{DESCRI PTION} {Title of Invention} METHOD OF NUCLEAR
REPROGRAMM NG { Techni cal Field} {0001} The present

w0 moensioon relates to a nethod of reprogranmm NECEJIP2009/058873
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i%km& and producing an induced pluripotent stem
elr. ac g}round Art} {0002} Established from human
OTinbeisef eharten teirdr}y OFETHEMD IOF0 NUCLEARNREPROGRANEEING
mllég.are capahl e of being cultured for a long tine
PR TSNy their potential for differentiating
[opor1pll types of cells found in a living organi sm

Wth this feature, human ES cells are expected to
serve The rEgdenty daysinddoat reaather 4pi @ smeBRodeRly

i i nel udj R i_nson’ ' j uyeni
HrEf0EEEm il SRR Y Nediotnd PLi8Rne! Y Mhdfeea
plantpdtaaitatdtem pesds t he probl em of causi ng
gg%ﬁ(:ecti ons. as q‘ﬁ" th organ transpl antati on.

']f‘?]b?}%ﬂq%r ot a few peopl e oppose the use of ES
cebds) established with the destruction of a human

enbryo, from an ethical viewpoint. {OOOSi If the dedif .
f er entb 3V Bred frem bwmag esnRPHESceATLY | e FYRRedmbryonic

5 S(%é”‘ﬂé .S’Hﬂscedejl 990.%%%5%!a%gP@EUBEpﬂﬁfﬁgyc?Mreé% for a long
proliferating capability si ar to those of an
tiehé (ihekeime irttesaicg thedrepoébetiell foradiffenerceihating into

-urj pot ent_ st | s". (iPS cell: d, i
FLYBRE R RIS Ed0 arlenisant PRESCLTT L HFE this
tEShike Helds'Bs ddie sesirabkikpbedegetbssabté fer useful

as ideal pluripotent cells that do not pose the _
PFORTRIAN GHE 18} ddarard esnd oat Rrey| dig8ae’s, | Ineeding

Y8Rk Snsdid’ has Nesn r epQihed et tag%%;%E’éss:eéh& fé"ﬁ‘k%}f&

produced from nouse and human erentiated ce sa,“
B8 ot hot rarestl aatttadrionopogkest éheaprohaém Paf errusing rejections

0P 68190 PUBLL G300 0. YOR00LI 99085, C2Lles 1260 pecpie
SepeseeshBlfse pf FEOL21192@st26075ndEt Mith ¥, d@ftruction of

141- 146, 2008). . . .
a human embryd, from an ethical viewpoint.

{0003}

However,

If the dedifferentiation of a patient’s somatic cells is
induced to establish cells possessing pluripotency and
proliferating capability similar to those of an ES cell ‘(herein
these cells are referred to as “induced pluripbtent stém cellé"
(1PS cells), and sometimes referred to as “embryonic stem cell-
like cells” or “ES-like cells”), the established cells will be
useful as ideal pluripotent cells that do not pose the problems
of rejections and ethical issues. In recent years, it has been
reported that iPS cells can be produced from mouse and human
differentiated cells, arousing great attention (International
Patent Application Publication No. W02007/69666; Cell, 126,
pp.663-676, 2006; Cell, 131, pp.861-872, 2007; Sciénce, 318,
pp.1917-1920, 2007; Nature, 451, pp.1l41-146, 2008).

{0004}
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{0004} All these nmethods conprise the step of
introducing a plurality of particul ar nucl ear

wo Bpy/egpanm ng factors (e.g., in Cell, 126, prctlrbds/0sss73

2006, ﬁ factors are used: Cct3/4, Sox2 KIf 4, and
c- My litnt eﬁeSBﬁEPPQSc‘é‘P‘FmEJoseacWeev%ter%&%g‘P&rﬁﬂdﬁglng a

@Mﬁﬂgll%@96f|5¥9E¥§§lSPGnM§Fbé¥ fep (g HaFors (e.g., in
lentivirus fo urpose of intro u0|ng e genes

GeHdt: eRGedept ﬁelﬁucg@%, r & kg awe fusstdr PAtH/d ., aSox2,
Kﬁ%at 'a?ldc%l L’J Ef iﬁjcgny é(o ipi@vg l %&Caeclg.eQI%t q:%l Ir\él%;gf)énunlng,

sinfg a vital Vet T nvolves sa y | SSU€es
whnmanmm@pfanvdévehopheguaenﬁfhmdt@ﬁr¢v1xhﬂndn;a RSnt1v1rus for

| t hout | t S
R ENCFBRF Dret AhFRaC HOOHR S TO0bSY T SHEadF sbfoapclear

Rp i aRn@sgNEabBYeBt i RRct @ PERYE fe @eﬁ?téﬁEhéﬂently However,
produci ng an_i PS cel |l by reprogranm ng a somatic cel

SANCfo gENgs ARG 1IHC YV r aFingcd on-@anhV%%tcar rigtrdigsysafety issues,
éﬁgyeuH'og hgmgﬁakaPidéS£%§? #1 cgréﬁﬁgf&éing 1PS
ve the pro

exten3|vely I nvestigated t
apdder Wwhetoaboueingnd vooamd véatomn i PS cell can be

oduced hy introducjn enes that encode
E{ §?aﬁ%iﬁbef28Y8Pél$ﬂ?o a somatic cell by means of
(@ oirivanalpreyspemssi on vector such as a plasmd

vector, and that a safe i PS cell can be obtained from
@09rmtic cell by the method. The present invention

has b%%nlgeﬁﬁleﬁﬁgcgn%fh@h@ é%éﬁttrﬁﬁgigldﬂth9§rov1de a

{0007} Accordingly, e present I nvention provid
nwém@@dO@fpppddqcnggaaan&dg@bb myLwegxngmammmngwmcebmatic cell

nprising the ste trodu ast ;one ki nd
%hﬁgﬁ yF%aP 8xp%5§%|o%cv%%tdf i orpora N "> I east

(A ugene thatreptefes a reprogranmng factor into a
somatic cell. {0008} In a preferred enbodi nent, the
{ﬂp ¥&dnt i nventi on provi des t he above-descri bed nethod

wher et ot B UBAEOL Sv8h€oPONeMddively investigated to solve
the problems described above, and found that an iPS cell can be
produced by introducing genes that encode reprogramming factors
into a somatic cell by means of a non-viral expression vector
such as a plasmid vector, and that a safe iPS cell can be
obtained from a somatic cell by the method. The present
invention has been developed on the basis of these findings.
{0007}

Accordingly, the present invention provides a method of
producing an induced pluripotent stem cell, comprising the step
of introducing at least one kind of non-viral expression vector
incorporating at least one gene that encodes a reprogramming
factor into a somatic cell.

{0008}

In a preferred embodiment, the present invention provides

the above-described method wherein the vectors are non-viral

expression vectors autonomously replicable outside a
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expression vectors autononously replicabl e outside
achronosone; and the above-descri bed net hod wherein

wo fwonsotor is a plasmd vector. {0009} In anogdmBIP2009/058873
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ref erred enmbodi nent he .present .inventio rovi des

£t Gt R Rl HeABRREF B TRERGanh B e vector
BNcodesadniide preagfoanm ng factor is one of genes
selected by a nethod of screening for nucl ear
e Q%branning factors described in WO 2005/ 80598 or a

conbi nat i Qb e ra plafedrblY efbodUfbngeNESe ¥kdMe invention
above- descri bed net hod wherein the gene that encodes a

Pepiristpamiiegioverelesics ibad pethed ewkérelsn ofhgegrize that

f t r.oup [.StLn f _an faml
SREREG AR AP SRRRLEL L 10n o £l 1Ak by o
etthdd gensreeniing ffam hycleae, raptodhemiNamp of fete;s described

B Iy DA, SRR 1L PED PP S genes

P Ui | A ve Riceiceri dbly mat RBAPVRaLE PR Bfe fQile A HADI&icodes a
ki nds of genes . {0010} More preferabl e conbinations

RRrqganninshifiasdoirod soPnewer kinptie bindgeres gonss stqluyted

t ] | .and X LY. gene; (b) ;
%%Or{‘@intnh%igo{l T ct)(D %gg%l%lﬁﬁdg%o Rg%{:lggk %:%ln s(%r}l%’ i e}_(alnf family
dagie f aam3ox gaand,lyagéhk, f anMiyy femely apehe, SoXLfranfidmily gene,

: nbi nat i | f Ki nd f. .
Eoheind Neg'sr FoRetn PRaRrPY ehecomo RaTE 1ol T imdsings of
Sned amdne Qﬁ'&er&'b‘igaawwﬁﬂﬂé{:i(oﬂe@ﬁ;tl{ﬂée &inds of genes,

conbi nati on of four kinds of genes consisting of an

et ¥gnanl yarelegabdy prafPTpigehiton L£fifPuamy yofeh&inds of
d he Nanog gene; (e) a conbination of six kinds of

genes consisting of an Cct famly gene, a KIf famly

gEh} a Sox famly gene, a Myc famly gene, a Lin

fam | ene d & e Nan ne; and tre like. . . .
Fur I Brete b lS SERRTRRERGe Sh e [l hee T aEeR of tvo
it afl/qndshech¥d@tiagget TaanbtgefafiEle déhd thd a Sox
conmbi nation. A s the case may be, it is preferable to
BT 1@t By CoPRABatPapt PEUFRFES prRd®erdkdienes
S Ratd Poxr Hheeef f%fn@lg gepbi natkop PIniMp s Lfa a sox
genes consisting of Oct3/4 and
family gene; (c) a combination of four kinds of genes
consisting of an Oct family gene, a K1f family gene, a Sox
family gene, and a Myc family gene; (d) a combination of four
kinds of génes‘consisting of an Oct family gene, a Sox family
gene, a Lin family gene, and the Nanog gene; (e) a combination
of six kinds of genes consisting of an Oct family gene, a K1f
family gene, a Sox family gene, a Myc family gene, a Lin family
gene, and the Nanog gene;and the like. Furthermore, it is also
preferable to include the TERT gene and/or the SV40 Large T
antigen gene in the combination. As the case may be, it is
preferable to exclude K1f family genes.

Partibularly preferred combinations thereof are a

combination of two kinds of genes consisting of Oct3/4 and

Sox2; a combination of three kinds of genes consisting of

3



Sox2; a conbi nation of three kinds of genes consisting
of Cct3/4, KIf 4 , and Sox2; a conbination of four

wkemgis339f1 genes consisting of Cct3/4, Kifd , Suxdipendsssrs
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?é\é’ét oKL cr_‘%lgg Xagu%f %gof f%g%hggﬁorg];%gepcg%r e sl 4s5t | '%enes

cdnsmstjngubf(ﬂbt@dﬂ$3Kﬂdﬂ$|beﬁg aﬁdGc%Myél Kldombination of

2, Li n28, and so_preferahl e
S e S5 G oReRT <GBt SaARTop 1 TR lhe 15 T2, ana
Nt dgLe r@enRe dompine®e oeoBll Baki RDfds ASEt &@S&r{'ﬁ?ﬂétlng of

be, 1t is preferable to exclude KIf4. {0011}
re§ﬁ§@reﬁbﬂﬁpweﬁ#n2?hea®¢e%%mﬁg1nﬂﬁnﬂﬁoﬁlso

| ;P#é’{éx%gﬁet e abMedesqLl QEQTFQEHQ%P{\@%P'{})& *‘s‘%/idlgj%eﬁge T

nds of non-viral expression vectors introduce
amtigen s iin dhlese soihb;Lnat;oﬁs, &rs 4£he tdase may be, it is

scr.i bed t.ho erein the genes that encode
?ﬁ&f tﬁbeﬁ 8Fs%§$2'a conbi nati on of three kinds
gﬂonwmes consisting of an Cct famly gene, a Kif
fan1|y gene, and a Sox fam | ene, and these genes

are i idoAPStResd Prefsaseri ABCBRIReRt vithe RIgRRsiiavention
ﬁ@%&faésieﬂ% %EQN%—@%%%EEB@Q H@EH&& Nﬁ@%éﬁﬂ‘éﬁgaﬂﬁﬂﬂgi of kinds

that encode nuclear reprogramm ng factors are a
Qﬁnnnnnnunai ekpregs iknndscbbrgehpsrednsedtimg of somatic cell

Fp L1 9505, 3380 Ll W08 R PG genes

ﬁﬁaft faarddde gepeogaaaming Saxtbasi dye geneordihation of three
|ncorporated in one kind of nonviral expression

Kadpot geeeshpesdesdrpned At Aol welE mae &K1f family
JHd | argene sdhealthfl of 8BhkY Sﬁ&ethé‘é‘éj éé}?ess%é‘ afdokporated

gene are incorporated in one kind of non-viral
Bxpmes Higd wdcnon-ivarehi sxpreesiom Y¢retcon‘a giteatabmye-described

h n oV, escrj bed
Rt ieeden Sl el s, M0 WIS 1l hgpanming
frerteyrandd ke cBabihamiby genanrekimgrcp@r@drmis Idor¥i&ting of
kind of_ nan-viral expression, vector W th an

Fhity Ys@G0EmcE BhabFPRylpoP§REstd ot family gene, and a

M 19N geh@013hd @h@nQEEefaﬁiﬁﬂ;eﬁéﬁ@ eémq{l@rftamlly gene,
e present i nvent i on provi des the above- descri b

aﬂsi Hde ieer diamitlwo genendre khadspofated in one klnd of non-
\?J.ka:oa\'ie e%% sq%gn R}%%tgg akhsxgggéé Iggsélle%eocf T ¥1od wherein the

Oct family gene, the K1f family gene, and the Sox family gene
are incorporated in one kind of non-viral expression vector in
this order in the orientation from the 5’ to 3’ end; and the
above-described method wherein the Oct family gene, the K1f
family gene, and the Sox family gene are incorporated in one
kind of non-viral expression vector with an intervening
sequence enabling polycistronic expression.
{0012}

In another preferred embodiment, the present invention
provides the above-described method wherein two or more kinds
of the above-described non-viral expression vectors are

concurrently introduced into a somatic cell; the above-

4



concurrently introduced into a somatic cell; the
abovedescri bed net hod wherein the genes that encode

WO Bpy/ogpHi raning factors are a conbination of HUrP2009/058873
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L BTV YA 0 R B i

éadtard iamsd aunombumﬂtuanpb§s§bum keéntisr of ngengoOradrnsigsting of

three or |ess kinds of el ect ed fr m apong. t he
FRUICKi TS %es @ &d 4oBed8ndohen- 91 rat EARrELdeRe, and a
MPEt Pimi NE G, atdny at e ris@MAbARLGErge né&ﬁie@ﬁo@fvémr
four kinds of genes are concurrently introduced into a
é%ﬁ%f??ﬁ%ﬁﬂqg teealosy deges kingedofreganes wirkested Herom among
e s 9 S a2k f
Rie ol | EEE e, O 2 oBhd ibn P14 Sfiedton
Veqawnlxqpqppurating Mhe ﬁamnhylggngenehs out of the four
boye- descri bed net hod mher%i % g ee.or_less kin 11;
g%n 2ries HE S FORF TR ndnEERIUCEA T He @ somatic ce
tﬁmmmmllb%dcmw@odaaﬂeke@nabﬁ&etﬂﬁé@rdub%ss kinds of

nmet hod wherein introduction of the nonviral expression
Jeredrarhita PSofaiid yegeney sar Epéafaniy pgenonr il a Sox

Fuh e r&nd Thd RARLLLG reseLr ef'é}&gjg'%étn ; th
the §¥g%gﬁ% ?ﬁbengﬁon prév#bgsht g oéég%%scrl ei the
ab@?mmﬁaWKﬂxhad.aEﬁmpdtWhemevhraheekpressonnl®$$tkmnds of genes
har b ri ot KIf 4. , and and. a. seco

RBE ORI ORIV i soxzer SRATERF, MRS 15 c-uyes

anﬁrﬂwmvms@ﬁm metael! whéhelﬁb@fwr@tm&md}ect:f the non-
nmet hod wherein a first non-viral expression vecto
ﬁ%?%%r?%&f93ﬁ¥9n4VeKFPr4lnt8né 8g%2tif €Al %ﬁ(ﬁﬁPqQ¥edly

ﬁ@@f&%ﬁéﬁﬂﬁﬁﬂd@Wd&f%ﬁ&%he 5to 3"' end, and a second
non-viral expression vector harboring c- Myc are

i ntrodured paﬁtacall%ﬂrm pecefelrredt ambadbvenidesthe pksent

I f 4 X2 ar I ated in
TR ATERARY Shts abareonerPoipeiatefidy WG I curst
M\bﬂihvm‘a]l rd:qmmm@ Sreqmemceaembhnggopbjay@; SKY®N Gand Sox2,

ression and inserted into the first non-vira

%’9( r2s{ Y AXG71 Iee SXBEFES BB Y FHRAT R FRF W ityc are

therddusdd ooV i don@XREessnon ¥aet 9hoRRddd Her SREPMEthod
non-viral expression vector are concurrently

vherobuceEingto nensaraailc egpressand vaetor harboring Oct3/4,
E;i‘e ¥ e éjrgfcsrd)&e;in”%g{%do%%&eaﬂ %HS b%éﬁ@%{&??fa&n the 5’ to
peatedl y per twce rovi IS
B heemdhovemrdl es creidoad mehh&drmﬂeegpnemhbb& tmctwfuhaﬁboring c-
Myc are introduced into a somatic cell; the above-described
method wherein Oct3/4, K1f4, and Sox2 are ligated in this order
in the orientation from the 5’ to 3’ end with an intervening
sequence enabling polycistronic expression and inserted into
the first non-viral expression vector; the above-described
method wherein the first non-viral expression vector and the
second non-viral expression vector are concurrently introduced
into a somatic cell; and the above-described method wherein the
introduction is repeatedly performed twice or more. Also

provided is the above-described method wherein whole or prat of

the at least one non-viral expression vector introduced is

5
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the at | east one non-viral expression vector
i ntroduced issubstantially not integrated in the

wehwomseonme. {0013} I n anot her preferred enbodea®ir2009/058873

5 B0y DTS BRGBEPHL 1, RS S0y fgper e

n thé so el'l "I's a 'so of a
{0y , i ncluding a human, preferably a human or nouse
somatic cell, particularly preferably a human somgtic .
Col |; Khenashes. AESEFFEEd FEPPOINGHEr i (FRESSotatRent ion

ivides aHeel@lbvBUABBCEEbed Ofic BhS@Rd fe GEIthd &8 c cell is
froman adult human; and the above-descri bed net hod

st eeldomdt Rcmaangl sinckeding i@ delmapolduediegably a
i . , t
HunR & PHARR 5ok 3014} Cjﬁgﬁ gg;gé%ﬁﬁl p%fg] tpxge{{erﬁ%goeifﬁ human

I nvent1on provides an |
ddnett icarcdid ;olbthai abdvbydé her dbey enelgdsed ived-atet e sbmatic

a.preferr e di nent, _t he present jnventiop also

GG SFPaOCBAnpFaH O Gh ST L e e tron an
£ ISOMRinin ;t B@dathkeabbvor@e SORIVdd he tidH S8R n the somatic
vector introduced is substantially not integrated in

qd difr dnseBwE 1c{ geik) cal Seckedvi Bl arkatignt .

aRaAve- descri bed induced pluripotent stemcell wherein
the somatic cell is a somatic cell of a mammal,

i ncl udm@gnathemransppcef etlad| yreas dnmaimven tirus e rowieakisc an

.cel | articul arl ef er y..a human somatic.cel l; .
Fiicnsh HadBrlinl Phfcea bl i ot Ehon chinaiad by the
aMRieeide sidie bedmhktEo8¢! I T & dricadirdi@mbotienbn® 8he present
somatic cell derived froman adult human; and the

BYEPEAGEs @liSPeBTPNABEE 2P| IRARRRE M1 T IRATEAY Skieey spAL
dﬂa%éi%n%ﬁ?gg%g%bmésof R s o el Gl g ed 41003 ression

pati ent. A non-vir expressi on vector,

veadfoar dipityogugkds s dsviestant id by uset iimttdggrated in the

d q%%gkggégribed nmet hod of producing an i nduced
P urlpoPEﬁt stemcell, incorporating at |east one gene

{tdoats )encodes a reprogranm ng factor, is also provided
by the _present .invention. ) _ ,

Also provided are the above-described induced pluripotent
stem cell wherein the somatic cell is a somatic cell of a
mammal, including a human, preferably a human or mouse somatic
cell, particularly preferably a human somatic cell; the above-
described induced_pluripotent stem cell wherein the somatic
ceil‘is a fetal human cell or a somatié cell derived from an
adult human; and the above-described induced pluripotent stem
cell wherein the somatic cell is a somatic cell collected from
a patient.

{0016}

A non-viral expression vector, preferably a plasmid
vector, for use in the above-described method of producing an
induced pluripotent stem cell, incorporating at least one gene
that encodes a reprogramming factor, is also provided by the

present invention.

{0017}



{0017} A somatic cell induced and differentiated from
t he abovedescri bed i nduced pluripotent stemcell is

watme1oovi ded by the present invention. {0018cCiVire009/058873
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present d it on -al r Qv .stemcell. thera :
Compr 1ot St o PERHL ARS8 RESPRSEL e SRS cne above
danat iled elrdulddipied ippteéntf etemnt call obsi alisctposviafed by the

an i nduced pluripotent stemcell obtained by the
Bbovet égEﬁgﬁﬂé”ﬁethod using a somatic cell separated

{oemgt he patient. {0019} The present invention further
provides a method of evaluating the physiol ogica
act i vithePrgaentodinventéonopleonpoanydes dr ugflsem cell therapy

8 't%?%ﬁgo;agaf; g;e%@ggahgglgh%g gswg?v né%t Celd Snatic

erenti ion-indu on o I hduce
@t ¥ | gigtaeinte ds tymddefifle relntdehédnbyndhet Ao vet des cindieted

t hod.. { Advant ffects of | ti 002
BRI (00t o0 55 2 SERopYt bP b AP S S Gt 3t grethod
@Tﬁ’fg QNOSHERL i S W 195 epar@tEQV EFYS, thdepdhliced

urip

otent stemcell provided by the present
#AEHti on is advantageous in that tunorigenesis and

ot her . LLS€ g L. cel
{1 souen BRI iy Vs oA S PhiE PERELACe TE AR of
eNalrigioirentt st eahyedldloglicad prefeit tels emtddi oweinti tofes of
the(Pre ent,linventiaqn, in the iEduced gl%ré$03§ﬁ% stem.
TR uSEESy 108 SROPHE A SBPSTRARCH? eddtht “hnventS dFing
widls STE Diodthd nrid byagh fe8eeRONati bl i RIFESS BF an
vector introduced is episonally present, substantially
rugstt Rriqetentt ﬁé%?@%s@%ﬁ?lqﬁér}é}’ ofke abpve-described
mEethod of the present invention nmakes it possible to
prepare a highly safe induced pluripotent stem cel
fadrantfagecsaniififects pdt femehtsogbmatic cell, and the

6%56% obtained by differentiating this cell (e.g.,
ﬁyocardial cells, insulin-producing cells, or nerve

cel | s ryudidderl Wiiképoutanshagsaf ebytoseto fid Sitdgaldd into a
éﬁfﬂﬁﬁgéﬂgfnédﬂﬁ EEGBagkiioggius, the induced pluripotent stem
cell provided by the present invention is advantageous in that
tumorigenesis and other problems do not arise in the somatic
cells and tissues obtained by differentiating the induced
pluripotent_stem cell. 1In a preferred embodiment of the
present invention, in the induced pluripotent stem.éell
produced by the method of the present invention, all or some of
the at least one non-viral expression vector introduced is
episomally present, substantially not integrated in the
chromosome. Therefore, the method of the present invention
makes it possible to prepare a highly safe induced pluripotent
stem cell from, for example, a patient’s somatic cell, and the
cells obtained by differentiating this cell (e.g., myoCardial
cells, insulin-producing cells, or nerve cells and the like)

can be safely used for stem cell transplantation therapies for

a broad range of diseases, including heart failure, insulin-

7



a broad range of diseases, including heart failure,
i nsul i ndependent di abetes, Parkinson's di sease and

wopiowassorinj ury. {Brief Description of Draw ngsgcrfadyossss
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Shfande BB LT (OSSR 1 BERLa 0"l WSLECL 18 2,
(BMef UFEsuripitden df aceetidgey to the net hod of the

(5 ent i nvention, results of seven independent tests
€ phot ographs, 432A-1 to 432A-7: cell density IxIO

6 Ce'hﬂkﬂoq BHotksS B) tamd E8§9553p9$téﬁﬁﬁrEHrt€¥§nsfect1ng a
(right phot ographs 432B-1. cell density 2xI O 5

FRNA i/l 375 Lk (NS Wi tih8ck vy nﬁéf4pa$@r%, |arnct heMyc using
ﬁﬂgﬂdss @%‘#o‘igﬁ'hgok:or %ﬁgl B\ét&gg JJ % I J.nvréntlon,

FIG 1 e colums s ase i mag
meshltse o@:Becrehuundepbnvi/eGEPtpssst (y@ftccprmucﬁﬁ:apﬁsﬁ 4232A 1 to

S RiGeas B BbRs AT Coodl G ey Aok 79, TaALts of

Hothereredt qatigdti phbhbgrapds) ¥8LH- SLAUENC IAGAG] %103
t he 2A eptide as interveni hg sequence, and inserted

Gl 4 ﬁ@xdﬁlsaém dThp GLWRTKS)Panerisr tiffleithgr eenger show
é%ﬁ%idﬁ fésMMQSWQﬁo'E§Sﬁ%fgcf958)pC%I£@9é Clwyg%FnPgﬁge

bal d 1'i nes show the anplification regions u$

RORmrsalsyows phasedebetrany phagesd amd egraatGRi dolurmes show
101TE .(tF.IG 6 2) . FIG 3 shows the tinme schedules for

(?E%pcoeﬁﬁ SdGeLPBASHsi ng pl asmids. The solid arrows

i ndi catis.t Reshowe pAi BkprebsibANSILERiOFH fHtHW cell

respective plasmds, FIG 4 shows the norphol o% of
H‘ﬁﬂﬁf tie8 - relhEee di pds cof | SPNAY d’é'ﬁtsi‘?@d:‘)d?h@c épﬁév K1£4, and

el shawgahage: RORHE aShrh8RIESH é%od ng the 2A
ca r%m

panel s show G-P-positive colonies (s
peptHide a& dhoesveasubt 5eqﬂeﬁ>®§e, aauacﬂymgn‘tmd tlhnézo the pCX

SR LR BRPAPRS Tt S e Tl P R Rde

mmerdetlmw pUXefépCEI—OHEyaOD- e Mailgr Qanéé&sh@ﬂ the

7, 2007), i PS cells induced using plasmd
TR OB, Seasonsused LnsHhanath mikine dszadstecting

ﬁﬂE%nNEFl%%bb%atlon in the genome (FIG. 6).

FIG. 3 shows the time schedules for iPS cell induction
using plasmids. The solid arrows indicate the time points of
transfection of the respective plasmids,

FIG. 4 shows the morphology of non-virus mediated iPS
cells established. The upper panels show phase-contrast images,
and the lower panels show GFP-positive colonies (scale bar =
200 pm) .

FIG. 5 shows results of PCR analysis for the genetic
expression of ES cell markers, obtained using total RNAs
isolated from ES cells, iPS cells induced using retroviruses
(clone 20D-17: Nature, 448, pp.313-317, 2007), iPS cells
induced using plasmids (clones 440A-3, 4, 7, 8, 10 and 11;
clone 432A-1), and MEF cells.

FIG. 6 shgws the detection of plasmid integration by PCR.
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FIG 6 shows the detection of plasmd integration by
PCR. Genom c DNAs were extracted froma C57BL/ 6 nouse,

wo RBoamby1 i nduced using retroviruses (clone 2QEE13L792009/058873
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SRS AL MG LD BLASELER L obOnEr F83fedus © OPS.011
) and s, and ana Zed
imduged neying rewrovi rEEES. (alonéSZQDelllﬂ, iPstdtel_ll%CRnduced

R ST (cleEa By 2Rne: oR PP ABd) 4PN OhHEAdL Gl MEF cells,

dhe baids, dedyw edrf ﬁ@&hgntﬁafﬁkﬁﬂe%%mﬂ@ B &r1GS. 2, 13 and
i ndi cated by the solid arrowheads. For the Fbxl5

¥eporinerthet RER| aer ObhndKi arrl dbt eshaniBandsy slerdved égom
%@%%V\s re nte%a%? Itgggg g%rgé?o ?ra?ﬁg 6&@&&% e‘%rﬁh%ads’ and

e Hoands rdeagivald dimoof 1ptagrraﬂed(pla)smsdsﬂ4e§)nﬂe 3dndikated by the
wer.e subcuianeousl ted tQ nuyde nice.

$000d HrBIet AN ot ] § IR NS el I8k BSna

wd e hermtoxy-it nﬁl@@ié@, §hamﬁhéf@ﬂp@bOﬁ&hdﬂfhdﬂBétes

results for gu i ke epithelial tissue, epidernal

kneckrd-idt 1§ sr’ruscl es, and nerve tissue,
respe el I :
chi rre(r:Eficé/m%e gjrgl \%ggagFgmé?ng]ééF?rgév%?ﬁgut - 1PS cells
wmlegratmrmeqnalto@asoMpAaSmadd (8)0ne§l@029—35,hov45, tdmel -8)
det ecti.on ,of int tion S

o€ S inaoisid ek plp Sanbed b RudY Bk o oY) B
14&-2@% A)tumaryl weltiemeesecibt@eadar sygdnéd om tiPhéitdcskylin and
i nduced using plasmds (clone 432A-1; clones 440A-3,

®ISL1iand SPRYNOFLOMKERAYE M FR gt h ST &HOMIS ifPTFIGEE 2 1ker e
SIPNLT o T RR, EReqBRRds debiiel LM AMIGIRIONS, and

genes are indicated by the outlined arrowheads,
ndmevdanidss sl irnesgetitaneilpt ¢gecal edbpt asnd @ sua) £

i ndic sali.d arrovVnead The presen of
Nanog Tort & Ok CEPEL Pelbre one RALSAEES RO ded i without
R g G onl X Slenes mheApBobﬁe dged i n Sout hern bl ot

anal ysis and the positions of the_restriction

endondci@ask SHe¥SghPei BRteFELen ffj HaFestasiar ¥ plawpids by
frr Ndiceabas cBahL - wELS eﬁérm FEsuldrs 1R %%ts*éer RpPS cell

bl ot anal ysis. Genomc DNAs (6 ng ) were extracted
felnRAB S 10el lendagtiimpgicenice derived from iPS cells

induced using plasmids (clone 432A-1; clones 440A-3, 8), and
the 0-1, K and M regions shown in FIG. 2 were amplified by PCR.
The bands derived from endogenous genes are indicated by the
outlined arrowheads, and the bands derived from integrated
plasmids are indicated by the solid arrowheads. The presence
of the Nanog reporter and Fbxl5 reporter was also detected by
PCR.

FIG. 10 shows the probes used in Southern blot analysis
and the positions of the restriction endonuclease recognition
sites. E indicates EcoRI, and B indicates BamHI.

FIG. 11 shows results of Southern blot analysis. Genomic
DNAs (6 pg) were extracted from RF8 ES cells and iPS cells
(clones 440A-3, 4, 7, 8, 10, and 11; clone 432A-1), and cleaved
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(clones 440A-3, 4, 7, 8 , 10, and 11; clone 432A-1)
and cl eavedwith BanH and EcoRI. A m xture of the

W(bmmms and pCX-c- Myc plasm ds (each 20 RIQD/JP2009/058873
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Th d.ar
tﬁé}){ r%‘ﬂd‘er ciJ B omgeﬁ %%‘éﬁ%u%@g%g:gb q‘gje so dqPCx-c-
Myc mdmdqmmsza lvgy) bardvddr fuedcbnbm:l he Thot Ejuéellned, .
seu e L e 20 b n chronosonme 3 .
ESHRS it A e boRa SRR TR o T PBr R Tar SR genes
aﬁhdl hernig hs d hied | derdwHd=Rs 19HiEheeBBtMe PBARS QLBEF¥@f#dh the
cl one 432A-1 are unclear, this magosuggest t he

O%le it RFBIfATenful (siii@atednsgened04 Ther Grm pelobenggame 3.
1€ [ r s

resd?ts 0 2{%} anal%lm B%Eg% dgk%ﬁnég BR@G%%%%%&%S ng)

Ao RV BiHeS idwrdd t ilRIsS oEStheI mmany PSacaés | sbsethaditin clone
ation | ones ,440A-3 to 1 nd MEF cells,. SSLP

WL EaGr 1Y P BupmbsEofhg TRfFersticmar

i Xt b e afra‘nsgeadﬁ ceht cFPNesore e suised td ,de?cectSNanog

and 6 ) FIGS. 13 and 14 show the prinmers used fo

REPTFPIEEMAES 1 to 3 . FIG 15 shows a time course

roto fory t h n S I
b o Gl 7 Y SR U S, SR s

Ssich 15 geg)T fnoni gIéYBmdﬁnQOpBasnRE& B3coell Nngikd ¢dilels without

met hod afth reset |net| |nd t o,
TR o | RiEe Raga™TBb L 0 1509 Er FSEEEN ke gnalysis
WS p&a}ﬂcﬁ:n@i ablrhebedlﬁs Oﬁéiﬂi adetBe (frdm ANefxt2I3AcE five

to 203A-5, of which 203A-4 was picked ug as a negative
tGH) GPrps) SLonesed t PandfeetidRA(F G 16) and in

the 2ngrgaibay e 16FsGowlfhe pFlferd 8.880VEoL NCR in Examples
results of genom c-PCR analysis of 5 iPS cell clones

120881 to 203A- 5) . FIGS. 19 and 20 show phot ogr aphs’
of 'P% II135 essht 1‘?A— ‘igl{e Egﬁnrgﬁgggoggc?éfl fcg) J:,%\sefgctlng

cel I s (5 clones:
lafriart derandfl eailiposten Gel119) watd Oat3he, ZBO]jfLS}JtEmlz MIe-Myc,
enon1c PCR

Fl 20) . ws_the results of
éﬁféﬁ/si 59 bsTee VAl bAgge (217AL49¢% J5ing P Lagnids
according to the method of the present invention, and 16
independent iPS cell colonies.

FIGS. 16 and 17 show photographs of iPS cells established
from fetal HDF (5 clones: 203A-1 to 203A-5, of which 203A-4 was
picked up as a negative control) on day 31 after transfection
(FIG. 16) and in the 2nd subculture (FIG. 17).

FIG. 18 shows the results of genomic-PCR analysis of 5
iPS cell clones (203A-1 to 203A-5).

FIGS. 19 and 20 show photographs of iPS cells established
from human dental pulp stem cells (5 clones: 217A-1 to -4 and -
6) on day 35 after transfection (FIG. 19) and in the 2nd
subculture (FIG 20).

FIG. 21 shows the results of genomic-PCR analysis of 5
i1PS cell clones (217A-1 to -4 and -6).

FIGS. 22 and 23 show photographs of iPS cells established

10



FIGS. 22 and 23 show phot ographs of iPS cells
est abl i shedfrom young femal e HDF (2 cl ones: 279A-1 and

WO 2)9/w389tiay 35 after the first el ectroporati onPFIFE009/058873
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A Mn(‘d %‘?n ég'e{D% E}Pt %ﬁoﬁégsa??9&yi ]Eéjrgcﬁ ( :))C(éiend%i")é 35 éfter

pane IS a closeup picture ©
t}uetfue:sltefa:lep:aumpbratlibﬁ (PAGshpdb ahd ¢l t57 -2 after -

enon c- P anal PS cel|l. cl one 279A- 2
SRS TS e 25, L Ren ot HeiRet idhdlosqug picture
@b a{@\@mpta%&aahsmfe nBStcphhs1(8 clones: 497A-1 to

A-8) after the selection (colonies were selected on

day 25T -%4r shoussfbet reApltsTaé g@wlcﬁra%‘? sary:alcmls of iPS
OLAS & 1GOM 1A% | ”ﬁ%ﬁ%nng%tﬁgg Lﬁé@'e{ntp

G-P-positive co onles ows t res ts 0
gamagand2CR anal ysis of 5 i PS cell clones (497A-1 to

A-5) 497 A; 2 and, 497A-5 no ene was_ not

"t boiEhEd 2o BV R PhER RN T CRE et B by (F conetY 497a-1
Ty )mertitsr £0Q223k1Eke 1Rt roaswﬁlé@ewf@&ﬁéntected on day 25
invention is intended to produce an induced

fpﬁdv‘rri poedtestdpniel | The orpResiRRNQIfe showp phpse-—contrast
é%du%dw tal heastk gtaﬁeksnghea @@@—ngy iR AH S .

vec i ncor por ati ng l'east one gerie that encodes a
reprogﬂéhnﬁﬁgShawsothentesalsSnefi@emmmic PR analysis of 5

B AR 3 dnbhotar) bl (AR Al A9aRas: o

@tﬂgamﬁm@en@omesphefceﬁabbgratéhasm,@l P RS IR
vector {0023} A s an exangle of a neans for
q#ﬁﬁ%ﬂ? £inGrPedimeBpFdgr anmi ng factor, a nucl ear

ﬂﬁpgpgrann1ng factor screening nethod described in WO
2005/80598 can be utilized. Al disclosures therein
ar e i fder petarddoietbenpbgsert ei@m@tldfhdsﬁe igiddnded ite

re I r re nam n
B8 38! BIBCEBBGNE!oPUF O SRRATATIY e step
¢ﬁemnﬂﬁodum¢a@ta@nlebytreﬁerknn@ oD hdre-aifrrlerepdedddn vector
ubI|cathn s al so possible to identify nucl ear

Ry aFa&?éP% agﬁngeae nERRo CHRASS & JGProgramming
gldyed ftiom Lhaathevedescriedstraedingxp@tiadon vector is

preferably an expression vector autonomdusly replicable outside
a chromosome, more preferably a plasmid expression vector.
{0023}

As an example of a means for identifying a nuclear
reprogramming factor, a nuclear reprogramming factor screening
method described in WO 2005/80598 can be utilized. All |
disclosures therein are incorporated herein by reference.
Those skilled in the art are able to screen for nuclear
reprogramming factors, and to utilize them for the method of
the present invention, by referring to the aforementioned
publication. It is also possible to identify nuclear
reprogramming factors using a method modified or altered from
the above-described screening method.

{0024}
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{0024} Sone exanpl es of conbi nati ons of genes that
encode reprogramm ng factors are disclosed in

wO/N0B9)D386H9666. Al | disclosures therein are i nqapeetoadssss
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her ei nce. IIed ip the art are I

to ch(r)hoés?% gg{lagr{éﬁte%ato fcaﬁagﬁﬁ?aﬁ?rﬁsb of uSEd s ntl}“% en%%dee

e hog aimitre fpiceeest ardvascdosad ﬁppw«»mmm@ec%

refe to.the .aforenenti oned publijcatjon. Ohe
‘ﬁ{ﬂ%&‘g %FﬁlHaFFSn%nGPr@%ége@h%?r%%fbd%bé reference.

TIRPEOH MM iA¢har arar 8rai ¥8Mei fo EhEHEE getld tHat can

1917- 1920, 2007, Wo2008/118820 and the |ike.

Thieralilor e tUsese l@kutheemethOdh@f afheapeezdite inyention as
; t YL y. af .t
RS ARG B R Ihl e8] cRRTUEORLERS: Hled R fi¥on.

Oitiod e arx angireay lcdfmeong ihact ons sofegemeag mtmmcedlcode

descri bed .in 005/ 80598, propLiate co atio
A e 21 ot RS BHEPRatf S LoieRtn 1 I . 1917-1920,
Mﬂom&mﬁ;@ﬁ@@zscbﬁat:%ew@ze(Stm{@emré b%h@"sb' k%k€dled in
in the method of the present invention. 0625

Hefartamre @&4@5tPhHPd@ﬁéééédr'éb?o@Pé%ﬁh@/f tqw@matlons of
TR R R S ek

menesan SEprdgmanmingefiectar Mpcréamihy ryetrtegd aielsm:lbed in WO _
and t he _Nano

, referably a
AR ot P PR Lo ot L et o (s Bns then che
dd’iﬂﬁﬁléﬁlﬂﬂfs e sgenged aﬁdwoaoowsbassyarm ederale), o7
four kinds of genes. nmples of Oct famly genes, KIf

faRT3) Gatede 96)%1ﬂéﬁiil yngéh@sme%fad ME Fherinsesgated nvention.
g9 ven in WO2007/69666. Likewi se, for Lin famly

genes, those skilled in the art are |ikew se able to

ext racﬁrezfefradﬂlley ggore. that euaq@eerezasogav@mpﬂre;s fefctions

enes, - Lin28. an L n28 in de 0026
VErhide 382 IoREn ARG PEEORRE T Yabse T S e 9
dormB it dp .o @ah @ceofamnali §8nef & VW1 Ki fdsilof @ERESa Sox
conS|st| ng of an Oct famly gene and a Sox famly
Y (99" @o%(icnétaméﬁyoge{lﬁr e@ k’rlhdga%lflﬁgéi?é’ser and the

NéHEﬂfﬁédEQ redRr@®hiy a combination of two kinds of genes,

more preferably of three kinds of genes, and particularly

preferably of four kinds of genes.

Examples of Oct . famlly genes, K1f family genes,_Sox
family genes, and Myc famlly genes are given in WO2007/69666.
Likewise, for Lin family genes, those skilled in the art are
likewise able to extract a family gene. For example, as
examples of Lin family genes, Lin28 and Lin28B may be included.
{0026}

More preferable combinations include, but are not limited
to,

(a) a combination of two kinds of genes consisting of an Oct
family gene and a Sox family gene;
(b) a combination of three kinds of genes consisting of an Oct

family gene, a K1f family gene, and a Sox family gene;

12



famly gene, a KIf famly gene, and a Sox famly gene,
(c) a conbination of four kinds of genes consisting of

womosxdsofianmi |y gene, a KIf fam |y gene, a Sox H@Emip2y09/058873
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e c famd | ene; (d).-a _combination_ of four
Ph S dalion 2 chul Rpatibeopshdn: PRy iy &lan oot
fanily gene, = Klifh famiillyy ggase, aasdxt bemNapogegeneind a Myc
é%?.' a conbi nati on of six kinds of genes consisting of

Y 901y gene, a Sox famly gene, a KIf famly
08Nes GoMBihdtd b OeRr &ihtB baMybkYe8€B6ns PO Ad&F an Oct
Nanog gene; and the like. Al thesé genes are present
fapkbymasne m ardiaralfanilyc bgaengahbvanamGhbyiegerker  arnst the
M&ggo iional ly chosen nanmals (e.g., humans, mce,
rats; bovi'nes, sheep, horses, nonkeys) can be used in
{de Ppresentndtniventdforixl kiaddi bfogehoswebdst ypengene,an Oct

tant | at | roducts have several ,
E%?ﬁﬂY %ggsfb,%%fé%%SEBIgeég?og6ngn%?%l e$%9%ﬁﬂ%/Myc family

dénd, .a rmirrelﬂ:arneﬂ‘lg,r ey, Llaha Bhe RARLGCHLARE}Y
or

preferably ) am no acids substituted, inserted,

2/ ere delkq-ed, and possess a function similar to that

of L hon | hd P GBERS BEORUELenE Al AT 1 Ik,

For exanpl e, as c-Myc genes, the wil type, a gene

anchdiing dtwatdns .t yfenant dati¢dd8fomnzpttivndlile ammselnemammals
rsed.- he sane applies.to ﬁt her gene %rodu}gl:ts. éOOZ?r}k '
P Gdi TFUH S0 HHE  af B EneRPY SRET” gBRESE S geiRS 1 Hitkeys) can
wacesas i fald Prdseat iipduaesonel | In raaitaldrzald G 1@y ype
further be conbined. A s disclosed in WO2007/ 69666,

I e BHANE ISNESTERPSGehEANGRAt AR BFOFBFES Khaie ofeveral

?@. §,§PH§§HRH &ﬁ%ﬁ%&@%l?rQUEoCQnSﬁéié erefgﬁiy 1 to 4, more
ol Towi ng genes: SV40 Large T antigen, HPV16 E6,” HPV16

EeferabBml taah partdedlsirhayl prederaibblyohbdnal) amiag acids

appr.onri.ate. .Exanpl es of .preferabl e,conbinati ons .
PR ORI B0t abroh OB SPETECHT nRC droRes o function

€onsl st ity fatar fOahef arilby tgpsegene Kbfodiadt ) yefgenelsa be
1,1819ixlifzaencil.I y E%erngka%p_%a/? ;sarrél_ ygegeeﬁesa,ndtht.ehewi-li%R-l{:y%%r:e;a gene
encoding stable type’mutant (T58A) and the like may be used.
The same applies to other gene products.

{0027}

-In addition to the aforementioned genes, a gene that
encodes a factor that induces cell immortalization may further
be‘combined. As disclosed in W02007/69666, for example, the
TERT gene, and one or more kind of genes selected from the
group consisting of the following genes: SV40 Large T antigen,
HPV1e6 E6, HPV16é E7, and Bmil, can be used singly, or in
combination as appropriate.

Examples of preferable combinations include:

(f) a combination of five kinds of genes consisting of an Oct
family gene, a Klf family gene, a Sox family gene, a Myc family
gene, and the TERT gehe;

(g) a combination of five kinds of genes consisting of an Oct

13



(g) a conbination of five kinds of genes consisting of
an Cctfamly gene, a KIf famly gene, a Sox famly

waymoe133a7iMc fam |y gene, and the SV40 Large TP@EMP20®M58873
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gene; o ( a conpi [ of six kipds pf nes .
cons%%tql%lnge’o% gni%?:a“ﬁg% Ig)?%Sén%, E%\x K??m?%n IS Yere My family
Gmxe f amd ylgersy40a Udrgef anahy igenegehde TERT gene, and

e SV40 Large T antigen_gene; and (i) a copbi nation
B covee by eisas &&gﬁgﬁsﬁn@?é?%aﬁomst'f%mﬁﬁ an Oct
SafeLy aydild, TAam1ty rganey 8emdX hagbkyr&RBy Gedd/C a Myc family
famly gene, a Lin fan1?§ gene, the Nanog gene, and
gene THRE Jeid @enche agd4Gheafyé0 TLange gerenfergen Aene; and
f&d

jr : Kl f fam gec b I : t
L e S, o Revan KRBT ey PR L ] (O an oot
Bahdi ty arerten tah&1df dieeridgt gened gedes, fanel prgers,e KMyt family
of genes select.ed fromthe group consistin f Fbhxl 5,
IR, AP £S5 1 genCan 4h5- NAPOR| AoPRy B cotfbi TtE gene or
e/ ra one rYfe ML tKgRe gbngenes sel ected fromthe
group consisting of ECATI, Esgl, Dnnt3L, ECATS, G&df3,

Sox| 5 AEegrE-red, Fhel K1Esipraly Resne mAyibe Sxglugded from the
%ﬁ&er@d&%m@&%o@ﬁkﬁ%n@? combi ned. These

onbi nations are specifically described in
MIORA}7/ 69666. {0029} If one or nore kind of these

al ready expressed in, the sonatic cell to, be
F opr og RhSA R JEnBEEYTEqR be EXC| WP UMY denes, one
genesrd kibei ioft @@ﬂé@e@el@bﬁédoﬁﬁoﬁrtlﬁ@r(frck{iﬂld:cﬁ"fsitsfﬁsr@ of

enes are introduced into a somatic cell to be _
ogidiated EGHTA§ -2 vEctdr abpdbR-¢altenymtay ibet ¢ambined,

LU QAP SIHE 0 S W% 1 AdM BE' éhéé’?’seig@té&rﬁcﬂﬁ :Elé)rbq:onp

nore genes can be introduc using a non-vira

@ iedsingh ofe ECAT lac Esgdi nGnnb3LheE@BThodsaf 3t Hpx15, ECAT15-1,
BRSPS, o SR, S8 oY ay arso be

d¢onbiotidiedTheke aombChetSohy amarnpadi ffiksad yodelseiribed in

nucle%r M croinjection, the remaining one or nore

%ﬁ%ﬂﬁg(§ﬂ§QQai ntroduced using a non-viral expression
according to the nethod of the present

I nventi on.
If one or more kind of these genes are already expressed

in the somatic cell to be reprogrammed, the gene(s) can be
excluded from the genes to be introduced. When one or more
kind of these genes are introduced into a somatic cell to be
reprogrammed using a vector to be integrated into a chromosome,
such as a retrovirus, the remaining one or more genes can be
introduced using a non-viral expression vector according to the
method of the present invention. Alternatively, when one or
more kind of the gene products of these genes are introduced
into a nucleus by means of fused protein or nuclear
microinjection, the remaining one or more genes can be
introduced using a non-viral expression vector according to the
method of the present invention.

{0030}
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{0030} Particul arly preferabl e conbi nati ons of genes
are, (1) a conbination of two kinds of genes

wemgisbiing of Oct3/4 and Sox2; (2) a conbi natRamrahos/sss73
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oS BRI AS8Re8808b L BOnRla sk oflderbs A

Sox2; a conbrnation o our

tbnsa stamig neft iont 8/f4 twkl kidds S6xgenasdcenddyst; ir{gh)ofa Oct3/4.
coc?’%' nazt.i on of four kinds of genes consisting of

B 3% “’Sox2, Lin28, and Nanog; (5) a conbination of

{2)ye kdonds meftigenes earskskiABs0bf Qgéséd, cOIRZat IGTdMEE Oct3/4,
TERT, and SV40 Large T antigen; (6) a conbination of
K154 kiags S9%2denes consisting of Oct3/4, KIf 4, Sox2,

F3WM§WXEEBEBt§%ﬂ_§¥4905§rgingsagfi%gﬁés(gang'%ﬁing of Oct3/4,

conbination of six kinds o enes consistin
KXi&/ Hox,f ahd, ceMvige, Sox2, Lin28, and Nanog; (8) a

nmbi nat i.qn _of. seven ki nds, of gepes consi sting .of

{2 £ o= o Oy £OUS,ESRdR R0 SeRER (P it gk P T 0ot 3/ 4,
S0, lrames, T agidt Ng@bg;and the like. In addition to the
af orenment i oned genes, a gene that encodes a factor
Hat? iGRRiEetden ofmhdveakindsi o @enes emBrStyag of Oct3/4,
SO nefry A TERirschagedvip Mg@g@ﬂfﬁ B66gef Or exanpl e,
one kind or nore of genes seleCted fromthe group
t@ng stamipg naft ivhe oTERTxgehrdsanl gemes ob drosi stpigees Oct3/4,

PV16 E6., HPV16 E7 d Bm,l n. be used singly, or
I|&_iné/4<%’o |xnzét icaﬁggé ggg?()p?flgt gygé\h%%gg?e r 1'rlaq(‘rq'il‘ﬂy’ng IS

ORr foorovetbineitignnerveist Rimael b8 gstogerwnsisting of Oct3/4,
expressi ng Sox2 _and c-M/c, aor the |like as a somatic

4 SitGa, SR*ConbitRAPY 0A"Ef NEWBIki nds of genes

CONY bl n@f 1 G0t 354 s80EnKkinds . 0B gén&OMMINALdIOMPHE oct3/4,
two ki nds of genes consisting of 00?3/4 and c-Mc (see

Keftdr -Myighl SoKdd bahZRe, N2gogunan@ODBRT ppr 55V4fbiLarge T
arilt?}éégrpatureO?OGl) ) can also be nmentioned. In the

co ndtions (3), (5), (6), and (7) above, L-Mc can

dred uded liirkepl ace of c- Myc.

In addition to the aforementioned genes, a gene that
encodes a factor that induces cell immortalization may further
be combined. As disclosed in W02007/69666, for example, one
kind or more of genes selected from the group consisting of the
TERT. gene, and the following genes: HPV16 E6, HPV16 E7, and
Bmil, can be used singly, or in combination as appropriate.

When' reprogramming is performed using nerve stem cells
endogenously expressing Sox2 and c-Myc, or the like as a
somatic cell source, a combination of two kinds of genes
consisting of Oct3/4 and K1f4, or a combination of two kinds of
genes consisting of Oct3/4 and c-Myc (see Nature, Published
online, 29 June 2008, pl-5 (doi:10.1038/nature07061)) can also
be mentioned.

In the combinations (3), (5), (6), and (7) above, L-Myc
can be used in place of c-Myc.

{0031}
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{0031}t should be noted that conbi nati ons of genes
are not limted thereto. Additionally, the scope of

wa hwopsesent i nvention includes a nethod wher epar/smeoonwsss73
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nore gaheshsalEHedo EEB”EﬁH@ngoﬁﬂfngpf¥$ USIréﬁﬁggjare not

genes are introduced into a sonmatic ce
hml’fiﬁrd atlheen@rtrfessi\ddlt@@m@llyanbhe rm:qrmrmﬁntﬂr@ g:e:reeemt

duct i_ntrod somati c
ano é&éﬁ&ég%%uq3§raemg§§ g wﬂ?re§na?%% %5§§?¥ﬁe§?Q§g selected
f ndm cchusrey A @lbover-eegenebedehenédats om*@f@mg:é&lanto a
abovedescr.i bed genes into ,a somatic cell using

HIMR AT Sl p15dEGi BnnPBCVbF 2L aRBPF RS FHER SRREn@nd the
F R i ) (%Qﬂze drg@nkhBrsalBLI £5CehE réGh P & M d Ahe somatic
vector such as retroviral vector, lentiviral vector,
giehdw raglotheat Meanadentonseovinited i rid alect gossible to

c } nor e Ki_nds _
geneSIF%at encgdg8%8 %gggénﬁ¥!§g actor%@eﬁ%9HQH¢L lﬁé&ye
dedaribssbrpnes detb B@Ssogatdn-vélnl uexiy essidam-viral
vectors, sone of the two or nore kinds of genes to be

FHRISHAN YEST Be PREr bAUERET PAEGS sl RO MERTRL N 3ane, into the

édﬁ&tiﬂfééﬂﬂe%%lﬁboﬁ1bh@&lfGéc@éfeéu&@n£§’réﬂr&vlréﬂ'V@Etor,
of genes to be introduced can be concurrentl

tentigtuedd viestora §éﬁapver@blVech@weva;rlenwas@clated viral
waf & aklg dgqaglggg 8rto be introduced be
y uce

concurrent intro |nfo a somatic cell. Wien two
{dr03fkr e ki nds of drfferent non-viral expression
vectors are used to in uce_two or re ki nd

genes," &N H¥n&s BPTRo 19 7 P T e3PPI SHYH /RS Qﬁﬂ?ogrammlng

et Wriee Aty odibeaduf 8 4 NsGmat SON®EI L wfldg ddi-%iral
represents a preferred enbodi ment of the present

PIRERTION VEEOS3F/ | AoTAechetPOdte? ehangredemds of genes to

Bé‘vﬁﬂ:tﬂd?ﬂﬁce@is cgﬁnﬁ EHE}O&Q&?&I ﬁ@@ré)ggfﬂ'ﬂg?fﬂg cIeEiG_Lt UtSa time
for exanple i nation of four kin

i rstritn @ rofn ahaOctfofanthgr ggemes A d@falf]ark:lr;dsgerfe geales to
S f nd a ene can, be .us

oo P PRcoR e ot b iR Ty S gomatic

c@)]tl farweyregena:c asKbtefaphbye gees &0 X AW ¥ ntroduced

gene, or a
be concurrently introduced into a somatic cell. When two or

more kinds of different non-viral expression vectors are used

to introduce two or more kinds of genes, all kinds of non-viral

expression vectors can be concurrently introduced into é‘
somatic cell; this represents a preferred embodiment of the
present invention.

{0033}

In the method of the present invention, as genes that
encode reprogramming factors, for example, a combination of
four kinds of genes consisting of an Oct family gene, a K1f
family gene, a Sox family gene, and a Myc family gene can be
used. A combination of three kinds of genes consisting of an
Oct family gene, a K1f family gene, and a Sox family gene, or a

combination of two kinds of genes selected from among the
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conbi nation of two kinds of genes selected from anong
t heaf orenenti oned three kinds of genes can al so be

wQs133m t he net hod of the present invention, P(ti/m2609/058873
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%oﬁéﬁeqpél%ﬁé@tt 8 %ﬁ%&% S%Sge bed_foul, ??% naddl

or two K enes concur ren
i nt r odurc echd mte(trmdsmfatthe peélsenfrolmmmtoihm,e .'i[thel.s preferable

bove-descri bed, four, ki nds, re ds,
Aty liss 2 2k éf‘lgeﬁ&r&Peﬁo%OWrangi '&%E?% Vég or| two kinds
S NCEURY e raﬂ)n@drﬂemig gﬁﬁ@@dﬁaadbfn@éeéi somatic cell. To
Al tenatively, several kinds of non-viral expression

Vébltqﬁ@weo@h%@ddueﬁcgéhﬁﬁnﬁ@%nkmd%,pp%mer dtindsso or two
]@ﬁ'ﬁso ﬁ(‘fo;/g%r:r]l Iée kﬁ%ﬁbbl@ahbﬁ) n§19£lt ?fgselrberls vem%l}

sever £ on-viral expression ors are
im&urpqnaulmgpméﬂemabbe gbaeSpmayebabmgedywykmtehbm&eely,

Ki nds er abl nds of non-vira

S, TRty Fompe el e P s Mn NP o< magbe used in
édh&ﬁl&laﬁﬁfbnwarsa'ap@(:@w&&'t@n ¥ECHOT o DEFONCN T &IHd Yeombinations
i ntroduced into a somatic cell. 0034} If the nunber

of thares ganesodubiBaneseeeml {6} Kiafdgonseniand] ekprgssion
\;gcﬁ?ﬁré \erealus%)@r ?L%S'lgn ¥8fé?%§l@h§@%§é@%fﬁwo or three
I nati on (0]

appropriate, so as to cover a the co _
mmgke g@nssprmﬁemabévetab knnds of mmmhwdraﬂ expression
ressi,on vec are use 43& able t hat-

RS AR oS i etRras o 1 Porag gl

&:pife daings ,vemroerspb@f ebabliyréht e Ditfoliced AL W Is¥matic
expressi on vectors be used. These non-viral expression

‘ors are preferably concurrently introduced into a

jc cell. {0035} An exanple of a preferable method
IS a nmethod wherein one non-viral expression vector
har borﬂﬁwgh@n n@ubeframfl yegeaein’ar¢@liC¢darﬁque}@néiomdcialds,

%%ggf“ %%dvggglnog 58 c%;lon P e 'combined
ng a I\/yc f&M 'y “gene %?% Jn?r?‘o S MY

aolmipmp&eJaltecorseuca@enbl yooéraﬂmﬂﬁ@raﬁﬁbinm&ms f these
this method, it is_preferable that, the two kinds of

IR rHPeexa%gg%nk%ﬁ s M ToF@dr egpmepsion vectors are
asmd ociltc ad Igireqetﬂaméoaﬁst cpfsférauy an hey et e, more

nbodi ment , is also possible to
preferably two to four kinds, more preferably three or four of

non-viral expression vectors be used. These non-viral
expression vectors are preferably concurrently introduced- into
a somaticAcell. '

{0035}

An example of a preferable method is a method wherein one
non-viral expression vector harboring an Oct family gene, a K1f
family gene, and a Sox family gene, and one non-viral
expression vector harboring a Myc family gene are introduced
into a somatic cell concurrently or at different times; in this
method, it is preferable that the two kinds of non-viral
expression vectors be concurrently introduced into the somatic
cell. In another preferred embodiment, it is also possible to

use a method wherein one non-viral expression vector harboring
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use a nmethod wherein one non-viral expression vector
har boringan Oct famly gene, a KIf famly gene, a Sox

wd aod/ksogene, and a Myc family gene is introduaadirrmiomsss7s

10

15

20

25

30

35

td G . I 0036 n ferred enbodi pent., of
PR SEES) air A A EARoRAET o S BRI iAppe, and @
M§c geaeisl e @rsies tiisng nafroaincedt 3hdo Kl §dmat Soxck1land
ﬁé&%éf or an optionally chosen conbination of three

or two kinds selected fromanong these four

ki nds of O¢1eFerPeefl emBbUYmbRe s8NPhaati & Y8R ion, in a
ki nds or two kinds of genes, wherein said conbination

geinmii o pfaifoue- Kedscal penasedonghitsing efferaned®ct3/4,

di [ ' el naf ter _de I eci fical . .
ST TR L SRR JCBELBR SpECMISR o ion of
thmd edindsalor Awoekhodswkelechednérdm nanarig ndresd riadur kinds

expressi on vector, e preferaply a plasm d vector,
FhriiTarg Rarer oLy Fre, BaBkanaRion v oS Wit e d o
kiHds B Y8dsG Blelreihbkhid BBLBOHa WG dde Hdt Hontain c-Myc,
non-viral expression vector, nore preferably a plasmd
Gtk uspsh-bofNhg PRBIRTHEE embedimeantsdisedeaginpdier
) T4 1 S0 - :
el Yt itach vy LB FRech e o0 Bl A3 resent
vegtrgriorhdrsbaeivieg tthaditedwsi ni ng two ki nds of genes

d.f anong_Oct 3/4, KIf Sox2 and c- .
P Ghates LB S Bk Bl OF phar et o . S T vector,
et \Bretle reiRessip0asweat oecand, t Reriseeong owBM,F ¥1£4, Sox2

expression vector can be concurrently introduced into
%m*[s)d?rr‘ﬁ’hficc dé AntreppcadndihBdawheralr i £91 kst

o i rlt iOAPLESSeeR Yeet P+ ABhEvPFE] eé:?gpxlé’ssaiﬂ RWBLr, more

vector, harboring three kinds of genes selecte rom
Rl abotyd/a4 pligisfid d, vBekRranbdacbdying arwb kisebomf genes

-viral. expressi o or re.a prefera a
AP D PR D 57 1 Kb TR e i brie ka2 @ second
ganer isaellecixedckkapnarengoo;t dbde KiéfleralioXd @ltsmid vector,
c-Mc,, are introduyced into a,sqomatic cell. Preferably,
fffr%é%w EhEn FEMAR1BRPFES s KERAT eRt oFERERI IHE LGS0 fdom among

B M I A1 FAXPISBS BRAVECMIE, CaPe PEN EANGML LML a somatic
i ntroduced i'nto a somatic cell, (di) A method wherein
eeklr sPradarebtdl eRherésssormeectioral mupgession vector and

the second non-viral expression vector can be concurrently
introduced into a somatic cell.

(cl) A method wherein a first non-viral expression vector, more
preferably a plasmid vector, harboring three kinds of genes
selected from among Oct3/4, K1f4, Sox2 and c-Myc, and a second
non-viral expression vector, more a preferably a plasmid vector,
harboring the remaining one kind of gene selected from among
Oct3/4, K1f4, Sox2 and c-Myc, are introduced into a somatic
cell. Preferably, the first non-viral expression vector and
the second non-viral expression vector can be concurrently
introduced into a somatic cell.

(dl) A method wherein a first non-viral expression vector, more

preferably a plasmid vector, harboring two kinds of genes
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preferably a plasm d vector, harboring two kinds of
genessel ected fromanong Oct3/4, KIf 4 and Sox2, and a

woaoonssononvi ral expression vector, nore pref ercbipzo®/0sss73
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' d_ of
BLESPLL BRI an O D000 08 RS0l A s o
ulh@b expfessﬁdnxhﬁnmmn ntora pesdEtrablel a. pfﬁﬁmfﬁéﬂﬂqtor,

ﬁbf'rSt on-viral .expression vector and the second -

TRy eSO W OP6r Xiaf BE EBREUFPERTTSA from among

®@t3p4j}101€eﬂf4 Nl &cx@Bking eeMbc, (ghd ArtBSAOELINBIRI T somatic
a first non-viral expression vector, nore preferably a

Behkni Prrferabl ynather fhgSbrranaviral expues Sexp vegi@r and
@héeggé‘éjnd&%ﬁ”xhaﬂ 1%%%%%%98&98&951; 8R4 Spd déj%gcg?}}!%]tly

a plasmd vector intro
ansopditced cigltia aPm@hamablyel&he first non-viral

SiQ ctor and t cond non- |raI ressi on
TSR] B bt el g i s 2 OPE N Lk | S R YR dtor, more
seéterddly A gRiad waetsirn ﬂaEb6§ln§0®cﬂB/@J K1f4 and Sox2,
expressi on vector, nore preferably pl asm d vect or,

LR rI PPN WS adt cHBRESSiene¥eEHOF r oRPERIRELerably a
ﬁ%gg%fh J%été&zmﬂ$ nbntgﬂgé,oen§r1h€r6éﬁ%ed into a somatic

orientation fromt and a secon
¢m&&xnrﬂﬂeﬁezpbésslbhevétrsm nomtel r kferatd ss imnplvestrod and

b d t of
Y8 Pheontf - i1, B RRC BRY wRRERE 0 I8 (ngurrently

hotroduddd edfiessisemaveet eellare i ntroduced into a

~somatic cell., Mre specifically, a first non-vira

EXbr &b Aok hGTeipr 8f ERABFyNANpYASR de¥REGBTion vector, more
ﬁ@@f@%&) Cbtéﬂgﬁﬁab4véego§|fhﬁrbogih% 5%£4kﬁﬂﬂ3§ﬁx%enes

or (il /4 and Sox2 in this order in the

g legtted i foronf ragengh©cs 3744 0K3f4 and Saanmutsteids afver in the
| ressi yect the s

ééééﬁt;p e%%%gégﬁgngvecPo? &n bea%%n%ur?%ﬁﬁ pon-viral

exp rexkiced vadtorg sonet peeﬁekhblygh)pkmmaﬂbdﬂw eiharboring

a first(gon viral expression vec nore preferably a

ST 2 G Oren GFBT PG OEt SFa5 ki KM AN B s Mot
é$h€h£ﬁé3”ld'%hkh%l@%teﬁBﬁLVQBairQﬂb£@§s§on $&tdr, e

and a second non-viral expressi on vector, nore
m@f@dtmq/ ity assomatact @ellharwe r@aww@:aédey, a first

5“r6§¥5:(£§ é%éio%ongE g£%f§%§£f§a§'aiaéﬁ“éfdé or,
non- vi ra pression vec

harborlng (i) Oct3/4 and Klf4 (ii) K1f4 and Sox2, or (1ii).
Oct3/4 and Sox2 in this order in the orientation from the 5’ to

3’ end can be used; the first non-viral expression vector and

the second non-viral expression vector can be concurrently

introduced into a somatic cell.

(gl) A method wherein a first non-viral expression vector, more
preferébly a plasmid vector, harboring Oct3/4, K1f4 and Sox2 in
this order in the orientation from the 5’ to 3’ end, and a
second non-viral expression vector, more preferably a plasmid
vector, harboring c-Myc are introduced into a somatic cell.
Preferably, the first non-viral expression vector and the

second non-viral expression vector can be concurrently
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second non-viral expression vector can be
concurrentlyintroduced into a somatic cell. The nethod

w®io0f/Mm33p70r (gl) can be preferably used when tIRer/Jpr2009/058873
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For either 6ne of “the first nonviral
expr esBiemeatduidrofand 1) hers¢gbhdcannbgi padé f €x4s B Si s when
vector, a Vi vect or retroviral vector,
MR %;%le éﬁ%ﬁ&@ﬁrﬁFOWe@?B?e adeno- associ at ed
yoo3t) vector, Sendai viral vector or the like) can be

used in place of the non-viral expression vector.
{00381 n(kdnottier(fglepbered Enbodi Rt ofetdk pPreskimst non-
yventd eéélo(r‘?lx)gé:%t%}r( 24 ﬁﬂgvgec&n ﬁor‘fa\p be y ddlion
pl ace o PhostiTI > anot her pre erre
%ﬂﬁtﬂhﬁﬁﬁﬂv1nﬁkxndmt@atlengot tbteevkrmﬂsveétqmuu&eut1v1ral

sisting of .Oct.3/4, KIf 4 and Sox2 can be use Thi s
T A erEotS The AAFRAT 67 ORLR LS Setfal vectst,
sgrefd f ivialdly vdarothiogh thBe1skepecah bdeudE@SBNtplace of the
invention is never limted. (a2) A nmethod wherein one
WQWKY%ﬁa%uﬂﬁRHQ%ﬂlQ@xﬁﬁ§§§F®n vector, nore preferably a

d vector, harboring Cct 3/4, Kf 4 and Sox2, is

introduced into a somatic cell . (b2) A nethod wherein
one kiImd agfo tihen- \pineéleremir enbodimerctof , th®rpresent invention,

f‘?‘;@d 48 desr ived frammouse. {0037} In (bl) to
%ove : i i

l asm C harbori ng, Qct 3/ 4, Kif4
and ? |s%bpgéri ﬁth% %r?%h?%%@o%PfQ%ﬁﬁ?tﬂ?!?'Myc
teody end are introduced into a somatic cell. (c2) A

met hod wherein a first non-viral expression vector,
nore prefdiddi PretheLs RraLoEEeS r SpRE IR Mty 3 @I i@ ion of

tHraenanh&elogcied st eBhaiBpInGTs 8/ det K4 4 @NEh S¥2:s0x2 can be
and a second nonviral expression vector, nore

et .er dblly Rrpfasned ﬁ@b@@wmenﬁuﬂﬁnhanyHﬁﬁfheggﬁfﬁzmgbed
| Cct 3/ 4
s%f(_)é)e(t:zlkfl%%l(i g&Re . »& %CEEQ gcgg]enacgfc elﬁ) ﬁrgf 55 1on is

are it roduced 0 a's
rihe=of ilristi te@n- vi ral expression vector and the second
Paoﬂ_ \ﬂ rmaelth )<(:Pr %esrlegrr]l \éggt ggngagf br?orso\?flya[lr een)ggz_yess_lon vector,
more preferably a plasmid vector, harboring Oct3/4, K1f4 and
Sox2, is introduced intoc a somatic cell.
(b2) A method wherein one kind of non-viral expreésion vector,
more preferably a plasmid vector, harboring Oct3/4, K1f4 and
Sox2 in this order in the orientation from the 5’ to 3’ end are
introduced into a somaticAcell.
(c2) A method wherein a first non-viral expression vector, more
preferably a plasmid vector, harboring two kinds of genes
selected from among Oct3/4, K1f4 and Sox2, and a second non-
viral expression vector, more preferably a plasmid vector,
harboring the remaining one kind of gene selected from among
Oct3/4, K1f4 and Sox2, are introduced into a somatic cell.
Preferably, the first non-viral expression vector and the

second non-viral expression vector can be concurrently

introduced into a somatic cell.
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introduced into a somatic cell.(d2) A nethod wherein a
first non-viral expression vector; nore preferably a

W(pmsmadnvector har bor i ng two ki nds of genes Het/mt)@d)sssn
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rom-t end,
pmfaralaly ea(p:rlmnmm mecextiomr,, hmbermngf ewabkinds péﬁsgérﬁas

SRE ey ot skt R P KU7 P HpRE v p afhis order in the

@xpézemnmh VRGOt Y &0 tlor gduead, i Bh@ @ $88&hdE Cn&elviral
More specifically, a first non- viral expr essi on

FEREIDTS L SISty MR TS RIMLGrabévor, phaasrbbdu*r@cmr), harboring
I [ | £,4 S ( 3
%%%S%(?%n&t({ﬁ#s o(()fr g)c tﬁ/ﬁ t wgr?éét% |%nIH Qt"n% f%ed in the
forst nQﬂannailaxpmes@;oandetherfarstlmmmbdu¢éd into a somatic
tor.and.the s cond non-vir ressi on
SKPLETh YERLOR AR FEREE BT L, SRSt veceor,

et ferabley netdlednald (e2koel, tdZboeangbei pretes ablahg k1£4,
sed mhen the somatic ceII is derived from npuse.

? 0405 4% AL B2 1 ( @%) (dBéVeOCEdr 4 erpBhefOrhel mfthife order in

fhd SrNOMEidn PHRRESSLOB VEgt §F @H? Lhe bc‘éacl%@d and the
non-viral expression vector, a viral vector

Ferstoviaralvivedt @rXprIegﬁtpr Vabtvecami tlmlammrcalnon viral

UG5 PR LB YOELE o B o comacac

ecmlntviral vector. {0041} In still another preferred
enbodi pent of the present |nvent|on a conbi nati on of

two kiTifs TEENgenes dBRécPEd (B2 brfamdiry REQI bl fused when

o et icardle YsederIhbs prehensssk enbodi ment is
herelnafter descri bed specifically, to which the scope

Qe present invention is never I|n1ted (a3) A
net ho in._o n express _
vect o:‘:i \Aﬂg:rzz grre;@ZZb?goggpl Jgglr:n d veclf or.C H :frocgﬁ fg-¥st non
vlmaﬂﬂexpxesﬁlgena&cﬁekeahddtﬁéosm@wﬁ&mhdiﬁéﬂr%lIﬁﬁbr%551on
.S |ntroduceg into a somatic cell. (b3) A

Wﬁﬁ &H ﬁthgﬁﬁ SRETRFNES 0P - noRehFP %t rak presditon Lentiviral

weddd,, adenoviral vector, adeno-associated viral vector,

2 h
orlentat|o é§néyé%ﬁ¥ﬂ Q%%.ﬁgé vi % é§%gegs%Pﬁ vector, more

Sendai viral vector or the like) can also be used in place of
the non-viral vector.
{0041}

In still another preferred embodiment of the present
invention, a combination of two kinds of genes selected from
among Oct3/4, K1f4 and Sox2 can be used. This preferred
embodiment is hereinafter described specifically, to which the
scope of the present invention is never limited.

(a3) A method wherein one kind of non-viral expression vector,
more preferably a plasmid vector, harboring two kinds of genes
selected from among Oct3/4, K1f4 and Sox2, is introduced into a
somatic cell.

(b3) A method wherein one kind of non-viral expression vector,

more preferably a plasmid vector, harboring (i) Oct3/4 and K1f4,
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nore preferably a plasmd vector, harboring (i) Cct3/4
and Kl f4,(ii) KIf4 and Sox2, or (iii) Cct3/4 and Sox2

WO mod/mizd7order in the orientation fromthe 5 'pdoOIrR009/058873

GG, dikd AHOIUGS LA 0 5 POSRE S Fa O8I s 83 RN der in
erei'n a first nbn-viral expféession vector, nhore
threefaariznityata opl &gpimdtiecdbr o hat batd ngi ®nentkdohceld into a .

ene ,sel ected fromanong Cct3/4, KIf 4 and Sox2, and a
éﬁﬁé%ﬁf ﬁ@ﬁarral expression vector, nore preferably a

@ASM Ghet®OHOWheRai ROAT ROraAYnORey OENE S r&siGrt Jebtor, more
KIf 4 and Sox2 not contained in the first non-vira

Rogfeasdilon avedesmidarect ot r oueleer ing cone doimat iof gene.
éz%lgc%re@lf 1omt Bﬁoﬁ%ﬁ&t@%‘)" kf% 4 EXR e§(§}£?,n avrb“:z‘:fétaorse%%gd non-

the second non-vi expression vector can
wigrduexerelsy iont vedtced mote prefemdbly celdglasitiel vector,

hod of (b3 n _be prefegrabl e en t sqmat i c
KR 0% ahd baS: P uE LSt oot Py i e B33 ot
iritaEhedn@notheh€i bt ShoRon: ¥h 1 adxEXdH S5t Qe ML, Ok re

and the second non-viral expression vector, a vira

ced. gntor at FERREAF t or Poediqmabilyal thecférst non-
RANOWL R sUEEHOG e cRYE QA ST ifé [ p4eehox i
Sendaix% ral %ect%? or %%gsﬁiie (%gﬁyﬁgﬁtsé%%inegpggSSlon
wsfctidre caonbei cahcuecent ly { DQUS)dugedtintio ancidretic cell.

pref erred_enbodi men t he present invention, :
Conbi 150 BatBPosry ko Rstdl Bh e ke i iPenonge
Sonlad/i4, cKlifl 4s, dSexdedCEfMe, mdibs@8 and Nanog can be

used. This preferred enbodi nent is hereinafter
{$dd<ti bed specifically, to which the scope of the

present, i(BgeNLHGRel SeHLVE thd M 8. of adle AiMBLENQAn-viral
wherein a first non-viral expression vector, nore

gxpafessdlony vacppasand Veet secotdriantigrdwexpnegsioh vector, a
A0 RELeE 1 BT OTLAIPON O Hder b Al 3 2eBeer,

second non-vi rar - expressi oh vector, nmore pr

Juleasviidaleotot prhasdero-rgs & el 4 eddmivi gl aredor)d sehdai viral
ene selected_fromanmong Cct3/4, KIf 4 and Sox2, and a

%%EHQT ﬁ&npbﬁréﬂLEQL?%% iRt I PIaf% S dfer appyvaral

widagA.d vector, harboring c-Mc, Lin28 and Nanog
{0043}

In still another preferred embodiment of the present
invention, a combination of six kinds of genes selected. from
among Oct3/4, K1f4, Sox2, c—Myc, Lin28 and Nanog can be used.
This preferred embodiment is hereinafter described specifically,
to which the scope of the present invention is never limited.
(a4) A method wherein a first non-viral expression vector, more
preferably a plasmid vector, harboring two kinds of genes
selected from among Oct3/4, K1f4 and Sox2, a second non-viral
expression vector, more preferably a plasmid vector, harboring
the remaining one kind of gene selected from among Oct3/4, K1f4
and Sox2, and a third non-viral expression vector, more
preferably a plasmid vector, harboring c-Myc, Lin28 and Nanog

genes are introduced into a somatic cell. Preferably, the
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genes are introduced into a somatic cell. Preferably,
thefirst, second and third non- viral expression

WO/ B0b/e33971can be concurrently int roduced [ nt o @@pmt)dsmsssn
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£ b Tt b Tt g PenaPar Srabi SHRFETALH dvatqrs can be
&mm&uwﬁdnxﬂy)1dﬂﬁd&héedhdn&bfé sbnadiKl ¢d1and Sox2,
g? i) Cct3/4, and Sox2 or (iv) Sox2 and KIf4 in this

%er A et oieERia: PohifPonRPReviral gxrresgipp vector, more

SECONLIION 2 ig13snBXPLBEELEN MEELOFingO(£) %@E:@i@balda XK1f4,
plasm d vector, harboring f he remal ni ng one

fehle Kl 4 anst Sorém didhy Oct3/4, ardfSaxaner sb:x@ Samdz @&nd K1f4
x}?'{}?lé“oorka’ b 61' SRR %%i 89a¥%§£°££om %ﬁ o PERTErably, &
c-M/¢, "Lin28 and

asmd vect harbo n nog genés
$et¢ﬂdsnan%kmralne&beeesuentaébbﬁrfrmm&éfpméferabﬂjﬁa plasmid

end are .introduced. into a ., somatic ceII é0044 When a

Yen FPTndRFIRF 129 &BEor SPRAPINAdORsktifl | OF gene selected from

ey todd Al | ar4Suel 88x2 ERInd SY40n1 A 9€ord- \@I‘Eé]geékpre531on
HPV16 E6, HPV16 E7 or Bn1|, is further conbined with

Y¢R$QWM)mqnﬂw§§efﬁ6@blwraspiag@h@svﬁ©h@Ioh@%tbﬂﬁﬂng QTMYCI
fﬂ{béjearﬁf Ff\fa%r ?g%ne?ogﬁg?ﬁﬁg e?ﬁaé‘%ont Q%Qe r {9 i;c% afrom the

expression ve above,
Pl waldt eraf aggendntiedgcedOihtd am symaehe, cKlX. fam |y
%ﬁﬂ@z and Sox fam |y gene) are incorporated in one

of non-viral expression vector, these genes can

pr ef enafdry b@yenesentedihgt @ EReL BTN § A n XY £ 19N
vector wth an |nterven|ng%sequence enabl i ng

%Rﬁ%#%%ﬁﬁ%?nexﬁﬁé§sﬁénT AL hﬁrg¢n¥wﬂﬂﬁﬁQRP HPV16 E6,
oe.‘tn%kﬁ{llng %okﬁgfﬁte%ogblﬁbfﬁ(@éeﬁfﬂﬁura% ttv»'ic§ three, four

p033|b e to noré efficiently express a p ity o
Qe rEisx |gm~spanea1tte@ned ehevéj nit oéarmdmvlplaéfeenq;blqssnmmrporated

v ctor.t ef ul gue&ces enablinngoé cistronic .
EXpr €8IS ﬁanu dé o *BREHPTET YHE"2A sequence of
famsjand- nout h di sease virus (SEQ ID NO 61, sonetines

referred to as FMDV 2A-sel f -processi ng sequence)
(PLoS IONEDs cogssxs abougr whem wllérazlsltnmfr 9E57)(e-9-

TES SEMPIGR AT P, o8R0 skt cono) e
grasyiadred/det oneh&ibdr pAgnenyvica B/ expié$sti gmdre8ox®;,, these
genes can preferably be inserted into the non-viral expression
vector with an 1nterven1ng sequence enabllng polycistronic
expre531on By u51ng an 1nterven1ng sequence enabling
polycistronic expre551on, it is possible to more efficiently
express a plurality of genes incorporated in one kind of non-
viral expression vector. Useful sequences enabling
polycistronic expression include, for example, the 2A sequence
of foot-and-mouth disease virus (SEQ ID NO:61, sometimes
referred to as FMDV 2A-self-processing sequence) (PLoS ONE 3,
e2532, 2008; Stem Cells 25, 1707, 2007), IRES sequence and the
like, preferably the 2A sequence. More specifically, when a

non-viral expression vector harboring (i) Oct3/4, K1f4 and Sox2,

(ii) Oct3/4 and K1f4, (iii) K1f4 and Sox2, (iv) Oct3/4 and Sox2,
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(ii) Cct3/4 and KIf 4 , (iii) KIf 4 and Sox2, (ivV)
Cct3/4 and Sox2, (v) Sox2 and KIf4 or (vi) c-Mc, Lin28

wamdI/MNsBaolg in this order in the orientation frecu/iHe0sssssrs
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rt the Sequence etme ese genes.
Jﬁmdﬂrajldrgjeym,tatthenplfesmnthenBtenth031’ arsh oy eardes s tiesy 1t is

0 quence f preparin -vira

R AE 6 Lo PBFEEoF e bR LarRUTh ik (T P hais gnes
Ad&r"&ld@l@% Itr.h@d@r@fseﬁepmﬁéﬂﬂmmgai@t@r&uc{e%%bhszh@f the
nunber of repeats of the manipulation to introduce a

ZorsegueRices Pre®SPRATVBEL BrRPRTHL A L RIS AN Viestegt for 1iPS
égﬁf'fﬁgdﬁfiﬁﬂ 'ﬁb&ﬁgrlﬁg £@5 &e ﬁé%%‘%fﬁﬂg ég féﬁ%ogrammlng

present 1 nvention o rogranmng a somatic cel

faaduce an i nduced pluripotent stemcell can be

@ﬁﬁﬁgplished, the transfection can be perforned once
re optionally chosen tines (e.g., once to 10

ti mes rheneRmberSoffi Fepeatst 8 th&&anipiiet il & ifréduce a
ki nds of non-viral expression vectors are introduced

Ny iFado PEPrESEAPR, VRELPE BREP f st tiatCaldeds aqt
gd Adg axri‘}mi'lhﬁlteaxp5§5§59na¥e€ﬂ@réff@c19wLHHee'HIJe)éent

introduced’into a so6matic cell; however, even in th

icasmt itdme ofr aepfregirhomiogna beorp@ticorcrﬂeldl dTR:@Ide @n induced
pti.onal |y chasen ( onc

AR SR Eet e By Para PR i e don can

wrpdzefdra@aamaleyopembeéneﬁtiwmamprcm@ (teinges @.g., once

tinmes or 4 tinmes) . \Wen the transfectlon IS repeated

b taeor GMCEh &0t PELTRE ePy ot 6 oL G5! FPeBq g, o more

%Eﬁdéugf|ddﬂ¥%§@aﬁoex$%eggﬂéﬁ @Qcéoﬂ§3¥ﬁeFHﬁﬁﬁH&ﬂﬂéﬁ 2to a
hours to 4 days, for exanple, 1 day to 3 days. {0047

Femajsied dediei At fieprefarabheuthat ptheipctldntkigyasmot non-
vcleJHl (et)f§ecs%1 g;a%{t%& ha? (g?&%é C%?t?fs}?slﬁiot{%duced into a

Bropertires sim
spetiifd ealllly heelkwdirpngesadi Lhetehd i @dos, adld £ ransfection can

repr anmed from somatic cells ssessing | .,
RASTEIRE OB BroPPFer SPFAGRELLY fOretndiymes (e-g-, once
t@@pﬁblﬂﬂde)s ldnceheul @ benBot 86, thoveves), tdalrdiistly the

term nust not be construed as
transfection can be repeatedly performed twice or more (e.g., 3

times or 4 times).

When the transfection is repeated twice or more, the time
interval is exemplified by, but not limited to, 12 hours to 1
week, preferably 12 hours to 4 days, for example, 1 day to 3
days.

{0047}

As used herein, the term “induced pluripotent stem cell
(1PS cell)” refers to a cell possessing properties similar to
that of ES cells, more specifically including undifferentiated
cells reprogrammed from somatic cells possessing pluripotency
and proliferating (self-renewal) capability. It should be
noted, however, that this term must not be construed as

limiting in any sense, and must be construed in the broadest
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limting in any sense, and nust be construed in the
br oadest sense. A nethod of preparing an induced

wloosipetient stem cell by neans of hypot heti calcTurebm®arss?s
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r eprogrgmi ng f.actors xs_described.in 005/ 8059 i.n

PR DL 8 Pt SE RBePEr ARt B it IR iy e Capthem coll
oy meddrosl of hHyseltaldtigaannubdeaedrppudd poheitg stemaagd Ii's
is al so described specifically. WQR2007/69666 discl oses

deRet 79 M08 5B 0PEfr ddPakfiAgPrati erlsldhd the Hed® ES-

Piks U@l G LRIded)EPHAG AMRERHCHSHRT: §HEaSAME an induced
Therefore, it is desirable that in enbodying the

plesintany eremogelithdse ad kil Hedcrhbetespeei fiefasilt.o

' N .10 n_addition to-the gene .
R A S Spar s r ot P 86 1 3 famming
Bacpuenc e quaitihedisf of sbaasdti pel dnrépr@granmiomtaying the

, and/or termnator and the like) is ,k .
S or ADETOPERablG 1P nBRH TP IR Rnd ] PUbRglying the present

DOFeti 16, HYSRS&kaN 1¥8CE AN thASatherPFOPDESth&sdPMblications.
sequence eXthItIng transcrlptlon aCtIVIty In somati c

t@948&} can be used, and the pronoter can be chosen as

appropyrd at.e;: rdi.n 0 ' peci ' .

commt 1 e IR Rl ankOpBhL P e PERL &I 8 b ey ng
Bxqraessed negulatorlyi aeqaehte raqluided af gor ontdrescrifpttilee (e.qg.,
| E (i,medi ate early) ne of cyto al oyi rus (Lhuman
RARA L RS S BT O%1 Capipna T apar g 11keT s

P8 FPEPIUS opdaiadl ot hheeal BoPtREDEERe NRathshRK-viral
pronoter, SRa pronoter and the |ike. An enhancer of

PFRL P IFEnF S OBFunan CW may be used along with a
pronohﬁfthé g&%&%kegﬁogpbﬁﬁ Eéﬂﬁgﬁcéyg%¢ﬁéﬂg§1 _Eganscription

(conprising cytonegal ovirus enhancer, c ctin
priomoitter iandomaglicbicelyeneapobg Ausegnadngittte) prdn@@43} can be
The non-viral expression vector may incorporate a .
TERRNCS ERREORIRENe FRECKALBRORBAEH | TRGIRe GPa fand of
SR ESS iYL 1V eCERQEmple 8 FRNTEE flld HviidersCehlat. cAR be
exanpl e of, the DNA sequence is the SV40 replication

HFRIf TP GO5TRM TR 1ABNCOILLEl 1BRbFE] sF ey qfs the IE

PIiRiideY @R 1y) gene of cytomegalovirus (human CMV), initial
promoter of SV40, promoter of retrovirus, metallothionein
promoter, heat shock promoter, SRa promotef and the like. An
enhancer of the IE gene of human CMV may be used along with a
promoter. A useful promoter is the CAG promoter (comprising
cytomegalovirus enhancer, chicken P-actin promoter and P-globin
gene polyA signal site).

{0049}

The non-viral expression vector may incorporate a DNA
sequence that allows the autonomous replication of the
exXpression vector in a mammalian somatic cell. An example of
the DNA sequence is the SV40 replication origin.

{0050}
The non-viral expression vector is preferably an

expression vector autonomously replicable outside the
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expression vector autononously replicable outside
t hechronosone, and the non-viral expression vector is

“KpnBWﬁBably one that is not integrated i n the PCT/JP2009/058873
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pref r abl exa Ies i ncl ude lasm d
vec%ﬁgogcb%e arech &L Vlrg[l n _ve nC?LDd]éS pbruetferably

’Exa Ies OF 't he or i
@te todt |Jl§‘ﬂrtceﬂ ineegtachdr Ilﬁhthecehrdredidsdxﬁéi phrsiE ggeferable

serje asm ds ,such as pBR322, pCl8, pUC19,
SIS rtelieo P e AP RECoF Bpt AR 91 KB, Plasmid
Jgéﬁ&PUMﬁﬁﬁxﬁﬁrBﬁ%daQEa§BEd§1ﬁP£é&8§oan@séﬁ@%iéﬁ%@’coll—
Baci | I us subtilis-derived pl asm ds (e , pUBHO, pSH 9

dgiel Rt ar smiisadCodBrisesdepl RbaPTbAS Ysap¢13 asymBREL2, puUC1S,

S B o oo Bat e Fre B e, oy

Anﬁnﬂqmyneﬂ4ddﬁuyedopiasmaaseprEQSGomn&etm@rrakeunlnkmillus

n d to, 6- XL3

é?oeer&"l pﬁas &l & - for oﬁ?éﬂ;é p%ﬁg‘?r apd others)
ddantechlved RARNAK dEF OSHI ggm@Y& Hip
%AGE' & (Oytol echnoldggwég 133%?8905 pmtﬁé tke) and
95, L, af98“75)11 BEDRA FﬁhPlelnDlﬁﬂe?g@n\)ectcptFHamd the like.

(L0 i, BB %xaﬂ%%géﬁoqh%f’noln%ﬁsmon

IE’XCp]rLEES,i dmtvaxteonomylmmtedp’oo at eCveeXkett et sarar ker

Tt adEs. ot dh BeRreln TelerReet c B i oS

@bmmmm@smducbams(%ﬁwgsm PrpAde107 (Cytotechnology,
Schi zosaccar onyces ponbe TPl _gene, an genes for

A0 )vo DEPNGs (NatHras 3ABi cB49i nl @%ﬁwuﬁRﬂNﬁI/AmP
-qug&' e, -qr n

%‘{lonymérﬁj &Pq &hﬁﬁk}ﬁ{?g{-}ﬁ%ﬁ Vi ﬁie@?or g{mBolnocvheact dr
¥ﬁﬂﬂwzﬁﬁ&ﬂ)asmﬂ@Eﬁéétendlhheoﬂubed |nto a somatic cel
iﬁq#fpically not integrated into the genonme of the
_ under selection pressure for iPS cell induction,
i ncr eartrd riont-egiralli erpetbstoRNeY¥cOOr Ny Vi@ rporate a
expreSS|on vector may be observed due to the necessit

HL AR JegkeLspSnT8AVEERH ogriiAiHG S &t She, selectable
MX%%HE“ﬂHHDﬁdéM&%BeEhEhhgsafglaéfQéléﬁ%efﬁséhéﬂﬁbst cell, such

intended to use for regenerative nedicine and
343 Kare tHdvidmefpilpge reductase (DHFR) gene or the

Schizosaccaromyces pombe TPI gene, and genes for resistance to

drugs such as ampicillin, kanamycin, tetracycline,
chloramphenicol, neomycin, or hygromycin.
{0052}

While a non-viral expression vector such as plasmid
vector introduced into a somatic cell is typically not
integrated into the genome of the cell, under selection
pressure for iPS cell induction, increased integration
efficiency of non-viral expression vector may be observed due
to the necessity of stable expression of reprogramming factors.
Accordingly, when the iPS cells of interest are intended to use
for regenerative medicine and the like, the non-viral

expression vector can preferably contain a sequence enabling
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expression vector can preferably contain a sequence
enabl i ngt he excicion of transgenes, such as | oxP
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Feh. . I , 2 o] bac
o K Bl PRSP O Savanes SRPTRE (Ehang et al.,
JuEM icEatliSorPublhed 2A0Q9Nécol2 18 0383 Matdsie07864)

.tjen et al., Nature advance online publjcation 1
K T HsSsmd)) 16 59uBaF hat tretReta) | (RaHd et al., Nature
dRIFREY Fniln@ e EPIRShY ol EMBAEch M PFPMOt er regi on
(Tet-ONR & Tet-Of R Gene Expression a?/bsterrvs,

ddritldeR)038/patmzp0ABAEY holo ot ¢1 (it | Mk a Npgere lgtvance

.Qde rs a a : I
e R TIANCogh00. (b PLTICD Hllupagross)) and
tdiegquyedame iresponsdme ehemantapix opréradteeormeyidro (Tet-OnR &

t t -viral ,expressi on vector abl e of
TR ads Fn g oPfe EFBE PSS BmP AR TRMA (r LTI Somat | o
{@®33} is obvious to those skilled in the art. {0054}

When two or nore kinds of genes that encode .
repr ody ARG PiclépItaRe AseRNe Ay dRly peeprogramming

or,a ne_.no Xp r

R ey ool aP R e P MAIALS i finacor and the

lexker, esisiedh ivether prersent poneeningomli ffrereentapperescimiy order to

be %S%dt ILn_the latter case, . one non4vfralv§§9r%§sion‘ .

VEEGH T EolPPor LRy BHRBE B SHE? & K5 Tt GIP WL TafgPLeSS1ng

then repralg réxpi egsifast yeci ar thé oot @ | Wl IoNe PlobMIRs to

ki nd genes different therefrom can be conbi ned as

ascopkiidted £90558 ARY - met hod of expression vect or

dotiggqduction into an animal cell available to those

skilled in the art can be used to introduce a

non- vilhgn &wor essinonevkinds ¢hteeresdrmt erselde reprogramming
e f ful ., met hods include. the use of. a

ARt on B e BRSSPt e Srecpeofion-

vieagerikprBesienh vetherusaldfermatiGleQRQr &tvor ort Mere kinds of

el ect,roporati on nethod, the cal ci um phosphat e net hod,

NAFe VIL ééPFGﬁSﬁQPhBHFt?ﬁ% fﬁgﬁ?RRSRQ%ﬂﬂnﬁﬂgﬁgﬁfnt genes may
dd anlect tantAet hodiet r@asgé,arb?{eechtdn%i'i%tlh‘égipﬂaggéon vector

m croinjection nmethod, the cationic |ipid-nediate
incprdogeitii; two or more kinds of genes and a non-viral
expression vector incorporating one or more kind genes
different therefrom can be combined as appropriate.
{0055} | '

Any method of expression vector introduction into an
animal cell available to those skilled in the art can be used
to introduce a non-viral expression vector into a somatic cell.
Examples of useful methods include the use of a transfection
reagent such as the FuGENE 6 transfection reagent (Roche), the
use of a microporator, the electroporation method, the calcium
phosphate method, the lipofection method, the DEAE-dextran-
mediated transfection method, the transfection method, the
microinjection method, the cationic lipid-mediated transfection

method, and the like. Nucleofection can also be used to
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nmet hod, and the |ike. Nucl eofection can also be used
toi ntroduce a gene. These nethods may be used in

wemo®niati on. {0056} In introduci ng a non- Vi r alCT/JP2009/058873
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expressi on vector jnto a sonmatic cell, the, expressi.on, .
RO G5  Shtaaneiaas Mt G dera & Bapigation.
cudsay ed on feeder cells, and may be introduced only

into the somatic cell. To increase expression vector
introdﬁbﬂﬁ&ﬁoépﬂ¥89eﬁc??nfﬂérﬁét?éPr%%§%Rw yector into a

SRR RS 19U k3R %pr%%sfi%ﬁd%cESklﬁafzk_?&' TBYr QfuddiPSito the

for cultivation of enbryonic stem cel for exanple,
ponatary aalllt ded nii budisugeds ofir 6aeden 4cel bs 1 Santhynato dese

e TQ (1 brobl deriv celLl, i .and th .
ARl By RO B SR SoBht L such ARy EFpression
eetrorXxpaseduot ibadiedtfieienagyd the lakeercametlodisied.sometimes

0057} By cul turi a somatic cell incorporating a_. . )
HorEae Shpr LeefBn voLior SRaI gt Gpsa dor cultivation
SO A IIS.c %Eeh§c%Q§§bbE%rt@x§th&£P#Eiﬁﬁ%y culture

Y,

reprogrammng to progress autonom ca and to .
brlothidests ifrgnced 1gruitiopdbedaysnense edmbfyam T (fibroblast-

FARLL Lohl 13105 ShEP AL ULLUT{ PG AP G Bldmical agent
I nicorporating a non-viral expréssron vector to obtain
such reduced goiyeiinp Gt emt esxpesedetd cadidei grey faridrechd like can
t he sa manner as a conventional nethod using a
bty Tus; for exanple, this can be achi eved as

j bed in publications such as Cell, 126, pp. 1-14,
2006; Cell, 131, pp. 1-12, 2007, and Science, 318, pp.
1917- B2@¢u120ging g geBatérngeadl hineprrewriceyy a non-viral

| pot en il Ll [ i rable t. :
PR SENTEaioTieE §8ker, pPakPppdRs SBRECRAEY fF {¥possinle
ftotaloduc iuarl che sepragrammnengl tbopeogtéan dlnadndmircally, and
ordi na animal_cell, culture. For exanpl it is .
% diieiiice o J0oRERuE HRAPEEPPT VAT BrCGT L o X the somatic
&ersj t yhef s8p088 £01400iN0a Cebhst i Prefiar aklcsrppeuting a
50, 000 cells per cell culture dish, Any nedi um can be
RIS 5] (P IEFISEOPaies O c hBseRtasn appr bpiicRE Mypripotent

%‘1{&% &Ml 1d=80 Heh peh @ obbed QT tﬁéaF"F’ljng 'mddh ¥ OUC NG Rrentional
uman 1 nduced plaripotent stemcell, it is sonetines
mtdiat alding @ oséraviedisamteui eabhplef thihwmrcdSs keldchieved as

described in publications such as Cell, 126, pp.l1-14, 2006;
Cell, 131, pp.1-12, 2007; and Science,. 318, pp.1917-1920, 2007.
In producing a humén induééd pluripoteht stem cell, it is
sometimes desirable that the cell culture density after |
expression vector introduction be set at a level lower than
that for ordinary animal cell culture. For example, it is
preferable to continue the cultivation at a cell density of
10,000 to 100,000 cells, preferably about 50,000 cells per cell
culture dish. Any medium can be used for the cultivation,
chosen as appropriate by those skilled in the art; for example,
in producing a human induced pluripotent stem cell, it is
sometimes preferable to use a medium suitable of human ES cell

culture. Regarding the choice of medium and culturing
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cul ture. Regarding the choice of nmedium and
cul turingconditions, the aforenentioned publications

WEROYe33har references {0058} The resul ting i naueEdo0s/ 058873
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1 Hrd Reien, S_Lttemscqihbwhf thhe f6hkePELINESY p&ﬁme@cefnctr stem

t he marKker ( P) . {0059} "Somatic cells" to
¢ebk o grcamred ispdt ﬁelne@hed eherdes human 1nduced pluripotent

stem cells form flat colonies, and the shapes of these colonies
are extremely similar to those of mouse ES cell and human ES
cell colonies, respectively; therefore, it is possible for
those skilled in the art to identify the resulting induced
pluripotent stem cell on the basis of the shape of the colony.
When reprogramming is performed using a somatic cell having a
gene incorporating a marker gene such as GFP downstream of a
promoter of gene specifically expressing in ES cells, it is
possible to identify an induced pluripotent stem cell if the
cell becomes positive for the marker (GFP).
{0059}

“Somatic cells” fo be reprogrammed by the method of the

present invention refers to any cells except totipotent and
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present invention refers to any cells except
toti potent andpluripotent cells such as early enbryos

wandy/ESzel I s, and the choice ther eof i s not |1i’([li/JI&dO9/058873
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vvellasso |cc in_th
@f)aggg neona? Somat |c Sce ﬁﬁ?uren%o t| Iajte’l Iasrld the
oyide tiseckoPrief &fcﬁbll)imlseﬂat IEoEeéia&npd]&f,l vad Wgldmas somatic
rr&rrals, incI di ng humans, are used; nore preferably
Rk - ortho d}sjeetageﬁt\?@&'saﬁﬁfl%a&e??@a’é%% Geets and mature

sheet fd C1 Vs may Pe tistaue sterefbly, (SWRLC 180 derived

cells) such as nerve stemcells, hematopoietic stem

Eeom gnanmsskemhc iynraludsngmheins and deedal mpre Pxefanably

A ) r e
%ﬁ%@r e&lzl ac%de s"%gﬁ% 518‘&1? uelﬁ %ré 121e?od’thepeéfllflc'—’llly’
CEl Itsissnsdtaencejellis f(lsbmabllaSBSemdeeM) cehtls @ancthdhe stem

| i ke hair cells, |i ast ronucosal

CHITY A e TVREL L8 TAOURCAYH br P10t diftLLs, and
S rehllg Sstgeddlastral aidkgeasLogbhitsr d@éu@bl&r (3)
to use somatic cells separated froma patient to be

@#%%ﬁwiblratfq@brﬁ&dd& echpaps bHMBRAEY BES ¢ h%ps@?@lwpecells,
*ﬂé\égﬁtéua fﬂ}o %sE@t'SQ maioé BX&MRLE: 190 hair
ce? S invo ' Sease ‘and Sonmat1c cells |nvo v d -
¢l Ih s elaises 1t rc@ﬂmentanalnQasheoﬂnukesahnc@blwsmh KGOt ioned.
v&)nthe pre ent venti%n to |ncre ethe %flc:lenca}/t
WEARETEP L LRI CELE abf | O a
@tsbddeon ito ﬁdweiégitﬂa@d@ctboas@f s8mAONc Ve Bl s e3P HEH N from a
vector of the present invention, various establishnent
RA I e Ramfrrerdies Ry Then ARPBARE e BFORJRRALING the same
LA 4938 lofeﬂn@bbh’éhgﬁet £651 CLENSYe, somatic cells
I'mprovers include, but are not Imited to, histone
eerleted dge JHBQ@)e iamkli somatsc|eefls mquz)lm@ aridisease
t [ noI 26(7 95-797 (2008)),
4%%@% nhéa nQB b r?h kteoF?n E% ?‘liggt richostatin A ,
SO0 butyrate MC 1293, and M344, nucl eic acid-based
expr essi on i nhibitors such as si RNA and shRNA agai nst
HDAC (Tén ghe myRaend; RRECBRAPRpobP IRFrEaFe IThR %@flmency of

ruﬁfb%%n@og%bhuemasétgﬁhmt(qra GERf)tion to the

and the Ilke) and the like] , hi st one
st rsdugtaiesf arfage nomhivBiradr sxpeegsmm ovedipbecef drhe present

LML 3 e B OIEBAL L S s my e

introduced or added. 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 siRNA and
shRNA against HDAC (e.g., HDAC1l siRNA Smartpool® (Millipore),
HuSH 29mer shRNA Constructs against HDACl1l (OriGene) and the
like), and the like], G9%a 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 siRNA and shRNA against G9a (e.g., G9a siRNA
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i nhibitors such as si RNA and shRNA agai nst (Pa (e.qg.,
@a si RNA(human) (Santa Cruz Bi otechnol ogy) and the
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FRHTPEAA ) B and a5t 4 OO, e 10101,

Lechpnnesolasilcs i ag@nicEel(k . Gt enBEpk864 M) |, (ASDE 1¥%em Cell, 3,

0] i F i.1s _an_inhibitor. of

WL ogt G0 At e P on 6P 1 PREBeCel bt 5o (2008)), wnt
SH ye0giety spEltgseRiupasenwdt 3R) 0%cBipl oo &(10) .3, 132-135
2237-2247 (2008)), pS3 inhibitors (e.g., siRNA and
EHHNR )ag A ifdtIFpS21i( &8l pnSiehibeter af mytogerrRqHgTEHsd

4 | . b | C < l,?aSs%é ) .
EI nﬂl({)llhr?oﬂrls{ﬁl %gy-gggnigﬁgtln egip gr ﬁ?%?g‘ig’gre si on vgfzhtnoarsse 37 PlosS
Biw oy N (@ ODNA2233t-284d0d @808 ) RNAP DR iR tdrs t(d.gy., siRNA

A U A i In v R LeRbFBSSP bl VoLt HIo ¢ 1S 2008)) and

fHeskide | NTBBt hablel 898Eh@rbabdd &G RFidNTNiIRBibitors may be
factors. {0061} The induced pluripotent stem cel

Pt iR Py HhEXRECHSA OBf VERECHF BRFROF HVE M iR it atotencodes
SHANA Gy haNAT T ahi PRSs CORSET LAY ke e el s3Rfia or
can be used for all types of studies an

$hRNAs tniggatbieoig swirttledt hetaose pbnEGicel |exmmebSiom thextor of the
t reat ment of .di seases | ace

i E | i J f. ES
o B 2 P R R TP S Pt b, st

. pa@dacell obtained froma somatic cell collected from

a patient by the nethod of the present invention with
retindit® ddidycesd glowtROFSREof teicFe bl Rxgdugsd by the method

& UGRC YrldseRitd iaRdnkhen! kkenodesin seedidd er e Alkehs
cells (e.g., nerve cells, myocardial cells, blood
ealderndmy tthe uskeerhezgobe Bnduced e Ysgdnfor all types of

) L . CUE i ; tiat
SRR L LA eBY oS ML OB 60 S SEWAF g cor ene
t e tamn thy fadti sleagess useéhy Esasspl ant ot iplha@arHES cells.

acconplished, It shouyld be noted that the use of an
F R Sur Pefottématgfl@néeewdwe% t@‘b’?&%‘}ﬁnﬁ bR iS5 L

ostdiaied ifAES sOmbRe cabavye- destsibed Pt iL WA ient by the
enbodi ment . {0062} The present invention also
R def £heoRreiseat érpeatsponvwiketrtinpiqscidy tehgrowth

f55%6¥(¥ﬁ%ﬂﬁa%e%G%§tggdggﬁcocorticoid and the like, desired

differentiated cells (e.g., nerve cells, myocardial cells,
blood cells and the like) can be induced to form an appropriate
tissue. By returning the differentiated cell or tissue thus
obtained to the patient, stem cell therapy by autologous cell
transplantation can be accomplished. It should be noted that
the use of an induced pluripotent stem cell of the present
invention is not limited to the above-described particular
embodiment.
{0062}

The present invention also provides a non-viral
expression vector for use in the above-described method of

producing an induced pluripotent stem cell, i.e., a non-viral
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produci ng an i nduced pluripotent stemcell, i.e., a
non-viral expression vector (preferably a plasmd
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r.eproar. rat|| f act e str ctur

SPLQAA Uadeid IBELRLrdIS 3| BYSAHIE Mol MiEBRorating
ale Jmax:lucumg gamel mducednpbdésp@t e@prsqgﬂmmid fafctidi@  The
gresent i nventi on. Ie is a non-viral

iRty édeo rVeF'n'@Br b%r afi AgSahied ¥ufetpidendd the

é@étfcﬁmdﬁ’ ag%%ho@ngfaplsgauufs ﬂ@gl ¥n 98@ucdd ¢8I ent stem
i ncorporated in this order he orientation fromthe

Q?lthfiihe @ﬁ@seAtHEﬂeepteOEFable exanple is a
non- viy al %&ﬁ%si' 00 ¥EELOL L pC Pé@éi&? ¥ rEecf'o‘f‘r 9,%'&%§porat1ng

wth an | VEeni ng sequence ena

mm&ssﬁmlyp@lehlecuhaKll!j ﬁamibya@éxye,a amJ:h a/IS(cad famlly gene,

ex essi.on .vector wherein QCI3/4, KIf.4 and Sox 2 are
dASRIEPRTRRSANE Br TRAP n@r‘g%ﬁu’erhc eerPd‘Hi‘%%tlon from

tﬂ'ﬁi Vi g oni @n@X Pr & Shd A0, prd e s e e e is a non-viral
2A-sel f processing sequence, in this order in the

VIR RGRHG 0V SCtom L heo5Porabing thege qemﬁﬁﬂwth“g@ dntervening
I
BT 2l AR LD, KECL 26, PUEDBEC 2SI DA hary

prefegradtled a mbn—wheageaapeesélbneveeiér whereipr @Ca3/dd K1f4
t he resen i.nventi-on provides, an i nduced

D O et A SR E B P bt KT PR P8 R sslidhee

iy %l'y&h@ttraﬁlgeeﬁﬁ?esscicﬂﬁ? stefetdtS e eMDy 2A-self-

reduces a risk causing tunorigenesis in tissues or

RIEQAES 1T SERROCEr ed Nt BBESf PHARANIR oFhelitigatden from the
g.4g ,3/diggiquption or activation) of an endogenous

gene, It can preferably be used for regenerative

kXl ne such as cel | transplantatlon therapy {0064}
Fbmeveﬁ. under. sel ect i ressure for

o AP EaYE ot P eBF ST ERT YT R ToRs plasnid

eton rHalt rioduicesisiafoveckonhatad &€l Dhsermgd g vt acthe
necessity of stable expreSS|on of %frogrannin%ﬁg
nfQawatedriater she, IPRCAROPRetn Pre®brr e entRIELPEFed

éxﬁlﬁ‘odl*fn%%&”t tihidV RELAL PERAYLAESo AL HdlEed B URedent
stem cel vvher el n transgenes are 1 ntegrat ed into
plurlpotent stem cell wherein transgenes are not integrated

into the genome. Since such iPS cell reduces a risk causing
tumorigenesis in tissues or organs differentiated therefrom
and/or disturbance (e.g., disruption or activation) ef an
endogenous gene, it can preferably be used for regenerative
medicine such as cell transplantation therapy.

{0064}

However, under selection pressure for iPS cell induction,
increased integration efficiency of non-viral expression vector
can be observed due to the necessity of stable expression of
reprogramming factors. Therefore, in another preferred
embodiment, the present invention provides an induced
pluripotent stem cell wherein transgenes are integrated into

the genome in the form of plasmid. Such iPS cell can reduce a
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the genone in the formof plasm d. Such i PS cell can
reduce arisk causing tunorigenesis in tissues or

wotgensedi f ferenti ated therefrom as conpared trcP2009958873

10

15

20

25

30

35

|| duced | dd he ,
AR G e SHEAEEi ! b 0L PSHISE o Btllls] iR Pretdifiiated

memraamcés/ tonPa sy timanCiaBgcell al nduddd Hy( seRpEdyital
or_a piggyback transposon vect or and pi ggyback

n Fkf9didiog, the spprngaanasaanwbet pEpiged from the
Anom2 QU9 nkelpE Ay Julind &t Eaeyebipes (lenaendei ré% al., 2009

I nduction. A Cre Teconbl nase or transposase for th
esun s )on aral beggmba@dmsm@nanaceapr@s@@uqtha@

el u5| I md tor._or d V|ral vector
%F% éjsgélse 0 lus?l%ngit ét?é@%cﬁs%%radebﬁoe eré]eente al.,” 2009
(subict)i)onr Tetrreegcesaer dppeh@ent oferalt Aidtction. A Cre

Tet -repressor gr otein is concomt antl . EXpr essed.
0

T9SCAITESE PEOBEANSRASARCe EONt RAVEHE: SHPT CaRePeEi ARFFeduced

icf%craan@e@xpeeggé@ detald iy Hsﬁnsugftn%me P1¥sh@W Bector or
Exanpl es, ch, however, are not to be construed as

adericmiing Lt M@cg@bpeIroftheh saisavehit Wong {E@amstyslijne dependent

el ey 28 8 A0SO SBEDL Ty VB! G 3 repressex
PmotadB-i3] ton2ddilranthgsexpresseer e prepared by

‘:]ﬁ{}{:or OFG}tI ng EGFP and a puronycin resistance gene
I{iﬁeg Nanog gene | ocus of a BAC (bacteri al

@rdgddy ci al chronosone) purchased from BACPAC
Resour ces. The nouse Nanog gene i s expressed
speci fiheaPngsientpiovepbient 1 cp¢setirfien S @eibed dagmore

&Eﬁéﬁﬂ %%s %Qu§ﬁﬁo?§lf8&£§ p@§é$§f§FfCthéﬂsshowever, are

reporte bee wn to possess a differentiatio
rpot et ik qmelasrtlrgaeelqasvatimlhtim@ thatsodpED Lettes . inMeatdon.
1ﬁg{ano rter mce were mated with Fbxl 5 reporter
’?:aé'%( Fokuzawa et al. Mol Cell Biol, Vol. 23,
289562708 (2003)), whereby nmutant m ce having both the
Nanog reporter and the FbxI5 reporter were generated.
{0067 MiTife heVAEGi @ N3BAIf BEPPERP B AR 1P hedS fitepapedimental

gp%tem (Okita et al. Nature, Vol.448, pp.313-317, 2007). These
mice were prepared by incorporating EGFP and a puromycin
resistance gene into the Nanog gene locus of a BAC (bacterial
artificial chromosome) purchased from BACPAC Resources. The
moﬁse Nanog gene is expressed specifically in pluripotent éells
such as ES cells and early embryos. Mouse 1iPS cells positive
for this reporter have been shown to possess a differentiation
potential nearly equivalent to that of ES cells. These Nandg
reporter mice were mated with Fbx15 reporter mice (Tokuzawa et
al. Mol Cell Biol, Vol.23, 2699-2708 (2003)), whereby mutant
mice having both the Nanog reporter and the Fbxl5 reporter were
generated.
{0067}

The plasmid used for reprogramming was prepared by

treating pCX-EGFP (a plasmid supplied by Dr. Masaru Okabe at
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treating pCX-EGFP (a plasm d supplied by Dr. Masaru
Ckabe at Osaka University: FEBS Letters, 407, 313-319,

wdg09)33it h EcCoRI, and inserting a construct VHREr&2009/058873
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C gi,Qn

drrgt;dﬁ(sae?%{equ%vr; enggg Eare ?légsat egéi aﬁ? ﬁZ(;A( ée%%} nc Wlth EcoRl,
afd fianie—raﬁmgnaut:bnéltsaaSewherejsmthé heodirerreafions of Oct3/4,

t.3/4, Kl , Sox 2, ce of EGFP _. .
e sachng? wedl sonse-grpilrdSSetiol dnn digated paa the 22
safliditd %&i %o@f-aﬁdwmutﬁsaigegsé hef BiNtih Wase RIRRA &F Oct3/4,

pCX- c- FI G . 00682; preparing the
éﬂcﬁﬂa S@%Zt,hénzx\ geguehcEGBRd (Rt madS; 4IG.a7d -

ld.gate h f t 3| :

Rl e aaast ich HhS{ cod R b N 3RMAR inserted
Hfrootedarid maust prepsease (pCXus-MBEQ FIENQ) 61), upstream

{L&{?é%}rl ction endonucl ease sites (Xbal and Bglll) , and
Jdtream restriction endonucl ease sites (BspH, Mel

and Pginl )pr,ep\&ﬁfiﬁgaﬁﬁ@al:@ﬂsﬂﬁﬂc{t nsertmsl aMtquence and Oct3/4,
Bl uescri pt vector digested wth the Xbal

p$Md (S;S’Bé éA)aa&esubgaa%w yE 1Bt RRNSDNRG et isense
6¥3§Bﬁ§éfgaf§8%soEo Flon f @ﬂ@|2£ ég}%ft€§5t and-mouth

transl ation term na don was replaced wt
Haedsesiviigusani§EQadh NONAL wasupsonedn i rest piCR2.ch endonuclease

Subse ntl t3/4 and Kl f
ST B P 25130 RSB E At vigtiidh jpgonuciease
sindenuEseNIe M@e}ll ehd pBEi{rtdé e 2l ABSIM fidrsdhted into
Subsequent | % Kl f4 2A was inserted into pBS-Qct3/4-2A
HW"fersg%‘Fé Rsildg Kan (appVBpFPat 81923t%4 d’erfdh the Xbal and Pstl

6! eaggps¥heLLbYy PBSGd e AcD’%ﬁ\ Kinfad- %ﬁcW@%s Oct3/4 or

pr oduced. Subsequently, the resulting
K343 s AL fi£ i bam?flRucthm‘sram@ha@@wtmr@mmnofcodon

ﬁ%ydééngég% %1E5agsthh9nsig%n1£§gl fr 'Mred into

usi ng-an appropriate restrictfion ent onuc ease
gaRrall.y, stbeegesnt 1y ngriiet BNRL AKIAASZA- Sod2 KETPwere
construct wherein the 2A sequences, and Cct3/4, KIf 4

L1ggt@dssis \EBS PAgHEERTt B eR PR OPTEAL § H&stidd o

dehRreaRass k8 ?&e@@x E@EBctW@r@yarRF%B?s&HﬂﬁSms
§r epared. {0069} Fi broblasts (MEF) were isolated from

Uhsegendrant KeAéd2Aurant insesked einio (OBSDatad/d -2 dn frame
Jé?wﬂ '&F%&b&%brl§9é restriction endonuclease, whereby pBS-

Oct3/4-2A-K1£f4-2A was produced. Subsequently, the resulting
Oct3/4-2A-K1f4-2A construct was ligated with a cDNA of Sox2
having a translation termination codon in frame, using an
appropriate restriction endonuclease. Finally, the resulting
Oct3/4-2A-K1f4-2A-Sox2-STOP construct, wherein the 2A sequences
and Oct3/4, K1f4, and Sox2 were ligated together, was inserted
into the EcoRI site of pCX-EGFP, whereby pCX-2A-mOKS was
prepared. |
{0069}

Fibroblasts (MEF) were isoclated from the aforementioned
mutant mouse fetus (13.5 days after fertilization). Not

expressing the Nanog gene, MEF does not express EGFP producing
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expressi ng the Nanog gene, MEF does not express EG-P
produci nggreen fluorescence. A s such, the MEFs were

woemowi1ie7a 6-well culture plate (Fal con), previeousthyg09058873

coated with 0.1%gelatin (Sigma), at 1.3 x 105 cells
Pl {UOTASE G ur BS nBaFlim tRedTHE it IMVERMT0SPFes6 -well

é&@@ﬁ%é'ﬁ%&%ea|E£§%%H?) 39@9h83§9§6g0¥%é&‘Jfbﬁfﬁnfﬂ gelatin

cal f serum, were cultured at 37C, 5%CO
(IFegrfeol,| ki rlg3da;y 103, Gells gfen heelﬁueeﬁéebcuiténsé ec@dumn used

AERAE Bea A0 kot pRHC Ik Ba 2D, Phagici Pipdfdldnced witn 108

Bt omedh 1tfo ssetr@m a‘thEOMEFEeW@Eéa&MIEuféIﬂ z5t M7vgt €52C0,. The
Thereafter, 1. of an expression vector

Q?ﬂéﬁw%é%sy \ﬂa§ #éded, tﬁﬁdFPﬁ@n%d‘Fmﬁ%@qer@@g@@t
fx&@&% atwarso%@dte%ngﬁr %gf Lf 9f %éfﬂlr@wef ceé%\@yﬁ% Medium

he nedi um was ad ture rre
fBivigwiaagrday, arndhéhﬁemledmmsas e‘ﬁbl/@ded atmj 51tasldng3tofroom

anotehert ex &%ssn on . ve%tor ( CXr- é%e |ntr ducegx ress
WHHE A fe " L PRRSPect %‘?% t as #8s &Fi gBgSxpression
ahotve:  ([XA2R-ToE S olvkewaddedayand hehe uhddinen meti whlowed to

I d th f h DVEM 10% FCS
S 3 P et sER e ARy SUBE T ot et th The

rﬁ?&ﬁ%ﬂ Red abend tbhe sy abhilehretiedCuth! Uﬁ?le”&@'lll%\zﬁ/ﬁé day,
replaced with an ES cell cul ture nedi um (DVEM (Nacal ai

H@qmﬂ)l@up@ﬁerr@mp@@dw 8hd1596f py abf candthyar gnprEssEyon vector
e Ll r oA- t. '
g% R ?1963 wals ‘% rga%)&d nﬁgh”%é‘ Pa&ep&d ' An HBJW on

nvi troge nmer capt oet hano
fdaparnt egenlescri®ed/ abopeni cillin (I nvitrogen) and 50

C@-{H&' streptomycin (Invitrogen) ), and an expression
(pCX-c-Myc) was introduced using the FuGene b

transfrees iﬂaillbazag@naa9$ dnsceibedrabay@iud OslrePigiced with a
fol | ow ng day, iumwas replaced with an ES cell

SR Tur¥RRY drﬂME@{l&Pay FGSaf eBf 3BWPHBLe FOIVEFEChAT (iREX-2A-
e umavsa%r{tez@a\a%%d @eddegergséhsaws{;@ wa%@e@a}byaﬂt%er the

addltlon of . After the PBS was renoved )
d’mlytpsnm/rr@dﬁwnEmA (rbn\lnat:edgemyhv\as B8 deell 1 amdlttm medlum

S QR o des gt elbeh prdlretr uthRal o TR G serom
2fMM(Eﬁdﬁhﬁﬁmﬂ%esq&@@&@@@geﬁﬁﬁ 100 pM non-essential amino acids
(Invitrogen), 100 uM 2-mercaptoethanol (Invitrogen), 50 U/mL
penicillin (Invitrogen) and 50 mg/mL streptomycin (Invitrogen)),
and an expression vector (pCX-c-Myc) was introduced using the
FuGene6 transfection reagent as described above.

{0071}

The following day, the medium was replaced with an ES
cell culture medium. On day 9 after sowing, the MEF culture
medium was removed, and the cells were washed by the addition
of PBS 2 mL. After the PBS was removed, 0.25% Trypsin/l mM
EDTA (Invitrogen) was added, and the reaction was carried out
at 37°C for about 5 minutes. After cells rose, an ES cell
culture medium was added, the cells were suspended, and

1x106(Exp432A) or 2x105(Exp432B) cells were sown onto a 100 mm
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| xI O 6 (Exp432A) or 2x1 O 5 (Exp432B) cells were sown
onto a 100 mdi sh with feeder cells sown thereto

wroeyinwsl y. The feeder cells used were SNL cald1sirei®iosss7s

had been treated with mtomyecin Cto termnate their
ddefy waithi SPBAST (0BT IRMRS ddiriiRliy PHaYe S ye| | The feeder

cehlugcAEdLHE ¥RE £&P] fcath Wil &ddretheatrRl % i®KehYtomycin
two days until a visible colony energed; col onization

Cbé@aﬁeam@uﬁﬁedbyelﬂ celhd d&origiiare col oni zati on was

grnved around day 24 (FIGI1). The time schedule
abové is summarized in Exp432 in FIGS. 1 and 3 .
{OO73EuEhéqﬁehtSypr&iHHHchﬂdﬂﬁﬁﬂﬁﬁﬁ%D@&bthewas replaced

dual |y, exhibjted a hol o i ndi_sti ngui shabl e
WGPt BEEBY SHRRLY B ELIT until g Glsiple; ssteny

cRR¥gblyechobnyast Dbis el drdBK =, at7,Siafd abmbe¥eks
as with ES cells (iPS-432A-1 in FIG 5), and produced

cedond zehipgr ves n@ke%ermeﬂr@mct r@&céﬂ%dflﬁaépe The time
s%'i\%ﬂ%esbé%clé’f SH&HaSﬁ Orﬁoﬁzzd iFReRs 4 ¥Gy 3.

sults and resul ¥ 03| |ve
{@@ﬁ3d|fferent|at|on narkers it mas concl uded that by

i ntroduci n he above rlbed )ressiqn vectaor i to
VEE oORRL B L R S Sihyeefepgua
expMan¢ed h0m@f§ﬂ&§@@§”hﬂ&§%ﬂ%ﬂdu1éHHkﬂé“fﬂoRSt%ﬁE'of mouse ES

rollferated and fornmed the visible col on Hence,
qeﬁé§e (Ad28risinhbBlifed 4 hattesiaPPasdiiiveod oer Ferious ES cell

‘]"c%%e?t""'sm?i‘ér Uféxﬂ@l.ﬁ dSLHRH RS Qi " ﬁ?s'—%@k@i in FIG.

anal ysis detected the Iintegration o
Saboaeddesodubed @d@k@s@hxm&m&nﬂmﬂCé .nt Bashdé honsthgerobeny

HRES, STaLPEEPEASHE R B (i A R Og LR

ﬂé@&utgeaﬁmresﬁets I gt ©ctd ogbnorcﬁﬂmolndmlrm@rfeheﬁiation
On _days 1 , and 7 after the start of the
H@%ﬂf@.rusr«eﬁiﬂ %@)@%@Hﬁ@i At ¥ AFe NS &t tRRs RBEVET

deegetiben EEXP440ibR "G o8 Into MER AW, nu@i@ér

P-positive col oni es were obtained, and ‘cell
neprpdckogiioal Vs i eoist ¢ Ty sthtinedd dm @@odellcles apei8S cell,

a§;8g§%2255 Qf& prolf:eraé'd e £8hleh a9 e colony.

Hence, these results showed that an iPS cell could be prepared
without using a retrovirus or a lentivirus. PCR analysis
detected the integration of the above-described expression
vector into the host genome (iPS-432A-1 in FIG. o).
{Example 2}
{0073} |
To avoid the integration of pCX-2A-mOKS and pCX-c-Myc
into the host genome, the transfection protocol was modified.
On days 1, 3, 5, and 7 after the start of the experiment,
pCX-2A-mOKS and pCX-c-Myc were transfected together (Exp440 in
FIG. 3). As a result, many GFPFpositive colonies were obtained,
and cells morphologically indistinguishable from ES cells were
produced (440A-3 in FIG. 4). The cells obtained expressed the
ES cell markers at the same level as with ES cells (iPS-440A in
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ES cell nmarkers at the sane level as with ES cells
(1PS-440A inFIG 5 ) . To examne for the integration

woiood/nssopl asmid DNA into the genome, 16 sets afCHBR009/058873
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Irtteo TtheGgemms,t ilbe seltenes BbRapnﬁdeb;y ctdi;mhsﬁmlidﬁ' ethplifying

rtocol .no I|f| atlo of an exo
Gtsder D B SPEHeP e cSs TSR BRI Hiotl3 and 14).

B }tSﬁ S:héTClll @E@g-b@fsllﬁﬂv@f c8On X 0gsFRLSed YRS modified
detected in these clones (FIG 11) . Al though the

R Ml m%éfépam@ﬁapf @ma@m@@em%m wahrstserved

ulgd o |y, ﬁ%@ d_t hat
{)%ed;e @PS g'iél[r 5élltmaliﬁotl%ave t &%}: t,n%é};q\gle b
pOearaWicomlaefs mindexiogeagnat genée nw:ms t dhest dyotsdd gﬁndﬂmse clones

4}, To r out. the possihility that the i PS cells .
ot B3 FabtiEn' EFe ERrT TiAe iesnt st B ¢ Small Plasmid
ernei th ald i@ tNeRo guGER 5§t0§éf§n1‘§§1-3P améya%&ré/\@%sults
performed. In Exp440 in FIG , MEF cells fromfive -

%@%sthﬁér etft?ss@d lPﬁnC?Faéss@L@ BPfal BaVs, theygy@& f3A7&0KS and
dELISaR A it 1alkshabes 1a0d Lhe Mall valians of

cell's wthout T'ntegration were ide I ed
esEcy 12) . This anal ysis al so showed that the i PS

cells ut |nt ratlon fere I

der | véIY:?\A) f rgm & 582%?%%%%1%#%‘ tlZSrpl %ﬁes é”thOUt
HriBeha thore eriid ndmrtthedptfubmpp@@@wlpfccbr&sametdtsmg Nanog-GFP
w thout inteqgration, iPS cells obtained as descri bed

ES 98ldiyl 83 Rwerglygheuranepssf9rmedins grake®d 400 1AuBEG- 3,

MEE&eAld flanes veestedstdHbed. usdd. - §rade 58P analysis,

produced tunors, which included a broad range of cell
gheses fiviec|fediusgscubre destinguisiable ) arw ttlhar elenje@pions of

érPe%’ I (JhGs Z)rth Uet 9‘{?’&5’8{&%161{? SiSEl 'f’dé"“ FIG. 12).

gration were i1 njec m)use ]tocy rs.
Thidgiamg fyrsdns taneoceabwedl bhat «itkl irs fttétE][ﬁSdJWﬂfdi‘Jt

Y Grtins) etared) FE0R HREC cir kit 1S nyws e the 12954

m%l@l@ dlrzgt det ect the integration of any of the
transgenes (Fl The PCR

{Example 3}

{0075}

To confirm the pluripotency of iPS cells without
integration, iPS cells obtained as described in Example 2 were
subcutaneously transplanted to nude mice. All clones tested
(440A-3, -4, -8 and -10) produced tumors, which included a
broad range of cell types, including cells derived from all the
three germ layers (FIG. 7). Furthermore, iPS cells without
integration were injected into ICR mouse blastocysts. Judging
from the coat colors, adult chimeras were obtained from all
clones injected (440A-3, -4, -6, -8, -9 and -10) (FIG. 8). 1In
these chimeric mice, PCR analysis did not detect the

integration of any of the transgenes (FIG. 9). The PCR
analysis detected both the Nanog and Fbxl5 reporters in the
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anal ysis detected both the Nanog and Fbxl5 reporters
in thechineras (FIG 9 ) . Conbined with the fact that

wo RB9aessorss wi t hout integration emerged from t heCTm2bIomss873
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R B glnn SOMAT AT et TR e

witged tihdlgi-ie i6Ri BREA§cWeEBofef he edb i N #dp3 18Rl $nice, and
Wi thout integration, rather than from contam nating ES
tgwll $heHdngentrréSe LrboURESTE 0APE P el tRAP tdruljlpS reporter ES

{eellllss, \Mhtet%%ugreisﬂtl%gr @Bb?ggpgﬁﬁgséﬁg @Aﬂ{éﬁ%%@e élerig’ed from
ong-term examnation o 1 chrneric mce obtalned an
S syerlilsg wiiheoedf ishewedttibat rathdée hamefien MoEaminating

SR R PR B RPN o o
WEIHAN s egaad 16hf BEERgsthepeafipsasmayed with

normal mce, the nortality rate began to rise earlier,
wher ed®ngnéeghi RERME nAtéendefi VedCh Fegw ¥h nime ¢dijained and

%%%%%g%ggg %Q%%%igﬂoggdtgﬁa Qﬁn@§egﬂgi Ef&”ﬂi ‘gﬁﬁived from

ibited a survival curve simlar to tha
aoridy cdlde prébemredhbyeint rodceindt 4i guesanOatid A, mkdg4, Sox2,

e mated, Fl mce were obtained; therefore, it was .
TN S g TEBECUAEES whtHONEL SR atappof | bared with
Kl huled toet herganakiyneatgepsqamet s afisdd SHrf)er, whereas
{Example 4 } {0076} Human dental pulp stemcells .
the SheMeais Mgl epETEIP2608/ 888309, CHL L MEHihoReg ntegration
S e 4:$%%b@8%n62QQ%EFr ferHe Lo ASe A IBMRE I TN A i val curve
system The DP31 was allowed to express the nouse
sigotlragpite whegs ofecopmed 8iicZal gene using a
lentivjrus as described in Cell, 131, -872 (2007) .
These W S MBFE £ e re ST R e NECA BT S (rated, F1
ilenzare obtaipledsmtisraesedef of t reps ogsfignig] Wtz iPS cells
prepared from pCX- EGFP. (suppl i ed b%/ Dr. Masaru Ckabe .
Vbltt@%ka}“@n’ﬁg\?ért%PPyFOPEBSbEg??eF%, bip79e TRkLng ol gepgygpne-

# Fhrid¥@ s ymanner as Exanple 1 . Specifically, the
pCX- EGFP was treated with EcoRI, and a construct with

tBramdd rfd regi ons of SOX2 and KLF4 |igated via the 2A
nce of foot-and-nouth disease virus therein was

nserted in place of EGFP, whereby the plasm d pCX- hSK
was Human dental pulp stem cells (clone name; DP31,

PCT/JP2008/068320, J.Dent.Res., 87(7):676-681 (2008)) were used
as an experimental system. The DP31l was allowed to express the
mouse ecotropic virus receptor Slc7al gene using a lentivirus
as described in Cell, 131, 861-872 (2007). These cells were
cultured using the MSCGM bullet kit (Lonza).

The plasmids used for reprogramming were prepared from
pPCX-EGFP (supplied by Dr. Masaru Okabe at Osaka University,
FEBS Letters, 407, 313-319, 1997) in the same manner as Example
1. Specifically, the pCX-EGFP was treated with EcoRI, and a
construct with the coding regions of SOX2 and KLF4 ligated via
the 2A sequence of foot-and-mouth disease virus therein was
inserted in place of EGFP, whereby the plasmid pCX-hSK was

prepared. Likewise, a plasmid with c-Myc, Lin28, and Nanog
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prepared. Likewi se, a plasmd with c-Mc, Lin28, and
Nanogli gated via the 2A sequence (pCX-hM.N) therein, a

wtoagm3d7ivi t h the OCT3/4 codi ng region insert aCiPeom®i088873
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ia J?é:g% Mi"y L*:the'e g%? % e%u%h@%g]&ggzh@w ;‘ € }%/J_é'gl rlr,a rg 23 dl-lé smid with

I gen 1 nse erein WEr € pr epar
¥ QT Ihe doeBhac wlegioed ingeat&80thardish(p@s-hedltapd), and a

ith PBS,. . 0.25% sin/ 1l EDTA (1 nyitrogen), was .
BlARRL S i e BT o g TCaRT LEoh ot ROt o S e in (POX-
Shooit TS wBrltRepalier cells rose, MSCGM was added,
the cells were suspended, and 6xI O 5 cells were

F@R¥bUkred in a 15 ni tube. The cells were centrifuged
at Soorc]{é)'ﬁl_f I 1PRUHeSn QfﬁPb ﬁ\ﬂed%'}f{’evﬁ@tﬁ%aél’j%évdith PBS,

renoved, and the expression plasmds were intro
Us? ¥y TrygoHumEin mBe EPER RilbrvdbragenNuedeoddddadr atid the

Amaxa) . The ampunts of pl i ds used were Q.5 for
RS a1, CAERG ey oPGr AhCRASK, LA BRRRY ¢r TRERERREN, After
earl . od8) MICACHasV4AQUEd, ALher céhes twend naperidi®l, and
cells were sown to a 6-wel|l plate. After being

& Quced L YRTRETERPYRFSd 0l ey sl S tHe telg-s RBRecafhs were
Masheds W B&an0 Yoc LLYBSE I 't]g%q?,‘)

was add%&dé,&1§rl?d%tolger§§aog§ iq:oﬁ i\}\lgé&gg% iEZg%-LA%%t{He% Sr’:e C grtant was
adrered, rmnuttde. expressdehl plasmids MBOGM iwetsratload] using the

he cell s re.suspende nd. I xLO 6, cel wer.e s
T Dt R R PeTHEr oRbrT oL WAy o8 amouncs
Of eyl isias ubeR heeden.seliysrysegenerecBi4 cel I hador pcx-
had been treated with mtonycin Cto termnate their

Rl Bivivg 9T PRErEYENer angnfi b I cBP B CHeEYAPTo bBfter the

Ohsamt, e mRdiymees 5eRhacsdavkifle f1 TE£HE SURRLEr being
every two days. The nedi um used was prepared by m xing

@izl red|Wirkds MSCCH poirmafedEBscethe coells ewemaliagain washed
r L uppl n it (4

$ DRI 0. PR SHRIROT i BrdECEIRPICRISD (e pdged, and
% ©odiidn Rast bareseabbushaens7ad fymabouSscakhutes.

|G 15). . {0078} Next, fetgl Quna}aFHDF Cel | )
é-gfp?lfc%&'loﬁqsﬁ SENC)ISGEE PREnarERted iR tFF R Shfe SisRsRded,
&hddex 10f° genes psrdesswh begk aROoVEro At &idhN@ith feeder cells
transfection, the cells were cultured using a primate

s diheralla previedisdin ( REpe oGRI9r sifddiemeededenet NI cells
that had been treated with mitomycin C to terminate their cell
division. ‘Thereafter, until -a colony began to be observed, the
medium was replaced with a fresh supply every two days. The
medium used was prepared by mixing equal volumes of a primate
ES cell culture medium (ReproCELL) supplemented with MSCGM and
bFGF (4 ng/mL), respectively. Colonization began around day 19,
confirming the establishment of human iPS cell (FIG. 15).
{0078}

Next, fetal human HDF (Cell applications, INC) was
transfected with the same seven kinds of genes as described
above. After the transfection, the cells were cultured using a
primate ES cell culture medium (ReproCELL) supplemented with 4
ng/ml recombinant human bFGF (WAKO)._ MSTO cells served as
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ng/ M reconbi nant human bFGF (WAKO) . MSTO cells
served asfeeder cells. Photographs of cells on day 31

waodowsspriansf ection (5 clones: 203A-1 to 203A-PCT/IPR009/058873

10

15

20

25

30

35

& | p.as t are
f%‘?/\%r férl)ég G W%Z’OQ ggg]ﬁgt %gr%p g‘%& gﬁlqna[ﬁh%r 2nd
s:mmemmrares sHamesi:n 2BBG&-11%0 IléAQBBA@ﬂ; Vol N3O N-4 was

3A-5 cl hi bi t ES Il -
R0 S oAt EhE L E Bt hL R e nRaRn off it g and

siedt Sgrapras e £ eld19 vamne taebpaat 8dotQ1 98ReM e Pdbwn in FIG. 17.
analr%& s, and exam ned for the integration of the

Thearsyihes 1P A @@ﬁioﬁﬁl%ATﬁeciiegaﬁtgxml@lg%vm typical ES
t
R B o pon oA R 8, L9281 e o maman e

¢atbgration of KIf4 (pCX-hSK) was det ect ed in the

cI one ot her egration o
Vs i s R by SAE e LR bR s ke i ysis, and
éfa@ﬁi’fﬁécﬁ ﬁ.:oﬂ i AN dgeatabnpokptEbenrapbyenéP3int 31S8k genome.
nple 4 , were transfected with six kinds of

“Icf;‘g%e%%% RPN S4ETCar 48 - T Hhtd Yerr{pearhske
g:% oP GF faﬂ{@%ﬁl) cx'—Hob‘?g/%gmé‘nHHEDﬁ c AFpEAHBNY was

. Phot ographs of cel s on after
detestets i dme( Eindilemesmlzwﬂ-ﬂlﬂ) (ECHrtBK 6)waa9r aletleoied in

f I h d
N T R R N e

FH @kt ) -dd Kenordetelcagy, iaoahiyr sEnghéheleséabl i shnent
of hurmnH:Jé}PS cells. These human i PS cell clones

d (217A-1 to 217A-4, 217A-6) were subjected
{®pepom c- PCR anal ysis. The results are shown in FIG
21. In all these clones, the integration of the
transg}%‘?i‘etsﬂwa%lld%m ceilléd. DPBkanpsedoin Ixgmole My were

B FELL a0 e (o TR BoERT L IBRIOH, Svao Lasoe ¢
aﬁhtﬂ@n gmm( hErs peX+HhMLNG peKFROCEBF4 120115 the vedee manner as
%{1&;0 .e th theh f0£eggf{| onneddsi x3%<ianfdtserof X enes

ArrRhgs2EREPh RS s o day t
transfection (5 clones: 217A-1 to -4 and -6) are shown in FIG.
19. Photographs of cells in the 2nd subculture are shown in
FIG. 20. All clones exhibited a typical ES cell-like
morphology, confirming the establishment of human iPS cells.

These human iPS cell clones established (217A-1 to 217A-4,
217A-6) were subjected to genomic-PCR analysis. The results
are shown in FIG. 21. In all these clones, the integration of
the transgenes was demonstrated.

{Example 6}
{0080} 7

An HDF cell line derived from a 6-year-old Japanese
female (HDF-120; JCRB) was allowed to express the Slc7al gene.
The resulting cells (HDF-120-Slc) were transfected with the
aforementioned six kinds of genes and an shRNA against p53

(shRNA2: SEQ ID NO:62) (vectors introduced: pCX-hOCT3/4, pCX-
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(shRNA2: SEQ I D NO 62) (vectors introduced:
pCX- hOCT3/ 4, pCXhSK, pCX-hM.N-shp53) . Each of

wpiose/ddem3/ 4 (0.5 nrg ) : pCX-hSK (1.0 ng ), anT/JP2009/058873
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']pé;,g(h %ﬁ%S was el ectrically. introduced
I\Agﬁ{)h %hgaﬁl I"s of HDF- 120- Sl ¢ usi ng M cropor at or

(100 Madh pf PERO-hGCTB/mB (035t udes)pCXesK dey.0 [1&f)gr .and pCx-
each vector was once again electrically introduced

shavs sdne eaﬁdmaﬁoﬁéecaﬁacwey cEMrodisad sae 6.0 x10°
&thlos '\ﬁT(ﬂdqu(%om@ﬂé' %E)_‘Lng ﬁ98§§p8§+] Sr Wl &0 Gl tuns d 1600 Vv, 10

usi ng DVEM 10% FCS unt 1 | ereafter ‘usin
Wi rfattd Mes) oel Ifeeuqi@melmurﬁa(qizemrwas once agaln

/ c
SRS, e RcR Thabpoendl B JHRLOGE ana cne
delrlst u@lr@ctsmmomtbomsaoe (3BOovwnmi ¢ii 1 )G Z’hese cells were

LS8 opE o R P ot bhot i e vsing o

i e, d’éQ'lf icumicnget hedeshapkéshoEmt L Of supp®hndR@d with 4

cells. Genom c-PCR anal §S| s denpnstrated the

Ny RGOSR 18R th BURARNBEERe WAKRhe PhoAcgTaphs| of gejls on
. y
et el DUFLL EIBCEsSLOR RSl U, SRRl . 22,
Ehptbgﬂaph$-NECC@QQX—GEtér P&XsBpx Cup@XKldrk shown in FIG. 23.
X- c- Myc). wer e i nt.roduced to NMEF cell erjved f
G GRorEar olee  PERPIoR TS R IR ecolconfging the
tadlidhakht 2F0RumAAr ibhecel D§ OC@ernchilx®R @ndlysis
First, the Nanog reporter MEF cells were sown onto a

JRODStFAEES: E8e6 IRERBTREAPB @i B¢ drrantganetkl (haneaRd 92-2 in

grg@nsf,gcted with each of pCX-Cct4 (0.37 ng )
pCX-Sox2 (0.36 ny ) , pCX-KIf4 (0.39 ng ) , and

{d@en@lwd}(o 38 ng ) using FuGene on days 1, 3, 5
| - On day 9, IxI06 cells (1.0) or 0.2xI0 6 cells
j) were sown onto MSTO PH or gelatin (100-mm di sh),

and C Gixpitices ivar ecsebest edpanatkaly Zﬁacﬂfmimla@s:kw‘ four
cells after the selection are shown in FIG

W%f%ﬁ&&@scﬁ’&itééfler Kiffc DPXARRS W@Ccem%X %4 pCX-Sox2,

SHPHIGH, t ipeR-cepykh Sweeke i RbLadnesy GorY iNHE NG the derived
est abl'i shment of “mouse i PS cells. The nouse i PS cel

ftaghés Negwogb lriephatie49PAs e t(@kAté)ereiJe- Nature, Vol 448,
pp.313-317, 2007) per the protocol in Example 2.

First, the Nanog reporter MEF cells were sown onto a
gelatin-coated 6-well plate (1.32105 cells/well), and
transfected with each of pCX-Oct4 (0.37 pg), pCX-Sox2 (0.36 ug),
pCX-K1f4 (0.39 pg), and pCX-c-Myc (0.38 pg) using FuGene6 on
days 1, 3, 5, and 7. On day 9, 1x10% cells (1.0) or 0.2x10°
cells (0.2) were sown onto MSTO-PH or gelatin (100-mm dish),
and colonies were selected on day 25. Photographs of cells
after the selection are shown in FIG..25. A colony shape
characteristic of mouse iPS cells and GFP-positive results were
obtained, confirming the establishment of mouse iPS cells. The
mouse 1PS cell clones established (497A-1 to A-5) were

subjected to genomic-PCR analysis. The results are shown in
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subj ected to genom c-PCR anal ysis. The results are
shown inFIG 26. Both 497A-2 and 497A-5 were shown to

wamos/PSomel | s without integration of any of theaT/Jr2009/058873
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oA g BRERe Ra7hed kRt o S ie Bl AR st Pon Lo cells
Wi HAsSiilte gr@ thbapareadyhbght Me Sékegénslus efbnes .
glurlpopent stemcell from for exanple, a patient's

St 1ed] PPPEREaeeli§Ydbt ai ned by differentiating
dyydinduced pluripotent stemcell (e.g., nyocardial

cells, insulin-producing cells, nerve cells and the

l'i ke) Acamrdéngatel yhasmdthod sfetheegbtedardnsiplvanttatdngn it is

t herapy for a broad_ran of diseases, including heart
ST OPE EGFPRT dePeRdent Y aF abet BACCds W Hbgr g ent stem cell
fhagas®rarkagpilegl ai phui¥nt{ 6083hat¥it | @eihe pheseslls
invention has been described wth _enphasis on

a5k pYe fBddrrentaating; shepinduecd PhHoRe Y Isdgm cell

id 4 he dbd&@ﬁ%ltE@l@g?fgﬁﬁggiﬁﬂPPQ&E@EH? &N de nerve cells
nodi fi ed. The present invention intends that the

Ppreeddre lilhganicironbeanalfelgnbedd efiobysen howlsl ditsarsplantation
t.han thase described_in detail in_the present .
SRk &3 8 Reirarfs ot thatRrate iR gipar failure,
amaanpaskeenalentnadabe€ati onarkhnosmas seikdasd e disitinal

and scope of the appended "Cl ains". The contents

i3 ti¥osed in any publication cited here, including

et s and patent applications, are hereby

Incorporated in their entireties by reference, to the

ext ent"hidgt thheyrenard Basantice|vsederar descriffids with

SRS b AR SOyl Y| b BS0h e swiiten
andhel A1 3418363, thcherefat vsad smlodihentis axan ber abglified. The
i ncor por at ed by reference. { CLAI N5

% Caiml i A b

RRETSE ORV R OiL iTRG SRS | Hhitic dpPaP Pt SMVeBELAD ceqt Pe
&A1kl BY hdtehctsePtRbri A0 AHIsBIdascH @Rt iANBekAM in the

of nonV|raI_expreSS|on vector I ncorporating at | east
RiRsegéEnePe@fication. Accordingly, the present invention
encompasses all modifications encompassed in the gist and scope of
the appended “Claims”.

The contents disclosed in any publication cited here,
including patents and patent applications, are hereby
incorporated in their entireties by reference, to the extent
that they have been disclosed herein.

This application is based on U.S. provisional patent
application Nos. 61/071,508, 61/136,246, 61/136,615 and
61/193,363, the contents of which are hereby incorporated

by reference. .

42



10

15

20

25

30

35

encodes a reprogranmm ng factor into a somatic cell.
{Cdaim2 } The nethod of claim1 , wherein the vector

WO ®o1330N- vi ral  expressi on vector aut ononous| YWCT/JP2009/058873

repl.i cabl e outside a chronobsone. {Claim3 } The nethod
L ‘m1 or 2, wherein the vector is a plasnid
MGt a{Caim4 } The nethod of any one of clains 1
to 3, wherein the gene that encodes a reprogranmm ng
fact o methed of npvrdusithecardifdered el weipet ardstsiteg cell,

PRt ST R PR o e g Y (B R sEudag of non-

i@ mxpresthennetbodr oinanypenet Dig cdd@ai skt tomed gene that
wherein the gene that encodes a reprogramming factor
SNEBIE 6 rﬁB%@‘JKF‘WalB‘E BRAERT sJefP%%taeosg‘?"?%‘}ﬁct t‘Féﬂgroup
@ansipstijng of an Gt famly gene, a KIf famly gene, a
Sox famly gene, a c famly gene, a Lin famly gene,
and t F&eNagt§ogend. %@@i I evhempin i e @foradyp @naon-viral

W&l Lek@o? Ay Sérﬁéalﬁ‘siherc?ﬁif‘le zhf?é SUNSAARS 42 chromosome.
rc?prograrrmng PacEor Te one bf € 10 oW Nng
{cdrimatli ons : (a) a conbination of two kinds of genes

ane: 18 H2bgAPRAE BCH  Phron WA b RLABELor 15 a

pl@%%ii%i agteh.an Oct famly gene, a KIf famly gene,
and a Sox fam |y gene; (c) a conbination of four Kkinds
{§tlag@ndd consisting of an Cct fanily gene, a KIf

fam | ¥rdeRecnBasar LAP b¥e A1 &Ntk & Mg Jaflatd8Nehe gene
(d) a conbination o our kinds of genes consisting o
tdra tOsindogeisl ¢ gepepgaaBokng afadyogeie, oree Lom rfeams Isglected

e Seyle R pe - () RSt hon ot
rpedgiEinny ngefiactarKsEréamihy mefteod adddieEr g liyn wo
2005/80598.

{Claim 5}

The method of any one of claims 1 to 4, wherein the gene
that encodes a reprogramming factor is one or more kind of
genes selected from the group consisting of an Oct family gene,
a K1f family gene, a Sox family gene, a Myc family gene, a Lin
family gene, and the Nanog gene.

{Claim 6) |

The method of any one of claims 1 to 5, wherein the gene
that encodes a reprogramming factor is one of the following
combinations:

(a) a combination of two kinds of genes consisting of an Oct
family gene and a Sox family gene;

(b) a combination of three kinds of genes consisting of an Oct
family gene, a K1f family gene, and a Sox family gene;

(c) a combination of four kinds of genes consisting of an Oct
family gene, a K1f family gene, a Sox family gene, and a Myc

family gene;
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gene, a Lin famly gene, and the Nanog gene, or any
one of these conbinations further conprising the TERT

W(gﬁmmmmh/ or the SvV40 Large T anti gen gene { Gr@I/ITR2G09}058873

e et f any an ai, ms wher ein the
@ne tcﬁ’é'?olelﬁc&%ls g ESBFOE? ﬂ’é ‘?%rb?%rc‘?%sjosnte”lﬂ‘ Ahgn Oct
faohil IggegheGorbisaat fansly §ahep &£O0mdh NedmOn, fede)0 and the
ki nds of genes consisting of Cct3/4 and Sox2 7 (b) a

NS 9NN 39 t hr ee ki nds of genes consi sting of
Ot 3/ bomfinat ion2B¢ §9§2k1ﬁ§% ar%dr%rhéjglrf Ys an Oct

nds of genes consisting o and
f@“WQ/‘ qedl)e,aac@wm fami dp généoua H’(lf}d@rmlflgegwsa, a Myc family

nS|st| t3/4, Sox2 | nd_Nanog; and (e)
gZ%cdn‘m nejﬂ%l %n 3f-Ys P51 Rr ngidd %h 2’?81%%0%&%‘?%. ng of
dkndﬂy4on80b2 th&e4combiﬂ@€10ﬁ$rﬁﬁktﬁﬁﬁid&ﬂﬁklsﬂﬁg'&%k TERT
one ese_conbi nati ons further conprising the TERT

P&r thfe SEYHOLRAPGE” TPRNIIYRrPte. {Aaim 8 }
{'Bl%quetmod of any one of clains 1 to 7 , wherein the

number of kinds of non-viral expression vectors -
i nt r odheedeithed pheabpnane cotetlaims 11 t@ §, Ihemyingthe gene

{ [ The a vvhere n
t gta eemr?e%g%esga ?E%Egg?ﬁ‘ﬁ‘m%ﬁlﬁ f?aS Ick)rlsl Sy cooén%%r%tef?) gtr% owing
dnmliﬂnaeadmmds of genes consisting of an Cct famly

I.f f mI ene, ox fam |y gene,
&I FarRaR ool BTSN qehdieran iy 15 @t Oct3/4

& dam;ly gene, a Kif famly gene, a Sox fam |y gene,
and a Myc fam |y gene, wherein the Ot famly gene,
{the aKigoMiRyigenel hheee hisimsds shrgenegyamnsdsding of Oct3/4,

or por i.n one kind of non-viral expression
Kvle%g4 o%%da(%l%glzm 10} The nmethod of claim9 , wherein the

(@t afamniby.ngemen bhef&hft kamis$ yofersnesantrisiestSaxy of Oct3/4,
gﬁqll X% ezneaare | Mcor porated in

(d) a combination of four kinds of genes consisting of Oct3/4,
Sox2, Lin28, and Nanog; and

(e) a combination of six kinds of genes consisting of Oct3/4,
Sox2, K1f4, c-Myc, Lin28, and Nanog,

or any one of these combinations further comprising the TERT
gene and/or the SV40 Large T antigen gene.

{Claim 8}

The method of any one of claims 1 to 7, wherein the
number of kinds of non-viral expression vectors introduced into
the somatic cell is 1, 2, 3, or 4.

{Claim 9}

The method of claim 8, wherein the gene that encodes a
reprogramming factor is a combination of three kinds of genes
consisting of an Oct family gene, a K1f family gene, and a Sox
family gene, or a combination of four kinds of genes consisting
of an Oct family gene, a K1f family gene, a Sox family gene,

and a Myc family gene, wherein the Oct family gene, the K1f
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one kind of non-viral expression vector in this order
inthe orientation fromthe 5' to 3 ' end. {Caim1l1}

wowomssbhwod of claim9 or 10, wherein the Cct IF(al‘rinzy09/osss73

ene, the KIf famly gene, and the Sox fam | e ar.e
ﬁ%ﬁf&ﬁrp@reélteedam gh RPRGEBPL hordsne A% ted in one
et It WonhvakallNk&pY¥E8B5NEn SesseRee enabling

ol yci stroni c expression. {Caim 12} The nethod of any

isf 1@ains 9 to 11, mhereln the Oct famly gene is

Cct 3/ t ege I
gene ffgesglgﬁﬁbgnégn‘lﬁuhﬁcgf am £<6LIg;;r%entehelt 'safccts%é{lqu%nr%’ the
KI3} fHme liyegeoe, oﬁndnyhenéomffamfﬂyngéhd(nﬁEZianmpdnaUQd in

f|r t. _non- vira ession _vector d as

s R P e REPeYer B SRREBT AT EHGiF fahiifs order in the
dﬁtgmltqw ifRol @hsoput t6 gelénd{C ai m 14} The met hod
of claim 13, wherein said introduction is repeatedly

5ereAdr fdd twice or nore. {Cdaim 15} The nethod of any
one C’fTh“él ﬂ’l'e%oa be éfalfﬂ'h@r@f n1(§ hew Cth(éeld&t' %aﬁlily gene,

somati c cel a mammal , i ncl udlng unman
the} KAf ﬁamudedgpharlpodehhes$exnf&milytgﬁnaxarebancorporated

obtaln y t e met hod. of an
Bt 4 Ao P RGUCEA PR T ROt Bt e AT b o PR vening
éHhueﬂm%r%hﬁbWﬁﬁbepeﬁypaEtr@ﬁléh@xﬁ&eééﬁﬁﬁ one
non-vi ral expression vector introduced is
{ ﬁ?lally not integrated in the chronmosonme. {C aim

18} Arh@nmeithal 6¥PLEFSHRS 8§Cé£51m§Q?ﬁRPﬁ§F'%&e%eﬂ%n%he Oct
t hat encodes at |east one reprogramming factor. {C ai m

fw}llm@e@@ctl@r Opt3¢Rai hha 8Kl ihkarei by tdanevdet &l fids ghe Sox
ﬂ£ﬁ¥T9 %e%%CE%r30§§1aEHh29ﬁe Myc family gene is c-Myc.

{Claim 13}

The method of any one of claims 8 to 12, wherein a first
non-viral expression vector and a second non-viral expression
vector are concurrently introduced into a somatic cell.

{Claim 14}

The method of claim 13, wherein said introduction is
repeatedly pefformed twice or more.
{Claim 15}

The method of any one of claims 1 to 14, wherein the
somatic cell is a somatic cell of a mammal, including a human.
{Claim 16}

An induced pluripotent stem cell that can be obtained by
the method of any one of claims 1 to 15.

{Claim 17}

The induced pluripotent stem cell of claim 16, wherein
whole or part of the at least one non-viral expression vector
introduced is substantially not integrated in the chromosome.
{Claim 18}

A non-viral expression vector incorporating a gene that
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The vector of claim18 or 19, wherein an Cct famly
gene, a KIf famly gene, and a Sox famly gene are

WO roomsonat ed. {daim 21} The vector of clai mRAyIP2009/058873
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OB, Fntery c8hE SFR PACHPBORG SCTIF L hl s order 1n
fdieaian il@entation fromthe 5' to 3 ' end. {Cdaim?22}

The vector of claim?21, wherein the Cct fam |y gene,
t he Kier é(r%cft)‘f’rg@ﬁedéh@ the GoRremi the giart o és a plasmid
JdgQyporated via a sequence enabling polycistronic
expression. {C aim 23} The vector of any one of clains
{ZDlati@l?_Z@} wher ei n the Oct farrily gene is Cct3/4, the
Kl f f n ox_fam | ne i s
Sox2 TRECEERiSapE AL pilLBaOR LT pltert b B Eanily gene,
awKMﬁﬂﬂammmg QEenBpr antllr aNSERNESMENE 0§k A:@PrieHAPIrAGed.
factor are integrated into the cellular genome in the

Hbf21dl asm d. {Caim25} An induced pluripotent

stem agld yuhere BEN18XAUSDOUSH SLORS didugad dgiy  Jene, the
integrated into the cellular genone. {daim26} A

Kﬁftﬂamxiy g@qaen@eddéhevédxff@m1Imoqemﬂuhnnnmﬁcqﬂpnamy@d in
e e e
{hHrabmfIZI'Zg two or nore kinds of reprograrrm ng factors .

The Vector of claim 21, wherein the Oct family gene, the
K1f family gene, and the Sox family gene are incorporated via a
sequence enabling polycistronic expression.

{Claim 23}

The vector of any one of claims 20 to 22, wherein the Oct
family gene is Oct3/4, the K1f family gene is K1f4, and the Sox
family gene is Sox2.

{Claim 24}

An induced pluripotent stem cell wherein one or more
transgenes encoding reprogramming factor are integrated into
the cellular genome in the form of plasmid.

{Claim 25} |

An induced pluripotent stem cell wherein no exogenous
genes induced is integrated into the cellular genome.
{Claim 26}

A use of the 2A sequence derived from foot-and-mouth
disease virus for preparing a non-viral expression vector for
the induction of an induced pluripotent stem cell, harboring

two or more kinds of reprogramming factors.
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