SPECI FI CATI ON Nucl ear Reprogramm ng Factor Technical Field The
present invention relates to a nucl ear reprogramm ng factor having an
action of reprogrammng a differentiated somatic cell to derive an induced
pl uri potent stemcell. Background Art Enbryonic stemcells (ES
cells) are stemcells established from human or nouse early enbryos which
have a characteristic feature that they can be cultured over a | ong period
Ef time while maintaining plur'p§§§8§H%Q5&. y to differentiate into al
inds of cells existing in living urman enbryonic stemcells are
expected for use as resources for cell transplantation therapies for
various di seases such as Parkinson's di sease, juvenile diabetes, and
| eukemi a, taking advantage @Pdﬁﬁ%R@FBF@ﬁEWPE@H@GIpropert|es However ,
transpl antation of ES cells has a problem of causing rejection in the sane
manner as organ transplantation. Mreover, froman ethical viewpoint, there
are nanylﬁﬂséeﬂﬁﬁﬂg opi ni ons against the use of ES cells which are

tablished b t | f dediff t.i at f tients'
a0 {101 ent ) AEEE CONGET e PR 0 e AOEEA T Bt Rl | s havi ng

pl uri pot erfiyn 8Ndp @eewhiig difeyentiabdd altR b RSRrRE Bl p1drigdtddi S
specification, these cells are referred to as "induced pluripotent stem
cells (i ptore g4l s) t hough they are sonetinmes 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

di ffi cul tBagkground Art As a nmethod for reprogramm ng a somatic nucleus, for

exanple, a tec e .of, est abl.i shi an enbryoni ¢.sfemcell froma cl oned
enbryo, prepar E@“‘ﬁ%}mll? Eﬁ‘?g’p“leg {]ﬁ ]jg?gﬁ{?ﬁt%‘ﬂ§e]¥?esaaﬁ?ﬁﬁr§{%&m&’é’ﬂa"i Hto an egg,
was I eporihdde M8y elibBiRE wllchHave a%ﬁh%ﬁé%mté%tuﬂ&hgcm%y &én b@ggfhrea/v S. Hwang
et al., Science, 308 1777-83, 2005: these articles were, however,

proved t&VeR foagppred ‘Ptgﬁ%e While magutaining nlirpakent abiifieteatifferehiistetintohni que of
D P BRI ORI 100l R BRRER] £5' Bl LAUPGED COL

has rather nore serious Bl ers when conpar e hary ES
ceI | s usfmgz&euuspéaoarceaﬁxry&txpnqdmnﬁ&onmhémpiela firzativandisdieeagich a4 t echni que

repro somatic.cell nucle si.n sorratl eII and an ES
cel | mas%;&Fa‘?BS‘P’gap‘gﬁ"taéﬁ J‘(“Rﬂml?g et 3 1%“ ga "Htagﬁﬁ 53- 1558, 2001;
C. A Cowafrehedioned PeopRpBES. %&ev&?ﬁr&ﬁﬁﬁaﬂﬁtm@m ceﬂé%‘éqfrobﬂeﬁ'o? net hod

results in the use of human ES c which fails to provide a solution to
t he et hi €&¥sigg yejqctign i1 the samgrpanner aaormﬁmmbnmtlmepg/bmmm@@ cel |

nucl eus . I ai i germ cel |

t unor ge%gl}lgatqggewpﬁglta@unaneqﬁ JISS%(?{&% ?%}notn?a?mﬂ rl]1&uggffigsﬁg(%epc?rted (C K

- Tar anger wéiichedre esfublisheBibgldestTeyibg hitfhan@mbydkd- Baled #R0Mmtiatida \oepetientd't Vas
conpl et el nkNown iC one he,extr ced the reprogranm ng
inthis Pré’fl Vﬂ‘tfw{llﬁ%“%tf‘b‘?e SC?L{#@ ﬁ’é‘i"r‘fﬁ‘at%ﬁéﬁ"‘gﬁ%ﬁ? V5IE t echni cal
reliabil bidhp%ﬂéil@ ah@kYowth ability sinfildPRb MefoPES%Qﬂsq%‘tﬂQs@ecméﬁdl&ﬁ:hese
reprograming factor haV| an action of reprogranmng differentiated

somat i c edisaye refexred fo/es lindhsed alugipetdns steamcellstdifscelel | thm heppused

(Inter na%&ﬂ&%ef &Jcllﬂ “&Lﬂn&ﬁm‘é“@% Oge/lp]?éeggehs" h’E%lﬂgace d' 1‘9 rrp“ls o3 he st eps
of contacting sonatic cells containing a gene. in nﬁﬂ?@f‘ gene is
posi t i onékhtsoclaells@otild be ivged @(ﬂbﬂgﬂhﬁputﬁﬁﬂ&e&l@lfr&ky&c&ﬂ r@&r&{o@&ﬁleﬂﬂcalont rol

regi on ObeEi g ECAT (ES cell associated transcript) genes (i.e., a class of
genes spg #1781y expressed in ES cells), with each test substance;

exami ni ng pr esﬁgﬁ%&ho@ﬁs??é’t%g@fmﬁﬁl% 2ORRREH MR Forfexbfiple, hRAMnRHR €SSes
the marker gene; and choosing a test substance i nduci ng t he appear ance of
sai d cel pf establishingdincamheyertic stemslldfom refimed emintiongrebactddry f or somati c

cells forr RLo ram*nn matic cell is anple 6
and the%@%ﬁgﬁl?%%ma B e SRS Qm ﬁgw@%fev?as rf‘%?rgecap@ﬁ%?@gﬁ"%% ’52. s to
report aBciafdeyads,ipdanved mmnunwsoi{vaaﬂgwalaeasmé@prmrwmsﬁ agpmr. Pat ent
docunent 1: Internatiaonal Publi catl on W?2005/ 80598 Di scl osure of the

| nvent i ofhese articles Weye Jwexer. Brove k&0 b dERttige PR it teRvithdra Er ovi de a

nucl ear n%%@&rame@auae&wmpmg%%@ Gled | fifbloon for ke PMlpORI gCt Of the
present invention to provide a means cing reprogramm ng of a

di f f er entdtabledinel$ callst houtathsi moreagrjsys @htmaymblems vHfSnoweparedtvaith
conveniently and highly reproduci bly establish an induced pluripotent stem
cell having pluripotency and growth ability simlar to those of ES cells.
The inventors of the present inventiorn conducted various research to

achi eve the aforenenti oned object and attenpted to identify a nucl ear
reprogrammng factor by using the screening method for a nucl ear

reprogr arrm ng fact or d| scl osed in | nt er nat| onal Publication W2005/80598.
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In addition to these factors, there is provided the aforenentioned factor,
whi ch further conprises a gene product or gene products of one or nore

ki nds of genes selected fromthe group consisting of the follow ng: Fbx15,
Nanog, ERas, ECAT15-2, Tcll, and B-catenin. Accordi ng to anot her
preferred enbodi nent of the aforenentioned invention, there is also

provi ded the aforenentioned factor, which conprises a gene product or gene

product s _of. r .qore Kinds of.genes sel ected..fromithe groyp consisting
bt *the 1 bl he IR SpppnpRodiede Cil ARt DA 127

Ft h117, Sahiiue dffebrogoh@idifg a Sbahile collthc@uld By fusing a somdtic RNGHASH BSpect
the present invention provides a nethod for preparing an induced

pl ur i pot &t Was alsp exiortef YMnTiedaearals Eppoickni. mg-16P3 4555 RERY C-Lefavannhi ch
CoMpr | ses SRR 385, HOMN6A0/! Bhsh NEA QR TRALLANGH:BURL B3, LEPLETr anmi ng
factor wth the somatic cell. According to a preferred enbodi nent
of the i hvewnnikfhcellshehieh faile tp poowidbedsdlintdorafodhe renidal diffdidltiet hFdrthedi ch
conprises ,the.step of adding the.afarenenti oned nucl ear_reprogranmm ng
factor t 8 Rl oRspeiamman e it BudlgNs B THEDH oF et Pohel HetRod, whi ch
conpri sededifel HB6BR @fmicoll HRHMNCIRBrAe DBNELLREGR WHH a diFeraftofeeni & aned

nucl ear reprogramﬂ ng factor into the somatic cell; the aforenentioned

met hod, W#HoEted Gk Tranger etral., MadPiok Celi 16 an o HYy38.2085)ge Howevaroitae Somat i ¢
cell by ' xetelase) 0, LAl I ne.kind of gene
encodi ng U%h@g??%é ene % vg%g Céréﬁulgq%g% ﬁlr 1’2% %56%?‘ %%Pn@%cﬁ d? g?s:{eg ??gr%rﬁal The'

af or enenthis medhasie ihd thersthey, éiin netlswlitatsi prolsledk of eohmitAdelidbilibyandat i ent i s
used as t A somatic cell. I n anot her aspect, the present invention
provi des®4fi% nduced pluripotent stemcell obtained by the aforementioned
met hod. The pr asgéthod fo¥ 8ftbémiAe & nS@leRf P8 S mehiSo MRtdr hatBklandBliby 66 by

i nducing differentiation of t%e af orenmentioned 1 nduced pluripotent stem

cel | . reprogra’fpgng diffeaentisted, eqmatisreelle ta dratvepndided pbiripotant Bethsfegl st em cel |

t her apy, i j . . i .a_S tic cell., wherein
said cel Fv\é?gg%lgtge%r@%ﬂgﬁﬁ%m?l%@hﬁguﬁ mzij(@%{gbg%?bn of maeﬁhrﬁl%nc HEe esptihﬁri pot ent
st em cel btepbbRcortacting sohatiatetaoptiiniayatenetihachitica ngriergen@ls ¢ cel |
O R e b oo Lo b egion oy 1 i ca
funct i oNECAT @RI 61l bsoBihated teHERARH Fends (EIL CBIEM gends QREBON Y Wxptdied | ke by
usi ng vagﬁlsjs lgnl Iizhobjbal nedbby i nducing differentiation of an induced

pl uri pot Stlevh voieh pachidestismeelabee: examiaing peeence onslbenwtdice  The present
ands o gPRerip R blffu Bl ok LERRI Ua Whboslacl BbompSi ne
af or emenindoniag theigpeararce pf @dd selis g cdialid0¢ ofd hliclédraep@btammiig fheto her

provi des_a cel]. obtai ned lt?) he aforenenti oned nethod, and a somatic cell
derived [y SPRAtEFsS: of dior FIOFGRTABYRIRE aspmagpeet Hddclpyed ¥efixample

af or eneng ban ekt BRI FMe above publiftiodS| AEwbNE, (HICH EMeatiGPHAL FAEbAG act or
provided by the present invention, reprogranmng of a differentiated cell
nucl eus ddnaldentdfiratioh efa hycleardebyogrdyminenfactduci bl y i nduced wi t hout usi ng
enbryos E | | an..i n l uryg emcell, as an

undi ff erg{i\ eflgfhgcgm?gf ﬂ?ﬁlaﬁfﬁtjoxbaﬁﬁlgﬁce# %na"tvlagéﬁg;%q |%t y, pluripotency, and
gromh ability simlar to those of ES cells, can be established. For

exanpl e, _an i nduced pl uripotent stemcell having high gromh ability and
differ enp?s_é{"ﬁ‘b‘i’? Fltﬁf“ﬁﬁ’ﬂfé‘%y can be prepared froma patient's own sonmatic
cell by using hRenRtCreRd pleSitt QN AL Rtd AETRE 2 PuclRPrt&ieRmibNIVENt | ON.
Cells obtainable by differentiating said cell (for exanple, cardiac nuscle
cel|'s, ifstori Mprecaecificedlyciéid an objeqt wéthegiresena iventien td eyidepenetr enel y

useful, becauyse they can be utiljzed.for, stemcell .transpl antation

ther apt o8 PaLESaa EFtoaf e it s cifrdE nfeH 3L WP Lhd RBSTPREYERES. i noul i n
dependenks délad) e @mvemibhily a5 highlykiepaNciblydsSEAARR aaeldwRd PRIviged 1 Nj ury,

t hereby the ethical problemconcerning the use of human enbryo and

rej ect i offemfoel havingmdynrotencyisnd ssemthydibtysinder tothpserrf ES oplei ous cel | s
obt ai nabl e by g fi i ati 1 i L] (for

exanpl e, cardi ’gll(l:é( {lrlﬁéﬁag %té*{%eg eﬁgﬂﬁggﬁﬁiﬁ%%%ﬁgg Iriésl%g&ggglz%g‘%hl y

usef ul ahesyeterstibrod dbjeat arad aegmpfeflitc &deptidy a hoxlead deprogtamminpoficids,

medi canent s, poisons and the like. Brief Explanation of the Draw ngs

Fig. 1 shows a screening nethod for reprogranm ng factors using enbryonic
fi broblasts (MEFs) of a nouse having Bgeo knocki n Fbx15 gene. Fig. 2
depi ct s phot ographs showi ng norphol ogy of i PS cells obtained by introducing
the 24 genes shown in Table 4. Mrphol ogies of differentiated cells (MEF)
and of normal enbryonic stemcells (ES) are al so shown as a reference.
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Fig. 4 shows nethylation status of DNA in i PS cells. Genom c DNAs extracted
fromiPS cells, ES cells, and MEF cells were treated with bisulfite. The
target DNAs were anplified by PCR and then inserted into plasm d. Ten
clones of plasmd were isolated for each of the genes, and sequenced.
Met hyl ated CpGs are indicated with closed circles, and unnethyl ated CpGs
with open circles. Fig. 5 shows colony nunbers of (418-resistant cells

obt ai ned,by transducti.on o -gene .group and 23-gene qraups .wherein each
i vi dudt sl KSR a e SRR SRR e R g aRor SRAOTVEr par (s o

t he graphnshesical Baylicatish&re2008i80598 d Ash RBElL \Waknd 4fRhndile Gd&

sel ection, and the upper parts of the graph show nunbers of clones obtained

i n t hr ee WeEkfoawnd wp gpnesgelating ke audestaeprogeamping ant ampnghem, thyee kindh gene i s
the sane g, thate &g i I ) i [ n | oni es were

obt ai ned %t eaglhl‘?‘, ° o‘rg&%ofﬁ%&% %ng\}/{/;'gga(ﬁ)) %%essggy@%}e\gr%%grg%dm a 'tg?h ks,

Fig. 6 slwowstionwanpciovddemstheba&d aBtheadirsiantiored|fingirglt ai ned by
transduction of, 10-gene. group and 9-gene groups wherein each individual
gene was wit hd&gﬁnﬁ“?s%trh“gﬂ@‘%i&%ﬁ’é’vﬁeﬁﬂﬁ%“c BFPPERREATOT g GRS form,  #15 or
#20 was \éblhjé'ﬂé SN whit® cﬁﬁtlpﬁﬂé/s &%e%&ﬂcﬁ@ﬂeao%@fheﬁ%iﬁ%%ﬁé@ﬁm%der awn, a
few (418- resistant colonies were obtained. However, the cells gave

di f f er engprasedn Pok smulvagpe. K famidy senspard a My fainily geemt Aceadingli@a of i PS

cells. i .Sh rs of, A18-resj stant. ener ged | oni es
(reprogr gﬁ%%rﬁg% g?%%‘??'egmg\?fﬁﬂglgg g%ﬁ%n’é:?%rﬁ p: PRy ‘gdéﬁ éﬁeg?fgﬁeﬁ?e”glp ﬁ"é‘ir:l%“é’r oups, or
2- gene gratpdsingdpetaprodocpifehdgf thatbliswagshede kihés okad 05t3a, ®l1ghown. Fi g.
8 depicts hg&ographs showi ng results of hematoxylin-eosin (H & staining of
tunors f&P&ré' ¥fter subcutaneous transplantation of iPS cells derived from
MEFs i nto nudeAR&@ing b AARLEN eRLAR BN AnéhtY kSl pr@fiddd FUES 1N 2
triploblastic systemwas observed. Fig. 9 dépicts photographs of
enbryos pfoegraeniepngg factemwhich feithey doPSrises 4 gembarroded of therfoliaing geter aul

fibrobla i use, bl astocvysts and . transplanting the cells into the
uteri of g%gfeatfgﬁc?g Bghant i ce- it %eéxée Fbogpag v@‘&“?ﬁ%f?wﬁgeﬁ“?‘ﬁe upper |eft
enbryo, aflrémetined &attdr ®hich kempRSescteddns peattct 64 ig2gr een fl uorescence) were
systemcally distributed. In the |ower photographs, it can be observed that

al most al | cel E1ing fiestibanqthen proferred gaebod pend| therr g pstvidadedhenbryo wer e
GFP- posi Eonénéﬂ:ﬂJ_n\é@ ERtHEhi¢E ok Hmst%éﬁé ﬁ)%!adh%r W[i-?h the gede ﬁdecQ o?ep' cts

phot ographs showi ng results of -PCRconfirmng the expression of the ES
cel | mar KeaMyefaaeily gemet drelishuttoghapistead 9612 gene psodustiofithe dycitRGilgel | s

establ i sh by _the transducti on,.of enes int Fs, 4ECATs |[pdjcates i PS
cells esggrg'i shéd vy Pt %‘éﬂ? gg’%g%&eingﬁg%rfe 151"8’5?‘?%3%?1?{5”%{0“ ‘Jogéﬁs
i ndi cat ewhefd tiad dysokesd ialbhkis iBEbbikAL ERRvth FaAGOBEGFY Bn@br #OmAeN GfetdeNt 0 MEFS,

10ECATs i.n fibroblast indicates iPS cells established by the transduction
of 10 ge into derrmal fibroblasts, ES indicates nouse ES cells, and MEF

i ndi cates MEF gglol@inyid ROdbudB9S L6 ART dHGLABRnte] B D YPES oG al ues under
the synbol s indi ((:)at 3% onesunu%’érs. ' IIZlng’g. ﬁ %ﬂﬁgﬁg‘%\xeffect of

bFGF on thdeargeptveiahming factbr foPS somlatis célt, ovhiditegnprisesin gbacrodsctefipper row)

or three,f s_except..for, c- Myc_(l.ower, row),. we etroviral t ransduced
"o 1vi e 8 BB FalE ndREt s dlbe 0% AR0E 2. B of nary
feeder cinlity dehEQ MBL Eshily badel Indi Sob BahlesdHeeasd e Af@ehehtibdetraduced STO
cells (right). 418 selection was perforned for 2 weeks, and cells were

st ai ned WRich cerpasen 2 grgdredst phernspradirstef onper menekindapf searties i ndi cat e
the nunbgieedq £oheRL isti di'itﬂefiigw-g%pé  SaBhanat f the

experi mentes usi ng Na%%SPI%&S& iLnIZ%ESPurcg'1 m ce. e%élgs)ﬁg%%&air‘g?%ec al

chr onos oHEV{IBAS) HPY6 & 7namd)Brdik imadis BodNanogergaredidt of éreh o titeddetwas

i sol ated, and the, EGEP: | RES- Pur ssette was jngerjed upstre fromthe
codi ng r%ﬁ?lg'rige&?’ %ﬁ%@a@%ﬁ&%ﬁg? @é??ﬂ&?’ g%‘.‘e’?fﬂ%ﬁ%‘témﬂé %F%é‘“ag]“’e pr epar ed
w th t heThR®igth€d BAC. GFP expression was observed l[imtedly in inner cell
masses of bl astoﬁc;é?t_s and gonads. i 13 depi cts expl anati ons of

Fig.
t he experi nmentk afsiitign tdhewy-fEetre, tmmrevidﬁcgél.e sHpusmeatibnogdactor,
Nanog- EGER-.|, RG3, j . e ibization),.heagds, viscera
and gonzcjggmbvere gﬂégr?tg)l\?g}(ig{%géis%tpg%?%%r%—Esl.;mag&%o#ée%u rtmog% klzilﬁgloy?lnfsvw th a
cel | sordedacteddiromshe pouftebhdiigtdf viee fHlbWwigeKbsiseNahog, WRas, KeaT#ee fromt he
Nanog- EGFP- | RES- Puro m ce (Nanog) in the same nmanner as the Fbx15Bgeo/ Bgeo
nouse-derived 1VI EFs (Fbx15) or wild type nouse-derived MEFs Fi g.
14 depicts photographs of iPS cells egtablished fromthe
- Nanog- EGFPI RES- Pur o nouse MEFs (left) and the Fbxl5ezeo/ ezeo nouse MEFs
(right). The cells were selected with puronycin and 11418, respectively.



Fig. 15 shows results of growth of iPS cells. 100,000 cells of each of ES
cells, iPS cells derived fromthe Nanog- EGFP-1 RES- Puro nouse MEFs ( Nanog
iPS, left), and i PS cells derived fromthe Fbx156ze0l6zeo nouse MeFs (Fbx
i PS) were seeded on 24- well plates, and passaged every 3 days. Cell count
results are shown. The nunerical values represent average doubling tines.
Fig. 16 shows gene expression profiles of iPS cells. Expression of the

mar ker g s iy MEFs, ES cells, iPS cells derived from Nanog- EGFP- | RES- Pur o
nouse I\/E@Q‘i a(ﬁ%;bn‘%‘gemﬁs, left), and i PS cells derived from Fbx156zes6zeo
mouse MNEFs ( FbXcdoRfhg tedmtiararyzadd kinbbiinReRof the @ farbmetiarE ivanhtes, at t he
bottom i ndi cate the nunhers of passages. ) Fig. 17 shows teratoma

f or mat i offer? HraltRroxderbtie slgerentignediacgign WIdH: @EINTEeHE SRILOBICEES cel |'s or
Nanog i P LO] j g&ﬁ- f e mce,
and the g%r%?gbg%cﬁ&%fn EP gﬁggﬁggg%%ngg%egg&%%@e %{LSKP ? anﬂl%tqlf%e i mages
(right, fllswviegsEeAReINsgdr Busih@iwmECATS, Gdf3, Skkh, ECATAdywWFtidlgBatldt i on of

chineric,mc gt he oq.i cells. The chineric mce that were born
af ter t_rg“ﬁ’élp%é[ﬁ'tlagfehﬁ’ %&%]ﬁgdléﬁ%'g i PS celI's (clone NPMF4EK- 24, passaged 6
times) into thm DHodsdrQ@Y&k Sthe GRSl EREdnCproiAEs MRIeChddqb plep MO

transpl ant ed enbryos. Fig. 19 shows germline transnission fromthe
Nanog i PEdgedd @urlp@mlfaﬁamygﬂky@ﬂ%gwmwwmﬁ ofr somatisselh Whiclhat i ng of the

chimeric,pi i e Fi g . n 7Bl j reyv he exi stence of

tr ansgensiifiel Biled 8 hhou P K fRlbo Rod b BB g By T 0

ger m | i ngithrthe somstsd cefl. Fig. 20 shows induction of differentiation

- into nerve cells fromiPS gells. rve cells (top, 6111 tubulin-positive),
ol i godendr ocyt gcof‘{lw,aﬁf&?eﬁsemql% ,é%?gt%%wmﬂegw(r? PERIOVEEhBIposi t i ve)

di f f er engiodneshtioled/ inktiddf wR¥h A6k PRLes thD sRBlAS I Sing 8hd ¥MBrbniRBR&] | S are

shown. Fig. 21 depicts explanations of establishment of the i PS

cel | s wi pwdenr replogepreping fBepriotd anturgpihe gspmatic 0db thoafodmeptionek| | s per 10

cm di sh S, f Is.were retrovirably.transduced. No

col ony  abEuisaeRRNESmBEs e st L eRoRpE e RE R B KRBTGS e

t r ansduchudénrbypiobe rdiningChabsints il dohiagic edl; ahé eforahdntiontd thetiddpse of the

i PS cell sbgﬁre oht ai ned (center), .as |1 as flat transformant col onies.

When t heVBEPEmRER%S: PiysteRyddntredioing @it pngintofhe gampicelldhy Wilgt e obt ai ned
(right) . recombinant Fectbr comtaSONEt BEALNE MR EH e ol t8S aftbeh&ltlBicd

establ i shed wi thout using drug sel ection. was extracted fromthe

est abl i shedeararprogeimonineiinctpy; gnd ghe afgrranantigned miethedothenen £Smeatid mar ker
genes Wa, e]laigcﬁ%t)éa%%nfy Bi&rtRRed a5 the somfi@eeni23 Shows i PS cel [ -1ike cells"
derived from human 11 brobl asts e ¢l Oni es obt ai ned by retroviral

transducti on wvintdnobhsiragpdee tht @eust igeaasonqirotiies n frdetal Wuiipétent | br obl ast s

derived from hupman ryos (left), and the s after two passages (right)
are showffempey © t?&npg[%v%e alorepen ﬁ‘f‘e'%?d't g‘eiPF’@eBEH"%ntF?‘b"H'F%urran adul t

dermal  fiobiaebh ashstic deNClelRed BY SdiR My RGNS the blrGRLHIRYET € _
transduced retrovirally into human adult dermal fibroblasts infected with

t he nousedresdrmdyripadpntsdempeldr with | entivirus. The phot ographs shows phase
contrast inag (object x 10).om day 8.after. .t vi,ral jnfection..Best Mde
or Carryl ng_ ot R ibabd A0& BroRafid Routode phfhres) Mibn F¥ecc or of

t he pres@niprisay el dt@nofitfarspRmitk @l dodReic icéll, Whtkeintsaiddl is SRsinad ggne product
of each of the follow ng three kinds of genes: an Oct fam. |y gene, a Klif
fam |y geABGnaAtieEeniAtionghrr jndyeserluaipgteat esruretpbianed bt €rerred

embodi ”Eﬁﬁrenletnti'oﬁecﬁﬁéﬂféﬁh@ﬁigzae&%]ﬂictc]?ﬁﬁsolétec‘fQx‘i‘&’édé]%&%d %mgaegsa@ernqg% of a

Sox famly gene in addition to the aforenentioned three kinds of genes.

As a neasasd paendonfirnmi ng the nucl ear reprogramming factor of the present

i nvention, forexanpl t he screening .net hod, .far, nucl ear reprogranm ng
factors discl o'g}ﬁeoprlg%nl%mvgpﬁg’?%ﬂ%%rpﬁ%ﬂ ?Scahﬁeg}?(a\f@‘?@%“‘f?’é’@@B can be used.
The ent i g sibldgtdabiibcBo0br foRRitR005 eOBAIIHANE theditAlkicnala Hisohr tRCHEN at ed
into the disclosure of the specification by reference. By referring to the
af or eneritsigherigysseilcebtaignd by insweingidifferentiation ¢fandnduced plydnoientisteser eeni ng
of nucl ec%ﬁo’b@a%%ﬂﬁ@a@&e&?ﬁﬁi o hansenfirmthe existence and the action of
the reprogramm ng ‘factor of the present invention. For exanpl e, as
an experi ment drhegystemmieratibn aljo pheddesat mothod fortigprevpgy agligyafi ng
phenonenon, a nouse can be used in which the figeo (a fusion gene of the 6
gal act osi dase gene and the neonycin resistance gene) is knocked into the
Fbx15 | ocus. The details are described in the exanples of the

speci fication. The nouse Fbx15 gene is a gene specifically expressed in
differentiation pluripotent cells such as ES cells and early enbryos. In a
hononut ant nouse in which Bgeo i s knocked into the nouse Fbx15 gene so as
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(Fbx15Bge0/ BgeO MEFS) can be first isolated froman enbryo of the Bgeo
knocki n honmonut ant nouse (13.5 days after fertilization). The MEFs do not
express the Fbx15 gene, and accordingly al so do not express Ogeo to give
sensitivity to 418. However, when the MEFs are fused with genetic

mani pul ation-free ES cells (also have sensitivity to 418), lke() is

expr essefffanitihiien a8hlos cRRFOGT AR IIBwheh dhipiisethetstb S stdonting&RE OJr ammi ng
of nuclei of MEFs. Therefore, by utilizing this experinental system the

r epr ogr afeRemEnbieasd Autlerr xeRROBaMMiag nqtorwithdhesald anddugthgn provides a cell

Nucl ear iepto@haThl B8 dRGHRdGARKBE, & §§Jx§£¥i¢$&’elﬂ§érﬂ%dtb9‘%n?ﬁé?ﬁ§”em' oned
experimental system As candi dates of genes relevant to nuclear

r epr ogr atifferegtibtion of 8 celhohtiaimed iyt thegfforgmeasionethmigthasle| ect ed whi ch show
speci fic exprgssi.on.in ES cell rof. which | rant.roles in th

i nt enance di a6 &Stk ol Gl PRI E Bt Byt ony anc
it can hepe@pimbtiag ofv diffeeentinted otll aadbucandbdaimecgiently @ad higidyce nucl ear

repr ogranmm one _or . in,an appropriate i.hation thereof. For exanple,
L Bont! rEPTEc oSt wihane R BE Bl ordf linen G SRR PR | 1 hed
to be capahlegllOfs ANGHEIFRELNtRCd &IV RAAREHIflegeritiatiinl B RNpIRIpBEeRldnd i Nto a
state close to that of ES cells. Conbinations are then prepared by

wi t hdr avitAY the abilty Fgpilardo dhosgeh &5 qedi Rebesmipdiresl i Brioekagtiipiatat i on, and
the Samnaﬁéédgﬂﬁri?&ehh&eﬁpm A O R hAEwBP RbilitBAA BiFRE 80 Sel ect each
secondary candi dat e gene whose absence causes a reduction of the

r epr ogr anwiingtenerdenst boopreabidd frgm ey pdtiend's ofvnthmatiesed hy awsirientgeinvgleat i on
ability. By r at ] i A . th e i nes

2ol cot o eBLoeiEREh, Bt Bhebrab iRk Rt "I EARRIAL AN KRS

r epr ogr amid ol eneangde) chediseestledellgiokilin padutisg cdh, nermedetlhand she

conbi nat.i,on of gene .product.s of each of. the..three kind f nes,. an Cct
Fant 1y guird atetiane §RRh vecdlueTREY oft e MRk B stind 91 BradR5GR0) on
r epr ogr afietdifes BE b @hrietst of (Hsbabes duththhehrdioaidsufierdchahsdic asgenaaad on of a
gene product of a Sox famly, ghene additionally with the gene &ro ucts of
the af or&akates BsliusRasingenysisspseand srinakeogy indpp thersby thy gpica

charact %&ﬁkh?&n@érrﬁn%‘ﬁfé ERlof hA PR 38 dFr8fet @n aftPeGhhiflagnadRlesvef the
sel ection nethod for the nuclear reprogrammng factors are denonstrated in

t he exarpidedoffurthersysaiousicelds olyainabirehedidicrentinfingdhe indyrgd purtpntertbove
gener al I i d i.f] a i hose

S 11 od TaR Bt BB oBRAR b1 RIB kil B SRS B et hr ce
ki nds ofusgéres sysdosdsr ¢vaduateny effcanymirrigzicity sbhemmtposindel hedicamentishat t he
conbi nati on of hQﬁSﬁkt hree ki nds of gene products is essential for nuclear
r epr ogr ARG 20 M€ B5€ The nucl ear reprogramming factor provided by the
present invention conprises at |east a conbination of gene products of an
Cct farrily?lfgﬁg’? , a Elf Eaﬂly,gene, and a Myc famly gene, for exanple, a
conbi nat$® planationfishe rawhiest hr ee ki nds of genes, Oct3/4, Kif4, and
c-Mec. Exanplgg, ofhddiea (hbediaBinhthOE AR rePrlobiiBmihOfacora UBing cnfBilSdid, COct!l A,
Cct6, and the like. Oct3/4 is _a transcription factor belonging to the PQU
fanmily, fhrablagts (MBofe) efia axpuse haviegrbzes kopekin Forbhgsngted cells (K. Okanot o

*h the i nt udns ABRAR b merd R dhowihE Hifohdlpd SIS ORI AR ghAT L BB
1998). Extmphese ohe 2hgem@stshbwniihablend Mo helegid df diffenenfiatedicelld, K15 and

the lik 4 r el . like factor-4) iSqeyeported as a tunor repressing
fact or (MR PG b ol o8 ths B GBI ShRG B MR LEPT 251 "0
l\/yc fam |y gefig. 3?mm| p@'ié‘i@cﬁ}' _pﬂﬂﬁ'lhésméxﬂarwlg:%eamd i‘h'tﬂ.és b@llse.Tlm—Mﬁtei@’f a y
ranscri contro or invalyved, rentia a roliferation
of ol | SEPEUR g gt RRAserprafied g ibRedle £l Meafin Mg PR & . 638 40,
2005), apfplstedhfOsHodRQrted to be involved in the maintenance of

pluri potency (P. Cartwight et al., Devel gBment_, 132, ﬁp. 885-96, 2005). The
NCBI accessi dtignuhisépys ometidatemetfats heDNanilpi & geHer GrasmaetBNAs Kif 4

and ¢ MG alfedifohabbauts, pobis dnddriae rKlfdatdl] WRRSisdibiee Fipctor 1
(erythroi NM 010635 NM 006563 K1t 2 Kruppel -like tfactor 2 (lung

N1V1_008452 NM 016270




K1f 5 Kruppel -l1ike factor 5 NM 009769 NM 001730 c- Myc nyel ocyt omat osi s
oncogene NM 010849 NM 002467 N-Myc v-Myc nyel ocytomatosis viral related
oncogene, neurobl astonma derived (avian) NM 008709 NM 005378 L-Mc v-Mc
nyel ocytomat osi s viral oncogene honolog 1, |lung carcinona derived (avian)
NM 008506 NM 005376 Cctl A PQU domain, class 2, transcription factor 1

NM—lgsg%grgl\eIWESGV%gre amplified by PCR and then inserted into plasmid. Ten clones of
plasmid were isolated for each of the genes, and sequenced. Methylated CpGs are
indicated with closed circles, and unmethylated CpGs with open circles.

Fig. 5 shows colony numbers of G418-resistant cells obtained by
transduction of 24-gene group and 23-gene groups wherein each individual gene was
withdrawn from the 24-gene group. The lower parts of the graph show colony
numbers obtained in one week after the G418 selection, and the upper parts of the
graph show numbers of clones obtained in three weeks. When each boxed gene (the
reference number for each gene is the same as that indicated in Table 1) was withdrawn,
no colonies were obtained at all, or only a few colonies were observed after 3 weeks.

Fig. 6 shows colony numbers of G418-resistant cells obtained by
transduction of 10-gene group and 9-gene groups wherein each individual gene was
withdrawn from the 10-gene group. When each of genes #14, #15 or #20 was
withdrawn, no colony was obtained. When gene #22 was withdrawn, a few G418
resistant colonies were obtéined. However, the cells gave differentiated morphology
which was apparently different from that of iPS cells.

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 iP5



Oct 6 POU domain, class 3, transcription factor 1 N1V_011141 NM 002699

Al'l of these genes are those commonly existing in mammal s incl udi ng human,
and for use of the aforenentioned gene products in the present invention,
genes derived fromarbitrary manmals (those derived from mammal s such as
nouse, rat, bovine, ovine, horse, ape and the |like) can be used. In
addition to wild-type gene products, nutant gene products including

substituti sertio and/ or. del.eti on .of er [ to 10,
oo or ab e perbiated pyn B st ot § e it SR Rk infiiheS 1t ¢

and nost cgefRihAighed By (BE txdns@idtRA o8¢0 Q&ae@nﬂzom@EFQgOEcml‘é SkinfAmEHIA&N tO that
of the wild-type gene products can al so be used. For exanple, as a gene

pr oduct mdl@iwé’ S callsesathilished brethertoenrductiorsd AP geags ipto QPS‘@@J fikrolekts, as t he
wild-typ The Rhﬁ? o the
ot her geﬁ@gpro%%ggmumaEgggﬁ%ﬁg% nuc §§¥£@%g9§§r§%§9ﬁ£5 Aot 0 orEH$ﬁ4 ekpresent
I nvent i oTheaymeeinidviahies andende pyatsle inditdhe tlohdsamudives.af or enent i oned t hree
ki nds of gene ﬁroducts An exa&g ene progﬁ$$ i n¢cl udes _a gene

| f h
product of a SB¥-AhARIWP ajesftect geﬁ;ﬁ‘o%"sbg?esﬁaggs%‘?@tf spllgdiogn M¥&isude, for
exanpl e, FW*acto?@ﬁl%peﬁ%%g or ﬁ&é&ﬁcto@@é&%@iﬁgc B B we AR Rk ?th‘d’v'h%ﬂyexa”m e

i ncl udes Sox2. A nuclear reprogranm ng factor conprising at |least a
conbi nat tmnsdiced irgo §EiIEs durived dtom belﬁﬁiﬁffﬂgekmwdsaldfC@@m@son adi@ey fanily gene

gene (1 ofeeigip T Tt P oMEdian R X RSB S0 e BllS) PO

preferr edms‘@a&tmrwasqferibhﬁecpfo@aameks m\ﬁambnmeﬁerseﬁmad iR\t A1tblef
reprogramm ng efficienc and in particular, a conbination of a gene
product @nrd ahaggraphed-| (Thgawaersalnbussiipdiatsthe srmber of6oleptesi n pl uri pot ency.

Sox2, expresse REDEr ing a
transcription fﬁ%iglC"[i %?%I%QA&M?&%&Y@S%@E@% legﬁﬁl%ﬁ&sumﬂ[%?@n 17, ggﬁ%§6 40,
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from the coding region of Nanog by recombineering, B! Transgenic mice were

prepared with the modified BAC. GFP expression was observed limitedly in inner
cell masses of blastocysts and gonads.

Fig. 13 depicts explanations of the experiments using Nancg- EGFP-IRES-
Puro mice. From embryos of Nanog‘EGFP'IRES'Puro mice (13.5 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 MEFs
derived from the Nanog-EGFP-IRES-Puro mice (Nanog) in the same manner as the
Fbx158ge0Bees 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 Fbx158eeo®ge0 mouse MEFs (right). The cells
were selected with puromycin and G418, respectively.

Fig. 15 shows results of growth of iP5 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 Fbx158ee08ze0 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. Expression of the marker

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



NM_ 005634 Sox7 SRY-box containing gene 7 NM 011446 NM 031439 Sox15 SRY-box
contai ni ng gene 15 NM 009235 NM 006942 Sox17 SRY-box contai ning gene 17
NM 011441 NM 022454 Sox18 SRY-box containing gene 18 NM 009236 NM 018419
Further, a gene product of a Myc famly gene may be replaced with a

cyt oki ne.

(Nanog iPS, left), and iPS cells derived from Fbx158sBege0 mouse MEFs (Fbx iPS) were
analyzed by RT'"PCR. The numerical values at the bottom indicate the numbers of
passages.

Fig. 17 shows teratoma formation from the Nanog iPS cells. 1,000,000 cells of
each of ES cells or Nanog iPS cells were subcutaneously injected into the backs of
nude mice, and the appearance of tumors formed after 3 weeks (left) and tissue
images (right, H & E stained) are shown.

Fig. 18 shows preparation of chimeric mice with the Nanog iPS cells. The
chimeric mice that were born after transplantation of the Nanog iP8 cells (clone
NPMF4EK-24, passaged 6 times) into the blastocysts. Four chimeric mice were born
from 90 transplanted embryos.

Fig. 19 shows germ-line transmission from the Nanog iPS cells. PCR
analysis of genomic DNA of mice, born by mating of the chimeric mice shown in Fig.
18 and C57BL/6 mice, revealed the existence of transgenes of Oct3/4 and Klf4 in all of
the mice, thereby confirming germ-line transmission.

Fig. 20 shows induction of differentiation into nerve cells from iPS cells.
Nerve cells (top, BIII tubulin-positive), oligodendrocytes (left, O4-positive), and
astrocytes (right, GFAP-positive) differentiated iz 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 cm 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 1PS cells from human adult dermal



As the cytokine, for exanple, SCF, bFG- or the like is preferred. However,

cytokines are not limted to these exanples. As a nore preferred

enbodi ment, an exanpl e includes a factor which induces inmortalization of

cells, in addition to the aforenmenti oned three kinds of gene products,

preferably, the four kinds of gene products. For exanple, an exanple

| ncl udeg; o mauR %%'fgao&fm&tt&feh% RO LALAY Vool R OAUGEroRlralTFRT_gene
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cells in humans, whilst it is not expressed in many somatic cells (1.

Hori kawa, et al., Proc. Natl. Acad. Sci. USA, 102, pp.18437-442, 2005).

SV40 Larget Mqath 068y tES InvdR¥bA E7, or Brail was reported to induce
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The gene products contained in the nuclear reprogramm ng factor of the
present invention may be, for exanple, a protein, per se, produced fromthe
af orenenti oned gene, or alternatively, in a formof a fusion gene product
of said protein with another protein, peptide or the like. For exanple, a
fusion protein with green fluorescence protein (G-P) or a fusion gene
product A t.-RheaReptd -as : ISt di I d. Further,
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Nane of Gene Explanation of Gene 1 ECAT1 ES cel

associ i
(ECAT1) 2 ECAT2 devel opnent al clated transciipt 1

T1) pl uri potency associated 5 (DPPA5), ES cel
specific gene 1 (ESGL) 3 ECAT3 F-box protein 15 (Fbx15), 4 ECA%4 honeobox
transcription factor Nanog 5 ECATS5 ES cell expressed Ras (ERas), 6 ECAT7Y

DNA (cytosine-5-)-nethyltransferase 31i ke (Dnnt31), valiant 1

The nuclear reprogramming factor provided by the present invention
comprises at least a combination of gene products of an Oct family gene, a KIf family
gene, and a Myc family gene, for example, a combination of gene products of three
kinds of genes, Oct3/4, Kif4, and c-Mye. Examples of the Oct family gene include, for
example, Oct3/4, Oct1A, Oct6, and the like. Oct3/4 is a transcription factor belonging
to the POU family, and is reported as a marker of undifferentiated cells (K. Okamoto et
al., Cell, 60, pp461-72, 1990). Oct3/4 is also reported to participate in the maintenance
of pluripotency (J. Nichols et al., Cell, 85, pp379-91, 1998). Examples of the Kif
family gene include KIf1, Kif2, K14, KIf5 and the like. Kif4 (Kruppel like factor-4) is
reported as a tumor repressing factor (A.M. Ghaleb et al., Cell Res., 15, pp92-6, 2005).
Examples of the Myc family gene include ¢-Mye, N-Mye, L-Myc and the like. e-Myc is
a transcription control factor involved in differentiation and proliferation of cells (S.
Adhikary, M. Eilers, Nat. Rev. Mol. Cell Biol., 6, pp.635-45, 2005), and is also reported
to be involved in the maintenance of pluripotency (P. Cartwright et al., Development,
132, pp.885-96, 2005). The NCBI accession numbers of the genes of the families
other than Oct3/4, Klf4 and c-Myc are as follows:

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-Mye myelocytomatosis viral related
N-Myc NM_008709 | NM_005378
oncogene, neuroblastoma derived (avian)
v-Myc myelocytomatosis viral oncogene
L-Myc NM_008506 | NM_005376
homolog 1, lung carcinoma derived (avian)
OctlA POU domain, class 2, transcription factor 1 NM_198934 | NM_002697
Octd POU domain, class 3, transcription factor 1 NM_011141 | NM_002699

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

and for use of the aforementioned gene products in the present invention, genes
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7 ECAT8 ES cell associated transcript 8 (ECAT8) 8 ECAT9 growth
differentiation factor 3 (Gdf 3), 9 ECAT10 SRY-box contai ning gene 15
(Sox15), 10 ECAT15-1 devel opmental pluripotency associated 4 (Dppa4)
variant 1 11 ECAT15-2 devel opnental pluripotency associated 2 (Dppa25
Ft h117 ferritin, heavy pol ypeptide-like 17 (Fthl117), 13 Sall 4 1

derived from arbitrary mammals (those derived from mammals such as mouse, rat,
bovine, ovine, horse, ape and the like) can be used. In addition to wild-type gene
products, mutant gene products including substitution, insertion, and/or deletion of
several (for example, 1 to 10, preferably 1 to 6, more preferably 1 to 4, still more
preferably 1 to 3, and most preferably 1 or 9) amino acids and having similar function
to that of the wild-type gene products can also be used. For example, as a gene
product of c-Myec, a stable type product (T58A) may be used as well as the wild-type
product. The above explanation may be applied similarly to the other gene products.
The nuclear reprogramming factor of the present invention may comprise a
gene product other than the aforementioned three kinds of gene products. An
example of such gene product includes a gene product of a Sox family gene.
Examples of the Sox family gene include, for example, Sox1, Sox3, Sox7, Sox15, Sox17
and Sox18, and a preferred example includes Sox2. A nuclear reprogramming factor
comprising at least a combination of the gene products of four kinds of genes, an Oct
family gene (for example, Oct3/4), a KIf family gene (for example, K1f4), a Myc family
gene {(for example, c-Myc), 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 Sox2 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 cytokine.

12
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sal-like 4 (Drosophila) (Sall4), transcript variant a Table 4 (Cont.) 14
Oct 314 PQU donmain, class 5, transcription factor 1 (Pou5f1), 15 Sox2

SRY- box contai ning gene 2 (Sox2), 16 Rexl zinc finger protein 42 (Zfp42),
17 Utfl undifferentiated enbryonic cell transcription factor 1 (Utfl) 18
Tell T-cell |ynphoma breakpoint 1 (Tell), 19 Stella

As the cytokine, for example, SCF, bFGF or the like is preferred. However, cytokines
are not limited to these examples.

As a more preferred embodiment, an example includes a factor which induces
tmmortalization of cells, in addition to the aforementioned three kinds of gene
products, preferably, the four kinds of gene products. For example, an example
includes a combination of a factor comprising a gene product of TERT gene with a
factor comprising 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. TERT is essential for the maintenance of the
telomere structure at the end of chromosome at the time of DNA replication, and the
gene is expressed in stem cells or tumor cells in humans, whilst it is not expressed in
many somatic cells (I. Horikawa, et al., Proc. Natl. Acad. Sci. USA, 102, pp.18437-442,
2005). SV40 Large T antigen, HPV16 E6, HPV16 E7, or Bmil was reported to induce
immortalization of human somatic cells in combination with Large T antigen (S.
Akimov 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 3

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 produects 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, 2003), and

13



devel opnment al pl uri potency-associ ated 3 (Dppa3), 20 K114 Kruppel -1ike
factor 4 (gut) (K1f4), 21 8-catenin catenin (cadherin associated protein),
beta 1, 88kDa (Ctnnbl) 22 c-Mc nyel ocytomatosi s oncogene (Me), 23 Stat3
signal transducer and activator of transcription 3 (Stat3), transcript
variant 1 24 G b2 growh factor receptor bound protein 2 (G b2), Table 5
NCBI accessi on nunber Nunber

ECAT15-2 (A. Bortvin et al., Development, 130, pp.1673-80, 2003) are genes
specifically expressed in ES cells. Tell is involved in the activation of Akt (A. Bortvin
et al., Development, 130, pp.1673-80, 2003), and B-catenin is an important factor
constituting the Wnt signal transmission pathway, and also reported to be involved in
the maintenance of pluripotency (N. Sato et al, Nat. Med., 10, pp.55-63, 2004).

Further, the nuclear reprogramming factor of the present invention may
comprise, for example, a gene product or gene products of one or more kinds of genes
selected from the group consisting of the following: ECAT1, Esgl, Dnmt3L, ECATS,
Gdf3, Sox15, ECAT15-1, Fthl17, Sall4, Rexl, UTF1, Stella, Stat3, and Grb2. ECAT1,
Esgl, ECATS, Gdf3, and ECAT15-1 are genes specifically expressed in ES cells (K.
Mitsui et al., Cell, 113, pp.631-42, 2003). Dnmt3L is a DNA methylating enzyme-
related factor, and Sox15 is a class of genes expressed in an early development process
and encoding transcription factors (M. Maruyama et al., J. Biol. Chem., 280,
pp.24371-9, 2005). Fthll7 encodes ferritin heavy polypeptide-like 17 (A. colLoriot, T.
Boon, C. De Smet, Int. J. Cancer, 105, pp.371-6, 2003), Sall4 encodes a Zn finger
protein abundantly expressed in embryonic stem cells (J. Kohlhase et al., Cytogenet.
Genome Res., 98, pp.274-7, 2002), and Rex1 encodes a transcription 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, I. 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.793-803, 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 physiclogical activities,

as well as other gene products which can function as a nuclear reprogramming factor.
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Name of Gene Characteristic Feature Muse Human Gene specifically
expressed in ES 1 ECAT1 cell AB211060 AB211062 CGene specifically
expressed in ES NM 0010252 2

It is understood that such embodiments fall within the scope of the present invention.
By using somatic cells in which only one or two genes among the three kinds of the
gene Oct3/4, KIf4, and e-Myc are expressed, the other gene products which can
function as a nuclear reprogramming factor can be identified by, for example,
performing screening for a gene product which can induce nuclear reprogramming of
said cells. According to the present invention, the aforementioned screening method
is also provided as a novel method for screening for a nuclear reprogramming factor.

The gehe products contained in the nuclear reprogramming factor of the
present invention may be, for example, a protein, per se, produced from the
aforementioned gene, or alternatively, in a form of a fusion gene produect of said
protein with another protein, peptide or the like. For example, a fusion protein with
green fluorescence protein (GFP) or a fusion gene product with a peptide such as a
histidine tag can also be used. Further, by preparing and using a fusion protein with
the TAT peptide derived form the virus HIV, intracellular uptake of the nuclear
reprogramming factor through cell membranes can be promoted, thereby enabling
induction of reprogramming only by adding the fusion protein to a medium thus
avoiding complicated 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 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
WQ2005/80598 (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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ECAT2 NM 025274 cell 90 CGene specifically expressed in ES 3 ECAT3
cell NM 015798 NM 152676

The method for preparing induced pluripotent stem cells from somatic cells
by using the nuclear reprogramming factor of the present invention is not particularly
limited. Any method may be employed as long as the nuclear reprogramming factor
can contact with somatic cells under an environment in which the somatic cells and
indueced pluripotent stem cells can proliferate. For example, a gene product
contained in the nuclear reprogramming factor of the present invention may be added
to a medium. Alternatively, by using a vector containing a gene that is capable of
expressing the nuclear reprogramming factor of the present invention, a means of
transducing said gene into a somatic cell may be employed. When such vector is used,
two or more kinds of genes may be incorporated into the vector, and each of the gene
products may be simultanecusly expressed in a somatic cell. 'When one or more of
the gene products contained in the nuclear reprogramming factor of the present
invention are already expressed in a somatic cell to be reprogrammed, said gene
products may be excluded from the nuclear reprogramming factor of the present
invention. It is understood that such embodiment falls within the scope of the
present invention.

In the preparation of induced pluripotent stem cells by using the nuclear
reprogramming factor of the present invention, types of somatic cells to 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 diseases, 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 ean 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
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Transcription factor having honeodomain, essential factor for 4 ECAT4
differentiation pluripotency mai ntenance AB093574 NM 024865 Table 5
(Cont.) 5 ECATS5 Ras famly protein, ES cell growth pronoting factor

NM 181548 NM 181532 6 ECAT7 DNA net hyl ati on enzyme-rel ated factor,
essential for inprinting NM 019448

confirmation means widely applied to ES cells.

Uses of the induced pluripotent stem cells prepared by the method of the
present invention are not particularly limited. The cells can be used for any
experiments and research conducted with ES cells, therapeutic treatments utilizing
ES cells and the like. For example, desired differentiated cells {e.g., nerve cells,
cardiac muscle cells, hemocyte cells and the like) can be derived by treating induced
pluripotent stem cells obtained by the method of the present invention with retinoic
acid, growth factors such as EGF, glucocorticoid or the like, and stem cell therapy
based on cellular auto-transplantation can be achieved by returning the differentiated
cells obtained as described above to the patient. However, uses of the induced
pluripotent stem cells of the present invention are not limited to the aforementioned

specific embodiments.

Examples
The present invention will be more specifically explained with reference to
examples. However, the scope of the present invention is not limited to the following

examples.

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 §-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 observed.
In this mouse, expression control of Bgeo is attained by the enhancer and promoter of
the Fbx15 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 {equal to or
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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NM 013369 7 ECAT8 Cene specifically expressed in ES cell, having Tudor
domain AB211061 AB211063 8 ECAT9 Cene specifically expressed in ES cell,
bel onging to TGB fam |y NM 008108 NMX20634 9 ECAT10 Gene specifically
expressed in ES cell, SRY famly transcription factor NM 009235 NM 006942
10 ECAT15-1 Cene specifically expressed in ES cell NMO28610

In the aforementioned experimental system, fibroblasts (Fbx158eeoifges MEFs)
were first isclated from an embryo of the Bgeo knockin homomutant mouse (13.5 days
after fertilization). Since MEFs do not express the Fbx15 gene, the cells also do not
express bBgeo and thus have sensitivity to G418. Whist, when the MEF's are fused
with ES cells that have not been gene-manipulated (also having sensitivity to G418),
the nuclei of MEF's are reprogrammed, and as a result, Bgeo is expressed {o give G418
resistance. The reprogramming phenomenon can thus be visualized as G418
resistance by using this experimental system (International Publication
W02005/80598). Searches for reprogramming factors were performed by using the
aforementioned experimental system (Fig. 1), and total 24 kinds of genes were
selected as candidate reprogramming factors, including genes showing specific
expression in ES cells and genes suggested to have important roles in the
maintenance of differentiation pluripotency of ES cells. These genes are shown in
Tables 4 and 5 below. For B-catenin #21) and c-Myc (#22), active type mutants
(catenin: S33Y, c-Myc: T58A) were used.

Table 4
Number | Name of Gene | Explanation of Gene
1 ECAT1 ES cell associated transcript 1 (ECATI)
2 ECATS developmental pluripotency associated 5 (DPPA5), ES cell
specific gene 1 (ESG1)
3 ECAT3 F-box protein 15 (Fbx15),
4 ECAT4 homeobox transcription factor Nanog
5 ECATS5 ES cell expressed Ras (ERas),
6 ECAT7 DNA (cytosine-5-)-methyltransferase 3-like (Dnmt3]), valiant 1
7 ECATS ES cell associated transcript 8 (ECATS)
3 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 (Fth117),
13 Sall4 sal-like 4 (Drosophila) (Sall4), transcript variant a
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NM 018189 11 ECAT15-2 Gene specifically expressed in ES cell NMX28615

NM 138815 12 Fthl1l7 CGene specifically expressed in ES cell, simlar to
ferritin heavy chain NM 031261 NM 031894 13 Sall 4 Gene specifically
expressed in ES cell, Zn finger protein NM 175303 NM 020436 14 Cct 3/4 PQU
famly transcription factor, essential for pluripotency maintenance NM_
013633

Table 4 (Cont.)
14 Oct3/4 POU domain, class 5, transcription factor 1 (Pou5f1),
15 Sox2 SRY-box containing gene 2 (Sox2),
16 Rex1 zine finger protein 42 (Zfp42),
17 Utfl undifferentiated embryonic cell transcription factor 1 (Utf1)
18 Tell T-cell lymphoma breakpoint 1 (Tcll),
19 Stella developmental pluripotency-associated 3 (Dppa3),
20 Kif4 Kruppel-like factor 4 (gut) (K1f4),
21 B-catenin catenin (cadherin associated protein), beta 1, 88kDa (Ctnnb1)
22 c-Myc myelocytomatosis oncogene (Myc),
23 Seat3 signal transducer and activator of transcription 3 (Stat3),
tat
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 ECATI1 AB211060 AB211062
cell
Gene specifically expressed in ES NM_0010252
2 ECAT2 NM_025274
cell 90
Gene specifically expressed in ES
3 ECAT3 NM_015798 | NM_152676
cell
Transcription factor having
homeodomain, essential factor for
4 ECAT4 AB093574 NM_024865
differentiation pluripotency
maintenance
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NM 002701 15 Sox2 SRY fam |y transcription factor, essential for
pl uri pot ency mai ntenance NM_ 011443 NM 003106 16 Rexl Gene specifically
ex-pressed in ES cell, Zn finger protein NM 009556 NM 174900 17 Utfl

Transcription regulation factor highly expressed in ES cell, pronoting
grow h of ES NM 009482 NM 003577 Table 5 (Cont.) 18 Tel
Table 5 (Cont.)

Ras family protein, ES cell growth

5 | ECAT5 NM_181548 | NM_181532
promoting factor
DNA methylation enzyme-related

6 | ECAT7 NM_019448 | NM_013369
factor, essential for imprinting
Gene specifically expressed in ES

7 | ECATS 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 transeription factor
Gene specifically expressed in ES

10 | ECATI15-1 NM_028610 | NM_018189
cell
Gene specifically expressed in ES

11 | ECAT15-2 NM_028615 | NM_138815
cell
Gene specifically expressed in ES

12 | Fthil7 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 | Oct3/4 essential for pluripotency NM_013633 | NM_002701
maintenance
SRY family transcription 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 | Utfl highly expressed in ES cell, NM_009482 | NM_003577
promoting growth of ES
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Oncogene activating AKT, abundantly expressed in ES cell NM 009337

NM 021966 19 Stella CGene specifically expressed in ES cell NM 139218

N1VE 199286 20 Ki1f4 Abundantly expressed in ES cell, both actions as

anti oncogene and oncogene are reported NM 010637 NM 004235 21 B-catenin
Transcription factor activated by Wit signal, involvenment in pluripotency
mai ntenance i s reported NM 007614 NM 001904 22 c- Myc

Table 5 (Cont.)

18

Tell

Oncogene activating AKT,
abundantly expressed in ES cell

NM_009337

NM_021966

19

Stella

Gene specifically expressed in ES
cell

NM_139218

NM_199286

20

Kif4

Abundantly expressed in ES cell,
both actions as antioncogene and

oncogene are reported

NM_010637

NM_004235

21

B-catenin

Transcription factor activated by
Wnat signal, involvement in
pluripotency maintenance is

reported

NM_007614

NM_001904

22

c-Mye

Transcription control factor
participating in cell proliferation
and differentiation and oncogene,
involvement in pluripotency

maintenance is reported

NM_010849

NM_002467

23

Stat3

Transcription factor activated by
LIF signal, considered essential for
pluripotency maintenance of mouse

ES cells

NM_213659

NM_139276

24

Grb2

Adapter protein mediating growth
factor receptors and Ras/MAPK

cascade

NM_008163

NM_002086

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 Fhx1568seoBzeo MEF's,

and then G418 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 Fhx156gec/gec MEFs.

When G418 selection

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

were obtained. These colonies were isolated, 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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Transcription control factor participating in cell proliferation and
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abl e to biadpréifackswi t h the combi nation 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 Fbx150seofecc MEFs. As a result, for 10 genes, colony
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 Fbx150esceec 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 Fbx15bzeo8ze0 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

22



Then, studies were nade as to whether or not all of the 24 kinds of genes
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total RNAs were purified, and treated with DNasel to renove contam nation
of genomc DNA. First strand cDNAs were prepared by a reverse transcription
reaction, and expression profiles of phe ES cell marker genes were exam ned
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Esgl p1134-1J38 GAA GIC TGG TTC CTT GCC AGG ATG pH34-L394 ACT CGA TAC ACT

GEC CTA C&C Nanog 6047-S1 CAG GIG TTT GAG GGT AGC TC 6047-AS1 CGG TTC
ATC ATG GTA CAG TC

genes by RT-PCR are shown in Fig. 10. The details of the method are as follows.
From iPS cells established by transducing 3 genes (Oct3/4, KIf4, and c-Myc:
represented as "Sox2 minus"), 4 genes (Sox2 was added to the three genes:
represented as "4ECAT"), and 10 genes (#3, #4, #5, #11, #18, and #21 in Table 4
were added to the four genes: represented as "10ECAT") into Fbx156ecoeecc MEFs,
iPS cells established by transducing 10 genes into fibroblasts established from tail tip
of an adult mouse in which Bgeo was knocked into the Fbx15 gene (represented as
v1OECAT Skin fibroblast"), mouse ES cells, and MEF cells with no gene
transduction, total RNAs were purified, and treated with DNasel to remove
contamination of genomic DNA. First strand ¢cDNAs were prepared by a reverse
transcription reaction, and expression profiles of the ES cell marker genes were
examined by PCR. For Oct3/4, Nanog, and ERas, PCR was performed by using
primers which only amplified a transcript product from an endogenous gene, not

from the transduced retrovirus. The primer sequences are shown in Table 6.

Table 6
ECAT1 | ECAT1-RT-S TGT GGG GCC CTG AAA GGC GAG CTG AGAT
ECAT1-RT-AS | ATG GGC CGC CAT ACG ACG ACG CTC AACT

Esgl pH34-U38 GAA GTC TGG TTC CTT GGC AGG ATG
pH34-1L394 ACT CGA TAC ACT GGC CTAGC

Nanog | 6047-51 CAG GTG TTT GAG GGT AGCTC
6047-AS1 CGG TTC ATC ATG GTA CAG TC

ERas 45328-5118 ACT GCC CCT CAT CAG ACT GCT ACT

ERas-AS304 CAC TGC CTT GTA CTC GGG TAG CTG

Gdf3 Gdf3-U253 GTT CCA ACC TGT GCC TCG CGT CTT
GDF3 L16914 AGC GAG GCA TGG AGA GAG CGG AGC AG
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ERas 45328-S118 ACT GCC CCT CAT CAG ACT GCT ACT ERas-A5304 CAC TGC CIT GIA
Gdf 3 &df 3-11253 GIT CCA ACC TGI GCC TCG CGI CTIT GDF3

CTC GG TAG CTG

L16914 AGC GAG GCA TGG AGA GAG CGG ACGC AG

Table 6 (Cont.)

Fef4 Fefd4-RT-S CGT GGT GAG CAT CTT CGG AGT GG
Fgi4-RT-AS CCTTCTTGG TCC GCC CGTTCTTA

Cripto Cripto-S ATG GAC GCA ACT GTG AAC ATG ATG TTC GCA
Cripto-AS CTT TGA GGT CCT GGT CCA TCA CGT GAC CAT

Zfp296 Zip296-567 CCA TTA GGG GCC ATC ATC GCT TTC
Zip296-AS350 CAC TGC TCA CTG GAG GGG GCT TGC

Dax1 Dax1-51096 TGC TGC GGT CCA GGC CAT CAA GAG
Dax1-AS1305 GGG CAC TGT TCA GTT CAG CGG ATC

Oct3/4 Oct3/4-59 TCT TTC CAC CAG GCC CcCcCc aGCcTC
Oct3/4-AS210 TGC GGG CGG ACATGG GGA GAT CC

NATI1 NAT1 U283 ATT CTT CGT TGT CAA GCC GCC AAA GTG GAG
NAT1 L476 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 Oect3/4 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 inereasing number of genes,
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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 GIG AAC
ATG ATG TTC GCA Cri pto-AS CTT TGA GGT CCT GGT CCA TCA CGT GAC CAT

Zf p296

Example 3: Analysis of pluripotency of reprogrammed ceils

In order to evaluate the differentiation pluripotency of the established iPS
cells, the iPS cells established with 24 factors, 10 factors, and 4 factors were
subcutaneously transplanted into nude mice. As a result, tumors having a size
similar to that observed with ES cells were formed in all animals. Histologically, the
tumors consisted of a plurality of kinds of cells, and cartilaginous tissues, nervous
tissues, muscular tissues, fat tissues, and intestinal tract-like tissues were observed
(Fig. 8), which verified pluripotency of the iPS cells. In contrast, although tumors
were formed when the cells established with the 3 factors were transplanted into nude
mice, they were formed histologically only from undifferentiated cells. Therefore, it
was found that a Sox family gene was essential for the induction of differentiation

pluripotency.

Example 4: Reprogramming of fibroblasts derived from tails of aduit 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 fo the blastoeysts, 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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Z296- S67 CCA TTA GGG GCC ATC ATC GCT TTC Z296- AS350 CAC TGC TCA CTG GAG
GGG GCT TGC Dax|l Daxl-S1096 TGC TGC GGI CCA GGEC CAT CAA GAG Daxl - AS1305
GGG CAC TGI TCA GYP CAG CGG ATC Cct 3/4 0ct314-S9 TCT TTC CAC CAG GCC CCC
GCC TC

vector (pMX retroviral vector) for basic fibroblast growth factor (bFGF) or stem cell
factor (SCF) was transduced into feeder cells (STO cells) to establish cells
permanently expressing the cytokines. MEFs derived from the Fhx158geofgeo mouse
(500,000 cells/100 mm dish) were cultured on these STO cells and transduced with the
4 factors, and then subjected to G418 selection. As a result, the number of formed
colonies increased 20 times or higher on the STO cells producing bFGF (Fig. 11) or
SCF (data not shown), as compared with the culture on normal STQ cells. Further,
although no iPS cell colony was formed on the normal STO cells when the 3 factors
other than ¢-Myc were transduced, eolony formation was observed on the STO cells
producing bFGF (Fig. 11) or SCF (data not shown). These results revealed that
stimulation with the cytokine increased the efficiency of the establishment of iPS cells
from MEFs, and the nuclear reprogramming was achievable by using a cytokine

instead of ¢-Mye.

Example 6

Family genes exist for all of the Oct3/4, Kl1f4, ¢c-Myc, and Sox2 genes (Tables 1
and 2). Accordingly, studies were made as to whether iPS cells could be established
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 G418-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
(418-resistant colonies formed and iPS cell establishment efficiency were lower than
those with Sox2. As for Sox1%7, 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 Kif family, KIf2 gave a smaller number of G418-resistant colonies
than KIf4, 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 TH8A mutant both in the number of G418-resistant colonies formed and iPS cell
establishment efficiency. Further, each of N-Myc and L-Myc (each wild type) was
almost the same as e-Myec in both of the number of G418-resistant colonies formed and

iPS cell establishment efficiency.
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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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Exanple 5 An effect of cytokine on i PS cell establishnment was investigated.
Expression vector (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 fromthe Fbx15Breageo nouse (500,000 cells/100 mm di sh) were
cultured on these STO cells and transduced with the 4 factors, and then

subj ecte 0 (418 sel ection. esult, th u r for cal oni es
ot cas S PPt S GR R s HobasaRe R Fey  BpTREo R e £ ehEeRTiRRgot 11) ~or
SCF (dat 63‘1?015) sheitdi)to tidske 6PNP IR WihihiddhRn GotHeHeBe BRpre&idBYatRER Cel | s.
Furt her, though no i PS cell colony was formed on the normal  STO cells

when t hereveplsdt: ?fsthet?mﬁsﬁlmﬁttﬁrwws\ﬁ@ﬁ@ torthatcd Hiceaglls eprwrpprediatdei on was
observed; e]ls?so?l;s% ﬁ-g ﬁﬁnéxﬁﬁﬂg@é&' ﬁﬁzﬁ? ﬁeﬁ%ﬁl]o%i)(F%O kéCFV@g%ttﬁe pot  shown).

These resul fs revea sti I'ne |ncreased t he
ef fi ci encyllsofert heneplhatellits hadainicef telrﬁSm&bﬂnSatidmmsl\iEE&cedaﬂMrdbh}ehmucl ear

reprogrammi ng was achi evabl e beés'fs‘i ngga cytokl ne instead of c c. Exanple
6 celisypgre yonfurmed take UiS ¢els (g TP ¥ithencehimgric pigesvere bRyreby and Sox2

genes ( T%&l@%a&tlﬁ%%ea’s OECHBLODLY Naﬁ&é’ér”f*‘ BB 15BHE bBStbftbet her i PS

cells could ablished with the famly genes instead of  the 4 genes. In
Tabl e 7, C68Rbi6rede &pelr&) meihen th%scihhsmmmhmbmaaﬂe&e@mdimm Wth regard

totheSxfaml a. S t ant
Lol ot e B prRBnol wr et FiguBh I iiGe SOS T RS Ml PR 2N o
As for Sexétion@hithWees cloder 4 E8-cElS ithd @pireitne Bf 18 4 factaRdrwAshabout 1/ 10 of

that with Sox2, however, iPS cell establishnent efficiency of the colonies
pi cked upetiRYaruses Vereralmpsficempleteln silonged. fuggpsting phat gelfpeplicatign was hot h t he

nunmber Ohaﬁﬂ;&eﬁ%?'eﬁﬁﬁs{&an tﬁﬁ}‘leﬁ‘dfs%ggd and i PS cell establishnent

ef ficiency were |ower ose wt ox2. As for Sox17, the nunber of
(418-resi st ant coI onies formed was al nost the same as that with Sox2,
however, _i PS £ establ i shment efficiency was low. Wth regard to the K f
famly, ?(‘ ave a smaller nunber of (418-resistant col onies than Klf4,

however, they g&/@u@hﬂm@&mtc&mmmefdﬁy@ﬁmlze@sﬁmswmﬂhEsfcfenci ency. Wth
regardtothe c famly, it was found that wild ty c was al nost the

same as EetBEAl zSEﬁ’tceB@fvﬁrq remoped by adhesiogfto @@f@iané@a@flalm BBl &S f or med
and i PS te§§ @lbdhe%n lﬁgmﬁj fi '2@5 RIPENIs #égetcnﬁ{lre %gﬁﬂupﬁ?# 1&{& L-Myc

(each vm type) was a m)st he sanme as c-Myc In er of
(A18- r esishahtxyedhnd m@hadryiataé dozgied] B B m;:@duh'e éish abhissépepsibn eﬁlfcumte ncy.

TaoL e, 7 Fe ISR SRR NS £ TR ST SRR B LA, oL
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 daysHday 12 to 16). After 4 days (day 16), the medium was changed to an
N2/bFGF/EGF -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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12 to 24}, when the cells had increased excessively and reached confluent, they were
passaged at appropriate times, and I to 2 x 105 cells were seeded (the number of the
cells varied depending on the timing of the passage). After 4 days (day 24), the
medium was changed to an N2/T3 medium, and the culture was continued for 7 days
(day 24 to 31) with medium exchange every 2 days. On day 31, the cells were fixed
and subjected to immunostaining. As a result, differentiation of the iPS cells into
BIII tubulin-positive nerve cells, O4-positive oligodendrocytes, and GFAP-positive

astrocytes was observed (Fig. 20).

Example 9

In order to establish iPS cells from arbitrary mouse somatic cells other than
those derived from the Fhx15-8geo knockin mouse, a method for the establishment
without using drug selection was developed. Mouse embryo fibroblasts (MEF's) were
cultured on a 10-cm dish (on STO feeder cells) in a number smaller than those used
above (10,000, 50,000, or 100,000 cells), and a control DNA or the 4 factors were
retrovirally transduced. When culture was performed for 2 weeks in the ES cell

medium (without G418 selection), no colony formation was observed in the dish in

ﬁhich the control DNA was transduced, whilst in the dish in which the 4 factors were

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 Esgl, an ES cell marker, was observed in 7 clones. Induction of many ES cell
markers such as Nanog, ERas, GDF3, 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 posgibility that iPS
cells could be established from somatic 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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cells being cells other than fibroblasts were examined. Hepatocytes were isolated
from the liver of the Fbx158¢eo/g20 mice by perfusion. These hepatocytes were
retrovirally introduced with the 4 factors, and then subjected to G418 selection to
obtain plural iPS cell colonies. As a result of gene expression pattern analysis using
a DNA microarray, the iPS cells derived from the liver were found to be more similar
to ES cells than the iPS cells derived from dermal fibroblasts or embryonic fibroblasts.
iPS cells were obtained also from gastric mucous cells in the same manner as those

from hepatocytes.

Example 11

PD98059 is an inhibitor of MAP kinase which suppresses proliferation of
various differentiated cells. However, it is known to promote maintenance of
undifferentiated status and proliferation of ES cells. Effects of PD98059 on iPS cell
establishment were thus examined. MEFs established from a mouse having the
selective markers of Nanog-EGFP-IRES-Puro were retrovirally introduced with the 4
factors and subjected to puromycin selection. When PD98059 was not added, the
percentage of GFP-positive colonies 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 hygromycin resistance gene downstream from
the PGK promoter, was introduced by nucleofection into embryonic human dermal
fibroblasts (IDFs) in which solute carrier family 7 (Slc7al, 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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expression. 800,000 cells were seeded on the STO cells treated with mitomycin, and
on the next day, Oct3/4, Sox2, KIf4, and c-Myc (each derived from human) were
retrovirally transduced into the cells. 24 colonies were picked up from those obtained
after 3 weeks (Fig. 23, left), and transferred on a 24-well plate on which the STO cells
were seeded and then cultured. After 2 weeks, one grown clone was passaged on a 6-
well plate on which the STQ cells were seeded and cultured. As a result, cells
morphologically similar to ES cells were obtained (Fig. 23, right), suggesting that the

cells were iPS cells. The mouse ES cell medium was used as every medium.

Example 13

Human adult dermal fibroblasts (adult HDFs) were transduced with Slc7al
{mouse retroviral receptor) by using lentivirus, and the resulting cells were seeded on
800,000 feeder cells (mitomycin-treated STO cells). The genes were retrovirally
transduced as the following combinations.

1. Oct3/4, Sox2, Kif4, ¢c-Myc, TERT, and SV40 Large T antigen

2. Oct3/4, Sox2, Kif4, c-Myc, TERT, HPV16 E6

3. Oct3/4, Sox2, K1f4, c-Myc, TERT, HPV16 E7

4. Oct3/4, Sox2, K1f4, c-Myc, TERT, HPV16 E6, HPV16 E7

5. Oct3/4, Sox2, Klf4, c-Mye, TERT, Bmil

(Oct3/4, Sox2, K1f4, c-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 also
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 ean be conveniently and highly

reproducibly induced without using embryos or ES cells, and induced pluripotent stem
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Exanple 7 Studi es were made as to whether iPS cells could be
established with a reporter other than Fbx15-1igeo. Escherichia. coi
artificial chronmosone (BAC) containing the Nanog gene in the center was

i sol ated, and then the GFP gene and the puronycin resistance gene were
knocked in by reconbination in E. cell (Fig. 12A). Subsequently, the above
nodi fied BAC was introduced into ES cells to confirnlthat the ceIIs became
GFP- posi ti e |n undi fferentiated_state.s nanner ot shown).
Then, ¢ hé e S St oSO b P DB St g oot o
tranSQGnhﬁﬂﬁ}QﬁmM&QOﬂﬂkQEngcﬂkQﬁnbé@mﬁbﬁﬁ%dnlCe GFP-positive cells were
speci-fically observed in.inner . .cell masses . of the blastocysts or gonads of
enbryos at 13.5 days after fertilization (Fig. 12B). The gonads were
renoved fromthe enbryos at 13.5 days after fertilization (hybrid of DBA
129, and C57BL/6 m ce), and MEFs were isolated. The isolated MEFS were
confirnmed to be GFP-negative (Fig. 13) by flow cytonetry. These MEFs were
retrovirally transduced with the 4 factors and subjected to puronycin
selection, and as a result, a plural nunber of resistant col onies were
obt ai ned. Only about 10 to 20% of the col onies were GFP-positive. Wen the
GFP-posi tive col oni es were passaged, they gave norphology (Fig. 14) and
proliferation (Fig. 15) simlar to those of ES cells. Exam nation of the
gene expression pattern reveal ed that the expression pattern was closer to
that of ES cells as conpared to the iPS cells isolated from
Fbx156geageONVEFs by (418 selection (Fig. 16). Wen these cells were

transpl anted to nude mce, teratoma formation was induced, thereby the
cells were confirmed 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 ast ocysts of C57BL/6 mce (Fig. 18). Wen these chineric mce were nated,
germline transm ssion was observed (Fig. 19). In these iPS cells

est abl i shed by Nanog- G-P sel ection, which were closer to ES cells, the
expressions of the 4 factors fromthe retroviruses were al nost conpletely
sil enced, suggesting that self-replication was maintai ned by endogenous

Oct 314 and Sox2. Exanple 8 iPS cells in 10 cm confluent were
trypsi ni zed and suspended in ES cell nmedium (the STO cells were renoved by
adhesion to a gelatin-coated dish for 10 to 20 mnutes after the
suspension). 2 x 106 cells were cultured for four days in a HENVA

(2- hydroxyet hyl nethacrylate) coated E. collculture dish as a suspension
culture to formenbryoid bodies (EBs) (day 1 to 4). On the 4th day of EB
formation (day 4), all of the EBs were transferred to a 10-cmtissue
culture dish, and cultured in ES cell nmediumfor 24 hours to all ow
adhesion. After 24 hours (day 5), the nediumwas changed to an

| TS/ fi bronectin-containing nmedium The culture was perforned for 7 days
(medi um was exchanged every 2 days), and nestin-positive cells were
selected (cells of other pedigrees were dying to sone extent in a culture
under serumfree condition)(day 5 to 12). A2B5-positive cells were then

i nduced. After 7 days (day 12), the cells were separated by trypsinization,
and the remaining EBs were renoved. 1 x 106 cells were seeded on a
poly-L-ornithine/fibronectin-coated 24-well|l plate, and cultured for 4 days
in an N2/ bFGF- cont ai ni ng nmedi um (nmedi um was exchanged every 2 days)(day 12
to 16). After 4 days (day 16), the nediumwas changed to an

N2/ bFGF/ EGF- cont ai ni ng nedi um and the culture was continued for 4 days
(medi um was exchanged every 2 days)(day 16 to 20). After 4 days (day 20),

t he nedi um was changed to an N2/ bFGF/ PDG-- cont ai ni ng nmedi um and t he

cul ture was continued for 4 days (nedium was exchanged every 2 days)(day 20
to 24). During this period (day 12 to 24), when the cells had increased
excessively and reached confluent, they were passaged at appropriate tines,
and 1 to 2 x 105 cells were seeded (the nunmber of the cells varied
depending on the timng of the passage). After 4 days (day 24), the nedium
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 i munostaining. As a result, differentiation of the

iPS cells into BIll tubulin-positive nerve cells, 04-positive
ol i godendrocytes, and GFAP-positive astrocytes was observed (Fig. 20).
Exampl e 9 In order to establigh i PS cells fromarbitrary nouse

somatic cells other than those derived fromthe Fbx15-Bgeo knocki n nouse, a
met hod for the establishment w thout using drug sel ection was devel oped.
Nbuse enbryo f|broblasts (NEFS) wer e cultured on a 10 cmdish (on STO
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Exanpl e 12 A plasm d, containing the red fluorescence protein gene
downstream fromthe nouse Cct3/4 gene pronoter and the hygronycin

resi stance gene downstream fromthe PGK pronoter, was introduced by

nucl eof ection into enbryonic human dermal fibroblasts (HDFs) in which

sol ute cavhiek fameh)s:7 (Slc7al, NCBI accession number NM 007513) as a
nouse ecotropic virus receptor was expressed by lentiviral transduction.
Hygronyci n sellech n@dempp@frﬁmnmé f@@%ﬁ#@bﬁ%lcsﬂteﬂawhsc}womrwabpe

expr essi | s wWene. s 0 T [

m Comyol 0 SR dor 8 e MRS GRS, PR AGSIRS S il BERREE AL 1 e
f rom-hunmamy al\ﬂlyefdxﬁﬂy’@hwe’aﬂé@he’[p’rﬂ&ﬁdlﬂi@fﬁol{'ntO the cells. 24 coI oni es -wer.e

pi cked up fromthose obtained after. 3 weeks (Fig. 23, left), and
transferred or al BARGHr posrding 19,¢13iM LW hiGk campyises @ 8enfes™e? §8lfded and t hen

cul tured. r@ﬁﬁc’%fgaéﬁeﬁ*‘tﬁe f&lﬂﬁnﬁg@H‘fée%ﬁ&k%i"&%e@@&%eﬁlﬁnaﬁd@M%’P' | plate on
whi ch the STO cel |l s were seeded and cul tured a resul

mor phol ogi cal 13y Bheaktr aiccprE®gcteldlsgm/\kpe%wh@hrfeuheﬁ‘gnplzses g gegetor,
suggest i ngetgat odhe Ie!is0 ver e IeFr)xe aﬁox%am}ihe nouse ES cell nmedium was used
as every e dH ‘I‘:%(aﬁ’glfe l £ fran addi t odermal fibroblasts (adul t

HDFs) wer e tr ansThcREtoMakbordizidkl{ifDsSehicRiconyiiked a betept HDEIndy USi Ng
l entivirus, and the resulting cells were seeded on 800, 000 feeder cells
(m torrycm%’o‘%‘i‘céé’if@HXZSTO cells). The genes were retrovirally transduced as

the f ol I ovi ng o) ARk A0Srate B ldhe BZms Kok, wiil GmBERT, and SVA0
Large T antigen 2. Oct314, Sox2, 1 4, c-Myc, TERT, HPV1 E6 3 Oct 314,

Sox2, KilfcgtokindogetHEERTth PR\ e o7 the gém BtOduc&ii@e Mj(clf_amﬂschIer TERT,
HPV16 E6,. HPV]16.E7 5. Qct3/4, Sox 4. .c-Mc, TERT, Bm | (Oct314, Sox2,
Kif4, c- MpEe 4 lreogar hagina B by fﬁﬁtﬁﬁ%ﬁ,%ﬁ A1 was derived from
mDuse) 6. T Sddor Wceorisy 1oUMinl5eehtfethet dy€olEé I4FBGE @Rdioki ons f or
nouse ES cells without drug selection. As a result, colonies considered to

be those i PS cell's energed on the 8th day after the virus transfection

on the dish i gz "*ﬂ} CﬂchE%c&ﬁﬁln%f £ M el orftcia‘?fi’l‘églet@ Ga%(?{]efd}%e}ro Conbi nation 1

(Fig. 24). | -T1ke colonies also ener wth 't ot her conbi nations
(2 to 5) comlptisemglgenéleya\gemepmdm’asfﬂlprfa]ﬂmmg\mael 'EE)]ﬁiar ed to Conbi nation

1. When only themff act ors re transdug f t? rged | ndustri al
Applicability e factopaceRrie oY ATE B4 a”inéan? r & c?t or provided by

the pr eS%aﬁnpmwatgb@@or éé@so&r:ﬁ@éﬂ&ﬂr&hcmﬁéﬁb%bdtﬂﬁﬁdf&fkl dr AbE ei can be
conveni entla/ and highly reproduci bly i nduced w thout using enbr%)(e)s or
N

cel |'s, ardndnefigcags perlmtp@)érmhthessr@ﬁp ce@qﬂﬁfsnmf thedpRewmegrrengt'ety Pel | s haV| ng
d|fferent I tow h ability simlar to those
a%&é ?‘rhng'%'eh 1B égﬁﬂﬁmt s

of ES ceI s-can establrs al med is: 1. A nucl ear

repr ogr anm ng % dEhieofacfovracenrs drgatiol syomiel of cldimeH todwhidefurdlnerCct fam |y gene

or gene product thereof, a K f fam I%)ggene or gene pr opluct t hereof, and a
roaucts o

Myc fani IEERES B SRR ALEHISULC BEPaploghct or gene ite or' more
kinds of genes selected from the group consisting of Fbx15, Nanog, ERas,

ECAT15-2, Tell, and B-catenin.

10. The factor according to any one of claims 1 to 9, which further
comprises a gene or genes, or a gene product or gene products of one or more
kinds of genes selected from the group consisting of ECAT1, Esgl, Dnmt3L,,
ECATS8, Gdf3, Sox15, ECAT15-1, Fthl17, Sall4, 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 a
human cell.

13. An induced pluripotent stem cell obtained by the method according to
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2. The factor according to claim1, which conprises a gene or a gene
product of each of the follow ng three kinds of genes: Cct3/4, Klf4, and

c- Myc. 3. The factor according to claim1 or 2, which further
conprises a gene or a gene product of the follow ng gene: a Sox famly
gene. claim 11%r 1Bhe factor according to claim3, which conprises a gene or
a gene product of Sox2. 5. The factor according to any one of

clains 1 to 4l4wAisomagisrepHidssiyed by yrdidingdifipgentiaiionplhetipducsdne or the
gene product of the f am;l ene oOkoinstead of the gene or the gene
pr oduct 8urf%ogeﬁsge?al\éréhﬁlafgfﬁ'gﬁr}ég.t%daﬁm i3. 6. The factor according to claim 5,
wher ei-n-t-he cybolimethiod fidFaipremagaliffSEhtiation ability.anfhe grawtloabititxof di-ng to

any one of _claims 1 to 6, which further conprjses a gene or %ene pr oduct
of the f6t1-dWAR ceraREsesTibgyptep of contactine thg auelear repry ’Ef‘d’i”&f’l’?gfaaf *any one of

claim 1,50, dingWiagh chbbt PBImE 2TRbSASh ehdMe Or genes, or a gene product
or gene products of one or nore kinds of genes selected fromthe group
consi sting of 16h&heohdtbod agcogdimgdo cBYAOL 4, avhgeein thecplyéna hymgngels, HPV16
E7, and Bm|. ... The factor, accordi.n Q of claims 1 to 8§,
whi ch furt her CoMsels zalé’egg ég%%neé%ondg%fc%rlngt%glﬁgﬂnggﬁlgf or gene products
of one or noregkin@dmatic @anRsivesbedhdkifig aiffdrbetigiaupf thersll sictardimftoFbx 15,
Nanog, ERas, ECAT15-2, Tell, and 6-catenin 10. The factor according
to any of®i®fl7%lains 1 to 9, which further conprises a gene or genes, or a
gene product or gene products of one or nore kinds of genes selected from
the group consisting of ECAT1, Esgl, Dnnt 3L, ECAT8, Gdf3, Sox15, ECAT15-1,

Ft h117, Sall4, Rexl, UTFl1l, Stella, Stat3, and G b2. 11. A nethod
for preparing an induced pluripotent stemcell by nuclear reprogramm ng of
a somatic cell, which conprises a step of contacting the nucl ear
reprogramm ng factor according to any one of clains 1 to 10 wth the
somatic cell. 12. The method according to claim11l, wherein the
somatic cell is a human cell. 13. An induced pluripotent stem cel
obtai ned by the nethod according to claim111l or 12. 14. A somatic
cell derived by inducing differentiation of the induced pluripotent stem
cell according to claim13. 15. A method for inproving

differentiation ability and/or growth ability of a cell, which conprises
the step of contacting the nucl ear reprogranm ng factor according to any

one of clains 1 to 10 with the cell. 16. The nmethod according to
claim 15, wherein the cell is a human cell. 17. A cell obtained by
t he nethod according to claim15 or 16. 18. A somatic cell derived

by inducing differentiation of the cell according to claim17.
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