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Abstract
Objective—The objective of this study was to determine the effects and potential mechanisms of
C-reactive protein (CRP) on cholesterol efflux from human macrophage foam cells, which may
play a critical role in atherogenesis.

Methods and Results—Human THP-1 monocytes and peripheral blood mononuclear cells
(PBMC) were pre-incubated with acetylated LDL and [3H]-cholesterol to form foam cells, which
were then treated with apolipoprotein A-I (apoA-I) or HDL for cholesterol efflux assay. Clinically
relevant concentrations of CRP significantly reduced cholesterol efflux from THP-1 and PBMC to
apoA-I or HDL. CRP significantly decreased the expression of ATP-binding membrane cassette
transporter A- 1 (ABCA-1) and ABCG1, while it increased superoxide anion production.
Futhermore, CRP substantially activated ERK1/2 in THP-1-derived foam-like cells. Reducing
superoxide anion by antioxidant seleno-L-methionine or SOD mimetic (MnTBAP) effectively
abolished the CRP-induced decrease in cholesterol efflux and the expression of ABCA1 and
ABCG1. Inhibiting ERK1/2 activation by its specific inhibitor PD98059 or by a dominant
negative mutant of ERK2 could also block CRP’s action on THP-1 cells.

Conclusions—CRP inhibits cholesterol efflux from human foam cells derived from THP-1 and
PBMC in vitro though oxidative stress, ERK1/2 activation and down-regulation of intracellular
cholesterol transport molecules ABCA-1 and ABCG-1.
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Introduction
The normal plasma level of CRP in a healthy population without evidence of acute
inflammation is 2 μg/mL or less. The levels of CRP in plasma are elevated in numerous
disease states. Chronic elevation of CRP (>10μg/mL) is associated with increased risk of
atherosclerosis and cardiovascular disease.1,2 More interestingly, CRP may play a direct role
in initiation and progression of atherosclerosis.2,3 The proinflammatory and proatherogenic
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properties of CRP have been found in endothelial cells,4 vascular smooth muscle cells
(VSMCs),5 and monocyte-macrophages.6 In monocyte-macrophages, CRP could induce
reactive oxygen species (ROS) and proinflammatory cytokine release, increase oxidized
low-density lipoprotein uptake,6 and induce foam cell formation.7 CRP levels are also
associated with oxidative stress in patients with coronary arterydisease.8 Oxidative stress
can affect cholesterol efflux in VSMC-derived foam cells,9 and has also been implicated in
vascular injury and activation of NADPH oxidase and mitogen-activated protein kinases
(MAPKs).8–11

A major event in the progression of atherosclerosis is the differentiation of monocytes to
macrophages that accumulate lipoprotein-derived cholesterol to form foam cells in the
vessel wall.12 During this process, cholesterol efflux may play a pivotal role in the removal
of excess cholesterol from extra hepatic cells including macrophages and VSMCs.13 Thus,
decreased cholesterol efflux from the arterial wall may potentially promote the progression
of atherosclerosis.14 Cholesterol efflux can be mediated or regulated by several molecular
pathways including ATP-binding membrane cassette transport protein A1 (ABCA1), G1
(ABCG1), scavenger receptor B1 (SR-B1), caveolins, and sterol 27-hydroxylase
(CYP27A1).12–14 For example, the experiments using ABCA1 knockout cells or animals
showed inhibition of cholesterol efflux.15

The objective of this study was therefore to test our hypothesis that CRP could have a direct
effect on cholesterol efflux from human macrophage foam cells with unique molecular
mechanisms. The roles of some key molecules mediating cholesterol efflux such as ABCA1,
ABCG1, ROS and MAPKs were investigated. This study may provide new insight into
CRP-associated cardiovascular disease.

Materials and Methods
Cholesterol Efflux

Detail information of all chemicals and reagents is provided in the supplementary materials.
Human THP-1 monocytes and peripheral blood mononuclear cells (PBMC) were
differentiated into macrophages and transformed into foam cells. The cells were treated with
CRP (0–20 μg/mL) for 24 hours followed by efflux stage for another 24 hours. The
cholesterol efflux and cellular total cholesterol mass were analyzed.16 The time course
chosen in the present study was based on the sensitivity of this in vitro model of cholesterol
efflux, which was well characterized previously by our group and others.13,16. To be
consistent with the time period of cholesterol efflux, we treated cells with CRP for 48 hours
for other molecular analysis described below. In some experiments, antioxidants seleno-L-
methionine (SeMet) and SOD mimetic (MnTBAP), ERK1/2 inhibitor PD98059, and
recombinant adenoviruses encoding dominant negative mutant of ERK2 (ADV-ERK2 ND)
were used.16

Real-Time RT-PCR
Total cellular RNA of THP-1-derived foam-like cells was extracted. Primers for genes tested
are shown in supplementary Table I. The iQ SYBR green Supermix Kit and iCycler iQ
Real-time PCR detection system (Bio-Rad) were used in real-time PCR. A house keeping
gene,β-actin, was included for comparison.16

Western Blot Analysis
Cellular proteins were extracted. Equal amount of total proteins (50 μg) were loaded onto
10% SDS-PAGE, fractionated by electrophoresis, and transferred to PVDF membranes. The
primary antibodies were used against ABCA1, ABCG1, phosphorylated ERK1/2, total

Wang et al. Page 2

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2010 August 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



ERK1/2, p22phox, p47phox, and p67phox. Protein bands were visualized with ECL plus
chemiluminescent substrate and quantified with density measurements.16

Superoxide Anion Measurement
Macrophage-derived foam cells were incubated with 0.5 mL dihydroethidium (DHE, 10
μM) for 20 minutes. Superoxide anion in the cells was analyzed by FACS Calibure flow
cytometry. In addition, macrophage-derived foam cells were directly stained by DHE,
covered with DAPI mounting solution, and observed under the florescence microscope.16

To study the sources of superoxide anion, mitochondrial membrane potential was assessed
with staining of 5,5′,6,6′-tetrachloro-1,1′,3,3′-tetraethylbenzimidazole-carbocyanide iodine
(JC-1). 16 ATP levels were measured with an ATPLite kit.16 Cell lysate proteins were used
for MAPK measurement with Luminex multiplex system detecting the amount of
phosphorylated and total ERK2, p38, and JNK.16

Statistical Analysis
All data are presented as the mean ± SEM. Inter-group differences were analyzed using one-
way ANOVA for the comparison of three or more groups. Student’s t-test was used for the
comparison between two groups. A P value < 0.05 was regarded as significant.

Results
CRP Inhibits Cholesterol Efflux in THP-1 Cells and Human PBMC

We determined the effect of CRP on cholesterol efflux from THP-1-derived foam-like cells
and human PBMC-derived foam cells by measuring 3H-cholesterol and cholesterol content
of THP-1 cells. Foam cells were treated with several concentrations of CRP, and cholesterol
efflux was initiated by the addition of apoA-I (50 μg/mL) or HDL (100 μg/mL). In both
THP-1 and PBMC, significant decreases of cholesterol efflux to apoA-I were observed in a
concentration-dependent manner in response to CRP treatment (Figure 1A and 1B). At 10
μg/mL of CRP, the cholesterol efflux from THP-1 and PBMC to apoA-I was decreased by
27 % and 22%, respectively, compared with controls (apoA-I only) (P<0.05, n=6). A time
course study was performed. After the treatment of 10 μg/mL of CRP for 24 hours, cells
were then incubated with the addition of 50 μg/mL of apoA-I for 3, 6, 12, 18, 24, and 36
hours, respectively. The differences of cholesterol efflux from THP-1 cells to apoA-I
between apoA-I only and CRP treated groups peaked at 18 and 24 hours (Figure 1C). In
addition, an enzymatic colorimetric method was used for measuring intracellular cholesterol
contents. At 10 μg/mL of CRP, the total cholesterol mass in THP-1 foam-like cells showed
increases by 30% compared with the control (ApoA1 only) (P<0.05, n = 6, Figure 1D).
Moreover, we performed additional experiments by using human PBMC-derived foam cells
for measuring total cholesterol mass. After loaded with acLDL (50 μg/mL), PBMC-derived
foam cells were incubated with CRP and total cholesterol mass was measured. Consistent
with the data obtained from THP-1 cells, CRP could also contribute to the cholesterol
accumulation in PBMC, which may be loaded with relatively high levels of acetylated LDL
as previously demonstrated.17 CRP (10 μg/mL) treatment significantly increased total
cholesterol mass (91±1.8 μg cholesterol /mg total protein) in PBMC-derived foam cells
compared with that in control cells (77± 4.5 μg cholesterol /mg total protein) (P<0.05).

In order to determine the specificity of the CRP action, a neutralizing antibody against CRP
was used along with CRP and completely abolished CRP-induced inhibition of cholesterol
efflux compared with CRP treatment (P =0.03, Figure 1E). Heat-inactivated CRP was used
as controls and showed no effects on cholesterol efflux from THP-1 foam cells to ApoA-I
(Figure 1E). Furthermore, another recombinant CRP preparation without sodium azide (R &
D Systems Inc., Minneapolis, MN) was used instead of CRP from Calbiochem and also
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induced a significant decrease of cholesterol efflux to apoA-I in a concentration-dependent
manner (Figure 1F).

Another cholesterol acceptor, HDL, was used to evaluate the effect of CRP on the
cholesterol efflux in THP-1 as well. Consistently with apoA-I, CRP treatment also induced a
significant decrease of cholesterol efflux from foam cells to HDL in a concentration-
dependent manner (Figure 1G). At 10 μg/mL of CRP, the cholesterol efflux from THP-1
showed a decrease by 23% compared with controls (HDL only) (P=0.01, n = 6). For directly
measuring the intracellular cholesterol content, CRP-treated THP-1 foam-like cells also
showed an increase by 34% compared with the control (HDL only) (P<0.05, n = 6, Figure
1H).

CRP Decreases the Expression of ABCA1 and ABCG1 in THP-1 Cells
To study possible mechanisms that are responsible for CRP action, we analyzed the
expression of several key molecules which are involved in cholesterol efflux including
ABCA1, ABCG1, caveolin-1, caveolin-2 and CYP27A1 in foam cells. After 48 hours
incubation with CRP, THP-1-derived foam-like cells showed significant decreases of
ABCA1 and ABCG1 at both mRNA and protein levels in a concentration-dependent
manner. At 10 and 20 μg/mL of CRP, ABCA1 mRNA had a decrease of 34% and 60%,
respectively, compared with controls (P<0.05, n=4, Figure 2A). Similarly at the same
concentrations of CRP, ABCG1 mRNA was decreased by 36% and 56%, respectively,
compared with controls (P<0.05, n=4, Figure 2B). Protein levels of ABCA1 and ABCG1
had a trend of decrease similar to mRNA levels when treated by CRP (Figure 2C and 2D).
Furthermore, treatment of CRP for 12 hours decreased the mRNA levels of ABCA1 and
ABCG1 in a concentration-dependent manner (Figure 2E and 2F). However, the expression
of caveolin-1, caveolin-2 and CYP27A1 did not show any obvious changes between the
CRP-treated and control groups (data not shown).

CRP Increases Superoxide Anion Production in THP-1 Cells
To investigate whether ROS could be involved in the CRP-induced decrease of cholesterol
efflux, superoxide anion production from THP-1-derived foam-like cells was analyzed with
DHE staining. Cells treated with 10 μg/mL CRP revealed a significant increase of
superoxide anion production by 77% compared with controls (P<0.05, Figure 3A and 3B).
Meanwhile, DHE direct staining under florescent microscope also revealed an increase of
superoxide anion production in CRP treated cells compared with untreated cells.
Furthermore, CPR-induced increase of superoxide anion production in THP-1-derived foam-
like cells was effectively blocked by co-incubation with an antioxidant SeMet (Figure 3C).

CRP Causes Mitochondrial Dysfunction in THP-1 Cells
During the transfer of electrons to molecular oxygen, an estimated 1 to 5% of electrons in
the respiratory chain “leak” to form superoxide radicals. Mitochondrial membrane potential
can serve as an indicator for the function of mitochondrial respiration chain. To determine
whether mitochondria could be involved in CRP-induced increase of superoxide anion,
THP-1-derived foam-like cells were treated with 10 μg/mL CRP and showed a substantial
reduction of mitochondrial membrane potential by 57% compared with untreated cells
(P<0.005, n=3, Figure 4A and 4B). Decreased mitochondrial membrane potential could
result in a decrease in ATP production. Indeed, treatment of CRP significantly reduced ATP
levels by 11% compared with controls in THP-1 foam-like cells (P<0.05, n=6, Figure 4C).
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CRP Increases the Expression of NADPH Oxidase Subunits in THP-1 Cells
Oxidative stress could result from up-regulation of ROS generating enzymes and/or down-
regulation of internal antioxidant enzymes. To test whether these molecules could play a
role in CRP-induced oxidative stress, we determined expressions of NADPH oxidase
subunits, major ROS generating enzymes, and several major internal antioxidant enzymes
such as SOD, catalase, and glutathione peroxidase (GPX) in THP-1 foam-like cells.
Treatment with CRP increased the expression of NADPH oxidase subuntis p22phox, p47phox

and p67phox in foam cells in a concentration-dependent manner (Figure 5). At 10 μg/mL of
CRP, mRNA levels of p22phox, p47phox and p67phox were significantly increased by 3.8, 5.6,
and 6.4-fold, respectively, compared with untreated cells (P<0.01, n=4, Figure 5A).
Consistent with mRNA data, CRP-treated THP-1 cells increased protein levels of p22phox,
p47phox and p67phox in a concentration-dependent manner (Figure 5B and 5C). However, the
expression of catalase, cyclooxygenase 1, GPX1, NADPH oxidase 2 and SOD1 in mRNA
levels did not show any obvious changes between the CRP-treated and untreated cells (data
not shown).

CRP Activates ERK1/2 in THP-1 Cells
Since MAPKs are redox sensitive, we hypothesized that MAPKs could be involved in the
CRP-induced inhibition of cholesterol efflux from THP-1-derived foam-like cells. The
activation status of three major MAPKs (ERK2, JNK, and p38) was analyzed by Bio-Plex
immunoassay. CRP treatment (10 μg/mL) for 90 minutes substantially increased the
phosphorylation of ERK2 in macrophage-derived foam cells by 2.5-fold compared with
untreated cells (at 0 minute) (Figure 6A). Meanwhile, western blot also revealed a
significant increase of phosphorylation of ERK1/2 in macrophages at 90 minutes of CRP
treatment compared with untreated cells. Moreover, such increase of phosphorylation of
ERK1/2 was effectively blocked by co-incubation with the specific ERK1/2 inhibitor
PD98059 (P<0.05, n=3, Figure 6B). However, there were no changes of phosphorylation in
JNK and p38 in response to CRP treatment (data not shown).

Effects of antioxidants and ERK inhibitor on CRP-induced Inhibition of Cholesterol Efflux
in THP-1 Cells

To confirm the functional significance of superoxide anion and ERK1/2 in the CRP action,
we evaluated the blocking effects of two antioxidants, SeMet and SOD mimetic (MnTBAP),
and a specific ERK1/2 inhibitor, PD98059, on the CRP-induced inhibition of cholesterol
efflux in THP-1 cells. SeMet (40 μM) significantly increased cholesterol efflux from THP-1
cells to apoA-I by 29% compared with the treatment of 10 μg/mL CRP alone group (P<0.05,
n=6, Figure 6C). In a separate experiment, the effect of antioxidant SeMet on the cholesterol
efflux from THP-1-derived foam-like cells to HDL was determined. CRP-induced inhibition
of cholesterol efflux to HDL was also effectively blocked by antioxidant SeMet (40 μM)
(24±1.6% for CRP treatment, and 29±2.8% for co-culture with SeMet) (n=6). Specific
ERK1/2 inhibitor PD98059 (20 μM) effectively abolished CRP-induced inhibition of
cholesterol efflux from THP-1 cells by 49% compared with CRP alone group (P<0.05, n=6,
Figure 6C). CRP-induced inhibition of cholesterol efflux was also significantly abolished by
co-incubation with 3 μM MnTBAP (P=0.03, n=6, Figure 6D). Moreover, the effects of
antioxidant MnTBAP on the expression of ABCA1 and ABCG1 from THP-1 cells were
determined by western blot analysis. Antioxidant MnTBAP effectively blocked CRP-
induced downregulation of ABCA1 and ABCG1 in THP-1 foam-like cells (Figure 6E). The
involvement of the ERK1/2 pathway in cholesterol efflux in CRP-treated THP-1 cells was
also tested with infection of ADV-EKR2 DN. ADV-GFP was used as a control. ADV-ERK2
DN effectively blocked CRP-induced inhibition of cholesterol efflux in THP-1-derived
foam-like cells compared with ADV-GFP treated cells (P<0.05, n=6, Figure 6F). These data
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indicate that oxidative stress and phosphorylation of ERK1/2 play a critical role in CRP-
induced cholesterol efflux in macrophages.

Discussion
Both clinical data and basic science studies suggest that CRP may contribute to the
progression of atherosclerosis, and the current study provides further mechanisms for the
effect of CRP on the vascular system. To our best knowledge, the current study reports three
novel findings: 1). CRP inhibits cholesterol efflux from human macrophage-derived foam
cells; 2). CRP decreases expression levels of ABCA1 and ABCG1, which are key molecules
in mediating cholesterol efflux; and 3). CRP increases superoxide anion production through
mitochondrial dysfunction and upregulation of NADPH oxidase subunits. In turn, increased
superoxide anion may induce ERK1/2 activation, which may function as a signal
transduction pathway for CRP’s action in macrophage-derived foam cells. The inhibition of
cholesterol efflux from human macrophage-derived foam cells by CRP could contribute to
the accumulation of cholesterol in the foam cells, promoting progression of atherosclerosis
on the arterial wall.

Since peripheral cells are unable to catabolize cholesterol, excess cholesterol in these cells is
effluxed to extracellular acceptors such as HDL and apoA-I, and is transported to the liver
for degradation and excretion, which is referred as reverse cholesterol transport (RCT).12

The first and most likely rate-limiting step of RCT is cholesterol efflux, which removes
excess cholesterol from cells and tissues including the arterial wall, thus preventing the
development of atherosclerosis.12 The formation of foam cells within the arterial wall is
thought to play a central role in the development of atherosclerotic lesions.11 The human
monocytic cell line THP-1 have been extensively used in cholesterol efflux to apoA-I or
HDL in many studies.13 In the current study, both THP-1 and human PBMC were used to
evaluate the effect of CRP on cholesterol efflux to apoA-I or HDL.

Our data show that CRP at the clinical relevant concentrations (10 and 20μg/mL) induced a
significant inhibition of cholesterol efflux in THP-1- and human PBMC-derived foam cells
compared with controls. There is a concern about the potential contamination of commercial
CRP preparations with sodium azide and endotoxin lipopolysaccharide (LPS).18 In the
current study, we used the recombinant CRP from CALBIOCHEM containing a low level of
sodium azide (0.0005%). In order to rule out the possible effect of sodium azide on THP-1
cells, we have performed a separate experiment by using an azide-free CRP preparation
from R & D Systems Inc. Azide-free CRP significantly reduced cholesterol efflux in THP-1-
derived foam-like cells, and this effect is similar to the that of CPR preparation from
Calbiochem. With regard to LPS, we determined the LPS levels in two commercial sources
of CRP preparations (Calbiochem and R & D Systems, Inc.). For CRP (10 μg) from the
Calbiochem and the R & D Systems Inc., the LPS level was 0.05 EU and 0.2 EU,
respectively.19 The LPS level in both CRP preparations is below 0.5 EU, which is the
acceptable LPS content for the animal study.19 We have previously shown that such low
endotoxin levels in CRP preparations had no impact on human monocyte derived dendritic
cells.19 To support this idea, we have performed two critical experiments. Firstly, anti-CRP
antibody effectively blocked CRP-induced decrease of cholesterol efflux. Secondly, heat-
inactivated CRP failed to induce the decrease of cholesterol efflux in THP-1 cells. CRP is
heat sensitive while LPS is heat resistant.20 Therefore, these data strongly suggest that the
inhibition of cholesterol efflux in response to recombinant CRP preparations was specific to
CRP action, but not LPS or sodium azide contamination.

ApoA-I and HDL can act as cholesterol acceptors, approach macrophages in subintimal
space, and carry cholesterol for excretion. In this pathway, several key molecules including
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ABCA1, ABCG1, SR-B1, caveolins, and CYP27A1 have been known to mediate
cholesterol efflux.8–12 The current study shows that treatment with CRP decreases
expression levels of ABCA1 and ABCG1, but not caveolin-1, caveolin-2, and CYO27A1, in
THP-1-dervied foam-like cells. These data indicate that CRP may inhibit cholesterol efflux
through the down-regulation of ABCA1 and ABCG1 in macrophages.

Increasing evidence suggests that ROS could have direct detrimental effects on
atherogenesis and plaque instability, and they may also act as novel signal mediators that
regulate signal transduction events including MAPKs in many types of cells such as
macrophages.21 The current study demonstrates that CRP is able to increase superoxide
anion production in human THP-1-derived foam-like cells. Over-production of superoxide
anion may directly contribute to the inhibition of cholesterol efflux because SOD mimetic
MnTBAP or antioxidant SeMet can effectively block the effects of CRP on both superoxide
production and cholesterol efflux.

ROS are generated mainly from normal metabolism such as mitochondrial respiratory chain
wherein excess electrons are donated to molecular oxygen to generate superoxide anion.
Other major sources for ROS are enzymes including NADPH oxidase. In the current study,
we detected a significant decrease in both the mitochondrial membrane potential and ATP
production in CRP-treated THP-1 cells. In addition, treatment with CRP increased
expression levels of p22phox, p47phox and p67phox in foam cells. These data indicate that
increased superoxide anion production in CRP-treated foam cells may result from
dysfunction of mitochondria and upregulation of NADPH oxidase. A transient elevation of
ROS could result in the activation of MAPK.22 Indeed, our data show that CRP activates
ERK1/2 of THP-1-derived foam-like cells, and ERK1/2 specific inhibitor PD98059 and
ADV-ERK2 DN effectively block CRP-induced inhibition of cholesterol efflux in THP-1
cells. Thus, ERK1/2 activation is involved in the action of CRP.

Numerous studies have now emerged in support of the role of CRP in atherogenesis. Current
in vitro data support the general hypothesis that CRP contributes to atherogenesis. However,
in vivo studies are warranted to further support this important hypothesis. Further studies
with appropriate animal models such as CRP knockout or CRP transgenetic mice may
elucidate the effects of CRP on reverse cholesterol transport and vascular lesion formation.
Indeed, a recent study in ApoE knockout mice showed that CRP accelerated atherosclerosis
and endothelial dysfunction.23

In conclusion, accumulation of lipid in macrophages resulting from inhibition of cholesterol
efflux could be one of the most important factors contributing to the progression of
atherosclerosis. We describe here that the interaction of CRP with cholesterol-loaded
macrophages decreases the cholesterol efflux and that downregulation of ABCA1 and
ABCG1 in these cells may be responsible for this effect. Furthermore, this study
demonstrates a clear link between CRP and in vitro cholesterol efflux, for which the increase
of oxidative stress and ERK1/2 activation may be the molecular mechanism. Consequently,
antioxidants or ERK1/2 inhibitors may have the potential to prevent CRP-associated
cardiovascular disease.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Effects of CRP on cholesterol efflux and cellular cholesterol contents in THP-1 and human
PBMC foam cells. (A) and (B). Cholesterol efflux to apoA-I from THP-1 and human PBMC
foam cells, respectively, in response to different concentrations of CRP (5, 10 and 20 μg/
mL) treatment for 24 hours. (C). Cholesterol efflux to apoA-I in response to 10 μg/mL CRP
treatment and different exposure time (3, 6, 12, 18, 24, and 32 hours). (D). Total cholesterol
mass in THP-1 foam cells in response to CRP and apoA-I treatment for 24 hours. (E). Heat-
inactivated CRP had no effect on cholesterol efflux, while anti-CRP antibody effectively
blocked CRP-induced inhibition of cholesterol efflux (24 hours). (F). Another recombinant
CRP without sodium azide (R & D Systems Inc., Minneapolis, MN) was used cholesterol
efflux to apoA-I from THP-1 foam cells (24 hours). (G). Cholesterol efflux to HDL from
THP-1 foam-like cells in response to different concentrations of CRP for 24 hours. (H).
Totol cholesterol mass in foam cells in response to CRP and HDL treatment for 24 hours.
Data represent mean ± SEM. *P<0.05, **P<0.001 versus controls, n=6.
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Figure 2.
Effects of CRP on the expression of ABCA1 and ABCG1 in THP-1 foam-like cells. Cells
were treated with CRP (5, 10 and 20 μg/mL) for 48 hours. The expression of ABCA1 and
ABCG1 were measured in mRNA levels by real-time PCR and in the protein levels by
Western blot. CRP significantly decreased both the mRNA levels and the protein levels of
ABCA1 (A, C) and ABCG1 (B, D). THP-1 foam-like cells were treated with CRP (5, 10
and 20 μg/ml) for 12 hours. CRP decreased the mRNA levels of ABCA1 (E) and ABCG1
(F). Data represent mean ± SEM. *P<0.05, **P<0.01 versus controls (without CRP). n=4
for real time PCR. n=3 for western blot.
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Figure 3.
Effect of CRP on superoxide anion production in THP-1 foam-like cells. (A). Superoxide
anion in the foam cells treated with CRP was analyzed with DHE staining and flow
cytometric analysis. (a). Foam cells without DHE staining served as a negative control. (b).
DHE-stained cells without CRP served as a staining control. (c). Cells were treated with
CRP. (B). Results from 3 separate experiments were averaged. Data represent mean ± SEM.
*P<0.05, versus controls (staining). (C) Representative fluorescence macroscope images
showed an increased superoxide anion production (red) in foam cells when treated with 10
μg/mL CRP compared with the control. SeMet abolished the CRP-induced increase of
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superoxide anion production. DAPI was counterstained for nuclei (blue). Magnification:
×400.
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Figure 4.
Effects of CRP on mitochondrial dysfunction in THP-1 foam-like cells. Cells were treated
with 10 μg/mL CRP for 48 hours. (A) and (B). Mitochondrial membrane potential was
assessed with JC-1 staining and flow cytometry analysis. CRP significantly decreased the
normal potential (Red) in THP-1 cells compared with controls. n= 3. (C). Cellular ATP
levels were measured with an ATPLite kit. Data represent mean ± SEM. n=6. *P<0.05.
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Figure 5.
Effects of CRP on the expression of NADPH oxidase subunits in THP-1 foam-like cells.
Cells were treated with different concentrations of CRP for 48 hours. The NADPH oxidase
subunits were measured in mRNA levels by real-time PCR (A) and in protein levels by
western blot (B, C). Data represent mean ± SEM. **P<0.01 versus controls (without CRP).
n=4 for real time PCR. n=3 for western blot.
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Figure 6.
Roles of ERK1/2 and antioxidants in CRP activities in THP-1 foam-like cells. (A) and (B).
ERK1/2 activation. THP-1 foam cells were treated with 10 μg/mL CRP for different
durations. The phosphorylated and total ERK1/2 proteins were detected by the Bio-Plex
immunoassay kit (A) and western blot (B). ERK inhibitor PD98059 (20 μM) were used.
Data represent mean ± SEM. *P<0.05. n=3. (C) and (D). Cholesterol efflux to apoA-I. Foam
cells were treated with 10 μg/mL CRP in the presence or absence of antioxidant SeMet (40
μM), ERK1/2 inhibitor PD98059 (20 μM) or SOD mimetic MnTBAP for 24 hours, followed
by an addition of apoA-I (50 μg/mL) for 24 hours. Cholesterol efflux was measured. (E).
Effects of MnTBAP on ABCA1 and G1 protein levels measured by western blot analysis.
(F). Before treated by 10 μg/mL CRP, THP-1 cells were infected with ADV ERK2 DN or
ADV-GFP. Cholesterol efflux was measured. Data represent mean±SEM. *P<0.05 versus
CRP treated group, **P<0.001 versus controls or ADV-GFP control. n=6.
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