WO 2011/016588PCT/JP2010/063733 Description METHOD OF EFFI Cl ENTLY

ESTABLI =" **~ " """ PLURI POTENT STEM CELLS 5 Technica" “he
pr esent ates to a nethod of efficiently e
artific . . . ... .2t stem(hereinafter referred to a a

reagent theref or nore specifical | yPE8CERIREtPRd of establishing an i PS cell
by /0 bringiy Hb?oﬁck‘%/ﬂc? NPLPUELPARL 26 v NADEAEO SR O IANTE solely K17 4
or a nucl ei ¢ aci at enco es the sane, and (c) Sox2 or nucl ei c acid

t hat encodes the sane, as well as (dI)ClﬂLM‘rc or a nucleic acr d that encodes
the sane and/or (d2) a functional inhibitor of p53, into contact with a
somatic cell, 15 and to an i PS cell inducer consisting of (a) to (c) above,
as wel | sasrddiini candfkee1ad?) . The present invention al so reI ates to an

epi somal vector conpri si ng the nucleic acid factors of?é c) above as
wel | as the nucll&ecPgesgnfaény¥patorn(BeIabds/o? F dosth \%é

a conbi natd bqflstﬁﬁgZQ E%@ﬁtzlx%@ﬁrﬁegtént OfFerk CHENCH a AL | cul arl y
to an epi somal vector o e early self-renoval type, and a nethod of

qui ckl y estedigirireii rttg as rLPS)cebllldepdr gedeadenh ehxorrious mard ei ¢ acid

factor w thout orngthe nte a he nucl d ctor |nthe
genone usi r? cﬁ%{ g %g %s n%?%)?ﬁtdn%fa? #nven gf

recent 1yewﬁngm@83aandchemnorPs ﬁetleldaaareldheﬂmresém&dahaﬂre)rﬁnaa‘ t er
anot her. Yamanaka et al. induced iiPS cells by introducing the Oct3/4, Sox2,

Kl f4 and cbvy&ldénes S0NPRLEIFI BFOSI BBEE SRFPIRY FhHnTal G K %ﬁ?d $H%ci ng
the cel |s 4,0 expicass ol Besgenns: [ WR.2004/ 06966md) 1adakatiast ,(ds) andiye
Yamanaka, S., Cell, 126: 663-676 (2006)]. Thereafter it was reveale t hat
i PS cel | s coo@ ausiledchacprotibabdentodes thet Bame AMBIOT hig ) e c- Myc gene

[ Nakagawa, . IO hn : - (.20

Furt her norféll}qc\}:gr%l%%k%ng?{)%g? % é§§1/ 8%%%8%%%2@10%) %%Jtsluccccgedle'd in
est abl izshiamg itleSaceliPs b;lttntindduerngontl:es‘samge df gemestas( d:)hompmse(hs n t he
nouse into man dermal fibro WO 2007/ 069666 Al ahashi

al ., Cell ,Weg 1:25g fléﬁn?é@é??]jg? ffrre RS iy © natlg’rnou?résé?f ?PrBFrESn et
al . produaed 55 ambESveeltbir Uémﬁgléﬁﬂggtla@%&éwﬁclébﬂi s tfrKId# and
cMyc [WD 2008/ 118820 A2; Yu, J. et al ci ence, 318: 1917- 1922%f( 2007)] .
However, t(# é:rorr €) eABYVEH apsweétraestlaerm%%w @%lqlot}@%ttorr% tiHn 1%
Especi al | lLLem X y /I pgef fLgheney

est abl i sh%erf/og:gﬁgz W%E 8 %éggg%ewgg%\%ug%dé béf/ I nt rodﬁgzr ng 3 actors

(Oct 3/ &p Spizomad I’(Ief:t))roahdr at harPcséfrecnedj apersidwbaely tio cause

tunori genesi,s in.tissyes or 5; IVId al s g%fferent ed frorarPSe&IIds into
somatic c&RISONERVESOFelfoF 8 shRh XSS? rB‘?}P?Y% e 18 iiTUSES of fer
hi gher trarsigaidkay ektbbleBBYnghan DpS-vel Bl doeeivEs, oRnth anfoddiviiaf ore
favorable in that they enabl e easier generation of iPS cells. However,

retrovirude¥lgi@ eeﬁfir fPEticssWhERBHE TREREFRIRE Fhe tHE I RE thssing a
pr obl em wif f13aie Y1 4N fggas!rewnotht hseﬁah@' &8l ngPphd catd G Of JdR e8! | s,

For this reason, iPS cells generated using adenovirus vectors or non-viral
vect or 2ssuch as plasm ds wi thout vector integration in the chronosone have
been reporBt g( Stat %gh I\/gn a A Sci ence, 322: 945-949 (2008); kita,
K. et al., 2S%NEES 322576490853 ég (2008); Yu, J. et al., Science, 324:
797-801 (2009)] InHpeewar, yehese meaker snariuhaweiP$ nce PSS dedve ésdeabl | shnent
efficiency than retroviruses and | entiviruses. Possibly hecause Qf t he

requi r emerfstGPlieheds ookt 2REER BRPFRSE} o BRVKH & &t G HSECor Pinder i PS

cell sel ectd)an eQndhii-8RscihBetReabELIPNE 30xEASEBFA Ny Chnyie e%tese
expression |ine having a reprogramm ng fact or |ncorporat ed int

chr onosoneindto £ibaobdpsthr dguéred £somba anpreske evanrd wiercind rfdisa qsﬂldsﬁri d
t h I X t
oot por atioEGEEEa TR utpess THB 2601 186980 h bt Be it " ida 1 «

et al., Natana@aké4585.77tell’ (26095F3-676 (2006)]. Thereafter, it was

revealed that iPS cells could also be produced with 3 factors

other than the c-Myc gene [Nakagawa, M. et al., Nat.
35 Biotechnol., 26: 101-106 (2008)]. Furthermore, Yamanaka et al.
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WD 2011/ 016588PCT/ JP2010/ 063733 Hence, attenpts have been nmade to reconcile
hi gh est~*'*~*=~=* ~fficiency and safety by first estak'‘®~»" =~ ~~ 175 cell
using a r lentivirus, then renoving the exc from
the chronosone. ror exanple, techniques 5 congrising a cunwr naciun uf a

| enti vi r ussugreadrd dre-dshablipbiom REVeCBéeA PEpéPtEaAdRERGotPE o™t al .,
Stem Cel | s X - 104 ) 0 - e , 30r o5 P4ks
977(2009)](3.eﬁs t%sgg%logs%pglrst%s%?q o%g\ée}rngﬂgécéﬁfi e&@%ﬁs?%ﬁ%li%ﬁg%%d V\htesr ein
a | oxP sequenc) (% (absda @d ;i MakheakhiR,t 8./ etnahi i celfiheldisk8oi-872

oxP coquoritd Thlat " PBIGIRs hPEe "EPdr 18 BFRIR AL VAN S RHSEPEh

anot her spriameri BIde1as QW ner NEhbg badi nsapBednf platée avs cKl D4 ngnd c—
reprogramm ng factor; therefore, there is a demand for the_ 15 devel opnent
of a vect A¥Y& hiO 2P 8d 1864$t Pdét &8/ ndr eCEadilty. 5N€ﬁ669h3é§bg%%%b"sl%&| eic
acid fact of S FAN be conpletely elimnated of using piggyBac transposon
[Kaji, K et al., Nature, 458: 771-775 (2009)], the possibility of

di sturbi ng endogenmzmeride eddnotiebeyr affedPsucebécastablismerihtiolow

integration in the genane is_unavoidable. | j e net hod
i nvol vi ng ?rlchel?fssee%%na epi g%ﬁ%ﬁ%%%i’bﬁ ]E)%IE) R o&%éﬁslé)l If'i-oﬁ'{;pl i cation

out si de;gt hef ehvismsorer, 1ips addilt eenaboishreabovecdescwhéredtheaw aRS cel |
establishment efficiency, the spontaneous clear szge gf he 25 ]\gszft or upon
di scont i NRAIBHFRS R GF QRGN 3 $36FOFSw(BFFP£F ene§*ant? dkbs®h | ong
time [YU, hnét @Han SMBICGHhid3R%4is7962804 €3088hke F@hotlgsneepsom there

is a need for a nmethod of renoving the vector in a short tine with high

ef fi ci encytisgidse ampmsliiviguels dafifessnabptsAnEremei PP cFehks, 1nto

30Furt her &]? +8hQ erlelrs problemarises in finding clinical applications for
human i PS ce a}s; the Cells can becone contaminated with ingredients derived
from otizer ani nalirsylecieetxuclsuah ser vetanditesdsranél landivingse PSS Tt
est abl i shnent. and nmai nt enance l.ture. It is desirable, 35 therefore, that
o1 oper atT ST (G gl a i TPREYoF P20 BT B bR SP2UTD 3733
transfer tghdwardyrd RAveldblestiabkhsnentyandaBlentesase egeni £l fon hef
performed under "Xeno-free" conditions (no heterol ogous 1 ngredients

cont ai ned)iPHovlMer., HPWRHSTbeEALFPRETEFOR AN r kA F LB FURRS iBPIMfan i PS
celI's estaflj SNAS] he! IdhiBnlBhet OBALILANS, phEbELA! POONSSA AGE P LT S
are used in at’least one step fromreprogranm ng factor transfer to i PS
cel | estoabliehnehttland Inm intadnappd icaltttivne off OiPSaceklset Bbr , tiScs ergasorg2?2:
949-953 (2008); Yu, J. et al., Science, 324: 797-801 (2009) ; Kajj, K. et
A Rt UrEFS el Attt 5s 50" PASRRIARREI ECEPTo L Re TUMaYL THS cel | <
est abl i shegbanuley (@0 @4 aeendist warsohaveebeer inssgtecied ivmtthe
reprogranmm ng genes by nmeans of a retrovirus or _lentivirus, and none of

t hem have HENGF@IataEyauRes” FePestefedSEaAEEELENsM FBHOR} gueSCEPREE, | . et

al., Stem J 2854 936 205+ aR0%S, P 41 . et sal; tegb3is §ehlesPev.
2009 Dec Z%é'( ?pzlu%?gazlhgga( ofs()érib(r%%lit]a.' %ume"rgr élof f%%e?ﬁéén?ib%n The
pr esent2si nY2Z0M8)on Y di.r edt ed -t,0 SefieincieenBRy¥: e3PAbBPEhI A0 kaf dldwaver,i PS

cell suitahle for clinical 20 application. Ac ' 1L '
obj ect of aEq?weéseprveescectn TS Aénti8T Tt 6 pr tg\?i 8’12 %g%é??%@%ﬁ o%/éff%%érl;é};

ef fici encytidn esdtafdvishisey a0fd 1BRtdelirasepar tPess Hyly buowmusd F adld s, and
a nmethod of efficiently producing an.iPS cell bg9usi ?g the neans, It is a

second objeRIVLFERSY SHeRSTS Isthedht PAAT §XPECFPBOP 8T ar AR RILABRL i ckl y

establ i shi pag-@ah i BRaelilpd hah 1hag1kest 08X e88AESoAYS! herach fe f 6haor s
W t hout undergoing the integration of the nucleic acid factors in the

genone. 30 tcases ithiwhidbjecttabilet kgppessénn LanenhaBhNg 02 gEPRY 2F BB HGman
I PS cel | V‘%ég@é{i fjnsc;on SH eV. ri%sc%%eorchlgg}ngrsglnggggsai ngggiﬁnflsequency
is obtained even when using a plasmid vector, which is |
generally recognized as being unlikely to cause the
incorporation [Okita, K. et al., Science, 322: 949-953 (2008);
35 Kaji, K.. et al., Nature, 458: 771-775 (2009)].
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30 during the period fromreprogranm ng factor transfer and i PS cel
establish~m=t ~=< ~~intenance culture (i.e., under viry- fr~~ v~~~ free
conditic by provide a human i PS cell that ce sed in
human cliinvar secvi ngs. To solve the probl ens descri beq. aboye, tne present

35 inventors fi rI'EEtnquv@stt‘iegéttéd hayer PRENsHRASHFE EBRBNALLE oRLIDT

2011/ 01658@@@5&4&%&4&{@@f?ﬁ?clre%yoeherr%@etgeags fysgegeetastiewm@l ayector.
Based on the 6 factors used by Y . et _al. for establishing a human iPS
cel | usingilBHh eqﬂlsorﬁantng/@ctrtﬁtr[omtr@/morKllfemtlrz*llwé, EbR2, rAEAVHRJ L8

(SV40 Lar e a h e

and excl ug%aoqrom&tgt%r{r%%gggoﬁlaﬁ%eng%hgéhgg?hé[ ggblnéﬂcee J;%fé %%CW%ZSSOQ)]
t he presentompwienimy s a:td:mmtae:dotm orfnduaenalhmrme aR$ theICfeehmxaP human
dermal fibr obI ast (VHDFH% usi n cto S excg I\lanog:L or _usi ng f 9rs
except NandS il %erq_ E)‘Iaé‘@e FWe-fhcdlro BheRpeetEs yﬁ
human i PS £@f3- veeo egialy)i; sts%idﬁe&e @ffeel antlyceiith the: usesof the 5
factors other than Nanog than with'the 6 factors. Furthernore, as a result
of repl acehEht2{9)c-Myénwithese- KpROTEfe }e%‘t’%tmiFshﬁ*re‘Fﬁmle]fGPf cqce}ﬁ:tfq%rlcﬁved
remar kabl y, yrap 4 I abLi 5; ef y. s actually
conpar ed best' ween t%‘% use léjp t%%q% ?%%t g%sigﬁgﬁﬁé ﬁfs%e{%% ]?’Elg égvt?actors

i ncl udi g rhidaei 4en thleaceEl sif of- et ivasiog afi epi snoegenecinrthésvicimsiy t,

it was fo nd th? %he est abl i shnent %Hﬁi ie c¥ |ncreaseﬁ®%errar kably with
the use of TR AN IS eL- c PR pPadEeBEe T2 tohpar ed
with the Gfedt Are recombidiee trehementachalswhertg Snbdeképrsréudiesr t han
Nanog and including L-Myc in place of c-Mc, along with an epi somal vector
t hat encodeecharasHINA cagdifiist ig53nseaitedt FansterREaTibiP@R As a result of
functi onal ol o PlecB2r | RGBS <250 1BEE 9B 3l Aeflatit fot henyise of
the 6 factors to sim ar extent conpared’ w t 5 factors including L-Mc
in place odewMmenthef teheestioacthrs wenebeonbnaemvrt:eﬁ nonet ¢asaly -

inhibitio f. p5 the establishnment efficie i ncrease
r emar kabl ;Aﬂtt%cpv?g% eéiosgoenfooun&mtcﬁgt baClgr %acgré%gecénbséo%@%%t?fgr obl ast s
( MEF), ratétpimitxt‘aajbcﬁmlf Qﬁéﬂr@ pas;gfyeedertraﬁbbSSah {kejij nk. oét pabsage of HDF

after transfection establishment efficiency roved
dramat i cal ¥gture, 458"I'r7e71pr7e7§en(t200r9\)emt 5§ R98SdRi! §hEdOt ndlep ‘F%tbﬂ‘gq vect or

to all ow g afaddduteyeddier@eines penthakyf BﬁttB€c§§se f?@ﬂléf@ﬁt on 35
thereof to be cut out” therefromby the action of Cre
2011/01@588!1@1:]&1210310/10637@3 geacowbilsasaawridahleoxP sequence pl aced at

vector 1o be shaFTIERIte TS Eor e iryBLPLhd hY hrt ELE B TS

cell. AftarecﬂsizahiapﬁhmntofofsttaMeSsl&tltf&mepﬂ?Scaelibn bhestaéd| tise genom c DNA

and extrachronosonal e .isol ate separate Xam ne

presence o?m%%%ﬁﬂi%e'of”t ‘{J'rt&ﬁ’ eﬁes ga"?egﬁf’"?rl}gﬁ‘g f"émls?% vect or
was not dedcdiedh dHmneditt @fl@%mc@zﬁe%B@C%ﬁghianéBﬁsV@Eé@faﬁ\@é épufk t o be an
early self-renoval vector quickly shedding fromlo the cell, w thout using
Cre recmiverter upon dismentHaugsien phedsugsspterhient b sofukeeded in
generatin B nde ely..vi rus=fr an fr

condi ti onge rrc])én%% rogqugtfrér%knelé %aéfgl%ntﬂrkgl%sf[grl’tg |E’% %EH gc?g‘ﬁ??'sh?r%%t and
mai ntenanc’é9btﬂ(1]ur620(lﬁs)|]ng Fbhe mmsereaﬁmEMemmsmm ficacteomethod
Fromthese results, res i,nvent th man_ LPS cell
establ | Shitht €91 % 05 o PodBaTF e RiPRaBE DR by ERcP E TR E¥og {1 om
the reprogsaime Ngnd rasiiiss 1@@ dedilngskablieshept acerotiendfc, or using a
functional 20 inhibitor of p53 in place thereof, or in_addition thereto,
that amdl FS cel |Fqntette%qroeeoeﬁegeaéeslﬁmcraéreeacra fhrdbRe G imal

under goi n h u a r enone can be
acquired gaﬁ%é% ogpéltqlrfmr?tg ?‘ﬁ’g’ ggg?éﬁ g?ga%ég%?sgﬁg%%gﬁ%r and t hat
a human | Fcfbrt:teinlllrcaa:recbeuZﬁl gageedtiedtsnderivedusromeethad amima¥ree

condi ti ons b corrbl ni.ng t he above- d cri bed iﬁgrgﬁramﬁ ngsfacﬁ)rs and

epi sonal afrthare SE&VE 6‘6&1 ER&epr 5§ VEREi ohe ©€

establlshment and maintenance culture. It is desirable,

35 therefore, that all operations, from reprogramming factor
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Accordingly, the present invention provides: [1] A nmethod of producing an

| FS cell ~oamricina pringing (a) 30 Cct3/4 or a nuclei - -~~-° " **=* -1codes
t he sane a nucleic acid that encodes the ¢ 50x2 or
a nucleic aciu vnar encodes the sane, as well as (dl) L-iwyc or a nucieic

acid that BrReRIERTtHR Rypan akkf cﬁe](]dEs%qwe&#ala“idnﬁ‘?BPFSPaBFepSS into

contact V“Eﬁ‘l@ufém%vépé?@férméﬁd er "&JIRI 9 ACcondiiRgohe [(Ab above,
further conprising 2011/ 016588PCT/JP2010/ 063733 bringing (e) Lin28 or

Li n28b or hehec¢b®@0m|mqm1mdmta1@eﬁrre Hnwevenntatthwﬂbeerhe
somatic Ce{{ﬁ%}%f%% q%%hoﬁsqﬁgq{dGPQnﬁnrllk> §L %?%gglégﬁﬁaehﬂdépe

functi onal nuclei ¢ aci sel e rom

consi st i Ngvofus+ RNGS c&mliﬂtthhQs agai gl qefodisaithgdiéd ehhat agscadedt Ii]ﬁ sane.
[4] The met hod accordi ng t@%g or [3] above corrpr|S| ng transferri ng (a) a
nucl ei ¢ act®@thatnendlrRst %Prc(%anguﬁ’@clfé‘lc&o&c daPRaBTehfodEs REFA (o)

a nuclei ¢ agf goi NaimdOr eNEPIRS mPandddldu1d urec! @ik taci &.t Bat agngodes L- Mc
and/or (d2) a nucleic acid that encodes an shRNA agai nst p53, as well as

(e) a nucl 8ctenced 3har ¥ATotes (A0 joYu.1w28let €d.a Sewence,c8PH: [ 5]
Th h d 4 1 i !
e 1ot hod arcon sl 1es9) [4]gbover vhersin a,Lepst gus. 15 qushel cogeety.

sel ected from roup consisting o e foregol nf
(e) is igamedewhiele) nalhetrfeorhnnm‘n arPSem&ﬁﬂJmleS\tebtlmshed[ 6hdéhexenbhbdee

according to %% or [5 ove, where % (Erqz t?]fe nucl eic _acid that encodes
an shRNA ag@PAstions ? VEE 5 SERTEBTa™ BB nPE TR cPHr

i ncapabl e péaggl b rephdeadvindid prealdrtivilrds, TR@dmabhedo@cenesi Agveo [5] or
[ 6] above, wherein the episomal vector is a sel f-renoval vector sheddi ng

from t he i PSeRePTeR3redaIBIgr prssmyE mae £onddddensy [BPdspigueznBiaa, 2k- [ g]
The methodeaceprdl Boh el 0850136 2ls t@cl0) ARRKS, WhareLe Lhe eprapma

vect or has ‘Sequénces p ‘aced in Sanme orientation on t

si des ofs ace¥@tsobeeons20QUeidc esksentHlb fabreadhefr gplintafdi.on of the nucleic
aci d. [9] The method according to [8] above, not conprising the 30
process of treating the cell wth Cre reconbinase. [10] The nethod

accordi ng $emaayy obe e [Ivdrxid] above, wherein the somatic cell is a
human cel | . [11] The nethod according to [10]. above, conprising

culturing a cel ITh® R¥RSSHs eMteend ah lisnghegicdrd tPoREALRGRDALKRN ani mal 35

during the,per Pﬁsﬁ{@é?oé‘é@é?thmar{ hed %rqu.o'sﬁﬁtfa%%m‘fér( 8)ini¥)
2011/016588P CT/JP20107 063733 (b), (c), as well (dl') and/or (d2), or

addi ti orml ape)icakidnt hé\csv@minml&el litt ost hefess’abbbﬂsmmf ofharpieente| | .
[ 12] The net hod accor di n above, wherein hH nf%el l 8ng§eogsed as

f eeder celjrré ?%e‘?el V eeadk"ea@éﬁl oérm rl?ggd eLtict

establishment of 1PS cells, particularly human iPS cells, and
a method of efficiently producing an iPS cell by using the
means. It is a second object of the present invention to

25 provide a method of quickly establishing an iPS cell that has
lost exogenous nucleic acid factors without undergoing the
integration of the nucleic acid factors in the genome. It is a
third object of the present invention to generate a human iPS
cell without using any viruses or heterologous ingredients

30 during the period from reprogramming factor transfer and iPS
cell establishment and maintenance culture (i.e., under virus-
free xeno-free conditions) to thereby provide a human iPS cell
that can be safely used in human clinical settings.

To solve the problems described above, the present

35 inventors first investigated to find suitable combinations of
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5 [13] The method according to [12] above, wherein the feeder cells are
derived ¢~~~ *"»~ =~~~ jndividual as the somatic cell. """ "= P ~g[]
i nducti c igent conprising (a) a nucleic acii

Cct 3/4, (b) a nucleic acid that .encodes Kl f4 C) a,nuclelc acld that
encodes SOESFHIFTEIG GRS e 100 4 FRAEORAEBNeReEiRTe R TP ©
nucl ei ¢ acf4ttidid @REDIRS Yaf) INRMA agai wsk BBBaba$sWehy ash@anaipsicl eic
acid that encodes Lin28 or Lin28b. [15] The agent according to £14] above,

wher ei n atcellastsigre afudrdisomadi FeséractlOgtY 8m Khé4gr 6THYE0n3P%E4i ng of the
15 foregoi T4 , |}y LS 1§ f f '
going { Q) 1.  (Kao (];.gxlr%];ée 'tﬂ‘gaﬁ}lf;bgr h?zlagFSd QMR mﬁé@aBPi§ t

vector. [1 he agent accor above, erein (d2) the
nucl ei ¢ sacefiff idisngndogesvar , s lkRNAexgdiudst H58mi shenrebeogoammofiga pl asmi d

vector incapable of self-rep]]jcati LN, 2 | S. 17]_The ,agent according
to [15] or® rﬁﬁﬁab - SR g#t hZBZTJ%Q%rT&&&)cfbrt}#% Feefht (r_]jé'%e\f%oﬁ?ect or
sheddi ng f4wtBrgied RS geldudey at hemahhipassage #@tom &' RGHEHCie fha 50% or

nor e. [18hllei The agent according to any one of [15& to [17] above,_ 25
wher ei n t HelREERIGRT VERE oMsHAS Pofpcsegier¥esPpl BaBaI: nOF hids Ege°

orientati ofy A& e Watiogs! G683 chl 1RcYBAEOE,-HPBST Al YEALe eéﬁeéﬁnh%és for

the replication of each of the foregoing nucleic acids. [19] An i cel |
that haw |Wsxpdutdddnbge mymanc i&iSc cedildwasOeatehdbushaedderyei ng t he

integration.of the nucl.eic. acids in.the _gen t aj hod
accordi ng %%Placnlyengcnlé’ c‘ﬁ‘l%[l"S]t o u[ssﬁ‘] °§b858.g ?ggfoggegjlcgégcg%{?ﬁg@%%? ing to
[ 19] aboveshashiwgltH she ufaktioPS .cefhrtBérhddd, Adumares DS ecef | free of any

contam nating i ngredient WD 2011/016588PCT/JP2010/ 063733 from a non- hunan
Coimal e e R etis atbotaPie. ( the aRGabLosSmrent] ChEhalSae

[22] A useiird® iRRGHab13ccondhag, tRurdy Lo @11 2dtAoMhrientpr oduci ng
a somatic cell. [23] The iPS cell according to any one of [19] to [19] [21]

to abovie, effHeridney has RStaallyseorparad hetvaebetbe e8¢l of nthe odluci ng a

somati ¢ CE%Actors and the use of the 5 factors including L-Myc in place

of c-Myc, using an episomal vector. As a result, it was found
that the establishment efficiency increased remarkably with
the use of the 5 factors including L-Myc in place of c-Myc,

20 compared with the 6 factors.

Next, the 6 factors or the 5 factors other than Nandg and
including L-Myc in place of c-Myc, along with an episomal
vector that engodes an shRNA against p53, were transferred to

| HDF. As a result of functional inhibition of p53, iPS cells

25 were obtained with the use of the 6 factors to similar extent
compared with the 5 factors including L-Myc in place of c-Myc.
When the 5 factors were combined with functional inhibition of
p53, the establishment efficiency increased still more
remarkably. It was also found that by using mouse embryonic

30 fibroblasts (MEF), rather than SNL cells, as feeder cells at
the time of passage of HDF after transfection, the human iPS
cell establishment efficiency improved dramatically.

The present inventors had designed the episomal vector to
allow a constituent thereof essential for the self-replication

35 thereof to be cut out therefrom by the action of Cre

5


tly
Rectangle

tly
Rectangle


The use of L-Myc in place of c-Myc and/or use of a |o functional inhibitor

of p53, -~ == "' ~~ *he non-use of Nanog, makes it possi®'~ *~ in~r~~35e |FS
cell est f ficiency remarkably, and is theref 1y

useful in yeneraving a human i PS cell, particularly a human 1+5_cej1 of the
type that HREIDIGaTHVEIERe & HOXEh SEGUENICEn PR CES ngPeﬁhaﬁﬂ#ﬁgoﬁeﬁﬁ§ in the

genome, Wiidpidie UsesofRAadOLS thakihake theer -ax5EeIELY Jegwswal
establishment efficiency (Cct3/4, K f4, Sox2, c-Myc, Nanog, L1n28).

Addi ti onal tggtahetuse cthegh finsdefdveda®S yeddvabdpsdyepfsenal vector nakes
it possible t st.abl i.sh | PS cell -with LN | 0.4 nt.egrati.on
of exogeno%sst%fﬂgltse}fn(‘:ergcciocfa B:élc &rPs i l}tyﬁe égé%ﬁe,g%%%ﬂ?%&@e:rféeoﬁ hngehegpi sone
to be shecthwnirckins fdedd,t hhd B 1Q¢els gahbari ce sNabbhaharttrathesmofomaher eby
t he vector_can be shed fromthe cell earlier than c%nventional eﬁi sonal

vectors. FNR H&Srecdesdd8 hpRERtepy e8pMipsA HeTgERGr BF8BC NG et 25

conpl et el Yapyddiss fdearnd Peenerdnic@e CRBALT 18881 HUriRg heh Ped el f¥dBor
reprogramm ng factor transfer to i PS cell establishnment and mai nt enance,
t he met hodwad ndte qetexdiad iinv@ittibex DYNAHI gheyraserdlyr nthAppV9Ehgr hdddn i PS
cells tor rative |_.Gl{ne. | ol Lowi ng,.. t F
est abl i she%g%g&tt?}oe bueseaqgg a?r%’ eples%%lnal}legn\ggg?o&e?\s%go uﬁ?ﬁ%g g%%&é%/?%t gﬁo%s-
"epi-i PR celé Celalr, "wipihduRSGE 1 nign Cirlee rpcesbinaspeci fi cati on. In
addi tion, when the conbination of introdyced genes is abhreviated as "Vl,
Y2, Y3, Y4, Ti, HFUEOTE AR HTGSRAL SRVSBPESaSUSHERAST nl he Table 1
bel ow. &AL 10 Rp 8B ma}P%.@@/c@@_a.?%%dE&b%@m%le@éwﬁﬁYrﬁé—ﬁféé nhAld

ug

m Xt ures. xture name Plasm d nanme Anount CGenes Y1 pCXLE-hCct4 1
OCT3/ 4 pCGemtHSiea sokditigny freoxrepgogKarming factor transfer to iPS

cell establishment and maintenance culture, using the above-
15 described episomal vector.

From these results, the present inventors found that
human iPS cell establishment efficiency can be improved
remarkably by excluding Nanog from the reprogramming factors
and using L-Myc in place of c-Myc, or using a functional

20 inhibitor of p53 in place thereof, or in addition thereto,
that an iPS cell that has lost exogenous nucleic acid factors
without undergoing the integration of the nucleic acid factors
in the genome can be acquired quickly by elaborating the
design of an episomal vector, and that a human iPS cell can be
25 generated under virus-free and xeno-free conditions by
combining the above-described reprogramming factors and
episomal vector, and have developed the present invention.

Accordingly, the present invention provides:

[1] A method of producing an iPS cell, comprising bringing (a)

30 Oct3/4 or a nucleic acid that encodes the same, (b) K1lf4 or a
nucleic acid that encodes the same, and (c) Sox2 or a nucleic
acid that encodes the same, as well as (dl) L-Myc or a nucleic
acid that encodes the same and/or (d2) a functional inhibitor
of p53, into contact with a somatic cell.

35 [2] The method according to [1] above, further comprising
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C- MYC, UN28, NANOG Y2 pCXLE-hCct4shp53 1 OCT3/4, shRNA for p53 pCXLE-hSK 1
SO (2, k71 ==~v'E M N1 CMC UN28, NANOG Y3 pCXLE-hmrt a4 1 T2l 4
PCXLE- h¢ =4 pCXLE-hUL 1 L-MYC, UN28 Y4

bringing (e) Lin28 or Lin28b or a nucleic acid that encodes
the same into contact with the somatic cell.

[3] The method according to [1] or [2] above, wherein the
functional inhibitor of p53 is a nucleic acid selected from

the group consisting of siRNAs and shRNAs against p53 and DNAs

i

that encode the same.

[4] The method according to [2] or [3] above, comprising:
transferring (a) a nucleic acid that encodes Oct3/4, (b) a
nucleic acid that encodes K1f4, (c) a nucleic acid that

10 encodes Sox2, (dl) a nucleic acid that encodes L-Myc and/or
(d2) a nucleic acid that encodes an shRNA against p53, as well
as (e) a nucleic acid that encodes Lin28 or Lin28b, to a
somatic cell.

[5] The method according to [4] above, wherein at least one

15 nucleic acid selected from the group consisting of the
foregoing (a), (b), (c), (dl) and (e) is transferred in the
form of an episomal vector. _

[6] Thé method according to [4] or [5] above, wherein (d2) the
nucleic acid that encodes an shRNA against p53 is transferred

20 in the form of a plasmid vector incapable of self-replicating
in cells.

[7] The method according to [5] or [6] above, wherein the
episomal vector is a self-removal vector shedding from the iPS
cell by the 5th passage at a frequency of 50% or more.

25 [8] The method according to any one of [5] to [7] above,
wherein the episomal vector has loxP sequences placed in the
same orientation on the 5’ and 3’ sides of a vector
constituent essential for the replication of the nucleic acid.
[9] The method according to [8] above, not comprising the

30 process of treating the cell with Cre recombinase.

[10] The method according to any one of [1] to [9] above,
wherein the somatic cell is a human cell.

[11] The method according to [10] above, comprising culturing
a cell in the absence of an ingredient from a non-human animal

35 during the period from contact of the foregoing factors (a),
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PCXLE- hCct 4shp53 1 OCT3/4, shRNA for p53 pCXLE-hSK 1 SOX2, KLF4 pCXLE- hUL
1 L-MYC, 'W»R Ti nED4EQ2SET2K 1.125 OCT3/4, SOX2, SVAQ T Wi E4

pEP4E02¢ CT3/4, SOX2, NANOG KLF4 pCEP4- M| IN28 T2
pEP4E025I:IZK 0.91

(b), (c), as well as (dl) and/or (d2), or additional (e), with
the somatic cell to the establishment of an iPS cell.

[12] The method according to [11] above, wherein human cells
are used as feeder cells, or wherein no feeder cells are used.

5 [13] The method according to [12] above, wherein the feeder
cells are derived from the same individual as the somatic cell.
[14] An iPS cell induction promoting agent comprising (a) a
nucleic acid that encodes Oct3/4, (b) a nucleic acid that
encodes K1f4, (c) a nucleic acid that encodes Sox2, (dl) a

10 nucleic acid that encodes L-Myc and/or (d2) a nucleic acid
that encodes an shRNA against p53, as well as (e) a nucleic
acid that encodes Lin28 or Lin28b.

[15] The agent according td [14] above, wherein at least one
nucleic acid selected from the group consisting of the

15 foregoing (a), (b), (c), (dl) and (e) is in the form of an
episomal vector.

[16] The agent according to [14] or [15] above, wherein (d2)
the nucleic acid that encodes an shRNA against p53 is in the
form of a plasmid vector incapable of self-replication in

20 cells.

[17] The agent according to [15] or [16] aboVe, wherein the
episomal vector is a self-removal vector shedding from the iPS
cell by the 5th passage at a frequency of 50% or more.

[18] The agent according to any one of [15] to [17] above,

25 wherein the episomal vector has loxP sequences placed in the
same orientation on the 5’ and 3’ sides of a vector
constituent essential for the replication of each of the
foregoing nucleic acids.

[19] An iPS cell that has lost the foregoing nucleic acids

30 without undergoing the integration of the nucleic acids in the
genome, obtained by the method according to any one of [5] to
[9] above.

[20] The iPS cell according to [19] above, which is a human
iPS cell.

35 [21] A human iPS cell free of any contaminating ingredient
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OCT3/ 4, SOX2, SVAOLT, KLF4 pEP4E02SCK2MEN2L 2,09 OCT3/4, SOX2, KLF4,

C MYC, MANMY= 1mpe T3 pEPAEQ2SET2K 0.8 OCT3/4. SOX2, SV T  KIEA

pEPA4EQ2¢ T3/ 4, SOX2, NANOG, UN28 pEP4E02SE L

SOX2, G wye, kL4 orief Description of the Drawings Fig. L 1s a

phot ogr aphf £oT e MFERERATL Rrgimado| eriteédnee QYhEﬁﬁnm?F‘EogeFFgo’é@f%%l’F%hed by

transferri VAd Qs genesd 9 11gonaidk human dermal fibroblasts using a
retrovirusé,}g)cmerein Oﬁspan so[f?rq Cct3/4, S for Sox2, Kfor Kf4, L for

Li n28, N fb22INamotge M dihec-igc ceddd agcpgdingMpe. apyj onatofept ke at i on of
factors Ii "OQ-ML" .indicates_a constr / repared by joining the
transl at ed i%osveoflr{ t?erq&élﬁl&gs a\/isg%g%gg ggagénce. The nunber under each
pgolt OEr%ph%;mdim ePg e INueRiorafi ngoroESnli kaecofonies fot hel huabeve of
ES-like colonies. Fig., 2 is _a graphic representatign of_ sone of the results
15 shown i¥PEigLD TheTHES Gfder SEEVES- BPke EBP5RFeS igehd?‘&alf’é‘ad‘b?/l%g Rlid

bar, and thg,nubesre10f non-ES-like colonies by an outlined bar. In Fig. 2,
"6 factors” Indicates a case where the Cct3/4, Sox2, Kl f4, Lin28, Nanog,
and c-Myc or L-Myc genes were transferred; "ctrl"” indicates a case where 5

VRIS et S et e e e i T S o St
(L stangs fuictiomf, iMHidritorMed, p93f,oasLwhfit) agothednbheuse noarkaog 3/ 4,
Sox2 and KIr%af]ffesweirte ptorsasnl fleer rteod'increase iPS cell establishment

efficiency remarkably, and is therefore particularly useful in

generating a human iPS cell, particularly a human iPS cell of

the type that does not involve the integration of

15 reprogramming genes in the genome, with the use of 6 factors
that have been extremely low in establishment efficiency
(Oct3/4, K1f4, Sox2, c-Myc, Nanog, Lin28). Additionally, the
use of an independently developed episomal vector makes it
possible to establish an iPS cell without involving the

20 integration of exogenous nucleic acid factors in the genome,
and to cause the episome to be shed quickly from the iPS cell
after establishment thereof, whereby the vector can be shed
from the cell earlier than conventional episomal vectors.
Furthermore, because a human iPS celi can be generated under

25 completely virus-free and xeno-free conditions during the
period from reprogramming factor transfer to iPS cell
establishment and maintenance, the method of the present
invention is highly useful in applying human iPS cells to
regenerative medicine. -

30 In the following, the iPS cell established by the use of
an episomal vector is sometimes abbreviated as “epi-iPS cells”
or “epi-iPSCs” in the present specification.

In addition, when the combination of introduced genes is

abbreviated as “Y1, Y2, Y3, Y4, Tl, T2 or T3”, the combination

35 is as shown in the Table 1 below.
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WO 2011/ 016588PCT/ JP2010/ 063733 Fig. 3 is a photographic
represer*~*i~~ ~f ~~lonies of an i PS cell established h- *»~=~f~"~*+=~ the
five dif ids pCXLE-hQct4, pCXLE-hSK, pCXLE- N, and
pCX- SVAOUL1 to0 aauit hurman dermal fibroblasts. The left piuie ¢ ciivwe @

phot ogr aph agbleof. Elemd bBiRbidinaure€! | establishnent; the right plate shows
a phot ogr afix&ke Aimel [PRsmil HanAS S A0 C|Amount {ug) [Genes FI §. 4 1S a phofographic

repr esent atfron of copGXiEesOm4 an i PS cel | 183018 | shed by transferring the
four differlent plasnp@XLEgtdd F-hQetid, pCXI B K : -hM N

hunan—daPSRUEBNUN o1 oo 1 CMW
:ge/?i ﬁgulnt YPs cel | '-, Wt W%:@;@Afg’%ﬁgﬁ&pﬁ—&s—e)f
the 2nd pagdsage (p2) CXLE—hMLN Fo— TS 1cj_w'ggll_[ﬁﬁ;3i|&m0@pl ESeTtatTomof
col oni es of fFPS Te TEcRAT RoNA SNTEd Py (T an3|gémayd1g the three difrerent 15
pl asm ds pQXLE- hCct 4@ kI NSK, and pCXLE{Soz, Kuepper Teft panel), or the
three diffdgrent pl aspCdEWCXLE-hOck 4, pCXIK- LiNg8d pCXLE- hM.N (upper

ri ght panel{Y4 or thepEXEckOaidshd8r et pl asHOGTMSHANATONR5A- chpS3  pCXILE- hBK,
and pCXLE-HUL (1 ower[PEBEhSanal)  +o adul 1]SAXHLFA i :

upper row o—er—eacHERELE L hoys heesylilaMite Ul e
PP 1 PEPAEDISETIR o [1C T CPIJ5|OCTar4, SPXZ SVAOLT, . ©
celI's. The [lower r oW ERREBSRENRETTE | S T 25|00T30E SOX® NANDGT KIFH U 5
cells as fdeder celll|Scepyz0NOT 00T BPNS @y5jdHYC! k@8NSt Si de W thout col pny
nunber on t[fg Teft SperdEdeSETaKe phpt 0gr a BocIs/4) SDXESVAOLEEKLEST oni es. 25F) g.
6 is a graghic reprcsEREQRSGKIMBRN2L he | e AAGCTSHOWAXZ LA BHEY S NANAE, LiNashe|
of ES-1ike |€dl oni es peathiceaiated by a Q”]”8OQI’3’/(§'§8§§1§X*%; L,ﬂg” ol

non- ES-1i kg col oni egREREEQSS=gL ] | sCTERE . SAL 2o -e—t-he
resul ts obtlatred—by Eﬁggﬂﬂ?ﬂ* A6 O |(J'|s¥\£“%g —4|‘|atiuno. 36 1)
PCXLE- hQct 4, pCXLE- hSK, pCXLE-hMLN, (2) pCXLE-hQct4, pCXLE-hSK, pCXLE-hUL,
(3) pCXLE- hCct 4- shp53, pCXLE- hSK, pCXLE-hUL, (4) pCXLE- GFP. Fig.
7 is a phosoisfpbe oo g iesedfattihen Dafawdolgeni es of 35 i PS cel |l s established
by transferring the three different WO 2011/ 016588PCT/ JP2010/ 063733

pl asmi ds pCXLE- HAd 4,1 peKIFERSECLERE I EXEEPRFERD 3%}38? PEf EOPIALEY, OBr the
three dif fiampm Dbses dss ROELEIRGHA HRCKENRSKrrang pPEXLEaBUsehboves | eft
panel ), or the three different plasm ds pCXLE-hCct4-shp53, pCXLE-hSK, and
PCXLE- hM_N¢@ipeal shumajhtdeyanadl Y ibgoblee tishuedngi Af SEERPVHFAS N Yaerein
PCXLE- hCct 4- , -NSK, - h o righ a t

fi brobl asté1 %%gr}?c\%sgdf rfjgn%!“:tafs i r?aorigrggél-xgéa%glgg gg%r’] ﬂT 89uggé%8'rol\% on
each panel fshdvenddiye M et tcs-Mytat,aiamed Uusiomrg LVEycas Aepalemt cel | s. The | ower

row on each panel ows t esul ts ./,0 ohtal i.n TO cel | f eed
ce\INI s. regrﬁpd?g%l\i,\% fhfgtf{?tcgzg’rrasgﬂil%erg‘ r gggﬁt gtfsllfiéﬁag/gscal gﬁpégf‘ﬁ?t ieIEDSer
cel | esiabbishecedyby rsiiely ivhe thankshaeeddirkbevast opl apai dscpéxsErhixt 4,

pPpCXLE- hSK, and pCXLE- hMLN gupper | eft panel), or the three different

pl asni ds pORXE-srEienceCxlEeh8KRMbes HAESHCRRED hRROTPOHTRRD | BI41GRERT )theor
the three giff A A5 ROU O /S hp33 0L Eol Ss- 80 POXLE- DML
(upper right pegl?]g% ,rR%)r the tk%ree g?l%ere/nt pl gsm' ds BCXLE-hOC(ta4- shp53,
PCXLE- hSK, cahwhi=3XL E- hUL (|l ower right panel), to fibroblasts derived froma
skin of an 8-nonth-old human, The 20 upper row.on each ne h h

resul ts obtai ned Ui n% WerE 3G oPd Isg.nt‘?ﬁléopoﬁgr s?lggv 8%1 12%%‘;]"3‘%%%%5
shows tfie siesw tin ahiqy med ThengulbE® o€l Es-dskéeedbonted | 5s indicated

by a solid bar, and the number of non-ES-like colonies by an

outlined bar. In Fig. 2, “6 factors” indicates a case where
the Oct3/4, Sox2, K1f4, Lin28, Nanog, and c-Myc or L-Myc genes
were transferred; “ctrl” indicates a case where 5 genes other
20 than Nanog in the foregoing 6 genes were transferred; “L-M",
“M-L”, “L-U”, and “U-L” indicate cases where a construct with
each factor (L stands for Lin28, M for c-Myc, U for L-Myc)

joined therein and Oct3/4, Sox2 and K1f4 were transferred.
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Fig. 9 is a graphic representation of results shown in Table 3 (TIGL20
used). The numhar of ES. |jke colonies is 25 indicated b ~ ~~ti4 =~ and
t he nun | i ke col onies by an outlined bar. v left
are the resurts ontalned by transferring each of the followng .

conbi nations: ( EfigpCRLEShecphotpgREPLASKICRESEFR AL 30f (gglonies of an

PCXLE- hOct, 4, . pCXLE- - - ROCH 5 £ HQULE- hSK,
pCXLE- hUL,14%(&4;%%3&5%?%@%%%%%&g%%%%%% p%)%lé-éh UL, j?f5f) pCXLE- GFP.

Fig. 10 i plasgriaphipCXLEphosent apCEREohSK gespCXEBE-shits®), | pCREEFIMHNy R G121
used). The nunber of ES-Ii olonies is 2011/ 01658 /-JR201Q/,.063733
i ndi Z:at ed W‘évé(glli%d tﬁaﬁguiﬁdﬁflﬁénnaﬁﬁla?l0%5%3]—%%5-?? keBIc%o olﬁ:’lf%s %g?(ggn
outlined kafowsSROWAtbgRFapREakebE 8he theeSafeirPs ¢d)1 testdhlishridre ;
explanation for Fig. 9. Fi % 11 is_a graphic representation of results
shown in ShraBlight pirce2ehavede PBPtedraPRype Of FRRAFI RATSa%holl T om
the left are the;gam ﬁg glﬁhbeﬁégg?hﬁctP?pf@§%ﬁ%§%i6ﬁ'éPrcéidhié% of an

Fig. 12 shows résul'ts of an"exantnation of 5 different iPS cells for the
presence drPSakedicesthkbflishiedt byr sranafefring ekogebhous gehkesrqmif4, c- Myc,

OiP) in the genone om,c P ei NoLlo Jdndic as or

the | ong 'S P X‘nggf:ﬁé’sﬁg%ﬂ%%’ I%%%%%t%%y%ﬁiﬂﬁ}&%mﬁlzg

resul t s,f yadie HuRSnc dkeenp 1esiBlbbshetsi n Tharmpfr 25141394l iphditoatrapht he

results for the i PS colony established in Exangl e 3; 15 j'?ﬁglAS" i ndi cat es

the resul 88 fdr the itPBec6orySeseabl PERRRLLPPPRRET ERT | TSRE RIfSE 15 2

consi stin 4. SQx2 I = Lig28, and Nanog to fetal human
gggh$%ﬁ%%@'%sn§? thll bhd ﬁa@gﬁ??sk? B

fibrobl as cates the resu or another i PS col ony obtained
by transferringfigp Sams gepbotagrenbse fepresarpationnef "asborstes fi cat es
the 20 resulds fqr. angther. i P I ' t eLf} sane
genes as tﬁ%dgtsé:efl > 'efﬁfgg'l.s 5‘ﬁ§F9’?’n§r@§3§ géﬂ{%ﬁgré’%{%l%l@:?%%rcﬁ{ f(;@%éeﬁr}gne of a
non- t r ais fracised dse paX Lasima tii, bpaRLAshSKanadndr eCXLE-HigE (B en| befites

tablished by t ferring 4 i sting of 2, Kl f4, and
CS Mo o MAEL I G (1o Gk St g P RO sl R
"endo" (oudd nR&ra-HeMeadbpetardghtopaall pRdegennaistgese, d e dent sol i d

arrowhead) for an exogenous gene. Fig. 13 shows fluorescence
phot ogr apisl §sEARs0 PSELFEahOst 4rehgds) BEXEErNSKob2aad neeX by ¥ antf¥HeT ng

pCX- EGFP, 1pe?%E'p'§%FeF:’L)?:git§”%f§1§fé'§ HfGRP ok mblEF 15866112 08 daVh bl ol L er

t he transfer. a graphic representation of results of an
exam napi an teadtetpeindinesholvet ke arsuPSscebtatnedbesisy MET shedfesdsr when a
p53 shRNA is transferred using 35 plasm d vect.or | asm d ,vector_.l i ng
t he EBNA- I°id or |TIE’)a FLOV\B"“ZE?DL%/ @&6%%%?’@‘?%%0?57"0"(6%%3 e rltusrr‘l?té)%ac}fn 9
ES-1ike cqloieudm® idadilgated fRgdarsekidsbarthanshdtwyrapieromftheon- ES- 1 i ke
colonies by an outlined bar. Shown fromthe left are the results obtained
by transf errghigasicisisle W&oyt GRILRGYCBHBPAAL PBnkhe left shoulder are

photographs of non-ES-like colonies. »
25 Fig. 6 is a graphic representation of the results shown
in Table 2. The number of ES-like colonies is indicated by a
solid bar, and the number of non-ES-like colonies by an
outlined bar. Shown from the left are the results obtained by
transferring each of the following combinations:
(1) pCXLE-hOct4, pCXLE-hSK, pCXLE-hMIN,
(2) pCXLE-hOct4, pCXLE-hSK, pCXLE-hUL,
(3) pCXLE-hOct4-shp53, pCXLE-hSK, pCXLE-hUL,
(4) pCXLE-GFP.

Fig. 7 is a photographic representation of colonies of

30

35 iPS cells established by transferring the three different
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S (1) pCXLE-hCct4, pCXLE-hSK, pCXLE-hMN, (2) pCXLE-hGCct 4-shp53, pCXLE- hSK,
PCXLE-hM N 2y nOC¥I E- hQOct 4, pCXLE- hSK, pCXLE- hMLN, pSi! arnncer chnR2  (14)
pPCXLE- h( 5K, pCXLE- hUL, (5) pCXLE-hCct4-shp:

PCXLE-hUL, 70 (o) pLXLE-hCct4, pCXLE-hSK, pCXLE-hUL, psiiencer-snpbs, (7)
PCXLE- EGFRlasmids pEXgE-hOcitd, appRdEohFEphradr pEXEBerMEN | G#PRAT chifthi es of

an i PS cell established by transf j - t )~ X

pCXLE- hUL RSt 1 E%Pep nas o LT %‘%@ ﬁcﬁ?ﬁo?%mie)ﬁe%; }ﬁs
human wi t laddhedxam-HiIA (A ogerollgfie. panel), &rgthébthsea diffdment
representatioer%\),of results of counting - | col oni e t.alned b
transferr i%%ﬂ%%&l@ﬁmﬁ:&ﬁﬁgﬁéﬁeﬁ gL{:6§§ﬁe a%at% X%T%ﬂgﬁemaé%ﬂ li ne
DP74. The ﬂ%;;ﬁ?cerpa@i‘eﬂ?%— ldrk@ heok ari@s gk s repeheapedshyda SOXLE-KEEE420 and

t he nunber of non-ES-1i ke colonies by an outlined bar. Shown fromthe |eft
are the reshpidy ESEAETGSKey andaRSKEErhHE daenesf right fparehi ngto

conbi nati ons: ) - XLE-QSK, ~PCXLE- )

PCXLE- h@t%?’é%‘{)béi&?é@%% fﬁ%&L g ﬁ?/ﬁﬁ 05521(( g) 9%%:\&%% P XL E. hsk,
PCXLE- UL, upded) mfeXicE: h@cthd pahpd3 shp@XL EhbSKespTxkEobthined 5)sing MEF

(6) pEPa. ERESeRR CRERA-EObBE CKONFENER™ (Thoviah PRk D dgiertg Stk
(7) PEPY- ERASEEAK u AERA Ms@d5 BNk, aBEP4eB82ScEMRK. (Thonson's mix 3 in Fig.
16), (8) pCXLE-GFP. _ Fig. 17 is a graphic representation of
results of the 35 %arfe isxgePheEREraphErgrepsessitatispnget neovies ide. wo

201 DS RRINR, oy sogffldagiots s ofsrepy

measur ene e anount expr ' uorescence intensity) of EG-P
t ransf er r ol asiidy oCEH-$OTM ,veCKOE-hTKe apgdepCKhBehMLEhéuprenfleft

fluorescence intensity anal yzed, by FACS. The axi )S,C S el es
f 1 uor escerR& G nt'endi t ,etﬁéy%‘?(i%l#e%% n%?%sﬁln%;gcé%%s ?ﬁ%&]ﬁﬂt}g:rxo Ig%%’l s.
Each % Mal Ared iprditie-ruiar tlowedi qatfes paned) i ooef tBEPthoset dieferdhts. The

| ower panel: fl,uor-escenc%é%hoto raphs of cells (GFP- ositi%/ﬁ irrg&es . Fig.
19 is a gredAfeideR@dEmaGtdT shP res B EEoREn PBAeRGHHaEIUN bIPHBT ¢l ones
of establ if{]b%ici 9 hel B 2eRek rafefePLeasAL dk heceE sRodt 4 vect or
possessed t erebd;a'%t)é;/Ear'eaijlllj ?i me PCR The axies o? o?di natg i ndi cates the
nunber of shyh s EIXIghilsHralande PCELE-PEL (Xe@arcEipBt penepb, 68 stands for

ﬁg:' ® <o ?%%’b{squﬂc%ﬁ%;%;feg{i%%rda@?o% 9898 0t 638heb-mBAfh131a kiR, e the

20 upper row on each panel shows the results obtained using MEF
as feeder cells. The lower row on each panel shows the results
obtained using MSTO cells as feeder cells.

Fig. 9 is a graphic representation of results shown in

Table 3 (TIG120 used). The number of ES-like colonies is

25 indicated-by a solid bar, and the number of non-ES-like
colonies by an outlined bar. Shown from the left are the
results obtained by transferring each of the following
combinations:
(1) pCXLE-hOct4, pCXLE-hSK, pCXLE-hMLN,

30 (2) pCXLE-hOct4-shp53, pCXLE-hSK, pCXLE-hMLN,
(3) pCXLE-hOct4, pCXLE-hSK, pCXLE-hUL,
(4) pCXLE-hOct4-shp53, pCXLE-hSK, pCXLE-hUL,
(5) pCXLE-GFP.

Fig. 10 is a graphic representation of results shown in

35 Table 3 (TIG121 used). The number of ES-like colonies is
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Fig. 20 is a graphic representation of results of an exam nation of the
anount c¢* ™*?'”* ~~~ressed in 9 clones of established i PS ~nll e hu
quantite e outlined bar indicates the sumo f
exogenous and endogenous 20 genes expressed (total anount_ expressea), and

the solid ndidat@ikdves skhdidnbant andekbgenenepePEsneRxpresse® In Fig.

20, "el epQRdy'., St O oGehkSeANsdaY Arbhe e ldPNHLald AN a @ ndERL" and
"KhES3" for Olfﬁmae%n%% gg]l Iosfilﬁle8 bgﬁ?Fi g. 21 is ({a grapr%l o reapresent ation of
resul ts ofag h@d )25 csae eéxpéhienerplasafign 2OrpBidor®ed on Sox2, Kl f4, L-Mc
and Lin28. . Fig.. 22 shows results _of a clustering analysi,s based on
di fferences in tFPré?'aat}uﬁis SXSFé‘EééS HPPERERNGR O%yo%l\ge?ﬁln%%asrl}oa‘@/n al‘r?%“al ysi s
on human iM%ieeld sTasiabl uskad Foencdenmaypd0of i beadd asts1] Tl Ghameh HRH,
the starting TIG and HDF, and human ES cells. . Fig;# 23 shows scatter
plots of tihe re&fil tareofthaeamea af crldariy(Andy dihe b ®n & Fetfedr ne
whet her thge gene expression pattern differs between a human ES cell (KhES3)
and 35 HDF (left chart), or a human ES cell (KhES3) and a human i PS WO
2011/ 016588PCT/ FB20102068983 cekhlest abl ashedamsnaigiem ehi s ot feranttor
(right chart) . Fi.g. 24 shows resul [ SHarr S| t he
human i PS Jbéés% |ceégtsa6§olrsﬁg& Bgfaﬁﬁnf:ﬁeogplg%%%% °vect olﬁlé %% a %I%Iﬁeoqéhovm as
vari at i @n aagRjdiiud henblsG (&alths gsHgcf ooribe 5ntthasfecsnerby TddER)c

Fig. 25 is_a photographic representation show ng_the_ norphol ogy of ccﬁl | s as
of the 1stPGihsddGEedPt allned By CBGPEUFPRgTERYE PS £RF | TRt HHT sﬁéﬁ' g an
epi somal wept Gfo Wil e PPl | nenysesk &8 dpedariLe! lare UGt Ls
ReproCELL /o nedium (right). The left plate shows a phot ogra,ph. obt ai ned
with the user dheaVBRS aolbaydestebliished in Exapgle 25; i $349Bhot bt egaiias
represent a'I:tﬂeon Ssrﬁ(a.vi\:nsn%otrh%'agmi@ Olcgg n fegﬁg%fiigﬁecﬁ)fiﬁhﬁx 1Pagsage

obt ai ned by cul T ng an i cel'l "establ rshed using an epi sonal vector 15
under Xeno‘Fslgscdndiitdatres tXenaebndesmédruanuskd, cahonyoed emuletr shosd [ksy

used). The left_plate shows a phot ograph obtai with th of fhe

ordi nary RATEERIT 1Rd o Fenes cons?ga?gﬁfgsgﬁggﬂ%‘t o%‘?’é%hiel_éff{'pr%_ rati on
showi ng t he iy PhelPMenely ¢l iretas almbheristopbssegs obisaredidyi 2res
culturing an i PS cel | established usi ng_an epi somal vector under Xeno-free

condi t i onsthexersulitee fiosdiagmthiesd iPAngolary D7k i neR R ctransfeetdtd cel | s) .
Fig. 28 s ul f_tr far R EGFP_ & Oow unpﬁacg-%gegps-f 16e
condi tions. hs{)a\?vr[?]é (9&? te%ealtse?{%ss?dgggreg'%(zglzs %la(gulgzzg? tranls er un%er
ordi nary coexlilttisoror amotthelr) i POppeiopanebsaipbdsikey comenaferymgeshe | ower

panel s: GFP observation imges. Fi.g. RS hot ogr aphi ¢ .represent atdi gn of
Phe. mor phai 05 S 9ES 2Bl ar S oo JAHER "t Al e EaR L lF B ey
transf ect iqie RNV Hee-¢oaditreensdf ebtaw Rgnse! Filstbblust Undled the
six different conditions shown in Table ig. 30 shows the

) . le 9. Fig
st ruct ur es' TRt &Y SOFaliBSx sodesiies eeteblishaf Ry prarpfesring ! BT or the
Y4 mx (i | S i, -h ;SRRP3, | sndescuibedoaseral n
pCXLE-hOC[%%AZEl:Sh%g% 5 (I%égrﬁégr@%%%ﬁ'ng Par andoC NS PSR R L omve
LI N28, mndt i MOIIGEY)16588PET rep20Y0r88378Gtor. In Fig. 12, “endo”

(outlined arrowhead) stands for an endogenous gene, and Tg

(solid arrowhead) for an exogenous gene.

Fig. 13 shows fluorescence photographs (GFP observation
images) of cells obtained by transferring pCX-EGFP, pCXE-EGEP

30 and pCXLE-EGFP to HDF, taken on days 6 and 14 after the

transfer.

Fig. 14 is a graphic representation of results of an
examination to determine whether an iPS cell can be |
established even when a p53 shRNA is transferred using a

35 plasmid vector (a plasmid vector lacking the EBNA-1 and oriP).
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ShRNA for p53) are shown in black. The pronoters (CAG, WPRE,

pol yadeni ! ~ti an ciang|l (pA), EBNA-1, OiP, and two | ox™ ~"*~~ ==~ =l =9
shown. F copy nunbers of episonal vectors

epi -i PSC clones. A:the results of DP-derived epi-iPS celis. b;ine results
of fi br oblEhsg TEiare@fefiS-ilpgeceplonirgnher snfhcphednPied e30lidiRa%e the

bassage NuIers, Pl iRl d00en-As39:30081 8heCL B, DB Deddld s, used for

each clone. As a positive control, retrovirus-der I PS cl one (253G 4)
and /o fi Bhobastront they d edftt ereeltbet repuolasi ohtainedeby4t narxs feerimg e

anal yzed (fihro- . Fig. 32 shows expressions of pluripotent cell
mar ker gerfeascqbffg%’ﬁr-fﬁéﬁoé’ﬁggy&og‘plﬂgﬁgnﬁesuI ts of DP-derived epiiPS
cell's. B the resuld-sovtd,i poshEastkgeprxed-aEiNg PS cells. 15 Total RNA was

i sol ated from epi-i PSC cl ones established with the Yl (454B-1),
Y2(454C}2)§3k3Hd%§ﬁDh tda98rva  ( PSXEEZNSHE 1 PCELEZRMEN, - 453F- 2, 404C 2,

409B- 2, 414G 21 , 2 < — g nat i :
Ret r ovi ruséﬁe%lc\%ﬁ‘& q:ll-olj%%'c?otr;l%gél (%g&Bpgﬁgﬁ(?n%%g‘g§#?§%@%Es I i'ﬂgsl ?EEES- 3

and 20 HI)(4lepECXdlEstOntdn pE&LE-hSKhepL¥hBshPabel ed OCT3/ 4 and Sox2, the
O P I S A e s cpdagenng ageces pereas L Lhe fet- O
t ransgemne. (633 o nEh ol y pEXLES hgKl, 083KDE-hUD} r philésceegsiip ¥, control s,
total RNA 2/\_%3 piConI!Ea_tEeG%P_

Fig. 15 is a photographic representation of colonies of
an iPS cell established by transferring pCXLE-hOct4-shp53,
pCXLE-hSK and pCXLE-hUL to dental pulp stem cell lines DP74

15 and DP%4 from a healthy human with the homo-HLA 4 genotype.

Fig. 16 is a graphic representation of results of
counting ES-like colonies obtained by transferring various
reprogramming genes to the dental pulp stem cell line DP74.
The number of ES-like colonies is indicated by a solid bar,

20 and the number of non-ES-like colonies by an outlined bar.
Shown from the left are the results obtained by transferring
each of the following combinations:

(1) pCXLE-hOct4, pCXLE-hSK, pCXLE-hMLN,
(2) pCXLE-hOct4-shp53, pCXLE-hSK, pCXLE-hMLN,
25 (3) pCXLE-hOct4, pCXLE-hSK, pCXLE-hUL,
(4) pCXLE-hOct4-shp53, pCXLE-hSK, pCXLE-hUL,
(5) pEP4-EO02S-ET2K, pEP4-EO02S-EN2K, pCEP4-M2L (Thomson’s mix 1
in Fig. 16),
(6) pEP4-E02S-ET2K, pEP4-E02S-Ck2M-EN2L (Thomson’s mix 2 in

30 Fig. 1e),

(7) pEP4-EO2S-ET2K, pEP4-EO02S-ENZL, i)EP4—EOZS-EM2K (Thomson'’s
mix 3 in Fig. 16),
(8) pCXLE-GFP.

Fig. 17 is a graphic representation of results of the

35 same experiment as Fig. 16, but using the DP94 line.
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25 from human der rral fibroblasts 4 days after electroporation of the Y4
mxture “'7T7 - Fig. 33 shows DNA nethylatic~ ~*-*~ - *"*e
NANGG pi n. Open and cl osed circles indicat:¢ and
nmet hyl atea (pG respectively. 30Fi gC 34 shows teratoma derived Trom an

epi -i PSC cl one. I’Tjr‘-b- iy ghowfe nesayditss odf asSEYyomeaRBRAmERESt AE Hefmt oxyl i n

and eosin ghahAd gk 5;@& g(:ft o Rk 19%(95&;'1%924%3) EGHYSELEnEEd rrafd

gut-1like eplthella( e bars = 50 pm the results of
404C- 2, 4098irg m&bllsomllthZBCT}zeahﬁpasmllel 35clshovh aff e t he

hemat oxyl i p. and eosin staini ng n
2011/01658%‘?%%%1 oAl é’rtf‘laeing% ¥ Ehes \fg‘%p"’l‘ H219% FEH T Far

(bot t oms i Pidi crarerl o rbagnce 1ntensErtg, Sﬁesbams dief bedfnatatl on into
dopam negi c neur ons from an epi-i PSC_cl one écl one 454E: 2) 35A Shown
hgy et

are the 5 PMAFRIS o Gl Reh, vEue R ( and a

mer ged | mﬂ?di’&éﬂ'éé‘%'fe?cﬁosb?ﬂ r@mpé%hr&gvaoeemig . 33842 {dhdre pdae1 Scal e
bars = 20 gm Fig. 35B: (A-C Doub i mrunost ai ni ng for Nestl n (green) and

Ki 67 (red)Ineresymca miictagramdisniodg ceBilge) GFR-RPAtABGNINAEATE] on i nage is
h D d d TH
Coreen) . (O Dot iTaniiod Serls o eeetreerEaPehab s Sa o EEes 8 oamr

(H and 1o é)wbirmumnﬁ‘stlea rdlgefso fTHstrbd) shrd B/ABZabllgréen)theéJ and K)
Doubl e i munqgst ai n for TH (Red) and tEe ves i cul ar nono ne trant')sporter

2 (VMAT2, &8 SgRf VFE\ Br ROgFessgdghehehy, Py
Fig. 36 shpa@lmn@&t@bl [ @hgeaklgf ok PSr&ehbte f { 0 Faiee tﬂ@éirnhmeeﬂ d# ood

nononucl ear cells. Fig. 36a shows an outline,of the experimental procedure.
Fig. 36b ieRighogrimamal sncdesst reronxep’ cor b es “GHLeppsods| stands

pOXLE host e aieesd B g e KR R an e ThResa! B0
_rmnonu_cjsea‘romjnlrs” ﬂ?ataJHeediI]BESISIadpﬁoqnthé tienbfigent i on 25The present

(3 ot 374 or o MRt 41 ‘Hoifd AT en E5Ae ERECARE, OF bf SRALES o Eahuc &l o
acid that @E&ﬁ)ﬁ%ﬁtitdre ﬁar’ee}e abung) oB0R2taY 4aehpebesedachdot rénencetles the
sanme, as well as (d Myc or a nucleic¢ acid that encodes the sane 30

and/ or (dzgst@%msm rieﬁs |Ciﬂ411tﬁ o WenSEEatigeoPEBnt akite U &b RRS ¢
cell. (A M&aeéesoftﬁeo% S 8HeS amount s”BY e8bhen8hbeinbhanig§émnee! | s of

manmmal i an origin (e.g., humans, m ce, nonkeys, pigs, rats etc.) can be used
as 35 stoargémes resmresded ot atttad prodadt reemrefsseﬁs,cendsthExaqbi@sbalv\o
2011/01658§£§§Z§££9%9£9§%%§§m:of exogenous, genes expressed. In Fig. 20,
“elepoD4” stands for cells on day 4 after transfection, and
“KhES1” and “KhES3” for human ES cells. 7 .
Fig. 21 is a graphic representation of results of the
25 same experiment as Fig. 20 performed on Sox2, Klf4, L-Myc and
Lin28.

Fig. 22 shows results of a clustering analysis based on
differences in the amount expressed of each gene by DNA
microarray analysis on human iPS cells established from dermal

30 fibroblasts (TIG and HDF), the starting TIG and HDF, and human
ES cells.

Fig. 23 shows scatter plots of the results of the DNA

microarray analysis, performed.to determine whether the gene

expression pattern differs between a human ES cell (KhES3) and

35 HDF (left chart), or a human ES cell (KhES3) and a human iPS
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i nclude keratinizing epithelial cells (e.g., keratinized epidermal cells),

mucosal ~~**h~ti-~l ~g|lls (e.qg., epithelial cells of the eunarfirial 1 gyer
of tongl gland epithelial cells (e.qg., s),
hormone- o secreting cells (e.g., adrenonedullary ceIIs cellrs tor

met abol i sl sq%?aégel%dg using,en epipepali H?FﬁﬁF éﬁitgfa@ FRRTEE I s

constituting i ntEE:‘JJ 80HS R rels¥Res! o2l veal arrgg! Jaﬁ%ly!sﬂé' SRl L gPi hibyed s al
cells of the obturator canal (e.g., vascular endothelial cells), cells

havi ng ci |iRf wigll /e tatdished iusg ngapabi Ieptt§0(rlélgvec'aprw/ayTYé?J|Ciat§ ise
cells), cells faor extr.a | 1 ul_ar rex._s b | asts),
constricti vhe “Celd% Y rla %On agtaﬁnr?lt}slgﬁg %EF )EQT eﬁF of‘&f £ | ood and the
i Mune sysrtﬁﬁs(&cg:LonT (Ilwmlz@oyt es), sense-related cells (e.g., bacillary
cells), autonom_c nervous 15 system neyrons chol i ner‘g| C neur ons),

sustentacul ar cdii% &P §§n§oPFOGPgéﬁ?héﬁdrﬁggFE%EF%Flﬂ’éu?]B?l ing th

satel l'ite ealdiplodieiore &AllsS aané rkha @gu §a9§a{;eeos@aiﬁ@a wrvous system
(e.g., astroglia cells), pignent cells (e.g., i nal pignment epithelial
cel | s) proyevniag @l [iFPY tqeddu@sz@bém@@ﬁu Pé?—n@eﬁns?P%ﬁ@ﬂ%fV%‘wr he |ike.
There is %é\/{%’?teatdp% 9 NG A5G g‘?:' he?FLf eﬁ@fﬁ aEhQQR?;%P@cﬁQE of an
ani mal from cell'sare coIIecte n un erent1 at ed
pr ogenifpormegdEldns (dirdit)di nghsoﬂrafth]sa‘eem skedws)a eymbtfogtzalp}y ahitfefiereeht i at ed
mature cells can be use é% i ke as sourcii of somatic cells in the
present i A iThe use o é'%plaés L6£d8RdFELEPent i at ed progenitor cells
include tissue stign ofl lis (as@ﬂmttb@rsFﬁﬁrbceébséséu@atﬁ@n NEKkY@isg ethsel | s,
hemat opoi etic stemcells, nesench stemcells, adi Eose derived stromal
(stem) celmarphedamnhiod qalils §tsemf3('§h§eﬂﬁ§ Pﬁéﬁﬁ%p@b 2ire@n?Y nesenchymal

stem cel | s, r&]@.’% Hali R L sl v&of g bl ood
and pl acenta Q@‘%{;ng%m%%rﬂgwe@‘g%iﬁfcg cor %{SO%BP pl‘zracenta have
been deposirdsr iXstro-1fame tn:lomlditb@nlss (Xbobhfpebl ined anm psedatmdamd used for

the treatnent, of bl.aod dis ase euke a, 35 such depaosi on
mar r ow, u%qqecralc d 1515 %?Sge%i %1‘5} m ﬁ%’%‘ﬁ)\ 733

can al so heitH lﬂnezeﬂsea%fat&@uro&amfars;vomprecggtlﬁea@ml PS cell banks. In
particul ar, si nce unmbi | ical cord bl oods can be easily collected from
unbi | i cal cords Bt-aidledSat PROtOPFePBLcchEPEBFPRRat hematip®ind itheind

mesenchymal, SHEM&R) I dhaisngd 3¢ kam wg@ bhggg goegtm@@c@lsb@re preferable
sources of somaticcells for iPS cell banks. ?a pulp stemcells are
al so emecmeld:umrs}erane i®Ss ogrlde estaboiahed uehhg &orepPsomal | verinks, since

they are eas x‘%/??val gafl%lorect%%dl% %%ﬁgX?n a&ggl%g?a&isdgﬁgtgﬁéh and

ot her teetH

e ea o perio disease and the
like. DP7EXaN esef afs lféleldﬁrdlcfaﬂ.esemtl at ed mature cells i ncI ude
peripheral bl ood nononuclear cells suc cells_and B cells. 1517[;0” ng of
peri pheral bl ood™%% & SmiShioal Irﬁsu%éspf‘;etéﬁasﬁ‘éﬁt?ﬁeﬂ’?xﬁfe@%?%etbo|

clinical 3FRANS xeAd1GGcR YT t18hETe drowh derémbersdt bioed Samies |eft
unused after clinical assays are usually discarded, they are preferable

sour ces250frespridts @fcetlrlaslsff@tr upgegePrdbaAKSY. CPﬁdb‘éH)lil%uK@Pnt%@h)ce Prpein s

can be ex%%elc% 'E:h‘“ ‘9{'ft el ﬁ.%' S8, oid 8r2§§ngf£lsc;§§ Q§e8§§@?§ 4 shed

from even "a sim peri [ed " The generation of
i PS cells :Tmagediunan per| pheral bI ood T cells has been recently reported by

several groups (Sekl Ste , Cel | 4 (2010 Loh et al.
Cel | Stem Cel |, FA9-1%: és(éofgﬁtogtr% c FeBFeseE%?% %’g ‘ﬁ%d)e*f‘? 7. 20-24
(2010)) . %Hiﬂl&"&jf%@fES”%@lelﬂk@' ¥bddak e8StRatOMNELgEd @@r@éycz@el Is is
not particularly I'fmted; however, when the iPS cells obtal ned are to be

used f o0 r@‘gf@rertertarxﬁefqmoa nades Keransrept CPEApEpRs abPLloWiRgn ekl
vi ewpoi nt Qfy tRIz%V‘?J?utde(}“ t¥e @4 WiFPLEhEORonkPt §8hL eShotie SOFREIE sl s

froma patlent
Flg. 30 shows the structures of episomal expression

vectors. Three plasmids were used for the Y4 mix (in this
figure, pCXLE-hOct4-shp53 is described as pCXLE-hOct3/4-shp53).
35 Reprogramming factors (OCT3/4, SOX2, KLF4, L-MYC, LIN28, and
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30 another person with the sane or substantially the sane HLA type as that
of the p~**~~* "<kstantially the sane HLA type" as used herein nmeans that
t he HLA " matches with that of patient to - t he

transplanted cells, which have been obtained by inducing airrerenti ation of

| FS 35 cel 3R rfePI o Sh@yRorins PdgRke i cTel PEOTRERF el @ifgraMidt, wo

2011/ 0155Wéd]é3r2ﬂ350ﬁ%37§i§n‘¥19"( ey gahg-4 1 apspbankgd {:Qoti‘éxpaéi@é‘é with
use of i munosuppressant and the Tike. For exanple, it includes an HLA type
wher ei n negee 39 ghown. the three major loci of HLA-A, HLA-B and HLA-DR:

the four major loci fyurther includin HLA: .are_ id ] el nafter
t he sane neani ngEoléfal%i asglp wys) c%ﬁ)g Pﬁgb fﬁe?f%éﬁg?ﬁ%iiggé{éé% s)g%g%%alillgn%d are
not to ke adnepi-sirEyEdl(dneans phathedye 0l Bs hofrabp—dett 1wk @S, 1 FDrceaXapl e,
a source of cells faor screening for evalyating a patient's dru ,
suscept i bii 8P dreHtiver &F rféﬁ’E?’P&ﬁ?F‘fiFrilé’efiogPFkgﬁfs%?é%%i r olfect
the somat i, caldrfeddOMidIe Rl @Rl pAksapat HehbEe5SeR ¥aER Ehsnsankigenetic
pol ynmor phi'sm correlating with the drug Suscepti bili tﬁ or adverse reactions.
Somatic cethawn sotattde muswes smadmge léanusedpfercapelr ebonsi ndisa aredi um
known per OS S%Jeabéo?bér%r A g%ltrro%g%'s‘iﬁ%&:??eéESi?§08£9h89&§93é—h8) clipjce of
cel I's bef dre bei Nng Subjected t0 the step of nuclear reprogranmm nhg. anpl es
of suchionefiilsrobicdaide,6 kisysandEtreat elenittregorationnofrathesséniaturedi um
(MEN) containin bout, 5 t.o 20% fetal calf serum (FCS), Dul becco's nodified
Eagl e medi'lffg L%B%)XZ%M@%E@' di'um 199 nedium F12 20 nedium and the
like. \Wen a dentigy. B pro@Mesplresksonsedraplifeps08Rt | €eLElthartorF

example, it is preferable to use a nmediumfor nesenchymal stemcells, such
as the MesEsRIymY o &HEER apadasifedi Aintlie ofpeyltavrh RP1demistes eRdagent
such as calponid i PORORRe LOLuPKBNBE Cribfobpel Ide LIydidi s 2 19Qmati c
cell into contact with nuclear reprogramm ng substances a a functional

i nhi bi tor TdtapbRNZant sanstletedPSronl kpesi8BCi shoras estakl bsiegd iwprlover i f

W th o sridh (Yo R Urrd2ad ‘P4 CoPLueh? (haTPTEhSI B ot i LR 50 from
decr easi nga51- Dbt TCcloNpd 38wy, xeuefr eardopr iASGE | st Batgbl@2ios,
human clinical applications, it is nore desirable that a nediumthat does
not cont ai P &2 i e @idensddérfied) f FERPABARLARA - a1 ifcKieFE ViEES, be
used. Nedi SOl NG B1835akpd0 BRELUN, SURA! BABAL eyl t (kigms et | ved

i ngredients suitable 2011/ 016588PCT/ JP2010/ 063733 for c/ul tivation of
var i ouseosdhdlt iwerseld1ls o paxamicedar | §n the ohdemntabbrimch QHTHY/E @ ds $oxZas
growt h fact,or nonessenti al amno .aci.d Vi 1N nd_the |like are
conmer ci aﬁ}%/e Z‘;vcé‘. IFabr e % r%@é’ ?E‘P?Ilgéefin%{]ﬁee}égg%%ﬁ%g%b?éen?%' cl&%)%seeasan 5
appropri atien xeHw-Rateodtedian, acher @CROpromehe spocteicil bpnabp i £6dd S.
Somatic cells pre-cultured usi ng6a xeno-free_nedi um are. di ssoci ated from

the cul t urd'S eSOy Ot 34 fpFopPFarRexedF PH et e? P2 HY 2833 21t on
sol ution, ANhiRF A1 .af A8 nabieive heyn@rel r aughtl IR0 weNtiach aweldh / 0

nucl ear reprogramm ng substances and a functional inhibitor of p53. (B)
Nucl earzsr dpray ramam glegmiadt dabagblasts 4 dgyvasefiteerelectrepemrtien of

repr ogranmmy : ! _ rotei nous factor(s) capable of inducing
an i PS cmﬂkfgr%frjn é&%oréa%??‘cgggﬁf’l?ér a nucleic acid that encodes the sane
(i ncl udi ng for nFiigit 8 ahedsi DNA metheilatidheshatheast reps QgaARO® Ng

substances used in the pre?Dent i nvention consif | east Oct 3/4, Kif4

t of at
and Sox2 FTIMAISH FeHicHs PRSP 8RLoGeOFRE SaRE ?Rﬂ“ﬁ&a‘ﬁ%ﬁ%ru%%‘?@w
repl aced irdd ity 1@t dREPA, respectively.

30 Fig. 34 shows teratoma derived from an epi-iPSC clone.
Fig. 34A: the results of 454E-2. Shown are the hematoxylin and
eosin staining of neural tissue (A), cartilage (B), muscle (C),
and gut-like epithelia (D). Scale bars = 50 um. Fig. 34B: the
results of 404C-2, 409B-2, 418C-1, 421C-1, 428C-2 and 454D-1.

35 Shown are the hematoxylin and eosin staining of neural tissue,
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20 that has been reported to be capable of substituting for the function

t hereof) ‘M~~ =~ fonctional inhibitor of p53 is used i ~orhinatinn | _Mc
or a nuc at encodes the sane, and Lin28 or L | ei c
acid that encooes tne sane, are conbined as additional nuciear

r epr ogr anTR3g-SkAsR- arfés 9us Lke FRECE&! 1PeprEgtankitfg (8RbSPARELE bised i n

t he preserg ﬁgnu cgbhgérpl ude Nanog or a nucleic acid that encodes the
sarne. SpeC| |ca ly, nucl ear reprogranmmi ng substances used in the
present inventi dicr &% xagis diddeppnthation| éwtngd@pwbimgi@n@elem%, only

t he nanes Ry otein tQrs ar [ 4gp 4 0,

L- Myc (hergero&%oxnz e%sl (r{ta%éag:ga e \%1'? Soé?gmg})x3g}éo%§§ o‘?rgoﬁ%;

Kl f4 is sremmaoesta niirid) iklaides Kbir2 Tag 1K1gbeen, Ef2) THI:KBéd K f dan®ox 2,

L- Myc, TERT, SV40 Large .-T antigen 35 %her einafter, SV4OLT)

2011/ 016588135 6&‘@%“’%&’) §FE st }nbEssPﬁln?6¥°%ﬁ?%F433{?47¥\o 1%y, (8)

Cct3/4, () Od3rh el fA-SoR2 Mffg K?EB §9 )y DoldiGe i nﬂms%%?&%mlg
KIf4, Sox2,” L-Mc, Klf4, Sox2, L- x2 L- Mc, K4, Sox2, leyc

PCT/JpzoloﬁmmlTEFmreﬁnw@nEGKxﬁﬂT repy18ith WE&T nyFElREr E%taﬂwm E7
TERT, Bmil 44028 W na%n pY4RiFilda38n ThRe VAL Tn (19) (D). (E and F)

10 Double immunostaining for Pax6 (red) and TH (green). (G)

Double immunostaining for TH (red) and TuJdl (green) with DAPI.

(H and I) Double immunostaining for TH (red) and MAPZab

(green). (J and K) Double immunostaining for TH (Red) and the

vesicular monoamine transporter 2 (VMAT2, green). Scale bars:
15 100 pm in (A-C, E-G); 20 pm in (D, H-K).

Fig. 36 shows the establishment of iPS cells from human
peripheral blood mononuclear cells. Fig. 36a shows an outline
of the experimental procedure. Fig. 36b is a photographic
representation of colonies of iPS cell established by

20 transferring the three different plasmids pCXLE-hOct4-shp53,
pCXLE-hSK and pCXLE-hUL to human peripheral blood mononuclear

cells.

Detailed Description of the Invention

25 The present invention provides a method of producing an
iPS cell, comprising bringing (a) Oct3/4 or a nucleic acid
that encodeé the same, (b) K1f4 or a nucleic acid that encodes
the same, and (c) Sox2 or a nucleic acid that encodes the same,
as well as (dl) L-Myc or a nucleic acid that encodes the same

30 and/or (d2) a functional inhibitor of p53, into contact with a
somatic cell.

(A) Sources of somatic cells

Any cells other than germ cells of mammalian origin (e.g.,
humans, mice, monkeys, pigs, rats etc.) can be used as

35 starting material for the production of iPS cells. Examples
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Cct 3/ 4, Klf.4.’ 50?<_2: L- Myc, SV4OLT (11) Cct3/4, Esrrb, So>§2, L- Myc (Esrrb

Is repl.

10

15

20

25

30

35

[o Esrrq) (12) Cct3/4, Kif4, ~

include keratinizing epithelial cells (e.g., keratinized
epidermal cells), mucosal epithelial cells (e.g., epithelial
cells of the superficial layer of tongue), exocrine gland
epithelial cells (e.g., mammary gland cells), hormone-
secreting cells (e.g., adrenomedullary cells), cells for
metabolism or storage (e.g., liver cells), intimal epithelial
cells constituting interfaces (e.g., type I alveolar cells),
intimal epithelial cells of the obturator canal (e.g.,
vascular endothelial cells), cells having cilia with
transporting capability (e.g., airway epithelial cells), cells
for extracellular matrix secretion (e.g., fibroblasts),
constrictive cells (e.g., smooth muscle cells), cells of the
blood and the immune system (e.g., T lymphocytes), sense-
related cells (e.g., bacillary cells), autonomic nervous
system neurons (e.g., cholinergic neurons), sustentacular
cells of sensory organs and peripheral neurons (e.g.,
satellite cells), nerve cells and glia cells of the central
nervous system (e.g., astroglia cells), pigment cells (e.qg.,
retinal pigment epithelial cells), progenitor cells (tissue
progenitor cells) thereof and the like. There is no limitation
on the degree of cell differentiation, the age of an animal
from which cells are collected and the like; even
undifferentiated progenitor cells (including somatic stem
cells) and finally differentiated mature cells can be used
alike as sources of somatic cells in the present invention.
Examples of undifferentiated progenitor cells include
tissue stem cells (somatic stem cells) such as nerve stem
cells, hematopoietic stem ceils, mesenchymal stem cells,
adipose-derived stromal (stem) cells and dental pulp stem
cells. Hematopoietic and mesenchymal stem cells are abundantly
contained in bone marrow, umbilical cord blood and placenta.
Since bone marrow, umbilicai cord bloods and placenta have
been deposited into many blood banks, both public and private,
and used for the treatment of blood diseases such as leukemia,

such deposited bone marrow, umbilical cord bloods and placenta
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(13) Cct3/4, K f4, Sox2, TERT, SV4AOLT (14) Cct3/4, Kif4, Sox2, TERT,

HPV16 E~
Sox2, T

10

15

20

25

30

35

raey e nigq) Kf4, Sox2, TERT, HPV16 E7 15 “*~ ~—~*7'* "if4,

can also be utilized as a source of somatic cells for iPS cell
banks. In particular, since umbilical cord bloods can be

easily collected from umbilical cords obtained at the time of
childbirth, hematopoietic and mesenchymal stem cells obtained
from umbilical cord bloods are preferable sources of somatic
cells for.iPS cell banks. Dental pulp stem cells are also
expected to serve a source of somatic cells for iPS celi banks,
since they are easily available as isolated and prepared from
wisdom teeth and other teeth extracted for the treatment of
periodontal disease and the like.

Examples of finally differentiated mature cells include
peripheral blood mononuclear cells sueh as T cells and B cells.
Sampling of peripheral blood is a minimally invasive and
routinely performed in clinical assays. Since a small volume
of peripheral blood samples left unused after clinical assays
are usually discarded, they are preferable sources of somatic
cells for iPS cell banks. 1In particular, since T cells can be
expanded in vitro with relative ease, iPS cells can be
established from even a small volume of peripheral blood
samples. The generation of iPS cells from human peripheral
blood T cells has been recently reported by several groups
(Seki et al., Cell Stem Cell, 7: 11-14 (2010); Loh et al.,

Cell Stem Cell, 7: 15-19 (2010); Staerk et al., Cell Stem Cell,
7: 20-24 (2010)).

The choice of mammal individual as a source of somatic
cells is not particularly limited; however, when the 1PS cells
obtained are to be used for regenerative medicine in humans,

it is preferable, from the viewpoint of prevention of graft

rejection, to collect the somatic cells from a patient or

another person with the same or substantially the same HLA
type as that of the patient. “Substantially the same HLA type”
as used herein means that the HLA type of donor matches with
that of patient to the extent that the transplanted cells,
which have been obtained by inducing differentiation of iPS

cells derived from the donor’s somatic cells, can be engrafted
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HPV16 E6, HPV16 E7 (17) Oct3/4, K f4, Sox2, TERT, Bmil (18) Oct3/4,
K1f4, S~v2 1in%22  (19) Oct314, K f4, Sox2, Lin28, S\ANT 720 mt3/4,
Kit 4,

when they are transplanted to the patient with use of
immunosuppressant and the like. For example, it includes an
HLA type wherein major HLAs (e.g., the three major loci of
HLA-A, HLA-B and HLA-DR, the four major loci further including

5 HLA-Cw) are identical (hereinafter the same meaning shall
apply) and the like. When the iPS cells obtained are not to be
administered (transplanted) to a human, but used as, for
example, a source of cells for screening for evaluating a
patient’s drug susceptibility or adverse reactions, it is

10 likewise desired to collect the somatic cells from the patient
or another person with the same genetic polymorphism
correlating with the drug susceptibility or adverse reactions.

Somatic cells isolated from a mammal can be pre-cultured

using a medium known per se suitable for their cultivation

15 according to the choice of cells before being subjected to the
step of nuclear reprogramming. Examples of such media include,
but are not limited to, minimal essential medium (MEM)
containing about 5 to 20% fetal calf serum (FCS), Dulbecco’s
modified Eagle medium (DMEM), RPMI1640 medium, 199 medium, F12

20 medium, and the like. When a dental pulp stem cell is used as
the somatic cell, for example, it is preferable to use a
medium for mesenchymal stem cells, such as the Mesenchymal
Stem Cell Basal Medium (Lonza). When a transfer reagent such
as cationic liposome, for example, is used in bringing the

. 25 somatic cell into contact with nuclear reprogramming

substances and a functional inhibitor of p53 (and another iPS
cell establishment efficiency improver if required), it is
sometimes preferable that the medium have been replaced with a
serum-free medium so as to prevent the transfer efficiency

30 from decreasing.

To obtain completely xeno-free human iPS cells suitable

for human clinical applications, it is more desirable that a
medium that does not contain any ingredients derived from non-
human animals, such as FCS, be used. Media comprising a basal

35 medium supplemented with human-derived ingredients suitable
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Sox2, Lin28, TERT, SVAOLT 20 (21) Oct3/4, Klf4, Sox2, SVAOLT  (22)

Oct3/4 "% 7 7 (Esrrb is replaceable with Esrrg) In tha

conbi natf Li n28b can be used in place of Lin Esrrb
or Esrrg [(11) and (22) above], KIf4 may be used in conwi nauviun vnerew th.
25Any co %tqlb]ﬁlt‘f?a?tl%&f VST ioals) SPRatif £6l{22)Papbigubst ¥onprises al |
the constif é&ﬁs}aﬁl tebhs! Quch2hsageolitnt REELELTP! | 568-an
optionally chosen ot her subgygnce canua sosbg |Onc | uded |ng¥)he scope of

"nucl ear rwm@rmﬁﬂangrwtasm:isoesfltlammheapdetbﬁt 1ikeeareonomme oyl albly t hat

t he 30 SOITB.tI under l.ear IS _en o

expr essi ng P OTe % g? erﬁ)reoosfe ﬁ'u lghégtltﬁgﬁts of gny §%g g? %€§9§Q 1'32) above
at a I evel apspif dpreii i A caise necdiear aceptaghgnabngheaseandé nati on of only
t he remaini ng constituents excluding the one or nore constltuents can al so

35 be i nclIRTREIS Ci‘ﬂelSscoﬁ@méf:lcnﬁ‘ég%%rp?%p?‘bjg?%ﬁﬂ b SR TragD
2011/ 0165886 nd PAQAL 1Q83633 iy tfhemPEBeeBL1LQ¥8NYESBel using an

appropriate xeno-free cell dissociation solution, and
recovered, after which they are brought into contact with

10 nuclear reprogramming substances and a functional inhibitor of
p53.

(B) Nuclear reprogramming substances

As used herein, “a nuclear reprogramming substance” can
be a proteinous factor(s) capable of inducing an iPS cell from
15 a somatic cell or a nucleic acid that encodes the same
(including forms integrated in a vector). The nuclear
reprogramming substances used in the present invention consist
of at least Oct3/4, K1f4 and Sox2 or nucleic acids that encode
the same (K1f4 and/or Sox2 may be replaced with another factor
20 that has been reported to be capable of substituting for the
function thereof). When no functional inhibitor of p53 is used
in combination, L-Myc or a nucleic acid that encodes the same,
and Lin28 or Lin28b or a nucleic acid that encodes the same,
are combined as additional nuclear reprogramming substances.
25 The nuclear reprogramming substances used in the present
invention exclude Nanog or a nucleic acid that encodes the
same. Specifically, the nuclear reprogramming substances used
in the present invention are exemplified by the following
combinations (here, only the names for proteinous factors are
30 shown):
(1) Oct3/4, K1f4, Sox2, L-Myc (here, Sox2 is replaceable with
Sox1l, Sox3, Sox15, Soxl7 or Sox1l8; Klf4 is replaceable with
K1fl, K1f2 or K1f£5)
(2) Oct3/4, K1f4, Sox2, L-Myc, TERT, SV40 Large T antigen
35 (hereinafter, SV40LT)
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O these conbinations, 5 factors consisting of Cct3/4, Sox2, Kl f4, L1n28
(Lin28b) and I-M/~ gnd 4 factors consisting of Cct3/4, <~~~ Y1 ~1d
Li n28 ( referred nucl ear 5 reprogranm ng si 9]
preferred are 6 or 5 factors consisting of the above 5 or 4 ractors and

addi ti onal (3VARFt e Kt iSgEz, L-Myc, [RREynHEVSA BAR t he nouse and human

CDNA sequep4:)e30&{]3}41e raif 0 engybi 0@&918%gclrg§@,rg§{,§ggr§mﬁ ng substances is
available o with reference to the NCBI acces$sion numbers nentioned in WO
2007/ 0696665 X iFct el publiidcatSox?, NaMyg.i $EBEscHPYEE BS, BOAYH6 Wbuse and

human cDNA se i matd on on |1 n28 N2 15 20 Esrrb, Esrrg, L-Mc
can be acq(@r géjacetbrvl%"e;yelro%'ngotx%’ %eh:ygl’l gﬁkﬁg Ef%%?‘ accessi on nunbers,
respectisvely) ;oddBsE Kifd,edox2,t heMget, atazeasily able to isolate these

cDNAs. Nanme_ of en/el\/buseHuman Li n28NM 145833NM 0}2@874 Li n28bNM 001031772NM
001004317 E&k r%%w‘? 1 994 Gox#52 LEMYConi B2 8935KR/PBB1438 L- MycNM 008506NM

001033081 (9) octFy4r RiE 0 HaCt olykor LYaegasSTARAUCERRAHTT EPr Ogr ammi ng
substance can be prepared by inserting the c obtained into an
appropri at el @x RatsHon Kldd-oS0xi2nt Lobtfyei n§VERETvect or into 25 a host cell,

and recovefing C i.pan 1,0t ei_jous r.fr [ cell or
its condi t{ioir}ead%g%ﬁffm %ﬁthﬁogg,’ \%hglglgt ﬁgggsﬁgl é%rg%%ggaggin’%n%g&éubst ance
used i s;poa Eeiet@i ¢ aci d that encodes a proteinous factor, the cDNA obtained
is inserted into iral. vector, plasmd vector, episomal vector 30 etc. to

construct (aﬂ’?)eﬂﬁ Aromiféet §r°,xzand the vector is subjected to the step of

nucl ear reprPOrEeEE Ng. k1fW, Mkod ekt r gpaberri ng a nucl ear reprogrami ng
substance to a somatic cell Transfer of a nucl ear reprogranm ng substance

to a 35 soffd) Oedf4,cdiiife Stlev8ERTsi A§VA6nEPhod known per se for WO
2011/01658&?9/&&2@]40/ Q637,33 S%Trx‘%t et ag%{,% 'Eato a cell, provided that
ce i ’ ch net

the substahce is a proteindus faétor. Su ods include, for exanple,
t he nmetiyod(16) Myt frotkdifid ,t ISexef, e TERFagERYV 16t Bé, nBPWDE B%ing a protein

transfer d i PTD) - _ar_ cel en ti .peptide 5 (CPP)- fusion protein,
t he m croi %c?c?%trﬁpr%t H@tf‘landsjotx%é ﬁﬂrtE%g’ %&‘ﬁei n transfer reagents are
commer ci al | yg pvedd 30 e kifuG| wdxzg these based on a cationic |ipid, such as

Bi oPOTER Protein Delivery Reagent &»(iBene Thera’%ﬁgyst ens), Pro-Jecem Protein
Tr ansf ect i 0h? Rfeht ( HIEHGESCx4d Prio¥8et SH4P NEX) ;

(20) Oct3/4, K1f4, Sox2, Lin28, TERT, SV40LT

20 (21) Oct3/4, K1f4, Sox2, SV4O0LT
(22) Oct3/4, Esrrb, Sox2 (Esrrb is replaceable with Esrrqg)

In the combinations above, Lin28b.can be used in place of
Lin28. When using Esrrb or Esrrg [(11l) and (22) above], K1f4
may be used in combination therewith.

25 Any combination that does not fall in (1) to (22) above
but comprises all the constituents of any one of (1) to (22)
and further comprises an optionally chosen other substance can
also be included in the scope of “nuclear reprogramming
substances” in the present invention. Provided that the

30 somatic cell to undergo nuclear reprogramming is endogenously
expressing one or more of the constituents of any one of (1)
to (22) above at a level sufficient to cause nuclear
reprogramming, a combination of only the remaining
constituents excluding the one or more constituents can also

35 be included in the scope of “nuclear reprogramming substances”
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/o those based on a lipid, such as Profect-1 (Targeting Systems) those
based on a nmenmhrane- oerrreabl e peptide, such as Penetrai =~ = -

bi ogene) Kit (Active Mtif), GenonONE (I SH Al SHA,
LTD.) uti11z1ng HYJ envel ope (inactivated hemaggl utinat. .« <. Japan)
and the | ik, the PHRSaaAVE@ntdoR -be achi eved per the pr otocol s attached to
these reagents, ¢ GHERN &Hnm%tt&%n%el 89 f@%t@%éc[:bﬁ§§sx@§h<9%f Nyst g4,
repr ogr amm ng substance(s) is(are) dilu in an appropriate solvent (e.g.,
a buffer s¥xR, dﬂ%&)cmlas?@ﬂs:WZBHEPES}i LaMVr:anéflér 4r bagears| songeing he
m xture is d t m ur, b o]
forma co eqil.lct}fl 4:35 %"6‘% (-g(loélis aa ?% #l%b tggéeg %u %é?%g I'?l%éf%%%l um
W th a seriepidgeanimdigBuantrides ceA]Lsoapﬁefdslr:thba& &7 G fiactanes t o
several hours. Thereafter, the nmediumis renoved a Iaced

serum cont%‘?’?ﬁ%ﬁ}%l% hes BRPdEo @rP‘?D§aFﬁ8Fﬁd@ngh6§ E%?ﬂ%lm#\zagcel | ul ar
domai ns ofr prat e NSt .as drosophil a-derived AntP, HI V-derived TAT
(Frankel, A et al, Cell 55, 1189-93 (1988) or Green, M & Loewenstein, P.
M Cell 55, 1179Tg®RmEIERY) onp&het mulusﬁ epdr byman BDNétS@gueIJ@eSBP%Ith@hem

269, 10444- 0 f |

Sci. USA %‘%‘gfg-‘gtéﬁ)r{'eé%gﬁ%i rgr? %Bgosgbsﬁﬂgng%safé O% %ggé%lé
67-77 (1998)dh ﬂ‘dﬁ%r(mm&ltoanmm [Na:th acpep'suda) n@ffbhkkenedtienedl in Bi@chi m
Bi h 14, 127-3 K- FG- in,.Y. . Z. et _al. J._Bj .
Chom'” 570, S4GAIEIER s Sds) PUbiFten, NRRAE R dBscibeRet ahE
Biol. 5 3Jpduse (a%ﬂi)iﬂ&narPrdm s‘é@u%%;le/ @ﬂa@égﬁBEIbﬂP8ﬁlﬂiﬂﬁ§7 3Biktewdber g,

P. et al. Biochem Biophys. Res. Canmun. 299, 85-90 2002%%€VEC
(El myui st ,ESxThot BTy My ICaRede agguipsd. by rebepiing e(Morris, M

C. et al. ?mg 1 20 Gagy,

Bi oorg. Me %}@n@ %?i:l(%'fjsggn %’ég%)@r(s S)Q/%%ifefggﬁgg ffe %geefﬁ%?ied
Phar macsl . 1157 heb 218G (2 GEG) )Ly HNlIe teongolBteDthé&s€l aPNds, G L. Cancer

Res. 60, 51-6 200 ), and HSV-derived VP22 CPPs derived fromthe PTDs

i ncl ude polJHt dihi such ASUPER (cel |l Stem CAFR™ 4,381-384 (2009)) and 9R
(Cell Stem{Gedd, 4 472- 476 N0 143639) ) - Nontme"ed protein expression
vector incorporating cDNA of a nuclear reprograming substance and PTD or
CPP sequened38 prepared, af¥_08d838i'd4t i on eWiSJ_%g%g%ﬁ 31§ performed using
the vectorgg Ahe fused proteigy igg10aaovered angvusggsépr transfer. 15
Transfer can be performed in the same manner as—above except that a protein
transfen rBsmgent is not addédl 011935 M croi nN¥c@Pbh3Ba net hod of pI acing a
protein sal ytion in a glass I aving a t of about 1 pm and
i njecti ngoﬂft&ysol ution int oNglle—?glsﬁoréensur es tﬁ@—ﬁ?gg (Zélof 20 the protein
into the cell. A proteliii®uyy Eaeitort Eamsﬁeéraagaopecaéaﬁnrelaﬂo@ﬁamemg)rrred
one or nore optionally chosen tines (e.g., once or nore to 10 tines or

| ess, or OTRRSIHNGRIGENR &S ALSREL <G blyeégSSﬁBlPﬁe {‘?k‘é?NAP?lé?ﬁ%%‘#ylmi‘he
transferrifg QRS UL VxR RAIFORRE 02D EWEEB4AEi AN EhéevlctoB 1htE®S or
4 times) repeatedly. The tinme interval for repeated transferring operation
is, forzsexamest ®&ltlo %ldﬁmveml@geﬁiaﬁl yecombgnant hpupseippwevERCteBki ng
into accou ef abli_s

reprogr arrmjg]}ngnrl rslcﬁibstc’fal’lnlccee gﬁuglé %@P&Fg%f}ég ?‘rlﬁe fo?&rﬁﬂorﬁﬁg hdcl ei ¢
aci d that wieoddse avyrletaai maperofgarahmmgr atbetahhanusbd facéonuebkeit is The

nucl ei ¢ aC| d, be a or an RNA, or DNA/RNAhchi a Y.
doubl e- st r3fbd S HHGE RS EREbPY . EHE FORhePRERCRR ) LS a
dOUb|e'Strfﬁ!&%%éawﬁnﬂﬁﬂé'#Eﬂd@wﬁéd%oQDNﬁlasmid vector, episomal vector
30 etc. to construct an expression vector, and the vector is
subjected to the step of nuclear reprogramming.

(c) Method of transferring a nuclear reprogramming substance

to a somatic cell

Transfer of a nuclear reprogramming substance to a

35 somatic cell can be achieved using a method known per se for
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35A cDNA of a nucl ear reprogramm ng substance is inserted WO

2011/ 01€7 7o Tt 063733 into an appropriate expresci an wvactar

conpri si capabl e of functioning in a host Usef ul
expression vectors 1nclude, for examle, viral vectors sucn as retrovirus,

| enti vi r uspr%‘b%ﬁbv‘?lﬁﬁssf%éﬁﬁoa%%lé{'e@r\?vﬂﬁd thagr pBSyFRREtaREe ShRdA;|
virus, a%f%@éll’ﬁ&[ s LAR-&Pr egﬁbﬁnmbﬁhéab @hc%&é S £8r Sexafdile 1 1hdXT1,

pRc/CNV c/ RSV, pcDNAI/Neo) and the |ike. The type of a vect'or to be used
can be chds@trhcasé umprq)m|penoeteacx:¢rr@|nr$§etror18|agenme‘n‘b@dma‘stGf ushegi #S cel |
to 10 be obtained. Lseldl. veelars (@A4)ude adenqviys veelar, oalasald

vect or, NO- associ a V|rus vec roviraf vector; Fentiviral

VeCtor,5SeﬂﬂBP)Vlquidnﬂﬁnﬁteﬂmpl&Qﬁﬁhu%ﬁ@hnne&mdohhﬁeth&d.aEﬁaﬁDée$lbé.

pronot ers used j n expression vectors include 15 hie EFl a gégnnter, t he CAG
pronot er, FHESE, bt & FA9ETEG4G 6 GRBTEFCLaReYL ¥R BROEer, the CW

(Cyt0”993|FW&I&EQnd”ﬂHHEéﬂba§%@SoBS¥ EBQH%n%@rQQEEdV'EU§h REOBRGBOTER he
MoMULV ( Mol oney nouse | eukem a V|rus LTR, the HSV-TK (herpes sinplex virus

t hym di ne ?klf%‘fa@é') Deloitsier Remgenite (Geke, T\meﬁfﬁpm eveEense, 2Brgrde@tio the
EFl a pro”g%_géﬁ ?I‘ﬁ%%%ﬂ%rccﬁ%tnrrf{e é}‘% tMIMENCE Ranahﬁr%c:?iﬂ h@d’;m dﬁi‘ﬁ SRa

pr onot er ression vector conta esired,
in addlimcmhdseebaﬂeﬁnnnﬂa meldnhamchrasaPmoEyademyK@argetsngnsystams),

sel ect abl e mar a SV40 replicati origin, i ke anpl es
of ool oot dHreseachd i s RetBr GRE-PRE AR 8 BEBEARE [ Sih: 48 cPeRREEAThY.
neonyci n reshidnt (PHivgdms RMWOHGIotekist Jabtgeaemands| hecbéhdeoNH he
nucl ei ¢ aci ds mhlch are nucl ear reprog rann1ng subst ances (reprogrammi ng

genes) nay(bEEER ANGYQ KAdGHAr ed TR0 )i Htd ldringr BHY eRBPESBPON vect ors,
or 2 or m(ﬁaa@if\;ae{élpl%n%gggu%ln@t g %@EuQeB?SJ ¥n$’ ahf§leRL i efeinto a

si ngl e expression vector ference i's given to t orner case with the
use of =m rBie oviaredfenr daenhanarc@lle\vedt per whechrofberlhi ghtachedfeeti on
eff|C|enc¥ﬂ1and to the(1 ter case with the use 35 ofda gkggn&db Low
adenovi rus; o° e%‘”ias%%S'v&tCSF“mSﬁ‘dptrﬁ’EefiquS Bajpg a8’ adsbriBdd below.
2011/ 0165&&R£1Féa11P&€bJ;Q/d@6:%mnI§u sulberabee,(sqniexpressdohuvedt Of an

i ncorporating two or nore different genes and another expression vector

i ncor por at3RRF W YhSAVERE d&n e GsBHEERTCERHPRAPT oRUCH n2% hBBE oPF ext

above, whepg@rd) Urpldtah Fe R %Q'h%mf'sngdéegengﬁe[ﬁlgturg 95 REEvated
preferably 2 or 3 different genes, selected from anong Oct3/4, Sox2, Klf4,

L- Myc, 40i r28 Xa9m X&mperatdrsVAorTpbang ﬁntegiétEdnuheanQOeﬁgI@s@lon vector,
these genes, ”>Pretferab' he. qtse%rd%tegdtlonE:%lﬁ. az‘?%fB §E19£‘n %thé"a a
n

sequence enant 1 ny po yci St roni c “éxpressi on sing a o segtiente enabl i ng
pol yci st r qiediex priads i ke rnum-ifsepogedilit, t and the cells are incubated

at 37°C for one to several hours. Thereafter, the medium is
removed and replaced with a serum-containing medium.

25 Developed PTDs include those using transcellular domains
of proteins such as drosophila-derived AntP, HIV-derived TAT
(Frankel, A. et al, Cell 55, 1189-93 (1988) or Green, M. &
Loewenstein, P. M. Cell 55, 1179-88 (1988)), Penetratin
(Derossi, D. et al, J. Biol. Chem. 269, 10444-50 (1994)),

30 Buforin II (Park, C. B. et al. Proc. Natl Acad. Sci. USA 97,
8245-50 (2000)), Transportan (Pooga, M. et al. FASEB J. 12,
67-77 (1998)), MAP (model amphipathic peptide) (Oehlke, J. et
al. Biochim. Biophys. Acta. 1414, 127-39 (1998)), K-FGF (Lin,
Y. Z. et al. J. Biol. Chem. 270, 14255-14258 (1995)), Ku70

35 (Sawada, M. et al. Nature Cell Biol. 5, 352-7 (2003)), Prion
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nore efficiently express a plurality of genes integrated in one expression
vector. lkaful ecannances enabling polycistronic expres~i ~» i=~lud~ Sfor
exanpl e ance of foot-and- nouth di sease vi 63;
PLoS ONE 3, e2532, 2008, 15 Stem Cells 25, 1707, 2007), tne I K> sequence
(U.S. Pat effungperg, 9Pz, B30Rlandiasden-k81omhyR - pRefer EAEBUR: vEAIt 083 he0 2A
sequence. \Wiafh)d PV [ifizRfadls?Rr 80T 3AMLAQ G8RES ARG RASE! bEY, | 3P ppe
expressi on vector as ] oine olycistronically, the order of the

r epr ogr anmi 2@ genePears- InoMararitsi, cM.afl-y eki ailt eNat2@ef Biotrahpbé, [P) Sox2

o1 ned. togkt 7 | (PTHIS o881 1 rICPR 611 Sht Ab1 offPPYfT Siegly Guct- 10, A ¢

expr essisomMoEGIEY  (PU029Ni, NG ymBle(ReYEaBNILBY genetcab. bRol 0t pRaLEedointo a
cell by a techni que known per se 25 according to the choice of the vector.

In the cas?’ofo@ A% 2000 er FN-dr (ERBAPI E; B-pkaShRdmednt &i ki ng2RAer

nucl ei ¢ ackLs | sga Ntgx3dUGed ot )an 2ARPHERLhak§vRaCHRgL NI @d d&rifreq Pl at-E
cells) or a conplementary cell line (e.g., 293-cells), the viral vector
produced iframhehsulRlse inwdadeatadyairginaoesesedh 36 4hd {FelveStem is
infected t ce} I,y ui_t ablye for .the viral ,yector,,kof-exanpl e,
specific ea"fils’ uéls'iBnBlg:;1 g%rzlgﬁtrz@@%)zl abgcbgr (gfe(laldlgggfnoggéyi’ n%‘l)ﬂ)%?ﬂ?@%&

Cel |, 126, (B83)§676 (2006) and Cell, 131, 861-872 (2007). Specific means
using a lentiviral_vector is disclosed.in Science, 35 318, 1917-1920

(2007). Wen i P$ dA588 BTN £XRIe§s1eR| Vecypr incorporating cDNA of a
2011/ 016583RAH HPIRHY B3R n30Be8% ahek hRECPEDALL VEPPEEEGhdfee alls
expression (reactivation) of "a reprogramm ng gene potentially increases
the risk direRELEhogdsediesompinagdeas eKEGEREE AR ediSf PORT eFRedresinRitlere cel | s
derived fr i C S; r T %ﬂmg 19{&; i y
expressed ‘%Eédn{ﬁen?}j%, f&mggﬁoé%BEg%%glgn%ggé‘g% i nrgtg the c o'r:roﬁgorg?%ref%%" t he
cel | s. Br dmdrndEfewicanmpdentpenfeoemetl an adbdensameahaneetroas abose eéxteamytr ati on
into chrongsgne is rare, .is preferred. §pecifig rrggn% usi ng an adenovir al
vector is didcibsEPETISEERSEer35529FB048-898 £9898). Because an

adeno- associ at edridricAlnjeeetion,l & ak$BolOVWEi p1aBengr £aPESEYiNf sdéNiE@tioN
into chronosone, and is |ower than adenoviral vectors in terns of

cyt ot oxi cia ylass ingeddemiEivéng AdgérbAilpngtert ofaabpet nbnhomeH as anot her
preferred ; .. u I sQkra or .4 a [ stably
pr esent oul}ti’g‘féd%ltnfiecg%r o%%sﬁggg’% é\lr? Bcgnxggiaeafrlglégggaﬁ%grg%r%l\q/%fd@ﬁsﬁg an

si RNA a® rgmpipmd.eiint indoprtdéfeercaBly utilized as well. Regarding a Sendai
viral vector, o descr.i bedtirn J.f Bi gl. CheEn i282 27383-27 o9r1 %%007 :
Proc. Jpn. Acad.; eSéDrr.Ot@lé]S, 343562 FEOBE? %F 3?—’-?%6]630%? an" used
When a retgovwidr opdicpaldly ahlogehi ¥imak VecHoj ofAcesed, mevents f1®il encing
of the transgene has occurred, it possibly becones reactivated; therefore,
for exanpl®™es @t HEFScaPhONGSe@Tplerer 5Bl y WhHERE| AT al®%’I &0e Hhs d

encodi ng & ol eabre2arABRYOIEBETE PEn SELSE AN &b SillorP Wark HSdr¥® rmed
Cre-| oxP system when becom ng unnecessary. That is, with | oxP sequences

arranged dwisst wremeseof(et.lge ,ndcitémesaerd4i himgshncepea Pty | Ther ¢ ime

i nduced, t.hereafter:th rec i ks a . t t | 1s
using a pllargzrﬁergfavlecftoc]):r %ggeg&gﬁoglg?gg%ggr\%égté fg%ﬁﬁéﬁhg% eg(i[’]%n saéﬁglvé ‘ched
by the | ox txequenees sGaprefectublguli2 Becadskotihe. enhancer - pronot er

sequence of the LTR U3 regiqn pqgssi bly upregul ates_a host gepe in the
vicinity ther eof’*%ﬂ?‘ﬁeﬁsert%ikdﬁgpnﬁpéf’i BrEe PtiEh?m?gfb?b‘F%?%bq’ to avoid the

expr essi one 41l i t0fo ff H@serRdAq8NOHE98R. PYptbgridiise Swstie-of the
| oxP sequence remaining in the genone w t hout
30 may be used preferably in the form of a nucleic acid that
encodes a proteinous factor, rather than the factor as it is.
The nucleic acid may be a DNA or an RNA, or a DNA/RNA chimera,
and may be double-stranded or single—stranded.‘ Preferably, the
nucleic acid is a double-stranded DNA, particularly a cDNA.

35 A cDNA of a nuclear reprogramming substance is inserted
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WO 2011/ 016588PCT/ JP2010/ 063733 being cut out, using a 3'-self-inactivated

(SIN L™ wr~om--~d by deleting the sequence, or substi*:*in~ thno cone ence
with a i on sequence such as of SV40. Speci t he
Cre-1oxF systemana SINLTR is disclosed in Chang et al., 5 stemtells, 27:

1042- 1049 {PE0H1 2PPIOPTIRe FHDTE S SBE N JCE RSN COTPAL SYBEt 8r PTE™BF 8% ni d
vect or Canc?ia%fé‘"bsf eﬂ’dr?d%i'dhti%ga i%eld nesingokBe ki pafect igde fet hod, ,

| i posonme net'hod, el ectroporation nethod, cal cium phosphate co-precipitation
met hod, DEPUeseIem vasttros, imicdugienj dori exampleet Modalgeaetgua aechodls and
the like. Specific means . usi.ng a pl 1 a or . rj in, for
exanpl e, §$ lf]%‘él,rﬁz?l%‘@-vdg%s(’z Igggéﬁgheaﬁlsﬁé. asg{,&%%ée{ﬁgga asm d
vect or, sarh&dkesowirus aredtSendanid viihesl, i k@asmeédesedyr the éxpnsgetdhoincan be
performed once or nore 15 optiagnally chosen tives (e.qg.,._once to 10 tines,
once to 5 IRHRRL Fetife S8y, Ped lrweXdr nBRE Estng/5§$r ession vectors
are introduceight N )2 sHITBHL 1GKd., it is preferable that these all kinds
of expression vectors be concurrently introduced into a somatic cell; -
however, even i Thaityrsasd R0echert tenbredspdncaanbpechesedragd once or
nore optio hqse i e.q. n [ e. { or
the like) ,%%%%I?l}nq’lsey%%dg@g%sft g)citlh %ngglgtﬁggégr glﬁgg gdgggpéiﬁ?o??r%jdn?% ce or
nore (€i0g.be obtatesedyr Uskifodsyechbss hehude ademowirus wectoml gslbshids
used, the 25 transgene can i rated into chrgrmsoms' therefore, it is

et Inte
event ual | YW §ec¥ss f#3F1% _lraﬁl cﬁﬂﬁeﬁ@&t&r_’i h§ F?Vbﬁa%fv?ﬁ °Yene into
chr onosone) &y Spitdierve i, t isegdar BERusFQectbirs epasemall v&etdheand
af orement.i oned Cre-loxP system it can be advantageous to use a neans
wher ei n t Heh¢ ryrene is 30 integrated into chronobsone, thereafter the gene
|5 remved. 10 analhefe IR Shichd Xade 8k HROLLAROL s i 8n PR  Ca Opuas ed
wherein the transgene is Integrated into chronbpSone using a transposon,
t her eaf {sertlse tEEIS pRsasetdrs aHeoWad proactean the SRbl pusmoger, pthsni d
vector or oviral vectaor as to 35 conpletely eljmnate the transgene
rom the cHTShIUMPtaR W6 JOTLPErRSIsRCT Pobls) oes v Sa deirpl celt b
pref er abl eptdradisdOS e RYWYRBAS, saricomaspesas) dprbmetet | otha Mewadwpt er ous

insect, and the |ike can be nmentioned. Specific nmeans_using the piggyBac
t r ansposon(MQlepek |wuEe iieuwkgmia Kirgs)alTR, NPy BSVZER: “?9{99?553(%%@5, 5

Wl tjen etyplyg Wﬁné@éﬁna&@- H@m(;%%?)and the 1i£ept@f£h%§é§éf&hc§e

non-integration type vector 1s an episonal vector, which is capable o
sel f-repl ighateront@utlsd dEF lioh e ramotarnsorhe SAScprbmotreansthisi MgMahVv epiBomal

oot 1S b St ol S 2t L S0 (2000); e o
havi ng | oxP sequei exfdeaed®dn Relch@ersas® contain as desired, in addition
to a promoter, an enhancer, a polyadenylation signal, a
selectable markerAgene, a SV40 replication origin and the like.
25 Examples of selectable marker genes include the dihydrofolate
reductase gene, the neomycin resistant gene, the puromycin
resistant gene and the like.
The nucleic acids which are nuclear reprogramming
substances (reprogramming genes) may be separately integrated
30 into different expression vectors, or 2 or more, preferably 2
to 3, different genes may be integrated into a single
expression vector. Preference is given to the former case with
the use of a retroviral or lentiviral vector, which offer high
transfection efficiency, and to the latter case with the use

35 of a plasmid, adenovirus, or episomal vector and the like.
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orientation on the 5 and 3' sides of the vector constituent essential for
the repliratinon nf the episomal vector can be used. Ber~~~ == ~=f~~m]
vector i self- 15 replication outside the :an

ensure stapi e gene expression in the host cell even if 1t 1S not Integrated
in the genBHECNIAMILE (AN} RHRTES HORe VEFCLOENARCPRBOVBELBE BBO R CRPFP r enpved
once the lcﬁ’&f@éénﬂ %&%@@dé@@@m& lexpR@8SH Bhe vbetBRKenthep6RL ELRR!
vector to lose its self- 20 replicating potential by flanking a vector
const i t uentne sy i@lorfercarhdea eeidcan epmbfinakéospi somal vect or bet ween
two | oxP sequences,,.and_ cutting,out the vect ituen ctjon of
Cre reconbi nase,Cler%/\/ntehreebcyo L{heé( tv%c?tot‘)’re ’cgﬁeﬁegf §?8%§T? %ybé?:e%??%oéﬁgrgg}rﬁ%m t he
i PS cel Is. @&kxanm &p. ,0f2 tdre nejYie5 o pale feeabdly Rooke3udedfenehbegpnesent

i nvention include a vector conprising as_a vector_conponent equence
derived fr¥ftERed Sc‘\m?‘a?ﬁ‘&’r{%%ti%é'néeégsa@fﬁo_rL'S'QV lr%b??gaﬁg‘hf&?')n@a _
vector conpofeRs ece S »&Jt%rgr%%lefd HePbheakikpReksisReGbltsal | ¥nexemplified

by a replication 30 origin and a gene that encodes a protein that binds to
the replicgenenh ean grefaraddim ksl Integrapedcantonthexanpressioel veietehe

replication, orjqi ' t <L . Qr ng..th Jcatjon
origin on ‘ghag %%eé%%rﬁ Ze?gdé) ﬁﬁéﬁﬁ%@% 13’3%@“ gr egggasggg?he%e‘{)ﬁ%olﬁéa a{

expr essicOrnse@odrde corgirliises po lycdsatrenithakpVWesa0dh, 016588 PRI SR04 0t 963733
controls the transcr,j ption of reprogranm enes. The pronoter ysed may be
as descri E¥ % -Cx lé’pie'ax(ﬂﬁsseﬁppzégﬁggt eB?ogeﬁﬁﬁ Eﬁ?‘?‘ﬁﬁ?t%‘gnlrréi n as
desired anyga ssidPalaadany| ek enl ss ncés SEhE6T 110 PBIkElstaRRE And
the like, 5 as described above. Exanples of the selection marker gene

i ncl ude t eXRESSAIYT cingtlaidend forasxagere, the ABoRpERANFRsPSt BPREe3Rdte and
the |ike. R saqu - Rt Re.p NhyiNYent 4 i e, in
addi tion t%aﬁ]%q%lasct eri g’p}%g%e%%%bggﬁ \E}‘Igd'@\%l ggtggpgm/aogf o%%gg%hzgd?\%%ej' (SEQ I D
NO 29) ,150p8 temate il < dserl 10k, a0 070 x PtheqlBBEeseqapnbee (6f SdePatemy Nde
sequence f t he, I.oxP .sequence, by reconbi nat i on en_pl din the
sane ori en%'aﬁidglé;q/) &Sﬁtﬁ%&&lﬁﬁ%anwﬁé‘ §r$§8f8pcgo%gﬁ%\rll\?°nté§%gg ry for the
replicati oseqieddie. I apeagaapnuRgl gepeof Exeppdbeparthi sgicdernas arte indewtRd
sequences jinclude |ox71 (SEQ 1D NO 30), nutated in 5 repeat, |ox66 (SEQ ID
NO 31), mitRE@Plit SFPresfeal VaATHoroRs2791aR8 PEABTIStRARAFRHLYn SHcer
portion. t t O%)&Panﬁﬁ pkac o] ' : St des of

t he vect oﬁ%éﬁjp%en%mfﬁge I dent ?lc%z:aggrésn%?, ﬁtgﬁeﬁ?\%\ggﬁ%%ﬁtpgl %(HI}’%%&'
sequences fer atxainplre,s pbiderSoxer wineh Kadidt Kéei) dbnMiycabndel.gn?8 a(lpai28),

| 0Xx2272 sequences, i.r, of seqguences) . Prefer is giyven to a
conbi nat i oh* of mﬁaﬁ)ﬁzo@dsg)x%ékéec%ﬁt §Feaéﬂﬂeg' Lfg%%gggr(leg gt.*}l? ox71)
and a nut asitdé Oxih RISt nidtdioad firam3'5’repeat .(e.g., 1ox66). In this
case, the | oxP 25 sequences renmai ning on the chronosonme have doubl e
mutations in thé\t SRAS RN NEHOLs PaEPaRANG asF GBI agr FTRERY| Jerf can
reconbi natp o n @R HRIET0R 1uNBKEl XeEHn@@uéeﬁﬁgﬂh zg8rby.Cre

g

recombi nase, thus reducing the risk of causinga deletion mutation in the
chr onossmeaeleerdinaimearithead ahedeebiodathenvephien - 30Ir Hehengafr 4o de@dences

| ox71 and 10x66 ar sgg i conpi .on, : b I y.0f _the
5" and 3 ‘éel(gtg%r'off%#eea :ieerfe%ilpg%tggﬁ\geg grggéggn%gngﬁg,%ggge%] ?@y%e{csessary
t hat the mrhardduaed isaquenc eppiepriaeet pdckagangoceeht &1 on, sktdtthat t he

nut ated sites uld be | ocated at the_outer ends 35 t he. respective | oxP
Sequences. S 19odth % G GG E WOCE L1 SRESREPETS I PBBIOF bSTBS ! Somal
vector of e Preselr ighitded iinS t&eSelfl t1@BDY%abe¥REE At €88 | Yo ShRSER AT
fromthe cell even w thout being acted on by Cre reconbi nase, there are

possi bl 3 exepihoridctasds indestieghger at Freli Byt akeathed swetablesoker
vector to he sped p JIamt heggel Exaﬂng%é,s Qg?géfff@lﬁeaﬁg'q{ﬂ ¢ that the
| oxP sequences be ‘designed in préparatron Tor ri1sks such as unwant ed
reconbi nat retrakier410 feet are @rebidiasd obedatineWD2007/69666, Cell, 126,
663-676 (2006) and Cell, 131, 861-872 (2007). Specific
means using a lentiviral vector is disclosed in Science,

35 318, 1917-1920 (2007). When iPS cells are utilized as cell
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Each of the two onP sequences is placed in the same orient at| on on the 5%
and 3" < " - - Tctor constltuent /o essential for t° o of

t he repr e (i.e., areplication origin, or e that
encodes a protein that binds tao the repl.ication orlgln.to control the
replicati o%urqeﬁ% %513 e&ﬁfﬁtﬂtvﬁeﬁ‘te‘jfllcéﬁﬁédaﬁyef‘% PB8xP'sequences may be
ei ther the(r&epti Gadt h)0d i Rpradgentihy gegquepeeehbakl pcofleseas@sot ein
that binds to a repllcatlon originto control the replication, or both. To
i ncrease RNEE stidi 19% Waﬁqwoeﬁﬁ@@ﬁﬂél ipetilgeUSE prRashPEatedt BFOFmy, for
exanpl e, U@R%é Lé‘é&l%era%&llyea ‘f'r'besll@@SEEii‘EsthQEé?Bf‘é rggul atory
el ement ( sequence 20 inserted between the reprogranm ng factor coding
regi on andremtggoemyirg iggmesiignglreferably @herepssdnaranemotlw | ows the
vector to be |ntr duced .into t e cell ing, . for exanpl t he |ipofection
et hod, || IR A, L BRSO r Rt Lo f R ERG AR S4TGB PROSFRArE: co- 25
preci pi tatn*le;sm ntﬁtlimdudﬂ;%lirﬁexus@orferahoddeﬁb@mamj eetton, mehdsd, gene gun
nmet hod and the Iike. Specifically, for exanple, nethaods descri bed | n

Sci ence, 3EegRALIEI {MEPh oMY SIMSeTeFaT8an 1BePHEERT TSt MRETI 1ot t he

vector CO@P@J}%‘JAQ Saﬁfﬁ‘ra)aé(n‘?:rvMﬁ IQcheh! &‘éathElBEe&h%r piogramspg, gene

has been renoved fromthe 1 PS cell can be confirned by performng a
Sout herm bI4G-Hfal (EI108)or BeRaaﬁal §8i @dasongsaomt%ql cVid d v sishg a

nuct ot de. PESUERrS | LS Nenlar CATPINeRl 209LaT bt IRALSLOLY gl OXP

sequence as B pro € or primer &pisOme  fraction | sof at rom

the i PS ceid Bhsver ttagl Eﬂdhno&ﬁd:al%e&ﬁib?dsOlﬁSBBEﬁi/ dP26¢06 068738ty and

determ ning the presence or abi}nce of a bapd or the Is %th of the band
TR n

det ect ed. FIgUG IS 14y  bé tpFePaPEIMBEY T LORBEHAT BBUFREE in the
art; for examleredmidiads depebhligd 58n&81 ePELa1 3Pdket IO T+ SUad20Q9)o and

el sevx/nere can be used. 5As stated in an Exanpl e bel ow, sone of the episomal
vect or stsc dvr i Horh ok P resqandn 08¢ sigeohge ghgmpREMpy eardt camvieRit i on,

exhi bi t noj L%Meé he. ¢ %we%i glfn ct of ;g% gRi §88m§]£r¥8Ct9’E erein the

exogenous n elc aC|d actors ncl udi ng reprogra ng genes) that
const it ut eprtdie nedeityorutarld deml @Gt weﬂﬂegraegdrdm@mtsmnemﬂr;e,l ivedtve,

Phe T or m APRASHTSURA ol 9 QN rhFhom 20 | BEATH 1343 1 MR T el P

treated w bhy Of,@cg&corﬁﬁzna%e SW@@BLB@QSfQ()OQ@' b@ apspUBED205€! dan be
Accordingly, the present i nvention also provides an 15 sel f-renoval

epi soned? V&gedr  sheddi ng fromthe cell early after offering a | evel of the
expression of rep[agrAmy Jﬁ%ﬁ%%c%ﬁ& G ﬁ”&el}l‘elwﬁa éﬁom NisQ4, an

i PS cell. This vector is aracterized int |ss EIPS’CEH
by the 5t m\cmsga’@esndtermmmm afrab8ycoe haseQCpueredabi'y POs 8084 wr

nor e, ref erabl y .7.0%,or ternative e sel f-renoval i sonal
Vector | s RATI G s At rere Rarbes 06t SEBPLE” R naiAtd vk 8B thin
1 week af tieged Rerd feanaflgr wher@int henoedericobclBberieblisngWhergeabedhe vect or

is unstable in the cells to the extent that the nunber of copies 25 per

1x104 ¥l | BeRECF IR SdlrbSésatn&@l iShrEht o8F PPSngebhe(ergrloxbotyseheek
after vectglet nanshem r?o 1802011 & esg: 1P 6488 abl by | ess,
ebI % ess. Speci

nore preferably 30 or cally, the early self-renmoval vector of
t he presemrianaad ion b @ndseadt tbeenuglefier abig inoadvameee,iPS

cells are induced, thereafter the Cre recombinase is allowed
to act on the cells using a plasmid vector or adenoviral

30 vector, and the region sandwiched by the loxP sequences can be
cut out. Because the enhancer-promoter sequence of the LTR U3
region possibly upregulates a host gene in the vicinity
thereof by insertion mutation, it is more preferable to avoid
the expression regulation of the endogenous gene by the LTR

35 outside of the loxP sequence remaining in the genome without
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30 nore preferably three or nore, particularly preferably all, of the
follow pn ctruectuval fegtures (i) to (iv). (i) Two | oxP cnnunncne arg
pl aced i ientation on the 5° and 3' sides c

constituent essential for the replication of the episonal vector

EBNA- 1 gerReHMY SWHOPWY 1UFigY B aht .sgér#-g}eﬁetlaﬁéﬁér ABLY) EBRR- &raewée;d VO
2011/ 01658&?@@5@&9&@@?@@%& U}es%%lt%‘at%bdtheal‘seaﬁeﬁésswwﬁ a

reprogranmng factor” i s under e control G pronoter.” (11i)
nucl ei c a@@ﬂymnselrat@dns seRIanEer @g:rczbnrrmsngff é&'ﬂ@r i Spemideic tm@artsomsrnoig of

ranbit P ol obid 0o} yatenidati o Siael 5 (i uh TE MERE, segugnee, |, pr esen

bet ween th %uclf eicaci reprogrammng fac

pol yadeny| etémwncei pgal27:( Do 42unouionalooionhi bitors of p53 In the pr esent
invention, it is nore preferable that in 10 addition to_the above-descri bed
nucl ear repr ogr AfRATH fos OFICEs @ ROPGHLEASNIFSFRRTY bt B;aﬁ?‘l‘BS’ée‘B’%o’br?ﬁfght

into contagd ﬁ’!a{ﬁhfeh:ereﬁ adddG ehh uéangeehbomegoheeewn méPhb&i bi tor of
p53 function" may be any substance capabl biting either (a) t he

functi on ohpmorqz%ano‘ﬂmdal elactrgporstika mrphedsi oalofiunhehpsphaedecoThat
i t t i 53 ' hibit th
Lo erot Ot SR ANGES ot el Bl Y 40N nEDRGADInPEELEAeLEs AT I T (e

functlon sub ancé act |rec éne'to
i nhi bi tzet hﬁetﬁmﬁi,esgaam duremenfhodbundalhe 3tket angpscifind mednusa fqe or
i nvol ved i n 53_{15; ghal transduction to . result in 20 inhi E)l tion of the

function dfl 55 pr dfeé?tr‘?rorarten@leé?ﬁrl??gl 6ﬁ'off°Fh8xﬁ’§E Gene1&ReCal so

i ncl uded i3 hey seones o(fz 00¥) igdd Bieon i@k .p5S3 function” as nentioned
her ei n. Preferably, the functional inhibitor of p53 the expression of the

P53 gene, 4 25 VEtAroR FHASTENCJGEE A SPRAACHPViFYSaveabat aned Ehatlike
| nhi DIt TS U el Y. AN XS 0,sBENBRa0BLEh BREC or more  EXAMPles

of substances that’ I bit the function o protern 1nclude, but are
not | i mst empttjmnaallqhemccwln itilmelsi t(er. gof, pbhcs, ta CHOntmmes, negaelt/@ Prut ant of

p53 or a-nucleic acid th% enci@hgll he sane, a % nta on| st 30
anti body or'™¥Hhdti Jt-hat' “8RcbHRsCT HA g% é1 aci d
CONPri Si NGre-tCHS &ISUS rFe@iRiredl Ahtad a5§omraeieoaéue eteﬂenpre@eﬁwﬁé ance
that inhibits the p53 pathway, and the like. Preferably, a chenical

i nhi bi tor ratpsese ddr kamISheGaEHPERTLARL VBFLRES BF GORERTEPREHEi d t hat
encodes 35 iMe AR S & RuhaRaLhWRY 1; NRLRELRE, Cahehe: ABPR] SNk,

20 the transfection can be performed once or more optionally
chosen times (e.g., once to 10 times, once to 5 times or the
like), preferably the transfection can be repeatedly performed
twice or more (e.g., 3 times or 4 times).

Also when an adenovirus or a plasmid is used, the

25 transgene can get integrated into chromosome; therefore, it is
eventually necessary to confirm the absence of insertion of
the gene into chromosome by Southern blotting or PCR. For this
reason, like the aforementioned Cre-loxP system, it can be
advantageous to use a means wherein the transgene is

30 integrated into chromosome, thereafter the gene is removed. In
another preferred mode of embodiment, a method can be used
wherein the transgene is integrated into chromoseme using a
transposon, thereafter a transposase is allowed to act on the
cell using a plasmid vector or adenoviral vector so as to

35 completely eliminate the transgene from the chromosome. As
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WO 2011/ 016588PCT/ JP2010/ 063733 (D1) Chemi cal inhibitors of p53
Exanpl es ~f ~r~~~~! jnhibitors of p53 include, but ar¢ ' 7 0, pb3
i nhi bitc Y plflthrln(PFT) aand 0 whi ch in WO

00/ 44364, PFI-qg diI sc osedf Storm et al gh . 2, 474
(2006)) . FEABNES o S RRoslue . ( Pasoubaty 8 tLahabaat i on
salts SUCM@&w&r%qI1ci=gﬁ@yié}b@rsoah@@b@esanandhbhelkek@énand the Iike.

O these, PFT-a and anal ogues t her eof

[ 2- (2- | mi AeenElaed + eSPERYdE6bBRABENNEEDE - BDG19199YB2 6| LTAIRERAR, 13Br /o
(product ?I(}E ) d Ni ny 2- 5767

t et rahydro-2- |ln(‘%3énéod I%éﬁe’n?gt ﬁllca%i)il %?%gﬁdn?SBHBrH%p?gguégogg%ﬁe

Pi fithrisn-ioltpidd tetn)d] . PREtum@End 4§raal 6@16e§710he§2669 [ 2-

(4- Met hyl phenyl ) zo[ 2 6,7, 8-tetrah drob nzothla ole, HBr
(product name: ttqﬁer]? LPfae]fe(’f{?&i c PORRd NS ?Ea)é EVpS’ VedElr®1s ah

Ni t rOthHYéﬁiéﬂrﬁhﬂlZ Glesthm) -vﬁu@:,h7 1% ctagbbaaydlfoa@mzetabazehei@ﬁoaucsm@me
Pifithrin-a, p-Nitro, Cyclic)], and PFT-t [Phenyl acetyl enyl sul f onam de
(product righe: CIFqmQSAmeh- gFPegtEiEoRABRE BF1)I avai FROPANT SR WERITKLS Cont act

of a chem&f%]e QP! LPrv, 0o P W e Rrp@IRtY, 29992k caobs) perdiorgred by

di ssol vin i bitor at an appropr i ate concentration in an aqueous or
non- aqUHJOlﬁ&c‘:llstoiqlLelnEtr,lBxildlzhefgértrh?t's%1 solbwdioensf ofhehenhirbsent invanhidium

sui tabl e for. cul ti vati,on S.OIT&'[IC ceIIs i Iat fr,oma nouse
(for exarrp?p SR nRTC &8s r‘?t A9 e l Wi'g ﬁ%gggolg ggrrrr%%m% ed Eagl e
medi um ( DM entRRM b4 @ Bm ah919 3r'redudms Bi2thedivegtapdcohseti tkent

suppl enented with about 5 to 2Q% fetal baqvine serur?n io that the inhibitor
concent r at$ AL AT G FPANGEHRE OFulFP§ PRASBINES YRESP53C#ANREi on and

does not cause Cyeb%eChhy epadBEmsY! {HELSS i@ec§§%$§éf6¥ gepfven period. 30
The i nhibitor concentration varies depending on the kind of inhibitor used,

and i s Bhossml iR iy o'mﬁsaxd@ dner chiremegage, ofitabant epsurei sFeblabgeme 100
rm. D!”até)?;gr gc LA HS e RaRL! gylkar by Ilet{T%Eer E&ééué‘f?atlﬁs

sufficient I eve nuclear reprogrammng o e ce t he
i nhi bi tor thy @ghdmee al Tawed tiesd:oapitesehcbwé*merhetmﬁlttm wedtiom quE)S| tive

colony WO 20 016588PCT/ JP2010/ 063733 r.ges. . he p53 gene is
nown as FEHTNY SBIES GFGortde Emihart LonRFbRPLARDEE - pal fifhet | on
potenti al |yoddHRASES i@ Fdhek e(gls@aﬂam Regenesks. 1688nieal sénhibitors of
p53 are useful, 5 not only because of the advantage of permtting

i nt r odwet | TRP}IRaking [RotEnRiial by fRENkAADt RoNSEBOFhECRBELEWENBUt al SO
because Ofeég%n@lbdl' FA tt%ef]eire:fgelg_ L ibhe Jenigh i EFEQoﬁlE pééc{HPC éE’J?eel’?aS' ly

and qui ckly, by renoving t I um cont ai ni ng el n i brtor
i nduct i on wfo i R&RE eldguenass,( Bad D(mrtntnagt on@gaheveembantsnahpﬁ:@nt by

The ch f d t_ negat t of p53 ticularly linmted,
s tar as U S T o oh eafpe tPE BV, CaRL FRGTaba G Pthe |

wi | d-type PS4 Aeive endagenois ¥ rexpressedsi Besomatic cells to inhibit
the 15 function thereof; for example, p53P275S, resulting from point

mutati o of the MRS Af tthe SBLSOMEA Z'?St(’irntPhEec%% o%nh%n%resent

posi tion 2/&)e 08 %]qldﬂl&&% W%t%'rn% gragghg agfar@é’é6095§oﬁ1§o§§ﬁt ng (de
Vries, A, Proc. Acad. Sci . 9, 2948-2953 (2002));

resul ting S‘«eqlmrdm eglemvest firtom Z(BVarrSNéanhdstaE ﬂ.h&eposcesaﬂsylﬂosm of
mouse P53 (11 NI, B30, L0" hREPYRES! OcbiSoROSE A 80Ss PO (B, T,
repllcatlon is specifically exemplified by a replication
30 origin and a gene that encodes a protein that binds to the
replication origin to control the replication; examples
include the replication origin oriP and the EBNA-1 gene for
EBV, and the replication origin ori and the SV40 large T
antigen gene for SV40.

35 The episomal expression vector comprises a promoter that
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Devel op., 10, 826-835 (1996)), and the |like can be nentioned. Oher known
mut ants i nelnda far exanpl e, p53S58A, resulting fromp~-"~* —*-*"-~- of the
serine a n 58 of nouse 25 p53 (in the case sition

61) to alanine; pss3cL35Y, resulting frompoint nutation or tne cystel ne at
t he positiePnaBBLYf RSB it ath i ISP TR ATEANIpgsreson AB2) to

Lyrosine; pA3AJAOY.uSPUly N ORI bILBLLAN Ofndhepalapine at the

position 1 nouse p53 (in the case of 30 hunmans, position 138) to
val i ne; p58RiTeHHioresudation Mayoriysdihetr wengeiionasf dehéradgani ashancehe

position 172 (in_the se of hu S,_posjtion 175) to histidjne;, p53R270H,
resul ting ?r%%%%‘?%?y%%% o o1 the a egjl‘erﬁ:thleonatm%lf'u}%elbo%?rfel o 27 ?i ﬁlz]t(%’e
case of JusBnSesPOdd AbARR) Efahpsekdbiethd5s@bSERTEMN, ma eicett tgerge f rom
point nmutation of the aspartic acid WD 2011/016588PCT/ JP2010/063733 at the
posi tion 2VB°bidemihe FEBY LA Al & FsEUGtargndRES, pbEPt PEAMY¥EAT to

aspar agi neyqe &gk thes Is%égpe ddeseLan ke used in the same way. A dom nant
negative nutant of p can be obtained by for 5 exanple, the technique

descri bed bel ow. TR rl1xP @eqysnass ivsedud! igotbel poepdati snggntheri zed as a
probe or priner.on the i.s _of_ t I 3 P e C

P or mat i PSR by SO ShePa s iopiTRE Bt rteeacat i e

cl oned fg oneP NI ercdNA IHQ ADNAd: 2 ar yptebneédyf chosanmuusent 016xP hunman
cell or tissue, using the hybridization thod or th -),PCR net hod, _and
s subcl orBeH SR B G e [0 G176 ACTURBFR SREREEN BV cBRONLSE | he
site into @ By atd AP ihdtd dPe whdhr pddeed (hothexaaRkeoridntheimase of
p53P275S, cct, which is shown by nucl eotide nunbers 951-953 in the

nucl eot i deatl PeRifuigne Kfgiingy aSMOAtDINCORpPonsnEeppaeeganlt AoR Eleon t hat

encodes an ' ) i Ghar e, 4 ,
tct), a pr?%éﬂ%ﬁpéﬂ{ gkngcrﬂteﬂgregﬁogl 'S é?ﬁﬁggkief%ﬁ#?%%s%ﬁr%zﬁs
per f or ned lexPgsdduiengis niercwideh lidxd 1pl(&EQi dDi NOoBADy anithgt edeip5sb3’ cDNA as

a tenplate, where 0 Jwcleic aci.d that encodes_the desjred dom nant
negati ve nﬁ?%ﬁﬂtﬁgﬂﬁgaﬁig%g%:ﬁ%%ghélgas@u%ﬁ%ﬁgdéPe?ioﬁeﬁﬁ?tnta? ke p53DD, a
primer mayl b BES| ed usisi, dendthe el e kpabkerdpbet edn . amh thviefis e RCR may

be perfornmed as described above. By introducing the thus-obtained nucleic
acid that &¥R oS tIRIBNGRSHianeh&Fatinge onueBAt 3 nBddgshest thel veckem
recoverin Qi th PHUES S0t ReCulhur edocalbaRE 1bspconditioned
medi um tﬂgﬁggggredrgﬂafﬁgﬁt ngbg%ivernutaﬁt can bg acqaired. Cont act
of a dori needquerstes ive-ghedanin wpaEteaxr pomition mekt banidenhtbakvéd. gn, the

h t bove-d i bed 30 ' | '
Subst ancoce i DestP T ABAET B manbAL S A BECron SPARSICTRhetion

potenti al | préfer@asesi 4 hg varsk oofa camdinagesasbs. aHawes st , 16fBasgisguénce
domi nant negative nutant of p53 undergoes_degradation b{ grotease and
di sappear sPraleRAI1Y 3'n T9ReAY difsPect é9%del | andnd BBLEBEr £3HBNIFAGFICE he

function ofy, P53 ENG0GeNausasteXRr.es5ed ox6) VO 2014 0 6588PCT/HIP2QLY 063733

the cell is restored, use of the rfutant protein can be suitable in cases
wher e highseaienges sremaguiingd cas tihe cheompspimgahpva dpubbs metatiéns in

therapeUti€hén¥é§E§%% on the 5’ side and 3’ side as a result of
recombination, and are therefore unlikely to be recognized by
Cre recombinase, thus reducing the risk of causing a deletion
mutation in the chromosome due to unwanted recombination. When

30 the mutant loxP sequences lox71 and lox66 are used in

combination, each may be placed on any of the 5’ and 3’ sides
of the aforementioned vector component, but it is necessary
that the mutant loxP sequences be inserted in an orientation
such that the mutated sites would be located at the outer ends

35 of the respective loxP sequences. Although a preferred
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(D3) Nucleic acids that encode dom nant negative nutants of 5 p53 In
anot her =+~f~-+»~+ »~de of enbodi nent of the present inv~-~*in~~ +h~
i nhi bit« ction is a nucleic acid that encode

negative nutamt v p53. The nucleic acid may be a DNA or apn RNA, o a

DNA/ RNA CHERRTRS iFGEoT % tEFePAERENE BRASIFRENNGEI 8i EChETERAYAbe

doubl e- st randed. o Si W HrReRtiANdedn AheDNA1thalANGodRsuA HoThHaatt&ggati ve
nmut ant of p53 can be “cl oned by the techni que descri bed above wth respect
to prepar an dw dire eqantdmasg,otbeme are possibhy eprEPthomalsersg®d, |ike
the aforeqﬁ?tlc"¥%n l¥ﬂﬁ¥d% ﬁ% %%kg% %@Ec@hér8P?H§h§§rvé89699£§ngé”Qhed
subst ances (Treprogranmm ng genes can I Nsée an appropriate

expr essisonf sctidie ared I.r ansf esr pdeforabsepatheretdte, tha(’dDébhepH.’beat hway

i nhi bitors Here, th%t?a m.p53 pathway is %sed %ntha 20 i ncl udi ng
al | upst r eI SGhaf PARPAEAIVAPetB53TAR aF‘FC oWRst r eam

si gnal casgaslas SR dipmbiatach vakedopb3e TREbRbOHEse PPBeREhénaY

i nhibitors include all substances that inhibit any one of the

af orement i oned diafalof thes dwet LexPpacaapseshits Phagedr &nekheds#Rle of
enbodi ment , | It syb ts the
expressi on org}?cér?%l %%%%%Wha |t§ryg%g%|§v?£fy g%éggg,&%%%%%m
transcrjoptemntslaa]ctﬁoztatterdz epi58atfion eianbbereptélglﬁamhmy\lﬁgemt (semse
nucl ei c acids, .ribozynes against p21 and t nmenti oned. These

nucl ei ¢ ac? FER ARG IR B9 Re 96 QxﬁﬁggsFSHUS%Cﬁzﬁgﬁﬁne%%oﬁ%il%ned and

synt hesi zggrdte i e ifRINeo ahet ReprethedohobrsgRNACo SBEWroBNthSENSE
nucl ei ¢ acids, and ribozynmes agai nst p53 descri bed bel ow, and can be

i nt r oducedt Mk iat it | Eh8eVPCtTReCHRET BFeenEi HamkSA Y priil®® i n t he
formof ay, t t 0 ucted in
t he sane na&%dé}{caéé]t f)r%%r %o%csy?lf%gr e rb%%ﬂ%%%%%g%h%@%ﬁﬁﬁo 7é33 a vector
t hat expr esspserare JiHINA ersioldes, aaptrpi;emsethatl bindactd, aorepl bozyhen agai nst
p53 descri bed bhel oW, a d |ntroduce sgga ﬁ cel . In anot her

pref er r ed Fockbf- L ASStLRENt S AEP %5 éPH’ Ribitor is a substance
that inhibits the ARcridave m B&hb\i\/&ityf,OtheXam)bemaBSvéBEei\W Phdsmid

pat hway i nhi bitors, NMDWM2, which binds directly to p53 to Erom)te t he
nucl ear exYRFEOOMAM AT ISXETPAS t REVEOENEY WSOHGEP%Fch%E? Lt hatVEFtddes the

sane, a syhsiance dah LAl tr%ghh@t% \Mgr %iéfu@ﬂtorwﬁﬁﬁﬁtéQ@ué’rﬁcéﬂ 9miF /o or
ATM (at axi‘a-tel angi ectaS|a nmut at'ed ich inhibits the action of MDM2 on
p53, (for oxsenied hEtResn abhe gﬁRNAgrag@thgt faphbor tadingsyeahentard|ike
can be mentiqoned. bstances As exanpl es of other substances

t hat inhi.ﬁf?ﬂﬁ%qﬁﬁﬁoﬁgﬁgﬁﬁ ‘the p53 protein, anti-p53 antagoni st

anti body or a nurHeeiepiainth 1t Iv@t:temcadl%wshEhean@ctan be beninoneducdde

anti-p53 ant agonl st i bady | ycl i bod nocl onal
ant i body. ﬁ?gﬁofustlﬁ’@'a t°|rb8 ienoF8 :lf‘ %?ﬁ?’ré“ ‘?ré?% and is
preferabl lelgg:%onkegMé?ifhdcﬂA,el%Qt%bblrﬁiﬁhéw bﬁeEhS&er a8l ¥i bl phd: é‘tﬂé | body
may be, in addition to a conplete antibody nol ecul e, for exanpl e, a

fragmems sersriaitaiporraethosh PEABr fextzasonphpade RbFEeLnECREEAr ed by a

ene en t R abody, or
g deri vglt %%4%%? e%qéﬂt?gﬂif 3%%% %ﬁgsgrg%e FEV %ﬁﬁg@ﬂqﬁ elcg\OIglt abi | ?/2| ng
action, mmkamlqa,olnyeiiﬁquems@lmbeﬁ (BEGLiecApeanBP4p539an8ayon2Gd9 nrandody

can be pr 8 usi g%l_g 3 or parti al peptide thereof as an antigen, by a
nmet hod of m producti on known per se. As exanpl es of
known anti-p53 aHagy %tr ﬁ\l'&)ttl hodi ¢8ctBADEBRAboHERE 0FEBEs SPr BCE & Cienehh- 2)
and DO-1 (Oncogene Science Ab-6) (Gre and Wnford-Thomas, Ml . Cell.

Bi ol ., 8, remhicason I reRFOURETIiRG §8RChHBaFeREPBNEEMOYERUEF@Nc aci d
t hat enco p agani t

hybr i donadﬁﬁ%f{%sraorgdéulcle?%éﬁ%gt%%?lf rrta)ngg gna‘lfagﬁt?ﬁ%o% %gge%%%ﬂ&
convent i oratalyptiwchr HOR H{Eﬂazlsnsamdlbgchahnc@emesaobdacmnrlslng a

nucleotide sequence in the vector component and/or in the

vicinity of loxP sequence as a probe or primer, with the

35 episome fraction isolated from the iPS cell as a template, and

33


tly
Rectangle

tly
Rectangle


WO 2011/ 016588PCT/ JP2010/ 063733 nay be joined together to prepare a nucleic
acid that enrndec a sjngle-chain antibody. As ar~*h~r ~vhet~==g that
i nhibit: n of the p53 protein, an anti-p21 body
or a nucl el c acid b that encodes the sanme can bhe nentionea, An_ant] -

ant agoni stAMRIBRAPBA S BARIEIE &5 d‘bFﬁéFeeﬁéoée?apﬁe%aﬁﬁecéﬁn%t:gOOBe

prepared aghaipdnd ftfe@é&_r@drentrh@ngglgaﬁlé PB3cBNGR UM She aBtd a.
nucl eic acid that encodes the sane. Still another substance that i nhi b| ts

t he functimetidd tdwiepsia g @intii $ox Gé‘é@?lﬁucmétbodél degonppedi hy a
consensus seguence P53;4 espons el
Pu- Pu- Pu- Wqﬁqﬁff’ C?% %{W%%?Pﬂ(?jo\b% | r?gl@‘bagggg%%:rep??flmbai H%e%ése) ; SEQ I D

NO 27) . sSuch a raelsiareatiith can Exanmpiet bedowgdsonet bé bhsi spbéonhak
af orenenti oned nucl eoti de seciuence i nformati on usi na En 1§ aut onat ed
| BY cthg

DNA/ RNA syHEReRTS ron i biithti %e ye R85 dBESY LA i present

commer ci al { yvéyed dbl &Hi® G nddDriikaRser eRkeARiEACEEFeHECOY any
(GeneDet ect. com ). An anti-p53 antagoni st anti body and an anti-p2l

ant agoni stemcprta@dwe@tma wiedledine the @xongnoufchdeseiReagddahafboly can be

' ”tTOduced&i&%f’u&IP ré’!éoéfkér@gngftg%% ge%ﬁé'tb‘éggbﬂﬁfcﬂ'é‘e%ﬁ CYELL o PT o fe

dom nant n Ive a nucl ei ¢ acl at encodes the nutant,
respectjavehcyt ﬂ'rtteegan‘aﬂe&irer&vamextadmeyltﬂgcl éncthei genamebefi hheodetkd into

a cell ofectl met hod 25Mea ile, as exanpl es of
Subst anced e LThiH (PSSRt SLTS CoPPERE. fos geNECE F R TP LPFRAS
agai nst p5gf Mecdi Soridala EXPrREiAmgSIFRNA eheShBNACaY2| NGitR63t Baihgense
nucl ei ¢ aci ds agai nst p53 and ri bozynes agai nst p53, and the |ike can be

nent i oned, tEgRLeq RM@ & IR 1ngsens WhEB3taARsSeTeEt bPsat FaPakkPress an
si RNA or aéi:lbcan ‘%dﬂ %flg,r alt).h@ €DBLnsi RN s hRNG, §9alPRie P33 An si RNA

agai nst pb5 eS| gned on th basis of the nouse or human p53 cDNA
sequencs |$ébfmeszt&pMBdnfyaJSI§©dtDrN©h£ddan flrnmat;berdahl;eewlh for

exanple, th rule osed 35 .by ashir et a 188- 200

(5000)) . eSS AR e e feotin BeBFassRap br LEREEREAPER  ho st ANA
is, as a gﬂtetr@ts I’Sﬂﬁlcﬁléh'(ﬁ\l)tbgth@bsﬁ&blbehﬁéﬁtN})ElaﬁrlP@&éé&El THies 5°

end of the sense strand need not to be AA, Al though the position of_the

target seqRFRF i mhagpatsdaesd By thmtt 8, 18t sp§dd€§P’F‘aBF% thatceht 5
target seqyencg be gl aeé‘éa?t fartora %ﬂe@;%%y%@esot%ha@ Ror&RporabopinbP bases

fromthe start codon, he 'GC content of the target sequence is
al so noto pe@% |Q;1L|I1m116y, Imare @reﬂﬁ;tabtlh(ew&npénmorg prafeermitivont @@ to

About 50 <& SEUENRE WAILAGT (WALl L0 CE L SLET Bt ERD: apdvi th onl y

afew/0 repeats S I oo i S uséd as a pronoter
i n desi gnimgniseweeft atodieat ;mcpﬂeﬂ@éSCanlsnRt\ﬁm BhiRdfk of f(d?)tHeel ow, a
sequence of 4 or nmore T aor A bases |n uc%%fil on should not be chosen, so

as to preverRNHRY et & teaddspaito 2asiHreas HY&E dequence
candi dat esy s eied prHdedasy 3:cofthe extent that the number of copies

25 per 1x10% cells at the time of establishment of iPS cell (e.qg.,
about 4 week after vector transfer) decreases to lOO or less,
preferably 50 or less, more preferably 30 or less.

Specifically, the early self-removal vector of the
present invention has at least one, preferably two or more,

30 more preferably three or more, particularly preferably all, of
the following structural features (i) to (iv).

(i) Two loxP sequences are placed in the same orientation on
the 5’ and 3’ sides of a vector constituent essential for the
replication of the episomal vector (e.g., EBNA-1 gene and SV40

35 Large T antigen gene, preferably EBNA-1 gene).
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t he above-described rules are exam ned for honol ogy to sequences of 16-17
bases ir crrnnee i~~ in nRNAs other than the target, usin~ ~ hamlams gegrch
sof t war ¢ h as BLAST (http://ww. ncbi.nlmnit 50 as
to confirmine zu specificity of the target sequences selected. For the
target seqlichcedhd duGHRIh adid 'ﬁ“@%&%&@ebééﬁr@@ﬁﬁnmhﬁa,féaor is
doubl e- st rl?,t;@&d A Cansit ig30 @l d3a3erstrand having a 3'- term nal
overhang of TT or UU in 19-21 bases after AA (or NA) and an anti sense
strand havihpia Beuertleicomslishdmedr gnicodelse the tep2ogbammingnfaqtor
3'-termnal overhang of TT or. UY, is. desi,gned as an.,si RNA SO, an_ s

can be doct BIERTH oGSty s rEBtaPaoLAE o0 PORKPISPEhBSEN™ | FHRSTL
sequence capapl FheofWHRE nidtfhiende0dp iresentr ®@etveenexnepheclabousc8d 25
bases), and ligating the aforenenti oned sense strand and 30 anti|sense
strand vi atitde 9% S %&é?@éograMlngsééﬁéﬁEeénaf PO KRASTUNAF B2 ShRNAS
can be seag for using search software prograns avail able at no cost on

various websites. Exanples of such sites include, but are not limted to,
t he si RNA (R geundtiimiel 3;hibitors of pS3

(http://ww. ambign..com | p/techl.i 1L.SC/si RNA. L % -
2011/ 016588PCT/ JRR0T0! é&%f%’cﬁ r%gg’/re?’]tg’égi’gﬁg%l Hﬂg% %%%ﬁ%’g?%q ﬁ%ﬁ €s3i on
Vect or {ohtddpd  Mamwv. taoritihen abave-pletsextibed/ mustepsi Fepeegrammyegt er . ht m 1),
bot h provi ded by Anbion,_and GeneSeer .. . .

(ht tp: /1 CotiRS M a  SemoP e BatBIkaE, BEnPadi be BFOVPAbaiBERy RNA
Codex; and-sh#dd@iwitepnde istapessigole1an the weksidrsd Hefd AFENanTakar a

Bi o, SiSearch, Dharmacon, Witehead Institute, Invitrogen, Promega_and the

li ke. inhidpgwr vl @O afenctd ogéqiiencbs enysFRRAS2RgaI AaPabasef p53

desi gned I SOf . r V& lLe_op ¢t i ! Q.- Apy on
(5201 D N A e R B BB, e 875  hh2e T Pr i N
sequences e sgpressitaards thEs pSiddgenand Endt sessenst ramds (@stsirdess of
dsRNAs resul ting after cleavage with._a dicer ot .contajnjin he . .

3' - over han%lafﬂ' t %q%%yeﬂngr% S R &8 Slﬂ'i( gﬁafeﬁl%?’ ajc?%oégn‘i%lf%EQ I D
NO 5] 5' - THHOAGHEARCAGHSEEAESS ttaddagd CEATEEEAGTCATERA@SI Tdddd-86 [ SEQ

| D NO: 6] 5'- TTTGATATCCTGCCATCACCTC t caagagaGAGGT GATGGCAGGATATCTTTTTT- 3'
SEQ ID hK}WﬂlQK; the expression thereof, but also substances that act

[

5 _TTT GAAGOOGTOI L 2R GEEECTITTIT- 3. I D
NO 8] 5' -TTT AR EIRAn 4R %%wgaggggGAsE%C&ACME‘C%%T%%SF%%?IE&] [ SEQ
ID NO %o 5inHIBRGACET CTCABEGFOAGBAGN! cdaghga T BCHEADADT CBGAGBECTTTTTT- 3' 25
SEQ ID NQ 10] . . |

T Or ORI RS AR P57, S5 RET ABER BARRTARCARSEA T 1525 ST %, 95

NG 11] 5' - GRAGEIHGET GEOGEGAR TNt Aagy aA T HEAGEoRAGGACASTACT THdd e 8ib T {EQ

12] 30 5' - TTTGCTATTCTGCCAGCTGECG t caagagaCGCCAGCTGECAGAATAGCTTTTTT- 3
E |3r«§q§ﬂfunctlonal inhibitor of p53 is a substance that inhibits

| D NO
[ SEQ |
5 - TTTGA @%@é T Gt 6aRg CCA €SI BTY T - SxptSEQ &P NO
14] 5' -T'CI':'ICECI-EAAGT mm%?&mt%gg%%wcg%mm CITTTIT-3 35 [ SEQ
| D NO 18] Yo20dn /1065 83RO 201 6/iB8A783 shRNA against p53.

Examples of substances that inhibit the function of the

©

n o

oA,

p53 protein include, but are not limited to, a chemical
inhibitor of p5§, a dominant negative mutant of p53 or a
nucleic acid that encodes the same, an anti-p53 antagonist

30 antibody or a nucleic acid that encodes the séme, a decoy
nucleic acid comprising a consensus sequence of a p53-
responsive element, a substance that inhibits the p53 pathway,
and the like. Preferably, a chemical inhibitor of p53, a
dominant negative mutant of p53 or a nucleic acid that encodes

35 the same, and a p53 pathway inhibitor can be mentioned.

35
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5' - TTTGTCACAGCACATGACGGAG t caagagaCTCCGTCATGTGCTGTGACTTTTTT-3' [ SEQ I D
NO 16] E'- TTTACAAATTTGTATCCCGAGTE t caagagaACTCGGGATACAAATTTACTTTTTT 2 [ SEQ
I D NO: 11 \CATGTGTAATAGCTCCt t caagagaGGAGCTAT TT- 3"
[ SEQ | D NO 18]

5 - TTTGACT@E&GF@%M@@W@QI@&&@&@eéAeé?TCCCACTGGAGTCTTTTTT 3 [SEQID
[\'gEé 9} D5 NOTE]GT GRS LCEPANG LR RG 229 AgB PEAEL TCAGEEAMSGHAEL T THU - Bre 10
5' - TTTGATGEECAERGERANACGOHSSa d ph] hEEET S TAQBLECEACEATEI TTTATLS' (PFREQ | D

1D NG 23] %) 51B.T POARAGRECACEACT CA L EaR AT AT RS Rar H1 T 3

[ SEQ | DsN&tZ¥m et al. (Nat. Chem. Biol. 2, 474 (2006)), analogue

5'- TTTGTTGGGGAATAGGTTGATAttCaagagaTATCAACCTATTCCCCAA TT- SEQ I D
NO 24] 5' WT@W@#@%@GF@&@&@@&W Tﬁ‘-\gﬂe\ g 20
[SEQIIDP«% g?rochlorldes and hydrobromides, and the like) and
TTTGCAUTACAQGWACQT GTAgt gt gct gt ccTACACATGTACTTGTAGIGITTTTT- 3! [SEQ I D

NO 26] 5'-ti5 like. Of these, PFT-a and analogues thereof [2-{(2-Imino-

TTTGCAGT T t N A 7,

si RNA aggllf\l’ ) can b rg}%rog’%ér%egggy syntheési zi ngAsEég%; ngigné%e’ upr A1
olbl gonugl e@sdtiucd thaady:l EPQ.ES.QhS‘rtlh&&dt ﬁhd_g@nlwl—ﬁ@tlrdphdﬁyl pARd (@S5 desT+ i Ibed
above usin an au nt hesj zer separ

onat ur | ngE a0 I T OTICIecr PAAS DR NS RBPLBL) BEBaBheal F3E DRFIGIE ©
sol ution 4§ lﬁlf%%ﬂf%ﬂ@%P“b—%é@f%@ﬁ a@@QLBI Hﬁngﬁglo&@@§e@ﬁéﬁ%o@“ﬂﬁal'ng

t he sanme at out 30 to about 70C for "about 1 to about hours. An sh

agai nst p5(34'@6€rt11}9133¥9ép’d{ danigdaze\ldy ReBl zPn§- Bbﬁgéﬁﬁéﬁéﬁﬂ%@h‘a‘v}?w%@
ShRNA seq Cc 35 si_gne r.i.bed usi.ng-,an,aut omat ed DNA/ RNA
WO 2011/ Otljl%% %ﬁ%f%frﬁ%%{qgé%tlﬁegfzg?gx 31 %bp Gi 6 the sane to
sel f - anmedV i tasophesorl )hed dazoM@., 1-b]-5,6, 7, 8-
tetrahYdrobenzothiazole(product name: Pifithrin-a, p-Nitro,
Cyclic)l, and PFT-p [Phenylacetylenylsulfonamide (product name:

Pifithrin-p)] are commercially available from Merck.

Contact of a chemical inhibitor of p53 with a somatic

20 cell can be performed by dissolving the inhibitor at an
appropriate concentration in an aqueous or non-agueous solvent,
adding the solution of the inhibitor to a medium suitable for
cultivation of somatic cells isolated from a human or mouse
(for example, minimal essential medium (MEM), Dulbecco’s

25 modified Eagle medium (DMEM), RPMI1640 medium, 199 medium, F12
medium and the like supplemented with about 5 to 20% fetal -
bovine serum) so that the inhibitor concentration will fall in
a range that fully inhibits the p53 function and does not
cause cytotoxicity, and culturing the cells for a given period.

30 The inhibitor concentration varies depending on the kind of
inhibitor used, and is chosen as appropriate over the range of
about 0.1 nM to about 100 nM. Duration of contact is not
particularly limited, as far as it is sufficient to achieve
nuclear reprogramming of the cells; usually, the inhibitor may

35 be allowed to co-present in the medium until a positive colony
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Al t hough the nucl eotide nol ecul es that constitute the si RNA and shRNA nmay
be natur~''* ~~~=+~ing RNAs, the nolecules 5 can conprice varinne rhanjcal
nodi fice ler to increase the stability (chen nst
enzyne) or specific activity (affinity for mRNA). FOr caanpic, tu pievent
degr adat i o¥P®YE$3dr ol ases such as nucl ease, the phosphoric acid residue
(phosphate) of egeh gl Rald de thRwnC@RSH tukes égpgbés%ﬂ\@eﬁé ShRNA can
be substituted with, for exanple, a chemically nodified phoSphoric acid
resi due sma@mslgﬁdrhﬂtﬂm;atoé ©RS) fu@@ttﬁvnpn@;t,shémaﬂéy ppcreases the

phosphor od t I r
(ribose) oﬁ eac n(%% t}} &t}% ng‘%ybe%g% %%%digmﬁ%ﬁlt%%gléfo%represen C'for
exanpl e,s Gt 2dn Dy Ncausk CH? @HH3 @ vatitHaE) prbIéﬁﬂiNHﬁ:ﬁgll—liNHzodﬁlrﬁmﬂHCI—B
CH2CH2CN or the |jke) rther , .base noi rimd urine) may
be cheni cat®yP foefi¥s e?jlmﬁlﬂt}? g‘ﬁl @da ?ﬁlPBdG& %bﬁ %gxé‘lﬂeth’% ﬁrﬁﬁp or a
cationic fw@éawaéf HHRURHINGG ke 2eRashbitentft thRiBYtishdbnepbase, 20
substitution of the 2-position carbonyl group with thiocarbonyl and the

li ke can b@lrh@?ﬂtqlbneQPSllY and Ragakdivng byh&erenipgnaheoRedi Whe sugar

noi ety of S, kY -endo (N
type); in a si ngr}m’&strandleéﬁﬁ%%gr?%gttgﬁggpdﬁggg?é Sgcggé ?EQ%%S

equi | i bra utd2)f otinardiutnageen v atmltlalnetssbrﬁapﬂa s forned, the conf ormati on
is fixed at the y Ther ef LNA). (I ma Chem
Conmun., 1653- 9%\1% °1fé5pé’$§ o 5“1§an§t %Pat)l&g ﬁﬁBFeSFuBég li4“""’13o 46,
2004) and sV {drd 418y Kmitled! as Magd @@sIt%SmNuaheoudeapABméew Aci ds,
22, 1619-21, 30 2003), which are RNA derivatives wherein the conformation
of the sugE@MeRiitively fAStedmrRIHSSN theWBydnEyREi RSt REObeiBxygen and 4’
carbon so &gyl o frd U NPARIkLEY ct eelhe £8r 9ghiFNA tgan al so be
used prefera %(f@e B e%&{ vvee\?fer bgcgusg rgp l'aci ng aIIl ri bonucl eosi de
mol ecul s Bindticen rdtanrediy f@quam@,eRNAS\wﬂﬁ5ﬁodresel;ltw<pefmmep@irets can
WO 2011/ 016588PCT/ J 0/ 063733 | & d o the.loss i Vi t is
necessary T%t?%wrbaotzqc]h C RGBT dPEo8PaA T8 fésm(ﬁflrrggnép%%%%/b?f ext ent
that al | owsurhdres RIge(s icoirgl 3 a) 01fdm¢re|donn AneSDRMbagamgtre@Bona@f al so be
pur chased from for 5 exanpl e, Anbiagn (e.g. nbi on Cat# AML6708, an_si RNA
| D# 69659, MBS PO B Ferigrife Vaiess, A187£’§8)¢ Natia &Fad- (8Sd: UBAnta
Cruz Cat# gg- %4’3@_,29451521(92)0@r)§ t%%3ldd(eresult1nénf§bﬁl@e@@gléﬂw '@19@' nst
human p53 can al so be desi gne "and synt hesi zed dsing one of the

af or enezet | it sEardh a0 W treid ionsgldms01bpfi npeese ngS 3 héln eejurae Lol /
human p53 ¢DNA shQ ) D e M Q005 nd the |ike
as a quer yco%lfescpaonry% gco bscggpt?r &N;ES}%& ?mgin‘g é?g‘é‘?ﬁléyt hg li ég)] 8

Speci f i cal byve Bsp ShRNA aagzaa-mssts harees ) p53ahdvichg I'Lli]Eeseqnehéementloned

5' - GACTCCAGTGGTAATCTACT Gt cga GATT NO  28;
under | i ned P i W hdt f%e&ﬁiéeaief oPgﬁg‘%gEt hjéeﬁlé F 19

letters i ngiGatgsifte A4 iRS oMene @etiaBuAalts ther pedl + i bAes s hEAng@ae nst
p53 described in Science, 296, 550-553 (2002), and the_like can_be

ment i onged. PTdntigetths caaﬁ%|q:wszuman§hRmsagapﬁsﬁlb530mﬁlﬁnan§ona§$<él3z®fcel |
b | |
can be aCh]% e cellt}?l ﬁsoxd'b %%%t(}.onpo%ﬁgh,g %eiﬂérgéuﬁhgg_?wft{‘&? eic

acid into usi ng h | posone net yam ne nmnet
el ectroporkl’ anf rretnieod pfﬁiea(dm mhteh@dtsandft héckj, kposi’heorrel&bﬁ using a

cationic |jposomnme is n and offers ansfe ficiency.
In additi o ?Wﬁ'c&ﬁﬁ&n &ﬁ‘gr g&&@ni’glg 5§£E?Bo?£c€5ﬂ1 ne2000
and Qi gof erdmideat( lthd tﬁd&&:ﬁbn 15 efamBuee b5§n$iﬁ‘rthéa©§§éso§w tabl e
for introduction of an siRNA, such as the CGeneEraser Tm si RNA transfection

r eagent39( S’etir@arefgerfé)mtat@ A38) donmveldngl| PoaRaiPEp| EeSBHLIRT) IXRBt or s t hat

expre a C t RNA
a?g a\S/ZiI e I n t e tan e?n@;?ge%trgqg%{lﬁeagt g}r%gl %8%%%%?1%‘1)?%?'{?@;%}@@%:3

forner is ¢ame tofpehummnshi glosditioprldssi 6o bassétinef opSaREEN8e strand of an
s RNA and ap exPress] o, G981 b2 o o2"theo086: RLEE" S A e bR 8
270 (in the case of humans, position 273) to histidine;

35 p53D278N, resulting from point mutation of the aspartic acid
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35 tandem each strand being expressed in the cell and undergoing WO
2011/ 01freeprT/ 1D2Nn1N[ 063733 annealing to forma doubl e ~*»~ndnd ~i DM
(dsRNA) . he latter is the type in which an sette

for an shRNA is inserted into a vector, the shRNA being expressed 1n the
cel | and mderRoiRfP PrictessithPhPoyss é’éb & &Pm SaHER‘RIg\. g‘?“ﬂ‘fhough a

pol I'l pronpdeft{dproexay &sgdPRAinR!, eafar khepnomat etnebe Chih BBYubEgused
as the pronoter, it is comon practice to use a pollll pronoter in order to
al | ow t he Hectheuttsame afgseri ption of short RNA. As the pollll pronoter,
nmouse and human ; r , - S BA r uman
val i ne-t RNA prorr%?%ao?ﬂan t{)ﬁ%ﬁé’%cénﬁl&gglenggt E%?egfaEAs a %?%%é%rg?% i%%P

t er m natsi cexanmies ,the segienicmeofdedcaribedr beTowesi Hiest i rars lapmsspmirates
used. . The sj RNA or . shRNA expr.ession cassette thus.constructed is

t hen inser?Jehg‘?’?H%leaotdd%sﬂisds\V 551589, 37; PaPTORE: BF . PEILAT 187 vELfor s t hat
can pref ergdd ¥s her WHd iRl highapa BB 3a8DNA0SEqiBAEE OB Ho BAY Eoh N
relation to nucleic acids which are nuclear reprogranmm ng substances

(r epr ogr anFROHN doheFR (AR M lv &t ovs a8dc R BSUSEt PEVNETAN Pedt FINA UES

adenovi r us,) GAENOFA55 O i@l WS o NRDRAS Yii bYS ry 28 r%ega§ramry%o@£é mal
cell expression 20 plasmds; episonal vectors ang the Irke). A vector, l|ike
r epr ogranmenghwyene ;e ldamhd icsosen ugs ngpphephiybtrédaesbidin ngetivod her i thended
use of the, | I t aj ned., The 3.gene i.s_known_as_a cancer_suppression
Gone. and BN mtdh ST G N R PO Sof D83 BoP EREPRF F9CF RTEHELE"t he
ri sk of 251gad cidegentsiesin Ehesoeioar f kear sigei AnfbnWhachedi sa@taepphi Lation
of the iPS cell generated, it is desirable that the si RNA or_shRNA agai nst
p53 be destYyi& I aRdy sifeft PyragRpres<BIthR FR&ecef| PO #Bf /¥ %i CFeason,

greater prgfenence i YR i 1003 Wed nhREERES 98idotBe; hi ke t Rat1 86€ide
i ncapabl e of 30 self-repli‘cation for use as vectors to harbor a nucleic

aci d thest seperfee tdihown RYASEQ JPRNA:dgaimsrepiaceihent oabteden vikhat
reprogranmn ctors.,of t R nt _inyenti th i . or gai nst
p53 gi ve?%mgﬁ(i% ca?]eoﬁctheeré]e %e]ﬂ Ie%zgaf“téﬁlpi \éﬁrlréng rfl%f f F%@%@%ﬁ&v’gnﬂ?ﬁ r aé;\lsi ent
expressi onof rps3RAES Pl asad )d. B imemadomvet ysims e exipresss odyvigod of zddnat
encodes the /WO 2011/016588PCT/ JP2010/ 063733 EhRNA agai nst 1853’ a viral
vector of 3 rdWSHRE FiCR HE PSEEOTHEH HSAPE VBEBoPTIHRT ePi EdrnEte vect or and

the like, M%&Q%ﬂg&% ok gs@ot’fﬁﬁhciﬁ' hytaMpi4868| ewd sy da (T or
exanpl e, pMKO. 1-puro p53 sh . #10672, commercially available from
Addgenez0 dnicteiec |8 thatt lgadodes the desérpd demdnamhene@alf v miloart

Cre-1 oxP syst r..pi ggyBa r 0sen_s Ut d S

required. ¥ aeéHl%orrleEaa'ct ng Eggvggggréfhaat a%%(%%cg@gns@%%gc ?%dogrﬁjs?ﬂR%A'

agai nst pi3rimdh rays deatdesicoeleld oatadbleetbd bytentoodecdateted o gabdism d

vector, epjsonal vgﬁéor or viral_vector pregareg s_descri hed above into
E ggebrbye

the cell. FhESFS s8N P PSEERTREdaERi h2P%Fe tR¥%hni ques as

those descintheshrbone tid RhigsRethihedr 8REQEL aMatNd B&€SentdBds QGher
substances 15As ot her substances that inhibit the_ expression of the p53

gene, &t idEHENUAIRaA G aNtand AnbezpnBsShgarhdt PBI ERFCTRIHMA oned.

oI SERELAE AL 00004V - B el
medium, the desired dominant negative mutant can be acquired.

Contact of a dominant negative mutant with a somatic cell
can be achieved in the same manner as with the above—described
30 proteinous nuclear reprogramming substances. As described

above, permanent inhibition of p53 function potentially
increases the risk of carcinogenesis. However, because a
dominant negative mutant of p53 undergoes degradation by

protease and disappears gradually in the transfected cell, and

35 correspondingly the function of p53 endogenously expressed in
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20 RNAIDNA hybrid formed by a target RNA and the antisense DNA is capable
of being r~onoriona ~“ by endogenous RNase H to cause sel e~tive danradat|gn of
the tarq efore, in the case of an antisense ts the

degradati on py rNase H, the target sequence may be not only a sequence in
p53 MRNA, Bhe il s %?Sé'é?f%’ncélﬁenot héhienf“PBﬁnFeQFSHebP tae ‘B?l mary
transcri pts@{ﬁéﬂ% PR3 GRS WwHASd eghh sgffett EaEQEEJ.E@Q' 88 {Rrehde
antisense nucleic acid is not particularly Nmted, as far as hybridization
of the antm‘s:e’rus@awm eqfc i®S ¢aldsulfor ithezapenhilbi PLERO8ESE he transl ation
into the p rt e g r e enge or a
parti al gl%e)lr[t)cl\g 0 el%f rﬁﬁ%Atth b %trnlt%? eggmggéﬂ‘gngéggt;?g% §g%a<2€s for

t he shor5t gs33 or of the entire sequence of the nRNA or prinary transcript

for the longest._ Considerin rngthe ease of s¥nt hesi.s, antlg n%mtg,
transferability i TR SEFERY TOGEs OTafMB8IINFEbnGE| ERE i BESIUMGI st i ng
of about 15 ¢h@haut 4 hasabitMO205550£6588P6H 152018/068783acid
particul arly about 18 to ‘about 30 bases, is preferable. Positions of the
target sedierceenondemia deminang megatiifviet sytest 8f-phAd FheJTRICARIG nities
of the star t | i i bazy RNA, pgssgssi ng an
enzyne acti w#q‘g‘%pto %eﬂz}@‘e ékﬁ‘&cﬁé“?‘é gé ?Pﬁg{ﬁggngg%%%rsenslgg gsﬁd is
her ei n unctm‘sfmb]tp deONIsedThe aucdatepicidcoapassidgual ONA rasiddroms it
possesses s activity. e of the nost

o eat Te ST R L CATBAR! Endf! S Bodey H8 adRi nans Tieslians cuch a6

viroi d andnia ras b c’%ﬂﬁﬁeh%l%léﬁiebﬁe@ﬂet ¥Bennt B8ehaksprdbéd peoang t he
| i ke are known. The hammrer head type exhibits enzyne activity w th about 40

bases in |wHgt resprFt ttq Prepegiabiien: ofspbei mpéanpréPEat/e the target nmRNA
by maki ng Severiﬁgq ¥ %thu%%@o%tt% adm'ke' Bet QfBP@mQﬁ%ﬁgé%éié%ture

portion (about ases I n total a sequence conplenentary to the
desi r ediscl aaidgevtsidle aofe uiwlrdaNAreAmogm'amensesnbstenceam d or a ribozyne
can be syn{ hesi zed u5|rtﬁg an ayt onat izer. The nucleotide

mol ecul es tHRTCHRETTH SFHeh mdy "a g’?olﬁ‘g\%tfe% tﬁg s&HeRBEPFT 3T ons as

those descéx Sy erdforsiddA L re@sEe riredi ner easembhbecstability, specific
activity and the |iKke. Alternatively, the antisense nucleic acid or
ri bozyme cEPAlalRD REtwEY iinhiRd togm of a nucleic acid that encodes the

same, as in the case qfySidRMY p%%A@attmhg' tar yQEaPR3thuachioniRgeds to be

brought into contact wth a somatic cell "in a way sufficient to inhibit the
p53 funat i brclivdine sltle pipsit reamatsiigned! Icaﬁgeldear thepr ognaanthgatAsp$ar as

i b tor S0 s (SR e ey R SHGRECED TRESSE60: B2t Snr FFETRS Kot c

cell si rrulttraémmﬂe/, BB3 Qjat’d]ﬁfayoﬁ.ethmitbesbliﬁughﬁel ald saobsaehcés ddatance.
In a node of enbodi nent, for exanp when t he nucl ezrpréggg&gramn ng

subst ance 1RMHPHuAW ongiaf th& aét‘?&”@&‘@§téoﬁf58t &LHB8 CtheP t he

i nhi bi tor Qittﬁ?‘a%/é ungid o, isS pre3ReFetahnoiahbli ERbodihen8) £RENMEE3i Nvol ves a
given length of tine lag fromthe WO 2011/016588PCT/ JP2010/ 063733

t ransf est |mt1wa§>atlrmblt’@rt He @a§$lb§>t|§lﬁ@§s toatofinhhbipsotbe newRreasion ,

shereas thg. |ALIET: &t ARARL .61 ab) duk LabLYT Lingat hey RSt uncti on. S0

that after"t tured for Ya“given time after the
transf ect i pramsdraatianti s tdot icvlatredc dly pBBI; bifber eat’ampBé canRk®, ashRNAL 0 t he

medi um | n anot her node of enhodi men%o for exa vv? ge ncheear

r epr ogr anmA Mgt SR d’%ﬁea?ﬁd FHES nFitbeeEFess 288 nFEnE foﬁn rERGstH S n t he
form of V'éeﬁh N Gt 1S ol ASMrele ¥BChQESe 1 €PAE 08B tWeEt DS e | i ke, both
may be | o sinultaneously introduced into the cell.

30 expression of p2l can be designed and synthe51zed in the same
manner as the method for siRNA, shRNA, antisense nucleic acids,
and ribozymes against p53 described below, and can be
introduced into a somatic cell. The nucleic acids may be

provided in the form of a vector that expresses them, the

35 vector can be constructed in the same manner as the method for
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(E) iPS cell establishnment efficiency inprovers By bringing, in
additior *- -~ "~ *"tor of p53 function, another publi~lyv known iD<S cgl||
establ i 'ncy inprover, into contact with a 1
further 1ncrease 15 1n the i PS cell establishnent efficiency 1s_expected.
Exanpl es oF Y@G%@Iqh%te&?ﬂﬁ%srﬁﬁ?ntanefsﬁ@ﬁenﬂ?mﬁpr gPELsePag| HH%lebEt are
not limted.19, dy %Q;%ﬁ é;@HDé@sclr%bel bRl 8wl afld: iMBFBEQEEAC d
(VPA) (Nat. Bi'ot ech 797 (2008)), low nolecular inhibitors
such as trimtost asomatAl,c ZIEHodl um but yrate, MC 1293, and MB44, nucleic

aci d- based expressi_on .i.nhibit n

(e.g., HDACL si aé}?ati'k} pocﬂr Of)'er(r I@IdlC F“ogé%r g)fRNﬁﬁga %S Rl\leﬁﬁgéoég% %?s
agai nst HDACH: K1Ad1Ceine)a aubdtimdd Itel)at antlivhes! icke] ARESHDMRSHBBE

met hyl transferase inhibitors [e.qg., ecul ar inhibitors such af

25
Bl X- 01294 R&LN2G: e?ﬁ]@e%amlzlesz%s 5%%#@%%7%3 MRRHRYRY atpitiphkers, MDM

expr essi ongph 1tk Q08 Fucdras, SINAS aed pebRYLe eael Ast1682 égpgrt §Pa
si RNA (human) (Santa Cruz Bi ot echnol ogy) and the |like) and the like],

L- cal ci ummmmlraaj@mmt@e(reecgf ,01Bay k88 iq @Fi1d Sihatr GRFodss Boe 558ms7 4
(2008)) . el Slam: Htlb%t ¢ £t L 80bh SIOBLALEE8nObe p o

i ntracel | uf ar S|gna € t¥ansfe e.g., t |gnaP|n actlvators% g

sol ubl e;0Mis BeATH Ced laxSteertelalrgiedtabi2- #835at2d08) phi¢Fifhihht bi thes,
inhibitors, 2j/LIF (2i 1s an jnhibitor of nitoge ctiv otein.kl ase
Sl ohal | | nA Sl A B RG Rihddereratels, “ALANRE: oPdgs AT 16??%@
WO 2011/ 015283P A HRABNO/HHRB 432 4346 23R08)) hendli BaE4NAL ural or synthetic
| ow nol ecul ar conpounds (e.g., 5'-azacytidine, thiazovivin, vitamn C and
the |ike), (Rhd Eher|gubgiedidsss ni RNAs [e.g., ni R-302-367 cl ust er (Mol .
Cell. Biol. doi: JMCR, 9 1 FRNA;
(2008) 14: 1- 10)A510e;§1§g{1 3P, fo% %%50 %ug%g%%%g Sgg? J‘r%ﬁ” %ﬁa@% \(‘ >y
459- 46115 2<6Jf)91)1)e] .p¥S preyitd ionechrdaliows3 ehéagoolisitc aatibdotused expueksion

inhibitors e in the, form of expression ve tors harpborin t hat
encodes t h&° J's ﬁﬁl}é%r enGaies rpk?O‘S cﬁ’flohgn@ﬁp 6888%%@? nucl ear
reprogr anma ek tANGaSi.boaA thdyaee anoflgE:lahémJbﬁtlbaﬂyabSOabe [ ncl uded

in the scope of iPS cell establishment efficiency inprovers, because they

are auxi | |I&<P1}PCF]6R}}%1F Ffidadht | hef dpotrRe ndtl Bae FRpHRRYTANE MPf somatic
cells. C ofy lsear argkng nggancl ear, it
does not tt%ir@lv% ]Ir}grﬂea}{}x%q arﬁgct %fg&%(%t%%g? t Ran tlggnfggc?ors essenti al
for nucieapareprogrpimiong feredlgednéd nlbe eantiepdypgraymbeyy sulddiiciemn or

i PS cell est abI i sh r]ct effl ﬁ)goc%r %“cels ver;ErH%g{gﬂ% lgecgugg?&ngngoggé

cel | nuclé% eén-as an bver event

resulting 4s OH‘aE,OFEa&E’t er m@marz,repc@gj@@m@gnsl@@mmwepﬁmécﬂrby RS cel |
establishment efficiency inprover with somatic cells, it_does, npt seem
al ways ess®S NI TICAHIE GGG/ n SUEE 2Pt SCEVdi SEFRGEFs M bRERREN t he

two. 2500%@%51;0&3}165& of ReIr iR 16R) kneskal! hl%ﬁ'i"%'ﬂtedetvitﬁ' gngy1LERIOVeErs
with somatic cells ‘can be achieved as descri bed above with respect to

functi ona|hmnmqmmt§m P51 ldarings gerdiong S@Cbhéscagéymﬁb]s’éetlﬁeg}rmbver
is (a) a py féé’)'t ”O‘A?u &3 E°E>’53( B),c4 E}{Séfz‘agn@ﬂ:gd neﬂégﬂﬁf é?% @sing

pr ot ei nous | 6W 8l ecuraf  co . res

The ot her pFS @eld ;m:ttabi]l qﬁmnldeeftfl'nemeelfcyxsl 101 ameligarny bg aome'ahcbédoﬁ\,i th
the somatic ceII si mul taneously with the nucl ear ro thllstan

and ei t her@¥nePRY de %‘Stlco?ﬂ%’g? &F AN é‘owBspf':‘ rs

i PS cell  xnown anti-p53 antagonist antibodies, PAb1801 (Oncogene
30 Science Ab-2) and DO-1 (Oncogene Science Ab-6) (Gire and
Wynford-Thomas, Mol. Cell. Biol., 18, 1611-1621 (1998)) and
the like can be mentioned. A nucleic acid that encodes an
anti-p53 antagonist antibody can be isolated from a hybridoma
that produces an anti-p53 monoclonal antibody by a

35 conventional method. The H-chain and L-chain genes obtained
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WO 2011/ 016588PCT/ JP2010/ 063733 establ i shnent froma somatic cell inproves
significont!ty ~ormmar 2d with the efficiency obtained in *%~ ~hrr=~~ ~%f the
subst anc to the properties of the substanc: } can
be brougnt 1nto contact with the somatic cell at_5 the sane t1m essth‘at

n
descri bed BbRe JPinedhtrgRth§ratPUREEPBRSI 2i ARFBRIBractd paat 6('?!790

| nprovi ng 4 he gatakih-shmank igbhi,ci ency by culture conditions iPS cell
establishment efficiency can fuifther be inproved /o by culturing the cells

under hypoxi c céwdianiosheri subksangel ehatr éphbibemily perekken fof Hwmtic
cel I's. 'S nent oned herel 0, cthe,tecmy s Dupokt - gongls) ons" s TRagss thacde

anbi ent O>Pyger§3 conceritration a I'me o ure
si gni fi gariHat lemweideishahet Baimei pahhbeainenspbred. JFpedritiicgdAly antamebrtiiséins

15 invol ving | ower oxygen concentrations than the anbi ent oxyge

concent ratﬁ’%ﬂ?qqi’ taﬁ’é’y - 109-e88/ §§}§0§§3Frea?ﬂé§f)h€?%,8%? cf ’?san]c%‘?n%% y
used for Qdidaiay GRl kvitul tHeear62BmBAt IBALHOAREL -SxRNPhESgdmTdtide
conditions involving an anbi ent oxygen concentration of 18% or |ess.

Pr ef er abl yantithodyntginehnueltegenagddc6habnenrapded RS 15889dr | ess (e.g., 14%
or less, 13% or : 9 9 e i 109 S
(e.g9., 9% or0 I esést?ﬁg%a%lr%{?igés %ﬁﬁg/otggléﬁ/oegfsl# 6%%@?%%2@1‘%}@?%(%% 1!olfe'SS%

or | essio( @FR prihedn lisss, dé¥ogr nhedsic28chd tesprasthg he d¢okegnsuhe

anbi ent oxygen concentration is preferably 0.1%or 25 nore (e. % or
mor e 0. SRGISHSES 010 Pav G RBNE L ARd SL RSP F S 90t SoR R e (VYA 696 o
nmore, 0.7%-ar “Bf-By Q-P3% PlriBeebale)S¥y0r piPiRi @il tihgsé) Ke3EQ arp 1% or
nore (e.g., fl 1% or nore, 1.2%or nore, 1.3%or nore, 1.4%or nore and the

like). 30AQHdUgh &RghnBt ABELeEC credd i PR PhyPOKIRES % I TS bAsdiSart
envi ronment, cajy he ise! pngeenﬁeibeﬁad@agehéeﬁee Cyh EAHRa €8 Sud Th@ L2

i ncubator permtting adjustnments of oxygen concentration, and this
r epr esent save s ttegb IDNACRYA. s@ORherdabat orAl permd tivialy adjusht mediecoly oxygen

concentration are 35 cannerciall ai LlablLe_fromyvariou nuf acturers
(o.q.. COB'USIS S0 EAGASE5PERE TE50 1070817552 PhEUbSI SIS 737 hypoxi ¢ cul tur e
manuf act urethriyeripgrisn Facesli Heeoyl kesnebDebetentohm) c. Technol ogy, Juj i
Fi el d, Wakenyaku etc.). The time of starting cell culture under hypoxic 5

conditions is nd® F&i EaParPFaPPRLEEIANELLPEY aRd | BE 3Rt R&t abl i shnent

ef ficiency, i nti S ewenbedyt r em Rehng16ier oved crapateshidd hedie nor nal
oxygen concentration (20% . A though the culture nay be started before the

somat i zocartibpdyoseacbed inttrrdukedninkeaa cept ogiblmig meikednce, or at
the /o sa ti as .th on ter t j LI erabl e,
for exanp s tRet AY Sufr arathnalt Bb S ioRERtr Asar fle bR IO
after the HBaid & ¢ridleis aeitiached whtbdebethachedant pprespemmively .
substance, or at a given tine interval after the contact [e,g.,.1 to 10
(e.g., 2, He ployementigned §98PY95“‘8;§%? acid cagppe diﬁ%{‘?%‘ﬁc%q into a

cul tivati gpiof Reliliparrdes oRyRexhedcandi thensiks. not particularly limted,
as far as i PS cell establishnent efficiency is not prevented from being
i nproved conpar ¥aniwit lehe agoeramprdrggef cohebaneas i brat 20w ibikdhf es 20

Include, Bt AN Je Thielsh0qeRE! | Q98nAL SrIBRNRL JBLfnst ps3,
vectors that express an siRNA or shRNA against p53, antisense
nucleic acids against p53 and ribozymes against p53, and the
like can be mentioned, and siRNAs and shRNAs against p53 and

30 vectors that express an siRNA or an shRNA are preferable.
(D6) siRNA and shRNA against p53
An siRNA against p53 can be designed on the basis of the
mouse or human p53 cDNA sequence information shown by SEQ ID
NO:1 or 3, in accordance with, for example, the rules proposed

35 by Elbashir et al. (Genes Dev., 15, 188-200 (2001)). The
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days or nore, for 7 days or nore or 10 days or nore, and 50 days or |ess,
40 days -~ '~~~ °F days or less or 30 days or less an’ """~ """~ T “ferred
durati ot on under hypoxic conditions varie

anbi ent oxygen 25 concentration; those skilled in the art ian adjrl(ﬁt as

appr opr i at' e EIRE ARSI JO HhE FaENon 18 cBPdRngeRET RheTBXG g™ (N) 1o/
concent r atyhon sede Ip@@m)%{rb&plm%mgﬁ. t PRSIy igtv el a@nskl skRSnael |
candi date col oni'es are selected wt rug resistance as an index, it is

pr ef er abl enegrhtnet iy el 280 oRygbaugbnteatPasibirbeok dhartadrdadtom hypoxi c
condi tions tart| lLectihop. . Fupt p r
starting tslér.@jegjlr’]% ;lrs: égrtp%&qr&égélti%gﬁ%mﬂ@ﬁ?g\'la Fo%gfgggggéﬁl%uf}ﬁige{ﬁ%der
hypoxi ¢ scotdhtdetonsecalesrey ey sddpendidngron theeghoncetbérntichead’ 3BTR,

repr ogramm ng syhstance ed, I PS cell establish t

2051/ 016BgHR T ORI ARSE G stenty SaoRor REI JoRYEEN CBIE SRANRE and
the |ike. 4 tefe Q@ﬂlﬁé@@&g@@i Wist R18UChear phepk eglapmyNyisubsaanses and a
functional inhibitor of p53 (and another iPS cell establishnment efficiency
i nprover ithe ezpntesy) i mredeinabd ycakoutoBOekanpbPeutbalgil @ ufeguemtcrRr

condi tion i tabl. : 100 ~BES a1 h f S s, the
culture i Z‘W%%Hr rrl?ogd&o%etqjuvﬁcatlgﬁtt%é%aggi tdlgt %%%Putgﬁﬁeﬁ‘lngafgﬁﬁb?wygFg% or

(LIF) a® arapddter erd idediomkbdeppr 8ssnoa patIDF promrotar disarsedred \m
Meanwhil e, in the case, of. human cel | % i% i% desirable /ot basi c

fi brobl astPTFRAH b5 {ARES) 2aNEFEPTsFBRAT cEFPTPAEEDr 21 Behdded in
pl ace of LddrnAJgrl (n2) tRa kgl la iseqaehtur ed unothgoee-preésenCiBadés nuise
enbryonic fibroblasts treated with radiation or an antibiotic to term nate
the cell dF4GeeTH omShaddenateles ChsgBe 8RbA§oRPcPFEBFBEI Bt ¥NEFRASS
conmon us S A TO cell |ine (ATCC CR11503) and the

i ke; foresﬁazh%c?ﬁ n l?))fr1 ?r?dlﬁggcetggﬁln,é't he SNL cell generated by stably

i nt egr atsi ng t he Theorhaoigetr ssisteacee cgedédahdst helecFedepr the thrsBST®@%el |
(SNL76/ 7 STO cel l; ECACC.070328Q1). [McMahon. A. P, Bradley,, A. Cell 62,
1075- 1085 DF (RS TR B FhE aPe co SRANEeEH "PReevdY e the
present i ry@nidrdes idf 115-10r ®apeef eéhablhecksslisq annNARSAs ecbhydnticapriler y
fibroblast (MEF) because its use offers_a further inprovenent. of human i PS

cel | establdxdffentisd & SEPLoGM SRPEFR EOL FRATBJPRREE2Rr BUChNfRr it T y
avai | abl e fyomp 26/ N IHdpAr €180 6hiREBLIFEERSTEP; CUbt HEet ¥l EbnEhenecheeder
cells may be started before contact of the nuclear reprogranm ng substance,
at the i nepefifiiwitoomiadthe dargetesegnencent aelected. exiapltdie rar@edays

| ater). The present 4 nvept.ors c 0. proyid f first tinme
a net hod o?ecg“‘eeﬁie%ea%ifr?gr aqﬁﬁc%%ﬁ%P%%%gﬁ?lﬁgFggR%hckggrrl ?é%%gglp%%’méng
subst ancesdaibldistiraasiza RNAVenhisdstdand aff ansehsaaktrahdbhévingofa p®3-in

combi nation with a non-viral vector, preferab n epis I ctor,
especi al | yt%‘Fmtr_}?el é’éﬁ’%}“aé’@ 1°—f_r érfo 3l UE’yEJE, E&Iﬁéiegﬁsﬁ ?f%g?’éd?\{lgnzo? _rl\gﬁ_l)\ a
non- human 3% af Bt isertee G tdan® ha¥Reer aCoBRlLEhEEY c¥8PPerhé B2 EPNED LH100S)

WO 2011/ 016588PCT/ JP2010/ 063733
25 19-21 bases and a 3'-terminal overhang of TT or UU, is

designed as an siRNA. Also, an shRNA can be designed by
choosing as appropriate an optionally chosen linker sequence
capable of forming a loop structure (for example, about 8-25
bases), and ligating the aforementioned sense strand and

30 antisense strand via the linker sequence.

Sequences of siRNAs and/or shRNAs can be searched for
using search software programs available at no cost on various
websites. Examples of such sites include, but are not limited
to, the siRNA Target Finder

35 (http://www.ambion.com/jp/techlib/misc/siRNA finder.html) and
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in the cultivation fromthe transfer of the nuclear reprogramm ng
substanc~~ -~~~ f#==~**9gnal inhibitor of p53 to the somat" -~ ~~'"" *~ * "~
establ i s ntenance of an i PS cell. To induc el
under xenos;free 5 conditions, the startin |1 is cultured in a nmedium
free of FCSMERHToTRRIIT nyf? i%ﬁﬁs?q%i%HQﬁ#k SHiFaIVEE er bei ng
brought i n{Rtepny Avkw Varhihi sl @8/l g ARHQABYRIRG /pehIbanees caRdeatbrnatnonal
i nhi bitor of p53 (and another i PS cell establishment effiCiency inprover if
requi r ed) . 1 UsePofh /REQUHR AR AR B e FAESEELT er ent i ati on suppr essi on
factors tofpeppatsl é%&l.&fﬁcﬁ%%@s@%%@iryﬁ.b igbe Ege%g a
purified human protein, preferably areconbi nant protein. |oﬁa 'y chosen
human soimelPy cRER]L | Godewy bndissidnidsif emdarchcdlsl poseibipl es bhepwebelited

Stem cel | s Rng U R TAKETY g b Db SR bS Rt B4 RURER | PS cel |

W t hout usingtfeetier Detitsroden,! lBroneage amnal etemikeal |y avail abl e
xeno-free coating agent may be used to coat the cell container in place_of
Matrigel and gel 2R9WR BRIOEAHE dise sCVSRFest OotPShBNPFsagahnpt Bereeteas by

a method whkhi ghely d Sl I8 AR IR Aclilubi¥ 88 tAMI GaLeifesapf al so
by a nmet hod based on macroscopic éxam nation of norphol ogy. As an exanple
of the foriapion (HOMD PEXITi2A famd ®NAg Coslest 46€@ aRANOr 2hepodt 86) -
activity z'ﬁqé sur?c%:? fr“?gd Lgsécﬂ‘l%n ersecé&rébl %%%te cé(’aclrl n\gger(gl' nsgdg ug crieSI stance
gene and/or a reporter gene 1s argeteg 16t he Focts '3f 8 géne ﬂlghly
expressed specsénoal dtyrdmdspl (B'i pdide)t ofeldskNakotreexanpheg, aFbxsiScldanage

Cct3/4 and the like, preferably Nanog o t3/4). As exanples of such
r econbi nan‘t’l%i%lal1 s&l%e’rgoﬁé"é‘- céﬁ%/t@éﬂlx‘i’%d t?@@F%Aﬁ@P’)@FHaPHe E’Ee&)‘ (Wi encodes
a fusion pretedrs ofndralad esisgpsernarRd Rearyel.n phosphotransferase) gene

is knocked-in to the Fbx15 gene | ocus (Takahashi & Yamanaka, Cell, 126,
663- 67615 2068Q IDoNOa 5tr ansgeni ¢ mouse-deri ved MEF wherein green

fl ’ { [
e e e e ez e s

et al., Natispg IM80:813-317 (2007)) and the like can be menti oned.

exan nat | 6% o R B AR RS B B B R R AR P

Takahashi disge) 10 mo@ell, 131, 861-872 5 (2007). Although methods using

reporter cells are convenient and efficient, colony selection Qg
Tmer 05 op! 8 EBIGCAGANG TOAAROCCT S0 S CPAgRPRREAGERRRBE AE TEECQRE EFYTHREH | PS
cells are A's nedybegt he purpose of human treatment. The identity of the

cells of the selec ed%golony as 1PS /o cells can be confirned by positive
responses % 'o- TNEMIGAASICAOORCTGAGTIGE St ticangagp GACAZTCACAGSCCTBORET T THPT -3

positivity an e like), as well as by the formation of a visible ES
cell-like J%E§h§5 ¥ 'giscribed above; however, to increase the accuracy, it

i's possi bl® +TrIRIdCTCUGAESTICT CAGBCAGES cablyabkoectdcpbRSPOEt ASECST BT T W3 /
anal yzi ng %%e exgre55|o of various EScell-specific genes, and
transplZint il%§% AE ¥EFL8)sel ected to a nmouse and confirming teratoma
formation.ss _rrrercitfriAtErefidceThkes casbabhbeAeET6ARACRBANCRGAEPFTIAF 1 HUS
pur poses. For exampte, by utitizimg a net hod—of—20drfferentration

i nducti on rl6per T&NGi:fhlrespect to ES cells, differentiation into various

endot hel | 5 Col TR QG T RatR SR pand TG CaEEhcaac Rk Flarng

can be inducegd. 1bhgoefigie, inducing i PS cells using a somatic cel

collected 25 froma patient or another person of the sane or substantially
the sar HUA TV T Gl 26T B b carbapREPapoCE | CaeAAATARCTTRTTT -3
al | ogenei ¢ [kEanspl RAL ggijon, wherein the i PS cells are differentiated into

desired cells (that is, cells of an affected organ of the patient, cells
t hat have ¥ tTHIESERGGECTGTGCAGTTGt tcaagagaCAACTGCACAGGGCACGTCTTTTTT -3/

[SEQ ID NO:14]
5’ -TTTGAAGTCACAGCACATGACGttcaagagaCGTCATGTGCTGTGACTTCTTTTTT -3’
35 [SEQ ID NO:15]
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30 effect on disease, and the like), which are transplanted to the patient.
Furt hermrea harcanca fynctional cells (e.g., hepatocytec) diffarantiqted
fromi PS ought to better reflect the actua

functional _cells in vivqQ than do correspondln exi sting cel t
canal g0 3% TH g ACIRARAR or B s e bR EeRl il e B FRR At R enes

WO 2011/01q§§§P #BZQ%@/063733 and toxicity of pharmaceutical candidate
conmpounds an The present invention is hereinafter

descri bed ' mTIRGIAARATIRGIATOSEGAEA RS cangrraAEECEERARHCRARARRT €STTTBI Tt ch,
however, ﬁ%E@ IﬁVﬁ@thz is never limted. Exanples Exanple 1 Establlshnent
of hunan i el s 3 retroviruses Retroviruses for reprogramm ng were
pr epared o&r{TEEGﬂﬁﬂAEGﬂaﬂﬁﬁmmsqmmx$tpbagabdGGAGCPA@TAEA@ATGﬁg¢ﬁUTEET+%’

[ suppli ed Dr. Toshig.Kitanmura at the University of Tokyo; Morita, S. et
al ., Gene @@ IP N9ad8)1066 (2000)]. Various constructs were inserted into
the mul ti cf ot it fTaudiacar Triced agaghonhcerreechorschordervser- 3 or
reprogramm ng. The I5 constructs inserted were prepared by ol ning human
Cct3/4 (0 ilBER gD ¥P:1RAdman Sox2 (S in Fig. 1), human Kif4 (Kln Flg 1)

Ei“ga” 1;3 'W§' inﬁﬁd%dzglﬁ%e@ocj%g 'e‘t@%ﬁa@;!a%g@cgtv%cﬂgé@g@%dj peg of an

gene via tﬂsEaAlseqoeaoé of foot- 20 and nout h di sease virus [in Fig. 1,

P ons ok R RN AU B BR S BL B LERRLE e Grraedlt ) |

prepared bygseEpanrsf &orpny each of the aforementioned retroviral vectors to
25 Plat-E cells that had been seeded to a 6-well culture £Iate Falcoq) at
0. 6x106 cé?ls‘%%%%ﬁ%ﬂilﬁﬁﬂ%ﬁ£%ﬁ§§LﬁéFéPgaG?AGAgxﬁﬁGCGE?QT GETCFEH 5t~ 37C in
t he presen ﬁtg S|ng DVEM 10% FCS [a culture broth prepared by
adding 10%te aF ca serumto DMEM (Nacal ai Tesque)]. To facilitate vector
30 transf ', - BARAGHCIEECHTERACTCAR S FeeuhonT EAGHEAECCRECACTTIRET I Bedl in
100 gL of qg#;-ggwkbogg uced- Serum Medium (I nvitrogen), and the cells were
allowed to n tenperature for 5 mnutes. Subsequently, 1.5 gg of
each expr essiTITOEEGHGAMAGEHTIeATAaRdabbagaBATSARECEARTCOVERACTI BBI T8 her
stand at mtenperature for 15 mnutes, after which WO
2011/016583§@Q/§ﬁ25@@?éé3733 they were added to the Plat-E culture broth.
On day 2, 5hﬁrﬁ@im’%@i@ﬁ%@@@@b%%cbﬁ@béﬁ@ﬂG@GébCﬁAéA@ﬁ@AﬁT@ﬁwﬁ 3he
medi um Cn day 3, the cufture supernatant was recovered and filtered

t hr ougheoa QS8 Q®1§Oe25ﬂe filter (Whatman), and

57 -
TTTGCAUTACAGGTACGTGTGTAgtgtgct gt cCTACACATGTACTTGTAGTGTTTTTT -3’

[SEQ ID NO:26]
57—
25 TTTGCAGTuUTACTTuCCGCCgTAgtgtgctgtccTATGGCGGGAAGTAGACTGTTTTTT-3’

An siRNA against p53 can be prepared by synthesizing a
sense strand oligonucleotide and antisense strand
oligonucleotide designed as described above using an automated
DNA/RNA synthesizer separatély, and, for example, denaturing

30 the oligonucleotides in an appropriate annealing buffer
solution at about 90 to about 95°C for about 1 minute,
thereafter annealing the same at about 30 to about 70°C for
about 1 to about 8 hours. An shRNA against p53 can be prepared
by synthesizing oligonuclecotides having an shRNA sequence,

35 designed as described above, using an automated DNA/RNA
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5 polybrene (Nacalai) was added at 4 gg/nL to yield a viral liquid. In the
experinmprte ~ fihrahl gst established froma skin from= renanatal fancgsian
(Cell A as used after being transfected w 1 by
means of lentivirus. lo This fibroblast was cultured ana mal ntal ned, at 37C
in the predHOETZH% G083l 19wiog e SRIG §odsshinannga bRl 4996 FEeds a
culture brgth . On the day before transferring reprogramm ng factors, the
medi um was renoved, and the cells were washed by the addition of 5 nL of
PBS. After renpAlighdugh thePBScleo23usTmppseculesnthebTronshitetegend was

added, and eactio s _carrtied_ou t.3 ..aho LUt t he
cells rose™* I\?[%‘%% Wy %&dgg%ﬁtgag&gpéggkgﬁéggegﬁé?’ %ﬁglﬁé&i‘g\?gél | s
wer e segdethrt ccomperiwed lvaaficust-chednicall note fpateohbalinooyde20dbe f ol | owi ng
day, the cells were m xed and infected w.th ~g?ch retrovirus that had been

produced udiGiEaiathe &ardlisy HeheBirate AR RE ABAIDRT WERZYED! a®Bd with a
fresh supplgedorferduialie e fmheell ¢8r ARNARY Oréf t&farpite Sty tpivdrie

infection, the medi um was ‘removed ffomthe plate, and the 25 cells were
washed by degragadiidrobythydnelagkesPBSchaBsenucdradEngthAePPBSPhOr D5,

rypsin/ 1 I EQUS (W1 (ipaeh s addady Alldi3Eea6! LRR WA S Eheds out at

37C for about mnut es. e Cell's rose, 1 was added to
suspendipt hthe ed1RNA and ShRNS cael be websticated wath, 166r nexamnshe 30a

cont ai ni ng previously seeded feeder cells. .The feeder ce]Jls used were SNL
coll's t hatCHERL dlary MRsiad Wb SRAESATCARLE E5LERRI RACR G811 division.

The. foll ovigmg5 ,Ogm%ar@i(q:rg)wa&ertg@l@gggpwbhatg,p()}_-mat e ES cell pul ture
medi um (Repr oCELL) suppl enent ed with 4 ng/ m. bFGF (Wako); this medi um

exchange Fhegrhaxndiithianadeer yThedhydroxnl dayoas, ahumkh £SRFItIaket wo
2011/ 0165 CT. 10/.063733 l.ank.e QU . wEN C ni es
and col on%ou%gigxgrglgﬁ%vﬁ io(r%ols—i%gh ?‘u \leﬁgtﬁggufﬂ? g }85 g%ﬁgg‘%‘?@%%ﬁ%? ngd)lgre
sumar i med(R edprpsehtd,n fald ecampileat Chn$2 bf Ogdakes , CHICH eSHald 'i-<shiMOH) ,

ef ficiency i C i ES- L. col onj es) . much_hi gher_with
the use ofC]{ngﬁﬁHmi Iglie %@W@?&WeéwZ@WE gbe&w%?wasﬁﬁ Jé*a‘?“{‘%lée'
est abl i shremiaff fdianey(ppasniidher, wutrinkhemdsebef che@esesl gxaddif hgd Nanog
(Oct3/4, Sox2, KIf4, L1n28, and c-Myc or L-Myc; ctrl in Fig. 2) than with
the use off®r germplaclinhinegudics Of6ar B6tHYs” IFBUPNOFi §. C251O%hen L- Myc
was used ag,) #?H%ﬂrbfgﬁi(yﬂﬁﬁ'ﬂﬁé I5Msesli kA8 Gy'ghap gkﬂmiaimetﬁgse;

establi shnment efficiency did not decrease conpare the level obtained
when L-My cswiesst itsedi dsutohdthg @-pedits ogegasbonydsepupdwitharatel y: "ctrl”

arifos 0 S SO SR B L o0 2o
pCX- EGFP (suppl irshdndilrg dviks ason fokalae ish OfakheUsugeaksmdyety of RNA,
two types are dominant: C2'-endo (S type) and C3'-endo (N
type); in a single-stranded RNA, the sugar moiety occurs in an
25 equilibrium of both, but when a double strand is formed, the
conformation is fixed at the N type. Therefore, BNA (LNA)
(Imanishi, T. et al., Chem. Commun., 1653-9, 2002; Jepsen, J.S.
et al., Oligonucleotides, 14, 130-46, 2004) and ENA (Morita, K.
et al.} Nucleosides Nucleotides Nucleic Acids, 22, 1619-21,
30 2003), which are RNA derivatives wherein the conformation of
the sugar moiety is fixed at the N type by bridging the 2'
oxygen and 4’ carbon so as to confer strong bindability to the
target RNA, can also be used preferably.

However, because replacing all ribonucleoside molecules

35 in a naturally occurring RNA with modified type molecules can
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20 FEBS Letters, 407, 313-319, 1997). First, the woodchuck hepatitis virus
posttrar~~-i=*i~=~l ~equlatory elenent (WPRE) sequence ‘mc incartad
downstre cassette for replicating this vec | was

prepared by 1nserting a | oxP. sequence into both ends of tne gBNaA-1 or pCEP4
25 (I nvi tr%@%ﬁ‘])'@o THS Lok &t & B&AVAGYr hé TEBRAPECERB2EY i FPwas

i nt egr at ed; 4t Quidre Badi side rRfc1iheiatorementi ANgdmBEXpEEE o1 8coxpoRat i ng
the WPRE, and this was named pCXLE-EGFP. This pCXLE-EGFP was treated with
EcoRl, andthal idukowsoridte RdiSE, dompglezc &§coff UBCkPONwer e inserted to yield

plasm ds for 30 ! Ps{Ji%ng%qgrs&;T & 3f I8 G9ugt agcgarhﬁgsg ed ygrez,1) human

Cct3/4, 2) a con are y joirning the translated regions of human
Sox2 and hewapld f AAmbisort hee 2A s dieinee Gt # FMEEHB ot hs TRNFe abR vH 9659, 3)

a construc epared by jqj ning._t ra regi ons_of huyman K1f4, hunman
Sox2 and Séfugﬁﬁmné%ﬁﬁglZ#@:‘*%th'h&sgz%qughgé%gf S%?’éaﬁﬁgﬁox?hgdis A wWo
2011/ 016588RGT/ JR2P Y O6FBF3 UiauD) 4hgateenstikect prepared by joining the
transl ated regions of human c-Mc, human Lin28 and_Nanog via the 2A

sequence of footATarfdRuENisENde 2gRAOSE BHEAB) PEY402RaR 20 TPAreEEINgRach

construct | u_ﬁ}_g&r ntJ:ql t q I -gl obin
pol yA gequ%a?]c(i:e ) v%%gcl%evqxgr%glgl si%fg[g‘lrtlea't6 gd@gg %é?(&%ﬁﬁ}ég% 2ﬁggc§(%£éP%%Kp ° |
PCXLE- hiSGso fé e hitidgraansd p@X1i8p4@tIngr ébpesenuehge ( pCXh @D 753 scNA

| asm d havin on V\PRE ence, . EBNA: e_and,_] oxP.
geqﬁence) gr'f‘ﬂ'%f ﬂéy %Sgg%rﬁmé Oafs%%%,s(?ﬁragf’-2@@5??@%255 f ?13%1 ghe )c()f%]é%i al
skin fromas 36-¢ieary,0ldt Gucadisan beepairenacet! fApRl AtBE bANSnd Lokd 3BBje Was

used. This fibroblast was cultured and maintained at 37C in the presence of
5% CO2 i n $PAPERA LMt @6 SHRR ggaigsOVENI2DoPREshpYiRgl R eSBRBRP S

pr epar ed r%ﬁf&&@@d@%ﬂ%@&gg@@ﬂt&%ﬁﬂt&h@@@dsﬁén&%qu@é}i@ A 15

the tine o idm was renoved, and the cells were
washed By Nhe 28ididridarldgnesl porsfi orBSndAfasesr sheviaggeheseBsnce 26595

Trypsin/1l EDTA (1.nvitrogen). was .add apngd_a_r Lon carrli out at
37C for ab%n%%’ ggﬁ ncuatpelsFalAgIeg%tetrﬁe lgigﬁf%gtre ogg? Bﬁ/ﬁﬁlﬁ%‘% ?/\/a% %é ed to 20
suspend t hes cebimed)gnd Hex E3RNPE lalga inette ppacdestedlbed anlSchtneent2pépugal
tube. The suspensi on was centrifuged at 800 rpmfor 5 mnutes, and the

super nat ant> @ 3 effifd. . ANDte k8 §§RoPeplgBRBESR0. 5 gg pCXLE-hOct 4, 1
99 PCXLE-hSK, 0.& 0o ACYEIIRNG %rgghRﬁXLEgB%Blth5§ FItRCX- MG Was

25 transferred to the cells using Mcroporator (AR . This transfer
t ook placeces mepm HO@ i eveid byist kst Aneghpuraes af pégemidfB¥A10 ns. The

transfected ) tran r.-red f - ur.e.
cont ai ni ngl%gﬁé%?%elg%ﬁ}%éc %r? (aicet'i}flt‘e3 S\rl\gbleatg ggﬁicﬁgﬁgéﬁéﬁ%ﬁggéﬁg@%f 5%
CO2 for 6 mattsod, 3 uksegiee ndthod, heleediropowasioameedodandesddie nethesd wer e

washed by th ddition of 2 nL of PBS, After renoyvi . the PBS, 0.25%
Trypsin/ 1 7R EDIA 4K ¢ TBECRTCRAS HauBa, @ At toRbact TRTSRBR Iatheodast at

37C for abesimén MW tEsEeY tAlGH heaeeltks ceFeciBYEY. 1088 RiRiwaioradded to
suspend the cells, and 2x105 35 cells were seeded to a 100 nm di sh

cont ai MsngCPeRA duEAns fagh izm HeeBesESPETLhPag10iD685738aERaRR0 ¢ cf@r cel | s.
The feed i iR Cs F. | o , th
R ke i G T i

medi um was primat’e ure nedi um ( Repr 0CELL)
suppl ement sl vab e 4 o/t iod@e tivwhk o)f; anhissRNBdi sncbxehahhe GeseEomserited

every 2 5d O d 6, one human cII-IiEe colony energed. A
Dhot bt apk DRVE HeF et b Los” GRARE T (R Z6F *G8DED | SRReAL =t o OMBRAC 1M H g. 3
(left). A phoingseph of the colony at the 3rd passage is shown in Fig. 3
(right). One ES-like colony could be established from 2x105 cel]ls.
30 (D7) Vectors that express an siRNA or shRNA against p53
Vectors that express an siRNA are available in the tandem
type and the stem loop (hairpin) type. The former is the type
in which an expression cassette for a sense strand of an SiRNA

and an expression cassette for an antisense strand are ligated

35 tandem, each strand being expressed in the cell and undergoing
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10 Exanpl e 3 Establishnent of human i PS cells using episonal plasmds (2)

Four diff----* ~'---ds, other than pCX-SV4AOLT, which v ~anple
2, were ogramm ng: pCXLE-hCct4, 15 pCXLE-t ) and
pCXLE- hMLN. , In the experiments, a fihroblast established tram a
facial skidnHading 36 JOIM § doelteastaAnEEHaP &R e (FSHNAY cé’{%aaWQlTer

Lot 1388) wWase UsRGerlAisS thiebkQBkash WAScARUbhUERHrassi BRI PASsaEte foB En i N
the presence of 5% CO2 in a 100 nm 20 cul ture dish using DMVEM 10% FCS [ a
cul ture bratBNZprispdnseripgdadaditegaloesteral thevshRNA cbeing e TN $9@cH ai

Tesque)]. At t ti f i 1 c ot i V. t he
cel ﬂs &Lrethve\/as%g’c} t‘#%t %él d%&%?g}n gnbc%ﬁ géfsr%%ngf ggB%?g;X??}é\rA@?e%%?ngd%%%B&
0. 25% Trsy sl tncughiViaERBA Il prichbagen ) foaseRsmatldedimaadi ateeaxtlyn was
carried out at 37C for_ahout 5 mnutes. After the cells,rose, DVEM 10% FCS
was added RFPUISTe it he ) c8RYs PeaHFeBx 265 R8I PEORRT & r etbve? etPTHPR 15 ni

centrifugglrddhee Hhe BesREPS1T IVWRSomEOEE fHI6EdaE 880a1 Déw feie 5 Minutes,
and the supernatant was renmoved. A total of 3 30 of plasmds (1 gg

IOV g
PCXLE- hCctakcurajg perRnErSREignsoggsBext ERN&O, 2B 5-hyy B4R Mo teds
transferr t | i_| c ( %gqp@) I Spt sfer took
pl ace usi %80&5%1(?8‘%9%%?@%% {%%R%\fhr ESB%[G?IESE' axt%ﬁﬁ1 0 Pfu\(]);r-%gp r%@The
t r ansf et grareltes, Wenmatr anadfieer-¢@NRopaofotel| andl the el pkatearf Ba# con) 35
containing 3 nL of M 10% FCS, and, cultured at. 37C.in the_ WD
2011/ 01658BETOT 10716637557 P 65 UHEEODT SR 1D 131 e, SSTESHERSR 1 v,
the medi upmas Jremed T adidiescehl suseesswashed dyedhe addition of 2 nl

of PBS. After renoving the PBS, 0.25% Trypsin/1 mM EDTA (I nvitrogen) was
added, and a red&d &4 oFaBPRNA 6¥PTEEsS39T S2ForthBothus FARREBICTS t er

the cells y056o PNEM Q% GRrHasg g@ggﬂiapvéeéefngr_tgevfﬁéi Sye W 1X Ho2h

cells were seeded to a 100 mm di sh containing previously seeded feeder
cell s. Fhevdardey tdelt sans padeferabdit bayothlzedearedtMEFsSame SNk 78195 The

foll owi ng day,. the nmedi umwas repl.aced with,a.pri . Gel I e
medi um ( RESFEEIS %ﬁﬁee&é]ntrg&a{%lp A gona}lﬁigﬁgcﬁg?éékvg%gﬁh%rsé %elgélluérﬁ%
exchange wasrataniied; evdisy adcday S repbogrManingsqgeses)) asvihel fwseasrs one

human ES cel | -1i ke col ony energed on day 24. A Ehot ogrggh of the, col ony as
of the ti Mt aSSEANNOIHRMSy LENSATIAUSN RAGROALITYRS t FIROMIRRGGYAI of 15

the col ony at,d he, 2l RASIAJE andl SBAWALT BiFhE; dnlhbOhtd11 QepkSsdike
colony could be established from 1x105 cells. Wien SNL76/7 was used as the

f eeder ,2zoneliRSicsompdsoreld] delssoast abfi shedlike) ExdnpiecEstldie shrent of

human i PS cell s _using eni | asm i E@g@l 2
and 3, when 6 rr?znénlglgngegjt :gﬁgc% %?tgﬁﬁ,ggéo%,a%?ﬁ?r%%c,é{?n ntgpS
Nanog, or thegenaerniasiuse pf ahet hH@Ssaskl6obhdinddi t iTiralpSSv4@nearige T,
were 25 transferred to cells using an epi sonal al asm d, onI%/uabout 0to 1

i PS cel | COMYR B8 & CARSEThEYPPEERSEOR 099052 | PRIt tunctional

inhibition of p53 potentially increases the risk of

25 carcinogenesis. Therefore, bearing in mind a medical
application of the iPS cell generated, it is desirable that
the siRNA or shRNA against p53 be designed to be transiently
expressed in the cell. For this reason, greater preference is
given to plasmid vectors and the like that are incapable of

30 self-replication for use as vectors to harbor a nucleic acid
that encodes the siRNA or shRNA against p53. When combined
with reprogfamming factors of the present invention, the siRNA
or shRNA against p53 gives a sufficient iPS cell establishment
efficiency even in transient expression from the plasmid.

35 Alternatively, as an expression vector that encodes the
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| ow i nduction efficiency with the use of the sane 7 genes is al so descri bed
in Sciepre 224 707-801 (2009). Hence, to inprove the ~~*~hli~sheemee
efficier "Myc-Lin28 joint 30 construct), whi bl e
results 1n the prel)mnary experinent in Exanple 1, was usead vvnfreas

Nanog, whi SRRNBEFEERST Rifrd @ ¥ i@ luMs&teds &ty Feh&svasEsuSEdtheul tker ndr e,

a DNA t hat , eAeR0@ Sy SRNA AR iNHmANURRR B3 ahd the like, prepared on
GACTCCAGTGGTAATCTACE t cadgagaGrAGAT TACCACTGGAGTC- 3° (SEQ [ D 35 NO. 32): t he

under | i nedtiperira ks iaf theeqmumegmiaddyuaved el eppdasmig (for example,

2011/ 01658 /1 JP2010/ 7 ] itali Lett i ndL ¢ h rtion
wher e dsRl\&%l@s-'#%;poﬁrséﬁrﬁﬁeﬁﬁgérzgl’y%?e gr%%gg&[stg ggbggéB%%Rﬁﬁ?ﬂms

al so used.Addgene, dnd addi tliike)t @ pEXleE1HiRet 4anpEXEE- h&Knsadd pIE¥ E- hMLN as
5 prepared in Exanple 2, 1 plasm d prepared by treatin CXLE- EGFP as

o bpared. | ARG e (HeEdoR® . SHiRd oS, BOPavEAG BCBALPPHRt SEPERr od by
j oi ning t hegaf ransd afeditr 9GS Lf rfgmrel.Mc and human Lin28 via the 2A
sequence of foot-and-nouth disease virus, in place of EGP (pCXLE-hUL) and

/o 2) a plasn d Gertrdoradt ianyesrtesndhalc expxpressi AicafiBNRNAr agaRMAt p53
(driven by t.er). i I t. IRt A te,,0 = t4
(pCXLE-hOc?%ggh%g§ %e%eﬁ{praepar e(}tlﬁg e{}%eg.% E%QEEYE%:EY\%E%% glggaa

cont r ol 10 Thkastidictentesr ,ofeguGXinlel vecttbrsopb3irpCXizEchSK pneppiEsUL are
shown in Fig.30, (i 5 thi,s figure, XLE- hCct 4-shp53 i s, descri bed as

SOXL - hOot F3ET U Apove 1htq e sl iner THERE CEoohT s B o So AL Bl | shed
froma skigchiored Rl-tfarsaldd thapaiese sWakBihodERBesdr $348) awase Useth af t er
bei ng transfected with nmouse Slc7al by nmeans of 20 lentivirus. This

fi br obl ast FQ@RE@l| QU rkaP &adr aFR Mi%i%s8&Sat 37C in the presence of 5% CO2 in

a 100 nmcw?)é)ur %éé%&b%ﬂ&é@!‘f'\” 10% FCS [a culture broth prepared by
adding 10% feta ovine serumto DVEM (Nacal ai Tesque)]. At the tine of

pl asmi dia r ansf erAs tdtehamrdivmptsasasembnaed inhnbithéheebkprees eonaghethdy 25
the addition,of 5 m_ . .of PBS. After renoving.the PBS. _0.25% Trypsid/ 1 nv
EDTA (| nvi BF SgEFe me HRARFS AHF 5 e 260 on SNds ~CRP FYE® o= 5 2T or
about 5 m pak 65e r¥dteirodd®e cel ls rose, DMEM 10% FCS was added to suspend

the cells, and 6x105 cells were recovered in a 15 nL centrifu%i%A t ube. The
suspensi on was 30 IERGEd TCISEE ASAL BRYSPRI AuPR8, oBnd t R¥ s uperiat ant

was renovegya fkiea RirasiE.ds SHEWA tReTaht €sénésd dudfeid d0idlds Werska, an
AR BROWN)

transferred to the cells using M croporator This transfer took

pl ace usi NRNA: ONM hwhrishifpmiach vheed apgeseBNAt andsbhy spkisense. DNhels

transfected _cells re transferr t -wel | _c e, pl at | con)
cont ai ni ngg%p%i%féﬂ%\ﬁ}!%%ﬁgegﬁg\mofgl%? ggggggh&#g%’g%l%/ t‘ng%ég%nd

cul tured aseBdétive tdwyqudesenee off th €a@2gkar RRAdayRheseifsesueint |the t he
medi um was renoved, and the cells re shed by the additjon of 2 ml of
PES. AF t or CRETORE i (HEF 18859 Do iChafp SLAFE AN RBTACET ROR TS OBy BResS
added, andya m@oﬁéﬁb@ é’%’iésefrﬁe”n{% ®dt ndt 3AEyT ar sagadhce SiA1 Pt BfRNAY t er
the cells rose, DVEM 10% was added to suspend the cells, and 1.5x105

cel | s wer ebgleeafesP td SEABTNGEMidi dhecdntaon AgIpPBVPEUSNG BEEHREY f eeder
cells. The

Fol | oni ng. oy~ PH msth (REs S §oF oyl athg SeTpch ot the e e
medi um ( Repoo Gl )arstuipgd resee mued edict rcd dndsnmbobFEEr{ Wakbarlyhl smiveeld unas
exchange V\?grca(l)sntljly urg'\iddiezvae%:r:'Lyon2 odta)é%'e ggltq.% n%g’ n&g ‘ngnggigSrgsedliEéifg
an inhibition of the translation into the p53 protein; the
30 target region may be the entire sequence or a partial sequence
of p53 mRNA, and may be a sequence of about 15 bases for the
shortest, or of the entire sequence of the mRNA or primary
transcript for the longest. Considering the ease of synthesis,

antigenicity, transferability in cells and other issues, an

35 oligonucleotide consisting of about 15 to about 40 bases,
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col onies that had energed were counted. Photographs of the colonies are

shown ir Ei~r E Deeylts of colony counting are 15 shov~ ‘= ™=*'~ 2 and
Fig. 6 ( eeder). Table 2 Exp No Vector cor

(KEcroporator, condit 1650V. 10 x3) F feeder Tee pcxLE. -
hOct 4 PCXLRRReERt'4: %jt %%%“tpc})ﬁ_éo éQNEaSﬁleﬁcREE%)e EEBc:xuz- EGFP

non- ES |'kﬁbgiiiéﬁ%rﬁﬁlﬁﬁilﬂgidgi|§éﬁ%éﬁ@éA1%cl%d%, but are not limited

to, 5'- and 3’'-UTR, vicinities of the start codon and the like.

A ribozyme refers to an RNA possessing an enzyme activity

5 to cleave a nucleic acid in the narrow sense, and is herein
understood to be used as a concept encompassing a DNA, as far
as it possesses sequence-specific nucleic acid cleavage
activity. One of the most versatile ribozymes is a self-
splicing RNA found in infectious RNAs such as viroid and

10 virusoid, and the hammerhead type, the hairpin type and the
like are known. The hammerhead type exhibits enzyme activity
with about 40 bases in length, and it is possible to
specifically cleave the target mRNA by making several bases at
both ends adjoining to the hammerhead structure portion (about

15 10 bases in total) be a sequence complementary to the desired
cleavage site of the mRNA.

An antisense nucleic acid or a ribozyme can be
synthesized using an automated DNA/RNA synthesizer. The
nucleotide molecules that constitute them may also have the

20 same modifications as those described above for siRNA, so as
to increase the stability, specific activity and the like.

Alternatively, the antisense nucleic acid or ribozyme can
also be used in the form of a nucleic acid that encodes the
same, as in the case of siRNA.

25 An inhibitor of p53 function needs to be brought into
contact with a somatic cell in a way sufficient to inhibit the
p53 function in the step of somatic cell nuclear reprogramming.
As far as this requirement is met, the nuclear reprogramming
substance and the inhibitor of p53 function may be brought

30 into contact with the somatic cell simultaneously, or either
one may be brought into contact in advance. In a mode of
embodiment, for example, when the nuclear reprogramming
substance is a nucleic acid that encodes a proteinous factor,
and the inhibitor of p53 function is a chemical inhibitor, the

35 former involves a given length of time lag from the
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transfection treatment to the mass-expression of the
proteinous factor, whereas the latter is capable of rapidly
inhibiting the p53 function, so that after the cell is
cultured for a given length of time after the transfection
treatment, the chemical inhibitor of p53 can be added to the
medium. In another mode of embodiment, for example, when the
nuclear reprogramming substance and the inhibitor of p53
function are used in the form of viral vectors, plasmid
vectors, episomal vectors and the like, both may be
simultaneously introduced into the cell.

(E) iPS cell establishment efficiency improvers

By bringing, in addition to an inhibitor.of p53 function,
another publicly known iPS cell establishment efficiency
improver, into contact with a somatic cell, a further increase
in the iPS cell establishment efficiency is expected. Examples
of iPS cell establishment efficiency improvers include, but
are not limited to, histone deacetylase (HDAC) inhibitors
[e.g., valproic acid (VPA) (Nat. Biotechnol., 26 (7): 795-797
(2008) ), low-molecular inhibitors such as trichostatin A,
sodium butyrate, MC 1293, and M344, nucleic acid-based
expression inhibitors such as siRNAs and shRNAs against HDAC
(e.g., HDAC1l siRNA Smartpool® (Millipore), HuSH 29mer shRNA
Constructs against HDACl (OriGene) and the like), and the
like]l, GY9a histone methyltransferase inhibitors [e.g., low-
molecular inhibitors such as BIX-01294 (Cell Stem Cell, 2:
525-528 (2008)), nucleic acid-based expression inhibitors such
as siRNAs and shRNAs against G9%a (e.g., G9a siRNA (human)
(Santa Cruz Biotechnology) and the like) and the like}, L-
calcium channel agonists (e.g., Bayk8644) (Cell Stem Cell, 3,
568-574 (2008)), UTF1 (Cell Stem Cell, 3, 475-479 (2008)),
modifiers of intracellular signal transfection [e.g., Wnt
Signaling activators (e.g., soluble Wnt3a) (Cell Stem Cell, 3,
132-135 (2008)), TGF-B inhibitors, MEK inhibitors, 2i/LIF (21
is an inhibitor of mitogen-activated protein kinase signalling

and glycogen synthase kinase-3, PloS Biology, 6 (10), 2237-
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control 30000 375A-C. MEF feeder; 375D-E: MSTO feeder 20 Although
I PS col oni ee (FX-Tika col oni es) could be established wi ~h~rinr fandarg pwere
used, m vere established with the use of M 5

consi sting,_ot 3.4, Sox2, Kif4, L-Myc, and Lin28 were used, .the 25

est abl i shn%?npgi#(fé? Ehby ?%%é?éﬂ“@%ﬁa‘r egd’%!hter?lto_r\éoﬂ'ﬂ‘oi?c?l]@r

convent i on@bmSoeass (& &1 3/3, - SRt ilifh, &rMeGoviia8 @adaManog) ands the
p53 shRNA was further added, the establishnment efficiency increased

dramat i cal e 1iAee R0 1a7d 5% S8HCT/SHREOLC/ D 6B RIBSEgnpl-e BLRsBABIBSHAnent of
human i PS 8?%%#2(%?%@&@'&%1@5@0‘15: g_@ 128/MCBT|6%3B§Q§§1 ds used for

r epr ogr anm ng sane as the five erent plasm ds pCXLE- hCct 4,
PCXLE- hSK, WRZXLE/ 0NN, 9 )5, pA-BAJL(RNENd 2008 E-1HCc fl418hp5RiRA2BXaBpl e 4;

pCXLE- EGFP_was ed as C rol. . Ln the _expeLi S, | br obl ast
establ i shelax\g?%#aa%‘iil?ﬁa%_r% aa\{?—tyeaﬁl-o&led:hfé’éangge é’r?aq?gtl( 3 @:&%55 g’ﬁ Gl
and a fi breéhasénestabdbvshathd mimleiskidtiild-pased xppekRiehdiAhdbpasese

mal e (JCRB, TIGl21) were used after being transfected with nouse Slc7al by
nmeans of |BRYiRerin. therm dfr SHIREaSS IRy &ectorsr BaTRAGLAE] At BNAelhat 37C

in the pre f 5% ' mm cul ture di sh using DVEM 10% FCS [ a
50580 9Tt ngﬂ\;lA gsdzlans;rﬁ%za

culture broth prepare a 0% f etal bovine serumto DVEM (Nacal ai
10 Of the aforementioned constituents of nuclear

reprogramming substances, SV40 large T, for example, can also
be included in the scope of iPS cell establishment efficiency
improvers because they are auxiliary factors unessential for

the nuclear reprogramming of somatic cells. While the

15 mechanism of nuclear reprogramming remains unclear, it does
not matter whether auxiliary factors, other than the factors
essential for nuclear reprogramming, are deemed nuclear
reprogramming substances or iPS cell establishment efficiency
improvers. Hence, because the somatic cell nuclear

20 reprogramming process is taken as an overall event resulting
from contact of nuclear reprogramming substances and an iPS
cell establishment efficiency improver with somatic cells, it
does not seem always essential for those skilled in the art to
distinguish between the two.

25 Contact of these other iPS cell establishment efficiency
improvers with somatic cells can be achieved as described
above with respect to functional inhibitors of p53,
corresponding to the case where the improver is (a) a
proteinous factor, (b) a nucleic acid that encodes the

30 proteinous factor, or (c) a low-molecular compound,
respectively.

| The other iPS cell establishment efficiency improver may
be contacted with the somatic cell simultaneously with the
nuclear reprogramming substance, and either one may be

35 contacted in advance, as far as the efficiency of iPS cell
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m nut es, he supernatant was renoved. The plasm ds shown in Table 3 (3
gg in totaPybferrcer ARIRrdiaW tie tthe @sopPsrtdiesg o EhepsrRsEANCAR BREWN) .
This transf 2 I 0 p h r 50 V
for 10 ns. ‘% %?%ens %rgttgeg%@%q&mrnét%t Fg’hg%glﬁ ggdt%l ch8 gngFh ??%&e&% ate
(Fal con)s cone a:sameagtﬂniri.g ofs DVEM H¥%dr@Bedartborel tinr edlatlaﬂCtonat he

presence of 5% CO2 for 7. days. bsequently, the nediumwas renoved, and
the cells %\)é YR @%d%%ion of 2 mL of PBS. After renoving the

PBS, 0. 25%¢#y ymﬁﬁm’@hﬁi&%éﬂmi@}ﬁ%@ eﬁic&@ﬂ@? b9néu§tﬁ9é0tl on was
carried out at 37C for about 5 minutes. After the cells rose, DVEM 10% FCS
was added £ondifshem® the cells, and 1x105 cells were seeded to a 100 mm

di sh contai ni ng VL I%/ﬁ%sa? %?]SH% f I S h rnge

were mtonycin Cﬂifeaét)%lcsj %‘% 12%8%%%?‘):\}%%%&’0?8%3?3%%@%% g% %JRES%?%&
The f ol lovbngoubtyyrine ttEdictHﬂJJxm&rmam @Gf@@xm'/ict kkoadptipaseifStbel huclésaur e
medi um ( ReproCELL) suppl enent ed this di um
exchange VESSCORTATELE SARGF S diyfs SRty C8L5r hekh bt 1S et e Rl
col oni es tHipé SeRmd xmﬂ IR E G ethealdotbgraphs ahbtibatcokpgers are
shown in Fig. 7 (Tl 6120 used) and Fig. 8 (TILGl21 used). Results_ of col ony

count i ng a?%n%?ﬁﬁﬁﬁﬁ#Pq%ﬁﬂ(?i3thﬁ §ire OFTFGiQOCﬁééareNEF géeRihscaribler)
and Fig. 190&&':%% 1'\455:1'}@%(4:@ fh%%er)S;t)e&Pfir@zpi 3 & Non 108

m me Vector contents (jJji1g) (Mcreporator conditions V. 10nms.” 4) MEF
f eeder MSTOhWekding lPWed Bxygert £qpCenEraidons- thascsBe. ambient oxygen

concentrations in the 5-10% C0,/95-90% air atmosphere, which is

commonly used for ordinary cell culture, can be mentioned;
examples include conditions involving an ambient oxygen
concentration of 18% or less. Preferably, the ambient oxygen

20 concentration is 15% or less (e.g., 14% or less, 13% or less,
12% or less, 11% or less and the like), 10% or less (e.g., 9%
or less, B% or less, 7% or less, 6% or less and the like), or
5% or less (e.g., 4% or less, 3% or less, 2% or less and the
like). The ambient oxygen concentration is preferably 0.1% or

25 more (e.g., 0.2% or more, 0.3% or more, 0.4% or more and the
like), 0.5% or more (e.g., 0.6% or more, 0.7% or more, 0.8% or
more, 0.95% or more and the like), or 1% or more (e.g., 1.1%
or more, 1.2% or more, 1.3% or more, 1.4% or more and the
like).

30 Although any method of creating a hypoxic state in a
cellular environment can be used, the easiest way is to
culture cells in a CO; incubator permitting adjustments of
oxygen concentration, and this represents a suitable case. CO;
incubators permitting adjustment of oxygen concentration are

35 commercially available from various manufacturers (e.g., CO;

52


tly
Rectangle

tly
Rectangle


"+ hSK h  pCXLE- hUL h non-ES 16ce ES Mce non-ES le ES |i ke 380A
11G120 * " 7 © 7" 9038013 TIGL20 111

incubators for hypoxic culture manufactured by Thermo
scientific, Ikemoto Scientific Technology, Juji Field,
Wakenyaku etc.).
The time of starting cell culture under hypoxic

5 conditions is not particularly limited, as far as iPS cell
establishment efficiency is not prevented from being improved
compared with the normal oxygen concentration (20%). Although
the culture may be started before. the somatic cell is
contacted with the nuclear réprogramming substance, or at the

10 same time as the-cbntact, or after the contact, it is
preferable, for example, that the culture under hypoxic
conditions be started just after the somatic cell .is contacted
with the nuclear reprogramming substance, or at a given time
interval after the contact [e.g., 1 to 10 (e.g., 2, 3, 4, 5, 6,

15 7, 8 or 9) days].

The duration of cultivation of cells under hypoxic
conditions is not particularly limited, as far as iPS cell
establishment efficiency is not prevented from being improved
compared with the normal oxygen concentration (20%); examples

20 include, but are not limited to,'periods of 3 days or more, 5
days or more, for 7 days or more or 10 days or more, and 50
days or less, 40 days 6r less, 35 days or less or 30 days or
less and the like. Preferred duration of cultivation under
hypoxic conditions varies depending on ambient oxygen

25 concentration; those skilled in the art can adjust as
appropriate the duration of cultivation according to the
oxygen concentration used. In an embodiment of the present
invention, if iPS cell candidate colonies are selected with
drug resistance as an index, it is preferable that a normal

30 oxygen concentration be restored from hypoxic conditions
before starting drug selection.

Furthermore, preferred starting time and preferred
duration of cultivation for cell culture under hypoxic
conditions also vary depending on the choice of nuclear

35 reprogramming substance used, iPS cell establishment
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efficiency at normal oxygen concentrations and the like.

After being contacted with nuclear reprogramming
substances and a functional inhibitor of p53 (and another iPS
cell establishment efficiency improver if required), the cell
can, for example, be cultured under conditions suitable for
culturing ES cells. In the case of mouse cells, the culture is
carried out with the addition of Leukemia Inhibitory Factor
(LIF) as a differentiation suppression factor to an ordinary
medium. Meanwhile, in the case of human cells, it is desirable
that basic fibroblast growth factor (bFGF) and/or stem cell
factor (SCF) be added in plaCe of LIF. Usually, the cell is

cultured in the co-presence of mouse embryonic fibroblasts

-treated with radiation or an antibiotic to terminate the cell

division, as feeder cells. Mouse embryonic fibroblasts in
common use as feeders include the STO cell line (ATCC CRL-
1503) and the like; for induction of an iPS cell, the SNL cell
generated by stably integrating the neomycin resistance gene
and the LIF gene in the STO cell (SNL76/7 STO cell; ECACC
07032801) [McMahon, A. P. & Bradley, A. Cell 62, 1073-1085
(1990)]1 and the like are commonly used. However, in the
present invention, it is more preferable to use a mouse
embryonic primary fibroblast (MEF) because its use offers a
further improvement of human iPS cell establishment efficiency.
Mitomycin C-treated MEFs are commercially available from |
Millipore and ReproCELL. Co-culture with these feeder cells
may be started before contact of the nuclear reprogramming
substance, at the time of the contact, or after the contact
(for example, 1-10 days later).

The present inventors succeeded in providing for the
first time a method of generating a human iPS cell using
nuclear reprogramming substances of the present invention and
a functional inhibitor of p53 in combination with a non-viral
vector, preferably an episomal vector, especially of the early
self-removal type, wherein no ingredient from a non-human

animal is used (i.e., under completely xeno-free conditions)
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in the cultivation from the transfer of the nuclear
reprogramming substances and functional inhibitor of p53 to
the somatic cell to the establishment and maintenance of an
iPS cell. To induce a human iPS cell under xeno-free
conditions, the starting cell is cultured in a medium free of
FCS and other ingredients from non-human animals after being
brought into contact with nuclear reprogramming substances and
a functional inhibitor of p53 (and another iPS cell
establishment efficiency improver if required). Useful
substances to be added as differentiation suppression factors
to the medium (e.g., bFGF, SCF and the like) are in the form
of a purified human protein, preferably a recombinant protein.
Optionally chosen human somatic cells can be used as feeder
cells; examples of preferred feeder cells include human dermal
fibroblasts (HDFs), human dental pulp stem cells énd the like.
It is also possible to induce a human iPS cell without using
feeder cells. In this case, a commercially available xeno-free
coating agent may be used to coat the cell container in place
of Matrigel and gelatin.

A candidate colony of iPS cells can be selected by a
method with drug resistance and reporter activity_as
indicators, and also by‘a method based on macroscopic
examination of morphology. As an example of the former, a
colony positive for drug resistance and/or reporter activity
is selected using a recombinant cell wherein a drug resistance
gene and/or a reporter gene is targeted to the locus of a gene
highly expressed specifically in pluripotent cells (for
example, Fbx15, Nanog, Oct3/4 and the like, preferably Nanog
or Oct3/4). As examples of such recombinant cells, a mouse-
derived MEF wherein the Pgeo (which encodes a fusion protein of
B-galactosidase and neomycin phosphotransferase) gene is
knocked-in to the Fbxl5 gene locus (Takahashi & Yamanaka, Cell,
126, 663-676 (2006)), or a transgenic mouse-defived MEF
wherein green fluorescent protein (GFP) gene and the puromycin

resistance gene are integrated in the Nanog gene locus (Okita
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et al., Nature, 448, 313-317 (2007)) and the like can be
mentioned. Meanwhile, methods for selecting a candidate colony
by macroscopic examination of morphology include, for example,
the method described by Takahashi et al. in Cell, 131, 861-872
(2007). Although methods using reporter cells are convenient
and efficient, colony selection by macroscopic examination is
desirable from the viewpoint of safety when iPS cells are
prepared for the purpose of human treatment.

The identity of the cells of the selected colony as iPS
cells can be confirmed by positive responses to Nanog (or
Oct3/4) reporters (puromycin resistance, GFP positivity and
the like), as well as by the formation of a visible ES cell-
like colony, as described above; however, to increase the
accuracy, it is possible to perform tests such as alkaline
phosphatase staining, analyzing the expression of various ES-
cell-specific genes, and transplanting the cells selected to a
mouse and confirming teratoma formation.

The iPS cells thus established can be used for various
purposes. For example, by utilizing a method of
differentiation induction reported with respect to ES cells,
differentiation into various cells (e.g., myocardial cells,
blood cells, nerve cells, vascular endothelial cells, insulin-
secreting cells and the like) from iPS cells can be induced.
Therefore, inducing iPS cells using a somatic cell collected
from a patient or another person of the same or substantially
the same HLA type would enable stem cell therapy by autogeneic
or allogeneic transplantation, wherein the iPS cells are
differentiated into desired cells (that is, cells of an
affected organ of the patient, cells that have a therapeutic
effect on disease, and the like), which are transplanted to
the patient. Furthermore, because functional cells (e.g.,
hepatocytes) differentiated from iPS cells are thought to
better reflect the actual state of the functional cells in
vivo than do corresponding existing cell lines, they can also

be suitably used for in vitro screening for the effectiveness
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- of the conventional 6 genes (Oct™"° R
g), the establishnent

and toxicity of pharmaceutical candidate compounds and the
like.

The present invention is hereinafter described in further
detail by means of the following examples, to which, however,
the invention is never limited.

Examples
Example 1
Establishment of human iPS cells using retroviruses

Retroviruses for reprogramming were prepared on the basis
of the pMXs plasmid and Plat-E packaging cells [supplied by Dr.
Toshio Kitamura at the University of Tokyo; Morita, S. et al.,
Gene Ther. 7, 1063-1066 (2000)]. Various constructs were
inserted into the multicloning site of pMXs to yield
retroviral vectors to be used for reprogramming. The
constructs inserted were prepared by joining human Oct3/4 (O
in Fig. 1), human Sox2 (S in Fig. 1), human K1f4 (K in Fig. 1),
human c-Myc (M in Fig. 1), human Lin28 (L in Fig. 1), human
Nanog (N in Fig. 1), and human L-Myc (U in Fig. 1), and the
translated region of each gene via the 2A sequence of foot-
and-mouth disease virus [in Fig. 1, symbols for respective
genes (shown above) are hyphenated (e.g., O-M-L)].

GFP was used as a negative control.

Each retrovirus for reprogramming was prepared by
transferring each of the aforementioned retroviral vectors to
Plat-E cells that had been seeded to a 6-well culture plate
(Falcon) at 0.6x10° cells periwell on the day before. The
cells were cultured at 37°C in the presence of 5% CO; using
DMEM/10% FCS [a culture broth prepared by adding 10% fetal
calf serum to DMEM (Nacalai Tesque)]. To facilitate vector
transfer, 4.5 pL of FuGene6 transfection reagent (Roche) was
placed in 100 pL of Opti-MEM I Reduced-Serum Medium
(Invitrogen), and the cells were allowed to stand at room
temperature for 5 minutes. Subsequently, 1.5 pg of each
expression vector was added, and the cells were allowed to

further stand at room temperature for 15 minutes, after which
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15 efficiency increased with the use of additional p53 shRNA Furthernore,
when 5 ¢nonne ~oncieting of Cct3/4, Sox2, KIf4, LMyc, ar” ' ~°7 ~~ ‘ised,
the este i ciency increased conpared with tl

conventional o genes.  As shRNA was further added, tne gsr ap! | snment
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(MSTO) are conpared in Fig. 11 (T1GL20 used). Although i col oni es

(ES-1i ke coedhvwms) Qoay Fe ddealiilshae wHPehaatandf waher¢eeveredward 25
used, a la nu r_of .col oni wer e est.abli.shed with the, WD

2011/ 01658;5%?5?%‘%‘6*7%‘%‘/% [ o (e Tt riisSe hESREr) mEPdn of the
presences OpoBPELEEE Mfia&XDYONQHSs GRS idt o1 iWg¥meokenyeslfly viral Five

different | PS cgl | s established by transferring reprogranm ng genes using
an epi somal1BPL8ni d were exanined for the presence or absence of the

integration of the exousnouisinganes, i) ik HARGTE est@BhtehebegeBnng BR2AI Y
confluent in a 6-well culture plate (Falcon), the iPS cells were washed by

t he additi 6RoBf a 2nepnataPERuggsian r G ApplHieapgnsionars| nsel at§erone
recovery . i $- : aCle, 1% $DS 0 gg/ L
prot ei nasgg%gé\aés§%ré%%édg§%§lﬁ% t@%ﬁ?%&n%%ﬁ%gﬁ% %ér{o\%gpgnrlgéovered
in a 1. 5 nthisbfibpdbrastiad dulecuredd dris alad nvad niedc alhaB@eC ain 58€&

overnight. This was adn xed with L of .PCl (3g,25:24:1 m of

phenol 0 cHPEFSTRT bt SlimiP &1 dOHoMT FBF FiEerihdR cas i amaall FOF R

13200 rpm £8ra18uTH itk 65rotile @aUeBWS dbkgyBerfbbbetUppStetayRy) wWas recovered
and 20 mixed with 1 m of ethanol. The resulting precipitate was recovered

i n anot her FERBRITYABLRG| BAGRAr Usdd adadiem ¥3§ DRRCOVERe PBRafAPnGeLLgui d

deprived o b p WA [ atyF133@0 r faly ¥ it
The resul t?%g}gggvrlg%ﬁ%?%# Z&\%as usle rHzi{s d;fjhgegﬁotrotf %ﬁ% Elgg%é DN]fA\ééV\O/as %S%Z% 25
with 70% ePRanol.2and Trwssinved nth EME A uflinerd troget) awa saaRARdAt eaptage. PCR

was perforned using TaKaRa EX Taq (Takay, huzo), with 50 ng of _the |ong
DA bt 2007 P BEOR MASHAT - 19h Qide ey 15t B APAUT 5 dBERAT S8t ARFET ho

fol | owi Nng phénEe sl yerEsels EIMEMY IONMER WG addedDebeglispanafl tKef dells,

hK1f 4- S1016 ACC CAT .CCT TCC TGC CCG ATC AGA (SEQ%I D NO 33) hKif4-AS1170 ATC
ACA AGT GTE&N&GH 859 GSPlecT eseQsSepdre) §2) opet Betioff o &gt FWiizs47
GCC GCC %lgg@ %}ogig ATC GAC (SEQ I D NO 35) 35 hMyc- AS947 CGA GIG GAG
GGA GGC GCG TAG (SEQ I D NO.36) WD 2011/ 016588PCT/ JP2010/ 063733

Det ectian of O iTFhelef¢éVeaWinmdgyGERhe sERAsSRErFTOiRAd end GofeptFd@aiticC

(SEQ 1D N34 PEPA PR d CR R BebH P0G 461 hgFRLP-ME) s, 24
hours later, the medium was replaced with a fresh supply to
terminate the infection. On day 6 after the start of the
infection, the medium was removed from the plate, and the

25 cells were washed by the addition of 1 mL of PBS. After
removing the PBS, 0.23% Trypsin/l mM EDTA (Invitrogen) was
added, and a reaction was carried out at 37°C for about 5
minutes. After the cells rose, DMEM/10% FCS was added to
suspend the cells, and 5x10° cells were seeded to a 100 mm dish

30 containing previously seeded feeder cells. The feeder cells
used were SNL cells that had been treated with mitomycin C to
terminate cell division. The following day, the medium was
replaced with a primate ES cell culture medium (ReproCELL)
supplemented with 4 ng/mL bFGF (Wako); this medium exchange

35 was continued every 2 days. On day 35, human ES cell-like
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results (n=1 to 5) are own togeth In Table 4
2011/ 018588PCT{gPZ01.0/ Uﬁ@ﬁSB Mabl wagd Naed a\ge3<$ax¢d mce@lei:oimwr Nt IN

HDF1419 fe[JI ]fln2§8([;- 4 TI %rsn the establishment efficiency dld

not decrease compared with the level obtained when L-Myc was
used but not joined (5 genes transferred separately: “ctrl” in
Fig. 2).
15
Example 2
Establishment of human iPS cells using episomal plasmids (1)
A plasmid for reprogramming was prepared on the basis of
pCX-EGFP (supplied by Dr. Masaru Okabe at Osaka University;
20 FEBS Letters, 407, 313-319, 1997). First, the woodchuck
~ hepatitis virus posttranscriptional regulatory element (WPRE)
sequence was inserted downstream of EGFP. A cassette for
replicating this vector in the cell was prepared by inserting
a loxP sequence into both ends of the EBNA-1 of pCEP4
25 (Invitrogen). This cassette containing the EBNA-1 and oriP was
integrated into the BamHI site of the aforementioned pCX-EGFP
incorporating the WPRE, and this was named pCXLE-EGFP. This
pCXLE-EGFP was treated with EcoRI, and various constructs, in
place of EGFP, were inserted to yield plasmids for
30 reprogramming. The five constructs inserted were: 1) human
Oct3/4, 2) a construct prepared by joining the translated
regions of human Sox2 and human K1f4 via the 2A sequence of
footQand—mouth disease virus, 3) a construct prepared by
joining the translated regions of human K1f4, human Sox2 and

35 human Oct3/4 via the 2A sequence of foot-and-mouth disease
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virus, 4) a construct prepared by joining the translated
regions of human c-Myc, human Lin28 and Nanog via the 2A
sequence of foot-and-mouth disease virus, and 5) SV40 Large T
antigen (each construct is under the control of the CAG
promoter and rabbit P-globin polyA sequence), which were
designated as pCXLE-hOct4, pCXLE-hSK, pCXLE-hKSO, pCXLE-hMLN,
and pCX-SV40LT, respectively (pCX-SV40LT is a plasmid having
none of the WPRE sequence, EBNA-1 cassette and loxP sequence).
In the experiments, a fibroblast established fiom a
facial skin from a 36-year-old Caucasian female (Cell
Applications, Lotl388) was used. This fibroblast was cultured
and maintained at 37°C in the presence of 5% CO; in a 100 mm
culture dish using DMEM/10% FCS [a culture broth prepared by
adding 10% fetal bovine serum to DMEM (Nacalai Tesque)]. At
the time of plasmid transfer, the medium was removed, and the
cells were washed by the addition of 5 mL of PBS. After
removing the PBS, 0.25% Trypsin/1 mM.EDTA (Invitrogen) was
added, and a reaction was carried out at 37°C for about 5
minutes. After the cells rose, DMEM/10% FCS was added to
suspend the cells, and 6x10°> cells were recovered in a 15 mL
centrifugal tube. The suspension was centrifuged at 800 rpm
for 5 minutes, and the supernatant was removed. A total of 3
pg of plasmids (0.5 pg pCXLE-hOct4, 1 pg pCXLE-hSK, 0.5 ug
pCXLE-hKSO, 0.5 pg pCXLE-hMLN, 0.5 pg pCX-SV40LT) was
transferred to the cells using Microporator (AR BROWN). This
transfer took place using a 100 uL chip with three pulses at
1650 V for 10 ms. The transfected cells were transferred to a
6-well culture plate (Falcon) containing 3 mL of DMEM/10% FCS,
and cultured at 37°C in the presence of 5% CO; for 6 days.
Subsequently, the medium was removed, and the cells were
washed by the addition of 2 mL of PBS. After removing the PBS,
0.25% Trypsin/1 mM EDTA (Invitrogen) was added, and a reaction
was carried out at 37°C for about 5 minutes. After the cells
rose, DMEM/10% FCS was added to suspend the cells, and 2x10°

cells were seeded to a 100 mm dish containing previously
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seeded feeder cells. The feeder cells used were mitomycin C-
treated MEF. The following day, the medium was replaced with a
primate ES cell culture medium (ReproCELL) supplemented with 4
ng/mL bFGF (Wako); this medium exchange was continued every 2
5 days. On day 26, one human ES cell-like colony emerged. A
photograph of the colony as of the time of establishment is
shown in Fig. 3 (left). A photograph of the colony at the 3rd
passage is shown in Fig. 3 (right). One ES-like colony could
be established from 2x10° cells.
10
Example 3
Establishment of human iPS cells using episomal plasmids (2)

Four different plasmids,.other than pCX-SV40LT, which was

used in Example 2, were used for reprogramming: pCXLE-hOct4,
15 pCXLE-hSK, pCXLE-hKSO, and pCXLE-hMLN.

In the experiments, a fibroblast established from a°
facial skin from a 36-year-old Caucasian female (Cell
Applications, Lotl388) was used. This fibroblast was cultured
and maintained at 37°C in the presence of 5% CO; in a 100 mm

20 culture dish using DMEM/10% FCS [a culture broth prepared by
adding 10% fetal bovine serum to DMEM (Nacalai Tesque)]. At
the time of plasmid transfer, the medium was removed, and the
cells were washed by the addition of 5 mL of PBS. After
removing the PBS, 0.25% Trypsin/l mM EDTA (Invitrogen) was

25. added, and a reaction was carried out at 37°C for about 5
minutes. After the cells rose, DMEM/10% FCS was added to
suspend the cells, and 6x10° cells were recovered in a 15 mL
centrifugal tube. The suspension was centrifuged at 800 rpm
for 5 minutes, and the superhatant was removed. A total of 3

30 pg of plasmids (1 pg pCXLE-hOct4, 1 pg pCXLE-hSK, 0.5 pg pCXLE-
hKSO, 0.5 pg pCXLE-hMLN) was transferred to the cells using
Microporator (AR BROWN). This transfer took place using a 100
HL chip with three pulses at 1650 V for 10 ms. The transfected
cells were transferred to a 6-well culture plate (Falcon)

35 containing 3 mL of DMEM/10% FCS, and cultured at 37°C in the
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1 F Female, M Mle 2 J: Japanese, C. Caucasian 5 In the table

above, ¢' " -~ are shown as nean nunbers of colo~" -~ ~=-*-*"*-"-94 per

| x105 Hi dent from T Table 4, it was found t oul d

be estabiisnea irres tive aof the agg, sex, and race ot the cell source 10
ol

subj ect. IRTSRRNCH L rourdPz hetr PP & Pt 1oat IS KRS URhEeRer

Sl c7al wasrdmefsd erdrd {H0 &apay e cdabanedowy) thExagniei8nToansfgt ©f pS3
shRNA usi ng transi ent expression plasm d 15The p53 gene is known as a

cancer supRessipdiregedemovingt tbaaPBEnhP b2 8% ohrvips poal frf BDTRng ti ne
potential ly_increases the ri f _carcinogenesi s. Hence..an investi j on
Mo made t PIHEETATRE i Roeecps B B TRRGT e as: ABr FLRacOdE Ak A n
epi sonals vést cabaviert wherutEsl sARMArwake expl bsseas@0) IYEMERIs KIS awvas
transi ent expression vectpor (an qrdinar | asgi d vector | acki t he EBNA-1
and or i P: HEI it (1SPRL eadinid Sveerly 110 Cells et (SRenAY W& dy vas
conduct ed 1@0 dfh eliHM&oMietitend heeeivas1g debhenenseeden £8e1€Xt efHe Of

di sappearance of gene 25 expression between an eglsonal vector and the

pl asm d vekeester |GRklfe usgskMerenmitpoxciarP-tsappeAeEByoDr SNVASAT u Gldbe

D011 s o e P S e oS medfigm, $8E rdbdardd wif T pPie m¥be1y

(a pl asmi ccyrisper exkdiyurr effepmogiHie sopPlsmgquendewifhofn pCXLE- BIGFP) wer e

used. On d and .14 after transferring each.plagmd intg HDF1419._ the
oxpr o5 on( kD VS i tRrge, Mats FarCARuaT e ErEles ST kg Wnen
M cr opor atMeF aydk aisk) 3 t0h Fewdel,t Bheehprbaessate1650i Mefes1dfy ms. The
results are shown in Fig. 13. For all plasm ds, G-P fluorescence was

observed GMRUELB,CHEN e -anBuRBOBRBF 8RB 6B VRS | SANY GFS SEX-TGB iffan f or
the other d#0.slbUdhnthe HUQkpRfCERC UGS 3¢ ILErODSCTY Gohotiifrdiie di0

anount expressed was considerably |ower for p P than for the other
two. Thissettd mblny eonftihergad paissgereiexphewsi on Higappebrigkl) | i énd n

plasm d vegtors than in epi | v S, Xt ns an.qjnvestigati on was
made to de e?lrﬁﬁ(nee %11(3 eré%é‘lﬁ%g ggﬁ%ggéﬁpﬁdbgrggtl\gﬁwshee lesv'en \}Al/%gn p53
ShRNA was dMi.16/4Anhsf=y nekdisisngha [fkeaser] wnectibs. cbbonide toansfles, the

fol |l owi ng é)l asm d or episonal vectors were used. (a) pCXLE-hCQCct 4- shp53,
PCXLE- hSK,EPGREIMN  (b) pCXLE-hCct4, pCXLE- hSK, pCXLE- hMLN,

pSi | encer-shp53 [ pSil encer-shp53 prepared by inserting p53 shRNA downstream
of 20 the U6 pronoter of pSilencerTm (Anbion)] (c) pCXLE-hCct 4-shpb3,
PCXLE- h8K Exsmnle HUL (d) pCXLE-hOct 4, pCXLE-hSK, pCXLE-hUL, pSilencer-shp53

For the transfer, and o( r. 1. each
vector was usebdh(sgg‘b%lscl %g‘:t %1[ ai f qggA%)e}lI}’% ‘é% ﬁgwéé%gf?%%ég%%&f,% ?%)e sane
manner as Exanplzs Shesinnd ra Ekiahpdkbkagt asdt apl wsbed6f gomes sdmdi $trimy aof
36-yearol d si an fennle (HDE1388) .ags_a s tic cell,_ with MEF as feeder
ool TP o R e T Eng L 2P PBR AR P otncPh LOBEHES chi b wi th
three pul seshatstheRp of ftile EamdBs 6 SRddaMd2¥idRaaf seqot herde ansfeere t he
human ES cel |l -1i ke col oni es that had energed were_ counted. The results are

shown i3 FiXpRSEETIEshaY i96d lSh&iSéaahRRaEPORSMR) PHATMI®) PERY 3RO Trans
8; IM t :\'nﬂélgi15'_i$f4)3c,”e)1£1hgﬁ}éﬁl\t?ggeﬁ%@m}agﬁkﬂeé EEdmaNde § ) FPicMAlSUSSEERNS
low induction efficiency with the use of the same 7 genes is
also described in Science, 324, 797-801 (2009). Hence, to
improve the establishment efficiency, L-Myc (L-Myc-Lin28 joint
30 construct), which gave favorable results in the preliminary
experiment in Example 1, was used, whereas Nanog, which had
been judged to be unnecessary, was not used. Furthermore, a

DNA that encodes a shRNA against human p53 [5'-
GACTCCAGTGGTAATCTACttcaagagaGTAGATTACCACTGGAGTC-3" (SEQ ID

35 NO:32): the underlined portion is the target sequence for p53;
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35 difference in the nunber of col onies established between the WO
2011/ 01frFeenmri1nan1n/ 063733 use of an episomal vector -~ *~---f---"ng the
p53 shRl > of the plasm d vector; it was der an
i PS cell can pbe established well even using the plasm d vectqr_ for,
r

transfer. BheEcapteldand dnttanrfednddratestosl PerFigmh HBRFEI AP Ltem
cel I's deriyeghdd omdical fdpt SnaRs,1W th faeRaHkd g8npt¥PSHRRAT alaBuUbPsst em

cells fromhealthy humans with the hono- /o genotype for the four gene | oci
HLA- A, HLAagdHLA- Cw and HLADRB1 (cell. |ines DP74 and DP94) were supplied

by Drs. Takahirao, Kuni sada _and Keni chi uk €] Universiiy. se_cell
| i nes had been glsrfa(:}dlglghléj& %s? c??g%"ri{] gg%i%h ?.CQEQ?PTSRRegh%{ é@k%é;)hﬂ-@gg%m
(2008) andoMép 24D/ {H I8&hplEhe ,afigr ampitisaiedptbphesd by Argenbhypes of the
two cell lines and the allelic frequency_thereof [frequency of each allele
(hapl ot ypeCHRTHRFR 1 RARPAYSA déhgf‘fﬁé g HFF%FF@%ES ?ﬁd\]apanese

nggl e] ar en&hArdtinAl &onstZAE It epaldett Bl 8benRARULALT PPandl Br&y DRBL

regions of human L-Myc and human Lin28 via the 2A sequence of
foot-and-mouth disease virus, in place of EGFP (pCXLE—hUL).and

10 2) a plasmid incorporating a construct expressing an shRNA
against p53 (driven by the U6 promoter) inserted in the BamHI
site of pCXLE-hOct4 (pCXLE-hOct4-shp53) were prepared and used.
pCXLE-EGFP was used as a control. The structures of pCXLE-
hOct4-shp53, pCXLE-hSK and pCXLE-hUL are shown in Fig.30 (in

15 this figure, pCXLE-hOct4-shp53 is described as pCXLE-hOct3/4-
shp53).

In the experiments, a fibroblast established from a skin
from a 21-year-old Japanese woman (JCRB, TIG113) was used
after being transfected with mouse Slc7al by means of

20 lentivirus. This fibroblast was cultured and maintained at
37°C in the presence of 5% CO; in a 100 mm culture dish using
DMEM/10% FCS [a culture broth prepared by adding 10% fetal
bovine serum to DMEM (Nacalai Tesque)]. At the time of plasmid
transfer, the'medium was removed, and the cells were washed by

25 the addition of 5 mL of PBS. After removing the PBS, 0.25%
Trypsin/l mM EDTA (Invitrogen) was added, and a reaction was
carried out at 37°C for about 5 minutes. After the cells rose,
DMEM/10% FCS was added to suspend the cells, and 6x10° cells
were recovered in a 15 mL centrifugal tube. The suspension was

30 centrifuged at 800 rpm for 5 minutes, and the supernatant was
removed. The plasmids shown in Table 2 (3 pg in total) were-
transferred to the cells using Microporator (AR BROWN). This
transfer took place using a 100 pL chip with three pulses at
1650 V for 10 ms. The transfected cells weie transferred to a

35 6-well culture plate (Falcon) containing 3 mL of DMEM/10% FCS,
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2402 5201 1202 150210% DP94 1101 1501 0401 04061.5% i PS cells were
establist~* ‘= *k~ same manner as Exanple 5 using five -~~~ ~'"--mds
for repr )ICXLE- hCct 4, 25 pCXLE- hSK, pCXLE- hVM nd
PCXLE- hCct 4-shpb3. 1 PS cells were al so established by transterring tne

pl asnmi d ded3edi BeHt 1S3 enteC 384Lheopregenee009) oF THondGF J F3¥S- A total

of 3 Rg of syeséQien@By UsErk inbERs wars Fenldied, t kaaskae teoksplaee using
M croporator and a 100 1.11, chip with three 30 pul ses at 1650 V for_ 10 ns.

MBTO was useshed Becthe addition of 2 pHoidgPRShs BftepsremPYinesthd| FEHed
by transfegri - t , - a =hUL 10 DP94
WO 2011/ 01%5%2%%“%0'?% 6@%%11 ﬁéar(eﬁgég\%no@?ﬁ) F?’%.Sp%@?hegﬂﬁnaﬁ'%c@gn

cel |l -1i ke wat ochesiédatutenst gerfCofiodagbad8tabt minthest r axfdfear ther eeddsnt ed.
The results are lh Figs. 16 d, 17 (each nunerical .figure indi es
the mean ah?°$t am\@l%\hfﬁi“ﬁ? fa(ﬂ%qet%:t egﬁﬁgpgngﬁﬁsféﬂ—’ﬁr 3n§o#hg§ﬁ§£ DP74
line (Fig.cdf)sapsirdRHedddecd F Q001 #n dike kicghaihiagt pbbirsbuedy

ef ficiency was obtained with the transfer of 5 genes consisting of Oct314,
Sox2, Kif 45e¢dedclergRr 15 - allBRgIRPERT PSS LARRREY (heSE ERHERBYC Th 53,

PEXLE. NSK 2Ada peliinih b 1918008} 7.05 #hes 1921 84 PRG ahAGH B hddli difFead 0

Exanpl e 10 Confirmation of the presence or absénce of exogenous genes in

i PS col oni egpl29ed rwitlpraelpmineey Bt gyl l oCXtErEGRRAWaD {RapspEERRH t o HDF,
supplemented with 4 ng/mL bFGF (Wako); this medium exchange
was continued every 2 days. On day 28, the human ES cell-like
colonies that had emerged were counted. Photographs of the
colonies are shown in Fig. 5. Results of colony counting are

15 shown in Table 2 and Fig. 6 (MEF used as feeder).

Table 2
Vector contents ( £ @ (Microporator conditions: 1850V, 10ms, x3) MEF feeder MSTO feeder
Exp. No. | LCOXLE- .zgﬁ' POXLE- | pOXLE- | pCXLE- | pCXLE- | nom-ES | o . | nomES | oo
hOctd hSK hMLN hUL EGFP fike e like t
shpd3
KYLT. 1 1 1 g 1 0 0
379B.D 1 1 1 16 13 3 6
3715C.E | i 1 bi 136 87 132
control 3 ! 0 0 0

375A-C: MEF feeder; 375D-E: MSTO feeder

20

Although iPS colonies (ES-like colonies) could be

established whichever feeders were used, more colonies were
established with the use of MEF. When 5 genes consisting of
Oct3/4, Sox2, K1f4, L-Myc, and Lin28 were used, the

25 establishment efficiency increased compared with the use of
the conventional 6 genes (Oct3/4, Sox2, K1f4, c-Myc, Lin28 and
Nanog). As the p53 shRNA was further added, the establishment

efficiency increased dramatically.
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15 and an investigation was nmade to determ ne how the expr e55| on of EGFP
di sapper- -~ ™= =2k fromthe 1st to 4th week after " ° " the
anount | yrescence intensity) of EGFP in 1

anal yzed ny FACS. _Ihe results are shown in Fig. 18. The anvuim expressed of
EGFP and té*/?&a”i"ﬁjl@o 20 of cells showi ng the expression decreased over
weeks; 4 vmesedeﬁolaifstrﬁreﬁtheft RASHE G Pis0Re 1 86PuBPALt E¥@s6RA L SphagmigsT eased to
as |ow as 2. 4% Subsequently, just aftef establishnment by transfer
of pCXLE- hCct 4- %@la@moe WSk da A& Tp CRPECHRMMNEIDFEre 8tRg game ernthe PS

cl ones wer rt res 0 en g

A 0.2 n tP ‘gg(gdgfn |r(1a|n%' p&%‘fag% g)%gg%oyﬁgg?géoég%(gébﬁé?é E%e buﬁer for
TaKaRa BX pLeul et eCXUR-hOEEA-gho68 pnoErampse &) pesLprBCiEedas On
day 30 after 4ransfect| on, 30 colonies of each i PS cell were physically

di ssoci at 85 G thEMT L -and recovered in this tube. After the recovery,
the tube was i ncypatRd eape?qches,3aheubsobPa8bt akPaBl £6héd! ¥eahea £ier
addi ng 10efgL of H20 the | ysate was heated at 95C for 3 mnutes to

i nacti vat JaPﬁFl§Sﬁa§e@§é§ &4dCRB, 3B1Gh30hsardtanpl ate for
real -tinme R p o] 1 6588 0 063733 usi ng
SYBR Prem x%?ﬁlrlggs)ﬁ I(élg Eé%% 5%?9 xgkggs%égédég E%&}ﬁ%rﬁ}ﬁé pair for
EBNA- 1 o Japdandsst enatllee (JORB,NTAGELS ) oWetheuepdsaﬁ’aervbeingstram:lf@cmdler
pri mer pal r. for t he end nous FBX015 | to_esti ceII rrber 5
EBNA 1 br et MO Gaedens G BPaBS: SSmaFibsEiErs) Haiges daE AR

AAG ACA T%Muﬁ@&%’é@ah@ MR A0k 1 EBNA R4S G, AT oA AGE.T 3 %@GCB (SEQ
| D NO 40) Fbx15 | ners detection of endogenous al I el es) hFbx15-2F GCC
AGG AGG TGP BCG @mr/&u@ Eee| BiRd #8ingoPHENA183 2RCAT [y T s T

AA (SEQ | RMBAD by adaihl 18sl ecATOUBY1AE EBNA e sl ﬁ%a@faforrect ed
by the cel'l count the reaction mxture calculated fromthe anmount of
Fbx15 amplTdimms) It- heAnunbertomecoplBbamlémmmﬁemedtm e iy ms104 cells
was cal cul ated The r re shown in. Fi.g Th o] h

cl ones was "v“br §$C §f l? &%l e%’aﬁh?d bXO'gh%e %%l@ﬁ%rmnfstgfa i ng t hat
only a veraeﬁwahtftamfouamooingxegenpns 0BNES: (Epysoirel1 WeCtEDT®) renmai ned 30
days after the transfection. 20Next, the sane experinent was perfornmed
except t hatInvHeE regeang Weawgagénéuﬁt treatige WRepeRBEled et calt 137°Fsi s
sol uti ons, ehi gl GOnShaLed o&f, | XeB¥r Tage i i 88 {Jakarmirwnd sl 6€0¢/d

protei nase K To anal yze established i PS cell S cells cultured in 60-nmm

di shes 225 agislesl Har waispeadnithile gedédksl eadaéewafq@rls eveealresioviegederincel | s
vmthCTKtr |1 wer e a | eg,~~and
t he cell qe%'t s%\t/r\lé:rr-eml??%gdt%bth 2%184" %S%Eférpé sorg%go (taelr}gcnrcﬁq‘% J%%H%L?Qatl on
at 55C forrp':h FEdrold emiedtleys, prant:lelthaseutiernatantzaWaQnramo%d: tihe | ysat es
were used for 30 the quantitative_ PCR analysis. W used

PCXLE- hFbyPERST S Shoadnild Takileh3nds HﬁchBﬂtﬁe} Wt m‘%e%?ﬁfj HENA- 1,
for standaift a@lisf WEdhigOMicroporator (AR BROWN). This transfer took

25 place using a 100 pL chip with three pulses at 1650 V for 10 ms.
The transfected cells were transferred to a 6-well culture
piate (Falcon) containing 3 mL of DMEM/10% FCS, and cultured
at 37°C in the presence of 5% CO, for 7 days. Subsequently,
the medium was removed, and the cells were washed by the

30 addition of 2 mL of PBS. After removing the PBS, 0.25%
Trypsin/1 mM EDTA (Invitrogen) was added, and a reaction was
carried out at 37°C for about 5 minutes. After the cells rose,
DMEM/10% FCS was added to suspend the cells, and 1x10° cells
were seeded to a 100 mm dish containing previously seeded

35 feeder cells. The feeder cells used were mitomycin C-treated
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Compared with the use of the conventional 6 genes

Sox2,

15

K1f4,

c-Myc, Lin28 and Nanog),

Furthermore, when 5 genes consisting of Oct3/4,

the establishment_

Myc, and Lin28 were used, the establishment efficiency

(Oct3/4,

efficiency increased with the use of additional p53 shRNA.
Sox2, K1f4,

L-

increased compared with the use of the conventional 6 genes.

As p53 shRNA was further added, the establishment efficiency

20

those obtained with the use of SNL76/7

Fig. 11 (TIG120 used).

still increased dramatically.

Results obtained with the»use of MEF as feeder cells and

Although iPS colonies

(MSTO) are compared in

(ES-like

colonies) could be established whichever of the feeders was

25 used,

a larger number of colonies were established with the
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h031: 314-as #10-25 ACCI CAGTTTGNGCATOVPONC (SEQ I D NGO 44) h013/4 (Tg)
hOC14- 1072 #74 74 ~Al1] CAAPCI CAC3TI V&3 (SEG I D NGO 45 B

TAGCGTM (SEG ID NO 46) F4 (d) hi4f4-S101
ACCCATCCT] TC, G k (SEO ID NO. 47) MA-KAM #43-9
TEGG AAT }CTI3 (SEQ ID NO 48) higf4 (Tg) hKLF4-S1380 //66-24 am

cct cgccit am Cat gmga(SEQ I D NGO 49)

Example 6
Confirmation of the presencé or absence of exogenous genes in

5 1PS colonies (1)

Five different iPS cells established by transferring
reprogramming genes using an episomal plasmid were examined
for the presence or absence of the integration of the
exogenous genes in the genome.

10 After becoming nearly confluent in a 6-well culture plate
(Falcon), the iPS cells were washed by the addition of 2 mL of
PBS. After removing the PBS, 400 pL of a genome recovery
buffer (50 mM Tris-HC1l, 20 mM EDTA, 100 mM NaCl, 1% SDS, 50
pg/mL proteinase K) was added to lyse the cells, and the cells

15 were recovered in a 1.5 mL tube, after which the cell lysate
was incubated at 55°C overnight. This was admixed with 150 uL
of PCI (a 25:24:1 mixture of phenol, chloroform and isoamyl

‘alcohol) for 15 minutes, and centrifuged at 13200 rpm for 10
minutes. The aqueous layer (the upper layer) was recovered and

20 mixed with 1 mL of ethanol. The resulting precipitate was
recovered in another tube, and this was used as the long DNA.
The remaining liquid deprived of the precipitate was
centrifuged at 13200 rpm for 15 minutes. The resulting
precipitate was used as the short DNA. Each DNA was washed

25 with 70% ethanol and dissolved in TE buffer to obtain a PCR
template. PCR was performed using TaKaRa EX Taqg (Takara Shuzo),
with 50 ng of the long DNA or 250 ng of the short DNA used as
a template in each reaction. The following primers were used
in combination.

30 Detection of K1lf4: hK1f4-S1016 ACC CAT CCT TCC TGC CCG ATC AGA
(SEQ ID NO:33)
hK1f4-AS1170 ATC ACA AGT GTG GGT GGC GGT CCT (SEQ ID NO:34)
Detection of c-Myc: hMyc-S547 GCC GCC GCC TCA GAG TGC ATC GAC
(SEQ ID NO:35)

35 hMyc-AS%47 CGA GTG GAG GGA GGC GCT GCG TAG (SEQ ID NO:36)
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#74- 73 TAGCGTA6MI3PCVACATAG (SEQ I'l) NGO 50) 14-70R  hSOX2 (ttal)
h932-S37"~ “~7 7”7 ""-_3catgi cceagcactaccaga(SEQ ID NO 5 I

31-72 T XCCAG GTB (SEGL ID NO 52) hS:oC
h9CDQ SYrb( bb-23) #66-23 ttcacal gtrecagcal accaga SEG | D NO. (3/ FMNZA. R2
#74- 72 TTIEtRRACE3 CE3C8AEANTLLSED FEPRPCERS : tPERGTIE Bt AW tGAQ- D27
#7159 COGACOARGHECRRECTETREC3¢ 5 E0 | D ND: 55)
pEP4-SR1 TCG GGG GTG TTA GAG ACA AC (SEQ ID NO:38)
5 At the time of detection of OriP, PCR was also performed

on controls prepared by adding 200, 20, or 2 fg of the plasmid
that had been transferred to the genome (50 ng) of the
starting fibroblast (“+plasmid” in Fig. 12). The results are
shown in Fig. 12. 1In any of the iPS cells examined, none of

10 K1f4 and c-Myc from the exogenous gene (Tg) and the vector
constituent OriP was detected in the long DNA (L in Fig. 12)
or the shdrt DNA (S in Fig. 12); it was estimated that the
episomal plasmid transferred had spontaneously been shed the
cell.

15
Example 7
Establishment of human iPS cells using episomal plasmid (5)

Fibroblasts established from skins from male and female

Japanese and Caucasian subjects at various ages (HDF) as

20 sources of somatic cells were transfected with 5 genes
consisting of Oct3/4, Sox2, K1f4, L-Myc, and Lin28, along with
p53 shRNA, using pCXLE-hOct4-shp53, pCXLE-hSK and pCXLE-hUL in
the same manner as Example 5. MSTO or MEF served as feeder
cells. The fibroblasts were supplied in two .forms, one with

25 mouse Slc7al incorporated therein, and the other without.
Human ES cell-like colonies that emerged on days 27 to 32
after the transfection were counted. The results (n=1 to 5)

are shown together in Table 4.
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hMK11- AS1145 #71-60 05Q 3G3 CTGC1IOGCACC3TUTG (SEO ID NO 56) hilii, c(Tg)
hi M c- 1PNRE #74 78 (331 GENGAUGGVar T/ C (SEO I D NO 57) ™' maamn w74 7

| TTG TT " (SR ID NO 58) hUnh28 (IAA) hLin:

POCCATAI TA3CCl CATG CCCC (SEC) 1D NO 59) 113129-AS #4- o

TCAAI TCTGREEECACGRGCAGGCTAM (sEo ID No: 60) hLin28 (Tg) hLin28 S502 #49- 64

Acoat cr Ar OSNPa(\)rﬁé:r ucr ocAggc égﬁG #Q:&‘IOCOQM No! AGRE- 70R

HDF1419 fetus F - 68.7 4
TIG121 8m M J 97 1
TIG120 6 F J 417 4
HDF1388 36 F c 3.4 5
TIG114 36 M J 4 1
HDF1429 45 M c 50 1
HDF1377 53 F c 26 1
HDF1437 56 M o] 47 3
HDF 1554 77 F c 12 2
TIG107 81 F J 3.5 2

! F: Female, M: Male

2 J: Japanese, C: Caucasian

_ In the table above, colony counts are shown as mean
numbers of colonies established per 1x10° HDFs. As is evident
from Table 4, it was found that iPS cells could be established
irrespective of the age, sex, and race of the cell source

10 subject. It was also found that iPS cells could be established

whether Slc7al was transferred (no separate data shown).

Example 8
Transfer of p53 shRNA using transient expression plasmid
15 The p53 gene is known as a cancer suppression gene;
functional inhibition of p53 for a long time potentially
increases the risk of carcinogenesis. Hence, an investigation
was made to determine whether iPS cells could be established
as with an episomal vector even when p53 shRNA was expressed
20 by means of a transient expression vector (an ordinary plasmid
vector lacking the EBNA-1 and oriP: hereinafter, the plasmid
vector).
A preliminary study was conducted to determine whether
there was a difference in the extent of disappearance of gene
25 expression between an episomal vector and the plasmid vector.
In the experiment, pCX-EGFP (supplied by Dr. Masaru Okabe at
Osaka University; FEBS Letters, 407, 313-319, 1997), pCXLE-
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#74-73 TAGOBTASBAPC3ACCMCATAG (SEO I D NO 62) Next, each of

PCXLE- hOrt 4- <hnR?  nCXLE- hSK and pCXLE-hUL, 5 which hac * " t he
transfec epared as a 106 copies/pL sol ution, tion
was seri al |¥Ea| lutea 10- fold. Wth each starting solution_and,seri al

di lution aBCERMpT RERARMAN Fampd ePER RRS PSFEGERER iR PRESBife nmanner.

For each rﬁPé;%’Qf@d“B;PQr&Wn%a 1HANAATd Sl ee WAS raeRepaked- é@FﬁWwé@éh of
the primer for nmeasuring the total anmount expressed and the priner set

for measurusedt h@nadayst %ﬁn@xd@enéugrgbnewéﬁpreme@lacrrhrelai@smtlsmm
f hiP
quantitat 'dllfl?laf% Ay eacxpresss100 fofNPd’E% %%%‘é%%é?ﬁ&ﬁ}%ﬁ' nngIl{'% t{fz%% WA

curve, e nu’nber 1'es” of "each

15 cal CU.cJ aﬁ@é‘k?lé&'@ ds)itraj w@uﬁowIe&s@daan@ot he ampnhleh €X0geNoUs
genes expresse gjlarlthm C028| of s of thls nun‘ger of copies on the S of
or di nat es BrES@hdtin 18P FiYg 10053/ aFPgnbeBRGES 23TE SR 11 41 -

Lin28) (theogrey zoneshivl caims MRIJIRSender whike obkBirbedf o ﬂeasgt son]),utA
| arge nunmber 20 of clones, including 4093-2 and 421C-1, were o served in

whi ch the ré@%@irﬁn s s speb Wasddowerre formPCXoEGEBt banoRoFokhal Pthen
2011/ 016588PCT/ 37 es vg% sap%/m t hat
choosing t eg C%EI I”s aﬁ?dmﬁggﬁggggﬁ#%nggg ff%%%g' H“ anple 12 5

Char act gr | Zradwon e)ipﬂ'msrm s idémsdeldrably szwemalfbaypaﬁaEQE'Psthad B6H
array anal er m_ne whet her pressi on pattern

o ror o0 e EIRE i IPESEoliBdbaanrPahoaney Trhre e | Spress

PCXLENhCct 448 aﬂ@@&rr@& andl PladfrdUedtofer flan f iR opt 8681 / veddis and
HDF), human ES cells, and the TIG and HDF used for the transfer, DNA

m croarray anal Y% meah peViestied tiend¥esr MeEe tR dekprmine, whehbeyoan

(2007). Th n i e are shown in
Table 7. fp%%%llldo%%g%%é%t?ggg@e@g%%ﬁ whef 16g%eg'tl g Jﬂ%éa clustering
anal ysi 5 blasats erhd fuesienr es plasntia azmmmtr expeessee mﬂ@f%um genes
are shown pn fl"%r 22.. Results of .scat g,rl ot _anal ysi s Sre shown in Fig.
23. The i PS5 CENE RGBT He FRISRG ane 5PESMeP Ve8P exhi bited an
expressi on(PptpEATE-Fovd SsHpB 3, hqic)@IE—ESK(;ebeLEaﬁﬂLwere t herefore proven
to be i PS ceIIs simlar to ES ¢ Resul ts of CCGH arra% anal ysi s

e

are shown HP(B(LEZ'K’O%%M&%IIES%KM Pﬁxﬁﬁemﬂﬁércﬁlﬂﬁﬁ‘é@rfﬁ?l’? transfer
showed no f mﬁ&eﬁ@wyﬁalﬂﬂép%s:eéblyarﬂﬁ%wegnanaksxsls,ﬁRfax Gohasdrstai §ENg

on sone cells reveal ed no abnor nal di ngs.
20 the U6 promoter of pSllencer (Ambion) ]

(c) pCXLE-hOct4-shpb53, pCXLE-hSK, pCXLE-hUL
(d) pCXLE-hOct4, pCXLE-hSK, pCXLE-hUL, pSilencer-shp53
For the transfer, 0.75 pg [(b) and (d)] or 1 pg [(a) and

(c)] of each vector was used (3 pg in total).

25 An 1PS cell was established in the same manner as Example
5 using a fibroblast established from a skin from a 36-year-
old Caucasian female (HDF1388) as a somatic cell, with MEF as
feeder cells. The transfer took place using Microporator and a
100 pL chip with three pulses at 1650 V for 10 ms. On day 27

30 after the transfer, the human ES cell-like colonies that had
emerged were counted. The results are shown in Fig. 14.
Comparing the combinations (a) and (b) (Epi versus Trans of
+M-L-N in Fig. 14), and the combinations (c) and (d) (Epi
versus Trans of +U-L in Fig. 14), there was no major

35 difference in the number of colonies established between the
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In the experinents descri bed above, the follow ng arrays. and scanner were
used: Arrov far hoemn GE: A112F Whol e Human Genonme M - 15
4x44K ( y for human CGH (4426B#14950 Hum

Mcroarray Kit 4x44K (Agilent) Scanner: DNA M croarray nner ., Model
&2539A 2) lF?IeP@aéhaﬁ%ﬂsﬂnaﬂﬂﬁceﬁémfﬁédttrﬁé‘séﬁﬁﬂ%?gl Heop5g| ﬁ}t‘?‘%t%‘h‘? stem

cel | markefige SICHAS /albml%O%%ctMNO%t a8d E@E{énswaees €Rht1 B9 £Bs! s.
The results of DP-derived epi-iPS cel I's are shown in Fig. 32A, and the
resul ts ofcélbramt dx afdrabldghesl weRd esens uaiagshbanplaskig. veoBOT ThHer

RT- PCR ana.&]ygre% é]eveal ed that epi- 25 i PSC cl ones express these genes at

| evel s conpara J?e to those in hESCs and retrovirus-derived i PSC cl ones. 3)
Bi sul fitse sequencing Genom ¢ DNA was extracted fromi PS cells after
renovi ng 30 feeder cells, and was anal yzed as described previously (K
Takahashi #fampie & | 131 861 (Nov. 30, 2007)). The DNA nmethylation |evels
of CpG si t]?sstékilifé}ﬁnéﬂtmaﬁ aips @R QEoHAH@@t‘é@rEuMpggtéﬁ ga1 est @ér H¥d4 and
DP cells, but were lowin epi-iPS and ES cells (Fig. 33 WO

2011/ 016588FET/FRidY (6TPES ) the hamemiLfoBRAPFBRAS V‘e examn ned the
differentiation potenti V]

with the CTK sol ut |tg1!L fq;] cgr??ﬂ F&gggs f#%e ce?ﬂtﬁgl P%t%shsve%a?eg%p}g ed in
DVEM Fl12. d&endtt ypeoffdeheelflomrf gemea loonf HEIAHA, GHLHﬁBdl BhAwew eand | ¥GAed

ot on B > B 3ReR TS SRR ol P, sl RSy By oF RS de

in PBS. Patad{dduLndirddecildhssyesuiar atsestruoogdvandi sy al madase tde11
hemat oxylin and eosin. The /o results are shown in Fig. 34. Histological

exnai nat i ohithfiadreahastapddshednass dgereibefaiBnds BAUL coRe i ne
Lissues of (f)] 41y.8s%00rB0e3y St 1ioN2loyd)/Re386Y! AlmEpideldduRe £dd | age.
nmuscl e, and gut-11ike epithelium (Fig 4 A B). 15 5) Invitro

differ ent |mulorHLA genotlypes tofotdler ewpededlilf fléneat andi tei at bebopam nagi c

neur ons carried . out u the serum.free culture of e oi d body-1ike
aggr egat es %ﬁ:eé} yrreftqheor(fo oﬁ%rﬁgdlenctyh Sog6rE %k/lﬁi?nﬁ?%??g %8 B
ant agoni sttihdfair 2HLrAcfdndtpdedaln ianhi Bitele6MinErapkneeé people] last em
Cell 3, 519 (2008)). For the induction of dopam negi c neurons,
di f f er ent i SRPEh Hediahhends prepared as fol | ows: DVEM F12 suppl ement ed with
5% Knockout Serum Repl acenent (KSR, Invitrogen), 2 nMglutamne, 25 0.1 nM
nonessential am no acids, and 0.1 mM 2-ner captoethanol. iPS cells were
di ssocizt etpbIr P single cells in Accumax (Invitrogen) and quickly
re-aggregated in the diff gepsLi ati on medi um suppl enented with 10 gM
Y-27632, 2 pM dorspmmmwm%ﬁég@sﬂ (Sigma) at a den5|ty of 9000
ceIIs/150 pweld

DP74 2402 5201 1202 1502 10%

DP94 1101 1501 0401 0406 1.5%

iPS cells were established in the same manner as Example
5 using five different plasmids for reprogramming: pCXLE-hOct4,
25 PCXLE-hSK, pCXLE-hMLN, pCXLE-hUL and pCXLE-hOct4-shp53. iPS
cells were also established by transferring the plasmid
described in Science, 324: 797-801 (2009) (Thomson’s mix). A
total of 3 pg of vector was used in each case; this transfer
took place using Microporator and a 100 QL chip with three
30 pulses at 1650 V for 10 ms. MSTO was used as feeder cells.
Photographs of iPS cells established by transferring
pCXLE-hOct4-shp53, pCXLE-hSK and pCXLE-hUL to DP74 and DP94
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30 using 96-well |ow cell-adhesion plates (LIPIDURE-COAT PLATE A- U96, NOF

Corporati~m Aftar R days of cultivation, cell aggreg:i at ed
with 10( and 20 ng/m Watl. From day 8, 20!

present to the nmedium On day 12, the aggr ated cells were collected and
t r ansf er r & ey 169 Ha- pd45y of e t PRl | B ¢ bl chike £FALH- 95 Mg thedi um

WO 2011/ O1GR88RGT o PO/ 63433 @H%UEQQ%@E::”&QB:H”&SQHE@&D' NthBZesults

suppl ement; Invitrogen)y with 200 ng/m SHH Thereafter, the nmedi um was:
changed t B sheirurmns Updse ndsft etdwil’h (¢agl/ rmpEtcad Shgure. negigatepFGF

on day 15. tThe catenl Iasn IR har]d §ee,qugoga¥og2 ﬁ‘@}gﬁ ﬁ%‘gﬁgh‘g@ﬁ&’g weld,. 5

chanber plates nS| er we I um Suppl erent ed
Wi th 2 ng/pdtHCRe mmghme BBNiG,. 460 gMidbeAPs/Pllaed 20§. g:MIa,sc’dnebl c acid.
Differentiated cells were fixed faor the |m*runos§>a| ni ng ‘(’1\&} ses on day 29.

Ve used prifISFaRSiRSdilsdment RELLChepEReNREoRPI2KIB %tra) Pax6
/o (Covancg)andretaldd 5%&4 R c%ﬁe\i%ra@ﬁgl?eee@&eb/ﬁ’r 0dygt $)K1EYS 0§¢ng¢c
P2a econdary

hydr oxyl ase (Chem con) Sigma), and VAMI-2 Pef Freeze)
ant i bodi esarcbrlmé’e&,eehmrtm WNt@x@@§8 ShMéﬁaSEﬁXLErh@VB‘lv@fiE@lseR?F%JsE -hSK

A6 o art i Rt sT U Semdl? A8raleatae 8% KA BT v,

The resglts are shown in Fig. 35. The majority of cells expressed t he
i mmat ure neural rremlg Nestin (Fig. 35B-A). Sone of the cells were still
prollferat re positive for Ki67 (Fig. 35B-B,C,D). Clusters of

i mmat ure r@iﬁﬁ.mﬁﬁﬂﬂo’iiw&h%o%)ﬂ@%bhb\éeoioébgéﬁ@e vhi ERogBRGUHBYSHiEs CHb |
clusters expressed a nmarker of dopam nergic neurons, tyrosine hydroxyl ase

(TH), fol |*R% rmpkardasmel®) vvlth i nduci ng factors, such as SHH and FGF8 (Fi g.

35B-E, 35B-F) 0 a d,, Wit I rs
e el IRy Si8ee pelesstiarcyptl brbpersesial il

35B- G Hsl ,ahdK)an 'ﬂmasf‘t(mtlem waBsmedhaVe thtepoirat hav thedéxpresnionmt e

into d -i PSCs, est abl j.shed b f the Y3
mxtur o ( R AT Re ok K KRS Ghr B S5 by Lt i T A Ler

simlar ar@iy%@dﬁ%fc%heceﬁwumunbgpraaawsl(fluaeekaéu@éypmﬂ@naﬂdy)T es @it ona
formation). a resul,t, EI-IPSCS were confirned to be comparable to

epi - i PSCs %%EPabllf} didd ‘bielhe Hee dralvreedP¥ibAGSe IHEXIESHOEF42ERP53,

PCXLE- hSK, rg&??k%mtﬂh) The analyshsuht SéxfesSsPESt I MErERInd R¥fe GhalRY 1S
shown in Table 011/016588PCT/JP201 /063733 Tabl e 8. Epi-i PS done

list. Geneolxgmldssishniiffertdet iexpiressCopyderoaacefigbieAgeeskex; RhckeFaet or s
RT-PCR M c10al) qy, BisUlid e nugbet Kapugt vpL a0 LY A S B, TsL et erbedops £EE

anal ysi s
low as 2.4°.

Subsequently, just after establishment by transfer of
pCXLE-hOct4-shp53, pCXLE-hSK and pCXLE-hUL to HDF, 18

25 different iPS clones were examined for the presence or absence
of exogenous genes.

A 0.2 mL tube containing 5 uL of a genome recovery buffer
(the buffer for TaKaRa Ex Tag supplemented with 167 pg/mL
proteinase K) was provided. On day 30 after transfection,

30 colonies of each iPS cell were physically dissociated from the
dish, and recovered in this tube. After the recovery, the tube
was incubated at 55°C for 3 hours to obtain a cell lysate.
After adding 10 pL of H,0, the lysate was heated at 95°C for 3
minutes to inactivate the proteinase K. This was used as it

35 was as a template for real-time PCR. The PCR was performed
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using SYBR Premix EX Taq II (Takara Shuzo). We designed a PCR
primer pair for EBNA-1 to calculate the copy numbers of the
episomal vectors, and another primer pair for the endogenous
FBX015 locus to estimate the cell number.

EBNA-1 primers (for detection of episomal vectors)

EBNA-183F ATC AGG GCC AAG ACA TAG AGA TG (SEQ ID NO:39)
EBNA-243R GCC AAT GCA ACT TGG ACG TT (SEQ ID NO:40)

Fbx15 primers (for détection of endogenous alleles)

hFbx15-2F GCC AGG AGG TCT TCG CTG TA (SEQ ID NO:41)
hFbx15-2R AAT GCA CGG CTA GGG TCA AA (SEQ ID NO:42)

While the amount of EBNA-1 amplified was corrected by the
cell count in the reaction mixture calculated from the amount
of Fbx1l5 amplified, the number of copies of episomal vector
per 1x10? cells was calculated. The results are shown in Fig.
19. The mean for the 18 clones was very low at 20.3%13.7
copies per 1x10* cells, demonstrating that only a very small

amount of exogenous genes (episomal vectors) remained 30 days

‘after the transfection.

Next, the same experiment was performed except that the
cells were passage cultured.

We prepared fresh cell lysis solutions, which consisted
of 1x Ex Taqg buffer (Takara) and 167 pg/ml proteinase K. To
analyze established iPS cells, cells cultured in 60-mm dishes
were harvested with a cell scraper after removal of feeder
cells with CTK treatment. The cells were placed into tubes and
centrifuged, and the cell pellets were lysed with 200 pl of
lysis solution. After incubation at 55°C for 3 h followed by
proteinase K inactivation at 95°C, the lysates were used for
the quantitative PCR analysis. We used the pCXLE-hFbxl1l5-cont2
plasmid, which has amplicon for both FBX0Ol1l5 and EBNA-1l, for
standard amplification.

The results of DP-derived epi-iPS cells are shown in Fig.
31A. We detected appfoximately 200 copies of the episomal

vectors per cell six days after transfection. In contrast, we
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were unable to detect any EBNA-1 DNA in five clones out of the
seven tested. In the remaining two clones, we detected -0.001
and 2 copies, respectively (Fig. 31A). The later clone is
likely to have integration of the plasmid into a chromosome.
The results of fibroblast-derived epi-iPS cells are shown
in Fig. 31B. 1In several clones, including 404C-2 and 409B-2,
we were unable to detect any episomal vectors. These data
demonstrated that in the majority of epi-iPSC clones, the

episomal vectors were spontaneously lost.

Example 11
Confirmation of the presence or absence of expression of
exogenous genes in iPS colonies

At the 5th to 9th passage after being established by
transferring pCXLE-hOct4-shp53, pCXLE-hSK and pCXLE-hUL to HDF,
9 different iPS clones were examined for the presence or
absence of the expression of the exogenous genes.

Total RNA was extracted from the iPS cells in one well of
a 6-well plate; 1 ug thereof, the primer dT (20) and the
reverse transcriptase Rever Tra Ace (TOYOBO) were used to
reverse-transcribe the mRNA to a complementary strand DNA. The
final volume of the reaction product was 20 pL. Added to this
reverse transcript was 60 puL of H;0. Quantitative PCR was

performed for each transgene with 1 pL of the reaction product
(equivalent to 12.5 ng of RNA) as a template, and with SYBR

Green II as an indicator, using the primer sets shown in Table
6 below, one for measuring the sum of the amount of exogenous
genes expressed and the amount of endogenous genes expressed
(total amount expressed), and the other for measuring the
amount of exogenous genes expressed. The PCR amplification
conditions used were as follows: 1 cycle at 95°C for 30 seconds,
followed by 50 cycles at 94°C for 10 seconds, 60°C for 10

seconds, and 72°C for 30 seconds.
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Table 6
hOCT34 (o) |hOct3/4-S944 #1056 |OOCCAGGACCCCAITTIGGIACC (SEQ ID NO: 43)
hOd34-as #1025  |AOC TCAGIT TGAATGCAT GAGAGAGC  (SEQ ID NO: 44)
hOdt3/4(Tg)  |hOCTA-1072F #7474  |CATTCAMCTGAGGTAAGGG  (SEQ ID NO: 45)
WPRE-TOR HAT3 | 1AGCGI AMAAGAGCAICAIAG  (SEQ ID NO: 46)
hdLF4 (told)  |hd-S1016 #6088 |AOCCAICCTTCC TGCOOGATCAA  (SEQ ID NO: 47)
hKif4-AS1048 #394  [TIGGIAAIGGAGOEGCEGGACTIG  (SEQ ID NO: 48)
hiKif4 (Tg) hKL4-51380 #624 |ccactogectacacatgaaga (SEQ ID NO: 49)
WPRE-TOR HAT3  |TAGOGI AMAACGAGCAICATAG  (SEQ ID NO: 50)
hSOR (iotal)  [hSOXe-S875 #5623 |tcacatgtoccagcattaccaga  (SEQ ID NO: 51)
HsSo2-AS #31-12 TCACAT GIGTRAGAGGEGCAGTGI GC  (SEQ ID NO: 52)
hSo2 (Tg) hSOXO-S875(66-23) [#6623  [tcacatgtoccagcadaccaga  (SEQ ID NO: 53)
AVDV2AR2 #7472 |[TITGITTGACAGGAGOGACAAT (SEQ ID NO: 54)

h-MCioa) hwCL1-51027 #7158 GOGAAC OCAAGACCCAGGCCTGCTCC  (SEQ ID NO: 55)

hWCL1-AS1145 #7160 CAGGOGGIC TGC TOGCACCGTGATG  (SEQ ID NO: 56)

hLMc(Tg) hLMc-1005F #1476 |CCCTGAGMAGIGGATGCTAC  (SEQ ID NO: 57)
AVDV2AR2 #7472 |TITGITIGACAGGAGCGACAAT  (SEQ ID NO: 58)

hLin28 (o)  |hiin28 S502 #1964 |AGOCATAIGGIAGCCTCAIGIOOGC  (SEQ ID NO: 59)
hLIN2B-AS #4716 TCAAIT CTGTGC CTCOGGGAGCAGGGTASG (SEQ 1D NO: 60)

hin28(Tg)  |hlin28 S502 #9564 |AGCCATAIGGIAGCCICAIGICCGC  (SEQ ID NO: 61)
WPRE-TOR H#IA-T3 TAGCGT AMAGGAGCCACATAG  (SEQ ID NO: 62)

Next, each of pCXLE-hOct4-shp53, pCXLE-hSK and pCXLE-hUL,
which had been used for the transfection, was prepared as a 10°
copies/pL solution, and this solution was serially diluted 10-
fold. With each starting solution and serial dilution as
templates, quantitative PCR was performed in the same manner.
For each reprogramming gene, a standard curve was generated
for each of the primer set for measuring the total amount
expressed and the primer set for measuring the amount of
exogenous genes expressed. The results of guantitative PCR for
each iPS cell were converted using this standard curve, and
the number of copies of each gene per 12.5 ng of total RNA was
calculated as the total amount expressed and the amount of
exogenous genes expressed. Logarithmic plots of this number of
copies on the axis of ordinates are shown in Fig. 20 (Oct3/4)
and Fig. 21 (Sox2, Kl1f4, L-Myc, Lin28) (the grey zone
indicates values under the limit of detection). A large number
of clones, including 409B-2 and 421C-1, were observed in which

the expression level was under the limit of detection for all
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exogenous genes examined. It was shown that choosing these

cells allows utilization of safer iPS cells.

Example 12
Characterization of human Epi-iPS cells
1) Microarray analysis and CGH array analysis

To determine whether the gene expression pattern differed
among the human iPS cells established by transferring pCXLE-
hOct4-shp53, pCXLE-hSK and pCXLE-hUL to dermal fibroblasts
(TIG and HDF), human ES cells, and the TIG and HDF used for
the transfer, DNA microarray analysis was performed as
described in Cell, 131, 861-872 (2007). The correlation

coefficients between the various cells are shown in Table 7.
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Results of a cl&stering analysis based on differences in
the amount expressed among various genes are shown in Fig. 22.
Results of scatter plot analysis are shown in Fig. 23. The iPS
cells established using an episomal vector exhibited an
expression pattern similar to that of ES cells, and were
therefore proven to be iPS cells similar to ES cells.

Results of CGH array analysis are shown in Fig. 24. A
comparison with the TIG cell used for the transfer showed no
major abnormalities. A karyotype analysis by G band staining
on some cells revealed no abnormal findings.

In the experiments described above, the following arrays
and scanner were used:

e Array for human GE: G4112F Whole Human Genome Microarray Kit,
4x44K (Agilent)

e Array for human CGH: G4426B#14950 Human Genome CGH Microarray
Kit 4x44K (Agilent)

e Scanner: DNA Microarray Scanner, Model G2539A

2) RT-PCR analyses

We examined the expression of pluripotent stem celi
markers, such as OCT3/4, S0OX2, NANOG, and ESGI1, in the epi-iPS
cells. The results of DP-derived epi-iPS cells are shown in
Fig. 32A, and the results of fibroblast-derived epi-iPS cells
are shown in Fig. 32B. The RT-PCR analyses revealed that epi-
iPSC clones express these genes at levels comparable to those

in hESCs and retrovirus-derived iPSC clones.

3) Bisulfite sequencing

Genomic DNA was extracted from iPS cells after removing
feeder cells,'and was analyzed as described previously (K.
Takahashi et al, Cell 131, 861 (Nov. 30, 2007)).

The DNA methylation levels of CpG sites in the promoter
region of NANOG were high in parental HDF and DP cells, but
were low in epi-iPS and ES cells (Fig. 33).
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4) Teratoma formation

We examined the differentiation potential of epi-iPSCs in
vivo. The cells were harvested with the CTK solution and
centrifuged. The cell pellets were resuspended in DMEM/F12.
Half of the cells from a confluent 60-mm dish were injected
into the testis of a SCID mouse (CREA, Japan). From 8 to 12
weeks after injection, tumors were dissected, and were fixed
with 4% paraformaldehyde in PBS. Paraffin-embedded tissues
were sectioned and stained with hematoxylin and eosin. The
results are shown in Fig. 34. Histological exmaination
confirmed that these tumors were teratomas and contained
tissues of all three germ layers, including neural epithelium,

cartilage, muscle, and gut-like epithelium (Fig. 34 A, B).

5) In vitro differentiation

In vitro-directed differentiation into dopaminagic
neurons was carried out using the serum-free culture of
embryoid body-like aggregates (SFEB) method combined with
double SMAD inhibition by a BMP antagonist and an
Activin/Nodal inhibitor (M. Eiraku et al, Cell Stem Cell 3,
519 (2008)).

For the induction of dopaminegic neurons, differentiation
medium was prepared as follows: DMEM/F12 supplemented with 5%
Knockout Serum Replacement (KSR; Invitrogen), 2 mM glutamine,
0.1 mM nonessential amino acids, and 0.1 mM 2-mercaptoethanol.
iPS cells were dissociated into single cells in Accumax
(Invitrogen) and quickly re-aggregated in the differentiation
medium supplemented with 10 puM Y-27632, 2 uM dorsomorphin, and
10 pum SB431542 (Sigma) at a density of 9000 cells/150 pl/well
using 96-well low cell-adhesion plates (LIPIDURE-COAT PLATE A-
U96, NOF Corporation). After 5 days of cultivation, cell
aggregates were stimulated with 100 ng/ml FGF-8 and 20 ng/ml
Wntl. From day 8, 200 ng/ml SHH was present to the medium. On
day 12, the aggregated cells were collected and transferred to

a 60 mm poly-ornithine/laminin-coated dish in NB medium
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(Neurobasal medium containing B27 supplement; Invitrogen) with
200 ng/ml SHH. Thereafter, the medium was changed to NB medium
supplemented with 1 ng/ml FGF-20 and 12.5 ng/ml bFGF on day 15.
The cells were harvested on day 22 and seeded onto 8-well

5 chamber plates at a density of 2 x 10°> per well in NB medium
supplemented with 2 ng/ml GDNF, 20 ng/ml BDNF, 400 pM dbcAMP,
and 200 pM ascorbic acid. Differentiated cells were fixed for
the immunostaining analyses on day 29. We used primary
antibodies for Nestin (Chemicon), Ki67 (Novocastra), Paxé6

10 (Covance), betalII-tubulin (Covance Research Products),
tyrosine hydroxylase (Chemicon), MAP2ab (Sigma), and VAMT-2
(PelFreeze). Secondary antibodies conjugated with Alexa488,
Alexa594, or Cy5 were used as appropriate. To visualize nuclei,
200 ng/ml of 4’,6’-diamidino-2-phenylindole (DAPI) was added

15 to the final wash.

The results are shown in Fig. 35. The majority of cells
expressed the immature neural marker Nestin (Fig. 35B-A). Some
of the cells were still proliferating and were positive for
Ki6é7 (Fig. 35B-B,C,D). Clusters of immature neural cells were

20 positive for Pax6, while more mature cell clusters expressed a
marker of dopaminergic neurons, tyrosine hydroxylase (TH),
following treatment with inducing factors, such as SHH and
FGF8 (Fig. 35B-E, 35B-F). TH-positive cells also colocalized
with the neural markers Tujl and MAP2ab, and the dopamine

25 transporter VMAT2 (Fig. 35A-E,F,G, 35B-G,H,I,J,K). Therefore,
epi-iPSCs have the potential to differentiate into
dopaminergic neurons. The epi-iPSCs established by the use of
the Y3 mixture (pCXLE-hOct4, pCXLE-hSK, pCXLE-hUL) were also
subjected to a similar analysis (RT-PCR, Copy number analysis,

30 karyotyping and Teratoma formation). As a result, epi-iPSCs
were confirmed to be comparable to epi-iPSCs established by
the use of the Y4 mixture (pCXLE-hOct4-shp53, pCXLE-hSK,
pCXLE-hUL). The analysis list of respective epi—iPSC clones is

shown in Table 8.
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‘ND, we could not detect RPE differentiation in-our differentiation protocol (N.= 1).

Example 13
Establishment and cultivation»of iPS cells under xeno-free
5 conditions (in the absence of heterologous ingredients)

In utilizing iPS cells established using an episomal
vector in the field of regenerative medicine, a key resides in
the establishment and maintenance of iPS cells under xeno-free
conditions. Hence, investigations were made as described below.

10 1) Use of dental pulp stem cell line as feeder cells

It is known that a human iPS cell can be established and
maintained even when a human dermal fibroblast (HDF) that has
been used for transfection is used as feeder cells [Takahashi
et al., PLoSone, vol.4, issue 12, e8067 (2009)]. This is

15 highly significant in_considering clinical applications
because the use of autologous feeder cells enables the
maintenance of iPS cells under xeno-free conditions. Hence, an
investigation was made to determine whether the dental pulp
stem cell line DP74 could serve as feeder cells. The iPS cell
20 used was a human iPS cell established by transferring pCXLE-
hOct4-shp53, pCXLE-hSK and pCXLE-hUL to HDF. The culture broth-
used was a medium prepared by adding bFGF (Wako) to an
ordinary primate ES cell culture medium (ReproCELL) at 4 ng/mL
(hereinafter ReproCELL medium). Photographs of cells after 1
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iPS cell used was a human iPS cell established by transferring

PCXLE-hOct4-shp53, pCXLE-hSK and pCXLE-hUL to HDF. Photographs
25 of cells after 1 passage are shown in Fig. 27. Whichever xeno-

free media were used, the ES-like morphology was maintained.

Example 14
Transfection under xeno-free conditions
30 An investigation was made to determine whether xeno-free
conditions serve the purpose not only after iPS cell
establishment, but also before iPS cell establishment, i.e.,
at the time of reprogramming gene transfer to a somatic cell.
In a preliminary study, pCXLE-EGFP was transferred to

35 DP74 using Microporator. The xeno-free medium used was StemPro
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25 of 1850 VvV, 20 ms, 1 pulse. However, when the conditions were
changed to 1200 Vv, 30 ms, 2 pulses, the cell survival rate and
transfer efficiency increased. Hence, the latter conditions
were employed for the transfection that followed.

The three different plasmids pCXLE-hOct4-shp53, pCXLE-hSK

30 and pCXLE-hUL were used for reprogramming. In the experiments,
the dental pulp stem cell line DP74 was used. The DP74 line
was cultured and maintained at 37°C in the presence of 5% CO;
in a CELLstart-coated 100 mm culture dish using StemPro MSC-
SFM as a culture broth. At the time of plasmid transfer, the

35 medium was removed, and the cells were washed by the addition
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10 three different plasmids (1 pg each, 3 pg in total) were

transferred to the cells using Microporator. This transfer
took place using a 100 pL chip with two pulses at 1200 V for 30
ms. The transfected cells were transferred to a CELLstart-
coated 6-well culture plate (Falcon) containing 3 mL of

15 StemPro MSC-SFM, and cultured at 37°C in the presence of 5% CO;
for 7 days. The medium was then removed, and the cells were
washed by the addition of 2 mL of PBS. After removing the PBS,
TripLE select‘(Invitrogen) was added, and a reaction was
carried out at 37°C for about 5 minutes. After the cells rose,

20 StemPro MSC-SFM was added to suspend the cells, and the cells
were recovered into a 15 mL centrifugal tube. The suspension
was centrifuged at 800 rpm for 5 minutes, and the supernatant
was removed. After the cells were again suspended in StemPro
MSC-SFM, 1x10° cells were seeded to a 100 mm dish under the

25 various conditions shown in Table 9. The following day, the
medium was replaced with the media shown in Table 9; this
medium exchange was continued every 2 days. Photographs of the
human ES cell-like colonies that emerged on day 26 after the
transfer are shown in Fig. 29.

30
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Whichever media and feeder cells were used, iPS colonies
5 could be established. The results for Nos. 4 to 6 (all
obtained under xeno-free conditions) in Table 9, in particular,
demonstrate that an iPS cell can be established and maintained
from a dental pulp stem cell under virus-free conditions using
episomal vectors, and under completely xeno-free conditions

10 from the time of transfection.

Example 15
Establishment of iPS cells from human peripheral blood
mononuclear cells.

15 Three microgram of expression plasmids (one microgram of
pCXLE-hOct4-shp53, pCXLE-hSK and pCXLE-hUL) were
electroporated into freshly isolated peripheral mononuclear
cells (5.0x10%) with Nucleofector (Lonza) with Human T cell kit
according to the manufacturer's instructions. We used

20 condition of program V-24. Six hours later, transfected blood
cells were stimulated with cytokines (IL-6, sIL-6R, SCF, TPO,
Flit3/4—ligand, and IL-2) and anti-CD3/CD28 antibodies. After
2 days, the cells were seeded onto 6-well plate covered with
MEF feeder. Culture medium was then gradually changed from X-

25 vivo 10 supplemented with IL-6, sIL-6R, SCF, TPO, Flit3/4-
ligand, and IL-2 to hES medium after seeding as illustrated in
Fig.36a. Colonies were photographed on day 29 (Fig.36b). We
could establish human iPS colonies that had a flat hESC-like
morphology. _
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Exanpl e 15 Establishnent of iPS cells from human peri pheral bl ood
rTDnonuc| nnnnn Il e 1EThran m Ar nnr am nf Anvnr nceci nn Nl aerm Ae fAana m ~Ar Ogr am
of pCXL it o
freshl Y 1SOlatea peripneral nmononuciear celrrs (o0.UX1luo) win Nucl eor ect or
(Lonza) with Human T cell kit according to the manufacturer's instructions.
W used 20 condig o th_epEQGEéHt_Vir%f’en@dh Rur sebat gesctipasfweiaied bl ood
cells were stinulated with cytokines (IL-6, slL-6R SCF, TPQ,
Flit3/4-1igemwsisnen prefenned semboddm@nts?28 14ni f boldy Eaus Afq éhogedays, the
cell's weregs

S

' 0N 6- wel i ﬁ?sd , | ture nmedi um
was then gr alg@%%dﬁgc%gﬁggggfé%% Qgh%z%(}v\él%\r?gqu %ﬁkﬁ%ﬁlﬁ%n ed W tg% | L-6,
sl L- 6R, sSGhodifR@d.Fl Tha/greddrgadaveandoh Li2t¢rmdhERaredhenpatsent seedi ng as
illustrated in Fig.36a., Col onies re phot ographed on d 29 (Fi g.36b). W
coul d ot ST e BS BOPoT el Boh AR AaASnor et TESCA190E RErpRaPaty.
WO 2011/ 0146p&RRGE1IRA02A4063dSeht speci takeohhe AR NG BY ebhé Oprdasnieen
described with enphasis on preferred enbodi nents, it is obvious to those
skill ed i ninveatdon eRgempPaase? ol MadidiradiRBAt SNEAPHE S fvditheedisthe
pr esent ir%é.ﬁpt' I nt-e . t », nventi on can be enbodi ed by
nmet hods ot her gt 5t oggédgeéé%r?%%ﬁ ﬁ]ﬂgg?éil in the present specification.
Accordimgly, the present invention enconpasses all nodifications
enconpassed in the gjst .and ope of the ended " CLAI M5. " 10. . In
2aa 1 on. t he Gt AL R G080 PR ERY SpRRRELREFOn Tt PRY REVEHFELIRRI udi ng
patents angh fad edrapp! iieRllivesg paecheselyd paeeper applicatibes) are

entireties by reference, to the extent that they have been discl| osed

herei n. 15ereby imgauponsfiadcdty sheils BRS&gSEASE. BY pRESFeReRal tpathat
appl i cat i o N9% 1GHR23hA0% A0 HBLh30T 396 schngecauLENt S Of which are
hereby incorporated by réeference. WO 2011/016588PCT1JP20101063733 d ai ns
1. A netshod of producing an i PS cell, conprising bringing (a) Cct3/4 or a
nucl ei ¢ acid that, encodes. the.sane h) fa 5 nucl ei [ hat
encodes the sarrglfh]asnaa}f%?l%%giogr 13 %&csleélconagls'd?t h%fggﬁg%) ggit %gtts?glr}:e, as
well as (dpplidgeion HoBuCleai/23xGiaD2 hadd earpdes, Bhe,same anditgnt€l29fa
functional inhibitor of p53, into contact with_a somatic cell. /o 2. The
met hod accBttFhg2E® E?éiefhyl,mﬁﬂrtpr?e‘rafc%pt?i’sFﬁSeBF‘Pﬁ&i-ng (e) Lin28 or

Li n28b or a nucleic acid that encodes the sane into contact wth the
somatic cell. 3. The nethod according to claim1l or 2, wherein the 15
functional inhibitor of p53 is a nucleic acid selected fromthe group
consisting of si RNAs and shRNAs agai nst p53 and DNAs that encode the sane.
4. The nmethod according to claim2 or 3, conprising
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Claims

A method of producing an iPS cell, comprising bringing (a) Oct3/4 or a nucleic acid
that encodes the same, (b) KIf4 or a nucleic acid that encodes the same, (c) Sox2
or a nucleic acid that encodes the same, (d) L-Myc or a nucleic acid that encodes
the same, (e) a functional inhibitor of p53, and (f) Lin28 or Lin28b or a nucleic acid

that encodes the same, into contact with a somatic cell in vitro.

The method according to claim 1, comprising transferring (a) a nucleic acid that
encodes Oct3/4, (b) a nucleic acid that encodes Kilf4, (c) a nucleic acid that encodes
Sox2, (d) a nucleic acid that encodes L-Myc (e) a functional inhibitor of p53, and (f)

a nucleic acid that encodes Lin28 or Lin28b, to a somatic cell.

An iPS cell induction promoting agent comprising (a) a nucleic acid that encodes
Oct3/4, (b) a nucleic acid that encodes Kilf4, (c) a nucleic acid that encodes Sox2,
(d) a nucleic acid that encodes L-Myc, (e) a functional inhibitor of p53, and (f) a

nucleic acid that encodes Lin28 or Lin28b.

The method according to claim 1 or 2 or the agent according to claim 3, wherein the
functional inhibitor of p53 is selected from the group of an siRNA against p53, an
ShRNA against p53, a DNA that encodes an siRNA or shRNA against p53, and a

nucleic acid that encodes a dominant negative mutant of p53.

The method according to claim 2 or 4 or the agent according to claim 3 or 4, wherein
at least one nucleic acid selected from the group consisting of the foregoing (a), (b),
(c), (d) and (f) is transferred in the form of an episomal vector.

The method or agent according to claim 5, wherein the episomal vector is a self-
removal vector shedding from the iPS cell by the 5th passage at a frequency of 50%

or more.

The method or agent according to claims 5 or 6, wherein at least (d) and (f) are
included in the same episomal vector, and are joined polycistronically in the order

of (d) and (f) in the orientation from 5' to 3.

The method or agent according to claim 5 or 6, wherein the number of kinds of
episomal vectors introduced into the somatic cell is three or more, wherein (a) is
incorporated in a first kind of vector, (b) and (c) are incorporated in a second kind

of vector, as well as (d) and (f) are incorporated in a third kind of vector.
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9. The method or agent according to any one of claims 5 to 8, wherein the episomal
vector has loxP sequences placed in the same orientation on the 5' and 3' sides of a
vector constituent essential for the replication of the nucleic acid.

10. The method according to any one of claims 1 to 2 and 4 to 9 or the agent according
to any one of claims 3 to 9, wherein the somatic cell or the iPS cell is a human cell.

11. The method according to claim 10, comprising culturing a cell in the absence of an
ingredient from a non-human animal during the period from contact of the foregoing

factors (a) to (f), with the somatic cell to the establishment of an iPS cell.

12. The method according to claim 11, wherein human cells are used as feeder cells, or

wherein no feeder cells are used.

13. The method according to claim 12, wherein the feeder cells are derived from the same

individual as the somatic cell.

14. The method according to any one of claims 1-2 or 4 to 13, wherein the nuclear
reprogramming substances used exclude Nanog or a nucleic acid that encodes the
same; or the agent according to any one of claims 3 to 10, wherein the agent excludes
a reprogramming substance which is Nanog or a nucleic acid that encodes the

same.
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