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Summary The β1-subunit of Na+,K+-ATPase was isolated and identified as an androgen down-regulated gene. Expression was observed at
high levels in androgen-independent as compared to androgen-dependent (responsive) human prostate cancer cell lines and xenografts
when grown in the presence of androgens. Down-regulation of the β1-subunit was initiated at concentrations between 0.01 nM and 0.03 nM of
the synthetic androgen R1881 after relatively long incubation times (> 24 h). Using polyclonal antibodies, the concentration of β1-subunit
protein, but not of the α1-subunit protein, was markedly reduced in androgen-dependent human prostate cancer cells (LNCaP-FGC) cultured
in the presence of androgens. In line with these observations it was found that the protein expression of total Na+,K+-ATPase in the membrane
(measured by 3H-ouabain binding) was also markedly decreased. The main function of Na+,K+-ATPase is to maintain sodium and potassium
homeostasis in animal cells. The resulting electrochemical gradient is facilitative for transport of several compounds over the cell membrane
(for example cisplatin, a chemotherapeutic agent experimentally used in the treatment of hormone-refractory prostate cancer). Here we
observed that a ouabain-induced decrease of Na+,K+-ATPase activity in LNCaP-FGC cells results in reduced sensitivity of these cells to
cisplatin-treatment. Surprisingly, androgen-induced decrease of Na+,K+-ATPase expression, did not result in significant protection against the
chemotherapeutic agent.
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
        
      

         


        




      



Na+,K+-ATPase expression in prostate cancer 29







Cells

          



          
 
      
         


         
        
          
         
       
       

      
         


Human prostate cancer xenografts


      
 
       


     

       
     
       
        
       
     



Differential display PCR


       

       
    

         

   
   

  
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         



      ′
′    


        

      


RNA isolation and hybridization

        
          β 
 
         
        
 β       
β

Western blot


  
          
     

αβ
   
        


Ouabain binding analysis

        
  
           
        
         
           
  
       
 °
°
           
° µ
      
     K  B 


Ouabain/cisplatin incubations

           

 °
  
    
         

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Figure 1 Expression of the β1-subunit of Na+,K+-ATPase in androgen-
dependent LNCaP-FGC and androgen-independent LNCaP-LNO cells.
LNCaP-FGC (top 5 lanes) and LNCaP-LNO (bottom 5 lanes) cells were
cultured for 6 days in the absence (Control) or presence either of 0.1 nM

R1881, 10 nM R1881, 100 nM Vitamin D3 (Vit D3) or 100 nM Vitamin D3 +
10 nM R1881 (Vit D3 + R1881). Cells were harvested and total RNA isolated.
Total RNA was loaded on a denaturing gel (20 µg per lane), electrophoresed,
blotted and hybridized to the β1-subunit of Na+,K+-ATPase or to hamster
β-actin. This experiment has been repeated twice producing similar results
         

         
       
         
   °
          



           
       
         
        
         
 

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Figure 2 Expression of the β1-subunit of Na+,K+-ATPase in androgen-responsive and androgen-independent human prostate cancer xenografts. Xenografts
were dissected from mice and immediately frozen in liquid nitrogen. Total RNA was isolated and loaded on a denaturing gel (20 µg per lane), electrophoresed,
blotted and hybridized to the β1-subunit of Na+,K+-ATPase. Ethidium bromide staining of the RNA revealed that there were no differences in loading of the RNA
samples. The xenografts were scored for androgen-responsive (yes) or androgen-independent growth (no), and for degree of glandular differentiation (++ =
well; + = moderately-well; +/– = moderate; – = poor; + and – = both moderately-well and poorly differentiated glandular tissue in one xenograft) (van Weerden et
al, 1996)

Figure 3 Time course of androgen-induced down-regulation of β1-subunit of Na+,K+-ATPase mRNA expression. LNCaP-FGC cells were cultured for 0–96 h in
the absence or presence of 0.1 nM R1881. Total RNA, isolated as indicated in Materials and Methods, was loaded on a denaturing gel (20 µg) and
electrophoresed, blotted and hybridized to the β1-subunit of Na+,K+-ATPase or hamster β-actin. This experiment has been repeated three times producing
similar results

Figure 4 Regulation of β1-subunit of Na+,K+-ATPase expression at different androgen concentrations. LNCaP-FGC cells were cultured for 24 h in the absence
or presence of 0.003–10 nM R1881. Total RNA, isolated as indicated in Materials and Methods, was loaded on a denaturing gel (20 µg) and electrophoresed,
blotted and hybridized to the β1-subunit of Na+,K+-ATPase, PSA or hamster β-actin. This experiment has been repeated three times producing similar results
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Figure 5 Androgen regulation of Na+,K+-ATPase protein expression. LNCaP-FGC cells were cultured for 0, 3 or 6 days in the presence of 0.1 nM R1881. The
cells were lysed in Laemmli sample buffer, and 5 µg protein was loaded on each lane of the gel, electrophoresed for 1 h at 200 V and blotted. Specific detection
of α1- and β1-subunit Na+,K+-ATPase was performed as outlined in the Materials and Methods section. The molecular mass markers are indicated on the right.
Due to glycosylation, the β1-subunit appears as a broad protein band between the 51 and 34 kDa markers. This experiment has been repeated twice producing
similar results.
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Figure 6 Androgen regulation of the expression of Na+,K+-ATPase in the membrane. For the Scatchard analysis of 3H-ouabain binding to Na+,K+-ATPases
expressed in the membrane, LNCaP-FGC cells were cultured to 50% confluence in the presence (s) or absence (l) of 0.1 nM R1881. After 6 days the medium
was replaced for incubation buffer containing 3H-ouabain (2.5 nM, 5 nM, 10 nM, 20 nM, 40 nM, 80 nM) in the presence or absence of 500-fold non-labelled
ouabain. Cells were incubated for 2 h at 37°C. Subsequently, the cells were harvested and radioactivity was measured. This experiment has been repeated
twice producing similar results
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Figure 7 In contrast to ouabain-induced inhibition of Na+,K+-ATPase, androgen-induced down-regulation of Na+,K+-ATPase does not result in protection
against cisplatin-induced prostate cancer cell death. (A) Cells were cultured for 8 days in the presence of different concentrations (0, 0.025, 0.05, 0.1, 0.25, 0.5
and 1 µM) of the specific inhibitor of Na+,K+-ATPase, ouabain. Cell viability was measured using the NBT assay, as described in Materials and Methods (panel
A). (B) LNCaP-FGC cells were cultured for 2 h in the absence (black bars) or presence (shaded bars) of 100 nM ouabain before different concentrations
cisplatin were added to the culture medium (0, 20, 30, 35, 40, 45, 50 and 60 µM). After 8 days the cells were harvested and DNA measured as indicated in the
Materials and Methods section (panel B). (C) LNCaP-FGC cells were cultured for 6 days in the absence (black bars) or presence (shaded bars) of 0.1 nM

R1881. Subsequently different concentrations cisplatin were added to the culture medium (0, 20, 30, 35, 40, 45, 50 and 60 µM), and culture was continued for 8
days. Cells were harvested and DNA was measured as indicated in the Materials and Methods section (panel C). These experiments were repeated at least
twice producing similar results
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