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Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors

Kazutoshi Takahashi' and Shinya Yamanaka'2*

! Department of Stem Cell Biolagy, Institute for Frontier Medical Sciences, Kyoto University, Kyoto 606-8507, Japan
2CREST, Japan Scienes and Tachnology Agency, Kawaguehi 332-0012, Japan
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DOl 10.1016/).cell 2006.07.024

SUMMARY

Differentiated cells can be reprogrammed to an
embryonic-like state by transfer of nuclear con-
tents into oocytes or by fusion with embryonic
stem (ES) cells. Little is known about factors
that induce this reprogramming. Here, we dem-
onstrate induction of pluripotent stem cells
from mouse embryonic or adult fibroblasts by
introducing four factors, Oct3/4, Sox2, c-Myc,
and Kif4, under ES cell culture conditions.

or by fusion with ES cells (Cowan et al, 2005; Tada
&t al., 2001), indicating that unfertilized eggs and ES cells
contain can confer or i
to somatic cells. We hypothesized that the factors that
play important roles in the maintenance of ES cellidentity
also play pivotal roles in the induction of pluripotency in
somatic calls.

Several transcription factors, including Oct3/4 (Nichols
et al., 1998; Niwa et al., 2000), Sox2 (Avilion et al., 2003),
and Nanog (Chambers et al., 2008; Mitsui et al., 2003),

function in the maintenance of pluripotency in both early
", . shat "
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