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Effects of the Anticancer Agent Vinorelbine on Endothelial Cell 
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Abstract 
Because antineoplastic drugs could increase endothelial blood barrier permeability and thrombotic diseases 
have been described as a complication of treatments with vinca alkaloids, the effect of a therapeutic dose 
(lo-* M) of vinorelbine on transendothelial permeability was analysed by measuring the movement of albumin 
across a monolayer of human venous endothelial cells. 

Induction of procoagulant activity was assessed by evaluation of tissue-factor activity in cell lysates. 
Vinorelbine increased the permeability of endothelial cells after 3 h of culture, as observed with thrombin. In 
addition, thrombin induced strong tissue-factor activity, a phenomenon not observed after vinorelbine 
treatment. 

These data suggest that vinorelbine could modulate endothelial barrier permeability. This effect is not linked 
to an increase in tissue-factor activity, suggesting that their induction could operate through separate pathways. 

By virtue of its unique position at the interface between blood 
and tissues, the vascular endothelium plays an active role in 
critical homeostatic functions including the maintenance of a 
non-thrombogenic surface and the barrier function of the 
vessel. Perturbation of endothelium can induce procoagulant 
activity, enabling these cells to initiate and propagate an entire 
coagulation pathway leading to the deposition of fibrin. A 
major component of these procoagulant activities is tissue 
factor (or thromboplastin), a specific membrane-bound protein 
that is an essential cofactor in triggering the coagulation of 
blood via the extrinsic pathway. 

Thromboses and thromboembolic events are well recog- 
nized complications of malignancies. Although a direct causal 
relationship between a given chemotherapeutic agent and 
thromboembolism is difficult to establish because of the many 
concurrent risk factors that are potentially involved, some 
drugs are becoming increasingly suspect and drug-associated 
syndromes of vascular toxicity have been described (for a 
review see Doll & Yarbro (1992)). Profound alterations in 
endothelial cell-bamer function might also be involved. From 
this aspect, observations suggest that the incidence of meta- 
static brain tumours was increased as chemotherapy was 
applied against primary extracranial neoplasms (Paterson et al 
1982) and some experiments showed that antineoplastic drugs 
could increase blood-brain-bamer permeability (McDonnell et 
a1 1978; Spigelman et al 1986). The mechanisms of these 
changes are not fully understood but the relevance of the 
endotheha1 cells, cytoskeleton in modulating the permeability 
of a layer of endothelial cells is indicated by several experi- 
ments performed in-vitro (Shasby et al 1982; Bussolino et al 
l987; camussi et al 1991). 

Because brain metastases originate as blood-borne emboli 
we decided to investigate the effects of antineoplastic drugs on 
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endothelial barrier permeability; the aim of the study was to 
characterize changes in endothelial cell functions in response 
to the direct action of a drug. Because vinorelbine, a recently 
available vinca alkaloid, is an inhibitor of microtubule poly- 
merization, its effects on endothelial permeability were 
investigated. The effects of vinorelbine on the generation of 
procoagulant activity in endothelial cells were also analysed, 
because thrombotic microangiopathy has also been described 
as a complication of treatment with vinca alkaloids (Jackson et 
al 1984). 

Materials and Methods 

Cell culture 
Human venous endothelial cells were isolated from umbilical 
cords by the method of Jaffe et al (1973). In brief, cells 
obtained by collagenase digestion were suspended in Dulbeco 
Minimal Essential Medium (DMEM; Gibco-BRL, Paisley, 
Scotland) containing 20% foetal calf serum (Gibco) and plated 
on 35-mm diameter culture dishes. After 24 h of culture the 
medium was replaced by fresh DMEM supplemented with 
20% pooled human serum. When primary culture reached 
confluency, cells were trypsinized and passaged at a split ratio 
of 112. 

Cells were identified and characterized as endothelial cells 
by their typical ‘cobblestone’ morphology and their positivity 
for von Willebrand factor (Jaffe et a1 1974) using anti-vWF 
monoclonal antibody and the alkaline phosphatase anti-alka- 
line phosphatase revelation method (Dako, Glostrup, Den- 
mark; Cordell et al 1984). 

Permeability studies 
For diffusion experiments, human venous endothelial cells in 
the second passage were grown to confluence on polycarbonate 
filters (pore size 0.4 pm) of Transwell chamber assemblies 
(Costar, Dutscher, Paris, France) coated with fibronectin 
(Sigma, St Louis, MO, USA; Camussi et al 1991). 
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Cells were plated on to filters at a density of 3.5 x lo5 cells 
mL-' and cultured for up to 7 days (Schaeffer et a1 1992). 

The permeability of the endothelial cell monolayers was 
measured by diffusion of bovine serum albumin. Before the 
experiment, DMEM was replaced by protein-free Hanks' 
solution. Fluid volumes were selected to avoid any hydrostatic 
pressure gradient across monolayers. The upper chamber was 
filled with 1.5 mL of Hanks' medium containing 200 p~ 
albumin (Sigma). Albumin concentration was determined in 
the lower chamber by the bicinchoninic acid protein assay 
(Pierce, Interchim, France) and measurement of absorbance at 
570 nm (Wiechelman et al 1988). 

Cells were cultured for up to 3 h in Hanks' solution alone or 
containing lo-' M vinorelbine, 0.1 int. units mL-'  thrombin, 
or both. Three separate experiments were performed on cells 
obtained from three different umbilical cords. Transport of 
albumin across monolayers was determined by taking samples 
at different times during the incubation period. 

Results are expressed according to Shasby et al ( 1985) as a 
percent change in albumin transfer calculated as follows: 

OD5,,, after stimulus - OD570 c o n t r ~ l / O D ~ , ~  control x 100. 

Incubation and coagulation assays 
Experiments were performed exclusively with confluent 
monolayers at the second passage. Cells were washed twice 
with serum-free medium and incubated for 6 h in medium 
alone or containing lo-* M vinorelbine, 0.1 int. unit mL-' 
thrombin, or both. 

At the end of the culture period, treated and control cells 
were washed twice in saline. Cellular extracts were prepared 
by solubilization with 16 mM octyl-8-D-glucopyranoside 
(Sigma) in HEPES-buffered saline for 10 min at 37"C, after 
three freeze-thaw cycles (Tsao et al 1984). 

Tissue-factor activity was assayed in a one-stage clotting 
system by measuring the ability of cell homogenates to shorten 
the recalcification time of a human-platelet-poor citrated 
plasma. The times were converted into units of tissue-factor 
activity by reference to a standard curve derived from a rabbit- 
brain thromboplastin standard (Difco, Detroit, MI, USA) 
which was reconstituted in saline at 37.5 mg mL-' and 
assigned a value of lo5 m units mL- ' as described by Levy & 
Edgington (1 980). Serial dilutions were used to produce a log- 
log plot. Protein content in each sample was determined by the 
bicinchoninic acid protein assay. Tissue-factor activity was 
expressed in m units mg-' cell protein. 

Statistical analysis 
Because the transfer of albumin across endothelial monolayers 
and tissue-factor expression vary from umbilical cord vein to 
umbilical cord vein, each experiment was performed with its 
own internal control. Results are presented as the mean k 
s.e.m., and statistical analysis was performed by using the 
Student's t-test for paired data, 

on microporous (0.4 pm) polycarbonate membranes. Endo. 
thelial cell-confluent monolayers formed on these membranes 
are able to restrict diffusional passage of albumin as compared 
with polycarbonate membrane alone (Fig. 1). 

Thrombin, a known permeability modulator which acts by 
rearranging cytoskeletal actin molecules, was chosen as a 
positive stimulus. The time-course of the effect of the addition 
of thrombin and vinorelbine on the permeability of the CUhured 
endothelial cell monolayers is shown in Fig. 2. Incubation of 
endothelium with thrombin (0.1 int. units mL- ' ) increases 
albumin transfer, This increase is detectable after 2 h of 
incubation ( P  i 0.05). The permeability of the monolayer 
continues to increase progressively up to 3 h and the percent of 
transfer is then 65.3 f 17.3%. Treatment with M vino. 
relbine induced enhanced albumin permeability that was 
detectable after 2 h and increased up to 3 h ( P ~ 0 . 0 5 ) .  The 
percent transfer was 41.7 15 6% at 3 h ( P  K 0.05 compared with 
control cells) (Fig. 2). When compared with thrombin, the 
increase in permeability was never significantly different, 
suggesting that vinorelbine and thrombin were able to enhance 
albumin flux in the same way. The vinorelbine-induced 
increase in permeability could, however, be further enhanced 
by thrombin because thrombin-vinorelbine association enhan- 
ces endothelial monolayer permeability compared with human 
venous endothelial cells treated with vinorelbine alone 
( P  < 0.05 at 3 h) but not with those treated with thrombin only. 

Coagulation experiments 
Five experiments were performed with endothelial cells 
obtained from five different umbilical cords. Tissue-factor 
activity was very low in the unstimulated endothelial cells but 
was strongly increased by thrombin ( P ~ 0 . 0 5 ;  Fig. 3), as 
expected from literature data (Galdal et al 1985). In contrast, 
stimulation with vinorelbine did not induce any significant 
variation in procoagulant activity when compared with control 
cells. Similarly, the vinorelbine-thrombin association did not 
seem to induce greater tissue-factor expression in the endo- 
thelial cells than treatment with thrombin only. 

4 1  

Results 

Permeability studies 
The action of vinorelbine on tubuline could lead to cytoskeletal 
arrangements and changes in endothelial barrier function. To 
test this directly, human venous endothelial cells were cultured 

0 1 2 3 

Time (h) 

FIG. I Assessment of endothelial cell barrier tknction on albumin 
transfer. 0 Polycarbonate membrane only; confluent monolayer of 
endothelial cells. Albumin concentration was evaluated in the lower 
compartment of the difhsion chamber by biclnchoninic acid protein 
assay. All data shown are mean f s.e.rn. of 3 observations. 
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F,G, 2. Modulation of endothelial cell-banier function by vinorelbine 
or &ombin, Cells were incubated for 0 to 3 h in the presence of 
lo-* M vinorelbine (m) or 0.1 int. units mL- ’ thrombin (a), or both 
b g s  (0) and albumin transfer results were compared with data from 
cells incubated in medium alone. *P < 0.05, **P < 0.01 compared 

control cells. 
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F!G. 3. Modulation of endotheha1 cell procoagulant activity by 
wnorelbine or thrombin. Cells were incubated for 0 to 6 h in medium 
alone (o), or in the presence of lo-* M vinorelbine (w), or 0.1 int. 
U’UtS mL-’ thrombin (O), or both drugs (0). * P  < 0.05 compared 
With vinorelbine alone, 

Discussion 

The results shown in this paper indicate that, as observed with 
thrombin, vinorelbine increases the permeability of a confluent 
cultured human venous endothelial cells monolayer. 

Thrombin is a powerful physiological cell agonist which is 
derived from prothrombin, its circulating precursor, as a result 
Of activation of the blood cascade. An important endothelial 
cell h c t i o n  mediated by thrombin is its ability to enhance 
tissue-factor expression on the cell surface (Galdal et a1 1985). 
Thrombin is also known as a permeability enhancer (Killackey 
et a1 1986) which acts by modulation of the rearrangement of 
Cytoskeletal actin molecules (Malik & Fenton 1992). Vino- 
felbine concentrations in patients vary from lo-’ M after 
injection to l o p 9  M at the terminal phase (Krikorian et a1 
1989; Jehl et a1 1991). All the experiments were performed 
with a dose of lop8 M, an effective blood concentration for 
Patients. 

The use of an in-vitro endothelial cell permeability model, 
as used in this study, has a number of advantages, including 
direct access to luminal and abluminal fluid for analysis, lim- 
itation to a single cell type, and that the experimental medium 
can be defined in terms of its chemical composition (Downie et 
al 1992). 

Localized changes in blood-barrier permeability have been 
reported after the administration of antineoplastic drugs 
(McDonnell et a1 1978; Spigelman et al 1986). Such changes 
might be relevant to the development of secondary intracranial 
tumours after antineoplastic chemotherapy. Indeed, it appeared 
that there has been a modest but significant increase in the 
incidence of brain metastasis as site of first recurrence in 
patients receiving adjuvant chemotherapy (Paterson et a1 
1982). The biochemical and molecular mechanisms whereby 
cytotoxic drugs increase endothelial permeability is poorly 
understood but has been partially elucidated for different 
bioactive mediators, including thrombin (Malik & Fenton 
1992). TNF-a (Camussi et a1 1991), interleukin 1 (Campbell et 
a1 1992), and interleukin 2 (Downie et al 1992). In particular, 
the morphological machinery present in endothelial cells has 
proven able to produce a functional contractile response (De 
Clerck et a1 1981). Microtubules and filaments containing 
contractile proteins have been demonstrated in endothelial 
cells (Shasby et al 1982) and such a cytoskeletal reorganization 
has been implicated as a final common pathway for changes in 
endothelial barrier function although albumin, and other 
macromolecules, could be transported across endothelium by 
receptor-mediated or pinocytotic processes, or both (Eaton et 
al 1991). The antineoplastic activity of vinorelbine is caused 
by its ability to inhibit microtubule polymerization by binding 
tubuline (Fellous et al 1989) which results in inhibition of 
cellular replication. The action of vinorelbine on tubuline 
could, therefore, lead to cytoskeletal rearrangements inducing 
changes in the shape of the endothelial cells and in endothelial 
barrier function. It is conceivable that separation of junctions 
between endothelial cells would provide a paracellular path- 
way for macromolecule movement similar to that described for 
TNF-r (Camussi et a1 1991) or thrombin (Garcia et al 1986). 

Another important endothelial cell function mediated by 
thrombin is the enhancement of tissue-factor expression on the 
cell surface (Galdal et a1 1985). Tissue-factor, a transmem- 
brane protein, is the main initiator of blood clotting in-vivo 
(Andree & Nemerson 1995). The presence of clotting 
abnormalities might facilitate metastatic spread of tumours 
through the formation of tumour emboli which can readily 
arrest in capillary beds (Murray 1991). Because thrombotic 
microangiopathy has been described as a complication of vinca 
alkaloids (Jackson et al 1984), the effects of vinorelbine on the 
generation of procoagulant activity were also analysed and 
compared with thrombin effects. Because vinorelbine was 
ineffective on tissue-factor expression, its action on endothelial 
cell permeability appears not linked to induction of this tissue- 
factor activity, suggesting that stimulation of the two activities 
could operate through separate pathways. 

In conclusion, these data indicate that vinorelbine enhances 
endothelial permeability without induction of any procoagulant 
effect. The ability of vinorelbine to increase the movement of 
macromolecules through vascular endothelium might have in- 
vivo relevance and suggests that the entry of vinorelbine and 
other cytotoxic drugs or cytokines into tumour tissue could be 
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facilitated. This also could explain the large tissue diffusion of 
vinorelbine despite its high molecular weight (Krikorian et al 
1989). 
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