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Summary

The increase in nitric oxide (NO) production in lipopolysaccharide
(LPS)-induced sepsis is thought to contribute to the development of
shock. However, NO could also play an antithrombotic role. Little is
known about the modulating effect of NO on the endothelial overex-
pression and production of tissue factor (TF) and plasminogen activator
inhibitor-1 (PAI-1) occurring in endotoxemia. We analyzed the effect
of N(G)-nitro-L-arginine-methyl-ester (L-NAME), an inhibitor of NO
synthases, and S-nitroso-N-acetyl-D,L-penicillamine (SNAP), a NO
donor, on the expression and synthesis of TF and PAI-1 by LPS-
challenged human umbilical vein endothelial cells (HUVEC): L-NAME
enhanced the increase in TF mRNA and antigen levels (P <0.05) 
observed in LPS-treated HUVEC; SNAP down-regulated the LPS-
induced TF increment (p <0.05). However, no effects of NO on 
regulation of the LPS-dependent increase in PAI-1 could be seen. Thus,
NO could play an antithrombotic role in sepsis by down-regulating the
endothelial overexpression and production of TF.

Introduction

The endothelium is a key organ involved in the pathogenesis of 
sepsis (1). The hemostatic funtions of the vascular beds are strongly 
influenced by the properties of the vascular endothelium: under 
physiologic conditions, it plays a significant role in maintaining blood
fluidity through both anticoagulant protein C and antithrombin systems
and fibrinolysis (2-4). However, sepsis stimuli such as lipopolysaccharide
(LPS) modify the endothelial properties making the endothelium act as
a prothrombotic surface. Among the changes induced by LPS in the
endothelial cells, the increase in the expression and synthesis of tissue
factor (TF) and plasminogen activator inhibitor-1 (PAI-1) could contribute
to the generation and deposition of fibrin thrombi in the microvasculature
(5-7). 

Nitric oxide (NO) displays several important effects on the vasculature,
such as maintaining basal tone, inhibiting leukocyte adhesion to the
endothelium and inhibiting vascular smooth muscle cell migration and

proliferation (8). Endothelial cells are able to synthesize NO by NO
synthases (NOS). Under physiologic conditions, low levels of NO are
synthesized by endothelial-NOS (e-NOS). Pathogenic stimuli such as
LPS induce the endothelial expression of the inducible-NOS (i-NOS)
which generates high amounts of NO, which, in turn, could be partly 
responsible for hypotension and the subsequent septic shock (9). 
However, experimental data suggest that NO could play an antithrombotic
role in sepsis: in previous experiments we found that rats challenged
with LPS exhibited a higher plasma level of PAI-1 when simultaneously
treated with N(G)-nitro-L-arginine methyl ester (L-NAME), an inhibitor
of NOS; such an increase in PAI-1 was associated with increased fibrin
deposition in kidneys (10). Other studies in endotoxemic animals have
shown both that NO inhibition induces thrombosis in different vascular
territories (11-14) and that endogenous NO and the administration of
NO donors decrease glomerular thrombosis (15, 16). Moreover, there
are several evidences of the down-regulating effect of NO on the TF
synthesis by monocytes, which is an important source of TF (17-19);
however, little is known about the endothelial TF modulation by NO:
recently, Yang and Loscalzo described how L-arginine was able to 
reduce the LPS-induced synthesis of TF by endothelial cells in culture
(20), although they were not able to demonstrate that such an effect was
due to an increase in the production of NO (21). In the present study the
effects of a NOS inhibitor, L-NAME, and a NO donor, S-nitroso-N-
acetyl-D,L-penicillamine (SNAP), on the expression and the synthesis
of TF and PAI-1 by human vein endothelial cells (HUVEC) have been
assessed. Our data suggest that NO may protect against LPS-induced
thrombus formation in the microvasculature by down-regulating the 
expression and synthesis of endothelial TF.

Materials and Methods 

Materials

Medium 199 with Earl’s salts (MEM 199), Hank’s Balanced Salts Solution
(HBSS), phosphate buffered saline (PBS), trypsin-EDTA, penicillin-
streptomycin mixture, endothelial cell serum free medium (SFM), and fetal calf
serum (FCS) were purchased from Gibco-BRL (UK); collagenase A from 
Clostridium histolyticum, LPS from Escherichia coli 0127:B8, bovine gelatine,
L-NAME and SNAP were obtained from Sigma (USA).

Endothelial Cell Cultures

Endothelial cells (HUVEC) were isolated from human umbilical vein cords
obtained less than 8 h after delivery, essentially as described by Jaffe et al. (22).
The umbilical cord was cannulated, perfused with PBS, and incubated at 37° C
with collagenase A (0.5 mg/mL) for 20 min. Cells thus obtained were centrifuged
at 250 g for 5 min, resuspended in MEM 199 containing 20% pooled human 
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Fig. 1 TF mRNA expression (panel A) and TF protein
levels (panel B) in HUVEC challenged with LPS, LPS
+ L-NAME and LPS + SNAP. Results are mean ± SEM. 
* P < 0.05 with respect to the LPS group (inset: TF cDNA
electrophoresis at 2 h)

Table 1 TF and PAI-1 antigen levels before the start of the experiment and at 2, 6 and 24 h. Results are expressed as the mean ± SEM
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serum and 1% penicillin/streptomycin, and seeded in a 25 cm2 culture flask
precoated with gelatine at 0.1% (v/v) in PBS. Cultures were incubated at 37° C
in a humidified atmosphere of 5% CO2. The medium was changed 24 h after
seeding and then every 48 h. When cultures reached confluence, 1 mL trypsin-
EDTA was added. After 2 min at 37° C, cells were collected and seeded into a
75 cm2 flask. When they became confluent, cells were subsequently spread 
into four 150 cm2 flasks. 

Experimental Design

All studies were performed with confluent cultures in the third passage,
using the four 150 cm2 flasks coming from the same umbilical cord for each
single experiment. Cultures were washed with HBSS after which fresh SFM
supplemented with 1% penicillin/streptomycin was added. Culture supernates
and cells were harvested from one flask before the start of the experiment. The
three remaining cultures were simultaneously challenged with the same stimu-
lus, and supernates and cells were harvested, from one flask at each time, 
at 2, 6 and 24 h after the start of the experiment. The stimuli tested were: LPS
(50 ng/mL); LPS (50 ng/mL) + L-NAME (1 �mol/L); LPS (50 ng/mL) + SNAP
(0.1 �mol/L). Doses were chosen according to previous in vivo and in vitro
experiments (10, 23). Cell viability was not altered by these compounds when
used at these concentrations (data not shown). Unstimulated cultures were used
as controls. Three (FT analysis) and six (PAI-1 analysis) independent experi-
ments were performed for each experimental condition.

Isolation of Total RNA

2-3 � 106 cells were scraped from the flask into PBS and then lysed by 
repetitive pipetting in 1 mL Tripure™ Isolation Reagent (Boehringer Mann-
heim, Germany) using RNAse-free polypropylene tubes. After 5 min incubation,
the sample was mixed vigorously with 0.2 mL chloroform and incubated for 15
min, then centrifuged at 12,000 g for 15 min. The aqueous phase was mixed
with 0.5 mL isopropanol and stored for 10 min, and then centrifuged to 
precipitate RNA. The RNA pellet was subsequently washed with 1 mL 75% 
ethanol, centrifuged at 7,500 g for 5 min, air-dried for 10 min, and dissolved in
25 �L diethyl pyrocarbonate (DEPC)-treated water by pipetting and incubating
at 55-60º C for 10 min. Thus, total RNA (DNA-free and protein-free) was 
obtained. 

Isolation of TF and PAI-1 cDNA by Reverse Transcription-PCR

The reverse transcription (RT) reaction was performed to determine whether
the stimuli applied to HUVEC were able to modify the transcription level of TF
and PAI-1 genes. RT was performed using 1 �g RNA in a final volume of 20 �L
including 200 U Moloney murine leukemia virus RT (Gibco BRL), 2 �L RT
buffer, 100 ng/�L random hexamers (Boehringer Mannheim), 1 mmol/L 
dNTPs (Amersham Pharmacia Biotech, Sweden), 20 U RNAse inhibitor
(Amersham Pharmacia Biotech), 5 mmol/L DTT (Gibco BRL). The reaction was
performed at 37° C for 1 h. PCR primers pairs 5´-tcctgctcggctgggtctcttc-3´ 
and 5´-acatccttcacaatctcgtcg-3´, were used to amplify a 238 bp fragment for human
TF cDNA located between exons 1 and 3. PCR primers pairs 5´-acaggagga-
gaaacccagcag-3´ and 5´-ccgtctgatttgtggaagagg-3´, were used to amplify a 434
bp fragment of human PAI-1 cDNA located between exons 2 and 4. Since the
amount of ribosomal RNA (rRNA) in the RNA sample is high enough to 
maintain its expression constant in spite of variations among samples during the
RT-PCR process, 18S rRNA (Ambion, USA) was used as an internal control of
PCR reactions, giving a PCR product of 488 bp. TF/18S rRNA or PAI-1/18S
rRNA PCR reactions were performed in the same tube in a final volume of 
50 �L containing 240 pmol/L and 200 pmol/L of TF and PAI-1 primer pairs 
respectively. PCR master mix consisted of 1 U Taq polymerase (Roche, 
Germany), 1.5 mmol/L MgCl2, 40 mmol/L KCl, 16 mmol/L Tris-ClH, pH 8.3.
PCR reactions were performed using the GeneAmp 2400 PCR system (Perkin
Elmer, USA). Touch-down cycles were used during the amplification to 
increase specificity (24). The thermal cycling conditions included initial 
denaturation at 94° C for 40 seconds (s), followed by ten touch-down cycles of

20 s denaturation at 94° C, 15 s annealing (70-62° C) and 20 s elongation at 72°
C, followed by 24 or 15 cycles (20 s at 94° C, 15 s at 60° C, 20 s at 72° C) for
TF/18S or PAI-1/18S respectively, and a final extension at 72° C for 2 min.
PCR products were electrophoresed in 2.5% agarose gel and visualised by
ethidium bromide. Intensity of the PCR product was determined by densito-
metric analysis with the Gel Doc 1000 UV fluorescent system and Molecular
Analyst software for image quantification (BioRad, USA). Values correspon-
ding to TF and PAI-1 amplification were normalized with those corresponding
to 18S cDNA. 

TF Levels Measurement

TF antigen content in cell lysates was quantified using a commercial sand-
wich enzyme immunoassay (Immubind®-TF, American Diagnostica, USA)
following the manufacturer’s specifications. Cells were counted by means of a
Neubauer chamber, washed and lysed with a solution containing 0.1% Triton-
X-100 in 0.5 mol/L Tris-HCl, pH 8.1, 10 mmol/L EDTA-Na2, 1 mmol/L and
100 U/mL Trasylol® (Bayer, Germany). TF antigen content in each sample was
expressed as pg/106 cells and then normalized to cell protein concentration,
which was determined as described by Bradford (25). 

PAI-1 Antigen Measurement

PAI-1 antigen level was measured in the media harvested at 0, 2, 6 and 24 h
by an ELISA based on a specific monoclonal antibody able to detect PAI-1 in
its active and latent forms, as well as t-PA/PAI-1 complexes (Asserachrom
PAI-1, Diagnostica Stago, France).

Statistical Analysis

Results are expressed as the mean ± standard error of the mean (SEM) of
three (FT) or six (PAI-1) independent experiments. For statistical purposes, the
results of PAI-1 mRNA, TF levels in lysates and PAI-1 antigen in media at 2, 6
and 24 h were expressed as percentages of their baseline value, which is 
considered 100%. TF mRNA data were not expressed as percentages but as
counts/mm2 because baseline values were undetectable. The Kruskal-Wallis
followed by Mann-Whitney U test was applied for purposes of group comparison.

Results

Effect of NOS Inhibition and NO Supplementation on TF Expression 

As Fig. 1A shows, whereas TF gene expression at baseline condition
was undetectable, challenging cultures with LPS resulted in an increase
in mRNA levels, especially 2 h after stimulation (0.92 ± 0.3; p < 0.05
with respect to unstimulated cultures). Such an increase was enhanced
when HUVEC were challenged simultaneously with LPS and the NOS
inhibitor L-NAME (1.35 ± 0.1; p = 0.08 when compared to the LPS
group). However, the NO donor SNAP attenuated the effect of LPS on
TF gene expression (0.69 ± 0.1) so that a statistically significant 
difference was observed between mRNA levels of cultures challenged
with LPS + L-NAME and LPS + SNAP (P < 0.05).

The changes in TF mRNA were followed by changes in protein level,
as can be seen in Fig. 1B and Table 1. Fig. 1B shows that the TF anti-
gen results from lysates followed the same trend as the mRNA data:
very low levels could be detected in unstimulated cultures; TF antigen
level increased shortly after the start of the LPS challenge. However,
such an increase was about three-fold higher in LPS + L-NAME 
cultures with respect to LPS group at 2 h (1320 ± 95% vs. 440 ± 25% 
respectively, p < 0.05), while levels in LPS + SNAP cultures were 
about two-fold lower than LPS group (207 ± 3% vs. 440 ± 25% 
respectively, p < 0.05). TF antigen levels at 6 and 24 h in LPS + 
L-NAME and LPS + SNAP cultures were also significantly higher or 

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-18 | ID: 1000323023 | IP: 159.237.12.82



1063

Pérez-Ruiz et al.: TF and PAI-1 Regulation by NO in LPS-challenged HUVEC

lower respectively than those observed in LPS group (p < 0.05). Thus,
these data support the view that NO modulation could play an anti-
thrombotic role in endotoxemia by lowering the TF level. 

Effect of NOS Inhibitors and NO Donors on PAI-1 Expression

LPS challenge resulted in a continuous increase in PAI-1 mRNA 
expression throughout the experiment (Fig. 2A). When L-NAME was
applied together with LPS the mRNA expression was about two-fold

higher than that observed in LPS group, although the differences were
not statistically significant (130 ± 32% vs. 242 ± 87% at 2 h, 182 ± 28%
vs. 338 ± 105% at 6 h, and 235 ± 46% vs. 418 ± 125% at 24 h in LPS
group and in LPS + L-NAME group respectively). When given 
together with LPS, SNAP slightly attenuated the mRNA increase at 
2 (92 ± 17%), 6 (147 ± 10%; P = 0.068 when compared to LPS + L-NA-
ME group) and 24 h (187 ± 36%). PAI-1 antigen results are shown in
Table 1 and Fig. 2B. As can be seen in Fig. 2B, PAI-1 antigen levels 
increased after the LPS challenge, specially at 24 h (335 ± 49%); such

Fig. 2 PAI-1 mRNA expression (panel A) and PAI-1
protein levels (panel B) in HUVEC challenged with
LPS, LPS + L-NAME and LPS + SNAP. Results are
mean ± SEM (inset: PAI-1 cDNA electrophoresis at 
6 h). * P < 0.05 with respect to the LPS group
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an increase was slightly enhanced by L-NAME (397 ± 29%), while
SNAP exerted no effect (303 ± 41%). Thus, an effect of NO on the 
PAI-1 expression subsequent to the LPS challenge is not supported by
these results. 

Discussion 

LPS transforms the thromboresistant phenotype of vascular 
endothelium into a surface with prothrombotic properties, among other
mechanisms, through the increased expression and synthesis of TF and
PAI-1 (5, 6). Endothelium-derived NO levels are also modified by LPS:
NO is produced at a low level by the eNOS of quiescent endothelial
cells, but LPS importantly enhances its production by increasing the 
expression of iNOS (9). NO plays an antithrombotic role by preventing
platelet aggregation (26). A down-regulating effect of NO on TF 
expression at the monocyte surface (17-19) and on PAI-1 expression 
in several tissues has also been described (27-31). The effect of 
modulating NO level on the expression and production of TF and 
PAI-1 at the endothelial level in the presence of LPS is less known. In
the present study we have shown that the endothelial LPS-induced
upregulation of TF might be regulated by NO. 

First, our results suggest that NO is able to attenuate the endothelial
LPS-induced TF increase: TF gene expression and protein were enhanced
by L-NAME, an inhibitor of the NOS, specially at 2 h, a time at which
the expression of TF has been described to be maximum (32-34), thus
suggesting that NOS are involved in the TF modulation; moreover, a
NO donor, SNAP, was able to revert the enhanced endothelial TF 
expression and production, thus supporting the notion that NO does
play a role in down-modulating TF expression in the vascular endothelium.
Thus, our findings support the concept that NO, in addition to its down-
regulating effect on TF expression at the monocyte surface (17-19), 
also exerts a similar effect on TF expression at the endothelial level.
This ability of NO would help to explain the remarkable increase in 
renal fibrin deposits that we had observed in LPS-challenged rats after
treatment with NOS inhibitors (10). 

Fibrinolysis is largely offset in sepsis due to the sustained LPS-
induced increase in PAI-1 levels (7, 35). In spite of previous findings
suggesting a modulating role of NO in attenuating PAI-1 overexpression
in sepsis (10), our results are not conclusive enough to confirm such a
role: although a trend towards an increase in the PAI-1 mRNA expression
was observed when incubating HUVEC with LPS and L-NAME, such
an expression was not significantly higher than the obtained with LPS
only; furthermore, the PAI-1 mRNA expression with SNAP and LPS
was similar to the observed with LPS only. Thus, it can be concluded
that our results do not support a role for NO in the regulation of the
endothelial PAI-1 expression in endotoxemia. Although other studies
have described a down-regulating effect of NO on PAI-1 expression in
other cell types, it must be noted that the experiments were performed
in absence of LPS (27-31). 

In summary, our data suggest that NOS inhibition would enhance
the endothelial expression of TF in endotoxemia, while NO supple-
mentation would attenuate the endothelial expression of TF. Therefore,
although inhibition of NO has been suggested as a useful therapeutic
tool in preventing the LPS-induced hypotension and subsequent shock,
we provide evidence that NO inhibition could worsen the hemostatic
abnormalities induced by sepsis. 

Acknowledgements

We acknowledge the technical assistance of Carmen Roncal and Eva Molina. 

References

1. Hack CE, Zeerleder S. The endothelium in sepsis: source of and a target for
inflammation. Crit Care Med 2001; 29: S21-7.

2. van Hinsbergh VW. The endothelium: vascular control of haemostasis. Eur
J Obstet Gynecol Reprod Biol 2001; 95: 198-201. 

3. Esmon CT. The normal role of Activated Protein C in maintaining 
homeostasis and its relevance to critical illness. Crit Care 2001; 5: S7-12.

4. Lijnen HR, Collen D. Endothelium in hemostasis and thrombosis. Prog
Cardiovasc Dis 1997; 39: 343-50.

5. Colucci M, Balconi G, Lorenzet R, Pietra A, Locati D, Donati MB, 
Semeraro N. Cultured human endothelial cells generate tissue factor in 
response to endotoxin. J Clin Invest 1983; 71: 1893-6.

6. Schleef RR, Loskutoff DJ. Fibrinolytic system of vascular endothelial cells.
Role of plasminogen activator inhibitors. Haemostasis 1988; 18: 328-41. 

7. Levi M, Ten Cate H. Disseminated intravascular coagulation. N Engl J Med
1999; 341: 586-92.

8. Ignarro LJ, Cirino G, Casini A, Napoli C. Nitric oxide as a signaling 
molecule in the vascular system: an overview. J Cardiovasc Pharmacol
1999; 34: 879-86.

9. Thiemermann C. Nitric oxide and septic shock. Gen Pharmacol 1997; 29:
159-66.

10. Noci MV, Velasco F, López A, López-Pedrera R, Rodríguez M. The effect
of exogenous nitric oxide on plasminogen activator inhibitor in experimen-
tally induced endotoxemia. Fibrinolysis 1996; 10: 21-5.

11. Jaimes EA, del Castillo D, Rutherford MS, Raij L. Countervailing 
influence of tumor necrosis factor-alpha and nitric oxide in endotoxemia. J
Am Soc Nephrol 2001; 12: 1204-10.

12. Zhou XJ, Laszik Z, Ni Z, Wang XQ, Brackett DJ, Lerner MR, Silva FG,
Vaziri ND. Down-regulation of renal endothelial nitric oxide synthase 
expression in experimental glomerular thrombotic microangiopathy. Lab
Invest 2000; 80: 1079-87.

13. Jourdain M, Tournoys A, Leroy X, Mangalaboyi J, Fourrier F, Goude-
mand J, Gosselin B, Vallet B, Chopin C. Effects of N omega-nitro-L-
arginine methyl ester on the endotoxin-induced disseminated intravas-
cular coagulation in porcine septic shock. Crit Care Med 1997; 25: 
452-9.

14. Harbrecht BG, Billiar TR, Stadler J, Demetris AJ, Ochoa J, Curran RD,
Simmons RL. Inhibition of nitric oxide synthesis during endotoxemia 
promotes intrahepatic thrombosis and an oxygen radical-mediated hepatic
injury. J Leukoc Biol 1992; 52: 390-4.

15. Shultz PJ, Raij L. Endogenously synthesized nitric oxide prevents 
endotoxin-induced glomerular thrombosis. J Clin Invest 1992; 90: 1718-25.

16. Westberg G, Shultz PJ, Raij L. Exogenous nitric oxide prevents endotoxin-
induced glomerular thrombosis in rats. Kidney Int 1994; 46: 711-6.

17. Gerlach M, Keh D, Bezold G, Spielmann S, Kurer I, Peter RU, Falke KJ,
Gerlach H. Nitric oxide inhibits tissue factor synthesis, expression and 
activity in human monocytes by prior formation of peroxynitrite. Intensive
Care Med 1998; 24: 1199-208.

18. Corseaux D, Le Tourneau T, Six I, Ezekowitz MD, Mc Fadden EP, 
Meurice T, Asseman P, Bauters C, Jude B. Enhanced monocyte tissue 
factor response after experimental balloon angioplasty in hypercholestero-
lemic rabbit: inhibition with dietary L-arginine. Circulation 1998; 98: 
1776-82.

19. Minuz P, Degan M, Gaino S, Meneguzzi A, Zuliani V, Lechi Santonastaso
C, Del Soldato P, Lechi A. NCX4016 (NO-aspirin) inhibits thromboxane
biosynthesis and tissue factor expression and activity in human monocytes.
Med Sci Monit 2001; 7: 573-7.

20. Yang Y, Loscalzo J. Regulation of tissue factor expression in human micro-
vascular endothelial cells by nitric oxide. Circulation 2000; 101: 2144-8.

21. Bachetti T. L-arginine and nitric oxide: an inseparable couple? Circulation
2001; 103: E57 (letter).

22. Jaffe EA, Nachmanm RL, Becker CG, Minick CR. Cultured of human
endothelial cells derived from umbilical veins. Idenfication by morphologic
and immunologic criteria. J Clin Invest 1973; 52: 2745-56.

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-18 | ID: 1000323023 | IP: 159.237.12.82



1065

Pérez-Ruiz et al.: TF and PAI-1 Regulation by NO in LPS-challenged HUVEC

23. Orbe J, Montes R, Zabalegui N, Pérez-Ruiz A, Páramo JA. Evidence that
heparin but not hirudin reduces PAI-1 expression in cultured human 
endothelial cells. Thromb Res 1999; 94: 137-45.

24. Heker KH, Roux KH. High and low annealing temperatures increase both
specificity and yield in TD and SD PCR. Bio Techniques 1996; 20: 478-85.

25. Bradford MM. A rapid and sensitive method for the quantitation of micro-
gram quantities of protein utilizing the principle of protein-dye binding.
Anal Biochem 1976; 72: 248-54.

26. Loscalzo J. Nitric oxide insufficiency, platelet activation, and arterial
thrombosis. Circ Res 2001; 88: 756-62.

27. Eberhardt W, Beck KF, Pfeilschifter J. Cytokine-induced expression of tPA
is differentially modulated by NO and ROS in rat mesangial cells. Kidney
Int 2002; 61: 20-30.

28. Shihab FS, Yi H, Bennett WM, Andoh TF. Effect of nitric oxide modulation
on TGF-beta1 and matrix proteins in chronic cyclosporine nephrotoxicity.
Kidney Int 2000; 58: 1174-85.

29. Katoh M, Egashira K, Mitsui T, Takeshita A, Narita H. Differential effects
of imidapril and candesartan cilexetil on plasminogen activator inhibitor-1
expression induced by prolonged inhibition of nitric oxide synthesis in rat
hearts. J Cardiovasc Pharmacol 2000; 35: 932-6.

30. Katoh M, Egashira K, Mitsui T, Chishima S, Takeshita A, Narita H. 
Angiotensin-converting enzyme inhibitor prevents plasminogen activator

inhibitor-1 expression in a rat model with cardiovascular remodeling 
induced by chronic inhibition of nitric oxide synthesis. J Mol Cell Cardiol
2000; 32: 73-83.

31. Bouchie JL, Hansen H, Feener EP. Natriuretic factors and nitric oxide 
suppress plasminogen activator inhibitor-1 expression in vascular smooth
muscle cells. Role of cGMP in the regulation of the plasminogen system.
Arterioscler Thromb Vasc Biol 1998; 18: 1771-9.

32. Erlich J, Fearns C, Mathison J, Ulevitch RJ, Mackman N. Lipopolysaccharide
induction of tissue factor expression in rabbits. Infect Immun 1999; 67:
2540-6.

33. Crossman DC, Carr DP, Tuddenham EG, Pearson JD, McVey JH. The 
regulation of tissue factor mRNA in human endothelial cells in response to
endotoxin or phorbol ester. J Biol Chem 1990; 265: 9782-7. 

34. Moore KL, Andreoli SP, Esmon NL, Esmon CT, Bang NU. Endotoxin 
enhances tissue factor and suppresses thrombomodulin expression of 
human vascular endothelium in vitro. J Clin Invest 1987; 79: 124-30. 

35. ten Cate H, Timmerman JJ, Levi M. The pathophysiology of disseminated
intravascular coagulation. Thromb Haemost 1999; 82: 713-7.

Received March 4, 2002 Accepted September 16, 2002

For personal or educational use only. No other uses without permission. All rights reserved.
Downloaded from www.thrombosis-online.com on 2012-05-18 | ID: 1000323023 | IP: 159.237.12.82


