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1. Introduction 
 
Although human ES cells could be used in cell transplantation therapy, their clinical 
application faces ethical objections against utilizing human embryos.  One solution is to 
generate pluripotent cells directly from somatic cells by reprogramming. 
 
2. Generation of iPS cell 
 
We have recently shown that retrovirus-mediated transduction of four factors (Sox2, 
Oct3/4, Klf4, and c-Myc) induced pluripotent stem cells, which we designated induced 
pluripotent stem (iPS) cells, directly from human and mouse fibroblasts.  
Patient-specific iPS cells could be useful in drug discovery and regenerative medicine.  
However, viral integration into the host genome increases the risk of tumorigenicity. 

 
 
Mouse iPS cells are indistinguishable from mouse ES cells in many characters and 
produce germline-competent chimeras.  However reactivation of the c-Myc retrovirus 
results in an increased tumorigenicity in the chimeras and progeny mice.  Nevertheless, 
retroviral integration of the other transcription factors may activate or inactivate host 
genes resulting in tumorigenicity, as was the case in some patients who underwent gene 
therapy.  We developed a new protocol for the generation of iPS cells without c-Myc 
retrovirus.  iPS cells generated without c-Myc retrovirus were high quality but low 
efficiency.  Furthermore, we could generate human iPS cells from adult dermal 
fibroblasts without c-Myc retrovirus.  These findings are important for the clinical 
application of this iPS cell technology. 
 
The introduction of four factors into fibroblasts can produce iPS cells, however, the 
molecular mechanisms of the production of iPS cells remain to be resolved.  To resolve 
this question, we examined whether the four factors can be replaced by their family genes.  
We found that some, but not all, of family genes were capable of inducing iPS cells instead 
of one of the four factors from mouse and human fibroblasts.   
 
3. Conclusion 
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We are now examining pluripotency of these iPS cells induced by the family genes and 
functions of reprogramming genes during generation of iPS cell.  Moreover, in order to 
apply the iPS technology to cell transplantation therapy, it is crucial to generate iPS cells 
using non-viral methods. 
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