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Thromboxane A, (TXA,) receptor blockade suppresses monocyte chemoattractant
protein-1 (MCP-1) expression by stimulated vascular endothelial cells
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SUMMARY

In a previous study, it was reported that stimulation with a TXA, receptor agonist, U46619, augments the
expression of adhesion molecules by human umbilical vein endothelial cells (HUVEC). In the present
study we showed that U46619 augments the expression of MCP-1 in HUVEC, both at the protein
and mRNA levels. Pretreatment with TXA, receptor antagonists greatly diminishes the extent of
tumour necrosis factor-alpha (TNF-«)-, platelet-activating factor (PAF)-, or U46619-induced mRNA
accumulation and production of MCP-1. Protein kinase C (PKC) inhibitors diminish U46619-induced
mRNA accumulation and production of MCP-1. NAC, which inhibits nuclear factor kB (NF-«B)
activation and activating protein 1 (AP-1) binding activity, inhibits the expression of MCP-1 at the
protein and mRNA levels. These results indicate that in HUVEC stimulation via the TXA, receptors
augments MCP-1 production by induction of the NF-«B and AP-1 binding activity through the PKC

system.
Keywords vascular endothelial cells
INTRODUCTION

TXA,, which possesses a series of biological activities such as
contraction of vascular smooth muscle, platelet degranulation and
aggregation, is an eicosanoid associated with stimulatory effects
on lymphocyte proliferation [1] or polymorphonuclear cell
adhesiveness [2]. Autoimmune vasculitis or atherosclerosis is a
vascular inflammatory response characterized by leucocytic
infiltration due to interactions with endothelial chemokines and
adhesion molecules [3]. We have previously shown that TXA,,
the production of which is enhanced in human umbilical vein
endothelial cells (HUVEC) by tumour necrosis factor-alpha (TNF-
a) or platelet-activating factor (PAF) stimulation, binds with
TXA, receptors located on the cell surface and augments the
expression of endothelial adhesion molecules [4-6].

MCP-1, one of the important chemokines, has a potent and
specific chemoattractant activity for monocytes [7] and T lympho-
cytes [8]. MCP-1 is secreted by various cells, notably endothelial cells,
in response to inflammatory cytokines such as TNF-« and IL-1 [9—
11]. Martin et al. showed that cytokine-induced MCP-1 gene
expression in human endothelial cells depends on the co-operative
action of nuclear factor kB (NF-«B) and activating protein 1 (AP-1)
[12]. In our previous study, it was suggested that intercellular adhesion
molecule-1 (ICAM-1) or endothelial leucocyte adhesion molecule-1
(ELAM-1) expression of HUVEC stimulated via TXA, receptors is
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augmented by the induction of NF-«B and AP-1 binding activity
through the protein kinase C (PKC) system [6].

The present study was designed to determine whether or not a
TXA, receptor agonist augments the expression of MCP-1 in
HUVEC, both at the protein and mRNA levels. TXA, receptor
antagonists, PKC inhibitors, or inhibitors of transcription factors
were used to determine the intracellular signal pathways stimulated
by a TXA, receptor agonist to express MCP-1 on HUVEC.

MATERIALS AND METHODS

Reagents

Recombinant human TNF-a was purchased from Genzyme Co.
(Boston, MA). Human PAF was purchased from Sigma Chemical
Co. (St Louis, MO). U46619 (9,11-dideoxy-9«, 11a-methano-
epoxyprostaglandin F2«), an agonist of TXA, receptor, and
SQ29 548 (7-[3-[[2-[(phenylamino)-carbonyl]-hydradino]methyl]-7-
axabicyclo[2,2,1Thept-2-yl1]-,[1S(1o,2ex (Z),3x Acr)]-5-heptenoic acid),
an antagonist of the TXA, receptor, were purchased from Cayman
Chemical Co. (Ann Arbor, MI). BAYu3405 (3R)-3-(4-fluorophenyl-
sulphonamido)-1,2,3,4-tetrahydro-9-carbazolepropanoic acid, another
antagonist of TXA, receptor, was provided by Bayer Yakuhin Ltd.
(Osaka, Japan). Staurosporine, a PKC inhibitor, was purchased
from Seikagaku Co. (Tokyo, Japan). GF 109203X (bis-indolyl-
maleimide), a potent and specific PKC inhibitor, was purchased
from Sigma. 3-Aminobenzamide (3-AB), an inhibitor of AP-1
binding activity; pyrolidine-dithiocarbamate (PDTC), an inhibitor
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of NF-«B binding activity; and N-acetylcysteine (NAC), an
inhibitor of NF-«kB and AP-1 binding activity, were also
purchased from Sigma.

Vascular endothelial cell cultures
Primary cell cultures were established according to procedures
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Fig. 1. (a) Effects of the polymerase chain reaction (PCR) amplification
cycles on the integrated density in quantitative image analysis of PCR
fragments. The total RNA (at concentrations of 0-5, 1-0, and 2.0 ug/pl)
that was collected from human umbilical vein endothelial cells was
subjected to reverse transcription (RT)-PCR by using a 8-actin primer and
quantitative image analysis described in Materials and Methods. When the
PCR amplification cycle was varied (20—40 cycles), the integrated density
of PCR products was calculated. Data represent means of three separate
experiments. (b) Correlation between total RNA concentration of samples
and the integrated density in quantitative image analysis of PCR
fragments. When the PCR amplification cycle using a $-actin or MCP-1
primer was set at a constant 30 cycles while the total RNA concentration
was varied (0-125-4 pg/pl), a correlation was examined between the
integrated density and the total RNA. Data represent means of three
separate experiments.

already described [13]. The HUVEC used in this experiment were
between their first and third passages. When cultures reached
confluence, the cells were harvested and re-plated at a density of
1 x 10° cells/dish. To these cells, 2 ml of Medium 199 with or
without 10~ M U46619, 100 U/ml of TNF-a, or 1077 M PAF
were added. In some cases, SQ29 548, BAYu3405, staurosporine,
GF 109203X, 3-AB, PDTC or NAC were added 15 min before
treatment with U46619, TNF-«, or PAF.

Reverse transcriptase-polymerase chain reaction analysis of
mRNA in endothelial cells

U46619, TNF-«, or PAF were added to the endothelial cell
cultures for 6 h. Total RNA was isolated by using RNA Zol B
(Biotecx Labs. Inc., Houston, TX). Detection and analysis of gene
expression at the RNA level was performed in accordance with
procedures described earlier [6] by employing a GeneAmp RNA
polymerase chain reaction (PCR) kit and a thermal cycler (Perkin
Elmer Cetus, Norwalk, CT). After the reverse transcription (RT)
reaction, PCR amplification was performed. The sequences of the
sense and anti-sense primers for MCP-1 were 5'-ATAGCAGCC
ACCTTCATTCG-3’ and 5'-TTCCCCAAGTCTCTGTATCT-3',
respectively. Amplification of the same RNA with [-actin
primers confirmed that equal amounts of RNA were reverse-
transcribed. The respective sequences of primers for B-actin were
5'-TACATGGCTGGGGTGTTGAA-3' and 5'-AAGAGAGGCA
TCCTCACCCT-3'. The amplification profile was 30 cycles of
denaturation at 95°C for 30 s, primer annealing at 56°C for 30 s,
and extension at 72°C for 1 min. The PCR products were run in
2% agarose gels (BioRad, Hemel Hempstead, UK) containing
0-5 mg/ml ethidium bromide (Sigma). The gels were visualized
under ultraviolet illumination and photographed with a CCD video
camera AE-6911CX (Atto, Tokyo, Japan). Quantitative image
analysis of the PCR fragments on the gel was performed using a
public domain NIH image program (written by W. Rashard,
National Institutes of Health, Bethesda, MD) which was described
earlier [6]. The size and intensity of each band were integrated for
quantification as a relative amount of PCR products: relative
amount of PCR product (integrated density) = band area x band-
specific intensity, where band-specific intensity was calculated as
the average intensity per pixel detected in the band area.

The total RNA (at concentrations of 0-5, 1-0, and 2-0 wg/ul)
that was collected from HUVEC was subjected to RT-PCR by
using a (-actin primer and quantitative image analysis. It was
found that at each concentration the integrated density increased
exponentially between 20 and 30 cycles, reaching a plateau at 35
cycles (Fig. 1a). Similar results were obtained when a MCP-1
primer was used. When the amplification cycle was set at a
constant 30 cycles while the total RNA concentration was varied
(0-125-4 wg/ul), a significant correlation was noted between the
integrated density and the total RNA concentration (> = 0-99,
P < 0:01; P2 = 0-96, P < 0-01; Fig. 1b), even if the primer was
B-actin or MCP-1. Based on these results, we believe that the
method employed in the present study is suitable for a quantitative
analysis of MCP-1 mRNAs of HUVEC.

Determination of MCP-1 synthesis in the cultured endothelial cells
The capacity of the cultured HUVEC to synthesize MCP-1 was
evaluated by determining the concentrations of MCP-1 in the
culture supernatant, using the appropriate ELISA kit (Biosource
Int., Camarillo, CA). The assays were performed by using a rabbit
anti-human MCP-1 antibody, human recombinant MCP-1,
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Fig. 2. Effects of TXA, receptor agonist or antagonists on mRNA
expression and the production of MCP-1 in human umbilical vein
endothelial cells (HUVEC). (a) HUVEC were not stimulated (lane 1), or
stimulated with U46619 (1077 mor 10~ m) (lanes 2 and 3) and incubated
for 6 h. SQ29 548 (107> M) or BAYu3405 (107> m) were pretreated
before the addition of 107®m U46619 (lanes 4 and 5). Reverse
transcription-polymerase chain reaction (RT-PCR) was done with specific
primers for MCP-1 or B-actin on mRNA extracted from 107 cells as
described in Materials and Methods. Shown is a gel photograph
representative of three similar experiments. (b) The PCR products were
quantified by quantitative image analysis as the ratio in relation to B-actin
mRNA (1-0). (c) The production of MCP-1 was determined as the
concentrations of MCP-1 in the culture supernatants after 24 h stimulation
using ELISA. Data represent means = s.d. of three separate experiments.
*P < 0-05 compared with those without stimulation; **P < 0-01
compared with those without stimulation; ***P < 0-01 compared with
those stimulated by U46619 (1076 m).

biotinylated rabbit anti-human MCP-1, and avidin—horseradish
peroxidase. The chromogen substrate was added and the reaction
was terminated with 50 ul/well of 3 M H,SO,. The absorbance
was read at 450 nm in an ELISA plate reader (Nalge Nunc Int.,
Napierville, IL). This ELISA method consistently detected con-
centrations above 20 pg/ml, but did not cross-react with IL-1f3,

IL-6, TNF-«, interferon-gamma (IFN-y), SLF, RANTES, or
granulocyte-macrophage colony-stimulating factor (GM-CSF).
The cellular proteins were solubilized with 1% Triton X-100 in
0-9% NaCl and centrifuged at 750 g for 10 min at 4°C. The
protein content was determined by the standard procedures [13],
with bovine serum albumin as the standard. The MCP-1 contents
were normalized to the protein content of the cell layer.

Determination of cell viability in the cultured endothelial cells
Cell viability was assessed by quantification of 3-[4,5-dimethyl-
thiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT; Chemicon
Int., Termecula, CA) [14] reduction by mitochondrial dehydro-
genases. The HUVEC were incubated for 2 h with 1.2 mm MTT
in Medium 199. After the cells were washed with PBS, formazan
dye was solubilized in 5% formic acid in isopropanol, and the
extinction was measured at 550 nm versus 690 nm in a microplate
reader (Nalge Nunc Int.).

Determination of protein synthesis in cultured endothelial cells
Protein synthesis in HUVEC was measured by >>S-methionine
incorporation. The cells were plated at a density of 10° cells/dish
and incubated in 5% CO, at 37°C for 24 h. The medium was
removed and 1-5 ml/dish of methionine-free medium was added.
33S-methionine (37 TBg/mmol; Amersham Int., Aylesbury, UK)
was then added to cultures at a final concentration of 1.3 GBq/ml,
and the cells were incubated for an additional 24 h under these
conditions. The cell layers were then solubilized at 4°C with a
lysis buffer (containing 0-5% Triton X-100, 0-25% deoxycholic
acid, 10 mm ethylenediamine-tetraacetic acid, 1 mm phenyl-
methylsulphonyl fluoride, and 50 mm Tris—HCI, pH 8-5). Tri-
chloroacetic acid (10%) was added to cell lysates. After a 20-min
incubation on ice, the cell lysates were collected on glass-
microfibre filters on a vacuum manifold and washed three times
with 5% trichloroacetic acid and then once with ethanol. Filters
were transferred to a liquid scintillation cocktail (NEN Research
Products, Boston, MA) and counted with a liquid scintillation
analyser (LSC-5100; Aloka, Tokyo, Japan).

Statistical analysis
All results were expressed as means = s.d. Changes with respect
to basal values when only two observations were obtained were
analysed by a paired or unpaired Student’s r-test.

Comparisons among means of multiple groups were analysed
by one-way analysis of variance and Scheffe’s multiple compari-
sons test. Differences were considered significant at P < 0-05.

RESULTS

Effects of TXA, receptor agonist (U46619) or antagonists on
mRNA expression and the production of MCP-1 in HUVEC
MCP-1 mRNA was barely detectable in unstimulated HUVEC
(Fig. 2a,b). U46619 at doses of 1077 M or 107® M induced a
dose-dependent increase in the accumulation of MCP-1 mRNA
within 6 h. SQ29 548 or BAYu3405 (1077 M, 107° M, or 107> m)
[15,16] were added to HUVEC prior to adding 10~% m U46619.
SQ29 548 or BAYu3405 alone did not affect cellular viability
(Table 1) or the accumulation of MCP-1 mRNA (Fig. 3b) but
dose-dependently diminished the accumulation of MCP-1 mRNA
in response to U46619 (Fig. 2a,b).

Twenty-four hours after the addition of 107°mM U46619,
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Fig. 3. Effects of TXA, receptor antagonists on the mRNA expression of MCP-1 in human umbilical vein endothelial cells (HUVEC)
stimulated by tumour necrosis factor-alpha (TNF-a) or platelet-activating factor (PAF). (a) HUVEC were not stimulated (lane 1), or
stimulated with PAF (10~7 M) (lane 2) or TNF-a (100 U/ml) (lane 5) for 6 h. SQ29 548 (107> M) or BAYu3405 (107> M) were pretreated
before the addition of PAF (10”7 m) (lanes 3 and 4) or TNF-a (100 U/ml) (lanes 6 and 7). Shown is a gel photograph representative of three
similar experiments. (b) The polymerase chain reaction products were quantified by quantitative image analysis as described in Materials
and Methods. Results are expressed as the ratio in relation to B-actin mRNA. Data represent means * s.d. of three separate experiments.
*P < 0-01 compared with those without stimulation; **P < 0-01 compared with those stimulated by TNF-a or PAF.

MCP-1 production was significantly intensified (P < 0-05)
(Fig. 2¢). SQ29 548 or BAYu3405 alone did not affect protein
synthesis (Table 2) or the production of MCP-1 by HUVEC
(Fig. 4), but both suppressed the potentiation of MCP-1 production
dose-dependently (Fig. 2c).

Effects of TXA, receptor antagonists on mRNA expression and the
production of MCP-1 in stimulated HUVEC

SQ29 548 or BAYu3405 (107" M, 107°m, or 107° M) were
added to HUVEC before adding 100 U/ml of TNF-« or 10~" M

PAF. Six hours after the addition, TNF-«-induced MCP-1 mRNA
accumulation was dose-dependently diminished by SQ29 548 or
BAYu3405 (Fig. 3a,b). PAF-induced MCP-1 mRNA accumula-
tion was also dose-dependently diminished by SQ29 548 or
BAYu3405.

Twenty-four hours after the addition, the enhancement of
TNF-a-stimulated MCP-1 production was dose-dependently
suppressed by SQ29 548 or BAYu3405 (Fig. 4). Potentiation of
MCP-1 production by PAF was also dose-dependently suppressed
by SQ29 548 or BAYu3405.
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Table 1. Effects of TXA, receptor antagonists, protein kinase C (PKC)
inhibitors, or inhibitors of transcription factors on cellular viability of
human vascular endothelial cells

Table 2 Effects of TXA, receptor antagonists, protein kinase C (PKC)
inhibitors, or inhibitors of transcription factors on protein synthesis of
human vascular endothelial cells

Cell viability (%)

35S-methionine counts (dpm/ug protein)

6 h after treatment 24 h after treatment

SQ29 548, 10> M 1046 + 2.6 102:5 + 0.7
BAYu3405, 10 ° m 1004 * 2.0 1085 * 1.6
Staurosporine 3 nM 1029 £ 1-6 95-1 £ 32
GF 109203X 5 uM 1042 * 2.0 962 + 1.2
3-AB 1 mM 1073 * 1.2 1025 + 1.2
PDTC 100 um 1024 * 2.0 976 + 16
NAC 30 mm 95.1 + 5.0 94.1 + 6:5

Nil 3216-0 = 103-0
SQ29 548 10 ° M 3364-0 £ 269-0
BAYu3405 107> M 3228-0 = 168-0
Staurosporine 3 nM 3229-0 £ 235-0
GF 109203X 5 um 30180 = 294-0

3-AB 1 mMm 3126-0 £ 170-0
PDTC 100 uM 30620 = 336:0
NAC 30 mm 3015-0 £ 367-0

Cycloheximide 10 pg/ml 397-0 £ 111-0%

Human umbilical vein endothelial cells were treated with SQ29 548,
BAYu3405, staurosporine, GF 109203X, 3-AB, PDTC, or NAC, in the
concentrations indicated. Then the cells were incubated for 6 h or 24 h,
followed by a 2-h treatment with 1.2 mm MTT and photometric
determination of formazan dye concentration. Data represent means
* s.d. of three separate experiments as percentage of control.

Effects of PKC inhibitors on mRNA expression and the production
of MCP-1 in HUVEC

Staurosporine (1 or 3 nm) or GF 109203X (1 or 5 um), which
inhibits PKC activation [17,18], were added to HUVEC prior to
the addition of 107® M U46619. Staurosporine or GF 109203X
alone did not significantly affect cellular viability, protein
synthesis, or the expression of MCP-1 in HUVEC at both protein

Human umbilical vein endothelial cells were treated with or without
SQ29 548, BAYu3405, staurosporine, GF 109203X, 3-AB, PDTC, NAC,
or cycloheximide, in the concentrations indicated. Then the cells were
treated with 1.3 GBg/ml 35S-methionine for 24 h, and measured as
35S-methionine incorporation as described in Materials and Methods.
Data represent means *s.d. of three separate experiments. *P < 0-01
compared with those without stimulation.

and mRNA levels (Tables 1 and 2, Fig. 5). Pretreatment with
staurosporine dose-dependently reduced the expression of MCP-1
in response to U46619 at both protein and mRNA levels.
GF 109203X (1 wm) significantly suppressed the extent of
U46619-induced expression of MCP-1 at both protein and mRNA
levels (P < 0-05, P < 0-01).
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Fig. 4. Effects of TXA, receptor antagonists on the production of MCP-1 in human umbilical vein endothelial cells (HUVEC) stimulated by
tumour necrosis factor-a (TNF-a) or platelet-activating factor (PAF). HUVEC were pretreated with or without SQ29 548 or BAYu3405
(1077,107%, or 10~ M) and stimulated with TNF-a (100 U/ml) or PAF (10~7 m) for 24 h. The production of MCP-1 was determined as the
concentrations of MCP-1 in the culture supernatants using ELISA. Data represent means * s.d. of three separate experiments. *P < 0-05
compared with those without stimulation; **P < 0-01 compared with those without stimulation; ***P < 0-01 compared with those

stimulated by TNF-a (100 U/ml) or PAF 1077 m).
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Fig. 5. Effects of protein kinase C (PKC) inhibitors on mRNA expression
and the production of MCP-1 in human umbilical vein endothelial cells
(HUVEC). HUVEC were pretreated with or without staurosporine (1 or
3 nM) or GF109203X (1 or 5 wMm), and stimulated with U46619 (1076 m).
(a) The mRNA expression of MCP-1 was analysed by reverse
transcription-polymerase chain reaction (RT-PCR). Results are expressed
as the ratio in relation to B-actin mRNA. (b) The production of MCP-1
was determined as the concentrations of MCP-1 in the culture supernatants
using ELISA. Data represent means = s.d. of three separate experiments.
#*P < 0-05 compared with those stimulated by U46619 (107° m);
*#*P < 0-01 compared with those stimulated by U46619 (1076 M).

Effects of inhibitors of transcription factors on mRNA expression
and the production of MCP-1 in HUVEC
3-AB, an inhibitor of poly ADP-ribosylation, was used to target
AP-1 since it inhibits oxidant-induced AP-1 binding activity [19].
The anti-oxidant PDTC, a selective inhibitor of NF-«xB activation,
was used because it acts without affecting the induction of AP-1
binding activity [20]. NAC, a general anti-oxidant and precursor
of glutathione, was used because it inhibits NF-kB and AP-1
binding activity [21,22].

3-AB (100 uMm or 1 mm), PDTC (10 or 100 um), or NAC (5
or 30 mm) were added to HUVEC cultures before adding 107° M
U46619. 3-AB or PDTC alone did not affect cellular viability,
protein synthesis, or the expression of MCP-1 in HUVEC at either
protein or mRNA levels (Tables 1 and 2, Fig. 6). NAC alone did
not affect cellular viability or protein synthesis (Tables 1 and 2),
but significantly suppressed the accumulation of MCP-1 mRNA
and the production of MCP-1 (Fig. 6). U46619-induced MCP-1
expression was dose-dependently reduced by 3-AB or PDTC
at both protein and mRNA levels. NAC almost completely
suppressed mRNA accumulation and the production of MCP-1
induced by U46619.

DISCUSSION

The results of the present study elucidate the following: (i)
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Fig. 6. Effects of inhibitors of transcription factors on mRNA expression
and the production of MCP-1 in human umbilical vein endothelial cells
(HUVEC). HUVEC were pretreated with or without 3-AB (100 uM or
1 mm), PDTC (10 or 100 M), or NAC (5 or 30 mm) and stimulated with
U46619 (107° m). (a) The mRNA expression of MCP-1 was analysed by
reverse transcription-polymerase chain reaction (RT-PCR). Results are
expressed as the ratio in relation to B-actin mRNA. (b) The production of
MCP-1 was determined as the concentrations of MCP-1 in culture
supernatants using ELISA. Data represent means * s.d. of three separate
experiments. *P < 0-05 compared with those without stimulation;
*#*P < 0-01 compared with those without stimulation; ***P < 0-05
compared with those stimulated by U46619; ****P < 0.-01 compared
with those stimulated by U46619.

treatment of HUVEC with a TXA, receptor agonist, U46619,
induces mRNA accumulation and production of MCP-1 (Fig. 2);
(ii) pretreatment with TXA, receptor antagonists significantly
diminishes the extent of TNF-a-, PAF-, or U46619-induced
mRNA accumulation and production of MCP-1 (Figs 2, 3 and 4);
(iii) pretreatment with PKC inhibitors greatly diminishes the
extent of U46619-induced mRNA accumulation and production of
MCP-1 (Fig. 5); (iv) pretreatment with NAC (an inhibitor of NF-
kB and AP-1 binding activity) almost completely diminishes
U46619-induced mRNA accumulation and production of MCP-1
(Fig. 6).

In the human MCP-1 gene, TPA-responsive elements (TRE),
which are recognized by the AP-1 transcription factor hetero-
dimers c-jun and c-fos, and kB enhancer element in the 5’
upstream region of the gene were found [23]. Simultaneous site-
directed mutagenesis of both the NF-«B and the AP-1 binding
sites blocked the induction of the MCP-1 promoter by IL-183 or
TNF-« [12]. TPA, a potent PKC activator, induced MCP-1 gene
expression in HUVEC. This signal transduction is the transcrip-
tion activation promoted by binding of AP-1 to TRE [24]. PKC
has also been shown to engage in the activation of NF-«B through
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phosphorylation of its inhibitor I«B in the cytoplasm [25]. The
PKC activity of the human vascular endothelial cells increased
when stimulated with U46619, a TXA, receptor agonist [4].
ICAM-1 or ELAM-1 expression of HUVEC via TXA, receptors is
augmented by induction of NF-kB and AP-1 binding activity
through the PKC system [5]. The present study suggests that
MCP-1 expression is also augmented by intracellular signal
transmission through PKC-dependent induction of NF-«B and
AP-1 binding activity in the stimulation via TXA, receptors in
HUVEC.

Subconfluent endothelial cells, known to express elevated
levels of endogenous IL-1 in vitro [26], express elevated levels of
MCP-1 mRNA [27]. The expression of MCP-1 in unstimulated
HUVEC was suppressed by NAC at both protein and mRNA
levels (Fig. 6). Martin et al. suggested that NF-kB and AP-1 are
activated in response to IL-1 stimulation in HUVEC [12]. These
findings suggest a possibility that basal MCP-1 expression in
HUVEC may depend on the action of NF-«B and AP-1 through
the production of endogenous IL-1.

In an earlier study [4] we suggested that TXA,, the production
of which was enhanced through stimulation by TNF-« or PAF, is
secreted into the extracellular space and bound to the TXA,
receptor on HUVEC, resulting in augmented expression of ICAM-
1. The study revealed that HUVEC may possess a pathway where
TXA,, which has been produced by the cells by TNF-a or PAF
stimulation, binds with TXA, receptors and activates PKC. The
present study suggests the presence of a system that augments
MCP-1 expression via TXA, receptors following TNF-a or PAF
stimulation.

MCP-1 can promote an avidity of B;-integrins VLA-4 and
VLA-5 in monocytes. Therefore MCP-1 can increase [3;-integrin-
mediated binding of monocytes to vascular cell adhesion
molecule-1 (VCAM-1) [28]. MCP-1 also induces transendothelial
migration of both resting and activated T cells. MCP-1-stimulated
transmigration of T cells was inhibited by antibodies against
CDl11a, thereby confirming the importance of ,-integrins in the
transmigration process [29,30]. The activation of (B;- and f3,-
integrins by MCP-1 may follow adhesion and transmigration of
monocytes and T cells through binding with ICAM-1 or VCAM-1.
The present study shows that stimulation of TXA, receptors in
HUVEC may result in not only augmented expression of adhesion
molecules but also an increase in the avidity of monocytes and
T cells through MCP-1. TXA, receptor antagonists may inhibit
the production of MCP-1 in human vascular endothelial cells
and prevent exacerbation of inflammation by blocking these
responses.
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