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foam cells treated with AngII via up-regulating the expression of
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Abstract

 Objective: To study the role of nuclear factor-kappa B(NF-κB) in cholesterol efflux from THP-1 derived-foam cells treated with
AngiotensinⅡ(AngⅡ). Methods:Cultured THP-1 derived-foam cells were treated with AngⅡ or preincubated with tosyl-phenylalanine
chloromethyl-ketone(TPCK) NF-κB inhibitor. The levels of activated NF-κB in the cells were examined by sandwich ELISA. Cellular
cholesterol content was studied by electron microscopy scanning and zymochemistry via fluorospectrophotometer and cholesterol
efflux was detected by scintillation counting technique. ABCA1 mRNA and protein were quantified by RT-PCR and Western blotting.
Results:Addition of TPCK to the cells before AngⅡ stimulation attenuated the response of NF-κB p65 nuclear translocation induced
by AngⅡ and showed no peak in foam cells group and caused a reduction in cholesterol content and an increase in cholesterol efflux
by 24.1%(P < 0.05) and 41.1%(P < 0.05) respectively, when compared with AngⅡ group. In accordance, the ABCA1 mRNA and
protein were increased by 30% and 19%(P < 0.05) respectively, when compared with AngⅡ group. Conclusion:AngⅡ can down-
regulate ABCA1 in THP-1 derived-foam cells via NF-κB, which leads to less cholesterol efflux and the increase of cholesterol content
with the consequence of the promotion of atherosclerosis.
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INTRODUCTION
 Atherosclerosis is the fundamental pathogenesis of
ischemic diseases e.g. coronary artery disease(CAD),
cerebral infarction and peripheral arteriosclerosis
obliterans. Foam cells abundant with cholesterol con-
tribute greatly to the cause of atherosclerotic plaques.
The cholesterol efflux from foam cells, protects against
the forming of foam cells[1]. The regulation of choles-
terol efflux would benefit the treatment of atheroscle-
rosis and arouses more interest[1-3].
 ABCA1, an ATP-binding cassette transporter, pre-

dominantly promotes cellular phospholipid and
cholesterol efflux[4-6]. A series of studies show that the
gene mutation of ABCA1 is responsible for Tangier
disease(TD) characterized by cholesterol ester accumu-
lation in foam cells resulting in atherosclerosis[7-9]. Thus
ABCA1 plays a key role in cholesterol efflux from foam
cells.
 Since atherosclerosis is now considered as a chronic
inflammation disease[10], we and others have subse-
quently reported that angiotensinⅡ(AngⅡ) as well as
other proinflammatory cytokines can decrease the
expression of ABCA1 in cultured foam cells[11-15]. Yet it
remains to be elucidated whether angiotensinⅡshares
similarities in the signal pathway of the downregulation
of ABCA1 by atherogenic cytokines such as IL-1β
TNF-α in which activated NF-κB is implicated[14,15].
The present study was undertaken to investigate the
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effects of inhibiting NF-κB on the expression of
ABCA1 in THP-1 derived-foam cells treated with AngⅡ.
MATERIALS AND METHODS
Reagents
 10%(v/v) fetal calf serum(Gibco); RPMI1640
medium(Sigma);Goat polyclonal antibody against the
NF-κB carboxy terminus of p65(Santa Cruz); Rabbit
polyclonal antibody against the amino terminus of NF-κB
p65(Santa Cruz); goat anti-rabbit IgG-HRP(Vector);
SuperScript preamplification system(Takara); Taq
polymerase(Takara); phenylmethyl sulfonylfluoride
(Sigma); nitrocellulose membrane(Invitrogen); rabbit
monoclonal antibody to human ABCA1(Santa Cruz).
Laboratory apparatus
 Microtip of the sonifier(Branson Instruments Inc.);
HITACHI 650-60 Spectrophotometer; Model 450
microplate reader(BIORAD).
LDL isolation and oxidization
 LDLs were purified from human plasma obtained
from healthy volunteers by two step ultracentrifugation.
Human lipoproteins was isolated from nonfrozen
human plasma. Total plasma, including VLDL, IDL and
any residual chylomicrons/remnants(CM), and LDL
(d<1.063) fractions were isolated by differential ultra-
centrifugation flotation, using potassium bromide. The
purity of isolated LDL was confirmed by lipoprotein
electrophoresis on an agarose gel. The isolated LDL was
oxidized with CuCl2(10 umol/L) for 24 h at 37℃.
Oxidized-LDL(ox-LDL) was measured by the
thiobarbituric acid-reactive substances assay.
THP-1 cell culture
 Human THP-1 cells, a human monocytic leukemia
cell line, were purchased from the Cell Bank of Wuhan
University(Hubei Province, China). Monocytes were
cultured in RPMI1640 medium and supplemented with
10%(v/v) fetal calf serum in a humidified atmosphere
of 5% CO2 at 37℃. Cells were initially differentiated
into macrophages by addition of phorbol 12-myristate
13-acetate(PMA, 160 ng/ ml) for 72 h and then mac-
rophages were transformed into foam cells by incuba-
tion with ox- LDL(50μg/ml) in medium for 48 h. In
our experiment, some cells were exposed to AngⅡ(10-5

mM) as AngⅡ group, some were preincubated with
tosyl-phenylalanine chloromethyl-ketone(TPCK,10μM)
as TPCK group and the remainder treated without AngII
or TPCK as a control group. Before assay, all these cells
were incubated for an additional 12h in serum-free media
containing 0.2% BSA/RPMI 1640 and apolipoprotein
A-I (apoA-I, 10μg/ml).
Cellular cholesterol content and cholesterol
efflux analysis

 After the cells were harvested and fixed, single foam
cell was identified and the cellular cholesterol content
was roughly observed by electron microscopy scanning.
The cellular total cholesterol content was precisely mea-
sured by zymochemistry. Briefly, the cells were sonified
using the microtip of the sonifier and the fluorescence
of the sonicates reacted with assay solution for 60 min at
37℃(measured by HITACHI 650-60 Spectrophotometer,
excitation, 325 nm; emission, 415 nm) to determine
cholesterol content. Scintillation counting technique was
applied in the measurement of the variance of cholesterol
efflux by detecting the media and cellular[3H] cholesterol
(0.37×106 Bq/ml) after addition of apoA-I(10μg/ml)
for 12 h. The cholesterol efflux was expressed as the
percentage effluxed(media counts/(media counts+cellular
counts) × 100).
Sandwich ELISA for activated NF-κB
 Cultured foam cells were treated for not more than
4h with PBS, AngⅡ(1× 10-5mM) or TPCK(10μM)
for 2h before AngⅡ(1×10-5mM). The stimulation was
stopped respectively at 0m, 30 min, 1 h, 2 h and 4 h and
the cells were harvested. Nuclear proteins were extracted
from the cells. NF-κB was measured by Sandwich
ELISA method. Goat polyclonal antibody against the
NF-κB carboxy terminus of p65(3 mg/ml, 100 ml/well)
was coated overnight at 4℃ on microtiter plates. Then
the plates were blocked with 1 % BSA overnight at 4℃.
100 ml of dilutions of nuclear proteins in a ratio of 1:
500 were added to the plates at 37℃ for 2 h. Rabbit
polyclonal antibody against the amino terminus of NF-
κB p65 was added in each well and incubated at 37℃
for 2 h. Then the plates were incubated with goat anti-
rabbit IgG-HRP diluted 1 :1000 (100 ml/well) at 37℃
for 2 h. The plates were washed, and OPD 2 mM with
0.006% H2O2 in citric acid-phosphate buffer (100 ml/
well) was added. Then the plates were covered and
incubated at 37℃ for 1 h. The reaction was stopped by
adding citric acid 2M(50 ml/well). The optical density
at 450 nm was read with a Model 450 microplate reader.
Assays were done in triplicate wells.
RT-PCR for ABCA1
 Oligonucleotide primers for ABCA1 were synthe-
sized by Bio Basic Inc. according to the following
sequences:5’-ACAACCAAACCTCACACTACTG-
3’and 5’-ATAGATCCCATTACAGACAGCG-3’.
The cDNA of ABCA1 was obtained by reverse tran-
scription from the total RNA(2μg) extracted from the
cultured cells in a SuperScript preamplification system.
The cDNA was amplified by polymerase chain reac-
tion with primers as described for 38 cycles using the
Taq polymerase  to detect the gene expression of
ABCA1.
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Western-blotting analysis for ABCA1
 Cell monolayers were lysed in a mixture of 2%Triton
X-100, 1% protease  inhibitor  phenylmethyl
sulfonylfluoride and 5 mM Tris-HCl buffer(pH 8.5).
The cell lysate was homogenized on ice. Equal amounts
of protein(60μg) were separated on 6% bis-tris sodium
dodecylsulfate-polyacrylamide(SDS-PAGE) gels and
electrophoretically transferred to a nitrocellulose mem-
brane  and blocked in 5% skimmed milk for 2h at room
temperature. Membranes were incubated with a primary
rabbit monoclonal antibody to human ABCA1(1:200)
for overnight at 4℃, and then with a secondary goat
anti-rabbit IgG antibody(1:5000) conjugated to horse-
radish peroxidase for 1h at 37℃. ABCA1was visual-
ized by enhanced chemiluminescence(ECL).

Statistical analysis
 All values were presented as mean±SD. Statistical
analysis was performed with one-way ANOVA using
SPSS 12.0 software. P < 0.05 was considered statisti-
cally significant.
RESULTS
Levels of activated NF-κB
 In this experiment, the optical density at 450 nm rep-
resented the levels of activated NF-κB. The time course
of activated NF-κB was observed. AngⅡ stimulation
caused a rapid increase of NF-κB p65 nuclear translo-

cation and the peak of NF-κB p65 was 30-60 min in
foam cells, but the addition of TPCK to the cells for 2 h
before AngII stimulation attenuated the response of
NF-κB p65 nuclear translocation induced by AngⅡ
and showed no peak in foam cells group(Fig. 1).
Inhibiting NF-κB lessened the formation of
THP-1 derived-foam cells treated with AngⅡ
 The observation was made by electronic microscope
that cellular lipid droplets appeared after macrophages
transformed into foam cells. As shown in Fig. 2, cellular
lipid droplets in foam cells preincubated with TPCK
before AngⅡ were less than those in foam cells only
treated with AngⅡ.

Fig. 1 NF-κB level curve in different groups
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Inhibiting NF-κB reduced cholesterol content
and promoted cholesterol efflux from foam
cells treated with AngⅡ
 To examine whether inhibiting NF-κB would have
effects on cholesterol efflux from foam cells induced
by AngⅡ, cholesterol content and cholesterol effluent
rate were observed. Treatment of THP-1 derived foam
cell with AngⅡ resulted in an increase in cholesterol
content by 140.5%(22.03± 2.70 vs. control 9.16±
0.42,P < 0.05) and a reduction in cholesterol efflux by
46.4%(5.03±0.47)% vs. control(13.14±1.95)%,P <
0.05). In contrast, addition of TPCK before AngⅡ

caused a reduction in cholesterol content by 24.1%
(16.72± 0.56 vs. AngⅡ group 22.03± 2.70,P <
0.05) and an increase in cholesterol efflux by 41.1%
(9.31± 1.40)% versus AngⅡ group(5.03± 0.47)%,
P < 0.05) (Fig. 3).
Inhibiting NF-κB up-regulated the expression
of ABCA1 of foam cells treated with AngⅡ
 To confirm the effects of inhibiting NF-κB on cho-
lesterol efflux from foam cells induced by AngII were
correlated with the expression of ABCA1, ABCA1
mRNA and protein were quantified by RT-PCR and
Western blotting. The expression of ABCA1 mRNA

A                                                              B                                                   C

A:Foam cell group; B:AngⅡ group; C: TPCK group
Fig. 2 Different experimental groups(× 80000)
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and protein reduced 41% and 30.4%(P < 0.05) by AngⅡ,
as compared with control group. Addition of TPCK
before AngⅡ partially reversed these responses, the

ABCA1 mRNA and protein were increased by 30% and
19%(P < 0.05), respectively, as compared with AngⅡ
group(Fig. 4).

A                                                                                                                                  B

C                                                                                                                                  D

 A:RT-PCR assay of mRNA expression of ABCA1, M: marker, TPCK: TPCK group, AngⅡ: AngiotensionⅡ group, Con:control group, GAPDH
(MW 648 bp), ABCA1 mRNA(MW 439 bp); B:Gray scale ratio of ABCA1 mRNA expression product in different groups; TPCK group vs. AngⅡ
group, P < 0.05,Con group vs.AngⅡ group, P < 0.05; Con group vs. TPCK group, P < 0.05; C:Western Blot electrophoregram of ABCA1(MW 220
KD); D:Laying gray scale value of the expression of ABCA1 protein in control group was 100%, 30.4% decreased in AngⅡ group compared with
control group; in TPCK group, 19% increased vs. AngⅡ group, both *P < 0.05 vs. AngⅡ group.

Fig. 4 Expression of ABCA1 in different foam cell groups of THP-1(x± s, n = 3)
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 A. Cholesterol content in different groups, AngⅡ group vs. con group P < 0.05; TPCK group vs. AngⅡ group P < 0.05; B:Cholesterol effluent rate
in different groups, all P < 0.05 vs. AngⅡ group.

Fig. 3 Cholesterol content and effluent rate in different groups(x± s, n = 3)
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DISCUSSION
 Emerging evidence demonstrates that the rennin-
angiotensin system(RAS) is involved in the pathogen-
esis of atherosclerosis. HOPE(Heart Outcomes Preven-
tion Evaluation) study indicates that the morbidity and
mortality of CAD patients with normal blood pressure
administered with angiotensin-converting enzyme
inhibitor(ACE-Ⅰ) was remarkably lower than those
without ACE-Ⅰ[16]. Correspondingly in animal models
with atherosclerosis, ACE-I or ARB could attenuate
atherosclerotic lesions[17,18]. In human coronary athero-
sclerotic plaques, AngⅡ, AT1 receptor, and ACE were
expressed at strategic sites and RAS might contribute to
inflammatory processes within the vascular wall and to
the development of acute coronary syndromes[19]. These
investigations reveal that AngⅡ also acts as a
proinflammatory molecule powerfully promotes
atherosclerosis.
 AngⅡ-induced vascular damage are mediated by the
activation of transcriptional factors as well as redox
signaling systems and production of endogenous growth
factors[20]. AS a key nuclear transcriptional factor is
involved in atherosclerosis, NF-κB, which plays an
important role in the regulation of a variety of gene
involved in the inflammatory response(and has been linked
to the onset of atherosclerosis after its activation)[21,22]

can be activated by AngⅡ. In vascular smooth muscles,
AngⅡ activates NF-κB via the nuclear translocation of
p65, one NF-κB dimer, to promote vascular lesions[23,24].
To our knowledge, our study first showed that AngII
activated NF-κB in foam cells and inhibiting NF-κB
in foam cells induced by AngII could markedly cause
an increase in cholesterol efflux and a reduction in
cholesterol content.
 Our previous study has demonstrated that AngⅡ can
decrease the expression of ABCA1 in cultured foam cells[12],
a receptor of apolipoprotein A-Ⅰ(apoA-Ⅰ). The inter-
action between ABCA1 and apoA-Ⅰhelps cholesterol
efflux from foam cells and high density lipoprotein
(HDL)-mediated reverse cholesterol transport. In
transgenic mice, ABCA1 overexpression resulted in a
significant increase in cholesterol efflux and marked
elevation in HDL-cholesterol levels, which greatly less-
ened atherosclerotic lesions[25,26]. So ABCA1 and its
relations have promising potentials for atherosclerotic
therapy. ABCA1 was down-regulated by an inhibitor
of NF-κB, TPCK, in RAW cells treated with lipopolysac-
charide[27]. However, it was up-regulated by the inhibi-
tion of NF-κB via the overexpression of IkBa, one
upstream regulator, in foam cells[28]. The results pre-
sented in this study indicated that inhibiting NF-κB in
THP-1 derived-foam cells partially and markedly sup-
pressed the downregulation of ABCA1 by AngII, which

demonstrated that AngⅡ could down -regulate ABCA1
in foam cells via NF-κB. As reported previously, some
atherogenic cytokines such as IFN- γ IL-1β TNF-α
also down-regulated ABCA1 in cultured foam cells via
NF-κB[13-15]. Based on that, it is our opinion that AngⅡ
as well as other proinflammation cytokines can down-
regulate ABCA1 in foam cells via NF-κB. Therefore it
may be pivotal and beneficial in regulating NF-κB to
increase the expression of ABCA1, which in turn leads
to the promotion of cholesterol efflux from foam cells.
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