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Oxidized low-density lipoprotein increases the proliferation
and migration of human coronary artery smooth muscle
cells through the upregulation of osteopontin
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Abstract. Smooth muscle cell (SMC) proliferation and migra-
tion are known to play a critical role in the development of
atherosclerosis. Oxidized low-density lipoprotein (oxLDL) is
involved in the generation of atherosclerotic lesions. Recent
studies have indicated that oxLDL is a well-established risk
factor for atherosclerosis that induces vascular smooth muscle
cell (VSMC) proliferation and migration; however, the exact
mechanisms involved have not been fully elucidated. In this
study, the proliferation of human coronary artery smooth
muscle cells (HCASMCs) was detected by 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Cell
migration was determined by Transwell assay. Osteopontin
(OPN), matrix metaloproteinase-9 (MMP-9) and av[33 integrin
expression were measured by mRNA and western blot analysis.
OPN and MMP-9 knockdown cells were established through
transfection with OPN siRNA or MMP-9 siRNA, respectively.
Our results revealed that oxLDL makredly promoted HCASMC
proliferation and migration in a dose-dependent manner.
Further experiments demonstrated that oxLDL upregulated the
expression of OPN and oxLDL. Cell proliferation and migra-
tion were markedly reduced following the knockdown of the
OPN gene in the HCASMCs. We then found that treatment
with oxLDL induced a concentration-dependent increase in
MMP-9 mRNA and protein levels in the HCASMCs. These
effects were partially abrogated by silencing OPN expression
or blocking the avf33 integrin pathway. Moreover, cells treated
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with MMP-9 siRNA or avp3 antibody showed lower prolif-
eration and migration rates. This study provides direct in vitro
evidence that the exposure of HCASMCs to oxLDL induces the
activation of OPN, leading to higher protein levels of MMP-9,
and to an increased proliferation and migration of HCASMCs.

Introduction

Atherosclerosis is considered to be an important pathological
manifestation of cardiovascular diseases and chronic inflam-
matory disease (1). Moreover, the disease is the major risk
factor for cardiovascular disease morbidity and mortality. The
development of atherosclerosis is associated with elements
of the arterial wall, including T cells, monocyte-derived
macrophages, endothelial cells and vascular smooth muscle
cells (VSMCs) (2,3). The accumulation of VSMCs contributes
to occlusive cardiovascular pathologies, including atheroscle-
rosis (4). VSMCs reside within the media in a quiescent state in
the healthy blood vessel, whereas they migrate into the intima
after injury, and their growth can result in the restriction of
normal blood flow (5,6). The proliferation of VSMCs plays an
important role in the pathology of atherosclerosis formation,
coronary heart disease, hypertension and restenosis following
percutaneous transluminal coronary angioplasty (PTCA) (7,8).
As regards atherosclerosis, VSMC proliferation is important
for plaque formation. VSMC apoptosis occurs in a number of
arterial diseases, including angioplasty restenosis, aneurysm
formation and atherosclerosis (9). The apoptosis of VSMCs is
involved in atherosclerotic plaque rupture (10).

Osteopontin (OPN), a secreted protein, is expressed by
various cell types and has chemotactic, pro-adhesive and
cytokine-like properties. OPN is involved in a number of
physiological and pathological events, such as bone remod-
eling, tumorigenesis, angiogenesis and apoptosis (11). Studies
have demonstrated that OPN is a multifunctional protein that
is upregulated in a wide variety of inflammatory conditions,
such as autoimmune disease, fibrosis, wound healing and
atherosclerosis (12). The expression of OPN is upregulated at
sites with atherosclerotic plaques, particularly in those associ-
ated with macrophages and foam cells (12). OPN, a critical
mediator of inflammation, plays an essential role in macro-
phage migration, tissue infiltration (13) and activation (14), as
well as in neutrophil migration and recruitment (15). Evidence
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suggests that OPN is also expressed in smooth muscle-derived
foam cells in human atherosclerotic lesions of the aorta (16).
Moreover, OPN can bind to several types of integrin (such as
avp3 integrin) to promote the attachment of the cells to the
extracellular matrix (ECM) and to regulate the functions of
these cells through certain signaling pathways (17). It has been
suggested that the inhibition of the effects of avp3 integrin by
disintegrin agents, such as S247, can weaken cancer cell migra-
tion and invasion (18). In the context of atherosclerosis, OPN is
generally regarded as a pro-atherogenic molecule. An previous
study indicated that OPN upregulates the expression of matrix
metalloproteinase (MMP)-9 through the avf33 integrin pathway
in human chondrosarcoma cells (19).

A large number of studies have indicated that MMPs play
a role in regulating the behavior of VSMCs both in vitro and
in vivo (20). MMPs can regulate the migration, proliferation
and survival of VSMCs. MMP-9, a member of the MMP
family, can degrade basement membranes and promote
neointima formation in mouse models (21,22). Furthermore,
there is evidence to indicate that MMP-9 knockout (KO) mice
show a reduced accumulation of VSMCs in atherosclerotic
plaques of brachiocephalic arteries (23). These data highlight
the possibility that MMP-9 plays an essential role in the devel-
opment of atherosclerosis. To the best of our knowledge, in the
present study, we provide the first direct evidence that oxidized
low-density lipoprotein (oxLDL) induces the proliferation and
apoptosis of human VSMCs through the upregulation of OPN.
We demonstrate that the expression of OPN is associated with
the biological behavior of VSMCs by upregulating the levels of
MMP-9 through the avp3 integrin pathway.

Materials and methods

Ethics statement. Ethical approval was obtained from the
Ethics Committee of Tangdu Hospital, the Fourth Military
University, Shaanxi, China. All patients participating in the
study were of Chinese origin and provided written informed
consent for study sample collection and permission for
research use.

Antibodies. Mouse anti-OPN, mouse anti-MMP-9, mouse
anti-avp3 integrin and mouse anti-B-actin monoclonal anti-
bodies were purchased from Abcam (Cambridge, MA, USA).
HRP-conjugated goat anti-mouse IgG was obtained from
Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA).

Low-density lipoprotein (LDL) preparation and oxidation.
Human LDL was purified from the fresh plasma of healthy
donors by sequential centrifugation, according to a previously
described method (24,25). The concentrations of LDL were
determined by the Lowry method (26). For the production of
oxLDL, 200 pg/ml LDL were exposed to 20 uM CuSO, in
PBS for oxidation and the oxidative reactions were terminated
with 40 yM butylhydroxytoluene in ethanol. Furthermore,
oxLDL was dialyzed against culture medium and sterile
filtered.

VSMC culture. Human coronary artery smooth muscle
cells (HCASMCs) were obtained from PromoCell GmbH
(Heidelberg, Germany). The cells were cultured at 37°C under
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a humidified atmosphere of 5% CO, and 95% air and were
grown in SMC growth medium supplemented with 10%
fetal bovine serum, 100 gxg/ml streptomycin and 100 U/ml
penicillin. HCASMCs between the third and sixth passages
were used throughout this study. Cells of these passages were
incubated for an additional 2 days to render them quiescent
prior to the initiation of each experiment, as previously
described (27). To establish the HCASMC model of athero-
sclerosis, oxLDL was used as previously described (7). The
cells were divided into 4 groups: one group was treated with or
without oxLLDL (10-100 gg/ml); the second group was treated
with or without small interfering RNA (siRNA) against OPN;
the third group was treated with or without siRNA against
MMP-9; and the fourth group was treated with or without
avp3 integrin antibody.

MTT proliferation assay. The proliferation of the HCASMCs
was measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) assay according to a previously
described method with minor modifications (7). Briefly,
approximately 1x10* cells were seeded into 96-well plates
and cultured for 24 h. SMC growth medium was used in the
normal control group, while 100 mg/l oxLDL was added to the
cells in the experimental groups. The cells were then cultured
at 37°C for 24 h. MTT (20 pl, 5 mg/ml) was then added to the
HCASMC:s for 4 h at 37°C and 200 ul DMSO were added to
solubilize the crystals for 25 min at room temperature. The
optical density (OD) value was determined at 490 nm by a
spectrophotometer (Multiskan MK3; Thermo Fisher Scientific,
Waltham, MA, USA). Each experimental group had at least
5 wells and all experiments were performed at least 3 times
and the average results were calculated.

Migration assay. HCASMC migration was detected by
Transwell assay using Transwell Costar inserts (pore size, 8 ym;
diameter, 6.4 mm; Corning Inc., Corning, NY, USA) according
to a previously described method with minor modifications (28).
Briefly, the cells were treated with siRNAs or avf3 integrin
antibody prior to the migration assays. The Transwells were
coated with collagen (0.01%; Sigma, St. Louis, MO, USA) over-
night at 4°C. The HCASMCs were grown to 80% confluence,
and then detached with non-enzymatic cell dissociation buffer.
Cells were resuspended in serum-free SMC medium, followed
by transfer into the Transwells at a density of 1x10* cells/ml.
The cells were placed in the upper chamber, while chemoat-
tractants were placed in the bottom of the Transwell, and the
cells were allowed to migrate for 4 h. Non-migrated cells were
removed from the upper chamber using a cotton bud, whereas
the migrated cells were stained with the Reastain Quick-Diff
kit (Reagena Ltd., Toivala, Finland) and then counted under
a brightfield microscope. All experiments were performed at
least 3 times and the average results were calculated.

RNA extraction and RT-PCR. Total RNA was extracted from
the cultured HCASMCs using TRIzol reagent according to the
manufacturer's instructions (Invitrogen, Carlsbad, CA, USA).
Approximately 2 ug of total RNA for each sample was reverse
transcribed into first-strand cDNA for RT-PCR analysis using
a High-Capacity RNA-to-cDNA kit (Applied Biosystems,
Foster City, CA, USA) according to the instructions of the
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Figure 1. Effects of oxidized low-density lipoprotein (0xLDL) on human coronary artery smooth muscle cell (HCASMC) proliferation and migration.
(A) Effects of oxLDL on HCASMC proliferation. Cell proliferation was detected by MTT assay. Cells were measured following treatment for 24 h. Untreated
HCASMCs were used as controls. (B) Effects of oxLDL on HCASMC migration. Cell migration was detected following treatment with oxLDL for 24 h.
Untreated HCASMCs were used as controls. All experiments were repeated at least 3 times. Data are the means + SEM (n=5; Dunnett's test, "P<0.05 compared

with controls).

manufacturer. The primer sequences used for RT-PCR were as
follows: OPN sense, 5'-CCAGCACAAGCAGACGTT-3' and
antisense, 5-TCAGTCCATAAGCCAAGCTATAAC-3'; MMP-9
sense, 5'-CACTGTCCACCCCTCAGAGC-3' and antisense,
5-GCCACTTGTCGGCGATAAGC-3'; B-actin sense, 5'-CAT
CCGTAAAGACCTCTATGCCAAC-3'and antisense, 5-ATGG
AGCCACCGATCCACA-3". The primers were all synthesized
by Sangon Biotech Co., Ltd. (Shanghai, China). The cycling
conditions were as follows: polymerase activation for 15 sec at
95°C; 40 cycles of amplification at 95°C for 15 sec and 60°C for
60 sec. A cDNA fragment of (3-actin was amplified as the
control. Relative gene expression was calculated using the
244 method, as previously described (29).

Western blot analysis. The total protein of HCASMCs was
extracted using RIPA buffer (Beyotime, Nantong, China)
according to the manufacturer's instructions. Protein concen-
tration was measured using a BCA protein assay reagent kit
(Pierce Chemical Co., Rockford, IL, USA). The proteins
(40 ug/lane) were subjected to 15% SDS-PAGE followed by
western blot analysis. Mouse monoclonal antibodies were used
as the primary antibody and HRP-conjugated goat anti-mouse
IgG was used as the secondary antibody. Finally, the blots were
visualized using enhanced chemiluminescence reagents. All
experiments were repeated at least 3 times.

siRNA. siRNAs targeting human OPN and MMP-9 were
designed with a siRNA selection program available online at
http://jura.wi.mit.edu/siRNAext/ and were chemically synthe-
sized by Genetimes Technology (Shanghai, China). The
nucleotide sequence for OPN was 5'-AAGCAGCUUUA
CAACAAAUACCC-3' and 5'-AACATCACCTATTGGATC
CAAACTAC-3' for MMP-9. A non-specific siRNA duplex
containing the same nucleotides, but in an irregular sequence
(scrambled) served as the control. The cells were transfected
with siRNA (siOPN or siMMP-9) or control siRNA (siMock)
using Lipofectamine 2000 (Invitrogen) according to the
manufacturer's instructions. The cells were analyzed 2 days
after transfection.

Statistical analysis. All data are expressed as the means + stan-
dard error of the mean (SEM). The differences between groups

were compared by Dunnett's test subsequent to ANOVA.
Differences were considered statistically significant with a
value of P<0.05. All experiments were repeated at least 3 times.

Results

oxLDL accelerates the proliferation and migration of
HCASMCs. oxLDL-stimulated HCASMC responses were
investigated. The effects of oxLDL on cell proliferation were
determined by MTT assay. The results, shown in Fig. 1A,
indicated that oxLDL at concentrations of 10, 50 and
100 ug/ml markedly accelerated HCASMC proliferation
(P<0.05). oxLDL promoted the proliferation of the HCASMCs
in a dose-dependent manner. We then determined the
effects of oxLDL on cell migration by cell migration assay,
as described in Materials and methods. Treatment of the
HCASMC:s with 10, 50 and 100 ug/ml oxLDL significantly
increased the migration ability of the cells to 109+26.0% at
10 pg/ml, 213+8.9% at 50 ug/ml (P<0.05) and 289+33.1%
at 100 pg/ml (P<0.05) (Fig. 1B). These results demonstrate
that oxLDL accelerates the proliferation and migration of
HCASMCs; however, the exact mechanisms involved remain
unelucidated. Thus, further studies are required to determine
the mechanisms of action of oxLDL.

Effects of oxLDL on OPN expression. There is evidence to
suggest that OPN plays an important role in the development
of atherosclerotic lesions. Moreover, oxLDL increases the
expression levels of OPN (11). Thus, in this study, we first
detected the expression of OPN in HCASMCs following treat-
ment with oxLDL. We used western blot analysis and RT-PCR
to determine the expression of OPN in the HCASMCs. OPN
mRNA expression was determined by RT-PCR following 24 h
of incubation with oxLDL. The results revealed that oxLDL
(10 to 100 pg/ml) significantly increased OPN mRNA expres-
sion in the HCASMC:s treated with oxLDL compared with the
untreated cells (Fig. 2A). Following exposure to various doses
of oxLDL, OPN expression in the HCASMCs was measured
by western blot analysis. The results demonstrated that oxLDL
increased the expression level of OPN following treatment
with oxLDL at doses of 10 to 100 pg/ml compared with the
controls (untreated cells; Fig. 2B).
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Figure 2. Oxidized low-density lipoprotein (0oxLDL) increased the level of osteopontin (OPN) in human coronary artery smooth muscle cells (HCASMCs) in
a dose-dependent manner. (A) OPN mRNA expression was detected by RT-PCR. Cells were treated with 10-100 xg/ml oxLDL for 24 h. OPN mRNA levels in
the oxLDL-treated groups were significantly higher than those in the control group (treatment with medium only). (B) Western blot analysis of OPN expression
in HCASMC:s following treatment with oxLDL. OPN expression is expressed as the relative expression of OPN to 3-actin expression. All experiments were
repeated at least 3 times. Data are the means + SEM (n=5; Dunnett's test, "P<0.05 compared with controls).
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Figure 3. Effects of oxidized low-density lipoprotein (0xLDL) on matrix metaloproteinase-9 (MMP-9) expression. (A) MMP-9 mRNA level was detected by
RT-PCR. Cells were treated with 10-100 pg/ml oxLDL for 24 h. OXLDL increased MMP-9 mRNA expression in HCASMCs in a dose-dependent manner.
(B) Western blot analysis of MMP-9 expression in human coronary artery smooth muscle cells (HCASMCs) following treatment with oxLDL. MMP-9 expres-
sion was expressed as the relative expression of MMP-9 to 3-actin expression. All experiments were repeated at least 3 times. Data are the means + SEM (n=5;

Dunnett's test, "P<0.05 compared with controls).

Effects of oxLDL on MMP-9 expression. A large number of
studies have demonstrated that MMPs play an important role
in regulating the migration and proliferation of VSMCs both
in vitro and in vivo (20). There is evidence to suggest that the
expression level of MMP-9 is increased during atherosclerosis
in rabbits (30). The effects of oxLDL on MMP-9 expression
were investigated in the HCASMCs by western blot analysis
and RT-PCR. The HCASMCs were treated with oxLDL at
concentrations of 10,50 and 100 gg/ml. MMP-9 mRNA expres-
sion was significantly increased following exposure to oxLDL
in a dose-dependent manner (Fig. 3A). MMP-9 protein expres-
sion was then determined by western blot analysis. As shown
in Fig. 3B, the MMP-9 protein level was increased in response
to oxLDL at a concentration of 10 to 100 xg/ml (P<0.05).

OxLDL-upregulated MMP-9 expression is dependent on
OPN expression through the avp33 integrin pathway. There
is evidence to suggest that the treatment of chondrosarcoma
or melanoma cells with OPN induces the expression of

MMP-9 (19,31). In this study, we therefore hypothesized that
OPN may be involved in the oxLDL-induced upregulation of
MMP-9. Hence, a siRNA experiment was performed on the
HCASMCs. The OPN mRNA and protein expression levels
in the siOPN-transfected group were markedly lower than
those in the siMock-transfected group. The mRNA and protein
expression of MMP-9 was not altered in the siOPN-transfected
cells following treatment with oxLDL (Fig. 4A and B). These
results indicated that the oxLDL-induced increased expression
of MMP-9 was partially dependent on OPN protein expression.

We then determined the proliferation and migration ability
of the HCASMC:s. The results revealed that cell proliferation
and migration were markedly reduced following treatment
with OPN siRNA. The silencing of OPN partially reduced
the increased proliferation and migration resulting from
treatment with oxLDL (Fig. 4C). A previous study suggested
that OPN affects cell migration through avf3 integrin
signaling (32). Thus, we hypothesized that the avp3 integrin
signaling pathway may be involved in the biological actions of
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Figure 4. Effects of osteopontin (OPN) on matrix metaloproteinase-9 (MMP-9) expression and cell proliferation and migration of human coronary artery
smooth muscle cells (HCASMCs) and siOPN cells following treatment with 100 zg/ml oxidized low-density lipoprotein (oxLDL). (A) The expression of OPN
in HCASMCs and siOPN cells following treatment with oxXLDL was measured by western blot analysis. OPN expression levels were normalized to -actin.
(B) The expression of MMP-9 in HCASMCs and siOPN cells following treatment with oxLDL was detected by western blot analysis. MMP-9 expression
levels were normalized to f3-actin. (C) The proliferation and migration of HCASMCs and siOPN cells following treatment with oxLDL. (D) The expression
of avf3 integrin in HCASMC:s following treatment with avf3 integrin monoclonal antibody was measured by western blot analysis. avp3 integrin expression
level was normalized to $-actin. (E) The proliferation and migration of HCASMCs following treatment with avf33 antibody. (F) The expression of MMP-9 in
HCASMC:s following treatment with avp3 antibody was measured by western blot analysis. MMP-9 expression level was normalized to 3-actin. All experi-
ments were repeated at least 3 times. Data are the means = SEM (n=5; Dunnett's test, 'P<0.05 compared with controls).

HCASMC:s. Pre-treatment of the cells for 30 min with 20 pg/ml
anti-avp3 integrin monoclonal antibody markedly reduced the
expression of avp3 integrin (Fig. 4D). We then determined
the effects of anti-avp3 integrin monoclonal antibody on the
proliferation and migration ability of the HCASMCs. The
results revealed that the antibody inhibited oxLDL-induced
cell proliferation and migration (Fig. 4E). At the same time, the

expression of MMP-9 was detected. The results revealed that
pre-treatment of the cells with anti-avf33 antibody decreased
oxLDL-induced MMP-9 expression (Fig. 4F). These results
indicated that oxLDL increased the proliferation and migra-
tion of the HCASMCs through the upregulation of OPN and
MMP-9, and that MMP-9 expression is partly dependent on
OPN expression through the avp3 integrin pathway.
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Figure 5. Effects of matrix metaloproteinase-9 (MMP-9) on human coronary artery smooth muscle cell (HCASMC) proliferation and migration following
treatment with 100 pg/ml oxidized low-density lipoprotein (0xLDL) . (A) The expression of MMP-9 in HCASMCs and siMMP-9 cells following treatment
with oxLDL was measured by western blot analysis. MMP-9 expression level was normalized to f-actin. (B) The proliferation and migration of HCASMCs
and siMMP-9 cells following treatment with oxLDL. All experiments were repeated at least 3 times. Data are the means + SEM (n=5; Dunnett's test, "P<0.05

compared with controls).

Effects of siMMP-9 on HCASMCs. To determine the effects of
MMP-9 on the behavior of HCASMCs, a siRNA experiment
was performed. MMP-9 mRNA and protein expression levels
in the siMMP-9-transfected group were markedly lower than
those in the siMock-transfected group (Fig. 5A). Cell prolifera-
tion and migration were markedly reduced after the cells were
treated with MMP-9 siRNA. The silencing of MMP-9 mark-
edly reduced the effects of oxLDL on HCASMC proliferation
and migration (Fig. 5B). These results indicate that MMP-9
plays an important role in the oxLDL-induced proliferation
and migration of HCASMC:s.

Discussion

Elucidating the mechanisms that result in the initiation and
development of atherosclerosis is crucial for identifying strate-
gies to inhibit disease progression before it leads to clinical
consequences (33). A large number of studies have indicated
that many cell types, such as endothelial cells, lymphocytes,
macrophages and SMCs are associated with the formation
of atherosclerotic lesions (34). There is evidence to suggest
that SMC migration and proliferation play a major role in the
formation of fibroproliferative plaques (35). A predominant
feature of atherogenesis is SMC migration into the intima
of the arterial wall where they synthesize the ECM, together
with the accumulation of cholesterol and proliferation by
macrophages, leading to the progression of atherosclerotic
plaque (36). SMC proliferation is a critical mechanism for
the formation of plaque and fibrous caps; these cells are also

involved in endothelial cell injury, necrotic core formation and
plaque rupture (34,37).

A number of factors affect SMC proliferation and migra-
tion, including hypertension, increased plasma cholesterol
levels and oxidative stress. oxLDL, present in atherosclerotic
lesions, is a well-established risk factor for atherosclerosis that
induces changes in gene expression (growth factors, cytokines
and adhesion molecules), lipoprotein metabolism, cell migra-
tion, proliferation and apoptosis (38). An important finding of
this study was that OPN contributes to the oxLDL-induced
migration and proliferation of HCASMC:s. In this study, we
determined whether the expression of OPN is upregulated
when the HCASMCs were exposed to oxLDL. The results
demonstrated that oxLDL stimulated the expression of OPN;
there was a positive correlation between the OPN expression
level and HCASMC proliferation and migration.

There is evidence indicating that oxLDL upregulates the
expression of OPN (11). Moreover, high levels of OPN are asso-
ciated with the upregulation of MMP-9 levels (19). We therefore,
hypothesized that OPN may be involved in the oxLDL-induced
upregulation of MMP-9. To further confirm the role of OPN
and to clarify the mechanisms underlying the oxLDL-induced
increase in cell proliferation and migration, MMP-9 expression
was detected in the HCASMC:s. The results revealed that treat-
ment with oxLDL induced a significant increase in MMP-9
expression, which was dependent on OPN expression levels.
Previous studies have suggested that OPN upregulates the
expression of MMP-9 through the avf33 integrin pathway (19).
Another finding of this study was that oxLDL activates avf3
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integrin in HCASMCs. We found that the level of avf33 inte-
grin was markedly reduced following the treatment of the
cells with antibody against avp3. Moreover, MMP-9 expres-
sion, as well as the cell proliferation and migration, were also
reduced. To further confirm the role of MMP-9 in HCASMC
proliferation and migration, a siRNA experiment for MMP-9
was performed. The results demonstrated that cell proliferation
and migration were markedly reduced following the treatment
of the cells with MMP-9 siRNA. These results indicate that
oxLDL increases the proliferation and migration of HCASMCs
through the upregulation of OPN and MMP-9, and that MMP-9
expression is partly dependent on OPN expression through the
avp3 integrin pathway.

In conclusion, our data demonstrate that oxLDL promotes
the proliferation and migration of HCASMCs through
the upregulation of the expression of OPN and MMP-9.
Furthermore, our results suggest that the effects of oxLDL on
the expression of MMP-9 are dependent on the expression of
OPN through the avf33 integrin pathway. The data presented
in our study provide new insight into the mechanisms through
which oxLDL affects HCASMC proliferation and migration.
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