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Summary p16INK4A (p16) tumour suppressor induces growth arrest by inhibiting function of cyclin-dependent kinase (CDK)4 and CDK6.
Homozygous p16 gene deletion is frequent in primary rhabdomyosarcoma (RMS) cells as well as derived cell lines. To confirm the
significance of p16 gene deletion in tumour biology of RMS, a temperature-sensitive p16 mutant (E119G) gene was retrovirally transfected
into the human RMS cell line RD, which has homozygous gene deletion of p16 gene. Decrease from 40°C (restrictive) to 34°C (permissive)
culture temperature reduced CDK6-associated kinase activity and induced G1 growth arrest. Moreover, RD-p16 cells cultured under
permissive condition demonstrated differentiated morphology coupled with expressions of myogenin and myosin light chain. These suggest
that deletion of p16 gene may not only facilitate growth but also inhibit the myogenic differentiation of RD RMS cells.
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       

       

p16 




Cell line and culture

      
        
       
      
        
    
 µ 
°


Polymerase chain reaction

        
   a     
      
           
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  × 
          Taq
 
 µ

   °      
    °      ° 
 ° 
   ′  TTT CCG  ′  ′
        ′  
 β      
   ′    
′′
′

β 

Mutagenesis

   p16      
       
 α   

       p16 
       ′
′
        


        
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Production of retrovirus and transfection
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Immunoprecipitation and Western blotting
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       


Immune complex kinase assays

       
b
 ×         
 °

  

 
  µ          

       
    β 

   µ ′
    µ  γ  
        µ  
      

°  
        
      


Cell cycle analysis


          
    c     
     
  
 




Homozygous deletion of p16 gene and ectopic
expression of p16 protein in RD RMS cells

p16 
p16 
β

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Figure 1 Homozygous deletion of p16 gene in RMS cells. PCR was
performed using extracted DNA from control placenta and RD cells with
amplification using primers for p16 exon 2 and β-globin genes. The resulting
products were electrophoresed on an ethidium bromide-stained 3.0%
agarose gel. The sizes of p16 and β-globin PCR products were 393 bp and
362 bp, respectively
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Figure 2 Ectopic expression of p16 protein in RMS cells and effects of
culture temperature on CDK6. RD cells were transfected with control vector
or mutated p16 gene, and transfectants were selected by culture with
puromycin for 4 weeks. Expressions of p16 protein and CDK6 in RD–control
(cont.) cells and RD–p16 cells cultured at 40°C or 34°C for 24 h, were
evaluated by IP and WB. Cell lysates were precipitated for 16 h with PGS
plus anti-CDK6 Ab. Immunoprecipitated proteins on PGS were resuspended
in kinase buffer after washing. GST–RB fusion protein was used as a
substrate for assay of CDK6-associated kinase activity
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Figure 3 Effect of ectopic p16 expression on proliferation of RD cells. 
(A) RD–control (cont.) cells (1 × 105 cells/ml) and RD–p16 cells (1 × 105

cells/ml) incubated with puromycin (2 µg ml–1) for 4 weeks were cultured in
fresh media including puromycin (2 µg ml–1) either at 40°C or 34°C for 72 h.
Cell cycle distribution was determined using PI staining followed by flow
cytometric analysis. (B) RD-control cells were cultured at either 40°C (n) or
34°C (ss) and RD–p16 cells were cultured at either 40°C (l) or 34°C (s) for
96 h. Viable cell number was assessed by trypan blue staining
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   
β

      p16   
    p16   
        
p16 
   °  °      
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Figure 4 Effect of functional p16 expression on morphology of RD cells.
RD–control (cont.) and RD–p16 cells were cultured at either 40°C or 34°C for
7 days. As a control, RD cells cultured in differentiation medium (2% horse
serum) for 7 d (RD (d)) at 37°C. Morphological changes were observed
under phase contrast microscopy. Original magnification was × 100
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Figure 5 Effect of ectopic p16 expression on differentiation of RD cells.
Expressions of p18, p21, Myo D, myogenin, and myosin light chain protein in
RD–control (cont.) and RD–p16 cells cultured at either 40°C or 34°C for 7
days as well as RD cells cultured in differentiation medium (2% horse serum)
for 7 days (RD (d)) were determined by IP and WB
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
°°
°



p16 

       
             

 β
     β    α  
β
    
β 
        

p16  
       


   
c


        



     
   


            

   
British Journal of Cancer (1999) 79(7/8), 1032–1036



1036 M Urashima et al
        

      

p16 
        
          

     
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