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Defibrotide Protects Endothelial Cells, but not L929 Tumour 
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Abstract 
The effect of defibrotide on the cytotoxicity of tumour necrosis factor-a was investigated in cultured 
bovine pulmonary artery endothelial cells and L929 mouse tumour cells. 

In endothelial cells, a 72-h incubation with tumour necrosis factor-a (1 and 10ngmL-I) reduced the 
number of viable cells to 63 and 51% of control, respectively. Simultaneous incubation with defibrotide 
(0.03-0.3 mg mL-I) protected endothelial cells from tumour necrosis factor-a-mediated cytotoxicity, and 
increased viability in a concentration-dependent fashion to 98% of control at 1 ng mL-' tumour necrosis 
factor-a and to 80% of control at 10ngmL-' tumour necrosis factor-a. However, under the same 
conditions a similar cytotoxic response to tumour necrosis factor-a in L929 tumour cells remained 
unaltered in the presence of defibrotide. 

These findings demonstrate protection from tumour necrosis factor-a-mediated toxicity by defibrotide 
in endothelial cells but not in a tumour cell line. It is concluded that defibrotide might serve as a therapeutic 
agent to limit the vascular toxicity of tumour necrosis factor-a without affecting its antineoplastic activity. 

Tumour necrosis factor-a (TNF-a) is a cytotoxic protein 
primarily produced by macrophages following activation by 
bacterial endotoxin (Old 1985). Although TNF-o promotes 
regression of some tumours in-vivo (Carswell et al 1975), the 
use of TNF-a as an antitumour therapeutic is presently 
limited because some of its intrinsic physiological activities 
are detrimental to cancer patients. Thus, TNF-a acts as a 
proinflammatory cytokine and is an important mediator of 
endotoxin-induced shock implying severe hypotension and 
increased procoagulant activity (Beutler et al 1985). This 
vascular toxicity of TNF-a has been attributed to a direct 
cytotoxic effect of TNF-a on the endothelium, resulting in 
endothelial lesions which may favour thrombus formation 
and vasodilation via induction of nitric oxide synthesis in 
the underlying smooth muscle cells (Sato et al 1986; Estrada 
et al 1992). Therefore, selective protection of endothelial 
cells without impairing the antitumour activity of TNF-a 
might be a useful pharmacological approach to limit vas- 
cular toxicity and thereby increase the maximal tolerated 
dose of TNF-a, potentially improving the therapeutic index. 

Defibrotide, a single stranded polydeoxyribonucleotide 
isolated from bovine lung (Pescador et al1983), is used as an 
antithrombotic drug but has also been shown to exert 
cytoprotective effects (Palmer & Goa 1993). The present 
study investigates the effect of defibrotide on cytotoxicity by 
TNF-a in cultured bovine pulmonary artery endothelial 
cells and L929 tumorigenic murine fibroblasts, a standard 
cell line for assessing the tumoricidal activity of TNF-a 
(Flick & Gifford 1984). 

Materials and Methods 

Materials 
Bovine pulmonary artery endothelial cells (ATCC CCL 209) 
and L929 tumorigenic murine fibroblasts (ATCC CCL 1) 
were obtained from the American Type Culture Collection, 

Rockville, MD, USA. Foetal bovine serum was purchased 
from Gemini Bioproducts, Calabasas, CA, USA. Minimum 
essential medium was from Gibco Laboratories, Grand 
Island, NY, USA. TNF-a was a gift of Cetus Corpora- 
tion, Emeryville, CA, USA. Defibrotide was a gift of Crinos, 
Como, Italy. 

Cell culture 
Endothelial and L929 cells were maintained and subcultured 
in minimum essential medium, supplemented with 20 or 
10% foetal bovine serum, respectively. The cells were grown 
in a humidified incubator at 37°C and 5% CO,. 

Incubation procedure 
L929 cells and endothelial cells were seeded at 2 x lo4 cells/ 
well in 96 well microtitre plates in 1OOpL media containing 
5% foetal bovine serum. After a 3-4 h attachment period, 
100 pL media containing either no additions, TNF-a, 
defibrotide or TNF-a and defibrotide was added. Incuba- 
tion was continued for 72h, followed by a cytotoxicity 
assay. 

TNF-a cytotoxicity assay 
Cell cytotoxicity was measured by staining with crystal 
violet as previously described (Warren et al 1993). After 
washing with phosphate-buffered saline, cells were fixed 
with methanol for 5min and then stained for 10min with 
a 0.1 YO crystal violet solution. Following three washes with 
tap water, the dye was eluted with 0.1 M trisodium citrate 
in 50% ethanol for 1 h. Optical density at 630nm was 
measured using a microtitre plate reader (Biotek EL 31 1 s). 

Results 

In endothelial cells, treatment with TNF-a (1 ngmL-I) 
reduced the number of cells to 63% of control (Fig. 1A). 
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FIG. 1. Effect of defibrotide on TNF-a-induced cytotoxicity in 
endothelial cells (A) and L929 tumour cells (B). Incubations were 
carried out in the absence (0) and presence of 1 ngmL-' TNF-a 
(a) and 10ngmL-' TNF-a (m). *P < 0.05, defibrotide vs control, 
two-tailed r-test. All data shown are mean f s.e.m. of n = 6 
observations. 

Simultaneous incubation with defibrotide (0.03-0.3 mg mL-I) 
increased viability in a concentration-dependent manner 
and at 0.3 mgmL-' defibrotide, cytotoxicity by TNF-a 
(1 ng mL-') was virtually abolished (viability: 98% of con- 
trol, Fig. 1A). A similar cytoprotective effect by defibrotide 
(0.03-0.3 mg mL-') was observed when using a higher 
concentration of TNF-a (10 ngmL-I). Under these con- 
ditions the number of viable cells was reduced to 51% of 
control in the absence and to 80% in the presence of 
defibrotide (0.3mgmL-I) (Fig. 1A). In L929 tumour cells, 
incubation with TNF-a (1 and 10ngmL-I) reduced the 
number of viable cells to 65 and 42% of control, respec- 
tively (Fig. 1B). However, the cytotoxic response of 
L929 cells to TNF-a remained unaltered in the presence of 
defibrotide (0.03-0.3 mg mL-l) (Fig. 1 B). Defibrotide alone 
(0.03-0.3 mg mL-l) had no significant effect on viability in 
endothelial cells or L929 cells (Fig. lA,B). 

Discussion 

The present study demonstrates protection from TNF-a- 
mediated toxicity by the antithrombotic drug defibrotide in 
cultured vascular endothelial cells. Under the same con- 
ditions, the tumoricidal activity of TNF-a in L929 cells 
remained unaffected by defibrotide. 

The endothelium protective effect of defibrotide was 

observed at concentrations (0.03-0.3 mg mL-') that corre- 
spond well to dosage and plasma levels of defibrotide 
previously described and recommended for its use in man 
(Coccheri et al 1988). Thus, defibrotide should be expected 
to provide a safe and effective defense against vascular 
toxicity of TNF-a, not only in-vitro but also in cancer 
patients, particularly since it can be administered orally 
and is well tolerated even at high dosage (Palmer & Goa 
1993). Equally important for a potential use of defibrotide in 
cancer patients is the finding that within this clinically 
relevant concentration range of defibrotide, its protective 
effect against TNF-a-induced toxicity was confined to 
endothelial cells and did not occur in L929 tumour cells. 
Thus, under a supportive therapy with defibrotide, the 
tumoricidal activity of TNF-a can be expected to be left 
unimpaired and the maximal tolerated dose of TNF-a could 
possibly be increased to a more effective level. In addition, 
the observed cytoprotective effect of defibrotide may be of 
therapeutic relevance under conditions of increased endo- 
genous TNF-a release, e.g. in clinical syndromes such as 
septic shock or cachexia (Beutler et a1 1985). This is 
supported by a recent study showing that defibrotide 
actually improves the survival rate of experimental animals 
during septic shock (Hohlfeld et al 1992). 

The cytoprotective effect of defibrotide has been attrib- 
uted to its inhibitory effect on the formation of free radicals 
(Tettamanti et a1 1992; Palmer & Goa 1993). This mechan- 
ism may also explain the decrease by defibrotide of TNF-a- 
dependent endothelial toxicity observed in the present 
study, since TNF-a has been shown to damage cells 
by increasing the formation of oxygen-centred radicals 
(Matthews et a1 1987) and of the nitric oxide free radical, 
which has recently emerged as an autocrine, cytotoxic 
mediator in endothelial cells (Estrada et a1 1992; Schroder 
et al 1992). It is possible that free radical injury is only one of 
a constellation of toxic effects produced by TNF-a in 
sensitive tumour cells (Matthews et al 1987) and that 
reducing their formation is, therefore, insufficient to protect 
them from TNF-a toxicity. In contrast, the range of toxic 
effects exerted by TNF-a in endothelial cells may be more 
limited and thus susceptible to the protective effect of 
defibrotide. 

Together, the present study demonstrates that defibrotide 
at clinically relevant concentrations protects endothelial 
cells from TNF-a-mediated toxicity without decreasing 
the tumoricidal activity of TNF-a in L929 tumour cells. 
These results suggest that defibrotide is a possible therapeu- 
tic agent for selectively preventing TNF-a-dependent vas- 
cular toxicity during cancer therapy or under conditions of 
increased endogenous TNF-a release such as septic shock. 

Acknowledgement 
The author wishes to acknowledge the financial support of 
the Deutsche Forschungsgemeinschaft (Schr 298/8-1). 

References 
Beutler, B., Milsark, I. W., Cerami, A. C. (1985) Passive immuniza- 

tion against cachectin/tumor necrosis factor protects mice from 
lethal effects of endotoxin. Science 229: 869-871 

Carswell, E. A., Old, L. J., Kassel, R. L., Green, S., Fiore, N., 
Williamson, B. (1975) An endotoxin-induced serum factor that 



252 H E W I N G  SCHRODER 

causes necrosis of tumors. Proc. Natl. Acad. Sci. USA 72: 

Coccheri, S., Biagi, G., Legnani, C., Bianchini, B., Grauso, F. 
(1988) Acute effects of defibrotide, an experimental antithrom- 
botic agent, on fibrinolysis and blood prostanoids in man. Eur. J. 
Clin. Pharmacol. 35: 151-156 

Estrada, C., Gbmez, C., Martin, S., Moncada, S., Gonzalez, C. 
(1992) Nitric oxide mediates tumor necrosis factor-a cytotoxicity 
in endothelial cells. Biochem. Biophys. Res. Commun. 186: 

Flick, D. A., Gifford, G. E. (1984) Comparison of in vitro cell 
cytotoxic assays for tumor necrosis factor. J. Immunol. Methods 

Hohlfeld, T., Bucha, E., Nowak, G., Briiggener, E., Strobach, H., 
Schror, K. (1992) Favourable effect of defibrotide in lipid 
A-induced shock in pigs. Circ. Shock 38: 122-129 

Matthews, N., Neale, M. L., Jackson, S. K., Stark, J.  M. (1987) 
Tumour cell killing by necrosis factor: inhibition by anaerobic 
conditions, free-radical scavengers and inhibitors of arachidonate 
metabolism. Immunology 62: 153-1 55 

Old, L. J.  (1985) Tumor necrosis factor (TNF). Science 230: 630-632 

3666-3670 

475-482 

68: 167-175 

Palmer, K. J., Goa, K. L. (1993) Defibrotide. A review of its 
pharmacodynamic and pharmacokinetic properties, and thera- 
peutic use in vascular disorders. Drugs 45: 259-294 

Pescador, R., Mantovani, M., Prino, G. (1983) Pharmacokinetics of 
defibrotide and its profibrinolytic activity in the rabbit. Thromb. 
Res. 30: 1-1 1 

Sato, N., Goto, T., Haranaka, K., Satomi, N., Nariuchi, H., Mano- 
Hirano, Y., Sawasaki, Y. (1986) Actions of tumor necrosis factor 
on cultured vascular endothelial cells: morphologic modulation, 
growth inhibition and cytotoxicity. J. Natl. Cancer Inst. 76: 

Schroder, H., Strobach, H., Schror, K. (1992) Nitric oxide but not 
prostacyclin is an autocrine endothelial mediator. Biochem. 
Pharmacol. 43: 533-537 

Tettamanti, R., Bianchi, G., Vitte, P. A,, Kato, G., Porta, R., 
Thiemermann, C., Pescador, R., Mantovani, M. (1992) A novel 
insight into the mechanism of the antithrombotic action of 
defibrotide. Life Sci. 51: 1545-1555 

Warren, S., Torti, S. V., Torti, F. M. (1993) The role of iron in the 
cytotoxicity of tumor necrosis factor. Lymphokine Cytokine Res. 

11 13-1 121 

12: 75-80 


