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Suppression of TNFa-Mediated NFkB Activity by
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Downregulating the Activity of IKK in ECV304 Cells
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Abstract Flavonoids are a group of naturally-occurring phenolic compounds in the plant kingdom, and many
flavonoids are found with vascular protective properties. Nevertheless how the protective response is exerted by
flavonoids is not well characterized. In view of the nuclear factor-«B (NFkB) may play a central role in the initiation of
atherosclerosis, prevention of the activation of NFkB represents an important role in protecting vascular injury. In this
study, the effects of flavonoids on NFkB/inhibitor-«B (IkB) system in ECV304 cells activated with tumor necrosis factor-a
(TNFa) were examined. We investigated the inhibitory action of six flavonoids on 1B kinase (IKK) activity, an enzyme
recently found to phosphorylate critical serine residues of kB for degradation. Of six flavonoids tested, myricetin was
found to strongly inhibit IKK kinase activity, and prevent the degradation of IkBa and kB in activated endothelial cells.
Furthermore, myricetin was also found to inhibit NFkB activity correlated with suppression of monocyte adhesion to
ECV304 cells. Therefore we conclude that flavonoids may be of therapeutic value for vascular disease through down

regulation of NFkB/IkB system. J. Cell. Biochem. 74:606-615, 1999.
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The transcription factor nuclear factor-xB
(NFkB) is a pleiotropic regulator of many genes
included in immune and inflammatory re-
sponse, including the leukocyte adhesion mol-
ecules [Grilli et al., 1993]. NFkB exits in a
latent form in the cytoplasm of unstimulated
cells comprising a transcriptionally active dimer
bound to an inhibitor, inhibitor-kB (IxB) [Liou
et al., 1993]. These IkB proteins contain an-
kyrin repeat motifs that mask the nuclear local-
ization sequence of NFkB subunits [Beg et al.,
1992; Hatada et al., 1993]. Following cytokine
stimulation such as tumor necrosis factor-a
(TNF-a), the NFkB is activated which involves
the phosphorylation and degradation of 1B
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proteins [Baeuerle et al., 1996; Zabel et al.,
1990]. Recently, a high molecular mass (500—
900 kDa) multisubunit IkB kinase (IKK) has
been found to phosphate at Ser-32 and Ser-36 of
IkBa and Ser-19 and Ser-23 in the N terminus
of IkBB. Two catalytic subunits (termed IKK1
and IKK2) of IKK have been identified, cloned
and shown to be widely expressed in human
tissues. IKK1 and IKK2 form homo- and het-
rodimers with each other, but the active com-
plex appears to be the heterodimer. It has been
demonstrated that IKK is the kinase involved
in the signal-inducible degradation of IxB [Dido-
nato et al., 1997; Maniatis et al., 1997; Mercu-
rioetal., 1997; Regnier etal., 1997; Zandi et al.,
1997].

Previous reports have been shown that NFkB/
IkB may play a key role in regulating vascular
pathophysiology [Lindner et al., 1996]. Func-
tional NFkB elements can be found in many
genes whose expression is increased in vascular
cells at sites of inflammatory responses [Col-
lins, 1993; Collins et al., 1993a]. NF«kB can be
activated by a variety of signals relevant to
induce leukocyte adhesion and transmigration
in the vessel wall, thus results in endothelial
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pathology [Collins et al., 1995]. A wide variety
of activities have been attributed to flavonoids
such as anti-inflammatory, antimicrobial,
hepato-protective, and vascular protective ac-
tivities [Cody et al., 1988; Middleton et al.,
1992]. In this study, we examined the possible
effects of flavonoids on IKK activity and NF«B/
IkB system in endothelial ECV304 cells. We
investigated the inhibitory action of six flavo-
noids on IKK activity, myricetin was the most
potent one.

MATERIALS AND METHODS
Reagents

Kaempferol, quercetin, myricetin, resveratrol,
apigenin, and genistein were purchased from
Sigma Chemical (St. Louis, MO). Human recom-
binant TNFa were purchased from R&D Sys-
tems (Minneapolis, MN). Isotopes were ob-
tained from Amersham (Arlington Heights, IL).

Cell Culture

The immortalized human endothelial cell line
ECV304 cells was obtained from the Culture
Collection and Research Center of Food Indus-
try Research and Development Institute.
ECV304 cells were cultured in medium 199
(HEPES modification) containing 10% endo-
toxin-free heat-inactivated fetal calf serum
(GIBCO, Grand Island, NY), 100 units/ml peni-
cillin, 100 pg/ml streptomycin, and 2 mM
L-glutamine, and cells were maintained at 37°C
in a humidified atmosphere of 5% CO,. When
the cells reached a confluent monolayer, they
were activated by incubation in medium con-
taining TNFa(25 ng/ml). Various concentra-
tions of the tested compounds dissolved in
DMSO were added together with TNFa. The
human promyelomonocytic HL-60 cells was ob-
tained from the American Type Culture Collec-
tion (Rockville, MD). Cells were cultured in
RPMI 1640 supplemented with 10% FCS, 100
units/ml penicillin and 100 pg/ml streptomycin.

IkB Kinase Assay

The IkB kinase assay was performed as de-
scribed by Spiecker et al. [1998] with some
modifications. Whole cell extracts were lysed
with Gold lysis buffer (10% glycerol, 1% Triton
X-100, 1 mM sodium orthovanadate, 1 mM
EGTA,5mM EDTA, 10 mM NaF, 1 mM sodium
pyrophosphate, 20 mM Tris-HCI pH7.9, 100 uM
B-glycerophosphate, 137 mM NaCl, 1 mM

PMSF, 10 ug/ml aprotinin, and 10 pg/ml leupep-
tin) for 30 min at 4°C. The cell lysate was
clarified by centrifugation at 12,000g for 10 min
at 4°C. The IKK1 and IKK2 were immunocipi-
tated with IKK-specific antibody (Santa Cruz
Biotechnology, Santa Cruz, CA) for 18 h at 4°C.
The IKK-antibody complex was then precipi-
tated with protein-A agarose and washed three
times with PD-buffer (40 mM Tris-HCI pH 8.0,
500 mM NacCl, 0.1% Nonidet P40, 6 mM EDTA,
6 mM EGTA, 10 mM pB-glycerophosphate, 10
mM NaF, 10 mM PNPP, 300 uM sodium ortho-
vanadate, 1 mM benzamidine, 2 uM PMSF, 10
pg/ml aprotinin, 1 pg/ml leupeptin, 1 mM DTT)
and once with kinase buffer (without ATP). The
purified enzyme was incubated with an IkBa-
GST fusion protein (Santa Cruz Biotechnology)
as a substrate in kinase buffer containing
HEPES (20 mM pH 7.7), 10 mM MgCl,, 10 uM
ATP, [y-32P]ATP, 10 mM B-glycerophosphate, 10
mM NaF, 10 mM PNPP, 300 uM sodium ortho-
vanadate, 1 mM benzamidine, 2 uM PMSF, 10
pg/ml aprotinin, 1 ug/ml leupeptin, and 1 mM
DTT. The reaction was terminated by the addi-
tion of 5 X SDS-polyacrylamide gel electropho-
resis (PAGE) sample-buffer and boiling for 10
min. Proteins were separated on 12% SDS-
PAGE and autoradiography of the dried gel was
performed at —70°C.

Western Blots

Total cellular extract was prepared using Gold
lysis buffer (10% glycerol, 1% Triton X-100,
1 mM sodium orthovanadate, 1 mM EGTA,
5 mM EDTA, 10 mM NaF, 1 mM sodium pyro-
phosphate, 20 mM Tris-HCI pH 7.9, 100 pM
B-glycerophosphate, 137 mM NaCl, 1 mM
PMSF, 10 pg/ml aprotinin, and 10 pg/ml leupep-
tin). Total proteins (for IKK1, IKK2, IkBa, IkBj3
and a-tubulin) containing 30-50 pg of protein
were separated on sodium dodecyl sulfate-
polyacrylamide minigels (8% for IKK1, IKK2,
and 10% for IkBa, IkBB) and transferred to
Immobilon polyvinylidene difluoride mem-
branes (Millipore, Bedford, MA). The mem-
brane was incubated overnight at 37°C with
10% bovine serum albumin in phosphate-buff-
ered saline to block nonspecific immunoglobu-
lins and then incubated with anti-1kBa, 1kBB,
IKK1, and IKK2 polyclonal antibodies (Santa
Cruz Biochemicals), or anti-a- tubulin monoclo-
nal antibody (Oncogene Science, Cambridge,
UK). IKK1, IKK2, IkBa, IkBB, and a-tubulin
protein were detected by chemiluminescence
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(ECL, Amersham), or by incubation with colore-
genic substrates nitro blue tetrazolium (NBT)
and 5-bromo-4-chloro-3-indolyl-phosphate (BCIP)
as suggested by the manufacture (Sigma Chemi-
cal Co.).

Electrophoretic Mobility Shift Assays for NFkB

Nuclear and cytoplasmic extracts were pre-
pared according to a modified method of Lin et
al. [1997]. At the end of culture, the cells were
suspended in hypotonic buffer A (10 mM
HEPES, pH 7.6, 10 mM KCI, 0.1 mM EDTA,
1 mM DTT, 0.5 mM phenylmethylsulfonyl fluo-
ride) for 10 min on ice and vortexed for 10 sec.
Nuclei were pelleted by centrifugation at
12,0009 for 20 sec. The supernatants contain-
ing cytosolic proteins were collected. A pellet
containing nuclei was suspended in buffer C (20
mM HEPES, pH 7.6, 25% glycerol, 0.4 M NaCl,
1mMEDTA, 1 mM DTT, 0.5 mM phenylmethyl-
sulfonyl fluoride) for 30 min on ice. The superna-
tants containing nuclear proteins were col-
lected by centrifugation at 12,000g for 20 min
and stored at —20°C. For electrophoretic mobil-
ity shift assay, each 2 ug of nuclear extract was
mixed with the labeled double-stranded NFkB
oligonucleotide, 5'-AGTTGAGGGGACTTTC-
CCAGGC-3’, and incubated at room tempera-
ture for 20 min. The incubation mixture in-
cluded 1 pg of poly (dI-dC) in a binding buffer
(25 MM HEPES, pH 7.9,0.5 MM EDTA, 0.5 mM
DTT, 1% Nonidet P-40, 5% glycerol, 50 mM
NacCl). The DNA/protein complex was electro-
phoresed on 6% nondenaturing polyacrylamide
gelsin 0.5 X Tris/borate/EDTA buffer (0.0445 M
Tris, 0.0445 M borate, 0.001 M EDTA). The
specificity of binding was also examined by
competition with the unlabeled oligonucleotide.
Radioactive bands were detected by autoradiog-
raphy.

Transient Transfection and Luciferase Assay

The luciferase assay was performed as de-
scribed by George et al. [1997] with some modi-
fication. ECV304 cells were seeded in a 24-well
tissue culture plate. When the cells are conflu-
ent, medium was replaced the serum-free me-
dium. Cells were transfected with the pNF«kB-
Luc plasmid (Stratagene, La Jolla, CA) reporter
gene using LipofectAMINE® reagent (Gibco,
NRL, Life Techhnologies, Bethesda, MD). As an
internal control for transfection efficiency, pGF-
Pemd-cmv control plasmid (Packard, Meriden,
CT) was co-transfected in the experiment. After

24 h, replace the medium fresh, complete me-
dium for 24 h. Cells were then incubated with
the TNFaand myricetin for 4 h before the add-
ing of 200 pl of lysis buffer (0.5 M HEPES pH
7.8,5% Triton N-101, 1 mM CacCl,, 1 mM MgCl,).
Cells were shaken for 5 min to ensure complete
lysis before transfer 100ul to a white (opaque)
96-well plate, then the Packard Luclite reagent
were added to 96-well plate. Luminescence was
measured on a Top Counter Microplate Scintil-
lation and Luminescence Counter (Packard
9912V) in singlephoton counting mode for 0.1
min/well, following a 10 min adaptation in the
dark.

Monocyte Adherence to ECV304 Cells

Monocyte adherence to ECV304 cells was
assayed according to a protocol described ear-
lier [Lafrenie et al., 1996]. Briefly, promyelo-
monocytic HL-60 cells were suspended at 0.75 X
106 cells/ml in RPMI 1640 medium containing
10% FBS and incubated with 1 puCi of [*H]thymi-
dine overnight at 37°C. Labeled monocytes were
washed and resuspended to approximately 108
cells/ml in basal medium199. ECV304 cell mono-
layers were incubated without or with indi-
cated concentrations of myricetin and TNF«
(25 ng/ml) for 12 h at 37°C. The medium was
aspirated, and 500 pl of monocyte suspension
was added to each ECV304 cell monolayer-
containing well and incubated for 60 min at
37°C. Nonadherent cells were aspirated and
the monolayers were washed three times with
HBSS, pH 7.4. The adherent cells were solubi-
lized and counted in a beta scintillation counter
(Packard Co.). The percent binding was calcu-
lated and the data were normalized (TNF =
100%). Results are the means of three indepen-
dent experiments and the data are expressed as
means = SD.

RESULTS

Inhibition of IKK1 Activity by Selected Flavonoids
on ECV304 Cells

Flavonoids comprise a large group of natu-
rally occurring low molecular weight substances
that are present in a wide variety of fruits and
vegetables. The selected flavonoids were api-
genin, genistein, kaempferol, myricetin, querce-
tin, and resveratrol. Structure of the selected
flavonoids is shown in Figure 1.

ECV304 cells were exposed to each of the
selected flavonoids and TNF« (25 ng/ml) for 15
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Fig. 1. Structures of selected flavonoids.

min. In order to directly measure IKK1 activity
in ECV304 cells, IKK1 protein was immunopre-
cipitated from cell extracts and the kinase activ-
ity in the immunocomplex assayed using recom-
binant GST-IkBa (1-317) as a substrate. Figure
2 illustrates the relative effect on IKK1 activity
by selected flavonoids at a concentration of 30

UM. After stimulation with TNFa (25 ng/ml),
GST-IkBa fusion protein was strongly phos-
phorylated, indicating stimulation of IKK1 ac-
tivity, and the minimal basal IKK1 activity in
unstimulated ECV304 cells was also found.
Some of the selected flavonoids were shown to
inhibit the activity of IKK1 induced by TNF« at
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Fig. 2. Analysis of IKK1 expression and its activation in ECV304
cells treated with TNFa and various flavonoids. A: Immunopre-
cipitation, kinase assays on whole cell extracts. ECV304 cells
were treated with various flavonoids for 15 min. Cells were
harvested and IKK1 activity in the soluble fractions were ana-
lyzed using immune complex kinase assays as described in
Materials and Methods. IKK1 was immunoprecipitated using
the anti-IKK1 antibody, and the activity in the immune com-

30 uM, the most effective compound was myrice-
tin, which inhibited IKK1 activity by 70%. The
inhibitory activities of resveratrol, genistein,
and quercetin, however, were lower, and api-
genin, kaempferol had little effect on TNFa-
induced IKK1 activity. Because the result
showed that some flavonoids can inhibit the
IKK1 activity in ECV304 cells, we sought to
determine whether this effect is mediated by
changes in the level of IKK1 complex. Western
blot analysis for IKK1 indicated that the level
of IKK1 protein was not changed (data not

plexes was assayed using GST-IkBa(1-317) as a substrate. Api,
apigenin; Gen, genistein; Kae, kaempferol; Myr, myricetin; Que,
quercetin; Res, resveratrol. B: Quantification of the phosphory-
lated-GST-IkBa was performed by densitometetric analysis
(IS-1000 Digital System) of the kinase assay. Data are expressed
as the mean = SE of the percentage of maximal phosphorylated-
GST-1kBa observed with TNFa as determined by three indepen-
dent experiments.

shown). This result suggested that the inhibi-
tion of flavonoids on TNFa-induced IKK1 activ-
ity was not due to decrease expression of IKK1.

Inhibition of Kinase Activity of IKK1 and IKK2
by Myricetin on ECV304 Cells

Of the flavonoids tested, myricetin was the
most potent inhibitor of IKK1 in ECV304 cells.
Therefore, we studied the effect of different
concentration of myricetin on IKK1 activity.
Since it has been reported that IKK1 and IKK2
need to form a heterodimer for maximal en-
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zyme activity [Moureo et al., 1997], we also
tested the effect of myricetin on the IKK2 activ-
ity of ECV304 cells using an immunocomplex
kinase assay. Stimulation of ECV304 cells with
TNFa caused a marked increase in IKK1 and
IKK2 activity, as measured after 10 min. Myrice-
tin, at 10-50 pM, dose dependently inhibited
IKK1 and IKK2 activity, and the kinase activity
of IKK2 was less affected compared to that of
IKK1 (Fig. 3). Western blot analysis for IKK1
and IKK2 showed that the protein level of IKK1
and IKK2 were not changed (data not shown).
These results further to confirm that myricetin
could inhibit the activity of IKK complex (IKK1
and IKK2) in TNFa-stimulated ECV304 cells,
and these effects were not due to decrease the
protein level of IKK.

Inhibition of TNFa-Induced Degradation of IkBs
and NFkB Activity in ECV304 Cells

It has been reported that IKK could phos-
phorylate IkBa and 1kBf then trigger the deg-
radation of IkBs. We then studied whether
myricetin affects degradation of IkBs. After 15
min activation of ECV304 cells by TNFq, IkBa
and IkBB were detected by specific IkBa and
IkBB antibodies. The results are illustrated in
Figure 4. Western blotting of cell extracts
showed that stimulation with TNFa alone
caused a reduction in the levels of both IkBa
and IkBB. Myricetin blocked the TNF-a-medi-
ated degradation of IkBa and IkBp proteins
with a dose-dependent manner.

The degradation of 1kBs results in the NFkB
activation, we then investigated the effect of
myricetin on NFkB activation by electropho-
retic mobility shift assay and transient transfec-
tion. As shown in Figure 5A, gel mobility shift
assay revealed that myricetin inhibited TNFa-
stimulated NF«B binding activity, and the spe-
cific of this protein-DNA complex for the NFkB
sequence was determined by competition bind-
ing experiments (data not shown). Moreover,
similar results were obtained with transient
transfection. A pNFkB-Luc reporter was co-
transfected with pGFPemd-cmv control plas-
mids into ECV304 cells. Figure 5B showed that
myricetin blocked induction of NF«B reporter
activity with a dose-dependent manner. To-
gether with the results, myricetin inhibited
TNFa-stimulated NFkB activation, consistent
with their effect on TNFa-mediated IkBs degra-
dation and IKK activity. These results sug-
gested that myricetin could inhibit IKK activity
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Fig. 3. Inhibition of TNFa- induced dose-dependent IKK ki-
nase activity in ECV304 cells. Whole cell extracts were pre-
pared from ECV304 cells treated with the indicated concentra-
tion of myricetin and 25 ng/ml TNF« for 10 min. IKK1 and IKK2
kinase activity were carried out as described in Materials and
Methods. A: Effects of myricetin concentration on IKK1 kinase
activity. A part of each extract was used to measure IKK1 activity
(upper panel), and another part was used to measure IKK2
activity by immune complex kinase assay (bottom panel).
B: Quantification of the phosphorylated-GST-IkBa was per-
formed by densitometetric analysis (IS-1000 Digital System) of
the kinase assay. Data are expressed as the mean = SE of the
percentage of maximal phosphorylated-GST-IkBa observed with
TNFa as determined by three independent experiments.

stimulated with TNFa in ECV304 cells, then
perturbed the degradation of IkBa and IkBp.
Finally, the NFkB activation was blocked.

Inhibition of TNFa-Induced Monocyte Adhesion
to Endothelial ECV304 Cells

The results described here identify myricetin
as an inhibitor of IKK, then results in perturb-
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Fig. 4.

Inhibition of TNFa-induced dose-dependent stabilization of IkBa and kBB in ECV304 cells. Western blot

analysis of total protein extracts from ECV304 cells treated with the indicated concentrations of myricetin and 25
ng/ml TNFa for 15 min. Extracts were separated on 10% SDS-PAGE and analyzed as indicated in Materials and
Methods. Similar results were obtained in three independent experiments.

ing the NFkB/IkB system. Moreover, it has
been reported that NFkB/IkB system may play
a pivotal role in regulating leukocyte adhesion
to endothelium cells. Thus, we further exam-
ined the effects of myricetin on the adhesion of
leukocyte to ECV304 cells. Analysis of mono-
cyte adhesion by [H] thymidine- labeled HL-60
cells was performed. The results are shown in
Figure 6, TNFa induced a significant increase
in HL60 adhesion to ECV304 cells, and myrice-
tin inhibited the adhesion of HL60 cells to mono-
layers in a concentration-dependent manner.
The TNFa-induced adhesion was completely
inhibited by myricetin at 50 pM concentration.
These results suggested that the inhibition of
IKK activity by myricetin results in perturbing
the NFkB/IkB system and finally myricetin
could act as a protector for monocyte adhesion
to endothelial cells.

DISCUSSION

The adhesion of circulating leukocytes to the
vessel wall is an initiating event in atherogen-
esis and vascular inflammation [Cybulsky et
al., 1991; Davies et al., 1993; Pober et al., 1991].
Under certain conditions the “activated” endo-
thelium expresses cell surface adhesion mol-
ecules which mediate specific interactions be-
tween the endothelium and circulating
leukocytes [Mackay et al., 1993; Smith, 1993].
Recent studies suggest that activation of NFkB
is required for the transcriptional induction of
endothelial cell adhesion molecules and thereby

the NFkB may play a central role in the initia-
tion of atherosclerosis [Collins, 1993; Collins et
al., 1995].

Flavonoids occur ubiquitously in the plant
kingdom and are common components of the
human diet. Flavonoids have been shown to
have structurally dependent, highly specific ef-
fects on variety enzymes and are able to inter-
fere with numerous cellular processes [Brandi,
1992; Havsteen, 1983]. Several observations
suggest that selected flavonoids can affect cell-
cell interaction including possible effect on ad-
hesion molecular expression and function
[Middleton et al., 1992]. How these effects are
modulated is not yet clear but one important
mechanism may be the capacity of flavonoids to
stimulate or inhibit protein phosphorylation
and thereby regulate cell function. Here we
found that six flavonoids including apigenin,
genistein, kaempferol, myricetin, quercetin, and
resveratrol could inhibit the kinase activity of
IKK with different potency.

IKK has recently been shown to be an impor-
tant effector of NF«kB/IkB pathway and a key
enzyme involved in signal transduction [Mania-
ties, 1997]. The development of natural IKK
inhibitors as vascular protective agents would
be helpful in designing analogues that could be
used for the treatment of vascular disease. Us-
ing ECV304 cells, an immortalized human en-
dothelial cell line that exhibit TNFa-induced
IKK activity, the inhibitory effect of myricetin
was greatest than that of other flavonoids; res-
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Fig. 5. Inhibition of TNFa-induced activation of NFkB.
A: Nuclear extracts were prepared from ECV304 cells treated
with the indicated concentration of myricetin and 25 ng/ml
TNFa for 1 h. Electrophoretic mobility shift assay was carried
out as described in Material and Methods, and binding of
nuclear extracts to 32P-NFkB DNA oligonucleotide is shown.
Position of the NFkB complex with DNA is indicated with an
arrow. Similar results were obtained in three independent experi-

veratrol, genistein, and quercetin were moder-
ately with inhibitory activity, furthermore api-
genin and kaempferol were almost devoid of
inhibitory effect. Itis difficult to draw structure-
activity relationship from these flavonoids, but
it may be noted that myricetin is the one with

TNFa (25 ng/ml)

ments. B: Cells were cotransfected with pNF«B-Luc and pGF-
Pemd-cmv plasmids. After 48 h, cells were treated with the
indicated concentration of myricetin and 25 ng/ml TNFa for 4 h.
Luciferaseee activities were determined and normalized on the
basis of pGFPemd-cmv expression as described in Materials and
Methods. Data are expressed as mean =+ SE of the percentage of
maximal luciferase activity observed with TNFa only as deter-
mined by three independent experiments.

the most amount of OH groups. In addition,
Agullo et al. [1998] has reported that myricetin
was the most effective inhibitor of phosphatidyl-
inositol 3-kinase. These suggest that hydroxy
groups on benzene ring are important for inhibi-
tory activity of kinase.
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Fig. 6. Effects of myricetin on the adherence of monocyte to
ECV304 cell monolayer. ECV304 cells grown to confluence in
24-well plastic culture plates were incubated with the indicated
concentration of myricetin and 25 ng/ml TNFa for 12 h at 37°C.
At the end of the incubation, ECV304 cells were washed gently
with medium and incubated with [3H] thymidine-labeled HL-60

To further elucidate the effect of flavonoids,
we used myricetin as a model and found that
treatment with myricetin resulted in decrease
enzyme activity of IKK1 and IKK2. In this
study, we also found that myricetin prevented
the degradation of IkBa and I1kBp and thereby
perturbed the activation of NFkB. Further-
more, the TNFa-induced monocyte adhesion to
ECV304 cells was inhibited by myricetin. In
endothelial cells, cytokines increase superoxide
anion production, and reactive oxygen interme-
diates may act as an important regulator of
NFkB [Matsubara et al., 1986; Collins, 1993a;
Weber et al., 1994]. Flavonoids may act as anti-
oxidants by inhibiting the generation of reac-
tive oxygen intermediates, or by scavenging the
free radicals to block NFkB activation. In addi-
tion, a number of antioxidants have been re-
ported to inhibit cytokine-induced IkBa phos-
phorylation, degradation, NFkB activation, and
NFkB-dependent transcription of vascular ad-

cells for 1 h at 37°C. Nonadherent cells were aspirated, and the
monolayers were washed three times with HBSS pH 7.4. The
adhesion of HL-60 cells to ECV304 was determined as de-
scribed in Materials and Methods. Data was normalized (TNFa=
100%) and reported as means = SD. All determinations were
made in triplicate.

hesion molecules [Schreck et al., 1991; Collins
etal., 1993a; Marui et al., 1993; Baeuerle et al.,
1994; Finco et al., 1994; Weber et al., 1994;
Kumar et al., 1998]. Thus, these flavonoid and
antioxidants inhibit NF«B signaling, they would
be expected to be the protectors for vascular
disease.
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