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METHOD OF EFFI Cl ENTLY ESTABLI SHI NG | NDUCED PLURI POTENT
STEM CELLS s Technical Field of the Invention The
present invention relates to a nethod of inproving
the efficiency of establishment of induced pluripotent
stem (hereinafter referred to as iPS) cells. Mre
specifically, the present invention relates to a

of 1 PSDSEF:%rﬁconprlgP%ﬁ%&?%%%g somt%@%@%

hypoxi c conditions in the €EgpSof nucl ear
reprogramm ng thereof. Background of the Invention 15
In recent years, nouse and human i PS cel | s have been
SeehbiqadnEde b o fafher Tayrstitier. Yananaka et al . induced
| PS Gl@iel §r@§edtntﬁ19gH€i<§l’g AeR8e EELRY 4 SO JM Erﬁ%se ng

enes into fibroblasts froma reporter
WH% reeﬁ i RBCH ImpeitAP L} et ant eingeigedi Bl rigokedt j stem

i(Ré Pe i@ EBX}ErdGUS £o ALY fP@'S Cbéhglszo M‘Fe GeEESrig the
(3) "s ccee& g’

express the genes (1,2). Ckita et al u
PReSANVERTIRY itPSates |k ENEABRPY PS dmprayinchihe show

aEpDSterie o s 2@ HANCHAKIN @FSHPE ANd sePLIANELHiG cultu ing
nodi fjcation  profiles as those in enbryonlc S 5

EETR S hyeptddtit vgozict tuKdGanne Hotse fkrn @fnntlﬁbear

gepesyfanhohg Saeitlecpr ot i n (GFP) 25 and
pur omyci n-resi stance genes are integrated into the
| ocus of Nanog, whose expression is nore |ocalized in

Bhukdpainanb st celd Snvehalod-bxl 5 expressi on, forcing
fibrop%gsts derived fromthe  pnouse to express the

above-TeArCroRe oGy JRHEs 28niuea) 48P fglls have been
pstamacsmar esé sifakt anctiaP- poaidnave 6eldis. iSiptddArips

plts 30 were obt other groyps
II:ﬁer Bath & tr‘i"‘% }J%v %ﬁ%& t A&E2 i ?’5% CCQHng%‘}esgo
bet@rfmhnbbdas¢$Ifrthweereﬁdﬁﬂearﬁomﬁdﬂ@he&ham e neoli&in
amana ceeded in

Furt her .
F a%tga@ i gne i'PS 8FF% BY iA F?o%t?c?&?ﬁlg CE e 2P foreing
gtaﬁecselei$ tthos:epnmd tha &mdashdlpbuseokit®d fEan ski n

Ehgéé@:{e%stlﬁ é&ta@l‘isgi’]nct; hf‘PSo tcgfis hapa%’og :]L'PS cells) that show

almost the same gene expression and epigenetic modification

profiles as those in embryonic stem (ES) cells by producing a
transgenic mouse wherein the green fluorescent protein (GFP)
and puromycin-resistance genes are integrated into the locus of
Nanog, whose expression is more localized in pluripotent cells
than Fbx15 expression, forcing fibroblasts derived from the
mouse to express the above-mentioned four genes, and selecting
puromycin-resistant and GFP-positive cells. Similar results
were obtained by other groups (4,5). Thereafter, it was
revealed that iPS cells could also be produced with three
factors other than the c-Myc gene (6).

Furthermore, Yamanaka et al. succeeded in establishing
iPS cells by introducing the same four genes as those used in

the mouse into human skin fibroblasts (1,7). On the other hand,
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a group of Thonson et al-produced human i PS cells
using Nanog and Lin28 in place of KIf4 and c- Myc
(8,9). Park et al. (10) produced human i PS cells

usi ng TERT, which is known as the human cell

i mortalizing gene, and the SV40 large T antigen, in s

Q Jdpo Brt @hénth%nf @H r ai agrgfﬁc@ t3dn 59X 2e1KEfds AR Nanog

Hence, been denpnstrated that i PS cel

e&ﬁpTalrf@@l éntE)laE’S Oéeﬁqfs‘l eAdt eTES df Bl ur Paélfe?rc;alcaﬁlm

peodidueadah N HBOERI IMINBASy B, MEEeh BYs iKAbLQAUC IR
defined factors into somatic cells. However, the

BpraR iceddy iprontadiziny geaeabpid HienfViS Jas@e Forntigen, in

EQ&&id?laﬂol%e Especkaddors acPsobl eokof et angl y-dyw
efficienc i PS cel | establishnment arjses when t hey

et prdalead sy AREPRRIEERS. FHitod PPactbis cupRapte. Fo ES

Sex2s i fdyms A enutNedt ol 6an WY SRobisScdeaneHot® humans
cause, tunprigenesis. in _tissues and individuals

PP RISt PYt Je‘btrPFBﬁf-"l“F@erféPFg £34i0gsi PRt icerqlds-

By thﬁidﬂﬁyerﬁqﬂ‘ﬁ eEPOEichcyr Bf aved Icamheemﬁllighment is low
associ at between the maintenance of th

e
GE P TDBAT %tvedEé,IP%‘Pea Mo 2 APl 6B8t @h &F oMY 119%and
byﬂDdieﬁloCyOBﬁliPS)ﬁ:&llEéﬁSélﬁllehm@tﬁt ar(i3dy whserved d:hat

BB oY har CREPo (e EReT o JoeLorky Sekdy x1£e)
suggestthalmg ctigc, Rdessid Feafregutd ioaatsé onmu“xdgénbym)ﬂnc

%E%S \dd on Lo rmdgaztc. %Jrfs e(rfﬁgla?‘rgt grrnlt:E% iXs, into

Bbmarsmlq@tmen regul atory factor induced earl y under
hypoxi ndj |ons H E- 2 ) was ca i,hduci n

the 2 yex%r esg "0 0 ff:‘foﬁf ahd ar‘faag%fakg ng* the asscciation
behetemriheandinidirkhee eod itdtel ondof festeamigedd state and

ga{lkgﬁ%@r o AUSQN, 8Y ﬁg)ﬁ 613 ézﬁ)t-gngm%zghﬁl et al.
ypo |t| ons were i Ilv dol At enance
dil 1} hebaardiefif ehamhuare ESt GES) apel Is unﬂpmeehc:yxdef hypoxic

Egﬁﬂﬁgeﬂggy{%ﬁrzgﬁ%&%rl a(:bge?atl ASRTp beu\%gg%tjtrﬁ;ethe

report I's 30 aval e on t er
mgckearty @fr ogktimeitagn wrdsgedsrexiceentitiew Ito mhmttain

@@%@lm gmle;soec%b@t eg- apd BypoXxi gocondj tions. (12

ferences cit
showed that a transcrlptlon regulatory factor induced early

under hypoxic conditions (HIF-2a) was capable of inducing the
expression of Oct3/4 and regulating the functions and
differentiation of stem cells. Furthermore, Grayson et al.
(13,14) showed that hypoxic conditions were involved in the
maintenance of the undifferentiated state and pluripotency of
human mesenchymal stem cells (hMSCs). However, no report is
available on the relationship between the nuclear reprogramming
process in somatic cells that have once differentiated and

hypoxic conditions.
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Beswo ComgunigsRpbd2 948-953 (2007) Summary of the
Invention It js an object _of the present invention to

Br ot de - aeEOaJrreaﬁglﬁ"Fc‘? mpr8vi byt 111281 %% 78ncy of
est apldikshmwent &f ailPS mpddre, ¢6nd Mo-paevidess met hod

fi |entIy ducing i PS cel usi ng the nea
Phe Tipastiint M 1Roor sPEBnalREd AsdcenSrive U5A, 102 ¥763-
nma&sﬁugablons with the aimof acconplishing the
ove-descriped o nd 25 succeeded Jjn
P areIoaPT X Py iy (REest Fi i ericg DorHseAI F20int
08. i B&yseh| sy.manegthave, devekopedpHyizdopr eSFIM: 331-339
Qgﬁgtlon Accordi ngly, the present invention

érOV|des. [1] A nmethod of inproving the efficiency of
@4t abtdyslonen®.of et3eli PBicehks, Eiwmhyksi ks .C Cbimiin.ng 358:

under hypoxic conditions in the step of
%ggq%%f %gg?ggrann1ng thereof. [2] The nethod of [1]

above, wherein the oxygen concentration

Summary of the Invention

It is an object of the present invention to provide a
means of improving the efficiency of establishment of iPS cells,
and to provide a method of efficiently producing iPS cells
using the means.

The present inventors conducted extensive investigations
with the aim of accomplishing the above-~described object and
succeeded in dramatically improving the efficiency of
establishment of iPS cells, and have developed the present
invention.

Accordingly, the present invention provides: .
[1] A method of improvihg the efficiency of establishment of
iPS cells, comprising culturing somatic cells under hypoxic
conditions in the step of nuclear reprogramming thereof.

[2] The method of [1] above, wherein the oxygen concentration
in the ambient atmosphere is between 1% and 10%.
[3] The method of [2] above, wherein the oxygen concentration

in the ambient atmosphere is between 1% and 5%.
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in the anbi ent atnosphere is between 1% and 10% [ 3]
The nmet hod of [2] above, wherein the oxygen
concentration 35 in the ambient atnosphere is between
1% and 5% 3 [4] The nmethod according to any one of
[1] to [3] above, wherein the nuclear reprogranmm ng

JubstraGRIn3E Eaddie df BY | @MaRg oSdiRst antess (@ BUEYE) c
acids, that encode the same; (i) Oct3/4 and KIf4, or

FREFe R (AP aRtRaE WErOW“WlPF)S@ﬁt?PﬂeS K14 tﬁﬁdfﬁo")??
%hbgéaﬂ/ae@bsmuc%@l@%i@m G:ﬁN%Cendeed(‘_Mé $Xde3d/ 4, Kl 4, f
ox2 and c- e met hod according to any one o
[ 1] to(J[C;4]ch%g4/e4 2 Kot Corfri si ng the further step that

5 val proisi)aocd3fs dnsed- Iajic eff i ciency inprover in the

t f I 6] Th t hod
Zcigrgfjrfgl 082%/%1’(3%%%% 98 [ r]] aboSeme V\,ger ein
cul t ur(ng s;etmm,c ekl Sndmﬂmychy@@m c conditions is
f 3 da t act
ucl caf gﬁé?aé]f%m%@z SHSEIE Because ypoxi c
clandrhe aieschod ddeorstiep o am;c?fﬁarof reepr e@r patmabgvanke
bl L cien
10, GPRDTTShinehe B 119G, SEPY o PEriP TS 2CHh CahEod e
pefttictehay liypusedtilini nhé hetdpndichidreaaf reﬁiﬁngreh&nsn@y
t.h fact t 2y V\,h h
TR EpE st o Boan A <Ee ot off WidnCvely) PRI -
eﬁife&emrmﬂt@frih@&cmelthc esllabhnéhnﬁn@otheCane is
d b f
?e%% _ltlxﬁ é%orl Hox‘f@%h@% gféé\gsn (?%&F¥ 4<P %t%?t%l?% ay ng%i‘ éc’r 0

ors (e
15 or-eWerarB@museb@taMﬂ@ in particular, is feared to 25

cause Eé‘&%?{ lIfDES % r‘%:ﬁgjs{%%lt Lyatg stL.E of RIQYgEnt

in the iciency o establ i shnent using two
oreprhgeaiingt vpke dts rofsspakarfoupbcraass theiefHppeyengt
'é’s%asﬁhéﬁmén ngﬁherc%tl'lgerer{?&'aﬁg{}e h%e%%!ée?r%u‘?h

pOXI c conditions can be create very easily using a
\maca?émyuh%@d' eeefuhdubgber industian| ofwsi BSoaet bt yf means of

20 three factors except c-Myc or Sox2, which has traditionally
been associated with very low efficiency of iPS cell
establishment. The same are also useful in the induction of
iPS cells by means of two factors (e.g., Oct3/4 and K1f4;
Oct3/4 and c-Myc). Because c-Myc, in particular, is feared to

25 cause tumorigenesis when reactivated, the improvement in the
efficiency of iPS cell establishment using two or three factors
is of paramount utility in applying iPS cells to regenerative
medicine. Because such hypoxic conditions can be créated very
easily using a widely-used CO; incubator that allows control of

30 oxygen concentrations, iPS cells can be prepared efficiently

without the need of painstaking steps or technical skills.

Brief Description of the Drawings
FIG. 1 is a graphic representation comparing the numbers

35 of iPS cell colonies (GFP-positive colonies) of established by
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30 oxygen concentrations, iPS cells can be prepared
efficiently wthout the need of painstaking steps or
technical skills. Brief Description of the Draw ngs
FIG 1 is a graphic representation conparing the
nunbers 35 of IFS cell colonies (GFP-positive

ERt A RS hgOfhe ShAbLESNE b BY /4 Aardd ki @A UG RO MERE :IﬁN% normal
genes Oct3/4 and KIf4 into MEFs at a normal oxy

eaﬁ%%htcpaﬁ?fbwa(t;}@% (20 &flod J&wéﬁg@br@@ﬁﬁ%ﬁf&ﬁn (5%)
(5840. o(5*;p<0 05). FIG 2 shows images of |PS ceII
col ony %JOSI tive s cal on¥) est abl i shed

i nt r odh | ng THES wBagRhed eRP 7o lafgleny WgPI ReDH VRS
Ea) oy )pleaseb CHHAGABY irﬂﬁ@ﬁucbﬂg athel BREEyeHesCBP3/4 and c-
&osmlve colony]. FIG IS a%)_hoto raphi c
Epreeentito )oia PRt t%OHBFa p‘g’r 0y HBAgH I GEE-
BbKst fveomol &Sy cel |'s est abI i shed at |ow 1o oxygen
concentratiops e SI on of the parkers f
undi f fféPenti Al eadPE‘P §/ AR L 3hER é’ﬁol)tesults of RT-
KR 4¢erfdrme & - uddles RNAié £Manags dRails, eéﬂ&b]ﬁ@ﬁm a@ndw
t he expression of introduced exo en Oct 3{(4{%@
ﬁé?’%e’bfa%cﬁlé‘aratﬁ?é‘ssar?’{heegxf”é%srsrlé’ p‘a nga THe tor
nedpetddeneibant stare astI/dl(eows, sbx2524AH5KLfanend), c-

e (SR Tcelifnd Femter e P ectst 5% BRgR o oL ©

aoncmucre@t eRrogeraBisAbitt /4 @oyenese wxaainad r olibe eghmples

r.ed a 1% X en concent t.i on
Eferfeng S HiRC rBbod L XY IR CNCEDENRY; o)
‘A&ZH—\HSEQ and risbaEed? oeldeaemr@:usum UKERK ,alSok%) coapgen

GRR& ﬂ&t{d:@ﬁgggd %%ﬁ)ig_@egé é?ﬁl@f@ 2ata%d g{(‘)ﬁgﬁg C%ncentratlon

genes were 1 ntroduced,

ebBiAHled : at c‘j%e(sxyvgea ognoantedt icen1sRidre @umtuﬂéd BS 12
Nanog-i PS cells [Nature, 448,

%%5%11%%3% )i gThe nunmerical figure on the right

3bYeBHiT-leant PUBHSH3E ndligeakes (Odt¥e 4nubEY, GoxPLRiere

%ks&uce@ecgpp; wehRNBE Suddl L Gs 580K ahRl0eraPhsh

t er at omas

'0527CH5 1, 527CH5-2 and 547CH5-1: 2 genes (0Oct3/4, Kl1f4) were

introduced; cells were cultured at 5% oxygen concentration
eRFB: Control ES cells

¢20D17: Control Nanog-iPS cells [Nature, 448, 313-317(2007)]
The numerical figure on the right side of each pannel indicates
the number of PCR cycles.

The upper pannels in FIG. 4 show photographs of teratomas
formed by subcutaneously injecting mouse iPS cells (527CH5-2)
established at a low oxygen concentration (5%) with Oct3/4 and
K1f4 into immunodeficient mice. The lower pannels in FIG. 4
show histological staining images (hematoxylin-eosin staining)
of the teratomas obtained [a): cartilage tissue, b): éndodermal
epithelial tissue, c): muscle tissue, d): keratinized
epithelial tissuel].

FIG. 5 shows photographs of adult chimeras created by
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formed by subcutaneously injecting mouse iPS cells
(927CH5-2) established at a | ow oxygen concentration
(5% with Cct3/4 and 3o Kif4 into i munodeficient

m ce. The | ower pannels in FIG 4 show histol ogi cal
stai ning i mages (hematoxylin-eosin staining) of the
ména@brmt@bgaimateaaag esﬁmbuhlsn@@ dtd asuéw d¥ygen

d.hel. | tiss scl e tissu
%gr(g n| zed g )hel I a tk%l ssuej)d %fsmﬁl gagee of ‘four
phoe&gr%ﬂﬂmsbbéstuhystscfmqmeﬂas.mieﬁﬂ:edkby aﬂ52 weeks of age.

bl d
D Rcart aEron TRUR WRehO: BRLERED it Fbn T BE Do

by f»@’@rod@enesfoumtg@nbds asftzdegfléﬂs) froml CR mi ce t aken

derl 1¥\ji?%}}riom Jf%e aIl?s % “eg lsrg%gy }J(h 5 gé%}hsdned by

fiotirodutiey (BraAldenty b§35w5r-mar| c mice (male) derived
I piLoduci ree
LSRR S L0 05

PPSl%’éNdU@stlabthIﬁ@e dendgy (535BBAULI ng three genes
6235 l:l'f)erllg l@uséa\ (%Qi%}irde%lgg Sﬁrm%g)cedlﬁr : Vegabfls??ed

I's establish I ntroduci ng
PSZJF@-BldPFlé? typ genaer (27¢Has®) (nal e) derl ved from

) e a e S ishe
L3 ALl oy 0 O e

Y istydycing &g ggpaphl R 1CESradkent ati on of the

nunbersidf 6 sRbies pind R3nealls &5t ahlished
under.the various culture conditions in Exanple 7.

"Pre" Gifowd ther r@ephic wrasarEaWiomh of pike cwimbare of

uBden iy REXEes candist E8ASH1 1 “hES, un@F th@ngafnggkculéﬁy@N
t he results obtained with the introduction of four

GERES-J0'Y 6Bt BFAPIRI 74, 8883, shawy ¢je ¥emdésgepiesined with
st Sh Brurél ﬁﬂde:.SQ?y%))x1c aWhA@AR i BAP! Y “¥LEL O3F~, and “Mock”
S tivel i s a phot ographi ¢ representation
5o gh@“%Fﬁﬁ%F ta&f’e? P8 e lthe col oimigst bth sifnEaumi genes
t(betB M r addal | Sox0f chaye), geres Geéhdexaopte/ 4], iakensqn,,
da& 40 after_infection. The ugper
an empty vector, respectively.

FIG. 8 is a photographic representation of the morphology
of iPS cell colonies obtained with the introduction of four
genes in Example 7, taken on day 40 after infection. The upper
and lower pannels show images of colonies obtained under
hypoxic conditions without pre-culture and those obtained under
hypoxic conditions with pre-culture, respectively.

FIG. 9 is a graphic representation comparing the numbers
of iPS cell colonies obtained by introducing four genes (Oct3/4,
K1f4, Sox2, c-Myc) and culturing the cells at a 5% oxygen
concentration for 1, 2 or 3 weeks from day 7 after the
infection, or until day 40 after the infection, with those
obtained at a normal oxygen concentration (20%). The results

of three independent experiments are shown together.

FIG. 10 is a photographic répresentation of results of
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25 and | ower pannel s show i mages of col oni es obt ai ned
under hypoxic conditions wthout pre-culture and

t hose obtai ned under hypoxic conditions with
pre-culture, respectively. FIG 9 is a graphic
representation conparing the nunbers of iPS cell

R0} PrR q&rabhaémmlbg R bkl Nes feull s 0anes1(SReB/A a 1ow
30 Kl f4, Sox and culturlngthe cells at_ a 5%
8XYGeh C(%‘ﬁ%%rtarfétoﬁ‘on Tfhéfr SYPTES N30 e TRFERF HPL7

ahtieffdatibhté®eita®s, odr3/Mnthd) dabx4Qendt eK1ERCend) , -
( nf Wi th thgse bt ai.n at a nor nal oxy
MR B arlRg | S595 He “PEoG TS wagr Crged. The  samples
bbdemhge&peﬂienﬁééﬁecaﬁeeshm Ta@geé:heﬂolla‘és FI G 10
iéagt%t}oto aphic_re resentatlon of results of
° pePf ot HER ~dsi hPRRAs (Priothdr PELEY ISQX%st%‘BW‘%h@%re
ahtaodmd oxyhEN weacent akdoat Fhexeypn essicent pit idie
ga é%a Qf% fergntf at ed ﬁtatte Cct 3/ 4(end),
OX Y k5 SR Y e (R Nanog, Rexi, GDF1
aaelAfEﬁGHyvasememm—aed%AﬁwssfemH &®nds c@éﬂees_ﬁeﬁéﬁﬂ&dt 0
t e ct.i e as follows:
e M e R S S v R
ismarbtng:e:@ dezeH sfiveretimlitnfeetiat 5% oxygen
r.ati on d d . day 40 after
Fﬁ ion 9%%%3/\223\/\,@?846A%6\%! gé,]o"ng&BV@ @rradyeslis cells
\N@lre Pm-romlduue@d aty é°ce$§}'g£n/\/epecermrtamed at 5% oxygen
ek artjn n ter the
Pﬁ?z?l on bg(g]l—lg%f c§¥\gsen(escsel #a’il' %G%??@é%g; wer e
|Tﬁf—’r pUREdalcéldure war ehpmdgbul sidedfacadommapgénindicates

fRCcERtE At ioenpPlB2y LControl i PS cells (Cell, 131,
861 872(2007)) ]C%%hg nunmerical figure on the right

si de oflGach Eﬂéﬁ’?f?ela repfesandgtivh echasebeentofaspCimage of

%ﬁ%ﬁﬁsESjﬂfﬁe ééiéﬂﬁ@@s(é)réﬂa'giﬁgifﬁé $ﬁog §%og££f5§ng of
i mage of human ES-1i ke col oni es al i ne

pREspheaisenet ai 71 wgoBe 9etqeéaé§tia1m e§héd @me@ one

geneeat ad jsndes) Smﬁxgﬁﬁt%%@ane&ptgt%%% D -
| munohi st ochem cal st ai ni undi fferenti at ed
%]gréeEeB

MeRaAL s tdared ymrer APR ShahgfgBpder 5% oxygen

concentration. Nanog (c), SSEA3 (d), SSER4 (e).

FIG. 12 is a photographic representation of results
confirming that human iPS cells estéblished by introducing four
genes (Oct3/4, K1f4, Sox2, c-Myc) and culturing the starting
cells at 5% oxygen concentration (70AH5-2, 70AH5-6) possess the
potential for tridermic differentiation, obtained by staining
with antibodies aganist a-fetoprotein, smooth muscle actin,
BIII-tubulin, GFAP, Desmin and Vimentin [left: phase-contrast
images; right: immunofluorescent images].

FIG. 13 shows histological staining images (hematoxylin-
eosin staining) of teratomas obtained by injecting into the
testis of an SCID mouse human iPS cells established by
introducing four genes (Oct3/4, K1f4, Sox2, c-Myc) and

culturing the starting cells at 5% oxygen concentration (70AH5-
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concentration. Nanog (c), SSEA3 (d), SSEA4 (e). FIG
12 is a photographic representation of results
confirm ng that human i PS cells established by

i ntroduci ng four 25 genes (Cct3/4, K f4, Sox2, c-Mc)
and culturing the starting cells at 5% oxygen

QQHQQYHﬂé&&bQQ dpiQAEDi 21 +AQAFS; 6)) PRESASS éﬂy%hellal tissue,
for tridermc dlfferentlatlon obt ai ned by

tenti aI
50 aPTT Iy G EFPne) DRPRS AYARISLE ESPet oph GrepRsmmal
spnohdlimiseieswgtin, RI11-tubulin, GFAP, Desm n and

Vi ment [Left: phas contrast 30 inages;
i m’runob%]&lohgs%ae)nttol r‘rg Yek] 2 erephiy r§ﬁ69\éerfﬁa§"c18f’o@‘?%rmg
sbahts nef itﬁaglﬂiﬁidd:l-elﬂ'at—pdsb_tllﬁe €68dr1 eSt akdth HarOFactor

g into the testls of an

er at omas ai ne cti
% (gﬁﬁféie&ﬁ% %ﬁ B8ttt i ¥Wed®niP) i AEPBdtRISSg
ffautogermS(iﬁhécB/mszbﬁ4c1ay8<2>12,(cx: -dAC bnadly 3B (d) . FIG. 14

turing.the starting cells a 50/ox
(Sbmen %t) on ¢ A5 Eﬁ%‘ d re‘ﬁre[sg? X )égg‘b’flt%ltpﬁl
pessemmada oEeGFHHﬁos&phﬁéKﬂdLablékSﬁU&ptaE)chﬂﬂi@Bdfrom
td ssug
SSREREIT PR eRRiESs e e Gl TRet Graphrucea
wﬁse(;fe)ntoat dey Zlonparing s counts of the
Nanog ive calonies.fromfour-factor .
transdﬁ: égd %/Eklgs) s%Oz'zfay HEEPRYC r%prer?eagﬁtlﬁ? BIP2F 1
Pereentdgec odr GEF-mosduted ddEs ﬁnozdﬁfpuﬁfifzécl)oramdaﬁﬁldlﬂﬂayi

%@nggn d%gcb éﬁhtl%%keén&kégg hy%ogwg r?oxic conditions

representation conparing arcent age
GREPhpad ivkoeblwiipasit neeist dVPEDI dHiGes1$r Gwh ito (e) show

f f

CE R e R 1y tont Ty SEhL Bt YEeP 88 o
W&Eﬁ@@%kﬂﬁ@%@ﬁd@m 8hA% c@mﬂl ity) grer S&noageerof(c) without
ek, sz?d tdn\ﬁ@r%id,l %xfyBQm Autnhact &L, 3“’?: %%e% d(e)lv‘l»?:l_:é: VPA.

on day 9 cul tivated tnder hypOX|c an
condi tT¥ns 185shevsh thrdreptdreataviyprickeeacdt GEVPRYsitive

Fo@onies (L@l)jeEOZdﬁ)ox%BQW ( (-ﬁpf pREN Q;dn\égagxl_ OWy,

cytonetri c anal ySI'S of four- act or transduce |\/EEP) and
TdEKY PV (LY aES) Cantr S oXfherFRR) oni oAl aypa;

%g%ng@@&rloawys@awmred&emdzuogﬁr 5% oxygen (e) with

FIG. 17 shows the representative images of four-factor
infected MEFs on day 21 under 20% oxygen (a) and 5% oxygen (b),
three-factor infected MEFs on day 28 under 20% oxygen (c), and

% oxygen (d).

FIG. 18 shows karyotype analysis of 527CH5-1.

FIG. 19 shows a graphic representation comparing
percentage of apoptotic cells ES cells (RF8) (a) and four-
factor transduced MEFs (b). ES cells were seeded onto the
feeder layer of STO cells at the density of 1x10° cells/ well
and cultivated under normoxia or hypoxia from day 1 to 3. On
day 3 the cells were treated with annexin V-FITC and subjected
to flow cytometric analysis. Bar graphs represent the

percentage of apoptotic cells (annexin V-FITC-positive). Four-
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FIG 16 shows the representative i mages of

GFP- positive 20 col oni es under 20% oxygen ((a); phase
contrast, (b); GFP) and 5% oxygen ((c); phase
contrast, (d); GFP) on day 21 after transduction.
Scal e bars neans 200pm FI G 17 shows the

Ifeptes entaativeed rmgewafe fseetied agiter STD ncﬁeﬂqtse dn ME&%S 40N

OBy lIs 20 YRR, LB P00, 29000000 (0, 28

cohditaimhs 59/@@)%{36 (:d)dayFI9C—l aﬂc8 tS"haO‘ﬁSlksarvg&byﬁﬁbjected to

%gg!ra\én?le ﬁ/i %%Ifigrﬁ t oS assa éar ? arggrsfg%’bgcﬁx[eop?acentage
oél kpoEStdel tsll(s?Fa)le(ax)emgésf and s3anflaed afevtibanssk ead

& seeded onto the feeder |ayer
I}{EE%?' ge rﬁ 1?4 talswréawge%vgl1 ty of 1x105 cells/ well and
cul ti viaiGdZ0rnst@vwsner grmplacorepwmtatiommod@yringt; Ghd cell
Qﬂxgbgf"yoi?’ e&h eﬁ%eé I@F@arg 24t §gmy\nt1atétannex(i n V- FITC

subj ect e et e analysi 29 BRF¥gr aphs
tepnedednd MAES 36>)peﬂ?berﬁSag:@l@fs mmqotseéded ogltos the feeder

@ F itiye et ar, .t ransduce
e A
sosEivairsduedenmoamdxtal et \barpedwrm@m Hypokito &ndon day 3,

@9@%1: 69”@1‘1& 'c%ﬁg f&é)én&%}ﬁtéd % %rn}lblggns%otw @he é:ell

cells were subjecte annexi n- y assay
GPEPRsCT &Sr esbhi- tThe p@mﬂsagedsst@fndapdpdmnamoedslsﬁ

-Eh§e§V€§ﬁE}§§eﬁ%§jé?éagg@&ﬁj @%Hff%éé¥$§ 9hg 4 k?%ransduced

erinents are shown. shows a grap
% MEEF ceift SR BV E R é?ﬁP@Cttlhféllz'e‘Pmdem @m@exl@forESOCm:t:s:

CBR8) t{chs andmfauy 1f a6t PraRNInBOGKHLT 8RS d
%92: The SES celcl%gvvere seaeded ont o tehe feg%igl% | %/E%:aci/ounted'

STERS PRo%t theheedbneaunf -ofhe xavFager | a7d viskhdard

ekt hyadred odNEair RAPERIhEh Y 2BYPOXha . fropday 1 to 3.
On day_3 t he nunber of the cells was counted. Bar

gr aphst Shoflt PR SCAtRYUMLOGE €5 CHIPESigheagrerages ES

a:@dlsép’rﬁt(i&ﬁd @J@x@sat(hcpn§n&fmﬁ8§@&ﬁ>@géh@§n€b§ @bfparing
%ﬁown Four -factor and nock transduced 15 MEFs were

PETAREd FERPRAGel G it hy b S¥EeBr Wi repe under

0% oxygen. Genes that were specifically expressed in ES cells
and MEFs were selected (more than tenfold difference). Up- and
down-regulated genes in four-factor transduced MEFs with
hypoxic treatment are shown in red and blue, respectively.
Green lines indicate 5-fold changes in gene expression levels.

FIG. 22 shows the rerative expression of endogenous
Oct3/4 and Nanog by quantifying real-time RT-PCR.

FIG. 23 (a) shows a graphic representation comparing the
counts of the Nanog-GFP-positive colonies on day 21. The
averages and standard deviations of three experiments are shown.
Scale bars, 200pm. * means p>0.05. FIG. 23 (b) to (e) show the
representative image of GFP-positive colonies derived under 20%
oxygen ((b); phase contrast, (c); GFP) and under 5% oxygen
((d); phase contrast, (e); GFP).
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conditions fromday 1 to 4 and the nunber of cells
were counted. Bar graphs show the cell count. The
averages and standard deviations of four experinments
are shown. * p>0.05 FIG 21 shows scatter plots of
expression patterns of ES 20 cell-specific genes (a)

and MEFE@peei {a)c sgenesa (dHapho8PadpREent Ot o @6k®4ring each
tran gluoc%g IVEE'S urQ&g_S%,ox&gen wi t.h those under 20%
SRVGER. O TGERESN FROEFEEF T FEHINY Sek bt SeBYOF FATms d
¢BFb sby arigghbks wenepsel iehedn (dyf a2t hake teRfrahéls and
ditgggrl%cd%)vi %J{J- an% dom-r&lgul ated genes in e
Sarotactor tE ramsd (e e M S RE T HISIS ShoFo T RO"Pr e At #hsht
aeenspoivdli and gekandl bteshectrespegt iFrel. y24 @ees (d)Nesow
i,ndi e 5-fold changes i ene_ expressjon |evels.
IE[IA% %%resslﬁag&ngt‘ﬁee e g%t?‘{/e% E%)?B?%Js?ivgn 08#01&?6’0 geRbIRE under
Q@Of3ptygEmd (Nahoghapequamtafsyi, ngey e@Fe) | amd REARERSS [Mx$gen
a). .S raphic.r sentation conparing the
Ao S frinep ot

O0sitive col onies on day
21. The averages and standard devi ations of three

i shown. .. Scal e _bars, 200pm * means
?égg%gé@ﬁ%\c’%éu(% \é/?otlzee)cl%gﬁgvﬁ?rhe representative
i mge Bfe GEPspusiinvesttwl gricesdekerd wedhoddef i29%ving the
: § sie 168) 4 P) .and under 5% .
%%g‘gﬂelééép %f d?; pelaggﬁ%g)%toltrfas% § C(eel)ci\!é’ec—'%q?r FUR %1511‘:)214Fmg
Earashowslasguagsy dypepiesentatiors donphe i sigpeathnuclear

ggggg&r%iggetm_GFP- positive colonies from
rngr ogr anme MEFs by piggybac transposition on day
( standard devi ati ons of three

exper i FIRNt-8 AN &AW cong AL s NpR=0: 0
p<0. 001 resgectl_vel y. C(IDZJ?G:L 228( %l{%ﬁ(ggr%hnov%vegggethat the
CEPPRR FRAREN B2 HiRgdnotheasaPbpest ta tme spbe odi by ider ¢aldd

whdenre 2000054 06D 1 ARASEREOMHAS, {16l 1a3G7P) and
under 5% oxygen ((d); phase contrast, (e); é:F’). 10
Beeai f e 1B¥s cFigh icoRIeE1 e 1PAYedt iloWeThexygassent

icavieah t Qt iBhOVIKIES tRe NBENRG @bnédQVHBEs tHE the ambient
efficiency of establishment of iPS cells, conprising

GHPPERTSTE CSomati% el 9% 90Rdett hypésh cle sivarenbnsised for
haiséep eiinselwak; for example, oxygen concentrations of

18% or less in the ambient atmosphere are applicable.
Preferably, the oxygen concentration in the ambient atmosphere
is 15% or less (e.g., 14% or less, 13% or less, 12% or less,
11% or less and the like), 10% or less (e.g., 9% or less, 8% or
less, 7% or less, 6% or less and the like), or 5% or less (e.g./
4% or less, 3% or less, 2% or less and the like). The oxygen
concentration in the ambient atmosphere is preferably 0.1% or
more (e.g., 0.2% or more, 0.3% or more, 0.4% or more and the
like), 0.5% or more (e.g., 0.6% or more, 0.7% or more, 0.8% or
more,_0.9% or more and the like), or 1% or more (e.g., 1.1% or
more, 1.2% or more, 1.3% or more, 1.4% or more and the like).
There is no limitation on how to create hypoxic

conditions in a cellular environment; the easiest of suitable
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reprogramm ng thereof. is (a) Hypoxic conditions The
term hypoxi c conditions as used herein neans that the
oxygen concentration in the anbi ent atnosphere during
cell culture is significantly lower than that in the
air. Specifically, such conditions include |ower
meygecms 2@ eoncelthirat tolks tihaa ChHe iaxygdidr that allows
con {g%% ons in the a |ent sg er.e gg 5-10%
Ar P WITPER" TS clé)ﬁ‘ﬁonl FBFPY U aF§
@:ehdnend:tld:llllyeaviﬂralﬂ)éaﬂrbre a axygen conasntfdahirens of
18%o0r l.ess int anbi.ent _at here. are | i cable.
BEEFRTEH v© - Phe oiyﬁgﬁ&@gnc%nfnagﬁgﬁxf%‘?ﬂ%ggﬁbient
abrosphiened B ThEth@SC&eﬂﬁmec(eIEﬁmot&49&IHhﬂM§SG 1396
129 11960r e and he i (%
%‘rec}nggf’dg( fu 9%}6(3%% F Y, aéné%tv ]%er} é%l 9% (}I’tléi g%n
aseless and the like), or 5%o0r less (e.g., 4%or
less, 3% qr_Less fHor less and t e oxygen
concen ratq_'l onggndft%) Tanbieht™® a nBEp uerreeu?%erp}lgf’%%\ Iy
@oh®s bior80 isonet (argicula2% dimiroedy, aB. B8 ars rmr éoes not
9 a like) 9 %
APt bliln| Y Ele s PR JEEGiS Sple i 12
tded 1bi kempared dislorthabrebiaingd, atl. d %ogmal nrggenl. 2% or

r e, 4 r .0 . The
BEofe S (BN, rhe R PR ke oINS,
condiet orfs nualeax alepybarararivior snhetﬂnceshei@aa esmapic cell,
SWiat AR &e 1Q Eﬁygoaqé E$md Cés“&hta”?&mt?aedtl S #d} 3xEfe, it is

i ncubat or that al contr ol oxygen

Feréertrka ithas. cegtk wuwret negsat byrexdice condiimnsi b¢ [ jegun

?)Y]%ltl abls fcrogﬁa@tﬂmeﬁu@ieaza@%@&&yﬁlﬁgOéubs%%&bgn;?{*éh a
CQ2 incubators for hypoxic culture

rFé’ﬁ‘&Fé%tCEﬁléd BY IH& s %Yeéhtﬁlfn?c<e+q<enétbo§eq detgfi 2, 3,

Technokogy,, sldkioFishd) | ACL1ovARd Midkenyaky: Co., Ltd.

can be wused). The timng of beginning cell culture '

under FpSretiedmfi FPohsCHI RSt Updn® NyBPat T Conditiees is

antf phréscdllrdoesimi@ky, | s i frenker € WdshnbiPrvi-2ert he th

ef ficiency _of est abl i shment of i PS
improving "the efficiency of establishment of iPS cells compared

with that obtained at a normal oxygen concentration (20%);
examples include, but are not limited to, between 3 days or
more, 5 days or more, 7 days or more or 10 days or more, and 50
days or less, 40 days or less, 35 days or less or 30 days or
less. The preferred duration of cell culture under hypoxic
conditions also varies depending on the oxygen concentration in
the ambient atmosphere; those skilled in the art can adjust as
appropriate the duration of cell culture according to the
oxygen concentration used. For example, the preferred duration
is decided by comparing ES cell specific genes expression in
the reprogrammed cells on the low oxgen condition with on the
nomal oxgen condition. In an embodiment of the present
invention, when iPS cell candidate colonies are selected with

drug resistance as an indicator, it is preferable that a normal

11



cells conpared with that obtained at a normal oxygen
concentration (20% . The starting tinme may be before

or after contact of nuclear reprograming substances
with a somatic cell, and nay be at the sane tine as

the contact. For exanple, it is Is preferable that

GBlye s Ubdride t HaEiRdn MEP X tore@ndidh APokec hegRtibdsS by the

after con acting a .nucl ear reprogranm ng substance
Vi e ta® s‘%ﬁ‘ﬂﬁt PRICEI° - or after a given tine (e.g., 1

to 10 ferthermdre3, thedpré&fedred/ st&riingdtidaEs)d duration of
f ol.l.owi t he gontact..Thed ration _of cell culture
ibder CHUTS EnEOndIECSHE FU50Rb1R 188, PrEnIPEyding on

5 liha tRdjcasfl atcbhsr trefpegraadting N$@staneemdded, the
[ oving the efficiency. of_establjshnent of iPS.cells
ey o RS AR SBBENF it TR S o HRRChygen Cions
ciowvoentng@td aprf20%xygeaxadleds riatitdrjdandbothear €aBbdrs.
limted t bet ween days_or., nore d or re,. 7
e RE e T Y et i /o BLPyapatobShe fre
liggsodd@edlaysoos hees, s3batliaysedl, |BSYsoprSfbrdd)Ys €itat the
| ess. . The .preferred duration of .cell culture under .

10 9% oL GRLEL R L. BBLLAD BhafBiontitkt ‘At Rl Ste-0., 4,
dxygenicohcént days orrairbing heelantively eatripspherre cohtase

g b [t t_can_adj ust _as _ _appropriate th

diiem Flel e AEpPhArdil LR BB o SREORI LA W0Ee 3 (eua,
con@entewnsli.on used. For exanple, the preferred

déﬂ)atsioﬁPceé $sdgghged, Q%lggn'pari ng ES cell specific

eprogranmed cells on the | ow
15 oxgen Bendielilgn Wit ptbart Hean wemal colgenoformdineiloan dmigin
afk STOOR FBNhufiln N SR BECed UCOLLANMEHIRT E6L che
candi date colonies are selected Wt 38 rug
rresidgchher ofs 18R ¢oidiscanorhe ipressnprigfuenabde. t Ratmples

NOYdTRle ﬂéra‘?:ﬂggﬁn§%/fﬁ?ﬁ&£ﬂi %ﬁsf reg.%t.qrgg i eq

hypoxi ¢ condi tions e start o rug el ection.

FHiIeERAbreelbhe Predsedr el Shadriel ngetlindeand dwishpbinl
20 Ode11GEbE M tuperpden RYpPOXi e ¢eRgid) onscal 50 VAhig

dependi ng. on s the choi ce” of nucl ear reprogrammng _
siihidtighies arded, (e e - BRPPRTLMEREf colsisdh| hemnsrSeereting

| B3 1@el(ksgun @@.&eﬁ&ﬁ@dﬂl@@? cd Y|, Vi A fBer AR ap{Y 98 Nor
ﬁgﬂﬁ%g%r?éfévy lggég(ggyig),afééyﬁzl epithelial cells
constituting interfaces (e.g., type I alveolar cells), intimal

25 epithelial cells of the obturator canal (e.g., vascular
endothelial cells), cells having cilia with transporting
capability (e.g., airway epithelial cells), cells for
extracellular matrix secretion (e.g., fibroblasts),
constrictive cells (e.g., smooth muscle cells), cells of the

30 blood and the immune system (e.g., T lymphocytes), sense-
related cells (e.g., bacillary cells), autonomic nervous system
neurons (e.g., cholinergic neurons), sustentacular cells of
sensory organs and peripheral neurons (e.g., satellite cells),

nerve cells and glia cells of the central nervous system (e.g.,

35 astroglia cells), pigment cells (e.g., retinal pigment
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For exanple, when the three factors Cct3/4, KIf4, and

.Sox2 are introduced into a human somatic cell, it is

preferable that the to cell be cultured under hypoxic
conditions for 3 to 10 (e.g., 4, 5, 6, 7, 8, 9) days
starting relatively early after contact wth nuclear
r@pltbglmﬂrncﬁngUbﬁilﬁJ@réﬁStcﬁﬁ @llsafieec? (©ishdeepPYogenitor

f 1 [1s 15 An
Sonith) B ebeh ot ThahiG hochp| Lniget famna 136 Sagenot
(oe,lg dlflﬁe(reptli]amjams) eean IbEill.flfledeIaiSléﬁ:ﬁar ﬁté\ﬂarﬁ:&bgrée&lls
f dt ells_in _the present .
|((r%\g/]8% &n u&clf gss e ﬁ%fﬁsdg aREr B Sf%?ﬁet“ﬁéPF%ql
@@lthse(calg,s ckerlast iusiededl ilepiades ot ceteblESyondBic0sal 1s in

It (& 9. i,t he cells ofthe
g;%peﬁf%%eﬁ'la gélé‘?l gf Exaér%é.fzs %édl(ﬂd]zgg te progenitor
@pﬂﬁheimqﬁudcetLSSQ&esgem c&ﬂmﬁaﬂyo@éﬁmujsﬁehléélls) such as

n adr enonmedul | ar,
S e R heriRipSi 4 G s o i 2genteeipnvmet vasem
cellls), andntdlenaal @plllphetemlcedﬂlsl s colnst ituting -
i nterfage e Iveolar ce |nt| !
Iegl ?Lel i al ceﬁ9 of M“"aeio G a%?c%argaf’z’%‘ s %% not
\P&%W‘alfarléfnél@mh@dfahoue‘irézs) wheel| tis H&gi n@llﬁx :orbaiaméch are
t | ( iy epi t i.a
CSTPESEL TPy FaRARk e Wdlein8 I BntRe L G, 18
@@r‘glCUJffir&WoEF%%@@)ble, cbrmt rihet vievppsntsof a:zgav,ensi]@otd‘f
@&§§£eré§§dt§bn C@ﬂétSSBEa{IEEééglplé¥gjﬂgQ? %hﬁ ou, gells or
system (e T | ynphocytes), sense-
G@léeCt%jachP{“a?@Oté?@lrl ByIsQut(choetk Iwemugu‘shgwtnem:r
@@gg@&&ﬁﬁlg tn€ NQldeNREAT G Jae UL Ops, o%uﬁfl&géa%‘i%'?

| s of A sensory organs and peri pheral ons . 0.
§P€FF?&%3&éV| Ehe saer §eA delped apdisgid heceln sne@hSttimt the

GEAL £ e AT MOHS: Sr\é?t'bﬁgb (Pt «ndb GSLLAGLLE GPLhS) extent
etinal pigment 12 epith

ment cells i
&é‘ng‘jhe pr8g&R %Iaaedcéﬁils% [eLebrhats dear @b@g@ﬁm oy

&ﬁﬁhﬁ:)mj:ll’dﬁfféﬁerﬁﬂlﬁlogh@f 6 HgS cB01 4 1404 3Eh 0PN thBC50nor ' s
Ecslaee of _.cell differentiation; even undifferentiate

BHT (St 1Eel $° DE RRITRE GRS WheRLheYspEm transslantril to
&heaﬁé@adﬂtfﬁEtRrﬂseabgdlmmunosuppressor and the like. For

example, substantially the same HLA type includes an HLA type

wherein the three major HLAs HLA-A, HLA-B and HLA-DR are
identical to a recipient (hereinafter the same meaning shall
apply) . When the iPS cells obtained are not to be administered
(transplanted) to a human, but used as, for example, a source
of cells for screening for evaluating a patient’s drug
susceptibility or adverse reactions, it is likewise necessary
to collect the somatic cells from the patient or another person
with the same genetic polymorphism correlating with the drug
susceptibility or adverse reactions.

(c) Nuclear reprogramming substances

In the present invention, “a nuclear reprogrammin
g

substance” refers to any substance(s) capable of inducing an
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5 mature cells can be used alike as sources of somatic
cells in the present invention. Exanples of

undi fferentiated progenitor cells include tissue stem
cells (somatic stemcells) such as nerve stemcells,
hemat opoi etic stemcells, nmesenchymal stem cells, and
deéi®t gelpufrems eavmetilcs celD, Tite chhoig ofcofipds@l oFSady

SQiNs¢en0f LC is n articularly, limted;
however . vﬁen t!ahea icpggl‘%é %Sg%cglgﬁe%raaré‘uck%l‘bé‘c&geﬂhat
fecodegetis seinge (ediudiing formwuhansypddatied in a vector), or
RAMGLCHE BEd M ART £ le, he vi.ewpoi nt_of ,
prevention of grrgéc?ﬁfi e] eviz}{e?lg]rtéetrhuactle?onﬁ?? YT %r e
[ﬁﬂﬁséﬁpcg v pedtsinouslbaciold ect ednfagleicanaeidiathat encodes
R&leS @Bmé daRRN ko DAV Eﬁ@ r ubstantjally the

sane HLA ty&e g_s thlgt% %Pﬁt) e pé)glsénf(?r S*eUbsTaftral | y
tHefeapRlHLRergpeaftes, usely Herenanaedine phateites Fhdtors
taHee sabwghonor matches with that of patient to the

extent that the transplanted cells, which have been
ot aPREY by K264; retdicng differentiati on of iPS cells

deni vedsfi omitde dopos’ s ' | G € i
engrafted when t hey gre ??’gzggﬁoggt gg tk%pl?%%bggtwﬁﬂ? Sox1,
ruSexSPs | ffthbseippPesidor kifd tise tdplecefiote with K1fl,
exanpbe, ksebstanticaliky rLhe. sans H ypeq4d Ncl udes an
LA type _wherei r?ct ﬁLe trhirgeae na| gr Lﬂétlsf,&sfﬁﬂb\ %ﬂclé A Brtant),
WYRLAPDREYE) 25 i dentical to a recipient
((3gr ocoBi4 eKIEDS SafR, TB&EY NG1308] a2 ¥)as VLA S,

i PS_cells obtained are not to be adm ni'stered
EGtdnskrcatesdy fartd vRumarRrthi$83tked as, for exanple, a

s@ur oet30f, eekhs d-ofycscseen RERTOrseMAlEaLLNg a

p(%t)i Sn‘gé' ) d%ﬁg suscepti bil | tyr or adverse reactions, it
I8 | PRet v Xetessaly: 20740 TEBI ERVihESsomati c cel | s
fleomothe/ pakient oMyanosher, RERIOMHpWid Ryt he sane

neLi ol hismcorrelating with the dru
33&@% 3|/g4i’l i)‘{(?gﬁgrc"iqﬁger §%X2r'eggﬁgon%?‘76( Ep- I\ﬁﬂ%‘f]gealE7

r@pr ogr i KYLsubsteacesota, tReTpr@sent invention, "a
HBE SR BT, B, e 2L M
2093 ecdbdby wdfiochattbgn e eeppase®n®f 08MN%ox2 with Sox1s
and replacement of K1f4 with K1fl or K1f5 in the combination
(2) above, see Nature Biotechnology, 26, 101-106 (2008)); for
the combination “Oct3/4, K1f4, c-Myc, Sox2”, see also Cell, 126,
663-676 (2006), Cell, 131, 861-872 (2007) and the like; for the
combination “Oct3/4, K1f4, c-Myc, Sox2, hTERT, SV40 Large T”,
see also Nature, 451, 141-146 (2008) .1

(9) Oct3/4, K1f4, Sox2 [see Naturé Biotechnology, 26, 101-106
(2008) 1]

(10) Oct3/4, Sox2, Nanog, Lin28 [see Science, 318, 1917-1920
(2007) ]

(11) Oct3/4, Sox2, Nanog, Lin28, hTERT, SV40 Large T (see Stem
Cells, 26, 1998-2005 (2008))

(12) Oct3/4, K1f4, c-Myc, Sox2, Nanog, Lin28 [see Cell Research
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substance such as a proteinous factor or a nucleic
acid that encodes the sane (including forns
incorporated in a vector), or a |ow nolecular
conmpound. Wen the nucl ear reprogrammi ng s substance
IS a proteinous factor or a nucleic acid that encodes
theoameo-tie fol l ow ng conbi nations, for exanple, are
preferabl e (hereinafter, only the _nanmes for proteinous

fhek L3/ 4r ElonAyy g Soedt 370 kpFIe T-(Fpe pbsq Hrem
cel B4 4.206K11 dgg-oobBC (263 (Sox2 is replaceable with
Sox|, Sox3, Soxl5, Sox17 or Soxl 8; KI%4 2) )

(&Pl Rtabre Fhith [RPEI2LsxPeSuEe, K¥¥s; © G-mi? (g008) ; Cell
tf@@:hac@lagl) gb\é\si%d/ljﬁﬁ%cg@qqive nugant), N-Myc, or

- Cc t , ,, C- OX <, X , nog,
éﬁg/z,gﬂé%ﬁ’w‘???yc i[§eerc1}"?’iurjegy 254 ’erﬁgﬁ_%g(gt 42388% ant
338Y)odA) 4Pcs A, [ sKEf KatrdWes1 Saxd -17ERR00SY40 Lar ge

T 4, K f4, c-Myc, Sox2, TERT, HPV16 E6 (6)
88?%‘?%/19%8%] c-Myc, Sox2, TERT, HPV16 E7 (7) Oct3/4,

Kiff, oee3vihe, S&Gex 2 Nah&lRT( s dPW62 &85 / 1HBY26) E7 20 (1 8)

/4 4, .c- - X T 1l or nore
Bbr el an SHATEPIE: e Bt a0 seo w0
200Y/ 0886 $6x1, ichMoe petdrab dherepEasenients akpSaxshble
W, 0x18 _and_r.epl nt. of _ Kl f4._w .or KIfb
iwﬁtcphgsrcr F%%\?]Y i C%?n%bodl\ié, lg’eeldglzl\g?h?eﬁ%%)?
Bi201 eCdw0l40g§ox 2,6 EstOh- (H& (2808¢F91l Bapl25 1hel97-203
c%gpgpption "Cct3/4, KIf4, c-Myc, Sox2", see al so
Cél , 126, 663-676 (2006), Cell, 131, 861-872 (2007)
ai2d) t bet3/4keKlfdHr ItNgc conbi nation "Cct3/4, Kif4,

12 Qa1 0 6hs) ] (9) Ociaid, KiTa Sou2 [gee
N2BUr ec8i/dt echnol ogy, 26, 101-106 30 (2008)] (10)
it S s B o9 SR S o
FFERTCe S\BRY : LAPGeBOr ((2B@9)Stem Cells, 26, 1998- 2005
(2008) in, (1)-(24) above, in place of Oct3/4, other members of
the Oct family, for example, OctlA, Oct6 and the like, can also
be used. 1In place of Sox2 (or Soxl, Sox3, Soxl5, Sox17,_Sox18),
other members of the Sox family; for example, Sox7 and the 1like,
can also be used. In place of c-Myc, other members of the Myc
family, for example, L-Myc and the like, can also be used. In
place of Lin28, other members of the Lin family, for example,
Lin28b and the like, can also be used.

Any combination that does not fall in (1) to (24) above
but comprises all the constituents of any one of (1) to (24)
above and further comprises an optionally chosen other
substance can also be included in the scope of “nuclear
reprogramming substances” in the present invention. Provided
that the somatic cell to undergo nuclear reprogfamming is
endogenously expressing one or more of the constituents of any

one of (1) to (24) above at a level sufficient to cause nuclear
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35 (12) Cct3/4, K f4, c-Myc, Sox2, Nanog, Lin28 [see
Cell Research 14 (2008) 600-603] (13) Cct3/4, Kif4,
c- Myc, Sox2, SV40 Large T (see also Stem Cells, 26,
1998- 2005 (2008)) (14) Cct3/4, K f4 [see al so Nature,
454, 646-650 (2008); Cell s StemCell, 2: 525-528

2008y }annliny, CRtéHm%;nﬁtf@ﬁ:dfseﬁlykﬂﬂé'Qemé{ﬂ&ng6é§n§%ﬁ%uents
8 i 3%6 Cct 3/4, Sox2 ure, 451, 141-146
F56089 5 \B00 FraBEET SorAfLEeR % CaBoaboo andge pidee in
\"B20684rk] 8F20)uc R r( 18prddradindng SAXBtantés128 n( $8€ present
EQ%QQE{J%SSZO) (19) Cct3/4, Sox2, c-Myc, Esrrb (here,

ssrrbi1s replaceable wth Esrrg; see Nat. Cell
Bi ol . ,Arichg 1BFs@0Qdmpb208©)dns(, 20} Seindfids &)p?refESélBib

t | Bi .ol 11. 197- 203 09
BETrAE errRot el spidtanitta 4 1zi0gotoaprateataly two
(©24ypotEt Jode ]Ktéﬂle,rabiwﬁ orSow2e WedeftﬁB 0ch¥Y489) Tsox2,
0 1
8%, O Rand ! TP SN VAR el £ kgt onea.
fam | yIf ftde &RIAMEHEs @atdmedOaté tandbet heed i fica, tBa@fapeutic

%LO_‘E?%S )Lg‘.?ig) th:.léle Q:'Ia@ggrngC%%);g (fr SOX I?@rg(?tﬁo%:bl}atlon

ot her nenbers’ of
e(%npb@velselxe praferhblyikeed. cBh t@lesone:aJsledobtnned are

FPJo%C‘éo Oge %s&/MCfoPtéﬁéEaﬂﬁﬁéﬁ ﬁg?{)oé&e (M'/§025usfe%m l yérf n

for exanple can al be use
mné(éét%ﬂatLlPﬁZS tQﬁlhéPrn@mmrdssg@V@he skirpefiing lapd €ioe like),

QXANPi e £akhkB2BLARY 4L ey 44 k%-Mgé‘n ﬁgﬁoa@%%% orythe

conbi nation that does not fall
[ E_FHIGSs 68D % $timgeof ot |ftlU@nf%C®eraﬁyddiﬁ@109f (1)

tRohiBAlatid3B POy euRd; fard Iiﬁ‘:"efQQMel Se§n b?{féﬂr&d

chosen ot her substance can al so be incl ude
§@@Bén%ﬁlonﬁucpé§yc can also be used in place of c—Myc

Information on the mouse and human cDNA sequences of the
aforementioned proteinous factors is available with reference
to the NCBI accession numbers mentioned in WO 2007/069666 (in
the publication, Nanog is described as ECAT4). Mouse and human
cDNA sequence information on Lin28, Lin28b, Esrrb, and Esrrgd
can be acquired by referring to the following NCBI accession
numbers, respectively); those skilled in the art are easily

able to isolate these cDNAs.

Name of gene Mouse Human

Lin28 NM 145833 NM 024674
Lin28b NM 001031772 NM 001004317
Esrrb NM 011934 NM 004452
Esrxg NM 011935 NM 001438

A proteinous factor for use as a nuclear reprogramming
substance can be prepared by inserting the cDNA obtained into

an appropriate expression vector, introducing the vector into a
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reprogranmm ng substances" in the present invention.
Provided that the somatic cell to undergo nucl ear
reprogramming i s endogenously expressing one or nore
of the constituents of any 35 one of (1) to (24) above
at a level sufficient to cause nuclear 15

Egg{(ﬁgfi”nhﬂﬁ'ré%o@89¥ﬂé"¥hboQeégmﬂyEBXttﬁ?%ﬂégﬂgﬁg'fgltor

constituéents excludi ng the one or nore constituents

Eapm dihso chéturrd Gééél ¢ itsheorsddpenef meflicFeareanvhile,

{RRH OHAITEDE: S URSL-8HEEM  nhNs i RICESEMA iisNYeidiRc Scid
Anong these conbi nations, as exanples of preferable

hhet exicotepr  EatRILAGUS lsstancede gPVR ol isfg, is inserted

phebes aplhu1t M0 p1REmAR RactFRr €0 PEGRRABE Vard eQpr 88 €n
sel ected from (ﬁ:ts /4, Sox2, KIf4, c-Myc, Nanog, Lin28

REtSW G CakR YPCEaR be TAHErBRRdEC thetHen PS tigiaar

ebbab Lg.to be used for therapeutic io purposes,
the three factors Oct3/4, Sox2 and Kl f4 [conbination
(9) alRkAPERChr@f PRELerabIgpPregeam™ifg SHRSTSeE) | ith a

@Qﬁ@t{@%e@&eoa@qse Lenbevdis e@ihera R hagekidve BEFPASEST
used as an investigational tool for, drug

&F@g%%rtf@é?%’érﬁ%@ GRELT PP KBS SUDBRENGS \ie PaRFoiainous

Gat3b4. @h&ﬂwméthwhﬁ,1ﬁﬁDﬁaeanﬂoink&&pl@f ﬁH@em&5héd)ﬁ51ng a
factors consisting of the five factaors and

PEBRBT &t f%ﬁzlﬁeaz&fﬁf}‘v'e]t}%ﬁ Zephef dts4hfed IPl'ri’tteﬁ@s*fsr"’msfer
Roeken r eehp) cosbi datll peﬁetﬁadyylg pést iales QCbR) UFREibM protein,

ace,of c Inf t'o n e no and hung
AN Lt iSE e gt Meod sl aRBnt e b o tsny rotater
&aabeﬁSS|aieauamméﬂﬁnalmytiwarﬂébneannclaalﬁ@ tHeeNEBéed on a
accessio ers .nent 69666 (in the
oo T R ek e Rl I vl T
hi@eabaniciBNA gequmm:é" ipzboe tmtTremsoactio?eagem2IPTERCE) ,
R hmanJ'\kEs/z%lr . grea Q ﬁ@of UI g %garkl):yfec%flceagl rgci %ro{lectln

f'or TOWi n Yated )er s, respecti
t(hiM@ENEIkX;I ltbdse nbEtshaei antaalri@ida_ssiuyh 25 ab«béecw}ll $0kmdaring

SRR B P OB SRR AR ML 45857 o
Penetrain Peptide (Q biogene) and Chariot Kit (Active Motif),
and the like. The transfer can be achieved per the protocols
attached to these reagents, a common procedure being as
described below. Nuclear reprogramming substance(s) is(are)
diluted in an appropriate solvent (e.g., a buffer solution such
as PBS or HEPES), a transfer reagent is added, the mixture is
incubated at room temperature for about 5 to 15 minutes to form
a complex, this complex is added to cells after exchanging the
medium with a serum-free medium, and the cells are incubated at
37°C for one to several hours. Thereafter, the medium is
removed and replaced with a serum-containing medium. Specific
means using the protein transfer reagent is disclosed in WO
2009/073523 or WO 2009/032456.

Developed PTDs include those using transcellular domains

of proteins such as drosophila-derived AntP, HIV-derived TAT
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30 Esrrb NM 011934 NM 004452 Esrrg NM 011935 NM
001438 A proteinous factor for use as a nucl ear
reprogrammi ng . substance can be prepared by inserting
the cDNA obtained into 35 an appropriate expression
vector, introducing the vector into a 16 host cell,

amaﬁﬁémve,rl 8¢ élhe Je@205HiN@BL o Pr OlodisNOYS draehory. fd om
the cultured cell or its condl ti oned medi um

NESHART e Rhehr t95d Intied ddr o7 8%r BFBaimi niprsitsatince

usedossi anueteir, agi 8iot hatheRNCOEES 1@4@4@0&(@99‘5) ) B
t he DNAobtalnedlsmserted into a vir

%P%ija%rﬁId (géﬁ}f'or t §- cOnh&rudEean Wby égg‘?oﬁ;uve@?‘%rw
aadsm@ (2BODPJ , | Traspbeedred Pbogh har.skepadf misehear 12, 67-

ct of. nu Iear r epr ogr amm. ng

IO Bde P (R st e osiaiebe Gheved ot al-
lﬁlobgllﬁl. rmbbﬁ;isknzmmh pes1se 10or39 1(1998@3;9'1&5@@?@{@; Y. Z.

t n_t he sta pr nous _f act or
égcglc “ItThgadg n%rlleffbe%pbr %%gnﬁ?%& (ﬁgggr}a)tha‘iﬂﬂﬂs,l?@'aéla' M
protki nvdtmaester 1 rEagens, 35&297me:2¢uxj)uspﬁg>ra (mﬁﬁ&@éﬂg, ;
t f PTD C
CEPP): RSN o, Retve CRTEPI rier %n%?ﬁbénam@wc
t(Eemfro ke, Rroé'emntnaapsfesflﬂ&e@ea‘gm)t 33&;@4 (5001)), Pep-1

iag}ly avail ab in 0
g(gtg?g%lgcﬂ [ él ds 1@suchg\]gt %@% %t 2?h @ﬁ ?%8}01))’
ReageéntGaq,Genl atltals) Blé’ong.l eedInChemot giop Joemsbect i on
SinT" .deliver ent

%%SEPf S(SXEXIB %%scsﬁlg%) gnc?tPr cl'%Vec? g 19 7r 679-86
t(ﬁ@@@) bad®@dIohtend i Fi.dP. suchagsafr of ect C&mﬁéﬁaﬁ?@etl 6@,
%%5§¥§t€ﬂﬁﬁm thgﬁfgg%sggrfUE v@??br%?ng%Lﬁ%%Q EEom the

pepti de, suc netrain Peptlde bi ogene
@FRFi dtclide patydngdnibes fjuch andllme(qellReStevm:ell 4 381-

tjs@”%ﬁ@69)Qa%nﬁem@‘?&‘e‘i‘iegtéﬁrCetlﬁe prof9cqks (2%’9"3‘?“6‘2\
to these reagents, a conmmon rocedure bei ng
desépp t@wﬁ@épowpmf@llearw@mrognamqﬂr@tsu@sa amlé( s a

InRcaLs) “prOblahfthd RBuBb AR QRGI 2@ s al-vept %ngnce & s

buffer solution suc as PBS or HEPES), a trans
PESHRRT i added, thehaeapiinaati sxpryenaibat efl e foshen

RERELAS Wi kRE ARAWL Préfild 19 PSR A FOF Mse in for
transfer. This transfer can be achieved as described above,
except that no proteih transfer reagent is added. Specific
means using the CPP is disclosed in Cell Stem Cell, 4:472-6
(2008) or Cell Stem Cell, 4:381-4 (2009).

Microinijection, a method of placing a protein solution in
a glass needle having a tip diameter of about 1 pum, and
injecting the solution into a cell, ensures the transfer of the
protein into the cell.

A sustained overexpression of a nuclear reprogramming
gene potentially increases the risk of carcinogenesis; however,
because a proteinous reprogramming factor undergoes degradation
by protease in the transfected cell and disappears gradually,

use of the proteinous factor can be suitable in cases where
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a conplex, this conplex is added to cells after
exchanging the nediumwith a serumfree nedium and
the cells are incubated at 30 37C for one to several
hours. Thereafter, the mediumis renoved and replaced
with a serumcontaining medium Specific means using
tHighpeafein itsr aegiffed @agemntthes cdisGhRsedthd MO cells
%(% /07§523 or ¥\O 2009/ 031%456 Devel oped PTDs incl ude
RO TR I HG HFAnstt TQF alF "YSEhEC PHBOSPS pr ot ei ns
such aBomOphakmgjahltUE;ﬁbdMﬁlE tir \éﬁgggﬂeﬂra-;gferlfnto a
) Cell 55,1189- 9 or een
\ Om%%%o%%\]éﬁs & nearP LERF OEATEg, S 5(7“§m§8 paY@dyp, be used
@eﬁébrably1ln(ﬁbeoﬁarm OD aeﬁudﬂe;cJaciﬁ(ﬂhatcbﬁﬁﬁdé%69

- 4 Park, C. B.
SESEIRE TASEE entheBoiey b Banioas 3bonyy, the
Tradsporaai (r@yolga a MNAebr adn RNASE® b DWR/REH -chithera, and

GRS cq COpdS ATEN LR o R 000 RIS,

KuedEi¢ Llagid Ys . douhieabtréhdda DNA,GhﬁﬂhcﬁIﬁkly a cDNA

éif?%?‘ﬁ'?%s(’* 21l oSs AR Rnd el 5 tecee

dintoBRp cARIMOPBIL aph yeskprResiorCommting aﬁr@m%n@oi (p&@ﬁiaﬁéf

p:\é %}% Eéfg?&%l%tcl?x@b getln Jal\}?ér_ﬁép so%g c Rei%Lu 2§7_ 4 A
E?ix@trééﬁ%@l Vel;goraliI@-l@d(ezOﬁ:ﬂ;) )exameepr 'ﬁl(r@aovecﬁoret sath as

BiRebgi rEd leg?_\e_mru]so ﬁégégv q_%s, ( gg&%?c) ‘g’X%%teé!G vigus,

Roussel l e, C. et al Phar freco

(}?@@efylrwapd( ?bfiffbil pirgs, &’l@smyﬂarforetne Sgeesifesin
60ima 858 & ((8090) )ppAlaW de h %%c/l%’\? S CDNAI/Neo)
derlved fromth TDs i nci udé po yar di hi nes su

PR teeltiksted d@lﬂd of wgor3gged 239 Pp- clacmarQRS( Cel |
ﬂp%ﬁbgﬁlite %ccé:?@uﬂ_:?@o( gQQ%)r‘)tenéedflkbcé Q3 Qﬁgtlgﬂsn cells

expr essi on vector incorporating a cDNA of nucl ear
38%4mmi ng substance and a PTD or CPP sequence is

preparE&bﬂplealbQWbﬁdM%tEESGEHEdTQHt £§%§§§§§hOGEégbrEh§%clude
f usi on froteln and the fusion protein is recovere

fi& B8 iRbar Brometamsitbe. CAhipyompbemf dihecERa frromoter, the
EBSMIOE‘pﬁ&nC&Serd eské ied pabavesr, exeeRiv t (Rt onSyAIRL LD
H;é%%g er, %%ggg% {ﬁ%&%dgggcoéﬁaiﬁkﬂgf promoter, the MoMuLV
(Moloney mouse leukemia virus) LTR, the HSV-TK (herpes simplex
virus thymidine kinase) promoter and the like, with preference
given to the EF-alpha promoter, the CAG promoter, the MoMuLV
LTR, the CMV promoter, the SRa promoter and the like.

The expression vector may contain as desired, in addition
to a promoter, an enhancer, a polyadenylation signal, a
selectable marker gene, a SV40 replication origin and the like.
Examples of useful selectable marker genes include the
dihydrofolate reductase gene, the neomycin resistant gene, the
puromycin resistant gene and the like.

When two or more nucleic acids are introduced into a cell

as nuclear reprogramming substances, the nucleic acids may be
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25 neans using the CPP is disclosed in Cell Stem Cell
4:472-6 (2009) or Cell Stem Cell, 4:381-4 (2009).

M croinjection, a nethod of placing a protein solution
in a glass needle having a tip dianeter of about 1
)nn, and injecting the solution into a cell, ensures

ther idaapsf dpafatbh@ecBspr oh&i N J1akR1 1N #ehhe1dfic acids
sustai ned overexpressi on of a nucl ear reprogranmmin

GehPHarents dianfemnt? eRadnt # PSR SbF ot FPRbRen egi‘ sthe
boveecase hegAwsabae P ftieh BAY SO 1§RE SUFGHIE BEpf&edidh, it

under goes_degradati on by protease in the transfected
L8 FeTADUF lirreats O ARIALF e 350 BE THeq RE Toot-and-
pootieidigussé aats ¢ade (gstti@ubéab%@,i mem \2’0@&;} %ndlghe
L S y is requir as_in the case ere the iP
g%‘?&s’ %gg%a?‘?%ﬁn& ea"ﬂf?iqhiezéi'jﬂ?'orprleﬁ@F%Ib]e\ﬁttPE PRirreiesce
boveMeitedt bkivgn Bhe Aelieddtal hen@ase &fidsr.ansfer into
a somatic cell.,, nucl ear ranmi ngjrs,ubst ance nay

repro
al so G855 br E?EJ?Qarblhﬁrgﬂ“t 3 BP O 2hBcieit

actIedrhatpesmeaasng PiwienneuSard aet aht rodidear ihbhan tdael
actaqr as.it i.s. The nucleic acid.may, be_a . DNA or _an
& Yoo TR e RGNT CRP e 2CSER i Op P GSILES s dhtfed
vecsomngl &n stheanded. ofPrefrerablyectbhe fonielxeinplecial plashid
gg}i@i%ﬁ% r éjenq,‘lc elt. g(:a.{é IiCl’”' g{l!"c}/duacggDzlL\xlﬁ: g'a(é)ld-épﬁg:zl%l\plgigﬁe

i HSeT
pppkapnidatel bx(@Er.gssi BatrEcol lg)onpr kstogplenenhoady etell

§apable Of S4NGLLQQ) NI 3 PSS SATRLEC, Col 5, User u!
expr essicon vectors i hclude; "for exanpte, Vi ralf“vettors
suthurss superrapAntuss regnvieredusanddérovectus, is infected to

senaeAshOch ARdd mats b, ol e
geagple pAPedifiqXehns pREINCVY, rpiReVRSW] Yedival ANecjisclosed
SR dtech Kopg ol NEOL eedaten R, .
ééfré 2 obt®iMed. SpecEdappiean ot spnendt LBt siethsi yector is
%{%&g?iﬁ[&en\r/%%:i%gn%gkggg ?gﬁlo %ieirwl ﬁ;ﬁbl@ha) Pr QYRESE ¢ tlins
using an adenoviral vector is disclosed in Science, 322, 945-
949 (2008).

As discussed above, when iPS cells are utilized for
therapeutic purposes, a sustained overexpression of a nuclear
reprogramming gene potentially increases the risk of
carcinogenesis in tissues and organs differentiated from iPS
cells; therefore, a nucleic acid as a nuclear reprogramming
substance is preferably expressed transiently, without being
integrated into the chromosome of the cells. From this
viewpoint, use of an adenoviral vector, whoée integration into
chromosome is rare, is preferred. Specific means using an
adenoviral vector is disclosed in Science, 322, 945-949 (2008).
Because an adeno-associated viral vector is also low in the
frequency of integration into chromosome, and is lower than

adenoviral vectors in terms of cytotoxicity and inflammation-
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SV40 pronoter, the LTR pronoter, the CW

(cyt.onmegal ovirus) pronoter, the RSV (Rous sarcona
virus) pronoter, the MoMULV (Ml oney nouse | eukem a
virus) LTR, the HSV-TK (herpes sinplex 25 virus
thym di ne kinase) pronoter and the like, with

t
BESlChanae  do Shp, O RS LR R OB e b
pemnﬁeeﬁeaﬂ@ll tHeali kectofhé sesppalysi of heiqostably present
éﬂien tﬂé n{og meI r!arf?fj Q:LaB' 8o detg‘%aéet@ O LEL v using

ancer a pol ya eny at1on signal’, 30 sel ectabl e
ﬁark@kNPg@ﬁerecansvdo tepils oaeforan gﬂ:hlhﬂrﬁsi taﬁewﬂke

Buaimlos, of cUsElUls ool el abke PR kebegenes ol Uk he

of ol ate reductase gene, the neonycin resistant

geam; - tIHE, %mwaﬁﬁlrb%qos?t)aﬁﬂdgﬁré@ﬁ >§ e crPkee WARENR

Lo OngIRr § RUGIRECaRGILS A Bl NTLRYGEe: %%tarcg lused,
35 as nucl ear reprogramﬂ ng substances, the nucleic

qEPHsi e LpRCInD ofaFhe dek FISBp AraR ©@CFREFRShs 1taReSHDLY

BhHEAd tﬂéa@f:r@éz@de' enéfd flre, MBYr D& AnPh BEh LRAREBH E4h be

obtalnap XCIStronIC vector In the fatter case, to
sRa8| Rreferrbl e Mhegsiy cr SUDRLE a5kt @sspomaciear j s

destbddmihBatuldiandd selduchbaavidihgoentices-aboxp system,
foot-and s nouth di sease virus, (see Science, 322,

Y290 JERCOM HEGUBRRFESRATY | | KBRT I REFISBLEHT SCTRENR
lairk8ngdd &nebabh Yerddde o2 A5 GrRNEE: e d igad@ehrel Werd cells
the individual nucleic acids. An expression vectQar
REFLORFHE ADBTRATESEC P 455 FoROEEaser EprajgrXifi by act
%bhbﬁhélﬂﬁeﬂl(faﬁsb@g Ianfpﬂagrﬂﬂdidrddtb@ @rcﬁﬁbovz;l].fhlbyrea;:orh and

t echnl que kKnown, per ing to the choi.ce of the
YEE ot SPhavides BF B5C e Jaateiors: Rt st
[GEEET Y trmoahaammp&bﬁomuels@qeeam cbfi $hie nLTR)d.IBCngJ.on

FBePLF g R =R anbary LuIT 161 P "CEZgitY thereot by

293ecelbs)muthheon rial ivewdoy pmedielna:lelcé it hheldlsthe
cul ture, supernatant is recovere and_t he, ve
o} by

S
eﬁ?égfedor% oeg%;l etlcoe e ous .gene by t e Lﬁ'R outside

a ne SUitabl 8¥for t
wfr ahevictBrsegkemnce eoeamoha;lg sxpvechél gemeEenyitseuigbaing cut

i YL 35S e eLaedaply YARORLLOBERGy coretang
the sequence, or substituting the sequence with a
polyadenylation sequence such as of SV40. Specific means using
the Cre-loxP system and SIN LTR is disclosed in Chang et al.,
Stem Cells, 27: 1042-1049 (2009).

Meanwhile, being a non-viral vector, a plasmid vector can
be transferred into a cell using the lipofection method,
liposome method, electroporation method, calcium phosphate co-
precipitation method, DEAE dextran method, microinjection
method, gene gun method and the like. Also when a plasmid
vector is used, its integration into chromosome is rare, the
transgene is degraded and removed by DNase in the cells;
therefore, when iPS cells are utilized for therapeutic purposes,

use of a plasmid vector can be another preferred mode of
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861-872 (2007). Specific neans using a lentivirus
vector is 20 disclosed in Science, 318, 1917-1920
(2007) . Specific neans using an adenoviral vector is
di scl osed in Science, 322, 945- 949 (2008). As

di scussed above, when iPS cells are utilized for

LRSS BRRHEL C SPHEPPSC Seafls SUSTRY aeglﬁaﬁeésr@%&aroér@
nucl ear 25 reprogranm n% gene potenti al I ncr eases
§
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gpg@}ése@dﬁrﬁag%euﬁengwgz ;adgﬂgy(gmlg) vegt or is

i scl osed in Science ecguse an
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fchﬁsﬂstﬁnﬁey gaﬁ gt Qig[:atytaﬁi’édl Aheo CcEH::@Iﬂ‘bSG:ﬁ@ thedeFSrd ORI is
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al., Nature, 458: 771-775 (2009), Woltjen et al., Nature, 458:
766-770 (2009). In another embodiment, tetracycline responsive
element in promoter region (Tet-OnR & Tet—-Off R Gene Expression
Systems, Clontech) can be used for the excision of transgenes.

The number of repeats of the manipulation to introduce an
adenoviral or non-viral. expression vector into a somatic cell
is not particularly limited, the transfection can be performed
once or more optionally chosen times (e.g., once to 10 times,
once to 5 times or the like). When two or more kinds of
adenoviral or non-viral expression vectors are introduced into
a somatic cell, it is preferable that these all kinds of

adenoviral or non-viral expression vectors be concurrently

35 introduced into a somatic cell; however, even in this case, the
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the regi on sandwi ched by the | oxP sequences can be cut
out. Because the enhancer-pronoter sequence of the
LTR U3 region possibly upregulates a host gene in the
vicinity thereof by insertion nutation, it is nore
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[Fott ng or CR. For t reason
%@émwfoﬁ@at@% jsoRPt spaTEnlprrly dimpsed, as far as it

is sufficient to cause nuclear reprogramming of the cells;
usually, the nuclear reprogramming substance may be allowed to
be co-present in the medium until a positive colony emerges.

25 (d) iPS cell establishment efficiency improvers

In recent years, various substances that improve the
efficiency of establishment of iPS cells,. which has
traditionally been low, have been proposed one after another.
When brought into contact with a somatic cell together with the

30 aforementioned nuclear reprogramming substances, these
establishment efficiency improvers are expected to further
raise the efficiency of establishment of iPS cells.

Examples of iPS cell establishment efficiency improvers
include, but are not limited to, histone deacetylase (HDAC)

35 inhibitors [e.g., valproic acid (VPA) (Nat. Biotechnol., 26(7):
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advant ageous to use a nmeans wherein the transgene is
integrated into chronosone, thereafter the gene is
renoved. In another is preferred node of enbodi nent, a
met hod can be used wherein the transgene is
integrated into chronbsone using a transposon,

t7bereaf t@008) Ualrbsepasa@ﬁl:ﬂa& ahh YR brEos@et RNcihendzehkin
usi n | asm vecto or adenoviral vector so as to
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suitable for_ cultivation of somatic cells

Among the constituents of the aforementioned nuclear
reprogramming substances, SV40 large T and the like, for
example, can also be included in the scope of iPS cell
establishment efficiency improvers because they are deemed not
essential, but auxiliary, factors for somatic cell nuclear
reprogramming. In the situation of the mechanisms for nuclear
programming remaining unclear, the auxiliary factors, which are
not essential for nuclear reprogramming, may be conveniently
considered as nuclear reprogramming substances or iPS cell
establishment efficiency improvers. Hence, because the somatic
cell nuclear reprogramming process is understood as an overall

event resulting from contact of nuclear reprogramming

substance (s) and iPS cell establishment efficiency improver (s)
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to isolated froma mammal such as human or nouse
[e.g., mnimal essential nmedium (MEM conprising
about 5 to 20% fetal bovine serum Dul becco's
nodi fi ed Eagl e medi um (DVEM), RPM 1640 medi um 199
medi um F12 nedi um and conbi nati ons thereof, and the
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Géaéb&%ﬁhmget(¢{ﬁﬂgﬁesﬁyiimnﬁ@Weurés[aecgemlmaﬁ pmbiilitaed,d the

ng%efll\ggtaﬂfg Egoéf hid 1&@&%} Igr%vg 5ch9 %e( %8%83 )to the

| ow nol ecul ar Itors such as trichostatin
seai U aieyr Eﬁx% celsl@ isonltanddMBad a2 gieemilengthdobased
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met hyl transferase inhibitors (e.g., 5 -azacytidine)
[pmat:elnous factor, whereas the iPS cell establishment

efficiency improver is capable of rapidly acting on the cell.
In another embodiment, when a nuclear reprogramming substance
and an iPS cell establishment efficiency improver are both used
in the form of.a viral or non-viral vector, for example, both
may be simultaneously introduced into the cell.

Somatic cells separated from a mammal such as mouse or
human can be pre-cultured using a medium_known per se suitable
for the cultivation thereof, depending on the kind of the cells.
Examples of such media include, but are not limited to, a
minimal essential medium (MEM) containing about 5 to 20% fetal
calf serum, Dulbecco’s modified Eagle medium (DMEM), RPMI1640

medium, 199 medium, F12 medium and combinations thereof, and
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Bi otechnol ., 26(7): 795-797 (2008)], (Qa hi stone

nmet hyl transferase inhibitors [e.g., |ow nolecul ar
inhibitors such as BIX-01294 (Cell Stem Cell, 2:

525-528 (2008)], nucleic 20 acid-based expression

i nhibitors such as si RNAs and shRNAs agai nst (Qa
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of the aforenentioned nuclear reprog
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tabl j shment efficiency inprovers because they are
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?‘%g?g%%?ﬁF@ndb& olrp§n uGC|:J.|ng 1%’? bcl:ell QI&L ecgeflllgl ?quIXahon,
A.P. & Bradley, A. Cell 62, 1073-1085 (1990)] and the like are
commonly used. Co-culture with feeder cells may be started
before contact of the nuclear reprogramming substance, at the
time of the contact, or after the contact (e.g., 1-10 days
later).

A candidate colony of iPS cells can be selected by a
method with drug resistance and reporter activity as indicators,
and also by a method based on visual examination of morphology.
As an example of the former, a colony positive for drug
resistance and/or reporter activity is selected using a

recombinant somatic cell wherein a drug resistance gene and/or

a reporter gene is targeted to the locus of a gene highly

26



10

15

20

25

30

35

Contact of an i PS cell establishnment efficiency
inprover s with a somatic cell can be achieved as
descri bed above for each of three cases: (a) the

i nprover is a proteinous factor, (b) the inprover is
a nucleic acid that encodes the proteinous factor,
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i PS cell establishnment efficiency inprover may be
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r%é#ﬁn?%&eceﬁﬁfhraﬁdoﬁg PPETEFr, TaFRPNSES to a Nanog (or
Oct3/4, Fbxl5) reporter (GFP positivity, B-galactosidase
positivity and the like) and positive responses to selection
markers (puromycin resistance, G418 resistance and the like),
as well as by the formation of a visible ES cell-like colony,
as described above. However, to ensure higher accuracy, it is
possible to perform tests such as analyzing the expression of
various ES-cell-specific genes and transplanting the cells
selected to a mouse and confirming the formation of teratomas.
The iPS cells thus established can be used for various
purposes. For example, by utilizing a reported method of
differentiation induction for ES cells, differentiation of the

iPS cells into various cells (e.g., myocardial cells, blood
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the like. Reports are avail able that by conducting
pre-culture at a | ow serum concentration of 5% or

| ess, the efficiency of establishnment of iPS cells
was i nmproved (for exanple, WO 2009/006997). When
using, for exanple, a transfection reagent 5 such as
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forne a colony positive for drug resistance and/or
FEYBRISY activity is selected using a

Example 1: Effect (1) of the hypoxic culture method on the
establishment of iPS cells '

Mice having a Nanog reporter were used as an experimental
system. The Nanog reporter used was prepared by inserting the
enhanced green fluorescent protein (EGFP) and puromycin
resistant genes into the Nanog locus of a BAC (bacterial
artificial chromosome) purchased from BACPAC Resources [Okita K.
et al., Nature 448, 313-317(2007)]. The mouse Nanog gene is
expressed specifically in pluripotent cells such as ES cells
and early embryos. The mouse iPS cells that have become
positive for this reporter are known to be nearly equivalent to

ES cells in terms of differentiation potential. Mouse
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reconmbi nant somatic cell wherein a drug resistance
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mt&a{:l&ﬁags TREC¥eTed and filtered through a 0.45 um
sterile filter (Whatman), polybrene (Nacalai Tesque) was added

to obtain a concentration of 4 pg/mL, and this was used as the

viral fluid.

Mouse embryonic fibroblasts (MEFs) were isolated from a
fetus at 13.5 days after fertilization of a Nanog reporter
mouse, and cultured with a medium (DMEM/10% FCS). The tail-tip
fibroblasts (TTFs) used were obtained by shredding the tail-tip
of a Nanog reporter mouse, placing the pieces of the tissue
standing on a gelatin-coated 6-well dish, culturing them in a
primary culture cell starting medium (Toyobo Life Science
Department) for 5 days, and further culturing the fibroblasts
migrating from the tail-tip tissue onto the dish with the
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sel ected to a nouse and confirmng the formati on of
teratomas. The i PS cells thus established can be used
for various purposes. For exanple, by utilizing a
reported nethod of differentiation induction for ES
cells, differentiation of the 35 iPS cells into
veEmoLs ¢eslsediemg., nyocardial cells, blood 27 cells,
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Nanog reporter used was prepared by inserting the
aifareedgreeredd wor e3terforprlorwi ¥ CEGFMs -andifter the

RUNOBYEIdhted up, they were suspended by the addition of the ES
cell culture medium; 1 x 10! MEF cells (when the four factors
Oct3/4, Sox2, K1f4 and c-Myc were introduced) or 1 x 10° MEF
cells (when the three factors Oct3/4, Sox2 and K1f4 were
introduced) were sown to a 100-mm dish having feeder cells sown
thereto previously. For the TTF cells, 2 x 10* TTF cells (when
the aforementioned four factors were introduced), 1 x 10° TTF
cells (when the aforementioned three factors Were introduced),
or 1.5 x 10° TTF cells (when the three factors Oct3/4, K1f4 and
c-Myc were introduced) were sown in the same manner. The
feeder cells used were SNL cells treated with mitomycin C to
terminate the cell division thereof [McMahon, A.P. & Bradley, A.
Cell 62, 1073-1085 (1990)]. Subsequently, the ES cell culture

medium was exchanged with a fresh supply every two days until a
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viral fluid. Muse enbryonic fibroblasts (MEFS) were
isolated froma fetus at 13.5 days after
fertilization of a Nanog reporter nouse, and cul tured
with a nmedium (DMEM 10% FCS). The tail-tip 30
fibroblasts (TTFS) used were obtained by shredding the
trabletip of a Nanog reporter nouse, placing the

pi eces of the tissue st andl ng on a gel atin-coated
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cell culture nedium 1 x 109 MEF cells (when the four
factors Cct3/4, Sox2, KIf4 and c-Mc were introduced)
or 1 x 105 MEF 25 cells (when the three factors
Cct 3/4, Sox2 and KIf4 were introduced) were sown to a
100- mm di sh having feeder cells sown thereto
maeveorsly. For the TTF cells, 2 x 109 TTF cells (when
the aforenmenti oned four factors were introduced), 1 x
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20 1-3). In case of introduction of three factors, it
was found that iPS cells could be established not
only with Cct3/4, Sox2, and Kif4, but also with
Cct3/4, KIf4, and c-Myc (Table 2). 31 Table 1 u a mm
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colonies derived from four-factor transduced MEFs increased
7.4-fold on day 21 and 3.1-fold on day 28 than those under the
normal oxygen condition, and saimly those from three-factor
transduced MEFs increased 20-fold on day 21 and 7.6-fold on day
28 under 5% oxygen (FIG. 14 a), b), c) and d)). Moreover,
hypoxic treatment increased the percentage of GFP-positive
colonies in total colonies from four- or three-factor
transduced MEFs (FIG. 14 e) and f)). The GFP-positive colonies
derived after hypoxic treatment was comparable in morphology
and size to those derived under normoxic conditions (FIG. 16).
Alkaline phosphatase staining showed that cultivation under 5%
oxygen increased the number of colonies with a positive
alkaline phosphatase activity (FIG. 17).

To investigate whether GFP-positive cells were detected
earlier or not, the four-factor transduced MEFs were cultivated
under 20% oxygen or under 5% oxygen with or without 2mM
valproic acid (VPA) from day 5 to day 9 posttransduction, and
were subjected to flow cytometric analysis on day 9. Retroviral
expression of four factors induced 0.01% of the cells to become
GFP-positive on day 9 posttransduction. Treating the four-
factor transduced MEFs for four days with hypoxia or with VPA
increased the percentage of GFP-positive cells to 0.40% and
0.48%, respectively. Moreover, co-treatment with hypoxia and
VPA increased the percentage of GFP-positive cells to 2.28%.
These data suggest that GFP-positive cells can be detected
earlier and that the hypoxic culture has -synergistic effect
with VPA (FIG. 15 a), b), c), d) and e)).

Subsequently, the effect of hypoxic culture was examined
using adult human dermal fibroblasts (HDFs). Four factors
(OCT3/4, SO0X2, KLF4, c-MYC) or three factors (OCT3/4, S0X2,
KLF4), all derived from humans, were introduced by means of
retroviruses, as described in Cell, 131, 861-872 (2007). Six
days after the viral infection, the cells were recovered and

re-sown onto feeder cells. The feeder cells used were SNL
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following day, the cells were brought into cell culture with a
medium prepared by adding'4 ng/ml recombinant human bFGF (WAKO)
to a primate ES cell culture (ReproCELL).

Between day 7 after the infection and colony counting
days (days 24 and 32 after the infection), the cells were
cultured in an incubator set at a normal oxygen concentration
(20%) or low oxygen concentrations (5%, 1%). The results are
shown in Table 4. When the four factors were introduced, the
efficieﬁcy of establishment of iPS cells rose at an oxygen
concentration of 5%, compared with the normal oxygen
concentration. Meanwhile, when the oxygen concentration was 1%
or when the three factors were introduced, no iPS cells were
obtained under the culture conditions examined in this
experiment, which involved the maintenance of cells in hypoxic
conditions for a long time. This suggests that it may be
necessary to have a shorter duration of cell culture under
hypoxic conditions with the use of severer hypoxic conditions,
such as an oxygen concentration of 1%, or with the introduction
of three factors, which essentially produces lower efficiency

of establishment of iPS cells than with four factors.
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xaEPLle e Efbedal (Vxpferhe dydpxiomulande satioy dhose

Qg@gbiﬂgﬁgn@agfqﬁﬁﬁcggggsduced MEFs increased 20-fol d
on day 21 and 7.6-fold on day 28 under 5% oxygen
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en, i ncreased the nunber of colonies wt
%E?Fw'allkél 1he cphbs stfaths s More ysqW G 37)00 g dish

Tﬁvhﬂc}{ esddagat e hetdhah GFRaPasEL | Veneald S eleer dy 8ays,
%% tected_  _earlier or not, the four-factor transduce
=

sERET lc GPE FiER @8diERdES TeRdanafg@atbra (ireésh Swmply.
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X 5t osttransduction, an wer e subjec e
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GFP-positive on day 9 posttransduction,
%%ea??i%fﬁ?hga?o 1tinue w1tho¥t drug selection, until day 28,

when GFP-positive colonies were counted. The results are shown
in FIG. 1. Four independent experiments were performed. When
the oxygen concentration was 20%, colonies emerged in only one
of the four experiments, whereas when the oxygen concentration
was 5%, colonies emerged in all of the four experiments. As
shown in FIG. 1, the number of GFP-positive colonies increased
significantly (*p<0.05) with cell culture at an oxygen
concentration of 5%, compared with 20% oxygen concentration;
the hypoxic culture was found to be effective in raising the
efficiency of establishment of iPS cells.

A further experiment was performed to determine whether
the hypoxic culture method was also effective with transfer of
the two genes Oct3/4 and c-Myc. The experiment was performed
in the same manner as with Oct3/4 and K1f4 described above
using Nanog-MEF. Between days 5 and 14 after the infection,
the cells were cultured in an incubator (Thermo Scientific) set
at a normal oxygen concentration (20%) and a low oxygen
concentration (5%). The culture was continued, without drug
selection, until day 42, when GFP-positive colonies were

examined. As a result, when the culture was performed at a
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factor transduced MEFs for four days wth hypoxia or
with VPA increased the percentage of GFP-positive
cells to 0.40% and 0.48% respectively. Mbreover,
co-treatnment with hypoxia and 25 VPA increased the
percent age of GFP-positive cells to 2.28% These data
Seggestotuan CRR-qUisktive (WR)s narcHPepdeteioteedolonies

R R X T

SoBseqtiattion, (Phe eoflepienferieypesti FIGul 2ur e Thase findings
exam ped 38 WeE ' l. LiEbrablasts
(HDFs) . Four fac{%re?gy(g&%%?lg%t@té&g-ﬁg G be
tifPEeveh Yo FY 1 1 @dTRy 4he SO ting| Fef)] uabkr deydored from
REURBAS; oV G eh NY{@dYGRd n royiru S
described in Cell. 13%O%Clﬂggzgf%ﬁ;t%s%desdg’%” #ana
&t®F-the viral infection, the cells were recovered

and 35 re-sown onto feeder cells. The feeder cells

used were SNL 35 cells treated with mtonycin Cto
EEPRPhate ERBreseidn ofj pesieas fpmwmlidfergtfated state in
Bloadkeyps Ae1fgl | 62, 1073-1085 (1990)]. The follow ng
day, the cells were brought into cell culture with a
medi unt' Bt SFRFEFSIRP addraerersngrri urdidérbenaimteduatate in
et WAKD): vel8 iﬁBfte@ﬂb”@@ﬁ%bﬁ§sﬁ@ﬁ|id3ﬁ&gﬂﬁfés 1 and 2 was

SeRe roCELL). Between day 7 after the infection an

MY RIMETRER Fapd vERRyisipg Bhel Reveaf Ter Adeekit
| (ThRELA)0N) Thé e fihbss WY @heCtinr@dubly alkd BEYRALRY sko
ﬁt §§1%&r}or I oxggen concentration (20% or |ow

v&n cehtT dHhES (BotheofT-Efffe 2F@ SRS dReFHo 3-
ghewnrs rcelabl esdablWsdBdt fiecH QuE rb@EdtQlbs YBI four genes
i@t gggéjcgg,f thg efficiency of establishnent of i PS
JeFF2 Todetar AWoxyalKc) c dhEERt PerToiO6F 36 Kdbhpaserd) /
wirt hwo heerear ekt DMy, gBNL4 L AIC B adiahreMeaMi leyquhen
the grzl(%/gaq:qogonﬁfgtrggi on. was 1% or when the three
2eEor STwere i it Fodudedl ! fEPrPESedIIeReRe Rt S16heEPFREPed
wpeeifidellyulit B c@andi tions exasinedokd, this, c-Myc,

[ ,  Whi [ dth i nt f [1s i
SRSt T, W ciiaveLied Al et snands, of o0 2 L

theathese nmy mbese IScesdas y(RERB)hane Psshkenlereslisbat 508 with
HoubeldndiibUEfe YI4R (20017 Nature, 448, 313-317 (2007)].
Because no expression of the Oct3/4 gene introduced
(Oct3/4(Tg)) was observed, it was demonstrated that silencing
occurred. Based on these results, the cells established under

the hypoxic conditions were identified as iPS cells.

Example 4: Potential of established iPS cells for teratoma
formation

Mouse iPS cells established with Oct3/4 and K1f4 at a low
oxygen concentration (5%) (527CH5-2) were allowed to form
teratomas, as described in Cell, 126, 663-676 (2006).
Specifically, 1 X 10°® iPS cells were subcutaneously injected

into immunodeficient mice; 4 weeks later, the emerging
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hypoxi c conditions with the use of severer hypoxic
condi tions, 20 such as an oxygen concentration of 1%
or with the introduction of three factors, which
essentially produces | ower efficiency of
establishnment of iPS cells than with four factors. 36
HemEs 5 iNohptes Uwgrecorennglsi i K3G- @) Lo BacH aj

Defatbd Bad é)amddé%%nvc\i/\' NflxleldQn 'PB@(N) Ocdﬂdaénﬂhvéj 4 N A
|

m
Bofﬁ%iqﬁhédetn E@EP%ﬁqQ epbegded tlssue was sliced and stalned

with hematoxylin-eosin. The results are shown in the lower
pannels in FIG. 4. Histologically, the tumor was composed of a
plurality of kinds of cells, with cartilage tissue, endodermal
epithelial tissue, muscle tissue, and keratinized epithelial
tissue observed. Thus, the pluripotency of the iPS cells was

demonstrated.

Example 5: Creation of chimeric mice

The iPS cells- establlshed with introduction of two, three
or four genes at a low oxygen concentration (5%) in Examples 1
and 2 were microinjected into blastocysts from ICR mice. As a

result, adult chimeras were produced. The results are shown in
FIG. 5.

Example 6: The karyotype of iPS cell lines

The karyotype of iPS cell lines derived after hypoxic
treatment (521AH5-1 and 527CH5-1) in Examples 1 and 2, and
these cell lines showed normal karyotypes (FIG. 18).

Example 7: Effects of duration of hypoxic culture on
establishment of human iPS cells

The effects of the starting time and duration of cell
culture under hypoxic conditions (5%) on the efficiency of
establishment of human iPS cells were examined. The somatic
cells used were adult human dermal fibroblasts (adult HDFs).
The time schedule for the hypoxic culture is shown in FIG. 6.
First, the HDFs were allowed to express the mouse ecotropic
virus receptor Slc7al gene using a lentivirus as described in
Cell, 131, 861-872 (2007). Four factors (Oct3/4, Sox2, K1f4,
c-Myc) or three factors (Oct3/4, Sox2, K1f4), all derived from
humans, were introduced into these cells (8 X 10° cells) by

means of retroviruses, as described in Cell, 131, 861-872
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37 Exanple 2: Effect (2) of the hypoxic culture nethod
dA0Phe. Bsxablvsshifieat W VPRSI aldfecAhorex [tk nehls wase

e L e Rt
geheedu@itigh4ofintbud bdnes orex The cedperlifemn dseld; NMEFsase
%Eoﬂﬁtroduction of three genes, 5 x 10° cells/100 mm dish).
The feeder cells used were SNL cells treated with mitomycin C
to terminate their cell division [McMahon, A.P. & Bradley, A.
Cell 62, 1073-1085 (1990)]. The following'day, cell culture
was started using a medium prepared by adding 4 ng/ml
recombinant human bFGF (WAKO) to a primate-ES cell culture
medium (ReproCELL).

The cell culture was continued under six conditions: (1)
at a normal oxygen concentration (20%) until day 40 after the
infection, or at a low oxygen concentration (5%) for 1 week (2),
1.5 weeks (3), 2 weeks (4), or 3 weeks (5) from day 7 after the
infection, and then at a normal oxygen concentration (20%)
until day 40 after the infection, and (6) at a low oxygen
concentration (5%) between days 7 and 40 after the infection.
Also examined were the results obtained by pre-culturing the
cells at a low oxygen concentration (5%) between the day after
the infection and their re-sowing onto the feeder cells, and
further culturing them under any of the conditions (1) to (6)
described above. The iPS cell colonies that emerged by days 24,
32 and 40 after the infection were counted. The results of
these three counts are shown together in FIG. 7.

With introduction of four genes, the efficiency of
establishment of iPS cells was higher when the cells were
cultured under any of the low oxygen concentration conditions
(2) to (6) described above, compared with a normal oxygen
concentration (20%). Furthermore, even with pre-culture at a
low oxygen concentration, an effect was observed in increasing
the efficiency of establishment of iPS cells. Images of
colonies obtained on day 40 after the infection with
introduction of four genes are shown in FIG. 8.

With transfer of three genes, a larger number of iPS

cells were established when pre-culture was performed at a low
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the sane Nanog reporter nouse as in Exanple 1. In the
sane manner as Exanple 1, retroviral expression
vectors (pMXs-Cct3/4, pMs-KIf4) were infected to the
MEFs. On day 4 after the infection, 1 x 105 cells of
the MEFs were sown to a 100 mmdi sh i o having feeder
ocevden sownentraadwvanceompiiredeaitten avetiyl dxg¢ays, the

cel uIt medi um was replaced with a fresh
g%bﬁ%ﬁra%éon Eg[ﬁ; dzbs 5 and 14 after the infection,
t he célilth ermdogkion ed Fnuangdmesuliatod/ 4, TRREAD Sox2, c-
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con AakLen was % 0 onI one
o? tiﬁe four ex%\%r %gn‘gnég% \%\lhg&g%esnec\%%é%g?h{aﬁa pared with
eoneErtlr akveen Z0n@ast59%iopol(20%)es émagetdcuhala,l Ia of
£ £1041 CXPELTR hgyn.d h

fesss DSSItlve co o%?%éxﬁegcggb g glél%%l]% |aE:ta§t{1 Siygen
G®Wtc;@jclmmtifprcél Weekd tour mone fwemogdgyeh after the
¢ppcaentsati on of 5% conpared with 20% oxygen
concentration; the hypoxic culture was found to be
effective in raising the 25 efficiency of
e25AaPld SINBRLrQfsibRSo£ Gldrkerd £44 tu%e&fﬁépé{elqﬁga e in
Eﬁﬁpforned to determ ne whether the hypoxic culture

#od-BRasehl 3o effective with transfer of the two

genes 0t 3kfrand o6 M GrarkResexXpe B Rt Mas iReehosvmd
n the sane_manner as with Cct3/4 and Kl f4 descri bed

i
5B8\RABE HEF P NEREgl RErEe 188t AP ldaped simdgaralaft ers
themiddeeli o pcH RBateldss waehEe il RUKEd THh ARe kit

. ncubator (Thernbp Scientifjc) set at a normal oxygen

d Ok r-at T80 SETVEFLh @ Tat PO IRFGENISRDIFEENERSHT & SEQ
5%10 e 6¢ ut hdire swass mtthaumpcm tReuthstidldn F1G. 10.

%g c];g% unt i | qﬁéh “Egg‘ GFP- OSI tive colonies
Pet35 CExi T | ERCRRBR R Bl P oThRRS
pectaramedliat, aSO;as pemy)| oQXyEﬁéb erneentiosdi/an k2609 sox2)
go G%:f pc\(})él 1tll ve colmcgnwes 5\59 ed, V\,h%r eas 5v\,hen t he

¥ £t e RasUber¥ofned a‘fxyz?ei“o SefgeRtion (5%) all
expressed genes that are expressed spec1f1cally in ES cells,
i.e., Oct3/4, Sox2, K1f4, c-Myc, Nanog, Rexl, GDF3 and ESG1,
the amounts expressed being equivalent to those in iPS cells
established with four genes in the past [201B2: Cell, 131, 861-
872 (2007)1. Based on these results, the cells established at
the low oxygen concentration were identified as iPS cells.

Furthermore, these iPS cells were strongly positive for

alkaline phosphatase, and immunocytological staining showed
that all of the iPS cells expressed Nanog, SSEA3 and SSEA4 (FIG.
11).

Example 9: In vitro differentiation induction
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concentration (5%, colonies energed (FIG 2). These
findings show that the efficiency of establishnment of

i PS cells can be s inproved by culturing the starting
cell under hypoxic conditions even with introduction

of the two genes Cct3/4 and c-Mc. Exanple 3:

Expr esbimgn &FS merlker sstaiyl ishddfferientro@tcichgsthe efdur genes
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bei ng equi valent to those in nouse ES cel
i (BeolariersesenbViskegin tdantpotruggenasd| e mtpégmal
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expreSS|on of ene intro

CeEt BPHMHS) Fr i oUBs &R VERE - 118 - w1 gefitridting: eenfitaed the
%be88§$1rtgl c8Cerd I tha r Bas£d RAchHESR 1hgSHh S tnkhguks |i$s
éﬂbl [ St@§9 nder t he alpom c conditions were
BiT5 eG4 PEocarpeed BhgnBPEenElapot ehttitadesnic
eﬁtfabtersﬁedmzPS cells for teratoma 30 formati on Muse

i PS cells established with Cct3/4 and KIf4 at a | ow
oxygen concentration (5% (527CH5-2) were allowed to

E&Bjﬂplé éroat boesntial desciddeedmbNfdlaliod 266 £83b676hed ips
96) Specifically, 1 X 106 iPS cells were

subcut aneousl y injected 35 into i munodeficient m ce;

4 weekBunlaat &PS ddﬂiseﬁﬁt@bﬂn$he89bieﬁﬁEGBEQMMﬁEBur genes and

c%gkg{f§% QHQp %ggeéglis atlg% 4ngen gghcentratlon (70AH5-
2) were examined for the potential for teratoma formation. The
human iPS cells (70RH5-2) were cultured in a primate ES cell
culture medium (ReproCELL) supplemented with recombinant human
bFGF (4 ng/ml) and the Rho kinase inhibitor Y-27632 (10 uM) .
After 1 hour, the cells were treated with collagen IV and
collected, after which they were recovered via centrifugation,
and suspended in DMEM/F12 supplemented with Y-27632 (10 M) . A
quarter amount of the cells that had become confluent (100 mm
dish) was injected into the testis of an SCID mouse. After 9O
weeks, the resulting tumor was shredded and fixed in PRBS (-)
containing 4% formaldehyde. Paraffin-embedded tissue was
sliced and stained with hematoxylin-eosin. The results are
shown in FIG. 13. Histologically, the tumor was composed of a

plurality of kinds of cells, with nervous epithelial tissue,
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teratoma was shredded and fixed in PBS(-) containing

4% formal dehyde. Paraffin-enbedded tissue was sliced

and stained with hematoxylin-eosin. The results are

shown in the lower 5 pannels in FIG 4.

H stol ogically, the tunor was conposed of a plurality
obtkindsepithebidls tinptd catebidgd siussusyoathdodesaltissue,
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efficiency of establishment of human i PS cells were

EXam HERELIPR 0k Singtki ErarsiucedyMERE méitehad A ignfGhesnt

deraet di Beebl asiter( adwdaddolshErs Tirect | 5@ wGhedyl e
for the hypoxic culture is shown in FIG 6. 30 First,

tHECEDRE e Fe° A P5REE1?D BRI e8 <ot e 1ABULR EPsPFERIR N

Yirouss empt@arrslycaablgme a8l Bghre @Rt {¥/ i FddS -88me RT-PCR
descri bfd %}% 131, 861-872 (2007). Four factors
o gk °§8‘§‘§ FRarrey W@)IYS%SHﬁ é@uF aRTrr terpsHuped

SExa, cltfi4ptedldnader hypskifo @it HOMRRASc WeEE tibhE OfGEday
BRI KORSH LAt TN M
genes out of 1045 total genes) were up-regulated and 85.8% of
MEF-specific genes (980 genes out of 1142 total genes) were
down-regulated in the cells treated with hypoxia (FIG. 21 a)
and b)). Moreover, quantitative real-time RT-PCR analysis
demonstrated that expression of endogenous Oct3/4 and Nanog
increased 3.4-fold and 2.1-fold respectively in four-factor
transduced MEFs after hypoxic treatment of three days (FIG. 22
a) and b)).

To rule out the possibility that hypoxia enhances iPS
cell generation by stimulating STO cells, growth situation of
iPS cells were examined under hypoxic cultivation without the
feeder layer of STO cells. FIG. 23 shows that cultivation under

% oxygen increased the number of GFP-positive colonies,
suggesting that hypoxic enhancement of reprogramming was not

mediated by STO cells.
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32 and 40 after the infection were counted

PEERFT LOFIPTRREE VA 6RLUYEHt BY af @ dR3%GN t oget her in
FIG 7. 25 Wth introduction of four genes, the
efficiency of establishment of iPS cells was higher
when the cells were cultured under any of the | ow
oxygen concentration conditions (2) to (6) described
above, conpared with a normal oxygen concentration
(20% . Furthernore, even with pre-culture at a so | ow
oxygen concentration, an effect was observed in
increasing the efficiency of establishment of iPS
cells. Images of col onies obtained on day 40 after
the infection wwth introduction of four genes are
shown in FIG 8.
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Wth transfer of three genes,
35 cells were established when pre-culture was
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that all of the i PS cells expressed Nanog, SSEA3 and
SSEA4 (FIG 11). ,35 Exanple 9: In vitro
differentiation induction 42 Human iPS cells
established by introducing the four genes Cct3/4,

- K1f 4, Sox2, and c-Myc and culturing the starting cells
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Human i PS cel |l s establi shed b i nt roduci ng four
&RACNEER MEFPNEOWHEds par dath g}zcePBsT%'Mg% o&%é’ﬁ CA-rtTA adv

RRE ept I AlleaNs AP ARG RY Wd%eﬁé%ﬂéé%%f 9691@67%nd 2099) .

potential for teratonma formation. human
6 AFB - DRnFRPEATRIORFEEUG T Wéspﬁiﬂﬂga%féeESbEeWR féGﬂ“t mﬁaﬂ-

mQumj{ R%pfg@ﬁdds gupp! erntoed MATdbikegOMBENARt hyman
25 bFGF m ) and the Rho kinase inhibitor Y- 27632
Creveysit APFeFOHr%&&F‘E> t R #PPsingareers tafedhf pRpression

eektagedrib¥énapyl crpbles ek @f:keﬂcémhl ch tgesé wer e
recovered via centrifugation and suspended in
DVEM Fﬁﬂzg“sf&pgﬁ eﬁi% thz?eé%ea(tmnﬁl Jor £ivguapd dren
a@ageninafeashe €ed Intmbbat ohakrbpe ok worblseds 6108, 9Mo14
30 ,di, sh) S|néected ntq.the testis of an SCID

usé A&%ﬁ;’ ée pectively. These data suggest that hypoxia can
increase the efficiency of iPS generation by non-viral vectors

such as piggybac transposition system.

While the present invention has been described with
emphasis on preferred embodiments, it is obvious to those
skilled in the art that the preferred embodiments can be
modified. The present invention intends that the present
invention can be embodied by methods other than those described
in detail in the present specification. Accordingly, the
present invention encompasses all modifications encompassed in
the gist and scope of the appended “CLAIMS.”

In addition, the contents disclosed in any publication
cited herein, including patents and patent applications, are

hereby incorporated in their entireties by reference, to the
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weeks, the resulting tunor was shredded and fixed in
PBS(-) containing 4% forml dehyde. Paraffin-enbedded
tissue was sliced and stained with hematoxylin-eosin.
The results are shown in FIG 13. Histologically, the
tunor was conposed of a 35 plurality of kinds of

E&FeFRt thiaththrt voive bpen Ilscapbsed sswein. 43 reti nal

epi t hetyiad abb§§H§t19§tle§|lga§e|ds§He .§MooL h scle gatent

ti ssue, . and endoder ma Ithelral tissue observed.
FRELICEHEPD Blag-i éét/@ﬁéy%f t e/ 1423$1d8] hsdwas/203, 931, the
denesst £ ad £Ghi2hEX%2BPhErdily ﬁéo%%torng Lhg hXQP&e%ce.
culture on proliferation, ~survivl S ehe expression
FIl ow cytonetric anal ysis using anneX|n V denonstr at ed
t hat hypoxic culture had no protective effect on nouse
ES cells or on four-factor transduced MEFs (FIG 19).
Furthernore, 1o hypoxic cultivation showed no effect
on proliferation of nouse ES cells (FIG 20 a)).

Al t hough hypoxic incubation fromday 1 to day 4
posttransduction had no significant effect on
proliferation of nock transduced MEFs, it had
significant effect on four-factor transduced MEFs
(FIG 20 b)). To 15 investigate the expression profile
of cells in reprogramm ng process, mcroarray

anal ysis and quantitative real-tinme RT-PCR were
performed. Mcroarray analysis of four-factor
transduced MEFs cultivated under hypoxic and nornoxic
conditions fromday 1 to day 4 showed that 73.2% of
ES cel [ -specific genes (765 20 genes out of 1045 total
genes) were up-regul ated and 85.8% of MEF-specific
genes (980 genes out of 1142 total genes) were
down-regulated in the cells treated with hypoxia (FIG
21 a) and b)). Mreover, quantitative real-tine

RT- PCR anal ysis denonstrated that expression of
endogenous COct 3/4 and Nanog 25 increased 3.4-fold and
2.1-fold respectively in four-factor transduced MEFs
after hypoxic treatnment of three days (FIG 22 a) and
b)). To rule out the possibility that hypoxia enhances
i PS
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cell generation by stinulating STO cells, growh

situation of 30 i PS cells were exam ned under hypoxic

cultivation without the feeder |ayer of STO cells.

FIG 23 shows that cultivation under 5% oxygen

i ncreased the nunber of GFP-positive col onies,

suggesti ng that hypoxic en@ed@&rent of reprogranmm ng

was not nediated by STO cells. 35 44 Exanple 12:

Establ i shnment of iPS cells by transient transfection

df Bxpridws 6f biRITiiEI Ve GEThnterct E Ayprdiishment of

Qﬁﬁhéé@,é%ﬂi@ﬁ@%éﬂHW§%Em'£gi1%§|Eémﬂ!lenBlééf@ in S%P%fic
I be

transfection was 5 perforned as previously descr

CERi-E aunder byparic sepdikomin tip Gitgn30f (IRBOGRY.
BebebYarmlVEGSthavigeh cont ai n Nanog- G-P- | RES- Pur or
reporter, were seeded at 1.0x105 cells/ well in 6-well
plates (DayO . On day 1, 3, 5, and 7, the cells were

tor angé afdt@ddnb e IRGH- %%k%&e@ﬂdthg’&)&x‘i@w Coorfdh+ Q8+ H3Y in

9, the 1o cells were harvested with frypsin and were
FEEcBHRE BN EETATRISHS 18 RHieeeRi th 3FOPEeder cells. On

day 25, the nunber of GFP- positive colonies were
éounfled. For hépoxi,c treatnment, the cells were _ .
ul £16 P Gnabro gk y geIE T Po e RXYFENt SPRpRNEZALion in
Ttabl enbiaitowsnd figte Y POXbweldht L ¥ aldBsi ncreased t he

1s nunber of GFP-positive colonies by 2.0-fold. 45
Table 5 mU 0 O a U v t6

4. The method according to any one of claims 1 to 3, wherein
the nuclear reprogramming substances are following substances,
or nucleic acids that encode the same; (i) Oct3/4 and K1f4, or

(ii) Oct3/4 and c-Myc, or

(iii) Oct3/4, K1f4 and Sox2, or

(iv) Oct3/4, K1f4 and c-Myc, or

(v) Oct3/4, K1f4, Sox2 and c-Myc.

5. The method according to any one of claims 1 to 4, compring
the further step that valproic acid is used as efficiency

improver in the step of nuclear reprogramming.

6. The method according to any one of claims 1 to 5, wherein
culturing somatic cells under hypoxic conditions is performed
for more than 3days after contacting a nuclear reprogramming

substance.

49



+-, OmN.-I NHri mNNtO toa .rl 0 O U }
N wmNNNIn [7rmO0O-.1 N O UO U p&P*
NOJn O* OLONNNIn ONN a i Ho OO NXXX
U. Nri ,--1 OLNM

SEQUENCE LISTING
<110> Kyoto University
<120> METHOD OF EFFICIENTLY ESTABLISHING INDUCED PLURIPOTENT STEM CELLS
<130> 091416

<150> US 61/084, 842
<151> 2008-07-30

<150> US 61/141,177
<151> 2008-12-29

<150> US 61/203, 931
<151> 2008-12-30

<160> 36

<170> Patentln version 3.5
<2100 1

211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer (mouse c—Myc (end))

<400> 1

cagaggagga acgagctgaa goge 24

<210> 2
<211> 28
<212> DNA
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64 01 04 1a4 x x X X wWww w 46 Exanple 13:
Est abli shnent of i PS cells by piggyback transfection
system under the hypoxic culture Direct reprogrammi ng
wi t h piggyback (PB) transposition was perforned as
previously described with sone nodefications s
(Wltjen et al., Nature; 458: 766-70, (2009)).
Briefly, MEFs, which contain Nanog- G-P- | RES- Pur or
reporter, were seeded at 1.0x105 cells/ well in
&sel Artigiatesequedtd er 24h cul ture, Fugene HD (Roche,
Switzerland) was used to transfect cells with PB-
TET- MKCS, PB-CA-rtTA Adv, and PB transposase
essing vector. io After 24h, the media was

(epl aeedr induke ey €ana))i ne-containing nedia (1.5ug/m)
(Day 0). The cells were cultivated under hypoxic or
nornoxi ¢ conditions, and the nunber of GFP-positive

ori es were counted on day 12. PB- TET- KOS and
BBtdchech tedghtizgha gcvitte provi ded from Addgene (Addgepe
plasm d 20910 and 20959). 15 The PB transposase
construct was anplified by PCR frompBSII- IFP2-orf (a
generous gift fromDr. MalcolmJ. Fraser, Jr,
Mdversity of Notre Dane), and was inserted into the
&Py essi on  vector driven by CAG pronoter (pCX-EG-P).
Fiqure 24 shows that hypoxic treatnment for five and
fzé% pA) days increased the nunber of GFP-positive
SOBonirefidiy!l SkaBenfol d and 4. 0-fol d, respectively.
These data suggest that hypoxia can increase the
ngﬁ{ﬁi ci ency of i PS generation by non-viral vectors

h as pi ggybac transposition system 25 Wiile the
(P28 eirimer rivaret PaB/4hlesd)dbeen described with enphasis on
preferred enbodi nents, it is obvious to those skilled
% tr13e art that the preferred enbodi nents can be

Ui fied. The present invention intends that the
patetseqst agdeppeerstiton can be enbodi ed by net hods ot her
than those described 30 in detail in the present
speci fication. Accordingly, the

Q10> 4

211> 23

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer (mouse Oct3/4 (end))

<400> 4

tegcgeegecgga catgggegaga tee 23

<210> 5
211> 23
<212> DNA

- 213



present invention enconpasses all nodifications
enconpassed in the gist and scope of the appended
"CLAIMS." In addition, the contents disclosed in any
publication cited herein, including patents and
pat ent applications, are 35 hereby incorporated in
their entireties by reference, to the 47 extent that
t hey have been disclosed herein. This application is
based on U.S. provisional patent application Nos.
@%bogﬁmgégﬂsg&@%é; 177 and 61/203,931, the contents
are hereby incorporated by reference. 48
CLAIMS 1. A nethod of inproving the efficiency of
@g®abl i shment of induced pluripotent stemcells,
EOBPIek Rk N Gnofidt §c5 i(Qyysomatic  5Scel | s under hypoxic
conditions in the step of nuclear reprogranm ng
thereof. 2. The method of claim1l, wherein the oxygen
Goorceéntration in the anbient atnosphere is between 1%
88051l eda tLhe nethod of claim2, wherein theg;
oxygen concentration in the anbient atnosphere is
bet ween 1% and 5% 4. The nethod according to any one
of claimse 1 to 3, wherein 15 the nuclear :
@g@;qgranning substances are foll owm ng substances, or
g elc acids that encode the sane; (i) Oct3/4 and
?@f Sor (ii) Cct3/4 and c-Myc, or (iii) Cct3/4, Kf4
éﬁ@’S&kZ, or (iv) Cct3/4, KIf4 and c-Myc, or 20 (v)
aE3/ ritkdifidsea@®¥2 and c-Myc. 5. The nethod according
to any one of clains 1 to 4, conpring the further
step that valproic acid is used as efficiency
f3pr over in the step of nuclear reprogranming. 25 6.

Ihe mihednass dxdi @gny o any one of clains 1 to 5,
wher ei n

<400> 6

ttgccttaaa caagaccacg aaa 23

210> 7

211> 23

<212> DNA

<213> Artificial Sequence

<{220>
<223> Primer (mouse KIf4 (end))

<400> 7

ccaacttgaa catgcccgga ctt 23

<210> 8
211> 23
<212> DNA
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culturing somatic cells under hypoxic conditions is
performed for nore than 3days after contacting a
nucl ear reprogramm ng substance. 49 SEQUENCE LI STI NG
<110> Kyoto University <120> METHOD OF EFFI Cl ENTLY
ESTABLI SHI NG | NDUCED PLURI POTENT STEM CELLS <130>
091416 <150> US 61/084, 842 <151> 2008-07-30 <150> US
61/141, 177 <151> 2008-12-29 <150> US 61/203, 931
<151> 2008-12-30 <160> 36 <170> Patentln version 3.5
<A3O>Akirs2ih L Beadéhce <212> DNA <213> Artificial Sequence
<220> <223> Priner (nouse c-Myc (end)) <400> 1
cagaggagga acgagctgaa gcgc 24 <210> 2 <211> 28 <212>
1/13 <213> Artificial Sequence <220> <223> Pri mer
K2y Seriger Mynsusé &) (bnd) 400> 2 ttatgcacca gagtttcgaa
gctgttcg 28
<400> 8

tctecttaaa ggeatacttig gea 23

210> 9

211> 24

<212> DNA

<213> Artificial Sequence

<{220>
<223> Primer (mouse Oct3/4 (Tg))

<400> 9
ttggectaga gaageatgte gttc 24

<210> 10

211> 24

<{212> DNA

<213> Artificial Sequence

<220>
<223> Primer (mouse Oct3/4 (Tg))

<400> 10
gacatggect geccggttat tatt 24

210> N
211> 2
<212> DNA
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<210> 3 <211> 23 <212> DNA <213> Artificial Sequence
<220> <223> Prinmer (nouse Cct3/4 (end)) <400> 3
tctttccacc aggcccccgg ctc 23 <210> 4 <211> 23 <212>
DNA <213> Artificial Sequence <220> <223> Primer
(mouse Dct3/4 (end)) <400> 4 tgcgggcgga cat ggggaga
tcc 23 <210> 5 <211> 23 <212> DNA 2J13 <213>
Artificial Sequence <220> <223> Priner (nouse Sox2
(end)) <400> 5 tagagotaga ctccgggcga tga 23 <210> 6

GBI R BiciSldedaenddNA <213> Artificial Sequence <220>
<223> Prinmer (nouse Sox2 (end)) <400> 6 ttgccttaaa

caagaccacg aaa 23
<220>

<223> Primer (mouse Nanog)

<400> 11
agggtctegct actgagatge t 21

210> 12

211> 24

<212> DNA

<213> Artificial Sequence

{2200
<223> Primer (mouse Nanog)

<400> 12
caacacctgg titttctgcc accg 24

<210> 13

211> 24

<212> DNA .

<213> Artificial Sequence

<220>
<223> Primer (mouse Rexl)

<400> 13

acgagtggca gtttecttett gega 24

<210> 14
211> 24
<212> DNA
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<210> 7 <211> 23 <212> DNA <213> Artificial Sequence
<220> <223> Prinmer (nouse Kl f4 (end)) <400> 7
ccaacttgaa catgcccgga ctt 23 <210> 8 <211> 23 <212>
DNA 3/13 <213> Artificial Sequence <220> <223> Primer
(mouse KIf4 (end)) <400> 8 tctgcttaaa ggcatacttg gga
23 <210> 9 <211> 24 <212> DNA <213> Artificial
Sequence <220> <223> Priner (rmouse Cct3/4 (Tg))

<400> 9 ttgggctaga gaaggatgtg gttc 24 <210> 10 <211>
243> 9242 veibNSegsedda3> Artificial Sequence <220> <223>
Primer (mouse Cct3/4 (Tg)) <400> 10 gacat ggcct

cccggttat tatt 24
220> 99

223> Primer (mouse Rex1)

<400> 14
tatgactcac ttccagggegeg cact 24

{210> 15

<211> 28

<212> DNA

213> Artificial Sequence

<220>
<223> Primer (mouse ECAT1)

<400> 15
teteggegecee tgaaagegeega getgagat 28

210> 16

{211> 28

<212> DNA

<213> Artificial Seguence

<220>
<223> Primer (mouse ECAT1)

<400> 16
atggeccgce atacgacgac geotcaact 28

210> 17
<211> 20
<212> DNA
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<210> 11 <211> 21 <212> DNA 4/13 <213> Artificial
Sequence <220> <223> Prinmer (nouse Nanog) <400> 11
agggtctgct actgagatgc t 21 <210> 12 <211> 24 <212>
- DNA <213> Artificial Sequence <220> <223> Priner
(mouse Nanog) <400> 12 caacacctgg tttttctgcc accg 24
<210> 13 <211> 24 <212> DNA <213> Artificial Sequence
<220> <223> Prinmer (nouse Rext) <400> 13 acgagtggca
gtttcttctt ggga 24 <210> 14 <211> 24 <212> DNA 5/13
©2d3arAftdif1i Sh@hceSequence <220> <223> Priner (nouse
Rex1) <400> 14 :

<220>

<223> Primer (mouse G3PDH)

<400> 17

accacagtce atgccatcac 20

<210> 18

211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer (mouse G3PDH)

<400> 18
tccaccacce tegttegctegta 20

<210> 19
211> 26
<212> DNA
213> Artificial Sequence

<2200
223> Primer (human c-Myc (end))

<400> 19

gegtectgege aagggagatec cggage 26

<210> 20
<211> 26
<212> DNA
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tatgactcac ttccaggggg cact 24 <210> 15 <211> 28
<212> DNA <213> Artificial Sequence <220> <223>
Prinmer (nmouse ECAT1) <400> 15 tgtggggccc tgaaaggcga
gctgagat 28 <210> 16 <211> 28 <212> DNA <213>
Artificial Sequence <220> <223> Priner (nouse ECAT1)
<400> 16 at gggccgcc atacgacgac gctcaact 28 <210> 17
<211> 20 <212> DNA 6/13 <213> Artificial Sequence
<220> <223> Primer (nmouse G3PDH) <400> 17 accacagtcc
étigic et FaddalBequendel 0> 18 <211> 20 <212> DNA <213>
Artificial Sequence <220> <223> Priner (nmouse G3PDH)

<400> 18
<220>

<223> Primer (human cMyc (end))

<400> 20
ttgaggeeca tegtegogee aggcts 26

210> 21

{211 24

<212> DNA

<213> Artificial Sequence

<{220>
<223> Primer (human Oct3/4 (end))

<400> 21
gacaggegea ggggagegagc tagg | 24

210> 22

211> 26

<212> DNA

213> Artificial Sequence

<220>
<223> Primer (human Oct3/4 (end))

<400> 22

cttececteca accagttgee ccaaac 26

<210> 23
<211> 26
<212> DNA

8/13



tccaccaccc tgttgctgta 20 <210> 19 <211> 26 <212> DNA
<213> Artificial Sequence <220> <223> Priner (hunman
c-Myc (end)) <400> 19 gcgtcctggg aagggagat c cggagc 26
<210> 20 <211> 26 <212> DNA 7/13 <213> Artifici al
Sequence <220> <223> Priner (human c-Mc (end))

<400> 20 ttgaggggca tcgtcgcggg aggctg 26 <210> 21
<211> 24 <212> DNA <213> Artificial Sequence <220>
<223> Primer (human Oct3/4 (end)) <400> 21 gacaggggga
gagoaggadsial 8@Genddt <210> 22 <211> 26 <212> DNA <213>
Artificial Sequence <220> <223> Priner (human Cct3/4

send)) <400> 22
220>

<223> Primer (human Sox2 (end))

<400> 23
geggaaatgeg aggggtecaa aagagg 26

210> 24

211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer (human Sox2 {end))

<400> 24
ttgcgtgagt gtgeatgega ttggte 26

<210> 25

211> 25

<212> DNA

<213> Artificial Sequence

{220>
<223> Primer (human KIf4 (end))

<400> 25

acgatcgtgg ccccggaaaa ggace 25

<210> 26
211> 28
<212> DNA

9/13



cttccctcca accagttgcc ccaaac 26 <210> 23 <211> 26
<212> DNA 8113 <213> Artificial Sequence <220> <223>
Prinmer (human Sox2 (end)) <400> 23 gggaaat ggg

aggggt gcaa aagagg 26 <210> 24 <211> 26 <212> DNA
<213> Artificial Sequence <220> <223> Primer (human
Sox2 (end)) <400> 24 ttgcgtgagt gtggatggga ttggtg 26
<210> 25 <211> 25 <212> DNA <213> Artificial Sequence
<220> <223> Prinmer (human Kl f4 (end)) <400> 25
ugategitrgdalcs@eggnaaa ggacc 25 <210> 26 <211> 28
<212> DNA 9/13 <213> Artificial Sequence <220> <223>
Zé&per (human Kl f4 (end))

<223> Primer (human KIf4 (end))

<400> 26
tgattgtagt gotttctgege teggectee 28

<210> 27

211> 25

<212> DNA

<213> Artificial Sequence

<220>
223> Primer (human Nanog)

<400> 27

cagceccgat totteccaceca gtoce 25

<{210> 28

211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer (human Nanog)

<400> 28

cggaagattc ccagtcegget tcace 25

<210> 29
211> 24
<212> DNA

10/13



<400> 26 tgattgtagt gctttctggc tgggctcc 28 <210> 27
<211> 25 <212> DNA <213> Artificial Sequence <220>
<223> Prinmer (human Nanog) <400> 27 cagccccgat
tcttccacca gtccc 25 <210> 28 <211> 25 <212> DNA
<213> Artificial Sequence <220> <223> Primer (human
Nanog) <400> 28 cggaagattc ccagtcgggt tcacc 25 <210>
29 <211> 24 <212> DNA 10/13 <213> Artificial Sequence
<220> <223> Primer (human 6DF3) <400> 29 cttatgctac
Ridadgydgoat §ggen2el <210> 30 <211> 21 <212> DNA <213>
Artificial Sequence <220> <223> Priner (human GDF3)

<220>
<223> Primer (human GDF3)

<400> 29
cttatgetac giaaaggage tggg 24

<210> 30

Q211> 21

<212> DNA

<213> Artificial Sequence

{220>
223> Primer (human GDF3)

<400> 30
ccaacccagg tcccggaagt t 21

210> 31

Q211> 24

<212> DNA

<213> Artificial Sequence

<220>
223> Primer (human ESG1)

<400> 31

atatcccgec gtggegtgaaa gttc 24

<210> 32
Q11> 24
<212> DNA
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<400> 30 ccaacccagg tcccggaagt t 21 <210> 31 <211> 24
<212> DNA <213> Artificial Sequence <220> <223>
Prinmer (human ESGL) <400> 31 atatcccgcc gtgggtgaaa
gttc 24 <210> 32 <211> 24 <212> DNA 11113 <213>
Artificial Sequence <220> <223> Prinmer (human ESGL)
<400> 32 actcagccat ggactggagc atcc 24 <210> 33 <211>
24 <212> DNA <213> Artificial Sequence <220> <223>
Primer (human Rexl) <400> 33 cagatcctaa acagctcgca
gt Adifieial Gesu@de <211> 23 <212> DNA <213> Artificial
Sequence <220> <223> Priner (human Rexl)

<220>
<223> Primer (human ESG1)

<400> 32
actcagccat ggactggage atce 24

<210> 33

Q211> 24

<212> DNA

<213> Artificial Sequence

<220>
223> Primer (human Rex1)

<400> 33

cagatcctaa acagctegea gaat 24

<210> 34

<211> 23

<212> DNA

<{213> Artificial Sequence

<220>
<223> Primer (human Rex1)

<400> 34

gegtacgcaa attaaagtce aga 23

<210> 35
<211> 20
<212> DNA

12/13



<400> 34 gcgtacgcaa attaaagtcc aga 23 <210> 35 <211>
20 <212> DNA 12113 <213> Artificial Sequence <220>
<223> Prinmer (human GPDH) <400> 35 accacagtcc
atgccatcac 20 <210> 36 <211> 20 <212> DNA <213>
Artificial Sequence <220> <223> Primer (human G3PDH)
<400> 36 tccaccaccc tgttgctgta 20 13/13

<213> Artificial Sequence

<220>
<223> Primer (human G3PDH)

<400> 35

accacagtcc atgecatcac : 20

<210> 36

211> 20

<212> DNA

<213> Artificial Sequence

- <220>
<223> Primer (human G3PDH)

<400> 36
tecaccacee tgttgcteta 20
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