SPECI FI CATI ON  Nucl ear Reprogramm ng Factor Technical Field The present
invention relates to a nuclear reprogramm ng factor having an action of
reprogrammng a differentiated somatic cell to derive an induced
pluripotent stemcell. Background Art Enbryonic stemcells (ES cells) are
stemcells established fromhuman or nouse early enbryos which have a
characteristic feature that they can be cultured over a |long period of
time while maintaining pIuripoteqﬁqﬁakﬁbg¥Kh9 differentiate into all kinds
of cells existing in living bodi es.” Human enbryonic stemcells are expected
for use as resources for cell transplantation therapies for various
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taki ng advantage of the af oNBREHI R 2PFYPEFEFES. However,
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specification, these cells are referred to as "induced pluripotent stem
cel I's (i P&e&ef¥s)" though they are sometines called "enbryonic stem
cell-like cells" or "ES-like cells"), it is anticipated that such cells
coul d be used as ideal pluripotent cells, free fromrejection or ethical
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Parkinson's disease, juvenile diabetes, and leukemia, taking advantage of the
aforementioned properties. However, transplantation of ES cells has a problem of
causing rejection in the same manner as organ transplantation. Moreover, from an
ethical viewpoint, there are many dissenting opinions against the use of ES cells
which are established by destroying human embryos, If dedifferentiation of patients'
own differentiated somatic cells could be induced to establish cells having
pluripotency and growth ability similar to those of ES cells (in this specification, these
cells are referred to as "induced pluripotent stem cells GPS cells)”, though they are
sometimes called "embryonic stem cell-like cells" or "ES-like cells"), it is anticipated
that such cells could be used as ideal pluripotent cells, free from rejection or ethical
difficulties.

As a method for reprogramming a somatic nucleus, for example, a technique
of establishing an embryonic stem cell from a cloned embryo, prepared by
transplanting a nucleus of a somatic cell into an egg, was reported (W.S. Hwang et al.,
Science, 308, pp.1669-74, 2004; W.S. Hwang et al., Science, 308, pp.1777-83, 2005:
these articles were, however, proved to be fabrications and later withdrawn).
However, this technique of preparing the cloned embryo only for the purpose of

establishing ES cells, has rather more serious ethical problems when compared with



techni que of reprogranm ng a somatic cell nucleus by fusing a somatic cell
and an ES cell was also reported (M Tada et al., Curr. Biol., 11, pp.
1553-1558, 2001; C.A. Cowan et al., Science, 309, pp. 1369-73, 2005).
However, this nethod results in the use of human ES cells, which fails to
provide a solution to the ethical difficulties. Further, a technique of
reprogramm ng a cell nucl eus by reacting an extract of a cell strain,
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in ellsg, with each test substance; examining presence or absence of the

appearance of a cell that expresses the marker gene; and choosing a test substance

inducing the appearance of said cell as a candidate of a nuclear reprogramming factor

for somatic cells. A method for reprogramming a somatic cell is disclosed in Example

6 and the like of the above publication. However, this publication fails to report an

actual identification of a nuclear reprogramming factor.

Patent document 1: International Publication WO2005/80598

Disclosure of the Invention

An object of the present invention is to provide a nuclear reprogramming
factor. More specifically, it is an object of the present invention to provide a means
for inducing reprogramming of a differentiated cell without using eggs, embryos, or
ES cells, to conveniently and highly reproducibly establish an induced pluripotent
stem cell having pluripotency and growth ability similar to those of ES cells.

The inventors of the present invention conducted various research to achieve

the aforementioned object and attempted to identify a nuclear reprogramming factor



by using the screening nethod for a nuclear reprogramm ng factor disclosed
in International Publication W2005/80598. As a result, 24 kinds of

candi date genes were found as genes relating to nuclear reprogrammng, and
anong them three kinds of the genes were found as essential genes for

nucl ear reprogramm ng. The present invention was achi eved on the basis of
the aforementioned findings. The present invention thus provides a nuclear
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fibroblast growth factor (bFG) and/or stemcell factor (SCF). According
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reprogr anghagafactor for a somatic cell, which conprises a gene product of
the TERT gene i'n addition to a gene pr oduct of each of an Cct fam |y gene,
a Kif fanmly gént@ldiagWGndthmmyfegzeldemkaddmaltwreﬁam&yd@athe and the
aforementipned fact
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whi ch further conprises a gene product or gene pro one or nore
ki nds of glresentioned factor, which comprises a cytokine together with the gene product of

the Myc family gene, or alternatively, instead of the gene product of the Myc family
gene. As a more preferred embodiment, there is provided the aforementioned factor,
wherein the cytokine is basic fibroblast growth factor (bFGF) and/or stem cell factor
(SCTF).

According to particularly preferred embodiments, there are provided a
nuclear reprogramming factor for a somatic cell, which comprises a gene product of
the TERT gene in addition to a gene product of each of an Oct family gene, a KIf
family gene, a Myc family gene, and a Sox family gene; and the aforementioned factor,
which comprises a gene product or gene products of one or more kinds of genes
selected from the group consisting of the following genes: SV40 Large T antigen,
HPV16 6, HPV16 E7, and Bmil, in addition to a gene product of each of the Oct
family gene, the KIf family gene, the Mye family gene, the Sox family gene, and the
TERT gene.

In addition to these factors, there is provided the aforementioned factor,
which further comprises a gene product or gene products of one or more kinds of genes

selected from the group consisting of the following: Fbx15, Nanog, ERas, ECAT15-2,



selected fromthe group consisting of the follow ng: Fbxl5, Nanog, ERas,
ECAT15-2, 3 Tell, and 13-catenin. According to another preferred enbodi nent
of the aforenentioned invention, there is also provided the aforenentioned
factor, which conprises a gene product or gene products of one or nore

ki nds of genes selected fromthe group consisting of the follow ng: ECAT1,
Esgl, Dnmt 3L, ECAT8, G&df3, Sox15, ECAT15-1, Fthl17, Sall4, Rexl, UTF1,
Stella, SttidandMeat&hi2. | n another aspect, the present invention provides
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aspect, the p%esent _invention provides an induced pluripotent stemcell

obt ai ned BYPtthe syryiestEnt i oned net hod. The present invention also provides
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i nduced pluripotent stemcell. The present invention furt provi des a
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patient. T@‘i present invention further provides a nmethod for evaluating a
physi ol ogt AT FEREETAGHBIE YT Eite thegpmatie spkh shn aforementivnedmetiod. a poi son or

the |ike B¥ich comprises, the step of introducing said gene into the somatic cell by using a
recombinant vector containing at least one kind of gene encoding the aforementioned
nuclear reprogramming factor; and the aforementioned method, wherein a somatic
cell isolated from a patient is used as the somatic cell.

In another aspect, the present invention provides an induced pluripotent
stem cell obtained by the aforementioned method. The present invention also
provides a somatic cell derived by inducing differentiation of the aforementioned
induced pluripotent stem cell.

The present invention further provides a method for stem cell therapy, which
comprises the step of transplanting a somatic cell, wherein said cell is obtained by
inducing differentiation of an induced pluripotent stem cell obtained by the
aforementioned method using a somatic cell isolated and collected from a patient, into
said patient,

The present invention further provides a method for evaluating a
physiological function or toxicity of a compound, a medicament, a poison or the like by
using various cells obtained by inducing differentiation of an induced pluripotent stem
cell obtained by the aforementioned method.

The present invention also provides a method for improving ability of



using various cells obtained by inducing differentiation of an induced
pluripotent stem cell obtained by the aforenentioned nethod. The present
invention also provides a nmethod for inproving ability of 4
differentiation and/or growmh of a cell, which conprises the step of
contacting the aforenentioned nucl ear reprogranm ng factor with the cell,
and further provides a cell obtained by the aforenentioned nethod, and a
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be avoided. Further, various cells obtainable by differentiating the induced
pluripotent stem cell (for example, cardiac muscle cells, hepatic cells and the like) are
highly useful as systems for evaluating efficacy or toxicity of compounds, medicaments,

poisons and the like.

Brief Explanation of the Drawings

Fig. 1 shows a screening method for reprogramming factors using embryonic
fibroblasts (MEFs) of a mouse having Bgeo knockin Fbx15 gene.

Fig. 2 depicts photographs showing morphology of iPS cells obtained by
introducing the 24 genes shown in Table 1. Morphologies of differentiated cells
{(MEF) and of normal embryonic stem cells (ES) are also shown as a reference.

Fig. 3 shows expression profiles of marker genes in iPS cells. The results of
RT-PCR using total RNAs extracted from iPS cells, ES cells and MEF cells as
templates are shown.

Fig. 4 shows methylation status of DNA in iPS cells. Genomic DNAs
extracted from iPS cells, ES cells, and MEF cells were treated with bisulfite. The

1



RT-PCR using total RNAs extracted fromiPS cells, ES cells and MEF cells as
tenpl ates are shown. Fig. 4 shows nethylation status of DNA in i PS cells.
Genom ¢ DNAs extracted fromiPS cells, ES cells, and MEF cells were
treated with bisulfite. The 5 target DNAs were anplified by PCR and then
inserted into plasmd. Ten clones of plasmd were isolated for each of the
genes, and sequenced. Methylated CpGs are indicated with closed circles,

and unnet I . b. I rs of
i o | SRt SRR W O CR B TR flotc Pind B e F DR ops
wher ei n eatdsniddievd dolateddenechasthai gtehetr ant séqmmddheMeﬂﬁ»lged@p@sw@ The

| ower parts,.of e ow c | ony nbers obtained in one week after
the Galg <aligeed Hh%jmgj‘ ‘EIFFZesubB REBEFP G ] Cofis "GapRn SHOFnunber s of

cl ones obt ai nedfig 5tsh5eecaw;@kfﬁm%beﬂf@@meh%%nﬁe ?tﬁéxﬂeu&ﬁ)h%rfemce number
for each gene is the sane as that indicated in Tab was W t hdrawn, no

col oni es \Eeliteegmelblaa@ ﬁ%ﬁelaft glaP}PS berrewrﬂ&yhap&lelwuelcﬁeeﬂms demﬁemﬁé&d af t er

of 10- gene gro el n eac Vi ua gene was
wi t hdr avmwfeeloaftéﬂem @4189@1@&1(91]’ emci)the\/wlgmr eaﬂbomhegmslﬂé&%unﬁﬂeﬁsef #20 was

wi t hdr awn, oI on ob al n&d When gene #Z(Z}ﬂwas wi t hdrawn, a few

418-r esi §H°a é%‘PB e f%‘e‘ff%e appeych %ﬁ%&ere Helerepeigies for

di fferent pal n%ﬂ@%h@gﬁs%ﬁﬂd%\@t@d apPanens ¥ withifLnenb c&lEﬂ% that of iPS
cells. Fig. shows nunbers of G418-resistant emerged col onies

(reprograﬁbﬁeﬂled@ePBrﬁy)Onﬁm%&M@W@‘ﬁ@bwrvmiﬁmwé ‘gfreétap 3-gene groups, or
2 gene groune. NEh SRl TRESLARt: AIS R AR R Lk e SO e R
stai ni ng gefnetgﬂmf snd @'Igéﬁﬂglﬁﬁlﬁseﬁrh&ﬁbﬁdﬂcﬁrh&ﬁtdﬂuh]’@ﬁisWa@mlﬁidh@tﬁn oford 8BS cel | s
derived 5om VEFs i o nUdﬁé’g‘g‘F@ Differentiation_ into a variety of

tissues i W BRGFBIRDI E?ri gac ™ 19198 &k 8@ s wrihgrawgn, qesPRE Yifiot ogr aphs

of enbryos,RLRRAr FleR Yo dd BRSHUAMA N whP2 15801 8- Aok MeIchlQMeadul t der mal
fibroblasts into nouse bl astocysts and transplanting the cells into the

uteri of @@em@éprfég&ﬂmt thi cals gave didfsrdsiadbbepvddloghathich wad drpavppbr | ef t
enbryo, C((i:“llﬁleleng%ro at 0{1?’@cepse iPS cells (emtting green fluorescence) were

Fig. 7 shows numbers of G418-resistant emerged colonies (reprogrammed
colony) with 10-gene group, 4-gene group, 3-gene groups, or 2-gene groups. Typical
morphology and sizes of the colonies are shown.

Fig. 8 depicts photographs showing results of hematoxylin-eosin (H & E)
staining of tumors formed after subcutaneous transplantation of iPS cells derived
from MEFs into nude mice. Differentiation into a variety of tissues in a triploblastic
system was observed.

Fig. 9 depicts photographs of embryos prepared by transplanting iPS cells
derived from adult dermal fibroblasts into mouse blastocysts and transplanting the
cells into the uteri of pseudopregnant mice. It can be observed that, in the upper left
embryo, cells derived from the iPS cells {(emitting green fluorescence) were
systemically distributed. In the lower photographs, it can be observed that almost all
cells of the heart, liver, and spinal cord of the embryo were GFP-positive and were
derived from the iPS cells.

Fig. 10 depicts photographs showing results of RT"PCR confirming the
expression of the ES cell marker genes. In the photographs, Sox2 minus indicates

iPS cells established by the transduction of 3 genes into MEFs, 4ECATs indicates iPS



systemcally distributed. In the | ower photographs, it can be observed that
alnost all cells of the heart, liver, and spinal cord of the enbryo were
GFP-positive and were derived fromthe iPS cells. Fig. 10 depicts

phot ographs showi ng results of RT-PCR confirmng the expression of the ES
cell marker genes. In the photographs, Sox2 mnus indicates iPS cells
establ i shed by the transduction of 3 genes into MeEFs, 4ECATs indicates i PS
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coli artificial chronmosone (BAC) containing the nouse Nanog gene in the

center wa§4il8é¢lattion, WﬁémrﬁoﬁéeE@lﬁ YRES-#Pdrcoll g aswettiocdursthiongelidae upst ream
from the ggghﬂ‘?‘héﬁgm%{] fi Sm%%&gmgﬁdge%q%m&e%ﬁé N9mb Brbof-lc-:[)ﬁn ggem c m ce were

prepared wt expressi on was erved limtedly in
inner cell masEas lﬁ)ﬂeﬂlttaﬁkpﬂﬁyﬁi(ﬁlsaiﬂﬂleg@dpad&enﬁi1gslng]i3axd%pE(GFB I8¥gl anat i ons

of the experinents u GFP-1 RES: Puro mice. From enpryos of

Nanog- EGF u}%%epu%oi 3&1 f?%a%e m%ogﬁﬁﬁé SJF%%W}%Z%WG a%ieneyj scera
and gonads, M@rc@nﬁeﬁwy%g}attéﬁ esh bl E8RPMRES-PAS cBssclB Mk tm&he@%@i@érﬁ with a
cell sorter, alnost no G-P- FE: sitive cells existed in MEFs derived fromthe

Nanog- EGFEromRiscalippragianeof 3@)’ reqeutbireeesiage BraTme$g0a81 hive weFhx 154geo/ Bgeo
rouse, dr Lol LML | RS TRURS LSO MERR L0 TG 10
nouse MEFs:I(ihedses oﬁﬂ@btbdyetsl-'abmlgﬁag&m/ Bgeo nouse MEFs ( right ) The cells
Fig. 13 depicts explanations of the experiments using Nanog-EGFP-IRES-
Pure mice. From embryos of Nanog-EGFP-IRES-Puro mice (18.5 days after
fertilization), heads, viscera and gonads were removed to establish MEFs. Asa
result of analysis with a cell sorter, almost no GFP-positive cells existed in METFs
derived from the Nanog-EGFP-IRES-Puro mice (Nanog) in the same manner as the
Fbx 155sc0eee mouse-derived MEFs (Fbx15) or wild-type mouse-derived MEFs (Wild).
Fig. 14 depicts photographs of iPS cells established from the Nanog-EGFP-
IRES-Puro mouse MEFs (left) and the Fhx158eoeeo mouse MEFs {right). The cells
were selected with puromycin and G418, respectively.
Fig. 15 shows results of growth of iPS cells. 100,000 cells of each of ES cells,
iPS cells derived from the Nanog-EGFP-IRES-Puro mouse MEFs (Nanog iPS, left),
and iPS cells derived from the Fbx158seoBeco mouse MEFs (Fbx iPS) were seeded on 24-
well plates, and passaged every 3 days. Cell count results are shown. The
numerical values represent average doubling times.
Fig. 16 shows gene expression profiles of iPS cells. HExpression of the marker

genes in MEFs, ES cells, iPS cells derived from Nanog-EGFP-IRES-Puro mouse MEFs



were selected with puromycin and (418, respectively. Fig. 15 shows results
of gromh of iPS cells. 100,000 cells of each of ES cells, iPS cells
derived fromthe Nanog- EGFP-1 RES- Puro nouse MEFs (Nanog i PS, left), and

i PS cells derived fromthe Fbxl 58geoi ageo nouse MEFs (Fbx i PS) were seeded
on 24- well plates, and passaged every 3 days. Cell count results are
shown. The nunerical val ues represent average doubling tines. Fig. 16

Genes in WEARERTEAT BR8Pk CRo A0 h AR, S REIRIE s

VEFs 7 ( Maagged RRT-PERL) Thaﬁdmleﬁ&lﬁzeldes atlgtel hoednf ihdive felrkd DBgdersGdeo nouse
MEFs (Fbx 1 PS) were analyzed by RT-PCR The nunerical values at the bottom
i ndi cate PRE*Atinbers of passages. Fig. 17 shows teratoma formation from

the Nanog i PS celd 37 Sﬂov@ocglfRngaQ{ﬁlrﬂastloﬁffron?ﬁfémmoggﬁs cald $,000,006094 of PS
cell's were subcutaneously injected into the backs of nude mce, and the

appear ancéa@fofthﬁrmﬂsmf HﬁmPﬁfCﬂéﬂfWsrwvelék@amoelﬁly)maﬂédtimtssfyh@baqkﬁaées (right,
H & E st al H 1C%r el‘l Vav.n eaﬁ‘l gce ojf%umms K‘F erl%t I (&fotF 1gs|u% m ce \M t h
t he Nanogl cel T8 TR Chl rer i ¢ M ce wer'e” orn after

t r anspl anirasgeoriright, Hr&}i‘.l\daﬁmgd)ld?SsE@hh s (clone NPMFAEK- 24, passaged 6
tinmes) into the_bl astocysts. Fqur chineric mce were born from 90

transpl ant ed enbBigy 3 shagsprenayatipn fkehieii missevieh HirdiiinogiiBi ctliomifhie Nanog
i PS cel | s¢hiReRe rdRainis ks rPbord8REM G 1 @Qtio MG NP 1BY dTRIEIPRE Of the

chimeric mce shown in Fig. 18 and 7BL/ 6 mce, reveal ed the existence of
tr ansgene@PMT@’d’{ 24.psaprkeKBtimish i theblastotyetsri Eeur theedbyieondtebrimg
germli ne %ﬁsgme mg 20 shows induction of differentiation into
nerve cel from i ‘ﬁ’ YNerve cells (top, 6111 tubulin-positive),

ol i godendr ocyt eBig( k@iﬁﬁo,ws%rrﬂﬂfﬂettlM&}nms@d&ﬁfmrﬁ&hé NaybePNdellghtBECR
GFAP- posi t| ve) %fferenti ated . in vitro fromdermal fjbroblasts- derived i PS
cel |'s ar e®&HowmO! gepguiciN éé?g%%esb@%dqygﬁ%fﬂ%?%h%ﬁhlé@waWF%HW@H&mcﬁlgt he i PS

cells w tb@b’ﬁd @5"7}@]9’6 rﬁtEéJge\%%le%Cthb QRisteNEESE tRinstth 200 0b@y 4 9% RO utghkbs per 10
cm di sh were seeded, and the 4 factors were retrovirally transduced. No

col ony apfeaned thﬂrebheoxﬁ"nnnmg)term\/bmktraheﬁtsyon whilst in the dish with the
transduction byFitg.h 50 ém]:vasci;[u?uc%lon O%Jfgelen%a% on Io%%lvsel cnh:l; ﬁ'romt@S cells.

Nerve cells {top, BIII tubulin-positive), oligodendrocytes (left, O4-positive), and

astrocytes (right, GFAP-positive) differentiated in vitro from dermal fibroblasts-

derived iPS cells are shown.

Fig. 21 depicts explanations of establishment of the iPS cells without using
drug selection. MEFs at 10,000 to 100,000 cells per 10 em dish were seeded, and the
4 factors were retrovirally transduced. No colony appeared in the control (Mock, left),
whilst in the dish with the transduction by the 4 factors, swelling colonies similar to
those of the iPS cells were obtained (center), as well as flat transformant colonies.
When the cells were passaged, cells similar to the iPS cells were obtained (right).

Fig. 22 shows gene expression profiles of cells established without using drug
selection. RNA was extracted from the established cells shown in Fig. 21, and
expression of the ES cell marker genes was analyzed by RT-PCR.

Fig. 23 shows iPS cell-like cells derived from human fibroblasts. The
colonies obtained by retroviral transduction with human homologous genes of the 4
factors into fibroblasts derived from human embryos (left), and the cells after two
passages (right) are shown.

Fig. 24 shows establishment of the iPS cells from human adult dermal



those of the iPS cells were obtained (center), as well as flat transformant
colonies. Wen the cells were passaged, cells simlar to the iPS cells
were obtained (right). Fig. 22 shows gene expression profiles of cells
established without using drug selection. RNA was extracted fromthe
established cells showmn in Fig. 21, and expression of the ES cell marker
genes was anal yzed by RT-PCR Fig. 23 shows iPS cell-like cells derived

from humaLiEabl A%l Saotd e fiflnPALhe B BIRAT ko ERLLAYL] Aedvigiigduct | on

wi t h human honol ogous genes factors into robl asts defived from
human enbrgtodiufteafadult demohat ﬁb‘obbbﬁs&nﬁﬁﬁeél\vlﬂv\me nma&saegecsm(aﬂ raghptor aiith shown.

Fig. 24 shows. est hment of .the | PS celsfrom ult d | 8
{1 br obl as O " { e BEOHARLA DifaG PhRc HBURSr G0t (I d e amedged
retroviralkhyvirdiinh@ctdiran adult dermal fibroblasts infected with the nouse

retroviral receptor with lentivirus. The photographs shows phase contrast
i mges (object x 10) on day 8 after the viral infection. Best Mde for

Carrying %gtME@e i}opﬁﬁﬂ%%uﬂ?ﬁe ﬂﬁ%hﬁ reprograming factor of the present
z in

invention I's characteri I't conprises a gene product of each of
the fol | owi ng t Aheeudeadspofrgenes: faemr ofdbt phawht nveete isahddabicfiaed |y gene,

and a Myc.fam| and acc rdin 0 eferred nbodl ment, it is
char acterﬂ%@ﬁ‘t'%o éi]tse??g?:rt?n‘ﬁf’g%cé§ gﬂé@ﬁ@lﬁp@ﬁ%@% tltee g5t 4985 4% gene i n
addi tion et thaladear eenﬁﬁtfmnﬁgeﬁmg@ammm% fggﬁ»'@%§d abSré@ngeans for
confirmng the nuclear reprogramm ng factor of the present invention, for

exanpl e, PHéeed @é‘?ﬁdﬂ@em@mgahm@mﬁmfi @athafwépmgmm wege paetuot of 2 Yixscl osed
: n I nter nﬁ'}rﬁ ?}n%;'le 1 Ph&l&%g't fheVg‘de% §f1§9%?t%reealp1nf?s 0 gs The entire
e o0 or EITEI'I I one

di scl osur rcatron 1sin orporated into the
di scl osure of theanspes ifdme@ﬁﬁrrﬁnﬁagblye neflerenpegrdiymimgffector oipht prdshet

af orenent i oned bl i cat , those skilled in the art can perform screening
of nucl eai-n"%%?lglé . Pl tEre e Bt %qrmuc{eﬁbrwv%fﬁ@ﬁ@ég Bif'ehe action

of the re@fsél@ée@ﬁﬁ‘lﬂﬁnﬁ@cﬁin@fPQI‘;Imtaﬂ@nW@Q@@}f/SGo@E%Qﬁ bO0sedrOMLEXATRI €, as an
experinental system enabling observation of the reprogramm ng phenonenon,

a nouse célﬁdb%lf@l§éﬂlelarﬁommeéh0queﬂ®@e@ﬂ(nas fupsinomatge meto ghe displesue of the
O e Or Lt ANt %, NBITUEL L BB LANER. AENR JBilRAKET.d Nt O the

Fbx15 s are escrl
speci fi Catkibdﬂi inThe apDaasieerform screening of nuclear reprogramming factors to conﬁrm

the existence and the action of the reprogramming factor of the present invention.
For example, as an experimental system enabling observation of the
reprogramming phenomenon, a mouse can be used in which the Bgeo (a fusion gene of
the B galactosidase gene and the neomycin resistance gene) is knocked into the Fbx15
focus. The details are described in the examples of the specification. The mouse
Fbx15 gene is a gene specifically expressed in differentiation pluripotent cells such as
ES cells and early embryos. Ina homomutant mouse in which Bgeo is knocked into
the mouse Fbx15 gene so0 as to be deficient in the Fbx15 function, abnormal
phenotypes including those relating to differentiation pluripotency or generation are
not generally observed. In this mouse, the expression of the Bgeo is controlled by the
enhancer and promoter of the Fbx15 gene, and differentiated somatic cells in which
Bgeo is not expressed have sensitivity to G418. In contrast, Bgeo knockin
homomutant ES cells have resistance against G418 at an extremely high
concentration (higher than 12 mg/ml). By utilizing this phenomenon, an
experimental system can be construeted to visualize reprogramming of somatic cells,

By applying the aforementioned experimental system, fibroblasts



FbxI S gene is a gene specifically expressed in differentiation pluripotent
cells such as ES cells and early enbryos. In a hononmutant nouse in which
Bgeo is knocked into the nouse Fbx1l5 gene so as to be deficient in the
Fbx15 function, abnormal phenotypes including those relating to
differentiation pluripotency or generation are not generally observed. In
this nouse, the expression of the Bgeo is controlled by the enhancer and
pr onot er Beokr , di I i S0 i .in which Bgeo
i s not exgifbe)gslged eﬁ?\//lgFg)g%gibte?#\%%t1561%%33}%%@Fﬁg?§n0m43%68%é!écgﬂ%(nocki n
hononut anthoESmoednt sndvay €l Ifeddystadine &rafaitive). GHESVEFs donexdxpesektle hi gh

concentratj o hi gher than 12 [fm). By utilizing thi.s phen non, an
exper i rren#hfﬂr’sé)?lfe?ﬁcg%fﬁorﬁéf‘gi‘b?ﬂg?%i}%teed‘p "ﬁ%??&&ﬁ?"%&%@ﬁ}’%@a g of
somati ¢ Celok@verByh@PRINRYs hieruad OF RARBAd:RNELhiBXRELLFRO TR ceBY SI&Mave
fibroblasts 9 (FbxlSBgeof dgeo MEFs) can be first isolated froman enbryo

of the 6g&dsKiBEKPH41RbHBeAIE aRrrerisd sad thacdls bagosnafd B resistaritiais 2a8$08h) . The
MEFs do n X : F e, ccordi.ngly, .al so _do not express
e e T L AR T e e
geneti c neystqul tht rgregfaneginEphewimhanohahs be hiavelizedengi418vkdiytahee. 418), 6geo
is expressed and the cells becon}a A18-resistant as.a resylt of

reprogr anmi ng of U] EPrEF2  fagiont wmdieese oslpd i vsing the afreree st ment al

system t b eheRn@dl:asminng ARRSNONBRE0Hr abs REMhs Al &Y &S lninesi st ance.
Nucl ear reprogramming factors can be sel ected by using the aforenentioned
exper i menfagtors yslerplitnef geapsiaddicesslegtedydriels shast eeaific cxprepyen walfS cells
reprograny - |urality of genes, can. be select.ed which show
peci 11 ¢ BprilPE S IR Wb oo Bk RN RSB R RSB T T

mai nt enansegestedlandiipeireitcipn fmESvaethkSot@ caduggdsdaedgerandniiidiean be

confirmed whether or not each candi date gene (‘:_ﬂg indu&cﬁg nu:rj ear
r epr ogr anMi A AP B SePeAB R 3PrEPRIBTEEBIHARI T TRECEOF O EGH Ri%anpl e,

a conbi naj kaAbiak i &fa@iqftm@seﬁé'ét&pﬁl%ﬁaﬂréaﬁmfd)ét&g&%@Laéoﬁﬁ%&% HeSafIE | 1 TEd
to be capable of inducing the reprogrammng of differentiated cells into a
stat e cl odfandusingdie refromsmm gl of diffspersiated ¢adissntarestatvaipsptetat efiEhy

W t hdr awi e i.ndi-vi dual, gene fromthe . af orenmentioned ,conbination, and
the same Sl SRS AN LT e B P EET ARSI ROR R0, Sacn

secondar yafewndindiah@l geiten s endtisenee RaUSess the tadbithiion: 06 colflitned
reprogranmm ng induction ability or |oss of the reprogranm ng_induction
abi lity. ByY'fepestirigaeh sirafagcaplidpiseenhehewcdienieyaeswndirddidiogehes

sel ect ed @s r%%élraingﬁ'glg induction ability or loss of the reprogramming induction ability.
By repeating similar steps for the secondary candidate genes selected as described
above, an essential combination of nuclear reprogramming genes can be selected, and
it can be confirmed that a combination of gene products of each of the three kinds of
genes, an Oct family gene, a KIf family gene, and a Myc family gene, acts as a nuclear
reprogramming factor. It can be further confirmed that a combination of a gene
product of a Sox family gene additionally with the gene products of the
aforementioned three kinds of genes has extremely superior characteristics as a
nuclear reprogramming factor. Specific examples of the selection method for the
nuclear reprogramming factors are demonstrated in the examples of the specification,
Therefore, by referring to the above general explanations and specific explanations of
the examples, those skilled in the art can readily confirm that the combination of
these three kinds of genes induces the reprogramming of somatic cells, and that the
combination of these three kinds of gene products is essential for nuclear

reprogramming.
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above, an essential conbination of nuclear reprogranmm ng genes can be
selected, and it can be confirnmed that a conbi nation of gene products of
each of the three kinds of genes, an Cct famly gene, a KIf fam |y gene,
and a Myc fam |y gene, acts as a nuclear reprogramrng factor. It can be
further confirmed that a conmbination of a gene product of a Sox famly
gene additionally wth the gene products of the aforenentioned three kinds

of genes has. extrh @0l SUBRLL B GHREAGE B SILGS @9 pRee MUELEAL,! €D 00T anmi ng

factor. Specific exarrp e se on net nucl ear

r epr ogr amebmgrifactt deast arenbiertnssiw@he driductshé agXanfinelyy ghet HBEIf family
specrfrcatron r.e, referri tothe abgve gener al nati ons
and speci ¢ é%%ﬁrag\fﬁ%“t‘ifaaﬁlg g(?flg f‘f%@é‘agwg‘?r%lcé’él Magige g %ﬂ%’ie% CFSnOf%?fgél rt can

readily cenf4 hfa t-hale. tE@axﬁﬂ@@bﬂﬁEmE‘faQﬁﬂy% @s&rﬁ&gﬁ@ekmﬂ% oftsgenes induces
t he reprogranmm ngﬁnof somatic cells, and t conmbi nation of these

three ki nd$tigt Qy @nértb@h%%sqcﬁfésﬁs%ﬁﬁpwnpmn f@nﬁ@lﬂ@énﬂgmgetprtbgr’ﬁhﬁﬂ ng. 10
The nucl e n ti
compri sea apf BAEE AT EF ke B UREER L EIPE GPER D sene,
KIf fam | g0, gpede,72amd0a MmSIﬂaerralbqregefted tdlmrtlebparmhehe matehimtabf on of gene
products o Oct 3/ 4 df4, and _c-M/c npl.es .of _the Oct fam jene

i ncl ude, lpé’keé’ﬁiﬁi(% hF@f’?%‘?%l CE%"IL\%APP%%I 1998 tﬂ’éa“l’l?lﬁ%"ftbﬁ@%mi‘ a
transcri prgemnﬁraa& @ 10RO RN Kit50 ddge RIY KRk p@nﬁ{elﬁct&emsted as a
marker of undifferentiated cells (K Okampto et af) 60, pp461-72,

1990) . Cct@ontef ¢s altypor spportsid fegoply. M. Ghplbet ah, @eﬁbRcrﬁm 3r$t e}r%fé;éw%)
pl uri pot e Sg. el al | 19 Ies of the
KIf fanil 3%%%%3 ol Srafh biEeng Cg‘dekll\%ﬁd NRRE R 9 i Ry ®kr uppel

i ke fact @Itfa41)5cmlﬁ:10ru’c®pﬁ'btﬁdtoaﬁwalvbﬂlIi]iDHlffeedli’tQS@hI’agdﬁoaﬂifafatl()ﬂoMeH@(@J eb et
al ., t he I\?/cfamly genernclude

c- l\/ycCel | WRgiaf_}ﬁ r%/l?/@ @h%ﬁageRqZOOS Ct?n%@’@spp §g§ 0Pt pRt STRRGIFPPEPY f act or

i nvol ved tdwoeothtz&eédeﬂltﬂhatmaqmea&%epﬁgidﬁp%r@rc%qm c%limﬁ?%rt%t £S DevAQ)thléﬁE% M
Eilers, Nat. Rev. Ml Bi ol 0, , and is al so

reported 13% rb &85 960t R06Y |’HhetN@>macmsemamebe@$ Oiﬁh@rgclp@tcénlmwfa@ﬁlleSCartvwr ght
et al. ?mﬁﬁe@a?’m %ﬁgang)gl\gSSBtngsfgﬁOS) The NCBI accessi on nunbers of

t he geneso m11es ot her t§/4 KIf4 and c-Myc are as
follows: Table 1 Mouse Human

Table 1
Mouse Human
Kif1 Kruppel-like factor 1 (erythroid) NM_010635 | NM_006563
KIf2 Kruppel-like factor 2 (lung) NM_008452 | NM_016270
Kifs Kruppel-like factor 5 NM_009769 | NM_001730
c-Myc myelocytomatosis oncogene NM_010849 | NM_002467
v-Myc myelocytomatosis viral related
N-Mye NM_008709 | NM_005378
oncogene, neuroblastoma derived (avian)
v-Myc myelocytomatosis viral oncogene
L-Mye NM_008506 | NM_005376
homolog 1, lung carcinoma derived (avian)
OctlA POU domain, class 2, {ranseription factor 1 NM_198934 | NM_002697
Oct6 POU domain, class 3, transcription factor 1 NM_011141 | NM_002699

All of these genes are those commeonly existing in mammals including human,

and for use of the aforementioned gene products in the present invention, genes
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KIfl Kruppel-like factor 1 (erythroid) NWD10635 NM 006563 KIf2

Kruppel -1i ke factor 2 (lung) NM 008452 NM 016270 KI1f5 Kruppel-1ike factor
5 NM 009769 NM 001730 c-Mc nyel ocyt omat osi s oncogene NM 010849 NM 002467
v- Myc nyel ocytomatosis viral related N-Myc NMD08709 NM 005378 oncogene,
neur obl astoma derived (avian) v-M/c nyel ocytomatosis viral oncogene L-Mc
NM 008506 NM 005376 honolog 1, lung carcinoma derived (avian) Cctl1lA PQU

domai n, clsas ol J PL r 3.l 8 . POU
donai n, cldgézedgﬁo%ragﬁz%?% Fp}%a?’gﬁal% g%%%rdeqiw%é%lﬁgﬁmﬁ%’i%gééén 0%’?3{(; t hese
genes ar e bbhiosevoenhont,andxipst dangei usedrarfneldditiancah wdidngpdgememrodurts,f or use
of the aforenentioned ne .products.ip the present, invention, gepes 11
deri ved frnbu%a%tr%e’lnFPé?ds}‘%%dﬁﬂgﬁ]é‘gff‘%%ét&g%ﬂp%éﬂo‘?’ra&moﬁaﬁlﬁﬁ?%Ofggﬁﬁ‘%ag “Iouse,
rat, bovieR@npleyi fielo, Pefs@blyang c2pRke fRAABIyUSB T, sthil mRedplcbRa1yQ twis| d- t ype

gene products, mnutant giene products including substitution, insertion,
and/ or deRBt meat Befasakigdar 2 poino asdsrmpddiaving miler fupeigrerodbhyoftheo 6, nore

pref er abl %iﬂi&&/ﬁe %e eﬁj&udam&@a@rbr%fgeab'lyorlex%%pf%%% gg&eﬁgﬁu%%fgs{ygbiy 1 or

2) amino acids a aving simla unction pe gene
product s e@mhblealysopbductsEa8ARony bxasgl @, walsasathg evi - tppoptedtictof The byse a

stabl e type praqduct (TS58A). nmay be used as well as the wld-type product.
The aboveQXpéglﬂﬂ%ﬁ)ﬁd‘f‘?%he_ ?H@‘eggxﬁ%ﬂﬁ té’&ggf’éﬁel" §?’il%lplf’6u‘itﬁe_ ot her gene products.
The nucl ear repTﬁ)Qﬁ@é‘féﬁl‘rlg%ﬁoéﬁér&ﬁir@ffaétbﬁoﬂ)c'h@%@&Enﬂ AYEMdnORa B HRRRY | se a
gene product other than the aforenmentioned three kinds of gene products. An

exanpl e ofereuhd s pEhey ththude dfaremaabened theaedipdoefgene pfoductSoxAfiani |y gene.

Exanpl es f.am i ncl ude, f X | e, Soxi ., Sox3, Sox7,

Sox 15, So%f%ﬁﬁgﬂf}qégf% ﬁﬁaé)%g&gg%?g{éear%éﬁ pé(g%lr?ngganlg%xcﬁaumdé(sgeg%XZ. A nucl ear

r epr ogr anf¥kagpleact e Sog dampily sémrgndtidd, dasdxampt @bk &bk rvoef, Iohes, FRRET

products i enes, an (Oct le gfne (for exanple, Cct3/4),
C|

of , four, ki nds qf
a KIf f anfl?%é@‘gﬁea? DPFERETDPEIAK PARCE i FatiCep TGRPRAITRE Sl e,
c-Mc), anGhishoxXat1888tla)oBBNRa t6h OF tRXRANP b od uSRXR Yo KifH s 86L& 860t
enbodi nent of the present invention froma viewpoint of reprogranmmi ng
ef fi ci encipmily gene (for example, Oct3/4), a KIf family gene (for example, K1f4), a Myc family
gene (for example, c-Myec), and a Sox family gene (for example, Sox2) is a preferred
embodiment of the present invention from a viewpoint of reprogramming efficiency,
and in particular, a combination of a gene product of a Sox family gene is sometimes
preferred to obtain pluripotency. Sox2, expressed in an early development process, is
a gene encoding a transcription factor (A.A. Avilion et al., Genes Dev,, 17, pp.126-40,

2003). The NCBI accession numbers of Sox family genes other than Sox?2 are as

follows,
Table 2
Mouse Human

Sox1 SRY-box containing gene 1 NM_009233 NM_005986
Sox3 SRY-box containing gene 3 NM_009237 NM_005634
Sox7 SRY-box containing gene 7 NM_011446 NM_031439
Sox15 SRY-box containing gene 15 NM_009235 NM_006942
Sox17 SRY-box containing gene 17 NM_011441 NM_022454
Sox18 SRY-box containing gene 18 NM_009236 NM_018419

Further, a gene product of a Myc family gene may be replaced with a eytokine.
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and in particular, a conbination of a gene product of a Sox famly gene is
sonetinmes preferred to obtain pluripotency. Sox2, expressed in an early
devel opnent process, is a gene encoding a transcription factor (A A
Avilion et al., Genes Dev., 17, pp. 126-40, 2003). The NCBI accession
nunbers of Sox fam |y genes other than Sox2 are as follows. Table 2 Muse
Human Soxl SRY-box containing gene 1 NMD09233 NMD05986 Sox3 SRY- box
contai nin 0

WD11446 MDAT 0 So1t U bes Cont o e aere e o BuR e cREB s
Sox17 SRY-aporotdontted mithepegeneple. NM 011441 NMD22454 Sox18 SRY- box

cont ai ni ng gene ,18 NM 009236, NM 01841 Furthe ene prod

fanily gene may‘B& rf’%“ﬁlpé%% e%eMﬂ% ?(?I?leﬁémp ellﬁgl exhicloy Hﬁfé‘du‘feﬁr
exanpl e, S@E}cﬂbﬁﬂﬁ@ﬂ’efﬁ:&l& id kRiidign Ry &fe%fd’r@ﬁenﬂi@l\é@\éﬁfee k@ﬂdscblflgélﬁas are not
limted to these exanple As a nore preferred enbodi nent, an exanple

i ncl udes & ¥iyEtsoPrafrkly tbﬁ&lk’eé%ndslqi?ﬁﬁmt}aﬂoﬁ%éﬁl dioreramplel &n exampleldi ti on t o
the afore four
inde of gEne DR Py i MR cp Rl AL Bl Dl ALY R o on of
a factor ¢Ghpreosiphiging a@nepmﬂmdﬂmtgené pircﬂaftsgﬁnﬁewmhled(m&mﬂgeﬁea:orrprl sing a

gene product .0 roducts of o r. mpre kin sel ected from
the group sdesigd Q?Fﬁg  Broupyan o %ﬁ%ﬁ‘@%@l@m@. geg%%%ﬁ#@gger ahtggen, HPV1G6

E6, HPV16HEX; 163w HBVI1.E7T ERT Bndl. € I3 jsdkech@hl HhhehdBhananesr @k t he

tel onere structure at the end of chronposone at the time of DNA re i cation,

and the &é@f@ene§trélﬁwé§§té@ aofl of elemesrng abthettimme! RNANeplicatipmrmdghe whi | st

it is not Ik | Proc.
Nat | . Aca%%g(%?gp%% Hn’iﬁtgﬁ‘n%gg ?gy%&f%gg 1&%@38 ﬂg%axrmge f:i"lef‘;"iérletdl Hglen
HPV16 E6, mibRY:6mE cetbhs (Bﬁohikwas ¢tepoPredNbt. Andusd. UBANMOY abilz4dd-o42, of

e e P e L S S e e T

pp. 404- 41Anm3&9@;)amo;me§@ma@@&@a§c AR iR XLHEREYN WSS TUkePRLhE ng&l@' y when i PS
cells are induced fromhuman cells. The NCBI accessi on nunbers of TERT and
Br oi | genéglmov et al., Stem Cells, 23, pp.1423-1433, 2005; P. Salmon et al., Mol. Ther., 2,

pp.404-414, 2000). These factors are extremely useful particularly when iPS cells are
induced from human cells. The NCBI accession numbers of TERT and Bmil genes

are as follows.

Table 8

Mouse Human

TERT telomerase reverse transcriptase NM_009354 NM 198253
Bmil B lymphoma Mo-MLYV insertion region 1 | NM_007552 NM_ 005180

Furthermore, a gene product or gene products of one or more kinds of genes
selected from the group consisting of the following: Fbx15, Nanog, ERas, ECAT15-2,
Tell, and B-catenin may be combined. As a particularly preferred embodiment from a
viewpoint of reprogramming efficiency, an example includes a nuclear reprogramming
factor comprising a total of ten kinds of gene products, wherein gene products of
Fbx15, Nanog, ERas, ECAT15-2, Tell, and B-catenin are combined with the
aforementioned four kinds of gene products. Fbx15 (Y. Tokuzawa et al., Mol. Cell
Biol., 23, pp.2699-708, 2003}, Nanog (K. Mitsui et al., Cell, 113, pp.631-42, 2003),
ERas (K. Takahashi, K. Mitsui, S. Yamanaka, Nature, 423, pp.541-5, 2008), and
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are as follows. Table 3 Mouse Human TERT tel onmerase reverse transcriptase
NM 009354NM 198253 Bmi| B | ynphonma Mo- MLV insertion region 1 NMDO7552 fNM
005180 Furthernore, a gene product or gene products of one or nore kinds of
genes selected fromthe group consisting of the follow ng: Fbxl5, Nanog,
ERas, ECAT15-2, Tell, and 8-catenin maybe conbi ned. Asa particularly
preferred enmbodi nent froma viewoint of reprogramm ng efficiency, an

exanpl e | BOATIES @. BURLRAK al SPERMRNEN: NGB0, AL 8 QDPY)iast Bched total of ten
ki nds of gene products, wherein gene products of FbxI 5, no ERas,

ECAT15- 2, smeeifically pepressedinis selis e Tedribinvetyedin Fhetalﬁévatatfrmfé#é iBmsdn f our

ki nds of e T. et . al. |oI , 23,
pp. 2699- 7 55‘1 %%Mﬁﬁt 15@@%%8&1%%% %W? Beagelyit ds aff?pm ank%’f 42, 2003),
ERas (K. I@ieamts:tg the KV ntMigrsdl |t1,an§ms¥ﬁ)ma}kxaay, Aad hl]fs&;epé?f&d tPpe bAdIEY ii2003) ,
and 13 E A. Bortvi.n et nent 130, pp,1673-80, 2003) are

genes OAIH Ilnialé’é? e %%%‘38“93’3& §a‘&=ﬂt I"’% apeled éo’lpﬁv’él &FedO?4 t he

activation of Aktufther, BRI {dlddr r§fro@lammie el QTR presdidin it ibg 435580, 2003) ,
and 6-catenin is an inmportant factor constituting the Wit signal

transm ssP‘GﬁDth f@myamlalﬁda gdrsoredpd pt sehetmyodects shvok vethornkindhef graent enance
of pluri pgélgc@gy fr(gxlr\ll thes {E)n&%tinrgN%]Eth% ﬁ/glowin 1EC 9 1§ Gma%ZQB @CA’I%J rther,

t he nucl ear reprogra sen i ven tlon ey conpri se,
for exanpléfs, So@@nﬁcmdupnmw Gelie, RHXQdU@‘F$ Stbl1QRatd andGebXi Ml genes

selected fro g p c isting of the follow ng: ECATL, Esgl Dnnt 3L,
ECATS, @%@ﬁségf%@ﬁfggaﬁlwrﬂw gonesgpaaticafig groresprin Eesllf &K st at 3,
and G b2. vEGATL a1, E@wa%ﬁ 4£38533). aD?ln%%Ts@DﬂJA%&h%@ %eﬁgﬁﬁéfl cal l'y
expressed in ES cel tsui et al 3, pp-63 2003) .

Dnnt 3L i sméatﬁmﬁ\mﬁ@t%m éﬂmlﬁgs @dzwgen@sl Game@mfdamta:rearbznhkvsgmnsnﬁ wrogese| ass of

genes exp | roces n codi transcription
Pactors (K neyuyRednafilyoh SGERRENERR PS5 B 60887488 " 200s)

Ft h117 engogesy 1febods)i nFireEVyhcpddsyipeftii H%vkzgﬂggfg&ﬂmc(se%k&m (l,éle:cialDbmotTT Eoon
C. De Snet, Int ) ncer, 105, pp.371-6, alld encodes a Zn |nger
protein a}%}?ﬁ?dgonér’b”ﬁcﬁlnés]sg&n?eﬁ ’éﬁ"bPE’/ém'é ?‘nségi* eacodys 2 égHingase et al .

Cyt ogenetyrotdi Q&E‘fﬁiaﬁﬁ? expia8eedAR effdyohic 400%kis ANEREX%ke &nﬁ()@ﬁﬁ)g@net

transcri ptl on factor ocatl ng
Genome Res., 98, pp.274-7, 2002) and Rex1 encodes a transeription factor locating

downstream from Oct3/4 (E. Ben-Shushan, J.R. Thompson, L.J. Gudas, Y. Bergman,
Mol. Cell Biol., 18, pp.1866-78, 1998). UTF1 is a transcription cofactor locating
downstream from Oct3/4, and it is reported that the suppression of the proliferation of
ES cells is induced when this factor is suppressed (A. Okuda et al., EMBO J., 17,
pp.2019-32, 1998). Stat3 is a signal factor for proliferation and differentiation of cells.
The activation of Stat3 triggers the operation of LIF, and thereby the factor plays an
important role for the maintenance of pluripotency (H. Niwa, T. Burdon, [. Chambers,
A. Smith, Genes Dev., 12, pp.2048-60, 1998). Grb2 encodes a protein mediating
between various growth factor receptors existing in cell membranes and the
Ras/MAPK cascade (A.M. Cheng et al., Cell, 95, pp.793-8083, 1998).

However, the gene products which may be included in the nuclear
reprogramming factor of the present invention are not limited to the gene products of
the genes specifically explained above. The nuclear reprogramming factor of the
present invention may contain one or more factors relating to differentiation,
development, proliferation or the like and factors having other physiological activities,

as well as other gene products which can function as a nuclear reprogramming factor.
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downstream from Oct 3/4 (E. Ben-Shushan, J.R Thonpson, L.J. Gudas, Y.
Bergman, Mdl. Cell Biol., 18, pp. 1866-78, 1998). UTFl is a transcription
cofactor locating downstreamfrom Cct3/4, and it is reported that the
suppression of the proliferation of ES cells is induced when this factor

i s suppressed (A Ckuda et al., EMBO J., 17, pp.2019-32, 1998). Stat3 is a
signal factor for proliferation and differentiation of cells. The

act i vati ont @fundbatedtthhGERh SnibbeinRRe! AllvaAthifkhd ibpe aNdle LRaLEDY LGS act or
plays an _inportant role for the maintenance of pluripotency (H Nwa, T.

Bur don, | ByCiéatpwmatic calls igiyhiph odsnas oDeve gengamppe fe4dr@tiindogahe G b2

encodes a [ i iatin tween vari o row h factor. receptors
exi sting iggﬁﬁgﬁgﬂm%?%degﬁgﬁgg% %}%re ecglt kﬁ&%&eggesngfdg&tc S.W/{;m C%%g et al.,
Cel |, 95, fpptit83s 803:ledOBP)yogrkowe e factdrhen geRnpfiedbg fs g, may be

included in the nuclear _.reprogramrng factor of the present invention are
not |imit é)alfl?‘dmf‘ﬁ &rgee B%f&oﬁféfg grospuct Fhish gamadugy aslediagpropransing Hed

above. Theagueli£ancERRMAAh D RG ft3eAtioR! the AR re RERSERE sERYSAL nQMniRY
contain one or nore factors relating to differentiation, devélopnent,

prol i f er at§ ¥ Biovidhe as p pevedmerthetfoo pegretrang frg aotuslrr phyrsiehoging &etor.
activities, as ] as other gene,products which can.function.as a nucl ear
repr ogr anm ng fg)é\?%%rfe pfﬂ(%lwtts 7§ UNG efnst?lgéi Cl?ﬁlé’fepé%ﬁmgﬁﬁ%gﬁcﬁ%ﬁ? 1"shef all within
t he scopepofsetthevpripaaniy bd)¥ardkhmple, a Byotuisl pg Sopmticddedh shd N which only
one or two genes, angng the three kinds of the gene Cct3/4, KIf4, and c-Mc
are expr ed&lypentipaedetns opaliempiivdudt & i efp Lakn seoneradset 4824 nucl ear

repr ogr angif@nfaet Motkarb&id, deptidd s afle B¥e. fo: e@élfﬁgpsl, 8 fusiREE R LAG

screening for a gene product which can induce nuclear reprogranm ng of
sai d cel | sreepdluoredienge prvteih dGPPbsemfusiongent pductt high afrep Bdestcherned

screeni ng .S als rqvi ded, as,a novel nmethod for screening. for a
ol ear IR G b ArSR B RN RS bR R e BN SR e RCRE MR | ear

r epr ogr anthieritAT pgptide defivéidh@rmphesent HINVenhiORldray thes offtBs netapl e, a
protein, per se, produced fromthe aforenentioned gene, or alternatively,
in a forBroRAPIErS RS IBIYYED dtlk mearorangs gan Be sramdiedvtherelneratdinepr ot ei n,
pepti de ofndth&d dfkEnroFiQhn 6 f: LS ' ' r | uor escence
protein ((EI;Q or a@%‘ ugﬁonﬁg%%hy‘;}?yogdudéft@%g? ‘ﬁ&g’ﬁ)%gdé?f‘%t&g‘&% Iggﬂlég hi sti di ne
tag can atwddibecammiatddapetedions sychprsegsar itrgsdundiousi Bgreapfepsiasivnprotein wit h

t he TAT pl%gghioggops%rcil%?sg II orm trh o i rus | I \1/1 i ntracel L % [ t arke of the

nucl ear Teprogramm ng racto ?Cﬁr }(;Suaglﬁ el 0%&8?@%@5‘ ltf ﬁ If‘)g}%par ot ed,

t her eby edldldd digisans can easily design and prepare an appropriate fusion gene product
depending on the purpose,

By using the nuclear reprogramming factor of the present invention, the
nucleus of a somatic cell can be reprogrammed to obtain an induced pluripotent stem
cell. In the specification, the term "induced pluripotent stem cells" means cells
having properties similar to those of ES cells, and more specifically, the term
encompasses undifferentiated cells having pluripotency and growth ability. However,
the term should not be construed narrowly in any sense, and should be construed in
the broadest sense. The method for preparing induced pluripotent stem cells by
using a nuclear reprogramming factor is explained in International Publication
WO2005/80598 (the term "ES-like cells" is used in the publication), and a means for
isolating induced pluripotent stem cells is also specifically explained. Therefore, by
referring to the aforementioned publication, those skilled in the art can easily prepare
induced pluripotent stem cells by using the nuclear reprogramming factor of the

present invention.
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i nduction of reprogrammng only by adding the fusion protein to a nmedi um
thus avoiding conplicated operations such as gene transduction. Since
preparation methods of such fusion gene products are well known to those
skilled in the art, skilled artisans can easily design and prepare an
appropriate fusion gene product depending on the purpose. By using the
nucl ear reprogramm ng factor of the present invention, the nucleus of a

somatic cell Caﬁ’hp %e@ﬁ&ariggﬁl%?gﬁg% Erfaug&gf %H&gi%n% f}ullﬂcc%ﬁs ﬁJoleéoﬁl%ttlg @él} St em

cell. In the specification erm ripotent stemce means
cells ha\blvmlgmlarcb@emlefe"sregmmdramntgcfadzthlosfd:h@breﬁalmkzérmonaadommeculariy

specifically, the term enconpasses ifferentiated cells havi )
pl uri pot en(I:%//rt andﬁa R IBRY F%)?np]%?/%ilf PUE 23 HE Y&/ SHIHa™RYEs %gtoéonst rued
narrowl y icin ad’mYacﬁQtﬂﬂﬁsonﬁ{ﬂﬂ SO dbrBe &oNsihaRdn ihicH e sbheadest .sgnse. The

met hod for re#)arl ng induced pluripotent stemcells by wusing a nuclear
r epr ogr antft Bletigptent sterysedp matpiotforafver R xerule. Pulshe eedien

02005/ 805{%&511(11%@%1{@1{% EPrd d; @a&% fackdh ¥R, o ntth&ve%pm 4. QR)eq @Nd a

means for 1solating I nduce uri ent stemce Sis a peci |caIIy
expl ai nedto Thedefmor e}ltdyyativedf, by lEing atuacttoheoxahmﬁ@mgﬁneahedmpuﬁﬂbl@aﬁ i on,

those skilled in t can easil epar, i nduced pluripotent stemcells
by using EHECHIE é’ifl“?%ﬁ?beéf‘égi’fﬁ’inﬁ@x? %éfﬂérﬂfg? RUpent Svssbat: & HeAtfon. 15 The

met hod f otraps@Rald Al £dUERG PhidticRel el Blapiseh] swherrnaorRid ¢ &bl s by
using the nuclear reprogrammng factor of the present inventionis not

parti cul ab¥sor Ppyeifiegs of gagesyaehbriingeipotasebinsd iestcips drdrgelast thhgerrucl ear
reprogr anpx}]oﬁgctfs %?atyq{e sifh aﬁ&ﬁ%@%&%%&r& %rg%ﬁxa%c %gl l %Fpnd(?r{e %o%n\é% ronment

in which e somati Cc ce san pluripotent stem el
prol i f er athe. geRo preexampbetaiadge nize m@m&bpm@mmamm sfte prckear

repr ogra factor of the present inven may be added , to a nmedium
Al ternat i WF%IO%%}@&&@P.&Y SERFEBED T £ NP HIGo o SRHeFRRAEC S2ig 488D o of

expr essi ngrotii@s R 1Rk cIBRT ﬂ%&ﬁ@hﬂﬂeilﬁ%ﬁﬂfglﬁﬁmﬁ fa@ﬂo?%?ﬂ'l‘l‘é prfiégntion, a
means of transducing said gene into a somatic ce be enpl oyed. When

such vect@reptsonysdigis undoxstase tharsack |eﬁ@§d1@fen§éﬂbswtﬂuy tb«eSCIOn@@frtbér ated into
t he vect I.BSEQ'Rq]il‘]ee% \I%ﬁof the gene products nay be sinultaneously expressed
in a sona ic ce en one or nore of the gene products contained in the
nucl ear repr ogrianhe pgerfaactar ofdhidiché phirgsednt: stony@RthlyaiRiral the akeleady
expressed &Jpog?an%%@gt a%to%% %hetp?es%?lt {nevg;iggx{ Ewgges%f sc?rr?z!ttgc c%%gﬁo be

reprogrammed are not particularly limited, and any kinds of somatic cells may be

used. For example, matured somatic cells may be used, as well as somatic cells of an

embryonic period. When induced pluripotent stem cells are used for therapeutic

treatment of discases, it is desirable to use somatic cells isolated from patients. For

example, somatic cells involved in diseases, somatic cells participating in therapeutic

treatment of diseases and the like can be used. A method for selecting induced

pluripotent stem cells that appear in a medium according to the method of the present

invention is not particularly limited, and a well-known means may be suitably

employed, for example, a drug resistance gene or the like can be used as a marker

gene to isolate induced pluripotent stem cells using drug resistance as an index,

Various media that can maintain undifferentiated state and pluripotency of ES cells

and various media which cannot maintain such properties are known in this field, and

induced pluripotent stem cells can be efficiently isolated by using a combination of

appropriate media. Differentiation and proliferation abilities of isolated induced

pluripotent stem cells can be easily confirmed by those skilled in the art by using

16



products may be excluded fromthe nucl ear reprogramm ng factor of the
present invention. It is understood that such enbodinment falls within the
scope of the present invention. In the preparation of induced pluripotent
stemcells by using the nuclear reprogrammng factor of the present
invention, types of somatic cells to be reprogrammed are not particularly
limted, and any kinds of somatic cells may be used. For exanple, matured
somati ¢ Cebh@mBYntEeH3Sddo AWl 10 &% SApatic cells of an enbryonic
period. When induced pluripotent stemcells are used for therapeutic

treat nent of di $baselsheitduced plasipr@bt stetoells erepenltliycthe eddtsod gfohat ed from
patients. For exanple, somatic cells involyed.n diseases, somatic cells
participa?f%ﬁn?WVFﬁgFﬁﬁguol%a“¥?@§?%§%T£%fHﬁFggkfggbﬁﬁﬁmf%éaPYKe can be
used. A mekfeind0s aselaeiichgoddidiaasdth BEUENDah&abe 8lcamERkhS dthatngappear in
a medi um according to the nethod of the present invention is not

parti cul affiyeeils Pr’il‘? &t Dlkend Far swemple desiredrs Here rhiniedisells gig. a1stye cellppl oyed, for
exanpl e, @, Mdidnf L8] cl%hé‘,_f}f‘eﬁmgﬁﬁ%e@ aédht%e:ﬁ'kb)eca%% tg?ivgéﬁﬁtégmg%iﬂ%&%r gene

to isolate induced pluripotent stemcells using drug resistanhce as an

i ndex. Vahirousnietinacdllsabtagant hyaibatradthodusfdhé bersent inadretbnstist st
pluripotency of ES.cells —and various nedia which cannot intain such
propert i e%mé’r%c’&’ﬁb%ﬁ%ﬁ%s’fcﬁiasg (?‘/elgh*,co%?ﬁﬁc‘m% ﬂ‘dﬁgé@epﬁ‘ ?t%tcgﬁttheéf‘% cells can
be effici emdckynicshialt @atobyatkpidh@a t@onCARIYeRRhic 08 B ret RPREOPEI @S . MBdLA.
Differentiation and proliferation abilities of isolated induced

pl uri pot efitilsoblrinedesy desenbpdpbornis; thy pebertt r Hewersy wisosbthskindyced in the art
by using . [ i o M i 0. F es. t he
mduced pl oy Tar s o B e h e Bl ARF LG et GO ppaRERoRe |

i nvent i onsgacdicrothopardriteul arly limted. The cells can be used for any
experinments and research conducted with ES cells, therapeutic treatnents
utilizing ES cells and the like. For exanple, desired differentiated cells
(e.g., nerExémplkls, cardiac nuscle cells, henocyte cells and the |ike) can
be derived by treating induced pluripotent stemcells obtained by the

nmet hod of the pFeseissentiyetionsillibe maresnasiicelly awileinegriththfeFenced? s such as

EGF, gl uc i COl i ke . I : : cel | ul ar
aut o- {1 anenl dtar et BE sebktr AL GBb AT len e REAB e PRIRE AR, o2l 1
obt ai ned asutpdscri bed above to the patient. However, uses of the induced
pluripotent stemcells of the present invention are not limted to the

af orenenti oned

Example 1! Selection of reprogramming factor

In order to identify reprogramming factors, an experimental system for easy
observation of the reprogramming phenomenon is required. As an experimental
system, a mouse in which Bgeo (a fusion gene of B-galactosidase gene and neomycin
resistance gene) was knocked into the Fbx15 locus was used. The mouse Fbx15 gene
is a gene specifically expressed in differentiation pluripotent cells such as ES cells and
early embryos. However, in a homomutant mouse in which Bgeo was knocked into
the mouse Fbx15 gene so as to delete the function of Fbx15, no abnormal phenotypes
including those concerning differentiation pluripotency or development were chserved.
In this mouse, expression control of Bgeo is attained by the enhancer and promoter of
the I'bx15 gene. Specifically, Bgeo is not expressed in differentiated somatic cells,
and they have sensitivity to G418. In contrast, the Bgeo knockin homomutant ES
cells have resistance against G418 at an extremely high concentration (higher than 12
mg/ml). By utilizing the above phenomenon, an experimental system for visualizing

the reprogramming of somatic cells was constructed.
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speci fic enbodi nents. Exanples The present invention will be nore
specifically explained with reference to exanples. However, the scope of
the present invention is not limted to the follow ng exanples. Exanple 1:
Sel ection of reprogramm ng factor In order to identify reprogranmm ng
factors, an experinmental systemfor easy observation of the reprogranm ng
phenonenon is required. As an experimental system a npuse in which Bgeo
(a fusion gene of ti& gfotatchOishdbss ARREtAROROMIEHAsts(BS] 1St:anseMGeRe) was
knocked into the Fbx1l5 |ocus was used. The nouse Fbx15 gene is a gene
speci i calMeye Expiwidedifrm 2 dplye af thadsenkyichmi lmomtactemmsses(éu% h dags ES
cells and o] k?g@ t i geo was
knocked |ﬁﬁ%§kk %ﬁﬁgﬁge%%% Fiﬁ%nggm Kg?ﬁgiezgggegﬁ ﬁ%%f?@ﬁgé??FbeS
no abnor mekpphefod ypéshus sk HehsmtgwtmmMKBO NY&1i4t] whedtHe MEBRbicafnban

pl uri pot enc | opnent re observe I.n this nouse, expression
control of"* ‘é‘g@%cgg E? Vﬁé’ﬂtﬁ%r‘ta’?ée Bled dplg0 PRERBEGIEHELY 58 1Bhx 15
gene. Speeghd hediloy MiBGeRe | Le’ia @Em%qr £5888a bkl B%c%ﬁ@&p‘r@stsg&ltcﬁ%@@-éﬂ% .cells,
and they have sensitivity t [n contrast, the Bgeo knockin homonut ant
ES cel | st¢paifangeesiBe mﬂewargmlﬂgph@@mnam cantlmetbe efreiriizad agtididncent r at i on
(hi gher t V4 Qv fenon, an experi nent al
syst em fo?&\%téu%gﬁl}g{sw th%s%\!;pg 1menta'l a\%t gln%?rnagmpa?%% cat og was construct ed.
17 In t heWZﬂOémﬁm&)onSmhldiepémn lﬁﬁfﬁgﬁdmﬁl}@g fapford ware@laifa&héd KFdH8ae0 BgeO

IVEFS) wer flrst ol at ed fron1an @nbryo of the 6geo knocki n hononut ant
nouse (13% mnﬁ pEertal sysiap Gy 1 §Pﬁé@ﬂhﬁt§méé°ﬁ%¥wéﬁﬁﬁhss t he Fbx15

gene, t hes&@té@a@éaﬁﬁlcﬁ‘@e %Eogr%gﬁﬁ?%c&(ﬂ@(ﬁﬁﬁ'ﬂné Qé&%es@ﬁ&?m%%ﬁ@dlﬁd vity to

418. Wist, when the MEFs are fused wth ES cells that "have not been

gene- nanlﬁﬂﬂ&ﬁé@leiﬁbwﬂﬁavﬂE@N§@HE%§R¢H@¢ﬂV@H@W&8¥¢rd@h61%@cle| of MEFs are
reprogra Q. 1S e ve Gﬂl reS|stance

The reprgg%ﬁﬁ%ﬁ%%e%ﬁ%%%%gﬁgh&igg'Pﬁuﬂw%°§@$§%§ﬁlgéee "G4 FUPES St ance by
usi ng t hi Saldxpenndrebtialy. syetemtélinternani oy Peb| Acat it mB2EHS5/ 80598) .

Sear ches ctors were perfornmed by using the
aforenent&@ﬁ@&lg@gﬂ‘?ﬂ%%ﬁ%ﬁAgng@ﬁ? Flg 1), and total 24 kinds of genes
were selected as candi date reprogramm ng factors, including genes show ng

specific

Table 4

Number | Name of Gene | Explanation of Gene

1 ECAT1 ES cell associated transcript 1 (ECATL)

2 developmental pluripotency associated 5 (DPPAS), ES cell

ECAT2
specific gene 1 (ESGU)

3 ECATS3 F-box protein 15 (Fhx15),

4 ECAT4 homeobox transcription factor Nanog

5 ECATS5 ES cell expressed Ras (ERas),

6 ECATT DNA (cytosine-5-)-methyltransferase 3-like (Dnmt31), valiant 1
7 ECATS ES cell associated transeript 8 (ECATS)

8 ECAT9 growth differentiation factor 3 (Gdf3),

9 ECATI10 SRY-box containing gene 15 (Sox15),

10 ECAT15-1 developmental pluripotency associated 4 (Dppa4), variant 1

11 ECAT15-2 developmental pluripotency associated 2 (Dppa2),

12 Fthl17 ferritin, heavy polypeptide-like 17 (Fthl117),

13 Sall4 sal-like 4 (Drosophila) (Sall4), transcript variant a
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expression in ES cells and genes suggested to have i nportant
mai nt enance of differentiation pluripotency of ES cells.
Tables 4 and 5 bel ow. For 8-catenin (#21) and c-Mc (#22),
(cat enin:
of Gene Expl anation of Gene 1 ECAT1 ES cel

shown in
type nmuta

nts

2 ECAT2 devel opnent a

gene 1 (ESGl) 3 ECAT3 F-box protein 15 (Fbxl5),
transcription factor

Jiahle-45Cp

DNA (cyt oSt

S33Y,

afket hyl transferase 3-1ike (Dnnt3l),

roles in the
These genes are

T58A) were used. Table 4 Number Nanme
associ ated transcript 1 (ECAT

c- Myc:

pl uri potency associated 5 (DPPAS5), ES cell specifi
4 ECAT4 honeobox
Nanog 5 ECAT5 ES cell expressed Ras (ERas), 6 ECAT7

valiant 1 7 ECAT8 E

active

1)
c

S

cell assoriate cript 8 CAT9 romﬁh di.fter on factar
S° aaray CTAE EELRRREE! B LR i, e b iR ik P B "
devel opneptal pl usdsgot ency a>sﬂguﬁk@&nénﬁﬂﬁﬁﬁéﬁds&@n|ant 1 11 ECAT15-2
d6V6|Oanltdi phoripotencyassociated 2 2—Fthtt7ferrttin—heavy
pol ypept i d& | i ke| BY Ft h117) zxmsﬁsae}mo@m i} (Aead2, ( Dr 0so) hila) (Sall4),
transcripfqvaria 18 Tab 1 t3/ do
ranseri ptiba taptd® 1 poust 3t PRk AdICLe SRR Rerf 18880 o)
16 Rex|l zjrm fingedlprotein ¢2c@Zb@ﬁﬂ%nwﬂ&a&ﬁmﬂtmenjferentlated enbryoric
cel |l transcriptiponm factor—1 {Utf Tett—T-cetit— ynpnunu 0] t:de()l mt—1
(Tel 1), 19t el | a>@B%el opment $ave Pmerlfffétpérrwi%w&%oata&ﬂi 3(meghs 20 KI|f4
Kruppel -like factegs4 (gut) ﬁl{ééllglfg G t gatenin (cadherln
associ at ed protej i 4 6 mﬁhﬁlﬁi_ﬁgggégmyg ytonatosis—
oncogene |(Myc), FBcaBbt 3 si ghadtertin dmeld eod 8 i ssvaid tealgtrbteat) Olse tafl, $mﬂhﬁ@hnmﬁmor 3
(Stat3), .
22 e-Myc myelocytomatosis oncogene (Myc),
23 Stats signal transducer and activator of transcription 3 (Stat3),
a
transcript variant 1
24 Grb2 growth factor receptor bound protein 2 (Grb2),
Table 5
NCBI accession number
Name of
Number Characteristic Feature Mouse Human
Gene
Gene specifically expressed in ES
1 ECAT1 AB211060 AB211062
cell
Gene specifically expressed in ES NM_0010252
2 ECAT2 NM_025274
cell 90
Gene specifically expressed in ES
3 ECATS NM_015798 | NM_152676
cell
Transcription factor having
homeodomain, essential factor for
4 ECAT4 AB093574 NM_024865
differentiation pluripotency
maintenance
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transcript variant 1 24 G b2 growh factor receptor bound protein 2 (Gb2),
Tabl e 5 NCBI accession nunber Nanme of Nunber Characteristic Feature Muse
Human Gene Cene specifically expressed in ES 1 ECAT1 AB211060 AB211062
cell 2 ECAT2 Cene specifically expressed in ES NMD25274 NMD010252 _ cel
90 GCene specifically expressed in ES 3 ECAT3 NWD15798 NM 152676 cel
Transcription factor having honmeodomain, essential factor for 4 ECAT4

AB093574 hh@g%ﬁ@gntﬂlfferentlatlon pIur|potency mai nt enance 19 Table 5
1181532

(Cont.) R i-+y—prot-et—ES—-eel—growt-h-5—ECAT5-NM-181548 -NM-181532
pronoting| factjor DNA net hy Ra$&wmbammynmlﬁéhﬂlgdwﬁlECAT? NN019448 NM 013369
factor, essénti®ATor inp |nt|n9$§§ge specifically eXp¥etElddsi nNESIFINSEATS
AB211061 ABR211063 _cel |, hBATY ?* domai n
DNA methylation enzyme-related
6 | ECAT7 NM_019448 | NM_013369
factor, essential for imprinting
Gene specifically expressed in ES
7 | ECATS8 AB211061 AB211063
cell, having Tudor domain
Gene specifically expressed in ES
8 ECAT9 NM_008108 | NM_020634
cell, belonging to TGFB family
Gene specifically expressed in ES
9 ECAT10 NM_009235 | NM_006942
cell, SRY family transcription factor
Gene specifically expressed in ES
10 | ECATI15-1 NM_028610 | NM_018189
cell
Gene specifically expressed in ES
11 | ECATI15-2 NM_028615 | NM_138815
cell
Gene specifically expressed in ES
12 | Fthll7 NM 031261 | NM_031894
cell, similar to ferritin heavy chain
Gene specifically expressed in ES
13 | Sall4 NM_175303 | NM_020436
cell, Zn finger protein
POU family transcription factor,
14 | Qct3/4 essential for pluripotency NM_013633 | NM_002701
maintenance
SRY family transeription factor,
15 | Sox2 essential for pluripotency NM_011443 | NM _003106
maintenance
Gene specifically expressed in ES
16 | Rexl NM_009556 | NM_174900
cell, Zn finger protein
Transcription regulation factor
17 | Utf1 highly expressed in ES cell, NM_009482 | NM_003577
promoting growth of ES
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Gene specifically expressed in ES 8 ECAT9 NM 008108 NM 020634
belonging to TGFB fam |y Gene specifically expressed in ES 9 ECAT10

NMD09235 NMD06942 cel |,
expressed in ES 10 ECAT15-
expressed in ES 11 ECAT15-
specifically expressed in

| NM_ 028610 NM Ol 8189 cel
2 NM_ 028615 NM 138815 cel
ES NWMD31261 NMD31894 cell,

| Gene spec
| 12 Fthl17

simlar to ferritin

cell,

ifically
Gene

heavy chaiyf@ene.gpecifically expressed in ES 13 Sall4 NML75303 NMVD20436

SRY fam |y transcription factor Gene specifically

CE” Zn HRger prctﬂ'n Dﬂlfamly fr::nchrlnflnn fahfnr1 14 Cct 3/ 4
essent ial |[for pluripot ency M@ﬁeﬁ%@tWM?Ol mai nt enance SRY famly
transcriptibh fEdtor, 15 & f)( essential _far E%I ur.i pot |H¥00NBT 1 AWBL ARIBE3106
mai nt enange_Gene speci ficafPy” @%B]ﬁ’&gléfasﬁ i Rex| NM 009556 NML74900
cell, Zn finger protein Ti @@gggﬁ&;ﬂcgpy gg;gggsgg wppsfactor 17 Wf] highly
expressed| i I BSteBd |, NM 009482 NM 003577 pronoti ngl dMownsdelef  EE 2097Babl e
5 (Cont.)| Oncogene acti valF®dy AKT,
Abundantly expressed in ES cel],
20 | Kif1 both actions as antioncogene and NM_010637 | NM_004235
oncogene are reported
Transcription factor activated by
Wnt signal, involvement in
21 | B-catenin NM_007614 | NM_001904
pluripotency maintenance is
reported
Transcription control factor
participating in cell proliferation
22 e Mye and differentiation and oncogene, NM_010849 | NM_002467
involvement in pluripotency
maintenance is reported
Transcription factor activated by
LIF signal, considered essential for
23 | Stat3 NM_213659 | NM_139278
pluripotency maintenance of mouse
ES cells
Adapter protein mediating growth
24 | Grb2 factor receptors and Ras/MAPK NM_008163 | NM_002086
cascade

cDNAs of these genes were inserted into the retroviral vector pMX-gw by the

Gateway technology. First, each of the 24 genes was infected into Fhx158eeo8ze0 MEFs,

and then (3418 selection was performed under ES cell culture conditions.

However,

no (G418-resistant colony was obtained. Next, the retroviral vectors of all of the 24

genes were simultaneously infected into Fbx156ge08ge0 MEFs,

When G418 selection

was performed under ES cell culture conditions, a plurality of drug resistant colonies

were obtained. These colonies were isclated, and cultivation was continued.

It was

found that cultivation of these cells over a long period of time could be performed, and
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18 Tcll NM 009337 NM 021966 abundantly expressed in ES cell Gene
specifically expressed in ES 19 Stella NM 139218 NML99286 cell Abundantly
expressed in ES cell, 20 KIf4 both actions as anti oncogene and NM)10637
NM 004235 oncogene are reported Transcription factor activated by Wt
signal, involvenent in 21 6-catenin NMD07614 NM 001904 pl uri potency

mai ntenance is reported Transcription control factor participating in

cel | prolitharatdeRlLRaE mMthodRd <Ghidahentd *lHsQRIa0d: 0N COoGaRe N 0849
NMD02467 i nvol venent in pluripotency naintenance is reported

Transcri peelbrepresensrindece phtratang stan pellsi(glsatalleddASildercelds' edifehtd al for 23
Stat3 NM_ 659 .« P wapluripoten nmai nt enance use ES cells
Adapter peakern Hertan nosgeBi R S a TN LT O Sed I e Mk

NMD08163 NiNFepORGBE] colladaaligccibiBsobifstd)hese genes were inserted into the
y technol ogy. First, each of the 24

retroviral vect MX- gw by th t ewa .

genes was i nf ec%@gieﬁPﬁsﬁB’iﬁg’é@éé’%@é’B?WF%neSWGFFPéﬂlnéﬁnggélf(é%p i on was
per f or med yHagefenEStic R Harﬁéljstsﬂ&?aw&ﬁjdg;drﬁwcﬁ/@%&y Bfund 158e FhiBsk &gt ant
col ony was obtained. Next, the retroviral vectors of all of the 24" genes

wer e si nuBt afievasiopnd phasdhe exnirptsionr i N 56 g enk 6lyentdEEs of MhedlsGtigese| ect i on

vas perf Oped HNASH oFSefl ba b M ifnRAF A0S, AwRESTRA fb e hactn 9
status was examined by the bisulfite genomic sequencing, it was found that the Nanog
gene and Fbx15 gene were highly methylated in MEFs, whereas they were
demethylated in the iPS cells (Fig. 4). About 50% of IGF2 gene, an imprinting gene,
was methylated both in the MEF and iPS cells. Since it was known that the
imprinting memory was deleted and the IGF2 gene was almost completely
demethylated in the primordial germ cells at 13.5 days after fertilization, from which
the Fbx156eeobeec MEFs were isolated, it was concluded that iPS cells were not derived
from primordial germ cells contaminated in the Fhx158zeo8geo MEFs. The above
results demonstrated that reprogramming of the differentiated cells (MEFs) into a
state close to that of ES cells was able to be induced with the combination of the 24
kinds of factors.

Then, studies were made as to whether or not all of the 24 kinds of genes
were required for the reprogramming, With withdrawal of each individual gene, 23
genes were transfected into the Fbx158coBeeec MEFs. As a result, for 10 genes, coleny
formation was found to be inhibited with each withdrawal thereof (Fig. 5, the gene
numbers correspond to the gene numbers shown in Table 4, and the genes are the
following 10 kinds of genes: #3, #4, #5, #11, #14, #15, #18, #20, #21, and #22). When
these ten genes were simultaneously transfected into the Fbx158ze0/ze0c MEFs, G418~
resistant colonies were significantly more efficiently obtained as compared to
simultaneous transfection with the 24 genes.

Furthermore, 9 genes, with withdrawal of each individual gene from the 10
genes, were transfected into Fbx158scofge0 MEFs., As a result, it was found that G418-
resistant iPS cell colonies were not formed when each of 4 kinds of genes #14, #15,
#20, or #22) was withdrawn (Fig. 6). Therefore, it was suggested that these four

kinds of genes, among the ten genes, had particularly important roles in the induction
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wer e obtained. These col onies were isolated, and cultivation was conti nued.
It was found that cultivation of these cells over a |ong period of tine
could be perfornmed, and 21 that these cells had norphology simlar to that
of ES cells (Fig. 2). In the figure, iPS cells represent induced
pluripotent stemcells (also called "ES Ii ke cells", "ES-like «cells", or
"ESL cells"), ES represents enbryonic stemcells, and MEF represents

di fferentiatgtogehhingenbryonic fibroblasts). Wen expression profiles of

t he marker genes were exam ned by RT-PCR, undifferentiation markers such
as Nanog and Cct3/4 were found to be expressed (Fig. 3). It was found that
the expression, o reas the
expre55|o§§oka%%§$€m&%§ oﬁ%ﬁﬁ?ﬁgﬁn%WW$JBWEE§§€8PFéiHV%gﬁgﬁﬁﬂ met hyl ati on
status was exaniness &ntihed Whetibf ot GRNRHLE oSLAURNEH AGng ilsom@tie EQlsnd t hat
t he Nanog ene and Fbx15 gene were highly nethylated in MEFs, whereas they
wer e né‘ta%)?F]élF\éeﬂ’l‘? Wit ke foms kingls|of eques g Which PABGRIASORPHENGGES gene, an
inprintln e ce it
wee. known P o e R A T nte W A R tRedeEIT s

al nost coﬂrpldétOége}nesaélﬁ’eombinatiemoii the tafiere peitiorediddtindesimeced, b®n1ahat1<31s5 days
after fert} t|o from whi ch e Fb I58 eof 6geq . MVEFs ted, it
was concl ui‘ ot ? Slofgge%eglain%m’\%é]t)%a %B}ds F‘?rﬁf ’dandfég’gﬁ’l }C’H‘BV\%?"&I’ 2y cells
cont am nabﬁgbnleﬁlamb@g o kiBgeof 8969 tMebSets D e AMSe 1ét@§wa11§ tﬂ@@m@a rated
that reprogramming of the differentiated cells (MEFs) into a state close
to that ofTESCMFFceliags suratiaslpa vhighSeer Wit koacked wénbieddel daenst the 24

ki nds of B@%tlgélﬁt Wmﬁrlhe §ctkﬂgis%§ r%ve?%ﬂ%n?{ﬁxc&? 1‘@’6%4*1@ %ttaﬁpéalc?’{;‘zjasr of the

24 kinds of genes were reqU|re e reprogranm ng awal of
each |nd|vwdué%mgehezﬂﬂﬁmggehbsemﬁwwaaﬂamsﬁ@mwememm&mﬁkhEﬁﬁhkﬁﬁﬂgeoiggeo

MEFs. As r col tlon was und,t o be

i nhi bi t edg\iﬁnf’%cé% P‘YI% tthﬁgp gwéqe sof ﬁ‘:érfeég?yg( ‘i9|f10d110 th’F ﬁ%loﬁ%‘éb(% gike ¢

cor r espongerderifi@ugeiewidiaenisy SAWRode by kaPl16-géne 8RdsdRBoHENFReRfIRsE hE

foll ow ng 10 ki nds of genes: #3, #4, #5, #11, #14, #15, #18, #20, #21, and

#22). Vhefplonipigeremansagehdle nembesiofmlennebusny iRT cllsnerbeldey neodt he
Fbx158geo0Bgen NMeFs. 19 A8s if B8 3 dea&*th&% EFa Y8 tiSd Qﬂ{e}éa%acﬂé doYy {10 ©

efficiently obtalined as conpare taneous ranstection wth the 24
genes. Fusdnteevhmb leyer gelghzmessof lbeswintongridwhineoin gechsd sfdhytduad gene from
the 10 transduction. As for the 4 genes, almost the same numbers of iPS cells were obtained

with either of those derived from mouse or those derived from human.

When 3 genes selected from the aforementioned 4 genes were transduced, 36

flat colonies were obtained with one combination #14, #15, and #20). However, iPS

cells were not observed when they were passaged. With another combination (#14,

#20, and #22), 54 small colonies were obtained. When 6 of the relatively large

colonies from among those colonies were passaged, cells similar to ES cells were

obtained for all these 6 clones. However, it seemed that adhesion of the cells between

themselves and to the culture dish was weaker than that of ES cells. The

proliferation rate of the cells was also slower than that observed in the case of the

transduction with the 4 genes. TFurther, one colony each was formed with each of the

other two kinds of combinations of 3 genes among the 4 genes. However,

proliferation of the cells was not observed when the cells were passaged. With any of

combinations of 2 genes selected from the 4 genes (6 comhbinations), no G418 resistant

colonies were formed. The above results are shown in Fig. 7.

Further, the results of observation of expression profiles of the ES cell marker
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genes, were transfected into Fbxl 58geolegeo MEFs. As a result, it was found
that (418- resistant iPS cell colonies were not fornmed when each of 4 kinds
of genes (#14, #15, #20, or #22) was withdrawn (Fig. 6). Therefore, it was
suggested that these four kinds of genes, anmong the ten genes, had
particularly inportant roles in the induction 22 of reprogranm ng. Exanple
2: Induction of reprogrammi ng with conbination of 4 kinds of genes It was
exani ned \@'@ﬁéshg;rwppcnoaﬁelsmm By . ﬁ%@rdg&ﬁﬁ%ml{é%&ﬁw&gf@ééf811&% I's was
achievable with the four kinds of genes of which particular 1 nportance was
suggest ed FanpngS etlls eptrhdjehishy tBynﬂshlplmlg ddeeecEibi/Adiifband - Mire

af orement i, ki e £0 ti.0 t he af.orenentioned 4
ki nds of g ggenjcé)da S%g%fné%us ef(l)ensl@m@zpﬁasasﬂgfto gleentfggeea%ﬁlng the 4 kinds of
genes, andemmﬁmtmzts '"aB€AG’), and yo Zerlds 1t #4045, gene s adming 1tiRdaBleki wgle of

genes, theﬁg%f 5 g%fggenes wer e retrow raII transduced  into the MEF cells
as somati ¢U¢H fodhe PRYY BsgETeiied aRndlked! ) mte FORE ERKT BIkjend S cells

resul t, wagaptidiRd4yki-HdsuQh 9@@&%9&%%&6@%’%&'9&%@%@90%& i eo%'a%t ant
col onies were obtained. AI% this result was al nbst the sarre as that
obt ai ned B§ult rwuse rrawhldhégﬁoomwrtomdwt@ﬂlel&“bmdé gerfe (genesen@ﬁ?@ "80EGATes) ,

the col h than th
byt he 10°5EHE P RARCAIREPORS ceie Aot RUSECIRGHEh PR Gr FRerglt TR o

nuber s oRNzelvosik earitiadiang tiddGedcelth DIMphel egyvyesmtOmitkionesgamang 12
clones in é%e crase of the 10-gene transduction, whereas there was a
somewhat POlker FiEshaaRy clONAY weropenatedtig Ereist Hirescrimioneadingea st t he
4-gene téﬁ}@@&lﬁﬁﬂ@ﬁ}es@?tﬁe%s mqnéﬂ{g?g \ﬁ:lrg@)% 5?&;@@% nyg@@&%ﬁof I PS
cell's were obtained with either of tRose derived from mouse or those
derived fPNenvhandHRaphRER vagendsrrsel lecmsenlgﬁrimms\hhmhbnly@nmmedmed 4 genes
were tran col gni es were obt wi th on onbi nati on (#14,
b5 and BI05T Tatgvet PBReE YA PR DERE. R PR LR Vet iRl EREy her o
passaged. Tthmneédm@nce@@m@mmm @mabtelet, #20, and #22), 54 small col onies
wer e obtained. When 6 of the relatively large colonies fromanong those
col oni es were passaged, cells simlar to ES cells were obtained for all
these 6 chgnes. However, it seenmed that adhesion of the cells between

therrB6| VEeS a“d -0t hg nul t-yre rh ch Wwas \'A'eaker t han t hat gf ES G@l—l—s-— l'he
proliferakCARlr dtl*élﬁéﬂ’l RE& ceI IRGTVESH AGEE CTOWeYA GREANGAGAIT®AS# Ted i n|t he
case of fhe tr e . S
o ittt o acﬁ%g?\%ﬁﬁ%rﬁl}xs &Gt 88FEAT Rl NG A QU PAREY, Sacmy
Esgl pH34-U38 GAA GTC TGG TTC CTT GGC AGG ATG
pH34-1.394 ACT CGA TAC ACT GGC CTA GC
Nanog 6047-51 CAG GTGTTT GAG GGT AGC TC
6047-A81 CGG TTC ATC ATG GTA CAG TC
ERas 45328-8118 ACT GCC CCT CAT CAG ACT GCT ACT
ERas-AS304 CAC TGC CTT GTA CTC GGG TAG CTG
Gdfs Gdf3-U253 GTT CCAACCTGT GCCTCGE CGT O
GDF3 116914 AGC GAG GCA TGG AGA GAG CGG AGC AG
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ot her two kinds of conbinations of 3 genes anong the 4 genes.

However,

proliferation of the cells was not observed when the cells were passaged.

Wth any
conbi nat

are shown in Fig. 7.
profiles of the ES cel
The detalhgbgnsﬁﬂgtﬁethod are as follows.
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23 genes by RT-PCR are shown in Fig. 10.
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Oct3/4

Oct3/4-59

TCT TTC CAC CAG GCC CCC GGCTC

Oct3/4-AS210

TGC GGG CGG ACA TGG GGA GAT CC

NAT1

NATI1 U283

ATT CTT CGT TGT CAA GCC GCC AAA GTG GAG

NAT1 L4786

AGT TGT TTG CTG CGG AGT TGT CAT CTC GTC

The results shown in this figure revealed that, by transduction of the 3 genes,

expression of each of ERas and Fgfd was efficiently induced, but expression of each of

Oct3/4 and Nanog, essential factors for the maintenance of pluripotency, was not

induced, or was very weak even when induced. However, when the 4 genes were

transduced, there was one clone #7) in which Oct3/4 and Nanog were relatively

strongly induced among 4 clones examined. Further, when the 10 genes were

transduced, strong induction of each of Oct3/4 and Nanog was observed in 3 clones

among 5 clones examined.

These results revealed that a combination of at least 3 genes #14, #20, and

#22) was essential for reprogramming, and in the cases of the 4-gene group and 10-

gene group including the 3 kinds of genes, the reprogramming efficiency was

increased in proportion to the increasing number of genes.

25



Table 6 (Cont.) Fgf4 Fgf4-RT-S CGT GGT GAG CAT CTT CGG AGT GG Fgf 4- RT- AS
CCT TCT TGG TCC GCC CGT TCT TA Cripto Cripto-S ATG GAC GCA ACT GTG AAC ATG
ATG TTC GCA Cripto-AS CTT TGA GGT CCT GGT CCA TCA CGT GAG CAT Zf p296

Zf p296- S67 CCA TTA GGG GCC ATC ATC GCT TTC Zf p296- AS350 CAC TGC TCA CTG GAG
GGG GCT TGC Daxl Daxl-51096 TGC TGC GGT CCA GGC CAT CAA GAG Daxl - AS1305
GGG CAC TGT TCA GIT CAG CGG ATC Cct3/4 Oct3/4-S9 TCT TTC CAC CAG GOC CCC

CCC TC Oad3ht1~APA1Q1, LGGr (A . CC NAT1 NAT1 U283 ATT CTT
oor Tor can B A A e R T S oo AT TGT AT
CTC GIC The resubtdsr showhatathehlifferehgatien plevipateady 4fhihe psthylidhedanB®uct i on of
the 3 gene xprassion of. each. of ERas and.Fgf4 was efficiently induced,
but expregezllls’C)ﬁheg@3 %58% e%@)hs&chtg zﬁﬁﬁ%ﬂﬁnﬁgf&cg@%é’:ﬁﬁﬁﬁ“@&éf%?s for the

mai nt enangebdtaebusly PALEFIEYied Wats Ak mibd)dUGQGesQF, WRSrVBIWnd\Eaike €Ven when

i nduced. However, when the 4 gsnes were transduced, there was one clone

(#7) in wArRr e tlort absarredeith dSpete wert Brebinall srirehy| Vlistalsaseldy, sbong 4
cl ones exam e > tr ..Strong

Cnaucti onapAEdonditbd DL M0 o KhadOr AR08 Bag b A JARE R AT
cl ones exémfwednushbgdispesulat sissuesealdatdshat] @acdideitikatésonerofobatrvddeast 3

genes (#14, #20 . and  #2 was, ess i for reprogrammng, .and in the
cases of ?IHE‘ étﬁgﬁnggﬁi}ﬁﬂio%gy %gh%la%"r?fglﬁ i HCPHTR %ﬂ@lgi? RIS of
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factors, and 4 factors were” “subcut aneously ranspcl anted into nude mce. As
a resul t, rlunipoteschaving a size simlar to that observed with ES cells were
formed in all animals. Histologically, the tunors consisted of a plurality
of kinds of cells, and cartil agi nous tissues, nervous

Example 4: Reprogramming of fibroblasts derived from tails of adult mice

The 4 factors identified in the mouse embryonic fibroblasts (MEFs) were
transduced into fibroblasts derived from tails of Bgeo knockin Fbx15 adult mice
systemically expressing green fluorescence protein (GFP). Then, the cells were
cultured on feeder cells under the same conditions as ES cell culture conditions, and
(G418 selection was performed. In about two weeks after the start of the drug
selection, a plurality of colonies of iPS cells were obtained. When these cells were
subcutaneously transplanted to nude mice, teratomas consisting of a variety of all
three germ layer tissues were formed. Further, when the iPS cells derived from
adult dermal fibroblasts were transplanted to the blastocysts, and then transplanted
into the uteri of pseudopregnant mice, embryos in which the GFP-positive cells were
systemically distributed were observed among those at 13.5 days after fertilization
(Fig. 9), demonstrating that the iPS cells had pluripotency and were able to contribute
to mouse embryogenesis. These results indicate that the identified class of factors
had an ability to induce reprogramming of not only somatic cells in an embryonic
period, but also somatic cells of mature mice. Practically, it is extremely important

that the reprogramming can be induced in cells derived from adult skin.

Example 5

An effect of cytokine on iPS cell establishment was investigated. Expression
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ti ssues, nuscul ar tissues, fat tissues, and intestinal tract-like tissues
were observed (Fig. 8), which verified pluripotency of the iPS cells. In
contrast, although tunors were formed when the cells established with the
3 factors were transplanted into nude mce, they were forned
histologically only fromundifferentiated cells. Therefore, it was found
that a Sox famly gene was essential for the induction of differentiation
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pl uripotency and were able to contribute to nouse enbryogenesis. These
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t hat t he frepridgFarmmdnge caclcderep niuoacthitgweehdhsevdbleibyadify omtaldut t ski n.
Exanpl e 5. An fffe_ of cytokine on iPS cell establishnment was investigated.
Expr essi of'*"%6 W&Sr (pMX retroviral vector) for basic fibroblast growh
factor (bFGF) or stemcell factor (SCF) was transduced into feeder cells
(STO cells) to establish cells permanently expressing the cytokines. MEFs
derived fFs#neleé Fbxl 56seo 6geo nouse (500,000 cells/ 100 mm di sh) were

cuL 11 e on e GE L D AR  ADSSya fmly en
i ncr easeda2D2)t | Aewrdingly ghéies onard hed SIQCdtBeiPSduldd g ldFFst{Hsged 11) or
with the family genes instead of the 4 genes. In Table 7, combined experimental
results in duplicate are shown. With regard to the Sox family, Sox1 gave almost the
same number of (3418-resistant colonies formed and iPS cell establishment efficiency
as those with Sox2. As for Sox3, the number of G418-resistant colonies formed was
about 1/10 of that with Sox2, however, iPS cell establishment efficiency of the colonies
picked up was in fact higher than that with Sox2. As for Sox15, both the number of
G418-resistant colonies formed and iPS cell establishment efficiency were lower than
those with Sox2. As for Sox17, the number of G418-resistant colonies formed was
almost the same as that with Sox2, however, iPS cell establishment efficiency was low.
With regard to the KlIf family, KIf2 gave a smaller number of G418-resistant colonies
than Klf4, however, they gave almost the same iPS cell establishment efficiency.
With regard to the Mye family, it was found that wild-type c-Myc was almost the same
as a TA8A mutant both in the number of G418-resistant colonies formed and iPS cell
establishment efficiency. Further, each of N-Myc and L-Mye (cach wild type) was
almost the same as ¢c-Myc in both of the number of G418-resistant colonies formed and

iPS cell establishment efficiency.
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SCF (data not shown), as conpared with the culture on normal STO cells.
Further, although no i PS cell colony was forned on the normal STO cells
when the 3 factors other than c-M/c were transduced, colony formation was
observed on the STO cells producing bFG- (Fig. 11) or SCF (data not
shown). These results revealed that stinmulation with the cytokine
increased the efficiency of the establishment of iPS cells from MeFs, and
t he nucl e%blreefprogramn ng was achi evabl e by using a cytokine instead of

C- WC Example—6 Famly genes exist—f-or—all—of the-COct Ql/l I(lf/l c~M liC, and
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genes. | n®Table 7, conbiA¥E® experi me r es PSP gl | S5t X P& 5 Hown.
Wth regard to the Sox fam I y, Soxl gave aI nost ctiNsramane @gﬁa{@géy ©f
(418-r esi de.lIL cotonies—formed—and—+PS—cetHt—establ-shrent—effH—eci ety as
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regard tq the Kif famly, KIf2 gave a snmaller nunber of (418-resistant
col oni es SeHHdn Kl f4, howd¥er, they gavi@ al nost the2same i PS cel
establishpgppt effici ency, Wth regard 1P the Myc f§m' ly, it found that
wi |l d-type c-Mc was al m)s]t the sanme as a T58A nutant both in The nurnber of
(418-r esi|sMaawicol oni es $drnmed and i PSicel |l estabki shnment ef figci ency.
Furt her, ﬁg‘ﬁ%\%} N-Myc and L-M/c (each wild type) was al nost the sane as

c-Mc in the nunber of &418-ré<istant col odies formed 38nd i PS cel |
est abl i shnaat ficienc 27 Table 7 Twansduced Nujyper of formed Nunber of
pi cked Nyb ..ue.cv‘?g +HPS \,e?/?o gene—eol on:l'i‘ col-oni-es i;ﬁgf abl i °h°ﬂr§i%PS
est abl i sh#Eattorscel | straibn efficiency ¢% 4 Factorg 85 12 5 427

(-Sox2)

Example 7

Studies were made as to whether iPS cells could be established with a
reporter other than Fhx15-Bgeo. FEscherichia. coli artificial chromosome (BAC)
containing the Nanog gene in the center was isolated, and then the GFP gene and the
puromycin resistance gene were knocked in by recombination in £ coli (Fig. 124A).
Subsequently, the above modified BAC was introduced into ES cells to confirm that
the cells became GFP-positive in an undifferentiated state specific manner (data not
shown}. Then, these ES cells were transplanted in mouse blastocysts to create
transgenic mice via chimeric mice. In these mice, GFP-positive cells were specifically
observed in inner cell masses of the blastocysts or gonads of embryos at 13.5 days
after fertilization (Fig. 12B). The gonads were removed from the embryos at 13.5
days after fertilization ¢hybrid of DBA, 129, and C57BL/6 mice), and MEFs were
isolated. The isolated MEFs were confirmed to be GFP-negative (Fig. 13) by flow
cytometry. These MEFs were retrovirally transduced with the 4 factors and
subjected to puromycin selection, and as a result, a plural number of resistant colonies

were obtained. Only about 10 to 20% of the colonies were GFP-positive. When the
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(cMycT58A) Sox1 84 12 7 58 Sox3 8 8 7 92 Sox15 11 11 1 8 Sox17 78 12 2
17 KIf2 11 10 5 50 c-MycW 53 11 8 72 N-MycW 40 12 7 58 L-MWcW 50 12
11 92 3 Factors 6 6 2 17 (-Sox2) Exanple 7 Studies were nmade as to

whet her i PS cells could be established with a reporter other than
Fbxl 5- Bgeo. Escherichia. coli artificial chronmosone (BAC) containing the
Nanog gene in the center was isolated, and then the G-P gene and the
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0 e astocysts or_gonads of enbryos a .5 days after fertilization
(Fig. ;25)0315%%1‘9@%&3@%@ g RBved i poma lnemetivr yasinduceigtiBrelyaips af t er
fertilizath@ngRybf e 1. BBAPS %&%’(F%Pﬁ'?)@%@%g th@};_c ‘SQWQ{'%'%%H‘Q’IB‘% . 3) by
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gave norphol ogy (Fig. 14) and proljiferation (Fig. 152 simlar to those of
ES cel | s. SERHHnghIBvese cloprs tdifecebs hesgiresriqpatt et factovefipmdhe hat t he
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cells isolated from Fbx158geo/ 6gedo 6). Wen
t hese maintained by endogenous Oct3/4 and Sox2.
Example 8

iP8S cells in 10 cm confluent were trypsinized and suspended in ES cell
medium {the STO cells were removed by adhesion to a gelatin-coated dish for 10 to 20
minutes after the suspension). 2 x 106 cells were cultured for four days in a HEMA
(2-hydroxyethyl methacrylate) coated & coli culture dish as a suspension culture to
form embryoid bodies (EBs) (day 1 to 4). On the 4th day of EB formation (day 4), all
of the EBs were transferred to a 10-cm tissue culture dish, and cultured in ES cell
medium for 24 hours to allow adhesion. After 24 hours (day 5), the medium was
changed to an ITS/fibronectin-containing medium. The culture was performed for 7
days (medium was exchanged every 2 days), and nestin-positive cells were selected
(cells of other pedigrees were dying to some extent in a culture under serum-free
condition)(day 5 to 12). A2B5-positive cells were then induced. After 7 days {day
12), the cells were separated by trypsinization, and the remaining EBs were removed.
1 x 105 cells were seeded on a poly-L-ornithine/fibronectin-coated 24-well plate, and
cultured for 4 days in an N2/bFGF-containing medium (medium was exchanged every
2 days)(day 12 to 16). After 4 days (day 16), the medium was changed to an
N2AFGF/EGE-containing medium, and the culture was continued for 4 days (medium
was exchanged every 2 days)(day 16 to 20). After 4 days (day 20), the medium was
changed to an N2/bFGF/PDGF-containing medium, and the culture was continued for

4 days (medium was exchanged every 2 days){day 20 to 24). During this period (day
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cells were transplanted to nude mce, teratonma formation was induced,
thereby the cells were confirnmed to be iPS cells (Fig. 17). Further,
chinmeric mce were born by transplanting the i PS cells obtained by

Nanog- GFP sel ection to the bl astocysts of C57BL/6 mce (Fig. 18). Wen
these chinmeric mce were mated, germline transm ssion was observed (Fig.
19). In these iPS cells established by Nanog- G-P sel ecti on, which were
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transduced, a plurality of compact colonies were formed as well as flat colonies
considered to be transformed (Fig. 21). When 24 colonies were picked up from these
colonies and culture was continued, ES cell-like morphology was observed. Gene
expression profiles thereof were examined by RT-PCR, and as a result, the expression
of isgl, an ES cell marker, was observed in 7 clones. Induction of many ES cell
markers such as Nanog, ERas, GDI3, Oct3/4, and Sox2 was observed in clone 4, and
therefore the cells were considered to be iPS cells (Fig. 22). The above results
demonstrated that drug selection using Fbx15-Bgeo knockin or the like was not
indispensable for iPS cell establishment, and iPS cells could be established from
arbitrary mouse-derived somatic cells. This also suggested the possibility that iPS

cells could be established from somatie cells of a disease model mouse by the

aforementioned technique.

Example 10

As cells from which iPS cells were induced, hepatocytes and gastric mucous
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medi um was changed to an N2/ T3 nedium and the culture was continued for 7
days (day 24 to 31) with nedium exchange every 2 days. On day 31, the
cells were fixed and subjected to inmunostaining. As a result,
differentiation of the iPS cells into BIIl tubulin-positive nerve cells,
04-positive oligodendrocytes, and GFAP-positive astrocytes was observed
(Fig. 20). Exanple 9 In order to establish iPS cells fromarbitrary nouse
somati c CQ:EillsSb&ﬁé"@eﬁls%ﬂ?en thd OSSb A& Wl oL LRl hemeQ%A ?fe@%‘?e kagelLi n mouse,
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as Nanog, ERas, GDF3, Cct3/4, and Sox2 was observed in clone 4, and
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percentage of GFP-positive coIonles was 8% of the iPS cell colonies obtained.
However, in the group to which PD98059 (final concentration: 25 pM) was
continuously added from the next day of the retroviral transfection, 45% of the
colonies obtained were GFP-positive. The results were interpreted to be due to
PD98059 promoting the proliferation of the GFP-positive iPS cells, which are closer to
ES cells, whilst PD98059 suppressing the proliferation of the GFP-negative iPS cells
or differentiated cells, From these results, PD98059 was demonstrated to be able to
be used for establishment of the iPS cells closer to ES cells or establishment of iPS

cells without using drug selection.

Example 12

A plasmid, containing the red fluorescence protein gene downstream from the
mouse Oct3/4 gene promoter and the hygromyein resistance gene downstream from
the PGK promoter, was introduced by nucleofection into embryonic human dermal
fibroblasts (HDFs) in which solute carrier family 7 (Sle7al, NCBI accession number
NM_007513) as a mouse ecotropic virus receptor was expressed by lentiviral

transduction. Hygromycin selection was performed to establish strains with stable
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obtain plural iPS cell colonies. As a result of gene expression pattern
analysis using a DNA mcroarray, the iPS cells derived fromthe liver were
found to be nore simlar to ES cells than the iPS cells derived from
dermal fibroblasts or enbryonic fibroblasts. iPS cells were obtained al so
fromgastric nmucous cells in the same manner as those from hepatocytes.
Exanpl e 11 PD98059 is an inhibitor of MAP ki nase whi ch suppresses
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transduced into the cells. 24 colonies were picked up fromthose obtai ned

3. Oct3/4, Sox2, KIf4, c-Myc, TERT, HPV16 E7

4. Oct3/4, Sox2, K1f4, ¢-Mye, TERT, HPV16 E6, HPV16 K7

5. Oct3/4, Sox2, Kif4, c-Mye, TERT, Bmil

{Oct3/4, Sox2, K1f4, ¢-Myc and TERT were derived from human, and Bmil was

derived from mouse)

The culture was continued under the culture conditions for mouse ES cells

without drug selection. As a result, colonies considered to be those of iPS cells

emerged on the 8th day after the virus transfection on the dish in which the factors

were introduced according to Combination 1 (Fig. 24}, iPS cell-like colonies alse

emerged with the other combinations (2 to 5), although they were not as apparent

when compared to Combination 1. When only the 4 factors were transduced, no

colonies emerged.

Industrial Applicability
By using the nuclear reprogramming factor provided by the present invention,
reprogramming of differentiated cell nuclei can be conveniently and highly

reproducibly induced without using embryos or ES cells, and induced pluripotent stem
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after 3 weeks (Fig. 23, left), and transferred on a 24-wel| plate on which
the STO cells were seeded and then cultured. After 2 weeks, one grown

cl one was passaged on a E- well plate on which the STO cells were seeded
and cultured. As a result, cells norphologically simlar to ES cells were
obtained (Fig. 23, right), suggesting that the cells were iPS cells. The
nouse ES cell nediumwas used as every nedi um Exanple 13 Hunman adult
dermal fi heobhastariatihid b@FsSﬁav’M‘g ﬁfﬁlreﬁﬂﬁgwﬁﬁhw bhirBotehdd and

retroviral receptor) by usin entivirus, and the resulting ce Is mere
seeded on &b éﬁ@sﬁﬁbﬂﬁ@éﬁﬁﬁ0@@8P§kﬁﬁﬁﬁ@@W@bhﬂﬁﬂeated STO celI's). The genes
were retrovirally transduced as the follow ng conbinations. 1. Cct3/4,
Sox2, KlIf4, c-Myc, TERT, and SV40 Large T antigen 2. Cct3/4, Sox2, Klf4,
c-Mc, TERT, HPV16 E6 3. Cct3/4, Sox2, K f4, c-Mc, TERT, HPV16 E7 4.

Cct 3/ 4, Sox2, Kl f4, c-Myc, TERT, HPV16 E6, HPV16 E7 5. COct3/4, Sox2, Klf4,
c-Myc, TERT, Bm | (Qct3/4, Sox2, KIf4, c-Myc and TERT were derived from
human, and Broil was derived from nouse) The culture was continued under
the culture conditions for nouse ES cells wthout drug selection. As a
result, colonies considered to be those of iPS cells energed on the 8th
day after the virus transfection on the dish in which the factors were

i ntroduced according to Conmbination 1 (Fig. 24). iPS cell-like colonies
also emerged with the other conmbinations (2 to 5), although they were not
as apparent when conpared to Conbination 1. Wen only the 4 factors were
transduced, no colonies energed. Industrial Applicability By using the
nucl ear reprogramr ng factor provided by the present invention,
reprogranmm ng of differentiated cell nuclei can be conveniently and highly
reproduci bly i nduced wi thout using enbryos or ES cells, and induced
pluripotent stem 32 cells as undifferentiated cells having differentiation
ability, pluripotency and growmh ability simlar to those of ES cells can
be established. 33
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What is clainmed is: 1. A nuclear reprogranmng factor for a somatic cell,
whi ch conprises a gene product of each of the follow ng three kinds of
genes: an Cct famly gene, a KIf famly gene, and a Myc fam |y gene. 2.
The factor according to claim1, which conprises a gene product of each of
the follow ng three kinds of genes: Cct3/4, KIf4, and c-Myc. 3. The factor
according to claiml1l or 2, which further conprises a gene product of the

f ol | owi ng Vglentas claintaXisf am |y gene. 4. The factor according to claim 3,

whi ch conpri ses a gene product of Sox2. 5. The factor according to any one
of claims 1 to 4, which conprises a cytokine together with the gene

product of the WCA%E]I%LIVreQ?d%‘?angﬁiﬁé‘éE%? rgl:csr% %ic\%ﬁﬁ],q’vhim Qﬂxgﬁ*gsegg the Mc

famly gene. 6. The factor according to c erein t cytokine is
bFGF and/ geneSgpduct?f eqtherf tlachbowimgdebredikigls of gams: amEcofandlyajens, 21K¥o 6,

whi ch further conprise ne product of the follow ng gene: TERT gene.
8. The fa%}%%y%%go?ﬂfﬁgﬁ?gm§ﬁ¥g e of claims 1 to 7, which further

conprises a gepe PHOMURE aQbrdLNe RLAHUGHS Rt R8Ok f0RE Brddtds cRfh genes
sel ected from.the %roup_ consisting of the follow ng genes: SV40 Large T
anti gen, HPVeBoEsg thysylendso! eeneg O8R4 Kifg, amtheMyact or according to any one

of claims 1 to § Gl UibNehe GOTAL 565, A:OPASURLAGHGLQY, ggpe product s

of one or nore Ki genes sel ected group onsi sting of Fbx15,
Nanog, ERamduBCATASLHowiFeldepeantbxGandyennen. 10. The factor according to any
one of clains 1 ,tqo.9, ich further .copprises a. gene prodyct or gene
products of one4b?Nﬁﬁ%%°k?ﬁﬂ lﬁﬁgﬂ%ﬁﬁkgp 1 ?Eﬂ”#%ﬁﬁﬁ? %pﬁﬁ8ﬂﬁ§88%%sisting
of ECAT1, Esgl, 5DmHeIbetoELAIRling i ady 08@%E aidkCATLD whicHtdidphises #2114,  RexI,
UTF1l, Stella, Stat3, and G b2. 11. A nethod for preparing an i nduced

pl uri pot efittolgpe frzetier with tha @erarrodpeimt tog Mvefangilogens o drrigddcof st tenenhi ch

conpri sespaqasteR opf MGOBLARE IAg the nuclear reprogramm ng factor according
to any on% of cla?nggl to%a wth the somatic cell. 12. The net hod

accordi ng to cléai ihd fzetatreredingtthelasorfatviherdekhe dysolanhisrliGE eel/br SAB. An
I nduced pl uri po%.e%hesfg&g gc%l)lldir?gbttoaéiin?f%gle l())}(clglhn% {rf?otGh?v i&c&?{h%ir Q(?m;tn'cl)ses
a gene product of the following gene! TERT gene.

8. The factor according to any one of claims 1 to 7, which further comprises
a gene product or gene products of one or more kinds of genes selected from the group
consisting of the following genes: SV40 Large T antigen, HPV16 E6, HPV16 E7, and
Bmil.

9. The factor according to any one of claims 1 to 8, which further comprises
a gene product or gene products of one or more kinds of genes selected from the group
consisting of Fbx 15, Nanog, ERas, ECAT15-2, Tcll, and B-catenin.

10. The factor according to any one of claims 1 to 9, which further comprises
a gene product or gene products of one or more kinds of genes selected from the group
consisting of ECAT1, Esgl, Dnmt3L, ECATS, GAf3, Sox15, ECAT15-1, Fthl17, Salld,
Rex1, UTF1, Stella, Stat3, and Grb2.

11. A method for preparing an induced pluripotent stem cell by nuclear
reprogramming of a somatic cell, which comprises a step of contacting the nuclear
reprogramming factor according to any one of claims 1 to 10 with the somatic cell.

12, The method according to claim 11, wherein the somatic cell is a2 human

cell.

13. An induced pluripotent stem cell obtained by the method according to
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34 claimlt or 12. 14. A somatic cell derived by inducing differentiation
of the induced pluripotent stemcell according to claim13. 15. A nethod
for inmproving differentiation ability and/or growth ability of a cell,
whi ch conprises the step of contacting the nucl ear reprogranm ng factor
according to any one of clainms 1 to 10 with the cell. 16. The nmet hod
according to claim 15, wherein the cell is a human cell. 17. A cel
obt ai ned bikhe csebhod according to claim 15 or 16. 18. A sonatic cel

derived by inducing differentiation of the cell according to claim17. 35
14. "A somatic cell derived by inducing differentiation of the induced

pluripotent stem cell aceording to claim 13.

15. A method for improving differentiation ability and/or growth ability of a
cell, which comprises the step of contacting the nuclear reprogramming factor
according to any one of claims 1 to 10 with the cell.

16, The method according to claim 15, wherein the cell is a human cell.

17.  Acell obtained by the method according to claim 15 or 186.

18. A somatic cell derived by inducing differentiation of the cell according to

claim 17.
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