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Endothelial expression of cell adhesion molecules (CAM) including VCAM-1, E-selectin, and PECAM-1
plays a leading role in atherosclerosis. Phenolic flavones have been shown to have an anti-
inflammatory property. This study examines whether 3′,4′-dimethoxy-7-hydroxyflavone (methoxyfla-
vone) and 2′,3′,7-trihydroxyflavone (hydroxyflavone) inhibited monocyte adhesion to TNF-R-activated
endothelium via reduction of CAM expression in human umbilical vein endothelial cells (HUVEC). In
stimulated HUVEC the expression of VCAM-1 and E-selectin was enhanced with increasing mRNA
levels. Methoxyflavone markedly interfered with the THP-1 monocyte adhesion to TNF-R-stimulated
HUVEC. At concentrations of g25 µM, methoxyflavone blocked the induction of VCAM-1 but not
that of E-selectin on the activated HUVEC. Immunocytochemical staining showed that methoxyflavone
modestly inhibited PECAM-1 expression induced by TNF-R. In contrast, hydroxyflavone minimally
inhibited TNF-R-stimulated E-selectin expression without affecting VCAM-1 level. The inhibitory effect
of methoxyflavone on THP-1 adhesion to HUVEC appears to be greater than that of hydroxyflavone,
most likely due to a greater inhibition of CAM expression. Thus, some flavone derivatives containing
methoxy groups may have therapeutic potential attenuating inflammatory response-related athero-
sclerosis.
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INTRODUCTION

There is increasing evidence that an increased intake of
polyphenolic phytochemicals such as flavonoids naturally found
in fruits and vegetables may contribute to the low incidence of
cardiovascular diseases (French paradox) (1-4). Flavonoids
have been shown to modify eicosanoid biosynthesis (5), prevent
platelet aggregation (6,7), and promote relaxation of cardio-
vascular smooth muscle (8, 9). In addition, flavonoids and
related polyphenolics have a great potential to delay low-density
lipoprotein (LDL) oxidation with the radical scavenging capacity
(10,11), and wine flavonoids protect against atherosclerosis by
inhibiting the accumulation of oxidized LDL in atherosclerotic
lesions (12). This observation implies that flavonoids confer
protection against early events in atherogenic lesion formation.

Cell adhesion molecules (CAM) such as vascular cell
molecule-1 (VCAM-1), intracellular adhesion molecule-1 (ICAM-
1), endothelial-leukocyte adhesion molecule-1 (E-selectin), and
platelet endothelial cell adhesion molecule-1 (PECAM-1) have
been observed in atherosclerotic lesions and at sites predisposed
to lesion formation in human coronary atherosclerotic plaques

(13-16). Overexpression of CAM is a common feature in
inflammatory environments, which is one of the first events in
the development of atherosclerosis (17, 18). These CAM
proteins are induced by proinflammatory cytokines such as
interleukin-1 and tumor necrosis factor-R (TNF-R) (17-21).
In addition, growth factors, platelet activator, and chemotactic
factors in the blood are involved in the CAM induction. It has
been documented that some flavonoids act as anti-inflammatory
agents to inhibit the expression of CAM (22-26).

In our previous study (26), apigenin and luteolin, flavones
naturally found, nearly completely inhibited TNF-R-induced
CAM proteins, VCAM-1, ICAM-1, and E-selectin, at transcrip-
tional levels. To test the hypothesis that the flavone inhibition
of CAM induction virtually involved in the atherogenic lesion
formation stems from chemical structures of flavones, the
present study elucidated the capability of flavone derivatives
with different structural features (Figure 1) in inhibiting TNF-
R-induced CAM expression in human umbilical vein endothelial
cells (HUVEC). This allowed the correlation between structural
elements and potential capacity inhibiting CAM expression to
be defined. This study further investigated the anti-inflammatory
activity of flavone derivatives at transcriptional levels with
respect to CAM expression.

* Author to whom correspondence should be addressed (telephone 82-
33-248-2132; fax 82-33-254-1475; e-mail yhkang@hallym.ac.kr).

† Department of Food and Nutrition.
§ Silver Biotechnology Research Center.

5150 J. Agric. Food Chem. 2005, 53, 5150−5157

10.1021/jf047854d CCC: $30.25 © 2005 American Chemical Society
Published on Web 05/26/2005



MATERIALS AND METHODS

Materials. M199 medium chemicals, RPMI 1640 medium chemicals,
7,8-dimethoxyflavone, and 3-(4,5-dimethylthiazolyl)diphenyl tetrazo-
lium bromide (MTT) were obtained from Sigma Chemical Co. (St.
Louis, MO), as were all other reagents, unless specifically stated
elsewhere. Collagenase was purchased from Worthington Biochemicals
(Lakewood, NJ). Fetal bovine serum (FBS), penicillin-streptomycin,
trypsin-EDTA, bovine brain extract, human epidermal growth factor,
and hydrocortisone were purchased from Cambrex Corp. (East Ruth-
erford, NJ). Human monocytic leukemic cell line THP-1 was obtained
from American Type Culture Collection (Rockville, MD). TNF-R was
obtained from Roche Molecular Biochemicals (Mannheim, Germany).
Reverse transcriptase,TaqDNA polymerase, and dNTP were purchased
from Promega Co. (Madison, WI).

Preparation of Flavone Derivatives. The tested flavones were
synthesized according to the method described in our previous paper
(27). The hydroxy groups of the flavone derivatives were protected
with methoxymethyl groups using chloromethylmethyl ether (28). The
structures of flavone derivatives, 3′,4′-dimethoxy-7-hydroxyflavone
(11N) and 2′,3′,7-trihydroxyflavone (21N), were confirmed by IR, UV,
1H NMR, and 13C NMR spectra (Figure 2). 11N has been isolated
from Launaea asplenifoliaHook (29). All flavone derivatives were

solubilized by dimethyl sulfoxide (DMSO) for culturing with cells; the
final culture concentration of DMSO wase0.5%.

Preparation of HUVEC. HUVEC were isolated from human
umbilical cords using collagenase as described elsewhere (30). Primary
cultures were maintained at 37°C in a humidified atmosphere of 5%
CO2 in air. Cells were cultured in 25 mM HEPES-buffered M199
containing 10% FBS, 2 mM glutamine, 100 units/mL penicillin, 100
µg/mL streptomycin supplemented with 0.75 mg/mL human epidermal
growth factor, and 0.075 mg/mL hydrocortisone. Primary-cultured cells
were passaged at confluence and used within 10 passages. Endothelial
cells were confirmed by their cobblestone morphology and uptake of
fluorescent 1,1′-dioctadecyl-3,3,3′,3′-tetramethylindocarbocyanine per-
chlorate-labeled acetylated LDL (Molecular Probes Inc., Eugene, OR;
ref 31).

Cell Culture Experiments. HUVEC were plated at 90-95%
confluence in all experiments. Cells were incubated for 16-18 h with
flavone derivatives in the absence and presence of 10 ng/mL TNF-R
(Roche). In experiments for the dose response to the TNF-R-induced
VCAM-1 expression, HUVEC were incubated with 1-50 µM flavone
derivatives prior to an exposure to TNF-R.

In a special protocol, it was tested whether during 24 h of incubation
g25 µM flavone derivatives affected HUVEC viability. At the end of
the 24 h incubation period, the MTT assay was performed to quantitate
cellular viability (32). HUVEC were incubated in a fresh medium
containing 1 mg/mL MTT for 3 h at 37°C. After removal of
unconverted MTT, the purple formazan product was dissolved in 1
mL of acidic 2-propanol with gentle shaking for 10 min. The purple
formazan product was measured colorimetrically atλ ) 570 nm with
background subtraction atλ ) 690 nm.

Western Blot Analysis for CAM Protein Expression. For the
measurements of CAM protein expression, whole cell extracts were
prepared from HUVEC in 1 M Tris-HCl (pH 6.8) lysis buffer containing
10% SDS, 1%â-glycerophosphate, 0.1 M Na3VO4, 0.5 M NaF, and
protease inhibitor cocktail. Cell lysates containing equal amounts of
total protein were fractionated by electrophoresis on 8% SDS-PAGE
gels and transferred onto a nitrocellulose membrane. Nonspecific
binding was blocked by soaking the membrane in TBS-T buffer [0.5
M Tris-HCl (pH 7.5), 1.5 M NaCl, and 0.1% Tween 20] containing
5% nonfat dry milk for 3 h. The membrane was incubated for 3 h with
a primary antibody [polyclonal rabbit anti-human VCAM-1 antibody
(1:1,000 dilution; Santa Cruz Biotechnology, Santa Cruz, CA)] and
polyclonal goat anti-human E-selectin antibody (1:500, Santa Cruz
Biotechnology). After three washes with TBS-T buffer, the membrane
was then incubated for 1 h with goat anti-rabbit IgG horseradish
peroxidase (1:10000 dilution, Jackson ImmunoResearch Laboratory,
West Grove, PA) or rabbit anti-goat IgG conjugated to horseradish
peroxidase (1:1000 dilution, Jackson ImmunoResearch Laboratory). The

Figure 1. Flavone backbone and flavone derivatives used in the experiments.

Figure 2. Chemical structures of 3′,4′-dimethoxy-7-hydroxyflavone (11N)
and 2′,3′,7-trihydroxyflavone (21N): HUVEC viability after coculture with
both 11N or 21N and TNF-R, as determined by MTT assay (in the bottom
panel). Values are mean ± SEM, n ) 4, expressed as percent cell survival
relative to TNF-R- and 11N- or 21N-untreated controls (viability ) 100%).
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levels of VCAM-1 and E-selectin proteins were determined by using
Supersignal West Pico chemiluminescence detection reagents (Pierce
Biotechnology Inc., Rockford, IL) and Konica X-ray film (Konica Co.,
Tokyo, Japan). Incubation with monoclonal mouseâ-actin antibody
(1:5000 dilution, Sigma Chemical) was also performed for the
comparative control.

Immunocytochemistry for in Situ Detection of PECAM-1 Ex-
pression. After HUVEC grown on eight-well chamber slides were
thoroughly washed with PBS containing 0.05% Tween 20 (PBS/T),
cells were fixed with 4% ice-cold formaldehyde for 30 min and treated
for 2 min with 0.1% Triton-X100 and 0.1% citric acid in PBS. For
blocking any nonspecific binding, cells were incubated for 3 h with
1% bovine serum albumin (BSA) and 0.3% Triton-X100 in PBS. Cells
were washed with PBS/T, and polyclonal goat anti-human PECAM-1
antibody (1:50 dilution in PBS; Santa Cruz Biotechnology) in 0.1%
BSA was sufficiently added to cells and incubated overnight at 4°C.
Cells were incubated with cyanine 3-OSu conjugate-anti-goat IgG (1:
750 dilution; Rockland Co., Gilbertville, PA) as a secondary antibody.
Fluorescent images were obtained by a fluorescence microscopy with
an Olympus BX51 fluorescent microscope with differential interference
contrast and reflected light fluorescence.

Coculture and in Vitro Monocyte Adhesion Assay.The treatment
with flavone derivatives might inhibit monocyte recruitment on the
TNF-R-stimulated vascular endothelium. HUVEC were grown in 25
mM HEPES buffer at a density of 1.0× 105 cells on four-well glass
chamber slides. Cells were pretreated with flavone derivatives for 16-
18 h prior to the 6 h exposure to 10 ng/mL TNF-R (33). Human
monocytic leukemic cell line THP-1 cells (American Type Culture
Collection) were labeled with 5µM calcein AM (Molecular Probes
Inc.) in RPMI 1640 medium containing 10% FBS. In the coculture
system, the labeled THP-1 cells were seeded at a density of 5.0× 105

cells onto a nearly confluent monolayer of HUVEC treated with the
flavone derivative and/or TNF-R and were incubated for 2 h. The
cocultured cells were thoroughly washed, and images were obtained
at 485 nm excitation and 538 nm emission using a SPOT II digital
camera-attached fluorescence microscope with Spot II data acquisition
software (Diagnostic Instrument, Livingston, Scotland). The quantitative
results were obtained by using a Fluoroscan enzyme-linked immun-
osorbent assay (ELISA) plate reader (Bio-Rad Laboratories, Hercules,
CA) at λ ) 485 nm excitation andλ ) 538 nm emission.

Reverse Transcriptase Polymerase Chain Reaction (RT-PCR)
Analysis. To determine whether the inhibitory effects of 11N on
activated CAM expression reflect a decrease in the steady-state mRNA
levels of CAM proteins, TNF-R-induced mRNAs of VCAM-1 and
E-selectin in HUVEC were examined by RT-PCR analysis. Total RNA
was isolated from HUVEC using a commercially available Trizol
reagent kit (Gibco BRL, Gainsberg, MD) after culture protocols. The
RNA (5 µg) was reversibly transcribed with 10000 units of reverse
transcriptase and 0.5 mg/mL oligo-(dT)15 primer (Bioneer Co., Daejeon,
Korea). The expressions of the mRNA transcripts of VCAM-1 (forward
primer, 5′-ATGCCTGGGAAGATGGTCGTGA-3′; reverse primer, 5′-
TGGAGCTGGTAGACCCTCGCTG-3′), E-selectin (forward primer,
5′-ATCATCCTGCAACTTCACC-3′; reverse primer, 5′-ACACCT-
CACCAAACCCTTC-3′), andâ-actin (forward primer, 5′-GACTAC-
CTCATGAAGATC-3′; reverse primer, 5′-GATCCACATCTGCTGGAA-
3′) were evaluated by RT-PCR as previously described (33). The PCR
was performed in 50µL of 10 mM Tris-HCl (pH 8.3), 25 mM MgCl2,
10 mM dNTP, 100 units ofTaq DNA polymerase, and 0.1µM each
primer and was terminated by heating at 70°C for 15 min. After
thermocycling and electrophoresis of the PCR products (5µL) on 1%
agarose-formaldehyde gel containing ethidium bromide (0.5µg/mL)
for 1 h at 100 V, thebands were visualized using a UV transilluminator
(Amersham Pharmacia Biotechnology, Piscataway, NJ), and gel
photographs were obtained using Polaroid Type 667 positive/negative
films. The absence of contaminants was routinely checked by the RT-
PCR assay of negative control samples without a primer addition.

Data Analysis.The results are presented as mean( SEM. Statistical
analyses were conducted using Statistical Analysis Systems statistical
software package version 6.12 (SAS Institute Inc., Cary, NC). One-
way ANOVA was used to determine anti-inflammatory effects of
flavone derivatives onto the activated endothelium. The differences

among flavone treatment groups were analyzed with Duncan’s multiple-
range test and were considered to be significant atP < 0.05.

RESULTS AND DISCUSSION

Inhibition of TNF- r-Induced Expression of VCAM-1 and
E-Selectin by 11N.Flavonoids may inhibit early events in the
atherosclerotic process by modulating monocyte adhesion and
transmigration (26). Although definite mechanisms underlying
the flavonoid protection against early atherogenic process are
not fully understood, they may involve down-regulation of
inflammatory chemokines and cytokines, matrix proteases, and
CAM (22, 34, 35). Many in vitro studies have revealed that
TNF-R and interleukin-1âinduce CAM expression in human
vascular endothelial cells and smooth muscle cells (21,33, 36,
37). In the present study Western blot analysis was used to
address blockage of the TNF-R-activated expression of VCAM-1
and E-selectin by flavone derivatives (Figures 3 and 4).
Coculture of HUVEC with 11N and TNF-R did not cause
toxicity (Figure 2), as determined by MTT assay. As expected,
there was undetectable or relatively weak expression of VCAM-1
and E-selectin in TNF-R-untreated quiescent cells. Expression
of these CAM proteins was greatly enhanced in TNF-R-
stimulated cells over the quiescent cells. TNF-R-exposed cells
treated with 50µM 11N proved marked inhibition of expression
of VCAM-1 (Figure 3). When HUVEC were treated with other
test flavone derivatives including 21N, the expression of
VCAM-1 was feebly or barely decreased. We also attempted
to quantify the E-selectin expression in experimental protocols
using 50µM flavones (Figure 4). TNF-R-induced E-selectin
expression was substantially inhibited by 50µM 21N. However,
11N did not influence the E-selectin induction by TNF-R. In
addition, 4′-methoxyflavone and 2′-hydroxyflavone containing
one methoxy group or one hydroxy group in ring B (seeFigure
1) appeared to intensify the E-selectin expression activated by
TNF-R. Accordingly, it is assumed that there is a linkage
between the presence of methoxy groups in the flavone benzoyl
system and CAM expression in HUVEC.

Figure 3. Western blot data showing effects of various flavone derivatives
on expression levels of VCAM-1 in TNF-R-stimulated HUVEC. After
HUVEC culture protocols with 50 µM of each tested flavone and 10 ng/
mL TNF-R, cell extracts were subjected to 8% SDS-PAGE and Western
blot analysis with a primary antibody against VCAM-1. â-Actin protein
was used as an internal control. The bar graphs (mean ± SEM, n ) 3)
in the bottom panel represent quantitative results obtained from a
densitometer. *, P < 0.05, compared to TNF-R-untreated control (value
) 1). **, P < 0.05, compared to TNF-R-alone.
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To address blockage of the TNF-R-activated expression of
PECAM-1 protein by 11N, PECAM-1-specific antibody was
used for immunostaining assay.Figure 5A compares the effects
of 11N on expression level of PECAM-1 elevated by TNF-R.
As expected, there was a lack of staining in the untreated control,
whereas a heavy PECAM-1 staining in TNF-R-alone-exposed
cells was observed, indicative of increased expression of
PECAM-1 protein at single cell level. The 11N- and TNF-R-
exposed cells reveal substantial inhibition of PECAM-1 expres-
sion. We also attempted to quantify the PECAM-1 protein
expression in our Western blot experimental protocols. The

Western blot data (Figure 5B) supported the staining results
(Figure 5A), suggesting that 11N is capable of attenuating TNF-
R-induced PECAM-1 expression in the vascular endothelium.

When 11N was added in concentrations between 1 and 50
µM, VCAM-1 induction by TNF-R decreased in a dose-
dependent manner with inhibitory doses requiring onlyg25µM
(Figure 6). On the other hand, TNF-R-induced E-selectin
expression was not affected by 11N within the test range of
doses. To achieve the substantial inhibitory effect of 11N on
TNF-R-induced monocyte adhesion in the VCAM-1 expression
model, micromolar doses ofg25 µM were required.

It has been demonstrated that there is structure-activity
relationship of natural flavonoids in free radical scavenging
effects (38, 39). In addition, we have reported that the potential
capability to prevent inflammation-induced CAM protein ex-
pression differs among individual flavonoid subclasses (26). In
particular, quercetin and flavones such as luteolin and apigenin
prevented the activation of CAM expression and hence blocked
monocyte adhesion on the TNF-R-activated endothelium (26).
It is speculated that the expression inhibition of CAM by these
flavonoids may stem from the differences of their chemical
structures.Figure 7 compares the effects of 7,8-dimethoxyfla-
vone on protein expression level of VCAM-1, E-selectin, and
PECAM-1. Consistently, there was undetectable or low expres-
sion of all three CAM in quiescent cells and relatively substantial
expression in TNF-R-treated HUVEC. However, this flavone
did not affect the CAM protein expression stimulated by TNF-
R.

The ability of 11N to block TNF-R-induced CAM expression
could be due to their antioxidant capacity. It has been
demonstrated that oxidative stress up-regulates VCAM-1 and
E-selectin expression via redox-sensitive transcriptional activa-
tion, which is inhibited by the known antioxidants pyrrolidine
dithiocarbamate andN-acetylcysteine (40, 41). Also, the classical

Figure 4. Effects of flavone derivatives on TNF-R-stimulated E-selectin
expression in HUVEC. After HUVEC culture protocols with 50 µM of each
flavone and 10 ng/mL TNF-R, cell extracts were subjected to 8% SDS-
PAGE and Western blot analysis with a primary antibody against E-selectin.
â-Actin protein was used as an internal control. The bar graphs (mean ±
SEM, n ) 3) in the bottom panel represent quantitative densitometric
results of upper bands. *, P < 0.05, compared to TNF-R-untreated control
(value ) 1). **, P < 0.05, compared to TNF-R-alone.

Figure 5. Effect of 11N on expression of PECAM-1 protein in cultured HUVEC treated with TNF-R. Cells were incubated with 50 µM 11N for 30 min
and exposed to 10 ng/mL TNF-R for 6 h. After HUVEC culture protocols with 50 µM of each flavone and 10 ng/mL TNF-R, cells were fixed and then
incubated with goat anti-human PECAM-1 for immunocytochemical staining (A). Antibody localization was detected with Cy-3-conjugated anti-goat IgG
using a fluorescence microscopy with rhodamine green filter. Magnification: 200-fold. In another set of experiments for PECAM-1 expression, cell
extracts were subjected to 8% SDS-PAGE and Western blot analysis with a primary antibody against PECAM-1 (B). The bar graphs (mean ± SEM, n
) 3) represent quantitative densitometric results of upper bands (C). *, P < 0.05, compared to TNF-R-untreated control (value ) 1). **, P < 0.05,
compared to TNF-R-alone.
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antioxidant vitamin E has been shown to inhibit expression of
CAM and adhesion of monocytes to endothelial cells (42). The
natural flavones, luteolin and apigenin, were relatively inactive
at micomolar concentrations in scavenging 1,1-diphenyl-2-
picrylhydrazyl radical in cell-free systems (43). In addition, sub-
millimolar N-acetylcysteine did not down-regulate TNF-R-
induced VCAM-1 expression (unpublished data). Accordingly,
it is unlikely that the antioxidative potential of 11N contributes
to their blockade of endothelial CAM induction by TNF-R.

It is not established whether the property of anti-inflammatory
flavones to mitigate endothelial CAM induction in vitro
translates into true anti-atherogenicity in vivo. Whether flavones
act in vivo as anti-inflammatory agents appears to depend on
their bioavailability. It has been shown that small intestinal
absorption of dietary flavonoids ranges from 0 to 60% of the
intake dose, and the removal half-lives range from 2 to 28 h
(44, 45). Absorbed flavonoids undergo extensive first-pass
metabolism in epithelial cells of the small intestine and in the
liver (46). The small intestine appears to be the organ primarily
responsible for glucuronidation and to play a role in methylation,
and flavonoid metabolites conjugated with methyl group,
glucuronate, and sulfate groups are the predominant forms

present in plasma (44). Accordingly, it is speculated that flavone
derivatives used in this study would be metabolized in vivo and
that the metabolites may cause the anti-inflammatory effects
on endothelial CAM expression. The possible metabolite
conjugates could be chemically distinct from their parent flavone
derivatives, differing in size, polarity, ionic form, and, most
likely, their physiologic actions.

Inhibition of TNF- r-Induced Monocyte Adhesion by 11N.
It has been shown that flavonoids block monocyte adhesion and
transmigration to the activated endothelium (26). The observed
inhibition of CAM expression by 11N suggested that this flavone
treatment might inhibit mononuclear leukocyte recruitment on
the TNF-R-induced vascular endothelium. In vitro adhesion
assay of monocytes to HUVEC using calcein AM staining
technique supported this notion. A small number of monocytes
were adhered to quiescent HUVEC free of TNF-R (Figure 8).
There was heavy staining on the TNF-R-alone-exposed HUVEC,
indicative of a marked increase in the monocytic THP-1
adherence to the activated HUVEC. However, the treatment of
TNF-R-exposed cells with 50µM 11N markedly inhibited
monocyte adherence. It should be noted that the blockade of
TNF-R-stimulated monocyte adherence by 11N was most likely
mediated mainly via inhibition of VCAM-1 protein expression.
In contrast, 50µM 21N moderately but insignificantly inhibited
the TNF-R-induced THP-1 adhesion, possibly through the fairly
small inhibition of E-selectin expression upregulated by TNF-R
(Figure 4). Accordingly, the Western blot data (Figure 3)
supported the in vitro adhesion results (Figure 8). The effect
of 11N on THP-1 monocyte adhesion to the HUVEC appears
to be much greater than that of 21N.

The flavone luteolin has been recently reported to reduce
lipopolysaccharide-induced lethal toxicity, possibly by inhibiting
TNF-R and ICAM-1 expression in vivo (47). It should be
pointed out that the treatment with TNF-R and/or 11N or 21N
did not cause cytotoxicity, thus implying that blunting the
adhesion of monocytes to the activated endothelial cells by these
flavones is not attributed to cytotoxicity. The inhibition of the
expression of CAM, especially VCAM-1, appeared to be
responsible for the adhesion blockade.

Effect of 11N on TNF-r-Induced CAM Transcription.
There were weak signals for the basal mRNA expression of
VCAM-1 and E-selectin in quiescent cells (Figure 9). In
contrast, their CAM mRNA was greatly increased in TNF-R-
stimulated HUVEC. The RT-PCR data showed that the TNF-
R-induced mRNA accumulation of VCAM-1 in 11N-treated

Figure 6. Inhibitory dose responses of 11N to induction of VCAM-1 (A)
and E-selectin (B) in TNF-R-stimulated HUVEC. After HUVEC culture
protocols with 1−50 µM 11N and 10 ng/mL TNF-R, cell extracts were
subjected to 8% SDS-PAGE and Western blot analysis with VCAM-1 or
E-selectin primary antibody (three separate experiments). â-Actin protein
was used as an internal control.

Figure 7. Chemical structures of 7,8-dimethoxyflavone and Western blot data showing effects of this flavone derivative (50 µM) on expression of
HUVEC adhesion molecules stimulated by 10 ng/mL TNF-R. Cell extracts were subjected to 8% SDS-PAGE and Western blot analysis with a primary
antibody against VCAM-1, E-selectin, or PECAM-1. â-Actin protein was used as an internal control.
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cells was sustained. This was conflicted with a substantial
attenuation of expression of VCAM-1 protein by 11N shown
in Figure 3. These results imply that this flavone inhibited
VCAM-1 expression independent of transcriptional modulation
of VCAM-1 protein. As expected, 21N did not reduce the up-
regulated mRNA level of E-selectin induced by TNF-R (data
not shown), which was consistent with no attenuation of
expression of E-selectin protein by 21N.

It is not yet established how CAM proteins are selectively
modulated in response to pro-inflammatory cytokines and which
signaling pathways are involved in the modulation of these
proteins. Indeed, endothelial expression of VCAM-1 and
PECAM-1 activated by TNF-Rwas blocked possibly through
mechanism(s) responsive to 11N but not to 21N. Nevertheless,
11N-triggered signaling mechanisms are still uncertain from this
study. The initial signal of TNF-R in terms of the interaction
of ligand with its receptor could be affected by 11N. This
speculation is inferred from a previous study demonstrating that
flavopiridol, a flavonoid currently in cancer clinical trials,
sensitizes cholangiocarcinoma cells to cytotoxicity of TNF-

related apoptosis-inducing ligand (48). We assume that 11N
enables endothelial cells to be resistant to the TNF-R-induced
expression of VCAM-1. In addition, it is assumed that the access
of 11N to putative binding proteins in the endothelial cells may
modulate the TNF-R-mediated activation of signaling cascades
through interruption of the activation of extracellular signal-
regulated kinases by TNF-R.

Regulation of the inducibility of nitric oxide synthase and
cyclooxygenase 2 involves transcriptional regulation and post-
transcriptional mRNA stabilization (49,50). Indeed, 11N did
not mitigate the TNF-R induction of VCAM-1 by transcriptional
step-down regulation. We propose that 11N can affect CAM
expression by altering mRNA stability with a minimal effect
on the constitutive levels of VCAM-1 mRNA. Genes encoding
numerous proto-oncogenes, cytokines, and a number of G-
protein-coupled receptors are regulated post-transcriptionally at
the level of mRNA stability (51, 52). Recent evidence points
to an important role for mitogen-activated kinase in regulating
the turnover of cytokine mRNA such as TNF-R (52, 53). The
present study did not perform additional experiments for the
VCAM-1 mRNA stability. It has been shown that the addition
of flavopiridol does not affect the transcriptional activation of
a vascular endothelial growth factor (VEGF) promoter-lu-
ciferase construct but dramatically diminishes the mRNA
stability of VEGF (54). Resveratrol, a polyphenolic phytoalexin
found in grapes and wine, up-regulated endothelial nitric oxide
synthase (eNOS) mRNA expression in a time- and concentra-
tion-dependent manner by stabilizing eNOS mRNA (50).

In summary, our studies have demonstrated that 11N is
capable of preventing the early processes of atherosclerosis
involving inducible VCAM-1 expression. 11N blocked the
activation of expression of VCAM-1 and PECAM-1 but not
that of E-selectin and prevented monocyte adhesion on the TNF-
R-activated endothelium. This observation might have implica-
tions for strategies preventing and attenuating inflammatory
diseases. The selective inhibitory mechanisms of 11N for the
CAM expression appear to be antioxidant-insensitive and may
argue against transcription-related mechanisms as the major
target of the antiatherogenic action of 11N.

Figure 8. Inhibition by 11N of THP-1 monocyte adhesion to the TNF-R-activated HUVEC. HUVEC were pretreated with and without 11N or 21N at 50
µM for 30 min and then activated with 10 ng/mL TNF-R for 6 h. Endothelial cells were cocultured with calcein AM-labeled THP-1 monocytes for 2 h.
Microphotographs (three independent experiments) were obtained using a fluorescence microscopy with fluorescein blue filter (upper panel). Magnification:
×200. The bar graphs (bottom panel) represent quantitative results obtained by using a Fluoroscan ELISA plate reader at λ ) 485 nm excitation and
λ ) 538 nm emission.*, P < 0.05, compared to TNF-R-untreated control. **, P < 0.05, compared to TNF-R-alone.

Figure 9. Reverse transcriptase Polymerase Chain Reaction data showing
the steady-state mRNA transcriptional levels of VCAM-1 and E-selectin.
Confluent human umbilical vein endothelial cells were incubated with 50
µM 11N for 30 min and exposed to 10 ng/mL TNF-R for 6 h. â-Actin
protein was used as an internal control for the coamplification with VCAM-1
and E-selectin.
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