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Summary Interferon-α (IFN-α) is a clinically useful cytokine for treatment of a variety of cancers, including chronic myelocytic leukaemia
(CML). Most CML cells are sensitive to IFN-α; however, its biological effects on leukaemic cells are incompletely characterized. Here, we
provide evidence that IFN-α induces a significant increase in the S phase population in human CML leukaemic cell line, K562, and that the
S phase accumulation was augmented by sodium butyrate. In contrast, neither sodium butyrate alone, nor sodium butyrate plus IFN-γ,
affected the cell cycle in K562 cells. These data suggest that the effect of sodium butyrate depended upon IFN-α-mediated signalling. The
ability of leukaemic cells to exhibit the S phase accumulation after stimulation by IFN-α plus sodium butyrate correlated well with persistent
tyrosine phosphorylation of cdc2, whereas treatment with IFN-γ plus sodium butyrate did not affect its phosphorylation levels. Considering that
dephosphorylation of cdc2 leads to entry to the M phase, the persistent tyrosine phosphorylation of cdc2 may be associated with the S phase
accumulation induced by IFN-α and sodium butyrate. In addition, another human CML leukaemic cell line, MEG-01, also showed the S phase
accumulation after stimulation with IFN-α plus sodium butyrate. Taken together, our studies reveal a novel effect of sodium butyrate on the S
phase accumulation and suggest its clinical application for a combination therapy with IFN-α, leading to a great improvement of clinical effects
of IFN-α against CML cells.
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       
          
γ 




α
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        
α 



Cell culture and reagents

         
      
          
         
 α  γ 
      
      


Cell cycle analysis

        
        
        
  
      
         


Antibodies and immunoblotting

       
         
      µ  
     

     
          
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Figure 1 Effect of IFN-α and sodium butyrate on cell proliferation and viability of 
differentiation, on K562 cells with (shaded) or without (open) 1 mM sodium butyrate
monoclonal antibody (mAb) and a goat-anti-mouse phycoerythrin-labelled antibody
(m) or 1 mM sodium butyrate (l) for the indicated number of days. Treatment of K5
(ss). The growth curve of control K562 cells, which were cultured in 10% FCS, is a
experiments was plotted against the number of days. Standard error values are ind
of K562 cells. K562 cells were treated with IFN-α alone (nn), sodium butyrate alone
their cell viability was assessed by trypan blue exclusion assay. Cell viability of con
obtained from three independent experiments
  
        
     
      
     

       
  
    
 µ  
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Effects of butyrate and IFN-α on K562 cells
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K562 cells. (A) Expression of glycophorin, a marker for erythroid
. The results were obtained by a two-step reaction with an anti-glycophorin
. (B) K562 cells were treated with 600 IU ml–1 of recombinant human IFN-α
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     
α 
α 
         
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Butyrate augments S phase accumulation by IFN-α
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Figure 2 DNA histograms showing the cell cycle distribution of K562 cells. K562 
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Figure 3 Time course of the S phase accumulation of K562 cells treated with IFN-α plus sodium butyrate. DNA histograms showing the cell cycle distribution
of K562 cells treated with both 600 IU ml–1 of IFN-α and 1 mM sodium butyrate for the indicated number of days. Each sample was stained with propidium iodide
and subjected to FACS analysis. Each of the cell cycle profiles contains the percentage of cells in different stages of the cycle, which was evaluated with NIH
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Figure 4 Cell cycle distribution of K562 cells after treatment with IFN-α,
IFN-γ and sodium butyrate. (A) The percentages of cells in different stages of
the cycle according to the cell cycle profiles of K562 cells treated with IFN-γ
with or without sodium butyrate for 3 days. (B) Cell cycle distribution of K562
cells grown under various conditions for 3 days. K562 cells were cultured in
medium containing 4% FCS plus IFN-α, or treated with IFN-α and/or sodium
butyrate. Each bar contains G0/G1 (open column), S (closed column) and
G2/M (shaded column) phase populations. (C) The percentages of K562 cells
in the S phase under various conditions described in (B). The mean numbers
of their percentages were obtained from three independent experiments.
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Low serum concentration did not augment S phase
accumulation induced by IFN-α
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and butyrate, but not by IFN-γ and butyrate
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Figure 5 Tyrosine phosphorylation of cdc2. (A) IFN-α and sodium butyrate treatment sustained tyrosine phosphorylation of cdc2 in K562 cells. K562 cells
were cultured with or without IFN-α and/or sodium butyrate for 3 days, and tyrosine phosphorylation levels of their cdc2 were analysed. (B) Time-course of
tyrosine phosphorylation of cdc2. K562 cells were cultured with or without IFN-α and sodium butyrate for the indicated number of days. (C) IFN-γ and sodium
butyrate treatment did not affect tyrosine phosphorylation of cdc2 in K562 cells. K562 cells were cultured with or without IFN-γ alone or with sodium butyrate for
3 days, and tyrosine phosphorylation levels of their cdc2 were analysed. Total cell lysates were immunoprecipitated with an anti-cdc2 antibody and tyrosine
phosphorylation levels of the immunoprecipitates were analysed by immunoblotting using an anti-phosphotyrosine antibody 4G10 at 1 µg ml–1
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Figure 6 DNA histograms showing the cell cycle distribution of MEG-01 cells. MEG-01 cells untreated (control) or treated with IFN-α and/or sodium butyrate
for 3 days were stained with propidium iodide and subjected to FACS analysis. Each of the cell cycle profiles contains the percentage of cells in different stages
of the cycle, which was evaluated with the NIH image analysis program
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Butyrate also augmented IFN-α-induced S phase
accumulation in MEG-01
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