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SUMMARY

Differentiated cells can be reprogrammed to an embryonic-like
state by transfer of nuclear contents into oocytes or by fusion with
embryonic stem (ES) cells. Little is known about factors that induce
this reprogramming. Here, we demonstrate induction of pluripotent
stem cells from mouse embryonic or adult fibroblasts by introducing
four factors, Oct3/4, Sox2, c-Myc, and KlIf4, under ES cell culture
conditions. Unexpectedly, Nanog was dispensable. These cells, which
we designated iPS (induced pluripotent stem) cells, exhibit the
morphology and growth properties of ES cells and express ES cell
marker genes. Subcutaneous transplantation of iPS cells into nude
mice resulted in tumors containing a variety of tissues from all three
germ layers. Following injection into blastocysts, iPS cells contributed
to mouse embryonic development. These data demonstrate that
pluripotent stem cells can be directly generated from fibroblast
cultures by the addition of only a few defined factors.

INTRODUCTION

Embryonic stem (ES) cells, which are derived from the inner cell mass
of mammalian blastocysts, have the ability to grow indefinitely while
maintaining pluripotency and the ability to differentiate into cells of all three
germ layers (Evans and Kaufman, 1981; Martin, 1981). Human ES cells
might be used to treat a host of diseases, such as Parkinson’s disease, spinal
cord injury, and diabetes (Thomson et al., 1998). However, there are ethical
difficulties regarding the use of human embryos, as well as the problem of

tissue rejection following transplantation in patients. One way to circumvent

KHEDHRFIZEE3T ZDBRB XV
A DBRHESF Rl RS 2% 5 &5 D
EA Ay IR (!

EREFF 1, s 12

1 JZH KXY, BEERSEWER, BESEMRSET, T4hH
606-8507, H4<

2 CREST, #2HiTiREME, )IlOm 332-0012, HEX

* YE#& % : yamanaka@frontier.kyoto-u.ac.jp

DOI 10.1016/j.cell.2006.07.024

wuE

MU -HElaid, BB ENEHR~EHE £/ 3EM: (ES) il
ERIBET B EICE > THMREICY OS> JTB3EHTES. C
DYTAOTIITFETHIRFICOVTIRIFEAEMSh TV AW, B
TICBEWVWTELIL, 4 ODOFEF, Octd/4, Sox2, c-Myc, LUV KIf4 %, ES
HMIROEEERMTEATEEICE-T, YU XADBRE S LUBREDIRMHE
Hiah 5 ZEEMSMIRIGBFEIND CEAEIT 5. B4 &S, Nanog
BADETH-7z. K41 iPS (AILEEMRH) #HlatadaLZIhS DM
Fal%, ES HRaDFRE & EHEFFEERL, ESHRO~Y—h—EzFEREHE
3. iPSHIfaEX—RNY I XOKETICKIET 5L, SHEEDODTANTICHREK
TIRB2DMBESCESI R SN BERISGEALESEICE, PS
MiaIE < ZADEOREICEIM L=, ChsDERIE, PEOBEDORFD
WIS & > TIRMESFHRaD S SRR Mia s BERERT 2 EPTIRETH
B EEFETY 3.

538

W FLENY O IR RN O PIE MBI Hisk 3 2 IRtk (ES) Mifwix, %
T2 HERE L 722 255 ERESIE 3 2 5800 & SR T XToOMAICH LT 5 H
J1% ¥#2 (Evans and Kaufman, 1981; Martin, 1981). & b ® ESHIlEIL, 7¥—
F 2V 9E, BREEG, BRI S BORE OGBS S ThREE:
5% % (Thomson et al, 1998). LA L, & MEOEHIZIZ, BE~OBHE
BOMBRIEAME SIS OREIINZ T, WM ZME S L. Zhb0FRE
F#E9 2 1 o0)kE, BEEGFOMBY» S LeEinMiat ERERT 2

=3
B
1=
B

B 1 ST IR D78 W IC
o LFHMATHRN OO D EE
PBRTDODNWTWVWDE hESE
KEMNMBWEFELWEZBET
FATESZRW, LHULEE
TIEBHFANZFATIELVD
T, BERICEAL T3S EEL

BEFOFER iR RF->TW3
LTDEGFZE->TWS DT
TIEEL<, KREHEEZSZDR
REHETDIHDESNIE
EFDOEY M afE>TWS, o
T, on DEET &, off DEET
NH2. ZOFEDLNTNS on D
Reez FRIRL WS, EE5 (3
ZECld expression). #l& LTI,
ANETOEYVEGRFIFIRIIKIC
RELTWSEE e & SIcfE
3.

BRI | BH O S ES 4
BIEIENARVIRD, HRBIEE R
CTERRGICESEbNS, b
N ES #BIAMEN B & SicH-T
Mo, HRETHRAENLT My
ESHIRAEIES S &\ S BHHHE
Wi,



