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Summary Invasion, the ability of an epithelial cancer cell to detach from and move through a basement membrane, is a central process in
tumour metastasis. Two components of invasion are proteolysis of extracellular matrix and cellular movement through it. A potential promoter
of these two processes is thrombin, the serine proteinase derived from the ubiquitous plasma protein prothrombin. Thrombin promotes the
invasion of MDA-MB231 breast tumour cells (a highly aggressive cell line) in an in vitro assay. Invasion by MDA-MB436 and MCF-7 cells, less
aggressive cell lines, is not promoted by thrombin. Thrombin, added to the cells, is a stimulator of cellular movement; fibroblast-conditioned
medium is the chemotaxin. Thrombin-promoted invasion is inhibited by hirudin. Stimulation of invasion is a receptor-mediated process that is
mimicked by a thrombin receptor-activating peptide. Thrombin has no effect on chemotaxis in vitro. Thrombin receptor is detectable on the
surface of MDA-MB231 cells, but not on the other two cell lines. Introduction of oestrogen receptors into MDA-MB231 cells by transfection
with pHEO had no effect on thrombin receptor expression, in the presence or absence of oestradiol. This paper demonstrates that thrombin
increases invasion by the aggressive breast cancer cell line MDA-MB231 by a thrombin receptor-dependent mechanism.
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Invasion assays

   µ    
      


 µ
           
° 
    µ      
°

 
         
        
         

 °
       °    
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Figure 1 Modulation of invasion by cell lines upon treatment with 100 nM

thrombin. Six to nine independent experiments were performed with each cell
line; four replicates of each treatment were carried out. In the controls, the
actual mean number of invading cells (± s.e.m.) was 317 ± 136 for MDA-
MB231 cells, 51 ± 9 for MCF-7 cells, and 217 ± 119 for MDA-MB436 cells.
For comparative purposes, the number of invading cells in the controls was
restated as 1.0 (± relative s.e.m.). Invasion of thrombin-treated cells is given
relative to controls. By Student’s t test, P = 0.004 for stimulation of invasion
of MDA-MB231 cells by thrombin; thrombin does not significantly stimulate
the other cell lines

Figure 3 Effects of hirudin and TRAP on invasion by MDA-MB231 cells.
Thrombin (100 nM), 50 µM TRAP, and 140 nM hirudin were used. Each bar
represents the sum of at least two independent experiments with three or
four replicates of each point. The actual number of invading cells in the
control was 210 ± 114. Thrombin and TRAP both significantly increased
invasion, P < 0.001 compared with control for each

Figure 2 Concentration dependence of stimulation of invasion by thrombin.
Each line represents the sum of two experiments with four replicates of each
point. The mean number of cells invading in the control samples was: MDA-
MB231 cells, 501 ± 217; MDA-MB436 cells, 750 ± 160; MCF-7 cells, 79 ± 26
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

  


Flow cytometry

         
        
   µ    µ  
 µ    µ    µ   


         
       


British Journal of Cancer (1999) 79(3/4), 401–406


          
        
          


Stable transfection with pHEO


      


Statistics

     ±     
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Figure 6 Detection of TR-1 on cell lines by flow cytometry. Cells were
labelled as described in the Materials and methods section and analysed by
FACScan. Typical scans are shown for MDA-MB436 cells (A), MCF-7 cells
(B), and MDA-MB231 cells (C). The relative fluorescence intensity when
cells were labelled with the isotype control is given by the open line. The
solid peak gives the relative fluorescence intensity of the cells labelled with
antibody to TR-1. Only for MDA-MB231 cells was there a difference between
the two peaks

Figure 4 Chemotaxis by cell lines with 100 nM thrombin. Four or five
independent experiments were carried out with each cell line, with four
replicates of each treatment. The actual mean number of stained cells in the
controls was 752 ± 81 for MDA-MB231, 25 ± 7 for MCF-7, and 165 ± 61 for
MDA-MB436 cells. The control and thrombin values are not statistically
different except for MCF-7 cells, in which thrombin stimulated chemotaxis
from 25 cells to 30, P = 0.036

Figure 5 Chemotaxis and TRAP. Two or three independent experiments
were carried out with each cell line, with four replicates of control samples
and four to six replicates of TRAP samples. The actual mean number of
stained cells in the controls was 1068 ± 160 for MDA-MB231 cells, 138 ± 32
for MDA-MB436 cells, and 18 ± 1.8 for MCF-7 cells. There was no effect of
50 µM TRAP on chemotaxis
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Effect of thrombin on chemotaxis
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    

         

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 µ
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

         
     
   
         
       

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Table 1 Flow cytometry for TR-1 on breast tumour cell lines. The indicated
number of samples was analysed in five to seven independent experiments.
Data are given as means ± s.e.m. Isotype control and TR-1 antibody (PF-11)
were used at the same protein concentration

Cell line Sample Relative fluorescence Ratio P-value
number intensity PF-11/control

MDA-MB231 14 Control 3.85 ± 1.08 1.45 ± 0.31 <0.001
PF-11 5.52 ± 0.66

MDA-MB436 10 Control 6.41 ± 2.10 1.05 ± 0.26 0.57
PF-11 7.00 ± 3.69

MCF-7 13 Control 5.77 ± 1.18 0.98 ± 0.22 0.79
PF-11 5.52 ± 1.07

Table 2 Flow cytometry for TR-1 on MDA-MB231 cells transfected with
oestrogen receptor (MDAL3 cells). The indicated number of samples was
analysed in two independent experiments. Data are given as means ± s.e.m.
Cells were grown to confluence in the presence or absence of 10 nM

oestradiol for 5–7 days. Fresh oestradiol was added two or three times, with
each change of medium

Cell treatment Sample Ratio P-value
number PF-11/control

No oestradiol 14 1.26 ± 0.05 <0.001 compared with control
Oestradiol (10–9 M) 4 1.17 ± 0.05 <0.001 compared with control

P = 0.08 (not significant)
compared with cells grown
without oestradiol


            



TR-1 on cell surfaces

    
       


       




         
   
   


Oestrogen receptor and TR-1 expression

 
   


  
    
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





      
       

         


        
  
        
      

         
      





         
        





           
      


 
 





           



        





    




          


         


           



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Thrombin and breast cancer invasiveness 405
       





          



          
        
    


       

           
         





   αβ      







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