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DESCRI PTI ON METHOD COF EFFI Cl ENTLY ESTABLI SHI NG | NDUCED
PLURI POTENT STEM CELLS Technical Field of the

wonw®ns7a The present invention relates to a merhapmowic2173

i mproving the efficiency of establishnment of induced
pluri potent stem (herei nA/RSORIBHION ed to as i PS)

| | dad her ef |
HBTERD DRt OV el R Gy, rhiforeyg st
efficiency of establishnent @frris?S cells by inhibiting

the p53 function in the step of somatic cell nucl ear
reprogranmm ng, and an agent for inproving the

Tlsgﬁ;hgbsmcyl fqesk abhd shornicof, i PS cells with an

Itor of p53 function as an active ingredient.
BackgTbendresentheinvemntérorrdntrascdnt ay odmerds dmpag@ving

CBHTBR S Sell scTaNe.OPEDERIALY et A0 At Shotent. sten

h@kéggagtegl t8eeteéd/ 4o £9x:2£.>s chfelznaam&alvmr@emrefor
into fibroblasts derived froma reporter se wherein
Mpke ABSRYELRAHEE sEaRCRI GRTE |%PW8§%%8§1 %?% o thé method
oEbXEErEQEH tﬁ@def9£§iéﬁk§'ﬁf‘%ﬂﬂébﬂi%h%&ﬁﬂﬁiﬁfhﬁ% cells by

genes (1,2). kita et al.” (3) succeeded in

iebtibbltisbi hgei P53 céﬂlm@t%mm ilEs @n 9F ematwowell
St the e [ [

nucg% |ca?P5n asmﬁgﬂge %ﬁée ﬁﬁgq§$£n1 ES l(h(glthe by

effffaodienng afteaﬁsgkhshm@musefvd%*mefiltdweugﬂem inhibitor of

fl ugrescent protein GFP) and myci n-resi stance
p&énggn&FéOPn ggfat ed %ﬁ?ol?qﬁf$%) " of Nanog, whose

expression is nore localized in pluripotent cells than
Fbxl 5 expression, forcing the fibroblasts derived from
Belvkorousd 6 eRpr E8¥eRhECAbovenentioned 4 genes, and

sel ectzhngeegfle"ygsesf eﬁb?%@nén@% rﬁpﬁ% tdéfLQLsCEHalv% been

Simlar results were confirned by other groups (4,5).
cEhebddkhed, oht wéserexeatledrt hatamaPs keelkelts adouliddaiced 1PS

D QSR PELOES 5101080 418 M IR cencs
ie%lalliibsbonesPS eeklsclyriahrodushargdhencane vmegmes the

as those used in the

neomycin resistance gene is knocked-in into the Fbxl15 locus,
and forcing the cells to express the genes (1,2). Okita et al.
(3) succeeded in establishing iPS cells (Nanog iPS cells) that
show almost the same gene expression and epigenetic
modification 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 Fbxl5 expression, forcing the
fibroblasts derived from the mouse to express the above-
mentioned 4 genes, and selecting puromycin-resistant and GFP-
positive cells. Similar results were confirmed by other groups
(4,5). Thereafter, it was revealed that iPS cells could also
be produced with 3 factors other than the c-Myc gene (6).

Furthermore, Yamanaka et al. succeeded in establishing
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nmouse into human skin fibroblasts (1,7). On the other
hand, a group of Thonmson et al. produced human i PS

woebdisstmsng Nanog and Lin28 in place of Kl f4 aauJe20Myes2173
(8,9). Park et al . (10) produced human i PS cells

ibsi BElTERDy whi eddusiknowre asantchel hyems @el lthose used in the
imortalizing gene, and the SV40 | a

rge T an
m%é?t FBROLBURRG BchactrEokdas, (1adNa, Rif Iﬂhgaﬂﬁher hand, a

coliCorHeRGRsoh tebhas) be;?fbcﬂﬁf@ﬁﬁdn@rﬁd.ﬁsh@eﬂlesu%ﬁhbs Nanog
conparable to ES cells in pluripotency can be roduced

and bonA8himensaeadoi Iébf%wnmtq'@mm Aef | ﬁéa fabtats (
prgtfi?lczst a%%ngncfﬁé SCefPW\;%%g tﬁif“aRIEf vah(i'c?)O % c]’gfnolv\rgsas the

I' shrrent I'ess 't han Especially,
hamphobkain ohmextsehelyg | @wmef fargd driey 940 R8rgel IT antigen,

est abl i shnment occu when the y

P prRAhPRoRe PR et O S R R F pogh e
pehan, Ci M/ easWBEER dSmbest £ghdd qaise HIUMyIiIgeRREiphrable to
tissues or individuals differentiated fron1|PS cells,

EBnE6ldsnani BlusiPatemey epaihdes RQAFed in JWoth humans and

7/.06 ST,
mégg 439 gg§§8§\§!’:%§% ?%%%@Sf‘éctéjﬁs B, @g?d%@’ce@ls.

Nat ur Bpwd#8r, 31Be 3475 { QDT 4f iﬂﬁruqil Mstagtlighment is low
SCoFo8 BfiFGall: P60 260 P R Lo ag R oTRAT 3P
e?fﬁci%ehlﬁfy OEI QP3: B@iDl esbiéiillﬁlléllgierﬂiggalc(cﬁggﬁ)w%&? they are

akKkanasnl , . et a
ppOdzged) PYsEROTAJUGing Vi, factort Y /8 é@@@ %‘PBKlf‘l
o%%%} %%%?ZQZQ é) %Qlcfafg flardd - té“céﬂse NRfIH&erdl's in

T146 Summary of the Invention It is an
tabﬁ@es oft tthdipidsahs {hiEarennlattedrbvime BS msdds ofinto
gf%o%ln% ?he efficiency of establishnment of iPS
SC8FSE & & Rer obj ect of the present inventionis to
provide a method of efficiently producing i PS cells
usi ng the neans. The present inventors conducted
Refeakaces Fﬁ&@gtlgatlons with the aimof acconplishing

1t.hgrbeye/desekEbed objects, and
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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; another object of the present invention is to provide a

method of efficiently producing iPS cells using the means.
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found that by inhibiting the p53 function in the step

of somatic cell nuclear reprogrammng, the efficiency
wohomasaBi shnent of i PS cells can be remar kabPgT/JP2009/062173

i ncreased. The effect was particularly remarkable in

human Tgel bgesAhsoinbyntohs bidndigetdd eb3dainet iionvestigations

even with 3 factors, an establishment efficienc .
"o e 61heTePPPEIRILT 1Y htlaefﬁ%%é%%r%%i%&@& and
fha@k Bhad e9nvent beoahg ekl ogs 3 Faitdieromren e step of

present inventors succeeded in establishing i PS cells

smimelt icase 1By ndeflepirngephes poBningict Fiom ebeir¥encyr of

| for whi . ! .
SBUBISH R, b0 (40 Shy L4 P prvepit gl pRestopa. e
difectdenasl ppedithéaplgseatarkaleht i om. hsczoretngd y, Alke, by
present, | ti pdes: [1] A nethod.of, i '
PHERERrE GGy P30 GERabTTShnERen o TS R TE Sy A O

G Shit@nitn RiflEH thBEclhel pdSr f tibcthene i dhenst apitaf 4
somatic cell nuclear reprogranmm ng. [2] The nethod

IReEGHE Mg St GOLEENEBovERANNRY e nCPRECHEL U TFGH T 5
PR DY B Rglagna gpg&fg]ksl ohibii ey ofn RER MG hing

contact with a somatic ce The nmet hod accordi ng
iR [cHllsbonieh wheeeby théepbagf tinetpoh fend¢hiomieesn Hor T

bringi ng a dam nant. negatjve nutant. o

e o Sl e Rbodbs t he Sane T RrabEbn et fagrapt to
oREAR wald td 4kthbeisnt hod astdsdi agdtitayd]daboMmed the
wherein the p53 function is inhibited by bringing a
Hﬁﬁﬁ%ﬂﬁ:%ﬁﬁQFt§§Pected.fron1the group consi sting of

si RNAs, and shihks agai psbsBR8 andebMNAsnthadveansode the

same into contaCt with a somatic cell. [ The net hod
[Adc @ dietdraco Jf1 imarevénawhbeeftAfifeepsy ¢hinestnl jghment of

iohi bited L aing. an.inhibit 5 n
AL, B 00,00, A0,0 ! OB RRELINAYLA i step
dfipromatig: tded leffuicdieancyeptogstmbinghnment of i PS

i B SO0 0 LEL D G0 858 e
Mhessidgh tihe idMidaidkar biySBrehgihgal ERBIDEADr inhibitor of p53
into contact with a somatic cell.

[3] The method according to [1] above, wherein the pb53
function is inhibited by bringing a dominant negative mutant
of p53 or a nucleic acid that encodes the same into contact
with a somatic cell. 4

[4] The method according to [1] above, wherein the pb53
function is inhibited by bringing a nucleic acid selected from
the group consisting of siRNAs and shRNAs against p53 and DNAs
that encode the same into contact with a somatic cell.

[5] The method according to [1l] above, wherein the p53
function is inhibited by bringing an inhibitor of p53 pathway
into contact with a somatic cell.

[6] An agent for improving the efficiency of establishment of
iPS cells, the agent comprising an inhibitor of p53 function.

[7] The agent according to [6] above, wherein the inhibitor is

3
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[8] The agent according to [6] above, wherein the
inhibitor is a dom nant negative nutant of p53 or a

wouelgistsoaci d that encodes the sanme. [9] The agemP2009/062173

according to [6] above, wherein the inhibitor is a
hud QQ%9éin%?h%9¥§@EEd fromthe group consisting of

I.SG:IR% %rﬁﬁ%‘ﬂ%%x@&%g”% |ng§?gv%hépg{ne é) ﬁqhﬂ)ltor is

sane. The agent dccor ove

arﬂpmunaﬂﬁ tn@gaits ven muthinbi 06r p68 pbH3a patbieic idﬂd ﬁhat
d of, rodu0|ng I PS cells, conprising bringing a

(%ﬁi éﬁ?q?égrogrann1ng substance and an inhi bitor of

DBSTM&HHﬁgemmabdcbkdlﬁgntaC{GWAéboﬂe?oﬁﬁétélﬁeﬁﬂe idlbitor is
The met.hod accordin [11] above, wherein the

& AN DS acs-da Sehe %€§| firﬁlﬁu Bh?o@rOPHSSFOITWeSWShdHf siRNAs
AL WG bQalihkk g@@vsndwﬁﬁzxgl {‘hébeeﬁ@&ii%: i Célag‘nt -

donmi nant negative futant of or a nuc
Ei¥dodde talg@@aﬁ’@COFM}lgThe iréi haldowe c owlné reegplnt el Hnhibitor

sabaye.; gﬁ?l%bg %@e ggh is a nucleic acid

sel’ect e omt rou consYStlng of si RNAs and

EHRNASn&@@b@Sbfp@So&ﬁdlﬁbwﬁPSh@élE@POﬂ@mﬁf&bfﬁﬁﬁbrﬂﬁgﬂng a
net hod accordln to % %% above, wherejn the
TR b7 O A A B T Bhon sty LT 6 e D53

MRidtadnaacandbngch@akt 1l 8ROy esoibiel &1 e he nucl ear
repr&gﬁann1n substances are Cct3/4, KIf 4 and Sox2,

[ Inddreietaordscenatinaceee [t he oo, [Wviraive thet Hathibitor
jacGorging L9 L%ﬁ%bgggge wherei n the nucl ear

reprogranmm ng substances are Cct3/4, KIf 4 , Sox2 and

[d3wyEheomthoHeEccarddsgth@t[Iﬂ&xmhniémawnﬁﬁﬁldihﬂe'ﬂm&ibitor
th d_accordin above rein the somatic

igar o ?l&a?tc8F8a£ I% POt vt e 2 TS Geidid that

ea@bu@enthecgah@r (TCR) gene is rearranged, the iPS

ceII bei ng obt ai ned by repro&iann1ng a Tcell. [20]
i18$ T8FI meshpFi aFAGTALEBNT Mahtl hexavae whanain derhepa@hlbltor

is a nucleic acid selected from the group consisting of siRNAs
and shRNAs against p53 and DNAs that encode the same.

[15] The method according to [11] above, wherein the inhibitor
is an inhibitor of p53 pathway.

[16] The method according to [11] above, wherein the nuclear
reprogramming substances are Oct3/4, K1f4 and Sox2, or nucleic
acids that encode the same.

[17] The method according to [11] above, wherein the nuclear
reprogramming substances are Oct3/4, K1f4, Sox2 and c-Myc, or
nucleic acids that encode the same.

[18] The method according to [11l] above, wherein the somatic
cell is a T cell.

[19] An iPS cell wherein a T cell antigen receptor (TCR) gene
is rearranged, the iPS cell being obtained by reprogramming a

T cell.

[20] An iPS cell comprising a dominant negative mutant of p53

or an exogenous nucleic acid that encodes an siRNA or shRNA

4
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or an exogenous nucleic acid that encodes an si RNA or
shRNAagai nst p53. Because inhibitors of p53 function
worb®/1ist59possi bl e to remarkably increase the ebPCraPEney62173
of establishment of iPS cells, the sane are
ap@ritiseulbasl.y useful in the induction of iPS cells by
nmeans of 3 factors except c-Mc, for which the
ef ficiency of establishnent has conventionally been

very BewauBeCRHEELEtMNE bF PBRrBEhdi SaUstke it possible to
tunorg%ﬁne3|s when reactivated, the inprovenent in the

refFitkadndy 18P reasabiPe haehi CHInF PP £ et d el signante of 1PS
Jé%%%or%hbssgﬁepakénggﬁ£18&1£fiy ﬁébfﬁ&”iﬂ'%hé‘*%dﬁ%ﬂf%n of

to régenerative medicine. Because the i PS cel
uﬂQWOﬂiisfbgnmaahsnafl9 fa¢teremxered d-Nwt ﬂﬂﬁuwhmgh the

rearra rei the i PS cells S
FEAPNCLT R BRRRE L aRnEAE nef e ot GG 458 Yy 1o
Bt 168 Icsmgeelsnﬁaagédft@nmuge C’ﬁhlhofi'@énésemgﬂiezres a

cell that presents a particular antigen g éﬁgancer
redqtd vatefectlg BPrSVERENEhER| The)et fﬂawpﬁﬂ? Y

dA108 saImntS o aﬂgsal:éﬂ.\@dué_@nﬁ ek fEerentdad e d rHiO paramount
cytotoxic T cells (CILs) . Brief Description of the

Wridviityy s nFiagplyishon8Sr esll s stof regerseat Heg inrrigiine.

cel T 2y Bl R SR el R AR I TG 1T

dimfaduatiisardoft éeflachars TCRt 3l dea@pxPeaktdnded therein, the

c)..to induce S ceII , Its
%3£Q&§hkﬁléﬁ? §§e§h aé?o?s aygliﬁgéBﬁﬁhe$ﬁgeqfﬁct%?ent

pﬂ@l%?ed REagekhs, l@gseeﬂsvgw ihdutbe Fi@Hr£ST cell that
p53+/-" shows results for p53-hetero-deficient cells

qagggnyﬂqﬁ a 'cps3- thatshsageresuptRaFpicular antigen (e.g.,
<Pa§13 . hommedef i glentcgl Eéllé”aﬁﬁ%ﬁ%ﬁéﬂiﬁé) , ték\ﬁ/pf‘fffed’fln large

nates i idi cates theé nunber o
amﬂunhsasanBaaﬂl@wadhtshmmsdafferahtbétehx@bo cytotoxic T

erlgﬁﬁ%§ Fig. 2 is a photograph showi ng that a
e colony resulting from p53-hono-def icient
ceIIs infected with 4 factors (Cct3/4, Sox2, KIf 4 ,

c- Mc) was subcutaneously injected to an i nmunodef
BriehtDarsudet ignd ofhshet BravsRas wer ef or med.

Fig. 1 shows results of an examination of effects of pb53
deficiency on the establishment of iPS cells. Fig. 1(A) and
Fig. 1(B) show results of introduction of 4 factors (Oct3/4,
Sox2, Klf4, c-Myc) to induce iPS cells, and results of
introduction of 3 factors (Oct3/4, Sox2, K1f4) to induce iPS
cells, respectively. 1In the figures, “p53+/-” shows results
for p53-hetero-deficient cells (control); “p53-/-" shows
results for p53-homo-deficient cells. In the figures, the axis
of ordinates indicates the number of GFP-positive colonies.
Each graph shows a total of three experiments.

Fig. 2 is a photograph showing that a GFP-positive colony
resulting from p53-homo-deficient cells infected with 4
factors (Oct3/4, Sox2, Klf4, c-Myc) was subcutaneously

injected to an immunodeficient mouse, and that teratomas were
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Fig. 3 (A)-(D) show results of an exam nation of
effects of introduction of a dom nant negative nutant

woR0pPa379p53P275S) on the establishment of i PSPCeUPH09/062173

Fig. 3(A) shows an outline of the experinental
flyraeedure. Fig. 3 (B) and Fig. 3 (C) show results of

|ntroduct| n of 4 factors and re ts of introduction
of 3 factors) Ke&B)ec?h(\’/"éIEFsur StrP faingl?lxég‘ln‘agé?gsog effects

QWS RSkt Sn0bE At AGEUSA O a RSP ZESnt! Bt be3
figures, "DsRed" and "p53" show results of

Frfti’rPé’éV@c,St i on bhesRe h‘ﬁ@%%n%uﬁjf rhﬁsatqeérlrﬁf reBig. 3(A) shows
) 'o%tﬁyh% g%%héeégﬁgﬂa{sﬁefal H& %gpzz%@; gm@ Fig.
e er of

aX| S0 I nates I cates t P-positive
@l)orsres:. reisglt8 ¢D) ushm@quttmuogﬁapéhsfa@ftomsl endegesults of

carr ndi n respective res

J(II%‘)“(%?%&W&N Fegu%?gt%Fsanr%%?ﬁfn]a‘fef n ane%ggcglgmfﬁes’
W U 7330 Glhoia QESQ@BS'Bfolﬁﬁﬁb&&ﬁﬂkdhﬁoﬂ(p53FQ7mBCe O the
the establishment of iPS cells. gl 3 (B), and FI% 3
figuzsfow "Ds&erf sape 'RPF0 d%w olﬁe%% 3 f%fctléﬁ%—”om jon of

SAGLO05- JRSORGT INELY; hDELLE | dm&:) e PRACCC NG vely, in

res i ntroducti on o 53"

plestd tf @fS3PATH6ducthorasofs wifl mnq;p@tpss lnﬁheaagsstbé number
dinates .indi cates the n f GFP o e

%%(%ﬂ?é§81ﬁﬁae §°?@¥l§ﬁ0wsjﬁhot&6pap 3 é8¥oﬁr%ghs ot

ESMSrESRPE @ sbentihagr espesé y@sp@@tﬂxtés rechllg;s 4 shows

resul ts of an exan1nat|on of effects of treatnent w_th

Pi fitHAS, 3 (B33 (FhnPBPYoFesehts et et dhiaififerieoPpt effects

6f¥iﬂ%¥ddﬁcﬂioﬁ oﬁ(éﬁ3shﬁ%§ §93£%%$élﬁéfﬁ {1 mice on the

experinmental procedure;, Fig. 4 (B) shows experinental
egiabisshriantFiod. 126BFellpVS@ishcwd)r @l £ def 3 (F) show

tre ment W th ontr ol : f r
LTI kD BNBDCRODET 8! dase Pl AT, e
Rlasﬁpécwm’elyTheIaxtlse of i purknat'essHenili cditoes urhaeuﬂluabef

f GFP- t n t
P esean 6 DRSRARGOERaE: L Ths LarTe TELiE G

{roraduseldrs HekiivadtipenpasNanog: é&ﬂy'aﬁpordlﬁauée indicates
’(I:k?é ertl:l.tm%jerwotfh GFPf %gtsgrciv(e%g%(/)rﬂflessoxzﬁlgm f (4 )’ shows
photographs of colonies corresponding to the respective
results.

Fig. 4 shows results of an examination of effects of
treatment with Pifithrin, a p53 inhibitox, on the
establishment of iPS cells. Fig. 4(A) shows an outline of the
experimental procedure; Fig. 4(B) shows experimental results.
In Fig. 4(B), “DMSO” shows results of treatment with DMSO
(control); “Pifithrin o, p-cyclic, nitro” shows results of
treatment with Pifithrin. The axis of ordinates indicates the
number of GFP-positive colonies.

Fig. 5 is a photographic representation showing that ES-
like cells resulting from T cells derived from a Nanog-
GFP/TrpSS"F'mouse infected with 4 factors (Oct3/4, Sox2, K1f4,

c-Myc) are GFP-positive. Left panel: phase-contrast image,
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c-Myc) are GFP-positive. Left panel: phase-contrast

i mage, ri ght panel: GFP-positive colony imge. In the
woi20n9r16759408E2, 408E7, and 408E8 i ndi cat e cl oneCT/JP2009/062173

nunbers. Fig. 6 is a photographic representation of
xﬁ'&hl%CBasﬂeawi ngPt-batiESvei keleey| smagsul timghfer digfire, 408E2,

cells derijv from.a no G-P/ Tr ~/ ~ npuse

Doy I L R RV

expresg SGC§%|aS§§6tEQEa BD8SrepReidetdt Ui &f GI-FCR showing

to Zfp296 are ES cell mar ers, and FasL to Ifng are T

thay Iides ceNagel| rafdlTinap8ranel peei s \féercﬂo‘fﬁ# gjrem a
sto ey e @&_Séo

b?d&e gd?afé%i:t o}g i nt @8 uceggf?%é ?Igu% eﬁ)é R)&f:s/ d

Klﬁ?ﬂ,eerrMylcr)d|e@@1resshés¢ceéli—spaﬂdfspl genc s hatlnséth@edlgure,

a c [ for | _induction V.
Of‘%? &Osg%r?%%ﬁd Egt FB?% ?%E%e?fsa?(&la ure Sleéﬁlg are T
c;allg_ %{b&?c%%?ggmﬂﬂ &iacmogrinl?& cetd pddNatitree c4>4cﬁ;h rols,hand

1 17 7 espectively. Fig. 7 is a oorapi

/és &t Mé’ﬁoﬁﬂnﬁoflﬁéf-mEéTl?k%XEJé?Fél‘PIE ?ﬂ% t factors

4984k 'SIHeEh¥e§l<§£Pén a oo GhR/ T 18BHB I ndicate the
Thfected With 4 factors (‘Qct 3/4, Sox2, Ki , Cc-Myc)
hr@lﬂ@suand/@pﬂ@lenESheél seruelers SSEA S@Iﬁﬁcw ked¥ nigPS cell
phpsphat ase. 0

R oS NPT/ AB L RaY BRDp | KASREFRE A SMps colls
rnestd nyd,r @n3t3aeelbsodeni wad NanoyaiNanegt GFP(Watpure 448,
rmuse |nfe§ 3d with 4 factors (Cct3/4, Sox2, KIf 4,

dds FSSEEERLVELYf or di fferentiating into

thr ee e m7| ALETS phBY ogtabRk BIrbsk89eAER: 1 M Téowing that ES-
a- SMA, smn, blll-tubulin and GFAP anti bodies. Fig.
ol ke Caflglrsamﬁs@llfté@lge§éﬁﬂlaffl 6alde fesived Hrom oNEnog-

y- Si r t n er
L] B R R 8, B R b b2 T4
dvBEyd)s alrat eobfirtdmea fpr3ERonelidefnackents #8UAE and dBRaline
[ solp% gcd froman ordinary, non-p53-deficient nouse.

Sttes were detected, (B) genes expressed

SpeC|fF£§ﬂ|&/ﬂ§7aE§h©be§a9ﬁh¢ wepecdehest een §KdwiheNEsSesults

expressed specifically in_fibroblasts (MEF) only were
Hatidgmeigng that ES-like cells resulting from T célls derived

Sox2,

from a Nanog-GFP/Trp53~ /~ mouse infected with 4 factors (Oct3/4,
Sox2, K1f4, c-Myc) possess a potential for differentiating
into three germ layers, by staining using AFP, GATA4, o-SMA,
Desmin, PIII-tubulin and GFAP antibodies.

Fig. 9 is a graphic representation of results of a DNA
microarray analysis performed to determine whether there is a
difference in expression pattern between MEF isolated from a
p53-homo-deficient mouse and MEF isolated from an ordinary,
non-p53-deficient mouse. (A) All genes were detected, (B)
genes expressed specifically in ES cells only were detected,
(C) genes expressed specifically in fibroblasts (MEF) only
were detected.

Fig. 10 shows an adult chimeric mouse resulting from an

ES-like cell derived from a T cell of a Nanog—GFP/TrpSS‘F mouse
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Fig. 10 shows an adult chineric nouse resulting from

an ES-like cell derived froma T cell of a
woOlomgs@sP/ Trp " nmouseinfected with 4 factors eOruB049/062173

Sox2, KIf 4, c-Myc) . Fig. 11 is a photographic
1heabeeénwathom Bhownbng (@il Ak, cawﬁzﬁrﬁhﬁﬂﬂlmeMyc .

t. of t J. DNA of t b
g:ﬁg;?gge }% i ?Ygéﬁ%phxqa?eé%ﬁﬁ gékg.%gpwﬁpéeresults
ct%ﬁ@grmfhg 42 SHOWS.hESENes ALIRN V- M-Il MEE Tcrp

by the four or three factors. (a) iPS cells were
ggarebut 66nPREM RERog-ToFEhefdauee MEFL"WARehcqepe a germiine

fher p53 wild-type, heterozygous, or honozygous, by
thé'three factors. After retroviral transduction, 5000
live EégleﬁesboweliEEtgﬁhQ@atidmoﬁnymGﬁéfewll MEF by the

GFP- positive onies 28 d f h
prﬁn u%bFSﬁ g gﬁgmnmg ﬁ%gytop Sf eﬁe é?§8%§£e%n?50m
Nehoyhtee ir-agepesdenErexpet chirend se aderishowd3 (Wi)ld-RSpe,

cells were generated by the three factors frontsln%&gr

hetrredygerFs PA wétnpéyeeu% el the Hise IEPYPosi &
r%%&%@??él“@ESnEQHEE§9n285@@Uslf¢éE%eii§3ﬁéfﬁ“ﬂbﬂﬂéd@éd by a

romthree |ndependent experiments are shown
filegcyebine taer eGEEnprat biveycehen fourvdrr tergited 28 days

A58 00H00 oM LEQID 5hA0Le 50rLpd 68, 10k u8ld 90 s

[Fat'es 05| i V&  COl oni és were counte
E@&ﬁSo&ftﬁ&eéh&nﬂé@éﬁdéﬁtl@mpefbm@nﬁ$ommdfﬁhﬂwn (b) 1PS cells

I ndependent exper are_shown 13 shows i P
§& R PRTEEA -FRORY p LEeh E?E?%z%%%r%r HOh R %o ells
Eh%eﬁﬁ%e%ff@%Lﬁéilcﬁihﬁégsd@Pﬁmb&%ifhﬁé|éﬁbﬁﬁié§ were counted

mut ant L Retrovi ruses expressing either the
Z@Oﬁﬁwénﬁfﬁegat @etﬁsasﬁﬂﬁbh@n(FQWEEDf%vaﬁhQﬁQ)Hﬂgﬁﬂﬁ?dent

%%t agsduced W LALRe ¢ free daclons ke g‘etf%/rgtg,gpby he

erozyous retrovir uction
ﬂam&OfaetbssweﬂacaudhegtedMgud EFGMp@smqlwesqxﬂ&ﬂuqails in

re c ted af the t ansduc i_on. a of
“ eO!n épgﬁgi Pﬁéiﬁé RTROAF l%%oﬁ% O?%ﬁs it Younted 21
QS 85 eCXPBASEUBY1 BN hBaLE herawh | thiewpel ridepardait
p53 was co-tranduced with the three factors into

NEEGGMeQEP, 35535hONBzyous MEFs. After retrovira
tranqu%th@,sﬁggg iPS generation from p53 heterozygous or

homozygous MEFs by the three factors co-transduced with wild-
type or mutant p53. (a) Retroviruses expressing either the
dominant negative p53 mutant (P275S) or wild-type was co-
transduced with the three factors into Oct3/4-GFP, p53
heterozyous MEFs. After retroviral transduction, 5000 cells
were collected and GFP-positive colonies were counted 28 days
after the transduction. Data of three independent experiments
are shown. (b) Retroviruses expressing either the wild-type or
mutant p53 was co-tranduced with the three factors into Nanog-
GFP, p53 homozyous MEFs. After retroviral transduction, 5000
live cells were collected and GFP-positive colonies were
counted 28 days after the transduction. Data of two

independent experiments are shown.
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live cells were collected and GFP-positive col onies
were counted 28 days after the transduction. Data of

wowrwiistpendent experi ments are shown. Fi gur esPe#Aa2809/062173

show characterization of iPS cells derived from p53
het r oAy gausson 4hdDADEYgOUshAMERSEeFizpt ibh siiow®Sphases derived
contr

es per). and fl uo i mges (| ower)
SN BeScBET L OaRAPYBLOT | B RR L op53. nul T MEFS. by
the thfige Q'Zl 5041 sf BEL8E ScoBarSstl NaiRise (L@RefM anki g.
15 shows RT-PCR analysis of the expression of ES cel

Heikes cgefeSMagss dﬁ@weﬁé péuiPPacedls. dpyivgfingrom Nanog-GEFP,
5&‘? l'lCM%%‘%Sb ftﬂ’é' PELSe dPesdpt aéacec)@'ses%'agg indicate 100

endogenous expression and transgene expression of the
gmour factors were distinguished . Fig. 16 shows

hi st ol i cal. exani nat.i of t ato mwvedfr
053 nlitE i BS CHRVS FTRCRIETNFSE (B 'OF Fogrepsyon of B
dexct era&,ke(ra);eﬁeewmpeseahenﬂt@xmum easidrst @Jynmgngf specific

neural tissues (ugper left) , cartilage (upper rlg
setfued] @TEMGRSr ept FotaknelRiRsTiNy &PIAME xS expression

#é%s@eﬁ%\@%xbkg%lon &P)t O, Al & ctors were

emat oxyl'i n-eosin staining of undifferentiated cells
1qnﬂn®unﬂm¢dneural ti ssues (Iomer) . Figures 17 20

h ffi PS | |
R Rt R S EE S A S B

by p5 S0 nutant

ISR, tﬂx@ﬁs@@et-mmloms%egwewmm O:l’hef rmmeHDF(a )byrt lfeur (b)
four or three factors. The retroviral,K vecto

@Fpﬁ%%. HG) eiShRER P75 R LY Wl 35 S dcRd % ¢ frpegral

pgstder wddr tl'%%tf OURAQF 1 § DE&e (SR OO R¥H)NY nhAaChier S1ower
Shomn are the nunbers of iPS ceII col oni'es by the four

Talt)or nd gut- lflk@neel%heegaHDFsssw byonete nilghda - (P)
R BT St PR 8 e iate oo conis
geppefmeahdmddmﬂdhettheeesrebomgrnnn1ng factors and the
PES00 M4 S SO BLe OTRLONL! 081 By 8l LGl 1o cons
gerispd i Iweys3 elibpresangngut - 1i ke

Fig. 17 shows effects of mutant p53 co-transduction on
iPS generation from HDFs by the four or three factors. The
retroviral vector expressing either P275S or DD was transduced
into HDFs together with the four or three reprogramming
factors. Shown are the numbers of iPS cell colonies by the
four factors ((a), from 5 x 10° HDFs) and by the three factors
((b), from 4 x 10* HDFs). Fig. 17c shows teratomas derived
from human iPS cells, which were generated with the three
reprogramming factors and the p53DD mutant. Shown are
hematoxylin-eosin staining of neural tissues (upper left),
cartilage (upper right), muscle (lower left), and gut-like
epithelial tissues (lower right).

Fig. 18 shows suppression of p53 production by p53 shRNA.
Retroviral vectors for p53 shRNA or control RNA were

transduced into HDFs. Six days after the transduction, p53
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epithelial tissues (lower right) . Fig. 18 shows
suppressi on of p53 production by p53 shRNA. Retroviral

woeeassItor p53 shRNA or control RNA were traretuemdy/062173

into HDFs. Six days after the transduction, p53protein
prevelia berveldetversai detehyinesdtley wddtarmandlots esia lFisgs .

19 shows effects of 3 shR ca-tr ducti,on on, i PS
gener at-Fon %r%ﬁ?%ggﬁqﬁe cﬁﬁ% LofHrgnsduction on 1PS

getbi-avibal r¥8fRt BPFEXPY esisé Ngoet thert A3 ShRNAretroviral
control RNA was transduced into HDFs together with the

veshieTr epPsgratmPngither o3 TN euE ol At atesd
tkagckda ucegge% pYi £8 e¥ BEE Of 1 £ HPUSR; P33 WY ramming

co-intro own a e nunbers of I PS col oni es
flawtbogr Brpeesoeat ENAFﬂgedeQt@&ldm@{dcem,s ofrgig®viral
shRNA co-transduction on en rat on,.from

Vteﬁgoffhﬁgﬁ PSEFSr@g A2 ?%t rot\% r‘gﬁ v%c{bohrowexparqggg_‘lh%y numbers
o tilper cp33nsBRNAnOFoGONERPEr BieS transduced into

HDFs together with the three_repr amm ng facto
rescué1BNAZC- FBarEt §9fﬁﬁ’6%k‘€l%v%§ asngPé\ﬁ&ﬁ rtaqa‘\@c&rlon on iPS
gfe b /TRYSA @§§m“ﬁ§F§°bgnEﬁQdHH§é‘e SO I € e rBubes $a1

i PS colonies from5 x 104 HDFs (a) or 5 x 105 HDFs

v(elo;)tqrn etimeeispegl aehhsr PPg. sRANAhonscaitfeet SRGF WDVR
Co-tra uet :
50 &rce hiee rg%?8 1|lr?§ﬁmgﬂg£fac or éﬁg e ret]péc/xp Jbgrlammlng
ferelcafs .eXpr eestng N@NE—mBSBaBda&I\lénmk(Rvah m\lA:etmoviral
control_ vector wa transduced into t oget her th
e o d Lt Qetlsfssp?é) WBF CRATLREFY %?g (%}O@n SHotwr eré“mbers
aﬁgz@r@%%%l@fs iFRSmc el @nilgs dimym & )x ok04% eehlod pbrsiDib)

22 shows phot ographs denDnstratlng t he expression

t@toeanm@rem@ntMFP) , mesoderm (a-SMA) and ectoderm

(bl 1l 5&&) '2'1”)5, %8&?%9[‘%@% keg s sthg@@c@m Sn iPS

t hat feren rom cl ones Ig. 23 shows
gmré«atl@anérempﬁww bpstha fodifderenteat eebredtaming

Zddn 9 dherentiated pel L. of Lo shbrl Qe ooe o o
I?i%%g?g&p?chgﬁt@@ﬂoﬁewtbb {188 thieedliepd OB BITADEE together
with the four factors (a) or three factors (b). Shown are the
numbers of iPS colonies from 5 x 10? cells of HDF.

Fig. 22 shows photographs demonstrating the expression of
endoderm—~ (AFP), mesoderm- (o—-SMA) and ectoderm- (BITII-tubulin)
differentiation markers in the cells that differentiated from
the iPS clones. '

Fig. 23 shows marker gene expressions in undifferentiated
cells (U) and in differentiated cells after embryoid body
formation (D). “Mock” shows co-transduction of empty vector
(PMKO.1l-puro) with the three reprogramming factors. “p53
ShRNA-2” shows co-transduction of p53 shRNA-2 with the three
reprogramming factors.

Fig. 24 shows effects of p53 suppression on p2l and Myc.

Genes regulated (4 increased and 7 decreased) by p53

suppression were introduced into HDFs together with the four
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ShRNA- 2" shows co-transduction of p53 shRNA-2 with the
three reprogranm ng factors. Fig. 24 shows effects of
wWQaB9sapgeB essi on on p21 and Myc. Cenes regul at edT(#2009/062173
i ncreased and 7 decreased) by p53 suppression were
répié@euarthd ntctdds tngetrthehenifolirt heprogramming factors
fourrepro ramm ng factaqrs

apg pklogyravm FRf ¥ actrs SAd a) 35§age fog?%)ZS & cEPSt_

£ 24né@cPlofaVndibd Y oSty w@&bll@meeuwa@eswﬁntes 3
cell colonies were counted. **; p<0. 01 conpared to

PEBRRY compaerd (FeF)sRed (gt ilasd@epor FeF s ebasa FeRprters
£ Ort d iven
C?ﬁég%gf’!‘%elﬁ Sg?&ﬁﬁvc‘e of ] AR Y JW G506+t bRk, dbiVeRaky dri

pronmoter were introducéd into HDFs,
by ogké hpo L ywie ha s d el Irgeomaten werrs l@@@p@mceﬁhen§§3HDFsr

the fo fact ors,. or,th hr,
CPAEFRES BEv0! oM AE Ta HaTS MG E | GEEf DaPag Ay the
gt ¥ebregrmhengetecbped ¢g) the*ﬁhr@éOf@&tofs devoid of Myc.
p<0. 05 conEared to the nock control =3)
<)

o 2
TyﬁodéYénl BT i nBuSk L e¥asS @ e it S%éﬁﬁfﬁguﬁfg
b hows u [S e
oERerS . BsaL ) ?&ﬁf“‘”‘w‘;@ﬂ”@k S
showstLgsuBBs mcpww dml- Qwelrceemfs Yheosemsinimental. procedure.

sh I f 53 h
%Sg\aﬁéé,eg#ﬂ‘tégaa% P Eéc‘ﬁl onC%f S fla%ttoli% Oct3/4

Sordinates 1n |cates t he nunber
SGEE-pgifuive—Mptpnlagxﬂ%q;fﬁ@hreshow&/ﬁésBhbwsotesults for
exam nati ons_of |nteg @tlo ”plasn1d

9

wgeAoREPEUFBer S parert hon1c CRENPYERATS & | Fot Sy% homo-

dé?WCE%WE BLOt sanaty s fl(ﬁir%s ZQ%eSﬁQW% pliobedraphss
e obtained cells (upper Ieft phase- cont r ast

inddgereappbe nimgher @ipﬁsgmcpspetﬁem oL agfe, HiGher?oC shows
Al 8 fg%xgnlg @Jsign Bfrfﬁ{ rBjﬁ R RO & into
gg Use resu

[Fony i meric ting froman
the- be&emeeubppbtapaedl(lgmnomx¢gP¢R;nﬂnwgr pabeslyi |Ssgthern

Description of the Iny t|on Th resen I nwentio
b&P&\/P&ééygl tho%l%fr?%g i]l \fe lVh Ubtained

ceatabliphernt cot : IB@agéLbénbyawhirmc_tyengmm pﬁ:ight GFP-
functlon in the step of somatic cell nuclear

nosptéyeammlagy TRadenol ewesf Lashnsneros i gita Sy aamdrast
19[1%%“ %g@t W%%r Eés%&vBa{:MSHbaﬂné(gé ) mied, Bsierablnbuse

resulting from an ES-1like cell obtained (lower right panel).

Detailed Description of the Invention

The present invention provides a method of improving the
efficiency of establishment of iPS cells by inhibiting the p53
function in the step of somatic cell nuclear reprogramming.
The choice of means of inhibiting the p53 function is not
particularly limited; preferably, a method wherein an
inhibitor of p53 function is brought into contact with a
somatic cell can be mentioned.

As mentioned herein, “an inhibitor of p53 function” may
be any substance, as far as it is capable of inhibiting either

(a) the function of the p53 protein or (b) the expression of
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i nhi bitor of p53 function is brought into contact wth
a somatic cell can be nentioned. A s nentioned herein,

wanoink7st or of p53 function” may be any subspamagr009662173

far as it is capable of inhibiting either (a) the
th@n@BBogenb.thEh@531$xodaﬂrbnmy(dwbaﬂmmoespm@s$iant directly
of t he en . t is,.nhpt only substan s th

B e By JoR TORELBE S0Pt BREPRE ¢ P MR L Ehe HAARLT GE
sub%&%@lfce@n@h&t&bab@nagﬁe&hay aet ik res3 lgerth dtheimhdit the
gene to inhibit the expression thereof, but also

SFIFSEEAO8s thREEOAet PBR alfactepsianetyddiat a3 Q@ gndlactor
G%ﬂﬂh g?p 5%055§5Hhtt%gnéﬁgégﬁ$ﬁ‘¥b(¥e§JE%ffﬂ“ﬁﬂﬂyﬁltlon of
of the p rotein or the expression of the p53 gene,
t@eeﬁmn@&ibncbﬁdehelpSBhpretepE of then éxpidrgiom off p88 pS3

function" as nentio her Exanp s‘of subst.ances

E S i 61 tﬁ@cﬁﬁﬁgg g?etﬁ%p%% %ro elnq}ﬁ% (ide OF P°3
ket Mels Emelﬂﬂth@deﬂoheﬁeﬂﬂem cal inhibitor of p53, a

dom nant negative nutant of §53 or a nucleic acid that

encodE¥afhd Csafe, SHRSEARFepSRNaRt et st Wit iBs g £ the

JHC LRI G AG qn%hﬁﬁeenﬁggeéréh§o§aﬂﬁm1@e§e@@y Juﬁﬂéﬁfbal
aci d conprising a consensus sequence of a p53

imdgpdrioinv @ felpedene, damsnbst anegathiae Mkabi t@f thes pB3 a
at-hwa ik r r C
R 500 B8 HiGanl hE" kY, D MEELe s emimpopies

amtimeds eorac @hubhéh.ceacd)deshhheeﬁames atrtte a3, a decoy

pat.hway i nhj bitor can be nentioned, (al) Chenica
oS G Y COPBF LEX BApReSOBFRARM %S%Hu%w bﬁ ot Pt~

ﬂ§§§ drisshide hehtar @ BabsthAtbethi o, 1 9301 didhd a553 pathway,
typified by p|f|thr|n (PFT) -a and -b, which are

agics dthesdd Ken Weredeuaishy, ®riherehlscingsidd Hay Sfodhdet 2
4%mlﬁ% t. g@ h?han% Pf4§é3(8909)%ucfgﬁ% that encodes
an sa tS

nNer eo ereo or exanple, acid addition
&hﬂtsan&ucbnasahy&Bophthwbgesnth1hgdr@&mdmédﬁsntzwmbd

(@E@ é%]fe“fl’f qid “F‘ﬂ-?olr‘rh}%%ﬁ ?Sl?gsf’ PFT-a and anal ogues

7- t et rlyEICke RZOhicaZ 6b1 31 h) bi o ps t OF Vb B3 hamenede HEut are
(product nanme: Pifithrin- a) and 1- (4-N trophenyl)

nat Yimited ¢o,7pSCetinhhpdrors- tphdiad (Py)pitfithrin (PFT) -
ARENFOt DAzl wll @thangnss HBrwbPe@ELes, PFT-p disclosed in

Storm et al. (Nat. Chem. Biol. 2, 474 (2006)), analogue

thereof and salts thereof (for example, acid addition salts
such as hydrochlorides and hydrobromides, and the like) and

the like. Thereof, PFT-o and analogues thereof [2-(2-Imino-
4,5,6,7-tetrahydrobenzothiazol-3-yl)-1-p-tolylethanone, HBr
(product name: Pifithrin-a) and 1-(4-Nitrophenyl)-2-(4,5,6,7-
tetrahydro-2-imino-3(2H) -benzothiazolyl)ethanone, HBr (product
name: Pifithrin-a, p-Nitro)], PFT-f and analogues thereof [2-
(4-Methylphenyl)imidazo[2,1-b]-5,6,7,8-tetrahydrobenzothiazole,
HBr (product name: Pifithrin-a, Cyclic) and 2-(4-

Nitrophenyl) imidazo[2,1-b]-5,6,7,8~-
tetrahydrobenzothiazole (product name: Pifithrin-a, p-Nitro,

Cyclic)], and PEFT-u [Phenylacetylenylsulfonamide (product name:
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name: Pifithrin- a, p-Nitro) ], PFT- b and anal ogues
t hereof [2- (4-Methylphenyl) imdazo [2, 1-b] -5,6,7,

weé-20@t1s289ydr obenzot hi azol e, HBr (product nane: PCT/JP2009/062173

Pifithrin- a, Cyclic) and 2- (4- Nitrophenyl) imdazo
P%%itgrb% pPl §r%)?bmf%réf&lﬁﬁ“&ﬁ?ﬂlﬁhmﬁ|fﬁmﬁDM%rck
product nane: Pifithrjn- itro iC
PFT- ﬁPP’Pﬁ%FyPSc%t%}}P%IHJy?%]qu (O&Qé’gjﬁ’ ith 8matic
cBame-Bhf hEhpbProfhbdahe GOIBBIE !ﬁhéﬂ&ﬁﬂﬂﬁﬂﬂbﬂlaiwhn
Merck. Contact of a chemcal inhibitor of p53 with a

appirapkéatel conganbEapéPR ot ArdNhFIHESES| PEngopnequecus solvent,
adﬁhhg %Rr gglé@l@ﬁpgfpfﬁétfhﬂfgh rﬁﬁ'é”ﬁédl&ﬁwsultable for

us or non-aqueous sol vent, adding the sol ution of
cmhelwahnbntof somat fredéehd s ui selieed oframla i@ rofiouse
sonatlc Cﬁ?|s I, sol at ed frqgl human_or setkh
(ERANFFEMPhENi Bl BeseREFRP T 1 ah WM | BaEES " S
H{@QQE&deEEnglaemgﬁﬂbﬁm (OIPMEN)  RPMRPI 46 4k diighi urm9919f&dlum, F12
medi um F12 nedium and the |ike supplenented Wi th

mggéun sngotheod i kpaPuBBLERRNERY UMt AR 1 He 20% fetal
bﬁ&?bg'%8%u@9n98n£é§£'eﬂ?miﬁﬂlgfﬂ$r'ébﬁbéﬁﬁﬁﬁ%f&ﬁ“w1ll fall in

its th unction and does not cause
ac;ttimgexrtbatyfu&ﬂlg cuhﬂ.bntﬁgthi@@ifélf@cff‘@rora gjid/glpes not

od. .The i.nhi bitor con ntratl endi
4%¥5Fh€Y¥PE8X&FltXh|8PPo usealngngﬂe g%egggs% dl%en period.
TRRPHAPAbaterovehctheraange @érﬁ@@uieﬁbﬁdiddtdnzﬂhﬂﬂklnd of
100 nM Duration of contact is not

t |
Podiear H5cPar 0ng 16 PhOSER e SRTehr Ltk U s gange of
a[)b%%o@f aniving cotpbie §ebl su. ushaldvhord hﬁf |d<ﬂih|tkélctt0rls”ﬂbt

e allowed to co-present in the mediumuntil a
elnidiopdeedly Airmksedposst Fee @@Ibhyl%nw%@scl% %ﬁchleve

s _known _a r p
% SRR fUTEr AUPBEERSE" 000EL PRt cor may
yd %&1@Me@am©|@0gpmeseat EheﬂheaMedn@nbmmtmb afplhbsimrteent
extremely useful, not only because of the advantage of

MEKAT POSG TRAEr GRGCRYoR™PRESScel |'s sinply by the

addi t ifpR 83t BeneedisulhobHt adl ot brsAUSEpOfedd®r gene;
ability to termnate the inhibition of p53 functjon,

neasiangnand nidibekipn by PERDIPRGLIMR RREFRF 2bhY alRfFRpSes the
éfgiléyﬂégrdyho%%5381sndu@ﬂéﬁghéﬁ 'ﬁﬁiﬁ%ﬁdf% ‘of p53 are

extremely useful, not only because of the advantage of
permitting introduction into cells simply by the addition to
the medium, but alsc because of the ability to terminate the
inhibition of p53 function, easily and quickly, by removing
the medium containing the inhibitor after induction of iPS
cells.
(a2) Dominant negative mutants of p53

The choice of dominant negative mutant of p53 is not
particularly limited, as far as the mutant is capable of
competitively acting against the wild-type p53 protein
endogenously expressed in somatic cells to inhibit the
function thereof; for example, p53P275S, resulting from point

mutation of the proline at the position 275 (in the case of
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(a2) Dom nant negative nutants of p53 The choi ce of

dom nant negative nutant of p53 is not particularly
woimstistsozas far as the nutant is capable of PCT/JP2009/062173

conpetitively acting against the wild-type p53 protein
h;amdﬁgenpus%]yl@xpze&)sebbd:artecbmat ithec @iNfs-Htimdimig iegitheof

unct i t her eof 53P275S, ultin .
PHS M BgSnFonﬁ‘?’éW%n?%? eY]ﬁ]e sp(rcﬁ P’n HCt H\@%;SA 6% ora- USA,
9kl n2bhe-gase of HoPENS, pmtlmﬂmd e didlRttibe of the

- bi ndi ng regi on of nouse to serine (de Vr| es
aminoppgédsNat| thacaesisens u@iﬂojgs?f 2GpgsgoRy3 (In human pS53,

cg%Qgézabnde5§£>Dchée¢gé£w&g rom e et i t e addis

the positions 14-301 of nDuse p53 '(i'n "hunan
Dpv23,1op0l I é@po&@lé 805t hed pok) + iams tite J0ARe (Bawken mentioned.

Devel
R RN T e

fexanpbent phdss8Lonr 68 uthé ngefimun g1oitie misitiiom &8 tifemouse

serine at the positjon 58 of nDuse p53 n the case
PRITHAE, tBBSFEPBNOE1NURRNSY 4kt l% 35(;&? %30135Y

rfe %%Eﬁbngfrgﬂlt g&hﬁ@ ﬁut&f‘for@yéf ai e @sﬂé&%é’(bﬂ:‘ tﬂHén position
human p53 (in the case of mce, position 132)

1t3;5> pyfr bsinge; p@BSAJLBS’vher@%Wt¢fqgﬂ1f¢€bmmtﬁ1rﬁlqﬁ1t1§t3 or¥o

of the ala t 0 f

Frecelsd BroRindne, PoslrEHbn udy RS AHRE bR s

anesuhi ag f:henppemtonulm i off mfuddepBF giim rteheatcatdee of
position 172 e case ition . 175) t

DRSS 985155§§23iég| F%sﬁ?fjr?@ %%ﬁ% L ile dgirom

ptori%tahgﬁtﬁ*tﬂ@nabft BRepashihOfle 240 {hd ;scktel@me 10f2 (in the
humans, position 273) to_ histidine, p53D278N

cessulofi hgmMERSm BEFAE LADL éi’?bnt%fh%%@%lsrb%zr tR3RAE Wrat
re%%l@ﬂ?l' t 'ﬁ%@%&ﬁfa HBH§€18§3O£ ' Eh%]h%?:%%é)fa@wspos:mlon

poSIti on 0 asparagine, and t t hese can
28 us@eh ithet hessané heyansd, dooshahtn 2GR i ve e taEtin;

o ed Berone " 1S BRCAboh Opr T f | GRLTgh T ife 2040

JtS tsentResi-zed agsaopr AbEsOrpHBi (ef e tdesdast hwodans,
the nouse or human p53 cDNA sequence i nf or mati on shown

O ISEQN BBN: LoopsBaraghnea #ddskldrl hifmntise (i 5% used

in the same way.

A dominant negative mutant of p53 can be obtained by for
example, the technique described below. First, an appropriate
oligonucleotide is synthesized as a probe or primer on the
basis of the mouse or human p53 cDNA sequence information
shown by SEQ ID NO:1 or 3, and a mouse or human p53 cDNA is
cloned from a mRNA, cDNA or cDNA library derived from a mouse
or human cell or tissue, using the hybridization method or the
(RT—-) PCR method, and is subcloned into an appropriate plasmid.
In a form wherein a codon of the site into which a mutation is
to be introduced (for example, in the case of p53P2758, cct,
which is shown by nucleotide numbers 951-953 in the nucleotide
sequence shown by SEQ ID NO:1) is replaced with a codon that

encodes another desired amino acid (for example, in the case
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cloned froma iri RNA, cDNA or cDNA |ibrary derived
froma nouse or human cell or tissue, using the
woypbiidiat i on nethod or the (RT-) PCR net hod, pandpP1089/062173
subcl oned into an appropriate plasmd. In a form
ofihgrs8iPz 78 Sgodiart ) of at Ipesigietre donmiwliingh themstidei ds isynthesized,
e intr ced (for exa n_.the case o f.
58apa7eese BU T breFoBERRTA g LT dorvieet liriger
paalsmaas indot-peradehgot hdep 58 qHENE €a S hpvrenpyl 5Q WMBereby a
NO: ') is replaced wth a codon that encodes anot her

ngediedsd a&mdnéha*éu BNEPERS ekARpIeS 1T $C t I Ridomegative mutant

1RP3RL(RSed Clin  +RRe PEd B0 € UTRId 1B Rt Sinke 1li%e p53DD, a

synthesi zed, and inverse PCRis perforned using this

ppnmm nwyt ket Idespgasdn dut atde porat $Hee tthe kp%siec:l@mcas and
enp eb ac-nucl ei e

i gﬁngd on1n F é Oggéﬁu an?é?%EQ%%%fQ%d %gh

ﬂﬁtﬁbdﬁblagdehetthﬂsﬁﬁbﬁﬂinédk@u@ﬁéiﬁ)aeu¢nth&ﬂ énnodﬂs the

desi gned outside the site to be delete and i nverse

NREY PEIPELVEr MEEARE HRERrF bRAS R d recovering a

r'eerir@nqlrh%hFEg prBect RUSroRt ahaedu MHEer&l ccari dof hats conditioned
encodes the dom nant negative nutant into a host cel
nmqﬂdwec@@@r degizcredombhaaht NpPat LTS Tulant ko le raghired.
cel ! lonhR Copdy! aszgﬁgaﬁﬁdﬁgg%ti@s flesifed, damNallnatic cell
negative nutant can Contact of 'a dom nant
cnﬂgakaw@hm@wadtumﬁhb a mehhbdcknewm ran He ﬁ@hrgmanhln

208 UL K0 Lol S e, ne

m@dmﬁi B ML &l ?orblf:éﬂﬁf Qkahﬁ_ﬂgﬁnieaé&et ﬂetlﬁ@dnéﬁtdtﬂ wsing a
protein transfer donaangPTD - or cell penetrating

p@@ﬁtqld’e tpeppfert demaanpr BTBI n, OF heeht cPoR #if £RE1 7 Peptide
%nt EB‘?colt'elr‘L Prat g ré{ﬁﬁ‘écﬁ@{oﬁ AN S A& the like.

connerc al 'y avai ab le, inc udlng Bi oPOTER Protein
Hﬁﬂhauﬂ)tn@@agemtreégaetﬁherapyomWsren@)ly Pral Dt m

Prat ej.n Tran eage Pl E and P ect
AR ELARIER BretRalehtbh et adiir | |G tbrapy
Frafad)- 1P(rBaU@ett%g?rﬁytﬁmm)ranswhbthlonsRbagedtomPaERCE) and
l'i pid; Penet rai n Peptide (Q biogene) and Chariof Kit
BreMtecie VOEMEENEXMni WR1ghedbasBaseR @ a cationic lipid;

PRIRYANe- R%ra%%%llﬁgpggfs»cgﬁs an%%nw%ééémaé alldpld

Sangyo) I s "baSed HvJ envel op (inactivate
Pavedaia vi rHﬂasp)tldanth heogene) Fhd ChansderKian(Aetive Motif),
%%Qﬁ?%&% Fsed on a membrane-permeable peptide, and GenomONE

(Ishihara Sangyo), which is based on HVJ envelop (inactivated
Sendai virus), and the like. The transfer can be achieved per
the protocols attached to these reagents, a common procedure
being as described below. A dominant negative mutant of p53 is
diluted in an appropriate solvent (for example, 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 the cells
after medium exchange 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
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the protocols attached to these reagents, a conmmon
procedure being as described bel ow. A dom nant

woegmtisys3mut ant of p53 is diluted in an appr opCTa@aPmo9/062173

solvent (for exanple, a buffer solution such as PBS or
m&EPEDR) , a transfer reagent is added, the mixture is
i ncubated. at roomte, %gagtur for ahout

i nut BSVEBOPR i E% 2 IR, the' Sadlapegetrating

d&ﬁglﬁebfsagﬁf§feﬂ@d|éUEH”%H"HEB%d@Hﬂldid%QEWEdfAﬁ@P HIV-
medi um and the cell's are incubated at 37C for one

dewjerdl TABufEramiet edi+ @t alhe GRddi %r|@8r9er?§véé9§ﬁéi or
el aCﬁdt é‘ofggeﬁeﬁﬂéﬁmcoﬁ‘t ”'dé@!ie%'Sumll%\L@soRQ@sBT?S

I'Acl tde’ e usin le cell” penetrating domai n of
Ppneteamnswbhressri,r oot la-,det.i g IANICHRIH V&S, | \1@644 =50

A rapkel ,.A __et_al 1, 55,1189- 19
(E5ahS T WPEERE I ohEntr i, B Bt &l e 17k lggoad. Sei.
UéA%S),)SZEt’@neOr aQOUo(Dermﬁéhsp&rtalet abogal .MBiet.al. FASEB J.
Chem 269, 10444-50 199 Buf orin 1| %}Park
18y A7~ 7Pr 6299Rht + MeRd(masie]l amphigathdsy Doy l@?&odf})ehlke' J-
sp Po I E 7
;([1888 ?E’Lbéﬂlﬁ n%%é?h%énph?éptaatahllcmspep%ﬁ 3912(19@'éﬂ K-FGF
(8tinal Y.BhochEnalBi @ph@rsol Ahenm. 14nY, 1&75%1‘14@15@98)1)995

t I
KTZ§5 Si1 g@ (%99%3)af %tlirsea alo %0@2{? aI2375% 2003 )1
PG@bh $L0hdb5rg,3§2 ét(QDOSBﬁocH&mLNBidphyﬁkHRgs PComMun 299,

h Bi 0 R 99, 85-90
530802) POOBVEC PEFEnlELranset, or aéx B8y [Copds Res - 269,
23694423%064) § @éﬁ)l Hedr i £ NQﬁrN§a aﬁs Nagturad Blotechnol
Nat ur e Bi ot ecfm 19, 1173-'6 (2001))

, Pep-7 (Gao,
18 éﬂ73l 6i 68P§1) MedPertien{Caw, Chosafc@sl(%ml) %ﬁﬁa Chem.
1050885, SeiFOpRohy e RS RE IR, C 05t M AR

pgmmaaal .655]- 6762860]300@nd, HBW-IJIefHMBﬁ, P SCPPsiyman, G
erived fromt P i pcl ol yar gi_ni.nes_such

IR CoBERoRemr oabr Saoynd bOR0o T Rl Brd. coes
d@‘illkredd‘?koﬁotﬂaglﬁ'fbs SheMdL 0881 vy i 00k 2009) Jas AIR (Cell
fusion protein ex I‘eSSI on vector incor oratl_r%% a cDNA

Stera Cedri n4nB8hegaf { 7e0 it a?ﬁ*do?R p&& o cpp
d%?qli%mi? '6? PLERAT §6’o§°o§' 6@ j nant eXRLeSPBRein
us n proteln and t usl on

expression vector 1ncorporat1ng a cDNA of a dominant negative
mutant of p53 and a PTD or CPP sequence is prepared to allow
recombinant expression of the fusion protein, and the fusion
protein is recovered for use in the transfer. This transfer
can be achieved as described above, except that no protein
transfer reagent is added.

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

As described above, permanent inhibition of p53 function
potentially increases the risk of carcinogenesis; however,

because a dominant negative mutant of p53 undergoes
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protein is recovered for use in the transfer. This
transfer can be achi eved as descri bed above, except

woOhet9/15759pr ot ei n transfer reagent is added. PCT/JP2009/062173

M croinjection, a nmethod of placing a protein solution
Jdegzadp e duedinotisasengnatheptdrasfestedf cabbuand dsappears
i-nj ect | t ] i nt.Q el.] nsures.the
TN S o e kBT, b8 Brr s Bl R rone1y
@bove;imperirandrt daili list reBtokedp3ubunefi OBe mutant protein

otentially.increases the risk of carcinogenesis;, ,
é%ﬂ&%féﬁ?”b §§§éﬂhC@@ﬁ?ngﬁﬁrﬁeBéQPvﬁa%EFﬁn%so?e%%%red as in
thelesgeesdrgiadald arshyepnat 8861hadt Aget hBNS] 864 ethr
cell and di sappears gradually, and correspondingly the

BT IR OPERIEFEnous| y occurring in the cell is

F£9t %ﬁﬁl:eil@eacﬂ{%ﬂst '%?a%UEﬁEEdBrQF Sblgiﬁé‘ﬂt bg ﬁé‘ﬁ@@'rﬁuﬂ%*a of
cases where high safety I's required as rn the case

®Mhere the i PS cells obtained are utilized for

t herapeutic purpogses. .(a3) Nuclejic,acids that encode a .
doningﬁVﬁﬂgﬁgtﬁﬁ'lﬁﬁié&?ooﬁcﬁggntbﬁgee??s?aﬁfr&PF?RQ;CthH
fateountsdrla ieasR10f, antbAdHELEONehAt Ova S@PRLE Co£8h33 may be

a domi nant negative nutant of p53 may be used in the
Y MGt RGO Oadi Burhaicengbddeshat protedas 2 avrriein,

A3 Of HHE ¥ et@l E)riotté_?hf itgggf.ef Ofl*?eré.fbraéq,ptil?leranother
preferred node of enbodi nent of the present ‘i nvention,
nrrfannechimosie off gs®ofldmentonfi tha puesent mwvehtiwmt, the

: i=Ra ive nutant of p53. .The nucleic
SRR O DR R IRh S T ilheli, BRie T e
dcgnipreefte magay iaeDNAt alftheofupbel ¢ Bod chut\eike acid may be a DNA

doubl e-stranded or singl e-stranded. A cDNA t hat
‘Ehé%ﬂggﬁﬁ nn BN/ F¥GafhiBehait affd ot S pRBeEeFrlby @ DNA. The

rilarREE Ry-ilhesteeBnuaysl deserhNgd abpve; MidL £€508%ly. A cpona
to preparation of the nutant protein. The cDNA
shegdes endemiaantnrecahleppreopainat @f exps eswi dre cloned

R A I R
Cﬂhdﬂmﬂgwtbat examplie. viral vectors such as

retro%%%u%DN e@%hié&%é’is inserted into an appropriate
expression vector comprising a promoter capable of functioning
in a target somatic cell. Useful expression vectors include,
for example, viral vectors such as retrovirus, lentivirus,
adenovirus, adeno-associated virus, herpesvirus and Sendai
virus, plasmids for the expression in animal cells (e.g., pAl-
11, pXT1l, pRc/CMV, pRc/RSV, pcDNAI/Neo) and the like. A kind
of vector used can be chosen as appropriate according to the
intended use of the iPS cells obtained.

Useful promoters used in the expression vector include,
for example, SRa promoter, SV40 promoter, LTR promoter, CMV
(cytomegalovirus) promoter, RSV (Rous sarcoma virus) promoter,
MoMuLV (Moloney mouse leukemia virus) LTR, HSV-TK (herpes
simplex virus thymidine kinase) promoter, EF-alpha promoter,

CAG promoter and the like. Preference is given to MoMuLV LTR,

17



10

15

20

25

30

35

adenovi rus, adeno-associ ated virus, herpesvirus and

Sendai virus, plasmds for the expression in aninal
woebdiss{m3g., pAl - 11, pXTl, pRc/ CW, pRc/ RSV, PCT/IP2009/062173

pcDNAI/ Neo) and the |ike. A kind of vector used can be

CIA OS £5mESe AP PSP b Bro 12€ 0 1230 pha diemotteendedcupeonbter
the i PS cells obtained. Useful pronoters used in the
apdpFle’stbft vector include, for exanple, SRa pronoter,

SVAO Pk ONDLSFe s diTdR RFQITYEmayCME oot OBBgakeYireds) in addition
pronoter, RSV (Rous sarcoma virus) pronoter, MMLV

tO M| PO RS A1 RIKEFAGE M rruPP UYFRETHSRITRY FéPpas, 2

' i yod gl ne, ki ) bn EE1akRN
SSHRLRGY BB PSR At By e
1gkeen BsaniiMd b1 TR eChe Lpichabtler magRarpgenet epglude the

EF- al pha onoter, CAG pronoter and the like. Th
dé%ﬁgﬁgg?%g{%e@?%?é%?e X bor ,t%aes s S l&%&?‘? FoR e
the BuPEAYBLEI re s €GN CRine aRDItraddrydeat i on signal,

a sel ectabl e marker gene, an SV40 replicati,on origin ,

and the P¥RECSEL@RPYRITN M et Eafiue [edck 8cigefecoding a

d%@glﬁ%gﬁ ngagi@e\!dﬁ@éaﬂ at £ JeAuchasR 8RS odRRd into a cell

cI'n résistance gene, the puronycin resistance
bgeaetantnifeel kkewn Apeexir esstordiertior ther kénidngfathe

nucl ei ¢ acid encodi ng. a dam_nant. _negat i of ;
V553°Can fgré tﬂ?ﬁ rStitieed ihto & cé’IeICt%% ’aﬁ%o%%%%ﬁ%ekn%vﬁlasmld
cPeEasfiagCendi ngcleit heckd nshaddine aetinmdmanttn nelgative

case of a viral vector, f r,exa%e, a plasmd Kaai 11
mEsARAI AFNGOEhes ntlFEPLUGRT dehfe 'r?f%cg%ﬁﬁ%tpac aging ce
(%‘?g@t,' ¥eaURant1 95 PE3 4 SchdpTQteet-y Ml AN ine (e.g., 293-

appropriate packaging cell (e.g., Plat-E cells) or a
cedipl entheavyradl vetioe peogucedoln i |@yltunehsupergatant

.vector produced .i h u ' b
llseéfgggyga,egénggghgh%eg?%?é% s{?en ec?ecéﬂ(]% 2&% r#g%cé:lelllby yaa
meehbad sstictBbeefbor thheviiahl veeicdor . Fear esrappke, specific

specifi¢ means using a retroviral vector as a vectaor .
ngPeSdiS PG Bd PRI RDRB0Y/ KRR 81T VADET GF Kreclosed in
1102006) ca3B@ 60k 1131 26864687876 208706) When @11, 131, 861-872

l'entiviral vector is used as a vector, a disclosure is
(@P417) abWbennaStpehdBlralgveaay- 19 2sP 0T )2 VAHET i PS

Lelhsare Yhi Li,z28d.f9L 1ReEAPENLLC BYEPOSESI-1920 (2007) .
When iPS cells are utilized for therapeutic purposes,
permanent inhibition of the p53 function potentially increases
the risk of carcinogenesis in tissues and organs
differentiated from iPS cells; therefore, the nucleic acid
that encodes a dominant negative mutant of p53 is preferably
expressed transiently, without being integrated into the
chromosome of the cells. From this viewpoint, use of an
adenoviral vector, whose integration into chromosome is rare,
is preferred. Specific means using an adenoviral vector is
disclosed in Science, 322, 945-949 (2008). Because adeno-
associated virus is also low in the frequency of integration
into chromosome, and is lower than adenovirai vectors in terms

of cytotoxicity and inflammation-causing activity, it can be
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per manent inhibition of the p53 function potentially
i ncreases the risk of carcinogenesis in tissues and

wongans7sfferentiated fromi PS cells; therefopreT/spives/n62173

nucleic acid that encodes a dom nant negative nutant
I@ﬁnfplsmﬁ% a;ﬂ emeytasiy peegeessedd veransi erdegausE tHesistent

SEN0INPUMLEINL e 6NLAREATe, 0L oLl CellSreing staply

Wpol n useé of an a enovi raf vecto
pwuﬁﬂnhruuﬂymﬁﬂ drhe mhmombsomnsoandlsanabe degraded and

refer eci fi, ans usin enovira
P e T et 555088, 080 TS 0bEs fer Bebi e L zed
28RIASSOReghed 1 Ml Psrk$s k8O éﬁy\!cé@sicne fyRauRnEaofiral
integration into chronosone, is | ower than

%ﬁﬁﬁﬁﬁmIQﬂe\ﬂﬁﬁﬂﬁ@?qdnlPePhBBéﬁlcyﬁb?@xv0269 ah(383-27391

djﬁdjyﬂggﬂ(ﬁg ng activity, it can benentioned as
anot her preferred vector. Because persi stent

expre§§uﬂhéiy$€rS@ddaﬂ vbcabrvectarlésttapaaleV@¢tor is used,
hei n ta QHrese ide the chronosone

e PSS hottl LerRgoRne RS F e r by Pogsibly
b escqaeas are%l@mmtﬂéd zedeasroekl, . nggakﬁmpyepeasmétm can be
expreSS|on type Senda| viral _vector, one described in

uped grate w ef@énr32?38é62?39§1?2©@7§ fRFPHRs @ dominant

Iﬂﬁﬁﬁnjﬁh%ﬁﬁ%ﬂ&ekﬁp¥ﬁ@alsV%ﬁEOEuQruéthnﬁhg'éf@/ﬂ@%@cgystem,

'S used even if sil enci ng of the transgene
Wheanu Reapming possidsispagc onBat ebet i widtled JtChEH efegruence

nuc g#%ﬁgi bo %h”%%%%d ga@hge ysediprefe &ab'ya&mgééé” s

at encodes a dom nant - Regat i
ofllpb&ies ioutuceuat, thiergatherCrhél 0x@ systwiinadenis allowed

beco nnec That wi,th a | oxP seq

r%ﬁ% & Sh G 5158 FhBiﬁﬁ’@Fgl EeGEPH Ph %@%%Jeral
vé%&cﬁ;el lsaned ndueed, shhareahtar pyhensr Bk PCaBIAASEs can be
is allowed to act on the cells using a plasmd vector

Bt RREnovPraRUFECEDE, eW¢%—pw@ﬁe%mw By tth@e LTR U3

s SUSTSES, SERRIANL LUl noBECRUE e iciniey

essEdd ymupﬂﬁﬂﬂﬁtﬂoasmathbsbngeme in mheevpreferqble to avoid
1{hgereof |nsert| n nuta re preferab

O S ot PLLSOR Y BEUF AP BRIGTORAES cYdvpcnpue LTR
cﬁﬁﬂﬁxﬁycﬁh&h@TRcQﬂi%b%@eﬁ&etB@mh@ﬁfh@eﬂﬂeﬁﬁ@ FEMBh I O hout
bler}_ntghecu%erc])?lr{% Vt\fstlgcg)jua 3"-self-inactivated (SIN) LTR prepared
by deleting 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, in the case of a plasmid vector, which is a
non-viral vector, the vector can be introduced 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
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being cut out, using a 3 '-self-inactivated (SIN) LTR

prepared by deleting the sequence, or substituting the
weemqsast3wi t h a pol yadenyl ati on sequence suchpras/Jef009/062173

SV40. Specific nmeans using the Cre-1oxP systemand SIN
thdRapsuti scpusessesn, Gangpeta alasmist emcteld san2be a

1042- 1049 009) . Meanwhile, in the _case of a plasmd :
W%E?BF‘?dv%‘%% PS5 SRR e %7\eéPSP,lff-ﬁem$%%?oPg%%% peplasmid

akNhrpduesd 1 8tQ@edc£8bdd Usi nFdheddmpafectdgr et hago, 949-
| i posome nethod, el ectroporation nethod, calcium

9pRoéphaB e aedpkleipikati on met hod, DEAE dextran
met ho j i nj [ ¢ . h . he
. 161 LSO, AN A OHT B OL-ASE L4
ephsemaat veatdnt owlthelonbs amet dremearsd )y triep lticabd gewatisgde

aﬁgraded an remqﬁgd Q{ DNase i n_t he celhsi %Qg£8£°£§'
CRABHOPPE® cel 1RE Gr'e UTIT Zed 51 6Pt Rr &P&GEI"E plr poSes)
quse16ke@ phaspidn¥est 9p4campbam @efer.red mode of
enbodi nent. A specific neans using a plasmd as a

vect oR153 WesRr #BeddFPOYHr USRS Slasglichds usesl, §h6.
t%§§s§g988%aﬁn§e£hfn%é&fhtéﬁ“ﬂﬁ%ﬂ HERIRIMUL therefore, it is

non-rntegration type vector is an episomal vector,
ewkinthal $y ancoassang| o rephficablthowsiaes wonpsersion of

eci fic,neans, usi ng an .episomal _vect.or, .. i sclpsed :
AR Gk entEEC3nt She TR0 1O RS e S i)y S REET ror enis
ragdepayi Lugeotha pFasamehi sonsed;rd-Hetlr anggeng dan oget be
integrated into chronosone; therefore, it i

is :
2gyeRtagrPySnbLedsary ToPeonfit i thebdede dsne 1o
ih@%?&&t@& htbheng6Rss bt 0 SEAUDSUE the SUHNEN removed. In
bl otting or PCR For this reason, |ike the
aabtherenreéasdedr voflox Pt ssmredamant cgh Mshadl aadeoused

Q_u nme i n_t i S | ;
w5 B PoRoEonat IEhE, Dar P IR S QLU poin =

tapnaspesony; etreredftedea of randbettarenti s aalietwesd tcamdie on the

used wherein the transgene is integrated into
cgﬁ oHﬁ%Bﬁeaugﬁﬁﬁmédtyﬁ E%Bs%ﬁ,a qﬂ§%ﬁﬁ% rV%ftor so as to

dorphetengselimi ahteveHet Or@¢d g theore elte Usimhcdsome. As
pl asm d vector or adenoviral vector so as to

exonpllesePy Brefthabéct heansReSYehe F¥EFRafe 2 transposon
d%Efi%gse_@me %ggggglﬁsmé P&t er abl gy tRNSPARONSn be

piggyBac, a tran
mentioned. Specific means using the piggyBac transposon is

disclosed in Kaji et al., Nature advance online publication 1
March 2009 (doi:10.1038/nature07864), Woltjen et al., Nature
advance online publication 1 March 2009
(doi:10.1038/nature07863). 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.
(a4) p53 pathway inhibitors

Here, the term p53 pathway is used with a meaning
including all upstream signal cascades that can activate p53
and all downstream signal cascades mediated by activated p53.

Therefore, p53 pathway inhibitors include all substances that
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derived froma | epidopterous insect, and the |i ke can
be nentioned. Specific nmeans using the piggyBac
wonremspT®en i s disclosed in Kaji et al ., NatuPeT/JrP2009/062173
advance online publication 1 March 2009 (doi: 10
inhOBBL na:hwmﬁ)a 868)the \Wfdjeerergti caled shatwle tadnadgetion

PRUFRAL Wb 7H63) BT Hibl AR et iRgRment, che P53

pb@h%é%%ﬁhhﬂ@lﬁ@ﬁpﬂﬁséVﬁuﬁﬁﬁﬁﬁﬁg tHatpreMlar s’ @gie0Rxpression
Tet R & Tet-Of R Gene Expression Systens

°€I SHREERPN c MY B el MR E # QY 13 8% di %) (szjt'r AHS5Enes.
t&QﬁEcEgﬁtEéﬁ hygy, Lphi bi L ons, gﬁﬁ Ad1e d:8HPIRE3 NENAVAKhRNA,

IS use a meani ng 1 ncluding all upstream Si gnal
anassadse thaletanaatds v at Bophanesn gl insdowmislt eegmthe like

cade ated b actlv t.ed o]
06513 ﬁa{nﬁ yoT A r% S i Gae &1 dguggl?gnéxg%% the
ekbatkBhbhi bfapyl o8en dbe t dies Pfrosce neamd Isq,ﬁﬁﬂieaalgzl’wi m the same
transducti on pat hways, but _in a %referred node

méﬁﬁ@ﬁlﬁﬁthetﬁétB9§ ﬁthﬁéﬁNﬁmhl RNEy agt&s§&ﬁ§tgﬁgéelc acids,

hat-1Habh sabhe §§Sdi@£bﬁbefd”t§él Me b
alhnhlkélbt o?@égc?%l?%p% p21, whose tradr?gcrl pt |c()ar?|se

lacttrpvlat:ed bytp53; spwatexappll, SFHRNAUCIKRNAACARE] Balske
nucI aci y4 t a
PEE Vi rren ionegIsle #é%g %g‘g e‘?eggg%isdtkp‘%% %Hgﬂ%%ét ét?%n{: the
vexfoessbhanbef cpRiteant bé ﬂ:estlgmwhmdnaa’mmeﬁ Za imethod for
t he same panner as the rreth r
aai’ﬂelc§é’ﬁsEhﬁEcF§PEe§E?ﬁsanaﬁ Mﬁiﬁﬁ%ﬂ%%§mdelc
%Crbgeglggkgﬁb agdigan @§3|d@§éﬁﬂﬁéﬂibémdwiiéﬁﬁﬂﬁnﬂroduced
ce . The nucleic acids may be provided in the form of

iateeet 6emBRAE ERplesses them the vector can be
ConSt&Hcéﬁgthgrt§§e§éffegqﬂ%§A(§§ éﬁﬁb&%ﬁgﬁﬁifﬂHefb53 pathway

vect of that ‘expresses an si shRNA, ‘anti sense
imindloditoradisda substbnzyn‘eha‘gamn}sibplss es ARDEPMETW

and intrqduced into a _sonati nother

pﬁlt HEF ed Hto &GP &b & %#&D&%e 6@3 5a vvé’ inhibitors, MDM2,
WHﬂEhb%hﬁﬁsl&1@e§ﬁ@§t660p53hﬂb ¢f$m$téstﬁ@eextranuclear

ARF- MDMR- p53 pat hway; for exanple, as ARF- NDWVR-

53 i
traneRey tRRAPBI O&r §blmm%i‘-% HherROHi PR |%}1‘$Joelp%?<31d
A PARLR st BRcCXLEANUEH88F  yhich inhibits the action of MDM2

on p53, a substance that inhibits the expression or function
of ATM (ataxia-telangiectasia mutated) (for example, siRNAs
and shRNAs against these factors) and the like can be
mentioned.
(a5) Other substances

As examples of other substances that inhibit the function
of the p53 protein, anti-p53 antagonist antibody or a nucleic
acid that encodes the same can be mentioned. The anti-p53
antagonist antibody may be a p?lyclonal antibody or a
monoclonal antibody. The isotype of the antibody is not
particularly limited, and is preferably IgG, IgM or IgA,
particularly preferably IgG. The antibody may be, in addition

to a complete antibody molecule, for example, a fragment such
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transportation or ubiquitination thereof or a nucleic

acid that encodes the sane, pl , which inhibits the
waebivas7e8 MDMR2 on p53, a substance that i nhi bPCT/JIPIve9/062173

expression or function of ATM (ataxia-tel angi ectasi a
agutah edfalhf oroex@(ay‘e,,, SeRNAG jagdt s idliscabai prsepd fed oy a

factors) and the |i ke can be nentioned her , .
IenDsERHERISAIRI e ISt e P Ss FHSY an%&?’f‘ ﬁlgt' minibody,
ok NG Bbbad heo f uncdd on,0fi dd e a3 o albolified@nthitR58 molecule

antagoni st ant i body or- a nucleic acid that encodes the

hsameg caro bel presita ikl 1mth & o, p5S3cinpageRilyethylene glycol

(BRE| DO%Y, "B DO ROl KEARaL aALEBAdY BAn0BPGLABEL using

I"sot e anti I'S not
ppar brcal patyidl nbéwd deanthdeqir efserablayptigen, | @M ermethod of

Il gA particul arl r ef G, Th ti bod b
- B b sl e Bre SR ST L 0 IV elfieo of
kﬁé@ﬁpéﬁtlapra@ﬁ@ﬁﬁoﬁ&%ﬂ"ﬁhﬂﬁﬂbdﬂ%ﬁ),PHml8EGahOhc3gene

conj ugat e nol ecul e prepared by a gene en i neering
sceenaeghle-2 suahd ak0sk FIONERISAF ECIANgh &y 6) or(GlTe and

w%?@?&ym I3 dgrivatiye t chngISOf pdiifgiad 1wt h 3998)) and

ul e av I hg pr ot éin- st |2|ng action, suc as
thel yEKhybenebgllyeemltlcérREG) A Amcaptic- ps3dahha§oﬁn§odes an

aggéit_gggy c gggglgéoducgﬁ?#%g%n 5e3 10er %ﬁc%? tflfr i Byt doma
tﬁétaﬁkbdﬁeég%ﬂr@ﬁuﬁ-pw I{mmqaﬁl s;mtmosiyewr;al es of

known anti ~p53 ant agoni st ant| bod| es g\b
Cemééﬁéﬁéaécm%]&%d% The FhEhBen 206ndog ﬁéﬂs@?aﬁée%amd
m%%/ ?E{ W?é@ﬁé’ T@@'@ﬁepa{\@ ‘a Qﬁlc!lel% QAloid ¥hat encodes

11 1998 and the |i'ke can be nentioned. A
anaahgﬂe abadnt hatlb@@:ode@mf@éﬁhLYpS?fhﬁﬁ?agéﬁF@Pdles are
anti.body.can be is ri doma t hat
fb“FSSU&’é\s‘h rtlo ?men ﬁo}rlrgt;%o% ona ]%)I body by a

convenki aﬁathaet b@]dsté'ﬂﬂ@e I-‘elﬂ:dﬂlalmlalrtdLﬂs dire fuereon of the
obt ai ned ,may be 0| ne?}lto et her tone{)re, are a nucl ej

o261 8*P&L eneBieEta B CRIR T gAY Prefertisiiypic acid

th%%s%négﬁbgoghésséﬁg é§§egevméﬁkiﬁﬂ§d”“9ﬁhl@ﬁ%d B?D thagonlst
A s anot her substance that inhibits the function

aa.arfclbnelypaadpaonéph,elgnagh@| tholh engedpnidie SANDEHR Grlso be

p%e%%%%%lgsa%ﬁgh the aforementioned anti-p53 antagonist

antibody and nucleic acid that encodes the same.

Still another substance that inhibits the function of the
p53 protein is a decoy nucleic acid comprising a consensus
sequence of p53-responsive element (e.g., Pu-Pu-Pu-G-A/T-T/A-
C-Py-Py-Py (Pu: purine base, Py: pyrimidine base); SEQ ID
NO:27). Such a nucleic acid can be synthesized on the basis of
the aforementioned nucleotide sequence information using an
automated DNA/RNA synthesizer. Alternatively, such a decoy
nucleic acid is commercially available (e.g., p53
transcription factor decoy (GeneDetect.com)).

An anti-p53 antagonist antibody and an anti-p21
antagonist antibody, or a nucleic acid that encodes the

antibody can be introduced into a cell with the method
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that encodes the sane can be nmentioned. An anti-p2l

ant agoni st anti body and a nucleic acid that encodes
woOhervgiamm3can al so be prepared as with the PCT/JP2009/062173

af orenenti oned anti-p53 antagoni st anti body and
dégckﬁb@dathdth@a$t&hnmﬁﬁscﬁhezsﬁmanaﬁ&imbgamdwhemutant of

subst ance t inhjbits the fu ctl n of th
D5RobE i TEChe ooty hudiHh RRIr o FEiER T aREBREAYe1Y
Tﬁ@qgﬁ898mgﬁt95§e&a&&ﬂﬁ@'ﬂ&tﬁéﬁﬂﬁﬁﬁld(bdm be introduced into a
Pu- Pu- Pu- G A/ T- T/ AC- q\{IQAI)PU purine base, Py:
cpyii hivdiaeobagkjon @§§9q43 a nucleic acid

can bﬁ@%@ﬁbﬁé' zed é’i‘anﬁg‘lee§4§f S s e af %%%eahh%@q the

nucl eot I de sequence i nformation using an automated
e&)plAéRBlesyofh’g]se zeb3 gerner retBNAs \Or ﬁﬂNPas @@@éylst P53,

d is _commerci aval
VFF §ErFﬁ?# ﬁx?ﬁﬁ?%ra%e:§§h%é%néf% ect cg ¢ gi3) antisense
n@ﬁ%é1@5§c?ﬁbag@ﬁi%§tam63bﬂﬁw %ﬂhbzyMéﬁﬂagthbt p53, and the
ant agoni st antibody, or a nucleic aci at enco
like &ani Bedperhhonedi MR RRICR T A dfb“éﬁs s nrsﬁs p53 and
vgﬁkgggd€ﬁgE'Q§?réQst§§ stRiEent o 0f RO EAMHreferable.

negative mutan or a nucleic acid that encodes
(bheé ﬁmRHﬁtandesbéﬁﬁl&@&ynSﬂTmﬁ%forenentloned decoy

Lo, Bl ah s T L g YAl e basts or cne
meXaepbes hafagub5BaaDrRE $éqmem¢¢ninfoﬂﬂ&tann&hnwnamyoﬁEQ ID

t he p53_gene, siRNAs or sh al nst_p53,, .vect
NER dt Oéxﬁveé@ GRCSFRRIACSI W M%ﬁa&?}f?ﬂ ; t%%tﬁug‘eer?séjr()posed

b@ugh%la%h@%l ds agai ngtnes3pand, rzpozygmszmaqml)pss The
and the |ike can be nentioned, and si RNAs and shRNAs
tag@@ﬁsﬁegggnéﬁdfOéctb?sS%%%ﬁ BXPras s HERGINA Bt oan AAT (N) 15,

pR%RNAﬁNk%agal §2bg%*N@Q|E S'RNﬁh@ng’Sgﬁgmb§99ﬁ83§e@§§ strand

can be deS|gne on the basis of
niclael mttS & cobehBARN $E%hmﬁ@%Atﬁ&qq&nc€nmmf@ﬁhﬁhﬁomagn@ﬁm

by SEQ I D d t h,

B OPes pPBo0RaT A BRET PRatodt { CHCO TRLLE that the
th2get88uedPenc208d) se1dBEed A GELe &L ISIRACER fand tdieo RMAbases
is, as a general rule, 19, but may, be AA

frpmphRASTENE 2Pdvhe 3S' W%H(a ?F RO senkedien m%%an 3"~
. tenRecAAALLRPUGh {1 ROSidd A pleddie ita080 not

particularly limited, but the content is preferably about 30
to about 50%; a sequence with no irregularity in GC
distribution and with only a few repeats is desirable. When a
polIII promoter is used as a promoter in designing a vector
that expresses an siRNA or shRNA of (b2) below, a sequence of
4 or more T or A bases in succession should not be chosen, so
as to prevent polymerase transcription from ceasing.

The target sequence candidates selected on the basis of
the above-described rules are examined for homology to
sequences of 16-17 bases in succession in mRNAs other than the
target, using a homology search software program such as BLAST
(http://www.ncbi.nlm.nih.gov/BLAST/), so as to confirm the

specificity of the target sequences selected. For the target
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sequence is not particularly limted, it is desirable

that the target sequence be sel ected between 5' -UTR
wandabmes 50 bases fromthe start codon, as wetCr/JeE09/062173

froma region other than 3'- UTR The GC content of
stchpehaegetfoseguénbeths apsol hbtitpartasdbean ycdnfiinmesg, a

ut .t he cont.ent _j referably about 30 to_.about ,50% r_
BfencsZaPrRans R, PREFEFTeY Fhbdiat ot 2 3
teridinanl yvarhawgr epeatrsorsudesh rept el Mwss aafadd 1A (or NA)
pronoter is used as a pronoter in designing a vector
ke éﬁ@u@%sscawpéﬁwt%ﬂrysmzr\wl%fl%% RiEtstn, apd an

SRIUeRCe ok 4ner nARERG T2 05/ A DARESa ]l NoPASERSPIMN TT or UU, is
shoul d not be chosen, "so as to prevent pol ynerase

desdgeedi pei en BEBNRceddisy. ThshRVyaars dgusiesd gned by
ndi.dat es, sel e ' t :

HROTG28, PRERPATaE Pl iR ety Mhoasn i, omerce

csegidrces dorkbnd7abasep strsaceess(dor i exariNies, atlbdrert 8-25

an e Langel,  us! 092 bomol o0y, S621 ofL S0 WIS an

AR/ SN BGRI vAkMAEN1 0N BLASThdncsO as to confirm
the specificity of the target sequences sel ected. For

t he t eguescgienées iRIASWARGNOE hehRWe| ¢ariky FRargash for
fir -1 -S { St f L
B
vEDsAt elzaseBxahip bes AN (suciN® it imclegisndmt are not limited

complenmentary to the 19-21 bases, and an antisense
'?gﬁﬁ ﬁ&%%%ngrgeﬁtgﬁﬁgﬁﬁl overhang of TT or WU, is

ARSIANOGWAS g iShRNAm/AbgeecBNiE NN LaRIDE EliRsd@nattml) and
by choosing as appropriate an gﬁtlonally_chosen i nker
0

ISEpIEn g€ séapalre Lof oF oPHiLAGRECF O OPXRBEPUTT AR VR FHRT
lﬁ%wW%b%H%i%h@%oR???Z%gc%%gg/ﬁig@yﬁgﬂléﬁﬁér converter.htm

ar o énentlone sense s anti sense stramrd vi a
lt)he Hotik errosegieenby. ABedarncasdofeseRdAs and/ or shRNAs

B RS R0 PRI O SRR RO provice

ISURNAS esldxC lande siftillaar eefoth! i g pedsiole tdhe shdNAebsites
Target Finder (http: //ww [

o R Nec HIAkE7 SePsi ﬁmﬁiﬁrggg'rqu%m?w%ndwwg%wad

Hesi i 00l fak Reicheneerhtgl EX8ressi poxdector (http:

/'Iww. anbion. conijp/techlib/msc/psilencer _converter
.ht m Shown below are the sequences of shRNAs against mouse p53
designed using software programs available on the websites of
Ambion (SEQ ID NO:5-24) and RNAi Codex (SEQ ID NO:25 and 26).
The underlined sequences are sense strands (bald letters) and
antisense strands of dsRNAs resulting after cleavage with a
dicer (not containing the 3’-overhang “TT”). Small letters
indicate a mismatch or a loop.

[SEQ ID NO:5]

5/ -TTTGACTGGATGACTGCCATGGttcaagagaCCATGGCAGTCATCCAGTCTTTTTT-3
[SEQ ID NO:6]

5’ -TTTGATATCCTGCCATCACCTCttcaagagaGAGGTGATGGCAGGATATCTTTTTT 3"
[SEQ ID NO:7]

5’ -TTTGGCCCAAGTGAAGCCCTCCttcaagagaGGAGGGCTTCACTTGGGCCTTTTTT-3"
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1), both provided by Anbion, and GeneSeer
(http://codex. cshl.edu/scripts/ newsearchhairpin.cgi)

wonoiideds by RNAI Codex; and simlar search i SPODgB00Y/@62173

on the websites of Q AGEN, Takara Bi o, Si Search,
[(BEar macon;: 8VWi t ehead Institute, Invitrogen, Pronega

gndthellke Shown belo arethe mm _ar
<DgarnereaniCuonsshatendih s Ul Ctorer-3
[@val fabke:on the websites of Anbl on (SEQ I D NO 5-24)
and RNAI Codex (SEQ ID NO 25 and 26 The underlined

54 cJ I8 EEES TRFEAGEETEACERAG RS I FRI LT TGAGACTH{FACGECTTTTTT -3
shrands of dsRNAs resulting after cl eavage

[%%%%%ngllgcerﬁ(not containing the 3 '-overhang "TT").

5SHFAITIT GIETEErATENECACETAGE 1T 3ngr TCTACET GRS TAPSEGAJITTTTT-37

. TTG CTGGATGACTGEC(. TGG ttcaagaga
[%%é:ﬁéw& CCAGTC TTTTTT~3' [SEQIDNO 6] 5
ﬁﬁ@@ﬁﬁﬁi@@ééﬁéﬁ&éﬁéﬁiﬁkt&@agagaﬁmTEKEE@E@GEKGKG@KDNmETTT—3'
IIIIII-b SEQID NO:7] 5 ' -TTT
[m NGt CCt t caagaga
RPACTECEREETEEEE Tt 32 b SRR dc R A Tdedn A TAGCTTTTTT -3/

A t caagaga GACACTCGGAGGEGCTTCAC
FE'EUI"E'D—:B]O' IBSEQ ID NO 9] 5 '-TTT GCCCTCCGAGIGICAGGAG
ee

%Q%-Aﬂbf&cﬁéﬁ%&éé%@&%CTTTTTT—3'

[WIAACAGAC TTTTTT S'" [SEQID NG 11] 5 -TTT

CTCCTCCCCTC ATttcaa a ATT ,
o 1 T EAR T CAREECABAIEA a0 gab4s ACTTCITTTTT-3

tdpagage; .@GGCAGCTGGCAGAATAGC TTTTTT-3 [' SEQ ID
NO.13] 5 *-TIT GACGTGCCCTGTGCAGITG {1 caa
B CBGCARBTEACEEAT FCSA 0 GECTCES & GGﬁGﬁ&ﬁCTTTTTT Y

g,ge% TGAGG L t cangaga COTCATGTGCTGTGACTTC
EQ ID NO 15] 5'-TTT GTCACAGCACATGACGGAG

3w«mmﬂyﬂyaymfecemmsmGEEGEEE&A&QagaﬁawcGGGATACAAATTTCCTTTTTT—3'
[SEQ ID NO:17]
57 - TTT@TACATGTGTAATAGCTCCtt caagagaGGAGCTATTACACATGTACTTTTTT -3
[SEQ ID NO:18]
5/ —TTTGACTCCAGTGGGAACCTTCttcaagagaGAAGGTTCCCACTGGAGTCTTTTTT-3"
[SEQ ID NO:19]
5/ —TTTGTCCTTTGCCCTGAACTGCt t caagagaGCAGTTCAGGGCARAGGACTTTTTT -3/
[SEQ ID NO:20]
57 —TTTGATCCGCGEGCGTAAACGCt t caagagaGCGTTTACGCCCGCGGATCTTTTTT -3/
[SEQ ID NO:21]
57 —TTTGACCAAGAAGGGCCAGTCTttcaagagaAGACTGGCCCTTCTTGGTCTTTTTT -3/
[SEQ ID NO:22]
57 —ITTGAAAGTGGGGCCTGACTCAL t caagagaTGAGTCAGGCCCCACTTTCTTTTTT -3/
[SEQ ID NO:23]

5/ ~TTTGTTGGGGAATAGGTTCGATAt tcaagagaTATCAACCTATTCCCCAACTTTTTT-3
[SEQ ID NO:24]
5/ - TTTGATTCTATCTTGGGCCCTCttcaagagaGAGGGCCCAAGATAGAATCTTTTTT-37
[SEQ ID NO:25]
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[SEQ ID NO 16] 5'-TTT GGAAATTTGIATCCCGAGT ttcaagaga
ACTCGGGATACAAATTTCC TTTTTT-3 " [SEQ ID NGO 17] 5 -TTT

WGRAGAFGISTAATAGCCTCC tt caagaga GGAGCTATTACACATETATP2009/062173

TTTTTT-3 " [SEQ ID NO 18] 5'-TTT GACTCCAGIGGGAACCTTC
Sttcaagaga GAAGGITCCCACTGGAGIC TTTTTT-3 [SEQ ID

[@ﬁ“@ AAACGC ttcaagaga GOGTTTACGOCCGOGGATC
TTTTTT-3 ' [SEQ I D NO 21] 5'-TTT GACCAAGAAGGGCCAGTCT
5trcaagaga AGACTGGCCCTTCTTGGIC TTTTTT-3 ' [SEQ ID

T RCEAGTAT? 000 %&Aﬁ@@&gﬁ%@TAGACTGFTTTTT ~37
[SEOTD NO 231 5 =711
GTTGG@@AAIA@@Tammsttp@égfa@ra HTA TOARARERAT FOCEw kb esizing a

%gﬁ%%g%&féf?cﬁg%%%ﬁf%ﬁi241de éndngilsense strand

d@%@&ﬁ@&@é&ﬁéﬁéﬁﬁégﬁﬁﬁgaTES3des¢£iﬁ@d dbd¥@ 25y an automated

TTTG CAUTACAgGTACQTGIGTA t gtgctgtc

WMK@ATGYR@W@?A@?G SV%JQEQ THING PSP PTG
TAGETREEC0adAn Gt 9L 8€1 Gt & Ci ] AdCEXEXAMNEEANAGHRea11ng

TTTTTT 3 An si RNA"agai nst p53 can be prepared by

bsyfifielre siodiugoa senskostr afdtol dlgortucd €6t ifde abgut 1 minute,

glgt | S J‘S?%né%é%ggbo' I ggc%ﬁ%%ﬁﬂ; 25?}1% gi?(?q:oasabdoeuscc H Oggdfor

hesi zer,
ake&ﬁedttmebbpuand hbnrsexdhphﬂﬂ@ﬂ%naﬁunmﬂgpﬁﬁecan be prepared

ol i cl eot,ides._in an r e anneal i

TR e Bua L 0r PG BB b LRe BT H10 sb A T aetfuence,
dharerld e arrRealheg LPEvEANEs g 20 UhuBéind e mi / RIGC
for about 1 to about 8 hours. An shRNA agai nst p53 can

e thesgacad BydsphLABANGI RS oPPERNLR | Bt RN IRy dapceribed

K \ sequence, designed as described above, using an
aut omat ed DNA/ RNA
Although the nucleotide molecules that constitute the

siRNA and shRNA may be naturally occurring RNAs, the molecules
can comprise various chemical modifications in order to
increase the stability (chemical and/or to-enzyme) or specific
activity (affinity for mRNA). For example, to prevent
degradation by hydrolylases such as nuclease, the phosphoric
acid residue (phosphate) of each nucleotide that constitutes
the siRNA or shRNA can be substituted with, for example, a
chemically modified phosphoric acid residue such as
phosphorothiocate (PS), methylphosphonate, or
phosphorodithionate. The hydroxyl group at the 2'-position of
the sugar (ribose) of each nucleotide may be replaced with -H
or -OR (R represents, for example, CH3(2'-0-Me), CHCH,OCH3(2'-
O-MOE), CHyCH,NHC (NH)NH,, CH,CONHCHj;, CHCH,CN or the like).
Furthermore, a base moiety (pyrimidine, purine) may be
chemically modified; for example, introduction of a methyl
group or a cationic functional group into the 5-position of

the pyrimidine base, substitution of the 2-position carbonyl
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synt hesi zer, and allow ng the same to self-anneal as
descri bed above . Al though the nucl eoti de nol ecul es
woOhety/istaesti t ute the si RNA and shRNA may be nararab10y9/062173
occurring RNAs, the nol ecules can conprise various
gebepi eakhnmodibeaabonys amd orteerliles iqror dees eeitg.oned.

stabi it chenm cal and/or to-en or s eC|f
activﬁ??gféFFg k$ ?%?9 l°n¢g¥q§§h S %gvggtRNA
t%gﬁ:§%€ts' QBebMoﬂﬁYHéﬁi:V'@@eSex&i@h @&ypégl eate Ca’ hesndo (N

phos oric acid_residue (pho.fhate) of each nucl eotide |
tiypet ;cdnsti hnaser Arangee %1]‘ shEMNA SUFR DG Frst iOGe§ 0 an

gg&gl&% exanbey  ang %ﬁ% &Mé'@&&f@%@@drﬁlw the
ospho ‘ot h

residue such as p | oat e
cmafbymphmsphmaafexedraphb@gh@rtmpehl6ﬁ@ﬂ@forﬁe BNA (LNA)

r QX at .the position of egsu
@%@B&§§} e&&ha&u¢lééﬁﬂd e 1 régﬁgced gﬁbﬁ gegeen, J-S-
etRB1UR reppsrusotligesexampl @ 30048, (20040 by ENA (Morita, K.
CH2 CHZ OCH3 (2 '- OMXE), CH2CH2N NH)NH 2, C}chﬁi
et a@mc@@@&e@ﬁlﬁﬁé NuRé§OL FEPE hidk ACIe i —21,

2Ry M eis ne, aEErkﬂﬁ)dgﬁva€1€@§n%Eé%éihrEHEfddﬂkoﬂﬂﬁtlon of

exanﬁle i ntroduction of a nethyl group or a cationic
thensticeralogesypisnfoxefiea’- posi ¥ i oypofby Herifging dihee 2
base S, tuLi n of tl1 p n | Q14
QﬁW%ﬁ%ﬁﬁg%arbgﬁ§ t%e %lkggéé%gb%§%%ﬁ$Q%jQ{ Rity to the
tBQ@@tdmmgqthencam%orhatu@@doﬁréﬁersmggr nnlety of RNA,

tmo types are dom nant: -en
' - end&OPRVEYpePecapie r%éfﬁ?éngt?%ﬁ é%&? g%ﬁ@ﬁ?ecules
ﬂﬂmae%ht%%%Qﬁg bﬁcﬁ@r@ﬁglRNﬂrwyﬂh0%0&&&ibdl&&pd“ﬁﬂlétules can
doubl e strand is forne the conformation is fixed at

Tretesl Nt 9@@ 1pker éffoREAlBM-\t{-EW (1 Frahf sHECeSSarytto

q‘t’ro | gonuc eotl agé6é§ﬂgfi%goﬁ% -glg% ?ﬂ “}Lgnéosseﬂ:ble extent

HHdir iatld,owié thet RAKC, cbmpleastdeﬁumbtie@tldes Nucl ei c
Acids, 22, 1619-21 i ve

d
wher e SHENEoALELREE] ﬁgoFaPhgfﬁﬁ (% ﬁﬁ%%?%?l%a#ro@éd tor

SAlanidie N Aype by Lry. dglmlfdale C%.t# QINEIU8gNGnd SiRNA ID# 69659,
carbon so as to confer strong bindability to the

GRSt GU3 cdf74R4e BB7A38Ed Ea%fl%?bbl §anm@w e.g., Santa
decause 4 epl 36ing allohbbonygl ensi dexyol ecul es

An siRNA and shRNA against human p53 can also be designed
and synthesized using one of the aforementioned search
software programs, by inputting the sequence of human p53 cDNA
shown by SEQ ID NO:3 or Refseq. No. (NM _000546) and the like
as a query, or can also be purchased from Ambion and the like.
Specifically, an shRNA against human p53 having the sequence

5/’ ~GACTCCAGTGGTAATCTACTGCTCGAGCAGTAGATTACCACTGGAGTC-3" (SEQ ID

NO: 28; the bald letters indicate the target sequence for p53;
underlined are the portions where a dsRNA is formed), the
shRNA against p53 described in Science, 296, 550-553 (2002),
and the like can be mentioned.

Contact of an siRNA or shRNA against p53 with a somatic

cell can be achieved by, as in the case of plasmid DNA,
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in a naturally occurring RNA with nodified type
nol ecul es can lead to the loss of RNAI activity, it is

woeemssa9y to i ntroduce a nucl eosi de nodified POTUP®09/062173

m ni num possi bl e extent that allows the RI SC conpl ex
ing oghstiingh than neicRRAcagai dsinps3tbancal souping the liposome

RS S ST A0 5 AL o
a3V 42, 1i&AM26The Saathorugzie. 4. catSadriiac Qi Caiett is the most

sc-29436, . 4 9 nd.the like. An_si RNA and shRNA & .
GRS Coh e 3a Pdh AraBber dBer Brothand. SyntRedies to

disinteh Arereffeldie oaf @eagBAtE0888hS8ar ENpSEE MR £1e2000 and
rograms, by inputting the sequence of human p53 cDNA
Cglﬂﬁiaﬂﬁeﬁ?aSEQel DINGLtZogenRef 0. cKBMPLAM DODBABT)T arrpgents

dihie ddike Qn%lf%@ﬁctggncgf@i als iQﬁApuélﬁ sed gl{é)rs%eneEraserTM

ion and the Tike. Specrfically, ah s agai n
RN B8 sHavitngnt heagegtieiferst a G CCAFTCE AT CAGEGcially
CngA% CAGTAGATTACCACTGGAGTC - (SEQ ID NO 28; the
A 'dFetters indicate the target sequence for p53;

wyendoted sardathexpeeksons YWARKE ar SR i sgd aided)s3
the shRNA agai nst p53 described in Science, 296,
550- 55§ CEOBH2FhataRdPrRES| fReSERNA bereeritablklle in the tandem

9 @Gy %%Fa@t%ﬁRNéoBr(ﬁQ€%§i€§?£g§éig5@¢%“fd}ﬂ%r Fs the type

somatic cell can be achie e case o

il adviich PRASKpressddonngashethacfer caasemse ndtorarie afeldn siRNA

' L thod, -poal yam ne. et hod .
R B SR TEeRBt Cheane. Nt NG e © HE-T97eb, 2 d-taated
teidend esichg saraatli betiagl EpEBOSEed Sih hehdmsdl LA®Nindergoing
h transfer efficiency. In addition to

and qf.fers hi '
n@r%ﬁsﬁgfpiBndPéﬁﬁﬁﬁF§r§%@ﬁda%l%m%of%ﬁﬁﬂﬁﬁ-ne%@@@Whller

R0 1Gtkaef jactam ROpL! AN FRPEEMIn e PF e £XBIP! &yssette for an
transfer reagents Suitable for introduction of an
shiRNRALss deleasedhéntenabEraseett nfhei FNVA reaisfeciioressed in

t ial l
RRSRT, G5 o e o BERCPLIIONTPL UOLLY o, sogg, s,
Mgaiongh p5BoVedt presmbhat €xpressampls) Rinediate-ecarly

availablefi & e tan en1t¥ e and the stem | oop |,
BERACEGEn P GBY) TRE Por HEFS] 25 { HRS (SHN TR ihi th igh common
pERRe%E 08 Gassat b1 or Br&fpser stk anehof @ SiIRMA the

accurate transcription of short RNA. As the polIII promoter,
mouse and human U6-snRNA promoters, human Hl1-RNase P RNA
promoter, human valine-tRNA promoter and the like can be
mentioned. As a transcription termination signal, a sequence
of 4 or more T residues in succession is used.

The siRNA or shRNA expression cassette thus constructed
is then inserted into a plasmid vector or a viral vector. As
such vectors, the same as those described with respect to a
nucleic acid that encodes a dominant negative mutant of p53
can be utilized preferably (viral vectors such as retrovirus,
lentivirus, adenovirus, adeno-associated virus, herpesvirus,
and Sendai virus; animal cell expression plasmids and the

like). The vector used can be chosen as appropriate according
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and an expression cassette for an antisense strand are
|igated tandem each strand bei ng expressed in the
woebdy/1arsd3 under goi ng annealing to forma PCT/JP2009/062173
doubl e-stranded si RNA (dsRNA) . Meanwhile, the latter
tbsthbeify@edéd wie ohf arhexifressildn cbasserde Ber ianthe case
shRNA is inserted jnto cto
ofxBr YLLPRRTH RHEPTHYS @ﬁk?{hMe%&8 ﬁﬁagF8%@¥S|%% By grpression
vaLE8E tl@aif: O£ M S &k RIVA. shﬁiﬂm%lﬁlrﬁstp(ﬁfb | apﬁzﬁﬁat]_eﬁre(:fwﬁ: such
exang i mredi ate-early pronoter, of
2ESTERECPH Bt SPTERPALSS Porivish Rret iafe & &%@@r&lﬁiﬁm |

al@%%gbfé %gﬁ%ﬁ&f %geaEkg/e(P&Qe BORYL ALBuLE PSS LRRIAD: #10672,

ort pronot er, nmouse and hunan
cbﬁmsnﬁmwlbyoamaelsblmuﬁmmuﬂd¢%ags an@wurwdnﬁﬁéror the like
|ne t RNA er _and.the I b
CﬁBn?Egﬂ e Begda t ngilp o%ngFﬁinaﬁlgﬁgg gXaF?maor
piggysﬁéetﬁénép@ﬁoﬂf)éﬁsﬂ_em e@arduﬁSsd bes Unttids Henh aiss required.
used. The si RNA or shRNA expression cassette thus
const FaRtagt et t ReVeFHeertaf i TRy 8574 & ¢t 6F SPRNA
aBaVhEel p3§c&79£h A SoRsehc Vesi 0rss 4418 SAE RS ie%Qucing a
escrlbed wth respect to a nucleic acid that encodes-
pdadofilnaattaegari veralit eectof Rﬁﬁ?&%ﬁﬁkﬂ?tﬁqaq%aﬁﬁd above
ref er abl vir vect. or a r r
SPEEL ERPL UL Al YL SUBDASILEL B U5, achicved by the
saeepes¢hniigueand Seatadesdriised a/mhfalr&}_qidctem essiugdeic

pl.asm ds and the .. _The vector used can hosen
a&édaﬁaﬁspﬁva?@eaceoéa%h@%ttfh%g%i}ﬂ b 0 2o S B S
@8h| ophtai Bedstagcty the case of a donminant negative
nutant Al ternatively, as an expression vector that

encodads th§hRNAbéEéﬂﬁ§F Bat EnRg kg R&&nﬁﬁpﬁﬁﬁﬁ+°§s°f the
os&t 19 E,l"gnFEESH w8t ey f&ésl\% PRI Al %02
Availl abl asmd (for exanple 0. puro p53 shR
cqn#b@6ﬁént¢onndncially avai | abl e from Addgene, and the

l'ike) Er th i ke can SO be, sed The %S enentl d
Cre-ls = §9 L 8RISP BFﬁgﬁﬁﬁca?+ HiPhsth Bystemical arsg °F @
D /el cEefeds . I ekl ethe Cottiatingef nucledicOkctibats a DNA, an
expresses an si RNA or shRNA agai nst p53 with a sonatic

R DA hybkieyEarBydi RYr BdbRTHYE R A R @rissnse DNA is
c\éara]%llev%cft gglﬂﬁe?@t&ﬁgn§§egeﬁ§réﬁ)§ &boye L tPhQ:oh cause

Transfer o se genes can be achi eved by t
selective degradation of the target RNA. Therefore, in the

case of an antisense DNA to be degraded with RNase H, the
target sequence may be not only a sequence in p53 mRNA, but
also a sequence in the intron region of the primary transcript
of the p53 gene. The length of the target region for the
antisense nucleic acid is not particularly limited, as far as
hybridization of the antisense nucleic acid results in an
inhibition of the translation into the p53 protein; the target
region may be the entire sequence or a partial sequence of p53
mRNA, and may be a sequence of about 15 bases for the shortest,
or of the entire sequence of the mRNA or primary transcript
for the longest. Considering the ease of synthesis,

antigenicity, transferability in cells and other issues, an
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sanme techni que as that described with respect to a
nucl ei ¢ acid that encodes a dom nant negative nutant

woR0pa37596b3) Ot her substances A s ot her substaaTaB2009/062173

that inhibit the expression of the p53 gene, antisense
ohligbriicl act ke agaisistt p&B @hdbdiiopmes ehouse 40 bases,

menti oned, The antj nse .nucl ej acid may be r
DARERRALSB1Y (AR A T U a ks o PsTeaeh1®
pBYGctebEsast dths Bafh SdyiAie D lhyder,i huftormmednby aimited

target RNA and the antisense DNA |s capabl e of bei NG he 1ik
tpecBgni 286 By BRBogEAGHEIRAESeOH EBecahastsePdeRi gRd the like.

degraga£5882§ﬁetf@¥éf§§%% ANRNA IR B.nd At RO zGASCactivity

of an antisense DNA to be degraded with RNase H, the
tbacgetveeguenckehayadid Nl B ynar mehEENee i @ngs3 s herein

NA, ., but, al so a_sequence | i regi ofywthe
ungfeﬁﬁwoflrg%s%?i%?e%fa% he pcg%é gcneég%q@als%%&%ﬁn aoPN%‘Heas far
akarget ripgkome f196s §des@nt s snsecanrderiicf iacimhdlseimorcid
particularly |limted, as_ far as hybridi agion. f the .
CARETSERSEChUEI BV e &TIT Fodiia SOST 4R TFARIBEL FORCGVTERe S 2

skhaoshat EORgI RUR £H8n858n PIRE&L K ol RN gRlcH % @roid and
may be the entire sequence or a partial sequence of

vp5BseRNA, anfdthayhaenarkesd chme of ththdipiobhdses rad the
t.he shor or ' u t f
592,209 15k, ot REILE SRRl R ety
waase abbusyAbhbskss ant Lgenil) tand titanss ercsilbltey tim

cell,s and_other issues,. anol] l.eot i de consi sting
SBPoABSGr LY PieaBRubha0" BASEs U (TEIH TiF AbOut g Pases at
do2nakedl 36jBasesg t&6 Phef eamabbehe0séthoiturd ddicion (about
target sequence include, but are not_limted to, 5' -

1&ndagesUTR, tofalhi PPes SPIURARCSt APRP LM ARY fthdhe desired

Jlieléﬁragé %iilggz?getflgfﬁﬁﬁAto an RNA possessing an enzyne
activity to cleave a nucleic acid in the narrow sense,

and i énhen¢éiiseundenstbelict ache osedl BiEoeE Guhcest be

enconpassing a DNA, as,far, a L boz S, se

SO e R A A e s it
iciidir imeshoveesakkl enatboaysestie atisah fmspld s dhaRA the
found in infectious RNAs such as viroid and virusoid,

e MIREIKARRELRBEI2BY PROSENECRAF H Y DA ANP tHFrease the
stability, specific activity and the like.

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

The aforementioned inhibitor of p53 function needs to be
brought into contact with a somatic cell in a way sufficient

to inhibit the p53 function in the step of somatic cell

" nuclear reprogramming. Here, nuclear reprogramming of the

somatic cell can be achieved by bringing a nuclear
reprogramming substance into contact with the somatic cell.

(c) Nuclear reprogramming substances

In the present invention, “a nuclear reprogramming
substance” refers to any substance capable of inducing an iPS

cell from a somatic cell, such as a proteinous factor or a
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i ke are known. The hanmerhead type exhibits enzyne

activity wth about 40 bases in length, and it is
woae®ilbtsm3t o specifically cleave the target nRNATOY2009/062173

maki ng several bases at both ends adjoining to the
nikenares heaid sthatc tarfaadasr ttihen sgakotintQubdasgsfonmsot al )

be a sequence conpl enentary to.the desired_cleava
LRF RPN b TRNA YT il Snde RUCFBTECRITA P go - When
t1hd bOZYTEs £are Do Euities) zethsisinke aB aupesebedoBBALRMACr or

synt hesi zer, The nucl eotide nolecules that constitute
ativerd ¢y 25D Fhate annedemehrodiaficcatPons s OrRBEe for

ca%%%f&gzc%rgeﬂ{?{egﬁ%ﬁé@ =5t ahiddet ¥p18peghfibtes

y an ternatively, the antisense
nectenafaet d only i boeyneneanfal sprobeimeds i fachers ophe shown) .

(

a ei id that encodes the sane, as in the
(igsgc{;??é{ Fgﬁk%’l'h%_ %renenti oned i nhibitor of p53
(Bunettona perdss | ac-heyd)yr qugly  (hire copikact swireplaceable with

somatic cell in a way sufficient to_ inhibit the p53
SpHhet POR3i NSPRED st ot FYomas e 'ceip’llsﬂucf%%lfl 1S Pplaceaple

wiERMROER! .FEZ-ofkﬁEESPU%hﬁ%ﬁe&%Ekegrénﬁyagi§fré§§aceable
somatic ce can be achi eved by bringing a nucl ear

wi epr 8§8ami agivebsttan® i Mdheontladtyanrilth the somatic
[ .. : t h )
(GPLbans7h R EEAr cLEPLOU AT NSRS IARCES hadhemcaT1s-2,

rhventr on; ear’ reprodranmm subst ance
TE@&?V?—&@téﬂynS@@Emen&ﬁﬂﬂblseﬂf) i nduci ng an i PS
I r

ce m a_sonmatic cell, suc a t ei_nous .factor
(89 QﬁEé?éicKégﬁd ?TII\AYC‘BI’T%%%’S%E%@T’S;?}%}%( ?Lﬁdflgl?di ng

(E9r BBLBNGOr ROEAL edj- 2 Y&t OrIERT OrHEVIEWaTDI ecul ar
(
(

compound. When the nucl ear reprogranmm ng substance is
)pPotadiAouBlfict oTM¥E, aSPKE &Feﬁc%cifbw t7%ncodes the

&

f W mbd | Opsz£a t igRaG &y
B?e g’FéZIﬁé g%%%ﬁ)l gngﬁ’er%ﬂS%'fter,ﬂom% @names for
(Bnovekngus Kactors-Mye, showh) TERT,) Bxitl3/ 4, KIf 4 |

(Fapl atdanPevh t Resoly, 2 00 Ess S orirsatiy

ABenakhbn4 (0§ EBBYVAFeabterapldicdhdntl of KWdx2 wartiKido:8.8, and
Furthernore, c-Myc is replaceable

replacement of K1f4 with K1rl or K1f5, see Nature

Biotechnology, 26, 101-106 (2008)). For combinations of

“Oct3/4, K1f4, c-Myc, Sox2”, see also Cell, 126, 663-676

(2006), Cell, 131, 861-872 (2007) and the like. For

combinations of “Oct3/4, K1f2 (or K1£f5), c-Myc, Sox2”, see

also Nat. Cell Biol., 11, 197-203 (2009). For combinations of

“Oct3/4, K1f4, c-Myc, Sox2, hTERT, SV40 Large T”, see also

Nature, 451, 141-146 (2008).)

9) Oct3/4, K1f4, Sox2 (see Nature Biotechnology, 26, 101-106

2008))

10) Oct3/4, Sox2, Nanog, Lin28 (see Science, 318, 1917-1320

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

(
(
(
(
(
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with T58A (active nmutant), N-Myc, L-Myc. ) (3) Cct3/4,
KIf 4, c-Mc, Sox2, Fbxl5, Nanog, Eras, ECAT15-2,

woebdy/1sts9sat eni n (active nutant S33Y) (4) COct 3paT/IKi0NY/662173

, C-Myc, Sox2, TERT, SV40 Large T (5) Cct3/4, KIf 4 ,
ResiuechSqRBOBTERTD-EPYL6 E 6 (6) Cct3/4, KIf 4

G3V20es2RE, vl £, HpvIT ey (BT Tk (o5 Tiso Stem

lugc 2%ox299§Eﬁao5Bmeogfpr aII above, see WO
2007/069666 however, in the conbination above

(fldn PepBddenBAtiof sebxlatimra So41 640~ 65dQ1d<(2r Jac &Rdr Stem

1Kl KIf 5, see Nat
C%I ot’efgh%g%gg?@bo%gg- 106 (2008)). Fo?rion‘oi nati ons

(@) LOct3/4, KHMy4 dswcwas@xe"wse@%ﬂ@iﬂ 0s2008)126,
7 861 7

(e D65y e onbrAat PoRs e ooi 4, i 1% (BO4EF 5
wozggg%m.ag@gm" ;Tbseet al so I\I?t. Cel | 4Bi ol - 11, 197-203

or co i nati ons of " , - ,
%&QzOCﬁ?éﬁT Sgy40 Narge foees %ﬁié%/la@é e? %i
dsl- %@3(/%00%92 (%}Ln@gt Lde Hb2ods Pox@sdsee Nature
B8t schnol ogy, 26, 101-106 (2008 ) (10) Oct3/4 Sox2,

Nléﬂdo@ctBl/MSS@s@e ScMéﬁeeESEJ.TJS oug, 1999r 12 lgy)roplaceable

ik Sl R Mg, CRadansbbs: (4008} ) (1 T, |

{loh 4)0@;3MA<; S8&%2, EHambg(séenﬂst(seelﬂeBicReS;eaIbh 197-203
%\9 ) 600-603) (13) Cct3/4, KIf 4, c-Mc, Sox2,
Large T (see also Stem Cells, 26, 1998-2005

(22008 3(/44) kQeu3/ 4-Mgkf 4 (see Nature 454:646-650
08) CeII Stem Cel I, 2:525- 528(2008))) (15) Cct3/4,
&/ NAB@mOS 454: 646- 650 (2008)) (16) Cct 3/ 4,
?%é C%%: (Nature, 451, 141-146 (2008), WO2008/118820)
) t3//4 Sox2, Nanog (see W2008/118820)
Oct3/4, K1f4, c-Myc, Sox2, Nanog, Lin28, SV40LT (see

Science, 324: 797-801 (2009))

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. In place of Sox2 (or Soxl, Sox3, Sox15, Sox17,
Sox18), other members of the Sox family, for example, Sox7 and
the like, 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.

A combination that does not fall in (1)-(24) above, but
contains all the constituents in any one thereof and further
comprises an optionally chosen other substance, can also be
included in the scope of “nuclear reprogramming substances” in
the present invention. Under conditions wherein the somatic
being the subject of nuclear reprogramming is endogenously
expressing one or more of the constituents in any one of (1)-

(24) above at a level sufficient to secure nuclear
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(18) Oct3/4, Sox2, Lin28 (see WX2008/118820) (19)
Cct 3/4, Sox2, c-Myc, Esrrb (here, Essrrb is

woeplvaseabl e with Esrrg; see Nat. Cell Biol., RLT/IP2009/062173

197-203 (2009)) (20) Qct3/4, Sox2, Esrrb (see Nat.
wEItoBiagimingl] a mmz@@t(lgoog)f Fhe2tpn@insnd corstivuents

G2 P N0 (2L il (G B3G5 o 10

e -B0b g Ziﬁ)g)n)udlmaa('d Jrepid4ranlong, subsphacesOfin the present
QOct 3/,4, other nenbers of the Cct famly, for exanple,
BS% It 6 and the like, can also be used. In place

of Soxdndrf tPR¢de cOA¥INna®¥h8, SXELamS0OXE8df §$$¥%rable

menbers of the Sox famly, for exanple, Sox7 and
N HeA T LA BB 1nge §UCEHABEase BF ESMfE, omhenareferably two

<?anﬁ&§ %&n%§g>be ua%gbl EoﬁoféaEB{ 5%?“%%%@p§c{§vﬁ, Sox2,

can a X1 pl ace o
Kieiheres-Myfc,t Renldgn ﬂamQByanﬂoSVéﬁhﬁpten bé ngéht aowed he

e R T -

pmﬁﬁisésu(mi Sniinidl, ARy Qlﬂl%steh@bﬁ@ﬁ_néﬁﬂoﬁﬁﬂhl@é @@fﬂl@iﬂl&@ﬁon of
an optionally chosen ot her substance, can als

be
G IFUdeFtars: Retsddpe Sor2" ADEl Eé?4réfé%5rhﬁm By above) is
Ssdanees” R the Hé@ﬁ@&tof n&’ﬁé‘ B ﬁ(#cgﬁ{vﬁl%r{' NSh the

wherein the somatic being the su nucl e

aEQﬂqnynﬂﬁﬂnﬁy|3sﬁam@@g@n@uéyy eR@resilagC@neb©rObmmzned at
n any, - 4 ve . at
AR rE RSP R er s i ol B4 F raceors

ardnhi A erldfs tdae Ib%l’f&lsmabgleﬁédt atugntéffx@iehdctﬁgcloser to

the one aor nore .constituents can also be included in
?ﬁ%ﬁﬁ%%ﬂcy' %eﬁrf@@ﬁPSSréﬁﬁ?ﬁé4su%%¥%nc%%f4|?PQrﬁfMYC

Mgéﬁwﬁﬂlé nveRld ehe AERNGrt RR8E:6NBLNALI £YS. tRSrapeutic
exanpl es "of preferabl e nucl ear reprogranmm ng

Bupssatcds et lisastinend fopr ekempbey vaedozsnihe, nore
PSS Rt IBHE B8 BRGSO SL SOt U e
like), as well as the aforementloned 4 factors, the 5 factors
Oct3/4, K1f4, c-Myc, Sox2 and Lin28, or the 6 factors
including the 5 factors plus Nanog (that is, (12) above), are
preferable. In these preferred combinations, L-Myc can also be
used in place of c-Myc.

Mouse and human cDNA sequence information on the
aforementioned proteinous factors can be acquired by referring
to the NCBI accession numbers mentioned in WO 2007/069666 (in
the publication, Nanog is mentioned with the designation
“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 isclate these cDNAs.
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Wth the use of the iPS cells obtained for therapeutic
purposes in mnd, of these conbinations, the
woaoliisason of the 3 factors Oct3/4, Sox2 andp&ripzb09/062173
(that is, (9) above) is preferable. In the nmethod of
Nehe pfegene inverowss wi th the af diugwmnti oned 3

thasgors only, iPSueellsggan be obt apvnedats4

Ledbbei ently hi ghnefdocaency, That mSooaveaswrth the 3
gkaebors only, iPSi¢eddsozan be est abi iophadzat an

eef-f-pci ency cl osernoothes®ef fi ci encymMnioh 488f act or s
(Cct3/4, Sox2, KIf4 and c-Myc) . Meanwhile, when the

use of the iPS cells for therapeutic purposes is not

i n mi Wue(lf@rpm‘ambﬂwus uSzet s idredlifvest iup@d Gisale noelear

di | |
SR e TR ey
1Kbér41ngcth@CcDﬁ@X&bﬁ@ﬂnédr&ﬁto(HntdppﬁbﬁﬁﬂHuHTEXpre581on

including the 5 factors plus Nanog (that
VEEGPEY , 1 gFEOBF%%‘é‘FaBIP% V%at%elsfzet%raemsrte 611, P turing the

c%@ﬁb'aﬁﬁ'98§®vérﬁﬂ§ €RE Al SGubEasebidt PIiRess Hactor from
“Myc. Mouse and human cDNA sequence i nfornation on

thﬁecaﬂﬁﬂéﬁeﬂbt@h@@d{n(Mﬁﬁnwhkieha@ﬁ@psac@ﬁcﬁél§caeﬂﬁeahat
eg%o feéob?ggéggéa%lﬁg¥% ofiCL %i&gpeﬂyqp%gnﬂggy'f@$%$grammlng

e pu Ilcatlon og I's
smBﬁtanned whehcbha desagnad i Dn IECATAE] mnduselandal vector
human _cDNA sequence, i nformati on on Lin28, Lin2

Ofs Py Blaawadgg FHATchA BRNATOHT i b%re%éesﬁ?fhgv%dt%é‘s in

thel LewreaeNEBbnagces st 0Br UMt Seid esPeLting Yncodes a
those skilled in the art are easil able to isolate

dorésenEDRRI2NATE BREtaRReORRY 1S RSN T4 g )ected
016943 _
T e
lpmﬁtewﬁaam bacpmggyBseltrassygsmh5§y$t¢muﬂ&nube utilized as
B RDG Vien CHRALSIY At 1 Bneill, O e figde B Bteinous

RXRIRSSia@R YAEkeHuckAt AEUCH n@elh%éﬂ&&lcﬂ][edmtnb};ﬁ:d'mﬁnming
cell, culturing the cell, and recovering the
SUESSRBICREnt thPOPBFABLS £&EEDITAY g carried by separate

vectors, and a plurality of nucleic acids may be joined tandem
to obtain a polycistronic vector. In the latter case, to
enable efficient polycistronic expression, it is desirable
that the 2A self-cleaving peptide of foot-and-mouth disease
virus (see Science, 322, 949-953, 2008 and the like), IRES
sequence and the like, preferably the 2A sequence be ligated
between the individual nucleic acids.

When pb53 function is inhibited, transgenes integrated
into chromosomes via retoroviral or lentiviral vectors tend to
resistant to gene silencing. Therefore, use of a plasmid
vector is advantageous for preventing unnecessary persistent
expression of exogenous nuclear reprogramming substances.

Contact of a nuclear reprogramming substance with a
somatic cell can be achieved as with the aforementioned
dominant negative mutant of p53 (a) when the substance is a
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the cul ture obtai ned. Meanwhile, when a nucleic acid

that encodes a proteinous factor is used as a nucl ear
woepvagrasm ng substance, the cDNA obt ai ned i SPCTIIRI0DE052173

into a viral vector or a plasmd vector to construct
patexpoessifacteect 8s asth nthdéea b oeresrenidrome chwelss ofacid
tg]]anuclelc aci d .t hat epcodes nutant

d
b esobed phatiohe oF PEStE iy eataiA, EH iurhid the

s@@fs't%@rcer Q@r QUhaBmEng. adhe ehot e@femcﬂ@mamé:r;m@@anous factor
systen1or %%Bac transposon, systen1can be utilized

|a§dWl ehDRuBEeremaRt HINeH F NP Rie P it of P33
Owe%m&i aghatanake; kLT ogHoReh d i 0 R CSldold.

nuc ear reprogramni ng substances, the nucleic acids
may b@scalesicedbbyl sbpaeatenVE@htb$¢ozuﬁﬁzpiﬁLﬁunqﬁ%PnﬁneedS to

%gl%lfﬁ: cly dsco T8ons fﬂe acﬁ'rﬁﬂ{é’ 8&?'{}1% Ay,

yCl roni c vec er case, to ena
sifficiient pol )i@hibli@ntheepbB efshoniontin stidesdtexbl®f somatic

that the 2A self-cleaving pe e of f t and- nout h
Cilde A4 LFATLS SPEEETSET4RTe ngzzfd S J6O8 AR fe 15 ety

ﬂHé‘%ol‘eBESI%%%%%ﬁm@HQ thiBstikee @fﬁ@fm@biﬂhim@ﬁ of p53

sequence be |igafed between the individual nucleic
faiads.onwray ps3brrarehtohnts FaRtact edith rigpgeoretic cell

qﬁ%%9£§}%%slg%to%2r? ngﬁevﬁ§¥r5é9$93ﬁ%@%éfﬁto contact in

ivira to'resistant to
a&iveera .ngInTheneflor ef emmbdﬁmenuﬂzﬁnn(bx&mnkﬁ,iwhen the

s T o 6T o DU RBP e L cr DY K 1 that encodes

éﬂﬂﬁaﬁﬁﬂﬂﬁhs Gortaet ahdatAdCh8RILIEPF OFF 3B NBunction is a
substance with a somatic cell can be achieved as wth

qenigidr edrbildegd bR ARRTCHedRYPYESTA aft Ve pydily)of time
124’55%53?@ 13ubsd %%%%eb%leﬂr ‘Bg@bﬁﬁéﬁtf\%t%e ASsMEREdEs1on of

rementi oned nucleic aci at encodes a domi nant
hh&gqnmmﬁunmn&nﬁa@topSBWbbreahehhehbasubsta&c@aPQbkﬁ of

nucl ei ¢ .aci.d .t hat cod rotelnou c : .
T S’ T it SPBnEReT GHEGERBM S0 Chhh BrEer e cell is
dﬁﬂkdﬂ@d\ﬁﬁﬂ1dlyiv%hbiéﬁgtﬁ b8 ﬂlh@waﬂBéECﬂh@rtransfectlon
compound. As described above, an inhibitor of

?ﬁﬁﬁﬁWQﬂ?rné@ﬁsC@@mééaéréﬁBHPlFﬁFoogoH?%c?aﬂn?% % ded to the
I?%ﬂﬁkﬂc 68l bnbfnarWa¥asUbti SGhishtii hont N ted B8 1RS3 when the

nction in the step of somatic
nuclear reprogramming substance and the inhibitor of p53

function are used in the form of viral vectors or plasmid
vectors, both may be simultaneously introduced into the cell.
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
introduced into a somatic cell; however, even in this case,

the transfection can be performed once or more optionally
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cell nuclear reprogrammng. As far as this requirenent

is met, the nucl ear reprogramm ng substance and the
wonbidnistses of p53 function may be brought i nt oPCOUPE09/062173

with the somatic cell sinmultaneously, or either one
cheyebet hresight . g nt cormsenttactl O riadsanoecel hoaSnbiwesf or the

enbodi nent, for exanpl e, en .t he nucl ear
1 E R ogr BRe T B BN S G ST Re, d°PRAFCahYogETormes
tRi P& 0b £ HOHS f@.Q%.O,r ,3 afithddh@ i rhidiineen .of p53 function

is a chemcal inhibitor, the former involves a given

(fengbh ofll|aetabll $hugnt 1ed HUCHROCYCLIBAOVEESt ment to

the 5 i - ULIPOYS HEBGERE, oWhBE8asunction,
Lhe |57 coESPERG, Ok Aladiha A BFlRO R ni BT Lok, pehBpgasunction
ahohioet opubdicinatnedn erPS e ldeldstiap ldshmginégd ef§icaency

.given length of tine after the transfegtio r TRE

s EhtShr o S AR AT A A0 S0y SOl ERETELncy of

efedbUMshhenanet hers nasel ofi erhadictert tdf e éxamphegd more.
when_t he nucl ear reprogranmm ng subsjﬁpqe and .t he

EXARPBLE o L of FH52e+ iRt ‘@ ide # 51 THE For PGP Ve TS

iMj;:ﬁ_Q{:le\/eEﬁQréré’_rn& Bt MEAUD! i IR MYy R.yIase (HDAC)
sinul'taneously introduced into the cell. The nunber of
inbpbatersf [ehe. ravapdatd Grid (HA)odled -aPiadesdiodal
r-QoNsYLr e jon v r.d.nt IG..cell
N T T i T
tpechostrdinonae eodimm eowpttars) IMC Aissln andeS 4@e. gucleic

once.to 10 tines, once tg 5 tines ar the .ljke) . W
CopBRRr ERTARELOF CUSHRAETH SHShain wFlp e and’ ShRNAs
alsté%Sn%Shgch?états AhLc] N 1IaguCsh AP 1@ sematiigoee) |, HusH

'S Er erabl @ that these all kinds of adenoviral or
2AmAry ERBNAeKPREsENEhS vagt orst BRI i&Gany) and the like),
i nt roduced i nt ' ; VeHibiklh® [£
g L R T e el
eaphpanal Lyehnstactilaesieilyltooncaidio 80 BIiXeE.2%ndgell Stem

Cedn " Saaaveti y2prf by i T e i SR
1hhiBS teks4shbAes) sikuAdsi % cahrnmstaplirst@mta (e.g., G9%

efficiency inprovers By bringing, in addition tq .an
silRHPbi(hemas) p8antancrtembiakRtiher L ofiol i3S mﬁ&?ﬁeﬁsand the

19¢kh, eﬂ@%hﬁ@ﬁ%ﬁ@i&h CLERSYs &SP ALl exdrdB 1% C B AGI644)
with a somatic cell, the efficiency of

(Cell Stem Cell, 3, 568-574 (2008)), UTFl (Cell Stem Cell, 3,
475-479 (2008)), Wnt Signaling (for example, soluble Wnt3a)

(Cell Stem Cell, 3, 132-135 (2008)), 2i/LIF (2i is an

inhibitor of mitogen-activated protein kinase signaling and
glycogen synthase kinase-3, PloS Biology, 6(10), 2237-2247
(2008)) and the like, and the like. As mentioned above, the
nucleic acid-based expression inhibitors may be in the form of
expression vectors harboring a DNA that encodes an siRNA or
shRNA. |

Of the aforementioned constituents of nuclear
reprogramming substances, SV40 large T, for example, can also
be included in the scope of iPS cell establishment efficiency

improvers because they are auxiliary factors unessential for
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establishment of iPS cells is expected to be increased
nore. Exanples of i PS cell establishnent efficiency
wonprase9s i ncl ude, but are not limted to, hiBCOUR2009/062173
deacetyl ase (HDAC) inhibitors [e.g., valproic acid
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dftﬁmmm@czullalprpwhrrbu t diencauc henauBiex- t@l:.ezgwnta@élq csfldnpuclear

: .525-528 (200 | b

T e R R SR A
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Bi ot echnal.o an and t ,
AR g Rk B s b ak n b 5o St A S (b T & At
dalls, 3+ 288 8bt 62008)) seliFhe Ll rot £57 Geldse Fkilled in
475-479 (2008)), Wit Signaling (for exanple, soluble
et 3t (CeldisSiagnehl bogh, 132-135 (2008)), 2i/LIF

2i i h f

ki nas Staich oyt pTheaEps L XS B Bidhe efficiency
Birolavgyts 6(10) a gzaatzmaetzoe&))banaicmheevdaqikees dambribed

he I|k A s nentlon%d apove, .t he eic géiq??ased

Fb@@t@n LeFREGCt 5P THRYCHENTh THRL b R D exdptessi on

r\éﬁége@%iv@ir Ofhie @ahBNAmbhRateencodes) an si&NAus factor,
shRNA. O the aforenentioned constituents of nucl ear

Aprograheing asdBsthatesncayad The gerqteingys dame, or (<)
£an, Eﬁﬁﬁ&%l%&C|#ﬁgguhﬁ the scope of i PS cel

establishnment efficCiency inprovers because they are
aUxﬁquamw ﬁébsom@tunesséhslal forthe nucl ear

repro of so t| Wi | e the nec f .
nucl e e?&ﬁ &F&nﬁ?ﬁg gﬁﬁgngaﬁn%?e%? i $° oeé@ 1né)mater1al
e tiele Wielidaeatawxi bifaipsf a@ws Sin oth@rpm@mt hmvention may
factors essential for nuclear grogranntn

Crﬂ}ét%aptt@ﬁr 6HPBNEPHY g‘ata Fanceslve %%@P’re%l naggal

gﬁ! halld, shiRRk eff hahSAFY EBPro¥&hSie HeRERatinizing
ecause the ‘'somatic cell nuclear

epithelial cells (e.g., keratinized epidermal cells), mucosal

epithelial cells (e.g., epithelial cells of the superficial
layer of tongue), exocrine gland epithelial cells (e.g.,
mammary gland cells), hormone-secreting cells (e.g.,
adrenomedullary cells), cells for metabolism or storage (e.g.,
liver cells), intimal epithelial cells constituting interfaces
(e.g., type I alveolar cells), intimal epithelial cells of the
obturator canal (e.g., vascular endothelial cells), cells
having cilia with transporting capability (e.g., airway
epithelial cells), cells for extracellular matrix secretion
(e.g., fibroblasts), constrictive cells (e.g., smooth muscle
cells), cells of the blood and the immune system (e.g., T
lymphocytes), sense-related cells (e.g., bacillary cells),
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reprogranmm ng process is visualized as an overal
event resulting fromcontact of nuclear reprogranm ng

weubmiiar®es and an i PS cell establishment effieCear309/062173

improver with somatic cells, it does not always seem
FVEEESTGCy NEEVOUR0SESERI n@urmnSt he- art o;lmobnrsetlrgugmr@mrons)
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ficiency inprovers MA i'c e
&ch;evedtaﬁldtscceméd)aanEVMAt@lIQS@mﬂtgliafaﬁmms @falthe

bi.t f p53, t I wh th rove
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conmpound. (e) Source of somatic cells T%e somatic
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be any cell's, other than germce roma
dnﬁﬁﬂmen¢ﬁatlemaanen und$éfememmmmwed pfmgenm@ﬂqﬂaalls

EEabE e BEnRRLtNELLE SPLLP e Peina BT A nt i atea

n@maﬂeelcleanscebhsmf ukbe §ypEéfa§laals<£@y@é c@if écﬁrnagji@ cells in
exocrlne l and epithelial cells : %Iand .
88 PIPSeREr ABNERE & et i FRf Delass %H@l%adwfe#@ﬁé Gergpyiated

ﬁ%@de&htogehg§lgortﬂggégogﬁéﬂqé@lf@(W§Eﬁééf%g%teﬂ'd@yls such

I's) , intimal epithelial celTs constituting
aantr@rrﬁf&c esefe CgllSt yhemitepotetbe sednh s)ellint immdenchymal

TRt OF A Teniirndefhet B ) S BN IR Tt et ivepaeor

transacbbmdgngapabthetmetﬁo@ OfEﬁHé%ptéﬁHﬂﬂNﬂﬁvﬁntlon, iPSs
racel lular matri x secreti_gn

:
B817Eap BRoBEELELT T Lonet T L Ll | e A naldbot

dﬂf&‘é'r%n%@b‘:éh s@ﬁjajc}fc ofeihe, bioodand, thes idamine 5re
system hocytes), sense-related cells

r(e@ogtedéacgﬁnawlzél AEF T heie fOFe ce FHeruohEn sysnem preferred
n@ %rg%sfﬁﬁoglmeﬁgogfn@ﬁg&%égﬁﬂﬁpqhera <£$nta%“| ll 1s used

sensory organs Peri heur ons
a§aEebbmHE1cebé$), mﬁkyafcﬁﬂﬂsmmyjuy|G®4e©bb3t®hetbe CD8—

FERILTAh, TERNOHE U SRR S SRR B cassve
de€glflegpntandi phogeaLéor teldiSls can be isolated from the spleen,
lymph node, peripheral blood, cord blood and the like by a
method known per se, for example flow cytometry using an
antibody against a cell surface marker such as CD4, CD8, or
CD3, and a cell sorter. In the case of mice, it is preferable
that a somatic cell be collected from the spleen or lymph node,
in which the content ratio of T cells is high; however, in the
case of humans, it is desirable, from the viewpoint of the low
invasiveness and the ease of preparation, that a T cell be
prepared from peripheral blood, cord blood or the like.

The choice of mammal serving as a source of somatic cells
collected is not particularly limited; however, when the iPS
cells obtained are used for regenerative medicine in humans,

it is particularly preferable, from the viewpoint of non-
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t hereof (tissue progenitor cells) and the |ike can be

mentioned. There is no limtation on the degree of
woebdyidiBer enti ati on; even undi fferenti ated prPOgIPI0LL062173

cells (including somatic stemcells) and finally
adidufrereenel affedrafiturejeetisncabhde aseehmatikealsl de

squrce of .somatic cell in the present inventi,on.
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i P I r ted r L Efi 1

deRairiean 8 §oATBek: & rhntERE Bt R fabit it o amother
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somati.c cell be.collecte m. the spl een or |ymh o
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serving as a source of somatic cells collected is not
qrardarmdadrilop ifnbtedr howevethewhéhichen¢PIEedstsablishment
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aaneecur rienceecdf agr aht sejpecitosellhait ai sofedicaleled [that the
be collected froma patient or another person of the

R RISy FELEWRER PRENEPS REFLYMaren hotHwi fi SYieigqe such
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source of cells

ligand. When using, for example, a transfection reagent such
as a cationic liposome in the contact with a nuclear
reprogramming substance and an inhibitor of p53 function (and
another substance that improves the efficiency of
establishment of iPS cells), it is sometimes preferable that
the medium be previously replaced with a serum-free medium to
prevent a reduction in the transfer efficiency. After the
nuclear reprogramming substance is brought into contact, the
cell can be cultured under conditions suitable for cultivation
of, for example, ES cells. In the case of mouse cells, it is
preferable that the culture be carried out with the addition

of Leukemia Inhibitory Factor (LIF) as a differentiation

suppression factor to an ordinary medium. Meanwhile, in the
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screening for evaluating a patient' s drug

susceptibility or the presence or absence of an
weadvmrises9seaction, it is |ikew se necessary toPCOUP®09/062173

a somatic cell froma patient or another person with
cdde samumganetdld spoliynasphiestirebileethat ngasbet Hidowepst

susceptibility or adverse reactio onatic ;
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cul tivation thereof depending on the kind of

t he,
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establ i shnment of i PS cells mas,igprov d (for.,exanple tarted
agp PUMYDMEEILHd. FReAUATECEMEtPsTREeRT aSSthe & § Starte

pEEbLe één%éc@Q§fr€HgFh&dﬁgaﬂIF%?%@draﬁﬁiﬁ@esﬁbbtéh@Q, at the
oki'ne such

using a medium containing a cy as
time eof etiké ncqnttact 2,01 [aftenstthn comntacact§pr( seaypplgy 1-10
dFlt3 Iiggﬂd. When using, for exanple, a transfection
?%39%%% suth as a cationic |iposone in the contact

W th @ caedbdte eprlagrant ngss edtlancenabe aplected by a

inhibitor of p53 function (and another substance_that
meRBPYVELLR e ed T EHAP G aé'é‘f RPN £ C fwilg§ 88l I 's)

inditatSrsOMBLl NESs Pl &f aftehddhdadeie oiediadioBeopic
previously replaced with a serumfree mediumto
eprpiRAt ian refureiRriany he 26r ahs PERTREEI ef ehR§. TRFTRF, 2

t u . L EPEOQYr ] ; ' ht it
e N N S
isubtabteefions tnd ta vieddanbiofgntf areldx arsineinEs delugs repistance

the case of nouse cells, it,i ref.erahl e at t
IETPt GRS/ B RafTPOA ChtOSRT K HERaRHaS 2%? écﬁ“@Léﬁﬁg% gt a gene
nhBhibi Eap¥eEaclospédd FHlcaslp i fflanepdtatorells (for

suppression factor to an ordinary nedium Nbanwh%% . Nanog

c

exAmPheeaBexdb, ieRed cPFE3/4 1203 T i rldif /e DURAET
A A R A e N T
deeliketisMERI WheedihnthdeBgen pvesiericencodes a fusion protein of
B-galactosidase and neomycin phosphotransferase) gene is
knocked—in to the Fbxl5 gene locus (Takahashi & Yamanaka, Cell,
126, 663-676 (2006)), or a transgenic mouse—~derived MEF
wherein green the fluorescent protein (GFP) gene and the
puromycin resistance gene are integrated in the Nanog gene
locus (Okita et al., Nature, 448, 313-317 (2007)) and the like
can be mentioned. Meanwhile, methods of macroscopic
examination of morphology include, for example, the method
described by Takahashi et al. in Cell, 131, 861-872 (2007) .
Although methods using reporter cells are convenient and

efficient, colony selection by macroscopic examination is

desirable from the viewpoint of safety when iPS cells are
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of fetal -nmouse-derived fibroblasts (MEF) treated with

radi ation or an antibiotic to term nate the cel
wdi2vigistae3 as feeder cells. A s the MEF, usual PgTSF009/062173

cells and the like are commonly used, but for inducing
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ve200%F) ESndel hesPeref EArg¥Re fre MiDHedn WaMHiNTe the cells

sgﬁgﬁ%gé 9; OBGLQSEORLE f?ﬁf&f&#ﬁé”héyaﬂgﬂéﬂﬁgﬁﬁxtion. These
I'ncl'ude, Tor exanple, the nmethod described by
tfﬁkﬁmasﬂbdet?aé.obniﬁh$ltolGﬂqsﬁﬁakﬁﬂmﬁizﬂoﬁ%E art,

t hou t hods usi ng, reporter [ is
G gHRTEL Ot PELES LRpOTL S L1, B8 SEMEN B amp oo
pXami_nation is desirable fromthe viewpoint of safety

(' oAt ot § PPNGRLL ReCBUF AT BPeLER el SIS 455 ey zarions
p%&%o%%%q a?oPugﬁgﬁgle, by utilizing a method of
differentiation induction reported with respect to ES cells,
differentiation into various cells (e.g., myocardial cells,
blood cells, nerve cells, vascular endothelial cells, insulin-
secreting c¢ells and the like) from iPS cells can be induced.
Therefore, inducing iPS cells using a somatic cell collected
from a patient or another person of the same HLA type would
enable stem cell therapy by autogeneic or allogeneic
transplantation, wherein the iPS cells are differentiated into
desired cells (that is, cells of an affected organ of the
patient, cells that have a therapeutic effect on disease, and
the 1like), which are transplanted to the patient. Furthermore,
because functional cells (e.g., hepatocytes) differentiated

from iPS cells are thought to better reflect the actual state
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reprogranmm ng substances, the nunber of clones
establ i shed sonetines decreases, but the resulting
woabmnisemsare for the nost part iPS cells whoseCuyurdone/ys2173
is as high as that of ES cells; therefore, it is
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orm fests suchas an ing the "expression of
s%ﬁét@dScEBlC&hd Specilbly qxpmasseﬂutharmm$plam@|n@Sth@ll

cells selected to. a se, and confirmng terato

oPE ek et SPhe R A S T QR SART Ly known
10 i9Ki bbedsi Beth@sards o1 esendainare confiHaTat@pencest aucleic

bei ng described in Exanples below. The iPS cells thus

agdflabl T Hedlr GEer s uSEET dh ey &X00F80PSr PYSesicrarid 18
1?963[58 BedPYnbh! Jché' ﬁtf@té@ﬁl qfs %fae&%ﬂoa;tﬂm
'on reporte respect to
l@ntﬁenenslarlbhelhibevath©L$XQﬁﬁmqu%eﬁ@?lehmy@ﬁ%mihkﬂ usually
bl.ood nervec Isﬁ a t hel  al
183F9§étFﬂsﬁPlﬁ§chg??%ﬁ % s A éﬂqeaPﬁggkéd“E%ggthat the
15 p%%hb&y@énobecbﬁdaﬂﬁﬂngﬂﬂl&éeéz@dS@enchumcrﬂgajld:’Slcuﬁd lis stably

using a somatic cell collected fraoma i.ent
rehetRer - pel 3 metwgﬁwm& o LendBleosrgRg into

t%%lgoﬁF%EEDXeQX QEEHQeﬁeb§r§ﬁs@%ﬁﬂnﬁgﬁﬂéh viral vector, the
transplantation, whefein the iPS cells are

ediobeaprest nat:édlcntioldegan edceer | stgkhatin shegytordmsn of
n aff.ect o f. t t
e %%eﬁ?ﬁg & 8 g?sggé%egﬁe %ﬁéﬁ§é§‘o§3%§m%lnlng the

20 éﬁd@ehbaﬁsnhambed holdh¢sph1kemiseF@tab&yrunﬁald@&bause
functional cells

e.g. t ff
from PS Eé?ﬁ§n£rinY%BEgﬂ?p$ OCZQ%%% &%ﬁ|{ﬁjﬂﬁ41 $¢tl wnerein
et vk ghakeabst Bechupehi-parbege! t5e i deVl bidiateddy

correspondi ng exi sting
reprogramming a T cell. As a method of T cell reprogramming, a
method wherein a T cell is brought into contact with a nuclear
25 reprogramming substance under conditions for inhibiting the
p53 function as described above can be mentioned. In the iPS
cell induced from a T cell (T-iPS cell), the TCR rearrangement
in the T cell from which it is derived is conserved. Although
there have been some cases where 1iPS cells were induced from B
30 cells so far, no report has been presented regarding the
establishment of iPS cells derived from a T cell. Because the
rearrangement of TCR is conserved even in the cells
differentiated from a T-iPS cell, T cells capable of
specifically injuring cells that present one of the above-

35 described peptides (e.g., cancer cells, infected cells and the
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cell lines, they can also be suitably used for in
vitro screening for the effectiveness and toxicity of

wohewnatmsit i cal candi date conpounds and the |i ReT/JMen062173

inh|b|t|on of p53 is achieved in a node wherein a
dde)nanen begptrodecett ant lafgpS8iamts iyl dior @sipdptkat

e es.an Si a|n or, the |
%%%Ei el 58§o ii#%% §TC| Y g%gégése
Elﬂ'&ﬁ@l@almyeréBSgﬁElzh_n@b&r&ltI\@éhﬂSré‘se’tﬁM_eig eellls (e.g.,
di stinct fron1convent|onally known |PS ceII cause
RACHARDEISSr aPRRERL CHE ERELBXFYENRS p&lﬁé& Phth a

R dd L WAL genhen EQ@ee59gﬁf@Nsar§5ﬂﬁidéfﬁéﬂiﬁéﬁ from a cell
I ntroduced’into Fhe somatic cell using a retrovirus,

dwnidod rang igent hé ra| peth@@@n exegerifust icivs c ag@ildfiydng the
aldy i ”“i rated E 1 9EPONE, Qf s { Eh%sm%ec'hﬁd of the

ai ned, Fﬁat enotype of “comtainin
@@mmu&v@mllem aned h.ﬁdﬁt:ﬁﬂﬂgl;ytk[eﬁiiald’ne‘ifer\ﬁ‘m:llatthen into T

exogenous nucleic acid is introduc %_lnto t he somat N
s sty 2rpBes PEERAF S SeRlaf Tived VEERBIet sigpeutic agen

%%@ﬂpt&n%%k%ﬁachdce;am OGRSt &Rl I n the
cytoplasmof the i PS cell obtained, so that the

phenotTyme pofeseniit ARNERG1ohel exogekbiredthidl glarea¢iedaid in the

Likeniss By dhtrshaingd sTiepLesql e on asse

¢dﬁﬁﬁﬁﬂﬁﬁﬂhs tihevitelcli vebt ai ned by reprogramming a T
cell. As a method of T cell reprogranmm ng, a nethod
wherein a T cell is brought into contact with a

kil s reprogranmi ng substance under conditions for

i nhi'biting the p53 function as described above can be

Hemiekred: Ffheresi S eeP| dpRéGEeCYoma T cel |
(T'lpﬁh%ﬁtgkuwno— fISBe&%aﬁBQQQe@FUﬁeﬁé&éiEéfﬁdaédt mouse

from erlve i's conserved. Although there
hawbmyefnksmner@@©e$ewh@ae PSdcas | an vesreet imided. fsy@inen.

| s so far, no .rep rt h been e [
Fhe I el 4 Rkl RRa PR s igee et 803 S0
Begatses tde Ir e@fcﬂéngém‘ﬁuﬂhaﬁﬁof[Cer a;p@@mﬂsxemcemdm during
the cells differentiated froma T-iPS cel

Ealprabt ordapest icedtty | hiers r?gl%eeﬂ}asvet #gtenp,dgggﬁyed of the
enecOfod Ner abRvedeseiehkedy replacing the exon 5 with the

neomycin resistance gene (Lawrence A. Donehower (1992). Nature
356, 215-221). It has been reported that p53 homo-deficient
mice are born normally but frequently suffer from
tumorigenesis. The Nanog reporter was prepared by inserting
green fluorescent protein (EGFP) and the puromycin resistance
gene 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 1is a gene
expressed specifically in pluripotent cells such as ES cells
and early embryos. The mouse 1PS cells that have become
positive for this reporter are known to have a potential for
differentiation nearly equivalent to that of ES cells. By

preparing a Nanog reporter mouse having this Nanog reporter
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peptides (e.g., cancer cells, infected cells and
theli ke) can be produced in |large anounts by, for

wexenvpbke9zest abl i shing a T-i PS cell froma T cetir/jeioosnes2173

capabl e of specifically recognizing antigen-presenting '
t@kisa (. £t admor djgtages 448endt Bt3E7 €908 Jandertch@ating this

. LoD oo . et i de i 1
bt dEdor vod T rea T oRT Rl P s OO R AR e IR Bna
Inat déogete Siwlerds md cel hayingnphef yamgo t hepeRSceldre prepared.
| arge anounts in vitro usi.ng the nethod of the present db
| nvent| h, -t HAT TREEE HGSEnePT BPFTeTeHETHY diF ey epared by
cet tSduaitty cansdee tirepakedoasras TeBtdssion vectors (pMXs-
i mmunot her apeuti c agent as wth conventional T cell

Prmdimot HREPEpY O*Fhe PEFESERE 4y nRERETOAYF S et ai it 1693676

ﬁ@@%)d)etﬁiﬂo 191 e fehhaw pg by regersing to Her. 7,
i ch ‘are not to be construed as’|Tmtative anpl es

I &xanpd @6)1 theif fheck Seeh pbBndedi creaty|cllips3 plates

-defici ent. nouse or.hetero-def. i ci ent npus avi ng
gﬁ?r{g%%rg) ragtp?‘t6erx s ﬁgjegs a%e%nwe;(lpé)ﬂ ?f\?ﬁt (%ays%??%e- The
POBthse dgadre ddeat wias exprgssedrcs abmmst (ddalcel ltesque)
and controls cell cycle termnation or apoptosis

PRIREITIH Hri g répaifetal BaNhBRISREMS arthede Msdds were
g@i’ﬁp&?na@efaoﬁbvggdog%.t?ﬁz .f u@BE' Qchért@ParPsst'ergeQﬁ 5b¥lL of the
S e gene

replaci ng the exon 5 w t he neonycin resistarc
Fleeneh cerah s fdadnemowergeb@92Rochdht wa e @E6Ge@1i5r 220) pL of

- oIt t . P53 no-deficient m :
qpetulh BRI PR MR PR R ind e mixture
vasosl genesito .sthnel Nanagomepemnperaase pfepdd edirhytes.
inserting green fluorescent protein (EG-P) and the

BRRAEFF 1 EsistHinOd §8RE PHPESERECNARIG Pociss gfdded, and the

BA ( RAGESS | Al rtdfdd hl1gbaldChboBPSRAE) t PR Shasehbdr@fre for
BACPAC Resources (Ckita K. et al., Nature 448,

BaFBygepoANd thea medse RanbhegBhetiB @ulfere broth. On day
' fionl . .
EXDEeS 1§@?%uﬁé§%a¥%n&nyﬁéu%%ﬁgéggié&ﬁl %a%#%%?@%g%?ly of

celI's" and early enbryos. cells
bee onedposi tarvelafyo3,t the cepontrer saperhatowt tvahaesarered

gﬁ%tep%fftaqlilécgrémq:gufg%%n%l.%jl 81?1 Qgealgi]}/e egi%e/eall epv%hatt?nan) ’
polybrene (Nacalai) was added to obtain a concentration of 4
pg/mL, and this was used as the viral liquid.

Fibroblasts (MEFs) were isolated from a fetal p53 homo-
deficient mouse having the mouse Nanog reporter (13.5 days
after fertilization). Because of the absence of expression of
the Nanog gene, MEFs do not express EGFP and do not emit green
fluorescence. Because of the absence of expression of the
puromycin resistance gene as well, MEFs are susceptible to
puromycin, an antibiotic. As such, the MEFs were sown to a 6-
well culture plate (Falcon) coated with 0.1% gelatin (Sigma)
at 1 x 10° per well. The culture broth used was DMEM/10% FCS,
and the cells were cultured at 37°C and 5% CO,. The following
day, the retrovirus liquid was added to cause overnight

infection to introduce the gene.
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preparing a Nanog reporter nouse having this Nanog

reporter(Ckita K. et al., Nature 448, 313-317(2007)),
wandynationg this mouse with p53 deficient m cepCcpdB2009/062173

hono-deficient mce and hetero-def icient mce having

t he NsmagtriegoonedaweB eairtr@]pa:rlreed Vi detfeotirnseshe cells

d f d d
B0 ey SR BRSO Bt SRR S DES PRI BB meaium
IAeppMES- BoX2ddpMsst &l HMEM pMéecaadwc te@ejule 126, fetal
663-676 (2006)) into Plat- Ecells (Morita, . et al.
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9 GaRDEeRe Sl B Bhedto & B bhipselred, 0-25%

zfg s%.rmln'rrﬁvle%DTXhQﬁﬁ%{:ﬁégerl) SWE1%Y a@ﬁd&ﬁchar@(@r 8%Sic@Aon was
ctor was added, and the m xture was f'urt her all owed

atlolcsiaﬁnctoatprro@eedt elpdi &t urae fadrouts Snivdnugss - ariftderthe

ciaﬁcﬁtedéloat‘tle% Er at *cl’:rec%ifé Q}}Qt&?gﬁghdje?}/ b§/h thteh%]ddlt]g_on of

supernatant” was rep | Aced W
Hshe:ermdrdnmtuorre chayliBm, hhe ﬁu;ktlr@ecstlrier wau:an‘sowasto a 100-mm

re over dfrlt ed thro 0.45 t
. EEFyBPgﬂe%??\B% aqsew%ussﬁ/g'ed%pg feeder

&izﬁlasi ms%cpm%ntsmt cen 1 ef t¥afOhad, bodrd drhdS BT itSethi tomycin
as the viral liquid. Fibroblasts (MEFs) were isol ated

¢ riom i@t epSBeh 6B de i Bl 8PN havi dy B-hé Fogseey, A
ﬂPgaéeﬁgﬁ&ﬁﬁo%%3 §9§6¥f Eﬁé&ﬁséﬁﬂéﬂﬂl a%h%nts cell culture

gcaus€ of the absence of expression o Nanog
ngehigym Mefs ed@h@@igeeixmeesa EGF@slan@IumtblmcﬂV%m ttwyr gleyys until

fluorescence Becau Se
SRS ohreerebiroe Sura i pReBRgREn b wo/mn)
f/&gzmﬂdﬂn@d 0s|rmmtmgl Bn daya{JBlf)d)DttlthiE de Sl sslgifedthel with
S were sown to a cul ture pl at F
MRt ng s o arRr L Sh by & S 6 g ) For the
dder £ Ul A e Rr WlI%hU%egaﬂlﬁ@rWﬂ@?@ F&xankitfmg cetbsonies

were cultured at 37C and 5% CO . The fol | ow ng
were visible about on day 10 for the 4 factors, and about on

day 20 for the 3 factors, and became GFP-positive gradually.

GFP-positive colonies were counted on day 21 for the 4
factors, and on day 28 for the 3 factors. The total results of
three experiments are shown in FIG. 1. Compared with the p53
hetero-deficient cells constituting the control group, in the
p53 homo-deficient cells, GEFP-positive colonies increased
about 2 times for the 4 factors, and about 9 times for the 3
factors.

Next, GFP-positive colonies were collected on day 21 for
the 4 factors, and on day 28 for the 3 factors, and, after
trypsinization, the cultivation was continued on the feeder

cells (this time point was taken as subculture generation 1).
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day, the retrovirus liquid was added to cause

overnight infection to introduce the gene. Starting on
wdayosasaser the viral infection, the cells wePeT/JrP2009/062173

cul tured using an LIF- supplenented ES cell culture
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|
% J]azpsslce T diash J\ﬂcirl’?alsgglder cells sown thereto

previously. The feeder cells used were SNL cells that
had been treated with mtomcin Cto terminate the
ERFITRI i ST I VEvENaRG A onawiph | a gdEpbppely negatics mugant ]

1073- lﬁﬁ;:ﬁ%ﬁ%ﬁéngegu %%Hgﬁéres 5§ew§$;fﬁﬂlbf%g&lﬁging a

medi um was supply every t
@Qm@ﬁannunegﬁﬁmﬁaamwtwa$ obbseb¥abhied Betetiflorerwid lon the

(1.5 / fo d tarting on . .da
EH Y o e PR Tt BR P 26Tt B8 Hddomhyfipeiheed.  The
éhm&hadﬂfnebatﬂvdWmﬁtantanéeQnwﬁ@YpﬂQPiTESIIﬁiévﬁﬁéﬂ by
infected with 3 factaors (Oct3/4, Sox2, KIf 4 )

e R R TG IS W REGL AR ff e gsition 275

fosd s, 1@%@@%bn@an§m§§ £@%F She B PRLtQS Se AR
becane GFPéQ?S|t|ve gr adual P- positive col oni es

R ersis e ofrigay (200Ror PNéS499ac2%#%r23ﬁﬂj on day
28 f orTHéjqfeetxfo%E% us-ggle'ﬁ{)g §%p£8%gé rg% v&g’s{ ﬁ)%:eﬁaared by

experinents are Shown
;ﬁﬁkdﬂuQﬂng(thnamuﬂMB eebksssnontvémﬂomg pMXs<ﬂmﬁ3ﬂm pMXs—

Bl A GRS, BBt Tin R ® cetts

ak abeubddd isths fror at Bewd1 i agt DEsre NeXdte | Falcon) at 0.6 x

Gpcg%igtEXE %gagnggst§§r5}é¥ﬁgégﬂégi o%o%a%ow to prepare
pMXs-p53P275S, see Example 6 below). The culture broth used
was DMEM/10% FCS (DMEM (Nacalai tesque) supplemented with 10%
fetal bovine serum), and cultured at 37°C and 5% CO,. For
vector transfer, 4.5 uL of the FuGene6 transfection reagent
(Roche) was placed in 100 pL of Opti-MEM I Reduced-Serum Medium
(Invitrogen), and this mixture was allowed to stand at room
temperature for 5 minutes. Thereafter, 1.5 pg of each
expression vector was added, and the mixture was further
allowed to stand at room temperature for 15 minutes, and then
added to Plat-E culture broth. On day 2, the Plat-E

supernatant was exchanged with a fresh supply of the medium;

on day 3, the culture supernatant was recovered and filtered
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the 4 factors, and on day 28 for the 3 factors, and,

after trypsinization, the cultivation was conti nued on
woOhersiteeder cells (this tinme point was taken aBCT/JP2009/062173

subcul ture generation 1 ) .Wwen 1 x 106 cells were

tpuBedhaneouss | ymi st &€1 Bsl £:10 damumedeiiagl) enbollybeene (Nacalai)
teratoma formati on began to be observabl e 2 week ,
wagt @fdegheehepPtehe 3 PRIV AN 4 46YBLs GBPetNLS Was

dsdlyr eduesd, vihgiresghidng G-P-positive col onies were
identified as iPS célls. The results for the 4 factors
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dd1s d pllrugaee eprt Bpeelf fstesey, einestal) isshiméntedlis per well
i PS cells was investigated. The _dom nant negatiyve

fan dde dsdachasspsITsednepaldd ByedalsirRgSilpefhts that

oy PN 0% Egg. REChT eeahy Lt PO tdhidEa d eeal edyhn
e genone-ﬁln i ng region % p53 to serine (Annem eke
diieriVdiices (2002)ul BINAS 1990tI2 948 9%53) DMENE 10&t FGOi r agd were

used for reprogranm ng was prepared by intyoducing

R 35 Sl G o Vit o TR LI 41 JadmenegggdLe were
AMsed 4n BMSS re MY € i gIMXSrPESTRIESD) f toil ®IRItatE bveehlight to
t hat had been sown to a 6-well culture plate (Fal

B 106 GenFe pRREINS Gin FRY 1 GitGae ARy LCFaRtion, the

%%?Xé(ﬁdy%egﬂﬁ%ugyﬁsUQ§§822§SEI§£§h PR B B8 QW 1. culture
e culture broth used was DMEM 10% FCS ( DMEM ( Nacal ai

nesique) Subpbewentdy, wihd BD%E1H: alulsevienaedaptinyas apgchanged

cul .t ur at 370C.and_59 ) tor_t r._.A :
R N
$%Eﬁé§£dd1wm%a @hrgﬁyﬁphi(ME&qmgﬁﬁﬂﬂoﬁﬁiﬁﬁﬁnﬂﬁﬂMEﬂ Barting on
nvi trogen and this m xture was owed to stan
[gaqy robrf &Pgt dPESFGEoB ﬁ?ﬁupé%.c ﬁe?ejd?fee?t,edi.w%tﬁ]gbom 4
efceaeh ﬁ)&rﬁ%@i @B xPeCKOE4\as-R@detand@neb 13®, nind e day 19
e

was further allowed to stand at roomtenperature for
fior rihrutass. l sadar felgégd with both 3 factors (Oct3/4, Sox2,

K1f4) and P2753. Colonies were visible about on day 10 for the
4 factors, and about on day 20 for the 3 factors, and became
GFP-positive gradually.

GFP-positive colonies were counted on day 21 for the 4
factors, and on day 28 for the 3 factors. An outline of the
experimental procedure is shown in FIG. 3(A), and experimental
results are shown in FIGS. 3(B) to (D). Compared with the
cells incorporating mutation-free p53 or red fluorescent
protein (DsRedExpress) in place of p53P275S, in the cells
incorporating P275S, the number of GFP-positive colonies
increased about 4 times for the 4 factors, and about 3 times
for the 3 factors.

The results for introduction of both the above-described 3

factors or 4 factors and p53 or DsRedExpress into the MEFs
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added to Plat-E culture broth. On day 2 , the Plat-E
super nat ant was exchanged with a fresh supply of the
wordioasTsIen day 3 , the cul ture supernatant waBCT/JP2009/062173
recovered and filteredthrough a 0.45 mmsterile filter
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%8R fthgefﬁeogeﬁgsd?% %iso"ﬁ&.ls necv%ceu%eulair'e broth used

was DVEM 10% FCS, and were cultured at 37C and 5% CO .

The faol |l ow ng the cells were cultured in a viral

day, r,
I Emed & ééo@élrvég%f-%ﬁ%@fl aps @R YRR any: AegaEd
the geng <AaLkknNgron g9y BnRflerok it@fee@ﬂfg%iehlﬁﬁl of

cells were cultured using an LIF-suppl enented ES cel
el ahirieshmeditumt SBEseqléat vgre t¢wanESah| | Togl rgEsovirus used

dium was exchanged with a fr : ever :
(R AT ASE, BEbDaBoa |87 NBHRRWGE LY s ovirus
e gtioh (edhomry/(plXswast pet f aswed-Sdsar,t ioMKsoK1ddy DBXs-
after the infection_for the cells infecte vvit% boﬁg 4 1t
PR oritoRtBtaE 86kaS Kihet 4had RRFIL)SURY B2 P58 hiHd cuiture

oday 23 Jof) theocel ks1bnfeatied peirt lkehat Bn3thacheesious day.
(Cct3/4, Sox2, KIf 4 ) and P275S. Col oni es were ,

i Bl wsolrosh dapd1eas oPMEREL U5 fEel ofEM ndlagsdad tesque)

on 2Q for .the.3.factors b_qg%GF- ot o

sg‘?pap%%ﬁn&eo&—”ﬁ:c%o%i%tﬁi \%glcégl %Cr)}?{e]rge V\%%G cdun né:g%gir%ttél\gy%d at 37°¢
2d f3w dde drdactarir andnafeday 428 fidrofhehd Maete .

An outline of the experi tal procedure i.s, shqown i .

B0 EqoAyL orare gBer | HBRLAI Fe8UPLCST 6% ol Ath OF QgEL-MEM T
RediBed-BdRD)m Medrpar ednwithofide) cedhs tHicomporatiengas

nmut ati on-free pb53 or red fluorescent protei

BRI PG RTpIFRER 5PMBSEREYES, frh %ﬁ_&{@r%- Thereafter,
in Q{@tég& %%E?éssEBﬁ GHE@S{ v?és q:cfdéw,s'éd&’%he mixture was
co es

further allowed to stand at room temperature for 15 minutes,
and then added to Plat-E culture broth. On day 2, the Plat-E
supernatant was exchanged with a fresh supply of the medium;
on day 3, the culture supernatant was recovered and filtered
through a 0.45 um sterile filter (Whatman), polybrene (Nacalai)
was added to obtain a concentration of 4 pg/mL, and this was
used as the viral liquid.

Fibroblasts (MEF) were isolated from a fetal p53 hetero-
deficient mouse having the Nanog reporter (13.5 days after
fertilization). These MEFs were sown to a 6-well culture plate
(Falcon) coated with 0.1% gelatin (Sigma) at 1 x 10° cells per
well. The culture broth used was DMEM/10% FCS, and the cells
were cultured at 37°C and 5% CO;. The following day, the cells
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i ncreased about 4 tines for the 4 factors, and about 3
times for the 3 factors. The results for introduction
wohobastses he above-descri bed 3 factors or 4 faeCoaB20a9062173
p53 or DsRedExpress into the MEFsisolated froma fetal
wead harfectefli sieht thuseral el ishowh dacoFe@8d 3rpE) Piat-E

G . .Conpared with the cells incqgrporating the c
o%?%éﬁgg‘ﬁr ggs}nyﬁog’ﬁ%e cEl I Meor pgfgg% iig %%3?1%’ h%néf@ér the
ingeeen oaf, GhHB- pesitivers ahuintiesedesyiensed ILEFeBuphkemented
resul.ts above, it was denonstrated that by,inhipbjti N, .

Ehefldn SHil6HE8f MeAddgendlis 99530 eRESEr FPEI SREGCHECN,

“%%fi%m irshnRet Rhsi PSnsebds Mas dHereased wdrExaapheddby the
nvestigation using p53 inhibitory agent] The effects

aofdid ipB3 oifnhi bt of BRSt héfdfefr dhen&PSovaesraBPVehmeht25s

f 1 PS cel e exam ne T trovir use .
BPOgY A i | SPEpar ey T i mats Bedradtion was
aq&&mit)@np%@bgla é@I\E@@%O@to&/I | ﬁbouﬁ.’xg- g@nﬂteQW@:ﬂ'ﬂé‘ﬂ,the
pMXscMyc) Into Plat-E cells that ha en_sown to g, .
A :%&?Itteﬁlr 8Pp| &P'8 ??Ja]r%o%ﬁr%tsﬁ%e@?leefgé’ycgﬁl‘les aﬁ@rltlon of
elde1an Lhe preyibausndayng Thex cLi we@ 18r QbReUSEANVES a 6-well
DVEM 10% FCS (DMEM (Nacal ai tesque) suppl enented with
A0YeLnst gllabevivishs Eeadpr  cahbs cidiurdie Rt B PCeyag@uSy -

., For vector transfer, 4.5 f_the, FuGene

g ooy e g R T REEHR) & ot "H ek GYr o0 WERGE) + 6 m
W iadde |k oRethec edd Senn i naid di en ¢u v tatdigenwas apdtinued.
this mxture was allowed tp stan rogmt enperat ure

Bighi S5 fes's USPHerBafP P’?lir?5l‘thP§$ro-eagﬁa§§33838Poﬂay 16
AL Ol H §D§QQQQOn§ngeﬂ@@tﬂ&%tﬁfﬁh2@§m§ﬂﬁﬁﬂ?ﬁlﬂb|?@QQL) was
to stand at roomtenperature for 15 m nutes, and then
reldfearmes -P| 6pLlentas tvree bristipleoPrdadpy2 10,1 Redppgfage GFP-

.ar.nat C e u
Eﬁe &rnAl gﬁ%gg%ﬁ%? i %cré’fﬂ’élhfea dd1esh esupek¥ buthPEd on day

i um t'ure supernatant was
2®coTeredeandtsi hter gihowhriou@ G & .45Compared¥Eth the cells

filter, (\Wat . pol ybrene. { Nacal ai a :
G & ‘GO EBE b ok 51 C4-h Hc Sl TG s tHed the
Bautdie of rEpddoguicdveFebl ohi @st sné¢Meedetteiitsdl atieds. From

; — :
ﬁégg%gyLS%?%%ﬁg%agg%eéggggég%ggérgggi%jnﬁy&ggj&ﬂﬁbiting the

p53 function, the efficiency of establishment of iPS cells was

increased.

[Example 4: Effects of p53 deficiency in establishment of iPS
from T cell]

A Nanog reporter mouse (hereinafter, Nanog-GFP Tg mouse:
17-week-o0ld male) and a p53 homo-deficient mouse having a
Nanog reporter (hereinafter, Nanog—GFP/Trp53'Fmouse: 24-week-
old female) were euthanized, after which the spleens were
extirpated. After the tissue was mechanically ground, CD90-
positive cells were obtained using CD90 microbeads (Miltenyi
biotec) and the MACS system. 1 x 10° cells were suspended in T
cell culture medium (DMEM, 10% FBS, 10 ul/lxlO6 cells CD3/CD28

T cell expander (Invitrogen), 10 units/ml IL-2) and sown to a
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fertilization) . These MEFs were sown to a b-well
culture plate (Falcon) coated with 0.1%gelatin
wO3@ma)s9at 1 x 105 cells per well. The cul t urecburi0n9/062173
used was DMEM 10% FCS, and the cells were cultured at .
2316)@1an§15€/ecwatea hei froldeawiong cttdy, (Bhepgéhl swealgara) (1x10
2 ﬂ ththe viral liquid recovered fromPlat-E
PAFGAt to introduce the gene. Starting on day 3
after ThBerbni efih®rday hecheehlesiiver saculrbpiladedswigh ah m1 of a

LI F-suppl enented ES cell cul ture_ nedi um ay 5
merdam FRBCARRERY| BN SV MRATRGE ver 4&0?8%\/&%“3/ 4

5%'}% t el Ls (peshed Py d he2dlinkd @RAndbrlaBleQdmple 1,
PB kgtfgr !t:hbéyg’és was renoved, 0.25% Trygsn ﬁ/l nivi P

VERTA~ @bnﬂzahnrbggn&upe:snabbdéﬂ sumpd egnamgact |wm¢hvv§sug/ml

al.| vved to roceed. 7 t S

Pt REEres SRl ei HEL A e e Wit 12 e uall bk formea
adaiovicorpaf £65 Belﬂnlmm’d:ésjr&pm'dllmﬁecanﬂbrﬁmthﬁﬁ cehhd the

were sown to_a 6-well c ture f r .cel
S FRePoCOLEREYR ot | 3 CorHEERAgnen dhg 6oL RTEn Ry, the
ﬁ%%%ﬁmNM%roexgﬁﬁhbéd(ﬁﬁ%ﬁyg T é%ﬂﬂchM¥%ﬁ@j%%@lhﬁ t bad

um and the cultivati on was conti nued. Plflthrl n
Wees- gl T meslc:umt PEANRRIDNBG Staiauney Gveday tye apver

the Ig;e 22 %g%s%tﬁﬁg g@%ibfﬂ %ﬁgﬁg;bﬂ:%'%qu/gh{he cells

was p oni es were n day 10
mm—@ﬁlﬂnosntbvmgomﬁum+meﬁ%a pﬂjﬁb-tHH/@edesor(ﬁes 10*

ted 0. Th h FI.G
LG PPk e TG (Fodtes S R VRBCH =T The celle

v&eeéé %dlt‘%@e%ldw%hhaﬁ' Bt AL Num theopiumercf with 1.5 pg/ml

G-P-positive colonies increased about 4 tinmes. From
RHONYESM-t s above, it was denonstrated that by

| nhi bif | ng ng;?gog§%ﬁgugﬁ 'é@%aﬁi%%ﬁﬁéﬂ@hﬁmqwc%ﬁlsr li GFP-

establi'sh |'s was increased. [Exanple
;’Ecﬁé.zetawse @folpﬁaedeﬁreceenbyerve@st@bi@shmﬂ rofckepsupr gafl sown

Pk TR THES AR Sy L

éﬁﬂmﬁfdﬁﬁélﬁbﬂ&lﬂéﬂog4oeﬁartﬁ7 (m@YEIﬁHkﬁerclones exhibited a
Nanog- GFP/ Tr.p _~nouse: 24-weekol

I‘%‘%Hi’r?arﬁszéT&l]af]{lé‘@ WHFEHO%ﬂ%ysﬁge%%rM%SJ\gﬁver Felfancg=GEF
Arigr d)he thasdgpness®e hanimalde) 1grpand 1 nes (Oct3/4,

Sox2, Nanog, Cripto, Daxl, ERas, Fgf4, Esgl, Rexl) was
confirmed by RT-PCR (Fig. 6). The silencing of the exogenous
genes incorporated was incomplete (Fig. 6). None of these
clones expressed a T cell marker (FasL, GzmA, GzmB, Ifng)
(Rever Tra Ace kit, Takara, was used). Staining with anti-
SSEAl antibody (Santacruz) confirmed the expression thereof,
and the clones were also positive for alkaline phosphatase
activity (Fig. 7). Furthermore, as a result of in vitro
differentiation induction by embryoid formation, staining
using AFP (R&D systems), GATA4 (Santacruz), a-SMA (DAKO),
Desmin (Neomarker), bIII-tubulin (Chemicon), and GFAP (DAKO)
antibodies confirmed the expression thereof; it was found that

the clones possessed the potential for differentiating into
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positive cells were obtained using CD90 m crobeads
(MItenyi biotec) and the MACS system 1 x 106 cells

woro@/1stpended in T cell cul ture nedi um ( DVEMPCTAP2009/062173

FBS, 10 m/Ixl g6 cells CD3/CD28 T cell expander
thiree geegeblyed®d (MidsS/8. | It2)aandlsownohbialedd wgldt the

plate coated wit ret onectin Takar a
CéOEI@IS| éﬁﬁ& FONEL3ppg ?‘iﬂ‘r%vm?g g%ig? hé’fm%lﬁﬁlﬁﬂvé h18E Y aaca
HRPIsaesd) W thhds Mef @ smdiing centgbbitgve telewdd Uskere
harborlng 4 factors (Cct3/4, Sox2, KIf 4, c-Mc)

idendgdred rA LRS Sakks manner as Exarrpl e 1,
Vlruswﬁgﬁt@hg %%m§u§§§§¥ﬁ e zgﬂp tﬁﬂéd” bﬁt8u§9ﬂ§1Nanog—

pol ybrene an uni t centri fugat| on was
g fTor medsatdd000ed pin ¢kl 80 absnites 15 ymon GERf-pesibhve

t hod and .t he ce re cultured

\ gj'ﬁts p?ﬂguiagﬁjrovérr? 5&? StRe* r]rglaflgﬁilwassgjx% aar%()ede’ it
wdd MetohséehktegULhYE ebyfe@émlraﬁd irhereafttahgredbam the
exchange was perforned every two days . On day 12

ot eheeEst BB § SRNBRLLBIYAS GBITE Sthe 206} 5250 P
Cg%ﬁ&ggmg}séhgﬁgl @eii@a&%jldgwe %Elt%%lll%h%@. )fr$914f1nally

Starting on the follow ng day,
dihfef eodniits. avwede Tcakllsed with an ES rredl um suppl enent ed

W th ur af;t.er

est abl YsﬂﬁgﬁPlBEe?gg%% §PS ﬂe]@%posﬁ |lvleShc§ec§$%rJflogsTV\§ells as
QseriRd, awbiveh 1WE6GIORGIK@LQSWW@DMdSIO@yMS\AEEHult
SNL-PH plate. A s a result cl ones of Ei—li cells

e it #iieed craates, (Ev9- je%b EPHEYS el Gids COXRT BT ¢ JiCe

SRS, o5 (E%hbrhgggﬁegﬁ?épﬁ%@ﬂ’y Ay e positive for
nog- G-P (Fi g . The expression of ES cell-specific

g@m;s (tDess/ astSokRshe@nblS @lils.o0 vamdhaus ERgSUCEgPE, the
g%néraF\,)e)cg;zln)df %ﬁxoggngkrgﬁg gp{lrﬁgrg%fgleg;anﬁr%?d by]%CR for

enC|n € exogenous genes |nCOfp0rate
iéﬁ&ﬁﬁﬂgﬁm%n&Fbg tﬁe)T clbbheréofepthes eyaiones- @prieddadof Tcrf
er_Tra,

T I &m, G
Gt ot SPoakhrgal his Hatm S E Gy e, ReEEerme i

a0t Redy-d %@ﬁha%@zmﬁaaal A88€r 11hed exprass CHid]h&ELQQ@, , 1553
and the clones were al so positive for alkalin

f:)?hfc‘.%bhat Bséefdyi var yalipmpt mas Fim%eth‘rﬁteéecﬁs%-? Jp2

s%gané%meﬂ% %%t%%e Tcrf gene by conducting PCR amplification
on genomic DNA using primer sets DP2 (GTAGGCACCTGTGGGGAAGAAACT;
SEQ ID NO:29) and JB2 (TGAGAGCTGTCTCCTACTATCGATT; SEQ ID NO:30),
and electrophoresing the resulting PCR product on 1.2% agarose
gel. As a result, a band of the rearranged T cell receptor was
detected; the iPS cells were identified as being derived from
T cells. The rearranged band in chimera tumor was as dense as
that of the iPS cells, it was suggested that the tumor might
be derived from the iPS cells (Fig. 11).

[Example 5: Microarray analysis]
To determine whether there was a difference in expression
pattern between MEFs isolated from a p53 homo-deficient mouse

and MEFs isolated from an ordinary, non-p53-deficient mouse,
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differentiation induction by enbryoid formation,
stai ning using AFP (R&D systens), GATA4 (Santacruz),

wa28MAS(OAKO), Desmin (Neomarker) , blll-tubul PaT/JrP2009/062173

(Chemi con) , and GFAP (DAKO anti bodies confirmed the
DERPhessbanrsheiedfysid waas featfiodricklat The aioiwsis was

possessed the potential for differentiating intpthree
G
meh8BESHY ERe COMKA Rl LBd i Damesies 10f 16hi NBEL €872 (2007) .
m ce (data not shown) . Thus, the resulting

TERPIpsYitPvare obkpiiesimeré i dent PPi @BLEEPT P dlade to detect

eXP&L] ] , SkR d at
e W
16RR1p0& 0t tieesobompo mashjleduded.ther &% ckéls than in the

experimental respylts oV Lt denppstrate
S taaiaerry’ (HhabbrvuEPRofepatet ReORoP AR Panngrt [orent mouse,
do%%a@:%'d' %1 WASTRE 0D @ds y BRI dnedenaehicsatkpgep58d
I PS cells could be est a%l i shed from
sasdifigailivei enthatBel qekld |WeraPERISSSes| SEcPngorps FLIG-
s e | f | S ndgecEbbgdr 860VEerh &t 0
S O S brgsr%t-gg)%gts,%qa%dﬂl%ta chonar o
ectpeatseed( Bpgeii0yal Howevefibmdblattiseld gnoupeof genes

experi ence unorigenesis wthin 7 eks. X t
ShRrinad rPesbelfl Bt st ot B R Co EpEoptasts
@th tiwmenhs ef E:fBElﬁh} qualtl;i\@rmmadﬁm@‘ obxf(rBfﬁRt§19r p53-
rearrangenent of the cel| receptor. gene (V-(D)-J, DNA
dFfirdens geHer . COpRRT ¢4 cwﬁky,théﬁi@léf—ém%w&“ﬁ'mége

%gﬁfe%fs_fi%% o eﬁggédegl@ﬁgs %%gkég%mmﬂ%qmybga khe
rr Biol 11(19), 1553 (2001) . Briefly, an attenpt
Tds: avdldes tso waet estrobely bRovear tBHgentft) Jof Fﬁ@m'?glaebresults

ene by..conducti I £4 [, e '
S8 RSP0 65 A CHE L0 B Ol <o oo
dd) INOwa2O gearadadbd. ( TGAGAGCTGTCTCCTACTATCGATT ; SEQ ID
NO 30), and el ectrophoresing the resulting PCR
product on 1.2% agarose gel. As a result, a band of

fhen e ranggdetreebk pegepsplci@scyedrettietrdchetiiBs8 of a
cells were identified as being derived fromT cells.
dovel ey MeYGEd vBaMEt ARt Ehi mera tunmor was as dense as

f’nhgtht Qfe thed BItREL! Snel haMBS-GHOAESIGL 3 MAlGHN e pbiRE -
system for sensitive and specific identification of iPS cells
(Okita K. et al. Nature 448, 313 (2007)). Wild type, p53+F, or
p53‘” MEFs, which also contain the Nanog-GFP reporter, were
seeded at 1x 10° cells per well of 6 well plates. The cells
were infected next day (day 0) with retrovirus made from Plat-
E. On day 5, cells were reseeded either at one cell per well
of 96-plates by a cell sorter (FACS Aria, Beckton Dekinson) or
5000 cells per 100 mm-dish. Puromycin selection (1.5 upg/ml)
was initiated on day 13 in the four-factor protocol and on day
19 in the three factor protocol. Numbers of GFP positive
colonies were determined on day 21 for the four-factor
protocol and on day 28 in the three factor protocol. The

results are shown in Fig. 12.
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be derived fromthe iPS cells (Fig. 11) . [Exanple 5 :
M croarray anal ysis] To determ ne whether there was a

wdi2bdoasesese i n expressi on pattern between MEFSPCTOPRD®052173

froma p53 hono-deficient nouse and MEFs isolated from
an orwhémugherﬁhre&S&adebrscdenbldngéeMYBMW®I©rxn#EQ%Pced into
anal ysi s er.f or ned. e anal LS S

Nﬁ%?ﬁgg?%tggf 1§ iYPEd %glso at%egf (i e Ve

cHPHﬁfesbfréﬁ“%d&ﬂﬂﬂﬁdﬂé@uééﬁcEnbedblas€E|kFldB]lZa . From
861-872(2007). The results are shown in

9 .
NapeenpE wasd QR ZIECEEt THEABS %%Eﬁes%dgﬁserve%%l CER-
?B%&@é C%ié(niéﬂs EStgelbsttgsnesr expresses-aite,| @58-51ulQ
nMes or nore higher in the ES cells than in 't he
fibbobobhats s) 38~ 4?8tGﬂ?ﬂmaégtdéﬁl@@&Oﬂﬁ@ﬁ1?M@r®%@ def

i ci ent nouse, red with,th Fs
genes%%xlﬁ?}ggs ]ales 2CC| ARSI S ﬁp#hgg%?é %:r vve?ieﬁfﬁg
rexppBssed. B¢ husmie { HiGw %y@BheﬁerCoweepietgd ame Nanog-GFP
attenpt was made to detect genes expr

C§éé0|PﬁéaWF%dlFNH?inﬁﬂﬂ%ﬁﬁ%¥%%¥sgﬂ8ﬁﬁngf gﬁnggmozygous

se | gye! LHTRLe Rheber fhBtbhe five d
SPARESEF ot sty NP1 a eyt Mgt upsane sine oy

b@ébmetihér perphet PEB- defd @i el lmods 86-¥6ApaPeat@ft h Twenty-

w | d-t t he e si.an e n
bigpebeds' LOEel T Ra 1S NPT ) shbskgasgeneasitive
cabheesl ynl awes éf'&‘ne %)) pefr amAsheelds plaseatibe, P53

t was sh that by del eti 53 t I to ES
WA LB LhBREP M | DEmiDIB s B PRCeE B part

o %fE%%@n@YPaﬁgsi@iﬁéxgﬁidﬁﬂbéﬁlﬁi4¥Nﬂn@anﬂ0n®9alBV@er a 96-
nmutant] We used either the Nanog- GFP _or Oct 3/ 4- GEP
pﬂ@iesystbnp5%Th@ﬁ#@Q%YQQﬁ rohd@stisc and po3-null

fﬁggo %%% 8%?& wfedff;:ogh(eggsjtﬁ shs&zeal th%%tl«'cﬁ% of p53
ﬂMmdﬂioalmarkedﬂglnnth@aﬁant@p(§3iﬂaﬂﬁmﬂmepf @érecseeded

at Ix 105 cells per wel e I :
R AR e At S
dd10m Rliat- the. tﬁhegafa5t0r§eiéﬁDWMﬂdflMyieeded ei t her

at one cell per well of 9b-plates by a cell  sorter
( FACS V& P2 TREBRE 0RP DeRIRS oPP D A Fo5ef Opgofactors

MR Ehg RUQD/CHE SELEEFEQMGKE-SodMY e colonies in zero or
one well per a 96-well plate with p53 wild-type fibroblasts

(Fig. 12c). By great contrast, we observed GFP-positive
colonies in ~9 and ~25 wells per a 96-well plate with p53-
heterozyous fibroblasts and p53-null fibroblasts, respectively.
These data showed that addition of the Myc retrovirus further
increased the efficiency of direct reprogramming up to 20%.

To confirm the suppressive role of p53 in iPS cell
generation, we performed two sets of experiments. First, we
tested the effect of dominant negative mutants of p53 on the
generation of iPS cells. Complimentary DNA of mouse p53 gene
was amplified by RT-PCR with p53-1S (CAC CAG GAT GAC TGC CAT
GGA GGA GTC; SEQ ID NO:31) and p53-1223AS (gtg tct cag ccc tga
agt cat aa; SEQ ID NO:32), and subcloned into pENTER-D-TOFO

53



was initiated on day 13 in the four-factor protocol
and on day 19 in the three factor protocol. Nunbers of
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the four-factor protocol and on day 28 in the three
flactigrrquegt) ocohft¥hese@sencenaresifdwa titenki gONA2WRAen

bisdiuaed ag arsadobd o My el i) naduged gy ©
G'_erthOS:lZ(_:Ielm)e cREbnbesril ove SOs tiansdic edthnbsobkast s

Fi 1 F
1 a T B S E PR T CBE PR T Ko (hifemieke de

Cod 4 agtoo rom%@@g @EB f@%éstnpéﬂz fd drtastsed 384’ &wo

GFP-pOS|t|vec nies enmerged. W next tried to

@@ﬁ@ﬁlat%ﬁavspc@-ﬂ?@ﬁﬁcﬁw étQ’FnEF@ FIBre a2iC P wsighgda c©c9
a f t |
%}équlgﬁé N?j;%‘@r ant o8 &9938?9 5 435 £l o ?(%%g) gtc tct

rozyg mut an onbzygous nu
c;ccwhagzh ONES ggearasﬁuaed el t EEQhEDtmeM)f aotdm>IFiMe For the

S e (Rl S a1 M FERRAIIG we 2939 (200711,

ehsef et Gk RS PetEoeAbBNESh| Pwd epPidr cgee;s/yelﬁsmm 8N-S
a 96-well plate with p53 wild-type fibroblasts (Fig

2%y cCBWIF et @Gt CaSt CIRe26BseryeSEEA DI t3Ve %nd p53-

CRL P 2 A BR8P e DBk i Boa aca

$EGPEetNC 1 G). dfitepd3ddta shomethea HHISA gsdapft ¢5Bcchlnelll B.

bunel ) on rpikedly dinarease tie, Sl LLel e, Al rot ron

W ope@r f Mk Wik hnithid phemehr g@téac}bmssm d U):ft Mge ggc
We performed the sane exgeriment wth the four factors

?%H&Eﬁ (% -Irc Che COBs ePtRd L BFRC pdé) t3RR Rl oM@ n and

©5.05 09 Oe 9§twelabcp£ Eqdk L PSha; SEQ 1D
%mldtypf)eflﬁﬁdbla?trggfﬁg %%great coantréEs%

N: %%b@nﬁém@-pfposwhev“éwm?%@@dwt@ ofn@achs fussEs PCR were
BEEp 3 VR, L S0 083 D EOrYOU LUt 355, e
ISfIIIWEtd ddigt p&&ﬁal—i]l&j @mdobSBhéZWBSr etTedaa lrrmthtm_rttsh@ere cloned
e0 368 el oL ey of 8L peeL BT O I0 YR, oy
@E&ﬁlng technology. The retroviruses expressing p53 mutants
obtained were co-transduced with the three factors into Oct4-
GFP, p53+h or p53'F MEFs. The results are shown in Fig. 13.

When the dominant negative mutant P275S was introduced
into Oct4-GFP, p53-heterozygous MEF, we observed substantial
increase in the number of GFP-positive colonies (Fig. 13a). By
contrast, the wild-type p53 decreased the efficiency of iPS
cell generation.

Second, we placed cDNA encoding the wild-type p53 or
transactivation-negative mutant (D278N or S58A) into the pMXs
retroviral vector (Morita S. et al. Gene Ther 7(12), 1063
(2000)) and introduced it together with the retroviruses for
the three reprogramming factors into Nanog—-GFP, p53-null MEFs.
We found that the wild-type p53 markedly decreased the number
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shBFEd HhErpRdl SF £iga 16Ga tggethacaodanoase BEQEDLNOFig. 14,
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1gft) ondBgend 2624,
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two prinmer sets, p53-858A-§ ttt G
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J F331FI09RGI et ed by

P23 5584 AScLLRY HAG Guatia 1aMBrgg gcc ttc aaa; SEQ
ID NO 38) and p53-1S.” The two PCR products of each

fi r st WpCRowad et e & etP ik lige weasra teenplat8ef 6PUF hactors

13699098 e MRt 0

od By 0193 L 8d88€inguishable

ants were cloned”into

PRENTRhB: TOPCESandl 1 he(Fig ansf,emigihto pNsvgw, byhe

Gat eway cl oni_ng_technol ogy. The retroviruse

omseeatphs B atas el Siens ARy Bk neae cells than
W E the1threeqf acs prsigint)o. Orhdad@EPiop53ttansg@id

MEFs. The results are shown in

Fig. 13. en the
AOFERERP B AR oE U AR S T Tt POTU 80 LPnEpese cells.
Cgﬁ%ébggﬁt R2BnNeh €5 0ZySOLs, M, WeinRhiseldéedved from these

stantial increase

in the nunber of GFP-positive

cedlieniies nFiegmit8a)argdyy comsiast of madiifitgrepséapsd cells,
ﬁ% r%%i%ds%gﬁleggégéegfyaf¥féf§%tiated tissues (Fig. 16b).

Thus c-Myc, in the p53-null background, suppresses retroviral

silencing and inhibits differentiation.

[Example 7: Effects of p53 suppression on establishment of

human 1PS cells]

(A) We then examined whether p53 deletion increased efficiency

of human iPS cell generation. To this end, we introduced the

dominant negative mutatants of p53 (p275S or DD (Bowman T. et
al. Genes Dev 10(7), 826 (1996))) into adult human dermal
fibroblasts (HDFs) together with the three or four

reprogramming factors.

Retroviral vector for the P275S mutant
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w | d-type p53 or transactivation-negative nutant
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Ebwi 1% coll lmneghtions e eE8at ehhsui€s gof 1ELAT-6f tgupernatants

I PS cells.generated by the three factors expressed
AT G GERGS VAT VB OHBAT dBT BT el o AT THBS p EDF -
ES celts fdirgl that kekt humbdhe €xpiessé&m ofo1dig dh @ kedly

fransgenes was effectively silenced. Wen transpl anted
IPEEIRAe e dhe hay dadebendant b drdebhrante g tiiviey

M@FAPUS [FSPUaT(Fhy. 1f@dn -k anf |
p!uripotgﬁgi ofa§PSgceIIs %ené%gﬁgﬁgg%ﬁ%Egﬁfh%ggqes of SCID
et orsndg rromaps 3-PRulce LVEFgenyeatedndy thize RS ddctors and

e f factors_jincluding c-Mc al sa
OROTEEES b alls kWl oLBs! B8l S A ST Vi e
Ttesdsef . thrke weght layeHoweves, 1he) expressi ons of
E%§c | rkers were lower in these cells than in_ ES
| ("’}i‘?r%hefs,expﬁﬁﬁ{“?n?ﬂHeaﬁ%ﬂ?lf”r%%@ ¢h B ShRNA
@?:ﬁre%‘lmﬁn&f she (EarNAbACEPERar €M Aeh@cdl Vel 9(4), 493
these cells nsistent with this observation, tunors

HRGVee 1 RefreHiesel cEprEors fridehiiPe sxrgsisyonensMEe . 1-puro
S R Aot oA B STBLOQUER Bl an
PE nutputsacogr shRUAZS UppdgssesH L @G Ty i stalNsidegneineg is
ERRIE R A N ST
Retroviruses for shRNAs, and the four or three reprogramming
factors were produced in PLAT-E cells. For iPS cell generation,
equal amounts of PLAT-E supernatants containing each
retrovirus were mixed and transduced to HDF.

We confirmed that p53 shRNA2 effectively suppressed the
p53 protein level (Fig. 18) in HDFs. When co-introduced with
the four reprogramming factors, the p53 shRNA markedly
increased numbers of human iPS cell coloneis (Fig.19). A
control shRNA containing one nucleotide deletion in the
antisense sequece (shRNAl) did not show such effects (Fig. 18
and Fig. 19). Co-introduction of the mouse p53 suppressed the
effect of shRNA2. Similar results were obtained when co-

introduced with the three reprogramming factors (Fig. 20).

These data demonstrated that p53 suppresses direct
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negati ve nutatants of p53 (p275S or DD (Bowran T . et
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rmal fibroblasts (HDFs) together with the three or
four reprogrammng factors. Retroviral vector for the
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t}g%o%é% igxewart S.A . et al. RNA 9(4), 493

Retrow ral vectors for shRNA expression,
pMKO. | - puro (Addgene #8452), pMKO. | -puro p53 shRNAI

Add ne #10671) . and Q. l I 5 (Addgene
% e 2hRNA ¥ %ﬁﬁn&é&f%fe é§éé{d& éﬁ%ﬁggé% 5@9 wer e
lﬁﬁﬁﬁbgeglﬁi@@]Addgene RetrOV|ruses for shRNAs, and
the four or three reprogra r du

| PLRTSE CBRT SERtrl PRy O ot angnet SR cells
gBHRYEE 84 0fi BLATHE SAHRSE Nad Sy Br LRt rﬁaﬁﬁo&%démd the p53
retrOV|rus were m xed and transduced to HDF. W

sbBNAI :ereﬂxamBle pb 8Bk R i Endtaslty bsuger e84 t he
d@%%e £R5 u€%$ Velc(@é%m:E%bfﬁ%lﬁDgﬁdlggenthe cells were

harvested and transferred to poly-hydroxyethyl methacrylate
(HEMA) -coated dishes and incubated for 8 days. After floating
culture, the embryoid bodies formed were plated onto gelatin-
coated plates and incubated for another 6 days. After
incubation, the cells were fixed with 4% paraformaldehyde and
permeabilized and blocked with PBS containing 5% normal goat
serum, 1% BSA and 0.2% TritonX-100. The expression of
differentiation markers (AFP, a-SMA, BIII-tubulin) was examined
by immunocytochemistry. As primary antibodies, anti-o-
fetoprotein (AFP) (1:100, R&D systems), anti-a-smooth muscle
actin (a-SMA) (1:500, DAKO) and anti-PIII-tubulin (1:100,
Chemicon) were used. Cy3-labeled anti-mouse IgG (1:500,

Chemicon) was used as secondary antibody. Nuclei were stained
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As a result, the cells generated with the three
reprogramming factors and the p53 shRNA expressed Nanog,
endogenous Oct3/4, and endogenous Sox2 at comparable levels to
those in ES cells (Fig. 23, lanes U). After embryoid body-
mediated differentiation, these cells expressed marker genes
of the three germ layers (Fig. 23, lanes D). These data
demonstrated that p53 suppresses direct reprogramming not only

in mice, but also in human.

[Example 11: Role of p2l in improving the efficiency of
establishment of iPS cells by p53 suppression]

To elucidate p53 target genes that are responsible for
the observed enhancement of iPS cell generation, we compared
gene expression between p53 wild-type MEF and p53-null MEF by
DNA microarrays, and between control HDF and p53 knockdown HDEF.
In MEF, 1590 genes increased and 1485 genes decreased >5 fold
in p53-null MEF. In HDF, 290 genes increased and 430 genes
decreased >5 fold by p53 shRNA. Between mouse and human, eight
increased genes are common, including v-myb myeloblastosis
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gene expression between p53 wild-type MEF and p53-nul
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gé%egIéﬁérfeé%éﬁs1blé”f694thémbg@ek$édleﬁhén@Ehén% 8f iPS cell

generation, forced expression of increased genes in wild-type
fibroblasts would mimic the effect of p53 suppression, whereas
co-expression of decreased genes and the p53 shRNA would
counteract the effect of p53 suppression. Among the four
increased genes, none mimicked the effect of p53 suppression
by forced expression of MDM2, which binds to and degrades the
p53 proteins (Fig. 24a). Among seven decreased genes, only p53,
derived from mouse, and p2l effectively counteracted the
effect of the p53 shRNA (Fig. 24b). In addition, the forced
expression of p2l markedly decreased iPS cell generation from
p53-null MEF. These data highlighted importance of p2l as a
p53 target during iPS cell generation in both mouse and human.

Suppression of p53-p2l results in inactivation of Rb.
However, suppression of Rb by shRNA did not increase the
efficiency of iPS cell generation (Fig. 21). These data
suggest that the effect of p53-p2l suppression on iPS cell
generation is, at least in part, attributable to mechanisms
other than regulation of Rb.

The p2l protein binds to Myc and suppresses its
transcriptional activity (Kitaura, H. et al., J Biol. Chem.,
275(14), 10477-10483 (2000)). This might contribute to the
increased efficiency of iPS cell generation by p53-p21
suppression. We evaluated the Myc activity in HDF by
introducing luciferase reporters driven by either a p53-
responsive element or a Myc responsive element (Fig. 24c). We
confirmed the p53 activity was reduced by the shRNA. In these
knockdown cells, the Myc activity was significantly enhanced.
The effect was stronger than that observed with the
introduction of the four factors including c-Myc. These data

suggest that the activation of Myc contributes to the enhanced
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oHiIi-3H (DCDQ WQ1- 1J (_pCODHiIi wJ CL QU CL
CODOH OD a<WWQO>(DiQH- CDCD (DI CL CD
wea 2091878 CD CD Hi CD H QI CD 3H - CD W O t pdTaP2009/062173
OQAnong these we transduced four increased genes and
iBeveallegzrasEd gerss dhs-rtlr euipprsssiont.0 HDF,
together with either the four reprograi pm ng factors
alone, or with the four factors and the p53 shRNA. W

[ERaseNed] 2 hatst b Sisrendaft idresed akgals genesasmed
_responsible for the observed enhancenent of iPS cell
1gEReFBETEPR! f or ced expression of increased genes in

wi | d-fypee§iproblasts W& amive-orishe nekf eabreksB83mouse

suppression, whereas co-expression of decreased genes
Oahd/ & heKp58 aiRNIOx®U| ahd eRmEssdon e cabre ®CXoMspseyc that

eRPRREEEE! flus TP Ned Qo dil (ARG HEND- 1A Lo science,
322, pp. 949-953 (2008).

Fibroblasts (MEFs) were isolated from a fetal p53 homo-
deficient mouse having the mouse Nanog reporter (13.5 days
after fertilization) and wild-type mouse fetus (13.5 days
after fertilization). The MEFs were sown to a 6-well culture
plate (Falcon) coated with 0.1% gelatin (Sigma) at 1.3 x 10°
per well. The culture broth used was DMEM/10% FBS (DMEM
(Nacalai tesque) supplemented with 10% fetal bovine serum),
and the cells were cultured at 37°C and 5% CO;. The following
day, using FuGene6 transfection reagent (Roche) or
Lipofectamin LTX (Invitrogen) and following the protocol
attached to the reagent, pCX-2A-Ms-OKS and pCX-Ms-cMyc were
introduced at once (day 0). Introduction was repeated every
day up to day 7 from the introduction. On day 4 from the
introduction, the medium was changed to an LIF-supplemented ES
cell culture medium (prepared by adding 15% fetal bovine serum,
2 mM L-glutamine (Invitrogen), 100 puM non-essential amino acids
(Invitrogen), 100 uM 2-mercaptoethanol (Invitrogen), 50 U/mL
penicillin (Invitrogen) and 50 pg/mL streptomycin (Invitrogen)
to DMEM (Nacarai Tesque)). Subsequently, the LIF-supplemented
ES cell culture medium was exchanged with a fresh supply every
two days until a colony was observable. Selection with
puromycin (1.5 pg/mL) was performed from day 21 after the
introduction and GFP-positive colonies were counted on day 33
after the introduction. Summary of the time schedule is shown
in Fig. 25a, and the obtained number of GFP-positive colonies
is shown in Fig. 25b. When 4 genes were introduced into wild-

type MEF by plasmid (+/+ in Fig. 25b), no GFP-positive colony
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cells, and were GFP-positive, establishment of iPS cells was
confirmed. Moreover, iPS clones free of plasmid integration
were injected to ICR-mouse-derived blastocysts. The results
are shown in Fig. 25d, lower right panel. Judging from the
hair color, adult chimera could be produced from iPS clone.

The results confirm that iPS cells free of plasmid integration

have pluripotency.

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
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repeate every day up to day 7 fromthe introduction.

On day < okt herodlacPrerd ORe Urdth Ui oWeks Epangenatent
F5 e t Eggeel lgC r dj

o o by B B0 T84 FUAl Do e S 5 By 700
al4ﬂaﬁﬁﬁﬂ?mamﬂn61f20@eﬁﬁ6” 0G mMimomtesseit whiicaneme hereby
.acids(§|nV| ro ené mM 2- mer capt oet hanol
TAGRARP ey © Efﬁﬁnﬁgnlcillin (I nvitrogen) and 50
ng/ mL streptonyC|n (I'nvitrogen) to DMEM ( Nacara
Tesque) ). Subsequently, the LIF-supplenented ES cel
cul ture nmedi um was exchanged with a fresh supply every
two days until a col ony was observable. Selection with
puromycin (1.5 ng/nL) was performed fromday 21 after
the introduction and GFP-positive col onies were
counted on day 33 after the introduction. Sunmary of
the tinme schedule is shown in Fig. 25a, and the
obt ai ned nunber of GFP-positive colonies is shown in
Fig. 25b. Wien 4 genes were introduced into wldtype
MEF by plasmd (+/+ in Fig. 25b), no GFP-positive
col onywas forned. Wien 4 genes were introduced into
p53 honodeficient MEF by plasmid (-/- in Fig. 25b) ,
many GFP-positive col oni es were obtai ned. To exam ne
integration of plasmd DNAs into the genone, 16 Kkinds
of PCR priners capable of anplifying each part of the
pl asm d were desi gned (see Science, 322, pp. 949-953
(2008), Fig. 2A) , and 11 kinds of priners therefrom
were used for Genomc PCR The results are shown in
Fig. 25c. Anplification of exogenous DNA was not
observed in 6 clones out of the
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obt ai ned 12 GFP-positive clones (Fig. 25c: upper
panel) . By Southern blot analysis using Cct3/4, Sox2,

wéhooodsases c- Myc as probes, noreover, integratPonJei009/062173

exogenous gene was not detected in those clones (Fig.
25c: lower panel) . The abo&&Hdults reveal that
these i PS cells do not integrate pCX-2A~ Ms- OKS and
pCX- Ms-cMyc plasm ds into the host genonme. The
Jphdt@gﬂdﬂhbodfim@eowbngihhd eéfi61aneyShﬁMﬂst&bI&@hment of
. er left: phase-co ast per
s B SR a g Br baer FEF LSS Aeraretor Th the step
crmm&qrd loRg L mm&g@aan@eﬁwgp@mihge col ony i mage) .
Since the cells had a form norphol ogically
i ndi stingui shable fromthat of nouse ES cells, and
I8, O R | t abl
2one,dRgReSt UV B4R 201 WRUEEDH Oho B cebleryes 1o
quﬁ‘tlégxt@td by \bemelgllnjgeet edem@cammmetdermf/epm into contact
St.0G results are shown in Fig. 25d, |ower
1§h 5%%5%19J€ &%ng fromthe hair col or, adult
chlnera coul d be produced fromiPS clone. The results
conflrn1that i PS ceIIs free of plasm d_ integration,

Frav S mFtiest &fc¢lawdi Le W]H%r%%%s’é]ﬁ? P79 eFEIGH Prast s
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it is obvious to those skil he art that the
Weéﬂé‘dllé’nﬁ@@tnﬁﬁ%?d@éntb@ mefm@o Jpretprlesehth a somatic
Eﬂbentlon intends that the present invention can be
odi ed by nethods other than those described in
detall |n t he present speC|f|cat|on Accordi ngly, the

fod Wﬁ?@'ﬁﬁ%&%ﬁﬁ@ D OVRSERIN R RO SERSEIR ihe

1aﬂﬁ@1¢%@ oL BMBgindhe 60RLENESaEi§CLOBEELEA APV the group
publication cite hereln i ncludi ng patents and patent

copRiistaridons, saRiARepaBy ShRUBP pegaiedt |53 end DNAs that
S L RS sg)ég 2&%?889 Lo %D?Teétse&ﬁaéfé‘t%éffy have

been discl o erein. |s application Ts based on

U. S provisional pat ent application Nos. 61/076, 487,

61/ gP 61/19 700, 61/200, 307, and gd£209 686 the
enF%

dwﬁFcﬁ &8 her BBFEFHE of POrRY

ﬂﬂﬂjwmﬂé68b§LAkWBglng a pb3 pathway inhibitor into contact

with a somatic cell.

6. An agent for improving the efficiency of establishment of

iPS cells, the agent comprising an inhibitor of p53 function.

7. The agent of claim 6, wherein the inhibitor is a chemical

inhibitor.

8. The agent of claim 6, wherein the inhibitor is a dominant

negative mutant of p53 or a nucleic acid that encodes the same.

9. The agent of claim 6, wherein the inhibitor is a nucleic

acid selected from the group consisting of siRNAs and shRNAs
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1 . Anethod of inproving the efficiency of
establishnment of 1PS cells, conprising inhibiting the
wQae9f1amoBi on in the step of somatic cell nucl ear/JpP2009/062173
reprogrammng. 2 . The nethod of claiml1 , wherein the
apa3nfunet3 cemd SDNAsi thateerimodsr ithg rsguee .chem cal
i nhibitor of p53 into contact wwth a somatic cell. 3 .
The nmethod of claim1l , wherein the p53 function is
10nhirhit ggeby OF icHNG @ dordEn degahiheindrans af p53
p53 or a nucleic acid that encodes the sanme into
pebhvart inpinitoSomatic cell. 4 . The nethod of claim 1
, Wherein the p53 function is inhibited by bringing a
nucl eic acid selected fromthe group consistin
13i. RNAmeBhdds@RWO@galmtl%$%ldc$ mgmﬂln@ngéa@gﬂng a
into contact. wth .a |l t
n3RTER bl hratoohaarulh THSCETY e R 1rheakRe: PEuREy
fbhbﬂgbﬂglﬁt@SBmp’aidﬂwvayltmm kidnertiotaeldant act with a
somatic cell. 6 . An agent for inproving the
efficiency of establishment of iPS cells, the agent
1@0”@%%8%&9 bahibitpri of vﬂﬁe?réluﬂ@c_trié)mnhﬁbltﬂie iagent
claim6 , wherein the inhibitor is a chenica
ChRMnba&onnhgb;tqhe agent of claim6 , wherein the
inhibitor is a dom nant negative nutant of p53 or a
nucleic acid that encodes the sanme. 9 . The agent of
1@IaEhe6methb6refnc1®EmiI&ukWhemein;theuﬂﬂhﬁhibmﬁ ds a

VAL EGAPASE PR Ah DR A Qe I S Cfgc encodes

+Fhesagent of claim6 , wherein the inhibitor is a p53
pat hway inhibitor. 11. A nethod of producing i PS
cell's, conprising bringing a nuclear reprogranmm ng

f%Ub%B@nﬁgtﬁﬁg gp LphiRiior ofcpo3, fUNCti N il is a nucleic

ont act a sonmatic cell. 127 The nethod of claim
atld whéeetadtﬁeomnhhblgowupscqniiﬁﬁnEQUOﬁrﬂmHNH&nandﬂ§hRNAS

agaln gg andcbﬁkgqéﬁatmggégﬁg %ﬁe éﬁ@lbltor is a

15. The method of claim 11, wherein the inhibitor is a pb3
pathway inhibitor.

16. The method of claim 11, wherein the nuclear reprogramming
substances are Oct3/4, Klf4 and Sox2, or nucleic acids that

encode the same.

17. The method of claim 11, wherein the nuclear reprogramming

substances are Oct3/4, K1f4, Sox2 and c-Myc, or nucleic acids

that encode the same.

18. The method of claim 11, wherein the somatic cell is a T
cell.

19. An iPS cell wherein a T cell antigen receptor (TCR) gene
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dom nant negative nutant of p53 or a nucleic acid that
encodes the sane. 14. The nmethod of claim 11, wherein
woOhendistiobi tor is a nucleic acid sel ected fromPCngP2009/062173
group consisting of si RNAs and shRNAs agai nst p53 and
i ONAsa thatgencode tirs saie.s Meinthebtetihed by cepkaptdpming a
wherein the inhibitor is a p53 pathway inhibitor. 16.
TTRelhet hod of claim 11, wherein the nucl ear
reprogrammi ng substances are Cct3/4, KIf 4 and Sox2,
or nucleic acids that encode the sane. 17. The met hod
20f Bhalhs 19elneoeprisig mudcainandpPegeamtenfputant of p53
subst 4 f z r A
B L A i i
aghanhst 1453 wherein the somatic cell is a T cell. 19. An
i PS cell wherein a T cell antigen receptor (TCR)
genei s rearranged, the i PS cells being obtained by
reprogramming a T cell. 20. An iPS cell conprising a
dom nant negative nutant of p53 or an exogenous
nucl ei ¢ acid that encodes an si RNA or shRNA agai nst
p53.
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