic colorimetric assays according to the
manufacturer’s instructions.

First, the cells were washed with PBS, then incubated
in lysis buffer for 10 min. Then, 10 pL. was added of each
sample (cell lysate), standard (cholesterol 5 mmol/L), and
blank (distilled water) to the prelabeled tubes, and 190 pL
of working reagent was added. These reactions were mixed
thoroughly and incubated at 37 °C for 20 min. Finally, the
absorbances of the standard and samples were measured
against the blank in a fluorescence microplate reader at
550 nm. The total cholesterol of the samples was calculated
based on the corresponding absorbances and the standard.

Messenger RNA (mRINA) expression analysis

As previously reported, total RNA was isolated, and the
mRNA levels of specific genes were analyzed using qRT-
PCR (14). Total RNA was extracted from 1.0x10° cells
and then reverse-transcribed to circular DNA (cDNA).
The qRT-PCR was performed using SYBR Green and an
ABI PRISM 7500 Sequence Detection System (Applied
Biosystems, Waltham, MA, USA). The cDNA was amplified
by PCR with the respective primers (Table 1).

Protein expression analysis

Western blot analysis of TLR4, ABCA1, ABCG1, and
SR-BI was performed using conventional methods (15).
Sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) was used to separate the same amount of
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protein from whole cell lysates, and then transferred to
nitrocellulose membrane (Bio-Rad, Hercules, CA, USA).
After blocking with 5% (w/v) skim milk, the blots were
incubated with the primary antibodies and then secondary
antibodies. The blots were detected with ECL according to
the manufacturer’ instructions.

Cytokine analysis

In accordance with the manufacturer’s guidelines, ELISA
kits were used to analyze the culture supernatant for IL-6
and TNF-a, respectively.

Cytotoxicity assay

Cytotoxicity was measured by MTT assay. Then, the
absorbance was measured at 490 nm using a microplate
reader.

Statistical analysis

Statistical analyses were performed using the software SPSS
10.0 (SPSS Inc., Chicago, IL, USA). All data were presented
as the means = standard deviation (SD) of 3 independent
experiments. The differences among groups were analyzed
by Student’s ¢-test. Values of P<0.05 were considered
statistically significant.

Results

ART attenuated the ox-LDL-induced formation of foam
cells in THP-1-derived macrophages

The accumulation of lipids in macrophages is important
for the development of macrophage-derived foam cells. To
clarify the effects of ART on lipid accumulation and foam
cell formation, THP-1-derived macrophages were mixed
with ox-LDL with or without ART. Lipid droplet staining
was significantly increased by ox-LDL loading, indicating
that foam cells had formed (Figure 14). We also found that
ART pretreatment effectively reduced ox-LDL-induced
foam cell formation in THP-1-derived macrophages in a
dose-dependent manner (Figure 14).

In addition, lipid accumulation and intracellular total
cholesterol analysis showed that ox-LDL loading could
significantly increase lipid accumulation and intracellular
cholesterol levels, while ART pretreatment effectively
decreased ox-LDL-induced lipid accumulation (Figure 1B)
and intracellular cholesterol accumulation (Figure 1C)
in THP-1-derived macrophages in a dose-dependent
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manner.

ART increased the gene and protein expression levels of
ABCAI and ABCG1 in THP-1-derived macrophages

It is well known that VLDL-R, SRs, CD36, and class
SR-A are critical for internalizing ox-LDL; ABCAI,
ABCGI, and SR-BI mediate the efflux of cholesterol, and
cholesterol esterification is mainly regulated by ACAT1
and nCEH (3,4). Meanwhile, ABCA1, ABCGI1, and SR-
BI are mainly responsible for the outflow of cholesterol
in macrophages. As a physiological response to maintain
cholesterol homeostasis, ox-LDL can up-regulate these
reverse cholesterol transporters (16,17). In experimental
rodents or humans, the loss or impairment of ABCAI,
ABCG1, or SR-BI can promote foam cell formation,
atherosclerotic lesions, and an overwhelming inflammatory
response (18-20).

As shown in Figure 2, after treating macrophages with
ox-LDL, the mRNA expression levels of almost all genes
involved in lipid internalization, esterification, and efflux
were increased to varying degrees.

In addition, ART increased the mRNA and protein
expression of ABCA1 and ABCGI in macrophages in a
dose-dependent manner compared to that of the ox-LDL
alone group; however, ART did not change SR-BI expression
in macrophages compared to the ox-LDL alone group.

In addition, no significant differences in the mRNA
expression levels of VLDL-R, SR-A, CD36, ACATI, or
nCEH were observed compared to those of the ox-LDL
alone group.

ART decreased TLR4 gene and protein expression in ox-
LDL-induced THP-1-derived macrophages

Atherosclerosis is a chronic inflammatory disease of the
arteries, and it is well known that activation of the TLR
signaling pathway plays an important role in ABCAI and
ABCGI gene expression (5-7). The TLR4-dependent
induction of IRF3 signaling was reported to effectively
inhibit liver X receptor (LXR)-dependent expression of
genes, such as ABCAI and ABCGI, which are critical in
cholesterol efflux from macrophages (21). Therefore, we
measured the effect of ART on TLR4 expression. As shown
in Figure 3, ART decreased TLR4 gene (Figure 34) and
protein (Figure 3B) expression in ox-LDL-induced THP-1-
derived macrophages in a dose-dependent manner.
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Figure 1 Effect of ART on macrophage-derived foam cell formation. (A) ART decreased the formation of foam cells from THP-1-
derived macrophages induced by ox-LDL (LM x400). (B) ART decreased the ox-LDL-induced accumulation of lipids in THP-1-derived
macrophages. (C) ART decreased the accumulation of cholesterol in THP-1-derived macrophages induced by ox-LDL. THP-1 derived
macrophages were pretreated with ART (0, 1.5, 5, and 15 pg/mL) for 12 h, then incubated with ox-LDL (100 pg/mL) for 24 h, and finally
treated with oil red O staining (A), intracellular cholesterol quantification (B) and lipid quantification (C). The results are presented as the
mean = SD of 3 independent experiments. *P<0.05 vs. the untreated control group, *P<0.01 vs. the untreated control group; *P<0.05 vs.
the ox-LDL alone group, **P<0.01 vs. the ox-LDL alone group. ART, artesunate; ox-LDL, oxidized low-density lipoprotein; SD, standard

deviation.
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Figure 2 ART increased ABCAI and ABCGI expression in THP-1-derived macrophages induced by ox-LDL. (A) ABCA1 and ABCG1
gene expression. (B) ABCA1 and ABCGI protein expression. Pretreated THP-1 derived macrophages with or without ART (0, 1.5, 5, and
15 pg/mL) for 12 h, then incubated with ox-LDL (100 pg/mL) for another 24 h, and finally performed gene (A) and protein (B) expression

analysis. The results are presented as the mean = SD of 3 independent experiments. *P<0.05 vs. the untreated control group, *P<0.01 vs. the

untreated control group, *P<0.05 vs. the ox-LDL alone group, **P<0.05 vs. the ox-LDL alone group. ART, artesunate; ox-LDL, oxidized

low-density lipoprotein; SD, standard deviation.

ART decreased IL-6 and TNF-a release from ox-LDL-
induced THP-1-derived macrophages

The activation of MAPK and NF-«B pathways are mediated
by TLR4, and it further activates a number of genes
encoding pro-inflammatory cytokines and chemokines, such
as IL-6 and TNF-a. Moreover, the activation of ABCA1
and ABCGI also regulates the expression of inflammatory
cytokines and chemokines in macrophages (18-20).

© Annals of Translational Medicine. All rights reserved.

Therefore, we examined the effect of ART on IL-6 and
TNF-o expression.

As shown in Figure 4, the levels of IL-6 and TNF-o in
the supernatant in the control group were very low, and
ox-LDL significantly increased the secretion of IL-6 and
TNF-a by THP-1-derived macrophages; furthermore,
ART decreased IL-6 and TNF-a secretion in a dose-
dependent manner.
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Figure 3 ART decreased TLR4 expression in THP-1-derived macrophages induced by ox-LDL. (A) TLR4 gene expression and (B) TLR4
protein expression. Pretreated THP-1 derived macrophages with or without ART (0, 1.5, 5, and 15 pg/mL) for 12 h, then incubated with
ox-LDL (100 pg/mL) for another 24 h, and finally performed gene (A) and protein (B) expression analysis. The results are presented as the
mean = SD of 3 independent experiments. ®P<0.01 vs. the untreated control group. *P<0.05 vs. the ox-LDL alone group, **P<0.01 vs. the
ox-LDL alone group. ART, artesunate; ox-LDL, oxidized low-density lipoprotein; SD, standard deviation.
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Figure 4 ART decreased IL-6 and TNF-a release from THP-1-derived macrophages induced by ox-LDL. THP-1-derived macrophages
were pretreated with or without ART (0, 1.5, 5 and 15 pg/mL) for 12 h prior to incubation with ox-LDL (100 pg/mL) for an additional 24
h, and then the supernatants were collected for cytokine analyses. The results are presented as the mean + SD of 3 independent experiments.
*P<0.01 vs. the untreated control group. *P<0.05 vs. the ox-LDL alone group, **P<0.01 vs. the ox-LDL alone group. ART; artesunate; ox-
LDL, oxidized low-density lipoprotein; SD, standard deviation; IL-6, interleukin 6; TNF-0, tumor necrosis factor-a.
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Figure 5 Artesunate has low cellular toxicity on THP-1-derived macrophages. THP-1-derived macrophages were incubated with ART
(0-100 pg/mL) or 100 ng/mL LPS as a cytotoxic control for 24 h. Cell viability was assessed by M'T'T assay. **P<0.01 vs. the ART 0 pg/mL
group. ART, artesunate; LPS, lipopolysaccharide; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide.

ART bhas low cytotoxicity in vitro

The cytotoxicity of ART on THP-1-derived macrophages
were examined with an MTT assay. Treatment with ART
(0-100 pg/mL) for 24 h did not induce any cytotoxicity in
macrophages (Figure 5). These results indicated that the
ART-induced effects were not related to cytotoxicity, since
the concentration of ART used in our experiments was less
than 100 pg/mL.

Discussion

To our knowledge, this is the first report demonstrating
that ART attenuates the formation of macrophage-derived
foam cells. Cholesterol accumulation is decreased by ART
through the enhancement of cholesterol efflux. The effects
are related to decreases in ABCA1 and ABCGI1, which
might be related to the inhibition of TLR4.

Atherosclerosis is the main cause of many cardiovascular
diseases and the second leading cause of death in
elderly people (1,2). The occurrence and development
of atherosclerosis involves the interaction of activated
monocytes with ox-LDL, which leads to the formation of
foam cells (4,22). Foam cells containing lipids form the
initial basis of the lesion, and then the foam cells accumulate
and produce fat streaks (3,4). As the plaque develops,
intermediate lesions are formed, which are characterized
by smooth muscle cell proliferation and migration from
the media to the intima. Late stages of plaque development

© Annals of Translational Medicine. All rights reserved.

include the formation of atherosclerotic plaques and
fibroangiomas. In atheromatous plaques, foam cells
aggregate and accumulate, eventually forming a necrotic
core that is rich in lipids. Therefore, we considered that
inhibiting foam cell formation could delay the progression
of atherosclerosis.

Artemisinin is a commonly used antimalarial drug that
was extracted from the Compositae Artemisia annua L.
in 1971 by Chinese pharmacy workers. Due to the poor
solubility, low bioavailability, and high reburning rate of
artemisinin, scientists have developed various derivatives
based on artemisinin; ART is one of these derivatives and
is water-soluble (8,9). Previous studies have reported that
artemisinin and its derivatives could decrease cholesterol in
plasma and triglycerides and reduce the areas of aortic root
lesions (23,24). However, our research revealed that ART
could decrease the progression of atherosclerotic lesion
formation in mice without effect on plasma lipid (14). In
the present study, we revealed that ART could decrease the
formation of macrophage-derived foam cells.

The imbalance in cholesterol influx, esterification, and
efflux ultimately leads to the formation of foam cells. The
SRs, SR-A, and CD36 are the main receptors responsible
for the binding and uptake of ox-LDL; ACAT1 and nCEH
play important roles in cholesterol esterification; and
ABCA1, ABCGI, and SR-BI mediate cholesterol efflux
(3,4). When cholesterol efflux and esterification increase,
or cholesterol outflow decreases, macrophages eventually
become lipid-rich foam cells. Recent studies have shown

Ann Transl Med 2021;9(17):1379 | https://dx.doi.org/10.21037/atm-21-3551
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that some traditional Chinese medicines and/or their
extracts, such as curcumin, purple perilla, tanshinone IIA,
and astragalin exhibit an anti-atherosclerotic effect, which
is closely related to an increase in cholesterol efflux (25-27).
Excess cholesterol in macrophage-derived foam cells is
removed by high-density lipoprotein (HDL) and its major
component apolipoprotein apoA-1 and is considered
to be one of the key mechanisms of HDL-mediated
atherosclerotic protection (28,29).

The efflux of cholesterol in macrophages is mainly
responsible for ABCA1, ABCGI, and SR-BI. The active
transport of intracellular cholesterol and phospholipids
to apoA-1 is mediated by ABCA1, and the removal of
cholesterol from macrophages to HDL particles is mediated
by ABCG1, but it does not mediate the removal of lipid
apoA-1 (28). Absence or damage of ABCA1, ABCGI, or
SR-BI function can promote the accumulation of foam
cells, leading to atherosclerotic lesions and excessive
inflammation (30-32). As previously demonstrated,
curcumin can mediate the increase in cholesterol efflux in
macrophages by heme oxygenase-1-mediated ABCAI and
SR-BI, while perilla extract and o-asarone can also increase
ox-LDL-induced cholesterol efflux in macrophages (25).
In the present study, we found that ART increased the
ox-LDL-induced expression of ABCA1 and ABCGI1 in
THP-1-derived macrophages without effect on the SR-BI.
Therefore, we concluded that ART primarily attenuates the
formation of foam cells through the inhibition of ABCA1/
ABCG!1-dependent cholesterol efflux.

Next, we aimed to reveal the upstream mechanism by
which ART induces the expression of ABCA1 and ABCGI.
In our previous studies, we found that ART decreased
the expression of TLR4 in macrophages (14). The TLRs
are type 1 transmembrane receptors that play key roles in
host recognition and defense against microbial infections.
Moreover, many evidences suggest that the mechanism of
bacterial-induced foam cell formation is closely related to
PAMP-mediated TLR-dependent signaling, which plays an
important role in atherogenesis (33). As a member of the
TLR family, TLR4 is expressed in several types of cells,
including neutrophils, macrophages, and dendritic cells, and
it is also involved in the development of CAD (27,33-35). A
recent report showed that TLR4 plays an important role in
the accumulation of early intimal foam cells in the aorta of
ApoE-/- TLR4-/- mice. Compared with ApoE-/- mice, the
level of intimal lipids reduced by 75% (36).

Researchers have conducted further studies on
how TLR-dependent signaling promotes cholesterol
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accumulation in macrophages (35). Yin et /. found that
TLR4-mediated inflammation could dysregulate ACAT'1
expression and promote foam cell formation in vascular
smooth muscle cells (37). Researchers found that in
cultured macrophages and aortic tissue iz vivo, microbial
ligands blocked the induction of LXR target genes
(including ABCAL) by activating TLR4. Moreover, TLR4-
dependent induction of IRF3 signaling potently inhibits
LXR-dependent expression of genes such as ABCAI and
ABCGI, which are involved in the efflux of cholesterol from
macrophages (38,39). Therefore, we hypothesized that
inhibiting TLR4 could increase the expression of ABCALl
and ABCG1, ultimately increasing cholesterol efflux. Then,
we concluded that ART could influence TLR4-mediated
ABCAIl-dependent and ABCG1-dependent cholesterol
efflux, regulating the formation of foam cells.

The TLRs play critical roles in regulating immunity.
These receptors recruit adaptor molecules to mediate
the activation of MAPKs and NF-kB pathways, which in
turn activates many genes encoding pro-inflammatory
cytokines and chemokines, such as TNF-a, IL-6, and
IL-1 (40). Furthermore, recent studies have shown that
the sterol efflux activities of ABCA1 and ABCG1 can
regulate macrophage expression of inflammatory cytokines
and chemokines, as well as the proliferative responses of
lymphocytes (39,41). In the present study, we found that
ART further decreased IL-6 and TNF-a release from ox-
LDL-induced THP-1-derived macrophages, which might
result in a decrease in TLR4 expression and an increase in

ABCAL and ABCGI expression.

Conclusions

In conclusion, ART attenuated the formation of ox-LDL-
induced foam cells from THP-1-derived macrophages by
increasing ABCA1 and ABCGI1 expression via inhibition
of TLR4 expression and reduction of TNF-a and IL-6
secretion from macrophages induced by ox-LDL, which
ultimately decreased the accumulation of cholesterol. ART
is worthy of further research as a drug candidate for the
treatment of atherosclerosis.
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