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E  ndothelial cells play an important role in the con-
  trol of normal hemostasis.1 Under physiologic 
  conditions, endothelial cells provide the effective 
thromboresistant surface and help to maintain the flui-
dity and free flow of blood. In some pathological states, 
however, endothelial cells synthesize and express tissue 
factor (TF) which is the most potent initiator of blood 
coagulation leading to the thrombus formation.2-4   
 Aberrant TF expression triggers intravascular throm-
bosis associated with various diseases, such as athero-
sclerosis and cancer.5,6 In atherosclerosis, TF is expressed 
on the surface of macrophage-derived foam cells within 
atherosclerotic plaques.1 Recent studies have suggested 
that an additional source of TF, known as plasma TF 
or circulating TF may also contributes to thrombosis.7,8 
Importantly, several studies have shown that levels of 
circulating TF are increased in various diseases, such as 
atherosclerosis, diabetes, and sepsis.9-11 Some studies have 
also shown a correlation between the levels of circulating 
TF and acute myocardial infarction.12
 Thrombus formation is one of the pathophysiologic 
changes in atherosclerotic disorders.13  However, the cause 
of thrombotic tendency in these patients is unknown. It 
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ABSTRACT

Objective: To study the effect of serum from patients with atherosclerotic risk factors on the synthesis of endothelial tissue factor.
Methods: Serum from 30 diabetic patients, 30 hyperlipemic patients, 30 smokers and 30 normal serum were incubated with 
cultured endothelial cells from a human umbilical vein.  The tissue factor of endothelial cells was measured using the assay 
that was developed in house after 24 hours incubation time.
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serum and normal serum is 0.4, 0.48 and 0.2 microunit/cell, respectively.
Conclusion: Smoking may increase the risk of thrombosis by increasing the tissue factor production of endothelial cells.
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is our postulation that modulation of TF expression of 
endothelial cells by atherosclerotic risk factors may be one 
cause responsible for thrombotic tendency in atherosclerotic 
disorders.

MATERIALS AND METHODS

 Serum
 Four groups of serum were used in the study. The 
first group consisted of 30 diabetic serum with blood 
sugar over 100 mg% without other abnormalities in blood 
chemistry.  The second group was a group of 30 serum 
which had serum LDL over 160 mg%. The third group 
was serum from 30 active smokers with a history of 
smoking for more than 10 years and had normal blood 
chemistry. The fourth group was 30 healthy individuals 
which had normal blood chemistry. Each group contained 
15 males and 15 females. All serum used in the study 
are leftover from specimens sent to the laboratory of the 
Department of Clinical Pathology and also from specimens 
previously collected for other unrelated research during the 
year 2005-2006. All of the specimens are not individually 
identifiable.
 Serum was obtained from the clotted and fasting 
blood by centrifugation at 1,500 g for 10 minutes. Then 
the serum was sterilised using a filter with 0.2 µm pore 
size. The filtered serum was inactivated at 56 oC for 30 
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minutes to destroy heat-labile complement proteins and 
then was stored at ั80 oC until use. Hemolysed serum and 
serum with more than one abnormal chemistry test were 
excluded from the study.

 Endothelial cell culture
 Endothelial cells were isolated from a human um-
bilical vein according to the method of Jaffe.14 The cells 
were cultured in a 35 mm tissue culture petridish with 
M-199 tissue culture media supplemented with 20% fetal 
calf serum, 5% human serum albumin, 10 ug/ml insulin, 
10 ug/ml transferrin, 5 ng/ml acid fibroblast growth factor. 
Upon confl uence, which was usually 1 week, cells were 
passed into a 96-well tissue culture plate for 48 hours. 
Then the endothelial cells were incubated with serum from 
the subjects which were 50% diluted in culture media. 
The incubation time was 24 hours and then the cells 
were assayed for tissue factor. Each serum was studied 
in duplicate and the mean tissue factor was reported. En-
dothelial cells incubated with endotoxin were used as a 
positive control. The number of endothelial cells cultured 
in each well was also counted in the counting chamber 
using a light microscope with the same technique as for 
white blood cell count in order to express the results of 
TF per endothelial cells. 

 Tissue factor assay
 Tissue factor was measured both on the surface of 
the endothelial cell (surface TF) and in the cells (total 
TF) with the assay method previously described.15 Surface 
TF was measured while the endothelial cells remained 
attached to the bottom of the culture dish. Total TF was 
determined in the cells that were disrupted by freezing at 
ั70 oC and thawing at 37 oC for 3 times.
 In brief, the assay was based on a two-stage amido-
lytic method.  In the first stage, the cells were incubated 
with 150 µl of phosphate buffered saline with calcium and 
magnesium (PBS+), 10 µl of F IX concentrate and 20 µl 
of 0.025 M CaCl2 for 10 minutes at 37 oC. The reaction 
in the first stage was stopped by 25 µl of 50 mM EDTA.  
In the second stage, 25 µl of the reaction mixture form 
the first stage was added to the wells containing 200 µl 
of tris-imidazole buffer and 25 µl of 2.5 mM  S-2238.  
After 5 minutes of incubation at room temperature, the 
hydrolysis of the S-2238 was stopped by adding 50 µl 
of 50% acetic acid. The color produced from the reaction    
was determined by measuring the OD 405 nm with a 
Thermo Scientific GENESYS 20 spectrophotometer. The  
TF activity was then read from a standard curve constructed 
using standard tissue factor that was arbitrarily assigned to 
have an activity of 1 unit/ml. The TF of endothelial cells 
were reported as TF per cell derived from TF activity 
measured dividend by numbers of endothelial cell count.

 Statistical analysis
 The difference in tissue factor of endothelial cells 
stimulated by each group of serum was compared by 
one way analysis of variance. Significant difference was 
considered when p < 0.05.

RESULTS

 1. Study serum
 Each study group consisted of 30 serum. The mean 
blood sugar in the diabetic group was 202 ± 49 mg%. The 
mean LDL-cholesterol in the hyperlipemic group was 202 

± 33 mg%. For the smoker group, the mean duration of 
smoking was 18 years. The detailed of the serum study 
is demonstrated in Table 1.

 2. Effect of the study serum on the surface TF of 
endothelial cells
 None of the study serum was able to stimulate the 
production of surface TF of endothelial cells. The mean 
surface TF produced in group 1 was 0.08 ± 0.05 microunit/
cell (uU/cell), group 2 was 0.06 ± 0.04 uU/cell, group 3 
was 0.02 ± 0.02 uU/cell and group 4 was 0.05 ± 0.04 
uU/cell.

 3. Effect of the study serum on the total TF of 
endothelial cells
 Serum from the smokers (group 3) can induce the 
total TF production of the endothelial cells significantly 
compared to the serum from groups 1, 2 and 4 (p< 0.0001).  
The mean and standard deviation of total TF of endothelial 
cells induced by smokersั serum was 1.12 ± 0.8 uU/cell 
which was significantly higher than that induced by serum 
from other groups (p< 0.0001). The mean and standard 
deviation of total TF induced from the serum of groups 
1,2 and 4 was 0.4 ± 0.3, 0.48 ± 0.5, 0.2 ± 0.1 uU/cell 
respectively (Fig 1).  There was no statistical difference of 
total TF between the normal group and the diabetic group 
and also between the normal group and the hyperlipemic 
group.  

Group Blood cholesterol Surface TF Total TF
 sugar LDL
(n=30)  (mg%) (mg%) (uU/cell) (uU/cell)
Diabetic   202±49 108±16 0.08±0.05 0.4±0.3
Hyperlipemic   90±12 202±33 0.06±0.04 0.4±0.5
Smoker  93±7 108±14 0.02±0.02 1.1±0.8
Normal control  92±7 119±14 0.05±0.04 0.2±0.1

TABLE 1. Mean and SD of blood sugar and LDL-cholesterol 
levels in each group of study serum and the results of surface 
and total TF in each group.

Total tissue factor level (uU/cell)

Fig 1. Total tissue factor levels of endothelial cells after incuba-
tion with different groups of study serum.
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DISCUSSION

 The method we used to detect the TF activity of 
endothelial cell was sensitive and was able to detect as 
low as 0.06 mU of TF. The sensitivity of the method was 
comparable to that from other studies.16,17 In the study of 
the serum effect on the TF activity of endothelial cells, 
we found that the difference in cell numbers will give a 
significant difference in TF activity. Therefore, we reported 
the TF activity of endothelial cells per cell to solve this 
problem.
 In our study, we did not find a significant effect 
of hyperglycemic serum and hyperlipemic serum on the 
endothelial tissue factor. Incubation of the endothelial cells 
with a high concentration of glucose leads to a severe 
delay in proliferation and in the adhesive and synthetic 
properties of the cells18,19 and a change in the intracellular 
signaling pathway.20 Data from Weis et al also showed that 
oxidized LDL is able to stimulate the endothelial cells to 
produce tissue factor.21 It is possible that there are many 
different mechanisms in which glucose and lipids cause 
endothelial injury without interfering with the TF produc-
tion.  
 Cigarette smoking is an important risk factor in the 
pathogenesis of atherosclerosis. Burke et al have demon-
strated that sudden cardiac death in smokers was mainly 
associated with thrombosis regardless of the underlying 
plaque pathology and  was not associated  with the number 
of lipid-rich vulnerable plaques.22 Possible mechanisms for 
this include leukocytes and platelet activation and damage 
to the endothelium.23,24 Several studies have also suggested 
that significantly higher levels of circulating tissue factor 
are found in patients with acute myocardial infarction.25   
Potential sources of this circulating tissue factor include 
endothelial cells. However, data about the effect of smok-
ing on tissue factor expression of the endothelial cells are 
limited.
 When we studied the effect of smokersั serum on 
the production of endothelial tissue factor, we found an 
evidence of an increase in tissue factor production that 
may lead to an acute thrombotic event in smokers. The 
mechanisms by which cigarette smoking contributes to 
the endothelial damage are not understood. Blann et al 
also found the injurious effect of smokerัs serum on the 
endothelial cells by demonstrating the increase in the von 
Willebrand factor which is one of the markers of endo-
thelial cell injury.26 The effect of smoking on the endothelail 
cell injury may be the result of nicotine which is known  
to injure the endothelial cells even at a low concentra-
tion.27-30 However, in this study, we found that the levels 
of tissue factor produced were not correlated with the 
duration of smoking. It can be postulated that the free 
radicals produced during the smoking might be the cause 
of endothelial injury. In cigarette smokers, a substantial 
amount of free radicals are introduced exogenously and 
cigarette smoke contains more than 4,000 known and 
more than 100,000 unknown constituents.31 These free 
radicals have a short effect and may be more harmful in 
the smokers who frequently smoke more than  those who 
smoke for a long time. The mechanism by which smoking 
causing endothelial injury requires further study.
 In conclusion, in 3 of the atherosclerotic risk factors 
we studied, we found that smoking cause endothelial cells 
to produce TF. However, the mechanism underlying tissue 
factor expression is still poorly understood.

REFERENCES

1. Wilcox JN SK, Schwartz SM, Gordon D. Localization of tissue factor 
 in the normal vessel wall and in the atherosclerotic plaque. Proc Natl 
 Acd Sci USA. 1989  Apr;86(8):2839-43.
2. Matetzky S, Tani S, Kangavari S, Dimayuga P, Yano J, Helen Xu, et al. 
 Smoking increases tissue factor expression in atherosclerotic plaques: 
 implications form plaque thrombo-genicity. Circulation. 2000 Aug;102(6):
 602-4.
3. Blann A, Amiral J, McCollum C, Lip GY. Differences in free and total 
 tissue factor pathway inhibitor, and tissue factor in peripheral artery 
 disease compared to healthy controls. Atherosclerosis. 2000 Sep;152(1):29-
 34.
4. Rauch U, Nemerson Y. Circulating tissue factor and thrombosis. Curr 
 Opin Hematol. 2000 Sep;7(5):273-7.
5. Tremoli E, Camera M, Toschi V, Colli S. Tissue factor in atherosclerosis. 
 Atherosclerosis. 1999 Jun;144(2):273-83.
6. Rickles FR, Patierno S, Patricia M. Tissue Factor, Thrombin, and Cancer. 
 Chest. 2003 Sep;124:58S-68S.
7. Koyama T, Nishida K, Ohdama S, Sawada M, Murakami N, Hirosawa S, 
 et al Determination of plasma tissue factor antigen and its clinical sig-
 nificance. Br J Haematol, 1994 Jun;87(2):343-7.
8. Albrecht S, Kotzsch M, Siegert G, Luther T, Grossmann H, Grosser M, 
 et al Detection of circulating tissue factor and factor VII in a normal 
 population. Thromb Haemost. 1996 May;75(5):772-7.
9. Misumi K, Ogawa H, Yasue H, Soejima H, Suefuji H, Nishiyama K, 
 et al Comparison of plasma tissue factor levels in unstable and stable 
 angina pectoris. Am J Cardiol, 1998 Jan;81(1):22-6.
10. Nieuwland R, Berckmans RJ, McGregor S, B?ing AN, Romijn FP, Westen-
 dorp RG, et al. Hemostasis, thrombosis, and vascular biology: Cellular 
 origin and procoagulant properties of microparticles in meningococcal 
 sepsis. Blood. 2000. Feb;95:930-5.
11. Diamant M, Nieuwland R, Pablo RF, Sturk A, Smit JW, Radder JK. 
 Elevated Numbers of Tissue-Factor Exposing Microparticles Correlate 
 With Components of the Metabolic Syndrome in Uncomplicated Type 
 2 Diabetes Mellitus. Circulation. 2002 Nov;106:2442-7.
12. Seljeflot I, Hurlen M, Hole T, Arnesen H. Soluble tissue factor as pre-
 dictor of future events in patients with acute myocardial infarction. 
 Thromb Res. 2003 Jan;111(6):369-72.
13. Woolf N. Haemostasis and thrombosis 2nd ed. Edinburgh: Churchill 
 Livingstone. Chapter 9, Thrombosis and atherosclerosis; 1987. p. 887-96.
14. Jaffe E, Nachman R, Becker C, Minick C. Culture of human endothelial 
 cells derived from umbilical veins identification by morphologic and 
 immunologic criteria. J Clin Invest. 1973 Nov;52(11):2745-56.
15. Sangtawesin W,  Hijikata-Okunomiya A, Opartkiattikul N, Wongtiraporn 
 W, Luenee P, Butthep P, et al. Surface and total tissue factor activity of 
 endothelial cells. Southeast Asian J Trop Med Public Health. 1997 Jan;
 28(Suppl 3):164-6.
16. Colucci M, Balconi G, Lorenzet R, Pietra A, Locati D, Donati MB, et al. 
 Cultured human endothelial cells generate tissue factor in response to 
 endotoxin. J Clin Invest. 1983 Jun;71(6):1893-6.
17. Surprenant Y, Steven H, Zuckerman S. A novel microtiter plate assay 
 for the quantitation of procoagulant activity on adherent monocytes, macro-
 phage and endothelial cells. Thromb Res. 1989 Feb;53(3):339-46.
18. Salameh A. High D-glucose induces alteration of endothelial cell structure 
 in a cell-culture model. J Cardiovasc Pharmacol. 1997 Aug;30(2):182-90.
19. Lorenzi M, Cagliero E, Toledo S. Glucose toxicity for human endothelial 
 cells in culture.  Delayed replication, disturbed cell cycle, and accelerated 
 death. Diabetes. 1985 Jul;34(7):621-7.
20. Ceriello A, dello Russo P, Amstad P, Cerutti P. High glucose induces 
 antioxidant enzymes in human endothelial cells in culture. Evidence lin-
 king hyperglycemia and oxidative stress. Diabetes. 1996 Apr;45(4):471-7.
21. Weis J, Pitas R, Wilson B, Rodgers G. Oxidized low-density lipoprotein 
 increases cultured human endothelial cell tissue factor activity and reduces 
 proetin C activation. The FASEB .1991 Jul;5(10):2459-65.
22. Burke A, Farb A, Malcom G. Coronary risk factors and plaque morpho-
 logy in men with coronary disease who died suddenly. N Engl J Med. 
 1997 May;336(18):1276-82.
23. Adams M. Cigarette smoking is associated with increased human monocyte 
 adhesion to endothelial cells: reversibility with oral L-arginine but not 
 vitamin C. J Am Coll Cardiol. 1997 Mar;29(3):491-7.
24. Nagy J. Induction of endothelial cell injury by cigarette smoke. Endo-
 thelium. 1997 Jan;5(4):251-63.
25. Suefuji H, Ogawa H, Yasue H. Increased plasma tissue factor levels in 
 acute myocardial infarction. Am Heart J. 1977 Aug;134(2):253-9.
26. Blann A, CN M. Adverse influence of cigarette smoking on the endo-
 thelium. Thromb Haemostas. 1993 Oct;70(4):707-11.
27. Conklin B, Surowiec S, Ren Z, Li J, Zhong D. The effects of nicotine 
 and cotinine on porcine arterial endothelial cell function. J Surg Res. 
 2001 Jan;95(1):23-31.
28. Cucina A, Sapienza P, Borrelli V, Corvino V, Foresi G, Randone B, et al.
 Nicotine recognizes cytoskeleton of vascular endothelial cell through 
 platelet-derived growth factor BB. J Surg Res. 2000 Aug;92(2):233-8.
29. Villablanca A. Nicotine stimulates DNA synthesis and proliferation in 
 vascular endothelial cells in vitro. J Appl Physiol. 1998 Jun;84(6):2089-
 98.
30. Sarkar R. Effect of cigarette smoke on endothelial regeneration in vivo 
 and nitric oxide levels. J Surg Res. 1999 Mar;82(1):43-7.
31. Smith C, Fischer T. Particulate and vapor phase constituents of cigarette 
 mainstream smoke and risk of myocardial infarction. Atherosclerosis. 2001
 Oct;158(2):257-67.


