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ABSTRACT

Endothelial cells of arteries (AEC) have a strikingly greater responsiveness to atherosclerosis factors than venous endothelial cells (VEC).
However, the reasons for this phenomenon remain unclear. Chicken ovalbumin upstream promoter-transcription factor II (COUP-TFII) plays
an important role in regulating embryonic arterial-venous differentiation. We therefore investigate whether COUP-TFII is related to this
different susceptibility between AEC and VEC. It is first confirmed that COUP-TFII is expressed in VEC but not in AEC in the adult. Using a
siRNA strategy, we identified the expression of Jagged1 and Notch1 in cultured human VEC, which usually exist only in AEC, after knocking
down of COUP-TFIL To further elucidate the role of COUP-TFII, we performed DNA microarrays in VEC transfected with the siRNA of COUP-
TFII and subsequently stimulated with angiotensin II (Angll) and compared the expression profiles of 112 genes involved in various
atherosclerosis-related pathways. The results indicated that expression of atherogenic genes was significantly upregulated after Angll
stimulation in VEC transfected with COUP-TFII siRNA. Moreover, in vitro cell functional assay showed that knockdown of COUP-TFII in VEC
increased not only basal but also Angll-induced cell adhesions. These results demonstrate that COUP-TFII suppresses the susceptibility of VEC
to atherosclerosis through controlling the expression of various atherosclerosis-related molecules. J. Cell. Biochem. 112: 256-264, 2011.
© 2010 Wiley-Liss, Inc.
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I t is well known that atherosclerosis-inducing factors predomi-
nantly affect arteries but rarely veins in the normal anatomical
locations although they are exposed to similarly systemic risk
factors such as hyperlipidemia, diabetes mellitus, smoking, and
hypertension. There have been a variety of reports demonstrating
that hemodynamic factors contribute largely to the differences
between arteries and veins in many aspects including atherosclerotic
susceptibility [Zhang et al., 2004; Chatzizisis et al., 2007], however,
accumulating evidences have shown that genetic variants in arteries

and veins are also responsible for their initial differentiation [Torres-
Vazquez et al., 2003; Swift and Weinstein, 2009; Lin et al., 2007]. It
is therefore hypothesized that molecular divergences between
arteries and veins might associate with their unlike susceptibilities to
atherosclerosis.

Chicken ovalbumin upstream promoter-transcription factor II
(COUP-TFII; also called NR2F and ARP-1) is an orphan receptor of
the steroid/thyroid hormone receptor superfamily. Recently, You
[You et al., 2005] have shown that COUP-TFII is specifically expressed in
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venous but not arterial endothelium in the embryonic vasculature, and
ablation of COUP-TFII in endothelial cells (EC) induces transdifferentia-
tion of vein to artery. Furthermore, they discovered COUP-TFII plays a
critical role in maintaining vein identity through repressing Notch
signaling during embryonic vasculature development. On the other
hand, COUP-TFII has also been reported to be a regulator for lipids,
glucose, and insulin metabolisms, which are involved in the process of
atherosclerosis in diverse kinds of tissues [Zhang et al., 2002; Tian, 2003;
Myers et al., 2006). We hereby supposed that COUP-TFII associates with
the susceptibility to atherosclerosis.

EC line the inner surface of the vascular wall and mediate a large
number of physiological processes in maintaining vascular
functions. Dysfunctions of EC are considered to be the initiation
of atherosclerosis. Additionally, venous and arterial EC are quite
different in embryonic origin and serve dissimilar vessel functions
[Torres-Vazquez et al., 2003; Swift and Weinstein, 2009]. Collectively,
it is reasonable to postulate COUP-TFII affects susceptibilities of EC to
atherosclerotic factors. In the present study, we demonstrate that
COUP-TFI is specifically expressed in Venous EC (VEC) and controls
expressions of various inherent genes relative to atherosclerosis.
Inhibition of COUP-TFII expression in VEC enhances the susceptibility
of the cells to the atherosclerotic stimulation.

CELL CULTURE AND TRANSFECTION OF A SIRNA

VEC were enzymatically isolated from human umbilical veins
and cultured as previously described [Polikandriotis et al., 2005].
All protocols were approved by the local ethics review board of
Fudan University. According to protocols by the manufacturer, VEC
(50% confluence) were transfected with either human COUP-TFII
small interfering RNA (siRNA, sc-38818; SantaCruz Biotechnology,
Inc., California) or its scramble RNA (scRNA, sc-36869; SantaCruz)
at the optimized concentrations, or with the same volume of vehicle
alone (siRNA transfection reagent, sc-29528; SantaCruz). Forty-
eight hours later, whole cell lysates were subjected to Western
blotting using an antibody against COUP-TFII (sc-6578; SantaCruz) to
confirm the suppressive effect of siRNA on COUP-TFII expression.
In separate experiments, cells with or without transfection were
incubated with medium containing 0.5% fetal serum for 24h and
subsequently treated with angiotensin II (Angll, 10~’ mol/L; Sigma,
St. Louis, MO) for 4 h. Total RNA was harvested with TRIzol reagent
(Invitrogen, Carlsbad, CA) for microarray and quantitative real-time
PCR (RT-PCR) analysis.

MICROARRAY AND QUANTITATIVE RT-PCR ANALYSIS

Oligo GE Array Human Atherosclerosis Microarray systems (OHS-
038; SuperArray Bioscience Corporation, Bethesda, MD) were used
in analysis of microarray. Each array consists of 112 genes known
to be related to lipid transport and metabolism, cell adhesion, cell
growth, extracellular molecules, blood coagulation, and thrombosis.
Microarray analysis was performed according to the manufacturer’s
instructions. Briefly, total RNA was reversely transcribed into cDNA
and synthesized into cRNA. After the cRNA was labeled with Biotin-
16-dUTP (Roche, Indianapolis, IN) and hybridized under precisely
specified conditions to a positively charged nylon membrane

containing the arrayed DNA, the arrays were visualized using
the chemiluminescent detection system (SuperArray Bioscience).
All experiments were repeated three times. Data were analyzed using
the GE Array expression analysis suite and the Genes upregulated
or downregulated by more than twice (P < 0.05) were considered
significant in the selection criteria.

For confirmation of microarray results, quantitative RT-PCR
was used to measure gene expression in aliquots of the same RNA
preparations used for the microarray experiment according to
the manufacturer’s instructions (Rotor-Gene, Corbett Research).
The oligonucleotide primers used were as follows: MMP1, sense,
5'-TCCTGCTTTGTCCTTTGATG3-/, antisense, 5'-AGCCCAGAATT-
GATTTCCTTTA-3’; CCL5, sense, 5'-ATCCTCATTGCTACTGCCCTC-
3’, antisense, 5'-GCCACTGGTGTAGAAATACTCC-3’; OLRI, sense,
5'-ACCTA TTTTCCTCGG GCTCA-3', antisense, 5-GGGGCAT-
CAAAGGAGAACC-3'; vWF, sense, 5'-CCTGCCGCTCTCTCTCTTAC-
3/, antisense, 5'-AGCACATGGTGTGATGGTCTG-3’; GAPDH, sense,
5'-AAGAAGG TGGTGAAGCAGGC-3’, antisense, 5'-TCCAC-
CACCCTGTTGCTGTA-3'. SYBR Green (Molecular Probes) fluores-
cence was monitored after each cycle. Amplification of specific
transcripts was confirmed by melting curve profiles at the end of
each PCR. Levels of mRNA expression were quantified by using the
second-derivative maximum method of Rotor-gene 6.0 Software
(Corbett Research) and normalized to GAPDH expression.

WESTERN BLOTTING

Protein expression of COUP-TFII, Notchl, and Jaggedl in VEC
was analyzed by Western blotting. Briefly, total cell lysates were
separated by electrophoresis on the SDS-polyacrylamide gel and
transferred to the PVDF membrane (Roche, Basel, Switzerland).
The membranes were immunoblotted with antibodies against
COUP-TFII, Notchl (sc-6014) or Jaggedl (sc-6011, 1:1,000;
SantaCruz) at 4°C overnight. Immunoreactivities were detected
using the enhanced chemiluminescence reaction (ECL) system
(Amersham Pharmacia Biotech). Expression of GAPDH was used as
a loading control. Expression levels of proteins were quantified by
scanning densitometries and normalized by GAPDH.

FLUORESCENCE-ACTIVATED CELL SORTER (FACS) ANALYSIS
Expression of Jaggedl and Notchl on VEC was quantitatively
evaluated by a flow cytometry. Briefly, VEC transfected with siRNA of
COUP-TFII or its scRNA were harvested and incubated with primary
antibodies (goat anti-human Jaggedl, goat anti-human Notchl,
SantaCruz) or with phosphate-buffered saline (PBS) as a negative
control for 1h, and then with a Cy3 conjugated antibody (Sigma) for
30 min. Cells were fixed with 1% paraformaldehyde and immediately
analyzed by a flow cytometry (FACS Calibur, Becton Dickinson).

FLUORESCENCE IMMUNOCYTOCHEMISTRY

Expression of COUP-TFII, Notchl, and Jaggedl in VEC and AEC
was examined by the fluorescence immunocytochemistry method.
Briefly, VEC and AEC were enzymatically isolated and cultured from
human umbilical veins and arteries respectively as previously
described [Polikandriotis et al.,, 2005]. After 60%-70% of
confluence, the cells were fixed with 4% paraformaldehyde,
incubated with primary antibodies (goat anti-human COUP-TFII,
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goat anti-human Jagged1, goat anti-human Notch1, 1:100, Santa-
Cruz) or PBS as a negative control overnight at 4uC, and then with a
Cy3 conjugated antibody (1:100; Sigma) at room temperature for
30 min. After staining the nuclei with 4',6'-diamidino-2-phenylindole
(DAPI, 5 pg/ml, Sigma) for another 30 min, cells were examined by a
fluorescence microscope (Leica DMIRB, Germany).

ADHESION ASSAY

VEC-THP1 cell adhesion assay was performed as previous described
with some modifications [Hiraoka et al., 2004; Kawakami et al.,
2007]. VEC transfected with siRNA of COUP-TFII or its scRNA were
treated with or without AngIl (10~7 mol/L, 4 h). THP1 cells (ATCC,
Manassas, VA) were then labeled with DAPI (5 pg/ml; Sigma), plated
on a confluent EC monolayer in a 24-well plate (1 x 10° THP1 cells
per well), and allowed to adhere for 10 min. Non-adherent cells were
removed and adhered DAPI positive cells were counted in five
randomly selected optical fields (20x lense) and averaged. Number
of the adhered cells was expressed as cells/field.

IMMUNOHISTOCHEMISTRY IN VESSELS

Healthy male Sprague-Dawley rats (250 g) were purchased from Fudan
University. Animals were anesthetized and the aorta and vena cava
were harvested after perfusion fixation with 4% paraformaldehyde
in PBS at 100 mmHg for 15 min. Vessels were then fixed overnight
in4% paraformaldehyde in PBS and paraffin embedded. Segments
were sectioned in 5 wm thick and mounted, and expression of Jagged]1,
Notch1, and COUP-TFII was examined by immunohistochemistry
using antibodies against Jagged1, Notch1, and COUP-TFII, respec-
tively (1:100, SantaCruz) [You et al, 2005]. The investigation
conforms with the Guide for the Care and Use of Laboratory Animals
published by the US National Institutes of Health (NIH Publication
No. 85-23, revised 1996) and all protocols were approved by
the Institutional Animal Care and Use Committee of Fudan University.

COUP-TFII

Aorta

Vena Cava

STATISTICAL ANALYSIS
All experiments were repeated at least three times on different
occasions. Data were expressed as mean &+ SEM and analyzed by
independent t-test or by one-way ANOVA. Values of P < 0.05 were
considered significant.

EXPRESSION OF COUP-TFII IN ADULT RAT VESSELS

Since COUP-TFII has been reported to contribute to the vein identity
during embryonic vasculogenesis by suppressing Notch signaling
[You et al., 2005], using immunohistochemistry method, we initially
investigated the expression of COUP-TFII and Notch1/Jaggedl in
the endothelium of aorta and vena cava isolated from adult rats. The
results showed that Notch1/Jagged1 expressed in endothelium of
the artery but not in the vein, whereas COUP-TFII was observed in
endothelium of the vein rather than that of the artery (Fig. 1). The
expression pattern of COUP-TFII in adult vessels is similar to that
observed in embryonic development, indicating that COUP-TFII is a
conserved gene.

EXPRESSION OF NOTCH1/JAGGED1 IN VEC AFTER INHIBITION OF
COUP-TFII

To further examine the roles of COUP-TFII, we cultured VEC and
AEC from human umbilical veins and arteries, respectively.
Immunofluorescence staining showed that VEC in culture expressed
COUP-TFII but not Notch1 or Jagged1 whereas AEC expressed both
Notch1 and Jagged1 but not COUP-TFII (Fig. 2A), which was similar
to the results observed from in vivo vascular endothelium. We next
employed a siRNA to suppress the expression of COUP-TFII and
examined whether this suppression induce expression of Notch1/
Jagged1 in VEC. Specific suppression of COUP-TFII by siRNA was

Fig. 1. Differences in expression of COUP-TFII, Notch1, and Jagged1 in the endothelium of aorta and vena cava. Sections of aorta and vena cava from adult Sprague-Dawley
rats were immunohistological stained with anti-COUP-TFII, Notch1, or Jagged1 antibodies. Representative photomicrographs from three independent experiments are shown.
Expression of COUP-TFII appeared only in the endothelium of vein but not aorta whereas Notch1 and Jagged1 expressed in the endothelium of aorta but not vein.
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Induction of Jagged1 and Notch1 expression by knockdown of COUP-TFII in cultured VEC. VEC and AEC from human umbilical veins and arteries were cultured as

described in Methods Section. A: Representative photomicrographs of the cultured cells and the staining of COUP-TFII, Notch1, and Jagged1. COUP-TFII, Notch1, or Jagged1
staining was merged with DAPI staining. Red indicates positive signals. Nuclei of VEC but not AEC were positively stained with a COUP-TFII antibody. Notch1 could stain both
the membrane and the cytoplasma while Jagged1 antibody could only stain the membrane of AEC but not VEC. Bar = 20 um. B: Analysis of COUP-TFII expression by Western

blotting. siRNA of COUP-TFII (siRNA) or its scramble sequence (scRNA) were added to c

ultured VEC as described in Methods Section. Expression of GAPDH served as a loading

control. Mock, without transfection. Expression of COUP-TFII was significantly suppressed (>50%) by siRNA but not by scRNA. C: Quantification of COUP-TFII expression.

Expression of COUP-TFII was densitometrically analyzed and expressed as folds of GAPD

H expression. Data are presented as mean + SEM (n = 3). D: Expression of Jagged1 and

Notch1 analyzed by Western blotting in VEC transfected with siRNA or its scRNA. Expression of GAPDH served as a loading control. E: FACS analysis. Preparation of VEC for FACS
analysis of Jagged1 and Notch1 expression was described in Methods Section. Jagged1 and Notch1 positive cells were expressed as % of total cells (n=3).

verified by Western blotting (Fig. 2B,C). As shown, expression of
Notch1/Jaggedl emerged in the cells after inhibition of COUP-TFII
(Fig. 2D,E). These results suggest that COUP-TFII controls expression
of some specific genes to maintain the venous identity in adult veins.

COMPARISON OF GENE EXPRESSION PROFILES IN VEC WITH OR
WITHOUT INHIBITION OF COUP-TFII

Inhibition of COUP-TFII induced expression of Notch1/Jagged1 in
VEC, suggesting that COUP-TFII might determine susceptibility of
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EC to atherosclerosis through controlling certain downstream genes.
We therefore examined the change of gene expression profiles in
VEC after suppression of COUP-TFII with its siRNA.

Among measured 112 genes, 11 genes including MMP1, MMP3,
CCL5, CCL20, CCR1, VWF, LPA, apoAl, IL-8, IL-6, and DSCR1 were

Fig. 3.
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significantly upregulated while three genes including apoE, IL13,
and IL-4 were downregulated in the VEC after knockdown of COUP-
TFII (Fig. 3A; Table I). After administration of Angll, an atherogenic
factor [Mazzolai and Hayoz, 2006], to the cells, expression of 10
atherosclerosis related genes including MMP 1, MMP3, CCL5, CCL20,
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Atherosclerosis microarray analysis in VEC after suppression of COUP-TFII. Cultured VEC were transfected with siRNA of COUP-TFII or its scRNA and treated with or
without Angll, atherosclerosis microarray of mRNA was performed as described in Methods Section. A,B: Representative photographs of microarray analysis in VEC with (B) and
without (A) Angll incubation are shown. C: Array layout. There was a significant difference in expression of a variety of genes between siRNA and scRNA transfection or between
incubation with and without Angll.
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TABLE 1. The Genes Changed After Inhibition of COUP-TFII in VEC Without Angll Stimulation

Accession no Gene name Gene symbol Fold change P-value
NM_002421 Matrix metalloproteinase 1 (interstitial collagenase) MMP1 3.871 0.037
NM_002422 Matrix metalloproteinase 3 (stromelysin 1, progelatinase) MMP3 2.836 0.000
NM_002985 Chemokine (C-C motif) ligand 5 CCL5 3.354 0.026
NM_004591 Chemokine (C-C motif) ligand 20 CCL20 4.113 0.031
NM_001295 Chemokine (C-C motif) receptor 1 CCR1 6.522 0.003
NM_000552 Von Willebrand factor vWF 3.983 0.026
NM_005577 Lipoprotein, Lp(a) LPA 3.584 0.043
NM_000041 Apolipoprotein E apoE 0.416 0.009
NM_000039 Apolipoprotein A-I ApoAl 3.669 0.003
NM_000584 Interleukin 8 1L-8 3.126 0.026
NM_000600 Interleukin 6 (interferon, beta 2) IL-6 2.225 0.008
NM_002188 Interleukin 13 IL-13 0.142 0.018
NM_004414 Down syndrome critical region gene 1 DSCR1 4.052 0.040
NM_000589 Interleukin 4 1L-4 0.370 0.015

Numbers are median fold changes from three biological replicates.

LPA, IL-6, THBS4, OLR1, ADFP, and SERPINB2 were further elevated
in VEC with siRNA of COUP-TFII (Fig. 3B; Table II). Four genes
including MMP1, CCL5, vWF, and OLR1 were chosen to further
confirmation by RT-PCR, and the results were consistent with the
DNA array data (correlation was 0.84; Online supplement Table).
Among these genes, MMP1 and MMP3 belong to the matrix
metalloproteinases family, which are capable of degrading the
components of extracellular milieu. CCL5, CCL20, CCR1, IL-8, IL-6,
IL13, IL-4, and DSCR1 are chemokines, the cell adhesion and
inflammatory markers. vVWF, THBS4, and SERPINB2 are involved in
the fundamental processes of coagulation and thrombosis. apoAl,
apoE, and LPA are related to lipid transport and metabolisms. These
results collectively suggest that COUP-TFII contributes to control the
expression of a variety of atherosclerosis-related genes in VEC.

ADHESION OF THP1 CELLS TO VEC INDUCED BY INHIBITION OF
COUP-TFII

We finally asked whether inhibition of COUP-TFII in VEC would
induce atherogenic responses. Adhesion and subsequent recruit-
ment of monocytes to endothelium plays an initial role in
atherogenesis and plaque instability [Hiraoka et al., 2004;
Kawakami et al.,, 2007]. We therefore observed adhesion of the
monocyte, THP1 cells to VEC after knockdown of COUP-TFIL
Treatment of VEC with COUP-TFII siRNA significantly increased
adhesion of THP1 cells to the VEC (5 % 2 cells/field vs. 12 £ 3 cells/
field, n=5, P < 0.05; Fig. 4A,C), and addition of AnglII to the cells
significantly amplified the increase in adhesion induced by

inhibition of COUP-TFII (19 £ 4 cells/field vs. 36 +6 cells/field,
n=>5, P<0.05; Fig. 4B,D).

Atherosclerosis usually develops in arteries but rarely in veins under
normal conditions. In this study, we demonstrate that COUP-TFII is
expressed in VEC but not in AEC in adult vessels, and knockdown of
COUP-TFII in VEC alters expression profile of various athero-
sclerosis-related genes selectively including those of lipid transport
and metabolism, extracellular matrix, thrombosis, inflammation
and adhesion. These findings suggest COUP-TFII contributes to the
differences in atherosclerotic susceptibility between AEC and VEC.

Accumulating data indicate that AEC and VEC are molecular
distinct even before the output of the first embryonic heartbeat
[Torres-Vazquez et al., 2003; Swift and Weinstein, 2009]. Recently,
Chi [Chi et al., 2003] employed a microarray method by which 817
vein-specific genes and 59 artery-specific genes have been found.
Among these genes, COUP-TFII has been reported to be the upstream
transcription factor that regulates vasculature differentiation during
embryo development. You [You et al., 2005] found that removing of
COUP-TFII from embryonic VEC activates the expression of artery-
specific genes such as NP-1, Jagged1, Notch1, and Efnb2, and leads
to the acquisition of arterial features. We here observed that Notch1/
Jagged1 but not COUP-TFII was expressed in AEC, while COUP-TFII
but not Notchl/Jaggedl was expressed in VEC of adult vessels.
Suppression of COUP-TFII in cultured VEC induces expression of

TABLE II. The Genes Changed After Inhibition of COUP-TFII in VEC With Angll Stimulation

Accession no Gene name Gene symbol Fold change P-value
NM_002421 Matrix metalloproteinase 1 (interstitial collagenase) MMP1 8.673 0.036
NM_002422 Matrix metalloproteinase 3 (stromelysin 1, progelatinase) MMP3 5.853 0.013
NM_002985 Chemokine (C-C motif) ligand 5 CCL5 9.743 0.039
NM_004591 Chemokine (C-C motif) ligand 20 CCL20 6.835 0.016
NM_005577 Lipoprotein, Lp(a) LPA 5.306 0.028
NM_000600 Interleukin 6 (interferon, beta 2) 1L-6 2.946 0.002
NM_003248 Thrombospondin 4 THBS4 5.369 0.047
NM_002543 Oxidised low density lipoprotein (lectin-like) receptor 1 OLR1 6.156 0.040
NM_001122 Adipose differentiation-related protein ADFP 4.843 0.002
NM_002575 Serine (or cysteine) proteinase inhibitor, clade B (ovalbumin), member 2 SERPINB2 2.645 0.009
Numbers are median fold changes from three biological replicates.
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Fig. 4. Effects of COUP-TFlI-knocking down in VEC on adhesion of THP1 cells. Cultured VEC were transfected with siRNA of COUP-TFII or its scRNA and treated with or
without Angll for 4 h. THP1 labeled with DAPI were planted on the VEC monolayer and allowed to adhere for 10 min. Non-adherent cells were removed. A,B: Representative
photomicrographs of adhesion of THP1 cells to VEC transfected with siRNA and scRNA without (A) or with (B) Angll stimulation are shown. C,D: Quantification of adhered THP1
cells. DAPI positive cells were counted in five randomly selected optical fields. Data are presented as mean + SEM of cells/field (n = 5).

Notch1/Jagged1. The apparently conserved expression pattern of
COUP-TFII in adult and embryonic vasculature highlights its
potential importance in establishing and maintaining of proper
arterial-venous demarcation.

Besides the function in arterial-venous differentiation, COUP-
TFII regulates a variety of metabolic processes including (-
oxidation, fatty acid synthesis, glucose homeostasis, and insulin
sensitivity [De et al., 2004; Bardoux et al., 2005; Buholzer et al.,
2005], and these are all relative to the development of athero-
sclerosis. By employing a microarray in VEC after inhibition of
COUP-TFII, we found that, of the 112 atherosclerosis related genes,
11 genes were upregulated and 3 were downregulated. These genes
have been reported to play diverse roles in endothelial biology,
including lipid transport and metabolism (apoAl, apoE, LPA),
extracellular matrix (MMP1, MMP3), thrombosis (VWEF), inflamma-
tion and adhesion molecules (CCL5, CCL20, CCR1, IL-8, IL-6, IL13,
IL-4, DSCR1). Importantly, most of the selectively upregulated genes
induced by inhibition of COUP-TFII were pro-atherogenic ones such
as MMP1, MMP3, LPA, vWF, CCL5, CCL20, CCR1, IL-6, and IL-8
whereas only few of them (DSCR1 and apoA1) were anti-atherogenic
ones, and contrarily, downregulated genes were all atheroprotective
ones (apoE, IL-4, and IL-13) [Curtiss and Boisvert, 2000; Catena
et al., 2005; Barter and Rye, 2006; Blann, 2006; Liang et al., 2006;
Liehn et al., 2006; Minami et al., 2006]. These data indicate that
inhibition of COUP-TFII could reprogram expression of pro- and
anti-atherogenic genes, which might be one of the reasons to
explain why arteries are more prone to atherosclerosis than veins.

Angll is a defined risk factor for the development of athero-
sclerosis [Mazzolai and Hayoz, 2006]. To understand whether
knockdown of COUP-TFII affect the responses to atherogenic stimuli
of VEC, we further observed gene expression profile after treating

VEC with both siRNA of COUP-TFII and Angll. Comparing with the
treatment with Angll alone, Angll plus downregulation of COUP-
TFII specifically elevated 10 of the 112 atherogenic genes related
to the lipid transport and metabolism (LPA, OLR1, ADFP),
extracellular matrix (MMP1, MMP3), thrombosis (THBS4, SER-
PINB2), inflammation and adhesion (CCL5, CCL20, IL-6). Among
these reprogrammed genes, some overlap the results of knockdown
of COUP-TFII alone such as MMP1, MMP3, CCL5, CCL20, LPA, and
IL-6, while ADFP, OLR1, THBS4, and SERPINB2 required simulta-
neously inhibition of COUP-TFII and stimulation with AngIl
to change their expression. Although COUP-TFII was initially
characterized as a transcriptional stimulator of the chicken
ovalbumin promoter, it has recently been recognized to play a
regulation role in the transcriptional control of several genes
including AnglII [Yanai et al., 1999]. We therefore speculated that
COUP-TFII is an upstream regulator for the renin-angiotensin
pathway, and thereby influences the gene expression of ADFP,
OLR1, THBS4, and SERPINB2 which are regulated by Angll.
Arteries and veins are different in their local environment
including oxygen tension and hemodynamic forces. Hypoxia
has been shown to accelerate the development of atherosclerosis
in many situations [Nakano et al., 2005; Sluimer and Daemen, 2009].
However, it is the oxygen tension in the vessel wall but not in the
blood flow determines its influence on the development of
atherosclerosis [Simanonok, 1996]. In contrast, there are significant
evidences revealing that hemodynamic forces are major determi-
nants of atherosclerotic plaque localization. Shear stress, by creating
a force tangential to the vessel wall, and pressure, by creating a
circumferential stretch, are biologically active in affecting the
expression of atherogenic genes. It has been commonly noticed that
high laminar shear stress is protective but the oscillatory blood flow or
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low shear stress promotes the development of atherosclerosis. Our
study, in a different way, showed that intrinsic molecular divergences
contribute to the different susceptibilities to atherosclerosis between
arteries and veins. COUP-TFII exerts its effects on controlling the
susceptibility of VEC to atherosclerosis through either direct
suppression of some atherogenic gene expression or interfering
atherogenic factor-induced gene expression.

Adhesion of leukocytes to vascular endothelium is an essential
process in the initiation and development of atherosclerosis
[Boisvert, 2004; Liehn et al., 2006]. It has been indicated that cell
adhesion pathways can be activated by atherogenic stimulators in
AEC rather than in VEC [Amberger et al., 1997; Deng et al., 2006],
which partially explains the differences in adhesive responses
between AEC and VEC. The present study revealed that knockdown
of COUP-TFII in VEC activates adhesion of the THP-1 cells to the
VEC even at the absent of Angll. These data suggest that COUP-TFIL
plays a key role in regulating the effects of chemokines and
inflammatory factors, thereby inhibiting the interaction of VEC with
monocytes.

Although the heterogeneity of endothelium from different vessels
has been reported for a long time [Gerritsen, 1987; Aird, 2007], its
relation to atherosclerosis is indicated only in recent years [Aird,
2006a,b]. Deng [Deng et al., 2006] have reported quite recently that
atheroprotective genes were more expressed in VEC than that in
AEC. In the viewpoint of vascular development, our study focused
on how the differences between AEC and VEC are acquired, and
found that COUP-TFII can alter profiles of atherosclerosis-related
gene expression in VEC at both basal and atherogenic factor-
stimulated conditions. Although there are a variety of reasons
including environment and hemodynamics for the different
susceptibilities to atherosclerosis between the artery and vein, our
study indicates that the intrinsic molecules such as COUP-TFII and
its related genes may also contribute, at least in part, to the
difference between the two vessels. Targeting these intrinsic
molecules may be a potential strategy for atherosclerosis therapy.

ACKNOWLEDGMENTS

We thank Mrs. Ruimin Yao, Jianguo Jia, and Shijun Wang, and Ms.
Sanli Qian for excellent technical assistances. This work was
supported by Science and Technology Commission of Shanghai
Municipality (05XD14003). National Science Fund for Distin-
guished Young Scholars (30525018) (Y. Z.), National Basic
Research Program of China (2006CB503803) (J.G.), National
Natural Science Foundation of China 30872710, China Postdoctor-
al Foundation 20060390139, Shanghai Postdoctoral Foundation
06R214107 (X.W.).

REFERENCES

Aird WC. 2006. Mechanisms of endothelial cell heterogeneity in health and
disease. Circ Res 98:159-162.

Aird WC. 2006. Endothelial cell heterogeneity and atherosclerosis. Curr
Atheroscler Rep 8:69-75.

Aird WC. 2007. Phenotypic heterogeneity of the endothelium: II. Represen-
tative vascular beds. Circ Res 100:174-190.

Amberger A, Maczek C, Jurgens G, Michaelis D, Schett G, Trieb K, Eberl T,
Jindal S, Xu Q, Wick G. 1997. Co-expression of ICAM-1, VCAM-1, ELAM-1
and Hsp60 in human arterial and venous endothelial cells in response to
cytokines and oxidized low-density lipoproteins. Cell Stress Chaperones 2:
94-103.

Bardoux P, Zhang P, Flamez D, Perilhou A, Lavin TA, Tanti JF, Hellemans K,
Gomas E, Godard C, Andreelli F, Buccheri MA, Kahn A, Le Marchand-Brustel
Y, Burcelin R, Schuit F, Vasseur-Cognet M. 2005. Essential role of chicken
ovalbumin upstream promoter-transcription factor Il in insulin secretion and
insulin sensitivity revealed by conditional gene knockout. Diabetes 54:1357-
1363.

Barter PJ, Rye KA. 2006. The rationale for using apoA-I as a clinical marker of
cardiovascular risk. J Intern Med 259:447-454.

Blann AD. 2006. Plasma von Willebrand factor, thrombosis, and the endothe-
lium: The first 30 years. Thromb Haemost 95:49-55.

Boisvert WA. 2004. Modulation of atherogenesis by chemokines. Trends
Cardiovasc Med 14:161-165.

Buholzer CF, Arrighi JF, Abraham S, Piguet V, Capponi AM, Casal AJ. 2005.
Chicken ovalbumin upstream promoter-transcription factor is a negative
regulator of steroidogenesis in bovine adrenal glomerulosa cells. Mol Endo-
crinol 19:65-75.

Catena C, Novello M, Lapenna R, Baroselli S, Colussi G, Nadalini E, Favret G,
Cavarape A, Soardo G, Sechi LA. 2005. New risk factors for atherosclerosis in
hypertension: Focus on the prothrombotic state and lipoprotein(a). J Hyper-
tens 23:1617-1631.

Chatzizisis YS, Coskun AU, Jonas M, Edelman ER, Feldman CL, Stone PH.
2007. Role of endothelial shear stress in the natural history of coronary
atherosclerosis and vascular remodeling: Molecular, cellular, and vascular
behavior. J Am Coll Cardiol 49:2379-2393.

Chi JT, Chang HY, Haraldsen G, Jahnsen FL, Troyanskaya OG, Chang DS,
Wang Z, Rockson SG, van de Rijn M, Botstein D, Brown PO. 2003. Endothelial
cell diversity revealed by global expression profiling. Proc Natl Acad Sci USA
100:10623-10628.

Curtiss LK, Boisvert WA. 2000. Apolipoprotein E and atherosclerosis. Curr
Opin Lipidol 11:243-251.

De Martino MU, Alesci S, Chrousos GP, Kino T. 2004. Interaction of the
glucocorticoid receptor and the chicken ovalbumin upstream promoter-
transcription factor II (COUP-TFII): Implications for the actions of gluco-
corticoids on glucose, lipoprotein, and xenobiotic metabolism. Ann NY Acad
Sci 1024:72-85.

Deng DX, Tsalenko A, Vailaya A, Ben-Dor A, Kundu R, Estay I, Tabibiazar R,
Kincaid R, Yakhini Z, Bruhn L, Quertermous T. 2006. Differences in vascular
bed disease susceptibility reflect differences in gene expression response to
atherogenic stimuli. Circ Res 98:200-208.

Gerritsen ME. 1987. Functional heterogeneity of vascular endothelial cells.
Biochem Pharmacol 36:2701-2711.

Hiraoka M, Nitta N, Nagai M, Shimokado K, Yoshida M. 2004. MCP-1-
induced enhancement of THP-1 adhesion to vascular endothelium was
modulated by HMG-CoA reductase inhibitor through RhoA GTPase-, but
not ERK1/2-dependent pathway. Life Sci 75:1333-1341.

Kawakami A, Aikawa M, Nitta N, Yoshida M, Libby P, Sacks FM. 2007.
Apolipoprotein CIlI-induced. THP-1 cell adhesion to endothelial cells
involves pertussis toxin-sensitive G protein- and protein kinase C alpha-
mediated nuclear factor-kappaB activation. Arterioscler Thromb Vasc Biol
27:219-225.

Liang J, Liu E, Yu Y, Kitajima S, Koike T, Jin Y, Morimoto M, Hatakeyama K,
Asada Y, Watanabe T, Sasaguri Y, Watanabe S, Fan J. 2006. Macrophage
metalloelastase accelerates the progression of atherosclerosis in transgenic
rabbits. Circulation 113:1993-2001.

Liehn EA, Zernecke A, Postea O, Weber C. . Chemokines: Inflammatory
mediators of atherosclerosis. Arch Physiol Biochem 112:229-238.

JOURNAL OF CELLULAR BIOCHEMISTRY

263

SUPPRESSION OF ATHEROSCLEROSIS BY COUP-TFII



Lin FJ, Tsai MJ, Tsai SY. 2007. Artery and vein formation: A tug of war
between different forces. EMBO Rep 8:920-924.

Mazzolai L, Hayoz D. 2006. The renin-angiotensin system and atherosclero-
sis. Curr Hypertens Rep 8:47-53.

Minami T, Miura M, Aird WC, Kodama T. 2006. Thrombin-induced auto-
inhibitory factor, Down syndrome critical region-1, attenuates NFAT-depen-
dent vascular cell adhesion molecule-1 expression and inflammation in the
endothelium. J Biol Chem 281:20503-20520.

Myers SA, Wang SC, Muscat GE. 2006. The chicken ovalbumin upstream
promoter-transcription factors modulate genes and pathways involved in
skeletal muscle cell metabolism. J Biol Chem 281:24149-24160.

Nakano D, Hayashi T, Tazawa N, Yamashita C, Inamoto S, Okuda N, Mori T,
Sohmiya K, Kitaura Y, Okada Y, Matsumura Y. 2005. Chronic hypoxia
accelerates the progression of atherosclerosis in apolipoprotein E-knockout
mice. Hypertens Res 28:837-845.

Polikandriotis JA, Mazzella LJ, Rupnow HL, Hart CM. 2005. Peroxisome
proliferator-activated receptor gamma ligands stimulate endothelial nitric
oxide production through distinct peroxisome proliferator-activated re-
ceptor gamma-dependent mechanisms. Arterioscler Thromb Vasc Biol 25:
1810-1816.

Simanonok JP. 1996. Non-ischemic hypoxia of the arterial wall is a primary
cause of atherosclerosis. Med Hypotheses 46:155-161.

Sluimer JC, Daemen MJ. 2009. Novel concepts in atherogenesis: Angiogen-
esis and hypoxia in atherosclerosis. J Pathol 218:7-29.

Swift MR, Weinstein BM. 2009. Arterial-venous specification during devel-
opment. Circ Res 104:576-588.

Tian R. 2003. Transcriptional regulation of energy substrate metabolism in
normal and hypertrophied heart. Curr Hypertens Rep 5:454-458.

Torres-Vazquez J, Kamei M, Weinstein BM. 2003. Molecular distinction
between arteries and veins. Cell Tissue Res 314:43-59.

Yanai K, Hirota K, Taniguchi-Yanai K, Shigematsu Y, Shimamoto Y, Saito T,
Chowdhury S, Takiguchi M, Arakawa M, Nibu Y, Sugiyama F, Yagami K,
Fukamizu A. 1999. Regulated expression of human angiotensinogen gene by
hepatocyte nuclear factor 4 and chicken ovalbumin upstream promoter-
transcription factor. J Biol Chem 274:34605-34612.

You LR, Lin FJ, Lee CT, DeMayo FJ, Tsai MJ, Tsai SY. 2005. Suppression of
Notch signalling by the COUP-TFII transcription factor regulates vein
identity. Nature 435:98-104.

Zhang P, Bennoun M, Gogard C, Bossard P, Leclerc I, Kahn A, Vasseur-Cognet
M. 2002. Expression of COUP-TFII in metabolic tissues during development.
Mech Dev 119:109-114.

Zhang H, Sun A, Shen Y, Jia J, Wang S, Wang K, Ge J. 2004. Artery interposed
to vein did not develop atherosclerosis and underwent atrophic remodeling
in cholesterol-fed rabbits. Atherosclerosis 177:37-41.

264

SUPPRESSION OF ATHEROSCLEROSIS BY COUP-TFII

JOURNAL OF CELLULAR BIOCHEMISTRY



