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In hypertriglyceridaemic individuals, atherosclerogenesis
is associated with the increased concentrations of very
low density lipoprotein (VLDL) and VLDL-associated rem-
nant particles. In vitro studies have suggested that VLDL
induces foam cells formation. To reveal the changes of the
proteins expression in the process of foam cells formation
induced by VLDL, we performed a proteomic analysis of
the foam cells based on the stimulation of differentiated
THP-1 cells with VLDL. Using two-dimensional gel electro-
phoresis (2-DE) and matrix-assisted laser-desorption ioni-
zation time-of-flight mass spectrometry (MALDI-TOF MS)
analysis, 14 differentially expressed proteins, containing 8
up-regulated proteins and 6 down-regulated proteins were
identified. The proteins are involved in energy metabolism,
oxidative stress, cell growth, differentiation and apoptosis,
such as adipose differentiation-related protein (ADRP),
enolase, S100A11, heat shock protein 27 and so on. In
addition, the expression of some selected proteins was
confirmed by Western blot and RT-PCR analysis. The re-
sults suggest that VLDL not only induces lipid accumula-
tion, but also brings about foam cells diverse characteris-
tics by altering the expression of various proteins.

INTRODUCTION

Hypertriglyceridemia has been as an independent risk factor for
premature coronary artery disease (Hokanson and Austin,
1996). Atherosclerogenesis in hypertriglyceridaemic individuals
is associated with the increased concentrations of VLDL and
VLDL-associated remnant particles (Austin, 1999). A number of
studies have shown that VLDL particles can enter the vascular
wall and contribute directly to the accumulation of both extracel-
lular and intracellular lipids (Frank and Fogelman, 1989; Nord-
estgaard et al., 1995). Furthermore, in vitro study has sug-
gested that VLDL can induce foam cells formation (Evans et al.,
1993; Rapp et al., 1994). However, compared with intensive
research on the foam cells caused by modified low density
lipoprotein (LDL), the characteristics of foam cells induced by
VLDL still need to be illustrated.

VLDL is a large lipoprotein particle that is composed of
triglycerides, free and esterified cholesterol, phospholipids, and
apolipoproteins (Shelness and Sellers, 2001). Previous studies

have indicated that the processing of internalized triglyceride-
rich VLDL differs from the endocytotic route of LDL. VLDL
causes lipid accumulation via a 2-step process. Initially, it inter-
acts with cell surface lipoprotein lipase (LPL), which hydrolyzes
core triglyceride to free fatty acids, which are then taken up by
the cells and reesterified into triglyceride, finally the cholesteryl
ester-rich remnants are readily taken up by receptor-mediated
endocytosis (Argmann et al., 2001). In addition to causing lipid
accumulation, increasing evidence suggests that VLDL has
diverse roles in atherosclerosis (Byrne, 1999). Recent research
has demonstrated that hydrolysis of VLDL by LPL can activate
peroxisome proliferator-activated receptors (PPARs), preferen-
tial PPARo and PPARS, which have been known to regulate
the expression of the genes that are involved in lipid metabo-
lism, glucose homeostasis and inflammation (Ricote et al.,
2004). Apart from activating PPARs, VLDL can also activate
the pivotal transcriptional regulator of nuclear factor-kappaB
(NF-xB) (Dichtl et al., 1999). Even without prior oxidative modi-
fication, VLDL can potentiate inflammation molecule tumor
necrosis factor expression (Stollenwerk et al., 2005) and in-
crease IL-1pB secretion in macrophages (Persson et al., 2006).
Thus, revealing the characteristics of the VLDL-laden foam
cells will help us to understand completely the atherosclero-
genesis in hypertriglyceridaemic individuals.

The THP-1 human monocytic cell line is a well-characterized
model system for studying the transformation of macrophages.
When induced by phorbol 12-myristate 13-acetate (PMA), THP-1
monocytes can undergo differentiation into a macrophage-like
phenotype which can then be converted into foam cells with the
incubation of lipoproteins.

Proteomics offers a unique means for revealing the changes
of the proteins expression profiles in the process of foam cell
formation, providing the probable biomarkers in atherosclerosis.
In this study, we carried out a proteomic analysis to character-
ize the foam cells derived from VLDL-laden THP-1 macro-
phages. Since it has been well known that foam cells are differ-
entiated from macrophages by oxidized LDL (oxLDL), in the
following experiments, oxLDL-laden THP-1 macrophages were
performed as a positive control. Some proteins involving lipid
accumulation, energy metabolism, oxidative stress, cell growth,
differentiation and apoptosis were identified by MALDI-TOF MS.
These changes in the proteins expression suggest that the
complex biologic processes have occurred in macrophages
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after treatment with VLDL.
MATERIALS AND METHODS

Reagents

PMA and thiourea were purchased from Sigma (USA). Immobi-
line DryStrips (IPG strips), carrier ampholytes (IPG buffers),
iodoacetamide and CHAPS were purchased from GE Health-
care (USA). Trizol for RNA isolation was from Invitrogen (USA).
Oil red O and Coomassie Brilliant Blue R-250 (CBB-R250)
were obtained from Amersco (Sweden).

VLDL isolation, LDL isolation and oxidization

VLDL (d < 1.006 g/ml) and LDL (d = 1.006-1.063 g/ml) were
isolated as previously described (Redgrave et al., 1975). Briefly,
the human plasma was obtained from healthy volunteers and
lipoproteins were prepared by discontinuous KBr gradient ultra-
centrifugation (60,000 x g, 7 h). The fraction including VLDL
and the fraction including LDL were isolated and dialyzed
against PBS including 1 mM EDTA, then sterilized by filtration
through a 0.45 um filter, and stored at 4°C. The isolated LDL
was oxidized with CuSO4 (10 uM) for 18 h at 37°C, and dia-
lyzed against PBS including 1 mM EDTA. The concentration of
proteins was determined by the methods of Lowry (Pierce,
USA).

Cell culture

The human monocytic cell THP-1 was obtained from the
American Type Culture Collection (USA). The cells were cul-
tured in a 5% CO, atmosphere in RPMI-1640 medium supple-
mented with 10% fetal bovine serum (FBS). The THP-1 cells
were transformed into macrophage-like cells by induction of 0.2
uwM PMA at 37°C for 48 h. After treatment with PMA, THP-1
macrophages were washed 3 times with PBS and incubated
with fresh RPMI-1640 without serum for 24 h, and then stimu-
lated with VLDL (50 pg/ml), oxLDL (50 pg/ml) or PBS in serum-
free medium for 48 h.

Oil red O staining and lipid analysis

THP-1 cells were seeded on cover glasses and differentiated
after induction by PMA for 2 d. The differentiated cells were
then incubated with VLDL, oxLDL or PBS and serum-free me-
dia for 2 d and then fixed with 4% formaldehyde for 15 min. Cell
lipids were stained with Qil red O (3 mg/ml in 60% isopropanol)
for 10 min and then observed under a microscope. The images
were captured on a Nikon Eclipse E800 microscope (Nikon,
Japan) using NISElements software. Cellular cholesterol and
triglyceride were determined by an enzymatic method as previ-
ously described (Carr et al., 1993).

Sample preparation and quantification

Cells after incubation with VLDL, oxLDL or PBS for 48 h were
harvested by centrifugation at 4°C (1,000 x g, 5 min). The su-
pernatants were discarded and the pellets were washed twice
with PBS. Then the cells were suspended in lysis buffer con-
taining 7 M urea, 2 M thiourea and 4% CHAPS for 30 min on
ice and sonicated for 30 s with pulses 3 to 4 times until a clear
solution was obtained. The resulting cell lysates were centri-
fuged at 20,000 x g for 60 min and the supernatants were col-
lected. Protein concentration was determined using the Plu-
sOne™ 2-D Quant kit (GE Healthcare, USA).

2-DE
Linear IPG 18 cm strips (pH 3-10) were rehydrated with the
whole-cell protein samples for 12 h at 30 V using the IPGphor Il

apparatus (GE Healthcare, USA). Isoelectric focusing was per-
formed for a total of 48 kV/h, according to the manufacturer's
instructions. Prior to SDS-PAGE, strips were equilibrated for 15
min in 50 mM Tris-HCI (pH 8.8), 6 M urea, 30% glycerol, 2%
SDS containing 65 mM DTT, and then for a further 15 min in
the same buffer containing 240 mM iodoacetamide. Equili-
brated strips were transferred onto 12.5% SDS-PAGE. Strips
were overlaid with 0.5% low-melting point agarose in running
buffer containing bromophenol blue. Gels were run in aHoefer
DALT™ tank using the Ettan DALTsix electrophoresis system
(GE Healthcare, USA) at 2 W/gel for approximately 1 h and
then at 17 W/gel for about 5 h in running buffer containing 25
mM Tris, 192 mM glycine and 0.1% SDS. Following electropho-
resis, the gels were stained with CBB-R 250 (50% methanol,
10% glacial acetic acid and 0.1% CBB-R 250) for 12 h and then
destained overnight in 10% methanol and 10% glacial acetic
acid. Gels were washed twice with water and imaged using
Image Scanner and Lab scan V.5 software (GE Healthcare,
USA), and finally the gels were analyzed with Image Master
Platinum software (GE Healthcare, USA). Spots of interest were
excised manually, cut into pieces and stored at -20°C for protein
identification.

Protein identification by MALDI-TOF MS

The spot pieces were destained twice with 60 pl, 200 mM
NH4HCOZACN (50:50 v/v) and the supernatants were dis-
carded. Then, the gel pieces were air dried and digested over-
night at room temperature using 20 ng/ml trypsin. The peptides
extracted from the gel pieces using 50% ACN and 0.1% TFA
were dried overnight and then dissolved in 3 ml of 50% ACN,
0.1% TFA mixed with 3 ml of a CHCA matrix, and 1 ml of
which was spotted onto the MALDI-TOF target plate. The
peptide mass fingerprinting (PMF) was acquired using a
Bruker-Daltonics AutoFlex TOF-TOF LIFT MS (Bruker, Ger-
man). The database search was carried out by the MASCOT
search engine, using a peptide tolerance of 50 ppm.

Western blot analysis

Following cell protein quantitation, whole protein extracts (60-80
ng) from treated cells were subjected to 12.5% SDS-PAGE.
Proteins were then transferred to a nitrocellulose membrane,
for ADRP, enolase, S100A11, phosphoglycerate mutase 1
(PGAM1) immunodetection, membranes were blocked for 1 h
at room temperature in TBST (50 mM Tris-HCI, pH 7.6, 150
mM NaCl, 0.1% Tween 20) and 5% nonfat dried milk, and then
incubated with mouse monoclonal anti-human ADRP (Boster,
China) antibody (1:200 in blocking buffer, overnight at 4°C),
mouse monoclonal anti-S100A11 (ProteinTech, USA) antibody
(1:800 in blocking buffer, overnight at 4°C), rabbit polyclonal
anti-human enolase (ProteinTech, USA) antibody (1:1000 in
blocking buffer, overnight at 4°C), rabbit monoclonal PGAM1
(Abcam, UK) (1:1000 in blocking buffer, overnight at 4°C). The
membranes were incubated with the appropriate secondary
antibody for 1 h at room temperature and the proteins were
visualized with an ECL detection system (Pierce, USA). The
densities of immunoreactive bands were measured by the Im-
age Quant TL software (GE Healthcare, USA).

RT-PCR analysis

After treatment with VLDL or PBS, total RNA of the cells was
isolated using Trizol reagent according to the manufacturer's
instructions. Total RNA (8 ng) from each sample was subjected
to reverse transcription with oligdT, dNTPs and M-MLV reverse
transcriptase in a 20 pl total reaction volume. PCR was per-
formed using specific primers for the proteins of interest and the
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Table 1. Conditions for PCR amplification of the genes studied

Target gene PCR primers

Annealing temp (°C) Number of cycles Product size (bp)

ADRP Forward: 5-AGGGGCTAGACAGGATTGAGGA-3

Reverse: 5'-TTTTCTACGCCACTGCTCACG-3

enolase 1 Forward: 5- CGCATTGGAGCAGAGGTTTAC-3’
Reverse: 5'-GCAGTTGCAGGACTTCTCGTT-3'

PGAM1 Forward: 5-GAGCCCGACCATCCTTTCTACA-3'
Reverse: 5'-AATACCAGTCGGCAGGTTCAGC-3'

S100A11 Forward: 5-GTCCCTGATTGCTGTCTTCC-3'

Reverse: 5-ACCAGGGTCCTTCTGGTTCT-3'

genes amplification primer sequences were listed in Table 1.
The PCR products identified by 2% agarose gel electrophoresis
were analyzed using Image Quant TL software. All samples
were analyzed in triplicate.

RESULTS

VLDL induce massive triglycerides accumulation in THP-1
macrophages

In order to observe the effect of VLDL or oxLDL on the content
of cellular lipids, the cell lipids were stained with Oil red O. As
shown in Fig. 1A, the content of cellular lipids of the cells
treated with VLDL or oxLDL was significantly higher than that
treated with PBS. Furthermore, the cellular lipids were quanti-
fied. VLDL caused lipid accumulation, major as triglycerides in
the THP-1 macrophages. The concentration of triglyceride in
VLDL-treated cells was significantly higher than that in PBS-
treated cells (5.6 fold) (Fig. 1B). While oxLDL caused lipid ac-
cumulation, major as cholesterol (4.4 fold compared with PBS-
treated cells) (Fig. 1B). The total cholesterol in VLDL-treated
cells and total triglyceride in oxLDL-treated cells were increased
1.4 fold and 1.7 fold compared with PBS-treated cells, respec-
tively (Fig. 1B).

Proteomics analysis of foam cell treated with VLDL or
oxLDL

The total proteins of the THP-1 macrophages treated with
VLDL or oxLDL were extracted and separated by 2-DE. To
obtain statistically significant results, each protein sample run in
triplicate. Representative 2-DE gel images for the cells treated
with PBS, oxLDL or VLDL were depicted in Fig. 2A. Following
image analysis, over 1,000 protein spots were clearly sepa-
rated on each gel, ranging from 6-150 kDa between pH 3-10.
Comparative analysis of the gels between VLDL-treated cells
and PBS-treated cells showed that 114 spots were up-
regulated and 101 spots were down-regulated. While compara-
tive analysis of the gels between oxLDL-treated cells and PBS-
treated cells showed that 128 spots were up-regulated and 115
spots were down-regulated. Then we compared the differen-
tially expressed proteins between VLDL-treated cells and PBS-
treated cells with the differentially expressed proteins between
oxLDL-treated cells and PBS-treated cells, 54 spots both in
oxLDL-treated and in VLDL-treated cells were up-regulated
compared with that in PBS-treated cells, 37 spots both in
oxLDL-treated and in VLDL-treated cells were down-regulated
compared with that in PBS-treated cells. The others or did not
match, and had their own unique changes, either matched, but
the changes in the opposite. After analysis, 8 significantly in-
creased proteins and 6 significantly decreased proteins (fold
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Fig. 1. (A) Qil red O staining of the THP-1 macrophages after the
treatment with PBS, oxLDL (50 pg/ml) or VLDL (50 pg/ml) for 2 d.
All images were originally magnified 60-fold. (B) Quantification of
the cellular lipid. The left panel showed the concentration of triglyc-
eride in the cells treated with PBS, oxLDL or VLDL. The right panel
showed the concentration of cholesterol in the cells treated with
PBS, oxLDL or VLDL. The significant difference of values from the
treatment with PBS was determined by Student’s t-test (*P < 0.05),
and the data represent the mean + SD from three independent
experiments performed in triplicate.

change >1.4) in VLDL-treated THP-1 macrophages were identi-
fied by MALDI-TOF MS. The results were listed in Table 2. The
positions of the identified protein spots in corresponding gels
were shown in Fig. 2A. Direct comparison of the relative ex-
pression level of protein spots among the cells treated with
PBS, oxLDL or VLDL was illustrated in Fig. 2B. The identified
proteins were grouped into the following categories according
to their biological functions: lipid accumulation, energy metabo-
lism, oxidative stress, cell growth, differentiation and apoptosis.

Validation of the selected proteins by Western blot and RT-
PCR analysis

To validate the proteomic data, we also performed Western blot
and RT-PCR analysis of four selected proteins including ADRP,
PGAM1, enolase and S100A11. As shown in Fig. 3, the ex-
pression of ADRP protein in oxLDL-treated cells or in VLDL-
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Table 2. Spots identified by MALDI-TOF MS

Sequence Theoritic Theoritic Observed Observed

No NCBInr Name coverage MW (Da) Pl MW (kDa) Pl Score Match
1 gi|34577059 adipose differentiation-related protein 40% 48274 6.34 52 75313 164 13/22
2 @il4503571 enolase 1 49% 47481 7.01 51 8.03003 223 17/28
3 gi|2781202  Chain A, Three-Dimensional Structure Of Human  49% 33418 6.95 35 8.14046 167 12/22

Electron Transfer Flavoprotein To 2.1 A Resolu-

tion
4 gi|4505753 phosphoglycerate mutase 1 50% 28900 6.67 32 7.31043 124 8/14
5 gi|5032057  S100 calcium binding protein A11 89% 11847 6.56 13 6.68346 93 10/50
6 @i|1633054  Chain A, Cyclophilin A Complexed With Dipeptide 52% 18098 7.82 18 9.07023 95 7/9

Gly-Pro
7 gi|18490229 DMGDH protein 20% 69463 6.16 12 8.79593 76 9/26
8 @i[4504517  heat shock 27kDa protein 1 52% 22826 5.98 30 6.72265 157 10/21
9 gi|119569783 peroxiredoxin 3, isoform CRA_c 43% 11158 6.06 25 6.94351 70 4/9

10 @i[119577230 heterogeneous nuclear ribonucleoprotein L, 19% 60693 6.81 62 7.83766 98 9/15

isoform CRA_a

11 gi|46593007  ubiquinol-cytochrome c reductase core protein | 28% 53297 5.94 61 5.84631 110 10/20
12 @i[70995211  peroxisomal enoyl-coenzyme A hydratase-like 28% 36136 8.16 36 737099 104 7/11

protein

13 @i|119590499 fumarate hydratase, isoform CRA_d 35% 46555 6.9 50 8.52875 141 10/12
14 gi|119610226 fructosamine 3 kinase, isoform CRA_b 21% 50553 9.48 40 8.11552 49 10/38

treated cells was significantly increased 1.3 fold or 2.7 fold,
respectively, compared with that in PBS-treated cells (Fig. 3A),
S100A11 protein level increased 1.8 fold in VLDL-treated cells,
while decreased 1.2 fold in oxLDL-treated cells (Fig. 3D). On
the contrary, both PGAM1 and enolase were down-regulated in
oxLDL-treated cells or in VLDL-treated cells. PGAM1 de-
creased approximately 1.7 fold or 1.8 fold, respectively, and
enolase decreased approximately 1.5 fold or 1.7 fold, respec-
tively (Figs. 3B and 3C). The changes in the mRNA level of the
four selected genes in VLDL-treated cells were shown in Fig. 4,
ADRP mRNA significantly increased 3.5 fold in VLDL-treated
cells compared with PBS-treated control cells (Fig. 4A) and
S100A11 mRNA expression increased about 1.5 fold (Fig. 4D).
On the contrary, enolase mRNA expression decreased 2.5 fold
and PGAM1 decreased 3.3 fold, respectively (Figs. 4B and 4C).

DISCUSSION

Hypertriglyceridemia is a strong risk factor for the development
of coronary heart disease. Recent experiments in mouse mod-
els of atherosclerosis have found an increased susceptibility to
atherosclerosis with high VLDL levels (Vanderlaan et al., 2009).
However, the role of VLDL-laden foam cells in atherosclerosis
is not clear. Thus, we carried out a proteomic analysis to reveal
the characteristics of the triglyceride-rich foam cells in athero-
sclerosis.

Lipid droplets are a defining feature of foam cells, which are
ubiquitous organelles involved in the storage and turnover of
neutral lipids such as triglycerides (Persson et al., 2007). In this
study, THP-1 macrophages treated with VLDL for 48 h accu-
mulated massive lipid droplets, major as triglycerides. However,
almost no lipid droplets were observed in the cells treated with

PBS. Furthermore, ADRP identified in our study which is asso-
ciated with lipid droplet was over-expressed in VLDL-laden
foam cells. ADRP plays a central role in the formation of lipid
droplets (Brasaemle et al.,1997; Imamura et al., 2002), which
promotes the storage of triglycerides in the lipid droplets by
increasing the uptake of saturated, monounsaturated or poly-
unsaturated long-chain fatty acids (Gao and Serrero, 1999) and
by inhibiting its B-oxidation (Larigauderie et al., 2006). It has been
reported that VLDL can up-regulate ADRP mRNA expression in
the macrophages through PPARS, which is activated by the
triglycerides, the components of VLDL (Chawla et al., 2003).
ADRP mRNA in VLDL-treated cells increased 3.5 fold compared
with that in PBS-treated cells. The result supports that VLDL
regulates ADRP expression at transcriptional level.

PGAM1 and enolase identified which are associated with
glucose metabolism were down-regulated in the process of
foam cells formation. PGAM1 catalyzes the interconversion of
3-phosphoglycerate to 2-phosphoglycerate and enolase cata-
lyzes the generation of phosphoenolpyruvate from 2-phospho-
glycerate. It has been reported that human triglyceride-rich
lipoproteins can impair glucose metabolism in L6 skeletal mus-
cle cells (Pedrini et al., 2005). The cellular glucose measured in
VLDL-treated (50 pg/ml) macrophages was increased (3.2 fold
compared with PBS-treated cells, the data not shown). The
elevation of glucose and down-regulation of the two glycolytic
enzymes probably suggested that the celluar glucose utilization
via glycolysis was reduced. It has been described that glucose
utilization is inhibited by 65 = 7% in human aortic smooth mus-
cle cells (HASMC) treated with oxLDL compared with the cells
incubated in lipid-free media, associated with the down-
regulated glycolytic enzyme glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) (Sukhanov et al., 2006). It has been
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Fig. 2. Differential protein profiling of the cells treated with oxLDL or VLDL compared with the cells treated with PBS. (A) Two-dimensional gel
protein expression maps of the cells treated with PBS, oxLDL or VLDL. All spots identified by MALDI-TOF MS after CBB-R 250 staining were
present in the corresponding gels, the arrows showed the positions of all 14 protein spots that had been shown to be significantly altered
caused by VLDL or oxLDL. The identified spots were listed in Table 2. (B) Direct comparison of differentially expressed proteins derived from
the cells induced by oxLDL or VLDL with that induced by PBS in the representative two-dimensional gels (right panel). The left panel showed
the corresponding bar charts of relative expression level of spots derived from the cells treated with PBS, oxLDL or VLDL. A statistically signifi-
cant difference of values from the treatment with PBS was analyzed by using Student’s ttest (*p < 0.05). The data represent the mean + SD

from three independent experiments performed in triplicate.

reported that the two glycolytic enzymes are also down-regulated
in the white adipose tissues of mice with high fat feeding (Schmid
et al., 2004). The down-regulation of these glycolytic enzymes
may be a result of a competition for an oxidative fuel source be-
tween fatty acids and glucose in the VLDL-laden macrophages.
Ubiquinol-cytochrome C reductase core protein 1 (an oxida-
tive phosphorylation Ill subunit) and chain a, three-dimensional
structure of human electron transfer flavor protein to 2.1A reso-
lution as part of the mitochondrial respiratory chain identified
were also up-regulated. The ubiquinol-cytochrome C reductase
complex catalyzes electron transfer from ubiquinol to cyto-
chrome C. Recent research has pointed out that cellular reac-
tive oxygen species (ROS) levels are strongly elevated in the
J774.2 macrophages treated with triglycerides. The triglyceride-
mediated ROS are derived from mitochondrial complex 1 of the

electron-transfer chain (Aronis et al., 2005). It is known that the
mitochondrial respiratory chain is the major source of superox-
ide anion (Han et al., 2001). Mitochondrial dysfunction and
oxidative stress have been viewed as common risk factors for
atherosclerosis (Alexander, 1998). In our study, these over-
expressed proteins were probably associated with the products
of superoxide anion derived from mitochondria. It has been
reported that fatty acid, the hydrolytic product of triglyceride,
induces antioxidant effect by activating cellular glutathione per-
oxidase and subsequently enhances ROS degradation (Duval et
al., 2002). The protein peroxidase Il localized in mitochondria
identified was up-regulated in our study and the change maybe
serves as a feedback defense to the increased oxidative stress
status in the treated cells. Thus, the results support the hy-
pothesis that triglyceride or the main form of VLDL is the main
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Fig. 3. Western blotting analysis of four selected proteins in the
THP-1 macrophages incubated with PBS, oxLDL (50 pg/ml) or
VLDL (50 pg/ml) for 2 d. The bands were analyzed using Image
Quant TL software. The amount of selected proteins was normal-
ized with internal standard B-actin. The significant difference of
values from the treatment with PBS was determined by Student's
test (*P < 0.05), and the data represent the mean + SD from three
independent experiments performed in triplicate.

cause of the oxidative stress in atherosclerotic plaque derived
from the high fat feeding.

The down-regulated extracellular heat shock protein 27
(HSP27) has been reported as a biomarker in atherosclerosis
(Martin-Ventura et al., 2004), while it was increased in the proc-
ess of form cells formation in the study. Small intracellular heat
shock proteins are involved in different processes, such as the
response to stress and modulation of the actin cytoskeleton or
apoptosis. Up-regulation of some of these proteins ensures the
maintenance of cell homeostasis and survival. It has been re-
ported that when plasmin-treated vascular smooth muscle cells
(VSMCS) were treated with HSP27 siRNA, the rate of VSMCS
apoptosis is increased (Martin-Ventura et al., 2006), which
suggests that intracellular HSP27 has an anti-apoptotic effect.
However, the precise role of HSP27 in the process of foam
cells formation remains to be elucidated.

S100A11 identified was significantly up-regulated in the
macrophages treated with VLDL, which has not been reported in
previous research on foam cells. S100A11 belongs to S100 fam-
ily of Ca?* binding proteins which is abundant in the placenta,
highly expressed in human heart, lung, kidney, uterus, bladder,
prostate and skeletal muscle, and poorly expressed in other tis-
sues (Inada et al., 1999). A few reports have shown that
S100A11 is up-regulated in tumor tissues and plays a role in cell
growth, differentiation and apoptosis (Kanamori et al., 2004;
Memon et al., 2005). It has been shown that the macrophage
foam cells proliferate in cholesterol-fed New Zealand rabbits
(Rosenfeld and Ross, 1990). Another report has indicated that
murine macrophages show stimulated growth when challenged
with modified LDL, such as oxLDL and acetylated LDL, in vitro
(Gordon et al., 1990). Maybe the elevation of S100A11 is related
to the proliferation of macrophages induced by VLDL.

In this study, a comparative proteomic technology was used
to reveal the changes of the proteome in the foam cells from
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Fig. 4. Quantitative RT-PCR analysis of four selected genes in the
THP-1 macrophages incubated with PBS or with VLDL (50 pg/ml)
for 2 d. Agarose gel bands were analyzed using Image Quant TL
software. The significant difference of values from the treatment
with PBS was determined by Student’s t-test (*P < 0.05, **P < 0.01),
and the data represent the mean + SD from three independent
experiments performed in triplicate.

VLDL-laden macrophages, some interesting proteins related
to the lipid accumulation, energy metabolism, oxidative stress,
cell growth, differentiation and apoptosis were identified. The
changes in these proteins expression have partly revealed the
complex biologic characteristic of the macrophages after treat-
ment with VLDL. Compared with previous research on the
foam cells derived from the cholesterol-rich lipoprotein-laden
macrophages, these changes are probably associated with the
inherent characteristics of VLDL. To our knowledge, this is the
first time to characterize triglyceride-rich foam cells using a
proteomic strategy.
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