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Summary Apoptosis plays a major role in gastrointestinal epithelial cell turnover, ulcerogenesis and tumorigenesis. We have examined
apoptosis induction by non-steroidal anti-inflammatory drugs (NSAIDs) in human gastric (AGS) cancer cells and the role of protein kinase C
(PKC) and apoptosis-related oncogenes. After treatment with aspirin or indomethacin, cell growth was quantified by MTT assay, and
apoptosis was determined by acridine orange staining, DNA fragmentation and flow cytometry. The mRNA and protein of p53, p21waf1/cip1 and
c-myc was detected by Northern and Western blotting respectively. The influence of PKC on indomethacin-induced apoptosis was determined
by co-incubation of 12-O-tetradecanoylphorbol 13-acetate (TPA). The role of c-myc was determined using its antisense oligonucleotides. The
results showed that both aspirin and indomethacin inhibited cell growth and induced apoptosis of AGS cells in a dose- and time-dependent
manner, without altering the cell cycle. Indomethacin increased c-myc mRNA and protein, whereas p53 and p21waf1/cip1 were unchanged.
Down-regulation of c-myc by its antisense oligonucleotides reduced apoptosis induction by indomethacin. TPA could inhibit indomethacin-
induced apoptosis and accumulate cells in G2/M. Overexpression of c-myc was inhibited by TPA and p21waf1/cip1 mRNA increased. In
conclusion, NSAIDs induce apoptosis in gastric cancer cells which may be mediated by up-regulation of c-myc proto-oncogene. PKC
activation can abrogate the effects of NSAIDs by decreasing c-myc expression.
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Figure 1 Dose–response of aspirin and indomethacin on growth of AGS
cells. Cells were treated with various concentration of aspirin (A) or
indomethacin (B) for different time periods. The cell proliferation was
determined by MTT assay. The values are expressed as means ± s.d. (n > 3)
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   µ 
 


°

        
        

°

 

       


     myc  
     
           
   ×       
          
 µ


MTT assay


          


 µ
        
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
 
    °      
 µ  
 



Flow cytometry


        
           
°
  µ
     µ     
  °        

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Figure 2 Cell cycle phase distribution and apoptosis of AGS cells treated
with aspirin and indomethacin. Cells were treated with various concentrations
of aspirin (A) or indomethacin (B) for 24 h and harvested. The cell cycle
phase distribution and apoptosis was determined by FACS analysis. The
values are expressed as means ± s.d. (n > 3)
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  µ        
       
p53
myc       
EcoXho

α      

   °       ×
      
× × °
       
 °        
     
        
      
γ′

Western blot analysis


×     
             

         
       


 µ
 
      
      
        

        

      

 Myc 

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Figure 3 The results of FACS analysis of AGS cells treated with aspirin and indomethacin with or without TPA. Cells were treated with aspirin, indomethacin
and TPA alone or in combination for 24 h and their DNA content was determined by FACS, as described in Materials and methods. (A) DNA histogram. (a)
control; (b) 1 mM aspirin; (c) 400 µM indomethacin; (d) 400 µM indomethacin + 100 nM TPA; (B) TPA on apoptosis and cell kinetics of indomethacin-treated AGS
cells. The values are expressed as means ± s.d. (n > 3)
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Statistical analysis


± t
    P      




Effects of aspirin and indomethacin on cell growth
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Effect of aspirin and indomethacin on the cell cycle
phase distribution
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Effect of 12-O-betradecanoyl phorbol 13-acetate (TPA)
on indomethacin-induced apoptosis and cell cycle
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Figure 4 Induction of DNA fragmentation by indomethacin and aspirin. AGS
cells were exposed to the agents indicated for 24 h and the formation of
oligonucleosomal fragments was determined by agarose gel electrophoresis
as described in the text. M, DNA marker; lanes 1–3, aspirin 10, 1, 0.1 mM;
lane 4, control. Lanes 5–9, indomethacin 800, 400, 200, 100, 50 µM; lane 10,
control

Figure 5 Fluorescence photograph of AGS cells treated with indomethacin.
Cells were treated with 400 µM indomethacin for 24 h. The cells were
stained with acridine orange and examined under fluorescence microscopy.
(A) control; (B) treated with indomethacin
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mRNA level
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Down-regulation of c-myc with its antisense
oligonucleotides on indomethacin-induced apoptosis
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Figure 6 The expression of p53, p21waf1/cip1 and c-myc mRNA and protein in
AGS cells treated by indomethacin. The AGS cells were exposed to 400 µM

indomethacin for different intervals (0, 2, 4, 8, 12, 16, 24 h). The mRNA and
protein level of p53, p21waf1/cip1 and c-myc were determined by Northern and
Western blot. The results are the representative of three different
experiments. (A) Northern blot result. GAPDH was used as an internal
control. (B) Immunoblot analysis

Figure 7 The effect of TPA on the expression of p53, p21waf1/cip1 and c-myc
mRNA in indomethacin-induced AGS. The AGS cells were treated with
indomethacin (400 µM) alone or in combination with 100 nM TPA for 8 h. The
mRNA level of p53, p21waf1/cip1 and c-myc were determined by Northern blot.
Lane 1, control; lane 2, 400 µM indomethacin; lane 3, 400 µM indomethacin +
100 nM TPA. The house-keeping gene GAPDH was used as an internal
control (the representative of three different experiments)

Figure 8 Effect of oligonucleotides on c-myc protein expression. AGS cells
were cultured with antisense or sense oligonucleotides (2 µM) for 18 h before
incubation with 400 µM indomethacin for another 8 h, after which cell lysates
was collected and c-myc protein was determined by Western blotting. Lane
1, control; lane 2, 400 µM indomethacin; lane 3, 400 µM indomethacin+2 µM

sense oligos; lane 4, 400 µM indomethacin+2 µM antisense. This experiment
was repeated three times and one representative result is shown in this
figure
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